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ABSTRACT 

This investigation was iniated to determine the potential 
strength of a mix design for Class A Concrete using various 
water reducing and retarding admixtures with material from 
Lawrence Sangra~co Inc., St. Johnsbury, Vermont . 

Results of this investigation to1ere t<1idespread and incon
clusive. Because of the deviations obtained in these tests 
more results are needed in order to obtain a meaningful con
clusion . 
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INTRODUCTION 

Several water reducing admixtures and retarding admixtures 
are available to ready mixed concrete producers in Vermont for 
use in portland cement concrete. Generally, these admixtures 
are supplied by two manufacturers, either l~.R. Grace & Co., 
Cambridge, Mass., or Master Builders, Cleveland, Ohio. 

Class A concrete from Lawrence Sangravco, St . Johnsbury, 
Vermont was evaluated for compressive strength using three water 
reducing admixtures and three retarding admixtures. The desired 
28 day compressive strength is 4875 psi. The minimum specified 
28 day compressive strength is 4000 psi. 

Six trial mixes using basically one mix design with 
aggregates s upplied by Lawrence Sangravco Inc. were used in 
this investigation. The object was to determine if the basic 
mix design was adequate to produce concrete of the desired 
quality in order to assure that the specified strength of 4000 
psi could be produced in a minimum of 9 out of 10 tests . 

The results of the proposed trial mixes are intended to 
give a prediction as to the pr obable performance of the mix 
design . 
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MATERIALS 

Following are listed the materials used in this investigation: 

Coarse Aggregate: 

3/411 Stone - Lawrence Sangravco, Guildhall, Vermont 

Fine Aggregate: 

Lawrence Sangravco, Guildhall, Vermont 

Cement : 

Type II - Glens Falls Portland Cement Co. , Glens Falls, N.Y. 

Admixtures : 

Air entraining : 
Dar ex AEA- Construction Products Division, W.R. Grace & Co. 

Cambridge, Hass. 

Hater Reducing: 
Pozzolith 122N - Naster Builders, Cleveland, Ohio 
WRDA w/Hycol - Construction Products Division 

\~.R. Grace & Co., Cambridge , Hass. 
WRDA - Construction Products Division 

W.R. Grace & Co., Cambridge, Mass . 

Retarding: 
Pozzolith lOOXR - Naster Builders, Cl eveland, Ohio 
Daratard HC - Construction Products Division 

W. R. Grace & Co. Cambridge, Mass . 
Daratard 17 - Cons truction Products Di vision 

\~.R. Grace & Co. Cambridge, Mass . 
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PROCEDURES 

The Class A (660 Lbs/cy cement) concrete Has designed 
folloHing the procedures outlined in ACI 2 11.1 "Recommended Prac
tice for Selecting Proportions for Normal \-Ieight Concrete". 

Six batches of concrete were prepared, one batch for each 
admixture investigated. All concrete \-laS mixed in a Lancaster 
mixer l<~ith temperatures maintained at 73°F ± 3°F. 

Af ter mixing, the concrete was tested for air content, 
s lump, unit weight and yield, and 7, 14 and 28 day compressive 
strength . 
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Pre pnrca 
VEHI !Din DEPARTJIDJT OF' HIGlfNAYS by J. Tal bat 

l.lATER!ALS DIVISIOH - STRUCTURAL COIJCRETE SUBDIVISION Date 6--'/-"6_,_/..:..._7:;_7 ____ _ 

MIX DESIGi~ Sl-iEET - STRUCTURAL CONCRETE ITEM /1 so 1 , 20 CONCRETE CLASS ~A:..._.__ 

R~ady Mix Supplier: Lav1rence Sangr avco Inc , 

Acgregnte Supplier : 
Specific Dry Rodded 
Gravity Unit Weight Absorotion 

.JJ..i!" Stone 
Lawrence 
Guildhall 2.78 98 52 1 l 

Cement 660 Lbs . /Cu . Yd . 

