
LABORATORY EVALUATION 
OF HIGH STRENGTH CONCRETE 

REPORT 86-5 

MARCH 1986 

Reporting On Work Plan 85-C-1 

STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 

SUSAN C. CRAMPTONP SECRETARY OF TRANSPORTATION 
FRANK E. ALDRICH, P.E., CHIEF ENGINEER 

R. F. NICHOLSONP P.E.p MATERIALS & RESEARCH ENGINEER 

Prepared By: 

W. L. Meyer, Technician C 
& 

C. C. Benda, P.E., Structural Concrete Engineer 
Structural Concrete Subdivision 

Reviewed By : 

R. F. Nicholson, P.E . 
Materials & Research Engineer 

Date: Q 3 - 2-/-J>~ 



"The information contained in this report was compil ed for the 

use of the 

recommendations 

Vermont Agency of 

contained herein 

Transportation. 

are based upon 

Conclusions 

the r esearch 

and 

data 

obtained and the expertise of the researchers, and are no t necessarily 

t o be construed as Agency policy. Thi s report does not constitute 

a s tandard , specification, or regulation. The Vermont Agency of 

Transportation assumes no liability for its contents or the use 

thereof . " 

ii 



TABLE OF CONTENTS 

Abs t ract . . . . . . . . . . . . . . . . . . . . . .. ... . . 1 

Introduction . . . . . . . . . . . . . . . . . . . .. . ... . 2 

Ma t erials 3 

Procedures . . . . . . . . . . . . . . . 7 

Results 11 

Summa r y & Conclusions 27 

Recommendations 30 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

Appendix A 

Strength Age Plots, "Average Compressive Strength Vs. Age" , 
Figures I Through XII . . . . . . . . . . . . . . . . . 32 

Appendix B 

Work Plan No . 85-C-1 44 

i i i 



ABSTRACT 

This investigation was undertaken to determine the feas ibility 

of producing hi gh strength concre te from materials currentl y available 

in the northwest region of Vermont . Compressive strengths in excess 

of 6,500 psi, were targeted using the Vermont Agency of Transportation 

specification for prestressed concre t e as a guide . 

Twenty concrete batches were produced in the l aboratory with 

two types of cement using quanti ties ranging from 611 to 800 pounds 

per cubic yard . All test ba t c hes con tained a high range water reducing 

admixture and test specimens were cured using either standard or 

acce l erated me tho ds . 

Only one of the test bat ches failed to 

compressive strength in excess of 6,500 ps i @ 

a standard moist condition. The durabi l ity , 

yiel d concrete with a 

28 days when cured i n 

as indicated by weight 

loss due to freezing and thawing , and the compressive strength increased 

as cemen t content increased and water cement ratios decreased . 

Unti l a greater population of test results i s established , this 

report recommends that specified design compressive s trengths for 

prestressed concre te be limited to a maximum of 5,500 psi for Vermont 

Agency of Transportation work. 
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INTRODUCTION 

This investigation examined the feasib ility of producing high 

strength concrete using materials currently available in northwestern 

Vermont. Aggregates were obtained from local sources and cements 

chosen represented those available to ready mixed concre t e producers 

in this area . 

Three sources of Type II cement were used in the t esting program 

as well as one source of Type III cement . Cement quantities of 611, 

660, 752, and 800 pounds per cubic yard were incorporated in the mix 

designs . A high range water reducing and retarding admixture was 

added to all batches of concret e . 

Vermont Agency of Transportation specifications for prestressed 

concrete were used as a guide in trying to achieve compressive strengths 

in excess of 6,500 psi . Cylinders were subjected to standard curing 

and accelerated curing methods with test ages ranging from 1 day to 

90 days. Test specimens were also prepared to examine resistance 

to freezing and thawing of the various concretes . 

Accelerated curing , as used in this investigation, was accomplished 

by covering the cylinders to prevent loss of moisture, then placing 

the cylinders in a sealed, insulated (styrofoam) enclosure. Temperature 

levels reached in this investigation were similar to those recorded 

at prestressed and precast concrete operat i ons which cure their products 

with insulating planks or tarps . 

( 2 ) 



MATERIALS 

The materials used in this investigation are as follows : 

A. Aggrec-ates 

1 . Coarse Aggregate 

3/4 Inch Crushed Stone 

Swanton Limestone, Swanton, Vermont 

TABLE 1 

COARSE AGGREGATE TEST DATA 

3/4 Inch 
Crushed Stone 
Date Sampled 

1/24/85 

Sieve Size % Passing 

111 100 

3 I 4 II 100 

3/8 II 43 

#4 4 

#8 2 

L.A. Abrasion, percent loss 
"B" Grading 22 . 8 

Thin & Elongated Pieces, 
percent 1.4 

Frac 100 

(3) 

VAOT 
Specification 
Re_aui remen t s 

% Passing 

100 

90-100 

20-55 

0-10 

0-5 

35 Maximum 

10 Maximum 

1 
' 



2. Fine Aggregate 

A. G. Anderson , Highgate, Vermont 

FINE 

Sieve Size 

3 /8 " 

