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FOREWORD 

This  r e v i s e d  and upda ted  v e r s i o n  of t h e  Aerodrome Design ManuaZ, P a r t  3, 
i n c l u d e s  gu idance  on t h e  d e s i g n  of  pavements i n c l u d i n g  t h e i r  c h a r a c t e r i s  t i c s  a n d  on 
e v a l u a t i o n  and r e p o r t i n g  of  t h e i r  b e a r i n g  s t r e n g t h .  The m a t e r i a l  i n c l u d e d  h e r e i n  i s  
c l o s e l y  a s s o c i a t e d  w i t h  t h e  s p e c i f i c a t i o n s  c o n t a i n e d  i n  Annex 1 4  - Aerodromes. The main 
purpose  o f  t h i s  Manual i s  t o  encourage  t h e  un i fo rm a p p l i c a t i o n  of  t h o s e  s p e c i f i c a t i o n s  
and  t o  p r o v i d e  i n f o r m a t i o n  and  gu idance  t o  S t a t e s .  The s i g n i f i c a n t  a d d i t i o n s / r e v i s i o n s  
t o  t h e  Manual a s  a  r e s u l t  of  t h i s  r e v i s i o n  a r e :  

a) background i n f o r m a t i o n  on t h e  ACN-PCN method f o r  r e p o r t i n g  pavement 
b e a r i n g  s t r e n g t h  (Chap te r  1); 

b) m a t e r i a l  on  r e g u l a t i n g  o v e r l o a d  o p e r a t i o n s  (Chapter  2 ) ;  

c )  upda ted  m a t e r i a l  on e v a l u a t i o n  o f  pavements (Chapter  3 )  a n d  o n  runway 
s u r f a c e  t e x t u r e  and  d r a i n a g e  c h a r a c t e r i s t i c s  (Chap te r  5); 

d )  upda ted  m a t e r i a l  o n  t h e  d e s i g n  and e v a l u a t i o n  of  pavements p r o v i d e d  by 
Canada, F rance ,  t h e  Uni ted  Kingdom and  t h e  Uni ted S t a t e s  ( C h a p t e r  4 ) ;  

e )  gu idance  o n  p r o t e c t i o n  of  a s p h a l t  pavements ( L l a p t e r  6 ) ;  a n d  

f )  m a t e r i a l  on  s t r u c t u r a l  d e s i g n  c o n s i d e r a t i o n s  f o r  c u l v e r t s  a n d  b r i d g e s  
(Chap te r  7) .  

Chapter  4 of  t h i s  Manual i s  based  on  upda ted  m a t e r i a l  on  pavement d e s i g n  
and e v a l u a t i o n  s u b m i t t e d  by S t a t e s  and  i s ,  t h e r e f o r e ,  b e l i e v e d  t o  be c u r r e n t .  Should a  
S t a t e ,  a t  any t i m e ,  c o n s i d e r  t h a t  t h e  material i n c l u d e d  t h e r e i n  i s  o u t  of  d a t e ,  i t  
s h o u l d  i n f o r m  t h e  S e c r e t a r y  G e n e r a l  o f  t h i s  and, i f  p o s s i b l e ,  p r o v i d e  a p p r o p r i a t e  
r e v i s e d  m a t e r i a l .  

(iii) 
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G L O S S A R Y  

Terms which a r e  d e f i n e d  i n  t h e  ICAO Lexicon Volume I1 (Doc 9110) a r e  used 
i n  accordance  w i t h  t h e  meanings and usages  g i v e n  t h e r e i n .  A wide v a r i e t y  o f  t e r m s  i s  i n  
u s e  throughout  t h e  world  t o  d e s c r i b e  s o i l s ,  c o n s t r u c t i o n  m a t e r i a l s ,  and components of 
a i r p o r t  pavements. A s  f a r  a s  p o s s i b l e  t h e  t e rms  used i n  t h i s  document a r e  t h o s e  which 
have t h e  w i d e s t  i n t e r n a t i o n a l  u s e .  However, f o r  t h e  convenience of t h e  r e a d e r  a  s h o r t  
l i s t  of  p r e f e r r e d  t e rms  and secondary  t e rms  which a r e  c o n s i d e r e d  t o  be  t h e i r  e q u i v a l e n t ,  
and t h e i r  d e f i n i t i o n s ,  is  g i v e n  below. 

P r e f e r r e d  Term 

Aggregate  

A i r c r a f t  C l a s s i f i c a -  
t i o n  Number (ACN) 

Secondary Term 

A s p h a l t i c  c o n c r e t e  Bitumen c o n c r e t e  

Base c o u r s e  Base 

D e f i n i t i o n  

Genera l  term f o r  t h e  m i n e r a l  f r agments  
o r  p a r t i c l e s  which, th rough  t h e  agency 
of a  s u i t a b l e  b i n d e r ,  can  b e  combined 
i n t o  a  s o l i d  mass, e .  g .  , t o  fo rm a  
pavement. 

A number e x p r e s s i n g  t h e  r e l a t i v e  e f f e c t  
of a n  a i r c r a f t  on a  pavement f o r  a  
s p e c i f i e d  s t a n d a r d  subgrade  s t r e n g t h .  

A g raded  m i x t u r e  of  a g g r e g a t e ,  and  
f i l l e r  w i t h  a s p h a l t  o r  b i tumen,  p l a c e d  
h o t  o r  c o l d ,  and r o l l e d .  

The l a y e r  o r  l a y e r s  of s p e c i f i e d  o r  
s e l e c t e d  m a t e r i a l  of  d e s i g n e d  t h i c k n e s s  
p l a c e d  on a  sub-base o r  s u b g r a d e  t o  
s u p p o r t  a  s u r f a c e  course .  

Bear ing  s t r e n g t h  Bear ing  c a p a c i t y  The measure of  t h e  a b i l i t y  o f  a pave- 
Pavement s t r e n g t h  ment t o  s u s t a i n  t h e  a p p l i e d  load .  

CBR 

Composite pavement 

C a l i f o r n i a  Bear ing The b e a r i n g  r a t i o  of s o i l  d e t e r m i n e d  by 
R a t i o  comparing t h e  p e n e t r a t i o n  l o a d  o f  t h e  

s o i l  t o  t h a t  of a s t a n d a r d  m a t e r i a l  
( s e e  ASTM D1883). The method c o v e r s  
e v a l u a t i o n  of t h e  r e l a t i v e  q u a l i t y  of 
subgrade  s o i l s  b u t  i s  a p p l i c a b l e  t o  
sub-base and some base  c o u r s e  
m a t e r i a l s .  

A pavement c o n s i s t i n g  of b o t h  f l e x i b l e  
and r i g i d  l a y e r s  w i t h  o r  w i t h o u t  
s e p a r a t i n g  g r a n u l a r  l a y e r s .  
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P re fe r r ed  Term 

F lex ib l e  pavement 

Overlay 

Pavement Class i f  i c a -  
t i o n  Number (PCN) 

Pavement s t r u c t u r e  Pavement 

Por t land  cement 
conc re t e  

Rigid pavement 

Sub-base course  

Concrete 

Sub-base 

Def in i t i on  

A pavement s t r u c t u r e  t h a t  ma in t a in s  
i n t i m a t e  con tac t  w i th  and d i s t r i b u t e s  
l oads  t o  t h e  subgrade and depends on  
aggrega te  i n t e r l o c k ,  p a r t i c l e  f r i c t i o n ,  
and cohesion f o r  s t a b i l i t y .  

An a d d i t i o n a l  s u r f a c e  course p l aced  on 
e x i s t i n g  pavement e i t h e r  w i th  o r  with-  
ou t  i n t e rmed ia t e  base o r  sub-base 
courses ,  u sua l ly  t o  s t r eng then  t h e  
pavement o r  r e s t o r e  t h e  p r o f i l e  o f  t h e  
s u r f  ace. 

A number express ing  t h e  bea r ing  
s t r e n g t h  of a  pavement f o r  u n r e s t r i c t e d  
opera t ions .  

The combination of sub-base, ba se  
course,  and s u r f a c e  course  p laced  on  a 
subgrade t o  suppor t  t h e  t r a f f i c  l o a d  
and d i s t r i b u t e  i t  t o  t h e  subgrade. 

A mixture of graded aggrega te  w i t h  
Por t land  cement and water.  

A pavement s t r u c t u r e  t h a t  d i s t r i b u t e s  
loads  t o  t h e  subgrade having a s  i t s  
s u r f a c e  course  a  Por t land  cement 
concre te  s l a b  of r e l a t i v e l y  h igh  
bending r e s i s t a n c e .  

The l a y e r  o r  l a y e r s  of s p e c i f i e d  
s e l e c t e d  m a t e r i a l  of designed t h i c k n e s s  
placed on a  subgrade t o  suppor t  a base  
course. 

Subgrade Formation foundat ion  The upper  p a r t  of t h e  s o i l ,  n a t u r a l  o r  
cons t ruc ted ,  which suppor ts  t h e  l o a d s  
t r ansmi t t ed  by t h e  pavement. 

Surf ace  course  Wearing course  The top  course  of a  pavement s t r u c t u r e .  



CHAPTER 1 . -  PROCEDURES FOR REPORTING AERODROME PAVEMENT STRENGTH 

1.1.1 I n t r o d u c t i o n  

1.1.1.1 Annex 14,  2.5.2 s p e c i f i e s  t h a t  t h e  b e a r i n g  s t r e n g t h  of a  pavement i n t e n d e d  
f o r  a i r c r a f t  of mass g r e a t e r  t h a n  5 700 kg s h a l l  be made a v a i l a b l e  u s i n g  t h e  a i r c r a f t  
c l a s s i f i c a t i o n  number - pavement c l a s s i f i c a t i o n  number (ACN-PCN) method. To f a c i l i t a t e  
a p r o p e r  u n d e r s t a n d i n g  and usage  of t h e  ACN-PCN method t h e  f o l l o w i n g  m a t e r i a l  e x p l a i n s :  

a )  t h e  concep t  of t h e  method; and 

b)  how t h e  ACNs of a n  a i r c r a f t  a r e  determined.  

1.1.2 Concept of t h e  ACN-PCN method 

1.1.2.1 Annex 14 d e f i n e s  ACN and PCN a s  f o l l o w s  : 

ACN. A  number e x p r e s s i n g  t h e  r e l a t i v e  e f f e c t  of a n  a i r c r a f t  o n  a  pavement - 
f o r  a  s p e c i f i e d  s t a n d a r d  subgrade  s t r e n g t h .  

PCN. A number e x p r e s s i n g  t h e  b e a r i n g  s t r e n g t h  of a  pavement f o r  - 
u n r e s t r i c t e d  o p e r a t i o n s .  

A t  t h e  o u t s e t ,  i t  needs t o  be n o t e d  t h a t  t h e  ACN-PCN method i s  meant o n l y  f o r  p u b l i c a -  
t i o n  o f  pavernent s t r e n g t h  d a t a  i n  t h e  A e r o n a u t i c a l  Inf  ormat ion P u b l i c a t i o n s  (AIPs).  It 
is n o t  i n t e n d e d  f o r  d e s i g n  o r  e v a l u a t i o n  of pavements,  nor  does  i t  c o n t e m p l a t e  t h e  u s e  
of a  s p e c i f i c  method by t h e  a i r p o r t  a u t h o r i t y  e i t h e r  f o r  t h e  d e s i g n  o r  e v a l u a t i o n  of 
pavements. I n  f a c t ,  t h e  ACN-PCN method does  permi t  S t a t e s  t o  u s e  any d e s i g n / e v a l u a t i o n  
method of  t h e i r  choice.  To t h i s  end, t h e  method s h i f t s  t h e  emphasis f rom e v a l u a t i o n  of 
pavements t o  e v a l u a t i o n  of l o a d  r a t i n g  of a i r c r a f t  (ACN) and i n c l u d e s  a  s t a n d a r d  proced- 
u r e  f o r  e v a l u a t i o n  o f  t h e  l o a d  r a t i n g  o f  a i r c r a f t .  The s t r e n g t h  of a  pavement i s  
r e p o r t e d  under  t h e  method i n  terms of  t h e  l o a d  r a t i n g  of t h e  a i r c r a f t  which t h e  pavement 
c a n  a c c e p t  on a n  u n r e s t r i c t e d  b a s i s .  The a i r p o r t  a u t h o r i t y  c a n  u s e  any method of  h i s  
c h o i c e  t o  de te rmine  t h e  l o a d  r a t i n g  of h i s  pavement. I£, i n  t h e  a b s e n c e  of t e c h n i c a l  
e v a l u a t i o n ,  h e  chooses  t o  go  on t h e  b a s i s  of t h e  u s i n g  a i r c r a f t  e x p e r i e n c e ,  t h e n  he  
would compute t h e  ACN of t h e  most c r i t i c a l  a i r c r a f t  u s i n g  one of t h e  p r o c e d u r e s  
d e s c r i b e d  below, c o n v e r t  t h i s  f i g u r e  i n t o  a n  e q u i v a l e n t  PCN and p u b l i s h  i t  i n  t h e  A I P  a s  
t h e  l o a d  r a t i n g  of h i s  pavement. The PCN s o  r e p o r t e d  would i n d i c a t e  t h a t  a n  a i r c r a f t  
w i t h  a n  ACN e q u a l  t o  o r  l e s s  t h a n  t h a t  f i g u r e  c a n  o p e r a t e  on t h e  pavement s u b j e c t  t o  any 
l i m i t a t i o n  on t h e  t i r e  p r e s s u r e .  

1.1.2.2 The ACN-PCN method con templa tes  t h e  r e p o r t i n g  of pavement s t r e n g t h s  on a  
con t inuous  s c a l e .  The lower  end of t h e  s c a l e  is  z e r o  and t h e r e  i s  no upper  end. Addi- 
t i o n a l l y ,  t h e  same s c a l e  i s  used t o  measure t h e  l o a d  r a t i n g s  of bo th  a i r c r a f t  and 
pavements. 



3- 2 Aerodrome Design Manual 

1 . 1 . 2 . 3  To f a c i l i t a t e  t h e  u s e  of t h e  method, a i r c r a f t  manufac ture rs  w i l l  p u b l i s h ,  i n  t h e  
documents d e t a i l i n g  t h e  c h a r a c t e r i s t i c s  of t h e i r  a i r c r a f t ,  A C N s  computed a t  two d i f f e r e n t  
masses: maximum apron mass,  and a  r e p r e s e n t a t i v e  o p e r a t i n g  mass empty, b o t h  on r i g i d  
and f l e x i b l e  pavements and f o r  t h e  f o u r  s t a n d a r d  subgrade s t r e n g t h  c a t e g o r i e s .  N e v e r t h e l e s s ,  
f o r  t h e  s a k e  of convenience Annex 1 4 ,  Attachment B and Appendix 5 h e r e t o  i n c l u d e  a t a b l e  
showing t h e  ACNs of a  number of a i r c r a f t .  It i s  t o  be noted t h a t  t h e  mass used i n  t h e  
ACN c a l c u l a t i o n  is  a  " s t a t i c "  mass and t h a t  no a l lowance is  made f o r  an i n c r e a s e  i n  load ing  
through dynamic e f f e c t s .  

1 .1 .2 .4  The ACN-PCN method a l s o  e n v i s a g e s  t h e  r e p o r t i n g  of t h e  fo l lowing  i n f o r m a t i o n  
i n  r e s p e c t  of each pavement: 

a )  pavement t y p e ;  

b) subgrade  c a t e g o r y  ; 

c )  maximum t i r e  p r e s s u r e  a l l o w a b l e ;  and 

d )  pavement e v a l u a t i o n  method used .  

The above d a t a  a r e  p r i m a r i l y  i n t e n d e d  t o  e n a b l e  a i r c r a f t  o p e r a t o r s  t o  de te rmine  t h e  
p e r m i s s i b l e  a i r c r a f t  t y p e s  and o p e r a t i n g  masses, and t h e  a i r c r a f t  manufac ture rs  t o  
e n s u r e  c o m p a t i b i l i t y  between a i r p o r t  pavements and a i r c r a f t  under  development. T h e r e  
i s ,  however, n o  need t o  r e p o r t  t h e  a c t u a l  subgrade  s t r e n g t h  o r  t h e  maximm t i r e  p r e s s u r e  
a l lowable .  Consequently,  t h e  subgrade  s t r e n g t h s  and t i r e  p r e s s u r e s  normal ly  e n c o u n t e r e d  
have been grouped i n t o  c a t e g o r i e s  a s  i n d i c a t e d  i n  1.1.3.2 below. It would be s u f f i c i e n t  
i f  t h e  a i r p o r t  a u t h o r i t y  i d e n t i f i e s  t h e  c a t e g o r i e s  a p p r o p r i a t e  t o  h i s  pavement. ( S e e  
a l s o  t h e  examples i n c l u d e d  u n d e r  Annex 14,  2.5.6.) 

1.1.3 How ACNs a r e  deterra ined 

1.1.3.1 The f low c h a r t ,  below, b r i e f l y  e x p l a i n s  how t h e  A C N s  of a i r c r a f t  a r e  
computed u n d e r  t h e  ACN-PCN method. 
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a )  In t h e  ACN-PCN method e i g h t  s t anda rd  subgrade  
r i g i d  pavement k va lues  and f o u r  f l e x i b l e  pavement 

CBR v a l u e s )  a r e  used,  r a t h e r  t han  a  continuous s c a l e  of subgrade  
s t r e n g t h s .  The grouping of subgrades w i th  a  s t anda rd  va lue  a t  t h e  
mid-range of each  group i s  cons idered  t o  be e n t i r e l y  adequate f o r  
repor t ing .  The subgrade s t r e n g t h  c a t e g o r i e s  a r e  i d e n t i f i e d  as h i g h ,  
medium, low and u l t r a  low and ass igned  t h e  fo l lowing  numerical  
values: 

High s t r e n g t h ;  cha rac t e r i zed  by k* = 150 MN/m3 and r ep re sen t ing  a l l  k 
va lues  above 120 MN/m3 f o r  r i g i d  pavements, and by CBK 15 and 
r ep re sen t ing  a l l  CBR va lues  above 13 f o r  f l e x i b l e  pavements. 

Medium s t r e n g t h ;  cha rac t e r i zed  by k  = 80 M N / ~ ~  and r ep re sen t ing  a 
range i n  k of 60 t o  120 b4N/rn3 f o r  r i g i d  pavements, and by CBR 10 and 
r ep re sen t ing  a  range i n  CBR of 8  t o  13 f o r  f l e x i b l e  pavements. 

Low s t r e n g t h ;  cha rac t e r i zed  by k = 40 MN/m3 and r ep re sen t ing  a  r ange  
i n  k of 25 t o  60 f . ~ N / r n ~  f o r  r i g i d  pavements, and by CBR 6  and 
r ep re sen t ing  a  range i n  CBR of 4 t o  8  f o r  f l e x i b l e  pavements. 

U l t r a  low s t r e n g t h ;  cha rac t e r i zed  by k  = 20 MN/m3 and r e p r e s e n t i n g  a l l  
k va lues  below 25 MN/m3 f o r  r i g i d  pavements, and by CBR = 3 and 
r ep re sen t ing  a l l  CBR values  below 4 f o r  f l e x i b l e  pavements. 

b) For r i g i d  pavements, a  
s t anda rd  s t r e s s  f o r  r e p o r t i n g  purposes i s  s t i p u l a t e d  (a = 2.75 MPa) 
on ly  a s  a  means of ensur ing  uniform repo r t i ng .  The working stress t o  
be used f o r  t h e  des ign  and/or  eva lua t ion  of pavements has  no 
r e l a t i o n s h i p  t o  t h e  s t anda rd  s t r e s s  f o r  repor t ing .  

c  > The r e s u l t s  bf pavement r e sea rch  and r e - e v a l u a t i o n  of  
o l d  t e s t  r e s u l t s  r e a f f i r m  t h a t  except  f o r  unusual  pavement cons t ruc-  
t i o n  ( i . e . , f l e x i b l e  pavements w i th  a  t h i n  a s p h a l t i c  concre te  cove r  o r  
weak upper l a y e r s ) ,  t i r e  p re s su re  e f f e c t s  a r e  secondary t o  l o a d  and 
wheel spac ing ,  and may t h e r e f o r e  be ca tegor ized  i n  f o u r  groups f o r  
r e p o r t i n g  purposes as :  high, medium, low and very low and a s s igned  
t h e  fo l lowing  numerical va lues :  

U g h  - No p re s su re  l i m i t  

Medium - Pressure  l i m i t e d  t o  1.50 MPa 

Low - Pressure  l i m i t e d  t o  1.00 MPa 

Very low - Pressure  l imi t ed  t o  0.50 MPa 

----- 
* Values determined us ing  a 75 cm diameter  p l a t e .  
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d  The concept of a  
mathematically de r ived  s i n g l e  wheel load  has  been employed i n  t h e  
ACN-PCN method a s  a  means t o  d e f i n e  t h e  landing  gear/pavement i n t e r -  
a c t i o n  without  spec i fy ing  pavement t h i ckness  a s  an ACN parameter .  
This  i s  done by equa t ing  t h e  t h i ckness  g iven  by t h e  mathematical  model 
f o r  an  a i r c r a f t  l anding  gear  t o  t h e  t h i ckness  f o r  a  s i n g l e  wheel a t  a  
s t anda rd  t i r e  p re s su re  of 1.25 MPa. The s i n g l e  wheel l oad  s o  obtained 
i s  then used without  f u r t h e r  r e f e r ence  t o  t h i ckness ;  t h i s  i s  s o  
because t h e  e s s e n t i a l  s i g n i f i c a n c e  is a t t ached  t o  t h e  f a c t  of  having 
equa l  t h i cknes ses ,  implying "same app l i ed  s t r e s s  t o  t h e  pavement", 
r a t h e r  t han  t h e  magnitude of t h e  th ickness .  The foregoing  i s  i n  
accord wi th  t h e  o b j e c t i v e  of t h e  ACN-PCN method t o  e v a l u a t e  t h e  
r e l a t i v e  loading  e f f e c t  of an a i r c r a f t  on a  pavement. 

e )  A i r c r a f t  c l a s s i f i c a t i o n  number (ACN). The ACN of an a i r c r a f t  i s  
numerical ly def ined  a s  two times t h e  der ived  s i n g l e  wheel load ,  where 
t h e  der ived  s i n g l e  wheel load  i s  expressed i n  thousands of ki lograms.  
A s  no ted  previous ly ,  t h e  s i n g l e  wheel t i r e  p re s su re  i s  s t a n d a r d i z e d  a t  
1.25 MPa. Addi t iona l ly ,  t h e  de r ived  s i n g l e  wheel load  i s  a f u n c t i o n  
of t h e  subgrade s t r e n g t h .  The a i r c r a f t  c l a s s i f i c a t i o n  number (ACN) i s  
de f ined  only  f o r  t h e  f o u r  subgrade c a t e g o r i e s  (i .e. ,  h igh ,  medium, 
low, and u l t r a  low s t r eng th ) .  The "two" ( 2 )  f a c t o r  i n  t h e  numerical  
d e f i n i t i o n  of t h e  ACN i s  used t o  achieve  a  s u i t a b l e  ACN vs .  g r o s s  mass 
s c a l e  s o  t h a t  whole number ACNs may be used wi th  reasonable  accuracy. 

f )  Because a n  a i r c r a f t  ope ra t e s  a t  var ious  mass and c e n t r e  of g r a v i t y  
cond i t i ons  t h e  fo l lowing  conventions have been used i n  ACN computa- 
t i o n s  ( s ee  Figure 1-1). 

1) t h e  maximum ACN of an  a i r c r a f t  i s  c a l c u l a t e d  a t  t h e  mass and c . g .  
t h a t  produces t h e  h ighes t  main gear  loading on t h e  pavement, 
u s u a l l y  t h e  maximum ranp mass and corresponding a f t  C - g -  The 
a i r c r a f t  t i r e s  a r e  considered a s  i n f l a t e d  t o  t h e  manufacturers  
recommendation f o r  t h e  cond i t i on ;  

2)  r e l a t i v e  a i r c r a f t  ACN c h a r t s  and t a b l e s  show the  ACN a s  a  func t ion  
of a i r c r a f t  g ros s  mass wi th  t h e  a i r c r a f t  c o g .  a t  a  c o n s t a n t  v a l u e  
corresponding t o  t h e  maximum ACN va lue  (i. e .  , u s u a l l y ,  t h e  a£ t c  .g. 
f o r  max ramp mass) and a t  t h e  max ramp mass t i r e  p r e s s u r e ;  and 

3) s p e c i f i c  cond i t i on  ACN va lues  a r e  those  ACN va lues  t h a t  a r e  
ad jus t ed  f o r  t h e  e f f e c t s  of t i r e  p re s su re  and/or  c . g .  l o c a t i o n ,  a t  
a  s p e c i f i e d  g ros s  mass f o r  t h e  a i r c r a f t .  

1.1.3.3 Abbreviat ions 

a )  A i r c r a f t  parameters  

MKGM - Maximum ramp g ros s  mass i n  ki lograms 
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b )  Pavement and subgrade parameters  

a - Standard working s t r e s s  f o r  r epo r t i ng ,  2.75 m a  

t - Pavement t h i ckness  i n  cent imet res  

Thickness of s l a b  f o r  r i g i d  pavements, o r  

To ta l  t h i cknes s  of pavement s t r u c t u r a l  system ( su r f ace  t o  
subgrade)  f o r  f l e x i b l e  pavements ( s e e  F igure  1-2). 

AIRCRAFT 
GROSS 
MASS 
(1 000 kg) 

8 0 8 4  W 9 9 2 1 0 8  

PERCENTAGE OF MASS O N  MAIN GEAR GROUP 

Figure 1-1. Landing gear  loading on pavement 
Model DC-SO S e r i e s  30, 30CF, 40 and 40CF 



P a r t  3 . -  Pavements  3-7 

THEORETICAL ASPHALT PAVEMENT THEORETICAL CEMENT CONCRETE PAVEMENT 

.. . 

1 
THICKNESS 

-- f- - 
THICKNESS 

I 1 .  

F i g u r e  1-2 

lc - I d e s t e r g a a r d ' s  rnodulus o f  s u b g r a d e  r e a c t i o n  i.n l1N/!n3 

1 - l i e s t e r g a d r d ' s  r a d i u s  o f  r e l a t i v e  s t i f f n e s l ;  i n  c e r i t i n e t r e s .  
T h i s  i s  comvuted u s i n g  the EoLlowing e q u a t i o n  ( s e e  F i g u r e  1-3). 

- 7 lZ (; :3p2)k 
9 i s  n o d l ~ l u s  o f  e l a s t i c i t y  

p i s  P o i s s o n ' s  r a t i o  (p = 0 .15 )  

P H Y S I C A L  MEAN!r\iiG O F  W E S T E R G A A R D S  
'RADIUS  OF R E L A T I V E  S T I F F N E S S ' , l  

S I N G L E  W H E E L  L O A D I N G  O N  A S L A B  

i 

F i g u r e  1-3 
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C B R  - C a l i f o r n i a  Bear ing R a t i o  i n  p e r  c e n t  

T i r e  P r e s s u r e s  

Ps - T i r e  p r e s s u r e  f o r  d e r i v e d  s i n g l e  wheel load - 1.25 F1Pa 

P 4  
- T i r e  p r e s s u r e  f o r  a i r c r a f t  a t  maximum ramp mass c o n d i t i o n  

1.1.3.4 Mathematical models.  Two mathemat ical  models a r e  used i n  t i le  ACN-PCN 
rnetllod: tile Westergdard s o l u t i o n  f o r  a  loaded e l a s t i c  p l a t e  on a  W i l ~ k l e r  f o u n d a t i o n  
( i n t e r i o r  1 0 , ~ d  c a s e )  f o r  r i g i d  pavements,  and t h e  Roussinesq s o l u t i o n  f o r  s t r e s s e s  a n d  
displnrem~!~l ts  i 7  a  homogetleous i s o t r o p i c  e l a s t i c  ha l f - space  under  s u r f a c e  l o a d i n g  f o r  
f l e  i i b l e  pivrrnents . The u s e  oE t h e s e  two, widely  used ,  models p e r m i t s  t h e  maximum 
c o r r t ~ l n t i o n  t o  world-wide paveincnt desigr l  mcthodologies ,  w i t h  a  minirnu~n need f o r  pave- 
ment pdr.m(zter v a l u e s  ( i . e . ,  o n l y  approximate  subgrade  k ,  o r  CBK v a l u e s  a r e  r e q u i r e d ) .  

1.1.3.5 Computer programmes. The two computer programmes deve loped  u s i n g  t h e s e  
mathe taa t i ca l  n o d e l s  a r e  reproduced i n  Appendix 2. The programme For e v a l u a t i n g  a i r c r a f t  
on ri,:id pavements i s  based on t h e  programme developed by rlr. R.G. ~ a c k a r d "  of P o r t l a n d  
Cetnellt A s s o c i a t i o n ,  I l l i n o i s ,  USA and t h a t  f o r  e v a l u a t i n g  a i r c r a f t  on f l e x i b l e  pavements 
i s  hascd on  t h e  US Army Engineer  Waterways Experiment S t a t i o l  I n s t r u c t i o n  Report  5-77-1, 
e n t i t l e d  "Procedures  f o r  Deve lopnr r~ t  of CBK Design Curves".  It may, however, be n o t e d  
tllar. t h e  a i r c r a f t  c l a s s i f i c a t i o n  t a b l e s  i n c l u d e d  i n  Annex 14,  Attachment B and i n  
A p p e - r d i ~  5 of t h i s  Manual comple te ly  e l i m i n a t e  t h e  need t o  u s e  t h e s e  programines i n  
r e s p e c t  of  n o s t  o f  t h e  a i r c r a f t  c u r r e n t l y  i n  use .  

1 . 1 . 3 . b  G r a p h i c a l  p rocedures .  AircraE t f o r  which pavement t h i c k n e s s  r e q u i r e m e n t  
c l ~ a r t s  11 ive been pub l i  shed by t l ie rnarliifacturer.; can  a l s o  be e v d i i a t e d  u s i n g  t h e  g r a p h i -  
c i l  i t ~ - o c ~ b d ~ l r e s  desc.ribed below. 

1.1.3.7 R ig id  pavements. Th i s  p rocedure  u s e s  t h e  convers ior l  c h a r t  shown i n  
Flgl l r r  1-4  a n d  the  pave:n~?tlt t h i c k n e s s  requirement  c h a r t s  pub l i shed  by t l ie a i r c r a f t  
m,lnuf;lctclrers. Tlte P o r t l a n d  Cement r lssocia t ior l  computer programme r e f e r r e d  t o  i n  
1 a 1 . 3 .  '5 w ~ i :  .~cierl i I developir lg  F i g u r e  1-4. T h i s  f i g u r e  r e l a t e s  t h e  d e r i v e d  s i n g l e  wheel  
load  + t  .t cons! <int t i r e  p r e s s u r e  of 1.25 ?$Pa t o  a  r e f e r e n c e  pavement t l ~ i c k n e s s .  It 
t a k e s  i l t l ,  a ( - c o u ~ l t  t h e  f o u r  s t a n d a r d  subgrade k va lues  d e t a i l e d  ~ $ 1  1.1.3.2 a )  above,  and 
a  s t a n d a r d  c o n c r e t e  s t r e s s  of  2.75 ELPa. The f i g u r e  a l s o  i n c l u d e s  a n  ACN s c a l e  which  
p e r m i t s  t h e  .2CN t o  be r e a d  d i r e c t l y .  The fo l lowing  s t e p s  a r e  used t o  de te rmine  t h e  ACN 
of an a i r c r a f  ,:: 

.i) u5ing  t h e  pavement requirement  c h a r t  p u b l i s h e d  by t h e  m a n u f a c t u r e r  
o b t a i ~  t h e  reEerellce t h i c k n e s s  f o r  t h e  g i v e n  a i r c r a f t  mass, k  v a l u e  of 
t h ?  s l ~ b g r a d e ,  and t h e  s t a n d a r d  c o n c r e t e  s t r e s s  f o r  r e p o r t i n g ,  i - e .  
2 . 7 5  FIPa; 

h )  rising tilt? abovv rzElzrt:nce th ie lc r~ess  dnd Fi,ydrt. 1-4, o b t a i n  a  d e r i v e d  
s i l g l e  wheel Load f o r  tile s e l e c t e t i  subi:r~cl(:; and 

- -- 
" K c  ire c t o  doccr~:lc~lt e n t  i t  l e d  " f l e s ign  of Concrete  A i  r p o r t  Pavetnent" by R.G. Packard,  

i ' i ~ r t l a n d  Cernent k ; s o c i a t  iorl, Skokie ,  I l . l i n o i s ,  60076,  d a t e d  197 3. 



ACN o sly t (1 000 kg) 

I 
78  / HIGH STRENGTH / 

I 150 MNlm3 

MEDIUM STRENGTH 
80 MN/m3 

i LOW STRENGTH 
40 MNlm3 

i ULTRA-LOW STRENGTH- 
50 20 MNlrn3 

30 

20 

TIRE PRESSURE 1.25 MPa 
STANDARD STRESS 2.75 MPa 

16 
PCA COMPUTER PROGRAMME PDILB 

0 -- - 
5 16 15 25 30 35 40 45 50 55 

REFERENCE THICKNESS 

Figure 1-4. ACN Ribid Pavement Conversion Chart 
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c )  t h e  a i r c r a f t  c l a s s i f i c a t i o n  number, a t  t h e  s e l e c t e d  mass and 
subgrade  k v a l u e ,  i s  two t i m e s  t h e  d e r i v e d  s i n g l e  wheel l o a d  i n  
1  000 kg. Note t h a t  t h e  ACN c a n  a l s o  be r e a d  d i r e c t l y  from t h e  
c h a r t .  Note f u r t h e r  t h a t  t i r e  p r e s s u r e  c o r r e c t i o n s  a r e  n o t  needed  
when t h e  above procedure  i s  used. 

1.1.3.8 This  p rocedure  u s e s  t h e  c o n v e r s i o n  c h a r t  shown in 
F i g u r e  1-5 and t h e  pavement t h i c k n e s s  requ i rement  c h a r t s  p u b l i s h e d  by t h e  a i r c r a f t  
manufac ture rs  based on t h e  Uni ted S t a t e s  Army Engineers  CBR procedure.  The f o r m e r  
c h a r t  h a s  been developed u s i n g  t h e  f o l l o w i n g  express ion :  

DSWL 

Where t = r e f e r e n c e  t h i c k n e s s  i n  cm. 

DSWL = a s i n g l e  wheel l o a d  w i t h  1.25 MPa t i r e  p r e s s u r e  

ps = 1.25 MPa 

CBR = s t a n d a r d  subgrade  (Note t h a t  t h e  c h a r t  u s e s  f o u r  
s t a n d a r d  v a l u e s  3, 6, 1 0  and 15) 

The r e a s o n  f o r  u s i n g  t h e  l a t t e r  c h a r t s  i s  t o  o b t a i n  t h e  e q u i v a l e n c y  between t h e  " g r o u p  
of  l a n d i n g  g e a r  wheels  e f f e c t "  t o  a  d e r i v e d  s i n g l e  wheel  l o a d  by means of Bouss inesq  
D e f l e c t i o n  F a c t o r s .  The f o l l o w i n g  s t e p s  a r e  u s e d  t o  de te rmine  t h e  ACN of a n  a i r c r a f t :  

a)  ~ s i n j :  t h e  pavement requ i rement  c h a r t  p ~ b l i s h e d  by t h e  tnanufac ture r  
de te rmine  t h e  r e f e r e n c e  t h i c k n e s s  f o r  t h e  g i v e n  a i r c r a f t  mass, 
subgrade  c a t e g o r y ,  and i O  000 coverages ;  

b) e n t e r  F i g u r e  1-5 w i t h  t h e  r e f e r e n c e  t h i c k n e s s  de te rmined  i n  s t e p  a) 
and t h e  CRR cor responding  t o  t h e  subgrade  c a t e g o r y  and r e a d  t h e  
d e r i v e d  s i n g l e  wheel l o a d ;  and 

c )  t h e  ACN a t  t h e  s e l e c t e d  mass and subgrade  c a t e g o r y  i s  two t imes  t h e  
d e r i v e d  s i n g l e  wheel l o a d  i n  1 000 kg. Note t h a t  t h e  ACN can  a l s o  be 
read  d i r e c t l y  f rom t h e  c h a r t .  Note f u r t h e r  t h a t  t i r e  p r e s s u r e  
c o r r e c t i o n s  a r e  n o t  needed when t h e  above procedure  is used. 

1.1.3.9 A i r c r a f t  normally have t h e i r  t i r e s  
i n f l a t e d  t o  t h e  p r e s s u r e  c o r r e s p o n d i n g  t o  t h e  maxillaurn g r o s s  mass and m a i n t a i n  t h i s  
p r e s s u r e  r e g a r d l e s s  of t h e  v a r i a t i o n s  i n  take-of  f  masses. There a r e  times, however, 
when o p e r a t i o n s  a t  reduced masses and reduced t i r e  p r e s s u r e s  a r e  p r o d u c t i v e  and r e d u c e d  
ACNs need t o  b e  c a l c u l a t e d .  To do t h i s  f o r  r i g i d  pavements,  a  c h a r t  h a s  been p r e p a r e d  
by t h e  u s e  of t h e  PCA computer programme P D I L B  and i s  g i v e n  i n  F i g u r e  1-6. The example 
i n c l u d e d  i n  t h e  c h a r t  i t s e l f  e x p l a i n s  how t h e  c h a r t  i s  used.  



P a r t  3.- Pavements 3-11 
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Figure  1-5. ACN F l e x i b l e  Pavement Conversion Chart  
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1.1.3.10 For f l e x i b l e  pavements, t h e  CBR equat ion  t = Jc7: 
was used t o  equa t e  t h i ckness  and s o l v e  f o r  t h e  reduced p re s su re  ACN i n  terms of t h e  
maximum t i r e  p re s su re  ACN a t  t h e  reduced mass g iv ing  t h e  fo l lowing  expression:  

ACN = ACN 
Re du ced Maximum 
p res su re  p re s su re  

(For va lues  of C1 and C 2  s e e  1.1.3.8.) 

1.1.3.11 Worked examples 

Example 1: Find t h e  ACN of B727-200 Standard a t  78 500 kg on a  r i g i d  pavement r e s t i n g  
on a  medium s t r e n g t h  subgrade (i.e., k = 80 M N / ~ ~ ) .  The t i r e  p r e s s u r e  of 
t h e  main wheels i s  1.15 MPa. 

Solu t ion:  The ACN of t h e  a i r c r a f t  from t h e  t a b l e  i n  Appendix 5  of t h i s  Manual i s  
48. - 
It i s  a l s o  p o s s i b l e  t o  determine t h e  ACN of t h e  a i r c r a f t  us ing  Figure  1-4 
and t h e  pavement requirement c h a r t  f o r  t h e  a i r c r a f t  i n  F igure  1-7. T h i s  
method involves  t h e  fo l lowing  opera t ions :  

a )  from Figure 1-7 read  t h e  t h i ckness  of corlcrete  needed f o r  t h e  a i r c r a f t  
mass of 78 500 kg, t h e  subgrade k va lue  of  80 E ~ N / & ,  and t h e  s t a n d a r d  
conc re t e  s t r e s s  of 2.75 MPa a s  31.75 cm; and 

b) e n t e r  Figure 1-4 wi th  t h i s  t h i cknes s  and read t h e  ACN of t h e  a i r c r a f t  
f o r  t h e  medium s t r e n g t h  subgrade a s  2. 



Par t  3 . -  Pavements 3-13 

CORRECTION 
FACTOR 

ACN 

.5 .75 1 .O 1.25 1.5 1.75 2.0 2.35 2.50 

TIRE PRESSURE 
M Pa 

F i g u r e  1-6.  ACN t i r e  p r e s s u r e  a d j u s t m e n t  - r i g i d  pavements o n l y  



3-14 Aerodrome Design Manual 

An A L P  c o n t a i n s  t h e  f o l l o w i n g  i n f o r m a t i o n  r e l a t e d  t o  a  rllrlway pavement:  

PCN o f  t h e  pavement = 80 
Pavement t y p e  = r i g i d  

Subgrade c a t e g o r y  = lnediurn s t r e n g t h  
T i r e  p r e s s u r e  l i m i t a t i o n  = none 

Dete rn ine  whether  t h e  pavement c a n  a c c e p t  t h e  f o l l o w i n g  a i r c r a f t  a t  t h e  
i n d i c a t e d  o p e r a t i n g  mas:;es and  t i r e  p r e s s u r e s :  

Mass T i r e  p r e s s u r e  - 
Airbus A 300 Model 62 a t  142 000 kg 1.23 MPa 
~7 / t7 -100  a t  3 3 4 7 5 1 k g  1.55 MPa 
Concorde a t  185 066 kg 1.26 PIPa 
1)C- 10-40 a t  253  105 kg 1.17 MPa 

S o l u t i o ~ l :  ACNs u f  t h e s e  a i r c r a f t  f rom Appendix 5  of  t h i s  :4.lnnual a r e  44 ,  51,  71 a n d  
53, r e s p e c t i v e l y .  S i n c e  t h e  pavement i n  q u e s t i o n  h a s  a  PCN of  80 i t  c a n  
a c c e p t  a l l  of t h e s e  a i r t c r a f t .  

Example 3: Find t h e  ACN of  DC-10-10 a t  157 400 kg on a  f l e x i b l e  pavement r e s t i n g  on  a  
medium s t r e n g t h  subgrnde  (CBK l o ) ,  The t i r e  p r e s s u r e  of  t h e  main w h e e l s  
i s  1.28 MPa. 

S o l u t i o n :  The ACN of  t h e  a i r c r a f t  from Appendix 5  of t h i s  L%nual i s  

It i s  a l s o  p o s s i b l e  t o  de te rmine  t h e  ACN of  t h e  a i r c r a f t  u s i n g  F i p r e  1-5 
and  t h e  pave:nent requirerocnt c h a r t  i n  F i g u r e  1-3. T h i s  method i n v o l v e s  
t h e  f o l l o w i n g  o p e r a t i o n s :  

a )  from F i g u r e  1-8 r e a d  t h e  t h i c k n e s s  of  pavement needed For t h e  a i r c r a f t  
mass of 157 A00 kg and t h e  subgrade  CBR of 1 0  a s  2 cm; and 

b )  e n t e r  F i g a r e  1-5 w i t h  t h i s  t h i c k i l e s s  a n d  read  t h e  A C N  of a i r c r a E t  f o r  
the suhgrade  C K K  of  13 a s  5. 



124.5 x 43.2 crn TIRES - TlRE PRESSURE CONSTANT AT 11.7 kg/crn2 

127 x 53.3 crn TIRES (NEW DESIGN) - TIRE PRESSURE CONSTANT AT 11.7 kg/cm2 

NOTE: THE VALUES OBTAINED BY USING REFERENCES: 
THE MAXIMUM LOAD REFERENCE LINE AND "DESIGN OF CONCRETE AIRPORT 
ANY VALUE OF k ARE EXACT. FOR LOADS PAVEMENT" AND "COMPUTER PROGRAMME 
LESS THAN MAXIMUM, THE CURVES ARE EX- FOR AIRPORT PAVEMENT DESIGN - 
ACT FOR k = 80 BUT DEVIATE SLIGHTLY FOR PROGAMME PDILB." 
OTHER VALUES OF k. PORTLAND CEMENT ASSN. 

RIGID PAVEMENT REQUIREMENTS- 
PORTLAND CEMENT ASSOCIATION DESIGN METHOD 
MODELS 727-100, -100C AT 77 200 kg; 727-200 STANDARD AT 78 500 kg, 
ADVANCED 727-200 AT 89 800 kg AND 95 300 kg MAXIMUM RAMP MASS. 

F i g u r e  1-7 



3-16 Aerodrome Design Manual 

FLEXIBLE 
PAVEMENT 
THICKNESS 

crn 

SUBGRADE CBR (PERCENTAGE) 

F i g u r e  1-8. DC10-10 F l e x i b l e  Pavement Requirements  
1 0  000 Coverages a f t  c - g .  

1.2.1 The ACN-PCN method d e s c r i b e d  i n  1.1 i s  n o t  i n t e n d e d  f o r  r e p o r t i n g  
s t r e n g t h  of  pavements meant f o r  l i g h t  a i r c r a f t ,  i . e . ,  t h o s e  w i t h  mass l e s s  t h a n  5 700  kg. 
Annex 14  s p e c i f i e s  a s i m p l e  p r o c e d u r e  f o r  s u c h  pavements. T h i s  p rocedure  e n v i s a g e s  t h e  
r e p o r t i n g  o f  o n l y  two e lements :  rnaxirrslm a l l o w a b l e  a i r c r a f t  mass and maxim~m a l l o w a b l e  
t i r e  p r e s s u r e .  It i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  t i r e  p r e s s u r e  c a t e g o r i e s  of t h e  ACN-PCN 
method (1.1.3.2, c ) )  a r e  n o t  used  f o r  r e p o r t i n g  maximum a l l o w a b l e  t i r e  p r e s s u r e .  
I n s t e a d ,  a c t u a l  t i r e  p r e s s u r e  l i m i t s  a r e  r e p o r t e d  as i n d i c a t e d  i n  t h e  f o l l o w i n g  
example: 

Example: 4 000 kgJO.50 MPa 



CHAPTER 2. - GUIDANCE ON OVERLOAD OPERATIONS 

2.1.1 Overloading o f  pavements c a n  r e s u l t  e i t h e r  f rom l o a d s  t o o  l a r g e  o r  f rom a  
s u b s t a n t i a l l y  i n c r e a s e d  a p p l i c a t i o n  rate o r  both.  Loads l a r g e r  t h a n  t h e  d e f i n e d  ( d e s i g n  
o r  e v a l u a t i o n )  l o a d  s h o r t e n  t h e  d e s i g n  l i f e  w h i l s t  s o t a l l e r  l o a d s  e x t e n d  i t .  Wi th  t h e  
e x c e p t i o n  of  massive  over load ing ,  pavements i n  t h e i r  s t r u c t u r a l  behav iour  a r e  n o t  
s u b j e c t  t o  a p a r t i c u l a r  l i m i t i n g  l o a d  above which t h e y  sudden ly  o r  c a t a s t r o p h i c a l l y  
f a i l .  Rehaviour  i s  s u c h  t h a t  a  pavement c a n  s u s t a i n  a d e f i n a b l e  l o a d  f o r  a n  e x p e c t e d  
number o f  r e p e t i t i o n s  d u r i n g  i t s  d e s i g n  l i f e .  As  a r e s u l t ,  o c c a s i o n a l  minor o v e r l o a d i n g  
i s  a c c e p t a b l e ,  when e x p e d i e n t ,  w i t h  o n l y  l i m i t e d  l o s s  i n  pavement l i f e  e x p e c t a n c y  and 
r e l a t i v e l y  s m a l l  a c c e l e r a t i o n  of  pavement d e t e r i o r a t i o n .  For t h o s e  o p e r a t i o n s  i n  which 
magni tude of o v e r l o a d  a n d / o r  t h e  f requency  of  u s e  do n o t  j u s t i f y  a d e t a i l e d  a n a l y s i s  t h e  
f o l l o w i n g  c r i t e r i a  a r e  sugges ted :  

a )  f o r  f l e x i b l e  pavements o c c a s i o n a l  movements by a i r c r a f t  w i t h  ACN n o t  
e x c e e d i n g  10 p e r  c e n t  above t h e  r e p o r t e d  PCN s h o u l d  n o t  a d v e r s e l y  
a f f e c t  t h e  pavement; 

b) f o r  r i g i d  o r  composi te  pavements,  i n  which a  r i g i d  pavement l a y e r  
p r o v i d e s  a p r imary  e lement  of t h e  s t r u c t u r e ,  o c c a s i o n a l  movements by 
a i r c r a f t  w i t h  ACN n o t  exceed ing  5 p e r  c e n t  above t h e  r e p o r t e d  PCN 
s h o u l d  n o t  a d v e r s e l y  a f f e c t  t h e  pavement; 

c )  i f  t h e  pavement s t r u c t u r e  i s  unknown t h e  5 p e r  c e n t  l i m i t a t i o n  s h o u l d  
app ly ;  and 

d )  t h e  a n n u a l  number of o v e r l o a d  movements s h o u i d  n o t  exceed  
approx imate ly  5 p e r  c e n t  o f  t h e  t o t a l  a n n u a l  a i r c r a f t  moveiiients. 

2.1,2 Such o v e r i o a d  movements s h o u i d  n o t  normal ly  be  p e r m i t t e d  on pavements  
e x h i b i t i n g  s i g n s  of  d i s t r e s s  o r  f a i l u r e .  Fur thermore,  o v e r l o a d i n g  s h o u l d  be a v o i d e d  
d u r i n g  any  p e r i o d s  of thaw f o l l o w i n g  f r o s t  p e n e t r a t i o n  o r  when t h e  s t r e n g t h  of  t h e  
pavement o r  i t s  s u b g r a d e  c o u l d  b e  weakened by water .  Where o v e r l o a d  o p e r a t i o n s  a r e  
conduc ted ,  t h e  a p p r o p r i a t e  a u t h o r i t y  s h o u l d  rev iew t h e  r e l e v a n t  pavement c o n d i t i o n  
r e g u l a r l y  and shouLd a l s o  review t h e  c r i t e r i a  f o r  o v e r l o a d  o p e r a t i o n s  p e r i o d i c a l l y  s i n c e  
e x c e s s i v e  r e p e t i t i o n  of  o v e r l o a d s  c a n  c a u s e  s e v e r e  s h o r t e n i n g  of pavement l i f e  o r  
r e q u i r e  major  r e h a b i l i t a t i o n  of  pavement. 

2.2.1.1 The t e c h n i c a l  a ssessment  of a proposed o v e r l o a d  o p e r a t i o n  is  b a s e d  on t h e  
" o v e r l o a d  r a t i o "  concept .  The overLoad r a t i o  i s  a measare of  t h e  l o a d  imposed by t h e  
a i r c r a f t  r e l a t i v e  t o  t h e  nominal. d e s i g n  s t r e n g t h  of  t h e  pavement. For f l e x i b l e  
pavements,  t h e  o v e r l o a d  r a t i o  imposed by a n  a i r c r a f t  i s  de te rmined  by c a l c u l a t i n g  t h e  
subgrade  b e a r i n g  s t r e n g t h  r e q u i r e d  f o r  t h e  e x i s t i n g  t h i c k n e s s  of pavement, u s i n g  t h e  
d e s i g n  e q u a t i o n  g i v e n  i n  4.1.2.2. T h i s  c a l c u l a t e d  s u b g r a d e  b e a r i n g  s t r e n g t h  i s  t h e n  
d i v i d e d  by t h e  a c t u a l  subgrade  b e a r i n g  s t r e n g t h  t o  form t h e  o v e r l o a d  r a t i o .  F o r  r i g i d  
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pave~nents ,  t h e  overload r a t i o  i s  de f ined  a s  t h e  f l e x u r a l  s t r e s s  imposed i n  t h e  s l a b  by 
t h e  a i r c r a f t  d iv ided  by t h e  des ign  f l e x u r a l  s t r e s s  of 2.75 MPa. 

2.2.1.2 On t h e  b a s i s  of t h e s e  overload r a t i o s ,  a i r c r a f t  ope ra t i ons  a r e  c l a s s i f i e d  
a s  fol lows:  

Overload Rat io  

l e s s  than 1.25 
1.25 t o  1.50 
1.50 t o  2.00 
g r e a t e r  t han  2.00 

u n r e s t r i c t e d  
l i m i t e d  
marginal 
emergency use  only 

2.2.1.3 The approval  of ope ra t ions  c l a s s i f i e d  a s  l i m i t e d  o r  marginal  i nvo lves  t h e  
r i s k  of an acce l e r a t ed  r a t e  of pavement d e t e r i o r a t i o n  and shor tened  s e r v i c e  l i f e .  T h i s  
r i s k  i n c r e a s e s  wi th  i n c r e a s i n g  va lue  of overload r a t i o  and frequency of ope ra t ions ,  
The d e c i s i o n  t o  approve such  ope ra t ions  t h e r e f o r e  depends on t h e  w i l l i ngness  of t h e  
a i r p o r t  a u t h o r i t y  t o  fund pavement r e h a b i l i t a t i o n  measures e a r l i e r  than may o t h e r w i s e  be 
necessary.  Normal p r a c t i c e  a t  a i r p o r t s  opera ted  by Transpor t  Canada is  t o  permit  
a i r c r a f t  ope ra t i ons  f a l l i n g  i n t o  t h e  l i m i t e d  and marginal  c l a s s i f i c a t i o n s ,  u n l e s s  
o therwise  d i c t a t e d  by age and cond i t i on  of t h e  pavement, o r  funding c o n s t r a i n t s .  

2.2.1.4 S imi la r  cons ide ra t i ons  apply t o  pe rmi t t i ng  ope ra t ions  by a i r c r a f t  w i t h  
t i r e  p re s su re s  h igher  t han  r e s t r i c t i o n s  reported. Provided t h e  overload r a t i o  is less 
than 1.50, a i r c r a f t  a r e  normally permi t ted  t o  o p e r a t e  wi th  t i r e  p re s su re s  one r ange  
h ighe r  t h a n  t h e  t i r e  p re s su re  range f o r  which t h e  pavement was designed. These r a n g e s  
a r e  i n d i c a t e d  i n  4.1.2.6. 

2.2.2 French p r a c t i c e  

2.2.2.1 The informat ion  publislled on t h e  b a s i s  of one o r  t h e  o t h e r  method 
descr ibed  i n  4 . 2 . 8  does not  permit a  complete r e f l e c t i o n  of t h e  opera t ing  cond i t i on  
of t h e  pavement. The fo l lowing  procedure should t h e r e f o r e  be used t o  a s s e s s  t h e  s u i t a -  
b i l i t y  of t h e  pavement f o r  t h e  in tended  a i r c r a f t .  Reference i s  made t o  t h e  f l e x i b l e  
pavement o r  r i g i d  pavement requirement graph f o r  t h e  s u b j e c t  a i r c r a f t  i n  Appendix 3. 
These graphs  and t h e  pavement d a t a  enable  t h e  e x a c t  au tho r i zed  load  f o r  t h e  p a r t i c u l a r  
undercar r iage  t o  be determined. I n  t h e  event  t h a t  t h e  a i r c r a f t  i s  not  shown i n  Appendix 
3,  c h a r a c t e r i s t i c s  t h a t  a r e  c l o s e s t  t o  t h e  s u b j e c t  a i r c r a f t  w i l l  be s e l ec t ed .  I f  t h e  
r e s u l t i n g  load  is  h ighe r  t h a n  t h e  expected a i r c r a f t  load ,  t h e  a l lowable  s t r e s s e s  of  t h e  
pavement w i l l  n o t  be exceeded, and t h e  a i r c r a f t  can use  t h e  pavement without  a d v e r s e  
e f f e c t s .  Should t h e  load  e s t a b l i s h e d  by means of t h e  graph be l e s s  than  t h e  expec t ed  
a i r c r a f t  load,  t h e r e  w i l l  be a n  e f f e c t i v e  overload and acceptance of t h e  a i r c r a f t  w i l l  
r e q u i r e  s p e c i a l  permission. 

2.2.2.2 
landing  
imposes 

Concessions. It should be noted t h a t  t h e  r i s k  t o  t h e  a i r c r a f t  i t s e l f  when 
on a  runway without  adequate bear ing  s t r e n g t h  is  minimal, un l e s s  t h e  l oad  i t  
i s  cons iderably  more t han  t h e  bear ing  s t r e n g t h  of t h e  runway. General ly 

speaking, t h e  acceptance of an excess ive ly  heavy a i r c r a f t  w i l l  undoubtedly cause damage 
t o  t he  pavement, without de t r iment  t o  t h e  a i r c r a f t  i t s e l f .  The u s e r  w i l l  i n  no c a s e  be 
he ld  r e spons ib l e  f o r  d e t e r i o r a t i o n s  of t h i s  type. However, i n  no ca se  should an  
a i r c r a f t  load  exceed by more than  50 pe r  cen t  t h e  a l lowable  load  f o r  t h e  s u b j e c t  
a i r c r a f t ,  i n  o t h e r  words an  a c t u a l  overload co-eff i c i e n t  P/Po h igher  t han  1.5 f o r  a l l  
pavements, except  aprons f o r  which t h e s e  va lues  a r e  l i m i t e d  t o  20 pe r  cen t  and 1.2, 
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r e spec t ive ly .  (For runways, t h i s  r u l e  does not  apply t o  emergency landings.)  The 
d e c i s i o n  t o  g r a n t  o r  withhold t h e  concession t o  ope ra t e  on weak runways can be  a r r i v e d  
a t  a s  fol lows:  

a )  t h e  t o t a l  equ iva l en t  t r a f f i c  supported by t h e  pavement i s  c a l c u l a t e d  
i n  accordance w i t h  t h e  same p r i n c i p l e  expressed i n  t h e  opt imized  
des ign  method descr ibed  i n  4.2.6; however, t h i s  i s  reduced t o  a  d a i l y  
t r a f f i c  expressed i n  terms of movements pe r  day; and 

b) iE t h e  t o t a l  equ iva l en t  t r a f f i c  exceeds t e n  movements d a i l y ,  r e f u s a l  
of t h e  concession would normally be j u s t i f i e d ,  un l e s s  more r a p i d  wear 
of t h e  runway is  acceptable .  Such a  dec i s ion  might be a c c e p t a b l e  on 
economic grounds w i th  t h e  i n t e n t i o n  of i nc reas ing  a i r  t r a f f i c  without  
having t o  r e i n f o r c e  pavements, a t  l e a s t  f o r  t h e  time being. 

2.2.2.3 On t h e  o t h e r  hand, i t  i s  recommended t o  l i m i t  t h e  number of movements 
i nvo lv ing  an  a i r c r a f t  f o r  which a  concession has  been granted  and t o  under take  follow-up 
a c t i o n  wi th  regard  t o  t h e  pavement i n  accordance wi th  t h e  informat ion  provided  i n  t he  
t a b l e  below: 

1.2 - 1.3 1 1 per  week 1 Regular and f r e q u e n t  
fol low-up mandatory 

1.3 - 1.4 2  pe r  month 
-. .- - 

1.4 - 1.5 1 per  month 

P/Po va lues  

1.1 

1.1 - 1.2 

Remark: Ins tead  of cons ider ing  d a i l y  t r a f f i c ,  i t  would be more s t r i n g e n t  t o  cons ide r  
cumulat ive t r a f f i c  t o  t a k e  i n t o  account t h e  a d t u a l  magnittlde of p a s t  t r a f f i c .  This  
could be done where i t  is  j u s t i f i e d  f o r  t h e  sake  of p r e c i s i o n  of t h e  s tudy.  

4 f l e x i b l e  runway has  t h e  fo l lowing  c h a r a c t e r i s  t i c s  : 

Maximm number of 
movements 

2  pe r  day 

1 every day 

Tota l  equ iva l en t  t h i cknes s  e  = 70 cm 

Follow-up a c t i o n  i n  
r e spec t  of pavement 
- 

Follow-up 
recommended 

CBR of t h e  subgrade CBK = 8 

PCN 57/F/C/W/T 

It r ece ives  f o u r  d a i l y  movements of Airbus A-300 B2 wi th  a  l oad  of 142 t 
(ACN = 55) and f o u r  movements d a i l y  of B-727 wi th  a  load  of 78 t (ACN = 49).  Under what 
cond i t i ons  can i t  be used by t h e  B-747-200 wi th  a load  of 365 t ?  
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S o l u t i o n  

C a l c u l a t i o n  of t h e  ACN of t h e  B-747-200 

(365 000 - 168 872) 
ACN = 23 + (71  - 23) x = 69 

(373 306 - 168 872) 

The ACN exceeds  t h e  pub l i shed  PCN: a  c o n c e s s i o n  i s  t h e r e f o r e  r e q u i r e d  f o r  
t h e  a i r c r a f t  . 

S t e p  2. C a l c u l a t i o n  of e q u i v a l e n t  t r a f f i c :  

Actual  Allowable 
l o a d  I l o a d  

P  Po 

Actua l  
movements 

(mvtld)  
E q u i v a l e n t  
movements 

! TOTAL (5.8 + 3.5 x )  mvt/d I 
For x = 1 mvt jd ,  t h e  e q u i v a l e n t  t r a f f i c  i s  9.3 mvt/d and l e s s  t h a n  

10 mvt/d: t h e  R-747-200 may r e q u i r e  a  concession.  

For x g r e a t e r  t h a n  1 mvt/d,  t h e  e q u i v a l e n t  t r a f f i c  would exceed 10 m v t l d  
and t h e  A-747-200 could n o t  be  accep ted .  

2.2.3 Uni ted Kingdom p r a c t i c e  

2.2.3.1 I n d i v i d u a l  aerodrome a u t h o r i t i e s  i n  t h e  Uni ted Kingdom a r e  f r e e  t o  d e c i d e  
on t h e i r  own c r i t e r i a  f o r  p e r m i t t i n g  o v e r l o a d  o p e r a t i o n s  a s  long  a s  pavements remain  
s a f e  f o r  u s e  by a i r c r a f t .  Bowever, t h e  f o l l o w i n g  gu idance  i s  provided:  

a )  a  10 p e r  c e n t  d i f f e r e n c e  i n  ACN over  PCN i n v o l v e s  a n  i n c r e a s e  i n  
pavement working s t r e s s e s  which a r e  g e n e r a l l y  cons idered  a c c e p t a b l e  
provided t h e  f o l l o w i n g  c o n d i t i o n s  a r e  s a t i s f i e d :  

1 )  t h e  pavement i s  more t h a n  twelve  months o l d ;  

2)  t h e  pavement i s  not  a l r e a d y  showing s i g n s  o f  l o a d i n g  d i s t r e s s ;  
and 

3 )  o v e r l o a d  o p e r a t i o n s  do n o t  exceed 5 p e r  c e n t  of t h e  a n n u a l  
d e p a r t u r e s  and a r e  s p r e a d  throughout  t h e  year .  
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b) o v e r l o a d  o p e r a t i o n s  r e p r e s e n t i n g  a  d i f f e r e n c e  i n  ACN o v e r  PCN of f rom 
10 p e r  c e n t  t o  25 p e r  c e n t  j u s t i f y  r e g u l a r  i n s p e c t i o n s  of t h e  pavement 
by a  competent pe rson  i n  a d d i t i o n  t o  s a t i s f y i n g  t h e  above c r i t e r i a .  
There  should  be a n  immediate c u r t a i l m e n t  of such o v e r l o a d  o p e r a t i o n s  
a s  soon a s  d i s t r e s s  becomes e v i d e n t  and t h e  h i g h e r  l o a d i n g  should  n o t  
be  reimposed u n t i L  a p p r o p r i a t e  pavement s t r e n g t h e n i n g  work has  been 
completed; 

c )  o v e r l o a d  o p e r a t i o n s  r e p r e s e n t i n g  a  d i f f e r e n c e  i n  ACN o v e r  PCN of f rom 
25 p e r  c e n t  t o  50 p e r  c e n t  may be under taken  under  s p e c i a l  circum- 
s t a n c e s .  They c a l l  f o r  s c r u t i n y  of a v a i l a b l e  pavement c o n s t r u c t i o n  
r e c o r d s  a s  test  d a t a  by a  q u a l i f i e d  pavement e n g i n e e r  and a thorough 
i n s p e c t i o n  by a  pavement e n g i n e e r  b e f o r e  and on comple t ion  of t h e  
movement t o  a s s e s s  any s i g n s  of pavement d i s t r e s s ;  and 

d )  o v e r l o a d  o p e r a t i o n s  i n  e x c e s s  of a n  ACN over  PCN of 50 p e r  c e n t  shou ld  
o n l y  be under taken  i n  a n  emergency. 



CHAPTER 3 . -  EVALUATION OF PAVEMENTS 

3.1 General  

3.1.1 The purpose of t h i s  c h a p t e r  i s  t o  p r e s e n t  guidance on t h e  e v a l u a t i o n  o f  
pavemnt s  t o  t h o s e  r e spons ib l e  f o r  e v a l u a t i n g  and r e p o r t i n g  pavement bea r ing  s t r e n g t h *  
Recognizing t h a t  r e spons ib l e  i n d i v i d u a l s  may range from experienced pavement e n g i n e e r s  
t o  a i r f i e l d  managers no t  en joy ing  t h e  d i r e c t  s t a f f  suppor t  of pavement behaviour 
expe r t s ,  in format ion  w i l l  be inc luded  which a t t empt s  t o  s e r v e  t h e  var ious  l e v e l s  of 
need. 

3.2 Elements of pavement eva lua t ion  

3.2.1 The behaviour of any pavement depends upon t h e  n a t i v e  m a t e r i a l s  of t h e  
s i t e ,  which a f t e r  1evelLing and p repa ra t ion  i s  c a l l e d  t h e  subgrade, i t s  s t r u c t u r e  
i nc lud ing  a l l  l a y e r s  up through t h e  s u r f a c i n g ,  and t h e  mass and frequency of u s i n g  
a i r c r a f t .  Each of t h e s e  t h r e e  elements  must be cons idered  when eva lua t ing  a  pavement. 

3.2.2 The subgrade is  t h e  l a y e r  of m a t e r i a l  immediately below t h e  
pavement s t r u c t u r e  which i s  prepared du r ing  cons t ruc t ion  t o  suppor t  t h e  loads  
t r ansmi t t ed  by t h e  pavement. It is  prepared by s t r i p p i n g  vege t a t i on ,  l e v e l l i n g  o r  
br inging  t o  planned grade  by c u t  and f i l l  ope ra t i ons ,  and compacting t o  t h e  needed 
dens i ty .  S t rength  of t h e  subgrade i s  a  s i g n i f i c a n t  element and t h i s  must be 
cha rac t e r i zed  f o r  eva lua t ion  o r  des ign  of a  pavement f a c i l i t y  o r  f o r  each s e c t i o n  of  a  
f a c i l i t y  eva lua t ed  o r  designed sepa ra t e ly .  S o i l  s t r e n g t h  and t h e r e f o r e  subgrade 
s t r e n g t h  i s  very  dependent on s o i l  moisture and must be eva lua ted  f o r  t h e  cond i t i on  i t  
i s  expected t o  a t t a i n  i n  situ beneath t h e  pavement s t r u c t u r e .  Except i n  ca se s  w i t h  h igh  
water  t a b l e s ,  unusual  dra inage ,  o r  extremely porous o r  cracked pavement cond i t i ons  s o i l  
moisture w i l l  t end  t o  s t a b i l i z e  under wide pavements t o  something above 90 p e r  c e n t  of  
f u l l  s a t u r a t i o n .  Seasonal  v a r i a t i o n  (except ing  f r o s t  p e n e t r a t i o n  of s u s c e p t i b l e  
m a t e r i a l s )  i s  normally small t o  none and h i g h e r  s o i l  moisture cond i t i ons  a r e  p o s s i b l e  
even i n  q u i t e  a r i d  a r ea s .  Because m a t e r i a l s  can  vary  widely i n  t ype  t h e  subgrade 
s t r e n g t h  e s t a b l i s h e d  f o r  a  p a r t i c u l a r  pavement may f a l l  anywhere w i t h i n  t h e  range 
ind i ca t ed  by t h e  f o u r  subgrade s t r e n g t h  c a t e g o r i e s  used i n  t h e  ACN-PCN method. See  
Chapter 1 of t h i s  Manual and Annex 14, Chapter 2. 

3.2.3 The terms " r i g i d "  and " f l e x i b l e "  have come i n t o  
u s e  f o r  i d e n t i f i c a t i o n  of t h e  two p r i n c i p a l  t ypes  of pavements. The terms a t tempt  t o  
c h a r a c t e r i z e  t h e  response of each  type  t o  loading.  The primary element of a  r i g i d  
pavement i s  a  l a y e r  o r  s l a b  of Po r t l and  cement conc re t e  (PCC), p l a i n  o r  r e in fo rced  i n  
any of s e v e r a l  ways. It i s  o f t e n  unde r l a in  by a  g ranu la r  l a y e r  which c o n t r i b u t e s  t o  t h e  
s t r u c t u r e  both  d i r e c t l y  and by f a c i l i t a t i n g  t h e  dra inage  of water. A r i g i d  pavement 
responds " s t i f f l y "  t o  s u r f a c e  loads  and d i s t r i b u t e s  t h e  loads  by bending o r  beam a c t i o n  
t o  wide a r e a s  of t h e  subgrade. The s t r e n g t h  of t h e  pavement depends on t h e  t h i c k n e s s  
and s t r e n g t h  of t he  PCC and any under ly ing  l a y e r s  above t h e  subgrade. The pavement must 
be adequate  t o  d i s t r i b u t e  s u r f a c e  loads  s o  t h a t  t h e  p re s su re  on t h e  subgrade does n o t  
exceed i t s  eva lua ted  s t r eng th .  A f l e x i b l e  pavement c o n s i s t s  of a  s e r i e s  of l a y e r s  
i n c r e a s i n g  i n  s t r e n g t h  from t h e  subgrade t o  t h e  s u r f a c e  layer .  A s e r i e s  such  a s  s e l e c t  
m a t e r i a l ,  lower sub-base, sub-base, base and wearing course  i s  commonly used. However, 
t h e  lower l a y e r s  may not  be p re sen t  i n  a  p a r t i c u l a r  pavement. The pavements meant f o r  
heavy a i r c r a f t  u sua l ly  have a  bituminous bound wearing course.  A f l e x i b l e  pavement 
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y i e l d s  more under s u r f a c e  l oad ing  merely accomplishing a  widening of t h e  l oaded  a r e a  and 
consequent reduct ion  of p re s su re  l a y e r  by l aye r .  A t  each l e v e l  from t h e  s u r f  a c e  t o  
subgrade, t h e  l a y e r s  must have s t r e n g t h  s u f f i c i e n t  t o  t o l e r a t e  t h e  p re s su re s  a t  t h e i r  
l e v e l .  The pavement t h u s  depends on i t s  th ickness  over  t h e  subgrade f o r  r e d u c t i o n  of 
t h e  s u r f a c e  p re s su re  t o  a  va lue  which t h e  subgrade can accept .  A f l e x i b l e  pavement must 
a l s o  have th ickness  of s t r u c t u r e  above each l a y e r  t o  reduce t h e  p re s su re  t o  a l e v e l  
a c c e p t a b l e  by t h e  layer .  In a d d i t i o n ,  t h e  wearing course  must be s u f f i c i e n t  i n  s t r e n g t h  
t o  accep t  without d i s t r e s s  t i r e  p re s su re s  of u s ing  a i r c r a f t .  

3.2.4 A i r c r a f t  loading.  The a i r c r a f t  mass i s  t r ansmi t t ed  t o  t h e  pavement 
through t h e  undercar r iage  of t h e  a i r c r a f t .  The number of wheels,  t h e i r  spac ing ,  t i r e  
p re s su re  and s i z e  determine t h e  d i s t r i b u t i o n  of a i r c r a f t  load t o  t he  pavement. I n  
gene ra l ,  t h e  pavement must be s t r o n g  enough t o  suppor t  t h e  loads  app l i ed  by t h e  
i n d i v i d u a l  wheels, not  on ly  a t  t h e  s u r f a c e  and t h e  subgrade but a l s o  a t  i n t e r m e d i a t e  
l e v e l s .  For t h e  c l o s e l y  spaced wheels of d u a l  and dual-tandem l egs  and even  f o r  
ad j acen t  l e g s  of a i r c r a f t  w i th  complex undercar r iages  t h e  e f f e c t s  of d i s t r i b u t e d  loads  
from ad jacen t  wheels ove r l ap  a t  t h e  subgrade (and in t e rmed ia t e )  l eve l .  In s u c h  ca ses ,  
t h e  e f f e c t i v e  p re s su re s  a r e  t hose  combined from two o r  more wheels and mst be 
a t t e n u a t e d  s u f f i c i e n t l y  by t h e  pavement s t r u c t u r e .  Since t h e  d i s t r i b u t i o n  of load  by a  
pavement s t r u c t u r e  i s  over  a  much narrower a r e a  on a  h igh  s t r e n g t h  subgrade t h a n  on a  
low s t r e n g t h  subgrade, t h e  combining e f f e c t s  of ad j acen t  wheels is  much l e s s  f o r  
pavements on h igh  s t r e n g t h  t han  on low s t r e n g t h  subgrades. This i s  t h e  r e a s o n  why t h e  
r e l a t i v e  e f f e c t s  of  two a i r c r a f t  types  a r e  no t  t h e  same f o r  pavements of e q u i v a l e n t  
des ign  s t r e n g t h ,  and t h i s  i s  t h e  b a s i s  f o r  r e p o r t i n g  pavement bear ing  s t r e n g t h  by sub- 
g rade  s t r e n g t h  ca tegory .  Within a  subgrade s t r e n g t h  category t h e  r e l a t i v e  e f f e c t s  of 
two a i r c r a f t  types  on pavements can be uniquely s t a t e d  wi th  good accuracy. 

3.2.5 Load r e p e t i t i o n s  and composition of t r a f f i c .  It i s  not  s u f f i c i e n t  t o  
cons ide r  t h e  magnitude of loading  alone.  There i s  a  f a t i g u e  o r  r e p e t i t i o n s  of  load  - - - 
f a c t o r  which should a l s o  be considered.  Thus magnitude and r e p e t i t i o n s  must be  t r e a t e d  
toge the r ,  and a  pavement which i s  designed t o  suppor t  one magnitude of load  a t  a  defined 
number of r e p e t i t i o n s  can suppor t  a  l a r g e r  load  a t  fewer r e p e t i t i o n s  and a  s m a l l e r  load 
f o r  a g r e a t e r  number of r e p e t i t i o n s .  It is  thus  poss ib l e  t o  e s t a b l i s h  t h e  e f f e c t  of one 
a i r c r a f t  mass i n  terms of equ iva l en t  r e p e t i t i o n s  of ano the r  a i r c r a f t  mass (and type) .  
App i i ca t i on  of t h i s  concept permi ts  t h e  de termina t ion  of a  s i n g l e  ( s e l e c t e d )  magnitude 
of load  and r e p e t i t i o n s  l e v e l  t o  r ep re sen t  t h e  e f f e c t  of t h e  mixture of a i r c r a f t  us ing  a  
pavement. 

3.2.6 Pavement cond i t i on  survey. A p a r t i c u l a r l y  important ad junct  t o  o r  p a r t  of 
e v a l u a t i o n  i s  a  c a r e f u l  cond i t i on  survey. The pavement should be c l o s e l y  examined f o r  
ev idences  of d e t e r i o r a t i o n ,  movement, o r  change of any kind. Any observable  pavement 
change provides informat ion  on e f f e c t s  of t r a f f i c  o r  t h e  environment on t h e  pavement. 
Observable e f f e c t s  of t r a f f i c  a long  wi th  an  assessment of t h e  magnitude and composition 
of t h a t  t r a f f i c  can provide an  e x c e l l e n t  b a s i s  f o r  d e f i n i n g  t h e  bear ing  c a p a c i t y  of a  
pavement. 

3.3 Elements of t h e  ACN-PCN method 

3.3.1 Pavement c l a s s i f i c a t i o n  number. The pavement c l a s s i f i c a t i o n  number (PCN) 
i s  an  index  r a t i n g  (1/50Gth) of t h e  mass which an  eva lua t ion  shows can be bo rne  by the  
pavement when app l i ed  by a  s tandard  (1.25 MPa t i r e  p r e s s u r e )  s ing le-wheel .  The PCN 
r a t i n g  e s t a b l i s h e d  f o r  a  pavement i n d i c a t e s  t h a t  t h e  pavement i s  capable of suppor t i ng  
a i r c r a f t  having an  ACN ( a i r c r a f t  c l a s s i f i c a t i o n  number) of equa l  o r  lower magnitude. 
The ACN f o r  comparison t o  t h e  PCN must be t h e  a i r c r a f t  ACN e s t a b l i s h e d  f o r  t h e  
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p a r t i c u l a r  pavement t ype  and subgrade category of t h e  r a t e d  pavemnt  a s  w e l l  a s  f o r  t h e  
p a r t i c u l a r  a i r c r a f t  mass and c h a r a c t e r i s t i c s ,  

3.3.2 For purposes of r e p o r t i n g  pavement s t r e n g t h ,  pavements 
must be c l a s s i  r i g i d  o r  f l e x i b l e .  A r i g i d  pavement is  t h a t  employing a 
Por t land  cement concre te  (PCC) s l a b  whether p l a i n ,  r e in fo rced ,  o r  p r e s t r e s s e d  and w i t h  
o r  wi thout  i n t e rmed ia t e  l a y e r s  between t h e  s l a b  and subgrade. A f l e x i b l e  pavement i s  
t h a t  c o n s i s t i n g  of a  s e r i e s  of l a y e r s  i n c r e a s i n g  i n  s t r e n g t h  from t h e  subgrade t o  t h e  
wearing su r f ace .  Composite pavements r e s u l t i n g  from a  PCC ove r l ay  on a  f l e x i b l e  
pavement o r  an  a s p h a l t i c  conc re t e  ove r l ay  on a  r i g i d  pavement o r  t hose  i n c o r p o r a t i n g  
chemically (cement) s t a b i l i z e d  l a y e r s  of p a r t i c u l a r l y  good i n t e g r i t y  r e q u i r e  c a r e  i n  
c l a s s  i f  i c a t i o n .  I f  t h e  " r ig id 'be lement  remains t h e  predominant s t r u c t u r a l  element of  
t h e  pavement and i s  no t  s eve re ly  d i s t r e s s e d  by c l o s e l y  spaced c r ack ing  t h e  pavement 
should be c l a s s i f i e d  as r i g i d .  Otherwise t h e  f l e x i b l e  c l a s s i f i c a t i o n  should  apply.  
Where c l a s s i f i c a t i o n  remains doubt fu l ,  de s igna t ion  a s  f l e x i b l e  pavement w i l l  g e n e r a l l y  
be conserva t ive .  Unpaved s u r f a c e s  (compacted e a r t h ,  g r ave l ,  l a t e r i t e ,  c o r a l ,  e t c .  ) 
should be c l a s s i f i e d  a s  f l e x i b l e  f o r  repor t ing .  S imi l a r ly ,  pavements b u i l t  wi th  b r i c k s ,  
o r  blocks should  be c l a s s i f i e d  a s  f l e x i b l e .  Large pre-cast  s l a b s  which r e q u i r e  c r a n e  
handl ing  f o r  placement can be c l a s s i f i e d  as r i g i d  when used i n  pavements. Pavements 
covered wi th  l and ing  mat and membrane su r f aced  pavements should be c l a s s i f i e d  a s  
f l e x i b l e .  

3 . 3 . 3  Subgrade category. Since t h e  e f f e c t i v e n e s s  of a i r c r a f t  unde rca r r i ages  
u s ing  mult ip le -wheels  i s  g r e a t e r  on pavements founded on s t r o n g  subgrades compared t o  
those  on weak subgrades,  t h e  problem of r e p o r t i n g  bear ing  s t r e n g t h  is complicated. TO 
s imp l i fy  t h e  r e p o r t i n g  and permit  t h e  u s e  of index  va lues  f o r  pavement and a i r c r a f t  
c l a s s i f i c a t i o n  numbers (PCN and ACN) t h e  ACN-PCN method uses  f o u r  subgrade s t r e n g t h  
ca t ego r i e s .  These a r e  termed: h igh ,  medium, low and u l t r a  low wi th  p re sc r ibed  r anges  
f o r  t h e  ca t ego r i e s .  It fol lows t h a t  f o r  a  r epo r td  eva lua t ion  (PCN) t o  be u s e f u l  t h e  
subgrade ca tegory  t o  which t h e  subgrade of t h e  repor ted  pavement belongs must be 
e s t a b l i s h e d  and reported.  Normally subgrade s t r e n g t h  w i l l  have been eva lua ted  i n  
connexion wi th  o r i g i n a l  des ign  of a pavement o r  l a t e r  r e h a b i l i t a t i o n  o r  s t r eng then ing .  
Fnere t h i s  in format ion  is  not  a v a i l a b l e  t h e  subgrade s t r e n g t h  should be determineb as 
p a r t  of pavement eva lua t ion .  Subgrade s t r e n g t h  eva lua t ion  should  be based on t e s t i n g  
wherever pos s ib l e .  Where eva lua t ion  based on t e s t i n g  i s  not  f e a s i b l e  a r e p r e s e n t a t i v e  
subgrade s t r e n g t h  ca tegory  must be s e l e c t e d  based on s o i l  c h a r a c t e r i s t i c s ,  s o i l  
c l a s s i f i c a t i o n ,  l o c a l  exper ience ,  o r  judgement. Commonly oae subgrade ca tegory  may b e  
app rop r i a t e  f o r  an aerodrome. However, where pavement f a c i l i t i e s  a r e  s c a t t e r e d  o v e r  a  
l a r g e  a r e a  and s o i l  cond i t i ons  d i f f e r  from l o c a t i o n  t o  l o c a t i o n  s e v e r a l  c a t e g o r i e s  may 
apply and should  be a s se s sed  and s o  reported.  The subgrade s t r e n g t h  eva lua t ed  must b e  
t h a t  i n  s i t u  beneath t h e  pavement, The subgrade beneath an  aerodrome pavement w i l l  
normally reach  and r e t a i n  a  f a i r l y  cons tan t  moisture and s t r e n g t h  d e s p i t e  s ea sona l  
v a r i a t i o n s .  However, i n  t h e  c a s e  of s eve re ly  cracked s u r f a c i n g ,  porous paving, h i g h  
ground water ,  o r  poor l o c a l  dra inage ,  t h e  subgrade s t r e n g t h  can reduce s u b s t a n t i a l l y  
dur ing  wet per iods .  Gravel. and compact s o i l  s u r f a c e s  w i l l  be e s p e c i a l l y  s u b j e c t  t o  
moisture change. And i n  a r e a s  of s ea sona l  f r o s t ,  a  lower reduced subgrade s t r e n g t h  c a n  
be expected dur ing  t h e  thaw pe r iod  where f r o s t  s u s c e p t i b l e  ma te r i a l s  a r e  involved. 

3 . 3 . 4  Direc t ly  a t  t h e  s u r f a c e  t h e  t i r e  con tac t  p r e s s u r e  
i s  t h e  most c r i t i c a l  element of loading  w i t h  l i t t l e  r e l a t i o n  t o  o t h e r  a spec t s  of 
pavement s t r e n g t h .  This i s  t h e  reason  f o r  r e p o r t i n g  permiss ib le  t i r e  p re s su re  i n  t e r m s  
o f  t i r e  p r e s s u r e  ca t ego r i e s .  Except f o r  r a r e  c a s e s  of s p a l l i n g  j o i n t s  and unusual  
s u r f a c e  d e f i c i e n c i e s ,  r i g i d  pavements do not  r e q u i r e  t i r e  p re s su re  r e s t r i c t i o n s .  * 

However, pavements ca t ego r i zed  a s  r i g i d  which have over lays  of f l e x i b l e  o r  bi tuminous 
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cons t ruc t ion  must be t r e a t e d  as f l e x i b l e  p a v e w n t s  f o r  r e p o r t i n g  pe rmis s ib l e  t i r e  
pressure .  F l ex ib l e  pavements which a r e  c l a s s i f i e d  i n  t h e  h ighes t  t i r e  p r e s s u r e  ca tegory  
must be of very good q u a l i t y  and i n t e g r i t y ,  whi le  t hose  c l a s s i f i e d  i n  t h e  l owes t  
ca tegory  need only  be capable  of accep t ing  ca sua l  highway t r a f f i c .  While tests of 
bituminous mixes and e x t r a c t e d  co re s  f o r  q u a l i t y  of t h e  bittsminous s u r f a c i n g  w i l l  be 
most h e l p f u l  i n  s e l e c t i n g  t h e  t i r e  p re s su re  ca tegory ,  no s p e c i f i c  r e l a t i o n s  have been 
developed between t e s t  behaviour and accep tab l e  t i r e  pressure .  Z t  w i l l  u s u a l l y  be 
adequate ,  except  where l i m i t a t i o n s  a r e  obvious, t o  e s t a b l i s h  category l i m i t s  on ly  when 
exper ience  w i th  high t i r e  p re s su re s  i n d i c a t e s  pavement d i s t r e s s .  

3,3,5 Evalua t ion  method. Wherever pos s ib l e  repor ted  pavement s t r e n g t h  should be 
based on a  " technl-cal  eva lua t ion" .  Commonly, eva lua t ion  i s  an inve r s ion  of a  des ign  
method. Design begins wi th  t h e  a i r c r a f t  loading t o  be sus t a ined  and t h e  subgrade  
s t r e n g t h  r e s u l t i n g  from p repa ra t ion  of t h e  l o c a l  s o i l ,  then  provides t h e  neces sa ry  
t h i cknesses  and q u a l i t y  of ma te r i a l s  f o r  t h e  needed pavement s t r u c t u r e .  Eva lua t ion  
i n v e r t s  t h i s  process.  It begins w i t h  t h e  e x i s t i n g  subgrade s t r e n g t h ,  f i n d s  t h i c k n e s s  
and q u a l i t y  of each component of t h e  pavement s t r u c t u r e ,  and uses a  des ign  procedure  
p a t t e r n  t o  determine t h e  a i r c r a f t  loading  which t h e  pavement can support .  Where 
a v a i l a b l e  t h e  des ign ,  t e s t i n g ,  and cons t ruc t ion  record d a t a  f o r  t h e  subgrade and 
components of t h e  pavement s t r u c t u r e  can o f t e n  be used t o  make t h e  eva lua t ion .  O r ,  t e s t  
p i t s  can be opened t o  determine t h e  t h i cknesses  of l a y e r s ,  t h e i r  s t r e n g t h s ,  and  subgrade 
s t r e n g t h  For t h e  purpose of eva lua t ion .  A t e c h n i c a l  eva lua t ion  a l s o  can be made based 
on measurement of t h e  response of pavement t o  load. Deflexion of a  pavement under  
s t a t i c  p l a t e  o r  t i r e  l oad  can  be used t o  p r e d i c t  i t s  behaviour. Also t h e r e  a r e  var ious  
dev ices  f o r  apply ing  dynamic loads  t o  a  pavement, observing i t s  response,  and u s i n g  t h i s  
t o  p r e d i c t  i t s  behaviour. When f o r  economic o r  o t h e r  reasons a  t e c h n i c a l  e v a l u a t i o n  i s  
no t  f e a s i b l e ,  eva lua t ion  can be based on exper ience  wi th  "using a i r c r a f t ' "  A pavement 
s a t i s f a c t o r i l y  suppor t i ng  a i r c r a f t  u s i n g  i t  can  accep t  o t h e r  a i r c r a f t  i f  t h e y  a r e  no 
more demanding than  t h e  u s ing  a i r c r a f t .  This can be t h e  b a s i s  f o r  a n  e v a l u a t i o n .  

3.3.6 Light a i r c r a f t  a r e  t hose  having  a mass of 
5 700 kg o r  l e s s .  These a i r c r a f t  have pavement requirements l e s s  t han  t h a t  o f  many 
highway t rucks .  Technical  eva lua t ions  of those  pavements can, of course ,  be made, but  
a n  e v a l u a t i o n  based on u s i n g  a i r c r a f t  i s  s a t i s f a c t o r y .  It i s  worth not ing  t h a t  a t  some 
a i r p o r t s  s e r v i c e  veh ic l e s  such a s  f i r e  t rucks ,  f u e l  t r u c k s ,  o r  snow ploughs may be more 
c r i t i c a l  t han  a i r c r a f t .  Since near ly  a l l  l i g h t  a i r c r a f t  have s ingle-wheel  unde rca r r i age  
l e g s  t h e r e  i s  no need f o r  r e p o r t i n g  subgrade ca t ego r i e s .  However, s i n c e  some h e l i -  
c o p t e r s  and m i l i t a r y  t r a i n e r  aeroplanes  w i t h i n  this mass range have q u i t e  h i g h  t i r e  
p re s su re s  l i m i t e d  q u a l i t y  pavements may need t o  have t i r e  pressure  l i m i t s  e s t a b l i s h e d .  

3.4.1 General. Pavement bear ing  s t r e n g t h  eva lua t ions  should address  n o t  merely 
an  a l lowable  load  but  a  r e p e t i t i o n s  u se  l e v e l  f o r  t h a t  load. A pavement which can 
s u s t a i n  many r e p e t i t i o n s  of one load can s u s t a i n  a  l a r g e r  load but f o r  fewer 
r e p e t i t i o n s .  Observable e f f e c t s  of t r a f f i c ,  even those  involv ing  c a r e f u l  measurements 
i n  ~itu o r  on samples i n  c o n t r o l l e d  l abo ra to ry  t e s t s ,  unfor tuna te ly  do not  ( u n l e s s  
phys i ca l  damage i s  apparent*)  permit a de termina t ion  of t h e  po r t i on  of pavement's 

3E In t h e  c a s e  of ev iden t  phys i ca l  damage a  pavement w i l l  a l ready  be i n  t h e  l a s t  s t a g e s  
of i ts  u s e f u l  l i f e .  
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r e p e t i t i o n s  l i f e  t h a t  ha s  been used o r ,  conversely,  i s  remaining. Thus an e v a l u a t i o n  
leading  t o  bea r ing  capac i ty  de te rmina t ion  is  an assessment of ~ a v e m e n t ' s  t o t a l  expec t ed  
r e p e t i t i o n s  ( t r a f f i c l l o a d )  l i f e .  Any p r o j e c t i o n  of remaining u s e f u l  l i f e  of t h e  
pavement w i l l  depend on a  de te rmina t ion  of a l l  t r a f f i c  sus t a ined  s i n c e  c o n s t r u c t i o n  o r  
recons t ruc t ion .  

3.4.2 Mixed loadings.  Normally, i t  w i l l  be necessary  t o  cons ider  a  mixture  o f  
loadings  a t  t h e i r  r e s p e c t i v e  r e p e t i t i o n s  u s e  l e v e l s .  There is  a  s t r o n g  tendency t o  r a t e  
pavement bea r ing  s t r e n g t h  i n  terms of some s e l e c t e d  loading  f o r  t h e  a l lowable  r e p e t i -  
t i o n s  u s e  l e v e l ,  and t o  r a t e  each  loading  app l i ed  t o  a  pavement i n  t e r m  of i t s  equiva-  
l e n t  number of t h i s  b a s i c  loading.  To do t h i s ,  a  r e l a t i o n  i s  f i r s t  e s t a b l i s h e d  between 
loading  and r e p e t i t i o n s  t o  produce f a i l u r e .  Such r e l a t i o n s  a r e  var ious ly  e s t a b l i s h e d  
us ing  combinations of t heo ry  o r  des ign  methods and exper ience  behaviour p a t t e r n s  o r  
l abo ra to ry  f a t i g u e  curves f o r  t h e  p r i n c i p a l  s t r u c t u r a l  element of t h e  pavement. 
Obviously, not  a l l  r e l a t i o n s  a r e  t h e  same," bu t  t h e  r e p e t i t i o n s  parameter i s  no t  s u b t l y  
e f f e c t i v e .  It needs only t o  be e s t a b l i s h e d  i n  g e n e r a l  magnitude and n o t  i n  s p e c i f i c  
value. Thus f a i r l y  l a r g e  v a r i a t i o n s  can e x i s t  i n  t h e  Loading-repet i t ions r e l a t i o n  
without  s e r i o u s  d i f f e r e n c e s  i n  e v a l u a t i o n  r e s u l t i n g .  

3.4.3 Using t h e  curve  f o r  loading  versus  r e p e t i t i o n s  t o  f a i l u r e ,  t h e  f a i l u r e  
r e p e t i t i o n s  f o r  each  load ing  can be determined and compared t o  t h a t  f o r  t h e  b a s i c  
s e l e c t e d  loading.  From t h e s e  comparisons, t h e  equ iva l en t  number of t h e  b a s i c  s e l e c t e d  
loading  f o r  s i n g l e  a p p l i c a t i o n s  of any loading  a r e  determined, i.e., f a c t o r s  g r e a t e r  t h a n  
1 f o r  l a r g e r  loadings  and l e s s  than I f o r  smal le r  loadings.  An explana tory  example of  
t h i s  process  fol lows:  

a )  r e l a t e  loading  t o  f a i l u r e  r e p e t i t i o n s ,  a s  i l l u s t r a t e d  i n  Figure 3-1; 

Log of repetitions 

Figure 3-1 

* See Chapter 4 ,  Figure 4-29 (French p r a c t i c e )  and 4 . 4 . 1 2 . 1  (United S t a t e s  p r a c t i c e ) .  
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b )  f o r  s e l e c t e d  l o a d s  L, r e a d  r e p e t i t i o n s  r f rom c u r v e  

L1 - r1 

L2 - =2 

L3 - r3 

L4 - r4 

c )  choose L 3  a s  t h e  b a s i c  load;  and 

d )  compute e q u i v a l e n t  r e p e t i t i o n s  f a c t o r  f  f o r  each  load  

Load 
P 

3  
L1 f l  = -  ( a  v a l u e  l e s s  t h a n  1 )  

" 3 
f 2  = - ( a  v a l u e  l e s s  t h a n  1 )  

r 2  

'3 
f 4  = - (a v a l u e  g r e a t e r  t h a n  1 )  

'4 

By u s e  of t h e s e  f a c t o r s ,  t h e  accumulated e f f e c t  of any combinat ion of l o a d s  
e x p e r i e n c e d  o r  contemplated c a n  be compared t o  t h e  b e a r i n g  s t r e n g t h  e v a l u a t i o n  i n  terms 
of a  s e l e c t e d  l o a d i n g  a t  i t s  e v a l u a t e d  a l l o w a b l e  r e p e t i t i o n s  u s e  l e v e l .  

3,5.1 While t e c h n i c a l  e v a l u a t i o n  should  be accomplished wherever p o s s i b l e ,  i t  i s  
r e c o g n i z e d  t h a t  f i n a n c i a l  and c i r c u i n s t a n t i a l  c o n s t r a i n t s  w i l l  o c c a s i o n a l l y  p r e v e n t  it .  
S i n c e  i t  i s  most impor tan t  t o  have comple te ly  r e p o r t e d  b e a r i n g  s t r e n g t h  i n f o r m a t i o n  and 
s i n c e  t h e  u s i n g  a i r c r a f t  e v a l u a t i o n  i s  reasonab ly  d i r e c t  and r e a d i l y  comprehens ib le  i t  
i s  b e i n g  p r e s e n t e d  f i r s t .  

3.5.2 A pavement s a t i s f a c t o r i l y  s u s t a i n i n g  i t s  u s i n g  
t r a f f i c  c a n  be c o n s i d e r e d  c a p a b l e  of s u p p o r t i n g  t h e  h e a v i e s t  a i r c r a f t  r e g u l a r l y  u s i n g  
i t ,  and any o t h e r  a i r c r a f t  which has  no g r e a t e r  pavement s t r e n g t h  requ i rements .  Thus t o  
b e g i n  a n  e v a l u a t i o n  based on u s i n g  a i r c r a f t ,  t h e  t y p e s  and masses of a i r c r a f t  a n d  number 
of t i m e s  e a c h  o p e r a t e s  i n  a g i v e n  p e r i o d  must be examined. Emphasis h e r e  s h o u l d  be on 
t h e  h e a v i e s t  a i r c r a f t  r e g u l a r l y  u s i n g  t h e  pavement. Support  of a  p a r t i c u l a r l y  heavy 
l o a d ,  b u t  on ly  r a r e l y ,  does  n o t  n e c e s s a r i l y  e s t a b l i s h  a  c a p a b i l i t y  t o  s u p p o r t  e q u i v a l e n t  
l o a d s  on a r e g u l a r  r e p e t i t i v e  b a s i s  ( s e e  3 . 4 ) .  
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3.5.3 Pavement c o n d i t i o n  and behav iour ,  There  must n e x t  be a  c a r e f u l  examina- 
t i o n  of what e f f e c t  t h e  t r a f f i c  of u s i n g  a i r c r a f t  i s  h a v i n g  on t h e  pavement. The 
c o n d i t i o n  of t h e  pavement i n  r e l a t i o n  t o  any c r a c k i n g ,  d i s t o r t i o n  o r  wear, and t h e  
e x p e r i e n c e  w i t h  needed maintenance a r e  of f i r s t  impor tance .  Age must be c o n s i d e r e d  
s i n c e  o v e r l o a d  e f f e c t s  on a  new pavement may n o t  y e t  be e v i d e n t  w h i l e  some accumula ted  
i n d i c a t i o n s  of d i s t r e s s  may normal ly  be e v i d e n t  i n  a  ve ry  o l d  pavement. I n  g e n e r a l ,  
however, a  pavement i n  good c o n d i t i o n  c a n  be c o n s i d e r e d  t o  be s a t i s f a c t o r i l y  c a r r y i n g  
t h e  u s i n g  t r a f f i c ,  w h i l e  i n d i c a t i o n s  o f  advanc ing  d i s t r e s s  show t h e  pavement i s  b e i n g  
over loaded .  The c o n d i t i o n  examina t ion  s h o u l d  t a k e  n o t e  of r e l a t i v e  pavement b e h a v i o u r  
i n  a r e a s  of  i n t e n s e  v e r s u s  low usage  s u c h  a s  i n  and o u t  of  wheel p a t h s  o r  most and  l e a s t  
used  t a x i w a y s ,  zones s u b j e c t  t o  maximum brak ing ,  e.g., taxiway t u r n - o f f ,  e t c .  Note 
shou ld  a l s o  be t aken  of behav iour  of any known o r  o b s e r v a b l e  weak o r  c r i t i c a l  a r e a s  s u c h  
a s  low p o i n t s  of pavernent g rade ,  o l d  s t r e a m  c r o s s i n g s ,  p i p e  c r o s s i n g s  where i n i t i a l  
compaction was poor ,  s t r u c t u r a l l y  weak s e c t i o n s ,  e t c .  These w i l l  h e l p  t o  p r e d i c t  t h e  
r a t e  of  d e t e r i o r a t i o n  under  e x t a n t  t r a f f i c  and t h e r e b y  i n d i c a t e  t h e  d e g r e e  of 
o v e r l o a d i n g  o r  of under load ing .  The c o n d i t i o n  examina t ions  s h o u l d  a l s o  f o c u s  on  a n y  
damage r e s u l t i n g  from t i r e  p r e s s u r e s  of u s i n g  a i r c r a f t  and t h e  need f o r  t i r e  p r e s s u r e  
l i m i - t a t i o n s .  

3.5.4 Reference  a i r c r a f t .  Study of t h e  t y p e s  and masses of a i r c r a f t  w i l l  
i n d i c a t e  t h o s e  which must be of concern i n  e s t a b l i s h i t l g  a  r e f e r e n c e  a i r c r a f t  and t h e  
c o n d i t i o n  s u r v e y  f i n d i n g s  w i l l  i n d i c a t e  whether  t h e  l o a d  of t h e  r e f e r e n c e  a i r c r a f t  
shou ld  be  l e s s  t h a n  t h a t  b e i n g  a p p l i e d  o r  might be somewhat g r e a t e r .  S i n c e  l o a d  
d i s t r i b u t i o n  t o  t h e  subgrade  depends somewhat on pavement t y p e  and subgrade  s t r e n g t h ,  
t h e  p a r t i c u l a r  r e f e r e n c e  a i r c r a f t  and i t s  mass canno t  be s e l e c t e d  u n t i l  t h o s e  e l e m e n t s  
O F  t h e  ACN-PCN method which a r e  r e p o r t e d  i n  a d d i t i o n  t o  t h e  PCN have been e s t a b l i s h e d  
( s e e  3.3.2  and 3 . 3 . 3 ) .  

3.5.5 De te rmina t ion  of t h e  pavement t y p e ,  subgrade  s t r e n g t h  and t i r e  p r e s s u r e  
c a t e g o r i e s .  The pavement type  must be e s t a b l i s h e d  a s  r i g i d  o r  f l e x i b l e .  I f  t h e  
pavement i n c l u d e s  a  P o r t l a n d  cement c o n c r e t e  s l a b  a s  t h e  pr imary s t r u c t u r a l  e l ement  i t  
shou ld  be c l a s s i f i e d  a s  r i g i d  even  though i t  may have a  bi tuminous o v e r l a y  r e s u r f a c i n g  
( s e e  3 . 3 . 2 ) .  IF t h e  pavement i n c l u d e s  no such  L o a d - d i s t r i b u t i n g  ; l a b  i t  s h o u l d  b e  
c l a s s i f i e d  a s  f l e x i b l e .  

3.5.6 Tne subgrade  c a t e g o r y  must be de te rmined  a s  h i g h ,  medium, low, o r  u l t r a  
low s t r e n g t h .  I f  C R K  o r  p l a t e  b e a r i n g  t e s t  d a t a  a r e  a v a i l a b l e  f o r  t h e  subgrade  t h e s e  
can he used  d i r e c t l y  t o  s e l e c t  t h e  subgrade c a t e g o r y .  Such d a t a ,  however, must 
r e p r e s e n t  i n  s i t u  subgrade  c o n d i t i o n s .  S i m i l a r  d a t a  Erotn any s u r r o u n d i n g  s t r u c t u r e s  on 
t h e  same t y p e  of s o i l  anti i n  s i m i l a r  topography c a n  a l s o  he used.  S o i l  s t r e n g t h  d a t a  i n  
a lmos t  any o t h e r  form c a n  h e  used t o  p r o j e c t  a n  e q u i v a l e n t  CKR o r  modules of  s u b g r a d e  
r e a c t i o n  k £ o r  u s e  i n  s e l e c t i n g  t h e  subgrade  c a t e g o r y .  In fo rmat ion  on subgrade  s o i l  
s t r e n g t h  may be o b t a i n a b l e  f rom l o c a l  road  o r  highways a g e n c i e s  o r  l o c a l  a g r i c u l t u r a l  
a g e n c i e s .  A d i r e c t ,  though somewhat c r u d e  o r  approx imate ,  d e t e r i n i n a t i o n  of s u b g r a d e  
s t r e t ~ g t i ~  can  be matie f  rota c l a s s i f i c a t i o n *  of t h e  subgrdde m a t e r i a l  and r e f e r e n c e  t o  any  
of many p u b l i s h e d  c o r r e l a t i o n s  such  as  t h a t  shown i n  F i g u r e  3-2. (Also s e e  3.3.3 a n d  
3.2.2.)  

- - - - - - - 
A5TM 9 2 4 8 7 ,  D3282,  a n d  U2488.  
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3.5.7 The t i r e  p re s su re  ca tegory  must be determined a s  high,  medium, low o r  very 
low. Por t  l and  cement conc re t e  s u r f a c i n g  and good t o  e x c e l l e n t  q u a l i t y  bituminous 
s u r f a c i n g  can s u s t a i n  t h e  t i r e  p re s su re s  commonly encountered and should be c l a s s i f i e d  
a s  h igh  p re s su re  ca tegory  wi th  no l i m i t  on pressure .  Bituminous s u r f a c i n g s  of i n f e r i o r  
q u a l i t y  and agg rega t e  o r  e a r t h  su r f ac ings  w i l l  r e q u i r e  t h e  l i m i t a t i o n  of lower 
ca t ego r i e s  ( see  3.3.4). The a p p l i c a b l e  p re s su re  category should normally be s e l e c t e d  
based on exper ience  w i t h  u s i n g  a i r c r a f t .  The h ighes t  t i r e  p re s su re  being appl ied ,  o t h e r  
than  r a r e l y ,  by us ing  a i r c r a f t ,  without  producing observable d i s t r e s s  should  be t h e  
b a s i s  f o r  de te rmining  t h e  t i r e  p re s su re  category.  

3.5.8 The most s i g n i f i c a n t  element of t h e  us ing  a i r c r a f t  eva lua t ion  i s  
de termina t ion  of t h e  c r i t i c a l  a i r c r a f t  and t h e  equ iva l en t  pavement c l a s s i f i c a t i o n  number 
(PCN) f o r  r e p o r t i n g  purposes. Having determined t h e  pavement t ype  and t h e  subgrade  
ca tegory  t h e  nex t  s t e p  would be t h e  de termina t ion  of t h e  ACNs of a i r c r a f t  u s i n g  t h e  
pavement. For t h i s  purpose, t h e  a i r c r a f t  c l a s s i f i c a t i o n  t a b l e  presented  i n  
Appendix 5 o r  t h e  r e l evan t  a i r c r a f t  c h a r a c t e r i s t i c s  document published by t h e  
manufacturer should be used. Comparison of a i r c r a f t  r e g u l a r l y  u s ing  t h e  pavements - a t  
t h e i r  o p e r a t i n g  masses - wi th  t h e  above-mentioned t a b l e  o r  t h e  r e l evan t  a i r c r a f t  
c h a r a c t e r i s t i c s  documents w i l l  permit  de te rmina t ion  of t h e  most c r i t i c a l  a i r c r a f t  u s i n g  
t h e  pavement. I f  t h e  u s i n g  a i r c r a f t  a r e  sa t i . sEac tor i ly  being sus t a ined  by t h e  pavement 
and t h e r e  a r e  no known f a c t o r s  which i n d i c a t e  t h a t  s u b s t a n t i a l l y  h e a v i e r  a i r c r a f t  c o u l d  
be supported,  t h e  ACN of t h e  most c r i t i c a l  a i r c r a f t  should be r epo r t ed  a s  t h e  PCN o f  t h e  
pavement. Thus any a i r c r a f t  having an  ACN no h ighe r  than  t h i s  PCN can u s e  t h e  pavement 
f a c i l i t y  a t  a  u s e  r a t e  ( a s  r e p e t i t i o n s  p e r  month) no g r e a t e r  t han  t h a t  of p r e s e n t l y  
supported a i r c r a f t  without  sho r t en ing  t h e  u s e - l i f e  of t h e  pavement. 

3.5.9 I n  a r r i v i n g  a t  t h e  c r i t i c a l  a i r c r a f t  only a i r c r a f t  u s ing  t h e  pavement on a  
cont inuing  b a s i s  without  unacceptable pavement d i s t r e s s  should be considered. The 
occas iona l  use  of t h e  pavement by a  more demanding a i r c r a f t  i s  no t  s u f f i c i e n t  t o  e n s u r e  
i t s  continued suppor t  even i f  no pavernent d i s t r e s s  is  apparent .  

3.5.10 A s  i n d i c a t e d ,  a PCN d i r e c t l y  s e l e c t e d  based on t h e  eva lua ted  c r i t i c a l  
a i r c r a f t  l oad ing  contemplates  an  a i r c r a f t  u s e  i n t e n s i t y  i n  t h e  f u t u r e  s i m i l a r  t o  t h a t  a t  
t h e  t ime of eva lua t ion .  I f  a s u b s t a n t i a l  i n c r e a s e  i n  use  (wheel load  r e p e t i t i o n s )  i s  
expected,  t h e  PCN should  be a d j u s t e d  downward t o  accommodate t h e  increase .  A b a s i s  f o r  
t h e  adjustment ,  which r e l a t e s  load  magnitude t o  load  r e p e t i t i o n s ,  i s  presented  i n  3 .4 .  

3.5.11 I n  eva lua t ing  pavements meant f o r  l i g h t  
a i r c r a f t  - 5 700 kg mass and l e s s  - i t  i s  unnecessary t o  cons ider  t h e  geometry of t h e  
undercar r iage  of a i r c r a f t  o r  how t h e  a i r c r a f t  load  i s  d i s t r i b u t e d  among t h e  wheels. 
Thus subgrade c l a s s  and pavement t ype  need n o t  be reported,  and only  t h e  maxima a l low-  
a b l e  a i r c r a f t  mass arid mnaxinsum a l lowable  t i r e  p re s su re  need be determined and r e p o r t e d .  
For  t h e s e  t h e  foregoing  guidance on techniques f o r  "using a i r c r a f t "  eva lua t ion  s h o u l d  be 
followed. 

3.5.12 Becrlt~se t h e  5  700 kg l i m i t  f o r  l i g h t  a i r c r s f e  r ep re sen t s  pavement l o a d s  
oll3.y two-thirds o r  l e s s  of common highway loads,  t h e  assessment of t r a f f i c  u s i n g  pave- 
ments should  ex tend  t o  cons ide ra t i on  of heavy ground veh ic l e s  such a s  f u e l  t r ucks ,  f i r e  
triicks, snow ploughs,  s e r v i c e  veh ic l e s  and t h e  l i k e .  These must a l s o  be c o n t r o l l e d  i n  
re la t ior1  t o  load  l i m i t e d  pavements. 
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3.6.1 Technical  eva lua t ion  i s  t h e  process of d e f i n i n g  o r  quan t i fy ing  t h e  bear ing  
capac i ty  of a  pavement through measurement and study of t h e  c h a r a c t e r i s t i c s  o f  t h e  pave- 
ment and i t s  behaviour under load.  This can be done e i t h e r  by an  inve r s ion  o f  t h e  
des ign  process ,  u s ing  des ign  parameters  and methods, but  r eve r s ing  t h e  p roces s  t o  d e t e r  
mine a l lowable  load  from e x i s t i n g  pavement c h a r a c t e r i s t i c s ,  o r  by a  d i r e c t  de t e rmina t ion  
of response of t h e  pavement t o  l oad  by one of s e v e r a l  means. 

3.6.2 Pavement behaviour concepts f o r  des ign  and eva lua t ion .  Concepts of  
behaviour developed i n t o  a n a l y t i c a l  means by which pavements can be designed t o  
accommodate s p e c i f i c  s i t e  and a i r c r a f t  t r a f f i c  condi t ions  a r e  commonly r e f e r r e d  t o  a s  
des ign  methods. There a r e  a  v a r i e t y  of concepts  and many s p e c i f i c  des ign  methods. For 
example, s e v e r a l  des ign  and e v a l u a t i o n  methods a r e  expla ined  i n  some d e t a i l  i n  Chapter 4 
of  t h i s  Manual. 

3.6.2.1 The e a r l y  methods. The e a r l y  methods f o r  des ign  and e v a l u a t i o n  of f l e x -  
i b l e  pavements were exper ience  based and theory extended. They made use  of i n d e x  type 
t e s t s  t o  a s s e s s  t h e  s t r e n g t h  of t h e  subgrade and commonly t o  a l s o  a s s e s s  t h e  s t r e n g t h  o r  
c o n t r i b u t i n g  s t r e n g t h  of base and sub-base layers .  These were t e s t s  such a s  t h e  CBR, 
p l a t e  bear ing ,  and many o t h e r s ,  e s p e c i a l l y  i n  highway design. These e a r l y  methods, 
ex t ens ive ly  developed, a r e  s t i l l  t h e  methods i n  primary use  f o r  aerodrome pavement 
des ign .  The CBR method adopted f o r  ACN de termina t ions  a s  mentioned i n  Chapter  1 and 
Appendix 2  of t h i s  Manual i s  a n  e x c e l l e n t  example, and t h e  French and Canadian methods 
desc r ibed  i n  Chapter 4 a r e  f u r t h e r  examples of CBR and p l a t e  loading  methods, 
r e s p e c t i v e l y .  

3.6.2.2 Ear ly  methods f o r  des ign  and eva lua t ion  of r i g i d  pavements v i r t u a l l y  a l l  
made use  of t h e  Westergaard model ( e l a s t i c  p l a t e  on a  Winkler foundat ion)  b u t  inc luded  
va r ious  ex t ens ions  t o  t r e a t  f a t i g u e ,  r a t i o  of des ign  s t r e s s  t o  u l t i m a t e  s t r e s s ,  
s t r eng then ing  e f f e c t s  of subbase ( o r  base)  l a y e r s ,  e t c .  Westergaard developed methods 
f o r  two cases:  loading  a t  t h e  c e n t r e  of a  pavement s l a b  (width un l imi t ed )  and  loading  
a t  t h e  edge of a  s l a b  (o therwise  unl imi ted) .  while  most r i g i d  pavement methods u se  t h e  
c e n t r e  s l a b  load cond i t i on ,  some u s e  t h e  edge condi t ion .  These cons ider  l oad  t r a n s f e r  
t o  t h e  ad j acen t  s l a b  but  means of t r e a t i n g  t h e  t r a n s f e r  vary. P l a t e  bea r ing  t e s t s  a r e  
used t o  c h a r a c t e r i z e  subgrade ( o r  subgrade and sub-base) suppor t  which i s  an  e s s e n t i a l  
element of t he se  des ign  methods. Here a g a i n  t h e  e a r l y  methods, f u r t h e r  developed,  
remain t h e  primary b a s i s  f o r  aerodrome pavement design.  The method adopted f o r  ACN 
de termina t ion  ( s e e  Chapter  1 and Appendix 2) i s  an  e x c e l l e n t  example of t h e s e  methods, 
and s e v e r a l  o t h e r  examples a r e  presented  i n  Chapter 4. 

3.6.2.3 The newer - more fundamental - methods. Continuing e f f o r t s  t o  b a s e  
pavement design on more fundamental p r i n c i p l e s  has  l e d  t o  t h e  development of methods 
u s i n g  t h e  s t r e s s s t r a i n  response of ma te r i a l s  and r a t i o n a l  t h e o r e t i c a l  models. The 
advances i n  computer technology have made t h e s e  previous ly  i n t r a c t a b l e  methods p r a c t i c a l  
and l e d  t o  computer-oriented developments not  otherwise poss ib l e .  

3.6.2.4 The most popular  t h e ~ r e t i c a l  model f o r  t h e  newer des ign  methods i s  t h e  
e l a s t i c  layered  system. Layers a r e  of f i n i t e  th ickness  and i n f i n i t e  e x t e n t  l a t e r a l l y  
except  t h a t  t h e  lowest l a y e r  (subgrade)  i s  a l s o  of i n f i n i t e  e x t e n t  downward. Response 
of each  l a y e r  i s  c h a r a c t e r i z e d  by i t s  modulus of e l a s t i c i t y  and Poisson's  r a t i o .  Values 
f o r  t h e s e  parameters a r e  va r ious ly  determined by l abo ra to ry  t e s t s  of s e v e r a l  t y p e s ,  by 
f i e l d  t e s t s  of s e v e r a l  types  w i th  c o r r e l a t i o n s  o r  c a l c u l a t e d  de r iva t ions ,  o r  merely by 
e s t i m a t i n g  va lues  where magnitudes a r e  not  c r i t i c a l .  These methods permit  t h e  s t r e s s e s ,  
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s t r a i n s ,  and de f l ex ions  from i w o s e d  loads  t o  be coroputed. H u l t i p l e  loads  can be 
t r e a t e d  by super impos i t ion  of s i n g l e  loads.  Commonly, t h e  magnitude of s t r a i n  a t  
c r i t i c a l  p o i n t s  ( t o p  of subgrade beneath load, bottom of s u r f a c e  l a y e r ,  e t c ?  i s  
c o r r e l a t e d  wi th  intended pavement performance f o r  u se  i n  des ign  o r  eva lua t ion .  While  
t h e s e  methods have been a p p l i e d  mostly t o  f l e x i b l e  pavements t h e r e  have a l s o  been 
a p p l i c a t i o n s  t o  des ign  of r i g i d  pavements. 

3,6,2.5 mile t h e  e l a s t i c  l aye red  models a r e  c u r r e n t l y  popular  i t  is  recognized  
t h a t  t h e  s t r e s s - s t r a i n  response of pavement ma te r i a l s  is  non-linear.  The l a y e r i n g  
permits  v a r i a t i o n  of e l a s t i c  modulus magnitude from l a y e r  t o  l a y e r ,  but  no t  l a t e r a l l y  
w i th in  each  l aye r .  There a r e  developments which e s t a b l i s h  a  s t r e s s  dependence of t h e  
modulus of e l a s t i c i t y  and u s e  t h i s  dependence i n  f i n i t e  element models of t h e  pavement, 
through i t e r a t i v e  computat ional  means, t o  e s t a b l i s h  t h e  e f f e c t i v e  rnodulus - element  by 
element i n  t h e  g r i d  - and thereby  produce a  more s a t i s f a c t o r y  model. Here a l s o  s t r a i n s  
:%r:? c a l c u l a t e d  f o r  c r i t i c a l  l o c a t i o n s  and compared wi th  c o r r e l a t i o n s  t o  expected 
behaviour. F i n i t e  element models a r e  a l s o  being used t o  b e t t e r  model s p e c i f i c  geome t r i c  
a spec t s  of r i g i d  pavements but  t h e s e  remain l a r g e l y  r e sea rch  a p p l i c a t i o n s .  

