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FUNDMEMTALS OF CONCRETE 

1. Th is  i n t r o d u c t i o n  w i l l  ~ r o v i d e  
an overview o f  the  fundamental s 
o f  concrete and a c t  as a frame 
o f  reference f o r  the  remainder 
o f  the  course. To begin we ask 
the  question, What i s  concrete? 
I n  response concrete can be 
def ined as a mix ture  o f  two 
ingred ients :  aggregates and 
paste. *The paste binds the  
aggregate i n t o  a r o c k - l i k e  mass 
as a r e s u l t  o f  a chemical 
reac t i on  c a l l  ed h y d r a t i  on. 

The paste p o r t i o n  o f  the  
concrete, t h a t  i s ,  water, 
cement and a i r ,  makes up about 
25 t o  40 percent o f  the  volume. 
The aggregate both coarse and 
f i n e ,  iiakes up the  remaining 60 
t o  75 percent. Bars -1 and 3 
are considered t o  be r i c h  mixes 
and bars 2 and 4 are lean 
mixes. Rich mixes are ones 
t h a t  have a h igh  percentage o f  
paste. Note t h a t  the  a i r  
content ranges from 1/2 percent 
i n  non-ai r ent ra ined concrete 
t o  8 percent i n  a i r  entrained. 

Aggregates make up most o f  the  
volume and, there fore ,  should 
cons is t  o f  p a r t i c l e s  w i t h  
adequate st rength,  res is tance 
t o  exposure condi t ions,  and 
should not  cause d e t e r i o r a t i o n  
o f  the  concrete. Aggregates 
can be d i v ided  i n t o  two , 

groups: f i n e  and coarse. Fine 
aggregates are sands w i t h  
p a r t i c l e  s izes  up t o  1/4 inch. 
Coarse aggregates can s t a r t  
w i t h  p a r t i c l e s  re ta ined  on a 
No. 4 s ieve and range up from 
there. A c o n t i  nuous gradat i  on 
o f  s izes  provides f o r  e f f i c i e n t  
use o f  the  cement and water 
paste. 
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I 4. A nu~mber s f  problems 
associ dted with concrete can 
be tr+ced t o  poor qua1 i t y  
aggreg t e s .  f Here, s o f t  
aggrega,tes have caused pop 
outs inl the concrete surface. 

I 

I 

I 

5. ~notheri aggregate problem i s  
tha t  oR "DM cracking. This i s  a 
problem with the pore structure 
o f  the aggregate and manifests 
i t s e l f  t h r o u g h  t h i s  
c h a r a p t e r i  s t i c  c r a c k i n g  

I 

6 .  Some adgregates will react with 
the alkali  content of the 
cement. When t h i s  happens the 
cancretie expands resul t i  ng i n 
t h i s  map cracking pattern. 
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The qua1 i t y  o f  concrete a l so  
depends upon the  q u a l i t y  o f  t he  
paste. Each p a r t i c l e  o f  
aggregate should be coated w i t h  
paste and a l l  spaces between 
aggregate p a r t i  c l  es should be 
completely f i l l e d .  The cement 
p a s t e  c o n t a i n s  P o r t l a n d  
Cement, water, and entrapped o r  
purposely en t ra ined a i r .  As we 
have a l l  heard many t imes 
before, t h e  s t reng th  o f  t h e  
concrete i s  determined by t h e  
water/cement r a t i o .  The 
p r i n c i p l e  was understood as f a r  
b a c k  a s  1 9 3 8 .  The  
i n d i s c r i m i n a t e  a d d i t i o n  o f  
water w i l l  increase the  W/C 
r a t i o  and adversely  a f f e c t s  t h e  
c o n c r e t e  s t r e n g t h  a n d  
durabi 1 i t y .  Some o f  t h e  
advantages o f  decreasing the  
water content  are: 

- ~ n c r e a s e d  compressive and 
f 1 exura l  s t reng th  

- Increased water t igh tness  

- Lower absorpt ion 

- Increased res is tance 
t a  weathering 

I - Be t te r  bond between 
successive 1 ayers 

- Be t te r  bond between 
concrete and 
re inforcement  

- Less volume change 
from w e t t i n g  and 
d r y i  ng 

8. Factors o f  concern w i t h  f r e s h  
concrete i n c l  ude un i  formi  t y ,  
w o r k a b i l i t y ,  conso l i da t i on  and 
hydra t ion .  Fresh concrete 
s h o u l d  b e  p l a s t i c  o r  
semi f l u id ,  capable o f  being 
molded by hand. A p l a s t i c  mix 
keeps the  components i n  p lace  
and does n o t  a1 low segregat ion 
dur ing  t ranspor t .  P l a s t i c  
concrete shoul d n o t  crumb1 e 
b u t  f l o w  sf ugg ish ly .  
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1 9 .  Plas t ic  concrete should be 

uniform from batch t o  batch. 
1 In order to  have a finished 

a t  i s  of consistent 
roughout, then each 
a s t i  c concrete, t ha t  

s t ructure ,  m u s t  be 
A commonly used 

f uniformity or 
i s  slump. A number 
can influence the 

oncrete as can be 
i s  chart .  A change 
ould not be simply 
for by varying the 

A thorough 
of the factors  
ence the  slump 

i s  important. 
i 
I 10. Workabil jty re fe rs  to  the ease 
1 of placlng and consolidating 
E concrete I The concrete shoul d 

11. Concrete should never be moved 
by use of a vibrator.  
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12. C o n s o l i d a t i o n  i s  a n o t h e r  
i m p o r t a n t  cons ide ra t i on  o f  
f r e s h  concrete.  V i b r a t i o n  s e t s  
t h e  p a r t i c l e s  i n  concre te  i n t o  
mot ion, a l l o w i n g  t h e  mix  t o .  
become mobi le .  T h i s  a l l o w s  t h e  
concrete t o  mold t o  forms and 
around r e i n f o r c i n g .  V i b r a t i o n  
pe rm i t s  t h e  use o f  s t i f f  
m i x t u r e s  w i t h  a l a r g e r  
p r o p o r t i o n  o f  f i n e  aggregate. 
Also, v i b r a t i o n  a l l o w s  t h e  use 
o f  h i g h  coarse aggregate 
con ten t  concrete.  The g r e a t e r  
t h e  amount o f .  1  arge aggregate, 
t h e  l e s s  volume needs t o  be 
f i l l e d  w i t h  pas te  ( s i n c e  t h e r e  
i s  l e s s  su r f ace  area t o  be 
covered).  The l e s s  pas te  t h a t  
i s  needed, t h e  more economi c a l  
t h e  mix .  Over v i b r a t i o n  o r  
v i b r a t i n g  normal l y  workable 
mixes can cause segregat ion.  

13. Conversely, under c o n s o l i d a t i o n  
can r e s u l t  i n  honeycombing. 
Here, a1 1  o f  t h e  entrapped a i r  
has n o t  been d r i v e n  o f f  th rough  
v i b r a t i o n .  

1 

14. The b i n d i n g  qua1 i t y  o f  P o r t l a n d  
Cement i s  due t o  t h e  chemical 
r e a c t i o n  between t h e  cement and 
w a t e r  c a l l  e d  h y d r a t i o n .  
P o r t l a n d  Cemen t  i s  a 
compl i c a t e d  chemical made up o f  
many compounds. The chemical 
composi t i o n  o f  cement i s  
t ransformed d u r i n g  h y d r a t i o n  t o  
form c a l  c i  um hydrox ide  ( 1  ime) 
and c a l  c i  urn s i  1  i c a t e  hydra te .  
The p r o p e r t i e s  o f  concrete,  
i n c l u d i n g  s e t t i n g  t ime  and 
s t r e n g t h  depend upon t h e  
f o r m a t i  on o f  t h i s  1  a t e r  
compound. Knowledge o f  t h e  
hea t  r e 1  eased d u r i n g  h y d r a t i  on 
and t h e  r a t e  o f  t h e  r e a c t i o n  
a r e  i m p o r t a n t  t o  p r o p e r  
c o n s t r u c t i o n  p lann ing .  
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15. Hardened 1 concrete should be 

16. Concrete gains i t s  s t rength  

I f  we cure the 
c o n c r e  on 4 e u n d e r  m o i s t  
cond i  t i o  s, therefore,  the 
concrete w i l l  continue t o  gain 
st rength.  n Here you can see 
t h a t  - a f t  r 7 days, concrete 
kept  con inuously moist  w i l l  
u l t imate1 reach a s t rength  
greater  han concrete a1 1 owed 
t o  dry. It i s  important t o  
remember h a t  concrete does no t  
harden 1 dry ing.  kthen 
concrete dr ies,  i t  ceases t o  
gain s t r  ngth, and because i t  
i s  dry, ' s  no - ind ica t ion  t h a t  

normally considered 
p r o p e r t y  o f  

pavements and 

normal we,ight concrete i s  about 
8 t o  10 t imes  the square r o o t  
o f  the compressive st rength.  Arch
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18. The p r i n c i p l e  f a c t o r s  a f f e c t i n g  
s t rength  o f  concrete are i t s  
water/cement r a t i o  and i t s  age. 
Th is  s l i d e  shows compressive 
st rengths f o r  range o f  
water/cement r a t i o s  and ages. 
Note how s t reng th  increases 
w i t h  a decrease i n  w/c r a t i o  
and an increase i n  age. A i r  
entra ined concrete tends t o  
have sl i g h t l y  lower st rength.  
Th is  l oss  i n  s t rength ,  however, 
i s  o f f s e t  by the  f a c t  t h a t  a 
lower w/c r a t i o  can be used f o r  
a i r  en t ra ined concrete. 

19. Concrete t h a t  i s  normal ly  used 
i n  highway work has a u n i t  
weight ( o r  dens i ty )  o f  140 t o  
150 pc f .  The u n i t  weight t e s t  
can be used t o  determine the  
u n i f o r m i t y  o f  concrete from 
batch t o  batch. Factors which 
determine the  u n i t  weightiare 
the  dens i t y  o f  t he  aggregate, 
t h e  amount o f  a i r ,  and the  
water and cement content  as 
in f luenced by the  maximum 
aggregate s ize.  Speci a1 t y  
concretes can provide a l a r g e  
d i v e r s i t y  o f  u n i t  weights. 
L ightweight  concrete used f o r  
i n s u l a t i o n  can be as low as 15 
p c f  and heavy weight concrete 
can run as h igh  as 375 pc f .  

20. I n  order f o r  concrete t o  have a 
long 1 i f e  and low maintenance, 
i t  must be durable. I n  
a d d i t i o n  t o  h igh  st rength,  
d u r a b l e  concrete must be 
r e s i s t a n t  t o  f reez ing  and 
t h a w i n g ,  be w a t e r t i g h t ,  
abrasion r e s i s t a n t ,  and crack 
f ree .  

Nondurable concrete s u f f e r s  
from d e t e r i o r a t i o n  o f t e n  caused 
by the f reez ing  o f  the  water i n  
the  paste. With a i r  en t ra ined 
concrete, however, r e s i s t a n t e  
t o  f reeze thaw i s  g r e a t l y  
improved. During f reez ing,  the  
a i  r bubbles provide chambers 
f o r  the  p a r t i c l e s  t o  expand 
i n t o .  
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21. Concrete made w i thout  a i r  
entrainment are sub jec t  t o  
s c a l i n g .  Under seve re  
condi t i pns, however, even a i  r 
ent ra ined c o ~ c r e t e  can e x h i b i t  
scal i ng k 

Concrete exposed t o  weather o r  
severe condi ti ons shoul d be 
w a t e r t i i g h t .  * W a t e r  can 
p e n e t r a t e  t h e  c o n c r e t e  
d e p e n i d i n g  u p o n  i t s  
permeabnl i ty.  I f  t h e  i n t r u d i n g  
water Gontains a h igh  c h l o r i d e  
con ten t  then the  concrete cou ld  
d e t e r i o f a t e  t o  t h e  p o i n t  o f  
f a i  1  urel. 

1 
I ~ 
I 
I 

23. H a t e r t i  htness o f  the  concrete 
depends k on the  water/cement 
r a t i o  and the  l eng th  o f  mo is t  
c u r i n g .  Here you can see t h e  
a p p a r p t u s  f o r  m a k i n g  
water t ightness t e s t  on cement 
mortar  d isks.  I f  the  r e s u l t s  
o f  there  t e s t s  were t o  be 
p l o t t e d ,  i t  would i n d i c a t e  t h a t  
the  lower the  water/cement 
r a t i o  Qhe less  leakage occurs. 
Also, ilt can be shown t h a t  the  
longer specimens are mois t  
cured the  more w a t e r t i g h t  the  
concrete. 
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24. Depending on t h e  use o f  t he  
concrete, abrasion res is tance 
b e c o m e s  a n  i m p o r t a n t  
c o n s i d e r a t i o n .  Conc re te  
pavements can become worn w i t h  

Worn pavements can become 

25. Th is  s l  i d e  shows the  t e s t  
a p p a r a t u s  f o r  m e a s u r i n g  
abrasion o f  concrete used i n  
pavements. The s t reng th  o f  the  
concrete, as w e l l  as the  type 
o f  aggregate w i l l  i n f l uence  
t h e  r e s u l t s .  

I 

26. One f i n a l  cons idera t ion  f o r  
ob ta in ing  durable concrete i s  
t h e  c o n t r o l  o f  crack ing.  
Cracking can be caused by 
app l i ed  loads, expansion and 
c o n t r a c t i o n  o r  by d ry ing  
shrinkage. Proper placement 
o f  j o i n t s  i n  concrete work can 
reduce the  amount o f  crack ing.  
I n  concrete pavements, t i m e l y  
sawing o f  j o i n t s  w i l l  prevent  
t h i s  type o f  ,cracking. Arch
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27. P l a s t i q  shrinkage cracks r e s u l t  
when the water i n  the concrete 

28. I n  t h i s  s l i d e  we have 
summarlzed those items t h a t  are 
necessary f o r  durable concrete. 

I 

29. The mater ia l  presented on 1 
concrete was taken f r o m  t h e  
best avai 1 ab.1 e sources. These 

1 I 

include AASHTO, ASTM, PCA, and, 
ACI . Arch
ive
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30. I n  conclusion, we w i  11 t r y  t o  
emphasize, i n  t h i s  course, h igh 
standards r a t h e r  than common 
prac t ice .  I n  most cases, 
concrete o f  poor q u a l i t y  w i l l  
cos t  the same t o  produce as 
concrete o f  h igh q u a l i t y .  Many 
o f  t h e  h i g h  s t a n d a r d s  
presented w i l l  improve the 
concrete u n i f o r m i t y  and qua1 i t y  
so t h a t  the  e f f o r t  invested 
w i l l  be rewarded by a smoother 
o p e r a t i o n  and a h i g h e r  
product ion ra te .  
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PORTLAND CEMENT 

1. P o r t l a n d  C e m e n t s ,  by 
d e f i n i t i o n ,  a r e  hydraulic 
cements; t ha t  i s ,  they s e t  and 
harden b,y reacting with water. 
The p r o c e s s  i s  c a l l e d  
hydration. 

Port1 and Cement i s credited to  
an Engl ishman named Joseph 
Aspdi n .  

2 .  Aspdin, a mason, obtained a 
patent for  h i s  product in 1824. 
He named i t  Portland Cement 
because i t  produced a concrete 
tha t  resembled a natural 1 ime- 
stone quarried on the I s l e  of 
Port land in  t h e  English 
Channel. 

The f i r s t  U.S. patent on 
Portland Cement was made in 
1872. 

3 .  Portland Cement i s  produced in 
a plant where raw materials are  
heated in a rotary kiln.  The 
high heat in the kiln causes a 
chemical reaction tha t  converts 
the raw mater i a1 s t o  cl i nker . 
The clinker i s  then pulverized 
to  form the 'cement. 
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4. The f a u r  ma jo r  chemical 
components t h a t  must be present 
i n  ' the aw mate r ia l s  i n  order 
t o  produce Por t land Cement are 
Lime, I r o n ,  S i l i c a ,  and r Alumina. Sources f o r  these raw 
mater ia lp  are i l l u s t r a t e d  here. 

I 

Note t h a t  some raw mate r ia l s  
are avablable from the  same 

The raw mate r ia l s  can be 
combined i n  e i t h e r  a d r y  o r  a 
wet process. Th is  s l i d e  and the  
next  th ree dep ic t  t he  steps 
i n v o l v e d  i n  manu fac tu r ing  
Por t land Cement by the  d r y  
process. The raw mate r ia l  i s  
f i r s t  p u t  through a crusher t o  

' break i t  down i n t o  5- i  nch, or  
smaller,  s ize.  

6.  Raw mate r ia l s  are proport ioned, 
p u t  through another gr ind ing,  
and then d ry  mixed. Th is  
p rov i  des the  proper chemi ca l  
composition f o r  making the  
c1 i.nker . 
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7. The r a w  m a t e r i a l s  a r e  
prehea,ted, then enter  the  k i l n  

-where temperatures are  between 
2600 and 3000 degrees F and 
where they are chemical ly  
changed i n t o  cement c l i n k e r .  

As the  c l i n k e r  e x i t s  t h e  k i l n ,  
i t  i s  a i r -cooled.  The r a t e  o f  
coo l i ng  must be c o n t r o l l e d  as 
i t  can a f f e c t  t h e  p rope r t i es  o f  
t he  cement. 

The cement c l  i nker consi s t s  
e s s e n t i a l l y  o f  h y d r a u l i c  
ca l  c i  um s i  1  i cates. 

, 

8. The c l i n k e r  i s  coa led ,  
~ u l v e r i z e d .  and then s to red  o r  
shipped. 

Note t h e  a d d i t i o n  o f  gypsum 
which i s  added t a  c o n t r ~ l  
s e t t i n g  t ime and helps i n  
ob ta in ing  optlmum s t rength .  

9. A f t e r  the  f i n a l  g r ind ing ,  the  
cement i s  a  f i n e  powder whose 
p a r t i c l e s  are so small t h a t  

+ they cou ld  pass through a  s ieve  
w i t h  40,000 openings per square 
inch. Arch
ive
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types of cement are  
t o  meet d i f fe ren t  

requirements and for  
purposes. There are  

types of cement, as  

i s  a general 
cement t h a t  i s  

when there are  no 
nuating circumstances. 

I1 i s  used where 
t e e is a need t o  protect  

- Tyee 
moderate sul f a t e  

N a t u r a l l y  
occurring su l fa tes  such as 
sodium and magnesium are  
sometimes found in s o i l s  
o r  d i s s o l v e d  i n  
groundwater where concrete 
i s  t o  be placed. 

- i s a 
v n g t h  used where high strength cement 

concrete i s  needed i n  a 
s h j r t  period,  usually 
about one week. Uses 
would include s i tua t ions  
whqre forms mus t  be 
r e  oved ear ly ,  where a 
str ,ucture has to  be p u t  
into service quickly, or 
in cold weather. 

- T e IV i s  a low heat o f  
&on cement t h a t  i s  
used in large s t ructures  
such as dams where a heat 
r i s e  i s  a c r i t i ca l  factor .  
Ex essive heat r i s e  could 
cajse cracking due to  
volume change. 

I 

There 1 a: so of other 1 el; 
common types hydraul i c 
cements. For example, there 
are  T e IA IIA and IIIA 
cements t a t  correspon s 
the s I ,  I1 and I11 except 
t ha t  a small amount of a i r -  
entraining agent i s  interground 
wi,th t h e  cl i nker . 
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It i s  poss ib le  t o  spec i f y  a 
white Portland Cement; 
however, t h i s  i s  used most ly  
f o r  a r c h i t e c t u r a l  purposes o r  
f o r  co lo r  cont ras t ,  such as i n  
curbs and median b a r r i e r s .  

Blended hydraulic cements (ASTM 
C 595) cons is t  o f  Por t land 
Cement combined w i t h  some other  
i ngredi ent.  

, 

There are several types o f  
blended cements depending upon 
what i s  added t o  replace the  
cement i n  the  c l i n k e r .  Type I S  
cements are ones t h a t  have had 
-blast-fuynace s l a g  added. As 
much as 65 percent t o  75 
p e r c e n t  s l a g  may b e  
subs t i t u ted  f o r  the  cement. 
Type IP cements have had a 
pozzolan added i n  place a f  a 
p o r t i o n  o f  the  cement c l i n k e r .  

A Pozzolan i s  a s i l i c e o u s  o r  
s t  1 i ceous  and a1 umi naus 
mate r ia l ,  which i n  i t s e l f  
possesses  l i t t l e  o r  no 
cementi ti ous v a l  ue bu t  w i  11 
reac t  chemical ly  w i t h  water and 
calcium hydroxide t o  form 
c o m p o u n d s  p o s s e s s i n g  
cernentit ious proper t ies .  The 
most common Pozzolan i s  
F l y - A s h .  H e r e  a g a i n ,  
i n t e r g r i  nding i s  the  common 
manufacturing process and the  
Pozzol an accounts for between 
15 percent and 40 ~ercent o f  

I 

the *weight of the cekent. 

13. Jus t  b r i e f l y ,  some o f  the  
advantages o f  us ing a Pozzolan 
are: improved w o r k a b i l i t y ,  
e c o n o m y ,  r e d u c e  
a l k a l i - a g g r e g a t e  r e a c t i o n ,  
increase su l  f a t e  res is tance,  
and reduced heat generat ion, 
vo l  ume change and b l  eedi ng . Arch
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14. ASTM C 150 and AASHTB M 85 
~ r o v i d e  the chemical and 
bhysical  p roper t i es  f o r  
type o f  tement. 

each 

15. Now l e t ' s  look  a t  what 
d i  s t i  ngu j shes one type o f  
cement fkom another. When the  
c l i n k e r  i s  formed dur ing  the  
manufacturing process, f ou r  
p r i n c i p a l  compounds a r e  
created. The f i g u r e s  shown i n  
the  charF represents a t y p i c a l  
composition. 

- Tr ica lc ium s i l i c a t e  (C3S)  
hardens r a p i d l y  and i s  
responsib le f o r  i n i t i a l  
s e t ,  and e a r l y  s t rength .  
Not t h a t  Type I 1 1  (High 
E a r  1 y) i s  made up o f  56 
p e t c e n t  t r i c a l c i u m  
s i l k a t e .  C150 puts  a 
maxhmum o f  35 percent on 
on lk  Type IV. 

1 .  

- Dicglcium s i l i c a t e  (C2S) 
hardens slowly, thus i t  i s  
responsib le f o r  low heat 
o f  hydra t ion  and u l t i m a t e  
st rength.  Type I V  (Low 
heat o f  hydra t ion)  cement 
has  the  h ighest  percentage 
o f  d ica lc ium s i l i c a t e .  
C150 puts a minimum on 
d icp lc ium s i l i c a t e  o f  40 
pericent f o r  type I V  
cemknts. 

- Tr i ca l  c i  um a1 umi nate C3A)  
l i b e r a t e s  l a rge  amounts o f  
heak i n  the  f i r s t  days o f  
harfiening and con t r i bu tes  
t o  e a r l y  s t r e n g t h  
devklopment. High amounts 
o f  i t h i s  m a t e r i a l ,  
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I 

I h o w e v e r ,  c o n t r i b u t e  
a d v e r s e l y  t o  t h e  

1 

I r e s i s t a n c e  t o  s u l f a t e  
! 
: a t tack .  \ Consequently, 
I Type I11 cement (High 
I Ea r l y  Strength)  has a  

h igher  percentage o f  C3A - than Type V (Low S u l f a t e ) .  

C 150 has maxlmums as 
f o l l  ows: 

8 percent  f o r  Type I1 
15 percent  f o r  Type I I I  

7 percent  f o r  Type I V  
5 percent  f o r  Type V 

- T e t r a c a l c i u m  
A l u m i n o f e r r i t e  (C4AF) 

I reduces the  c l  i nker i  ng 
t e m p e r a t u r e ,  t h u s  
a s s i s t i n g  i n  t h e  
manufactur ing process. I t  
ac ts  l i k e  a  f l u x  i n  
burn ing the  c l i n k e r .  A 
maximum o f  20 percent,  on 
Type V only ,  appears i n  C 
150. 

I 16. There a r e  a  number o f  
p rope r t i es  o f  t h e  Por t l and  
Cement i t s e l f  t h a t  a r e  
important.  These are. . . . 

I Fineness Compressive 
Strength 

Soundness Heat o f  
Hydra t i  on 

Consistency Loss on I g n i t i o n  
I 

S e t t i n g  t ime S p e c i f i c  G r a v i t y  
I 

False Set Weight 

L e t ' s  look  a t  some o f  these i n  
more d e t a i l .  

You remember i t  was s a i d  t h a t  
t he  ground-up c l i n k e r  i s  f i n e  
enough t o  pass through a  mesh 
w i t h  40,000 openings per square 
inch.  

This fineness of the cement 
affects the rate o f  hydration. 
Greater f ineness increases t h e  
sur face avai  1  ab le  f o r  h y d r a t i  on 
causing greater  e a r l y  s t reng th  
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and more. r a p i d  generat ion o f  
heat. I Type I I I  cement, 
t h e r e f o r t ,  has a h igh  f ineness. 
Because f the  extremely small 
s i z e  o f  &he p a r t i c l e s ,  they do 
n o t  1 end themselves t o  anal y s i  s  
by means o f  s iev ing .  Special  
methods L ave been developed t o  
make appjoximations o f  t he  s i z e  
d i  s t r i  b u t i  on. 

The s i i g n i f i c a n t  d i f f e r e n c e  
between AASHTO M 85 and ASTM C 
150 concerns the  f ineness o f  
the  cement. AASHTO M 85 
requ i res  a coarse cement which 
w i l l  r es ,u l t  i n  h igher u l t i m a t e  
s t rength1 and lower e a r l y  
s t rength ,  gain. 

18. Th is  apbaratus i s  the  Wa ner 4h- Turbidimieter. It i s  an o e r  
method f o r  determining s i z e  o f  

f ineness can 

115. 

d t e s t  f o r  
e B la ine  a i r  
7isTm7m 

This t e s t  cons is ts  o f  a means 
o f  drawing a d e f i n i t e  q u a n t i t y  
o f  a i r  t h rough  a prepared bed 

The f ineness can be 
t o  the  a i r  f 1  ow 

Most modern cements have a 
B l  a i  ne f ineness t h a t  ranges 
from 26PO t o  5000 sq cm/g. 

I 

Arch
ive

d



ASTM c l  assi  f i c a t i  on o f  cements 
requ i res  a minimum o f  2800 f o r  
Type I cement. 

Cements w i t h  a f ineness '  below 
2800 may produce concrete w i t h  
poor w o r k a b i l i t y  and excessive 
bleeding. 

There i s  an approximate 
c o r r e l a t i o n  between the  Wagner 
and B la ine  methods. The B la ine  
method i s  equal t o  about 1.8 
t imes the  Wagner method. 

Soundness refers to  the a b i l i t y  
o f  harderkd cement paste t o  
r e t a i n  i t s  volume a f t e r  
setting. 

Expansion o f  the  cement i s  
caused by excessive amounts o f  
l ime o r  magnesia i n  the  
cement . 
The t e s t  f o r  cement soundness 
i s  the  Autoclave expansion 
t e s t .  This i s  ASTM C 151  o r  
AASHTO T 107. 

\ 

One-inch by one-inch cross 
sec t ion  molds are used t o  form 
cement paste specimens 11 and 
1/4 inches long. A f t e r  cu r ing  
f o r  24 hours', t he  specimens are 
measured f o r  l eng th  and then 
placed i n t o  the  autoclave. 
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The specimens w i l l  be subjected 
t o  saturated steain a t  295 P S I  
f o r  3 hours. The specimens are 
removed, cooled aud remeasured. 
The d i f fe rence i n  length  o f  the  
specimen before and a f t e r  
t e s t i n g  i s  reported as the 
autoclave expansion and i s  
measured t o  the  nearest 0.01 
percent. 

I 

I 
I 

The cement shoulb n o t  s e t  up 
too soon nor should i t occur 
too 1 ate. I 

I 

1 
S e t t i n g  t i m e  t e s t s  a r e  
performed t o  Uetermine i f  
normal hydrat ion i s  tak ing  
place i n  the  f i r s i t  I few hours. 

Demonstrated here i s  the  V ica t  
a aratus i n  whiqh a n e e d l e i s  
h t o  s e t t l l e  i n t o  cement 
paste. Time i s  recorded u n t i  1 
the  needle penetrates 25 mm. 
This i s  the i q i t i a l  s e t t i n g  
time. F ina l  s e t  i s  when the 
needle stops s ink ing.  This. i s  
t e s t  C 191 i n  ASTM or  T 131 i n  
AASHTO I 

The V icat  appa atus i s  a l so  
u s e d  t o  de e r m i n e  t h e  
c o n s i  s t e n c y  cement .  
Consistency means the cement's 
a b i l i t y  t o  f l o w .  I n  t h i s  t e s t ,  
t h e  needle i s  wi th  a 
10 cm diameter 
consistency i s  
mm drop o f  the plunger i n  30 
seconds. The m6isture content 
u s e d  t o  o b t a i n e d  t h i s  
consistency i s  then used f o r  
mix ing the paste i n  the s e t t i n g  
time t e s t .  (ASTM I C 187) Arch
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d



Another t e s t  f o r  s e t t i n g  t ime 
i s  the  Gilmore t e s t .  The 
apparatus i s  shown here. 

I n  t h i s  t e s t ,  two needles w i t h  
d i f f e r e n t  weight are used. 
When the  needles no longer make 
an indenta t ion  i n t o  the  paste, 
i4t i s  def ined as i n i t i a l  s e t  
f o r  the  small weight and f i n a l  
s e t  f o r  the  l a r g e  weight. 

There i s  no c o r r e l a t i o n  between 
these t e s t s  and the  s e t t i n g  
t i m e  o f  c o n c r e t e .  ASTM 
designat ion i s  C 266, AASHTO i s  
T 154. 

ASTM C 150 and AASHTO M 85 
spec i f y  c e r t a i n  minimum cement 
c o m p r e s s i v e  s t r e n g t h  
requirements. The t e s t  i s  
performed on two inch mortar  
cubes produced i n  these molds. 

For a Type I cement, 7-day 
s t rength  o f  one inch  mortar 
cubes should n o t  be l e s s  than 
2800 PSI. Using t h a t  as a 
reference, t h i s  s l i d e  shows the  
r e l a t i v e  compressive s t rength  
requirements f o r  the  var ious 
cements a t  var ious ages. 
Compressive s t rength  t e s t i n g  i s  
described i n  AASHTO T 106 o r  
ASTM C 109. Arch
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I 

Th is  s l i d e  shows a techn ic ian 
performidg a loss on ign i t ion  
tes t .  Jhe cement sample i s  

1000 degrees C u n t i l  
s a constant mass. 

loss  can then be 
. This i s  t e s t  ASTM 

A h igh /loss o f  3 percent o r  
more i s j  an i n d i c a t i o n  o f  
prehydra$ion and carbonation. 
This may be caused by improper 
o r  proloqged storage. 