#4 

#8 

#16 

lt30 

#SO 

#100 

#200 

Fineness Modulus 

Or 

TABLE 2 

AGGREGATE TEST DATA 

r
. -------- ·-------~ ~---

Fine Aggregate VAOT 
Date Sampled Specification 

2 . s 

% Passing 

100 

99 

87 

69 

44 

19 

4 

0.8 

2 . 7 8 

(4) 

% Passing 

100 

95-100 

60 - 80 

25 - 60 

10-30 

2-10 

2 . 60 - 3 . 10 



B. Cements 

1 . Type III Cement 

Independent Cement Company, Beauport , Quebec 

TABLE 3 

CEMENT TEST DATA - TYPE III CEMENT 

Air Content of Mortar, 
percent by volume 

Fineness - Specific Surface, 
Sq . em . per gram 

Soundness - Autoclave Expan 
sion, percent 

Normal Con sis tency - Vicat 
Needle 

Time of Setting - Gi l lmore 
Needle 

Initial - Hrs:Min 

Final - Hrs:Min 

Compressive Strength, psi 

3 days - Cube No . 1 

Cube No . 2 

Cube No . 3 

Average 

7 days - Cube No . 4 

Cube No . 5 

Cube No . 6 

Average 

Independent 
Type II I 

Date Samp l ed 
2/4/85 

6 .4 

5440 

0 . 22 

27.5 

2 :50 

2:50 

4538 

4400 

4400 

4450 

4575 

4575 

4788 

4650 

( 5) 

AASHTO M85-84I 
Specification 
Requirements 

12 Maximum 

0 . 80 Maximum 

1:00 Minimum 

10:00 Maximum 

3500 Minimum 



2 . Type II Cements 

a . Independent Cement Company, Joliette , Quebe c 

b . Glens Falls Portland Cement Company , Glens Falls , New 
York 

c. Northeast Cement Company , St . Cons tant, Quebec 
(Insufficient quantities obta ined t o conduct physical 
testing) 

TABLE 4 

CEMENT TEST DATA - TYPE II CEMENT 

Air Content of Mo rtar , 
percent by volume 

Fineness - Specific Su rface , 
Sq. em. per gram 

Soundness - Autoc lave Expan 
s ion , percent 

Normal Consistency - Vicat 
Needle 

Time of Setting - Gillmore 
Needle 

Initial - Hrs : Min 

Fina l - Hrs : Min 

Compres s ive Strength , psi 

3 days - Cube No. 1 

Cube No . 2 

Cube No . 3 

Average 

7 days - Cube No. 4 

Cube No. 5 

Cube No . 6 

Average 

Independent 
Type II 

Date Sampled 
2/4/85 

8 . 6 

3423 

0 . 02 

25 . 0 

2 : 05 

3 : 00 

3038 

3088 

3100 

3080 

3400 

3725 

3300 

3330 

(6) 

Glens Falls 
Type II AASHTO M8 5-84I 

Da t e Sampled Speci f ication 
2/21/85 Reauirements 

7 . 4 

3651 

0.02 

24 . 0 

3 : 00 

4 : 20 

2913 

2913 

2950 

2930 

3737 

3980 

3838 

3850 

12 Maximum 

2800 Minimum 
4000 Maximum 

0 . 80 Maxi mum 

1:00 Minimum 

10:00 Maximum 

1500 Minimum 

2500 Minimum 



C. Ai r Entrai ni ng Admi xture 

Daravair 

W. R. Gr ace & Company, Cambridge, Ma ssachuse tts 

D. Hi gh Range Water Re duc ing and Re tardi ng Admixture 

Daracem 100 

W. R. Grace & Comp any , Cambridge, Massachuse tt s 

PROCEDURES 

Concrete used in this investigation was pre pa r ed in the laboratory 

in a Sears 3~ cu. ft . mixer. Mixes were designed to provide concretes 

with f our different cement content s 611, 660, 752 , and 800 pounds 

pe r cubic yar d . Materials were prepare d t o p roduce batches yield i ng 

1~ cubi c feet of conc rete . 

Mix design quantities for the various types , brands and quantitie s 

of cement r epresen ted in this program are s hown in Tables 5 , 6, and 

7 . 

( 7 ) 
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TABLE 5 

BATCH QUANTITIES PER CUBIC YARD 

INDEPENDENT TYPE III CEMENT 

Batch Batch I Batch j Batch 1 Batch 
1 

No . 1 No . 2 No . 3 No. 4 No . 5 

*3 / 4" Crushed Stone, 1bs. 1605 1605 1605 1605 16 05 

*Fine Aggregates, 1bs . 1598 1 598 1511 1511 1380 

C em en t , 1 b s . 611 611 660 660 752 

Daravair , oz. 6 . 5 7 . 5 11. 0 13 . 0 I 16. 0 

Daracem 1 00 , oz . 91.7 91.7 99 . 0 99 . 0 112 . 8 

Net Water, gal. 32 . 8 32 . 3 32.6 31.5 33 . 5 
- - -- ----- '---

* Weights converted to saturated surface-dry condit i on. 

