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PREFACE 

Authority for this investigation was given by letter from Mr. J. A. 

Rhodes, Headquarters, US Army Corps of Engineers (USACE), dated 25 September 

1975, subject: "Variations in Cementitious Media," Work Unit 31345. All 

work was accomplished at the Concrete Technology Division (CTD) (formerly 

the Concrete Laboratory), Structures Laboratory (SL), US Army Engineer 

Waterways Experiment Station (WES) under the general supervision of Mr. Bryant 

Mather, Chief, SL. Project leader was Mrs. Katharine Mather, Chief, Engi

neering Sciences Division, Concrete Laboratory, at the time of this work. 

Funding for the preparation and publication of this report was provided 

from those allocated to the Technical Surveillance function described in 

Engineer Regulation 1110-1-2002, Cement and Pozzolan Acceptance Testing, 

dated 11 November 1977, as authorized by Mr. Robert Philleo, Headquarters, 

USACE, January 1983. 

This report was compiled under the general supervision of Mr. Bryant 

Mather, Chief, SL, and Mr. John M. Scanlon, Jr., Chief, CTD, and under the 

immediate supervision of Mr. Richard L. Stowe, Chief, Materials and Concrete 

Analysis Group, by Messrs. R. E. Reinhold, R. E. Richter, and A. D. Buck, 

who dealt with the physical, chemical, and petrographic testing, respectively. 

The participation and assistance of many other present menbers of the CTD 

staff and former members including Katharine Mather and W. G. Miller are 

acknowledged. Mr. J. E. McDonald prepared the report of the creep tests. 

COL Allen F. Grum, USA, was Director of WES. Dr. Robert W. Whalin 

was Technical Director. 
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CONVERSION FACTORS, NON-SI TO SI (METRIC) 
UNITS OF MEASUREMENT 

Non-S! units of measurement used in this report can be converted to SI (metric) 

units as follows: 

Multiply 

calories per gram 

Fahrenheit degrees 

inches 

pounds (force) per square 
inch 

pounds (mass) 

quarts (US liquid) 

By 

4.184 

5/9 

2.54 

6.894757 

0.4535924 

0.9463529 

To Obtain 

kilojoules per kilogram 

Celsius degrees or Kelvins* 

centimetres 

kilopascals 

kilograms 

cubic decimetres 

-------- -------
* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, 

use the following formula: C = (5/9)(F- 32). To obtain Kelvin (K) read
ings, use K = (5/9)(F- 32) + 273.15. 
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VARIATIONS IN CEMENTITIOUS MEDIA 

PART I: INTRODUCTION 

1. When this project was started in 1975, it was recognized that the 

cement industry in the United States, even as other industries, was in, or about 

to be in, a state of change due to the need to become less energy-intensive. 

Changes such as use of dry-process plants, kilns with preheaters, and kilns 

with calciners were already being made . In addition, there was recognition 

of the likelihood of increased use of blended cements incorporating granulated 

slag or pozzolans such as fly ash or natural pozzolans as another means of con

serving energy . The intent of the investigation was to look ahead at changes 

in production and use of cementitious materials as these might affect the prop

erties of paste, mortar, and concrete. 

2. The project plan contemplated obtaining a wide range of blended ce

ments, companion portland cements} granulated iron blast-furnace slags, fly 

ashes, natural pozzolans, and other pozzolans and subjecting them to rather 

complete characterization tests as discrete materials and in mortars. Materi

als were to be eliminated along the way if the tests indicated this was proper . 

Following the characterization stage , three portland-pozzolan cements and their 

companion portland cements were to be selected along with at least one of each 

type of blending material for possible use in concrete . After consideration 

of these selections, they were to be used singly or in combination in concrete 

mixtures followed by extensive testing of concrete specimens . The stated ob

jective of the project plan dated 30 September 1975 was "to study the effects 

of changes in composition, constitution, and fineness of cementitious media, 

or any two or three of these, on strength--gain, durability in freezing and thaw

ing of air-entrained concrete, permeability, volume stability (drying shrinkage 

and retrained expansion), creep, thermal stability, effect of curing tempera

tures, and other concrete properties strongly affected by the nature of the 

hydraulic binder ." 

3. After the project was under way and there was better realization of 

the numbers of candidate materials available, it was decided that the purpose 

would be better served if the materials elimination phase were deleted and as 

many relevant materials were tested as resources permitted. This decision was 
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made during periodic review of this project by members of the laboratory staff, 

representatives of OCE, and OCE consultants. This meant that the objective as 

stated above had to be modified. Major changes were that more materials than 

anticipated were tested, none were deleted, and no concrete mixtures were made. 

The planned tests that were deleted were those for resistance to freezing and 

thawing in air-entrained concrete, permeability, thermal stability , and effect 

of curing conditions . 
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PART II: SAMPLES 

4. Physical tests, chemical analysis, and petrographic examinations 

were made on a group of 59 cements, 12 fly ashes, 3 natural pozzolans, 19 

silica fumes (from 16 sources), and 1 ground granulated iron blast-furnace 

slag, and combinations of these materials to characterize them. These materi

als are identified below with alphabetical groupings by location within each 

type of material: 

Serial 
No. 

RC-705 

RC-714 

RC-751 
RC-752 

RC-731 

RC-732 

RC-763 
RC-764 

RC-715 

RC-753 

RC-754 

RC-832 

USAECE-1C-1 
USAECE-lC-2 

RC-733 

RC-765 
RC-766 

RC-725 
RC-726(2) 

RC-772 

Cement Type 

Portland II 

Portland I 

Portland I 
Blended IS 

Portland I 

Blended IP 

Portland II 
Portland II 

Portland I 

Portland II 

Portland II 

Portland V 

Blended (Slag) 
Blended (Slag) 

Portland I 

Portland I 
Portland I 

Portland I 
Blended IP 

Portland II 

Cements 

Process 

Dry 

Dry 

Wet 
Wet 

Dry 

Dry 

Dry 
Preheater 

Dry 
Preheater 

Dry 
Preheater 
Dry 
Preheater 

Dry 
Preheater 

Dry process 
Preheater 

Dry 
Dry 

Dry 
Preheater 

-------------------------------------------
* Different plants from the same state. 
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Fuel 
Source 

Coal 

Coal 

Coal, 19% 
Gas, 81% 
Coal, 19% 
Gas, 81% 

Coal, 7% 
Gas, 93% 

Coal, 7% 
Gas, 93% 
Coal, 7% 
Gas, 93% 

Coal, 7% 
Gas, 93% 

Coal, 2% 
Gas, 37% 
Oil, 61% 

Source 

Alabama 1* 

Alabama 2* 

Alabama 3* 
Alabama 

Arizona 1 

Arizona 

Arizona 2 
Arizona 

Colorado 

Colorado 

Colorado 

Colorado 

Germany 1 
Germany 2 

Georgia 

Iceland 
Iceland 

Illinois 
Illinois 

Kansas 



Serial Fuel 
No. Cement Type Process Source Source 

RC-755 Portland v Wet l-lanitoba, Canada 
RC-756 (2) Portland I Maryland 
RC-761 Portland I Haryland 
RC-758 Blended IS Wet Michigan 1 

RC-719 Blended IP \.Jet Coal Hichigan 2 
RC-720 Portland I Wet Michigan 2 

RC-734 Portland I Wet Coal Hichigan 2 
RC-735 Blended IP Wet Coal Michigan 2 

RC-829 Portland I Wet Coal Michigan 2 
RC-830 Blended IP Wet Michigan 2 

RC 688(2)(3) Portland I Wet Gas Mississippi 

RC-721 Blended IP Wet Coal Missouri 
RC-722 Portland I Wet Missouri 

RC-738 Portland I Wet Coal Missouri 
RC-739 Blended IP Wet Coal Missouri 
RC-740 Blended IP Made with Coal Missouri 

bottom ash 

RC-831 Portland II New York 

RC-746 Portland I Wet and Dry Coal Ohio 
Preheater 

RC-769 Blended IS Dry Pennsylvania 1 
RC-770 Portland I Dry Pennsylvania 1 

RC-833 Blended IS Wet Pennsylvania 2 

RC-834 Portland I Wet Coal Pennsylvania 3 

RC-716 Portland I Wet Gas South Carolina 
Oil 

RC-717 Blended IP Wet Gas South Carolina 
Oil 

RC-729 Portland I Wet Gas/Oil South Carolina 
RC-730 Blended IP Wet Gas/Oil South Carolina 

RC-741 Portland I Wet Coal Tennessee 
RC-742 Blended IP Wet Coal Tennessee 

RC-736 Portland I/II Dry Gas Texas 
Preheater 

RC-737 Portland III Dry Gas Texas 
Preheater 

RC-744 Portland I Wet Gas/Oil Texas 
RC-745 Blended IP Wet Gas/Oil Texas 

RC-· 77 3 Blended IP Wet Gas/Oil Texas 
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Serial Fuel 
No. Cement Type Process Source Source 

RC-807 Blended IP, MS Wet Gas/Oil Texas 
RC-80 7 (A)*''' Portland I 

RC-718 Portland I/II 

Serial No. Class - ---

AD-518 

AD-516 

AD-515 

AD-513 

AD-510 

AD-509 

AD-506 
AD-577 
AD-512 

AD-505 

AD-507 

AD-511 

AD-560 

AD-570 

AD-517 

AD-536, -536(2), 
-536(3)) -536(4) 
AD-549 
AD-557 

AD-548 

AD-552 
AD-553 

AD-550 

AD-551 
AD-541 
AD-542 
AD-543 

AD-545 

Pozzolan N 

Pozzolan N 

Pozzolan N 

Fly Ash C 

Fly Ash C 

Fly Ash F 

Fly Ash F 
Fly Ash F 
Fly Ash F 

Fly Ash F 

Fly Ash F 

Fly Ash F 

Fly Ash F 

Fly Ash F 

Fly Ash F 

Silica fume 
Silica fume 
Silica fume 

Silica fume 

Silica fume 
Silica fume 

Silica fume 

Silica fume 
Silica fume 
Silica fume 
Silica fume 

Silica fume 

Wet Gas/Oil Texas 

Wet Gas Washington 
Short Kiln 

Pozzolans 

Produced from 

Mineral Admixtures 

Volcanic glass 

Volcanic asht 

Volcanic ash 

Lignite 

Lignite 

Lignite 

Lignite 
Lignite 
Subbituminous coal 

Subbituminous coal 

Subbituminous coal 

Bituminous coal 

Bituminous coal 

Bituminous coal 

Bituminous coal 

Source 

California 

Greece 

Oregon 

Colorado 

Minnesota 

North Dakota 

Texas 
Texas 
Iowa 

Missouri 

Missouri 

Georgia 

Georgia 

Kentucky 

Hichigan 

Silicon metal Alabama 
Ferro- silicon Alabama 
Ferro-silicon Alabama 

Ferro-silicon Kentucky 

Ferro-silica New York 
Ferro-chrome New York 

Mixed fume from chromium, Ohio 
magnesium, and ferro-
silicon 
Silicon metal Ohio 
Silicon metal Ohio 
Ferro-silicon Ohio 
Ferro-silicon Ohio 

Ferro-silicon and Tennessee 
manganese-silicon 

------------·-------------·----- - ·- ----- --------
** Used with fly ash AD-577 to make RC-807. 

t Santorin earth. 
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Source Class 

AD-544 (Si 75) Silica fume 
AD-544 (Si 98) Silica fume 
AD-558 Silica fume 

AD-546 Silica fume 

AD-537tt Blast-furnace slag 

tt Used in RC-758. 

Prodl!ced from 

Ferro-silicon 75 
Ferro-silicon 98 
Ferro-silicon 

Ferro- silicon 

_Slag 

9 

Source 

Washington 
Washington 
Washington 

West Virginia 

Hichigan 



PART III: TESTS AND PROCEDURES 

5. In addition to characterization tests, tests were made on combina

tions of these materials, as pastes and mortars. Special procedures as de

scribed below were required for the tests on silica fume and preparation of 

paste specimens for creep tests. 

Physical Tests 

Compressive strength of mortars 

6. The compressive strength of mortars made from the cements and admix·

tures was determined generally using the procedures in American Society tor 

Testing and Materials (ASTM} C 109. Mortars were proportioned using 1 part 

cement to 2.75 parts graded standard sand, except for the mixtures of pozzolans 

or silica fumes and portland cement which were proportioned so that 30 and 60 

percent of the portland cement, respectively, was replaced by an equal absolute 

volume of pozzolan or silica fume, while the amount of sand in the mortar re

mained unchanged from that amount used in the portland cement mortars. 

7. The portland cement mortars were made using a water-cement ratio of 

0.485, as specified in ASTM C 109 1 and the flow measured on those two portland 

cements (RC-688 and RC-705) used in the pozzolanic materials portion of this 

work. The average of the flow measurements on these two portland cements was 

used as the control flow for the portland cement-pozzolan blends. The water

cement ratio of the mixtures is shown on each pozzolan test report. 

8. Blended-cement mortars were made as specified in ASTM C 109 where the 

water-cement ratio used is that required to produce a flow of 110 + 5·.percent. 

Compressive strength, flow, and water--cement ratio data for blended cements are 

shown on each blended cement test report. 

9. Mortars made using mixtures of 30 and 60 percent replacement of port

land cement with silica fume were found to be too dry and difficult to work 

when mixed at a 0.485 water-cement ratio; therefore, the water-cement ratio 

was increased to achieve a flow of 110 + 5 percent. The flow of 110 + 5 per

cent was not achieved since at the higher water-cement ratios the mortars be

came very fluffy, soft, and sticky which made the mortar displace and adhere 

to the tamper upon tamping the mortar into the cube mold. Since the mortar 

could not be properly compacted in the mold and finished, the water-cement 
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ratio was adjusted until a workable mixture was achieved and then the flow was 

measured. The water-cement ratios ranged from 0.511 to 0.782 as shown on the 
. 

test reports for silica fumes. 

10. All compressive strength specimens were moist cured under conditions 

complying with ASTM C 511 for 24 hr prior to demolding, except for those speci

mens made using mortars where 60 percent of the portland cement was replaced 

by a pozzolan. These specimens were demolded after 48 hr since they were too 

soft to demold at 24 hr. After demolding, all specimens were identified and 

placed in quart* glass jars with two cubes per jar and each jar filled to capac

ity with lime water, sealed, and further identified on the outside. These jars 

were then stored in a moist atmosphere at 23° C until date of test. 

11. Compressive strength was determined at ages 3, 7, 28, 56 , 90, 

180 days, and 1 yr. The results of the compressive strength tests are shown on 
• 

each test report for the test material, i.e .• portland cement, blended cements, 

pozzolans include 30 and 60 percent replacement of cement test data for pozzo

lans including silica fumes. 

Pozzolanic activity index 

12. The procedure in ASTM 311 was used to determine the pozzolanic ac

tivity index with portland cement of pozzolans. 

13. All pozzolans were tested for strength of lime-pozzolan mortar by 

weighing and mixing one part of hydrated calcium hydroxide and nine parts of 

graded standard sand with sufficient water to produce a flow of 110 + 5 percent. 

Three 2-in. cubes were molded from each test mixture. Mortar mixing, flow test, 

and cube molding were performed in accordance with ASTM C 109. After each set 

of three cubes was molded and cut off, the mold was covered and placed in the 

moist cabinet at 23° C for 24 hr. At 24 hr of age, the mold was sealed with 
0 

microcrystalline wax, inverted, and placed in a forced draft oven at 55 C 

for 6 days. On the seventh day after molding, the cube molds were removed from 

the oven and allowed to cool to room temperature. The cubes were then demolded 
• 

and tested for compressive strength. 

14. The lime-silica fume mortars were adjusted as was done with the 

portland cement-silica fume mixtures to obtain a workable mixture. 

15. The compressive strength, water-cement ratio, and flow values are 

shown on each test report for that pozzolan. 

* A table of factors for converting non-SI to SI (metric) units is presented 
on page 3. 
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Compressive strength of pozzolans 
tested without portland ceme_n_t __ __ 

16. All fly ash samples were used in mortars from which 2-in. cubes were 

tested for compressive strength at 3, 7, and 28 days. The mortar mixtures were 

proportioned using one part fly ash to three parts graded standard sand and suf

ficient water to produce a flow of 110 + 5 percent. The mixing ) flow, and 

casting procedures were all in accordance with ASTM C 109. The cubes were 
0 cured for 3 days in the molds in a moist atmosphere at 23 C before demolding 

and testing for compressive strength at 3 days. The remainder of the cubes 

were stored in lime water at 23° C until date of test. The compressive strength 

test results, flow test data, and water-cement ratios are shown in the test re

po~ts for pozzolans. AD-506 showed some strength at 3 days and fell apart by 

7 days; as a result, testing was discontinued. AD-507 and AD-509 did not show 

sufficient strength to demold the cubes at 3 or 7 days. Further testing was 

discontinued. AD-510 was cementitious as indicated by the compressive 

strengths at 3, 7, and 28 days. AD-512 was cementitious; however, there was a 

loss in compressive strength from 3 to 7 days. Cubes expanded from 2 in. to 

2-1/32 in. and showed some cracking by day 7. Tests were discontinued at 7 

days. AD-513 was cementitious as indicated by the 3-, 7-, and 28-day compressive 

strength data. 

Soundness and time of setting 

17. Autoclave expansion and time-of-setting tests were performed on 

normal-consistency pastes of portland cement and of blended cements. The 

normal--consistency pastes were proportioned, mixed, and tested in accordance 

with ASTM C 187. 

18. From the normal-consistency paste, autoclave specimens were molded, 

cured, and tested in accordance with ASTM C 151. The autoclave-expansion 

test was performed on portland and on blended--cement pastes, and on 20 percent 

mixtures of pozzolans and portland cement. 

19. Time of setting of blended cements was determined b~ mixing a paste 

of normal consistency and testing for initial and final time of setting 

according to ASTM C 191. 

20. Time of setting of portland cement was determined by using the nor-

mal consistency paste to form the test specimen and checking every 10 min for 

initial or final set using the procedures of ASTM C 266. 

12 



Air content of mortar 

21 . Both the portland and blended cements were tested for air content 

in accordance with ASTM C 185. 

Density 

22. The density of portland cement was assumed to be 3 .1 5 Mg/m3 and the 

air content calculated while the density of blended cements was determined 

using the procedure in ASTM C 188 and the air content calculated using that 

density. 

23. The density of all blended cements and pozzolans was determined by 

ASTM C 188. All density determinations were made using kerosine. 

Length change_on drying or soaking 

24. The drying shrinkage and expansion in lime-water test specimens were 

prepared from mortars composed of the same materials in the same proportions 

as those mortars for determining compressive strength of portland cements, 

blended cements, and mixtures of pozzolans and portland cement. RC-688 and 

RC-705 were used as the control cements. 

25. Specimen size, molding procedures, and mortar preparation were as pres

cribed in ASTM C 157, except the specimen initial curing period was extended 

from 24 hr to 4d hr and to 72 hr for those mortar mixtures where 60 percent of 

the portland cement was replaced by solid volume with a pozzolan. The extended 

curing period was necessary due to the slow strength gain of some blends of 

portland cement and pozzolans. After demolding and initial length measurement, 

the prisms were returned to the saturated lime water for additional curing to 

28 days and measured again. 

26 . Six 1- by 1- by 11-1/4-in. prisms were molded from each mortar mix

ture and the inserts set for a 10-in. gage length in each prism. After the ini

tial 28-day curing period> each set of six prisms was divided into two groups 

of three randomly selected prisms each. One group was tested for drying shrink

age in air storage and the other group tested for length change during lime

water storage. Measurements were made at 56, 180, and 365 days, with some 

measurements being made at later ages. 

27 . The initial curing period just after molding was accomplished in an 

atmosphere maintained at 23° C and 95 to 100 percent relative humidity accord

ing to ASTi·1 C 109. 
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28. Additional curing of all prisms up to 28 days of age was accomplished 

in lime-saturated water and those prisms tested for length change in lime-water 

storage were returned to the saturated lime water maintained at 23° C. 

29. The prisms tested for drying shrinkage were stored in an atmosphere 

maintained at 23° C and a relative humidity of 50 + 4 percent. These prisms 

were stored on heavy nonreactive wire mesh so that all sides of the prisms 

were exposed to free air movement. 

Fineness 

30. The fineness of portland cements, shown on each portland cement test 

report, and the fineness of blended cements, as shown on the test reports of 

blended cements, was determined using the test procedures and apparatus speci

fied in ASTM C 204. 

31. The fineness of pozzolans shown in test reports on pozzolans was 

determined using the test procedures and apparatus specified in ASTM C 311. 

For the silica-fume pozzolans the test procedures were modified as follows. 

Porosity is defined in ASTM C 204 as the ratio of volume of voids in a bed of 

material to the total or bulk volume of the bed. Air-permeability fineness is 

fairly accurate as long as the porosity of the test material is near that of 

the National Bureau of Standards Standard Reference Material (SRM) 114 used to 

calibrate the air-permeability apparatus. Silica fume was weighed and tried 

until a sample mass was found that could be compacted as required in the test 

method. If the compactive effort was j udged to be near that of the SRM without 

rebound, a test was completed. In the process, it was found that fineness de

terminations could be made over a range of weighed amount of silica fume and 

for each porosity calculated there was a fineness that did not agree with fine

ness at other porosities on the same sample . This indicated that fineness was 

dependent on porosity so a linear correlation coefficient was calculated for 

each set of data for each sample using porosity as one variable and fineness 

as the second variable. The correlation coefficient indicated the variables 

were related and could be expressed as a straight line. From this the fineness 

of the silica fumes was extrapolated, by linear regression, to a porosity of 

0.500, as shown in Table 1, so that the fineness of silica fumes could be com

pared t o that of the SID1. 

32 . Since this work was done, ASTM C 204 has been revised to include a 

method for calculating the fineness of materials other than portland cement. 
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Table 2 is a recalculation of fineness of materials in Table l using the origi

nal measurements for fineness to calculate the fineness of each by the method 

described in the Appendix of ASTM C 204. 

33. The correlation coefficients listed in Table 2 indicate that the 

closer the correlation coefficient is to one, the better the agreement between 

fineness determined at each porosity on the same material. 

Cre~ 

34. Two-inch cubes and 3- by 6-in. cylinders were made for creep studies. 

These specimens were cast from pastes of portland cement, blended cements, and 

mixtures of portland cement and pozzolans using water-cement or water-cement 

plus pozzolan ratios ranging from 0.25 to 0.60. The intent was to cast speci

mens from pastes that would not bleed or subside; however, some bleeding and 

subsidence occurred . The combinations of materials used and starting test ages 

for 17 paste mixtures are given in Appendix A. Comparison of creep data for 

different mixtures provides opportunity to study the effect of different cements 

or different fly ash admixtures or different amounts of one admixture or water 

content or test age or combinations of these on creep of paste. 

35. Past~preparation. The preparation of the pastes began with the 

mixing of portland cement using a water-cement ratio (w/c) of 0.60. Several 

mixing procedures were tried using a small quantity of prehydrated cement in 

a kitchen blender and later a variable-speed laboratory - size pigment disperser. 

Both methods resulted in mixtures that bled and subsided. Fillers, such as 

bentonite, were discussed and found to be unacceptable since they were pozzolanic 

in the presence of a hydrating portland cement. 

36. Since previous trials failed to produce desirable results, it was 

apparent a cement was needed that would set fast to hold the cement particles 

in suspension and still be workable enough to fill the molds without voids and 

yet plastic enough to be trowel finished. False-setting cement appeared to be 

worth trying. About 30 lb of portland cement (RC-688(3)) were placed in an 

oven set at approximately 30° C (180° F) for at least 72 hr prior to use. The 

intent was to dehydrate the gypsum in the portland cement to hemihydrate so 

that false set would occur when mixed with water. 

37. A paste was prepared using w/c of 0.60 using hot water and hot ce-

ment directly from the oven. The mixing procedure was that described in 

ASTM C 451 using a mixer that met the requirements of ASTM C 305. Casting of 
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the trial specimens followed immediately after mixing and within the time 

period described in ASTM C 451 from mixer to initial penetration of the false

set paste. This mixture did show false set and specimens cast from it were 

cured in a moist cabinet meeting the requirements of ASTM C 511 until the speci

mens showed the cement was beginning to show initial set. At this point the 

specimens were vibrated on a vibrating table, using a low amplitude, to return 

some plasticity to the paste so that the specimens could be cut off and trowel 

finished. The specimens prepared using the false-setting cement indicated the 

procedures used would produce the desired results. Sixty percent by volume of 

the portland cement was replaced with a pozzolan (AD-510) and mixed by the 

false-set procedure using w/c of 0.60 and produced satisfactory results, also. 

38. Compressive strength specimens. Two-inch cube specimens were cast 

from each of the test mixtures. Cubes cast from mixtures where the w/c was 0.60 

or 0.40 were poured and spaded with a spatula to eliminate air voids and placed 

immediately in the moist cabinet to develop the first indication of initial set 

before being vibrated to return plasticity to the mixture so that the specimens 

could be cut off and troweled. The cube molds were returned to the moist cabi

net and the specimens moist cured in the molds until the initial test age at 

which time all cubes were demolded. Those cubes not tested were placed in 

lime water for future testing. Each cube was measured prior to testing for the 

purpose of determining subsidence and to calculate compressive strength. Com

pressive strength was used to approximate the strength level and age at which 

to initiate creep testing. 

39. Creep specimens. Waxed stiff cardboard cylinder molds (3 by 6-1/2 

in.) were instrumented with strain gages and fitted with a 1- by 3-in. collar 

taped in place to tie it to the mold and sealed against water loss. The molds 

were filled with the test mixture, covered with a glass plate, and stored in 

the moist cabinet until the cement began to show initial set or was plastic 

enough to be workable. At this point the cylinder molds were removed from the 

moist cabinet and checked for bleed water by pouring the free water on top into 

a graduated cylinder for measurement. The mold was then vibrated at low ampli

tude to return plasticity to the mixture. The collar was removed and the top 

cut off and trowel finished. After troweling, the cylinders were returned to 

the moist cabinet until 24 hr prior to creep loading. Pastes made using the 

0.60 w/c showed bleeding and subsidence. The bleed water was measured and the 

w/c recalculated based on the water remaining in the mixture. The recalculated 
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w/c for the cement paste was 0.56 and for the cement-pozzolan paste 0.58. The 

specimens cast from mixtures using a 0.25 w/c were molded by pressing and vi

brating the paste in the mold and around the strain gage and supports, trowel 

finished on top, and moist cured until 24 hr before initiation of creep test. 

40. At 24 hr before creep specimen loading, the cylinder molds were 

stripped from the creep specimens and mounted in a surfacing machine. The top 

and bottom of each specimen was ground to plane parallel surfaces perpendicular 

to the long axis of the cylinder. Each cylinder was ground to 6 in . in length 

so that all cylinders in the creep test rig would measure 3 in. by 6 in. 

Chemical Tests 

Cements and blends 

41. Chemical analysis and tests for heat of hydration were performed on 

a series of portland cements and cement blends. The portland cements and 

blended cements were analyzed for composition, reported as Si0
2

, Al
2
o

3
, Fe

2
o

3
, 

CaO, MgO, so
3

, Na
2
o, K2o, Ti0

2
, Mn

2
o

3
, P

2
o

5
, insoluble residue, and loss on 

ignition. Acid-soluble and water-soluble alkalies were determined. Heats of 

hydration at 7 and 28 days were determined on 3 portland cements and 12 com

mercially blended cements . Three of these blends contained slag and nine con

tained pozzolans. The methods of analysis are listed below, and some are 

described in Appendix E. 

