
WEAVER CONSTRUCTION MANAGEMENT, INC.
3679 S. Huron St., Suite 404
Englewood, CO 80110
Phone: (303) 789-4111   FAX: (303) 789-4310

S U B M I T T A L T R A N S M I T A L

July 26, 2011
WGC Submittal No: 03300-009.H

PROJECT: Harold Thompson Regional WRF
Birdsall Rd.
Fountain, CO 80817
Job No. 2908

ENGINEER: GMS, Inc.
611 No. Weber St., #300
Colorado Springs, CO 80903
719-475-2935 Roger Sams

OWNER: Lower Fountain Metropolitan
Sewage Disposal District
901 S. Santa Fe Ave.
Fountain, CO 80817
719-382-5303 James Heckman

CONTRACTOR: Baker Concrete Construction
1904 Jasper Street
Aurora, CO  80011
937-536-9000 Nick Dewald

SUBJECT: Resubmittal of product data for mix design for Headworks Building.

Note: “Attached is submittal 009H concerning more back up information for the use of mix design A70F at
a 5” slump for the Headworks Building. I have included the contact information for the BASF
representative and we feel that if the EOR and the BASF rep can have a conversation, concerning the use
of high range water reducer, it might eliminate the EOR’s reservations to use a 5”slump. Any help with
facilitating a conversation between the EOR and BASF rep would be much appreciated.”

SPEC SECTION: 03300 – Cast-In-Place Concrete

PREVIOUS SUBMISSION DATES:  6/14/11

DEVIATIONS FROM SPEC: YES X NO

CONTRACTOR’S STAMP: This submittal has been reviewed by Weaver General Construction and approved with
respect to the means, methods, techniques, & safety precautions & programs incidental thereto.  Weaver General
Construction also warrants that this submittal complies with contracted documents and comprises on deviations
thereto:

Contractor’s Stamp: Engineer’s Stamp:

Date: 7/26/11
Reviewed by:  H.C. Myers
( X )  Reviewed Without Comments
( ) Reviewed With Comments

ENGINEER’S
COMMENTS:___________________________________________________________
______________________________________________________________________



FROM:
DATE JOB NUMBER

9921
ATTENTION

RE:

TO:

TR#
SM#

We are sending you: via

COPIES DATE PAGES Description

1 7/25/2011        27

THESE ARE TRANSMITTED as noted below:

REMARKS

COPY TO
SIGNED: Nick Dewald

If enclosures are not as noted, kindly notify us at once

Letter of Transmittal/Submittal

Baker Concrete Construction
1904 Jasper Street 07/25/11
Aurora, CO 80011

303.367.8111 John Jacob/Leslie Brown
Nick Dewald 937.536.9000

Harold Thompson Regional WRFJohn Jacob/Leslie Brown
Weaver General Construction Co.
3679 South Huron St., Suite 404
Englewood, CO 80110 03300-024
john@weavergc.com / leslie@weavergc.com 03300-009H

ATTACHED EMAIL the following: SPECIFICATION

Mix Design - Polyheed 997 Back up for 5" Slump

FOR APPROVAL

Attached is more back up for the use of Polyheed 997 (High Range Water Reducer) in mix A70F for the Headworks
Building. BASF's representative is available to speak with the EOR concerning the use of Polyheed 997 if they have any 

William Deal
Cell (303) 324-6343

further questions, see contact info below.

Email William.deal@basf.com

File

Baker Concrete Construction, Inc.



 

  BASF Corporation 
23700 Chagrin Boulevard 
Cleveland, Ohio  44122 USA 
216 839-7500 ph 
www.masterbuilders.com   

 
 
 
 
July 20, 2011 
 
Zachoriah J. Ballard, EI 
Quality Control Manager 
Rocky Mountain Premix, Inc. 
2895 Capital Drive 
Colorado Springs, CO 80915 
 
RE:  PolyHeed 997 Mid-Range Water Reducing Admixture  

 
Dear  Mr. Ballard: 
 
Per request of BASF Sales Representative Bill Deal, this is to confirm that PolyHeed 997 Admixture is 
a Mid-Range Water Reducing Admixture capable of producing concrete with varying slumps over a 
wide range of mix designs.   
 
PolyHeed 997 was introduced into the market in 1984 and has since been widely used in North 
America and throughout many other regions of the world. It provides superior workability, pumpability 
and finishability qualities in concrete.  PolyHeed 997 Admixture is recommended for use throughout the 
dosage range of 3-15 fl. oz./cwt. of cementitious material. One of the benefits this provides to concrete 
producers is the ability to supply concrete with various slumps by simply adjusting the admixture 
dosage.  Since concrete strength is primarily a function of water/cement ratio, increasing dosage level 
of PolyHeed 997 Admixture will not adversely affect strength, as long as the specified w/c ratio is not 
exceeded and the integrity of the mix is maintained.  In this way, a given mix design can be supplied 
with the desired level of workability by varying the PolyHeed 997 Admixture dosage, with little effect on 
plastic or hardened concrete properties.  
 
PolyHeed 997 Admixture conforms to ASTM C494 Type A, Water–Reducing and Type F, High-Range 
Water-Reducing Admixture specifications.  The ASTM C494 Test Reports are available for review upon 
request. 
 
Please feel free to contact me with any further questions you may have concerning this matter. 
 

 
 
Mark E. Piechuta 
Sr. Technical Marketing Specialist 
BASF Corporation 
(216) 839-7072 
 
cc:   Bill Deal- BASF  
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Via E-majl: mark.piechuta@basf.com

November 19. 2008

Mr. Mark Piechuta
BASF Construction Chemicals, LLC
23700 Chagrin Blvd.
Beechwood, Ohio 44122

Results of ASTIVI C 494 Admixture Evaluation of Polyheed 997
CTLGroup Proiect No. 390618

Dear Mr Piechuta:

Attached are test results for the referenced product. Your firm submitted and identified a
sample ofPolyheed 997 that was received at CTLGroup in September 2007.

Testing was performed in accordance with ASTM C 494/C 494M-05a, "Standard
Specification for Chemical Admixtures for Concrete." Resutts indicate the sample of
Polyheed 997 used at 5.'1 ozlcwt meets ihe requircments of a Type A wateFreducing
admi)dure as stated rn AST[4 C 494M-05a.

Should you have any questions, please contact me.

Sincerely,

CTLGtoup,lnc.
An AASHTO Accrcdited Laboratory - Aggregates, Cement & Concrc,e

1,,0'tla /L'lc'v"i Y--lt
W Morison
Principal ft4aterials Scientist
IVlaterials Consulling
ljl1!tiijlljl:Qltcroup.com
Diecl Phone: 847 -972-3162

Attachments
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TABLE I.AOMIXTURES
ASTI',4 Specifioation C 494 / AASHTO [,] 194

EeEElse-A!|llltclc resr Admlxture
BASF Construciion Chemicals, LLC

Btand Name NeutElized Vnsol Resin Polyheed 997
Lor Number 1810075 t640497!lir'7

Quantity Supplie.l 'l sallon conlainor 5 gallon coDlEiner
Totalsollds,./' 13 61 47.15

Sp€cific Gravlly 1.038 1.272
12.16 9.17

rABLE II. CEMENT

PFIOPERTIES OF CEMENT

ASTM C 150and MSHTO lI85
Lot No. 1 810091

CHEMICALANALYSIS

CONSTITUENT WEIGFJT, %
20.1
56
21
64
17
34

a.21
0.36

11

Sururtrioxide

T.icalcium aiumiMte (CaA)

ALKALIESAS NarO 0.45
INSOLUBLE RESIDUE O22

PHYSICAL ANALYSIS

PROPERTY RESIIL'
COMPRESSIVE STRENGTH

3 day, psl 4600
7 day, psi 5710

SETTING Tll\lE (Vicau
lnitial, minules lm
Final, minules 185

AIR CONTENT, % 8

LOSS ON IGNITION 2,?

AUTOCLAVE EXPANSION, % OO1

SS {BLAINE) 3A9

This cement is a Typ€ I ponland cemenl.

Os**^-
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TABLE III - AGGREGATES

AST|\4 C 33

PROPERTIES OF AGGREGATES

LOT '1810093 LOT 1810095 & 1810096

GR,ADATION

FINE AGGREGATE

SIEVE
CUI\4ULATIVE

BY WEIGHT. %

#4
I

16

30
50

100

200
Pan

100

72
49
15

2
1

0
F.t\4.

COLOR

2.71

#1

2.66

1.56

DRY RODDED 1'10.6

AST|\4 C 136

ORGANIC
ASTM C 40

SPEC. GRAVITY
ASTM C 128, SSD
ASTI\4 C 127, SSD

ABSORPTION
ASTM C 128

and c 127

UNIT WEIGHT
ASTM C 29

The coarse aggregate source is a silicaous rounded
river gravel from Eau Claire, Wisconsin.
The gravel sizes have been separated and recombined.
The concGte sand is used as €c€ived.

COARSE AGGREGATE

SIEVE
CUMULATIVE
BlryElsrlz,

'100

98

42
41

0
0

3t4
1t2
3t8
#4

8

3t4' 2.67

3i4' '1.06

3/8' 1.39

DRY RODDED 3/4" 102,9
3/8" 103.5

CT0Gnoup
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TABLE V
TESTS OF CHEI!/IICAL ADIIIIIXTURES FOR CONCRETE
Polyfteed 997
ASTM Specification C 494 / AASHTO lvl 194
TYPE A. WaleFReduclnq

CMNGEvS SPECIFICATION
CONTROL Polvheed 997 CONTROL REOUIREMENTIVIXTURE DESIGNATION

MIXTURE PROPORTIONS
ACTUAL CE[,,|ENT, pcy

SAND, pcy

ACTUAL WATER, pcy
RELATIVEYIELD, cy

AEA (Vinel Resin), or'ca{

RATIO OF FINE TO TOTAL AGG., %
WATER/CEMENT RATIO, Ib /Ib.