Batch I Batch Batch 
No . 6 1 No . 7 No . 8 

1605 1605 1605 

1380 1330 1330 

752 800 800 

18 . 0 21.5 
[ 

23 . 5 ! 

112 . 8 120 . 0 1 1 20 .0 

33.6 33 . 6 I 34.2 



TABLE 6 

BATCH QUANTITIES PER CUBIC YARD 

INDEPENDENT TYPE II CEMENT 
I 

Batch Batch ' Batch Batch Batch I Batch I Batch ! Batch 
No. 9 No. 10 I No . 11 No . 12 No . 13 No . 14 No. 15 ; No . 16 1 

*3/4'' Crushed Stone , 1bs . 1605 1605 1605 I 1605 i 1605 ! 1605 1605 I 1605 

*Fine Aggrega t es , 1bs. 1598 r 1598 I 1511 15 11 I 1380 I 1380 1330 1 1330 

l Cement, 1bs . 611 611 i 660 660 I 7 52 752 I 800 I 800 t 

Daravair , oz . I 4 . 0 I 3 . 0 I 4 . 5 I 4 . 5 ' I 7 . 5 7 . 5 I 9 . 0 I 9.0 

Daracem 100, oz . I 91.7 91.7 I 99 . 0 99.0 11 2 . 8 1112 . 8 1120 . 0 I 120 . 0 
,......, I 

1.0 
'-../ l Net Water , gal . 26 . 7 28 . 2 I 29 . 1 28 . 8 29 . 5 1 29 . 1 I 30 . 8 I 30.6 

* Weights converted t o saturated sur face - dry condit i on. 
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TABLE 7 

BATCH QUANTITIES PER CUBIC YARD 

GLENS FALLS TYPE II CEMENT & NORTHEAST TYPE II CEMENT 

*3 / 4" Crushed Stone , l bs . 

I *Fine Aggregate , 1bs. 

Cement , lbs . 
I 

I D . arava1r , oz . 

I Dar a c em 1 0 0 , oz. 

I Net Water, gal. 

1
Glens Fal l s Type II I Northeast Type I I : 

Batch 1 Batch l Ba tch-l~~;~ch ·

1

! 

1 
I 

' I 
I 

I 

I 

No . 1 7 No . 18 No . 19 No. 20 

1605 ! 1605 l 

1598 1330 ! 
I 

I I 
611 800 

3 . 0 9. 0 ) 

91.7 I 120 . o I 

26 . 4 ' 27 . 4 I 

1605 

1598 

611 

3 . 0 

91. 7 

26 . 2 

1605 

1330 

800 

9 . 0 

120 . 0 

27 . 8 

* Weights conver ted to saturated surface-dry condition . 



Tests were performed on the fres h concrete t o determine Slump 

(AASHTO T 119- 82) , Air Content (AASHTO T 152 - 84!), Unit Weight (AASHTO 

T 121- 82) and temperature. 

Compressive strength was determined 

cylinde rs. Cylinde rs were te s ted at ages 

using 4 inch x 8 inch 

rangin g from 1 day to 90 

days using both standard curin g and accelerated curing methods . 

Accelerated curing was accompli shed by cover ing cylinders to 

prevent loss of moisture, then placing the cylinders in a sealed 

styrofoam box. Cylinders stored in thi s manner ·were t es t ed a t ages 

of 1 day and 3 days . Additional cyl i nders were then r emoved from 

the styrofoam box and either air-dried or subj ected t o moist cur ing 

unt il the desire d age of test was a ttained . 

One freeze- thaw specimen , 3'' W x 3'' D x 16 '' L, was cas t from 

each batch of concrete . These specimens were mois t cured for 14 days , 

af t e r which they were subjec ted to f r eezing and thawing (AASHTO T 

161 -83!) i n a 3% NaCl solution. 

RESULTS 

Results of tests on the fresh concrete are shown in Tables 8, 

9 , and 10 . 

( 11 ) 
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TABLE 8 

FRESH CONCRETE TEST RESULTS 

INDEPENDENT TYPE I I I CEMENT 

~ Batch Batch lBa tc~ -- jBa tch !Batch 
i No . _l_~· 2 :No . 3 ~No . 4 !No .:_ 5 

2l;r , 2 ; 3 I 2~ l 2~ 
3 . 4 3 . 8 I 4.4 I 4 . 8 I 4.3 

I 

Slump , inches 

Ai r Content, percent 

Batch /Batch 
!No . 6 No . 7 

2~ I 3l;r I 
r 

4 . 7 

1Batch 
, No. 8 

2 3/4 1 

5. 3 i 
Unit Weight, lbs . / 

ft . 3 1 48 . 33 148 . 71 147.47 i 146 . 94 1 47 . 23 1 

4 • 9 t 

146.50 1 
j 

1 46 . 70 ' 145.50 
I 

74 74 I 74 l 72 I 72 I 

rl : . 4o I . 3 7 
I 

72 71 Temperature, °F 

I W/~ Ratio 1 . 45 . 44 i . .1 

71 

• 3 7 . 36 



r-.. 
....... 
VI 
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Slump , inches 

