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T h i s paper s u m m a r i z e s the r e su l t s of th ree years of spon­
s o r e d r e s e a r c h on c o n t i n u o u s l y - r e i n f o r c e d concre te pave­
ments as conducted by the F r i t z Eng inee r ing L a b o r a t o r y 
of L e h i g h U n i v e r s i t y . 

Tes t data and conclusions based on i n s t r u m e n t a t i o n , 
p h y s i c a l measurements , and observat ions of two c u r r e n t 
pavement p r o j e c t s a r e r ev i ewed , and a genera l p a t t e r n of 
behav ior f o r continuous pavements i s es tabl ished. 

Some of the weaknesses found i n e x i s t i n g pavements a r e 
desc r ibed and g iven cons ide ra t ion i n suggestions f o r design 
and cons t ruc t i on i m p r o v e m e n t s i n continuous pavements . 

• T H E FIRST c o n t i n u o u s l y - r e i n f o r c e d concre te pavement i n Pennsylvania was c o n ­
s t r u c t e d i n October 1956, and a second pavement was comple ted i n Ju ly 1957. The 
cons t ruc t ion de ta i l s , i n s t r u m e n t i n s t a l l a t i ons , and e a r l y behavior of these t es t pave­
ments have been d e s c r i b e d i n e a r l i e r r e p o r t s {1, 2 ) . 

T h r o u g h the j o i n t e f f o r t s of the T e s t i n g L a b o r a t o r y of the Pennsylvania Depar tmen t 
of Highways and the F r i t z Eng inee r ing L a b o r a t o r y of L e h i g h U n i v e r s i t y , a cons iderable 
amount of i n f o r m a t i o n has been obtained f r o m these p r o j e c t s . M u c h of t h i s i s i n the 
f o r m of data co l l ec t ed p e r i o d i c a l l y by p h y s i c a l measurements at the pavement su r f ace , 
and e l ec t ron ic i n s t r u m e n t readings taken f r o m t r ansduce r s w i t h i n the concre te , the 
g r a n u l a r base course , and the suppor t ing s o i l . 

A t r e g u l a r 30-day i n t e r v a l s d u r i n g the 26 months f r o m October 1956 to November 
1958, gage data have been co l l ec t ed f r o m a s ingle i n s t r u m e n t e d t es t sec t ion i n the 
pavement cons t ruc ted i n 1956. The same schedule of data c o l l e c t i o n has been m a i n ­
ta ined f o r 16 months on the second pavement , whe re f o u r i n s t r u m e n t e d tes t sect ions 
a r e under obse rva t ion . W i t h each t es t sec t ion p r o v i d i n g 40 gage read ings , a p p r c K i -
m a t e l y 3 ,600 separate measurements have been obtained f r o m these f i v e gaged sect ions 
i n the two tes t pavements . 

In add i t ion to the gage readings a t the i n s t r u m e n t e d sect ions , a s e r i e s of o ther 
measurements has been made i n o r d e r to p rov ide a r e c o r d o f the behavior of both 
pavements throughout t h e i r e n t i r e 2 - m i length . C r a c k su rveys , end movement m e a ­
surements , su r f ace roughness r eco rd ings and other i n f o r m a t i v e data have been c o l ­
l ec ted . 

Severa l tes ts on c o n t i n u o u s l y - r e i n f o r c e d pavements and s i m i l a r concre te s t r u c t u r e s 
had been conducted p r i o r to the tes t p r o g r a m i n Pennsylvania . The i n f o r m a t i o n a v a i l ­
able f r o m these tes ts was s tudied i n o r d e r to an t ic ipa te pavement behavior and to p lan 
a p r a c t i c a l measurement scheme w h i c h w o u l d p r o v i d e the g rea tes t amount of i n f o r m a ­
t i o n w i t h a reasonable number of i n s t a l l e d gages and l i m i t e d f i e l d t e s t i ng pe r sonne l . 

I t i s be l i eved that a comple te h i s t o r y of the phenonema assoc ia ted w i t h the f o r m a ­
t i o n and behavior of t r a n s v e r s e c r acks w o u l d a l l o w a m u c h be t te r unders tanding of r e ­
i n f o r c e d pavements and pos s ib ly p rov ide spec i f i c des ign i n f o r m a t i o n . For t h i s reason , 
a concent ra t ion o f i n s t r u m e n t a t i o n was i n s t a l l e d a t a s t r u c t u r a l l y weakened sec t ion i n 
the pavement w h e r e a t r a n s v e r s e c r a c k w o u l d occu r . 

Sho r t l y a f t e r the f i r s t pavement was cons t ruc ted i t was apparent that the m e a s u r e ­
ment scheme se lec ted was s a t i s f a c t o r y and could add m a t e r i a l l y to the e x i s t i n g k n o w ­
ledge on continuous pavements . Some of the f i r s t r e su l t s of the inves t iga t ion seemed 
to be c o n t r a r y to the g e n e r a l l y accepted theo r i e s , but i t was found tha t these r e s u l t s 
w e r e not unreasonable and, ins tead, es tab l i shed an exce l len t quan t i t a t ive r e l a t i o n s h i p 
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between reac t ions w i t h i n the pavement , s u r & c e measurements , and gene ra l pavement 
behav io r . 

The r e s u l t s f r o m the second pavement p r o j e c t and a s e r i e s of c l o se ly c o n t r o l l e d 
l a b o r a t o r y tes t s have added s u f f i c i e n t evidence t o suppor t these e a r l i e r f i n d i n g s . 

Rather than p resen t ing de ta i led t es t data f r o m i n d i v i d u a l gage measurements , t h i s 
r e p o r t deals p r i m a r i l y w i t h the gene ra l behavior of the pavements under t e s t and the 
m o r e conc lus ive i n f o r m a t i o n that i s r e q u i r e d f o r the es tab l i shment of des ign c r i t e r i a 
f o r a l l continuous pavements . 

In p re sen t ing th i s i n f o r m a t i o n , the au thors do not w i s h to i m p l y tha t add i t i ona l i n ­
ves t iga t ion o f such pavements i s unnecessary . The r e f i n e m e n t s r e q u i r e d f o r o p t i m u m 
design can be developed on ly by cont inued f i e l d t e s t i ng and l a b o r a t o r y r e s e a r c h . 

