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Criteria for Present Day Concrete 
Pavement Construction 
R. L . P E Y T O N , State Highway C o m m i s s i o n of Kansas 

T h i s paper presents m genera l t e r m s the c r i t e r i a w h i c h should be used i n 
p r e p a r i n g p l a n s and spec i f i ca t ions f o r the c o n t r o l of m o d e r n concre te pave
ment cons t ruc t ion . These c r i t e r i a a re developed f r o m three bas ic concepts: 
(1) The ob jec t ives of the owner , r epresen ted the engineer o r inspec to r , 
and the c o n t r a c t o r a r e , o r should be , i den t i ca l . (2) A concrete pavement 
c o n s t r u c t i o n opera t ion i s i n r e a l i t y an outdoor mass p r o d u c t i o n assembly 
l i n e and as such i s subject to the same r u l e s of opera t iona l p rocedure as any 
mass p r o d u c t i o n assembly l i n e . (3) A n accura te ly adjus ted and p r o p e r l y o p 
e ra t ed machine , designed to p e r f o r m a spec i f i c opera t ion i n the l i n e , w i l l do 
a be t t e r j o b than a man o r a group of men . 

Each of these basic r u l e s i s analyzed i n some d e t a i l w i t h respect to t h e i r 
app l ica t ion i n the p r e p a r a t i o n of p lans and spec i f i ca t ions f o r c o n t r o l of con
c re te pavement cons t ruc t ion and the achievement of p r i n c i p a l ob jec t ives of 
such cons t ruc t ion w o r k . C r i t e r i a a re ind ica ted f o r c o n t r o l of each of the 
f o u r p r i n c i p a l areas of opera t ion i n pavement cons t ruc t ion : (a) a ssembly , 
ba tching and hau l ing m a t e r i a l s , (b) subgrading and f o r m i n g , (c) m i x i n g and 
p l a c i n g , and (d) f i n i s h i n g and cu r ing . 

• SUPERVISING cons t ruc t i on of concre te pavement i s an a r t , not eas i ly acqu i r ed and 
o r d i n a r i l y r e q u i r i n g yea r s of p r a c t i c a l exper ience f o r p r o f i c i e n c y . Throughout some 30 
yea r s many techniques, methods of cons t ruc t ion and devices f o r use on such c o n s t r u c 
t i o n have been developed. No doubt a l l of these were once cons idered e i the r u s e f u l o r 
des i rab le on a pavement cons t ruc t ion j o b ; however , many such p r a c t i c e s have become 
outmoded o r obsolete . I t seems appropr ia te to r ev i ew the methods of pavement c o n 
s t r u c t i o n w i t h the ob jec t ive of es tab l i sh ing c r i t e r i a by w h i c h mode rn pavement c o n s t r u c 
t i o n p r a c t i c e can be governed. 

Many exper ienced pavement cons t ruc t ion engineers may cons ider t h i s paper an u n 
necessary r e i t e r a t i o n , but newcomers enter the f i e l d and t h e i r number w i l l increase i n 
the f u t u r e . I t i s des i rab le to p r o v i d e them w i t h the knowledge d e r i v e d f r o m exper ience 
of o the rs . 

Pavement cons t ruc t i on p r ac t i c e s v a r y w i d e l y throughout the count ry and methods c o n 
s ide red des i rab le i n some areas a re not a lways found acceptable i n o the r s . The ideas 
expressed here r e f l e c t exper ience acqu i r ed i n the M i d w e s t , and m o r e p a r t i c u l a r l y i n 
Kansas. 

C l a s s i f i c a t i o n of pavement cons t ruc t ion p r a c t i c e s as good o r poor may be p r e m i s e d 
on th ree gene ra l r u l e s : (1) The ob jec t ives of the owner , r epresen ted by the engineer o r 
inspec to r , and the c o n t r a c t o r do not c o n f l i c t but on the c o n t r a r y a re , o r should be, i d e n 
t i c a l . (2) Concre te pavement cons t ruc t ion i s i n r e a l i t y an outdoor mass p r o d u c t i o n as
sembly l i n e and, as such, i s subjec t to the same r u l e s of opera t iona l p rocedure as any 
mass p roduc t ion assembly l i ne . (3) A n accura te ly ad jus ted and p r o p e r l y operaced m a 
chine, designed to p e r f o r m a s p e c i f i c opera t ion i n the l i n e , w i l l do a be t t e r j o b than a 
man o r group of men. 

Acknowledgment and acceptance of the f i r s t basic concept w i l l do much to e l i m i n a t e 
a poor cons t ruc t i on p r a c t i c e that i s genera l ly widesp read and f r e q u e n t l y encountered; 
that i s , the "cops and r o b b e r s " a t t i tude adopted by many engineers and inspec to r s i n 
t h e i r r e l a t ionsh ips w i t h c o n t r a c t o r s and t h e i r represen ta t ives . A l s o , c o n t r a c t o r s can 
help by r ecogn iz ing that the o w n e r ' s represen ta t ives are not p resen t only to impede 
t h e i r p r o g r e s s , make imposs ib l e demands upon t h e m , and gene ra l ly f o u l up the j o b by 
t h e i r presence . 

The ob jec t ives of both p a r t i e s a re the same. The owner des i res to acqu i re a m o d e r n 
concre te pavement , p r o p e r l y designed f o r sa fe ty , and cons t ruc ted w i t h qua l i ty m a t e r i a l s 
at a reasonable p r i c e ; the con t r ac to r des i r e s to p rov ide the owner w i t h j u s t such a 



produc t and i n so doing make a reasonable p r o f i t on the venture . Ach ievemen t of these 
o l^ec t ives p r o v i d e s the owner w i t h a needed f a c i l i t y , and w i t h the t oo l s and t r a i n e d p e r 
sonnel r e q u i r e d f o r subsequent w o r k of the same charac te r . I t enhances the c o n t r a c 
t o r ' s r epu ta t ion and enables h i m to stay i n business. 

The c o n t r a c t o r o r the cons t ruc t i on engineer i s respons ib le f o r ne i the r the design of 
the pavement nor the d e s ^ n a t i o n of the type and qua l i ty of the m a t e r i a l s . Ciood and poor 
p r a c t i c e s also ex i s t i n the f i e l d s of design and m a t e r i a l s . A n e lement of design e i t he r 
o m i t t e d f r o m o r i n c o r p o r a t e d in to the pavement p lans w i l l o f t en f o r c e upon the pav ing 
engineer and c o n t r a c t o r a cons t ruc t ion opera t ion that i s poor p r a c t i c e , over w h i c h they 
have no c o n t r o l . The same i s t r u e of m a t e r i a l s spec i f i ca t ions and qua l i ty c o n t r o l r e 
qu i r emen t s p a r t i c u l a r l y w i t h r e g a r d to the t i m e e lement i nvo lved i n t e s t ing p rocedures . 
Since these p r o b l e m s should be r e so lved i n advance of c o n s t r u c t i o n , i t w i l l be assumed 
f o r the purposes of t h i s d i scuss ion that they do not ex i s t . 

Concre te pav ing opera t ions a re unique i n the genera l a rea of concrete cons t ruc t i on 
w o r k . I n pavement cons t ruc t i on the re i s m o r e su r face area of concre te exposed outside 
the f o r m s (per un i t of vo lume) than i n any other type of concre te w o r k . T h i s f a c t o r i n 
dicates the need f o r h igh speed opera t ion f r o m the po in t of p l a c i n g the concre te to the 
f i n a l p r o t e c t i o n o r c u r i n g of the slab. The equipment r e q u i r e d mus t be mob i l e and move 
along the l i ne as the j o b p rog res ses , and the whole opera t ion i s suscept ible to weather 
condi t ions . Since the un i t cost of the p roduc t decreases w i t h inc rease i n v o l u m e , the 
capaci ty of the pav ing p lan t should be l a r g e and the v a r i o u s components i n the l i n e should 
be of g rea t r e l i a b i l i t y w i t h respect to continuous opera t ion . A l l of these r equ i r emen t s 
l ead to the concept of the outdoor assembly l ine technique; the essent ia ls of h igh capa
c i t y , speed, and r e l i a b i l i t y po in t to the use of machine methods w h e r e v e r poss ib le . 
T h e r e f o r e , des ign , spec i f i ca t i ons , and cons t ruc t ion technique p r e d i c a t e d upon these 
concepts i s good c o n s t r u c t i o n p r a c t i c e . A n y element i n the design, spec i f i ca t ions f o r 
m a t e r i a l s and /o r cons t ruc t ion methods w h i c h tends to impede o r obs t ruc t the use of the 
assembly l i n e technique and machine ope ra t ion i s poor cons t ruc t i on p r a c t i c e . 

The de ta i l s of opera t ion w i l l be subject to such f a c t o r s as the s ize of the j o b , the 
cha r ac t e r of the t e r r a i n at the j o b s i te and an t ic ipa ted weather condi t ions . The re a r e , 
however , some e lements of good cons t ruc t ion p r a c t i c e c o m m o n to a l l pav ing p r o j e c t s . 

A S S E M B L Y , B A T C H I N G A N D H A U L I N G M A T E R I A L S 

The p r i m a r y r e q u i r e m e n t f o r the p lan t s i te where these opera t ions a re concent ra ted 
i s adequate space. The s i te should be l a r g e enough to p r o v i d e f o r d e l i v e r y and a s sem
b l y of m a t e r i a l s on the s i te and p r o p o r t i o n i n g o r ba tch ing of m a t e r i a l s and hau l ing away 
f r o m the s i te . T h e s e f u n c t i o n s s h o u l d b e accommodated by a r r a n g i n g s tockp i l e s , s torage 
areas and maintenance areas so that c ros s t r a f f i c i s m i n i m i z e d o r e l i m i n a t e d between 
the d e l i v e r y s e r v i c e s and the batch hau l ing veh i c l e s , and so that the assembly l i n e p r i n 
c ip le of u n i f o r m s t r a i g h t l i n e f l o w of m a t e r i a l s can be u t i l i z e d w i t h m i n i m u m impedance 
f r o m s tops, t u r n s and w a i t i n g f o r c o u n t e r - f l o w t r a f f i c . L o c a t i o n of the s i te to m i n i m i z e 
hau l ing distances and to p r o v i d e access to o ther f o r m s of bu lk t r a n s p o r t a t i o n i s a lso an 
i m p o r t a n t c r i t e r o n f o r cons ide ra t ion i n es tab l i sh ing a pav ing p lan t . 