Air Content , percent 

Unit We i ght, lbs . / 
ft . 3 

Temperature , °F 

W/ C Ratio 

TABLE 9 

FRESH CONCRETE TEST RESULTS 

INDEPENDENT TYPE I I CEMENT 

' Batch ' Batch j satch Batch !Batch 
1 
Batch ~atch !Batch 

No. 9 No . 10 , No . 11 ·No . 12 No . 13 No . 14 No. 15 1No . 16 

1~ 

6. 0 

147 . 18 

74 

. 36 

2~ 

6 . 0 

1 47 . 51 

74 

. 38 

4 

6 . 9 

I 

3!.a 

6.1 

3 
I 

6. 2 I 

2 3 / 4 

6 . 0 

3 

6.5 

-1 

2 3 / 4 I 

5. 2 

1 45 .64 1 147 . 56 146 . 26 1 148.14 1 45 . 5 9 14 7 . 75 

74 I 72 I 71 ! 72 I 71 71 i 

.3 7 1 . 36 1 .33
1 

.3 2 . 3 2 . 32 
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TABLE 10 

FRESH CONCRETE TEST RESULTS 

GLENS_EALLS TYPE I I CEMENT & NORTHEAST TYPE I I CEMENT 
I ! 
1Gl ens Fal l s Type II Northeas t Type II · 

Batch Batch Batch 
1 

Batch 
No . 17 No . 1 8 No . 19 No . 20 

I 

Sl ump, i nches 2 3/4 3 2~ I 3~ 

Air Content , percent 6.5 I 6 . 4 5 . 5 ' 7 . 6 
; . 
I I 

Unit We i ght, lbs . / ft . 3 146 . 6 0 1 4 7 . 56 1 48 . 6 2 i 144 . 8 7 
I 
I 

op . 
Temperature , 68 71 70 

I 
70 

W/ C Rati o .3 6 . 29 i . 36 . 2 9 
- - --- ---- · ---- l i 



The temperature inside the enclosure used for accelerated curing 

reached 135-140°F during the initial 24 hours of curing of the 

specimens. The temperature dropped to 105-ll0°F after 2 days of cur ing 

and to 9 5- 10 0 ° F after 3 days of curi ng . Temperature l evels were the 

same for concrete containing Type I I cement as with concrete conta ining 

Type III cement . 

The r esults of 

11, 12, 13 , an d 14. 

compressive strength tests are s hown i n Tabl es 

Strength age plots illustrating average compressive 

strengths are s hown in Figures I through XII i n Appendix A. 

( 15) 
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Age 

Tested , 

Days 

l 

3 

7 

28 

56 

90 

Stan-
dard 

3979 

4954 

5491 

6346 

7162 

7122 

TABLE 11 

COMPRESSIVE STRENCTII TEST RESULTS, PSI 

CEMEliT CON'IENT, 611 POUNDS PER. CUBIC YARD 

Independent Type III Independent Type II 

Batch No. 1 Batch No. 2 Batch No. 9 Batch No . 10 

Type of Cure Type of Cure· Type of Cure Type of Cure 

Stan- Stan- Stan-
Accelerated dard Accel erated dard Accelerated dard Acce l erated 

4436 4158 4615 4496 4417 4655 4496 

5232 5232 5232 5013 5133 5193 5093 

Air- Air- Air- Air-
Dry Moist Dry Moist Dry Moist Dry Moist 

5749 5411 5769 5909 5471 5849 5849 5252 5809 5690 5173 

6167 6128 6844. 6366 6247 7003 - 6386 6307 6724 6307 6048 

6247 6744 7421 6386 7063 7540 6665 7182 6506 

-
8057 8157 7520 

----- - - --

Glens Falls Type II Northeast Type II 

Batch No. 17 Batch No. 19 

Type of Cure Type of Cure 

Stan- Stan-
dard Accelerated dard Accelerated 

4198 4456 4118 4536 

5173 5272 4258 5113 

Moist Moist 

5093 5411 5531 5332 

6804 6565 6724 61.08 

- - -- - --~---- --- -- -----"'--L-
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Age 

Tested, 

Days 

1 

3 

7 

28 

56 

90 

TABLE 12 

COMPRESSIVE STRENGTH TEST RESULTS. PSI 

CEMENT CONTENT. 660 POUNDS PER CUBIC YARD 

Independent Type III Independent Type II 

Batch No . 3 Batch No . 4 Batch No . 11 Batch No . 1 2 

Type Of Cure Type Of Cure Type Of Cure Type Of Cure 

Standard Accelerated Standard Accelerated Standard Accel erated ~tandard Accelerated 

4436 5033 4417 4695 4496 4496 4536 4655 
I 

5391 5610 54 11 5650 5033 5033 5312 5232 
' 

