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1. INTRODUCTION. 

a. The c u r r e n t a i r p o r t pavement des ign curves of the Federa l Avia t ion 
Agency a r e o u t l i n e d i n Chapter I I I of the p u b l i c a t i o n , "Ai rpor t 
Paving" , dated November 1962. The des ign curves r e f e r t o the 
s t r e n g t h of an a i r p o r t pavement in terms of equ iva len t load on a 
s i n g l e i s o l a t e d wheel . Employment of s i n g l e load as the s tandard 
s t r e n g t h u n i t n e c e s s i t a t e d adopt ion of procedures for r e so lv ing the 
loads on s e v e r a l wheels of m u l t i p l e wheel gear a i r c r a f t t o equiva­
l e n t s i n g l e i s o l a t e d wheel l oads . I t became ev iden t w i t h i n the 
pas t few years t h a t t h i s ESWL des ign has been misunderstood and 
m i s i n t e r p r e t e d by va r ious segments of the a v i a t i o n community. This 
was l a r g e l y due to the f a c t t h a t as the i ndus t ry expands more 
i n d i v i d u a l s ou t s i de the f i e l d of a i r p o r t pavement des ign become 
i n t e r e s t e d i n t h i s s u b j e c t . 

b . This c o n d i t i o n made i t extremely d e s i r a b l e to p resen t the des ign 
curves i n terms which can be r e a d i l y understood by a l l i n t e r e s t e d 
p a r t i e s . For t h i s r eason , FAA modified i t s pavement des ign 
procedure from terms of equ iva len t s i n g l e wheel load to terras of 
g ross a i r c r a f t weight . With t h i s p r e s e n t a t i o n , the r equ i r ed pave­
ment t h i ckness f o r a s p e c i f i c a i r c r a f t a t a p a r t i c u l a r a i r p o r t can 
be determined from the fol lowing r e a d i l y a v a i l a b l e informat ion: 
the g ross a i r c r a f t weight ; the type of main gear underca r r i age 
( s i n g l e , d u a l , or dua l - tandem); and the FAA subgrade c l a s s i f i c a t i o n 
a t the a i r p o r t . Thus, the n e c e s s i t y f o r conver t ing from mul t i p l e 
wheel loads t o equ iva l en t i s o l a t e d s i n g l e wheel loads i s e l i m i n a t e d . 

c . The p r i n c i p a l modi f i ca t ions made to the prev ious des ign curves a r e : 

(1) The main unde rca r r i ages of the a i r c r a f t a r e now assumed to 
support 95% of the t o t a l weight of the a i r c r a f t i n s t ead of 
90%. P r a c t i c a l l y a l l c u r r e n t c i v i l a i r c r a f t a r e supported on 
a t r i c y c l e arrangement of landing wheels c o n s i s t i n g of a nose 
gear and two main unde rca r r i age a s s e m b l i e s . For des ign purposes 
i n the p a s t , i t has been assumed t h a t 10% of the a i r c r a f t weight 
was supported by the nose gear and the remaining 90% was d i s ­
t r i b u t e d equa l ly between the two main unde rca r r i age a s sembl i e s . 
Recent informat ion of c u r r e n t a i r c r a f t i n d i c a t e s t h a t from 88% 
t o 98% of the a i r c r a f t weight may be d i s t r i b u t e d t o the main 
gear depending upon the type of a i r c r a f t and whether the 
a i r c r a f t i s loaded with a forward or a f t c e n t e r of g r a v i t y . 
Due t o t h i s v a r i a t i o n , i t i s d e s i r a b l e to cons ide r t h a t 5% of 
the weight i s supported by the nose gea r and t h a t the remaining 
95% i s d i s t r i b u t e d equa l ly between the two main unde rca r r i age 
a s s e m b l i e s . The des ign curves based on g ross a i r c r a f t weight 
w i l l cover the three types of main gear assembl ies in c u r r e n t use 
( s i n g l e , d u a l , and dua1-tandem). As new a i r c r a f t a r e developed 
wi th o t h e r gear a r rangements , new des ign curves w i l l be 
developed fo r them i n the same manner as t h a t desc r ibed h e r e i n . 
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(2) The des ign c u r v e s , as p rev ious ly s t a t e d , were changed t o r e f l e c t 
gross a i r c r a f t weights i n s t ead of s i n g l e wheel loads . The new 
curves w i l l s impl i fy the pavement t h i ckness des ign p rocedures . 

