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1. The data contained in this Technical Memorandum No. 6-359, 
entitled "Tests of Blends of Portland Cement with Masonry Cement" have 
been prepared by the Waterways Experiment Station under Item CW 601 
"Research in Mass Concrete" of the CWI Program and are being issued 
for general information. 

2. The masonry cements investigated in a blend with Type II 
portland cement as replacements for a portion of the portland cement 
contained the three basic ingredients used by the industry in the manu
facture of masonry cement; finely ground limestone, natural cement, and 
finely ground, water-quenched, blast-furnace slag. In general, tests 
of paste, mortar and concrete made with these blends compared favorably 
with the tests on paste, mortar and concrete made with Type II portland 
cement. While strengths were reduced somewhat by the use of the blends, 
and the permeability rates were relatively higher, the blends markedly 
reduced bleeding, improved the resistance of the concrete specimens to 
accelerated freezing-and-thawing, and slightly reduced heat of hydra
tion. 

3. The actual use of a masonry cement in a blend with port land 
cement as a replacement for a portion of the portland cement on any 
future Corps of Engineers project will primarily depend on the relative 
economy of the use of such a blend as compared to the cost of using 
straight portland cement. Inclusion of the optional use of the blend 
in contract specifications for any project will require prior approval 
by the Chief of Engineers during the planning stage. A request for 
such approval will be accompanied by an outline of the type of structure 
involved, the degree of exposure conditions expected, together with a 
detailed estimate of the relative economic advantage in permitting the 
optional use of the blend. 
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PREFACE 

The tests reported herein and in the appendix hereto were author-

ized by letter from the Office, Chief of Engineers, dated 30 January 
. 

1951, subject, "Additional Materials to be Included in the Blended Cement 

Program," and form a part of the Civil Works Investigations Program of 

the Corps of Engineers. 

The tests described in the main report are on specimens of paste, 

mortar, and concrete prepared with blends of masonry and portland cement 

and the tests described in the appendix are on specimens of paste, 

mortar, and concrete prepared with straight masonry cement. 

The work was conducted at the Concrete Research Division of the 

Waterways Experiment Station under the general supervision of H. K. Cook, 

Division Chief; T. B. Kennedy, Chief, Physical Test Branch; and 

B. ~.ather, Chief, Special Investigations Branch. The program was under 

the direct supervision of C. H. Willetts and R. V. Tye, and tests were 

performed by or under su~ervision of w. O. Crawley, E. J. Callan, R. L. 

Curry and L. Pepper. This report was prepared by :tr.ir. Willetts • 

. 32630 



CONTENTS 

PREFACE 

SYNOPSIS 

PART I: INTRODUCTION . 

Purpose and Scope of Investigation . . . . 
Materials Used in Tests . . . . . . . • 

PART II: TESTS .••.. 

Tests of Aggregates . . . • • . . 
Tests of Cements Alone . . . . 
Tests of Pastes and Mortars . 
Tests of Concrete . 

PART III: DISCUSSION . 

Chemical Composition 
Fineness . • . . • • • 
Setting Time and Soundness 
Normal Consistency 
Thermal Diffusivity 
Mortar Strength . • . . • • 
Heat of Hydration . . • . . . . • . 
Bleeding of Pastes • • • • • • . . . 
Water Retention, Water Repellency and Staining 
Air Content of Concrete . 
Consistency of Concrete . • • . . • • . . 
Bleeding of Concrete • • . . • • • . . . • • 
Compressive Strength of Concrete ..•. 
Flexural Strength of Concrete • • • . 
Modulus of Elasticity of Concrete .•••..•. 
Permeability of Concrete . • . • . ..•...•.• 
Resistance of Concrete to Freezing-and-thawing 

PART IV: CONCLUSIONS 

TABLES 1-10 

APPENDIX: TESTS ON MASONRY CEMENT 

TABLES Al-A3 

iii 

i 

v 

1 

1 
1 

3 

3 
3 
4 
9 

15 

15 
15 
15 
16 
16 
17 
17 
17 
18 
18 
18 
19 
19 
19 
19 
20 
20 

21 



v 

SYNOPSIS 

This investigation was conducted to determine the suitability of 

masonry cement blended with portland cement for use in concrete con

struction. Tests were made on three types of comn::ercially manufactured 

masonry cements; one with a limestone base, one with a natural cement 

base, and one with a water-quenched blast-furnace slag base. The inves

tigation included the making of physical and chemical tests on the 

portland and masonry cements alone and in blends, in pastes, mortars, 

and concrete. 



Manufacturer 

1. Universal Atlas Cement 
Buffington, Indiana 

2. Louisville Cement Co. 
Speed, Indiana 

3. Southern Cement Co. 
Birmingham, Alabama 

4. Lone Star Cement Corp. 
Birmingham, Alabama 

5. Autolene Lubricants Co. 
Denver 9, Colorado 

6. Franklin Limestone Co. 
Nashville, Tennessee 
(Danley Quarry) 

Co. 

KEY 

Symbol 

RC-209(2) 

RC-227 

RC-228 

RC-177 

NVR 

VICKS-3 
G-1(3) 
VICKS-3 
Y.S(2) 

vii 

Product 

Atlas Mortar Cement 

Brixment 

Magnolia Mason's Mix 

Type II, Portland 
Cement 

"Protex" Neutralized 
Vinsel Resin Solution 

Crushed Limestone 
Aggregates 



TESTS OF BLENDS OF PORTIAND CEMENT WITH 1-'fASONRY CEMENT 

PART I: INTRODUCTION 

Purpose and Scope of Investigation 

1. This report describes tests conducted on three commercially 

available tYJ;Jes of masonry cements to determine their properties and 

their effects on the properties of pastes, mortars, and concretes made 

with them. The investigation included chemical analyses, and fineness 

and specific gravity determinations on the materials themselves; tests 

for setting time, "soundness," normal consistency, thermal diffusivity, 

and heat of hydration of pastes; determinations of air content and 

strength of mortars; and tests on plastic and hardened concrete speci-

mens. The materials were compared with and in most cases combined with 

a Type II portland cement. The test results are reviewed herein from 

the standpoint of the possible use of such materials by the Corps of 

Engineers as replacements for part of the portland cement normally used 

in concrete construction. 

Materials Used in Tests 

Masonry cements 

2. The three masonry cements tested conformed to Federal Speci-
I 

fication SS-C-18lb for ¥asonry Cement, Type II. The following serial 

numbers were assigned them: 

a. RC-209(2) Masonry cement with a ground limestone base, 

b. RC-227 Masonry cement with a natural cement base, and 
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c. RC-228 Mascnry cement with a ground, water-quenched, 
blast-furnace slag base. 

