INVESTIGATION OF RETARDING ADMIXTURES FOR

PORTLAND CEMENT CONCRETE

Report 70-3

1870

VERMONT DEPARTMENT COF HIGHWAYS

John T. Gray, Commissioner
R. H. Arnold, Chief Engineer

A. W. Lane, Materials Engineer

Report Prepared By

Structural Concrete Sub Division

"This report was developed for the use and benefit of the Vermont Department
of Highways. Anyone, other than the Department, using this report does so
with awareness that the Department does not guarantee the opinions, findings
or conclusions contained therein'.




STATE OF VERMONT

DEPARTMENT OF HIGHWAYS
MATERIALS DIVISION

INVESTIGATION OF RETARDING ADMIXTURES FOR
PORTLAND CEMENT CONCRETE
INTERIM REPORT NO. |
BY

D. H. BARTLETT

AND

W. L. MEYER

1970




L

P










£

s
pigeh

B>

og

£

i
(94

fa,

ol

were

Lo o
STE

Ty g

o
e =]
3 8 N

W2 LD

ke

vhlhy

e

1%

*#Crushed gravel



N

3

e




s e de
L

o
ONCT




e

£

ed,

e

Ty
g

it

v

&
4
Ee

3 e
T

By

%
55U
wr i

3
Ty
vy

Py

G
03

£

iz hatenrs
ques

&







[F10) A

ey e




(o9




YO Ry £

H

arly

£ oy
o

e

i

her

;
434

[sAsiey

GO

s

e

o
p



The samples which were subjected to freeze-thaw testing completed

300 cycles with relatively little weight loss and no physical damage

" was detectable.

The samples were all phy;ically broken in flexure and then in
compression. Results of the éctual compressive testé are all less
than those computed from the sonic testing.

figure 4D shows the resuits of all strength teéts performed by
the New Hampshiie Materials Division.’ For further details concerning
these tests, the complete report is available in the files of the

Materials Division,

E. SUMMARY & CONCLUSIONS

1. Strength of cylinders increased in all cases when 2 retarding

admixture was introduced, This increase did not always meet
minimum specifications.

2. The addition of retarding admixtures caused'nd significant
‘adverse effect on the durabilit& of concrete,

3. Retarding admixtures tested, in most cases, reduced the water
content of the caﬁcrete for any given consistency. The one
exception to this statement was possibly cauged by false set
of cahent - not the retarder,

4, Strength of éylinders varied conéiderably when comparisons
were made usiqg éteel, plastic, and cardboard molds. With
few e#ceptions, the steel'gnd plastic molds producéd the high-
est;stréngths while cylindgrs made in cardboard molds usually

broke lower.
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10.

The retarders in many cases did not meet the requirements
specified due to the use of too many variables.

Retarder dosages recommended by their manufacturers resulted in
higher quantities Ehan necessary when applied under laboratory
conditions,

Variable amounts of retardation may be ekpected with various
combinations of materials,

Minor variations in consistency had a negligable effect on the
setting time of the concrete,

The amount of air-entraining agent required in the retarded con-
cretes was dependent upon each retarder and the combination of
mgterials that is was used with, Lignosulfonate retarders in-
creased the air content most noticeably,

Strength of cylinders varied inversely with the air content of the
concrete, As the air-entrainment increased, strength of‘cylinders

decreased,

RECOMMENDATIONS

1. The 1964 Vermont Standard Specifications should be revised to
conform with AASHO Specifications in cases where there is con-
flict or disagreement,

2, FOrfaccepténce testing, samples of the product to be tested
should be obtained from the Supplier as opposed to sampling
from Ready-Mix inventorieé.

3. The testing of any one ingredient in a concrete mixture should

be the only variable; all other materials should remain constant,
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All eylinders should be cast in molds of similar materials in order to
minimize their influence oﬁ compressive strength,

The difference between alr contents of both the reference concrete and
the retarded concrete should be controlled within 0,5%.

