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P r e l i m i n a r y w o r k by C a l i f o r n i a on t e x t u r i n g of concre te pavements i s 
desc r ibed . The p r o b l e m has r e so lved i n t o two genera l areas: s ecu r ing 
adequate t ex tu re d u r i n g cons t ruc t ion , and ma in t a in ing t ex tu re , as b u i l t , 
by u s i n g m a t e r i a l s and cons t ruc t ion p rac t i ce s that insure durable s u r 
face m o r t a r . 

V a r i o u s t ex tu re pa t te rns were f o r m e d in to the su r face of l a b o r a t o r y -
cas t slabs us ing a v a r i e t y of pro to type devices . Skid tes ts were p e r 
f o r m e d on these s labs . A p r o m i s i n g pa t t e rn was se lected and used on 
s h o r t sect ions of th ree f r e e w a y s . Some of the r e s u l t s w e r e d i sappoin t 
i n g . A u n i f o r m tex ture over a l a rge a rea could not be achieved because 
of v a r y i n g m o r t a r p r o p e r t i e s . I t was a l so d i scovered that the pa t t e rn 
selected, when f o r m e d too deeply, caused an adverse r eac t i on by some 
v e h i c l e s . A d d i t i o n a l w o r k i s planned us ing other t ex tu re pa t t e rns . 

Other sur face t r ea tments inc luded broadcas t ing of s lag and selected 
coarse sand p a r t i c l e s on the su r face w h i l e d ragging w i t h b u r l a p , and 
b r o o m i n g . Skid tes ts are be ing p e r f o r m e d on a p e r i o d i c bas is , but i t 
i s too soon to d r a w conclusions r e g a r d i n g the l o n g - t e r m s k i d res i s tance 
as a f f ec t ed by t r a f f i c and weather . 

New c u r i n g compounds and so -ca l l ed sur face "hardeners" were ap
p l i e d to sho r t tes t sect ions of f r eeways i n an a t tempt to i m p r o v e m o r t a r 
d u r a b i l i t y . L a b o r a t o r y tes ts p r e v i o u s l y p e r f o r m e d ind ica ted that some 
i m p r o v e m e n t cou ld be expected f r o m the use of be t te r c u r i n g compounds 
and ha rdener s . Aga in , these tes t sect ions have not been i n s e r v i c e 
long enough to f o r m any conclusions r e g a r d i n g t h e i r e f fec t iveness . 

Planned f u t u r e w o r k includes a cont inuat ion of t e x t u r i n g s tudies , a 
s ea rch f o r e f f e c t i v e su r face t r e a tmen t s , a study of f i e l d p r ac t i c e s tha t 
a f f e c t sur face m o r t a r qua l i ty and t ex tu re , and addi t iona l w o r k on 
g roov ing of o lder pavements to obtain or r e s t o r e adequate s k i d r e s i s 
tance . Speci f ica t ions w i l l be developed as w o r k p rogresses to i m p r o v e 
charac te r and d u r a b i l i t y of the su r face t e x t u r e . 

• T H I S paper s p e c i f i c a l l y covers the a c t i v i t i e s of the C a l i f o r n i a M a t e r i a l s and Research 
L a b o r a t o r y on t e x t u r i n g and sur face t r ea tmen t s of concrete pavements , as a p a r t of a 
l a r g e r o v e r a l l p r o j e c t on s k i d r e s i s t ance . 

The p r o b l e m of poor s k i d res i s tance of some of our concrete pavements has na tu 
r a l l y l ed to the examina t ion of su r face t e x t u r e s . The p r o b l e m seems to r e so lve i t s e l f 
i n t o t w o p a r t s : ge t t ing the d e s i r e d t ex tu re and m a i n t a i m n g i t . The t o o l s developed 
and the w o r k done so f a r have not r e s u l t e d i n an a b i l i t y to adequately descr ibe the best 
o v e r a l l t ex tu re needed. To get s t a r t ed , we d i d some p r e l i m i n a r y w o r k on d e t e r m i n a 
t i o n of f a c t o r s that a f f e c t the sur face ab ras ion res i s tance of concre te . 

