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BRIDGE SLAB CONSTRCCTION USING SUPER WATER REDUCERS 

Chloride induced corrosion of the top mat of reinforcing steel, 

with the resultant cracking and spalling of surface concrete, is 

generally considered to be one of the major causes of premature 

deterioration of bridge decks. Experience has shown that a dense low 

water cement ratio concrete will significantly retard the intrusion of 

deicing chemicals and other corrosive compounds into concrete. Super 

water reducing additives can be used to produce a low water cenent ratio 

concrete that is easily placed and offers the potential for increasing 

the concrete's impermeability to the destructive deicing chenicals. 

Objectives 

The objectives of this experimental project were to construct a 

bridge deck using a super water reducing admixture to produce a concrete 

with a low water cement ratio (4.2 gal/sk), identify any problens that 

might result from the use of super water reducers, and evaluate the 

performance of the deck slab under service conditions. 

Description of Test Bridge 

The experimental bridge is located approximately five miles east of 

Monahans, Texas, and carries the east bound lanes of Interstate 

Highway 20 over Texas Park Road 41. The average daily traffic is 

approximately 4250 vehicles per day with about 19% trucks. 

The bridge is 160'-0" long with three prestressed concrete girder 

spans (40'-80'-40') and a 7.5 inch thick deck slab. The girders are 

simply supported and the slab is continuous over the interior bents. 
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The overall width of the bridge 1s 44.0 feet and L~e clear roadway width 

is 42.0 feet. 

Construction 

Prior to placing any bridge deck concrete, a 6'-0" x 8'-0" x 8" 

test slab was cast by the contractor. This test slab was used to 

evaluate the mix design and construction procedures. The concrete and 

admixture specifications for this project are contained in Appendix A. 

The concrete was mixed in seven cubic-yard batches at a portable 

batch plant located approximately five miles from the bridge site. All 

dry materials were moved up into an elevated hopper by conveyor belt 

then dumped into a transit-mix truck. Water was added to the dry mix 

and the concrete mixed with 70 revolutions of the drum at the plant and 

25 to 40 revolutions at the bridge. Ten to fifteen gallons of \vater and 

343 ounces (7 oz/100 lb. cement) of Highty 150 water reducer were added 

to four of the first five trucks at the bridge site. This resulted in a 

soupy mix that was difficult to finish and produced an excessive amount 

of surface water that had to be removed. The water was then reduced to 

21 gal/cu yd and the water reducer to 5 oz/100 lb cement. This produced 

a good workable concrete with a slump of 6"-6 1/2". 

After the mix was adjusted, no significant problems were 

encountered during mixing and placing L~e super plasticized concrete. 

Placement of the deck slab began about 9:00 in the morning and was 

completed about 3:00 in the afternoon. The concrete was placed on the 

deck with a crane and dumping bucket then finished with a transverse 

finishing machine. No problems were encountered during finishing and 

texturing the concrete 
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and a 9ood riding surface 'tJas ootained. 

Tests and Observations 

Minimum compressive strength for the su?er water reduced concrete 

was specified to be 4500 psi at seven days and 5500 psi at 28 days. 

Compression tests were performed on cylinders made from the bridge deck 

concrete to verify the required strength. At seven days the cam?ressive 

strength varied from 6250 ?Si to 6784 psi with an average of 6573 psi. 

Since the 7-day strength exceeded the required 28-day strength, no 

fur~,er compression tests were conducted. 

Dye penetration, freeze-thaw durability, and chloride penetration 

tests were made on cores taken from the bridge deck. The dye 

penetration test was ineffectual in showing penetration of the dye 

solution into the concrete. No penetration was observed. After 300 

freeze-thaw cycles the cores had a Durability Factor of 76.3% and showed 

no signs of spalling or cracking. Appendix 3 contains the test data and 

results of the chloride penetration tests. These test results ~how a 

significant decrease of chloride ion content with depth. At ~,e 

1"-1 1/2" depth the chloride content was below the corrosion threshold 

of 1.5 lb/cy and below 1.0 lb/cy in all cores except one. 

The deck slab has been visually inspected on numerous occasions 

since it was opened to traffic in 1980. The only cracking that has 

occurred is over the interior bents. These cracks are typical for slabs 

placed continuously over simple span beams. Figure 1 shows a ?lot of 

these cracks. 
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c~nclusions 

Based upon t~e results of tests and observations made during and 

after the construction of this experlinental bridge deck slab, it can be 

concluded that super >v.ater reducers can be used to produce low \Vclter 

cement ratio concrete that is easy to place and finish, has a high 

Durability Factor, and has good resistance to chloride penetration. 

~-



ra 
<JJ 
<JJ 
<lJ 

-:::1 
0 

-c 

Ci 
~ 

i 
I 
I 

--·------ ---l'-1 C.L. of 3en-c 

~ 
0 ~ !-

~ 

::::::: 
..... 
0 

<1J 
u 
rtl 

1.1. 