2 . DEVELOPMENT OF NEW CHRVKS. In o rde r to convert from equ iva len t s i n g l e 
wheel load des ign to t h a t based on g ross a i r c r a f t weight , i t was 
necessary to make some reasonab le compromise on the e f f e c t s of gear 
dimensions of e x i s t i n g c i v i l a i r c r a f t . Although the re was cons ide rab le 
v a r i a t i o n , a s tudy of the wheel spacings for c u r r e n t a i r c r a f t i nd i ca t ed 
a t rend toward increased spacing as the a i r c r a f t weight i n c r e a s e s . For 
t h i s reason , a v a r i a t i o n in wheel spacing was used for both f l e x i b l e 
and r i g i d des ign curves in which the narrower spacings were used a t the 
l i g h t e r weights and the wider spac ings were used a t the heav ie r we igh t s . 

a . Rigid gav.amant. Curves. 

(1) The previous method of conver t ing m u l t i p l e wheel loads t o 
equ iva l en t s i n g l e wheel loads involves the use of a r i g i d 
pavement des ign curve (shown as Figure 10 of Ai rpor t Paving) 
which was developed e m p i r i c a l l y from comprehensive pavement 
performance surveys conducted by FAA toge the r with a convers ion 
method developed by the United Kingdom. This method u t i l i z e d 
n e s t s of curves tak ing i n t o account the spacing of wheels of 
the unde rca r r i age and the area of con tac t of the t i r e p r i n t s . 
In us ing t h i s method in an a t tempt to p repare the new gross 
weight cu rves , i t was found t h a t for equal s i n g l e wheel loads 
and ESWL loads on dua l and dual- tandem gea r s the s t r e s s e s were 
not e q u a l . This was unders tandable s ince Figure 10 in i t s e l f 
was no t c o n s i s t e n t in s t r e s s ; and the n e s t s of curves developed 
by the United Kingdom were s i m p l i f i c a t i o n s prepared from 
Dr. H. M. Wes te rgaard ' s formulae. 

(2) I t was necessary to use the " In f luence Char ts for Concrete 
Pavement", developed by P i c k e t t and Ray, t o prepare the new 
c u r v e s . The fol lowing parameters were used in t h i s work: 

k = 300 pounds per cubic inch 

s = 400 p s i working s t r e s s 

q = 150 p s i t i r e p r e s su re 

E = 4 ,000,000 ps i 

P o i s s o n ' s Ra t io = 0,15 

Dual Spacing = 20 and 30 inches 

Dual-Tandem Spacing = 20 x 45 and 30 x 55 inches 
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(3) The 20-inch spacing r e p r e s e n t s a more c r i t i c a l arrangement for 
a dual gear unde rca r r i age whi le the 30-inch spacing r e p r e s e n t s 
a l e s s c r i t i c a l arrangement . Likewise , a 20 x 45-inch spacing 
f o r a dual-tandem gear unde rca r r i age r e p r e s e n t s a more c r i t i c a l 
arrangement whi le the 30 x 55-inch spacing r e p r e s e n t s a l e s s 
c r i t i c a l arrangement . 

(4) Two des ign curves (gross a i r c r a f t weight versus pavement 
t h i cknes s ) for the dual gear a i r c r a f t were prepared using the 
a p p r o p r i a t e parameters p rev ious ly shown. A compromise curve 
was drawn between these two curves i n which the narrower 
spacing was favored for the l i g h t e r a i r c r a f t and the wider 
spacing f o r the heav i e r a i r c r a f t . The same procedure was 
used f o r the dual- tandem u n d e r c a r r i a g e . The curve f o r s i n g l e 
wheel gear a i r c r a f t was developed from the in f luence c h a r t s . 
Al l of these curves a r e p resen ted on Figure 1. 

(5) The s i n g l e wheel curve t oge the r wi th the compromise dual and 
dual- tandem gear a i r c r a f t curves r e p r e s e n t the r i g i d pavement 
des ign curves and a r e shown on Figure 2, The r i g i d pavement 
t h i ckness requirements f o r c r i t i c a l a r e a s a re determined by 
use of the top group of des ign curves g iven in Figure 2 . For 
n o n c r i t l c a l a r e a s , i t i s only necessary t o take 80% of the 
Por t land cement concre te pavement as determined from those 
cu rves . This t h i c k n e s s should not be l e s s than 6 i nches . Note 
t h a t subbase requirements f o r both c r i t i c a l and n o n c r i t l c a l 
a r e a s a r e determined from the c r i t i c a l pavement th i ckness 
requ i rements ; t h e r e i s no r educ t ion in subbase th i ckness in 
n o n c r i t l c a l a r e a s . 

b . F l e x i b l e Pavement Cijtrvaf}. 