ENTRAINED AIR, %

UNITVVEIGHT, pcf

SET TINIE hrmin

INITIAL

COI'TIPRESSIVE STRENGTH, pli
1 DAY
3 DAYS
7 DAYS

28 DAYS

90 DAYS

6 r'rtoNTHS

1 YEAR

FLEXURAL STRENGTH, Fi
3 DAYS
7 OAYS

28 DAYS

LENGTH CHANGE

lncEase over rcfere@

RELATIVE DURABILIry FACTOR

518
1239
1921
24

1.000

1.00

39
oa71

3.50

5.5

11t5J|

5't8
1261

1921
24

1.000
0.81

5.1

4
0.433

3.50

5.9

ta!i.3

5111

6:39

2190
1ll'60

4790

4210

6970

7060
zl90

62{'

7N

{.038

9a

92%

O:37

0.00

0./t

517!5

<95%

3.5 t.5

5.0i1.0 (jlt.5l

4:37

6:05

1590

3170
11330

5620

6250

6350
!690

550
700
760

.0.028

0:34

134%
129%
111%

111%

112%

111./.
112%

113%
10e./.
103y,

{.0097

'I :00 eadl€r nor
1:30littet

1:00 earlier nor
'1:30later

>110%
>1lo%

>110v" (>lLA%f
(a17V,f

>1fi%E1l3%f
v00%

>1@y.
>lott%
>1@%

a A iemalt. Equnnerr ( arv of $F measf€d €rati€ srrengttrs are gEaler rhan ihe regurcment 
'n 

paredhe66
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2.93

2.8

2.6

2.4

7,.2

2.0

t.8

1.6

t2

t0

0.8
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,t000.0

FiguG 1 - lnlrared epeclrum of BASF Polyheed 997 (CTL lD 1958801 ); KBr di3k per ASTM C ulg,l

crlc"*"



 

 
June 9, 2011 

 

 

 

Mr. Mark Piechuta     Phone: (216) 839-7072 

BASF Construction Chemicals, LLC   Email:   mark.piechuta@basf.com 

23700 Chagrin Blvd. 

Cleveland, OH, 44122 

 

 

 

Subject: Final Report for BASF POLYHEED 997, Compliance Verification Type ‘F’ 

Admixture AASHTO M 194-06 Standard Specification for Chemical Admixtures 

for Concrete 

TEC Services Project No:  TEC 06-0570 

TEC Services Laboratory No:  10-233 

 

 

Dear Mr. Piechuta: 

 

Testing, Engineering and Consulting Services, Inc. (TEC Services), an AASHTO R18 and ISO 17025 

accredited laboratory, is pleased to present this report of our compliance verification testing of 

POLYHEED 997, an ASTM C 494-08a Type F  (High Range Water Reducing) admixture.  Our 

services were performed in accordance with our service agreement date June 16, 2006.
 

 

Sample preparation and testing was performed in accordance with applicable sections of AASHTO M 

194-06, ASTM C 494 and documents referenced therein.  Material and procedures outlined in 

AASHTO M 194-06 were used.  Based on our results, POLYHEED 997 complies with the 

requirements in AASHTO M 194 and Table 1 of ASTM C 494. These results pertain only to the 

sample tested. 

 

The compliance verification was performed by TEC Services in Lawrenceville, Georgia.  Concrete 

batching was performed on three different days in June, 2010.  One control mixture and one test 

mixture containing POLYHEED 997, both meeting the requirements of AASHTO M 194 and ASTM 

C 494 for fresh concrete properties, were produced each day.  Two 1-gallon samples of POLYHEED 

997 were supplied to TEC Service by BASF Construction Chemicals, LLC.  The air-entraining agent 

used in this testing was a commercially available vinsol resin, meeting the requirements of AASHTO 

M 154-06. 

 

Mixture proportions and results of our testing are given in Tables 1 to 3.  Information and test data on 

fine and coarse aggregates are listed in Tables 4 to 6.  Table 7 contains information supplied by the 

producers of POLYHEED 997 and the air-entraining admixture.  Product information and test data on 

the Type I cement is included in Table 8.  Test results for each of the six batches prepared for this 

report are included in Tables 9 thru 12. 
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Table 1: POLYHEED 997 performance and AASHTO M 194 requirements for a Type F admixture 
 

  
POLYHEED 997 Specification Requirements 

Water content (percent of control) 88 88 (max) 

Time of setting, deviation of control     

     Initial (hr:min) 1:06 -1:00 to +1:30 

     Final (hr:min) 0:54 -1:00 to +1:30 

Compressive strength (percent of control) 

     1 day 148 140 (min) 

     3 days 145 125 (min) 

     7 days 133 115 (min) 

     28 days 124 110, 120* (min) 

     56 days 119 110 (min) 

     90 days 124 117* (min) 

     6 months 124 100, 113* (min) 

     1 year 119 100 (min) 

Flexural strength (percent of control) 

     3 days 110 110 (min) 

     7 days 111 100 (min) 

     28 days 104 100 (min) 

     56 days 100 100 (min) 

Length change (increase over control) 0.010 0.010 (max) 

Relative durability factor 104 80 (min) 

 *Provisional Requirement 

 
Table 2: Mixture proportions, fresh concrete properties, and ASTM C 494 requirements for a 

Type F admixture 

 

Average of Three Separate Tests Control Mixture 
POLYHEED 

997 

Specification 

Requirements 

Cement factor (lb/yd
3
) 517 518 517 ± 5 

Water (lb/yd
3
) 281 247   

Water-cement ratio 0.543 0.478   

Coarse aggregate 1849 1852   

Fine aggregate 1171 1263   

Fine aggregate-total aggregate ratio 0.39 0.41   

PolyHeed 997 (oz/cwt) 0.00 6.50   

Vinsol Resin (oz/cwt) 0.28 0.12   

Slump (in.) 3.75 3.50 3 ½ ± ½ 

Air content (%) 5.6 5.6 5-7 (± 0.5 of control) 

Density (lb/ft
3
) 141.4 143.7   

Time of setting       

     Initial (hr:min) 4:54 6:01   

dev. of control (hr:min)   1:06 -1:00 to +1:30 

     Final (hr:min) 6:34 7:28   

dev. of control (hr:min)   0:54 -1:00 to +1:30 
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Table 3:  Properties of hardened concrete 

 

  Control Mixture POLYHEED 997 

Compressive strength (psi) 

     1 day 1650 2440 

     3 days 2710 3920 

     7 days 3570 4740 

     28 days 4540 5640 

     56 days 4730 5610 

     90 days 4870 6020 

     6 months 5080 6290 

     1 year 5320 6320 

Flexural strength (psi) 

     3 days 505 555 

     7 days 540 600 

     28 days 570 595 

     56 days 605 670 

Length change (%) -0.024 -0.034 

Durability factor (%) 84 87 

  

Table 4:  Properties of fine and coarse aggregates 
 

 Fine aggregate Coarse aggregate 

Manufacturer Martin Marietta, Shorter Vulcan, Lithonia 

Aggregate type Natural sand Crushed Granite 

Specific gravitySSD 2.64 2.63 

Absorption (%) 0.43 0.60 

 

Table 5:  Gradation of fine aggregate and ASTM C 494 requirements 
 

Percent passing 

Sieve Fine aggregate Specifications Requirements 

No. 4 (4.75 mm) 100 100 

No. 16 (2.36 mm) 74 65 to 75 

No. 50 (300 µm) 16 12 to 20 

No. 100 (150 µm) 3 2 to 5 

 

Table 6:  Gradation of coarse aggregate and ASTM C 494 requirements 
 

Percent passing 

Sieve Coarse aggregate Specifications Requirements 

1.5 in. (37.5 mm) 100 100 

1.0 in. (25.4 mm) 99 95 to 100 

0.5 in. (12.5 mm) 43 25 to 60 

No. 4 (4.75 mm) 4 0 to 10 

No. 8 (2.36 mm)  2 0 to 5 
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Table 7:  Admixture information as provided by supplier 
 

 Type F, High Range Water Reducing Admixture 

Brand Name POLYHEED 997 

Manufacturer BASF Construction Chemicals, LLC 

Lot Number 081809-Polyheed 997 

Lot Size 1,000 gallons 

Specific Gravity 1.278 

Solids content (%) 47.5 

  

 

 

 

 

Table 8:  Cement information and test data 
 

ASTM C 150 Type I cement 

Brand name Cemex Portland Type I 

Manufacturer Cemex Cement Company 

Chemical analyses by mass (%) 

Silicon dioxide (SiO2) 20.3 Titanium dioxide (TiO2) 0.36 

Aluminum oxide (Al2O3) 5.1 Phosphorus pentoxide (P2O5) 0.07 

Iron oxide (Fe2O3) 3.9 Manganic oxide (Mn2O3) 0.06 

Calcium oxide (CaO) 63.8 Strontium oxide (SrO) 0.07 

Magnesium oxide (MgO) 1.0 Barium oxide (BaO) 0.01 

Sodium oxide (Na2O) 0.05 Loss on ignition (950ºC) 1.2 

Potassium oxide (K2O) 0.35 Insoluble residue 0.23 

Sulfur trioxide (SO3) 3.0 Alkalies as Na2O 0.31 

Calculated potential compounds as per ASTM C 150-05 (%) 

Tricalcium silicate (C3S) 56 Tricalcium aluminate (C3A) 7 

Dicalcium silicate (C2S) 15 Tetracalcium aluminoferrite (C4AF) 12 

Physical Testing and Results 

Fineness Specific Surface (Blaine) 390 m
2
/Kg Air Content (%) 6.7 

99   minutes Setting Times (Vicat)       Initial 

                                          Final 183 minutes 
Autoclave Expansion (%) -0.03 

Compressive 3 Day Strength (psi) 3737 Compressive 7 Day Strength (psi) 4880 

% Expansion @ 4.07% SO3 (C1038) -0.010  

 

 

 

 

