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Relat ions entre les charges appliquées, les fléchissements en surface, les volumes de circu­

lat ion, et les épaisseurs des revêtements souples

by N o r m a n  W. M c L e o d , A sphalt C onsu ltan t, Im perial Oil Lim ited, T o ron to , C anada

Summary

On the basis of the Canadian Department of Transport’s load 
test data, a method for calculating the surface deflection of an 
existing flexible pavement under a loaded rigid bearing plate is 
described. When all other factors are equal, the surface deflection 
depends upon (a) the thickness of flexible pavement, and (b) the 
subgrade strength. For any specified traffic volume (less than un­
limited) of a given design wheel load and tire inflation pressure, 
the permissible surface deflection when measured by means of a 
rigid bearing plate carrying the same total load and unit pressure, 
must be varied with the strength of the underlying subgrade. 
This implies that for flexible pavements not strong enough to 
carry unlimited traffic, a given Benkelman beam deflection under 
a specified wheel load does not indicate the same ability to carry 
traffic, if the strengths of the underlying subgrades are different.

Sommaire

Une méthode basée sur les données des essais de chargement du 
Département des Transports du Canada est décrite. Elle permet 
de calculer le fléchissement en surface d'un revêtement flexible 
déjà construit en le soumettant à un essai avec une plaque rigide 
de chargement. Lorsque tous les autres facteurs sont égaux, le 
fléchissement en surface dépend (a) de l'épaisseur du revêtement 
flexible et (b) de la résistance du sol de fondation. Pour n’importe 
quel volume de circulation spécifié (moindre qu'illimité) d’une 
roue ayant une certaine charge, le pneu étant gonflé à une pres­
sion donnée, le fléchissement admissible en surface change avec 
la résistance du sol de fondation lorsque ce fléchissement est 
mesuré au moyen d’une plaque rigide de chargement portant la 
même charge totale, à la même pression unitaire. Ceci suggère 
que pour des revêtements flexibles qui ne sont pas assez résistants 
pour supporter une circulation illimitée, un fléchissement donné, 
tel qu’indiqué par la poutrelle de Benkelman, sous une charge 
sur roue spécifiée, n’indique pas la même aptitude à supporter 
la circulation, si la résistance des sols de fondation est différente.

By convention, “ /?” is the symbol ordinarily used to indicate 
the thickness of a portland cement concrete pavement slab. 
In this paper therefore, the symbol “ T ” has been used to 
indicate total thickness of flexible pavement above the sub- 
grade. This includes the thickness of sub-base, base course, 
and bituminous surface. The symbols “ /?” and “ T ” have been 
used in this way in the new book by E.J. Yoder, “ Principles 
of Pavement Design” , published by John Wiley and Sons 
Inc.

Introduction

A number of methods are currently employed to determine 
the thicknesses of flexible pavements required to support 
various wheel loads over subgrades of widely different 
strengths. Emphasis is usually placed on thickness requir­
ements for unlimited traffic, for example, Fig. 1. However, 

the Canadian Department of T transport [ 1] has recommended 
the following thickness reductions for three lesser categories 
of traffic volume :

(a) light traffic — 50 per cent of the thickness for unlimited 
traffic.

(b) medium traffic — 75 per cent of the thickness for 
unlimited traffic

(c) heavy traffic — 90 per cent of the thickness for unlimited 
traffic.

The Asphalt Institute [2] also employs this method for 
reducing flexible pavement thickness requirements with 

respect to traffic volumes. The U.S. Corps of Engineers uses a 
similar approach [3].

Establishing Relationships Between Load, Thickness, Surface

Deflection, and Traffic Volume

Analysis of the data from many hundreds of plate bearing 
tests conducted by the Department of Fransport, has led to 
the method to be described in this paper for calculating the 
deflection of a loaded rigid bearing plate on the surface of 
a flexible pavement for any combination of load, thickness, 
and subgrade strength. The required items of information 

for this purpose are:

(a) The P I  A  ratio diagram of Fig. 2.

(b) average relationships between loads and deflections 
for rigid bearing plates, Fig. 3. (Note, due to the uncer­
tainties of extrapolation, Fig. 3 is probably not very accurate 
for deflections larger than 1-5 inch.)

P
(c) the thickness design equation T  =  K  log — .
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Fig. 1 Des i gn cur ves for  flexible pavement s  for  hi ghway 
wheel  l oadings for  highest  t raffic capaci t y (single 
wheel ).

Abaques  donnant  l’épaisseur  des r evêt ement s flexibles 
en fonct ion des char ges pour  des rout es ayant  une 
circulat ion ma xi mum (une seule r oue).