I 

28. AASHTO M 85 and ASTM C 150 a lso  
spec i fy  the a i r  content o f  
mortar.  The purpose o f  the  
t e s t  i s  10 determine whether o r  
not  the h y d r a u l i c  cement meets 
a i r -ent ra ined requirements. 

To perfo~rm the t e s t ,  a cement 
mortar 1s placed i n  a f l ow  
mold, 07 a flow table. The 
mold i s  1 removed and the t a b l e  
dropped h/2 inch, 10 times i n  6 
seconds. The f l ow  i s  the  
increase] i n  diameter o f  the  
s p e c i m e ~ .  Vari  ous water 
contents  are t r i e d  u n t i l  a f l ow  
o f  80 t o  95 percent i s  
achieved. Through weighing a 
p r e d e t e r m i n e d  volume and 

I knowing the percentage o f  moisture1, the a i r  content can 
be determined. 

I 
I 

29. There a r e  severa l  o the r  
physical  p roper t ies  o f  cement 
which we should mention. 

F i r s t  i s  False set. This i s  a 
s i g n i f i c a n t  l oss  o f  p l a s t i c i t y  
s h o r t l y  a f t e r  q i x ing .  This 
presents no problem i f  the 
concrete i s  remixed before i t  
i s  placed. False se t  i s  an 
e r r a t i c  cond i t ion  t h a t  can be 
blamed on the character o f  the 
gypsum used. 

Specific gravity o f  cement i s  
about 3 3  and i s  used i n  the 
mix design ca? cu l  a t i  ons. 
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Weight o f  cement i n  the  Uni ted 
States i s  usua l l y  measured by 
the  bag a t  94 pounds. Density 
o f  cement i s  not usually 
considered since it can be 
f lu f fed  up quite easily. For 
t h i s  reason, cement i s  weighed 
f o r  each batch o f  concrete. 

Ho t  o r  green cement i s  
s o m e t i m e s  e n c o u n t e r e d .  
Sometimes dur ing  peak per iods  
cement p l a n t s  w i l l  have 
d i f f i c u l t y  keeping up w i th  
demand. Consequently, cement 
may be coming d i r e c t l y  from 
product ion t o  the  concrete 
p lan t .  Also, cement may become 
h o t  due t o  s i  10s being located 
i n  d i r e c t  s u n l i g h t .  When t h i s  
happens, cement a t  e l  evated 
temperatures could be used i n  
concrete. Th is  could cause 
s t i f f e n i n g  o f  t he  concrete mix. 
An upper l i m i t  o f  150 t o  180 
degrees F i s  recommended f o r  
cement . 

30. One f i n a l  i tem t o  cover on 
cement i s  storage. 

Cement i s  a moisture s e n s i t i v e  
matevial  t h a t  w i l l  r e t a i n  i t s  
q u a l i t y  i n d e f i n i t e l y  i f  i t  i s  
kept dry.  

When s t o r i n g  bagged cement, a 
s h e d  o r  w a r e h o u s e  i s  
p re fer red.  Cracks and openings 
i n  s to re  houses should be 
closed, humidi ty  should be as 
low as possib le,  w i t h  bags 
stacked on p a l l e t s  and n o t  
against  an outs ide  w a l l .  

When s t o r i n g  bagged cement 
ou tdoors ,  they should be 
stacked on p a l l e t s  and covered 
a l l  over w i t h  a waterproof 
covering; they should n o t  be 
s tored where they w i l l  ge t  wet 
from ponded o r  r u n o f f  r a i n  
water. Arch
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Most cements t h a t  a r r i v e  on a 
const ruc t ion  p r o j e c t  w i l l  be 
by bulk. Storage o f  bu lk  
cement shou ld  be i n  a 
w a t e r t i g l h t  b i n  o r  s i l o .  
Separate compartments o r  b ins  
should be provided f o r  each 
type o f  cement. Transportat ion 
should be i n  veh ic les  w i t h  
w a t e r t i  glnt and proper1 y seal ed 
l i d s .  Cement conveyance 
sys tems,  such as screw 
conveyors or  a i r  s l i des ,  should 
provide f o r  constant f l o w  and 
p rec ise  c u t o f f .  Compressed a i r  
systems f o r  moving cement 
should have water t raps.  

The r e s u ' l t  o f  improper storage 
and handl ing i s  lumpy cement. 
Loss on i g n i t i o n  or  s t rength  
t e s t s  should be performed on 
cements t h a t  have been s tored 
f o r  long periods o f  t ime. 
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XING WATER 

1. The next  concrete ingred ient  
t h a t  we want t o  consider i s  
water, 

I - 
- 
2: ' 

i 

_. , 

2 .  Water has two main functions; 
it reacts with the cement 
during hydration and i t  acts as 
a lubricant, contributing to  
t h e  w o r k a b i l i t y  o f  the 
concrete. Because o f  t h i s ,  i t  
i s  important t h a t  the  water be 
r e l a t i v e l y  pure. What i s  meant 
by pure? 

3. I n  general, potable water i s  
su i tab le  f o r  use as mix ing 
water f o r  concrete. Water 
su i tab le  f o r  making concrete, 
however, may n o t  be s u i t a b l e  
f o r  dr ink ing.  

Two c r i t e r i a  shou ld  be 
cons idered when eva luat ing  
water f o r  concrete. 

- W i l l  the i m p u r i t i e s  a f f e c t  
the concrete qua1 i t y ?  

- What l e v e l  o f  impur i t y  can 
be to1 erated? 
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4. When t h e  water i s  o f  
a u e s t i o n a b l e  quality, i t  

properties of the 
should be performed to  

i f  the levels  of 
s w i l l  be harmful. 
and time o f  set tests 

Mortar 
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7. Water that is considered to be 
harmful may contain excessive 
amounts of the items indicated 
on the slide. The source of 
the water (mun i ci pal , we1 1 , 
stream) would dictate which of 
the impurities would be 
suspected of contaminating the 
supply. In general, concrete 
plants are well established and 
have been using the same 
resources for a number o f  
years. Nevertheless, it is 
possible for a water supply to 
b e c o m e  c o n t a m i  n a t e d ,  
particularly we1 l water. 

8. The limits for certain 
chemicals for mixing water are 
shown here. Mixing water 
shauld not contain an excessive 
amount of silt or suspended 
solids. This chart shows a 
maximum concentration of solids 
of 50,000 PPM. PCA and the 
Bureau of Reclamation recommend 
that if the turbidity or 
dissolved solids exceed 2000 
PPM, the water should be tested 
for its effect on strength and 
time of set. 

The chloride ion content of 
mixing water is also of the 
major concerns due to its 
effect on reinforcing steel. 
Chlorides can be introduced to 
the concrete mix through 
admixtures, aggregates, or 
cement in addition to the 
mixing water. Placing a level 
on the chloride content of 
water becomes difficult because ' 

of these various sources. 
Generally, water containing 
less than 508 PPM o f  chloride 
ion wi 1 1 produce accep-tabl e 
concrete. 

3- 3 
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9. The requi rements f o r  curing and 
washing v /a te~  a re  n o t  as s t r i c t  
as thos f  f o r  m i x i ng  water  
because , t h i s  water i s  i n  
con tac t  hi t h  t h e  concrete f o r  
o n l y  a  i e l a t i v e l y  s h o r t  t ime.  

amounts o f  some 

t e s t e d  p r i o r  t o  use. 

I 

The disposal o f  washing water 
may be a problem i n  a  concre te  
o p e r a t i  on. T h i s  water  may 
c o n t a i n  l a r g e  amounts o f  f i n e s  
and, t h e r e f o r e ,  has  t h e  
p o t e n t i q l  o f  p o l l u t i n g  l a k e s  o r  
streams i 

11. One so l iu t ion  t o  the  wash water  
problem, would be t h e  use o f  
s e t t l  i n g  bas ins.  A lso  t h e  wash 
water may be recyc led  f o r  use 
as m ix i ng  water as l ong  as i t  
meets minimum standards.  I f  
used f a r  m ix ing ,  t h e  i n t a k e  end 
o f  t h e  supp ly  1  i n e  shou ld  be 
covered, w i t h  a  w i r e  mesh t o  
prevenq f o r e i  gn ma t te r  f rom 
e n t e r i n g  t h e  system. Arch
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12. In conclusion, i f  the  water i s  
dr inkable,  i t  i s  usable f o r  a l l  
a s p e c t s  o f  it c o n c r e t e  
operat ion. I f  there  i s  any 
q u e s t i o n  a b o u t  t h e  
concrete-making qua1 i t y  o f  the  
water, a sample should be 
submitted f o r  evaluat ion.  I f  
the water does n o t  have any 
p a r t i c u l a r  tas te ,  odor, o r  
co lo r ,  and does n o t  f i z z  o r  
foam when shaken, there  i s  no 
reason t o  assume t h a t  such a 
water w i l l  h u r t  the  concrete, 
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AGGREGATES 

1. Aggregates const i tute  about 60 
percent to  80 percent of the 
volume of concrete and have a 
s t rong  in f luence  on the 
c o n c r e t e ' s  p m p e r t i e s .  
Aggregates m u s t  conform t o  
certain standards. For best 
results, they should be clean, 
hard, strong, durable particles 
free o f  absorbed chemicals, 
clay or ather materials that 

I could affect  hydration or bond. 
! 

I Aggregates t ha t  should not be 
used are ones t h a t  are  f r i ab l e  

I (readi l y  crumb1 ed) , ones tha t  
I contain shale or ones t ha t  
I contain other s o f t  and porous i materials. . Aggregate with 
I 
I 

these character is t ics  can cause 
I 
I 

su r f ace  d e f e c t s  such a s  
I popouts. 
! 

2. Natural l y  occurring concrete 
agg~egates  are  a mixture of 
minerals and rock. Minerals 
a r e  defined as naturally 
occurring inorganic substances 
of a d e f i n i t e  chemical 
composition and a spec i f ic  
c rys ta l l ine  s t ructure .  Rocks 
are  generally composed of one 
or more minerals. Rocks 
compose most of the coarse 
aggregates and minerals compose 
most of the f ine  aggregates. 

Arch
ive

d



3 .  Rocks are  c l a s s i f i e d  i n  
accordance with the i r  origin; 
that  i igneous, sedimentary 
and me-tboanrphic. 

I I 

4. Igneous rocks are those t h a t  
have co 1 ed from a  mof t en  rock  0 mass. , Ianeous rocks .can be 
subd iv iqeb  i n t o  i n t r u s i v e  o r  
coarse gra ined and ex t rus i ve  o r  
f i n e  grained. I n t r u s i v e  i s  
formed dur ing  slow coo l i ng  o f  
t he  molten mass and are 
exempl i f ied by gran i tes .  
Ex t rus ive  are cooled more 
qu i ck l y ,  such as dur ing  a  
vo lcan ic  erupt ion,  and inc ludes  
basal t s .  I n  general,  igneous 
rocks a r e  hard, tough and 
dense and make exce, l lent  

r o c k s  a r e  
l a i d  down 

compounds o f  l ime o r  magnesium. 
These a r e  the  carbonates 
(1  imestone and do1 omi t e )  . The 
o ther  groups are made up 
c h i e f l y  o f  s i l i c a .  Sedimentary 
rocks range from hard t o  s o f t .  
The s o f t e r  ones should be 
avoided. 
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I 
concrete aggregate. Quartzite 
i s  metamorphosed sandstone and 
i s  also a good aggregate. 

Concrete aggregate sources are 
general ly gravels and crushed 
stone. Naturally occurring 
aggregates are called gravels. 
Sometimes gravels are p u t  
through a crushing operation to  
reduce the i r  s ize  or to  improve 
their  shape. Some a r t i f i c i a l  
aggregates a r e  used b u t  
general 1 y for  speci f i c purpose 
concretes such as 1 ight weight 
concrete made from expanded 
clay. 

I 8. About half of the concrete 
I aggregates used in the United 
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9.  Natural 1 f ine  aggregate is 
simply the smaller fragments 
that resqlt when the edges of 
rocks ar$ worn away. Due to 
the way pt is formed, natural 

enerall y quite round. 
is a shortage of 

a manufactured 
sand may be used. These are 
generally much more angular, 
however, and may cause 
d i f f e r e n t  w o r k i n g  
characteristics in the 
concrete. 

10. The most important property of 
concrete aggregate is the 
gradation. The gradation 

' measures the maximum particle 
size, the range of particle 
sizes and the amount of a 
particular particle size. The 
gradation is important because 
o f  its effect on mix 
workability, economy and 
strength, Concrete mixes which 
contain , too much coarse 
material become d i f f i c u l t  to  
f inish. For a given W/C ratio, 
the amount of cement required 
will decrease as the maximum 
size aggregate increases. On 
the other hand, concrete mixes 
which contain too much f ine  
material w i l l  require more 
cement i n  order t s  coat each 
par t ic le '  and make the mix 
f 1 owabl e, 

11. Grading o f  aggregates is the 
distribution o f  particles among 
various sizes. The gradation 
is determined by doing an 
analysis1 with a set of sieves. 
Sieves are stacked with larger 
sizes on top. Gradation is 
usually expressed in terms of a 
percentage passing or a 
percentage retained on the 
various si eves. Arch
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12. To make t e s t i n g  o f  aggregates 
more manageable, the  aggregates 
are genera l ly  d i v ided  i n t o  two 
c l a s s i f i c a t i o n s ;  c o a r s e  
aggregate and f i n e  aggregate. 
The d i s t i n c t i o n  between these 
two s i z e  classes i s  based on 
whether o r  n o t  the  aggregate 
w i l l  'pass a p a r t i c u l a r  sieve. 

The most common s ieve used f o r  
t h i s  purpose f o r  concrete i s  
the  4.75 mm. (No. 4 )  s ieve. 
Th is  s ieve has openings which 
are j u s t  s l  i g h t J y  small e r  than 
a 1 ead penci 1. Any aggregates 

, n o t  passing t h i s  sieve are 
, 
I c l a s s i f i e d  - a s  c o a r s e  
I aggregates. Any aggregates 
I 

p a s s i n g  t h i s  s i e v e  a r e  
c l a s s i f i e d  as f i n e .  Th is  s l i d e  

I dep ic ts  t y p i c a l  sieves used i n  
I a coars'e aggregate ana lys is  . 
! 13. There are many s ieve s izes  t h a t  
I could be used f o r  ana lvs is  o f  

f i n e  aggregates. ~ h i i  i s  a 
l i s t i n g  o f  some o f  the  most 
commonly used sieves f o r  f i n e  
aggregates associated w i t h  
highway work. Not ice  - t h a t  each 
s ieve i s  about one h a l f  the  
s i z e  o f  the  s ieve above it. 
Th is  assures you t h a t  there  
w i l l  be no gaps i n  your 
gradat ion analys-ts. 

The r e s u l t s  o f  the  s ieve 
ana lys is  are sometimes p l o t t e d  
on a gradat ion char t .  An 
experienced inspector  can t e l l  
a g r e a t  deal about the  
character o f  a concrete mix by 
exa.mi n i  ng the  gradat ion char t .  
L i m i t s  or  ranges are usua l l y  
s p e c i f i e d  f o r  t he  percentage o f  
mater ia l  passing each sieve. 
T h i s  i s  done s ince the  
gradat ion and the  maximum s i z e  
o f  aggregates w i l l  a f f e c t  the  
cement and water requirements, 
w o r k a b i l i t y ,  economy and 
d u r a b i l i t y  o f  t he  concrete. I n  
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general,  aggregates t h a t  do n o t  
have a l a r g e  de f i c i ency  o r  
excess o f  any s i z e  and g i v e  a 
smooth grading curve w i l l  
produce t h e  most s a t i s f a c t o r y  
resu l  t s .  

c h a r a c t e r i s t i c  
determined from 

the  f i n e  aggregate gradat ion  i s  
t h e  f ine  ess modulus. This i s  
simply he sum of  the to ta l  
percenta es retained on each o f  
a speci ied series o f  sieves 
divided by 100. This value 
represen s an average p a r t i c l e  
s ize .  - Aggregate g rada t i  ons 
h a v i  ng t h e  same f ineness 

" m o d u l u  s h o u l d  r e q u i r e  
approxim t e l y  t he  same amount 

nd cement t o  produce 
approximately equal 

d consistency. Note 
c e r t a i n  s ieves are  

c a l c u l a t i n g  t h e  
modulus o f  t h e  

vary more than 0.2 
value assumed i n  

xceeded, t he  T i  ne 
hould be r e j e c t e d  
b l e  adjustments are 

the  maximum s i z e  o f  
ggregate. I n  general 

t h e  coa $ s e r  the  f i n e  aggregate 
the  har~sher the  mix. The 
h igher  t h e  f ineness madul us 
the  coarser the  aggregate. The 
cement , con ten t  w i l l  va ry  
i n v e r s e l y  w i t h  t h e  f ineness 
modulus.: A very l a r g e  amount 
o f  very  f i n e  ma te r ia l  , t h a t  i s  
ma te r i a l  passing the  number 200 
sieve, w i  11 cause the  FM t o  go 
down. I n  add i t ion ,  a low FM 
w i l l  reduce the  a i r  content  and 
more a i r  entrainment w i l l  be 
requi red.  A S T W  33 or AASHTO 
M 6 s p e c i f i e s  the  s ieve  s i zes  
t o  be used and recommends the  
0.2 to lerance.  
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16. There are a number of other 
characteristics sf the 
aggregates that we need to be 
concerned wi-th. We will take 
a look at some o f  the ones 
listed here. 

17. Abrasion resistance is often 
used as a general index of an 
aggregates qua1 i ty. Abrasion 
resistance plays an important 
role in pavement surface 1 ife. 

. As the' concrete's mortar 
surface is worn off, the 
pavement will rely upon the 
abrasion resistance of the 
aggregate to provide good skid 
resistance. Aggregates that 
tend to polish under these 
ci rcumstances wi 1 1  resul t i n 
unsafe or "slippery when wet" 
conditions. Skid resistance is 
also dependent upon the fine 
aggregate. To provide good 
skid resistance, the PCA 
recommends that the si 1 i ceous 
particle content o f  the f ine  
aggregate should be at least 
25 percent. Consi derati on 
should be given, however, to 
the possibility of a1 kali- 
silica reactions when this is 
done. In addition, some 
manufactured sands can produce 
slippery surfaces and should be 
investigated thoroughly before 
being used. 

18. The common test for abrasion 
resistance i s  the L.A. abrasion 
test, ASTM C 131 or ASTM C 535 
or AASHTO T96. In this test 
the percentage of material worn 
away is measured. Arch
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19. Anotheq reason f o r  per fo rming  
t h e  L . .  abras ion t e s t  i s  t o  
d e t e r q i  ne  t h e  a g g r e g a t e s  
s u s c e p t i b i l i t y  t o  i n t r o d u c i n g  
a d d i t i d n a l  f i n e s  i n t o  t h e  con- 
c r e t e  mix  as a r e s u l t  o f  t h e  
a g g r e g p t e  degrading d u r i n g  
hand1 i r g ,  s t o c k p i  1 i ng and 
mi x i  ng 

I 

Approx imate ly  90 pe rcen t  o f  t h e  
Un i t ed  S ta tes  i s  c l a s s i f i e d  as 
reg ion$  o f  severe weather, t h u s  
s u b j e c t i n g  concrete t o  freeze- 
thaw yamage. T h i s  k i n d  o f  
damage i s  r e l a t e d  t o  t h e  
a g g r q g a t e ' s  p o r o s i t y ,  
absorp t ion ,  p e r m e a b i l i t y  and 
pore b t r u c t u r e  o r  i n  o t h e r  

wordsk t h e  a g g r e g a t e s  
s o u n d  e s s .  An a g g r e g a t e  
p a r t i c i e  may absorb so much 
water t h a t  t he  expansion due t o  
f r e e z i h g  cannot be accommodated 
i n  t h e !  concrete.  I f  t h i s  occurs 
near t h e  su r f ace  o f  t h e  
concrete,  a popout o r  spa11 
w i l l  occur.  

I 

21. D-Crac ing o f  concrete i s  a ," f a m i l  i r form o f  d i s t r e s s  i n  
~avernehts.  D-Cracki ng i s 
associated with a coarse 
aggregbte that  i s  non-durable 
when ?t becomes saturated wi th  
water and i s  subjected t o  
freeze-thaw cycles. It i s  a 
f u n c t i o n  o f  t h e  pore p r o p e r t i e s  
o f  t h e  aggregates. Water can 
become t rapped i n  t h e  pores. 
When t h e  concrete i s  exposed t o  
f r e e z i  ng  temperatures, t h e  
water : i n  these pores w i l l  
f reeze:  and cause t h e  aggregate 
t o  crack.  Whi le t h e  c rack ing  
begi  n s  i n t h e  coarse aggregate, 
i t  w i l l  propagate t h r u  t h e  
m o r t a r  mi x. Aggregates t h a t  
can e i x h i b i t  these p r o p e r t i e s  
i n c l  ude some 1 imestones, some 
dolomiltes, and che r t s .  
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22. The r e s u l t i n g  d i s t r e s s  i n  
c o n c r e t e  pavement i s  the  
cracking p a t t e r n  shown here. 
An accumulation o f  water, under 
the  pavement, i n  the  base and 
subbase w i l l  sa tura te  the  
underside o f  t he  slab. With 
f reez ing  and thawing cycles, 
the  cracks s t a r t -  i n  the  
saturated aggregate i n  the  
bottom o f  t he  concrete and work 
t h e i r  way up. As more cracks 
develop, more avenues are 
ava i l ab le  f o r  moisture t o  
penetrate deeper i n t o  the  
concrete. The s o l u t i o n  t o  t h i s  
k ind  o f  d i s t r e s s  i s  t o  s e l e c t  
aggregates t h a t  perform b e t t e r  
i n  f reeze thaw cycles. To 
e l im inate  sources suscept ib le  
t o  D-cracki ng could e l  iminate 
many sources i n  some States. 
As a  r e s u l t ,  several States 
t e s t  each bed o f  ma te r ia l  i n  
each source and e l im ina te  
p o r t i o n s  o f  s o u r c e s  
accordingly. 

Reducing the  maximum s i z e  o f  
t h e  coarse aggregate has 
improved durabi 1  i t y  o f  some 
aggregates and o f  courpe the  
i n s t a l l a t i o n  o f  drainage t o  
c a r r y  f r e e  water away from the 
pavement i s  very h e l p f u l .  D- 
c racked  c o n c r e t e  can be 
recycled provided f reeze thaw 
t e s t s  are performed on the  new 
mix. 

23. Another problem r e l a t e d  t o  
concrete d u r a b i l i t y  i s  t he  
occurrence o f  popouts o r  
s p a l l i n g .  Popouts occur from 
freezing and thawing of 
saturated porous aggregate 
particles near the surface of 
the concrete. When the 
concrete becomes c r  i ti c a l l  y 
s a t u r a t e d ,  there  w i  11 be 
i n s u f f i c i e n t  ^ u n f i l l e d  pore 
space t o  accommodate the  
expansion of. water dur ing  
f reez ing.  These s i t u a t i o n s  are  
usua l l y  i s o l a t e d  w i t h i n  the  
concrete mat r ix .  As w i l l  be 
discussed l a t e r ,  popouts can 
r e s u l t  from other  aggregate 
proper t ies .  
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24. There a're several ~ a y s  t o  
the performance o f  

s under freeze- thaw 
s: f i r s t  and perhaps 

i s  the'  pas t  
h i s t o r y  o f  the  

Second, i f  an 
has an unknown 

h i s t o r y ,  i t  can be subjected t o  
a f r e f z e - t h a w  t e s t  i n  
accordan e w i t h  ASTM C 666 o r  
AASHTO 7 161. In th is  test ,  
concrete, samples made with the 

are subject to  
f reez ing and 
being submersed 
This i s  the 
m e t h o d  f o r  

i n i n g  D - c r a c k  
i t y .  AASHTO T 103 

procedure 
j u s t  the 

freezing and 
t h i r d  method 

aggrega te  
durabi 1 i p y  i s  through a sodium 
sul f a te  or magnesi um sulfate 
t e s t  ( A ~ T M  C 88 o r  AASHTO T 
104). I n  t h i s  method, s a l t  
c r y s t a l s g r o w  i n  the  pores when 

' the  aggrbgate i s  immersed i n  a 
s u l f a t e  s o l u t i o n  t h u s  
s i m u l  a t i n g  t h e  p r e s s u r e s  
produced by f reez ing  water. 
Unfor tunbte ly ,  s u l f a t e  t e s t s  
are n o t  plways repeatable. 

I 

I 

25. part ic le /  shape i n f  1 uences the  
p roper t i es  o f  f r e s h  concrete 
more thkn the  o rooer t i es  o f  
hardened concrete. ' Rough 
angular aggregates requ i re  more 
water t o  produce workable 
concrete then smooth, rounded 
aggregates. I f  more water i s  
required,  then more cement w i l l  
be requ i red  t o  mainta in the  
same water  cement r a t i o .  
E l  ongated or f 1 a t  par t i  c l  es 
tend to  produce concrete which 
i s  d i f f i c u l t  to  f inish. 

I n  a l i k e  manner, surface 
tex tu re  w i l l  impac t  the  
workabi 1 Sty o f  f r e s h  concrete. 
Surface pexture, however, has a 
more s i g p i f i c a n t  bear ing on the  

I 
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conc re te ' s  s t r eng th .  The bond 
between the cement paste and 
the aggregate increases as the 
aggregate surf ace texture 
becomes rougher. The rougher 
s u r f  ace  p r o v i d e s  g r e a t e r  
s u r f a c e  a r e a  f o r  t h e  
development o f  t h i s  bond, t hus  
hSgher s t r eng ths .  Bond i s  a l s o  
i n f  1 uenced by  t h e  c l  eanl  i ness 
o f  t he  aggregate.  Coat ings on 
t h e  aggregate w i l l  reduce t h e  
bond. 

Another impo r tan t  p r o p e r t y  o f  
aggregates i s t h e  aggregate 
specific gravity. Speci f i c 
g r a v i t y  i s  t h e  r a t i o  o f  t h e  
we igh t  o f  t h e  aggregates t o  t h e  
we igh t  o f  an equal volume o f  
water.  Most  aggregates have a 
s p e c i f i c  g r a v i t y  o f  between 2.4 
and 2.9. I n  genera l  a low 
spec i  f i c g r a v i t y  i n d i  ca tes  a 
porus, weak and abso rp t i ve  
a g g r e g a t e  w h i l e  a h i g h  
s p e c i f i c  g r a v i t y  represen ts  . 

good qua1 i t y .  The s p e c i f i c  
g r a v i t y  i s  used i n  c e r t a i n  m ix  
and c o n t r o l  c a l c u l a t i o n s .  

27. Since t h e  aggregate we igh t  w i l l  
v a r y  w i t h  i t s  m o i s t u r e  
condi t i  on, spec i  f i c g r a v i  t y  i s 
determined a t  a f i x e d  mo i s tu re  
content .  There a re  f o u r  
p o s s i b l e  mo i s tu re  cond i t i ons :  

a. I n  t h e  damp or wet 
condi ti on, t h e  aggregate 
pores a re  f i  1 l e d  and f r e e  
water i s  p resen t  on t h e  
a g g r e g a t e  s u r f a c e .  
Aggrega tes  i n  t h i s  
condi ti on would p rov ide  
e x c e s s  w a t e r  t o  a 
concrete mix. '  

b. Aggregates which have a 
dry su r f ace  w i t h  v a r i a b l e  
amounts o f  water i n  t h e  
pores are i n  an air-dried 
c o n d i t i o n  and would t ake  
water f rom a concrete mix.  
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c. Aggregates w i t h  no water 
i n  1 t he  pores or  on the  
sudface are ca l  l e d  oven- 
dried and represent  a 
1 a b o ra to ry  cond i t ion .  

surface 

aggregates ;  t h e r e f o r e ,  
t hq  amount o f  water added 
dur ing actual  j ob  mix ing  
muqt be adjusted f o r  t he  
moi'sture cond i t i on  o f  the  
ag regates. s 

I 
28. There are several aggregate 

q u a l i t i d s  o r  i m p u r i t i e s  t h a t  
are poi tent ia l  l y  harmful t o  
concretd. 

- Organic i m p u r i t i e s  may 
de9a.y s e t t i n g  a n d  
haqdening o f  concrete and 
may a lso  reduce s t reng th  
gain. 

- Mater ia l  f i n e r  than the  
No. 200 sieve, such as 
s i  1 t s  and c lays,  can 
'caqse a t h i n  d u s t - l i k e  
coat ing o f  t he  aggregate, 
t h  s weakening t h e  bond 
be ween the  aggregate and 
pa t e  And r e s u l t i n g  i n  low 
s t  ength concrete. i 

and l i g n i t e  can 
a f  e c t  the  d u r a b i l i t y  o f  
co crete.  - ""i' 

I 

- s o h  p a r t i c l e s  w i l l  cause 
a 'loss i n  d u r a b i l i t y  and 
wear res is tance.  They 
codld a lso  cause popouts. 

I 

- Clay 1 umps i n  concrete may 
absorb some o f  the  mix 
water and may break down 
from f reez ing  and thawing 
o r  we t t i ng  and dry ing .  
The r e s u l t s  are reduced 
durabi 1 i t y ,  reduced wear 
res is tance,  and papouts. 

4-1 2 
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,- Chert a lso  a f f e c t s  the  
d u r a b i l i t y  o f  concrete and 
d u e  t o  i t s  h i g h  
a b s o r p t i o n ,  can cause 
popouts. 

S i 1 i ceous aggregates and 
c e r t a i n  l i m e s t o n e s  and 
dolomites have the potential o f  
reacting with the a1 kal i i n  the 
cement. This  can cause 
abnormal expansion o r  map 
c r a c k i n g  i n  c o n c r e t e .  
De te r io ra t i on  can be minimized 
by 1 i m i  t i ng the  a1 ka l  i content  
o f  the  cement t o  0.6 percent 
when r e a c t i v e  aggregates are 
suspected o r  known. Also the  
a d d i t i o n  o f  an adequate amount 
o f  a s u i t a b l e  pozzolan can 
prevent t h i s  reac t ion .  While 
the  problem can occur whenever 
r e a c t i v e  a g g r e g a t e s  a r e  
encountered,  i t  i s  more 
preva lent  i n  the  western and 
southern s ta tes .  Probably the  
b e s t  de terminat ion  o f  an 
aggregate ' s appl i cabi 1 i t y  i s 
through i t s  serv ice  record. 
I f  the  aggregate source has 
b e e n  p r o d u c i n g  q u a l i t y  
concrete, i t  can genera l ly  be 
c o n c l  uded t h a t  i t  w i  11 
cont inue t o  dg so. Should 
there  be any doubt o r  problem 
w i  t h  an aggregate, t e s t i  ng , 
s u c h  a s  p e t r o g r a p h i c  
examination or  mortar  bar t e s t s  
should be done t o  ensure 
s u i t a b i l i t y  f o r  m a k i n g  
concrete. 