I n t a c k l i n g the f i r s t p a r t of the p r o b l e m , that of get t ing a d e s i r e d t ex tu re , we asked 
some spec i f i c quest ions . A s s u m i n g you can get any t ex tu re you want , what t ex tu re 
pa t t e rn i s best ? Is there one genera l pa t t e rn that i s s u p e r i o r ? O r , a re there many 
that a r e adequate ? 

Why a re present t e x t u r i n g procedures inadequate? F i r s t of a l l , we th ink today 's 
high vo lume of t r a f f i c tends to wear down t ex tu re at a m o r e r a p i d r a t e . Higher speed 
of the t r a f f i c con t r ibu tes to f a s t e r w e a r . We a l so be l ieve that some t ex tu re i s los t be 
cause we now p e r m i t t r a f f i c on many new pavements v e r y e a r l y as c o m p a r e d t o p r e 
v ious p r a c t i c e . The qua l i ty of the su r face m o r t a r , m some cases, i s apparent ly not 
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good enough to wi ths tand the h igh t r a f f i c densi ty and the e a r l y use, o r whatever else 
con t r ibu tes to i t s disappearance. Increased wear by the use of chains and the use of 
sand and sa l t accounts f o r some of the loss of su r face t e x t u r e . B a r e pavement p o l i c i e s 
i n moimtainous areas r e su l t ed i n the loss of mos t a s - b u i l t t ex tu re w i t h i n a f ew months . 
T h e r e may be no easy so lu t ion to loss of t ex tu re f r o m these causes i n snow areas 
shor t of g roov ing . Tex tu re s obtained were somet imes l i g h t , a condi t ion be l ieved to be 
r e l a t e d t o the method of f o r m i n g the t ex tu r e , w h i c h was not p o s i t i v e . V a r i a b i l i t y of 
t ex tu re may be due to d i f f e r ences of wetness and se t t ing t i m e of the concre te , and 
th ickness of the p l a s t i c m o r t a r l a y e r . 

The geomet r i es of t ex tu re a re be l ieved to have a grea t e f f e c t on d u r a b i l i t y . F o r 
example , s m a l l r i dges that a re f o r m e d above the basic plane of the pavement wou ld 
tend to wear o f f f a s t e r than w i d e r bands, f o r m e d by n a r r o w grooves a g rea te r distance 
apa r t . 

What t ex tu re depth i s necessary f o r long l i f e ? We can obtain a r a the r h igh c o e f f i 
c ien t of f r i c t i o n w i t h a sandpaper f i n i s h , but the c o e f f i c i e n t of f r i c t i o n value i t s e l f i s 
not cons idered adequate to descr ibe what we need. A t least two other measures a re 
needed: p h y s i c a l roughness and toughness o r ab ras ion r e s i s t ance . 

We have taken the b road approach, and have encountered many d i f f e r e n t opinions 
r e g a r d i n g t e x t u r i n g of concrete pavement . F o r example , i s i t poss ible to get a c o n 
s is tent t ex tu re wi thou t f o r m i n g i t p o s i t i v e l y by m o l d i n g ? Can any " f l o a t i n g " device , 
such as a b u r l a p d r a g o r b r o o m , f o r m a consis tent t ex tu re under v a r y i n g cons t ruc t ion 
condi t ions ? How long can we m a i n t a i n any t ex tu re a f t e r we get i t ? I s i t reasonable 
to expect a t ex tu re to l a s t even ha l f as long as the pavement? Or should we p lan to r e -
t ex tu re on a p e r i o d i c bas is as a maintenance func t ion ? I f grooved, how wide should 
grooves be and how f a r apar t should they be so as not to adverse ly a f f e c t veh ic les ? 
Should grooves or r idges be cont inuous? O r , w o u l d they have a hypnotic e f f e c t on the 
d r i v e r ? I f t r ansve r se , they m i g h t cause ob jec t iona l noise; how much noise i s " too 
m u c h ? " How w i l l th i s a f f e c t t i r e w e a r ? Obvious ly , we need to know a l o t m o r e about 
these th ings . Recogniz ing v a r i a b i l i t y i n su r face m o r t a r , how can th i s f a c t o r be c o n 
t r o l l e d d u r i n g cons t ruc t ion to p rov ide a m a t e r i a l that can be u m f o r m l y t e x t u r e d and 
p rov ide the d u r a b i l i t y needed? F o r example , can cement o r a cement-aggregate m i x 
t u r e be s p r i n k l e d on the su r face to i m p r o v e s t reng th and t h e r e f o r e d u r a b i l i t y ? We 
know that h igher cement f a c t o r s i m p r o v e s t reng th and d u r a b i l i t y , why not go even f u r 
the r than l^k sacks pe r cubic y a r d on the su r face m o r t a r ? 