A s a t i s f a c t o r y a r r angement of p lan t f a c i l i t i e s w i l l p r omo t e good cons t ruc t i on p r a c 
t i c e s i n respect to the usual de ta i l s of c o n t r o l found i n many spec i f i ca t ions such as 
b e r m e d s tockp i les f o r p r even t i on of segregat ion and adequate s torage f o r a s p e c i f i e d 
p e r i o d of ope ra t ion , m o i s t u r e c o n t r o l , etc. On the o ther hand, when space i s l i m i t e d 
and the p lan t f a c i l i t i e s a re c rowded , such spec i f i ca t ions are d i f f i c u l t , i f not i m p o s s i b l e , 
to e n f o r c e ; t r a f f i c i s confused and delayed; and the ra te of p r o d u c t i o n upon w h i c h the 
e f f i c i e n c y of the e n t i r e pav ing t r a i n depends i s s e r i ous ly c u r t a i l e d . 

SUBGRADING A N D F O R M I N G 

The only e lement of cons t ruc t ion o r design that i s d i s ce rn ib l e to the casual use r a f t e r 
cons t ruc t ion i s the r i d i n g qua l i ty of the f i n i s h e d slab. I t i s b a s i c a l l y good cons t ruc t ion 
p r a c t i c e , t h e r e f o r e , to d i r e c t m a x i m u m e f f o r t t o w a r d the p r o d u c t i o n of a smooth r i d i n g 
pavement . T h i s e f f o r t should s t a r t w i t h the subgrading opera t ions and continue to be the 
pa ramoun t ob j ec t ive i n the cons t ruc t i on of the subbase and i n se t t ing f o r m l ines f o r con
c re t e slab. 



H i g h densi ty i s a des i rab le and necessary condi t ion i n mos t pavement subgr-ades and 
i n a l l subbases. B u t even m o r e i m p o r t a n t w i t h respect to the cons t ruc t ion of smooth 
pavements i s u n i f o r m densi ty of the subgrade and subbase i n both the l ong i tud ina l and 
t r ansve r se d i r e c t i o n s of the slab. Equa l ly i m p o r t a n t i s the con t inu i ty of the grade l ine 
and the smoothness of the f i n i s h e d su r face i n each stage of the cons t ruc t ion . 

Dens i ty c o n t r o l i n the subgrade and subbase Is usua l ly s p e c i f i e d as a m i n i m u m p e r 
centage of some s tandard densi ty governed by s tated condi t ions of compact ive e f f o r t and 
m o i s t u r e content. The en fo rcemen t of such spec i f i ca t ions to the l e t t e r can eas i ly r e s u l t 
i n condi t ions that w i l l produce rough r i d i n g pavements i f no a t tent ion i s d i r e c t e d t o w a r d 
the u n i f o r m dens i f i c a t i on of the m a t e r i a l throughout the area to be paved. Indeed i t i s 
be l i eved tha t the u n i f o r m i t y of the compacted l a y e r s , subgrade, and subbase i s f a r m o r e 
i m p o r t a n t to the f i n i s h e d p roduc t than the degree of compac t ion i n these components of 
the pavement s t r u c t u r e . A n exce l len t cons t ruc t i on p r a c t i c e of recent development i s to 
use a heavy pneumat ic r o l l e r as a t e s t ing i n s t r u m e n t to in su re a u n i f o r m condi t ion of 
suppor t i n the subgrade and subbase a f t e r a l l o ther cons t ruc t ion opera t ions i n these 
phases have been comple ted . 

The charac te r of the su r face of the f i n i s h e d subgrade and subbase can also be of c o n 
s ide rab le in f luence on the smoothness of the concre te s lab. The usua l p recau t ions may 
be taken to in su re that the f o r m sect ions a re s t r a igh t and of adequate c r o s s - s e c t i o n to 
suppor t the load of pass ing equipment , and they may be accura te ly set to l i n e and grade , 
p r o p e r l y l o c k e d toge ther and p inned i n p lace . Bu t unless they a re suppor ted t h r o u g h 
out t h e i r l ength by a subgrade o r base that i s cons t ruc ted to the same l i n e and grade and 
compacted u n i f o r m l y to the degree that de f l ec t i on under load w i l l be at a u n i f o r m r a t e , 
rough pavement may r e su l t . The machines i n a mode rn pav ing l ine are heavy, and non
u n i f o r m def lec t ions i n the f o r m l ine w i l l occu r at any po in t not capable of suppor t ing 
the load to the same degree as any o ther po in t a long the l i n e . Pavement roughness may 
also be p roduced i n the i n t e r i o r of the s lab when i m p e r f e c t i o n s i n the su r face of the base 
a re p resen t o r the dens i ty of the m a t e r i a l i s not u n i f o r m because o f a v a r y i n g r a t e of 
conso l ida t ion and shr inkage of the concrete i n these areas . 

M o s t p lans and spec i f i ca t ions r e q u i r e u n i f o r m i t y of compac t ion of subgrade and sub-
base, accura te ly cu t l i n e and g rade , and su r f ace smoothness of these l a y e r s , by i n f e r 
ence only . Whether o r not they are f u l l y de sc r ibed i n the spec i f i ca t ions and p lans , i t i s 
good cons t ruc t i on p r a c t i c e to ensure t h e i r achievement ; i t i s poo r p r a c t i c e not t o , as 
the p robab ly r e s u l t w i l l be a rough pavement. T h e r e a re many methods avai lable to 
achieve the d e s i r e d r e s u l t s ; the de ta i l s should be l e f t to the p r o j e c t engineer and the 
con t r ac to r . The p r i n c i p a l ob jec t ives of t h i s sec t ion of opera t ions , f o r m i n g and sub-
g rad ing , should be a smooth su r face cons t ruc ted accura te ly to l i n e and grade , and c o m 
pacted to a u n i f o r m dens i ty throughout . A s s e m b l y l i n e techniques and con t inu i ty o f o p 
e ra t ions , whatever the method o r equipment used, are p a r t i c u l a r l y w e l l adapted to p r o 
duce the d e s i r e d r e su l t s . 

M I X I N G A N D P L A C I N G C O N C R E T E 

On a m o d e r n concre te pav ing o u t f i t the opera t ions of m i x i n g and p l a c i n g a re p robab ly 
the easiest of any to a c c o m p l i s h p h y s i c a l l y . A t the same t i m e , they a r e the m o s t i m 
por t an t of a l l the phases of ope ra t ion because the ra te of p r o d u c t i o n f r o m the m i x e r gov
e rns the capaci ty r e q u i r e d i n a l l o ther phases, and the capaci ty of the m i x i n g equipment 
i s usua l ly g r ea t e r than that p r o v i d e d f o r ba tching and f i n i s h i n g . 

P a v i n g c o n t r a c t o r s now common ly produce f r o m % to % m i . of 2 4 - f t r e i n f o r c e d con
cre te pavement , 9 o r 10 i n . t h i c k , p e r w o r k i n g day. A n e f f i c i e n t l y opera ted m i x e r can 
produce f r o m 1 to 1% cu y d of concre te eve ry 45 seconds. A t the r a t e of 1 % cu y d p e r 
batch, a double m i x e r o u t f i t may ea s i l y p roduce 3,000 l i n f t o f 2 4 - f t pavement i n a 10 -
hour day. Good cons t ruc t i on p r a c t i c e r e q u i r e s p lans and spec i f i ca t ions w h i c h a l low the 
con t r ac to r to make use of t h i s h igh capaci ty m i x i n g equipment . T h i s r e q u i r e s h i m to 
p r o v i d e adequate ba tch ing f a c i l i t i e s to s e rve the m i x e r s and ample sp read ing and f i n i s h 
i n g equipment to ca re f o r the m i x e d concre te . The p r o d u c t i o n ra te of the m i x e r s on a 
j o b r ep resen t s , to the c o n t r a c t o r , the p r o f i t m a k i n g ra te of the j o b — c r e a t i n g a s t r o n g 
tendency on h i s p a r t to keep the m i x e r s runn ing r ega rd le s s of the e f f e c t on the qua l i ty of 
the o ther phases of ope ra t ion , p a r t i c u l a r l y f i n i s h i n g and c u r i n g . I f spec i f i ca t ions and 



s tandard cons t ruc t i on p r a c t i c e p r o v i d e d ample f a c i l i t i e s to operate at m a x i m u m m i x e r 
capac i ty , many of the d i f f i c u l t i e s w h i c h beset the p r o j e c t engineer and pavement inspec
t o r w i t h respec t to f i n i s h i n g and c u r i n g opera t ions w o u l d be e l i m i n a t e d . Many c u r r e n t 
pavement spec i f i ca t ions should be r e v i e w e d and r e v i s e d i n accordance w i t h t h i s concept. 

M i x i n g and p l a c i n g concre te on a pav ing j o b can be a lmos t e n t i r e l y a machine ope ra 
t i o n . The only r e m a i n i n g manual opera t ion i s i n s t a l l i n g the r e i n f o r c e m e n t i n p a v e m e n t 
W i t h the advent of sawed long i tud ina l j o i n t s , automat ic machines have been developed to 
i n s t a l l t i e b a r s ; some e n t e r p r i s i n g con t r ac to r p robab ly w i l l develop a machine to lay 
pav ing mesh . 

The ac tual opera t ions of m i x i n g and p l a c i n g a re f a i r l y s i m p l e once the machines have 
been p r o p e r l y ad jus ted by competent opera to r s . I t i s good p r a c t i c e to ad jus t , cal ibrate, , 
and operate the equipment p r i o r to the s t a r t of the w o r k m o r d e r to avo id w a s t i n g t i m e 
the f i r s t day of pav ing opera t ions . T h i s involves ad jus tment and c a l i b r a t i o n of the wa te r 
measu r ing dev ice , admix tu re d ispens ing u n i t s , m i x i n g t i m e u n i t , ope ra t ing c o n t r o l s on 
the m i x e r , and the spread ing devices and s t r i k e o f f on the spreader . F u l l power should 
be avai lable f r o m the d r i v i n g m o t o r s . 