(d) r el at ionship bet ween bas e cour se cons t ant  K  a nd  

bear i ng pl at e di amet er , Fi g. 4.

Suppos e  for  exampl e , a fl exibl e pavement  is t o be des i gned 

t o just  s uppor t  l ight  t raffic (50 per  cent  of  t he t hickness 

r equi r ed for  unl imi t ed t raffic) b y  a  wheel  l oad of  10,000 lb. 

at  70 p.s .i . l ire infl at ion pr essur e. Th e  s ubgr ade  st r engt h is 

2,800 l b. on  a  12- inch bear i ng pl at e at  0- 2 i nch’defl ect ion for

10 r epet i t ions o f  l oad (in- pl ace C.B.R.  =  3). Cal cul at e t he 

sur face defl ect ion o f  t his fl exible pavement  under  a  r igid 

bear i ng pl at e car r yi ng 10,000 l b. at  70 p.s .i .

Fig. 2 Rat io of  subgr ade suppor t  at  deflect ion " D  " for  bear ­
ing plat es of  any diamet er  over  subgr ade suppor t  at  
0*2" deflect ion on 30 inch, diamet er  plat e ver sus 
per imet er  area rat io.

Rappor t  ent r e le suppor t  du sol de fondat ion au flé­
chissement  " D "  pour  des pl aques de char gement  d’un 
diamèt r e quel conque et  le suppor t  du sol de fondat ion 
au fléchissement  de 0- 2 pouce pour  une  pl aque de 
30 pouces de diamèt r e en fonct ion du r appor t  ent re 
le pér imèt re et  la sur face.

Fig. 3 Aver age relat ionship bet ween load and deflect ion for  
rigid bear ing plat es.

Rel at ion moyenne ent r e la char ge et  le fléchissement  
pour  des pl aques de char gement  r igides.

Step 1 Th e  cont act  ar ea for  a  wheel  l oad o f  10,000 lb. at  

70 p.s .i . infl at ion pr essur e is appr oxi mat el y equi val ent  t o a  

cir cle wi t h a  r adius  o f  6*74 inches  a nd a  P /A  r at io o f  0- 297, 

Fi g. 2.

Step 2 Subgr ade  suppor t  of  2,800 lb. on  a  12- inch bear i ng 

pl at e (P IA  r at io =  0- 333) cor r esponds  t o a  uni t  pr essur e o f  

24- 7 p.s .i .

Step 3 A  uni t  l oad o f  24- 7 p.s .i . for  a  P /A  r at io o f  0- 333 

cor r esponds  t o a  uni t  l oad o f  22.5 p.s .i . for  a P /A  r at io of  

0- 297, bot h at  0- 2 i nch defl ect ion, Fi g. 2.

Step 4  Fo r  unl imi t ed t raffic by a  wheel  l oad o f  10,000 lb. 

at  70 p.s .i . t ire pr essur e, a nd  for  t he s ubgr ade  st r engt h gi ven, 

t he t hickness r equi r ement  is 18 inches , Fi g. 1.

Step 5 50 per  cent  o f  t his t hickness r equi r ement  is 9 i nches , 

whi c h  wil l  just  s uppor t  a  l ight  vol ume o f  t raffic by a  10,000 lb. 

wheel  l oad over  t his subgr ade.

Step 6  Subst i t ut ing in t he design equat i on, a n d  sol vi ng 

for  P , ( K  =  37 f r om Fi g. 4), P  =  39*4 p.s .i .

Step 7 Ther efor e, a 13- 48 inch di amet er  r igid bear i ng 

pl at e on  a  fl exibl e pavement  t hickness o f  9  i nches  over  t his 

s ubgr ade  wil l  s uppor t  onl y 39- 4 p.s .i . at  0- 2 i nch defl ect ion

Fig. 4 Infl uence of  bear ing plat e diamet er  on val ue of  " K  ” 
in flexible pavement  design equat ion.

Infl uence du diamèt r e de la pl aque de char gement  sur  
la valeur  de  “ K  "  dans  l’équat ion pour  le calcul  de 
l’épaisseur  d ’un r evêt ement  flexible.
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Fig. 5 Int er relat ionship bet ween l oad, sur face deflect ion, 
flexible pavement  t hickness, and t raffic vol ume 
cat egor y (weak subgr ade).

Relat ions ent r e l a char ge, le fléchissement  en sur face, 
l’épaisseur  du r evêt ement  flexible, et  l a cat égor ie de 
vol ume de cir culat ion (sol  de fondat ion de faible 
résist ance).

for  10 r epet i t ions of  l oad. Howe ve r , t he defl exion under  a  

uni t  l oad o f  70 p.s .i . is r equi r ed.