P A V E M E N T B E H A V I O R 

T h e r e a r e f i v e m a j o r f o r c e - p r o d u c i n g and po t en t i a l l y damaging in f luences w h i c h 
ac t on a l l concre te pavements r ega rd l e s s of t h e i r des ign. The u l t i m a t e success of a 
pavement cons t ruc ted to a p a r t i c u l a r design m a y be judged by i t s a b i l i t y to r e s i s t o r 
respond to these c o n t r o l l i n g in f luences w i t h a m i n i m u m of d i s t r e s s and d e t e r i o r a t i o n . 

A be t te r unders tanding of the mechanics , magni tude, and r e l a t i o n s h i p of these i n ­
f luences i n a c o n t i n u o u s l y - r e i n f o r c e d concre te pavement w i l l r e s u l t i f , a t f i r s t , each 
of the f i v e i s cons idered as an i n d i v i d u a l occu r r ence . 

Shr inkage 

D u r i n g the p rocess o f c u r i n g the concre te decreases i n v o l u m e and increases i n 
s t r eng th w h i l e bond develops between the concre te and the r e i n f o r c e m e n t . What i s 
be l i eved t o be the r e s u l t of t h i s combined a c t i o n i s shown i n F i g u r e 1, w h e r e a s ing le 
l ong i t ud ina l r e i n f o r c i n g b a r and the concre te w i t h i n i t s e f f e c t i v e in f luence a rea a r e 
cons ide red . 

Some shr inkage occur s i n a l l o f the concre te , but the vo lume r educ t ion i s not u n i ­
f o r m throughout the e n t i r e mass . In s h r i n k i n g , the concre te f l o w s a long the path of 
leas t r e s i s t ance f r o m a reas o f l o w t ens i l e s t r e n g t h t o w a r d those o f h ighe r t en s i l e 
s t r e n g t h . Some of the weaker a reas m a y r e s u l t f r o m p o o r l y m i x e d concre te , but m o r e 
o f t e n they o r i g i n a t e where m i n i m u m bond w i t h the r e i n f o r c e m e n t o f f e r s the leas t r e ­
s is tance to sh r inkage f l o w . 

Shr inkage reduces the t r a n s v e r s e c r o s s - s e c t i o n a l a rea of the beam w i t h o u t deve lop­
i n g any s i g n i f i c a n t t ens i l e s t resses i n the concre te . Because o f t h i s , a m a j o r p o r t i o n 
of the t o t a l sh r inkage occur s i n t h i s p lane . 

L o i ^ i t u d i n a l sh r inkage of the beam i s opposed by the base f r i c t i o n , end anchorage, 
t en s i l e s t r eng th of the concre te , and any s t r a i n res i s t ance of the r e i n f o r c e m e n t tha t 
may be t r a n s f e r r e d to the concre te t h rough the developing bond. 

Bond s t r eng th i s not constant a long the r e i n f o r c e m e n t but develops i n a f a i r l y r e g u l a r 
pa t t e rn , r e ach ing m a x i m u m and m i n i m u m s t r e ng th a t space i n t e r v a l s d ic ta ted by the 
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combined in f luence of the concre te m i x t u r e , r e i n f o r c e m e n t p e r i m e t e r , r a t e of c u r i n g , 
and base f r i c t i o n . 

I n areas where bonding w i t h the r e i n f o r c e m e n t occu r s , the t ens i l e s t r eng th of the 
c r o s s - s e c t i o n i s inc reased i n p r o p o r t i o n to the bond s t r eng th . A s the concre te c o n ­
t inues to cu r e , shr inkage f l o w i s t o w a r d these bonded areas and away f r o m areas 
where the bond i s less e f f e c t i v e . T h i s subjects the concre te between the be t te r bonded 
a reas t o a p u l l i n g f o r c e w h i c h may exceed the t ens i l e s t r eng th of the concre te and cause 
i t t o r u p t u r e . 

Even i f the t ens i l e s t resses do not develop s u f f i c i e n t l y to cause r u p t u r e , the c u r e d 
concre te w i t h i n each a f f e c t e d a rea w i l l conta in a r e s i d u a l s t r e s s concen t ra t ion m a i n ­
ta ined by the f i n a l bond w i t h the r e i n f o r c e m e n t . 

I f the f u l l w i d t h o f a pavement i s cons idered , the developed s t r e s s pa t t e rn becomes 
m o r e complex . When s e v e r a l r e i n f o r c e m e n t s a r e p laced p a r a l l e l i n a pavement , a 
s t r e s s pa t t e rn s i m i l a r to tha t shown i n F i g u r e 2 w i l l r e s u l t . 

The spacing and magnitude of the r e s i d u a l s t r e s s concent ra t ions a long each i n d i ­
v i d u a l r e i n f o r c e m e n t w i l l v a r y , due to n o r m a l l y encountered m i n o r incons is tenc ies i n 
m a t e r i a l s and cons t ruc t i on p rocedure s . Because each s t r e s s concen t ra t ion o r ig ina te s 
independently, i t i s on ly when the i nc r ea s ing magnitude of the s t r e s s enlarges the a rea 
of in f luence that the s t r e s s p a t t e r n i n an adjacent p a r a l l e l r e i n f o r c e m e n t i s a f f e c t e d . 
A shr inkage c r a c k w i l l occur whe re the r andom coincidence of l ong i tud ina l s t r e s s c o n ­
cen t ra t ions develops a t r a n s v e r s e plane of weakness i n the pavement and the combined 
tens ion f o r c e s exceed the t ens i l e s t r eng th of the concre te at t h i s p lane . 

Many of the numerous sh r inkage- induced s t r e s s concent ra t ions developed i n a pave­
ment l ack the r e q u i r e d f o r c e a n d / o r the l ong i tud ina l coincidence of occu r r ence to cause 
t r a n s v e r s e c r a c k i n g . They r e m a i n as a reas of cons tan t ly cha rg ing f o r c e po t en t i a l , 
w h e r e c r acks may occur i f the pavement i s subjec ted to the a d d i t i o n a l tens ion neces­
s a r y to exceed the balance r e l a t i o n s h i p between the concre te and the r e i n f o r c e m e n t . 

T e m p e r a t u r e 

T e m p e r a t u r e i s the mos t f o r m i d a b l e f o r c e to w h i c h c o n t i n u o u s l y - r e i n f o r c e d pave­
ments a r e sub jec ted . I t i s respons ib le f o r cons tan t ly changing the condi t ions o f s t r e s s 
and s t r a i n d u r i n g cons t ruc t i on and throughout the u s e f u l l i f e of the pavement . 