Air- Air - Air - Air- - I 
Dry Moist Dry Mois t Dry Moist Dry Moist 

5590 6028 5511 5909 5909 5650 5491 5551 5292 5690 5650 5451 

6605 6685 6426 7063 66 25 6486 6665 616 7 6008 6884 6267 6108 

7580 6705 6923 7441 6526 7043 7202 6406 7878 6 724 

7839 817 7 7640 8117 
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Age 

Tested , 

Days 

1 

3 

7 

28 

56 

90 

TABLE 13 

COMPRESSIVE STRENGTH TEST RESULTS. PSI 

CEMENT CONTENT. 752 POUNDS PER CUBIC YARD 

Independent Type III Independent Type I I 

Batch No . 5 Batch No . 6 Batch No . 13 Batch No . 14 

Type Of Cure Type Of Cure Type Of Cure Type Of Cure 

Standard Accelerated Standard Accelera t ed Standard Accelerated Standard Acce l erated 

4795 5173 4715 511 3 49 74 4934 5033 5117 

5650 6028 5531 5749 5710 553 1 5929 57 1 0 

Air- Air- Air- Air-
Dry Moist Dry Moist Dry Moist Dry Moist 

6346 628 7 6008 6008 6386 5849 6327 6 1 28 5650 6207 6267 5 730 

7401 6884 6665 714 2 6645 6565 7282 6804 6486 7520 6665 6685 

7898 6983 7162 7580 6386 7142 7739 7341 8137 7580 

8157 8376 8256 841 6 
- - ~-- ----- --- - -- -
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Age 

Tested, 

Days 

1 

3 

. 

7 

28 

56 

90 

•. 

- -

Stan-
dard 

5173 

6028 

6446 

7361 

7898 

8774 

TABLE 14 

COMPRESSIVE STRENGTH TEST RESULTS • PSI 

CEMENT CONTENT • 800 POUNDS PER CUBIC YARD 

Independent Type III Independent Type II 

Batch No. 7 Batch No. 8 Batch No. 15 Batch No. 16 
--- - - ' 

Type of Cure Type of Cure Type of Cure Type of Cure 

Stan- Stan- Stan-
Accele rated dard Accelerated dard Accelerated dard Accelerated 

5292 4854 5252 4934 4934 5491 4815 

5968 5710 5829 5411 5392 5988 5968 

Air- Air- Air- Air-
Dry Moist Dry Moist Dry Moist Dry Hoist 

6466 6366 6267 6088 5829 5988 6128 5431 6585 6506 5968 

6824 6705 7083 6665 6426 7142 6724 6565 7481 7003 7341 

7023 7182 7978 6684 7122 7978 7560 8340 7839 

8276 8356 8714 __ ,__ 
'- - -" ____.. - ~ -~---=-"' 

~lens Falls Type II Northeast Type II 

Batch No. 18 Batch No. 20 

Type of Cure Type of Cure 

Stan- Stan-
da rd Accelerated dard Acce le.ra ted 

4854 5531 4815 5093 

5670 5630 5332 5451 

Moist Moist 

6167 6008 5949 5730 

7083 7600 6923 6764 

--



The r esults of dynamic te s ting of freeze-thaw specimens are s hown 

in Tables 15, 16 , and 17 . The percent weight c hange resulting from 

freezing and thawing of specimens is s hown in Tables 18 , 19, and 20 . 

(20) 



TABLE 15 

FREEZE-THAW TEST RESULTS - DURABILITY FACTOR 

752 1bs / c , 
--1 

Batch 5 Ba tch 6 Batch 7 l Batch 8 
~-- --

Durabil ity Factor 

I I ----~--

50 I 99 . 6 
I 

101 . 1 1 00.4 I 99.6 I 101.1 1 01.1 1 00 . 0 100 . 7 I r I i I 1 00 99 . 3 • 99 . 6 99 . 3 98.9 ! 100 . 0 99.3 i 98 . 9 99 . 3 l 

1 50 98 . 2 97 . 9 

' 
97 .1 l 98.2 ' 98 . 2 97.5 98 . 2 99 . 3 

IJ) 

I <!) • I 
rl 200 98 . 2 97 . 5 97 . 5 97.5 97 . 5 96.4 97 . 5 . 98.6 

I 1 

,......_ u l I >-
2 50 ! : N u 97 .2 I 97 . 2 i 97.5 97 .2 97 . 5 96.4 97 . 5 I 98 . 6 t--' l 

'-" I I 
I 4-4 ' I I 

1 0 
300 97 . 2 I 96 . 8 l 96. 8 i 97 . 5 97 . 9 96 . 8 I 97 . 9 98 . 6 

I 
I • 

!-< 
I i <!) I ! .D 350 97 . 9 97.5 97. 1 97 . 5 98 . 2 96.8 I 97 . 5 98 . 6 s 

;::l 
z 400 97 . 9 

l 
97 . 5 . 97 .1 l 97 .2 ' 98 . 2 97 . 2 98 . 2 99 . 3 I 

I I I l 
I I I 

450 l 97 . 5 I 97 . 5 i 97 . 9 I 97 . 5 98 . 6 97.2 98 . 2 99.3 

l ' I I I 

I i ' i 

500 97 . 5 97 . 5 i 97 . 9 98 . 9 98 . 9 9 7 . 9 98 . 9 99.3 
L 



TABLE 16 

FREEZE-THAW TEST RESULTS - DURABILITY FACTOR 

-----·- --,--
I n dep enden t Typ e I I Cemen t 

_____ 6_1J _ Lb_s_Lc_x ___ l_ _ 660 1b_!;i_L cy_ __ ~---;5 2 lbs/c_y 800 1bs/cy____ _ ! 
:Batch 9 I Batch 10 Batch 11 . Batch 12 Batch 1 3 ' Batch 14 1 Batch 1 STBatchT6 i 

