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Mr. S y k e s , gen t l emen . I d o n ' t know how many o f y o u a re l i k e our cha i rman- -
w h o l l y u n f a m i l i a r w i t h the Maryland Road T e s t , and d o n ' t know what i t i s , o r what 
i t s pu rposes w e r e . There has been a g o o d b i t o f r e p o r t o f i t i n the p r e s s , i n 
t he t e c h n i c a l m a g a z i n e s , and i n t he t r a d e p r e s s , and a g r e a t d e a l o f t ha t r e p o r t 
has been somewhat f a r a f i e l d f rom the f a c t s . I n f a c t , I e x p e c t t h a t what I 
s h a l l s a y t o y o u t o d a y b y way o f comment on the t e s t w i l l b e the f i r s t p u b l i c 
e x p r e s s i o n about t h e t e s t t h a t w i l l have been made b y a p e r s o n f u l l y c o g n i z a n t 
o f a l l o f t he r e s u l t s t h a t were o b t a i n e d i n t he t e s t . I t was o n l y l a s t week , on 
Thursday and F r i d a y , t h a t t h e commi t tee a d v i s o r y t o the Highway Resea rch Board 
which was i n c o n t r o l o f t he t e s t met f o r t h e c o n s i d e r a t i o n o f d r a f t r e p o r t s 
c o v e r i n g the e n t i r e e x p e r i e n c e i n the t e s t . S o , u n t i l l a s t week, a l l o f t h e 
f a c t s o f the t e s t were n o t a v a i l a b l e t o anyone . T h e r e f o r e , t o d a y I have the 
p r i v i l e g e o f t a l k i n g t o y o u f o r the f i r s t t ime wi th a f u l l knowledge o f what 
went on i n the t e s t and what has been g l e a n e d from i t i n t he way o f f a c t and 
c o n c l u s i o n . 

I t h i n k I t i s q u i t s a p p r o p r i a t e t h a t t h i s o p p o r t u n i t y t o d i s c u s s t he t e s t 
i n a l l o f i t s f u l l n e s s s h o u l d o c c u r a t the t ime o f a meet ing o f a d i v i s i o n o f t h e 
C o u n c i l o f S t a t e Governments , b e c a u s e the c o n c e p t i o n o f the t e s t , t he o r i g i n a ­
t i o n o f t h e t e s t , r e s u l t e d from a meet ing i n s t i g a t e d b y t he C o u n c i l o f S t a t e 
Governments . I t w a s , I r e c a l l , Mr. Bane, who i n 19h9, pe r suaded Governor Lausche 
o f Ohio t o c a l l a meet ing o f r e p r e s e n t a t i v e s o f the governments o f t he S t a t e s o f 
Eas t -Nor th C e n t r a l a rea and the Midd le A t l a n t i c and New England a r e a s , - - a r e a s i n 
which t h e r e had been a t t h a t t ime a v e r y c o n s i d e r a b l e deve lopment o f the o p e r a ­
t i o n o f motor t r u c k s o f r a t h e r heavy g r o s s w e i g h t and a x l e l o a d s . The pu rpose 
o f the meet ing was t o c o n s i d e r what measures t he s t a t e s , s e v e r a l l y and t o g e t h e r , 
s h o u l d take i n the l i g h t o f what was o c c u r r i n g i n the o p e r a t i o n o f v e h i c l e s o f 
the l a r g e r w e i g h t s o v e r the r o a d s . A t w o - d a y meet ing ensued a t t he end o f which 
t h o s e s t a t e s , o r some o f t h o s e t h a t were r e p r e s e n t e d a t the mee t i ng , d e c i d e d t o 
form themse lves i n t o a new o r g a n i z a t i o n o f a permanent c h a r a c t e r which t h e y 
c a l l e d the I n t e r r e g i o n a l C o u n c i l on Highway T r a n s p o r t a t i o n . And t h a t C o u n c i l , as 
one o f i t s f i r s t p r o j e c t s , d e c i d e d t o under take the Maryland Road T e s t . 

The purpose o f the t e s t was a l i m i t e d p u r p o s e . The e x p e r i e n c e o f t he s t a t e s 
p r i o r t o t ha t t ime was b a s e d upon a g e n e r a l o b s e r v a t i o n o f the b e h a v i o r o f t h e i r 
r o a d s and a knowledge c f the maintenance c o s t s o f the r o a d s . The i r e x p e r i e n c e 
had i n d i c a t e d t o p r a c t i c a l l y a l l o f the e n g i n e e r s o f t h o s e s t a t e s t ha t a c e r t a i n 
amount o f damage was o c c u r r i n g on the r o a d s which c o u l d be a t t r i b u t e d t o no 
o t h e r cause d i r e c t l y and immed ia t e ly than the heavy l o a d i n g o f v e h i c l e s and, 
p a r t i c u l a r l y , a heavy l o a d i n g o f t h e a x l e s o f v e h i c l e s . I t had b e e n o b s e r v e d , 
f o r example , t h a t the pavements i n the o u t e r l a n e s o f dua l h ighways , where l a r g e l y 
the t r a f f i c o f heavy v e h i c l e s i s c o n c e n t r a t e d , tha t t h o s e l a n e s became damaged t o 
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a g r e a t e r e x t e n t and i n a s h o r t e r t ime than the i n n e r l a n e s , which a re used t o 
a g r e a t e r e x t e n t f o r t he pas s ing o f h e a v i e r v e h i c l e s b y l i g h t e r v e h i c l e s . I t 
had a l s o been o b s e r v e d t h a t , where on a t w o - l a n e r o a d t he re was known t o b e a 
h e a v i e r movement i n one d i r e c t i o n — w e ' l l s ay l o a d e d v e h i c l e s outbound from manu­
f a c t u r i n g p l a n t s — a h e a v i e r t r a f f i c i n one d i r e c t i o n than the o t h e r , t he damage 
caused o r o b s e r v e d on the h e a v i e r s i d e o f the r o a d was g r e a t e r than on the l i g h t e r 
s i d e o f t he r o a d . I t i s n a t u r a l t o c o u p l e t h o s e f a c t s t o g e t h e r and t o assume—as 
most e n g i n e e r s d i d — t h a t the g r e a t e r damage was the r e s u l t o f the h e a v i e r l o a d ­
ing known o r b e l i e v e d t o e x i s t - f r o m a g e n e r a l knowledge o f the c h a r a c t e r o f t he 
t r a f f i c . But , i t was i m p o s s i b l e on the b a s i s o f what was then known, t o a s s i g n 
any s p e c i f i c damage t o any s p e c i f i c w e i g h t o f v e h i c l e . l o u s e e , the t r a f f i c 
c o n s i s t e d o f a w ide range c f w e i g h t s — o f b o t h l i g h t v e h i c l e s and heavy v e h i c l e s , 
and be tween the l i g h t e s t and t he h e a v i e s t t h e r e would u s u a l l y b e a r a inbow 
g r a d a t i o n from one w e i g h t t o the o t h e r . Now, when y o u s e e damage o f t h e s o r t 
t h a t i s c a u s e d b y heavy l o a d s , y o u can f e e l f a i r l y sure t ha t a heavy l o a d has 
b e e n r e s p o n s i b l e , b u t what heavy l o a d ? What p a r t i c u l a r w e i g h t o f v e h i c l e , i n 
what f r e q u e n c y o f o p e r a t i o n i s t he cause o f what d e g r e e o f damage? That c o u l d 
n o t b e answered on the b a s i s o f the g e n e r a l knowledge t ha t e x i s t e d a t the t ime 
o f t h i s mee t ing i n O h i o , and i t x^as f o r the p u r p o s e o f o b t a i n i n g a more s p e c i f i c 
body o f f a c t w h i c h would a t t a c h c e r t a i n e v i d e n c e ox damage t o the o p e r a t i o n o f 
c e r t a i n we igh t s o f v e h i c l e s , s o t ha t t h e r e c o u l d be a c l o s e r e l a t i o n e s t a b l i s h e d 
be tween the w e i g h t o f t he v e h i c l e o r i t s a x l e s and the b e h a v i o r o f the r o a d , 
t h a t t h i s r o a d t e s t was under taken . The pu rpose was j u s t t ha t l i m i t e d . The 
purpose o f t he Maryland Road T e s t , I want t o emphas ize , was n o t t o de te rmine 
whether o r n o t we s h o u l d b u i l d ou r f u tu r e highways f o r t h i s w e i g h t o f v e h i c l e o r 
t h a t w e i g h t o f v e h i c l e . The purpose o f the Maryland Road T e s t was n o t t o d e t e r ­
mine t h e economic n e c e s s i t y o f l o a d s g r e a t e r o r s m a l l e r than t h o s e now moved. 
The Maryland T e s t was n o t i n t e n d e d , and w i l l n o t t e l l y o u what s h o u l d be the 
maximum s i z e o r w e i g h t o f v e h i c l e , which i f p e r m i t t e d t o o p e r a t e , would r e s u l t 
In the l o w e s t c o s t o f t r a n s p o r t a t i o n . The pu rpose o f t he Maryland T e s t was 
l i m i t e d t o the d e t e r m i n a t i o n o f the e f f e c t s upon a t y p i c a l r o a d o f c e r t a i n 
s p e c i f i c a x l e l o a d i n g . 