Portland cement 

3. The portland cement used was Type II, laboratory serial number 

RC-177. 

Air-entraining admixture 

4. The air-entraining admixture used as an addition at the mixer 

was a commercially produced neutralized Vinsel resin solution, referred 

to in this report as "NVR." 

Aggregates 

5. The aggregates were crushed limestone obtained from a quarry 

near Nashville, Tenn. The coarse aggregate is referred to by serial 

No. VICKS-3 G-1 (3) and the fine_aggregate by VICKS-3 :M3(2). 
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PART II: TESTS 

Tests of Aggregates 

6. The results of tests performed on samples of the aggregates 

used are given in table 1. 

Tests of Cements Alone 

Chemical analysis 

7. Chemical analysis of the portland cement was performed in ac-

cordance with the requirements of ~ederal Specification ss-c-158-b (CRD-C 

201)1. Chemical analyses of the masonry cements were performed essen-

tially in accordance with the procedures used in the analysis of portland 

cement except that the materials were fused with sodium carbonate to in-

sure solution. For the determination of total sulfur a sample was pre-

pared by fusion with sodium carbonate and potassium nitrate. Sulfide 

sulfur was calculated by difference between total sulfur and sulfate. 

Chloroform-soluble organic substances were determined in accordance w~th 

ASTM Designation C 114-47 (CRD-C 209-48). The results are given in 

table 2. 

Fineness and particle size 

8. The portland cement, the masonry cements, and the three blends 

thereof were tested by ASTM Designation C 115-42 (CRD-C 214-48) for 

amount finer than the No. 325 sieve. Surface area was determined by two 

ty~es of air-~ermeability apparatus. The Blaine apparatus was employed 

1 "CRD-C" references are to the "Handbook for Concrete and Cement," 
published by the Uaterways Experiment Station in August 1949. 
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using the procedures given in ASTM Designation C 204-46T (CRD-C 218-48) 

except that the porosities indicated in footnotes to table 3 were used 

for the masonry cements and blends thereof. The Fisher Scientific Com

pany's "Sub-sieve Sizer" was used to obtain data bdth on surface area and 

average particle diameter in microns. The results of these tests are 

presented in table 3. 

Specific gravity 

9. Specific gravities of the portland cement, masonry cements, and 

blends were determined in accordance with ASTMDesignation C 188-44 

(CRD-C 228-48) and the results are given in table 3. 

Tests of Pastes and Mortars 

Setting time 

10. Three procedures were used for determining the setting time of 

the materials. The portland cement, masonry cements, and blends were 

tested as pastes for initial and final set by the Gillmore method in ac

cordance with ASTM Designation C 191-44 (CRD-C 222-48), and for.setting 

time by the Vicat needle in accordance withASTM Designation C 191-51T. 

They were tested for setting time as mortars in accordance with ASTM 

Designation C 229-49T (CRD-C 239-48). The results of these tests are 

given in table 4. 

Soundness 

11. Test specimens of portland cement, the masonry cements, and the 

·blends were tested for "soundness" in accordance with ASTM Designation 

C 151-43 (CRD-C 224-48), a test for autoclave expansion. The masonry· 

cements were also tested for "soundness" in water and in air in accordance 



with Federal Specification SS-C-18lb (CRD-C 204-48). The results of 

these tests are given in table 4. 

Air content 

5 

12. Mortars made with the portland cement, the masonry cements, 

and the blends were tested for air content in accordance with ASTM Desig

nation C 185-47T (CRD-C 219-48). T~sts results are given in table 4. 

Water demand (normal consistency} 

13. The portland cement, masonry cements, and blends were tested 

for normal consistency by ASTM Designation C 187-44 (CRD-C 220-48). The 

results are included in table 4, and indicate the amount of water required 

to make a paste of normal consistency calculated as a percentage by weight 

of the dry material. 

Thermal diffusivity 

14. Pastes were made with the portland cement, the masonry cements, 

and the blends at two water-cement ratios: o.40 and 0.85 by weight. The 

full series of tests was conducted using 3- by 6-in. cylinders. One spec

imen was tested for each water-cement ratio at each of the three test ages: 

3, 7, and 28 days. The specimens were stored in the fog room until the 

test age. The tests were conducted essentially according to the procedure 

specified by CRD-C 36-48 except that the specimens were heated to approxi

mately 125 F and cooled to approximately 40 F. Many of the specimens 

made with the 0.85 water-cement ratio underwent considerable water-gain 

(bleeding} between the time of molding and final set. As a result the 

hardened specimens were less than 6 in. in height when tested. Test re

sults are included in table 4. The thermal diffusivity values shown were 

calculated using the actual dimensions of the specimens tested. The 
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water-cement ratios are those to which the pastes were mixed, the actual 

water-cement ratios in the specimens tested were lower by a variable 

amount. The 28-day results for certain specimens were considered ques-

tionable because of possible drying out in storage; therefore, these spec-

-imens we~e__re_teated_at an age of J9 d~ys after storage in water for 7 days 

(age 32-39 day). Results of these additional tests are shown in table 4. 

Compressive strength 

15. Two-inch mortar cubes were made with the portland cement, the 
I 

masonry cements, and the blends, and were tested for compressive strength 

at 3-, 7-, and 28-days age. The tests were conducted in accordance with 

Federal Specification SS-C-158b (CRD-C 201-48). Test results are given 

in table 4 and are plotted in fig. 1. 
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Fig. 1. Compressive strengths of mortars made with portland and 
masonry cements and blends 
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Heat of hydration 

16. Pastes were made from the portland cement, the masonry ce-

ments, and the blends using two water-cement ratios, o.40 and 0.85 by 

weight. The pastes were tested at 3-, 7-, and 28-days age for heat of 

7 

solution. Heat of solution of the dry materials was determined also and 

heat of hydration calculated. The portland cement was tested in accord-

ance with the requirements of ASTM Designation C 186-47 (CRD-C 229-48). 