3.6.2.6 D i r ec t  load  response methods. Theories  app l i ed  e a r l i e r  t o  pavement 
behaviour i n d i c a t e d  a  p r o p o r t i o n a l i t y  between load  and def lex ion ,  t hus  implying t h a t  
de f l ex ion  should  be an i n d i c a t o r  of capac i ty  of a  pavement t o  suppor t  load. This a l s o  
implied t h a t  psvement de f l ex ion  determined f o r  a  p a r t i c u l a r  a p p l i e d  l oad  could be 
ad jus t ed  p ropor t i ona t e ly  t o  p r e d i c t  t h e  def l ex ion  which would r e s u l t  from o t h e r  Loads. 
These were a  b a s i s  f o r  pavement eva lua t ion .  F i e l d  v e r i f i c a t i o n  both from expe r i ence  and 
r e sea rch  soon showed s t r o n g  t r e n d s  r e l a t i n g  pavement behaviour t o  load magnitude a n d  
de f l ex ion  and l e d  t o  t h e  es tab l i shment  of l i m i t i n g  de f l ex ions  f o r  eva lua t ion .  There  
have s i n c e  been many c o n t r o l l e d  t e s t s  and much c a r e f u l l y  analyzed f i e l d  exper ience  which 
confirm a  s t r o n g  r e l a t i o n  between pavement de f l ex ion  and t h e  expected load  r e p e t i t i o n s  
( t o  f a i l u r e )  l i f e  of t h e  pavement s u b j e c t  t o  t h e  load  which caused t h a t  def lex ion .  
However, t h i s  r e l a t i o n ,  though s t rong ,  is  no t  w e l l  represented  by a  s i n g l e  l i n e  o r  
curve. It i s  a soruewhat broad band wi th in  which many secondary f a c t o r s  appear  t o  b e  
impacting. 

3.6.2.7 This e s t a b l i s h e d  s t r o n g  r e l a t i o n  has  been and i s  being used a s  t h e  b a s i s  
f o r  pavement eva lua t ion ,  bu t  predominantly - u n t i l  recenc ly  - a p p l i c a t i o n s  have been t o  
f l e x i b l e  pavements. Xethods based on p l a t e  t e s t s  have been most common and t h e  s t a n d a r d  
762 mm diameter  p l a t e  prefer red .  The LCN method and long used Canadian method a r e  
examples ( s ee  Chapter 4 ) .  Def l e x i o n s  u~ ide r  a c t u a l  wheel loads  ( o r  between t h e  d u a l s  of 
two and f o u r  wheel gea r )  a r e  t h e  b a s i s  of some expedient  methods which c l o s e l y  p a r a l l e l  
t h e  p l a t e  methods. The Benkleman Beam methods, a s  w e l l  as o t h e r  highway methods, are 
a p p l i c a b l e  t o  eva lua t ion  of l i g h t  a i r c r a f t  pavements ( s e e  t h e  Canadian p r a c t i c e  i n  
Chapter 4).  

3.6.2.8 T:r:?r-I: a r e  a  number of reasons why dynamic pavement loading  equipment 
became popular ,  S t a t i c  p l a t e  loads  of wheel l oad  magnitude a r e  n e i t h e r  t r a n s p o r t a b l e  
nor e a s i l y  repos i t ioned .  Dynamic loading  a p p l i e s  a  pu l se  load  much more l i k e  t h e  p u l s e  
induced by a  pas s ing  wheel. Repeated dynamic loading  b e t t e r  r ep re sen t s  t h e  r epea t ed  
loading of wheel t r a f f i c .  But most important  was t h e  development of s enso r s  which cou ld  
merely be pos i t i oned  on t h e  pavement o r  load  p l a t e  and would measure de f l ex ion  ( v e r t i c a l  
displacement) .  A s  a  r e s u l t ,  a  v a r i e t y  of dynxlnic load equipment has been developed. 
I n i t i a l l y  t h e r e  were devices  f o r  highway a p p l i c a t i o n s  and l a t e r  h e a v i e r  devices  f o r  
aerodrome pavements. These range from Light devices  i n d u c i ~ g  loads  of l e s s  t han  
1 000 kg t o  t h e  heavy device  desc r ibed  l a t e r  i n  t h i s  chapter  i n  connexion wi th  t h e  
United S t a t e s  FAA n o n d e s t r u c t i v e  evaluai-i  on methods ( s ee  3.6.5). A l l  of t h e s e  e a r l i e r  
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d e v i c e s  i n v o l v e d  r e c i p r o c a t i n g  masses  c a p a b l e  of p r o d u c i n g  peak-to-peak p u l s e  l o a d s  o f  
up  t o  n e a r l y  t w i c e  t h e  s t a t i c  l o a d .  The p u l s e  l o a d s  a r e  e s s e n t i a l l y  s i n u s o i d a l  and 
s t e a d y  s t a t e .  Some d e v i c e s  c a n  v a r y  f r e q u e n c y  and Load ( b u t  n o t  s t a t i c  l o a d  e x c e p t  f o r  
s u r c h a r g i n g ) .  Some l a t e r  dynamic d e v i c e s  - a p p a r e n t l y  q u i c k l y  becoming p o p u l a r  - 
i n v o l v e  a  f a l l i n g  mass. These  c a n  a p p l y  l o a d s  i n  e x c e s s  o f  t w i c e  t h e  s t a t i c  mass and 
c a n  v a r y  f o r c e  magni tude  by c o n t r o l l i n g  t h e  h e i g h t  o f  f a l l .  P u l s e s  induced  are  
r e p e t i t i v e  b u t  riot s t e a d y ,  a n d  t h e  f r e q u e n c y  i s  t h a t  which  i s  normal. f o r  t h e  d e v i c e  and  
p a v r ~ n e n t  c o n ~ b i n a t i o n .  The dynamic d e v i c e s  a r e  a p p l i e d  i n  rmtch t h e  same manner a s  t h e  
s t a t i c  rae t i~ods  d i s c u s s e d  i n  3.6.2.7. Some c a n  a l s o  be  u s e d  t o  g e n e r a t e  d a t a  o n  t h e  
s L r e s s - s t r a i n  r e s p o n s e  of t h e  pavement m a t e r i a l s ,  a s  w i l l  be d i s c u s ~ e d  L a t e r .  

3.6.2.9 E s s e n t i a l  i n p u t s  t o  pavement d e s i g n  methods .  The p a r a m e t e r s  wh ich  d e f i n e  
behav io t l r  of e l e m e n t s  ( l a y e r s )  of  a  p a r t i c u l a r  pavement w i t h i n  t h e  model upon which  i t s  
d e s i g . 1  i s  based  v a r y  f rom t h e  CBR and  o t h e r  i n d e x  t y p e  t e s t s  of  t h e  e a r l i e r  f l e x i b l e  
pave,'terlt methods and p l a t e  l o a d  t e s t s  o f  Wes te rgaa rd  r i g i d  pavelnent artd some f l e x i b l e  
pavement methods t o  t h e  s t r e s s - s t r a i n ,  inodillrls v a l u e s  employed i n  t h e  newer more  
f u n d a m e n t a l  methods .  

3.6.2.10 CAR t e s t s  f o r  d e t e r m i n i n g  t h e  s t r e n g t h s  of s u b g r a d e s  and oE o t h e r  unbound 
paveinent l a y e r s  Tor u s e  i n  d e s i g n  o r  e v a l u a t i o r l  s h o u l d  be a s  d e s c r i b e d  i n  t h e  p a r t i c u l a r  
method employed ( F r e n c h ,  Uni-ted Sta tes lFAA,  o t h e r ) ,  b u t  g e n e r a l l y  w i l l  be  a s  c o v e r e d  i f 1  

ASThl D1583, " B e a r i n g  R a t i o  o f  L a b o r a t o r y  Compacted S o i l s  f o r  Labor,- l tory T e s t  Determjn- 
a t  i o n s " .  Commoaly, f i e l d  i n - p l a c e  CBR t e s t s  a r e  p r e f e r a b l e  t o  l a b o r a t o r y  t e s t s  
whenever  p o s s i b l e ,  and s u c h  t e s t s  s h o u l d  be  conduc ted  i n  a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  
g u i d a n c e  ( f rom Uni t ed  S t a t e s  M i l i t a r y  S t a n d a r d  621A) .  

F i e l d  i n - p l a c e  CBR tes ts  

a )  These  tes t s  a r e  u s e d  f o r  d e s i g n  u n d e r  a n y  one  o r  t h e  f o l l o w i n g  

(1)  when t h e  i n - p l a c e  d e n s i t y  and w a t e r  c o n t e n t  a r e  s u c h  t h a t  t h e  
d e g r e e  o f  s a t u r a t i o n  ( p e r c e n t a g e  of v o i d s  E iL led  ~ i t h  w a t e r )  i s  
80 p e r  c e n t  o r  g r e a t e r ;  

( 2 )  when t h e  m a t e r i a l  i s  c o a r s e - g r a i n e d  and  c o h e s i o n l e s s  s o  t h a t  i t  i s  
n o t  a f f e c t e d  by changes  i n  w a t e r  c o n t e n t ;  o r  

( 3 )  when c o n s t r u c t i o n  was comple ted  s e v e r a l  y e a r s  b e f o r e .  I n  t h e  
l a s t -named  c a s e ,  t h e  w a t e r  c o n t e n t  does  n o t  a c t u a l l y  become 
c o n s t a n t  b u t  a p p e a r s  t o  f l u c t u a t e  w i t h i i i  r a t h e r  narrow r a n g e s ,  a n d  
t h e  F i e l d  i t - p l a c e  t e s t  i s  c o n s i d e r e d  a  s a t i s f a c t o r y  i i ~ d i - a t o r  of 
t h e  l o a d - c a r r y i n g  c a p a c i t y .  Tne t i r n e  r e q u i r e d  f o r  t h e  w a t e r  
c o n t e n t  t o  becorne s t a b i l i z e d  c a n n o t  b e  s t a t e d  d e f i n i t e l y ,  b u t  t h e  
ininimum t i m e  i s  a p p r o x i m a t e l y  t h r e e  y e a r s .  

b )  P e n e t r a t i o n .  'Level t h e  s u r f a c e  t o  be  t e s t e d ,  ar id  rernove a l l  l o o s e  
m a t e r i a l .  Then f o l l o w  t h e  p r o c e d u r e  d e s c r i b e d  i ?  ASTY 11)-1583. 

c )  Number of tests .  Threi! i n - p l a c e  CRl7 t e s t r ;  shod'id be pe r fo rmed  at e a c h  
e l e v a t i o n  t e s t e d  i n  t h e  b a s e  c o u r s e  and  a t  t h e  s : l r f a c e  of the 
s i lbg rade ,  tiowever, i F  t h e  r e s u l t s  o f  t h e  t h r e e  t e s t s  i n  a n y  g r o u p  d o  
: l o t  show reasonabLe ag reemen t ,  a d d i t i o n a l  t e s t s  silot11.3 be  made a t  t h e  
s a n e  l o c a t i o n .  A r e a s o n a b l e  agrtlement b e t ~ f ? e i z  t l i r e e  t e s t s  where  t h e  
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C N K  i s  l e s s  t h a n  10  p e r m i t s  a t o l e r a n c e  of 3; where t h e  CBR is  f rom 
10  t o  39, a  t o l e r a n c e  of 5 ;  and where t h e  C B 9  i s  from 30 t o  60, a 
t o l e r a n c e  of 10. For  CBRs above 60, v a r i a t i o n s  i n  t h e  i n d i v i d u a l  
r e a d i n g s  a r e  n o t  of  p a r t i c u l a r  importance.  For  example, a c t u a l  t es t  
r e s u l t s  of  6 ,  8 and 9  a r e  r e a s o n a b l e  and can  be averaged  a s  8; 
r e s u l t s  of 23, 18 ,  and 20 a r e  r e a s o n a b l e  and can  be averaged a s  20. 
I f  t h e  f i r s t  t h r e e  t e s t s  do n o t  f a l l  w i t h i n  t h e  s p e c i f i e d  t o l e r a n c e ,  
t h r e e  a d d i t i o n a l  t e s t s  a r e  made a t  t h e  same l o c a t i o n ,  and t h e  
numer ica l  a v e r a g e  of t h e  s i x  t e s t s  i s  used a s  t h e  CBR a t  t h a t  
l o c a t i o n .  

d )  l l o i s t u r e  c o n t e n t  and d e n s i t y .  A f t e r  comple t ion  of t h e  CBR t es t ,  a 
sample  s h a l l  be  o b t a i n e d  a t  t h e  p o i n t  of p e n e t r a t i o n  f o r  m o i s t u r e -  
c o n t e n t  d e t e r m i n a t i o n ,  and 1 0  t o  1 5  cm away from t h e  p o i n t  of  
p e n e t r a t i o n  f o r  d e n s i t y  d e t e r m i n a t i o n .  

3.6.2.12 P l a t e  l o a d  t e s t s  f o r  d e t e r m i n a t i o n  of t h e  mc~dulus of subgrade  r e a c t i o n  (k)  
f o r  Wes te rgaard  a n a l y s i s  i n  e v a l u a t i o n  o r  d e s i g n  s h o u l d  be nzdc :- w i t h  
p rocedures  of t h e  method employed, o r  can be a s  p r e s e n t e d  i n  ASTEI D1196, "Non-Repet i t ive  
S t a t i c  I'Late Load T e s t s  of S o i l s  and F l e x i b l e  Pavement Components, f o r  u s e  i n  E v a l u a t i o n  
and Design of A i r p o r t  and Highway Pavements" o r  i n  ASTM D1195, " R e p e t i t i v e  S t a t i c  Plate  
Load T e s t s  of S o i l s  and F l e x i b l e  Pavement Components, f o r  Use i n  E v a l u a t i o n  and D e s i g n  
of A i r p o r t  and iiighway Pavements". The p rocedures  a l s o  r e l a t e  t o  f l e x i b l e  pavement 
d e s i g n ,  a s  i n d i c a t e d  by ASTM s t a n d a r d s '  t i t l e h .  The Canadian p r a c t i c e ,  a s  d e s c r i b e d  i n  
Chapter  4 ,  makes u s e  of t h e  ASTM method. The Canadian p r a c t i c e  l l s o  c o v e r s  u s e  of  o t h e r  
p l a t e  s i z e s  and t h e  gu idance  f o r  Canadian mcthods d e s c r i b e d  i n  Chapter  5 car) be u s e d  f o r  
s t a t i c  o r  dynamic t e s t s  w i t h  rlan-standard p l a t e  s i z e s  f o r  e i t h e r  de te r in ina t i (3n  of s u b -  
g r a d e  coef  f i c i e r l t  v a l a e s  o r  f o r  d i r e c t  u s e  j n  pavetncnt e v a l u a t i o n s .  

3.4.2.13 Convent ional  methods and v a l u e s  p e r t a i n i n g  t o  d e t e r m i n a t i o n  of modulus o f  
e l a s t i c i t y ,  E ,  and P o i s s o n ' s  r a t t o ,  p, a r e  used i n  d e p i c t i n g  s t r u c t u r a l  behav iour  o f  t h e  
c o n c r e t e  l a y e r  i n  g e s t e r g a a r d  a n a l y s e s  of r i g i d  pavement. Comnonly, f i  i s  t aken  t o  be  
0.1 5. The modulus, F ,  shou ld  be determined by t e s t  of t h e  c o n c r e t e  and w i l l  n o r m a l l y  be 
i n  t h e  range  of  2 5  000 t o  30 080 MPa. 

3,4.2.14 tlodulus of e l a s t i c i t y  and P o i s s o n ' s  r a t i o  v;ilues a r e  needed f o r  e a c h  l a y e r  
of an e l a s t i c  l a y e r e d  system, and t h e s e  can be deter injned i17 a  v a r i e t y  of ways. 
P o i s s o n ' s  r a t i o  i s  n o t  a  s e n s i t i v e  pa ramete r  and i s  commonly t a k e n  t o  be 0.3 t o  0.33 f o r  
a g g r e g a t e  m a t e r i a l s  and 0.4 t o  0.5 f o r  f i n e  g r a i n e d  o r  p l a s t i c  m a t e r i a l s .  Si-tce means 
o f  de t c r rn in ing  modulus of e l a s  t i c i t y  vary and s i n c e  t h e  s t  ress-s  t r a i n  response  of s o i l  
and a g g r e g a t e  m a t e r i a l s  i s  non- l inea r  ( n o t  p r o p o r t i o n a l )  t h e  v a l u e s  found f o r  a  
p a r t i c u J d r  m a t e r i a l ,  by t h e  variocis means, a r e  n o t  t h e  same s i r ~ g r ~ l a r  q u a n t i t y  which 
i d e a l  t h e o r e t i c a l  : o n s i d e r a t i o n s  woultl l e a d  one t o  e x p e c t .  Fo l lowing  a r e  some of t h e  
ways i n  which modu1.u~ of e l a s t i c i t y  v a l u e s  can  be de te rmined  f o r  u s e  i n  t h e o r e t i c a l  
nor-lels ( s u c h  as e l a s t i c  l a y e r e d )  of  paveinent b e l ~ a v i o u r ,  

a )  llodulus of e l a s t i c i t y  va lues  f o r  subgrade m a t e r i a l s  p a r t i c u l a r l y ,  b u t  
f o r  o t h e r  paverneilt l a y e r s  a s  w e l l  - e x c e p t i n g  bi tuminous o r  cemented 
m a t e r i a l s  - can  be determined f r o m  c u r r e l a t i o ~ i s  w i t h  index  t y p e  
s t r e n g t h  t e s t s .  Most coinmoil h a s  been c o r r e l a t i o n  w i t h  CUR where: 
E = 10 CKK MPa. 
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b )  S t r e s s - s t r a i n  r e s p o n s e  (modulus) c a n  be de te rmined  by d i r e c t  t e s t  of 
p r e p a r e d  o r  f i e l d  sampled specimens,  b u t  t h e s e  a r e  n e a r l y  a l w a y s  
u n s a t i s f a c t o r y .  Response i s  t o o  g r e a t l y  a f f e c t e d  by e i t h e r  p r e p a r a t i o n  
o r  sampl ing  d i s t u r b a n c e  t o  be r e p r e s e n t a t i v e .  

c )  It h a s  been found  t h a t  p r e p a r e d  specimens,  and  i n  some c a s e s  specimens 
f r o m  f i e l d  samples ,  c a n  be  s u b j e c t e d  t o  r e p e a t e d  l o a d i n g  t o  p r o v i d e  - 
a f t e r  s e v e r a l  t o  many l o a d  c y c l e s  - a  reasonab ly  r e p r e s e n t a t i v e  modulus 
o r  s t r e s s - s t r a i n  r e s p o n s e  curve.  Modulus of e l a s t i c i t y  s o  d e t e r m i n e d  
i s  r e f e r r e d  t o  as r e s i l i e n t  modulus and i s  c ~ t c r e n t l y  s t r o n g l y  favoured  
- i n  some fo rm - f o r  l a y e r e d  e l a s t i c  a n a l y s e s .  T e s t s  c a n  b e  conducted 
as t r i a x i a l  tests,  i n d i r e c t  t e n s i l e  t e s t s ,  even  unconf ined  compress ion  
t e s t s ,  and  t h e r e  may be o t h e r s .  Loadings can  be r e g u l a r  wave forms 
( s i n u s o i d a l ,  e t c )  bu t  are commonly of a s e l e c t e d  l o a d  p: i lse  s h a p e  w i t h  
d e l a y s  between p u l s e s  t o  b e t t e r  r e p r e s e n t  p a s s i n g  wheels .  R e s i l i e n t  
modulus c a n  be de te rmined  f o r  bi tuminous m a t e r i a l s  by some o f  t h e s e  
t e s t s  and o t h e r  s i m i l a r  t e s t s ,  b u t  t e m p e r a t u r e  is most s i g n i f i c a n t  bo th  
f o r  t e s t i n g  and a p p l i c a t i o n  O F  !-he modulus f o r  bi tuminous l a y e r s .  
Moduli  f o r  t h e  v a r i o u s  pavement l a y e r s  a r e  t a k e n  f rom t h e s e  t y p e  t e s t s  
and u s e d  d i r e c t l y  i n  l a y e r e d  s y s t e m  a n a l y s e s ,  b u t  t h e r e  a r e  f r e q u e n t l y  
p r o b l e m  o r  q u e s t t o n s  of v a l i d i t y .  

d )  When dynamic p l a t e  Load t e s t i n g  i s  c a r r i e d  o u t  on e x i s t i n g  pavements i t  
i s  p o s s i b l e  t o  i n s t r u m e n t  t o  measure t h e  v e l o c i t y  of p r o p a g a t i o n  of 
s t r e s s  waves w i t h i n  t h e  pavements. Xearls have been deve loped  f o r  
deduc ing  t h e  modulus of  e l a s t i c i t y  of e a c h  l a y e r  - g e n e r a l l y  e x c e p t i n g  
t h e  t o p  l a y e r  o r  l a y e r s  - of t h e  pavement from t h e s e  v e l o c i t y  measure- 
ments. While moduli  s o  de te rmined  a r e  s o m e t i a e s  u s e d  d i r e c t l y  i n  
l a y e r e d  a n a l y s e s  t h e  d e t e r m i n a t i o n s  a r e  f o r  s u c h  s m a l l  s t r a i n s  t h a t  
v a l u e s  r e p r e s e n t  t a n g e n t  moduli  f o r  curved  s t r e s s - s  t r a i n  r e l a t i o n s  
whi-Le t h e  moduli f o r  h i g h e r  (working s t r a i n )  s t r e s s  l e v e l s  s h o u l d  be 
lower.  De te rmina t ions  by t h i s  means a d j u s t e d  by judgement o r  some 
e s t a b l i s h e d  a n a l y t i c a l  means .arc used. 

e )  The s u b g r a d e  modulu; i--: t h e  most s i g n i f i c a n t  pa ramete r  and some 
a n a l y s e s  u s e  one of  t h e  above methods t o  de te rmine  a modulus f o r  t h e  
subgrade  and  choose t h e  moduli  of o t h e r  l a y e r s  e i t h e r  d i r e c t l y  on a 
judgement b a s i s  o r  by some s i m p l e  numer ica l  p r o c e s s  ( such  as t w i c e  t i le 
u n d e r l y i n g  l a y e r  modulus o r  one-ha l f  t h e  o v e r l y i n g  l a y e r  modulus )  
s i ~ l c e  p r 2 c i s e  v a l u e s  a r e  n o t  c r i t i c a l ,  

f )  By u s i n g  s e l e c t e d  o r  s i m p l i s t i c a l l y  d e r i v e d  moduli  f o r  a l l  l a y e r s  
e x c e p t  t h e  subgrade ,  i t  i s  p o s s i b l e  t o  compute a  v a l u e  f o r  s u b g r a d e  
modul ;~s  11sing e l a s t i c  l a y e r e d  a n a l y s i s  and p l a t e  o r  wheel l o a d  
d e f l e x i o n s .  T h i s  i s  done f o r  some a n a l y s e s .  

g )  There  is: g r e a t  i n t e r e s t  c u r r e n t l y  i n  u s i n g  el.-lqtic l a y e r e d  t h e o r y  and  
u s i n g  f i e l d  de te rmined  defLexions  f rom dynamic l o a d  pavement t e s t s  f o r  
p o i n t s  b e n e a t h  t h e  c e n t r e  of l o a d  and a t  s e v e r a l  o f f s e t  p o s i t i o n s  
From t h e  l o a d  c e n t r e ,  By i t e r a t i v e  computer means t h e  modul i  o f  t h e  
subgrade  and s e v e r a l  o v e r l y i n g  l a y e r s  c a n  be  computed. Sticlz computed 
moduli  a r e  t h e n  used  i n  t h e  l a y e r e d  model t o  compute s t r a i n s  a t  
c r i t i c a l  l o c a t i o n s  a s  p r e d i c t o r s  of pavement performance.  
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3.6.2.15 F i n i t e  element methods permit  f o r n u l a t i o n  of paverrent models which n o t  
only can provide  f o r  l a y e r i n g  but  can t r e a t  non-linear (curved) s t r e s s - s t r a i n  r e sponse  
found f o r  most pavement ma te r i a l s .  Here a g a i n  t h e r e  is  a requirement f o r  Poisson's  
r a t i o s  and moduli of e l a s t i c i t y  but  t h e s e  must now be determined f o r  each  pavement l a y e r  
as a f u n c t i o n  of  t h e  l oad  o r  s t r e s s  cond i t i on  e x i s t i n g  a t  any po in t  i n  t h e  model (on any 
f i n i t e  element ). Moduli r e l a t i o n s  a r e  e s t a b l i s h e d  from l abo ra to ry  t e s t s  and most 
commonly by repea ted  t r i a x i a l  l oad  t e s t s .  General ly,  t h e s e  a r e  of t h e  fo l lowing  fo rm 
b a t  t h e r e  a r e  va r i an t s .  

M r  - r e s i l i e n t  modulus 

E - modulus of e l a s t i c i t y  

0 - b u l k s t r e s s  = al  f a2 f a3 o r  
o x "  "u + a, (sum of 3 
im;tual,y perpendicular  normal 
s t r e s s e s  a t  a  p o i n t )  

01, 029 (53 - p r i n c i p a l  s t r e s s e s  

a3 - con€ i n i n g  s t r e s s  on t h e  t r i a x i a l  
specimen 

ad - d e v i a t o r  s t r e s s  = ol- 03 

k l ,  k2, k3,  k,,, k 5 A 6  - cons t an t s  found by t e s t  

3.6.3 To des ign  a  pavement one must s e l e c t  a  
des ign  method. Then determine t h e  th icknesses  and accep tab l e  c h a r a c t e r i s t i c s  of 
ma te r i a l s  f o r  each  l a y e r  and t h e  wearing s u r f a c e  t a k i n g  i n t o  account  t h e  subgrade upon 
which t h e  pavement w i l l  r e s t  and t h e  magnitude and i n t e n s i t y  of t r a f f i c  loading  which  
must be supported.  For eva lua t ion ,  t h e  process must be i n v e r t e d  s i n c e  t h e  pavement i s  
a l ready  i n  ex is tence .  Charac ter  of t h e  subgrade and th i ckness  and c h a r a c t e r  of e a c h  
s t r u c t u r a l  l a y e r  i nc lud ing  t h e  s u r f a c i n g  must be e s t a b l i s h e d ,  from which t h e  maximum 
a l lowable  magnitude and frequency of a l lowable  a i r c r a f t  loading  can be determined by 
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us ing  a  chosen des ign  method i n  reverse .  It i s  no t  necessary t h a t  t h e  des ign  method 
s e l e c t e d  f o r  eva lua t ion  be t h e  method by which t h e  pavement was designed,  b u t  t h e  
e s e n t i a l  parameters ,  which c h a r a c t e r i z e  behaviour of t he  var ious  m a t e r i a l s  ( l a y e r s )  rnust 
be t hose  which t h e  cllosen des ign  method employed. 

3.6.3.1 The method and elements of design.  The des ign  method t o  be i n v e r t e d  f o r  
e v a l u a t i o n  must f i r s t  be chosen. Next t h e  elements  of des ign  inhe ren t  i n  t h e  e x i s t i ' n g  
pavement ms t be eva lua ted  i n  accordance wi th  t h e  s e l e c t e d  des ign  method. 

a )  Thickness of each l a y e r  mist be determined. This nay be p o s s i b l e  from 
cons t ruc t ion  records  o r  may r e q u i r e  t h e  d r i l l i n g  of co re  h o l e s  o r  
opening of t e s t  p i t s  t o  permit  measuring th ickness .  

b) Subgrade s t r e n g t h  and cha rac t e r  must be determined. Here a l s o  
cons t ruc t ion  records  may supply t h e  needed information e i t h e r  d i r e c t l y  
o r  by a  t r a n s l a t i o n  of t h e  informat ion  t o  t h e  form needed f o r  t he  
s e l e c t e d  des ign  method. Otherwise i t  w i l l  be necessary t o  o b t a i n  t he  
needed informat ion  from f i e l d  s t u d i e s .  Reference t o  3.6.2.9 t o  
3.6.2.14 w i l l  show t h e  wide v a r i e t y  of ways i n  which subgrade  
behaviour i s  t r e a t e d  i n  t h e  var ious  des ign  methods. Test  p i t s  may be 
necessary  t o  permit  pene t r a t i on  o r  p l a t e  t e s t i n g  o r  sampling of 
subgrade m a t e r i a l  f o r  l a b o r r t o r y  t e s t i n g ,  Sampling o r  p e n e t r a t i o n  
t e s t i n g  i n  co re  h o l e s  may be poss ib le .  Dynamic o r  s t a t i c  s u r f a c e  
l o a d d e f l e x i o n  o r  wave propagat ion t e s t i n g  may be requi red .  S p e c i f i c  
guidance must be gained from d e t a i l s  of t h e  des ign  method chosen f o r  
u se  i n  eva lua t ion .  

c )  The s t r e n g t h  and cha rdc t e r  of l a y e r s  between t h e  subgrade arid s u r f a c e  
must a l s o  be determined. P rob lem a r e  much the  same a s  f o r  t h e  sub- 
grade ( see  b )  above) and guidance must come from t h e  chosen des ign  
method. 

d)  Host procedures f o r  t h e  des ign  of r i g i d  pavements r e q u i r e  a moduPus of 
e l a s t i c i t y  and l i m i t i n g  f l e x u r a l  s t r e s s  f o r  t h e  concrete .  I f  t h e s e  
a r e  not  a v a i l a b l e  from cons t ruc t ion  records  they should be determineti 
by tea t ,  on specimens e x t r a c t e d  from the  pavement ( s ee  ASTM C 469 - 
modulus of elasticity and ASTM C683 - f l e x u r a l  s t r e n g t h ) .  For  r e i n -  
fo rced  o r  p r e s t r e s s e d  concre te  l a y e r s  dependence must be p l a c e d  on 
d e t a i l s  of t h e  i nd iu i  dua l  s e l e c t e d  des ign  method. 

e )  Bituminous s u r f a c i n g  ( o r  ove r l ay )  l a y e r s  must be c h a r a c t e r i z e d  t o  s u i t  
t h e  s e l e c t e d  des ign  method and t o  permit  de te rmina t ion  of any  t i r e  
p re s su re  l i m i t a t i o n  which might apply.  Construct ion records  may 
provide t h e  needed informatior1 otherwise t e s t i n g  w i l l  be r equ i r ed .  
Pavement temperature d a t a  !nay be requi red  t o  he lp  a s s e s s  t h e  s t r e s s -  
s t r a i c ~  response o r  t i r e  p re s su re  e f f e c t s  on t h e  bituminous l a y e r .  

f )  Any s p e c i a l  cons ide ra t i on  of f r o s t  e f f e c t s  by t h e  s e l e c t e d  d e s i g n  
method o r  f o r  t h e  c l ima te  of t h e  a r e a  need t o  be t r e a t e d  and t h e  
tmpnct upon t h e  eva lua t ion  determined. 

g) Tne cumulative load  r e p e t i t i o n s  t o  iahich t h e  pavement i s  s u b j e c t  i s  an 
i~npor t an t  element of des ign  and both p a s t  t r a f f i c  sus t a ined  and  f u t u r e  
t r a f f i c  expected may be f a c t o r s  i n  eva lua t ion .  See 3 .4  i n  
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r e l a t i o n  t o  a s s e s s i n g  t r a f f i c .  For  some des ign  methods i t  is  s u f f i -  
c i e n t  t o  co~lr j ider  t h a t  t h e  t r a f f i c  being sus t a ined  adequate ly  r e p r e -  
s e n t s  f u t u r e  t r a f f i c  and t h e  l i m i t i n g  load  e s t a b l i s h e d  by e v a l u a t i o n  
is  f o r  t h i s  i n t e n s i t y  of t r a f f i c .  This assumption is inhe ren t  i n  t h e  
t r a n s l a t i o n s  between a i r c r a f t  mass and ACN (o r  t h e  r eve r se )  of t h e  
ACN-PCN method. Many methods, however, r e q u i r e  a  load  o r  s t r e s s  
r e p e t i t i o n s  magnitude a s  a b a s i s  f o r  s e l e c t i o n  of a  l i m i t i n g  def  l e x i o n  
o r  s t r a i n  which is  needed f o r  load  l i m i t  eva lua t ion .  

From t h e  chosen des ign  method and e s t a b l i s h e d  q u a n t i t i e s  f o r  t h e  des ign  elements ,  
l i m i t i n g  load  o r  mass can be e s t a b l i s h e d  f o r  any a i r c r a f t  expected t o  use  t h e  pavement. 

3.6.4 D i r ec t  o r  non-destruct ive eva lua t ion .  Di rec t  eva lua t ion  involves  l o a d i n g  
a pavement, measuring i t s  response,  (usua l ly  i n  terms of de f l ex ion  under t h e  l oad  and  
sometimes a l s o  a t  p o i n t s  o f f s e t  from t h e  load  t o  show de f l ex ion  bas in  shape) ,  and 
i n f e r r i n g  expected load  suppor t  capac i ty  from t h e  measurements. Concepts were d i s c u s s e d  
i n  3,6,2.6, 3.6,2.7, and 3.6.2.8. 

3.6.4.1 S t a t i c  methods. S t a t i c  methods i nvo lve  pos i t i on ing  p l a t e s  o r  wheels ,  
apply ing  load,  and measuring def lex ions .  P l a t e  loads  r e q u i r e  a  r e a c t i o n  a g a i n s t  which  
t o  work i n  apply ing  load  whi le  wheels can be r o l l e d  i n t o  p o s i t i o n  and then  away. The 
o r i g i n a l  LCN f o r  f l e x i b l e  pavements, developed by t h e  United Kingdom b u t  used by many, 
i s  a n  e x c e l l e n t  example of t h e  d i r e c t  s t a t i c  methods. The Canadian method f o r  f l e x i b l e  
o r  r i g i d  pavements u s e s  p l a t e  l oad  and de f l ex ion  but  less d i r e c t l y  ( s e e  Chapter  4). 
These d i r e c t  method.; depend on a  c o r r e l a t i o n  between paveiner~t performance and d e f l e x i o n  
r e s u l t i n g  from loading  of t h e  t ype  i n d i c a t e d  i n  F igu re  3-3. A warning comment may be  
needed h e r e ,  s i n c e  such c o r r e l a t i o n s  can be mi s in t e rp re t ed .  They do no t  i n d i c a t e  t h e  
de f l ex ion  which w i l l  be measured under t h e  load  a f t e r  i t  has been a p p l i e d  f o r  some 
number of r e p e t i t i o n s  as might be i n t e r p r e t e d .  Deflexions of a  pavement a r e  e s s e n t i a l l y  
t h e  same when measured e a r l y  o r  l a t e  ( fo l lowing  i n i t i a l  adjustment  and be fo re  t e r m i n a l  
d e t e r i o r a t i o n )  i n  i t s  l i f e .  These c o r r e l a t i o n s  i n d i c a t e  t h e  number of r e p e t i t i o n s  t h a t  
can be a p p l i e d  t o  t h e  pavement by t h e  load  which caused t h e  de f l ex ion  before  f a i l u r e  of 
the  pavement. Cor re l a t i ons  a r e  e s t a b l i s h e d  by measuring t h e  de f l ex ions  of s a t i s f a c t o r y  
pavements and e s t a b l i s h i n g  t h e i r  t r a f f i c  h i s t o r j .  The expedi t ious  de f l ex ion  methods f o r  
evalr lat ion descr ibed  below a r e  a  good example of s t a t i c  methods. 

3.6,4.2 Expedit ious def l ex ion  methods. St :~di"es and observa t ions  by m n y  
r e sea rche r s  have shown a  s t r o n g  gene ra l  c o r r e l a t i o n  between t h e  de f l ex ion  of a  pavement 
under a  wheel load  and t h e  number of t r a f f i c  a p p l i c a t i o n s  ( r e p e t i t i o n s )  of t h a t  wheel  
load  whtch w i l l  r e s u l t  i n  s eve re  d e t e r i o r a t i o n  ( f a i l u r e )  of t h e  pavement ( s ee  
Figure 3-3). These provide t h e  b a s i s  f o r  a  s imple exped i t i ous  means of e v a l u a t i n g  
pavement s t r eng th .  References t o  s e v e r a l  of t h e s e  curves a r e  l i s t e d  below: 

Transport  and Road Research Laboratory Report LR 375 ( B r i t i s h ) ;  

C a l i f o r n i a  Kighway Research Report 633128; 

Paper presented  by Gschwendt and Poliacek a t  t h e  Third I n t e r n a t i o n a l  
Conference on S t r u c t u r a l  Design of Asphalt Pavements; and 

Paper presented  by Joseph and Ha l l  a l s o  a t  t h e  Third I n t e r n a t i o n a l  
Conference on S t r u c t u r a l  Design of Asphal t  Pavements. 
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----+ Log repetitions to failure 

Figure 3-3 

3.6.4.3 While t h e  p a t t e r n  of t h e s e  r e l a t i o n s  i s  q u i t e  s t r o n g ,  t h e  s c a t t e r  of 
s p e c i f i c  p o i n t s  is  cons iderable .  Thus e i t h e r  t h e  conservat isms of a  l i m i t i n g  curve o r  
t h e  low confidence engendered by t h e  broad s c a t t e r  of p o i n t s  o r  some combinatj-on must be 
accepted  i n  u s i n g  t h e s e  r e l a t i o n s  f o r  exped i t i ous  pavement eva lua t ions .  They do provide 
a  s imple r e l a t i v e l y  inexpensive means of eva lua t ion .  The procedure f o r  such e v a l u a t i o n  
is  a s  fnl lows:  

a )  measure de f l ex ion  under a  s u b s t a n t i a l  wheel load  i n  a  s e l e c t e d  
c r i t i c a l  pavewnt  l oca t ion .  S ing le  o r  m u l t i p l e  wheel con f igu ra t ions  
can be used. 

1 )  p o s i t i o n  a i r c r a f t  wheel i n  c r i t i c a l  a r e a ;  

2 )  mark p o i n t s  a long  pavement f o r  measurement a s  i n d i c a t e d  i n  
F igu re  3-4 a ) ;  

3) u s i n g  " l i n e  of s i g h t "  method, t ake  rod  readings  a t  each  p o i n t ;  

4 )  move a i r c r a f t  away and r epea t  rod r ead ings ;  

5 )  p l o t  d i f f e r e n c e  i n  rod readings  a s  de f l ex ions .  See F i g u r e  3-4 b ) ;  
and 

6 )  connect p o i n t s  t o  g a i n  an e s t ima te  of maximum de f l ex ion  beneath 
t i r e .  

b) p l o t  load  versus  maximum de f l ex ion  a s  i l l u s t r a t e d  i n  Figure 3-4 c ) .  

c )  combine t h e  de f l ex ion  versus  F a i l u r e  r e p e t i t i o n s  curve wi th  t h e  above 
curve t o  provide a n  eva lua t ion  of pavement hear ing  s t r e n g t h  f o r  t h e  
gea r  used t o  determine def lex ion .  

1 )  determine t h e  r e p e t i t i o n s  of load  ( o r  equ iva l en t  r e p e t i t i o n s  a s  
explained i n  3.4) which it i s  intended must use  t h e  pavement 
before  f a i l u r e ;  
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2) from a  c o r r e l a t i o n  of t h e  t ype  shown i n  F igu re  3-3 de termine  t h e  
de f l ex ion  f o r  t h e  r e p e t i t i o n s  t o  f a i l u r e ;  and 

3 )  from t h e  e s t a b l i s h e d  r e l a t i o n  of l oad  t o  de f l ex ion  of t h e  t y p e  
shown i n  F igu re  3-4 determine t h e  pavement bear ing  s t r e n g t h  i n  
terms of t h e  magnitude of Load a l lowable  on t h e  wheel used f o r  t h e  
de f l ex ion  measurements. 

d )  u se  t h e  procedure descr ibed  i n  Chapter 1 t o  f i n d  how t h e  e v a l u a t e d  
pavement bea r ing  s t r e n g t h  r e l a t e s  t o  t h e  PCN. A i r c r a f t  w i th  ACN no  
g r e a t e r  t han  t h i s  PCN can use  t h e  pavement without  over loading  C t .  
See Appendix 5 f o r  ACN versus  mass information.  

Load 

9 

Extend straight line from origin 
through plotted point 

Maximum deflexion determined 

0 Deflexion 

Figure  3-4 

3.6.4.4 A s i m i l a r  procedure can be followed us ing  a jack  and load ing  p l a t e  working 
beneath a  j ack ing  po in t  of an  a i r c r a f t  wing o r  some equal ly  s u i t a b l e  r e a c t i o n  load. The 
complete p a t t e r n  of load  versus  de f l ex ion  can be determined and d i a l  gauges mounted on  a  
long r e f e r e n c e  beam can be used i n s t e a d  of o p t i c a l  survey methods. With p rov i s ion  of a  
s u i t a b l e  acces s  a p e r t u r e  t h e  de f l ex ion  d i r e c t l y  beneath t h e  c e n t r e  of t h e  load  can be  
measilred. Resu l t s  can be t r e a t e d  on t h e  same l i n e s  a s  t hose  f o r  a  s i n g l e  wheel load .  

3.6.4.5 Methods used f o r  highway load  de f l ex ion  measurements, such a s  t h e  
Benkleman Beam methods, can be used t o  develop de f l ex ion  versus  l oad  p a t t e r n s .  R e s u l t s  
a r e  t r e a t e d  a s  i n d i c a t e d  i n  Flgure 3-4 t o  e x t r a p o l a t e  loads  t o  t hose  of a i r c r a f t  s i n g l e -  
wheel l oads ,  which wi th  a  r e l a t i o n  as i n  F igure  3-3, permi ts  eva lua t ion  of pavement 
bear ing  s t r e n g t h  f o r  s ing le-wheel  loads .  From t h i s  t h e  l i m i t i n g  a i r c r a f t  mass on 
pavements f o r  l i g h t  a i r c r a f t  can be determined d i r e c t l y  and r epo r t ed  i n  accordance w i t h  
Chapter 1 ,  1 .2 .  I f  unusual ly l a r g e  loading p l a t e  o r  t i r e  p re s su re s  a r e  involved 
i t  may be necessary  t o  a d j u s t  between t h e  s i n g l e  load  c h a r a c t e r i s t i c s  used i n  t h e  
de termina t ion  of t h e  t ype  i n d i c a t e d  i n  Figure 3-4 ( 3 . 6 . 4 . 3 ~ ~ ) )  and t h e  repor ted  l i m i t i n g  
a i r c r a f t  m a s s  a l lowable  o r  c r i t i c a l  v e h i c l e  loads  being compared t o  t h e  l i m i t i n g  mass. 
Such ad jus tments  can fo l low t h e  procedures i n  Appendix 2 o r  a s e l e c t e d  pavement d e s i g n  
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method. L i m i t s  011 pavements f o r  h e a v i e r  a i r c r a f t  c a n  be de te rmined  a s  i n d i c a t e d  i n  
3.6.4.3d). It s h o u l d  be n o t e d  t h a t  r e c e n t  f i n d i n g s  i n d i c a t e  e x t r a p o l a t i o n  o f  l o a d  
d e f l e x i o n  r e l a t i o n s  (as i n  F i g u r e  3-4 c ) )  f rom s m a l l  l o a d  d a t a  t a k e n  on h i g h  s t r e n g t h  
pavements d o  n o t  g i v e  good r e s u l t s .  U n f o r t u n a t e l y ,  t h e  l i m i t s  of e x t r a p o l a t i o n  f o r  good 
r e s u l t s  a r e  n o t  e s t a b l i s h e d .  

3.6.4.6 Dynamic methods. These methods i n v o l v e  a dynamic l o a d i n g  d e v i c e  w h i c h  i s  
mounted f o r  t r a v e l  on  a v e h i c l e  o r  t r a i l e r  and which i s  lowered, i n  p o s i t i o n ,  o n t o  t h e  
pavement. Devices make u s e  of  c o u n t e r  r o t a t i n g  masses ,  h y d r a u l i c a l l y  a c t u a t e d  r e c i p r o -  
c a t i n g  masses ,  o r  f a l l i n g  w e i g h t s  (masses)  t o  a p p l y  a  s e r i e s  of p u l s e s  e i t h e r  i n  s t e a d y  
s t a t e  by t h e  r e c i p r o c a t i n g  o r  r o t a t i n g  masses o r  a t t e n u a t i n g  by t h e  f a l l i n g  m a s s .  Most 
a p p l y  t h e  l o a d  th rough  a  l o a d i n g  p l a t e  bu t  some s m a l l e r  d e v i c e s  u s e  r i g i d  w h e e l s  o r  
pads.  A l l  methods make u s e  of  i n e r t i a l  i n s t r u m e n t s  ( s e n s o r s )  which when p l a c e d  on  t h e  
pavement s u r f a c e  o r  on t h e  l o a d i n g  p l a t e  c a n  measure v e r t i c a l  d i sp lacement  ( d e f l e x i o n ) .  
The dynamic l o a d i n g  i s  de te rmined ,  u s u a l l y  by a l o a d  c e l l  th rough  which t h e  l o a d  i s  
p a s s e d  on  t o  t h e  l o a d  p l a t e .  Comparison of  t h e  l o a d  a p p l i e d  and d i s p l a c e m e n t s  measured 
p r o v i d e s  l o a d - d e f l e x i o n  r e l a t i o n s  f o r  t i le pavement t e s t e d .  Displacements  a r e  a lways  
measured d i r e c t l y  under  t h e  l o a d  b u t  a r e  a l s o  measured a t  s e v e r a l  a d d i t i o n a l  p o i n t s  a t  
s p e c i f i c  d i s t a n c e s  from t h e  c e n t r e  of  t h e  load .  Thus l o a d - d e f l e x i o n  r e l a t i o n s  a r e  
d e t e r m i n e d  n o t  o n l y  f o r  t h e  l o a d  a x i s  ( p o i n t  of maximum d e f l e x i o n )  b u t  a l s o  a t  o f f s e t  
p o i n t s  which i n d i c a t e  t h e  c u r v a t u r e  o r  shape  ( s l o p e )  of  t h e  d e f l e x i o n  b a s i n .  The 
d e v i c e s  v a r y  i n  s i z e  f rom some h i g h l y  developed,  highway o r i e n t e d ,  u n i t s  which  a p p l y  
l o a d i n g s  of l e s s  t h a n  1 000 kg t o  t h e  l a r g e  u n i t  d e s c r i b e d  i n  t h e  Uni ted S t a t e s  FAA non- 
d e s t r t i c t i v e  t e s t  method p r e s e n t e d  i n  3 .6 .5 .  Some of  t h e  c o u n t e r - r o t a t i n g  and  
r e c i p r o c a t i n g  mass sys tems  c a n  v a r y  t h e  f requency  of  dynamic l o a d i n g  and some o f  t h e s e  
and t h e  f a l l i n g  we igh t  u n i t s  c a n  vary t h e  a p p l i e d  load.  

3.6.4.7 It i s  p o s s i b l e  t o  measure t h e  t ime  f o r  s t r e s s  waves induced  by t h e  dynamic 
l o a d i n g  t o  t r a v e l  f rom one  s e n s o r  t o  t h e  n e x t ,  and t o  compute t h e  v e l o c i t y  f r o m  t h i s  
t i m e  and d i s t a n c e  between s e n s o r s .  Some dynamic methods make u s e  of  t h e s e  v e l o c i t y  
measurements t o  e v a l u a t e  t h e  s t r e n g t h  o r  s t r e s s - s  t r a i n  r e s p o n s e  of  t h e  s u b g r a d e  and 
o v e r l y i n g  pavement l a y e r s  f o r  u s e  i n  v a r i o u s  d e s i g n  methods. Shear  wave v e l o c i t y ,  v ,  i s  
r e l a t e d  t o  Motlulus of  E l a s t i c i t y ,  E ,  by t h e  r e l a t i o n :  

(See  Barkan 's  "Dynamics 
of Bases and Foundat ions"  ) 

'Were P o i s s o n ' s  Ka t io ,  p,, c a n  s a t i s f a c t o r i l y  be  e s t i m a t e d  ( s e e  3.6.2.13 and 3.6.2.14),  
and d e n s i t y ,  p, of  t h e  s u b g r a d e  o r  pavement l a y e r  (sub-base-base) c a n  be d e t e r m i n e d  by 
measurement o r  s a t i s f a c t o r i l y  e s t i m a t e d .  llodulus v a l u e s  t h u s  deter inined a r e  u s e d ,  
e i t h e r  d i r e c t l y  o r  w i t h  m o d i f i c a t i o n ,  i n  t h e o r e t i c a l  d e s i g n  models, o r  t h e y  are u s e d  
w i t h  c o r r e l a t i o n s  t o  p r o j e c t  subgrade  and o t h e r  l a y e r  s t r e n g t h s  i n  terms of CBR, 
subgrade  c o e f f i c i e n t  k ,  and s i m i l a r  s t r e n g t h  i n d e x  q u a n t i t i e s .  Sensors  used i n  t h e  
v e l o c i t y  measurements may need t o  be l o c a t e d  c l t  g r e a t e r  d i s t a n c e s  f rom t h e  l o a d  t h a n  
when used t o  de te rmine  d e f l e c t i o n  b a s i n  shape.  Also ,  t h e  dynamic d e v i c e  must b e  capab le  
of f r e q u e n c y  v a r i a t i o n  s i n c e  t i le  v a r i o u s  pavement l a y e r s  respond a t  p r e E e r r e d  f r e q u e n -  
c i e s  and t h e s e  w ~ s t  be found and dynamic l o a d  energy induced a t  tile p r e f e r r e d  f r e q u e n c y  
f o r  d e t e s a i n a t i o n  oF e a c h  l a y e r ' s  v e l o c i t y  of wave e n e r g y  p ropaga t ion .  
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3.6.4.8 The c e n t r a l  and off s e t  
p o s i t i o n s  de f l ex ions  and  stress-wave v e l o c i t i e s  var ious ly  determined by t h e  v a r i e t y  of  
dynamic equipment and methods i n  u s e  a r e  being app l i ed  f o r  pavement eva lua t ion  i n  a 
number of flays. 

a )  D i r ec t  c o r r e l a t i o n s  a r e  made between t h e  load-deflexion i n  r e sponse  of 
pavement t o  dynamic loading  and pavement behaviour . The c o r r e l a t i o n s  
a r e  developed from dynamic load  t e s t i n g  of pavements f o r  which 
behaviour can be e s t a b l i s h e d .  The United S t a t e s  FAA n o n d e s t r u c t i v e  
eva lua t ion  methodology presented  i n  3 .6 .5  i s  an e x c e l l e n t  example. 

b) Measurements from dynamic methods, e i t h e r  d i r e c t l y  o r  w i th  e x t r a p o l a -  
t i o n ,  can provide  p l a t e  load  information,  This  can s e r v e  a s  i n p u t  - 
with  s u i t a b l e  p l a t e  s i z e  o r  o t h e r  conversions - t o  methods such as t h e  
LCN o r  Canadian procedures. Used d i r e c t l y  on subgrades o r  on o t h e r  
l a y e r s  w i th  e5 t ab l i shed  c o r r e l a t i o n s  subgrade c o e f f i c i e n t s  can be  
determined f o r  Westergaard ana lyses .  

c )  Shape of t h e  d e f l e c t i o n  bas in  e s t a b l i s h e d  from senso r s  placed a t  o f f -  
s e t s  from t h e  l oad  a x i s  a r e  used i n  some methods - e s p e c i a l l y  f o r  
highways - t o  r e f l e c t  o v e r a l l  s t i f f n e s s  , and thereby  load  
d i s t r i b u t i n g  cha rac t e r ,  of t h e  pavement s t r u c t u r e .  Rut d i r e c t  u s e  i n  
e s t a b l i s h i n g  eva lua t ion  of load  capac i ty  has not  found success .  

d )  Measured d e f l e c t i o n  under dynamic load  i s  used t o  e s t a b l i s h  t h e  e f f e c -  
t i v e  modulus of e l a s t i c i t y  of t h e  subgrade i n  t h e o r e t i c a l  pavement 
models. The e l a s t i c  cons t an t s  (modulus and Poisson's  r a t i o )  f o r  o t h e r  
l a y e r s  a r e  e s t a b l i s h e d  by assumption o r  t e s t  and t h e  subgrade modulus 
c a l c u l a t e d  us ing  t h e  load ,  t h e  d e f l e c t i o n  measured, and t h e  pavement 
model, co~nmo~~dy t h e  e l a s t i c  l aye red  theory .  

e )  More r ecen t  developments involve  t h e  u se  of t h e  e l a q t i c  l aye red  
c o q u t e r  programws. With a n  a p p r o p r i a t e  load  appl ied ,  de f lec t ions  are  
:neasured i n  t h e  c e n t r e  and a t  s e v e r a l  oEEset l oca t ions ,  Then 
i t e r a t i v e  conmplutation means a r e  used t o  e s t a b l i s h  e l a s t i c  moduli f o r  
a l l  l a y e r s  of t h e  pavement modal.led. 

f )  Theo re t i ca l  models wi th  e l a s t i c  cons t an t s  a s  i n  d )  and e )  above a r e  
used t o  c a l c u l a t e  s t r a i n  i n  f l e x u r e  of t h e  top  l a y e r  beneath t h e  l o a d  
o r  v e r t i c a l  s t r a i n  a t  t h e  t op  of subgrade beneath t h e  load;  which 
l o c a t i o n s  a r e  considered c r i t i c a l  f o r  f l e x i b l e  pavements. S t r e s s  o r  
s t r a i n  i n  f l e x u r e  of a  r f g i d  pavement s l a b  can be s i m i l a r l y  ca lcu-  
l a t ed .  These a r e  compared t o  va lues  of s t r a i n  ( o r  s t r e s s )  from 
e s t a b l i s h e d  c o r r e l a t i o n s  wi th  pavement performance. The l i t e r a t u r e  
provides many examples of t he se  c o r r e l a t i o n s .  

1) 1977 I n t e r n a t i o n a l  Air Transpor ta t ion  Conference, ASCE Proceedings  
- paper  by Msnismith. 
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2 by D. Croney - 
T r a n s p o r t  and Road Research  Labora to ry ,  Uni ted  Kingdom - C h a p t e r s  
1 3  and 15. 

3 )  ASTM - STP508. 

4 )  Symposium on Nondes t ruc t ive  T e s t  and E v a l u a t i o n  of A i r p o r t  
Pavement - Nov 1975, Vicksburg, M i s s . ,  p u b l i s h e d  May 1 9 7 6  by U.S. 
Army Engineer  - WES p a p e r  by Niel.sen and Ba i rd .  

5 )  Other  examples s h o u l d  be  e a s i l y  found i~ t h e  pavement l i t e r a t u r e  
Eroin t h e  l a s t  10  y e a r s .  

g )  S t ress -wave  v e l o c i t y  tneasurements a r e  used t o  e s t a b l i s h  pavement l a y e r  
c h a r a c t e r i s t i c s  w i t h o u t  samnpling. Fiodul i of e l a s t i c i t y  of pavement 
l a y e r s  a r e  d e r i v e d  from t h e s e  measurements and used d i r e c t l y  i n  
t h e o r e t i c a l  models o r  a d j u s t e d  t o  b e t t e r  r e p r e s e n t  moduli a t  Larger  
s t r a i n s  and used i n  t h e  models.  CRR v s l u e s  a r e  d e r i v e d  f rom c o r r e l a -  
t ions  bo tdeen  CHI<  and d e r i v e d  e l a s t i c  moduli ,  cornmonly f rom E=10 CAR 
j n  Mi's. Flodulus of subgrade r e a c t i o n ,  k ,  and o t h e r  s u c h  s t r e n g t h  
v a l u e s  coulll  be s i t n i l a r l y  d e r i v e d .  

3.6.4.9 Pavement s t r e n g t h  r e p o r t i n g .  For r e p o r t i n g  i n f o r m a t i o n  on pavement bea r -  
i n g  s t r e n g t - h  t h e  f o u r  e lemel l ts  s p e c i E i e d  i n  Annex 14 and t h e  PCN must be e s t a b l i s h e d .  

a )  Pavement t y p e .  The pavement w i l l  be cons ide red  r i g i d  (code-R) i f  i t s  
p r imary  l o a d  d i s t r i b u t i o n  c a p a b i l i t y  i s  provided by a  p l a i n ,  
r e inEorced ,  o r  p r e - s t r e s s e d  P o r t l a n d  cement c o n c r e t e  (PCC) l a y e r ,  and  
t h i s  l a y e r  i s  n o t  s o  s h a t t e r e d  t h a t  i t  can no l o n g e r  pe r fo rm as a  load 
t d i s t r i b ~ ~ t i n g  s l a b ,  A pavement which makes pr imary u s e  of a  t h i c k  and 
5 trorlgly s t a b i l i z e d  l a y e r  and which, a s  a  r e s u l t ,  i s  s u b s t a n t i a l l y  
t l l i n n e r  t h a n  a n  e q u i v a l e n t  f l e x i b l e  pavement u s i n g  no s t a b i l i z e d  l a y e r  
( such  as t h e  TdCF s t r u c t u r e s  a t  Newark) n i g h t  a l s o  be c o n s i d e r e d  r i g i d .  
411 o t h e r  pavenents  shou ld  be r e p o r t e d  a s  f l e x i b l e  (code-F). T h i s  
i ~ c i u d e s  a g g r e g a t e  o r  e a r t i r s u r f a c e d  s t r i p s  and e x p e d i e n t  s u r f  a c i n g s  
of m i l i t a r y  l a n d i n g  mat. 

b) Subgrade s t r e n g t h .  The subgrade  s t r ~ n g t h  c a t e g o r y  must be e v a l u a t e d  
a s  h i ~ h  s t r e n g t h  ( A ) ,  w t i i i i m  s t r e n g t h  ( B ) ,  low s t r e n g t h  (C) , o r  u l t r a  
l o w  s t r e n g t h  ( D ) .  If CRR o r  c o e f f i c i e n t  of subgrade r e a c t i o n  a r e  
d i r e c t l y  i n v o l ~ e d ,  s e l e c t i o n  of c a t e g o r y  can be tnade d i r e c t l y  f rom t h e  
p r e s c r i b e d  Limits  i n  Annex 1 4 .  Otherwise t h e  c a t e g o r y  must be d e t e r -  
mined frorn a c o r r e l a t i o n  between t h e  subgrdde s t r e n g t h  p a r d m e t e r  used 
E,jr ev=t lua t ion  and CUR o r  subgrade c o e f f i c i e n t ,  o r  i t  must be d e t e r -  
mined d i r e c t l y  by jadgeinerlr. For subgrade s t r e n g t h s  on t h e  b o r d e r l i n e  
betwt:cn c a t e g o r i e s ,  s e l e c t i o n  o r  tile lower (weaker) s t r e n g t h  c a t e g o r y  
d i l l  g e n e r a l l y  be mor* c o n s e r v a t i v e  i n  r e l a t i o n  t o  p r o c e c t i a n  of  t h e  
p?vrmeilt frrrlil ovs r load .  
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c )  T i r e  p r e s s u r e .  The t i r e  p r e s s u r e  c a t e g o r y  must be e v a l u a t e d  as h i g h  
(W), mcdium (X), low ( Y )  o r  very low ( Z ) .  Where a  s u r f a c i n g  is  PCC 
t h e  h i g h  c a t e g o r y  i s  v i r t u a l l y  a lways p e r t i n e n t .  High q u a l i t y  b i t u -  
minous s u r f a c i n g s  o r  o v e r l a y s  s h o u l d  read iLy  a c c e p t  h i g h  c a t e g o r y  t i r e  
p r e s s u r e s  w h i l e  t h e  ve ry  low c a t e g o r y  need o n l y  be a b l e  t o  s u s t a i n  
nornml t r u c k  t i r e  p r e s s u r e s .  The medium and low c a t e g o r i e s  f a l l  below 
and above t h e s e  two l i m i t s  r e s p e c t i v e l y .  Some d e s i g n  methods se t  
minimum bi tuminous l a y e r  t h i c k n e s s e s  i n  r e l a t i o n  t o  t i r e  p r e s s u r e s  
( s e e  t h e  Canadian method i n  Chapter  4 )  and t h e s e  may h e l p  i n  s e l e c t i n g  
t h e  t i r e  p r e s s u r e  c a r e g o r y .  Some methods p r e s c r i b e  t i r e  p r e s s u r e  
d i r e c t l y  i n  r e l a t i o n  t o  s u r f a c i n g  c h a r a c t e r i s t i c s  and t h e s e  c a n  b e  
d  i r e c t l y  a p p l i e d  f o r  c a t e g o r y  s e l e c t i o n .  Otherwise  s e l e c t i o n  mus t  
depend 011 e x p e r i e n c e  and judgement i n  r e l a t i o n  t o  s u r f a c i n g  c h a r a c t e r -  
i s t i c s ,  t i r e  p r e s s u r e s  of u s i n g  a i r c r a f t ,  and c o n d i t i o n  s u r v e y s  o f  
pavements. 

d )  E v a l u a t i o n  method. T h i s  w i l l  be a t e c h n i c a l  e v a l u a t i o n  r e p o r t e d  as 
code T. 

e )  Repor ted  PCN. The PCN t o  be r e p o r t e d  c a n  be de te rmined  f rom t h e  
a i r c r a f t  l o a d s  (masses) which t h e  e v a l u a t i o n  h a s  e s t a b l i s h e d  as 
maximum a l l o w a b l e  f o r  t h e  pavement. By u s i n g  t h e  e v a l t l a t i o n  l o a d  f o r  
one of  t h e  h e a v i e s t  t y p e  a i r c r a f t  u s i n g  t h e  pavement and i n f o r m a t i o n  
shown i n  Appendix 5 ,  and i n t e r p o l a t i n g  a s  n e c e s s a r y ,  t h e  
PCN c a n  be found, T h i s  c a n  be done f o r  a  s e l e c t e d  r e p r e s e n t a t i v e  
a i r c r a f t  o r  f o r  s e v e r a l  a i r c r a f t  f o r  which e v a l u a t i o n  of a l l o w a b l e  
l o a d  h a s  been made. A l l  s u c h  d e t e r m i n a t i o n s  s h o u l d  y i e l d  t h e  same PCN 
v a l u e ,  o r  very n e a r l y  s o .  I f  t h e r e  are l a r g e  d i f f e r e n c e s  i t  would b e  
w e l l  t o  recheck b o t h  t h e  t r a n s l a t i o n  f rom t h e  e v a l u a t i o n  l o a d  a n d  t h e  
e v a l u a t i o n .  I f  d i f f e r e n c e s  a r e  sm.31.1 an a v e r a g e  o r  lower  range  v a l u e  
shou ld  be s e l e c t e d  f o r  r e p o r t i n g .  I f  needed i n f o r m a t i o n  i s  n o t  
p rov ided  i n  Appendix 5 t h e y  can  b e  o b t a i n e d  from t h e  a i r c r a f t  
manufac tu re r ,  ICAO, o r  by a n a l y s i s  u s i n g  t h e  p r e s c r i b e d  ACN-PCN methods 
( s e e  Appendix 2 ) .  

3.6.4.10 The pavement  
t y p e ,  subgrade  s t r e n g t h  c a t e g o r y ,  and t y p e  of  e v a l u a t i o n  a r e  n o t  r e q u i r e d  f o r  l i g h t  
a i r c r a f t  pavements,  s o  o n l y  t h e  l i m i t i n g  a i r c r a f t  mass and t i re  p r e s s u r e  need be 
r e p o r t e d .  The f o r e g o i n g  methods f o r  l o a d  and t i r e  p r e s s u r e  l i m i t a t i o n  d e t e r m i n a t i o n s  
a p p l y  t o  pavements meant f o r  l i g h t  a i r c r a f t  a s  w e l l .  Kighway e v a l u a t i o n  o r  d e s i g n  
methods might a l s o  be  used. A l l  t h e  p r e c a u t i o n a r y  measures  d i s c u s s e d  i n  3.5.7 a r e  
e q u a l l y  a p p l i c a b l e  h e r e .  
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3.6.5 United States Federal Aviation Administration non-destructive eval uatiorl metl~od~ 

3.6.5.1 Introduction. This report describes a procedure for the determination of 
the load-carrying capacity of airport pavement systems using non-destructive testing 
(NDT) techniques. The equipment and procedures have been developed by the United States 
Corps of Engineers in response to a need of the Federal Aviation Administration (FAA) 
and United States Army for making rapid evaluations of pavement systems with a minimum 
of interference to normal airport operations. 

3.6.5.2 Little research was conducted in the field of NDT until about the mid-1950s 
when Royal Dutch Shell Laboratory researchers began a study of vibratory loading devices 
to evaluate flexible pavements. Many other agencies have since investigated the use of 
NDT techniques to evaluate pavements. The United States Army Engineer Waterways Experiment 
Station (WES) conducted minimal research using various types of vibratory equipment during 
the 1950s and 1960s. Much of the early WES work emphasized attempts to measure the elas- 
tic properties of the various layers of pavement materials using wave propagation 
measurements. The basic approach involved use of these elastic constants along with 
multilayered theory for computation of allowable aircraft loadings. In 1970, an improved 
vibratory loading device was developed by the Army, and, in 1972, WES began a study for 
the FAA to develop an NDT evaluation procedure. To meet the FAA time frame, the primary 
effort has been directed toward developing a procedure based upon measuring the dynamic 
stiffness modulus (DSM) of the pavement system and relating this value to pavement 
performance data. Work is continuing on the development of a methodology for measuring 
the elastic constants of the various layers using NDT techniques; however, this method 
has not yet been developed to an acceptable level of confidence. 

3.6.5.3 Applications. The NDT evaluation procedure reported herein is applicable 
only to conventional rigid and flexible pavement systems. A conventional rigid pavement 
consists of a non-reinforced concrete surfacing layer on non-stabilized base and/or 
subgrade materials. A conventional flexible pavement consists of a thin (15 cm (6 in) 
or less) bituminoi~s surfacing layer on non-stabilized layers of base, sub-base, and subgrade 
materials. Work is currently under way to extend the NDT procedure to other cypes of 
pavement systems which incorporate such other variables as thick bituminous surfacings 
and stabilized layers. 

3.6.5.4 -- Equipment. The evaluation procedure contained herein requires the determi- 
nation of the response of the pavement system to a specific steady state vibratory 
loading. Inasmuch as the response of materials making up the pavement system to loading 
is generally non-linear, the determination of the pavement response of use in the evaluation 
procedure contained herein requires a specific loading system. The loading device must 
exert a static load of 16 kips*"on the pavement and be capable of producing 0 to 15-kip 
peak vibratory loads at a frequency of 15 Hz. The load is applied to the pavement surface 
through a 45 cm (18 in) diameter steel load plate. The vibratory load is monitored by 
means of three load cells mounted between the actuator and the load plate, and the pavement 
response is measured by means of velocity transducers mounted on the load plate. Automatic 
data recording and processing equipment is a necessity. The loading device must be readily 
transportable to accomplish a large number of tests in a minimum amount of time, thus 
avoiding interference with normal airport operations. The WES NDT equipment is mounted 
in a tractor-trailer unit as shown in Figure 3-5. 

* The material included in this section was taken from the Federal Aviation Administration 
United States, Airport Pavement Bulletin No. FAA-74-1 of September 1974. 

A* 1 kip = 454 kg (1 000 lb). 



Figure 3-5. Waterways Experiment Station non-destructive testing equipment 
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3.6.5.5 Data collection. In the evaluation procedure, the response of the pavement 
system to vibratory loading is expressed in terms of the DSM. Since the time required to 
measure a DSM at each testing point is short (2 to 4 min), a large number of DSM 
measurements can be made during the normal evaluation period. On runways and primary and 
high-speed taxiways, DSM tests should be made at least every 75 m (250 ft) on alternate 
sides of the facility centre line along the main gear wheel paths. For secondary taxiway 
systems or lesser used runways, DSM tests should be made about every 150 m (500 ft) on 
alternate sides of the centre line. For apron areas, DSM tests should be conducted in a 
grid pattern with spacings between 75 m and 150 m (250 ft and 500 ft). Additional tests 
should be made where wide variations in DSM values are found, depending upon the desired 
thoroughness of the evaluation. DSM measurements for rigid pavements must be made in the 
interior (near the centre) of the slab. The layout of DSM test sites and selection of DSM 
values for evaluation must consider the various pavement types, pavement sections, and 
construction dates. Thus, a thorough study of as-built pavement drawings is particularly 
helpful in designing the testing programme. After the DSM tests have been performed and 
grouped according to pavement type and construction, a representative DSM value should 
be selected (as described below) for computation of the allowable loading. 

3.6.5.t At each test site, the loading equipment is positioned, and the dynamic 
force is varied from 0 to 15 kips at 2-kip intervals at a constant frequency of 15 Hz. 
The deflexion of the pavement surface, measured by the velocity transducers, is plotted 
versus the applied load as shown in Figure 3-6. The DSM (corrected as described below) 
is the inverse of the slope of the deflexion versus load plot (see Figure 3-6). 

3.6.5.7 In addition to the DSM measurement, it is necessary to know the pavement 
type (rigid or flexible) and the thicknesses and material classifications of each layer 
making up the pavement section. These parameters can be determined from the construction 
(as-built) drawings or by drilling small-diameter holes through the pavement. 

3.6.5.8 When the evaluation is for flexible pavement, the temperature of the 
bituminous material must be determined at the time of test. This can be determined by 
directly measuring the temperatures with thermometers installed 2.5 cm (1 in) below the 
top, 2.5 cm (1 in) above the bottom, and at the mid-depth of the bituminous layer and 
averaging the values to obtain the mean pavement temperature or by measuring the pavement 
surface and air temperatures and using Figure 3-7 to estimate the mean pavement temperature 

3.6.5.9 Data correction. The load-deflexion response of many pavements, parti- 
cularly flexible pavements, is non-linear at the lower force levels but becomes more linear 
at the higher force levels (12 to 15 kips). In such cases, a correction is applied to the 
load-deflexion curve so that the DSM is obtained from the linear portion of the curve 
(see Figure 3-6). 

3.6.5.10 The modulus of bituminous materials is highly dependent upon temperature, 
so an adjustment in the measured DSM must be made if the temperature of the bituminous 
material at the time of test is other than 21°C (7O0F). The correction is made by entering 
Figure ?-8 with the measured or calculated mean pavement temperature and determining the 
DSM temperature adjustment factor by which the measured DSM should be multiplied. 
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F i g u r e  3-6. Def lex ion  v e r s u s  l o a d  (sample p l o t )  



- 
0 20 40 60 80 180 128 I40 160 I B Q  206 220 240 260  

PP.VEMENT SBIRFb,GE TEtdPERATURE PLUS 5-DAY hlSEP,N &?if: TEMPERATURE, "F 

Figure  3-7. P r e d i c t i o n  of f l e x i b l e  pavement temperatures  
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Figure 3-8. DSM temperature adjustment curves 
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3.6.5.11 The DSM and load-carrying capacity of a pavement system can be significantly 
changed by the freezing and thawing of the materials, especially when frost penetrates a 
frost-susceptible layer of material. Correction factors to account for these conditions 
have not been developed. Therefore, the evaluation should be based on the normal tempera- 
ture range, and, if a frost evaluation is desired, the DSM should be determined during the 
frost melting period. 

3.6.5.12 A representative DSM value must be selected for each pavement group to be 
evaluated. Although a section of pavement may supposedly be of the same type and 
construction, it should be treated as more than one pavement group when the DSM values 
measured in one section of the pavement are greatly different from those in another section. 
The DSM value to be assigned to a pavement group for evaluation purposes will be determined 
by subtracting one standard deviation from the statistical mean. 

3.6.5.13 Determination of allowable aircraft load. After determination and correction 
of the measurement of the DSM, the evaluation procedure depends upon the type of pavement, 
rigid or flexible. 

3.6.5.14 Rigid pavement evaluation. 

Step 1 

The corrected DSM is used to enter Figure 3-9 and determine the allowable 
single-wheel load. 

Step 2 

The radius of relative stiffness R is computed as 

h = thickness of the concrete slab, in. 

FF = foundation strength factor determined from Figure 3-10 using the 
FAA subgrade soil group cl:*ssification. 

Step 3 -- 

Using R ,  determine the load factor FL from Figure 3-11, 3-12, 3-13 or 3-14, 
depending upon the gear configuration of the aircraft for which the evaluation is being 
made. 

Multiply the allowable single-wheel load from Step 1 by the FL value 
determined from Step 3 to obtain the gross aircraft loading. 
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F i g u r e  3-9. E v a l u a t i o n  c u r v e  f o r  r i g i d  pavement 
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RADIUS OF RE!.F\TIVE STIFFNESS e ,  I & .  

Figure  3-11. FL ve r sus  R f o r  single-wheel a i r c r a f t  on r i g i d  pavement 

R A D I U S  OF R E L A T I V E  S T I F F N E S S  P ,  1%. 

Figure  3- i2 .  F ve r sus  R f o r  d u a l  wheel a i r c r a f t  on r i g i d  pavement L 
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R A D I U S  OF R E L A T I V E  STIFFNESS .f 7 IN. 

Figure  3-14. FL ve r sus  R f o r  va r ious  j e t  a i r c r a f t  on r i g i d  pavement 
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6 

Multiply the gross aircraft loading from Step 4 by the appropriate traffic 
factor from Table 3-1 to obtain the allowable aircraft gross loading for critical areas 
for the pavement being evaluated. For the case of high-speed exit taxiways, the computed 
allowable gross load should be increased by multiplying by a factor of 1.18. 

Step 6 

The allowable loading obtained from Step 5 assumes that the rigid pavement 
being evaluated is structurally sound and functionally safe. The computed allowable 
loading should be reduced if one or more of the following conditions exist at the time 
of the evaluation: 

1) the allowable l.oad should be reduced by 10 per cent if 25 per cent or 
more of the slabs show evidence of pumping; 

2) the allowable load should be reduced by 25 per cent if 30 to 50 per cent 
of the slabs have structural cracking associated with load (as opposed 
to shrinkage cracking, uncontrolled contraction cracking, frost heave, 
swelling soil, etc.). If more than 50 per cent of the slabs show 
load-induced cracking, the pavement should be considered failed; 

3) the allowable loading should be reduced by 25 per cent if there is 
evidence of excessive joint distress such as continuous spalling along 
longitudinal joints, which would denote loss of the load-transfer 
mechanism. 

Flexible pavement evaluation 

Using the DSM corrected for non-linear effects and adjusted to the standard 
temperature, determine the pavement system strength index S from Figure 3-15. 

P 

Step 2 

Using the total thickness t of flexible pavement above the subgrade, compute 
the factor F for critical pavements as 

t 

F = 0.067t 
t 

or for high-speed taxiways as 
Ft = 0.074t 

Step 3 -- 

Using Ft determined in Step 2, enter Figure 3-16 and determine the ratio of 
the subgrade strength factor SSF to the pavement system strength index Pp. 

Step 4 -- 

Compute the subgrade strength factor SSF by multiplying sSF/S~ by the 
value of Sp determined in Step I. 
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F i g u r e  3-15. E v a l u a t i o n  c u r v e  f o r  f l e x i b l e  pavement 
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Step 5 

Evaluate the pavement for any a2rcraft desired as follows: 

1) select the aircraft or aircraft main gear configuration for which 
the evaluation is being made and determine the tire contact area A 
of one wheel of the main landing gear (see Table 3-2); 

2) select the annual departure level for each aii-craft for which the 
evaluation is being made and determine the traffic factor a for 
each aircraft from Table 3-1; 

3) compute the factor F t  for each aircraft for which the evaluation is 
being made for critical pavements as 

or for high speed taxiways as 

4) enter Figure 3-16 with F and determine SSF/Sp; 
t 

5)  compute the pavement system strength index Sp for the aircraft 
being evaluated by dividing SSF determined in Step 4 by the 
ratio SSF/Sp determined in Substep 4 )  above; 

6) multiply Sp by the tire contact area A from Table 3-2 to obtain the 
equivalent single-wheel load (ESWL) of each aircraft for which the 
evaluation is being made; 

7) enter Figure 3-17, 3-18, or 3-19 with the total pavement thickness t 
and determine the percentage of ESWL for the controlling number of 
wheels of the aircraft for which the evaluation is being made, i.e., 
if the aircraft has a dual-wheel assembly with a dual spacing of 
26 in, use Curve 4  in Figure 3-17 or, if the evaluation is for the 
Boeing 747 STR aircraft, use the Boeing 747 STR curve in Figure 3-19; 

8) the allowable gross aircraft load for the pavement being evaluated 
and for the traffic volume selected is then obtained from 

Allowable gross aircraft load = 
ESWL 1 w~ 

X - X --- 
Per cent ESWL Wc 0.95 

where 

ESWL = determined by Substep 6) 

Per cent ESWL = determined by Substep 7) 



Table  3-1. T r a f f i c  F a c t o r s  f o r  F l e x i b l e  and R i g i d  Pavements 

30-kip s i n g l e  wheel  

I 45-kip s i n g l e  wheel  

I 60-kip s i n g l e  wheel  

75-kip s i n g l e  wheel  

/ 50-kip d u a l  wheel 

75-kip d u a l  wheel  

100-kip d u a l  wheel 

150-kip d u a l  wheel  

200-kip d u a l  wheel  

100-kip d u a l  tandem 

150-kip d u a l  tandem 

1 200-kip d u a l  tandem 

300-kip d u a l  tandem 

400-kip d u a l  tandem 

Boeing 727 

DC-8-63F 

Boeing 747 

DC-10-10 

T r a f f i c  f a c t o r  f o r  c i t e d  a n n u a l  d e p a r t u r e  l e v e l  f o r  20-Year d 
1 200 3 000 6 000 15 000 

F l e x i b l e  R i g i d  Flex:ible R i g i d  F l e x i b l e  R i g i d  F l e x i b l e  R i g i d  

0 .94  1 . 0 0  1 . 0 1  0 . 9 3  1 .05  0.86 1.11 0.79  

s i g n  l i f e  
25 000 

F l e x i b l e  R ig id  
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W = number of controlling wheels used to determine the per cent 
C 

ESWL from Figure 3-17, 3-18, or 3-19 

w~ = total number of wheels on all main gears of the aircraft 
(see Table 3-2) for which the evaluation is being made 
(does not include wheels on nose gear). 

3.6.5.16 Summary. The evaluation procedure presented herein is what must be referred 
to as a first generation procedure. That is, further work is under way to extend the 
applicability of this procedure, and it will be updated as appropriate. In addition, 
research is under way which will establish the NDT evaluation procedure on a more 
theoretical basis and thus further enhance its applicability. The allowable loadings 
determined using the procedure presented herein are within acceptable limits of accuracy 
as compared with those determined using other recognized evaluation procedures. This 
procedure has the added advantages of being less costly, presenting less interference to 
normal airport operations, and providing the evaluating engineer with much more data on 
which to base his decisions. Also, in addition to their utility for arriving at allowable 
aircraft loading, the DSM values are useful for qualitative comparisons between one 
pavement area and another (DSM values on flexible pavements should not be compared with 
those on rigid pavements) and for locating areas which may show early distress and which 
may warrant further investigation. As more experience is gained with the NDT techniques 
and interpretation of data, it is envisioned that many other uses of the concept will 
emerge. 

Table 3-2. Aircraft tire contact areas and total number of main gear wheels 

I 
I A i r c r a f t  

45 k i p  s i n g l e  wheel 

60 k i p  s i n g l e  wheel 

75 k i p  s i n g l e  wheel 

5 0  k i p  dua l  wheel 

75 k i p  dua l  wheel 

100 k i p  d u a l  wheel 

I50 k i p  d u a l  wheel 

200 k i p  d u a l  wheel 

T i r e  
Contact  
Area 

cm2 i n 2  

T o t a l  
Mlmber ~f 
Main Gear 
%.eels , 

A i r c r a f t  

100 k i p  dua l  tandem 

150 k ip  dua l  tandem 

200 k i p  dua l  tandem 

300 k i p  dua l  tandem 

400 k i p  dua l  tandem 

Boeing 727 

DC-8-63F 

Boeing 747 

Boeing 747 STR 

DC-10-10 

DC-10-3 

L-1011 

Concorde 
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L S W L  , PERCENT Or LOAD ON DUAL-WHELL ASSClALILY 

Figure 3-17. ESWL curves for dual wheel aircraft on flexible pavement 

Figure 3-1 8. ESWL curves for dual tandem aircraft on flexible 
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E S W L ,  P E R C E N T  O F  L O A D  ON C O r \ l T R O L L l r t G  N U M B E R  O F  WHEELS 

F igure  3-19. ESWL curves f o r  va r ious  j e t  a i r c r a f t  on f l e x i b l e  pavement 



CHAPTER 4 . -  STATE  P R A C T I C E S  FOR D E S I G N  AND 
E V A L U A T I O N  O F  PAVEMENTS 

4 . 1  Canadian p r a c t i c e  

4 . 1 . 1  Scope- 

4 . 1 . 1 . 1  T h i s  s e c t i o n  b r i e f l y  o u t l i n e s  T r a n s p o r t  Canada p r a c t i c e s  f o r  t h e  d e s i g n  
and e v a l u a t i o n  o f  a i r p o r t  pavements.  F u r t h e r  d e t a i l s  a r e  a v a i l a b l e  i n  T r a n s p o r t  Canada ' s  
t e c h n i c a l  manual s e r i e s .  The p r a c t i c e s  d e s c r i b e d  have evolved from T r a n s p o r t  C a n a d a ' s  
e x p e r i e n c e  a s  t h e  o p e r a t o r  o f  a l l  major  c i v i l  a i r p o r t s  i n  Canada. Most a i r p o r t  s i t e s  
i n  Canada a r e  s u b j e c t  t o  s e a s o n a l  f r o s t  p e n e t r a t i o n  and t h e  d e s i g n  and e v a l u a t i o n  
p r a c t i c e s  d e s c r i b e d  a r e  o r i e n t e d  t o  t h i s  t y p e  o f  environment .  The p r a c t i c e s  d e s c r i b e d  
do n o t  a p p l y  t o  pavements c o n s t r u c t e d  i n  p e r m a f r o s t  r e g i o n s  where s p e c i a l  d e s i g n  
c o n s i d e r a t i o n s  a r e  r e q u i r e d .  The p r a c t i c e s  o u t l i n e d  do n o t  cover  s e v e r a l  t o p i c s  which 
a r e  a s s o c i a t e d  w i t h  and e s s e n t i a l  t o  t h e  d e s i g n  o f  pavement s t r u c t u r e s .  I n c l u d e d  i n  
t h i s  c a t e g o r y  a r e  p r e - e n g i n e e r i n g  s t u d i e s  such  a s  s o i l s ,  m a t e r i a l s  and t o p o g r a p h i c  
s u r v e y s ,  and d e s i g n  c o n s i d e r a t i o n s  such a s  pavement embankment s t a b i l i t y  and d r a i n a g e .  
I t  shou ld  a l s o  be  n o t e d  t h a t  t h e  d e s i g n  of pavement s t r u c t u r e s  i s  o f t e n  g r e a t l y  i n f l u e n c e d  
by c o n s i d e r a t i o n s  r e l a t e d  t o  c o s t ,  c o n s t r u c t i o n  f e a s i b i l i t y  and a i r p o r t  o p e r a t i o n s .  

4 . 1 . 2  Pavement d e s i g n  p r a c t i c e s  

P a r t i a l  f r o s t  p r o t e c t i o n  

4 . 1 . 2 . 1  Unless  o t h e r w i s e  j u s t i f i e d  by a  l i f e  c y c l e  c o s t  a n a l y s i s ,  t h e  t h i c k n e s s  of 
pavements c o n s t r u c t e d  on f r o s t  s u s c e p t i b l e  subgrades  must n o t  b e  l e s s  t h a n  t h e  p a r t i a l  
f r o s t  p r o t e c t i o n  requ i rement  g iven  i n  F i g u r e  4-1. The f r o s t  s u s c e p t i b i l i t y  o f  s u b g r a d e s  
i s  a s s e s s e d  on t h e  b a s i s  of subgrade  s o i l  g r a d a t i o n  a s  shown i n  F igure  4-2. The p a r t i a l  
f r o s t  p r o t e c t i o n  requ i rement  g i v e n  i n  F igure  4-1 i s  a  f u n c t i o n  o f  s i t e  f r e e z i n g  i n d e x .  
For a  g i v e n  w i n t e r  p e r i o d ,  t h i s  i n d e x  i n  OC-days i s  c a l c u l a t e d  a s  t h e  sum of a v e r a g e  
d a i l y  t e m p e r a t u r e s  i n  O C ,  f o r  each  day over  t h e  f r e e z i n g  s e a s o n ,  w i t h  below 'I0C 
t e m p e r a t u r e s  t a k e n  a s  p o s i t i v e  and above OOC t e m p e r a t u r e s  t a k e n  a s  n e g a t i v e ,  The s i t e  
f r e e z i n g  i n d e x  used i n  F igure  4-1 i s  a  t en -yea r  a v e r a g e .  The t h i c k n e s s  r e q u i r e m e n t s  of 
F igure  4-1 a r e  n o t  s u f f i c i e n t  t o  p r e v e n t  e x c e s s i v e  d i f f e r e n t i a l  f r o s t  heav ing  when 
h i g h l y  f r o s t  s u s c e p t i b l e  s o i l s  e x i s t  i n  p o c k e t s  i n  an  o t h e r w i s e  n o n - f r o s t  s u s c e p t i b l e  
subgrade .  T h i s  s i t u a t i o n  r e q u i r e s  a d d i t i o n a l  d e s i g n  measures ,  such  a s  e x c a v a t i o n  o f  t h e  
f r o s t  s u s c e p t i b l e  s o i l  t o  a s u i t a b l e  d e p t h  and rep lacement  w i t h  m a t e r i a l  s i m i l a r  t o  t h e  
s u r r o u n d i n g  subgrade .  

F l e x i b l e  pavement d e s i g n  c u r v e s  

4 .1 .2 .2  A f l e x i b l e  pavement d e s i g n  c u r v e  f o r  a  g iven  a i r c r a f t  is a  p l o t  o f  pavement 
t h i c k n e s s  r e q u i r e d  t o  s u p p o r t  t h e  a i r c r a f t  l o a d i n g  a s  a  f u n c t i o n  o f  subgrade b e a r i n g  
s t r e n g t h .  The e q u a t i o n  u t i l i z e d  t o  g e n e r a t e  t h i s  d e s i g n  c u r v e  i s :  

S = (ESWL) ( C ~ ~ O - ~ Z ~ )  

Where : S = subgrade b e a r i n g  s t r e n g t h  (kN) a s  d i s c u s s e d  i n  4 . 1 . 3 . 3  

ESbL = e q u i v a l e n t  s i n g l e  wheel l o a d  of t h e  d e s i g n  a i r c r a f t  l o a d i n g  (kN) 

t = pavement e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  (cm) a s  d i s c u s s e d  i n  4 . 1 . 3 . 1  

c 1 ,  c2 = f a c t o r s  depending on c o n t a c t  a r e a  of ESWL, g i v e n  i n  F i g u r e  4-3.  



10 YEAR AVERAGE FREEZING INDEX lcenrbgtade degreeday31 

F i g u r e  4-1. P a r t i a l  f r o s t  p r o t e c t i o n  r e q u i r e m e n t s  

0 Ul 0 1 1 0  10 0 
PARTICLE DIAMETER f m m l  

F i g u r e  4-2. Subgrade  f r o s t  s u s c e p t i b i l i t y  
and  s p r i n g  reduction f a c t o r  (S.K. F.) 
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F i g u r e  4-3. Design e q u a t i o n  f a c t o r s  C 1  and C2 

Rig id  pavement d e s i g n  c u r v e s  

4 . 1 . 2 . 3  A r i g i d  pavement d e s i g n  c u r v e  f o r  a  g i v e n  a i r c r a f t  i s  a  p l o t  o f  c o n c r e t e  
s l a b  t h i c k n e s s  r e q u i r e d  t o  s u p p o r t  t h e  a i r c r a f t  l o a d i n g  a s  a  f u n c t i o n  o f  b e a r i n g  modulus  
of t h e  s u r f a c e  on which t h e  s l a b  r e s t s .  S l a b  t h i c k n e s s  r e q u i r e d  t o  s u p p o r t  a n  a i r c r a f t  
l o a d i n g  i s  based  on l i m i t i n g  t o  2 . 7 5  MPa t h e  f l e x u r a l  s t r e s s  o c c u r r i n g  a t  t h e  b o t t o m  
of t h e  s l a b  d i r e c r i y  unde r  t h e  c e n t r e  o f  one  t i r e  o f  t h e  a i r c r a f t  g e a r .  The stress 
c a l c u l a t i o n s  a r e  c a r r i e d  o u t  a c c o r d i n g  t o  t h e  Wes te rgaa rd  a n a l y s i s  f o r  i n t e r i o r  s l a b  
l o a d i n g  c o n d i t i o n s  u s i n g  a  computer  programme s i m i l a r  t o  t h e  one  i n  Appendix 2.  

Design c u r v e s  f o r  s t a n d a r d  g e a r  l o a d i n g s  

4 . 1 . 2 . 4  A i r p o r t  pavements a r e  u s u a l l y  d e s i g n e d  f o r  a  group o f  a i r c r a f t  h a v i n g  
s i m i l a r  l o a d i n g  c h a r a c t e r i s t i c s  r a t h e r  t h a n  f o r  a  p a r t i c u l a r  a i r c r a f t .  For  t h i s  p u r p o s e ,  
a  s e r i e s  of  1 2  s t a n d a r d  g e a r  l o a d i n g s  were d e f i n e d  t o  s p a n  t h e  r a n g e  o f  c u r r e n t  a i r c r a f t  
l o a d i n g s .  F l e x i b l e  and  r i g i d  pavement d e s i g n  c u r v e s  f o r  t h e s e  s t a n d a r d  g e a r  l o a d i n g s  
a r e  g i v e n  i n  F i g u r e s  4-5 and 4-6. To compare t h e  l o a d i n g  o f  a  p a r t i c u l a r  a i r c r a f t  t o  
t h e  s t a n d a r d  g e a r  l o a d i n g s ,  t h e  f l e x i b l e  and r i g i d  pavement d e s i g n  c u r v e s  f o r  t h e  
a i r c r a f t  a r e  supe r imposed  o v e r  t h o s e  f o r  t h e  s t a n d a r d  g e a r  l o a d i n g s .  Based on t h i s  
method o f  compar i son ,  T a b l e  4-1 l i s t s  v a r i o u s  a i r c r a f t  and t h e  s t a n d a r d  g e a r  l o a d i n g s  
t o  which t h e y  a r e  e q u i v a l e n t .  The s t a n d a r d  g e a r  l o a d i n g  which i s  e q u i v a l e n t  t o  a g i v e n  
a i r c r a f t  l o a d i n g  i s  r e f e r r e d  t o  a s  t h e  " l o a d  r a t i n g "  f o r  t h a t  a i r c r a f t  (ALR). 



SURFACE BEARING MODULUS k IMPaimI 

F i g u r e  4-4 .  S u r f a c e  b e a r i n g  s t r e n g t h  and b e a r i n g  modulus a s  a f u n c t i o n  o f  
subgrade b e a r i n g  s t r e n g t h  and pavement e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  

SUBGRADE BEARING STRENGTH S IkN 762mm QC '2 5mm defl'o 10 rep ) 

F i g u r e  4-5. F l e x i b l e  pavement d e s i g n  c u r v e s  f o r  s t a n d a r d  g e a r  l o a d i n g s  
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F i g u r e  4-6. R i g i d  pavement d e s i g n  c u r v e s  f o r  s t a n d a r d  g e a r  l o a d i n g s  

F l e x i b l e  pavement t h i c k n e s s  r e q u i r e m e n t s  

4 . 1 . 2 . 5  The s t e p s  fo l lowed  t o  de te rmine  a s p h a l t  pavement t h i c k n e s s  r e q u i r e m e n t s  a r e :  

a )  de te rmine  d e s i g n  l o a d i n g  (ALR) f o r  t h e  pavement on t h e  b a s i s  o f  
t r a f f i c  s t u d i e s  and p r o j e c t i o n s ;  

b)  de te rmine  subgrade  b e a r i n g  s t r e n g t h  a s  d i s c u s s e d  i n  4 .  i .  3 . 3  ; 

c )  de te rmine  from F i g u r e  4-5 t h e  pavement e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  
r equ i rement  f o r  t h e  d e s i g n  l o a d  r a t i n g ;  

d )  de re rmine  t h e  pavement t h i c k n e s s  r e q u i r e d  f o r  p a r t i a l  f r o s t  p r o t e c t i o n  
i n  accordance  w i t h  4 . 1 . 2 . 1 ;  and 

e )  t h e  pavement t h i c k n e s s  provided w i l l  be  a s  de te rmined  i n  c ) ,  o r  as 
de te rmined  i n  d ) ,  whichever  i s  g r c a t e r .  I n  z a k i n g  t h e  compar i son ,  
t h e  e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  de te rmined  i n  c )  must be c o n v e r t e d  
t o  a c t u a l  pavement t h i c k n e s s  a s  d i s c u s s e d  i n  4 . 1 . 3 . 1 .  



Table  4-1. Aircraft l o a d  r a t i n g s  

PRESSURE 
AIRCRAFT 

WEIGUT 
(KN I 

(&X 
(MINI  

I AIRCRAFT LOAD RATINGS (ALRI 

FLEXIBLE PAVEMENT RIGID PAVEMENT 
AT S VALUE OF (kNI AT K VALUE OF (MPa/m) 

NOMINAL 
50 90 130 I180 20 40 80 1150 

To derermtne alrcrart load ratings a t  intermed~ate wetghts, interpoiate Itnearly berween the ALR vaiues listed for m !n lmum and 
-naximum we~ghts. 

To derermtne aircraft load ratings a t  subgrade bear~ng strength i s )  or bearing moaulus l k )  other than those listed, interpoiate 
between the ALR values sliown. 
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4 . 1 . 2 . 6  The t h i c k n e s s  of pavement component l a y e r s  w i l l  depend on t i r e  p r e s s u r e s  
t o  be p r o v i d e d  f o r ,  a s  o u t l i n e d  i n  t h e  f o l l o w i n g  t a b l e .  

Pavement l a y e r  d e s i g n  t h i c k n e s s  (cm) 

Pavement 
l a y e r  

Design t i r e  p r e s s u r e  (MPa) 
l e s s  t h a n  0 .4  t o  0 .7  0 .7  t o  1 . 0  g r e a t e r  t h a n  

0 .4  1 . 0  

A s p h a l t i c  
c o n c r e t e  

C r  Gravel  o r  
C r  S t o n e  Base 

S e l e c t e d  G r a n u l a r  
Sub-base A s  n e c e s s a r y  t o  p r o v i d e  t o t a l  pavement t h i c k n e s s  r e q u i r e d  

Rig id  pavement t h i c k n e s s  r e q u i r e m e n t s  

4 .1 .2 .7  The s t e p s  fo l lowed  t o  de te rmine  r i g i d  pavement t h i c k n e s s  r e q u i r e m e n t s  a r e :  

a )  de te rmine  d e s i g n  l o a d i n g  (ALR) f o r  t h e  pavement on t h e  b a s i s  of 
t r a f f i c  s t u d i e s  and p r o j e c t i o n s ;  

b )  d e t e r m i n e  t o t a l  pavement t h i c k n e s s  r e q u i r e d  f o r  p a r t i a l  f r o s t  
p r o t e c t i o n  i n  accordance  w i t h  4 . 1 . 2 . 1 ;  

c )  e s t i m a t e  c o n c r e t e  s l a b  t h i c k n e s s  t h a t  w i l l  be  r e q u i r e d ;  

d )  de te rmine  r e q u i r e d  b a s e  t h i c k n e s s  by s u b t r a c t i n g  s l a b  t h i c k n e s s  
from t o t a l  pavement t h i c k n e s s  de te rmined  i n  b ) ;  

e )  d e t e r m i n e  b e a r i n g  modulus a t  t o p  of base  c o u r s e  a s  d i s c u s s e d  
i n  4 . 1 . 3 . 4 ;  

f )  de te rmine  c o n c r e t e  pavement s l a b  t h i c k n e s s  r e q u i r e d  f o r  t h i s  
b e a r i n g  modulus from F igure  4-6; and 

g) u s i n g  t h e  s l a b  t h i c k n e s s  de te rmined  i n  f )  a s  a  new e s t i m a t e  o f  
r e q u i r e m e n t s ,  r e p e a t  s t e p s  c )  t o  f )  u n t i l  t h e  s l a b  t h i c k n e s s  
de te rmined  i n  f )  e q u a l s  t h a t  assumed i n  c ) .  

4 . 1 . 2 . 8  The minimum b a s e  c o u r s e  l a y e r  p rov ided  i s  1 5  cm, even i f  n o t  r e q u i r e d  f o r  
f r o s t  p r o t e c t i o n .  With pavements des igned  f o r  a  l o a d  r a t i n g  of 1 2 ,  t h e  minimum b a s e  
c o u r s e  n o r m a l l y  p rov ided  i s  20 cm of  cement s t a b i l i z e d  m a t e r i a l .  These minimum 
t h i c k n e s s e s  a r e  p l a c e d  o v e r  s e l e c t e d  g r a n u l a r  sub-base m a t e r i a l  when t h i c k e r  base  
l a y e r s  a r e  r e q u i r e d  f o r  f r o s t  p r o t e c t i o n  purposes .  



C o n s t r u c t i o n  m a t e r i a l s  and s p e c i f i c a t i o n s  -- - -- - -- - 

4 . 1 . 2 . 9  The pavement d e s i g n  p r a c t i c e s  o u t l i n e d  a b o v e ,  and t h e  e v a l u a t i o n  p r a c t i c e s  
o u t l i n e d  below,  assume t h a t  t h e  pavement i s  c o n s t r u c t e d  t o  s t a n d a r d  s p e c i f i c a t i o n s  
g o v e r n i n g  t h e  q u a l i t y  o f  pavement c o n s t r u c t  i o n  m a t e r i a l s  and workmanship. I f  s t a n d a r d  
s p e c i f i c a t i o n  r e q u i r e m e n t s  a r e  n o t  m e t ,  some a d j u s t m e n t s  b a s e d  on e n g i n e e r i n g  judgement 
may be r e q u i r e d  t o  t l ie  d e s i g n  and e v a l u a t i o n  p r a c t i c e s  o u t l i n e d .  T a b l e s  4-2, 4-3 and 
4-4 p r o v i d e  some c o n s t r u c t i o n  r e q u i r e m e n t s  c o n s i d e r e d  e s s e n t i a l  t o  normal  d e s i g n  and 
e v a l u a t i o n  p r a c t i c e s .  

4 . 1 . 3  Pavement e v a l u a t i o n  p r a c t i c e s  -- 

Pavement t h i c k n e s s  and e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  -- - 

4 . 1 . 3 . 1  The e v a l u a t i o n  o f  pavement s t r u c t u r e s  f o r  a i r c r a f t  l o a d i n g s  r e q u i r e s  
a c c u r a t e  i n f o r m a t i o n  on t h e  t h i c k n e s s  o f  l a y e r s  w i t h i n  t h e  s t r u c t u r e ,  and t h e  p h y s i c a l  
p r o p e r t i e s  o f  t h e  m a t e r i a l s  i n  t h e s e  l a y e r s .  A b o r e  h o l e  s u r v e y  i s  c o n d u c t e d  t o  d e t e r m i n e  
t h i s  i n f o r m a t i o n  when i t  i s  n o t  a v a i l a b l e  from e x i s t i n g  c o n s t r u c t i o n  r e c o r d s .  E q u i v a l e n t  
g r a n u l a r  t h i c k n e s s  i s  a  t e rm a p p l i e d  t o  f l e x i b l e  pavement s t r u c t u r e s ,  and i s  t h e  b a s i s  
f o r  compar ing pavements  c o n s t r u c t e d  w i t h  d i f f e r e n t  t h i c k n e s s e s  o f  m a t e r i a l s  h a v i n g  
d i f f e r e n t  l o a d  d i s t r i b u t i o n  c h a r a c t e r i s t i c s .  The e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  i s  
computed th rough  t h e  u s e  of t h e  g r a n u l a r  e q u i v a l e n c y  f a c t o r s  f o r  pavement c o n s t r u c t i o n  
r n a t e r j a l s  l i s t e d  i n  T a b l e  4-5. The g r a n u l a r  e q u i v a l e n c y  f a c t o r  of  a  m a t e r i a l  i s  t h e  
d e p t h  o f  g r a n u l a r  b a s e  i n  c e n t i m e t r e s  c o n s i d e r e d  e q u i v a l e n t  t o  one  c e n t i m e t r e  o f  t h e  
m a t e r i a l  on t h e  b a s i s  o f  l o a d  d i s t r i h u t i o n  c h a r a c t e r i s t i c s .  The v a l u e s  g i v e n  i n  Tab le  4-5 
a r e  c o n s e r v a L i v e  and  a c t u a l  g r a n u l a r  e q u i v a l e n c y  f a c t o r s  a r e  n o r m a l l y  h i g h e r  t h a n  t h e  
v a l u e s  l i s t e d .  To d e t e r m i n e  t h e  e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  o f  f l e x i b l e  pavement  
s t r u c t u r e ,  t h e  d e p t h  o f  e a c h  l a y e r  i n  t h e  s t r u c t u r e  i s  m u l t i p l i e d  by t h e  g r a n u l a r  
e q u i v a l e n c y  f a c t o r  f o r  t h e  m a t e r i a l  i n  t h e  l a y e r .  The pavement e q u i v a l e n t  g r a n u l a r  
t h i c k n e s s  i s  t h e  sum o f  t h e s e  c o n v e r t e d  l a y e r  t h i c k n e s s e s .  

Tab1.e 4-2. Compaction r e q u i r e m e n t s  

Layer 

Embankment Fi l l  

cohesive soii 

non-cohesive soil 

Subgrade Surface. 11 ) 

cohesive soil 

non-cohesive soil 

Sub-Base 

Base Course 

Asphalttc Concrete 

Reference 
Density 

ASTM D 1557 

ASTM D 1557 

ASTM D 1557 

ASTM D 1557 

ASTM D 1557 

ASTM D 1557 

ASTM D 1559 

Compacrion Required 
76 of  Reference 

Density 

Yore: (1 compact ion of subgrade surface i s  specified 15mm deep In 
cohesive soii and 30mm deep In non-cohesive soil. 
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Table 4-3.  Asphaltic and Portland cement 
concrete mix requirements 

Table 4-4. Aggregate requirements 

Marshall Flow lndex 

Vo~ds  In M~neral Aggregate 

12 5mm max sued aggregate 

I Crushed Content 
i% mini  

WaterJCement Ratlo 

Avg 28 Day Flexural Strength IMPa) 

Slump (mm) 

Entra~ned Air Content ("6) 

I Liquid Limit 
1% maxi / 0421  1 25 

1 Plastrcity Index 
1% rnax) 

4 0 

10 

4 

0 45 

40 

6 

i i I I 1 

Abrasion Loss 
i% rnax) ~ 1 3 1 1 2 )  50 25 25 

t I I 

Soundness Loss 
(% max) 

12 coarse agg. 
16 fine agg. 

Sand Equivalent 
1% min) 

NOTES: 

i ?  I Crushed dggiegate not necessary for bases under P.C.C. s!ab 

02419 - 

1 (21 Text rretnod C131 - use gradation 'A' for base course and gradatton '9' for I asphaltic concrere aggregate. 

- 50 50 



Table  4-5. Granu la r  e q u i v a l e n c y  f a c t o r s  

I 

Pavement Matertal 

Selected granular sub-base 

Crushed gravel or stone base 

Waterbound Macadam base 

B~tuminous stabillzed base 

Cement stabtlized base 

Asphalttc concrete (good condition) 

Asphaltic concrete (poor condltton) 

Portland cement concrete (good condtt~on) 

Portland cement concrete ( f a ~ r  condltton) 

Portland cement concrete (poor condltton) 

Granular 
Equivalency 

Factor 

Table  4-6.  T y p i c a l  subgrade b e a r i n g  s t r e n g t h s  

1 Subgrade Soli Type 

GW - well graded gravel 

GP - poorly graded gravel 

GM - gravel with silty fines 

GC - gravel with clay fines 

SW - well graded sand 

SP - poorly graded sand 

SM - sand with siity fines 

SC - sand w ~ t h  clay fines 

ML - slit w ~ t h  low iiquid l i m ~ t  

C L .  clay wcth iow liquid l i m ~ t  

MH - srir wlth Llrgh l i q u ~ d  l imit 

CH - clay w ~ t h  h ~ g h  l i q u ~ d  l imit 

Usual 
Spring 

Reduction 
% 

Subgrade Bearing Strength 
(KN I 

Fall 
Design Vaiue 

Range Fail Spring 

290400 290 290 

180-335 220 200 

135-335 135 

170-245 1 1 170 
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Pavement b e a r i n g  s t r e n g t h  measurements 

4 . 1 . 3 . 2  T r a n s p o r t  Canada p r a c t i c e  i s  t o  conduc t  measurements o f  b e a r i n g  s t r e n g t h  
on t h e  s u r f a c e  of f l e x i b l e  pavements.  T e s t i n g  i s  n o t  conducted u n t i l  a t  l e a s t  two y e a r s  
a f t e r  c o n s t r u c t i o n  t o  pe rmi t  subgrade  m o i s t u r e  c o n d i t i o n s  t o  r e a c h  a n  e q u i l i b r i u m  s t a t e .  
The b e a r i n g  s t r e n g t h  of r i g i d  pavements i s  n o t  normal ly  measured,  as s t r e n g t h s  c a l c u l a t e d  
on t h e  b a s i s  o f  s l a b  t h i c k n e s s  and e s t i m a t e d  b e a r i n g  modulus a r e  c o n s i d e r e d  s u f f i c i e n t l y  
a c c u r a t e .  The s t a n d a r d  measure of b e a r i n g  s t r e n g t h  i s  t h e  l o a d  i n  k i l o n e w t o n s  which  
w i l l  produce a  d e f l e x i o n  o f  1 2 . 5  mm a f t e r  10 r e p e t i t i o n s  of l o a d i n g ,  when t h e  l o a d  i s  
a p p l i e d  t h r o u g h  a  r i g i d  c i r c u l a r  p l a t e  762 mm i n  d i a m e t e r .  T h i s  d e f i n i t i o n  a p p l i e s  f o r  
subgrade  b e a r i n g  s t r e n g t h  a s  w e l l  a s  f o r  measurements conducted a t  t h e  s u r f a c e  o f  a  
f l e x i b l e  pavement. I n  a c t u a l  p r a t i c e ,  a  v a r i e t y  o f  t e s t  methods a r e  employed t o  measure  
b e a r i n g  s t r e n g t h .  These methods i n c l u d e  bo th  r e p e t i t i v e  and n o n - r e p e t i t i v e  p l a t e  l o a d  
t e s t  p r o c e d u r e s  i n  which a  v a r i e t y  o f  b e a r i n g  p l a t e  s i z e s  may b e  used .  Benkelman beam 
t e s t i n g  p r o c e d u r e s  may b e  employed i n  p l a c e  of p l a t e  l o a d  t e s t i n g  a t  s m a l l  a i r p o r t s  
i n t e n d e d  t o  s e r v e  l i g h t  a i r c r a f t  o n l y .  T r a n s p o r t  Canada document AK-68-31 "Pavement 
E v a l u a t i o n  - Bear ing  S t r e n g t h "  d e t a i l s  t h e  t e s t  methods which may be  u s e d ,  and p r o v i d e s  
c o r r e l a t i o n s  f o r  c o n v e r t i n g  t h e  r e s u l t s  o f  t h e s e  t e s t  methods t o  t h e  s t a n d a r d  measure  
of b e a r i n g  s t r e n g t h  d e f i n e d  above.  

Subgrade b e a r i n g  s t r e n g t h  

4 . 1 . 3 . 3  When a  b e a r i n g  s t r e n g t h  measurement h a s  been made on t h e  s u r f a c e  o f  
f l e x i b l e  pavement,  and t h e  e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  o f  t h e  pavement s t r u c t u r e  i s  
known, t h e  subgrade  b e a r i n g  s t r e n g t h  a t  t h a t  l o c a t i o n  may be  e s t i m a t e d  from F i g u r e  4-4. 
Subgrade b e a r i n g  s t r e n g t h  v a r i e s  from l o c a t i o n  t o  l o c a t i o n  th roughou t  a  pavement a r e a .  
I n  pavements s u b j e c t  t o  s e a s o n a l  f r o s t  p e n e t r a t i o n ,  v a r i a t i o n  a l s o  o c c u r s  w i t h  t i m e  o f  
y e a r ,  w i t h  t h e  lowes t  v a l u e s  r eached  d u r i n g  t h e  s p r i n g  thaw p e r i o d .  The subgrade  b e a r i n g  
s t r e n g t h  used t o  c h a r a c t e r i z e  a  pavement a r e a  i s  t h e  lower  q u a r t i l e ,  s p r i n g  r e d u c e d  v a l u e .  
The lower  q u a r t i l e  v a l u e  of s e v e r a l  b e a r i n g  s t r e n g t h  measurements made th roughou t  a  
pavement a r e a  i s  t h a t  v a l u e  f o r  which 75 p e r  c e n t  o f  t h e  measurements a r e  g r e a t e r  i n  
magni tude.  It i s  c a l c u l a t e d  a s  x  - 0 . 6 7 5 s ,  where x i s  t h e  a v e r a g e  o f  measurements made 
and s i s  t h e i r  s t a n d a r d  devi- ;  i o n .  For pavements s u b j e c t  t o  s e a s o n a l  f r o s t  p e n e t r a t i o n ,  
s p r i n g  thaw c o n d i t i o n s  a r e  e s t i m a t e d  by a p p l y i n g  a  r e d u c t i o n  f a c t o r  t o  lower  q u a r t i l e  
subgrade  b e a r i n g  s t r e n g t h s  d e r i v e d  from summer and f a l l  measurements.  The r e d u c t i o n  
f a c t o r  a p p l i e d  depends on g r a d a t i o n  of t h e  subgrade  s o i l  a s  shown i n  F igure  4-2,  a n d  
t y p i c a l  s p r i n g  r e d u c t i o n  f a c t o r s  based on s o i l  c l a s s i f i c a t i o n  a r e  l i s t e d  i n  Tab le  4-6. 
When t h e  ground w a t e r  t a b l e  is w i t h i n  1 met re  of t h e  pavement s u r f a c e ,  t h e  s p r i n g  r e d u c t i o n  
f a c t o r s  l i s t e d  i n  Tab le  4-6 a r e  i n c r e a s e d  by 1 0  f o r  each s o i l  t y p e .  Subgrade b e a r i n g  
s t r e n g t h s  a r e  normal ly  e s t a b l i s h e d  a t  e x i s t i n g  a i r p o r t s  th rough  b e a r i n g  s t r e n g t h  measure-  
ment programmes. Subgrade b e a r i n g  s t r e n g t h  v a l u e s  d e r i v e d  from measurements a r e  u s e d  
when d e s i g n i n g  new pavement f a c i l i t i e s  a t  t h e  a i r p o r t  p rov ided  subgrade  s o i l  c o n d i t i o n s  
a r e  s i m i l a r  th roughou t  t h e  s i t e .  When d e s i g n i n g  o r  e v a l u a t i n g  pavements a t  a n  a i r p o r t  
where s t r e n g t h  measurements have n o t  been made, a  v a l u e  of subgrade  b e a r i n g  s t r e n g t h  
i s  s e l e c t e d  from Tab le  4-6 on t h e  b a s i s  o f  subgrade  s o i l  c l a s s i f i c a t i o n .  
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4 . 1 . 3 . 4  R e a r i n g  modulus i s  b a s e d  on t h e  l o a d  i n  meganewtons which w i l l  p r o d u c e  a  
d e f l e c t i o n  o f  1 . 2 5  mnm when t h e  l o a d  i s  a p p l i e d  t h r o u g h  a  r i g i d  c i r c u l a r  p l a t e  762 mm i n  
d i a m e t e r ,  T h i s  l o a d  i s  t h e n  d i v i d e d  by t h e  v o l u m e t r i c  d i s p l a c e m e n t  o f  t h e  p l a t e  a t  t h i s  
d e f l e c t i o n  (0 .57  x  10-3 m3) t o  compute b e a r i n g  modulus i n  u n i t s  of  m e g a p a s c a l s  p e r  m e t r e .  
R i g i d  pavement b e a r i n g  modulus i s  t h e  b e a r i n g  modulus a t  t h e  s u r f a c e  o f  t h e  b a s e  c o u r s e  
on which  t h e  c o n c r e t e  s l a b  r e s t s .  I t  i s  r a r e l y  measured d i r e c t l y  f o r  pavement d e s i g n  
o r  e v a l u a t i o n  p u r p o s e s .  I n s t e a d ,  b e a r i n g  modulus a t  t h e  t o p  o f  t h e  b a s e  c o u r s e  i s  
e s t i m a t e d  from F i g u r e  4-4 on t h e  b a s i s  of a  s u b g r a d e  b e a r i n g  s t r e n g t h  d e t e r m i n e d  a s  
d i s c u s s e d  i n  4 . 1 . 3 . 3 ,  and t h e  e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  o f  sub-base  and b a s e  c o u r s e  
p r o v i d e d  between s u b g r a d e  and c o n c r e t e  s l a b .  

Pavement s t r e n g t h  r e p o r t i n g  

4 . 1 . 3 . 5  The two p a r a m e t e r s  g o v e r n i n g  s t r e n g t h  o f  a  f l e x i b l e  pavement a r e  pavement 
e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  ( t )  a s  d i s c u s s e d  i n  4 . 1 . 3 . 1  and s u b g r a d e  b e a r i n g  s t r e n g t h  ( S )  
a s  d i s c u s s e d  i n  4 . 1 . 3 . 3 .  Pavement s t r e n g t h  i s  r e p o r t e d  i n  t e r m s  o f  t h e  Pavement Load 
R a t i n g  (PLR) wliich i s  d e t e r m i n e d  by p l o t t i n g  t h e  p o i n t  on F i g u r e  4-5 u s i n g  t h e  pavement 
t and  S v a l u e s  a s  c o - o r d i n a t e s .  The l o a d  r a t i n g  r e p o r t e d  f o r  t h e  pavement i s  t h e  
n u m e r i c a l  v a l u e  o f  t h e  s t a n d a r d  g e a r  l o a d i n g  whose d e s i g n  c u r v e  f a l l s  i m m e d i a t e l y  above 
t h i s  p o i n t .  The two p a r a m e t e r s  g o v e r n i n g  t h e  s t r e n g t h  o f  a  r i g i d  pavement a r e  b e a r i n g  
modulus (lc) a s  d i s c u s s e d  i n  4 . 1 . 3 . 4 ,  and c o n c r e t e  s l a b  t h i c k n e s s  (h )  . These  v a l u e s  a r e  
p l o t t e d  on F i g u r e  4-6 t o  d e t e r m i n e  t h e  l o a d  r a t i n g  o f  r i g i d  pavements  i n  a  manner  s i m i l a r  
t o  t h a t  f o r  f l e x i b l e  pavements .  A t i r e  p r e s s u r e  r e s t r i c t i o n  may be  a p p l i e d  t o  f l e x i b l e  
pavements .  The r e s t r i c t i o n  a p p l i e d  i s  t h e  t i r e  p r e s s u r e  f o r  which t h e  pavement  a s p h a l t  
and b a s e  c o u r s e  t h i c k n e s s e s  s a t i s f y  d e s i g n  r e q u i r e m e n t s ,  a s  g i v e n  i n  4 . 1 . 2 . 6 .  NO t i r e  
p r e s s u r e  r e s t r i c t i o n s  a r e  a p p l i e d  f o r  c o n c r e t e  pavements .  A i r c r a f t  h a v i n g  a  l o a d  
r a t i n g  (ALR) and t i r e  p r e s s u r e  e q u a l  t o  o r  l e s s  t h a n  t h e  v a l u e s  r e p o r t e d  f o r  a  pavement 
s t r u c t u r e  a r e  a u t h o r i z e d  t o  o p e r a t e  on t h e  pavement w i t h o u t  r e s t r i c t i o n .  P r o p o s e d  
o p e r a t i o n s  by a n  a i r c r a f t  w i t h  a  l o a d  r a t i n g  o r  t i r e  p r e s s u r e  e x c e e d i n g  r e p o r t e d  v a l u e s  
m m t  be r e f e r r e d  t o  t h e  a i r p o r t  o p e r a t i n g  a u t h o r i t y  f o r  an  e n g i n e e r i n g  and management 
a s s e s s m e n t .  