The ob jec t i ves  o f  a we l l  
designed aggregate storage and 
hand1 i n g  system are t o  provide 
an  a d e q u a t e  s u p p l y  o f  
aggregates and t o  prevent 
s e g r e g a t i  on, breakage and 
contamination. Arch
ive
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The p re fe r r ed  method o f  
building stockpiles i s  t o  build 
them u p  in layers of uniform 
t h i  ckneiss by d e p o s i t i n g  
material in t ight1 y placed 
1 oads. This appl i es  t o  
stockpi 1 es  bui 1 t by clamshell 
dr truck del ivery. Stockpi 1 es  
t ha t  are  spread by a dozer are  
a c c e p t a b l e ,  however, t h e  
aggregate should be watched for  
degradation. Rubber t i r e d  
equipment i s  preferred to  
metal tracked equipment. 

Even stockpi 1 es proper1 y 
constructed by dozers can 
r e su l t  in segregation i f  the 
materials are pushed over the 
edge. 

l 
Aggregaqe stockpi l e s  should 
also be; constructed on smooth, 
hard surfaces in order t o  
prevent  contamination from 
underlyjng s o i l s .  Arch
ive
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34 .  Removing aggrega tes  from 
stockpiles and feed ing  hoppers 
can be accomplished through 
u n d e r g r o u n d  f e e d s  from 
stockpiles,  by clam shell 
buckets, or by charging hoppers 
with front-end loaders. 

35. Slices from a stockpile made 
with a front-end loader s h o u l d  
be from bottom t o  tap ss t h a t  
each s l i c e  contains a portion 
of each horizontal layer. Care 

, should also be taken to  avo id  
taking material from the veqy 
bottom of the stockpi l e  where 
e x i s t i n g  s o i l s  c o u l d  
contaminate the aggregates. 

Coni cal stockpi 1 es  s h e d  d be 
a v o i d e d ,  b e c a u s e  s f  
s e g r e g a t i o n ,  u n l e s s  t h e  
materials can be sa t i s fac tor i  l y  
remixed when i t  i s  reclaimed. 
Concrete made from the lower 
por t ion  of a segregated 
stockpile will be harsh and 
soupy while the concrete made 
from the upper par t ,  with 
excess f ines ,  will be dry and 
s t i f f .  Arch
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37. Bul kheadis and d i  v i  ders s h o d  d 
be used 1 t o  avo id  contamination 

38. In concl  u s i  on, aggregates 
should b e  hard in order t o  
r e s i s t  1 grinding, tough t o  
w i  thstahd impact, strong t o  
stand up under heavy loads and 
sound t o  remain who1 e  during 
freezing and thawing. 

9 
ll 1 I 

i 
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ADMIXTURES FOR CONCRETE 

1. An admixture i s  de f i ned  by ASTM 
as: " A m a t e r i a l  o the r  than 
w a t e r  , a g g r e g a t e s ,  and 
h y d r a u l i c  cement t h a t  i s  used 
as an i n g r e d i e n t  o f  concrete o r  
mor ta r  and i s  added t o  t h e  
batch immediate ly  be fo re  o r  
d u r i n g  mix ing . "  .Admix tu res  can 
be used t o  mod i fy  bo th  t h e  
p l a s t i c  and hardened p r o p e r t i e s  
o f  p o r t l a n d  cement concrete.  
It should be noted t h a t  
admixtures a re  n o t  a  s u b s t i t u t e  
f o r  good concre te  mix  des ign 
b u t  can be used t o  enhance t h e  
p r o p e r t i e s  o f  a concrete mix.  

2. We can use admixtures t o  
I e n h a n c e  t h e  f o l l o w i n g  
I p r o p e r t i e s  o f  p l a s t i c  concrete:  
1 
I 

i nc rease  workabi  1  i t y  a t  t h e  
I same water con ten t ,  change t h e  
I , r a t e  o f  se t ,  compensate f o r  
I shr inkage,.  . . 
1 

I 

3. r e d u c e  b l e e d i n g ,  r e d u c e  
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I 
I 

4.  Admixtures are  a l s o  used to  . - 

t h e  f o l l o w i n g  
i e s  of hardened  

accel e ra te  the r a t e  
ngth gain, increase 

strength,  increase 
ce t o  freeze-thaw 
ncrease the resistance 

aggregate reactions,  
t h e  resistance t o  

s t e e l .  

5. Many admixtures a f fec t  more 
than o  1 e property o f  concrete 

some cases they may 
desirable property i n  

vorable manner. In 
, when m u l t i p l e  

B 
! re  three basic types o f  

[i res  which are used in 
d cement concrete. They 
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7. Air entraining admixtures are  the  
most commonly used admixtures in 
the industry today and a re  used 
in  almost a l l  concrete. These 

, admixtures crea te  and introduce 
microscopic a i r  bubbles in to  the  
concrete. The primary reason f o r  
a i r  entrainment i s  f o r  freeze- 
thaw durabi 1 i  ty .  

The spec i f i ca t ion  requirements 
f o r  a i r  entraining admixtures a re  
contained in AASHTO M 154 and 
ASTM C 260. 

The dose of a i r  ent ra in ing agents - - 
are  in the  order of 0.05 percent 
of ac t ive  ingredient  by weight of 

I cement. The actual  dose wil l  
very with the pa r t i cu la r  mix and 
appl i  cat ion.  

8. In hardened concrete a i r -  
entrainment, in addi t ibn  t o  
provi di ng res i  s tance t a  freeze- 
thaw cycles,  can a l so  increase 
the water t igh tness ,  improve 
scal i  ng res is tance  t o  de-icing 
s a l t s ,  and increase res i s t ance  t o  
s u l f a t e  a t t ack .  

In p l a s t i c  concrete the  use of 
a i r -ent ra in ing admixtures can 
improve workabil i ty,  help reduce 
segregatian,  and cut  down on 
bleeding when compared t o  non- 
a i r - e n t r a i n e d  mixes.  Air  
entrained mixes wil l  a l s o  
typ ica l ly  require l e s s  sand and 
water because of the  increase in 
workability of the mixes. 

9. For each 1 percent in t rease  in 
a i r  content ,  the  compressive 
strength will  be reduced by 2 t o  
6 percent.  Arch
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on f o r  freeze-thaw 
centered around the  
nature o f  f reez ing  

e p r i n c i p a l  behind 
a i r  i s  t o  a1 low room 

expansion o f  t he  
so the  expansi ve 
ill n o t  damage the  

I 

11. When we measure the  a i r  content  
i n  concrete both entrapped a i r ,  
and entirained a i r  i s  measured. 
~ n t r a p p h d  a i r  does n o t  he lp  i n  
freeze--;haw durabi I i t y .  Freeze- 
thaw durabi 1 i t y  i s  achieved by 
proper s i z e  a i r  bubbles and 
spaci ng . Ninety percent o f  
the  a i r  en t ra ined bubbles are 
l e s s  than 4 mil l ionths a f  an 
inch.  

r u l e  o f  thumb, there  
be approximately 9 

t o t a l  a i r  i n  the  mortar 
n o f  the  mix. 

ured a i r  content  and 
a t i ons  f o r  a i r  content  

2 t o  3 percent 
a i r  which does n o t  

any b e n e f i t  t o  the  Arch
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13. The gradat ion  o f  the  f i n e  
aggregate w i l l  a f f e c t  the  
a b i l i t y  o f  t h e  concrete t o  
e n t r a i n  a i r .  

An increase i n  the  amount o f  
ma te r i a l  passing the  No. 100 
s i e v e  w i l l  r e s u l t  i n  a 
reduc t ion  o f  a i r  content .  

An increase i n  the  amount o f  
ma te r i a l  between the  No. 30 
s ieve  and the  No. 100 wi 11 
r e s u l t  i n  an increase i n  a i r  
content.  

The f ineness modulus can be 
used t o  i n d i c a t e  t h a t  a change 
has occurred i n  the  gradat ion  
o f  the  f i n e  aggregate. 

14. The p rope r t i es  o f  t he  p o r t l a n d  
cement can a l so  a f f e c t  the  
a b i l i t y  o f  the  mix t o  e n t r a i n  
a i r .  An increase i n  f ineness  
o r  low a l k a l i e s  w i l l  r e s u l t  i n  
a reduc t ion  o f  a i r  content.  

A change i n  source o f  cement 
may a l so  a f f e c t  the  a i r  
e n t r a i n i n g  c a p a b i l i t y  o f  t h e  
concrete. 

\ 
15,. As the  temperature increases 

the  a i r  content  w i l l  decrease. 
As a ~ e s u l t  i t  may be necessary 
t o  a d j u s t  the  amount o f  a i r  
e n t r a i n i n g  admixture du r ing  the  
course o f  a placement. 

An increase i n  slump may r e s u l t  
i n  an increase i n  a i r  content.  Arch
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Other items may a l so  a f f e c t  the  
a b i l i t y  o f .  the  concrete t o  
ent ra in  a i r .  

- The use of a non uniform 
f l y  ash may r e s u l t  in  a 
large  v a r i a b i l i t y  in  the  
a i r  content.  This i s  
discussed l a t e r  in t h i s  
chapter.  

- Excessive amounts of mi xi ng 
car reduce the  amount of 
a i r  in the  concrete. 

- pudping concrete wi 1 I 
uce the  a i r  content in 
concrete. This wi 11 be 

cussed fu r the r  in the  
p ter  on conveying, 
cing and f in i sh ing .  

1 
4 i x t u r e s  s tored f o r  

ger than 6 months should 

requirements 
ical admixtures are 
in AASHTO M 194 and 
. All admixtures have 
e t  requirements. In 
he Type A,D,E,F,and G 
have water reducing 

s.  The speci f i c a t i  ons 
1 ower durabi 1 i t y  than 
hout these admixtures 

the  proper t ies  of 

water Arch
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\ 20. Set r e t a r d i n g  admixtures a re  used 

21. The r e t a r d e r  can a f f e c t ,  1) water  
demand, 2 )  a i r  content ,  3 )  slump, 
4) b leed  water,  5 )  r a t e  o f  se t ,  
6) s t r eng th ,  7 )  r e s i s t a n c e  t o  
f r e e z i n g  and thawing, and 8) 
d r y i n g  s h r i  nkage. B l  eedi  ng may 
inc rease  w i t h  some admixtures. 
The spec i  f i c a t i  ons a1 1 ow an 
inc rease  i n  shr inkage.  D i f f e r e n t  
chemicals which can qua1 i f y  as 
r e t a r d e r s  w i l l  a f f e c t  t h e  above 
p r o p e r t i e s  d i f f e r e n t l y .  T h i s  i s  
another reason f o r  making t r i a l  
batches w i t h  t h e  ma te r i  a1 s  which . - -  . 
w i l l  be used i n  t h e  mix.  
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22. The spec 1 f i c  e f f e c t s  of s e t  

~ 
23. The use of water reducers by the  

highway agencies have 
increasin over the  l a s t  
years.  hey have been 
pr imar i ly  in bridge decks, 
slump c  ncrete overlays, 
patching ).on cre te .  

I 

been 
few 

used 
1  ow 
and 

t ,  water reducing 
were used j u s t  f o r  

what t h e i r  name implies - t o  
reduce th,e amount o f  water needed 
t o  achie "I e  a given slump. Water 
reducing admixtures can provide 
many addi t i  onal benef i t s  going d f a r  bey ,nd reducing the  water 

incl uding control of 
s e t  and providi ng 

concrete. Reduction in 
m u s t  be made with 

t o  insure t h a t  
y wil l  not be 
. The majority of the  

are  s e t  r e ta rde rs .  
are capable of 

contents up t o  12 
percent. Arch
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25: Water reducers are dispersion 

27. The water reducer can a f f ec t .  11 

which will be used i n  t h e  mix. 
Arch
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I 
I 28. Another cl ass of admixture t ha t  

i s  being used more frequently in 
construqti on work i s  the high- 
range wqter reducer (HRWR). They 

a r e  % I s o  
known as  a 

superpl , s t i  ci zers.  HRWR may 
permit water reductions o f  12 t o  
25 percent while maintaining the 
desired, workabil i t y .  Most State  
highway agencies a l l  ow thei r use 
i n prestressed concrete. Several 
State hiighway agenci es  a1 so a1 1 ow 
the i r  use in bridge deck 
concrete. 

I 

i 
1 

29. HRWR have several potential C 
1: advantabes. They wi 11 a1 1 ow 

water contents t o  
workability or increase 

i t y  a t  the same water 
which will reduce 

placement e f fo r t .  They 
allow a reduction of 

 etai in strength by 
the water content. 

in cement contents 
with caution to  

will not 

-- 

with n rmal water cementitious 
ra t ios  or the water cementitious 
r a t i o  an be dropped below 0.35 
with t e same workability. I 

30. In add I t i on ,  HRWR will increase 
the strength gain 
ultima e strength, 
permea i l  i t y  due t o  
cementWt3ious I ra t ios .  

, increase 
and reduce 
lower water Arch
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31. The accompanying graph reflects 
the strength gain that is 

' -  
attai nab1 e with HRWR. 

I 

32. HRWR also have several 
1 imitations. The concretes which 
contain HRWR will lose slump 
between 30 minutes and an hour. 
Redosing is not recommended since 
it may increase slump but not 
increase workability. In order 
to get the admixture dispersed in 
a truck mixer at full capacity, 
a 3-inch slump is required. 
Reducing the size of the load to 
1/2 to 2/3 the capacity of a 
truck mixer will allow 
dispersement o f  the admixture in 
1 ow slump concretes. The 
admixture significantly affects 
the air void system in the 
concrete. In order to compensate 
for disruption of the air void 
system and maintain freeze-thaw 
durability it is necessary to 
increase the typical air content 
from 6.5 percent to 8 percent. 

I 

In addition, the admixtures are 
fai rly expensive. 
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34. ~ c c e l e r k t o r s  o f f e r  a  number o f  
a d v a n t b g e s  f o r  c o n c r e t e  
construct ion.  I n  concrete 's  
p l a s t i c  s t a t e  they can a l low 
e a r l i e r  f i n i s h i n g .  In hardened 
concrete, accel e ra to rs  w i  11 
reduce cur ing  and p ro tec t ion  
t i m e  and i n c r e a s e  e a r l y  
s t r e n g t l  development. 

a to rs  a lso  have some 
ntages. The u l t i m a t e  

strengdh o f  the concrete may be 
the su l  f a t e  res is tance 

concrete w i  11 be 
reduce , and s i n c e  most 
accele a to rs  are s a l t s  the  
potent i ,a l  f f o r  corrosion i s  
increaged. I 

36. Calciulh chloride i s  the most 
common] y used accel e ra to r .  
Other soluble s a l t s  such as 
ch l  o r i  #es, bromides, f l uo r ides ,  
carbo a t e s ,  n i t r a t e s ,  and 
s i  1  i c a  es have been used along 

organi c  compounds 
such a  tr iethanolamine. 
The a  ount o f  cal  c i  um ch lo r ide  
should be 1 im i ted  t o  '2 percent 
by weight o f  cement t o  assure with lome 
no a f f  I" c t  on r e i n f o r c i n g  s tee l .  Arch
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This t a b l e  shows the  e f f e c t  o f  
ca l  cium ch l  o r i d e  on compressive 
st rength.  Mote the  dramatic 
i n c r e a s e  i n  c o m p r e s s i v e  
s t rength  a t  the  e a r l y  ages o f  
the  concrete. 

Accelerators wi 11 a1 so reduce 
the  s e t t i n g  t ime o f  concrete. 
The accompanying t a b l e  shows 
the  t e s t  r e s u l t s  on 70 degree F 
concrete t h a t  i s  placed a t  70 
degree F. The i n i t i a l  s e t  o f  
t h i s  p l a i n  concrete was 5 hours 
and 5 minutes. With 1 percent 
calcium c h l o r i d e  i n i  t i . a l  s e t  
was reduced t o  3 1/2 hours. By 
increas ing the  calcium ch lo r ide  
content t o  2 percent,  the  t ime 
t o  i n i t i a l  s e t  was 2 1/2 hours. 
S im i la r  percentage reduct ions 
occurred i n  the  f i n a l  s e t  o f  
the  concrete. 
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Care m u s t  be taken when 
accelerjators are  used i n  hot 

Detrimental e f f ec t s  
s rapid se t t ing  and 
e cracks may develop. 

I 

i 
i 

I 
I 
I 

a \ 
1 41. Cal c i  urn chl  ori  de accel erators  

shou ld  I never be used in 
p r e s t # e s s e d  c o n c r e t e  or  
concrete t ha t  will be steamed 

t h  o f  these types af  
are more prone t o  
The use of calcium 
recommended amounts 
cause progressive 

of conventional s tee l  
ement under normal 

conditPons when adequate cover 
i s  provided. 

I I 

for  a i r  
. - 

res are based on the i r  
an the s e t  times, 

ng ,  s t r e n g t h  and 
ce t o  freezing and 

The bdsic method for  acceptance 
i s  l approved  l i s t  and 
c e r t j f i c a t i o n '  by t h e  
manufqeturer. 

i 

 any S t a t e s  p e r f o r m  
identSf ica t ian  t e s t s  on 
sampl es o f  the admixtures taken 
at t h e  concrete plants t o  
assurq t h e  material i s  the same 
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as that evaluated to place the 
admixture on the approved list. 
The identification tests 
include: solids content, 
d e n s i t y ,  i n f r a r e d  
spectrophotometry, pH, and 
chloride content. 

All admixtures should be stored 
according to the manufactures 
recommendations. It shoul d be 
noted that some admixtures 
become more viscous as they get 
colder . Admixtures may be 
damaged or require mixing after . 

freezing. 

43. We will discuss three types of 
f i nely divided mineral 
admixtures: fly ash, granulated 
blast furnace slag, and silica 
fume. These three admixtures 
can be used to: reduce alkali- 
s i  1 i ca reaction, improve 
sulfate resistance, and reduce 
permeability. Fly ash and 
granulated blast furnace slag 
have been shown to increase 
workability and reduce heat of 
hydration. 

44. Fly ash and silica fume are 
pozzolanic in nature i.e., they 
form cementing agents by 
combining with the calcium 
hydroxide that is produced from 
the hydration of the cement. 

Granulated blast furnace slag 
is a cementi tious material . Arch
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d



I 45. The most commoniy used o f  these 
i s  f l y  ash. F l y  ash i s  

p roduc t  which i s  
f rom t h e  combustion 

xhausted gases and i s  
burn ing  o f  

e l e c t r i c  power 
s. F l y  ash j s  

c l  asses, c l  ass 
F and clalss 6. The d i f f e r e n c e s  
i n  t h e  two types o f  f l y  ash 
cen te r  on! t h e  r e a c t i v i t y  o f  t h e  
f l y  ash c l a s s  C be ing  more 
r e a c t i v e  khan c l ass  F. F l y  ash 
i s  spec i fbed  i n  AASHTO M 295 and 

46. F l y  ash i s  used as a  p a r t i a l  
t f o r  p o r t l a n d  cement. 
h i g h w a y  a g e n c y  

i o n s  wi ll a1 1  ow between 
percen t  o f  t h e  cement 

aced w i t h  f l y  ash on a  
1 r a t i o  based on t h e  

he m a t e r i a l .  Since f l y  
l e s s  than  cement ( f l y  
.65 compared t o  cement 
) t h e  mix  p r o p o r t i o n s  

changed accord i  n g l y  . 
t h e  amount o f  f i n e  

aggregate i s  reduced. 

has severa l  pos i t 4ve  
n t h e  p r o p e r t i e s  o f  t h e  

shape o f  t h e  m a t e r i a l  
ove t h e  w o r k a b i l i t y  o f  Arch
ive
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An easy way o f  determining i f  
t h e  f l  ash i s  uni form i s  t o  
t ake  a$ cantent t es t s  on each 
load of concrete u n t i  1 i t  i s  
determined t h a t  t h e  source o f  
f l y  ash i s  uniform. 
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54. The primary disadvantage using 
ag is granu 

1 ower 
1 ated 
ear 1 

blast furnice 
y strength. 

55. S i l i c a  fume is a new admixture. 
There currently is not a standard 
specification for the material. 
Silica fume is the by-product of 
the production of si 1 i con and 
specialty steels. It is almost 
a pure siliceous material. 

As with fly ash silica fume 
re1 ies on the pozzol anic reaction 
and fine particle effect for 
strength gain. 

Si 1 ica fume has been used by some 
States as a replacement for 
cement i n bridge deck concrete. 
Replacement rates are in the 
range of 5 to 15 percent. 

I 56. Silica fume has several 
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57. S i l i ca  fume also has several 

I 

* 58. Currently, s i l i c a  fume i s  being 
used as  an additive t o  concrete 
mixes in order to  obtain very 
high strength concrete and not as 
a subst i tute  for  cement. I t  
should plso be noted tha t  the 
controversy surrounding the need 
for air-entraining admixtures in 
h igh  s t r e n g t h  c o n c r e t e  
(compressive strength >12,000 
PSI) also extends t o  concrete 
containing s i l i c a  fume. 

$ 
i 1 
1 
:r 1 59. In general i t  i s  necessary to  use 

a high range water reducer (HRWR) 
when- s i  1 i ca fume i s  used since 
the material i s  very f ine  which 
significant1 y increases the water 
demand. The admixture i s  
commercjally available in two 
forms: dry without a HRWR and in 
a s lurry I which contains a HRWR. Arch
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60. Latex, co r ros ion  i n h i b i t o r s ,  
s h r i n k  compensating admixtures 
and c o l o r i n g  agents a re  n o t  
c u r r e n t l y  t h e  s u b j e c t  o f  an ASTM 
o r  AASHTO s p e c i f i c a t i o n .  

Latex 'modified concrete has been 
used by many S t a t e  highway 
agencies as t h e  wear ing course 
and p r o t e c t i o n  system f o r  b r i d g e  
decks. It i s  impo r tan t  t o  use an 
acceptable l a t e x  m o d j f i e r .  Some 
o f  t h e  l a t e x  m o d i f i e r s  on t h e  
market a re  n o t  s u i t a b l e  f o r  use 
i n  b r i dge  decks; . The l a t e x  
so l  i d s  ' t o  cement r a t i o  should 
0.15 t o  1. It shou ld  be no ted  
t h a t  c u r i n g  i s  ext remely  
impor tan t  f o r  decks cons t ruc ted  
o f  t h i s  m a t e r i a l  . 

Shrinkage compensating admixtures 
whi ch con ta in  g ranu l  a ted  i r o n  
w i l l  cause t h e  concre te  t o  expand 
and compensate f o r  d r y i n g  
shr inkage. The c o n t r o l  o f  t h e  
expansion i s  c r i t i c a l  i n  avo id i ng  
damage t o  t h e  concrdte.  

Corrosion inhi,bi to rs  a re  s t i  11 
under s tudy.  There i s  
c o n t r o v e r s y  a b o u t  t h e  
e f f e c t i v e n e s s  o  f t h e s e  
admixtures. 

Addi ti ons o f  Col o r i  ng agents 
should be l i m i t e d  t o  no more than  
10 percen t  by we igh t  o f  cement. 
However, i t  should be noted t h a t  
a d d i t i o n s  i n  excess o f  6 percen t  
by we igh t  o f  cement can a f f e c t  
t h e  p r o p e r t i e s  o f  t h e  concrete.  
The most common e f f e c t  i s  t o  
increase t h e  water  demand 
t h e r e f o r e  reduc ing  s t r eng th .  
Carbon b l a c k  w i l l  a l s o  
s i g n i f i c a n t l y  r e d u c e  t h e  
e f f e c t i v e n e s s  o f  t h e  a i r  
e n t r a i n i n g  admixture and w i l l  
r e q u i r e  a  s i g n i f i c a n t  inc rease  i n  
t he  amount o f  r e q u i r e d  a i r  
e n t r a i n i n g  admixture.  
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PROPORTIONING NO L CONCRETE MIXES 

1. This sec t ion  w i l l  d iscuss the  
f a c t o r s  t h a t  are considered i n  
propor t ion ing  concrete mixes. 
Th is  sec t ion  w i l l  a lso  go 
through an example o f  t he  
p r o c e d u r e s  u s e d  i n  
propor t ion ing  c o n c ~ e t e  mixes. 

2. The f o l l o w i n g  f a c t o r s  and 
associated c r i t e r i a  w i l l  be 
d i s c u s s e d :  w o r k a b i l i t y ,  
d u r a b i l i t y ,  s t r e n g t h ,  
appearance, and economy. 

3. The t e r m  w o r k a b i l i t y  i n  
concrete cons t ruc t i sn  i s  used 
t o  i n d i c a t e  how we l l  the  
concrete f i n i s h e s  or how e a s i l y  
the  concrete closes up when a  
hand t rowel  i s  used on it. It 
i s  a lso  necessary f o r  the  mix 
t o  be t i g h t  enough so t h a t  
excessive b leeding w i l l  n o t  
o c c u r .  Eva1 u a t i  on o f  
w o r k a b i l i t y  i n  a concrete mix 
i s  somewhat sub jec t i ve  and 
depends upon the  person doing 
the  evaluat ing.  Slump i s  a 
measure o f  consistency b u t  can 
i n d i c a t e  a  change i n  
w o r k a b i l i t y  o f  mixes w i t h  the  
same propor t ions  b u t  can n o t  be 
used t o  compare the  w o r k a b i l i t y  
o f  mixes  w i t h  d i f f e r e n t  
proport ions.  
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A harsh mix i s  one t h a t  does 
we1 I under a  t r o w e l .  

1 may t e a r  t h e  su r f ace  
i s  used on t h e  

e mix i s  one i n  which 
, t h a t  p o r t i o n  o f  t h e  
which i s  made o f  t h e  

w a t e r  and f i n e  
can be worked up t o  

ce very e a s i l y .  The 
o f  a workable mix  
i t e  r e a d i l y  w i t h o u t  
e b l e e d i n g  o r  

6 .  There a l e  severa l  f a c t o r s  t h a t  
a f f e c t  t h e  w o r k a b i l i t y  o f  
concre te  The one hav ing  t h e  
most e f f e c t  and t h e  e a s i e s t  t o  
u n d e r s l a n d  i s  t h e  wa te r  
con ten t  Water i n  a  concre te  

as a d i s p e r s i n g  agent, 
more space between 

p a r t i c l e s  and a c t s  as Arch
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7.  The shape and angularity of 
aggregate par t i  cl es wi 11 al so 
a f fec t  the amount of ,water 
required to  produce a given 
slump. Round stone and smooth 
wave1 require l e s s  water than 
angular crushed stones, a1 1 
other factors  being equal. 

However, concrete made with 
rounded aggregate will have 
lower strength than concrete 
made with angular aggregates. 

I 

8. Gradation part icular ly  of the 
f ine  aggregates, can have a 
s ignif icant  influence on slump. 
Aggregates t ha t  are  re1 a t i  vely 
f ine  have more surface a.rea t o  
be coated by the cement paste. 
This resu l t s  in less  space 
between par t ic les  and an 
increase  in the par t ic le  
f r i c t i o n  and i n t e r a c t i o n ,  
result ing in a lower slump. 

The r a t i o  of the amaunt o f  the 
f i ne aggregate t o  coarse 
aggregate in a concrete mix 
a1 s o  has an a f f ec t  on sl amp. 

However, i f  t h i s  r a t i o  i s  
changed, the r e su l t s  are not 
quite as obvious as  some of the 
o the r  fac tors .  If the 
percentage of f ine  aggregate in 
a mix i s  increased, the slump 
w i l l  be l e s s  b u t  t h e  
workability may actual ly  be 

, improved. This bet ter  
workability develops because 
the f ine  aggregates reduces the 

. coarse aggregate interlock. If 
t h e  percentage  of f i n e  
aggregate i s  increased too 
much, a paint  may be reached 
where more cement i s  needed in 
the mix t o  maintain the 
concrete strength.  

I f  workabi 1 i ty  problems occur 
the tota l  gradation should be 
exami ned. The workabi 1 i t y  
problem may be due to  a gap 
gradation. 

Arch
ive

d



- w r a ,  
art r sr 

r u l u ~ Z 3 0 4 J  
r U) r +  E 
M a-7 X rO 

a t m * ~  a 
* L L E  , UM- * % 
a,ra,ta, 

Q L  
N 
*r L O  s 
y) .: .P in8'- 

r6 a,< 
n m  
0 

ul 
" 3  0 g ,*' 
- -- m a  mu, =:zc : z  
* ~ 3 ( 1 ) L & ,  

m u  > u E 
U) m E - F  r a, 
Q; ia m ma' u 

Arch
ive

d



11. I t  should be r e a d i l y  apparent  

12. For concrete t o  be durab le  i t  has 
t o  be r e s i s t a n t  t o  p o t e n t i a l  
damage camused by weather, 
chemical r e a c t i o n s  such as 
aggregate r e a c t i  ons, and/or 
~ h e m i c a l  a t t a c k  such as s u l f a t e  
o r  d e i c i n g  s a l t s .  

13. Du rab i l  i t y  i s  a f f e c t e d  by severa l  
f a c t o r s :  

The cement con ten t  a f f e c t s  the 
s t r e n g t h  and p e r m e a b i l i t y  o f  t h e  
concrete.  Excessive amounts o f  
cement can cause problems s i n c e  
a d d i t i o n a l  water i s  needed f o r  
w o r k a b i l i t y .  Only about 1/2 o f  
t h e  water i s  used f o r  h y d r a t i o n  
when t h e  remain ing water leaves 
t he  concrete i t  causes shr inkage 
which r e s u l t s  i n  c rack ing .  Even 
i f  shr inkage c racks  do n o t  occur 
t h e  vo ids  l e f t  by  t h e  excess 
water w i l l  r e s u l t  i n  a more 
permeabl e concrete.  

As t h e  water con ten t  increases 
t h e  s t r e n g t h  decreases and t h e  
permeabi 1 i t y  and shr inkage o f  t h e  
concrete increases.  
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o f  the  cement w i l l  
res is tance o f  t h e  

ementi t i o u s  r a t i o  i s  
y weight o f  wa te r  t o  
s  ma te r ia l .  Th i s  

15. As the ater-cernenti ti ous rat io  
i s  1 wered the strength 
increas s providing the same i materia s are used. 
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17. There a re  seve ra l  ways t o  
p r o p o r t i o n  concre te .  A l l  methods 
i n  one way o r  another  e v e n t u a l l y  
r equ i r e '  making ad justments  t o  t h e  
p r o p o r t i o n s  based on t h e  " 

m a t e r i a l s  w e i g h t  v o l u m e  
r e l a t i o n s h i p s  s i n c e  concre te  i s  
batch,ed by we igh ts .  

18. The f o l l o w i n g  d i scuss ion  and 

19. The f i r s t  s t e p  i s  t o  s e l e c t  a  
maximum slump. The cho ice  o f  a  
slump depends on t h e  t y p e  o f  
c o n s t r u c t i o n  which w i l l  be 
performed and t h e  d e s i r e d  
workabi  1 i t y .  
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I 
I 
I 2 0 . I n  the case of highway 

construction the maximum slumps 
for the various types of 
construct! on is spell ed out in 
the specifications. 