The a x l e l o a d i n g s t h a t were used i n t he t e s t a l l were i d e n t i c a l w i th l i m i t s 
o f a x l e l o a d which a re p r o v i d e d i n the laws o f one o r more s t a t e s . There were 
f o u r a x l e - l o a d i n g c o n d i t i o n s r e p r e s e n t e d : f i r s t , a s i n g l e a x l e l o a d o f 18,000 
pounds—tha t i s a l o a d which i s the l i m i t p e r m i t t e d i n the laws o f , I b e l i e v e , 
about 3k s t a t e s ; s e c o n d , a s i n g l e a x l e l o a d o f 22,liOO pounds—tha t i s a l i m i t i n 
I b e l i e v e , about 11 s t a t e s , c l u s t e r e d ma in ly a long the A t l a n t i c Seaboa rd ; t h i r d , 
a tandem a x l e l o a d i n g — a n d y o u know a tandem a x l e i s two a x l e s c l o s e t o g e t h e r — 
a tandem a x l e l o a d o f 32,000 pounds , 16,000 pounds on each a x l e j and f o u r t h , a 
tandem a x l e l o a d o f Uu,800 pounds , 22,U00 on each o f t h o s e a x l e s . Now, as I s a i d , 
a l l o f t h o s e l o a d s t h a t were used i n t h e t e s t were l i m i t s o f l o a d s c a r r i e d i n the 
laws o f some o f the s t a t e s . 

Wow, f o r what r ea son d i d we want t o know t h e r e l a t i v e e f f e c t s o f t h o s e l o a d s ? 
O b v i o u s l y , t h e r e e x i s t s i n a l l o f ou r s t a t e s a v e r y c o n s i d e r a b l e m i l e a g e o f r o a d 
t ha t was b u i l t , n o t y e s t e r d a y , o r l a s t y e a r , b u t q u i t e some t ime a g o , and b u i l t 
ove r a c o n s i d e r a b l e p e r i o d . The deve lopment o f t r a f f i c employing t h e s e heavy 
ax l e l o a d s i s , however , a mat te r o f f a i r l y r e c e n t o c c u r r e n c e . I t w a s n ' t u n t i l 
about 19U0 t h a t we began t o s e e on the highways o f the c o u n t r y g e n e r a l l y any 
c o n s i d e r a b l e number o f a x l e l o a d s i n e x c e s s o f 18,000 p o u n d s . I n f a c t , i t was 
p r i n c i p a l l y t he e f f e c t o f the s e c o n d Wor ld War t h a t s e t us on t he pa th o f 
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i n c r e a s i n g a x l e l o a d i n g . Because o f t he n e c e s s i t y t o a c c o m p l i s h as much t r a n s ­
p o r t a t i o n as p o s s i b l e Kith a l i m i t e d number c f v e h i c l e s , the s t a t e s were u r g e d 
t o wa ive t h e i r a x l e l o a d l i m i t s t o p e r m i t t he h e a v i e r l o a d i n g o f v e h i c l e s , . And, 
as a r e s u l t o f tha t r e l e a s e f rom the r e s t r a i n t s o f laws and a l s o as a r e s u l t o f 
t he n e c e s s i t i e s o f t h e t i n e , t h e r e g rew up a p r a c t i c e o f h e a v i e r l o a d i n g o f 
v e h i c l e s and t h a t p r a c t i c e has b e e n c o n t i n u e d i n t o the p o s t - w a r p e r i o d , w i t h 
e v i d e n c e t ha t b e c a u s e c f the p o s s i b i l i t i e s o f r e d u c e d o p e r a t i n g c o s t s i n h e r e n t 
i n l a r g e r g r o s s w e i g h t and l a r g e r pay l o a d s , the t r u c k i n g i n d u s t r y f i n d s i t 
p r o f i t a b l e t o l o a d more h e a v i l y and i s p r e s s i n g t o b e p e r m i t t e d t c l o a d more 
heav i ly . . Where the a x l e l o a d l i m i t i s 1 8 , 0 0 0 p o u n d s , t he p r e s s u r e i s t o g e t i t 
a l i t t l e h i g h e r . Where i t i s a l i t t l e h i g h e r , t h e p r e s s u r e i s t o g e t i t s t i l l a 
l i t t l e h i g h e r . And, up t o the p o i n t Khere t h e i n d u s t r y f i n d s i t i s no l o n g e r 
p r o f i t a b l e to i n c r e a s e the l o a d , I presume we can e x p e c t t h a t s e i f - i r . t e r e s t on 
t he p a r t o f t h e i n d u s t r y , as w e l l as i t s d e s i r e t o b e o f s e r v i c e t o the p u b l i c , 
w i l l c a u s e i t t o p r e s s f o r what i t c o n s i d e r s t o b e t he p e r m i s s i o n n e c e s s a r y t o 
enab le i t t o pe r fo rm a t r a n s p o r t a t i o n s e r v i c e o f maximum economy. 