The p r i n c i p a l ob jec t ive of good cons t ruc t ion p r a c t i c e i n t h i s phase of opera t ions i s 
the p r o d u c t i o n of a u n i f o r m m a t e r i a l — p l a s t i c concre te . The de ta i l s of m i x design, con
s is tency and f i n i s h i n g p r o p e r t i e s a re the r e s p o n s i b i l i t y of the m a t e r i a l s engineer on the 
j o b . Once these p r o p e r t i e s have been agreed upon the ra te of p r o d u c t i o n should be de
t e r m i n e d , based upon the capaci ty of the s lowest un i t i n the l i n e . T h i s un i t should be 
the m i x e r , o r m i x e r s ; unfor tuna te ly i t usua l ly i s not. Whatever the p r o d u c t i o n r a t e , 
once i t i s set by t h i s c r i t e r i o n and the machines a re ad jus ted to peak ope ra t ing e f f i c i e n 
cy , achievement of t h i s ob jec t ive i s s i m p l e , and continuous opera t ion i s assured. 

F I N I S f f l N G A N D C U R I N G 

These opera t ions a re the mos t d i f f i c u l t to accompl i sh i n a concrete pavement p r o 
duct ion l i n e . T h e r e a re many d i f f e r e n t ways of p e r f o r m i n g these phases of the w o r k . 
They a re r a d i c a l l y a f f e c t e d weather condi t ions and a lso by a l l the o the r c o n s t r u c t i o n 
opera t ions p r e c e d i n g t h e m ; such as, densi ty and smoothness of base, m i x design, u n i 
f o r m i t y of p r o d u c t and ra te of p roduc t ion of the concre te . F o r these reasons i t i s d i f 
f i c u l t , i f not i m p o s s i b l e , to i n su re good cons t ruc t i on p r a c t i c e by spec i f i ca t ions and i n 
s t r u c t i o n manuals on ly . The engineer and the c o n t r a c t o r mus t r e l y on exper ience and 
t h e i r knowledge of the presence and e f f e c t of these v a r i a b l e s to d i r e c t the opera t ions of 
f i n i s h i n g and c u r i n g i n a manner that w i l l p roduce the de s i r ed r e s u l t . 

F i n i s h i n g 

The ob jec t ives of good cons t ruc t ion p r a c t i c e i n f i n i s h i n g a re to consol idate the p l a s t i c 
concre te (deposi ted on the grade and s t r u c k o f f i n the m i x i n g and p l a c i n g opera t ions) i n 
to a condi t ion of u n i f o r m l y h igh densi ty wi thou t segregat ion of coarse aggregate and m o r 
t a r and to smooth o f f the su r f ace t r u e to l i n e , grade , and c r o s s - s e c t i o n , p r o p e r l y j o i n t 
e d and w i t h a con t inu i ty of l i n e i n the l o n g i t u d i n a l d i r e c t i o n tha t w i l l p r o v i d e a s a t i s f a c 
t o r y r i d i n g su r f ace . Machines a re ava i lab le w h i c h obta in these olq'ectives w i t h l i t t l e o r 
no manua l methods , p r o v i d e d they a re c o r r e c t l y ad jus ted be fo re s t a r t i n g the w o r k , 
ma in ta ined i n tha t cond i t ion of ad jus tmen t , and opera ted i n a p r o p e r t i m i n g sequence 
tha t takes in to account the c u r r e n t weather f a c t o r s , the ra te of p r o d u c t i o n , the cha rac 
t e r of the concre te m i x and o ther e lements . I n the usua l o r d e r the f i n i s h i n g opera t ions 
inc lude t r a n s v e r s e s t r i k e - o f f and sc reed ing w i t h accompanying consol ida t ion ( v i b r a t o r s 
o r t a m p e r s ) , t r a n s v e r s e s t r i k e - o f f and sc reed ing w i t h o u t spec i a l conso l ida t ing equip
men t , l ong i tud ina l sc reed ing , su r f ace f i n i s h ( b r o o m i n g , b e l t i n g o r dragging) . When 
f o r m e d j o i n t s a re used some type of j o i n t cu t t i ng equipment may be used between the 
second t r a n s v e r s e sc reed ing and the long i tud ina l sc reeding . 

The f i r s t and mos t i m p o r t a n t e lement of good p r a c t i c e here i s to assure the presence 
i n the l i n e of enough f i n i s h i n g equipment to handle the concrete at the es tab l i shed ra te of 
p r o d u c t i o n , w i t h i n the t i m e ava i lab le as ind ica ted by such f a c t o r s as se t t ing t i m e , w e a t h 
e r condi t ions and o the r s . I n s u f f i c i e n t equipment w i l l r e s u l t i n poor p r a c t i c e on the p r o 
duc t ion l i n e s ince a l l o ther opera t ions w i l l be delayed. 



The second i m p o r t a n t e lement i s ad jus tment of the equipment. M o d e r n machines can 
be ad jus ted to f o r m a lmos t any d e s i r e d c r o s s - s e c t i o n , as w e l l as compact and smooth 
o f f the concre te . A d j u s t m e n t o f the equipment inc ludes r e g u l a t i o n of s c r e e d speed, f o r 
w a r d speed of the mach ine , and check f o r adequate p o w e r — a s w e l l as se t t ing the f o r m 
of the screeds and t h e i r e leva t ion above the su r face . These ad jus tments and checks 
should be made be fo re s t a r t i n g w o r k , ample t i m e should be a l lowed f o r t h i s purpose , 
and a thorough j o b of ad jus tment at t h i s po in t w i l l i nsure good f i n i s h i n g p r a c t i c e . I t i s 
poor p r a c t i c e to leave the s u p e r v i s i o n of these ad jus tments to the c o n t r a c t o r ' s ope ra 
t o r s and to f i n d subsequently i m p r o p e r machine ad jus tment w h i c h r e q u i r e s con t inua l r e 
ad jus tments . C o r r e c t ad jus tments i n the machines should, of course , be ma in ta ined as 
the w o r k proceeds . 

The f i n a l e lement of good p r a c t i c e i s t i m i n g the sequence of events f r o m the i n i t i a l c o m 
pac t ion of the concrete to the f i n a l su r face f i n i s h . T h i s cannot be es tab l i shed by s p e c i 
f i c a t i o n o r r egu l a t i on i n advance of the w o r k but mus t con t inua l ly be supe rv i sed by the 
engineer and c o n t r a c t o r and ad jus ted to c o n f o r m to the govern ing condi t ions of m i x 
c h a r a c t e r i s t i c s , wea ther and p r o d u c t i o n r a t e . The use of manua l f i n i s h i n g opera t ions 
i s gene ra l ly r e q u i r e d to c o r r e c t the mis takes o r inadequacies of machine f i n i s h i n g due 
to i m p r o p e r t i m i n g sequences. Manua l f i n i s h i n g i s not necessary i f the machines a re 
t i m e d p r o p e r l y and e f f i c i e n t l y operated. However , mos t spec i f i ca t ions recognize by i n 
f e rence that the ob jec t ive of p r o p e r t i m m g of the machines w i l l not be achieved and c o m 
pensate w i t h r e q u i r e d manual f i n i s h i n g . 

Unfo r tuna t e ly , the value of a p r o p e r l y conceived t i m i n g sequence of f i n i s h i n g equip
ment i n t e r m s of qua l i ty of f i n i s h e d pavement i s o f t e n not recognized . O f t e n the t i m i n g 
sequence i s regu la ted by a t tempts to develop m a x i m u m p r o d u c t i o n f r o m the m i x e r w i t h 
inadequate f i n i s h i n g equipment and by the f e a r tha t a cos t l y shutdown due to i n c l e m e n t 
weather o r machine breakdown m i g h t occur . F i n i s h i n g equipment adequate f o r the es
t ab l i shed ra te of p r o d u c t i o n , combined w i t h standby rep lacement un i t s and an e f f i c i e n t 
maintenance p l a n , w i l l m i n i m i z e such opera t ions . A l e r t s u p e r v i s i o n can usua l ly a n t i 
c ipate unfavorab le wea ther condi t ions b e f o r e the pavement i s damaged. The t i m i n g se
quence f o r a set of f i n i s h i n g equipment i s v a r i a b l e and may be desc r ibed only i n t e r m s 
of the p r i n c i p l e s used to es tab l i sh such a sequence under a g iven set of w o r k i n g c o n d i 
t ions . The i n i t i a l compac t ing and sc reed ing opera t ion should f o l l o w the m i x e r as c lose 
l y as poss ib le ; a l l subsequent opera t ions should be delayed as long as f ea s ib l e but a l l o w 
ing t i m e f o r comple t i on be fo re the concrete becomes unworkable . 

A t t h i s t i m e a l l the n o r m a l consol ida t ion due to the e f f ec t s of i n i t i a l w o r k i n g and the 
weigh t of the mass i t s e l f w i l l have o c c u r r e d ; w a t e r ga in o r b leed ing w i l l be complete 
and nea r ly evaporated. W o r k i n g the concrete under these condi t ions w i l l m i n i m i z e o r 
e l i m i n a t e shr inkage c r a c k i n g of v a r i o u s types and su r f ace i r r e g u l a r i t i e s due to s u b s i 
dence. A t i m i n g sequence f o r f i n i s h i n g opera t ions based on these p r i n c i p l e s w i l l p r o 
duce concre te pavement of the highest poss ib le cha rac te r w i t h respect to r i d i n g q u a l i t y , 
d u r a b i l i t y , and u n i f o r m i t y of p roduc t . 

C u r i n g 

The m e r i t s of the v a r i o u s methods of c u r i n g f o r concrete pavements are somewhat 
c o n t r o v e r s i a l among t h e i r proponents . Whatever the method adopted by s p e c i f i c a t i o n , 
i t should be cons ide red w i t h respect to the r e q u i r e m e n t s of good c o n s t r u c t i o n p r a c t i c e . 

C u r i n g may be def ined as the p rocess necessary to p r o t e c t the concre te s lab f r o m 
the adverse act ions of the e lements and o ther p h y s i c a l f o r c e s , both e x t e r n a l and i n t e r 
n a l , d u r i n g the p e r i o d i n w h i c h the concrete i s hardening and gaming s t r eng th s u f f i c i e n t 
to r e s i s t these f o r c e s wi thou t e x t e r n a l suppor t . Good p r a c t i c e r e q u i r e s a c u r i n g method 
that w i l l p r o t e c t the concre te d u r i n g th i s p e r i o d f r o m : 

1. The ex t r emes of t e m p e r a t u r e — b o t h h igh and low. 
2. A d v e r s e e f f ec t s of d r i v i n g r a m s and d r y i n g winds . 
3. P r e m a t u r e loading and abras ion . 
4. Excess ive v o l u m e change due to h igh r e m o v a l r a t e s o f excess m i x i n g wa t e r . 
Obvious ly , i f any of these damaging e lements a re not p resen t , i t i s not necessary to 

p r o v i d e p r o t e c t i o n f r o m t h e m . T h i s concept p a r t i a l l y expla ins why some methods of 
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c u r i n g a re f o u n d to be s a t i s f a c t o r y i n some p a r t s of the count ry and not so s a t i s f a c t o r y 
i n o the r areas. 