This procedure must be modified for materials that do not go completely 

into solution within' 30 min. The modification used in these tests in-

valved terminating the solution period at the end of 30 min, and making 

suitable adjustments in the calculation. The results are given in table 

4. The results with the o.40 water-cement ratio are plotted in fig. 2 
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Fig. 2. Heat of hydration of o.40 water-cement ratio specimens 
stored at 73 F 
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and those with the 0.85 water-cement ratio are plotted in fig. 3 • • 

28 
AGE, DAYS 

Fig. 3. Heat of hydration of 0.85 water-cement ratio specimens 
stored at 73 F 

Bleeding of paste 

17. Pastes were made from the portland cement, the masonry ce-

ments, and the blends and tested for bleeding characteristics in 

accordance with ASTM Designation C 243-50T. The results are given in 

table 4. 

Water retention, water 
repellency, and staining 

18. Only the masonry cements were tested for water retention, 

water repellency, and staining properties in accordance with 

Federal Specification SS-C-18lb (CRD-C 204-48). The results are given 

in table 4. 
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Tests of Concrete 

Concrete mixture proportions 

19. Four concrete mixtures were prepared to represent the follow-

ing test conditions: 

!!:. • 

b. 

d. 

lOooj, portland cement (RC-177) with air-entraining 
admixture, 

75% portland (RC-177) + 25% masonry cement (RC-209(2)) 
(limestone base), by solid volume, 

75% portland (RC-177) + 25% masonry cement (RC-227) 
(natural cement base}, by solid volume, and · 

75% portland (RC-177) + 25% masonry cement (RC-228) 
(slag base), by solid volume. 

20. The aggregate was graded to comply with the following require-. 

ments. Gradings typical of those obtained are given in table 1, 

. 
Sieve 

No. 4 
No. 8 
No. 16 
No. 30 
No, 50 
No. 100 

3/4 in. 
1/2 in. 
3/8 in. 
No. 4 

Per Cent Passing 

Fine Aggregate 

99 + 1.0 
88 + 2.0 
70 + 2.5 
48 + 5.0 
25 + 2.5 
5 ! 1.0 

Fineness modulus: 2.65 + 0.02 

Coarse Aggregate 

99 + 2 
65 + 2 
29 + 2 
l"+l 

21. The air-entraining admixture was used to regulate the air 

content of the mixes so that there would be not more than 3,0 per cent 

difference in air content between any of the mixtures containing the 
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blends and all would have as nearly the same air content as possible, 

with the desired goal being 6.o ~ 0.5 per cent. The air content of the 

straight portland mixture was to be as close as possible to the air con

tent of the blends. 

Q2. It -was -not necessary to -add -any 1'l\lR to the mixture -containing 

a blend Of 75 per cent portland cement and 25 per cent Of the masonry 

cement with the natural cement base, si~ce this blend produced more than 

6.5 per cent air. Materials were stored at 73.4 ~ 2 F prior to use to 

control the temperature of the plastic concrete. The mixture with 100 

per cent portland cement was proportioned to have a water-cement ratio 

of 0.5 by weight (5.65 gal. per bag of portland cement). All other 

mixtures were proportioned to have the same ratio of water to cementi

tious material by solid volume as the 100 per cent portland-cement mixture 

(47 lb of water to o.478 cu ft of cementing medium). The mixtures were 

proportioned to have a consistency of 2-1/2 ~ 1/2 in. as measured by the 

slump test. The mixture proportions were determined by the trial-batch 

method as described in CRD-C 3-48, and data on the mixtures are sum

marized in table 5. Each mixture was used three times and the values 

given are averages. 

Tests of freshly mixed concrete 

23. Air content. The air content of each batch was determined 

gravimetrically using a 0.25-cu-ft measure according to the procedures 

given in appendix to CRD-C 7-48. An additional determination was made 

according to the pressure method (CRD-C 41-48) using a 0.25-cu-ft con

tainer. Table 6 presents the results of these tests. 

24. Consistency. Consistency was also determined by two methods: 
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the slump test and the penetration test. The.slump test was conducted 

according to ASTM Designation C 143-30 (CRD-C 5-48), and the penetration 

test was conducted as described in a paper by J. W. Kelly2 in which 

consistency was measured in terms of the depth of penetration into the 

surface of the concrete of a 30-lb metal ball, 6 in. in diameter. The 

results of these tests are also included in table 6. 

25. Bleeding. The bleeding of each batch of concrete was deter-

mined in accordance with CRD-C 9-48 and the results, expressed as a 

percentage of the original volume of mixing water contained in the 

sample, are given in table 6. 

Tests of hardened concrete specimens 

26. Specimens. Concrete was taken from each batch and used in 

molding 20 test s~ecimens for test in the hardened condition. The speci-

ffiens made were: 6- by 12-in. cylinders·for determination of compressive 

strength and modulus of elasticity; 14-1/2- by 15-in. cylinders for per

reeabili ty tests; 3-1/2- by 4-1/2- by 16-in. beams for freezing-and-thawing 

tests; and 6- by 6- by 30-in. beams for flexural strength tests. · 

27. Compressive strength. Twelve cylinders were made from each 

mixture for test at 3-, 7-, 28-, and 90-days age. The tests were made in 

accordance with ASTM Designation C 39-44 (CRD-C 14-48). The results are 

given in table 7. Average strength curves are shown in fig. 4, page 12. 

28. Flexural strength. Three 6- by 6- by 30-in. beams from each 

mixture were tested at 7-, 28-, and 90-days age, in accordance with 

ASTM Designation C 78-44 (CRD-C 16-48). In most cases two tests were 

2 J. W. Kelly, "A Simple Field Test for Consistency of Concrete," ASTM 
Bulletin No. 163, p 70, January 1950. 
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29. Young's modulus of elasticity. All cylinders scheduled for 

test for compressive strength at the 28-days age were tested for modulus 

of elasticity in accordance with CRD-C 19-48. The average stress-strain 

curves are given in fig. 6, the average values for modulus of elasticity 

are listed in table 7, and the individual values in table 8. The 

3-1/2- by 4-1/2- by 16-in. beams prepared for test for resistance to 

freezing-and~thawing were tested for Young's modulus of elasticity 

(dynamic) at 14-days age prior to test for resistance to freezing-and

thawing. The test was made according to ASTM Designation C 215-47T 

(CRD-C 18-48). The results for individual specimens are given in table 

8 and the average values in table 7, 

Fig. 6. Stress-strain 
curves for concrete 
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30. Permeability. Two specimens, 14-1/2 in. in diameter by 

15 in. in height, were molded from each batch for rounds 1 and 2, and 

one specimen per batch from round 3, making a total of 20 specimens. 

They were stored in sealed sheet-metal containers at 73.4 + 2 F to an 

~ge of_91 ± 2-days age. The test procedure used was essentially that 

described in a paper by H. K. Cook3. The results of these tests are 

given, for individual specimens, in table 9 and the average values are 

listed in table 7. 