The rate of addition of retarding admixture for field conditions should

be established through experience and actual field testing.
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These beams were made for the purpose of comparing the durability
of retarded concrete with that of non-retarded concrete, Two aggregate
sources are used incorporating crushed stone and crushed gravel. Two
batches for each aggregate were made using proportions as mixed in the
field, Different sources of Type I cement were used for each set of

batches, A set of three beams were made for each batch, Batches 1

& 2 are from North Clarendon, Vermont, and are crushed gravel, Batches
3 & 4 are from West Lebanon, New Hampshire, and are crushed stone, All
batches are based on our standard mix of 6 1/2 bags/cy., The retarder
was added to batches one and four,

Following is a list of information concerning each batch:

Batch #1 Batch #2 Batch #3 Batch #4
Date 2/6/70 2/9/70 2/10/70 2/11/70
-3/4 Stone 43 1b.-7 oz, 43 1b.-7 oz, 44 1b,-4 oz, 44 1b, -4 oz,
Sand 30 1b.-1 oz, 30.1b,-1 oz, 31 1b,=-14 oz, 31 1b.-14 oz,
Cement Brand Iron Clad Iron Clad North East North East

& Type Type 1 Type 1 Type 1 Type 1
Cement Quant, 15 1b.=5 oz, 15 1b.-5'oz, 15 1b,=5 oz, 15 1b,=5 oz,
Wwater (design) 7 1lb,-2 oz, 7 1b.-2 oz, 7 1b, -2 oz, 7 1b.-2 oz,
water (actual) 7 1b,-6 0z, 7 1b,-8 oz, 6 lb,-11 0z, 6 1b,-5 oz,
parex (Air) 4 grams 5 grams 5 grams 5 grams
Retarder . 41,5 ml, Nona None 11,5 wl,
- (Daratard-9 oz,/sack) (Daratard "HC" 2% oz,
' sack)
Slump 2 1/4" 1 3/4" yAL 2 1/4m
Air 5y 4 1/2% 5 1/2% 5%,
guring 14 days 14 days 14 days 14 days
Design Dry Weights Per Cubic Yard

3/4 Stone Sand ‘ Cement H,0
N. Clarendon, Vt, 1728 1196 , 611 785
W. Lebanon, N, H. 1770 1273 611 285

FIGURE 4A FREEZE THAW TEST INFORMATION
"VERMONT MARCH 2, 1970
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RETARDER TEST REPORT

II/\{I

DATE

Pebe 164 1970

Coarse Agg. Source Lebanon Crushed Stone|Cement Source. lNortheast Cement Company
Fine Agg. Source Tecbanon Crushed Stone Type
Gradation % Passing Retarder Source Grace Construction Products
i 100.0 3/8n 1000 Trade Name Daratard II G
3/ LM 94,5 yA 100,0 Chemical Type Hydroxylated Carboxylic Acid
3/8n 29,5 16 675 Air Agent Source Grace Construction Products
14 1.7 /130 %7 40 Trade Name Darex
73 0,9 /50 10,0 Class AA Mix Design
flats % 5,1 /1100 2.5 Weights Per Yard Reference Retarder
Fractures % 1000 '™ 2,92 Color -1 ##2 Stone 1770 98Lbs 50z [981lbs 502
Fine Agg. So. Gr. D14 Sand 1273% 701lbs 120z |701lbs 120z
Coarse Agg. Sp. Gr. el Cement 611 2%1bs 150z | %3%1lbs 150z
Predominent Mineral Composition Water 285 156521bs Avel14.751bs: Avg
Coarse Agg. Teldspathic Cneigs Retarder 2.50z/sk 26ml
AE.A, 11-12g 105
Fine Agg, Quartz Yield 107 «1 10067
‘ Unit Weight 144 451bs
CONCRETE TESTS
Batch No. |Proctor Penetration | Air Content Temp. Slump Compressive Strength
500 psi | 4000 psi Percent Degirees Inches '3 Days|7 Days (28 Days
Retarder Hrse Hrse
1 6285 8490 5% 72 7y 4041 4616 | *4297
2 7482 9,69 ' 5% 13 = 3855 4403 -\ 5535
© 8e41 10,62 5 T4 o7 3767 4244 5429
Average 7,69 Q.74 3338 4421 1 5482
Reference |
4 4674 6471 5 T4 3 2955 3519 4527
5 4456 665 5 75 2= 3280 3445 4439
6 4,58 66061 6 T4 25 2582 5210 41774
Average 4,63 66606 2932 3391 4580
Water Content (Avg, % of reduction due to Retarder) 5.0
Comn., Strength (Ave, % of increase due to Retarder) 3% . 3 Days 30 7 Days 25 28 Days
Time of Setting (Avg. % of Deviation due to Retarder) 66 Initial 46 . Final
Time of Setting (Avg. Increase in Hrs. due to Retarder)  3.06 Initial %608 Tinal
Notes: *Batch #1 28Day Break Not Included In Averages