MgO 
S03 

Components 

Loss on ignition 
Insoluble residue 
Acid-soluble alkalies 
Water-soluble alkalies 

Portland Cements 

Methods 
Primary 

ASTM C 114, NH4Cl, 
gravimetric 

ASTM C 114, ammonium hy
droxide group 
(R2o3 - Fe2o3 = Al2o3) 

ASTM C 114 
ASTM C 114, gravimetric 

ASTM C 114, gravimetric 
ASTM C 114, gravimetric 
ASTM C 114, gravimetric 
ASTM C 114 ) gravimetric 
ASTH C 114, M 
ASTM C 114) M 
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Secondary 

Double evaporation, 
gravimetric 

Acid filtrate from Si02 , 
atomic absorption (AA) 

As above 
Acid filtrate, EDTA, 

titration 
Acid filtrate 



Compon_e_n_t_s ______ _ 

Heat of hydration 

SiOz 
A12o3 

Components 

so3 
Loss on ignition 
Acid-soluble alkali 
Water-soluble alkali 
TiOz 
Pzo3 

Mn2o3 
Heat of hydration 

Pozzolans and slag 

Methods 
Primary 

ASTM C 114, solution used 
from acid-soluble 
alkali, AA 

ASTM C 114, colorimeter 
ASTM C 114, acid filtrate 

from SiOz, AA 
ASTM C 186 

Blends 

Secondary 

ASTM C 186-49 (Federal 
Method 1301.1 - 1960, 
alternate method, 
paragraph 5-6) 

Methods 
Primary 

ASTM C 595, gravimetric 
ASTM C 595 , gravimetric 

differences 
ASTM C 595, titration 
ASTM C 595, gravimetric 

ASTM C 595, gravimetric 
ASTM C 595, gravimetric 
ASTN C 114 , AA 
ASTM C 114, AA 
LiBOz fusion, AA 
LiBo2 fusion, plasma 

em1ssion (PE) 
LiB02 fusion, AA 
ASTM C 186-49 (Federal 

Method 1301.1 - 1960, 
the alternate method 
for blended cements, 
paragraph 5-7) 

Secondary 

LiB02 fusion, AA 
LiB02 fusion, AA 

LiB02 fusion, AA 
LiBOz fusion, EDTA, 

titration 

----
-~ 

--

42. Pozzolans and slag were analyzed, and the results were expressed as 

oxides. Alkalies were determined as water-soluble, available , acid-soluble, 

and total. Only acid-soluble alkalies were determined in slags. Other analy

ses were for moisture loss and loss on ignition. All these materials were 

analyzed by ASTM methods except for total alkali, iron, and secondary check 

methods for Si0
2

, Al
2
o

3
, and MgO. The total alkalies and secondary methods 

consisted of fusing the sample with LiB02 , followed by dissolving the fusion 

in hydrochloric acid and analyzing the solution by the use of atomic absorption 

spectroscopy (AA). The methods used for analysis are listed below: 
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£.-!:1 Ashes, Natural Pozzolans, and Slag 

Z.1ethods ____ __;_; --------- -----Components 

Si02 (except slag) 
Slag 

Al2o3 

CaO 

HgO 
so3 
Moisture loss 
Loss on ignition (slag) 
Loss on ignition (others) 
Total alkalies 
Acid-soluble alkalies 
Water-soluble alkalies 

Primary Secondary 

ASTH C 311, gravimetric LiB02 fusion, AA 
ASTM C 114, gravimetric 
ASTM C 114, gravimetric, 

ammonium hydroxide 
group 
(R2o3 - Fe2o

3 
= Al2o3) 

ASTH C 114, LiBOz 
titration 

ASTM C 114, gravimetric 

ASTM C 114, gravimetric 
ASTM C 114, gravimetric 
ASTM C 311 ) gravimetric 
ASTM C 114, gravimetric 
ASTM C 311, gravimetric 
LiBOz fusion, AA 
ASTM C 114, AA 
ASTM C 114, AA 

LiB02 fusion, AA 

LiB02 fusion, AA; 
ASTH C 595, titration 

LiBOz fusion, AA ; EDTA, 
titration 

LiBOz fusion , AA 

43. Heat-of-hydration values were determined by replacing 30 percent and 

60 percent of a Type I and Type II cement with pozzolan by solid volume and mea

sured at 7 and 28 days by the heat of solution. 

Silica fume 

44. There were 19 silica fumes from 16 sources analyzed chemically. 

One, AD-536, was blended with portland cements for the determination of heat 

of hydration. The data are in Tables 3 and 4. The various types of fumes, 

chemical , and physical properties, are determined by the type of furnace, 

burden in the furnace, and fuel used. The silica fumes were analyzed for 

the elements present and results were reported both as oxides and elements. 

Those elements determined were Si , Al, Fe, Ca , Mg, S, Na, K, Mn, Cr, and Cl . 

Moisture loss and loss on ignition were also determined. The method of AA 

analysis is in Appendix E. The iron method described in ASTM C 595 was 

erratic in results and in AD-557 failed to detect 98 percent of the iron 

present . As a result, a new method for fumes and pozzolanic material was 

developed and i s in Appendix E. No direct method was used to determine carbon 

content in the silica fumes but the assumption is that carbonates are in

cluded in the loss of ignition. Methods of analys is are shown on the 

following page. 
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SiOz 
Al2o3 

Fe2o
3 

CaO 
MgO 
so3 

Component 

Chloride (Cl) 
cr2o3 

Mnz03 
Hoisture loss 
Loss on ignition 
Total alkali 
Acid-soluble alkali 
Available alkali 

Silica Fumes 

Methods 
Primary 

ASTU C 311, gravimetric 
ASTM C 311, gravimetric, 

ammonium hydroxide 
group 
(R2o3 - Fe2o3 = Al2o3) 

ASTM C 114, LiBOz fusion, 
titration 

ASTM C 311, gravimetric 
ASTM C 311, gravimetric 
ASTM C 311, gravimetric 
Electric-tetrametric 
LiB02 fusion, emission 

argon plasma (EAP) 
LiB02 fusion, AA 
ASTM C 311, gravimetric 
ASTM C 311, gravimetric 
LiB02 fusion, AA 
ASTM C 114, AA 
ASTM C 311, AA 

Secondary 

LiBOz fusion, AA 

LiBOz fusion , AA 

LiB02 fusion, AA 

LiBOz fusion, AA 
LiB02 fusion, AA 

--

--

45. The acceptance test requirements for pozzolans require chemical 

analysis for sum of percentages of Si0
2

, Al
2
o

3
, and Fe

2
o

3 
but do not require 

the individual values . A value for Al
2
o

3 
plus Fe

2
o

3 
is obtained based on a 

sodium-carbonate fusion . This is, however, not a convenient procedure to use 

if one wants Al
2
o

3 
and Fe

2
o

3 
individually. An attempt was made to use a pro

cedure involving dissolution in mixed acids then given in ASTM C 595, but the 

results were not satisfactory. Hence, a procedure based on a lithium borate 

fusion was adopted and used successfully; see Appendix E. 

Petrographic Examination 

46. The procedures used in the petrographic examinations are given in 

Appendices B C, and D. 
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PART IV: RESULTS 

Physical Tests 

47 . Tables 1 and 2 show fineness data for the silica fumes calculated 

by extrapolation to porosity (e) of 0 . 500 and by the method given in the Ap

pendix of ASTM C 204 . In most cases the agreement between the two methods 

is satisfactory . When this work was done, the ASTM method was not available. 

48 . Tables 3 and 4 show length-change data (drying-shrinkage, expansion) 

for cements RC-688 and RC-688(3) and RC- 705, respectively, with nine fly ashes, 

seven silica fumes, and one natural pozzolan at 30 or 60 percent replacement 

levels or both . 

49 . The report of the creep testing of cement pastes is included as 

Appendix A. 

Chemical Tests 

Cements 

50. Tables 5 through 8 show various cement parameters compared by chemi

cal analyses; these parameters are: use and nonuse of preheater (Table 5), use 

of preheater, different plants (Table 6), use and nonuse of slag (Table 7), and 

use and nonuse of pozzolan (Table 8) . Results of heat-of-hydration tests of 

blended cements are given in Table 9. 

Pozzolans and slag 

51. Tables 10 and 11 show data for heat of hydration, relation of heat 

of hydration to CaO by chemical analysis and surface area, and chemical data 

for these materials. Fly ashes with high CaO by chemical analysis such as AD-

510 and AD-513 reduce the heat of hydration very little, if any , when compared 

to the cements at 7 days and 30 percent replacement . AD- 513 at 30 percent re

placement was essentially the same as Type I cement at 7 days. Class N pozzo

lans such as volcanic ashes and silica fumes usually contained over 50 percent 

Si0
2 

(Table 12) . When silica fume AD-536 was combined with cements RC-688 and 

RC-705, 

5 cal/g 

heats of hydration were reduced about 12 and 7 cal/g at 7 days and 6 and 

28 d · 1 N d Wells* dl.·scuss und1."ssolved residues at ays, respect1.ve y. ewman an 

* Ne"t..nnan, E . S . and Wells, L . S . 1952 . "Heat of Hydration and Pozzolan Con
tent of Portland-Pozzolan Cements," Journal of Research of Bureau of Standards, 
Vol 49, No . 2, Research Paper 2342, pp 57- 60 . 
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of cement-pozzolan mixtures from heat of solution. They conclude that the 

rate of solution will vary with the surface area and with the type of pozzolan, 

and that a curve must be determined for each variety of pozzolan and of cement. 

They did determine the percent pozzolan, but they did not give an analysis of 

the residue. A comparison is made in Table 11 of the relationship of various 

percentages of calcium of different pozzolans and their fineness. This com

parison was made by comparing the heat of hydration at 7 days of 30 percent 

replacement by volume with various pozzolans of a Type I cement and a Type II, 

moderate-heat cement. The fineness of the pozzolans varied from 12,800 to 

6,870 cm2/cc in these blends and showed no relationship to heat of hydration 

when compared to the quantity of lime in these pozzolans. The multiple regres

sion factor for the varying quantity of lime was for Type I cement blends, 

89.98 percent; and for Type II, moderate-heat cement blends, 74.98 percent. 

show: 

52. Chemical data, expressed as oxides, are shown in Table 13. They 

a. A range in Si02 from 43 percent (AD-545) to 97 percent (AD-
536(3)) with 11 of the 16 different fumes containing more than 
80 percent Si02. 

b. A large amount, 23 percent, of Mn203 in AD-545 with a low Si02 
content of 43 percent and significant amounts of Al203 , Fe203, 
CaO, MgO, and alkalies. 

c. High iron contents for fumes AD-546, 549, and 557 (14, 11, and 
15 percent, respectively). 

d. Twelve and ten percent MgO in AD-550 and AD-553, respectively. 

e. Especially high K2o (7 percent) in AD-545. 

f. Over 4 percent chloride in AD-550. 

g. Loss on ignition of 12, 14, and 11 percent in AD-544(98), AD-
549, and AD-557, respectively. 

53. The same basic data, expressed as elements, are shown in Table 14. 

Physical and Chemical Tests 

54. The test reports for each of the materials (59 cements, 

11 fly ashes, 3 natural pozzolans, 1 slag, and 19 fumes from 16 sources) are 

included in Appendix F; some reports include tests on more than one sample. 
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Petrographic Examinations 

55. Results of the petrographic examinations are presented in Appen-· 

dices B, C, and D. 
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PART V: DISCUSSION 

56. Since so many different materials (cements, pozzolans, and slag) 

and types of data (physical, chemical, and petrographic) are presented in this 

report, it was impractical to present a detailed discussion. Instead, the data 

are presented for such use as may be desired. 

57. Some discussion.is included in Appendices A, B, C, and D and is not 

repeated here. 
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PART VI: CONCLUSION 

58. The use of energy conservation measures such as precalciners or pre

heaters in producing portland-cement clinker did not have any significant ef

fect on physical or chemical properties or constitution of the cement as 

revealed by petrographic examination as compared with samples not produced 

with such equipment. 
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Table 1 

Air-Permeability Fineness for 15 Silica--Fume Samples Extrapolated to Porosity 0.500 

Round No. 1 Round No. 

e* 
2 2 AD No. em /cc m /kg_ e·'* " 

536 
536(2) 
541 
542 
543 
544(75) 
544(93) 
548t 
549t 
550 
551 

552 
553 
557 
558 

0.714 
0.714 
0. 727 
0.762 
0. 779 
o. 796 
0.819 
0.699 
0.793 
0.782 
0.842 

0. ~H1 
0.821 
().840 
0.825 

58,700 
98,900 
61 , 740 
85,150 
75,150 
63,150 

113 , 720 
35,230 
45,510 
39,600 

163,050 

74 , 650 
55 ,420 

142 ,550 
98,800 

* e = porosity. 
-:de Not determined. 

t Partial round No. 4. 

2640 0.738 
4450 0.738 
2790 0.740 
3700 0.795 
3370 0.803 
2770 0.808 
5190 0.825 
1490 0.711 
2020 0.798 
1680 0.786 
7250 0.878 

3350 0.816 
2480 0.823 
5750 0.845 
4390 0.827 

Round 4 

AD-548 
AD-549 

e 
0.727 
0.830 

2 
em /cc 
17,840 
37,180 

2 
em Icc 

39,340 
82,230 
46,980 
57,400 
54,050 
60,580 

105,320 
27,680 
44,240 
35,050 

148,930 

67,750 
53,810 

136,460 
97 1300 

2 
m /kg 

750 
1650 

2 
2 

1!1 /kg ·'· e" 

1770 0.753 
3700 0.753 
2130 0.752 
2500 0.821 
2420 0.816 
2660 0.844 
4810 0.839 
1170 0.723 
1970 0.805 
1480 0.791 
6620 0.890 

3040 0.840 
2410 0.827 
5500 0.856 
4320 0.830 

Round No. 
2 em /cc 

25,740 
65,160 
34,050 
38,990 
42,360 
58,520 
88,310 
20,430 
42,470 
32,150 
97,860 

42,380 
49,290 

129,680 
92,000 

3 
2 

!ll /kg 

1160 
2940 
1540 
1700 
1900 
2570 
4030 

86C 
189C 
1360 
4350 

1900 
2210 
5230 
4090 

Linear 
Correlation 
Coefficient 

r 

1.00 
0.99 
1.00 
1.00 
1.00 
0.94 
1.00 
1.00 
1.00 
0.98 
0.83 

1.00 
1.00 
0.98 
0.98 

Fineness by 
Extrapolation 
to e = 0.500 

- -
2 em /cc 2 

~/kg 

239,000 10,700 
286,000 12 ,800 
313,000 14,100 
291,000 12 ,600 
322,000 14.500 
92,000 4,000 

516,000 23,600 
158,000 6,700 
111)000 4,900 
278,000 12,000 

''< '" 
''c-/c 

415)000 18,700 
391,000 17,300 
414,000 16,700 
570,000 25,000 



Table 2 

Fineness Values for Silica Fume Recalculated 

According to ASTM C 204 

Surface Area Correlation 
Coefficient 2 2 AD No. em /g m /kg r 

536 96,260 9,630 1.0000 
95,900 9,590 
96,560 9,660 

Avg 9,630 

536(2) 108,460 10,850 0.9974 
111,780 11,180 
107,130 10,710 

Avg 10,910 

541 120,770 12,080 0.9997 
120,380 12,040 
118,770 11,880 

Avg 12,000 

542 80,390 8,040 0.9955 
84,090 8,410 
74,440 7,440 

Avg 7,960 

543 84 , 440 8,440 0.9993 
86,300 8,630 
87,280 8,730 

Avg 8,600 

544(75) 51,050 5,100 0.9632 
70~960 7 , 100 
52,480 5,250 

Avg 5,820 

544(98) 112,500 11,250 0.9986 
115 ,000 11,500 
116,720 11,670 

Avg 11,470 

548 68,940 6,890 1.0000 
68,880 6,890 
69,000 6,900 

Avg 6,890 

549 425,500 42,550 0.8984 
85,950 8,510 

131,090 13,110 
Avg 21,390 

550 72,730 7,270 0.9831 
69,860 6,990 
72,750 7,280 

Avg 7,180 

(Continued) 



Table 2 (Concluded) 

Surface Area Correlation 
Coefficient 2 2 AD No. em /g m /kg r . 

551 101,450 10,140 0.9637 
118,250 11,820 
89,650 8,960 

Avg 10,310 

552 87,870 8,790 0.9987 
89,880 8,990 
90,510 9,050 

Avg 8,940 

553 81,910 8,190 0.9995 
82' 190 8,220 
81 '820 8,180 

Avg 8,200 

557 435,020 43,500 0.9842 
274,380 2 7 '430 
247,240 24,720 

Avg 31,880 

558 112,110 11,210 0.9936 
113,290 11,330 
112,230 11,220 

Avg 11,250 



Table 3 

Drying Shrinkage and Lime-Water Expansion of 1- by 1- by 11-3/4 in. Prisms 

Made with Cement RC-688 and Different Pozzolans, Length Change, Percent 
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Table 5 

Comparative Chemical Analyses of Two Portland Cements 

Made With and Without a Preheater 

Type II Type II 
RC-763 RC-764 

Chemical Data, % No Preheater Preheater 

Si02 22 . 4 23 . 1 

Al2o
3 

4.1 3.8 

Fe2o3 
2.9 3 . 1 

CaO 62.8 62.7 

MgO 4 . 2 4 . 5 

so
3 

2.0 2.0 

Ignition loss 1.2 1. 0 

Acid-soluble alkalies 

Na2o 0.09 0.11 

K20 0.54 0.55 

Total as Na2o 0.45 0.47 

Water- soluble alkalies 

Na2o 0.01 0 . 03 

K20 0.21 0 . 36 

Total as Na2o 0. 15 0.27 

Ti02 0.21 0 . 19 

P205 0 . 06 0.08 

l\ln.203 o. 10 0. 10 

Insoluble residue 0.63 0.63 

Calculated compounds 

c
3
A 6 5 

c3s 48 44 

c
2
s 28 33 

c
4

AF 9 9 



Chemical Data, % 

Si02 
Al2o

3 
Fe2o

3 
CaO 

MgO 

so
3 

Ignition loss 

Acid-soluble alkalies 

Na2o 
K20 

Total as Na
2
o 

Water-soluble alkalies 

Na2o 
K20 

Total as Na2o 
Ti02 
P205 

l'1n2°3 
Insoluble residue 

Table 6 

Comparison of Chemical Data for Eight Portland Cements 

from Seven Dry Process Plants Using Preheaters 

Cements 
Texas 

Colorado Georgia Ohio RC-736 Colorado Colorado 
RC-715 RC-733 RC-764 Types I, RC-753 RC-754 
Type I Type I Type I II Type II Type II 

20.7 21.9 23. 1 21.6 21.4 21.8 

5.8 4.7 3.8 4.0 4.0 3. 7 

2.4 2.2 3.1 3.2 3.9 4.4 

64.7 65.4 62.7 64.8 63.7 63.8 

1.3 0.7 4.5 2.0 1.4 1.4 

3. 1 2.7 2.0 2.2 2.5 2.3 

1.0 2.3 1.0 1.2 1.9 1 . 2 

0.31 0.03 0.11 0.16 0.20 0. 17 

0.90 0.33 0.55 0.75 0.66 0.61 

0.90 0.25 0.47 0.65 0.63 0.57 

0.08 0.00 0.03 0.04 0.06 0.04 

0.62 0.03 0.36 0.49 0.44 0.61 

0.49 0.02 0.27 0.36 0.35 0.30 

0.30 0.19 0.19 0. 15 0. 14 

0.08 0.08 0.04 0.09 0.08 

0.08 0. 10 0.01 0.20 0.20 

0.19 0. 19 0.63 1.20 0. 19 0.03 

(Continued) 

Texas Colorado 
RC-737 RC-832 

Type III Type V 

20.9 22.6 

2.8 3.3 

4.9 5.3 

64.4 63.3 

1.6 1.3 

3.4 1.8 

1.4 1. 2 

0.11 0. 18 

0.46 0.55 

0.41 0.54 

0.02 

0.29 

0.21 

0. 14 0.11 

0.06 0. 12 

0.01 0.15 

0.14 0.28 



Table 6 (Concluded) 
' 

Cements 
Texas 

Colorado Georgia Ohio RC-736 Colorado Colorado Texas Colorado 
RC-715 RC-733 RC-764 Types I, RC-753 RC-754 RC-737 RC-832 

Chemical Data, % Type I Type I Type I II Type II Type II Type III Type V 

Calculated Compounds 

c
3

A 11 9 5 5 4 2 0 0 

c
3
s 55 57 44 62 57 56 67 51 

c2s 18 20 33 15 18 20 10 26 

c
4

AF 7 7 9 10 12 14 0 0 

2C
3
A + c

4
AF 30 24 19 20 20 18 

(C4AF + c2F)SS 14 16 



Table 7 

Comparative Chemical Data for Eight Cements (Six with Slag) from Six Sources 

Cements 
Alabama Alabama Michigan Pennsylvania Pennsylvania Pennsylvania Germany Germany 

RC-751 RC-752 RC-758 RC-769 RC-770 RC-833 USAEC-1C-1 USAEC-1C-2 
Chemical Data, % Type I Type I-S Type I-S Type I-S Type I Type I-S Type I-S Type I-S 

Si02 
20.8 23.00 22.3 23.9 20.4 24.5 27.5 24.8 

Al
2
o

3 
5.6 5.9 6. 1 7.9 5.8 7.2 10.6 8.4 

Fe
2
o

3 
2.5 2. 1 2.0 2.2 2.3 2.0 1.7 1.9 

CaO 64.0 61.3 60.8 55.8 62.4 53.2 50.6 54.8 

MgO 2.8 2.0 3.7 4.9 3.9 6.3 4.5 4.1 

so
3 

2.5 3.0 2.6 2.4 2.4 2.5 2.8 1.9 

Ignition loss 1.6 2.0 1.1 2.0 2.2 3.0 0. 1 2.2 

Acid-soluble alkalies 

Na2o o. 14 0.17 0.27 0. 19 0.17 0.19 0.24 0.27 

K20 0.40 0. 40 1.08 0.27 0.24 0.23 0.58 0.82 

Total as Na
2
0 0.40 0.43 0. 98 0.37 0.33 0.34 0.60 0.81 

Water-soluble alkalies 

Na2o 0.02 0.02 0.03 0.02 0.03 0.009 0.008 

K
2
o 0. 13 0.03 0.66 0.03 0.11 0.018 0.226 

Total as 0.11 0.04 0.47 0.04 0.10 0.021 0. 15 7 

Ti0
2 

0.24 0.24 0.26 0. 34 0.30 0.27 

P205 0.04 0. 16 0.08 0.17 0.05 0.20 

Mn
2
o

2 
0.03 0.03 0.07 0.36 0.23 0.31 

Insoluble residue 0.22 0.29 0.41 0. 10 1. 52 

(Continued) 



Chemical Data, % 

Calculated compounds 

c3A 

c
3
s 

c
2
s 

c4AF 

2C3A + c
4

AF 

Alabama 

--

RC-751 
Type 

11.0 

55.0 

18 . 0 

8 . 0 

30. 0 

I 

Alabama 
RC-752 

Type I-S 

Table 7 (Concluded) 

Michigan 
RC-758 

Type I-S 

Cements 
Pennsylvania 

RC-769 
Type I-S 

Pennsylvania 
RC-770 
Type I 

11. 0 

52 . 0 

19 . 0 

7 . 0 

29 . 0 

Pennsylvania Germany Germany 
RC-833 USAEC- 1C-1 USAEC-1C-2 

Type I-S Type I-S Type I-S 



'!'able 8 

Comparative Chemical Data, Type I-P for Blended Cements With 

Pozzolans and Type I Cement From the Same Source 

Arizona* Illinois* Michigan* 
RC-732 RC-731 RC-726(2) RC-725 RC-719 RC-720 

Chemical Data, % Type I-P Type I Type I-P Type I Type I-P Type I 

Si02 25.6 21.7 24.8 20.6 25 .3 21.1 

Al2o3 
6.8 3.7 8.2 4.6 9.8 5.7 

Fe2o3 
2.8 2.5 4.7 2.9 4.0 2.8 

CaO 55.1 64.4 53.7 54 .2 62.6 

MgO 3.8 4.4 2.8 3.6 2.9 3.7 

so
3 

2.0 2.1 3.0 2.6 2.6 2.6 

Ignition Loss 1.8 2.6 1. 0 1.3 1.3 1. 1 

Acid-Soluble Alkalies 

Na2o 0. 12 0. 14 0.13 0.12 0.27 0.32 

K20 0.44 0.56 0.70 1.00 0.60 0.72 

Total as Na2o 0.41 0. 51 0.59 0.78 0.66 0.79 

Water-Soluble Alkalies 

Na2o 0.01 0.01 0.03 0.06 0.05 0.05 

K20 0.10 0. 12 0.39 0.80 0.25 0.31 

Total as Na2o 0.08 0.07 0.29 0.59 0.21 0.25 

Ti02 
0.45 0.27 0.30 0.23 

P205 0.02 0. 18 0.07 0.04 

Mn2o3 
0.03 0.03 0.03 0.03 

Insoluble Residue 0.56 0.13 12.75 0.18 

Calculated Compounds 

c3A 6 7 10 

c
3
s 63 61 45 

c2s 15 13 26 

c4AF 8 9 8 

2C
3
A + c4AF 19 23 29 

(Continued) 

* Different type of cement from one plant. 
(Sheet 1 of 3) 



Table 8 (Continued) 

Missouri* 
RC-738 RC-739 RC-740 

Chemical Da t a, % TyE_e I Type I-P Type I-P** 

Si02 20 . 1 25.4 23.7 

Al2o3 5. 6 8.1 7.6 

Fe2o3 2.3 5.0 3.8 

CaO 62.5 52.3 56.3 

MgO 3. 4 2.7 3.2 

so
3 

2 .7 1.8 2.3 

I gni t ion loss 2 .3 2.6 1.5 

Ac i d- soluble al kalies 

Na2o 0 . 10 0. 11 0. 08 

K 0 2 0 . 70 0. 58 0 . 60 

Total as 0 . 56 0.49 0 . 57 

Water -solubl e alkali es 

Na2o 0 . 02 0. 02 0 . 02 

K2o 0 . 34 0.28 0. 32 

To t a l as Na20 0 . 24 0 . 21 0 . 22 

Ti0
2 0. 39 0 . 33 

P205 0 .16 0 .1 6 

Mn2o3 0. 05 0 . 05 

Inso luble r esidue 0. 17 

Calculated compounds 

c
3
A 11 

c
3
s 53 

c2s 17 

c4AF 7 

2C
3
A + c4AF 29 

(Continued) 

* Different types of cement from one pl ant . 
** Made with bottom ash . 

South Carolina* 
RC-729 RC-730 
Type I Type I~ 

20.7 25.8 

5.5 10.8 

2.3 3.1 

64.9 53.6 

1.1 0.9 

2.7 3.1 

2.1 1.7 

0 . 08 0.07 

0.40 0.29 

0.34 0.26 

0.08 0.01 

0.40 0.06 

0 .09 0.05 

0 . 27 0.46 

0.17 0.16 

0.01 0.01 

0.18 

11 

59 

14 

7 

28 
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Chemical Data, % 

Si02 
Al2o

3 
Fe2o3 
CaO 

MgO 

so
3 

Ignition Loss 

Acid-Soluble Alkalies 

Na2o 
K

2
0 

Total as Na2o 
Water-Soluble Alkalies 

Na2o 
K

2
0 

Total as Na2o 
Ti02 
P205 

Mn203 
Insoluble Residue 

Calculated Compounds 

c
3

A 

c
3
s 

c
2
s 

c
4

AF 

2C
3
A + c4AF 

·-------------

Table 8 (Concluded) 

Tennessee* 
RC-742 RC-741 

lYre I-P Type I 

25.3 22.0 

9.7 5.4 

3.0 

54.3 

1.8 

2.8 

1.7 

0. 12 

0.34 

0. 34 

0.02 

0. 13 

0.10 

0.37 

0.12 

0.04 

2.4 

64.9 

1.5 

2.2 

1.3 

0.13 

0.29 

0.32 

0.02 

0.13 

0. 10 

0.22 

0. 14 

0.04 

0.34 

10 

51 

25 

7 

28 

·'" Different types of cement from one plant. 
** Made with fly ash AD-577. 

Texas* 
RC-807 RC-807(A) 

** Type I-P Type I 

25.3 20.6 

8.1 5.1 

4.6 

58.1 

1.6 

2.7 

0.5 

0. 23 

0. 38 

0.48 

0.41 

0. 16 

0. 34 

8.40 

4.1 

65.7 

0.9 

2.5 

1. 0 

0.11 

0.25 

0.27 

0. 17 

7 

64 

11 

12 

26 
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State 

Alabama 

Michigan 

Pennsylvania 

Arizona 

Illinois 

Michigan 

Missouri (same 
plant) 

Texas 

South Carolina 

Table 9 

Data for 12 Blended Cements, 7- and 

28-Day Heat of Hydration 

Heat 
RC Class 

752 1-S* 

758 1-S 

769 1-S 

732 1-P** 

726(2) 1-P 

735 1-P 

739 1-P 
740 1-P (with 

bottom ash) 

742 1-P 
745 1-P 
807 1-P 

730 1-P 

of Hx:dration! cal/g 
7 days 28 days 

80 86 

71 83 

80 90 

71 81 

82 91 

75 83 

70 77 
74 81 

76 87 
65 78 
76 87 

69 80 

* 1-S - blast-furnace slag replaces portland cement 25 percent to 65 percent 
by weight (ASTM C 595-75, Sec. 2.2). 

** 1-P - pozzolan replaces 15 percent to 40 percent portland cement by weight 
(ASTM C 59j-75, Sec. 2.8). 



Cement only 

Combined with 

AD-505 

AD-506 

AD-507 

AD 509 

AD-510 

AD-511 

AD-512 

AD-513 

AD- 515 

AD-536 

Table 10 

7- and 28-Day Heat of Hydration Values for 

Laboratory Cements and Cement

Mineral Admixture Combinations 

Portland Cement 
RC-688 RC-705 

% Replacement % Replacement 
Source•'- by Volume by Volume 

of Age Oi .. 30% 60% 0% 30% 60% 
Class Pozzolan days cal/g cal/g cal/g cal/g cal/g cal/g 

7 85 68 
28 96 79 

F SB 7 70 49 56 47 
28 83 62 65 56 

F L 7 73 53 56 45 
28 85 67 70 57 

F SB 7 70 48 57 41 
28 83 64 66 48 

F L 7 72 51 52 49 
28 82 66 62 56 

c L 7 82 73 67 69 
23 90 31 76 77 

F SB 7 68 47 55 39 
28 83 62 68 45 

F SB 7 74 52 63 43 
28 86 73 72 63. 

c L 7 80 51 63 27 
28 93 79 78 50 

N vc 7 75 59 60 46 
28 86 68 72 61 

SF 7 73 56 61 52 
28 90 78 74 58 

* SB - subbituminous coal ; L - lignite coal; VC volcanic ash; SF - silica 
fume (silica condensed fume). 



Structures 
Laboratory 
Serial No. 