70
Step 8 For  a  l oad r at io o f  — =  1 ’78, a  defl ect ion of  

39- 2

0- 59 i nch wil l  occur , Fi g. 3.

Cons equent l y, o n  t his we a k  s ubgr ade, for  a  fl exibl e pave ­

ment  t hickness  (9 i nches) t hat  is onl y 50 per  cent  o f  t hat  

r equi r ed for  unl imi t ed t raffic b y  a  wheel  l oad o f  10,000 lb. 

at  70 p.s .i . infl at ion pr essur e, t he cal cul at ed sur face defl ect ion 

under  a  r igid bear i ng pl at e, l oaded t o 10,000 l b. at  70 p.s .i ., 

is 0- 59 i nch for  10 r epet i t ions o f  l oad, Poi nt  A  in Fi g. 5.

Sur face defl ect ions can be cal cul at ed by  t his pr ocedur e for  

ot her  appl i ed l oads , ot her  cat egor ies o f  t raffic vol ume, a nd 

for  a ny  specific t hickness of  fl exibl e pavement . Fo r  a  relat ­

i vel y we a k s ubgr ade suppor t i ng onl y 2,800 l b. o n  a  12- inch 

bear i ng pl at e at  0.2 i nch defl ect ion for  10 r epet i t ions o f  l oad 

(in- pl ace C B R  =  3), t he char t  of  Fi g. 5 is obt ai ned. Fi g. 6 is 

a  simi l ar  di agr am based upon a  s ubgr ade  of  me d i u m st r engt h 

capabl e o f  suppor t i ng 5,600 lb. on a  12- inch bear i ng pl at e at  

0- 2 i nch defl ect ion for  10 r epet i t ions o f  l oad (in- place 

C BR  =  10).

In Fi gur es  5 a nd  6, t he hor i zont al  l ine t hr ough a  sur face 

defl ect ion o f  0- 2 i nch, number ed “ l ”  a nd  l abel l ed “ T ” , i nd ­

icat es t he t hicknesses o f  fl exibl e pavement  r equi r ed for  

unl imi t ed t raffic b y  t he wheel  l oads  s hown. Th e  br oken l ine 

cur ves  number ed 2, 3, a nd  4, a nd l abel l ed 0- 9T, 0*75 T, 

a nd 0- 5T, s how t he mi n i mum t hicknesses needed for  t he 

heavy, me di um, a nd  l ight  cat egor ies of  t raffic for  each wheel  

l oad l ist ed a l ong t he t op o f  t he di agr am.

In  1950, t he Cor ps  o f  Engi neer s  publ i shed a  di agr am [3]

r el at ing fl exibl e pavement  t hickness t o t raffic vol ume for  

ai r por t  r unwa ys , whi ch impl ies  t hat  about  18 per  cent  of  

t he t hickness r equi r ed for  unl imi t ed t raffic by a ny  speci fied 

wheel  l oad wil l  s uppor t  just  one  cover age (one  t r ip) o f  t hat  

wheel  l oad wi t hout  caus i ng pavement  fai l ur e. Cur ve  5, 

l abel l ed 0- 25 T, i n Fi g. 5 a nd  6, is s omewha t  mor e  conser vat ive 

t han t he Cor ps  o f  Engi neer s ’ f i ndi ng, a nd  as s umes  t hat  25 per  

cent  o f  t he t hickness needed for  unl imi t ed t raffic by  a  gi ven 

wheel  l oad, Fi g. 1, wi l l , s uppor t  j us t  one  t r ip by  t hat  wheel  

l oad wi t hout  caus i ng fai l ur e o f  t he pavement . Ther efor e, 

fl exibl e pavement  t hicknesses t o t he left  o f  cur ve numbe r  5 

(0- 25 T )  i n Fi gs . 5 a nd 6, ar e in t he zer o t raffic cat egor y.

Th e  sol id l ine cur ves  cr oss ing t he di agr ams  o f  Fi g. 5 a nd 

6 f r om uppe r  left  t owar d l ower  r ight  per t ain t o specific 

t hicknesses o f  fl exibl e pavement , a nd ha ve  been l abel l ed 

5 i nches , 10 inches , et c.