31. Resistance to freezing-and-thawing. Three specimens from 

each batch of concrete were tested for resistance to accelerated 

freezing-and-thawing using the procedures described in CRD-C 20-48 and 

C 114-48 except that the specimens were cured in limewater at 73.4 + 

2 F to an age of 14 days before ~esting was started. The individual 

·test results are given in table 10, average values in table 7, and 

curves are plotted in fig. 7. 

Fig. 7. Results of 
freezing-and-thawing 

tests 
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3 H. K. Cook, "Permeability Tests of Lean Mass Concrete," ASTM Pro
ceedings, vol 51, 1951 (1951 P~eprint No. 61). 



PART III: DISCUSSION 

32. A general review of the results given in part II indicates 

that although the three masonry cements themselves varied widely in 

composition and behavior, the- variations from- blend to-blend- were- not-

pronounced when combined with portland cement in the proportions used 

in this program. The results obtained in testing the masonry cements 

themselves do not indicate their behavior when suitably blended with 

portland cement. 

Chemical Composition 

33. The chemical compositions of the masonry cements (table 2) 

varied widely. 

Fineness 

15 

34. All of the masonry cements had a greater surface area (table 

3) than the portland cement, the masonry with the ground limestone base 

showing the highest value. The masonry cement with the ground slag base 

had the lowest ~ercentage of material passing the No. 325 sieve while 

the natural cement base masonry cement had the highest. 

Setting Time and Soundness 

35. The results of the time-of-set tests (table 4) indicate that 

although wide variations exist between masonry cements and between ma

sonry and portland cements, these variations are largely eliminated when 

the masonry and portland cements are blended together. The data further 
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indicate that the effect of the blending of the masonry and portland 

cements on the initial time of set, using the Gillmore needles, differs 
' 

little from that obtained for portland cement alone. The blending of 

the cements did lengthen the final setting time in comparison with port-

land -eement; however it -al-so -reduced -the spread in final -set between the 

three blends as compared to the final set of the three masonry cements • 

. The above comments are also generally applicable to the other two 

methods of determining setting time (Vicat needles on paste and on 

mortar). 

36. An examination of the data for the "soundness" {autoclave) 

test shows the same equalizing effect due to blending as it did for 

setting time. It is not believed that the "soundness" tests of pats 

stored in water and in air as required by Federal Specification SS-C-18lb 

are an adequate indication of soundness of masonry cement and for this 

reason the autoclave soundness test was conducted. 

Normal Consistency 

37. The data indicate that the blends of masonry and portland 

cements, with but one exception, require slightly more water for normal 

consistency than portland cement alone (table 4). However, when the 

masonry cements alone are compared with portland cement, all but one 

have a far greater water demand for normal consistency than that required 

by portland cement. 

Thermal Diffusivity 

38. The variation between the thermal diffusivity results (table 4) 

'j 
I 
i 
I 
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for all specimens, irrespective of water-cement ratio and age, was so 

slight as to be of little significance. 

Mortar Strength 

39. Results of the tests for mortar strength (table 4 and fig. 1) 

indicate that at ages of 3, 7, and 28-days the blends have consistently 

lower strengths than straight portland cement, being on an average 300 psi 

lower at 3 days, 525 psi lower at 7 days, and 950 psi lower at 28 days. 

Heat of Hydration 

40. From an analysis of the data on heat of hydration (table 4 and 

figs. 2 and 3) it appears that computation from individual heat of hydra

tion tests of masonry and a portland cement of the resultant heat of 

hydration when the masonry and portland ·cements are blended is not possi

ble. Using a water-cement ratio of o.40 the heat of hydration of the 

blends was lower at all ages than the plain portland cement except for 

the blend of portland cement with the masonry cement with limestone base 

for which the 7-day results were 2 cal/g higher than and the 28-day 

results were equal to the plain portland cement. When using a 0.85 w/c 

the heat of hydration of the blends was lower than that of portland ce

ment, except for the masonry cement with limestone base at 3 days which 

was the same as the portland cement, Computed values from individual 

tests were lower, in all cases, than observed values. 

Bleeding of Pastes 

41, The bleeding rate of the three masonry cements alone was only 
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8 to 11 per cent as rapid as the portland and the bleeding capacity was 

only 4 to 7 per cent as much (table 4). The bleeding rate of the blends 

was 56 to 57 per cent as rapid and the bleeding capacity was 52 to 70 

per cent as much as the straight portland cement paste. Percentagewise, 

_the _reduc_Uon -1n _rat_e _and _ca:paclty _Of bleeding was so_mewllat _greater 
1 

as 

actually determined on the blends, than was theoretically indicated by 

computing these values on the basis of the values obtained on the mate. 

rials themselves, assuming them to be combined in the proportion of 25 

per cent masonry cement to 75 per cent portland cement. 

Water Retention, Water Repellency and Staining 

42. Tests were made for water retention, water repellency and 
. -

staining (table 4) solely to determine whether the masonry cements 

being tested complied with Federal Specification S-S-1816 for masonry 

' cement. The materials used met the specification requirements. 

Air Content of Concrete 

43. By the pressure method the average air content for all three 

rounds ranged from 6.4 to 7.3 per cent (table 6). The extreme range 

between any round or cement condition was between 6.2 and 8.1 per cent. 

The narrow range experienced in air content indicates good uniformity 

between blends and rounds. 

Consistency of Concrete 

44. The consistency (table 6) ranged from 2-1/4 to 2-3/l~ in. 

in slump, and from 1 to 1-3/4 in. ball penetration, which indicates 
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uniformity between cement conditions and rounds. 

Bleeding of Concrete 

45. The bleeding of the concrete (table 6) as determined by 

CRD-C 9-48 was quite.low for the straight portland cement concrete and 

was extremely low for the three .concrete mixes containing the portland-
, 

masonry cement blends. 

Compressive Strength of Concrete 

46. In all cases, the compressive strength of concrete (table 7 

and fig. 4) agreed with the data developed from the eompressive strength 

of mortars •. In no case did the blends attain the compressive strength 

attained by the straight portland cement. 

Flexural Strength of Concrete 

47. The flexural strength data (table 7 and fig. 5) are generally 

similar to those described above for compressive strength, but on the 

average a.re closer to the strengths developed by the portland cement. 