 

 

 

 

 

 

 

 

 



Final Report for BASF Polyheed 997, Compliance Verification Type ‘F’ Admixture          June 9, 2011 

TEC Services Project No:  TEC 06-0570 

TEC Services Laboratory No:  10-233 

 

Page 5 of 7 

Table 9:Yield adjusted mixture proportions, fresh concrete properties, and time of set for three 

 control batches 

 

  Control 1 Control 2 Control 3 Average 

Cement factor (lb/yd
3
) 517 517 515 517 

Water (lb/yd
3
) 281 281 280 281 

Water-cement ratio 0.543 0.543 0.544 0.543 

Coarse aggregate (lb/yd
3
) 1852 1850 1844 1849 

Fine aggregate (lb/yd
3
) 1173 1172 1167 1171 

Fine aggregate-total aggregate ratio 0.39 0.39 0.39 0.39 

PolyHeed 997 (oz/cwt) 0.00 0.00 0.00 0.00 

Vinsol Resin (oz/cwt) 0.28 0.28 0.28 0.28 

Slump (in.) 3.50 3.50 4.00 3.75 

Air content (%) 5.5 5.7 5.5 5.6 

Density (lb/ft
3
) 141.6 141.5 141.0 141.4 

Time of setting   

     Initial (hr:min) 4:51 4:49 5:04 4:54 

     Final (hr:min) 6:30 6:28 6:46 6:34 

 

Table 10:  Properties of hardened concrete from three control test batches 

 

  Control 1 Control 2 Control 3 Average 

Compressive strength (psi) 

     1 day 1640 1900 1400 1650 

     3 days 2710 2780 2640 2710 

     7 days 3500 3730 3470 3570 

     28 days 4530 4890 4190 4540 

     56 days 4640 5150 4390 4730 

     90 days 5130 5250 4220 4870 

     6 months 5220 5260 4750 5080 

     1 year 5550 5660 4760 5320 

Flexural strength (psi) 

     3 days 490 515 515 505 

     7 days 525 545 545 540 

     28 days 555 585 565 570 

     56 days 610 600 605 605 

Length change (%) -0.023 -0.028 -0.021 -0.024 

Durability Factor (%) 84 83 84 84 

Fundamental Transverse 

Frequency, kHz 

Relative Dynamic Modulus, 

percent 
Approximate Total 

Cycles Completed 
Control 1 Control 2 Control 3 Control 1 Control 2 Control 3 

Average 

0 cycles 2.051 2.031 2.051 NA NA NA NA 

46 cycles 1.914 1.895 1.934 87 87 89 88 

105 cycles 1.914 1.895 1.914 87 87 87 87 

149 cycles 1.895 1.875 1.914 85 85 87 86 

193 cycles 1.895 1.875 1.914 85 85 87 86 

235 cycles 1.895 1.875 1.895 85 85 85 85 

277 cycles 1.875 1.855 1.895 84 83 85 84 

330 cycles 1.875 1.855 1.875 84 83 84 84 
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Table 11:Yield adjusted mixture proportions, fresh concrete properties, and time of set for  

  three test batches containing POLYHEED 997 

 

  Test 1 Test 2 Test 3 Average 

Cement factor (lb/yd
3
) 518 517 518 518 

Water (lb/yd
3
) 248 247 247 247 

Water-cement ratio 0.478 0.478 0.478 0.478 

Coarse aggregate (lb/yd
3
) 1854 1851 1852 1852 

Fine aggregate (lb/yd
3
) 1263 1262 1263 1263 

Fine aggregate-total aggregate ratio 0.41 0.41 0.41 0.41 

PolyHeed 997 (oz/cwt) 6.5 6.5 6.5 6.5 

Vinsol Resin (oz/cwt) 0.12 0.12 0.12 0.12 

Slump (in.) 3.50 3.25 3.50 3.50 

Air content (%) 5.7 5.5 5.6 5.6 

Density (lb/ft
3
) 143.8 143.6 143.7 143.7 

Time of setting   

     Initial (hr:min) 6:02 6:01 6:01 6:01 

     Final (hr:min) 7:28 7:26 7:32 7:28 

 

Table 12:  Properties of hardened concrete from three batches containing POLYHEED 997 

 

  Test 1 Test 2 Test 3 Average 

Compressive strength (psi) 

     1 day 1890 2490 2550 2440 

     3 days 3980 4060 3720 3920 

     7 days 4800 4710 4700 4740 

     28 days 5600 5590 5740 5640 

     56 days 5680 5630 5520 5610 

     90 days 6070 5890 6090 6020 

     6 months 6160 6330 6380 6290 

     1 year 6550 6270 6150 6320 

Flexural strength (psi) 

     3 days 540 580 540 555 

     7 days 550 570 675 600 

     28 days 565 650 565 595 

     56 days 695 655 665 670 

Length change (%) -0.038 -0.034 -0.030 -0.034 

Durability Factor (%) 87 85 89 87 

Approximate Total 

Cycles Completed 

Fundamental Transverse 

Frequency, kHz 

Relative Dynamic Modulus, 

percent 

 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 

Average 

0 cycles 2.07 2.031 2.051 NA NA NA NA 

46 cycles 1.973 1.953 2.012 91 92 96 93 

105 cycles 1.973 1.934 1.973 91 91 93 91 

149 cycles 1.953 1.914 1.973 89 89 93 90 

193 cycles 1.953 1.895 1.973 89 87 93 90 

235 cycles 1.953 1.875 1.973 89 85 93 89 

277 cycles 1.953 1.875 1.953 89 85 91 88 

330 cycles 1.934 1.875 1.934 87 85 89 87 
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We appreciate the opportunity to provide our services to you on this project.  Should you have any 

questions or comments regarding this report, please feel free to contact us at your convenience. 

 

Sincerely, 

 

Testing, Engineering, & Consulting Services, Inc. 

 

                                                                

 

 

Anne Miller       Shawn P. McCormick 

Project Manager      Laboratory Manager  
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CHAPTER 1_GENERAL INFORMATION
1.1-lntroduction

Since the latc 1970s. usc of a new class of chemical
admixtu.e has increased substantially in vadous segmcntsof
the concretc industry. These admixtlres are used to
significantly increase slun! without adding more water or
to substantially reduce water content without a loss in slump.
oftcn rcferred to as a superylasticizer. lhis naterial is
properiy calegorized as a high range wateFreducing
admixture (HRWRA) neeting the requiremenis ofASTM C
494 T}?e F or G or ASTM C l0l7 T}?e I or Il To be catcgo
rized as a HRWRA under the requircments oIASTM C.194,
1he admixture must be capable of reducing lhe water
requirement by at least l2%. As orisinally narkered in
Gemary and Japan in the lare 1960s, HRWT{A consisred
prinarily of sulfonated condensarion products of naphthalene
ornelmine.In the ea.ly 1980s, work begd on the de!.lop-
ment of polyacrylate-based HRWRAS (Bradley and
Howarth I 9E6)- These materials and other polycarboxylates
have now begu to fird practical applications in the field
(Okazawa. Umezawa, and Tanaka 1993; Tanaka d
Okazawa 1993j Nrnai, Schlagbaun, and Violetla 1998;

Jeknavorian er al. 199?; Jeknavorian 1 998).
Much infornalion on the !.operties andusesofHRwRAs

was published during the period of their introduction ud use

in rhe U.S. market. The Iiterature included six ACI special
p-blnar,ons brsed oi proceedings olin,emlrionJl tmposiJ
{SP-62; SP-68; SP-119. SP-148i SP-173; SP-195), a Trans-
poriation Research Record (Translortdion Research Board
1979). and publications by the Podland Cement Associalion

(Whning 19?9), CANMET (Malhotra 1977, 1979), and lhe
Cenent and Concrete Association (1976). Textbooks on
concreie admixtures Ramachandran and Malhotra 1995i

Rixon and Mailvaganam 1999) also contain considemble
infonnation on HRWRAS.

ln the early yeaA, problems in using thc ddnixtu.e in
conc.ele. such as a higher-than'normal rate of slump loss,
leading to rhe need for job-sile addidon of lhe malerial,
linited the usc ofgR\lRAs. Under laboratory condiljons,
Mather (1978) reported a lowered resislancc to freezing and

ihawing. Eveniually under laboratory and field condirions,
concrcre containing HRWRAS proved io be at least as

durable as conveltional concrete (refc. to Scction 4.6);
however, ralid slump loss was a problem in some concrete
mixturcs This concem led to the d€velopment ofnew prodLrcts

aimed al maintaining workabilily for longer periods oftimc.
Extended-life HRwRAs were developed in the 1980s,

which inparled up to 2 h longer working life to corcrete,
depending on mixture ingredients and environnental
conditions. This ailowed adding HRWRAS at the batch plant
raiherthan ai thejob siie, reducing wear ontruck mix€B, and
lessening thc ne€d for anclllary equipment such as

truck mountcd admixture lanks and dhpens€.s. The result
was an increase inthe useofHRWRAS in almostallareas of
the concrete induslry.

'1.2-Specilications
Two ASTM specifications include coverage ofHRWRAs.

ASTM C 494 is normally cited when HRWR As a.€ used to
producc conventional slunrp concrete at reduced waler
contcnt. ASTM C 494 describes two t|es: True I. used

when highiange water reductloD is desired within nomal
s€tfing tines; and Type C, used when high-range water
reduction is requircd with a retarded setting time.

whenflowing concret€ is desired, HRWRAS are generally
specified to confom to lhe second documenl, ASTM C I 0 l7.
Flowing concr€re is defined by ASTM c 1017 as "concrete
that is chdacterized by a slunp ercaler than 7- I /2 in. ( 190 mm)
whlle maintaining a cohesive nature." ASTM C l0l7
desoibestwo rypesi Type I isusedwhen flowingconcrele is

desired with normal setting tim€s, and Type II is used when

flowing coocrete is required with a retarded setting 1ime.