II 

- Stone \'later 35 Ga l s . /Cu.Yd . 

Blend : 1-1/2:1 & J/411 Ai r 6 Percent 

Sand Lctwcence 
F . M. 7 RO Guildhall 2 .114 1 (.. 

VOLillvlE OF DRY RODDED COARSE AGGREGA TE 
PER UNIT VOLUME OF CONCRETE 

Waxirnum size 
Sand F.M. 

Aggregate 2 . E/.) 2 70 2 80 2 .90 3 .00 3 .10 

3/4" 0.64 0 . 63 0 . 62 0 .61 0 . E/.) 0.59 

1-1/2" 0 .73 0 . 72 0 .71 0 . 70 0 .69 0 .68 

-~9_;8;..:.'=5=2 ___ X ..__:•7!-6:.:2__ = 
(Dry Rodded (Unit 

60 ,7 8 x 27 = -......~ol.Q-6'<+~' 0,}--- Lbs . /CY Coarse .Aggregate 

Unit We i ght) Volume) 

1 . Volume of Water ( Gals/CY) ______ __......_ _ __ = - 44 -rio e:r.71-Y9~- Cu . Ft • 
7.48 

2. Solid Volume of Cement 
660 

-------~~~-- = 196 . 56 

(Lbs . /CY) 
_ ..... 3 ~· 3.._.51.LJR'---_ Cu. Ft . 

3. Volume of Entrained Air __ 6 _ _ _ X 27 = -""'"l.w6~2:..l£0 __ Cu. Ft . 

4. Solid Volume of Coarse Aggregate ~(L=b=s::......·~/=CY"----1_6_4_0 __ --:-_ = -=-9 . .__4=5..:1.4 __ Cu. Ft . 
(SpGr) 2. 78 X 62 .4 

5 . 

6 . 

7 . 

8 . 

Total Solid Volume of Ingredients Except Sand 

Solid Volume of Sand Required 27.00 - 19 1 1 1 Cu .Ft . (Line 5) 

Required Weight of Sand : 
(Solid Volume) 7 889 X (SoGrh' e4 X 62 .4 

Ratio of Sand to Total Agg . Line 6 ~ (Line 6 + Li ne 4) 

____,.,19~ • .__.1 ...... 1...._1__ Cu. Ft . 

= _..._.7 ·w.8....,8 ...... 9 __ Cu. Ft . 

= 

= 

-
---'t-'tt'lrtr--- Lbs ./ Cu . Y d • 

1300 

___:.;45::..:·:...=:5~-- % by Vol. 

SUMMARY OF QUANTITIES/CU. YD . (DRY ~~IGHTS) 

Tri al # 1 Trial # 2 Trial # 3 
3/4 II Stone 169:0 I 64L1 1649 Lbs . 

II Stone Lbs . 

Sand 1300 ]3QQ l;JQG Lbs . 

Cement 660 aaG 660 Lbs . 

Water 3~ 3:5 Gals . 

HD 5E/.) 5/77 
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VERJ/DNT DEPARTMENT OF HIGHWAYS by .I Tal bot 

MATERIALS DIVISIW - STRUCTURAL CWCRETE SUBDIVISION Date ...... 6.=-~6=-.,_77,__ _ _ _ _ 

MIX DESIGN SHEET - STRUCTURAL CONCR.ETl!: !Tm # 501.20 CONCRETE CLASS A 

Ready Mix Supplier : 

Aggregate Supplier : 

3..i!L'I Stone 
Lal.Jrence 
Guildhall 

_ 11 Stone 

Blend : 1-1/211 & 3/411 

Sand La\.Jrence 
~ ,-l1 rlh~ 1 1 

JVaximum size 
Ae.e.reea te 

3/411 

1-1/211 

Lawrence Sangravco Inc, 

Specific Dry Rodded 
Gravi t'' Unit Wei_ght Abso~Jltion 

2 78 QR ~? I I 

2.64 F .M.2.80 1.6 

VOLUME OF DRY RODDED COARSE AGGREGA 1'E 
PER UNIT VOLilll.lli OF CONCRETE 

Sand F .M. 