Modulus of Elasticity of Concrete 

48. The average value for static modulus of elasticity (tables 7 

and 8 and fig. 6) at 28 days for all four types of concrete ranged from 

4.66 to 5.72 x 106 psi and for dynamic modulus (tables 7 and 8) at 14 days 

from 4.40 to 5.53 x 106 psi. The static modulus of elasticity values 

were in reverse order to the 28-day compressive strength; that is, the 

higher the compressive strength the lower the modulus of elasticity. 
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Permeability of Concrete 

49. The test results {table 9) indicate a wide range in perm~a

bility; with the concrete containing 100 per cent portland cement being 

the least permeable. The blend containing the masonry cement with 

natural cement base was most permeable. The range of average results 

is not wide enough in comparison with the variation in individual tests 

for significant comparisons to be made. The scatter of individual re

sults is somewhat greater than usual for groups of five specimens. 

Resistance of Concrete to Freezing-and-thawing 

50. All the blends gave greater resistance to freezing-and

thawing (tables 7 and 10 and fig~ 7) than did the portland cement con-

crete. 
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PART rv: CONCLUSIONS 

51. The results of the laboratory tests indicate the following 

conclusions: 

a. The masonry cements- vary wide-ly in phys-ica-l and chemical 
properties but when combined with portland cement in the 
amount of 25 per cent by solid volume have setting times, 
autoclave expansion and normal consistency within the 
requirements for portland cement. 

b. The variations between thermal diffusivity of pastes for 
all cements were so slight as to be of little consequence. 

c. The compressive strengths of mortars made with blends were 
lower at all ages than those for straight portland-cement 
mortar. 

d. The heat-of-hydration tests results for all blends of 
masonry plus portland cement with water-cement ratios of 
o.40 at 28-days age were lower than those for portland 
cement except that for the masonry cement with limestone 
base which was the same as portland cement. Values ob
tained with water-cement ratios of 0.85 indicate lower 
heat of hydration than portland cement except for the 
masonry cement with limestone base which at 3-days age was 
the same as portland cement. Computed.values for heat of 
hydration do not agree with observed values. 

e. Bleeding of both the pastes and the concrete was markedly 
reduced in the blends. 

f. The compressive strengths of concrete made with the cement 
blends were lower than with that of straight portland 
cement. The flexural strengths of concrete containing 
the blends were lower than that of the straight portland 
cement but on the average were closer to the flexural 
strengths of the portland-cement concrete. 

~· The permeability tests results varied over a considerable 
range; concrete with 100 per cent portland cement was the 
least permeable and the blend containing masonry cement 
with natural cement base was the most permeable. 

h. Concrete containing the blended cements exhibited greater 
resistance to freezing-and-thawing than did concrete made 
with portland cement alone. 
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Table 1 

AGGREGATE DATA 

Tests 

Size range 

Bulk specific gravity, ssd 

Absorption, ~ 

Flat and elongated particles, ~ 

Per cent loss, 5 cycles Mgso4 test, 
(weighted avg) 

Los Angeles aorasion loss, ~ 

Grading: 
Cumulative 
Per Cent 

Sieve Size Passing 

l in. 100 

3/4 in. 99 

1/2 in. 66 

3/8 in. 31 

No. 4 3 

Aggregates 
Coarse 

No.4 - 3/4 in. 

2.72 

0.5 

10.2 

2.9 

25.4 

Sieve Size 

No. 4. 

8 

16 

30 

50 

100 

FM 

Fine 

0 - No. 4 

2.70 

0.7 

1.0 

7.4 

Cumulative 
Per Cent 
Passing 

100 

89 

72 

46 

24 

6 

2.64 

32630 



Table 2 

RESULTS OF CHEMICAL ANALYSIS 

Portland Masonr;r: CementR 
Cement (Limestone) (Natural) (Slag) 

Elements Ana!lzed RC-177 RC-209(2) RC-227 RC-228 

Silica, °/a 22.2 7.9 16.8 25.0 

Alumina, . <fa 4.2 4.4 6.5 7.2 

Ferric oxide, 'fo 3.8 2.2 2.5 1.2 

Lime, ·<fo 63.1 57.6 51.1 55.7 

Magnesia, % 3.3 2.0 9.3 3.2 

Sulfate, 'fo 1.9 1.6 1.6 o.43 

Loss on ignition, 'fo 0.75 24.4 12.6 6.8 

Soda, 'fo (gravimetric) 0.25 0.08 0.17 0.15 

Soda, 'fo (flame) 0.16 0.13 0.19 0.20 

Potassa, <fa (gravimetric) 0.51 0.09 0.75 0.91 

Potassa, °/a (flame) 0.55 0.16 0.82 0.81 

Alkalies as soda, 'fo 
0.14 (gravimetric) 0.59 o.66 0.74 

Alkalies as soda, <fa (flame) 0.52 0.24 0.73 0.73 

Phosphate, <fa 0.11 0.05 . 0.12 0 

Manganese oxide, <fo o.o4 0.22 0.21 0.11 

Sulfide sulfur, °/o 0.08 0.09 0.50 

Insoluble residue, 'fo 0.14 1.30 5.90 l.4o 

Chloroform-soluble 
organic substances, 'fo 0.005 0.083 0.191 0.037 

Total carbon, 'fo 

Stain 0.05 0.22 0.07 

a Descriptions in :parentheses refer to the basic ingredient of the 
respective masonry cement 



Table 3 

RESULTS OF TESTS FOR FINENESS AND SPECIFIC GRAVITY 

Cemen~ing Materiais 

Blends a 

Portland Portland Portland 
Portland Masonry Cements a 

+ + + 
Cement (Limestone) (Natural) (Slag) (Limestone) (Natural) (Slag) 

Tests RC-177 RC-209(2) RC-227 RC-228 RC-209(2) RC-227 RC-228 

Finer than No. 200 sieve, 'fo 97.2b 98.6b 96.2b 

Finer than No. 325 sieve, 'fo 95.7 95.3 96.5 93.0 

Surface area, sq cm/gram 

Blaine Air Perm.eability1 
3355 7065 6720 814o 428oc 4195c 4535c 

Fisher Sub-sieve Sizer 3360 7055' 6575 8170 4145 4125 4250 

Average particle diameter, 
4.95c 5.ooc 4.88c microns 5.60 2.99 3.18 2.71 

Specific gravity 3.19 2.84 2.87 2.71 3.10 3.11 3.07 

1 Porosity 0.505 o.442 0.500 o.499 o.489c o.504c o.504c 

a Descriptions in parentheses refer to the basic ingredient of the respective :masonr,v cements 

b Federal Specifications SS-C-18lb 

c Calculated 



Table 4 

RESULTS OF TESTS ON PASTES AND MJRTARS 

Cementing Rateriar 
Blends a 

Maso Cements a 
Portland Portland Portland 

Portland + + + 
Cement (L:!Jllestone) °1Natural) (Slag) {L:!Jllestone) (Natural) {Slag) 

Teets RC-l:z:I RC -209( 2) RC -227 RC-228 RC-2!22~2~ RC-2gi RC-228 

Proportions, by 
solid volume 75:25 75:25 75:25 

Setting t:!Jlle: hr, min. 