Because the pavement develops anchorage near each end, the center p o r t i o n has no 
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oppor tun i ty f o r o v e r - a l l l ong i tud ina l movement . A sudden decrease i n t e m p e r a t u r e 
produces t ens i l e s t r a i n s w h i c h may exceed the e las t ic range and c reep response ra te 
of the concre te . When t h i s occu r s , a c r a c k w i l l develop a long a t r a n s v e r s e plane of 
weakness i n the pavement . T h i s c r a c k w i l l increase i n w i d t h i m t i l the t ens i le f o r c e 
developed i n the r e i n f o r c e m e n t a t the c r a c k exceeds the t en s i l e s t r eng th o f the c o n ­
c re t e a t another plane, and a new c r a c k i s f o r m e d . 

A s a c r a c k pa t t e rn develops i n the pavement , each i n d i v i d u a l sec t ion between e x i s t ­
i n g c r acks w i l l r espond as a s ing le i so l a t ed un i t w i t h f i x e d ends. New t r a n s v e r s e 
c r a c k s w i l l open i n h igh ly s t r e s sed areas and the number of separated uni t s w i l l be 
inc reased . T h i s p rocess w i l l continue u n t i l the f o r c e of con t r ac t i on i s i n s u f f i c i e n t to 
cause f u r t h e r r u p t u r e of the concre te . 

Under sus ta ined s t r e s s , such as that r e s u l t i n g f r o m the mean seasonal t e m p e r a t u r e , 
the concre te w i l l c r eep . T h i s reduces the p o s s i b i l i t y of new c racks and tends to t r a n s ­
f e r some of the s t r e s s f r o m the concre te t o the r e i n f o r c e m e n t . 

When r i s i n g t e m p e r a t u r e causes the pavement to expand, compres s ive f o r c e s de ­
ve loped between the end anchorages may become v e r y h igh . M o s t of t h i s expansion i s 
absorbed by c reep and e las t i c s t r a i n i n g of the r e i n f o r c e d concre te , but under ex t r eme 
condi t ions the ends of the pavement may lose e f f e c t i v e anchorage and be pushed ou t ­
w a r d . The extent of t h i s pavement e longat ion, o r " g r o w t h , " i s dependent upon s e v e r a l 
f a c t o r s , and p robab ly m a y be c o n t r o l l e d by a l t e r a t i ons i n f u t u r e pavement des ign. 

M o i s t u r e 

The i n i t i a l w a t e r - c e m e n t r a t i o o f the concre te a f f e c t s the s t r eng th and d u r a b i l i t y o f 
the pavement . P r o p e r p r o p o r t i o n i n g of ingred ien t s can regu la te and c o n t r o l these e f ­
f e c t s . 

F ree w a t e r o r excess ive c a p i l l a r y m o i s t u r e beneath the pavement may r e s u l t i n 
h e a v i r ^ d u r i n g v e r y c o l d weather , caus ing extensive damage, but p r o p e r dra inage and 
subgrade des ign can m i n i m i z e t h i s danger . 

I n add i t ion to these m o r e obvious and c o n t r o l l a b l e e f f ec t s of m o i s t u r e , t he r e a r e 
o ther subt le in f luences w h i c h a r e e n v i r o n m e n t a l i n na ture , s i g n i f i c a n t i n e f f ec t , and 
p r a c t i c a l l y i m p o s s i b l e to c o n t r o l . 

Concre te i s pe rv ious to w a t e r , and w i l l i nc rease i n v o l u m e when m o i s t u r e i s ab ­
so rbed . I n v e r s e l y , when m o i s t u r e i s r e m o v e d , the v o l u m e of the concre te w i l l de­
c rease . T h i s phenomenon w i l l continue to in f luence the behavior o f the concre te 
throughout the l i f e of a pavement , and i s independent of the i n i t i a l sh r inkage associa ted 
w i t h c u r i n g . 

I n add i t i on to i t s gene ra l in f luence upon the t o t a l l ong i tud ina l s t r e s s development 
i n a continuous pavement , t h i s m o i s t u r e - i n d u c e d vo lume change may, imder some c o n ­
d i t i ons , produce a d d i t i o n a l l o c a l i z e d in f luences . 

The bo t t om of the pavement , i n d i r e c t contact w i t h the subbase, i s subjec ted to 
the constant m o i s t u r e of the ea r th , whereas the top s u r f a c e i s i n t e r m i t t e n t l y sub jec ted 
to r a i n and h igh h u m i d i t y , o r the d r y i n g e f f ec t s of the sun and w i n d . S u r & c e d ryness 
causes an uneven d i s t r i b u t i o n of m o i s t u r e i n the concre te , and r e s u l t s i n a tendency 
f o r the pavement sect ions to w a r p and l i f t up a t the c r a c k e d ends. Inc reased tens ion 
i n the r e i n f o r c e m e n t and t r a f f i c whee l loads oppose the u p w a r d movement and tend to 
r e s t r a i n the pavement i n i t s o r i g i n a l p o s i t i o n . Because the pavement l acks base sup ­
p o r t a t the w a r p e d ends, t h i s i nc reased tens ion may cause add i t i ona l c r a c k s to o c c u r . 

W a r p i n g may account f o r the occas iona l occu r rence o f a second c r a c k near the 
end of an o lde r c r a c k e d s ec t i on . T h i s second c r a c k w i l l occu r near a po in t w h e r e bond 
has been s u f f i c i e n t l y r e t a ined to r e s i s t f u r t h e r s t r a i n i n g of the unbonded r e i n f o r c e m e n t 
a c ros s the o r i g i n a l c r a c k . 

The uneven d i s t r i b u t i o n of m o i s t u r e i n a pavement i s evident i n the g radua l inc rease 
i n the w i d t h of c r acks as they extend u p w a r d f r o m the subbase to the s u r f a c e . E x a m i ­
na t ion o f co res cut f r o m the pavement indica tes tha t many c r acks w h i c h have a c o n ­
s ide rab l e s u r f a c e w i d t h may be e n t i r e l y c losed below the l e v e l of the r e i n f o r c e m e n t . 
When t h i s cond i t ion e x i s t s , i n f i l t r a t i o n of s m a l l p a r t i c l e s o f f o r e i g n m a t t e r may c o m ­
p l e t e l y f i l l the c r a c k and a s s i s t i n i t s eventual s t a b i l i z a t i o n . 
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Ser ious damage to the pavement does not r e s u l t when w a t e r f r e e z e s i n t r a n s v e r s e 
c r a c k s i f these c r a c k s do not exceed V32 i n . i n w i d t h . The s m a l l expansion i n c u r r e d i n 
the f r e e z i n g o f such a t h i n l a y e r o f w a t e r i s e l a s t i c a l l y absorbed by the ad jacent c o n ­
c re te w i t h v e r y l i t t l e inc rease o f s t r a i n i n the r e i n f o r c e m e n t . 