The q u e s t i o n o f what i s maximum economy, a t what p o i n t o f l o a d i n g t ha t 
o c c u r s , i s a m a t t e r t ha t has n o t been answered i n sny o b j e c t i v e way, and i t was 
n o t d e a l t w i t h i n the Maryland Road T e s t , i t i s a q u e s t i o n t h a t c a n n o t b e 
answered s o l e l y f rom the p o i n t o f v i e w o f the o p e r a t i n g c o s t s o f t he v e h i c l e 
b e c a u s e the r e d u c t i o n i n the o p e r a t i n g c o s t o f the v e h i c l e which c o n e s w i t h 
i n c r e a s e d s i z e i s o f f s e t i n some measure b y the i n c r e a s e d c o s t o f the r o a d w h i c h 
i s n e c e s s a r y t o suppo r t t h e h e a v i e r v e h i c l e . So t h a t t h e f i n a l d e t e r m i n a t i o n 
o f where the h i g h e s t economy l i e s must r e s t upon a b a l a n c i n g of t he t e n d e n c y 
t o r e d u c e o p e r a t i n g c o s t s w i th i n c r e a s e o f v e h i c l e s i z e and the t endency t o 
i n c r e a s e r o a d c o s t s with t he i n c r e a s e o f v e h i c l e s i z e a t some p o i n t . P o s s i b l y 
b y f u t u r e s t u d y and after a good many f u r t h e r t e s t s , we migh t a r r i v e a t a d e t e r ­
m i n a t i o n o f the optimum economy of a x l e l o a d i n g , and a t a d e c i s i o n as t o what maximum l o a d i n g i s conduciTe t o an optimum economy o f highway t r a n s p o r t a t i o n . 
That was n o t — 1 want t o r e p e a t aga in—the p u r p o s e c f t h i s t e s t . The purpose of 
t h i s t e s t was s o l e l y t ha t o f de te rmin ing the e f f e c t , as c l e a r l y as p o s s i b l e , 
upon what was r ega rded as a " top ica l c o n c r e t e read of c e r t a i n a x l e l o a d s — t h o s e 
t h a t I have d e s c r i b e d — a n d th s r e l a t i v e e f f e c t s o f those l o a d s . And the r e a s o n 
f o r de t e rmin ing t h o s e r e l a t i v e e f f e c t s was t o p r o v i d e seme gu idance t o highway 
depar tments and l e g i s l a t u r e s , w i t h which t o meet and c o n s i d e r t h e demands f o r 
h e a v i e r l o a d i n g from the p o i n t o f v i e w o f t he a c c o u n t a b l e e f f e c t s o f t h o s e 
demanded h e a v i e r w e i g h t s upon t h e e x i s t i n g r o a d sys tem, I imagine we can b u i l d 
r o a d s f o r any w e i g h t o f v e h i c l e . We c a n ' t , o f c o u r s e , b u i l d a r ead f o r an i n d e f ­
i n i t e w e i g h t o f v e h i c l e . But the t h ing we are c o n f r o n t e d v i t h now i s t h a t we 
have many roads b u i l t ; the r o a d s are o u t t h e r e on the g round . They must p e r f o r m 
a s e r v i c e o v e r a r e a s o n a b l e per iod . So we want t o know what w i l l be the r e l a t i v e 
e f f e c t s o f l i g h t e r and h e a v i e r a x l e l o a d s upon t h o s e e x i s t i n g r o a d s . What w i l l 
be the p r o b a b i l i t y , o r the p o s s i b i l i t y , o f f u t u r e l i f e i n t h o s e e x i s t i n g r o a d s 
i f wa p e r m i t l o a d i n g o f one we igh t or a n o t h e r , and s p e c i f i c a l l y , c e r t a i n w e i g h t s ? 

That was the purpose o f the Maryland t e s t , and o n l y t h a t . When the I n t e r ­
r e g i o n a l C o u n c i l d e c i d e d t o c a r r y on the t e s t , i t a l s o d e c i d e d to c a l l upon t he 
Highway Resea rch Board—a branch o f the N a t i o n a l Resea rch C o u n c i l w i t h a r e p u t a ­
t i o n f o r unb ia sed r e s e a r c h — t o c o n d u c t the r e s e a r c h . The s t a t e s t h a t were 
represented—-11 o f them and the D i s t r i c t o f Columbia , and t he Bureau o f P u b l i c 
Roads—each c o n t r i b u t e d a c e r t a i n amount o f money j the manufac ture rs o f motor 
v e h i c l e s p romised and d i d c o n t r i b u t e t he v e h i c l e s t ha t were u s e d i n the t e s t . 
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These vehic les were assigned to that t e s t only and operated under control led 
condit ions, the petroleum industry agreed to and did contribute the gasol ine 
and the o i l used and there were some other contributions, and a l l of them were 
pooled to carry on this t e s t . 

The t e s t was directed by the Highway Research Board with the advice of a 
committee appointed by the Board which was representative of the of the p a r t i ­
cipating s t a t e s , the Bureau of Public Roads, and the cooperating industr ies . 
So, there was a j o i n t i n d u s t r i a l and s ta te representation in this advisory group 
that at a l l stages was consulted in the planning and operation of the t e s t . 

A s i t e for the road was se lected i n Southern Maryland near the town of l a 
Plata on U. S. Route Ko« 3 0 1 . There, there was found a sect ion of concrete 
pavement one and one-tenth miles long, which by reason of the f a c t that there 
was a way around i t by another road, could be cut of f from use by normal t r a f f i c . 
I t could be i so lated—the t r a f f i c could be routed around i t . That one and one-
tenth mile of concrete road, then, was chosen as the t e s t specimen and over i t 
the fol lowing vehicles were operated: two with s ing le axle loads of 13;COO 
pounds; two with s ingle axle loads of 22,l|CO pounds; two with tandem loads of 
32 ,000 pounds; and two with hh,600-pound tandems. The one and one-tenth miles 
was f i r s t divided in to two approximate halves—actual ly , one part of i t was 
longer than the other. The south end was one-half mile long exact ly; the north 
end was s ix - tenths of a mile long. On the south endj one of the txjo lanes was 
made the specimen t o be tes ted by 18,000-pound s ing le axle load veh ic l e s . The 
other, immediately adjacent to i t , was the specimen to be tested by the 22,1*00-
pound s ing le axle load veh ic l e s . At the other end of the read, the two lanes 
were subjected to the two tandem axle veh ic l e s . 

The pavement was b u i l t or ig ina l ly in l^iii, so that when the t e s t began in 
June 1Q£0, i t was then abcut nine years o ld . In those nine years i t had been 
subjected, of course, to a l l the forces of nature that could be brought to bear 
on i t in that period—to heat and co ld , to f r o s t , e t c . A t the time of the begin­
ning of the t e s t , the road was i n very good condit ion. I t was not a badly 
cracked road; in f a c t , i t was a road that was very l i t t l e cracked. There were 
sone exceptions to that . In two places the road had been constructed on a f a i r l y 
deep f i l l and, sometime in the pr ior h i s tory of the road, there had been a s e t ­
tlement of the f i l l and the s labs of the road had been mudjacked, or brought up 
to grade, and i n the process of attempting to correct their alignment and o f f s e t 
the a f fec t s c f the sett lement that had occurred, the s labs were cracked by the 
upward pressure of the mud that was pumped under them. Those places had been 
cracked and, therefore , those parts of the road were excluded from the t e s t . 
There had been some other cracking that had formed, but a very l i t t l e amount--
I ' l l t e l l you l a t e r j u s t what that cracking amounted t o . So the road at the 
beginning of the t e s t was a road that had been i n existence for nine years and 
was in a very good condit ion. 

The road in i t s pr ior h i s t o r y , so far as we have been able to determine, had 
been subjected t o a l i g h t t r a f f i c . A t r a f f i c count and a weighing operation made 
j u s t before the beginning of the t e s t showed that at that time there was no 
t r a f f i c in a day-long t e s t "with axle loads in excess of 18,000 pounds on the road. 
This was before the t e s t . So, I t had been subjected to a f a i r l y l i g h t t r a f f i c . 
Therefore, when th i s heavier t e s t t r a f f i c was put on the road, the road was 
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perhaps f e e l i n g the e f f e c t s o f such h e a v i e r t r a f f i c i n c o n s i d e r a b l e f r e q u e n c y 
f o r the f i r s t t ime i n i t s h i s t o r y . And, i f i n i t s p r e v i o u s h i s t o r y i t had n o t 
c r a c k e d , and i n i t s t e s t h i s t o r y i t s h o u l d c r a c k , t h a t , i t was f e l t , would b e 
i n d i c a t i o n t h a t the d i f f e r e n c e i n the b e h a v i o r o f the r o a d b e f o r e and a f t e r was 
p r e t t y c l e a r l y a t t r i b u t a b l e t o the change i n the c h a r a c t e r o f the l o a d i n g a p p l i e d 
t o the r o a d . Bear t h a t i n mindJ 

Now, i n o r d e r t h a t y o u may have some f i r s t h a n d i m p r e s s i o n o f what t h i s r o a d 
was and the way i n which t h e t e s t was c o n d u c t e d , I t h ink I can g i v e y o u t ha t 
i m p r e s s i o n b e s t — r a t h e r than b y a t t empt ing t o d e s c r i b e i t i n words—by u s i n g t he 
movie which I b r o u g h t w i t h me, which w i l l show y o u j u s t what happened on the 
r o a d up t o the t ime o f the ending o f the t r a f f i c t e s t . 