RETARDER TEST REPORT

"1l
B

Coarse Agg., Source Car Marendon | Cement Sourcefleng fallg
Fine Apg. Source Car: Clarendon| Type 1
Gradation % Passinﬁ Retarder SourceGrace notruction Products
in 100.0  |3/8"n 100.0 Trade Name Daratard
3/ 65,0 m 59,0 Chemical Type idsnogul
3/8 74,9 16, 75,0 AMr Agent Source Grs Products
#4, 4.5 /130 44,0 Trade Name Dsrex
#8 1.9 #50 15,0 Class AA Mix Design
Flats % 5,4 #4100 5.0 Yeights Per Yard Reference Retarder
Fractures % 52,9 M2.59C0lor i #/2 Stone : G611 Doz 1961bs oz
Fine Agp. Sp. Gr. 2.70 Sand Son 1661bs 8oz
Coarse Agg. Sn, Gr. 2.50 Cement Son 1551bs 1502
Predominent Mineral Composgition Yater .
Coarse Agg, s rhzite Retarder
A.E. A,
Fine Agg. Cuartz Yield
‘ Unit Veight
CONCRETE TESTS
Batch No. |Proctor Penetration | Air Content Temp. Slump Compressive Strength
500 psi | 4000 pei Percent Degrees Inches 3 Daysl|7 Daysi28 Days
Retarder Hrs, Tro,
1 8,85 12.50 6% 71 ks 4253 4297 4554
* 2 T e ) 70 % 2467 %289 5767
3 9.92 2,46 7 790 25 3357 4138 4793
Average 3,39 240 ' 3820 4218 46774
teference
£ 6.2% 3,64 G 68 3 2953 579% 4403
5 597 8,79 5 70 5 2554 3599 4795
& 6.0% 8448 5% 70 2 2755 3652 /559
Average 6,08 &.64 SO24 %687 1578
Water Content (Ave. % of reduction due to Retarder) 04
Comn, Strength (Ave. % of increase due to Retarder) °0 3 Days 15 7 Days > 28 Days
Time of Setting (Avg. % of Deviation due to Retarder) 54 Initial Final
Time of Setting (Avg. Increase in Hrs. due to Retarder) 5651 Initial 5684 Minal
H
2 ot Used In Averages i
|
i
’ (26

R




RETARDER TEST REPORT

1~ 1
(i:;