AD-510 

AD-513 

AD-512 

AD-506 

AD-509 

AD-505 

AD-507 

AD-511 

Table 11 

Relation of CaO by Chemical Analysis and Surface Area 

to Selected Heat of Hydration Data 

7-day Heat of Hydration for 
Cement Blended with 30 Per-

cent Pozzolan b1 Solid Volume 
Source Surface RC-688 RC-705 

of CaO Area, Type I Type II 
Fly Ash* % crn2/cc cal/g cal/g 

L 29.9 8,750 82 67 

L 21.0 12,790 80 63 

SB 20.3 12,830 74 63 

L 19.8 6, 780 73 56 

L 13.4 4,690 72 54 

SB 11. 1 9,130 70 56 

SB 4.2 7,660 · 70 54 

B 2.7 6,870 68 55 

* L = lignite; SB = subbiturninous; B ~ bituminous. 



Table 12 

Chemical Data and Comparison of Alkali Availability for 1...?_11ate_rials 

------------------________ ___:C..;_,;h_e ..... mi~.:al OataJ!.. __________ -·- ------------------------ ~- -------
__ A.;_,l_k_a 1_!_ Ava ila b i li ~---,-

Structures 
Laboratory 
Serial No . 

AD-518 

AD-516 

AD-515 

AD-513 

AD-S10 

AD-509 

AD-S06 

AD-S12 

AD-SuS 

AD-S07 

Al>-511 

AD-560 

Al>-S70 

AD-517 

AD-S37 

AD-536 

Class 

N 

N 

N 

c 
c 
F 

F 

F 

F 

F 

F 

F 

F 

F 

Slag 

Si02 Al 2o3 
% i. ____:,;___ 

68.0 17.4 

60.5 

53.0 

38. 1 

23.5 

49.7 

50 . 4 

43.3 

45.9 

44.9 

45.4 

5J . 2 

47.8 

49.6 

38.6 

13. J 

16. 7 

2S. 7 

16.4 

17.8 

18.4 

1 ~. 7 

21.4 

21.8 

24.3 

31.1 

30.6 

26 . .3 

Silica 96.0 
fume 

Y.O 

l.J 

Fe203 CdO MgO 

Nois- I~ni

ture tion 
S03 Loss Loss 

i. % i. % % 1. 

s.so 2.3 0.8 0 . 9 

4.0 

7. 1 

4.6 

9. 1 

6.3 

4.2 

7. 7 

10.9 

17.2 

15.0 

6. 7 

8.0 

21.0 

29.9 

13 . 1 

19.8 

20.3 

11. 1 

4.8 

2. 7 

2.8 

2. 1 

1.4 

33.S 

1.12 0.3 

3.4 0.2 

4.4 1.6 

8.4 5.3 

4 . 9 1.1 

3.5 1.3 

3.3 1.8 

2.5 1.1 

0. 7 1.1 

1.1 0.7 

1.4 0.2 

1.1 0.6 

0.7 0.5 

14.8 0.0 

1.4 

0 . 2 

0. 1 

0.3 

0. 1 

0.2 

0.2 

0. 1 

0.3 

0.3 

o.s 
0.2 

0 . 1 

1.6 

3.8 

1.3 

0. 1 

1.1 

0.2 

0.8 

1.1 

3.8 

5.7 

4.3 

1.3 

3. 7 

3.0 

2.3 

Total_~fusion) 
Total 

_Acid Soluble Available (28 day) Water Soluble 
Total 

2.11 1.59 

4.27 2.77 

1.82 J.48 

l. JO 0. 58 

3.28 0.39 

4.00 1.76 

O.S7 0.5) 

