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The contents of t h i s  report r e f l ec t  the views 
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RESEARCH OBJECTIVES 

The objectives of t h i s  research project  are: 

(1) To determine the f e a s i b i l i t y  of proportioning, mixing, 

placing and finishing a dense portland cement concrete 

i n  a bridge f loor  using conventional mixing, placing and 

finishing equipment. 

(2) To determine the economics, longevity, maintenance per- 

formance and protective qua l i t i es  of a dense portland 

cement concrete bridge f loor  when using a high range 

water reducing admixture. 

The purpose of a high range water reducing admixture is t o  produce a 

dense, high qual i ty  concrete a t  a low water-cement r a t i o  w i t h  adequate 

workability. A low water-cement r a t i o  contributes great ly  t o  increased 

strength. The normal 7 day strength of untreated concrete would be 

expected i n  3 days using a superplasticizer.  A dense concrete a lso has 

the desirable properties of excellent durabi l i ty  and reduced permeability. 

I t  i s  f e l t  t h a t  a higher qual i ty ,  denser, higher strength portland 

cement concrete can be produced and placed, using conventional equipment, 

by the addition of a high range water reducing admixture. Such a dense 

concrete, w i t h  a water/cement r a t i o  of approximately 0.30 to  0.35, would 

be expected t o  be much l e s s  permeable and thus retard the intrusion of 

chloride. W i t h  care and at tent ion given t o  obtaining the design cover 

over s teel  (2% inches c l ea r ) ,  i t  i s  hoped tha t  protection f o r  the design 

l i f e  of the s t ructure  will be obtained. 

Evaluation of this experimental concrete bridge f loor  included chloride 

content and delamination tes t ing  of the concrete f loor  f i ve  years a f t e r  



const ruc t ion .  A compar i t ive eva lua t i on  o f  a con t ro l  sec t i on  o f  con- 

c r e t e  w i thout  the  water reducing admixture was conducted. Other i tems 

o f  comparison i nc lude  w o r k a b i l i t y  dur ing  cons t ruc t ion ,  s t rength,  

densi ty ,  water-cement r a t i o  and c h l o r i d e  penet ra t ion .  

BACKGROUND AND PRELIMINARY WORK 

Ear l y  i n  1977, t h e  O f f i c e  o f  Ma te r i a l s  i n i t i a t e d  a request t o  

p lace  a p o r t i o n  o f  a concrete br idge f l o o r  us ing  a superp las t i c i ze r .  

The p r o j e c t  s i t e  (Hardin County FN-20-5(15)--21-42) i s  l oca ted  i n  t h e  

town o f  Ackley on U.S. 20. Construct ion i nvo l ved  t h e  f l o o r  replace-  

ment o f  a m u l t i p l e  span overhead c ross ing  (4-36' x 24' I-beam 

spans p l u s  2-90' x 24' p l a t e  g i r d e r  spans) over t h e  I l l i n o i s  Centra l  

Gulf Rai l road. The average d a i l y  t r a f f i c  volume o f  2400 veh ic les  

inc luded 537 t rucks.  

The p r o j e c t  inc luded removal o f  t h e  e x i s t i n g  8 i n c h  p o r t l a n d  cement 

concrete deck and 2 i n c h  a s p h a l t i c  concrete over lay.  The new 8 i n c h  

p o r t l a n d  cement concrete f l o o r  was p laced a f t e r  shear studs were 

attached t o  the  t o p  f lange o f  t h e  I-beams. This p a r t i c u l a r  b r i dge  was 

chosen because i t  inc luded 4 s h o r t  I-beam simple spans t h a t  would l e n d  

themselves t o  a research p r o j e c t .  It would prov ide  good comparisons 

w i t h  adjacent spans under t h e  same loadings. The new f l o o r  d i d  i n c l u d e  

epoxy coated r e i n f o r c i n g  i n  t h e  t o p  mat, b u t  t h i s  f ea tu re  d i d  n o t  de- 

t r a c t  from t h e  basic  research ob jec t ives .  Concrete f o r  one 36 f o o t  

approach span was p laced us ing a convent ional crane and concrete dump 

bucket and concrete i n  another 36 f o o t  approach span was t o  be p laced 

by pumping. 



In May 1977 a planning meeting was attended by the Office of 

Construction, the contractor,  RoVig Construction Company of Des Moines, 

and the  concrete supplier ,  Welden Bros., Inc. of Iowa Falls .  