1 21. Second, the maximum s ize  
aggregate is then chosen. This 
should be chosen according to the 
type of construction, the 
clearance around the reinforcing 
steel , and the clearance between 
the rebar and the forms. The 
typical maximum aggregate size 
will be 1 to 314 inches. 

As the maximum aggregate size 
increases the more economical the 
mix becomes do to 1 ower 
crushing costs. However, as the 
maximum aggregate size increases 
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23. For severe exposure and a maximum 
aggregate s i z e  o f  1 112 inches 
t h e  recommended a i r  con ten t  would 
be 5.5 percent .  

24. Fourth,  t h e  water-cementi t ious  

25. I n  o rder  t o  m a i n t a i n  w o r k a b i l i t y  
i t  u s u a l l y  cos t s  more t o  o b t a i n  
lower  w/c r a t i o s .  A 0.44 w/c 
r a t i o  i s  a t t a i n a b l e  w i t h  g r e a t e r  
a t t e n t i o n  t o  aggregate g rada t ions  
and p r o p o r t i o n i n g .  Whi 1  e  w/c 
r a t i o s  i n  t h e  range o f  0.28 w i l l  
r e q u i r e  t h e  use o f  a  h i g h  range 
water reducer.  Any water i n  
excess o f  t h a t  needed f o r  
h y d r a t i o n  o f  t h e  cement w i l l  
r e s u l t  i n  a more permeable 
concrete.  Theo re t i  c a l l  y, t h e  
water needed t o  compl e t e l  y  
hydra te  cement i f  t h e  cement was 
p r o p e r l y  d ispersed  i s  i n  t h e  
range o f  a  wate r -cement i t i ous  
r a t i o  o f  0.24. 
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27. These a r e  t yp ica l  cement 

28. Sixth ,  a t  t h i s  po in t  the  
maximum allowable water i s  ..- - 

cal cul ated 
max i  mum 
r a t i o  and 
content. 
should not 
p a v i n g  
concrete. 

by mu1 t i p 1  ying the  
water-cementi  ti ous 
t h e  minimum cement 
The maximum water 

have t o  be used f o r  
a n d  s t r u c t u r a l  
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32. The following is specified 
criteria for t h e  m i x .  Arch
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aggregate i s  determined f rom t h i s  
c h a r t .  A coarse aggregate volume 
o f  0.77 i s  found by e n t e r i n g  t h e  
c h a r t  w i t h  a maximum s i z e  
aggregate o f  a 1 1/2 i n c h  and a 
f ineness  modulus o f  2.80. 

35. The we igh t  o f  t h e  cement, water  1 

and coarse aggregate i s  I 
determined. 

t 

The weight o f  the cement i s  I 

determined by m u l t i p l y i n g  t h e  
t 

we igh t  o f  a bag o f  cement (94 
b 

I 

pounds) and t h e  r e q u i r e d  number 1 
o f  bags. 1 

I 
The maximum water content i s  

I 

I 
found by m u l t i p l y i n g  t h e  we igh t  I 

i 
o f  cement and t h e  maximum water  , 

cement r a t i o .  
1 

The weight o f  the coarse 
aggregate i s  determined by 
m u l t i p l y i n g  t h e  d r y  rodded u n i t .  
we igh t  o f  t h e  coarse aggregate 
(100 pounds per  cub i c  f o o t ) ,  t h e  
volume o f  a cub i c  ya rd  o f  
concrete i n  f o o t ,  and t h e  
p r e v i o u s l y  determined v o l  ume o f  
coarse aggregate t o  be i nc l uded  
i n  t h e  concrete mix .  
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36. A t  t h i s  p o i n t  th+e absolute 
volumes o f  the mix are determined 
and the weight o f  the f i n e  
aggregate i sA determi ned. . 

The8 vol ukes o f  the cement, waSer 
and coarse agqregate are 
determined d i  r e c t l  y from the 
prev ious ly  determined weights and. 
t h e i r  speci f i c gra3vi ti es. * 

The a i r  contefit volume i s  found 
d i r e c t l y  by percent a i r  content 
o f  the mix. 

The vol ume of the fine aggregate 
i s  the volume remaining a f t e r  the 
vol umes o f  the other mater i  a1 s 
are  calculated. The weight o f  
the f i n e  aggregate i s  then 
determined from the volume and 
i t s  spec i f i c  g rav i t y .  

37. The aggregate batch weights need 

38. A t  t h i s  p o i n t  cor rec t ions i n  the 
amount o f  water t o  be added t o  
the mix needs t o  be made f o r  the 
moisture content o f  the aggregate 
and the c a p a b i l i t y  o f  the 
aggregate t o  absorb water. The 
maximum water-cementit ious r a t i o  
i s  based on the t o t a l  f r ee  -water 
not  the t o t a l  water i n  the mix. 
The f r ee  water i s  the 'water 
content above t h a t  required t o .  
obta in  a saturated surface dry  - 
condi t i  on i n  the aggregate. 
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39. The amount o f  f r e e  mo is tu re  i n  
t h e  aggregate i s  determined by 
mu1 t i p l y i ' n g  t h e  a d j u s t e d  
aggregate we igh t  by  t h e  
d i f f e r e n c e  i n  t h e  mo i s tu re  
con ten t  and t h e  absorp t ion  o f  t h e  
aggregate. 

The f r e e  mo is tu re  f rom bo th  
aggregates i s  then sub t rac ted  
f rom t h e  t h e o r e t i c a l  maximum 
water con ten t  t o  o b t a i n  t h e  ba tch  
we igh t  f o r  t h e  water 

40. Th i s  s l i d e  shows t h e  r e s u l t i n g  
batch Iv3e i g h t s .  

41. A t  t h i s  p o i n t  a  t r i a l  ba tch  would 
be performed w i t h  t h e  i n g r e d i e n t s  
t o  be used- i n  t h e  mix .  The 
y i e l d ,  wdrkab i l  i t y ,  a i r  con ten t ,  
and s t r e h g t h  should be checked. 
In a d d i t i o n ,  d u r a b i l i t y  t e s t s  
such as f reeze- thaw t e s t i n g  may 
be r e q u i r e d  i f  an adverse 
aggregate r e a c t i o n  i s  suspected. 

A t r i a l  ba tch  should a l s o  be 
performed a t  t h e  p l a n t  t o  i n s u r e  
t h a t  t h e  des i  r e d  p r o p e r t i e s  a re  
achieved . 
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42. I n  our example t h e  maximum water 
con ten t  was used. It would n o t  be 
expected t h a t  t h e  e n t i r e  amount 
o f  water would be r e q u i r e d  t o  
ma in ta i n  t h e  d e s i r e d  workabi 1 i t y .  
I f  water i s  w i t h h e l d  f ram t h e  mix 
t h e  aggregate p r o p o r t i o n s  must be 
ad jus ted  t o  compensate f o r  t h e  
volume o f  water  w i t hhe ld .  The 
r a t i o  o f  f i n e  t o  coarse aggregate 
may need t o  be changed i n  o rde r  
t o  o b t a i n  t h e  d e s i r e d  
w o r k a b i l i t y .  It may a l s o . b e  
necessary t o  a d j u s t  t h e  a i r  
content .  

43. The f i n a l  i tem t o  d iscuss  i s  t h e  
s t r e n g t h  r e q u i r e m e n t s  o f  
concrete.  

The minimum specified strengths 
i n d i c a t e d  on t h e  s l i d e  a re  based 
on t he  des ign o f  t h e  s t r u c t u r e  
t h a t  w i l l  i n co rpo ra te  t h e  
concrete.  

The mix design strength needs t o  
r e f l e c t  t h e  r e q u i r e d  minimum 
s t r e n g t h  p l u s  t h e  a n t i c i p a t e d  
v a r i a b i l i t y  caused by t h e  e n t i r e  
concrete opera t ion .  The 
v a r i  ab i  l i t y  i n  compressi ve 
s t r e n g t h  f o r  good c o n s t r u c t i o n  
can be expected t o  be 500 p s i .  
Therefore,  t h e  mix  des ign 
s t r e n g t h  would equal t h e  minimum 
s p e c i f i e d  s t r e n g t h  p l u s  900 p s i  
t o  compensate f o r  t h i s  
v a r i a b i l i t y .  These numbers a re  
de r i ved  f rom A C I  318. Arch
ive

d



Arch
ive

d



BATCH ING 

1. Batching i s  the  f i r s t  s tep i n  
the  phys ica l  product ion o f  
concrete. It cons is ts  o f  the  
accurate measurement o f  t he  
ingred ients  t o  form a  d i s c r e t e  
batch o f  concrete. Fol lowing 
b a t c h i n g  the  ma te r ia l  i s  
thoroughly mixed u n t i l  i t i s  
uni form and a1 1  ma te r ia l s  are 
evenly d i s t r i b u t e d .  

/ 

2. The aim o f  batching and mix ing  
i s  t o  produce a  uni form 
c o n c r e t e  c o n t a i n i n g  t h e  
r e q u i r e d  p r o p o r t i o n s  o f  
mater ia ls .  The propor t ions  o f  
ma te r ia l s  must b e '  cons is tent  i n  
o r d e r  t o  a s s u r e  t h i s  
un j fo rmi  ty. E r ro rs  i n  t h e  
measurements o f  t h e  ingred ients  
dur ing  batching w i l l  cause 
v a r i a t i o n  i n  the  w o r k a b i l i t y ,  
s t rength  and d u r a b i l i t y .  There 
are s i x  ob jec t i ves  t o  batching 
and mixing. They are: 

1) M a t e r i a l s  m u s t  b e  
h o m o g e n e o u s  a n d  
nonsegregated p r i o r  t o  and 
d u r i n g  p r o d u c t i o n .  
Aggregates can become 
undersized as a r e s u l t  o f  
handl ing operat ions, thus 
a 1  t e r i n g  the  gradation. 

2) The batching and mix ing 
equipment must accura te ly  
handle ma te r ia l  and must 
be capable ohf e a s i l y  
changing the  q u a n t i t i e s  
when requi  red. , 

3) . The proper propor t ions  o f  
m a t e r i a l s  m u s t  b e  
maintainedh from batch t o  
batch. 

4 )  M a t e r i a l s  m u s t  b e  
int roduced t o  the  mixer i n  
the  proper sequence. 
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5) Thorough mixing occurs 
with a l l  aggregate . 

particles completely 
coated with cement paste. 

6) The concrete discharged 
from batch to batch will 
b e  u n i f o r m  a n d  
homogeneous. 

3. The batching operation begins 
with the transportation o f  the 
ingredients from their storage 
or stockpile areas to the 
weighing system. There are 
several items that should be 
considered with respect to the 
transportation of ingredients. 
F i r s t ,  w i th  respect t o  
aggregates, there should be 
adequate separation between the 
Ceedi ng b i  ns . In order ta 
achieve the desired concrete 
qua1 ity the aggregates must be 
proper1 y proportioned. Any 
spill over of aggregates on the 
feeding bins will vary t h e  
aggregate proportions in the 
resulting concrete. Partitions 
between the bins should prevent 
spill over. Crane buckets 
should discharge only sl ightly 
above the bins in order to 
avoid segregation. One way to 
reduce the possi bi l i ty of 
segregation is to increase the 
number of size fractions and 
batch each one separately. 

4. Conveyor bel ts  should also be 
pos i  ti oned so t h a t  the 

/ I  aggregates w i l l  drop into the 
I- bins without h i t t ing  the 
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The cement storage system 
should provide f o r  d r y  storage. 
T h e  s i l o s  s h o u l d  b e  
weatherproof and vented t o  
p r e v e n t  m o i s t u r e  f r o m  
accumul a t i ng .  I n t e r i o r s  o f  
b ins  should be smooth t o  a1 low 
f o r  the f r e e  removal o f  cement. 
Each b i n  o r  s i l o  i s  equipped 
w i t h  a gate and conveyor 
system. The conveying system 
should provide cons is tent  f 1 ow 
o f  cement w i t h  precise c u t o f f .  
I n  add i t i on  the system should 
be i s o l a t e d  from the elements 
since even the moisture i n  the  
a i r  can cause the cement t o  
p a r t i a l  l y  hydrate. 

Cement s i l o s  should be emptied 
p e r i o d i c a l l y  and an inspect ion 
made t o  assure t h a t  there i s  no 
b u i l d  up o f  cement. Drawing 
the s i  1 a empty once6 a month can 
prevent cement cak~ng .  Cement 
b u i l d  ups could break o f f  and 
produce cement lumps i n  the  
f i n i s h e d  concrete. Fly ash, 
when i t  i s  used, i s  handled 
s i m i l a r l y  t o  cement. 
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7 .  In most cases hatching will be 
done by weight rather than 
volume. This i s  done because 
of the inaccuracies involved i n  
measuring aggregates and 
cements by volume. Water and 
admixtures can be added by 
either volume or weight. 

8.  The tolerance requirements for 
scales and meters used for 
proportioning aggregates, 
cements, water and admixtures 
a r e  f o u n d  i n  t h e  
specifications. It i s  
important that these scales or 
meters be test loaded and 
checked for cornpl i ance w i  th 
speci f i cations on a per1 odi c 
basi s . Normal to1 erance w~ul d 
be i n  the range o f  1 percent 
for cement, - 1 percent for 
water, 2 percent for 
aggregates, and 3 percent for 
admi xtures. 
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10. During the progress of the 
work, the scale read out system 
should be visually monitored to  
a s s b e .  that  i t  returns to  zero 
af te r  the material has been 
discharged from i t .  I f  i t  does 
n o t  return t o  zero, athis would 
indicate . that  some material was 
l e f t  i n  the ,batcher and the 
resulting batches are .l ight. 

11. Likewise, the water tha t  is 
used in the concrete should 
have i t ' s  metering system 
calibrated. Most modern plants 
add water through a flow meter, 
which must, be . cal i brated t o  
assure the  accuracy of the 
measurement. T h e  water system 
should not have any ' leaks 
betwgen the meter and the 
mixer . Older systems tha t  
batchhater  by weight or volume 
should also have there systems 
cal i brated. 

Arch
ive

d



A d m i x t u r e s  a r e  commonly 
provided i~ 1 i q u i d  form and may 
be dispensed i n t o  the mixer by 
weight o r  volume. Dispensers 
should be la rge enough t o  
measure a f u l l  batch o f  
admixture f o r  each batch o f  
concrete. It i s  des i rab le  t h a t  
t h e  d ispensing system be 
in tegra ted w i th  any batching 
i n t e r l o c k i n g  system. The 
vo l  umetr ic container system i s  
considered the most r e l i a b l e  
and i s  the  most common method. 
This type should have e i t h e r  a 
s i g h t  glass or  a t ransparent  
container and be located so 
t h a t  the  p l a n t  operator and 
inspector  can v i s u a l l y  check t o  
see t h a t  the container f i l l s  t o  
the desired volume and t o t a l l y  
discharges f o r  each batch. 

The d i  spensi ng equipment must 
be  f l u s h e d  w i t h  w a t e r  
occasional ly  t o  minimize the 
p o s s i  b i  1 i t y  o f  m a t e r i a l  
accumul a t i  on which w i  11 impai r 
the equipment performance o r  
dispense erroneous quan t i t i es .  
I n  addi ti on, containers f o r  
adrni x tures  shoul d be p l  a i  n l y  
i d e n t i f  fed and t h e  so lu t i ons  
protected from contamination, 
d i  1 u t i  on, evaporation, and 
f reezing.  I f  need be, storage 
tanks should be ag i ta ted  dur ing 
batchi  ng t o  prevent s e t t l  ement 
o f  the  so lu t ions .  

The introduction o f  admixtures 
into a concrete batch involves 
the ra te  o f  discharge, the 
t i m i n g  i n  the batching 
sequence, and the medium used. 
Changing the t ime a t  which the 
admixture i s  added dur ing the 
mixing cyc le  can, i n  some 
cases, vary the ef fect iveness.  
L i  kewi se, va r ia t i ons  i n  the  
a p p l  i c a t i o n  r a t e s  w i l l  
a d v e r s e 1  y e f f e c t  t h e  
performance o f  the admixture. 
In general , 1 i qu i  d admixtures 
should be added i n t o  the stream 
o f  mix ing water being added t o  
the  batch. I f  d i f f e r e n t  types 
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o f  admixtures are being used, 
they should be added t o  the  
batch separate ly  unless i t  i s  
known t h a t  they canL be mixed 
together s a t i s f a c t o r i l y .  I n  
any event, the  recommendations 
o f  the manufacturer should be 
fol lowed. - 

16. Thorough mixing i s  essen t ia l  
f o r  the  product ion o f  uni form 
concrete w i t h  a1 1  i ng red ien ts  
even lys  d i s t r i bu ted . .  Ready- 
mixed" concrete i s  mixed f o r  , 

highway purposes by one o f  f ou r  
methods : 

1) Truckmixed ( i n c l u d i n g - a t  - 
s i t e  and t r a n s i t  mixed) 

2)  Central  mixed 
3)  Sh r inkmixed  
4) Mobi le mixed 

17. Regardless o f  the  type o f  
mix ing p lan t ,  t he re  are c e r t a i n  
f a c t o r s  t h a t  each have i n  
common : 

1) Capacity - Mixers should 
have a  r a t i n g  p l a t e  t h a t  
s h o w s  t h e  max imum 
capaci ty .  ' The batch s i z e  
shduld n o t  exceed the  
r n a n u f a c d u + r e r s  r a t e d  
capac i ty  shown an the  
p la te .  

2 )  Speed - Likewise, the  
mixer should be. operated 
a t  the  optimum speed as 
s t a t e d  b y  t h e  
manufacturer. 

3) Maintenance - M i x e r s  
should be clean and i n  
good cond i t ion .  Ma te r ia l s  
should n o t  leak  from the 
mixer and mortar should 
n o t  b u i l d  up on the  
blades. A very important  
considerat ion i s  blade 
wear. Blades need t o  be 
checked p e r i o d i c a l  l y  and 
a  mark placed on them t o  
gauge wear. Plans showing 
b l a d e  d e s i g n  a n d  
d imens ions  s h o u l d  be 
avai 1  abl  e  f o r  a1 1  mixers. 

/ 
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A mixing cycle consists o f  
these four  steps regardless o f  
the type o f  mixer. Charging 
time, m i  x i  ng time, discharge 
time and re tu rn  time. 

1 
I 19. Charging time begins when the 

3 batching i s  completed and 
mater ia ls  are entered i n t o  the 
drum. Charging continues u n t i l  
a l l  s o l i d  mater ia ls  are i n  the 
mixer and i t  i s  ready t o  s t a r t  
the mixing cycle. 

S 
4 
j 

1 
f4 

a 

6 
4 

20. The charging o f  materials i n t o  
the mixer i s  an important 
considerat ion. Loading must be 
done t o  prevent the packing o f  

. mater ia l  i n  the head o f  the 
drum. A blend o f  water, cement, 
and aggregate from s t a r t  t o  
f i n i s h  may cause problems such 
as head pack (sand and cement) 
and poor mixing. Some water 
and coarse aggregate should 
s t a r t  ahead o f  the  sand and 
cement. Also about one quarter  
t o  one t h i r d  o f  the water 
should be added a f t e r  a l l  other  
ingredients have been charged. Arch
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In general, admixtures shoul d 
be added with the water. When 
more than one admixture i s  
used, separate discharge pipes 
should be provided for each. 
Care should be taken t o  keep 
admixtures from coming together 
as they enter the mixer. 

Discharge time i s  t he  t ime from 
when the  f i r s t  p a r t i c l e  o f  
concrete s t a r t s  l eav ing  t h e  
mixer u n t i l  the  mixer  i s  empty. 
The slump o f  t he  concrete w i l l  
g e n e r a l  1 y d e t e r m i  ne t h e  
discharge t ime o f  any mixer .  
The discharge may be i n t o  
forms, conveying equipment o r  
a g i t a t i n g  t r a n s p o r t a t i o n  
,equipment. Arch
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24. The return time i s  t he  t ime 
from the i n s t a n t  t h e  mixer  i s  
empty t o  when i t  i s  ready t o  be 
charged again. I n  a c e n t r a l  
mix opera t ion  t h i s  r e t u r n  t ime 
cou ld  be on l y  a  mat ter  o f  
seconds. For a  t r u c k  mixer  t he  
r e t u r n  t ime could be a  mat te r  
o f  hours as the  t r u c k  r e t u r n s  
t o  t h e  batching l oca t i on .  

25. Truck mixing is t he  most common 
type o f  mixing. Common s i zes  
range from 7 cubic yards t o  10 
cubi c  yards, however much 
1  arger  mixers are  avai  1 abl  e. 
They are c l a s s i f i e d  as an 
i n c l i n e d  a x i s  mixer and come 
w i t h  e i t h e r  f r o n t  o r  rea r  
discharge. Truck mixing i s  a 
process by which previously 
proportioned concrete materi a1 s 
are transferred into the truck 
mixer where a11 mixing occurs. 
Several methods are avai  1  ab le  
f o r  accompl i s h i n g  mix ing w i t h  
a  t r u c k  mixer.  M a t e r i a l s  can 
be weighed i n t o  the  t r u c k  a t  
t he  p l a n t  wh i l e  t he  drum i s  
revo lv ing ,  t h e  drum i s  then 
stopped and the  t r u c k  proceeds 
t o  A t h e  j ob  s i t e .  A t  t h e  
j o b s i t e ,  t he  mixer begins t o  
revo lve  and the  mix ing  i s  
s ta r ted .  Another procedure 
would be t o  complete the  mix ing  

1 
a t  t he  producers yard  and then 
t r a n s p o r t  t h e  c o n c r e t e .  
F i n a l l y ,  i ng red ien ts  may be d r y  
batched, de l i ve red  t o  t h e  s i t e ,  
w a t e r  added and m i x i n g  
commenced. Arch
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26. Th is  c h a r t  summarizes the  
mix ing  s p e c i f i c a t i o n s .  Mixing 
should be done w i th in  70 t o  100 
r e v s 1  u t i o n s  and a t  t h e  
recommended drum r o t a t i o n  
speed. A f t e r  mixihg, the  drum 
s h o u l d  revo1.ve a t  t h e  
recommended a g i t a t i n g  speed. 
The concrete i s  required t o  be 
de 1 i v e r e d  and d i scha rge  
completed w i th in  1 1/2 hours o r  
before the drum has revolved 
300 t i m e s  a f t e ' r  I h e  
introduct ion o f  the water t o  
the cement. Th i s  l i m i t  i s  t o  
prevent t he  degradat ion o f  
s o f t e r  aggregates and t o  
prevent a  slump l o s s  t h a t  
occurs w i t h  increased mix ing  
r e v o l u t i o n s ~  Mate also t h a t  
the mixing capacity i s  only 63 
percent o f  the drum volume when 
being used as a mixer. The 
l a r g e  number shown on the  p l a t e  
i s  the  mix ing  capaci ty .  I f  a  
t r u c k  mixer i s  being used t o  
t r a n s p o r t  p rev ious l y  mixed 
concrete the  a g i t a t i n g  capac i ty  
o f  the  drum i s  80 percent  o f  
t h e  dtum volume. 

27. Truck mixers a re  requ i red  t o  
have a  manufacturer's c e r t i f i e d  
ra t i ng  plate.  The r a t i n g  p l a t e  
w i  11 i n d i c a t e  t h e  use f o r  which 
the  mixer i s  designated. It 
w i  11 i n d i c a t e  t h e  capac i ty  f o r  
m i x i n g ,  the  capac i ty  f o r  
a g i t a t i n g ,  and the  mix ing  and 
a g i t a t i n g  speeds. Truck mixers 
must n o t  mix and t r a n s p o r t  a  
batch l a r g e r  than the  capac i ty  
shown. I f  i t  i s  being used 
o n l y  as an a g i t a t o r ,  i t  can 
ho ld  a  greater  capaci ty .  The 
l a r g e  number shown on the  p l a t e  
i s  t he  mix ing  capac i t y  and i s  a 
percentage o f  t h e  drum volume. Arch
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28. A l l  t r u c k  mixers should be 
equipped w i t h  a  revolution 
counter- Some counters are 
r e a d i l y  rese t tab le  wh i le  others 
must be rese t  a t  the p lan t .  
Inspectors must observe t h a t  
mix ing i s  done i n  compliance 
w i  t h  the  rev01 u t i  ons requ i  red  
by t h e i r  s p e c i f i c a t i o n s .  
Generally, the  requirements f o r  
mix ing w i l l  be i n  the  range 
spec i f i ed  by AASHTO M-157 or 
ASTM C94. 

The e f f e c t  o f  too much mix ing 
i s  shown here i n  t h i s  c h a r t  
presented by PCA. Over mix ing 
i s  n o t  des i rab le  as i t  causes 
the aggregate t o  break down 
i n t o  f i n e s  due t o  the  g r ind ing  
ac t ion .  These f i n e s  a c t  1  i k e  
sand thus increasing the need 
f o r  water i n  order t o  mainta in 
t h e  same c o n s i s t e n c y .  
Consequen t l y  over  m i x i n g  
r e s u l t s  i n  a slump decrease. 
Also, over mixing may d r i v e  ' ou t  
entra ined a i  r .  

A check on the thoroughness o f  
m i x i n g  can be made by 
performing a  unifoimi t y  tes t .  
This involves t e s t  samples o f  
concrete from d i f f e r e n t  places 
i n  the load, performing normal 
concrete tes ts ,  and compari ng 
t h e  r e s u l t s  a g a i n s t  
p r e e s t a b l  i s h e d  t o 1  erances.  
For truck mixers, a uniformity 
t e s t  i s  performed by compari ng 
results a f te r  15 percent and 
85 percent o f  the load has been 
discharged. A t y p i c a l  
to lerance would be w i t h i n  1 
inch f o r  slumps under 4 inches. 
ASTM C94 s p e c i f i e s  t h e  
procedures f o r  conducting a  
uni  f ormi t y  t e s t .  Arch
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One problem w i t h  t r u c k  mixers 
t h a t  r e q u i r e s  s p e c i a l  
c o n s i d e r a t i o n  i s  t h e  
uncont ro l led  a d d i t i o n  o f  water. 

This can r e s u l t  i n  a reduct ion  
o f  concrete qua1 i t y .  The 
a d d i t i o n  o f  water e i t h e r  
undetected by an inspector  o r  
unquanti f ied, can a1 t e r  the  
slump and s i g n i f i c a n t l y  change 
the water-cement r a t i o .  Under 
normal condi t ions,  the add i t i on  
o f  1 ga l lon  o f  water per cubic 
yard o f  concrete w i  11 r e s u l t  i n  
a 1 inch increase i n  the slump. 
Slump loss  can occur between 
the t ime o f  mix ing and placing.  
Rather than add water, ac t ions  
should be taken t o  co r rec t  the 
causes o f  the  slump loss.  
Slump loss  can be associated 
w i t h  h i g h e r  temperatures,  
absorpt ive aggregate, changes 
i n  aggregate gradation, fa1  se 
set ,  accuracy o f  water batching 
equipment o r  t h e  i n t e r -  
dependence o f  slump and a i r  
content (improper admixture 
usage). 

32. Central mixers are s ta t i onary  
mixers t h a t  are o f  fou r  general 
types: . N o n - t i l t i n g ,  T i l t i n g ,  
Vert t  c a l  Shaft, and Hor izontal  
Shaft. The t i l t i n g  type i s  
shown here and i s  the most 
common. It has a capaci ty  o f  
from 2 t o  15 cubic yards. While 
the  other types are n o t  as 
common the v e r t i c a l  s h a f t  mixer 
i s  o f ten  used when high 
st rength concrete i s  required. 
These are o f ten  r e f e r r e d  t o  as 
"pan" mixers and do a b e t t e r  
j o b  o f  mix ing very d r y  
conc re tes  than drum type 
mixers. In a  central mix p l a n t  
a1 1  ,,of t h e  mixing is done i n  
the plant  and the concrete i s  
de l ivered t o  the  p lac ing  s i t e  
i n  an a g i t a t i n g  t ruck ,  a t ruck  
mixer operat ing a t  a g i t a t i n g  

I speed, o r  a specia l  non- 
a g i t a t i n g  t ruck .  Arch
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' 33. Some cent ra l  mix p lan ts  have a 
slump meter on the con t ro l  
panel. The slump meter i s  
n o t h i n g  more than  an 
e l  e c t r i  ca l  meter which measures 
the e f f o r t  o r  the cu r ren t  
necessary t o  d r i v e  the mix ing 
drum. The s t i f f e r  the mix, the  
more resistance i s  o f fe red  and 
consequently, the more energy 
i t  takes t o  d r i v e  t h e  drum. 
This instrument can provide a 
good  i n d i c a t i o n  o f  t h e  
consistency o f  the mix. 

34. AASHTO M157 suggests t h a t  where 
no performance t e s t  have been 
made on a cent ra l  mixer, the  
fo l l ow ing  mixing times apply: 

- For mixers w i t h  a capaci ty  
o f  1 cubic yard o r  less ,  
mix f o r  a t  l e a s t  1 minute. 

- For mixers o f  greater  
capaci t y  , i ncrease m i  x i  ng 
time by 15 seconds f o r  
each c u b i c  yard, o r  
f r a c t i o n  t h e r e o f ,  o f  
addi ti onal capacity. 

F ina l  mix ing times may be based 
on the r e s u l t s  o f  mixer 
performance tes ts .  I n t e r l o c k s  
t h a t  prevent discharge p r i o r  t o  
completion o f  the  mix ing should 
be a p a r t  o f  a1 1 mixers. 

As was s ta ted f o r  t r u c k  mixers, 
cent ra l  mixers should have a 
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36, Shrink mixed concrete i s  f i r s t  
p a r t i a l l y  mixed i n  a  s t a t i o n a r y  
o r  cen t ra l  mixer and then mixed 
completely i n  a  t r u c k  o r  
subsequent mixer.  The f i r s t  
p a r t  o f  the  mix ing  i s  performed 
i n  the  cen t ra l  mixer f o r  15 t o  
30 seconds and i s  on l y  long 
enough t o  in terming le  the  
ingred ients .  Th is  method i s  
sbmetirnes used i n  order  t o  
increase the  e f f i c i e n c y  o f  the  
cen t ra l  mix p l a n t .  . %The amount 
o f  mix ing i n  the  t r u c k  mixer 
would be determined by doing a  
u n i f o r m i t y  t e s t .  Other aspects 
o f  mix ing w i t h  t h i s  method are 
the  same-as the  other  methods. 
Shrink mix ing i s  sometimes used 
f o r  l i g h t w e i g h t  concrete where 
a b s o r p t i v e  aggregates  are 
i n c l  uded. 