(1) Since the des ign t h i cknes s for s i n g l e wheel gear a i r c r a f t i s 
determined by the load on one wheel or gear and i s independent 
of dep th , i t was only necessa ry t o mul t ip ly the s i n g l e wheel 
load s c a l e by 1/0,475. This then r e p r e s e n t s the gross a i r c r a f t 
weight requirements f o r s i n g l e wheel gear a i r c r a f t and i s shown 
on Figure 5 . 

(2) As i n the case of r i g i d pavements, i t was necessary to make 
some reasonable compromise on gear dimensions in o rder t o 
conver t from equ iva l en t s i n g l e wheel loads to g ross a i r c r a f t 
weight . For f l e x i b l e pavement, the measurements in ques t ion 
a r e the c l e a r space between dual t i r e s ( d ) , the wheel spacing 
(S) f o r dual gear a i r c r a f t , and the d iagona l spacing from one 
f ron t wheel t o the d i agona l ly oppos i t e r e a r wheel (S&) f o r 
dual-tandem a i r c r a f t . These dimensions a r e shown on Figure 15 
of Ai rpor t Paving. These dimensions aga in tend t o inc rease as 
the weight of the a i r c r a f t i n c r e a s e s . P l o t s of these dimensions 
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for most m u l t i p l e wheel u n d e r c a r r i a g e s i n d i c a t e t h a t a 
s t r a i g h t - l i n e v a r i a t i o n between 15,000 pounds and 50,000 pounds 
wi th corresponding d/2 dimensions of 5 inches and 10 i n c h e s , 
r e s p e c t i v e l y , would s a t i s f y most of these dua l and dual- tandem 
g e a r s . These p l o t s a r e r ep re sen t ed by " l i n e a" on F igures 3 
and 4 for dual and dual- tandem gear a i r c r a f t . These p l o t s a l s o 
i n d i c a t e t h a t a s t r a i g h t - l i n e v a r i a t i o n between 15,000 pounds 
and 100,000 pounds f o r 2S dimensions of 35 inches and 60 i n c h e s , 
r e s p e c t i v e l y , would s a t i s f y most dual gear a i r c r a f t . These 
p l o t s a r e r ep re sen t ed by " l i n e b" on Figure 3 . A d d i t i o n a l l y , 
the v a r i a t i o n between 50,000 pounds and 200,000 pounds f o r 2Sn 
dimensions of 80 inches and 130 i n c h e s , r e s p e c t i v e l y , would 
s a t i s f y most dual- tandem gear a i r c r a f t . These p l o t s a r e 
r ep resen ted by " l i n e d" on Figure 4 . 

(3) Lines r e p r e s e n t i n g dua l gear a i r c r a f t wi th g ross weights of 
50,000; 100,000 and 200,000 pounds were p l o t t e d on Figure 3 . 
A new graph was p l o t t e d (Figure 6) wi th g ross a i r c r a f t weight 
on the v e r t i c a l a x i s and the t o t a l pavement t h i ckness on the 
h o r i z o n t a l a x i s on a log- log s c a l e . From Figure 3 , t o t a l 
pavement t h i ckness requi rements fo r each g ross a i r c r a f t weight 
were p l o t t e d f o r each subgrade c l a s s i f i c a t i o n . Connection of 
the t h r e e p o i n t s ( f o r 50,000; 100,000 and 200,000-pound gross 
weights) for each subgrade c l a s s i f i c a t i o n by a s t r a i g h t l i n e 
r e s u l t e d In the r e o r i e n t a t i o n of the subgrade cu rves . Figure 7 
f o r dual- tandem gear a i r c r a f t was e s t a b l i s h e d by us ing Figure 4 
i n a l i k e manner. 

(4) The dashed l i n e s on F igures 5 , 6 and 7 , r e p r e s e n t i n g the 
r equ i r ed nonbituminous base course t h i c k n e s s for 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 , were der ived from e x i s t i n g base course 
t h i c k n e s s r equ i rements . The area between two dashed l i n e s 
r e p r e s e n t s those g ros s weights where the same base course 
t h i c k n e s s i s r e q u i r e d . This base course t h i ckness requirement 
i s i n d i c a t e d along the r i g h t edge of the F10 subgrade c l a s s i ­
f i c a t i o n l i n e . 

(5) The bituminous su r face course has been modified t o a uniform 
3-inch th i ckness f o r c r i t i c a l a r ea s i n l i e u of a v a r i a b l e 
t h i c k n e s s . The su r f ac ing fo r n o n c r i t i c a l a rea th ickness 
remains a t 2 i n c h e s . No change has been made wi th r e s p e c t t o 
the b a s i c p r i n c i p l e of s u b s t i t u t i n g a t h i n n e r base th i ckness 
when Item P-201 i s used . 