Composi te  pavement s t r u c t u r e s  

4 . 1 . 3 . 6  A compos i t e  pavement s t r u c t u r e  is  c r e a t e d  when a n  e x i s t i n g  pavement  
s t r u c t u r e  i s  o v e r l a i d  f o r  s t r e n g t h e n i n g  o r  r e s u r f a c i n g  p u r p o s e s .  Composite pavement  
s t r u c t u r e s  a r e  e v a l u a t e d  a s  f l e x i b l e  o r  r i g i d  pavements i n  a c c o r d a n c e  w i t h  t h e  
p r o c e d u r c s  below. 

a )  Aspllal t o v e r l a y  on f l e x i b l e  pavement 

A f l e x i b l e  pavement o v e r l a i d  w i t h  a d d i t i o n a l  a s p h a l t  pavement 
l a v e r s  i s  e v a l u a t e d  a s  a  f l e x i b l e  pavement h a v i n g  an  e q u i v a l e n t  
g r a n u l a r  t h i c k n e s s  d e t e r m i n e d  a s  o u t l i n e d  i n  4 . 1 . 3 . 1 .  

b )  A s p h a l t  o v e r l a y  on r i g i d  pavement 

A r i g i d  pavement r e c e i v i n g  an  a s p h a l t  o v e r l a y  l e s s  t h a n  25 c m  i n  
t h i c k n e s s  i s  e v a l u a t e d  a s  a  r i g i d  pavement ,  w i t h  t h e  c o n c r e t e  s l a b  
and a s p h a l t  o v e r l a y  t h i c k n e s s  c o n v e r t e d  t o  an  e q u i v a l e n t  s i n g l e  
s l a b  t h i c k n e s s  a s  g i v e n  i n  F i g u r e  4-7. A r i g i d  pavement r e c e i v i n g  
an  a s p h a l i  o v e r l a y  g r e a t e r  t h a n  25 c m  i n  t h i c k n e s s  i s  e v a l u a t e d  
a 5  a  f l e x i b l e  pavement w i t h  an  e q u i v a l e n t  g r a n u l a r  t h i c k n e s s  
de re rmined  a s  o u ~ i i n e d  i n  4 .  i . 3 . l .  
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c )  C o n c r e t e  o v e r l a y  on f l e x i b l e  pavement 

A f l e x i b l e  pavement o v e r l a i d  w i t h  a  c o n c r e t e  s l a b  i s  e v a l u a t e d  a s  
a  r i g i d  pavement w i t h  t h e  f l e x i b l e  pavement s t r u c t u r e  f o r m i n g  t h e  
b a s e  f o r  t h e  c o n c r e t e  s l a b .  

d )  C o n c r e t e  o v e r l a y  on r i g i d  pavement 

A r i g i d  pavement o v e r l a i d  by a c o n c r e t e  s l a b  i s  e v a l u a t e d  a s  a  
r i g i d  pavement w i t h  t h e  two s l a b s  c o n v e r t e d  t o  a n  e q u i v a l e n t  
s l a b  t h i c k n e s s  a s  g i v e n  i n  F i g u r e  4-7, e x c e p t  when a  s e p a r a t i o n  
c o u r s e  g r e a t e r  t h a n  1 5  cm i s  p l a c e d  between t h e  two s l a b s .  When a 
s e p a r a t i o n  c o u r s e  g r e a t e r  t h a n  1 5  cm i n  t h i c k n e s s  i s  u s e d ,  t h e  u p p e r  
s l a b  i s  c o n s i d e r e d  t o  a c t  i n d e p e n d e n t l y  a s  a  s i n g l e  s l a b  w i t h  t h e  
lower  s l a b  fo rming  p a r t  o f  t h e  b a s e .  

S u r f a c e  c o n d i t i o n  e v a l u a t i o n  

4 . 1 . 3 . 7  I n  a d d i t i o n  t o  pavement b e a r i n g  s t r e n g t h  e v a l u a t i o n  and r e p o r t i n g ,  a i r p o r t  
pavements  a r e  s u b j e c t  t o  a n  e v a l u a t i o n  o f  s u r f a c e  c o n d i t i o n s  y e a r l y  a t  i n t e r n a t i o n a l  
a i r p o r t s  and b i e n n i a l l y  a t  o t h e r  a i r p o r t s .  The s u r f a c e  c o n d i t i o n  e v a l u a t i o n  programme 
c o n s i s t s  o f  a  v i s u a l l y  b a s e d  s t r u c t u r a l  c o n d i t i o n s  s u r v e y ,  and q u a n t i t a t i v e  measu remen t s  
of  r o u g h n e s s  and  f r i c t i o n  l e v e l s  on  runway s u r f a c e s .  

4 . 1 . 3 . 8  S t r u c t u r a l  c o n d i t i o n  s u r v e y s  a r e  conduc ted  by a n  e x p e r i e n c e d  pavemen t s  
e n g i n e e r  o r  t e c h n i c i a n  who v i s u a l l y  i n s p e c t s  t h e  pavements  and r e p o r t s  on  t h e  e x t e n t  
and s e v e r i t y  o f  o b s e r v e d  pavement d e f e c t s  and d i s t r e s s  f e a t u r e s .  On t h e  b a s i s  o f  
t r a f f i c  l e v e l s  and o b s e r v e d  d e f e c t s  and d i s t r e s s  f e a t u r e s ,  a n  e s t i m a t e  i s  a l s o  p r o v i d e d  
f o r  t h e  y e a r  i n  which pavement r e h a b i l i t a t i o n  s h o u l d  be  programmed. A t y p i c a l  s t r u c t u r a l  
c o n d i t i o n  s u r v e y  r e p o r t  i s  shown i n  F i g u r e  4-8. 

4 . 1 . 3 . 9  Runway r o u g h n e s s  measurements  a r e  conduc ted  w i t h  a  Roadmeter,  a  d e v i c e  
which r e c o r d s  v e r t i c a l  movements i n  a n  a u t o m o b i l e  a s  t h e  v e h i c l e  i s  d r i v e n  a l o n g  t h e  
runway a t  80  km/h. Roadmeter r e a d i n g s  a r e  c o n v e r t e d  t o  a  R i d i n g  Comfort  I n d e x  on a 
s c a l e  o f  0  t o  LO and  p l o t t e d  a s  shown i n  F i g u r e  4-9 t o  p r o v i d e  a  r e c o r d  o f  runway 
roughness  development  w i t h  t i m e .  The runway roughness  pe r fo rmance  c h a r t  i l l u s t r a t e d  
i n  F i g u r e  4-9 i s  used  t o  a s s e s s  when e x c e s s i v e  roughness  l e v e l s  r e q u i r i n g  r e h a b i l i t a t i o n  
w i l l  b e  r e a c h e d .  

4 . 1 . 3 . 1 0  Runway s u r f a c e  f r i c t i o n  measurements  (normal  w e t  s t a t e )  a r e  c u r r e n t l y  
conduc ted  w i t h  a  SAAB S u r f a c e  F r i c t i o n  T e s t e r .  Measurements a r e  conduc ted  a t  a  v e h i c l e  
speed o f  65 km/h u s i n g  a  t r e a d e d  m e a s u r i n g  t i r e  i n f l a t e d  t o  0 . 2 1  MPa p r e s s u r e .  The 
runway s u r f a c e  f r i c t i o n  p r o f i l e s  o b t a i n e d  from t h e s e  measurements ,  a s  i l l u s t r e d  i n  
F i g u r e  4-10,  a r e  u s e d  t o  d e t e r m i n e  t h e  need f o r  s u r f a c e  t e x t u r i n g  o r  r u b b e r  r emova l  
programmes. 
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Figure 4-7. Equivalent single slhb thickness 
of overlaid concrete slab 
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P a r t  3.- Pavements 3-7 7 

Is1 Measurements rspe8fsble only to wtthxn M.5 RCI uncrr. 

lb) Maeruremenrr made ln rummor: surface roughness may lncrsssa durtng wlnrcr. 

lei Shonsr wsvelength roughness only reflected lo msaruremantr; separate Profile anslynlr iaqutred ro daect  Ionper wavelength roughneu lrse AU-68.331. 

F i g u r e  4-9. Runway roughness  performance c h a r t  

I AiRPCRT MONTREAL IOowaIl I RUNWAY 0% 2CR I 

! RUNWAY CHAINAGE I 

CORRECTIVE ACTION REQUIREMENTS - 
,a! If any 1Wm 9ecrion average u r  0.5. correaim anion orogrammed in plann!ng perlad 

Ibl If any 1Wm ranion average u '0 3.  corrective cnlan raKen In current year 

1 ~ 1  i f  runway average p -  0 4 ,  a~rcrsfi oosraton advtred and corrensve anion rsksn tn CurrEnt Year 

F i g u r e  4-10. Runway c o e f f i c i e n t  of  f r i c t i o n  p r o f i l e  
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4.2 

4.2.1 Genera l  

4.2.1.1 D e f i n i t i o n s  

a >  A pavement normal ly  comprises  t h e  f o l l o w i n g  
f rom t o p  t o  bottom: 

- a  " s u r f a c e  l a y e r "  c o n s i s t i n g  of a  "wearing course"  and p o s s i b l y  a  
" b i n d e r  course";  

- a  "base";  

- a  "sub-base"; and 

- p o s s i b l y  a  lower  sub-base o r  a n  improved subgrade.  

- A " f l e x i b l e  s t r u c t u r e "  c o n s i s t s  o n l y  of c o u r s e s  of m a t e r i a l s  t h a t  have  
n o t  been bound o r  t r e a t e d  w i t h  hydrocarbon b inders .  

- a  " r i g i d  s t r u c t u r e "  o f f e r s  a  wear ing  c o u r s e  made up of a p o r t l a n d  
cement s l a b ;  

- a  "semi-r igid  s t r u c t u r e "  comprises  a  base  t r e a t e d  w i t h  hydrocarbon  
b i n d e r s ;  and 

- a  "composite ( o r  mixed) s t r u c t u r e "  r e s u l t s  from r e i n f o r c i n g  a  r i g i d  
s t r u c t u r e  w i t h  a  f l e x i b l e  o r  semi- r ig id  s t r u c t u r e .  

C)  For t h e  s a k e  of s i m p l i f i c a t i o n  a  d i s t i n c t i o n  i s  made 
h e r e i n a f t e r  only betrween t h e  two major pavement t y p e s ,  r e f e r r e d  t o  i n  
g e n e r a l  terms a s  fo l lows :  

- " f l e x i b l e  pavements" i n c l u d e  f l e x i b l e  and s e m i - r i g i d  s t r u c t u r e s ,  as 
w e l l  a s  c e r t a i n  t y p e s  of composi te  s t r u c t u r e s  (e.g., a  fo rmer ly  r i g i d ,  
bad ly  c racked  pavement r e i n f o r c e d  w i t h  m a t e r i a l  t r e a t e d  w i t h  hydro-  
ca rbon  b i n d e r s ) ;  and 

- " r i g i d  pavements" i n c l u d e  r i g i d  s t r u c t u r e s  and c e r t a i n  t y p e s  of 
coinposite s t r u c t u r e s  (e.g., a  r i g i d  pavement renewed by a p p l y i n g  a  
wear ing  c o u r s e  t r e a t e d  w i t h  hydrocarbon b i n d e r s ) .  

d >  The " b e a r i n g  s t r e n g t h "  o r  " b e a r i n g  c a p a c i t y "  i s  t h e  
a b i l i t y  of a  pavement t o  a c c e p t  t h e  l o a d s  imposed by a i r c r a f t  w h i l e  
m a i n t a i n i n g  i t s  s t r u c t u r a l  i n t e g r i t y .  

e )  Pavement l i f e .  This is t h e  p e r i o d  a t  t h e  end of which t h e  b e a r i n g  
s t r e n g t h  of t h e  pavement becomes inadequa te  t o  bear ,  w i t h o u t  r i s k ,  t h e  
same t r a f f i c  i n  t h e  c o u r s e  of t h e  f o l l o w i n g  y e a r ,  t h u s  n e c e s s i t a t i n g  a  
g e n e r a l  re in forcement  o r  a  r e d u c t i o n  i n  t r a f f i c .  The "normal l i f e "  of 
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a  pavement i s  t e n  y e a r s  and  pavements a r e  g e n e r a l l y  d e s i g n e d  f o r  t h a t  
p e r i o d .  Kowever, i n  t h e  c i r c u m s t a n c e s  d e s c r i b e d  l a t e r  on  i n  t h e s e  
g u i d e l i n e s ,  a n o t h e r  v a l u e  may be e s t a b l i s h e d  f o r  t h e  l i f e  o f  a  
pavement. 

f )  T r a f f i c  

- One "movement ( a c t u a l ) "  i s  t h e  a p p l i c a t i o n  t o  t h e  pavement of a  l o a d  
by a n  a c t u a l  u n d e r c a r r i a g e  l e g  d u r i n g  one manoeuvre ( t a k e - o f f  , 
l a n d i n g ,  t a x i i n g ) .  The number of a c t u a l  movements i s  g e n e r a l l y  
h i g h e r  t h a n  t h e  number of  movements accoun ted  f o r  by t h e  o p e r a t o r  
( take-of  f  s and l a n d i n g s  ). 

- An " a c t u a l  l o a d  P" i s  t h e  l o a d  a c t u a l l y  a p p l i e d  by a n  a i r c r a f t  
u n d e r c a r r i a g e  leg.  

- "Actual  t r a f f i c "  c o n s i s t s  of d i f f e r e n t  movements of v a r y i n g  a c t u a l  
l o a d s  a p p l i e d  by a c t u a l  u n d e r c a r r i a g e  l e g s  of  d i f f e r e n t  c a t e g o r i e s .  

- The "normal d e s i g n  l o a d  P" i s  t h e  l o a d  t a k e n  i n t o  a c c o u n t  i n  
f o r m l a s  o r  g r a p h s  f o r  t h e  purpose of d e s i g n i n g  t h e  pavement.  It 
may be "weighted" o r  n o t ,  depending on t h e  f u n c t i o n  of t h e  pavement 
invo lved .  

- "Normal t r a f f i c "  i s  t r a f f i c  c o n s i s t i n g  of t e n  movements p e r  day by 
t h e  a i r c r a f t  p r o d u c i n g  t h e  d e s i g n  l o a d  o v e r  a n  e x p e c t e d  pavement 
l i f e  of a t  l e a s t  t e n  y e a r s .  

- The " a l l o w a b l e  l o a d  Po" of a  pavement i s  t h e  l o a d  on a n  u n d e r -  
c a r r i a g e  l e g  ( a c t u a l  o r  f i c t i t i o u s )  c a l c u l a t e d  a c c o r d i n g  t o  t h e  
d e s i g n  concep t  a s  b e i n g  a l l o w a b l e  a t  t h e  r a t e  of t e n  movements p e r  
day o v e r  t e n  y e a r s .  

- An " e q u i v a l e n t  movement" is  t h e  a p p l i c a t i o n  of a  r e f e r e n c e  l o a d  by 
an u n d e r c a r r i a g e  l e g  ( a c t u a l  o r  f i c t i t i o u s ) .  

- "Equiva len t  t r a f f i c "  cor responds  t o  a c t u a l  t r a f f i c  r e d u c e d  t o  a 
number of e q u i v a l e n t  movements. 

- The " p o t e n t i a l "  of a  pavement on a  g i v e n  d a t e  i s  r e p r e s e n t e d  by t h e  
number of  e q u i v a l e n t  movexnents which i t  can  a c c e p t  d u r i n g  i t s  
r e s i d u a l  l i f e .  

- "optimized d e s i g n "  ( o r  op t imized  d e s i g n  method): d e s i g n  which  t a k e s  
i n t o  accoun t  a l l  a i r c r a f t  t y p e s  h a v i n g  a  s i g n i f i c a n t  e f f e c t  on t h e  
pavement. This  method i s  p r e f e r a b l e  i f  s u f f i c i e n t l y  r e l i a b l e  and 
a c c u r a t e  t r a f f i c  f o r e c a s t s  a r e  a v a i l a b l e  th roughout  t h e  e x p e c t e d  
l i f e  of t h e  pavement. 
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- " g e n e r a l  d e s i g n ' ' ( o r  g e n e r a l  d e s i g n  method): d e s i g n  i n  terms o f  a  
r e f e r e n c e  l o a d  which t h e  pavement must s u p p o r t .  I n  p r a c t i c e ,  t h i s  
method i s  mainly u s e d  a t  t h e  l e v e l  of p r e l i m i n a r y  s t u d i e s  o r  i n  t h e  
absence  of a c c u r a t e  d a t a .  The r e f e r e n c e  l o a d  is  e v a l u a t e d  i n  terms 
of  t h e  a n t i c i p a t e d  u t i l i z a t i o n  of t h e  aerodrome, t h e  c h a r a c t e r i s t i c s  
of a i r c r a f t  i n  s e r v i c e  o r  a t  t h e  p l a n n i n g  s t a g e ,  and t h e  s p e c i f i c  
r o l e  of t h e  pavement i n  q u e s t i o n .  

a )  A i r c r a f t  mass. There is  a  need t o  l i s t  f o r  each  a i r c r a f t :  

- i n  t h e  c a s e  of t h e  g e n e r a l  d e s i g n  method: t a k e a f f  mass 

- i n  t h e  c a s e  of t h e  op t imized  d e s i g n  method: t ake-of f  mass, l a n d i n g  
mass 

C o l l e c t i o n  of d a t a  on t h e  mass of t h e  v a r i o u s  a i r c r a f t  t o  be c o n s i d e r e d  i n  
a  d e s i g n  i s  a  d i f f i c u l t  t a s k  b e a r i n g  i n  mind: 

- t h e  v a r i a t i o n s  i n  pay load  

- t h e  u n c e r t a i n t y  of f o r e c a s t i n g  t r a f f i c  compos i t ion  ( a i r c r a f t ,  
s t a g e s )  and developments i n  r e g a r d  t o  a i r c r a f t  f l e e t s .  

For t h e  purpose oE s t u d y i n g  a n  op t imized  d e s i g n ,  one u s e f u l  method 
c o n s i s t s  o f  e s t a b l i s h i n g  mass h i s tograms  i n  r e s p e c t  of e a c h  a i r c r a f t .  S e l e c t i n g  a 
c a t e g o r y  wid th  of 1 / 2 0 t h  of t h e  maximum mass p r o v i d e s  s u f f i c i e n t  accuracy.  

b )  Wheel assembly mounted on one l e g .  The comple te  
s e t  of u n d e r c a r r i a g e  l e g s  c o n s t i t u t e s  t h e  u n d e r c a r r i a g e .  A " t y p i c a l  
u n d e r c a r r i a g e  l e g "  which i s  r e p r e s e n t a t i v e  of e a c h  of t h e  t h r e e  most  
widely used c a t e g o r i e s  of u n d e r c a r r i a g e s  ( s i n g l e  wheel, d u a l  w h e e l s ,  
d u a l  tandem whee ls )  i s  i n t r o d u c e d .  The c h a r a c t e r i s t i c s  of t h e  t y p i c a l  
u n d e r c a r r i a g e  l e g s  a r e  a s  fo l lows :  

T y p i c a l  Track 
u n d e r c a r r i a g e  l e g  (em) 

Base 
(em) 

S i n g l e  wheel - - ...- 

Dual wheels 7 0 -- 

Dual tandem wheels 7 5 1 40 

T i r e  
p r e s s u r e  

0,6 MPa 

0.9 MPa 

1.2 MPa 

1) S t a t i c  d i s t r i b u t i o n .  The o v e r - a l l  d i s t r i b u t i o n  of t h e  a i r c r a f t  
mass between t h e  nose  l e g  and t h e  main u n d e r c a r r i a g e  l e g s  is 
dependent upon t h e  l o a d  d i s t r i b u t i o n  of t h e  a i r c r a f t  ( i . e . , t h e  
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p o s i t i o n  of t h e  c e n t r e  of g r a v i t y )  and v a r i e s  l i t t l e .  I n  t h e  
absence  of d a t a ,  one would assume t h a t  t h e  d i s t r i b u t i o n  i s  10 p e r  
c e n t  on t h e  n o s e  l e g  (maximm forward  l o a d  d i s t r i b u t i o n )  95 p e r  
c e n t  on t h e  main u n d e r c a r r i a g e  l e g s  (maximum rearward l o a d  
d i s t r i b u t i o n )  f o r  c o n v e n t i o n a l  u n d e r c a r r i a g e s .  

2  The e f f e c t  of b r a k i n g  a c t i o n  i s  n o t  t a k e n  i n t o  
accoun t  i n  d e s i g n i n g  pavements. It p l a y s  a r o l e  on ly  i n  s p e c i f i c  
s t u d i e s  (example: s t r u c t u r e s  u n d e r n e a t h  t h e  runway). 

d )  Loads used i n  t h e  c a l c u l a t i o n s .  I n  t h e  c a s e  of t h e  u n d e r c a r r i a g e s  of 
c u r r e n t  a i r c r a f t ,  t h e  d i s t a n c e  between t h e  l e g s  i s  s u c h  a s  t o  j u s t i f y  
a s e p a r a t e  s t u d y  of t h e  a c t i o n  of e a c h  u n d e r c a r r i a g e  l e g .  The main 
u n d e r c a r r i a g e  l e g  g e n e r a l l y  c a u s e s  t h e  g r e a t e s t  s t r e s s .  In some 
c a s e s ,  t h e  secondary  u n d e r c a r r i a g e  l e g  may w e l l  be t h e  most c r i t i c a l  
f o r  t h e  pavement (examples: nose  l e g  of R-747, c e n t r e  l e g  o f  DC-10- 
30).  The l o a d  i s  t a k e n  i n t o  accoun t  i n  t h e  c a l c u l a t i o n s  i n  t h e  fo rm 
of  a  l o a d  p e r  u n d e r c a r r i a g e  l eg .  The g r a p h s  i n  r e s p e c t  of t h e  main 
a i r c r a f t  examined (Appendix 3 )  a r e  produced i n  accordance  w i t h  t h i s  
concept .  Those c a s e s  where t h e  secondary  u n d e r c a r r i a g e  l e g  i s  l i k e l y  
t o  be more c r i t i c a l  t h a n  t h e  main u n d e r c a r r i a g e  l e g  are i d e n t i f i e d  and 
a d d i t i o n a l  g raphs  provided.  

4,2.2.2 Each t y p e  of 
f a c i l i t y  ( r u ~ ~ w a y s ,  t ax iway ,  a p r o n s ,  maintenance a r e a s ,  e t c .  ) must be d e s i g n e d  s e p a r a t e l y  
t o  t a k e  i n t o  accoun t  d i f f e r i n g  s t r e s s  c o n d i t i o n s .  Although s u b j e c t e d  t o  t h e  same l o a d s ,  
some pavements may e x p e r i e n c e  d i f f e r e n t  f a t i g u e  c o n d i t i o n s .  For  example: 

a )  t r a f f i c  i s  s l o w  and c o n c e n t r a t e d  on a p r o n s  and ,  c o n v e r s e l y ,  r a r e  and  
d i s p e r s e d  o n  s h o u l d e r s  and stopways; and 

b) consequences  of dynamic e f f e c t .  When a n  a i r c r a f t  r o l l s  a t  h i g h  speed  
( s u c h  a s  t h e  midd le  p a r t  of  t h e  runway a t  take-off  and t h e  f i r s t  
i 000 m beyond t h e  t h r e s h o l d  d u r i n g  l a n d i n g ) ,  che  l o a d i n g  phenomenon 
i s  t r a n s i e n t  and t h u s  l e s s  s e v e r e .  I n  a d d i t i o n ,  t h e  l o a d  i s  reduced  
by t h e  L i f t  of t h e  wings.  The l o a d s  l i s t e d  i n  r e s p e c t  of e a c h  t y p e  of 
a r e a  a r e  we igh ted  t o  t a k e  i n t o  accoun t  t h e  d i f f e r e n t  f a t i g u e  condi-  
t i o n s  a s  shown on F i g u r e  4-11. When s t u d y i n g  a  p r o j e c t ,  i t  i s  
recommended t o  examine t h e  s a v i n g s  t h a t  may be a c h i e v e d  by a p p l y i n g  
t h e s e  c o n c e p t s  as w e l l  a s  t h e  p o s s i b l e  d i f f i c u l t i e s  t h a t  may arise 
d u r i n g  c o n s t r u c t i o n  o r  a t  t h e  t ime  when t h e s e  a r e a s  may be u s e d  f o r  a  
d i f f e r e n t  purpose.  Thus r e d u c t i o n s  i n  t h e  t h i c k n e s s  can be made when- 
e v e r  t h e s e  w i l l  have r e a l  s h o r t  and long- term advantages .  Such  d e s i g n  
concep t s  f o r  r e d u c i n g  pavement t h i c k n e s s  a r e  commonly used i n  some 
c o r ~ n t r i e s .  I n  France  t h e y  have o n l y  been a p p l i e d  on a  v e r y  l i m i t e d  
s c a l e  up  t o  now. 

4,2,2.3 Some a r e a s  (such as t h o s e  
i n  f r o n t  oE a i r p o r t  b u i l d i n g s )  a r e  n o t  a c c e s s i b l e  t o  t h e  u n d e r c a r r i a g e  l e g s .  On t h e  
o t h e r  hand, aerodrome pavements do n o t  o n l y  s u p p o r t  a i r c r a f t ,  but  a l s o  o t h e r  v e h i c l e s  
and machinery (e.g., ground t r a n s p o r t a t i o n  v e h i c l e s  - buses ,  t r u c k s ,  baggage tow- 
t r o l l e y s ,  c o r l t a i n e r  c a r r i e r s ,  f i r e  f i g h t i n g  v e h i c l e s ,  a e r o b r i d g e s ,  e t c . )  ~ h i c h  sometimes 
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produce more c r i t i c a l  l o a d s  ( p a r t i c u l a r l y  on aprons) .  When s t a t i o n a r y ,  t h e s e  u n i t s  have 
a  c o n s i d e r a b l e  punching e f f e c t  on t h e  pavement p roduc ing  c o n c e n t r a t e d  s t r e s s ,  d u e  t o  t h e  
f a c t  t h a t  t h e y  a r e  moving about  i n  a l i m i t e d  space.  The e x c e p t i o n a l  l o a d s  a r e  t a k e n  
i n t o  account  i n  t h e  f o l l o w i n g  manner: 

a )  t h e  a f f e c t e d  a r e a s  a r e  des igned  f o r  t h e s e  l o a d s ;  

b)  t h e  s u r f a c e  of a r e a s  used by s t r e s s - p r o d u c i n g  v e h i c l e s  o r  equ ipment  
must be Limited ( t r a f f i c  r u l e s ,  markings on t h e  s u r f a c e ) ;  and 

c )  s p e c i a l  pavements may be s t u d i e d  (example: s p e c i a l  c o a t i n g s ) .  

STOPWAY 
7 

a) Example of a runway equipped with a parallel taxiway 

,_.-f50m - 
15 m either side of CIL 

b) Example of a runway not equipped with a parallel taxiway 

Weighting of load P 

Figure  4-11 - Weighting of  load P 
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4.2.3 

4.2.3,1 The d e s i g n  of a  f l e x i b l e  pavement i n v o l v e s  two s t a g e s :  

a )  C o l l e c t i o n  of d a t a :  - t r a f f i c  ( l o a d s ,  movements) 

- c h a r a c t e r i s t i c s  of t h e  n a t u r a l  s o i l .  

b) C a l c u l a t i o n  of t h e  t h i c k n e s s ,  which a l s o  comprises  two s t a g e s :  

- t h e  d e t e r m i n a t i o n  of a n  " e q u i v a l e n t  pavement t h i c k n e s s "  e u s i n g  
e i t h e r  t h e  g e n e r a l  d e s i g n  o r  op t imized  d e s i g n  methods. 

- t h e  s e l e c t i o n  of a  pavement s t r u c t u r e  which prov ides  an  e q u i v a l e n t  
t h i c k n e s s  cor responding  t o  o r  g r e a t e r  t h a n  t h e  t h i c k n e s s  determined 
above. 

a )  Genera l  case:  The b e a r i n g  s t r e n g t h  of t h e  subgrade  i s  d e n o t e d  by i t s  
C a l i f o r n i a  B e a r i n g  R a t i o  (CBR). The CBR v a l u e  adopted  i s  t h e  lowes t  
one o b t a i n e d  d u r i n g  t h e  t e s t  s e r i e s  i n  which t h e  t o t a l  number of 
safDples i s  compacted t o  95 p e r  c e n t  of Modif ied P r o c t o r  Optimum 
Densi ty  a f t e r  h a v i n g  been immersed i n  w a t e r  f o r  f o u r  days.  

b )  G r a v e l l y  s o i l s  and pure  sand: I n  t h e  c a s e  of g r a v e l l y  s o i l s  and p u r e  
sand, t h e  CBR measurement i s  meaningless  and g e n e r a l  v a l u e s  w i l l  be 
adopted  a s  shown i n  t h e  f o l l o w i n g  t a b l e :  

/ D e s c r i p t i o n  of t h e  s o i l  / Neasured CBR ( S i g n i f i c a n t  CBR 1 
1 R i r e  wel l -graded g r a v e l  I 

Pure bad ly  graded g r a v e l  3 0  2 0 

Grave 1 c o n t a i n i n g  s i l t  >40 (P1<7)> 20 ( P I > 7 )  20 (PIc7)  10 (PT>7) 

Grave l  c o n t a i n i n g  c l a y  2 0 I 10 

Pure w e l l - g r a d e d  sand I 1 Pure badly  graded sand / 10 I 6 t o  8 I 
i P I  - P l a s t i c i t y  Index 

c > Where t h e  pavement comprises  a n  improved s u b g r a d e  
( c o n s i d e r a b l e  t h i c k n e s s  of added m a t e r i a l s  of average  o r  non-homogen- 
eous  q u a l i t y ) ,  t h i s  w i l l  be  t a k e n  i n t o  account  i n  t h e  c a l c u l a t i o n s  i n  
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t h e  f o l l o w i n g  manner. L e t  i t  be assumed t h a t  t h e  b e a r i n g  s t r e n g t h s  of 
t h e  u n t r e a t e d  and improved subgrades  a r e ,  r e s p e c t i v e l y ,  CBRl a n d  CBR2 
and t h a t  h l  and h 2 ,  which w i l l  be  c a l c u l a t e d  a c c o r d i n g  t o  t h e  d e s i g n  
method s e l e c t e d  ( g e n e r a l  o r  op t imized)  correspond t o  one of t h e s e  
CRRs. I f  h  i s  t h e  t h i c k n e s s  of t h e  improved subgrade,  t h e  r e q u i r e d  
t h i c k n e s s  of t h e  pavement above t h i s  subgrade,  i.e.;e can be 
c a l c u l a t e d  by a p p l y i n g  t h e  f o r m l a :  

p r o v i d i n g  e exceeds  o r  is  a t  l e a s t  e q u a l  t o  h2. Should e  be l e s s  t h a n  
h2 t h e n  t h e  t h i c k n e s s  of t h e  pavement i s  f i x e d  a t  h 2 .  T h i s  a l s o  
a p p l i e s  t o  c a s e s  where t h e  n a t u r a l  s o i l  comprises  a  s u b s t r a t u m  t h a t  i s  
covered by a r e l a t i v e l y  t h i n  s o i l  l a y e r  of b e t t e r  b e a r i n g  s t r e n g t h .  
Th is  t o p  l a y e r  may t h e n  be regarded a s  an  improved subgrade  s o  t h a t  
t h e  above method c a n  s t i l l  be used. 

- Genera l  d e s i g n  - see 4.2.5 

- Optimized d e s i g n  - s e e  4.2.6 

4.2.3.4 S t r u c t u r e  of t h e  pavement. A f l e x i b l e  pavement i s  normally  made up o f  
t h r e e  d i f f e r e n t  c o u r s e s  of i n c r e a s i n g  q u a l i t y  f rom bottom t o  top:  t h e  sub-base, t h e  
base and t h e  s u r f a c e  course .  The concept  of e q u i v a l e n t  t h i c k n e s s  i s  i n t r o d u c e d  t o  t a k e  
i n t o  account  t h e  d i f f e r e n t  mechanical  q u a l i t i e s  of e a c h  course .  The e q u i v a l e n t  t h i c k -  
n e s s  e  of a  c o u r s e  i s  e q u a l  t o  i t s  a c t u a l  t h i c k n e s s  e r  m u l t i p l i e d  by a  numerical  
c o e f f i c i e n t  c o r  The e q u i v a l e n t  t h i c k n e s s  of t h e  pavement i s  
e q u a l  t o  t h e  sum of t h e  e q u i v a l e n t  t h i c k n e s s e s  o f  i t s  courses .  The v a l u e s  shi)'wn I n  t h e  
t a b l e  below may be used a s  a  r e f e r e n c e  i n  t h e  c a s e  of new m a t e r i a l s :  

Concrete-type dense  bi tuminous mix I 2 

New m a t e r i a l s  Equivalence c o e f f i c i e n t  

Emulsion sand-gravel  I 1.2 

Sand-gravel mix bound w i t h  bitumen 

Sand-gravel t r e a t e d  w i t h  h y d r a u l i c  
b i n d e r s  (cement,  s l a g ,  f ly -ash ,  l ime)  

1 .5  

Well-graded c rushed  g r a v e l  I 1 I 
Sand t r e a t e d  w i t h  h y d r a u l i c  b i n d e r s  

(cement,  s l a g )  

Pea g r a v e l  

Sand 

1 

0.75 

0.5 



I n  a p r o p e r l y  c o n s t i t u t e d  pavement, t h e  e q u i v a l e n c e  c o e f f i c i e n t s  of n e c e s s i t y  i n c r e a s e  
from bot tom t o  top .  

4 - 2 . 3 . 5  Choice of a s t r u c t u r e .  The c h o i c e  of a s t r u c t u r e  must t a k e  i n t o  a c c o u n t  
two g e n e r a l  concep t s :  

a > which r e l a t e  t o  t h e  n a t u r e  of t h e  m a t e r i a l s  t o  
be  used,  t h e  q u a l i t y  and f o r m l a t i o n  of components, t h e  minimum and 
maximum t h i c k n e s s e s  i n v o l v e d ,  sound bonding of c o u r s e s ,  e t c . ;  and 

b which d e f i n e  t h e  v a l u e s  of e q u i v a l e n c e  c o e f f i -  
c i e n t s ,  p r o s c r i b e  o r  a d v i s e  a g a i n s t  t h e  u s e  of c e r t a i n  materials i n  
t h e  d i f f e r e n t  c o u r s e s ,  i n d i c a t e  t h e  t h i c k n e s s e s  of t h e  t r e a t e d  
m a t e r i a l s  needed f o r  t h e  normal mechanical  behav iour  of t h e  pavement, 
e t c .  These d i r e c t i v e s  have  t h e  f o l l o w i n g  e f f e c t  on t h e  d i f f e r e n t  
courses :  

- S u r f a c e  c o u r s e  (wear ing c o u r s e  and p o s s i b l y  b i n d e r  c o u r s e ) .  The 
s u r f a c e  c o u r s e  must c o n s i s t  of b i tuminous concre te .  (Some 
d i r e c t i v e s ,  e s p e c i a l l y  a s  r e g a r d s  f o r m u l a t i o n  and compac tness  t o  be 
a c h i e v e d  a t  t h e  work s i t e ,  d i f f e r  c o n s i d e r a b l y  f rom t h o s e  a p p l i c a b l e  
t o  road  pavements.)  

- Base and sub-base. The c h o i c e  of  m a t e r i a l s  f o r  t h e  b a s e  a n d  sub-  
b a s e  i s  s u b j e c t  t o  t h e  a p p l i c a t i o n s  s p e c i f i e d  i n  t h e  f o l l o w i n g  
t a b l e :  

Types of  m a t e r i a l s  

Sand-gravel inix bound w i t h  h o t  
hydrocarbon b i n d e r s  

M a t e r i a l s  t r e a t e d  w i t h  
h y d r a u l i c  b i n d e r s  ( c o a r s e  
a g g r e g a t e  c o n c r e t e ,  s l a g ,  
f ly-ash g r a v e l ,  sand-based 
c o n c r e t e )  

Unt rea ted  g r a v e l  ( c rushed ,  
wel l -graded)  

Pea g r a v e l  

M a t e r i a l s  t r e a t e d  w i t h  c o l d  
hydrocarbon bi-nders ( e n u l s i o n  
g r a v e l )  

Used i n  
base  

Yes 

No 

Yes 

No 

Not 
a d v i s a b l e  

Used i n  
sub-base 

No 

Not 
a d v i s a b l e  

Yes 

Yes 

Not 
a d v i s a b l e  

Remarks 

Expensive m a t e r i a l s .  

Except w i t h  s p e c i a l  
d i s p e n s a t i o n  f o l l o w i n g  
c o n s u l t a t i o n  of 
Admin i s t ra t ion .  

The u s e  of t h e s e  
m a t e r i a l s  c a l l s  f o r  a 
t e c h n i q u e  which h a s  n o t  
been s u f f i c i e n t l y  t e s t e d  
on aerodrome pavements .  
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F r e q u e n t l y ,  economic c o n s i d e r a t i o n s  make i t  n e c e s s a r y  t o  e n v i s a g e  t h e  u s e  of  m a t e r i a l s  
t h a t  have been t r e a t e d  w i t h  h y d r a u l i c  b i n d e r s  (coarse -aggrega te  c o n c r e t e ,  s l a g  b a s e d  on 
sand-grave l  mix, sand-grave l  f l y - a s h  mix, e t c . )  i n  t h e  b a s e  o r  sub-base. However, t h e  
magnitude of t h e  l o a d s  a p p l i e d  t o  aerodrome pavements c r e a t e s  much g r e a t e r  s t r e s s e s  t h a n  
t h o s e  produced on road  pavements. The r i s k s  and consequences ,  among o t h e r s ,  a r e :  

- f o r  t h e  pavements: r a p i d  s i g n s  of  d e t e r i o r a t i o n  ( c r a c k s  i n  w e a r i n g  
c o u r s e ,  crumbling,  t e a r i n g ,  pumping up of p a r t i c l e s  o r  r e -appearance  
of f i n e s  of l a i t a n c e  ); 

- f o r  a i r c r a f t :  i n g e s t i o n  by jet  e n g i n e s  of a g g r e g a t e  p a r t i c l e s ,  
evenness;  and 

- f o r  management: h i g h e r  maintenance c o s t s  ( f i l l i n g  c r a c k s ) .  

Consequent ly ,  t h e  u s e  of m a t e r i a l s  t r e a t e d  w i t h  h y d r a u l i c  b i n d e r s  i s  p r o s c r i b e d  f o r  t h e  
base  and  n o t  a d v i s e d  f o r  t h e  sub-base. In t h e  c a s e  of  t h e  l a t t e r ,  a n  a c t u a l  t h i c k n e s s  
measur ing a t  l e a s t  20  cm of  m a t e r i a l s  t r e a t e d  w i t h  hydrocarbon b i n d e r s  must c o v e r  t h e  
s e m i - r i g i d  c o u r s e .  Any e x c e p t i o n  t o  t h e s e  r u l e s  c a l l s  f o r  a  s p e c i a l  s t u d y  f o r  which  
e x p e r t  a d v i c e  oE t h e  A d m i n i s t r a t i o n  must be  r e q u e s t e d .  S p e c i f i c a t i o n s  f o r  m a t e r i a l s  
t h a t  may b e  u s e d  i n  t h e  b a s e  o r  sub-base a r e  i d e n t i c a l  t o  t h o s e  a p p l i e d  t o  road  pave- 
ments. 

4,2.3.6 Thickness  of t r e a t e d  m a t e r i a l s .  An a d e q u a t e  t h i c k n e s s  of t r e a t e d  
m a t e r i a l s  i s  n e c e s s a r y  t o  e n s u r e  a n  a c c e p t a b l e  behav iour  of t h e  upper  pavement l a y e r s .  
F i g u r e  4-12  shows, f o r  gu idance ,  t h e  optimum e q u i v a l e n t  t h i c k n e s s  of t r e a t e d  m a t e r i a l s  
w i t h  r e s p e c t  t o  t h e  t o t a l  e q u i v a l e n t  t h i c k n e s s  of t h e  pavement and t h e  CRR of  t h e  
n a t u r a l  s o i l .  

4.2.3-7 I n f l u e n c e  of c l i m a t i c  f a c t o r s .  I n  r e g i o n s  t h a t  a r e  s u b j e c t  t o  s i g n i f i c a n t  
s e a s o n a l  c l i m a t i c  v a r i a t i o n s ,  p o s s i b l e  changes  i n  t h e  b e a r i n g  s t r e n g t h  of t h e  s o i l  s h a l l  
be t a k e n  i n t o  accoun t .  D e s p i t e  t h e  c o n s i d e r a b l e  i n f l u e n c e  which t e m p e r a t u r e  h a s  o n  
bi tuminous mix pavements,  n o  c o r r e c t i o n  f o r  t h i c k n e s s  w i l l  be made t o  accoun t  f o r  t h i s  
pa ra r~ le te r :  t h e  v a l u e s  i n d i c a t e d  f o r  t h e  e q u i v a l e n c e  c o e f f i c i e n t s  f o r  t h e  c o a t i n g  m i x e s  
s u g g e s t e d  p r e v i o u s l y  r e p r e s e n t  a  we igh ted  average.  It is  recommended t h a t  t e s t i n g  f o r  
f r o s t - t h a w  be performed i n  accordance  w i t h  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  4.2.7. 

4.2.4.1 The d e s i g n  of r i g i d  pavements i n v o l v e s  t h e  f o l l o w i n g  two s t a g e s :  

a )  C o l l e c t i o n  of d a t a :  

- t r a f f i c  ( l o a d s ,  movements) 

- c h a r a c t e r i s t i c s  of t h e  subgrade  and of  t h e  h y d r a u l i c  cement con-  
c r e t e ;  and 

b )  C a l c u l a t i o n  of t h e  t h i c k n e s s  oE t h e  c o n c r e t e  s l a b  (on ly  t h e  most 
g e n e r a l  c a s e  of  non- re in forced  and non-pres t ressed  pavements i s  
examined).  



"a r t  3 . -  l'avemegts . 3-8 7 

F i g u r e  4-12. F l e x i b l e  pavements:  Optimum t h i c k n e s s  of  t r e a t e d  
m a t e r i a l s  w i t h  r e g a r d  t o  t h e  e q u i v a l e n t  t h i c k n e s s  cf t r e a t e d  m a t e r i a l s  

t o  t h e  t o t a l  t h i c k n e s s  of t h e  pavemenr and t o  t h e  CRR 
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4.2.4.2 E v a l u a t i o n  of t h e  sub-base. A r i g i d  pavement normal ly  c o n s i s t s  of t w o  
c o u r s e s  o n  t o p  of t h e  n a t u r a l  s o i l ,  i.e., a sub-base and h y d r a u l i c  cement c o n c r e t e  s l a b .  
The b e a r i n g  s t r e n g t h  o f  t h e  n a t u r a l  s o i l  i s  e x p r e s s e d  i n  t h e  fo rm o f  i t s  "modulus o f  
r e a c t i o n "  k g .  Th i s  i s  c o r r e c t e d  i n  accordance  w i t h  t h e  e q u i v a l e n t  t h i c k n e s s  of t h e  sub-  
base.  The modulus t h u s  c o r r e c t e d  ( i .e . ,modulus  of  sub-base r e a c t i o n )  makes i t  p o s s i b l e  
t o  a c c o u n t  f o r  t h e  s o i l  and sub-base a s  one s i n g l e  pa ramete r  i n  t h e  c a l c u l a t i o n s .  

4.2.4.3 The modulus of  s u b g r a d e  
r e a c t i o n  kg of t h e  s o i l  i s  e v a l u a t e d  by means of  a  p l a t e  b e a r i n g  t e s t  c a r r i e d  o u t  i n  situ 
on s o i l  compacted t o  95 p e r  c e n t  of  t h e  Modif ied P r o c t o r  Optirmm d e n s i t y .  It i s  
d e s i r a b l e  f o r  a c e r t a i n  t i m e  t o  e l a p s e  between compacting and t e s t i n g  t o  a l l o w  t h e  s o i l  
t o  r e g a i n  i t s  f r e e  m o i s t u r e  c o n t e n t .  The number and d i s t r i b u t i o n  of  t e s t  p o i n t s  m u s t  be 
such  a s  t o  make t h e  r e s u l t s  meaningful .  

4.2.4.4 The modulus of  subgrade  r e a c t i o n  o f  
n a t u r a l  s o i l  i s  s u b s e q u e n t l y  c o r r e c t e d  i n  r e g a r d  t o  t h e  e q u i v a l e n t  t h i c k n e s s  of  t h e  sub- 
base.  F i g u r e  4-13 i s  used  f o r  t h i s  purpose.  The d e f i n i t i o n  of e q u i v a l e n t  t h i c k n e s s  is 
g i v e n  i n  4.2.3.4. 

Impor tan t  Note: The c o r r e c t e d  k  s h o u l d  be used  i n  t h e s e  c a l c u l a t i o n s .  
Using t h e  k  measured a t  t h e  t o p  of  t h e  sub-base c o u r s e  would r e s u l t  i n  
o p t i m i s t i c  f i g u r e s .  

Although t h e  sub-base a f f e c t s  t h e  c a l c u l a t i o n  o n l y  s l i g h t l y  ( a s  a  c o r r e c t i v e  t e rm o f  
modulus k  which i t s e l f  h a s  o n l y  a minor impac t ) ,  i t  h a s  a n  i m p o r t a n t  m u l t i p l e  r o l e :  

- i t  e n s u r e s  a  c o n t i n u o u s  s u p p o r t  f o r  t h e  s l a b ,  p a r t i c u l a r l y  a t  i t s  
j o i n t s  and p a r t i c i p a t e s  i n  t h e  t r a n s f e r  of l o a d s ;  

- because of i t s  weigh t  i t  opposes a  p o s s i b l e  s w e l l i n g  of t h e  sub-grade  
s o i l  and p r o t e c t s  i t  a g a i n s t  f r o s t ;  

- i t  o f f e r s  a  s t a b l e  s u r f a c e  f o r  subsequen t  c o n c r e t i n g  o p e r a t i o n s ;  a n d  

- i t  p r e v e n t s  pumped up p a r t i c l e s  from r i s i n g  a t  t h e  j o i n t s .  

4.2.4.5 S t r u c t u r e  of t h e  sub-base. L t  i s  impor tan t  t o  have  a h i g h  q u a l i t y  s u b -  
base.  The f o l l o w i n g  r u l e s  must b e  a p p l i e d :  

- t h e  sub-base c o u r s e  must be  t r e a t e d ;  

- t h e  u s e  of c o a r s e  a g g r e g a t e  c o n c r e t e  i s  a d v i s a b l e ;  

- l e a n  cement c o n c r e t e  i s  n o t  r e a l l y  recommended ( h i g h e r  r i s k  o f  
c r a c k i n g ) ;  

- t h e  a c t u a l  t h i c k n e s s  of t h e  sub-base must be a t  l e a s t  15 cm t o  erasure  
a n  e f f i c i e n t  u s e  o f  t h e  m a t e r i a l ;  and 

- t h e  s p e c i f i c a t i o n s  f o r  m a t e r i a l s  t h a t  may be  used  i n  a  sub-base a re  
s i m i l a r  t o  t h o s e  f o r  road  pavements. 



E q u i v a l e n t  t h i c k n e s s  of t h e  sub-base  

F i g u r e  4-13.  Modulus of r e a c t i o n  of t h e  sub-base :  C o r r e c t i o n  of t h e  modu lus  
o f  r e a c t i o n  of t h e  s u h g r a d e  on t h e  b a s i s  o f  t h e  e q u i v a l e n t  t h i c k n e s s  o f  t h e  sub -base  
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The sub-base c a n  r e s t  on a n  improved subgrade  which may o r  may n o t  c o n s i s t  of s t a b i l i z e d  
m a t e r i a l s .  The t o t a l  e q u i v a l e n t  t h i c k n e s s  of t h e  two c o u r s e s  i s  s u b s e q u e n t l y  t a k e n  i n t o  
accoun t  t o  c o r r e c t  t h e  modulus o f  subgrade  r e a c t i o n  K. It i s  f e a s i b l e  t o  p l a c e  a l a y e r  
of porous  c o n c r e t e  between t h e  c o n c r e t e  s l a b  and t h e  t r e a t e d  sub-base i n  o r d e r  t o  
improve t h e  d r a i n a g e  and  t o  reduce  t h e  pumping e f f e c t .  

4.2.4.6 Due t o  t h e  r i g i d i t y  of t h e  
c o n c r e t e ,  t h e  v e r t i c a l  s t r e s s e s  a p p l i e d  t o  t h e  sub-base by a loaded  c o n c r e t e  s l a b  are 
always v e r y  low; t h e  s l a b  e n s u r e s  t h e  d i s t r i b u t i o n  of s t r e s s e s  due t o  l o a d i n g  by m o b i l i -  
z i n g  i t s  f l e x u r a l  s t r e n g t h .  Consequent ly ,  c o n t r a r y  t o  what happens i n  t h e  c a s e  o f  a 
f l e x i b l e  pavement,  t h e  d e s i g n  c r i t e r i o n  f o r  a r i g i d  pavement i s  n o t  maximum p r e s s u r e  a t  
subgrade l e v e l ,  b u t  p e r m i s s i b l e  f l e x u r a l  moment of  t h e  s l a b .  In  t h e  d e s i g n ,  c o n s t a n t  
v a l u e s  a r e  adop ted  t o  d e s c r i b e  t h e  c o n c r e t e  a s  fo l lows :  

- modulus of e l a s t i c i t y :  E = 30 000 MPa 

- P o i s s o n ' s  r a t i o  = 0.15 

4.2.4.7 S t r e s s e s  of c o n c r e t e .  Account i s  t a k e n  i n  t h e  c a l c u l a t i o n s  of t h e  
permissib1.e f l e x u r a l  s t r e s s  on t h e  c o n c r e t e  which e q u a l s  t h e  f  Lexural  b r e a k i n g  s t r e n g t h  
d i v i d e d  by a s a f e t y  f a c t o r .  The f l e x u r a l  b r e a k i n g  s t r e n g t h  i s  measured on p r i s m a t i c  
specimens a f t e r  90 days .  The f i n a l  v a l u e  t o  be r e t a i n e d  i s  t h e  mean of  t h e  measured 
v a l u e s  reduced  by a s t a n d a r d  d e v i a t i o n  which cor responds  t o  t h e  f o r e s e e a b l e  s c a t t e r  o v e r  
t h e  s i t e  ( v a r y i n g  between a mininwm o f  10  p e r  c e n t  f o r  a c l o s e l y  s u p e r v i s e d  c o n s t r u c t i o n  
s i t e  and 2 0  p e r  c e n t ) .  I f  t h e  r e s u l t s  of tests performed a f t e r  28 d a y s '  c u r i n g  o n l y  a r e  
a v a i l a b l e ,  i t  may be assumed t h a t  t h e  f l e x u r a l  s t r e n g t h  of  t h e  c o n c r e t e  i n c r e a s e s  by 10  
p e r  c e n t  between 28 and 90 days .  

4.2.4.8 The s a f e t y  f a c t o r  depends on t h e  t y p e  of j o i n t s  u s e d  
between t h e  s l a b s  of  t h e  pavement. It i s  e s t a b l i s h e d  a t  1.8 where j o i n t s  a r e  e q u i p p e d  
w i t h  d e v i c e s  f o r  t h e  e f f i c i e n t  t r a n s f e r  of l o a d s  and a t  2.6 i n  o t h e r  c a s e s ,  a s  shown i n  
t h e  t a b l e  belo&: 

Type of d e v i c e  f o r  t r a n s f e r  of l o a d s  Other c o n d i t i o n s  S a f e t y  f a c t o r  
a c r o s s  pavement c o n s t r u c t i o n  j o i n t s  

I Without  d e v i c e  i n  a l l  c a s e s  2.6 1 
1 Dowels --- 1.8 I 

Tongue and groove 
j o i n t s  

l e s s  t h a n  3 unfavourab le  1.8 
c o n d i t i o n s  ( s e e  below) 

a t  l e a s t  3 u n f a v o u r a b l e  
c o n d i t i o n s  ( s e e  below) 
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Unfavourable  cormdi t i o n s  

- poor  s u b g r a d e  (k 20 M N / ~ ~ )  o r  non-homogeneous o r  f r o s t  s u s c e p t i b l e  

- t h i n  sub-base ( e  < 20 cm) o r  u n t r e a t e d  

- heavy t r a f f i c  c o n s i s t i n g  o f  wide-bodied a i r c r a f t  (B-747, DC-10, 
e t c .  ) 

- s i g n i f i c a n t  d a i l y  t e m p e r a t u r e  g r a d i e n t  

- a b s e n c e  of t i e  b a r s  a c r o s s  j o i n t s  

C o n s t r u c t i o n  r u l e s  - s e e  4.2.4,11 

4.2.4.10 Th ickness  of c o n c r e t e  s l a b  

- g e n e r a l  d e s i g n  
( s e e  4.2.5) 

- o p t i m i z e d  d e s i g n  
( s e e  4.2.6) 

Comment: The g e n e r a l  d e s i g n  method is  g e n e r a l l y  a d e q u a t e  f o r  s t u d y i n g  
r i g i d  pavements. 

C o n s t r u c t i o n  r u l e s  

a )  J o i n t s .  A c o r r e c t l y  d e s i g n e d  r i g i d  pavement must r e s p e c t  t h e  main 
c o r ~ s t r u c t i o n  r u l e s  l a i d  down i n  F i g u r e  4-14. 

b) E f f i c i e n t  t r a n s f e r  of l o a d s .  None of t h e  d e v i c e s  d e s c r i b e d  p r o v i d e s  
comple te  e f f i c i e n c y .  The tongue and  g roove  sys tems and t h e  
c o n t r a c t i o n - e x p a n s i o n  j o i n t s  a r e  e f f i c i e n t  o n l y  where t h e  j o i n t s  a r e  
n o t  t o o  open under  t h e  combined e f f e c t  of h y d r a u l i c  c o n t r a c t i o n  
( d e f i n i t i v e )  and t h e r m i c  c o u t  r a c t i o n  ( p e r i o d i c ) ;  a l s o ,  w i t h  t i m e  t h e y  
l o s e  some o f  t h i s  e f f i c i e n c y  due t o  t h e  f a c t  t h a t  t h e  two s u r f a c e s  i n  
c o n t a c t  show wear f rom t h e  e f f e c t s  of t r a f f i c  and  t h e  t h e r m i c  c y c l e s ,  
The e f f i c i e n c y  of dowel led  j o i n t s  i s  n o t  c l o s e l y  l i n k e d  t o  t h e i r  
openings .  I-Iowever, t h e  t r a n s f e r  of l o a d s  i s  a l s o  l i k e l y  t o  d i m i n i s h  
w i t h  t i m e ,  mainly  due t o  t h e  f a c t  t h a t  t h e  c y c l i n d r i c a l  c a v i t y  i n  
u h i c h  t h e  dowel moves i n  a  l o n g i t u d i n a l  d i r e c t i o n  becomes e n l a r g e d  and 
more o v a l  i n  shape.  A s  p o i n t e d  o u t ,  t h e  sub-base may improve t h e  
t r a n s f e r  of l o a d s ,  p r o v i d e d  i t  i s  s u f f i c i e n t l y  r i g i d .  However, i t s  
b e n e f i c i a l  a c t i o n  a l s o  d e c r e a s e s  w i t h  t i m e ,  p a r t i c u l a r l y  b e c a u s e  of 
s u r f  a c e  e r o s i o n .  
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F i g a r e  4-14. J o i n t s  i n  cement c o n c r e t e  pavemen t s  



4.2.4.12 I n f l u e n c e  of c l i m a t i c  f a c t o r s  

a >  As  a  g e n e r a l  r u l e  i t  i s  
a c c e p t e d  t h a t ,  p rov ided  a p p r o p r i a t e  methods a r e  used  f o r  t h e  j o i n t s ,  
s t r e s s e s  which have a  t h e r m i c  o r  hygro thermic  o r i g i n  need n o t  be  t a k e n  
i n t o  account  i n  t h e  design.  F l e x u r a l  s t r e s s e s  produced by l o a d s  
d u r i n g  u s e  of t h e  pavement a r e  n o t  t h e  o n l y  t e n s i l e  stresses t o  which 
t h e  c o n c r e t e  may be s u b j e c t e d .  S t r e s s e s  may, f i r s t  of a l l ,  r e s u l t  
from d i f f e r e n t i a l  expans ions  between t h e  t o p  and bottom s u r f a c e s  of 
t h e  c o n c r e t e  because of d i f f e r e n c e s  between t h e s e  two f a c e s :  

- i n  t h e  t empera ture  ( t empera ture  g r a d i e n t )  

- w a t e r  c o n t e n t  

Other  s t r e s s e s  may a l s o  be caused by f r i c t i o n  on t h e  sub-base which 
r e s i s t s  a  v a r i a t i o n  i n  l e n g t h  of t h e  s l a b  a s  a  whole when a change i n  
t h e  t empera ture  o r  i n  t h e  w a t e r  c o n t e n t  occurs .  These changes  a r e  
assumed t o  be of a  s u f f i c i e n t  d u r a t i o n  t o  e n a b l e  t h e  s l a b  t o  a c h i e v e  a  
s t a t e  of hygro thermic  e q u i l i b r i u m .  Consequently,  t h e y  a r e  changes  
t h a t  may b e  d e s c r i b e d  a s  s e a s o n a l  a s  opposed t o  t h o s e  ( d a i l y )  changes 
t h a t  a r e  produced by hygro thermic  g r a d i e n t s  i n  t h e  s l a b .  I n  a l l  
c a s e s ,  t h e  e x i s t e n c e  of j o i n t s  which l i m i t  t h e  l e n g t h s  of t h e  b a s i c  
s l a b s ,  h a s  t h e  e f f e c t  of reduc ing  t h e  magnitude of t h e  d i f f e r e n t  t y p e s  
of  s t r e s s e s .  Moreover, t h e  s t r e s s e s  of t h e  f i r s t  ca tegory  l a r g e l y  
t end  t o  compensate e a c h  o t h e r  due t o  t h e  f a c t  t h a t  t e m p e r a t u r e  
g r a d i e n t s  and w a t e r  c o n t e n t  a r e  normal ly  o p p o s i t e  c h a r a c t e r i s t i c s .  
F i n a l l y ,  t h e s e  d i f f e r e n t  s t r e s s e s  do n o t  a p p r e c i a b l y  i n c r e a s e  t h e  
s t r e s s e s  imposed by loads .  

b )  r o t  An i n s p e c t i o n  f o r  f  rost-thaw i n  accordance w i t h  t h e  e x p l a n -  
t i o n s  c o n t a i n e d  i n  4.2.7 i s  recommended. 

4.2.5.1 The g e n e r a l  d e s i g n  method e n a b l e s  a  pavement t o  be d e s i g n e d  
a c c o r d i n g  t o  a  r e f e r e n c e  load. For  example: 

- t h e  maximum l o a d  of t h e  a i r c r a f t  c o n s i d e r e d  t o  produce t h e  g r e a t e s t  
s  t r e s s  ; and 

- t h e  d e s i r e d  Load f o r  a  t y p i c a l  c a t e g o r y  of u n d e r c a r r i a g e .  

The d e s i g n  i s  based on  normal t r a f f i c  c o n d i t i o n s ,  i . e , ,  t e n  movements p e r  day o v e r  t e n  
y e a r s  a t  t h e  d e s i g n  laad.  Kowever, where t h e  a c t u a l  t r a f f i c  c l e a r l y  d i f f e r s  f r o m  t h i s  
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b a s i c  assumpt ion ,  i t  i s  p o s s i b l e  t o  a p p l y  a c o r r e c t i o n  f a c t o r  t o  t a k e  account  of t h e  
a c t u a l  t r a f f i c  i n t e n s i t y .  Examples of  u s i n g  t h e  g e n e r a l  d e s i g n  method a r e :  

- s t u d y  of  a n  aerodrome u s e d  f o r  o p e r a t i o n s  w i t h  a n  a i r c r a f t  t y p e  t h a t  
c l e a r l y  p roduces  g r e a t e r  s t r e s s  t h a n  o t h e r s ;  

- r i g i d  pavements ( t h e  accuracy  of t h e  method i s  g e n e r a l l y  s u f f i c i e n t ) ;  
and  

- p r e l i m i n a r y  s t u d i e s  i n  t h e  absence  of  r e l i a b l e  t r a f f i c  f o r e c a s t s .  

- Normal d e s i g n  l o a d  P ' 

- CBR of t h e  n a t u r a l  s o i l  ( f l e x i b l e  pavements)  

- Modulus of subgrade  r e a c t i o n  k  and t h e  p e r m i s s i b l e  f l e x u r a l  s tress of  
t h e  c o n c r e t e  ( r i g i d  pavements) 

Depending on t h e  c a s e  under  s t u d y ,  one u s e s  e i t h e r  t h e  g raph  f o r  t y p i c a l  
u n d e r c a r r i a g e  ( F i g u r e s  4-15 t o  4-27)  o r  t h e  s p e c i f i c  g raph  f o r  t h e  a i r c r a f t  
(Appendix 3 ) .  

Note. - I f  one intends t o  determine pavement thickness for an a i r c r a f t  or ,  - 
more generally, an undercarrcuge leg not included i n  the  graphs i n  Appendix 3, it i s  
possibze t o  use the  graphs for an a i r c r a f t  whose main undercarriage leg ( track ,  b a s e )  
hus character is t ics  tha t  most c losely  resembte those of  the a i r c r a f t  under study.  

4.2.5.3 Ten movements p e r  day over  10 y e a r s  r e p r e s e n t s  a n  
e n t i r e l y  r e a s o n a b l e  and c o n s e r v a t i v e  assumpt ion  f o r  t h e  purpose  of d e s i g n i n g  a  new 
pavement. N e v e r t h e l e s s ,  i t  i s  c o n c e i v a b l e  t h a t  t h i s  f i g u r e  i s  e i t h e r  c l e a r l y  below t h e  
f o r e s e e a b l e  t r a f f i c  volume f o r  t h e  aerodrome ( e  .g. ,,a major  aerodrome) o r  c o n s i d e r a b l y  
h i g h e r  (e .g . , an  a l t e r n a t e  aerodrome).  It i s  n e c e s s a r y  i n  t h o s e  c a s e s  t o  t a k e  a c c o u n t  of 
t h e  a c t u a l  t r a f f i c  i n t e n s i t y  a p p r o p r i a t e l y  a d j u s t e d .  The c o r r e c t i o n  i s  based on a 
r e l a t i o n s h i p  between t h e  p a i r s  (I?, n ) ,  where P i s  t h e  l o a d  and n  t h e  number of 
a p p l i c a t i o n s  i n  rnoveinents/day and t h e  p a i r  ( P ' ,  10) where P '  i s  t h e  normal d e s i g n  l o a d  
(by d e f i n i t i o n  a p p l i e d  10 t imes  p e r  day f o r ) :  

w i t h  C = 1.2 - 0.2 l o g  n  

The g raph  i n  F i g u r e  4-28 
t r a n s l a t e s  r e l a t i o n s h i p  1 

[ll 

R e l a t i o n s h i p  [ I ]  i s  only v a l i d  f o r  a  pavemnent l i f e  of t e n  
y e a r s .  Fdjr aqy  o t h e r  p e r i o d ,  i t  wou1.d be a p p r o p r i a t e  t o  r e l a t e  t h e  f i g u r e  t o  t e n  y e d r s  
(example: L, movernc~nts/day o v e r  20 y e a r ?  a r e  e q u i v a l e n t  t o  8 moveincnts/day over  t e n  
y e d r s ) .  The v a l u e  o r  f a c t o r  C i s  l i m i t e d  t o  1.2 a t  t h e  t o p  end of  t h e  s c a l e  (minimum 
assump t i o n  o f  1 moveineZ1t/day) and t o  0.8 a t  t i le  bottom end oE t i le  scale  (cnaxjmurn 
assumpt ion  of 1013 m,,vctnents/day), 



Part 3 . -  Pavements 3-95 

E q u i v a l e n t  s i n g l e  wheel  ( t o n n e s )  

F i g u r e  4-15. F l e x i b l e  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - s i n g l e  whee l  
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F i g u r e  4-16. F l e x i b l e  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - d u a l  whee l s  



P a r t  3.- Pavements --- 3-97 -- 

m a h A c h A o  o o o  o 
N m r n , + , + u \  a\ 

Equiva len t  s i n g l e  wheel ( tonnes )  

F i g u r e  4-17. F l e x i b l e  Paveinent - t y p i c a l  undercarr j -age l e g  - d u a l  tandem 



3-98 Aerodrome Design Hanual  

F i g u r e  4-18. R ig id  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - s i n g l e  i s o l a t e d  wheel  
Loads less t h a n  LO tonnes  



a r t  3.- Pavements - 3-99 

F i g u r e  4-19. Rig id  Pavement - t y p i c a l  u ~ d e r c a r r i a g e  l e g  - s i n g l e  i s o l a t e d  wheel 
Loads rang ing  from 10  t o  25 tonnes  
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F igure  4-20. Rigid Pavement - t y p i c a l  undercar r iage  l e g  - s i n g l e  i s o l a t e d  wheel 
Loads exceeding 25 tonnes 



P a r t  3 , -  Pavements 3-101 

RPA 

F i g u r e  4-21. Rtg id  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - d u a l  w h e e l s  
Loads l e s s  t h a n  1 5  tonnes  
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F i g u r e  4-22. R ig id  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - d u a l  wbeels  
Loads rang ing  from 15 t o  32.5 tonnes  



P a r t  3.- Pavements -- -- 3-103 

P 
rd 
r i  
[I) 

5.5 

5.0 

4.5 

m 
4.0 : 

$4 
U 
V) 

,--I 
fd 
$4 
3 
X 
aJ 

3.5 ;;1 
aJ 
ri 
e 
.ti 
[I) 
[I) 

B 
3.6 2 

2.5 

F i g u r e  4-23. R i g i d  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - d u a l  w h e e l s  
Loads exceed ing  32 .5  t o n n e s  
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Figure 4-24. Rigid Pavement - typical undercarriage leg - dual tandem 
Loads ranging from 15 to 30 tonnes 



P a r t  3.- Pavements 3-105 

Figure  4-25. Rigid  Pavement - t y p i c a l  undercar r iage  l e g  - d u a l  tandem 
Loads ranging from 30  t o  55 tonnes  
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F i g u r e  4-26. R ig id  Pavement - t y p i c a l  u n d e r c a r r i a g e  l e g  - d u a l  tandem 
Loads rang ing  from 55 t o  75 tonnes  
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Figure 4-27. Rigid Pavement - typical undercarriage leg - dual tandem 
Loads exceeding 75 tonnes 
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Average number of d a i l y  movements 

F i g u r e  4-28. C o r r e c t i o n  of t h e  d e s i g n  load  w i t h  regard  t o  t h e  t r a f f i c  i n t e n s i t y  

l o a d  = 
C 



4 e 2 . 6 e 1  The op t imized  d e s i g n  method e n a b l e s  a  pavement t o  b e  des igned  
by t a k i n g  i n t o  account  s e v e r a l  a i r c r a f t  t y p e s  a t  d i f f e r e n t  f r e q u e n c i e s .  This method has  
t h e  advan tage  t h a t  t h e  a c t u a l  movements of each  a c t u a l  l o a d  cons idered  can  b e  conver ted  
i n t o  e q u i v a l e n t  movements of t h e  same r e f e r e n c e  load.  It i s  t h u s  p o s s i b l e  t o  compare 
t h e  r e l a t i v e  e f f e c t  of d i f f e r e n t  a i r c r a f t .  I n  p r a c t i c e ,  t h e r e f o r e ,  t h e  o p t i m i z e d  d e s i g n  
method i s  used when s e v e r a l  t y p e s  of a i r c r a f t  p roduc ing  approximately  t h e  same s t r e s s e s  
must be cons idered  (e.g.  a t  major  aerodromes) ,  a s  w e l l  a s  f o r  t h e  purpose of g r a n t i n g  
c o n c e s s i o n s  ( s e e  2,2.2.2 and 4.2.8). D e t a i l e d  t r a f f i c  f o r e c a s t s  a c c o r d i n g  t o  a i r c r a f t  
t y p e  s e r v e  a s  t h e  b a s i s  f o r  t h e  des ign .  Bear ing  i n  mind t h a t  i t  i s  sometimes d i f f i c u l t  
t o  e s t a b l i s h  a c c u r a t e  d a t a  ( p a r t i c u l a r l y  f o r  t h e  a c t u a l  l o a d s ) ,  i t  is  recommended t h a t  
two c a l c u l a t i o n s  be made, i . e .  one assuming a  low t r a f f i c  volume and t h e  o t h e r  a  h i g h  
one, w i t h  a  view t o  a s s e s s i n g  t h e  s e n s i t i v i t y  of t h e  d i f f e r e n t  pa ramete rs  a n d  t h e  e r r o r  
margin f o r  t h e  c a l c u l a t i o n .  Any pavement l i f e  may be s e l e c t e d  ( s e e  4.2.6.2). The 
op t imized  d e s i g n  t a k e s  i n t o  account  t h e  p r e c i s e  number of a c t u a l  movements o f  e a c h  a i r -  
c ra f t :  f o r  t h e  expec ted  pavement l i f e .  Contrary t o  t h e  g e n e r a l  d e s i g n  method t h e r e  i s  no 
rairaimm assumption ( 1  movement/day o r  3 650 movements o v e r  t e n  y e a r s ) :  t h e  c a l c u l a t e d  
pavement i s  more s e n s i t i v e  t o  t r a f f i c  v a r i a t i o n s .  

4.2.6.2 Pavement l i f e .  The l i f e  of a  pavement ( s e e  d e f i n i t i o n  i n  4.2.1-1) i s  - 
normally  s e l e c t e d  on t h e  b a s i s  of t h e  t a b l e  below: 

L PAVEMENT LIFE 

- aerodromes w i t h  low t r a f f i c  - aerodromes w i t h  heavy t r a f f i c  

C o n s t r u c t i o n  - u n r e l i a b l e  t r a f f i c  f o r e c a s t s  - r e l i a b l e  t r a f f i c  f o r e c a s t s  

1 F l e x i b l e  5 t o  10 y e a r s  10 y e a r s  

Rig id  r f g i d  c o n s t r u c t i o n  n o t  a d v i s e d  10 co 20 y e a r s  

h p e r i o d  of t e n  y e a r s  i s  normal ly  adopted  which cor responds  t o  t h e  p r a c t i c e  most  wide ly  
used. The op t imized  d e s i g n  method t a k e s  i n t o  account  a  number of a c t u a l  movements over  
a  f i x e d  pavement l i f e .  Any v a l u e  may t h u s  be chosen f o r  t h e  l a t t e r .  

- T r a f f i c  f o r e c a s t s  ( f o r  method used t o  e s t a b l i s h  t h e s e ,  see 4.2.1.1) 

- CBR of n a t u r a l  s o i l  ( f l e x i b l e  pavements) 

- ldodulus sf subgrade r e a c t i o n  k and t h e  p e r m i s s i b l e  f l e x u r a l  s t r e s s  
of t h e  c o n c r e t e  ( r i g i d  pavements) 

b) C a l c u l a t i o n  method. The c a l c u l a t i o n  c o n s i s t s  of a p p l y i n g  a n  
" i t e r a t i v e  method" which p e r m i t s  t h e  s t r u c t u r a l  i n t e g r i t y  u n d e r  
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expected t r a f f i c  t o  be checked i n  r e spec t  of success ive  t h i ckness  
va lues  : 

Step 1 - An i n i t i a l  t h i cknes s  i s  e s t a b l i s h e d .  

Step 2 - The equ iva l en t  t r a f f i c  of t h e  expected a c t u a l  t r a f f i c ,  
e q u a l l i n g  a  number of equ iva l en t  movements of t h e  a l l o w a b l e  
load  Po of t h e  s t r u c t u r e  being t e s t e d  is  ca l cu l a t ed .  The 
t o t a l  number of ope ra t ions  c o n s t i t u t i n g  t h e  equ iva l en t  
t r a f f i c  may be consol ida ted  i n  one c a l c u l a t i o n  a long  t h e  
l i n e s  of t h e  example shown i n  Figure 4-29. 

Step 3 - Depending on whether t h e  r e s u l t  i s  l e s s  than o r  more t h a n  
36 500 equ iva l en t  movements, s t e p s  1 and 2 a r e  repea ted  w i t h  
a  smal le r  o r  g r e a t e r  th ickness  r e spec t ive ly ,  u n t i l  a  t h i c k -  
nes s  i s  found where t h e  equ iva l en t  t r a f f i c  i s  equa l  o r  a s  
c l o s e  a s  p o s s i b l e  t o  t h e  36 500 equiva len t  movements* 

c )  P r a c t i c a l  ca l cu l a t i on .  I n  t h i s  way one can c a l c u l a t e  f o r  each a i r -  
c r a f t  cons idered  a s  t h e  most c r i t i c a l ,  t h e  t h i ckness  r equ i r ed  by i t s  
maximum expected mass, t a k i n g  i n t o  account t h e  number of a c t u a l  move- 
ments a n t i c i p a t e d  a t  t h i s  mass and assuming t h a t  i t  would be t h e  o n l y  
a i r c r a f t  u s i n g  t h e  pavement under s tudy.  The maximum th ickness  t h u s  
obta ined ,  p l u s  a  few cen t ime t r e s ,  u sua l ly  produces a n  i n i t i a l  t h i c k -  
ness  t h a t  i s  f a i r l y  c l o s e  t o  t h e  f i n a l  value.  The e f f e c t s  of some 
a i r c r a f t  qu ick ly  become n e g l i g i b l e  a s  t h e  t h i ckness  i s  inc reased  i n  
t h e  i t e r a t i o n s  (as  soon a s  P/Po i s  l e s s  than  0.8). They can be 
d e l e t e d  from t h e  t a b l e s  t o  s i m p l i f y  t h e  c a l c u l a t i o n s .  The minimum 
increments  i n  t h e  i t e r a t i o n s  a r e  gene ra l ly  1 cm f o r  r i g i d  pavements 
and 1 t o  2 cm f o r  f l e x i b l e  pavements which r ep re sen t s  t h e  maximm 
accuracy t h a t  may be expected from an  optimized design.  
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I > S u b j e c t  a i r c r a f t .  Two models of t h e  same a i r c r a f t  must be c o n s i d e r e d  t o  
:be d i f f e r e n t  i f  t h e  c h a r a c t e r i s t i c 5  of the{-r  u i ~ d e r c a r r i a g c s  d i f f e r  (number of  
w h e e l s ,  s i z e ,  p r e s s u r e ) .  

. . .  . . .  . - .  

2 > A c t u a l  Loads P,  c o n s i d e r e d  f o r  e a c h  model. 

A i r c r a f t  

3 > Allowable l o a d s  Po, c a l c u l a t e d  by means o f  t h e  g r a p h s  " F l e x i b l e  pavement"  
aild "Kig id  pavement", a s  applicable ( s e e  Appendix 3 ) .  I f  t h e r e  i s  no g r a p h  f o r  
t h e  s u b j e c t  a i r c r a f t ,  one  u s e s  t h e  g r a p h  f o r  t h e  a i r c r a f t  w i t h  c h s r a c t e r i s t i c s  c l o s e s t  
T o  t h e  . l i r r r d f t  under  s t i l dy .  

4 ) R e l a t i o n s h i p  R of t h e  a c t u a l  l o a d  P t o  t h e  a l l o w a b l e  l o a d  Po. T h i s  
r e l a t i o n s h i ?  must n o t  exceed  1 .2  f o r  a p r o n s  and 1.5  f o r  t i le  o t h e r  paveineilts ( i t  
i s  recomneaded, however,  n o t  t o  exceed  1 . 2 ) .  

pm, 1 

5 )  Weight ing c o e f f i c i e n t  Cp c a l = i i l a t e d  e i t h e r  by means oE F ig t i r e  4-30 o r  by 
a p p l y i n g  t h e  Eormtul-a: 

Cp = 10 5(R-  1) [ 2 1 

Pm ? nm 

b)  T o t . 3 1  nt~mher N of a c t u a l  ~ loveinents  p e r  a i r c r a f t  o v e r  t h e  a n t i c i p a t e d  
pavement l i f e .  

Rm91 

7 )  Ntinbcr i?jT (of eqzuivaLerit inovements t o  a c t u a l  rnovernents c a l c u l a t e d  by means 
3f t h e  FDIIIRI~ 3 :  

PO ,m 

T h e  t o t a l  e r l u i v a l c n t  t r a f  f i  c  i s  n b t a i n e i l  by a d d i n g  t i le number I ~ E  e q u i v a -  
Lent r n ~ r v u : : i ~ ~ ~ l t ~  i l  colf~rnli ( 7 ) ,  

Cpm,l 

T o t a l  e q u i v a l e n t  t r a f  f i c  

Figurc  4 - 2 9 "  Conp11t:ition o f  t o t a l  e q u i v a l e n t  t r a f f i c  

Rm,% 

1 N' i, j 

N m , 1  

Cpm, 

N ' m , l  

Nm ,nm N t m 9 n m  
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Weighting c o e f f i c i e n t  of movements 

F i g u r e  4-30. Equiva len t  t r a f f i c  

The op t imized  d e s i g n  method can  be used  f o r  purposes  o t h e r  t h a n  c a l c u -  
l a t i n g  t h i c k n e s s e s ,  e.g. ,  

1 - Grant ing  of concess ions  ( s e e  2.2.2.2 and 4.2 .8) ;  and 

2 - P o t e n t i a l  of remaining pavement l i f e  (by comparing t o t a l  and p a s t  
t r a f f i c  e q u i v a l e n t s  f o r  a n  e x i s t i n g  pavement). 

4.2.7 F r o s t  

4.2.7.1 It i s  recommended t h a t  s t r u c t u r e s  be t e s t e d  f o r  t h e  e f f e c t s  of f r o s t - t h a w  
a s  f o l l o w s :  

a  > The 
c l a s s i f i c a t i o n  o f  t h e  L a b o r a t o i r e  C e n t r a l  d e s  Ponts  e t  ~ h a u s s ~ e s "  
( M i n i s t s r e  d e s  T r a n s p o r t s ,  F rance)  is  used t o  e x p r e s s  t h e  f r o s t  
s u s c e p t i b i l i t y  of s o i l s .  

25 Abbreviated a s  LCPC. 
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1 F r o s t  p e n e t r a t i o n  i s  d e t e r m i n e d  
u s i n g  t h e  modif ied Berggren method a d a p t e d  t o  t h e  m u l t i - l a y e r  case .  
The f r o s t  i n d i c e s  and thermic  paramete rs  a r e  d e f i n e d  i n  t h e  same 
manner a s  t h e  LCPC. 

c > There a r e  t h r e e  f e a s i b l e  p r o t e c t i o n  
l e v e l s ,  a s  fo l lows :  

1 > P r o t e c t i o n  i s  c a l c u l a t e d  s o  a s  t o  e n s u r e  t h a t  
t i o n  determined f o r  t h e  

w i n t e r  cannot  r e a c h  s o i l  l a y e r s  t h a t  may be s u s c e p t i b l e  t o  f r o s t .  

2 )  Same p r i n c i p l e  a s  t o t a l  p r o t e c t i o n ;  however,  
t h e  f r o s t  p e n e t r a t i o n  i s  c a l c u l a t e d  f o r  a  
win te r .  

3 > It i s  recognized t h a t  f r o s t  under  s e v e r e  w i n t e r  
c o n d i t i o n s  may p e n e t r a t e  a  few c e n t i m e t r e s  i n t o  t h e  c o u r s e s  o r  
i n t o  f r o s t s u s c e p t i b l e  s o i l ,  The a c c e p t a b l e  d e p t h  of p e n e t r a t i o n  
l a r g e l y  depends on t h e  i n d i v i d u a l  c a s e  and w i l l  be  d e t e r m i n e d  i n  
c o n s u l t a t i o n  w i t h  t h e  Admin is t ra t ion .  The t a b l e  h e r e u n d e r  shows 
t h e  recommended p r o t e c t i o n  l e v e l s  f o r  in format ion :  

AERODROME CATEGORY 

- 

Homogeneous 1 Non-homogeneous 

NATURAL SOIL 

LARGE AND MEDIUM AERODROMES * 

Runways and taxiways 

Aprons 

INTEMEIIIATE AERODROMES** 

Runways and taxiways 

Aprons 

SMALL AERODROMES*"* 

P r o t e c t i o n  T = T o t a l  H = High L = Low 

Runways and taxiways 

Aprons 
- 

* = a n n u a l  t r a f f i c  exceed ing  200 000 p a s s e n g e r s  

JC* = annrral. t s a f f  i c  from 50 000 t o  200 000 p a s s e n g e r s  

L 

L 

*** = annua l  t r a f f i c  Less t h a n  50 000 passengers  

L 

L 



3-114 Aerodrome Design Manual 

4.2.8 Allowable loads  

4.2.8.1 Determining t h e  a l lowable  loads  f o r  e x i s t i n g  pavements i s  a  r e c i p r o c a l  
problem o f  t h e  des ign  process.  Actua l ly ,  t h r e e  types  of ques t ions  a r e  covered by t h i s  
heading, namely: 

a )  a s  regards  a  s p e c i f i c  pavement, how t o  pub l i sh  information on i t s  
bear ing  s t r e n g t h  i n  terms of i t s  c h a r a c t e r i s t i c s ;  

b) conversely,  how can t h e  a l lowable  load  f o r  every a i r c r a f t  be de termin-  
ed from t h i s  in format ion  (which has been e s t a b l i s h e d  i n  a  s y n t h e t i c  
manner ); and 

c )  under what condi t ions  should concessions be granted  i f  t h e  a c t u a l  
l oads  exceed t h e  a l lowable  loads.  

Moreover, i n  France two systems f o r  t h e  p u b l i c a t i o n  of in format ion  on runway b e a r i n g  
s t r e n g t h  e x i s t  s i d e  by s i d e ,  i .e .  , 

- t h e  method based on a  t y p i c a l  undercar r iage  l e g  app l i ed  i n  France up 
t o  now; and 

- t h e  ACE-PCN method. 

It is  in tended  i n  t h i s  s e c t i o n  t o :  

a )  de sc r ibe  each of t h e  two methods and t h e  condi t ions  i n  which they  a r e  
used; 

b )  s p e c i f y  i n t e r i m  measures r equ i r ed  a s  a  r e s u l t  of u s ing  t h e  two methods 
s i d e  by s i d e ;  and 

c> i n d i c a t e  t h e  c a l c u l a t i o n  process  used i n  dec id ing  when concess ions  
should  be  granted.  

a>  Since p r a c t i c a l l y  a l l  
modern a i r c r a f t  a r e  equipped wi th  undercar r iages  wi th  s i n g l e ,  d u a l  o r  
dua l  tandem wheel arrangements, t h e  maximum load  a l lowable  on each  
pavement w i l l  have t o  be f i x e d  f o r  each  of t h e  t h r e e  t y p i c a l  u n d e r  
c a r r i a g e s  on t h e  b a s i s  of t e n  movements p e r  day over  t e n  years .  

20 t i n  r e spec t  of t h e  s i n g l e  wheel, 35 t i n  r e spec t  of t h e  d u a l  
wheel and 50 t i n  r e spec t  of t h e  d u a l  tandem wheel arrangements  
a r e  expressed symbolical ly a s  fol lows:  

The c h a r a c t e r i s t i c s  of t h e  t y p i c a l  undercar r iage  l e g s  a r e  s e l e c t e d  
from t h e  most c r i t i c a l  l anding  gea r  c h a r a c t e r i s t i c s  of c u r r e n t  
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a i r c r a f t  ( s e e  4.2.2). T h i s  method of f i x i n g  t h e  a l l o w a b l e  l o a d s  h a s  
t h e  d i s a d v a n t a g e  o f  i g n o r i n g  t h e  v a r i a t i o n s  which i n  f a c t  e x i s t  
w i t h i n  t h e  same c a t e g o r y  of u n d e r c a r r i a g e .  For example,  i f  t h e  t r a c k  
o f  t h e  d u a l  whee l s  o r  t h e  t i r e  p r e s s u r e  i s  d i f f e r e n t  f rom t h a t  of t h e  
t y p i c a l  u n d e r c a r r i a g e ,  t h e  e f f e c t  on t h e  pavement w i l l  d i f f e r  
c o n s i d e r a b l y  f o r  t h e  same mass of  a i r c r a f t .  S t r i c t l y  s p e a k i n g ,  
t h e r e f o r e ,  a n  a l l o w a b l e  l o a d  a c c o r d i n g  t o  a i r c r a f t  t y p e  s h o u l d  be 
e s t a b l i s h e d  f o r  a  g i v e n  pavement. Obviously ,  t h i s  method c a n n o t  be 
a p p l i e d  i n  p r a c t i c e .  However, whenever s u c h  a p r e c i s e  c a l c u l a t i o n  i s  
j u s t i f i e d  (e,g. ,  f o r  t h e  purpose  of c o n c e s s i o n s ) ,  t h e  e x a c t  l a n d i n g  
g e a r  c h a r a c t e r i s t i c s  a r e  t a k e n  i n t o  a c c o u n t ,  s o  t h a t  t h i s  d o e s  n o t  
d e p r i v e  c e r t a i n  a i r c r a f t  of  t h e  advan tages  t h e y  d e r i v e  f r o m  t h e  d e s i g n  
of t h e i r  u n d e r c a r r i a g e .  

b) ACN-PCN method 

Note.- This method is described in Annex 14 and in - 
Chapter 1 of this manual. 

4.2.8.4 Choice of a method. The ACN-PCN method came i n t o  f o r c e  f o r  AIPs on 2 6  
November 1981 and i s  g r a d u a l l y  r e p l a c i n g  t h e  method based on a  t y p i c a l  u n d e r c a r r i a g e  
l e g .  

a )  E x i s t i n g  pavements 

- A f i n a l  PCN w i l l  be p u b l i s h e d  f o l l o w i n g  t h e  complete  e v a l u a t i o n  of  
pavements under  t h e  c o n d i t i o n s  d e s c r i b e d  i n  S e c t i o n  4 .2 .9 ,  and  t h i s  
w i l l  r e p l a c e  p u b l i c a t i o n s  based on a  t y p i c a l  u n d e r c a r r i a g e  l e g .  

- An i n t e r i m  PCN w i l l  be p u b l i s h e d  pending a n  e v a l u a t i o n ,  t o g e t h e r  
w i t h  t h e  e x i s t i n g  method of r e p o r t i n g  d a t a  based on a  t y p i c a l  
u n d e r c a r r i a g e  l e g .  

b )  Re in forced  pavements 

- A f i n a l  PCN w i l l  be p u b l i s h e d  f o l l o w i n g  t h e  complete  r e i n f o r c e m e n t  
o f  a  pavement; t h i s  w i l l  r e p l a c e  p u b l i c a t i o n s  based on a  t y p i c a l  
u n d e r c a r r i a g e  l e g  f o r  t h e  o1.d pavement. 

c )  New pavements 

- A f i n a l  P C N  w i l l  be p u b l i s h e d  f o r  new pavements.  

Remarlc: In a r e a s  s u b j e c t  t o  pronounced s e a s o n a l  c l i m a t i c  c h a n g e s ,  t h e  
b e a r i n g  s t r e n g t h  of t h e  subgrade can vary c o n s i d e r a b l y  i n  t h e  c o u r s e  
o f  t h e  y e a r .  This  [nay n e c e s s i t a t e  r e p o r t i n g  two s e t s  of PCN v a l u e s ,  
one f o r  t i le  d r y  and one f o r  t h e  wet season.  
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4.2.8.5 C a l c u l a t i n g  t h e  v a l u e s  t o  be p u b l i s h e d  

a )  Required d a t a .  The d a t a  r e q u i r e d  f o r  p u b l i s h i n g  i n f o r m a t i o n  on pave-  
ment s t r e n g t h  c o n s i s t  o f :  

- t o t a l  e q u i v a l e n t  t h i c k n e s s  and t h e  CBR of t h e  subgrade  f o r  f l e x i h l e  
pavements.  

- t h i c k n e s s  of t h e  s l a b ,  p e r m i s s i b l e  f l e x u r a l  s t r e s s ,  modulus o f  s u b -  
g r a d e  r e a c t i o n  k f o r  r i g i d  pavements. 

Such d a t a  a r e  o b t a i n e d  i n  t h e  c a s e  o f :  

- o l d  pavements: f rom a n  e v a l u a t i o n  of b e a r i n g  s t r e n g t h  under  
c o n d i t i o n s  d e s c r i b e d  i n  4.2.9. 

- r e i n f o r c e d  pavements: from t h e  e v a l u a t i o n  of t h e  b e a r i n g  s t r e n g t h  
p r i o r  t o  re in forcement  and frorn t h e  c h a r a c t e r i s t i c s  adop ted  i n  
d e s i g n i n g  t h e  r e i n f o r c e m e n t .  

- new pavements: from t h e  c h a r a c t e r i s t i c s  adop ted  f o r  t h e  d e s i g n  w i t h  
p o s s i b l e  c o r r e c t i o n s  t o  t a k e  account  of t h e  a c t u a l  c o n s t r u c t i o n .  

b )  C a l c u l a t i o n  

- Method based on a t y p i c a l  u n d e r c a r r i a g e  l e g ,  The p e r m i s s i b l e  l o a d  
Po f o r  a  t y p i c a l  u n d e r c a r r i a g e  l e g  is  o b t a i n e d  by u s i n g  t h e  r e v e r s e  
d e s i g n  method which c o n s i s t s  of d e t e r m i n i n g  from graphs  o r  f o r m u l a s  
t h e  l o a d  i? terms of t h e  c h a r a c t e r i s t i c s  of t h e  subgrade and t h e  
p a v ~ m e n t  . 

- ACN-PCN Method. Deterinining t h e  PCN i s  a  l o n g  and complex 
o p e r a t i o n .  The c a l c u l a t i o n s  i n v o l v e  t h e  f o l l o w i n g  s u c c e s s i v e  
s t e p s :  

S tep  1 - Establishing a  l i s t  of a i r c r a f t  u s i n g  o r  Likely  t o  u s e  t h e  
pavement under  s t u d y  . 

Step 2 - C a l c u l a t i n g ,  w i t h  t h e  a i d  of t h e  r e v e r s e  d e s i g n  method, 
t h e  p e r i n i s s i b l e  Po i  of t h e  v a r i o u s  a i r c r a f t  i n  terms of t h e  
c h z r a c t e r i s t i c s  of t h e  subgrade  and t h e  pavement. 

S tep  3 - C a l c u l a t i n g  f o r  each  t y p i c a l  s o i l  c a t e g o r y  t h e  Act? which 
cor responds  t o  t h e  permiss ibLe l o a d  Po i .  Subsequen t ly ,  i n  
e a c h  c a t e g o r y  one corlside r s  t h e  PCN i n c l u d e d  between t h e  
:naxi1mln and m i r ~ i i - a u m  ACN v a l u e s  o b t a i n e d .  The PCN i s  e x p r e s s -  
e d  by two s i g n i f i c a n t  f i g u r e s .  

S tep  4 - Search ing  among t h e  c o u p l e s  ( s o i l  c a t e g o r y ,  PCN) f o r  t h e  
v a l u e  t h a t  w i l l  prutluce pc-2rinissibLe l o a d s  P ' o i  t h a t  a r e  
c l o s e s t  t o  Poi .  
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tJsual ly  t h e  c a l c u l a t i o n  r e s u l t s  i n  a  subgrade  c a t e g o r y  t h a t  c o n t a i n s  t h e  CBR o r  modulus 
k v a l u e  of  t h e  paverrlerlt under  s t u d y .  However, i t  i s  n o t  unusua l  t o  o b t a i n  a n  a d j a c e n t  
subgrade  c a t e g o r y  and t h e  c l a s s i f i c a t i o n  t h u s  determined must be i n t e r p r e t e d  " w i t h i n  t h e  
me,zning of  t h e  ACN-PCN method". 

c )  The f o u r  code l e t t e r s  which f o l . 1 0 ~  t h e  PCN a r e  s e l e c t e d  i n  t h e  fo l low-  
i ~ l g  manner: 

- t y p e  of pavement: t h e  c l a s s i f i c a t i o n  i s  e s t a b l i s h e d  a c c o r d i n g  t o  
t h e  c r i t e r i a  i n  4.2,l.l. 

- c a t e g o r y  of subgrade s t r e n g t h :  t h i s  i s  provided a t  t h e  same t i m e  
a s  t h e  PCN by t h e  c a l c u l a t i o n  d e s c r i b e d  above. 

- maximum a l l o w a b l e  t i r e  p r e s s u r e :  Code W (no p r e s s u r e  l i m i t a t i o n )  
w i l l  g e n e r a l l y  be adopted.  Code X ( p r e s s u r e  l i m i t e d  t o  1.5 E I P ~ )  i s  - 

adopted  where t h e r e  i s  a  proven r i s k  of s u r f a c e  damage. 

- e v a l u a t i o n  method: t h e  PCN i s  c a l c u l a t e d  f o l l o w i n g  a  c o m p l e t e  
e v a l u a t i o n :  Code T w i l l  normal ly  be adopted.  Code U c a n  on ly  be 
a p p l i e d  f o r  a?  i n t e r i m  p u b l i c a t i o n  of t h e  PCN of a  pavement f o r  
which t h e r e  a r e  no r e l i a b l e  r e s u l t s  o b t a i n e d  by d e t a i l e d  e v a l u a t i o n  
and whose behav iour  h a s  been judged on t h e  b a s i s  of i t s  a b i l i t y  t o  
x c c e p t  e x i s t i n g  t r a f f i c .  

Remarks: 1) For a  runway f o r  which s e v e r a l  homogeneous a r e a s  c a n  be  
d i s t i n g u i s h e d  i n  r e g a r d  t o  b e a r i n g  s t r e n g t h ,  t h e  v a l u e s  t o  be 
pub l i shed  a r e  t h e  lowes t  o b t a i n e d  over  t h e  e n t i r e  pavement a r e a .  

2 )  Lf a n  a r e a  i s  amenable t o  a  r e d u c t i o n  i n  t h e  normal  d e s i g n  
l o a d  ( s e e  4 . 2 . 2 . 2 ) ,  weiglhting i s  a l s o  used  i n  c a l c u l a t i n g  t h e  
a l l o w a b l e  l o a d s .  

a )  De te rmina t ion  of a l l o w a b l e  l o a d s :  

1) ACN-PCN method. The a l l o w a b l e  l o a d  Po of  a n  a i r c r a f t  i s  c a l c u l a t e d  
on t h e  b a s i s  of t h e  p u b l i s h e d  PCN by t h e  r e l a t i o n :  

PCN - min ACN 
Po = m + (M - m) . 

mex ACN - n i n  ACN 

max ACN: A C N  v a l u e  c o r r e s p o n d i n g  t o  t h e  maximum mass* 

n i n  ACN: ACN v a l u e  corresponi l ing t o  t h e  minim~lm mass ( o p e r a t i n g  mass 
ely t y )  

* See Appendix 5 ,  Tab le  5-1. 
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2 )  f i e  a l l o w a b l e  l o a d  Po on  t h e  
u n d e r c a r r i a g e  l e g  o f  t h e  a i r c r a f t  u n d e r  s t u d y  i s  t h a t  which i s  
p u b l i s h e d  i n  r e s p e c t  of  t h e  c o r r e s p o n d i n g  t y p i c a l  u n d e r c a r r i a g e  
l eg .  

Remark: I n  t h e  c a s e  of  t h e  pavement f o r  which b o t h  t h e  l o a d  p e r  
t y p i c a l  u n d e r c a r r i a g e  l e g  and a  PCN a r e  pub l i shed ,  one a d o p t s  t h e  
h i g h e s t  v a l u e  o b t a i n e d  by u s i n g  one o r  t h e  o t h e r  method. 

b )  Use of a l l o w a b l e  l o a d s :  

- i f  t h e  a c t u a l  l o a d  P i s  l e s s  t h a n  t h e  a l l o w a b l e  l o a d  Po t h e r e  i s  no 
r e s t r i c t i o n  ( l o a d ,  number of movements) f o r  t h e  a i r c r a f t  u n d e r  
s t u d y  w i t h i n  t h e  o v e r a l l  f a t i g u e  l i m i t  of t h e  pavement. 

- i f  t h e  a c t u a l  l o a d  P  exceeds  l o a d  Po: a  s p e c i a l  s t u d y  must b e  
c a r r i e d  o u t  which may have t h e  f o l l o w i n g  r e s u l t s  f o r  t h e  s u b j e c t  
a i r c r a f t :  

- no r e s t r i c t i o n  

- l i m i t e d  o p e r a t i o n *  ( a s  r e g a r d s  mass o r  number of  movements u n d e r  a  
c o n c e s s i o n )  

- r e f u s a l  of a c c e s s  

Example 

& t e r m i n a t i o n  of PCN of  a  f l e x i b l e  runway w i t h  t h e  f o l l o w i n g  c h a r a c -  
t e r i s t i c s :  t o t a l  e q u i v a l e n t  t h i c k n e s s  e  = 70 cm 

C B R  of  subgrade  CBR = 8 

The pavement r e c e i v e s  t r a f f i c  c o n s i s t i n g  a l iaost  e x c l u s i v e l y  of B-727-200, S t a n d a r d ,  
Airbus A-300 B2, B-747-100. 

S o l u t i o n  

S t e p  1. The subgrade  may be c l a s s i f i e d  i n  Category B (medium s t r e n g t h )  a s  
w e l l  a s  i n  Category C ( low s t r e n g t h ) .  These two c a t e g o r i e s  w i l l  t h e n  be t e s t e d  i n  a 
subsequen t  c a l c u l a t  ion.  

* See 2 . 2 . 2 . 2  f o r  gu idance  on t h i s  i s s u e .  
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Step  2 .  C a l c u l a t i o n  of a l l o w a b l e  l o a d s  based on French p r a c t i c e  (use  of 
g raphs  i i ~  Appendix 3): 

Percentage of t o t a l  
Load on each  main mass on each  main 

A i r c r a E t  u n d e r c a r r i a g e  l e g  u n d e r c a r r i a g e  l e g  T o t a l  mass 

12-300 U2 66  t 

B-727-200 (S tandard)  39 t 

B-747-100 7 6  t 

S tep  3. C a l c u l a t i o n  of t h e  ACN cor responding  t o  t h e  a l l o w a b l e  l o a d  
de te rmined  f o r  each  a i r c r a f t .  

CATEGORY R 

142 0 0 0  - 85  6 9 0  
A-300 N2 ACN = 23* + ( 4 5  - 2 3 )  . - ---- = 4 5  

142 0 0 0  - 55  6 9 0  

8 4  0 0 0  - 4 4  293  
B-727-200 ACN = 2 2  + ( 4 3  - 2 2 )  . ----- = 4 6  
( S t a n d a r d )  7 8  471  - 4 4  293 

CATEGORY C 

142  0 0 0  - 8 5  6 9 0  
A-300 K L  ACN = 26 + ( 5 5  - 2 6 )  . = 55 

142 0 0 0  - 85  6 9 0  

8 4  0 0 0  - 4 4  293  
B-727-200 ACN = 24  + ( 4 9  - 2 4 )  . --------- = 5 3  
( S t a n d a r d )  7 8  471  - 44 293 

Step  4 .  The PCN v a l u e  t o  be determined ranges  from 45  t o  4 9  i f  one  adopts  --- 
Category B and between 5 3  and 59 f o r  Category C.  It i s  n o t e d ,  however, t h a t  t h e  B-727 
i s  a c c e p t a b l e  i n  bo th  c a s e s  a t  a  load  exceeding t h e  maximum all-up mass. When 
c o n s i d e r i n g  t h e  A-300B2 and t h e  B-747-100 o n l y ,  t h e  c h o i c e  is  l i m i t e d  w i t h i n  t h e  range  
55 t o  59 f o r  Category C .  

:k See Appendix 5 ,  Table  5-1. 
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The f i n a l  c h o i c e  i s  made between t h e  mean v a l u e s  PCN = 47 a n d  
PCN = 57 o b t a i n e d  f o r  C a t e g o r i e s  B and C r e s p e c t i v e l y .  

-- 

Allowable  l o a d  
deduced f rom "True" a l l o w a b l e  D i f f e r e n c e  

t h e  PCN l o a d  

Category B - A-300B2: 1 4 7 . 2 t  142 t + 5.2 t 
PCN = 47 B-747-100: 317.5 t 329 t -11.5 t 

Ca tegory  C - A-300 B2: 145.8 t 142 t + 3.8 t 
PCN = 57 B-747-100 321.2 t 329 t - 7.8 t 

The d i f f e r e n c e  between t h e  a l l o w a b l e  l o a d s  c a l c u l a t e d  by means of  t h e  two 
methods i s  less i n  t h e  second  case .  

S t e p  6. P u b l i c a t i o n  

PCN 57/F/C/W/T 

4.2.9 E v a l u a t i o n  of pavements 

4.2.9.1 General .  E v a l u a t i o n  o f  e x i s t i n g  pavements i s  a n  i n d i s p e n s a b l e  t o o l  i n  
e n s u r i n g  e f f i c i e n t  u t i l i z a t i o n  of t h e i r  p o t e n t i a l .  It f u l f i l s  t h r e e  main o b j e c t i v e s ,  a s  
f o l l o w s :  

a )  t o  d e t e r m i n e  when maintenance o p e r a t i o n s  o r  more e x t e n s i v e  work m u s t  
be  under taken ;  

b )  a t  t h e  t i m e  s u c h  work h a s  t o  be u n d e r t a k e n ,  t o  a s s e s s  t h e  r e s i d u a l  
q u a l i t i e s  of  t h e  pavement w i t h  a view t o  e n a b l i n g  a  t e c h n i c a l  a n d  
economic s o l u t i o n  t o  b e  found and t h e  d e s i g n  f o r  a  p o s s i b l e  r e i n f o r c e -  
ment t o  be determined;  and 

c )  t o  d e t e r m i n e ,  a t  any  t i m e ,  which a i r c r a f t  t y p e s  c a n  u s e  a p a r t i c u l a r  
pavement, and t h e i r  mass and maximm movement f requency  ( a l l o w a b l e  
l o a d s  d e s c r i b e d  i n  4.2.8). 

4.2.9.2 Pavement e v a l u a t i o n  must t a k e  i n t o  accoun t  b o t h  t h e  s t r u c t u r a l  a n d  
f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  t h e  pavements. The s t r u c t u r a l  c h a r a c t e r i s t i c s  of  t h e  
pavement /subgrade complex govern  i t s  b e a r i n g  s t r e n g t h ,  i.e.p i t s  a b i l i t y  t o  b e a r  l o a d s  
imposed by a i r c r a f t  w h i l e  r e t a i n i n g  i t s  s t r u c t u r a l  i n t e g r i t y  d u r i n g  a c e r t a i n  l i f e .  The 
f u n c t i o n a l  c h a r a c t e r i s t i c s  a f f e c t  t h e  s t a t e  of  t h e  pavement s u r f a c e  and  t o  what e x t e n t  
t h e  pavement c a n  be s a f e l y  u s e d  by a i r c r a f t .  They a r e :  

a )  t h e  q u a l i t y  of t h e  l o n g i t u d i n a l  p r o f i l e  a n d ,  i n  p a r t i c u l a r ,  t h e  
evenness  which d e t e r m i n e  t h e  d e g r e e  of v i b r a t i o n s  produced i n  a i r c r a f t  
d u r i n g  r o l l  o u t ;  

b )  s l i p p e r i n e s s ,  which d e t e r m i n e s  t h e  d e g r e e  of  d i r e c t i o n a l  c o n t r o l  a n d  
b r a k i n g  of  t h e  a i r c r a f t ;  and 
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c )  q u a l i t y  of t h e  s u r f a c e  (crumbling,  b r e a k i n g  up of t h e  a s p h a l t ,  e t c . ) ,  
s i n c e  d e f e c t s  can damage a i r c r a f t  ( i n g e s t i o n  of s m a l l  s t o n e s  by j e t  
e n g i n e s ,  t i r e  b u r s t s ) .  

? lo reover ,  t h e  s t r u c t u r a l  and f u n c t i o n a l  c h a r a c t e r i s t i c s  a r e  n o t  independen t :  t h u s ,  t h e  
s t a t e  of t i le s u r f a c e  can  r e v e a l  p o s s i b l e  s t r u c t u r a l  d e f e c t s  and, c o n v e r s e l y ,  a s t r u c t u r e  
u n s u i t e d  t o  t h e  t r a f f i c  c a u s e s  d e t e r i o r a t i o n  of t h e  s u r f a c e .  

4 .2 .9-3  E v a l u a t i o n  o f  pavements i s  a  ve ry  complex p rocedure  which c a l l s  f o r  a  
sy r l t i l e s i s  by a  s p e c i a l i s t  team of t h e  f o l l o w i n g  e lements :  

a )  d a t a  on t h e  d e s i g n  of t h e  pavement and of t h e  s u b s o i l ,  a s  w e l l  a s  on 
p o s s i b l e  subsequen t  work (maintenance,  r e i n f o r c e m e n t ,  e t c . ) ;  

b) s t u d y  of t h e  aerodrome s i t e ;  

c )  c l i m a t o l o g i c a l  d a t a  (hydro logy ,  ground w a t e r ,  f r o s t ,  e t c . ) ;  

d )  v i s u a l  i n s p e c t i o n s  of t h e  s t a t e  of t h e  pavement,  s u r v e y i n g  t h e  
d e t e r i o r a t i o n  and examining t h e  d r a i n a g e ;  

e )  v a r i o u s  measurements which e n a b l e  c e r t a i n  p a r a m e t e r s  a s s o c i a t e d  w i t h  
t h e  pavement c h a r a c t e r i s t i c s  ( evenness ,  s l i p p e r i n e s s ,  b e a r i n g  
s t r e n g t h )  t o  be  de te rmined ;  and 

f )  measurement o f  t h e  t h i c k n e s s  and q u a l i t a t i v e  a s sessment  of t h e  
pavement c o u r s e s  and t h e  c h a r a c t e r i s t i c s  of t h e  subgrade .  

4.2.9.4 The f o l l o w i n g  pa ragraphs  d e a l  o n l y  w i t h  t h e  e v a l u a t i o n  of t h e  pavement  
b e a r i n g  s t r e n g t h .  The purpose  of t h i s  e v a l u a t i o n  i s  t o  a s s i g n  t h e  f o l l o w i n g  
r e p r e s e n t a t i v e  s t r u c t u r a l  p a r a m e t e r s  t o  a n  e x i s t i n g  pavement t o  r e p r e s e n t  i t s  c u r r e n t  
b e a r i n g  s t r e n g t h  which c a n  be d i r e c t l y  a p p l i e d  t o  d e t e r m i n e  t h e  a l l o w a b l e  l o a d  and  any 
r e i n f o r c e m e n t  r e q u i r e d :  

a)  t h e  C R R  of t h e  subgrade  and t h e  t o t a l  e q u i v a l e n t  t h i c k n e s s  f o r  a  
f l e x i b l e  pavement; and 

b)  t h e  modulus of r e a c t i o n  k of t h e  s u b g r a d e ,  t h i c k n e s s  of t h e  c o n c r e t e  
s l a b  and t h e  p e r m i s s i b l e  f l e x u r a l  s t r e s s  of t h e  c o n c r e t e  i n  t h e  c a s e  
of a  r i g i d  pavement. 

4,2.9.5 Two approaches  may be used  t o  d e t e r m i n e  t h e s e  p a r a m e t e r s ,  a s  f o l l o w s :  

a )  by a  p r o c e d u r e  which i s  t h e  e x a c t  r e v e r s e  of t h e  d e s i g n  p r o c e s s ,  t h e  
s o - c a l l e d  " r e v e r s e  d e s i g n  method"; and 

b)  by means of n o n - d e s t r u c t u r e  p l a t e  l o a d i n g  t e s t s  on t h e  s u r f a c e  of t h e  
paverne~lt which i n d i c a t e  t h e  a c t u a l  a l l o w a b l e  l o a d  i n  t h e  c a s e  of a 
s i n g l e  wheel l e g .  

In p r a c t i c e ,  t h e  e v 2 l u a t i o n  of a  pavement b e a r i n g  s t r e n g t h  must be made by s y n t h e s i z i n g  
t h e  r e s u l t s  oE tinese twu complementary approaches .  
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4.2.9.6 The purpose of t h e  des ign  method descr ibed  
previous ly  which uses  t h e  subgrade d a t a ,  i s  t o  determine a  pavement s t r u c t u r e  t h a t  can  
bear  a  g iven  t r a f f i c  ove r  a  c e r t a i n  l i f e ,  provided "normal" maintenance i s  performed, 
Conversely, once t h e  c h a r a c t e r i s t i c s  of t h e  subgrade and of t h e  pavement s t r u c t u r e  a r e  
known, t h i s  method enables  t h e  t r a f f i c  which can be accepted  du r ing  a  given time t o  be 
determined. The foregoing  i s  t h e  b a s i s  f o r  eva lua t ion  bear ing  s t r e n g t h  by means of t h e  
r eve r se  des ign  method. When t h i s  method i s  used by i t s e l f ,  however, cons ide rab l e  
d i f f i c u l t i e s  a r e  encountered i n  determining t h e  s t r u c t u r a l  parameters  t h a t  must b e  t aken  
i n t o  account  i n  eva lua t ing  a n  e x i s t i n g  pavement and i t s  subgrade. Even i f  r eco rds  a r e  
a v a i l a b l e  of t h e  cons t ruc t ion  of t h e  pavement, of any maintenance and re inforcement  work 
performed i n  t h e  p a s t ,  and of t h e  t r a f f i c  accepted,  t h i s  method r e q u i r e s  many t r i a l  
borings and t e s t i n g s  of t h e  pavement. Moreover, t h e r e  w i l l  u s u a l l y  be some u n c e r t a i n t y  
concerning t h e  r e s u l t s  because of t h e  d i f f i c u l t y  of e v a l u a t i n g  c e r t a i n  parameters  
(equivalence c o e f f i c i e n t s  of t h e  courses  of a  f l e x i b l e  pavement, load  t r a n s f e r s  between 
concre te  s l a b s ,  e tc . ) .  

Remark: The r e v e r s e  des ign  method can only  be used f o r  a  pavement t h a t  i s  
c o r r e c t l y  c o n s t i t u t e d  ( f o r  f l e x i b l e  pavements, t h e  courses  must be of i n c r e a s i n g  q u a l i t y  
from bottom t o  top  and adhere c l o s e l y ) .  

4.2.9.7 When i n t e r p r e t e d  by q u a l i f i e d  pe r sonne l ,  
non-destruct ive p l a t e  t e s t s  can  d i r e c t l y  provide t h e  a l lowable  load  f o r  a  s i n g l e  whee l  
a t  a  l a r g e  number of p o i n t s  on a  f l e x i b l e  pavement and t h e  a l lowable  load  a t  t h e  c o r n e r s  
of s l a b s  i n  t h e  ca se  of a  r i g i d  pavement. These t e s t s  a r e  i n s u f f i c i e n t  t o  de te rmine  t h e  
a l lowable  load  f o r  a i r c r a f t  w i th  mu l t i p l e  wheel undercar r iages  o r  t o  s e r v e  a s  t h e  b a s i s  
f o r  des igning  a reinforcement ,  i n  which ca se  t h e  r eve r se  des ign  method must be adopted.  
Nevertheless ,  t h e  p l a t e  t e s t s  cons iderably  reduce t h e  number of d e s t r u c t i v e  t e s t s  
requi red  i n  o r d e r  t o  apply a  r e l i a b l e  cross-check i n  t h e  ca se  of f l e x i b l e  pavements and 
enable  t h e  q u a l i t y  of t h e  load  t r a n s f e r  t o  be eva lua t ed  i n  t h e  ca se  of r i g i d  pavements, 
a s  expla ined  i n  t h e  fo l lowing  paragraph. 

4.2.9.8 The amount of equipment 
requi red  depends on t h e  p a r t i c u l a r  o b j e c t i v e  and how much is  a l ready  known about t h e  
pavement: 

a )  I f  t h e  pavement i s  o l d  and l i t t l e  i s  known of i t s  c h a r a c t e r i s t i c s ,  a l l  
t h e  equipment desc r ibed  below must be used. 

b) I f  t h e  pavement i s  of r ecen t  cons t ruc t ion  and adequate records  are  
a v a i l a b l e  o r  t h e  pavement has  a l r eady  been t h e  s u b j e c t  of a  conr- 
prehensive eva lua t ion  of t h e  type  descr ibed  above and changes i n  
bear ing  s t r e n g t h  only a r e  t o  be determined, non-destruct ive p l a t e  
t e s t s  a r e  u s u a l l y  adequate.  This a l s o  a p p l i e s  t o  a  pavement which has  
undergone a complete eva lua t ion  followed by reinforcement  work, where 
t h e  r e s u l t s  of such work a r e  t o  be checked. 

The fo l lowing  paragraphs d e a l  wi th  t h e  f i r s t  case ,  i.e., a  complete s tudy.  

a )  The f i r s t  phase of t h e  s tudy  i s  in tended  t o  d e l i n e a t e  t h e  zones whose 
s t r u c t u r e  and s t a t e  a r e  i d e n t i c a l  and t o  a s s e s s  t h e i r  i n  
o rde r  t o  reduce t h e  number of o t h e r  t e s t s  needed t o  determine t h e  
pavement s t r u c t u r e .  To complete t h e  informat ion  a v a i l a b l e  from t h e  
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r e c o r d s ,  a  d e t a i l e d  of t h e  pavement must f i r s t  be 
performed,  i n c l u d i n g  a  s u r v e y  and  c l a s s i f i c a t i o n  of i t s  d e t e r i o r a t i o n ,  
a s  w e l l  a s  a n  i n s p e c t i o n  of t h e  d r a i n a g e  system. 

b)  During a second s t a g e ,  t h e  f o l l o w i n g  may be  used :  

For  f l e x i b l e  pavements: e i t h e r  t h e  L a c r o i x  d e f l e c t o g r a p h  o f  t h e  LCPC, 
o r  t h e  i n f l u o g r a p h  of t h e  STBA*. 

For  r i g i d  pavements: t h e  equipment  f o r  measur ing v i b r a t i o n  o f  s l a b s  
(DMBD) o f  t h e  LCPC. 

c )  F i n a l l y ,  a  r e l a t i v e l y  l a r g e  number of n o n d e s t r u c t i v e  p l a t e  t e s t s  
( f rom 80 t o  100 on a  medium-size aerodrome)  a r e  performed w h i c h  n o t  
o n l y  e n a b l e  t h e  homogeneity o f  pavement behav iour  t o  be  a s s e s s e d ,  as 
i n  t h e  c a s e  of t h e  above-mentioned equipment ,  bu t  which a l s o  g i v e  t h e  
v a l u e  of t h e  a l l o w a b l e  l o a d  f o r  a  s i n g l e  wheel  a t  e a c h  of t h e s e  
p o i n t s .  

4.2.9 -10  D e s c r i p t i o n  of t h e  homogeneous zones .  A l l  t h e  above-ment ioned equ ipment  
i s  u s e d  t o  d e f i n e  t h e  homogeneous zones  on t h e  b a s i s  of t h e i r  s t r u c t u r e  and  b e h a v i o u r .  
Having de te rmined  t h e  a l l o w a b l e  l o a d  Po f o r  e a c h  homogeneous zone,  one o r  s e v e r a l  
b o r i n g s  must be performed t o  e v a l u a t e  e a c h  zone. These  b o r i n g s  a r e  performed a t  one o r  
s e v e r a l  p o i n t s  a t  which p l a t e  t e s t s  were  c a r r i e d  o u t  p roduc ing  a  r e s u l t  P i  c l o s e  t o  t h e  
a l l o w a b l e  l o a d  Po a d o p t e d  f o r  t h a t  zone.  Some b o r i n g s  a r e  o c c a s i o n a l l y  a l s o  performed 
a t  s p e c i f i c  p o i n t s  (e.g. ,  where t h e  a l l o w a b l e  l o a d  P i  i s  p a r t i c u l a r l y  low) .  As a n  o r d e r  
o f  magni tude,  a  t o t a l  o f  6 t o  12 t r i a l  b o r i n g s  a r e  u s u a l l y  s u f f i c i e n t  f o r  a  medium s i z e  
aerodrome,  depending on t h e  homogeneity of t h e  pavements t e s t e d .  These t r i a l  b o r i n g s  
must c o v e r  a  s u r f a c e  a r e a  of approx imate ly  1.5 m2 and a r e  performed: 

a )  t o  d e t e r m i n e  t h e  s t r u c t u r e  of t h e  pavement,  p a r t i c u l a r l y  t h e  t h i c k n e s s  
o f  t h e  c o u r s e s  and t o  check t h e  q u a l i t y  of t h e  m a t e r i a l s  e n c o u n t e r e d ,  
i f  n e c e s s a r y  i n  t h e  l a b o r a t o r y ;  

b) t o  u n d e r t a k e  CBR t e s t s  i n  s i t u  o r  t e s t s  of t h e  modulus of s u b g r a d e  
r e a c t i o n  k  whenever p o s s i b l e ;  and 

c )  t o  measure t h e  m o i s t u r e  c o n t e n t  and d r y  d e n s i t y  of t h e  s u b g r a d e  and t o  
t a k e  i n t a c t  o r  t r e a t e d  samples  f o r  l a b o r a t o r y  a n a l y s i s  and t es t s .  

4.2.9.11 I n t e r p r e t a t i o n  and s y n t h e s i s  of t h e  r e s u l t s .  The r e s u l t s  f o r  e a c h  
homogeneous zone a r e  i n t e r p r e t e d  i n  t h e  l i g h t  of t h e  d a t a  i n  r e s p e c t  of t h e  pavement and 
t r a f f i c  i t  h a s  a c c e p t e d ,  t h e  s u r v e y s  of i t s  d e t e r i o r a t i o n ,  t h e  r e s u l t s  of t h e  i n s p e c t i o n  
of t h e  d r a i n a g e  s y s t e m  and a l l  t h e  measurements performed. T h i s  s y n t h e s i s  must  be  
c a r r i e d  o u t  by a  s p e c i a l i s t  team, i n  p r a c t i c e  t h e  STBA. Cross-checking of t h e  d i f f e r e n t  
measurement v a l u e s  p e r m i t s  making a  f i n a l  c h o i c e  of t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  
r e q u i r e d  t o  c a l c u l a t e  t h e  a l l o w a b l e  l o a d s  ( s e e  4 .2 .8) .  