2f!J 2 70 2 80 2 ._22 

0 .64 0 . 6J 0 . 62 0 .61 

0 . 73 0 .72 0 .71 0 .70 

3 00 

0 . 6IJ 

0 .69 

Cement 660 Lbs ./Cu . Yd. 

VIa ter 35 Gals. /Cu . Yd . 

Air 6 l 'ercent 

3 10 

0 . 59 

0 .68 

28.!22 X 62 = 60 :zs X 27 = 1840 Lbs . /CY Coarse Aggregate 
(Dry Rodded (Unit 
Unit Weight) Volume) 
------- - - - - - - - - - - - - - - - ------- - - - -

1. Volume of Water (Gals/CY) Cu . Ft. 9. 619 
7.48 = 

2 . Solid Volume of Cement (Lbs ./CY) 
660 Cu . Ft . 3 358 

196. 56 
= 

3. Volume of Entrained Ai r 6 
X 27 1. 620 Cu. Ft . = 

4. Solid Volume of Coarse Aggregate (Lbs ./CY 1640 2.454 Cu. Ft . = (SpGr) 2 .78 X 62 .4 

5 . Total Solid Volume of Ingredients Except Sand !2.111 Cu . Ft . 

6 . Solid Vol ume of Sand Required 27 .00 - 19 . 111 Cu Ft . (Line 5) 
= 7. 882 Cu. Ft . 

7. Required Weight of Sand : 
(Solid Volume) 7.889 X (SpGr) 2 . 64 X 62 .4 1300 Lbs ./Cu . Yd . = 

8 . Ratio of Sand to Total Agg . Line 6 -f (Line 6 + Line 4) = t,S 5 %by Vol. 

SUMMARY OF QUANTITIES/CU. YD. (DRY WEIGHTS) 

Trial # 4 Trial # 5 Trial #6 

..3/-4-11 Stone J:84Q 164@- 194Q Lbs . 

- II Stone Lbs . 

Sand 1300 l JQQ 1300 Lbs . 

Cement 660 660 660 Lbs . 

Water 35 JS Gals . 

HD 5f!J 5/77 
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RESULTS OF TRIAL BATCHES . 

Air Admixture used : _D~A~RE~· ~·X~A~E~·A~---------------------------------------------------------

Manufactured by: t.J. R. Grace, Cambridge }1asaachusetts 

Other Admixtures used : Pozzolith 122N ------------------------------------------------------------
Manufactured by: 

Air Admixture Dosage 

Other Admixture Dosage 

% Air 

Slump 

Unit Weight 

Yield 

VI/C Ratio 

Average 
Compressive Strengths 

7 Days 

14 Days 

28 Days 

__ Days 

Master Builders Cleveland, Ohio 

TRIAL # 1 TRIAL# TRIAL# 

6 oz/c.y. 

5 oz/cto~t 

5.5 

2 1/ 2 

141.85 

27.63 

0.43 

Standard Cured 6" x 1211 Cylinders 

3148 

4041 

4271 

Remarks: The strengths expected from this mix design were not obtained. The 

unit \o~eight of 141.85 \<las lm-1er than the design unit l<leight of 145 . 59 . Perhaps 

the air content was higher than the test results indicated. This mix desi&n 

should be evaluat ed with a closer unit weight and closer yield. 
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Air Admixture used : 

lvlanufactured by: 

Other Admixtures used : 

Manufactured by : 

Air Admixture Dosage 

Other Admixture Dosage 

% Air 

Slump 

Unit Weight 

Yield 

W/C Ratio 

Average 
Compressive Strengths 

7 Days 

14 Days 

28 Days 

__ Days 

RESULTS OF TRIAL BATCHES 

D/\REX AEA 

H.R. Grace, Cambridge. Hassachusetts 

I~RDA Hycol 

H.R. Grace, Cambridge, Massachusetts 

TRIAL # 2 TRIAL # 

4 oz/c.y. 