37. Mobile batcher mixers are 
specia l  t rucks  t h a t  batch by 
vo l  ume. They c o n t i  nuousl y mix 
concrete as the  d r y  ingred ients  
and water are f e d  i n t o  the  
mixer. Mix ing  t ime i s  on l y  
about 7 seconds. Mobi le mixers 
are used f o r  small q u a n t i t j e s  
when on s i t e  mix ing i s  
advantageous. Th is  would 
i n c l  ude pavement repa i  r s  , and 
br idge decks when specip l  
concrete,such as l a t e x  o r  low 
slump i s  required.  - The 
advantage 'o f  t he  mobi le mixer 
i s  t h a t  i t  produces f resh  
concrete thus improving i t s  
s t rength.  

38. Mobi le mixers need t o  be 
c a l i b r a t e d  p r i o r  t o  t h e i r  use 
and should be reca l  ibr.ated i f  
there  i s  a  change i n  ma te r ia l  
sources. Copies o f  the  
ca1 i b r a t i  on shoul d  be avai 1  abl  e  
f o r  the  use o f  t he  inspector .  
The mobi le mixer cons is ts  o f  
b i n s  f o r  sand ,  c o a r s e  
aggregate, cement and water. 
The aggregate b i n s  have b e l t s  
a t  the below a c a l i b r a t e d  gate. Arch
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T h e  a g g r e g a t e  b e l t  i s  
interconnected t o  the cement 
feed. Water and admixtures are 
proport ioned w i t h  f 1 ow meters. 
The inspector  should witness 
t h e  i n t r o d u c t - i o n  o f  
admixtures. Mixer s izes  range 
from 4 t o  12 cubic yards. 
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CONVEYING, PLACING, AND FINISHING 

1. This part of the course will 
center on conveying, placing 
and finishing. The section 
will cover the canstruction 
procedures for both structural 
concrete and paving concrete. 

The f i r s t  item tha t  we will 
discuss are the haul ing units. 
There are several types of 
hauling units and several of 
these have special uses. 

The truck mixer i s  used as a 
hauling unit. I t  i s  typically 
used for structural concrete 
and will sometimes be used for 
s m a l l  paving  p r o j e c t s .  
Caution needs to  be used when 
truck mixed concrete i s  used 
for  any type of s l i p  form 
operati on due t o  uni formi ty  
considerations. The trucks 
should be inspected prior to  
use to insure tha t  the blade 
configuration i s  correct,  blade 
wear i s  not excessive, water 
meter i s  calibrated and the 
revolution counter works. With 
a l l  hauling units care m u s t  be 
taken to insure that  the trucks 
are cleaned. Care m u s t  a1 so b e  
taken to remove or account for  
a1 1 the wash water. 
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Agi ta tor  truck can only haul 
concrete. These types of 
trucks are used for a l l  types 
o f  construction b u t  typical ly  
would be used on structural 
concrete and small paving 
projects. They have a d i s t inc t  
advantage over t r ans i t  mix 
trucks in tha t  the concrete 
m u s t  be mixed in a central 
mixer. This resul ts  in a more 
uniform concrete. 

End dumps are only used i n  
paving concrete operations. 
They should be used only on 
short hauls since segregation 
o f  the mix may occur on 1 gnger . 

hauls due to  the lack of 
agitation. The truck beds 
themselves should be c1 ean and 
t ight .  

Side dumps also do not have 
agitation. The same statements 
about the end dumps apply t o  
the side dumps. 
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7. Bottom dumps are a lso  used i n  
paving concrete operations. 
Their  use should be l i m i t e d  due 
t o  t h e  p o s s i b i l i t y  o f  
contaminating the concrete w i t h  
d i r t  from the t rucks  t i r e s .  
The vehic les should a l so  be 
l i m i t e d  t o  shor t  hauls. 

8. The l a s t  type o f  hau l ing  device 
i s  the mobil mixer. These are 
t y p i c a l l y  used f o r  patching 
concrete and deck over1 ays . 
The mix ing sect ion  o f  t h i s  
course goes i n t o  more d e t a i l  on 
the proper operat ion o f  t h i s  
piece o f  equipment. 

9. A l l  concrete t h a t  i s  shipped t o  
the  job  should have a concrete 
t i c k e t .  The t i c k e t  needs t o  
contain the batch weights f o r  
a l l  the  mater ia ls ,  the  amount 
o f  concrete del  i vered, and the 
t ime t h a t  mix ing s tar ted.  I n  
add i t ion ,  the  t i c k e t  which 
accompanies concrete t h a t  i s  
de l ivered i n  t r u c k  mixers 
should a lso  i n d i c a t e  the number 
o f  mixing revo lu t i ons  t h a t  were 
performed a t  the  p lant ,  the  
s t a r t i n g  rev01 u t i o n  an the 
counter before i t  leaves the 
p lant ,  and the a1 lowable water 
t h a t  can be added t o  the mix a t  
the s i t e .  Arch
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I n  s t r u c t u r a l  concrete i t  i s  
impor tan t  t h a t  t h e  forms be t i g h t  
t o  p reven t  mor ta r  f rom coming o u t  
o f  t h e  forms. It i s  a l s o  
necessary t h a t  t h e  forms be r i g i d  
and w e l l  braced t o  i nsu re  t h a t  
t h e  forms w i l l  n o t  bu lge o r  
c o l  1 apse. 

The forms a l s o  have t o  be cleaned 
t o  i n s u r e  t h a t  t h e  concrete w i l l  
n o t  be contaminated. It i s  a l s o  
necessary t h a t  t h e  forms be 
coated w i t h  a  form re l ease  agent 
t o  i n s u r e  t h a t  t hey  can be 
removed w i t h o u t  damaging t h e  
concrete un less s tay - i n -p l ace  
forms a re  be ing  used. 

The reinforcing steel needs t o  be 
f r e e  o f  sca le ,  p laced  i n  t h e  
proper  p o s i t i o n ,  and t i e d  
p rope r l y .  A s u f f i c i e n t  number o f  
c h a i r s  need t o  be used t o  avo id  
movement o f  t h e  r e i n f o r c i n g  
s t e e l .  Proper c learances must 
a l s o  be mainta ined.  Rebar 
s p l i c e s  shou ld  a l s o  be performed 
p rope r l y .  The l a p  should be a t  
l e a s t  30 bar  diameters.  The 
coa t i ng  on epoxy coated reba rs  
should be r e p a i r e d  when n i c k s  and 
ho l i days  a re  p resen t .  A t  l e a s t  
every o the r  j o i n t  should be t i e d .  
When epoxy coated rebar  i s  used 
coated t i e  w i r e  and c h a i r s  should 
be used. Re in fo r c i ng  s t e e l  
should be s t o r e d  p r o p e r l y  a t  t h e  
p r o j e c t  s i t e .  I n  a l l  cases t h e  
s t e e l  should n o t  come i n  con tac t  
w i t h  t h e  'ground. Epoxy coa t  
s t e e l  should be s t o r e d  so t h e  
coa t i ng  w i l l  n o t  be damaged i n  
hand1 i ng. 
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13. On bridge deck construction, 
the screed ra i l  m u s t  be 
properly posi t imed.  The rai 1 
m u s t  be s e t  to  compensate for  
the dead load deflection which 
will occur during placement. 
Particular attention needs to  
be placed on reviewing the 
adequacy o f  the support of the 
r a i l .  Some forms which overhang 
may not provided adequate 
support to  insure proper grade 
and cross section. 

14. A dry run should also be made 
with the screed prior to  
beginning a co,ncrete placement. 
T h i s  provides an opportunity to  
check the cover on the rebar 

, and t o  check the depth o f  the 
section. Typical-ly a piece of 
2x4 i s  t ied to  the bottom of 

. .  the screed t o  perform the 
check. 
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Immediately p r i o r  t o  placement 
the forms and the s tee l  should 
be wet down. This insures t h a t  
water w i l l  no t  be absorbed by 
wood forms and a lso  cools dawn 
the r e i n f o r c i n g  s tee l  and metal 
forms so a f l a s h  s e t  w i l l  n o t  
occur a t  the p o i n t  where the 
concrete touches the metal. 

Concrete needs to  be placed as 
close as possible to  i t s  final 
location. One method o f  doing 
t h i s  i s  t o  use the chute on the 
d e l i v e r y  t ruck .  The chute i s  
capab le  o f  swive l ing  and 
extensions can be pu t  on the 
chute. 

Buckets are o f ten  used i n  
s t r u c t u r a l  work t o  convey the 
concrete from the t rucks  t o  the  
forms. I n  order t o  prevent 
segregation o f  the  mix the 
concrete should n o t  f r e e  f a l l  
mare than 4 fee t .  The capaci ty  
and the number o f  buckets 
should match the capaci ty  o f  
the  r e s t  o f  the operat ion. 
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1 9 .  Drop chutes should be used when 
placing concrete in t a l l  forms. 
This will prevent segregation 
and honeycombing from occurring 
due to  long drops and material 
bouncing 'off the rebar. 

20. Concrete buggies are usually 
n o t  used  i n  h ighway 
construction because of the 
time and labor involved. 

21. Conveyors have been used often 
for  bridge deck placement where 
the placement i s  a considerable 
length away from the end of the 
bridge. Attention needs to  be 
placed a t  the discharge end of 
the conveyor t o  insure tha t  
segregation wi 11 not occur. 
During hot windy days i t  may 
also be necessary to  shield the 
conveyor t o  prevent the 
c o n c r e t e  f r o m  l o s i n g  
workability., 

As a rule of thumb conveyors 
with a smooth be l t  should be 
restricted to an angle of 20 to  
25 degrees. Conveyors with 
corrugat ions shoul d be 
restr ic ted to an angle of 30 to  
35 degrees. Th i s  i s  to insure 
tha t  the concrete will not flow 
on the bel t .  
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22. Pumping  operations can 
seriously affect the p las t ic  
properties of the concrete. The 
temperature of the concrete 
will r i se ,  the a i r  content will 
fa1 1 , and there wi 11 be a drop 
in workability. The longer and 
higher the pumping operations 
the more severe the affect  will 
be. I t  should also be noted 
that  aluminum pipe should not 
be used in the equipment. The 
aluminum will abrade and will 
react with the concrete and 
form expansive gases which are 
detrimental to concrete. 

23. In order t o  know the effect  the 
pumping operation will have on 
the concrete i t  i s  necessary to  
perform a i r ,  slump, and 
temperature t e s t s  on the 
concrete before and a f t e r  i t  
leaves the pump. I t  will be 
necessary to do th i s  test ing 
every time the re  i s  a 
s ign i f i can t  change in the 
temperature of the concrete. 

24. As with a l l  placing operations 
the concrete should be placed 
as close to i t s  final location 
as possible. The acceptance 
tests should be performed on 
samples taken at the point o f  
di scharge - Arch
ive
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25. P r o p e r  consol i d a t i o n  i s  
necessary t o  insure  t h a t  voids 
o r  segregation w i l l  no t  occur. 
The v i b r a t o r  should be he ld  
v e r t i c a l  and moved every 5 t o  
15 seconds. Longer v i b r a t i o n  
t ime w i l l  tend t o  segregate the 
mix. 

The recommended frequency f o r  
v i b r a t o r s  va r ies  w i t h  the 
diameter o f  the  v ib ra to r .  They 
range from 10,000 t o  15,000 VPM 
f o r  314 t o  1.5 inch diameter 
v i b r a t o r s  t o  8,000 t o  12,000 
VPM f o r  2 t o  3.5 ihch diameter 
v ib ra to rs .  The e f f e c t i v e  range 
o f  a 2 t o  3.5 inch diameter 
v i b r a t o r  i s  7 t o  14 inches. 
V ibra tors  should never be used 
t o  move concrete. The v i b r a t o r  
should n o t  come i n  contact  w i t h  
e i t h e r  the r e i n f o r c i n g  s tee l  o r  
the  forms. I f  t h i s  occurs the 
mix could segregate. 

26. Finishing o f  a br idge deck i s  
accomplished by the use o f  a 
br idge deck f i n i s h i n g  machine. 
The m a c h i n e s  a r e  s e l f  
propel led.  The machines screed 

, and f i n i s h  the concrete t o  the  
desired cross sect ion. I f  
a d d i t i o n a l  f i n i s h i n g  i s  

: n9cessary due t o  imperfect ions 
i t  should be done w i t h  a f l o a t  
immediately a f t e r  the  br idge 
deck machine passes o r  a f t e r  
the bleed water evaporates. No 
f i n i s h i n g  should be performed 
when bleed water i s  present 
since t h i s  w i l l  work the water 
i n t o  the surface r a i s i n g  the 
w / c  r a t i o  a n d  c a u s e  
d e t e r i o r a t i o n  a f  the  surface. 
Water should never be added t o  
the surface t o  a i d  f i n i s h i n g .  Arch
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Micro- texture i n  the  deck can 
be obtained w i t h  an a r t i f i c i a l  
t u r f  drag or  a bur lap drag. 
The burlap drag should be kept  
moist .  Water should n o t  be 
added t o  the  bur lap wh i le  i t  i s  
an the deck. The bur lap a lso  
should n o t  have a la rge  bui  I d  
up o f  concrete on it. A bur lap  
drag alone i s  no t  s u f f i c i e n t  
t e x t u r i n g  f o r  t r a f f i c  over 40 

28. The f i n a l  t e x t u r i n g  operat ion 
cons is ts  o f  t ining the surface 
t o  obta in  a good macro-texture. 
A one f o o t  area next t o  t h e  
b a r r i e r  should n o t  be t i n e d  i n  
order t o  f a c i  1 i t a t e  drainage. 
The t i n e s  should be 0.08 
inches wide and spaced 314-inch 
apar t  and 4 t o  6 inches long. 
This should r e s u l t  i n  grooves 
t h a t  are spaced 1/2 t o  3/4-inch 
apar t  and a depth o f  1/8 t o  
3116-inch. Overlapping o f  the 
t e x t u r i n g  needs t o  be avoided 
t o  insure  t h a t  the r e s u l t i n g  

6 t h i n  f i n s  w i l l  no t  break o f f .  
' FHWA Technical Advisory T 

5140.10 "Textur i ng and Ski d 
R e s i  s t a n c e  o f  C o n c r e t e  
pavements and Bridge Decks" 
contains f u r t h e r  guidance on 
t h i s  subject .  

Some States w i l l  a lso  use a 
f l o a t  w i t h  grooves t o  obta in  
the same type o f  tex tu re  o r  
w i l l  saw grooves i n t o  the 
surface. 

29. There are th ree basic designs 
f o r  concrete pavements; pla in ,  
reinforced, and continuously 
r e i n f o r c e d .  P l a i n  concrete 
pavements can be designed w i t h  
o r  w i thout  dowel s. Reinforced 
concrete pavements can be 
d e s i g n e d  a s  e i t h e r  
c o n v e n t i  a n a l  l y  r e i n f o r c e d  
j o i n t e d  pavements o r  continuous 
re in fo rced  pavements. These 
d e t a i l s  w i l l  a f f e c t  the  
construct ion operat ions f o r  
concrete paving. There are 
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many types o f  concrete p lac ing  
equipment. Th is  course w i  11 
d i s c u s s  t h e  s p e c i f i c  
const ruc t ion  operat ions f o r  
several paving t r a i n s  b u t  n o t  
the  c a p a b i l i t y  o f  s p e c i f i c  
types o f  equipment which may be 
capabl e o f  performing several 
o f  the  operat ions. 

30. Grade con t ro l  i s  important  t o  
a1 1 types o f  construct ion.  
Forms p r o v ~ d e  t h i s  con t ro l  when 
they are used. For t h a t  reason 
i t  i s  necessary t o  have a f l a t  
we l l  compacted area f o r  t he  
forms t o  s i t  on. Forms need t o  
be check f o r  h o r i z o n t a l  
alignment by us ing  a s t r i n g  
1 i ne ,  Forms should be 
mechanical l y  cleaned p r i o r  t o  
brqng used. 

31. V e r t i c a l  al ignment i s  checked 
by using a r o l l i n g  s t r a i g h t  
edge. The grade o f  the  forms 
i t s e l f  i s  s e t  from a s t r i n g  
l i n e .  

32. The forms should be s i t t i n g  on 
a s o l i d  subbase w i t h  no shims. 
The forms should have stakes i n  
each o f  the  th ree pockets o f  a 
10 f o o t  form and two keys t o  
l ock  each o f  the  stakes. Arch
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Fine grading i s  performed a t  
t h i s  po in t  i n  a s l i p  form 
paving operation i f  a non 
s tab i l i zed  based i s  used. I n  
the case o f  a s l i p  form 
operation the grade control  i s  
taken o f f  o f  the s t r i n g  l i n e .  
I n  the case o f  form paving a 
template w i  11 r i d e  on the forms 
t o  mark high po in ts  on the 
subbase. 

Once the f i n e  grading i s  
completed moisture i s  added t o  
the subbase t o  the mater ia l  up 
t o  t he  optimum mo is tu re  
content. Then the subbase i s  
recompacted t o  the proper 
densi t y  . 

35. When a cement treated subbase 
i s  used i t  i s  very important t o  
have a proper bond breaker 
between the subbase and the 
concrete pavement. This w i l l  
help t o  prevent the random 
t ransverse cracks i n  the 
subbase from r e f l e c t i n g  up 
through the concrete pavement. 
The t yp i ca l  bond breaker i s  a 
double coat o f  cur ing compound. Arch
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36. I n  the  case o f  s l i p  form paving 
t h e  g r a d e  c o n t r o l  i s  
accomplished w i t h  a s t r i n g  
l i n e .  It should a lso  be noted 
t h a t  the  subbase shoul d extend 
a t  l e a s t  2 f e e t  on each ,side o f  
the  pavement i n  order- t o  

" =  accommodate the  t racks  o f  the  
paving 'equipment.  Th js  - w i l l  
he1 p assure . a smooth r i d i  ng 
s u r f  ace. ' 

37. Dowels must be l u b r i c a t e d  i n  
order t o  a1 low them t o  move as 
t h e  pavement expands and 
contracts.  I n  t h i s  case the  
dowels are dipped i n  a 
l ub r i cag ing  agfknt. 

38. I n  t h i s  case the  dowel bars 
have been greased. Care nkeds 
t o  be taken so t h a t  on l y  a t h i n  
f i l m  o f  l u b r i c a t i n g  agent i s  
app l ied  t o  the  bars. I f  t o  
much 1 u b r i  c a t i  ng agent i s 
atlowed t o  remain on the  bars a 
vo id  w i  11 be formed around the  
bar and the  dowels w i l l  n o t  
perform proper ly .  Arch
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39. Dowels may be placed i n  s tee l  
support ing baskets which are 
secured t o  the subbase ahead o f  
paving operat i  on. The baskets 
must be i n  proper alignment and 
s e c u r e l y  fastened t o  the  
subgrade so t h a t  they w i l l  no t  
move dur ing construct ion.  It 
i s  a lso  necessary t o  c u t  the  
t i e  wires once the baskets have 
been secured t o  the  subbase. 

40. Dowel bars can a l so  be placed 
w i t h  implanters. I n  t h i s  case 
the dowel bars are v ib ra ted  
i n t o  t h e i r  ' f i n a l  pos i t i on .  

P 1 
i 

41. Since a1 ignment i s  c r i t i c a l  the 
f i n a l  l o c a t i o n  a f  the  dowel 
bars should be checked. I n  t h i s  
case the concrete i s ca re fu l  1 y 
removed so the l o c a t i o n  o f  the  
dowel bar can be determined. 

8 
I 
I 
I 
1 
1 
I 
I 
I 
I 
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42. Just i n  front  o f  the paving 
operation the subbase should be 
wet. down. This cools off the 
subbase and also insures tha t  

- water from the concrete will 
not be absorbed into the 
subbase. 

43. Concrete- can be spread in a 

44. Here an end dump i s  placing the 
concrete on a conveyor which 
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Concrete can also be placed by 
chutes. This operation i s  not 
un i fo rmly  s p r e a d i n g  the  
concrete across the pavement. 
This will cause problems in the 
operation of the paver. Also 
note the lack of uniformity in 
the concrete. 

Bottom dumps can also be used 
t o  place concrete. This type o f  
operation should also be 
avoided since d i r t  on the 
wheels of the t r a i l e r  will 
contaminate the concrete. 

47. End dumps with spreader boxes 
can also be used t o  place 
concrete 
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I 50. Reinforcing steel can also be 
I placed by tube feeds. 
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The tube feed holds the s tee l  
i n  the proper loca t ion  whi le  
the concrete i s  being placed 
and consolidated. It should be 
noted t h a t  the s tee l  w i l l  no t  
be placed as accurately w i t h  
t h i s  method as the method where 
cha i rs  are i n  used. 

52. The rebar sp l ices  should be a t  
l e a s t  30 bar diameters and the 
spl  i ces  should be staggered t o  
insure t h a t  a weak plane w i l l  
no t  devel op . 

53. Reinforc ing mats should be f r ee  
o f  o i l ,  d i r t ,  and scale. 

Reinforc ing mats can be placed 
two layers  o f  concrete. 

This type o f  construct ion can 
be accomplished by using two 
course construct ion as shown 
here or by using a mesh 
depressor. 
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54. The mats need t o  be overlapped 
according t o  the  dimension o f  
the  mats t o  insure bond 
development. They need t o  be 
securely t i e d  t o  insure  t h a t  
they w i l l  n o t  move. I n  j o i n t e d  
pavements, the  edge o f  the  mats 
should be a t  l e a s t  3 inches 
away from the center o f  the  
cont rac t ion  * j o i n t s .  

55. A mesh depressor can a lso  be 
used t o  place r e i n f o r c i n g  
s t e e l .  I n  t h i s  operation, the  
reinforcement i s  placed on top 
o f  the s t ruck -o f f  concrete and 
then depressed. This machine 
moves over a concrete mat and 
w i t h  i t s  l a rge  g r i d ,  depresses 
the mesh i n t o  the pavement 
through pre ure and v i b r a t i o n .  
Adjustable T t o p s  are s e t  t o  
automat ica l ly  s top the g r i d s  a t  
any desired depth. It i s  
important t o  note t h a t  the 
v i b r a t i o n  on the g r i d s  be shut 
o f f  when the g r i d  reaches the 
desired depth i n  order t o  
prevent excessive v i b r a t i o n .  

Depth checks f o r  mat placement 
s h o u l d  b e  p e r f o r m e d  
p e r i o d i c a l l y .  
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57. The t i e  bars can a lso be placed 
w i t h  a hydraul i c  i n se r t e r  w i t h  
the a i d  a f  a v ib ra to r .  

However, care needs t o  be taken 
t h a t  the inser te r  w i l l  no t  d r i p  
hydraul i f  f 1 uid .  The hydraul i c  
f l u i d  w i  11- contaminate the 
concrete and increase the a i r  
content which w i l l  f o r m  an area 
o f  weakness. 

Form paving can be placed i n  
two course o r  i n  one course. 
The two course operat ion w i l l  
be discussed i n  de ta i l .  

Arch
ive

d



Arch
ive

d



Then the second course o f  
c o n c r e t e  i s  p l a c e d  and 
screeded. It should be noted 
t h a t  i t  f s  important t o  place 
the second l i f t  o f  concrete 
w i t h i n  30 minutes o f  the f i r s t  
l i f t  t o  avoid a co ld  j o i n t .  
There should a lso  be a uniform 
4 inch r o l l  o f  concrete i n  
f r o n t  o f  the second screed. 
Thi s screed a1 so consol i dates 
by i t s  o s c i l l a t i n g  movement. 

64. A t h i r d  screed leaves the 
surface o f  the  concrete 1/4 
inch h igh and should have a 
uni form 2 inch r o l l  o f  concrete 
ahead o f  it. The pan f l o a t  
which i s  tapered t o  fo rce  the 
concrete i n t o  the proper cross 
s-ection To1 1 ows. With the 
e x c e p t i o n  o f  c o r r e c t i n g  
f i n i s h i n g  e r r o r s  by hand the 
pavement  i s  r e a d y  f o r  
tex tu r ing .  

65. A s ing le  pass operat ion w i  11 
c o n s i s t  o f  the  fo l l ow ing  
operat ions: the concrete w i l l  
be spread, .the concrete w i l l  be 
screeded w i t h  spud v i b r a t o r s  a t  
the  edge o f  the forms, s t e e l  
w i l l  be implanted i f  c a l l e d  
f o r ,  a v i b r a t i n g  screed w i l l  be 
used t o  consol  i d a t e  the 
concrete, and a pan f l o a t  w i l l  
f i n i s h  the operat ion. Arch
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66. S l i p  form paving can a lso be 
placed i n  one o r  two courses. 
Contractors use s l i p  f o m  
paving on most 1 arge pro jec ts .  

67. The f i r s t  operat ion i s  t o  
u n i f o r m l y  d i s t r i b u t e  t h e  
concrete across the pavement. 

68. The e n t i r e  concept o f ' s l i p f o r m  
L paving depends upon the pavers 
, abi 1 i ty t o  consol i da te  low 

slump concrete i n t o  a dense 
p l a s t i c  mix t h a t  w i l l  maintain 
i t s  shape a f t e r  passing through 
the paver. I n  a s l i p  form 

I paver the consol i da t i on  i s  
performed by spud v ibra tors .  
Vibrators are general l y  spaced 
no t  t o  exceed 24 inches. They 
are used w i t h  a concrete slump 
o f  from one t o  three inches and 
can accommodate paving speeds 
up t o  20 f e e t  per minute. 
Sl ipform pavers should be 

' equipped w i t h  automatic c u t o f f  
switches so t h a t  i f  the machine 

, stops, the v i b ra to r s  w i l l  
a u t o m a t i c a l l y  s h u t  o f f .  
Vibrators should be checked 

I p e r i  odi cal  l y  w i t h  a tachometer 
t o  make sure t h a t  t h e i r  
f requency i s  w i t h i n  the 
spec i f i ed  range. Rep1 acement 
v ib ra to rs  should always be 
avai lable.  
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A concrete head or surcharge 
should be maintained over the 
v i b r a t o r s  during placing 
operations. Thi s surcharge 
head should be approximately 4 
t o  8 inches. However, too 
large o f  a surcharge may cause 
ripple$ behind the screed or 
extrus~on plate. 

The second screed will then 
f inisd the second course. T h i s  
piece o f  equipment contains the 
gang . vibrators, s t r i  ke o f f ,  
vi bra t i n g  screed, and pan 
f loa t ,  I 

I 

I 
The ] t i e  
manuel 1 y 
pi ctlrke. 

bars are inserted 
as  shown on t h i s  Arch
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72. The one course ope ra t i on  i s  
dep i c t ed  by t h e  c ross  s e c t i o n  o f  
t h e  Rex piver. I f  t h e  pavement 
was t o  be r e i n f o r c e d  t h e  s t e e l  
would be placed p r i o r  t o  t h e  
paver.  

73. I f  t h e  pavement i s  j o i n t e d  non 
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appears to  be just about r ight  
b u t  does not roll  smoothly, the 
a i r  conFent may be too high. 
Proper  consol i d a t i o n  i s  
achieved when the surface o f  
the con re te  i s  smooth and the 
submergqd coarse aggregate i s 
barely visible on the concrete 
surface or immediately under 
the surface. 

A t  t h i s  point the depth of the 
pavement should be checked. 
The check i s  made by stabbing 
the pavement. With some types 
of subbase i t  may be necessary 
to p u t  plates on the subbase a t  
predetermined l ocati o n s  so the 
pavement can be checked 
accurately a t  those locations. 
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78. Some cont rac tors  w i l l  e l e c t  t o  
use a tube f in isher .  This 
equipment uses a magnesium tube 
f l o a t  which operates* i n  a 
diagonal d i r e c t i o n  t o  the  
cen te r l i ne  o f  the  pavement. 
Q u i t e  o f ten  t h i s  equipment w i l l  
a lso  inc lude a bur lap drag. 
This equipment i s  designed t o  
co r rec t  minor v a r i a t i o n s  and t o  
seal the  surface. It i s  no t  
i ntended t o  move concrete. 
T h i s  equipment i s  e a s i l y  
misused by the cont rac tor .  
Excessive water must n o t  be 
used w i t h  t h i s  equipment. Any 
residue c o l l e c t e d  by the tube 
should be wasted over the edge 
o f  the slab. Care needs t o  be 
taken t o  insure  t h a t  the tube 
f i n i s h e r  does n o t  a l t e r  the  
cross cope o f  the  pavement. 

Proper t e x t u r i n g  i s  requ i red t o  
p r o v i d e  a good,  s a f e  
sk id - res i s tan t  surface. A 
proper tex tu re  i s  obtained by 
f i r s t  using a bur lap drag 
fo l lowed by a t i n i n g  machine. 

The bur lap drag should be kept  
wet a t  a l l  times. I f  the drag 
s t a r t s  t o  p u l l  aggregate t o  the  
surface, i t  can ind ica te  t h a t  
t h e  c o n c r e t e  i s  n o t  
consol i dated proper ly  o r  t h a t  
there i s  no t  enough sand i n  the 
mixture t o  provide f o r  a good 
t i g h t  surface. Arch
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The f i n a l  tex tu r ing  operat ion 
consi s t s  o f  t in ing  the surface 
t o  obta in  a good macro-texture. 
The t i nes  should be 0.08 
inches wide and spaced 314-inch 
apar t  and 4 t o  6 inches long. 
This should r e s u l t  i n  grooves 
t h a t  are spaced 112 t o  3/4-inch 
apart  and a depth o f  1/8 t o  
3/16-inch. 

83. Overlapping o f  the t ex tu r i ng  
needs t o  be avoided t o  insure 
t h a t  the r esu l t i ng  t h i n  f i n s  
w i l l  not break o f f .  
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Timing i s  c r i t i c a l  t o  produce a 
proper tex ture .  The t e x t u r i n g  
should begin when the concrete 
i s  p l a s t i c  enough t o  a l low f o r  
,at l e a s t  a 1/8 inch deep groove 
b u t  d ry  enough t o  prevent the  
concrete from f l ow ing  back i n t o  
the grooves. As the t i n e  
approaches the very edge o f  the  
slab, i t  should be l i f t e d  o f f  
the pavement t o  prevent damage 
t o  the edge o f  the  pavement 
slab. With very  harsh mixes 
contain ing 1 ow percentages o f  
sand o r  manufactured sands w i t h  
low slumps, i t  i s  very 
d i f f i c u l t  t o  achieve the. 
desi red texture,  

85. Transverse contraction joints 
are used t o  cont ro l -  the  
shrinkage cracking t h a t  w i l l  
occur i n j o i n t e d  pavements. 
The cracking general 1 y occurs 
w i t h i n  4 t o  24 hours a f t e r  the 
concrete has been placed. 