Fi gs  5 a nd  6, t her efor e indicat e r el at ionships bet ween 

t ot al  l oads  at  70 p.s .i . on  a  r igid bear i ng pl at e, defl ect ions 

for  10 r epet i t ions o f  l oad, fl exibl e pavement  t hicknesses, a nd  

cat egor ies o f  t raffic vol ume. It  is a s s umed t hat  t he l oads  on  

r igid bear i ng pl at es i n t his case ar e ident ical  wi t h t he wheel  

l oads  at  70 p.s .i . t ire infl at ion pr essur e t hat  can be  s uppor t ed for  

each t raffic cat egor y s hown.

Fi gs  5 a nd 6 ar e r est r ict ed t o uni t  pr essur es o f  70 p.s .i . Fo r  

a ny  gi ven t ot al  l oad, higher  a nd l ower  uni t  pr essur e t han 

70 p.s .i . wil l  pr ovi de higher  a nd l ower  defl ect ions r espect ivel y, 

t han t hose s hown in Fi g. 5 a nd 6, whe n  al l  ot her  fact or s 

ar e equal .

Al o n g  t he t ops  of  Fi gs  5 a nd 6, cor r es pondi ng t ot al  l oads  

o n  12- inch, 24- inch, a nd  30- inch di amet er  bear i ng pl at es ar e 

s hown. Th e  r el at ionship is appr oxi mat e , a nd  t he size of

Fig. 6 Int er relat ionship bet ween load, sur face deflect ion, 
flexible pavement  t hickness, and t raffic vol ume cat e­
gor y (medi um st rengt h subgr ade).

Relat ions ent re la char ge, le fléchissement  en sur face, 
l’épaisseur  du r evêt ement  flexible, et  la cat égor ie de 
vol ume de cir culat ion (sol de fondat ion de résist ance 
moyenne).
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Fig. 7 Int er relat ionship bet ween load, sur face deflect ion, and 
addit ional  t hickness r equired t o impr ove an exist ing 
flexible pavement  fr om a l ower  t o t he unl imit ed 
t raffic cat egor y (weak subgr ade).

Relat ions ent r e la char ge, le fléchissement  en sur face et  
l’épaisseur  addit ionnel le r equise pour  amél ior er  une 
r out e exist ant e de façon à la faire passer  d ’une cir ­
culat ion réduit e à une cir culat ion illimit ée (sol  de 
fondat ion de faible résist ance).

bear i ng pl at e sel ect ed shoul d be t hat  near est  t he act ual  s ize 

o f  t he cont act  ar ea for  t he des ign wheel  l oad a nd t ire 

infl at ion pr essur e specified.

Fo r  defl ect ions exceedi ng about  2- 0 i nches  in Fi g. 5, t he 

dat a ma y  not  be signi ficant , since t he Hybl a  Val l ey invest iga ­

t ion [4] i ndi cat ed t hat  defl ect ions l ar ger  t han t hese t end t o 

be a bove  t hose associ at ed wi t h t he ul t imat e st r engt h o f  t he 

l ayer ed sys t em r epr esent ed by  a  fl exibl e pavement  st r uct ur e.

Figs  7 a nd 8, whi ch ar e der ived fr om Fi gs  5 a nd 6 respect ­

i vel y, indicat e t he addi t i onal  t hickness of  fl exibl e pavement  

r equi r ed t o upgr ade t he t raffic car r yi ng capaci t y o f  an exist ing 

fl exibl e pavement  f r om a l ower  t raffic vol ume r at ing for  a 

speci fied wheel  l oad t o t he unl imi t ed cat egor y. Th e  change 

in sur face defl ect ion acc ompanyi ng t his i mpr ovement  in 

capaci t y t o car r y mor e  t raffic can al so be r ead off  dir ect l y 

f r om Figur es  7 a nd 8. For  exampl e , Fi g. 7 s hows  t hat  t o 

r aise t he t raffic vol ume cat egor y for  a 15,000 lb. wheel  l oad 

at  70 p.s .i ., t ire infl at ion pr essur e f r om t he l ower  l imit  of  t he 

l ight  t raffic cat egor y band, t o t he unl imi t ed r at ing, an addi t i o ­

nal  t hickness of  11*8 inches  o f  gr anul ar  base or  equi val ent  

mus t  bs  pl aced on  an exi st ing fl exible pavement  over  t his 

weak aubgr ade  (in- place C B R  =  3). At  t he s ame  t ime, t he 

sur face defl ect ion under  a r igid bear i ng pl at e l oaded t o 

15,000 lb. at  70 p.s .i . woul d decr ease f r om 0- 68 t o 0*2 inch.