3 . DESIGN EXAMPLES,- As an example in the use of t h e s e c u r v e s , we w i l l 
assume t h a t the s o i l group i s E-7 and t h a t poor d ra inage and severe 
f r o s t cond i t i ons e x i s t . This r e s u l t s i n a subgrade c l a s s i f i c a t i o n of 
Rc and F6 f o r r i g i d and f l e x i b l e pavement, r e s p e c t i v e l y . I t i s f u r t h e r 
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assumed t h a t a p re l imina ry des ign has determined t h a t a 160,000-pound 
dua l gear a i r c r a f t i s the c r i t i c a l a i r c r a f t . Using the a p p r o p r i a t e 
c u r v e s , t he fol lowing des ign t h i cknes se s a r e determined: 

11" PCC 

9 . 5 " Subbase 

RIGID 

N o n c r i t l c a l Area 

9" PCC 

9 . 5 " Subbase 

FLEXIBLE 

Critical Area 

3 " AC 

10" Base (Nonbituminous) 

17" Subbase 

30" 

N o n c r i t l c a l Area 

2" AC 

8" Base (Nonbituminous) 

14" Subbase 

24" 

a . Explanat ion of the Rigid Pavement Design. 

(1) The upper p o r t i o n of Figure 2 i s en te red on the l e f t a t the 
a p p r o p r i a t e g ross a i r c r a f t weight (po in t a) and a h o r i z o n t a l 
l i n e i s p ro j ec t ed u n t i l i t i n t e r s e c t s the "dua l " curve a t 
p o i n t a 1 . A l i n e i s then p ro jec t ed v e r t i c a l l y downward from 
po in t a ' u n t i l i t i n t e r s e c t s the pavement th ickness s c a l e a t 
t (11 .3 inches in t h i s c a s e ) . The concre te th i ckness for the 
c r i t i c a l a rea w i l l be 11 inches s ince the f r a c t i o n a l th i ckness 
i s under 0 .5 inch . The n o n c r i t l c a l a rea concre te th i ckness i s 
obta ined by tak ing 80% of the c r i t i c a l a rea concre te t h i c k n e s s . 

(2) The subbase th i ckness i s obta ined by extending l i n e a*t down 
u n t i l i t i n t e r s e c t s the Rc subgrade c l a s s i f i c a t i o n l i n e a t 
po in t 1. This po in t (po in t 1) i s then p ro jec t ed h o r i z o n t a l l y 
to the l e f t u n t i l i t i n t e r s e c t s the subbase th ickness s c a l e a t 
po in t 1 ' . The subbase th i ckness can then be read (9 .5 i n c h e s ) . 
Note t h a t the subbase th i ckness i s p r ed i ca t ed on the c r i t i c a l 
a rea pavement th ickness and i s used for both the c r i t i c a l and 
n o n c r i t l c a l a r e a s . 

b . Explanat ion of the F l e x i b l e Pavement Design. 

(1) Figure 6 i s en te red on the l e f t a t the a p p r o p r i a t e g ross a i r c r a f t 
weight (po in t a ) and a h o r i z o n t a l l i n e i s p ro jec ted u n t i l i t 
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i n t e r s e c t s the F6 subgrade c l a s s i f i c a t i o n l i n e (po in t a 1 ) . 
From po in t a ' , p r o j e c t a v e r t i c a l l i n e up and down u n t i l i t 
i n t e r s e c t s the t o t a l pavement t h i ckness s c a l e s a t the top 
(24 inches) and bottom (30 inches ) of the graph , which 
determine the n o n c r i t i c a l a rea and c r i t i c a l a rea t o t a l 
pavement t h i c k n e s s e s , r e s p e c t i v e l y . From poin t a ' , proceed 
to the r i g h t p a r a l l e l t o the s e t s of dashed l i n e s u n t i l the 
base t h i ckness s c a l e i s I n t e r s e c t e d . The base t h i c k n e s s e s 
for the c r i t i c a l a r e a s (10 inches ) and n o n c r i t i c a l a r e a s 
(8 inches ) a r e o b t a i n e d . The note on the graph i n d i c a t e s 
t h a t 3 inches of a s p h a l t i c conc re t e su r face i s r equ i red for 
c r i t i c a l a r e a s and 2 inches of a s p h a l t i c concre te sur face i s 
r equ i r ed f o r n o n c r i t i c a l a r e a s . 