Could a vacuum- type device r emove excess wa te r f r o m the su r face to produce a 
dense, durable m o r t a r by l o w e r i n g w / c ? O r does the so lu t ion l i e i n the use of a d m i x 
tu re s o r hardeners on the su r f ace , o r perhaps other conc re t ing a ids such as m o i s t u r e 
evapora t ion r e t a rdan t s ? Another approach that has been suggested i s that of f o r m i n g 
no t ex tu re d u r i n g i n i t i a l s t r i k e - o f f , but r e t u r n the next day or so and cut a t ex tu re i n 
the green concrete w i t h a machine ye t to be b u i l t . Another suggestion has been the 
use of chips spread on the wet concrete su r face and r o l l e d i n . These chips cou ld be 
precoated w i t h some m a t e r i a l to i m p r o v e bond, but there may be other m a t e r i a l s that 
cou ld be used to f o r m nonskid t ex tu res when r o l l e d i n the f r e s h concre te , even "ex
pendable" m a t e r i a l that wears away under t r a f f i c , thereby l eav ing the de s i r ed t ex tu re 
mo lded i n the s u r f a c e . 

Our approach to f o r m i n g t ex tu res on pavements has been f i r s t t o expe r imen t w i t h 
l a b o r a t o r y - c a s t slabs and t r a n s f e r the mos t p r o m i s i n g methods to the f i e l d f o r t r i a l . 
One such p r o m i s i n g t ex tu re developed has been used i n s h o r t tes t sect ions on th ree 
f r e e w a y s . T h i s w o r k , i n some respects , has been d isappoin t ing . W i t h s m a l l hand-
operated pro to types , t ex tu re obtained has not been u n i f o r m , no r cou ld i t be f o r m e d 
over v e r y l a rge areas i n the f i e l d . I n some areas , the m o r t a r cover over coarse ag 
gregate was v e r y th in -Vis i n . o r l e s s . Mechanica l devices tend to cut th rough th i s 
t h i n l aye r and r i d e upon r o c k s . Other areas of the concrete hardened at v a r y i n g ra tes 
w h i c h a lso caused a n o n u n i f o r m t e x t u r e . Under these condi t ions , r o c k s were dis lodged 
and the su r f ace t o r n . T i m i n g of t e x t u r i n g appears to be c r i t i c a l . D i f f i c u l t y i n ob ta in 
i n g v u i i f o r m i t y appears to be a good argument f o r pos i t ive power f o r m i n g t e x t u r i n g de
v i c e s . I t may be that u l t i m a t e l y we w i l l need a spec ia l t e x t u r i n g machine f o l l o w i n g the 
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s l i p f o r m paver wh ich by mechanica l t amp ing of r o c k s near the su r face and by other 
v i b r a t i o n s and movements , wou ld p rov ide a neat, u n i f o r m l y p las t i c m o r t a r w h i c h can 
be ex t ruded or f o r m e d i n t o any t ex tu re we d e s i r e . Equipment m a n u f a c t u r e r s have been 
coopera t ive , but unders tandably re luc tan t to b u i l d machines u n t i l we can t e l l t h e m p r e 
c i s e l y what we want and can def ine i t . We bel ieve the p rope r machines can be b u i l t 
once we know what we want . 