Whatever the method adopted, based on the p r i n c i p l e s of good p r a c t i c e , i t should be 
p r o m p t l y appl ied upon comple t i on of the f i n i s h i n g opera t ions , and ma in ta ined i n good 
cond i t ion throughout the r e q u i r e d p e r i o d of p r o t e c t i o n . The app l i ca t ion of the c u r i n g 
c o v e r , wha tever i t may be, should not be delayed f o r any reason. I n the gene ra l con
cept of the assembly l ine technique of pav ing , f a c i l i t i e s f o r app l i ca t ion of the c u r i n g 
should be p r o v i d e d to accommodate any poss ib le ra te of p roduc t ion . I f i t i s necessary 
to r emove t e m p o r a r i l y the c u r i n g cover o r deface i t f o r some cons t ruc t i on ope ra t ion 
such as j o i n t sawing o r sea l ing , a sequence of opera t ions should be developed that w i l l 
p r o v i d e m a x i m u m p r o t e c t i o n and the shor tes t poss ib le t i m e i n the unpro tec ted state. 

S U M M A R Y 

C r i t e r i a f o r m o d e r n concre te pavement cons t ruc t ion p r a c t i c e should be developed 
f r o m these basic concepts: (a) the oh jec t ives of the owner and the c o n t r a c t o r a re i den 
t i c a l , (b) a m o d e r n concrete pavement cons t ruc t ion opera t ion i s a mass p r o d u c t i o n l ine 
and should be opera ted as such i n a l l phases of the w o r k , and (c) machines p r o p e r l y ad
j u s t e d and opera ted do a be t te r j o b than a man o r group of men. 

P l ans , spec i f i ca t ions and cons t ruc t ion methods should be p r e p a r e d to take advantage 
of the h igh capaci ty of m o d e r n concre te pav ing equipment and, at the same t i m e , i n su re 
the achievement of the p r i n c i p a l ob jec t ives of the w o r k . 

A pavement cons t ruc t ed of h igh q u a l i t y , durable concrete and f i n i s h e d to p r o v i d e ex 
ce l l en t r i d i n g qua l i t i e s a re the ob jec t ives of the cons t ruc t ion f o r c e s . A l l phases of con 
s t r u c t i o n , f r o m the i n i t i a l g r a d i n g opera t ion to the f i n a l c u r i n g of the f i n i s h e d s lab , 
should be d i r e c t e d t o w a r d these ob jec t ives . 

Discussion 
W A R N E R H A R W O O D , P o r t l a n d Cement A s s o c i a t i o n — T h i s paper p resen ts i n a v e r y 
l o g i c a l manner the r e q u i r e m e n t s w h i c h a re essen t ia l to secure s a t i s f a c t o r y concre te 
pavement cons t ruc t i on . 

I f add i t iona l emphas is i s needed on any one po in t , i t i s the ques t ion of u n i f o r m i t y . 
T h e impor t ance of t h i s f a c t o r i n r e g a r d to the subgrade i s s t r e s sed but the u n i f o r m i t y of 
the concre te i t s e l f and the opera t ions of f i n i s h i n g a re c u r i n g ment ioned only casua l ly . 

Sa t i s f ac to ry pavement can be made f r o m a v a r i e t y of concre te m i x e s as long as each 
batch i s the same m p r o p o r t i o n s and consis tency. Conver se ly , i t i s d i f f i c u l t i f not i m 
poss ib le to cons t ruc t concrete pavement having acceptable r i d i n g qua l i t i e s r ega rd l e s s of 
the m i x p r o p o r t i o n s i f the batches a re not u n i f o r m . 

U n i f o r m i t y of each step i n the f i n i s h i n g opera t ions begins w i t h even d i s t r i b u t i o n of 
the concre te on the subgrade by the m i x e r ope ra to r i n the p r o p e r amount to cons t ruc t 
the pavement . The spreader ope ra to r should leave the c o r r e c t amount f o r p r o p e r c o n 
so l i da t i on and f i n i s h i n g . B o t h of these ope ra to r s should wa tch f o r changes i n the amount 
of concre te l e f t f o r the f o l l o w i n g machine and should ad jus t t h e i r opera t ions to i n su re i t s 
u n i f o r m i t y . 

T h i s a t tent ion i s necessary i f the s lab i s to r e q u i r e only l i g h t f l o a t i n g by the l o n g i 
t ud ina l mechan ica l f l o a t to r emove m i n o r su r face i r r e g u l a r i t i e s l e f t by the t r a n s v e r s e 
f i n i s h e r . 

T o secure s a t i s f a c t o r y r i d i n g concrete pavements , i t i s essen t ia l that concre te of u n i 
f o r m p r o p o r t i o n s and consis tency be p laced i n a u n i f o r m manner by sui table mechan ica l 
equipment on a u n i f o r m l y compacted subgrade. 

The paper r ecommends that the second t r ansve r se sc reed ing , l ong i tud ina l s c reed ing , 
and su r f ace f i n i s h i n g should be delayed as long as f ea s ib l e to p e r m i t as much as p o s s i 
b le of the n o r m a l conso l ida t ion to take p lace . T h i s p rocedure i s undoubtedly an a i d i n 
s e c u r i n g good r i d i n g pavements . B u t t h i s delay n a t u r a l l y r e s u l t s i n a d r y i n g of the s u r 
f a c e , espec ia l ly of a i r - e n t r a i n e d concre te w h i c h does not b leed as ex tens ive ly as non-
a i r - e n t r a i n e d . 

Many f i n i s h e r s i n s i s t on adding w a t e r to the su r face to p e r m i t eas ie r ope ra t ion of 
f l o a t s and to p r even t t e a r i n g of the su r face . I f t h i s i s p e r m i t t e d , the method of ^ p l i c a -



t i o n shou ld be c a r e f u l l y c o n t r o l l e d . T h r o w i n g w a t e r on the pavement f r o m a bucket o r 
f l i p p i n g i t f r o m a b r u s h should not be p e i m i t t e d . E i t h e r method r e s u l t s i n v e r y unequal 
d i s t r i b u t i o n of the addi t iona l w a t e r w i t h undes i rable concent ra t ions i n c e r t a i n areas . 

I t the addi t ion of w a t e r i s p e r m i t t e d , i t should be appl ied i n the f o r m of f o g f r o m noz
zles mounted on the c a r r i a g e of the long i tud ina l f l o a t . The e f f ec t of t h i s p rocedure on 
the d u r a b i l i t y and res i s tance of the concrete to f r e e z i n g and thawing i s one on w h i c h 
there i s l i t t l e o r no accurate i n f o r m a t i o n . I t i s one w h i c h m i g h t w e l l be the sulqect of 
r e sea rch . 



New Developments in Pavement Jointing 
C. B . L A I R D , M i c h i g a n State Highway Depar tmen t 

# S I N C E the w o r d "new" i s p u r e l y r e l a t i v e , t h i s paper r ev i ews b r i e f l y some m o r e - o r -
less ancient h i s t o r y on concrete pavement cons t ruc t ion i n M i c h i g a n to show how past p r o 
cedures have l e d to new developments w h i c h a re p r e sen t l y i n vogue. These , i n t u r n , 
w i l l l a t e r show some de f i c i enc ies w h i c h , th rough r e sea r ch , w i l l r e s u l t i n the use of new 
m a t e r i a l s and techniques f o r pavement j o i n t cons t ruc t ion i n the r o a d of t o m o r r o w . F o r 
p r o p e r con t inu i ty , t h i s d i scuss ion of pavement j o i n t s i s b roken down into th ree m a i n 
ca tegor ies ; name ly , past , p resen t , and a b r i e f g l impse of the p o s s i b i l i t i e s of the f u t u r e . 

The f i r s t Standard Speci f ica t ions on t i l e at the M i c h i g a n State Highway Depar tment w e r e 
i s sued i n F e b r u a r y 1918. They s p e c i f i e d a f i l l e r f o r expansion j o i n t s of an asphal t ic o r 
t a r f e l t i n . i n th ickness , of a w i d t h equal to the th ickness of the pavement p lu s 1 i n . , 
and of a length equal to the w i d t h of the pavement. Spacing of the j o i n t s was to be as 
shown on the p lans and at loca t ions where unavoidable i n t e r r u p t i o n s of the pav ing w o r k 
o c c u r r e d , w i t h no sec t ion of the pavement less than 10 f t m length. Jo in t spacing, as 
shown on the p lans , was genera l ly at the end of the day 's w o r k . No ment ion was made 
of l ong i tud ina l j o i n t s . V a r i a t i o n s of t h i s design w e r e made f r o m 1919 u n t i l 1940 w i t h a 
tongue-and-groove j o i n t being s p e c i f i e d i n 1923. The tongue-and-groove f e a t u r e was the 
f i r s t men t ion of any j o i n t i n M i c h i g a n w i t h a load t r a n s f e r f u n c t i o n . One d e t a i l w h i c h 
w o u l d h a r d l y r ece ive approva l now was a r e q u i r e m e n t that expansion j o in t f i l l e r be 
t r i m m e d o f f i n . above the pavement su r face . 

The 1940 Standard Spec i f ica t ions r e v e a l a number of f o r w a r d steps to i m p r o v e the 
r i d i n g qua l i ty and d u r a b i l i t y of concrete pavements . F o r the f i r s t t i m e , load t r a n s f e r 
devices of the d o w e l ba r type o r equal w e r e spec i f i ed . Ano the r new r e q u i r e m e n t was 
the use of p lane-of -weakness j o i n t s w i t h load t r a n s f e r , except when pavement r e i n f o r c e 
ment was c a r r i e d th rough the j o i n t . 

The r e q u i r e m e n t f o r long i tud ina l j o i n t i n concrete pavements was f i r s t adopted as a 
Standard Spec i f i ca t ion i n M i c h i g a n i n 1923. The nomencla ture f o r t h i s innovat ion was 
" c e n t r a l j o i n t . " The s p e c i f i c a t i o n p r o v i d e d f o r a t r i a n g u l a r s t r i p of 16-gauge m e t a l 
punched f o r t i e b a r s and s t ak ing p in s and p laced m a v e r t i c a l p o s i t i o n on the center l i n e 
of the pavement . T h i s p r o v i s i o n was the f i r s t e f f o r t i n t h i s state to c o n t r o l l ong i tud ina l 
c r a c k i n g , w h i c h had been a c o n t r i b u t i n g f a c t o r to the t o o - r a p i d d e t e r i o r a t i o n of concrete 
pavements . 