Many HRwRAs confonn 1o both ASTM C 494 and ASTM
C 1017, and ACI 318 and ACI 301 require HRwR-As to
confonn to these ASTM standards, as applicable.

CHAPTER 2_EFFECTS OF HIGH.RANGE
WATER-REDUCING ADMIXTURES

2.'l-Generaleffects
HRWRAS can be used in concrete 10 increase slump.

increase strength by decreasing water content and lhe
resultant water cementitious malerial ralio (v/cn), ot ta
decrease water and cemeni content, thus reducinS temlerature
nse and volune change (refer lo Section 4.5). A1l these

results de anainable in a wide va.iety ofconcrete mixtures-
HRwRAs are one ofthe essenlial nalerials in the production
and use of high-perfomance concrele. (ACI 116R deftnes

high-perfo.mance concrete as conffele meeling speciai
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combinations of perfonnance and unifornily requircments
thatcannot always be achieved routinely using conycntional
constituents d nomal mixing. placing, and curing practlces).
IIRWRA, rmororc rhc lic.h d, J hd'dcr cJ Dh).trr1 prclenrc.
of concretc, increasc the effi ciency of construction. and help
to achievc specific dcsign objcclivcs (rcfer to Scction :.6).
IIR\R,A in dD omdcdl\o-s.di 'o,chetpcronr_.c
grouts, monars, and packaged concrete for simila. rcasols.

2.2-Mechanisms
The mode ofacrion for naththalene- or melamine-based

HRWRA dcpcnds on surface chemistry. Thc ncchanism
involves adsorption olthe anionlc pad ofrhe admixro.e at
the solidrrater interface. The nonlola. backbone ol the
polymer is the end that adsorbs onto the cement surfacc,
causing the highly charged hydrophllic end group to be

thnst toward the solution. The net effect is an incrcased
negative charge on the cement grain. Consequertly, rhese

fine cemen! grains r€pel one another (electrostalic relulsion),
thLrs requlring less water for a glven degree of concrete
workability. Wnhout HRWRAS. these fine grains i€nd to
floccxlate duc to lhc lttraclion ofopposiic chargcs adjaccnt
to different padicle surfaccs. Polycarboxylate HRWRAS
provide slgnificanlly inproved cement dlspeBion over
naphthdl€ne- or nelamine'based HRWRAS due lo lheirdl'al
mechanistu ofelectrostatic and slcric repukion. In addition
to electroslaiic repulsion. side chains of varying lengths,
whjch are lomulared to bc a pad of the backbone of the

molecule, physically help kcep thc ccmcnt paiticlcs aparl
allowing water 10 sunourd norc surface lrea of lhe cemcnt

la.licles Gre.lc hindrance) (ohta. Susiyama. and Tanaka
1997; Flatt et !1. 2000; Burge 2000).

2,3-Fresh concrete properties
Chrfre. I cove6 the effects of HRWR-{S on lresh

concr€le in detail. In general. however, concrete sl'rmp is
increased when HRWRAs are added to concrele mixtures
and no othe. changes are made in lhe mixture p.olortions
(Fig. 2.1 and 2.2). The desree of slump increase can be
varied. dependjng on the pufomance requnenenis ofthe
concrere rcquied for various applications. For cxample,
flowirg concrele can be lroporlioned with a slump
capablc of attaining a lcvel surface wilh linle consolida-
tlon effort fron the placcr (Fig. 2.3). Florving concrete
shoutd be adequately colsolidatc4 with or without vibEtion,
in accordance with ACI309R.

High-slump or nowing concrete can offer an advantage
in the ready-ftiled. lrecast! and prestressed conffete
industries. The concrete's abiliry to flow easily is especially
benefi cial in applications involvlng areas of conge$ed rein-
forcing steel, special fom linings, or trubncnts where the
embedments obstrucl concrete placement (Fig. :.,1). The
flowing characleristic is also advanlageous for itling deep
fonns because ihe flowabiliry lacilitates consolidation
aiound the reinlorcing or prestressing steel. Flowing
co.crete. when placed rapidly, can increase lhe p.essure on
fomwork. Tlerefore, lhe fornwork may requjre addftional
strengljrening (ACI 347). Flowing concrete is used in

Fie 2.1 I itidl cancrete slunp bejbre the addilion af
HRWRA.

Fis. 22-Slunp aliet the addnian of HRWB:A.

Fig.2.3 Flating conctete prcduced \|ith HRtfLA.

flalwork and foundations where it can imlrove lhe rale of
placenent. In general, flowing concrete can reduce cosls of
placing, consolidation, and finishing concretc $ed in flat
work and foudations (Zunno and Henry I 982).
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2.4-Hardened concrete properties
( hrtl.r .1 coves thc €ffects of HRWRAS on hardened

co.crete in dctail. In general. however, HRWRAS can be
u.cd _o red'tr e rhe sa.c-.onrcnl oi.on.rere. rhL. Je(rec.inC
rhe " r,,. ql rcl de.rcJsc. p-'.c poro\:D d d increo5-.
strcnglh. High+trength concrele is used in nany applicaiions.

among thenr high{ise conmercial buildings, high st.enslh
prestressed beams and slabs. imprcl-resistant struclures, and

offshore struclues. A low r,/.n is also beneficial in
specially concretcs, including lhe following:
. Low-penneability concrete mixturcs uscd Ib. bndge

. Siljca-fume concrctc used 1lJ obtain very low'penre-
ability and very hieh-strenglh concrete ln structures,

such as parking garages, wh€re they prolecl r€inlorcing
steel from conoslve delcjng agents; and

, Various grouts and prepackaged concretes used for
repsir and rehabilitation.

Duc to the dispersing effect ofHRwRAs, more cenenl
Lr,.-c dred ., dr3rlJole Io. )drIion. rhcrelol 1.rcr,irg

cenent efticiency (Bury and Chrisrensen 2002). increased

cenent efficiency rcsuits in higher slrengih ar all ages at rhe

same cemcnt and waier content.

The ntc of strength developmeni in flowing concr€te

containing a HRWRA is egul io o. geate. than th.l of
low'slump concr€te. asming the same 

"/cn 
in each mii(tur€.

Flowing concrele mlxtures are proportioned to tulfill both

convention.l strcngth md hiel-sb-englh (6000 psi I:11 MPal
and gredter) requjrehents (Nnai and Violctta 1996).
Applications .equiring workable high-strcngth concrcle
with low watcr content include slructural elemenls that are

€ither thin or congested wiih steel. conduil. pipe sleeves.

olher enbeddediiems. and bo{ours (ACI309R).

In addition to reaching high rLllimale slrenglh, concrele
wirh. HRWR A and reduced v/ca exhibits strenglh greater

than normal'strength conc.ete at allages. This chalacteristic
is desirable in precasting operations whcre early form
stripping is needed.

HRWRAS can rcduce both water and cement conlents.
pemitling the xse olless c€menl wjlhoul reduclng strcngth.
Cost sxvings from the .educed cement content depends on

the relativelrices ofcenent and HRWRA.In mosi cases. the

drecl economr oencfir' fion cearen reoucrron' r'c nino,.
although the indired benefits lo ihe contractor or owner,
through pasle reduction. may be significant. Fo.example. an

application may need lower heat rise or drylng shrinkage
(refer to Scclions 4.+ ard.1.5) wilhout changing lhc slump or
r'/cD and, therefo.c, str€ngih. Such concrete is desirablc for
use i! massive sections because ofits reduced te.dency to

crack when il cools and dnes.

2.5-lncrease in the efficiency of construction
When IIRWRAS are used to increase slump, reducc .tr.

or borh. lo-r Een.rr. b<relr ro he co' cre,e colJrucr,or

. Increased pn(f ctitity-fasler placing. finishing. aid
stripping of fomrs;

. Reduced eElipneht .os^ inc.eas€d use ol foms.
reduced pump pressures, fasler tumaround timc of
conc.ete trucks. and reduced vibrationi

. Re.lu.e.l nateriah .astr-reduction in cement contenl
or use olrcgular cement instead of high early ccment.
rnJ u e ol aore (onnon ) J\ ,rbb'e d d tr* e\per .r'e
cementitious material: and

. lnprated qMlif-increased cenainry that concrere

will meel thc design specificatioDs fo. st engh, durabilily,
dimcnslonal lolerance by reducing volume change, and

appcarance.

2.6-Enhanced design and engineering of
concrete structures

Engineers and archltects use high pcrfomance concrete.

often nade possible by the applicdtion of HRWRAS, to
achieve specific dcsign objectives: longer spans, smdller
columns, morc usable space. flatter slabs. thinncr scctions,

reduced maintenance. longer service life, improved
appeamnce, and architectual fl exibility.

CHAPTER 3-EFFECTS ON
FRESHLY MIXED CONCRETE

3.1-General
The addilion of HRwRAto concret€ has many potentially

beneficial effects on freshly mixed concrete, such as hisher
slunp wirhour addlional waler. lowe. w/c4 ai equivalenl
slumps. and improved workability and pumpability. Job-site
problens lhatmayoccur include rapid slump loss, increased

lime of sening, segregation, or blccding. Early identifi cation
of thcse problcms is accomplished by licld tial balches.
Thesc problcns can then b€ avoided by field t.ial batches

rhal will reflect job site condltions more accumiely than

laboratory testns, allowing potential problems to be

conected belore concrete is used on the project.

3.2-Waler reduction
HRWRAS are ofien uscd to .educe the water content of

concrete while mainiaining the same slump. HRWRAS
should be capable ol reducing the water requirement by at
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least 12%. blt some canreduce the walerbymo.e than 30%
at a given slump. At lowerdosages, HRWRA may impan lhe
sane waler reduction as can be achleved wilh T)?e A water-
reducing admixtures (ASTM C 49,1).