Contract ion j o i n t s  are made by 
sawing w i t h  a diamond blade. 
Sawing i s  a c r i t i c a l  operat ion 
which must be done a t  the  
proper t ime and i n  the  proper 
1 oca t i  on. It i s  necessary 
t h a t  diamond blades be cool ed 
w i  t h  the  appl i c a t i  on o f  water. 
S t a n d b y  saws shou ld  be 
ava i lab le  a t  a l l  t imes i n  case 
o f  breakdowns. Arch
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7 .  The 
a t  
PI  u 
ran 

depth of the s 
l ea s t  1/3 the 
s 1/4 inch in o 
dom cracking . 

awcut should be 
s l  ab thickness 
rder t o  prevent 

If sawed a t  the proper time, the 
transverse contraction jo in t s  
will have a s l i gh t  raveling a t  
the top edge. If no raveling 
occurs, i t  i s  probably because 
the sawcut i s  being made a too 
1 a te .  A s l i gh t  amount of 
ravel i ng i s desi rabl e.  Sudden 
drops i n  temperature or cop1 i ng 
from . rainstorms on par t icular ly  
hot days, c a l l s  for  quick action 
by the contractor to  prevent 
random cracking . Sawing shoul d 
begin as soon as  the concrete has 
hardened enough t o  permit sawing 
without causing excess ive  
ravel i ng. Sawing should be 
continued through night and day 
regard1 ess of weather condi t i  ons. 
I t  i s  sometimes necessary to  saw 
every th i rd  or fourth jo in t  t o  
re1 i eve i ni t i  a1 s t resses  and then 
the contractor will have t o  come 
back and saw the intermediate 
joints  a t  a l a t e r  point in time. 

. I f  sawing operation i s  being 
performed l a t e ,  the concrete may 
crack ahead of the saw before a 
joint  i s  completed. When t h i s  
happens, the operator shoul d stop 
immediately and move to  the next 
jo in t .  The crack will then a c t  
as a joint  and should be routed 
and sealed properly. If the 
operation was allowed t o  be 
continued, the concrete between 
the crack and the sawcut would 
eventual 1 y spa1 1 out. 
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90. The concrete must be marked 
appropr ia te ly  so t h a t  sawing i s  
done d i r e c t l y  above the 
c e n t e r l i n e  o f  t h e  dowel 
baskets. 

The l a t h  i nd ica tes  the l o c a t i o n  
o f  the n a i l  which locates  the ' 
center o f  the  basket. 

91. Expansion jo in ts  are placed t o  
a l low f o r  the  expansion o f  
concrete i n  h o t  weather. These 
are genera l ly  found i n  areas 
such as br idge approaches and 
ramps. 

The fo l l ow ing  items need t o  be 
looked a t  t o  insure  t h a t  a 
transverse expansion- j o i n t  i s  
i n s t a l  1  ed proper ly .  

1) The j o i n t  assembly should 
be securely fastened t o  
the*  subgrade; . 

2) The dowels must be i n  
proper alignment and the 
t r a i  1  i n g  edge o f  the dowel 
must be f u l l y  supported; 

3) The expans ion f i l l e r  
m a t e r i a l  m u s t  b e  
p e r p e n d i c u l a r  t o  t h e  
pavement surface; 

I 4)  The f i l l e r  mater ia l  must 
be continuous from edge- to  
edge o f  the  pavement and 
f o r  the  f u l l - d e p t h  o f  the  
slab; 

\ 

5) The top edge o f  the  f h l l e r  
mater ia l  must be 1/2 inch 
b e l o w  t h e  pavement  
surface; 

6) The top edge o f  the  
f i l l e r  should be pro tec ted 
w i t h  a  removable metal 
channel cap; 
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7 )  The f r e e  end o f  the  dowel 
bars must be equipped w i t h  
a p p r o p r i a t e  expansion 
j o i n t  metal caps having 
aboht a 1 inch clearance 
proyided i n  the  metal cap . 

f o r  expansion o f  the  slab; 

8) The' concrete must be 
placed c a r e f u l l y  around 
t h e  . e x p a n s i o n  j o i n t  
mater i a1 ; 

9) The paving eq;ipment must 
n o t  come i n  contact  w i t h  
the ,  expansion mater ia l  as 
t h e  concrete i s  being 
s t rpck  o f f ;  c 

10) concrete should be placed 
s i m ~ l t a n e o u s l y  on both 
s i  dps o f  the  expansion 
matbr ia l  t o  provide equal 
prepsure. The concrete 
shopld be hand v ibrated;  

11)  he expansion j o i n t  must 
be proper ly  edged and 
f i n i s h e d  and the metal cap 
rem,oved ; 

12) No conc re te  must be l e f t  
o v e r  t h e  e x p a n s i o n  
mater i  a1 . 

A c o n t i n u o u s l y  r e i n f o r c e d  
pavement des ign  r e q u i r e s  
specia l  a t t e n t i o n  a t  transverse 
const ruc t ion  j o i n t s .  Sheets o f  
plywood o r+  s tee l  should be 
p l  aced over the  reinforcement 
j u s t  outs ide the bulkhead o r  
headerboards. The t r a i l i n g  
edge o f  the r e i n f o r c i n g  s tee l  
should be completely supported. 
Special care must be taken t o  
p r o v i d e  a d d i  t i  o n a l  hand 
v i b r a t i o n  a t  a l l  header j o i n t s  
i n  o r d e r  t o  g e t  good 
consol i d a t i  on o f  the concrete. Arch
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Longitudinal joints shoul d  be 
sawed. The p l a s t i c  r i b b o n  method 
f o r  forming l o n g i t u d i n a l  j o i n t s  
has n o t  been shown e f f e c t i v e  i n  
p reven t i ng  random l o n g i t u d i n a l  
cracks.  

94. Experience has shown t h a t  i t  i s  
b e t t e r  t o  saw t h e  l o n g i t u d i n a l  
j o i n t  a t  t h e  same t ime o r  
i m m e d i a t e l y  f o l  l o w i n g  t h e  
t ransverse  j o i n t s .  Th i s  i s  
p a r t i  c u l  a r l y  t r u e  on t h i  nner 
pavements and placements wider  
than 24 f e e t ,  It i s  a l s o  
necessary t o  saw as e a r l y  as 
poss ib l e  when l a r g e  drops i n  
temperature a re  expected. A t  no 
t i m e  s h o u l d  c o n s t r u c t i o n  
equipment be a l lowed on t h e  
pavement p r i o r  t o  t h e  sawing o f  
t h e  1  ongi  t u d i n a l  j o i n t .  

Long i t ud ina l  j o i n t s  a re  general  l y  
sawed 1/4 i n c h  i n  w i d t h  and t o  a  
depth o f  a t  l e a s t  1/3 o f  t h e  
pavement th ickness .  

J o i n t s  a re  sea led  t o  p reven t  
incompressi b l es ,  f rom g e t t i n g  
i n t o  t h e  j o i n t  which would cause 
spa11 i n g  o r  blow-ups when t h e  
pavement expands i n  h o t  weather. Arch
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96. The performance o f  l i q u i d  j o i n t  
seals i s  dependent upon the 
shape fac tor  o f  the reservo i r  
which i s  simply the depth t o  
width r a t i o  o f  the reservo i r .  
The shape f ac to r  insures t h a t  
the j o i n t  mater ia l  w i l l  perform 
s a t i s f a c t o r i  l y .  The shape 
fac to r  w i l l  vary w i th  the type 
o f  j o i n t  sealant used. The 
backer rod is used a t  the 
bottom o f  the j o i n t  t o  insure 
the proper depth o f  the sealant 
and t o  ac t  as a bond breaker t o  
prevent bottom side adhesion. 
The backer rod should be 
s l i g h t l y  la rger  than the  width 
o f  the j o i n t .  

97. Fol l owi ng the second sawing 
ooerat i  on, which w i  11 provide 

Immediately p r i o r  t o  i n s t a l  1 i ng  
the backer rod, the j o i n t  
should be blown w i t h  compressed 
a i r  and be l e f t  completely f r ee  
o f  water and debris. 
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99. Fol lowing cleaning and dry ing 
o f  the j o i n t  faces, the backer 
rod  i s  i n s t a l  l e d  t o  the 
appropriate depth w i t h  the 
i nse r t i ng  t o o l .  

'c 

100. Regardless o f  the sealant type 
used, a l l  j o i n t s  should be 
s e a l e d  i n  a nea t  and 
workman 1 i ke manner. The 
surface o f  the sealant should 
be a t  l e a s t  1/4 inch beneath 
the surface o f  the pavement. 
A l l  excess mater ia ls r  should be 
removed from the surface. 
Th i s  i s  necessary t o  prevent 
t r a f f i c  from p ick ing  up the 
sealant. 

Some sealants such 
requ i re  t h a t  the 
t oo l  ed. 

as s i l i c o n  
surface be 
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1.02. There are a number o f  preformed 
coinpression seals on the market 
f o r  seal ing concrete pavement 
j o i n t s .  

103. Comeression seals are made o f  
tubiff1 ar mater ia l  w i t h  an 
i n t e rna l  web. The compression 
seal re1 i e s  heav i l y  on the 
j o i n t  and i t s  shape f o r  good 
performance. They must be 
proper ly  posi t ioned and remain 
i n  compression even when the 
j o i n t  i s  opened t o  i t s L  maximum 
width f o r  proper performance. 
For t h i s  reason i t  i s  important 
t h a t  the width o f  the seal 
correspond t o  the amount o f  
movement expected (1 ength o f  
panel ) and the width o f  the 
j o i n t .  

104. A f t e r  t h e  second 
operat ion a 1 ub r i  cant 

sawing 
s used 
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105. The compression seal must be 
installed with a special 
machine capable of placing the 
material in a compressed state 
without cutting, twi sting or 
distorting the. sealant material 
itself. The sealant material 
is installed to a depth 
approximately 1/8 inch be1 ow 
edge of the joint. Splices in 
the sealant material are not 
permitted in any 24 foot width 
joint. 

106. Many States are now specifying 
rideability: The most common 
m e t h o d  f o r  s p e c i f y i n g  
r i deabi 1 i ty involves the 
profilagraph. Seven inches per 
mile has been found to be 
reasonably attai nab1 e. 
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CURING 

1. Chring i s  the maintaining o f  a 
satisfactory moisture content 
and temperature i n  concrete 
during i t s  early l i f e  i n  order 
to  a1 low desired properties o f  
the concrete t o  be developed. 
When cement and water are 
combined, a chemical reac t ion  
c a l l e d  hydra t ion  takes place. 
The ex tent  t o  which t h i s  
reac t ion  takes place w i l l  
d e t e r m i n e  t h e  s t r e n g t h ,  
d u r a b i l i t y ,  wa te r t i gh tness ,  
wear resistance,  and resistance 
t o  f reez ing and thawing o f  the  
concre te .  Mast concrete 
contains more water than i s  
necessary t o  complete the 
h y d r a t i o n  process.  Any 
appreciable l o s s  o f  water, 

. however, due t o  evaporation, o r  
otherwise, could delay o r  
prevent hyd ra t i  on. Hydrat i  on 
i s  r a p i d  dur ing the e a r l y  
stages o f  concrete, therefore,  
r e t a i n i n g  water dur ing the 
f i r s t  s e v e r a l  days  i s  
important. The r e t e n t i  on o f  
m o i s t u r e  f o r  c u r i n g  i s  
accomplished by applying water 
o r  p r e v e n t i n g  - e x c e s s  
evaporation. 

The cur ing  o f  concrete i s  a l so  
dependent upon temperature 
since the r a t e  o f  hydrat ion 
w i l l  vary w i t h  temperature. 
Hydrat i  on proceeds very s lowly  
a t  low temperatures. A t  50 
degrees F cond i t ions  are 
unfavorable f o r  hydrat ion, a t  
40 degrees F e a r l y  s t rength  i s  
retarded and a t  32 degrees F 
l i t t l e  o r  no s t rength  occurs. 
As a general r u l e  o f  thumb, 
cur ing  temperatures above the 
e x p e c t e d  " i n  s e r v i c e  
temperature" o f  the  concrete 
should a lso  be avoided. Arch
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We are concerned about l a s i n g  
too much moisture from the  
concrete through evaporation. 
A i  r temperature, humi d i  t y  , and 
wind v e l o c i t y  e f f e c t  the  r a t e  
o f  hyd ra t i  on. Th is  c h a r t  
provides a graphic method o f  
e s t i m a t i  pg the evaporat ion 
u n d e r  v a r i o u s  weather  
condi t ions.  As a general rule, 
and as rqcomended by ACI ,  when 
an evaporation rate o f  .2 lb/sq 
ft/ hr are encountered, steps 
need too be taken t o  prevent 
excessive evaporati on. Same 
s ta tes  hhve incorporated t h i s  
cha r t  i n-to t h e i  r spec i f  i cati  ons 
and w i l l  n o t  a l l ow  a cont rac tor  
t o  place concrete when adverse 
cond i t ions  are present. 

C u r i n g  me thods  c a n  be 
categorized i n t o  th ree groups: 

1) Methods t h a t  maintain the 
presence o f  mixing water 
i n the concrete dur ing  
e a r l y  hardening. These 
methods inc lude ponding, 
spraying, fogging, and 
s a k u r a t i n g  w i t h  we t  
coverings. 

2 )  Methods t h a t  prevent loss 
o f  water by sea l ing  the  
sur f  ace. These i nc l  ude 
impervious papers, p l a s t i c  
sheets, o r  membranes. 

3 )  ~ e t h o d s  t h a t  accelerate 
strength gain by supply ing 
heat and moisture. Th is  
would inc lude steam cu r ing  
o r  e l e c t r i c  forms. 
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5- Perhaps the most e f f e c t i v e  
method o f  cur ing  concrete i s  by 
the moist or water method. 

On small f l a t  surfaces, such as 
pavements, s idewa l  ks and 
f l o o r s ,  - t h i s  may be  
accompl i shed by f 1 oodi ng the 
concrete w i t h  water, a method 
r e f e r r e d  t o  as ponding. This 
method requ i res  considerable 
labor and superv is ion and i s  
no t  a common method i n  highway 
construct ion.  (Concrete t e s t  
cy l i nders  are cured i n  t h i s  
manor s ince i t  i s  an e f f i c i e n t  
method o f  prevent ing loss  o f  
water. ) 

Wet burlap and other moisture 
r e t a i n i n g  f a b r i c s  are a more 
v iab le  means o f  keeping the 
concrete moist.  I n  most 
circumstances the wet coverings 
c a n  b e  p l a c e d  a l m o s t  
immediately w i thout  damaging 
the surface. I f  tex tu re  i s  an 
important -concern,  however, 
such as on pavements, /care must 
be taken when i n s t a l l i n g  the 
coverings. Wet bur lap i s  most 
r e a d i l y  ava i l ab le  and can be 
u s e d  on m a s t  c o n c r e t e  
operat ions s ince i t can conform 
t o  the  concrete shape 'and 

5 remain i n  contact  w i t h  the  
surface. Burlap must be f r e e  

d a o f  any substance t h a t  could be 
harmful t o  the concrete such as 
f e r t i l i z e r s  o r  sugar. Also the 
bur lap should be nonstain ing t o  
the  concrete surface. The 
b u r l a p  m u s t  b e  k e p t  
continuously moist,  therefore,  
p e r i o d i c  we t t i ng  w i l l  be 
required. The covering should 
not be allowed to  dry out since 
i t  could absorb moisture from 
the concrete. A t  the  end o f  
the cur ing  period, however, the  

. covering should be al lowed t o  
dry  before i t  i s  removed. Arch
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1 

1 
1 An a1 t e r n a t i  ve t o  p e r i  odi  c 

wet t ings would be t o  keep the 

1 surface moist through constant 
spraying o r  fogging. I n  t h i s  

I 
i 

operatio; a f i n e  m i s t  i s  
appl i ed hrough soaki ng hoses 1 
o r  o rd inary  lawn sp r ink le rs .  i 

I 

I n  summary, there  are several 
precautiqns w i t h  mois t  cur ing.  
F i r s t ,  the  qua1 i t y  o f  the  water 

i 

must be considered i f  s t a i n i n g  
w o u l d  be o b j e c t i o n a b l e .  
Second, consequences o f  r u n o f f  I 

must be considered. Third,  , 
i n t e r m i t t e n t  s p r i n k l i n g  i s  n o t  , 

acceptable i f  the concrete i s  
a l  lowed t o  dry  out  between I 

appl i catilons. And f i n a l l y ,  
care should be taken t o  avoid 
erosion o f  the concrete surface 
due t o  a heavy water f low. 

i 
I 

6. Other methods o f  moist  cur ing  
<- .- k* q;* 

I 9 b d  i nc l  udk earth, sand, sawdust, 
x a straw, o r  hay. These methods 

should be looked a t  c a r e f u l l y  
t a  be sure t h a t  they w i l l  n o t  
reac t  w i t h  the concrete o r  
cause s ta in ing.  Here hay i s  
being used t o  cure a concrete I 

curb. The hay w i  11 have t o  be 
t 
i 

wet down when they are f i n i s h e d  
i 

i 

p l ac ing  the concrete. ' 

I 

I 

I 
7. The second major method o f  

1 

I 

cur i ng concrete i nc l  udes those 1 

systems t h a t  seal the surface 
L 

l 

and prevent the loss o f  mix I 

water. These systems have the I 

advantage o f  no t  r e q u i r i n g  r 

pe r iod ic  wet t ing  thus reducing I 

the  l i k e 1  ihood o f  the concrete i 
1 

d ry ing  out.  A1 so, these 1 
systems can be easier  t o  handle I 

and l ess  c o s t l y  depending on 1 i 
the  s i t u a t i o n .  I 

I* 
I 

I 
I 

I 
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Impervious paper i s  usua l l y  
made up o f  two sheets o f  k r a f t  
paper cemented together by a 
h i  tuminous mater ia l .  Sheets 

. should be wide enough t o  
t o t a l l y  cover the  work and 
j o i n t s  should be sealed w i t h  
tape o r  bituminous mater ia l .  
They can be appl i e d  as soon as 
t h e i r  app l i ca t ion  w i l l  no t  
cause damage t o  the surface. 
Note here t h a t  the paper i s  
whi te and r e f l e c t s  heat, a 
pre ferab le  s i t u a t i o n  dur ing ho t  
weather. 

8. Plastic sheets are 1 ightweight ,  
e f f e c t i v e  moisture b a r r i e r s  
t h a t  are easy t o  apply. L ike  
the impervious sheets, the  
p l a s t i c  should be app l ied  as 
soon as possib le as long as the 
surface i s  no t  damaged dur ing 
appl i cat ion.  The ' p l a s t i c  
should be placed wr ink le  f r e e  
i f  possible. Wrinkles can 
cause d i sco la ra t ion  i n  t h e  
concrete due t o  d i  f f e r e n t i  a1 
hydra t i  on. Clear polyethylene 
i s  common and has l i t t l e  e f f e c t  
on heat absorpt ion. Black f i l m  
can be used dur ing cool weather 
and whi te film can be used 
during ho t  weather. 

9. Sometimes p l a s t i c  sheets are 
used i n  conjunct ion w i t h  mois t  

, cur ing  methods. This reduces 
the need t o  p e r i o d i c a l l y  wet 
the coverings. As moisture 
from the concrete condenses, i t  
i s  trapped by the p l a s t i c .  The 
covering mater ia l ,  i n  t h i s  case 
burlap, absorbs the moisture 
and re turns  i t  t o  the surface. 
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10. A common form o f  sea l ing  cur ing  
i s  the white pigmented curing 
compound. This mater ia l  i s  the 
accepted method f o r  cur ing  
1 arge areas such as, pavements. 
Upon appl i cat ion,  the mater i  a1 
f o r m s  a membrane - t h a t  
e f f e c t i v e l y  seals i n  the 
moisture. Membranes also come 
in clear liquid, however, the 
white is usually used since it 
has the advantage o f  visibility 
for coverage and can reduce 
heat gain on sunny days. 
Membrane cur ing  on pavements 
has t h e  added advantage o f  
preserv ing the macro tex ture .  
Other forms o f  cur ing  such as 
bur lap may cause damage t o  the 
tex tu re  i f  they are dragged 
across Ithe pavement dur i ng 
appl i ca t lon .  

Curing compounds should be 
app l ied  4s soon as f i n i s h i n g  i s  
completed. The concrete should 
have no v i s i b l e  sheen bu t  n o t  
be so dry  t h a t  the  compound i s  
absorbed i n t o  the concrete. 
Appl i cat1 on before a1 l f r e e  
water has evaporated w i l l  
p r e v e n t  the formation o f  
cracks. I t  can be appl i e d  by 
hand bult f o r  l a rge  paving 
p r o j e c t s  power dr iven equipment 
i s  more common. Spray nozzles 
on equip ent  should be arranged 
t o  preve TI t wind blown loss.  

12. I n  t h i s  p i c tu re ,  e i t h e r  they 
have wailted t o  long t o  apply 
the  cur i~ng compound, s ince i t  
has s e t  u p  enough f o r  the  man 
t o  stand on it, or  the man i s  
destroying the tex ture .  
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13. U n i f o r m  coat ing  w i t h  the  
compound i s  important.  Skips, 

: i n s u f f i c i e n t  coverage o r  even 
p inholes w i l l  a l l o w  evaporat ion 
o f  moisture from the  concrete. 

14. Curing compounds should be 
thoroughly mixed and ag i ta ted  
d u r i n g  t h e  a p p l  i c a t i o n .  
Coverage  s h o u l d  be i n  
accordance w i t h  spec i f i ca t i ons .  
I f  there i s  evidence o f  run  o f f  
o r  the  compound accumulates i n  
grooves than the  , appl i c a t i o n  

, r a t e  was exceeded. The 
, app l i ca t i on  equipment must be 

ca l  i brated. An i nspectors j o b  
would be t o  v e r i f y  the  r a t e  o f  
appl i c a t i  on and the  un i  formi  t y  
o f  the  appl i c a t i  on. BY 
measuring the  q u a n t i t y  used and 
measuring the  area covered an 
a p p l i c a t i o n  r a t e  ' can be 
determi ned. 

15. An important consideration f o r  
membrane curing i s  to  cover a1 1 
surfaces. V e r t i  ca l  faces, as 
i l l u s t r a t e d  by the  edge o f  t h i s  
pavement, must a lso  be covered. 

I One f i n a l  considerat ion w i t h  
.respect t o ,  t he  use o f  mgmbranes 
i s  t h a t  they should n o t  be used 
on surfaces t h a t  w i l l  rece ive  
add i t i ona l  concrete. The 

, membrane ac ts  as a bond 
breaker. Arch
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P r i o r  t o  the s t a r t  o f  a 
concrete placement operat ion 
t h a t  w i l l  use cur ing compound, 
the inspector should v e r i f y  
t h a t  the compound being used i s  
a p p r o v e d  o r  mee ts  t h e  
spec i f ica t ions.  A s u f f i c i e n t  
quan t i t y  should be on hand t o  
complete the operat ion so as t o  
avoid any delay o r  d is rupt ion.  

Some s ta tes  requ i re  t h a t  i f  a 
contractor  i s  going t o  use a 
membrane on a pavement, he 
prov i  de b l  ankets t o  cover the 
pavement i n  case o f  r a i n .  Here 
the contractor  has provided a 
r o l l  o f  paper backed bur lap 
d i r e c t l y  behind the membrane 
appl i cator .  The covering 
should be o f  s u f f i c i e n t  length, 
width and thickness t o  p ro tec t  
t h e  pavement and edges 
adequate1 y . When the r a i n  
stops, the covering should 
immediately removed and repa i rs  
made t o  the concrete and cur ing 
compound appl ied where i t  was 
washed o f f .  P r i o r  planning and 
prompt ac t ion can minimize the 
a f f ec t s  o f  ra in .  

The t h i r d  general method o f  
cur ing involves the use o f  
steam. Steam cur ing i s  
advantageous where accel erated 
strength gain i s  important o r  
where add i t i ona l  heat i s  
requ i red i n  co ld  weather. 
Steam curing, i n  order t o  be 
e f fec t i ve ,  should enclose the 
concrete .  Steam cur ing , 
therefore,  does no t  lend i t s e l f  
t o  most highway uses. It i s  a 
common method, however, f o r  
cur ing many highway products 
such as pipes, manholes, and 
bar r ie rs .  This char t  shows the Arch
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normal cyc le  fo l lowed i n  steam 
curing, It has been found 
e f f e c t i v e  t o  delay the s t a r t  o f  

: cur ing by 2 t o  5 hours s ince 
t h i s  adds t o  the 24 hour 
s t r e n g t h .  The s t e a m  
temperature i s  then increased 
t o  a maximum o f  15Q t o  175 
degrees F. The product i s  then 
kept a t  t h a t  temperature u n t i l  
the desi red s t rength  i s  gained. 

19. The length  o f  t ime t h a t  
concrete must be pro tec ted by 
cur ing i s  dependent upon the 
t y p e  o f  cement, requ i red 
st rength,  weather, and f u t u r e  
exposure condi t ions.  This t ime 
could vary from a few days f o r  
type 111 cements t o  as much as 
three weeks. Design p roper t i es  
a r e  improved by cu r ing ,  
therefore,  the cur ing  per iod 
should be as long as p r a c t i c a l  .. 
The minimum cur ing pe r iod  
should correspond t o  the  t ime 
requ i red t o  develop 70 percent 
o f  the design st rength.  When 
s t rength  gain i s  c r i t i c a l  t o  
the s t ruc tu re  o r  the progress 
o f  the  work, c y l  inders can be 
made and cured under t h e  same 
condi t ions,  and then tes ted  f o r  
s t rength.  
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HOT WE :HER CONCRETING 

1. Hot weather can be defined as a 
condition o f  high temperature, 
low humidity and high winds 
either individually or in 
combinatian. Concrete mixed 
and placed under h o t  weather 
c o n d i t i o n s  r e q u i r e s  an 
understanding o f  the  e f f e c t  o f  
these environmental cond i t ions  
on the concrete p roper t i es  and 
operat ions. The e f f e c t s  o f  h o t  
weather occur i n  the  summer 
months i n  the  nor thern  s ta tes  
and can occur year round i n  the  
more a r i d  c l imates.  The 
e f f e c t s  o f  h o t  weather are more 
pronounced dur ing  per iods o f  
r i s i n g  t e m p e r a t u r e s  and 
1 ower i ng humi d i  t y .  

2. The undesirable e f f e c t s  o f  h o t  
weather on f r e s h  concrete are 
as fo l lows:  

a. Increased water demand. 

b. Increased loss  o f  slump 
( w i t h  a tendency t o  add 
water a t  t he  j o b  s i t e ) .  

c. Increased r a t e  o f  s e t t i n g  
r e s u l t i n g  i n  d i f f i c u l t y  
handling, f i n i s h i n g ,  and 
cur ing.  

d. C r i t i c a l  need f o r  prompt 
e a r l y  cur ing.  

e. Increased tendency f o r  
p l a s t i c  cracking. 

f. D i f f i c u l t y  i n  c o n t r o l l i n g  
a i  r contents. Arch
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3. The effects  of hot weather can 
also influence the concrete in 
the hardened s ta te :  

" a. A decrease in strength due 
t o  an increase i n  water 
( t i a t  i s  adding water a t  
t h  j o b  s i t e ) .  

I 

b. Deqreased durabili ty and 
water I tightness. 

c .  Noh-uni form s u r f a c e  
appearance. 

d. An increased tendency for  
drying shrinkage and 
d i f f e r e n t i a l  thermal  
cracking. 

4. I t  has been shown, by the 
concrete industry, t h a t  an 
increase in temperature of a 
concrete mix resul ts  in a 
decrease in slump. As a rule 
o f  thumb, a 20 degree increase 
i n  the  mix temperature w i l l  
result i n  a one inch decrease 
i n  the ?lump. In order t o  keep 
the s l  upp constant, therefore, 
water will have t o  be added t o  
the mix. This sllide shows the 
r e l a t i o n s h i p  between mix 
temperature and water demand in 
order to  maintain a constant 
slump. All too often on a 
c ~ s t r u c t i o n  project the crew 
will be faced wi th  t h i s  problem 
with loss of slump. The 
standard f ie ld  f i x  i s  to  
i n c r e a s e  t h e  w a t e r .  
U n f o r t u n a t e l y  what  i s  

* overlooked i s  the corresponding 
impact on the water/cement 
ra t io .  A increase i n  the water 
will raise t h i s  ra t io  and 
resul t  i n  a decrease in 
c o n c r e t e  s t r e n g t h  and 
durabi l i ty .  Arch
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5. Another interesting study has 
shown that an increase in the 
mix temperature adversely 

1 i effects the ultimate strength 
2 - even when the slump and 

watericement ratio are he1 d 
constant. It i s  recommended 
p r a c t i c e  t o  prepare t r i a l  
b a t c h e s  f o r  a c o n c r e t e  
operat ion. T r i  a1 batches done 
i n  a labora tory  would be mixed 
around 73 degrees. This may 
n o t  represent  the actual  
c o n d i t i o n s  t h a t  w i l l  be 

A encountered a t  the placement 
s i t e .  Because o f  the  e f f e c t  o f  
temperature, tr i  a1 batches 
shou ld  dup l ica te ,  t o  the  
maximum extent  possible, the  
a c t u a l  f i e l d  c o n d i t i o n s  
expected a t  the  t ime o f  the  
placement. 
Another consideration is that 
higher temperatures reduce the 
setting time, thus reducing the 
time for transporting, placing 
and finishing the concrete. 
This should be taken i n t o  
account when prepar ing f o r  a 
concrete placement. 

6. I n  a normal concrete operation, 
water from the mix w i  11 r i s e  t o  
the  surface o f  the  placement 
and evaporate. This water i s  
known as bleed water. When the 
weather is such that the bleed 
water evaporates faster than it 
can rise to the surface, than 
plastic shrinkage cracks will 
occur. 

/ 
7. There i s  no way t o  p r e d i c t  w i t h  

c e r t a i n t y  when p l a s t i c  cracking 
w i l l  occur. As a rule of 
thumb, however, when the 
environmental conditions are 
such that the rate o f  
evaporation from the surface is 
-2 lb per square foot per hour 
then precautionary measures 
should be taken. High concrete 
t e m p e r a t u r e ,  h i g h  a i r  
temperature, h igh wind and low 
h u m i d i t y  could r e s u l t  i n  

Arch
ive

d



c,ondi ti ons t h a t  waul d exceed 
t h i s  l i m ~ i t .  This char t  can be 
used t o  est imate i f  the - 2  
1 i m i  t i s be i  ng exceeded. 

There ar  some precautions t h a t  
shoul d be taken when condi ti ons /- are fav  r a b l e  f o r  evaporation. 
These should be taken i n t o  
consi derlati on when p l  anni ng a 
ho t  weather I concrete opera t i  on: 

a. ~ o i s t e n  the subgrade and 
the!  forms. 

b. Place concrete a t  the  
l o w e s t  p o s s i b l e  
temperature by coo l ing  the 
aggregates and/or the 
m i  x i  ng water. 

c. Erect wind breaks t o  
reduce the wind v e l o c i t y .  

d .  Erect  sun shades t o  reduce 
c o n c r e t e  s u r f a c e  
temperatures. 

e. Reduce the t ime between 
p lac ing - and cur ing  by 
e l  im inat ing  dei ays. 

f. P r o t e c t  t h e  c o n c r e t e  
immediately a f t e r  p lac ing  
by a su i tab le  means such 
as w i t h  a f o g  spray. 