Foundation 

A highway founda t ion shou ld f u r n i s h adequate suppor t f o r the s t a t i c w e i g h t o f the 
pavement s t r u c t u r e and the n o r m a l dynamic loads imposed by t r a f f i c . T h i s suppor t 
should r e m a i n sound under a l l weather condi t ions and f o r the l i f e o f the pavement . 

M u c h has been accompl i shed t o w a r d i m p r o v i n g highway fo imdat ions , but f o r many 
p r a c t i c a l and economic reasons , pavements a r e cons t ruc ted on foundat ions w h i c h a r e 
c e r t a i n l y no t i d e a l . 

A l though poor foundat ions a r e not r ecommended , continuous pavements a r e i n h e r ­
en t ly less suscept ib le than o ther concre te pavements t o many of the damaging in f luences 
assoc ia ted w i t h foundat ion weakness . The s h o r t e r spaced c r a c k e d sect ions p e r m i t 
g r ea t e r l ong i tud ina l f l e x i b i l i t y of the t o t a l pavement , and the continuous r e i n f o r c e m e n t 
a l l o w s s l i g h t pavement se t t l ement w i thou t r e s u l t i n g i n pumping o r v e r t i c a l o f f s e t be ­
tween the i n d i v i d u a l c r a c k e d sec t ions . 

F r i c t i o n opposes any movement between the pavement and i t s foundat ion ( F i g . 3) . 
Nea r the f r e e ends o f a continuous pavement t h i s f r i c t i o n develops to the extent tha t 
an e f f e c t i v e anchorage i s es tab l i shed . The pavement extending f r o m the po in t of a n ­
chorage to the f r e e end w i l l continue to change length w i t h changing e n v i r o n m e n t a l 
condi t ions , but the pavement ins ide the anchorage m u s t m a i n t a i n a f i x e d length unless 
the anchorage i s des t royed . Over a -long p e r i o d o f t i m e , sus ta ined h i g h c o m p r e s s i o n 
w i t h i n the pavement may cause a g radua l inc rease i n i t s t o t a l l ength , but t h i s s l i g h t 
movement has a r e l a t i v e l y i n s i g n i f i c a n t e f f e c t on the gene ra l s t r a i n p a t t e r n . 

When comple te anchorage establ ishes f i x e d poin ts near each end o f a pavement , 
mos t s t resses and s t r a i n s w h i c h develop between these points a r e c o n t r o l l e d i n the 
v i c i n i t y of t h e i r o r i g i n . 

The s t r e s s i n the s t ee l and the concre te a t comparab le poin ts i s n o r m a l l y about 
equal i n magnitude throughout the f i x e d length o f the pavement , and i s dependent on 
l o c a l i z e d s t r a i n i n g to m a i n t a i n t h i s equa l i ty . I n e f f e c t , each i n d i v i d u a l c r a c k e d sec t ion 
has f i x e d ends ma in ta ined by the r e i n f o r c e m e n t , and th i s sec t ion expands and c o n ­
t r a c t s about i t s own geome t r i c cen te r . T h i s enables the pavement t o respond to chang­
i n g condi t ions o l s t r e s s and s t r a i n as a l o c a l i z e d f u n c t i o n . I t a l s o reduces the absolute 
movement o f c r a c k e d sect ions and r e su l t an t base f r i c t i o n to p r a c t i c a l i n s i g n i f i c a n c e . 

Whee l Loads 

A l l pavements a r e sub jec ted t o the f o r c e s o f dynamic load ing Imposed upon t h e m 
by m o v i n g t r a f f i c . F l e x i b l e pavements a r e designed to respond to these f o r c e s and 
r i g i d pavements to r e s i s t t h e m , but under heavy whee l loads and adverse e n v i r o n ­
m e n t a l condi t ions both pavement types m a y s u f f e r some degree o f damage. When a 
l o c a l £ i i l u r e occu r s i n a pavement s u r & c e the constant pounding o f t r a f f i c u s u a l l y 
b r i n g s about r a p i d d e t e r i o r a t i o n and r e p a i r s a r e necessary . 

Continuous pavements , a l though f a l l i n g i n the gene ra l c l a s s i f i c a t i o n of r i g i d pave­
ments , i n c o r p o r a t e some of the m o r e d e s i r a b l e des ign fea tures o f bo th types . The 
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Figure 3. Pavement response to contraction forces. (Expansion forces w i l l reverse the 
direction of strain.) 
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short segmented concrete sections allow some deflection of the pavement from sui^ 
face loading, but the longitudinal reinforcement maintains continuity between these 
segments and, within the elastic recovery range of the steel, limits the deflection. 
Residual stresses throughout the pavement provide a reserve of potential strain which 
may be-released to prevent excessive tension in the reinforcement under changing 
vertical load conditions. 

Continuous pavements show a natural tendency for self-preservation by actively 
resisting damage from wheel loads. When properly designed, they should be prac­
tically immune from structural distress caused by normal traffic loads, and have a 
high overload safety factor. 

PAVEMENT DESIGN 

A thorough understanding of the major influences controlling the behavior of a con­
tinuous pavement is necessary in order to establish optimum design specifications. 

Jn theory, if these several influences could be correctly correlated in al l possible 
combinations of their magnitude, duration, and coincidence of occurrence, it would 
be possible to predict their effects upon a pavement and produce an ideal design. 
However, a lack of precise values for the formidable array of encoimtered variables 
makes this approach extremely difficult and of doubtful practical value. 

Design based on experience alone requires years of observations of experimental 
pavements which eventually may prove to be over designed or structurally unsound. 
Some useful design limitations have been established by this method, but an unwilling­
ness to risk weak pavements on public highways has linited large-scale field testing. 

Laboratory testing with small specimens, or even full-scale pavement sections, 
can be very difficult to conduct, and may result in misleading information if environ­
mental influences are not properly simulated. 

During the period 1956-1958, several sponsored projects at Lehigh University have 
permitted a wide approach to the problems of continuous pavement design. Useful 
information has been obtained from many sources. Theories have been carefully 
checked with field and laboratory test results. By combining theory, field testing, 
and laboratory research with engineering experience it has been possible to develop 
the following basic design principle. 