3.3-Slump
whcn anHRWR{ is added to concrete ar a conslanl water

contentj lhe slunp increases the higher lhe dosagc of
HRWRA, the higher the slump. At very high dosage rates,

usually above the manuladurefs recommended dosage

range. the affect oladdjilonal HRWR A plateaus. providir-s
no additional slumr increase. The dosage of HRWRA
requiedto produce flowing consistencyvadcs deperding on
the cement characierislics. initial sltrmp, r/1,r. lemperature,
lime ofaddition, and concrete mixture !ropo.tions.

Thc rate ofslunp ioss of concrete (Meyer and Pcrenchio
1980) can be affected by rhe chemistry ofthe HR\\.R{; the

dosage used: lhe simullaneous use of an ASTM C 494 T}?e
A, B. o. D adnixtue; lhe amount, ry?c, and brand of cementj
the watcr conten! and the concrete temperature. These factors
are not the only ores afibcting slump loss, but thry are lhe
faciors that can typically be conaolled by the uscr. Ambicnl
tempemture can aho have a dramatic elfect on the mte of
slum! loss ofconcrete. The common beliefthat all HRWRA-
treated concrele rapidly Ioses wo.kability is not tnre
(Collcpardi and Conadi I 979; Ramachandran et ai. 1998).

More recenr HRWRA products extend thc tinc bcfore
slump loss. allowing batch plant addition and maintaining
setting tine charactcristics similar to nomal conc.ete while
prdlc nJ a highlr pl$ri. rnirrure dr a oL x .,, rC. em($ ig
1988i Collep.rdi and Coradi 1979).

Both spccifications for HRWRA (ASTM C 494 and C
1017) discuss slump loss but neirherrequires tesrs for slump
Ioss. An adnixturc that meets the requi.ements ofASTM C

49,1 does nol necess.rily have the s]!mp life thai would
pe-rir Darch plJnr "ddi'.on. Ac a re.Lh af dd\anLes rn

HRWRA technologyand the nunerous prodlcts available. it
has bccome advantageous to describe these products not
only by the rcquirements of ASTM standards bul also by
whelher the HRWRA can b€ added at the job sire or at the

When early g€nerations of HRWRAS are added at lhe job
site, the concrer; will exhibil, after a time period. moderate to
rapid slump loss and nomal or retarded initial setling
characlqistics. Gencmlly, thc highc. thc dosasc ratc of
HRWRA, the lower the rate of slump loss (Ravina and Mor
1986). Eachproducl however, has an openting range beyond
which other propedies of the concrete can be afitcted. Ifthe
dosage rate is increased beyond this nnge as a means of
firnher lowering lhe de ofslump loss, the results can include

changes in initial'setting chamclerisllcst segregalion, or
bleeding. HRWRAS should only be used in accordance wilh
the ftanufactuer's recommended dosage range.

Some HRWRAS added at the batch plant will extend
slump retention in the concrete (Collepardi and CoEadi
1979), along with eirhe. relarded or nonnal inilial selting
characteristics. The diffelEnce in p€rfornance does not indicale

that one product is better than another, but that certain

products nay be more alpropriate in sone constructlon
situations ftan in others.

The chemlcal composition ofcement can also alfcct the
perbrmance cqdracrcrisri-. o[ .orcrele conl"inine an

HRWRA. This is not to say that an HRWRA will not wo.k
wilh a certain t?e ofcehent. but lhat slump loss and othcr
characterjstics can be diflerent. forexample, T)?e I and Type
III cemenls q?ica1ly contain more tricalcium alunrinate (ClA)
llEn T)Te II and Tlpe V cements. Because ofthis, concrere
made with Type I and T}?e III cenents may exhibit nore
npid slunp loss. Dosage rates to achieve a given slunp may
aho vary between different types ofcement-

Concrete temlerature is another important factor that
should be considered when using a HRWR{. As with all
concrele, the higher the corcrete tcnpcnture, the nrore mpid
the slump loss. This efcct can be minimired in different
ways. One way is to choose an HRWR-{ that confonns to
ASTM C 494. Type G, or to add a retarder Tne B or D to
the concrere in addition to lhe HRWRA. The retarding effect
can be beneficjal i! reducils ralid slump loss. Also, an
HRWRA specifically fomulatedto minimize slump loss can
be added at the batch plant. Followine hot weather

concreting proccdLrres oullined in ACI 3 05R wiU also reduce

slump loss causedbyhigh concrcte temperature.

3.4-Time of setting
ASTM C 494 and C I017 specjfy the performance ffiteria

required for chemical admixtures. One criterion is the time of
iniridl ,cI rB. AcTV ( 404 req.,ire. rhdrcol.rere conLaininJ

TlTe F HRWRA, and ASTM C l0l7 rcquires that conctele
conlaining Tlpe I HRWRA reach the time of initial setting no

more than I h before or l-1/2 h after that ola refcrcnce

concrele of similar slum!, air cotuent, and temperature.
Corcrete with rctarding Type G or T)pe lI HRWRAS musl
reach its time oflnitial setting at lcast I h afier, bul not more

lhan 3-1/2 h after, thc initial sehing time of the referelce
concrete. Both slecificaijons requie that these criteria n.ed
be met only .t onc dosage rate, not throughoui rhe entire

manufacturer's recommended dosase ranse.

Most manufacturers ofHRWR {s recommend a padiculn
dosage range for their product. Adhering to the reconmetded
ran€e does not necessarily mern the product will meet ihe
lequirenents of ASTM C 494, Type F or Tyle C, or
ASTM C 1017, T}?e I and II, rhrodghout this ranCe. This k
especially rue fo.1he inirial lime ofsefting- In most cases.

rhe higher the dosage rate of HRWRA. the greater the
retardation of setting rime. Manufacturers shouid provide an

acceltable lange of dosases because these products are used

ln a variety of situations and climatic conditions.

3,5-Air entrainm€nt
Numerous tesls have been conducted to study the influence

of HRWRAS on air-entained concrele, which is used to
resist deicer scaling and danage from freezing and'lhawing

c)cle5 trefe- ro \ccr on -ol. lhe dir con'enr .ha. dn a -

entraining admixture is able io produce delends on the 4?e
and composition of HRWRA being used, the slunp before
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and afler lhe addition of the HRWRA, and the concrere

Most tesrs have sho\rn ihat rhe air-void systen of
air-entrained concrete is altered by the addition ol an
HR$RA. TFically, the air void spacins is greater than the

recoamcndcd \drre ,er b) ACI 201 2R lhr, cpa!,ng h
caused by an increase ;n thc avcrasc bubble si,e and a

decrease in the specific surface compared with a;-entrained
concrere w. ho-r ar HRWRA (reter ro (L.riun ri,.

3.6-€egregation
Segiegation in concrete is thc separation ol mixiure

conlonents resuhing from differences in thei larticle size or
density. Segregation in prolerly propo.tioned concrete does

not nomally occlr when a HRWRA is used as a water
reducer. When lhe adftixtues are used to create flowing
concrele, howevcr, segrcgation can occur ifprecautions are

not taken. Both improper propoftioning and inadequate

mixing canresull in localized excess fluidity and segregrtion.

whilc propofiioning dcficicncies might not be apparent in
relahvely low slum! concrete, the higher slump offlowing
cotrcretc accentuates these deficlencies and can cause

segregation during handllng. One way io ensure propcr
proponioning iS to increase the quantiry offtc smaller sizes

of coarse and fine aggregate. and consider rhe combined
rggregate grading. ACI302.lR recommends thatbelween 8

aod I E% lbr ldse maximum s;e assrcgatcs (such as I 'll2 in.

[]8. I ]ml) or 8 and 22% fo. smlller maximum size assresrt€s
(suchas I or3/4 in.125 or l9 mml)beretained oneichsieve
below the naxinrum-size and above lhe No. 100 (150 Fnt
re\e | -der rdedl cordr on,. rhe cox^e Jgg'FCs e i.
iJipended in d.ole.^e nod"r'har 1i-imizes.egregdlron.
Adding nore admixture or warercan dramarically reduce lhis
cohesireness, r€sulting in increased bieeding and segregatjon.

3.7-Bleeding
Bleeding is lhe process by which solids sexle in fiesh

concrele, allowing some mixine waterto rise to the surface.
In conc.ete where an HR\\.RA is used as a water reducer. the

bleeding generally is decreased because ofthe lower water

conient. Ramachandrrnand Malhotra (1995) verified this lor
concreie conlairing Types I,ll. and V cements.

The use ofan HRWRA to inqease the slump should not
cause increased blceding in a properly proportioned

concretc. Ifunacceptable bleeding should occur. it nay be

reduced by limjting the tylcs of admixtures used inconcrete
made wilh a HRWRA. Admixrures fomulated wirh
hydroxylat€d cdboxylic acids, for examplc, tod b increase, io
varying degrees. lhe bleeding tendencies ol concrere

containils HRWRAS (ACI2l2.3R). Bleeding can be turther
reduced by incorporaling the same measures as those used
io reduce segregation. Field lrial batches should be made

to deternine the mosl suitable materials and propo.tions
thai wili provide a mixture having accept.ble bleedlng
characteristics for the projecl conditions.

3.8-Pumpability
Pumpine is a common nelhod ofplacing concretc at the

construction si1e. A smali amounl (1 lo 2 jn.) ofslump loss
rlrough rhe pump Lne h comnon ior an) concre e. L\ce,rr\e
slum! Ioss cin stem from a variety of factors, ircluding
proDorliorirg. dgp eeare poro.i+. los. ol air enn"inmclL.
degndalion of a8gr€gat€s, cl;nalic condilions, and inadequate
pumping equipmenl. When pumpability becomes a problem.
adding water ro the concrete should no1 be considered an
acceptable solulion. Besides lowering the qu.lity of
concrete.lhe addition olwaler dilutcs thc norlar. Pumping
pressures catr ther push mortar ahead ofthe co{trse aggr€gate,

causing a pumpline blockage.