5 oz/cwt 

5 . 3 

2 1/2 

143. 17 

27 . 35 

0. 41 

Standard Cur ed 611 x 12" Cylinders 

3316 

3970 

4669 

Remarks: The strengths obtained for this mix design were s li ghtly JowQ~ 

than desired, although , within a range that is expected. The unit 

weight of this mi x Has on the low side. Thi s mix design should oQ 
eval uated for performance . No changes are recommended at tbi s time 
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Air Admixture used: 

Jvlanufactured by: 

Other Admixtures used: 

Wanufactured by: 

Air Admixture Dosage 

Other Admixture Dosage 

% Air 

Slump 

Unit Weight 

Yield 

VI/C Ratio 

Average 
Compressive Strengths 

7 Days 

14 Days 

28 Days 

__ Days 

RESULTS OF TRIAL BATCHES 

DAREX AEA 

\.J . R. Grace, Cambridge, Hassacbusetts 

\.JRDA 

~1.R. Grace , Cambridge, Hassachusetts 

TRIAL # 3 TRIAL # 

2 oz/c.y. 

S oz/ct,zt 

4.6 

2 1/2 

144.78 

27.00 

• 41 

Standard Cured 6'' x 1211 Cylinders 

3413 

4430 

5101 

Remarks: This mix design produced very high strengths 

TRIAL# 

was lower than the design aim of 6% and probabl y accounted for slightly 

higher strength than normally l>lould have been obtained at 6% air More 

test r esults should be monitored for evaluation. The dosage of Darex AEA 

should be adjusted to compensate for the low air . 
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Air Admixture used : 

l\t!anufactured by : 

Other Admixtures used : 

Nanufactured by : 

Air Admixture Dosage 

Other Admixture Dosage 

% Air 

Slump 

Unit Weight 

Yield 

VI/C Ratio 

Average 
Compressive Stre~ths 

7 Days 

14 Days 

28 Days 

__ Days 

RESULTS OF TRIAL BATCHES 

DAREX AE/1. 

I~.R. Grace , Cambridge. Hassachusetts 

Pozzolith 100XR 

Master Builders, Cleveland, Ohio 

TRIAL # 4 TRLAL # TRIAL # 

5.5 oz/c.y_._ 

5 oz/ct.zt 

5.0 

2 1/2 

143. 29 

27 . 30 

. 41 

Standard Cured 611 x 1211 Cylinders 

3546 

4156 

5376 

Remarks : Thi s mix design produced yery high strength The perseat ef air was 

on the low side of the design aim, b u t wi thin the accept:aele limits ef 

6 + 1 %. Further test results should be moni tored far this de&igR , 

An increase in the dosage of Darex AEA may be required . 
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Air Admixture used : 

Manufactured by : 

Other Admixtures used: 

Manufactured by: 

Air Admixture Dosage 

Other Admixture Dosage 

% Air 

Slump 

Unit Weight 

Yield 

VI/C Ratio 

Average 
Compressive Strengths 

7 Days 

14 Days 

28 Days 

__ Days 

RESULTS OF TRIAL BATCHES 

DAREX AEA 

lv.R. Grace, Cambridge, Massachusetts 

Daratard HC 

H.R. Grace, Cambridge, Massachusetts 

TRIAL# 5 TRIAL # TRIAL # 

5 . 5 ozlc.y. 