-
rtl 

c:: 
..... 
0 

<lJ 

I 
u 
rtl 

w.. 

= 0 
I 

c 
c::J 

0 

I 

C.L. of 3ent 
·r 
J 

I 

Figure 1. Location of Cracks in Super Water 
Reduced Concrete Deck 
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APPENDIX A 

SPECIFICATIONS 
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h'ard County 
I 20-1(86)082 
Cont~ol 4-4-46,etc. 

STATE DEPARTM&~T OF HIGcNAYS AND PUBLIC T~;NSPORTATION 

SPECIAL PROVISION 

TO 

ITEM. 421 

CONCRETE FOR STRUCTURES 

For this project, the Item, "Concrete for Structures" is hereby 
amended with respect to the clauses cited below. No other clauses 
or requirements are wa~ved or changed hereby. 

Article 421.2. Materials. (1) Ca~ent. The first paragraph of 
this Subarticle is hereby supplemented by the following: 

When ~~e cement is to be used in concrete with aggregates that may 
be deleteriously reactive, the alkali content (Na20+0.658K20) of the 
cement shall not exceed 0.60 percent. 

The fourth paragraph of this Subarticle is hereby voided and 
replaced by the following: 

All cement used in a monolithic placement shall be of the same 
type. 

Article 421.2. Materials. Subarticle (3) Coarse Aggregate. 
The second paragraph o£ this Article is hereby voided and replaced 
by the following: 

Unless otherNise specified on the plans, coarse aggregate will be 
subjected to five cycles of both the sodium sulfate and the magnesium 
sulfate soundness test in accordance with Test Method Tex-411-A. 
When the loss is greater than 12 percent with sodium sulfate and/or 
18 percent with magnesium sulfate, further testing will be required 
prior to acceptance or rejection of the material. A satisfactory 
record under similar conditions of service and exposure will be 
considered ln the evaluation of the material failing to meet these 
requirements. 

1-5 
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Tha ~i~~~ paragraph of t~is Ar~icle is hereby supplemented by the 
following: 

In the case of aggregates made primarily from the crusn~ng of stone, 
if t~e material finer than t~e 200 sieve is definitely established 
to be the dust of fracture, ~ssentially free from clay or shale, as 
esta~lished by Part III of Tes~ Method Tex-406-A, the percent may be 
increased to 1.5. 

Article 421.2. Materials. (4) Fine Aggregate. The third para­
grab of this Subarticle and ~3ble 2, Fine Aggregate Gradation Chart 
are hereby voided and replaced by the following: 

Unless otherwise shown on plans, the acid insoluble residue of 
fine aggregate used in slab concrete subject to direct traffic shall 
be not less than 28 percent by weight when tested in accordance with 
Test Method Tex-612-J. 

Percent Retained on Each Sieve 

Ac;gregate 3/8 No. No. No. No. No. 
Grade No. in. 4 8 16 30 50 

1 0 0 to 0 to 15 to 35 to 65 to 
5 20 50 75 90 

NOTE 1: Wheremanufact~red sand is used in lieu of 
natural sand the percent retained on the No. 200 
sieve shall be 94 to 100. 

NOTE 2: Wherethe sand equivalent value is greater 
than 85, the retainage on the No. 50 sieve may be 
65 to 94 percent. 

Table 2 
FI~E AGGREGATE GRADATION CHART 

No. 
100 

90 to 
100 

Article 421.2. Materials. (7) Admixtures. This Subarticle 
is hereby suppla~ented by the following: 

~*.er a water reducing plasticizer is used it shall conform to 
tht ...:-equirements of the Item, "Concrete Admixtures". 

2-5 
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Article 421.7. Classi:ication and Xix Design. T~e first sentence 
of the fourth paragraph of this Article is hereby voided and re?laced 
with the following: 

Trial batches will be made and tested using all the proposed 
ingredients prior to the placing of concrete, and when the aggre­
gate, and/or type, br~ld or source of cement, or admixture is 
changed. When the b~and and/or source of cement only is changed 
the Engineer may waive trial batches only if a prior record of 
satisfactory performance of the cement has been established. 

The seventh paragraph of this Article is hereby voided and 
not replaced. 

The first sentence o£ the ninth paragraph of this Article is 
hereby voided and repiaced by the following: 

wnen a retarding a~~ixture is required for hot weather 
concreting, as specified in Article 420.13., the amount to be 
used will be as requi::-ed in the Item, "Concrete Admixtures", 
subject to change by the Engineer when required. · 

Article 421.8. Consistency. The first paragraph and the last 
sentence of the second paragraph are hereby voided and not replaced. 