Sever.l oplions for solvils punpability problems havc
been used successfully:
. Modify the mixture proportions, giving panicular

attention to the cemcnt content, the fine aggregate
content, and use olpozzolansi

. Use larger and nore powerful pumpsi and

. Punp tom one puml ro anorher {.u! ngrbeaore dn\ing
at the final poirt ofplacement.

Addrrg a HR\\ fuA.-- tro\ rde ,n ecoronic"ldIenari\e
ro r\c dbo\e of'rons b) .igrificanrl) lo$ennB rhe pumping
pressure requirement and incrcasing pump efficiency. Thc
addition of a HRWRA may rcduce lunp prcssurcs u! to
35% for nonnalweight concrele, and by l0 to 20% for lighr
weight concrete (Kasami,Ikeda. and Yamane 1979).

CHAPTER 4_EFFECTS ON
HARDENED CONCRETE

4.1-Comp.essive strength
'I l'e p, i"ryelle. r.olHF$ RA.on conc-erecomlre.n\c

strength are derived from their eflect on lhe w/.n When a

nonrctarding HRWRA is used to lower water requirements
.t lhe sdrne slump and cemenlitious malerials content, the

'e:ulrrrs 
dcLreJ c in qtu {ill 

".gnif,canrl} inc e,.e
conc.ele stienglh at all ages. If mixtures with the same ,/cn
are compared, those conrainjng HRWRA exhjbit a sliehr
increase in strength because of the cement-dislening effect.

Use.s ofHRWRAs should choose the,/.u based on the
estimatcd cotrcrete strength using merhods descdbed in
ACI2ll.1. This estimate willbe consenative because ofthe
cenent-dispersing effect of HRWRAS. Data should be

developed on v/.u veBus strength for actual materials used
on eachjob. Thesamedatacan ako be used to deteminc lhc
influence of the adftixture on rhe rate ofconcrete strcngth
developmenl at early ages. The changes in early strength
resulting fron the use ofHRwRAs can be improved if an
acceler.ting formulation is lscd in combinafion. Where a

HRWRA is used to increase streryth by a reduction in v/.n,
rhe early strengthwill i'crease becausefie potential saength

Because of their effectiveness in reducilg the p/.u,
HRwRAs are helpful in producing concrete with
comp.essive strengths greater than 6000 psi (41 MPa) at
28 days and are esseniial in achieving stengths that
exceed 10,000 psi (69 MPa).
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4.2-Tensile strength and modulus of elasticity
HRWRAS in concrete will aflecl the tensile strength and

modulus of elasticity in the same way they affect thc
conpressive strenglh. HRWX-{S do not alter the relationshlp
between comlressive slrenglh and lensile strength or modulus
of elasticity. Mcthods for estimating the lensile strengrh ard
modrilus ol elasticily based on compressive str€nglh are the

same as thosc uscd fo. concrete without an HRWR?,.

4,3-Bond to reinforcement
The bond strcngth ofconcreteto reinforcing steeldcpends

on concrete strengrh. degree of consolidation, blecding and
seltlemenl. and tinre ofsetling. When thc r/.n is reduced
wjth lhe use olan HR\\R A, aU of the lropedies oflower r/.n,
including increased bond strength, are met. Flowing
concrete contaiDing an HRWRA can have the sanre bond

strength as lower slmp concrete wnh an equal xtcrr.
prolided the concrete is vibrated, sets normally afler
consolidalion, and exhibits similar conpressive slrengih to
conventional concrele. If any of these condjiions are not
satisfied. however, a reductlon in bond strength can occur
(Breltmann, Da in. and Donahey 1986). Flowins or lowcr-
slump conqete that is nolproperly vibrated can significantly
decr€asc bond st.ength, as conparcd with lower-slump or
flowing concrele lhatis properly vibrated. Flowing concrete
can significantl] incrcase bond shength as compared wilh
lower slump concrctc ihat is not lrolerly vibrated. Proper

consolldation around reinforcenent is more easily achieved
with flowing concrete.

4./t-Temperature rise
The tcmperalure rise ir concrete duc to heat ofhydraiion

is no! significartly affecled by lhe addition olan HRWRA,
unless the amounl or composilion ofthe paste is changcd- A
small change in the lime a! which thc leak concretc
remperature is attained ca! occur due to the increased
cement efficiency due to the dispersing effecr of HRWR{. A
decreas€ in temperature rise can result when HRwRAs a.e

used to lower the cement conlent.

4.5-Drying shrinkage and creep
Laborarory .'L,dre. indrclre,t.r !RwRA, mJy In.rea5e

concrete drying shrinlage at a given r/cn and cenent
conient (given paste content) (Whiling 1979: Gebler 1982).

The drying shrinkage ofconcrete shouldbe less than thal of
a concrete mixurre nade 11,ithout any HRWRA, if there ; a

simultaneous reduction in cenent conlent and u/4u when
the HRWRA is added (Tot-uda et al. 1981i Martin 1995).

There a.€ limils io the simultaneous reductlon in cement
conlenl and v/cn. and ih€refore water content. consistent
with naift aining workability.

lf dryin-s shrinkage o! c.eep is a critical factor for the
st.ucture being bulll, the shiinkage (ASTM C 157) and creep
(ASTM C 512) shoLlld be measLred beiore rhc nixture
proportiors are finalized to ensure tlut lhe desired value is

4.6-Freezing.and-thawing resistance
Concrete containing HRwR-{s cxhibits a grcater dcglcc

ofresistance to freezing and thawlng and deicer sali scaling
ifthe r/cr and air-void syslem are ihe same, compared with
well-consolidated concrete without HRWRA (Lukas l98l).
Resistance ofthe conffete is further improved if fte r/.h is

decreased Geducing pemeabilit]).
A spacins faclor of0.008 in. (0.20 n1ln) or tess -qenerally

is needed in hardened concrete to be reslsiant 1() freezing-
andrhds:nq clcle5. Some HR\RA c"uce bubble spa..19
factors l. higher than generally considered necessary to
produce concrele lhat wiil resist damage from freezing and
thawing. Concrele made with t{RWRAs with spacing facto.s
of0.l0 in. (2.5 mmi or higher, however, were lound to be

highly resistanl to freezing and thawing (ACI2l2.3R; Peren-
chio, Whiting, and Kantro 1979i Kobayashi et a]. l98li
Okada et al. l98l;Robeas and Scheiner l98l).

4.7-Durability
When HRWRAS are used to lower ihe r'l.n. lhc concrcte

pcrTcab,l r) r, dccreo\ed dd ('encth increa.cd. incre"silC
ihe durabihy of rhe concrete. Concrete treated with an

HRWRA has a resistance to chloride lenelralion similar o.
slightly higherthan that of nont.eatcd concrcle with a similar
r,/./. Whcn used to reduce the w/c,,. HRWRAS increase the
resistance of concrete 1o the ilgress ofchlorid€s, reducing
the potential for corroslon (Lukas 1981; Gebler 1982;

Swamy 1989). Resuhs indicate that there is no substandal
dlfference in suifate resistance behveen concrele treated with
an HRWRA and a nontreated reference concrele at a similar
v/.n. Wh€n an HRWRA is used lo reduce the p/.m of
concretc, thc sulfale reslstance is nlch higher (Collepardi
and Conadi 1980).

CHAPTER s_TYPICAL APPLICATIONS OF
HIGH.RANGE WATER-REDUCING ADII'IXTURES

5.1-General
Concrete containing HRWRAS can be used eflectively to

satuly a vdety ofprcjeclneeds. Conc.eteproducers can use

HRWRA, ro increa.e slunp s irloJ' addirg {drer. irD.o\ e

ihe efficiency of ihe cement. and help ensure the required
concrele slrength levels. concrete contractors can use

flowing concrete to e3se placing and consolidating and to
speed placement. In addition, the contraclor may be able to
redirce crew siz€ and speed up lhe conslrucdon cycle, ihus

5.2-High-strength concrele
High-strenglh corcrete is defined as having a specificd

compressive strength of 6000 psi (41 MPa) or greater

1ACI ll6R). The r/rn can ranse from 0.25 for 56 day
..rcn8Lh. rr etces, ol12.000 p.. r83 VPdr Io 0.40 for some
6000 psi (.11 MPa) mixtures at 28 days. Important factore
for producing high-strength concrete include: good
strength-producing prop€rties oflhe cenrentt low v/.Di and
strong, clean aggregates that are properly sized and graded
(ACI363R). The gradins and size ofassresates ee dictated

by the tlpe of placing nethod used and the sjze and
conges{ion of rhe sauctural member being constructed.
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Fis. 5.1 Testihg the sptead flow of &U:cansolidating

When the '/cr is below 0.35, HR\\RAS are ofien added
r, ihe p anr ro ensure \onaol ol,he $ drer and rhen a€drn rn

fte field for placins purposcs. For exanple, ifa nixture has

d u . 4 of o.Jl and " rd\irun $cler conrcnl or 250 lb !d
(150 kg/mr), a moderate dose of HRWRA can b€ added at

the plant to lroduce a 4 lo 6 in. (100 to 150 nm) slump.

When the coDcrete is hnsported to th€ job site, a second

dose of HRWRA can be added to achieve the slumprequired
fo. pumping or othcr b?e of placement. This two step

method ofadding an HRWR-A re$lts in less r€ta.dation in
sehjng rime and is paticularly usetul when the concrete is
placcd i! slabs thatwill be finishedby trowcling. Orher b?cs
ofapllications may not requiJe the sane two step addition
method. When concrete is beins placed in colunns, the

dosage ofHRWRA added at the baichplalt can be sufficient

io elsure the specified slump at thejob site and eliminate the

need for a second dosage at the job site. For instance, the

concrete may have a 9 in. (230 lm) slump at the batch plant

and nay nol require additional admixture. unless construc-

tion delays and slunp loss occur.

