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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 . 