0.45 l.S4 

0.37 1.93 

l. 38 2. 18 

0.38 2.61 

0.43 3.50 

0.37 2.78 

0. 26 2. 38 

as 
Na20 Na2o K2o 

3.16 0.1b 0.19 

6.09 0.40 0.15 

4.11 0.39 0.14 

1.65 0.67 0.28 

).54 2.51 0.25 

5.16 1.31 0 . 57 

0.92 0.20 0.12 

1.46 0.13 0.29 

1. 64 0. 04 0. 20 

2.81 0.34 0.30 

2 . 10 0.06 0.36 

2.73 

2.20 

1.83 0.05 0.30 

0.27 0.40 

Total Total 
as 

Na·O Na20 K20 
~- --
0.28 0.18 0.26 

0.50 0.92 0.74 

0.48 0.70 0.76 

0.85 0.47 0.28 

2.67 2.40 0.23 

1.69 1.38 0.38 

0.28 0.21 0.18 

0.32 0.23 0.77 

0.17 0 . 12 0.60 

0.54 0.50 0.78 

0.30 0.14 0.88 

0.12 0.94 

0. 12 0. 94 

0.25 0.07 0.61 

0.53 0.06 0.14 

as 
~~~O- Nu 2o K20 

O.JS 0.02 0.00 

l. 41 

l. 20 

as 
Na'>O 

U.O:! 

o.6s o.o1 o.oo o.ut 
2.55 0.63 0.05 0.6b 

1.63 0.38 0.01 0 . 39 

0.33 0.00 0.00 o.oo 
0.74 0.00 o.ou 0.00 

0.51 0.01 0.01 0.02 

1.01 0.14 0.03 0.16 

0.72 0.02 0.03 0.04 

0.74 0.001 0.0001 0.00 

o. 74 

(). 4 7 

0.15 0.01 0.01 0.02 

5.2 

7.6 

12.4 

0.4 

0. 1 0.3 0.0 0.1 1.3 1.1 0 . 15 0 . 24 0.31 0.03 0.00 0.03 O.Oo 0.03 0.08 



Result 

Si02 
Al2o3 
Fe

2
o

3 
CaO 

MgO 

so
3 

Na 2o 
K

2
0 

Total as 

536 

96.0 

1.3 

o. 1 

0.3 

0.0 

0.1 

0.15 

0.24 

Na
2
o 0. 31 

Mn2o3 
cr

2
o

3 
cr 
Moisture 

loss 0. 3 

Loss on 
igni
tion 

Total 

1.1 

99.59 

536(2) 536(3) ~36(4) 

93.9 

0.7 

u. 1 

0.8 

0.3 

0.2 

0.15 

0.24 

0.31 

0.00 

o.oo 
0.01 

0.4 

1.0 

97. so 

96.6 

1.0 

o. 1 

0.2 

0.3 

0.22 

0.43 

0.50 

0.2 

0.7 

99.75 

95.8 

1.1 

0.1 

0.2 

0. 1 

0.1 

0.3 

1.3 

98.9 

( 

Table 13 

Silica ~ume~Chemical Analysis Expressed as Oxides, percent 

541 

95.2 

0.3 

0.4 

0.3 

0.3 

0.1 

0.12 

0.35 

542 

89.4 

0 . 8 

1.5 

0.6 

1.5 

0.1 

0.26 

o. 72 

543 

92.6 

0.6 

0.3 

0.3 

0.2 

0. 1 

0.13 

0.32 

0.35 0.73 0.34 

0.01 0.16 0.01 

0.00 0.00 0.00 

0.05 0.17 0.04 

0.2 0.4 0.2 

1.3 3.5 2.7 

Silica Fumes 
Structures Laboratory No. AD-

544(75) 544(98) 545 546 548 549 550 

67.4 

4.7 

551 

93.6 

0.6 

552 

93.3 

0.6 

90.1 

1.7 

1.9 

1.6 

0.4 

0. 1 

0.29 

0.55 

0.65 

0.11 

0.00 

0.11 

0.6 

83.6 

0.5 

0.4 

0.2 

0.4 

0.4 

o. 16 

0.34 

0.38 

0.00 

0.04 

0.21 

o. 7 

42.6 73.7 

4.7 4.0 

6.2 13.9 

3.7 2.3 

2.8 3.8 

2.1 0.2 

1.14 0. 44 

7. 44 1.17 

91.5 

1.0 

67.4 

4.8 

1.5 11.3 1.2 

0.9 4.0 0.7 

0.7 1.9 12.0 

0.2 0.3 0.4 

0.18 0.20 2.60 

0.58 0.62 3.09 

0.3 1.0 

0.4 0.5 

1.0 1.1 

0.5 o.o 
0.10 0.17 

0. 71 1. 70 

6.04 

22.62 

0.02 

0.01 

1.21 0.56 0.61 

0.85 0.23 1.78 

0.04 0.01 0.05 

0.06 0.09 0.01 

4.63 0.57 1.29 

0.26 0.02 0.08 

1.47 0.00 0.10 

4.14 0.05 0.00 

0.7 0.0 0.4 2.1 1.1 0.3 0.5 

553 

80.7 

3.6 

557 

71.2 

2.4 

0.6 14.6 

0.3 1.1 

9.5 0.5 

0.3 0.2 

0. 48 0.19 

1.58 0.63 

1. 52 o. 60 

0.14 0.93 

0.66 0.01 

0.08 0.17 

0.8 0.2 

558 

85.1 

1.7 

1.8 

0. 7 

1.5 

0.3 

1. 24 

2.27 

2. 73 

0.31 

o.oo 
1.06 

0.6 

3.8 11.9 7.2 1.0 2.0 14.1 4.8 3.4 1.4 1.7 11.2 4.3 

9H.63 99.11 97.50 101.26 98.85 103.23 101.46 99.29 108.56 103.86 100.98 100.45 100.44 103.33 100.H8 

NOTE: Alkalies were determined from solutions of LiB02 fusions. 



----------

Result 

Si 

Al 

Fe 

Ca 

Mg 

s 
Na 

K 

Mn 

t1oisture 
loss 

Loss on 
igni
tion 

0 

rotal 

536 

44.9 

o. 7 

0 . 1 

0.2 

0.00 

0.0 

o. 11 

0.20 

0.3 

1.1 

Table 14 

Silic_a_ Fumes, Chem_ical Anal:zs_is Ex'>ressetl as ~lements, ~ercent 
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APPENDIX A: CREEP OF CEMENT PASTE 



_§_peci~ens 

1. Three 3-- by 6-in. cylindrical specimens were fabricated from each of 

seventeen cement paste mixtures . An embedment strain gage was placed in each 

specimen prior to casting to measure axial strains. Monofilament nylon line 

was used to position and secure the strain gage. A total of 51 specimens were 

cast, 2 creep specimens and a control specimen for each mixture . 

2 . Twenty-four hours prior to loading, all specimens were demolded and 

the ends of the creep specimens were surface ground to ensure parallelism of 

the ends. All specimens were sealed in an asphaltic membrane to minimize 

moisture loss during the testing period. 

Loading Procedure 

3. The creep loading frames (Figure Al) consisted of header plates bearing 

on the ends of the loaded specimens , springs to sustain the loads, and threaded 

reaction rods similar to that described in CRD-C 54-77. Creep specimens were 

placed in the loading frame taking care in aligning the specimens to avoid ec··· 

centric loading. The number of specimens per loading rig varied from two to 

four depending on the number of specimens to be loaded on a given date to the 

same sustained load. Axial loads were applied incrementally to 20 percent of 

ultimate cylinder strength using a hydraulic hand pump. Control specimens were 

stored in an unloaded condition near companion creep specimens. All specimens 

were maintained at approximately 75° F and 50 percent relative humidity during 

the testing period. 

Strain Measurements 

4. Strain gages embedded in the creep and control specimens were read 

immediately prior t o loading, upon attaining full load, and periodically through

out the test period (Tables Al-Al7). In addition, elastic strain readings were 

obtained on the creep specimens at each load increment. Elastic strains were 

determined by taking the difference in strain measurements immediately before 

and after loading . Elastic strains and moduli of elasticity computed on this 

basis are summarized in Table Al8. 
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Strains in Control Specimens 

5. Control specimens were subjected to the same environmental conditions 

as the creep specimens throughout the loading period. Results of these strain 

measurements are presented in Tables Al-Al7. Also, control strain-time rela

tionships for each mixture are shown in Plates Al-Al7. With the exception of 

a few measurements at very early ages, all control strains were compressive 

indicating shrinkage of the cement paste. Maximum strains in the control speci

mens ranged from approximately 400 to 1200 millionths, with an overall average 

shrinkage of approximately 800 millionths. 

Strains in Creep Specimens 

6. The strain data obtained from the loaded creep specimens during the 

course of the testing period represented total strains, i.e., those which 1n

cluded the elastic deformation upon application of load, and the time-dependent 

deformations due to load and chemical or physical volume changes with the speci

men. Results of individual measurements of total strains for each creep speci

men are given in Tables Al-Al7. In addition, average total strain-time 

relationships for each mixture are presented in Plates Al8-A34 . 

7. Specific creep strains for a given time were determined by subtracting 

the elastic strain from the total strain, correcting this value for the appro

priate volume-change (control) strain, and dividing it by the applied load. 

Results obtained in this manner are sho'm for each mixture in Tables Al-Al7. 

In addition, specific creep strain-time relationships are presented in 

Plates A35-A50. 

8. To form a numerical basis of comparison for the various mixtures, 

curves of best fit based on a l east - squares analysis were computed for the 

creep strain-time relationships. Ti1ese equations were then used to compute 

specific creep strains at 1 year after loading as shown in Table Al9. 

Paste Mixtures 

9 . Mixture combinations and test ages of specimens from the 17 pastes 

are tabulated below: 
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Mixture 
No . 

I 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Mixture and _Loading Data for 17 Pastes 

Used for Creep Testing 

Cement Cement Replaced W/C or 
RC- by W/S 

688(3) 60% AD-510 0.60 
688 ( 3) 60% AD- 510 0 . 40 

688(3) 60% AD-507 0 . 40 

688(3) -- 0 . 40 

688(3) 60% AD- 510 0.40 

688 (3) 30% AD-510 0.40 

688 ( 3) 30% AD- 507 0.40 

688(3) 60% AD- 510 0 . 40 

688(3) -- 0 . 60 

735(IP) 0.40 

772(11) 0 . 40 

742(IP) 0 . 40 

752(IS) 0.40 

688(3) -- 0 . 40 

688(3) 60% AD--510 0.25 

688(3) 0 . 25 

688(3) 0.40 

Loading 
Age 

days 

28 
2 

7 

2 

7 

7 

7 

28 

28 

7 

7 

7 

7 

7 

2 

2 

28 

10 . As mentioned earlier, comparison may be made of the effect of creep 

on various parameters . Some of these comparisons are made in the following 

section. 

Discussion 

11. Results of the creep tests are summarized in Table A20. In general, 

specific creep strains were inversely proportional to the modulus of elastic

ity of the creep specimens (Figure A2). 

12 . For a given cement, water-cement ratio, and cemen~ replacement mate

rial, specific creep decreased with an increased age at loading(Figure A3) . 

This was also true of comparable mixtures without cement replacement material . 
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Under these conditions, the specific creep of cement paste containing 60 per

cent replacement material by volume was significantly higher at the earlier 

loading ages than that of paste without any cement replacement. With a water

cement ratio of 0.40 and 7 days' age at loading, specific creep increased with 

an increase in cement replacement volume (Figure A4). In each case, the spe

cific creep of specimens containing AD-507 cement replacement were approxi

mately 30 percent higher than those containing AD-510. Given a water-cement 

ratio of 0.25 and 2 days' age at loading, the addition of cement replacement 

(AD-510) in the amount of 60 percent by volwne resulted in a 30 percent increase 

in specific creep. 

13. Specific creep of the paste specimens containing "special cements;' 

(Mixtures 10-13) ranged from 0.9311 to 1.2108 millionths per psi with an over

all average of 1.1094 millionths per psi. These specimens had a water-cement 

ratio of 0.40 and were loaded at 7 days' age. In comparison, specimens contain

ing "conventional cement" (Mixtures 6 and 7) and 30 percent cement replacement 

with the same water-cement ratio and age at loading had an average specific 

creep of 1.1566 millionths per psi. 

14. The specific creep of paste specimens loaded at 2 days' age increased 

by more than 100 percent with an increase in water-cement ratio from 0.25 to 

0.40. In contrast, creep specimens loaded at 28 days' age exhibited a decrease 

in specific creep of more than 150 percent when the water-cement ratio was in

creased from 0.40 to 0.60. This is contrary to expectations and causes one to 

question the test results associated with Mixture 9. In this case, the strain 

measurements, both elastic and time-dependent, are significantly lower than any 

other mixture tested. 
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Table Al 

Strain Measurements, 

Mixture No. 1 

Corrected 
Total Strain1 Millionths Creep Control Creep Specific 

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, 
days 13 14 Avg Millionths Millionths Millionths Millionths/psi 

0 119 156 137 0 0 0 0 
0.12 119 158 138 1 -8 9 0.048 
0.92 137 190 163 26 16 10 0.054 
5 145 191 168 31 18 13 0.070 
6 160 206 183 46 41 5 0.027 
7 170 217 193 56 59 -3 -0.016 
8 206 235 220 83 77 8 0.043 

11 210 242 226 89 105 -16 -0.086 
12 250 280 265 128 14 7 -19 -0.102 
13 299 328 313 176 207 -31 -0.167 
14 280 310 295 158 187 -29 -0.156 
15 285 315 300 163 195 -32 -0.172 
18 305 325 315 178 217 -39 -0.210 
19 284 306 295 158 197 -39 -0.210 
20 300 315 307 170 217 -47 -0.253 
22 325 338 331 194 237 -43 -0.231 
27 376 385 380 243 297 -54 -0.290 
32 460 470 465 328 337 -9 -0.048 
46 565 590 577 440 457 -17 -0.091 
64 635 650 642 505 477 28 0.151 
76 720 725 722 585 532 53 0.285 
95 830 825 827 690 602 88 0.473 

105 920 910 915 779 687 91 0.489 
113 920 940 930 793 735 58 0.312 
147 1030 1030 1030 893 750 143 0.769 
165 1075 1060 1068 931 775 156 0.839 



Total Strain, Millionths 
Time, Gage No. Gage No. 
days 37. 38 Avg 

0 175 162 169 
0.2 272 257 265 
3 460 445 453 
4 543 525 534 
5 615 592 604 
6 685 660 673 
7 725 700 713 

11 840 800 820 
12 885 850 868 
13 930 895 913 
14 965 932 949 
17 995 950 973 
19 980 935 958 
20 995 950 973 
21 1019 972 996 
25 1026 976 1001 
26 1033 985 1009 
27 1040 992 1016 
32 1060 1010 1035 
39 1125 1065 1095 
45 1120 1055 1088 
52 1185 1122 1154 
55 1177 1115 1146 
60 1178 1110 1144 
67 1205 1135 1170 
74 1264 1200 1232 
82 1250 1176 1213 
89 1202 1130 1166 

102 1266 1185 1226 
125 1300 1216 1285 
144 1390 1310 1350 
166 1372 1290 1331 
181 1340 1258 1299 

Table A2 

Strain Measurements, 

Mixture Nc. 2 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
96 -29 

284 -58 
366 -4 
435 46 
504 101 
544 131 
652 206 
699 251 
744 286 
780 318 
804 336 
789 309 
804 322 
827 338 
833 338 
841 346 
848 348 
867 361 
927 411 
919 406 
985 456 
978 451 
976 446 

1002 466 
1064 528 
1045 506 

998 466 
1057 516 
1090 541 
1182 631 
1163 616 
1131 581 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
125 0.601 
342 1.644 
370 1.776 
389 1.870 
403 1.938 
413 1.986 
446 2.142 
448 2.154 
458 2.202 
462 2.221 
468 2.250 
480 2.308 
482 2.317 
489 2.351 
495 2.377 
495 2.377 
500 2.401 
506 2.430 
516 2.478 
513 2.466 
529 2.543 
527 2.531 
530 2.546 
536 2.575 
536 2.575 
539 2.589 
532 2.555 
541 2.601 
549 2.637 
551 2.647 
547 2.627 
550 2.642 



To t a l Stra i n 1 Millionths 
Time , Ga~e No. Ga~e No . 
days 13 14 Avg 

0 375 330 352 
0. 04 425 357 319 
0. 79 515 440 478 
2 557 475 516 
3 590 511 550 
4 582 512 547 
7 658 595 627 
9 690 636 663 

10 700 640 670 
11 708 646 677 
14 770 715 743 
15 782 725 754 
16 795 736 766 
17 792 736 764 
18 790 730 760 
21 800 745 773 
22 818 761 790 
23 832 775 804 
24 856 800 828 
25 861 806 834 
29 870 817 844 
30 900 845 873 
31 915 865 890 
32 935 885 910 
35 950 898 924 
37 940 892 916 
38 950 900 925 
39 965 915 940 
43 990 935 963 
44 986 935 96 1 
45 995 944 970 
so 1042 96 1 1002 
57 1056 1001 1029 
63 1076 1025 1051 
70 1128 1080 1104 
73 1135 1085 11 10 
78 1145 1102 1124 
85 1172 1130 1151 
92 1225 1182 1204 

100 1235 1187 12 11 
107 12 15 1170 1193 
120 1270 1221 1246 
143 1330 1280 1305 
162 1400 1358 1379 
184 1432 1385 1409 

Table A3 

Strain Measur ements, 

Mixt ure No . 3 

Cr eep Control 
Stra in, Str ain, 

Mill ionths Millionths 

0 0 
39 0 

126 2 
164 - 5 
198 - 8 
195 - 39 
274 -16 
311 - 12 
318 -14 
325 - 19 
390 22 
401 28 
413 30 
412 18 
408 11 
420 10 
437 19 
451 28 
476 48 
481 54 
491 55 
500 76 
538 94 
558 108 
572 120 
564 106 
573 121 
588 126 
610 144 
608 146 
617 148 
649 166 
676 206 
698 227 
752 276 
758 288 
771 296 
799 322 
851 374 
859 381 
840 378 
893 418 
953 476 

1027 551 
1056 583 

Correc t ed 
Cr eep Spec i f i c 

Stra in, Cr eep, 
Millionths Millionths / ps i 

0 0 
39 0 . 093 

124 0 . 296 
169 0 . 403 
206 0 . 492 
234 0 . 558 
290 0 . 692 
323 0 . 77 1 
332 0. 792 
344 0 . 821 
368 0 . 878 
373 0.890 
383 0 . 914 
395 0.943 
397 0.947 
410 0 . 979 
418 0 . 998 
423 1. 001 
428 1. 02 1 
427 1. 019 
436 1. 04 1· 
444 1. 060 
444 1. 060 
450 1. 074 
452 1. 079 
458 1. 093 
452 1. 079 
462 1. 101 
466 1.112 
462 1. 103 
469 1. 119 
483 1. 153 
470 1. 122 
471 1. 124 
476 1. 135 
470 1. 121 
475 1.134 
477 1. 137 
477 1.1 38 
478 1. 140 
462 1. 103 
475 1. 134 
477 1. 137 
476 1.135 
473 1. 129 



Table A4 

Strain Measurements 
' 

Nixture No . 4 

Corrected 
Total Strain! Millionths Creep Control Creep Specific 

Time , Gage No. Gage No. Strain, Strain , Strain , Creep, 
days 7 8 Avg Millionths Millionths Millionths Hillionths /psi 

0 471 458 465 0 0 0 0 
0.04 529 513 521 57 0 57 0.092 
0.81 736 715 726 261 46 215 0.347 
2 920 879 900 435 128 307 0.495 
5 1237 1172 1205 740 290 450 o. 726 
6 1264 1197 1231 766 284 482 o. 777 
7 1265 1198 1232 767 253 514 0.829 
8 1292 1225 1259 794 250 544 0 .877 
9 1310 1232 1271 807 238 569 0.918 

12 1365 1296 1331 866 244 622 1. 003 
14 1395 1322 1359 894 254 640 1. 032 
15 1400 1330 1365 901 245 656 1. 059 
16 1405 1331 1368 904 237 667 1. 076 
19 1456 1386 1421 956 270 687 1.108 
20 1472 1402 1437 973 280 693 1. 118 
21 1490 1418 1454 990 293 697 1. 124 
22 1495 1427 1461 997 293 704 1. 135 
23 1496 1423 1460 995 289 706 1.139 
26 1523 1447 1485 1021 310 711 1. 14 7 
27 1542 1465 1504 1039 325 714 1. 152 
28 1565 1490 1528 1063 343 720 1. 161 
29 1580 1505 1543 1078 355 723 1.166 
30 1590 1510 1550 1086 356 730 1. 177 
34 1602 1524 1563 1099 370 729 1. 176 
35 1630 1550 1590 1126 398 728 1. 174 
36 1650 1570 1610 1146 408 738 1.190 
37 1662 1582 1622 1158 418 740 1. 194 
40 1667 1587 1627 1163 424 739 1. 192 
41 1585 1500 1543 1078 336 742 1. 197 
42 1590 1507 1549 1084 343 741 1.195 
43 1585 1520 1553 1088 353 735 1.185 
48 1706 1620 1663 1199 456 743 1.198 
49 1710 1625 1668 1203 460 743 1. 198 
so 1717 1632 1675 1210 468 742 1. 197 
55 1738 1650 1694 1230 490 740 1. 193 
62 1785 1694 1740 1275 533 742 1. 197 
68 1795 1700 1748 1283 553 730 1. 177 
75 1840 1747 1794 1329 593 736 1. 187 
78 1745 1651 1698 1234 508 726 l. 170 
83 1765 1665 1715 1251 528 723 1. 165 
90 1790 1695 1743 1278 557 721 1. 163 
97 1827 1732 1780 1315 593 722 1.165 

105 1850 1756 1803 1339 624 715 1.152 
112 1820 1710 1765 1301 598 703 1. 133 
125 1912 1795 1854 1389 678 711 1. 147 
148 2000 1882 1941 1477 783 694 1. 119 
167 2104 1985 2045 1580 868 712 1. 148 
189 2155 2032 2093 1629 933 696 1. 123 
204 2155 2159 2157 1693 954 739 1. 191 



Table AS 

Strain Measurements, 

Mixture No. 5 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No . Gage No. Strain, Strain, Strain, Creep, 
days 10 11 Avg Millionths Millionths Millionths Millionths/psi 

0 332 354 343 0 0 0 0 
0.04 372 386 379 36 9 27 0.044 
0.81 562 575 569 226 40 186 0.300 
2 660 692 676 333 78 255 0.411 
5 GF 885 885 542 158 384 0.619 
6 900 900 557 148 409 0.660 
7 873 873 530 114 416 0.671 
8 905 905 562 122 440 0.710 
9 900 900 557 99 458 0.739 

12 968 968 625 116 509 0.821 
14 1020 1020 677 174 503 0.811 
15 1011 1011 668 134 534 0.861 
16 1016 1016 673 139 534 0.861 
19 1076 1076 733 169 564 0.910 
20 1090 1090 747 175 572 0.923 
21 1095 1095 747 179 573 0.924 
22 1096 1096 753 170 583 0.940 
23 1090 1090 747 161 586 0.945 
26 1109 1109 766 169 597 0.963 
27 1125 1125 782 182 600 0.968 
28 1141 1141 798 194 604 0.974 
29 1240 1240 897 252 645 1. 040 
30 1175 1175 832 214 618 0.997 
34 1167 1167 824 209 615 0.992 
35 1202 1202 859 234 625 1.008 
36 1222 1222 879 246 633 1. 021 
37 1238 1238 895 264 631 1. 018 
40 1240 1?40 897 259 638 1.029 
41 1227 1227 884 244 640 1. 032 
42 1240 1240 897 252 645 1. 040 
43 1255 1255 912 262 650 1.048 
48 1260 1260 917 264 653 1. 053 
49 1255 1255 912 259 653 1.053 
so 1266 1266 923 269 654 1. 055 
55 1273 1273 930 272 658 1.061 
62 1312 1312 969 299 670 1.081 
68 1320 1320 977 304 673 1. 085 
75 1365 1365 1022 337 685 1.105 
78 1362 1362 1019 340 679 1.095 
83 1375 1375 1032 342 690 1. 113 
90 1394 1394 1051 359 692 1. 116 
97 1445 1445 1102 404 698 1.126 

105 1449 1449 1106 401 705 1.137 
112 1400 1400 1057 354 703 1.134 
125 1464 1464 1121 404 714 1.156 

(Continued) 



Table A5 (Concluded) 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, 
days 10 11 Avg Millionths 1-tillionths Millionths Millionths/psi 

146 1515 1515 1172 439 733 1.182 
167 1590 1590 1247 509 738 1.190 
189 1606 1606 1263 514 749 1.208 
204 1580 1580 1237 484 753 1. 215 
232 1600 1600 1257 497 760 1.226 
257 1570 1570 1227 466 471 1. 227 
266 1515 1515 1172 421 751 1. 211 



Total Strain , Millionths 
Ti me, Gage No . Gage No . 
days 1 2 Avg 

0 4BO 414 447 
O. B5 6BO 592 636 
2 740 647 694 
6 990 BBO 935 
7 1050 93B 994 
B 1090 9BO 1035 
9 11 31 101B 1075 

12 1235 1127 11B1 
14 1260 1145 1203 
15 1270 11 62 1216 
16 1275 1165 1220 
19 1322 121B 1270 
22 1374 1270 1322 
23 1357 124B 1303 
26 136B 1262 1315 
27 1410 1306 135B 
2B 1426 1316 1371 
29 1410 130B 1359 
30 1392 1292 1342 
33 1436 1336 13B6 
34 1470 137B 1424 
35 1466 136B 1417 
41 1450 1360 1405 
42 1435 1345 1390 
47 14BO 1390 1435 
54 1522 1440 14B 1 
61 1530 1455 1493 
76 1512 1451 14B 1 
B9 1550 1505 1527 

107 1626 15B6 1606 
121 1576 1540 155B 
134 1600 1570 15BS 
139 1624 1610 1617 
14B 1716 1705 1710 
166 1735 1740 1737 
1BO 1BOO 1795 1797 
19B 1765 1765 1765 
210 1B20 1B20 1B20 
229 1B60 1B60 1B60 
239 1900 1B70 1BB5 
247 1910 1900 1905 
254 1920 1925 1922 
2B1 19BO 19BO 19BO 
299 2020 2030 2025 

Table A6 

Strain Measurements, 

Mixture No . 6 

Creep Contr o l 
St r ain , Str ain , 

Millionths Millionths 

0 0 
1B9 -29 
247 -49 
4BB 45 
547 BO 
SBB 105 
62B 125 
734 1B7 
756 190 
769 190 
773 1BS 
B23 193 
B75 247 
B56 217 
B6B 215 
91 1 255 
924 265 
912 250 
B95 223 
939 25 1 
977 2B9 
970 272 
95B 260 
943 245 
9BB 26B 

1034 297 
1046 310 
1034 321 
10BO 321 
1159 3BO 
1111 325 
113B 347 
1170 3BO 
1236 460 
1290 475 
1350 535 
131B 495 
1373 565 
1413 5B5 
143B 595 
14SB 600 
1475 645 
1533 710 
157B 715 

Cor rected 
Cr eep Specific 

Str a i n , Creep , 
Milliont hs Millionths/psi 

0 0 
21B 0. 253 
296 0 . 343 
443 0 . 514 
467 0 . 542 
4B3 0 . 560 
503 0 . 5B3 
547 0 . 635 
566 0.657 
579 0 . 672 
SBB 0 . 6B2 
630 0 . 731 
62B 0. 729 
639 0. 741 
653 o. 75B 
656 0 . 76 1 
659 0 . 765 
662 0 . 76B 
672 0 . 7BO 
6BB 0 .79B 
6BB 0. 79B 
69B O.B 10 
69B o . B10 
69B O. B10 
720 O. B35 
737 O. B55 
736 O. B53 
714 O. B2B 
759 O. BB 1 
779 0.904 
7B6 0. 912 
791 0 . 91B 
790 0. 916 
776 0. 900 
B15 0.945 
B15 0.945 
B23 0.955 
BOB 0 . 937 
B2B 0 . 960 
B43 0 . 97B 
BSO 0 . 9B6 
B30 0.963 
B23 0 . 955 
B63 1.000 

l 



Total Strain, Millionths 
Time, Gage No. Gage No. 
days 4 5 Avg 

0 54 7 540 544 
1 705 690 698 
2 760 740 750 
6 975 945 960 
7 1025 995 1010 
8 1056 1027 1042 
9 1092 1054 1073 

12 1180 1135 1158 
14 1205 1157 1181 
15 1222 1170 1196 
16 1220 1170 1195 
19 1260 1205 1233 
22 1320 1267 1294 
23 1301 1250 1276 
26 1316 1260 1288 
27 1355 1295 1325 
28 1366 1307 1337 
29 1360 1296 1328 
30 1335 1276 1306 
33 1335 1272 1304 
34 1390 1325 1358 
35 1367 1300 1333 
41 1367 1300 1334 
42 1360 1292 1362 
47 1390 1310 1350 
54 1390 1330 1360 
61 1425 1340 1382 
76 1395 1302 1348 
89 1450 1355 1402 

107 1513 1417 1465 
121 1461 1357 1409 
134 1488 1373 1400 
139 1513 1405 1459 
148 1613 1505 1559 
166 1635 1515 1575 
180 1680 1570 1625 
198 1695 1575 1635 
210 1730 1600 1665 
229 1770 1650 1710 
239 1790 1660 1725 
247 1815 1690 1752 
254 1830 1705 1767 
281 1895 1775 1835 
299 1920 1800 1860 

Table A7 

Strain Measurements, 

Mixture !'Jo. 7 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
154 -25 
207 -so 
417 -13 
467 5 
498 15 
530 25 
614 61 
638 57 
653 so 
652 45 
689 so 
750 92 
732 65 
745 67 
782 92 
793 95 
785 85 
762 60 
760 57 
814 88 
790 65 
790 45 
783 35 
807 44 
817 35 
839 so 
805 0 
859 40 
921 75 
865 22 
856 31 
915 51 

1015 150 
1031 150 
1081 205 
1091 210 
1121 235 
1166 285 
1181 295 
1208 330 
1223 320 
1291 385 
1316 410 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
179 0.208 
257 0.298 
430 0.498 
462 0.535 
483 0.560 
505 0.585 
553 o.n42 
581 0.673 
603 0.699 
606 0. 704 
639 0.741 
658 0.763 
667 0.774 
678 0.786 
690 0.800 
698 0.810 
700 0.811 
702 0.814 
703 0.816 
726 0.842 
725 0.841 
745 0.864 
748 0.867 
763 0.885 
782 0.907 
789 0.915 
805 0.934 
819 0.950 
846 0.982 
843 0.978 
827 0.959 
864 1.002 
865 1. 003 
881 1. 022 
876 l. 016 
881 1. 022 
886 1. 028 
881 1.022 
886 1. 028 
878 1. 019 
903 1.018 
906 l. 051 
906 1. 051 



Total Stra in, Millionths 
Time, Gage No . Gage No . 
days 31 32 Avg 

0 546 585 566 
0. 08 560 645 603 
0.90 648 807 728 
2 695 895 795 
5 1308 1497 1403 
6 1345 1506 1426 
7 1392 1510 145 1 
8 1442 1524 1483 
9 1465 1510 1488 

13 1523 GF 1523 
14 1565 1565 
15 1602 1602 
16 1630 1630 
19 1640 1640 
21 1622 1622 
22 1635 1635 
23 1656 1656 
27 1658 1658 
28 1665 1665 
29 1675 1675 
34 1696 1696 
41 1764 1764 
47 1770 1770 
54 1845 1845 
57 1847 1847 
62 1850 1850 
69 1890 1890 
76 1965 1965 
84 1965 1965 
91 1928 1928 

104 2025 2025 
127 2090 2090 
146 2202 2202 
168 2215 22 15 
183 2195 2195 
211 2232 2232 
236 2235 2235 
245 2195 2195 
255 2156 2156 
263 2165 2165 
280 2132 2132 
292 2155 2155 
299 2118 2118 
314 2105 2105 
328 2108 2108 
346 2152 2152 
360 2058 2058 
366 2095 2095 

Table AS 

Strain Measurement s , 

Mixture No . 8 

Creep Control 
Strain, Strai n, 

Hill i onths Millionths 

0 0 
37 20 

162 33 
230 38 
837 563 
860 583 
886 610 
918 633 
922 638 
957 628 
999 660 

1036 681 
1064 700 
1074 690 
1056 656 
1069 66 1 
1090 647 
1092 659 
1099 659 
1109 660 
11 30 663 
1180 700 
1204 688 
1279 740 
1281 728 
1284 720 
1324 738 
1399 798 
1399 770 
1362 728 
1459 768 
1524 788 
1636 823 
1649 848 
1629 808 
1666 813 
1669 763 
1629 706 
1590 673 
1599 658 
1566 618 
1589 640 
1552 604 
1539 580 
1542 588 
1586 604 
1492 513 
1529 554 

Correc ted 
Creep Specific 

Strain, Creep, 
Millionths Millionths / psi 

0 0 
17 0.015 

129 0.114 
192 0.1 70 
274 0.243 
277 0. 245 
276 0. 244 
285 0. 252 
284 0. 252 
329 0. 291 
339 0. 300 
355 0 . 314 
364 0.322 
384 0.340 
400 0. 354 
408 0.361 
443 0.392 
433 0. 384 
440 0.390 
449 0. 398 
467 0. 414 
480 0.425 
516 0. 457 
539 0.477 
553 0.490 
564 0 .500 
586 0 . 519 
601 0 . 532 
629 0 . 557 
634 0 . 562 
69 1 0. 612 
736 0.652 
763 0. 676 
801 0. 709 
82 1 0. 727 
853 0. 756 
906 0.802 
923 0.818 
917 0 . 812 
94 1 0 . 833 
948 0. 840 
949 0. 841 
948 0.840 
959 0.849 
954 0. 845 
982 0. 870 
979 0.867 

1005 0.890 



Total Strain, Millionths 
Time, Gage No. Gage ~o. 

days 10 ll Avg 

0 237 259 248 
0.04 250 272 261 
0.15 GF 285 285 
0.90 302 302 
2 318 318 
5 350 350 
6 392 392 
7 405 405 
8 395 395 
9 380 380 

12 412 412 
13 430 430 
14 418 418 
20 450 450 
21 435 435 
26 480 480 
33 520 520 
40 556 556 
55 575 575 
68 665 665 
86 760 760 

100 732 732 
113 767 767 
118 798 798 
127 920 920 
145 1010 1010 
159 1055 1055 
177 1030 1030 
189 1130 1130 
208 1200 1200 
218 1260 1260 