M transverse cross-section, the yield strength of the total longitudinal steel rein­
forcement must be greater than the tensile strength of the total concrete. For design 
purposes, the tensile strength of concrete may be taken as Vio its compressive strength, 
unless tests with the concrete to be used indicate a need to alter this very conserva­
tive ratio. 

The logic of this rather simple principle may be shown by explaining the process of 
reasoning which has led to its development. 

Failures in continuous pavements usually occur at a transverse crack which has 
opened to an excessive width and lost the aggregate interlock of the concrete. Although 
a %e in. wide crack may close in warm weather without apparent adverse effect, 
greater pavement integrity is assured if the maximum cold weather crack width is 
held to 732 in. or less. 

A crack will occur where the tensile strains in a pavement exceed the elastic and 
creep response range of the concrete at a structurally weak transverse plane. After 
a crack develops the reinforcement becomes the only connection between two separate 
sections of pavement and will respond to subsequent straining without the influence of 
continuous concrete. 

When the reinforcement is extremely weak, as compared to the tensile strength of 
the concrete, any additional strain in the pavement will tend to mobilize at the crack, 
causing the reinforcement to yield and thereby increasing the width of the crack. The 
crack will continue to increase in width with increasing strain, and new cracks will 
occur only at widely separated intervals regulated primarily by subbase friction. 

When the tensile yield strength of the total reinforcement and the ultimate tensile 
strength of the concrete cross-section are relatively equal, strains across each crack 
remains well within the elastic range of the reinforcement. Under these conditions. 
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when a pavement is subjected to additional straining, the resulting total tension is 
only slightly relieved by the elastic straining of the reinforcement at cracks. This 
additional strain in the pavement upsets the force balance at stress concentrations, 
and new cracks develop across these weakened planes. This process of transverse 
cracking will continue to relieve the strain as it develops and prevent earlier formed 
cracks from opening to an excessive width. Therefore, the control of cracking be­
comes a function of the concrete and reinforcement and is dependent upon their relative 
strength. 

The transverse crack pattern, or cracks per unit length, is not a dependable c r i ­
terion in evaluating the soundness or potential life of a continuous pavement. Two 
pavements of identical design, but constructed and cured under different conditions of 
temperature or humidity, may develop very different crack patterns. They may be 
equally sound and the crack widths in both pavements may be approximately the same. 
On the other hand, two pavements, differing only in percentage or reinforcement, may 
develop very similar crack patterns, yet the average maximum cold weather crack 
width in one may be 0.01 in. and as much as 0.08 in. in the other. 

The residual stress condition of the new concrete, at a time when the first high 
tensile stresses of temperature contraction become operative, has a predominate in­
fluence on the number of cracks that occur in a unit length of continuously reinforced 
pavement. Although there is a relationship between the width of formed cracks and 
the number of cracks per unit length, this relationship is neither direct nor constant. 
Unpredictable variations in the sequence, duration, and magnitude of the early tensile 
stresses must be considered as controlling factors in the relationship. 

The creep potential of concrete is such that under favorable conditions, most of the 
straining in a continuous pavement could occur without causing cracks. Although the 
creep rate of the concrete is often exceeded by the strain rate of the total pavement, 
both are mutually influential in their effect upon a developing crack pattern and upon 
crack widths. 

Since crack width is ultimately the principal criterion for soundness, and is a 
function of the relative strength of the concrete and its reinforcement, pavements 
should be designed accordingly. 

Based upon present knowledge and available materials, the following specifications 
are recommended as a very close approach to an optimum design for continuous pave­
ments : 

1. Foundation: 3-in. thick granular base course upon stable, well drained and com­
pacted native soil. 

2. Pavement dimensions: 8-in. thick, 12-ft wide and any l e i ^ h desired. 
3. Concrete: air entrained, with a 28-day compressive strength of 4, 000 psi. 
4. Longitudinal reinforcement: reinforcing steel with a minimum yield of 60, 000 

psi placed at mid-depth, and comprising 0.7 percent of the pavement cross-section. 
Until research proves otherwise, each individual reinforcement member should not 
exceed % sq in, in cross-section area, and longitudinal continuity of reinforcement 
should be maintained by a 30-diameter overlap at the ends 

5. Curing: the completed pavement may be cured by any conventional method 
which assures good quality concrete. 

A pavement constructed to this conservative design should respond satisfactorily 
to the most adverse combinations of force-producing influences, and should remain 
sound for a prolonged period of time without requiring major repairs. 

Continuous pavements with 0. 5 percent reinforcement have been constructed in 
Pennsylvania, and although their performance has been satisfactory, it is believed 
that they represent the lowest limit to which reinforcement may be safely reduced. 
Because each 0.1 percent reduction in reinforcing steel reduces the paving cost ap­
proximately $0.35 per sq yd, the possibility of an occasional repair must be justified 
by the saving in initial construction costs. 

End movement of these pavements with 0. 5 percent reinforcement has been small. 
The finger type expansion joints on the Route 111 project have opened and closed within 
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a y2-iii. travel range during the annual temperature cycles and have indicated a gradual 
pavement elongation of in. during "̂ /̂  yr of service. The seasonal motion will con­
tinue at about the present rate, but it is believed that the pavement "growth" will de­
crease each year until the total pavement becomes stabilized. 

Although research at Lehigh University has primarily involved pavements which 
were reinforced with deformed bars, preliminary tests have indicated that most other 
high yield steel reinforcements with reasonable bond-developing qualities may be 
used with equal success. Specifications may be altered to suit the characteristics 
of the steel if the recommended ratio of relative strength of the steel and concrete is 
maintained. 

OBSERVATIONS AND CONCLUSIONS 

Research which involves the investigation of a product for the purpose of develop­
ment and improvement must necessarily be concerned with its weaker and less de­
sirable qualities. Consequently, in making recommendations for improvements, re ­
ports on such an investigation will emphasize these weaknesses. Any superior quali­
ties, which require no improvement, may be generally ignored. 

To some extent, this has been the case with research on continuously reinforced 
concrete pavements. Several recent reports, including those from Lehigh University, 
have presented information and photographs which deal mainly with the evidence of 
pavement distress. Often it is not clearly indicated whether this distress came about 
because of a weak design, poor workmanship, or other conditions that could be equally 
destructive to other types of highway pavements. 