At t h i s p o i n t , I want t o a b s o l v e the Highway Research Board and anybody 
e l s e — i n c l u d i n g any o f t he o t h e r p a r t i c i p a n t s i n the t e s t — o f r e s p o n s i b i l i t y f o r 
anyth ing t ha t I s ay o r anything t h a t ' s i n t h i s p i c t u r e . What I s ay i s my 
r e s p o n s i b i l i t y — w h a t y o u s e e i n the p i c t u r e i s the r e s p o n s i b i l i t y o f t h e Bureau 
o f P u b l i c Roads . We made the p i c t u r e . 

I wou ld l i k e t o s a y t h a t t h i s p i c t u r e i s a p r o d u c t i o n p r i n t — i t i s n o t 
f i n i s h e d o r r e a d y f o r r e l e a s e . The p i c t u r e as y o u w i l l s e e i t here t h i s a f t e r n o o n 
r e p r e s e n t s o n l y t h a t phase o f t h e t e s t up t o the end o f t h e c o n t r o l - t r a f f i c 
o p e r a t i o n . We i n t e n d t o ex tend t h e p i c t u r e , t o i n t r o d u c e i n t o i t i n t he form o f 
animated p i c t u r e s and model demons t r a t ions the r e s u l t s o f t he o b s e r v a t i o n s tha t 
were made o f the c h a r a c t e r o f t he s o i l u n d e r l y i n g the pavement , o f t he s t r e s s e s 
and the s t r a i n s and the d e f l e c t i o n s which r e s u l t e d i n the pavement s l a b s , as a 
r e s u l t o f the passage o f t he se v a r i o u s l o a d s , t o i n t e r p r e t as c l e a r l y as p o s s i b l e 
the causes o f t he b e h a v i o r o f the r o a d which y o u w i l l s e e i n the p i c t u r e t o 
f o l l o w . 

Now we may have t h e p i c t u r e : (At t h i s p o i n t the moving p i c t u r e on the 
Maryland Road T e s t was shown w i t h comments, from t ime t o t i m e , b y Mr. F a i r b a n k . ) 

W e l l , t h a t i s what happened dur ing the p e r i o d o f t he c o n t r o l l e d - t r a f f i c 
t e s t s . That c o v e r e d a p e r i o d o f s i x months—June t o December I9f>0. S i n c e tha t 
t i m e , a y e a r and a h a l f n e a r l y , the e n g i n e e r s t h a t c o n d u c t e d the t e s t have b e e n 
ana ly s ing the d e t a i l e d o b s e r v a t i o n s o f what o c c u r r e d dur ing the t ime o f the t e s t . 

About lUCO samples o f s o i l were taken from benea th the m i l e - l o n g pavement . 
I d o n ' t suppose t he re i s a p i e c e o f pavement i n t he c o u n t r y i n which the under ­
l y i n g s u p p o r t c o n d i t i o n i s s o w e l l known as i t i s now on t h a t pavement . F o u r t e e n 
hundred samples o f s o i l were taken and 6 , 0 0 0 t e s t s were run on t h o s e samples o f 
s o i l . There were 1 2 , 0 0 0 measurements o f s t r a i n and d e f l e c t i o n t h a t had t o b e 
ana lyzed , and a l l t h a t k e p t the e n g i n e e r s busy f o r t h i s y e a r and a h a l f s i n c e 
the c o m p l e t i o n o f t he t e s t s . But i t was n e c e s s a r y t ha t we go through w i t h tha t 
a n a l y s i s o f what o c c u r r e d i n o r d e r t h a t we would be i n a p o s i t i o n t o de te rmine 
wi th a c c u r a c y , t o what e x t e n t the f a i l u r e s t h a t o c c u r r e d and were o b s e r v e d i n 
the t r a f f i c t e s t s were a c t u a l l y due—and i n what manner t hey were due—to t h e 
a p p l i c a t i o n o f the l o a d . I n t he meantime, w h i l e t h e r e has b e e n no knowledge on 
the p a r t o f anyone e x c e p t t h o s e t h a t were i m m e d i a t e l y c o n c e r n e d w i t h the c o n d u c t 
o f the t e s t s o f the a c t u a l f a c t s t ha t were d e v e l o p e d e x c e p t as t hey t iere e v i d e n t 
i n t h i s c r a c k i n g r e c o r d which y o u have now s e e n , t h e r e has been a g r e a t d e a l o f 
r e p o r t o f what went on i n t he t e s t , what i t s p u r p o s e s w e r e , what the r e s u l t s 



w e r e , t h a t has appeared i n t he newspapers , i n the t e c h n i c a l and the t r a d e 
magaz ines , and much o f t h i s r e p o r t has been m i s r e p r e s e n t a t i v e b o t h o f the p u r p o s e 
o f t he t e s t and o f the r e s u l t s o b t a i n e d i n the t e s t . There has b e e n a g r e a t 
d e a l t h a t has been s a i d w i t h a l l the appearance o f c o m p l e t e knowledge t ha t has 
been b a s e d on no knowledge a t a l l . There has been a g r e a t d e a l t h a t has been 
s a i d v e r y p o s i t i v e l y , as f a c t , which has n o t been f a c t a t a l l . 

In o r d e r t h a t y o u may unders tand the c h a r a c t e r o f some o f t h o s e r e p o r t s , I 
want t o r e f e r t o a few o f t h e n . And then I want t o compare t he s t a tements made 
wi th the a c t u a l f a c t s . I t has been w i d e l y h e r a l d e d r e c e n t l y t ha t a c o n s u l t i n g 
e n g i n e e r , employed by a t r a i l e r manufac tur ing company—a man o f h i g h r e p u t a t i o n — 
has made a s t u d y o f the r o a d and o f the t e s t and t h a t he p ronounced the t e s t a 
f a i l u r e . That has b e e n c i r c u l a t e d a l l o v e r the Un i t ed S t a t e s . I t comes t o us 
i n p r e s s c l i p p i n g s e v e r y week from t h i s s t a t e , t h a t s t a t e , and a l l o v e r . The 
f a c t t h a t t h i s c o n s u l t i n g eng inee r—as I s a y , a man o f h i g h r e p u t a t i o n — t h e f a c t 
t ha t he d i d n o t say the t e s t was a f a i l u r e , and on b e i n g i n f o r m e d tha t he was 
be ing r e p r e s e n t e d as hav ing s a i d s o , c o m p l e t e l y d i s c l a i m e d r e s p o n s i b i l i t y f o r the 
s ta tement—the f a c t t h a t he d i d n o t s a y the t e s t was a f a i l u r e b u t , on the c o n ­
t r a r y , s a i d t ha t the t e s t was a mos t u s e f u l t e s t , a most i n f o r m a t i v e t e s t , and 
one from which t he re was a g r e a t d e a l t o be g a i n e d i n the d e t e r m i n a t i o n o f t he 
effects o f l o a d s , t ha t f a c t w i l l n o t c a t c h up w i t h the r e p e a t e d s t a t emen t t ha t 
t h i s c o n s u l t i n g e n g i n e e r s a i d t h a t t he t e s t was a f a i l u r e . 