P r e - m o u l d e d asphal t ic b o a r d f o r long i tud ina l j o i n t s was f i r s t used i n 1929. Such 
j o i n t s w e r e cons t ruc ted by cu t t ing a groove i n the su r face of the f r e s h concre te , p l a c i n g 
a s t r i p of f i l l e r m a t e r i a l on edge i n the groove and then r e s t o r i n g the su r face of the con
c re te by hand f l o a t i n g . Ano the r v a r i a t i o n of t h i s type of long i tud ina l j o i n t was one 
f o r m e d by a continuous r i b b o n of Vs-in. t h i c k asphal t ic f e l t p laced i n the pavement s u r 
f ace i n the same manner as p r e v i o u s l y ment ioned. Lane t i e ba r s w e r e used i n both of 
these j o i n t designs. Such p r e - m o u l d e d long i tud ina l j o i n t s , w i t h m i n o r changes, endured 
i n M i c h i g a n as a Standard Spec i f i ca t ion r e q u i r e m e n t u n t i l 1954. 

I t i s qui te apparent that the changes i n pavement j o i n t cons t ruc t ion i n c o r p o r a t e d i n 
the 1940 Standard Spec i f ica t ions r e f l e c t e d conclusions reached f r o m studies of the be
h a v i o r under l oad and also the s t r u c t u r a l e f fec t iveness of t y p i c a l long i tud ina l and t r a n s 
v e r s e j o i n t designs w h i c h w e r e conducted by the U . S. Bureau of Pub l i c Roads at the 
A r l i n g t o n E x p e r i m e n t a l F a r m i n V i r g i n i a i n the e a r l y 1930's. P r i o r to the t i m e of t h i s 
r e s e a r c h , t he r e was an a l m o s t comple te l a c k of data conce rn ing the s t r u c t u r a l behav ior 
of the e x i s t i n g long i tud ina l and t r ansve r se j o i n t designs. Recogni t ion of th i s l ack made 
such '^r3tudy a l m o s t i m p e r a t i v e . I n f o r m a t i o n was also needed r e g a r d i n g the e f f e c t of 
dowei-spacing and j o i n t w i d t h on the s t r u c t u r a l ac t ion of j o i n t s . Tes t p rocedures a re 
o m i t t e d h e r e , but the conclus ions reached as a r e s u l t are touched on b r i e f l y to show 
t h e i r in f luence on the changes i n the Standard Spec i f ica t ions f o r 1940 and l a t e r yea r s . 
They i r e as f o l l o w s : 

1 o in ts a re needed i n concrete pavements f o r the purpose of m i n i m i z i n g the s t r e s s 
es r j u l t i n g f r o m causes o ther than appl ied load i n o r d e r that the na tu r a l s t r e s s r e s i s -
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tance of the pavement may be conserved to the grea tes t extent f o r c a r r y i n g t r a f f i c loads. 
2. A j o i n t i s po t en t i a l l y a po in t of s t r u c t u r a l weakness and may l i m i t the load c a r r y 

i n g capaci ty of the e n t i r e pavement. 
3. Jo in t s are c l a s s i f i e d by f u n c t i o n as (a) those designed to p r o v i d e space f o r u n r e 

s t r a i n e d expansion, and (b) those designed f o r the r e l i e f o r c o n t r o l of the d i r e c t t ens i l e 
s t resses induced by a r e s t r a i n e d con t rac t ion . 

4. E^qiansion j o i n t s should be p r o v i d e d at no g rea t e r i n t e r v a l s than about 100 f t to 
p reven t excessive j o i n t openings. 

5. The p e r m i s s i b l e un i t s t r e s s of the concre te should de t e rmine the spacing of c o n 
t r a c t i o n j o i n t s . 

6. Doweled t r ansve r se j o i n t s w e r e qui te e f f e c t i v e i n r e l i e v i n g s t resses caused by ex 
pans ion and con t r ac t ion . 

7. Aggregate i n t e r l o c k cannot be depended on to c o n t r o l load s t resses , thus the need 
f o r independent means f o r load t r a n s f e r i n p lane-of -weakness j o i n t s . 

L a t e r s tudy on the M i c h i g a n t es t r o a d v e r i f i e d some of these conclus ions and d i s 
p r o v e d o thers . One notable change i s the f i n d i n g of the M i c h i g a n State Highway D e p a r t 
men t ' s Research Sect ion that s a t i s f a c t o r y p e r f o r m a n c e of long sect ions of pavements 
under f u l l r e s t r a i n t i s poss ib le w i thou t expansion j o i n t s , except at s t r u c t u r e s where ex 
cessive compres s ive s t resses induced by expansion f o r c e s a re undes i rab le . 

Such s tudies r e s u l t e d i n the development of the design s tandards at the end of W o r l d 
W a r H w h i c h made p r o v i s i o n f o r doweled load t r a n s f e r devices us ing 1- in . by 1 5 - i n . 
round dowels suppor ted by a w i r e f r a m e . A l s o p r o v i d e d was a m e t a l base p la te at the 
bo t t om of both expansion and con t r ac t i on j o i n t s to p reven t the i n f i l t r a t i o n of subgrade 
m a t e r i a l in to the j o i n t opening. 

Bonding of concrete to the dowel ba r s was to be p reven ted by a c o a t i i ^ of r e d lead o r 
cutback asphalt , w i t h p r o v i s i o n f o r an a i r space at one end of the ba r s f o r expansion 
j o i n t s by means of a m e t a l cap. The s t ee l shortage i n the pos twar y e a r s p reven ted use 
of the m e t a l base p la te and brought in to use f o r t h i s purpose a subst i tu te f a b r i c a t e d f r o m 
a h a r d asphal t ic board . The s t ee l shortage also necessi ta ted the use of No. 5 w i r e f o r 
the w i r e f r a m e w o r k on baskets ins tead of No. 3 w i r e , s p e c i f i e d on the s tandard p lans . 

Severa l types of dowel baskets , based on the s tandard , appeared on the M i c h i g a n 
scene between 1945 and 1952. Gene ra l l y , the types approved f o r use w e r e f i e l d a s s em
b l e d and depended on tens ion developed between two v e r t i c a l w i r e s o r loops p laced at 
each side of the basket to h o l d the dowel ba r s i n a l ignment , both v e r t i c a l l y and h o r i z o n 
t a l l y . 

A f t e r t h i s type o f j o i n t a ssembly had been i n use f o r a f e w y e a r s , t he r e was t r o u b l e . 
Surface s p a l l i n g developed i m m e d i a t e l y adjacent to j o i n t openings and p r o g r e s s e d r a p i d 
l y to the po in t w h e r e , i n many ins tances , concre te was comple te ly c rushed . Study of 
the f a i l e d j o i n t s d i sc losed that the m a i n r e s p o n s i b i l i t y f o r the f a i l u r e r e s t e d on two o r 
th ree of the f o l l o w i n g t a c t o r s : 

1. M i s a l i g n m e n t of the dowel ba r s v e r t i c a l l y o r h o r i z o n t a l l y due to basket weakness. 
2. L o c k i n g of j o i n t s because of i m p r o p e r coa t ing of ba r s p r i o r to p lacement . 
3. L o c k i n g of j o i n t s caused by i n f i l t r a t i o n of wa te r . T h i s p r o b l e m r e s u l t e d f r o m the 

f a i l u r e of j o i n t seals i n adhesion, cohesion, o r both. The subsequent c o r r o s i o n i nc rea sed 
f r i c t i o n to the po in t whe re movement was no longer poss ib le . 

4. Ca re le s s p lacement of the dowel assembly d u r i n g cons t ruc t ion . 
5. I n f i l t r a t i o n of s o i l in to the j o i n t opening at the sides and bo t tom of the s lab due to 

the r u p t u r i n g of the subst i tu te base p la te m a t e r i a L 

D r a s t i c changes i n t r ansve r se j o i n t design w e r e necessary at once to r emedy the p r o b 
l e m . D u r i n g the w i n t e r of 1952 a dowel basket assembly , f a b r i c a t e d i n accordan a^ith 
a m o d i f i c a t i o n of an assembly suppl ied by the Be th lehem Steel Company, was approved. 
T h e new design was s u p e r i o r i n many respects to the one p r e v i o u s l y used. The base of 
the new basket was 6 i n . w i d e r than the 1945 m o d e l , p r o v i d i n g g r ea t l y i nc reased s t a b i l 
i t y . Dowe l length was inc reased to 18 i n . , w i t h ba r s of 1%-in . d i a m e t e r , i n accoe ^ance 
w i t h recommendat ions of the Research Section. The basket was also cons t ruc te " 0 -
gage w i r e ins tead of the No. 5 w i r e p r e v i o u s l y used. T o q u i c k l y i m p l e m e n t use oi, l̂e 
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new basket , the Depar tmen t made d i r e c t purchase of the assembl ies f o r a number of 
p r o j e c t s cons t ruc ted d u r i n g 1953. 

Eas ing of the s t ee l shortage re leased m a t e r i a l f o r a durable base p la te to p reven t i n 
f i l t r a t i o n of e a r t h in to the bo t tom of t r ansve r se j o i n t openings. Here again, d u r i n g the 
f i r s t season the i m p r o v e d device was used, the D e p a r t m e n t suppl ied the i t e m by d i r e c t 
purchase . The Be th lehem basket design made p r o v i s i o n f o r the center w i r e s ot the bas 
ket to s t r add le the base p la te p a r t i n g s t r i p and ho ld i t i n p r o p e r p o s i t i o n d u r i n g concrete j 
placement . 

T h i s combina t ion has p r o v e n f a r s u p e r i o r to the j o i n t assembly p r e v i o u s l y used. 
Dowel a l ignment has been g r e a t l y i m p r o v e d and delays i n pav ing opera t ions to p e r m i t 
c o r r e c t i o n of i m p r o p e r l y p l aced basket assembl ies a re neg l ig ib le . 

Since 1953 the Research Section of the T e s t i n g and Research D i v i s i o n has developed 
tes t p rocedures to de te rmine whether o r not baskets of v a r i o u s designs meet m i n i m u m 
requ i r emen t s . Recent ly , baskets f a b r i c a t e d by f i v e d i f f e r e n t m a n u f a c t u r e r s have been 
approved f o r use. 