Continuous pavements, when compared with other types, offer several distinct ad­
vantages. Although their simplicity of construction and initial cost are very similar 
to those of conventional concrete pavements, their low maintenance costs, long life, 
and smooth riding surface give them a definite advantage. 

The 2-mi length of 4-lane continuous pavement on Route 111 year York, P a . , has 
provided an opportunity for comparison with the conventional jointed design used in 
the remaining portion of this heavily traveled highway. Two years after construction, 
both types of pavement are in good condition, but the smoother riding qualities of the 
continuous pavement are definitely noticeable. There has been no evidence of distress 
in the continuous pavement and it has not required any maintenance. Practically no 
new cracks have developed during the past year, and many of the existing cracks are 
gradually stabilizing. 

Figure 4 (first presented at the 1958 HRB Annual Meeting and herein extended to 
December 1958) shows the relationship between air temperature, crack width, and 
average strain in the 6 gaged reinforcing bars at an instigated transverse crack as 
recorded every 30 days throughout the past two years. 

During this period of time only two of the original 36 wire resistance strain gages 
installed on the reinforcement have become inoperative, and the electrical resistance 
to ground has remained high under all environmental conditions. 

Figure 5 shows the minimum and maximum individual strain values used to obtain 
the average reinforcement strain shown in Figure 4. Although this pavement con­
tains the minimum reinforcement believed to be practical, it should continue to demon­
strate the several advantages of concrete pavements constructed with continuous steel 
reinforcement. 

In the past, pavements have been constructed as inert slabs with adequate thickness 
to resist local damage from direct wheel loads. They have been at the mercy of their 
environment and almost totally dependent upon the foundation to maintain their original 
vertical alignment and general structural integrity. 

It is believed that future pavements will be designed with the inherent potential 
ability to oppose successfully all normally encountered forces which will constantly 
act to destroy their usefulness. 

The authors believe that continuously reinforced concrete pavements, even in their 
present state of development, meet the requirements for future highway construction 
and that they are definitely superior to the more conventional designs now in general 
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use. It seems that highway engineers are beginning to accept the randomly spaced 
narrow transverse cracks as evidence of proper pavement behavior and to realize that 
they are not indicative of pavement distress which will soon require repairs. Although 
these cracks, with their slightly worn ec^es, are visible by close Inspection, the 
motorist is imable to detect them as he drives over the surface of the highway. 

The first continuous concrete pavements were constructed about twenty years ago, 
and their vinexpected durability has been largely responsible for the current renewal 
of interest in their use. It is hoped that the research now being conducted will result 
in a wide acceptance of this type of pavement as a means of providing superior high­
ways. 
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Discussion 

BENGT F . F R I B E R G , Consulting Engineer. St. Louis, Missouri — Factual research 
information on the paper, summarizing three years of research on continuously rein­
forced concrete pavements, is limited to Figures 4 and 5 which graph the progressive 
development of air temperatures, steel strains, and width of an artifically induced 
crack in one instrumented test section to an age of 700 days. The test section is 
about midway in the northbound outside lane of the continuously reinforced highway 
project between Harrisburg and York, Pa. Other research reports^ indicate the fol­
lowing approximate crack frequency near the test section (including the artificial 
crack): 

Age 
21 days 

1 month 
6 month 

1% yr 

Cracks per 100 ft 

1 
2 
7 
8 

The pavement was built during early October in cold weather with seasonal tempera­
tures decreasing further between 1- and 4-months. 

Figure 6 gives the varying observed crack widths in relation to air temperature up 
to 700 days, as obtained from Figure 4 (for early age from HRB Bulletin 214, p. 102). 
The numerals show the age of the pavement at the different observations. The sloping 
dashed lines in Figure 6 indicate, for equal crack spacing, the theoretical rates of 
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Figure 6. Progressive change i n observed crack width at ages shown, from 0 to 700 
days. Comparative unrestrained length change for 7 and 8 cracks per 100 f t i s indica­

ted for equal concrete temperatures. 

^ Progress Report on Continuously Reinforced Concrete Pavements in Pennsylvania, 
F . C . Witkoski, a n d R . K . Shaffer, HRB Proceedings 1959. 
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unrestrained changes in crack width for equal concrete temperatures, based on 
0. 000004 thermal coefficient, which can be considered representative when adjustment 
is made for seasonal variation in pavement moisture content. Concrete and air tem­
peratures show a measure of agreement, the differences between them varying with 
time of day and season, 5 F to 15 F above or below. It is regrettable that tempera­
tures of the air, rather than those of the concrete, have been plotted for comparison 
with steel strains and crack widths because the latter would have permitted closer 
study. Nevertheless, the following developments are clearly indicated at the observed 
crack: 

1. The crack has not stabilized at two years, but shows a progressive widening 
which, for construction temperature of 60 F , has reached 0.03 in. without diminishing 
tendency for continued widening. 

2. The crack widened appreciably with decreasing temperatures below 60 F during 
the second and third seasonal temperature drop. The widening is substantially equal 
to that which would occur at untied and unrestrained cracks of the same spacing as that 
observed. 

3. No crack narrowing occurred above about 65 F air temperature, either the 
second or third summer, indicating compression restraint across the crack at higher 
temperatures. 

Crack widening during the first seasonal temperature drop was only sightly less 
than what would be the unrestrained crack widening for 7 cracks per 100 ft. Most, 
if not al l , of the 7 cracks per 100 ft observed at 6 months probably did occur during 
the early part of the first winter. 

Before appreciable cracking occurred temperature contraction was al l restrained 
by concrete stress change. The observed change in steel strains at the crack con­
verted to concrete stress then give a measure of the modulus of elasticity in the con­
crete. As indicated by slab temperatures and steel strains shown in Figure 11 on page 
15 of HRB Bulletin 181, between the 3- and 8-day cracking, the concrete modulus of 
elasticity varied between 1 and 1% million psi, at 28 days the modulus of elasticity 
had increased to over 3 million psi (assuming 0.010 in. per 100 ft length variation at 
cracks), and at 40 days to about 4 million psi (assuming 0.020 in. per 100 ft at cracks.) 
Obviously, the modulus of elasticity of the concrete increased slowly at early age in 
the low temperature concrete, and daily temperature fluctuations could be accommo­
dated without high tension stresses in the concrete. Concrete modulus of elasticity 
and tensile strength, in combined direct tension and flexure, dommate the develop­
ment of initial cracking in continuous pavements. 