(2) The f l e x i b l e pavement des ign i s completed by s u b t r a c t i n g the 
su r face and base t h i c k n e s s e s from the t o t a l t h i ckness to 
ob t a in the subbase t h i c k n e s s . The c r i t i c a l a rea c a l c u l a t i o n s 
a r e shown in the fo l lowing example: 30" - (3"+10") = 17" subbase . 
F ina l de s ign : 3 " a s p h a l t i c conc re t e s u r f a c e , 10" ba se , 17" 
subbase. 

(3) In the above example, i t was s t a t e d t h a t a 160,000-pound dual 
gear a i r c r a f t was cons idered t o be the c r i t i c a l a i r c r a f t for 
pavement des ign t h i c k n e s s . I t should be noted t h a t the 
h e a v i e s t a i r c r a f t of each type ( s i n g l e , d u a l , and dual- tandem) 
must be analyzed t o determine which one i s c r i t i c a l f o r the 
f l e x i b l e pavement des ign with r e spec t t o a s p e c i f i c subgrade 
c l a s s i f i c a t i o n . The same a i r c r a f t may not n e c e s s a r i l y c o n t r o l 
fo r a l l subgrade c l a s s i f i c a t i o n s . 

(4) As an example, cons ide r a 160,000-pound dual gear a i r c r a f t and 
a 240,000-pound dual - tandem gear a i r c r a f t . The 160,000-pound 
dual gear a i r c r a f t c o n t r o l s the pavement t h i ckness for a l l 
subgrade c l a s s i f i c a t i o n s up to and inc lud ing F7, and the 
240,000-pound dual- tandem gear a i r c r a f t c o n t r o l s the pavement 
t h i ckness for the remaining subgrade c l a s s i f i c a t i o n s . 

4 . COMPARISON BETOKEN OLD ANT) NEW DKSTflN METHODS. 

a . C r i t i c a l a rea pavement t h i c k n e s s e s were determined for d i f f e r e n t 
a i r c r a f t on va r ious subgrade c l a s s i f i c a t i o n s us ing the old and the 
new des ign cu rves . In making t h i s comparison f o r r i g i d pavements, 
the fol lowing g ross weight a i r c r a f t were cons ide red : Example 1 -
40,000-pound s i n g l e wheel ; Example 2 - 160,000-pound dua l gea r ; 
Example 3 - 240,000-pound dual- tandem g e a r . The fo l lowing t a b l e 
shows t h i s comparison: 

Par 3 
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Example 1 Example 2 Example 3 
Pavement Component Old New Old New Old New 

Concrete 7" 7" 11" 11" 10" 11" 

Subbase The th i ckness requirements for the subbase 
have not been changed. 

b . For f l e x i b l e pavement d e s i g n , the same a i r c r a f t were used for s eve ra l 
subgrade c l a s s i f i c a t i o n s . The t a b l e below g ives a summary of t h i s 
comparison for the a i r c r a f t and subgrade c l a s s i f i c a t i o n s i n d i c a t e d . 

Example 1 - F2 Example 2 - F6 Example 3 - F9 

Pavement Component Old New Old New Old New 

Surface 2" 3" 3" 3" 3" 3" 

Base 7" 6" 10" 10" 10" 11" 

Subbase 2" 2" 16" 17" 30" 31" 

c . I t can be seen from the above t a b l e s t h a t the des ign pavement 
t h i cknesses of the new method compare very favorably with those of 
the previous method. 

d. The new pavement des ign curves p re sen t a s imp l i f i ed method of 
a r r i v i n g a t these comparable th i cknesses and should e l i m i n a t e the 
m i s i n t e r p r e t a t i o n s a s s o c i a t e d with the ESWL method. 

Par 4 
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CURVES 

6 7 6 9 10 il 12 13 
SLAB THICKNESS - INCHES 

F I G U R E I D E V E L O P M E N T O F R I G I D P A V E M E N T C U R V E S 
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NON-CRIT ICAL A R E A S - TOTAL PAVEMENT THICKNESS - INCHES 

CRITICAL A R E A S - TOTAL PAVEMENT THICKNESS - INCHES 

FIGURE 6 D E S I G N C U R V E S - F L E X I B L E PAVEMENT S INGLE GEAR 
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NON - CRITICAL A R E A S - TOTAL PAVEMENT THICKNESS - INCHES 
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FIGURE 6 D E S I G N C U R V E S - FLEXIBLE PAVEMENT DUAL GEAR 
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CRITICAL A R E A S - TOTAL PAVEMENT THICKNESS - INCHES 

FIGURE 7 DES IGN C U R V E S - F L E X I B L E PAVEMENT DUAL-TANDEM GEAR 
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