9. Normal precaution f o r  h o t  
weather concrete, above and 
beyond the requi  rements f o r  
reducing evaporation, i s  t o  
cont ro l  the temperature o f  t h e  
concrete ingredients.  The 
c o n t r i b u t i o n  o f  each mater ia l  
i n  a concrete mixture t o  the  
i n i  ti a1 temperature o f  the  
concrete i s  r e l a t e d  t o  the  
temperature, s p e c i f i c  heat, and 
quan t i t y  o f  each mater i  a1 . Arch
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10. The relationship between the 
temperature of fresh concrete 
and its components is shown 
here. For example, a mixture 
made with aggregates at 90 
degrees and water at 50 degrees 
will result in a mixture at 85 
degrees. 

11. A formula has been developed 
that takes into account the 
effect that each of the 
ingredient's weight and 
temperature will have on the 
overall concrete temperature. 
Various values can be tried 
until a desirable concrete 
temperature is achieved. 

Mixing water, o f  a l l  the 
concrete ingredients, has the 
largest e f f e c t  per u n i t  weight 
because i t s  spec i f i c  heat i s  
four  t o  f i v e  times t h a t  o f  the 
other ingredients. Water i s 
also the easiest to cool. 
N a t u r a l l y  cooled or 
refrigerated water can be used. 
When this isn't practical, ice 
may be added to the mix as a 
portion of the  water. 

The use o f  crushed, shaved o r  
chipped i ce  i s  acceptable 
provided it i s  added d i r e c t l y  
t o  the mixer as p a r t  o f  the mix 
water and t o t a l l y  melted by the 
time the concrete i s  placed. 
Ice must be accurately weighed 
and substituted for and equal 
weight of water. 
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Li qui d ni trogen has a1 so been 
used to reduce the concrete 
temperature. The liquid 
nitrogen can be used to cool 
the concrete by injecting it 
into mix or to cool the mix . 

water or to cool the 
aggregates. 

Aggregates can have a 
pronounced effect on the 
temperature o f  concrete because 
they represent about 60 percent 
to 80 percent of the weight of 
the mix. To lower the 
temperature of the mix by 10 
degrees only requires a 15 
degree reduction i n  the 
aggregate temperature. There 
are several methods a f  cool ing 
the aggregates. The simp1 est 
and most common would be to 
build the stock p i l e  i n  the 
shade or to  sprinkle the 
s t o c k p i l e  w i t h  w a t e r .  
Sprinkling cools through 
evaporation. - Caution is 
advised here, however, as 
haphazard spri nkl ing can 1 ead 
to variation in surface 
moisture on the aggregates. 
Cement temperature has only a 
minor effect on the concrete 
temperature because of its low 
specific heat and relatively 
-small quanti ty . In general , an 
upper l i m i t  o f  150 t o  180 
degrees i s  specified for  cement 
t e m p e r a t u r e s .  C e m e n t  
temperatures above thi s coul d 
cause stiffening of the 
concrete. As a general rule of 
thumb and an easy wqy to 
remember the temperature impact 
the following can be used: 

For a 1 degree decline in 
concrete temperature you 
need a 2 degree decline i n  
aggregate temperature or a 
4 degree decline i,n water 
temperature or an 8 degree 
d e c l i n e  in c e m e n t  
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temperature. (1:2:4:8 
note the doubling 
pattern. ) 

15. There are a number of physical 
precautions that can be taken 
to alleviate the affect of hot 
weather. One way to  cool 
things down i s  to  fog the 
forms, r e i n f o r c i n g ,  and 
subgrade just prior to  the 
pl acement. In addition, 
fogging can be used to cool the 
surraundings and provide 
humidity during finishing. 
Fogging nozzles should be used, 
not regular garden hose 
nozzl es. 

16. In order to reduce solar heat 
gain, it is recommended that 
mixers, belts, chutes and 
hoppers be shaded. Where this 
is not possible, less heat will 
be absorbed if they are painted 
white. Studies have shswh that 
a white drum exposed to  the sun 
for 1 hour will keep the 
concrete 2.5 degrees cooler 
than a red or other dark 
col ored drum. 

Scheduling, so that concrete is 
placed promptly upon arrival at 
the job site is also effective 
in hot weather. If delays 
occur, the adverse affect of 
prolonged mixing can be 
minimized by stopping the mixer 
a n d  t h e n  agi'tating 
intermittently. During hot 
weather the time limit for 
discharge can be reduced from 1 
112 hours to 1 hour or even 45 
mi nutes. Arch
ive
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COLD WEATHER CONCRETING 

1. Concrete placed i n  co ld  weather 
m u s t  h a v e  t h e  s a m e  
c h a r a c t e r i s t i  cs as concrete 
placed under normal weather 
condit ions, t h a t  i s ,  strong, 
durable concrete t h a t  s a t i s f i e s  
t h e  i n t e n d e d  s e r v i c e  
requirements. Concrete placed 
dur ing c o l d  weather must be 
proper ly  manufactured, placed 
and protected. The amount o f  
s p e c i  a1 p r e c a u t i o n s  w i  11 
increase as the temperature 
decreases. Cold weather is 
defined as a period when the 
mean dai 1 y temperature, for 
three consecutive days fa1 1 s 
below 40 degrees F. When the 
temperature r i s e s  above 50 
degrees F, f o r  more than h a l f  
o f  any 24 hour period, then the 
c o n c r e t e  i s  no l o n g e r  
considered w in te r  concrete. 

As the temperature o f  concrete 
goes down, the  r a t e  o f  
hydrat ion goes down. As was 
s ta ted previously,  very 1 i ttl e 
hydrat ion occurs below f reez ing 
and no hydra t ion  occurs below 
14 degrees F. A t  co ld  
temperatures s t rength  gain i s  
slowed because o f  the slowing 
o f  hydrat ion.  This e f f e c t  i s  
i l l u s t r a t e d  i n  t h i s  s l i d e .  
Note t h a t  when normal cur ing  i s  
appl ied, i n  t h i s  case a t  28 
days, the  u l t i m a t e  s t rength  i s  
the same o r  greater  than 
concrete placed a t  normal 
temperatures. 

The American Concrete I n s t i t u t e  
has developed t h i s  gu ide l i ne  
f o r  the mix ing and p lac ing  
temperatures o f  co ld  weather 
concre te .  Natural  l y  the  
t h i c k e r  the concrete p l  acement 
the  lower the  temperature s ince 
a t h i c k e r  sec t ion  w i l l  generate 
more heat through hydrat ion.  
The mix ing temperatures are 
s l  i g h t l y  above the p lac ing  
temperature i n  order t o  a l l ow  
f o r  h e a t  l o s s  d u r i n g  
t ranspor ta t ion .  
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The temperature of the concrete 
as mixed should be maintained 
at not more than 10 degrees 
a b o v e  t h o s e  minimums 
recomnended i n  this table. At 
higher temperatures the heat 
loss will be greater, thus 
offsetting the advantage of 
higher mixing temperatures. In 
addition, more water will be 
required for the same slump 
resulting in the possibility of 
plastic shrinkage cracking. 

Once the temperature of the 
concrete mix has been 
established, then consideration 
must be given to the 
temperature of the ingredients. 
You will recall that for hot- 
w e a t h e r  concrete the 
ingredients had to be cooled, 
for col d-weather concrete the 
ingredients will have to be 
heated. The principles are the 
same only reversed. Also as in 
hot-weather concrete, the 
ingredient that is easiest to 
heat is the water, In this 
chart you can estimate the 
required increase in water 
temperature based on the 
combined temperature of the 
aggregates and cement. 

Because of the specific heat of 
water, its impact per unit 
weight on the temperature o f  
the mix is greater than an 
equal weight of aggregates. It 
may be necessary to heat the 
aggregates, however, since they 
may be frozen. Frozen lumps of 
aggregates could survive the 
mixing process and remain as 
unmixed lumps in the concrete. 
In addition, frozen aggregates 
could thaw during mixing and 
contr i bu te unaccounted for 
water. The recommended method 
of treating aggregates is to 
c i  rcul ate steam through pipes 
in the stockpile. Arch
ive
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5. Plans to  protect fresh concrete 
from freezing and t o  maintain 
desired temperatures during 
curing should be made well i n  
advance. Equ i pmen t and 
mater ia ls  should be a t  the s i t e  
before f r o s t s  are expected, no t  
a f t e r  the  concrete has been 
placed and f reez ing  begins. 
A1 1 surfaces t h a t  w i l l  come i n  
contact  w i t h  the f resh  concrete 
should a t  l e a s t  be a few 
d e g r e e s  above f r e e z i n g .  
S u b g r a d e s ,  f o r m s  a n d  
reinforcement should a lso  be 
f r e e  o f  snow and i c e  t o  weven t  
concrete f r e e z i  ng . * ~ r o z e n  
subgrades can be thawed by 
i n s u l a t i n g  them several days 
p r i o r  t o  the concrete placement 
and ho t -a i r  j e t s  can be used t o  
remove f r o s t ,  snow and ice .  

I Thawed subgrades may have t o  be 
recompacted. 

1 I 

6. For cold-weather concrete, the  
temperature o f  the f resh1 y 
placed concrete should be 
maintained as c lose as poss ib le  
t o  the p l  acing temperatures 
prev ious ly  shown. The dura t ion  
o f  m a i n t a i n i n g  t h e s e  
temperatures i s  shown here. 
The columns headed " f o r  
d u r a b i l i t y "  1 i s t  the  length o f  
t i m e  r e q u i r e d  t o  provide 
adequate d u r a b i l i t y  against  
exposure t o  f reez ing and 
thawing. The column marked 
" f o r  a d e q u a t e  s t r i p p i n g  
st rength"  l i s t  the temperature 
a t  which battom forms can be 
removed. You should keep i n  
mind that  below 32 degrees F 
hydration signif icantly slows 
and that below 14 degrees F 
hydration ceases. Also note 
t h a t  f o r  the  worst case an 
add i t i ona l  tab1 e i s  r e f e r r e d  
to .  That t a b l e  i s  depicted i n  
the next  s l  i de. Arch
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As you would expect the 
duration of the temperature 
m u s t  be s ignif icant ly  increased 
i f  s ignif icant  strength gain i s  
desired. These two char ts  are  
predicated on the basis t h a t  
fol lowing these short  periods 
suf f ic ien t  curing occurs and 
tha t  the concrete i s  not 
subject to  freezing in a 
saturated condition. 

8. In order t o  maintain desired 
temperatures, advantage should 
be taken of the heat o f  
hydration generated by the 
concrete i t s e l f .  This heat may 
be retained by some type of 
insulatian. Typical insul at ing 
materials are  polystyrene foam 
sheets,  foamed vinyl bl ankets, 
and straw. When straw i s  used, 
some type of covering, such a s  
polyethylene p las t ic  f i lm, i s  
needed in order t o  keep the 
straw in place. Corners and 
edges of concrete are the most 
vulnerable and need t o  be 
checked for  freezing. Charts 
and graphs are  available t o  
p r o v i d e  i n f o r m a t i o n  on 
insulating values of various 
materials. 

9. Forms bu i l t  for  repeated use 
can be permanent1 y i nsul ated. 
Insul at ing materi a1 s should be 
protected from the weather. Arch
ive

d



Heated enclosures can be used 
t o  p ro tec t  concrete dur ing co ld  
weather. Enclosures can be 
made o f  wood, canvas, o r  
p o l y e t h y l e n e .  ,' P l a s t i c  
enclosures t h a t  admit day1 i g h t  
are preferred.  The enclosure 
needs t o  be able. t o  wi thstand 
w i n d  a n d  snbw . l o a d s .  
Su f f  i c i  ent space . should be 
provided above and around the 
concrete t o  a1 low the f r e e  f l ow  
o f  warmed a i r .  

11. Heat may be suppl ied t o  
enclosures by 1 i v e  steam, 
forced ho t  a i r ,  o r  s ta t i onary  
heaters. Caution i s  necessary 
w i t h  heaters. Fresh concrete 
exposed t o  carbon d iox ide from 
the heaters o r  t h e i r  exhausts 
w i l l  cause a s o f t  chalky 
surface i n  the  hardened s ta te .  
The carbon dioxide will react 
with calcium hydroxide on the 
concrete surface to form a weak 
layer of calcium carbonate. An 
i n d i r e c t  f i r e d  heater as shown 
here i s  the  p re fe r red  method. 

12. You w i  11 r e c a l l  the prev ious ly  
shown ' c h a r t  w i t h  t h e  
recommended p e r i  ods f o r  
cont inuing t o  heat concrete 
before s t r i p p i n g  forms. This 
assumes t h a t  cons.truct ion 1 oads 
on the s t r u c t u r e  w i l l  be less  
than those expected when the 
s t r u c t u r e  i s  pu t  i n  service. 
The concrete a t  t h a t  t ime would 
have reached c u r i  ng condi ti ons . 
But what about the  s i t u a t i o n  
where higher loads,  may be 
appl ied t o  the  concrete before 
i t  has reached i t s  u l t ima te  
strength? The indus t ry  has 
developed 1 system t h a t  
u t i l i z e s  maturity factor. The 
formulas are shown h,ere where F Arch
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and C are temperatures and 
d e l t a  T i s  the dura t ion  o f  
cur ing  i n  hours f o r  any given 
temperature. What t h i  s  method 
says i s  t h a t  s ince s t rength  
gain i s  a func t ion  o f  t ime and 
temparature ,  es t ima tes  o f  
s t rength  can be made i n  the 
f i e l d  i f  we know the time- 
temperature versus m a t u r i t y  
r e l a t i o n s h i p  o f  the  same 
c o n c r e t e  under 1 abora to ry  
condi t ion$.  

The strength-maturi ty factor 
curve i l s  establ ished by 
performin compressive tests a t  
various f ges on a series o f  
cyl i nders o f  a concrete simi 1 ar  
t o  that  &hich w i l l  be used i n  
the f i e l q .  These cy l i nders  
would ble cu red  i n  t h e  
l a b o r a t o r j  a t  73 degrees F. I n  
the  matu r i t y  equations j u s t  
shown there would be no need 
f o r  a sumrpation since there  was 
on ly  one cur ing  temperature. 

I 

Equipped p i t h  t h i s  r e l a t i o n s h i p  
i n  the  f i e l d ,  i t  would be 
p o s s i b l e  t o  est imate the 
concrete 's  s t rength  i f  the 
degree-hours are  known. I f  
records are kept o f  t h e  
temperature t h a t  the concrete 
i s  subjected t o  and the t ime i t  
i s  s u b j e c t e d  a t  t h a t  
temperature, the  equations can 
be used t o  sum the degree-hours 
and est imate the st rength.  

I 

14. High strdngth a t  an ' e a r l y  age 
i s  d e s ~ i r a b l e  i n  winter  
construction i n  order t o  reduce 
the length o f  time temporary 
protectiop i s  required. The 
added cdst  o f  these e x t r a  
e f f o r t s  may be' o f f s e t  by 
e a r l i e r  reuse o f  forms o r  
reduced beat ing costs dur ing  
the p ro tqc t ion  period. Type 
111, or  h igh-ear ly-  s t rength  
cement, may be used thus tak ing  
advantage o f  the increased heat  
o f  hyd ra t i  on. The cement 
content can be increased by up 
t o  1/3 f o r  the  same reasons. 
F i n a l l y ,  some t y p e  o f  
accelerator  could be used. 
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15. S o m e  w a t e r - r e d u c i n g  
accelerators have been found t o  
accelerate s t rength  gain. More 
common, however, - i s  the  
add i t i on  o f  calcium ch lor ide .  
Some precautions are necessary 
w i t h  calcium ch lor ide :  

a. Do n o t  use w i t h  
prestressed concrete. 

b. Do no t  use w i t h  galvanized 
s tee l .  

c. Do n o t  use when the 
concrete w i l l  be e x ~ o s e d  
t o  suf fa tes .  

d. Do n o t  use when a1 ka1 i- 
s i l i c a  react ions  are 
possi b l  e. 

The use o f  so c a l l e d  a n t i -  
freeze compounds o r  other 
mater ia ls  t o  lower the f reez ing 
p o i n t  o f  concrete should n o t  be 
used. It i s  always recommended 
t h a t  p r i o r  t e s t i n g  be performed 
t o  eval uate any accel e r a t i  an 
plan. I n  such t e s t i n g  s i m i l a r  
mater i  a1 s and s imi  1 a r  f i e l  d 
condi t ions should u t i l i z e d .  

Inspecting personnel should 
keep a record o f  the weather 
conditions and the temperature 
a f  the concrete. Thermometers 
are needed t o  record the 
temperature o f  the  concrete a t  
de l ivery ,  a t  p lac ing,  and as 
m a f n t a i n e d  d u r i n g  t h e  
p ro tec t ion  period. A f t e r  the  
concrete has hardened the 
temperature can be recorded 
w i t h  s p e c i  a 1  s u r f a c e  
thermometers, measuring devices 
embedded i n  the  concrete o r  by 
thermistors o r  thermocoupl es. Arch
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17. Concrete t e s t  cy l i nders  must be 
maintained a t  a temperature 
between 6 0  degrees F and 80 
degrees F a t  the job  s i t e  f o r  
24 hours and then taken t o  the  
labora tory .  A t  the  job  s i t e ,  
i t  i s  recommended t h a t  the  
c y l  inderh be kept i n  a cu r ing  
b o x  W i t h  a n  a c c u r a t e  
temperature cont ro l .  I n  
addi ti on t o  the 1 aboratory 
cured specimens i t  i s  o f t e n  
useful  tjo f i e l d  cure cy l i nders  
t o  g e i  h~ more accurate read i  ng 
o f  s t r u c t u r e s  t r u e  
s t rength  l. 

I 
I 

I n  conclusion, concrete can be 
p l  aced sa fe l y  throughout w in te r  
mon ths  p r o v i d e d  c e r t a i n  
precautions are taken. The 
c o n c r e t d  mixture and i t s  
temperature should be adapted 
t o  the  construct ion procedure 
and ambient weather condi t ions.  
Plans shpuld be made t o  p r o t e c t  
the concrete w i t h  enclosures 
and windbreaks. Portable 
heaters, i nsul ated forms, and 
blankets should he ready t o  
m a i n t a i n  t h e  c o n c r e t e  
t e m p e r a t u r e  d u r i n g  t h e  
p ro tec t ion  period. Forms, 
r e i n f o r c i n g  s t e e l ,  and  
subgradek should be unfrozen 
and c lea r  o f  snow and i c e  a t  
the  t i m g  concrete i s  placed. 
Thermometers and adequate 
storage f a c i l i t i e s  f o r  the t e s t  
c y l  i nders should be avai 1 abl  e 
t o  v e r i f y  the  work. 
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ETE TESTING 

1. Testing o f  the concrete i s  
important t o  ensure t h a t  the 
q u a l i t y  o f  the concrete i s  
equal t o  or  exceeds the 
s p e c i f i c a t i o n s .  I f  the 
concrete does n o t  meet the 
spec i f i ca t ions  a t  the t ime o f  
t es t i ng  cor rec t ions must be 
made o r  t he -  load re jected.  I f  
t r a n s i t  mixers are used i t may 
be possib le t o  cor rec t  a low 
slump i n  the f i e l d .  Otherwise 
correct ions w i l l  be required a t  

t h e  p lant .  

2. To insure proper t es t i ng  a t  the 
paving s i t e ,  i t  i s  i m ~ o r t a n t  
t h a t -  t h e  s a m p l e s  b e  
repres,entati ve o f  the concrete 
mix. AASHTO T 141  gives the 
procedure f o r  sampl ing fresh 
concrete. 

I 

The frequency f o r  sampling and 
t es t i ng  concrete w i l l  appear i n  
t h e  S t a t e ' s  sampling and 
t e s t i n g  program. 

In general, concrete which i s  
mixed i n  t ruck  mixers should be 
tes ted more f requent ly  than 
concrete mixed i n  cent ra l  mix 
p lan ts  due t o  the increased 
v a r i a b i l i t y  i n  t r uck  mixed 
concrete. 

Also, sampling and t e s t i n g  
frequencies should increase 
when va r iab i  1 i t y  i n  the t e s t  
r esu l t s  are noted. 

3. When sampling concrete -from a 
ready mix o r  t r a n s i t  mixer o r  
an ag i t a t o r  t r uck  the concrete 
should be sampled a t  two o r  
more regul a r l  y spaced i n t e r va l  s 
dur ing the discharge o f  the 
middle po r t i on  o f  the batch. 
The sample should be taken by 
repeatedly passing the sampl i ng 
device through ' the  e n t i  r e  
d i s c h a r g e  s t ream o r  by  
d i v e r t i n g  the  f l ow  i n t o  the 
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sampling device. In no case 
should the time e lapsed  between 
obta in ing the f i r s t  and f i n a l  
por t ianq o f  the  sample exceed 
15 minuqes. 

I 

4. Once the samples are obtained ' 
they mhst be combined and 
remi xed p r i o r  t o  p e r f  ormi ng 
the tes ts .  

s i ze  should be lasge 
perform a1 1 o f  the  

tes ts .  A i r ,  slump, and 
s t r e n g t ~ h  t e s t s  should be 
performqd on the concrete 
obta in  from the same sample. 
However, no concrete used i n  
one tesk should be reused i n  
another t e s t .  

I 

Tests f d r  slump and a i r  content 
must begin w i t h i n  5 minutes 
a f t e r  sampling I i s  completed. 

Specimelis which are being cas t  
f o r  sthength t e s t s  must be 
s t a r t e d  w i t h i n  15 minutes 
a f t e r  tak ing  the sample. 

There ape two t e s t s  which can 
be usqd t o  determine the 
consistency o f  the  concrete 

slump t e s t  and the 
1 Penetrat ion Test. 

t e s t  i s  the  
recognized. 

I f  the t e s t  r e s u l t s  are no t  
uni form i t  i ndi  cates t h a t  
somethirg has changed and no t  
necessar? l y  the  water content. 

I 
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7. Many items can affect  the 
consistency of the concrete. 

An increase in the amount of 
water will increase the slump. 

An increase in the a i r  content 
will increase the slump. 

A decrease in concrete and 
ambient temperatures will 
increase slump. 

An increase in haul time will 
decrease s l  ump . 
The aggregate gradation, and a 
change in source of cement, 
aggregate, and admixtures may 
affect  the slump of a concrete 
mix. . 

8. The f i r s t  step in the slump 
test i s  to make sure tha t  the  
equi pment i s  wetted down 
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10. After the cone has been struck 
o f f .  the cone must be cleaned 
and' any overflow m u s t  be 
removed from the base of the 
cone. The cone i s  then released 
from i t s  mountings, i f  so 
equipped, and slowly 1 i f t e d  
without twisting. The l i f t i n g  
motion should be completely 
vert ical  and should take from 
three t o  seven seconds. From 
f i l l i n g  the cone to  l i f t i n g  the 
cone should be completed in the 
time limit of 2 1/2 miriutes. 

After the cone has been 
removed, i t  i s  placed inverted 
next to  the cone and the 
tamping rod i s  placed across 
the base of the cone. The 
difference in height between 
the cone and the concrete i s  
the slump. The slump should be 
measured a t  the center o f  the 
displaced concrete. This val ue 
shou ld  be measured and 
recorded to  the nearest 114 
inch. 

12. Running of the Kell Ball t e s t  
l-- i s  a f a i r ly  simp e operation. 

F i rs t  the apparatus i s  zeroed 
and the surface of the concrete 

- t o  be tested i s  leveled and 
smoothed by using a small wood 
f loa t .  The location. of the 
t e s t  should be a minimum o f  9 
inches from any concrete edge. 
The Kelly Ball should not be 
used on concrete less  than 8 
inches in depth. The apparatus 
i s  s e t  bn the level surface. 
The handle i s  held vertical and 
the  ba,ll i s  allowed to 
penetrate the concrete on its 
own weight. In no case should 
the ball be dropped into the 
concrete as t h i s  will cause 
false  readings. When the ball 
comes t a  r e s t ,  the handle i s  
released and the penetration i s  
read to the nearest 114 inch. 
A minimum o f  three readings 

12-4 

I 
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from a batch i s  needed. These 
readings should n o t  be taken a t  
any l o c a t i o n  where there  i s  n o t  
a t  l e a s t  6 inches between the 
s t i r r u p  o f  a previous t e s t  and 
the p o i n t  t h a t  i s  t o  be tested.  
The d i f f e rence  between t h e  
h i  ghest and 1 owest readings 
should no t  be more than one 
inch. 

13. There are several methods 
c u r r e n t l y  used f o r  determining 
the a i r  content o f  the  p l a s t i c  
concrete. 

One method t h a t  i s  sometimes 
used f o r  determining a rough 
approximation o f  a i r  content i s  
by u s i n g  the Chace A i r  
I nd ica to r .  Another type i s  the 
Roll-a-meter. These two methods 
determine the volume o f  ai,r i n  
t h e  c o n c r e t e  m i x  by 
displacement o f  a i r  w i t h  water. 

The other two types o f  a i r  
meter i n  use are the Type A 
pressure meter and the Type 5 
pressure meter. These two 
pressure meters use pressure 
and volume r e l a t i o n s h i p s  o f  
gasses t o  determine the t o t a l  
a i r  content. The t o t a l  volume 
o f  a i r  i s  i nd ica ted  simply by 
r e a d i n g  a pressure gauge 
mounted on the meter. 

The ro l l -a-meter  determines a i r  
content o f  a concrete m i x  bv  
v o l u m e t r i c  me thods .   he 
procedure f o r  performi ng the 
t e s t  i s  
contained i n  AASHTO T 196. 
This method must be used 
whenever porous aggregates are 
used i n  a concrete mix. Arch
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The f i r s t  step i n  determining 
the a i r  content using a r o l l - a -  
meter i s  wet down the apparatus 
and f i l l  the base w i t h  
concrete. This should be done 
i n  th ree equal layers.  

A f t e r  
p l  aced 
should 

concrete 
the base 

tamped 25 

has been 
the layer  

t imes. 

17. A f t e r  the layer  o f  concrete i s  
~ u t  i n t o  the base and the 
concrete has been tamped w i t h  
t h e  tamping rod, i t  i s  
necessary t o  remove voids from 
the rodding. Th is  i s  done by 
tapping the base w i t h  a rubber 
m a l l e t  t en  t o  f i f t e e n  times o r  
u n t i  1 the holes are closed. As 
each layer  i s  added, the  
tamping rod  should penetrate 
t h e  p r e c e d i n g  l a y e r  
approximdtely one inch. The 
process i s  repeated u n t i l  the  
base o f  the container  i s  
compl etelly f i 11 ed. Arch
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18. The base o f  the ro l l -a-meter  i s  
s t ruck  o f f  w i t h  a smooth back 
and f o r t h  sawing motion o f  the  
s t r i  ke-o f f  bar. The sur face 
should be smooth and f l a t .  
A f t e r  the top i s  s t ruck  o f f ,  
the  l i p  o f  the  ro l l -a-meter  
should be wiped clean and the 
top f i r m l y  attached t o  the 
base. 

i 19. The meter i s  now f i  1 l e d  t o  the  
zero mark w i t h  water using the 
specia l  funnel which insures 
t h a t  the surface o f  the  
concrete i s  n o t  d is turbed 
dur ing the f i l l i n g  operat ion. 

20. The gauge i s  topped o f f  w i t h  a 
small squeeze bulb. 
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21. The screw cap i s  attached and 
tightened.  hen the meter i s  
inverted and agitated until the 
concrete i s  released from the 
base, I f  a l l  of the concrete 
i s  not released from the bottom 
of the base, the resulting air 
content reading will be low, 

22. The meter should be rocked and 
rolled on i t s  flange with the 
neck elevated until i t  appears 
tha t  a71 the a i r  has been 
removed from the concrete. If 
a1 1 of the concrete i s  not p u t  
into suspension the resulting 
air  content will be low. 

23.  Set the meter u p r i g h t ,  j a r  i t  
l ight ly and allow i t  to  stand 
until a1 1 the a i r  r i ses  t o  the 
top of the meter. ~ e p e a t  t h i s  
process until no further d r o p  
in the  water column i s  
observed, 
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25. The air content is determined 
by taking a direct reading at 
the bottom of the curve formed 
by the water in the neck o f  the 
roll-a-meter. For each cup of 
alcohol placed in the meter one 
percent is added to the reading 
shown on the air meter. The 
a i r  content i s  recorded t o  the 
nearest 0.1 percent, 

26. Pressure meters determine the 
volume of air in a concrete mix 
using p r e s s u r e - v o l u m e  
relationships. These 
pressure-vol ume re1 ationshi ps 
are reduced to such a form that 
the  air content can be read 
directly from a gauge mounted 
on the top o f  the meter. These 
gauges must be recal i brated 
when they are used a t  di f ferent  
altitudes. The test procedure 
i s  contained in AASHTO T 152. Arch
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27. For both pressure meters, the 
apparatus * i s  wet down and the 
base i s  f i l l e d  i n  the same 
manner as was done w i t h  the 
volumetr ic meter. It i s  very 
important t o  c l  ean the surface 
o f  the f lange i n  order t o  get  a 

. 

good seal. The rubber gasket i n  
the top o f  the meter should ' 

a l so  be dampened. Then the 
cover i s  clamped on. 

For the type A a i r  meter, water 
i s  then added above the 
concrete by pouring i t  i n t o  the 
top o f  t h e  f i l l  tube. 

. Water i s  
r i ses t o  
mark on 
gauge. 

added 
about 

the 

u n t i  1 the 1 eve1 
the fou r  percent 
g lass standpi pe 
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30. The e n t i r e  meter is t i 1  t e d  and 
t h e  cover i s  rapped w i t h  
rubber  m a l l e t  t o  r e l ease  
a i r  e n t r a p p e d  above 
concrete .  

t h e  
any 
t h e  

The meter i s  r e t u r n e d  t o  t h e  
u p r i g h t  p o s i t i o n  and t h e  water  
column i s  f i l l e d  u n t i l  water  
d ischarges f rom t h e  t o p  va lve ,  
shown i n  t h e  upper l e f t - h a n d  
corner  o f  t h i s  s l i d e .  Tap t h e  
s i des  o f  t h e  meter  l i g h t l y  w i t h  
t h e  m a l l e t  t o  i n s u r e  t h a t  no 
a i r  i s  t r apped  w i t h i n  t h e  
meter.  

. The water  l e v e l  i s  b rough t  down 
t o  t h e  i n i t i a l  f i l l  l i n e  which 
i s  s l  i g h t l y  above zero,  by  
us i ng  t h e  lower  d r a i n  v a l v e  on 
t h e  meter.  
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33. The vents a t  the  top  o f  t he  
water column and the  top valve 
on the  f i l l  tube are closed. 
The a i r  meter i s  pumped u n t i l  
the  pressure i s  s l i g h t l y  above 
the  desi red t e s t  pressure as 
shown on the  gauge. 