- ----·- - ·--- --·- - -· - --- ----'---- ---j 
Durab i l ity Factor 

--·---.....---------~----·-··· ---· ---· ' -- ----- -- ·-
I 

i so 98.6 97. 2 97 . 2 99 . 3 I 100 . 0 100 . 0 1 00 . 0 99 . 3 I 
; 

' 
\ 

1 00 93 . 7 98 .6 ! 95 . 0 96 . 5 ' 98 . 6 99 . 3 98.6 100 . 0 
I I ! 

150 98 . 6 98 . 6 I 96 . 4 97 . 2 
! 
i 97 . 9 99 . 3 99 . 3 1 00 . 0 

Vl 
Q) 200 98.6 98 . 6 ! 97 . 9 97 . 2 97 . 9 1 00 . 0 99 . 3 98 . 6 

,.-... ....-i 
N u 
N >-- 250 99.3 99 . 3 97 . 2 ' 97 . 2 98 . 6 1 00 . 0 100 . 0 1 00 . 0 
'-....J u I 

~ 
0 300 99 . 3 97 . 9 1 00 . 7 I 97 . 2 i 99 . 3 100 . 0 1 00 . 7 99.3 
H 
<I) 350 1 00 . 0 99.3 99. 3 i 97 . 2 97 . 9 1 00 . 0 1 00 . 0 99 . 3 

..0 
l 

e 
;:l 

400 100.7 99 . 3 98 . 6 97 . 9 97 . 2 99 . 3 1 00 . 0 99 . 3 z : 

45 0 98 . 6 9 7 . 2 97.2 96 . 5 
l 

97 . 2 99 . 3 1 00 . 0 97.9 
I 

500 99 . 3 97 . 2 
I 

98 . 6 97 . 2 97.2 98 . 6 98 . 6 1 00 . 7 ; i ·--



TABLE 17 

FREEZE-THAW TEST RESULTS - DURABILITY FACTOR 

-·- --- - ------- ----· 
I 

Gl ens Falls Type II Cement 
I 

Northeast Type I I Cement 
-- --·---• 

61 1 l bs/cy . 800 lbs/cy ! 611 lbs /cy 800 lbs /cy 
Batch 17 i Batch 18 Batc h 19 Batch 20 

- ---- --
Durability Factor 

·------... -
I -----l- ---50 96 . 5 97 . 9 98 . 6 97 . 9 

1 00 97.2 I 97 . 9 97. 1 I 97 . 9 
• 
I • 

1 15 Q I 97 . 2 l 98 . 6 I 97.1 97 . 9 
' Ul . 

(].) 

I '0 i 200 95 . 8 I 97 . 9 ' 97. 1 j 98 . 6 ' ........._ 
' 

N ! >, I 
VI u 250 97 . 2 i '-..J 98 .6 I 98.6 98 . 6 

~ I 3oo i 99 . 3 i 98 .6 I 99 . 3 99.3 
l-c 
(].) 

.0 350 98 . 6 I 97 . 9 I 100.0 98 . 6 s 
;:::1 

i :z: ; 4 00 I 96 . 5 j 99 . 3 I 99 . 3 98 . 6 
I I 
i 45 0 99 . 3 I 98 . 6 

I 
99 . 3 98 . 6 I 

: 

500 96 . 5 i 99 . 3 99.3 I 99 . 3 



TABLE 18 

FREEZE-THAW TEST RESULTS - PERCENT WEIGHT CHANGE 

: Independent Type I II Cement 
1 

i- ~ .. _ --- -- --
j 6lLJ..b_s..Lcy I 660 1bs ~Y- j 752 1bs /cx ; 800 lbs/c 
Ba_!ch 1 I Batch 2 : Batch 3 I Ba tch_ 4_J_ ~a tch 5 ; Batch 6 ' Batch 7 , Batch 8; 

t Percent Weight Change 
r ·r - - -r-. - --

I - 3 . 0 -1.5 I -2. 1 - 1. 4 I -0 . 6 -0 . 4 -0 . 9 50 ' - 5 . 3 I I • 
I 

I 

j 
I l I 
I ! 

100 -7 . 9 -5 . 2 - 1.8 -2 .5 -1.6 -0.3 +0 . 2 ' - 0 . 5 I I I I ' I 

! I 

Vl ) 150 -10 . 9 -8.4 -2 . 7 I -3 . 4 - 2 . 3 ' -0 . 4 +0 . 1 -1.0 I I 
<Ll 
.-; 

I 
. 