Since 1953, long i tud ina l j o i n t design and cons t ruc t i on p rocedures have been subjec ted 
to s c r u t i n y and d r a s t i c changes have been i n i t i a t e d . One change invo lved e l i m i n a t i o n of 
the use of bent t i e ba r s at f o r m e d j o i n t s . Ins tead, hook bo l t s cons i s t ing of two pieces of 
Vie-in. s t ee l , each th readed at one end and fas tened together by a coup l ing , are now 
s p e c i f i e d f o r t h i s purpose . T h i s change has r e s u l t e d i n pos i t i ve p lacement of lane t i e s 
and has comple te ly e l i m i n a t e d breakage of t i e ba r s w h i l e s t r a igh ten ing t hem out p r i o r 
to p o u r i n g the second lane. 

Ano the r design change subs t i tu ted sawed long i tud ina l j o i n t c o n s t r u c t i o n m place of the 
p r e - m o u l d e d type long used. I t had long been r e a l i z e d that the p lacement of p r e - m o u l d e t 
j o i n t m a t e r i a l i n v o l v e d w o r k i n g concrete back in to the g roove , w h i c h had a t ta ined i n i t i a l 
set. T h i s p r a c t i c e induced spa l l i ng and also r e su l t ed m rough su r f ace areas adjacent to 
the j o i n t . Sawing of center j o i n t s was t r i e d e x p e r i m e n t a l l y on a f e w p r o j e c t s d u r i n g the 
1954 cons t ruc t i on season, w i t h r e su l t s so g r a t i f y i n g i t was made s tandard i n 1955. 

I t has been apparent f o r some t i m e tha t sea l ing of t r a n s v e r s e j o i n t s w i t h rubbe r as
pha l t compounds has r e su l t ed eventual ly i n a lmos t comple te f a i l u r e of the sea l , e i the r m 
adhesion to the concre te , cohesion w i t h i n the seal i t s e l f , o r a combina t ion of the two. 

A mee t ing attended by represen ta t ives of the Research Section, the C o n s t r u c t i o n D i 
v i s i o n , and by i nd iv idua l s employed by a l l concerns supply ing rubbe r asphalt sea l ing 
compounds f o r use i n M i c h i g a n , exp lo red ways and means of o v e r c o m i n g j o i n t sea l f a i l 
u res . One f a c t developed d u r i n g the d i scuss ion was that the cha rac te r of m a t e r i a l s used 
i n m an u fa c tu r i ng the rubbe r asphalt had changed due to the development of synthet ic r u b 
b e r and the nea r ly complete disappearance of n a t u r a l r ubbe r f r o m the r e c l a i m e d rubbe r 
supply. I t was f e l t that t h i s f a c t o r m i g h t be s i g n i f i c a n t , because rubbe r asphalt c o m 
pounded w i t h n a t u r a l rubbe r and used f o r pavement j o i n t sea l ing on the M i c h i g a n tes t 
r o a d i n 1940 was s t i l l i n exce l len t cond i t ion i n 1950. 

T h u s , i t seemed that a r e s e a r c h p r o j e c t f o r j o i n t sea l ing m i g h t poss ib ly p r o v i d e the 
answers f o r the p r o b l e m at hand. Deputy C o m m i s s i o n e r - C h i e f Engineer C. A . Weber 
p r o m p t l y approved a r ecommenda t ion f o r a tes t sec t ion of new concre te pavement to pe r 
m i t the study and eva lua t ion of the p e r f o r m a n c e of r ubbe r asphalt j o i n t sea l ing compound; 
The p r o j e c t chosen f o r the tes t was a 1 0 - m i l e sec t ion of f o u r - l a n e d iv ided highway on 
US 27 and M 78 between Lans ing and C h a r l o t t e , convenient ly loca ted both to the L a n s i n g 
o f f i c e and the r e sea rch l a b o r a t o r y . Supplemental spec i f i ca t ions c o v e r i n g the j o i n t sea l 
i n g tes t sect ions w e r e inc luded i n the b idd ing p roposa l . One roadway of the p r o j e c t was 
comple ted d u r i n g 1956 and the second roadway i s to be comple ted p r i o r to Ju ly 1 , 1957, 
Studies are now underway on the sea l ing comple ted d u r i n g 1956, but to-date r e su l t s have 
not been tabulated. 

F i v e s e r i e s of m a t e r i a l s w e r e used f o r the tes t sect ions . Inc luded i n t h i s group i s a 
newly developed hot- pou red rubbe r asphalt w h i c h pou r s at t empera tu re s 25 to 30 F l o w e r 
than that now spec i f i ed . Second, m a t e r i a l c o n f o r m i n g to F e d e r a l Spec i f i ca t ion SS-S-164 
was i n t roduced f o r c o n t r o l purposes . The t h i r d s e r i e s inc luded s o - c a l l e d ho t -poured 
type compounds cos t ing cons iderab ly m o r e than m a t e r i a l s c u r r e n t l y used. I f success
f u l , however , the inc reased costs can eas i ly be j u s t i f i e d . The f o u r t h s e r i e s inc luded i 
c o l d appl ied j o i n t sea l ing compounds mee t ing c u r r e n t M i c h i g a n spec i f i ca t ions . P r e v i o u s 
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a t tempts to use t h i s type of sea l ing compound f o r t r ansve r se j o i n t s have met w i t h only 
m e d i o c r e success. The f i f t h type inc luded two-component , j e t f u e l r e s i s t an t , c o l d ap
p l i e d seals , and also a ho t -poured m a t e r i a l w i t h w h i c h a p r i m e r was r e q u i r e d . T e s t 
r e s u l t s should p rove mos t u s e f u l i n p r o v i d i n g answers to p r o b l e m s i n r e g a r d to sea l ing 
t r ansve r se j o i n t s . 

Ano the r innovat ion d u r i n g the 1955 season was the use of j u t e to caulk the f o r m e d 
j o i n t g roove . T h i s was p laced the day a f t e r the pavement was poured . The purpose of 
the j u t e was t w o f o l d : (a) p r even t ing the i n f i l t r a t i o n of s m a l l stones and d i r t in to the c o n 
t r a c t i o n c r a c k below the j o i n t g roove , and (b) p e r m i t t i n g delay i n sea l ing j o i n t s u n t i l a l l 
e a r t h m o v i n g and shou lde r ing opera t ions adjacent to the pavement had been comple ted . 
T h i s p rocedure tends to p reven t the f o r m a t i o n of s m a l l areas i n the j o i n t c r a c k where 
intense p r e s su re s m i g h t develop w i t h damage to the concre te , and a lso reduces conta 
m i n a t i o n of the sea l ing compounds w h i l e the m a t e r i a l i s c u r i n g . L a t e r developments i n 
f o r m i n g j o i n t s have p r a c t i c a l l y e l i m i n a t e d the use of ju te f o r t h i s purpose . 

E x p e r i m e n t a l sawing of a % - i n . by 2 - i n . groove f o r con t r ac t i on j o i n t s was also t r i e d 
d u r i n g the 1955 season. E x c e l l e n t r e s u l t s w e r e obtained, w i t h no r andom c r a c k i n g de 
ve lop ing i n the s labs i n the tes t sec t ion . The sawing was accompl i shed w i t h a s tandard 
s e l f - p r o p e l l e d concre te saw us ing two d iamond blades of Vs-in. and y 4 - i n . th ickness w i t h 
a spacer between the blades. 

T w o obstacles appear to p reven t adoption of t h i s method f o r g r o o v i n g j o i n t s . One i s 
the cost of app rox ima te ly $0. 50 p e r l i n e a l f oo t of j o i n t ; the o the r , the danger of uncon
t r o l l e d c r a c k i n g , espec ia l ly c r i t i c a l i n the 9 9 - f t s lab length used i n M i c h i g a n . 

Ano the r expe r imen t t r i e d on the same p r o j e c t was the use of s t r i p s of / 2 - i n . by 2 - i n . 
S t y r o f o a m and %'in. by 2 - i n . c o r r u g a t e d paper b o a r d to f o r m con t r ac t i on j o i n t g rooves . 
The r e s u l t s a t ta ined Indica ted that the method had p o s s i b i l i t i e s f o r i m p r o v i n g j o i n t con
s t r u c t i o n . The ob jec t ive of the expe r imen t was to f i n d a subst i tute f o r sawed t r ansve r se 
j o i n t s at a reasonable cost and wi thou t the r i s k of r andom c r a c k i n g . The S ty ro foam 
method appeared to achieve both a i m s . 

The m a t e r i a l s w e r e p laced i n the pavement su r face i n a groove f o r m e d by a T-shaped 
b a r hav ing a 2%- i n . v e r t i c a l l eg . The j o i n t m a t e r i a l was p laced i m m e d i a t e l y i n back of 
the long i tud ina l f l o a t and ahead of h a n d - f i n i s h i n g opera t ions . A f t e r p lacement , the s u r 
f ace of the concre te adjaj^ent to the j o i n t was r e s t o r e d to a smooth condi t ion by the use 
of 5 - f t f l o a t s and 1 0 - f t s t r a igh t edges. 

Concre te saws w e r e used on the e x p e r i m e n t a l j o i n t s to r emove both S ty ro foam and 
c o r r u g a t e d paper , but i t was d i scove red that the S t y r o f o a m could eas i ly be r e m o v e d 
w i t h hand too l s i n much l e s s t i m e than r e q u i r e d f o r sawing. C o r r u g a t e d paper was m o r e 
d i f f i c u l t to cope w i t h , both w i t h saws and hand too l s . 

The consensus of depar tmenta l obse rve r s was that the S ty ro foam method appeared to 
w a r r a n t add i t iona l i n s t a l l a t ions . Data on r i d i n g qua l i t y , obtained by the Research Sec
t i o n , f u r t h e r e d th i s be l i e f . Compar i sons made of p r o f i l o m e t e r readings taken on j o i n t s 
f o r m e d i n the n o r m a l manner , sawed %• i n . t r an sve r se j o i n t s , j o i n t s f o r m e d w i t h S t y r o 
f o a m , and those f o r m e d w i t h co r ruga t ed paper , w e r e as f o l l o w s : 

Type of Jo in t Average P r o f i l o m e t e r Reading 

N o r m a l 5.17 
Sawed 1.56 
C o r r u g a t e d paper 3. 35 
S t y r o f o a m 1.67 

The readings g iven a re weigh ted , w i t h Vie i n . counted as 1 ; % i n . as 4 , and % i n . as 16. 
Some 150 m i l e s of concrete pavement have been cons t ruc ted d u r i n g the 1956 sepson u s 

i n g S ty ro foam f o r f o r m i n g j o i n t s . Resul ts have v a r i e d somewhat f r o m j o b to j o b , but i n 
gene ra l have shown a two to one i m p r o v e m e n t i n j o i n t r i d i n g qua l i ty ove r those f o r m e d 
w i t h a s tee l m a n d r e l . 