------ 
* STMA: S e r v i c e  Technique d e s  Bases A6r i e n n e s ,  M i n i s t s r e  d e s  T r a n s p o r t s ,  F r a n c e  
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4.2.10.1 Genera l .  The problem of r e i n f o r c e m e n t  of aerodrome pavements can  a r i s e  
when nanoeuvr ing  a r e a s  must be a d a p t e d  t o  meet t h e  f u t u r e  r e q u i r e m e n t s  of h e a v i e r  a i r -  
c r a f t  o r  when pavements r e q u i r e  s t r e n g t h e n i n g  t o  meet immediate needs  of c u r r e n t  
t r a f f i c .  I n  p r a c t i c e ,  t h e s e  two c o n c e r n s  a r e  f r e q u e n t l y  confused.  Reinforcement  i s  no t  
t h e  o n l y  s o l u t i o n ,  however,  i f  a  p a r t i c u l a r  pavement i s  n o t  s u i t e d  t o  t h e  p r e s e n t  o r  
f u t u r e  t r a E f i c :  

- It may a t  t imes  be p r e f e r a b l e  t o  b u i l d  a  new pavement somewhere e l s e .  
T h i s  s o l u t i o n  o b v i a t e s  t h e  d i f f i c u l t y  of m a i n t a i n i n g  t h e  f l o w  of t r a f f i c  
d u r i n g  t h e  r e i n f o r c i n g  work; i t  a l s o  a l l o w s  f o r  t h e  i n t r o d u c t i o n  o f  a n  
improved l a y o u t  more a d a p t e d  t o  new o p e r a t i n g  c o n d i t i o n s .  

- The " s u b s t i t u t i o n "  method c o u l d  a l s o  b e  adop ted .  T h i s  c o n s i s t s  o f  
rernoving t h e  e x i s t i n g  pavement and r e b u i l d i n g  a new one a t  t h e  same 
l e v e l .  Th i s  s o l u t i o n ,  which i n  t h e  c a s e  of a  runway can  be l i m i t e d  t o  
1 5  m on e i t h e r  s i d e  of t h e  c e n t r e  l i n e ,  a v o i d s  merging problems.  How- 
e v e r ,  o f  a l l  t h e  p o s s i b l e  s o l u t i o n s ,  i t  i s  t h e  most e x p e n s i v e  one.  

The t e x t  below d e a l s  w i t h  t h e  a c t u a l  r e i n f o r c e m e n t  of pavements;  i t  d e s c r i b e s  a  method 
f o r  d e t e r m i n i n g  t h e  t h i c k n e s s  of t h e  r e i n f o r c e m e n t  and d e a l s  w i t h  c e r t a i n  r e l e v a n t  
problems e n c o u n t e r e d  d u r i n g  c o n s t r u c t i o n .  

4.2.10.2 Choice of s o l u t i o n .  The r e i n f o r c e m e n t  f o r  a  p a r t i c u l a r  pavement ( f l e x i b l e  
o r  r i g i d )  c a n  be  o f  t h e  same t y p e  o r  d i f f e r e n t .  The c h o i c e  i s  governed by t e c h n i c a l  and 
ecorlomic c o n s i d e r a t i o n s ,  by t h e  r e s t r i c t i o n s  imposed by t h e  s o l u t i o n  on t h e  u s e  of t h e  
aerodrome w h i l e  t h e  work i s  b e i n g  c a r r i e d  o u t  and by t h e  bond between t h e  r e i n f o r c e m e n t  
and t h e  e x i s t i n g  pavement. 

4.2.10.3 . Apprec iab le  s a v i n g s  can  be  made i n  
t h e  c o s t  oE r e i n f o r c i n g  a  runway by r e d u c i n g  t h e  t h i c k n e s s  of t h e  pavement o u t s i d e  a 
30 m wide cen t ra l .  s t r i p  and s u b j e c t  t o  c o m p a t i b i l i t y  w i t h  t h e  g e o m e t r i c a l  s t a n d a r d s  o f  
t h e  c r o s s - s e c t i o n a l  p r o f i l e .  Apar t  from a  s a v i n g  i n  r e i n f o r c i n g  m a t e r i a l ,  t h e  d e c r e a s e  
i n  t h i c k n e s s  o f  t h e  r e i n f o r c e m e n t  towards  t h e  edges  of t h e  runway, sometimes down t o  
n o t h i n g ,  a l s o  minimizes  o r  even  e l i m i n a t e s  t h e  need t o  r a i s e  t h e  l e v e l  of t h e  s h o u l -  
d e r s .  

4.2.10.4 The t h i c k n e s s  of t h e  f l e x i b l e  re inEorcement  may be o b t a i n e d  u s i n g  t h e  
f o l l o w i n g  r e l a t i o n s h i p :  

- i n  t h i s  r e l a t i o n s h i p ,  e  i s  t h e  e q u i v a l e n t  t h i c k n e s s  i n  accordance  w i t h  
t h e  d e f i n i t i o n  g i v e n  i n  4.2.3.4. It s h o u l d  be n o t e d  t h a t  t h e  m a t e r i a l s  
used f o r  a  r e i n f o r c e m e n t  must be a t  l e a s t  e q u a l  i n  q u a l i t y  t o  t h o s e  u s e d  
f o r  t h e  sub-base c o u r s e ,  i . e . ? t h e  c o e f f i c i e n t  of e q u i v a l e n c e  must b e  a t  
Least  1; 

- h i s  t h e  t h i c k n e s s  of t h e  e x i s t i n g  c o n c r e t e  s l a b ;  

- ht i s  t h e  t h e o r e t i c a l  t h i c k n e s s  of t h e  new s l a b  l e s s  t h e  e x i s t i n g  
s l a b .  Th i s  t h i c k n e s s  i s  c a l c u l a t e d  t a k i n g  i n t o  accoun t  t h e  a l l o w a b l e  
s t r e s s  and t h e  c o r r e c t e d  k a p p l i c a b l e  t o  t h e  e x i s t i n g  s l a b ;  
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- F  i s  a  c o e f f i c i e n t  of r e d u c t i o n  of t h e  t h i c k n e s s  h t ,  t h e  v a l u e  of 
which i s  g i v e n  i n  F i g u r e  4-31 as a  f u n c t i o n  of t h e  modulus k a l r e a d y  
mentioned ( t h e  t h e o r e t i c a l  t h i c k n e s s  of t h e  c o n c r e t e  s l a b  i s  reduced  
because i t  i s  assumed t h a t  t h e  s l a b  w i l l  c r a c k  t o  a  c e r t a i n  e x t e n t  i n  
s e r v i c e ,  i n  c o n t r a s t  w i t h  t h e  assumption made i n  connexion w i t h  t h e  
c a l c u l a t i o n  f o r  s l a b s  used  i n  t h e  wear ing  c o u r s e ) ;  

- The e q u i v a l e n t  t h i c k n e s s  of t h e  re in forcement  must no t  be l e s s  t h a n  
20 cm, u n l e s s  s p e c i a l  l e v e l l i n g  c o u r s e s  a r e  used t o  c o r r e c t  deforma- 
t i o n s .  Because of t h e  p r e s e n c e  of j o i n t s  and t h e  movement o f  t h e  s l a b s ,  
t h e  c o n c r e t e  w i l l  have t o  be covered w i t h  a  l a y e r  of m a t e r i a l  o f  
s u f f i c i e n t  t h i c k n e s s  t o  p r e v e n t  t h e  appearance  of d e f e c t s  a t  t h e  s u r -  
f  a c e ;  

- 14oreover, t h e  r e l a t i o n s h i p  a t  [ 5 ]  i s  a p p l i c a b l e  o n l y  t o  v a l u e s  r e s u l t i n g  
i n  a n  e q u i v a l e n t  t h i c k n e s s  e  exceed ing  20 cm. 

Modulus of Reac t ion  K i n  MX/m3 

F i g u r e  4-31. F l e x i b l e  re in forcement  on r i g i d  pavement - F a c t o r  F 

4.2,10.5 C o n s t r u c t i o n  r u l e s .  The most p r e s s i n g  problem - and one which h a s  n o t  y e t  
been s a t i s f a c t o r i l y  r e s o l v e d  - a s s o c i a t e d  w i t h  t h e  d i r e c t  r e in forcement  of c o n c r e t e  wi th  
a b i tuminous  mix i s  t h a t  of t h e  reappearance  O F  t h e  j o i n t  i n  t h e  r i g i d  pavement a t  t h e  
s u r f a c e  of  t h e  re inforcernent .  Attempts a r e  made t o  p r e v e n t  t h i s  damage by r e i n f o r c i n g  
t h e  pavement a t  t h e s e  j o i n t s  by means of meta l  l a t t i c e s ,  p l a t e s ,  f a b r i c s ,  e t c . ,  o r  a t  
Leas t  by s e p a r a t i n g  t h e  c o u r s e  of bi tuminous mix from t h e  s l a b  over  a  c e r t a i n  d i s t a n c e  
on e i t h e r  s i d e  of t h e  j o i n t  (e,g. ,  by i n t e r p o s i n g  a  l a y e r  of s a n d ) .  It i s  a l s o  p o s s i b l e  
t o  p r o v i d e  saw c u t  j o i n t s  on t h e  s u r f a c e  of  t h e  re in forcement  t o  avo id  i r r e g u l a r  crack-  
i n g .  This  s o l u t i o n  f a c i l i t a t e s  maintenance,  bu t  reduces  t h e  b e a r i n g  s t r e n g t h  of  t h e  
paverntlnt. 

4,2.11).6 ~kl though  seldom encounte red ,  a n o t h e r  p o s s i b l e  d i f f i c u l t y  i s  c a u s e d  by t h e  
a f f i n i t y  o f  c e r t a i n  j o i n t i n g  compounds f o r  t h e  bitumen, which can r e s u l t  i n  s w e l l i n g  of 
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t h e  pavement a t  t h e  j o i n t  of t h e  r e i n f o r c e d  s l a b .  I f  i n  d o u b t ,  i t  w i l l  t h e n  be  a d v i s -  
a b l e  t o  remove t h e  j o i n t i n g  compound b e f o r e  t h e  r e i n f o r c e m e n t  i s  a p p l i e d  and t o  r e f i l l  
t h e  j o i n t s  w i t h  a m i x t u r e  of sand  and b i n d e r  c o m p a t i b l e  w i t h  t h e  one used  i n  t h e  
r e i n f o r c i n g  c o u r s e .  These r u l e s  canno t  be  a p p l i e d  i n  t h e  c a s e  of r e i n f o r c e m e n t  w i t h  
c o n c r e t e ,  u n l e s s  t h e  c o n c r e t e  i s  l i m i t e d  t o  t h e  c e n t r a l  p o r t i o n  of t h e  runway and a 
" f l e x i b l e "  s o l u t i o n  is  adop ted  i n  t h e  c a s e  of t h e  l a t e r a l  p a r t s .  

4.2.10.7 P r e l i m i n a r y  s t u d i e s .  An e v a l u a t i o n  of t h e  e x i s t i n g  pavement i s  r e q u i r e d  
( s e e  4.2.9).  Of prime impor tance  i s  a  s y s t e m a t i c  b o r i n g  of t h e  pavement i n  view o f  t h e  
f r e q u e n t  d i s c r e p a n c i e s  i n  t h i c k n e s s ,  c o n s t i t u t i o n ,  e t c .  of t h e  o l d  pavements.  

4.2.10.8 Reinforcement  of f l e x i b l e  pavements 

a )  F l e x i b l e  r e i n f o r c e m e n t .  The t h i c k n e s s  of t h e  r e i n f o r c e m e n t  i s  
d e t e r m i n e d  by t h e  d i f f e r e n c e  between t h e  e q u i v a l e n t  t h i c k n e s s  r e q u i r e d  
f o r  a  new paGement and t h a t  of t h e  e x i s t i n g  pavement. When d e t e r m i n -  
i n g  t h e  l a t t e r ,  t h e  f o l l o w i n g  shou ld  be t a k e n  i n t o  accoun t :  

1 )  t h e  e q u i v a l e n c e  c o e f f i c i e n t s  have  t o  b e  c o r r e c t e d  a c c o r d i n g  t o  t h e  
a c t u a l  c o n d i t i o n  o f  t h e  pavement c o u r s e s ;  and 

2 )  t h e  e q u i v a l e n c e  c o e f f i c i e n t  of a  pavement c o u r s e  a t  a  g i v e n  l e v e l  
c a n n o t  be  g r e a t e r  t h a n  t h a t  of t h e  c o u r s e  above i t .  For  i n s t a n c e ,  
i f  a  b i tuminous  mix i n  good c o n d i t i o n  ( c o e f f i c i e n t  2) i s  c o v e r e d  
by a  coa r se -aggrega te  cement ( c o e f f i c i e n t  1 .5) ,  t h e  c o e f f i c i e n t  of 
t h e  Eorrner a l s o  becomes 1.5. 

b )  Rigid. When a  f l e x i b l e  pavement i s  r e i n f o r c e d  w i t h  a 
c o n c r e t e  s l a b ,  t h e  fo rmer  i s  o n l y  c o n s i d e r e d  a s  a  sub-base c o u r s e  i n  
t h e  c a l c u l a t i o n s .  The k  v a l u e  which i s  a t t r i b u t e d  t o  t h i s  c o u r s e  i s  
de te rmined  by r e f e r e n c e  t o  F i g u r e  4-13. The t h i c k n e s s  of t h e  s l a b  i s  
t h e n  e s t a b l i s h e d  i n  accordance  w i t h  4.2.4, 4.2.5, and 4.2.6. 

a )  F l e x i b l e  r e i n f o r c e m e n t .  I f  t h e  e x i s t i n g  pavement i s  a p p r e c i a b l y  
f r agmented ,  i t  i s  a d v i s a b l e  t o  c o n s i d e r  i t  a s  a  f l e x i b l e  pavement o f  
t h e  same t h i c k n e s s  when computing t h e  t h i c k n e s s  of t h e  r e i n f o r c e m e n t .  
It t h u s  amounts t o  t h e  same c a s e  a s  d e s c r i b e d  above. The d e s c r i p t i o n  
below presupposes  t h a t  t h e  e x i s t i n g  r i g i d  pavement i s  s t i l l  sound ( i n  
t h a t  c a s e  i t  i s  s t i l l  p o s s i b l e  t o  c o n s i d e r  t h e  e x i s t i n g  r i g i d  pavement 
a s  a  f l e x i b l e  pavement of t h e  same t h i c k n e s s  i f  t h i s  i s  f a v o u r a b l e  t o  
t h e  c a l c u l a t i o n s ) .  

b) R i g i d  r e i n f o r c e m e n t .  The t h i c k n e s s  of t h e  r e i n f o r c i n g  s l a b  i s  
o b t a i n e d  by a p p l y i n g  t h e  formula:  

- ht i s  t h e  t h e o r e t i c a l  t h i c k n e s s  of a  new s l a b  de te rmined  u s i n g  t h e  
p e r m i s s i b l e  s t r e s s  i n  t h e  new c o n c r e t e  and t h e  c o r r e c t e d  modulus o f  
r e a c t i o n  f o r  t h e  e x i s t i n g  subgrade .  
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- h  i s  t h e  t h i c k n e s s  of  t h e  e x i s t i n g  c o n c r e t e  s l a b .  

- C i s  a c o e f f i c i e n t  i n t r o d u c e d  i n  o r d e r  t o  t a k e  account  o f  t h e  
q u a l i t y  o f  t h e  e x i s t i n g  pavement: 

C = 1  f o r  a  pavement i n  good c o n d i t i o n ,  

C = 0-75  f o r  a  pavement e x h i b i t i n g  some c r a c k i n g  a t  t h e  c o r n e r s ,  b u t  
n o t  a p p r e c i a b l y  d e t e r i o r a t e d ,  

C = 0.35 f o r  a  b a d l y  f ragmented pavement. 

I n  p r a c t i c e  one of  t h e  two l a t t e r  v a l u e s  a r e  g e n e r a l l y  a p p l i e d .  

The above r e l a t i o n s h i p  o n l y  a p p l i e s  i f  t h e  r e i n f o r c i n g  s l a b  i s  l a i d  d i r e c t l y  o n  t o p  of  
t h e  e x i s t i n g  pavement. I f  a  l a y e r  of  m a t e r i a l  ( u s u a l l y  bi tuminous mix) i s  i n t e r p o s e d  
between t h e  two s l a b s ,  e.g. i n  o r d e r  t o  a l t e r  t h e  p r o f i l e  of t h e  e x i s t i n g  pavement ,  t h e  
fo rumla  f o r  c a l c t ~ l . a t i n g  t h e  t h i c k n e s s  of  t h e  re in forcement  becomes: 

I n  t h i s  e x p r e s s i o n ,  t h e  s i g n i f i c a n c e  of  t h e  p a r a m e t e r s  and t h e  v a l u e s  f o r  c o e f f i c i e n t  C 
a r e  t h e  same a s  d e t a i l e d  previousl.y.  T h i s  f o r m l a  r e s u l t s  i n  s l i g h t l y  i n c r e a s e d  t h i c k -  
n e s s e s  of  t h e  re in forcement .  

4.2.10.10 C o n s t r u c t i o n  r u l e s .  To a v o i d  t h e  reappearance  of t h e  j o i n t s  i n  t h e  e x i s t -  
i n g  pavement i n  t h e  fo rm of  c r a c k s  i n  t h e  r e i n f o r c i n g  s l a b ,  i t  i s  e s s e n t i a l  t h a t  t h e  
j o i n t s  be  superimposed a s  a c c u r a t e l y  a s  p o s s i b l e .  Moreover, a l l  t h e  j o i n t s  i n  t h e  
e x i s t i n g  pavement must have  new j o i n t s  ( o f  any t y p e )  above them. In  p a r t i c u l a r ,  s i n c e  
t h e  o l d  s l a b s  a r e  g e n e r a l l y  s m a l l e r  i n  w i d t h  t h a n  t h o s e  c u r r e n t l y  adop ted ,  a d d i t i o n a l  
l o n g i t u d i n a l  con t rac t ion-expans ion  j o i n t s  may be n e c e s s a r y  i n  t h e  r e i n f o r c i n g  s l a b .  The 
placement  of t h e  d i f f e r e n t  r e i n f o r c i n g  j o i n t s  t h u s  c a l l s  f o r  a  p r e l i m i n a r y  i n - d e p t h  
s t u d y  if one wishes  t o  a v o i d  m i s c a l c u l a t i o n s .  

4,2.11.1 Light: pavements a r e  i n t e n d e d  e x c l u s i v e l y  f o r  a i r c r a f t  whose t o t a l  mass 
d o e s  n o t  exceed  5.7 tonnes .  F i g u r e  4-32 may be  u s e d  t o  c a l c u l a t e  t h e  pavement t h i c k n e s s  
i n  r e l a t i o n  t o  t h e  CBK of t h e  n a t u r a l  s o i l .  

4.2.11.2 Allowable l o a d s .  The a l l o w a b l e  l o a d  on a  l i g h t  pavement i s  5  700 kg. The 
a i r c r a f t  t i r e  p r e s s u r e  must n o t  exceed 0.6 MPa (approx imate ly  6  kg/cm2) t o  a v o i d  any 
r i s k  o f  punching. Consequent ly ,  t h e  i n f o r m a t i o n  t o  be p u b l i s h e d  on pavement s t r e n g t h  i n  
accordance  w i t h  t h e  Annex 1 4  p r o v i s i o n s  Eor l i g h t  pavements w i l l  be  5 700 kg10.6 MPa. 
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Thickness of pavement in crn 
(wearing course excluded) 

F i g u r e  4-32 .  Des ign ing  a l i g h t  pavement 
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4 . 3  Uni ted  Kingdom p r a c t i c e  --- 

4 . 3 . 1  Des ign  and e v a l u a t i o n  of pavements  

4 . 3 . 1 . 1  It i s  t h e  Uni ted  Kingdom p r a c t i c e  t o  d e s i g n  f o r  u n l i m i t e d  o p e r a t i o n a l  u s e  
by a  g i v e n  a i r c r a f t  t a k i n g  i n t o  accoun t  t h e  l o a d i n g  r e s u l t i n g  from i n t e r a c t i o n  of 
a d j a c e n t  l a n d i n g  g e a r  wheel a s s e m b l i e s  where a p p l i c a b l e .  The a i r c r a f t  i s  d e s i g n a t e d  
" t h e  d e s i g n  a i r c r a f t ' '  f o r  t h e  pavement. The s u p p o r t  s t r e n g t h  c l a s s i f i c a t i o n  o f  t h e  
pavement i s  r e p r e s e n t e d  by t h e  d e s i g n  a i r c r a f t ' s  pavement c l a s s i f i c a t i o n  number i d e n t i f y i n g  
i t s  l e v e l  o f  l o a d i n g  s e v e r i t y .  A l l  o t h e r  a i r c r a f t  ranked by t h e  Uni ted Kingdom s t a n d a r d s  
as l e s s  s e v e r e  may a n t i c i p a t e  u n l i m i t e d  u s e  of t h e  pavement though t h e  f i n a l  d e c i s i o n  
r e s t s  w i t h  t h e  aerodrome a u t h o r i t y .  

4 . 3 . 1 . 2  While t h e r e  a r e  now a v a i l a b l e  a  number o f  computer programmes b a s e d  on p l a t e  
t h e o r y ,  m u l t i l a y e r  e l a s t i c  t h e o r y  and f i n i t e  e lement  a n a l y s i s ,  f o r  t h o s e  w i s h i n g  t o  have  
r e a d i l y  a v a i l a b l e  t a b u l a t e d  d a t a  f o r  pavement d e s i g n  and e v a l u a t i o n ,  t h e  R e f e r e n c e  
C o n s t r u c t i o n  C l a s s i f i c a t i o n  (RCC) sys tem h a s  been developed from t h e  B r i t i s h  Load 
C l a s s i f i c a t i o n  Number (LCN) and Load C l a s s i f i c a t i o n  Group (LCG) sys tems.  Pavements  a r e  
i d e n t i f i e d  as d i v i d i n g  b r o a d l y  i n t o  r i g i d  o r  f l e x i b l e  c o n s t r u c t i o n  and a n a l y s e d  a c c o r d i n g l y .  

4 . 3 . 1 . 3  For t h e  r e a c t i o n  o f  a i r c r a f t  on r i g i d  pavements,  a  s imple  two l a y e r  model i s  
adop ted .  To e s t a b l i s h  a n  a i r c r a f t ' s  t h e o r e t i c a l  dep th  o f  r e f e r e n c e  c o n s t r u c ~ i o n  on a  
r a n g e  of subgrade s u p p o r t  v a l u e s  e q u a t i n g  t o  t h e  I C A O  ACN/PCN r e p o r t i n g  method ,  t h e  model 
i s  a n a l y s e d  by Westergaard c e n t r e  c a s e  t h e o r y .  Account i s  t a k e n  of t h e  e f f e c t  of a d j a c e n t  
l a n d i n g  g e a r  wheel a s s e m b l i e s  up t o  a  d i s t a n c e  e q u a l  t o  t h r e e  t i m e s  t h e  r a d i u s  of r e l a t i v e  
s t i f f n e s s .  Th i s  i s  c o n s i d e r e d  e s s e n t i a l  i n  any new sys tem i n  view of  t h e  i n c r e a s i n g  mass 
o f  a i r c r a f t ,  complex i ty  o f  l a n d i n g  g e a r  l a y o u t s  and t h e  p o s s i b l e  i n t e r a c t i o n  o f  a d j a c e n t  
wheel  a s s e m b l i e s  on poor  s u b g r a d e s  e s p e c i a l l y .  

4 . 3 . 1 . 4  To r e s o l v e  p r a c t i c a l  d e s i g n  and e v a l u a t i o n  p rob lems ,  a  r a n g e  o f  equ iva lency  
f a c t o r s  a p p r o p r i a t e  t o  t h e  r e l a t i v e  s t r e n g t h s  of ind igenous  c o n s t r u c t i o n  m a t e r i a l s  i s  
a d o p t e d  t o  c o n v e r t  between t h e o r e t i c a l  model r e f e r e n c e  c o n s t r u c t i o n  d e p t h s  a n d  a c t u a l  
pavement t h i c k n e s s .  

4 . 3 . 1 . 5  A i r c r a f t  r e a c t i o n  on f l e x i b l e  pavements f o l l o w s  t h e  same b a s i c  p a t t e r n  
a d o p t e d  f o r  r i g i d  pavement d e s i g n  and e v a l u a t i o n .  I n  t h i s  c a s e  a  f o u r  pavement model 
i s  a n a l y s e d  u s i n g  t h e  Uni ted  S t a t e s  Corps o f  E n g i n e e r s '  development o f  t h e  C a l i f o r n i a  
B e a r i n g  R a t i o  (CBR) method. Th i s  i n c l u d e s  Boussinesq d e f l e c t i o n  f a c t o r s  and  t a k e s  
i n t o  accoun t  i n t e r a c t i o n  between a d j a c e n t  l a n d i n g  g e a r  wheel  a s s e m b l i e s  up t o  20 r a d i i  
d i s t a n c e .  P r a c t i c a l  d e s i g n  and e v a l u a t i o n  problems a r e  r e s o l v e d  u s i n g  e q u i v a l e n c y  
f a c t o r s  t o  r e l a t e  m a t e r i a l s  and l a y e r  t h i c k n e s s e s  t o  t h e  t h e o r e t i c a l  model o n  which 
t h e  r e f e r e n c e  c o n s t r u c t i o n  d e p t h s  f o r  a i r c r a f t  a r e  a s s e s s e d .  

4 . 3 . 2  -- R e p o r t i n g  pavement s t r e n g t h  

4 . 3 . 2 . 1  I t  i s  t h e  Uni ted Kingdom p r a c t i c e  t o  f o l l o w  t h e  ICAO ACN/PCN r e p o r t i n g  
method f o r  a i r c r a f t  pavements.  The c r i t i c a l  a i r c r a f t  i s  i d e n t i f i e d  a s  t h e  o n e  which 
imposes  a s e v e r i t y  o f  l o a d i n g  c o n d i t i o n  c l o s e s t  t o  t h e  maximum p e r m i t t e d  on a  g i v e n  
pavement f o r  u n l i m i t e d  o p e r a t i o n a l  u s e .  Using t h e  c r i t i c a l  a i r c r a E t l s  ACN i n d i v i d u a l  
aerodrome a u t h o r i t i e s  d e c i d e  on t h e  PCN t o  b e  p u b l i s h e d  f o r  t h e  pavement c o n c e r n e d .  
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4 .3 .2 .2  Though n o t  r e v e a l e d  by t h e  ICAO ACN/PCN r e p o r t i n g  method, when i n t e r a c t i o n  
between a d j a c e n t  l a n d i n g  g e a r  wheel a s s e m b l i e s  a f f e c t s  t h e  l e v e l  o f  l o a d i n g  imposed by 
an  a i r c r a f t ,  Uni ted Kingdom aerodrome a u t h o r i t i e s  may impose r e s t r i c t i o n s  on o p e r a t i o n s  
by a  mass l i m i t a t i o n  o r  a  r e d u c t i o n  i n  t h e  number o f  p e r m i t t e d  movements. T h i s  i s  
u n l i k e l y  t o  o c c u r ,  however,  w i t h  a i r c r a f t  c u r r e n t l y  i n  o p e r a t i o n a l  u s e  e x c e p t  where  
subgrade  s u p p o r t  v a l u e s  a r e  poor .  

4 .4  Uni ted  S t a t e s  of America p r a c t i c e  

Note.- The speci f icat ions  i n  t h i s  Section, and the  calculations upon which 
they are based, were quoted t o  ICAO i n  inches and fractions thereof.  Although metr ic  
equivaZents are provided, i n  accordance with standard ICAO practice, they cannot be 
taken as  being as precise as the figures quoted i n  inches. 

4 . 4 . 1  I n t r o d u c t i o n  

4 . 4 . 1 . 1  The Uni ted S t a t e s  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n  method of d e s i g n i n g  and 
r e p o r t i n g  a i r p o r t  pavement s t r e n g t h  i s  i n  t e rms  of g r o s s  a i r c r a f t  we igh t  f o r  e a c h  t y p e  
of l a n d i n g  g e a r .  T h i s  p e r m i t s  t h e  e v a l u a t i o n  o f  a  pavement w i t h  r e g a r d  t o  i t s  a b i l i t y  
t o  s u p p o r t  t h e  v a r i o u s  t y p e s  and we igh t s  o f  a i r c r a f t .  Comparison between t h e  pavement 
s t r e n g t h  ( r e p o r t e d  as g r o s s  we igh t  f o r  a i r c r a f t  equipped w i t h  s i n g l e  whee l ,  d u a l  w h e e l ,  
and dual-tandem wheel  u n d e r c a r r i a g e s )  and t h e  a c t u a l  g r o s s  we igh t  of a  s p e c i f i c  a i r c r a f t  
w i l l  e s t a b l i s h  t h e  pavement ' s  a b i l i t y  t o  accomodate t h e  a i r c r a f t .  I n  1978 t h e  
Uni ted S t a t e s  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n  adop ted  t h e  C a l i f o r n i a  B e a r i n g  R a t i o  (CBR) 
method o f  f l e x i b l e  pavement d e s i g n ,  edge l o a d i n g  assumption f o r  t h e  d e s i g n  of r i g i d  
pavements and t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  System. T h i s  s e c t i o n  p r e s e n t s  a  d e t a i l e d  
o u t l i n e  o f  c u r r e n t  p r o c e d u r e s  and c r i t e r i a  which t h e  Uni ted  S t a t e s  F e d e r a l  A v i a t i o n  
A d m i n i s t r a t i o n  h a s  found n e c e s s a r y  t o  f o l l o w  i n  pavement d e s i g n  and i n  c o n d u c t i n g  a 
pavement s t r e n g t h  e v a l u a t i o n .  

4 .4 .2  B a s i c  i n v e s t i g a t i o n s  and c o n s i d e r a t i o n s  

4 . 4 . 2 . 1  The United S t a t e s  i s  conv inced  t h a t  t h e r e  i s  no qu ick  o r  s imple  method o f  
a n a l y s i n g  a  pavement ' s  s t r e n g t h  and t h a t  t h e  s e r v i c e s  o f  a  q u a l i f i e d  e n g i n e e r  a r e  
e s s e n t i a l  t o  e n s u r e  a  r e a l i s t i c  e v a l u a t i o n .  The t h i c k n e s s  o f  t h e  pavement and i t s  
components is  b u t  one o f  t h e  f a c t o r s  t o  c o n s i d e r .  Env i ronmenta l  f e a t u r e s ,  b o t h  c l i m a t i c  
and t o p o g r a p h i c ,  f o u n d a t i o n  c o n d i t i o n s ,  q u a l i t y  of m a t e r i a l s ,  and c o n s t r u c t i o n  methods  
a r e  a l l  e s s e n t i a l  e l e m e n t s  o f  any e v a l u a t i o n  t e c h n i q u e .  The f o l l o w i n g  b a s i c  i n v e s t i g a t i o n s  
should  b e  i n c l u d e d  i n  any mean ingfu l  e v a l u a t i o n :  

a )  pavement c o n d i t i o n  s u r v e y s  showing how t h e  e x i s t i n g  pavements a r e  
h o l d i n g  up under  t r a f f i c  must be  conducted i n  d e t a i l .  A l l  a r e a s  o f  
f a i l u r e  must b e  a c c u r a t e l y  mapped and c a u s e s  of such  f a i l u r e s  
a s c e r t a i n e d .  It i s  e x t r e m e l y  i m p o r t a n t  t h a t  f a i l u r e s  due t o  t r a f f i c  
and l o a d  b e  d i f f e r e n t i a t e d  from f a i l u r e s  due t o  c l i m a t e ,  d r a i n a g e ,  
a n d / o r  poor  m a t e r i a l ,  and workmanship; 

b )  a  s o i l  s u r v e y  must be  completed t o  d i s c l o s e  impor tan t  v a r i a t i o n s  i n  
s o i l  s t r u c t u r e ,  changes  i n  m o i s t u r e  c o n t e n t ,  wa te r -bea r ing  l a y e r s ,  
w a t e r  t a b l e ,  and s i m i l a r  d e t e r m i n a t i o n s ;  

c )  a d e q u a t e  t e s t s ,  b o t h  f i e l d  and l a b o r a t o r y ,  shou ld  b e  employed i n  
e v a l u a t i n g  t h e  pavement f o u n d a t i o n  and t h e  pavement ' s  component p a r t s ;  
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d )  d r a i n a g e  c o n d i t i o n s  a t  t h e  s i t e  s h a l l  be  a n a l y s e d  t o  a s c e r t a i n  t h e  
need f o r  c o r r e c t i v e  measures  p r i o r  t o  any r e h a b i l i t a t i o n  work ;  

e )  an  a n a l y s i s  of t h e  t r a f f i c  h i s t o r y  o f  t h e  a i r p o r t  w i t h  r e g a r d  t o  b o t h  
weight  of a i r c r a f t  and number of o p e r a t i o n s  a s s o c i a t e d  w i t h  t r a f f i c  
d e n s i t y  f o r  t h e  p a r t i c u l a r  a r e a  under  s t u d y  must b e  u n d e r t a k e n  and 
a p p r o p r i a t e l y  c o r r e l a t e d  w i t h  pavement performance;  and 

f )  t h e  q u a l i t y  of pavement m a t e r i a l s  and adequacy o f  c o n s t r u c t i o n  methods 
and p r a c t i c e s  must b e  e v a l u a t e d  t o  d e t e r m i n e  t h e  d e g r e e  o f  conformance 
w i t h  r e q u i r e d  s t a n d a r d s  and s p e c i f i c a t i o n s .  

4 . 4 . 2 . 2  The s o i l  s u r v e y  i s  n o t  c o n f i n e d  t o  s o i l s  encoun te red  i n  g r a d i n g  o r  
n e c e s s a r i l y  t o  t h e  a r e a  w i t h i n  t h e  b o u n d a r i e s  of t h e  a i r p o r t  s i t e .  P o s s i b l e  s o u r c e s  
o f  l o c a l l y  a v a i l a b l e  m a t e r i a l  t h a t  may be  used a s  borrow a r e a s  o r  a g g r e g a t e  s o u r c e s  
s h o u l d  b e  i n v e s t i g a t e d .  

4 . 4 . 2 . 3  Samples r e p r e s e n t a t i v e  o f  t h e  d i f f e r e n t  l a y e r s  o f  t h e  v a r i o u s  s o i l s  
e n c o u n t e r e d  and v a r i o u s  c o n s t r u c t i o n  m a t e r i a l  d i s c o v e r e d  shou ld  be  o b t a i n e d  a n d  t e s t e d  
i n  t h e  l a b o r a t o r y  t o  de te rmine  t h e i r  p h y s i c a l  and e n g i n e e r i n g  p r o p e r t i e s .  Because  t h e  
r e s u l t s  o f  a t e s t  can o n l y  b e  a s  good a s  t h e  sampl ing ,  it i s  o f  utmost i m p o r t a n c e  t h a t  
each  sample be r e p r e s e n t a t i v e  of a  p a r t i c u l a r  t y p e  of s o i l  m a t e r i a l  and n o t  b e  a 
c a r e l e s s  and i n d i s c r i m i n a t e  m i x t u r e  of s e v e r a l  m a t e r i a l s .  

4 . 4 . 2 . 4  P i t s ,  open c u t s ,  o r  b o t h  may be  r e q u i r e d  f o r  making i n p l a c e  b e a r i n g  t e s t s ,  
f o r  t h e  t a k i n g  o f  u n d i s t u r b e d  samples ,  f o r  c h a r t i n g  v a r i a b l e  s o i l  s t r a t a ,  e t c .  Th i s  
t y p e  o f  supp lementa l  s o i l  i n v e s t i g a t i o n  i s  recommended f o r  s i t u a t i o n s  which w a r r a n t  a  
h i g h  d e g r e e  of a c c u r a c y  o r  when i n  s i t u  c o n d i t i o n s  a r e  complex and r e q u i r e  e x t e n s i v e  
i n v e s t  i g a t  i a n  , 

4 . 4 . 3  S o i l  t e s t s  

4 . 4 . 3 . 1  --- P h y s i c a l  s o i l  p r o p e r t i e s .  -- -- To de te rmine  t h e  p h y s i c a l  p r o p e r t i e s  o f  a  s o i l  
and t o  p r o v i d e  a n  e s t i m a t e  o f  i t s  behav iour  under  v a r i o u s  c o n d i t i o n s ,  i t  i s  n e c e s s a r y  
t o  conduc t  c e r t a i n  s o i l  t e s t s .  A number of f i e l d  and l a b o r a t o r y  t e s t s  have b e e n  
deve loped  and s t a n d a r d i z e d .  D e t a i l e d  methods of pe r fo rming  s o i l  t e s t s  a r e  c o m p l e t e l y  
covered  i n  p u b l i c a t i o n s  of t h e  American S o c i e t y  f o r  T e s t i n g  and M a t e r i a l s .  

4 . 4 . 3 . 2  T e s t i n g  r e q u i r e m e n t s .  S o i l  t e s t s  a r e  u s u a l l y  i d e n t i f i e d  by t e r m s  
i n d i c a t i n g  t h e  s o i l  c h a r a c t e r i s t i c s  which t h e  t e s t s  w i l l  r e v e a l .  Terms which i d e n t i f y  
t h e  t e s t s  c o n s i d e r e d  t o  be  t h e  minimum o r  b a s i c  r equ i rement  f o r  a i r p o r t  pavement ,  w i t h  
t h e i r  ASTM d e s i g n a t i o n s  and b r i e f  e x p l a n a t i o n s ,  f o l l o w :  

Dry v r e v a r a t i o n  of s o i l  samvles  f o r  v a r t i c l e - s i z e  a n a l y s i s  a n d  
. & .  

d e t e r m i n a t i o n  of s o i l  c o n s t a n t s  (ASTM D-421) o r  wet p r e p a r a t i o n  o f  
s o i l  samples  f o r  i r a i n - s i z e  a n a l y s i s  and d e t e r m i n a t i o n  of s o i l  -- 
c o n s t a n t s  (ASTM D-2217). The d r v  rnethod (D-421) shou ld  b e  u s e d  o n l v  
f o r  c l e a n ,  c o h e s i o n l e s s  g r a n u l a r  m a t e r i a l s .  The wet method (D-2217) 
s h o u l d  b e  used f o r  a l l  c o h e s i v e  o r  b o r d e r l i n e  m a t e r i a l s .  I n  c a s e  
o f  d o u b t ,  t h e  wet method shou ld  b e  used .  
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b )  P a r t i c l e - s i z e  a n a l y s i s  o f  s o i l s  (ASTM C-422). T h i s  a n a l y s i s  p r o v i d e s  
a  q u a n t i t a t i v e  d e t e r m i n a t i o n  of t h e  d i s t r i b u t i o n  o f  p a r t i c l e  s i z e s  
i n  s o i l s .  

c )  P l a s t i c  l i m i t  o f  s o i l s  (ASTM D-424). The p l a s t i c  l i m i t  of  a  s o i l  
is d e f i n e d  a s  t h e  l o w e s t  m o i s t u r e  c o n t e n t  a t  which a  s o i l  w i l l  
change from a  semi - so l id  t o  a p l a s t i c  s t a t e .  At m o i s t u r e  c o n t e n t s  
above t h e  p l a s t i c  l i m i t ,  t h e r e  i s  a  s h a r p  d rop  i n  t h e  s t a b i l i t y  o f  
s o i l s .  

d )  L i q u i d  l i m i t  of s o i l s  (ASTM D-423). The l i q u i d  l i m i t  of a  s o i l  
is  d e f i n e d  a s  t h e  l o w e s t  m o i s t u r e  c o n t e n t  a t  which a  s o i l  p a s s e s  
from a p l a s t i c  t o  a  l i q u i d  s t a t e .  The l i q u i d  s t a t e  i s  d e f i n e d  as 
t h e  c o n d i t i o n  i n  which t h e  s h e a r  r e s i s t a n c e  o f  t h e  s o i l  i s  s o  
s l i g h t  t h a t  a s m a l l  f o r c e  w i l l  c a u s e  i t  t o  f low.  

e )  P l a s t i c i t y  i n d e x  of s o i l s  (ASTM D-424). The p l a s t i c i t y  i n d e x  is  t h e  
n u m e r i c a l  d i f f e r e n c e  between t h e  p l a s t i c  l i m i t  and t h e  l i q u i d  l i m i t .  
I t  i n d i c a t e s  t h e  r a n g e  i n  m o i s t u r e  c o n t e n t  o v e r  which a  s o i l  r e m a i n s  
i n  a  p l a s t i c  s t a t e  p r i o r  t o  chang ing  i n t o  a l i q u i d .  

f )  Mois tu re  d e n s i t y  r e l a t i o n s  o f  s o i l s  (ASTM D-698, D-1557). For p u r p o s e s  
of compact ion c o n t r o l  d u r i n g  c o n s t r u c t i o n ,  t e s t s  t o  d e t e r m i n e  t h e  
m o i s t u r e - d e n s i t y  r e l a t i o n s  o f  t h e  d i f f e r e n t  t y p e s  o f  s o i l s  s h o u l d  b e  
performed.  

1 )  For pavements des igned  t o  s e r v e  a i r c r a f t  we igh ing  30 000 l b  
(13  000 kg)  o r  more,  u s e  ASTM Method D-1557. 

2) For pavements des igned  t o  s e r v e  a i r c r a f t  weighing l e s s  t h a n  
30 000 l b  (13 000 k g ) ,  u s e  ASTM Method D-698. 

4 . 4 . 3 . 3  Supplemental  t e s t s .  I n  many c a s e s  a d d i t i o n a l  s o i l  t e s t s  w i l l  be  r e q u i r e d  
over  t h o s e  l i s t e d  i n  4 .4 .3 .2  above .  It  i s  n o t  p o s s i b l e  t o  c o v e r  a l l  t h e  a d d i t i o n a l  
t e s t s  which may b e  r e q u i r e d ;  however,  a  few examples a r e  p r e s e n t e d  below. l % i s  l i s t  
i s  n o t  t o  be c o n s i d e r e d  a  comple te  l i s t  by any means. 

a )  Shr inkage  f a c t o r s  o f  s o i l s  (ASTM D-427). T h i s  t e x t  may b e  r e q u i r e d  
i n  a r e a s  where s w e l l i n g  s o i l s  might b e  encoun te red .  

b )  P e r m e a b i l i t y  of g r a n u l a r  s o i l s  (ASTM D-2434). T h i s  t e s t  may be  
needed t o  a s s i s t  i n  t h e  d e s i g n  o f  s u b s u r f a c e  d r a i n a g e .  

c )  De te rmina t ion  of o r g a n i c  m a t e r i a l  i n  s o i l s  by wet combustion 
(AASHTO T-194). T h i s  t e s t  may b e  needed i n  a r e a s  where deep  
p o c k e t s  o f  o r g a n i c  m a t e r i a l  a r e  encoun te red  o r  s u s p e c t e d .  



P a r t  3 . -  Pavements 3-133 

d) Bear ing  r a t i o  of l abora to ry -compac ted  s o i l s  (ASTM D-1883). T h i s  
t e s t  i s  used t o  a s s i g n  a  C a l i f o r n i a  Bear ing  R a t i o  (CBR) v a l u e  t o  
subgrade  s o i l s  f o r  u s e  i n  t h e  d e s i g n  of f l e x i b l e  pavements.  

e )  Modulus o f  s o i l  r e a c t i o n  (AASHTO T  222) .  T h i s  t e s t  i s  u s e d  t o  
d e t e r m i n e  t h e  modulus o f  s o i l  r e a c t i o n ,  K ,  f o r  u s e  i n  t h e  d e s i g n  
of r i g i d  pavements.  

f )  C a l i f o r n i a  b e a r i n g  r a t i o ,  f i e l d  i n - p l a c e  t e s t s .  F i e l d  b e a r i n g  
t e s t s  can  b e  performed when t h e  i n  sit% c o n d i t i o n s  s a t i s f y  
d e n s i t y  and m o i s t u r e  c o n d i t i o n s  which w i l l  e x i s t  under  t h e  
pavement b e i n g  d e s i g n e d .  

4 . 4 . 4  U n i f i e d  s o i l  c l a s s i f i c a t i o n  sys tem 

4 . 4 . 4 . 1  The s t a n d a r d  method of c l a s s i f y i n g  s o i l s  f o r  e n g i n e e r i n g  p u r p o s e s  i s  
ASTM D-2487, commonly c a l l e d  t h e  U n i f i e d  sys tem.  The change from t h e  FAA s y s t e m  t o  
t h e  U n i f i e d  sys tem i s  based on t h e  r e s u l t s  o f  a  r e s e a r c h  s t u d y  which compared t h r e e  
d i f f e r e n t  methods of s o i l  c l a s s i f i c a t i o n .  The r e s e a r c h  s t u d y  concluded t h e  U n i f i e d  
sys tem i s  s u p e r i o r  i n  d e t e c t i n g  p r o p e r t i e s  o f  s o i l s  which a f f e c t  a i r p o r t  pavement 
perEormance. The p r imary  purpose  i n  d e t e r m i n i n g  t h e  s o i l  c l a s s i f i c a t i o n  i s  t o  e n a b l e  
t h e  e n g i n e e r  t o  p r e d i c t  p r o b a b l e  f i e l d  b e h a v i o u r  o f  s o i l s .  The s o i l  c o n s t a n t s  i n  
t h e m s e l v e s  a l s o  p r o v i d e  some guidance on which t o  b a s e  performance p r e d i c t i o n s .  The 
U n i f i e d  sys tem c l a s s i f i e s  s o i l s  f i r s t  on t h e  b a s i s  o f  g r a i n  s i z e ,  t h e n  f u r t h e r  subgroups  
s o i l s  on t h e  p l a s t i c i t y  c o n s t a n t s .  Tab le  4-7 p r e s e n t s  t h e  c l a s s i f i c a t i o n  o f  s o i l s  by 
t h e  U n i f i e d  sys tem.  

4 . 4 . 4 . 2  A s  i n d i c a t e d  i n  Tab le  4-7, t h e  i n i t i a l  d i v i s i o n  o f  s o i l s  i s  b a s e d  o n  t h e  
s e p a r a t i o n  of c o u r s e  and f i n e - g r a i n e d  s o i l s  and h i g h l y  o r g a n i c  s o i l s .  The d i s t i n c t i o n  
between c o a r s e  and f i n e  g r a i n e d  i s  de te rmined  by t h e  amount o f  m a t e r i a l  r e t a i n e d  on t h e  
No. 200 s i e v e .  Coarse-grained s o i l s  a r e  f u r t h e r  s u b d i v i d e d  i n t o  g r a v e l s  and  s a n d s  on 
t h e  b a s i s  o f  t h e  amount o f  m a t e r i a l  r e t a i n e d  on t h e  No. 4 s i e v e .  Grave l s  a n d  s a n d s  a r e  
t h e n  c l a s s e d  a c c o r d i n g  t o  whether  o r  n o t  f i n e  m a t e r i a l  i s  p r e s e n t .  F i n e - g r a i n e d  s o i l s  
a r e  s u b d i v i d e d  i n t o  two groups  on t h e  b a s i s  o f  l i q u i d  l i m i t .  A s e p a r a t e  d i v i s i o n  of 
h i g h l y  o r g a n i c  s o i l s  i s  e s t a b l i s h e d  f o r  m a t e r i a l s  which a r e  n o t  g e n e r a l l y  s u i t a b l e  f o r  
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Tab le  4-7. C l a s s i f i c a t i o n  o f  s o i l s  f o r  a i r p o r t  
pavement a p p l i c a t i o n s  

I MAJOR DIVISIONS 

Coarse-grained 
s o i l s  more t h a n  
50% r e t a i n e d  on 
No. 200 s i e v e  -- 1/ 

Grave l s  50% o r  more o f  
c o a r s e  f r a c t i o n  r e t a i n e d  
on No. 4  s i e v e  

Sands l e s s  t h a n  50% of  
c o a r s e  f r a c t i o n  r e t a i n e d  
on No. 4  s i e v e  

/ c l e a n  I GW I I g r a v e l s  I GP I 
G r a v e l s w i t h i  1 

f i n e s  

C lean  
s a n d s  

Sands w i t h  
f i n e s  

F ine -g ra ined  
s o i l s  50% o r  
l e s s  r e t a i n e d  on 

S i l t s  and c l a y s  
l i q u i d  l i m i t  
50% o r  l e s s  

S i l t s  and c l a y s  
l i q u i d  l i m i t  
g r e a t e r  t h a n  5O% 

l! Based on t h e  m a t e r i a l  p a s s i n g  t h e  3 i n  (75 mm) s i e v e .  -. 

High ly  o r g a n i c  s o i l s  P T  
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c o n s t r u c t i o n  p u r p o s e s .  I%e final c l a s s i f i c a t i o n  o f  s o i l s  s u b d i v i d e s  mate r ia l s  i n t o  
15 d i f f e r e n r  g roup ings .  The  group symbols and a br ie f  d e s c r i p r i o n  o f  each is given 
below: 

a) 2 - wel l -g raded  g rave l s  and  gravel-sand mixtures, little o r  no fines. 

b) - GP - P o o r l y  graded gravels and gravel-sand mixtures, little or  no f i n e s .  

c )  GM - S i l r y  g r a v e l s ,  gravel-sand-silt mixtures. 

d )  - Clayey g r a v e l s ,  gravel-sand-clay mixtures. 

e )  SW - Well-graded sands and gravelly s a n d s ,  l i t t l e  o r  no f i ne s .  

f )  SP - P o o r l y  graded sands  and  g r a v e l l y  sands ,  l i t t l e  o r  no f i ne s .  

g) SM - S i l t y  sands, s a n d - s i l t  mixtures. 

h) SC - Clayey sands, sand-clay m i x t u r e s .  

i) MI, - Inorganic  s i l t s ,  v e r y  f i n e  s a n d s ,  rock f l o u r ,  s i l r y  o r  c l a y e y  
f i n e  sands .  

j) - Inorganic clays of low to medium plasticity, g r a v e l l y  c l a y s ,  
s i l t y  c l a y s ,  l e an  c l a y s .  

k) - Organic s l l t s  and organic s i l t y  c l a y s  o f  low plasricity. 

1) - MH - Inorganic  silts, micaceous o r  diatomaceous f i n e  sands  o r  s i l t s ,  
p l a s t i c  s i l t s .  

m) CH - Inorganic clays or h i g h  p l a s r i c i t y ,  fat c l a y s .  

n) OJ - O r g a n i c  c l a y s  of  medium t o  h i g h  p l a s t i c i t y ,  

o)  PT - P e a t ,  muck and o t h e r  h i g h l y  o rganic  s o i l s .  

4 . 4 . 4 . 3  Determination o f  t he  final c l a s s i f i c a t i o n  g roup  r equ i r e s  o t h e r  c r i r e r i a  i n  
a d d i t i o n  to those  give in Table 4-7. These a d d i t i o n a l  criteria a r e  presen ted  in 
F i g u r e  4-33  and have a p p l i c a t i o n  t o  both coarse and f ine -gra ined  so i l s .  

4 . 4 . 4 . 4  A f l o w  c h a r t  which  o u t l i r ~ e s  the s o i l  c l a s s i f i c a t i o n  process  h a s  been 
d e v e l o p e d  and  i s  i n c l u d e d  a s  Figure  4 - 3 4 .  This  flow c h a r t  I n d i c a t e s  t h e  s t e p s  necessary 
t o  c l a s s i f y  s o i l s  in accordant-e with ASTM D-2487. 

4 . 4 . 4 . 5  A major  advantage of t h e  ASTM D-2487 U n i f i e d  s y s t e m  of classifying soils is 
t h a t  a s i m p l e ,  r a p i d  method of f i e l d  c l a s s i f i c a t i o n  h a s  also been deve loped ;  see 
ASTM D-2488 ,  ikscr7:ption of so<Zs IYi~:!aZ--rnm~ua~ proceda>'e). T h i s  p r o c e d u r e  enab le s  
fie1.d p e r s o n n e l  to classify s o i l s  ra ther  a c c u r a t e l y  w i t h  a minimum of  t ime and  equ ipmen t .  
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hatched area a r e  

F i g u r e  4-33. S o i l  c l a s s i f i c a t i o n  c r i t e r i a  
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4 . 4 . 4 . 6  A t a b l e  o f  p e r t i n e n t  c h a r a c t e r i s t i c s  o f  s o i l s  used  f o r  pavement f o u n d a t i o n s  
i s  p r e s e n t e d  i n  Tab le  4-8. These c h a r a c t e r i s t i c s  a r e  t o  b e  c o n s i d e r e d  a s  a p p r o x i m a t e ,  
and t h e  v a l u e s  l i s t e d  a r e  g e n e r a l i z a t i o n s  which shou ld  n o t  b e  used i n  l i e u  o f  t e s t i n g .  

4 . 4 . 5  S o i l  c l a s s i f i c a t i o n  e x a m ~ l e s  

4 . 4 . 5 . 1  The f o l l o w i n g  examples i l l u s t r a t e  t h e  c l a s s i f i c a t i o n  o f  s o i l s  b y  t h e  
U n i f i e d  sys tem.  The c l a s s i f i c a t i o n  p r o c e s s  p r o g r e s s e s  th rough  t h e  f l o w  c h a r t  shown 
i n  F i g u r e  4-34.  

Assume a  s o i l  sample h a s  t h e  f o l l o w i n g  p r o p e r t i e s  and i s  t o  be  c l a s s i f i e d  
i n  accordance  w i t h  t h e  Uni f i ed  sys tem.  

P e r c e n t a g e  p a s s i n g  No. 200 s i e v e  - 98 p e r  c e n t .  

L i q u i d  l i m i t  on minus 40 m a t e r i a l  - 30 p e r  c e n t .  

P l a s t i c  l i m i t  on minus 40 m a t e r i a l  - 1 0  p e r  c e n t .  

S o l u t i o n  

See above "A" l i n e ,  F i g u r e  4-33. The s o i l  would b e  c l a s s i f i e d  as CL, 
l e a n  c l a y  o f  low t o  medium p l a s t i c i t y .  Tab le  4-8 i n d i c a t e s  t h e  m a t e r i a l  
would be o f  f a i r  t o  poor  v a l u e  a s  a  f o u n d a t i o n  when n o t  s u b j e c t  t o  
f r o s t  a c t i o n .  The p o t e n t i a l  f o r  f r o s t  a c t i o n  i s  medium t o  h i g h .  

Example 2 -- 

Assume a  s o i l  sample w i t h  t h e  f o l l o w i n g  p r o p e r t i e s  i s  t o  be  c l a s s i f i e d  
by r h e  U n i f i e d  sys tem.  

P e r c e n t a g e  p a s s i n g  No. 200 s i e v e  - 48 p e r  c e n t .  

P e r c e n t a g e  of c o a r s e  f r a c t i o n  r e t a i n e d  on No. 4  s i e v e  - 70 p e r  c e n t .  

L iqu id  l i m i t  on minus 40 f r a c t i o n  - 60 p e r  c e n t .  

P l a s t i c  l i m i t  on minus 40 f ~ a c t i o n  - 20 p e r  c e n t .  



Table 4-8. Characteristics pertinent to pavement foundations 

V ~ l a r ~  nr Vslire 

Fmlnil:~tw,n nu I i n ~  

XV11r.n N n t  0 1 r r r t l y  C c ~ r v t ~ ~ r ~ - ~ t -  
S$8i,lc.rt to  i$tall+~r I ' ~ , t r n t $ a l  t11131~. 

1- rclrt W l ; t r t n ~  l : ~ r ~ l  Ilrnlnaac 
U n i t  Dry Subgrade 
Weight 1 telrf M o d u l u s  & 

M a j o r  I l i \  mit,n. I.c.ttt,r N a w r  .Artw,ra ~ ~ > ~ r > ~ ~ ~  :\etirln I . x ~ , n n v ~ ~ n  ( l i?r i i~tc.rz( i t i~+ CO~TII~HCI>S~~ k : r ~ v t i t > ~ ~ ~ c n t  lb/ft3 ('NK Ib/inf 
f I 1  I 1:0 (41 (51 Ilil lii 181 I!?) (10: (11) (12) (13) 

1;bV 1 :rttvel -nnsl\ ~ r n ~ v l  l ~ ; x ~ ~ r l l ~ ~ r ~ t  l h o d  None to  .\lcrtr,~t none I. r ; r r l l~ .n l  Crna l r r - t y lw  tmc to r .  rn1,- 125-14(1 Gll 80 3011 or more 
-e l l  KF"~IC,#I 91~1, t  l ~ c ~ - t a r c d  e q t ~ z ~ , r ~ # e n t ,  

stcel u hrelrcl rn1lr.r 
(:Ip 1:rave.I snr-at+,l> z r ~ t \ s  I. I;#,<I~I to I'rna3r tcv f x ~ r  N<m+. $ 0  , o r v  *tt8!~1,1 n<rr%t, l~:xccl lcr~t  C ' r ~ u l ~ ~ - t y ~ , ~  t t ~ r l n r .  ruI,- 120 130 3: (,(I 300 or ,,,ore 

<:m\.rl 
~ x ~ * r l y  KIR<IVII ~ , ~ r v l l c . n t  - 1 ~ ~ I k t  Iwr- tsrrd equiprncnt. 

and  steel-u herled rrpller 
llravPlly (:I; Grnvel  or anndy prn, el <:on~l  Poor None to rc rv  \I!~lr,-t ncrnr 1:xcrllrnt C r s a l r r - t y r w  trart l , r ,  ru l>- 115- 123 22 50 31111 or P O I D  

90119 
r ~ n t f o r m l y  ernctrd ~ I t ~ l t t  ber- t r rcd equipnwnt 

GM Stl ty grev4.l or st l ty <: . ,oA t ~ r  Fair  to  cur,d S l ~ u l i t  t'n r K b u r  111 t t ~ n r  Hu i ) l~e r - t t red  rq~kvr,n~ent. 1311 14: Il l-HI1 3110 ur more  

sandy gravel  r r r r l l r n t  r i i m l i i ~ l ~ i  el,rr~,sfoot rciller cl<+ae 

Cosne- 
control  of mnt - tu r r  

G C  f l s y r y  ~ r e v r l  or clayey Good I'oor S l l ~ l ~ t  to  S I I K I ~ ~  l'oor t o  ~,rnc:,- Nul,l,cr-tirvrf rrjuzl,tnent. 120-140 211-40 200-300 
grained send? g r a v ~ l  tiirri~i,vn I I !  slwrpsfoot r a l l ~ r  

soils 
SW Sand or nrav r l l y  s a n d  (:nod 1 ' ~ ~ ~ ~ r  Nun,. t., ,l.iv \Iri,,,.t ncmo i.;rc,llent Crnu l r r - t y r r r  t rhc t r r .  rut,. 110-130 20--411 2011-300 

u r l l  ararlrit 91191it t > ~ r - t ~ r ~ d  PQIIIPIIIP~~ 

SP Sand or ~ ~ n r e l l y  sanrl, F n ~ r  tc, K~K,,I I'g,.,r t o  not to  \*.rv . \ l t ~ @ o - t  nc~rw I . ~ r ( . l l v ~ t t  Crswler- type traot<,r. ruh- 103 120 15-25 ?In-300 

Nan4 j,oorly grntlc-d 
TU~IRIIIP ~ I t x l ~ t  ber- t i red ~ q i t i r ~ t n e n t  

Sl; Sand o r  r ( r s \ r l l y  snncl. Fn l r  trr p ~ m l  Na,t ~ i l c t ~ t i l r  JVOTLP t c l  ,pry .\11111111 n01kc. I~.xc(.llcnt Crawler- typt .  trwctclr, rut,. 1 0 0 ~ 1  1 J 10 20 200-300 

s ~ t n d y  
uni for iu lv nm<l * i l  q l ~ ~ l i t  h r r - t i r r r l  rqtbiprrrrnt 

rollr S M  Stt tv aancl or st l ty Coort Poor SIIKIIL tcl l,syl, \1.r\ > l i ~ l t t  k'nsr trt ~ w u r  Kuhher - t~ r rc f  ~q tsz~>r r ,~n t .  120 133 20 -40 200-300 

ETRVP~~S. 9 ~ n < f  -hpppsfc>ot r ~ l l e r  CIDX~ 
r o n l r u l  of rno$stmre 

S r  C' layry nand or clayev Fa i r  t o  good N o t  w i tn14r  Slilll>t t o  lll~I, S l ! ~ f , l  t o  I '  to  I -  Kol>h.er- t~rrr f  rqixipment. 105-130 10 20 20n-300 

a rnv r l l y  4anti I r z l l y  in,~,c.r. ,nus slw+-nsfo.,t r r l l l r r  

M L  Sllta, rsnciy ai l t r .  t r , I ,  , 81~a I l l  t o  Fa t r  t o  tx,or Hu1 , l l r r - t t r4  rqx~t~,rzrrnt. 100 123 5 13 100 200 

~ r t ~ r . ( . l l ~  sil ls, or x c r v  hlKh n>rri*ubn sl~rprrsfont rc l l r r .  close 

Low distnrrbnrrv i~s sr>il- c<,nlrot of nwiz tu r r  

ron,yrraai- C'I, $.pan clays. ~ s n ~ l y  Fa i r  to  lscvor N o t  ~ n i t a l ~ l r  hfrdgitn, t,, Slednrrn I ' rnctrml ly Rul,l,rr-twed rqulr,rnent. 100-125 5- 15 100-200 
IMlity CIRYY, or KIBTI.II~ i i ~ c l ,  I I I I ~ F I Y I O U S  rltcrp.foot roller 

1.1. < 50 elry. 
Fine- 01. Orenntr  ullts or l - ~ n  I'oor N o t  stritn1,lt. >irdtilrrl tn ~ l e ~ l ~ ~ ~ z t v  t o  Poor Ruhhr r - t i red  equiprr,ent. 80-105 4-8 1M--200 

~ r n l n r v l  o r ~ n n i r  r l nys  l l ty l l  l i t ~ l ,  -herinsfoot r i ~ l l r r  
R O ~ I ~  

h i  I 1  Slirnrrc~ttr ?lay\  or l'nor t I I t l l i v l r  Fa i r  to  poor l t 80-100 1 8 Illll 2nll 
l t t r ( l l  d~ntomnrcv,its souls verv l ! t z l ~  ~ I~C"I>S~C?<~~ ~c> l le r  

r n x r ~ l > r ~ ~ 4 i -  C H  F R ~  clays f'r,ur to  r t ~ y  N*,t s,altnt,lr h l ~ m l n ~ ~ n  I l ~ u l t  l ' m c t ~ m t l y  Rct l~hrr- tarrr l  c ~ u i ~ s ~ z ~ v n t ,  YO I 1 0  3 - 5  50 100 

l i i l i l y  p<)or trni'rrrcrr$tr s h r r ~ , s f ~ ~ ~ ~ t  nallvr 

1.1. > 50 0 1 1  F n t  oraanic clays I'ornr t u  u r r y  No1 soi tnf i l r  h iw l i i t t n  lI~+?la I 'mrt tcsl ly Ro l , lw r - t i ru l  r ~ ( n ~ l > r ~ ~ ~ . s t ,  80 -105  3 50 I f m  

PO<lT - Illll>*~~'il,l,~ sl,rr,"f""t rli1ir.r 

l ' ra t  nnr l  c,tlivr I 't l 'rnt. I$irn,!tq. ancl N ~ r l  r t i i tn ldc N o t  r i t ~ t : i l ~ l r  Sl,zl!t Vrrv Ittula f tur t o  ~ r u o r  Vorl,l,:tctton n<!t l> rne t~ r i t l  
fit>r<,,,* c,rK,,r,," -,,,I3 "~I~cI 



Fibrous texture, color. odor. eni 

Greater percentage of coarse fract~on 

I 

Run L L  and FL on minus 40 sieve malerial 
I 

Ltquid limit less than L87 

Nale* S~ere  suer arc U S. Stmdard. 

* If liner ~nlerltrc with Irec-drain~ng groptrttcr use double rymbol such as GW-CM, e t r  

LL and PL on oven 

Figure 4-34. Flow chart for unified soil classification system 
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S o l u t i o n  

Compute p l a s t i c i t y  i n d e x  LL-PL - 40 p e r  c e n t .  

See above "A" l i n e ,  F i g u r e  4-33.  

T h i s  sample i s  c l a s s i f i e d  a s  GC,  c l a y e y  g r a v e l .  Tab le  4-8 i n d i c a t e s  
t h e  m a t e r i a l  i s  good f o r  u s e  a s  a  pavement f o u n d a t i o n  when n o t  s u b j e c t  
t o  f r o s t  a c t i o n .  The p o t e n t i a l  f o r  f r o s t  a c t i o n  i s  s l i g h t  t o  medium. 

4 . 4 . 6  F r o s t  and p e r m a f r o s t  

4 . 4 . 6 . 1  The d e s i g n  o f  pavements i n  a r e a s  s u b j e c t  t o  f r o s t  a c t i o n  o r  i n  a r e a s  o f  
p e r m a f r o s t  i s  a complex problem r e q u i r i n g  d e t a i l e d  s t u d y .  The d e t r i m e n t a l  e f f e c t s  o f  
f r o s t  a c t i o n  may be m a n i f e s t e d  i n  f r o s t  heave o r  i n  l o s s  o f  f o u n d a t i o n  s u p p o r t  t h r o u g h  
f r o s t  m e l t i n g .  

4 .4 .6 .2  The d e s i g n  o f  pavements f o r  s e a s o n a l  f r o s t  c o n d i t i o n s  c a n  b e  accompl i shed  
i n  f o u r  d i f f e r e n t  ways. 

a )  Complete p r o t e c t i o n  method i n v o l v e s  t h e  removal of f r o s t  
s u s c e p t i b l e  m a t e r i a l  t o  t h e  d e p t h  of f r o s t  p e n e t r a t i o n  and 
r e p l a c i n g  t h e  m a t e r i a l  w i t h  n o n f r o s t  s u s c e p t i b l e  m a t e r i a l .  

b )  L imi ted  subgrade  f r o s t  p e n e t r a t i o n  method a l l o w s  t h e  f r o s t  t o  
p e n e t r a t e  a  l i m i t e d  d e p t h  i n t o  t h e  f r o s t  s u s c e p t i b l e  subgrade .  
T h i s  method h o l d s  d e f o r m a t i o n s  t o  s m a l l  a c c e p t a b l e  v a l u e s .  

c )  Reduced subgrade  s t r e n g t h  method u s u a l l y  p e r m i t s  l e s s  pavement 
t h i c k n e s s  t h a n  t h e  two methods d i s c u s s e d  above and s h o u l d  b e  
a p p l i e d  t o  pavements where a i r c r a f t  s p e e d s  a r e  low and t h e  
e f f e c t s  o f  f r o s t  heave a r e  l e s s  o b j e c t i o n a b l e .  The p r imary  
aim of  t h i s  method i s  t o  p r o v i d e  a d e q u a t e  s t r u c t u r a l  c a p a c i t y  
f o r  t h e  pavement d u r i n g  t h e  f r o s t  me l t  p e r i o d .  F r o s t  heave i s  
n o t  t h e  p r imary  c o n s i d e r a t i o n  i n  t h i s  method. 

d )  Reduced subgrade  f r o s t  p r o t e c t i o n  method p r o v i d e s  t h e  d e s i g n e r  
a  method o f  s t a t i s t i c a l l y  h a n d l i n g  f r o s t  d e s i g n .  T h i s  method 
s h o u l d  o n l y  be  used  where a i r c r a f t  speeds  a r e  low and some 
f r o s t  heave can b e  t o l e r a t e d .  The s t a t i s t i c a l  approach  a l l o w s  
t h e  d e s i g n e r  more l a t i t u d e  t h a n  t h e  o t h e r  t h r e e  methods 
d i s c u s s e d  above. 

4 .4 .6 .3  The d e s i g n  of pavements i n  p e r m a f r o s t  a r e a s  r e q u i r e s  e f f o r t s  t o  r e s t r i c t  
t h e  d e p t h  o f  thaw. Thawing of t h e  p e r m a f r o s t  c a n  r e s u l t  i n  l o s s  o f  b e a r i n g  s t r e n g t h .  
I f  thawed p e r m a f r o s t  i s  r e f r o z e n ,  heav ing  can r e s u l t  and c a u s e  pavement roughness  a n d  
c r a c k i n g .  Two methods of d e s i g n  a r e  a v a i l a b l e  f o r  c o n s t r u c t i o n  i n  p e r m a f r o s t  a r e a s ,  
complete  p r o t e c t i o n  method and t h e  reduced subgrade  s t r e n g t h  method. These methods 
a r e  somewhat s i m i l a r  t o  t h e  methods d i s c u s s e d  under  4 .4 .6 .2  f o r  s e a s o n a l  f r o s t  d e s i g n .  
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4 .4 .6 .4  The d e p t h  of f r o s t  p e n e t r a t i o n  can  b e  computed u s i n g  t h e  m o d i f i e d  Berggren 
e q u a t i o n .  The Berggren e q u a t i o n  r e q u i r e s  s e v e r a l  i n p u t s  c o n c e r n i n g  l o c a l  s o i l  c o n d i t i o n s  
and l o c a l  t e m p e r a t u r e  d a t a .  U t i l i t y  companies n e a r  t h e  s i t e  can  a l s o  p r o v i d e  v a l u a b l e  
d a t a  c o n c e r n i n g  f r o s t  d e p t h .  The d e s i g n e r  shou ld  b e  c a u t i o n e d  t h a t  t h e  d e p t h s  o f  cover  
r e q u i r e d  t o  p r o t e c t  u t i l i t y  l i n e s  a r e  c o n s e r v a t i v e  and g e n e r a l l y  exceed t h e  d e p t h s  of 
f r o s t  p e n e t r a t i o n .  

4 . 4 . 6 . 5  The f r o s t  d e s i g n  p r o c e d u r e s  d i s c u s s e d  h e r e i n  can b e  found i n  FAA Research 
Repor t  FAA-RD-74-30, Design o f  civil a i r f i e l d  pavement for seasonal f ros t  and permafrost 
c o ~ d i t i o n s .  Another  v a l u a b l e  r e f e r e n c e  f o r  f r o s t  and p e r m a f r o s t  d e s i g n  i s  U n i t e d  S t a t e s  
Army Corps of E n g i n e e r s  T e c h n i c a l  Manual TM 5-818-2, Pavement design for f r o s t  condit ions.  

4 . 4 . 7  S o i l  s t r e n g t h  t e s t s  

4 . 4 . 7 . 1  S o i l  c l a s s i f i c a t i o n  f o r  e n g i n e e r i n g  purposes  p r o v i d e s  a n  i n d i c a t i o n  o f  t h e  
p r o b a b l e  b e h a v i o u r  of t h e  s o i l  a s  a  pavement subgrade .  T h i s  i n d i c a t i o n  o f  b e h a v i o u r  i s ,  
however,  approx imate .  Performance d i f f e r e n t  from t h a t  expec ted  can o c c u r  d u e  t o  a  v a r i e t y  
01 r e a s o n s  such  a s  d e g r e e  o f  compact ion,  d e g r e e  o f  s a t u r a t i o n ,  h e i g h t  o f  o v e r b u r d e n ,  e t c .  
The p o s s i b i l i t y  o f  i n c o r r e c t l y  p r e d i c t i n g  subgrade  b e h a v i o u r  can b e  l a r g e l y  e l i m i n a t e d  
by measur ing  s o i l  s t r e n g t h .  The s t r e n g t h  o f  m a t e r i a l s  i n t e n d e d  f o r  u s e  i n  f l e x i b l e  
pavement s t r u c t u r e s  is  measured by t h e  C a l i f o r n i a  B e a r i n g  R a t i o  (CBR) t e s t s .  M a t e r i a l s  
i n t e n d e d  f o r  u s e  i n  r i g i d  pavement s t r u c t u r e s  a r e  t e s t e d  by t h e  p l a t e - b e a r i n g  meizhod 
o f  tes t .  Each o f  t h e s e  t e s t s  i s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  i n  t h e  s u b s e q u e n t  pa ragraphs .  

4 .4 .7 .2  C a l i f o r n i a  b e a r i n g  r a t i o .  The CBR t e s t  i s  b a s i c a l l y  a  p e n e t r a t i o n  t e s t  
conduc ted  a t  a  un i fo rm r a t e  o f  s t r a i n .  The f o r c e  r e q u i r e d  t o  produce a g i v e n  p e n e t r a t i o n  
i n  t h e  m a t e r i a l  under  t e s t  i s  compared t o  t h e  f o r c e  r e q u i r e d  t o  produce t h e  same 
p e n e t r a t i o n  i n  a  s t a n d a r d  c r u s h e d  l i m e s t o n e .  The r e s u l t  i s  e x p r e s s e d  as a  r a t i o  of 
t h e  two f o r c e s .  Thus a  m a t e r i a l  w i t h  a  CBR v a l u e  of 1 5  means t h e  m a t e r i a l  i n  q u e s t i o n  
o f f e r s  1 5  p e r  c e n t  o f  t h e  r e s i s t a n c e  t o  p e n e t r a t i o n  t h a t  t h e  s t a n d a r d  c r u s h e d  s t o n e  
o f f e r s .  L a b o r a t o r y  CBR t e s t s  shou ld  b e  performed i n  accordance  w i t h  ASTM D-1883, 
Bearing r a t i o  of  laboratory-compacted s o i l s .  F i e l d  CBR t e s t s  shou ld  b e  c o n d u c t e d  i n  
a c c o r d a n c e  w i t h  t h e  p r o c e d u r e s  g i v e n  i n  Manual S e r i e s  No. L O  (MS-10) by The A s p h a l t  
I n s t i t u t e .  

a )  L a b o r a t o r y  CBR tests a r e  conducted on m a t e r i a l s  which have  b e e n  
o b t a i n e d  from t h e  s i t e  and remoulded t o  t h e  d e n s i t y  which w i l l  
b e  o b t a i n e d  d u r i n g  c o n s t r u c t i o n .  Specimens a r e  soaked f o r  
f o u r  days  t o  a l l o w  t h e  m a t e r i a l  t o  r e a c h  s a t u r a t i o n .  A s a t u r a t e d  
CBR t e s t  i s  used t o  s i m u l a t e  t h e  c o n d i t i o n s  l i k e l y  t o  o c c u r  i n  a  
pavement which h a s  been i n  s e r v i c e  f o r  some t ime.  Pavement 
foundat i .ons  t end  t o  r e a c h  n e a r l y  comple te  s a t u r a t i o n  a f t e r  
a b o u t  t h r e e  y e a r s .  Seasona l  m o i s t u r e  changes  a l s o  d i c t a t e  t h e  
u s e  of a  s a t u r a t e d  CBR d e s i g n  v a l u e  s i n c e  t r a f f i c  must b e  
s u p p o r t e d  d u r i n g  p e r i o d s  of h i g h  m o i s t u r e  such a s  s p r i n g  s e a s o n s .  

b)  F i e l d  CBR t e s t s  can p r o v i d e  v a l u a b l e  i n f o r m a t i o n  on f o u n d a t i o n s  
which have been i n  p l a c e  f o r  s e v e r a l  y e a r s .  The m a t e r i a l s  s h o u l d  
have been i n  p l a c e  f o r  a  s u f f i c i e n t  t ime  t o  a l l o w  f o r  t h e  m o i s t u r e  
t o  r e a c h  a n  e q u i l i b r i u m  c o n d i t i o n .  An example o f  t h i s  c o n d i t i o n  
i s  a  f i l l  which h a s  been c o n s t r u c t e d  and s u r c h a r g e d  f o r  a  l o n g  
p e r i o d  of t ime p r i o r  t o  pavement c o n s t r u c t i o n .  
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c )  CBR t e s t s  on g r a v e l l y  m a t e r i a l s  a r e  d i f f i c u l t  t o  i n t e r p r e t .  
Labora to ry  CBR t e s t s  on g r a v e l  o f t e n  y i e l d  CBR r e s u l t s  which 
a r e  t o o  h i g h  owing t o  t h e  c o n f i n i n g  e f f e c t s  of t h e  mould. The 
ass ignment  of CBR v a l u e s  t o  g r a v e l l y  subgrade m a t e r i a l s  may b e  
based on judgement and exper ience .  The in format ion  given i n  
Table  4-8 may p r o v i d e  h e l p f u l  guidance i n  s e l e c t i n g  a  d e s i g n  
CBR v a l u e  f o r  a  g r a v e l l y  s o i l .  Table  4-8 should n o t ,  however, 
be  used i n d i s c r i m i n a t e l y  a s  a  s o l e  source  of d a t a .  It i s  
recommended t h a t  t h e  maximum CBR f o r  u n s t a b i l i z e d  g r a v e l  
subgrade b e  50. 

d )  The number o f  CBR t e s t s  needed t o  p r o p e r l y  e s t a b l i s h  a  d e s i g n  
v a l u e  cannot  b e  s imply s t a t e d .  V a r i a b i l i t y  of t h e  s o i l  c o n d i t i o n s  
encounte red  a t  t h e  s i t e  w i l l  have t h e  g r e a t e s t  i n f l u e n c e  on t h e  
number of t e s t s  needed. A s  an  approximate  " r u l e  of thumb" t h r e e  
CBR t e s t s  on each d i f f e r e n t  major s o i l  type  should b e  c o n s i d e r e d .  
The p r e l i m i n a r y  s o i l  survey w i l l  r e v e a l  how many d i f f e r e n t  s o i l  
t y p e s  w i l l  b e  encountered.  The des ign  CBR v a l u e  should  be 
c o n s e r v a t i v e l y  s e l e c t e d .  Common pav ing  e n g i n e e r i n g  p r a c t i c e  i s  
t o  s e l e c t  a  v a l u e  which i s  one s t a n d a r d  d e v i a t i o n  below t h e  mean. 

4 .4 .7 .3  P l a t e  b e a r i n g  t e s t .  A s  t h e  name i n d i c a t e s ,  t h e  p l a t e  b e a r i n g  test measures  
t h e  b e a r i n g  c a p a c i t y  of t h e  pavement founda t ion .  The p l a t e  b e a r i n g  t e s t  r e s u l t  i s  
expressed  a s  a  k v a l u e  which h a s  t h e  u n i t s  of p r e s s u r e  over  l e n g t h .  The k v a l u e  c a n  be 
env is ioned  a s  t h e  p r e s s u r e  r e q u i r e d  t o  produce a  u n i t  de format ion  of a  b e a r i n g  p l a t e  
i n t o  t h e  pavement founda t ion .  P l a t e  b e a r i n g  t e s t s  should be performed i n  a c c o r d a n c e  
wi th  t h e  p rocedures  e s t a b l i s h e d  i n  AASHTO T 2 2 2 .  

a )  Rig id  pavement d e s i g n  i s  n o t  t o o  s e n s i t i v e  t o  t h e  k v a l u e .  An 
e r r o r  i n  e s t a b l i s h i n g  a  k v a l u e  w i l l  n o t  have a  d r a s t i c  impact 
on t h e  d e s i g n  t h i c k n e s s  of t h e  r i g i d  pavement, P l a t e  b e a r i n g  
t e s t s  must b e  conducted i n  t h e  f i e l d  and a r e  b e s t  performed on 
t e s t  s e c t i o n s  which a r e  c o n s t r u c t e d  t o  t h e  des ign  compaction 
and m o i s t u r e  c o n d i t i o n s .  A c o r r e c t i o n  t o  t h e  k  v a l u e  f o r  
s a t u r a t i o n  i s  r e q u i r e d  t o  s i m u l a t e  t h e  mois tu re  c o n d i t i o n s  
l i k e l y  t o  be encountered by t h e  i n - s e r v i c e  pavement. 

b )  P l a t e  b e a r i n g  t e s t s  a r e  r e l a t i v e l y  expens ive  t o  perform and 
t h u s  t h e  number of t e s t s  which can be conducted t o  e s t a b l i s h  a  
d e s i g n  val-ue i s  l i m i t e d .  G e n e r a l l y ,  o n l y  two o r  t h r e e  t e s t s  can  
be performed f o r  each pavement f e a t u r e .  The d e s i g n  k  v a l u e  
should be c o n s e r v a t i v e l y  s e l e c t e d .  

c )  The r i g i d  pavement des ign  and e v a l u a t i o n  c u r v e s  p r e s e n t e d  i n  t h i s  
m a t e r i a l  a r e  based on a  k  v a l u e  determined by a  s t a t i c  p l a t e  l o a d  
test  u s i n g  a  30 i n  ( 7 6 2  mm) diamete r  p l a t e .  Use of a  p l a t e  of 
s m a l l e r  d iamete r  w i l l  r e s u l t  i n  a  h i g h e r  k v a l u e  t h a n  i s  r e p r e s e n t e d  
i n  t h e  des ign  and e v a l u a t i o n  c u r v e s .  
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d) It i s  recommended t h a t  p l a t e  b e a r i n g  t e s t s  b e  conducted on t h e  
subgrade  and t h e  r e s u l t s  a d j u s t e d  t o  accoun t  f o r  t h e  e f f e c t  o f  
sub-base .  F i g u r e  4-35 shows t h e  i n c r e a s e  i n  k  v a l u e  f o r  v a r i o u s  
t h i c k n e s s e s  of sub-base  over  a  g iven  subgrade k .  P l a t e  b e a r i n g  

t e s t s  conduc ted  on t o p  o f  sub-base c o u r s e s  can sometimes y i e l d  
e r r o n e o u s  r e s u l t s  s i n c e  t h e  d e p t h  of i n f l u e n c e  b e n e a t h  a 30 i n  
(762 mm) b e a r i n g  p l a t e  i s  n o t  a s  g r e a t  as t h e  d e p t h  o f  i n f l u e n c e  
b e n e a t h  a s l a b  loaded  w i t h  a n  a i r c r a f t  l a n d i n g  g e a r  a s sembly .  
I n  t h i s  i n s t a n c e  a  sub-base l a y e r  can  i n f l u e n c e  t h e  r e s p o n s e  o f  
a b e a r i n g  p l a t e  more t h a n  t h e  r e s p o n s e  of a  loaded  pavement.  

e )  The d e t e r m i n a t i o n  o f  k  v a l u e  f o r  s t a b i l i z e d  l a y e r s  is  a  d i f f i c u l t  
problem. The k  v a l u e  normal ly  h a s  t o  be  e s t i m a t e d .  I t  i s  
recommended t h a t  t h e  k  v a l u e  b e  e s t i m a t e d  a s  f o l l o w s .  The 
t h i c k n e s s  o f  t h e  s t a b i l i z e d  l a y e r  shou ld  b e  m u l t i p l i e d  by a 
f a c t o r  r a n g i n g  from 1 . 2  t o  1 . 6  t o  de te rmine  t h e  e q u i v a l e n t  
t h i c k n e s s  o f  wel l -graded c rushed  a g g r e g a t e .  The a c t u a l  v a l u e  
i n  t h e  1 . 2  t o  1 . 6  r a n g e  shou ld  b e  based  on t h e  q u a l i t y  of t h e  
s t a b i l i z e d  l a y e r  and t h e  t h i c k n e s s  of t h e  s l a b  r e l a t i v e  t o  t h e  
t h i c k n e s s  of t h e  s t a b i l i z e d  l a y e r .  High-qua l i ty  m a t e r i a l s  
which a r e  s t a b i l i z e d  w i t h  h i g h  p e r c e n t a g e s  o f  s t a b i l i z e r s  s h o u l d  
b e  a s s i g n e d  a n  e q u i v a l e n c y  f a c t o r  which i s  h i g h e r  t h a n  a  l o w e r -  
q u a l i t y  s t a b i l i z e d  m a t e r i a l .  For a  g iven  r i g i d  pavement t h i c k n e s s ,  
a  t h i c k e r  s t a b i l i z e d  l a y e r  w i l l  i n f l u e n c e  pavement pe r fo rmance  
more t h a n  a  t h i n  s t a b i l i z e d  l a y e r  and shou ld  t h u s  b e  a s s i g n e d  a  
h i g h e r  e q u i v a l e n c y  f a c t o r .  

f )  It i s  recommended t h a t  a d e s i g n  k  v a l u e  o f  500 l b / i n 3  (136 MN/m3) 
n o t  be  exceeded f o r  any  f o u n d a t i o n .  The i n f o r m a t i o n  p r e s e n t e d  
i n  Tab le  4-8 g i v e s  g e n e r a l  guidance a s  t o  p r o b a b l e  k v a l u e s  f o r  
v a r i o u s  s o i l  t y p e s .  

4 . 4 . 3  Pavement d e s i g n  ph i losophy  

4 . 4 . 8 . 1  The FAA p o l i c y  o f  t r e a t i n g  t h e  des ign  o f  a i r c r a f t  l a n d i n g  g e a r  a n d  t h e  d e s i g n  
and e v a l u a t i o n  of a i r p o r t  pavements a s  t h r e e  s e p a r a t e  e n t i t i e s  i s  d e s c r i b e d  i n  4 . 4 . 1  of 
t h i s  Manual. The d e s i g n  of a i r p o r t  pavements i s  a  colnplex e n g i n e e r i n g  p rob lem which 
i n v o l v e s  a  l a r g e  number of i n t e r a c t i n g  v a r i a b l e s .  The d e s i g n  c u r v e s  p r e s e n t e d  i n  t h i s  
S e c t i o n  a r e  based on t h e  CBR method o f  d e s i g n  f o r  f l e x i b l e  pavements and a  j o i n t e d  edge 
s t r e s s  a n a l y s i s  f o r  r i g i d  pavements. These p r o c e d u r e s  r e p r e s e n t  a  change f r o m  p r i o r  FAA 
d e s i g n  methods and w i l l  r e s u l t  i n  s l i g h t l y  d i f f e r e n t  pavement t h i c k n e s s e s .  Because  of 
t h i c k n e s s  v a r i a t i o n s ,  t h e  e v a l u a t i o n  o f  e x i s t i n g  pavements shou ld  b e  pe r fo rmed  u s i n g  t h e  
same method a s  was employed i n  t h e  d e s i g n .  D e t a i l s  on how t h e  new FAA methods  o f  d e s i g n  
were deve loped  a r e  a s  f o l l o w s :  
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F i g u r e  4-35. E f f e c t  o f  sub-base on modulus o f  subgrade  r e a c t i o n  



P a r t  3. - Pavements - -- 3-145 

4 . 4 . 8 . 2  F l e x i b l e  pavements.  The f l e x i b l e  pavement d e s i g n  c u r v e s  p r e s e n t e d  i n  t h i s  
S e c t i o n  a r e  based  on t h e  C a l i f o r n i a  Bear ing  R a t i o  (CBR) method o f  d e s i g n .  The CBR d e s i g n  
method i s  b a s i c a l l y  e m p i r i c a l ;  however,  a  g r e a t  d e a l  o f  r e s e a r c h  h a s  been done w i t h  t h e  
method and r e l i a b l e  c o r r e l a t i o n s  have been developed.  Gear c o n f i g u r a t i o n s  a r e  r e l a t e d  
u s i n g  t h e o r e t i c a l  c o n c e p t s  as w e l l  a s  e m p i r i c a l l y  developed d a t a .  The d e s i g n  c u r v e s  
p r o v i d e  t h e  r e q u i r e d  t o t a l  t h i c k n e s s  o f  f l e x i b l e  pavement ( s u r f a c e ,  b a s e ,  and  sub-base)  
needed t o  s u p p o r t  a  g iven  we igh t  oE a i r c r a f t  o v e r  a p a r t i c u l a r  subgrade.  The c u r v e s  
a l s o  show t h e  r e q u i r e d  s u r f a c e  t h i c k n e s s ,  Minimum b a s e  c o u r s e  t h i c k n e s s e s  a r e  shown on 
a  s e p a r a t e  c u r v e .  A  more d e t a i l e d  d i s c u s s i o n  of CBR d e s i g n  i s  p r e s e n t e d  i n  Appendix 4. 

4 . 4 . 8 . 3  Rig id  pavements.  The r i g i d  pavement d e s i g n  c u r v e s  i n  t h i s  S e c t i o n  are 
based  on t h e  Wes te rgaa rd  a n a l y s i s  o f  edge l o a d i n g .  The edge  l o a d i n g  a n a l y s i s  h a s  been 
m o d i f i e d  t o  s i m u l a t e  a  j o i n t e d  edge  c o n d i t i o n .  Design c u r v e s  a r e  f u r n i s h e d  f o r  a r e a s  
where t r a f f i c  w i l l  p redominan t ly  f o l l o w  p a r a l l e l  t o  t h e  j o i n t s  and f o r  a r e a s  where  
t r a f f i c  i s  l i k e l y  t o  c r o s s  j o i n t s  a t  some a c u t e  a n g l e .  P r e v i o u s  FAA r i g i d  pavement 
c r i t e r i a  were based  on an  i n t e r i o r  l o a d i n g  assumption.  Pavement s t r e s s e s  a r e  h i g h e r  
a t  t h e  j o i n t e d  edge t h a n  a t  t h e  s l a b  i n t e r i o r .  Tes t  v a l i d a t i o n s  and f i e l d  pe r fo rmance  
show p r a c t i c a l l y  a l l  l o a d  induced c r a c k s  deve lop  a t  t h e  j o i n t e d  edge and m i g r a t e  towards  
t h e  s l a b  i n t e r i o r .  For t h e s e  r e a s o n s  t h e  b a s i s  of d e s i g n  was changed from i n t e r i o r  t o  
j o i n t e d  edge.  The d e s i g n  c u r v e s  c o n t a i n  l i n e s  f o r  f i v e  d i f f e r e n t  a n n u a l  t r a f f i c  volumes. 
The t h i c k n e s s  of pavement de te rmined  from t h e  c u r v e s  i s  f o r  s l a b  t h i c k n e s s  o n l y .  Sub-base 
t h i c k n e s s e s  a r e  de te rmined  s e p a r a t e l y .  A more d e t a i l e d  d i s c u s s i o n  o f  t h e  b a s i s  f o r  r i g i d  
pavement d e s i g n  i s  p r e s e n t e d  i n  Appendix 4 .  

4 . 4 . 9 . 1  An a i r f i e l d  pavement and t h e  o p e r a t i n g  a i r c r a f t  r e p r e s e n t  an  i n t e r a c t i v e  
s y s t e m  which must b e  r e c o g n i z e d  i n  t h e  pavement d e s i g n  p r o c e s s .  Design c o n s i d e r a t i o n s  
a s s o c i a t e d  w i t h  b o t h  t h e  a i r c r a f t  and t h e  pavement must be  s a t i s f i e d  i n  o r d e r  t o  produce 
a  s a t i s f a c t o r y  d e s i g n .  C a r e f u l  c o n s t r u c t i o n  c o n t r o l  and some d e g r e e  o f  ma in tenance  w i l l  
be  r e q u i r e d  t o  produce a  pavement which w i l l  a c h i e v e  t h e  i n t e n d e d  d e s i g n  l i f e .  Pavements 
a r e  d e s i g n e d  t o  p r o v i d e  a  f i n i t e  l i f e  and f a t i g u e  f a i l u r e s  a r e  a n t i c i p a t e d .  Poor  
c o n s t r u c t i o n  and l a c k  of p r e v e n t a t i v e  maintenance w i l l  u s u a l l y  r e s u l t  i n  d i s a p p o i n t i n g  
performance o f  even t h e  b e s t  des igned  pavement.  

4 . 4 . 9 . 2  The d e t e r m i n a t i o n  of pavement t h i c k n e s s  r e q u i r e m e n t s  i s  a  complex 
e n g i n e e r i n g  problem. Pavements a r e  s u b j e c t  t o  a  wide v a r i e t y  of l o a d i n g s  and  c l i m a t i c  
e f f e c t s .  The d e s i g n  p r o c e s s  i n v o l v e s  a  l a r g e  number o f  i n t e r a c t i n g  v a r i a b l e s  which a r e  
o f t e n  d i f f i c u l t  t o  q u a n t i f y .  Although a  g r e a t  d e a l  o f  r e s e a r c h  work h a s  been  completed 
and more i s  underway, i t  h a s  been i m p o s s i b l e  t o  a r r i v e  a t  a  d i r e c t  m a t h e m a t i c a l  s o l u t i o n  
o f  t h i c k n e s s  r e q u i r e m e n t s .  For  t h i s  r e a s o n  t h e  d e t e r m i n a t i o n  o f  pavement t h i c k n e s s  
must b e  based  on t h e  t h e o r e t i c a l  a n a l y s i s  o f  l o a d  d i s t r i b u t i o n  th rough  pavements  and 
s o i l s ,  t h e  a n a l y s i s  o f  e x p e r i m e n t a l  pavement d a t a ,  and a  s t u d y  of t h e  pe r fo rmance  o f  
pavements under a c t u a l  s e r v i c e  c o n d i t i o n s .  Pavement t h i c k n e s s  c u r v e s  p r e s e n t e d  i n  t h i s  
S e c t i o n  have  been developed th rough  c o r r e l a t i o n  o f  t h e  d a t a  o b t a i n e d  from t h e s e  s o u r c e s .  
Pavements des igned  i n  accordance  w i t h  t h e s e  s t a n d a r d s  a r e  i n t e n d e d  t o  p r o v i d e  a  s t r u c t u r a l  
l i f e  of 20 y e a r s  t h a t  i s  f r e e  o f  major  maintenance i f  no majo r  changes  i n  f o r e c a s t  t r a f f i c  
a r e  e n c o u n t e r e d .  It i s  l i k e l y  t h a t  r e h a b i l i t a t i o n  o f  s u r f a c e  g r a d e s  and r e n e w a l  o f  s k i d  
r e s i s t a n t  p r o p e r t i e s  w i l l  b e  needed b e f o r e  20 y e a r s  owing t o  d e s t r u c t i v e  c l i m a t i c  e f f e c t s  
and d e t e r i o r a t i n g  e f f e c t s  o f  normal usage.  
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4 .4 .9 .3  The s t r u c t u r a l  d e s i g n  of a i r p o r t  pavements c o n s i s t s  of de te rmin ing  b o t h  t h e  
o v e r - a l l  pavement t h i c k n e s s  and t h e  t h i c k n e s s  of t h e  component p a r t s  of t h e  pavement. 
There a r e  a number of f a c t o r s  which i n f l u e n c e  t h e  t h i c k n e s s  of pavement r e q u i r e d  t o  
p rov ide  s a t i s f a c t o r y  s e r v i c e .  These i n c l u d e  t h e  magnitude and c h a r a c t e r  o f  t h e  a i r c r a f t  
l o a d s  t o  b e  s u p p o r t e d ,  t h e  volume of t r a f f i c ,  t h e  c o n c e n t r a t i o n  of t r a f f i c  i n  c e r t a i n  
a r e a s ,  and t h e  q u a l i t y  of t h e  subgrade s o i l  and m a t e r i a l s  compris ing t h e  pavement 
s t r u c t u r e .  

4 .4 .10 A i r c r a f t  c o n s i d e r a t i o n s  

4 .4 .10.1 - Load. The pavement des ign  method is  based on t h e  g r o s s  weight  of t h e  
a i r c r a f t .  For d e s i g n  purposes  t h e  pavement should b e  des igned  f o r  t h e  maximum t a k e - o f f  
weight of t h e  a i r c r a f t .  The d e s i g n  procedure  assumes 95 p e r  c e n t  of t h e  g r o s s  w e i g h t  
i s  c a r r i e d  by t h e  main l a n d i n g  g e a r s  and 5  p e r  c e n t  i s  c a r r i e d  by t h e  nose  gear .  The 
maximum take-of f  weight  shou ld  be used i n  c a l c u l a t i n g  t h e  pavement t h i c k n e s s  r e q u i r e d .  
Use of t h e  maximum take-off  weight  i s  recommended t o  p rov ide  some degree  of c o n s e r v a t i s m  
i n  t h e  d e s i g n  and is  j u s t i f i e d  by t h e  f a c t  t h a t  changes i n  o p e r a t i o n a l  u s e  can o f t e n  
occur  and r e c o g n i t i o n  of t h e  f a c t  t h a t  f o r e c a s t  t r a f f i c  is approximate  a t  b e s t .  By 
i g n o r i n g  a r r i v i n g  t r a f f i c  some of t h e  conserva t i sm is  o f f s e t .  

4.4.10.2 Landing g e a r  t y p e  and geometry 

a )  The gear  t y p e  and c o n f i g u r a t i o n  d i c t a t e  how t h e  a i r c r a f t  weight  
i s  d i s t r i b u t e d  t o  t h e  pavement and de te rmine  pavement response  
t o  a i r c r a f t  l o a d i n g s .  L t  would have been i m p r a c t i c a l  t o  develop 
d e s i g n  c u r v e s  f o r  each t y p e  of a i r c r a f t .  However, s i n c e  t h e  
t h i c k n e s s  of bo th  r i g i d  and f l e x i b l e  pavements i s  dependent 
upon t h e  g e a r  dimensions and t h e  t y p e  of g e a r ,  s e p a r a t e  d e s i g n  
curves  would be n e c e s s a r y  u n l e s s  some v a l i d  assumptions cou ld  
be made t o  reduce  t h e  number of v a r i a b l e s .  Examination of gear  
c o n f i g u r a t i o n ,  t i r e  c o n t a c t  a r e a s ,  and t i r e  p r e s s u r e  i n  common 
u s e  i n d i c a t e d  t h a t  t h e s e  f o l l o w  a  d e f i n i t e  t r e n d  r e l a t e d  t o  
a i r c r a f t  g r o s s  weight .  Reasonable assumptions cou ld  t h e r e f o r e  
be made and d e s i g n  c u r v e s  c o n s t r u c t e d  from t h e  assumed d a t a .  
These assumed d a t a  a r e  a s  f o l l o w s :  

1 )  S i n g l e  g e a r  a i r c r a f t .  No s p e c i a l  assumptions needed. 

2 )  Dual gear  a i r c r a f t .  A s t u d y  of t h e  s p a c i n g  between d u a l  
wheels f o r  t h e s e  a i r c r a f t  i n d i c a t e d  t h a t  a  dimension of 
20 i n  (0 .51  m) between t h e  c e n t r e l i n e  o f  t h e  t i r e s  appeared 
r e a s o n a b l e  f o r  t h e  l i g h t e r  a i r c r a f t  and a  dimension of 
34 i n  (0.86 m) between t h e  c e n t r e l i n e  of t h e  t i r e s  appeared 
r e a s o n a b l e  f o r  t h e  h e a v i e r  a i r c r a f t .  

3) Dual tandem gear  a i r c r a f t .  The s t u d y  i n d i c a t e d  a  d u a l  wheel 
spac ing  of 20 i n  (0 .51  m) and a  tandem s p a c i n g  of 45 i n  
(1.14 m) f o r  l i g h t e r  a i r c r a f t ,  and a d u a l  wheel s p a c i n g  of 
30 i n  (0.76 m) and a  tandem s p a c i n g  of  55 i n  (1.40 m) f o r  t h e  
h e a v i e r  a i r c r a f t  a r e  a p p r o p r i a t e  d e s i g n  v a l u e s .  
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4) Wide body a i r c r a f t .  Wide body a i r c r a f t  , i. e  ., B-747, DC-10, 
and L-1011 r e p r e s e n t  a  r a d i c a l  d e p a r t u r e  from t h e  geometry  
assumed f o r  d u a l  tandem a i r c r a f t  d e s c r i b e d  i n  3  above. Owing 
t o  t h e  l a r g e  d i f f e r e n c e s  i n  g r o s s  w e i g h t s  and gea r  g e o m e t r i e s ,  
s e p a r a t e  d e s i g n  c u r v e s  have  been p r e p a r e d  f o r  t h e  wide body 
a i r c r a f t .  

b)  T i r e  p r e s s u r e  v a r i e s  between 75 and 200 p s i  (0.52 t o  1 . 3 8  MPa) 
depending on g e a r  c o n f i g u r a t i o n  and g r o s s  we igh t .  It s h o u l d  b e  
no ted  t h a t  t i r e  p r e s s u r e  a s s e r t s  less i n f l u e n c e  on pavement 
s t r e s s e s  a s  g r o s s  weight  i n c r e a s e s ,  and t h e  assumed maximum o f  
200 p s i  (1 .38 MPa) may b e  s a f e l y  exceeded i f  o t h e r  p a r a m e t e r s  
a r e  n o t  exceeded.  

1+.4.10.3 T r a f f i c  volume. F o r e c a s t s  o f  a n n u a l  d e p a r t u r e s  by a i r c r a f t  t y p e  a r e  needed 
f o r  pavement d e s i g n .  I n f o r m a t i o n  on a i r c r a f t  o p e r a t i o n s  i s  a v a i l a b l e  from A i r p o r t  
Mas te r  P l a n s ,  Terminal  Area F o r e c a s t s ,  t h e  N a t i o n a l  A i r p o r t  System P l a n ,  A i r p o r t  A c t i v i t y  
S t a t i s t i c s  and FAA A i r  T r a f f i c  A c t i v i t y .  These p u b l i c a t i o n s  shou ld  b e  c o n s u l t e d  i n  t h e  
development  of f o r e c a s t s  o f  a n n u a l  d e p a r t u r e s  by a i r c r a f t  type .  

4 . 4 . 1 1  E r m i n a t i o n  of d e s i g n  a i r c r a f t .  

4 . 4 . 1 1 . 1  The f o r e c a s t  of a n n u a l  d e p a r t u r e s  by a i r c r a f t  t y p e  w i l l  r e s u l t  i n  a  l i s t  o f  
a number of d i f f e r e n t  a i r c r a f t .  The d e s i g n  a i r c r a f t  shou ld  b e  s e l e c t e d  on t h e  b a s i s  of 
t h e  one r e q u i r i n g  t h e  g r e a t e s t  pavement t h i c k n e s s .  Each a i r c r a f t  t y p e  i n  t h e  f o r e c a s t  
shou ld  b e  checked t o  d e t e r m i n e  t h e  pavement t h i c k n e s s  r e q u i r e d  by u s i n g  t h e  a p p r o p r i a t e  
d e s i g n  c u r v e  w i t h  t h e  f o r e c a s t  number o f  a n n u a l  d e p a r t u r e s  f o r  t h a t  a i r c r a f t .  The 
a i r c r a f t  t y p e  which produces  t h e  g r e a t e s t  pavement t h i c k n e s s  i s  t h e  d e s i g n  a i r c r a f t .  
The d e s i g n  a i r c r a f t  i s  n o t  n e c e s s a r i l y  t h e  h e a v i e s t  a i r c r a f t  i n  t h e  f o r e c a s t .  

4 .4 .12  EeLermina t ion  of e q u i v a l e n t  a n n u a l  d e p a r t u r e s  by t h e  d e s i g n  a i r c r a f t  

1 . .4 .12 ,1  S i n c e  t h e  t r a f f i c  f o r e c a s t  i s  a m i x t u r e  of a  v a r i e t y  of a i r c r a f t  h a v i n g  
d i f f e r e n t  l a n d i n g  g e a r  t y p e s  and d i f f e r e n t  w e i g h t s ,  t h e  e f f e c t s  o f  a l l  t r a f f i c  must be  
accoun ted  f o r  i n  t e rms  of t h e  d e s i g n  a i r c r a f t ,  F i r s t ,  a l l  a i r c r a f t  must b e  c o n v e r t e d  
t o  t h e  same l a n d i n g  g e a r  t y p e  a s  t h e  d e s i g n  a i r c r a f t .  The f o l l o w i n g  c o n v e r s i o n  f a c t o r s  
shou ld  b e  used t o  c o n v e r t  from one l a n d i n g  g e a r  t y p e  t o  a n o t h e r :  

To c o n v e r t  from To - M u l t i p l y  d e p a r t u r e s  b y  

s i n g l e  wheel d u a l  wheel 0 .8  

s i n g l e  wheel d u a l  tandem 

d u a l  wheel d u a l  tandem 

doub le  d u a l  tandem d u a l  tandem 

d u a l  tandem s ing1  e  wheel 

d u a l  tandem d u a l  wheel 

d u a l  wheel s i n g l e  wheel 

double  d u a l  tandem d u a l  wheel 
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Secondly, a f t e r  t h e  a i r c r a f t  have been grouped i n t o  t h e  same l a n d i n g  g e a r  
c o n f i g u r a t i o n ,  t h e  convers ion  t o  e q u i v a l e n t  annua l  d e p a r t u r e s  of t h e  des ign  a i r c r a f t  
should b e  determined by t h e  f o l l o w i n g  formula:  

l o g  R1 = l o g  R2 x (%) " 
where R1 = e q u i v a l e n t  annua l  d e p a r t u r e s  by t h e  des ign  a i r c r a f t  

RZ = annua l  d e p a r t u r e s  expressed  i n  d e s i g n  a i r c r a f t  l a n d i n g  g e a r  

W 1  = wheel load  of t h e  d e s i g n  a i r c r a f t  

W2 = wheel l o a d  of t h e  a i r c r a f t  i n  q u e s t i o n  

For  t h i s  computat ion 95 p e r  c e n t  of t h e  g r o s s  weight of t h e  a i r c r a f t  i s  
assumed t o  be c a r r i e d  by t h e  main l a n d i n g  g e a r s .  Wide body a i r c r a f t  r e q u i r e  s p e c i a l  
a t t e n t i o n  i n  t h i s  c a l c u l a t i o n .  The procedure  d i s c u s s e d  above i s  a  r e l a t i v e  r a t i n g  which 
compares d i f f e r e n t  a i r c r a f t  t o  a  common d e s i g n  a i r c r a f t .  S ince  wide body a i r c r a f t  have  
r a d i c a l l y  d i f f e r e n t  l a n d i n g  g e a r  a s s e m b l i e s  t h a n  o t h e r  a i r c r a f t ,  s p e c i a l  c o n s i d e r a t i o n s  
a r e  needed t o  m a i n t a i n  t h e  r e l a t i v e  e f f e c t s .  Th is  i s  done by t r e a t i n g  each wide body  a s  
a  300 000 l b  (136 100 kg) d u a l  tandem a i r c r a f t  when computing e q u i v a l e n t  annua l  d e p a r t u r e s ,  
Th is  should  be done i n  e v e r y  i n s t a n c e  even when t h e  d e s i g n  a i r c r a f t  i s  a  wide body. 
A f t e r  t h e  e q u i v a l e n t  annua l  d e p a r t u r e s  a r e  determined,  t h e  des ign  should  proceed u s i n g  
t h e  a p p r o p r i a t e  des ign  c u r v e  f o r  t h e  des ign  a i r c r a f t .  For example, i f  a  wide body i s  
t h e  d e s i g n  a i r c r a f t ,  a l l  e q u i v a l e n t  d e p a r t u r e s  should be c a l c u l a t e d  a s  d e s c r i b e d  a b o v e ,  
then  t h e  d e s i g n  curve  f o r  t h e  wide body should be used w i t h  t h e  c a l c u l a t e d  e q u i v a l e n t  
annua l  d e p a r t u r e s .  

4 .4 .12.2 Example: Assume an  a i r p o r t  pavement i s  t o  be designed f o r  t h e  f o l l o w i n g  
f o r e c a s t  t r a f f i c :  

A i r c r a f t  
Maximum take-of f Forecas t  

Gear t y p e  weight 
annua l  d e p a r t u r e s  

( l b )  (kg) 

d u a l  

d u a l  

d u a l  tandem 

d u a l  

d u a l  tandem 

d u a l  

d u a l  tandem 

double  d u a l  
tandem 

S o l u t i o n  a )  Determine des ign  a i r c r a f t .  A pavement t h i c k n e s s  i s  determined f o r  
each a i r c r a f t  i n  t h e  f o r e c a s t  u s i n g  t h e  a p p r o p r i a t e  des ign  c u r v e s .  
The pavement i n p u t  d a t a ,  CBR, k v a l u e ,  f l e x u r a l  s t r e n g t h ,  e t c . ,  
should be t h e  same f o r  a l l  a i r c r a f t .  A i r c r a f t  we igh ts  and d e p a r t u r e  
l e v e l s  must correspond t o  t h e  p a r t i c u l a r  a i r c r a f t  i n  t h e  f o r e c a s t .  
I n  t h i s  example t h e  727-200 r e q u i r e s  t h e  g r e a t e s t  pavement t h i c k n e s s  
and i s  t h u s  t h e  d e s i g n  a i r c r a f t .  



P a r t  3.- Pavements 3-149 

b )  Group f o r e c a s t  t r a f f i c  i n t o  l a n d i n g  g e a r  o f  d e s i g n  a i r c r a f t .  I n  t h i s  
example t h e  d e s i g n  a i r c r a f t  i s  equipped w i t h  a  d u a l  wheel l a n d i n g  
g e a r  s o  a l l  t r a f f i c  must be grouped i n t o  t h e  d u a l  wheel  c o n f i g u r a t i o n .  

c )  E n v e r t  a i r c r a f t  t o  e q u i v a l e n t  a n n u a l  d e p a r t u r e s  o f  t h e  d e s i g n  
a i r c r a f t .  A f t e r  t h e  a i r c r a f t  m i x t u r e  h a s  been grouped i n t o  a common 
l a n d i n g  g e a r  c o n f i g u r a t i o n ,  t h e  e q u i v a l e n t  a n n u a l  d e p a r t u r e s  o f  t h e  
desi.gn a i r c r a f t  c a n  b e  c a l c u l a t e d .  

Wheel l o a d  E q u i v a l e n t  a n n u a l  
Dual g e a r  A i r c r a f t  Wheel l o a d  o f  d e s i g n  a i r c r a f t  d e p a r t u r e s  d e s i g n  
d e p a r t u r e s  ( l b )  (kg)  

( l b )  (kg)  a i r c r a f t  

T o t a l  1 6  241 

" Wheel l o a d s  f o r  wide body a i r c r a f t  w i l l  b e  t a k e n  a s  t h e  wheel  l o a d  f o r  a  3 0 0  000 l b  
(136 100  kg)  a i r c r a f t  f o r  e q u i v a l e n t  a n n u a l  d e p a r t u r e  c a l c u l a t i o n s .  

d )  For  t h i s  example t h e  pavement would b e  d e s i g n e d  f o r  1 6  000 
a n n u a l  d e p a r t u r e s  o f  a  d u a l  wheel a i r c r a f t  weighing 190 500 l b  
(86 500 k g ) .  The d e s i g n  s h o u l d ,  however,  p r o v i d e  f o r  t h e  
h e a v i e s t  a i r c r a f t  i n  t h e  t r a f f i c  m i x t u r e  when c o n s i d e r i n g  d e p t h  
o f  compact ion,  t h i c k n e s s  o f  a s p h a l t  s u r f a c e ,  d r a i n a g e  s t r u c t u r e s ,  
e t c .  

4 .4 .13  E i g n i n g  the--f l e x i b l e  pavement 

4 .4 .13.1  F l e x i b l e  pavements c o n s i s t  of a  b i tuminous  wear ing  s u r f a c e  p l a c e d  o n  a  b a s e  
c o u r s e  a n d ,  when r e q u i r e d  by subgrade  c o n d i t i o n s ,  a sub-base .  The e n t i r e  f l e x i b l e  
pavement s t r u c t u r e  i s  u l t i m a t e l y  s u p p o r t e d  by t h e  subgrade .  D e f i n i t i o n s  of t h e  f u n c t i o n  
of t h e  v a r i o u s  components a r e  g iven  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  For some a i r c r a f t  
t h e  b a s e  and sub-base have t o  b e  c o n s t r u c t e d  of s t a b i l i z e d  m a t e r i a l s .  The r e q u i r e m e n t s  
f o r  s t a b i l i z e d  b a s e  and sub-base a r e  a l s o  d i s c u s s e d  i n  4 .4 .15.  

4 .4 .13.2  IJse o f  t h e  d e s i g n  c u r v e s  f o r  f l e x i b l e  pavements r e q u i r e s  a  CBR v a l u e  f o r  
t h e  subgrade  m a t e r i a l ,  a  CBR v a l u e  f o r  t h e  sub-base  m a t e r i a l ,  t h e  g r o s s  w e i g h t  o f  t h e  
d e s i g n  a i r c r a f t ,  and t h e  number of a n n u a l  d e p a r t u r e s  o f  t h e  d e s i g n  a i r c r a f t .  The des ign  
c u r v e s  p r e s e n t e d  i n  F i g u r e s  4-36 t o  4-44 i n d i c a t e  t h e  t o t a l  pavement t h i c k n e s s  r e q u i r e d  
and t he  t t ~ i c k n e s s  o f  b i tuminous  s u r f a c i n g .  F i g u r e  4-45 i n d i c a t e s  t h e  minimum t h i c k n e s s  
o f  b a s e  c o u r s e  f o r  g iven  t o t a l  pavement t h i c k n e s s e s  and CBR v a l u e s .  For  a n n u a l  d e p a r t u r e s  
i n  e x c e s s  of 25 000 t h e  t o t a l  pavement t h i c k n e s s  shou ld  b e  i n c r e a s e d  i n  a c c o r d a n c e  w i t h  
4 .4 .24  and t h e  b i tuminous  s u r f a c i n g  i n c r e a s e d  by 1 i n  ( 3  cm). 
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Figure 4-36. F l ex ib l e  pavement des ign  curves  f o r  c r i t i c a l  a r e a s ,  
s i n g l e  wheel gear  
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CBR 

3 4 5 6 7 8 9 1 0  15 26 30 40 50 

THICKNESS 

8 10 73 15 t! 20 2 3 2 5  38 51 76 102 127 
u - L J  1 1 1  r 

F i g u r e  4-37. F l e x i b l e  pavement d e s i g n  c u r v e s  for c r i t i c a l  a r e a s ,  
d u a l  wheel g e a r  
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GBR 

3 4 5 6 7 8 9 1 0  t 5 20 30 40 50 in 

THICKNESS 

8 10 13 15 48 PO 23 25 38 51 78 102 127 cm 

F i g u r e  4-38, F l e x i b l e  pavement d e s i g n  c u r v e s  f o r  c r i t i c a l  a r e a s ,  
d u a l  tandem g e a r  
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F i g u r e  4 - 3 9 .  Fl-exible pavement d e s i g n  c u r v c s  f o r  c r i - t i c a l  a r e a s ,  
G 7 4 7 - I O 0 ,  SR, 203 l3, C,  F 
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CBR 

a 13 20 25 30 40 46 

Figure 4-40. Flexible pavement design curves for critical areas, 
B747-SP 



P a r t  3. - Pavements -- 3-155 --- 

Figure 4-41,  F l ex ib l e  pasement design curves f o r  c r i t i c a l  a r e a s ,  
D C I O - 1 0 ,  lOCF 
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8 10 13 15 18 20 23 25 38 51 76 182 $27 cm 

Figure 4-42. F l ex ib l e  pavement design curves  f o r  c r i t i c a l  a r e a s ,  
DClO-30, 30CF, 40,  4 0 C F  
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Figure 4-41. Flexible pavement design curves for critical areas, 
L-I 011, 100 
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F i g u r e  4-44, F 1 e ~ i b l . e  pavement d e s i g n  c u r v e s  f o r  c r i t i c a l  a r e a s ,  
L-1011-100, 200 
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6 7 8 9 10 15 2 0 25  

M I N I M U M  B&5% GOURSE PWIGKNESS, I N .  

F i g u r e  4-45. Minimum b a s e  c o u r s e  t h i c k n e s s  r e q u i r e m e n t s  
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4 .4 .14  C r i t i c a l  and n o n - c r i t i c a l  a r e a s  

4 .4 .14.1  The d e s i g n  c u r v e s ,  F i g u r e s  4-36 t o  4-44, a r e  used t o  d e t e r m i n e  t h e  t o t a l  
c r i t i c a l  pavement t h i c k n e s s ,  T  and t h e  s u r f a c e  c o u r s e  t h i c k n e s s  r e q u i r e m e n t s .  The 
0.9T f a c t o r  f o r  t h e  n o n - c r i t i c a l  pavement a p p l i e s  t o  t h e  b a s e  and sub-base c o u r s e s ;  t h e  
s u r f a c e  c o u r s e  t h i c k n e s s  is  a s  n o t e d  on t h e  d e s i g n  c u r v e s .  For t h e  v a r i a b l e  s e c t i o n  
o f  t h e  t r a n s i t i o n  s e c t i o n  and t h i n n e d  e d g e ,  t h e  r e d u c t i o n  a p p l i e s  o n l y  t o  t h e  b a s e  
c o u r s e .  The 0.7T t h i c k n e s s  f o r  b a s e  s h a l l  be  minimum p e r m i t t e d ,  and t h e  sub-base  
t h i c k n e s s  s h a l l  b e  i n c r e a s e d  o r  v a r i e d  t o  p r o v i d e  p o s i t i v e  s u r f a c e  d r a i n a g e  from t h e  
e n t i r e  s u b g r a d e  s u r f a c e .  For f r a c t i o n s  o f  a n  i n c h  o f  0 .5  o r  more, u s e  t h e  n e x t  h i g h e r  
whole number; f o r  l e s s  t h a n  0 . 5 ,  u s e  t h e  n e x t  lower  number. 