6 oz/cwt 

5.4 

3 1/2 

144 . 66 

27. 04 

.41 

Standard Cured 611 x 1211 Cylinders 

3210 

3767 

4209 

Remarks: ------~T~h~e~s~t~r~e~o~g~t~hAs~ex~p~e~c~t~e~d~f~r~o~~~t~R~i~s~Rl~i*J~-&e~ee&i~g~A~\~ve~rNe~ft~to~t~omb~t~a~inu~e~d-.------------
The slump ~"as higher than Class A requirements for hri dge deck 

construction but \"ithin the limits of 2 - 4 11 for other applications 

Further monitoring of test r esults is recommended No apporaut 

reason can be determined for the relatively los.z strengths obtai ned 
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Air Admixture used: 

lllianufactured by: 

Other Admixtures used : 

Nanufactured by: 

Air Admixture Dosage 

Other Admixture Dosage 

% Air 

Slump 

Unit Weight 

Yield 

VI/C Ratio 

Average 
Compressive Strengths 

7 Days 

14 Days 

2S Days 

__ Days 

RESULTS OF TRIAL BATCHES 

DAREX AEA 

\<I .R. Grace. Cambrid~e, Massachusetts 

Daratard 17 

\oJ.R. Grace, Cambridge, Nassachusetts 

TRIAL# 
6 

5 . 5 

6 oz/ct-lt 

5.2 

2 1/4 

143 . 49 

27. 19 

.40 

TRIAL# 

Standard Cured 611 x 1211 Cylinders 

3413 

4554 

5014 

Remarks : This mix design produced very high stret~gthc; 

of air t-1as on the l ot-7 side of the deshn airm, h u t with) n the 

acceptable limits of 6 + 1%. Further test results should be 

monitored for this design. An increase in the dosage of Dar ex 

AEA may be required. 
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SUMMARY OF TEST RESULTS 

Trial ~1ix No. 1 2 3 4 5 6 
Pozzolith Pozzolith 

Admixture 122N \~RDA HYCOL t.JRDA 100XR Daratard HC Daratard 17 

Dosage 5 oz/cwt 5 oz/cwt 14 oz/Ct>lt 5 oz/cwt 6 oz/cwt 6 oz/ cv1t 

Admixture Darex AEA Darex AEA Darex AEA Darex AEA Darex AEA Darex AEA 

Dosage 6 oz/c.y. 4 oz/c.y. 2 oz/c. y. 5.5 oz/c. y. 5.5 oz/c . y. 5.5 oz / c.y. 

Percent Air 5.5 5.3 4. 6 5.0 5.4 5.2 

Slump 2 1/2 2 1/2 2 1/2 2 1/2 3 1/2 2 1/4 

Unit Weight 141. 85 143. 17 144 . 78 143.29 144.66 143.49 

Yield Ft.3 27 . 64 27.35 27 .oo 27 . 30 27.04 27. 19 

W/ C Ratio 0.43 0.41 0. 41 0.41 0.41 0.40 

Nix Temp. OF 73 73 74 73 73 74 

Compressive Strength PSI 

7 Days Avg. 3148 3316 3413 3546 3210 3413 

14 Days Avg. 4041 3970 4430 4156 3767 4554 

28 Days Avg . 4271 4669 5101 5376 4209 5014 
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CONCLUSIONS 

The purpos e of the trial mixes \-7ll.S to dete rmine if a mix 
design of 660 lbs/ cy of type II cemen t ~~~as adequate to produce 
concre t e o f t he desired quality when used ~~~ith the materials 
available to La\orrence Sangravco Inc . 

A compr essive s trength o f 4875 psi was selected as a desired 
s trength. This s trength ~-1as sel ected a f t e r revie\oJing the his t or y 
of the pas t performance of Class A Concrete produced by Lawrence 
Sangr avco Inc. 

The test results obtained from our trial mixe s indicate that 
the 28 day compress ive strengths varied considerably. Only trial 
mixes numbe rs 3, 4 and 6 obtained the desired s trength of 4875 
psi. Trial mixes numbers 1 , 2 and 5 failed to obtain the desired 
strength, but did obtain strength in excess of the 4000 psi as 
specified for Class A Concrete . 