Th e  Benke l man be a m, whi ch wa s  i nvent ed in 1953 (5), 

or  s ome modi f i cat i on o f  it s pr incipl e, is bei ng empl oyed by a 

numbe r  of  or ganizat i ons  t o invest igat e t he st r engt h of  exist ing 

fl exibl e pavement s . A Benke l ma n beam defl ect ion in t he 

vicini t y o f  0*02 t o 0  03 inch for  t he design wheel  l oad (5,6) 

is bel ieved t o indicat e t hat  a fl exible pavement  wil l  car r y 

unl imi t ed t raffic o f  t his wheel  l oad or  equi val ent . We a ke r

fl exibl e pavement s  s howi ng higher  Benke l man beam defl ec­

t ions for  t he des ign wheel  l oad, for  exampl e  0- 06 inch, ar e 

cons i der ed adequat e for  onl y s ome smal l er  t raffic vol ume 

cat egor y.

The r e  is a  cur r ent  t endency t o as s ume t hat  all weaker  

fl exibl e pavement s  t hat  exhibi t  t he s ame  Benke l ma n beam 

defl ect ion, for  exampl e  0- 05 i nch, have  t he s ame t raffic vol ume 

r at ing wi t h r espect  t o a  speci fied wheel  l oad.

Figs  7 a nd  8 wa r n  t hat  t his as s umpt i on ma y  be in ser ious 

er r or . For  exampl e , Fi g. 7 indicat es t hat  for  a sur face defl ec­

t ion of  0- 4 i nch under  a  r igid bear i ng pl at e l oaded t o 9,000 lb, 

at  70 p.s .i ., a n  exi st ing fl exibl e pavement  over  a  we a k  s ub ­

gr ade (in- pl ace C B R  =  3) wil l  suppor t  l ight  t raffic by  a  

wheel  l oad o f  9,000 lb. at  70 p.s .i . t ire inflat ion pr essur e. 

On  t he ot her  ha nd, Fi g. 8 s hows  t hat  for  a  sur face defl ect ion 

o f  0  4 i nch under  a  r igid bear i ng pl at e l oaded t o 9,000 lb. 

at  70 p.s .i ., a fl exibl e pavement  over  a s ubgr ade o f  me di um 

st r engt h (in- pl ace C BR  =  10) wil l  s uppor t  less t han one  

cover age of  a  wheel  l oad o f  9,000 lb. at  70 p.s .i . t ire infl at ion 

pr essur e, t hat  is, its t raffic cat egor y is zer o for  t his wheel  

l oad. Thi s  di ffer ence i n t raffic vol ume r at ings for  weaker  

fl exibl e pavement s  havi ng t he s ame  sur face defl ect ion is 

muc h  gr eat er  for  wi der  di ffer ences in t he st r engt h o f  t he 

under l yi ng subgr ades .

Fi gs  7 and 8 suggest  t hat  for  a  given design wheel  l oad, the 

perm issib le Benkelman beam deflection  at  t he sur face o f  an 

exi st ing fl exibl e pavement  for  a ny  speci fied t raffic vol ume 

cat egor y less t han unl imi t ed m ust be varied w ith  the strength 

o f  the underly ing  subgrade.

Fi gs  7 a nd  8 indicat e t hat  all wea k fl exibl e pavement s  

havi ng t he s ame sur face defl ect ion under  a  gi ven l oaded 

r igid bear i ng pl at e, r equi r e t he s ame addi t ional  t hickness of  

gr anul ar  mat er ial  or  equi val ent  t o upgr ade  t hem t o t he 

unl imi t ed t raffic cat egor y for  t he s ame wheel  l oad. Thi s

Fig. 8 Int er relat ionship bet ween l oad, sur face deflect ion, and 
addit ional  t hickness r equir ed t o impr ove an exist ing 
flexible pavement  fr om a l ower  t o t he unl imit ed 
t raffic cat egor y (medi um st rengt h subgr ade).

Relat ions ent re la char ge, le fléchissement  en sur face 
et  l’épaisseur  addit ionnel le r equise pour  amél ior er  
une r out e exist ant e de façon à la faire passer  d’une 
cir culat ion réduit e à  une circulat ion illimit ée (sol  de 
fondat ion de résist ance moyenne).

280



implies that this can also be expected for existing weak 
flexible pavements that show the same Benkelman beam 
deflections.

Figs 5, 6, 7, and 8 pertain to highway traffic. Similar dia­
grams can be prepared for airport runway design. Further­
more, Figs 1 to 8 are based on load test data for Canadian 
soils, and somewhat different relationships may be found 
elsewhere.

Limitalions of space prevent additional comments on 
Figs 5, 6, 7, and 8.
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