The subgrade u n d e r l y i n g the r o a d o r i g i n a l l y was b e l i e v e d t o be a c o r r e c t e d 
o r s t a b i l i z e d subgrade . B e f o r e we had gone v e r y f a r , a f t e r the f i r s t s o i l t e s t s 
had been made, we found t ha t t he subgrade had n o t b e e n s t a b i l i z e d t h r o u g h o u t ; i n 
f a c t , t h e r e had been a r a t h e r i n c o m p l e t e e f f o r t t o s t a b i l i z e i t . And, as I ' l l 
t e l l y o u l a t e r , the c h a r a c t e r o f t he subgrade was a t one end v e r y g o o d and 
through the r e s t c f the l e n g t h o f the r o a d , n o t good a t a l l . I ' l l g o i n t o t ha t 
a l i t t l e l a t e r . 

But the s t a tement has b e e n made and r e p e a t e d f r e q u e n t l y , t h a t the pavement 
was l a i d on muck. Muck. Muck means someth ing l i k e marsh—marsh i s something 
v e r y s o f t . Xou , l a d i e s and gen t l emen , saw the p i c t u r e o f t he t r e n c h e s tha t were 
c u t a long the f u l l l e n g t h o f the road, immed ia t e ly a f t e r the t e s t was c o n c l u d e d . 
Did t h a t l o o k l i k e muck? That s o i l s t o o d up t he re hard and f i r m when i t was dug 
v e r t i c a l l y b y t he t r e n c h i n g machine . But the s ta tement i s made and r e p e a t e d a i l 
o v e r the c o u n t r y t h a t t h i s r o a d was b u i l t on muck; and so the t e s t was n o t f a i r . 

The c r o s s s e c t i o n o f t he pavement was a r a t h e r unusual o n e . Each l a n e had 
th i ckened edges on b o t h s i d e s o f the l a n e — 9 i n c h e s a t the o i i t s i d e e d g e , 9 i n c h e s 
at the l o n g i t u d i n a l j o i n t and, b y p a r a b o l i c t r a n s i t i o n be tween t h o s e two t h i c k ­
ened e d g e s , 7 i n c h e s I n t h e c e n t e r . Now, t h e r e i s a g r e a t d e a l o f t h i c k e n e d edge 
pavement b u t n o t much t ha t I s t h i c k e n e d i n b o t h l a n e s . G e n e r a l l y , t he o u t s i d e 
edges o f the t w o - l a n e pavement are c o n s t r u c t e d about 9 i n c h e s t h i c k and t he 
t h i c k n e s s a t the c e n t e r j o i n t i s mace s e v e n i n c h e s o r some r e d u c e d t h i c k n e s s . 
So , t h i s 9-1-9 d o u b l e p a r a b o l i c c r o s s s e c t i o n was a r a t h e r unusual o n e . What­
ever the e f f e c t o f the 9-7-9 d o u b l e p a r a b o l i c d e s i g n was—in my judgment i t was 
perhaps t o make t he pavement somewhat s t r o n g e r — i t d i d n o t r e s u l t , as has b e e n 
a s s e r t e d , i n an entrapment o f wa te r on t he subg rade . The s t a t emen t t h a t i t d i d 
has b e e n made b y p e o p l e who d i d n ' t know whether t h e r e was any such entrapment o f 
water o r n o t . I t has b e e n made t o d i s c r e d i t t he t e s t . The f a c t i s t h a t t he s o i l 
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moisture tes t s and the examination of the subgrade where s labs were removed f o r 
that purpose, show that there was no such water entrapment. 

I t has a lso been asserted that the d i s tr ibut ion of the t r a f f i c transversely 
across the road was abnormal; that there was a greater amount of loading applied 
near the outside edges of the pavement than i s normally the case i n a road in 
actual use . You saw in the motion picture an animated representation of the 
transverse d i s tr ibut ion of the t r a f f i c on the t e s t lanes compared with a normal 
transverse d i s tr ibut ion on an ordinary highway. I t turns out, regardless of what 
the or ig ina l in tent in dis tr ibut ing the t r a f f i c was, that in the actual applica­
t ion of loads , the transverse d i s tr ibut ion of those loads near the outer edges 
of the pavement was very s imi lar to the transverse d i s tr ibut ion as i t occurs on 
a normal road. 

Now I think I ' v e said previously that before th i s t e s t was made the road 
had probably been subjected to very l i t t l e t r a f f i c of axle weight exceeding 
18,000 pounds. In the t e s t s , the loads were applied with very considerable 
frequency. The two s ingle axle loads were applied with an average frequency of 
about 1,300 a day. The two tandem axle loads were applied with an average 
frequency of around 900 applications a day. That's many more applications of 
these heavier loads than had occurred on the road pr ior to the t e s t . In fac t i s 
i s almost i n f i n i t e l y more, because previously the road had been subjected to 
almost no loads of these magnitudes. The f a c t i s that this was an accelerated 
t e s t — i t was designed as an accelerated t e s t . We had to ge t the r e l a t i v e e f f ec t s 
of these loads i n a reasonable length of time. We couldn't spread the t r a f f i c 
t e s t out over ten years . We wanted to compare the e f fec t s of these loads i n a 
short period, so we had to multiply the number of applications of the load. 
That f a c t has been u t i l i z e d for purposes of d iscredit ing the t e s t . I t i s sa id 
that th i s road was subjected to a t r a f f i c which i s n ' t ever experienced on any 
road. That i s n ' t true e i ther . There are heavy t r a f f i c roads i n many of our 
s ta tes which carry as much and more t r a f f i c of the heavier axle loading as the 
t e s t road. For example, j u s t yesterday I looked over some of the weighings that 
have been made on roads i n some of the Northern States . On a road in New Jersey, 
I found 2,500 .applications of loads over 18,000 pounds a day. That's twice what 
we had on the t e s t road. In Massachusetts, I found roads on which there are 
1,000 applications a day—pract ical ly up to what we had on the t e s t road. In the 
Southern States—North Carolina, for example—I didn' t f ind so many applications 
of loads above 18,000 pounds. "Whether or not that means that your trucking 
industry does not f e e l the necess i ty of operating at more than 18,000 pounds or 
whether your enforcement of the law in North Carolina i s unusually perfect—I 
don't know. 3ut the fac t i s that the weighings of t r a f f i c as they were made on 
the roads of North Carolina, do not d i sc lose any large number of applications 
in excess of 18,000 pounds. 

The fac t that the south end of the road on which the s ingle axle loads were 
applied was shorter than the north end of the road on which the tandem axle 
loads were applied has also been seized upon to d i scred i t the t e s t . They say, 
of course there was more cracking under the Ljli,800-pound load than under the 
18,000 pounds—the hh9800-pound lane was longer than the 18,000-pound lane . 
W e l l , the answer to that i s that the amount of cracking on each of the lanes— 
caused by each of the t e s t loads—has been expressed in terms of the amount per 
iiO-foot s l a b . And the comparison, Instead of becoming be t t er , from the stand­
point of the heavier load, becomes worse. As you saw in ihe p ic ture , the IiU,80G-
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pound a x l e l o a d , tandem a x l e l o a d , compared w i t h t he 22,l i00-pound, gave a r a t i o 
o f 1 t o 6 . When we compare the e f f e c t s o f t h o s e l o a d s , s l a b b y s l a b , i n c r a c k ­
ing p e r f o r t y - f o o t s l a b and on the same k ind o f pumping s u b g r a d e , we f i n d a 
r a t i o o f 1 t o 7 . 