The res ults of testing a single trial mix for evaluation 
are usually inconclusive. A series of test valu es are needed to 
predict, with any degree of accuracy, the strength ability of 
a particular design. The results of a single trial mix do 
however indicate \oJhether or not a mix design i s realistic. 
The mix design used in preparing these trial mixes does appear 
to be realistic but more information on test results \-lill be 
required before a final assessment can be made. 
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REC0~1ENDATIONS 

The trial mixes using various water reducing and retarding 
admixtures will require more study in order to confirm the results 
we obtained. The ability of the design appears to be adequate 
when controlled properly with the correct admixtures. 

Trial mix numbers 1,2 and 5 appear to warrant the closest 
attention. Should test results indicate that these mixes fail 
to produce concrete of the desired quality, changes should be 
initiated to introduce trial mix number 3, 4 or 6 depending upon 
the intended use of the concrete . 

When results of field tests become available an evaluation 
of the resul ts should be included with this report in the form 
of an addendum. 
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Prepared IJy: 

APPENDIX A Date: 

Vermont Dcpnrtmcnt of Hi ghways 

Material s Divi sion - St ruc tural Concrete Subdivision 

PRODUCT EVALUATION l-IORK PLAN 

Number 77-C-34 

w. Heyer 
J une 6, 1977 
Page 1 of 2 

Product TriRl M:ixes-L;:mrence Sangravco - St, Johnsbury and Guildhall, VT Cl ass A Concrete 

Nanuf act urcr __ _,_(A_....glo6gr..:..e__ug.:.;;.a..::.t..::.eL.) ------- Distributor or ___ ...:N.:.~/~A.:.-_______ _ 
Represen~ative 

Lmrrence Sangravco 

Guildhall, VT 

Evaluation Requested By In House Date N/A 
----------~~~~~------- ---~~------------

Date Information Required --------~N~/~A~-------------

Date Product Data & Application Instructions Received ------~N...:/~A~-----------

Date Samples Received ____ }_fa~y~l-7~,~1_9_7_7 __________ __ 

s~mplc Quant ity _______ N~/~A _____________ Were sufficient samples received yes 

Purpose of Evaluation 

To evaluate our mix de sign for Class A concrete when used with various water r educing 

and retarding Admixtures to determine if concre te of the desired quality can be 

P 
pr oduc..ed. DesAred 28 dav corooressilTe s trength. 4875 psi. *See additional sheet for 

roposea Tests (httacn excra sneet ft necess~~Y) .admixture data. 

l. One batch for each Admixture used. 
Air Content 
Slump 
Temper ature 
Unit Weight and Yield 
7, 14, and 28 day compressive strength 
Using 6'' x 12" cylinders 

Proposal Discussed with follO\-ling Sub-divisions Research & Development Compliance 

Projected ManpO\-ler Requirements 1~ Mandays including report 
Testing 

Evaluation to be Conducted by Structural Concrete Snhd i u;f ,;:1 a'Q 

June 6 , 1977 Estimated Completion Date July 29. 1977 

Materials Engineer~d 4~~ (o~9/77 
}faterials Engineer ----------------------------------------------------
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V0rmnnt nPpnrtmcnt of lli. r,ht.,rays Pap,e 2 of 2 
ProJuct Evaluntion Hork Plan No. 77-C-34 

N:1nuf:1c.turl"r 
Hater Reducing Admixtures Product Name Addition Rate 

Master Bui lders Cleveland, OH Pozzolith 122N 5 oz/ cwt. 

w. R. Grace & Co. Cambridge, MA \.JRDA W/ Hycol 5 oz/ cwt. 

H. R. Grace & Co. Cambridge, MA HRDA 14 oz / cwt. 

Retarding Admixtures 

~aster Builders Cleveland, OH Pozzolith lOOXR 5 oz / cwt. 

H. R. Grace & Co . Cambridge, MA Daratard HC 6 oz/ cwt. 

H. R. Grace & Co. Cambridge , MA Daratard 17 6 oz / cwt. 
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