Figure 4 shows unit strains at yielding of the steel (about 0.0025) at about 50-day 
age; however, temperature records are incomplete. Prior to effective relief of tension 
strains through extensive cracking, the yield stress in the 0.45 percent of steel at the 
pre-formed crack could have been exceeded for temperature drops greater than 40 F 
for 1. 5, 20 F for 3.0, and 15 F for 4. 0 million-psi concrete modulus, corresponding 
to 300-psi average concrete tension on the cross-section, which undoubtedly was less 
than the concrete strength from 10 days on. Shrinkage after removal of the curing 
paper apparently induced a tension strain corresponding to at least a 10 F temperature 
drop. Accordingly, yield strains at the crack probably were reached considerably be­
fore the 50-day age, indicated in Figure 4 at an air temperature 10 F lower than con­
struction temperature, with true yield at somewhat higher temperature. 

Unit tension strains went considerably higher than the 0,0036 shown in Figure 4. 
Bond failure apparently progressed away from the crack vmder repeated stresses near 
yield stress during the first winter, reaching 24 in, back from the crack at 140 days 
(HRB Bulletin 214, p, 102). Thereafter the observed changes in steel strains 24 in. 
from the crack were about 80 percent of those at the crack, showing virtually no bond 
resistance in the 24-in. distance. Shortly after 140 days zero stress in the steel at 
the crack would correspond to about 0. 003 unit elongation, clearly indicated by steel 
strains 24 in. away, which then during some indefinite short period appear to give a 
true indication of steel stresses, until compression yield strains were exceeded. 
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Without detailed information on steel strains during the intervals between observations, 
the strains in Figures 4 and 5 obviously permit only extremely vague deductions con­
cerning steel stresses at cracks. After the first winter. Figure 6 indicates no re­
straining value of the steel in holding the cracks from widening with decreasing tem­
peratures, below tie temperature at which the cracks obviously were under compres­
sion restraint. 

The paper contains no data on the instrumented test panels in the 7-, 8-, and 9-in. 
bar reinforced and the 9-in. mesh reinforced pavements of the project on US 22 near 
Hamburg, P a . , which were part of the same research. Those test panels, placed at 
different temperatures, could possibly furnish valuable information on early restraint 
stresses and relations between construction temperature and compression restraint 
across cracks. Omission of the data is regretted, especially as the paper gives no 
indication that information can be expected. To quote from the paper: "Rather than 
presenting detailed test data from individual gage measurements, this report will deal 
primarily witl the general behavior of the pavements under tests and the more con­
clusive information tlaX is required for the establishment of design criteria for all 
continuous pavements." 

On the \xisis of the factual research information discussed above, and published 
theoretical information on restraint stresses in continuous reinforcement, the general 
"conclusive" information and specific recommendations for continuous pavements are 
not amply supported. General statements on pavement behavior without direct bearing 
on the specific research and design recommendations, will not be discussed. 

The intended characteristics of continuously reinforced pavements is obviously 
closely spaced cracks; maximum cold weather crack width of Yaa in. is stated as 
desirable. Based on the observed crack and average crack spacing data there is no 
evidence that the continuous reinforcement would be able to hold the crack widths to 
that maximum. It is stated that the yield strength of the total longitudinal steel must 
be greater than the total concrete strength to induce desired results. Although the 
criterion has been stated repeatedly prior to this research, the statement is insuf­
ficient on the evidence of the research. Construction temperature obviously exerted 
much more noticeable influence on crack spacing than steel percentage. For summer 
construction temperatures on the Hamburg project crack spacings less than 10 ft at 
one month were most generally observed with 0. 5 percent steel. The concrete tension 
strength varies, is influenced by flexural restraints, and its relation to cracking does 
not appear to be governed by the simple rule suggested for the steel. The shortest 
crack spacing has been observed in the concrete with highest strength at early age. 

Progressive destruction of bond near cracks appears to be a factor of equal or 
greater concern than yield strength in determining restraint stresses which can be 
induced by the steel. The total steel tension can be very greatly diminished by elastic 
straining over some distance on both sides of cracks. There is evidence on the Ham­
burg project that bond failure at some cracks can destroy completely the effective con­
tinuity of the steel. 

Contrary to suggestion in the paper, average crack spacing and crack width appear 
to be closely related. Measurements on an Illinois continuously reinforced project 
show such relation at high temperature, Figure 6 indicates even closer relationship 
for temperatures below those at which cracks are in compressive restraint. Differ­
ences in average crack width of 0.01 and 0.08 in. cannot be dismissed without ex­
planation. The statement that pavements "may develop very different crack patterns" 
and yet "be equally sound and the crack widths in both pavements may be approximate­
ly the same," has not been supported by evidence. The evidence indicates that crack 
widths in mature pavements depend upon temperature of observation, below that at 
which compression restraint prevents further closing of cracks, and that crack widths 
are not appreciably decreased by continuous reinforcement. The measurements ap­
parently would be about the same for the same crack spacing in a similar unreinforced 
pavement. Crack width measurements at high temperature are a measure of variable 
infiltration that may have occurred earlier, rather than pertinent crack width for low 
temperature service. 

Design recommendations in the paper disregard the important influence of bond 
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upon the steel stresses which alone are stated to induce close crack spacing, and 
assure narrow cracks. Even if true, it is doubtful that 80, 000-psi stress can be 
utilized in /^-in. bars, and pert^ps not in smaller bars under repeated bond stresses 
occurring in continuous reinforcement for 0. 03- to 0. 06-in. crack widths. The more 
pertinent important influence of construction temperature is disregarded. Curing 
methods which do not protect the pavement agaii st high temperatures may well be 
favored in continuous pavements, although their use may well be questioned for con­
ventional slabs where they are commonly used in preference to covering paper or 
burlap. 

The continuing value of continuous reinforcement in mature pavements has not been 
demonstrated beyond the apparent beneficial effect of longitudinal compressive re­
straint across cracks which is not exclusively reserved for continuously reinforced 
pavements. More than soundness at early age, or even continued durability of a 20-yr 
continuously reinforced pavement (a not exceptionally impressive age for concrete 
pavements) is required to justify the expenditure for longitudinal steel of $2. 50 per 
sq yd of pavement. 

I. J . T A Y L O R and W. J . E N E Y , Closure - It was not believed feasible to provide the 
complete data from three years of pavement research in a paper of the type presented. 
More than 6, 000 separate readings from 200 gage devices would have been involved 
in presenting measurements alone. Since earlier reports on the subject of continuous 
pavements have contained substantiating data covering many of the statements made 
in this paper, it was not considered necessary to repeat test-proven and generally ac­
cepted facts on pavement behavior. 