34. The s ides o f  the  meter are 1 
tapped w 
t o  f r e e  
might be 

i t h  the  ma1 l e t  i n  order  
any a i r  bubbles which 
i n  the  meter. 

35. The a i r  content i s  determined 
by reading the  l e v e l  on the  
water column. The a i r  content  
i s  r e c o ~ d e d  t o  the  nearest 0 .1  
percent;  

A f t e r  t he  a i r  content has been 
determihed, the  a i r  pressure 
must be gradua l ly  released 
through the  vent  a t  the  t o p  o f  
the  water column and the  s ides 
o f  the  meter should be tapped 
l i g h t l y ,  f o r  one minute. The 
water level on the column gauge 
should be at  zero when th is  
step i s  completed. Arch
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36. The type  B p ressure  meter i s  
f i l l e d  i n  t h e  same way as t h e  
vo lume t r i c  meter and t h e  t y p e  A 
pressure meter. Both petcocks 
on t h e  meter a re  opened and t h e  
cover i s  clamped on t h e  meter.  

Water i s  i n j e c t e d  i n t o  one 
petcock w i t h  a rubber  s y r i n g e  
u n t i l  i t  comes o u t  t h e  o t h e r  
petcock. The procedure i s  
r e p e a t e d  w i t h  t h e  o t h e r  
petcock. T h i s  procedure i s  
a l t e r n a t e d  between t h e  petcocks 
u n t i l  no a i r  bubbles appear i n  
t h e  water be ing  e j e c t e d  f rom 
e i t h e r  petcock. The meter 
should be j a r r e d  g e n t l y  t o  h e l p  
re l ease  any a i r  bubbles t h a t  
may be t rapped i n  t h e  t o p  o f  
t h e  meter.  

The petcocks and t h e  a i r  
b leeder  va l ve  l o c a t e d  a t  t h e  
t o p  o f  t h e  p ressure  meter a re  
c l  osed. 
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39. A i r  i s  pumped i n t o  the  a i r  
chamber u n t i l  the  gauge hand i s  
on the  i n i t i a l  pressure l ine.  
Th is  i s  usua l l y  between the  two 
and th ree percent mark on the  
pressure gauge, depending upon 
the  ca l  i b r a t i  on. 

The meter i s  adjusted a t  t h i s  
t ime by pumping o r  us ing the  
bleeder valve and tapp i  ng the  
gauge 1 i g h t l y .  

The main a i r  va lve i s  opened by 
pushing down on the  re lease 
leve r .  The s ides o f  the  base 
rapped sharply and the  gauge i s  
tapped. The tapping o f  the  
gauge i s  cont inued u n t i l  t he  
needle comes t o  r e s t .  I f  the  
needle does no t  come t o  r e s t ,  
i t  ind ica tes  there  i s  an 
improper seal between the  top 
and bottom o f  the  meter. The 
contact  surface should be 
cleaned and the  previous steps 
repeated. Arch
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42. The a i r  content i s  read 
d i rec t ly  from the gauge i n  
terms o f  a percentage and 
recorded t o  the nearest 0 . 1  
percent. 

On paving projects a i r  content 
t e s t s  are run on concrete 
samples taken from in f ront  of 
the paver. I t  i s  also 
recommended tha t  occasional 
t e s t s  be r u n  from imtpediately 
behind the paver. This 
information can be useful in 
making sure tha t  the proper a i r  
content i s  being attained in 
the mix, Typically, the 
concrete will loose from 1 - 1 
1/2 percent a i r  through normal 
p l a c i n g ,  v i b r a t i o n  and 
finishing methods. 

When concrete pumps are used 
the acceptance point for  a i r  
content i s  a t  the vend of the 
discharge to  insure t ha t  the 
proper ai"r content i s  obtained. 
I t  i s  also desirable t o  t e s t  
the concrete before i t  - i s  
placed in the pump in order t o  
determine the amount of a i r  
t ha t  i s  l o s t  during the pumping 
operation. 

* " 

43 .  The Chace Air Indicator i s  very 
useful for  screeming loads of 
concrete. I t  can be used for 
acceptance but not rejection. 

The procedure i s  run on 
material passing the No. 10 
sieve. The mortar i s  placed 
in the thimble and rodded 25 
times with a paper c l i p  s i ze  
wire. Then the thimble i s  
placed into the t e s t e r  u p  to  
the t e s t  mark and alcohol i s  
added t o  the mark. The t e s t e r  
i s  - shook unti l the mortar i s  
released from the thimble and a 
reading i s  taken. Arch
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44. In order to  determine the a i r  . 
content, i t  i s  necessary to  go 
into a chart with the reading, 
the mortar content, and the 
chace factor for  the particular 
i ndi cator * A s ing le  test  
result consists o f  an average 
of two readings, 

This chart and the t e s t  
procedure are contained i n  
AASHTO T 199. 

45. Many things affect  the ab i l i ty  
of a concrete to  entrain a i r .  

An increase in the material 
between the No. 30 and No. 100 
sieve will increase the a i r  
content. However, an increase 
in the amount of minus No. 100 
material will decrease a i r  
content. 

An increase in . the fineness of 
cement will decrease the a i r  
content. 

An increase i n  slump wi 11 
increase the a i r  content. 

As the temperature of the 
concrete and ambient a i r  
i ncreases the a i r  content wi 11 
decrease. 

Excessive amounts of mi x i  ng 
will drive the a i r  o u t  of the 
mixture. 

Any change in the sources of 
the i ngredi ent materi a1 s can 
affect  the a i r  content of the 
mix. Arch
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46. Concrete ield is the volume of 
concrete 5 pro uced per batch nf - .  - .  
concrete. The yield is 
calculated from the results of 
the unit weight tests. The 
yield is found by comparing the 
theoretical unit weight to the 
unit weight found in the 
field. A difference in the 
unit weights indicates that the 
proportions o f  t h e  ingredients 
in the mix are not correct. A 
high yield may indicate that a 
correction for holding water 
was not made, i .e. replacing 
the heavier materials for 
water. A low yield may 
indicate either two much water 
is being added or not enough 
cement is being added 

48. The sides and the bottom of the 
bucket are cleaned and weighed. 
The unit weight is calculated 
by subtracting the tare weight 
from the gross weight and 
divide by the container volume. 
Finally, calculate the yield by 
dividing the total weight of 
all the materials batched, (the 
water, cement, aggregates and 
admixtures) by the unit weight. 
Also, calculate t h e  relative 
yield by dividing the unit 
weight as tested by the 
theoretical unit weight 
designed. The result is the 
relative yield. 
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Some agencies will also require 
a temperature test to be taken 
duri ng testi ng . The 
procedure for defermining 
temperature is contained in 
ASTM C 1064. The maximum 
t e m p e r a t u r e  i n  S t a t e  
specifications runs between 85 
and 90 degrees F. 

Metal , cardboard or p l  astic 
containers may all be used as 
concrete cyl i nder mol ds. Most 
States use 6 inch diameter by 
12 inch high molds while some 
States have gone to 4 inch 
diameter molds which are 8 
inches high. The 4x8 molds 
should only be used with mixes 
where the maximum size 
aggregate is equal to or less 
than 1 1/4 inch. 

51. The cylinders must not deform 
during molding. 
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52. Concrete cyl inders are  made by 
the identical method tha t  was 
used in f i l l i n g  the base of the 
a i r  meters. Concrete placed in 
three equal layers and rodded 
25 times a layer. 

53. Flexural specimens are  made in 
. a mold which will r e su l t  i n  a 

specimen which is 6 x 6 ~ 2 0  
inches. Once the concrete i s  
placed in the mold the 
perimeter should be spaded with 
a trowel. Concrete beams may 
be e i ther  rodded or vibrated. 
I f  the beams are  t o  be rodded, 
they m u s t  be rodded in two 
equal layers,  once for  each 2 
square inches of area (60 times 
for  a standard beam). I f  they 
are to  be vibrated, they will 
be vibrated i n  one layer a t  
t h r e e  p o i n t s  along t h e  
specimen. 

54. I t  i s  also necessary t o  tap the 
s ides  of the beam using a 
mallet in order to  properly 
close any holes l e f t  in the 
b e a ~  by the tamping rod. With 
$7 t h e r  procedure, the f i  nal 
s tep i s  s t r ik ing  off the 

,surface of the  specimen using a 
wood f l o a t  or trowel. Arch
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55. If the specimens are going to 
be used for  form removal or 
opening pavement to  t r a f f i c  the 
specimens should be stored and 
cured in the same manner as the 

-s t ructurel  

56. I f  the specimens are going to  
be used for determining the 
qual i  ty  of the concrete, the 
i n i t i a l  cure should be a t  60 to  
80 degrees F for 24 + or minus 
8 hours. The mold should then 
be removed and the specimen 
should be cured in saturated 
lime water, moist sand pits, 
curing box, or other suitable 
means to  control temperature 
and moisture loss. If the 
specimens are t o  be transported 
prior to 48 hours the molds can 
stay on the specimens unti l  the 
transportation i s  complete. 

57. Testing hardened concrete. In 
most S ta tes  the concrete 
qual i t y  control t e s t s  are 
performed in e i t h e r  the 
d i s t r i c t  or central materials 
lab while the construction 
control t e s t s  (opening t o  
t r a f f i c  or form removal) i s  
handled on the project. Arch
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58. P r i o r  t o  t e s t i n g  the  concrete 
cy l i nde rs  need t o  be capped t o  
insure  uni form d i s t r i b u t i o n  o f  
the  loads. I n  t h i s  case the  
cy l i nde rs  are being capped w i t h  
a  sulphur compound. The 
sulphur caps need t o  cure p r i o r  
t o  breaking. The sulphur a lso  
should be tes ted  p e r i o d i c a l l y .  . 

59. Many States are  now using 
neoprene mater i a1 f o r  caps. 
The s p e c i f i c a t i o n s  f o r  t he  
ma te r ia l  i s  contained i n  an 
annex t o  AASHTO T 22. It should 
a l so  be noted t h a t  the  neoprene 
can be used f o r  100 c y l i n d e r  
breaks. 

60. The t e s t  specimens must be 
tes ted , i n  the  mois t  cond i t ion .  
Dry specimens w i l l  break h igher 
than mois t  specimens. 

The t e s t i n g  device must be 
capable o f  apply ing the  load 
cont inuously w i thou t  shock. 
This requi  rement i s  necessary 
s ince concrete i s  capable o f  
wi thstanding a  h igher impact 
"loziti then a  continuous load. 

The t e s t i n g  device should be 
c a l i b r a t e d  a t  l e a s t  once a  
year. 

It i s  necessary t o  average the  
compressive s t rength  o f  two 

y t e s t  specimens t o  ob ta in  one 
t e s t  resu l  t. 

F a i l i n g  cy l i nde rs  should be 
broken completely s ince the  
pa t te rn  o f  the  break w i l l  he lp  
determine ,the cause o f  the  
f a i  1  ure. 
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Flexural strength can be . 
determined by center point or 
third poi n t  1 oading. The 
testing machines should be 
calibrated I once a year. 

ter point  procedure i s  
ere. The span i s  from 

support to support. The edge 
of the specimen needs to  be a t  
. least  1 inch from the center of 
t he  subport. Again the load 
n e e d s  t o  be a p p l i e d  
conti nulously without shock. 
The t e s t  procedure appears in 
AASHTO T 177. 

I 

I 
62. I t  i s  )mportant to  measure the 

specimqn to  insure the f  1 exural 
s t r e n g t h  i s  determined 
proper1 y . Three measurements 
are tqken and averaged. The 
centertpoi nt f  1 exural strength 
i s  deOermine from the formula 
shown in the photograph. 

63. The dhird-point flexural t e s t  
devic$ i s  shown here. The same 
i  tems concerning 1 oadi ng and 
orientation of the specimen 
are the same as those indicated 
for center-point loading. The 
t e s t  procedure appears in 
AASHTO T 97. I t  should be 
noted tha t  the third-point 
loading t e s t  i s  the most severe 
strength t e s t .  The location of 
the fracture will determine i f  
the t e s t  resul t  will be used o r  
which of the two formulas will 
be used f o r  determining 
f l  exural strength. Arch
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54. The Rebound Hammer i s  used f o r  
determining the approximate 
s t rength  o f  rock. It has a lso  
been used as a crude device f o r  
d e t e r m i n i n g  s t r e n g t h  of 
concrete. The best  way t o  
u t i l i z e  the device i s  compare 
r e s u l t s  from t h e  device on a 
p a r t  o f  the  s t r u c t u r e *  which ' has 

, s a t i s f a c t o r y  strength' t o  the  
r e s u l t s  . taken on a suspect 
area. The "strength- r e s u l t '  
should be based on 10 - t es ts .  
The readings are sub jec t  t o  
e r r o r  depending on the surface 
t h a t  the  device h i t s  and . - 

whether i t  comes i n  d i r e c t  
, < 

contact w i t h  a piece o f  
aggregate. 

I n  t h i s  way the device can be 
used t o  determine po r t i ons  o f  
t h e  s t r u c t u r e  which need 
f u r t h e r  i nves t iga t ion .  

The t e s t  procedure i s  contained 
i n  ASTM C807. 

65. The f i r s t  step i n  using the 
Windsor Probe i s  t o  f i r e  th ree 
probes i n t o  the concrete. The 
average penet ra t ion  o f  the  
probes i s  determined by using 
t r i a n g l e  device. The s t rength  

a i s  then found by enter ing  a 
char t  w i t h  the  depth o f  
penetrat ion.  This i s  no t  a 
standard t e s t  and i s no t  
t y p i c a l l y  used i n  highway 
construct ion.  

ThebteSt procedure i s  contained 
i n  ASTM C803. 
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66. The first step in using the 
LOK-test device is to cast 
studs into the concrete. The 
device is placed on a stud and 
the strength of the concrete is 
determined by the amount of 
torque that is needed to pull 
the stud out of the concrete. 
The device is typically used 
in the constructiot? industry to 
determine when the forms can be 
removed. However i t  is not 
typically used in highway 
construction. 

The test procedure is contained 
i n  ASTM C900. 
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1. This sec t ion  o f  the  course w i l l  
cons is t  o f  a  b r i e f  summary o f  
the  major p o i n t s  t h a t  were 
covered i n  the  course. 

2. Port land cements are hydrau l ic  
cements. These cements combine 
chemical ly w i t h  water t o  form a 
hard mass dur ing the hydrat ion 
process. The fou r  main chemical 
ingred ients  o f  Port1 and cement 
are lime, i ron ,  s i l i c a ,  and 
alumina. 

3. There are f i v e  p r i n c i p a l  types 
o f  cement. Types I, 11, and I 1 1  
a lso  have a i r  entra ined forms 
which are designated by an A 
a f t e r  the numeral. I n  highway 
construct ion,  types I, 11, and 
I11 are t y p i c a l l y  used. Type I 
i s  spec i f i ed  f o r  most uses. 
Type I 1  i s  s p e c i f i e d  "by some 
agencies f o r  genera l  use 
because o f  the  lower heat o f  
hydrat ion and by a l l  agencies 
where s u l f a t e  a t tack  may occur. 
Type I 1 1  i s  spec i f i ed  where h igh 
e a r l y  s t rength  i s  desired. Arch
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I. There arq also blended cements. 
The blended cements can be made 
by intergrinding 4 or an "intimate 
blend" o f l y  ash or granulated 
blast  fur~nace slag with portland 
cement. Type IP i s  Portland 
Pozzalon Cement which i s  made 
with 15 ko 40 percent f l j  ash. 
Type I (P  7' ) i s  called Pozzalon- 
Modified Portland Cement and has 
less  thab 15 percent f l y  ash. 
Type I S  i s  called Portland 
Blast- Frrnace Slag Cement and 
contains between 25 and. 65 
percent slag. Type I (SM)  i s  
call ed s l  ag-~od7 f 1 ed port1 and 
cement add contains less  than 25 

Types S and P . 
used in hi-ghway 

1 

s of Portland Cement. 
ess of the cement wi 11 

water demand, a i r  
content ,  and rate  of strength 
gain. e n  increase in fineness 
will inpease  both the water 
demand qnd the rate  of strength 
gain and will reduce the a i r  
content of a mix. Soundness i s  
an indilcator .of whether the 
cement yi 1 1 create detrimental 
expansioln. Consistency, set t ing 
time, anld fa lse  s e t  c r i t e r i a  are 
specified to insure tha t  a 
concretd mix will have good 
working properties. A h i g h  loss  
of igniFion will indicate tha t  
some hydration has occurred and 
the cemgnt i s  not suitable for 
use. Heat of hydration i s  
importafit from the standpoint of 
strength gain and ultimate 
strength. Typically higher heat 
o f  hydration will cause higher 
early strength gains and lower 
ul timath strengths. 

13-2 
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6. For the  most p a r t  i f  the  water 
i s  potable i t  can be used f o r  
making concrete. Water t h a t  i s  
n o t  p o t a b l e  may a lso  be 
s u i t a b l e  f o r  mak~ng concrete. 
I n  a l l  cases, i f  there  i s  any 
q u e s t i o n  c o n c e r n i n g  t h e  
s u i t a b i l i t y  o f  the  water i t  
should be tested. 

7. Aggregates make up 60 t o  80 
percent o f  t he  volume i n  
concrete and a s '  such have a 
s i g n i f i c a n t  a f f e c t  sn the  
w o r k a b i l i t y  o f  t h e  f r e s h  
concrete and the  , d u r a b i l i t y  o f  
the  hardened concrete. 

8. The p a r t i c l e  shape, sur face 
texture,  gradation, and moisture 
content o f  t h e  aggregate have a 
s i g n i f i c a n t  a f f e c t  on the  water 
demand and w o r k a b i l i t y  o f  a 

. concrete mixture.  The more 
rounded and smoother the  
p a r t i c l e s  are t h e  more workable 
the  mix will be and the  lower 
the  water demand w i  11 be. The 
f i n e r  the  mix i s  the  more cement 
i s  requ i red  t o  mainta in a DroDer 
mat r ix .  Gap gradations'  a\ so 
increase the  water demand and 
increase b l  eedi ng t o  mai n t a i  n 
workabi 1 i t y .  

Abrasion res is tance,  freeze-thaw 
d u r a b i l i t y ,  s u l f a t e  res is tance,  
and a1 k a l i  res is tance r e l a t e  t o  
long term d u r a b i l i t y  o f  t he  
concrete. Su l fa te  a t tack  i s  due 
t o  s u l f a t e  i n  some ground 
waters, A1 k a l  i reac t ion  occurs 
between s i l i c e o u s  and some 
carbonate aggregates and the  
a l k a l i  i n  the  cement. 
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The u n i t  weights and s p e c i f i c  
g rav i tes  are important f o r  
b a t c h i  ng opera t ions .  I n  
proport ioning mixes the vo l  umes 
o f  mater ia ls  are what i s  

.determined. Batching i s  done by 
w e i g h t s  so t h e  s p e c i f i c  
g r a v i t i e s  are used t o  change the 
v o l u m e s  d e t e r m i n e d  i n  
proport ioning t o  the weights f o r  
batching operations, 

9. By d e f i n i t i o n  an admixture i s  
any mater ia l  other than water, 
aggregates and hydrau l ic  cement 
t h a t  i s  used as an ingred ient  i n  
concrete. Admixtures are no t  t o  
be used as a  subs t i tu te  f o r  good 
concrete proport ioning.  They 
can be used t o  enhance 
proper t ies  o f  we l l  designed and 
proport ioned mixes. 

10. Admixtures o f ten  a f f e c t  more 
than one property o f  the 
concretd. 

~ d m i x t u r e  compati b i  1  i t y  must be 
v e r i f i , e d  when m u l t i p l e  
admixtuqes are used. 

I 

11. There a m  four basic types o f  
a d m i x t Q r e s :  a i  r - e n t r a i n i n g  
a d m i  x i t u r e s ,  c h e m i c a l  
admixtu l res,  f i n e l y  d i v ided  
materi  a{ s, and m i  scel 1 aneous 
mater i a1 s. Arch
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12. A i r -en t ra in ing  admixtures are 
used i n  most o f  the  concrete 
m i x e s  u s e d  i n  h i g h w a y  
construct ion.  The major b e n e f i t  
o f  these admixtures i s  t o  insure  
freeze-thaw d u r a b i l i t y .  The 
admixture a lso  has several o ther  
benef i ts .  It reduces b l  eedi ng , 
increases workab i l i t y ,  improves 
w a t e r  t i g h t n e s s ,  improves 
s u l  f a t e  r e s i s t a n c e ,  and 
i ncreases the r e s i  stance t o  
scal i ng by de-i  c i  ng sa l  t s .  

13. The proper a i r  content f o r  
durabi 1 i ty  requ i  res  about 9 
percent a i r  i n  the  mortar 
p o r t i o n  o f  the mix. This w i l l  
inc lude both entra ined a i r  and 
entrapped a i r .  The requ i red a i r  
content w i l l  thus vary - w i t h  the  
maximum s ize  o f  the  coarse 
aggregate. 

X 

14. There are seven types o f  
cherni ca l  'admixtures. However, 
the admixtures can be placed i n  
fou r  general categories; s e t  
r e t a r d e r s ,  wa te r  reducers, 
accelerators, and h igh range 
water reducers. It should be 
sta ted t h a t  most water reducers 
are s e t  re tarders .  The most 
common accelerator  i s  calcium 
chlor ide.  Caution should be 
used when acce lera tors  are used 
i n  the ho t  weather. Arch
ive
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F ly  ash and s i l i c a  fume are 
pozzol anic mater ia ls,  t h a t  i s  
they  cpmbine w i t h  calcium 
hydroxide from t h e  hydrat ion 
process and form cementi ti ous 
rnateri a1 i Bl as t  furnace s lag i s  
a cemenui tous materi a1 . B las t  
furnace s l ag  and f l y  ash w i l l  
reduce ear l y  strength gain 
whi  1 e i n c r e a s i n g  u l t i m a t e  
strength, S i l i c a  fume has the 
capabi 1 i$y o f  increasing early 
and u l t ima te  strength but  when 
used wi thout  a water reducer 
w i  11 increase water demand. 

16. When concre te  mixes a re  
proportioned the workab i l i t y ,  
d u r a b i l i t y ,  s t r e n g t h ,  
appearance, and econo.my have t o  
be takenl i n t o  consideration. 

17. The workab i l i t y  o f  the concrete 
mixes are a f fec ted by the water 
content; aggregate gradation, 
shape, and texture;  admixtures; 
and temp,erature. 

I 

C 
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18. The durabi 1 i t y  o f  concrete 
mixtures i s  a f f e c t e d  bv the 
cement content, water content, 
mater ia l  qua1 i t y ,  and a i r -  
entrainment. A minimum amount 
o f  cement i s  requ i red f o r  
s t r e n g t h  and reduct ion i n  
permeabi 1 i t y .  However, too 
much cement w i l l  l ead t o  an 
excessive amount water being 
added t o  the  mix t h a t  w i l l  cause 
shrinkage problems. The water 
content needs t o  be kept low t o  
insure proper st rength.  The 
aggregate, cement, water and 
admixtures must be o f  h igh 
q u a l i t y  t o  avoid chemical a t tack  
and freeze-thaw damage. 

19. Idhen the propor t ions  are chosen 
i t  i s  necessary t o  perform a 
t r i a l  batch t o  insure  t h a t  the  
concrete mix w i l l  have the 
desired proper t ies .  

20. The batch p l a n t s  are on ly  
c a p a b l e  o f  we igh ing  and 
measuring the proper amount o f  
mater ia l  i n t o  a t r u c k  mixer. 
The mixing i t s e l f  occurs i n  a 
t ruck  mixer. 
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21. The t r uck  mixer should be 
i nspected annual l y  t o  insure 
proper operation. The drum 
should be checked f o r  a b u i l d  up 
o f  concrete and blade wear. The 
eas ies t  method f o r  determining 
the e f f i p i ency  o f  mix ing i n  the 
t r u c k  ; i s  t o  pe r f o rm  a 
un i fo rm i ty  t e s t  on the mix 
produced, The t rucks need t o  be 
e q u i p p e ~ d  w i t h  r e v o l u t i o n  
counters  and i f  water i s  
allowed t o  be added a t  the s i t e  
the t ruck  should be equipped 
w i t h  a whter meter. 

22. I n  a cent ra l  mix operat ion 
b a t c h i n g  and m i x i n g  
accomplished a t  the p lan t .  

both 
a re  
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The d i a l s  should be v i s i b l e  t o  
the operator i n  the control 

the 
see 

o f  
mix 

t o  
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27. The admixture dispensers shoul d 
be v i s i ~ b l e  t o  the operator. 
This i s  needed t o  insure t h a t  
the corqect amount o f  admixture 
i s  be ing dispensed i n t o  the mix. 

I 

28. The only exception t o  batching 
by weights i s  the rnobil mixer 
which re1 i e s  on volumetr ic  
batchi  ng. 

29. The f i r s t  operat ion i n  f i n i s h i n g  
and placement o f  concrete i s  t o  
wet down the forms/base mater ia l  
t o  insure t h a t  the concrete w i l l  
no t  lose water. This a lso 
cools down the r e i n f o r c i ng  s tee l  
i n  order t o  insure t h a t  a f l a s h  
s e t  w i l l  no t  occur a t  the p o i n t  
where the concrete touches the 
s tee l .  Arch
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30. The concrete should be placed as 
c lose  t o  the f inal  location as 
possible.  Concrete should not 
be dropped more than 4 f e e t .  

1 

31. Vibrators should be moved every 
5 to  15 secands i n  order t o  
a v o i d  s e g r e g a t i o n .  The 
vibrators should be held i n  a 
vertical  posit ion and should 
never be used t o  move concrete. 

32. A straight edge should not be 
used to  move concrete. 
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I f  any additional finishing i s  
required i t  should be performed 
immediately af te r  the finishing 
machine prior to  bleed water 
appearing on the surface or 
a f t e r  t h e  bleed water has 
e v a p o r l a t e d .  Under no 
c i r cum$tances  should any 
finishing occur when bleed water 
i s  present. If  the bleed water 
i s  worked into the surface the 
surface wi 11 deteriorate due to  
the higher water cement ra t io .  

I 

~ e x t u r i n ~  must be performed a t  
the pro,per time. If performed 
too early the tining operation 
wi l l  p u l l  up. ' the coarse 
aggregate. If i t  i s  performed 
too  la te  the surface will not 
receive the proper texture. A 
proper texture should be 1/8 
inch deep and should be spaced 
between 1/2 and 314 inch. 

35. The timing of sawing of 
transverse joints  i s  c r i t i c a l .  
I t  m u s t  be performed as soon as 
the concrete has hardened enough 
to prevent excessive raveling. 
A s l ight  amount of raveling i s  
desired. The  sawing operation 
should be continuous. I t  may be 
necessary to  saw every third 
joint to  prevent random cracking 
and return to saw the remaining 
joints  a t  a la te r  time. Arch
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36. Proper curing consists of 
maintaining a satisfactory 
moisture content and temperature 
for the hydration process +to 
occur, 'The moisture content can 

, be maintained by applying- water 
or preventing <excessive 

+ evaporation. 

1 

37. The most effective method of 
curing is to use water. This 
an be accomplished by ponding, 
praying; fogging, or using wet 
overings such as wet burlap. 
et burlap requires attention ta 
nsure that the burlap does not 
dry out. 

paper, or membranes. Curing 
compounds must be agitated 
during application and a 
uniform coat must be applied to 
all exposed surfaces. Curing 
compounds must not be used on 
surfaces that will receive 
additional concrete since the 
compounds act as a bond breaker. Arch
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39. Hot w e  t h e r  can have the  
f o l  lowi  n$ undesirable e f f e c t s  on 
concrete; 

I 

~ n c r e a s e  water demand. 
1 

L O S S  o f  s I  ump causing more 
water t o  be added a t  t he  
s i t e  

I 

H a n d l i n g  and f i n i s h i n g  
prob ems due t o  f a s t e r  se t .  

 aster dry ing  which requ i res  
prompt cur ing.  

I 

~ e n d e n c ~  f o r  p l  a s t i  c 
shrinkage cracks. 

f. D i f f j c u l t y  i n  c o n t r o l l i n g  
a i  r kontents. 

I 

40. The da aging e f f e c t s  o f  h o t  m w e a t h e r ,  concret ing can be 
diminished by the  fa1 lowing 
act ions:  ~ 

a g g r e g a t e s  b y  
kf i ng stockpi  I es. 

water, use ice, o r  use 
1 i qu~i  d n i t rogen.  

c. Mater down the  subgrade, 
forms, and/or rebars i n  
order t o  cool them. 

d. Coo l  the  surrounding area 
w i t h  a fog  spray, s e t  up 
wind breaks, s e t  up sun ' 
shades, and p lace concrete 
a t  the  lowest temperatures 
possi b1 e. 

e. Cure t he  concrete w i t h  t e p i d  
water t o  avoid cracks due t o  
thermal shock. Arch
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41. P l a s t i c  shr inkage c rack ing  can 
occur when t h e  evapora t ion  r a t e  
exceeds 0.2 1 bs per  square f o o t  
p e r  h o u r .  P r e c a u t i  onary  
measures should be used when 
t h i s  r a t e  i s  exceeded. The 
f o l l o w i n g  c h a r t  can be used t o  
es t imate  i f  t h e  l i m i t  i s  be ing  
exceeded. 

I 

42. As t h e  temperature o f  t h e  
concrete goes down t h e  h y d r a t i o n  
o f  t h e  concre te  slows down. 
T h i s  decreases t h e  s t r e n g t h  g a i n  
o f  t h e  concrete.  As t h e  
temperature o f  t h e  concrete 
decreases i t  w i l l  be necessary 
t o  ma in ta i n  p r o t e c t i o n  longer  
so t h a t  t h e  concre te  can o b t a i n  
t h e  des i r ed  s t r eng th .  
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44. In controlling concrete mixes i t  
must be , remembered tha t  slump 
can b e  a f fec ted  by the 
followin$ items: 

Amount of water. 

An increase in a i r  content will 
increaseslump. 

A change in the aggregate 
gradation will a f fec t  the matrix 
of the concrete and therefore 
i t s  S ~ U ~ Q .  

An increase in concrete or 
ambient  t empera tu re  wi l l  
decrease s l  ump . 

I 

An increase in haul time will 
decrease the s l  ump. 

t/ in the source of any 
ingredient in the concrete may 
A affect  chang the I s l  ump . 

ngs may affect  the a i r  

in the material 
No. 100 sieve will 

the a i r  content, 
an increase i n  the 

material between the No. 30 and 
No. 109 sieves will increase 
the a i r  content.  

An incriease in the slump will 
increase the a i r  content. 

An increase in the ambient or 
concrete temperature will reduce 
the a i r  content. 

Excessive mi xi ng and vibration 
will decrease the a i r  content. 

Any change in any o f  the 
i ngredi ents in the concrete can 
affect  the a i r  content. Arch
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