4.4.15 S t a b i l i z e d  b a s e  and sub-base 

4 .4 .15 .1  S t a b i l i z e d  b a s e  and sub-base  c o u r s e s  a r e  n e c e s s a r y  f o r  new pavements 
des igned  t o  accomodate j e t  a i r c r a f t  weighing 100 000 l b  (45 350 kg) o r  more. These  
s t a b i l i z e d  c o u r s e s  may be  s u b s t i t u t e d  f o r  g r a n u l a r  c o u r s e s  u s i n g  t h e  e q u i v a l e n c y  
f a c t o r s  d i s c u s s e d  i n  4 . 4 . 1 6 .  A r a n g e  o f  e q u i v a l e n c y  f a c t o r s  i s  g iven  because  t h e  
f a c t o r  i s  s e n s i t i v e  t o  a  number o f  v a r i a b l e s  such  a s  l a y e r  t h i c k n e s s ,  s t a b i l i z i n g  
a g e n t  t y p e  and q u a n t i t y ,  l o c a t i o n  o f  s t a b i l i z e d  l a y e r  i n  t h e  pavement s t r u c t u r e ,  e t c .  

4 .4 .15.2  E x c e p t i o n s  t o  t h e  p o l i c y  r e q u i r i n g  s t a b i l i z e d  b a s e  and sub-base s h o u l d  
b e  based on p roven  performance o f  a  g r a n u l a r  m a t e r i a l .  Proven performance i n  t h i s  
i n s t a n c e  means a  h i s t o r y  o f  s a t i s f a c t o r y  a i r p o r t  pavements u s i n g  t h e  m a t e r i a l s .  T h i s  
h i s t o r y  o f  s a t i s f a c t o r y  performance s h o u l d  b e  under  a i r c r a f t  l o a d i n g s  and c l i m a t i c  
c o n d i t i o n s  comparable  t o  t h o s e  a n t i c i p a t e d .  

4 . 4 . 1 5 . 3  Other  e x c e p t i o n s  may b e  made on t h e  b a s i s  o f  s u p e r i o r  m a t e r i a l s  b e i n g  
a v a i l a b l e ,  such  a s  100 p e r  c e n t  c r u s h e d ,  h a r d ,  c l o s e l y  graded s t o n e .  These m a t e r i a l s  
shou ld  e x h i b i t  a  remoulded soaked CBR minimum of 100 f o r  b a s e  and 35 f o r  sub-base .  I n  
a r e a s  s u b j e c t  t o  f r o s t  p e n e t r a t i o n  t h e  m a t e r i a l s  shou ld  meet p e r m e a b i l i t y  and n o n - f r o s t  
s u s c e p t i b i l i t y  t e s t s  i n  a d d i t i o n  t o  t h e  CBR r e q u i r e m e n t s .  

4 .4 .15.4  The minimum t o t a l  pavement t h i c k n e s s  s h o u l d  n o t  b e  l e s s  t h a n  t h e  t o t a l  
pavement t h i c k n e s s  r e q u i r e d  by a  20 CBR subgrade  on t h e  a p p r o p r i a t e  d e s i g n  c u r v e .  
R e f l e c t i o n  c r a c k i n g  i s  sometimes encoun te red  when cement t r e a t e d  b a s e  i s  used .  The 
t h i c k n e s s  o f  t h e  b i tuminous  s u r f a c i n g  c o u r s e  shou ld  be  a t  l e a s t  4  i n  (10 cm) t o  min imize  
t h e  c h a n c e s  of r e f l e c t i o n  c r a c k i n g  when cement t r e a t e d  b a s e  i s  used.  

4 .4 .16 S t a b i l i z e d  s u b - b e a n d  b a s e  e q u i v a l e n c y  f a c t o r s  

4 .4 .16 .1  S t a b i l i z e d  sub-base c o u r s e s  o f f e r  some s t r u c t u r a l  b e n e f i t s  t o  a  f l e x i b l e  
pavement. The b e n e f i t s  can be  e ~ r p r e s s e d  i n  t h e  form of  e q u i v a l e n c y  f a c t o r s  which 
i n d i c a t e  t h e  s u b s t i t u t i o n  t h i c k n e s s  r a t i o s  a p p l i c a b l e  t o  v a r i o u s  s t a b i l i z e d  l a y e r s .  
The t h i c k n e s s  o f  s t a b i l i z e d  m a t e r i a l  can  b e  computed by d i v i d i n g  t h e  g r a n u l a r  sub-base  
t h i c k n e s s  r e q u i r e m e n t  by t h e  e q u i v a l e n c y  f a c t o r .  The e q u i v a l e n c y  f a c t o r  r a n g e s  a r e  
p r e s e n t e d  i n  Tab le  4-9 below. 



Part 3 . -  Pavements 3-141. 

T a b l e  4-9. Recommended equiva lency  factor  range  s t a b i l i z e d  sub-base 

Materlal Equivalency factor  range 

Bimuminous surface course 

Riturninous base course 

Cold l a i d  bituminous base course 

Mixed in -p lace  base course 

Cement treated base course 

Soil cement base course 

Crushed aggregate b a s e  course 

Gravel sub-base course 

In establishing t he  equivalency factors shown above, t h e  CBR o f  the gravel 
sub-base course was assumed to be 20. 

4 .4 .16 .2  S t a b i l i z e d  base courses offer structural benefits TO a f l e x i b l e  pavement in 
much t h e  same manner as  s t a b i l i z e d  sub-base. The b e n e f i t s  are expressed a s  equivalency 
factors similar to t h o s e  shown f o r  s t a b i l i z e d  sub-base. T h e s e  r a t i o s  are used to compute 
the rhickness o f  stabilized base by d i v i d i n g  the g ranu l a r  base requirement by the 
equivalency factor .  The equivalency f a c t o r  ranges are presented in Table 4-10 below. 

T a b l e  4-10. Recommended equivalency f a c t o r  range s rab i l i zed  base 

Equivalency f a c t o r  range 

Bituminous surface course 1 . 2 - 1 . 6  

Bituminous base course 1.2-1.6 

Cold laid bi tuminous  base course 1.0-1.2 

Mixed in-place base course 1 . 0 - 3 . 2  

Cement treated base course 1.2-1.6 

S o i l  cement base course 

Crushed aggregate base course 

Sub-base course N/ A 

The equivalency factors shown above assume a CBR v a l u e  o f  80 f o r  c r u s h e d  
agg rega t e  base course .  

4 .4 .17  Design example 

4 . 4 . 1 7 . 1  As a n  example of t h e  use  of  t h e  d e s i g n  curves, assume a f l e x i b l e  pavement 
is t o  b e  designed f o r  a d u a l  gear a i r c r a f t  having a g r o s s  mass of  7 5  000 I b  ( 3 4  000 kg) 
and 6 000 annual e q u i v a l e n t  departures of t h e  d e s i g n  a i r c r a f t .  Des ign  CBR values  f o r  
t h e  sub-base and  subgrade are 20 and 6 ,  respectively.  
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4.4.17.2 T o t a l  pavement t h i c k n e s s .  The t o t a l  pavement t h i c k n e s s  r e q u i r e d  i s  
determined from Figure  4-37. E n t e r  t h e  upper a b s c i s s a  w i t h  t h e  subgrade CBR v a l u e ,  6. 
P r o j e c t  v e r t i c a l l y  downward t o  t h e  g r o s s  mass of t h e  d e s i g n  a i r c r a f t ,  75 000 l b  
(34 000 k g ) .  A t  t h e  p o i n t  of i n t e r s e c t i o n  o f  t h e  v e r t i c a l  p r o j e c t i o n  and t h e  a i r c r a f t  
g r o s s  w e i g h t ,  make a  h o r i z o n t a l  p r o j e c t i o n  t o  t h e  e q u i v a l e n t  annua l  d e p a r t u r e s ,  6  000. 
From t h e  p o i n t  of i n t e r s e c t i o n  of t h e  h o r i z o n t a l  p r o j e c t i o n  and t h e  annua l  d e p a r t u r e  
l e v e l ,  make a  v e r t i c . a l  p r o j e c t i o n  down t o  t h e  lower a b s c i s s a  and read  t h e  t o t a l  pavement 
t h i c k n e s s ;  i n  t h i s  example - 21.3 i n  (51.2 cm). 

4.4.17.3 Thickness  of sub-base c o u r s e .  The t h i c k n e s s  of t h e  sub-base c o u r s e  i s  
determined i n  a  manner s i m i l a r  t o  t h e  t o t a l  pavement t h i c k n e s s .  Using F igure  4-37 
e n t e r  t h e  upper  a b s c i s s a  wi th  t h e  d e s i g n  CBR v a l u e  f o r  t h e  sub-base,  20. The c h a r t  i s  
used i n  t h e  same manner a s  d e s c r i b e d  i n  4.4.17.2 above, i . e . ,  v e r t i c a l  p r o j e c t i o n  t o  
a i r c r a f t  g r o s s  weigh t ,  h o r i z o n t a l  p r o j e c t i o n  t o  annua l  d e p a r t u r e s ,  and v e r t i c a l  p r o j e c t i o n  
t o  lower  a b s c i s s a .  I n  t h i s  example t h e  t h i c k n e s s  o b t a i n e d  i s  8.6  i n  (21.8 cm). T h i s  
means t h a t  t h e  combined t h i c k n e s s  of bi tuminous s u r f a c e  and b a s e  c o u r s e  needed o v e r  a 
20 CBR sub-base i s  8 .6  i n  (21.8 cm), t h u s  hav ing  a  sub-base t h i c k n e s s  of 21.3 - 8 . 6  = 
12 .7  i n  (32.2 cm). 

4.4.17.4 Thickness  of bi tuminous s u r f a c e .  A s  i n d i c a t e d  by t h e  Note i n  F igure  4-37, 
t h e  t h i c k n e s s  o f  bi tuminous s u r f a c e  f o r  c r i t i c a l  a r e a s  is  4  i n  (10 cm) and f o r  n o n - c r i t i c a l ,  
3  i n  (8  cm). 

4.4.17.5 Thickness  of base  c o u r s e .  The t h i c k n e s s  of base  c o u r s e  can  b e  computed by 
s u b t r a c t i n g  t h e  t h i c k n e s s  o f  bi tuminous s u r f a c e  from t h e  combined t h i c k n e s s  of s u r f a c e  
and base  determined i n  4 .4 .17.3 above; i n  t h i s  example 8 . 6  - 4.0 = 4.6 i n  (11.7 cm) of 
base  c o u r s e .  The t h i c k n e s s  of base  c o u r s e  t h u s  c a l c u l a t e d  should be compared w i t h  t h e  
minimum base  c o u r s e  t h i c k n e s s  r e q u i r e d  a s  shown i n  F i g u r e  4-45. Note t h a t  t h e  minimum 
base  c o u r s e  t h i c k n e s s  is  6  i n  (15 cm) f o r  c r i t i c a l  a r e a s .  En te r  t h e  l e f t  o r d i n a t e  o f  
Figure  4-45 w i t h  t h e  t o t a l  pavement t h i c k n e s s  a s  determined i n  4 .4 .17 .2  above,  i n  t h i s  
example - 21.3 i n  (51.2 cm). Make a  h o r i z o n t a l  p r o j e c t i o n  t o  t h e  subgrade CBR l i n e ;  
i n  t h i s  example,  6.  From t h e  i r l t e r s e c t i o n  o f  t h e  h o r i z o n t a l  p r o j e c t i o n  and t h e  s u b g r a d e  
CBR l i n e ,  make a  v e r t i c a l  p r o j e c t i o n  down t o  t h e  lower a b s c i s s a  and r e a d  t h e  minimum 
base c o u r s e  t h i c k n e s s ,  i n  'L2 L L L L ~  example t h e  minimum t h i c k n e s s  of 6  i n  (15 cm) would b e  
r e q u i r e d .  The e x t r a  t h i c k n e s s  o f  base  r e q u i r e d  by  F igure  4-45 a s  opposed t o  t h e  e a r l i e r  
c a l c u l a t i o n  i s  taken  o u t  of t h e  sub-base t h i c k n e s s  n o t  added t o  t h e  t o t a l  pavement 
t h i c k n e s s ;  i n  t h i s  example 12.7 - 1 . 4  = 1 1 . 3  i n  (28.7 cm) . 
4.4.17.6 Thickness  of n o n - c r i t i c a l  a r e a s .  The t o t a l  pavement t h i c k n e s s  f o r  non- 
c r i t i c a l  a r e a s  i s  o b t a i n e d  by t a k i n g  0 . 9  of t h e  c r i t i c a l  pavement base  and sub-base 
t h i c k n e s s  p l u s  t h e  r e q u i r e d  bi tuminous s u r f a c e  t h i c k n e s s  g iven  on t h e  d e s i g n  c h a r t s .  
For t h e  t h i n n e d  edge p o r t i o n  of t h e  c r i t i c a l  and n o n - c r i t i c a l  pavements, t h e  0.7T 
f a c t o r  a p p l i e s  o n l y  t o  t h e  base  c o u r s e  because t h e  sub-base should a l l o w  f o r  t r a n s v e r s e  
d ra inage .  
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4.4 .17.7 Summary. The t h i c k n e s s  c a l c u l a t e d  i n  t h e  above paragraphs  should  b e  rounded 
o f f  t o  even increments .  I f  c o n d i t i o n s  f o r  d e t r i m e n t a l  f r o s t  a c t i o n  e x i s t ,  a n o t h e r  a n a l y s i s  
i s  r e q u i r e d .  The f i n a l  des ign  t h i c k n e s s e s  f o r  t h i s  example would b e  a s  f o l l o w s :  

Thickness  Requirements 

C r i t i c a l  
i n  (cm) 

Bituminous s u r f a c e  
Base c o u r s e  
Sub-base c o u r s e  
Transverse  d r a i n a g e  

S i n c e  t h e  des ign  a i r c r a f t  i n  t h i s  example weighs l e s s  t h a n  100 000  l b  
(45 300 k g ) ,  s t a b i l i z e d  base  and sub-base a r e  n o t  r e q u i r e d  b u t  could be used i f  d e s i r e d .  

4 . 4 . 1 8  Designing t h e  r i g i d  pavement 

4 .4 .18 .1  Design c u r v e s  have been prepared  f o r  r i g i d  pavements s i m i l a r  t o  t h o s e  f o r  
f l e x i b l e  pavements;  i . e . , s e p a r a t e  c u r v e s  f o r  s i n g l e ,  d u a l ,  and d u a l  tandem l a n d i n g  gear  
a s s e m b l i e s  and s e p a r a t e  des ign  c u r v e s  f o r  wide-body j e t  a i r c r a f t .  See F i g u r e s  4-46 t o  
4-54. These c u r v e s  a r e  based on a  j o i n t e d  edge l o a d i n g  assumption where t h e  l o a d  i s  
t a n g e n t  t o  t h e  j o i n t .  Use of t h e  d e s i g n  c u r v e s  r e q u i r e s  f o u r  des ign  i n p u t  p a r a m e t e r s :  
c o n c r e t e  f l e x u r a l  s t r e n g t h ,  subgrade modulus, g r o s s  weight of t h e  des ign  a i r c r a f t ,  and 
a n n u a l  d e p a r t u r e  of t h e  des ign  a i r c r a f t .  The r i g i d  pavement des ign  c u r v e s  i n d i c a t e  
t h e  t h i c k n e s s  of c o n c r e t e  on ly .  Th icknesses  of o t h e r  components of t h e  r i g i d  pavement 
s t r u c t u r e  must be  determined s e p a r a t e l y .  

4.4.18.2 Concrete  f l e x u r a l  s t r e n g t h .  The r e q u i r e d  t h i c k n e s s  of c o n c r e t e  pavement 
i s  r e l a t e d  t o  t h e  s t r e n g t h  of t h e  c o n c r e t e  used i n  t h e  pavement. Concrete  s t r e n g t h  i s  
a s s e s s e d  by t h e  f l e x u r a l  s t r e n g t h  method a s  t h e  pr imary a c t i o n  of a  c o n c r e t e  pavement 
s l a b  i s  f l e x u r e .  Concrete  f l e x u r a l  s t r e n g t h  should be determined by ASTM C-78 t e s t  
method, Normally a  90-day f l e x u r a l  s t r e n g t h  i s  used f o r  des ign .  The d e s i g n e r  can  
s a f e l y  assume t h e  90-day f l e x u r a l  s t r e n g t h  o f  c o n c r e t e  w i l l  be 10 p e r  c e n t  h i g h e r  than  
t h e  28-day s t r e n g t h .  

L .4 .18 .3  k v a l u e .  The k  v a l u e  i s ,  i n  e f f e c t ,  a  s p r i n g  c o n s t a n t  f o r  t h e  m a t e r i a l  
s u p p o r t i n g  t h e  r i g i d  pavement and i s  i n d i c a t i v e  of t h e  b e a r i n g  v a l u e  of t h e  s u p p o r t i n g  
m a t e r i a l .  

4 .4 .18 .4  Gross weight  of a i r c r a f t .  The g r o s s  weight of t h e  d e s i g n  a i r c r a f t  i s  
shorn on each d e s i g n  curve .  The des ign  c u r v e s  a r e  grouped i n  accordance w i t h  main 
l a n d i n g  g e a r  assembly type  excep t  f o r  wide body a i r c r a f t  which a r e  shown on s e p a r a t e  
c u r v e s .  A wide range  of g r o s s  weights  i s  shown on a l l  c u r v e s  t o  a s s i s t  i n  a n y  
i n t e r p o l a t i o n s  which may be r e q u j r e d .  I n  a l l  i n s t a n c e s ,  t h e  range  of g r o s s  w e i g h t s  
shown i s  adequa te  t o  cover  welgh ts  of e x i s t i n g  a i r c r a f t .  

4 .4 .18.5 Annual d e p a r t u r e  of d e s i g n  a i r c r a f t .  The f o u r t h  i n p u t  pa ramete r  i s  
a n n u a l  d e p a r t u r e s  of t h e  des ign  a i r c r a f t .  The d e p a r t u r e s  should b e  computed u s i n g  
t h e  p rocedure  e x p l a i n e d  i n  4.4.12. 
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4 .4 .18.6 Use of des ign  c u r v e s .  The r i g i d  pavement des ign  c u r v e s  a r e  c o n s t r u c t e d  
such t h a t  t h e  d e s i g n  i n p u t s  a r e  e n t e r e d  i n  t h e  same o r d e r  a s  t h e y  a r e  d i s c u s s e d  above .  
Concrete  f l e x u r a l  s t r e n g t h  is t h e  f i r s t  i n p u t .  The l e f t  o r d i n a t e  of t h e  d e s i g n  c u r v e  
i s  e n t e r e d  w i t h  c o n c r e t e  f l e x u r a l  s t r e n g t h .  A h o r i z o n t a l  p r o j e c t i o n  i s  made u n t i l  i t  
i n t e r s e c t s  w i t h  t h e  a p p r o p r i a t e  founda t ion  modulus l i n e .  A v e r t i c a l  p r o j e c t i o n  is  
made from t h e  i n t e r s e c t i o n  p o i n t  t o  t h e  a p p r o p r i a t e  g r o s s  weight o f  t h e  d e s i g n  a i r c r a f t .  
A h o r i z o n t a l  p r o j e c t i o n  is  made t o  t h e  r i g h t  o r d i n a t e  showing annua l  d e p a r t u r e s .  The 
pavement t h i c k n e s s  i s  r e a d  from t h e  a p p r o p r i a t e  annua l  d e p a r t u r e  l i n e .  The pavement 
t h i c k n e s s  shown r e f e r s  t o  t h e  t h i c k n e s s  of t h e  c o n c r e t e  pavement o n l y ,  e x c l u s i v e  o f  
t h e  sub-base.  

4 .4 .19 Sub-base requ i rements  

4 . 4 . 1 9 . 1  The purpose of a  sub-base under  a  r i g i d  pavement i s  t o  p r o v i d e  u n i f o r m  
s t a b l e  s u p p o r t  f o r  t h e  pavement s l a b s .  A minimum t h i c k n e s s  of 4  i n  (10 cm) of sub-base 
i s  r e q u i r e d  under  a l l  r i g i d  pavements,  excep t  a s  shown i n  Table 4-11 below: 

Table  4-11. Condi t ions  where no sub-base i s  r - ~ ~ l r e d  

S o i l  Good d r a i n a g e  Poor d r a i n a g e  
c l a s s i f i c a t i o n  No f r o s t  F r o s t  No f r o s t  F r o s t  

4 .4 .19.2 Sub-base t h i c k n e s s  i n  e x c e s s  of 4  i n  (10 cm) can b e  used t o  i n c r e a s e  t h e  
modulus o f  s o i l  r e a c t i o n  and reduce t h e  r e q u i r e d  t h i c k n e s s  of c o n c r e t e  needed,  i f  
economical .  The c o s t  of p r o v i d i n g  t h e  a d d i t i o n a l  t h i c k n e s s  of sub-base should b e  
weighed a g a i n s t  t h e  s a v i n g s  i n  c o n c r e t e  t h i c k n e s s .  The m a t e r i a l s  s u i t a b l e  f o r  sub-base 
c o u r s e s  under  r i g i d  pavements a r e  l i s t e d  below: 

Grave l  sub-base c o u r s e  

Bituminous base  course  

Aggregate  base  c o u r s e  

Crushed a g g r e g a t e  base  c o u r s e  

S o i l  cement b a s e  c o u r s e  

Cement t r e a t e d  b a s e  c o u r s e  

4 .4 .19 .3  Dete rmina t ion  of  k  v a l u e  f o r  g r a n u l a r  sub-base.  The probab le  i n c r e a s e  i n  
k  v a l u e  a s s o c i a t e d  w i t h  v a r i o u s  t h i c k n e s s e s  of d i f f e r e n t  sub-base m a t e r i a l s  i s  shown 
i n  F igure  4-35. F igure  4-35 i s  i n t e n d e d  f o r  u s e  when t h e  sub-base i s  composed of 
u n s t a b i l i z e d  g r a n u l a r  m a t e r i a l s .  Values shown i n  F igure  4-35 a r e  t o  be c o n s i d e r e d  
guides  and can  be tempered by l o c a l  e x p e r i e n c e .  
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Figure 4-46. Rigid pavement des ign  curves  - s i n g l e  wheel gear  
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Figure 4-47. Rigid pavement design curves - dual wheel gear 
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Figure  4-48. Rigid pavement des ign  curves  - dua l  tandem gear  



M Pa Psi 

ANNUAL DEPARTURES 

1200 3060 boo0 IWOO 21Doo 

F i g u r e  4-49. Rigid  pavement d e s i g n  c u r v e s  - B-747-100, SR, 200 B ,  C, F 
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Figure  4-50. Rigid pavement de s ign  curves  - B-747-SP 
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Figure 4-51. Rigid pavement design curves - DC 10-10, lOCF 



WlPa Psi 

F i g u r e  4-52. R i g i d  pavement d e s i g n  c u r v e s  - DC 10-30, 3 0 C F  
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F i g u r e  4-53. R i g i d  pavement d e s i g n  c u r v e s  - L-1011-1, 100 
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4 .4 .20  C r i t i c a l  and n o n - c r i t i c a l  a r e a s  

4 . 4 . 2 0 . 1  The d e s i g n  c u r v e s ,  F i g u r e s  4-46 th rough  4-54 a r e  used t o  d e t e r m i n e  t h e  
c o n c r e t e  s l a b  t h i c k n e s s  f o r  t h e  c r i t i c a l  pavement a r e a s .  A 0.9T t h i c k n e s s  f o r  non- 
c r i t i c a l  a r e a s  a p p l i e s  t o  t h e  c o n c r e t e  s l a b  t h i c k n e s s .  For t h e  v a r i a b l e  t h i c k n e s s  
s e c t i o n  o f  t h e  t h i n n e d  edge and t r a n s i t i o n  s e c t i o n ,  t h e  r e d u c t i o n  a p p l i e s  t o  t h e  
c o n c r e t e  s l a b  t h i c k n e s s .  The change i n  t h i c k n e s s  f o r  t r a n s i t i o n s  shou ld  b e  a c c o m p l i s h e d  
over  an  e n t i r e  s l a b  l e n g t h  o r  w i d t h .  I n  a r e a s  of v a r i a b l e  s l a b  t h i c k n e s s ,  t h e  sub-base  
t h i c k n e s s  must b e  a d j u s t e d  a s  n e c e s s a r y  t o  p r o v i d e  s u r f a c e  d r a i n a g e  from t h e  e n t i r e  
subgrade  s u r f a c e .  For f r a c t i o n s  of a n  i n c h  of 0 .5  o r  more, u s e  t h e  n e x t  h i g h e r  w h o l e  
number; f o r  l e s s  t h a n  0 . 5 ,  u s e  t h e  n e x t  lower number. 

4 .4 .21  S t a b i l i z e d  sub-base  

4 .4 .21 .1  S t a b i l i z e d  sub-base  i s  t o  b e  r e q u i r e d  f o r  a l l  new r i g i d  pavements d e s i g n e d  
t o  accominodate a i r c r a f t  weighing 100 000 l b  (45 400 kg) o r  more.  The s t r u c t u r a l  b e n e f i t  
impar ted t o  a  pavement s e c t i o n  by a  s t a b i l i z e d  sub-base i s  r e f l e c t e d  i n  t h e  modulus  o f  
subgrade  r e a c t i o n  a s s i g n e d  t o  t h e  f o u n d a t i o n .  Excep t ions  t o  t h e  p o l i c y  of u s i n g  
s t a b i l i z e d  sub-base a r e  t h e  same a s  g i v e n  i n  4 .4 .15.  

4 5 6 7 8 9 10 1 1  12 

f HICKMESS O F  SUBBASE, INCHES 

F i g u r e  4-55. E f f e c t  of s t a b i l i z e d  sub-base on subgrade  modulus 
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4 .4 .21.2  D e t e r m i n a t i o n  o f  k  v a l u e  f o r  s t a b i l i z e d  sub-base .  The e f f e c t  o f  s t a b i l i z e d  
sub-base i s  r e f l e c t e d  i n  t h e  f o u n d a t i o n  modulus.  The d i f f i c u l t y  i n  a s s i g n i n g  a  f o u n d a t i o n  
modulus i s  t h a t  t e s t  d a t a  w i l l  n o t  b e  a v a i l a b l e  d u r i n g  t h e  d e s i g n  phase .  F i g u r e  4-55 
shows t h e  p r o b a b l e  i n c r e a s e  i n  k v a l u e  w i t h  v a r i o u s  t h i c k n e s s e s  o f  s t a b i l i z e d  sub-base  
l o c a t e d  on subgrades  of v a r y i n g  modul i .  F i g u r e  4-55 i s  a p p l i c a b l e  t o  cement s t a b i l i z e d  
and b i tuminous  s t a b i l i z e d  l a y e r s .  F i g u r e  4-55 was developed by assuming a  s t a b i l i z e d  
l a y e r  i s  t w i c e  a s  e f f e c t i v e  as a  wel l -graded c rushed  a g g r e g a t e  i n  i n c r e a s i n g  t h e  subgrade 
modulus.  S t a b i l i z e d  l a y e r s  o f  l e s s e r  q u a l i t y  shou ld  b e  a s s i g n e d  somewhat l o w e r  k  v a l u e s .  
A f t e r  k v a l u e  i s  a s s i g n e d  t o  t h e  s t a b i l i z e d  sub-base ,  t h e  d e s i g n  p rocedure  i s  t h e  same 
a s  d e s c r i b e d  i n  4 .4 .18.  

4 . 4 .  :'2 Design example 

4 . 4 . 2 2 . 1  A s  a n  example of t h e  u s e  of t h e  d e s i g n  c u r v e s ,  assume t h a t  a  r i g i d  pavement 
i s  t o  b e  d e s i g n e d  f o r  d u a l  tandem a i r c r a f t  hav ing  a  g r o s s  we igh t  of 350 000 l b  
(160 000 kg) and f o r  6  000 a n n u a l  e q u i v a l e n t  d e p a r t u r e s  of t h e  d e s i g n  a i r c r a f t .  The 
e q u i v a l e n t  a n n u a l  d e p a r t u r e s  of 6  000 i n c l u d e s  1 200 a n n u a l  d e p a r t u r e s  of B-747 a i r c r a f t  
weighing 780 000 l b  (350 000 kg) g r o s s  w e i g h t .  The subgrade  modulus of 100  p c i  
(25 t5N/m3) w i t h  poor  d r a i n a g e  and f r o s t  p e n e t r a t i o n  i s  1 7  i n  (45 cm). The f e a t u r e  
t o  b e  d e s i g n e d  i s  a  p r imary  runway and r e q u i r e s  100  p e r  c e n t  f r o s t  p r o t e c t i o n .  The 
s u b g r a d e  s o i l  i s  CL. Concre te  mix d e s i g n s  i n d i c a t e  t h a t  a  f l e x u r a l  s t r e n g t h  o f  650 p s i  
(4 .5  M N / ~ ~ )  can  b e  r e a d i l y  produced w i t h  l o c a l l y  a v a i l a b l e  a g g r e g a t e s .  

4 .4 .22.2  The g r o s s  weight  o f  t h e  d e s i g n  a i r c r a f t  d i c t a t e s  t h e  use  o f  a  s t a b i l i z e d  
sub-base .  S e v e r a l  t h i c k n e s s e s  of s t a b i l i z e d  sub-bases  shou ld  be  t r i e d  t o  d e t e r m i n e  
t h e  most economical  s e c t i o n .  Assume a cement s t a b i l i z e d  sub-base w i l l  be  u s e d .  Try a  
sub-base  t h i c k n e s s  of 6  i n  (15 cm). Using F i g u r e  4-55, a  6  i n  (15 cm) t h i c k n e s s  would 
l i k e l y  i n c r e a s e  t h e  f o u n d a t i o n  modulus from LOO p c i  (25 MN/m3) t o  210 p c i  (57 MX/m3). 
Using F i g u r e  4-48 d u a l  tandem d e s i g n  c u r v e ,  w i t h  t h e  assumed d e s i g n  d a t a ,  y i e l d s  a  
c o n c r e t e  pavement t h i c k n e s s  o f  16.6  i n  (42 cm). Th i s  t h i c k n e s s  would be  rounded  o f f  
1 7  i n  (43 cm). S i n c e  t h e  f r o s t  p e n e t r a t i o n  i s  o n l y  18  i n  (45 cm) and t h e  combined 
t h i c k n e s s  of c o n c r e t e  pavement and s t a b i l i z e d  sub-base i s  23 i n  (58 cm),  no f u r t h e r  
f r o s t  p r o t e c t i o n  i s  needed.  Even though t h e  wide body a i r c r a f t  d i d  n o t  c o n t r o l  t h e  
t h i c k n e s s  of t h e  s l a b ,  t h e  wide b o d i e s  would have t o  be  c o n s i d e r e d  i n  t h e  e s t a b l i s h m e n t  
of j o i n t i n g  r e q u i r e m e n t s  and d e s i g n  o f  d r a i n a g e  s t r u c t u r e s .  Other  s t a b i l i z e d  sub-base  
t h i c k n e s s e s  shou ld  be  t r i e d  t o  d e t e r m i n e  t h e  most economical  s e c t i o n .  

4 . 4 . 2 3  O p t i o n a l  r i g i d  pavement d e s i g n  c u r v e s  

4 . 4 . 2 3 . 1  When a i r c r a f t  l o a d i n g s  a r e  a p p l i e d  t o  a j o i n t e d  edge ,  t h e  a n g l e  o f  t h e  
l a n d i n g  g e a r  r e l a t i v e  t o  t h e  j o i n t e d  edge i n f l u e n c e s  t h e  magnitude o f  t h e  stress i n  
t h e  s l a b .  F i g u r e s  4-46 and 4-47, s i n g l e  wheel  and d u a l  wheel l a n d i n g  g e a r  a s s e m b l i e s ,  
a r e  a t  t h e  maximum s t r e s s  when t h e  g e a r  i s  l o c a t e d  p a r a l l e l  t o  t h e  j o i n t .  Dua l  tandem 
a s s e m b l i e s  do n o t  produce t h e  maximum s t r e s s  when l o c a t e d  p a r a l l e l  t o  t h e  j o i n t .  
L o c a t i n g  t h e  d u a l  tandem a t  a n  a c u t e  a n g l e  t o  t h e  j o i n t e d  edge w i l l  produce t h e  maximum 
s t r e s s .  Design c u r v e s ,  F i g u r e s  4-56 th rough  4-62, have been p repared  f o r  d u a l  tandem 
g e a r s  l o c a t e d  t a n g e n t  t o  t h e  j o i n t e d  edge b u t  r o t a t e d  t o  t h e  a n g l e  c a u s i n g  t h e  maximum 
s t r e s s .  These d e s i g n  c u r v e s  can be used t o  d e s i g n  pavements i n  a r e a s  where a i r c r a f t  
a r e  l i k e l y  t o  c r o s s  t h e  pavement j o i n t s  a t  a n g l e s  a t  low speeds  such a s  runway h o l d i n g  
a p r o n s ,  runway e n d s ,  runway-taxiway i n t e r s e c t i o n s ,  a p r o n s ,  e t c .  Use of F i g u r e s  4-56 t o  
4-62 i s  o p t i o n a l  and shou ld  o n l y  be  a p p l i e d  i n  a r e a s  where a i r c r a f t  a r e  l i k e l y  t o  
c r o s s  pavement j o i n t s  a t  a n  a n g l e  and a t  low speeds .  
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F i g u r e  4-56. O p t i o n a l  r i g i d  pavement d e s i g n  c u r v e s  - d u a l  tandem g e a r  
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F i g u r e  4-57. O p t i o n a l  r i g i d  pavement d e s i g n  c u r v e s  - B-747-100, SR,  200 B ,  C, F 
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F i g u r e  4-58. O p t i o n a l  r i g i d  pavement d e s i g n  c u r v e s  - B-747-SP 
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F i g u r e  4-59. O p t i o n a l  r i g i d  pavement d e s i g n  c u r v e s  - DC 10-10, lOCF 
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F i g u r e  4-60. Opt iona l  r i g i d  pavement d e s i g n  c u r v e s  - DC 10-30,  30CF, 40,40CF 
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F i g u r e  4-61. Opt iona l  r i g i d  pavement d e s i g n  c u r v e s  - L-1011-1, 100 
i w  
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F i g u r e  4-62. O p t i o n a l  r i g i d  pavement d e s i g n  curves  - L-1011-100, 200 
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4 . 4 . 2 4  High t r a f f i c  volumes 

4 . 4 . 2 4 . 1  There a r e  a  number o f  a i r p o r t s  which e x p e r i e n c e  t r a f f i c  i n t e c s i t i e s  f a r  
i n  e x c e s s  of t h o s e  i n d i c a t e d  on t h e  d e s i g n  c u r v e s .  I n  t h e s e  s i t u a t i o n s ,  m a i n t e n a n c e  
i s  n e a r l y  i m p o s s i b l e  due t o  t r a f f i c  i n t e n s i t y  and makes i n i t i a l  c o n s t r u c t i o n  even  more 
i m p o r t a n t .  U n f o r t u n a t e l y ,  l i t t l e  i n f o r m a t i o n  e x i s t s  on t h e  perEormance of a i r p o r t  
pavements under  h i g h  t r a f f i c  i n t e n s i t i e s  e x c e p t  f o r  t h e  e x p e r i e n c e  ga ined  t h r o u g h  
o b s e r v a t i o n  of i n - s e r v i c e  pavements.  R ig id  pavements des igned  t o  s e r v e  i n  s i t u a t i o n s  
where t r a f f i c  i n t e n s i t y  i s  h i g h  shou ld  r e f l e c t  t h e  f o l l o w i n g  c o n s i d e r a t i o n s .  

4 .4 .24.2  Foundat ion.  The f o u n d a t i o n  f o r  t h e  pavement p r o v i d e s  t h e  u l t i m a t e  s u p p o r t  
t o  t h e  s t r u c t i ~ r e .  Every e f f o r t  shou ld  be  made t o  p r o v i d e  a  s t a b l e  f o u n d a t i o n  as problems 
a r i s i n g  l a t e r  from a n  i n a d e q u a t e  f o u n d a t i o n  canno t  b e  p r a c t i c a b l y  c o r r e c t e d  a f t e r  t h e  
pavement i s  c o n s t r u c t e d .  The use  of s t a b i l i z e d  sub-base w i l l  a i d  g r e a t l y  i n  p r o v i d i n g  
a un i fo rm,  s t a b l e  f o u n d a t i o n .  G e n e r a l l y  s p e a k i n g ,  t h e  most e f f i c i e n t  c o m b i n a t i o n  o f  
r i g i d  pavement t h i c k n e s s  and s t a b i l i z e d  sub-base t h i c k n e s s  f o r  s t r u c t u r a l  c a p a c i t y  i s  
a  1:1 r a t i o .  

4 . 4 . 2 4 . 3  Th ickness .  Pavements s u b j e c t e d  t o  t r a f f i c  i n t e n s i t i e s  g r e a t e r  t h a n  t h e  
25 000 a n n u a l  d e p a r t u r e  l e v e l  shown on t h e  d e s i g n  c u r v e s  w i l l  r e q u i r e  more t h i c k n e s s  t o  
accommodate t h e  t r a f f i c  volume. A d d i t i o n a l  t h i c k n e s s  can be  p rov ided  by i n c r e a s i n g  t h e  
pavement t h i c k n e s s  i n  accordance  w i t h  Tab le  4-12 shown below: 

Tab le  4-12. Pavement t h i c k n e s s  f o r  h i g h  d e p a r t u r e  l e v e l  
e x p r e s s e d  a s  a  p e r c e n t a g e  of t h e  25 000 d e p a r t u r e  t h i c k n e s s  

Annual d e p a r t u r e  l e v e l  -- - --- 
P e r c e n t a g e  of 

25 000 d e ~ a r t u r e  t h i c k n e s s  

The v a l u e s  g i v e n  i n  Tab le  4-12 a r e  based on e x t r a p o l a t i o n s  of r e s e a r c h  
d a t a  and o b s e r v a t i o n s  of i n - s e r v i c e  pavements.  Table  4-12 was deve loped  assuming  a  
l o g a r i t h m i c  r e l a t i o n s h i p  between p e r c e n t a g e  of t h i c k n e s s  and d e p a r t u r e s .  

4 .4 .24.4  P a n e l  s i z e .  S l a b  p a n e l s  shou ld  be  c o n s t r u c t e d  t o  minimize j o i n t  movement. 
Smal l  j o i n t  movement t e n d s  t o  p r o v i d e  f o r  b e t t e r  l o a d  t r a n s f e r  a c r o s s  j o i n t s  a n d  r e d u c e s  
t h e  e l o n g a t i o n  t h e  j o i n t  s e a l a n t  m a t e r i a l s  must accommodate when t h e  s l a b s  expand  and 
c o n t r a c t .  H igh-qua l i ty  j o i n t  s e a l a n t s  shou ld  b e  s p e c i f i e d  t o  p r o v i d e  t h e  b e s t  p o s s i b l e  
performance.  

4 .4 .25 R e i n f o r c e d  c o n c r e t e  pavement 

4 . 4 . 2 5 . 1  The main b e n e f i t  of s t e e l  r e i n f o r c i n g  i s  t h a t ,  a l t h o u g h  i t  d o e s  n o t  p r e v e n t  
c r a c k i n g ,  i t  keeps  t h e  c r a c k s  t h a t  form t i g h t l y  c l o s e d  s o  t h a t  t h e  i n t e r l o c k  o f  t h e  
i r r e g u l a r  f a c e s  p r o v i d e s  s t r u c t u r a l  i n t e g r i t y  and u s u a l l y  improves pavement pe r fo rmance .  
By h o l d i n g  t h e  c r a c k s  t i g h t l y  c l o s e d ,  t h e  s t e e l  minimizes  t h e  i n f i l t r a t i o n  o f  d e b r i s  
i n t o  t h e  c r a c k s .  The t h i c k n e s s  r e q u i r e m e n t s  f o r  r e i n f o r c e d  c o n c r e t e  pavements a r e  t h e  
same a s  p l a i n  c o n c r e t e  and a r e  de te rmined  from t h e  a p p r o p r i a t e  d e s i g n  c u r v e s .  S t e e l  
r e i n f o r c e m e n t  a l l o w s  l o n g e r  j o i n t  s p a c i n g s ,  t h u s  t h e  c o s t  b e n e f i t s  a s s o c i a t e d  w i t h  fewer  
j o i n t s  must be  de te rmined  i n  t h e  d e c i s i o n  t o  u s e  p l a i n  o r  r e i n f o r c e d  c o n c r e t e  pavement.  

4 - 4 . 2 5 . 2  Type and s p a c i n o  b of r e i n f o r c e m e n t .  - -- Reinforcement  may be  e i t h e r  welded 
w i r e  f a b r i c  o r  b a r  mats  i n s t a l l e d  w i t h  end and s i d e  l a p s  t o  p r o v i d e  complete  r e i n f o r c e m e n t  
th roughou t  t h e  s l a b  p a n e l .  End l a p s  shou ld  be  a  minimum of  12 i n  (31  cm) b u t  n o t  less 
t h a n  30 t i m e s  t h e  d i a m e t e r  of t h e  l o n g i t u d i n a l  w i r e  o r  b a r .  S i d e  l a p s  s h o u l d  b e  a  
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minimum o f  6  i n  (15 cm) b u t  n o t  l e s s  t h a n  20 t i m e s  t h e  d i a m e t e r  o f  t h e  t r a n s v e r s e  w i r e  
o r  b a r .  End and s i d e  c l e a r a n c e s  shou ld  be  a  maximum of  6 i n  (15 cm) and a  minimum o f  
2  i n  (5  cm) t o  a l l o w  f o r  n e a r l y  comple te  r e i n f o r c e m e n t  and y e t  a c h i e v e  adequa te  c o n c r e t e  
cover .  L o n g i t u d i n a l  members shou ld  be  spaced n o t  l e s s  t h a n  4  i n  (10 cm) n o r  more t h a n  
12 i n  ( 3 1  cm) a p a r t ;  t r a n s v e r s e  members shou ld  be  spaced  n o t  l e s s  t h a n  4  i n  (10 cm) n o r  
more t h a n  24 i n  ( 6 1  cm) a p a r t ,  

4 .4 .25 .3  Amount of r e i n f o r c e m e n t  

a )  The s t e e l  a r e a  r e q u i r e d  f o r  a  r e i n f o r c e d  c o n c r e t e  pavement i s  
de te rmined  from t h e  subgrade d r a g  formula  and t h e  c o e f f i c i e n t  
o f  f r i c t i o n  fo rmula  combined. The r e s u l t a n t  formula  is 
e x p r e s s e d  a s  f o l l o w s :  

As = a r e a  of s t e e l  p e r  f o o t  of wid th  o r  l e n g t h ,  s q u a r e  i n c h e s  

L = l e n g t h  o r  w i d t h  o f  s l a b ,  f e e t  

t = t h i c k n e s s  o f  s l a b ,  i n c h e s  

f s  = a l l o w a b l e  t e n s i l e  s t r e s s  i n  s t e e l ,  p s i  

note. - l 'o  detemnine the area of steeZ i n  metric un i t s :  - 

L = should be expressed i n  metres 

t = should be expressed i n  miZZimetres 

fs = should be expressed i n  mega new to,,^ per square metre 

The eonstant 3.7 should be changed t o  0 .64  

As = wi l l  then be i n  terms o f  square centimetres per metre 

b )  I n  t h i s  fo rmula  t h e  s l a b  weight  i s  assumed t o  be  1 2 . 5  pounds p e r  
s q u a r e  f o o t ,  p e r  i n c h  o f  t h i c k n e s s  (23.6 MN/m2). The a l l o w a b l e  
t e n s i l e  s t r e s s  i n  s t e e l  w i l l  v a r y  w i t h  t h e  t y p e  and g rade  o f  
s t e e l .  I t  i s  recommended t h a t  a l l o w a b l e  t e n s i l e  s t r e s s  be  t a k e n  
a s  t w o - t h i r d s  o f  t h e  y i e l d  s t r e n g t h  o f  t h e  s t e e l .  Based on 
c u r r e n t  s p e c i f i c a t i o n s  t h e  y i e l d  s t r e n g t h s  and c o r r e s p o n d i n g  
d e s i g n  s t r e s s e s  ( f s )  a r e  a s  l i s t e d  i n  Table  4-13. 

T a b l e  4-13. Y i e l d  s t r e n g t h s  o f  v a r i o u s  g r a d e s  o f  r e i n f o r c i n g  s t e e l  

AS TM 
d e s i g n a t  i o n  - 

A 615 

A 616 

A 616 

A 615 

A 185  

A 497 

Y i e l d  s t r e n g t h  
Type and g r a d e  o f  s t e e l  

p s i  (m/m2)  
& 'S ( M N / ~ ' )  

Deformed b i l l e t  s t e e l  g rade  40 40 000 (300) 27 000 (200)  

Deformed r a i l  s t e e l ,  g rade  50 50 000 (370) 33 000 (240)  

Deformed r a i l  s t e e l  , g r a d e  60 60 000 (440) 40 000 (300)  

Deformed b i l l e t  s t e e l ,  g r a d e  60 60 000 (440) 40 000 (300)  

Cold drawn welded s t e e l  w i r e  f a b r i c  65 000 (480) 43 000 (320)  

Cold drawn welded deformed s t e e l  w i r e  70 000 (520j  47 000 (350)  
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c )  The minimum p e r c e n t a g e  o f  s t e e l  r e i n f o r c e m e n t  shou ld  be  
0.05 p e r  c e n t .  The p e r c e n t a g e  of s t e e l  i s  computed by d i v i d i n g  
t h e  a r e a  of s t e e l ,  As ,  by t h e  a r e a  o f  c o n c r e t e  p e r  u n i t  o f  
l e n g t h  ( o r  wid th )  and m u l t i p l y i n g  by 100.  The minimum p e r c e n t a g e  
of s t e e l  c o n s i d e r e d  t h e  l e a s t  amount o f  s t e e l  which can b e  
economica l ly  p l a c e d  i s  0 .05  p e r  c e n t .  S t e e l  r e i n f o r c e m e n t  a l l o w s  
l a r g e r  s l a b  s i z e s  and t h u s  d e c r e a s e s  t h e  number of t r a n s v e r s e  
c o n t r a c t i o n  j o i n t s .  The c o s t s  a s s o c i a t e d  w i t h  p r o v i d i n g  a 
r e i n f o r c e d  pavement must b e  compared w i t h  t h e  s a v i n g s  r e a l i z e d  
i n  e l i m i n a t i n g  some of t h e  t r a n s v e r s e  c o n t r a c t i o n  j o i n t s  t o  
d e t e r m i n e  t h e  most economical  s t e e l  p e r c e n t a g e .  The maximum 
a l l o w a b l e  s l a b  l e n g t h  r e g a r d l e s s  o f  s t e e l  p e r c e n t a g e  i s  75 f t  ( 2 3  m) 

4 . 4 . 2 6  A i r p o r t  pavement o v e r l a y s  

4 . 4 . 2 6 . 1  General  

a )  A i r p o r t  pavement o v e r l a y s  may be  r e q u i r e d  f o r  a  v a r i e t y  o f  r e a s o n s .  
A pavement may have been damaged by o v e r l o a d i n g  i n  such  a  way t h a t  
i t  canno t  b e  ma in ta ined  s a t i s f a c t o r i l y  a t  a  s e r v i c e a b l e  level .  
S i m i l a r l y ,  a pavement i n  good c o n d i t i o n  may r e q u i r e  s t r e n g t h e n i n g  
t o  s e r v e  a i r c r a f t  h e a v i e r  t h a n  t h o s e  f o r  which t h e  pavement was 
o r i g i n a l l y  d e s i g n e d .  A pavement may a l s o  r e q u i r e  a n  o v e r l a y  s imply  
because  t h e  o r i g i n a l  pavement h a s  s e r v e d  i t s  d e s i g n  l i f e  a n d  i s  
"worn out" .  G e n e r a l l y ,  a i r p o r t  pavement o v e r l a y s  c o n s i s t  o f  e i t h e r  
P o r t l a n d  cement c o n c r e t e  o r  b i tuminous  c o n c r e t e .  

b)  D e f i n i t i o n s  a p p l i c a b l e  t o  o v e r l a y  pavements a r e  a s  f o l l o w s :  

1 )  Over lay  pavement. Pavement which i s  c o n s t r u c t e d  on t o p  o f  an 
e x i s t i n g  pavement. 

2) Bi tuminous  o v e r l a y .  Bituminous c o n c r e t e  pavement p l a c e d  on an  
e x i s r i n g  pavement. 

3) K c r e t e  o v e r l a y .  P o r t l a n d  cement c o n c r e t e  pavement p l a c e d  on 
a n  e x i s t i n g  pavement. 

4) Sandwich pavement. An o v e r l a y  pavement c o n t a i n i n g  a  g r a n u l a r  
s e p a r a t i o n  c o u r s e .  

4 . 4 . 2 6 . 2  Design of b i tuminous  o v e r l a y s .  Bituminous over la j r s  can be  a p p l i e d  t o  -- 
e i t h e r  f l e x i b l e  o r  r i g i d  pavements.  C e r t a i n  c r i t e r i a  a r e  a p p l i c a b l e  t o  t h e  d e s i g n  of 
b i t u m i n o u s  o v e r l a y s  whether  t h e y  a r e  t o  be p l a c e d  o v e r  e x i s t i n g  r i g i d  o r  f l e x i b l e  
pavements . 

a )  Over lay pavements which u s e  a  g r a n u l a r  s e p a r a t i o n  c o u r s e  between 
t h e  o l d  and new s u r f a c e s  a r e  n o t  a l lowed .  Over lay pavements  
c o n t a i n i n g  g r a n u l a r  s e p a r a t i o n  c o u r s e s  a r e  r e f e r r e d  t o  a s  sandwich 
pavements.  Sandwich povements a r e  n o t  a l lowed  because  t h e  
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s e p a r a t i o n  c o u r s e  i s  l i k e l y  t o  become s a t u r a t e d  w i t h  w a t e r  and  
p r o v i d e  r a t h e r  u n p r e d i c t a b l e  performance.  S a t u r a t i o n  of t h e  
s e p a r a t i o n  c o u r s e  can be  caused by t h e  i n f i l t r a t i o n  of s u r f a c e  
w a t e r ,  i n g r e s s  o f  ground o r  c a p i l l a r y  w a t e r ,  o r  t h e  c o n d e n s a t i o n  
o f  w a t e r  from t h e  a tmosphere .  I n  any e v e n t ,  t h e  w a t e r  i n  t h e  
s e p a r a t i o n  c o u r s e  u s u a l l y  canno t  be  a d e q u a t e l y  d r a i n e d  and 
d r a s t i c a l l y  r e d u c e s  t h e  s t a b i l i t y  of t h e  o v e r l a y .  

b)  Bi tuminous  o v e r l a y s  f o r  i n c r e a s i n g  s t r e n g t h  shou ld  have a minimum 
t h i c k n e s s  of 3  i n  (7 .5  cm) . 

4 . 4 . 2 6 . 3  Bituminous o v e r l a y s  on e x i s t i n g  f l e x i b l e  pavement 

a )  Use t h e  a p p r o p r i a t e  b a s i c  f l e x i b l e  pavement c u r v e s  t o  d e t e r m i n e  
t h e  t h i c k n e s s  r e q u i r e m e n t s  f o r  a  f l e x i b l e  pavement f o r  t h e  
d e s i r e d  l o a d  and number o f  e q u i v a l e n t  d e s i g n  d e p a r t u r e s .  A  CBR 
v a l u e  i s  r e q u i r e d  f o r  t h e  subgrade  m a t e r i a l  and sub-base.  T h i c k n e s s e s  
o f  a l l  pavement l a y e r s  must b e  de te rmined .  The ~ h i c k n e s s  o f  pavement 
r e q u i r e d  o v e r  t h e  subgrade  and sub-base and t h e  minimum b a s e  c o u r s e  
r e q u i r e m e n t s  must be  compared w i t h  t h e  e x i s t i n g  pavement t o  d e t e r m i n e  
t h e  o v e r l a y  r e q u i r e m e n t s .  

b)  Adjustments  t o  t h e  v a r i o u s  l a y e r s  of t h e  e x i s t i n g  pavement may b e  
n e c e s s a r y  t o  complete  t h e  d e s i g n .  Bi tuminous  s u r f a c i n g  may h a v e  t o  
be  c o n v e r t e d  t o  b a s e ,  and b a s e  t o  sub-base c o n v e r s i o n  may be  
r e q u i r e d .  A  h i g h - q u a l i t y  m a t e r i a l  may b e  c o n v e r t e d  t o  a  lower-  
q u a l i t y  m a t e r i a l ,  such  as s u r f a c i n g  t o  b a s e .  A m a t e r i a l  may n o t  
be  c o n v e r t e d  t o  a  h i g h e r  q u a l i t y  m a t e r i a l .  For example ,  e x c e s s  
sub-base canno t  be  c o n v e r t e d  t o  b a s e .  The e q u i v a l e n c y  f a c t o r s  
shown i n  Tab les  4-9 and 4-10 may b e  used a s  guidance i n  t h e  
c o n v e r s i o n  of l a y e r s .  It must b e  r ecogn ized  t h a t  t h e  v a l u e s  
shown a r e  f o r  new m a t e r i a l s  and t h e  as s ignment  o f  f a c t o r s  f o r  
e x i s t i n g  pavements must be  based  on judgement and e x p e r i e n c e .  
S u r f a c e  c r a c k i n g ,  h i g h  d e g r e e  of o x i d a t i o n ,  ev idence  o f  low 
s t a b i l i t y ,  e t c . ,  a r e  o n l y  a  few of t h e  c o n s i d e r a t i o n s  which would 
t e n d  t o  r educe  t h e  e q u i v a l e n c y  f a c t o r .  Any b i tuminous  l a y e r  
l o c a t e d  between g r a n u l a r  c o u r s e s  i n  t h e  e x i s t i n g  pavement s h o u l d  
be e v a l u a t e d  i n c h  f o r  i n c h  a s  g r a n u l a r  base  o r  sub-base  c o u r s e .  

c )  To i l l u s t r a t e  t h e  p r o c e d u r e  o f  d e s i g n i n g  a  b i tuminous  o v e r l a y ,  
assume an  e x i s t i n g  taxiway pavement composed o f  t h e  f o l l o w i n g  
s e c t i o n .  The subgrade  CBR i s  7 ,  t h e  b i tuminous  s u r f a c e  c o u r s e  
i s  4 i n  (10 cm) t h i c k ,  t h e  b a s e  c o u r s e  i s  6 i n  (15 cm) t h i c k ,  t h e  
sub-base i s  1 0  i n  (25 cm) t h i c k ,  and t h e  sub-base CBR is 15 .  
F r o s t  a c t i o n  i s  n e g l i g i b l e .  Assume t h e  e x i s t i n g  pavement i s  t o  
b e  s t r e n g t h e n e d  t o  accommodate a  d u a l  wheel a i r c r a f t  weighing 
100 000 l b  (45 000 kg) and a n  a n n u a l  d e p a r t u r e  l e v e l  o f  3  000. 
The f l e x i b l e  pavement r e q u i r e d  f o r  t h e s e  c o n d i t i o n s  i s :  

Bituminous s u r f a c e  4  i n  (10 cm) 
Base 9 i n  ( 2 3  cm) 
Sub-base 1 0  i n  (25 cm) 
T o t a l  pavement t h i c k n e s s  23 i n  (58 cm) 
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The t o t a l  pavement t h i c k n e s s  must be  23 i n  (58 cm) i n  o r d e r  t o  
p r o t e c t  t h e  CBR 7  subgrade.  The combined t h i c k n e s s  o f  s u r f a c i n g  
and b a s e  must b e  1 3  i n  (33 cm) t o  p r o t e c t  t h e  CBR 1 5  sub-base .  
The e x i s t i n g  pavement i s  t h u s  3  i n  (7 .5  cm) d e f i c i e n t  i n  t o t a l  
pavement t h i c k n e s s ,  a l l  o f  which i s  due t o  b a s e  c o u r s e .  F o r  t h e  
sake  o f  i l l u s t r a t i o n ,  assume t h e  e x i s t i n g  b i tuminous  s u r f a c e  is  
i n  such  a c o n d i t i o n  t h a t  s u r f a c i n g  can b e  s u b s t i t u t e d  f o r  b a s e  
a t  an  e q u i v a l e n c y  r a t i o  o f  1 . 3  t o  1. Conver t ing  2 . 5  i n  (6  cm) 
o f  s u r f a c i n g  t o  base  y i e l d s  a  b a s e  c o u r s e  t h i c k n e s s  o f  9 . 2  i n  
(23 cm) l e a v i n g  1 . 5  i n  (4  cm) of unconver ted  s u r f a c i n g .  A 
2 . 5  i n  (6 cm) o v e r l a y  would b e  r e q u i r e d  t o  a c h i e v e  a  4  i n  (10  cm) 
t h i c k  s u r f a c e .  I n  t h i s  i n s t a n c e  t h e  minimum 3  i n  ( 7 . 5  cm) 
o v e r l a y  t h i c k n e s s  would c o n t r o l .  A 3  i n  ( 7 , 5  cm) o v e r l a y  
t h i c k n e s s  would be  r e q u i r e d .  

d )  The most d i f f i c u l t  p a r t  o f  d e s i g n i n g  b i tuminous  o v e r l a y s  f o r  
f l e x i b l e  pavements i s  t h e  d e t e r m i n a t i o n  of t h e  CBR v a l u e s  f o r  
t h e  subgrade  and sub-base and convers ion  o f  l a y e r s .  Subgrade 
and sub-base CBR v a l u e s  can b e s t  be  de te rmined  by c o n d u c t i n g  
f i e l d  i n - p l a c e  CBR t e s t s .  The subgrade and sub-base must b e  a t  
t h e  e q u i l i b r i u m  m o i s t u r e  c o n t e n t  when f i e l d  CBR t e s t s  a r e  c o n d u c t e d .  
Normally a  pavement which h a s  been i n  p l a c e  f o r  a t  l e a s t  3 y e a r s  
w i l l  be i n  e q u i l i b r i u m .  Layer  c o n v e r s i o n s ,  i . e . , c o n v e r t i n g  b a s e  
t o  sub-base ,  e t c . ,  a r e  l a r g e l y  a  m a t t e r  o f  e n g i n e e r i n g  judgement .  
When pe r fo rming  t h e  c o n v e r s i o n s ,  i t  i s  recommended t h a t  a n 9  c o n v e r t e d  
t h i c k n e s s e s  n e v e r  be  rounded o f f .  

4 . 4 . 2 6 . 5  Bituminous o v e r l a y  on e x i s t i n g  r i g i d  pavement. To e s t a b l i s h  t h e  r e q u i r e d  
t h i c k n e s s  of b i tuminous  o v e r l a y  f o r  an  e x i s t i n g  r i g i d  pavement,  i t  i s  f i r s t  n e c e s s a r y  
t o  de te rmine  t h e  s i n g l e  t h i c k n e s s  of r i g i d  pavement r e q u i r e d  t o  s a t i s f y  t h e  d e s i g n  
c o n d i t i o n s .  T h i s  t h i c k n e s s  i s  t h e n  modi f i ed  by a  f a c t o r  F which c o n t r o l s  t h e  d e g r e e  
of c r a c k i n g  which w i l l  occur  i n  t h e  e x i s t i n g  r i g i d  pavement. The e f f e c t i v e  t h i c k n e s s  
of t h e  e x i s t i n g  r i g i d  pavement i s  a l s o  a d j u s t e d  by a  c o n d i t i o n  f a c t o r  CI,. The F  and C\ 
f a c t o r s  pe r fo rm cwo different f u n c t i o n s  i n  t h e  b i tuminous  o v e r l a y  d e t e r m i n a t i o n  a s  
d i s c u s s e d  below: 

a )  The f a c t o r  F  which c o n t r o l s  t h e  d e g r e e  of c r a c k i n g  which w i l l  o c c u r  
i n  t h e  b a s e  pavement i s  a  f u n c t i o n  of t h e  amount of t r a f f i c  a n d  t h e  
subgrade  s t r e n g t h .  The F f a c t o r  s e l e c t e d  w i l l  d i c t a t e  t h e  f i n a l  
c o n d i t i o n  of t h e  o v e r l a y  and b a s e  pavement. The F f a c t o r  i n  e f f e c t  
i s  i n d i c a t i n g  t h a t  t h e  e n t i r e  c o n c r e t e  s i n g l e  s l a b  t h i c k n e s s  d e t e r m i n e d  
from t h e  d e s i g n  c u r v e s  i s  n o t  needed because  a  b i tuminous  o v e r l a y  
pavement i s  a l lowed t o  c r a c k  and d e f l e c t  more t h a n  a  c o n v e n t i o n a l  
r i g i d  pavement. More c r a c k i n g  and d e f l e c t i o n  i s  a l l o w a b l e  a s  t h e  
b i tuminous  s u r f a c i n g  w i l l  n o t  spa11  and can conform t o  g r e a t e r  d e f l e c t i o n s  
t h a n  a  t o t a l l y  r i g i d  pavement.  Photographs  of v a r i o u s  o v e r l a y  and  
b a s e  pavements shown i n  F i g u r e  4-63 i l l u s t r a t e  t h e  meaning of t h e  F  
f a c t o r .  F i g u r e s  4-63 a ) ,  b )  and c )  show how t h e  o v e r l a y  and b a s e  
pavements f a i l  a s  more t r a f f i c  i s  a p p l i e d  t o  a  b i tuminous  o v e r l a y  on 
an  e x i s t i n g  r i g i d  pavement. I n  t h e  d e s i g n  of a  b i tuminous  o v e r l a y ,  
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the condition of the overlay and base pavement after the design life 
should be close to that shown in Figure 4-63 b). Figure 4-64  is a 
graph enabling the designer to select the appropriate F value to 
yield a final condition close to that shown in Figure 4 - 6 3  b). 

b) The condition factor Cg applies to the existing rigid pavement. 
The Cb factor is an assessment of the structural integrity of the 
existing pavement. The determination of the proper Cg value is a 
judgement decision for which only general guidelines can be provided. 
A Cb value of 1.0 should be used when the existing slabs contain 
nominal initial cracking and 0.75 when the slabs contain multiple 
cracking. The designer is cautioned that the range of Cq values used 
in bituminous overlay designs is different from the Cr values used in 
rigid overlay pavement design. The minimum Cb value is 0.75. A 
single Cb should be established for an entire area. The Cb value 
should not be varied along a pavement feature. 

c) After the F factor, condition factor Cb, and single thickness of 
rigid pavement have been established, the thickness of the bituminous 
overlay is computed from the following formula: 

where t = thickness of bituminous overlay, inches 

F = factor which controls the degree of cracking 
in the base pavement 

h = single thickness of rigid pavement required for 
design conditions, inches. Use the exact value 
of h: do not round off. 

Cb = condition factor for base pavement ranging from 1.0 to 0.75 

he = thickness of existing rigid pavement, inches 

Calculation of bituminous overlay thickness in metric units should 
be performed using the formula below: 

where t is in centimetres 
h is in centimetres 
he is in centimetres 

25/l0/85 
No. 1 
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SURFACE O F  OVERLAY BASE PAVEMENT 

SURFACE OF OVERLAY BASE PAVEMENT 

(b) 

SURFACE O F  OVERLAY 

( c >  

BASE PAVEMENT 

F igu re  4-63. I l l u s t r a t i o n  of va r ious  F f a c t o r s  f o r  bituminous ove r l ay  d e s i g n  
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d) The d e s i g n  of a  bi tuminous o v e r l a y  f o r  a  r i g i d  pavement which h a s  
an e x i s t i n g  bi tuminous o v e r l a y  i s  s l i g h t l y  d i f f e r e n t .  The d e s i g n e r  
should  t r e a t  t h e  problem a s  i f  t h e  e x i s t i n g  bi tuminous o v e r l a y  
were n o t  p r e s e n t ,  c a l c u l a t e  t h e  o v e r l a y  t h i c k n e s s  r e q u i r e d ,  and then  
a d j u s t  t h e  c a l c u l a t e d  t h i c k n e s s  t o  compensate f o r  t h e  e x i s t i n g  
o v e r l a y .  I f  t h i s  procedure is n o t  u s e d ,  i n c o n s i s t e n t  r e s u l t s  w i l l  
o f t e n  b e  produced. 

1 )  An example of t h e  p rocedure  f o l l o w s .  Assume an  e x i s t i n g  
pavement c o n s i s t s  o f  a  10 i n  (25 cm) r i g i d  pavement w i t h  a  
3 i n  (7 .5  cm) bi tuminous o v e r l a y .  The e x i s t i n g  pavement is  
t o  be s t r e n g t h e n e d  t o  be e q u i v a l e n t  t o  a  s i n g l e  r i g i d  pavement 
t h i c k n e s s  o f  1 4  i n  (36 cm). Assume an  F f a c t o r  of 0 . 9  and 
C of 0 .9  a r e  a p p r o p r i a t e  f o r  t h e  e x i s t i n g  c o n d i t i o n s .  b  

2) C a l c u l a t e  t h e  r e q u i r e d  t h i c k n e s s  of bi tuminous o v e r l a y  a s  i f  
t h e  e x i s t i n g  3  i n  (7 .5  cm) o v e r l a y  were n o t  p r e s e n t .  

t = 9 i n  (23 cm) 

3)  An al lowance i s  t h e n  made f o r  t h e  e x i s t i n g  bi tuminous o v e r l a y .  
I n  t h i s  example assume t h e  e x i s t i n g  o v e r l a y  is  i n  such a 
c o n d i t i o n  t h a t  i t s  e f f e c t i v e  t h i c k n e s s  i s  o n l y  2.5 i n  ( 6  cm). 
The r e q u i r e d  o v e r l a y  t h i c k n e s s  would t h e n  be 9  - 2.5 = 6 . 5  i n  
(17 cm). The d e t e r m i n a t i o n  of t h e  e f f e c t i v e  t h i c k n e s s  o f  t h e  
e x i s t i n g  o v e r l a y  i s  a  m a t t e r  of e n g i n e e r i n g  judgement. 

e )  The formula f o r  c a l c u l a t i n g  t h e  t h i c k n e s s  of bi tuminous o v e r l a y s  
on r i g i d  pavements is  l i m i t e d  i n  a p p l i c a t i o n  t o  o v e r l a y  t h i c k n e s s e s  
which a r e  e q u a l  t o  o r  l e s s  than  t h e  t h i c k n e s s  of t h e  base  r i g i d  
pavemenr. I f  t h e  o v e r l a y  t h i c k n e s s  exceeds t h e  t h i c k n e s s  o f  t h e  
base  pavement, t h e  d e s i g n e r  should c o n s i d e r  d e s i g n i n g  Che o v e r l a y  
a s  a  f l e x i b l e  pavement and t r e a t i n g  t h e  e x i s t i n g  r i g i d  pavement a s  
a  h i g h - q u a l i t y  base  m a t e r i a l .  Th is  l i m i t a t i o n  is  based on t h e  f a c t  
t h a t  t h e  formula assumes t h e  e x i s t i n g  r i g i d  pavement w i l l  s u p p o r t  
c o n s i d e r a b l e  l o a d  by f l e x u r a l  a c t i o n .  However, t h e  f l e x u r a l  
c o n t r i b u t i o n  becomes n e g l i g i b l e  f o r  t h i c k  bi tuminous o v e r l a y s .  

4 .4 .26.6 Design of  c o n c r e t e  o v e r l a y s .  Concrete  o v e r l a y s  can  b e  c o n s t r u c t e d  on 
e x i s t i n g  r i g i d  o r  f l e x i b l e  pavements. The minimum a l l o w a b l e  t h i c k n e s s  f o r  c o n c r e t e  
o v e r l a y s  is 5 i n  (13  cm) when p laced  on a  f l e x i b l e  pavement, d i r e c t l y  on a  r i g i d  pavement, 
o r  on a  l e v e l l i n g  c o u r s e .  The minimum t h i c k n e s s  of a  c o n c r e t e  o v e r l a y  which i s  bonded 
t o  an e x i s t i n g  r i g i d  pavement i s  3  i n  (7 .5  cm). The des ign  of c o n c r e t e  o v e r l a y s  i s  
p r e d i c a t e d  on e q u a t i n g  t h e  base  and o v e r l a y  s e c t i o n  t o  a  s i n g l e  s l a b  t h i c k n e s s .  The 
fo rmulas  p resen ted  were developed from r e s e a r c h  on t e s t  t r a c k  pavements and o b s e r v a t i o n s  
o f  i n - s e r v i c e  pavements. 
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4.4.26.7 Concrete  o v e r l a y  on f l e x i b l e  pavement. The d e s i g n  of c o n c r e t e  o v e r l a y s  on 
e x i s t i n g  f l e x i b l e  pavements i s  based on t h e  des ign  c u r v e s  i n  4.4.18. The e x i s t i n g  
f l e x i b l e  pavement i s  cons idered  a  founda t ion  f o r  t h e  o v e r l a y  s l a b .  

a )  For des ign  of t h e  r i g i d  pavement, t h e  e x i s t i n g  f l e x i b l e  pavement 
s h a l l  be a s s i g n e d  a  k  v a l u e  u s i n g  F i g u r e  4-35 o r  4-55 o r  by c o n d u c t i n g  
a  p l a t e  b e a r i n g  t e s t  on t h e  e x i s t i n g  f l e x i b l e  pavement. I n  e i t h e r  
c a s e  t h e  k  v a l u e  a s s i g n e d  should n o t  exceed 500. 

b)  When f r o s t  c o n d i t i o n s  r e q u i r e  a d d i t i o n a l  t h i c k n e s s ,  t h e  use  of 
n o n - s t a b i l i z e d  m a t e r i a l  is n o t  a l lowed  a s  t h i s  would r e s u l t  i n  
a  sandwich pavement. The f r o s t  p r o t e c t i o n  must be  provided by 
s t a b i l i z e d  m a t e r i a l .  

4 .4 .26.8 Concrete  o v e r l a y  on r i g i d  pavement. The d e s i g n  of c o n c r e t e  o v e r l a y s  on 
e x i s t i n g  r i g i d  pavements i s  a l s o  p r e d i c a t e d  on t h e  r i g i d  pavement d e s i g n  curves .  The 
r i g i d  pavement des ign  curves  i n d i c a t e  t h e  t h i c k n e s s  of c o n c r e t e  r e q u i r e d  t o  s a t i s f y  t h e  
des ign  c o n d i t i o n s  f o r  a  s i n g l e  t h i c k n e s s  of c o n c r e t e  pavement. Use of t h i s  method 
r e q u i r e s  t h e  d e s i g n e r  t o  a s s i g n  a  k  v a l u e  t o  t h e  e x i s t i n g  founda t ion .  The k  v a l u e  may be 
determined by f i e l d  b e a r i n g  t e s t s  conducted i n  test p i t s  c u t  through t h e  e x i s t i n g  r i g i d  
pavement, o r  may be e s t i m a t e d  from c o n s t r u c t i o n  r e c o r d s  f o r  t h e  e x i s t i n g  pavement. The 
des ign  of  a  c o n c r e t e  o v e r l a y  on a  r i g i d  pavement r e q u i r e s  a n  assessment  o f  t h e  s t r u c t u r a l  
i n t e g r i t y  of t h e  e x i s t i n g  r i g i d  pavement. The c o n d i t i o n  f a c t o r  should  b e  s e l e c t e d  a f t e r  
a  pavement c o n d i t i o n  survey.  The s e l e c t i o n  of a  c o n d i t i o n  f a c t o r  i s  a  m a t t e r  of 
e n g i n e e r i n g  judgement. The use  of n o n - d e s t r u c t i v e  t e s t i n g  (NDT) can  be o f  c o n s i d e r a b l e  
v a l u e  i n  a s s e s s i n g  t h e  c o n d i t i o n  of an  e x i s t i n g  pavement. NDT can a l s o  be used t o  
determine s i t e s  f o r  t e s t  p i t s .  I n  o r d e r  t o  p rov ide  a  more uniform assessment  of  c o n d i t i o n  
f a c t o r s ,  t h e  f o l l o w i n g  v a l u e s  a r e  d e f i n e d :  

Cr = 1 . 0  f o r  e x i s t i n g  pavement i n  good c o n d i t i o n  - some minor 
c r a c k i n g  e v i d e n t  b u t  no s t r u c t u r a l  d e f e c t s .  

Cr  = 0.75 f o r  e x i s t i n g  pavement c o n t a i n i n g  i n i t i a l  c o r n e r  c r a c k s  due 
t o  l o a d i n g  bu t  no p r o g r e s s i v e  c r a c k i n g  o r  j o i n t  f a u l t i n g .  

Cr  = 0 '35  f o r  e x i s t i n g  pavement i n  poor s t r u c t u r a l  c o n d i t i o n  - b a d l y  
c racked  o r  c rushed  and f a u l t e d  j o i n t s .  

The t h r e e  c o n d i t i o n s  d i s c u s s e d  above a r e  used t o  i l l u s t r a t e  t h e  c o n d i t i o n  
f a c t o r  r a t h e r  than  e s t a b l i s h  t h e  o n l y  v a l u e s  a v a i l a b l e  t o  t h e  d e s i g n e r .  Condi t ions  a t  
a  p a r t i c u l a r  l o c a t i o n  may r e q u i r e  t h e  u s e  of an i n t e r m e d i a t e  v a l u e  of Cr w i t h i n  t h e  
recommended range.  
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a )  Concre te  o v e r l a y  w i t h o u t  l e v e l l i n g  c o u r s e .  The t h i c k n e s s  o f  t h e  
c o n c r e t e  o v e r l a y  s l a b  a p p l i e d  d i r e c t l y  o v e r  t h e  e x i s t i n g  r i g i d  
pavement i s  computed by t h e  f o l l o w i n g  formula:  

hc = 1 . 4  h  1 .4  - Crhe1.4 J 
hc = r e q u i r e d  t h i c k n e s s  of c o n c r e t e  o v e r l a y  

h  = r e q u i r e d  s i n g l e  s l a b  t h i c k n e s s  de te rmined  from d e s i g n  c u r v e s  

he = t h i c k n e s s  of e x i s t i n g  r i g i d  pavement 

Cr = c o n d i t i o n  f a c t o r  

Due t o  t h e  i n c o n v e n i e n t  exponen t s  i n  t h e  above fo rmula ,  g r a p h i c  d i s p l a y s  
of t h e  s o l u t i o n  of t h e  fo rmula  a r e  g i v e n  i n  F i g u r e s  4-65 and 4-66. These 
g r a p h s  were  p r e p a r e d  f o r  o n l y  two d i f f e r e n t  c o n d i t i o n  f a c t o r s ,  C r  = 1 . 0  and 
0 .75.  The u s e  o f  a  c o n c r e t e  o v e r l a y  pavement d i r e c t l y  on a n  e x i s t i n g  r i g i d  
pavement w i t h  a  c o n d i t i o n  f a c t o r  of l e s s  t h a n  0 .75 i s  n o t  recommended because  
o f  t h e  l i k e l i h o o d  of r e f l e c t i o n  c r a c k i n g .  

b f  Concre te  o v e r l a y  w i t h  l e v e l l i n g  c o u r s e .  I n  some i n s t a n c e s  i t  may b e  
n e c e s s a r y  t o  a p p l y  a  l e v e l l i n g  c o u r s e  o f  b i tuminous  c o n c r e t e  t o  a n  
e x i s t i n g  r i g i d  pavement p r i o r  t o  t h e  a p p l i c a t i o n  o f  t h e  c o n c r e t e  
o v e r l a y .  Under t h e s e  c o n d i t i o n s  a  d i f f e r e n t  formula  f o r  t h e  
computa t ion  o f  t h e  o v e r l a y  t h i c k n e s s  i s  r e q u i r e d .  When t h e  e x i s t i n g  
pavement and o v e r l a y  pavement a r e  s e p a r a t e d ,  t h e  s l a b s  a c t  more 
i n d e p e n d e n t l y  t h a n  when t h e  s l a b s  a r e  i n  c o n t a c t  w i t h  e a c h  o t h e r .  
The fo rmula  f o r  t h e  t h i c k n e s s  o f  an  o v e r l a y  s l a b  when a  l e v e l l i n g  
c o u r s e  i s  used  i s  a s  f o l l o w s :  

hc = r e q u i r e d  t h i c k n e s s  o f  c o n c r e t e  o v e r l a y  

h  = r e q u i r e d  s i n g l e  s l a b  t h i c k n e s s  de te rmined  from d e s i g n  c u r v e s  

he = t h i c k n e s s  o f  e x i s t i n g  r i g i d  pavement 

Cr  = c o n d i t i o n  f a c t o r  

The l e v e l l i n g  c o u r s e  must b e  c o n s t r u c t e d  o f  h i g h l y  s t a b l e  b i t u m i n o u s  
c o n c r e t e .  A g r a n u l a r  s e p a r a t i o n  c o u r s e  i s  n o t  a l lowed  a s  t h i s  would 
c o n s t i t u t e  sandwich c o n s t r u c t i o n .  Graphic  s o l u t i o n s  o f  t h e  above 
e q u a t i o n  a r e  shown i n  F i g u r e s  4-67 and 4-68. These g raphs  w e r e  
p r e p a r e d  f o r  c o n d i t i o n  f a c t o r s  o f  0 . 7 5  and 0 .35 .  Other  c o n d i t i o n  
f a c t o r s  between t h e s e  v a l u e s  can normal ly  be  computed t o  s u f f i c i e n t  
a c c u r a c y  by i n t e r p o l a t i o h .  
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c )  Bonded c o n c r e t e  o v e r l a y s .  Concrete  o v e r l a y s  which a r e  bonded t o  
e x i s t i n g  r i g i d  pavements a r e  sometimes used under  c e r t a i n  c o n d i t i o n s .  
By bonding t h e  c o n c r e t e  o v e r l a y  t o  t h e  e x i s t i n g  r i g i d  pavement t h e  new 
s e c t i o n  behaves a s  a  m o n o l i t h i c  s l a b .  The t h i c k n e s s  o f  bonded o v e r l a y  
r e q u i r e d  i s  computed by s u b t r a c t i n g  t h e  t h i c k n e s s  of t h e  e x i s t i n g  
pavement from t h e  t h i c k n e s s  of t h e  r e q u i r e d  s l a b  t h i c k n e s s  de te rmined  
from des ign  c u r v e s .  

where : 

hc = r e q u i r e d  t h i c k n e s s  of c o n c r e t e  o v e r l a y  

h = r e q u i r e d  s i n g l e  s l a b  t h i c k n e s s  determined from d e s i g n  c u r v e s  . 
he = t h i c k n e s s  of e x i s t i n g  r i g i d  pavement 

Bonded o v e r l a y s  should be used o n l y  when t h e  e x i s t i n g  r i g i d  pavement 
i s  i n  good c o n d i t i o n .  D e f e c t s  i n  t h e  e x i s t i n g  pavement a r e  more 
l i k e l y  t o  r e f l e c t  through a  bonded o v e r l a y  than  o t h e r  t y p e s  o f  
c o n c r e t e  o v e r l a y s .  The major problem l i k e l y  t o  b e  encounte red  
w i t h  bonded c o n c r e t e  o v e r l a y s  is  a c h i e v i n g  adequa te  bond. E l a b o r a t e  
s u r f a c e  p r e p a r a t i o n  and e x a c t i n g  c o n s t r u c t i o n  t e c h n i q u e s  a r e  
r e q u i r e d  t o  e n s u r e  bond. 
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h, (THICKNESS I N  INChES OF OVERLAY SLAB) 

Figure 4-65. Concrete overlay on rigid pavement 
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F i g u r e  4-66. Concre te  o v e r l a y  on r i g i d  pavement 
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Figure 4-67. Concrete overlay on rigid palremerit with levellir~~ course 
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h, (THICKNESS I N  INCHES OF OVERLAY SLAB) 

* 

F i g u r e  4-68. C o n c r e t e  o v e r l a y  on  r i g i d  pavement w i t h  l e v e l l i n g  c o u r s e  
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4 . 4 . 2 7  Pavement e v a l u a t i o n  

4 . 4 . 2 7 . 1  Purposes  o f  pavement e v a l u a t i o n  

a )  A i r p o r t  pavements a r e  e v a l u a t e d  f o r  s e v e r a l  r e a s o n s .  E v a l u a t i o n s  
a r e  needed t o  e s t a b l i s h  l o a d  c a r r y i n g  c a p a c i t y  f o r  e x p e c t e d  
o p e r a t i o n s ,  t o  a s s e s s  t h e  a b i l i t y  o f  pavements t o  s u p p o r t  s i g n i f i c a n t  
changes  from expec ted  volumes o r  t y p e s  o f  t r a f f i c ,  and t o  d e t e r m i n e  
t h e  c o n d i t i o n  of e x i s t i n g  pavements f o r  u s e  i n  t h e  p l a n n i n g  o r  
d e s i g n  of improvements which may be  r e q u i r e d  t o  upgrade a  f a c i l i t y .  

b )  E v a l u a t i o n  p r o c e d u r e s  a r e  e s s e n t i a l l y  t h e  r e v e r s a l  of d e s i g n  proce-  
d u r e s .  S i n c e  t h e  new FAA d e s i g n  methodology d e s c r i b e d  i n  t h i s  Manual 
may r e s u l t  i n  s l i g h t l y  d i f f e r e n t  t h i c k n e s s e s  t h a n  o t h e r  d e s i g n  
methods i t  would b e  i n a p p r o p r i a t e  t o  e v a l u a t e  e x i s t i n g  pavements  by 
t h e  new method u n l e s s  t h e y  had a l s o  been des igned  by t h a t  method.  
T h i s  c o u l d  r e d u c e  a l l o w a b l e  l o a d s  and p e n a l i z e  a i r c r a f t  o p e r a t o r s .  
To a v o i d  t h i s  s i t u a t i o n ,  pavements shou ld  b e  e v a l u a t e d  f o r  t h e  
v a r i o u s  c o n d i t i o n s  i n d i c a t e d  i n  t h e  f o l l o w i n g  pa ragraphs .  

4 . 4 . 2 7 . 2  E v a l u a t i o n s  f o r ~ x p e c t e d  o p e r a t i o n s .  When a i r p o r t  pavements a r e  s u b j e c t e d  
t o  t h e  l o a d s  which were a n t i c i p a t e d  a t  t h e  t ime  of d e s i g n ,  t h e i r  e v a l u a t i o n  s h o u l d  be  
based  on t h a t  o r i g i n a l  d e s i g n  method. For example ,  i f  a  pavement was d e s i g n e d  by method X 
t o  s e r v e  c e r t a i n  a i r c r a f t  f o r  a  20-year l i f e  and t h e  t r a f f i c  u s i n g  t h e  pavement i s  
e s s e n t i a l l y  t h e  same a s  was a n t i c i p a t e d  a t  t h e  t i m e  o f  d e s i g n ,  t h e  pavement s h o u l d  b e  
e v a l u a t e d  a c c o r d i n g  t o  method X. The e v a l u a t o r  shou ld  r e c o g n i z e  t h a t  some d e t e r i o r a t i o n  
w i l l  o c c u r  o v e r  t h e  20 y e a r  d e s i g n  l i f e .  The l o a d  b e a r i n g  s t r e n g t h  of t h e  pavement 
s h o u l d  n o t  be  reduced i f  t h e  pavement i s  p r o v i d i n g  a  s a f e  o p e r a t i o n a l  s u r f a c e .  The p r i o r  
e v a l u a t i o n  c u r v e s  a r e  f u r n i s h e d  i n  Appendix 4 ,  t o  f a c i l i t a t e  t h i s  e v a l u a t i o n  p o l i c y .  
See F i g u r e s  A4-8 t o  A4-21. 

4 . 4 . 2 7 . 3  E v a l u a t i o n s  f o r  chang ing  t r a f f i c .  E v a l u a t i o n s  a r e  sometimes r e q u i r e d  t o  
d e t e r m i n e  t h e  a b i l i t y  of a n  e x i s t i n g  pavement t o  s u p p o r t  s u b s t a n t i a l  changes  i n  pavement 
l o a d i n g s .  T h i s  can  be  broughrr on by r h e  i n t r o d u c t i o n  o f  d i f f e r e n t  t y p e s  o f  a i r c r a f t  o r  
changes  i n  t r a f f i c  volume. I n  t h e s e  i n s t a n c e s  i t  i s  a l s o  recommended t h a t  e x i s t i n g  
pavements be  e v a l u a t e d  a c c o r d i n g  t o  t h e  methods by which t h e y  were d e s i g n e d .  The e f f e c t  
of changes  i n  t r a f f i c  volume a r e  u s u a l l y  s m a l l  and w i l l  n o t  have a  l a r g e  impac t  on 
a l l o w a b l e  l o a d s .  The e f f e c t  o f  changes  i n  a i r c r a f t  t y p e s  depends  on t h e  g e a r  we igh t  and 
g e a r  c o n f i g u r a t i o n  o f  t h e  a i r c r a f t .  The l o a d  c a r r y i n g  c a p a c i t y  of e x i s t i n g  b r i d g e s ,  
c u l v e r t s ,  s to rm d r a i n s ,  and o t h e r  s t r u c t u r e s  shou ld  a l s o  be  c o n s i d e r e d  i n  t h e s e  eva lua -  
t i o n s .  
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4 . 4 . 2 7 . 4  E v a l u a t i o n s  f o r  p l a n n i n g  and d e s i g n .  E v a l u a t i o n s  o f  e x i s t i n g  pavements  
t o  be  used i n  p l a n n i n g  o r  d e s i g n i n g  improvements shou ld  be  based  on t h e  method which w i l l  
be  used  t o  d e s i g n  t h o s e  improvements.  The p r o c e d u r e s  t o  be  fo l lowed  i n  e v a l u a t i n g  
pavements a c c o r d i n g  t o  t h e  d e s i g n  c r i t e r i a  c o n t a i n e d  i n  t h i s  Manual a r e  a s  f o l l o w s :  

a )  E v a l u a t i o n  s t e p s  

1 )  S i t e  i n s p e c t l s .  T h i s  may i n c l u d e ,  i n  a d d i t i o n  t o  t h e  e x a m i n a t i o n  
o f  t h e  e x i s t i n g  d r a i n a g e  c o n d i t i o n s  and d r a i n a g e  f a c i l i t i e s  of 
t h e  s i t e ,  c o n s i d e r a t i o n  o f  t h e  d r a i n a g e  a r e a ,  o u t f a l l ,  w a t e r  t a b l e ,  
a r e a  development ,  e t c .  Evidence of f r o s t  a c t i o n  shou ld  b e  
obse rved .  

2 )  Records  r e s e a r c h  and e v a l u a t i o n .  T h i s  s t e p  may, a t  l e a s t  i n  
p a r t ,  p recede  s t e p  I )  above. T h i s  s t e p  i s  accomplished b y  a 
thorough  rev iew of c o n s t r u c t i o n  d a t a  and h i s t o r y ,  d e s i g n  
c o n s i d e r a t i o n s ,  s p e c i f i c a t i o n s ,  t e s t i n g  methods and r e s u l t s ,  
a s - b u i l t  d rawings ,  and maintenance h i s t o r y .  Weather r e c o r d s  
and t h e  most complete  t r a f f i c  h i s t o r y  a v a i l a b l e  a r e  a l s o  p a r t s  
of a  u s a b l e  r e c o r d s  f i l e .  When s o i l ,  m o i s t u r e ,  and w e a t h e r  
c o n d i t i o n s  conducive  t o  d e t r i m e n t a l  f r o s t  a c t i o n  e x i s t ,  a n  
a d j u s t m e n t  t o  t h e  e v a l u a t i o n  may be  r e q u i r e d .  

3) Sampling and t e s t i n g .  The need f o r  and scope of p h y s i c a l  
t e s t s  and m a t e r i a l s  a n a l y s e s  w i l l  b e  based  on t h e  f i n d i n g s  
made from t h e  s i t e  i n s p e c t i o n ,  r e c o r d s  r e s e a r c h ,  and t y p e  o f  
e v a l u a t i o n .  A  complete  e v a l u a t i o n  f o r  d e t a i l e d  d e s i g n  w i l l  
r e q u i r e  more sampl ing  and t e s t i n g  t h a n ,  f o r  example,  an  
e v a l u a t i o n  i n t e n d e d  f o r  u s e  i n  a  m a s t e r  p l a n .  Sampling a n d  
t e s t i n g  i s  i n t e n d e d  t o  p r o v i d e  i n f o r m a t i o n  on t h e  t h i c k n e s s ,  
q u a l i t y  and g e n e r a l  c o n d i t i o n  of t h e  pavement e l e m e n t s .  

4 )  E v a l u a t i o n  r e p o r t .  A n a l y s i s  of s t e p s  l ) ,  2 )  and 3 )  s h o u l d  
c u l m i n a t e  i n  t h e  a s s ignment  of l o a d  c a r r y i n g  c a p a c i t y  t o  t h e  
pavement s e c t i o n s  under  c o n s i d e r a t i o n .  The a n a l y s e s ,  f i n d i n g s ,  
and t e s t  r e s u l t s  s h o u l d  be  i n c o r p o r a t e d  i n  a  permanent r e c o r d  
f o r  f u t u r e  r e f e r e n c e .  While t h e s e  need n o t  be i n  any 
p a r t i c u l a r  form, i t  i s  recommended t h a t  a  drawing i d e n t i f y i n g  
a r e a  l i m i t s  of  s p e c i f i c  pavement s e c t i o n s  be  i n c l u d e d .  

b )  D i r e c t  sampl ing  p r o c e d u r e s .  The b a s i c  e v a l u a t i o n  p rocedure  f o r  
p l a n n i n g  and d e s i g n  w i l l  be  v i s u a l  i n s p e c t i o n  and r e f e r e n c e  t o  
t h e  FAA d e s i g n  c r i t e r i a ,  supplemented by t h e  a d d i t i o n a l  s a m p l i n g ,  
t e s t i n g ,  and r e s e a r c h  which t h e  e v a l u a t i o n  p r o c e s s e s  may w a r r a n t .  
For r e l a t i v e l y  new pavement w i t h o u t  v i s i b l e  s i g n s  of wear o r  s t ress ,  
s t r e n g t h  may be  based on i n s p e c t i o n  of t h e  a s - c o n s t r u c t e d  s e c t i o n s ,  
w i t h  m o d i f i c a t i o n  f o r  any m a t e r i a l  v a r i - a t i o n s  o r  d e f i c i e n c i e s  o f  
r e c o r d .  Where age  o r  v i s i b l e  d i s t r e s s  i n d i c a t e s  t h e  o r i g i n a l  
s t r e n g t h  no l o n g e r  e x i s t s ,  f u r t h e r  m o d i f i c a t i o n  shou ld  be  a p p l i e d  
on t h e  b a s i s  o f  judgement o r  a  combinat ion of judgement and 
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supp lementa l  p h y s i c a l  t e s t i n g .  For pavements which c o n s i s t  o f  
s e c t i o n s  n o t  r e a d i l y  comparable t o  FAA d e s i g n  s t a n d a r d s ,  e v a l u a t i o n  
shou ld  b e  based  on FAA s t a n d a r d s  a f t e r  m a t e r i a l s  comparison and  
e q u i v a l e n c i e s  have been a p p l i e d .  

I )  F l e x i b l e  pavements.  Labora to ry  o r  f i e l d  CBR t e s t s  may b e  
u s e f u l  i n  supp lement ing  s o i l  c l a s s i f i c a t i o n  t e s t s .  F i g u r e  4-69 
shows t h e  approx imate  r e l a t i o n s h i p  between t h e  subgrade  
c l a s s i f i c a t i o n  f o r m e r l y  used by t h e  FAA and CBR. 

I SUBGRADE CLASS I 
F i g u r e  4 - 6 9 .  CBR - FAA subgrade c l a s s  comparisons  

Convers ion of F  subgrade  c l a s s i f i c a t i o n  f a c t o r s  t o  CBR i s  
p e r m i s s i b l e  where CBR t e s t s  a r e  n o t  f e a s i b l e .  The t h i c k n e s s  
o f  t h e  v a r i o u s  l a y e r s  i n  t h e  f l e x i b l e  pavement s t r u c t u r e  must 
be known i n  o r d e r  t o  e v a l u a t e  t h e  pavement. Thickness  may be  
de te rmined  from b o r i n g s  o r  t e s t  p i t s .  As-bui l t  d r a w i n g s  and 
r e c o r d s  can a l s o  be  used t o  de te rmine  t h i c k n e s s e s  i f  t h e  
r e c o r d s  a r e  s u f f i c i e n t l y  complete  and a c c u r a t e .  

2 )  R ig id  pavements.  The e v a l u a t i o n  r e q u i r e s  t h e  d e t e r m i n a t i o n  of 
t h e  t h i c k n e s s  o f  t h e  component l a y e r s ,  t h e  f l e x u r a l  s t r e n g t h  
of t h e  c o n c r e t e ,  and t h e  modulus o f  subgrade  r e a c t i o n ,  

a )  The t h i c k n e s s  of t h e  component l a y e r s  i s  u s u a l l y  
a v a i l a b l e  from c o n s t r u c t  i o n  r e c o r d s .  -Where i n f o r m a t  i o n  
i s  n o t  a v a i l a b l e  o r  of q u e s t i o n a b l e  a c c u r a c y ,  t h i c k n e s s e s  
may be de te rmined  by b o r i n g s  o r  t e s t  p i t s  i n  t h e  pavement .  

b)  The f l e x u r a l  s t r e n g t h  of t h e  c o n c r e t e  i s  most a c c u r a t e l y  
de te rmined  from t e s t  beams sawed from t h e  e x i s t i n g  pavement 
and t e s t e d  i n  accordance  w i t h  ASTM C-78. Sawed beams a r e  
e x p e n s i v e  t o  o b t a i n  and c o s t s  i n c u r r e d  i n  o b t a i n i n g  s u f f i c i e n t  
numbers o f  beams t o  e s t a b l i s h  a  r e p r e s e n t a t i v e  sample  may 
be  p r o h i b i t i v e .  C o n s t r u c t i o n  r e c o r d s  may be  used as  a  s o u r c e  
of c o n c r e t e  f l e x u r a l  s t r e n g t h  d a t a ,  i f  a v a i l a b l e .  The 
c o n s t r u c t i o n  d a t a  w i l l  p robab ly  have  t o  b e  a d j u s t e d  f o r  age  
a s  c o n c r e t e  s t r e n g t h  i n c r e a s e s  w i t h  t ime .  An a p p r o x i m a t e  
r e l a t i o n s h i p  between c o n c r e t e  compress ive  s t r e n g t h  and 
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f l e x u r a l  s t r e n g t h  e x i s t s  and can be computed by t h e  fo l l owing  
f  ormula : 

R = 9  J f c '  

where R = f l e x u r a l  s t r e n g t h  

f c '  = compressive s t r e n g t h  

Tens i l e  s p l i t t i n g  t e s t s  (ATSM C-496) can be used t o  de te rmine  an  
approximative va lue  of f l e x u r a l  s t r e n g t h .  Tens i l e  s p l i t t i n g  s t r e n g t h  
should be m u l t i p l i e d  by about 1 , 5  t o  approximate t h e  f l e x u r a l  s t r e n g t h .  
It should be po in ted  ou t  t h a t  t h e  r e l a t i o n s h i p s  between f l e x u r a l  
s t r e n g t h  and compressive s t r e n g t h  o r  t e n s i l e  s p l i t t i n g  s t r e n g t h  a r e  
approximate and cons ide rab l e  v a r i a t i o n s  a r e  l i k e l y .  

c )  The modulus of subgrade r e a c t i o n  i s  determined by p l a t e  b e a r i n g  t e s t s  
performed on t h e  subgrade. These t e s t s  should be made i n  accordance  
wi th  t h e  procedures  e s t a b l i s h e d  i n  AASHTO T  222.  An impor t an t  p a r t  
of t h e  t e s t  procedure f o r  determining t h e  subgrade r e a c t i o n  modulus 
i s  t h e  c o r r e c t i o n  f o r  s o i l  s a t u r a t i o n  which i s  conta ined  i n  t h e  
p r e sc r ibed  s tandard .  The normal a p p l i c a t i o n  u t i l i z e s  a  c o r r e c t i o n  
f a c t o r  determined by t h e  conso l ida t i on  t e s t i n g  of samples a t  i n  s i t u  
and s a t u r a t e d  mois ture  con t en t .  For eva lua t i on  of o l d e r  pavement, 
where evidence e x i s t s  t h a t  t h e  subgrade mois ture  has s t a b i l i z e d  o r  
v a r i e s  through a  l i m i t e d  range ,  t h e  c o r r e c t i o n  f o r  s a t u r a t i o n  i s  no t  
necessary .  I f  a f i e l d  p l a t e  bear ing  t e s t  i s  not  p r a c t i c a l ,  t h e  modulus 
of subgrade r e a c t i o n  may be es t imated  by us ing  Table 4-8. 

d )  Sub-bases w i l l  r e q u i r e  an adjustment  t o  t h e  modulus of subgrade  r eac t i on .  
The t h i cknes s  of t h e  sub-base is r equ i r ed  t o  c a l c u l a t e  a  k  v a l u e  f o r  a  
sub-base, The sub-base t h i cknes s  can be determined from c o n s t r u c t i o n  
r eco rds  o r  from bor ings .  The guidance conta ined  i n  4 .4=19 should  be 
used i n  a s s ign ing  a  k  va lue  t o  a  sub-base. 

4.4.27.5 F l e x i b l e  
f l e x i b l e  pavement have 
t h e  eva lua t i on  process  

pavements. Af t e r  a l l  of t h e  eva lua t i on  parameters  of t h e  e x i s t i n g  
been e s t a b l i s h e d  using t he  guidance g iven  i n  t he  above paragraphs ,  
is e s s e n t i a l l y  t h e  r e v e r s e  of t h e  des ign  procedure. The des ign  

curves  a r e  used t o  determine t h e  load ca r ry ing  capac i t y  of t h e  e x i s t i n g  pavement. 
Required i npu t s  a r e  subgrade and sub-base CBR v a l u e s ,  t h i cknes se s  of s u r f a c i n g ,  base  
and sub-base courses  and an annual  depa r tu r e  l e v e l .  Severa l  checks must be performed 
t o  determine t h e  load ca r ry ing  capac i t y  of a  f l e x i b l e  pavement. The c a l c u l a t i o n  which 
y i e l d s  t h e  lowest  a l lowable  load  w i l l  c o n t r o l  t he  eva lua t i on .  

a )  To t a l  pavement t h i cknes s .  Enter  t h e  lower a b s c i s s a  of t h e  a p p r o p r i a t e  
des ign  curve w i th  t h e  t o t a l  pavement t h i cknes s  of t he  e x i s t i n g  pavement. 
Make a  v e r t i c a l  p r o j e c t i o n  t o  t h e  annual depa r tu r e  l e v e l  l i n e .  A t  t h e  
po in t  of i n t e r s e c t i o n  between t h e  v e r t i c a l  p r o j e c t i o n  and t h e  depa r tu r e  
l e v e l  l i n e  make a h o r i z o n t a l  p r o j e c t i o n  a c r o s s  t he  design cu rve .  Enter  
t h e  upper a b s c i s s a  w i th  t h e  CBR va lue  of t h e  subgrade. Make a  
v e r t i c a l  p r o j e c t i o n  downward u n t i l  i t  i n t e r s e c t s  t h e  h o r i z o n t a l  
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p r o j e c t i o n  made p r e v i o u s l y .  The p o i n t  o f  i n t e r s e c t i o n  of t h e s e  two 
p r o j e c t i o n s  w i l l  b e  i n  t h e  v i c i n i t y  o f  t h e  load  l i n e s  on t h e  d e s i g n  
c u r v e s .  An a l l o w a b l e  l o a d  i s  r e a d  by n o t i n g  where t h e  i n t e r s e c t i o n  
p o i n t  f a l l s  i n  r e l a t i o n  t o  b e  l o a d  l i n e s .  

b )  Th ickness  of s u r f a c i n g  and b a s e .  The combined t h i c k n e s s  o f  s u r f a c i n g  -- 
and b a s e  must a l s o  be  checked t o  e s t a b l i s h  t h e  l o a d  c a r r y i n g  c a p a c i t y  
of a n  e x i s t i n g  f l e x i b l e  pavement. T h i s  c a l c u l a t i o n  r e q u i r e s  t h e  CBR of 
t h e  sub-base ,  t h e  combined t h i c k n e s s  o f  s u r f a c i n g  and b a s e  and t h e  
a n n u a l  d e p a r t u r e  l e v e l  a s  i n p u t s .  The p rocedure  i s  t h e  same a s  t h a t  
d e s c r i b e d  i n  a )  above,  e x c e p t  t h a t  t h e  sub-base CBR and combined t h i c k n e s s  
of s u r f a c i n g  and b a s e  a r e  used t o  e n t e r  t h e  d e s i g n  c u r v e s .  

c )  D e f i c i e n c y  i n  b a s e  c o u r s e  t h i c k n e s s .  The t h i c k n e s s  o f  t h e  e x i s t i n g  
b a s e  c o u r s e  shou ld  be compared w i t h  t h e  minimum b a s e  c o u r s e  t h i c k n e s s e s  
shown i n  F igure  4-45. I n p u t s  f o r  u s e  of t h i s  c u r v e  a r e  t o t a l  pavement 
t h i c k n e s s  and subgrade  CBR. E n t e r  t h e  l e f t  o r d i n a t e  of F i g u r e  4-45 
w i t h  t h e  t o t a l  pavement t h i c k n e s s .  Make a  h o r i z o n t a l  p r o j e c t i o n  t o  
t h e  a p p r o p r i a t e  subgrade  CBR l i n e .  A t  t h e  p o i n t  o f  i n t e r s e c t i o n  o f  
t h e  h o r i z o n t a l  p r o j e c t i o n  and t h e  subgrade  CBR l i n e ,  make a v e r t i c a l  
p r o j e c t i o n  down t o  t h e  lower  a b s c i s s a  and r e a d  t h e  minimum b a s e  
c o u r s e  t h i c k n e s s .  Not i ce  t h a t  t h e  minimum base  c o u r s e  t h i c k n e s s  i s  
6 i n  (15 cm). I f  t h e r e  i s  a  d e f i c i e n c y  i n  t h e  t h i c k n e s s  o f  t h e  
e x i s t i n g  b a s e  c o u r s e ,  t h e  pavement shou ld  be  c l o s e l y  m o n i t o r e d  f o r  
s i g n s  of d i s t r e s s .  The f o r m u l a t i o n  o f  p l a n s  f o r  o v e r l a y i n g  t h e  pavement 
t o  c o r r e c t  t h e  d e f i c i e n c y  shou ld  be  c o n s i d e r e d .  

d )  D e f i c i e n c y  i n  s u r f a c i n g  thickness-. The t h i c k n e s s  of t h e  e x i s t i n g  
s u r f a c e  c o u r s e  shou ld  be  compared w i t h  t h a t  shown on t h e  a p p r o p r i a t e  
d e s i g n  curve .  I f  t h e  e x i s t i n g  s u r f a c e  c o u r s e  i s  t h i n n e r  t h a n  t h a t  
g iven  on t h e  d e s i g n  c u r v e ,  t h e  pavement shou ld  be  c l o s e l y  o b s e r v e d  
f o r  s u r f a c e  f a i l u r e s .  It i s  recommended t h a t  p l a n n i n g  t o  c o r r e c t  
t h e  d e f i c i e n c y  i n  s u r f a c i n g  t h i c k n e s s  be  c o n s i d e r e d .  

4.4.27.6 Rig id  pavements.  The e v a l u a t i o n  of r i g i d  pavements f o r  a i r c r a f r  r e q u i r e s  
c o n c r e t e  f l e x u r a l  s t r e n g t h ,  k  v a l u e  of t h e  f o u n d a t i o n ,  s l a b  t h i c k n e s s ,  and a n n u a l  
d e p a r t u r e  l e v e l  a s  i n p u t s .  The r i g i d  pavement d e s i g n  c u r v e s  a r e  used t o  e s t a b l i s h  load  
c a r r y i n g  c a p a c i t y .  The d e s i g n  c u r v e s  a r e  e n t e r e d  on t h e  l e f t  o r d i n a t e  w i t h  t h e  f l e x u r a l  
s t r e n g t h  o f  t h e  c o n c r e t e .  A h o r i z o n t a l  p r o j e c t i o n  i s  made t o  t h e  k  v a l u e  o f  t h e  
f o u n d a t i o n .  A t  t h e  p o i n t  o f  i n t e r s e c t i o n  of t h e  h o r i z o n t a l  p r o j e c t i o n  and t h e  k  l i n e ,  
a  v e r t i c a l  p r o j e c t i o n  i s  made i n t o  t h e  v i c i n i t y  o f  t h e  l o a d  l i n e s .  The s l a b  t h i c k n e s s  
i s  e n t e r e d  on t h e  a p p r o p r i a t e  d e p a r t u r e  l e v e l  s c a l e  on t h e  r i g h t  s i d e  of t h e  c h a r t .  
A h o r i z o n t a l  p r o j e c t i o n  i s  made from t h e  t h i c k n e s s  s c a l e  u n t i l  i t  i n t e r s e c t s  t h e  p rev ious  
v e r t i c a l  p r o j e c t i o n .  The p o i n t  of i n t e r s e c t i o n  o f  t h e s e  p r o j e c t i o n s  w i l l  b e  i n  t h e  
v i c i n i t y  o f  t h e  l o a d  l i n e s .  The load  c a r r y i n g  c a p a c i t y  i s  r e a d  by n o t i n g  where  t h e  
i n t e r s e c t i o n  p o i n t  f a l l s  i n  r e l a t i o n  t o  t h e  l o a d  l i n e s .  
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5.1.1 i2r1nex 1 't r e q u i r e s  t h a t  t h e  s u r f a c e  of a p a v e d  runway b e  s o  c o n s t r u c t e d  as  
t o  p r o \ i i l e  gooil f r i c t i o n  c i l - x r l c t e r i s t i c s   hen t h e  rutlucxy i s  w e t .  4 d t l i t i o n a l  p r o v i s i o n s  
:orlt l i r t  n in i in i~m s p e c i f  i c a t i o r l s  f o r  t h e  c o n f i g g l r a t i o n  o f  runway s t ~ r f a c e s  a n d  r e c o g n i z t ?  i n  
p s r t i c l t i s r  tile n~xe.1 f , ) r  ;om<> F Jriii o f  s p e c i a l  s l l r f a c e  t r e a t i n e n t .  The  , )u r ,msc  o f  t h i s  
c h a p t e r  i-, t o  p r o v ~ d ( 2  g i ~ i d a n c e  o n  p r o v e d  m e t h o d s  E , r  i m p r o v i n g  runway s u r f a c e  t e x t u r e .  
T h i  i ?cLudl?s  a s c ; e n t i a l  ~ - ? n g i ~ c e r i l ~ ~  c r i t e r i a  f o r  tile d c s i g v i ,  c o n s t r ~ ~ c t i o n  a d  t r e a t m e n t  
o f  runway snr fac :es ,  t l l e  uniEor:n a n d  urc)rld-wide a p p L i c a t i o n  o f  whi C'I i s  c o n s i d e r e t l  
i q ~ o r t d n t  Lo s , ~ t i s r y  t i l e  r : l e v r i n t  p r u v i s i o r l s  o f  Anncx 14. 

5.2 B a s i c  C o r l s i d e r a t i o n s  

5 .2 .1  H i s t o r i c a l  b a c k g r o u n d  

5 . 2 . 1 . 1  w i t 1 1  t h e  s t e a d y  g r o w t h  o f  a i r c r a f t  mass a n d  t h e  a s s o c i a t e d  s i g n i E i . c a r i t  
i ! l c r e a s c  j.,? t h e  take--off! ani t  i.;xrlding s ~ ) t ? e d s ,  a 11urnbt:r $,f o p e r a t i o n a l  proi9lems 11.sv~: 
hecn:ne a p p a r c r l t  w i t h  c o n v e r l t i o n a l  t y p e s  o f  runway s u r f a c e s .  One o f  t h e  m o s t  s i g n i f i . c a n t  
an:l p o t e n t i a l l y  d a n g e r o u s  ir; t h e  aqu:ipl,ltlli.ng p h e n o n c u o n  wh.ich h a s  b e e n  h e l d  r e s p o n s i b l e  
i n  :.I n u n h r r  a i r c r a f t  inci.der;t:; anit a c c i d e n t s .  

5 . 2 . 1 . 2  E f f o r t s  t o  a l l e v i a t e  t h e  a q u a ~ l a r l i n g  p r o b l - e n  h a v e  resul.tet-1 i n  t h e  d e v e l o p -  
m e n t  o f  new 1rypcl.s o f  r:lil'rJxy pavF2inents o f  p a r t  i c 1 1 l . 1 ~  s u r f a c e  textut-(2 a n d  o f  i m p r o v e d  
clr;zii>:ige ! : i ~ . ~ ~ - s c t e r i s t i . c $ .  S, iprr ic :nce h a s  shovin t h a t  t h e s e  fo r rns  o f  s u r f  a c e  f i n i s h ,  
a ; 3 a r t  f r a r l  :;:ii:ces!;f,~l.l.y t n i n i n i z - i q ;  aql laplani11g r i s k s ,  p r o v i l e  a  : ; : ~ b s t s n t i a l i y  h i . g h e r  
f r i c t i o n  l e v e l  i n  nL i c t e g i e e s  o f  w e t n e s s ,  i . e .  f r o m  damp t o  a  f l o o d e d  s u r f a c e .  

5 . 2 . 1 . 3  i t  i s  n o w  ::crleraLly agrce t f  t h a t  : n e a s i t r i n g  a u i l  r e p o r t i r i g  wet  f r i c t i o n  
conl l i . t i .qr ls  .is n o t  re r l~ l i . re r i  i:o b e  d o n e  o n  a ci:tli.y rr,utinc: b a s i s .  T h i s  i s  t i l e  r e s u 1 . t  o f  
tile ti::vi-.lo[;intin: o f  a ni?\a p h i l o s n p h y  o f  d e a l i n g  w i t h  t i l e  wet  runway proS1-em. Tiler:? i s  3f 
i:our.;e a n e e d  f . > r  a g l t r l e r ~ l .  i.irq)roveine~lt o f  t i l e  E r i c t i . 0 1 1  L~:vc.ls p r u v i d e d  by r;ilivany s u r -  
f a c e s  i n  " n o r l n a l "  wet  c o r i ~ l i t i o r ~ s  a n d  i . ) ~  t i l e  ~-iLi .nin; i t ioi l  3 f  s u b s t a n d a r d  s u r f i i c c ? ~  i n  
p a r t i c 1 1 1 , x r .  

5 . 2 . 1 - 4  m 
L : I ~ : ;  !la; r :?sul . te41 i n  thct d e f i n k t i o r l  of inini.rnum a c c e p t a s l e  w e t  f r i c t i o n  

l e v e l ;  f o r  ( lev ;ind e x i s t i n t ;  r i n w a y s .  . & c o ~ r . l i . ~ x g l y  ruglways s'1or11.1 b e  s : ~ b J e c t  t o  p e r i o d i c  
<:v.xl.uation o f  t r l e  f r i c t i n ! ~  l e v e l  by tlisirlg t i l e  t echniquc2s  i d e n t i f i e d  i n  Attac!iinerlt  B of  
~?\nnt?x 14  ;1:1i1 rr.lal:o:l i lnci~rnei l ts .  T h i s  c o n c x p t  f a v * ~ u r s  t:ie a p p l i . c a t i o n  o f  t h e  inod;?ril 
t e c h n o l o g y  f o r  t h e  f i n i s h i . 1 1 ~  o f  s i i r f a c e s :  w h i c h  e , :per ie r lce  h a s  p r o v e d  e f f e c t i v e l y  
p r - j v i  les t i112  'wet f r  ict: i o n  r : : q ~ i i . r e ~ n t ? ~ l t s  :lrziI r n i  ni.:ni x e s  iarlclrtplar~i.lg. 

5.2.2 F u n c t i - o n a l  r e q u i r e m e n t s  

5 . 2 . 2 . 1  -1 I-l1:iway i?.:ivi=:nc?r;t, co:r!;i.ciei:r?d .IS a w h ~ l - e ,  i(; u p p ~ ~ c i i  tt, f u l f - i l  t h e  
f o  11 . ) ~ ? i l ~ g  ::irc+~: 11,ii~; L2 f ~ i ~ ~ : ; . t i ~ > n s :  
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s )  t o  p r o v i d e  a d e q u a t e  b e a r i n g  s t  r e n g t i l ;  

c )  t o  p r o v i d e  g o o d  s u r f a c e  f r i c t i o n  c h a r a c t e r i s t i c s .  

Tile F i r s t  c r i . t e r i o n  at1dre:;ses t h e  s t r ~ t c t u r e  of t h e  p a v e ~ n e n t ,  t h e  s e c o n d  t h e  g e o m e t r i c  
s ! l a p e  o f  t i l e  t : ~ p  o f  tiif2 p a v < ? ~ n e n t  .and t h e  t l~ird.  t h e  t e x t l l r e  o f  t i l e  n c t i l a l  surface;‘.. 

5 . 2 .  2 . 2  411 t h r e e  c r  i t e r i - a  ;t r e  cona  i .de red  e s s e n t i a l  t o  a c h i e v e  a  pavemer i t  w h i c h  
w i 1 . L  f . i~l lc t ionn1. l .y  s a t i s f y  tile o p e r a t i o n a l  req~.liremne?nts. Frorn t i l e  o p e r a t i o n a l  a s p e c t ,  
h o w e v e r ,  t i l e  t h i r d  o n e  i s  c o n s i c i e r e d  tile. ~ o s t  i m p o r t a n t  b e c a u s e  i t  h a s  a d i r e c t  i m p a c t  
o n  t h e  ,s:tFety oE a i . r c r a f t  u p e r a t i o r l s .  r i e g l l a r i t y  artd e f f i c i e n c y  may a l s o  b e  a f f e c t e d .  
7?1[1s tile f r i c t i o n  c r i t e r i o n  may hecornr: a d e c i s i v e  f a c t o r  f o r  t h e  s e l e c t i o : ~  a n < $  t h e  f o r m  
o f  t i l e  : n o s t  sliit:ii,l~? f i n i , ; i l  o f  t h e  paveinent  s l l r f a c e .  

5 .? .3  P r o b l e m  i d e n t i f i c a t i o n  

5 .2 .3 .1  l i i l e ~  i n  a  d r y  a n d  c l e a n  s t a t e ,  i n t - l i ~ r i d u a l  runways  g e n e r a l l y  p r o v i d e  
c o i n p a r - i b l e  f r i c t i o n  c 1 l a r w t e r i : ; t i c s  w i t h  o p e r a t i o n a l l y  i i l s i g n i f i c a ~ l t  i l i f f e r e t l c e s  it1 

f r i c t i o l  l e v e l s ,  r r ? g a r - d l e s s  o f  t i l e  t y p e  o f  p a v e n e n t  ( n s p h a l t / c e m e n t  c o n c r e t e )  a n d  t h e  
c o n f i y u r d t i o n  o f  tile s u r f a c ~ ? .  M o r r o v c c ,  t h e  F r i c t i o n  I.i?vel avaiLa1)Le i s  r e l a t i v e l y  
u n a f f e c t e d  by  t ! ~ e  s p e e d  o f  t h e  a i r c r a f t .  i t n c e ,  t h e  o p e r a t i o n  o n  d r y  runway s u r f a c e s  i s  
~ ; i t i s f a c t . u r i l y  c o n s i ; t l - n t  a n d  rlo p a r t i c u l a r  t + n g i n e t ? r i u g  c r i t e r i a  f o r  q u r f a c e  f r i c t i o n  
a r e  n e e d e d  f o r  t'li:; c a s e .  

5 . 2 . 3 . 2  I n  c o n t r a s t ,  when t h e  runway s u r f a c e  is  a f f e c t e d  by  w a t e r  t o  ai:ly d e g r e e  ::)f 
w e t n e s s  ( i . e .  f r o m  a fi-lalnp t o  i1 f l o o t l e d  s t a t e ) ,  t h e  s i t u a t i o n  i s  e n t i r e l y  d i f f e r e n t .  F o r  
t h i s  c o n d i t i o n ,  t h e  f r i c t i o n  l c v - - - l s  i>rovi : led by i n c l i v i d l s a l  r u n w a y s  d r o p  s i g n i f i c a n t l y  
F r o n  t i l e  d r y  v a l ~ s e  and t : t e r i ?  i s  c o n s i , I e r a b l e  d i s p a r i t y  i n  t h e  r c s i l l t i n g  f  r i c t i ~ n  l ,?vr?l  
b e t w e e n  d i f f ~ r e n t  s u r f a c e s .  This v a r i . a n c e  is drle t o  d i f f e r e n c e : ;  i r i  t i l e  t y p e  o f  p a v e -  
inen t ,  t h e  fi)rm c)f ~ u r f a c e  f i n i s 1 1  ( t e x t i ~ r , . ? )  ail~l. t l l e  ctraii~:i;<e c h a r a c t e r i s t i i 3 1 j  ( s h a p e ) .  
D e g r a d a t i o n  n f  : ~ v a i l . a h I . e  f r i c t i o n  (whi.ch i s  p a r t i c . . u l a r l y  e v i d o r i t  when a i r c r a f t  o p e r a t e  
a t  h i.91 :+ ! )ecds)  (:nil h a v e  s e r i o u s  i i n p l i . c a t  i o n s  o n  s a f e t y ,  r e g u l a r i t y  o r  e E f i c i t ? t r c y  o f  
o p e r a t i o n s .  Tne extctr l t  w i L l  d e p e n d  on t h e  f r i c t i o i l  a c t u a l l y  r e q u i r e d  v e r s u s  t h e  
f r i c t i o r ~  p r o v i  led.  