Article 421.9. QuaLity of Concrete, General. 
and fourth paragraphs of this Article are hereby 
by the following: 

The first, second 
voided and replaced 

The concrete shall be uniform, workable and of a consistency 
acceptable to the Engineer. The cement content, maximum allow­
able water/cement ratio, the desired and maximum slump, and the 
strength requirements for all classes of concrete shall conform 
to the requirements of these specifications. It shall be the 
responsibility of the Contractor to provide concrete meeting 
these requirements. 

During the progress of the work, the Engineer will cast test 
cylinders or beams, perfor.m slump and entrained air tests and 
t~~perature checks, as required, to insure compliance with the 
specifications. If t:1e required strength or consistency of the 
class of concrete beir.g produced cannot be secured with the 
minimum cement specified or without exceeding the rnax~~um water/ 
cement ratio, the Contractor will be required to furnish 
different aggregates, use a different water reducing plasticizer 
or furnish additional cement in order to provide concrete meeting 
these specifications. 

3-5 
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wr.e~ a wa~e= =educ~~g plast~c~zer is used to ?roduce a low water/ 
c~~e~~ ra~io concreta, t~e si~~p to te used on the job shall be as 
speci~ied by the Engineer frc~ the results of tr~al batches. Once 
this slumP has been established, all concrete shall be delivered to 
the forms-with a consistency of± 1.5 inches from that designated. 
If during the placement of concrete an appreciable sl~~P loss is 
noted, additional water reducing plasticizer will be required to 
bring the concrete back to the desired consistency. The addition of 
water other than that in the plasticizer will not be permitted at 
the job site. 

The Engineer reserves the right to reduce the quantity of concrete 
mixed in any mixer to less than the maximum rated capacity, if 
deemed necessary to produce adequately mixed concrete. 

Table 4 - Classes of Concrete is hereby voided and replaced by 
the following: 

4-5 
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Class Sx.Ceme!l.t Ml!l.. Camp. Min.3earn Max.Water coarse 
of per C.Y. St~engt:'1 (=:'c) Strength Cement Aggr. 

Cor.c. Mi::1. 23 Day I_)S~ 
.., Day ps~ Ratio No. I 

A* 5.0 3000 
I 

#500 6.5 **1-2-
3-4x 

B 4.0 2000 330 8.0 2-3-4 X 

C* 6.0 3600 #600 6.0 **1-2-
I 

C*y 6.0 Min. 3600 #600 5.5 2-3 

c:_cy 7.0 Min. ~500 N.A. 4.2 2-3 
..:..w.J-:..:.. (7 day-4500) ~ 

D I 3.0 1500 250 11.0 2-3-4x 

E 6.0 3000 500 7.0 I 2-3 

6.0 to As Specified f' c 
F* 8.0 on Plans 6 5.5 2-3 

6.0 to As Specified 
H*** 8.0 on Plans N.A. 5.5 3 

* 
** 

*** 

X 

y 

### 

Entrained Air (slab, pier and bent concrete)·. 
Grade 1 Coarse Aggregate may be used in foundations 
only (except cased drilled shafts). 
Entrained Air fer slab concrete. 
When Type II Cement is used with Class C Concrete, 
the 7 day beam break requirement will be 550 psi; 
with Class A, 460 psi min. 
The use of grade 4 aggregate must have prior approval 
of the Engineer. 
For bridge slabs and slabs of direct traffic culverts. 
A water reducir.g plasticizer will be required with 
this class of concrete. 

Table 4 
CLASSES OF CONCRETE 

5-5 
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·vard Coc..::1 :.y 
I 20-1(86)082 
Con~~ol 4-4-46,etc. 

STATE DEPART~II...ENT OF HIGffivAYS A...'\JD PUBLIC T~'\JSPORTATION 

SPECIAL PROVISION 

TO 

ITEM 437 

CONCRETE ADMIXTURES 

For this project the Item, "C:mcrete Admixtures", is hereby 
amended with respect to the clauses cited below. No other 
clauses or requirements are waived or changed hereby. 

Article 437.2. General. This Article is hereby supplemented 
by the following: 

A "water reducing plasticizer.. is defined as a material which 
when added to a concrete mix in ~,e correct quantity will produce 
the results required in Article 437.3. herein. 