Each reader, depending upon his special field of interest, considers certain specific 
data to be pertinent to the conclusions or recommendations offered by the authors. 
Since the authors could not anticipate the contentions of each reader, only limited 
general data supporting the claims of the paper were presented. 

The graph, showing the reinforcement strain in Figure 4, plots the average value 
of 12 strain gages located on 6 of the 20 longitudinal reinforcement bars which com­
prise the pavement cross-section at a preformed transverse crack, (HRB Bulletin 
181, p, 11). To assure an early crack, the cross-section of the concrete was re­
duced 50 percent by the insertion of a thin metal strip across the lower half of the 
pavement. A 20 percent reduction of each gaged bar cross-section resulted when the 
bars were machined to provide a smooth surface for attachment of the gages. Also, 
the bond potential for each gaged bar was destroyed along a 2-in, length by the process 
of waterproofing the attached gages. 

Figure 5 shows the extreme range from which the average strain values for Figure 
4 were obtained. 

Since the induced crack occurred approximately 36 hr after pavement construction, 
bonding between the reinforcement and the new concrete was relatively weak. This 
brought about a bond and strain condition that was different from that found in the re­
mainder of the pavement, where cracks developed considerably later in the stronger 
and longer cured concrete. (HRB Bulletin 214, p. 103). 

Although the relationship between strain in the reinforcement, crack width, and 
air temperature may provide very useful information, it is unlikely that the average 
strains from 30 percent of the total reinforcement or the strain from any individual 
bar can be converted to obtain reliable concrete stresses or moduli of elasticity. The 
authors have never contended that the resistance gages used in continuous pavement 
research gave more than the accurate strain conditions of a steel reinforcing bar 
directly beneath the applied gage. 

Since factual stress information is not available from Figures 4 and 5, or even 
Figure 6, it is considered diverse from the stated intent of the discussion, and fur­
ther conjectural comment would be unwarranted. 

The solid line in Figure 6 plots the strain-temperature history of the induced crack. 
The broken lines represent the theoretical strain-temperature response of a crack 

in a similar concrete pavement without reinforcement, but with a uniform crack spac­
ing and crack width corresponding to the average of the reinforced pavement. In order 
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to accomplish this, it was necessary to assume a crack pattern that could develop only 
through the use of continuous reinforcement and assign an adjusted thermal coefficient 
of 0.000004 to the 100-ft section under consideration. 

The conclusions, (a) that the crack on the York pavement will continue to widen, 
and (b) that the reinforcement offers no restraint to free thermal contraction of the 
pavement, were found incompatible when the information available from Figure 6 was 
carefully analyzed. 

With the adjusted thermal coefficient of 0.000004, the total contraction of 100 ft of 
unrestrained concrete pavement would be 0.288 in. as the result of a decrease from 
a construction temperature of 60 F to a low of 0 F . With the occurrence of eight 
evenly-spaced cracks of uniform width, each crack would be 0.036 in. wide. The cal­
culated maximum crack width for an unrestrained pavement (0.036 in.) is essentially 
that of the observed induced crack at 700 days (0.033 in.) , and further widening of the 
observed crack should not occur at pavement temperatures above 0 F . 

Since it is known that the observed pavement crack will actually widen as the temper­
ature decreases toward 0 F , this method of analyzing the strain-temperature history 
is obviously unsound. By reducing the thermal coefficient of concrete from the gener­
ally accepted value of 0.000006, it is possible to provide a basis for conclusion (b), but 
by doing so the logic of conclusion (a) is destroyed. 

If the pavement contracts under the influence of temperature, without restraint by 
the reinforcement at cracks, then temperature alone would regulate the crack width; 
furthermore, progressive widening of the crack would require a progressive decrease 
in the reinforcement restraint. These two actions—contraction due to temperature 
drop, and progressive widening of the crack—are interdependent and simultaneous un­
der the conditions involved in the discussion of Figure 6. Therefore, progressive 
widening is possible only if the reinforcement offers tensile restraint which diminishes 
because of progressive yielding or bond loss on either one or both sides of the crack. 

Although a simple analogy based solely upon a temperature-strain relationship pro­
vides some useful information, the influence of many other variables must be con­
sidered if the behavior of an actual pavement is to be satisfactorily explained. Fur­
thermore, any direct comparison between a continuously reinforced concrete pavement 
and one that has no reinforcement can be misleading. The latter, depending upon the 
construction temperature and the tensile strength of the concrete at the instant of the 
initial crackii^, would develop a crack spacing of from 30 to 80 ft, with corresponding­
ly wide cracks. 

The induced crack in the York pavement represents the most adverse crack con­
dition expected to be found in a continuously reinforced pavement. The very early 
occurrence of the crack in a pavement with only 0. 5 percent reinforcement allowed 
the crack to open wider than /32 in . , and caused slight yielding of the reinforcement. 
While cracks that developed later have remained narrower, it is likely that the rein­
forcement has yielded at these cracks also. 

The authors have recommended a practical pavement design that will limit the 
width to which transverse cracks may open before any increased strain resulting from 
thermal contraction will instigate new cracks along the continuous pavement structure. 
When crack width is controlled by the use of reinforcement, crack frequency only in­
dicates the maximum temperature-induced tensile strain to which the pavement has 
been subjected. 

Several pavements have been constructed based upon the principles set forth in the 
authors' recommendations. Direct comparisons will be made with sections of conven­
tional jointed pavements constructed as controls. It should not be necessary to wait 
until these pavements are destroyed, or even so long as 20 yr before their condition, 
behavior, or life expectancy can be evaluated. 

The cost of the additional reinforcement used in continuous pavements is offset by 
the savings in materials and labor required for the installation of load-transfer and 
expansion joints needed in conventional pavements. The unit cost of the 8-in. thick 
continuous pavement on the Hamburg project was 9. 5 percent lower than that of the 
10-in. thick jointed pavement constructed under the same contract. (HRB Bulletin 
214, p. 90). 
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The authors agree with Mr. Friberg that statements published without the accom­
paniment of substantiating data or factual information may appear to be only conjec­
ture; but to counter those statements with others of a similar nature merely indicates 
a difference of opinion. They are enthusiastic concerning the possibilities of contin­
uous pavements, and are anxious to convince others of the advantages. 