Preliminary mix designs and t r i a l  batches were made i n  the  Office 

of Materials Laboratory. The contractor elected t o  use Sikament as 

the high range water reducing admixture and the  dosage r a t e  was s e t  

a t  24 f l  oz per sack of cement. W i t h  t h i s  information, actual t r i a l  

batches were made a t  Welden's Ackley Plant on June 16, 1977. Results 

of t ha t  batching indicated acceptable r e su l t s  could be obtained w i t h  

a water-cement r a t i o  i n  the  area of 0.31 o r  0.32 and an a i r  entraining 

admixture (AEA) dosage of 0.7 f l  0 2  of Protex (a vinsol res in)  per 

sack of cement. Three t e s t  cylinders were made from a t r i a l  batch 

and 14 day compressive strength ranged from 6540 t o  7800 psi .  The 

t r i a l  mix  was based on D-57-6 mix proportion fo r  s t ructural  concrete. 

The aggregate was increased to  o f f s e t  the decrease i n  water when using 

a HRWR. Proportions fo r  t r i a l  mix and D-57-6 mix a re  as follows: 

Trial 0-57-6 

Cement (1 bs. ) 71 0 71 0 

Sand ( l b s . )  1739 1696 

Coarse Aggregate (1 bs. ) 1160 1130 

Water ( lbs .  ) 238 291 

Si kament (02. ) 181 - 
Protex (02.) 6 - 



The sequence used in  loading concrete materials in to  the  mixer 

was : 

1. Batch 1/2 of the  water and a l l  of the  AEA. 

2. Batch a l l  of the  coarse aggregate. 

3. Batch a l l  of the  cement 

4. Batch a l l  of the f i ne  aggregate and ribbon feed the  

HRWR in to  the  mix w i t h  the  f i ne  aggregate. 

5. Add the  remaining water. 

This batching sequence was developed from experience gained working 

with high range water reducing admixtures in  the  laboratory and from ex- 

perience gained on a th in  p.c.c. overlay project  constructed during the  

f a l l  of 1976, FN-20-6(21)--21-07, Black Hawk County. 

MATERIALS 

The high range water reducing admixture was Sikament and the  a i r  

entraining agent was Protex. The f i ne  aggregate came from Hal le t t  a t  

Geneva and the  coarse aggregate from Weaver a t  Alden. The cement was 

Lehigh Type I. Two truck loads of cement were delivered t o  the  ready- 

mix plant the  day of placement. The cement temperature was 1300 F 

fo r  load 1 and 120° F f o r  load 2. 

CONSTRUCTION 

On August 30, 1977, a t  9:30 a.m. the  contractor s ta r ted  t o  place 

the e a s t  i n t e r io r  simple I-beam span by pumping concrete containing the  

superplasticizer.  The pump was a double piston hydraulically operated 

pump w i t h  8" diameter pistons t h a t  pumped in to  a 5" discharge hose which 

was reduced t o  4" before ou t le t t ing  t o  the f loor .  The concrete was 

placed using a GOMACO rota t ing drum f inishing machine w i t h  a pan f l o a t  

behind the drum. 



The f i r s t  batching s t a r t e d  a t  9:15 a.m. This  was a 3% cu y d  l o a d  

w i t h  a w/c o f  0.31 and an AEA dosage o f  0.7 oz/sk. The mix had an 8" 

slump and 4.5% a i r  a t  t h e  batch p lan t .  One add i t i ona l  cu y d  o f  d r y  

concrete ma te r ia l s  was added t o  t h e  batch and the  concrete was mixed 

i n  an e f f o r t  t o  lower t h e  slump and r a i s e  t h e  a i r .  The l oad  l e f t  t h e  

p l a n t  w i t h  a w/c o f  0.29 and 5% a i r .  

The t e s t s  a t  t h e  s i t e  were slump 3%", ( requ i red  2% + 1%) and a i r  

content  4.6%, ( requ i red  6% + 1) .  Add i t iona l  Pro tex  was added t o  i n -  

crease the  a i r  content  and t h e  batch was mixed an a d d i t i o n a l  50 

revo lu t i ons  a t  mix ing  speed. Subsequent t e s t i n g  revealed t h e  slump had 

dropped t o  1%" and t h e  a i r  content  had n o t  increased. It was decided 

t o  pump t h e  batch and g e t  t h e  pour s ta r ted .  However, s ince t h e  batch 

was approximately 45 t o  50 minutes o l d  and r e l a t i v e l y  s t i f f ,  the  pump 

would n o t  discharge t h e  load. The l oad  was removed and t h e  pump was 

cleaned out. 

A second 3% cu y d  l oad  was batched a t  10:30 w i t h  a w/c o f  0.29 and 

1.0 oz/sk AEA. The r e s u l t i n g  f r e s h  concrete had 14.1% a i r  a t  bo th  

t h e  batch p l a n t  and t h e  br idge s i t e .  This  was f a r  o u t  o f  s p e c i f i c a t i o n s  

and was re jec ted .  The reason f o r  the  h igh  a i r  content  cou ld  n o t  be 

determined. 