Gil.ltm)reb initial 3:4o 3:25 6:30 5:55 3:55 3:50 3:4o 
final 4:50 6:10 9:05 '8:50 6:20 6:20 6:15 

Vicat (paete)c 3:4o 3:00 4:15 3:15 2:35 3:10 2:35 
Vicat {mortar)d 2:55 2:4o 5:10 4:00 2:55 3:4o 2:30 

Soundness: 
Expansion, '1> 0.05 0.08 0.25 o.o4 0.07 O.ll 0.08 
Pat stored in 

Watere Sound Sound Sound 
Aire Sound Sound Sound 

Air content, '1> 7.0 23.6 23.2 14.o 13.4 18.o 9.7 

Normal consistency, '1> 26.0 26.0 32.6 33.6 25.2 26.4 26.8 

Dif:f'usivity: ~2/hr 
w/c o.4o 3 day 0.012 0.015 0.012 0.012 0.012 0.012 0.013 

7 day 0.012 0.014 0.014 O.Oll 0.013 0.012 0.012 
28 day 0.013 0.015 0.014 0.011 o.017f o.018f o.01f 
39 day 0.014 0.015 0.014 

w/c 0.85 3 day 0.010 0.010 g 0.009 0.011 0.011 0.010 
7 day 0.013 0.009 g 0.009 0.011 o.ou 0.010 

28 day o.ou o.ou g 0.009 o.014f o.ol6f o.015f 
39 day 0.012 0.014 0.013 

Bleeding, paste: (ABTM) 

Rate: em.3 /err? /sec 106 98 . 11 8 9 64 55 56 
Capacity: cm3/cm3 103 27 2 l 2 19 15 14 

Water retention, 'l>e 89,5 77.2 78.5 

Water repellencye 0.33 0.31 0.30 
Staininge 0.05 0.22 0.07 

Canpressive strength, psi 
3 day 2035 745 525 335 1875 1550 1735 
7 day 2935 785 945 96o 2085 2075 2465 

28 day 4410 1195 1555 l84o 3490 3065 3810 

Heat of hydration, cal/g 
w/c o.4o 3 day 6o 45 34 28 56 56 49 

7 day 66 51 41 39 68 65 64 
28 day 76 55 53 46 77 74 71 

w/c 0.85 3 day 56 4o 30 21 56 52 49 
7 day 70 56 45 29 69 66 64 

28 day 85 57 48 63 8o 73 76 

a Descriptions in parentheses refer to the basic ingredient of the respective masonry cements 
b ASTM Designation C 191-44 
c ASTM Designation C 191-5l!l' 
d ASTM Designation C 229-49T 
e Federal Specifications SS..C-l8lb 
f Retested at 39 days; 28-day value questionable, spec:!Jllen soaked 7 days prior to retesting 
g Not testedJ thermocouple not properly bonded 



Table 5 

DATA ON CONCRETE MIXTURES 

Test Condition 

Portland cement RC-177 

Round l 

2 

3 

Average 

Actual 
Cement Factor, 
Bags/Cu Yd* 

~.4 

5.5 

5.4 

5.4 

Portland + masonry (limestone)a RC-209(2) 

Round 1 5.4 

2 5.4 

3 5.4 

Average 5.4 

·Portland +masonry (natural)a RC-227 

Round 1 5.4 

2 5.4 

3 5.4 

Average 5.4 

Portland + masonry (slag)a RC-228 

Round 1 5.6 

2 5.6 

3 5.6 

Average 5.6 

Sand:Total 
Aggregate Ratio, 

i by Volume 

42-

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

* Including all cementitious material present in mixture. 

Actual 
Unit Weight, 

Lb/Cu Ft 

r4:r.g-

143.4 

140.8 

142.7 

142.0 

141.8 

140.6 

141.5 

141.8 

142.0 

139.6 

141.l 

142.8 

143.0 

142.8 

142.8 

a Descriptions in parentheses refer to the basic ingredient of the 
respective masonry cements. 



Table 6 

TESTS OF FRESfil.Y MIXED CONqRETE 

Cementins Material 
Ma.sonr;r Blendsa 

Portland Portland Portland 
Portland + + + 

Cement (Limestone) (Natural) (Slag) 
Tests RC-177 RC-209(2) RC-227 RC-228 

Air Content, % 

Gravimetric 
Round l 6.6 7.6 7.8 6.8 

2 7.0 7.7 7.6 6.7 
3 8.7 8.5 9.2 6.8 

Average 7.4 7.9 8.2 6.8 

Pressure 
Round 1 6.2 7.1 7.0 6.6 

2 6.5 7.2 6.8 6.5 
3 7.7 7.6 8.1 6.2 

Average 6.8 7.3 7.3 6.4 

Consistency 

Slump, in. 
2-1/2 2-3/4 2-1/2 Round 1 2-1/2 

2 2-1/2 2-3/4 2-1/4 2-1/4 
3 2-3/4 2-3/4 2-1/2 2-1/4 

Average 2-1/2 2-3/4 2-1/2 2-1/4 

Penetration, in. 
Round 1 1-1/4 1-1/2 1-1/8 2 

2 1-1/4 1-3/4 1 1-1/4 
3 1-1/2 1-1/2 1-1/2 1-1/4 

Average 1-1/4 1-1/2 1-1/4 1-1/2 

Bleeding 

Round 1 4.6 1.6 3.7 2.5 
2 4.7 2.4 2.8 1.7 
3 3.7 4.o 2.3 2.6 

Average 4.3 2.7 2.9 2.3 

a 
Descriptions in parentheses refer to the basic ingredient of 

the respective masonry cements. 