The d i f f e r e n c e i n the number o f a p p l i c a t i o n s i s a v a l i d c r i t i c i s m o f t he 
t e s t . On the sou th end the s i n g l e a x l e l o a d s were a p p l i e d more f r e q u e n t l y 
than on the n o r t h end where the tandem a x l e s were a p p l i e d . I f we had had as 
many a p p l i c a t i o n s o f the tandem a x l e l o a d s as we had o f the s i n g l e a x l e l o a d s , 
the r e l a t i v e e f f e c t as demonst ra ted o f t h o s e tandem a x l e l o a d s would have been 
ever, g r e a t e r than t h o s e t h a t are p i c t u r e d i n the f i l m . F o r , as y o u know, t he 
tandem a x l e l o a d s i n s p i t e o f t h e i r s m a l l e r number o f a p p l i c a t i o n s caused much 
more c r a c k i n g than the s i n g l e a x l e l o a d s . I f we had as many a p p l i c a t i o n s o f t h e 
tandem a x l e s as o f the s i n g l e , then the compar i son would have been w o r s e from 
the s t a n d p o i n t o f the tandem a x l e s . 

Another c r i t i c i s m t h a t has been made i s the r o a d b e f o r e the t e s t was a l r e a d y 
c r a c k e d t o a c e r t a i n e x t e n t . I t was . There were some c r a c k s — I ' v e t o l d you 
abou t some t h a t were caused by the e f f o r t t o r a i s e a f ew o f the s l a b s on the 
f i l l s t h a t had s e t t l e d . T h e s e , as I s a i d , were e x c l u d e d from c o n s i d e r a t i o n i n 
the t e s t , but t h e r e were some o t h e r c r a c k s t h a t had formed b e f o r e the t e s t was 
begun . I n l a n e o n e — t h a t ' s the l a n e tha t was s u b j e c t e d t o t he 18,000-pound 
a x l e l o a d s and which was a h a l f m i l e long—-there were 3 1 f e e t o f c r a c k s . S i n c e 
the l a n e i s 12 f e e t w i d e , t he r e was enough c r a c k i n g i n the h a l f - m i l e l e n g t h o f 
l a n e one t o b e e q u i v a l e n t t o two and o n e - h a l f c r a c k s a c r o s s the l a n e . 
T h a t ' s how much t h a t l a n e was c r a c k e d b e f o r e the t e s t . S i m i l a r l y , l ane two , 
which was the 22_,li00-pound a x l e l o a d l a n e , had 7 1 f e e t o f c r a c k s . T h a t ' s the 
e q u i v a l e n t o f a c r a c k c l e a r a c r o s s the l a n e i n about s i x s l a b s i n the h a l f m i l e . 
Lane t h r e e had 30 f e e t o f c r a c k i n g , and l a n e f o u r had 6 2 f e e t ; a b o u t t h e e q u i ­
v a l e n t o f 5 c r a c k s a c r o s s the 1 2 - f o o t s l a b s . That was t he amount o f c r a c k i n g 
t ha t e x i s t e d b e f o r e the t e s t . 

The c r a c k i n g which r e s u l t e d from the a p p l i c a t i o n o f the t e s t l o a d s was 
g i v e n b r i e f l y i n the p i c t u r e . I ' l l r e p e a t i t f o r y o u . I n the e n t i r e o p e r a t i o n 
from June t o December, 196 f e e t o f c r a c k s were measured i n l a n e o n e — t h a t ' s the 
18,000-pound l a n e . In l a n e two, the 22,kOO-pound l a n e , 1 ,269 f e e t — a 1 t o 6 
r a t i o . I n l a n e t h r e e , up t o December 23 , the 32 ,000-pound tandem a x l e l a n e , 
1,050 f e e t . As y o u saw i n the p i c t u r e , the t r a f f i c had t o be s t o p p e d on l a n e 
f o u r on O c t o b e r 13. I t was found n e c e s s a r y t o h a l t t he t r a f f i c i n o r d e r t o 
p r e s e r v e one o r two s l a b s o f t he r o a d f o r p u r p o s e s o f s t r e s s measurement. I f 
the t e s t t r a f f i c had b e e n c o n t i n u e d t h e r e wou ld have b e e n no unc racked s l a b s t c 
work w i t h i n a f e w d a y s . So we had t o s t o p the t r a f f i c on O c t o b e r 13 , and a t 
t h a t da te l a n e f o u r had 3,700 f e e t o f c r a c k s and l a n e t h r e e 300 f e e t . T h a t ' s a 
1 t o 12 r a t i o . 

One o f the p o i n t s t h a t has b e e n made—perhaps mos t e f f e c t i v e l y — i n c r i t i c i s m 
o f the t e s t , has b e e n tha t the r o a d was n o t m a i n t a i n e d . They say t ha t t h e t e s t 
s imply demons t ra tes what eve ryone knows w i l l happen when a r o a d s u b j e c t e d t o 
a g r e a t d e a l o f heavy t r a f f i c i s n o t m a i n t a i n e d . The f a c t i s t h a t t h e main tenance 
o f t h a t m i l e o f r o a d i n s i x months c o s t about $2 ,750. T h a t ' s a t t he r a t e o f 
$5,000 a y e a r , a v e r y s u b s t a n t i a l sum. What t hey a c t u a l l y mean i s t h a t t h e r o a d 
was n o t u n d e r s e a l e d . As the p i c t u r e p o i n t e d o u t , t he c r a c k i n g o f the pavement 
was c l o s e l y a s s o c i a t e d wi th the phenomenon o f pumping. Pumping causes the 
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removal of sub-grade s o i l * Id did that on th is pavement. And those who f ind 
fau l t with the manner i n which the t e s t was conducted say that that pumping 
should not have been permitted to continue. The f a c t that i t was permitted t o 
continue was the r e s u l t of a del iberate decis ion. Remember that one of the 
measures of the r e l a t i v e e f fec t s of these axle loads—a readi ly v i s i b l e measure 
—was to be the r e l a t i v e amount of cracking caused i n each of the lanes by the 
d i f ferent veh ic l e s . I f , a f ter the pumping had proceeded a while, i t had been 
poss ib le per fec t ly to f i l l the void created by pumping a l i t t l e bituminous 
material under the s lab , and to do so without cracking i t (which, as you have 
seen, had previously occurred on this very road) , i t might have been poss ib le to 
prevent the road from cracking, but then there would have been no measure of the 
r e l a t i v e e f fec t s of these various loads . So the f a c t that the pumping was 
allowed to continue and that subsealing was not practiced was in l i n e with the 
del iberate purpose of the t e s t , and af fected equal ly and r e l a t i v e l y the lanes 
subjected to a l l four t e s t loadings. We didn't undersea! any of the lanes , and 
the f a c t that there was more pumping on the heavier than on the l i ghter s ide i s 
evidence of the greater pumping e f f e c t of the heavier loading. The heavier 
loading caused a fas ter removal of the subgrade s o i l . A l l of the loads were 
heavy enough to cause cracking of the slabs after they had been undermined, but 
the heavier loads, by causing a more rapid undermining as we l l as by the greater 
concrete s tresses they induced, caused the cracks to form e a r l i e r and with 
greater frequency. The resu l t was a greater amount of cracking in the same time 
under the heavier loading than under the l i gh ter loading, thereby affording a 
r e l a t i v e measure of the e f fec t s of the d i f ferent loads . That was the purpose 
and plan of the t e s t ; and the fac t that subsealing was not used as a maintenance 
measure i s not a v a l i d cr i t i c i sm of the t e s t , but was simply inherent in the 
method of the t e s t that was used. 

Now, I think I can summarize the many te s t s and observations that were made 
subsequent to the completion of the t r a f f i c t e s t in a very few words. 