226 1270 1270 
233 1265 1265 
260 1360 1360 
278 1390 1390 

Table A9 

Strain Measurements, 

Mixture No. 9 

Creep Control 
Strain, Strain, 

Millionths ttillionths 

0 0 
13 -4 
37 -4 
54 -18 
70 -10 

102 -15 
144 15 
157 12 
147 2 
132 -13 
164 5 
182 20 
170 2 
202 18 
187 0 
232 30 
272 55 
308 76 
327 75 
417 142 
512 216 
484 181 
519 210 
550 226 
672 360 
762 415 
807 484 
782 490 
882 550 
952 600 

1012 670 
1022 685 
1017 675 
1112 750 
1142 775 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
17 0.015 
41 0.036 
72 0.064 
80 0.071 

117 o. 104 
129 0.114 
145 0. 128 
145 0.128 
145 o. 128 
159 0. 141 
162 o. 143 
168 o. 149 
184 0. 163 
187 0.166 
202 0.179 
217 0.192 
232 0.205 
252 0.223 
275 0.244 
296 0.262 
303 0.268 
309 0.274 
324 0.287 
312 0.276 
347 0.307 
323 0 . 286 
292 0.259 
332 0.294 
352 0.312 
342 0.303 
337 0.298 
342 0.303 
362 0.321 
367 0.325 



Total Strain1 Millionths 
Time, Gage No. Gage No. 
days 34 35 Avg 

0 722 732 727 
0.08 800 812 806 
0.88 1006 1020 1013 
2 1120 1136 1128 
5 1818 1850 1834 
6 1885 1915 1900 
7 1941 1980 1961 
8 2015 2052 2034 
9 2050 2090 2070 

13 2152 2195 2174 
14 2205 2248 2227 
15 2247 2292 2270 
16 2292 2335 2314 
19 2327 2370 2349 
21 2322 2367 2345 
22 2340 2385 2363 
23 2365 2412 2389 
27 2392 2439 2416 
2a 2400 2450 2425 
29 2410 2460 2435 
31 2450 2502 2476 
41 2525 2576 2551 
47 2535 2586 2561 
54 2615 2670 2643 
57 2617 2671 2644 
62 2625 2685 2655 
69 2670 2725 2698 
76 2740 2800 2770 
84 2745 2800 2773 
91 2740 2800 2770 

104 2810 2865 2838 
127 2880 2940 2910 
146 2990 3060 3025 
168 3012 3080 3046 
183 3000 3075 3038 
211 3042 3120 3081 
236 3022 3100 3061 
245 2970 3057 3014 
255 2940 3040 2990 
263 2941 3030 2986 
280 2900 2996 2948 
292 2930 3020 2975 
299 2890 2985 2938 
314 2875 2975 2925 
328 2895 3000 2947 
346 2930 3036 2983 
360 2828 2927 2877 
366 2874 2977 2925 

Table AlO 

Strain Measurements, 

Hixture No. 10 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
79 20 

286 43 
401 57 

1107 589 
1173 627 
1234 653 
1307 685 
1343 695 
1447 715 
1500 747 
1543 775 
1587 805 
1622 807 
1618 777 
1636 787 
1662 800 
1689 795 
1698 BOO 
1708 800 
1749 815 
1024 850 
1834 843 
1916 900 
1917 895 
1928 895 
1971 910 
2043 970 
2046 961 
2043 955 
2111 995 
2183 1052 
2298 1155 
2319 1165 
2311 1149 
2354 1183 
2334 1155 
2287 1115 
2263 1095 
2259 1087 
2221 1050 
2248 1080 
2211 1045 
2198 1034 
2220 1051 
2256 1058 
2150 1020 
2198 1074 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
59 0.052 

243 0.215 
344 0.305 
518 0.459 
546 0.484 
581 0.515 
622 0.551 
648 0.574 
732 0.648 
753 0.667 
768 0.680 
782 0.692 
815 0.721 
841 0. 744 
849 o. 752 
862 0.763 
894 0.791 
898 o. 795 
908 0.805 
934 0.827 
974 0.862 
991 0.877 

1016 0.899 
1022 0.905 
1033 0. 915 
1061 0.939 
1073 0.950 
1085 0.961 
1088 0.964 
1116 0.988 
1131 1. 002 
1143 l. 012 
1154 l. 022 
1162 l. 029 
1171 l. 037 
1179 l. 044 
1172 1.038 
1168 1. 035 
1172 1. 038 
1171 1. 037 
1168 1.035 
1166 l. 032 
1164 1. 031 
1169 1. 036 
1198 1. 061 
1130 1.001 
1124 0.996 



Table All 

Strain Measurements, 

Mixture ~o. 11 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, 
days 16 17 Avg Millionths Millionths Millionths Hillionths/psi 

0 610 616 613 0 0 0 0 
0.02 624 631 628 15 1 14 0.011 
o. 79 761 764 763 150 -11 161 0. 126 
4 968 981 975 362 24 338 0.265 
6 1096 1091 1094 481 90 391 0.300 
7 1114 1118 1116 503 66 437 0.342 
8 1146 1146 1146 533 67 466 0.365 

11 1261 1276 1269 656 139 516 0.404 
12 1299 1310 1305 692 156 536 0.420 
13 1326 1338 1332 719 169 550 0.431 
14 1351 1364 1358 745 176 569 0.446 
15 1366 1382 1374 761 175 586 0.459 
18 1424 1446 1435 822 199 623 0.488 
19 1456 14 76 1466 853 220 633 0.496 
20 1492 1508 1500 887 237 650 0.509 
21 1526 1546 1536 923 264 659 0.516 
22 1543 1566 1555 942 276 666 0.522 
26 1593 1618 1606 993 290 703 0.551 
27 1636 1662 1649 1036 324 712 0.558 
28 1668 1696 1682 1069 346 723 0.567 

29 1696 1724 1710 1097 369 728 0.570 

32 1732 1762 1747 1134 386 748 0.586 

34 1744 1771 1758 1145 379 766 0.600 

35 1766 1791 1779 1166 394 772 0.605 

36 1786 1814 1800 1187 409 778 0.610 

40 1821 1848 1835 1222 430 792 0.620 

41 1826 1856 1841 1228 429 799 0.626 

l~2 1841 1876 1859 1246 439 807 0.632 

47 1886 1921 1904 1291 464 827 0.648 

54 1971 2006 1989 1376 519 857 0.671 

60 2028 2061 2045 1432 549 883 0.692 

67 2118 2146 2132 1519 609 910 0.713 

70 2126 2168 2147 1534 620 914 0.716 

75 2160 2202 2181 1568 644 924 0. 724 

82 2218 2262 2240 1627 684 943 0. 739 

89 2311 2346 2329 1716 754 962 0. 754 

97 2341 2388 2365 1752 784 968 0.758 

104 2336 2386 2361 1748 774 974 0.763 

117 2461 2510 2485 1873 864 1009 0.790 

140 2596 2643 2620 2007 964 1043 0.817 

159 2716 2753 2735 2122 1059 1063 0.833 

181 2793 2826 2810 2197 1114 1083 0.848 

196 2806 2832 2819 2206 1104 1102 0.864 

224 2882 2906 2894 2281 1174 1107 0.868 

(Continued) 



Table All (Concluded) 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time , Gage No. Gage No . Strain, Strain, Strain, Creep, 
days 16 17 Avg Millionths Millionths Millionths Millionths/psi 

249 2886 2902 2894 2281 1172 1109 0 . 869 
258 2876 2892 2884 2271 1159 1112 0.871 
268 2813 2835 2824 2211 1114 1097 0. 860 
277 2860 2883 2872 2259 1164 1095 0.858 
293 2946 2846 2896 2283 1159 1124 0.881 
305 GF 2896 2896 2283 1197 1086 0.851 
312 2876 2876 2263 1169 1094 0.857 
327 2863 2863 2250 1164 1086 0.851 
340 2821 2821 2208 1168 1040 0.815 
358 2936 2936 2328 1224 1099 0.861 
365 2896 2896 2283 1189 1094 0.857 

' 



Table Al2 

Strain Measurements, 

Mixture No. 12 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, 
days 19 20 Avg Millionths Millionths Millionths Millionths/psi 

0 754 721 738 0 0 0 0 
0.04 786 750 768 31 0 31 0.024 
0.79 1011 1000 1005 268 0 268 0.210 
4 1335 1317 1326 589 72 516 0.404 
6 1470 1440 1455 718 115 603 0.473 
7 1510 1480 1495 758 63 695 o. 545 
8 1533 1500 1517 779 65 714 0.560 

11 1676 1645 1661 923 140 783 0.614 
12 1717 1682 1700 962 155 807 0.632 
13 1750 1719 1735 997 171 826 0.647 
14 1774 1740 1757 1020 145 374 0.685 
15 1787 1755 1771 1034 150 884 0.693 
18 1851 1820 1836 1098 170 928 0.727 
19 1882 1850 1866 1129 185 944 0.740 
20 1911 1880 1896 1158 205 953 0.747 
21 1950 1920 1935 1198 230 968 0.759 
22 1966 1935 1951 1213 240 973 0.763 
26 2025 1980 2003 1265 250 1015 0.795 
27 2063 2032 2048 1310 276 1034 0.810 
28 2090 2058 2074 1337 300 1037 0.812 
29 2115 2085 2100 1363 332 1031 0.808 
32 2145 2113 2129 1392 344 1048 0.821 
34 2148 2116 2132 1395 327 1068 0.837 
35 2164 2137 2151 1413 336 1077 0.844 
36 2180 2150 2165 1428 350 1078 0.844 
40 2210 2182 2196 1459 360 1099 0.861 
41 2215 2185 2200 1463 355 1108 0.868 
42 2222 2195 2209 1471 360 1111 0.871 
47 2255 2227 2241 1504 375 1129 0.884 
54 2315 2292 2304 1566 415 1151 0.902 
60 2342 2320 2331 1594 436 1158 0.907 
67 2408 2385 2397 1659 486 1173 0.919 
70 2420 2400 2410 1673 496 1177 0.927 
75 2440 2420 2430 1693 507 1186 0.929 
82 2480 2460 2470 1733 536 1197 0.938 
89 2540 2528 2534 1797 600 1197 0.938 
97 2560 2548 2554 1817 605 1212 0.949 

104 2560 2545 2553 1815 590 1225 0.960 
117 2615 2610 2613 1875 642 1233 0.966 
140 2700 2692 2696 1959 710 1249 0.978 
159 2792 2785 2789 2051 800 1251 0.980 
181 2835 2833 2834 2097 841 1256 0.984 
196 2825 2830 2828 2090 828 1262 0.989 
224 2870 2870 2870 2133 860 1273 0.997 
249 2830 2836 2833 2096 825 1271 0.996 

(Continued) 



Table Al2 (Concluded) 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, 
days 19 20 Avg Millionths Millionths Millionths Millionths/psi 

258 2815 2820 2818 2080 805 1275 0.999 
268 2750 2755 2753 2015 740 1275 0.999 
277 2800 2805 2803 2065 762 1303 1. 021 
293 2785 2785 2785 2048 750 1298 1. 017 
305 2794 2804 2799 2062 765 1297 1. 016 
312 2770 2780 2775 2038 742 1296 1. 015 
327 2755 2765 2760 2022 728 1294 1. 014 
340 2758 2762 2760 2022 730 1293 1. 013 
358 2805 2810 2807 2070 771 1299 1. 018 
365 2756 2763 2759 2022 733 1289 1. 010 



Total Strain 2 Hillionths 
Time, Gage No. Gage No. 
days 2~ 23 Avg 

0 780 705 742 
0.04 856 777 817 
0.81 1108 1010 1059 
4 1518 1376 1447 
5 1612 1460 1536 
6 1692 1540 1616 
7 1736 1570 1653 
8 1787 1620 1704 

11 1925 1742 1834 
12 1976 1790 1883 
13 2042 1840 1941 
14 2096 1892 1994 
15 2135 1927 2031 
19 2230 2035 2133 
20 2280 2070 2175 
21 2322 2115 2219 
23 2372 2162 2267 
25 2432 2220 2326 
27 2450 2228 2339 
28 2470 2248 2359 
29 2495 2270 2383 
33 2542 2315 2429 
34 2547 2320 2434 
35 2563 2332 2448 
40 2615 2380 2498 
47 2710 2465 2588 
53 2710 2465 2588 
60 2855 2604 2730 
63 2870 2615 2743 
68 2900 2645 2773 
75 2961 2700 2831 
82 3056 2792 2924 
90 3096 2820 2958 
97 3100 2825 2963 

110 3210 2924 3067 
133 3340 3060 3200 
152 3475 3320 3398 
174 3550 3390 3470 
189 3552 3395 3474 
211 3622 3464 3543 
242 3620 3475 3548 
251 3585 3438 3511 
261 3522 3375 3449 
270 3552 3412 3482 

Table Al3 

Strain Heasurements, 

Hixture No. 13 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
74 -6 

317 -20 
705 61 
794 82 
874 111 
911 95 
961 110 

1091 160 
1141 185 
1199 215 
1252 250 
1289 270 
1390 322 
1433 345 
1476 375 
1525 410 
1584 440 
1597 433 
1617 447 
1640 461 
1686 485 
1691 485 
1705 495 
1755 520 
1845 580 
1845 615 
1987 680 
2000 695 
2030 720 
2088 758 
2182 835 
2216 860 
2220 850 
2325 935 
2458 1030 
2655 1160 
2728 1195 
2731 1193 
2801 1240 
2805 1227 
2769 1197 
2706 1142 
2740 1163 

(Continued) 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
80 0.057 

337 0.238 
644 0.456 
712 0.505 
763 0. 541 
816 0.578 
851 0.603 
931 0.660 
956 0.678 
984 0.697 

1002 0.710 
1019 0.722 
1068 0.757 
1088 0.771 
1101 0. 780 
1115 0.790 
1144 0.810 
1164 0.825 
1170 0.829 
1179 0.836 
1?01 0.851 
1206 0.855 
1210 0.858 
1235 0.875 
1265 0.897 
1230 0.872 
1307 0.926 
1305 0.925 
1310 0.928 
1330 0.943 
1347 0.954 
1356 0.961 
1370 0.971 
1390 0.985 
1428 0.012 
1495 1. 060 
1533 1.086 
1538 1.090 
1561 1.106 
1578 1.118 
1572 1. 114 
1564 1.108 
1577 1. 117 



Table Al3 (Concluded) 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No . Gage No. Strain, Strain, Strain, Creep, 
days 22 23 Avg Hillionths Millionths Millionths Millionths/psi 

286 3550 3400 3475 2733 1163 1570 1. 112 
298 3570 3410 3490 2748 1185 1563 1.107 
305 3535 3356 3446 2703 1157 1546 1. 096 
320 3522 3315 3418 2676 1155 1521 1. 078 
334 3525 3323 3424 2681 1155 1526 1. 082 
352 3577 3360 3468 2725 1203 1523 1. 079 
366 3530 3314 3422 2671 1166 1505 1. 067 



Total Strain, Millionths 
Time, Gage No. Gage No . 
days 25 26 Avg 

0 734 825 780 
0.04 773 925 849 
0.80 940 1132 1036 
4 1200 1410 1305 
5 1251 1462 1357 
6 1305 1520 1413 
7 1306 1525 1416 
8 1335 1550 1443 

11 1415 1631 1523 
12 1442 1665 1554 
13 1482 1710 1596 
14 1525 1755 1640 
15 1550 1782 1666 
19 1625 1852 1739 
20 1660 1890 1775 
21 1695 1927 1811 
23 1736 1970 1853 
25 1785 2025 1905 
27 1785 2027 1906 
28 1808 2047 1928 
29 1825 2068 194 7 
33 1860 2105 1983 
34 1865 2110 1988 
35 1876 2120 1998 
40 1920 2160 2040 
47 2000 2240 2120 
53 2050 2285 2168 
60 2137 2370 2254 
63 2155 2392 2274 
68 2185 2422 2304 
•) 2240 2478 2359 
82 2330 2575 2453 
90 2358 2610 2484 
97 2370 2630 2500 

110 2478 2735 2607 
133 2600 2865 2733 
152 2740 3012 2876 
174 2798 3072 2935 
189 2800 3075 2938 
217 2860 3140 3000 
242 2847 3130 2989 
251 2816 3100 2958 
261 2768 3050 2909 
270 2780 3065 2923 

Table Al4 

Strain Measurements, 

Mixture No. 14 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
70 -3 

257 -15 
526 27 
572 29 
633 39 
636 9 
663 4 
744 4 
774 19 
817 39 
861 64 
887 24 
959 97 
996 119 

1032 139 
1074 146 
1126 194 
1127 179 
1148 189 
1167 202 
1203 217 
1208 219 
1219 221 
1261 239 
1341 289 
1388 319 
1474 379 
1494 391 
1524 411 
1580 451 
1673 529 
1705 549 
1721 549 
1827 634 
1953 739 
2097 869 
2156 914 
2158 909 
2221 964 
2209 960 
2179 939 
2130 899 
2143 919 

(Continued) 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
73 0.052 

272 0. 193 
499 0.354 
548 0.388 
594 0.421 
627 0.444 
659 0.467 
740 0.524 
755 0.536 
278 0 . 551 
297 0.565 
813 0.576 
862 0.611 
877 0.622 
893 0.633 
928 0.657 
932 0.660 
948 0 . 672 
959 0.680 
965 0.684 
986 0.699 
989 0.701 
998 0.707 

1022 0.724 
1052 0.745 
1069 0.758 
1095 0.776 
1103 0.782 
1113 0.789 
1129 0.800 
1144 0.811 
1156 0.819 
1172 0.830 
1193 0.846 
1214 0.860 
1228 0.870 
1242 0.880 
1249 0.885 
1257 0.891 
1249 0.885 
1240 0.878 
1231 0.872 
1224 0.867 



Table Al4 (Concluded) 

Corrected 
Total Strain, Millionths Creep Control Creep Specific 

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, 
days 25 26 Avg Millionths Millionths Millionths Millionths/psi 

286 2762 3053 2908 2128 914 1214 0.860 
298 2777 3070 2924 2144 945 1199 0.850 
305 2740 3038 2889 2109 929 1181 0.837 
320 2722 3019 2870 2091 929 1162 0.823 
334 2730 3017 2873 2094 939 1155 0.819 
352 2778 3076 2927 2147 989 1159 0 . 821 
366 2726 3029 2878 2098 959 1139 0.807 



Total Strain, t1illionths 
Time, Gage No. Gage No. 
days 28 29 Avg 

0 425 468 447 
0.03 508 512 509 
0.80 856 820 838 
4 1240 GF 1240 
5 1300 1300 
6 1345 1345 
7 1342 1342 
8 1360 1360 

11 1410 1410 
12 1430 1430 
13 1462 1462 
14 1490 1490 
15 1509 1509 
19 1526 1526 
20 1555 1555 
21 1583 1583 
23 1617 1617 
25 1635 1635 
27 1625 1625 
28 1635 1635 
29 1647 1647 
33 1659 1659 
34 1656 1656 
35 1664 1664 
40 1676 1676 
47 1720 1720 
53 1738 1738 
60 1797 1797 
63 1807 1807 
68 1816 1816 
75 1845 1845 
82 1920 1920 
90 1922 1922 
97 1920 1920 

110 1970 1970 
133 2045 2045 
152 2145 2145 
174 2162 2162 
189 2132 2132 
217 2141 2141 
242 2095 2095 
251 2042 2042 
261 2083 2083 

Table A.lS 

Strain Measurements, 

~1ixtu re No . 15 

Creep Control 
Strain , Strain, 

Hillionths Millionths 

0 0 
62 -5 

392 30 
793 127 
853 136 
898 152 
895 115 
913 115 
963 110 
983 116 

1015 135 
1043 145 
1062 150 
1079 135 
1108 155 
1136 175 
1170 200 
1188 198 
1178 170 
1188 181 
1200 190 
1212 181 
1209 175 
1217 176 
1229 175 
1273 200 
1291 200 
1350 240 
1360 245 
1369 240 
1398 260 
1473 315 
1475 304 
1473 295 
1523 320 
1598 350 
1698 435 
1715 430 
1685 392 
1694 385 
1648 326 
1595 280 
1636 205 

(Continued) 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
67 0.047 

362 0 . 257 
666 0.472 
717 0 . 508 
746 0 . 529 
780 0.553 
798 0.566 
853 0.605 
867 0.614 
880 0 . 624 
898 0. 636 
912 0.646 
944 0.669 
953 0.675 
961 0.681 
970 0.687 
990 0. 702 

1008 0.714 
1007 0.714 
1010 0.716 
1031 0.731 
1034 0.733 
1041 0.738 
1054 0.747 
1073 0.760 
1091 0.773 
1110 0.787 
1115 0.790 
1129 0.800 
1138 0.807 
ll58 0.821 
1171 0.830 
1178 0.835 
1203 0.853 
1248 0.884 
1263 0.895 
1285 0.911 
1293 0.916 
1309 0.928 
1322 0.937 
1315 0.932 
1431 1. 014 



Table AlS (Concluded) 

Corrected 
Total Strain , Millionths Creep Control Creep Specific 

Time, Gage No . Gage No . Strain, Strain, Strain, Creep, 
days 28 29 Avg Millionths Millionths l1illionths Millionths/psi 

270 1982 1982 1535 210 1325 0.939 
286 1942 1942 1495 175 1320 0.936 
298 1927 1927 1480 170 1310 0.928 
305 1890 1890 1443 135 1308 0.927 
320 1855 1855 1408 96 1312 0.930 
334 1844 1844 1397 95 1302 0.923 
352 1867 1867 1420 120 1300 0 . 921 
366 1800 1800 1353 61 1292 0.916 



Total Strain, Millionths 
Time, Gage No. Gage No. 
days 40 41 Avg 

0 540 607 574 
o. 17 677 743 710 
0.92 886 970 928 
2 1050 1136 1093 
3 1175 1260 1218 
4 1242 1334 1288 
8 1435 1532 1484 
9 1490 1590 1540 

10 1542 1639 1591 
11 1586 1682 1634 
14 1643 1750 1697 
16 1650 1778 1714 
17 1675 1802 1739 
18 1700 1830 1765 
22 1735 1875 1805 
23 1747 1892 1820 
24 1760 1905 1833 
29 1805 1957 1881 
36 1890 2050 1970 
42 1905 2076 1991 
49 2013 2160 2087 
52 2020 2170 2095 
57 2035 2197 2116 
64 2076 2240 2158 
71 2160 2307 2234 
79 2162 2328 2245 
86 2176 2343 2260 
99 2245 2415 2330 

122 2320 2500 2410 
141 2435 2600 2518 
163 2460 2640 2550 
178 2450 2645 2548 
206 2495 2685 2590 
231 2465 2670 2568 
240 2420 2642 2531 
250 2392 2605 2499 
259 2385 2610 2498 
275 2340 2560 2450 
287 2360 2570 2465 
294 2320 2540 2430 
309 2298 2519 2408 
322 2316 2532 2424 
340 2315 2519 2417 
354 2243 2474 2358 
365 2357 2485 2421 

Table Al6 

Strain Measurements, 

Mixture No. 16 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
137 -21 
355 26 
520 89 
644 139 
715 161 
910 229 
967 260 

1017 288 
1061 314 
1123 334 
1141 334 
1165 346 
1192 360 
1232 374 
1246 379 
1259 386 
1308 404 
1397 454 
1417 458 
1513 509 
1522 514 
1543 521 
1585 544 
1660 600 
1672 601 
1686 604 
1757 644 
1837 699 
1944 779 
1977 799 
1974 786 
2017 811 
1994 783 
1958 749 
1925 714 
1924 709 
1877 661 
1892 666 
1857 629 
1835 609 
1850 612 
1843 595 
1784 542 
1847 558 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Millionths/psi 

0 0 
157 0.093 
329 0.193 
431 0.254 
505 0.297 
554 0.326 
681 0.401 
707 0.416 
729 0.429 
747 0.440 
789 0.465 
807 0.475 
819 0.482 
832 0.490 
858 0.505 
867 0.511 
873 0.514 
904 0.532 
943 0.555 
959 0.565 

1004 0.591 
1008 0.593 
1022 0.602 
1041 0.613 
1060 0.624 
1071 0.630 
1082 0.637 
1113 0.655 
1138 0.670 
1165 0.686 
1178 0.693 
1188 0. 700 
1206 0.710 
1211 0.713 
1209 0.712 
1211 0.713 
1215 0.716 
1216 0.716 
1226 0.722 
1228 0.723 
1226 0.722 
1238 0.729 
1248 0.735 
1242 0.732 
1289 0.759 



Total Strain, Millionths 
Time, Gage No. Gage No. 
days 43 44 Avg 

0 1080 985 1032 
0.08 1168 1083 1126 
0.83 1325 1245 1285 
2 1435 1345 1390 
3 1520 1433 1477 
4 1570 1482 1526 
8 1720 1635 1678 
9 1775 1690 1733 

10 1824 1736 1780 
11 1865 1780 1823 
14 1935 1850 1893 
16 1965 1890 1928 
17 1990 1916 1953 
18 2025 1952 1989 
22 2085 2020 2053 
23 2105 2043 2074 
24 2120 2060 2090 
29 2195 2142 2169 
36 2318 2275 2297 
42 2375 2335 2355 
49 2495 2462 2479 
52 2520 2490 2505 
57 2566 2544 2555 
64 2650 2630 2640 
71 2750 2730 2740 
79 2800 2795 2798 
86 2837 2830 2834 
99 2970 2971 2971 

122 3132 3147 3140 
141 3290 3310 3300 
163 3375 3406 3391 
178 3415 3450 3433 
206 3520 3656 3543 
231 3550 3615 3583 
240 3542 3611 3577 
250 3535 3608 3572 
259 3550 3630 3590 
275 3535 3625 3580 
287 3570 36 73 3622 
294 3550 3657 3604 
309 3552 3670 3611 
322 3586 3710 3648 
340 3611 3739 3675 
354 3573 3719 3646 
365 3613 3756 3684 

Table Al7 

Strain Measurements, 

Hixture No. 17 

Creep Control 
Strain, Strain, 

Millionths Millionths 

0 0 
93 -3 

253 -7 
358 0 
444 18 
494 18 
645 18 
700 40 
748 61 
790 78 
860 83 
895 80 
921 85 
956 98 

1020 108 
1042 118 
1058 123 
1136 143 
1264 200 
1323 216 
1446 283 
14 73 293 
1523 310 
1608 350 
1708 413 
1765 428 
1801 428 
1938 498 
2107 588 
2268 698 
2358 738 
2400 748 
2510 810 
2550 823 
2544 810 
2539 790 
2558 805 
2548 808 
2589 833 
2571 818 
2578 823 
2615 858 
2642 853 
2614 845 
2652 866 

Corrected 
Creep Specific 

Strain, Creep, 
Millionths Hillionths/psi 

0 0 
96 0.046 

260 0.124 
358 0.170 
426 0.203 
476 0.226 
627 0.299 
660 0.314 
687 0.327 
712 0.339 
777 0 . 370 
815 0.388 
836 0.398 
858 0.409 
912 0.434 
924 0.440 
935 0.445 
993 0.473 

1064 0.507 
1107 0.527 
1163 0.554 
1180 0.562 
1213 0 . 577 
1258 0.599 
1295 0.616 
1337 0.637 
1373 0.654 
1440 0.686 
1519 0.723 
1570 0.747 
1620 0.771 
1652 o. 787 
1700 0.810 
1727 0.822 
1734 0.826 
1749 0.833 
1753 0.835 
1740 0.828 
1756 0.836 
1753 0.835 
1755 0.833 
1757 0.837 
1789 0.852 
1769 0.842 
1786 0.85() 



Table A18 

Elastic Properties 

Age at Sustained Elastic Elastic 
Mixture Replacement Loading, Load Strain Modulus 

No. Volume, % w/c days psi millionths psi x 106 

1 60 0.60 28 186 119 1.56 
156 1.19 

1. 38 

2 60 0.40 2 208 175 1.19 
162 1.28 

1. 24 

3 60 0.40 7 419 375 1.12 
330 1. 27 

1. 20 

4 0.40 2 620 471 1.32 
458 1. 35 

1. 34 

5 60 0.40 7 620 332 1.87 
354 1. 75 

1.81 

6 30 0.40 7 862 480 1.80 
414 2.08 

1. 94 

7 30 0.40 7 862 547 1. 58 
540 1.60 

1. 59 

8 60 0.40 28 1129 546 2.07 
585 1. 93 

2.00 

9 0.60 28 1129 237 4.76 
259 4.36 

4.56 

10 0.40 7 1129 722 1. 56 
732 1. 54 

1. 55 

11 0.40 7 1276 610 2.09 
616 2.07 

2.08 

12 0.40 7 1276 754 1.69 
721 1. 77 

1. 73 

13 0.40 7 1411 780 1. 81 
705 2.00 

1.90 

(Continued) 



Table Al8 (Concluded) 

Age at Sustained Elastic Elastic 
Mixture Replacement Loading, Load Strain Modulus 

No. Volume, % w/c days • millionths psi x 106 ps1 

14 0.40 7 1411 734 1. 92 
825 1. 71 

1. 82 

15 60 0.25 2 1411 425 3.32 
468 3.01 

3.16 

16 0.25 2 1698 540 3. 14 
607 2.80 

2.97 

17 0.40 28 2100 1080 1. 94 
985 2.13 

2.04 



Table Al9 

Calculated Creep Strains 

Observations Equation Index of Calculated 
Mixture Span Coefficients Determi- Creep, 1 yr 

No. No. days A B nation millionths/psi 

1 25 165 * * * * 
2 32 181 0.3720 0.5377 0.875 3.5444 
3 44 184 0.1468 0.2383 0.900 1.5527 
4 48 204 0.2517 0.2286 0.786 1.6004 
5 51 266 0.1528 0.2220 0.927 1.4626 
6 43 299 0.1214 0.1688 0.926 1.1173 
7 43 299 0.1122 0.1827 0.943 1.1960 
8 47 366 -0.0744 0.1520 0.967 0.8224 
9 34 278 -0.0011 0.0568 0.992 0.3340 

10 47 366 0.1332 0.1729 0.931 1.1533 
11 53 365 0.0373 0.1515 0.982 0.9311 
12 54 365 0.1641 0.1658 0.903 1.1423 
13 50 366 0.1406 0.1814 0.941 1.2108 
14 50 366 0.1270 0.1432 0.906 0.9719 
15 50 366 0.1409 0.1515 0.922 1.0347 
16 44 365 0.0807 0.1207 0.955 0.7928 
17 44 365 -0.0200 0.1502 0.996 0.8662 

* Wide variations in data precluded curve fitting . 



Table A20 

Summary of Results 

Replacement Loading Elastic Calculated 
Mixture Cement Material Age Modulus

6 
Creep - 1 yr 

No. Type No. Vol., % W/C days psi x 10 millionths/psi 

1 688(3) 510 60 0.60 28 1.38 --
2 688(3) 510 60 0.40 2 1.24 3.5444 

3 688(3) 507 60 0.40 7 1.20 1.5527 

4 688(3) 0.40 2 1.34 1.6004 

5 688(3) 510 60 0.40 7 1. 81 1.4626 

6 688(3) 510 30 0.40 7 1.94 1.1173 

7 688(3) 507 30 0.40 7 1. 59 1.1960 

8 688(3) 510 60 0.40 28 2.00 0.8224 

9 688(3) -- 0.60 28 4.56 0.3340 

10 735(1P) 0.40 7 1.55 1.1533 

11 772(11) 0.40 7 2.08 0.9311 

12 742(1P) 0.40 7 1.73 1.1423 

13 752(15) -- 0.40 7 1.90 1.2108 

14 688(3) 0.40 7 1.82 0.9719 

15 688(3) 510 60 0.25 2 3.16 1.0347 

16 688(3) 0.25 2 2.97 0.7928 

17 688(3) 0.40 28 2.04 0.8662 
r 
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APPENDIX B: PETROGRAPHIC EXAMINATION--CEMENTS 



Background 

1. A total of 56 cements and blended cements from 27 different sources 
were examined by X-ray diffraction to determine the crystalline phases 
that were detectable. Selective chemical dissolution treatments were 
used as needed to aid in the identification procedure. 

Samples 

2. The samples are identified alphabetically by sources: 

Structures 
Laboratory (SL) Cement 
Serial No. RC- Type Source 

705 Portland II Alabama, Source 1 
714 Portland I Alabama, Source 2 
751 Portland I Alabama, Source 3 
752 Blend IS (Slag) Alabama, Source 3 
731 Portland I Arizona, Source 1 
732 Blend IP Arizona, Source 1 
763 Portland II (Dry Kiln) Arizona, Source 2 
764 Portland II (Preheater) Arizona, Source 2 
715 Portland I Colorado 
753 Portland II (Preheater) Colorado 
754 Portland II (Preheater) Colorado 
832 

* 
Portland v Colorado 

USAECE-lC-1* Blend (Slag) Germany, Source 1 
USAECE-lC-2 Blend (Slag) Germany, Source 2 

733 Portland I (Preheater) Georgia 
765 Portland I Iceland 
766 Portland I Iceland 
725 Portland I Illinois 
726(2) Blend IP Illinois 
772 Portland II (Preheater) Kansas 
755 Portland v Manitoba, Canada 
756(2) Portland I Maryland 
761 Portland I Maryland 
758 Blend IS (slag) Michigan, Source 
719 Blend IP Michigan, Source 
720 Portland I Michigan, Source 

* Not an RC serial No. 
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Structures 
Laboratory (SL) 
Serial No. RC--

734 
735 
829 
830 
688 (2)(3) 
721 
722 
738 
739 
740 
831 
746 
769 
770 
833 
834 
716 
717 
729 
730 
736 
737 
744 
745 
733 
807* 
807 (A) 
741 
742 
718 

Cement 
Type 

Portland I 
Blend IP 
Portland I 
Blend IP 
Portland I 
Blend IP 
Portland I 
Portland I 
Blend IP 
Blend IP (made with bottom 
Portland II 
Portland I (Preheater) 
Blend IS (Slag) 
Portland I 
Blend IS (Slag) 
Portland I 
Portland I 
Blend IP 
Portland I 
Blend IP 
Portland I, II (Preheater) 
Portland III 
Portland I 
Blend IP 
Portland I 
Blend IP, MS 
Portland I 
Portland I 
Blend IP 
Portland I, II 

Source 

Michigan, Source 2 
Michigan, Source 2 
Michigan, Source 2 
Michigan, Source 2 
Mississippi 
Missouri 
Missouri 
l1issouri 
Missouri 

ash) Missouri 
New York 
Ohio 
Penn., Source 1 
Penn., Source 1 
Penn., Source 1 
Penn., Source 2 
South Carolina 
South Carolina 
South Carolina 
South Carolina 
Texas, Source 1 
Texas, Source 1 
Texas, Source 2 
Texas, Source 2 
Georgia 
Texas, Source 2 
Texas, Source 2 
Tennessee 
Tennessee 
Washington 

-·-------------------------------------------------------------------------------
* Made with fly ash AD-577. 

Test Procedure 

3. A portion of each cement was tightly packed into a sample holder and 
examined by X-ray diffraction in a nitrogen atmosphere to prevent hydration of 
the sample. 

4. In all cases a sample of cement was treated with maleic acid to selectively 
dissolve the calcium silicates (alite, belite). The weight loss was determined 
and the insoluble residue was examined by X-ray diffraction. The maleic acid 
procedure was essentially as described by Mander, Adams, and Larkin (1974)* 
except that treatment time was 30 instead of 10 minutes when it was found that 
the shorter time did not always remove all of the calcium silicates. 

* References are listed at the end of the text of this appendix. 
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5. Since the residue left after maleic acid treatment still contained the 
calcium sulfate(s) or other sulfates, Wong and Husbands (unpublished data) 
developed a treatment with ammonium chloride to selectively dissolve sulfate 
compounds. This technique was used on the maleic acid residues of some of 
the cements. Weight losses were determined and the insoluble residues were 