5,3-Precasup.estressed concrete
The benefits ofusing HRWRAS for low p/.n, eariy stren$h

sain, ease of placeme't, .nd rapid folm cycling are clearly
recognized by the prccasrprestressed concrete irdustry.
Precdr unils often have architectnral dctails that require th€ use

of high-slmp concrete, but lhe concrete should aho gain

stren$h qoickly to pemit early forn $ripping and tumaround
tines. tncreasing the slnmp ofconv€ntional concrele by adding

water will slow early strength gain and delay fom strilpins.
llowins concrete made with a HRWRA provjdes high slump
plus the strength gain rate needed for early fom r€moval.
The use ofan HRWRA to produce self-consolidaling contrete
(Fis. 5.1) with tne same or a lower /./ than conventional

concrele can fiLnhe! inprove placing and production efiiciency,
reduce lhe need to rep.ir surface defects, and reduce or
eliminate heat-cuing requirements for precast concrete by
acceleratine strength gain (Co.mdi et al. 2002).

5.4-Architectural concrete
Archiledural concrete is pe.manently exposed to view and

derefore requires special care jn the selection ofthe concrete

materials, foming, placing, and finishing to obtain the

desired architectural appeararce (ACI I 16R). Architeciural

concrete is designed to presenl a pleasing and consistent

appearance with rninimal defccts. The concrete should
leflcctthe fomed surface as nxch aspossible. Theconcrete
nixture shoutd be unifom and workable. without abnomal
stickiness to formed surfaces that tends to cause bugholes

and oth€r defecls either on the exposed surface or slightly
below it. An HRWRA can be added to architectuflil concrete

mixiures to indease their workability. The oltinun propor-

tions ard vibration methods with given maier,als should be

dctcmined by conslructing samplc panels. Vibralion needs

vary with the naterials used in making thc concrete. When

an HRWR-A is xsed in archirectural concrete. it should be

used ihroughout to achieve colorunifomjty.
The formrvork for flowing architectural conffele

containine HRWRAS can be subiected io SIeater lressures
rhan iiom convenlional concrete mixiues. These pressures

can be countered by using fonns lhal are strongcr than

nomal and by sealing fom joints and tie holes witl ruterials
lhatwill hold fast under high form pressures. Failure lo take

Fecautions against the high pr€ssures can result in form
blowouts, fonnleakaee lines, and sand streaks.

s.s-Parking and bridge structures
Parkins and bridsc structures, due to lheir exposure and

service requirements, oilen requ;re low /.m; Iow penne-

abilily; and air entrained concrete that is properly placed,

consolidatcd, finished, and cured. with HRWRAS, easily
pumpable or placeable concr€te can be proportioned with a

/.m of0.40 orlower. Minimizing voids byprolerly consol-

,oaflng 'le con.Trc $hrle fdrrr3rning a4 adequale arr

conlent throughout the concrctc, especially lhe top suiface,

is exlremely important. The mixtue should not exhibit
excessive bl€cding or sesresation.

With any concrete, whether it contains HRTiRA or not,

overfinishing lhe surface should be avoided bccause lhe
procedure can reducethe airconteni at the su.face- Evapora'

lion relardants are conrmonly sprayed on thc surface of the

freshly placed concrete one or nore timcs duntg finishing to
p.cvent plaslic shrinkase cracking. If plastic shrintase
dacks develop, thcy can aUow deiceB to more easily

lenetrate the concrete. Properiy proponioned concrete wilh
an HRWRA can better resist the ingress of chloride ions tha!
conveniional concrcte of.qual t/cu (Lukas 1981) bccause

of lhe reduced penneability associated with lhe increased

cemelt efficiercy. ft is important that concrete placed in
parklng structures must be properly cured because concrete
peneabiliF/ car be zd\ehei) dffe.Ied b) rmbrope' curing
practices (ACI308).

5.6-Rapld-cycle high-rise projects
Rapid cycle high-rise prcjects de structures with repetitive

floor placements where lhe speed of construction ls essennal

lo the success ofthe project. The choice of I corcrete'fnme
building over a steel fralne building is often made wilh the

expectation that the speed of concrete construction will be a

najor econonic benefit- For adequate safety during

ACICOMMITTEE REPORT
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construction. most rapid-cycle high risc projects .cquire a

conciete str.nsdr of 3000 psi (21 l,{Pa) ai l, 2. or 3 days,
wh.! suppoding fonnwork is removed.

l .oNn con. erc F oiren u ed or r-Drd \. c1. p-oJcc...
Because i]owirg concrcle, made rith a IIRIVRA, produces

incrcascd early strengths and can be pumped o. other$is€
placed rapidly, the finishing olemtion can uN.lly tale pl.ce
during rcguldr wo*ing hours. The flowing concrelc should
have a !/.m that is low enough to ensurc €arly strcngth
dcvclolnent. Concrele conlalning a HRWRA uses cemenr
more cfficicntly snd salisfies the requirements of rapid-cycle

lroj€cts extr€mely well. The lorver rt.ri achieved lvith
Hc\fuA, prod--c\ lhc l,:Bhe per.en.ge .r.rcd.e in
.,,19'h a' ecr.) a9... ln cold sedrher. a noncoflo'.\.
nonchloride ac.elerator or Type III cenent can be used in
combinarion with the URWILA to offsel dre effect of low
renp\ ntuF\ on rn 'ir .d'ine a.d c--l/ .rcngrh sd l

5.7-!ndustrialstabs
industrial slabs are subjectcd to larying dcgrees ol

vchicular traffic thal place special denands on the concrete.
An HR$iR-A is very helpful in producing concrele that can
be propo ioncd and easily adjusted 10 acconmodate placing

andfinishing opcraiions while naintainlng lhe quality ofthe
h.rdened con' "erc. \{ hcn fir i.l .B:' oI-o -cr. rlc ri\r .re

proportions should be based on prope. asgregllc sradation
and a minimum dmount offines. An on-sile trialplacenenl
should be conducrcd to ve.ify ftat ihe concrete finishcs in an

accett.ble manner. An HRWRA nay hclp achicvc desirable

slab clnmcteistics, including flatness ed levclnesstolenrccs,
equal to or less than lhose specified, achievebent of the

specified compressile and flexurai strengths, good lo
excellcnt abrasion resistance of the top surface, and a

minimnm ofcncking and curling.

To redrcc .3b . r.rl"-e. rle clJngc ,ho-ld nrnrni/c
water content while allowing optimun1 siump forthe mcthod
ofplacenenr ro be used. For sirips 25 ft (7.6 n) wide or lcss
that dre llaced direclly from lhe ttuck mixer and finished
$,ith a vibfltlory screed, an inilial slump of2 to 3 in. (50 to
75 mm) may only Decd to be increased 10 6 in. (150 mm) by
adding an HR\\.RA. For widcr strips, morc difficult access,

or when the placement method involves pumping, the

HRWRA dosage canbeilcre$ed toproduce a higher slunp
without altering other mixlure p.oponions. The HR\RA
dispe6ine effect is physical in nature and aulis in prediddblc
water reduction or slum! incrcasc ud sciting time. The alpro-

lriate mixtur€ wiih respect to wo*abili6,, finishabiliiy, ald
rines of s€tting should bc discussed and resohed al a precon-

slruction meeting after a successtul trial slab plac€m€nl.
\Llcertll riJ floors ,nould f"\e urrotr .errg chrarens
tics and be pl.ced within a + 1'l / 2 in. (38 mn) slump variation
for thc entire !.oject, based on the concrete contractor's
requnemenB. Afrer the proposed mixture propodions have
been approved, thc schedule, placing. consolidating, and
finishins procedurcs canalso be finalized.

Crackjng and curling are related lo water conient, /./.
andthe homoge!€ity oflhe concrete mixture. Because a slab

normaily experiences water loss due to evaporation only

[ig. 5.2 Heail! reinJbrretlnuss co crete.

Jiom the top surface, x develops differential shdnkagc
betleeen thc top and botton surfaces, which le.ds to curling.
Adding an HRWRA pemils dre use oflower vater-content
con$ele lhal bleeds and curls lcss (Whne and Phelan 200?).

5,8-Massive concrete
Concrele sections that are 2 ft (0.6 m) thick or -qrcatcr

present problems in placement, consolidation. selting timcs,

ledr generdr.or. .l-nnkJdc. an.l .r3.krng. C(Te rr ioL'

material and waler content should bc minimized io reduce
'e.r ge_crJron rnd volunle !' ,-ee c .hr 'dnc Lrnc.
sufficient workability is nccded to pennit prop€r concrete
piacement and consolidalion in large seclions where r.inforce-
menl can be closely slaced (Fis. 5.2). Flowing conc.ele
conraining an HRWR-A is well suited lor this use. Elen
though water reductions in lean mass concrete may not be as

high as those for richcr concrele, the use ofan HRWRA is

beneficial. Flowing concrele produced wilh appropriatc
serting times can be placed faster and with felver problems

related 10 cracking. imdequate consolidalion, or coldjoinls.
Fo. cxanplc, an 8000 yd3 (6000 mi) mar, 5.5 ro 7 f1(1.? to
?.1 n) ihlck, was successfully placed in 13'l/2 h usins 100

trucks on the International Crcssroads prqect jn lvlahwah,
N.J. Some l0 ydr (8 ml) trucks were djscharged in lcss than

a minute (Constructlone€r 1986). This speed of discharge
and ease of llaccnent improves lheprobabjliry olsuccessful
nassive concrcle placemenis.

CHAPTER o_QUALITY CONTROL
6.1-lnlroduction

Qud.'t)-conto proced rcs lor cor.rere conrd lino d'
HRWRA are an extcnsion of procedures eslablished for
convenlional concrcte. For boft rypes of concrete. esrablishcd
procedures should ensure that the lollowing areas a.e

ad€quately addresed:
. Personnel lrailin-s. including ACI certificalions

alplicable to the task and laboralory conpetence
including accreditadoni

. Selectionofmateriah, includjngmatenahcompatibility:

. Mixture proportions, including rrial htches 1o demon$rate

field perfonnance i

' Storage ofmaterials;
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FiA. 6.I -Job-site bulk adnfttur.-.litpehsikg slsten.