5.2.3.3 The t y p i . c a l  r e d u c t i o n  oil f c i . c t i o n  w'rlen :I s u r f a c . 5  i.:; wet  a n d  t h e  r e d u c t i o q  
o f f r i c t i o n  aii a i r c r d f t  spc?cri i n c r e a s e s  a r e  e x p l  ai1et-l by t:le c o ~ n b i z e d  c E f e c t  c, E v i s c o i l s  
a n d  riynalnic w a t e r  p r c s s u r r ? ;  t o  w h i c h  t i l e  t i r e / s u r f a c e  i s  s u b j e c t e d .  T h i s  pre:;sllrc? 
: -a i l scs  a p a r t i a l  l o s s  .,)f " d r y "  c o i ~ t u c t  t i l e  s x t e i l t  o f  whi,:l~ t e n t i s  t o  i.-icrea:;c w i t h  spt led.  
T" 
J l l I ? l r C ?  a r e  c o n d i t i o i ~ s  w h e r e  tht? l o s s  i s  , ) r a c t i . c a  l . ly  t o t a l  a n d  t i l e  f r i .c t i .011 d r o p s  t o  
1 1 e g l i : : i h l e  val .ues .  Thi , ;  is i d e n t i f - i e t i  a:; v i l ; c o u s ,  d y i ~ i i ~ n i c  o r  r . l l ~ b e r - r e v e r t e d  nqrm- 
2l .a l i i ig .  The! :nrli111sr'i.n crhic11 the:;(: pi~t?nonte?na a f f e c t  d i fE:+re .n t  A r e a s  o f  t h e  t i r e / s u r f ; i c e  
i r l t o ~ f a c e  an11 how t h e y  cha~l:;~-l i n  s i ~ e  w i t h  s;)ec:c-1 i.i i l . l . u s t r 3 t e d  i n  Figut-$5 5-1. 
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c D i r e c t i o n  of motion 

- 

ttre-ground conta 

High speed 

Dynamic p r e s s u r e  
Viscous p r e s s u r e  
"Dry" c o n t a c t  

F i g u r e  5-1. Areas of t i r e l s u r f a c e  i n t e r f a c e  

5 . 2 . 3 . 4  I n  t h e  l i g h t  of t h e s e  c o n s i d e r a t i o n s ,  i t  may be s a i d  t h a t  t h e  w e t  runway 
c a s e  a p p e a r s  a s  a  s i g n i f i c a n t  h a z a r d  and a  p o t e n t i a l  t h r e a t  t o  f l i g h t  o p e r a t i o n s .  
E f f o r t s  t o  a c h i e v e  a  g e n e r a l  improvement of t h e  s i t u a t i o n  a r e ,  t h e r e f o r e ,  w e l l  j u s t i -  
f i e d .  A s  mentioned e a r l i e r ,  t h e  a p p l i c a t i o n  of modern runway s u r f a c e  t r e a t m e n t  i s  
c o n s i d e r e d  t h e  most p r a c t i c a l  and e f f e c t i v e  t e c h n i q u e  t o  improve t h e  f r i c t i o n  c h a r a c t e r -  
i s t i c s  of a  wet runway. 

5.2.4.1 I n  t h e  i i g h t  of t h e  f o r e g o i n g  c o n s i d e r a t i o n s ,  t h e  o b j e c t i v e s  f o r  runway 
pavement d e s i g n ,  which a r e  s i d l a r l y  a p p l i c a b l e  f o r  maintenance, can  be f o r r m l a t e d  a s  
fo l lows :  

A runway pavement s h o u l d  be s o  des igned  and main ta ined  a s  t o  p r o v i d e  a  
runway s u r f a c e  which meets a d e q u a t e l y  _all f u n c t i o n a l  requ i rements  a t  a l l  
t imes  throughout  t h e  a n t i c i p a t e d  l i f e t i m e  of t h e  pavement, i n  p a r t i c u l a r :  

a )  t o  p r o v i d e  i n  a l l  a n t i c i p a t e d  c o n d i t i o n s  of we tness ,  h i g h  f r i c t i o n  
l e v e l s  and un i fo rm f r i c t i o n  c h a r a c t e r i s t i c s ;  and 

b) t o  minimize t h e  p o t e n t i a l  r i s k  of a l l  forms of aquap lan ing ,  i , e .  
v i s c o u s ,  dynamic and rubber - rever ted  aquaplaning.  I n f o r m a t i o n  o n  
t h e s e  t y p e s  of aquap lan ing  i s  c o n t a i n e d  i n  t h e  Airport Serviees  Manuat 
(Doc 9 137-AN/898) P a r t  2, Pavement Surface Conditions. 

5 . 2 . 4 . 2  As i s  o u t l i n e d  below, t h e  p r o v i s i o n  of a d e q u a t e  wet runway f r i c t i o n  i s  
c l o s e l y  r e l a t e d  t o  t h e  d r a i n a g e  c h a r a c t e r i s t i c s  o f  t h e  runway s u r f a c e .  The d r a i n a g e  
demand i n  t u r n  i s  determined by l o c a l  p r e c i p i t a t i o n  r a t e s .  Drainage demand, t h e r e f o r e ,  
i s  a  l o c a l  v a r i a b l e  which w i l l  e s s e n t i a l l y  de te rmine  t h e  e n g i n e e r i n g  e f f o r t s  a n d  
a s s o c i a t e d  i n v e s t m e n t s / c o s t s  r e q u i r e d  t o  a c h i e v e  t h e  o b j e c t i v e .  I n  g e n e r a l ,  t h e  h i g h e r  
t h e  d r a i n a g e  demand, t h e  more s t r i n g e n t  t h e  i n t e r p r e t a t i o n  and a p p l i c a t i o n  of t h e  
r e l e v a n t  e n g i n e e r i n g  c r i t e r i a  w i l l  become. 
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5.2.5.1 General .  The problem of f r i c t i o n  on runway s u r f a c e s  a f f e c t e d  by w a t e r  can  
i n  t l i e  l i g h t  of t h e  l a t e s t  s t a t e - o f - t h e - a r t  be i n t e r p r e t e d  a s  a  g e n e r a l i z e d  d r a i n a g e  
problem c o n s i s t i r i g  o f  t h r e e  d i s t i n c t  c r i t e r i a :  

a )  s u r f a c e  d r a i n a g e  ( s u r f a c e  shap  e ) ;  

b )  t i r e l s u r f a c e  i n t e r f a c e  d r a i n a g e  ( m a c r o t e x t u r e ) ;  and  

C )  p e r l e t r a t i o n  d r a i n a g e  ( m i c r o t e x t u r e ) .  

Tile t h r e e  c r i t e r i a  c a n  s i g n i f i c a n t l y  b e  in f l r l enced  by e n g i n e e r i n g  measures  a n d  i t  i s  
i m p o r t a n t  t o  n o t e  t h a t  a l l  o f  them must be s a t i s f i e d  t o  a c h i e v e  a d e q u a t e  f r i c t i o n  i n  a l l  
p o s s i b l e  c o n d i t i o n s  of  w e t n e s s ,  i . e .  . from a  damp t o  a  f l o o d e d  s u r f a c e .  

5. 2. 5.2 S u r f a c e  d r a i n a g e .  S u r f a c e  d r a i n a g e  i s  a  b a s i c  requ i rement  of  u t m o s t  
importance.  It s e r v e s  t o  minimize w a t e r  d e p t h  on t h e  s u r f a c e ,  i n  p a r t i c u l s r  i n  t h e  a r e a  
o f  t h e  whee l  p a t h .  The o b j e c t i v e  i s  t o  d r a i n  w a t e r  o f €  t h e  runway i n  t h e  s h o r t e s t  p a t h  
p o s s i b l e  and p a r t i c u l s r l y  o u t  of  t i le  a r e a  o f  t h e  wheel  pa th .  Adequate s u r f a c e  d r a i n a g e  
i s  p r o v i d e d  p r i m a r i l y  by a n  a p p r o p r i a t e l y  s l o p e d  s u r f a c e  ( i n  bo th  t h e  l o n g i t u d i n a l  and 
t r a n s v e r s e  d i r e c t i o n s )  and s u r f a c e  evenness .  Drainage c a p a b i l i t y  can,  i n  a d d i t i o n ,  be 
enhanced by s p e c i a l  s u r f a c e  t r e a t m e n t s  sucli  a s  p r o v i d i n g  c l o s e l y  spaced  t r a n s v e r s e  
g r a o v e s  o r  by d r a i n i n g  w a t e r  i n i t i a l l y  t i ~ r o u g t i  t h e  v o i d s  of a s p e c i a l l y  t r e a t e d  wear ing  
c o u r s e  (porotis f r i c t i o r i  c o u r s e ) .  The e f f e c t i v e n e s s  of  t h e  d r a i n a g e  c a p a b i l i t y  of  modern 
t y p e s  of  s u r f a c e s  i 3  e v i d e n t  i n  t h a t  t h e  s u r f a c e s  when s u b j e c t e d  t o  even  h i g h  r a i q f a l l  
r a t e s  r e t a i n  a r a t h e r  clamp appearance .  I t  s l ~ o u l d  be c l e a r l y  unders tood ,  however ,  t h a t  
s p e c i a l  s u r f a c e  t r e a t m e n t  i s  n o t  a  s u b s t i t r l t e  f o r  poor  runway shape,  be i t  d u e  t o  
i q a d e q u a t e  s l o p e s  o r  l a c k  of  s u r f a c e  evenness .  T ~ i s  [nay he a n  impor tan t  c o n s i d e r a t i o n  
when d e c i d i n g  on t h e  most e f f e c t i v e  method f o r  improving the  wet E r i c t i o n  c h a r a c t e r -  
i s t i c s  o f  an ex i s t i r i c :  runway s u r f a c e .  

5.2.5.3 The purpose  of  i n t e r f a c e  
d r a i l a g e  (unde 

a )  t o  p r e v e n t  a s  f a r  a s  f e a s i b l e  r e s i d u a l  s u r f a c e  hu lkwate r  f roin  
i q t r u d i n g  i n t o  t h e  forward a r e a  oE t h e  i n t e r f a c e ;  and 

b )  t o  d r a i n  i n t r u d i n g  w a t e r  t o  t h e  o u t s i d e  of t h e  i n t e r f a c e .  

The o b j e c l i v e  i s  t o  a c h i f v e  'nigh w a t e r  d i s c h a r g e  r a t e s  £1-orn under  t h e  t i r e  w i t h  a  
m i n i  twin o f  dyvlarni c  p r e s s u r e  build-up. T t  has  been e s t a b l i s h e d  t h a t  t h i s  can  o n l y  be 
a c h i e v e d  by p r o v i d i n g  a s u r f a c e  w i t h  a n  open macro tex tu re .  

5.2.5.% I n t e r f a c e  c l ra inage i s  a c t u a l l y  a  dyrla~nic p r o c e s s ,  i , e . , i s  h i g h l y  s u s c e p t i -  
b l e  t o  t h e  s q u a r e  of  speed. Macro tex tu re  i s  t h e r e f o r e  p a r t i c u l - a r i l y  inpnportant f o r  t h e  
p r o v i s i o n  o f  a d e q u a t e  f r i c t i o ~  i n  t h e  h i g h  s p e e d  range. From t h e  o p e r a t i o n a l  a s p e c t ,  
t h i :  i% most s i g n i f  ic. int  becausc-3 i t  i s  i n  t h i s  speed  range  wliere l a c k  of a d e q u a t e  
f r i c t i o ~  i s  most c r i t i c : s l  w i t h  r e s p e c t  t o  s t o p p i n g  d i s t a n c e  and d i r e c t i o n a l  c o n t r o l  
c a p a b i l i t y .  

5.2.5.5 I n  t'ii.; c o n t e x t  i t  i s  worth  w h i l e  t o  tnake a comparison between t h e  
t e x t a r e s  appli .ed i n  road  c o n s t r u c t i o n  and runways. The :;:noother t e x t u r e s  p r o v i d e d  by 
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road  s u r f a c e s  c a n  a c h i e v e  a d e q u a t e  d r a i n a g e  o f  t h e  f o o t p r i n t  of a n  au tomobi le  t i r e  
because of t h e  p a t t e r n e d  t i r e  t r e a d s  which s i g n i f i c a n t l y  c o n t r i b u t e  t o  i n t e r f a c e  
d r a i n a g e .  A i r c r a f t  t i r e s ,  however, canno t  be  produced w i t h  similar p a t t e r n e d  t r e a d s  and 
have o n l y  a  number of c i r c u m f e r e n t i a l  grooves  which c o n t r i b u t e  s u b s t a n t i a l l y  less t o  
i n t e r f a c e  d ra inage .  T h e i r  e f f e c t i v e n e s s  d i m i n i s h e s  r e l a t i v e l y  q u i c k l y  w i t h  t i r e  wear.  
The more v i t a l  f a c t o r ,  however, which d i c t a t e s  t h e  macro tex tu re  requ i rement  i s  t h e  
s u b s t a n t i a l l y  h i g h e r  s p e e d  r a n g e  i n  which a i r c r a f t  o p e r a t e .  T h i s  may e x p l a i n  why some 
c o n v e n t i o n a l  runway s u r f a c e s  which were b u i l t  t o  s p e c i f i c a t i o n s  similar t o  r o a d  s u r f a c e s  
( r e l a t i v e l y  c l o s e d - t e x t u r e d )  show a  marked d r o p  i n  w e t  f r i c t i o n  w i t h  i n c r e a s i n g  s p e e d  
and o f t e n  a  s u s c e p t i b i l i t y  t o  dynamic a q u a p l a n i n g  a t  compara t ive ly  s m a l l  w a t e r  d e p t h s .  

5.2.5.6 Adequate macro tex tu re  c a n  be  p r o v i d e d  by e i t h e r  a s p h a l t  o r  cement c o n c r e t e  
s u r f a c e s ,  though n o t  w i t h  e q u a l  e f f o r t ,  s t a b i l i t y  o r  e f f e c t i v e r ~ e s s .  With cement  
c o n c r e t e  pavement s u r f a c e s ,  t h e  r e q u i r e d  m a c r o t e x t u r e  may be a c h i e v e d  w i t h  t r a n s v e r s e  
w i r e  comb t e x t u r i n g  when t h e  s u r f a c e  i s  i n  t h e  p l a s t i c  s t a g e  o r  w i t h  c l o s e l y  s p a c e d  
t r a n s v e r s e  grooves .  With a s p h a l t  s u r f a c e s ,  t h e  p r o v i s i o n  of m a c r o t e x t u r e  may b e  
a c h i e v e d  by p r o v i d i n g  open g raded  s u r f a c e s .  

5.2.5.7 A f u r t h e r  d e s i g n  c r i t e r i a  c a l l s  f a r  b e s t  p o s s i b l e  u n i f o r m i t y  of s u r f a c e  
t e x t u r e .  T h i s  r equ i rement  i s  i m p o r t a n t  t o  a v o i d  undue f l u c t u a t i o n s  i n  a v a i l a b l e  
f r i c t i o n  s i n c e  t h e s e  f l u c t u a t i o n s  would degrade  a n t i s k i d  b r a k i n g  e f f i c i e n c y  o r  may c a u s e  
t i r e  damage. 

5.2.5.8 The s u r f a c e  f i n i s h  c o n s i d e r e d  most e f f e c t i v e  f rom t h e  s t a n d p o i n t  o f  we t  
f r i c t i o n  i s  g r o o v i n g  i n  t h e  c a s e  o f  P o r t l a n d  cement c o n c r e t e  and t h e  porous  f r i c t i o n  
c o u r s e  i n  t h e  c a s e  of a s p h a l t .  T h e i r  e f f e c t i v e n e s s  can  be e x p l a i n e d  by t h e  f a c t  t h a t  
t h e y  n o t  o n l y  p r o v i d e  good i n t e r f a c e  d r a i n a g e ,  b u t  a l s o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
bulkwate r  d r a i n a g e .  

5.2.5.9 P e n e t r a t i o n  d r a i n a g e  ( m i c r o t e x t u r e ) .  The purpose  of p e n e t r a t i o n  d r a i n a g e  
i s  t o  e s t a b l i s h  "dry" c o n t a c t  between t h e  a s p e r i t i e s  of  t h e  s u r f a c e  and t h e  t i r e  t r e a d  
i n  t h e  p r e s e n c e  of a  t h i n  v i s c o u s  w a t e r  f i l m .  The v i s c o u s  p r e s s u r e s  which i n c r e a s e  w i t h  
s p e e d  t e n d  t o  p r e v e n t  d i r e c t  c o n t a c t  e x c e p t  a t  t h o s e  l o c a t i o n s  of t h e  s u r f a c e  w h e r e  
a s p e r i t i e s  p r e v a i l ,  p e n e t r a t i n g  t h e  v i s c o u s  f i l m .  Th is  k i n d  of roughness  i s  d e f i n e d  a s  
m i c r n t e x t u r e .  

5.2.5.10 M i c r o t e x t u r e  r e f e r s  t o  t h e  f i n e - s c a l e  roughness of t h e  i n d i v i d u a l  a g g r e -  
g a t e  of t h e  s u r f a c e  and  i s  h a r d l y  d e t e c t a b l e  by t h e  e y e ,  however, a s s e s s a b l e  by t h e  
touch. Accordingly,  a d e q u a t e  m i c r o t e x t u r e  c a n  be  p rov ided  by t h e  a p p r o p r i a t e  s e l e c t i o n  
of a g g r e g a t e s  known t o  have  a h a r s h  s u r f a c e .  T h i s  e x c l u d e s  i n  p a r t i c u l a r  a l l  p o l i s h a b l e  
a g g r e g a t e s ,  

5.2.5.11 Nacro- and m i c r o t e x t u r e  a r e  b o t h  v i t a l  c o n s t i t u e n t s  f o r  wet s u r f a c e  
f r i c t i o n ,  i .e. b o t h  m i l s  t a d e q u a t e l y  be p r o v i d e d  t o  a c h i e v e  a c c e p t a b l e  f r i c t i o n  c h a r a c -  
t e r i s t i c s  i n  a l l  d i f f e r e n t  c o n d i t i o n s  of wetness .  The combined e f f e c t  of  micro-  a n d  
m a c r o t e x t u r e  of a  s u r f a c e  on  t h e  r e s u l t i n g  w e t  f r i c t i o n  v e r s u s  s p e e d  i s  i l l u s t r a t e d  i n  
F i g u r e  5-2 i n d i c a t i n g  a l s o  t h a t  t h e  d e s i g n  o b j e c t i v e  f o r m u l a t e d  i n  5.2.4 c a n  be  a c h i e v e d  
by e n g i n e e r i n g  means. 

5.2.5,12 A major  problem w i t h  m i c r o t e x t u r e  i s  t h a t  i t  c a n  change w i t h i n  s h o r t  t i m e  
p e r i o d s  ( u n l i k e  m a c r o t e x t u r e ) ,  w i t h o u t  b e i n g  e a s i l y  d e t e c t e d .  A t y p i c a l  example  o f  t h i s  
i s  t h e  accumula t ion  of r u b b e r  d e p o s i t s  i n  t h e  touchdown a r e a  which w i l l  l a r g e l y  mask 
m i c r o t e x t u r e  w i t h o u t  n e c e s s a r i l y  r e d u c i n g  macro tex tu re .  The r e s u l t  c a n  be a  
c o n s i d e r a b l e  d e c r e a s e  i n  t h e  wet f r i c t i o n  l e v e l .  This  p r o b l e ~  i s  c a t e r e d  f o r  by 
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p e r i o d i c  f r i c t i o n  measurements which p r o v i d e  a  measure of e x i s t i n g  m i c r o t e x t u r e .  I f  i t  
i s  de te rmined  t h a t  low wet f r i c t i o n  i s  caused by degraded s u r f a c e  m i c r o t e x t u r e ,  t h e r e  
a r e  methods a v a i l a b l e  t o  e f f e c t i v e l y  r e s t o r e  adequa te  m i c r o t e x t u r e  f o r  e x i s t i n g  runway 
s u r f a c e s  ( s e e  5.3). 

5.2.6.1 The b a s i c  e n g i n e e r i n g  s p e c i f i c a t i o n s  f o r  t h e  g e o m e t r i c a l  s h a p e  ( l o n g i t u -  
d i n a l  s l o p e / t  r a n s v e r s e  s l o p e / s u r f a c e  evenness )  and f o r  t h e  t e x t u r e  ( m a c r o t e x t u r e )  of a  
runway s u r f a c e  a r e  c o n t a i n e d  i n  Annex 14. 

5.2.6.2 Slopes .  A l l  new runways s h o u l d  be des igned  w i t h  un i fo rm t r a n s v e r s e  
p r o f i l e  i n  accordance  w i t h  t h e  v a l u e  o f  t r a n s v e r s e  s l o p e  recommended i n  Annex 1 4  and 
w i t h  a  l o n g i t u d i n a l  p r o f i l e  a s  n e a r l y  l e v e l  a s  p o s s i b l e .  A cambered t r a n s v e r s e  s e c t i o n  
f rom a  c e n t r e  crown i s  p r e f e r a b l e  b u t  i f  f o r  any r e a s o n  t h i s  cannot  be p r o v i d e d  t h e n  t h e  
s i n g l e  runway c r o s s f a l l  s h o u l d  be c a r e f u l l y  r e l a t e d  t o  p r e v a i l i n g  w e t  winds t o  e n s u r e  
t h a t  s u r f a c e  w a t e r  d r a i n a g e  is  n o t  impeded by t h e  wind blowing up t h e  t r a n s v e r s e  s lope .  
( I n  t h e  c a s e  of s i n g l e  c r o s s f a l l s  i t  may be n e c e s s a r y  a t  c e r t a i n  s i t e s  t o  p r o v i d e  c u t -  
o f f  d r a i n a g e  a l o n g  t h e  h i g h e r  edge t o  p r e v e n t  w a t e r  f rom t h e  s h o u l d e r  s p i l l i n g  o v e r  t h e  
runway s u r f a c e . )  P a r t i c u l a r  a t t e n t i o n  s h o u l d  be p a i d  t o  t h e  need f o r  good d r a i n a g e  i n  
t h e  touchdown zone s i n c e  aquap lan ing  induced a t  t h i s  e a r l y  s t a g e  of t h e  l a n d i n g ,  once 
s t a r t e d ,  can be s u s t a i n e d  by c o n s i d e r a b l y  s h a l l o w e r  w a t e r  d e p o s i t s  f u r t h e r  a l o n g  t h e  
runway. 

5.2.6.3 I f  t h e s e  i d e a l  shape  c r i t e r i a  a r e  m e t ,  aquap lan ing  i n c i d e n t s  w i l l  b e  
reduced t o  a  minimum, b u t  d e p a r t u r e s  f rom t h e s e  i d e a l s  w i l l  r e s u l t  i n  a n  i n c r e a s e  of 
a q u a p l a n i n g  p r o b a b i l i t y ,  no m a t t e r  how good t h e  f r i c t i o n  c h a r a c t e r i s t i c  of t h e  runway 
s u r f a c e  may be. These comments h o l d  t r u e  f o r  major  r e c o n s t r u c t i o n  p r o j e c t s  a n d ,  i n  
a d d i t i o n ,  when o l d  runways become due  f o r  r e s u r f a c i n g  t h e  o p p o r t u n i t y  s h o u l d  b e  t aken ,  
wherever  p o s s i b l e ,  t o  improve t h e  l e v e l s  t o  a s s i s t  s u r f a c e  d ra inage .  Every improvement 
i n  s h a p e  h e l p s ,  no m a t t e r  how small .  

5.2.6.4 S u r f a c e  evenness .  Th is  i s  a  c o n s t i t u e n t  of runway shape  which r e q u i r e s  
e q u a l l y  c a r e f u l  a t t e n t i o n .  S u r f a c e  evenness  i s  a l s o  impor tan t  f o r  t h e  r i d i n g  q u a l i t y  of 
h i g h  s p e e d  j e t  a i r c r a f t .  

5.2.6.5 Requirements f o r  s u r f a c e  evenness  a r e  d e s c r i b e d  i n  Annex 14, Attachment A ,  
5,  and r e f l e c t  good e n g i n e e r i n g  p r a c t i c e s .  F a i l u r e  t o  meet t h e s e  minimm r e q u i r e m e n t s  
can  s e r i o u s l y  degrade  s u r f a c e  w a t e r  d r a i n a g e  and l e a d  t o  ponding. Th is  can b e  t h e  case  
w i t h  a g i n g  runways a s  a r e s u l t  of d i f f e r e n t i a l  s e t t l e m e n t  and permanent d e f o r m a t i o n  of 
t h e  pavement s u r f a c e .  Evenness requ i rements  a p p l y  n o t  o n l y  f o r  t h e  c o n s t r u c t i o n  of a  
new pavement b u t  th roughout  t h e  l i f e  of t h e  pavement. The maximm t o l e r a b l e  deformat ion  
of t h e  s u r f a c e  should  b e  s p e c i f i e d  a s  a  v i t a l  d e s i g n  c r i t e r i o n .  Th is  may have a s i g n i f i -  
c a n t  impact  on t h e  d e t e r m i n a t i o n  of t h e  most a p p r o p r i a t e  t y p e  of c o n s t r u c t i o n  a n d  t y p e  
of pavement. 

5.2.6.6 With r e s p e c t  t o  s u s c e p t i b i l i t y  t o  ponding when s u r f a c e  i r r e g u l a r i t i e s  
deve lop ,  runway shapes  w i t h  maximm p e r m i s s i b l e  t r a n s v e r s e  s l o p e s  a r e  c o n s i d e r a b l y  l e s s  
a f f e c t e d  t h a n  t h o s e  w i t h  marg ina l  t r a n s v e r s e  s l o p e s .  Runways e x h i b i t i n g  ponding  w i l l  
normal ly  r e q u i r e  a  r e s u r f a c i n g  and reshap ing  t o  e f f e c t i v e l y  a l l e v i a t e  t h e  problem. 



SURFACE APROXIMATE TRENDS IN MAXIMUM 
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OPEN macro-textured sur- 
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contact area. In wet condi- 
tions p decreases gradual- 
ly with increase in V. 

HARSH micro-textured sur- 
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Figure 5-2. E f f e c t  of s u r f a c e  t e x t u r e  on t i r e - su r f ace  
c o e f f i c i e n t  of f r i c t i o n  
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5.2.6.7 S u r f a c e  t e x t u r e .  S u r f a c e  macro tex ture  requ i rements  a r e  s p e c i f i e d  i n  
Annex 14 i n  t e r m  of average  s u r f a c e  t e x t u r e  d e p t h ,  which s h o u l d  n o t  be  l e s s  t h a n  1 mm - 
f o r  new s u r f a c e s .  It i s  a l s o  recognized  t h a t  t h i s  p r o v i s i o n  w i l l  normal ly  c a l l  f o r  some 
form of s p e c i a l  s u r f a c e  t r e a t m e n t .  The minimm v a l u e  f o r  average  t e x t u r e  d e p t h  has  been 
e m p i r i c a l l y  d e r i v e d  and r e f l e c t s  t h e  a b s o l u t e  minimum r e q u i r e d  t o  p r o v i d e  a d e q u a t e  
i n t e r f a c e  d ra inage .  Higher  v a l u e s  of a v e r a g e  t e x t u r e  d e p t h  may be r e q u i r e d  w h e r e  ra in -  
f a l l  r a t e s  and i n t e n s i t i e s  a r e  a  c r i t i c a l  f a c t o r  t o  s a t i s f y  i n t e r f a c e  d r a i n a g e  demand. 
S u r f a c e s  which f a l l  s h o r t  of t h e  minimm requirement  f o r  average  s u r f a c e  t e x t u r e  d e p t h  
w i l l  show poor  wet f r i c t i o n  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  i f  t h e  runway i s  u s e d  by 
a i r c r a f t  w i t h  h i g h  l a n d i n g  speeds .  Remedial a c t i o n  i s ,  t h e r e f o r e ,  i m p e r a t i v e .  Methods 
f o r  improving t h e  wet f r i c t i o n  c h a r a c t e r i s t i c s  of runways a r e  d e s c r i b e d  i n  5.3. 

5.2.6.8 A s  o u t l i n e d  e a r l i e r ,  u n i f o r m i t y  of t h e  t e x t u r e  i s  a l s o  an  i m p o r t a n t  
c r i t e r i o n .  In  t h i s  r e s p e c t ,  t h e r e  a r e  s e v e r a l  s p e c i f i c  t y p e s  of s u r f a c e s  w h i c h  meet 
t h i s  requ i rement  ( s e e  5.3). These s u r f  a c e s  w i l l  normally a c h i e v e  a v e r a g e  t e x t u r e  dep ths  
h i g h e r  t h a n  1  mm. 

5.2.6.9 The macro tex ture  of a  s u r f a c e  does  no t  normal ly  change c o n s i d e r a b l y  w i t h  
t i m e ,  e x c e p t  f o r  t h e  touchdown a r e a  a s  a r e s u l t  of rubber  d e p o s i t s .  T h e r e f o r e ,  p e r i o d i c  
c o n t r o l  o f  a v a i l a b l e  a v e r a g e  s u r f a c e  t e x t u r e  d e p t h  on t h e  uncontaminated p o r t i o n  of t h e  
runway s u r f a c e  w i l l  o n l y  be r e q u i r e d  a t  l o n g  i n t e r v a l s .  

5.2.6.10 With r e s p e c t  t o  m i c r o t e x t u r e  t h e r e  i s  no d i r e c t  measure a v a i l a b l e  t o  
d e f i n e  t h e  r e q u i r e d  f i n e  s c a l e  roughness  of t h e  i n d i v i d u a l  a g g r e g a t e  i n  e n g i n e e r i n g  
terms. Accordingly,  t h e r e  a r e  no r e l e v a n t  s p e c i f i c a t i o n s  i n  Annex 14. However, from 
e x p e r i e n c e  i t  is  known t h a t  good a g g r e g a t e  must have a  h a r s h  s u r f a c e  and s h a r p  edges  t o  
p r o v i d e  good w a t e r  f i l m  p e n e t r a t i o n  p r o p e r t i e s .  It i s  a l s o  impor tan t  t h a t  t h e  a g g r e g a t e  
b e  a c t u a l l y  exposed t o  t h e  s u r f a c e  and n o t  c o a t e d  e n t i r e l y  by a  smooth m a t e r i a l .  S ince  
~ n i c r o t e x t u r e  i s  a v i t a l  c o n s t i t u e n t  of wet f r i c t i o n  r e g a r d l e s s  of speed ,  t h e  adequacy of  
m i c r o t e x t u r e  p rov ided  by a  p a r t i c u l a r  s u r f a c e  c a n  be a s s e s s e d  g e n e r a l l y  by f r i c t i o n  
measurements. Lack of m i c r o t e x t u r e  w i l l  r e s u l t  i n  a  c o n s i d e r a b l e  d rop  i n  f r i c t i o n  
l e v e l s  th roughout  t h e  whole s p e e d  range. T h i s  w i l l  o c c u r  even  w i t h  minor d e g r e e s  of 
s u r f a c e  wetness  ( e  .g., damp). Th is  r a t h e r  q u a l i t a t i v e  method may be adequa te  f o r  
d e t e c t i n g  l a c k  of m i c r o t e x t u r e  i n  obvious c a s e s .  

5.2.6.11 Degradat ion of m i c r o t e x t u r e  caused by t r a f f i c  and wea ther ing  may o c c u r ,  i n  
c o n t r a s t  t o  macro tex ture ,  w i t h i n  compara t ive ly  s h o r t  t ime  p e r i o d s  and can  a l s o  change 
w i t h  t h e  o p e r a t i o n a l  s t a t e  of t h e  s u r f a c e .  Accordingly, shor t - t e rmed  p e r i o d i c  checks by 
f r i c t i o n  measurements a r e  n e c e s s a r y ,  i n  p a r t i c u l a r  w i t h  r e s p e c t  t o  t h e  touchdown a r e a s  
where rubber  d e p o s i t s  q u i c k l y  mask m i c r o t e x t u r e .  

5.2.6.12 Annex 14 r e q u i r e s  runway s u r f a c e s  t o  
be c a l i b r a t e d  ~ e r i o d i c a l l v  t o  v e r i f y  t h e i r  f r i c t i o n  c h a r a c t e r i s t i c s  when wet. These 
f r i c t i o n  c h a r a c t e r i s t i c s  must n o t  f a l l  below l e v e l s  s p e c i f i e d  by t h e  S t a t e  f o r  new 
c o n s t r u c t i o n  (minimm d e s i g n  o b j e c t i v e )  and f o r  maintenance. Wet f r i c t i o n  l e v e l s ,  
r e f l e c t i n g  minimum a c c e p t a b l e  l i m i t s  f o r  new c o n s t r u c t i o n  and maintenance,  which  a r e  i n  
u s e  i n  some S t a t e s  a r e  g i v e n  i n  Attachment B ,  7 of  Annex 1 4 .  
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5.2.6.13 For  t h e  d e s i g n  of a new runway, t h e  optimum a p p l i c a t i o n  of t h e  b a s i c  
e n g i n e e r i n g  c r i t e r i a  f o r  runway s h a p e  and  t e x t u r e  w i l l  normal ly  p r o v i d e  a f a i r  g u a r a n t e e  
of a c h i e v i n g  l e v e l s  w e l l  i n  e x c e s s  of t h e  a p p l i c a b l e  s p e c i f i e d  minimum wet f r i c t i o n  
l e v e l .  When l a r g e  d e v i a t i o n s  f rom t h e  b a s i c  s p e c i f i c a t i o n s  f o r  s h a p e  o r  t e x t u r e  are 
planned,  it w i l l  t h e n  be a d v i s a b l e  t o  conduct  wet f r i c t i o n  measurements on d i f f e r e n t  
t e s t  s u r f a c e s  i n  o r d e r  t o  a s s e s s  t h e  r e l a t i v e  i n f l u e n c e  of each  pa ramete r  on w e t  
f r i c t i o n ,  p r i o r  t o  d e c i d i n g  on t h e  f i n a l  des ign .  S i m i l a r  c o n s i d e r a t i o n s  a p p l y  f o r  
s u r f a c e  t e x t u r e  t r e a t m e n t  of  e x i s t i n g  runways. 

5.3 S u r f a c e  t r e a t m e n t  of  runwavs 

5.3.1 Genera l  

5.3.1.1 The methods d e s c r i b e d  i n  t h i s  s e c t i o n  a r e  based on t h e  e x p e r i e n c e s  o f  
s e v e r a l  S t a t e s .  It i s  i m p o r t a n t  t h a t  a  f u l l  e n g i n e e r i n g  a p p r e c i a t i o n  of t h e  e x i s t i n g  
pavement be made a t  e a c h  s i t e  b e f o r e  any  p a r t i c u l a r  method i s  c o n s i d e r e d ,  and t h a t ,  
once s e l e c t e d ,  t h e  method i s  s u i t a b l e  f o r  t h e  t y p e s  of a i r c r a f t  o p e r a t i n g .  It s h o u l d  be  
n o t e d  t h a t  w i t h  r e s p e c t  t o  t h e  improvement of t h e  f r i c t i o n  c h a r a c t e r i s t i c s  of e x i s t i n g  
runway pavements ,  a  r e s h a p i n g  o f  t h e  pavement may be  r e q u i r e d  i n  c e r t a i n  c a s e s  p r i o r  t o  
t h e  a p p l i c a t i o n  of s p e c i a l  s u r f a c e  t r e a t m e n t  i n  o r d e r  t o  be e f f e c t i v e .  

5,3.2 S u r f a c e  d r e s s i n g  of a s p h a l t  

5.3.2.1 O p e r a t i o n a l  c o n s i d e r a t i o n s .  A i r c r a f t  w i t h  d u a l  tandem u n d e r c a r r i a g e  a t  
t i r e  p r e s s u r e  1930 kPa and a l l - u p  masses e x c e e d i n g  90 000 kg have been o p e r a t i n g  regu-  
l a r l y  f o r  a number of  y e a r s  f rom runways which have  been d e l i b e r a t e l y  s u r f a c e - d r e s s e d  t o  
improve f r i c t i o n .  ( F i g u r e  5-3.) There  i s  n o  e v i d e n c e  of a n  i n c r e a s e  i n  t i r e  wear. 

5.3.2.2 C o n s i d e r a t i o n  of e x i s t i n g  pavement. The o v e r a l l  s h a p e  and p r o f i l e  o f  t h e  
e x i s t i n g  runway i s  n o t  a s  i m p o r t a n t  a s  i t  i s  w i t h  o t h e r  t r e a t m e n t s  and, where a number 
of t r a n s v e r s e  and  l o n g i t u d i n a l  s l o p e  changes  o c c u r  i n  t h e  runway l e n g t h ,  s u r f a c e  d r e s s -  
i n g  i s  p r o b a b l y  t h e  o n l y  s u i t a b l e  method s h o r t  of expens ive  reshaping.  I n  s p i t e  o f  t h e  
f a c t  t h a t  t h e  o v e r a l l  s h a p e  need n o t  be t d e a l ,  n e v e r t h e l e s s ,  f o r  a  s u c c e s s f u l  a p p l i c a -  
t  ion  of t h i s  t r e a t m e n t ,  t h e  c o m p a c t k g  eqqipment mst be c a p a b l e  of  f o l l o w i n g  t h e  m i n o r  
s u r f a c e  i r r e g u l a r i t i e s  t o  e n s u r e  a u n i f o r m  a d h e s i o n  of t h e  ch ipp ings .  Where t h i s  c o n d i -  
t i o n  c a n n o t  be  ensured ,  a  new a s p h a l t  g e a r i n g  c o u r s e  may be n e c e s s a r y  b e f o r e  a p p l y i n g  
t h e  s u r f  a c e  d r e s s i n g .  

5.3.2.3 E f f e c t i v e n e s s  of t r e a t m e n t .  A s a t i s f a c t o r y  s u r f a c e  d r e s s i n g  w i l l  
i n i t i a l l y  r a i s e  t h e  f r i c t i o n  c o e f f i c i e n t  of t h e  s u r f a c e  t o  a  h i g h  v a l u e  which,  t h e r e -  
a f t e r ,  depend ing  on t h e  i n t e n s i t y  of t r a f f i c ,  w i l l  s lowly  decrease .  Normally a n  
e f f e c t i v e  l i f e  of up t o  f i v e  y e a r s  c a n  be expected.  

5.3.2-4 Runway ends  used f o r  t h e  s t a r t  of take-off  s h o u l d  n o t  b e  
t r e a t e d .  A i r c r a f t  w i l l  s c u f f  i n  t u r n i n g ,  bo th  f u e l  s p i l l a g e  and h e a t  w i l l  s o f t e n  t h e  
b i n d e r ,  and  b l a s t  w i l l  t e n d  t o  l o o s e n  ch ipp ings .  
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Figure 5 - 3 .  Surface dressing of asphalt 

5 . 3 . 2 . 5  Chippings. The chippings may b e  from one o f  ehe f o f  lowing groups : 
Basalt, Gabbro, Granite, Gritstone, H o r n f e l s ,  Porphyry o r  war tz i te .  

5 . 3 . 2 . 6  Mechanical gritter. me chfppFngs are d i s t r ibuted  by a mechanical g r i t t e r  
of approved type incorporating a ~ c h a n i c a l  f e e d  c a p a b l e  o f  ensuring tha t  the selected 
rate of spread i s  r i g i d l y  maintained throughout  t h e  work. 

5.3.2.7 Restrictions during bad weather. Work must no t  be carried out d u r i n g  
periods of rain, snow o r  s lee t  or on f rozen  surfaces o r  on t hose  on which water is 
l y ing .  When weather conditions d i c t a t e ,  su i tab le  protectton mst be afforded to the 
chippings during d e l i v e r y .  

5.3.2.8 Existing p i t  covers, g u l l y  gratings and aerodro&etw. These m s  t 
be protected by maskinn, and t h e  surface dress in^ finished neat ly  around them. When 
masking o f  the- aerodrome markings is nor indtcated, they may be o b l i t e r a t e d .  

5.3,2.9 Preparation of the existing surfacing. Immediately before spraying the 
binder, the existing surfaces ms t be thoroughly  c leaned  by mechanical broms , supple-  
mented by hand brooming if necessary. All  vegetation, loose marerials, dust and debris, 
etc., w s t  be removed as i n d i c a t e d .  

5 . 3 . 2 . 1 0  Application o f  surface binder. Tke b i n d e r  mst be a p p l i e d  at t h e  se lec ted  
rate without varfation and so  that a film of uniform t h i c k n e s s  results. Particular care: 
w s t  be taken to avoid d r i p p i n g ,  s p i l l i n g  and c r e a t i n g  areas o f  excessive thickness. 

5.3.2 .11 Application o f  coated chippings .  The temperature of the ch ippings  when 
a p p l i e d  to the sprayed surface b i n d e r  must be n o t  less t h a n  8 3 ' ~  when u s i n g  bitumen 
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b i n d e r  and 72°C when using tar binder. Before and during the rolling operation any bald  
patches must be covered w i t h  f r e s h  chippings .  

5.3.2.12 Rol l ing .  The coared c h i p p i n g s  m s t  be rolled immediately a f t e r  spreading  
and before loss o f  hear. 

5 .3 .2 .13 Finalsweeping andtthin three days of the gritting opera t ion  
all loose chippings  must be s w e p t  from t h e  surf ace w i t h  hand-brooms, loaded onto trucks - 
and removed as d i rec ted .  Then the entire surface mst again be thoroughly ro l led  at 
least three more times. All  chippings must adhere f i r m l y  t o  the finished surface which 
should be of uniform texture and colour. The surface nust be e n t i r e l y  free of irregu- 
larities due to scabbing, scraping, dragging, droppings, excessive overlapping, f a u l t y  
lane or transverse junctions, or other defects,  and it nus t be left clean and t2dym 
Under no circumstances should swept up chippings be re-used. 

5 .3 .3  Grooving of pavements 

5.3.3.1 Operational considerations. There are no operational objections ta rhe 
grooving of existing surfaces. Experience of operating a l l  types  of aircraft from 
grooved surfaces over a nunber of years indicates that there  is no limit w i t h i n  the 
foreseeable future t o  the  aircrft  size, loading o r  type for w h f  ch such surfaces w i l l  be 
satisfactory. 'bere is i nconc lus ive  evidence of a s l i g h t l y  grearer rare of  t i r e  wear 
under some operational conditions. 

5.3.3.2 Methods of grooving inc lude  the sawing o f  grooves in exist ing or properly 
cured a s p h a l t  (Figure 5-4) or Por t land  cewnr concrete pavements, and the grooving or 
wire combing of Portland cement concrete while i r  is  i n  t h e  plastic condition. Based on 
current techniques, saged grooves provide a more uniform w f  d t h ,  depth, and alignment. 
This method is t h e  most e f f e c t - f v e  means of r e m ~ v i n g  water f ram t h e  pavement/tire i n t e r -  
face a n d  improves the  pavement s k i d  resistance. However, p l a s t i c  grooving and w i r e  
combing are also effect ive  in improving drainage and friction characteristics o f  pave- 
ment surfaces. They are cheaper t o  construct than t h e  sawed grooves, particularly where 
very hard aggregates are used in pavements. Theref ore  t h e  cost-benef i t  relationship 
should be considered in deciding which grooving technfque should be used f o r  a 
particular runway. 

Pfgure  5 - 4 .  Grooving o f  a s p l ~ a l t  surface 
(Note.-  Scale shows 2 . 5  cm d i v i s i o n s )  
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5.3.3,3 F a c t o r s  t o  be cons ide red .  Tne f o l l o w i n g  f a c t o r s  s h o u l d  be c o n s i d e r e d  i n  
j u s t i f y i n g  g roov ing  of  rurlways: 

a )  h i s t o r i c a l  r ev iew of a i r c r a f t  a c c i d e n t s l i n c i d e n t s  r e l a t e d  t o  aqua-  
p l a n i n g  a t  a i r p o r t  f a c i l i t y ;  

b) we tness  f r e q u e n c y  ( rev iew of  a n n u a l  r a i n f a l l  r a t e  and i n t e n s i t y ) ;  

c )  t r a n s v e r s e  and  l o n g i t u d i n a l  s l o p e s ,  f l a t  a r e a s ,  d e p r e s s i o n s ,  mounds, 
o r  any o t h e r  a b n o r m a l i t i e s  t h a t  may a f f e c t  w a t e r  run-off;  

d )  s u r f a c e  t e x t u r e  q u a l i t y  as t o  s l i p p e r i n e s s  under  d r y  o r  wet c o n d i -  
t i o n s .  P o l i s h i n g  o f  a g g r e g a t e ,  improper  seal c o a t i n g ,  i n a d e q u a t e  
microtexture/macrotexture, and contaminant  b u i l d u p  a r e  some examples  
of c o n d i t i o n s  which may a f f e c t  t h e  l o s s  of s u r f a c e  f r i c t i o n ;  

e )  t e r r a i n  l i t n i t a t i o n s  such  a s  d r o p - o f f s  a t  t h e  ends  of runway e n d  s a f e t y  
a r e a s ;  

f )  adequacy of number and l e n g t h  of  a v a i l a b l e  runways; 

g )  c ross -wind  e f f e c t s ,  p a r t i c u l a r l y  when low f r i c t i o n  f a c t o r s  p r e v a i l ;  
and 

h)  t h e  s t r e n g t h  and c o n d i t i o n  of e x i s t i n g  runway pavements.  

5-3.3.4 Asphal t  s u r f a c e s  must be examined t o  
de te rmine  t h a t  dense ,  s t a b l e  and well-compacted. I f  t h e  
s u r f a c e  e x h i b i t s  f r e t t i n g  o r  where l a r g e  p a r t i c l e  f r a c t i o n s  of c o a r s e  a g g r e g a t e  a r e  
exposed on t h e  s u r f a c e  i t s e l f ,  t h e n  o t h e r  methods w i l l  need t o  be c o n s i d e r e d ,  o r  
r e s u r f a c i r l g  w i l l  have t o  be u n d e r t a k e n  b e f o r e  g r o o v i n g  i s  p u t  i n  hand. R ig id  pavement 
must be  c x a l ~ i n e d  t o  e n s u r e  t h a t  t h e  e x i s t i n g  s u r f a c e  i s  sound, f r e e  of s c a l i n g  o r  
e x t e n s i v e  s p a l l s ,  o r  "worlcing c r a c k s  ". Apart  from t h e  c o n d i t i o n  oE t h e  s u r f a c e  i t s e l f ,  
i h e  i-dcio becween t r a n s v e r s e  and  i o l l g i t u d i n a l  s l o p e s  becomes i~mpor tan t .  I f  t h e  l o n g l t u -  
d i n 3 1  s l o p e s  a r e  stlcll t h a t  t h e  w a t e r  r u n - o t f  i s  d i r e c t e d  a l o n g  t h e  runway i n s t e a d  of  
c l e a r i n g  q u i c k l y  t o  t h e  runway s i d e  d r a i n s ,  t h e n  a  c o n d i t i o n  cou ld  a r i s e  when t h e  
g rooves  would E i ! l  w i t h  f r e e  w a t e r ,  f a i l  t o  d r a i n  q u i c k l y  and p o s s i b l y  e n c o u r a g e  
acluaplanirlg. For  t h e  same reason ,  s u r f a c e s  w i t h  d e p r e s s e d  a r e a s  shou ld  be r e p a i r e d  o r  
r e p l a c e d  bef o r e  grooving.  

5 . ? .3 ,5  E f f e c t i v e n e s s  of t r e a t m e n t .  Transverse  g roov ing  w i l l  s lways r e s u l t  i n  a  
m e , ~ s l ~ r s h l c  i n c r e a s e  of t i le  f r i c t i o n  c o e f t i c i r n t ,  though rrhe e x t e n t  of t h e  improvement 
w i l l  bi2 r e l a t e d  t o  t h e  q u a l i t y  o f  t h e  e x i s t i n g  s u r f a c e .  The d u r a t i o n  of t h i s  improve- 
rne:lt d i l l  depend oil t h e  p r c l p e r t i e s  of  t h e  a s p h a l t  wear ing  c o u r s e ,  t h e  c l i m a t e  a n d  
t r a f f i c . .  Exper ience h a s  s11own t h a t  g roov ing  does  n o t  r e s u l t  i n  a ?  i n c r e a s e  of  t h e  r a t e  
o f  d e t r r i o r a t  ion of t h e  a s p h a l t .  The imp rovelnent a l s o  a p p l i e s  t o  r i g i d  pavement 
s u r f a c e s  a s  they  a r e  n o t  a d v e r s e l y  a f f e c t e d  by t h e  grooving.  :to grooves  becoming 
clogged w i  t h  d u s t ,  i n d u s t r i a l  was te ,  o r  o t h e r  contaminants  have Been found a l t h o u g h  some 
n i n u r  r u b b e r  d e p o s i t s  have been observed.  
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F i g u r e  5 - 5 .  Grooving w i t h  d i s c  f l a i l . ~  

F igore  5-6. Groovirlg ~ 1 t . h  saws 
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5.3.3,6 TL1e s u r f a c e  i s  t o  be grooved a c r o s s  t h e  runway a t  r i g h t  a n g l e s  
t o  t l ie runway edges  o r  p a r a l l e l  t o  non-perpendicular  t r a n s v e r s e  j o i n t s ,  where  a p p l i -  
c a b l e ,  w i t h  grooves  which f o l l o w  a c r o s s  t h e  runway i n  a  c o n t i n u o u s  l i n e  w i t h o u t  b reak .  
'The marhi l e  f u r  g r tmviag  w i l l  i n c o r p o r a t e  d i s c  f l a i l s  ( F i g u r e  5-5) o r  f l a i l  c u t t e r s  o r  a  
sawi 11:: machi ne  (Fi gure  5-6) i n c o r p o r a t i n g  a  minimum of 1 2  b l a d e s .  Sawing mach ines  
i n c l u d e  w a t e r  t a n k s  and p r e s s u r e  s p r a y s .  Commorlly used groove c o n f i g u r a t i o n s  a r e  3 mm 
wide by 3 mrn deep a t  approx imate ly  25 mm c e n t r e s ,  o r  6 mm by 6 mm w i t h  a  c e n t r e  s p a c i n g  
o f  31 mm. 

5.3.3.7 The grooves  may be  t e r m i n a t e d  w i t h i n  3  m of t h e  runway pavement e d g e  t o  
a l l o w  a d e q u a t e  s p a c e  f o r  t h e  o p e r a t i o n  of t h e  g roov ing  equipment.  T o l e r a n c e s  s h o u l d  be 
e s t a b l i s h e d  t o  d e f i n e  groove a l ignment ,  d e p t h ,  w i d t h  and spac ing .  Suggested t o l e r a n c e s  
a r e  t 40 mm i n  a l ignment  f o r  22 m ,  and average  d e p t h  o r  wid th  * 1 . 5  mm. Grooves shou ld  n o t  
be c u t  c l o s e r  t h a n  75 mm t o  t r a n s v e r s e  j o i n t s .  Diagonal  o r  l o n g i t u d i n a l  saw k e r f s  where 
L i g h t i n g  c a b l e s  a r e  i n s t a l l e d  s h o u l d  be avoided.  Grooves may be  c o n t i n u e d  t h r o u g h  
l o n g i t u d i n a l  c o n s t r u c t i o n  j o i n t s .  Extreme c a r e  must be e x e r c i s e d  when g r o o v i n g  n e a r  in- 
runway l i g h t i n g  f i x t u r e s  and s u b - s u r f a c e  w i r i n g .  A 60 cm easement on e a c h  s i d e  of t h e  
l i g h t  f i x t u r e  i s  recommended t o  a v o i d  c o n t a c t  by t h e  g roov ing  machine. C o n t r a c t s  shou ld  
s p e c i f y  t h e  c o n t r a c t o r ' s  l i a b i l i t y  f o r  damage t o  l i g h t  f i x t u r e s  and c a b l e .  C l e a n u p  i s  
e x t r e m e l y  impor tan t  and s h o u l d  be  con t inuous  th roughout  t h e  g roov ing  o p e r a t i o n .  The 
w a s t e  m a t e r i a l  c o l l e c t e d  d u r i n g  t h e  g roov ing  o p e r a t i o n  must be d i s p o s e d  of by f l u s h i n g  
w i t h  w a t e r ,  sweeping, o r  vacuuming. I f  w a s t e  m a t e r i a l  i s  f l u s h e d ,  t h e  s p e c i f i c a t i o n s  
s h o u l d  s ta te  whether  t h e  a i r p o r t  owner o r  c o n t r a c t o r  i s  r e s p o n s i b l e  f o r  f u r n i s h i n g  water  
f o r  c l e a n u p  o p e r a t i o n s .  Waste material c o l l e c t e d  d u r i n g  t h e  g roov ing  o p e r a t i o n  must no t  
be a l lowed  t o  e n t e r  t h e  a i r p o r t  s t o r m  o r  s a n i t a r y  sewer ,  a s  t h e  m a t e r i a l  w i l l  e v e n t u a l l y  
c l o g  t h e  system. F a i l u r e  t o  remove t h e  m a t e r i a l  c a n  c r e a t e  c o n d i t i o n s  t h a t  w i l l  be 
hazardous  t o  a i r c r a f t  o p e r a t i o n s .  

5.3.3.8 Grooves can  be  c o n s t r u c t e d  i n  new P o r t l a n d  
cement c o n c r e t e  pavements w h i l e  i n  t h e  p l a s t i c  condi , ion,  The " p l a s t i c  g r o o v i n g "  o r  - - 

w i r e  comb ( s e e  F i g u r e  5-7) t e c h n i q u e  can  be i n c l u d e d  a s  a n  i n t e g r a l  p a r t  of t h e  pav ing  
t r a i n  o p e r a t i o n .  A t e s t  s e c t i o n  s h o u l d  be c o n s t r u c t e d  t o  demons t ra te  t h e  pe r fo rmance  of 
t h e  p l a s t i c  g roov ing  o r  w i r e  combing equipment and s e t  a  s t a n d a r d  f o r  a c c e p t a n c e  of t h e  
comple te  p roduc t .  

5.3.3,9 Technique. To le rances  f o r  p l a s t i c  g roov ing  s h o u l d  be e s t a b l i s h e d  t o  
d e f i n e  g roove  a l ignment ,  d e p t h ,  wid th ,  and spac ing .  Suggested t o l e r a n c e s  a r e  
U 7 . 5  mm i n  a l ignment  f o r  2 2  m; minimum d e p t h  3 mm, maximum d e p t h  9.5 mm; minimum wid th  
3  m a  , maxirnum w i d t h  9.5 mm; minimm s p a c i n g  28 mm, maximum s p a c i n g  50 mm c e n t r e  t o  
c e n t r e .  To le rances  f o r  w i r e  combing s h o u l d  r e s u l t  i n  a n  a v e r a g e  3 mm x 3 mm x 1 2  mm 
c o n f i g u r a t i o n .  
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Figure 5-7. New concrete surfacing textured w i t h  w i r e  comb 

F i g u r e  5-8. Existing Portland cement concrete 
before and a f t e x  s co r ing  



5.3.3.10 The j u n c t i o n  of  groove f a c e  and pavement s u r f a c e  shou ld  be s q u a r e d  o r  
rounded o r  s l i g h t l y  chamfered. Hand-f inishing t o o l s ,  shaped t o  match t h e  g rooved  
s u r f a c e ,  should be provided.  The c o n t r a c t o r  should f u r n i s h  a  "b r idge"  f o r  workmen t o  
work frorn t o  r e p a i r  any i m p e r f e c t  a r e a s ,  The equipment should be des igned  and 
c o n s t r u c t e d  so t h a t  i t  can be c o n t r o l l e d  t o  g r a d e  and be capab le  of producing t h e  f i n i s h  
r e q u i r e d .  I f  pavement g r i n d i n g  i s  used t o  meet s p e c i f i e d  s u r f a c e  t o l e r a n c e s ,  i t  should 
be accomplished i n  a  d i r e c t i o n  p a r a l l e l  t o  the .  formed grooves .  

Grooving runway i n t e r s e c t i o n s  

5-3.3.11 General .  Runway i n t e r s e c t i o n s  r e q u i r e  a  d e c i s i o n  a s  t o  which runway ' s  
c o n t i n u o u s  grooving i s  t o  be a p p l i e d .  The s e l e c t i o n  of t h e  p r e f e r r e d  runway w i l l  
normal ly  be d i c t a t e d  by s u r f a c e  d r a i n a g e  a s p e c t s ,  excep t  t h a t  i f  t h i s  c r i t e r i o n  does  n o t  
f a v o u r  e i t h e r  runway, c o n s i d e r a t i o n  w i l l  be g i v e n  t o  o t h e r  r e l e v a n t  c r i t e r i a .  

5.3.14.12 C r i t e r i a .  The main ~ h y s i c a l  c r i t e r i o n  is  s u r f a c e  d r a i n a g e .  Where 
d r a i n a g e  c h a r a c t e r i s t i c s  a r e  s i m i l a r  f o r  the  grooving p a t t e r n  of e i t h e r  runway, 
c o n s i d e r a t i o n  should be g iven  t o  t h e  f o l l o w i n g  o p e r a t i o n a l  c r i t e r i a :  

- a i r c r a f t  ground speed regime; 

- toachdcwn a r e a ;  and 

- r i s k  assessment .  

5.3.3.13 . The primary purpose of grooving a  runway s u r f a c e  is t o  
enhance s u r f a c e  d r a i n a g e .  Hence, t h e  p r e f e r r e d  runway i s  t h e  one on which g r o o v e s  a r e  
a l i g n e d  c l o s e s t  t o  t h e  d i r e c t i o n  of t h e  major downslope w i t h i n  t h e  i n t e r s e c t i o n  a r e a .  
The major downslope can be determined from a  g r a d e  con tour  map. 

5.3.3.14 The above a s p e c t  i s  e s s e n t i a l  because i n t e r s e c t i o n  a r e a s  i n v o l v e ,  by 
d e s i g n ,  r a t h e r  f l a t  g rades  ( t o  s a t i s f y  t h e  requirement  t o  p rov ide  smooth t r a n s i t i o n  t o  
a i r c r a f t  t r a v e l l i n g  a t  h igh  speeds )  and, t h e r e f o r e ,  a r e  s u s c e p t i b l e  t o  water ponding.  

5,3.3.15 Where a p p r o p r i a t e ,  c o n s i d e r a t i o n  may be g iven  t o  a d d i t i o n a l  d r a i n a g e  
c h a n n e l s  a c r o s s  t h e  secondary runway where t h e  groove p a t t e r n  t e r m i n a t e s  i n  o r d e r  t o  
p reven t  water from t h i s  o r i g i n  from a f f e c t i n g  t h e  i n t e r s e c t i o n  a r e a .  

5.3.3.16 A i r c r a f t  speed. S ince  grooving i s  par titularly e f f e c t i v e  r e g a r d i n g  wet 
s u r f a c e  f r i c t i o n  c h a r a c t e r i s t i c s  i n  t h e  h i g h  ground speed regime, p r e f e r e n c e  s h o u l d  be 
g i v e n  t o  t h a t  runway on which t h e  h i g h e r  ground speeds  a r e  f r e q u e n t l y  a t t a i n e d  a t  t h e  
i n t e r s e c t i o n .  

5.3.3.17 Touchdown a r e a .  Provided t h e  speed c r i t e r i o n  does  n o t  a p p l y ,  t h e  runway 
on ~ h i c h  t h e  i n t e r s e c t i o n  forms p a r t  of t h e  touchdown a r e a  shou ld  be p r e f e r r e d  because 
g r o o v i ~ ~ g  w i l l  provide r a p i d  wheel spin-up on touchdown i n  p a r t i c u l a r  when t h e  s u r f a c e  i s  
wet, 

5.3.3,18 Risk  assessments .  E v e n t u a l l y ,  t h e  s e l e c t i o n  of tile priinary runway c a n  be 
based on a n  o p e r a t i o n a l  judgement of r i s k s  f o r  over runs  ( r e j e c t e d  t a k e  o f f  o r  l a n d i n g )  
t a k i n g  i n t o  accoun t  : 

- runway use  ( t a k e  o f f l l a n d i n g ) ;  

- runway Lengths;  

- a v a i l a b l e  runway end s a f e t y  a r e a s ;  
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Figure  5-9. Scor ing  w i t h  diamond segmented c u t t i n g  drum 

F i g u r e  5-10. Reflex percussrive technique - Portland cement concrete 
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- move~nerrt r a t e s ;  and 

- p a r t i c t l l a r  o p e r a t i n g  c o n d i t i o n s .  

5.3.4 Scor ing  of cement c o n c r e t e  

5.3.4.1 O p e r a t i o n a l  c o n s i d e r a t i o n s .  There do no t  appear  t o  be any o p e r a t i o n a l  
o b j e c t i o n s  t o  t h e  s c o r i n g  of e x i s t i n g  P o r t l a n d  c o n c r e t e  s u r f a c e s  ( F i g u r e  5-81, and t h i s  
method of t r e a t m e n t  seems t o  be s u i t a b l e  f o r  a l l  types  of a i r c r a f t .  

5,3.4,2 C o n s i d e r a t i o n  of e x i s t i n g  pavement. It w i l l  be unders tood t h a t  i t  would 
be d i f f i c u l t  t o  s c o r e  unif ormlv c o n c r e t e  s u r f a c e s  which a r e  "rourh"  . Pavements w i t h  - 
damaged o r  poor ly  formed j o i n t s ,  o r  on which l a i t a n c e  h a s  l e d  t o  e x t e n s i v e  s p a l l i n g  of  
t h e  s u r f a c e ,  would be e q u a l l y  d i f f i c u l t  t o  s c o r e .  I f  t h e  e x i s t i n g  s u r f a c e  is r e a s o n a b l y  
f r e e  of t h e s e  d e f e c t s ,  t h e r e  a r e  no o t h e r  e n g i n e e r i n g  l i m i t a t i o n s  t o  s c o r i n g .  

5.3.4.3 E f f e c t i v e n e s s  of t r e a t m e n t .  T r a n s v e r s e  s c o r i n g  of  c o n c r e t e  improves  
c o n s i d e r a b l y  t h e  f r i c t i o n  c h a r a c t e r i s t i c s  of  pavements i n i t i a l l y  t e x t u r e d  a t  t h e  t i m e  of 
c o n s t r u c t i o n  w i t h  b o l t s ,  b u r l a p  o r  brooms. The u s e f u l  l i f e  of  t h e  t r e a t m e n t  depends  on 
t h e  f r e q u e n c y  of t r a f f i c  b u t  i n  g e n e r a l  t h e  s c o r i n g  remains  e f f e c t i v e  f o r  t h e  l i f e  of 
t h e  c o n c r e  te .  

5.3,4.4 Runway ends  s h o u l d  be l e f t  unscored  t o  make i t  e a s i e r  t o  
wash down and c l e a n  o f f  f u e l  and  o i l  droppings .  Moreover, e n g i n e  b l a s t  c a n  b e  more 
damaging on a  s c o r e d  t h a n  on a n  un texured  s u r f a c e .  The d i r e c t i o n a l  c o n t r o l  of a n  
a i r c r a f t  moving f rom t h e  t ax iway  on t o  t h e  runway can  become reduced, presumably because 
of a  t endency  of t h e  t i r e s  t o  t r a c k  i n  t h e  s c o r e s .  I n  a d d i t i o n ,  a p o s s i b i l i t y  o f  a n  
i n c r e a s e  i n  t i r e  wear  i n  t u r n i n g  canno t  be  t o t a l l y  d i scoun ted .  

5.3.4.5 Technique. An a c c e p t a b l e  " t r i a l "  a r e a  s h o u l d  be a v a i l a b l e  f o r  i n s p e c t i o n  
and i t  is  recommended t h a t  t h i s  be  p rov ided  a t  che aerodrome t o  de te rmine  a p r e c i s e  
t e x t u r e  d e p t h  requ i rement ,  as t h i s  w i l l  t e n d  t o  va ry  w i t h  t h e  q u a l i t y  of t h e  c o n c r e t e .  
The runway i s  t o  be s c o r e d  t r a n s v e r s e l y  by a  s i n g l e  p a s s  of a  c u t t i n g  drum ( F i g u r e  5-91 
I n c o r p o r a t i n g  n o t  l e s s  t h a n  50 c i r c t l l a r  segmented diamond saw b l a d e s  p e r  30 crn w i d t h  of 
drum, The drum is  t o  be set a t  3  mm s e t t i n g  on a mult i -wheeled a r t i c u l a t e d  f r a m e  w i t h  
o u t r i g g e r  whee l s ,  f i x e d  t o  g i v e  a un i fo rm d e p t h  of s c o r i n g  o v e r  t h e  e n t i r e  s u r f a c e  of 
t h e  runway t o  e n s u r e  t h e  removal of a l l  l a i t a n c e  and t h e  exposure  of t h e  a g g r e g a t e ,  It 
s h o u l d  be n o t e d  t h a t  s c o r i n g  g e n e r a t e s  a g r e a t  d e a l  of d u s t  d u r i n g  t r e a t m e n t  a n d  i t  i s  
n e c e s s a r y  t o  sweep and wash down t h e  s u r f a c e  b e f o r e  o p e r a t i o n s  r e - s t a r t .  

5.3,5 Keflex p e r c u s s i v e  t e c h n i q u e  

5 .3 .5 , l  The r e f l e x  p e r c u s s i v e  t e c h n i q u e  i s  predominant ly  a p p l i e d  f o r  g r o o v i n g  of  
e x i s t i n g  runway s u r f a c e s  and r e p r e s e n t s  a  c o s t - e f f e c t i v e  a l t e r n a t i v e  t o  saw-cut g r o o v i n g  
t e c h n i q u e s ,  T t  h a s  been s u c c e s s f u l l y  a p p l i e d  on v a r i o u s  t y p e s  of runway s u r f a c e s  t o  
p r o v i d e  a d e q u a t e  grooving. The t e c h n i q u e  c a n  a l s o  e f f e c t i v e l y  be used f o r  o t h e r  pur- 
p o s e s ,  s u c h  as removal of r u b b e r  d e p o s i t s  i n  touchdown zone a r e a s  o r  f o r  t h e  r e s t o r a t i o n  
of  mic ro /macro tex tu re  of  a  degraded e x i s t i n g  runway s u r f a c e .  

5,3.5.2 The r e f l e x  p e r c u s s i v e  t e c h n i q u e  u s e s  s t a r s h a p e d  o r  pen tagona l  d i s k  
f l a i l s ,  The s p e c i f i c a t i o n  of  t h e  c r o s s  s e c t i o n  and s p a c i n g  of  t h e  grooves  w i l l  b e  
d i c t a t e d  p r i m a r i l y  by t h e  d r a i n a g e  requ i rements  de te rmined  f rom l o c a l  p r e c i p i t a t i o n  
c o n d i t i o n s  and t h e  s l o p e s  of  t h e  runway s u r f a c e .  For  cement c o n c r e t e  s u r f a c e s ,  t h e  
p i t c h  r a n g e s  normal ly  from 42 mm t o  48 mm and f o r  a s p h a l t  s u r f a c e s  from 42 mm t o  56 mm, 
r e s p e c t i v e l y .  For  e i t h e r  t y p e  of s u r f a c e ,  however, l o c a l  c o n d i t i o n s  may r e q u i r e  c l o s e r  
s p a c i n g s  between two c o n s e c u t i v e  grooves  t o  s a t i s f y  d r a i n a g e  demand, down t o  3 2  mm. On 
t h e  o t h e r  hand, h i g h e r  s p a c i n g s  a r e  o f t e n  used  a t  runway ends  where a i r c r a f t  l i n e  up,  i n  
o r d e r  t o  avoid high s t r e s s e s  on t h e  t r e a d s  of s c r u b b i n g  a i r c r a f t  t i r e s .  T y p i c a l  c r o s s  
s e c t t o n s  f o r  g roov ing  cement c o n c r e t e  and a s p h a l t  s u r f a c e s  a r e :  
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Figure 5-11. Reflex percussive technique - Asphalt  surface  

Figure 5-12. Porous Er iction course s u r f  ac ing  
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P o r t l a n d  cement W i d t h / d e ~ t h / ~ i t c h  10/3/27 mm, 
c o n c r e t e :  edges  and t r o u g h  rounded ( s e e  F i g u r e  5-10) 

Aspha l t  s u r f a c e :  Wid th /dep th /p i t ch  9/3/58 mm, 
edges  and t r o u g h  rounded ( s e e  F i g u r e  5-1 1) .  

5.3.5.3 The s u r f a c e  of t h e  P o r t l a n d  cement c o n c r e t e  o r  a s p h a l t  s u r f a c e  i s  t o  b e  
grooved p e r p e n d i c u l a r  t o  t h e  runway c e n t r e  l i n e  o r  p a r a l l e l  t o  non-perpend icu la r  t r a n s -  
v e r s e  j o i n t s ,  where a p p l i c a b l e ,  i n  con t inuous  u n i n t e r r u p t e d  l i n e s  t e r m i n a t i n g  a p p r o x i -  
mately  3  m b e f o r e  t h e  edge  of t h e  runway. On c o n c r e t e  runways, a  s t r i p  on b o t h  s i d e s  
a d j a c e n t  t o  e a c h  j o i n t  i s  t o  be  l e f t  ungrooved t o  p r e v e n t  weakening of t h e  i n d i v i d u a l  
s l a b  edges .  A f t e r  grooving,  d e b r i s  and a l l  Loose m a t e r i a l  a r e  t o  be  removed s a t i s f a c -  
t o r i l y .  

5.3.6 Porous  f r i c t i o n  c o u r s e  

5.3.6.1 The porous f r i c t i o n  c o u r s e  c o n s i s t s  of an open-graded, b i tu ininous s u r f a c e  
c o u r s e  composed of minera l  a g g r e g a t e  and bi tuminous m a t e r i a l ,  mixed i n  a  c e n t r a l  mixing 
p l a n t ,  and placed on a  prepared s u r f a c e  ( F i g u r e  5-12). This  f r i c t i o n  c o u r s e  i s  
d e l i b e r a t e l y  des igned  not o n l y  t o  improve t h e  s k i d - r e s i s t a n c e  but  t o  reduce a q u a p l a n i n g  
i n c i d e n c e  by p rov id ing  a  "honeycomb" m a t e r i a l  t o  e n s u r e  a qu ick  d r a i n a g e  of w a t e r  from 
t h e  pavement s u r f a c e  d i r e c t  t o  t h e  under ly ing  i inpervious a s p h a l t .  The porous  f r i c t i o n  
c o u r s e  is a b l e ,  because of i t s  p o r o s i t y  and d u r a b i l i t y ,  t o  m a i n t a i n  over  a  l o n g  per iod  a 
c o n s t a n t  and r e l a t i v e l y  h i g h  wet f r i c t i o n  v a l u e .  

5.3.6.2 L i m i t a t i o n s  of porous f r i c t i o n  course .  F r i c t i o n  c o u r s e s  of t h i s  k i n d  
shou ld  o n l y  be l a i d  on new runways of good shape ,  o r  on reshaped runways a p p r o a c h i n g  the  
c r i t e r i a  expected f o r  new runways. They must always be over  dense ly  graded imperv ious  
a s p h a l t  wearing c o u r s e s  of h i g h  s t a b i l i t y .  Both of t h e s e  requ i rements  a r e  n e c e s s a r y  t o  
e n s u r e  a  qu ick  flow of t h e  water below t h e  f r i c t l o n  c o u r s e  and over  t h e  i m p e r v i o u s  
a s p h a l t  t o  t h e  rcnway d r a i n a g e  channe l s .  

5.3.6.3 . The porous f r i c t i o n  course  i s  noc recommended a t  t h e  runway 
ends.  O i l  and f u e l  d ropp ings  would c l o g  the  i n t e r s t i c e s  and s o f t e n  t h e  bi tumen b i n d e r ,  
and jet eng ine  h e a t  would s o f t e n  t h e  m a t e r i a l  which b l a s t  would then  e rode .  E r o s i o n  
would tend to  be deeper  than  on a  normal dense a s p h a l t  and t h e  p o s s i b i l i t y  of e n g i n e  
damage th rough  i n g e s t i o n  of p a r t i c l e s  of runway m a t e r i a l  should no t  be d i s c o u n t e d .  
S c u f f i n g  might occur  i n  t u r n i n g  movements d u r i n g  t h e  f i r s t  few weeks a f t e r  l a y i n g ,  For 
t h e s e  r e a s o n s ,  i t  is  recommended t h a t  runway ends  be c o n s t r u c t e d  of brushed o r  grooved 
c o n c r e t e ,  o r  of a  dense a s p h a l t .  

5.3.6.4 Aggregate.  Tile a g g r e g a t e  c o n s i s t s  of crushed s t o n e ,  c rushed  g r a v e l ,  o r  
c rushed  s l a g  wi th  o r  wi thout  o t h e r  i n e r t  f i n e l y  d i v i d e d  minera l  a g g r e g a t e .  The aggre-  
g a t e  i s  composed of c l e a n ,  sound, tough, d u r a b l e  p a r t i c l e s ,  f r e e  from c l a y  b a l l s ,  
o r g a n i c  m a t t e r ,  and o t h e r  d e l e t e r i o u s  s u b s t a n c e s .  The t y p e  and g r a d e  of b i t u m i n o u s  
m a t e r i a l  is t o  be based on g e o g r a p h i c a l  l o c a t i o n  and c l i m a t i c  c o n d i t i o n s .  The maxim&n 
;nixing t empera tu re  and c o n t r o l l i n g  s p e c i f i c a t i o n  is  a l s o  t o  be s p e c i f i e d .  

5.3.6.5 Weather and s e a s o n a l  l i m i t a t i o n s .  Tne porous  f r i c t i o n  c o u r s e  i s  t o  b e  
c o n s t r u c t e d  on ly  on a d r y  s u r f a c e  when t h e  a t m o s p h e r i c  t e m p e r a t u r e  i s  10" C a n d  r i s i n g  
( a t  calm wind c o n d i t i o n s )  and when t h e  wea ther  i s  n o t  foggy o r  r a i n y .  

5.3.6.6 P r e p a r a t i o n  of e x i s t i n g  s u r f a c e s .  R e h a b i l i t a t i o n  of a n  e x i s t i n g  pavement 
f o r  t h e  placement  of  a  porous  f r i c t i o n  c o u r s e  i n c l u d e s :  c o n s t r u c t i o n  of b i t u m i n o u s  
o v e r l a y ,  j o f  n t  s e a l i n g ,  crack r e p a i r  , r e c o n s t r u c t i o n  of f a i l e d  pavemenc and c l e a n i n g  of 
g r e a s e ,  o i l ,  and f u e l  s p i l l s .  Immediately b e f o r e  p l a c i n g  t h e  porous  f r i c t i o n  c o u r s e ,  
t h e  u n d e r l y i n g  c o u r s e  i s  t o  be c l e a r e d  of a l l  l o o s e  o r  d e l e t e r i o u s  m a t e r i a l  w i t h  power 
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blowers ,  power brooms, o r  hand brooms as d i r e c t e d .  A t a c k  c o a t  i s  t o  be p l a c e d  on  t h o s e  
e x i s t i n g  s u r f a c e s  where a  t a c k  c o a t  i s  n e c e s s a r y  f o r  bonding t h e  porous  f r i c t i o n  c o u r s e  
t o  t h e  e x i s t i n g  s u r f a c e .  If e r m l s i f i e d  a s p h a l t  i s  used, placement of t h e  porous  
f r i c t i o n  c o u r s e  can be  a p p l i e d  immediate ly .  However, i f  cu tback  a s p h a l t  i s  u s e d ,  
placement of  porous  f r i c t i o n  c o u r s e  must b e  de layed  u n t i l  t h e  t a c k  c o a t  h a s  p r o p e r l y  
a i r e d .  

5.3.7.1 The e m u l s i f i e d  a s p h a l t  s l u r r y  s e a l  c o u r s e  c o n s i s t s  of a m i x t u r e  of e m u l s i -  
f i e d  a s p h a l t ,  m i n e r a l  a g g r e g a t e ,  and w a t e r ,  p r o p e r l y  p r o p o r t i o n e d ,  mixed, and s p r e a d  
even ly  on  a p r e p a r e d  u n d e r l y i n g  c o u r s e  of e x i s t i n g  wear ing  course .  The a g g r e g a t e  
c o n s i s t s  o f  sound and d u r a b l e  n a t u r a l  o r  manufactured sand ,  s l a g ,  c r u s h e r  f i n e s ,  c r u s h e d  
s t o n e ,  o r  c r u s h e d  s t o n e  and rock  d u s t ,  o r  a  combinat ion t h e r e o f .  The a g g r e g a t e  i s  t o  b e  
c l e a n  and  f r e e  f rom v e g e t a b l e  matter, d i r t ,  d u s t ,  and o t h e r  d e l e t e r i o u s  s u b s t a n c e s .  The 
a g g r e g a t e  i s  t o  have a  g r a d a t i o n  w i t h i n  t h e  l i m i t s  shown below. 

GKADATION OF AGGREGATES 

S i e v e  P e r c e n t a g e  by weigh t  p a s s i n g  s i e v e s  
S i z e  Type 1 Type 11 Type IT1 

- - - 
9.5 mm --- 100 100 
4.75 mm 100 90-100 70-90 
2.36 mm 90-100 65-90 45-70 
1.18 mm 65-90 45-70 28-50 
600 micro  m 40-60 30-50 19-34 
300 micro  m 25-42 18-30 12-25 
150 micro m 15-31) 10-21 7-1 8 
75 micro m 11)-211 5-15 5-15 
- --- 

R e s i d u a l  a s p h a l t  10-16 7.5-13.5 6.5-12 
con t e n t - p e r c e n t a g e  
dry a g g r e g a t e  

Kilograms of 3.2-5.4 5.4-8.1 8.1-10.8 
a g g r e g a t e  p e r  
s q u a r e  rnelre 

5.3.7.2 The Type I g r a d a t i o n  i s  u s e d  f o r  maximum c r a c k  p e n e t r a t i o n  and i s  u s u a l l y  
used  i l  low d e n s i t y  t r a f f i c  a r e a s  where t h e  p r i rmry  o b j e c t i v e  i s  s e a l i n g .  The Type 11 
g r a d a t i o n  i s  u s e d  t o  s ea l  and improve s k i d  r e s i s t a n c e .  The Type I11 g r a d a t i o n  i s  u s e d  
t o  c o r r e c t  s u r f a c e  c o n d i t i o n s  and p r o v i d e  s k i d  r e s i s t a n c e .  

5.3.7.3 f i t l e r a l  f i l l e r  is o n l y  used  i f  needed t o  improve t i le w o r k a b i l i t y  of t h e  
mix o r  t o  improve t h e  grrlciatian of t h e  aggrega te .  The f i l l e r  i s  c o n s i d e r e d  a s  p a r t  o f  
t h e  b lended  a g g r e g a t e .  

5.3.7.4 Tack coa t .  The t a c k  c o a t  i s  a  d i l u t e d  a s p h a l t  emuls ion of t h e  same t y p e  
s p e c i f i e d  f o r  t h e  s l u r r y  mix. The r a t i o  o f  aspha1.t enetlsiori t o  w a t e r  shou ld  be  1 t o  3 .  

5,3,7=5 Weather l imi t la t ior ls .  The s l u r r y  q e a l  i s  n o t  a p p l i e d  i f  e i t h e r  t h e  
paveaen t  o r  t h e  a i r  t e m p e r a t u r e  i s  1 j0 C o r  below o r   hen r a i n  i s  imminent. S l u r r y  
p l a c e d  a t  l o ~ e r  t e m p e r a t u r e s  u s u a l l y  w i l l  no t  c u r e  p r o p e r l y  due t o  poor  d e h y d r a t i o n  a n d  
poor  a s p h a l t  c o a l e s c e n c e ,  
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5,3.7.6 P r i o r  t o  p l a c i n g  t h e  t a c k  c o a t  and s l u r r y  s e a l  
c o a t ,  u n s a t i s f a c t o r y  a r e a s  a r e  t o  b e  r e p a i r e d  and t h e  s u r f a c e  c l e a n e d  of  d u s t ,  d i r t ,  o r  
o t h e r  l o o s e  f o r e i g n  m a t t e r ,  g r e a s e ,  o i l ,  o r  any  t y p e  of o b j e c t i o n a b l e  s u r f a c e  Fi lm.  Any 
s t a n d a r d  c l e a n i n g  method i s  a c c e p t a b l e  e x c e p t  t h a t  w a t e r  f l u s h i n g  i s  permitted i n  a r e a s  
u h e r e  c o n s i d e r a b l e  c r a c k s  a r e  p r e s e n t  i n  t h e  pavement s u r f a c e .  Any p a i n t e d  s t r i p e s  o r  
marking on t h e  s u r f a c e  t o  b e  t r e a t e d  a r e  t o  b e  removed b e f o r e  a p p l y i n g  t h e  t a c k  c o a t .  
When t h e  s u r f a c e  of  t h e  e x i s t i n g  pavement o r  b a s e  i s  i r r e g u l a r  o r  broken,  i t  must  be 
r e p a i r e d  o r  b rought  t o  u n i f o r m  g r a d e  and  c r o s s  s e c t i o n .  Cracks  w i d e r  t h a n  10 mm must be 
s e a l e d  w i t h  compat ib le  j o i n t  s e a l e r  p r i o r  t o  a p p l y i n g  t h e  s l u r r y  s e a l .  

5.3.7.7 Fo l lowing  t h e  p r e p a r a t i o n  f o r  
s e a l i n g ,  a p p l i c a t i o n  of t h e  d i l u t e d  emuls ion t a c k  c o a t  i s  done by means of a  p r e s s u r e  
d i s t r i b u t o r  i n  amounts between 0.23 t o  0.68 ~ / m ~ .  The t a c k  c o a t  is  t o  be a p p l i e d  a t  
l e a s t  two h o u r s  b e f o r e  t h e  s l u r r y  s e a l ,  b u t  w i t h i n  t h e  same day. 

5.3.7.8 The main i t e m s  of  d e s i g n  i n  e m u l s i f i e d  a s p h a l t  s l u r r y  s e a l s  a r e  a g g r e g a t e  
g r a d a t i o n ,  e m u l s i f i e d  a s p h a l t  c o n t e n t ,  and c o n s i s t e n c y  of t h e  mixture .  The a g g r e g a t e s ,  
e m u l s i f i e d  a s p h a l t ,  and w a t e r  s h o u l d  form a creamy-textured s l u r r y  t h a t ,  when s p r e a d ,  
w i l l  f l o w  i n  a  wave ahead  o f  t h e  s t r i k e - o f f  squeegee.  T h i s  w i l l .  a l l o w  t h e  s l u r r y  t o  
f l o w  down i n t o  t h e  c r a c k s  i n  t h e  pavement and f i l l  them b e f o r e  t h e  s t r i k e a f f  p a s s e s  
over .  The cured  s l u r r y  i s  t o  have  a homogeneous appearance ,  f i l l  a l l  c r a c k s ,  a d h e r e  
f i r m l y  t o  t h e  s u r f a c e ,  and have  s k i d  r e s i s t a n t  t e x t u r e .  
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6.1.1 S i n c e  petroleum-base f u e l s  and l u b r i c a n t s  c o n t a i n  s o l v e n t s  f o r  a s p h a l t ,  
t h e i r  s p i l l a g e  on a s p h a l t i c  pavements c r e a t e s  problems. S e v e r i t y  of  problems i s  r e l a t e d  
t o  t h e  d e g r e e  of exposure  t o  t h e  p e n e t r a t i n g  s o l v e n t s .  

6.1.2 The h i g h l y  v o l a t i l e  g a s o l i n e s  and h i g h  o c t a n e  f u e l s  of t h e  p a s t  have  been 
l e s s  of  a  problem s i n c e  t h e y  q u i c k l y  e v a p o r a t e d  when s p i l l a g e  o c c u r r e d  and s y s t e m s  u s i n g  
t h e s e  f u e l s  have p rov ided  good containment .  Massive and f r e q u e n t l y  r e p e a t e d  s p i l l a g e  
c a n  be a problem, of c o u r s e ,  s i n c e  s u c h  f u e l s  a r e  e x c e l l e n t  s o l v e n t s .  F u e l  s p i l l a g e  
s u r f a c e d  a s  a  p a r t i c u l a r  problem w i t h  t h e  adven t  of t u r b i n e  and j e t  eng ines .  The 
k e r o s e n e  and l i g h t  o i l  j e t  f u e l s  i n v o l v e d  d o  n o t  r e a d i l y  e v a p o r a t e  and e a r l y  e n g i n e  
s y s t e m s  r o u t i n e l y  s p i l l e d  q u a n t i t i e s  of f u e l  on  e n g i n e  shutdown. Hydrau l i c  f l u i d s  and 
l u b r i c a t i n g  o i l s ,  which e v a p o r a t e  o r  " c u r e  o u t "  even  less r a p i d l y  t h a n  j e t  f u e l s ,  c a n  
a l s o  c a u s e  o r  c o n t r i b u t e  t o  problems. 

6.1.3 S i n c e  t h e  s e v e r i t y  of a d v e r s e  e f f e c t s  of s p i l l a g e  on a s p h a l t  pavements  i s  
r e l a t e d  t o  exposure ,  concern  must be  f o r  t h e  number of t i m e s  s p i l l a g e  i s  r e p e a t e d  i n  one 
l o c a t i o n ,  t h e  l e n g t h  of t i m e  t h e  s p i l l e d  f u e l  o r  o i l  remains  on ( o r  i n )  t h e  pavement ,  
and  t h e  l o c a t i o n  and  e x t e n t  o f  s p i l l a g e  on t h e  pavement. It has  been found t h a t  a  
s i n g l e  s p i l l a g e  of j e t  f u e l ,  and  even s e v e r a l  s p i l l a g e s  i n  t h e  same l o c a t i o n  when t h e r e  
i s  t i m e  f o r  e v a p o r a t i o n  and  c u r i n g  between s p i l l a g e s ,  do n o t  normal ly  have a s i g n i f i c a n t  
a d v e r s e  e f f e c t  on t h e  pavement. However, some s t a i n i n g  and a  t e n d e r  pavement a r e  t o  be 
e x p e c t e d  d u r i n g  t h e  c u r i n g  p e r i o d .  

6.1.4 S p i l l a g e s  c a n  r e s u l t  from r o u t i n e  o p e r a t i o n s  s u c h  as e n g i n e  shut-down, 
f u e l  t a n k  sediment  d r a i n i n g ,  c o n s i s t e n t  u s e  of  s o l v e n t s  f o r  c l e a n i n g  of e n g i n e  o r  
h y d r a u l i c  sys tem e l e m e n t s ,  e t c .  More commonly s p i l l a g e  i s  t h e  r e s u l t  of f u e l  h a n d l i n g  
o p e r a t i o n s ,  of  s p i l l e d  o i l  o r  h y d r a u l i c  f l u i d ,  o r  accurmla ted  d r i p p i n g s  f rom e n g i n e  oF1 
l e a k a g e  o r  mishandl ing.  

6.1.5 Thus l o c a t i o n s  of concern  on pavements a r e  t h o s e  where a i r c r a f t  a r e  
r e g u l a r l y  f u e l l e d ,  parked,  o r  s e r v i c e d .  The broad a r e a s  of l a n d i n g  and t a x i i n g  opera-  
t i o n s  w i l l  no t  be of concern ,  s i n c e  even  s p i l l a g e s  a t t e n d a n t  t o  a i r c r a f t  a c c i d e n t s  w i l l  
be  minimized by clean-up and r e p r e s e n t  o n l y  a  s i n g l e  s p i l l a g e  which w i l l  c u r e  w i t h o u t  
permanent damage. Even f u e l  burned on t h e  a s p h a l t  s u r f a c e  w i l l  normal ly  o n l y  l e a v e  a  
s u r f  a c e  s c a r  of no s t r u c t u r a l  s i g n i f i c a n c e .  

6.1.6 I n  a r e a s  where s p i l l a g e  o c c u r s  r e p e a t e d l y  o r  s p i l l e d  f u e l  o r  o i l  r emains  
f o r  l o n g  p e r i o d s  on  t h e  pavement t h e  s o l v e n t  a c t i o n  s o f t e n s  t h e  a s p h a l t  and r e d u c e s  
a d h e s i o n  t o  t h e  s u r f a c e  a g g r e g a t e .  While h e a t  f rom t h e  s u n  o r  warm a i r  c o n d i t i o n s  h e l p  
e v a p o r a t e  s o l v e n t s  and re-cure  t h e  a s p h a l t ,  t h e  e l e v a t e d  t e m p e r a t u r e s  c o n t r i b u t e  t o  t h e  
a s p h a l t  s o f t e n i n g .  The r e s u l t  of t h e  s p i l l a g e ,  a g g r a v a t e d  by h e a t ,  can  be s h o v i n g  of  
t h e  a s p h a l t  mix, t i r e  t r e a d  p r i n t i n g ,  t r a c k i n g  of  a s p h a l t  t o  a d j a c e n t  a r e a s  o r  produc- 
t i o n  of l o o s e  m a t e r i a l ,  and pavement a b r a s i o n  a l s o  producing l o o s e  m a t e r i a l  o n  t h e  
pavement s u r f a c e .  I n  maintenance and  work a r e a s  a s p h a l t  and g r i t  p i c k e d  up  by t o o l s ,  
s h o e s ,  and c l o t h i n g  can  be  t r a n s f e r r e d  t o  mechanical  sys tems.  
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6.1.7 The s u r f a c e  t e x t u r e  and c o n d i t i o n  of pavements have a b e a r i n g  on  t h e  
s e v e r i t y  of  t h e  problem. Open o r  porous  pavements w i l l  be  more r e a d i l y  p e n e t r a t e d  b y  
f u e l  o r  o i l  a n d  w i l l  s low t h e  e v a p o r a t i o n  and  re -cure  p r o c e s s .  It h a s  been found  t h a t  
r u b b e r  t i r e  t r a f f i c ,  whether  f rom r o l l i n g  o r  t r a f f i c  t e n d s  t o  c l o s e  t h e  s u r f a c e  a n d  
r e t a r d  f u e l  p e n e t r a t i o n .  Cracks  and  j o i n t s ,  n o t  w e l l  s e a l e d ,  a r e  a  p a r t i c u l a r  s o u r c e  o f  
t r o u b l e .  These p r o v i d e  a c c e s s  f o r  f u e l  t o  d e e p e r  zones  w i t h i n  t h e  pavement, p r o v i d e  
g r e a t e r  s u r f a c e  a r e a s  f o r  f u e l  i n t a k e ,  and  r e t a i n  f u e l  much l o n g e r  t h e r e b y  r e t a r d i n g  
e v a p o r a t i o n  and  c u r e .  Low a r e a s  which w i l l  r e t a i n  o r  pond f l u i d s ,  whether  a d j a c e n t  t o  
c r a c k s  o r  j o i n t s  o r  i n  c e n t r a l  a r e a s  of  pavement, w i l l  p r o l o n g  exposure  t o  s p i l l e d  
f u e l .  

6.2.1 The b e s t  t r e a t m e n t  i s  avo idance  of s p i l l a g e  and t h i s  may be  p o s s i b l e  i n  
many c a s e s  of o p e r a t i o n a l  s p i l l a g e  and  SOUP. a c c i d e n t a l  s p i l l a g e .  F u e l  t a n k  s e d i m e n t  
d r a i n a g e  c a n  be  caught  and need n o t  be  a l lowed  on  t h e  pavement. Drip  pans c a n  be u s e d  
f o r  o i l  d r i p  l o c a t i o n s  and f o r  b l e e d i n g  o r  s e r v i c i n g  of  h y d r a u l i c  systems.  T r a y s  may be  
p r a c t i c a l  t o  c a t c h  e n g i n e  s h u t d o w n  s p i l l a g e  o r  s m a l l  q u a n t i t i e s  of r e f u e l l i n g  
s p i l l a g e .  

6.2.2 Removal of  t h e  s p i l l e d  f u e l  o r  o i l  and r e d u c t i o n  of exposure  th rough  c l e a n  
up  i s  t h e  n e x t  a s p e c t  of t r e a t m e n t .  S p i l l e d  f u e l  o r  o i l  c a n  be f l u s h e d  o f f  t h e  pavement 
w i t h  wa te r .  Addi t ion  of d e t e r g e n t s  assists t h e  p r o c e s s  of s e p a r a t i n g  t h e  f u e l  and  
e s p e c i a l l y  o i l  froin t h e  a s p h a l t  pavement. While t h i s  h a s  been a common t r e a t m e n t  t h e r e  
a r e  b e g i n n i n g  t o  be env i ronmenta l  compla in t s  f rom e f f e c t s  of t h e  r u n - o f f .  A  vacuuming 
p r o c e s s ,  w i t h  s u i t a b l e  equipment ,  c a n  be  u s e d  t o  remove s p i l l e d  f u e l  and some f u e l  
r ecovery  i s  p o s s i b l e .  Absorbent materials c a n  a l s o  be used  f o r  f u e l  and o i l  p i c k u p  w i t h  
s u i t a b l e  a r rangement  f o r  d i s p o s a l .  R o l l s ,  pads ,  and g r a n u l a r  m a t e r i a l s  a r e  a l l  u s e d  and  
i n  some c a s e s  w r i n g e r s  a r e  used  f o r  f u e l  r ecovery .  There  i s  a n o t h e r  a s p e c t  of a b s o r p -  
t i o n  by g r a n u l a r  m a t e r i a l s  i n  s p i l l a g e  a r e a s  t o  c o n s i d e r .  Accumulations of  d u s t  a n d  
sand ,  e i t h e r  blown o r  man p l a c e d ,  w i l l  a b s o r b  s m a l l  s p i l l a g e s ,  o i l  d r i p p i n g s ,  e t c . ,  a n d  
form a  mat which c o n t a i n s  t h e  s p i l l e d  material and  r e d u c e s  i t s  a v a i l a b i l i t y  f o r  s o i l i n g  
of  p e r s o n n e l  and equipment.  While t h i s  t e m p o r a r i l y  f a c i l i t a t e s  movement of p e r s o n n e l  i t  
c a n  g r e a t l y  i n c r e a s e  exposure  o f  t h e  pavement t o  e f f e c t s  of t h e  f u e l  and  o i l .  

6.2.3 S i n c e  problems a r e  a g g r a v a t e d  by r e p e a t e d  exposure  t o  s p i l l a g e ,  i t  i s  
sometimes p o s s i b l e  t o  r e l o c a t e  a i r c r a f t  pa rk ing ,  f u e l l i n g ,  o r  s e r v i c i n g  p o s i t i o n s  t o  
a m e l i o r a t e  t h e  d e t e r i o r a t i o n .  

6.2.4 S p i l l a g e  problems canno t  deve lop  i f  s p i l l e d  f u e l  o r  o i l  i s  n o t  a l l o w e d  t o  
come i n  c o n t a c t  w i t h  t h e  a s p h a l t  pavement. P r o t e c t i v e  c o a t i n g s  have a c c o r d i n g l y  b e e n  
developed t o  p r o v i d e  a  b a r r i e r  between t h e  f u e l  o r  o i l  and t h e  pavement, which i s  t h e n  
n o t  a f f e c t e d  by t h e  s p i l l e d  f u e l  o r  o i l .  

6.3.1 P r o t e c t i v e  c o a t i n g  m a t e r i a l s  a r e  g e n e r a l l y  l i q u i d s ,  some h e a t e d  t o  become 
l i q u i d ,  which  when s p r e a d  o n  t h e  pavement c u r e  o r  s e t  t o  become a  p r o t e c t i v e  c o a t i n g .  
These a r e  commonly r e f e r r e d  t o  as s e a l  c o a t s  when common s p r a y  a p p l i c a t i o n  and b i t u m i -  
nous m a t e r i a l s  a r e  involved.  Most of t h e  l i q u i d  materials can  be a p p l i e d  i n  any o f  
s e v e r a l  ways i n c l u d i n g  s p r a y i n g  u s i n g  hand s p r a y s  o r  a s p h a l t  d i s t r i b u t o r  equipment ,  
pour ing  on t h e  s u r f a c e  and s p r e a d i n g  u s i n g  s q u e e z e s ,  r o l l i n g  o n t o  t h e  s u r f a c e  w i t h  p a i n t  
r o l l e r s ,  and a p p l i c a t i o n  o r  s p r e a d i n g  u s i n g  b rushes .  S i n g l e  and m u l t i p l e  a p p l i c a t i o n s  
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a r e  v a r i o u s l y  employed, and f i n e  a g g r e g a t e  may be  s p r e a d  and embedded i n  t h e  c o a t i n g  
b e f o r e  s e t t i n g  o r  c u r i n g  t o  improve wear o r  s k i d  r e s i s t a n c e .  

6.3.2 Coat ing  m a t e r i a l s  i n  emuls ion form c a n  be ex tended  and premixed w i t h  f i n e  
a g g r e g a t e  t o  fo rm a  s l u r r y  and  a p p l i e d  as a  s l u r r y  seal.* S i n g l e  o r  m u l t i p l e  a p p l i c a -  
t i o n s  c a n  be used  h e r e  a l s o .  Two l a y e r  a p p l i c a t i o n s  are common. 

6.3.3 Thin o v e r l a y s  of  m a t e r i a l s  n o t  a f f e c t e d  by s p i l l a g e  can be a p p l i e d  t o  
p r o t e c t  a s p h a l t  pavements. C o n v e ~ l t i o n a l  c o n s t r u c t i o n  methods a r e  a p p l i c a b l e  u n l e s s  some 
very  unconven t iona l  m a t e r i a l s  a r e  employed. 

6.4.1 Coa l - t a r  p i t c h  i s  o n l y  s l i g h t l y  s o l u b l e  t o  i n s o l u b l e  i n  t h e  l i g h t  p e t r o -  
leum f r a c t i o n s  ( n a p t h a s )  which a r e  s o l v e n t s  f o r  a s p h a l t s  and c a n  be employed, i n  much 
t h e  same way as is  a s p h a l t ,  i n  pavement a p p l i c a t i o n s .  Also,  i n  many p l a c e s ,  depend ing  
upon r e l a t i v e  a v a i l a b i l i t y  and  economic c i rcumstances ,  t a r  h a s  been c o s t  c o m p e t i t i v e  
w i t h  a s p h a l t  f o r  s p r a y  a p p l i c a t i o n s  and a s  a b i n d e r  f o r  pavements. Thus c o a l - t a r  p i t c h  
i s  u s e d  as a p r o t e c t i v e  sea le r**and  i s  t h e  b a s i c  i n g r e d i e n t  i n  v a r i o u s  commercia l ly  
o f f e r e d  s e a l e r s  f o r  p r o t e c t i v e  c o a t i n g  a p p l i c a t i o n s .  

6.4.2 Because t a r  i s  more t e m p e r a t u r e  s e n s i t i v e  t h a n  a s p h a l t ,  means o f  a d j u s t i n g  
t h e  t e m p e r a t u r e  r e s p o n s e  t o  one s i m i l a r  t o  a s p h a l t  were s t u d i e d .  It was f o u n d  t h a t  
a d d i t i o n  of  l a t e x  r u b b e r  would accompl i sh  t h i s  purpose  and  i t  was s u b s e q u e n t l y  found 
t h a t  t h e  r u b b e r i z e d  t a r  (commonly c a l l e d  t a r r u b b e r )  gave a  somewhat b e t t e r  pe r fo rmance  
t h a n  unmodif ied t a r .  For  t h e s e  r e a s o n s  t h e  most f avoured  and some of t h e  b e s t  perform- 
i n g  p r o t e c t i v e  c o a t i n g s  a r e  r u b b e r i z e d  c o a l - t a r  p i t c h  emuls ions .  The Uni ted S t a t e s  FAA 
E n g i n e e r i n g  Br ie f  No. 22, "Asphal t  Rubber and Rubber ized Coal Tar P i t c h  Emuls ion , "  
p r e s e n t s  comments and  a g u i d e  s p e c i f i c a t i o n  f o r  "Rubberized Coa l  Tar  P i t c h  Emuls ion S e a l  
Coat (For  Bituminous Pavements)" which i s  r e p r e s e n t a t i v e  of m a t e r i a l  q u a n t i t i e s  and 
c h a r a c t e r i s t i c s  as w e l l  as a p p l i c a t i o n  methods which app ly .  I n  t h e  Uni ted S t a t e s  t h e  
r u b b e r i z e d  c o a l  t a r  p i t c h  emuls ion  c o s t s  two t o  t h r e e  times a s  much a s  a s p h a l t  
emuls ion .  

6.4.3 S e a l i n g  m a t e r i a l s  a r e  o f f e r e d  which employ e p o x i e s  and polymers o f  v a r i o u s  
t y p e s  e i t h e r  a l c n e  o r  i n  a  b i t m i n o u s  base ,  which c a n  be t a r  o r  a s p h a l t .  Whfie  t h e s e  
have  a t t r i b u t e s  which s h o u l d  make them e f f e c t i v e ,  e x p e r i e n c e  w i t h  t h e i r  a p p l i c a t i o n  i n  
t h e  f i e l d  i s  l i m i t e d .  T h e r e f o r e  t r i a l  t e s t  a p p l i c a t i o n s  a r e  recommended t o  h e l p  a s s e s s  
e f f e c t i v e n e s s  b e f o r e  broad a p p l i c a t i o n s  a r e  under taken .  These m a t e r i a l s  r a n g e  i n  p r i c e  
i n  t h e  Uni ted  S t a t e s  up  t o  20 t i m e s  t h a t  of l i q u i d  a s p h a l t s .  

6.4.4 Tar-rubber  b i n d e r  m a t e r i a l s  and,  i n  a t  l e a s t  one i n s t a n c e ,  e p o x y a s p h a l t  
b i n d e r  of  a  t y p e  u s e d  f o r  b r i d g e  deck p r o t e c t i o n ,  have been p l a c e d  a s  o v e r l a y s  o f  
a s p h a l t  pavements t o  p r o v i d e  p r o t e c t i o n  f rom f u e l  s p i l l a g e  a l o n g  w i t h  s t r u c t u r a l  
upgrading.  These a r e  e f f e c t i v e  s o  l o n g  a s  c r a c k i n g  c a n  be c o n t r o l l e d  ( p r e v e n t e d  o r  
c r a c k s  k e p t  s e a l e d ) .  Cost of  t h e  t a r - r u b b e r  b i n d e r  is perhaps  t w i c e  t h e  c o s t  o f  a s p h a l t  

* ASTM D-391'3 S t a n d a r d  P r a c t i c e  of Design, T e s t i n g ,  and C o n s t r u c t i o n  of S l u r r y  
Seal .  

** ASTM D-3423 S t a n d a r d  P r a c t i c e  f o r  A p p l i c a t i o n  of  E m u l s i f i e d  Coal-Tar P i t c h  
(Minera l  C o l l o i d  Type). 
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mix whi le  t h e  epoxy-asphalt may run  t o  f i v e  t imes t h e  c o s t  of a s p h a l t  mix bu t  can b e  
placed a s  a very t h i n  ( 2 0  mm) over lay .  

6.5.1 Surfaces  t o  r e c e i v e  p r o t e c t i v e  coa t ings  must be thoroughly cleaned.  Any 
s u r f a c e  f i l m s  of o i l  need t o  be c a r e f u l l y  removed. Areas of pavement which have become 
a f f e c t e d  by p r i o r  f u e l  s p i l l a g e  and any badly cracked a r e a s  must be removed and r e p l a c e d  
wi th  sound pavement and t h e s e  pa t ches  should be thoroughly cured (2  t o  4 weeks) p r i o r  t o  
t h e  s e a l i n g .  A l l  but very narrow cracks  must be c leaned  and f i l l e d  wi th  c rack  f i l l e r .  

6.5.2 Methods of a p p l i c a t i o n  should fo l low s t anda rd  p r a c t i c e  as recommended by 
a i r f i e l d  o r  highway a u t h o r i t i e s ,  t r a d e  a s s o c i a t i o n s ,  o r  t h e  product  manufacturer.  S e a l  
coa t  guidance can be found i n  ASTM D-3423 o r  t h e  United S t a t e s  FAA Engineering Br ie f  NO. 
2 2 ,  Appendix B. S lu r ry  s e a l  guidance w i l l  be found i n  ASTM D-3410. 

6.5.3 Commonly, s i n g l e  a p p l i c a t i o n s  of s e a l  o r  s l u r r y  s e a l  a r e  such a s  t o  
provide 0.3 t o  0.5 kg/m2 of r e s i d u a l  bitumen. Two and even t h r e e  a p p l i c a t i o n s  a r e  
usua l .  Sur faces  should be moist bu t  not wet f o r  emulsion a p p l i c a t i o n s  and tempera tures  
should be favourable  both f o r  a p p l i c a t i o n  and subsequent cu re  - 10°C t o  27'C i s  d e s i r -  
ab le .  A lower l i m i t  i s  7°C and favourable  temperatures  should cont inue  a t  l e a s t  4 hour s  
a f t e r  placement. Epoxy and polymeric  s e a l s  should be app l i ed  and cured a s  recommended 
f o r  t h e  i n d i v i d u a l  ma te r i a l ,  but  commonly a p p l i c a t i o n  r a t e s  a r e  0.3 t o  0.4 kg/m2. 

6.6 P r o t e c t i o n  gained 

6.6.1 Durab i l i t y  and wear can vary with t h e  m a t e r i a l s  and a p p l i c a t i o n s ,  t h e  
s u r f a c e  c l e a n i n g  and p repa ra t ion ,  maintenance of t h e  p r o t e c t i v e  coa t ing ,  and of c o u r s e  
exposure t o  s p i l l a g e  and t r a f f i c .  Tes t ing  and exper ience  have shown t h a t  good c o a t i n g s ,  
w e l l  a p p l i e d  t o  c l ean  we l l  prepared su r f aces  and proper ly  maintained, w i l l  provide 
s a t i s f a c t o r y  p r o t e c t i o n  i n  most ca se s .  I n  a r e a s  of very s eve re  exposure, a s  a t  c e n t r a l  
f u e l l i n g  p o i n t s ,  no p r o t e c t i v e  coa t ings  have been found t o  be e n t i r e l y  s a t i s f a c t o r y .  

6.6.2 I n  o t h e r  than  t h e  most s eve re  s p i l l a g e  l o c a t i o n s  u n s a t i s f a c t o r y  behaviour  
can be exper ienced  when elements  of good p r a c t i c e  a r e  ignored. Some m a t e r i a l  f o rnu la -  
t i o n s  and a p p l i c a t i o n  methods, e i t h e r  i n d i v i d u a l l y  o r  i n  conce r t ,  can r e s u l t  i n  imper- 
f e c t  coverage by t h e  s e a l  coat ing.  Bubbles can e x i s t  a t  a p p l i c a t i o n  (sometimes c a l l e d  
f i s h  e y e s )  and l eave  ho le s  i n  t h e  coa t ing  o r  bubbles can form beneath a  coa t ing  a f t e r  
cu re  and on breaking l eave  h o l e s ,  and coa t ings  can s h r i n k  and crack.  Improper s u r f a c e  
c leaning  can r e s u l t  i n  a  poor bond and pee l ing  of t h e  coa t ing .  And cracks  i n  t h e  c o a t e d  
pavement w i l l  t e n d  t o  come through t h e  p r o t e c t i v e  s u r f a c e  coat ing.  

6.6.3 When f u e l  can g a i n  access  through ho le s  o r  c racks  i n  t h e  s e a l  c o a t ,  
through pee led  a r e a s ,  o r  through cracks  r e f l e c t e d  from t h e  lower pavement, o r  when f u e l  
s a t u r a t e d  pavement has not  been removed and i s  covered by t h e  s e a l  coa t ,  cond i t i ons  a r e  
worsened r a t h e r  than  improved by t h e  s e a l  s i n c e ,  i n  a d d i t i o n  t o  not  prevent ing  a c c e s s  of 
t h e  s p i l l e d  f u e l  o r  o i l  t o  t h e  a s p h a l t ,  t h e  s e a l  coa t  g r e a t l y  i n h i b i t s  t h e  evapora t ion  
and cure-out of t h e  s p i l l a g e .  

6.6.4 Overlays of tar-rubber  b inder  g ive  s p i l l a g e  p r o t e c t i o n  and a r e  no t  s u b j e c t  
t o  bubble h o l e s ,  pee l ing ,  o r  wear through. Tar-rubber over lays  a r e  s u b j e c t  t o  s h r i n k -  
age,  c racking  and t o  crack r e f l e c t i o n  from under ly ing  pavements. They must be p r o p e r l y  
compacted s i n c e  pavements having voids  of a s  much a s  6 per  cen t  w i l l  be porous enough t o  
permit p e n e t r a t i o n  of j e t  f u e l .  
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6,7 Maintenance cons ide ra t i on  

6.7.1 Maintenance inc ludes  c l e a n v p  of s p i l l s  a s  d i scussed  e a r l i e r  unde r  
'k rea tment  of t h e  problem". Ponding mst be prevented t o  avoid extending exposure  from 
s p i l l a g e .  Other maintenance i s  concerned wi th  main ta in ing  i n t e g r i t y  of t h e  p r o t e c t i v e  
coat ing.  Cracks must be k e p t  s e a l e d  w i t h  a  f u e l  r e s i s t a n t  s e a l e r .  Retreatment  must be 
employed when d e t e r i o r a t i o n ,  wear through, o r  pee l ing  l eads  t o  openings i n  t h e  coa t ing .  
Accidenta l  s c a r s  must be closed.  If  a s p h a l t  pa tch ing  i s  requi red  then  t h e  s u r f a c e ,  
a f t e r  s u i t a b l e  cure ,  needs t o  be coa ted  a g a i n s t  s p i l l a g e  e f f e c t s .  

6.8 Some r e l a t e d  concerns 

6.8.1 Some s e a l  c o a t s  provide reduced s k i d  r e s i s t a n c e ,  and while  f u e l  r e s i s t a n t  
coa t ings  a r e  not  commonly employed on aerodromes i n  a r e a s  of s eve re  sk idding  p o t e n t i a l ,  
t h e  problem, should i t  i n t r u d e ,  can be t r e a t e d  through embedment of sand s i z e  agg rega t e  
i n  t h e  s e a l  coa t  before  f i n a l  cure. 

6.8.2 As  e a r l i e r  mentioned t h e r e  is  developing concern f o r  t h e  f l u s h i n g  of  
s p i l l e d  f u e l  and o i l ,  and of chemicals employed t o  a s s i s t  t h e  removal of o i l s ,  i n t o  
ad j acen t  d ra in s .  Catchments and acceptable  d i s p o s a l  p r a c t i c e s  may be r equ i r ed .  

6.8.3 S p i l l e d  f u e l  which f i n d s  i t s  way i n t o  subsur face  d r a i n s  and c u l v e r t s  can 
be a  s a f e t y  hazard. Such s p i l l a g e  can develop explos ive  f u e l - a i r  mixtures i n  t h e  
confined d r a i n s  and a spa rk  i g n i t i o n  w i l l  r e s u l t  i n  an  explosion.  The r i s k  t o  l i f e  and 
p rope r ty  can be r e a l  and consequential .  

6.8.4 There can be a  q u e s t i o n  a s  t o  t h e  d e s i r a b i l i t y  of r o l l i n g  s e a l  c o a t s .  
R o l l i n g  can  improve f i l m  adhesion,  and, a s  e a r l i e r  mentioned, c l o s e  s u r f a c e  p o r e s  and 
reduce f u e l  pene t ra t ion .  General ly,  t h e r e f o r e ,  r o l l i n g  of bituminous s e a l s  u s i n g  f l a t  
(no t r e a d )  rubber  t i r e  r o l l e r s  should  be b e n e f i c i a l ,  but whether t h e  r e s u l t i n g  improve- 
ment warran ts  t h e  r o l l i n g  e f f o r t  has no t  been e s t ab l i shed .  S t e e l  wheel r o l l i n g  would 
not be of b e n e f i t  and may damage t h e  coat ing.  Any r o l l i n g  of polymeric s e a l s  might be 
undes i r ab l e ,  and s u p p l i e r  recommendations should be followed. 



CHAPTER 7 .  - S T R U C T U R A L  CONCERNS FOR C U L V E R T S  AND B R I D G E S  

7.1.1 Subsurface s t r u c t u r e s  f o r  dra inage  o r  acces s  must commonly be c ros sed  by 
pavements which suppor t  a i r c r a f t .  Such f a c i l i t i e s  a r e  s u b j e c t  t o  t h e  added l o a d i n g  
imposed by t h e  a i r c r a f t  sometimes d i r e c t l y  a s  i n  t h e  case  of br idges ,  subsur face  
t e rmina l  f a c i l i t i e s ,  and t h e  l i k e ,  bu t  more o f t e n  i n d i r e c t l y  a s  loading  t r a n s m i t t e d  t o  
buried p ipes  and c u l v e r t s  through t h e  s o i l  l a y e r  beneath t h e  pavement. 

7.1.2 These subsur face  s t r u c t u r e s  must be considered i n  connexion wi th  e v a l u a -  
t i o n  of pavement s t r eng th .  The p a t t e r n s  of s t r e s s e s  induced by s u r f a c e  wheel l o a d s  as 
they a r e  t r ansmi t t ed  downward a r e  not  t h e  same on t h e  subsur face  s t r u c t u r e s  a s  on the 
subgrade. This  i s  no t  only because t h e s e  s t r u c t u r e s  a r e  not  a t  subgrade l e v e l  bu t  a l s o  
because t h e  presence of t h e  s t r u c t u r e  d i s t o r t s  t h e  pa t t e rns .  Thus t h e  c o n s i d e r a t i o n s  
which permit  u se  of t h e  ACN-PCN method t o  l i m i t  pavement overloading a r e  n o t  n e c e s s a r i l y  
adequate t o  p r o t e c t  subsur face  s t r u c t u r e s .  I n  some cases  t h e  subsur face  s t r u c t u r e  c a n  
be t h e  c r i t i c a l  o r  l i m i t i n g  element thereby n e c e s s i t a t i n g  t h e  r e p o r t i n g  of a  lower PCN 
f o r  t h e  pavement. 

7.1.3 I n  t h e  des ign  of new f a c i l i t i e s  c a r e  must be g iven  t o  t h e  s t r u c t u r a l  
adequacy of p ipes ,  c u l v e r t s ,  and bridged c ros s ings ,  no t  only f o r  t h e  contemplated d e s i g n  
loadings but  f o r  p o s s i b l e  f u t u r e  loadings  t o  avoid  a  need f o r  very c o s t l y  c o r r e c t i v e  
t rea tments  made necessary by a  growth i n  a i r c r a f t  loadings.  

7.2.1 Probably t h e  most common and l e a s t  apparent  bur ied  s t r u c t u r e s  a t  a e ro -  
dromes a r e  p ipes  f a c i l i t a t i n g  d ra inage  of s u r f a c e  o r  subsur face  water.  These can r a n g e  
i n  d iameter  from 100 mm t o  4 o r  5  m and i n  cover depth  from 300 mm t o  50 m and more i n  
t h e  ca se  of h igh  embankments, and they  can be q u i t e  s t i f f  i n  r e l a t i o n  t o  t h e  su r round ing  
s o i l  ( rFg id  p i p e )  o r  q u i t e  e a s i l y  deformed by v e r t i c a l  loading  ( f l e x i b l e  p ipe ) .  The 
most common r i g i d  p ipe  i s  made of r e in fo rced  cement conc re t e  but  t h e r e  a r e  a l s o  p i p e s  
made of p l a i n  cement concre te  o r  clay.  The L a t t e r  p ipes  a r e  of neces s i t y  sma l l e r  i n  
diameter.  The most common f l e x i b l e  p ipe  i s  of cor rugated  s t e e l  bu t  t h e r e  a r e  a l s o  
cor rugated  aluminium p ipes ,  s e v e r a l  types  of p l a s t i c  p ipes ,  bi tuminized f i b r e  p i p e s  and  
o the r s .  P ipe  i n s t a l l a t i o n s  a r e  designed t ak ing  i n t o  account such f a c t o r s  a s  t h e  p i p e  
type,  t h e  bedding, b a c k f i l l ,  i n s t a l l a t i o n  m a t e r i a l s  and cond i t i ons ,  t h e  embankment d e p t h  
and t h e  l oad  imposed by i t ,  and s u r f a c e  l i v e  loads  t o  be sus ta ined .  

7.2.2 Box c u l v e r t s  which a r e  e i t h e r  square  o r  r ec t angu la r  i n  shape a r e  commonly 
used f o r  s t r eam c ros s ings  beneath pavements. They a r e  designed f o r  t h e  hyd rau l i c  f l o w  
and t h e  loads  t o  be supported.  They a r e  u sua l ly  of c a s t  in situ r e in fo rced  cement 
concrete .  Span between s i d e  w a l l s  can vary from about  1  t o  5 m. Smaller box d r a i n s  a r e  
o f t e n  used  i n  wide apron a r e a s  d i r e c t l y  beneath pavements a s  s u r f a c e  flow c o l l e c t o r s .  