examined by X-ray diffraction. A description of the ammonium chloride treat
ment is given in Appendix B-1. 

6. Immersion mounts of some of the cements or the insoluble residues were 
examined with a polarizing microscope. This was usually done to verify or 
disprove the presence of some noncement constituent that might be present. 

7. The crystal form or forms of tricalcium aluminate in the cements were 
determined by study of X-ray diffraction patterns of insoluble residues or 
of as received portland or other types of cements. These were classified as 
cubic or noncubic (orthorhombic, monoclinic), or a mixture of cubic and 
noncubic forms. This was done by the presence or nonpresence of weak peaks 
at 4.41A,* 4.23A,* and 4.08A.* This procedure was largely based on infor
mation by Fletcher, Midgeley, and Moore (1965) ·; by Regourd, Chromy, Hjorth, 
Mortureux, and Guinier (1973); by Regourd and Guinier (1974); and Kristmann 
(1977). A paper about the procedure f or determining the form of c

3
A in cement 

by X-ray diffraction was published by Burkes ·and Buck (1983). 

8. The composition of the crystal phase in the solid solution calcium alumi
noferrite series was determined by the position of the 141 peak that ranges 
between about 2.63 to 2.68 A* in X-ray diffraction patterns according to the 
phase that is present. This procedure was based on data by Midgley (1958); 
Kantro, Copeland, Weise, and Brunauer (1964); and Mather (1971); some of 
Mather's data were unpublished. 

9. All X-ray patterns were made with an X-ray diffractometer using nickel
filtered copper radiation. 

Results 

10. The phase composition and chemical dissolution data for each of the 56 
cements are shown in Tables Bl through B6. Table Bl shows a comparison of two 
cements from Arizona made without and with a preheater. Table B2 compares 
seven cements from six states that were all made with preheaters. Table B3 
compares eight cements from five sources that were made with or without blast 
furnace slag. Table B4 shows data for 24 cements from 7 states. Table B5 com
pares nine Type I cements f rom six sources. Table B6 compares six Type II, 
III, and V cements from six sources. The 56 cements consist of 36 portland 
cements and 20 blended cements. There are 23 Type I cements, 2 that meet both 
Type I and Type II specifications, 8 Type II cements, 1 Type III cement, and 
2 Type V cements. The 20 blended cements divide into 12 Type I cements made 
with fly ash, 1 made with bottom ash, 1 blend made with Type II cement and 
fly ash, and 6 made with blast-furnace slag. 

11. Table B7 shows the type or types of c3A in 30 of these cements and relative 
rankings of their amounts. The six that were not ranked did not contain enough 

* A times 0.1 is nanometres. 
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C3A to make this type of separation. They included RC-705 (Alabama), RC-737 
(Texas) , RC-754 (Colorado), RC-755 (Canada), RC-764 (Arizona) , and RC-832 
(Colorado) . 

Discussion 

12. Limited study of the tabulated data was made. This indicated that where 
direct comparisons were possible such as Table Bl for the effect of a preheater, 
there was no detectable effect on phase composition or phase forms . \.Jhile the 
res ults for all of the cements sl1ow some differences in composition of the 
aluminoferrite or calcium aluminate cement phases or in the form of calcium or 
alkali sulfates plus or minus some noncement phases (i . e . , quartz or calcite), 
the more striking point is the overwhelming similarity of the cements as judged 
by X- ray diffraction (XRD) . 

13 . Selective dissolution was found to be helpful for XRD identification of 
less abundant crystalline phases or verification of tentative identifications 
based on XRD of a whole cement . Selective dissolution also was an effective 
method of separating blended and nonblended cements when iron blast-furnace 
slag was not the additive . Examination of the tables shows that ordinary port
land cement usually contains 80 or more percent of phases that are soluble in 
maleic acid while blends will have more like 65 percent soluble material . The 
except i on to this was the cements with slag (Table B3) . 

14 . The type and relative amount of c3A in a cement can be determined fairly 
effectively and simply by XRD and the use of selective di ssolution (Table B7); 
this separation by crystal type is improved if maleic acid dissolution is fol-
lowed by removal of sulfate compounds by ammonium chloride t reatment (Appendix B-·1) . 
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Table Bl 

Composition and Chemical Data for a Pair of Type II Cements from 

One Source Made With and Without a Preheater 

Constituents 

Cement 

Alite 
Belite 
Aluminoferrite 
Tricalcium Aluminate 

Calcium and Other Sulfates 

Anhydrite 
Hemihydrate 
Gypsum 
Langbeinite 

Miscellaneous 

Calcite 
Quar t z 
MgO 

Chemical Data 

Soluble in 
Soluble in 
Insoluble, 

Maleic Acid , % 
NH4Cl, % 
% 

* Not determined. 

** Indicates not detected . 

RC-763 
Made in Dry Kiln 

No Preheater 
Sampled Resampled 
in 1976 in 1979 

X 
X 

C4AF* 
n.d. 

** 

--
X 

Possible 

X 
X 

84 . 4 
n . d . 
15 . 6 

B7 

X 
X 

C4AF 
Non- cubic 

--
X 

Possible 

Possible 
X 

81 . 6 
6 . 2 

12 . 2 

RC-764 
Made with 
Sampled 
in 1976 

X 
X 

C4AF 
n . d . 

Possible 
X 

Poss i ble 

--
- -

X 

85 . 6 
n . d. 
14 . 4 

Preheater 
Resampled 

in 1979 

X 
X 

c4AF 
Possible 

Possible 
X 

Possible 

X 

82 . 7 
n.d . 
17 . 3 



Table B2 

Composition and Chemical Data for Seven Portland Cements 

from Plants Using Preheaters 

Georgia Texas Ohio Colorado Arizona 
RC-733 RC-736 RC-746 RC- 753 RC- 754 RC- 764 
Type I Type I,II Type I Type II ·Type II Type II 

Portland Portland Portland Portland Portland Portland 
Constituents Cement Cement Cement Cement Cement Cement _ 

Cement 

Alite X X X X X X 
Belite X X X X X X 
Alumino fer-

rite c4AF c6AF2 c4AF c4AF C6AF2 c4AF 
Tricalcium Mixed Mixed 

* 
Possible 

Aluminate Types Non-cubic Types Cubic n . d. Non-cubic 

Calcium and 
Other Sulfates 

** Anhydrite X X 
Hemihydrate Possible X Possible Possible Possible 
Gypsum X X X 
Langbeinite Possible Possible Possible 

Miscellaneous 

Quartz Possible X X Possible 
MgO X X X 
Ca(OH) 2 Possible Probable 
Calcite Possible Possible 
Dolomite X X X 

Chemical Data 

Soluble in 
Maleic Acid, % 82.6 84.4 79.4 80.7 83.3 82.7 

Insoluble, % 17.4 15.6 20.6 19.3 16.7 17.3 

* Not determined. 
** Indicates not detected. 
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Kansas 
RC- 770 
Type I 

Portland 
Cement 

X 
X 

c4AF 
Non-

cubic 

X 

X 
Possible 

82.0 
18.0 



Constituents 

Table B3 

Composition and Chemical Data for Eight Cements from Five Sources 

Made With and Without Blast-Furnace Slag 

Common Source Common Source Single 
RC-751 RC-770 Source 
Type I RC-752 RC-769 Type I RC-833 RC-758 

Portland Type IS Type IS Portland Type IS Type IS 
Cement Cement Cement Cement Cement Cement 

German Slag 
Cements From 

Different Sources 
USAECE- USAECE-

lC-1 lC-2 



Common 
RC-751 
Type I 

Portland 
Constituents Cement 

Chemical Data 

Soluble in Maleic Acid 84.6 
Insoluble 15.4 

* 
* 

.... 
" 

Indicates not detected. 
May be in slag portion. 

Source 

RC-752 
Type IS 

Cement 

78.9 
21.1 

Table B3 (Concluded) 

Common Source Single German Slag 
RC-770 Source Cements From 

RC-769 Type I RC-833 RC-758 Different Sources 
Type IS Portland Type IS Type IS USAECE- USAECE-

Cement Cement Cement Cement 1C-1 1C-2 

86.5 81.4 83.6 78.7 44.8 84.0 
13.5 18.6 16.4 21.3 55.2 16.0 



Table B4 

Composition and Chemical Data for 24 Cements from 7 States 

Corrunon Source--Missouri 
RC-722 RC-738 
Type I RC-721 Type I RC-739 RC-740 

Portland Type IP Portland Type IP Type IP 
Constituents Cement Cement Cement Cement Cement 

Cement 

Alite X X X X X 
Belite X X X X X 
Aluminoferrite C4AF C4AF C4AF C4AF C4AF 
Tricalcium Aluminate Mixed n.d.>'c Mixed n.d. Mixed 

Types Types Types 
Calcium and Other Sulfates 

Gypsum X --** X X X 
Hemihydrate X X X X 
Anhydrite X X X X X 
Langbeinite 

ljj 
Miscellaneous 1--' 

1--' 
MgO X X X X X 
Calcite 
Quartz Possible Possible In ash --
Dolomite X X X X X 
Ca(OH)2 X X 
Ettringite 

Admixture Fly ash Fly ash Bottom ash 

Quartz X 
Mullite X 
Iron Oxide X 

Chemical Data 

Soluble in Maleic Acid, % 80.3 67.7 78.0 71.4 72.0 
Soluble in NH

4
Cl, % n.d. n.d. 7.6 n.d. n.d. 

19.7 32.3 14.4 28.6 28.0 Insoluble, % 

* Not determined. 

** Not detected. 
(Sheet 1 of 4) 



Table B4 (Continued) 

C.S.--Illinois C.S.--Arizona C.S . --Mic:higan 
RC-725 RC-731 RC-720 RC-734 
Type I RC-726(2) Type I RC-732 Type I RC-719 Type I RC-735 

Portland Type IP Portland Type IP Portland Type IP Portland Type IP 
Constituents Cement Cement Cement Cement Cement Cement Cement Cement 

Cement 

Alite X X X X X X X X 
Belite X X X X X X X X 
Alumino ferrite C4AF C4AF C4AF C4AF C4AF c4AF C4AF c4AF 
Tricalc:ium Aluminate n.d. n.d. Nonc:ubic: n.d. NonC.ubic: Noncubic Noncubic Nonc:ubic 

Calcium a nd Other Sulfates 

Gypsum X X X X X X 
Hemihydrate Possible Possible X Possible X Possible Possible X 
Anhydrite X X 
Langbeinite 

tp Miscellaneous ,_.., 
N 

X X X X X X X MgO 
Calcite Possible Possible Possible Possible 
Quartz X In ash X In ash Possible In ash X In ash 
Dolomite X X Possible X X 

Ca(OH) 2 X Possible 
Ettringite X 

Admixture Fly ash Fly ash Fly ash Fly ash 

Quartz X X X X 

Mullite X X X X 

Iron Oxide X X X X 

Chemical Data 

Soluble in Maleic: Acid, % 85.6 74.2 83.7 74.5 79.4 67.8 86.5 62.7 

Soluble in NH4Cl, % n.d. n.d. n.d . n.d. n.d. n.d. 5.5 9. 1 
14.4 25.8 16.3 25.5 20.6 32.2 8.0 28 . 2 Insoluble, % 

(Continued) 
(Sheet 2 of 4) 



Table B4 (Continued) 

C.S.--South Carolina C.S.--Tenn. 
RC-716 RC-729 RC-741 
Type I RC-717 Type I RC-730 Type I RC-742 

Portland Type IP Portland Type IP Portland Type IP 
Constituents Cement Cement Cement Cement Cement Cement 

Cement 

Alite X X X X X X 
Belite X X X X X X 
Aluminoferrite c4AF C4AF C4AF c4AF C4AF c6A2F 
Tricalcium Aluminate Cubic Cubic Cubic Cubic Cubic Cubic 

Calcium and Other Sulfates 

Gypsum X X X X 
Hemihydrate Possible Possible X Possible Possible Possible 
Anhydrite X X X X X 
Langbeinite X 

Miscellaneous 
0;:1 
I-I MgO X - - X ~ 

VJ 
Calcite Possible Possible 
Quartz Possible In ash 
Dolomite X X 

Ca(OH) 2 
Ettringite 

Admixture Fly ash Fly ash Fly ash 

Quartz X X X 

Mullite X X X 

Iron Oxide Possible Possible Possible 

Chemical Data 

Soluble in Maleic Acid, % 80.2 65.5 80.4 66.4 81.4 69.9 

Soluble in NH4Cl, % n.d. n.d. n.d. n.d. n.d. n.d. 
19.8 34.5 19.6 33.6 18.6 30.1 Insoluble, % 

(Continued) 
(Sheet 3 of 4) 



Table B4 (Concluded) 

C.S.--Texas C.S.--Texas 
RC-744 RC-807 (A) RC-807 
Type I RC-745 RC-773 Type I Type IP 

Portland Type IP Type IP Portland (MS) 
Constituents Cement Cement Cement Cement Cement 

Cement 

Alite X X X X X 
Belite X X X X X 
Alumino ferrite c4AF c4AF C4AF C4AF C4AF 
Tricalciurn Aluminate Mixed Mixed Cubic Cubic n.d. 

Types Types 

Calcium and Other Sulfates 

Gypsum X X X 
Hemihydrate Possible Possible Possible --
Anhydrite X X X X X 
Langbeinite 

td Miscellaneous !---" 
~ 

MgO X 
Calcite 
Quartz X In ash In ash Possible In ash 
Dolomite 
Ca(OH) 2 X Possible 
Ettringite 

Admixture Fly ash Fly ash Fly ash 

Quartz X X X 
Hullite X 
Iron Oxide 

Chemical Data 

Soluble in Maleic Acid, % 82.1 66.8 60.9 81.6 66.6 
Soluble in NH

4
Cl, % n.d. n.d. n.d. n.d. n.d. 

Insoluble, % 17.9 33.2 39.1 18.4 33.4 

(Sheet 4 of 4) 



0:1 
1-1 
V1 

Alabama 
Constituents RC-714 

Cement 

Alite X 
Belite X 
Alumino ferrite c4AF 
Tricalcium Mixed 

Aluminate types 

Calcium and Other 
Sulfates 

Gypsum X 
Hemihydrate Possible 
Anhydrite *"< 
Langbeinite Possible 
Aphthitalite --

Miscellaneous 

MgO --
Calcite X 
Quartz Possible 
Dolomite 
Ettringite 
Melilite Series --

Chemical Data 

Soluble in Maleic 
Acid, % 77.4 

Soluble in NH4Cl, % 5.4 
Soluble in Cold 

Water, % --
Insoluble, % 17.2 

* Not determined. 
** Not detected. 

t Separate sample. 

Table B5 

Composition and Chemical Data for Nine Type I Cements 

Conunon Source-
Colorado Iceland Norway Miss. Penn. 

RC-715 RC-765 RC-766 RC-756 RC-756(2) RC-761 RC-688 RC-834 

X X X X X X X X 
X X X X X X X X 

c6AF2 C4AF C4AF C4AF C4AF C4AF c6AF2 c6AF2 
Mixed Non- Non- Mixed Mixed 
types cubic cubic Cubic Cubic Cubic types types 

X X X X X X X X 
X X X Possible Possible Possible Possible X 

-- -- X 

-- -- -- --
-- -- -- -- -- Possible 

X X X X X -- X 

Possible Possible Possible -- --
Possible -- Possible -- Possible Possible Possible 

X -- X X X X 

-- -- -- X --
-- -- Possible X --

81.3* 75.1 83.2 80.6 77.4 82.5 80.7 74.5 

n.d. n.d. n.d. n.d. 6.9 n.d. 6.3 n.d. 

-- 14.5t n.d. n.d. n.d. n.d. n.d. 

18.7 24.9 16.8 19.4 15.7 17.5 13.0 25.5 



Table B6 

Composition and Chemical Data on Six Type II, III, 

and V Portland Cements 

Alabama 
RC-705 

Type II 
Portland 

Constituents Cement 

Cement 

Alite X 
Belite X 
Aluminoferrite c4AF 

Tricalcium 
** Aluminate --

Calcium and 
Other Sulfates 

Gypsum 
Hemihydrate Possible 
Anhydrite 
Langbeinite 

Miscellaneous 

MgO 
Calcite 
Quartz 
Dolomite 
CaO 

Chemical Data 

Soluble in 
Maleic Acid, % 

Soluble in NH
4
Cl, % 

Insoluble, % 

* Not de termined. 
** Not det ect ed. 

X 
X 

X 

X 

84.6 
n.d. 
15.4 

New York 
RC-831 
Type II 

Portland 
Cement 

X 
X 

C4AF 

Non-Cubic 

X 

--

--
Possible 
Possible 

--

83.6 
3.0 

13.4 

Wash. 
RC-718 

Type I-ll 
Portland 

Cement 

X 
X 

C6AF2 

Non-Cubic 

X 
X 

--

X 
Possible 

X 

--

86.6 
n.d. 
13.4 

Bl 6 

Texas 
RC-737 

Type III 
Portland 

Cement 

X 
X 

c6AF2 

* n.d. 

--
Possible 

X 

X 
--

84.9 
n.d. 
15.1 

Colorado 
RC-832 
Type V 

Portland 
Cement 

X 
X 

c6AF2 

n.d. 

X 
Possible 

--

Possible 
--

85.2 
n.d. 
14.8 

Canada 
RC-755 
Type V 

Portland 
Cement 

X 
X 

C4AF 

n.d. 

--
X 

--

X 
--

X 
Pos sible 



Table B7 

Types and Relative Amounts of c
3
A in 30 Portland Cements 

Type of c3A 

Ranking * ** ** Cubic Mixed Forms Non-Cubic 

Most RC-756 RC-834 RC-765 
RC-716t RC-715tt 

RC-729t RC-733 
RC-738 RC-741 
RC-751 RC-761 

RC-770 

Intermediate RC-714 RC-718 

RC-720t t 
RC-766 
RC-831 

Less RC-807 (A)t RC-688 RC-731 
RC-829t t RC-722t RC-736 RC-74L: 

RC-772 
RC-753tt RC-746 

Least RC-725 RC-763 RC-734t t 
Total 10 11 9 

* Rankings based largely on the 4.08(A) peak. 

** Rankings based largely on the 4.23(A) peak. 
t Both from same source. 

ttNote that this high alkali Type 1 (RC-715) differs from the Type I-ll from 
this source (RC-753). 

tRC-807(A) is cubic and RC-744 is mixed; both from one source in Texas. 

ttRC-720 and RC-734 are non-cubic while RC-829 is cubic; all are from one 
source in Michigan. 
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APPENDIX B-1 

NH
4

Cl Treatment to Remove Sulfate Compounds from Cement 

G. S. Wong and T. B. Husbands 

Equipment and chemicals 

1000-ml vacuum flask 

1000-ml beaker 

Buchner funnel 

No. 50 Whatman filter paper 

Magnetic stirrer 

Mettler balance 

10 percent NH
4
Cl (1000 ml) 

Distilled H
2
o 

4-5 g sample (ground - 325) 

Procedure 

Weigh out about 4-5 g of sample using a suitable balance. 
in 1000·-ml beaker using a ratio of about 1 g of sample to 200 
NH

4
Cl solution. Stir with magnetic stirrer for 45 minutes. 

The solution is filtered and washed with distilled H2o. 
three times to assure removal of chloride. 

Place sample 
ml of 10 percent 

Wash the residue 

Place residue on watch glass and allow to air dry. Weigh again to determine 
loss in weight. 

The sample is ready to be examined by X--ray diffraction. 
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APPENDIX C: PETROGRAPHIC E~fiNATION--ASHES, 

NATURAL POZZOLANS, AND SLAG 



Background 

1. A total of 12 fly ashes, 2 natural pozzolans, and 1 blast-furnace slag 
were examined primarily by X-ray diffraction to determine what crystalline 
phases were present in these samples. In addition, all of the 15 samples 
were characterized by chemical analysis and physical tests. Four of the 
five lignite fly ashes (AD-506, 509, 510, 513), all three of the sub
bituminous fly ashes (AD-505, 507, 512), one of the four bituminous fly 
ashes (AD-511), and one of the two natural pozzolans (AD-518) were also 
used as pozzolans in paste and mortar mixtures. The samples are identified 
in the tables. 

Test Specimens 

2. All of the 15 samples were examined by X-ray diffraction either as 
received or after some grinding or both. 

3. Four of the fly ashes (AD-505, 510, 512, 513) were subjected to a cold 
water treatment to selectively dissolve soluble constituents; the amounts 
dissolved were determined by weighings before and after the treatment. The 
water-insoluble residues were then examined by X-ray diffraction. The 
cold water treatment was done by placing 2 g of sample in 800 ml of dis
tilled water that was kept cold with ice cubes made of distilled water for 
3 hr; each sample was then filtered, washed with methanol, dried, and 
weighed. These residues were then treated with maleic acid for more selec
tive dissolution; weighing was again used to determine the amount of sample 
dissolved; the insoluble residues were examined by X-ray diffraction. 

4. Fly ashes AD-506, 507, 509, 511, 517, and 577 were subjected to the 
maleic acid treatment without the cold water treatment. Weight loss was 
determined as before, and the insoluble residues were examined by X-ray 
diffraction. The maleic acid treatment consisted of confining 5 g of sam
ple with a solution of 25 g of maleic acid in 125 cc of methanol, followed 
by mixing for 30 minutes, vacuum filtration, washing with methanol four 
times, drying, and weighing. The samples that had been pretreated with cold 
water were not 5-g samples. The maleic acid treatment that was used was 
modified slightly from that described for cements by Mander, Adams, and 
Larkin (1974).* 

* Mander, J. E., Adams, L. D., and Larkin, E. E. 1966. "A Method for the 
Determination of Some Minor Compounds in Portland Cement and Clinker by 
X-Ray Diffraction," Cement and Concrete Research, Vol 4, pp 533-544. 
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5. 
and 

The blast-furnace slag AD-537 was treated with maleic acid with weighings 
subsequent X-ray diffraction examination just like the fly ashes. 

6. The three subbituminous fly ashes (AD-505, 507, 512) and four of the five 
lignite fly ashes (AD-506, 509, 510, 513) were mixed with small amounts of 
distilled water and placed in drink cups to determine if they would harden. The 
mixtures were then examined by X-ray diffraction after they were about 21 days 
old. 

7. The same seven subbituminous and lignite ashes plus the bituminous ash 
AD-511 and the natural pozzolan AD-518 were treated by a variation of CRD-C 
128* as described by Pepper and Mather (1959)** as a measure of preventing _ 
excessive expansion in concrete; after thorough washing to remove all traces 
of sodium hydroxide, the residues were examined by X-ray diffraction. 

8. All X-ray patterns were made with an X-ray diffractometer using nickel
filtered copper radiation. 

9. Fly ash AD-513 and the natural pozzolan were examined by scanning electron 
microscopy (SEM). 

Results 

10. The phase identifications that were made by X-ray diffraction procedures 
along with some of the chemical analytical data and selective dissolution 
results are shown in Tables Cl through C6 for the 15 samples. Experience has 
shown that fly ash from bituminous coal typically contains small amounts of 
quartz, mullite, hematite, and magnetite as the crystalline phases. Occasionally 
mullite may be absent. These ashes do not harden when mixed with water. 
Table C3 shows the phase composition of bituminous ashes AD-511 and AD-570 
along with solubility data for AD-511. 

11. Experience has also shown that fly ash from subbituminous coal or lignite 
typically contains more and different kinds of crystalline phases than the 
ash from bituminous coal. Lime (CaO), anhydrite (Caso

4
), and periclase (MgO) 

are commonly found in addition to the phases usually found in bituminous ash. 
Tables Cl and C2 show the comparative phase composition of three subbituminous 
ashes (AD-505, 507, 512) and four lignite ashes (AD-506, 509, 510, 513) as 
well as other data. Only ashes AD-506 and AD-512 of these seven did not harden 
when mixed with water. Chemically determined lime ranged from 4.8 to 29.9 
percent; the amount of crystalline lime by X-ray diffraction generally agreed 
with the chemically determined amounts; when these did not agree this was 
taken to mean that some of the calcium was dissolved in the glassy phase of 

* US Army Engineer Waterways Experiment Station. 1949 (Aug). Handbook for 
Concrete and Cement, with quarterly supplements, Vicksburg, Miss. 

** Pepper, L., and Mather, B. 1959. "Effectiveness of Mineral Admixtures 
in Preventing Excessive Expansion of Concrete Due to Alkali-Aggregate 
Reaction," ASTM Proceedings, Philadelphia, Pa., Vol 59, pp 1178-1203. 
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the ash rather than being present as lime. As indicated earlier each table 
indicates which ashes contain the most, least, and intermediate amounts of 
the different crystalline phases as judged by the intensity of X-ray diffrac
tion peaks. 

12. As the amount of a crystalline phase in a mixture decreases or is masked 
by large amounts of amorphous material (glass), a point is reached where only 
the strongest X-ray diffraction peak of a crystalline phase may be detectable. 
In such cases identification of a phase may rest solely on that peak. This 
is the situation that exists or is approached with samples such as these 15 . 
The basic intent of the selective dissolution chemical treatments used was 
to concentrate some phases and remove others as a basis for better identifica
tion of crystalline phases and as an approach to determining amounts by weight 
changes. Inspection of X-ray diffraction patterns of residues after the cold 
water treatment indicated this treatment was not worthwhile in obtaining the 
results just discussed. Maleic acid treatments were somewhat better as an 
approach to improved phase identification by X-ray diffraction. Bearing in 
mind the problems discussed about phase identification by X-ray diffraction in 
such materials note that calcium aluminoferrite is indicated as being present 
in the lignite ash AD-510 (Table C2); this is the same material found in most 
portland cements. Tetracalcium trialuminate sulfate is also indicated as being 
present in the same ash and possibly in the lignite ash AD-513; this is the ex
pansive component in Type K expansive cement. AD-510 had the most lime by 
chemical analysis (29.9 percent) and was the most complex of the 12 ashes exam
ined. There was probably some crystalline material in it that remained uniden
tified; this may also be true for a few of the other ashes. A chemical proce
dure for the selective removal of glassy material from fly ash has been 
published.* 

13. The fact that ettringite was found in the hydrated material of all seven 
of the ashes shown in Tables Cl and C2 by X-ray diffraction is taken as proof 
that these and probably other ashes are a source of alumina to make ettringite 
with or without portland cement when they are combined with water. The fact 
that thenardite (Na2S04) was identified in the X-ray patterns of hydrated AD-
50S, 509, and 510 and not in them without hydration indicates sodium was readily 
soluble from the glass since none of the crystalline phases identified should 
provide a source of sodium; the sulfate came from the anhydrite. Neither hy
dration nor chemical dissolution treatments had much effect on the periclase 
in the samples; this suggests the periclase tends to be dead burned and there
fore unreactive. 

14 . Table C4 shows the phase identifications and some solubility data for two 
bituminous (AD-517, WES-44F-73) ashes and one lignite (AD-577) ash. They show 
the expected compositions and range of solubility data. 

15. Table CS shows phase identifications and some solubility data for two 
natural glassy pozzolans (AD-516, AD-518). 

16. Table C6 shows phase identifications and some solubility data for blast
furnace slag (AD-537); the phases shown are normal for such material. 

* Buck, A. D., Husbands, T. B., and Burkes, J.P. 1983 (May). "Studies of 
the Constitution of Fly Ash Using Selective Dissolution,'' Miscellaneous 
Paper SL-83-5, US Army Engineer Waterways Experiment Station, Vicksburg, Miss. 
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17. Typical particle shapes of fly ash AD-513 and of natural pozzolan AD-518 
are shown in Hicrograph Cl. Nicrograph a. shows the generally larger spherical 
shape of fly ash particles as compared to silica fume spheres. Micrograph b 
shows the nonspherical and larger particle shape of this natural pozzolan as 
compared to botl1 fly ash and silica fume. 

Conclusions 

18. Several conclusions appear warranted from tl1e results that were obtained: 

a. Fly ashes resulting from the burning of lignite and subbituminous 
coals are significantly different from those obtained by burning bituminous 
coal. 

b. The lignite and subbituminous ashes are likely to be similar in phase 
composition and will contain more and different crystalline phases than bitunli
nous ash. 

c. The lignite and subbituminous ashes are likely to contain crystalline 
lime, anhydrite, and periclase in addition to the mullite, quartz, hematite, 
and magnetite that are usually common to all ashes. 

d. If an ash contains crystalline lime, it will probably harden when com
bined with water. 

e . Since it has been observed that hydration of these lignite and sub
bituminous ashes resulted in the formation of ettringite and since there was 
no other source of aluminum, it follows that the aluminum needed to make et