DATE i 5. 1970
Coarse Agg, Source (O Coventry Cement Source. Northeost Coment Company
Fine Agg. Source ¢ g Coventry Type 2 ' e
Gradation 4 P&g sing Retarder Source Corporation
m 1000 3/8" 10va Trade Name &
3/ 07,0 |4k TO0.0" Chemical Type L
3/8n 10,2 F16, 7260 Air Agent ource<}ra@c Const
7/, 7.0 430 46,0 Trade Name Darex
#8 2.8 450 18,0 Class AA Mix Design
Flats & 4.4 10 ) Weights Per Yard Reference
Fractures %  86.7 "M 2.62Color 1% #2 Stone zu;[ 1oz
Fine Agp. Sp. Gr, zw?G ' Sand 1159 507
Coarse Agg. Sp. Gr. 278 Cement 611 1507
Predominent Mineral Compogition Water 5 S1bs Ave
Coarse Agg, Quarty end Isbradorite Retarder LGGOL/S}
AE. A, ‘ 1216wl
Fine Agg, Tebradorit Yield 1012 98 4 ;
Unit Weight 147,91 bs 148,410s
CONCRETE TESTS
Batch No. |Proctor Penetration | Air Content Temp, Slump Compressive Strength
500 nsi | 4000 psi Percent Degrees Inches 3 Days|7 Days (28 Days
Retarder His Hra,
1 3,00 11.7% 5 75 % 3218 4149 4757
2 8,95 12.15 4= 74 oL %070 26551 4 ©418%
3 9.00 12.00 5 74 2 2511 3431 5173
Average 8,98 11,86 )OOU 520 A965
Reference
2 5,00 8.90 5 75 2 o502 | 3749 179%
5 6,30 875 5 73 2 2520 2829 4567
6 566% Oe2b 5 72 o4 2087 2989 4545
Average 6631 898 5570 %189 1654
Water Content {(Ave. % of reduction due to Retarder) 4eb
Comp, Strensth (Avg., % of increase due to Retarder) 27 3 Days 17 7 Days 7 28 Days
Time of Setting (Avg., % of Deviation due to Retarder) 42 Tnitial 33 ®inal
Time of Setting (Avg. Increase in Hrs. due to Retarder) 2.7 Initial 2698 Final

Notes: *

Batch 4

[}2 28Dz

2

Not Inclu

-
co




RETARDER TEST REPORT

1 e\ 11
D

DATE arch 64 1970
Coarse Agg. Source Demers inocoski Cement Source. Glens Fallg Cement Co,
Fine Arp. Source (riswold Williston Type ]
Gradation % Passing Retarder Source (Grace Congbruchbion Producis
1N 100,0 3/81 1000 Trade Name  Darotbard
3/ /0 100.0 A 100,0 Chemical Type Iienosulfonic Acid :
3/84 %0 1 416 64.0 Air Agent Source Grace Congtruction Products
14 8.9 /30 47,0 | Trade Name  Davex
/e 5.0 /150 20,0 . Class AA Mix Design ,
Flats 4 13,1 #100 50 Welghts Per Yard Reference Retarder
Fractures % 100.0 M 2,79 Color -1 #2 Stone 1811 1001bs 100z {1001bs 1007
Fine Apg. Sp. Gr, 2,68 Sand 1260 701bs Qozi 701lbs  Qog
Coarse Agg. Sv. Gr, 2.79 Cement 611 3%1bs 15024 %%1lbs 1504
Predominent Mineral Composition Water 285 15.731bs Avi Tésﬁ)l s Avig
Coarse Agg. Dolomite Retarder Joz/sk 92oml
ABE.A, 10=15m1 48,
Fine Agg. Cus Ly Yield 101.0 99.7% 97e5
' Unit Weight 148,0 150.2
CONCRETE TESTS
Bateh No. |Proctor Penetration | Alr Content Temp. Slump Compressive Strength
500 psi | 4000 psi Percent Degrees | Inches 3 Days|7 Daysi28 Days.