D u r a b i l i t y of su r f ace m o r t a r i s an i n t e g r a l and perhaps the mos t i m p o r t a n t p a r t of 
the t e x t u r i n g p r o b l e m . Tex tu re i s l o s t by t i r e wear , and by the ac t ion of ab ras ives , 
t i r e chains , t i r e studs, sa l t , and f r e e z i n g and thawing . We have r ecen t ly comple ted 
a s tudy of su r face d u r a b i l i t y of concrete and have found r e s u l t s s i m i l a r to the i n v e s t i 
ga to r s . A b r a s i o n res i s tance i s genera l ly p r o p o r t i o n a l t o s t r eng th . T h e r e f o r e , any 
means of i n c r e a s i n g the s t reng th of the m o r t a r seems w o r t h w h i l e . How can th i s be 
done? T h i s i s where app l ica t ion of es tabl ished concrete technology can be of he lp . 
Strength and abras ion res i s tance of m o r t a r can, among other ways , be i m p r o v e d by 
(a) be ing sure m a t e r i a l s used have the po ten t i a l to produce qua l i ty m o r t a r ; (b) i n c r e a s 
i n g the cement f a c t o r wh ich i s i n e f f e c t l o w e r i n g wa te r - cemen t r a t i o ; (c) avo id ing 
any sur face d r y i n g b e f o r e c u r i n g i s s t a r ted , and m a k i n g sure that c u r i n g i s not ne 
glected ( cu r ing i s be l i eved to be even m o r e i m p o r t a n t than thought i n the past ) ; (d) a l 
l o w i n g s u f f i c i e n t t i m e f o r concrete t o gain s t reng th be fo re sub jec t ing i t to abras ive 
loads; (e) and where aggress ive e lements w i l l be present , l i k e sa l t , u s ing a i r - e n t r a i n e d 
m o r t a r . 

Some sur face t r ea tmen t s have been demons t ra ted to be of some value i n s t rengthen
i n g the m o r t a r , but t h i s i s an a f t e r - t h e - f a c t approach and i t i s be l ieved tha t we should 
f i r s t a t t empt to get good m o r t a r d u r i n g cons t ruc t ion r a t h e r than r e l y on such t r e a t 
men t s . They w o u l d p robab ly be m o r e cos t ly than some steps we m i g h t take d u r i n g 
cons t ruc t ion to produce equal r e s u l t s . I t i s n ice , however , to have a f ew too l s to take 
care of some of these p r o b l e m s should other e f f o r t s f a i l . 

A l l of these f a c t o r s a re goals of spec i f i ca t ions , but they cannot a lways be m e t . F o r 
example , imder v e r y adverse condi t ions i t may be necessary to use some add i t iona l 
water to comple te f i n i s h i n g i n o rde r to "save" i t . However , i t i s recognized tha t o f 
ten , m o r e wate r i s used than i s needed. A l t e r n a t i v e s to not u s ing w a t e r , such as w a i t 
i n g f o r damp weather , o r c o v e r i n g the m o r t a r w i t h p las t i c f i l m to p reven t any d r y i n g 
d u r i n g delay of f i n i s h i n g , may not be p r a c t i c a l . I n genera l , the re a re never i dea l l a b 
o r a t o r y condi t ions i n the f i e l d and some compensat ion m a y have to be p r o v i d e d f o r 
t h e i r absence. Perhaps the e n t i r e f i n i s h i n g operat ions c u r r e n t l y be ing used need to 
be a l t e r e d . Because of d i f f e r e n t b leeding c h a r a c t e r i s t i c s of concre te and v a r i a b l e 
weather condi t ions , f i n i s h i n g and t e x t u r i n g w i l l a lways be a p r o b l e m , one tha t w i l l r e 
q u i r e some s k i l l and judgment i n the f i e l d . One of our goals i s t o p rov ide m a t e r i a l s 
o r p rocedures that a r e less dependent upon these f a c t o r s . Things tha t we be l ieve w o u l d 
help a re m o r e r e a l i s t i c spec i f i ca t ions that recognize p r i n c i p l e s of good p r a c t i c e , good 
enforcement of these spec i f i ca t ions , and add i t iona l r e q u i r e m e n t s , i f necessary, even 
i f they make the w o r k cost m o r e . 