A t h i r d  3% cu y d  l oad  was batched a t  11:25 w i t h  a w/c o f  0.30 and 

0.75 oz/sk o f  AEA. The l oad  was de l i ve red  t o  t h e  s i t e ,  b u t  pumping 

cou ld  n o t  begin u n t i l  t h e  p i p e l i n e  was unplugged from t h e  prev ious 

attempts. By t h e  t ime t h e  l i n e  was c lea r ,  t h e  concrete had s t i f f e n e d  

considerably and a i r  content  measured 3.5% and slump measured 3/4". 

A retempering dosage o f  Sikament, 8 oz/sk, was added a t  t h e  s i t e  and 



the  concrete was mixed another 40 revo lu t i ons .  The slump increased 

t o  4$", p e r m i t t i n g  p a r t s  o f  t h e  l o a d  t o  be pumped, b u t  a slump l o s s  

o f  2 3/4" occurred i n  t h e  next  15 minutes making t h e  pumping more 

d i f f i c u l t .  The pump became plugged again because o f  a delay i n  

batching o u t  the  nex t  load. A t  t h i s  t ime i t  was decided t o  d iscont inue 

pumping h igh  range water reducer concrete. This  sec t i on  o f  t h e  br idge 

f l o o r  was completed by pumping t h e  standard D-57-6 concrete mix w i thou t  

t h e  h igh  range water reducing admixture as o r i g i n a l l y  planned. No 

problems were encountered w i t h  t h i s  sect ion.  

The placement o f  concrete on t h e  remaining 36 f t  simple span w i t h  

HRWR s t a r t e d  a t  5:30 p.m. This  span was placed us ing  two - 3/4 cu y d  

buckets t o  d e l i v e r  t h e  concrete t o  t h e  deck. 

S ix  cu y d  loads were batched; t h e  f i r s t  one having a w/c o f  0.32 

and 1.2 oz o f  AEA per  sack and 1.42 gal o f  Sikament oer  cu yd. The a i r  

content  was 6.6% and t h e  slump was &". On succeeding loads, the  w/c 

was lowered t o  0.31 and 0.30, t h e  AEA was va r ied  from 1.2 oz t o  1.4 oz 

per  sack o f  cement and the  Sikament dosage remained t h e  same. The a i r  

content  f o r  t h e  loads ranged from 5.8% t o  7.5% and t h e  slump va r ied  

from 6%" t o  2 3/4". No problems were encountered unloading t h e  t rucks  

o r  swinging t h e  concrete t o  t h e  deck. 

The concrete con ta in ing  h igh  range water reducer f lowed very we l l  

around t h e  r e i n f o r c i n g  s tee l .  However, a f t e r  45 minutes on t h e  deck, 

t h e  mix responded poo r l y  t o  v i b r a t i o n .  The mix remained p l a s t i c  and 

was very s t i c k y .  As t h e  r o t a t i n g  drum o f  the  f i n i s h i n g  machine moved 

across the  deck w i t h  the  bottom o f  the  drum spinning i n  t h e  d i r e c t i o n  

o f  movement, forward speed had t o  be reduced t o  nea r l y  zero about 3/4 



the  way across t h e  deck. One o f  t h e  fea tures  o f  the  s u p e r p l a s t i c i z e r  

i s  t h a t  i t  releases a l a r g e  amount o f  a i r  as the  concrete i s  manipulated 

This was q u i t e  ev ident  as the  r o t a t i n g  drum passed over  t h e  concrete 

and was perhaps one o f  the  reasons f o r  i t s  s t i c k i n g .  

Th is  sec t i on  o f  t h e  f l o o r  was p laced from an expansion j o i n t  toward 

the  west end o f  t h e  br idge on a minus 6.0% grade. D i f f i c u l t y  i n  f i n i s h i n g  

the  concrete sur face a t  the  expansion j o i n t  was experienced due t o  t h e  

concrete r e t a i n i n g  i t s  p l a s t i c i t y  longer  than convent ional concrete 

and slumping away from t h e  j o i n t .  

Transverse grooving o f  the  concrete sur face was d i f f i c u l t  because 

i t  crus ted  over a f t e r  f i n i s h i n g  w i t h  t h e  r o t a t i n g  drum. The problem 

may have been due t o  t h e  60 minutes o r  more the  concrete was i n  p lace  

on the  f l o o r .  The placement o f  t h i s  f l o o r  sec t i on  was completed 

about 8:00 p.m. 