Retarder Hrse Hrs.,

1 8e25 1015 T 77 5 3440 | 4138 | 4227

2 1e55 9.35 4o 75 14 4899 5217 6048

3 772 9.76 5 76 20 3749 4867 5394
Average 1T 9:92 4029 4739 5220%
Leference

4, He0hH 710 2 75 oL 2502 4094 4200

5 5229 7e32 5 74 o 3749 1 3988 4542

& Delt {97 6 70 3 2935 5272 4147
Average 537 746 %062 %785 4230
Vater Content (Avg., % of reduction due to Retarder) 6,9
Comp, Strength (Ave., % of increase due to Retarder) 32 3 Days 25 7 Days 24 28 Days
Time of Setting (Avg. % of Deviation due to Retarder) 45 Initial 3% Final
Time of Setting (Avg. Increase in Hrs. due to Retarder) 2.40 Initial 2,46  inal
Notess

28

S

p




RETARDER TEST REPORT

/" E: I//

DATE __ HMarch 1%, 1970

Coarse Arg. Source Dailey So. Shafisbury!Cement Source Glens Malls Cement 0.
Fine Age, Source  Dailey So,. Shaftsbury Type 1
Gradation % Passing | Retorder Source laster Builders Co.
1! 1000 3/8n 100.0 | Trade Name TBHC
3/ 40 00, A K 100.0 Chemical Type Hydroxvlated Carboxylic Acid
3/8H 35 O 16 64,0 Air Agent Source laster Builders Cos
i, 3.5 /30 27,0 | Trade Neme LIBVH
#8 2.3 750 160 Class AA Mix Design
Flats % 2.0 #7100 5.0 Yeights Per Yard Reference Retarder
Fractures % 70,0 P o oaColor i i/2 Stone 1800 1001bs  Ooz 1 1001bs  Ooz
Fine Aggz. Sp. Gr. 576 Sand 1223 671bs. 18ez | 671bs 1507
Coarse Agg. Sv, Gr. o 71 . i Cement 611 %31 e 1507 %3%1bs 150z
Predominent Mineral Composition Water 285 6.401bs Ave 1 16.,001bs Avy
Coarse Ago, Quartz and Calcite Retarder Zoa/sk %iml
ABE. A, 15-18ml 10-12ml
Fine Agg., Quartz Yield 100,.2 100,2 1000
Unit Weight 145,25 145,50
CONCRETE TESTS
Batch No. | Proctor Penetration | Alr Content Tenn. Slump Compressive Strength
500 psi | 4000 psi Percent Degrees | Inches 3 Days|7 Daysi28 Days
Retarder Hres, Hrs,
) 1 9230 1188 4> 70 2 4740 4757 5474
2 8,77 10,88 e 70 2 4439 4722-1 5801
3 8,70 10,88 6 70 o 3961 4704 5341
Average 502 11421 4380 4728 55%9
Relerence ! '

7. 5,40 T A8 4 70 1 AR5 4881 4032

5 5650 750 4 72 2 3537 3926 | 5235

6 610 3627 5 72 3139 3564 4386
Average 567 175 5693 4124 4551
Water Content {(Avg., % of reduction due to Retarder) 2l .
Comn, Strensth (Ave, % of increase due to Retarder) 19 3 Deays 15 7 Days 22 28 Daysg
Time of Setting (Ave, % of Deviation due to Retarder) 57 Initial 45 Minal
Time of Setting (Avg. Increase in Hrs, due to Retarder) %.25 Initial 5046 Final
Notes: Reference Ifires Displaved False Set During 3mine Waiting Periode
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RETARDER TEST REPORT

" E: 2? "

DATE Maren 17. 1970

.

Co: . fop. SourceDailey So. Shalftsbury | Cement Source
i Ao, Source Type '
Gradabion % Passing Retorder Souree HMaster Bullders Goe
3/8¢ Trade Name Fozzolith 10047
2, . . Chemical Type Carbohydrate
L6 Air Agent Source
730 Trade Name
/50 . Class AA Mix Design ,
#7100 Weights Per Yard Reference ___Retarder { -
M Color #2 Stone ' 100 1bs 0 oz.