. Plant equipnent, including concrete nixer €fficiency
and €ffectivcness:

. Balchinc, measurins, and mixing ofrnat€rials;

' Dclivcry equipment:
. Deliverycoordinationr
. Placemenr and consoiidation:
, Finishins;
. Protection and curing; and
. Esiablishment of a quality-control and qualiry-assurance

systen (ACI3l l.4R and ASTNI E 329).
Dependins on the aplllcation and desired resulls, sevcral

qualiry-control arcas rcquire addilional attention to €nsure
acceplable concrete perfomance is attaincd:
. r/.,i (Section 6.2);
. Slump control (Section 6.2);
. Air conleni control (To atoid excessive loss of entrained

alr durins mixing or placement, lhe proper sequence
. orlo be e.ldbliihed for addrng rhe aiFen rcinrng
adnixturc relative to other mixlure constituenls.)i

. Veasuring and dispensins of HRWRA (Scction 6.2.1

and 6.2.2)i
. lvlixing (Section 6.2.2)i
. Redosins wirh HRWRA (sccdon 6.3); and Tempemture

consideralions (Secrion 6.5).

6.2-Water-cementitious material ratio and
slump conirol

TradilionaUy. ihe slunp lest has bcen uscd as a mcans to
measure the quality of conventional concrete mixtures.
BecdJ.e rhe u'c ol an HRrnry"A .5- d, Fri.dl\ :rcred.e

slump withoui inffeasing the ,tcu, caution should be used
ro not improperly reject HRWRA ireated concrdc based on
slump iest resllts. Through the use ofan HRWX-{, concrete

with very low \|/.n (< 0.32) and no measurable slump

before the addition olthe HRWRA canbe nade flowing and

scif-consolidating. As with all condele, maintaining the -/cz
for eachbatch produced is critical.

Accurate meisurement and compensation of agregate
moisture are crucial factos in maintaining a consistent /ch.
Althoueh m eror of I % in moislurc conpensation for both
fine and coarse aggregates would have a niror impact on the

dmoun \ ol JgSregrte balcheo r_e barch {".er .oJld be oIf
b\ I to a erl. \d lato l2l r').AqgregcLem
can be \Ju"ble rool. ro pro. ide "(.urdre aggregd e aoarure
compensatlon, providing they a.e prolerly installed and

Any sater Ieft in a truck mixer or from washing down
hoppers andblades shouldbc accouniedfo! and the amount
of watcr batched should be reduced accordingly.

Central mixed operations should use wathneien, ammelers,

or other means of indicating slunps before adding an

HRWRA. The HRWRA can then be measured ald added to
thc cenl.al mixe. using conventional dispensing equipmenl.

6.2-l Plant atlded HRWM {ne potential advantage to a

planr added HRWRA is that control of initial slumps is
centmlized usually under thc supervision of one person.

Transii mixed operations should have procedures fo.
measurlng and conlrolling thc },/.h and slump befoie the

addition of an HRWRA. These procedures misht includc
measurins slump, estimating lhe slump visually. or by the

lse ofslump meiers. A slump meler is a Dechanical dcvice
often used at central-mix conc.cte plants to provide an

indication of slump during mixing, measued by lhc clectrical
power needed to tum the mixing druln.

When an HRWRA is used in conjunction wilh another

admixturc, cach admixtLrre nuslbe distensed separatcly inlo

'he co-.rc,e r,\1rre ir r mJnner 'ho"hey do no core ir

conlactwith cach olherduring the dispensing process.

6.2.2 Job-site-ad.led HRtrLl-Where an HRWRA is

ddd<d rom a billk-dF|e1Lrs ().rem or fielo-drsper 'rng
unit at thejob sne (ris. 6.1). the basic procedures previously
discussed in Section 6.2.1 shoutd bc followed.

When truck-mounted tarks (Iis.6l) are usedto dispense
an HRWIIA, sevcral additional procedures need 10 be

addressed. Because lhesc procedures are notroutine. drivers
should be trained in their us€. At the ready'mix plant. an

HRWIA is nonnally measured by lhe baicher and introduced

rn o I c trLck rdnl b) rhe dr\er. I h . o'ocef reqJ.re.
coordination. Proceducs should ensure that the driver is

made aware ftat he or she is to receive the HRWRA in
addilion to his or her load, is familiar with valves on the

truck dispensing equipment, and makes sure that the

HRWI-{ is cooectly discharged into th€ truck-mountcd
admixture tanl.

once ar thejob site, the slump should be neasured before
adding the HRWRA to ensure that the concrete is wiihin the

target r gc-typically 2 lo 3 in. (50 to 75 mn). Prccedures
todealwith slumps tha! are oul ofthe target range should be

discussed and agreed on al the preplacement meeting. Tlre
HRWRA is then inlroduced and mixed into lhe load. Best
results are obtainedwhen rhe HRWRA is dischargeddirecdy
onto the concrete. This can require reversing the drum to
move partial loads to the rear of the drum belore discharging

ihe admixtlre. C e should be taken during discharge to

prevent ihe stream ofadnixlure fi'om striking the nixer blides
and being deflected doM the chute. Thn could result in a loss

or a concentation ofthe HRWRA in a small pump hopPer or
crane buckei if the lruck is already in posiiion on the job. The
load should be nixed at nixing speed (18 lo 22 ryn) for a
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wearher, and concrete containing HRwRAs may have

delayed times of setling compa.ed with sinil.r concrete

wlthout fie admixture. Hish early strensth cemelt or
accele.ating admixtures can be used to nonnalize the time oi
initial setting and early strength gain. Atteniion to !.op€r
storage of the HRWRA to protcct against freezing helps
€nsure proper admixture and corcretc performance. As with
all corcrete, lroper cold-weather concr€ting practices are

necessary when using HRWRAS (ACI306.l).
Hotweather condiiions and elevated concrete lemperatures

citD lead to rapid sluhp Ioss of concrete ireated wilh a

HRWRA. As with all concrete, proper hot-wealher
concrerins procri!ei d'e sr'onely ecomrended {hen Jing
HRwRAs (ACI305R).

CHAPTER 7_REFERENCES
7,1-Refurenced standards and reports

The standards and repns listed below were the latesl
editions at the dme this document was prepared. Becalrse
these documenis are revised tiequently. the readcr is advised
to contacl lhe proper sporsorin-g group if it is dcsired to .efer

A n er i.a n C a"clP le Ins I i lute

Fig. 6.2 Truck'harnte.l d.lntxture-.Jispensing ststetu.

sufiicient rime to ensure a consisrent slump throughout rhe

load, q?ically 70 to l00revolutiore.
When the HRWRA in a truck tank is not used completely.

the rank shouldbe empried orrhe HRWRA accounred for to
prevent double dosins subsequent loads.

6,3-Redosing to recover lost slump
Additional doses ofHRWRA can be used when delays occur

and rhe rcquired slunp has not been maintained. Up to two
additioral doses have been used with success (Canasquillo dd
Camsquillo 1986). Twically, the comlressive shength is

mintaincd, bul air conient is decreased. To redose, a supply of
mal€rial and calibraied me3surlng containers or portable

dispensing units should be prouded.

6.4-Placement of f lowing concrete
Flowing conffete containing a! HRWRA can be placed

quickly and easily. Proper consolidaiion can be accom-
plished with much less effon than wift conventiolal
concrele, bul the need for vibration is not elim;nated.
Observations should be made to ensure that thebixture is
cohesive and nonsegregaling. If segregation occurs,
nixture lroportions should be adjusted. Improvins the
combined aggregate gradation or increasing the finero
coarse-aggregate raiio can usually solve this problem.
Increasing the enlrained aii content wlthin specificalion
linits, or including or increasing the anounl of an appropriate
mineral adnixture, can also be beneficial.

6.s-Temperature conside€tions
In cold weather, higher dosage rates of HRWRAS may be

required to gain the same resuits obtained in wann€r

I l6R Cement and Concrele Teminolosy
201.2R Guide to Durable Concrcle

21 1.1

212.3R

301

302.1R

305R

306.1

308

309R

3l ] 4R
318

34',1

363R

sP 62

sP-68

sP-119

SP ]48

sP-171

sP-r95

Standard Practice for Selecting Proportions lor
Nomal, Hcaryvcight, and Mass Concrete

Chemical Admixturcs for Concrete

Specifi cations for Structural Concrete

cuide for Concrete Floor and Slab Constuction

Hot weather Concreting

Standard Specification for Cold Wealhcr
Concreting

Standard Practice for Curins Concrete

Guide for Consolidalion ofConcrete
Guide for Concrete lnslection
Building Code Requirements for Structural

Guide toFomwork for Concrete

State-of-the-Art Relort on High'Strenglb

Sup€rplasdcizers in Concrete

Develolm€nts in the Use ofSuperplasticizen
Superplasticizers ard Other Chemical
Admixlures in Concele
Founh CANMET/ACI Intemalional Co.ference
on Superplasticizers and Chemical Admixtures

Fifth CANMET/ACI Intemational Conference
on Superplasticizen and Other Chemical
Admixtures in Concrete

Sixth CANMET/ACI IntematioMl Confer€nce

on Super?lasticizers and Other Chemical
AdrnixnJes in Concrele
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C 157 Test Method for Length Change of Hardened
Hydraulic Cement Mortar and Concrete

C494 Stecificaiion for Chenical Admixtures for

c 5l? Standard T€st Method for Creet of Concrete in
Cobpressior

C 1017 Specification for Chemical Admixtures forUse in
Producing Flowlng Concret€

E 329 Standard Specifrcation for Agencies Engaged in
lhe Tesiing and/orlnspection ofMaterials Used in
Construction

The pr€ceding publicatlons nay be obtained froi! the
fouowlng organizarions:

American Concrete Institute
P.O. Box 9094
Famington Hills. MI 48333-9094

ASTM Intemational
I 00 Ban Harbor Dr.
west Conshohocken. PA 19428
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