Table 7 

SUMMARY OF RESULTS OF TESTS ON CONCRETE SPECIMENS 

Cementing Material 
a 

Masonrz Cement 
Portland Portland 

Portland + + 
Cement (Limestone) (Natural) 

Tests RC-177 RC-202~2l RC-227 

Proportion 100 75:25 75:25 

Air, 'f,: pressure, avg 6.8 7.3 7.3 
gravimetric, avg 7.4 7.9 8.2 

Sand, 'f, 42 42 42 

Act. cement content, bags/~ yd 5.4 5.4 5.4 

Slump, in. 2-1/2 2-1/4 2-1/2 

Bleeding, 'f, 4.3 2.7 2.9 

Modulus of elasticity, psi x 10 -6 

Static 28 days 5.18 4.87 4.83 
Dynamic 14 days 5.32. 5.00 4.69 

Average compressive strength, psi: 
b 

3 day 2235 19€io 1635 
7 day 3035 2525 2195 

28 day 4215 3540 3150 
90 day 5205 4175 368o 

:: 
Flexural strength, psi: 

7 day 610 €io5 525 
28 day 740 715 615 
90 day 735 720 675 

Durability factor (DFE300) 8o 83 87 

a Descriptions in parentheses refer to the basic ingredient of the respective masonry cement 

b Average of 9 tests 

c Average of 3 beams, approx. 2 breaks/beam 

Portland 
+ 

(Slag) 
RC-228 

75:25 

6.4 
6.8 

42 

5.6 

2-3/4 

2.3 

4~77 
5.16 

1710 
2415 
3640 
4415 

555 
720 
730 

83 



Table 8 

YOUNG'S MODULUS OF ELASTICITY OF CONCRETE 
PSI X 10-6 

Cementins Material 
Masonr;y: Cementsa , 

Portland Portland 
Portland + + 

Round & Cement (Limestone) (Natural) 
SEecimen RC-177 RC-209(2) RC-227 

b c b c b c 

Round l 
l 5.45 5.43 5.04 5.16 4.95 5.12 
2 5.55 5.46 4.65 5.05 5.01 4.81 
3 4.65 5.45 4.90 5.06 5.04 4.92 

Round 2 
l 5.03 5.53 4.77 4.90 5.08 4.€£ 
2 5.05 5.26 4.90 5.07 4.94 4.58 
3 5.72 5.41 5.21 4.94 4.€£ 4.67 

Round 3 
1 4.75 5.01 4.85 4.95 4.53 4.4o 
2 4.67 5.13 4.56 4.94 4.79 4.49 
3 4.66 5.24 4.83 4.92 4.50 4.54 

Average 5.06 5.32 4.86 5.00 4.83 4.69 

a Descriptions in parentheses refer to the basic ingredient of the respective masonry cement. 
b Static tests of 6- x 12-in. cylinders at 28-days age. 
c Dynamic test of 3-1/2- x 4-1/2- x 16-in. beams at 14-days age. 

Portland 
+ 

(Slag) 
RC-228 

b c -- -
4.85 5.23 
4.51 5.12 
5.08 5.07 

4.€£ 5.20 
4.73 5.18 
5.08 5.24 

4.64 5.04 
4.83 5.07 
4.76 5.26 

4.80 5.16 



Table 9 

PERMEABILITY OF CONCRETE 

Age, 90 days; Test Pressure, 200 Psi: Cfs/Ft2 (Ft Head/Ft) x 1012 

Cementin5 Material 
Masonrl Blendsa 

Portland Portland Portland 
Portland + + + 

Spec. Cement (Limestone} (NaturalJ (s1agr 
No. RC-177 RC-209(2) RC-227 RC-228 

1 73 124 168 165 

2 151 90 227 167 

3 146 229 172 229 

4 129 307 356 53 

5 41 83 71 111 

Average 108 167 209 145 

a Descriptions in parentheses refer to the basic ingredient of the 
respective masonry cement. 



Table 10 

RESISTANCE TO FREEZillG-AND-THA.WING OF CONCRETE 
MADE WITH PORTLAND CEMENT AND BLENDS OF PORTLAND AND MASONRY CEMrlrrs 

Durability Factor, DFE300 

Round 1 Round 2 Round 3 All Specimens 
Test Condition 1 2 J_ Avg 

72 77 83 77 

1 2 l_ Avg 

82 84 84 83 

1 2 l._ Avg 

81 80 77 79 

Max Min Range Avg 

RC-171 Portland 

75% RC-177 + 
(Limestone)a 

25% RC-209(2) 

75% RC-177 + 
(Natural)a 

25% RC-227 

75% Rc-171 + 
(Slag) 

25% RC-228 

85 83 78 82 

88 88 92 89 

85 89 87 87 

Average air content of' all rounds was 7 .o'f, 

84 72 

92 90 89 90 76 73 81 76 92 73 

89 89 89 89 84 85 84 85 92 84 

Bo 84 84 83 77 80 78 79 89 77 

a Descriptions in parentheses rei'er to basic ingredient of' the respective masonry cement. 

12 80 

19 

8 87 

12 
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APPENDIX: TESTS ON MASONRY CEMENT 

Introduction 

1. The tests reported herein were authorized by the Office, Chief 

of Engineers, by letter dated 30 January 1951, subject, "Additional 

Materials to be Included in the Blended Cement Program," and form a part 

of the Civil Works Investigations Program of the qorps of Engineers. 

2. Two cementitious materials, a masonry cement and a portland 

cement Type II,were tested to determine and compare their physical and 

chemical properties and their effects on the properties of pastes, 

mortars and concrete in which they were used. These cements were not 

blended together for testing. 

Tests on ~.asonry Cement 

~.aterials · 

3. Fine aggregate used was crushed limestone sand from a quarry 

near Nashville, Tennessee. Data on this aggregate follow: 

Sieve No. % Passing 

4 
8 

16 

30 
50 

100 
FM 

99 + 1.0 
88 + 2.0 
70 ~ 2.5 

48 + 5.0 
25 + 2.5 
5 + 1.0 

2.65 ~ 0.02 

Sp. gr. 2.68 
Absorption o.4% 
MgS04 loss in 5 cycles 
of test,2.4% 

4. Coarse aggregate used was No. 4 to 3/4-in. crushed limestone 

from a quarry near Nashville, Tennessee. Data on this aggregate are as 

shown on the following page. 
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Sieve ~ Passing 

3/4 in. 98 + 2 Sp. gr. 2.72 
1/2 in. 65 + 2 Absorption o.4% 
3/8 in. 29 ± 2 MgS04 loss in 5 cycles 

of test, o.6% 
No. 4 1+1 Los Angeles abrasion 

test loss, 27% 

5. Masonry cement used was Laboratory No. RC-209, conforming to 

Federal Specification for Masonry Cement SS-C 18lb Type II. Chemical 

and physical data are contained in table Al. Data on pastes and mortars 

are contained in table A2. 