Some objec t ionable f ea tu re s have also developed and mus t be ove rcome . One i s 
s p a l l i n g , w h i c h occu r s on some p r o j e c t s on the side of the j o i n t away f r o m the d i r e c t i o n 
of pav ing . T h i s t r o u b l e appears to a r i s e f r o m the deposit of m o r t a r by the b u r l a p d r a g 
as i t i s moved across the j o i n t su r f ace . P lacement of S ty ro foam w i t h the upper edge not 
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less than Va in. below the pavement surface seems to be the answer to this problem and 
also minimizes the possibility of tipped joints. Con;rete consistency must be maintaine 
at between 1%- and 2.% m. slump to overcome the tendency of the material to float. Re 
fmements in installing devices currently underway should also assist in overcoming 
these problems. 

Another problem in joint construction currently being given increased attention is the 
"treezing" of joints due to bond between the concrete and load transfer bars. Michigan j 
is experimenting with bars coated with various materials to decrease friction between 
bars and concrete. These materials range from lubricants to stainless steel sheaths, 
but no conclusive test results are yet available. I 

Erosion of concrete around the load transfer bar is another problem undergoing 
scrutiny, with no cure presently in sight. 

The perfect transverse joint is a goal st i l l unattained, but the challenge to develop 
such a device is great. The "Model T" age sti l l prevails in pavement joint construction. 



Insulated Forms for Winter Construction 
Of Bridges 
K.R. SCURR, South Dakota State Highway Commission 

This paper develops the thesis that concrete bridge construction in the North 
Temperate Zone states of the United States has been traditionally subject to 
the disadvantage of a short construction season, due to the cold weather con
ditions existing during five months of the year. The only alternative to the 
short construction season has been the expensive alternate of using external 
heat and housings over the mass of concrete to be poured. 

Furthermore, recent Improvement in types of insulating materials has 
operated to reduce the additional cost of winter construction with no adverse 
effects on the concrete structures produced and with an attendant elimination 
of hazard by f ire . 

The greatly expanded highway construction program emphasizing the In
terstate System, with a disproportionately large number of structures, cre
ates such a demand on the existing construction plant that the program can
not be accomplished in a short construction season and the available plant 
must be economically used for a fu l l twelve months if interests of the states 
and of the contractors themselves are to be properly served. 

The illustrations used are from projects initiated in South Dakota in 1952 
and 1953 and are intended to show that proper use of modern insulation in 
connection with forms for bridge structures offers a solution which is suffi
ciently economical to justify year-round construction. The eiqierlence of 
this state indicates that low temperatures alone are not sufficient justifica
tion to suspend construction operations in the case of the majority of con
crete structures of the girder or slab type and in the case of foundations for 
structures of any type. 

# USE of insulated forms of various types for protection of fresh concrete poured in sub-
freezing temperatures is not new. However, the pressures of modern construction pro
grams are such that a search for better insulating materials and better techniques for 
their economical use is of constantly increasing Importance. It is of special importance 
in the northern third of the United States that methods be devised which wil l permit un
interrupted concrete construction to be carried on economically throughout the winter 
months and create a 12-month construction season instead of a 7-month season. 

One of the methods by which this can be accomplished is by the use of heated enclo
sures. This method is satisfactory, but expensive, and introduces a hazard due to fires. 
Use of insulated forms that wi l l hold the initial heat of the mixture plus the heat gener
ated dur i i^ the process of hydration offers the safest, most efficient, and most econom
ical method for enabling concrete construction to be carried on through freezing weather 
at a maximum production rate combined with a minimum of added cost. 

There are well authenticated records of the use of various types of insulating mate
rials in the Scandinavian countries, Russia, Canada, and the northern United States dur
ing the period following World War I and by the German and Russian armies in the con
struction of some military works during World War L Some similar construction was 
done in Alaska during these years by individuals, but none by governmental agencies. 

These known early examples, however, usually were confined to isolated projects 
and were executed by a few imaginative builders, using such materials at hand as had 
some insulating qualities. Included in this category were earth, straw, hay, wood 
shavings, sawdust, manure, moss, or peat The use of such methods was usually the 
result of an emergency caused a sudden or unexpected drop in temperature, necessi-
ta t i i^ protection of freshly poured concrete or a requirement to complete a partially 
poured construction unit 

A few major European projects utilized insulated forms in a planned program to car
ry on continuous construction through the winter. In these instances, however, the in-
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sulation was not for prevention of freezing of the concrete before it was safely cured, 
but to prevent thawing and refreezing. The forms were left in place and additional 
forms were built for the next stage. Then in the spring all the forms were removed anĉ  
the normal curing cycle proceeded. 

Use of heated enclosures was and is common, but the added expense and f i re hazard 
IS so great that this method must stil l be regarded as an expedient to meet a completion! 
date or to accomplish a "crash program." With only this method of protecting concrete' 
available, the ordinary, general purpose construction season cannot be considered to be 
effectively or economically lengthened to a 12-month season. 

Following World War I I the demands on the construction industry to build the backlog 
of projects resulting from the suspension of normal constiuction during the war years j 
brought a sharp realization to these Northern builders that the shorter constru .tion sea
son in which they could work economically was creating an adverse situation for them | 
and their organizations. Their equipment must be idle and their personnel on retainer 
pay in order to hold an operating force together. Of even greater importance, satisfac
tory progress in retiring the backlog could not be made. 

The greatly accelerated Interstate Highway Program presents further demands on th( 
existing construction organizations. With the heavy emphasis on controlled access and 
the multitude of interchange and separation structures by which this control must be aci 
complished, the program cannot be completed unless the personnel and equipment and 
construction "know how" can be kept employed 12 months each year instead of the aver
age 7-month season generally prevailing in the extreme Northern states. Fortunately, 
modern research has met the situation, and techniques and materials have been made 
available which wil l enable the industry to operate on a year-round basis and to use its 
machines and personnel with year-round efficiency and reasonable economy. 

The phenomena of internal heat generated during the setting-up processes in concrett 
have long been common knowledge, but the techniques of capturing and retaining this 
heat were not developed until special insulating materials became available which made 
use of insulated forms both efficient and economical. The most adaptable of these im
proved materials is the blanket type formed by encasing balsam wool, rock wool, or 
glass fibers between two tough Sisal-kraft covers with edge strips for nailing to or be
tween studding. , 

South Dakota is located in the region handicapped by a short construction season dur
ing which unprotected concrete may be placed. It is natural, therefore, that it has had 
more than a casual interest in exploring methods by which concreting operations can be 
carried on without interruption and with a satisfactory degree of economy. The solution 
arrived at is deemed so satisfactory that the specifications have been changed to provide 
that low temperatures alone wil l not be considered as a reason to suspend work on a 
"weather-working-day" contract. It is not contended that there is no extra cost of win
ter work using these techniques; however, proved experience records indicate that the 
added cost of winter concreting by these methods is less than 25 percent of the added ' 
costs resulting from the heretofore conventional methods of using heated enclosures. 

This method uses concrete introduced into forms insulated by double balsam or equiv 
alent blankets at a temperature of about 65 F. The original temperature is obtained by 
means of heating water and/or aggregates in conformity with the provisions of "Recom
mended Practice for Winter Concreting," ACI Standard (604-56). This Standard also 
makes specific recommendations (Table 1) as to the values of various insulating mate
rial , which confirm the South Dakota practices during the winter of 1952-3. < 

The specific examples which follow are entirely from the South Dakota bridge project 
of which the author has personal knowledge. No doubt other more striking examples on 
more important works are currently available. ' 

USE ON BRIDGE PIERS , 
The f i rs t major project upon which the balsam wool blanket insulated forms were use' 

by South Dakota offered an unusually favorable situation for comparison and verification! 
of costs. The state had awarded a foundation contract of $1,250,000 for the substructure 
of a highway bridge at Chamberlain, S. Dak. About one-half mile downstream another 
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TABLE 1 
INSULATION EQUIVALENTS 

Insulating Material 
(1-in. Thickness) 

Equivalent 
Thickness, in. 

agency had awarded a foundation contract 
for a railroad bridge with piers of the 
same height but greater mass. The same 
contractor, Guy James-Condon Conning-
ham, was the successful bidder on both 
contracts and construction proceeded con
currently during the winter of 1952-3. On 
the f i rs t state pier conventional heated en
closure was used. Later the contractor 
elected to take advantage of the state's 
favorable attitude toward the use of insu
lated forms, but was required by the su
pervising authority on the adjacent similar 
project to continue to utilize heated en
closures. Costs on both projects were 

available and both projects involved work of similar magnitude. 
The cost of constructing the enclosure alone for the housed and heated pier was ap

proximately 20 percent higher than the cost of insulating the original forms for the sim
ilar insulated pier. To this original cost of enclosure must be added the cost of fuel, 
equipment, and watchmen to maintain required temperatures and moisture conditions, 
none of these costs being applicable to the work accomplished by the use of insulated 
forms. The salvage and re-use values of the insulating material was much higher than 

Commercial blanket or 1. 000 
bat insulation 

Loose f i l l of fibrous type 1. 000 
Insulating board 0. 758 
Sawdust 0. 610 
Lumber (nominal dim.) 0. 333 
Dead-air space (vertical) 0. 234 
Damp sand 0. 023 

DOUBLE - THICK 
BALSAM - WOOL 

^ W O O D LATH 

PLYWOOD 

2 X 6 
STUDS 

AT 16"-OC 

6" X 6" 
WASHER 

Z X 
WALER 

BALSAM - ^ O O L " ^ 
TUCK ROLLED 
PIECES IN CORNER 
SUPPORT WITH 
WOOD LATH AS 
NEEDED 

Fipure 1. Method of applying insulation to mass concrete forms. 
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for the enclosure. The average cost of in
sulating the forms for these piers was ap
proximately $3 per cubic yard of concrete 
protected for the f i rs t set of forms. Most 
of the form panels were re-used three 
times without removal of the insulation 
from them. The over-all cost was about 
$2 per cubic yard of concrete protected by 
insulation, as compared with approximate
ly $8 per cubic yard for concrete protect
ed by enclosure and heating. This rather 
high unit cost is attributed to the height of 
the pier, which did not affect the cost of 
insulation to the same extent. The mone
tary saving is not the only measure of the 
advantage of this method over those involv
ing use of external heat introduced by 
burners or steam. On the railroad struc
ture project, built concurrently with the 
highway structure by the same contractor, 
the heated enclosure method resulted in 
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Figure 2. Typical temperature curve for a l l 
pours of P i e r 7, bridge at Chamberlain, 

South Dakota. 

two fires that destroyed enclosures and forms and may have caused some surface dam
age to the concrete itself. One man was killed in attempting to bring the enclosure f i re , 
at a height of 65 f t , under control. 