<.) 200 i - 1 4 . 5 -11.6 - 3.9 -4 . 5 - 3 . 1 -1.0 -0 . 1 -1.4 
~ 
u ' 
~ ~ 250 -16 . 7 -13 . 3 i -4 . 5 -5 .1 -3 . 8 -1.3 -0 . 2 - 1.8 ,....... j 

N 0 1 
~ i 

I 
'-..J 1-< 300 -19.5 -16.0 -5.4 -6 .1 -4 . 5 -1.8 -0 . 6 -2 . 4 

(!) I 

.D 
e 350 -22 . 9 -19.0 -6 . 2 - 6 . 9 -5 . 4 -2 . 1 - 0 . 6 -2.6 
;:I 
z 

400 -24 . 5 -21. 1 -6.9 -7 . 3 -5 . 7 -2 . 4 -0 . 8 -3 . 2 

450 - 26 . 4 -23.0 -7 . 3 -7 . 9 -6 . 2 I - 2 . 7 -1.0 -3 . 4 
I 
! 

500 - 2 8. 7 - 26 . 2 -8 . 6 -9 . 0 -6.9 -3.2 -1. 7 I - 4.1 
----



TABLE 19 

FREEZE- THAW TEST RESULTS - PERCENT WEIGHT CHANGE 

---· -~-- - -

I n dependent Type II Cement 
. ...... - ··- . -------- __ _..,_,, 

_____ _§JJ, _ _]~b s Icy_ 
Batch 9 I Batch 10 

660 1bs[ 9:___ 752 1bs / cy 
1 

800 lbs/cy 
Batch 11 1Batch 12 Bat c h 13 1 Batch 14 Ba t ch 15 ! Batch 16 · 

--------- ---- -
Percent Weight Change 

r 

50 - 1.7 - 2 . 2 -0 . 7 - 0 . 3 - 0 .1 -0 .1 +0 . 1 - 0 . 4 
' 

100 -3.2 I - 3 . 8 - 1. 4 - 0 . 5 0 0 +0 . 1 -0.6 
' i I 

' 
! 

15 0 ' -3 . 9 -5. 7 -2 . 3 
I 

- 1. 0 - 0 . 4 - 0 . 2 0 -0. 7 
Vl 
<l.l ' .--i 200 -5 . 1 ! -6 . 7 I - 2 . 9 -1. 5 -0.6 - 0 . 2 I - 0 . 1 -1.0 
L) 

,---.. :>.. 
u 250 -5 . 9 - 7 . 8 ' - 3 . 3 I -1.9 - 0 . 8 - 0 . 2 - 0 . 2 -1. 6 N I 

V1 4-l 
'--" 0 I ! : 300 -7 . 4 -9 . 5 -4.3 - 2. 5 - 1. 3 - 0 . 4 - 0 . 6 ! -1.9 

l-< 
<l.l 

! ,.c l 350 - 8.9 - 1 1 . 2 - 5 . 3 -3 . 5 - 2 . 2 - 0 . 6 - 1. 0 -2.3 
~ I, 
::l ' 
Z t 400 -10 . 2 -1 2 . 3 - 5 . 8 ' -4 . 1 - 2 . 7 -0 . 9 - 1. 4 ' -2. 7 I ( . I . ; I 

l I 

450 -1 1. 2 - 13.3 -6 . 9 -4.9 -2 . 7 -1.0 I 
- 1.6 - 2.9 

I I 
500 -11. 8 -1 4 . 0 - 7 . 2 -5 . 3 -3 . 7 - 1. 4 I - 2.2 I - 3 . 5 I 

----~------~--~~--
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TABLE 20 

FREEZE - THAW TEST RESULTS - PERCENT WE IGHT CHANGE 

Glens Falls Type I I Cernen t ! Northeast Type I I Cement 

_611- lbs /cy ,- 800 1bs /cy f 611 1bs/c;l 800 lbs /cL .. 
Batch 1 7 Batch 18 ! Batch 19 \ Batch 20 

- - - - - - -------'----------
Percent Weight Change 

-~-·---------- --· 
-2 . 2 -0.3 - 2 . 3 -0 . 1 

-3 .4 -0 . 4 - 4 . 1 - 0 . 5 

-4 . 9 -0 . 9 -5 . 3 -0. 7 

-5.6 -1.3 -6 . 3 -1.1 

-6.7 -1. 7 -7 . 4 -1.5 

-7.5 - 2 .1 -8 . 8 -1.8 

-9 . 3 - 2 . 9 -10.3 -2. 5 

- 10 . 2 - 3 . 2 -11 . 3 -2 . 8 

-10 . 8 -3 . 5 - 12 . 1 -3. 0 

-12 . 0 -4 . 0 -13 . 2 - 3 . 8 



SUMMARY & CONCLUSIONS 

1 . Although workability appeared equal and s lump tests indicated 

simi 1 ar consistency, water cement ratios of concrete mi xed with Type 

II cement averaged 0 . 06 less than those of conc r ete mixed with equal 

quantities of Type III cement . 