Article 437.3. Retarding and Water Reducing Admixtures is 
hereby supplemented by ~,e following: 

When required by the plans and/or specifications a water 
reducing plasticizer shall be used which, when compared to a 
standard mix design in accordance with ASTM C-494, shall produce 
the following results: 

1. It shall reduce the required water by a minimum of 15%. 

2. It shall not increase shrinkage when tested in accordance 
with ASTM C-494. 

3. It shall increase ~,e seven day compressive st~ength of 
the concrete by a minimum of 25%. 

4. It shall not retard the initial set of concrete by more than 
one hour when tested in accordance with ASTM C-403. 

5. It shall contain no chlorides, air entraining agents or urea.! 

1-2 
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.A:=--:.:.cle 43 7. S. App:=-ova:. iJ:: .::.d.'ttix-:.:.1r~s .:.s her2::Jy S'-lpple!':lented 
cy c~e =ol:ow.:.ng: 

Any of t:;,.e =ollowi:lg wa-:.er reducing plas-t:icizers may be used 
if t:;,.ey meet t:;,.e requirements speci=ied herein: 

FX-32, Sikament, MeL~en~, Lomar-D, Mighty-150 or WRDA-19 

Article 437.6. Construction Use of Ad."TTixtures is hereby 
supplemented by the followins: 

The water reducing plasticizer shall be incorporated into ~,e 
mix in liquid form. The amount to be used shall be in accor­
dance wi~, ~~e manufac~urer 1

s recommended range, based upon 
adequate trial batches and as approved by the Engineer. The - ~o 

volume of water in the plasticizer shall be taken into account 
in determining the water/cement ratio of ~,e mix. 

The water reducing plasticizer may be introduced into the mix 
entirely at the plant, a portion thereof introduced at ~~e plant 
wi~, the balance added at t~e job ~ite, or all of ~,e required 
amount introduced at ~,e job site as determined by adequate 
trial batc~es, and approved by ~,e Engineer. 

If,during ~,e placement of concrete, an appreciable slump 
less is noted, additional water reducing plasticizer will be 
required to bring the concrete back to the desired consistency. 
The addition of water oths~ ~,an that in ~,e plas~icizer will 
not be permitted at the job site. 

A retarder may be used if approved by the Engineer when the 
temperature of t~e concrete is approaching the max~'!tum limit 
o£ 85F. When a retarding agent is required herein or by 
Article .420.11 or 420.13, a separate retarding agent will be 
used. The retarder must be ·~ompatible with the water reducing 
plasticizer. 

2-2 
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APPENDIX B 

CHLORIDE ANALYSIS - TEST RESULTS 
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Chloride Ana1ysis 

Low ~ater-Cement Ratio Concrete (~ith Super-~ater Reducer). 

Chloride !on Content 
Core Concrete Deot1 Test :lo. 01 PD\1 Lb/C:.J 'ld J 

1-Sl~R Dense 1/16" to 1/2" 1 0.22 2227 8.9 
2 0.22 2227 8.9 

1/2" to 1" 1 0.03 283 1.1 
2 0.03 283 1.1 

1" to 1-l/2 11 1 0.02 209 0.8 
2 0.02 209 0.8 

2-SWR Dense 1/16 11 to 1/211 1 0.25 2461 9.8 
2 0.25 2461 9.8 

1/2" to 111 1 0.04 356 1.4 
2 0.04 356 1.4 

1" to 1-1/2 11 1 0.03 356 1 . 2 
2 0.03 283 1.1 

3-S\~R Dense 1/16" to 1/2 11 1 0.29 2931 11.7 
2 0.29 2931 11.7 

1/211 to 111 1 0.04 352 1.4 
2 0.04 410 1.6 

111 to 1-1/211 1 0.02 221 0.9 
2 0.02 221 0.9 

4-SWR Dense 1/16" to 1/2" 1 0.03 307 1.2 
2 0.03 307 1.2 

1/2" to 1" 1 0.02 184 0.7 
2 0.02 184 0.7 

1" to 1-1/2" 1 0.01 135 0.5 
2 0.01 135 0.5 
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Low ~ater-Cement ~atio Concrete (With Super-jater Reducer) 

Core :!1 

V"' 
a: 
u..~ MIDDLE 
~ o.s::.1.o" ...... 
N 
........ --

BOTTor-f 
1. a': 1. s" ~----;..-.....j._,._,_.._ __ ... _,_ ________ _._ ____ , 

0.1 0.5 1.0 5 

CHLORIDE CONTENT lb/yd3 
LOG SCALE 
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Low ~ater-Cement Ratio Concrete (With Super-~ater Reducer) 

Core it2 

' ... :I' ... 
. • . • t .... 

: : : : l:::: 
.... ) .. ;;1 

, ----I . 
. . ~-.. : : ; ~: ..... : .I . . . ~-.-~· : :-:-

·:::·: .. , ......... 1 ..... : .. 

-·······:"'"''"!''''!''" ................... t .. .. 
........ , ........ , .... , .. .. 

~+-~~~-+--~+-~-----

0. 1 0.5 1.0 5 

CHLORIDE CONTENT lb/yd3 
LOG SCALE 
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N 
........ --

Low ~a~er-Cement ~atio Conc~et2 (~ith Super-~ater Reducer) 

Core 43 

0. 1 0.5 1.0 5 10 15 
• 

CHLORIDE CONTENT 1b/yd3 
LOG SCALE 
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