Figure 1 illustrates the method of applying the insulating blankets. In each case a 
1-in. bolt was introduced through the form into each pour of concrete. This bolt was re
moved after initial set had occurred and the aperture left by its removal was used for 
insertion of a thermometer to record the heat changes. Access to the thermometer was 
through a flap-covered slit in the blankets. Temperatures were taken about 2 in. inside 
the forms. Check temperatures, taken inside the insulation but outside the form, were 
6 to 8 F lower than the inside temperatures, which are considered the more significant ' 
because the form itself has a good insulating value. 

Each successive l i f t was poured on a previous l i f t or base which had attained outside 
temperatures. A flap of 12 in. of blanket overlapped the construction joint to minimize 
heat loss, but no attempt was made to preheat the surface. An enclosure for protection \ 
of workmen was supported on the dowel bars projecting into the next l i f t . Heat from a 
propane heater was blown into the enclosure while the concrete was being placed and 
finished. This was the only artificial heat used. 

Figure 2 shows the typical temperature curve for all pours for Pier 7, in January and 
February 1953, during weather that approached or was below zero. The concrete was , 
S. O. Standard, Class A, 4,000-psi, using six bags of cement per cubic yard with no ad
ditives. 

From this curve it can be seen that the concrete was introduced into the forms at an 
average temperature of 60 F with outside temperatures of 20 F. The heat generated 
during the process raised the temperatures at the thermometer apertures inside the ' 
forms to approximately 100 F on the fourth day and thereafter a practically uniform loss 
of 5% F per day continued for 11 days with outside temperatures varying between 20 and] 
-16 F. At the end of 16 days the temperature inside the forms was sti l l 40 F. No fur- \ 
ther record was maintained, as the forms were then removed for re-use. It would havei 
been considered entirely safe to remove the forms on the eighth day If the schedule of 
operations had made it desirable. Test cylinders cured inside the insulation next to the I 
forms followed normal strength curves. 

Inasmuch as no fine finishing is required on work of this type (except on the top sur- , 
face, which was finished as i t was poured), and final dressing of the vertical surfaces I 
must be done after a pier is entirely completed, the method had no real effect on the cos, 
or quality of finishing. 

The maximum temperatures attained in the forms and the rate of loss after passing ' 
the peak temperature are both functions of the mass of the protected concrete. The sec-j 
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CANVAS SHELTER 
REMOVED THIRD DAY 

STRAW PLACED ON 
SECOND DAY 

TEMPERATURE 
RECORDED 

INSULAT NG 
BLANKET 

tions referred to were columns of approx
imately 6 f t rectangular section. The 
same technique has been used with light 
structural frames of 2-ft rectangular sec
tion. In such structures a maximum tem
perature of approximately 90 F was at
tained on the third day after which there 
was a uniform loss of about 7 F per day. 
In no case did the concrete in the insulated 
forms fai l to meet the most rigid strength 
requirements. 

USE ON 
SLAB-AND-GIRDER CONSTRUCTION 

The preceding typical instances deal 
only with insulation to capture and utilize 
the heat of hydration. Insulation of forms 
has another application that is almost 
equally important. This is in connection 
with the construction of thin slabs on 

structural steel girders. In such a case, however, complete reliance has not been 
placed on utilizing heat of hydration, due to the larger exposed areas, the thin section 
formed on one side only, and the fact that the steel girder conducts cold to the slab, 
thus creating undesirable low temperatures above the girder flange. In such instances 
insulation has been used in conj unction with external heat. Figure 3 illustrates this 
combined technique as applied to the Bad River bridge at Fort Pierre, S. Dak. 

In this instance the insulation retained the inadequate internal heat and minimized the 
requirement for introduction of external heat by preventing its loss. A substantial econ
omy resulted from this type of operation as opposed to formerly used conventional hous
ing and heating methods. The canvas working enclosure provided to protect the slab 
and personnel during placing and finishing operations was removed on the third day, 
when straw insulation was provided over the entire top surface. The external heat was 
introduced through the ducts formed between the girders by the insulation to preheat the 
cold girders and was transferred to the enclosure above when placement of concrete 
commenced. No direct heat was applied under the sidewalk. Figure 4, the temperature 
record at the underside of the sidewalk 

Figure 3. Method of i n s u l a t i n g concrete 
s lab poured on s t e e l g i rders ; Bad River 

bridge, Ft . Pierre , South Dakota. 

slab and the floor slab, shows that the max
imum temperature was attained on the f i rs t 
day, with a drop to approximately 35 F at 
the sixth day. Since no external heat could 
reach this slab directly, it indicates that 
no external heat need be supplied to protect 
such a slab as thin as 5 in. if other means 
could be provided to prevent cold conduc
tance through the steel girders. 

In the case of concrete box culverts the 
thin walls and slabs can be adequately pro
tected by use of insulated outside forms 
with closures at each end. A minimum 
amount of heat is introduced through the 
closure into the barrel for one day to 
counteract the effect of the cold bottom 
slab, which is poured at an earlier date 
under conventional protection conditions. 
The top slab, after finishing under a heat
ed enclosure, is protected by straw or bal
sam blanket cover as in the case of the 
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WHILE POURING 
REMOVE 

CANVAS 

AFTER POUR AND FINISH 
COVER WITH BLANKET -7 OR STRAW 

INSUCATED PRE-HEAT 
SLAB 

SLAB PLACE 

Figure 
C r e t e i 

5. Method of protec t ing new con-
1 concrete box culvert from freez
ing outside temperatures. 

floor Slab of the Fort Pierre Bridge. Fig
ure 5 illustrates this method. 

A gain of about 25 F can be expected on 
the second day if concrete is introduced 
into the forms at 60 to 65 F. Thereafter, 
loss at the rate of about 9 F per day can 
be expected. This behavior is approxi
mately the same for all sizes of culverts. 
The larger culverts have greater exposed 
areas contributing to the loss of heat, but 
this is offset by the thicker slabs with 
greater capacity for generating and hold
ing heat. 

It is true that the cost per cubic yard 
ot protecting thin slabs or small columns 
is greater than for more massive construc
tion. However, the same differential in 
favor of the insulated forms as compared 
to heated enclosures continues to be evi
dent, as the unit cost of housing and heat
ing small volumes of concrete increases 
even more rapidly than the cost of insulating forms. 

In every case test cylinders cured under the same conditions as the protected con
crete showed no departure from a normal curve of strength attainment during the per
iods of protection. 

The insulating material currently available seems to be sufficiently adaptable to lend 
itself to the solution of almost any form problem. Steel forms were insulated by one 
builder by fastening directly to the forms with an adhesive; another welded clips to the 
forms to hold nailing strips, to which the insulation was fastened. Still another large 
builder secured the insulation to plywood panels and created compartments around the ' 
forms but separate from them. Another problem involves the handling of reinforcing 
bars passing out of a construction joint. It appears to be adequate to cover these bars 
with protective wrapping or to enclose them in a protective but not necessarily insulated 
shelter. The usual percentages of reinforcing steel do not appear to carry off heat at a' 
rate which affects the normal behavior of the mass of concrete if the steel and joint is 
not entirely exposed to the elements. 

Another question has been raised as to the behavior of very large masses of concret 
in insulated forms. Although South Dakota has not encountered this problem, i t would 
appear that the criterion is self-evident. If the mass of concrete is such that internal 
heat must be dissipated or-drawn off under summer construction conditions, the same { 
provisions must be made if insulated forms are used. In such cases the use or non-use 
of insulated forms would not be the governing factor. Some of the internal heat can be 
dissipated to the forms and serve a useful purpose. Certainly the use of insulated form^ 
confining the heat should reduce the differential between the heat at the center of the 
mass and at its surface. This should tend to minimize resulting distortions. It is even' 
conceivable that insulated forms in non-freezing weather might serve a useful purpose ' 
on very massive sections by reducing the differential between interior and exterior part! 
of the work. It would seem that, where harmfully high interior temperatures might be 
generated, this heat should be dissipated through conventional circulatory systems i 
rather than to rely on the questionable expedient of loosening lorms or insulation. 

As a result of e^erience between 1952 and 1957, the Bridge Division of the South 
Dakota Highway Department is sufficiently convinced of the practicability of economical 
winter construction by use of insulated forms that weather-working day contracts are 
not suspended for reasons of low temperature alone. Contractors do not hesitate to bid. 
work that might involve winter operation. In fact, there are indications that the advan- ^ 
tages of year-round operations now tend to offset the additional costs and hazards of col^ 
weather operation. 

Al l evidence points toward the conclusion that improved insulating materials and 
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techniques provide the means for production of quality concrete any month in the year, 
at any temperature, without a prohibitive price penalty. This wi l l permit the contrac
tor to approach 12-month efficient employment of his plant and personnel, if all other 
obstacles to unimpeded progress in the highway construction field can be as success
fully reduced as this one, the potential construction plant of the nation wil l be capable 
of meeting the challenge of the multibiUion dollar program ol the next ten years. 

HRB OR-93 



TH E NATIONAL A C A D E M Y OF S C I E N C E S — N A T I O N A L R E S E A R C H COUN
C I L is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

A C A D E M Y itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
A C A D E M Y and the government, although the A C A D E M Y is not a govern
mental agency. 

The NATIONAL R E S E A R C H COUNCIL was established by the A C A D E M Y 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
A C A D E M Y in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL R E S E A R C H COUNCIL receive their 
appomtments from the president of the ACADEMY. They include representa
tives nominated by the major scientific and technical societies, repre
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the A C A D E M Y and its R E S E A R C H COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The H I G H W A Y R E S E A R C H BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL R E S E A R C H COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the A C A D E M Y - C O U N C I L and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 