7.2.3 Arches of s t r u c t u r a l  metal  p l a t e s ,  of t h e  type  used f o r  cons t ruc t ing  l a r g e  
diameter  p ipes  a r e  sometimes used i n  preference  t o  s h o r t  b r idges  t o  span s t ream o r  pave- 
ment c ros s ings .  I n  such ca ses ,  s o i l  i s  placed bes ide  and above t h e  a r c h  up t o  subgrade  
l e v e l  and t h e  pavement cons t ruc t ed  thereon. In r a r e  ca se s  tunnels  may pass  benea th  
aerodrome pavements. 
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7.2.4 Bridges a r e  used i n  a  number of cases  f o r  highways t o  pass  benea th  t ax i -  
ways and runways and, i n c r e a s i n g l y ,  subsur face  t e rmina l  f a c i l i t i e s  a r e  p laced  beneath 
aprons and taxiways. These a r e  designed t o  suppor t  t h e  u s ing  a i r c r a f t  and s t r u c t u r e  
dead loads.  Also runway ex t ens ions  over wa te r  a r e  sometimes placed on b r idges  supported 
on p i l e s  and t h e s e  must be designed t o  accommodate a i r c r a f t  loads i n  a d d i t i o n  t o  t h e i r  
dead weight. 

7.3.1 The d i scus s ion  i n  Chapter 3, 3.2.4, on A i r c r a f t  Loading i s  p e r t i n e n t  t o  
concepts  of d i s t r i b u t i o n  of s t r e s s e s  from s u r f a c e  loads w i t h i n  embankments benea th  pave- 
ments. High s t r e s s  s u r f a c e  loads  a r e  d i s t r i b u t e d  by t h e  pavement s t r u c t u r e  a n d  a s  t h e  
l oads  extend downward they  a r e  f u r t h e r  d i s t r i b u t e d  over  wider a r e a s  w i th  consequent  
r educ t ion  i n  s t r e s s  magnitudes. A s  t h e  p a t t e r n  of s t r e s s  goes deeper  and ex t ends  over 
wider  a r e a s ,  t h e  e f f e c t s  of ad j acen t  wheels over lap  l ead ing  t o  doubling o r  e v e n  g r e a t e r  
mu l t i p ly ing  of t h e  s t r e s s  induced by one wheel. The deeper  t h e  p a t t e r n  e x t e n d s ,  t h e  
f a r t h e r  a p a r t  i n d i v i d u a l  wheels can be and s t i l l  have i n t e r a c t i n g  e f f e c t s .  These  a r e  
t h e  p a t t e r n s  of s t r e s s e s  in t roduced  by t h e  l i v e  loads ( a i r c r a f t )  i n t o  t h e  ground beneath 
pavements, and a long  wi th  t h e  mass of t h e  s o i l  and pavement, r ep re sen t  t h e  magnitudes of 
s t r e s s e s  o r  loading  de l ive red  t o  bur ied  s t r u c t u r e s .  

7.3.2 The presence of a  bur ied  s t r u c t u r e  (which does not  a c t  i n  t h e  same manner 
a s  t h e  s o i l  i t  d i sp l aces )  has a  s i g n i f i c a n t  impact on t h e  p a t t e r n  of l i v e  and dead load  
s t r e s s e s  (ambient s t r e s s e s )  induced by t h e  s u r f a c e  loads ,  pavement and b a c k f i l l  
mater ia l .  A concre te  p ipe ,  f o r  i n s t ance ,  i s  much s t i f f e r  i n  t h e  v e r t i c a l  d i r e c t i o n  than 
is  t h e  ad j acen t  s o i l .  Thus compression ( v e r t i c a l  de f l ex ion )  of t h e  s o i l  under  a i r c r a f t  
loading  r e s u l t s  i n  a  r e l a t i v e  upward t h r u s t  of t h e  r i g i d  p ipe  i n t o  t h e  s o i l  w i t h  a  con- 
sequent  accumulation of g r e a t e r  than  ambient s t r e s s  and loading.  This i s  why some deep- 
l y  bu r i ed  r i g i d  p ipes  a r e  p ro t ec t ed  by s o f t  (ba led  s t raw,  l oose  s o i l ,  e t c . )  zones  above 
t h e  pipe.  I n  such ca ses ,  t h e  v e r t i c a l  s t i f f n e s s  of t h e  p ipe  and s o f t  zone is l e s s  than 
t h e  s t i f f n e s s  of s o i l  bes ide  t h e  p ipe  and s t r e s s e s  a r e  accumulated more by t h e  ad j acen t  
s o i l .  This  i s  a l s o  why t h e  cha rac t e r  and cond i t i on  of bedding and b a c k f i l l  are very 
important .  

7.3.3 Box c u l v e r t s  accumulate s t r e s s e s  i n  t h e  same way a s  r i g i d  p ipes  b u t  t h e  
impact on t h e  s t r u c t u r e  i s  no t  t h e  same. The v e r t i c a l  s i dewa l l s  of box c u l v e r t s  while  
much s t i f f e r  t han  t h e  s o i l  a r e  f a r  s t r o n g e r  t han  necessary t o  s u s t a i n  t h e  accumulated 
s t r e s s e s  o r  loading,  and t h e  span  between s i d e w a l l s  is l e s s  s t i f f  than  t h e  s i d e w a l l s  and 
s u b j e c t  t o  reduced s t r e s s .  It should be noted t h a t  t h e s e  reduct ions  a r e  s m a l l ,  however, 
and a r e  reduced from t h e  h ighe r  s t r e s s e s  accumulated on t h e  s t i f f  box c u l v e r t ,  

7.3.4 Metal and o t h e r  f l e x i b l e  p ipes  a r e  gene ra l ly  l e s s  s t i f f  v e r t i c a l l y  t h a n  
ad j acen t  s o i l  and not  s u b j e c t  t o  s t r e s s  accumulations i n  t h e  manner of r i g i d  p i p e s .  
However, meta l  p ipes  a r e  very s t i f f  i n  circumference and some l a r g e r  diameter  p i p e s  with 
deep co r ruga t ions  and loca t ed  nea r  t h e  s u r f a c e  can accumulate more than  ambient loading. 
Large meta l  a rches  w i th  f i x e d  foo t ings  can a l s o  be r e l a t i v e l y  s t i f f  s t r u c t u r e s .  

7.4 Evalua t ion  of subsur face  s t r u c t u r e s  

General  

7.4.1.1 Every subsur face  s t r u c t u r e  beneath a  pavement must be considered i n  
connexion wi th  eva lua t ion  of t h e  pavement. And whi le  s p e c i f i c  de te rmina t ions  would i n  
each ca se  r e q u i r e  c a r e f u l  s t r u c t u r a l  a n a l y s i s ,  t h e  l i k e l i h o o d  t h a t  a  p a r t i c u l a r  
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s t r u c t u r e  would prove more c r i t i c a l  t han  t h e  pavement i n  lid t i n g  a i r c r a f t  l oads  depends 
g r e a t l y  on t h e  type,  s i z e ,  and l o c a t i o n  of t h e  s t r u c t u r e .  Accordingly, c e r t a i n  guidance  
can be sugges ted  t o  a s s i s t  i n  determining which s t r u c t u r e s  can, a t  small r i s k ,  be 
considered not  t o  be l i m i t i n g ,  which ones a r e  atarginal  and need t o  be c a r e f u l l y  
considered,  and which r e q u i r e  s tudy  and a n a l y s i s  t o  d e f i n e  load  l i m i t a t i o n s  o r  needed 
s t rengthening .  

7.4.2.1 The l i v e  load  on deeply bur ied  s t r u c t u r e s  tends  t o  be only a  small 
f r a c t i o n  of  t h e  dead load  s o  t h a t  p ipes  o r  c u l v e r t s  of moderate s i z e  and sma l l e r ,  which 
do not  accumulate an  undue s h a r e  of t h e  l i v e  load ,  w i l l  n o t  l i m i t  s u r f a c e  loadings .  
This  w i l l  i n c l u d e  p ipe  d iameters  o r  s t r u c t u r e  spans up t o  about  one-third of t h e  
p r o t e c t i v e  cover  (d i s t ance  between pavement s u r f a c e  and top  of p ipe  o r  c u l v e r t ) ,  Table  
7-1 i n d i c a t e s  t h e  t h i ckness  of p r o t e c t i v e  cover of s o i l  and pavement s t r u c t u r e  above 
dra inage  s t r u c t u r e s  of no t  t o o  l a r g e  span which w i l l  spread  t h e  load  s u f f i c i e n t l y ,  
cons ide r ing  combining of e f f e c t s  from ad jacen t  wheels,  t o  reduce t h e  p re s su re  induced  on 
t h e  s t r u c t u r e  by a i r c r a f t  ( l i v e )  loads  t o  l e s s  t han  10 pe r  cent  of t h e  e a r t h  (dead)  
load. It i s  n o t  l i k e l y  t h a t  an  added 10  pe r  cen t  of p re s su re  w i l l  exceed t h e  s t r u c t u r a l  
capac i ty  of in -serv ice  p ipes  o r  c u l v e r t s .  Where a i r c r a f t  t o  be supported have t i r e  
loads  g r e a t e r  t han  200 kN somewhat g r e a t e r  cover  depths may be needed t o  a t t a i n  the 1 0  
per  cen t  Limi ta t ion  on inc reased  (Live l o a d )  pressure .  

Table 7-1. P ro t ec t ive  cover  needed over  s t r u c t u r e s  beneath aerodrome pavements 

Number of wheels " Cover depth i n  metres  

Pipes and c u l v e r t s  of t h e  s i z e s  i n d i c a t e d  (about one- th i rd  of t h e  depth of cover )  and  a t  
depths e q u a l  t o  o r  g r e a t e r  t han  t h a t  shown i n  Table 7-1 should no t  r e q u i r e  a  s e p a r a t e  
load L imi t a t i on  of t h e  ove r ly ing  pavement. 

7.4.2.2 S t ruc tu re s  a t  sha l lower  depths need more d e t a i l e d  examination. Whether 
l oad  l i m i t a t i o n s  beyond those  f o r  p r o t e c t i o n  of t h e  pavement may be needed w i l l  depend 
on r i g i d i t y  of t h e  p ipe  o r  c u l v e r t ,  bedding and b a c k f i l l ,  pavement s t u c t u r e ,  and con- 
s e rva t i sm of t h e  o r i g i n a l  design. S u f f i c i e n t  a n a l y s i s  should be made e i t h e r  t o  conf i rm 
t h a t  t h e  bur ied  s t r u c t u r e  does not  r e q u i r e  a  more c r i t i c a l  load  l i m i t a t i o n  than  t h e  
pavement o r  t o  e s t a b l i s h  app rop r i a t e  load  l i m i t a t i o n s .  

7.4.2.3 Wide span s t r u c t u r e s ;  i . e . ,  very  l a r g e  p ipes ,  a r ches ,  and wide box c u l -  
v e r t s ,  even  w i t h  s u b s t a n t i a l  cover w i l l  t end  t o  accumulate s t r e s s  from s u r f a c e  l o a d s  (by 
s o i l  a r c h i n g )  and may have t o  suppor t  v i r t u a l l y  a l l  of t h e  a i r c r a f t  ( l i v e )  load  a s  w e l l  
a s  t h e  e a r t h  (dead) load. Thus any s t r u c t u r e  whose span  exceeds about one-third o f  t h e  
cover dep th  should  be  c a r e f u l l y  analysed t o  e s t a b l i s h  s u r f a c e  load l i m i t s  o r  p o s s i b l e  
need f o r  s t rengthening .  

* Consider a l l  wheels w i t h i n  o r  touching a  c i r c l e  whose diameter  equa l s  t h e  dep th  o f  
p r o t e c t i v e  cover  over  t h e  s t r u c t u r e .  
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7.4.3.1 The ACN-PCN method l i m i t s  a i r c r a f t  mass t o  p r e v e n t  o v e r s t r e s s  of t h e  
pavement subgrade  and o v e r l y i n g  l a y e r s ,  These same l i m i t s  t e n d  t o  p r o t e c t  s h a l l o w  
b u r i e d  s t r u c t u r e s  from o v e r - s t r e s s ,  excep t  f o r  q u i t e  l a r g e  (over  3 o r  4 m d i a m e t e r  o r  
s p a n )  s t r u c t u r e s ,  which m y  accumulate  l o a d  on t h e  same c r i t i c a l  s e c t i o n  f r o m  more t h a n  
one l a n d i n g  g e a r  l eg .  Beneath r i g i d  pavements a minimum cover  of about  one-half met re  
between t h e  s l a b  and s t r u c t u r e  i s  commonly cons idered  t o  p rov ide  adequa te  p r o t e c t i o n  
from any load ing .  Pipes  and c u l v e r t s  benea th  f l e x i b l e  pavements w i l l  be  p r o t e c t e d  when 
t h e i r  t o p  s u r f a c e  ( o u t e r  crown of p i p e )  i s  w i t h i n  about  one-half metre  of t h e  t o p  of t h e  
subgrade.  A t  g r e a t e r  d e p t h s ,  w h i l e  s t r e s s e s  f rom s u r f a c e  wheel l o a d s  o r  combined 
e f f e c t s  o f  s e v e r a l  wheel l o a d s  a t t e n u a t e  and a r e  l e s s  t h a n  t h e  pavement s u b g r a d e  can 
a c c e p t ,  t h e  combined e f f e c t  ( s t r e s s )  and f o r  a n  a i r c r a f t  m u l t i p l e  wheel l o a d ,  though 
ACN-PCN l i m i t e d ,  may be g r e a t e r  t h a n  were c o n s i d e r e d  i n  t h e  o r i g i n a l  pavement des ign .  
T h e r e f o r e  p i p e s ,  d r a i n s ,  c u l v e r t s ,  e t c . ,  shou ld  be c a r e f u l l y  examined f o r  p o s s i b l e  need 
f o r  s t r e n g t h e n i n g  when t h e  i n d i v i d u a l  wheel  l o a d  o r  t h e  number of wheels of t h e  u s i n g  
a i r c r a f t  a r e  expec ted  t o  be i n c r e a s e d .  

7.4.3.2 Shallow s t r u c t u r e s  of s u b s t a n t i a l  span  (over  3 o r  4 m) w i l l  n e e d  a n a l y s i s  
i n  connexion w i t h  any contemplated i n c r e a s e s  i n  wheel loads  o r  g r o s s  a i r c r a f t  masses.  

A t  s u r f a c e  d r a i n s ,  c o n d u i t s ,  and t h e  l i k e  

7.4.4.1 C o l l e c t o r  d r a i n s ,  box c o n d u i t s  ( f o r  l i g h t i n g ,  w i r i n g ,  f u e l  l i n e s ,  e t  c. ) , 
and any s i m i l a r  pavement c r o s s i n g  i n s t a l l a t i o n s ,  a r e  sometimes p l a c e d  d i r e c t l y  a t  t h e  
pavement s u r f a c e .  These would r a r e l y  be s o  l a r g e  t h a t  more t h a n  a  s i n g l e  w h e e l  would 
need t o  be s u p p o r t e d  by t h e  i n s t a l l a t i o n  a t  any t i m e .  Consequent ly ,  only s i n g l e  wheel 
l o a d i n g s  need be of concern  f o r  t h e  d e s i g n  a s  w e l l  a s  e v a l u a t i o n .  

7.4.5.1 Need f o r  passage  of highway and r a i l .  t r a f f i c  beneath aerodrome pavements 
and t h e  placement of t e r m i n a l  connexions and f a c i l i t i e s  benea th  taxiway and a p r o n  pave- 
ments has r e q u i r e d  t h e  u s e  of b r i d g e s  t o  s u p p o r t  t h e  pavements and u s i n g  a i r c r a f t .  Such 
s t r u c t u r e s  r e c e i v e  l i t t l e  i f  any p r o t e c t i o n  from pavement l o a d  l i m i t a t i o n s  a n d  mst be 
s e p a r a t e l y  c o n s i d e r e d  i n  e s t a b l i s h i n g  s a f e  load ings .  The o r i g i n a l  d e s i g n  a n a l y s e s  w i l l  
have  e s t a b l i s h e d  t h e  t y p e  and magnitude of l o a d s  f o r  which t h e  b r i d g e s  a r e  a d e q u a t e .  I f  
t h e  i n t e n d e d  usage  h a s  changed and pavements a r e  l i k e l y  t o  be used by markedly h e a v i e r  
a i r c r a f t  o r  a i r c r a f t  w i t h  d i f f e r e n t  u n d e r c a r r i a g e  c o n f i g u r a t i o n  t h a n  c o n s i d e r e d  i n  
d e s i g n ,  a  new a n a l y s i s  w i l l  be  needed t o  e s t a b l i s h  t h e  s u i t a b i l i t y  of t h e  s t r u c t u r e  f o r  
s u c h  usage.  

7.4.6.1 Sometimes runways and taxiways e x t e n d  o v e r  w a t e r  and t h e s e  a r e  p l a c e d  o n  
p i l e  s u p p o r t e d  s t r u c t u r e s .  These, a s  f o r  b r i d g e s ,  w i l l  have been s u b j e c t  t o  d e s i g n  
a n a l y s e s  t o  p r o v i d e  f o r  t h e  contemplated loads .  Xere a g a i n  t h e r e  w i l l  be a  n e e d  f o r  
r e - a n a l y s i s  i f  o p e r a t i o n s  by h e a v i e r  a i r c r a f t  o r  a i r c r a f t  w i t h  s u b s t a n t i a l l y  d i f f e r e n t  
u n d e r c a r r i a g e  l a y o u t  a r e  contemplated. 

7.4.7.1 Tunnels behave i n  a  manner s i m i l a r  t o  l a r g e  d iamete r  p i p e s  and c a n  be 
c o n s i d e r e d  t o  respond i n  much t h e  same manner. Thus sha l lower  t u n n e l s  would r e q u i r e  
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c a r e f u l  a n a l y s i s  of expec ted  i n c r e a s e d  a i r c r a f t  l o a d s  on o v e r l y i n g  pavements, Deeply 
b u r i e d  t u n n e l s  might r e q u i r e  o n l y  c a s u a l  examinat ion i f  cover  d e p t h s  were s u f f i c i e n t  t o  
minimize induced  1 i v e  l o a d s .  

7.4.8.1 ' a l e re  s t r u c t u r e s  benea th  pavements l i m i t  a i r c r a f t  l o a d s  beyond t h e  PCN 
(which i s  a s s e s s e d  t o  p r o t e c t  t h e  pavement) t h e s e  l i m i t a t i o n s  w i l l  need t o  be r e p o r t e d  
i n  terms of s p e c i f i c  a i r c r a f t  t y p e  and l o a d  (mass)  a s  e x c e p t i o n s .  Where m u l t i p l e  t a x i -  
ways p e r m i t  avo idance  of t h e  c r i t i c a l  s t r u c t u r e s  t h e  problem can be handled by l o c a l  
r o u t i n g  of a i r c r a f t .  I f ,  however, a l l  a i r c r a f t  must c r o s s  t h e  c r i t i c a l  s t r u c t u r e  t h e  
l i m i t a t i o n  must be emphasized when r e p o r t i n g  pavement s t r e n g t h s .  Only v e r y  s h a l l o w  
s t r u c t u r e s  and extreme o v e r l o a d i n g  - e x c e p t  f o r  b r i d g e s  o r  p i l e  s u p p o r t e d  pavements - 
r e p r e s e n t  some h a z a r d  t o  a i r c r a f t ,  and a i r c r a f t  s a f e t y  w i l l  r a r e l y  i f  e v e r  b e  compromis- 
ed  by o v e r l o a d  of b u r i e d  ( e a r t h  covered)  s t r u c t u r e s .  Bridges  and p i l e  s u p p o r t e d  pave-  
ments r e c e i v e  t h e  l o a d i n g  d i r e c t l y  and must be  s t r u c t u r a l l y  c a p a b l e  of s u p p o r t i n g  t h e  
imposed l o a d i n g s .  

7.4.8.2 Load l i m i t a t i o n s  on c r i t i c a l  s t r u c t u r e s  can  be e l i m i n a t e d  e i t h e r  by 
s p e c i a l  a n a l y s e s  which e s t a b l i s h  t h a t  l a r g e r  t h a n  i n t e n d e d  d e s i g n  l o a d i n g s  c a n  be 
s u s t a i n e d ,  o r  by s t r e n g t h e n i n g .  Commonly, d e s i g n  conserva t i sm,  bet ter- than-minimum 
i n s t a l l a t  ion ,  larger-than-needed s a f e t y  f a c t o r s  and more s e a r c h i n g  d e s i g n  t y p e  a n a l y s e s  
may r e s u l t  i n  l a r g e r  a l l o w a b l e  load ings .  These can range from a s i m p l e  r e s t u d y  of t h e  
d e s i g n  d a t a  t o  e x t e n s i v e  f i e l d  s t u d y  of t h e  i n s t a l l a t i o n  i n c l u d i n g  s t u d y  of s u r r o u n d i n g  
b a c k f i l l  o r  measurement of s t r a i n  o r  d e f l e x i o n  response  of t h e  s t r u c t u r e  under  l o a d .  An 
example of s u c h  a  s t u d y  c a n  be found i n  t h e  A p r i l  1973 i s s u e  of A i r p o r t  World u n d e r  t h e  
t i t l e ,  "New Bridge o r  No?". Th is  i s  a  p u b l i c a t i o n  of t h e  United S t a t e s  A i r c r a f t  Owners 
and P i l o t s  A s s o c i a t i o n  and t h e  a r t i c l e  d e a l s  w i t h  a  s t u d y  under taken  i n  t h e  1970s t o  
a s s e s s  t h e  s u i t a b i l i t y  of a n  e x i s t i n g  b r i d g e  a t  Chicago U'Hare I n t e r n a t i o n a l  A i r p o r t  f o r  
u s e  by wide bodied a i r c r a f t .  

7.4.8.3 The s t r e n g t h e n i n g  of a  s u b s t r u c t u r e  can  be accomplished u s i n g  i n t e r n a l  
bands, s t r u t s ,  o r  l i n e r s  t o  s t r e n g t h e n  o r  reduce  s p a n  i n  p i p e s ,  c u l v e r t s ,  a r c h e s ,  etc., 
bu t  t h e s e  r e d u c e  t h e  des igned  d r a i n a g e  c a p a c i t y .  Sometimes s t r u c t u r e s  can be s t i f f e n e d  
by g r o u t i n g  s u r r o u n d i n g  s o i l  f rom t h e  s u r f a c e  o r  f  rorn i n s i d e  t h e  s t r u c t u r e .  It may b e  
p o s s i b l e  t o  inc rnduce  compress ib le  zones of s o i l  o r  o t h e r  m a t e r i a l  above p i p e s  o r  cui-  
v e r t s  and r e d u c e  t h e  t r a t ~ s m i s s i o n  of pavement l o a d s  t o  t h e  b u r i e d  s t r u c t u r e .  Also,  
p r o v i s i o n  of l o a d  d i s t r i b u t i n g  pavement s t r u c t u r e s  ( b u r i e d  s l a b s  f o r  i n s t a n c e )  may 
reduce l o a d s  on p i p e s ,  c u l v e r t s  o r  d r a i n s .  Of course ,  re-design and r e c o n s t r u c t i o n  i s  
t h e  obv ious  u l t i m a t e  s o l u t i o n .  Some b r i d g e s  o r  p i l e - suppor ted  pavements may be 
s t r e n g t h e n e d  by add ing  e lements  (beams, e t c . )  t o  t h e  e x i s t i n g  s t r u c t u r e .  

7.5.1 S t r u c t u r a l  concerns  f o r  d r a i n a g e  and s i m i l a r  s t r u c t u r e s  i n  r e l a t i o n  t o  t h e  
e v a l u a t i o n  of pavements Eor l o a d  s u p p o r t  c a p a c i t y  have been d i s c u s s e d  e a r l i e r  i n  t h i s  
c h a p t e r .  P a t t e r n s  of behav iour  i n  conrlexion w i t h  s i z e ,  f l e x i b i l i t y ,  l i v e  and dead 
l o a d s ,  deep and sha l low c o v e r  have  been i n d i c a t e d ,  and t h e s e  app ly  a l s o  t o  d e s i g n  
c o n s i d e r a t i o r t s  where new f a c i l i t i e s  a r e  planned. This s e c t i o n  w i l l  ampl i fy  some of t h e  
e a r l i e r  d i s c u s s i o n s  and t r e a t  a s p e c t s  of s t r u c t u r a l  behaviour  of somewhat more d i r e c t  
concern f o r  des ign .  

7.5.2 Loads. Loads which must be  c o n s i d e r e d  i n  d e s i g n  of b u r i e d  s t r u c t u r e s  are 
t h o s e  r e s u l t i n g  froin t h e  weight  oE o v e r l y i n g  s o i l  and pavement s t r u c t u r e  (overburden)  
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p l u s  those  induced by a i r c r a f t  o r  o t h e r  veh ic l e s  on t h e  pavemnt  above. Natavy construc- 
t i o n  loads  pass ing  over p ipe  before  i t  has  i t s  f u l l  p r o t e c t i v e  cover may a l s o  need t o  be 
considered. These loads  produce t h e  p a t t e r n s  of ambient s t r e s s  present  i n  embanben t s  
where they  a r e  not  d i s rup ted  by t h e  presence of p ipe  o r  o t h e r  s t r u c t u r e s  o r  by t h e  
pockets  of  loose ,  dense o r  o t h e r  types  of s o i l  introduced by t h e  i n s t a l l a t i o n  of  p ipes ,  
c u l v e r t s ,  e t c .  It is  t h e  d i s t o r t i o n  of t h e  ambient s t r e s s  p a t t e r n s  by t h e  c h a r a c t e r  of 
t h e  p i p e  o r  s t r u c t u r e ,  t h e  n a t u r e  of t h e  p ipe  bedding, any t r ench  used du r ing  i n s t a l l a -  
t i o n ,  and t h e  type and compacted dens i ty  of t h e  b a c k f i l l  around t h e  p ipe  which l eads  t o  
l a r g e r  o r  sma l l e r  t han  ambient s t r e s s  loads on t h e  buried s t r u c t u r e s ,  This  t o o  i s  what 
complicates t h e  des ign  problem and l eads  t o  e s t a b l i s h e d  des ign  methods which p rov ide  
only  nominal guidance. 

7.5.3 Ambient overburden s t r e s s e s  a r e  t h e  r e s u l t  of t h e  mass of o v e r l y i n g  s o i l  
and pavement s t r u c t u r e  and can be d i r e c t l y  determined. S t r e s s e s  induced by a i r c r a f t  
t i re loads  can be c a l c u l a t e d  us ing  t h e  theory  f o r  a uniformly d i s t r i b u t e d  c i r c u l a r  load  
on t h e  s u r f a c e  of a continuum. The theory  f o r  an  e l a s t i c  layered  continuum, w i t h  s u i t -  
a b l e  e l a s t i c  cons tants  (E, p) ,  should be p re fe r r ed ,  but  t h e  theory  f o r  a s i n g l e  l a y e r  
system (Boussinesq) w i l l  provide reasonable s t r e s s  determinations f o r  f l e x i b l e  pavements 
and deeper i n s t a l l a t i o n s  beneath r i g i d  pavements. P lo t s  o r  t abu la t ions  of s i n g l e  l a y e r  
s t r e s s e s  can be found i n  re ferences  such a s :  t h e  1954 Highway Research Board 
Proceedings, HRB B u l l e t i n  342 of 1962, Yoderls textbook on "Pr inc ip les  of Pavement 
Design" (United S t a t e s ) ,  Croney's t e x t  "The Design and Performance of Road Pavements" 
TRRL (United Kingdom). S t r e s s e s  f o r  t h e  combined e f f e c t s  of s e v e r a l  wheels c a n  be 
determined by supe rpos i t i on  of t h e  s i n g l e  wheel s t r e s s e s  a t  p e r t i n e n t  l a t e r a l  spacings.  
Because of t h e  t i m e  r a t e  of response of s o i l  t o  r ap id  loading  it is  not  neces sa ry  t o  
cons ide r  any added dynamic e f f e c t s  of t h e  a i r c r a f t  loading. 

7.5.4 The ambient s t r e s s e s  which ob ta in  a t  t h e  var ious  depths beneath t h e  pave- 
ment are thus  a combination of t h e  overburden (dead load)  s t r e s s e s  and t h e  a i r c r a f t  
l and ing  gear  load  ( l i v e  load )  s t r e s s e s .  It i s  these  s t r e s s e s  modified by t h e  e x i s t e n c e  
and behaviour of a p ipe  o r  o t h e r  buried s t r u c t u r e  and any d i s t o r t i o n s  due t o  i t s  
i n s t a l l a t i o n  t h a t  determine t h e  loads  which must be supported by t h e  p ipe  o r  s t r u c t u r e .  
I n  genera l ,  hard ( s t i f f )  elements o r  zones w i l l  accumulate s t r e s s  from t h e  a d j a c e n t  
embankment s o i l  while  s o f t  elements o r  zones w i l l  shed s t r e s s  t o  t he  adjacent  s o i l .  
Thus t h e  more r i g i d  s t r u c t u r e s ,  such a s  box c u l v e r t s ,  concrete pipe,  and t h e  l i k e ,  w i l l  
t end  t o  be sub jec t  t o  g r e a t e r  s t r e s s  and load than  t h a t  implied by t h e  ambient s t r e s s ,  
wh i l e  more f l e x i b l e  s t r u c t u r e s ,  such a s  s t e e l ,  a lminium,  and p l a s t i c  p ipe  o r  r i g i d  
s t r u c t u r e s  provided wi th  a n  over ly ing  zone of loose  s o i l ,  s t raw,  sawdust, e t c .  w i l l  tend 
t o  be s u b j e c t  t o  l e s s  t han  t h e  ambient s t r e s s .  

7.5.5 A most important  cons idera t ion  i n  t h e  determination of loadings f o r  design 
of bur ied  s t r u c t u r e s  i s  i n  provid ing  f o r  f u t u r e  upgrading of pavement f a c i l i t i e s  and 
growth i n  a i r c r a f t  masses supported. Where upgrading i s  l i k e l y  i n  t h e  f u t u r e  t h e  design 
of  bu r i ed  s t r u c t u r e s  beneath pavements f o r  t h e  heavier  loadings expected w i l l  commonly 
be f a r  l e s s  c o s t l y  du r ing  t h e  o r i g i n a l  des ign  and cons t ruc t ion  than  when l e f t  f o r  subse- 
quent  modif icat ion.  

7.5.6 Pipes a r e  described gene ra l ly  i n  7.2.1 and most types a r e  covered 
by ASTEl s tandards  f o r  t h e  p i p e  c h a r a c t e r i s t i c s  and t e s t s  t o  determine p ipe  s t r e n g t h .  
Concrete, c lay ,  asbestos-cement, s o l i d  w a l l  p l a s t i c ,  and o t h e r  geometrical ly sFnrsFlar 
t ypes  of p ipe  a r e  made i n  a v a r i e t y  of w a l l  th icknesses  and/or  reinforcentents, as w e l l  
a s  diameters  t o  provide an  a r r a y  of s t r e n g t h s  f o r  use  i n  des ign  of i n s t a l l a t i o n s .  
S t e e l ,  aluminium, and some p l a s t i c  p ipes  a r e  made i n  a v a r i e t y  of gauges ( t h i c k n e s s e s  of 
m a t e r i a l )  and corrugat ion  c o n f i w r a t i o n s  t o  provide a n  a r r a y  of p ipe  s t i f f n e s s e s  and 
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s i d m a l l  s t r eng ths  f o r  i n s t a l l a t i o n  design purposes. While round pipes a r e  most comon 
the re  a r e  e l l i p t i c a l  pipes - used v e r t i c a l l y  f o r  increased s t r eng th  o r  h o r i z o n t a l l y  f o r  
low head - and pipe  arches having rounded crown and f l a t t e n e d  i n v e r t  f o r  s p e c i a l  
app l i ca t ion  a s  access ways, u t i l i t y  ducts,  e t c .  

7.5.7 Design l i m i t a t i o n s  f o r  r i g i d  pipe a r e  commonly es tabl ished t o  c o n t r o l  t h e  
progression of cracking a t  t h e  crown and inver t .  Prevention of cracks wider than  0.4 uun 
is t h e  usua l  pract ice .  E a r l i e r  p rac t i ce  f o r  f l e x i b l e  p ipe  i n s t a l l a t i o n  design w a s  t o  
l i m i t  p ipe  de f l ec t ion  t o  5 pe r  cent  of the  pipe diameter, but current  p r a c t i c e  p r e f e r s  
t o  require  competent b a c k f i l l  s o i l  compaction (85 per cent  of Standard Density - 
ASTM D-698) and l i m i t  t h e  buckling i n  r i n g  compression. 

7.5.8 I n s t a l l a t i o n  conditions. Bedding, b a c k f i l l ,  and trench condit ions of p ipe  
i n s t a l l a t i o n  can have s i g n i f i c a n t  e f f e c t  on performance. Pipe can be placed on f l a t  
compacted e a r t h ,  on a 6Q0, 9Q0, o r  120° shaped bed, on a sand o r  f i n e  gravel  cushion,  i n  
a l ean  o r  competent concrete cradle ,  etc.  Pipe can be placed i n  a narrow o r  wide 
trench,  shallow o r  deep t rench,  v e r t i c a l  o r  s loping s idewal l  t rench,  o r  no trench.  
Backf i l l  can be poorly compacted beneath (haunches) o r  beside the  pipe and can be t h e  
same a s  adjacent embankment mate r i a l  o r  a s e l e c t  sand, gravel ,  o r  o ther  super ior  
material ,  o r  i t  can be a s t a b i l i z e d  (cement o r  lime) s o i l .  Rigid pipe can be i n s u l a t e d  
from i t s  normal accuiuulation of g rea te r  than ambient s t r e s s  by placing a s o f t  zone of 
loose s o i l ,  straw, foamed p l a s t i c ,  leaves,  o r  s imi la r  ma te r i a l  above t h e  pipe. A l l  of 
these many var iables  can have an impact on t h e  design loads t o  be considered. 

7.5.9 Design. Because of the  many var iables  i n  loading,  pipe c h a r a c t e r i s t i c s ,  
and i n s t a l l a t i o n  condit ions design concepts, methods, and supporting methods f o r  chara- 
c t e r i z i n g  behaviour of mater ia ls  a r e  beyond what can be presented here. Design d e t a i l s  
can be found i n  some geotechnical  textbooks, such a s  "Soi l  Mechanics" by Krynine (United 
S t a t e s ) ,  "Soi l  Engineering" by Spangler (United S t a t e s )  and i n  t r ade  l i t e r a t u r e ,  such  
a s  "Concrete Pipe Design Manual" of t h e  American Concrete Pipe Association (United 
Sta tes  Library of Congress Catalog No. 78-58624), "Handbook of S tee l  Drainage and 
Highway Construction Products" of t h e  American I ron and S t e e l  I n s t i t u t e  (United S t a t e s  
Library of Congress Catalog No. 78-174344) and i n  t h e  many references t o  t echn ica l  
l i t e r a t u r e  contained i n  these  documents. Some s p e c i f i c  design guidance f o r  minimm 
pro tec t ive  cover beneath f l e x i b l e  o r  r i g i d  pavement f o r  severa l  types of pipe precomput- 
ed based on se lec ted  (conunonj i n s t a l l a t i o n  condit ions can be found i n  t h e  United S t a t e s  
FAA manual on "Airport Drainage" AC 150/5320-5B, a s  wel l  a s  i n  the  two t r ade  l i t e r a t u r e  
manuals referenced above. 

7.5.10 Other s t ruc tu res .  Design of bridges and p i l e  supported extensions o v e r  
water, which support a i r c r a f t  loads d i r e c t l y ,  must follow accepted s t r u c t u r a l  des ign  
pract ice .  It w i l l  be most important t o  a n t i c i p a t e  f u t u r e  a i r c r a f t  growth loads t o  avoid 
very cos t ly  subsequent strengthening. Box cu lve r t s  w i l l  be subject  t o  t h e  ambient 
s t r e s s e s  (7.5.3) increased by t h e  upthrust  of such s t i f f  s t ruc tu res  i n t o  t h e  over ly ing  
embankment (7.5.4). The r e s u l t i n g  load should be determined by ca re fu l  ana lys i s ,  bu t  
should f a l l  between about 130 per cent  and 170 per cent of the  load due only t o  ambient 
s t r e s s  depending upon span of t h e  s t ruc tu re ,  magnitude and extent  of surface  load, 
p ro tec t ive  cover depth, and s o i l  s t i f f n e s s  adjacent t o  the  culver t .  Any l a rge  corrugat-  
ed metal arches  (over 5 m) with shallow s o i l  cover should be subjected t o  ca re fu l  geo- 
t echn ica l  and s t r u c t u r a l  design. Each w i l l  be a separa te  case and of a magnitude t o  
warrant c a r e f u l  design analys is .  



CHAPTER 8. - CONSTRUCTION OF ASPHALTIC OVERLAYS 

8.1 Introduction 

8.1.1 The volume and frequency of operations at many airports makes it virtually 
mandatory to overlay (resurface) runways portion by portion so that they may be returned 
to operational status during peak hours. The purpose of this chapter is to detail the 
procedures to be used by those associated with such overlaying, viz. the airport manager, 
project manager, designer and contractors to ensure that the work is carried out most 
efficiently and without loss of revenues, inconvenience to passengers or delays to the air 
traffic systems. A unique feature of such off-peak construction is that a temporary ramp 
(a transition surface between the overlay and the existing pavement) must be constructed 
at the end of each work session so that the runway can be used for aircraft operations 
once the work force clears the area. This chapter includes guidance on the design of such 
temporary ramps, however, it is not the intent of this chapter to deal with the design of 
overlays per se. For guidance on the latter subject, the reader should refer to 
Chapter 4. 

8.2 Airport authority's role 

8.2.1 Project co-ordination 

8.2.1.1 Off-peak construction is, by its very nature, a highly visible project 
requiring close co-ordination with all elements of the airport during planning and design 
and virtually daily during construction. Once a runway paving project has been identified 
by the airport, it is important that the nominees of the airport authority, users and the 
Civil Aviation Authority of the State meet to discuss the manner in which construction is 
to be implemented. The following key personnel should be in attendance at all planning 
meetings: from the airport authority - the project manager, the operations, planning, 
engineering and maintenance directors; from the airlines - local station managers and head 
office representatives where appropriate; from the civil aviation authority - 
representatives from Air Traffic Services and Aeronautical Information Services. The 
agenda should include: 

a) determination of working hours. Since time is of the essence in 
off-peak construction, the contractor should be given as much time as 
possible to overlay the pavement each work period. A minimum period of 
84 hours is recommended. Work should be scheduled for a time period 
that will displace the least amount of scheduled flights. The selection 
of a specific time period should be developed and co-ordinated with 
airline and other representatives during the initial planning meetings. 
Early identification of the hours will allow the airlines to adjust 
future schedules, as needed, to meet construction demands. It is 
essential that the runway be opened and closed at the designated time 
without exception, as airline flight schedules, as well as the 
contractor's schedules, will be predicated on the availability of the 
runway at the designated time; 

b) identification of operational factors during construction and 
establishment of acceptable criteria include: 

1) designation of work areas; 

2 j  aircraft operations; 
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3) affected navigation aids (visual and non-visual aids); 

4) security requirements and truck haul routes; 

5) inspection and requirements to open the area for operational use; 

6) placement and removal of construction barricades; 

7) temporary aerodrome pavement marking and signing; 

8) anticipated days of the week that construction will take place; and 

9) issuance of NOTAM and advisories; 

c) lines of communication and co-ordination elements. It is essential that 
the project manager be the only person to conduct co-ordination of the 
pavement project. The methods and lines of communication should be 
discussed for determining the availability of the runway at the start of 
each work period and the condition of the runway prior to opening it for 
operations; 

d) special aspects of construction including temporary ramps and other 
details as described herein; and 

e) contingency plan in case of abnormal failure or an unexpected disaster. 

8.2.2 Role of project manager 

8.2.2.1 Project manager. It is essential that the airport authority select a 
qualified project manager to oversee all phases of the project, from planning through 
final inspection of the completed work. This individual should be experienced in design 
and management of aerodrome pavement construction projects and be familiar with the 
operation of the airport. The project manager should be the final authority on all 
technical aspects of the project and be responsible for its co-ordination with airport 
operations. All contact with any element of the airport authority should be made only by 
the project manager so as to ensure continuity and proper co-ordination with all elements 
of aerodrome operations. Responsibilities should include: 

a) planning and design: 

1) establishment of clear and concise lines of communications; 

2 )  participation as a member of the design engineerrs selection team; 

3) co-ordination of project design to meet applicable budget 
constraints; 

4) co-ordination of airport and airlines with regards to design review, 
including designated working hours, aircraft operational 
requirements, technical review and establishment of procedures for 
co-ordinating all work; and 

5) chairmanship of all meetings pertaining to the project; and 

b) construction: 

1) complete management of construction with adequate number of 
inspectors to observe and document work by the contractor; 
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2) checking with the weather bureau, airport operations and air traffic 
control prior to starting construction and confirming with the 
contractor's superintendect to verify if weather and air traffic 
conditions will allow work to proceed as scheduled; 

3) conferring with the contractor's project superintendent daily and 
agreeing on how much work to attempt, to ensure the opening of the 
runway promptly at the specified time each morning. This is 
especially applicable in areas where pavement repair and replacement 
are to take place; and 

4) conducting an inspection with airport operations of the work area 
before opening it to aircraft traffic to ensure that all pavement 
surfaces have been swept clean, temporary ramps are properly 
constructed and marking is available for aircraft to operate 
safely. 

8.2.2.2 Resident engineer. The designation of a resident engineer, preferably a 
civil engineer, will be of great benefit to the project, and of great assistance to the 
project manager. Duties of the resident engineer should include: 

a) preparation of documentation on the work executed during each work 
period; 

b) ensuring all tests are performed and results obtained from each work 
period; 

c) scheduling of inspection to occur each work period; 

d) observing contract specifications compliance and reporting of any 
discrepancies to the project manager and the contractor; and 

e) maintaining a construction diary. 

8.2.3 Testing requirements 

8.2.3.1 There is no requirement for additional tests for off-peak construction 
versus conventional construction. The only difference with off-peak construction is that 
it requires acceptance testing to be performed at the completion of each work period and 
prior to opening to operations and results reviewed before beginning work again. These 
procedures normally will require additional personnel to ensure that tests are performed 
correctly and on time. 

8.2.4 Inspection requirements 

8.2.4.1 One of the most important aspects of successful completion of any kind of 
paving project is the amount and quality of inspection performed. Since the airport 
accepts beneficial occupancy each time the runway is open to traffic, acceptance testing 
must take place each work period. In addition to the project manager and resident 
engineer, the following personnel are recommended as a minimum to observe compliance with 
specifications: 

a) Asphalt plant inspector. A plant inspector with a helper whose primary 
duty it will be to perform quality control tests, including aggregate 
gradation, hot bin samples and Marshall tests. 

L U, -, Paving inspectors. There should be two paving inspectors with each 

paving machine. Their duties should include collection of delivery 
tickets, checking temperatures of delivered material, inspection of 
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grade control methods, and inspection of asphalt lay-down techniques and 
joint construction smoothness. 

c) Compaction inspector. The compaction inspector should be responsible 
for observing proper sequencing of rollers and for working with a field 
density meter to provide the contractor with optimum compaction 
information. 

d) Survey crew. Finished grade information from each work period is 
essential to ensuring a quality job. An independent registered surveyor 
and crew should record levels of the completed pavement at intervals of 
at least 8 m longitudinally and 4 m transversely, and report the results 
to the project manager at the completion of each work period. 

e) Pavement repair inspector. Shall be responsible for inspection of all 
pavement repairs and surface preparation prior to paving. 

f) Electrical inspector. Ensures compliance with specifications. 

8.3 Design considerations 

8.3.1 General. Plans and specifications for pavement repair and overlay during 
off-peak periods should be presented in such detail as to allow ready determination of the 
limits of pavement repair, finish grades and depths of overlay. Plans and specifications 
are to be used for each work period by the contractor and inspection personnel, and should 
be clear and precise in every detail. 

8.3.2 Pavement survey 

8.3.2.1 A complete system of bench marks should be set on the side of the runway or 
taxiway to permit a ready reference during cross-sectioning operations. The bench marks 
should be set at approximately 125 m intervals. Pavement cross-sectioning should be 
performed at 8 m intervals longitudinally, and 4 m intervals transversely. Extreme care 
should be exercised in level operations, since the elevations are to be used in 
determining the depth of asphalt overlay. The designer should not consider utilizing 
grade information from previous as-built drawings or surveys that were run during the 
winter months, as it has been shown that elevations can vary from one season to the next. 
This is especially critical for single lift asphalt overlays. 

8.3.2.2 After finish grades and transverse slope of the runway are determined, a 
tabulation of grades should be included in the plans for the contractor to use in bidding 
the project and for establishment of erected stringline. The tabulation of grades should 
include a column showing existing runway elevation, a column showing finish overlay grade, 
and a column showing depth of overlay. Grades should be shown longitudinally every 8 m 
and transversely every 4 m. This item is considered essential in the preparation of plans 
for contracting off-peak construction. 

Special details 

8.3.3.1 Details pertaining to the following items should be included in the plans: 

a) Temporary ramps. At the end of each hot mix asphalt concrete overlay 
work period, it will be necessary to construct a ramp to provide a 
transition from the new course of overlay to the existing pavement. The 
only exception to construction of a ramp is when the depth of the 
overlay is 4 cm or less. In multiple lift overlays, these transitions 
should be not closer than 150 m to one another. As far as possible, the 
overlay should proceed from one end of the runway toward the other end 
in the same direction as predominant aircraft operations so that most 
aircraft encounter a downward ramp slope, In the event of continued 
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I T r a n s i t i o n  I 

I T Overlav 

I T = Thickness  of o v e r l a y  ( i n  cm) 
1 l l . u s t r a t i o n  a )  

2nd n i g h t  o v e r l a y  --- 1st n i g h t  o v e r l a y  

\ T r a n s i t i o n  t o  remain E x i s t i n g  grade l i n e  

i n  p l a c e  A = Maximum s i z e  o f  a g g r e c a t e  

I Llus t r a t i o n  b ) 

Figure  8-1. Temporary ramp c o n s t r u c t i o n  w t  ti1 cold p lan ing  machine 

I Remove e n t i r e  
t r a n s i t i o n  p r i o r  
t o  s t a r t  o  

\ 
Rake o u t  l a r g e  s t o n e  
and compact edge T  = T h i c k n e s s  of o v e r l a y  ( i n  cm) 

I - 2  Temporary ramp c o n s t r u c t i o n  ~ l t h o u t  cold p l a n i n g  machine 
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operational change of direction, it would be advantageous for the 
overlaying to proceed upgrade since an upgrade ramp is shorter and 
avoids long thin tapers. The construction of the ramp is one of the 
most important features in the work period. A ramp that is too steep 
could cause possible structural damage to the operating aircraft or 
malfunction of the aircraft's instruments. A ramp that is too long may 
result in a ravelling of the pavement, and foreign object damage to 
aircraft engines, as well as taking excessive time to construct. The 
longitudinal slope of the temporary ramp shall be between 0.8 and 1.0 
per cent, measured with reference to the existing runway surface or 
previous overlay course. The entire width of the runway should normally 
be overlaid during each work session. Exceptional circumstances, 
e.g. adverse weather conditions, equipment failure, etc. may not permit 
the overlaying of the full runway width during a work session. Should 
that be the case, the edges need to be merged with the old pavement 
surface to avoid a sudden level change in the event an aircraft veers 
off the overlaid portion. The maximum transverse slope of the temporary 
ramp should not exceed 2 per cent. A temporary ramp may be constructed 
in two ways, depending upon the type of equipment that is available. 
The most efficient way is to utilize a cold planing machine to heel-cut 
the pavement at the beginning and at the end of the work period overlay 
(refer to Figure 8-1). If cold planing equipment is not available, then 
a temporary ramp should be constructed as shown in Figure 8-2. In no 
case should a bond-breaking layer be placed under the ramp for easy 
removal during the next work period. Experience has shown that this 
bond-breaking layer almost always comes loose causing subsequent 
breaking-up of the pavement under aircraft operations. 

b) In-pavement lighting. Details depicting the removal and re-installation 
of in-pavement lighting are to be included on the plans where 
applicable. The details should depict the removal of the light fixture 
and extension ring, placement of a target plate over the light base, 
filling the hole with hot mix dense graded asphalt until overlay 
operations are complete, accurate survey location information, core 
drilling with a 10 cm core to locate the centre of the target plate, and 
final coring with an appropriate sized core machine. The light and new 
extension ring can then be installed to the proper elevation. 

c) Runway markings. During the course of off-peak construction of a runway 
overlay, it has been found acceptable, if properly covered by a NOTAM, 
to mark only the centre line stripes and the runway designation numbers 
on the new pavement until the final asphalt lift has been completed and 
final striping can then be performed. In some cases where cold planing 
of the surface or multiple lift overlays are used, as many as three 
consecutive centre line stripes may be omitted to enhance the bond 
between layers. 



APPENDIX 1 

AIRCRAFT CHARACTERISTICS AFFECTING PAVEMENT BEARING STRENGTH 

1. G e n e r a l  

1.1 T h i s  Appendix d e s c r i b e s  t h o s e  c h a r a c t e r i s t i c s  o f  a i r c r a f t  which a f f e c t  
pavement s t r e n g t h  d e s i g n ,  namely: a i r c r a f t  w e i g h t ,  p e r c e n t a g e  l o a d  on n o s e  w h e e l ,  
wheel a r rangement ,  main l e g  l o a d ,  t i r e  p r e s s u r e  and c o n t a c t  a r e a  of e a c h  t i r e .  
Tab le  Al-1 c o n t a i n s  t h e s e  d a t a  f o r  most of t h e  commonly used a i r c r a f t .  

1 . 2  A i r c r a f t  l o a d s  a r e  t r a n s m i t t e d  t o  t h e  pavement th rough  t h e  l a n d i n g  g e a r  
wilich n o r m a l l y  c o n s i s t s  o f  two main l e g s  and an a u x i l i a r y  l e g ,  t h e  l a t t e r  b e i n g  e i t h e r  
n e a r  t h e  nose  (now t h e  most f r e q u e n t  a r rangement )  o r  n e a r  t h e  t a i l  ( o l d e r  s y s t e m ) .  

1 . 3  The p o r t i o n  of t h e  l o a d  imposed by each  l e g  w i l l  depend on t h e  p o s i t i o n  
of t h e  c e n t r e  of g r a v i t y  w i t h  r e f e r e n c e  t o  t h e  t h r e e  s u p p o r t i n g  p o i n t s .  The s t a t i c  
d i s t r i b u t i o n  of t h e  l o a d  by t h e  d i f f e r e n t  l e g s  of a  common t r i c y c l e  l a n d i n g  g e a r  may 
b e  i l l u s t r a t e d  a s  f o l l o w s :  

Where W i s  t h e  a i r c r a f t  w e i g h t ;  PI t h e  l o a d  t r a n s m i t t e d  by t h e  a u x i l i a r y  l e g ;  P2 t h e  
l o a d  t r a n s m i t t e d  by b o t h  main l e g s ;  L1 and L2 t h e  d i s t a n c e  measured a l o n g  t h e  p l a n e  
of symmetry from t h e  c e n t r e  of g r a v i t y  t o  PI and P2 r e s p e c t i v e l y ,  then  

W = P 1 +  2 PILL = P2L2 

T h e r e f o r e  

31/8/89 - --- 
No. 2  



3-240 Aerodrome Design Manual 
- - . -- - - - - - -- - - - - --- 

1 . 4  U s u a l l y  t h e  r a t i o  L1/L2 i s  around ?, i . e .  t h e  a u x i l i a r y  l e g  a c c o u n t s  
f o r  a p p r o x i m a t e l y  1 0  p e r  c e n t  o f  t h e  a i r c r a f t  g r o s s  w e i g h t .  T h e r e f o r e ,  e a c h  main 
l e g  imposes  a  l o a d  e q u a l  t o  a b o u t  45 p e r  c e n t  of t h a t  we igh t .  Wheel b a s e  and t r a c k  
wid th  have n o t  been i n c l u d e d ,  s i n c e  t h e s e  dimensions  a r e  such  t h a t  t h e r e  i s  no 
p o s s i b i l i t y  o f  i n t e r a c t i o n  of t h e  s t r e s s e s  imposed by t h e  d i f f e r e n t  l e g s  o f  t h e  
l a n d i n g  g e a r .  

1 . 5  From t h e  above c o n s i d e r a t i o n s ,  i t  w i l l  b e  s e e n  t h a t  t h e  c h a r a c t e r i s t i c s  
of each main l e g  p r o v i d e  s u f f i c i e n t  i n f o r m a t i o n  f o r  a s s e s s i n g  pavement s t r e n g t h  
rc>r i r ements .  Accord ing ly ,  t h e  t a b l e  c o n f i n e s  i t s e l f  t o  p r o v i d i n g  d a t a  t h e r e o n .  

1.6 The l o a d  s u p p o r t e d  by each  l e g  i s  t r a n s m i t t e d  t o  t h e  pavement by one 
o r  s e v e r a l   ribber-tired whee l s .  The f o l l o w i n g  wheel a r rangements  w i l l  be  found on 
t h e  main Legs q;f l a n d i n g  g e a r  of c i v i l  a i r c r a f t  a t  p r e s e n t  i n  s e r v i c e .  

Single Dual 

1 . 7  For  pavement d e s i g n  and e v a l u a t i o n  purposes  t h e  f o l l o w i n g  wheel s p a c i n g s  
a r e  s i g n i f i c a n t ,  and t h e r e f o r e  l i s t e d  i n  t h e  t a b l e .  

S  - d i s t a n c e  between c e n t r e s  of c o n t a c t  a r e a s  o f  d u a l  whee l s  

ST - d i s t a n c e  between a x i s  of tandem wheels  

SD - d i s t a n c e  between c e n t r e s  of c o n t a c t  a r e a s  of d i a g o n a l  whee l s  and  
i s  g i v e n  by t h e  e x p r e s s i o n  

T i r e  p r e s s u r e s  g i v e n  a r e  i n t e r n a l ,  o r  i n f l a t i o n  p r e s s u r e s .  

1 . 8  I t  shou ld  be no ted  t h a t  th roughou t  t h e  t a b l e  f i g u r e s  r e f e r  t o  t h e  
a i r c r a f t  a t  i t s  maximum take-o f f  we igh t .  For l e s s e r  o p e r a t i o n a l  w e i g h t s ,  f i g u r e s  
quoted f o r  " l o a d  on each l e g " ,  " t i r e - p r e s s u r e "  a n d / o r  " c o n t a c t  a r e a "  s h o u l d  b e  
dec reased  p r o p o r t i o n a l l y .  



P , l r t  3 , -  Pavements 3-241  

L i s t  o f  a b b r e v i a t i o n s  used i n  T a b l e  Al-1 

C OM - Complex 

D - Dual 

3T - Dual tandem 

F - Fron t  

R - Rear 

S - D i s t a n c e  between c e n t r e s  of c o n t a c t  a r e a s  of d u a l  wheels 

31) - D i s t a n c e  between c e n t r e s  of c o n t a c t  a r e a s  of d i a g o n a l  wheels  

s~ - Dis tance  between a x i s  of tandem wheels  

T - TanJem 

kg - Kilogram 

Y P a  - Xegapascal  

cm - Cent imet rz  

Note on u n i t s  

T h i s  t a b l e  hss been prepared  Ln ~ e t r i c  e n i t s .  To c o n v e r t  f rsm k i logram t o  newton 
mul t ipLy  by 9,80665. 
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- -------- --- ------- -------- - -------- 
MAIN LEGS OF LANDING GFAR 

Load on  --------------- ---- ----- ------ -- - 
All-up o n e  v a i n  Load on Tire 

mass g e a r  l e g  eacb  l e g  p r e s s u r e  Wheel s p a c i n g  (cm) 
Wheel A d d i t i o n a l  d a t a  f o r  complex 

F i r c r a f  t t y p e  ( k g  ( % )  a r rangemen t  (kg,) (MPa 1 ( S )  (ST) (SD) wheel  a r r angemen t  

A320-100 
Ai rbus  
Dual 

A320-100 
Ai rbus  
Dual 

A320-100 68 000 47.1 DT 32 030 1.12 78 100 126.8 Op t ion  
A i r  bus 
Dual tandem 

A320-200 
A i r b u s  
Dual  

A320-200 73 500 47.0  DT 34 550 1.21 78 100 126.8 Op t ion  
Ai rbus  
Dual Tandem 

BAC 1-11 39 690 47.5 D 18 853 0.93 5 3 - - 
S e r i e s  400 

BAC 1-11 44 679 47.5 D 21 223 0.57 6 2 - - 
S e r i e s  475 

BAC 1-11 47 400 47.5 D 22 515 1.08 53 - - 
S e r i e s  500 

BAe 146 37 308 46.0 D 17 162 0 .80/0 .52 71 - - 
S e r i e s  100 

BAe 146 40 600 47.1  D 19 123 0.8810.61 71 - - 
S e r i e s  200 

F r e i g h t e r  



- - - -  ----- - - - - - -  - ----- --------------------- 
z I: 
o --- R A I N  LFGS OF IANDING GEAR I?. Load o n  ---- ------ - ---- ---- - 

Al l -up  o n e  main  Load on T i r e  
mass  g e a r  l e g  each  l e g  p r e s s u r e  Wbeel s p a c i n g  ( c n )  

Wheel A d d i t i o n a l  d a t a  f o r  complex 
A i r c r a f t  t y p e  ( k g )  ( 7 )  a r r a n g e m e n t  ( k g )  (MPa) ( 8 )  (ST)  ( S D )  wheel  a r r a n g e m e n t  

B707-320C 152 407 46.7  DT 71  174 1 .24 88 142 167 .1  
C o n v e r t i b l e  

B727-100 

B727-200 
S t a n d a r d  

B727-200 
Advanced 

B727-200 
Advanced 

B727-200 
Advanced 

B727-200 
Advanced 

B737-100 

B737-200 

~737-200 /200C 53 297 46.4 D 24 730 1 .16 78 - - 
Advanced 

8 7 3 7 - 2 0 0 / 2 0 0 ~  56 699 46.3  D 26 252 1 .23  7 8 - - 
Advanced 



MAIN 1,FGS OF IANIIIMG GEAR 
Load on  ----------------- 

A l l  -up o n e  main  Load on Ti re  
mass g e a r  l e g  eack l e g  p r e s s u r e  Wheel s p a c i n g  (CTP) 

Wheel A d d i t i o n a l  d a t a  f o r  complex 
A i r c r a f t  t y p e  (kg) ( % )  a r r angemen t  (kg) (ma) ($1 ( S T )  ( s p )  wheel  a r r ange r ren t  

----- ------ --------------- 

B737-200 
Advanced 

B737-300 

B737-300 

B737-400 

B737-500* 

B747-100 

B747-100B 
( P a s s e n g e r )  

B747-100B 

B747-100B 
SR 

B747-SE' 

B747-SP 

B747-200B 

D 

D 

D 

D 

COM 

COM 

COM 

COM 

COM 69 179 

CON 69 835 

COM 83  283 

Main U/C - 4 No. DT u n i t s  
Data based on e q u a l  l o a d  
d i s t r i b u t i o n  

Main U/C - 4 No. DT u n i t s  
Data hased on e q u a l  load 
d i s t r i b u t i o n  

Main u/C - 4 No. DT a n i t s  
Data hased on e q u a l  load 
d i s t r i b u t i o n  

Main U/C - 4 No. DT u n i t s  
Data hased on e q u a l  l oad  
d i s t r i b u t i o n  

Main U/C - 4 No. nT u n i t s  
Data based on e q u a l  l o a d  
d i s t r i b u t i o n  

Main U/C - 4 No. DT u n i t s  
Data based on e q u a l  l oad  
d i s t r i b u t i o n  

Main u/C - 4 No. DT u n i t s  
Data  based on e q u a l  l oad  
d i s t r i b u t i o n  

" P r e l i m i n a r y  i n f o r m a t i o n  



I -- -- 
& r 
0 1.. . a, Y A T N  T,E(.S OF IdhDING GEAR 

I\ Load o n  -- --- - - - --- - - -- 
N ~ W  

I All-up o n e m a i n  Load on T i r e  
mass g e a r  l e g  each  l e g  p r e s s u r e  Wheel s p a c i n g  (cm) 

Wheel A d d i t i o n a l  d a t a  f o r  complex 
A i r c r a f t  t y p e  ( k g )  ( %  a r rangement  ( k g )  (MPa) ( S )  (ST)  ( s n )  wheel  a r rangement  

B747-200C 373 305 23.1 COM 86 233 1 .30 112 147 184.8 Main U / C  - 4 No. DT u n i t s  
Data based on e q u a l  load  
d i s t r i b u t i o n  

B747-200F/300 379 201 23.2 COM 87 975 1.39 112 147 184.8 Main U / C  - 4 No. DT u n i t s  
Data based on e q u a l  load 
d i s t r i b u t i o n  

395 987 23.4 COM 92 661 1 .41 112 147 184.8 P a i n  u / C  - 4 No. DT u n i t s  
Data based on e q u a l  load 
d i s t r i b u t i o n  

B767-200 

B767-200-ER 

B767-300 

B767-300-ER 

B767-300-ER 

C a r a v e l l e  10  

DT 

DT 

DT 

DT 

DT 

COM 

C a r a v e l l e  12 COM 

Concorde 

Canada i r  
CL 44 

115 666 48.5 DT 56 098 1.28 61 118 132.8 

11 430 46.8  S i n  5 349 0 .31 - - - 



M A I N  LFGS OF LANCING C M R  
Toad on  - - A -- - -- - - -- - - --- - -- - - - --A - - - - -- - -- -- 

A l l  -up one  g a i n  Load on Tire 
mass g e a r  l e g  e s c b  l e g  p r e s s u r e  Wheel s p a c i n g  (cm) 

Wheel A d d i t i o n a l  d a t a  f o r  complex 
A i r c r a f t  t y p e  ( k g )  ( 7  ) a r rangemen t  ( k g )  (MPa) (S) (ST) (SD) wheel  a r r angemen t  

1.34 137 163 212.9 Loading based on wing DT. 
Main u/C i n c l u d e s  c e n t r a l  D. 

DC-10-30/40 268 981 37.9 COM 101 944 1.24 137 163 212.9 L o a d i n g b a s e d o n w i n p D T .  
Main IT/C i n c l u d e s  c e n t r a l  Jl. 

1.17 137 163 212.9 Loading based on wing DT. 
Main o / C  i n c l u d e s  c e n t r a l  D .  



I w - 
5 IF M A I N  I.FGS OF LANDING GFAR ' '7' 

1 1'3 
Load o n  -- ---- -- C- 

' Co 
All-up o n e  main  Load o n  T i r e  

mass  g e a r  l e g  each  l e g  p r e s s u r e  Wheel s p a c i n g  (cm) 
Wheel A d d i t i o n a l  d a t a  f o r  complex 

A i r c r a f t  t y p e  ( k g )  ( % )  a r r a n g e m e n t  ( k g )  (MPa) ( s )  (ST)  (SD) wheel  a r r a n g e m e n t  

DC-10-30/40 260 816 37.6 COM 98 069 1 .21  137 163 212.9 Loading based  on wing DT. 
Main U/C i n c l u d e s  c e n t r a l  D .  

274 650 39.2 COM 107 663 1 .41 137 163 212.9 Loading based on wing DT. 
Main U/C i n c l u d e s  c e n t r a l  D. 

Dash 7 19  867 46 .8  D 9 228 0.74 4 2 - - 

F27 F r i e n d s h i p  19  777 47.5 D 9 394 0.54 4 5 - - 
Mk500 

Fokker  50  
KT? 

Fokker  50  
LT? 

F28 F e l l o w s h i p  29 484 46.3  D 13  651 0 .58  5 8 - - 
MkiOOOLTP 

F28 F e l l o w s h i p  29 484 46.3  D 13  651 0.69 55 - - 

MklOOOHTP 

Fokker  100 44 680 47.8  D 21 357 0.98 59 - - 

D 

D 

DT 

DT 

COM 

COM 

-I s1 l- 
41 88 S 62 
11 * 11 

-I I- 
S 1  144 

S 
Main U/C 3 DT u n i t s  



------ --------- ----- 
M P I N  LFCS OF LANDING GFAR 

Load on - --- -- 
Al l -up  o n e  main  Load o n  T i r e  

mass  g e a r  l e g  each  l e g  p r e s s u r e  Wheel s p a c i n g  (cm) 
\Theel A d d i t i o n a l  d a t a  f o r  complex 

A i r c r a f t  t y p e  ( k g )  ( z )  a r r a n g e m e n t  ( k g )  (MPa) ( S )  (ST) ( S D )  wheel  a r r a n g e m e n t  

70 670 48.2 T 17 031 0.72 - 154 - Main whee l s  a r r a n g e d  i n  
tandem on f o u r  s e p a r a t e  
l e g s .  

70 670 48.4 T 17 102 0.72 - 154 - Main whee l s  a r r a n g e d  i n  
tandem on f o u r  s e p a r a t e  
legs. 

T r i d e n t  1E 61 160 46 .0  C OM 28 196 1.03 - - - --I sz 1- S1 32 
18 * 18  92 94 
Sl --I t-- 

T r i d e n t  2E 65 998 47.0 COM 31 019 1.07 - - - -1 s2 I- S1 30 
(1 * 88 s2 95 
SI -I t- 

T r i d e n t  3 68 266 45.5 C OEZ 31 095 1.14 - - - -1 S2 I- S1 30 
I@ @ 18  S? 95 
Sl -I t-- 

TI1 1 3  4A 49 000 45.6 DT 22 690 0.83 56 99 113.7 

COM 44 198 0.93 62 F103 223.6 
R 98 





A P P E N D I X  2 

PROCEDURES FOR D E T E R M I N I N G  THE A 1  RCRAFT 
C L A S S I F I C A T I O N  NUMBER OF AN A I R C R A F T  

1. Rig id  pavements 

1.1 - The ACN o f  a n  a i r c r a f t  f o r  o p e r a t i o n s  on a r i g i d  pavement s h a l l  b e  
de te rmined  u s i n g  Computer Programme No. 1. 

B. - Computer Programme No. 2 i s  based on programme PDILB developed by 
M r .  R. G. Packard of  Portland Cement Association, I l l i n o i s ,  United States ,  for design of 
r i g i d  pavements. For convenience, several a i r c r a f t  types currently i n  use have been 
evaluated on r i g i d  pavements founded on the four subgrade categories a t  Annex 14, 
Chapter 2, 2.5.6 b )  and the r e s u l t s  tabulated i n  Attachment B, Table B-1 of  t h a t  Annex 
and Table A5-I of  Appendix 5 o f  t h i s  Manual. 

2 .  F l e x i b l e  pavements 

2 . 1  The ACN of  a n  a i r c r a f t  f o r  o p e r a t i o n s  on a f l e x i b l e  pavement s h a l l  be  
de te rmined  u s i n g  Computer Programme No. 2. 

N o t e . -  Computer Programme No. 2 i s  based on the United States  Army 
Engineer's CBR method o f  design of f l ex ib le  pavements (see  United States  Army Engineer 
Waterways Experiment S ta t ion  Ins truct ion Report S- 77-1 ) .  For convenience, seveuaal 
a i r c r a f t  types currently i n  use have been evaluated on f l ex ib le  pavements founded on 
the four subgrade categories a t  Annex 2 4 ,  Chapter 2,  2.5.6 b )  and the r e s u l t s  tabulated 
i n  Attachment B, Table B-1 o f  t h a t  Annex and Table A5-1 o f  Appendix 5 of  t h i s  Manual. 
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Computer Programme NO. 1 

The purpose o f  t h e s e  i n s t r u c t i o n s  i s  t o  p rov ide  t h e  in format ion  needed  f o r  
o p e r a t i n g  t h e  computer programme. 

A b s t r a c t  

D e s c r i p t i o n .  T h i s  programme de te rmines  f l e x u r a l  s t r e s s e s  i n  a  c o n c r e t e  -- 
pavement f o r  a i r c r a f t  g e a r  l o a d s ,  t h e  r e q u i r e d  c o n c r e t e  t h i c k n e s s  f o r  t h e  i n p u t  s u b g r a d e  
and 2.75 MPa c o n c r e t e  s t r e s s  and ACNs  of a i r c r a f t .  It i s  based on Westergaard 's  a n a l y s i s  
f o r  l o a d s  a t  t h e  i n t e r i o r  o f  a  pavement s l a b  suppor ted  by a  dense l i q u i d  sub-base.  Loads 
a r e  assumed t o  be uniformly d i s t r i b u t e d  on e l l i p t i c a l  shapes  r e p r e s e n t i n g  t i re  c o n t a c t  
a r e a s .  

The programme is  o p e r a t e d  i n  one of t h e  f o l l o w i n g  modes*: 

Mode 2. Pavement e v a l u a t i o n  - For a n  e x i s t i n g  pavement, t h i c k n e s s  a n d  
subgrade s t r e n g t h  known, t h e  programme g i v e s  t h e  maximum stress 
f o r  t h e  s p e c i f i e d  l o a d i n g  c o n d i t i o n .  T h i s  mode is used by t h e  
d e s i g n e r  t o  de te rmine  i f  an  e x i s t i n g  pavement is  s t r u c t u r a l l y  
adequa te  f o r  o p e r a t i o n  o f  a p a r t i c u l a r  a i r c r a f t  . 

Mode 5 .  I f  Mode 5  i s  i n p u t ,  t h e  programme i t e r a t e s  t o  f i n d  t h e  r e q u i r e d  
c o n c r e t e  t h i c k n e s s  f o r  t h e  i n p u t  subgrade and 2.75 MPa c o n c r e t e  
stress. 

Mode 6. I f  Mode 6 i s  i n p u t ,  t h e  programme i t e r a t e s  t o  f i n d  t h e  r e q u i r e d  
t h i c k n e s s  f o r  t h e  s t a n d a r d  ACN/PCN subgrade c a t e g o r i e s  and t h e  
s t a n d a r d  c o n c r e t e  stress of 2.75 MPa, p l u s  t h e  ACN v a l u e s  f o r  
t h e  s t a n d a r d  subgrade c a t e g o r i e s .  

S p e c i f i c a t i o n s  

Language : ZBM 1130 Monitor FORTRAN. 
Equipment : IBM 1130 (1131 CPU, 8K, w i t h  DISK), 1442 

Card Read Punch, 1132 P r i n t e r  ( o p t i o n a l )  
Programme type:  Main l ine  programme (PDILB) and f o u r  

sub- rou t ines  (XYMAX, PARAB, CNVG and CACN). 

Inpu t  

Inpu t  c a r d s  f o r  each of t h e  t h r e e  modes a r e  punched a s  shown i n  F i g u r e  A2-1 
and sample i n p u t s  a r e  shown on page 3-257. 

Co-ordinates  of wheels .  I n  a l l  of t h e  i n p u t  fo rmats ,  X-Y c o - o r d i n a t e s  of 
wheel c e n t r e s  a r e  used t o  s p e c i f y  wheel s p a c i n g s ,  w i t h  t h e  X-d i rec t ion  i n d i c a t i n g  t h e  
l o n g i t u d i n a l  a x i s  of t h e  a i r c r a f t . " "  Th is  means t h a t  spac ing  between d u a l  wheels i s  
s p e c i f i e d  a s  a  Y-dimension and spac ing  between tandem wheels  i s  s p e c i f i e d  a s  a n  
X-d imens i o n .  

* See Refe rence  4 f o r  u s e  o f  Modes 1, 3  and 4 .  
9;" This  convent ion  must be  fol lowed i n  a l l  modes of o p e r a t i o n  s i n c e  t h e  computer 

programme i n i t i a l l y  o r i e n t s  t h e  major  a x i s  of each c o n t a c t  a r e a  e l l i p s e  i n  t h e  
X-d i rec t ion .  

25/10/85 -- 
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The f o l l o w i n g  c o n s i d e r a t i o n  is a l s o  impor tan t  i n  s p e c i f y i n g  t h e  wheel 
c o - o r d i n a t e s .  The p a r t i c u l a r  wheel i n  t h e  g e a r  t h a t  i s  judged c l o s e s t  t o  t h e  l o c a t i o n  
of maximum s t r e s s  i s  d e s i g n a t e d  a s  Wheel 1 and i t s  co-ord ina tes  a r e  s e t  a t  X = 0.00,  
Y = 0.00. The o t h e r  wheels a r e  numbered a s  d e s i r e d  and t h e i r  X-Y c o - o r d i n a t e s  a r e  
s p e c i f i e d  cor responding  t o  t h e i r  p o s i t i o n  r e l a t i v e  t o  Wheel 1. Ske tches  1 a n d  2 of 
F i g u r e  A2-2 i l l u s t r a t e  t h e  p o s i t i o n s  and wheel co-ord ina tes  f o r  d u a l  wheel g e a r  and 
f o r  dual-tandem g e a r .  Ske tches  3, 4 and 5 of t h e  same f i g u r e  show t h e  s e l e c t i o n  of 
Wheel 1 f o r  more complex g e a r  c o n f i g u r a t i o n s .  Of t h e  two most c l o s e l y  spaced  wheels 
i n  a  complex c o n f i g u r a t i o n ,  t h e  wheel c l o s e s t  t o  t h e  g e a r  c e n t r e  is  u s u a l l y  s e l e c t e d  
a s  Wheel l.* 

Output 

Sample r e s u l t s  f o r  each  of t h e  modes a r e  given on pages 3-258 t o  3-260. 
The f i r s t  p a r t  of t h e  o u t p u t ,  down t o  and i n c l u d i n g  MODE, r e p r e s e n t s  a  r e p r o d u c t i o n  of 
t h e  i n p u t  d a t a .  The remaining d a t a  a r e  t h e  r e s u l t s  of computat ions  and a r e  d i s c u s s e d  
s e p a r a t e l y  a c c o r d i n g  t o  mode i n  t h e  f o l l o w i n g  paragraphs.  

Mode 2. I n  t h i s  mode, F-values and COUNT a r e  p r i n t e d  f o r  each  wheel  and 
a r e  t o t a l l e d .  These v a l u e s  a r e  r e l a t e d  t o  s t r e s s  and bending moment a s  f o l l o w s :  

(Bending moment) 
Ft = (Contact  p r e s s u r e )  

10 000 x (F) 
COUNTtt = (Rad. rel. s t i f f .  ) Z  

6 x  (Bending moment) - 6  x  (F) x  (Contact  p r e s s u r e )  
STRESS = - 

( ~ h i c k n e s s ) ~  (Thickness)  

CODES 0,  1 and 2  i n d i c a t e ,  r e s p e c t i v e l y ,  whether i n d i v i d u a l  whee l s  a r e  
i n s i d e ,  p a r t i a l l y  o u t s i d e ,  o r  comple te ly  o u t s i d e  t h e  programme's zone of i n f l u e n c e  
( r a d i u s  of 3R). 

At t h e  end of t h e  p r i n t - o u t ,  maximum stress and t h e  l o c a t i o n  and d i r e c t i o n  
( X F U X ,  YMhX and MAX. ANGLE) of maximum s t r e s s  a r e  l i s t e d .  

Mode 5. T h i s  o u t p u t  is  s i m i l a r  t o  t h a t  of Mode 2 w i t h  t h e  a d d i t i o n  of 
number of i t e r a t i o n s .  

Mode 6 .  T h i s  o u t p u t  i s  s i m i l a r  t o  t h a t  of Mode 5 excep t  t h a t  c a l c u l a t e d  
v a l u e s  a r e  r e p e a t e d  f o r  each  subgrade,  and t h e  ACN v a l u e s  a r e  added. 

>k Conceivably, f o r  a n  unusual  g e a r  c o n f i g u r a t i o n  w i t h  a  number of c l o s e l y  s p a c e d  
wheels ,  s e p a r a t e  computer runs  wi th  d i f f e r e n t  wheels s p e c i f i e d  a s  Wheel 1 might  
be r e q u i r e d .  

t The f a c t o r ,  F, is used t o  c o n v e n i e n t l y  e x p r e s s  a  measure of t h e  r e l a t i v e  bending  
moment independent  of c o n t a c t  p r e s s u r e .  

tt COUNT i s  l i s t e d  s o  t h a t  t h e  u s e r  can v e r i f y  computer r e s u l t s .  Th is  i s  done by 
comparing COUNT a g a i n s t  t h e  number of i n f l u e n c e  blocks counted on P i c k e t t  and  
Ray ' s  I n f l u e n c e  Chart No. 2 .  

25/10/85 
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Programme L i s t i n g  

A l l  F o r t r a n  programme s t a t e m e n t s  a r e  l i s t e d  s t a r t i n g  on page 3-261. 

L i m i t a t i o n s  

A l l  c o n t a c t  a r e a s  a r e  a s s i g n e d  e q u a l  s i z e ,  shape  and c o n t a c t  p r e s s u r e .  
A n a l y s i s  o f  a set of c o n t a c t  i m p r i n t s  w i t h  d i f f e r e n t  s h a p e s ,  areas o r  p r e s s u r e s  w i t h i n  
t h e  set would r e q u i r e  a  m o d i f i c a t i o n  o f  t h e  programme. 

The programme computes stresses f o r  t h e  c o n t a c t  areas, o r  p o r t i o n s  t h e r e o f ,  
t h a t  a r e  w i t h i n  a  r a d i u s  o f  3R cm from t h e  s e l e c t e d  r e f e r e n c e  Wheel 1. For c o n t a c t  
a r e a s  o u t s i d e  t h i s  bound, t h e  s t r e s s  i s  s e t  t o  z e r o .  

Refe rences :  

I. P i c k e t t ,  G e r a l d  and  Ray, Gordon K . ,  InfZuence Charts for Concrete Pavements, 
American S o c i e t y  of C i v i l  E n g i n e e r s  Transactions, Paper  No. 2425, Vol. 116,  
1951, pp.  49-73. 

2 .  Design o f  Concrete Airport  Pavement, P o r t l a n d  Cement A s s o c i a t i o n ,  Chicago, I l l i n o i s .  

3 .  P i c k e t t ,  Gera ld ;  R a v i l l e ,  M i l t o n  E .  ; J a n e s ,  Wil l iam C .  ; and McCormick, Frank J., 
DefZections, Monzents and Reactive Pressures for Concrete Pavements, Kansas  S t a t e  
C o l l e g e  B u l l e t i n  No. 65, O c t .  1951. 

4 .  P a c k a r d ,  Rober t  G . ,  Computer Program for Aiuport Pavement Design, P o r t l a n d  Cement 
A s s o c i a t i o n ,  Chicago, I l l i n o i s .  
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Part 3. - Pavements 3-255 

CARD 1 

AIRCRAFT MASS 

Notes: 1 . Number of problems. 
2. Optional output; use 1 for typewriter, 3 for line printer. 
3. Desired mode of operation. 
4 .  Total number of wheels in gear(s) being analyzed. (Use column 14 if less than 10 wheels.) 
5. X- and Y-coordinates of wheel centers. X-direction indicates longitudinal axis of aircraft; e.g. dual wheel spacing is Y-dimension, 

tandem spacing is X-dimension. 

Figure A2-1. I n p u t  Form f o r  Modes 2, 5 and 6 

25/10/85 
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-- 

Figure A2-2. Wheel Co-ordinates and Selection of Wheel 1 



P a r t  3. - Pavements 3-257 

SAMPLE INPUTS 

Ffode 2 

Mode 5 

Mode 6 

25/10/85 
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SAMPLE OUTPUTS 

-- -- - - 
AIRCRAFT G E A R  N O .  O F  WHCS. C O ~ ~ T A ~ T  A R E A  c 0 M T A c 7- PR ESSURE-̂ - 
0 - 7 4 7  M A  I d  4  1 4 9 1 . 6 4  1 - 3 7  

C O O R D I N A T E S  OF d H L S .  
N O .  X  Y  

1 0,00 0.00 - - - -- - - - - -. .- . . -- -- - - - -- - 
2  0 . 0 0  1 1 1 . 7 6  
3 1 4 7 . 3 2  0  .i)d 
4  1 4 7 . 3 2  1 1 1 . 7 6  

M O D E  K  S U B B A S E  S U B G R A D E  P A V E M E N T  T W I C K I U E S S  
2  8 0 . 3 0  

R A D ,  R E L .  S T I F F .  9 4 . 9 0  

W H L .  N O .  7 F  4 4 . 4 5 3 2  C O D E  0 C O U N T  318.4 
W l f L .  N O .  2  F  1 . 3 0 6 2  C O D E  0 C O U N T  9.4 
W H L .  N O .  3  F  3 , 0 9 1 7  C O D E  0 C O U N T  2 2 - 1  
W H L ,  N O .  4 F 3 . 4 9 4 5  C O D E  0 C O U N T  2 5 - 0  

T O T A L  F 5 2 . 3 4 5 7  T O T A L  C O U N T  375.0 

X M A X  - O e 4  Y M A X  - 0 . 5  X A X ,  A N G L E  5 7 . 6  

M A X .  S T R E S S  3 - 0  

A 1  i 7 C R A F T  G E A R  N O .  O F  W H L S .  C O N T A C T  A R E A  C O N T A C T  P R E S S U R E  
8 - 7 6 7  M A I N  4  1 4 9 1 . 6 4  i .37 

C O O R D I N A T E S  O F  d H L S ,  
N O .  X  Y  

1 d . 0 0  0 . 0 0  
2  0-00 1 1 1 , 7 6  
3 1 4 7 . 3 2  0 . 0 0  
4  1 4 7 , 3 2  1 1 1 , 7 6  

M O D E  K S U B B A S E  S U U G R A D E  P A V E M E N T  T H I C K N E S S  
5  d 0 . 0 0  32.6  

R A D .  R E L .  S T I F F .  99 .91  

W I I L .  N O .  1 F  4 5 , 5 2 3 7  C O D E  0 C O U N T  294.2 
W H L .  i JO .  2  F  1 . 8 9 8 9  C O D E  0  C O U N T  12.3 

W H L .  N O .  3 F 3.6762 C O D E 0  C O U N T  23.8 
W H L .  NO. 4  F 4 . 0 2 7 3  C O D E 0  C O U N T  26.0 

T O T A L  F 5 5 . 1 2 6 0  T O T A L  C O U N T  356.3 

X M A X  - 0 . 5  Y M A X  -0 .5  M A X .  A N G L E  5 7 . 7  

M A X .  S T R E S S  2.8 I T E R A T I O N S  a 
U 
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A I R C R A F T  G E A R  NO,  O F  W H L S .  C O N T A C T  A R E A  C O N T A C T  P R E S S U R E  
0 - 7 4 7  M A  I N  4  1499 .64  1.37 

c 0 o R D I N A . T E - S  - - -- -O-F-W_W.LS ,--_- -____ - -- -.- - 
N O .  X  Y 

1 8 .00  0.r30 
2  0.00 111 .76  
3 1 4 7 . 3 2  0 .00  
4  1 4 7 . 3 2  1 1 1 . 7 6  

R A D .  R E L .  S T I F F .  1 7 0 . 4 9  

W H L ,  N O .  1 F  5 6 , 6 4 4 0  C O D E  0 C O U N T  - 1 2 5 , 7 _  - - -  

W H L .  N O .  2 F 9,8882 C O D E  0 C O U N T  21.9 
W H L .  N O ,  3 F  1 1 , 6 2 1 4  C O D E  0  C O U N T  25.8 
W H L .  '40, 4  F  1 1 . 4 9 3 5  C O D E  0  C O U N T  25.5 

T O T A L  F 8 9 . 6 4 7 2  T O T A L  C O U N T  199.0  

Y M A X  -0.9 M A X .  A N G L E  5 8 . 2  

M A X .  S T R E S S  2.8 I T E R A T I O N S  7  A C N  7 3 . 6  

M O D E  K S U B B A S E  S U B G R A D E  P A V E M E N T  T H I C K N E S S  
6  40.00 3 7 , 3  

R A D ,  R E L .  S T I F F .  7 3 2 - 0 7  

W H L .  i J 0 .  1 F 5 1 , 3 2 7 6  C O D E  O C O U N T  189 .8  
W H L .  N O .  Z F 5 , 7 0 9 3  C O D E 0  t O l J & T  21.1 
WHL, N O .  3  F 7 . 4 5 5 4  C O D E 0  C O U N T  27.6 
W H L ,  N O .  4 F 7 . 5 3 3 0  C O D E  0  C O U N T  2 7 - 9  

T O T A L  F  7 2 , 0 2 5 3  T O T A L  C O U N T  266.4 

X M A X  -0 .9  Y M A X  - 0 , 7  M A X .  A N G L E  5 8 . 0  

M A X .  S T R E S S  2.8 I T E R A T I O N S  4  ~ C N  64.1 
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M O D E  K S U B B A S E  S U B G R A D E  P A V E M E N T  T H I C K N E S S  
6 3 0 . 0 0  32.7 

R A D .  R E L .  S T I F F .  1 0 0 . 8 0  - - -- -- - - - - - --- - --- - 

WHL,  IJO,  1 F 4 5 , 7 0 7 4  C O D E  0 C O U N T  2 9 0 - 2  
WHL. iJO. 2  F  2 . 0 0 4 4  C O D E  O C O U N T  12.7 
W H L .  NO.  3  F  3 . 7 8 0 4  C O D E  0  C O U N T  24.0  
W H L .  NO. 4  F  4 . 1 2 2 5  C O D E  0  C O U N T  26.2 

.- K G  t EEL 2.5L.2. .. 

X M A X  -0 .5  Y M A X  - 0 - 6  M A X .  A N G L E  5 7 . 7  

M A X .  S T R E S S  2.8  I T E R A T I O N S  4  A C N  5 3 . 9  

M O D E  K S U B B A S E  S U B G R A D E  P A V E M E N T  T H I C K N E S S  
6  1 5 0 . 0 0  28.8  

R A D .  R E L ,  S T I F F .  78 .18  

- -- - - - - -  - - -- - ---- - 
WHL.  NO. - 1 F  40.41-28---  CODE 0 C O U N T  4 2 6 - 6  
WHL.  NO. 2  F - 0 . 5 6 6 4  C O D E  0 C O U N T  -6.0 
WHL,  NO, 3 F 1 , 2 5 7 5  C O D E  0 C O U N T  1 3 - 3  
W H L .  NO.  4  F 1 , 8 3 7 6  C O D E  0 C O U N T  19.4 

T O T A L  F  4 2 . 9 4 1 5  T O T A L  C O U N T  4 5 3 - 3  
- - - - - - - - - 

M A X .  A N G L E  5 7 . 3  

M A X .  S T R E S S  2 - 7  I T E R A T I O N S  4 A C N  4 5 . 3  
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P a r t  3 .  - Pavements 3-261 

PROGRAMME L I S T I N G  

COMPUTER PROGRAMME NO. 1 

R I G I D  PAVEMENT ACN 

P R O G R A M  A C N R I A  

P R O G R A M  A C N H I  I S  I N  I N T ,  U N I T S  
A D J U S T M E E J T S  I N C U D E D  S U G G E S T E D  B Y  A U S T R A L 1  E N  G O V E R N Y E N T  

J U N E  1979  M O D I F I C A T I O N  T O  P C A / P D I L B  T O  C O M P U T E  A C N  V A L U E S  F O R  S T A N D A R D  
S U B G R A D E S  P E R  I C A O  A C N / P C N  M E T H O D .  

C O M M O N  I O U T  
D I M E N S I O N  S U B K I ( ~ ) I  S U B K I I ( 7 )  
D I M E N S I O N  X ( ~ ~ ) I Y ( ~ O ) I A I R C R ( ~ ) I E ( ~ O ) I S T ( ~ ~ ) I D X ~ ~ ~ ) I F ( ~ O , ~ )  
D I M E N S I O N  B E T A ( ~ O ) I A ( ~ ~ ) ~ B ( ~ ~ ) , X U ( ~ ~ )  

S A V E  S P A C E  F O R  A C N / P C N  S T A N D A R D  S U 3 G R A D E S  
D I M E N S I O N  A C N K  ( 4 )  r D F W H L ( 2 0 ) r  D C 3 U V T C  2 0 )  I I D C O D E ( 2 0 )  

D O U i 3 L E  P R E C I S I O N  C A R D S  N E E D E D  D E P E N D I N G  O N  A C C U R A C Y  O F  M A C H I N E  
( T H I S  M A C H I N E  1 6  D E C I Y 4 L  D I G I T S  F O R  D O U B L E  P R E C . )  

D O U d L E  P R E C I S I O N  AIACIACNIACNKIALPHPA L P H D I A M A X I A M I  N e A Q D  R T u A R E A ~ A S I  
+ A X I B ~ U E T A I B Q D R T ~ B X I C I C O U N T I C Q D R T I D I D C O U N T I D E N O M I D F W H L ~ D I F F ~ ) I  
* D I F F ~ , D I S C R I D T H E T I D V ~ O ~ D V ~ O O I D V ~  ~ I D V ~ I D V ~ O , D V ~ I D V ~ ~ I D X  ~ D ~ o ; D ? o o e  
+ D ? ~ ; D ~ ~ ~ ~ D ~ ; E ~ ~ ; D ~ ~ D ~ ~ ~ D ~ = D ~ ~ I D S C D S ~ C E ~ F ~ F A C C ~ F C T ~ ~ ~ F E L ~ ~ ~ U F T ~ ~ ~ F M H L  
4 ~ P P E I P X ~ I P X ~ I P ~ I P ~ I Q C R A I R B I R S L T ~  S I S L P I S L P ~  P S L P ~ I S P  C F L I S T I  
+ S T O R I P S T O R ~ ; S T R S ; S U B K P T H E T P T H E T ~ , T O T C T I V ~ I V ~ I X I X  H N I X K N I X L ~  
+ X M A X I X N I X N M R ~ X U I X X L I  YIYMAXIYNIYI I Y ~ I  Y ~ ~ Y ~ I X I N T R M  

D A T A  S U B K I / 2 3 . 1 2 5 . 1 4 3 . 1 6 0 . 1 8 3 . 1 1  2 3 . 1  153.1' 
X  I N C H 2 = 6 . 4 5 1 6  
X I N C H  = 2 - 5 4  
X P R E S  = 1 4 5 . 0 3 7 7 4 3 8  
X P O U N D  = 2 . 2 0 4 6 2 2 5  
P I E = 3 , 1 4 1 5 9 2 6 5 3 5 8 9 8  
J  B S = O  
R E A D ( ~ I ~ O ~ > J O B S I I O U T  

100 F O R M A T ( I Z I ~ X I I Z )  
d R I T E ( I O U T e 1 D l  1 

101 F O R M A T ( '  ' / / / I '  ' ~ ~ ~ X I ~ I R P O R T  P A V E Y E N T  D E D S X G N 9 / / / '  U N I T S  K G  
1 C M  D E G R E E S @ / / )  

1 0 2  I N = 7  
R E A D ( 5 r l 0 3 ) M O D E  

1 0 3  F O R M A T ( I 1 )  
S A V E  I N P U T  M O D E  T O  I N D I C A T E  I T E R 4 T I O N  A N D  A C N  C A L C U L A T I O N S .  

M O D 1  = M O D E  
I F C M O D I  . G T .  4 )  M O D E = 2  
G O  T O  ( 1 0 4 1 1 0 4 1 1 0 7 1 1 3 7 ) r M O D E  

1 0 4  R E A D ( ~ ~ ~ O ~ ) A I R C R ~ G E A R I M ~ A F ~ A S S ~ P H S W ~ P " ~ M G I A M L G  
1 0 5  F O R M A T ( Z A ~ B A ~ I I ~ ~ ~ E ? ~ ) ~ O >  

d T = A ? 4 A S S * 9 , 8 1 5 / 1 ~ 0 0 ,  
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3 - 2 6 2  Aerodrome Design Manual 

T  L M G =  J T  * P M M G / 1 0 0 ,  
T L S M S = T L M S / A M L G  
dN=M 
T  L S W = T L S M G / W M  
A  R E A = T L S W * 1 0 0 0 0 , O / P R S W  
Q = P R S J / 1 O O O . O  
W R I T E ( I O U T r 1 0 6 ) A I R C R ~ G E A R r M r A R E A r Q  
A R E A  = A R E A  / X I N C H 2  
id  = Q  * X P R E S  

1 0 6  F O R M A T (  ' A I R C R A F T  G E A R  N O .  O F  d H L S ,  C O N T A C T  A R E A  C O N T A  
1 C T  P R E S S U R E ' / '  q r 2 A 4 r A 8 r 1 1 0 r F 1 9 . 2 r F 1 9 . 2 / )  

G O  T O  1 1 0  
1 0 7  R E A D ( 5 r l O 8 ) A I R C R r G E A R r M I A R E A  
1 0 8  F O R M A T ( Z A 4 r A 4 r I Z r  F 7 . 2 )  

W R I T E ( I O U T , 1 0 9 ) A I R C R r G E A R E A  
A R E A  = A R E A  / X l N C H 2  

109  F O R M A T ( '  A I R C R A F T  G E A R  Y O .  O F  d H E E L S  C O Y T A C T  A R E A ' / *  " 2 A  
1 4 r A 8 r I I O r F 1 9 , 2 / )  

1 1 0  R E A D ( 5 r l l ? ) ( X ( N ) r Y ( N ) , N = l r M )  
11 1 F O R M A T ( 2 F 7 . 2 )  

d R I T E ( I O U T r 1  1 2 )  
1 1 2  F O R M A T ( '  C O O R D I N A T E S  O F  d H L S . ' / / '  ' 40 .  X  Y ' l  

d R I T E ( I O U T r l f 3 ) ( N r X ( N ) r Y ( N ) r N = l r Y )  
113  F O R M A T ( I  ' r I 3 r F 1 O s 2 r F 8 . 2 )  

D O  1 1 1 3  N  = l  r M  
X ( N )  = X ( N ) /  X I N C H  

1 1 1 3  Y ( N )  = Y ( N )  / X I N C H  
G O  T O  ( 1 1 4 r 1 1 7 r 1 2 U r 1 2 0 ) r M O D E  

1 1 4  R E A D ( 5 r 1 1 5 ) S U B K O  
11 5  F O R M A T  ( F 7 . 2 )  

W R I T E ( I O U T ~ l l 6 ) M O D E r S U B K O  
C A L L  R S U B K  ( S U B K r S U d K O )  

116 F O R M A T ( '  I / / '  M O D E  K  S U B B A S E  S U 3 G R A D E 8 / @  ' r I 3 r F ? ? . 2 f )  
G O  T O  1 2 7  

1 1 7  R E A D ( S r l l 8 ) S U B X O c D  
C A L L  R S U B K  ( S U a K r S U B K O )  

C  S E T  S T A N D A R D  S U B G R A D E S  - U L T R A  L 3 d r  L O W @  M E D l U Y r  A N D  S T R O N G .  
I F ( M O D 1  ,EQ. 6 )  A C M K ( 1 )  = 7 3 . 6 7 9  
I F C M O D I  ,EQ.  6 )  A C N K ( 2 )  = 1 4 7 . 3 6  
I F C M O D I  .EQ,  6 )  A C N K C . 5 )  = 2 9 4 . 7 2  
I F C M O D I  . E Q .  6 )  A C N K ( 4 )  = 5 5 2 - 5 8  

C  S E T  U P  C O U N T E R  A N D  L O O P  F O R  S T 4 N D A R D  A C N / P C N  S U B G R A D E S ,  
I S U B  = 0 

1 1 1 7  I S U B  = I S U B  + 1 
I F C I S U B  . G T ,  4 )  G O  T O  3 5 0  
I F ( M O D 1  . E Q .  6 )  S U B K  = A C N X C I S U B )  
I S U d l = (  I S U B - 1 )  * 2  + I  
I F  ( M O D 1  .EQ.  6 ) S U B K O = S U B K I ( I S U B I )  
I T  C T =  0 

118  F O R M A T ( F 8 . 2 r F 5 . 1 )  
C  S T A R T  T H I C K N E S S  C O N V E R G E N C E  L 0 3 P .  

1 1 1 8  C O N T I N U E  
C  D E L A Y  O U T P U T S  U N T I L  C O N V E R G E N C E  I S  C O M P L E T E ,  

I F ( M O D 1  .GT,  4 )  G O  T O  1 2 8  
W R I T E  ( I O U T , I  ~ V ) M O D E I S U B K O I D  
D = D / X ! ? ! C H  

2 5 1 1 0 1 8 5  -- 
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Part 3 .  - Pavements 3-263 

1080  1 3 9  F O R M A T ( " $ /  N O D E  K S U B B A S E  S U S G R A D E  P A V E M E N T  T H I C K N E S S  V /" 

1 0 9 0  1 ' r l 3 r F 1 7 , 2 e F 2 1 , 1 / )  
't 4 0 0  G O  T O  1 2 8  
4110 7 2 0  ~ R I T E ( T O U T r 1 2 1 ) M O D E  
1 1 2 0  129 F O R M A T ( " " /  W D E V @  ' / X 3 / )  
1 1 3 0  X F C M O D E - 3 9  f 2 2 8 1  2 2 / 1 2 4  
t 1 4 0  1 2 2  S P C F L = O . O  
1 1 5 0  1 2 3  A M A X = O , O  
f 160  G O  T O  1 2 9  
1170  9 2 4  R E A D ( ~ ~ I ~ ~ ) S P C F L U A M I N I A M A X  
1 f 8 0  S P C F L  = S P C F L / X X N C H  
1190 1 2 5  F O R M A T ( F 6 . 2 r Z ( F 6 . 1 ) )  
f 2 0 0  A L P W D S A M I N  
1 2 1  0 A L P H = A M I N / I 8 O , * P X E  
4 2 2 0  W R I T E  ( I O U T * 1 2 6 9 A M X N r A M A X  
1 2 3 0  1 2 6  F O R M A T ( '  R O T A T E  F R O M % F 6 . 1 r V O s r F S . l r ~ E G R E E S S " / )  
1 2 4 0  G O  T O  130  
1 2 5 0  1 2 7  D = 1 0 . 0  
1 2 6 0  1 2 8  X X L = D S Q R T ( O * * 3 / S U B K l  
1270  I F ( X X L , L T , O .  ) X X L = O .  
1 2 8 0  s P C F L = 2 4 , 1 6 5 2 * D S Q R T ( X X L )  
1 2 9 0  G O  T O  7 2 3  
1 3 0 0  1 2 9  A L P H = O . O  
1 3 1 0  A L P H D = O , O  
1 3 2 0  I F ( M O D E - 3 ) 1 3 4 s f  3 4 , 1 3 0  
1 3 3 0  1 3 0  d R I T E (  I O U T e l 3 1  I A L P H D  
1 3 4 0  1 3 1  F O R M A T ( '  R O T A T I O N  A N G L E % F 7 , ? / )  
1 3 5 0  1 3 4  D O  3 2 0  L = 2 0 1 1 0 0 r 1 0  
1 3 6 0  X L = L  
1 3 7 0  l F l S P C F L  ,NE.  0 ) X L  = S P C F L  
1 3 8 0  I F ( M O D I  .GT .  4 )  G O  T O  1 3 8  
1 3 9 0  1 3 5  I F  ( M O D E - 2 ) ' i 3 8 e l 3 6 ~ ? 3 6  
7 4 0 0  1 3 6  X i 0  = X L * X L N C H  
'I 4 1  0 d R I T E : I O U T r 1 3 ? ) X t  L b! 
1 4 2 0  1 3 7  F O R M A T ( '  R A D .  R E L .  S T I F F , "  F 7 , 2 r / )  
1 4 3 0  1 3 8  A X = 0 .  5 * ( D S Q R T ( A R E A P a 5 2 2 7 > )  / X L  
1 4 4 0  B X = A R E A / ( P I E * A X * X L * X L )  
1 4 5 0  F W H L = a , o  
1 4 6 0  F T O T = O . O  
1 4 7 0  F A C C = O , G  
1 4 8 0  K = l  
1 4 9 0  1 3 9  D O  1 9 6  N z l r M  
1 5 0 0  Y N = Y ( N )  
1 5 1 0  X N = X L N )  
1 5 2 0  G O  T O  ( 1 4 0 ~ 1 4 3 , 1 4 0 r 1 4 8 ) c M O D E  
1 5 3 0  1 4 0  % F ( K - 2 ) 1 4 1 s 1 4 7 r ? 4 8  
1 5 4 0  1 4 1  I ~ ( ~ ( ~ ) * X ( N ) ) 1 4 5 / 1 4 2 # 1 4 5  
1 5 5 0  1 4 2  I F ( Y ( N ) ) 1 4 4 , ? 4 3 / 1 4 4  
1 5 6 0  9 4 3  a E T A ( N ) = O ,  
9 5 7 0  G O  T O  ' 1 4 6  
1 5 8 0  1 4 4  B E T A ( N ) = P I E / Z ,  
1 5 9 0  G O  T O  1 4 6  
1600  1 4 5  ~ E T A ( N ) = D W T A N ( Y ( N ) / X ( N ) )  
1 6 7 0  1 4 6  A L P H = - B E T A  (N) 
1 6 2 0  G O  13  1 4 8  
1630  1 4 7  A L P H = P I E / Z . - B E T A C N )  
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Part 3. - Pavements 3-265 

I F ( P 2 - 3 . 0 )  1 7 1 r 1 6 9 , 1 6 9  
I F ( P 1 - 3 . O ) 1 7 0 r 1 7 0 ~ 1 8 0  
P2=3,0 
F ELM= 0. Ll 
I F ( I - J / 2 ) 1 7 5 r 1 7 2 r 1 7 5  
I F ( P 2 - 3 . 0 )  1 7 4 r 1 7 3 r 1 7 3  
I CODE=? 
G O  T O  1 7 5  
ICODE=O 
CONTINUE 
I F ( P 1 ) 1 7 7 r 1 7 6 r 1 7 7  
v1=0 .0  
G O  T O  1 5 1  
I F ( P 2 ) 1 7 9 r 1 7 8 r 1 7 9  
V2=0.0 
G O  T O  1 8 1  
V 2 = ( 2 , O / P I E )  *DLOG(DABS(P2/2.0)  ) 

V 1 = ( 2 . 0 / P I E )  *DLOG(DAaS ( P 1 / 2 . 0 )  ) 

G O  T O  1 8 1  
FWHL=O.O 
I CODE=2 
G O  T O  1 8 7  
B ( Z ) = ( P 2 / 3 . 0 ) * * 2  
A ( 2 ) = ( P ? / 3 . 0 ) * * 2  
D O  1 8 2 K A = 4 u 1 4 ~ 2  
B ( K A ) = B ( K A - 2 ) * D ( Z )  
A ( K A ) = A ( K A - 2 ) * A ( 2 )  
D2= ( B ( 2 ) - S * A ( 2 ) )  * (  - .222121  
D  4= ( 6 ( 4 ) - S * A ( 4 > )  * 2 , 5 3 1 2 5  
D6= ( B ( 6 ) - S * A ( 6 ) )  * (  -1 .31648 ) 

D 8= ( B ( 8 ) - S * A ( 8 ) )  * (  - .177944  ) 

5  1 0 =  ( B ( l O ) - S * A ( I O ) )  * - 0 4 0 1  
D12= ( B ( 1 2 ) - S * A ( 1 2 ) )  * , 0 0 1 4 2 9  
D VZ= ( V Z * B ( 2 ) - S * V i * A ( 2 i j  * C  -4.5 1 
D t ' B =  ( V 2 * B ( 6 )  -S*V1  *AC6)  * 1 ,89846  
DV10=- .0399*  ( V 2 * B ( 1 0 ) - S * V l * A ( 1 i ] ) )  
5V14= ( V 2 * B  ( 1 4 ) - S + V l * A ( f  4 ) )  * . 0 0 0 0 9 9  
D 20= ( B ( Z ) - S * A ( Z ) )  * (  - .6056  ) 

D 40=  ( B ( 4 ) - S * A ( 4 ) )  * (  - .63281 > 
D 6 0 =  ( B ( 6 ) - S * A ( 6 ) )  * . 2 5 3  
D 80=  ( B ( 8 ) - S * A ( 8 ) )  * - 0 2 2 2 2 4  
5  7 OO= ( B C ? O ) - S * A ( 1 0 ) )  * (  - ,00428 1 
D120= ( B ( 1 2 ) - S * A ( 1 2 ) )  * (  - .000105  
DVZO= ( V 2 * 3 ( 2 ) - S * V 1  * A ( 2 ) )  *2 .25 
D V60= ( V Z * B ( 6 ) - S * V l * A ( 6 ) )  * (  - .31639  ) 

DV100= ( V 2 * B ( l O ) - S * V l * A ( I O )  ) * . 0 0 3 9 4 4  
D I F F O = D I ~ O + D V I  ~ ~ + D ~ ~ O + D ~ O + D V ~ O + D ~ O + D ~ ~ + D ~ ~ + D V ~ ~ + ~ .  5-0.5*S 
D I F F ~ = D V ~ ~ + D ~ ~ + D V ~ ~ + D ~ O + D ~ + D V ~ + D ~ + D ~ + D ~ + D V ~  
Y6=DSIN(DABS(DTHET>)  
I F C Y ( N )  * X ( N )  ) 7 8 3 r 1 5 4 r 1 8 4  
XU(N) = - I  - 0  
G O  T O  1 8 5  
XU(N)=1.0 
Y 7 = Z I O * ( T H E T + 4 L P H * X U 0 )  
Y8ZDCOS ( Y 7 )  
V l = Y 5 * Y ! !  
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O F E L M = X L * * 2 / 8 . 0 * ( 1 . 1 5 * D A B S ( D T H E T ) * D I F F 1 + 1 . 7 * Y ~ * ( D I F F l f 2 ~ o + D ~ F F ~ - o . 5 +  
1 0 , 5 * S ) )  

T H E T = T H E T + D T H E T  
1 8 6  F W H L = F W H L + F E L M  

D F W H L  ( N ) = F W H L  
1 8 7  G O  T O  ( 1 8 8 r 1 8 8 r 1 8 8 r 1 9 2 ) r M O D E  
1 8 8  I F ( K - 2 > 1 8 9 r 1 8 9 r 1 9 0  
189  F ( N r K ) = F W H L  

G O  T O  1 9 2  
1 9 0  I F ( K - 5 ) 1 9 1 r 1 9 1 r 1 9 2  
191  F  ( N I K - ~ ) = F W H L  
7 9 2  COUNT=FWHL*10000.0/(XL)**2 

D C O U N T  ( N )  = C O U N T  
I D C O D E ( N ) = I C O D E  
F A C C = F W H L + F A C C  
I F C M O D I  . G T .  4 )  G O  T O  1 9 6  
G O  T O  ( 1 9 6 r 1 9 3 r 1 9 3 , 1 9 4 ) r M O D E  

1 9 3  I F ( K - 8 )  1 9 6 r 1 9 6 r 1 9 4  
1 9 4  W R I T E ( I O U T I ~ ~ ~ ) N , F W H L R I C O D E I C O U N T  
1 9 5  F O R M A T ( '  % l O X , ' W W W L .  NO.', I ~ ~ ~ X I ' F ' I F ~ . ~ ~ ~ X C ' C O D E '  , I ~ ~ ~ X P ' C O U N T ' I  

1 F 7 . 1 )  
196  F W H L = O , O  

F T O T = F T O T + F A C C  
E ( K ) = F T O T  
T O T C T = F T O T * 1 0 0 0 0 . 0 / ( X L )  *rZ 
I F ( M O D 1  . G T .  4 )  G O  T O  2 0 0  
G O  T O  ( 2 0 0 t 1 9 7 r 1 9 7 r 1 9 8 ) r M O D E  

1 9 7  I F ( K - 8 ) 2 0 0 ~ 2 0 0 ~ 1 9 8  
198  W R I T E (  1 O U T 1 1 9 9 )  F T O T n T O T C T  
1 9 9  F O R M A T ( '  ' r 2 0 X n 8 T O T A L  F % F 9 . 4 r 8 X n ' T ' O T A L  C O U N T * n F ? . l / )  
200 G O  10 ( 2 0 1 r 2 0 7 r 2 0 1 r 3 1 0 ) r M O D E  
2 0 1  G O  T O  ~ 2 1 S r 2 0 2 ~ 2 1 3 r 2 1 J r Z 1 3 ~ 2 1 ~ ~ 2 1 4 1 2 1 4 1 2 1 6 ) ~ K  
2 0 2  X N M R = O , O  

D E N O M = O , O  
D O 2 0 7 N = l  s M  

A S = D S I N ( 2 , * B E T A ( M ) )  
A C Z D C O S  ( Z , * B E T A ( N ) )  
I F (  D A B S  ( A S ) - , 0 0 0 1  ) 2 0 3 1 2 0 4 1 2 0 4  

2 0 3  A S = O . O  
2 0 4  IF(DABS(AC)-,0001)20512061206 
2 0 5  A C = O . O  
2 0 6  X N M R = X N M H - D A B S ( F ( N I I ) - F ( ~ J ~ ~ ) ) * A S  

D E N O M = D E N O M + D A B S ( F ( N r I ) - F ( N r 2 ) ) * 4 C  
2 0 7  C O N T I N U E  

I F  ( X N M R ) 2 0 9 r 2 0 8 , 2 0 9  
2 0 8  A L P d = P I E / 4 , 0 * ( 1  . ~ + D S I G N ( ~ . O I D E ? J O M ) )  

G O  T O  2 1 2  
2 0 9  I F ( D E N O M ) 2 1 l r 2 1 0 1 2 l 1  
2 1  0 A L P H = . 5 * P I E * ( I  , + . S * D S I G N ( l  . r X Y M R ) )  

G O  T O  2 1 2  
2 1  1 A L P H = P I E / 4 . 0 * ( 1  , O + D S I G N ( ~ ~ O I D E ~ O ~ ~ ) ) + ~ , ~ * D A T A N ( X N M R ~ D E N O M )  
2 1  2  A L P H D = ? S O . O * A L P H / P I E  

G O  T O  2 1 5  
2 1  3 C A L L  X Y M A X  ( M I X L ~ E ( ~ ) ~ E ( ~ ) , E ( S ) ~ < ~ Y I Y M A X )  

G O  TO 2 1 5  
2 1 4  C A L L  X Y M A X  ( M I X L F E ( ~ ) ~ E ( ~ ) ~ E ( S ~ I < I X C X M A X ~  
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K = K + 1  
F T O T = O . O  
F A C C = O . O  
G O  T O  1 3 9  
D O 2 1  7 N = 1  ,M 
Y ( N ) = Y  ( N ) - Y M A X  
X ( N ) = X ( N ) - X M A X  
I F C M O D I  . G T .  4 ,AND,  A L P H D  .GE,0 .3 )  G O  T O  2 4 0  
I F  ( M O D E - 2 ) 2 1 8 , 2 3 2 , 2 3 2  
S T R S = 6 . 0 * Q * F T O T / D * * 2  
S T ( I N ) = S T R S  
D X ( I N ) = D  
I F ( D - 1 0 . 0 )  2 1 9 , 2 1 9 , 2 2 2  
I F ( S T R S - 6 2 0 . 0 ) 2 2 0 , 2 2 O a l  
I N = I N - 1  
D = D / 1 . 3  
G O  T O  1 2 8  
I L = I N  
I N = 8  
D = 1 3 . 0  
G O  T O  1 2 8  
I F ( S T R S - 6 2 0 . ) 2 2 4 ~ 2 2 4 Z 3  
I L = I N  
I F ( S T R S - 2 8 0 . 0 )  2 2 6 , 2 2 6 1 2 2 5  
I N =  I N + ?  
D = l  .3 * D  
G O  T O  1 2 8  
I H = I N  
I N = I L + I  
I D = D X ( I N - 1 )  
D = I  D  
D = D + 1  .O 
W R I T E ( I O U T I ~ ~ ~ )  
F O R M A T ( '  @ / I / "  \ 2 4 X , ' T H I C K N E S S ' r 3 X r ' M A X .  S T R E S S ' )  
RA=DLOGISi(IN-lj/SI(IiU)>/.262363 
R E = D L O G ( S T  (IN-I ) ) + R A * D L O G ( D X ( I N - 1  ) I  
S T R S = D E X P ( R B - R A * D L O G ( D ) f  
D O  = D  * X I N C H  
S T R S O  = S T R S  / X P R E S  
W R I T E ( I O U T t 2 2 9 ) D 0 8 S T R S O  
F O H Y A T C '  ' " r 5 X 1 F 5 . l r F 1 3 . 1 )  
I F ( S T R S - 2 8 0 . 0 )  3 1 0 / 3 1 0 , 2 3 0  
D = D + 0 . 5  
I F ( D - D X ( I N ) ) 2 2 8 ~ 2 2 8 r 2 3 1  
I N = I N + l  
I F ( I N - I H ) 2 2 8 , 2 2 8 r 3 1 0  
I F ( A L P H 3 ) 2 3 3 , 2 3 4 r 2 3 4  
A L P H 3 = 1 8 0 , 0 + A L P H D  
I F ( M O D 1  ,GT,  4 )  G O  T O  2 4 0  
Y R I T E ( I O U T I ~ ~ ~ ) X M A X I Y M A X , A L P H D  
F O R M A T (  " r l O X ,  9 M A X ' ~ F 5 5 . 1 r 5 X ~ ' Y Y A X ' I  F 5 . 1 , 3 X , ' M A X .  A N G L E ' r F ? . ? ! ' )  
C O N T I N U E  
I F ( M O D E - ~ ) ~ ~ O ~ ~ ~ O I ~ ~ O  
S T R S = 6 , 0 * Q * F T O T / D * * 2  

C O N V E R G E  O N  R E Q U I R E D  T H I C K N E S S .  
X I N T R M = A R E A * Q  
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I F ( M 0 D I  , E Q .  5 )  F C T N  = X I N T R M  * 4 0 3 . 0  / S T R S  
I F C M O D I  , E Q .  6 )  F C T N  = X I N T R M  * 398 .85  / S T R S  
I F C M O D I  ,GT .  4 )  C A L L  C N V G ( * 1 1 1 8 r  * 2 5 3 ,  F C T N r  X I N T R M r  D r  M O D I r  I T C T )  

260  I F C M O D I  . L E .  4 )  G O  T O  270  
C  W R I T E  O U T P U T S C D E L A Y E D  U N T I L  C O V V E ? G E N C E  W A S  C O Y P L E T E ) .  

D O  = D  * X I N C H  
X L O =  X L  * X I N C H  
W R I T E ( I O U T r 1 1 9 )  M O D I r  S U B K O r  D O  
W R I T E  ( 1 O U T 1 1 3 7 )  X L O  
W R I T E ( I O U T I ~ ~ ~ )  ( N I D F W H L ( N ) P I D C O D E ( V ) I  D C O U N T ( N ) ,  N = l r M )  
d R I T E  ( I  O U T r 1 9 9 )  F T O T ,  T O T C T  
W R I T E ( I O U T , 2 3 5 )  X M A X r  Y M A X r  A L P H D  

270 C O N T I N U E  
S T R S O  = S T R S  / X P R E S  
W R I T E  ( I O U T r 2 8 0 )  S T R S O  

2 8 0  F O R M A T ( '  ' r 1 O X r ' M A X .  S T R E S S ' r F 7 . 1 )  
C  S A V E  N U M B E R  O F  I T E R A T I O N S  R E Q U I R E D  F O R  C O N V E R G E N C E .  