tringite came from the glassy phase of these ashes . 

f . The one fly ash (AD-513) and the one natural pozzolan (AD-518) that 
were examined by SEM showed the typical spherical and nonspherical particle 
shapes, respectively, that were expected for these materials . 
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a. Fly ash AD-513, showing spherical shapes, X 2000, 
No. 042677-3. Largest sphere is about 5 ~m in 
diameter. 

b. Natural pozzolan AD-518, X 1000. No. 102076-15. 
Nonspherical shapes. Largest particle is about 
35 ~m. 

Hicrograph Cl 
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Crystalline Phases 

Mullite 
Quartz 
Hematite 
Magnetite 
Lime 
Hydrated Lime 
Periclase 
Anhydrite 

Chemical Data 

Lime , % 
Soluble in Cold 

Water, % 
Balance Soluble in 

Maleic Acid, % 
Total Soluble in 

Maleic Acid, % 
Insoluble 
Total, % 

Material Hardened 
in Water 

CRD-C 128 data-t-t 
Sc (millimoles/t) 
Rc (millimoles/t) 

Table Cl 

Composit~onal* and Partial Chemical Data 

for Three Subbituminous Fly Ashes 

AD 505 ..... . - ''" ,\ 

Nissouri 

X (2) 
X (2) 
X (2) 
X (2) 
X (2) 
X (2) 
X (2) 
X (2) 

11. 1 

5 .7 

7.2 

Not determined 
87.1 

100.0 

Yes 

32 
388 

AD 507 ..... . - ~~ '" 

Hissouri 

X (l)t 
X (1) 
X (1) 
X (1) 

Not detected 
Not detected 
Not detected 

X (3) 

4.8 

Not determined 

Not determined 

6.0 
94.0 

100.0 

Yes 

208 
398 

,'{ Based on X-ray diffraction data. 

AD-512~·~:'c 

Iowa ___ , 
Not detected 

X (2) 
X (2) 
X (3) 
X (1) 
X (1) 
X (1) 
X (1) 

20.3 

10.7 

11.2 

Not determined 
78.1 

100.0 

No 

15 
436 

** Hydration of the material with water for 21 days resulted in the development 
of ettringite. AD-505 developed a white crust of thenardite. 

t Numbers in parentheses refer to amount of a compound with one being most and 
three least. 

tt 12.5-g sample in 25 ml of lN NaOH at 80°C for 24 hr. 
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Crystalline Phases 

Mullite 
Quartz 
Hematite 
Magnetite 
Lime 
Hydrated Lime 
Periclase 
Anhydrite 
Melilite Group 
Calcium Alumino-

ferrite 
Tetracalcium Tri

aluminate Sulfate 
Plagioclase Feldspar 

Chemical Data 

Lime, % 
Soluble in Cold 

Water, % 
Balance Soluble 1n 

Maleic Acid, % 
Total Soluble in 

Maleic Acid, % 
Insoluble, % 
Total 

Material Hardened 
in Water 

CRD-C 128 datatt 
Sc (millimoles/~) 
Rc (millimoles/£) 

Table C2 

Compositional* and Partial Chemical Data for 

Four Lignite Fly Ashes 

AD-506** 
Texas 

X (l)t 
X (1) 
X (2) 
X (2) 
X (2) 
X (1) 
X (2) 
X (3) 

Not detected 

Not detected 

Not detected 
Not detected 

19 . 8 

Not detennined 

Not detennined 

13.5 
86 . 5 

100.0 

No 

44 
658 

AD-509*•'< 
North Dakota 

Not detected 
X (2) 
X (2) 
X (2) 

Possible (4) 
Not detected 

X (2) 
X (3) 

X 

Not detected 

Not detected 
Not detected 

13. 1 

Not determined 

Not determined 

12. 1 
87.9 

100.0 

Yes 

157 
324 

AD 51 0 ..... . - ,, '" 

Minnesota 

Possible 
X (4) 
X (1) 
X (l) 
X (l) 

Not detected 
X (l) 
X (l) 

X 

X (1) 

X (l) 
Not de t ected 

29 . 9 

14 . 8 

23 . 6 

Not determined 
61.6 

100.0 

Yes 

9 
307 

* Based on X-ray diffraction data. 
** Hydration with water for about 21 days resulted in the development of 

ettringite. AD- 509 and AD- 510 also formed a white crust of t henardite. 

AD-S 13~"'~ 
Colorado 

X (2) 
X (3) 
X (2) 
X (2) 
X (3) 

Not detected 
X (2) 
X (2) 

X 

Not detected 

Possible (2) 
X (1) 

21.0 

6.8 

14.7 

Not determined 
78.5 

100.0 

Yes 

6 
528 

t Numbers in parentheses refer to amount of a compound with one being most 
and four being least. 

tt 12 . 5 g of sample in 25 ml of lN NaOH at 80°C for 24 hours. 
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Table C3 

Compositional* and Partial Chemical Data for 

Two Bituminous Fl y Ashes 

Crystalline Phases 

Mullite 
Quartz 
Hematite 
Magnetite 

Chemical Data 

Total Soluble in Maleic Acid, % 
Insoluble, % 
Total, % 

CRD-C 128 data·r 
Sc (millimoles/~) 
Rc (millirnoles/~) 

AD-511 
Georgia 

X (2)** 
X (2) 
X (2) 
X (1) 

4.9 
95.1 

100.0 

162 
423 

AD-570 
Mississippi 

X (1) 
X ( 1) 
X (1) 
X (2) 

Not detennined 
Not determined 

Not determined 
Not determined 

-------- ---------------------------------------
* Based on X-ray diffraction data. 

** Numbers in parentheses refer to amount with one being most and two being 
least. 

t 12.5 g of sample in 25 ml of lN NaOH at 80°C for 24 hours. 
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Table C4 

Compositional* and Par tial Chemical Da t a for 

Two Bituminous and One Li gni te Fly Ashes 

AD- 517** 
Crystall ine Phases Michigan 

Mullite X 
Quartz X 
Hematite X 
Magnetite X 
Lime X 
Periclase Not detected 
Anhydri t e Not detected 

Chemical Data 

Total Sol uble • 1n 
Maleic Acid, % 2 . 5 

Insoluble, % 97.5 
Total, % 100.0 

* Based on X-ray diffraction data . 
** Used in blended cement RC-719 . 
+ Used in blended cement RC- 807(A) . 

ClO 

WES- 44F- 73 
Mi ssouri 

X 
X 
X 
X 
X 

Poss i ble 
X 

Not determined 
Not det ermined 

AD- 57 7t 
Texas 

X 
X 
X 
X 
X 
X 
X 

8 . 1 
91. 9 

100 . 0 



Table C5 

Compositional* and Partial Chemical Data for 

Two Natural Pozzolans 

Crystalline Phases 

Quartz 
Plagioclase and Potassium 

Feldspars 
Cristolzalite 
Hematite 
Magnetite 
Biotite Mica 
Gypsum 
Calcite 
Dolomite 
Clay, 14A (1. 4 run) 

Chemical Data 

CRD-C 28 datat 
Sc (millimoles/~) 
Rc (millimoles/~) 

X 

* Based on X-ray diffraction data. 

AD-516 
Greece 

X (2) 

(plagioclase only) 
Not detected 
Not detected 
Not detected 
Not detected 
Not detected 

X 
X 
X 

Not determined 
Not determined 

• 

(1) 

AD-518 
California 

X 

X 

Not 
Not 
Not 

(l)*,'c 

(2) 
X 
X 
X 
X 
X 

detected 
detected 
detected 

lOSS 
470 

** Numbers in parentheses refer to amount of a compound with one being 
mos t and two being least. 

t 12.5 g of sample in 25 ml of lN NaOH at 80°C for 24 hours. 
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Table C6 

Compositional* and Partial Chemical Data for 

One Blast-Furnace Slag 

Crystalline Phases 

Monticellite 
Melilite Series 
Meruinite 
Calcite 
Iron 

Chemical Data 

Soluble in Cold Water, % 
Balance Soluble in Maleic Acid, % 
Insoluble, % 
Total, % 

* Based on X-ray diffraction data. 

AD-537** 
Michigan 

X 
X 
X 
X 
X 

3.1 
56.9 
40.0 

100.0 

** Used in iron blast-furnace slag cement RC-758. 
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APPENDIX D: PETROGRAPHIC EXAMINATION- -FUMES 



Background 

1 • . Silica fumes and fumes of other metals are fine powders that are by
products of producing elemental silicon or ferrosilicon. They are 
characterized by extremely high surface area, by being glassy spheres, and 
by high silica contents, usually over 80 percent. A group of 16 fumes fro~ 

8 different states was examined primarily by X-ray diffraction to deter
mine what crystalline phases were present. 

Samples 

2. The identification and source of each sample is shown in Tables 1 
and 2. AD-536(2) was used extensively in several ongoing research pro
grams; testing of the other 15 samples was limited to petrographic exami
nation, chemical analysis, and some physical testing. 

Test Procedure 

3. A composite of each sample was examined by X-ray diffraction, usually 
without grinding. In addition, four of the samples were selected for 
additional examination. This consisted of wet sieving a portion of AD-
536(2), AD-544(75), AD-545, and AD-550 over a 45 ~m (No. 325) sieve. The 
material larger than 45 ~m from each of these samples was tested -with a 
magnet. If there were significant amounts of magnetic material (AD-545) 
then the material larger than 45 ~m was separated into magnetic and non
magnetic portions and each was examined by X-ray diffraction. The coarser 
fractions of AD-536(2), AD-544(75), and AD-550 were ground and examined 
by X-ray diffraction without magnetic separation. 

4. A portion of AD-550 was placed in distilled water overnight to dis
solve soluble material. The water was then decanted and dried; the re
sulting solids were examined by X-ray diffraction. 

5. A sample of AD-536(2) was treated by a variation of test method 
CRD-C 128* as described by Pepper and Mather (1959)** as a measure of 
preventing excessive expansion in concrete. 

* US Army Engineer Waterways Experiment Station. 1949. "Handbook for 
Concrete and Cement," with quarterly supplements, Vicksburg, Miss. 

** Pepper, L., and Mather, B. 1959. "Effectiveness of Mineral Admixtures 
in Preventing Excessive Expansion of Concrete Due to Alkali-Aggregate 
Reaction," ASTM Proceedings, Philadelphia, Pa., Vol 59, pp 1178-1203. 
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6. All X-ray examinations were made with an X-ray diffractometer using nickel
filtered copper radiation. 

7. A portion of several samples was prepared as an immersion mount and examined 
with a polarizing microscope to verify that the sample was glassy and for other 
features. 

8. Each sample was examined by X-ray emission spectroscopy to determine if 
any elements had been overlooked during the regular chemical analysis. 

9. A limited examination of the fume was made with a scanning electron micro
scope (SEM). This included the original sample (AD-536) and the third sample 
(AD-536(2)) from the same source; all were similar. 

Results 

10. The X-ray diffraction patterns indicated that all 16 of the fume samples 
were largely amorphous material. The silica content of these samples ranged 
from 42.6 percent for AD-545 to 95.2 percent for AD-541 (Tables Dl and D2). 
Seven samples had silica contents above 90 percent, four were between 75 and 
90 percent, and five were below 75 percent (Tables Dl and D2). These usually 
high silica contents coupled with the appearance of the material when viewed 
with a polarizing microscope indicated that the amorphous material in the 
samples was wholly or largely silica. As indicated earlier, several different 
shipments of the AD-536 fume were essentially identical. 

11. Four of the samples (AD-545, AD-546, AD-549, AD-557) had much higher iron 
contents as judged by background intensity of the X-ray charts and by chemical 
analysis. These four samples are grouped in Table Dl; their iron contents 
ranged from 6.2 to 14.6 percent. While the iron contents of the other 12 
samples are not shown in Table D2, they ranged from 0.0 to 0.6 percent for six 
of them and from 1.0 to 1.9 percent for the remaining six samples. 

12. The identification of crystalline phases is shown for the four high iron 
samples in Table Dl and for the remaining 12 samples in Table D2. It should be 
kept in mind that even though many phases may be indicated, as for example 
AD-545 in Table Dl, the combined total amount of crystalline phases in a sample 
was usually low because the samples were largely amorphous silica. Magnetite, 
quartz, silica~, and silicon carbide were the crystalline phases that were 
most commonly found. The chlorides sylvite and halite were present in AD-544(75), 
AD-544(98), AD-550, and AD-558 (Table 2); sylvite was probably present in 
AD-557 (Table Dl) and possibly present in AD-542 (Table D2). AD-558 and AD-550 
contained 1.1 and 4.1 percent chloride, respectively. The identification of 
these materials in AD-550 was proven by their enhanced presence in the water
soluble residue that was examined by X-ray diffraction. AD-550 also had the 
most crystalline material in it as judged by the X-ray diffraction peaks. 

13. Two SEM micrographs of two different shipments of AD-536 fume are shown in 
Micrograph Dl. Initial specimen preparations did not disperse the particles 
well as can be seen in Micrograph Dla. Modification of sample preparation using 
an ultrasonic cleaner gave better particle dispersion as shown in Micrograph Dlb. 
In both micrographs the shape and small size of the spheres is evident. The 
largest spheres shown are about 0.5 ~m or less in diameter which shows the 
small particle size of this material. 
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Conclusions 

14. Examination of 16 by-product fume materials by X-ray diffraction along with 
other data indicated they were largely amorphous silica. The most significant 
difference found in this examination of the 16 fumes was that 4 were charac
terized by high iron contents while the remaining 12 fumes had much lower iron 
contents. 

15. The chloride phases found in several samples were probably contamination. 

16. Silica fumes AD-536 and AD-536(2) were shown to consist of spherical 
particles generally less than 0.5 ~m in size. It is considered probable that 
the other fumes were similar. 
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a. Silica fume AD-536; not well dispersed. 
No. 110376-29, X 10,000 

b. Better dispersion of different shipment of same fume 
(AD-536(2)), X 20,000. No. 072083-16 

Micrograph Dl 
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Table Dl 

Compositional* and Partial Chemical Data for 

Four High Iron Glassy Fumes 

Minor 
Crystalline Phases 

Oxides 

Hematite 
Magnetite 
Ilmenite 
Jacobsite 
Quartz 
Cristobalite 
Manganosite 

Elements 

Carbon 
Silicon 
Iron 

Sulfides 

Pyrite 
Pyrrotite 

Silicates 

Akermanite 
Gehlenite 
Mullite or 

Sillimanite 
Silicon Carbide 
Iron Silicide 
Calcite 
Sylvite 

Chemical Data 
Fe2o3 , % 

Sio2 , % 
Cl-, % 

*"'( 
AD-545 

Ferrosilicon 
and Manganese 
Silicon Fume, 

Tenn. 

X 
X 
X 
X 
X 
X 
X 

X 
X 

X 
X 

X 
X 

X 

6.2 

42.6 
o.o 

AD-546 
Ferrosilicon 
Fume, W. Va. 

X 
--

X 

possible 
possible 

13.9 

73.7 
0.1 

AD-549 
Silica Fume, 

Ala. 

X 

X 

possible 

X 

X 
X 
X 

11.3 

67.4 
o.o 

AD-557 
Ferrosilicon 

Fume, Ala. 

X 
X 

X 

X 
X 

probable 

X 
X 

probable 

14.6 

71.2 
0.2 

* All identifications are based on X-ray diffraction; most identifications are 
tentative since they are usually based on one or at most only a few peaks. 

** Identifications based on examination of material coarser than a 45-~m (No . 
325) sieve as well as of the whole sample . 
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Minor 
Crystalline Phases 

Oxides 

Magnetite 
Spinel Group 
Quartz 
Cristobalite 

Elements 

Carbon 
Silicon 
Plagioclase 

Feldspar 
Silicon Carbide 
Iron Silicide 
Barium Fer-

rite (IV) 

Chlorides 

Sylvite 
Halite 

Chemical Data 

Si02 ,"% 
Cl-, % t 
CRD-C 128 data 

Sc (millimoles/R.) 
Rc (millimoles/R.) 

Table D2 

Compositional* and Partial Chemical Data for 

Twelve Glassy Fumes 

** AD-541 AD-542 AD-543 
AD-536(2) Silica Silica Silica AD-544 (75) ** 

Silica Fume, Fume, Fume, Silica Fume, 
Fume, Ala. Ohio Ohio Ore. Wash. 

X X X X 
Possible Possible 

X Possible Possible X X 
X 

Possible Possible Possible 
-- X X X 

-- X 
X X X X X 

Possible 

Possible 

Possible X 
-- X 

93.9 95.2 89.4 92.6 90.1 
0.0 0.0 0.2 0.0 0.1 

1544 Not determined 
378 Not determined 

(Continued) 

AD-544(98) 
Silica 

Fume, 
Wash. 

X 
X 
X 
X 

X 
X 

X 
--

X 
X 

83.6 
0.2 

* Based on X-ray diffraction data; most identifications are tentative since they are 
usually based on one or at most only a few peaks. 

** Identifications based on examination of material coarser than a 45-~m (No. 325) 
sieve as well as of the whole sample. 

t 12.5 g of sample in 25 ml of lN NaOH at 80°C for 24 hours. 
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Hi nor 
Crystalline Phases 

Oxides 

Magnetite 
Spinel Group 
Quartz 

Elements 

Carbon 
Silicon 
Plagioclase 

Feldspar 
Olivine 
14-A Clay 
Calcite 
Silicon Carbide 

Chlorides 

Sylvite 
Halite 

Chemical Data 

SiOz, % 
Cl, % 

AD-548 
Silica 

Fume, Ky. 

X 

--

X 

91.5 
0.1 

Table D2 (Concluded) 

** AD-550 
Mixture of 

Chromium, 
Manganese, 
and Ferro

Silicon 
Fume, Ohio 

X 
X 
X 

X 

X 
X 

Possible 
X 

X 
X 

67.4 
4.1 

AD-551 
Silica 

Fume, 
Ohio 

X 
X 
X 

X 

--
X 

--

93.6 
0.0 

AD-552 
Ferro

Silicon 
Fume, 

New York 

X 
--

X 

--

93.3 
0.1 

AD-553 
Ferro
Chrome 

and Silica 
Fume, 

New York 

X 
X 
X 

Possible 
X 

X 

80.7 
0.1 

AD-558 
Ferro
Silicon 

Fume, 
Wash. 

X 

X 

X 
X 

X 

X 
X 

85.1 
1.1 

* Based on X-ray diffraction data; most identifications are tentative since they are 
usually based on one or at most only a few peaks. 

** Identifications based on examination of material coarser than a 45-~m (No. 325) 
sieve and of water-soluble material as well as of the whole sample. 
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APPENDIX E: METHODS OF CHEMICAL ANALYSIS 



(A) Method of Analysis of Portland Cement and Portland 

Blast-Furnace Slag Cements Using Flame 

Atomic Absorption (AA) 

------------------------------------------------
1. Summary of method . 

The cement is combined with ammonium chloride and digested in hydrochloric 
acid; silica is removed by filtration . The filtrate is diluted to 500 ml and 
analyzed for Al , Fe , Hg, Hn, Ti, Na, and K by AA . 

2 . Reagents . 

2 . 1 Ammonium chloride (NH4Cl), crystals, reagent grade . 

2 . 2 Hydrochloric acid (HCl), reagent grade . 

2 . 3 SRM cements- National Bureau of Standards, Standard Reference Cements, 
SRM's 633-639 . 

2 . 4 Standard 
500-mL volumetric 
filtrate to mark 

cement solutions . Remove Sio2 and reserve the filtrate in a 
flask according to ASTM C 114 (Silicon Dioxide) . Dilute the 

in the flasK and mix. Prepare the complete series of SRM ' s 633-639 . 

3. Equipment. 

3 . 1 Steam bath . 

3 . 2 500- ml volumetric flask . 

3 . 3 Any type of AA instrument that can be demonstrated to give the degree 
of accuracy and precision as indicated in ASTM C 114 (Number of Determinations 
and Permissible Variations) . 

4 . Procedure . 

4.1 Follow ASTM C 114 (Reference Methods) . 

4 . 2 Catch the filtrate from the filtering of the silica determination in a 
SOO-tnL flask . Dilute to mark and mix . 

4.3 Read the absorbance or percent of the element as an oxide on the AA 
instrument using the SRM cement solutions as standards; convert to percent . 

4.4 Calculations . Absorbance to percent oxide 

A -A 
E - a c (E -Eb) + E 

c ~-Aa a a 

where . A a - Absorbance reading of standard that is lotver than unknown. 
Ab - Absorbance reading of standard that is higher than unknown . 
Ac - Absorbance reading of the unknown . 
E - Percent oxide of standard Aa· a 
Eb - Percent oxide of standard Ab · 
Ec - ?ercent oxide of unknown . 
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(B) Method of Analysi~ of Elements Using Flame Atomic Absorotion ------ ..._ 
JFortland-Pozzolan Cements and Pozzolans) 

Method of Analysis 

1. Summary: The sample of portland-pozzolan cement or pozzolan was fused with 
lithium metaborate (LiB02) and dissolved in an acid solution. The solution was 
analyzed by flame atomic absorption using standards. 

2 . Reagents . 

2 . 1 Lithium metaborate (LiB02) reagent grade. Analyze the LiB02 
elements that will be determined in the blended cements or pozzolans . 
than a trace is found of any element, reject the LiB02 . 

2.2 HCl- concentrated reagent grade . 

2.3 Silica flour, at least 99.9 percent pure . 

for the 
If more 

2.4 Cements - SR.H, National Bureau of Standards Reference Haterials, SR.H 633-639 . 

2 . 5 Standard solutions of Si02 and SRM Cements . 

Blend 0 . 5 g + 0 . 5 mg of Si02 or a SR.M cement with 1 g LiB02 . Place 0 . 1 g 
LiB02 in bottom of a prefired carbon crucible . Place the blended mixture on 
top of the LiB02 in the crucible and 0 . 1 g LiB02 that is used as a chemical 
rinse of the blending on top . Fuse for 15 min at 1100° C. Remove the fused, 
melted, mass from the furnace . Gently swirl and pour the melt into a 250-ml 
plastic beaker containing 5 ml concentrated HCl and 50 ml water . Stir with a 
magnetic stirrer until the fusion is dissolved; usually less than 10 min . 
Transfer to a 500- ml volumetric flask and rinse the plastic beaker at least 
tltree times with ambient temperature water . Dilute the contents of the flask 
to mark and mix . 

2 . 6 Equipment . 

2 . 6.1 Carbon crucible, 8- ml capacity , made from purified graphite . 

2. 6 . 2 Furnace capable of maintaining 1100° C + 25° C. 

2 . 6 . 3 Magnetic stirrer with Teflon-coated stirring bars . 

2 . 6 . 4 Plastic beaker, 250- ml capacity with lip . 

2 . 6 . 5 Volumetric flask, Class A, 500 ml with stopper . 

2 . 6 . 6 Any type of AA instrument that will be within the accuracy and 
precision as defined in the following paragraph . 

For determining the accuracy and precision, use at least one SRM cement 
(633-639) solution that will have close to the same percent of the element as 
the unknown samples . The SRM must read within the permissible variation of 
ASTM C 114, Table I . 

The parameters for the use of the Perkin-Elmer 306> Flame Spectrophotometer 
that was used in this study are shown on the next page . 

3 . Procedure . 

3 . 1 Prepare the sample the same way as the standard samples were prepared . 
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AA Operating Parameters, Perkin-Elmer 306 Flame Spectrometer 

Wavelength Slit Setting Flame Type Burner 

Aluminum 309.3-UV 4 (0. 7 nm) N20 - Acetylene 2-in . path 
Reducing (rich red) 

Iron 248.3-UV 3 (0.2 nm) Air - Acetylene 4-in. path 
Oxidizing (lean blue) 

Magnesium 285 . 2-UV 4 (0 . 7 nm) Air - Acetylene 4-in . path 
Oxidizing (lean blue) or 
N02 - Acetylene (rich red) 2-in. path 

Manganese 279.5-UV 3 (0.2 nm) Air - Acetylene 4-in . path 
Oxidizing (lean blue) 

Potassium 766.5-(383 Vis) 4 ( 1. 4 nm) Air - Acetylene 4-in . path 
Oxidizing (lean blue) 

Sodium 589.0-(295 Vis) 4 (1.4 run) Air - Acetylene 4-in. path 
tx:l Oxidizing (lean blue) 
~ 

Titanium 365 . 3-UV 3 (0 . 2 nm) N20 - Acetylene 2-in . path 
Reducing (rich red) 

Silicon 251.6 3 (0.2 run) N02 - Acetylene 2-in. path 
Reducing (rich red) 

Calcium 423 (211 Vis) 4 (0. 7 nm) Air - Acetylene 4-in. path 
Oxidizing (lean blue) 
N02 - Acetylene (rich red) 2-in. path 



3.2 Read either the absorbance or as percent oxide of the element on the 
AA instrument using SR}1 cement solution standards as standards for all the ele
m~nts except silica for silica fumes that are above 70 percent SiOz. For these 
fumes use SiOz solutions and dilute as needed. 

3.3 Calculation of absorbance to percent oxide 
A -A 

E - a c (E -Eb) + E 
c ~-Aa a a 

where: A a - Absorbance reading of standard 
Ab - Absorbance reading of standard 

that 
that 

Ac - Absorbance reading of the unknown. 
Ea - Percent oxide of standard Aa· 
Eb - Percent oxide of standard Ab· 
Ec - Percent oxide of unknown. 

ES 

is lower than unknown. 
is higher than unknown. 



(C) Method of Iron Analysis for Silica Fumes by Titration with 

Standard Solution of Potassium Dichromate 

1. Summary of Method. The silica fume is fused with LiB02 and iron (III) i s 
reduced to iron (II) with stannous chloride (SnCl) and titrated with a standard 
solution of potassium dichromate (K2cr2o7). This determination is not affected 
by any titanium or vanadium that may be present in the pozzolan or cement . 

2. Reagents. 

2 .1 LiB02, reagent grade. 

2.2 HCl concentrated, reagent grade. 

2.3 Barium diphenylamine, sulfonate indicator solution. Dissolve 0.3 g 
of barium diphenylamine sulfonate in 100 ml H20 . 

2.4 Potassium dichromate, standard solution (1 ml = 0.004 g Fe203) . Pre
pare according to ASTM C 114 (Reagents). Check the solution against known 
Fe2o3 values of pozzolans and SRM cements that are prepared by LiB02 fusions 
and calculate the factor . 

2.5 Stannous chloride solution. Prepare according to ASTM C 114 (Reagents). 

3 . Apparatus and materials shall meet the requirements of ASTM C 114 (General, 
Apparatus and Materials) . 

3 .1 Carbon crucible, 8-ml capacity, made from purified graphite . 

3.2 Furnace capable of maintaining 1100° C + 25° C. 

3.3 Magnetic stirrer with Teflon-coated stirring bars. 

3.4 150-ml Pyrex beakers with lip. 

3.5 Hot plate. 

3 .6 Mortar and pestle. 

3 . 7 25-ml Class A burette. 

4 . Procedure . 

A 0.5- g + 0.5-mg sample of silica fume is blended with 1 g LiB02 and is 
transferred to a carbon crucible which has 0.1 g LiB02 sprinkled in the bottom. 
It is covered with 0 .1 g LiB02 that is used to chemically wash the mortar and 
pestle that was used for blending. Fuse for 15 min at 1100° C. Remove from 
furnace, gently swirl the melt and pour into a 150-ml glass beaker containing 
10 ml concentrated HCl and 50 ml H20 . Stir until the fusion is dissolved, 
usually 10 min or less. Check the crucible for any traces of fusion. If there 
are any, reject the fusion. Remove and rinse the stirring bar. Continue with 
ASTM C 114 (Ferric Oxide) and finish the analysis. 

Prepare and analyze a blank similarly except put in no sample. 

5. Calculations. 

Calculation Fe203 to the nearest 0.01 percent. 

E 
Fe203 percent = W (V-B) X 100 

E6 



where: 

E 
v 
B 
w 

---

---
---
---

Fe203 equivalents of K2Cr 2o7 solution ing/ml. 
ml of K2Cr207 solution required by sample. 
ml of K2Cr207 solution required by blank determination. 
weight of sample within 0.1 mg. 

E7 



APPENDIX F: TEST REPORTS FOR MATERIALS 



* 
* 
* 

TO: F~O"'; CO~F'S OF E N GINE ERS 

Mrs. K. Mather U.S. A R"'Y 

Ch, Petrography & X-Ray REPORT OF TESTS OF Cem & Pozz Test Br 
Branch PORTLAND CEMENT CL 

CL USAECE C- 1 and C- 2 

TEST ~EPORT N O WES-197-73 9 1N'N 0, I CWT REPRESENTED I OATE 24 Sep 73 
SPECIFICATION: l OATE SAM F'LED . 

COM F'ANY' LOCA T ION I BRAND ; 

THIS CEM ENT DOES M EET SPECIFICATION REQUI REMENTS 

SAMPLE NO HochofE n C-1 Eisenpc rt land C- 2 
SIOZ . ~. 27 5 ?~ R 
AI 20 3• "· 10 6 8 . 4 
Fe

2
or ._. 1.7 1.9 

MgO , • .. 4 5 ~ 1 
so 3 • ., 2. 8 1 q 
LOSS ON IGN ITION , "• 0 1 (2) ( 3) 2 ') (2) (3) 
ALKA LIES - TOTAL AS N o , 0 , •, 

'1\ 0 62 ' 0 I Q'OS In OQl !m o Al 0 1 1)7 lo 1~3 • 
N o

2
0 . ,_ 0 2~ IO OOQ2 lo o~~ 0 ?. 7 0 .0083 lo 050 

K
2
0, "'• o c;8 lo ot76 lo 011 0 . 82 0_..226 io _ 111 

I NSO ... u9LE RESIDUE, ... 0 . 10 1. 52 
CoO. ,_ c;o 6 S4 8 