In s u m m a r y , spec i f i c l a b o r a t o r y a c t i v i t i e s imder taken so f a r a r e (a) s tudying f a c t o r s 
a f f e c t i n g abras ion res i s tance ; (b) u s ing technology now ava i l ab le , developing s p e c i f i 
cat ions t o i m p r o v e p e r f o r m a n c e ; (c) developing t e x t u r i n g devices and t r y i n g them i n 
the f i e l d ; (d) i nves t iga t ing the use of a d m i x t u r e s and su r face t r ea tmen t s , such as epoxy 
penetrants , l inseed o i l s , and c u r i n g seals that a re c l a i m e d to harden and toughen the 
su r face ; and (e) u s ing higher grade c u r i n g compounds and d i f f e r e n t types of l i q u i d s ea l 
ants . Discuss ions w i t h vendors concern ing new m a t e r i a l s have a lso been h e l p f u l . We 
have made l a b o r a t o r y ab ras ion and compres s ion tes ts on cores f r o m tes t sec t ions . 

Our p lans a re to extend and continue our a c t i v i t y i n the f i e l d of v a r y i n g f i n i s h i n g 
and c u r i n g p rocedures under f i e l d condi t ions . We w i l l continue to inves t iga te use of 
su r face t r ea tmen t s such as ch ips , hardeners , spec ia l m o r t a r app l ica t ions , and mono-
m o l e c u l a r f i l m s to r e t a r d evapora t ion . We in tend to m o n i t o r wear on es tabl ished tes t 
sect ions by means of s k i d tes ts made p e r i o d i c a l l y w h i l e t ak in g t r a f f i c i n t o account . We 
propose to extend studies of wear res i s tance when our l a b o r a t o r y t i r e ab ras ion device 
i s ava i l ab le . We are a t t empt ing to develop c r i t e r i a f o r adequate i n i t i a l s k i d r e s i s t ance . 
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The c o e f f i c i e n t of f r i c t i o n i s not by i t s e l f adequate, and we need some tes t to measure 
t ex tu re p r o p e r t i e s other than " f . " Perhaps a t e s t s i m i l a r to the sand patch tes t used 
i n England w o u l d be su i table , or the use of some other t ex tu re measu r ing dev ice . We 
in tend to exp lo re the f e a s i b i l i t y of u s ing our ab ras ion t es t on cores f r o m f i n i s h e d pave
ments to demonst ra te adequate s t reng th of m o r t a r i n s e r v i c e . We hope to develop i n 
f o r m a t i o n about the e f f ec t of a t i m e delay i n a l l o w i n g t r a f f i c on pavement at v a r i o u s i n 
t e r v a l s a f t e r cons t ruc t i on . We w i l l help o thers develop methods of obta in ing o r r e 
s t o r i n g s k i d res i s t ance of hardened concrete b y g roov ing , e tching, bush h a m m e r i n g , 
f l a i l g roov ing , o r any other method that m i g h t be proposed . 

There i s a l o t of w o r k ye t t o be done and many questions to answer . We hope that 
i n w o r k i n g w i t h c o n t r a c t o r s , m a t e r i a l s supp l i e r s , cons t ruc t ion mach ine ry manufac
t u r e r s , and o thers concerned, we w i l l f i n d the p r o p e r solut ions to t t i i s i m p o r t a n t h i g h 
way p r o b l e m . 