F i r s t , as to the character of the subgrade; there were f i v e general 
c lasses of s o i l , c l a s s i f i e d as A l , A2 , AU, A6, and A6-7 . An A l s o i l i s a 
granular material of very firm and s table character, not affected by water. I t 
does not have much f ine material in i t and i s , therefore, not suscept ible to 
pumping. An A2 s o i l i s a lso a granular materia l , not quite as good as the A l , 
but s t i l l a very good subgrade materia l , KH s o i l general ly makes only a f a i r 
subgrade materia l , and in the A6 and A7-6 c lasses you f ind the s i l t s and c lays , 
and the s i l t y c lays , most of them pumpable mater ia ls , which are d e f i n i t e l y poor 
materials for the subgrade of a road. 

Now here are the fac t s that were found about the subgrade of the t e s t road. 
There was no A l or A2 so i l—that i s , good soil—under the lanes that were sub­

jected t o the tandem axles , none at a l l . Under the lanes that were subjected to 
the s ingle axles—both of them, the l i gh ter one and the heavier one—there was 
some s o i l of that character. Referring to lane one, which was the 18,000-pound 
lane, 27 per cent of the length of the lane was underlain by a grave l ly s o i l , 
c l a s s i f i e d as A l . Of the adjacent 22,U00-pound lane, 25 per cent of the length— 
almost the same percentage as in the 18,000-pound lane—was on th is same good 
s o i l . Of the A2, which i s the other good s o i l , there was only 2 per cent under 
lane one (18,000 pounds) and 6 per cent under lane two (22,1*00 pounds). Taking 
the two good s o i l s together, there was 31 per cent of the length of the 22,iiOO~ 
pound lane and only 29 per cent of the 18,000-pound land that was on good s o i l . 
So the advantage lay with the s ide of heavier loading. Of the KH s o i l , there 
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was very l i t t l e anywhere on the road. This class of s o i l , normally a fair sub-
grade material, occurred on this road mainly at the point of transition from 
cut to f i l l . At those points i t generally contained some root material. Critics 
of the test have not failed to note this condition, but the fact i s that the kk 
s o i l constituted a very small part of the length of the subgrade. Under the two 
single axle lanes, i t constituted ii per cent of the length of the lanes. Under 
the two tandem axle lanes, i t constituted lU per cent. The greater part of the 
road in a l l four lanes consisted of soi ls of the A6 category. These were s i l t y 
clays; they were bad s o i l s , pumpable s o i l s . In the 18,000-pound lane 56 per cent 
of the subgrade was composed of this bad s o i l ; of the 22,U00-pound lane i t 
composed %h per cent—again a sl ight advantage in favor of the heavier side. In 
the tandem axle lanes, 68 per cent of the length of the 32,000-pound lane, and 
65 per cent cf the kh>000-pound lane was underlain by this bad soil—once more a 
sl ight advantage for the heavier side.. The rest of the subgrade was made up of 
s o i l of the A?-6 c lass , a s o i l quite similar to the A6 s o i l , but of this there 
was only a l i t t l e under any of the lanes. 

Because of the difference in the length of the single and tandem axle 
sections, and because of the differences in their subgrade support, i t has not 
been possible until recently, with the completion of the detailed s o i l studies, 
fair ly to compare the effects of the tandem and single axles. I t was always 
possible with reasonable accuracy to compare the effects of one tandem axle with 
the other, and one single axle with the other—those comparisons are made in 
the picture—because the lanes compared were immediately adjacent to each other 
and of the same length, and because transversely there was very l i t t l e differ­
ence in the character of the s o i l under the road. But, longitudinally, there 
was a great difference in the s o i l , and until we had the precise determination 
of the character of the s o i l and could take account of the length of the pavement 
on the various s o i l s , we could not with fairness and assurance compare the 
effects of the tandem axles and the single axles. With the information now 
available, we can reduce the cracking recorded to a common measure of so much 
per forty-foot slab on so i l s of exactly the same character. In the report that 
wi l l soon appear that comparison wi l l be made, mainly on the basis of the A6 
so i l s , which were the bad so i l s . And the record as i t comes out Is something 
like this: Up to October 13, when traffic was suspended on the heavy tandem 
axle lane, the test having begun in late June—there had been no cracking at all*, 
on the portion of lane one, the 18,000-pound lane, that was laid on the bad A6 
s o i l . On the adjacent number two lane, where the 22,UOO-pound axle trucks were 
operated, up to October 13 there had been an average of 13 feet of cracking per 
forty-foot slab. On lane three, the lighter tandem axle lane—32,000 pounds— 
there had been an average of ii feet of cracking per forty-foot slab. Al l of this, 
bear in mind, was on the same kind of s o i l , and a l l on the basis of the same 
length measurement. And, now, l e t ' s look at the hh9800-pound tandem lane. The 
average cracking there was 50 feet per forty-foot slab, up to October 13 when 
operation of the trucks was stopped. 

How, continuing, by December 23 the number one lane (18,000-pound lane) 
had developed a few cracks. As a matter of fact , the f i r s t crack in that lane— 
on the portion of i t supported by this A6 soil—occurred on October 15, just two 
days after traffic was stopped on the hh3800-pound lane; and up to December 23, 
the 18,000-pound lane had cracked an average of h feet per forty-foot slab. 
This indicates that by the end of the test the 18,000-pound lane had cracked very 
l i t t l e ; the 22,U00-pound lane had cracked seven times as much; and the 32,000-
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pound lane—compared on the bas is of the same s o i l and the same length—had 
cracked about half as much as the 22,k00-pound lane and about four times as much 
as the 18,000-pound lane. 

How, l e t me refer b r i e f l y to some of the pr inc ipal re su l t s that have come 
out of the deta i led examination of the s tresses and def lect ions that occurred in 
the road. A question as to which there has been some doubt i s that of the 
r e l a t i v e e f f e c t upon a road of a s ingle axle load and a tandem axle load- Ear l ier 
t e s t s , made some years ago, general ly under s t a t i c loading, had resulted in an 
accepted conclusion that i f two loads are separated by as much as about four 
f e e t , the e f f e c t of the combination of the two loads comprising the tandem would 
be no greater than the e f f e c t of one of the loads acting separately , in recent 
years there has been some misgiving about that , and we have come to accept as a 
working pr inc ip le the idea that about 32 ,000 pounds on tandem axles i s about 
equivalent to 18 ,000 pounds on a s ingle ax le , and that equivalency has gotten 
into the laws of a good many s t a t e s . The resu l t s of these t e s t s indicate that 
that i s not quite true . The resu l t s of the s t ra in , s tress and def lec t ion 
measurements made in the Maryland t e s t indicate that the 32,000-pound tandem 
axle load caused damage to occur a l i t t l e more rapidly than the 18,000-pound 
s ing le ax le . This i s true notwithstanding the f a c t that the 32,000-pound and 
18,000-pound loads caused almost exact ly the same s tresses i n the pavement. The 
reason i s that the 32,000-pound tandem caused a greater def lec t ion of the pavement 
than the 18,000-pound s i n g l e , and, the def lect ion being the stroke of the pump, 
the pumping occurred at a fas ter rate under the 32,000-pound than under the 
18,000-pound load. Although the two loads , under any given condition of support 
produced the same s t r e s s , the support was removed by the 32,000-pound tandem load 
at a f a s t e r rate than by the 18,000-pound s ing le axle load, and so a cracking or 
rupturing s tress was reached ear l i er under the 32,000-pound load than under the 
18,000-pound load. That i s a very s ign i f i cant conclusion. The indicat ion i s 
that equivalence would occur at some tandem axle loading a l i t t l e l e s s than 
32 ,000 pounds, but the t e s t does not indicate what that equivalent loading would 
be . The difference in e f f e c t of the 32 ,000- and 18,000-pound loads was not 
par t i cu lar ly ser ious , and from the standpoint of prac t i ca l appl icat ion, the t e s t 
does not suggest that there should be any departure from the present acceptance 
of the 32,000-pound tandem axle load and the 18,000-pound s ingle axle load as 
equivalents . But i t does indicate that proposals to increase the 32,000-pound 
l i m i t would take us i n the wrong direction^ that i s , they would r e s u l t i n a wider 
d ispar i ty of e f f e c t between the tandem axle loading and the s ingle axle loading. 