The higher water quantities needed to impart the same workability 

were 1 i kely due to the high fineness of the Type I I I cement [ 1] . The 

specific surface of the Independent Type III cement was 5,440 sq . em . 

per gram compar ed to 3 , 423 sq . em . per gram for the Independent Type 

II cement , 

un it weight . 

indicating nearly 6 0 percent more cement surface area per 

2 . With the exception of Batch No . 1 (61 1 lbs . /cy of Typ e III 

cement) , t he 2 8 day compressive strength of standard c ured specimens 

exceeded the 6 , 500 psi target stren gth . 

All concrete specimens cured under standard conditions 

days and 9 0 days attain ed compressive strengths i n excess 

psi and 7 ,500 psi, respectively. 

for 56 

of 7 , 000 

Based on building code requirements outlined by ACI , when 

sufficient t est results are not available , i . e . l ess than 15 , required 

average compressive strength shoul d be 1,400 psi greater than f'c 

(specified compress i ve strength of concrete , psi) [2] . 

Results obtained in this evaluati on indicate use of design values 

of 6,500 psi would require more trial batches to estab l ish a greater 

population of test results as no singl e break exceeded 7 , 900 psi @ 

28 days. I f l ive loading could be l i mited prior to 56 days , a design 

value of 6 , 0 00 psi could be permit ted bas e d on compressive strengths 

of standard cured spec i mens molded from con c r ete mixed with 752 lbs. 

of cemen t per cubic yard v,rhich averaged 7 , 938 psi a n d 7 , 739 psi @ 

56 days using Type II and Type III cements respectively. 

(27) 



Without fur ther testing the specified 28 day design compressive 

strengths shou l d be limited to 5,500 psi for prestressed concrete 

structures requiring greater compressive strengths than the 5,000 

psi presently being used in Agency design work. Breaks in excess 

of 6,900 psi @ 28 days were attained with cement contents of 752 lbs. 

per cubic yard and 800 lbs . per cubic yard using both Type II and 

Type III cements . 

3. Accelerated curing had a greater effect on the development 

of earl y strength of concrete containing Type III cement than on the 

early strength of concrete containing Type II cement . 

Compressive strength fol lowing 3 days of accelerated curing 

averaged 275 psi higher for concrete containing Type III cement compared 

to concrete mixed with Independent Type II cement . 

4 . Following completion of accelerated curing at 3 days, the 

compress ive strength of cylinders stored in air i ncreased for a short 

period of time . Beyond 7 days, strength gain was minimal due to the 

drying of specimens resulting in no moisture available for continued 

hydration of cement [3] . The cylinders placed in moist curing after 

3 days of accelerated curing, showed a more gradual, but consistent 

increase in compressive strength . 

5 . Results of sonic testing on freeze - thaw specimens failed 

to establish meaningful differences in the various concretes . The 

results obtained by weight c hange measurements ; however, were more 

conc lusive . 

Weight loss decreased as cement contents increased and wa t er 

cement ratios decreased. 

Excep t for Batches No. 1 and No. 2 with air contents of 3 . 4% 

and 3 . 8% respectively , the durability of concrete mixed with Typ e 

I I and Type I I I cements \vas approximately equal at any given cement 

(28) 



content. Batches No . 1 and No . 2 with Type Ill cement had weight 

losses of 28 . 7% and 26 . 2% , respectively , af t er 500 cycles of freezing 

and thawing. The remaining 4 batches with 611 lbs. per cubic yar d 

contained the three brands of Type II cement and had air contents 

rangi ng from 5 . 5% to 6 . 5% with weight l osses between 11.8 % a nd 14 . 0% 

after 500 freeze - thaw cycles . Batches of concrete con tain ing 800 

lb s . per cub i c yard had a i r contents between 4 .7 % and 7.6 % and weight 

losses which ranged from 1. 7% to 4 .1 % after 500 cycles of freezing 

and thawing. 

6 . As cement contents i ncreased , so did the quantity of 

a ir - entraining agent r e quired to maintain an equal percentage of air 

in t he concre t e . Air- entrainment admixture dosages 

200% over the fu ll range of cement contents , due 

l oss in efficiency of the air - entraining agent as 

unit volume of con c rete increased [4] . 

increased up 

primarily to 

t otal cement 

to 

the 

per 

The proportion of air - en training a dmixture required to generate 

equi va l ent air con tents in concrete with Type I I I cement was 50% to 

15 0% greater than i n concrete with equal quantities of Type II cement 

as a result of the increased fineness of the Type II I cement [4 , 5] . 

(29) 



RECOMMENDATIONS 

Until sufficient test data has been gathered to justify greater 

design strengths , this Report r ecommends that the Agency limit 28 

day design compressive strengths to 5 , 500 psi for prestressed concrete 

structures. This design value should be cons i dered where strengths 

in excess of the 5 , 000 psi value presently in use are required . 

Once a facility has establ ish ed a field record of 30 or more 

consecutive breaks with an average compressive strength greater tha n 

6 , 700 psi and a s tandard deviation of less than 500 psi using simil ar 

materials , the design compressive strength coul d be increased to 6 , 000 

psi @ 28 days for f u ture structures . 

(30 ) 
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