Sn. Gr, Sand . 1767 1bs 15 o=.
Gr. Cement 33 1bs 15 oz.

mi Mineral Composition Water 116,44 1bs Avg.
o, Retarder 31ml L
' ABA, ' .| 1218ml
Fine Ago, : ; Yield , 100G, 7.
Unit Weight | 145,25 1bs

CONCRETE TESTS

Rateh Wo. (Proctor Penetration | Air Content Tenp. Slump Compressive Strength
500 psi | 4000 psi Percent Degrees Inches 3 Daysl|7 Days |28 Days
Retarder Hrse Hig,
9,60 11086 4 74 o 4191 5305] 5474
2 10.07 12.81 4 74 o 4014 45%6: 5456
3 10.50 12,61 5 74 2% 3643 447%9| 5252
& 10,26 12.473 3949 47601 5%94

Average

et e PSR - A o~ s o = .. . -
Water Content (Avg. % of reduction due to Retarder) 'llo Reduction' Increased 0.2%

7Y e P, ! s : E

Comn. Strength (Avg, % of increase due to Retarder) 7 3 Days 15 7 Days 19 28 Days
[fAE S PR P S 7 . » » . . *
PMime of Setting (Ave., % of Deviation due to Retarder) 81 Initial 60 Final
M2 . AR ) . pos = .

Time of Setting {Avg. Increase in Hrs. due to Retarder) 4.59 Initial 4,68 Final
dotes:  Reference Bbiches Listed on Page 1, Tests Performed On March 13, 1970
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RETARDER TEST REPORT

/IF: /"

DATE

sereh 20

1970

Coarse Agp. Source Xelley Jebsterville

Cement Source.

Universs

1 Atlag Cement

Fine Apg,

Source

Lelley

Webgterville

Type 1

Gradation % Passing

Retarder Source (Grace Construction Products

i 100,0 __ 13/8" 100.0 | Trade Name  Dorotord
3/ 99,7 14, 100.0 Chemical Type Tisnosulfonic Acid
3/8n 45,C an 73,5 Air Agent Source (Grace Consbruclion Products
#4 8.6 1#30 5060 Trade Name Darex
e o 5 #50 5% 0 Class AA Mix Design
Flats % 6.9 4100 5.0 | Weights Per Yard Reference Retarder
Fractures % 100.0 ™M 2. 5o Color ~1 ##2 Stone 1654 A1lbs ldoz 1911bs 140z
Fine Arpg. Sp. Gr, D70 Sand 125% 591bs 100z 1691bs 100z
Coarse Agg, Sp. Gr. 2,60 Cement 611 %%1bs 150z 1%%1lbs 1504
Predominent Mineral Composition Water 55 16.151bs Aveild.811bs Ave
Coarse Agg. Grapnodiorite Retarder Qoz/sk O2mlL
AE.A, 101 6ml GBrl
Fine Agg. Juaxhy Yield 99,7 93,2 98,0
‘ Unit Weight 143,775 147225
CONCRETE TESTS
Batch No. | Proctor Penetration | Air Content Temp. Siump Compressive Strength
500 psi | 4000 psi Percent Degrees Inches 3 Days|7 Daysi28 Days
Retarder Hrse Hrs.
1 7,90 9.33 T 70 oL 2759 13210 | 3599
2 8,50 10410 6 70 o 3395 3420 3979
3 8,40 Q.73 6 72 2 3245 3723 AB9E
Average 827 9,72 313% 5452 4091
Reference '
4 4475 5,65 4 72 ox 3992 | 3820 3882
5 4e?2 5610 5 71 2 3148 2918 58382
4 4435 578 5% 69 2z 2440 2661 3564,
Average 432 5071 0907 51575 3776
Weter Content (Avg., % of reduction due to-Retarder) 7ol : ,
Comp. Strength (Avg., % of increase due to Retarder) 7 3 Days 10 7 Days 8 28 Days
Time of Setting (Avg. % of Deviation due to Retarder) 914 Initial 70,2 Final
Time of Setting (Avg. Increase in Hrs. due to Retarder) %.95 Initial A,01  Final

Notess