Another re su l t that comes out of the s tress measurements which may be of 
i n t e r e s t to you i s that—contrary to what may be supposed by some, but ent i re ly 
surprising to those of us who have had the experience in our youth of skating 
over thin ice—the e f f e c t of higher speed i s not to increase s tress in a pave­
ment but to decrease i t , When the trucks were operated at f o r t y miles an hour 
over this road the measured s tress generated i n the concrete was l e s s than when 
they were operated at f ive miles an hour. The fas ter speed caused more than 
20 per cent l e s s s tress i n the pavement than the slower speed. Now, the reason 
for that i s probably that a concrete pavement has weight and inert ia* I t has to 
have a l i t t l e time to y i e l d under a load. I f a load passes over i t so f a s t 
that the pavement doesn't have time to bend under the load, the s tress that i s 
produced i s l e s s than that caused by a load that remains on i t longer and bends 
i t more. So, the e f f e c t of speed—in the absence of impact—is to reduce the 
s tress caused by a load . 
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But, what happens when there i s impact? In th i s t e s t , i n which the t r a f f i c 
was operated i n both directions on each lane, the phenomenon of fault ing at the 
j o i n t s , which i s character i s t ic of roads normally traveled, did not develop. 
When t r a f f i c moves over a road in one direct ion only i n each lane, there i s a 
tendency for the edges of the s labs at the far s ide of the jo in t s to be depressed 
to a greater extent than the edges at the near s i d e . Under t h i s condition the 
wheels of vehic les drop from the higher s lab to the lower s l a b , and there I s , of 
course, a certain amount of impact. As I have sa id , that condition did not 
develop in this t e s t because the t r a f f i c ran in both d irect ions , so what was the 
far side of the j o i n t s in one direct ion was the near s ide i n the other, so the 
fault ing e f f e c t was neutral ized. However, at the end of the t e s t s a fau l ted 
condition was simulated by laying a three-quarter inch plank the f u l l length of 
one s lab and then driving the vehic le over that plank and l e t t i n g i t drop o f f at 
the j o i n t onto the next s l a b . When, under th i s condition, the s tress was measur­
ed i n the s lab onto which the vehic le dropped, i t was found to be l e s s than when 
the vehic le moved d i rec t ly from one s lab to the other without drop. Now that may 
surprise you, but here's the way we can ra t iona l i ze i t . When the wheels of the 
vehic le leave the higher s l a b , they may be for an ins tant up i n the a i r , or , i f 
they are not ac tua l ly in the a i r , at l e a s t the ir f u l l weight i s not on the ground. 
The wheels below the springs tend to drop fas ter than the body of the truck above 
the springs, so the springs tend t o open up. When the wheels f i r s t come in to 
contact with the lower s lab the springs are i n this extended pos i t ion and the 
f u l l e f f e c t of the sprung load i s not f e l t by the road. By the time the spring 
i s compressed again and the f u l l weight of the vehic le comes down on the road, 
the vehic le has moved onto the s lab a certa in distance, and in this l a t t e r p o s i ­
t ion i t causes l e s s s tress than i t would have caused had i t s f u l l load been 
applied r ight at the transverse joint* So, there you have a poss ib le explana­
tion of the reason why under th is condition a wheel dropping onto a s lab with 
unquestionable impact, caused l e s s s tress than the same wheel r o l l i n g smoothly 
onto the s l a b . 

One more re su l t of the s tress measurements which you w i l l poss ib ly f ind of 
in teres t was the f a c t that when the vehic les were operated with the ir wheels two 
feet from the edge of the pavement the s tress that was produced in the pavement 
was j u s t about ha l f as great as when they were operated with the ir outer wheels 
only s ix inches from the edge. I t appears that i f we could keep the vehicles 
away from the edges of our pavements they would cause much l e s s s tress and much 
less pavement damage. I t i s the vehic les that t rave l near the edge cf the pave­
ment that cause the greater damage, and, unfortunately, of course, these are 
very often the larger trucks. They are p r a c t i c a l l y forced into that pos i t ion 
when the road i s narrow, and few of our roads are so wide as to permit the 
trucks to ge t very far inward. They ordinari ly operate near the edge. I f they 
could be kept In a l i t t l e and i f our roads could be so designed as to encourage 
that, we would doubtless f ind that they would have a l e s s damaging e f f e c t on 
the road. That might be done, as has been suggested, by bui lding the concrete 
road a l i t t l e wider and covering the outside edge of i t with the shoulder, which 
would prevent the loads from gett ing out on the extreme edge of the concrete 
s labs . I f that were done, i t would be done as a means of reducing the e f f ec t of 
heavy axles and, of course, the addit ional cos t of widening the road would 
therefore be at tr ibutable to those heavier ax les , and i t should be borne by them. 

In c los ing , I wish t o emphasize that the serious cracking which developed 
during the t r a f f i c t e s t s occurred only on sections of the road i n which the 
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pavement was l a i d on f ine grained s o i l , and occurred there i n c l o s e assoc ia t ion 
with the development o f pumping. She only r e a l l y good s o i l that >ras present 
anywhere under the t e s t pavement occurred only at the end o f the road on which 
the 16,000 and 22,uOO-pound s i ng l e axle trucks were operated. At the conclus ion 
o f the t r a f f i c t e s t s a l l o f the t e s t vehic les—the tandem as w e l l as the s ing le 
axle vehicles—were operated over se l ec t ed slabs l a i d on th i s good g r ave l l y s o i l 
f o r purposes o f s t ress measurement. In addi t ion , there were included among the 
veh i c l e s used f o r this purpose some which had s ingle axle leads as great as 
30,000 pounds and tandem axle loads up t o 6Qa000 pounds. In the s labs l a i d on 
this good g rave l ly s o i l none o f these veh ic les—not even those with the 30,000 
and 60,000-pound axles—caused s t resses o f a s u f f i c i e n t magnitude to crack the 
pavement. And, o f course , we know that the pavement i n these sec t ions ac tua l ly 
was not cracked by the heavies t loads that were applied to i t In the t r a f f i c 
t e s t . I t appears, therefore , that i f we had under a l l o f our roads subgrades 
as good as this g r ave l l y s o i l provided, there would be no cause to fear the 
operation c f most o f the heavier veh i c l e s now using our roads . The f a c t i s , 
however, that we do not have s o i l s o f that character under many o f our roads. 
On the contrary, there i s widespread occurrence o f s o i l s o f the A6 c l a s s i f i c a ­
t ion on which the ser ious cracking occurred in this t e s t . 

While th is condi t ion continues to e x i s t , and that i s l i k e l y to be fo r a 
very considerable pe r iod , because i t w i l l be l i t e r a l l y impossible to strengthen 
the support o f a l l o f our pavements in a short t ime, the Maryland tes t ind ica tes 
very c l e a r l y that we should proceed with great caution in permitting the opera­
t ion o f veh ic les having s ing le axle loads in excess o f 16,000 pounds and tandem 
axle leads in excess o f 32,000 pounds. 