6. Portland cement was Type II, Laboratory No. RC-177. Chemical 

and physical data are contained in table Al. Data on pastes and mortars 

are contained in table A2. 

Mixture designs 

7. Mixtures were made using the masonry and portland cements 

alone. The water-cement ratio was 0.5 (5.65 gpb) for the portland cement 

concrete with equivalent ratio by volume for the masonry cement concrete. 

Consistency was 2 ! 1/2-in. slump for both mixes. 

Specimens 
-

8. Three 8.5-cu-ft batches of each mix were made on separate days. 

The following specimens were cast from each batch: 

12, 6- x 12-in. cylinders 

3, 3-1/2- x 4-1/2- x 16-in. beams 

3, 6- x 6- x 30-in. beams 

Tests 

9. The following concrete tests were made and are listed in 

table A3: 



a, Static modulus of elasticity at 28 days of 6- x 12-i_n. 
cylinders. 

b. Compressive strength at 3, 7, 28 and 90 days of 6- x 
12-in. cylinders. 

A3 

c. Flexural strength at 7, 28, and 90 days by testing one 6- x 
6- x 30-in. beam at each age. 

d, Accelerated freezing-and-thawing resistance at 14 days of 
the 3-1/2- x 4-1/2- x 16-in. beams, 

Conclusions 

10, Masonry cement is not suitable as a 100 per cent replacement 

for portland cement. 



Table Al 

CHEMICAL ANALYSIS AND PHYSICAL TESTS 
PORTLAND, RC-177 AND MASONRY, RC-209 CEMENTS 

Elements Analyzed 

Silica, per cent 
Alumina, per cent 
Ferric oxide, per cent 
Lime, per cent 
Magnesia, per cent 
Manganese oxide, per cent 
Phosphorus pentoxide, per cent 
Sulfide sulfur, per cent 
Sulfate, per cent 
Soda, per cent 
Potassa, per cent 
Alkalies as soda, per cent 
Chloroform soluble, per cent 
Moisture loss, per cent 
Ignition loss, per cent 
Insoluble residue, per cent 
Finer than No, 325 sieve, per cent 
Surface area, sq cm/g 

Blaine( 2) sq cm/g 

Fisher(3) sq cm/g ( ) 
Avg particle diameter, microns 3 
Specific gravity 

Portland 
RC-177 

22.2 
4.2 
3.8 

63.1 
3.3 
o.o4 
0.11 

1.9 
0.25 
0.51 
0.59 
0.005 
0.33 
0.75 
0.14 

95.7 

3355 
3359 

5,60 
3.19 

All sulfur except that present as sulfate. 
Air permeability, by ASTM C 204. 
By Fisher Scientific Co, sub-sieve sizer procedure. 

Masonry 
RC-209 

8.3 
4.8 
z.o~ 

58.8 
2.0 
0.1 
0.03( ) o.o4 1 
1.6 
0.09 
0.08 
0.14 
0.065 
0.37 

23.9 
1.1 

90.1 

7507 

7629 
2.75 
2.86 



Table A2 

PHYSICAL TESTS, PASTES AND MORTARS 
PORTLAND RC-177 AND MASONRY RC-209 

Tests 

Setting time, hr, min 

Initial (Gillmore) 
Final-(Gillmore) 

Soundness, expansion, per cent 
Air content, per cent 
Normal consistency, per cent 
Diffusivity, ft2/hr 

w/c o.4o, 

w/c 0.85, 

1 day 
3 days 
7 days 

28 days 

1 day 
3 days 
7 days 

28 days 

Compressive strength, psi, 
2-in. mortar cubes 

3 days 
7 days 

28 days 

Heat of hydration, cal/g 

73 F, w/c o.4o, 3 days 
7 days 

28 days 

73 F, w/c 0.85, 3 days 
7 days 

28 days 

50 F, w/c o.4o, 3 days 
7 days 

28 days 

50 F, W/C 0.85, 3 days 
7 days 

28 days 

Defective specimen, not tested. 

Portland 
RC-177 

3:40 
4:~0 

0.05 
7.0 

26.0 

0.011 
0.012 
0.012 
0.013 

0.009 
0.010 
0.013 
0.011 

2035 
2935 
4410 

60 
66 
77 

56 
70 
85 

51 
57 
77 

51 
61 
81 

( l) 
( 2) 

Not required by masonry cement specification. 

Masonry 
RC-209 

3:15 
6:30 

0.10 
24.4 
26.4 

0.014 
0.014 
0.014 
0.014 

( 1) 

0.009 
0.009 
0.014 

935 
1225 

55 
62 
66 

61 
65 
66 

44 
59 
66 

40 
52 
75 

( 2) 



Table A3 

AVERAGE DATA ON PORTLAND CEMENT AND 
MASONRY CEMENT CONCRETES 

Portland 
Tests RC-177 

Water-cement ratio, wt 0.50 
Water-cement ratio, gal/bag 5.65 
Cement content, bags/cu yd ~.66 
Sand, per cent 43 
Air, by pressure, per cent 4.o 
Slump, in, ( ) 2 
Penetration, in, 1 1-1/4 
Bleeding, per cent(2) 

psi x 10-6( 3) 
4.1 

Modulus of elasticity, 28(~)ys, 5.26 
Compressive strength, psi 

3 days 2675 
7 days 3270 

28 days 4780 
90 days 5765 

Flexural strength, psi(5) 

7 days 715 
28 days 820 
90 days 870 

Accelerated freezin~ and thawing durability 
factor (DFE 300)( ) . 42 

Masonry 
RC-209 

0.55 
5.65 
4.85 

37 
9.6 
2-1/4 
1-1/2 
o.o 
2.23 

660 
950 

1115 
1340 

195 
265 
305 

51 

Note: Plastic concrete data represent average values for three rounds 
of tests. 

(1) Penetration of 6-in.-diameter, 30-lb steel ball apparatus devised by 
Prof. J. W. Kelly, University of California. 

(2) Computed as a percentage of the mixing water separating from the 
concrete during test. 

(') Chord modulus between 250 and 1000 psi. 
( ) Each value represents 9 tests. 
(5) Each value represents 6 tests, (2 per beam) except for third round 

7-day masonry cement test where only one test was obtained for that 
beam. 