EVALUATION 

F lexura l  specimens o f  the  concrete p laced us ing h igh  range water 

reducer gained s t reng th  e a r l i e r  and achieved h igher  u l t i m a t e  s t reng th  

than specimens made from convent ional deck concrete (D-57-6). The moduli 

o f  rup tu re  a t  3, 7, and 14 days were 877 p s i ,  985 p s i ,  and 998 p s i  

respect ive ly .  The 28 da,y break exceeded 1100 ps i .  This  compared t o  a 

680 p s i  t o  700 ~ s i  range a t  7 days and a 750 p s i  t o  840 p s i  range a t  

14 days f o r  the  convent ional concrete. 

Concrete c y l i n d e r s  (4%'' x 9" )  w i t h  h igh  range water reducer t es ted  

i n  compression a t  age 28 days had an average s t rength  o f  8950 p s i  w i t h  

W/C 0.310 and averaged 10,230 p s i  w i t h  w/c o f  0.300. 



Cores were d r i l l e d  from the  two west spans o f  t h e  deck a t  age 20 

months, 42 months, and 66 months. One span i s  conventional D-57-6 

br idge deck concrete and t h e  o the r  span inc ludes Sikament HRWR. The 

cores were tes ted f o r  s t rength,  a i r  content,  and c h l o r i d e  content. 

A f t e r  20 months, t he  conventional D-57 concrete s t reng th  averaged 

6860 p s i  and the  HRWR concrete s t rength  averaged 8770 ps i .  A t  66 months 

there  was a s l i g h t  ga in  i n  s t rength  f o r  both types o f  concrete w i t h  

the  conventional concrete averaging 7070 p s i  and the  HRWR concrete 

averaging 8820 ps i .  The HRWR concrete was 1910 p s i  and 1750 p s i  

s t ronger than the  conventional concrete a t  20 and 66 months respect ive ly .  

The measured a i r  content  o f  the  conventional D-57-6 mix cores averaged 

6.0% i n  1979 and 6.3% i n  1983. The cores conta in ing  S i  kament averaged 

5.8% a i r  i n  1979 and 6.9% a i r  i n  1983. 

The c h l o r i d e  content i n  112" increments i s  shown i n  Table I f o r  

the  top  1%'' o f  concrete. The HRWR concrete appears t o  be l e s s  permeable 

t o  ch lor ides  than t h e  conventional D-57-6 concrete. 



TABLE I 
CHLORIDE CONTENT 

(1 bs/cu yd)  

Year M i x  1/2" 1 "  1 112" 

1979 HRWR 

1979 HRWR 

1981 HRWR 

1981 HRWR 

1981 HRWR 

1983 HRWR 

1983 HRWR 

1983 HRWR 

No delamination had been found i n  the  bridge deck a t  the  con- 

clusion o f  t h i s  research pro ject .  



CONCLUSIONS 

The objectives o f  the research were f u l f i l l e d ;  i t  was determined 

tha t  HRWR concrete can be placed i n  a bridge deck using conventional 

mixing, placing, and f i n i sh ing  equipment. A f i n i sh ing  machine w i th  

two o s c i l l a t i n g  and v ib ra t ing  screeds such as was developed f o r  Iowa 

System dense low slump concrete would be more desirable than the 

ro ta t i ng  drum f i n i sh ing  machine used on t h i s  project .  

The HRWR concrete exhibi ted greater resistance t o  chlor ide 

penetration than the control  section, thus having protect ive qua l i t i es  

which w i l l  prevent corrosion f o r  a longer time than conventional 

D-57-6 bridge deck concrete. Corrosion prevention w i l l  reduce fu tu re  

maintenance costs f o r  the bridge deck. 

HRWR concrete developed greater strength the f i r s t  few days and 

the ul t imate strength was 24.8% greater than the conventional D-57-6 

concrete a f t e r  66 months. 

Slump i s  not an acceptable measure o f  the qua l i t y  o f  superplasticized 

concrete. HRWR concrete has such a low water cement r a t i o  t h a t  higher 

than normal slump i s  ind ica t i ve  o r  workabi l i ty  ra ther  than qua l i t y .  

I f  HRWR concrete i s  not placed and f in ished w i th in  30 t o  45 minutes 

a f t e r  adding the superplasticizer, the e f f e c t  o f  the addi t ive i s  l os t ,  

causing the concrete t o  become d i f f i c u l t  t o  f i n i sh .  
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APPENDIX 





8 inch double piston pump with 5 inch discharge hose to the bridge floor. 

5 Inch discharge hose, reducer (5" to 4") and 20 ft. of 4 inch hose to the 
bridge floor - note the supports for the hose from the deck forms. 



Concrete showing evidence of "stickiness" and loss of workability after 45 
to 50 minutes from batching. 

Vibrator leaves its mark after 45 to 50 minutes from batching. 



Vibrator not too effective after 40 to 50 minutes from batching - note hole 
left by vibrator in lower left of picture. 

Flnlshing machine consolidates, strikes off and finishes a harsh looking 
concrete pretty well. 