I F ( M 0 D I  ,GT .  4 )  W R I T E (  I O U T r 2 9 0 )  I T C T  
290 F O R M A T ( @ + + ' r  3 6 x 8  ' I T E R A T I O N S ' r  I S )  

C  C O M P U T E  A N D  W R I T E  A C N r  A N D  R E T U R N  T O  S T A R T  O F  L O O P .  
I F ( M O D 1  ,EQ, 6) C A L L  C A C N C  D r  A C N r  I S U B  ) 

I F ( M O D 1  ,EQ, 5 1  W R I T E ( I O O T r 3 0 0 )  A C V  
3 0 0  F O R M A T (  ' ++" r  5 7 x 1  ' A C N ' ,  F 6 . l r  / /  ) 

310  X M A X = O . O  
Y M A X = O . O  
I F C M O D I  . E Q .  6 )  G O  T O  1 1 1 7  
I F ( S P C F L ) 3 3 0 r 3 2 0 r 3 3 0  

3 2 0  C O N T I N U E  
3 3 0  I F  ( M O D E - 3 )  3 5 0 r 3 5 0 ~ 3 4 0  
3 4 0  A L P H D = A L P H D + S .  0 

A L P H = A L P H D / 1 8 O , O * P I E  
I F  (AL P H D - A M A X )  1 3 0 r l 3 0 / 3 5 0  

3 5 0  J B S = J B S + ?  
W R I T E  ( I O U T r 3 6 0 :  

3 6 0  F O R M A T  ( " / / / /  
I F  ( J O d S - J B S ) 3 ? 0 ~ 3 7 0 r 1 0 2  

3 7 0  C O N T I N U E  
C  

S T O P  
E N D  

C  
C 
C  

S U B R O U T I N E  P A R A B  ( A r B r  C r D r S r X L , G )  
D O U B L E  P R E C I S I O N  AIBICIDIG~XL 
G = D + ( ( A - B ) / ( 2 . * C - A - B ) + 2 . * S ) * . 0 2 5 * X L  
R E T U R N  
E N D  

C 
C 
C  

S U B R O U T I N E  X Y M A X  (M IXL ,B IA ,C ,K IY~YYAX)  
D I M E N S I O N  Y ( 2 0 )  
D O U t j L E  P R E C I S I O N  AFABIBICPYIY Y A X I  XL 
G O  T 3  ( 2 3 0 ~ 2 1 5 r 2 1 5 ~ 2 1 7 , 2 2 0 r 2 1 5 1 2 1 7 1 2 2 0 ) 1 K  

2 1  5 D O Z ? 6 N = l  r M  
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2 1 6  Y ( N ) = Y  ( N ) - X L / Z O . O  
GO T 3  2 3 0  

2 1 7  I F C B - A )  2 1 8 r 2 7 5 r 2 1 5  
218  D 0 2 1 9 N = l r M  
2 1 9  Y ( N ) = Y  ( N ) + X L / 1 0 . 0  

GO TO 2 3 0  
2 2 0  I F ( Y ( 1 > ) 2 2 1 r 2 2 6 r 2 2 6  
2 2 1  I F ( 2 . * B - A - C ) 2 2 2 / 2 2 2 ~ 2 2 3  
2 2 2  A=B 

B=C 
K = K - 1  
GO TO 2 1 5  

2 2 3  C A L L  P A R A B  ( A r C r B r Y ( 7 ) r l  . O r X L r Y M 4 X )  
2 2 4  A B = Y ( l )  

D 0 2 2 S N = l  r M  
2 2 5  Y ( N ) = Y  ( N ) + Y N A X - A 0  

GO TO 2 3 0  
2 2 6  I F  ( 2 . * A - B - C )  2 2 7 r Z 2 7 r 2 2 9  
2 2 7  DO 2 2 8 N z l r M  
2 2 8  Y ( N ) = Y ( N ) + X L / Z O . o  

A=C 
s=,!, 
K = K - 1  
GO TO 2 3 0  

2 2 9  C A L L  P A R A B  ( C r B r  A r Y  ( 1 )  r - 1  . O r X L r Y M A X )  
GO TO 2 2 4  

2 3 0  C O N T I N U E  
R E T U R N  
END 

C 
C 
C  
C S U B R O U T I N E  CNVG CONVERGES ON R E F E R E N C E  T H I C K N E S S .  

S U B R O U T i N E  CNVG: * r  * r  F C T N r  T R G T r  Y l ? ? r  M O C I p  I T C T  ) 

D O U B L E  P R E C I S I O N  F C T N r T R G T r Y l l I r Y 2 2 2 , Y 3 3 3 3 r X 2 2 2 r X 3 3 3  
I F ( 1 T C T  .EQ. 0 GO TO 3 0  
i T C T  = I T C T  + 1 
I F ( I T C T  . G T ,  2 0  ) GO TO 4 0  
I F ( D A U S ( ( F C T N - T R G T )  / T R G T )  ,LT. 0 . 0 0 0 1  GO TO 4 0  
I F C F C T N  .GT. T R G T  GO TO 1 0  
Y 2 2 2  = Y l l l  
X 2 2 2  = F C T N  
GO TO 2 0  

1 0  Y 3 3 3  = Y l l l  
X3.53 = F C T N  

2 0  Y 7 1 1  = Y 2 2 2  + ( Y 3 3 3  - Y 2 2 2 )  * ( T S G T  - X 2 2 2 )  / ( X 3 3 3  - X 2 2 2  1 
R E T U R N  1 

3 U  I T C T  = 1 
Y 2 2 2  = 0.0 
X 2 2 2  = 0 .0  
Y 3 3 3  = Y l l ?  
X 3 3 3  = F C T N  
GO TO 2 0  

41) C O N T I N U E  
R E T U R N  2  
END 
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C 
C 
C 
C SUBROUTINE CACN CALCULATES ACN'S F O R  FOUR STANDARD SUBGRADES. 

SUBROUTINE C A C N C  D, A C N E  ISUB ) 

DIMENSION DACN(6/4)  
DOUBLE PRECISION DACNPDPSSW~ACN 
D A T A  D A C N  / - ,367886361 D+01r -. 35531 5 7 8 2 D + 0 2 ~  0 .246548051 D+03r  

& 0 ,53?926926D+Ol r  -.I 41694493D+00,  0.190408260D-02, 
& - . 8 9 9 2 0 3 2 1 6 0 + 0 0 ~  - . 4 1 4 5 7 7 1 0 3 D + 0 2 ~  3.263831975D4-03, 
& 0 ,666320153D+01r  - .180481030D+03r 3.2568285850-32, 
& 0.234293179D+01, - .5296310130+02,  3 .28621  7 2 7 4 D t 0 3 r  
& 0 .803398385D+OIr  - .209875377D+00, 0.305236166D-02, 
& 0.139960077D+02, - .884754059D+02, De319839693D+03,  
& 0,825962325D+01 P -,150019427D+05, 5.160530363D-02 / 

S S W  = DACN( l r1SUB)  
D O  1210 I A C N  = 216  
S S W  = S S J  + DACN(IACNIISUB) * D * * ( I A C N - 1 )  

1 2 1 0  CONTINUE 
A C N  = S S W  * 2.0 / 1000.0 / 2.20452 

1 2 6 0  RETURN 
END 
SUBROUTINE RSUBK(SUBK,SUBKO) 
D I M E N S I O N  SUDKI(7) ,  S U B K I I ( 7 )  
COMMON IOUT 
D A T A  S U B K I / Z O . ~ 2 5 . ~ 4 0 , r 6 0 ~ ~ 8 C 1 ~ , 1 2 3 . ~ 9  50.1 
D A T A  S U ~ K I I / ~ ~ . ~ - I O O , ~ I  5 0 . ~ 2 3 0 ~  1 3 3 ~ . , 4 ~ o .  ,550. i  
D O  1 0  N S A V E  = 1 8 7  
IF(SUBKO= SUBKI(NSAVE))  G O  T O  20  

1 0  CONTINUE 
WRITE(IOUTr50)SUBKO 
STOP 

20 SUBK = SUBKII (NSAVE) 
RETURN 

5 0  F O R M A T (  S H l r '  I INVALID SUBK 'rrF1?,2) 
E N D  
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Computer Programme No. 2 

1. The computer programme o r i g i n a t e d  by t h e  Boeing Company, and f u r t h e r  
developed by t h e  Uni ted S t a t e s  Army Engineer  Waterways Experiment S t a t i o n  (USAEWES) 
f o r  c a l c u l a t i n g  f l e x i b l e  pavement t h i c k n e s s  requ i rements  h a s  been modi f ied  by McDonnell 
Douglas t o  c a l c u l a t e  f l e x i b l e  pavement A i r c r a f t  C l a s s i f i c a t i o n  Number (ACN) v a l u e s .  
The changes t o  t h e  USAEWES computer programme, a s  pub l i shed  i n  Report  S-77-1, were  
e x t e n s i v e ,  and i n c l u d e d  changing t h e  i n p u t  system from t ime-shar ing-opt ion t o  b a t c h  
system,  changing t h e  o u t p u t  s t a t e m e n t s  t o  be compat ib le  w i t h  t h e  I B M  370 sys tem,  adding 
code t o  c a l c u l a t e  ACN v a l u e s  and add ing  a s u b r o u t i n e  "CVRG" t o  converge on t h e  r e q u i r e d  
pavement t h i c k n e s s .  

2. It w i l l  be no ted  t h a t  t h e  o u t p u t  of t h e  McDonnell Douglas m o d i f i c a t i o n  
d i f f e r s  s l i g h t l y  from t h e  Report  S-77-1 w i t h  r e s p e c t  t o  t h e  Coverages and t h e  Alpha 
d a t a .  The r e a s o n  i s  t h a t  t h e  McDonnell Douglas m o d i f i c a t i o n  s e t s  t h e  f i r s t  Coverages  
v a l u e  t o  1 0  000, and i g n o r e s  any o t h e r  i n p u t s .  It a l s o  s e t s  t h e  f i r s t  Alpha v a l u e  t o  
t h e  v a l u e  of F i g u r e  1 4  of Report  S-77-1, and i g n o r e s  any o t h e r  Alpha v a l u e s .  T h i s  is  
done ( r e g a r d l e s s  of what v a l u e s  a r e  i n p u t )  because t h e  d e f i n i t i o n  of ACN f o r  f l e x i b l e  
pavements i s  based on 1 0  000 coverages ,  and t h e  cor responding  Alpha v a l u e .  A copy of 
F i g u r e  14 of Report  S-77-1, a  p l o t  of t h e  Alpha v a l u e s  (Load R e p e t i t i o n  F a c t o r ) ,  i s  
reproduced  a s  F i g u r e  A2-4. 

3. The procedures  f o r  c a l c u l a t i n g  C ~ R / t h i c k n e s s  d e s i g n  c u r v e s  and ACN of 
a i r c r a f t  have been computer ized w i t h  t h e  e x c e p t i o n  of t h e  pass-per-coverage r a t i o s .  
D e t a i l e d  below a r e  an  i n p u t  gu ide ,  a n  i n p u t  f i l e ,  a  problem o u t p u t ,  and a  programme 
l i s t i n g  f o r  t h e s e  p rocedures .  The problem o u t p u t s  a r e  f o r  t h e  C-141A. 

The b a s i c  d a t a  f o r  t h e  C-141A a r e :  

A i r c r a f t  g r o s s  mass = 145 152 kg  

Percen tage  mass on main g e a r  l e g s  = 90 

Number of main gear  l e g s  = 2 

T i r e  p r e s s u r e  = 119 kPa 

Number of wheels  under  c o n s i d e r a t i o n  = 4 

T i r e  s p a c i n g  = 82.55 cm by 121.92 cm. 
(See F i g u r e  A2-3) 

25110185 
No. 1 



3-272 Aerodrome Design Manual 

Other r e q u i r e d  d a t a  a r e :  

P a s s  l e v e l s  = 1-7 p a s s  l e v e l s  a s  s e l e c t e d .  

Alpha v a l u e s  = 1-7 a l p h a  v a l u e s  cor responding  t o  t h e  s e l e c t e d  p a s s  l e v e l s  
a r e  o b t a i n e d  from F i g u r e  A2-4. 

Grid l o c a t i o n  and dimensions = The g r i d  i s  used i n  t h e  s e a r c h  f o r  t h e  
p o s i t i o n  of maximum d e f l e c t  i o n  f o r  ESWL c a l c u l a t i o n s .  
Loca t ion  of t h e  g r i d  may be a  t r i a l - a n d - e r r o r  p r o c e d u r e  
f o r  a  p a r t i c u l a r  g e a r ,  a l though ,  w i t h  e x p e r i e n c e ,  t h i s  
l o c a t  i o n  can be determined by good e n g i n e e r i n g  judgement . 
The v a l u e s  of GX and GY r e p r e s e n t  t h e  X-Y o r i g i n  of t h e  
g r i d ,  DGX and DGY t h e  d i s t a n c e  between g r i d  l i n e s ,  a n d  
XK and YK t h e  number of g r i d  l i n e s  i n  each d i r e c t i o n .  
The g r i d  used i n  t h e  sample problem i s  shown i n  F i g u r e  A2-3. 
Normally, t h e  dimensions between g r i d  l i n e s  should  b e  i n  
t h e  o r d e r  of 112 r a d i i .  The r a d i u s  of t h e  t i re  c o n t a c t  
a r e a  assumes t h e  a r e a  t o  be a  c i r c l e  and, f o r  t h i s  example,  
i s  c a l c u l a t e d  a s  fo l lows :  

25110185 
No. 1 



P a r t  3.- Pavements 3-2 7 3 

Y-AX IS 

\+--82.55--44 

a. W H E E L  CONFIGURATION,  COORDINATES { G R l D  L O C A T I O N  - 

X -  D A T A  Y -  D A T A  

15 24 G X =  0. GY = 0.  

D G X =  10.32 D G Y  = 15.24 

!-Ti 
10.32 

b. G R l D  D I M E N S I O N S  i C O O R D I N A T E S  - 

F i g u r e  A2-3. C-141A g e a r  and g r i d  
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NUMBER OF 
TO COMPUTE 

COVERAGES 

Figure A2-4. Load repetitions factor versus coverages for various landing gear types 



BATCH MODE INPET GUIDE FOR ACN COPPUTER PROGP&lME FOR FLEXIBLE PAVEMENT 
( u n i t s  are kilograms and  c e n t i m e t r e s )  

COLUMN 20. FOR MODE GREATER THAN 10, PROGRAMME FINDS DEPTHS FOR DESIRED CBWs. 

FOR MODE EQUAL 11, PROGRAMME FINDS ACNs FOR STANDARD SUBGRADES. FOR MODE 

LESS THAN 11, PROGRAMME FINDS CBRs FOR INPUT DEPTHS. 

F i g u r e  A2--5. Sample i n p u t s  C - 1 4 l A  



FOR MODE LESS THAN 11, PROGRAMME SETS DEPTHS TO (N X DELTA). (N = 0, 1, 2,.., M - I ) ,  
(MAXIMUM M IS 8). FOR MODE GREATER THAN 10, PROGRAMME FINDS DEPTHS FOR 
DESIRED CBRs. FOR MODE GREATER THAN 10, THIS CARD d A Y  BE BLANK. 

171 NUMBER (K) OF SETS 1 NUMBER (K) OF SETS OF AIRCRAFT DATA TO FOLLOW. 

AIRCRAFT MASS 
TIRE PRESSURE / PER CENT MASS 1 NUMBER OF 

(kpa) ON MAIN GEAR LEGS MAIN GEAR LEGS / ONE ChRD FOR EACH SET OF hqPCRAFT 

I DATA (K) CARDS MUST BE INPUT 

Figure  A2-5. Sample i n p u t s  C-141A (cont . ) 



~ - % E R  (J) / NUMBER (J) OF PASS LEVELS OR COVERAGE LEVELS. (MAXIMUM J = 7). FO 
PROGRAMME SETS J = 1.  

PASS LEVELS OR COVERAGE LEVELS (J LEVELS). ADJUST EACH INPUT TO THE EXTREME RIGHT. FOR 

1 I !SUBGRADE CBRs. FOR MODE LESS THAN 11, PROGRAMME FINDS CBRs FOR INPUT DEPTHS. 

Figu re  A2-5. Sample i n p u t s  C-141A (cont . )  



SAMPLE INPUTS 

SAMPLE OUTPUTS 

N U M B E R  O F  W t i E E L S  ( M A X I M U M  3 2 )  M O D E  
4 1 1  

X _ _ a O R D I F J A T E S  O F  W H E E L S  
0.03 82.55 82 .55  0.00 

Y C O O R D I N A T E S  O F  h f t i E E L S  
3.00 0.00 121.92 121,92 

L O C ,  O F  G R D r G R D  I N C R T s  NO, O F  L I N S ( 1 ' 4 A X  ( 1 0 ) )  
0.Ori 10. 3 2  5.00 0.00 15.24 5.00 

N U M B E R  - O F  D E P .  ( M A X  U 8 )  A N D  D E P .  -- I N C R E M E N T  
0.00 U. 00 

N O .  O F  S E T S  O F  8 A S S  A N D  T Y R E  P R E S S U R E  
1 

A I R C R A F T  M A S S  
1 4 5 1 5 2 . 0 0  

T Y R E  P R E S S U R E  
llg!I.013 1 1  90 .93  1190,C)O l lYiJ.00 

P E R C E N T  M A S S  O N  M A I $ d  G E A R  
9 0 , O O  

R A D I U S  O F  T Y R E  C O N T A C T  A R E A  
20.71 2 ~ 1 . 7 1  2 0 . 7 1  2 0 . 7 1  

P A S S E S  O R  C J V E R A G E S  
I O l l r i O  

A L P H A  V A L d E  S  1 4 A X  ( 7 )  
O , d 2 5  

D E S I R E D  C ' j R  
3.011 6 .OU 
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SAMPLE OUTPUTS (cont  . ) -- 

C BR - T  - 
ESWL P A S S t S  DE P 1  Ii 

K G  
- - -  

1013610 C M - . .. --. - 

T H E  A O N  F O R  A S U B G R A D E  C B R  OF 3 I S  7 3 - 5 3  

CUR - - T -  - - 
E S W L  P A S S E S  D E  P T  14 

T H E  ACN F O R  A S J U G H A D E  C D R  O F  6 I S  59.30 

C UQ - T -  
E SWL P A S S E S  D E P T H  

K b 1 3 3 0 0  C M 

T H E  ACN F 3 R  A S J B G R A D E  C 3 R  O F  ' iU  I S  43 .00  

C i J H  - r - 
Ec S d L P A S S E S  3 E P 7 H  

K b 103110 C $1 
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P R O G R A M M E  L I S T I N G  

C O M P U T E R  P R O G R A M M E  N O .  2 

F L E X I B L E  P A V E M E N T  A C N  

P R O G R A M  A C N F I T  

P R O G R A M  A C N F I  I S  I N  I N T .  U N I T S  

A P R I L  1 9 7 9  M O D I F I C A T I O N  T O  C O M P U T E  A C N  V A L U E S  F O R  S T A N D A R D  
S U B G R A D E S  A C N I P C N  M E T H O D .  

* * * * * * * * *  1 M A R  6 9  
W E S  R O D  4 1 - G 2 - R O - 1 4 4  
P R O G .  4 7 - 2 0 - 0 0 1  G R O U N D  F L O T 4 T I 3 N  D E S l G N  * * *  B O E I N G  A I R C R A F T  
D O C U M E N T  0 6 - 4 0 8 8 T N  T R A N S P O R T  D I V I  S I O N ,  B O X  7 0 7 8  R E N T O N ,  W A S H ,  

N O T E  T O  T H E  O R I G I N A L  B O E I N G  P I 3 G R A M  T H E  P A V E M E N T  D E S I G N  
D I V I S I O N ,  S + P L r  W E S r  H A S  M A D E  S E V E R A L  C H A N G E S .  T H E  T H I C K N E S S  
S O L U T I O N  W A S  R E P L A C E D  W I T H  A N  I N T E R P O L A T I O N  S C H E M E .  T H E  
T H I C K N E S S  I S  N O W  D E R I V E D  F R O Y  C B I / D  V S .  T / S Q R ( A )  C U R V E .  
T H E  J L D  F ( P E R C E N T  D E S I G N  T H I C K N E S S )  Y A S  B E E N  R E P L A C E D  
W I T H  A N  A L P H A  V A L U E .  T H E  T E R M  C O V E R A S E S  I S  R E P L A C E D  W I T H  
P A S S  L E V E L S .  
T H I S  P R O G R A M  ' C H A N G b ' K S  I D E N T I C A L  T O  ' C H A N G Z '  
d I T H  O N E  E X C E P T I O N .  A N  O P T I O N  I S  A V A I L A B L E  T O  R U N  1 - 7  
P A S S  L E V E L S .  

3 2 N N  N U M B E R  O F  W H E E L S  
3  2 X  ( N U )  X C O O R D I N A T E  C M  C M  
3 2 Y  (Fdd) Y C O O R D I N A T E  CM C M  
3 2 R A D C N W )  R A D I  U S  C M  C M  
3 2 R A D Z ( N W )  R A D I  U S  S Q U A R E D  C  M  
3 2 P R ( N W )  P ? E S  S U R E  M P  A 
3 2 P R S ( N W )  P i E S S U R E  K P A  
G X  X  C O O R D  3 F  G R I D ( D 1 S P L C )  D G X  D E L T A  X  
G X  Y  C O O R D  O F  G R I D ( D 1 S P L C )  D G Y  D E L T A  Y  
X K = K X  N U M B E R  G R I D  L I N K S  ( S I Z E )  
Y K = < Y  N U M B E R  G R I D  L I N K S  ( S I Z E )  
Z K = K Z  N U M B E R  O F  D E P T H S  
1 o *  P H I  A N G L E  U S E D  I N  I Y T E G R A T I O N  
1 O *  C  S  C O S I N E  3 F  P H I  
1 O *  S N 2  S Q  O F  S I N E  O F  P H I  
1 0 ~ 1 0 n 8  S ( I r J r K )  D I S P L A C E Y E Y F  
6 K K  Z N U M B E R  O F  M A X .  3 R D E R E D  D I S P L A C E M E N T S / D E P T H  
I P R  N U M S E R  S E T S  O F  M A S S  A N D  T Y ? E  3 2 E S S U R E  
5 C  I T H  C O V E R A S E  J A L J E  
8 Z  D E P T H  O F  I T H  d H E E L  
8 Z  2 Z ( I )  S Q U A R E D  
C O M M O N  X ( ~ ~ ) , Y ( ~ ~ ) , R A D ( ~ ~ ) I R A D Z ( ~ ~ ) ~ P R S ( ~ ~ )  
C O M M O N  X G ( I O ) r Y G ( l O ~ r S ( 1 0 ~ 1 0 ~ 3 ~ )  
C O M M O N  L ( 3 O )  r L 2 ( 3 0 > r X L O C ( 3 0 1 6 )  , Y Y 3 C ( 3 0 , 5 )  , S D ( 3 r ) r 6 ]  
C O M M O N  C ( S ) r E S W L ( 3 O ) e C B R ( 3 0 . 7 )  
C O M M O N  S N Z ! ? O !  r C S C 1 0 )  
D I M E N S I O N  K T I T L E  ( 2 0 )  

25/10/85 
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P a r t  3.- Pavements --- 3-281 

,000 C X(MW)rY(NWEr RAD(NW)r  RAD2(NW)r ' R ( V W ) r  P R S ( N W )  
5 2 0  C X G ( X K ) r  Y G ( Y K ) a  ScXKr  Y K r  Z K )  
5 3 0  C Z ( Z K )  r Z 2 6 Z K ) r  XLOC(ZKr K K Z ) r  YLOCCZKr K K Z j r  S D ( Z K r  K K Z )  

. 000  C C15)  r E S W L ( Z K ) r  CBR(ZKr 7 )  
5 5 0  D X M E N S I O N  SCBR(4)  
5  6  0  D I M E N S I O N  8 ( 7 ) r N C C ( 7 )  
570  DlMENSlON U ( 1 7 0 ) c  V ( 1 7 0 ) r T A ( 3 3 r 7 )  
5 8 0  D A T A  U / 1 , 3 3 r 1 . r . 9 8 r . 9 O r . 9 4 r P 9 2 ~ . 9 ~ ~ S S r . 8 6 r . 8 4 r . 8 2 r ~ 8 ~ ~ 7 8  
5 9 0  + r , 7 6 r . 7 4 r , 7 2 , . 7 r . 6 8 ~ . 6 O r e 6 4 ~ . 6 2 r . 6 ~ . 5 9 ~ . 5 8 r . 5 7 r . 5 6 ~ . 5 5 r ~ 5 4 r  
6 0  0  + . 5 3 r . 5 2 r . 5 4 r . 5 r . 4 9 1 ~ 4 8 1 ~ ~ 4 7 r . 4 6 r . 4 5 r . 4 4 r . 4 3 ~ . 4 2 , . 4 1  , . 4 r . 3 9 r  
61 0  + , 3 8 u . 3 7 p . 3 6 p , 3 5 e . 3 4 ~ . 3 3 r . 3 2 r e 3 1 r . 3 ~ . 2 9 r . 2 8 ~ . 2 7 ~ . 2 6 r . 2 5 r . 2 4 r . 2 3 r  
6 2 0  +, 22,. 
63 0  + 2 1 r . 2 ~ . 1 ? 5 r . l 9 r . 1 8 5 r I 1 8 ~ . 1 7 5 e ~ 1 7 ~ . 1 S 5 r . l 6 r . 1 5 5 r . 1 5 ~ . 1 4 5 ~ . l 4 r . l 3  
6 4  0  +5 r 
6 5 0  +, 1 3 r .  1 2 5 r . l 2 r . l 1 5 r , l 1 r , 1 0 5 r . l r ~ 0 9 ~ ~ . 0 9 6 ~ . 0 9 4 r ~ O 9 2 r . 0 9 ~ .  088. 
660 + . 0 8 6 r . 0 8 4 r . 0 8 2 r , 0 8 r . 0 7 8 r . 0 7 6 ~ . 0 7 ~ ~ . 3 7 2 r . 0 7 r . 0 6 ~ r . 0 6 6 ~ . 0 6 4 ~ . 3 6 2 ~  
6 7 0  + , O 6 ~ . 0 5 9 ~ , 0 5 8 r . 0 5 7 r . O 5 6 1 . O 5 5 r . 0 5 G ~ . 3 5 3 r . O 5 2 r ~ 0 5 l r . O 5 r . ~ 4 ~ r ~ O 4 8 ~  
68  0 + , 0 4 7 r , 0 4 6 r . 0 4 5 r . 0 4 4 ~ . 0 4 3 r ~ 0 4 2 r . 0 4 1 r . 0 4 r . 0 3 9 ~ . 0 3 8 r . 0 3 7 ~ . 0 3 6 r . 0 3 4  
6 9 0  f r  

70 0  + . 0 3 2 r  , 0 3 r , 0 2 9 r , 0 2 8 r I O 2 7 r e O 2 6 r .  025,. 324/. 0 2 3 r . 3 2 2 r m 0 2 1 t .  0 2 0 . 0 1 9 ~  
71 0  + . 0 1 8 r  ,0178 , 0 1 6 r . 0 1 5 r ~ i 1 1 4 e I 0 1 3 r . 0 1  2 1 . 0 1 1 r . 0 1 r ~ O 0 9 r . O O 8 r .  0071.006 
7 2 0  + 5 8  
73 0  + , 0 0 6 r . 0 0 5 5 u . 0 0 5 r . 0 0 4 5 r . 0 0 4 ~ . 0 0 3 5 ~ . 3 3 3 r . 0 0 2 5 r . 0 0 2 r . 0 0 1 7 5 r ~ 0 0 1 5 ~  
14 0  + , 0 0 1 2 5 r , 0 0 1 r , 0 0 0 8 7 5 r . 0 0 0 7 5 ~ . 0 0 i 3 6 2 5 r . 0 0 3 5 /  
75 0  D A T A  V / O . r . 0 4 8 r . 0 5 r . 0 5 5 r . 0 6 1 . 0 6 1 1 . 3 S 5 ~ . 0 7 ~ . 0 7 8 r . O B r . O 8 5 ~  
7 6 0  + . 0 9 9 r . l r . 1 0 3 r . I  11.1 1 $ ~ . 1 2 ~ ~ 1 2 7 r . 1 3 1 ~ 1 4 1 . 1 5 r . 1 5 8 r . 1 6 4 r . 1 6 8 r ~ 1 ? r  
770  9 . 1 7 8 ~  . I  8 4 , 1 8 5 r  . l ? r e  1 9 4 ~ 1 2 r 1 2 0 5 r . 2 1 1 , 2 1 8 r  . 2 2 , . 2 3 r e 2 f + r . 2 4 2 # . 2 5  
7 8 0  + r  . 2 5 5 r  . 2 6 r  . 2 7 r  ,2781  1 2 8 7 8 . 2 9 7 r . 3 0 2 r . 3 1  2 r . 3 2 1 r . 3 3 ~ . 3 4 2 , . 3 5 5 ~ . 3 7 r  
7 9  0  +,38r,  3 9 5 p , 4 1 r . 4 2 8 r . 4 4 r . ) 4 6 r . 4 8 r 1 5 , . 5 Z 7  r .55 ,  .56,.572,.59, - 6 O I r  
80 0  + . 6 2 ~ . 6 3 ~ , 6 5 r . 6 7 ~ . 6 ? p . 7 O 8 ~ . 7 2 8 r ~ 7 4 2 ~ . 7 6 5 r . ? 8 5 r o 8 l 5 r . 8 4 ~ . 8 7 r  
8 i  0  + . 9 r e 9 3 r . ? 5 8 r  . 9 7 r . 9 8 5 r 1 . r I 1 O 2 r 1  . 0 3 2 ~ 1 . 0 4 5 ~ 1 ~ 0 6 5 r 1 . 0 8 r 1 0 1  0 1  . I 1  5 #  
82 R + 1 , 1 3 r 1 , 1 5 r 9 , 1 7 8 r I  , 1 9 r 1  . 2 1 ~ 1 ~ 2 3 1 1 ~ 2 5 r l  - 2 7 ~ 1  - 2 9 r 1 . 3 1  8r1.331,1.34 
8 3 0  + r 1 . 3 5 S u 1 . 3 7 r 1 , 3 8 2 r 1 ~ 4 ~ 1 D 4 1 2 ~ 9 . 4 3 ~ 1 . ~ ~ 5 r l  @ 4 6 r 1 . 4 7 5 ~ 1  . 4 9 5 r 1 . 5 1 3 #  
8 4  0  4-1 ,5381  . 5 5 r 1  .57r1,59,1 . 6 1 2 1 1 ~ 6 3 2 r f . ~ 5 ~ 1 . 6 7 8 ~ 1 . 7 l r 1 . 7 3 r l  7 6 8  
8 5 0  a1.82, 1,88714 . 9 5 ~ 4  . 9 8 5 1 2 . 0 2 3 ~ 2 . 0 6 3 e 2 . 1  0 5 e 2 . 1 4 9 r 2 . 1 9 7 r 2 . 2 4 ? r 2 e 2 9 8  
8 6 0  + r 
8 7 0  + 2 , 3 5 8 r 2 . 4 2 r 2 . 4 5 6 r 2 ~ 5 5 7 ~ 2 ~ 6 3 5 r 2 . 7 2 r Z Z S 1 3 e 2 ~ 9 l 5 r 3 . O 2 9 r 3 . ~  5 7 r 3 . 3 0 2  
8 8 0  + c 

8 9  0  + 3 . 4 6 8 r 3 . 6 6 ~ 3 . 8 8 8 s 4 ~ 1 6 2 1 4 ~ 3 2 l r 4 . 5 3 I ~ 4 . 7 0 4 ~ 4 . 9 3 8 ~ 5 . 2 0 8 r 5 . 5 2 8 ~  
9 0  0  + 5 . ? 1 3 ~ 6 . 3 ? r 7 . 0 0 7 r 7 , 8 3 7 r 8 . 3 8 1 r ? , 0 5 6 ~ 7 . 9 2 4 r 1 1 , 0 9 8 r 1 1 . 8 7 r l 2 ~ 8 2 r  
91 0 + 1 4 . 0 5 # 7 5 , 7 /  
9 2 0  C 
9 3 0  D A T A  Z E R O /  2.0 E - 2 0 /  
9 6 0  C INPUT F O R M A T S  
9 5 0  C OUTPUT F O R M A T S  
9 6 0  C 
9 7 0  9 0 0  F O R M A T  ( ? H I )  
9 8 0  9 0 1  F O R M A T  (16XsPGROUND FLOTATION DESIGV PR3GRAM R E S U L T S ' / / / )  
9 9 0  9 0 2  FORi4AT ( ? H  r f 5 X r 2 0 A 4 r / )  
1000 9 0 3  F O R M A T  ( 1 H  r29HNUMBER O F  WHEELS (RAXIMUM 3 2 )  r 1 0 x 1  4HMODE/r 
101  il + l d k 3 1 X r I 4 )  
1 0 3 0  9 0 4  FORMAT(1H uZ3HX C O O R D I N A T E S  O F  W 4 E E k S / ( 9 F 8 . 2 ) )  
1 0 3 0  905 FOHMAT(1H s 2 3 h Y  C O O R D I N A T E S  O F  W H E E L S / ( ? F 8 . 2 ) )  
1040 9 0 6  FORMAT(1H r 8 L O C .  O F  G R D u G R D  I N C R T ,  V O .  3F LINSCMAX ( 1 0 )  ) ' r l r 6 F 8 . 2 )  
1050  9 0 7  FOKMAT(1H aWUUMRER O F  DEP, ( Y A X  3 8 )  AND DEP. 1 N C R E M E N T 1 r / r 2 F 8 . 2 )  
,000 909 F0RPiA i i i I - i  IVVO. O F  S E T S  O F  KASS A K D  T Y R E  F R E S S U R E \ / I ~ I ~ )  
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910 F O R M A T ( 1 H  r l 3 H A I R C R A F T  M A S S / ( 9 F I I  , 2 1 1  
91 1 F O R M A T C I H  r l 3 H T Y R E  P R E S S U R E / ( 9 F 1 ?  - 2 ) )  
9 5 0  F O R M A T ( 1 H  r 2 5 H P E N C E N T  M A S S  O N  M A I N  G E A R / ( 9 F 8 . 2 ) )  
9 1 2  F O R M A T ( 1 H  r 2 7 H R A D I U S  O F  T Y R E  C O N T A C T  A R E A / ( 9 F 8 . 2 ) )  
9 1 3  F O R f J I A T ( 1 H  r 2 O H P A S S E S  O R  C O V E R A G E S  / r 7 1 1 0 )  
9 1 4  F O R M A T ( 4 X r  ' D E P T H ' ~ ~ X I ' D E F . ' ~ ~ X I ' X - C R D  . " r 3 X t 8 Y - C U D .  

+ 4 X , ' D E P T H % 4 X ,  q D E F , ' ~ 4 X ~ ' X - C R D . ' , 3 X ~  ' Y - C R D e ' ~  
+ 5 x 1 '  CCM % ~ X , ' F A C T O R \ ~ X I '  C M  ' P ~ X I ' C M  ' P  

+ 6 X , ' C M  ' ~ ~ X , ' F A C T O R \ ~ X I '  C M  \ 5 X , @ C C Y  ' )  

91 5 F O R M A T ( F 9 . 1  r F 9 . 3 r F 9 . 2 1 F 9 . 2 l r F 9 .  1 r F 9 . 3 r  F 9 . 2 ,  F 9 . 2 /  
+ (  F 1 8 . 3 ,  F 9 , 2 r  F 9 . 2 1 F 1 8 . 3 1 F 9 . 2 , F 9 . 2 )  

9 1 6  F O R M A T ( F ~ . I ~ F ~ . ~ ~ F ~ . ~ I F ~ . Z / ( F ~ ~ . ~ , F ~ .  2 1 F 9 . 2 ) )  
5  F O R M A T (  1 ~ X , ~ H C B R , ~ X , ~ H C B R , ~ X I ~ H C B R I ~ X  I ~ H C B R , ? X , ~ H C B R ~  

+ ~ X , ~ H - T - ~ / , ~ X ~ ~ H E S W L I ~ X I ~ H P A S S E S , ~ X , ~ H P A S S E S , ~ X , ~ H P A S S E S ~ ~ X I  
+ ~ H P A S S E S I ~ X , ~ H P A S S E S , ~ X I ~ H D E P T H I / I ~ X , ~ H  K G  r I 1 O 1 1 1 0 1 1 1 O 1  
+ I l O , I l O r 6 X , 3 H C Y  r / , F 9 . 0 1 6 F 1 0 . 2 )  

9 2 5  F O R M A T (  1 H  r l 9 H A L P H A  V A L U E S  M A X ( 7 )  , / r (  7 F 1 0 . 3 )  1 
9 2 7  F O R M A T ( 1 t - i  r l f W D E S I R E D  CUR, / F 1 0 . 2 , F l  0 . 2 e F 1 0 . 2 ~ F 1 0 ~ 2 )  

1 F O R M A T ( 1 H  ~ ~ ~ X , ~ H C B R , ~ X , ~ H - T - , / P ~ X P ~ H E S W L I ~ X , ~ H P A S S E S ~ ~ X ~ ~ H D € P T H ~  
+ / , 3 X r 6 H  K G  r I 1 0 r 6 X ~ 3 H C M  r 
+ / , 3 0 ( / ~ F 9 . 0 ~ 2 F 1 0 . 2 ) / / )  

2  F O R M A T ( 1 H  ~ ~ ~ X , ~ H C B R , ~ X ~ ~ H C B U , ~ X I ~ H - T - I / I ~ X C ~ H E S W L ~ ~ X ~ ~ H P A S S € S ~  
+ ~ X , ~ H P A S S E S , ~ X I ~ H D E P T H I / I ~ X I ~ H  K G  1 2 1  1 0 , 6 X t 3 H C M  I 

+ / , 3 0 ( / r F 9 . 0 , 3 F 1 0 . 2 ) / / )  
3 F O R M A T (  1 H  r 1  ~ X , ~ H C U R , ? X , ~ H C B R R ? X , ~ ~ C ~  R , ~ X , ~ H - T - I / # ~ X # ~ H  E s W L # l x #  

+ 3 ( 4 X , b H P A S S E S )  ~ ~ X , ~ H D E P T H I / ~ X P ~ H  K G  , 3 1 1  0 , + 6 X , 3 H c M  I 

+ / r 3 0  ( / r F 9 . 0 ~ 4 F 1 0 , 2 ) / / )  
4  F O R M A T (  1 H  r 1  ~ X , ~ H C B R ~ ~ X , ~ H C B R I ~ X I ~ H C B R , ~ X ~ ~ H - T - ~ / ~ ~ X ~  

+ ~ H E S W L , I X , L ( ~ X P ~ H P A S S E S ) ~ S X * ~ H D E P T H ~ / I ~ X ~ H  K G  r 4 1 1 0 , 6 X 1 3 H C M  6 

+ / r 3 0 ( / r F 9 . 0 , 5 F 1 0 . 2 ) / / )  
9 4 0  F O R M A T ( B E 1 0 . 0 )  
9 4 1  F O R M A T ( 8 I i O )  

X I N C H = 2 .  5 4  
X P R E S = I  4 5 . 0 3 7 7 4  3 8  
X P O U N D  z 2 . 2 0 4 6 2 2 5  
P I = 3 . 1 4 1 5 9 2 6 5 3 5 8 9 8  

1 0  C O N T I N U E  
C  R E A D  C U R R E N T  T I T L E  C A R D  

R E A D ( 5 r l 5 r  E N D = 6 0 0 0 )  K T I T L E  
1 5  F O R M A T ( Z O A 4 )  

C  
H E A D ( S r 9 4 1  ) t q W p M O D E  

C  
I F ( N W . G T . 7 ) G O  T O  20 
READ(5,940)(X(I),I=1rNW) 
G O  T O  3 0  

2 0  C O N T I N U E  
R E A D ( 5 , 9 4 0 )  ( X (  I )  r I = 1 . 8 )  
I F ( N W e L T , 9 ) G 0  T O  4 0  
R E A D ( 5 1 9 4 0 )  ( X ( l ) t I = 9 r 1 6 )  
I F ( N d . L T . 1 7 ) G O  T O  4 0  
R E A D (  5 , 9 4 0 )  ( X (  1 ) , 1 = 1 7 , 2 4 )  
I F ( N d . L T . 2 S ) G O  T O  4 0  
R E A D ( 5 , 9 4 0 ) ( X ( I ) r I = 2 5 & )  
G O  T O  4 0  

C  

( C A R D  T Y P E  ' 7 ' )  

( C A R D  T Y P E  v 2 " )  

( C A R D  T Y P E  9')  

( C A R D  T Y P E  ' 4 ' )  
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1580 
'I 590 
1 600  
9610 
1620  
4 630  
1640  
1650 
I 6 6 0  
1670  
4 680  
" 0 0 0  
1 6 9 0  
1700  
1710  
% 720 
3740 
9 740 
1750  
1760  
1770 
1 7 8 0  
,000 
'1 8 0 0  
1810  
f 820  
1830 
1840  
2850 
1860  
7870 
188Q 
5 830 
,000 
1910 
1 9 2 0  
1 9 3 0  
4 940 . ooa 
,000 
1950 
1960 
.000 
.000 
.000 . 0U0 
.DO0 
.000 
* o o o  
moo0 . ooa . a00  
,000 
.ooo 
2 00 0 
2010 

3 0  R E A D ( ~ ~ ~ ~ ~ ) ( Y ( I ) , I = ~ I " N W ~  
G O  T O  50  

40  R E A D ( ~ P ~ ~ O ) I Y ( I ) ~ B = ~ ~ ~ )  
XF(NW,LTe9)G0 T O  50 
R E A D ( 5 ~ 9 4 0 1  ( Y ( I > r I = 9 . 1 6 )  
IF(Nd,LT,17)GO T O  50  
R E A D ( 5 8 9 4 0 ) ( Y ( I ) r I = 1 7 p 2 4 )  
I FCNbJ-LT.25)GO T O  50 
READ(SeY40) ( Y ( I ) r I = 2 5 a 3 2 )  

50  CONTINUE 
C H E A D  I N  G R I D  DISPLACEMENT.eINCREMENT A N D  S I Z E  F O R  X A N D  Y - A X I S  
C (CARD TYPE ' 5 ' )  

R E A D ( S ~ ~ ~ O ) G X , D G X , X K , G Y I D G Y I Y K  
C I F  T H E  NUMBER O F  LINES (XK O R  Y K )  I S  N O T  INPUTrSET DEFAULTS. 

I F (  X K  , G T ,  ZERO) G O  T O  70  
X M A X =  0.0 
D O  60 M A X X =  1uNW 
I F (  X C M A X X )  . G T .  XMAXf X Y A X  = XCYAXK) 

6 0  CONTINUE 
G X =  0.0 
XK=10.0 
D G X =  ( X M A X  - GX) /2,0 / (XK-1 .0) 

7 0  I F (  Y K  . G T .  Z E R O  ) G O  T O  90  
Y M A X  = 0.0 
D O  80 M A X Y  = I r N M  
I F (  Y (MAXY) . G T .  YMAX) Y M A X  = Y(MAXY) 

8 0  CONTINUE 
G Y  = 0.3 
Y K  = 1 0 - 0  
D G Y  = (YNAX-GY) / Z , Q / ( X # - l  ,O) 

9 0  CONTINUE 
K X  = X K  
K Y  = Y K  

C R E A D  NUMBER O F  DEPTHS A N D  DEPTH I N C R E M E U T  (CARD TYPE % ' )  
READ(5 r940 )  Z K t D Z  
K Z Z Z K  
M = O  

c 6 * * * * * * * k * * * * *  

C R E A D  NO, O F  S E T S  O F  M A S S , T Y R E  P R E S S , ,  M A S S  ON MAIN G E A R *  NO.OF 
6: (CARD TYPE '7") 

READ( 5,941 1 I P R  
D O  4500 X P R S  =It IPR 

C R E A D  A I R C R A F T  M A S S r T Y R E  PRESS,, Y A S S  O N  M A I N  G E A R ,  NO.OF LEGS 
C (CARD TYPE V 8 ' )  

READC5r940) A~~ASSIPRSWIP>IMGIA~~LG 
dT=A3ASS+9.815/1000.3 
TLMG=h!T*PMMG/100,0 
ILSMG=TLMG/AMLG 
W N= Nd 
TLSd=TLSME/b!N 
ARESW=TLSW*10000. OiPRSW 
RESd=SQRT(ARESWiPI) 
PESbJ=PRSW/1G00.0 
C A R E A  = R E S W  * RESd * P I  
R E S W Z  = R E S w  * R E S M  
CAREA=CAREA/ (XLNCH*XI:.1CH) 

LEGS 
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R E S W 2 = R E S W 2 / ( X I N C H * X I N C H )  
D O  1 0 0  I=1,NW 
PRS(I )=PRSW 
P R ( I )  = P E S W  

1 0 0  R A D C I )  = RESW 
I F ( I P R S , E Q , I )  G O  T O  1 2 0  
D O  1 7 0  I=?pNW 
X ( I )  = X ( I )  * XINCH 
Y ( I )  = Y ( I )  * XINCH 

1 1 0  CONTINUE 
G X  = G X  * X l N C H  
D G X  = D G X  * X INCh  
G Y  = G Y  * X I N C H  
D G Y  = D G Y  * X I N C H  
D Z  = D Z  * XINCH 
G O  T O  1 5 0  

C F O R  A C N  CALCULATIONS ONLY THE 1 0 0 0 0  COVERAGE VALUE I S  USED. 
C READ NO. O F  PASS LEVELS. 
C ( C A R D  TYPE y9" ) 

1 2 0  R E A D ( 5 r 9 4 1  )NAL 
I F (  P I O D E  ,EQ.11) NAL= I  

C READ PASSES, ( C A R D  TYPE " 3 ' )  
R E A D ( ~ R ~ ~ ~ ) ( N C C ( I ) , I = ~ I N A L )  
I F C M O D E  .EQ,  1 1 )  NCC(1)  = 1 0 0 0 3  

c R E A D  A L P H A ' S  ( C A R D  T Y P E  e ~ ~ * ~  

READ(5s94O)(B(I),I=l.NAL) 
C F O R  ACN CALCULATIONS S E T  F I R S T  ALPH4 T O  1 0 0 0 0  C O V E R A G E  VALUE, 

I F  ( M O D E  ,NE, 1 1 )  G O  T O  1 3 0  
I F (  NW .EQ, 1)  B ( 1 )  = 0.995 
I F (  NW ,EQ.  2) B ( 1 )  = 0.9 
I F (  NW . E Q .  4 )  @ ( I )  = 0,825 
I F (  NW , E Q .  6 )  B ( 1 )  = 0.788 
I F (  NW .EU. 8 )  B ( 1 )  = 0.755 
I F (  NW .EQ.12) B ( 1 )  = 0.722 
I F (  NW . E Q . ? 8 )  B C f )  = 0.700 
I F (  NW .EQ,24) B ( 1 )  = 0.689 
NCC (1  ) = 10000,O 

1 3 0  CONTINUE 
C 2EAD CBR DESIRED ( T A R G E T )  

R E A D ( ~ , ~ ~ O ) ( S C B R ( I ) , I = ~ I ~ >  
I F (  M O D E  .NE, 1 1 )  G O  T O  740  
SCBR(1)  = 3.0 
SCBR(2)  = 6.0 
SCBR(3)  = 10.0 
SCBR(4)  = 15.0 

1 4 0  CONTINUE 
1 5 0  dR ITE  (6,900)  

W R I T E  ( 6 8 9 0 1  
d k  I T E  ( 6 r 9 0 2 )  K T I T L E  
dRITE (6,903)  NWRMODE 
W R I T E ( 6 s 9 0 4 )  ( X ( I ) r l = I  ,NU) 
d R I T E ( b e - 9 0 5 )  ( Y ( I ) r I = l  r N d )  
J R I I E ( 6 r 9 0 6 )  G X I D G X R X K , G Y R D G Y , Y K  
I F ( IPRS .NE .1 )  G O  T O  1 6 0  
dRITE (6,907)  Z K , D Z  

i 6 0  d R I T E ( b r 9 0 9 )  I F R  

( C A R D  TYPE ' 1 2 ' >  

25110185 
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3 .  - Pavements 3 - 2 8 5  

J k ? I T E ( B r 9 4 0 )  A M A S S  
W R T T E 1 6 r 9 1 1 )  ( P R S l I > a I = 5 r N W )  
W R I T E  ( 6 6 9 5 0 1  PMMG 
W R I T E  l 6 a 9 1 2 )  ( R A D ( I ) r I = I * N W )  
d R I T E ( 6 * 9 9 3 )  ( N C C ( I ) r I = f  r N A L )  
W R I T E ( 6 r 9 2 5 )  ( B ( l l r I = l r N A L )  
d R I T E ( b r 9 2 7 )  ( S C B R C I ) ,  I = l r 4 )  
DO 170  I = l a N W  
X ( I 1  = X ( I ) / X I N C H  
Y ( I )  = Y ( I ) /  X I N C H  
P R ( I )  = P R ( I 1  * X P R E S  
R A D ( I  = R A D ( I ) / X I N C H  

1 7 0  C O N T I N U E  
G X = G X / X I N C H  
i ) G X = D G X / X I N C H  
G Y = G Y / X I N C H  
DGY = D G Y / X I N C t i  
RESW = R E S W / X I N C H  
PESW= P E S W *  X P R E S  
D Z  = D Z /  X I N C H  
D P E =  3 , 0 / ( 2 . 0  * P I  * R E S J  * P E S W )  
I F  ( M O D E , L T . I I )  GO TO 180 
d R I T E ( 6 ~ 9 3 0 )  

1 8 0  DO 5 2 0  I C B R  = l r 4  
T R G T  = S C B R ( I C B R )  
I T C T  = 0 

C  FOR ' T '  U S E  TWO D E P T H S  - Z E R O  AYD I N C R E M E N T .  I N C R E M E N T  W I L L  B E  
C E S T I M A T E D *  AND U S E D  AS T H E  F I R S T  T R I A L  I N  THE I T E R A T I O N .  

I F (  MODE .GE. 1 1 )  K Z = 2  
I F (  i4ODE ,GE. 1 1 )  D Z =  S Q R T ( C A 7 E A  * P E S d / l O . O /  S C B R ( I C 9 R ) )  

C  S E T - J P  OF G R I D  D E P T H S  
2 ( 1  )=0.3 
L 2 ( 1 ) = 0 , 0  
DO 1 9 0  I = Z * K Z  
Z  ( I ) = Z t I - l  ) + D Z  
Z Z ( I ) = Z ( l ) * Z ( I )  

1 9 0  C O N T X N U E  
GO TO 2 1 0  

2 0 0  C O N T I N U E  
Z Z ( K E )  = Z ( K Z ) *  Z ( K Z )  

2 1 0  C O N T l N U E  
P I D 4 0  = . 0 7 8 5 3 9 8 1 6 3 3 3 7 4 4 8 3 0  
P I C 2 3  = . I  5 7 0 7 9 4 3 2 4 7 9 4 8 9 6 6 1  
P I D l O  = - 3 1 4 7 5 9 2 6 5 3 5 8 9 7 9 3 2 3  
P I  = 4 , 1 4 1 5 9 2 6 5 3 5 8 3 7 9 3 2 3 5  
P L D  = . 7 5 7 0 7 9 6 3 3  
P H l  = - . 0 7 8 5 3 9 8 1 6 3  

C S E T  U P  S I N ( P H I )  S Q  AND C O S ( P H 1 )  
D O  2 2 0  1 = 1 6 1 0  
P H X = P H I  + P I D  
S I N E  = S I N ( P H I )  
S N 2 ( I ) = S I N E  * S I N E  
C S ( I )  = C O S ( P H I )  

2 2 0  C O N T I b l U E  
C S E T - U P  R A D I I  S Q U A R E D  

UO 2 3 3  I = I r N W  

2 5 / 1 0 / 8 5  
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2 3 0  R A D Z (  I ) = R A D ( I ) * R A D ( I )  
C S E T - U P  X - C O O R D S  F O R  G R I D  

X G ( 1  ) = G X  
D O  2 4 0  I = ~ F K X  

2 4 0  X G ( I ) = X G ( I - l ) + D G X  
C  S E T - U P  Y - C O O R D S  F O R  G R I D  

Y G ( 1  ) = G Y  
D O  2 5 0  I = ~ F K Y  

2 5 0  Y G ( I )  = Y G (  1-1) + D G Y  
C  * * * * * * * * * a * * * * * * * * * * * * * * * * * * * * * * * * *  

D O  3 7 0  I = l r K Y  
Y I  = Y G ( 1 )  
D O  3 6 0  J = I r K X  
X J  = X G ( J )  
D O  3 5 0  K = l / K Z  
Z 2 K  = Z 2 ( K )  
s s =  0.0 
D O  3 4 0  L = l r N W  
R A D Z L  = R A D Z ( L )  
R A D L  = R A D ( L )  
P R L  = P R ( L )  
S J I K  = 0.0 
X L G  = X I L ) - X J  
R  2 = X L G * X L G  
Y L G  = Y ( L ) - Y I  
R  2 = Y L G * Y L G  + R 2  
R  = S U R T ( R 2 )  
I F ( R - R A D L )  2 6 0 r 2 6 0 r 2 9 0  

C  S U M  D I S P L A C E M E N T  D U E  T O  O N E  Wi - tEE-  R 4 D .  G R E A T E R  T H E N  R  
2 6 0  D O  2 8 0  M = ? r l O  

S A R = S Q R T ( R A D Z L - R 2 * S N Z ( M ) )  
R C  = R *  C S ( M )  
E R P = R C + S A R  
E R P Z = E R P * E R P  
E R M  = S A R  - R C  
E R M 2  = E R M  * E R N  
D W 2  zo.0 
D W 1  = S Q R T  ( E R P Z + Z Z K )  
I F ( D W ? . E Q , O . ) G O  T O  270  
D w 2  = E R P Z i D W 1  

2 7 0  D W 3  = 0.0 
D W 1  = S U R T ( E R Y 2  + Z 2 K )  
I F (  D W 1 . E Q .  0.) G O  T O  280  
D W 3  = E R M Z / D W l  

2 8 0  S J I K  = S J I K  + ( D W 2  + D W 3 ) *  P I D  
G O  T O  3 1 0  

C  S U M  D I S P L A C E M E N T  D U E  T O  O N E  W H E E L .  9 A D .  L E S S  T H A N  R 
290  D O  300  M = 1 ~ 1 0  

S A R  = S Q R T ( R 2  - R A D Z L *  S N Z ( Y ) )  
A C  = R A D L  * C S ( M )  
S P A  = A C  + S A R  
S P A 2 =  S P A  * S P A  / 

S S A  = S A R  - A C  
S S A 2  = S S A  * S S A  

3 0 0  S J I K = S J I K  3 A C / S A R * ( S P A Z / S Q R T ( S P A Z  + Z Z K )  - S S A Z / S Q R T ( S S A Z + Z 2 # ) ) *  
+ P I D  
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3 1 0  S J I K  = S J X K  * P R L  
3 2 0  S S  = S S  + S J I K  
3 3 0  C O N T I N U E  
3 4 0  C O N T I N U E  

S ( J r I , K ) = S S  
3 5 0  C O N T I N U E  
3 6 0  C  O N T X  N U E  
3 7 0  C O N T I i G U E  

c * * * * * C * * * * * * * * * * * * * * * * * * * * * * * * *  

D 0 4 0 3 I Z = l  r K Z  
E M A X = - 1  , U E - 3 8  
D O 3 8 0 I X = l r K X  
DO3%'aIY=l r K Y  
I F ( S ( I X I I Y ~ I Z ) - E M A X ) ~ ~ O I ~ ~ O # ~ ~ ~  

3 8 0  E M A X = S ( I X r I Y r I Z )  
I X M = I  X 
I Y M = I  Y  
S D ( I Z ~ ~ ) = S ( I X I I Y I I Z )  

3 9 0  C O N T I N U E  
S ( I X M I I Y M I I Z ) = ~  . O E - 3 8  

4 0 0  C O N T I N U E  
C  C A L C U L A T E  E Q U I V ,  S I N G L E  M H E E L  L O A D  

5 0 4 1 3 I = l r K Z  
4 1 0  E S W L ( I > = S D ( I I ~ ) * S Q R T ( R E S C J ~ + Z Z ( I ) )  

S R A R E A = S Q R T I C A R E A )  
D O  4 9 0  I = ? r N A L  
K  S = 2  
D O  4 8 0  J = 1 r K Z  
T A ( J r I ) = Z ( J ) / B ( I )  
V ? = T A ( J g ! )  I S R A R E A  
I F ( V 1  .NE.O,) G O  T O  4 2 0  
C B R ( J , I ) = U ( l ) * ! E S W L ( J l / C A R E A >  
(30 Ti3  4 7 0  

4 2 0  C O N T I N U E  
D O  4 3 0  K = K S r i 7 9  
I F ( V ( K ) , G T . V l )  G O  T O  4 5 0  

4 3 0  C O N T I N U E  
W R I T E  ( 6 , 4 4 0 )  

4 4 0  F O R M A T ( 5 X r " * * * *  T H I C K N E S S  V A L U E  C O U S I D E R E D  E X C E E D S  L I M I T S  O F  C U R V  
& E  * * * * * I )  

G O  T 3  4 5 0 0  
4 5 0  U L = A L O G I i l ( U ( K - 1  ) ) - ( C V I - V ( K - l ) ) * ( A L 3 S i  O ( U ( K - ? l ) - A L O G ? 0 ( U ( K >  

+ I I ) / ( V ( K ) - V ( K - I ) )  
U 1 = 1 0 . * * U L  
C B R ( J r l ) = J 1 * ( E S W L ( J ) / C A K E A )  
F C T N  = C B R ( J s 1 )  
I F ( M Q D E  .GE. 1 1  1 C A L L  C V R G ( * Z O O I  * 4 5 3 r  F C T N ,  T R G T ,  Z ( K Z )  I M O D E t I  T C T )  

460 C O N T I N U E  
K  S = K  

4 7 0  C O N T I N U E  
480 C O N T I N U E  
4 8 0  C O N T I N U E  

C  * * * * * * * t r * * * *  P R I N T  P A G E  3 
I F C M O D E  . E Q .  1 9 )  A C N  = ( Z ( K Z ) * 2 . 5 % )  * ( Z ( K Z ) * 2 . 5 4 )  /1000,0  / 

& 1 0 , 8 7 9 / F C T N  - 0 . 0 1 2 4 9  1 
0 0  5 0 3  I = l u k L  
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E  S W L (  I )  = E S W L  ( I )  I X P O U N D  
Z ( I )  = Z ( I )  * X I N C H  

5 0 0  C O N T I N U E  
I F ( M O D E . L T . 1 1 )  W R I T E ( 6 1 9 0 0 )  
I F ( N A L . E Q . 1 )  W R I T E ( ~ ~ ~ ) ( N C C ( I ) ~ I = I ~ U A L ) ~ ( E S W L ( I ) ~ ( C B R ( I U J ) ~  

+ J = l r N A L ) r Z ( I ) r I = l r K Z )  
I F ( N A L S E Q . 2 ) W R I T E ( 6 r Z )  ( N C C C I ) r  I = l r N A L ) r ( E S W L ( l ) r ( C B R ( I ~ J ) u  

+ J = l r N A L ) r Z  ( I  )#I=? r K Z )  
I F ( N A L . E Q . ~ ) W R I T E ( ~ U ~ ) ( N C C ( I ) I I = ~ ~ U ~ L ) ~ ( E S W L ( I ) ~ ( C B R ( I ~ J ) P  

+ J = l r N A L ) u Z ( l ) r I = l r K Z )  
I F ( N A L . E ~ , ~ ) W R I T E ( ~ U ~ )  ( N C C ( I ) P I = ~ I U A L > I ( E S W L ( I ) ~ ( C B R ( I ~ J ~ ~  

+ J  = l r N A L ) r Z  (I), I = ?  1 K Z )  
I F ( N A L . E Q , ~ ) W R I T E ( ~ I ~ )  ( N C C ( 1 ) r  I = ~ # I J ~ L ) ~ ( E S W L ( I ) P ( C B R ( I P J ) ~  

+ J = I , N A L ) r Z ( I ) r  I=? r K Z )  
I F ( N A L , E Q , 6 ) W R I T E ( 6 , 5 )  I N C C ( I ) ~ I = ~ P ~ ) ~ ( E S W L ( I ) ~ ( C B R ( I ~ J ) ~ J = ~ ~  

+ 5 ) r Z ( I ) r I = I r K Z )  
I F ( N A L . E Q . ~ ) W R I T E ( ~ ~ ~ ~ ~ N C C ~ I ) ~ I ~ ~ ~ ~ ~ ~ ~ E S W L ~ I ~ ~ ~ C B R ~ I ~ J ~ ~ J  

+ = l r 5 ) r Z ( I ) 1 1 = l r K Z )  
I F ( N A L .  E Q , ~ ) w R I T E ( ~ I ~ )  ( N C C ( I ) #  I = b r N 4 L ) c ( E S W L ( I ) # ( C B R ( I r J ) r  

+ J = 6 r N A L ) r Z  ( I ) r I = l  r K Z )  
I F C N A L , E Q e 7 ) W R I T E ( 6 r 2 )  ( N C C ( I ) r l = 5 e N A L  ) r C E S W L ( I ) ~ ~ C B R ( I r J ) ~  

+ J = b r N A L ) r Z  ( I ) r l = l r K Z )  
I T G T  = I F I X (  T R G T  + 0 .5  ) 

I F ( M O D E  .EQ. 1 1  ) W R I T E ( 6 r 5 1 0 )  I T G T I  ACN 
5 1 0  F O R M A T ( / / / r I H  r 2 9 H T H E  ACN FOR A  S U 3 S R A D E  CBR OF 1 1 3  1 4 H  I S  r f 7 . 2 1  

1 / / / )  
I F ( M O D E . L T . 1 1 )  GO TO 4 5 0 0  

5 2 0  C O N T I N U E  
4  5 0 0  C O N T I N U E  

GO TO 1 2  
6 0 0 0  W R I T E  ( 6 , 7 0 0 0 )  
7 0 0 0  F O H M A T ( ! ! ! i ? H U i  1 5 x 8  7 5 H E N D  OF P T 3 3 L E M  ) 

S  TOP 
E N D  

C  S U B R O U T I N E  CVRG C O M V E R G E S  ON R E F E R E V C E  T H I C K N E S S  
S U B R O U T I N E  CVRGC * r  * r  F C T N r  T R G T r  Y l  1 1 ,  M O D E r  I T C T  ) 

I F ( 1 T C T  .EQ. 0 ) GO T O  3 0  
I T C T  = I T C T  + 1 
I F C I T C T  .GT. 2 0  ) G O  T O  4 0  
I F ( A B S ( ( F C T N - T R G T )  / T R G T )  . L T .  0 . 0 3 3 1  ) GO TO 4 0  
I F ( A d S ( ( Y 2 2 2  - Y 1 1 1 ) /  Y 1 1 1 )  . L T .  0 . 3 0 0 1  ) GO TO 4 0  
I F ( F C T N  . L T .  T R G T  GO TO 1 3  
y 2 2 2 =  Y l l l  
X 2 2 2  = F C T N  
GO TO 2 0  

1 0  Y 3 3 3  = Y 1 1 1  
X 3 3 3  = F C T N  

2 0  Y l l l  = Y 2 2 2  + ( Y 3 3 3  - Y 2 2 2 )  * ( T R G T  - X 2 2 2 )  / ( X 3 3 3 -  X 2 2 Z  ) 

I F ( M 0 D E  .GE. 1 1 )  Y l l l  = Y 2 2 2  + ( Y 3 3 3  - Y 2 2 2 )  * ( A L O G l O ( T R G T )  - 
& A L O G 1 O ( X 2 2 2 ) )  ! ( A L O G l O ( X 3 3 3 )  - A L 3 G 1 0 (  X 2 2 2 ) )  

R E T U R N  1 
3 0  I T C T  = 1 

Y 2 2 2  = 0 .3  
X 2 2 2  = 0 . 0  
! F ( M O D E  .GE. 1 1 )  X 2 2 2  = 3 0 0 . 0  
Y 3 3 3  = Y 1 1 1  
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P a r t  3.- Pavements 3-289 

4 6 5 0  X 3 3 3  = F C T N  
4 6 6 0 G O  10 2 0  
4 6 7 0  4 0  I T C T  = O 
4 6 8  0 R E T U R N  2 
k 6 9 O  E N D  

Note. - Pages 3-291 t o  3-298 deleted by Amendment No. 1. 
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A P P E N D I X  3 

PAVEMENT D E S I G N  AND E V A L U A T I O N  GRAPHS PROVIDED B Y  FRANCE 

Notes :  -- 

1 )  The pavement d e s i g n  and e v a l u a t i o n  g r a p h s  i n c l u d e d  i n  t h i s  
Appendix a r e  based  on t h e  same a i r c r a f t  c h a r a c t e r i s t i c s  ( t r a c k ,  
wheel  b a s e ,  s t a n d a r d  t i r e  p r e s s u r e )  a s  t h o s e  used t o  c a l c u l a t e  
t h e  ACN. 

2 )  The w e i g h t s  shown i n  t h e  g raphs  r e p r e s e n t  s t a t i c  l o a d s  on t h e  
main u n d e r c a r r i a g e  l e g .  

3) The r i g i d  pavement g r a p h s  assume t h a t  t h e  t i r e  p r e s s u r e  r e m a i n s  
c o n s t a n t  a t  t h e  v a l u e  qo shown i n  t h e  g raphs .  Should t h e  a c t u a l  
t i r e  p r e s s u r e  q  b e  d i f f e r e n t  from 4' , proceed  a s  f o l l o w s :  

a )  I f  P  i s  t h e  we igh t  o f  t h e  u n d e r c a r r i a g e  l e g  i n  q u e s t i o n ,  
f i n d  t h e  we igh t  P1 p roduc ing  t h e  same c o n t a c t  a r e a  a t  t h e  
p r e s s u r e  q' u s i n g  t h e  r e l a t i o n s h i p :  

b )  Consu l t  t h e  g raph  t o  d e t e r m i n e  s t r e s s  01 produced by  t h e  
we igh t  p l  i n  t h e  s l a b  i n  q u e s t i o n .  

c )  The v a l u e  o r e q u i r e d  i s  t h e n  g i v e n  by t h e  r e l a t i o n s h i p :  

4 )  The f l e x i b l e  pavement g raphs  assume that the t i r e  p r e s s u r e  
r emains  c o n s t a n t  a t  t h e  v a l u e  q0 shown i n  t h e  g r a p h s .  I f  t h e  
a c t u a l  t i r e  p r e s s u r e  q  does  n o t  d i f f e r  by more t h a n  f 0 .3  MPa 
f rom q' , i t  i s  a c c e p t e d  t h a t  t h e  e f f e c t s  of  t h e  p r e s s u r e  may 
b e  d i s r e g a r d e d .  

Converse ly ,  a  c o r r e c t i o n  i s  made i n  a c c o r d a n c e  w i t h  t h e  
f o l l o w i n g  : 

i- 1 + 

h  = ha (q  e x p r e s s e d  i n  m a )  
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Where h  i s  t h e  t h i c k n e s s  sought  f o r  p r e s s u r e  q  

h0 i s  t h e  t h i c k n e s s  r e a d  on t h e  graph drawn up f o r  p r e s s u r e  q O .  

5 )  F i g u r e s  A3-1 t o  A3-10 a r e  p rov ided  a s  examples.  

Graphs f o r  a l l  t y p e s  o f  a i r c r a f t  a r e  a v a i l a b l e  on r e q u e s t  from: 

MINISTERE DES TRANSPORTS 

D i r e c t i o n  Ggngrale d e  1 ' Avia t ion  C i v i l e  
S e r v i c e  Technique d e s  Bases Agriennes  
246 ,  r u e  Lecourbe - 75732 PARIS CEDEX 15 - FRANCE 



Part 3. - Pavements 
- - ---- - - 

3-301 

FLEXIBLE PAVEMENT 
A 300 B 2  
Main Leg 

Tire pressure: 1.23 MPa 

ESW (T) 

Figure A3-1 
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RIGID PAVEMENT 
A 300 B2 
Main Leg 

Tire pressure: 1.23 lea 

Figure A3-2 



P a r t  3,- Pavements 3-303 - 
FLEXIBLE PAVEMENT 
A 300 B4 - A310 

Main Leg 
T i r e  p r e s s u r e :  1.41 bfPa 

ESW (T) 

F i g u r e  A3-3 



3-304 Aerodrome D e s k ~ n  Manual 
RIGID PAVEMENT 
A 300 B4 - A310 
Main Leg 

T i r e  p r e s s u r e :  1 . 4 1  MPa 

F i g u r e  A3-4 



P a r t  3.- P a v e n e n t g  3-305 
FLEXIBLE PAVEMENT 
B 7 2 7  ( a 1 1  s e r i e s )  
Main Leg 

T i r e  p r e s s u r e :  1 . 0 9  MPa 

20 12  ?G It; I d  25 25 30 35 LC 50 60 76 86 301CC' 
ESW ( T )  

Figure A3-5 
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RIGID PAVEMENT 
A 727 (all series) 
Main Leg 

Tire pressure: 1.09 MPa 

Figure A3-6 



P a r t  3 .  - Pavements - 3-307 

FLEXIBLE PAVEMENT 
B 737 ( a l l  s e r i e s )  

Main Leg 
T i r e  p r e s s u r e :  1 . 0 2  MPa 

ESW ( T )  

Figure A3-7 
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R I G I D  PAVEMENT 
B 737 ( a l l  s e r i e s )  
Main Leg 

T i r e  p r e s s u r e :  1 .02 MPa 

F i g u r e  A3-8  



ESW ( T )  

Figure A3-9 
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R I G I D  PAVEMENT 
B 747 (series LOO - 200, B ,  C, F - SR) 

Main Leg 
Tire pressure : 1.45 MPa 

Figure A3-10 



A P P E N D I X  4 

BACKGROUND I N F O R M A T I O N  ON THE U N I T E D  STATES P R A C T I C E  
FOR THE D E S I G N  AND E V A L U A T I O N  OF PAVEMENTS 

I. P r i o r  FAA method of s o i l  c l a s s i f i c a t i o n  

1 .  Backszround 

The FAA method of s o i l  c l a s s i f i c a t i o n  which was used  p r i o r  t o  t h e  a d o p t i o n  
o f  t h e  U n i f i e d  S o i l  C l a s s i f i c a t i o n  System i s  p r e s e n t e d  i n  t h i s  Appendix. The r e a s o n  
f o r  i n c l u d i n g  t h e  method i n  t h i s  Appendix i s  t h a t  many p a s t  r e c o r d s  c o n t a i n  r e f e r e n c e s  
t o  t h e  FAA method and t h i s  Appendix a l l o w s  t h e  r e a d e r  t o  converse  i n  t h e  FAA c l a s s i f i c a -  
t i o n  method. 

1 . 2  Soi.1 c l a s s i f i c a t i o n  

a )  While t h e  r e s u l t s  of i n d i v i d u a l  t e s t s  i n d i c a t e  c e r t a i n  p h y s i c a l  
p r o p e r t i e s  of t h e  s o i l ,  t h e  p r i n c i p a l  val-ue i s  d e r i v e d  from t h e  
f a c t  t h a t ,  t h rough  c o r r e l a t i o n  o f  t h e  d a t a  s o  o b t a i n e d ,  i t  i s  
p o s s i b l e  t o  p r e p a r e  a n  e n g i n e e r i n g  c l a s s i f i c a t i o n  of s o i l s  r e l a t e d  
t o  t h e i r  f i e l d  behav iour .  Such a  c l a s s i f i c a t i o n  i s  p r e s e n t e d  i n  
F i g u r e  A4-1. 

b )  The s o i l  c l a s s i f i c a t i o n  r e q u i r e s  b a s i c a l l y  t h e  performance o f  t h r e e  
t e s t s  -- t h e  mechan ica l  a n a l y s i s ,  d e t e r m i n a t i o n  of t h e  l i q u i d  
l i m i t ,  and d e t e r m i n a t i o n  o f  t h e  p l a s t i c  l i m i t .  T e s t s  f o r  t h e s e  
p r o p e r t i e s  have been u t i l i z e d  f o r  many y e a r s  a s  a  means o f  
e v a l u a t i n g  s o i l  f o r  u s e  i n  t h e  c o n s t r u c t i o n  of embankments a n d  
pavement subgrades .  These t e s t s  i d e n t i f y  a  p a r t i c u l a r  s o i l  as 
hav ing  p h y s i c a l  p r o p e r t i e s  s i m i l a r  t o  t h o s e  of a  s o i l  whose 
performance and behav iour  a r e  known. T h e r e f o r e ,  t h e  t e s t  s o i l  
can b e  expec ted  t o  p o s s e s s  t h e  same c h a r a c t e r i s t i c s  and d e g r e e  o f  
s e a b i l i t y  under  l i k e  c o n d i r i o n s  of m o i s t u r e  and c l i m a t e .  

c) A s  can b e  d i s c e r n e d  from F i g u r e  A4-1, t h e  mechanical  a n a l y s e s  
p r o v i d e  t h e  i n f o r m a t i o n  t o  pe rmi t  s e p a r a t i o n  of t h e  g r a n u l a r  
s o i l s  from t h e  f i n e - g r a i n e d  s o i l s ,  whereas  t h e  s e v e r a l  g r o u p s  a r e  
a r r a n g e d  i n  o r d e r  o f  i n c r e a s i n g  v a l u e s  o f  l i q u i d  l i m i t  and 
p l a s t i c i t y  index .  The d i v i s i o n  between g r a n u l a r  and f  i n e - g r a i n e d  
s o i l s  i s  made upon t h e  requ i rement  t h a t  g r a n u l a r  s o i l s  must h a v e  
l e s s  t h a n  35 p e r  c e n t  o f  s i l t  and c l a y  combined. D e t e r m i n a t i o n  o f  
t h e  s a n d ,  s i l t ,  and c l a y  f r a c t i o n s  i s  made on t h a t  p o r t i o n  o f  t h e  
sample p a s s i n g  t h e  No. 1 0  s i e v e  because  t h i s  i s  c o n s i d e r e d  t o  b e  
t h e  c r i t i c a l  p o r t i o n  w i t h  r e s p e c t  t o  changes  i n  m o i s t d r e  and  
o t h e r  c l i r n a i j c  i n f l u e n c e s .  The c l a s s i f i c a t i o n  o f  t h e  s o i l s  w i t h  
r e s p e c t  t o  d i f f e r e n t  p e r c e n t a g e s  of s a n d ,  s i l t ,  and c l a y  i s  
shown i n  F igure  A4-2. 
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* I f -pe rcen tage  of ma te r i a l  r e t a ined  on the  No. 10 s ieve  exceeds t h a t  shown, the  c l a s s i f i c a t i o n  
may be r a i s e d ,  provided such ma te r i a l  i s  sound and f a i r l y  wel l  graded. 

F i g u r e  A4-1. C l a s s i f i c a t i o n  of s o i l s  f o r  a i r p o r t  pavement c o n s t r u c t i o n  

EXAMPLE. 20% S i l t ,  40% Sand 
a n d  40% C l o y .  

T h e r e f o r e  the sompls  is a 

S a n d y  C l o y .  

F i g u r e  A4-2. T e x t u r a l  c l a s s i f i c a t i o n  of s o i l s  
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I )  Group E-l i n c l u d e s  we1 1-graded , c o a r s e ,  g r a n u l a r  s o i l s  t h a t  
a r e  s t a b l e  even under  poor  d r a i n a g e  c o n d i t i o n s  and a r e  n o t  
g e n e r a l l y  s u b j e c t  t o  d e t r i m e n t a l  f r o s t  heave.  S o i l s  o f  t h i s  
group may conform t o  wel l -graded sands  and g r a v e l s  w i t h  l i t t l e  
o r  no f i n e s .  I f  f r o s t  i s  a f a c t o r ,  t h e  s o i l  shou ld  b e  checked  
t o  d e t e r m i n e  t h e  p e r c e n t a g e  of t h e  m a t e r i a l  l e s s  t h a n  0 . 0 2  mm 
i n  d i a m e t e r .  

2 )  Group E-2 i s  s i m i l a r  t o  Group E - l  b u t  h a s  l e s s  c o a r s e  s a n d  and 
may c o n t a i n  g r e a t e r  p e r c e n t a g e s  of s i l t  and c l a y .  S o i l s  o f  
t h i s  group may become u n s t a b l e  when p o o r l y  d r a i n e d  a s  w e l l  a s  
b e i n g  s u b j e c t  t o  f r o s t  heave t o  a  l i m i t e d  e x t e n t .  

3) Groups E-3 and E-4 i n c l u d e  t h e  f i n e ,  sandy s o i l s  o f  i n f e r i o r  
g r a d i n g .  They may c o n s i s t  of f i n e  c o h e s i o n l e s s  sand o r  sand-c lay  
t y p e s  w i t h  a fa i r - to -good  q u a l i t y  of b i n d e r .  They a r e  l e ss  
s t a b l e  t h a n  Group E-2 s o i l s  under  a d v e r s e  c o n d i t i o n s  o f  d r a i n a g e  
and f r o s t  a c t i o n .  

4 )  Group E-5 compr i ses  a l l  p o o r l y  graded s o i l s  h a v i n g  more t h a n  
35 p e r  c e n t  b u t  l e s s  t h a n  4 5  p e r  c e n t  o f  s i l t  and c l a y  combined. 
T h i s  group a l s o  i n c l u d e s  a l l  s o i l s  w i t h  l e s s  t h a n  4 5  p e r  c e n t  
o f  s i l t  and c l a y  b u t  which have  p l a s t i c i t y  i n d i c e s  o f  1 0  t o  15 .  
These s o i l s  a r e  s u s c e p t i b l e  t o  f r o s t  a c t i o n .  

5 )  Group E-6 c o n s i s t s  o f  t h e  s i l t s  and sandy s i l t s  h a v i n g  zero- to- low 
p l a s t i c i t y .  These s o i l s  a r e  f r i a b l e  and q u i t e  s t a b l e  when d r y  o r  
a t  low m o i s t u r e  c o n t e n t s .  They l o s e  s t a b i l i t y  and become v e r y  
spongy when wet a n d ,  f o r  t h i s  r e a s o n ,  a r e  d i f f i c u l t  t o  compact 
u n l e s s  t h e  m o i s t u r e  c o n t e n t  is  c a r e f u l l y  c o n t r o l l e d .  C a p i l l a r y  
r i s e  i n  t h e  s o i l s  o f  t h i s  group i s  v e r y  r a p i d ;  and t h e y ,  more than  
s o i l s  of any  o t h e r  g roup ,  a r e  s u b j e c t  t o  d e t r i m e n t a l  f r o s t  heave.  

6 )  -- Group E-7 i n c l u d e s  t h e  s i l t y  c l a y ,  sand c l a y ,  c l a y e y  s a n d s ,  and 
c l a y e y  s i l t s .  They r a n g e  from f r i a b l e  t o  h a r d  c o n s i s r e n c y  when 
d r y  and a r e  p l a s t i c  when wet .  These s o i l s  a r e  s t i f f  a n d  d e n s e  
when compacted a t  t h e  p r o p e r  m o i s t u r e  c o n t e n t .  V a r i a t i o n s  i n  
m o i s t u r e  a r e  a p t  t o  produce a  d e t r i m e n t a l  volume change.  
C a p i l l a r y  f o r c e s  a c t i n g  i n  t h e  s o i l  a r e  s t r o n g ,  b u t  t h e  r a t e  
o f  c a p i l l a r y  r i s e  i s  r e l a t i v e l y  s low and f r o s t  heave ,  w h i l e  
d e t r i m e n t a l ,  i s  n o t  a s  s e v e r e  a s  i n  t h e  E-6 s o i l s .  

7 )  Group E-8 s o i l s  a r e  s i m i l a r  t o  t h e  E-7 s o i l s  b u t  t h e  h i g h e r  l i q u i d  
l i m i t s  i n d i c a t e  a  g r e a t e r  d e g r e e  o f  c o m p r e s s i b i l i t y  e x p a n s i o n ,  
s h r i n k a g e ,  and lower  s t a b i l i t y  under  a d v e r s e  m o i s t u r e  c o n d i t i o n s ,  

8 )  Group E-9 compr i ses  t h e  s i l t s  and d a y s  c o n t a i n i n g  m i c a c e o u s  and ---- 
diatomaceous  m a t e r i a l s .  They a r e  h i g h l y  e l a s t i c  and v e r y  d i f f i c u l t  
t o  compact.  They have low s t a b i l i t y  i n  b o t h  t h e  wet a n d  d r y  s t a t e  
and a r e  s u b j e c t  t o  f r o s t  heave.  
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9)  Group E-10 i n c l u d e s  t h e  s i l t y  c l a y  and c l a y  s o i l s  t h a t  form h a r d  
c l o d s  when d r y  and a r e  v e r y  p l a s t i c  when wet.  They a r e  v e r y  
c o m p r e s s i b l e ,  p o s s e s s  t h e  p r o p e r t i e s  o f  expans ion ,  s h r i n k a g e ,  
and e l a s t i c i t y  t o  a  h igh  degree  and a r e  s u b j e c t  t o  f r o s t  h e a v e .  
S o i l s  of t h i s  group a r e  more d i f f i c u l t  t o  compact than  t h o s e  o f  
t h e  E-7 o r  E-8 g roups  and r e q u i r e  c a r e f u l  c o n t r o l  of m o i s t u r e  t o  
p roduce  a  d e n s e ,  s t a b l e  f i l l .  

1 0 )  Group E-11 s o i l s  are s i m i l a r  t o  t h o s e  o f  t h e  E-10 group bu t  have  
h i g h e r  l i q u i d  l i m i t s .  T h i s  group i n c l u d e s  a l l  s o i l s  w i t h  l i q u i d  
l i m i t s  between 70 and 80 and p l a s t i c i t y  i n d i c e s  over  30. 

11)  Group E-12 compr i ses  a l l  s o i l s  hav ing  l i q u i d  l i m i t s  over  8 0  
r e g a r d l e s s  o f  t h e i r  p l a s t i c i t y  i n d i c e s .  They may be  h i g h l y  
p l a s t i c  c l a y s  t h a t  a r e  ex t remely  u n s t a b l e  i n  t h e  p resence  o f  
m o i s t u r e ,  o r  t h e y  may be  v e r y  e l a s t i c  s o i l s  c o n t a i n i n g  m i c a ,  
d i a t o m s ,  o r  o r g a n i c  m a t t e r  i n  e x c e s s i v e  amounts. Whatever 
t h e  c a u s e  of  t h e i r  i n s t a b i l i t y ,  t h e y  w i l l  r e q u i r e  t h e  maximum 
i n  c o r r e c t i v e  measures .  

12)  Group E-13 encompasses o r g a n i c  swamp s o i l s  such  a s  muck and 
p e a t  which a r e  recogn ized  by examinat ion i n  t h e  f i e l d .  I n  
t h e i r  n a t u r a l  s t a t e ,  t h e y  a r e  c h a r a c t e r i z e d  by v e r y  low 
s t a b i l i t y  and d e n s i t y  and v e r y  h i g h  m o i s t u r e  c o n t e n t .  

1 . 3  S ~ e c i a l  c o n d i t i o n s  a f f e c t i n g  f i n e - g r a i n e d  s o i l s  

a )  A s o i l  may p o s s i b l y  c o n t a i n  c e r t a i n  c o n s t i t u e n t s  t h a t  w i l l  g i v e  
t e s t  r e s u l t s  which would p l a c e  i t ,  a c c o r d i n g  t o  F igure  A4-1, i n  
more t h a n  one group. T h i s  cou ld  happen w i t h  s o i l s  c o n t a i n i n g  
mica,  d i a t o m s ,  o r  a  l a r g e  p r o p o r t i o n  of  c o l l o i d a l  m a t e r i a l .  
Such o v e r l a p p i n g  can be  avo ided  by t h e  u s e  of  F i g u r e  A4-3 i n  
c o n j u n c t i o n  w i t h  F i g u r e  A4-1, w i t h  e x c e p t i o n  of  E-5 s o i l s ,  which 
shou ld  b e  c l a s s i f i e d  s t r i c t l y  by F i g u r e  A4-1, 

b )  S o i l s  w i t h  p l a s t i c i t y  i n d i c e s  h i g h e r  t h a n  cor responding  t o  t h e  
maximum l i q u i d  l i m i t  of t h e  p a r t i c u l a r  group a r e  n o t  of common 
o c c u r r e n c e .  When encounte red ,  t h e y  a r e  p laced  i n  t h e  h i g h e r  
numbered group a s  shown i n  F igure  A4-3. Th i s  i s  j u s t i f i e d  by 
t h e  f a c t  t h a t  f o r  e q u a l  l i q u i d  l i m i t s  t h e  h i g h e r  t h e  p l a s t i c i t y  
i n d e x ,  t h e  lower  t h e  p l a s t i c  l i m i t  ( t h e  p l a s t i c  l i m i t  i s  t h e  
p o i n t  when a s l i g h t  i n c r e a s e  i n  m o i s t u r e  c a u s e s  t h e  s o i l  t o  
r a p i d l y  l o s e  s t a b i l i t y ) .  

1 . 4  Coarse  m a t e r i a l  r e t a i n e d  on No. 1 0  s i e v e  

Only t h a t  p o r t i o n  of t h e  sample p a s s i n g  t h e  No. 1 0  s i e v e  i s  c o n s i d e r e d  i n  
t h e  above-descr ibed c l a s s i f i c a t i o n .  Obviously ,  t h e  p resence  of  m a t e r i a l  r e t a i n e d  o n  t h e  
No. 10  s i e v e  shou ld  s e r v e  t o  improve t h e  o v e r - a l l  s t a b i l i t y  o f  t h e  s o i l .  For t h i s  
r e a s o n ,  upgrad ing  t h e  s o i l  from 1 t o  2  c l a s s e s  i s  p e r m i t t e d  when t h e  pe rcen tage  of t h e  
t o t a l  sample  r e t a i n e d  on t h e  No. 1 0  s i e v e  exceeds  45 p e r  c e n t  f o r  s o i l s  of  t h e  E-1 t o  
E-4 g roups  and 55 p e r  c e n t  f o r  t h e  o t h e r s .  Th i s  a p p l i e s  when t h e  c o a r s e  f r a c t i o n  
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c o n s i s t s  o f  r e a s o n a b l y  sound m a t e r i a l  which i s  f a i r l y  w e l l  graded from t h e  maximum s i z e  
down t o  t h e  No. L O  s i e v e  s i z e .  S t o n e s  o r  rock  f ragments  s c a t t e r e d  th rough  a s o i l  shou ld  
n o t  b e  c o n s i d e r e d  o f  s u f f i c i e n t  b e n e f i t  t o  w a r r a n t  upgrad ing .  

1 . 5  Subgrade c l a s s i f i c a t i o n  

a )  For each s o i l  g roup ,  t h e r e  a r e  c o r r e s p o n d i n g  subgrade  c l a s s e s .  
These c l a s s e s  a r e  based on t h e  performance o f  t h e  p a r t i c u l a r  
s o i l  a s  a  subgrade  f o r  r i g i d  o r  f l e x i b l e  pavements under  
d i f f e r e n t  c o n d i t i o n s  o f  d r a i n a g e  and f r o s t .  The subgrade 
c l a s s  i s  de te rmined  from t h e  r e s u l t s  of s o i l  t e s t s  and t h e  
i n f o r m a t i o n  o b t a i n e d  by means o f  t h e  s o i l  s u r v e y  and a  s t u d y  
o f  c l i m a t o l o g i c a l  and t o p o g r a p h i c a l  d a t a .  The subgrade c l a s s e s  
and t h e i r  r e l a t i o n s h i p  t o  t h e  s o i l  groups  a r e  shown i n  
F igure  A4-4. The p r e f i x  "F" i n d i c a t e s  subgrade  c l a s s e s  f o r  
f l e x i b l e  pavements.  These subgrade  c l a s s e s  de te rmine  t h e  
t o t a l  pavement t h i c k n e s s  f o r  a  g i v e n  a i r c r a f t  l o a d .  A b r i e f  
d e s c r i p t i o n  o f  t h e  c l a s s e s  w i l l  b e  p r e s e n t e d  h e r e .  

b)  Subgrades  c l a s s e d  a s  Fa f u r n i s h  adequa te  subgrade  s u p p o r t  
w i t h o u t  t h e  a d d i t i o n  of sub-base m a t e r i a l .  The s o i l ' s  
v a l u e  a s  a  subgrade  m a t e r t a l  d e c r e a s e s  a s  t h e  number 
i n c r e a s e s .  

c )  Good and poor  d r a i n a g e  r e f e r  t o  t h e  s u b s u r f a c e  s o i l  
d r a i n a g e .  

1 )  Poor d r a i n a g e  is  d e f i n e d  f o r  t h e  purpose  o f  t h i s  manual  
a s  s o i l  t h a t  canno t  b e  d r a i n e d  because  of i t s  c o m p o s i t i o n  
o r  because  of t h e  c o n d i t i o n s  a t  t h e  s i t e .  S o i l s  p r i m a r i l y  
composed o f  s i l t s  and c l a y  f o r  a l l  p r a c t i c a l  purposes  a r e  
imperv ious ;  and a s  l o n g  a s  a  w a t e r  s o u r c e  i s  a v a i l a b l e ,  
t h e  s o i l ' s  n a t u r a l  a f f i n i t y  f o r  m o i s t u r e  w i l l  r e n d e r  t h e s e  
m a t e r i a l s  u n s t a b l e .  These f i n e - g r a i n e d  s o i l s  canno t  b e  
d r a i n e d  and a r e  c l a s s i f i e d  a s  poor  d r a i n a g e  a s  i n d i c a t e d  
i n  F i g u r e  A4-4. A g r a n u l a r  s o i l  t h a t  would d r a i n  and r e m a i n  
s t a b l e  e x c e p t  f o r  c o n d i t i o n s  a t  t h e  s i t e ,  such  a s  h i g h  w a t e r  
t a b l e ,  f l a t  t e r r a i n ,  o r  imperv ious  s t r a t a ,  shou ld  a l s o  b e  
d e s i g n a t e d  a s  poor  d r a i n a g e .  I n  some c a s e s ,  t h i s  c o n d i t i o n  
may be  c o r r e c t e d  by t h e  u s e  o f  s u b d r a i n s ,  

2 )  Good d r a i n a g e  i s  d e f i n e d  as a  c o n d i t i o n  where t h e  i n t e r n a l  
s o i l  d r a i n a g e  c h a r a c t e r i s t i c s  a r e  such  t h a t  t h e  m a t e r i a l  can 
and does  remain w e l l  d r a i n e d  r e s u l t i n g  i n  a  s t a b l e  s u b g r a d e  
m a t e r i a l  under  a l l  c o n d i t i o n s .  
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F i g u r e  A4-3. C l a s s i f i c a t i o n  c h a r t  f o r  f i n e - g r a i n e d  s o i l s  

I Subgrade C l a s s  I 
S o i l  Group I Good Dra inage  Poor E r a i n a g e  

No F r o s t  o r  F r o s t  No F r o s t  F r o s t  

Fa Fa F1 
Fa F1 F2 
F1 F2 F3 
F l  F2 F4 

F3 F5 
F4 F6 
F5 F7 
F6 F8 
F7 F9 
F8 F10 
F9 F10 
F10 F10 

Not s u i t a b l e  f o r  subgrade  

F i g u r e  A4-4. A i r p o r t  pav ing  subgrade  c l a s s i f i c a t i o n  
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d )  There i s  a  tendency t o  over look  t h e  d e t r i m e n t a l  e f f e c t s  o f  f r o s t  
i n  pavement d e s i g n .  The e f f e c t s  o f  f r o s t  a r e  w i d e l y  known; 
however,  e x p e r i e n c e  shows t h a t  a l l  t o o  o f t e n  pavements a r e  damaged 
o r  d e s t r o y e d  by f r o s t  t h a t  was n o t  p r o p e r l y  t a k e n  i n t o  a c c o u n t  
i n  t h e  d e s i g n .  Most i n o r g a n i c  s o i l s  c o n t a i n i n g  3 p e r  c e n t  o r  more 
of g r a i n s  f i n e r  t h a n  0 . 0 2  mm i n  d i a m e t e r ,  by w e i g h t ,  a r e  f r o s t  
s u s c e p t i b l e  f o r  pavement d e s i g n  purposes .  The subgrade  s o i l  shou ld  
b e  c l a s s i f i e d  e i t h e r  a s  "No F r o s t "  o r  "Fros t "  depending on o n e  of 
t h e  two f o l l o w i n g  c o n d i t i o n s  : 

1 )  No f r o s t  shou ld  b e  used i n  t h e  d e s i g n  when t h e  a v e r a g e  f r o s t  
p e n e t r a t i o n  a n t i c i p a t e d  i s  l e s s  t h a n  t h e  t h i c k n e s s  of t h e  
pavement s e c t i o n .  

2 )  F r o s t  shou ld  b e  used when t h e  a n t i c i p a t e d  a v e r a g e  f r o s t  p e n e t r a t i o n  
exceeds  t h e  pavement s e c t i o n s .  The d e s i g n  shou ld  c o n s i d e r  i n c l u d i n g  
n o n - f r o s t  s u s c e p t i b l e  m a t e r i a l  below t h e  r e q u i r e d  sub-base  t o  
minimize o r  e l i m i n a t e  t h e  d e t r i m e n t a l  f r o s t  e f f e c t  on t h e  subgrade.  
The e x t e n t  o f  t h e  subgrade  p r o t e c t i o n  needed depends  o n  t h e  s o i l  
and t h e  s u r f a c e  and s u b s u r f a c e  environment  a t  t h e  s i te .  

2 .  Development o f  pavement d e s i g n  c u r v e s  

2.1. Background -- 

a )  The pavement d e s i g n  c u r v e s  p r e s e n t e d  i n  Chap te r  4 ,  4 . 4  o f  t h i s  manual 
were developed u s i n g  t h e  C a l i f o r n i a  Bear ing  R a t i o  (CBR) method f o r  
f l e x i b l e  pavements and t h e  Westergaard edge l o a d i n g  a n a l y s i s  f o r  
r i g i d  pavements.  The c u r v e s  a r e  c o n s t r u c t e d  f o r  t h e  g r o s s  w e i g h t  
o f  t h e  a i r c r a f t  assuming 95 p e r  c e n t  o f  t h e  g r o s s  weight  i s  c a r r i e d  
on t h e  main l a n d i n g  g e a r  assembly and 5 p e r  c e n t  o f  t h e  g r o s s  weight  
i s  c a r r i e d  on t h e  nose  gea r  assembly.  A i r c r a f t  t r a f f i c  is assumed 
t o  b e  n o r m a l l y  d i s t r i b u t e d  a c r o s s  t h e  pavement i n  t h e  t r a n s v e r s e  
d i r e c t i o n .  Pavements a r e  des igned  on t h e  b a s i s  o f  s t a t i c  l o a d  
a n a l y s i s .  Impact l o a d s  a r e  n o t  c o n s i d e r e d  t o  i n c r e a s e  t h e  pavement 
t h i c k n e s s  r e q u i r e m e n t s .  

b)  Genera l i zed  d e s i g n  c u r v e s  have been developed f o r  s i n g l e ,  d u a l ,  and 
d u a l  tandem main l a n d i n g  gea r  a s s e m b l i e s .  These g e n e r a l i z e d  c u r v e s  
do n o t  r e p r e s e n t  s p e c i f i c  a i r c r a f t  b u t  a r e  p r e p a r e d  f o r  a  r a n g e  of 
a i r c r a f t  c l - l a r a c t e r i s t i c s  which a r e  r e p r e s e n t a t i v e  o f  a l l  c i v i l  
a i r c r a f t  e x c e p t  wide body. The a i r c r a f t  c h a r a c t e r i s t i c s  assumed 
f o r  each l a n d i n g  gea r  assembly a r e  showLi i n  Tab le  A4-1, A4-2 and  
A4-3. 
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2 . 2  F l e x i b l e  pavements 

a )  The des ign  c u r v e s  f o r  f l e x i b l e  pavements a r e  based on t h e  CBR method 
of des ign .  The CBR i s  t h e  r a t i o  of t h e  l o a d  r e q u i r e d  t o  produce a  
s p e c i f i e d  p e n e t r a t i o n  of a  s t a n d a r d  p i s t o n  i n t o  t h e  m a t e r i a l  i n  
q u e s t i o n  t o  t h e  l o a d  r e q u i r e d  t o  produce t h e  same p e n e t r a t i o n  i n  a  
s t a n d a r d  wel l -graded,  crushed l imes tone .  Pavement t h i c k n e s s e s  
n e c e s s a r y  t o  p r o t e c t  v a r i o u s  CBR v a l u e s  from s h e a r  f a i l u r e  have been 
developed through t e s t  t r a c k  s t u d i e s  and o b s e r v a t i o n s  of i n - s e r v i c e  
pavements. These t h i c k n e s s e s  have been developed f o r  s i n g l e  wheel  
l o a d i n g s .  Assemblies o t h e r  t h a n  s i n g l e  wheel a r e  des igned  by 
computing t h e  e q u i v a l e n t  s i n g l e  wheel load  f o r  t h e  assembly based  
on d e f l e c t i o n .  Once t h e  e q u i v a l e n t  s i n g l e  wheel i s  e s t a b l i s h e d ,  t h e  
pavement s e c t i o n  t h i c k n e s s  can b e  determined from t h e  r e l a t i o n s h i p s  
d i s c u s s e d  above. 

b )  Load r e p e t i t i o n s  a r e  i n d i c a t e d  on t h e  des ign  c u r v e s  i n  terms of  
annua l  d e p a r t u r e s .  The annua l  d e p a r t u r e s  a r e  assumed t o  occur  o v e r  
a  20-year l i f e .  I n  t h e  development of t h e  d e s i g n  c u r v e s ,  d e p a r t u r e s  
a r e  conver ted  t o  coverages .  For f l e x i b l e  pavements,  coverage i s  
a  measure of t h e  number of maximum s t r e s s  a p p l i c a t i o n s  t h a t  o c c u r  
on t h e  s u r f a c e  of t h e  pavement due t o  t h e  a p p l i e d  t r a f f i c .  One 
coverage o c c u r s  when a l l  p o i n t s  on t h e  pavement s u r f a c e  w i t h i n  t h e  
t r a f f i c  l a n e  have been s u b j e c t e d  t o  one a p p l i c a t i o n  of maximum 
s t r e s s ,  assuming t h e  s t r e s s  i s  e q u a l  under  t h e  f u l l  t i r e  p r i n t .  
Each p a s s  ( d e p a r t u r e )  o f  an a i r c r a f t  can be conver ted  t o  c o v e r a g e s  
u s i n g  a  s i n g l e  pass-to-coverage r a t i o  which i s  developed assuming 
a  normal d i s t r i b u t i o n  and a p p l y i n g  s t a n d a r d  s t a t i s t i c a l  t e c h n i q u e s .  
The pass-to-coverage r a t i o s  used i n  deve lop ing  t h e  f l e x i b l e  pavement 
des ign  c u r v e s  a r e  given i n  Tab le  A4-4. Annual d e p a r t u r e s  a r e  
conver ted  t o  coverages  by m u l t i p l y i n g  by 20 and d i v i d i n g  t h a t  p r o d u c t  
by t h e  pass- to-coverage r a t i o  given i n  Tab les  A4-4, F i g u r e  A4-5 shows 
t h e  r e l a t i o n s h i p  between l o a d  r e p e t i t i o n  f a c t o r  and coverages .  The 
pavement s e c t i o n  t h i c k n e s s  determined i n  accordance w i t h  a )  above i s  
m u l t i p l i e d  by t h e  a p p r o p r i a t e  l o a d  r e p e t i t i o n  f a c t o r  (F igure  A4-5) t o  
g i v e  t h e  f i n a l  pavement t h i c k n e s s  r e q u i r e d  f o r  v a r i o u s  t r a f f i c  l e v e l s .  
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Tab le  A4-1. S i n g l e  wheel  assembly 

Gross mass T i r e  p r e s s u r e  
~b (kg) p s i  ( w / m 2 )  

Table  A4-2. Dual wheel assembly 

Gross  mass T i r e  p r e s s u r e  Dual s p a c i n g  
l b  (kg) p s i  (m/m2) i n  (cm) 

Tab le  A4-3. Dual tandem assembly 

Gross rrlass T i r e  p r e s s u r e  Dual s p a c i n g  Tandem s p a c i n g  
l b  (kg) p s i  ( M N / ~ ~ )  i n  (em) i n  (cm> 

S p e c i f i c  d e s i g n  c u r v e s  a r e  p r e s e n t e d  f o r  wide body a i r c r a f t .  The a i r c r a f t  c h a r a c t e r i s t i c s  
are  shown on t h e  d e s i g n  c u r v e s .  

T a b l e  A4-4. Pass- to-coverage r a t i o s  f o r  f l e x i - b l e  pavements 

Pass- to-coverage 
Design c u r v e  r a t i o  

S i n g l e  wheel 
Dual wheel 
Dual tandem 
B-747 
DC 10-10 
DC 10-30 
1;-1011 
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I o3 lo4 

COVERAGES 

F i g u r e  A4-5. Load r e p e t i t i o n  f a c t o r  vs .  coverages  



S I N G L E  WHEEL 
T A N G E N T  

D U A L  W H E E L  
T A N G E N T  

6 E o G E  
S L A B  E D G E  

D U A L  T A N D E M  
T A N G E N T  

D U A L  T A N D E M  
P E R P E M B i G U L A R  

S L A B  E D G E  - 0 

D U A L  T A N D E M  
R O T A T E D  

Figure A4-6. Assembly positions f c r  rigid pavement analysis 
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2 . 3  R i g i d  pavements 

a) The d e s i g n  of  r i g i d  airport pavements is based on t h e  Westergaard 
analysis of an edge loaded s l a b  resting on a dense liquid foundation. 
The edge loading stresses are reduced by 25 per c e n t  to account for 
load  transfer across j o i n t s .  Two d i f f e r e n t  cases of edge loading 
are covered by t h e  des ign  curves. F i g u r e s  4-46 to 4-54 of Chapter  4 
assume the l a n d i n g  gear  assembly i s  either tangent  t o  a l o n g i t u d i n a l  
joint o r  perpendicular  t o  a  t r a n s v e r s e  j o i n r ,  whichever produces the 
largest stress. F i g u r e s  4-54 to 4-62 of t h e  same chapter are f o r  
dual tandem a s s e m b l i e s  and have been rotated through an angle t o  
produce the maximum edge stress. Computer  analyses were performed 
for ang1 .e~  from 0 t o  90 degrees  in 10-degree increments. Single and 
d u a l  whee l  assemblies were analysed f o r  loadings t a n g e n t  t o  t h e  e d g e  
only as the s t r e s s  is  max imum i n  t h a t  positibn. Sketches of t h e  various 
assembly positions are shown in Figure  8 4 - 6 .  

b) F a t i g u e  e f fec t s  are taken i n t o  consideration by converting t r a f f i c  
to coverages. The coverage concept p r o v i d e s  a means o f  normalizing 
pavement performance data which can consist of a variety o f  w h e e l  
s i z e s ,  spacings and loads for pavements of different cross sections. 
For rigid pavements, coverage is a measure o f  the number of maximum 
stress a p p l i c a t i o n s  o c c u r r i n g  w i t h i n  t h e  pavement s l a b  due t o  t h e  
applied t r a f f i c .  One coverage occurs  when each point in t he  pavement 
within t h e  l i m i t s  of t h e  t r a f f i c  lane  has experienced a maximum stress, 
assuming the stress is e q u a l  under  t h e  f u l l  t i r e  p r i n t .  Each  pass 
( d e p a r t u r e )  of an a i rc raf t  can be converted to coverages using a 
single pass-to-coverage ratio which i s  developed assuming a normal  
distribution and a p p l y i n g  standard statistical techniques. The 
pass-to-coverage ratios used in deve lop ing  the r i g i d  pavement d e s i g n  
curves are given i n  Table h4-5. Annual d e p a r t u r e s  a re  converted t o  
coverages assuming a 20-year d e s i g n  l i f e .  Coverages a r e  determined 
by multiplying annual departures by 20 and d i v i d i n g  t h a t  p r o d u c t  by 
the pass-to-coverage r a t i o  s h o w  in T a b l e  k4-5 .  

Table  A 4 - 5 .  Pass-to-coverage ratios f o r  r i g i d  pavements 

Des ign  curve Pass-ro-coverage 
r a t i o  

Single wheel 
Dual wheel 
Dual tandem 
B-747 
DC 10-10 
DC 10-30 
L-1011 
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c )  A f t e r  t h e  convers ion  of d e p a r t u r e s  t o  coverages ,  t h e  s l a b  t h i c k n e s s  
is  a d j u s t e d  i n  accordance w i t h  t h e  f a t i g u e  c u r v e  developed by  t h e  
Corps o f  Engineers  from test  t r a c k  d a t a  and o b s e r v a t i o n  o f  i n - s e r v i c e  
pavements. The f a t i g u e  r e l a t i o n s h i p  i s  a p p l i c a b l e  t o  t h e  pavement 
s t r u c t u r e ;  i . e . ,  t h e  s l a b  and founda t ion  a r e  b o t h  i n c l u d e d  i n  t h e  
r e l a t i o n s h i p .  The t h i c k n e s s  of pavement r e q u i r e d  t o  s u s t a i n  
5 000 coverages  of t h e  d e s i g n  l o a d i n g  i s  c o n s i d e r e d  t o  be 1 0 0  per  c e n t  
t h i c k n e s s .  Any coverage l e v e l  could have been s e l e c t e d  a s  t h e  
100 p e r  c e n t  t h i c k n e s s  l e v e l  a s  long  a s  t h e  r e l a t i v e  t h i c k n e s s e s  f o r  
o t h e r  coverage l e v e l s  shown i n  F igure  A4-7 i s  main ta ined .  

d )  Pavement t h i c k n e s s  requ i rements  f o r  5 000 coverages  were computed 
f o r  v a r i o u s  c o n c r e t e  s t r e n g t h s  and subgrade moduli .  Al lowable  
c o n c r e t e  stress f o r  5 000 coverages  was computed by d i v i d i n g  t h e  
c o n c r e t e  f l e x u r a l  s t r e n g t h  by 1 . 3  (analogous t o  a  s a f e t y  f a c t o r ) .  
The pavement t h i c k n e s s  n e c e s s a r y  t o  produce t h e  a l l o w a b l e  c o n c r e t e  
s t r e s s  f o r  5 000 coverages  is  t h e n  m u l t i p l i e d  by t h e  p e r c e n t a g e  
t h i c k n e s s  shown i n  Figure  A4-7 f o r  o t h e r  coverage l e v e l s .  

3. P r i o r  FAA pavement e v a l u a t i o n  c u r v e s  

3 .1  To f a c i l i t a t e  t h e  pavement e v a l u a t i o n  p o l i c y  d e s c r i b e d  i n  C h a p t e r  4 ,  4.4.27.2 
t h e  e v a l u a t i o n  c u r v e s  used by  t h e  FAA p r e v i o u s l y  a r e  reproduced a s  F i g u r e s  A4-8 t o  A4-21 
of t h i s  Appendix. 



COVERAGE IN THOUSANDS 

Figure A4-7. Percentage thickness vs .  coverages 
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CENTIMETRES 

20 30 40 50 60 70 80 90 100 120 140 160 

INCHES 

CENTIMETRES 

CRITICAL AREAS - TOTAL PAVEMENT THICKNESS 

F i g u r e  A4-8. F l e x i b l e  pavement e v a l u a t i o n  c u r v e s  - s i n g l e  whee l  g e a r  



3-326 Aerodrome Design Manual 

C E N T I M E T R E S  

INCHES 

8 10 '1 5 20 25 30 35 40 45 50 55 60 65 

I N C H E S  

C E N T I M E T R E S  

C R I T I C A L  A R E A  - T O T A L  P A V E M E N T  T H I C K N E S S  

F igu re  8 4 - 9 .  F l e x i b l e  pavement evaluat ion  curves - d u a l  wheel gear 
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CENTIMETRES 

INCHES 

INCHES 

20 30 40 50 60 70 80 90 100 120 140 160 

CENTIMETRES 

CRITICAL AREAS - TOTAL PAVEMENT THICKNESS 

F i g u r e  A4-10. F l e x i b l e  pavement e v a l u a t i o n  c u r v e s  - d u a l  tandem g e a r  
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CRITICAL AREAS-TOTAL PAVEMENT THICKNESS 

Figu re  A4-11. F l e x i b l e  pavement e v a l u a t i o n  curves  - B-747 
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Figure 84-12. Flexible pavement evaluation curves - DCl0-10 



CRITICAL AREAS-TOTAL PAVEMENT THICKNESS 

Figure  A4-13. F l e x i b l e  pavement eva lua t i on  curves - DC10-10 



Figure A4-14. F lexible  pavement evaluation curves - L-1011 
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Figure 84-15. Rigid pavement evaluation curves - single 
wheel gear 



P a r t  3.- Pavements 3-333 
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Figure  A4-16. Rigid pavement e v a l u a t i o n  curves  - 
dua l  wheel gear  
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Figure  A4-17. Rigid pavement eva lua t i on  curves - dual  
tandem gear  



P a r t  3.- Pavements 3-335 

Psi 

700 

F i g u r e  A4-18. R i g i d  pavement e v a l u a t i o n  c u r v e s  - B-747 
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MPa Psi 

Figure A4-19. Rigid pavement evaluation curves - DC 10-10 



P a r t  3.-  Pavements 3-337 

Psi 

F i g u r e  A4-20. R ig id  pavement e v a l u a t i o n  c u r v e s  - DC 10-30 
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Figure A4-21. Rigid pavement evaluation curves - L-1011 



A P P E N D I X  5 

ACNS FOR SEVERAL  A I R C R A F T  TYPES 

1. I n t r o d u c t i o n  

1.1 For  c o n v e n i e n c e ,  s e v e r a l  a i r c r a f t  t y p e s  c u r r e n t l y  i n  u s e  have been 
e v a l u a t e d  on r i g i d  and f l e x i b l e  pavements  u s i n g  t h e  computer  programmes i n  Append ix  2 
and  t h e  r e s u l t s  t a b u l a t e d  i n  T a b l e  A5-1. The two a l l - t ~ p  masses  shown i n  column 2 f o r  
e a c h  a i r c r a f t  t y p e  a r e  r e s p e c t i v e l y  t h e  maximum ap ron  ( ramp)  mass and a  r e p r e s e n t a t i v e  
o p e r a t i n g  mass empty. To compute t h e  ACN f o r  any i n t e r m e d i a t e  v a l u e ,  p r o c e e d  on t h e  
a s s u m p t i o n  t h a t  t h e  ACN v a r i e s  l i n e a r l y  between t h e  o p e r a t i n g  mass empty and t h e  maximum 
a p r o n  mass.  
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Table A5-I. ACNs for several aircraft types on rigid and flexible pavements 

A m  FOR A m  FUR 
RIGID PA= SUBGRADES - M N I ~  n m m  s-CBR 

Aircraft All- Load on Tire Ultra- 
QW mass one main pressure High Medium h low High Medium Iow Very low 

1% 150 80 40 20 15 10 6 3 
(kg) (%I (MPa 1 

A300 B2 137 000 47 .O 1.2 35 42 50 58 39 43 53 68 -------- 
Airbus 85 910 18 21 25 29 20 22 24 34 

A300 B2 142 000 47 .0 1.29 35 45 53 61 40 45 55 71 -~~~~~~~ 
Airbus 85 910 19 22 26 30 21 22 25 34 

A300 04 150 000 47.0 1.39 41 49 57 65 43 49 59 76 
-ppp--pp 

Airbus 88 180 20 22 26 31 21 22 25 35 

A300 04 157 000 47.0 45 53 62 70 46 52 63 80 l.48 _ _ - - - P 

Airbus 88 330 20 22 26 31 21 22 25 36 

A300 B4 165 000 47.0 1.29 46 55 64 73 49 56 68 a4 ~ ~ ~ ~ - - - ~  
Airbus 88 505 17 20 25 29 20 21 25 36 

A3K%iXl 165 000 
Airbus 87 100 

A300600R 170 000 
Airbus 85 033 

A310-200 132 000 
Airbus 76 616 

A310-200 142 000 
Airbus 75 961 

A310-300 150 000 
Airbus 77 037 

A310-300 157 000 
Airbus 78 900 

A320-100 66 000 
Airbus 37 203 
Dual 

A32C-100 68 000 
Airbus 39 700 
Dual 

A32P-100 68 000 
Airbus 40 243 
Dual Tmdw 

31/8/89 
No. 2 



P a r t  3.- Pavements 3-341 
Am FOR Am m 

RIGID s - m/m3 ]FLMI]3LE S - C B R  
Aircraft All-up Load on Tire Ultra- 
type mass one main pressure High lYedim Low low High N d i m  Low V e q  law 

gear 1% 1% 80 40 20 15 10 6 3 
(kg) (%I (Wa 

A32M00 73 500 47.0 1.45 44 46 48 50 38 40 44 50 -------- 
Airbus 39 748 20 22 23 25 19 19 20 24 
Dual 

A320-200 73 500 47.0 1.21 18 22 26 30 19 21 26 35 ~ ~ - - ~ ~ ~ ~  
Airbus 40 291 9 10 11 13 9 10 11 14 
Dual Tandem 

BAC 1-11 39 690 47.5 0.93 25 26 28 29 22 24 27 29 -------- 
Series 400 22 498 13 13 14 15 11 12 13 15 

BAC 1-11 44 679 47.5 0.57 22 25 27 28 19 24 28 31 -------- 
Series 475 23 451 10 11 12 13 9 10 12 15 

BAC 1-11 47 400 47.5 1.08 32 34 35 36 29 30 33 35 -------- 
Series 500 24 757 15 16 16 17 13 13 15 17 

BAe 146 37 308 46.0 0.80 18 20 22 23 17 18 20 24 -------- 
Series 100 23 000 10 11 12 13 10 10 11 13 

B h  146 37 308 46.0 0.52 16 18 19 21 13 16 19 23 
----Pp-p 

Series 100 23 000 9 10 11 12 8 9 11 13 

BAe 146 40600 47.1 0.88 
Series 200 23 000 

B707-320C 152 407 46.7 1.24 
(Convertible) 67 269 
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ACN FOR ACN FOR 

S - M N / ~  FLFXIBLF PA S-CBR 
Aircraft All-up Load on Tire Ultra- - mass m e  main pressure High Medium Low low Wigh Medium J m  Very  low 

gear leg 150 80 40 20 15 10 6 3 
(kg) (%I (ma 

B727-200 78 471 48.5 48 50 53 56 43 45 51 56 1-15 -_-.---- - 
(Standard) 44 293 24 26 27 29 22 23 25 29 

B727-200 86 636 47.7 51 54 58 60 47 50 56 61 1.06 _ __ P P 

(Advanced) 44 347 23 25 26 28 22 22 24 28 

B727-200 89 675 46.9 54 57 60 62 49 51 58 63 1-15 , _ _ _ _ _ ~ . ~ _ , ~ - ~ -  - 
(Advanced) 44 470 23 25 27 28 21 22 24 28 

B727-200 95 254 46.5 58 6 1 64 67 52 55 62 66 1.19 ----- 
(Advanced) 45 677 24 25 27 29 22 22 25 29 

B737-200 52 616 45.5 0.66 . _ _ -  24 26 28 30 21 25 29 34 
27 125 11 12 13 14 10 11 13 15 

B737-200/200C 53 297 46.4 1.16 30 32 34 35 27 28 31 36 
(Advanced) 29 257 15 16 17 18 14 14 15 17 

B737-200/200C 56 699 46.3 33 34 36 38 29 30 34 38 1-23 . -  _ P P 

(Advanced) 28 985 15 16 17 18 14 14 15 17 

B737-200 58 332 46.0 34 36 38 39 30 31 35 39 1-25 -.- -- - 
(Pdvanced) 29 620 15 16 17 18 14 14 15 17 

B737-300 61 462 37 39 41 42 32 33 37 41 45.9 1.34 - - - 
32 904 18 18 20 21 16 16 17 20 

B737-300 61 462 35 37 39 41 31 33 37 41 45.9 1.14 - _ -. 
32 904 17 18 19 20 15 16 17 20 

B737-400 64 864 46.9 41 43 45 47 35 37 41 45 1.44 ___ - P 

33 643 19 20 2 1 22 16 17 18 21 

B737-500" 60 781 46.1 37 38 40 42 32 33 37 41 1.34 _. - - - 
31 312 17 17 19 19 15 15 16 19 

B747-100 323 410 23.4 41 48 57 65 44 48 58 77 1-50 - _ - - __ - - 
162 385 17 19 22 25 19 20 22 28 

B747-100B 334 745 23.1 1.56 43 59 68 46 50 60 80 50 - - - P 

173 036 18 20 24 28 20 21 24 30 

* Preliinary data 



P a r t  3.- Pavements 3-343 
Am m A m  m 

RIGID FImELE S - CBR 
Aircraft All-up had on Tire Ultra- 
type maLiS m e  main pressure High Medium I m  low High Enedim Low Very low 

gear leg 150 80 40 X, 15 10 6 3 
(kg) (%I (filPa 1 

Caravelle 52 000 46.1 0.75 
Series 10 29 034 

Caravelle 55 960 46.0 0.88 
Series 12 31 800 

31/8/89 
No. 2 
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Am FOR AGN FOR 
RIGID S - &&3 RmBIlI, S - eBR 

Aircraft Alf-up had on Tire Ultra- - mass one main pressure High Medium Tow low High Medium Tow Very low 
gear leg 1% 80 40 20 15 10 6 3 

(kg ) (XI (ma 

31/8/89 
No. 2 



P a v t  3.- Pavements .- 3-345 
Am FOR A m  m 

RIGID S - CBR 
A<rmaft AI l - tsp Load on Tire Ultra- 
m e  'mass one main pressure Wigh Medium Low law High Medium TDW Very low 

gear 1% 1-W 80 40 20 15 10 6 3 
(kg 1 (%I (ma) 

3 1 / 8 / 8 9  
N o .  2 
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ACN FOR Am Mw 
RKGD PAWIENT S~KRAFS - MN@ mmm: PAVFME~T a m w s  - m 

Aircraft A? lup b a d  on Tire Illtra- 

w mafifi m e  rnah V m r e  High V d i m  Tow low Pigh Mediun 7 Veg. 
gear 1% 150 80 40 20 1 5  10 6 3 

(kg) ( X I  (ma) 

Trident E 65 998 47.0 1.07 37 39 42 44 26 28 31 36 
33 9RO 

-------- 
16 17 18 19 11 12 I3 16 

- END - 

31/8/89 - -. 
No. 2 
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