c 

1
s .... 

C A ' l • 

c
2
s . -;. 

C
3

A + =
3
s. -:-. 

~~Y. Speci f ic Gravitv 3. 00 3.04 
- AF + 2 ,.. A """ - .. -3 . • 

HEAT Oi" ..!YO PATI O N , 7D, CAL G 

HEAT OF ..,yQRAT ION , 28D , CAL G 

SURFAC!: ARE"'. SO C M G I A .P l 3240 3240 
AIR CONTENT ,.,_ 

COM I" ST RENGTH, 7 D. PSI 2350 2320 
COM I" STREN GTH, 28 D. PSI 4400 4040 
COM P STRENGTH, D. PSI 

FA LSE SET -PEN . F I. •, 

SAMPLE N O. Hochof n Eisenp ~rtland 
A vTOCLAVE EX? .. -. -0. 02 0.14 
INIT I A L sET. HR MI N Gilmore 5:15 3:50 
FIN .. L sET .... " ' MIN Gilmore 8•25 7:55 
S A"'PLE NO. 

A UTOCLAVE EXP., " 

INIT I AL SET, H R / MI N 

FINAL SET, H R / M IN 

REM ARKS Memorandum for All Concerned No. 1896 Job No. 44 1-c 2 6 7 . 14 c i 4 1 

*( 1) Acid Soluble Alka li Analysis 
(2) Water Soluble Alka li Ana 1 y sis 
(3) 28-day Alkali in water 

THE INFORMAT ION GIVEN IN TH IS REPOR T 5"'A LL NOT BE USED IN AD V ERT I SI N G O R SALES PROMOTION TO IND ICA TE EITHER EXPL ICITLY 

O R IM PLICITLY Ejo,;QORSEM~NT 01" TH IS PRODUCT BY T I'1E U S. GOVERNMENT 

l!fhf12ilt--_ 
W. G. MILLER 
Chemist 
Chi ef. Cement and Pozzo l a n Tes t Branch 

6000-R 
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RC-68S 
10 ~Ao·.- COR ;.,S :: E'"'•C.t,£!~5 

A. D. Buck 
u. s . ;. ..;.~ .... 

C\:~C:1t & :?:l;:zolan 
Petrograp~.y X-Ray REPORT OF TE5TS OF Tczt 5::-&. Br 

PORTL.HlO CE~E11T Ccnc::-ete :...!bo:-ato:-v 
Engr Sci D!.v ~ 

US,\E HES 
Concret:e Lab 

I Tf:H '"(PCq r .. d::::s- 68- 71~ : ..,. -... c I c ... T RC:.,"E 5!;: ·•TE:l I CA ·:: -l) A or ,:. 
~P!C IFfCAT•:' 5.5-C-19?~. Tvoc I, LA I l :>.:.T'C" ~;yp• ~ .... - .... -- 3 A cr. 7 !: 
~~,.,. ... ,..., United ~OCATION Artesi.a, Hiss. I a~"'':; 
THIS CI!:~IC-.':' OO!:S X "-4!:E-. SI=E:: c:tCATION REC:UIRE'<C:-.TS 

5"'"''"'-E NO. 1 lAA I I 1 ( AA) 
s.o1. • • 20.9 T iO? "1, 0.29 
"':ol. • 6.2 5. 38 I 0 ")"' I -·-

• I '<n'10'll . -) 
Ft~0 1 . ~ 2.9 3.02 I I p.,oc 0.19 1' Col:- rre t :- i c) 

0.9 -
"'10. -. 

_, 
I 

sol. • • 2.6 I I 
LOSS ON IC.N!-:'10 .... •. 0.6 I I I 
.. l..t<AL.I£5· ':'~';'.I.\. ; i ' ' :0• •, 0.44 Hater ~ o1ublc Alkal~ :\S ~~a?l 'X, 0 1, ._') 

Nt
1
0. '\ I 0.17 I 

' 0.0 3 
I( zo. •• 0.41 0.20 
I""S:J .... .#9-~ !(ESI~U~ - 0.13 l . 
C:O. •. 65.5 ' 

' 
I 

c Js. •. 54.6 I ! I I 
c ... -l . . 11.5 9. 7 ~ I 
:zs . 18.3' I ~ 
c

1
,.- c

1
s. •• 66 : I ~ I 

I . 
c 10,~ • 8.76 I I I ' . . 1 

c,A.F • 2 C1.>o , ·. I t 
"[IO.T 0"' k"'~RATI::-.. 7= c~~ ·G 85 I ! I 

' 
,..!:.1T cc l-4Y:t:~A;" ~C~ . ;:: :.! !..... G 96 I I I 

• 

3320 ' I 
suo.: AC! Jr. :~ 4, S': CV ~ : ..,. ? ,) I I • 

' 
AI r.t ~ :,tJ T E.,__-, •, 9.5 I I I . 

3 2860. 
. I s;rR! 90' D, PSI 5S60 I c=:~o 0 . .:>'it co:IP I STOF.··~T~. I I 

:';'·~ . S7D~·.~- .... . I =· P~l 40~0 I CO~·lP S~R, l80J, PSI ' bU)Q I 
.::""'~ S":"~ ~'~j T,.. , '>R=- .-s• 532G CO~·~ S!rR. 365D. PSI I 

C'.\~$E \~~-~£"'- . F • . I i 
SUIPI..!: -.:;, 1 I I I ' 
4.-•o::LA 'o~! ~X~ .. · 0.06 I I 
' "' I T t ~- S'-":" . -t~ • • , •• 3: 1{) I 

I I I I 
.. .... .\~ i~':". -~ . ,, .. 4 5:05 I ! I l I 
SA'rlf:l'...[ t,C, I I I i I 

I ' I · ~ T:t.:L"' '.IE !.(?. , • I 

'"' i iAL S E.T, t1q '·~·~4 i l I 
... . .. " ... S~T. Mflt/1• · "< 

"'! .. '"~<S . 

Job " .,o. .'+ 4 1- C 1 L 5 • 14 C i 11 

CF: 
Mr. Iyr.es 

w. G. MILLER 
Chemist 
Chief, Cement' & Pozzolan Test Branch .. - - - -
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F~o ... . CO~PS OF ENGINEERS 

Mr1. K. Mather U. S. AR,_.Y 

Ch, Engr Sci Div REPORT OF TESTS OF Cern & Pozz Test Br 
CL PORTLAND CEMENT Engr Sci Div 

CL 
RC-688(2) 

TEST REPORT NO . BIN'NO. I CWT REPRESENTED; 1 Samole I OATE 11 Feb 77 
SPECIFICATION : Tvoe I I OATE SA ... PI..EO: 

CO,..PANY : United I I..OCA TION Artesia MS I BRANO; 

THIS CE ... ENT OOES ,_.EET SPECIFICATION REQUIREMENTS 

SAMPI..E NO. IRr.-688 12) AA AA 
Sl02, "· ~0 0 rrio, 0 . 44 
AI 20 3 , '• n o I) 40 Mn.,o~ 0 . 03 
Fo20 1 , "' 2 .8 2 78 IP,oc:: 0.33 
MgO , ~. 1 1 
so

3 
• ., ? (\ 

t..OSS ON IGNITION,~. 1 1 
AI..KAI..IES- TOT AI.. AS Na 

2
0. ~. 0 . 37 

Na 20 . " 0.19 
K20. ~ 0.27 
INSOI..UBI..E RESIDUE, •, 0.09 
CoO, 'J, 65.8 
c 1 s. -. 64 . 4 
C

1
A . .... 11.1 9 6 

c
2
s. ~. 8.9 

c
3

A • c
3
s. •, 75 . 5 

C .. AF. ""'• 8.4 
C ,AF•2C

1
A,•, 30 . 6 

HEAT OF HYDRATION, 70, CAl.. G 

HEAT OF HYDRAT ION, 280. CAl.. G 

SURFACE AREA, SO CM G fA P.l 3420 
AIR CONTENT, • 9.1 
COMP . STRENGTH, 3 0 , PSI 2830 
CO,_.P STRENGTH, 7 0, PSI 4380 
COMP STRENGTH, 0 . PSI 

FAI..SE SET- PEN F L ~, 

SAMPI..E NO. Rr.-688 2) 
AUTOCLAVE EXP., •, 0 08 
I NIT IAl.. SET, HR ' M IN ? • 35 
FINAl.. SET, HR ' MI N 4 · 40 
SAMPI..E NO. 

AUTOCI..AVE EXP,. •, 

INITIAl.. SET, HR ' MIN 

FINAl.. SET, HR/MIN 

REMARKS: Memorandum for Record No. 1985; Job ~o. 545-CS30.17Ci41 

THE INFO~MAT ION GIVEN I N THIS REPORT SHAI..I.. NOT BE USEO I N ADVERTISING OR SAI..ES PROMOTION TO INDICATE E IT HER EXPt..ICITI..Y 

OR I,_.PI..ICI TI..Y ENDORSEM E NT O F T>< I S PRODUCT BY THE U S. GOVERNMENT 

w. G. MILLER 
Chemist 

lNG 11'0 1110 
t ..... 11 6000-R 

Chief, Cement 

F4 

and Pozzo1an Test Branch 



TO: 
From: 

Mrs. K. Mather REPORT OF TEST OF Structures Laboratory 
Chief, Eng Sci Div HYDRAULIC CEMENT USAE Waterways Exper. Sta 
Structures Laboratory 

RC-688(3) 
P. o. Box 631 
Vicksburg, MS 39180 

COMPANY : United Cement BIN NO. TEST REPORT NO. WES-154 78 
LOCATION: Artesia. MS TONS REPRESENTED: DATE:g Mav 78 
SPECIFICATION: Tvpe I DATE SAMPLED: 23 Feb 78 
TEST RESULTS OF THIS SAMPLE LOT I X jcOMPLY f!DO NOT COMPLY WITH SPECIFICATION LIMITS !SEE REMARKSI 

SAMPLE NO. RC. )R &(1) AA 
Si0 2 ,% 20.51 
A1 2 o3.% 6.60 5 89 
Fe 2o3,% 2.70 2.90 
c.o. " 65.34 
MgO,% 0 Rl 
so J• " 2.67 
LOSS ON IGNITION,% 0. 72 
INSOLUBLE RESIDUE.% 0. 18 
Na ... o, % 0. 18 ~ 

1(20, % 0.32 
ALKALIES-TOTAL AS Na20,% 0.39 
C 3S,% 54.3 
C 3 A,% 12.9 
c2S,% 17.8 
c 3 A + c3s." 67.22 
C 4 AF,% 8.22 
C 4AF + 2 c 3A,% 34.06 
HEAT OF HYDRATION, 7D , CAL/G 

HEAT Or HYDRATION. 28D. CALIG 

(AP) 
Surface Area,SQ CM/G 3420 

AIR CONTENT,% 9.2 
COMP. STRENGTH, 1 D, PSI 1410 COMP 5'1 R 14 D PSI: 5460 
COMP. STRENGTH, 4 D. PSI 3710 COMP 5'1 R 28 D PSI: 6010 
COMP . STRENGTH, 7 D. PSI 4390 COMP 5'1 R 90 D. PSI: 6550 
FALSE SET-PEN. F/1 .% COMP 5'1 'R 180 r PSI: 7230 
SAMPLE NO. COMP 5'1 R 365 I I' PSI: 6790 
AUTOCLAVE EXP.,% 0 00 
INITIAL SET, Hr/min 2. 10 
FINAL SET, Hr /min 1•'i'i 

REMARKS Memorandum No. 1985 A; Job No. 545-C530.18Ci41 . 

Copy furnished: Mrs. ·K. Mather, Ch/Eng Sci Div (dupe) 

w. G. MILLER 
Chemist 
Chief, Cement' & Pozzolan Test Branch 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO 

INDI CAT.E EITHER EXPLI CITLy OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BV THE U.S. GOV E RNME N T . 

WES FORM 1540 
1 SEP 84 

REPLACES ENG FORM 6008-R, 1 MAR 72, WHICH IS OBSOLETE. 
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TO: 

Mr. w. o. Tynes 
Cern & Pozz Test Br 

REPORT OF TEST OF Engr Sciences Div 
Chief, Corte & Rk Prop Br HYDRAULIC CEMENT CL 
Engr Mech Div 

RC-705 
CL 

COMPANY: Citadel BIN NO. TEST REPORT NO. WES- 252 - 74 

LOCATION: BirminQham AI TONS REPRESENTED: DATE: 30 Sept 72 
SPECIFICATION: Type II, LA DATE SAMPLED: 

TEST RESULTS OF THIS SAMPLE LOT fXX OMPLY liDo NOT COMPLY WITH SPECIFICATION LIMITS !SEE REMARKS) -
SAMPLE NO. l WET l ( AA) l(AA) 
Si0 2 ,% 22 R TiO'\% 0.18 
AI 20 3. ~ 4.0 3.44 Ml1,..1L,% 0.02 
~8203, ~ 4.2 4.17 p :Cf,.% 0.03 ( Colorme tric) 
CeO, % 62.8 

.:;:- --;:T 

MgO,% 3.5 

so J• "' 1.7 
LOSS ON IGNITION , ~ 0.6 . 
INSOLUBLE RESIDUE.% 0.26 
Na..,O,% 

~ 0. 12 0.01 
K2 0,% 0.49 0.23 
ALKALIES-TOTAL AS Na20 , ~ 0.44 .Jater Sc luble a s Na'\0~ 0. 16 
c 3s, % 45.6 

... 
C3A.~ 3. 51 2.0 
c 2S,% 30.9 
C3 A + c 3s,% 49.1 
C4 AF, % 12.7 
C4 AF + 2 C3A,% 19.67 
HEAT OF HYDRATION, 7DiCAL/G 68 
HEAT Oi= HYDRATION. 28D. CAL/G 79 

(AP) 
Surface Area, SQ CM/G 3150 

AIR CONTENT.% 8.4 
COMP. STRENGTH, 3 D, PSI 1630 COMP S1 R, 90I 

' 
PSI: 5760 

COMP. STRENGTH, 7 D. PSI 2280 COMP S1 R, 180I PSI: 5990 I 

' COMP. STRENGTH, 28 D. PSI 4040 COMP S1 R, 3651: 
' 

PSI: 
FALSE SET-PEN. F/1.% 
SAMPLE NO. 1 
AUTOCLAVE EXP.,% 0.10 
INITIAL SET. Hr/Min 3:15 
FINAL SET, Hr/Min 5:45 

REMARKS 
Sample received from Mr. w. 0. Tynes, Job No. 441 - C- 342.15CC11, 

Lab Stock. 

w. G. MILLER 

Chemist 

Chief, Cement and Pozzolan Test Branch 

THE INFpRMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO 
INDICATE EITHER EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U.S. GOVERNMENT. 

WES FORM 15~0 
1 SEP 84 

REPLACES ENG FORM GOOB-R. 1 MAR 72. WHICH IS OBSOLETE. 
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TO: 
FFIOM: COFIPS f)F ENCINCEFIS 

Mrs. !(.. Mather U. S. ARMY 

Ch, X-Ray & Petro REPORT OF TESTS OF Cern & Pozz Test Br 
Engr Sciences Div PORTLAND CEMENT Engr Sciences Div 
CL CL . 

TEST RCPOFIT NO. WES-31-7 5 BIN 'NO. I CWT FIEPRESENTEO; l OAT£: 10 Har 75 
SPECIFICATION: I OATE SAMPI..I!:O: 

COMPANY; LOCATION T BFIANO: 

THIS CEa.ENT OOES MEET SPECIFICATION FIEQUII'IEMENTS 

SAMPLE NO. 

Si02• "'-

AI 20 J' 'fo 

Fo2o,. " 
.. ,o, ~ 

so,. " 

LOSS ON IGNITION, ,_ 

Al.KALIES- TOTAL AS No ,0, 'fo 
• 

No 2o. '1. 

KtO' ~ 

INSOLUBLE RESIDUE, '1. 

CoO, '1. 

c ,s. , 

C 1 A, "-

czs. ~ 

c,A + c,s. or. 

C•AF. ':". 

C 6 AF + 2 C)A, '\ 

HEAT OF HVOFIATION, 70, CAL/ G 

HEAT OF HVOFIATION, 280, CAL/G 

SUFIFACE AFIEA, SO CM.'G CA.P.) 

All'! CONTENT, 'II. 

COMP. STRENGTH, 0, PSI 

COMP. STRENGTH, 0, PSI 

' COMP. STRENGTH, 0. PSI 

FALSE SET-PEN. F/1 . '4 

SAMPLE NO. 

AUT<.ICl.AVE EXP., .,., 

INITIAL SET, HR/MIN 

FINAL SET, HR/MIN 

SAMPLE NO. 

AUTOCLAVE EXP., .,.. 

INITIAL SET, HR/MIN 

FINAl.. SET, I•UVMIN 

AEMAFII<S: Samples received from: 
RC-714 - Citadel, Demopolis, AL Type I 
RC-715 - Ideal, Ft.Collins, co Type I 
RC-716 - Santee Type I 
RC-717 - Santee Type 1-P 
RC-718 - Lone Star, Seattle, WA Type I & II 
RC-719 - Dundee, Dundee, MI Type 1-P 
RC-720 - Dundee, Dundee, Ml Type I 
RC-721 - Dundee, Clarksville, MO Type 1-P 
RC-722 - Dundee Clarksville MO T1~e I 

THE INFORMATION GIVEN IN lHIS FIEPCRT SHALl.. NO\ BE USEO I OVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITI..Y 

OH IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U.S. GOVERN~ENT; 

' • 

;r::0 ,~va-'-
W. G. MILLER 
Chemist 
Chief, Cement and Pozzolan Test Branch 

6009 R Page 1 of 3 
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-------------------------------~C~HEMI~A~L~--~--------------~---------r------·--~ 

I OAT E I 2 SU2 Jt:Ci 

~=W=-~=s=~=3~1-_7=5====M=e=m=o·=ra=n~d~u~m~N=?~·~~J53) 10 Mar 75 .,. ~ ~ Es 
. ·---1 

SOURCE OF O AT A 

~-----------------------~------------------------~-----------------------~ 
COM?U T E O B Y CHEC~EO B Y SECT IO N 

RC-714 RC - 715 RC-716 RC- 717 RC-718 RC-719 RC-720 RC-721 RC-722 

(Type) I I I I 1-P I & II 1-P I 1-P I 

:..s io~ ' --+--19~--~2.Q • J _ -+--·~ _o_ ·!.. ~6'-----4----!2_4_ .!......,8~~--.!2~2:_~· .!..7 -~2 5 • ~;..___-+--=2:..=.1-=-. 1=----+--=2-=....;4:....:.·-=1_ 4 - -=2 0=-.::.....:. 1;...__---4 

-~2Q3 15.3 13.8 14.6 
A~03 7.3 I ~: ~. 5~·~9-~-=1=1:·~9-~~4~.1~~~9~·~8-~~5~.7~~~1~0~·~3-~~5~·~1~ 

t-F __ e-=2_0 =-3 ~--_,3 , 6 2 _ _._!! 2 ~ Q 3 • 5~-+----.::3~·~0--+---~4..!...:. 0=---+-----!2::....:·~8::.._-4--___;4-=... =-3 -+-- 2=-=-=. 3:__~ 
....,:::C:...:::a-=0 _ _____._6!+~_1_ _94 ·~-,_J>5~· 2~-+--_,5=4-!. •. ~1--~6~4..!.... 6:.__-+---'5~4.:.....:•:...:2=----+--=6=2..!.... =6 - +--=54..:._··-4=----+--=-63 . 8 
JigO.___t--_0"'<..-=-· 8 I l. 3 1. 1 0..:.... -=-8- +-_1=-.;·:...:1:__4---=2:...:..•..:...9_ +---=-3.:.....:. 7::.._-+---=2:.:·....:..9_-+--~2. 8 
-~9~11 _ __._ __ .1. s · 3._1 I 2 . s~-t--~3~. ~1-+-~1~·.L.9_+-_!!..2 .!·...: 6~-+-----!:2:...:... ~6 -+----.!2~·~4:....__-+-___.!:.2._!_. 9~~ 
Moist . I 1. 2 _ 0~·~7----t-------+--0"'!...!..' -=-4 --+-------t 
.J.g~. Loss o. 9 -t 1 . o 1. 5 1: 9_ -+-_ _ 1_._2_+---_1_._3_ +-__ 1_. _1_ +--_o..:..__. 9_ -+-_ 1 _:Q_ ~ 
Inso1. 0.49 0 . 19 0.30 15.62 0.15 12.75 0.18 16.57 0.07 

r----4----4-----~------+------~------4-----~ 

AC.l.Q_~OLUBL~~LKAL~~~-

Na 2o 0.14 I 0.31 0.08 0 . 08 0 . 76 0.27 0.32 0 . 07 0.09 
lo~9o 

---- -· 
-K2P- 0.39 0.27 0. 19 0.27 0 . 60 0. 72 0.56 0 . 63 
"rrr.::~! a s 

Na2o 0.40 0.90 0.26 0.21 0.94 0.66 0. 79 0.44 0.50 
-

WATER SOLUBLE ALKALIES l 
rNi1.20 

-- -·-- ------T 
0_:_0 1 0.01 0.08 0.05 0.05 0.01 0. 01 I 0.02 ! 0.08 ' 

o~i~_l_o~"6?"_"1" o.-101 K 0 0.08 0.04 0. 25 0.31 0 . 31 0 . 26 
~-- 2·- . 

hN-.::~1 as 
F · . 

r-Na20 0 . 14 0. 49 0.06 0 .04 0.15 0. 21 0.25 0 . 21 0.18 

,_c 13 . 1 11.2 11.8 5 . 6 10.3 9.7 

£.3S 50 .4 54.8 57.5 53.5 45.4 56.1 
. 

~+C1A 63.5 66.0 69.4 59.1 55.8 65.8 
·-- 17.0 _c2s 18.9 18.0 15.8 24 . 7 26.2 

_G_4~F _ lLO. 7_J _1 .... 8 9 .2 8.4 7.1 --
S4AF + 37.2 29.7 I 31.6 20 .4 29.0 26.4 

2CJA 

t-----+-----+--------+------+-----+ · -----+-----t----~------+---~ 

l-------+--------+--------+--------~-------~-----4-------+-------+--~---+-----~-

l-----~-------t-------4-----+--------4-------+-------~------~----~-------

·----+-----+·------+-----~--------~------+------4----4---- - ------

WES FORM NO. 

JA N UARY 19G I 
1114 

F8 



PHYSICAL 
r-· -----

SUBJ ECT 

WES-31-7~ (Memo_randum No. 1953) 
SOURCE OF' OATA 

COMPUTED BY 

RC-714 RC-715 

(Type) I I 
S .G. 

~ pass. 
325 sieve 

~compressive_Strengths 

LJ.-day I 35.30 i 43.30 
7-day 
28-day 

t-ineness 
~_u-_.z 

-""""' Exp 

VICAT: 
S I 

_s F 

-

WES FORM NO. 

JANUAR-1 1961 

4480 5020 
59_10 r;<no 

3550 3630 
8.6 8.4 

0 33 0.01 

_l_;lt_5_ 2:..2.0 
4•10 4:25 

1114 

CHECKED OY 

RC-716 RC-717 

I 1-P 
2.93 

95.6 

~]_fO 3260 
5010 4340 - -
6]90 5&8.0 

3860 4100 
7.9 6.8 

0.06 -o.o~ 

1: 3_5 3_:05 
4~05 5:50 

-

--

·-

F9 

-

! 
RC-718 j 

I &. II 

2680 
3540 

4890 

3460 
8.8 

-0.06 

1:35 
3:45 

- I (' A. T ( I 
----
3 

75 P AGE 10 Mar -

SEC T ION 

---
I 

RC-719 RC-720 RC-721 I RC-722 

1-P I 1-P I 
2.96 3. 03 

90.8 87.0 --

- . 
-

2680 2980 1590 3430 -- - -

3470 4120 2290 4680 
-

4900 5!30 3650 5970 

--
3720 3350 3250 3590 --- -
5.2 9.2 6.1 8.0 - -

-~- "' 

0.03 0.18 0.06 0.14 - ---· 
-

. . . . 
2: 15 2:00 2:45 1:55 ---t--·-
4:25 4:10 4:50 t 4: 10 . 

- . 

. 

-- -
-

·-

-

.. 

--
- . 

-

- --
. 

-- · 

-- -
-. 
-

. 

-

-· 
- . . . 

. -

-



TO: I'" I'! O M COI'IPS OF" ENGINEEI'IS 
U S. A~MV 

REPORT OF TESTS OF 
Structures Laboratocy 

PORTLAND CEMENT USAE Waterways Exp St 
ATTN: Cern & Pozz Group 

RC-725 P.O. Box 631 
Vicksburg. MS 39180 

TEST PE "'CRT N O B I N 'N0 I C WT R£PI'l£SENTEO I OAT£ 

SP EC I F IC ATION Tvte I I O AT £ SAM PI..EO 

CO .. PANV Missouri Portland LOC ATI ON Joooa . IL 1 B~ANO 
THIS CEM ENT OOES M EET SPECIF I CATION REQUIREMENTS 

SAMPI..E NO (Analysis) 1(WET) 1 (AA) I 1(AA) 
Si02 . .... 20.6 TiO?% 0.23 
Al

2
o

3
, •, 4.6 4.3 Mn..,O'l% 0.03 

""•20). ~ 2.9 3.0 p..,oc:.% 0.04 (Colo metric' 
hlgO . -.. 3.6 
so

1
. -. 2.6 

LOSS ON IGNITION, •, 1.3 
ALI<AL IES- TOT AL A S No

2
0 , •, 0. 78 Water Soluble Alkali as Na.., )% 0.59 

No 
2

0 , '\ 0.12 0.06 
K 20, ""• 1.00 0.80 
INSOLU BLE RESIDUE. • 0.13 
CoO, '\ 63.7 
c 1s. ""• 61 
c,A."' 7 6.3 
c 2 s. ·. 13 
c 3A • c,s. ~ 68 
C •A F. ", 9 
C AI'" • 2 C A "• • l • 

H EAT OF" HVORATION, 7 0, C Al. G 

HEAT OF HVO~ A T iON, 290, :: AL G 

SURFACE AREA, SO CM G l AP I 3540 
AI ~ CON TENT , -, 9.5 
COMP ST~ENGT>•. 3 0, PSI 3010 COMP STR 90 D PSI 5320 
CCMP STRENGTH, 7 0, PSI 3880 COMP S' "'R . 180 D. PSI 5610 
COMP STRENGTH , 28 0, PSI 4800 COMP s rR 365 D PSI 1)1)60 
I'"AL~E SET-PEN F' I • ~. 

SAMPLE NO. 1 
A UTOCLA V E EXP., •, 0.09 
I N I T I A L SET, HI'! ' MIN 3:10 
FINA L SET, H~ 'MIN 5:10 
SAM PLE NO . 

A UTOCI..A VE EXP. , ·, 

I N IT I AL SET, H~ ' M I N 

I'" IN A I.. sE r, .-R ' " I N 

I'IEMARI(S 

THE INF O RMAT ION GIV EN I N TH I S REPO~T SHALL NOT BE U SEO I N AOVE~TIS ING OR SAI..ES PROMOTION TO INDICA TE EITHER EXPLICITLY 

0~ I""P L I CI TI..V EN00P SEM ENT 0 1'" TH IS PRO D UC T BV THE U . S G OV ERNMENT 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Group .. ~ .... 0 

1 """ J J 6008-R 

FlO 



TO 
~ROM CORPS 0~ ENGINEERS 

IJ S AR~ v 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St 

Blended Cement ATTN: Cern & Pozz Test Br 

RC-726(2) 
P. 0. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO BIN'NO I CWT I'IEPRESE .. TE::> I ::>~TE 
SPECI~ICATION Tvoe lP I 04TE SAMPLED. 
COMPANY Missouri Portland I LOCATION Joooa . IL I BRAN O ~ 
TH IS CEMENT DOES MEET SPECI~•CATION REOU'REMENTS 

SAMPLE NO, l(WET) 1 (AA) 1 (AA) 
s.o

2
, '\ 24.80 TiO? 0 . 30 

Al
2
o

3
, •, 8 . 18 6 .15 MN?01 0.03 

Fo 20
3

, -. 4 . 66 4.55 P?Oc; 0 . 07 :olorme ric 
MgO . -.. 2 . 84 
sol. •. 3 . 03 
LOSS ON IGNITION, •, 1.05 
ALKALIES- TOTAL AS No

2
0, •. 0.59 Wate r Soluble Alkali as Na'> ~% 0 . 29 

No
2
0, '1. 0.13 0 . 03 

K
2

0 . ... 0 . 70 0.39 
INSOLUBLE RESIDUE, "• 
CoO, '1. 53 . 70 
cls. •. 
C

1
A. •. 

c
2
s . .... 

c
3
A ~ c

3
s, "'. 

c . •F . .... 

C•AF ~ 2 C1 A, •, 

HEAT OF HYDRATION, 7D, CAL G 69 
HEAT OF HYDRATION, 280 , CAL G 80 
SURF ACE AREA, SO CMI G IA.P.I 40 50 
AIR CONTENT, •. 8 . 3 
COMP STRENGTH, 3 D. PSI 3030 COMP s ~R . 90 D. PSI 6560 
COMP. STRENGTH, ]D. PSI 3780 COMP S['R, 180 D. PSI 7825 
COMP, STRENGTH, 28 0, PSI 4820 COMP s OCR . 1 y R. PSI 8250 
~ALSE SET-PEN. F /1. ~. 

SAMPLE NO. 1 
AUTOCLAVE EXP., •, 0. 02 
INITIAL SET, HR/MIN 3 : 35 
~ I NAL SET, HR 'MIN 6 :15 
SAMPLE NO, 
AUTOCLAVE EXP., ~. 

INITIAL SET, HR 'MIN 
FINAL SET, HR/ MIN 

REMARI<S; 

Den s ity 3. 07 Mg/m 
3 

W/ C 0.46 
Flow 115% 

THE INFORMA TION GIVEN IN THIS REPOR T SHALL NOT BE USED IN .t.DVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT 0~ THIS PRODUCT BY THE U.S. GOVERNMENT. 

lNG " ORit 
I liAR 11 

w. G. MILLER 
Ch emist 
Chief, Cement 

"lti:VIOUI I OITIO .. I o aSOL ITI 

Fl l 

& Pozzo l an Test Branch 



TO: FROM: CORPS OF ENGINEERS 
U S. ARMY 

Structures Laborato r y 
REPORT OF TESTS OF 

USAE Waterways Exp St PORT L AND CEMENT 
ATTN : Cern & Pozz Group 

RC- 729 P . O. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO BIN•NO. I CWT REPRESENTED: I DATE: 
SPECIFICAT ION Tvpe I I DATE SAMPLED 
CC.,.PA'<Y· Santee Cement I..OCATION Ho l lv Hill sc I BRAND: 
THIS CEMENT DOES MEET SPECIFICATION R<"O JI REMENTS 

SAMPI..E NO (An alvsis) l(WET) - \A) l(AA) 
SoO 

2
• •. 20. 7 TiO?% 0.27 

AI
2
0

1
• •, 5 . 5 4 . 8 Mn.,O~% 0 . 01 

Fe 2 0 3 . ~ 2 . 3 2 . 3 P.,Oc 0 . 17 (Col< rmetric ) 
M90. "'• 1. 1 

J 

so1 • "'- 2 . 7 
LOSS ON IGNITION, "'• 2 .1 
Al..I<:Al..IES- TOTAl.. AS No

2
0, .,, 0 . 34 Water )oluble Alkali as Na, D% 0.09 

No 20. ':\ 0 . 08 0 . 01 
t<20 . "'. 0 . 40 0 . 12 
INSOLUBI..E RESIDUE. • 0 . 18 
CoO, ':\ 64 . 9 
c l s. "· 59 
C)A. •, 11 8.8 
c

2
s . ... 14 

c 1 A + c
1
s. •. 70 

C A~ .,. 
~ . . 7 

C4 AF • 2 C
1

A, -, 

HEAT 01" HYDRATION, 7D, CAl.. G 
HEAT OF HYDRATION, 26D. CAL G 
SURFACE AREA, SO CM, G lAP I 4080 
AIR CONTENT, •, 7.3 
COMP. STRENGTH, 3D. PSI 3350 COMP s rR, 90 ) ' PSI 6540 
COMP. STRENGTH. 7 D. PSI 4770 COMP s fR, 180 ), PSI 6940 
COMP. STRENGTH. 28 D. PSI 5800 COMP s rR . 365 ~ .. PSI 6670 
FAI..SE SET-PEN. F•l . -, 

SAMPI..E NO. 1 
AUTOCI..AVE EXP .. •, 0 . 07 
INITIAl.. SET, fo<R 'MIN 2 : 25 
FINAl.. SET, HR 'MIN 6:15 
SAMPLE NO. 
AUTOCI..AVE EXP .. •, 
INI T I AI.. SET, HR /MIN 
FINAl.. SET, fo<R / MIN 

REMARI<:S. 
I 

Tt-1E INFORMAT ION GIV EN IN THIS REPORT SHALl.. NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITI..Y 
OR IMPLICITI..Y ENDORSEM F.. NT OF TI1 1S PRODUCT BY T11E U.S. GOVERNMENT. 

, .... ~0'"' ...... ,a 6008-A 

w. G . MILLER 
Chemist 
Chief, Cement 

Fl2 

& Pozzo l an Group 



TO 
"""'OM CORPS 0 "" £..,CINEERS 

u s .......... 
Structures Laborator~ 

REPORT OF TESTS OF USAE t.Jaterways Exp S 
Blended Cement ATTN: Cern & Pozz Test Br 

RC- 730 P. 0. Box 631 
Vicksburg, MS 39180 

TEST RE"OPT NO BIN 'NO 1 CWT >'!E::>RESE..,T'£0 I OAT£ 

SP £C I II' I CAT ION TvnP lP I OAT'£ SAMPLED : 

co .. ,.A ... ~ . Santee I LOCATION Hollv Hill s c I BRANO ' 

T><IS CE ... ENT OOES MEET SPECIF"ICATION REQUIREMENTS 

SAMPLE NO . l(WET) 1 (AA) l(AA) 
s.o

2 
.... 25 . 82 TiO, 0.46 

Al
2
o

3
, •• 10 . 76 7. 75 MN,O"l 0.01 ' 

Fo
2
o

3
• • , 3. 12 2.96 p,oc:: 0.16 (Co lorn e:tric) 

MaO, "• 0 . 94 -
so) . -- 3 11 
LOSS ON ICNITION, •, 1 . 73 
ALKALIES- TOTAL AS No

2
0 , -. 0 . 26 Water Soluble Alkali as Na? D% 0. OS 

NO 
2
0, ~ 0.07 0.01 

i(20 ' -. 0 . 29 0.06 
INSOLUBLE RESIOUE , •• I 
CoO, ~ 53 . 55 
cls . .... 

c,A, •• 

C 
2 

S, .. .-

c
3

A • c
3

s .... 

C
4 

AF, ... 

c.AF • 2 c,A. ·, 

HEAT OF HVORATION, 70, CAL G 82 
HE"T OF MVORATION. 280 . CAL• G 91 
SURFACE AREA, SO C M G lAP) 4£\'10 
AIR CO"'TENT. "• 6 0 
COMP STRENGTH, 3 0, PSI 3930 COMP S' rRoc 90 , PSI 

I 

' 
COMP, STRE"'CTH, 7 0 PSI 4620 COMP s rR 180 D PSI ' 8680 
COMP STRENGTH, 28 0 PSI 5980 COMP S' rR 1 Yl PST RQf\0 
FALSE SET-PEN F I ... 

SAMPLE NO. 1 
AUTOCLAVE EXP., •, - 0 . 04 
INITIAL SET, MR / MIN 3 : 00 
F IN AL SET. MR ' M I N 6:05 
SAMPLE NO . 

AUTOCLAVE EXP, •. 

INITIAL SET, HR ' MIN 

FINAL SET, HP/MIN 

REMARKS : 

Density 2. 93 Mg/m 3 

W/C 0 . 486 
Fl ow 112% 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USEO IN AOVERTISING OR SALES PROMOTION TO INOICATE EITHER EXPLICITLV 

OR IMPLICITLY ENOORSEMF.NT OF THIS PROOUCT BY THE U S GOVERNMENT 

'". G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

6oa!·R 

Fl3 



TO F<tOM CO<!PS OF E><GINEE<!S 
U S ARMY 

Structures Laboracory 
REPORT OF TESTS OF USAE Waterways Exp St PORTLAND CEMENT 

ATTN: Cern & Pozz Group 
RC-731 P.O. Box 631 

Vicksburg. MS 39180 
~EsT =>E<>O<tT ... o 9 N·NO. I C WT REPRESENTED I OATE 

S<>~:IF ICATION Type I I OATE SAMPL.EO: 

c::M <> AN Y Amco rd. Phoenix Div LOCATION Clarkdale AZ I B<!ANO· 

THI S CE..,ENT OO E S MEE T SPECIFICATION REQUIREMENTS 

SAMPL.E NO (AnalySiS) l(WET) I l(AA) l(AA) 
s.o

2
• - 21.7 TiO?% 0.27 

AI
2
0l' •, 3. 7 3.3 Mn?01% 0.03 

F•
2

0
1

• • 2.5 2.5 P?O~% 0.18 (Col< rmetric ) 
M-,0 . ... 4.4 
so 3 . -. 2.1 
L OSS O N IGN ITION , •, 2.6 
A '-KAL.IES · T O T4L A S No

2
0. •, 0.51 Water ~oluble Alkali as Na? )% 0.09 

No
2
0. ... 0.14 0.01 

K
2

0 ", 0.56 0.12 
I N SOL'-' BLE RE SIOUE. ·, 0.56 
CoO . .... b4.4 
c

3
s. •. b3 

C A • l . • 6 5 
c ~5 , ... 

• 15 
c 3 " + c 3 s. •. b8 
C •AF, • 8 
C 4 AF • z c

1
A . •• 

HEAT O F HYO<!AT ION, 70, C AL G 

HE"T OF HYDRATION, 290. C AL G 

SURFACE A REA. SO C M G tAP) ~630 
AIR CONTENT ... ~ 7.0 
COMP STRE ..,GTH, 3o. PSI ~630 COMP s rR, 90D, PSI 5930 
COMP STRENGTH, 7 0, PSI ~870 COMP s rR, 180b, PSI 6120 
·:')M P STPENGTH 28c: PSI D050 COMP STR, 365D, PSI 5860 
F"LSE SET-PEN F I . • I 
S 4MPLE NO. 1 
A U1 OCL .. VE EXP .. • 0.12 
INITIAL SET. HR ' MI"' 3:40 
F IN"L SC::T, "1R "'N 6:10 
SAMP'-E NO 

AUTOCL.I'VE EJ<P. • 

IN•TIAL SET, HR ' M IN 

FIN A L SET, HR/',<JN 

REMARK S 

I 

THE INF')R ..,ATION GIVEN I N THIS REPORT SHALL NOT BE USEO IN ADVERT I SING O R SALES PROMOTION TO INOICATE E I THER EXPLICITLY 
O R IMPLh .. t T L Y E N 00"1SEM IONT O F THIS PROOUCT B Y THE U . S. GOVE RNMENT . 

(NO "OIIW 
I MAll 1Z 6oai-R 

w. G.MILLER 
Chemist 
Chief, Cement 

Fl4 

& Pozzolan Group 



TO: FROM CORPS OF ENGINEERS 
U S. ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St 
Blended Cement ATTN: Cern & Pozz Test Br 

RC-732 P. 0. Box 631 
Vicksburg, MS 

. 
39180 

TEST REPORT NO. BIN·NO I CWT REPRESE..,TED: I DATE 
sPECIFICATION: Tvoe lP I DATE SAMPLED· . 
COMPANY: Phoenix Div. Amcorci LOCATION C.l.::Jrkrl.qle.. AZ I BRAND: 
THIS CEMENT ODES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. l(WET) 1 (AA) l(AA) 
Si02 . ~ 25.62 TiO 0.45 
AI20), ~ 6.78 5.45 MN .l '~ 0.03 
Fe

2
0

3
, ~ 2.82 2.78 p ~( J J 0.02 .,Colorme tric) 

M90, .,. 3.85 L. J 

so
3 

. ... 2.04 
LOSS ON IGNITION, •, 1.85 
ALKALIES-TOTAL AS No

2
0, 'f. 0.41 Water Soluble Alkali as Na? )% O.OB 

No
2
o. ,_ 0.12 0.01 

f<ZO. •, 0.44 0 10 
INSOLUBLE RESIDUE, "7. 

CoO. ,_ 55.12 
cls. ~ 
CJA. "• 

c 2s. '· 
c

1
A ... c

3
s. ~ 

C 4 AF, •. 

C4 AF + 2 c,A. ':', 

HEAT OF HYDRATION, 70, CAL.'G 71 
HEAT OF HYDRATION, 280, CAL/G 81 
SURFACE AREA, SQ CM/G IA.P.) 4080 
AIR CONTENT, "'• 5.6 
COMP. STRENGTH, 3D, PSI 3110 COMP s rR, 90 ), PSI 6360 
COMP. STRENGTH, 7 D, PSI 3640 COMP S' rR, 180 D, PSI 7210 
COMP. STRENGTH, 28 D, PSI 4780 COMP s rR. 1 y "• PSI 7820 
FALSE SET-PEN . F I.~. 

SAMPLE NO. 1 
AUTOCLAVE EXP,. '· 0.10 
INITIAL SET, HR/MIN 3:35 
FINAL SET, HR IMIN 5:40 
SA'-4PLE NO. 
AUTOCLAVE EXP., •, 

INITIAL SET, HR/MIN 
FINAL SET, HR/MIN 

REMARKS: 

Density 2.98 Mg/m 
3 

W/C 0.486 
Flow 114% 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U.S. GOVERNMENT. 

w. G. MILLER 

Chemist 

(NG II'OitM 
I •A It 7Z 

Chief, 

Fl5 

Cement & Pozzolan Test Branch . 



TO FROM: CORPS OF ENGINEERS 
S tru~tuf~~y Labora to~y 

REPORT OF TESTS OF USAE Wa t erways Exp S t 
PORTLAND CEMENT ATTN : Cem & Pozz Gr oup 

RC- 733 
P . O . Box 631 

Vicksburg, MS 39180 

TEST REPORT NO. 81N'N0. I CWT REPRESENTED: I DATE: 

SPECIFICATION Type I I DATE SAMPL.ED: 

COMPANY: Medusa 1 L.OCATION Cl inchfield, GA I BRAND: 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPL.E NO. (Analysis) l (WET) l(AA) l{AA) 
Si02 , ~. 2 1 .9 T iQ.,% 0 . 30 
AI~03 , 7. 4 . 7 4 . 3 Mn.,O'l% 0 . 08 
Fe 20l" .... 2 . 2 2 . 2 p.,o~% 0.08 (Co l o, metric' 
MgO, ~. 0.7 
so 1 . •• 2 . 7 
L.OSS ON IGNITION, ~. 2 . 3 
AL.KAL.IES- TOTAL. AS No 20, ". 0.25 Water ~oluble A l kali as Na?l D% 0.02 
No 2o. '!1. 0 . 03 0 .00 
K

2
0 . ... 0.33 0.03 

INSOL.UBL.E RESIDUE, •, 0 . 19 
CoO, '1. 65 . 4 
c 3s. •. 57 
c 3 A, '"'• 9 8 

czs. ""• 20 
c

3
A + c

3
s .... 66 

C•AF, "'• 7 
C4 AF + 2 C

3
A, ~. 

HEAT OF HYDRATION, 7D, CAL 'G 
HEAT OF HYDRAT ION, 29D, CAL. / G 

SURFACE AREA, SQ CM. G (A.P.) 3870 
AIR CONTENT, •, 9.6 

COMP. STRENGTH, 3 D, PSI 2830 COMP s rR 90'~ PSI 6560 
COMF> . STRENGTH, 7 D. PSI 4310 COMP S rR 180' PSI 7190 
COMP. STRENGTH, 28 D, PSI 5860 r.OMP S rR 365 PS I 7170 
FAL.SE SET -PEN. F' l . ·, 

SAMPL.E NO. 1 
AUTOCLAVE EXF>., •, 0.03 
INITIAL. SET, HR/MIN 3:30 
FINAL. SE T, HR 1 \IIN 5:55 
SAMF'l.E NO. 

AUTOCL.AVE EXP., '• 
INITIAL. SET, HR,'MIN 

' 

FINAL. SET, HR/MIN 

REMARKS. 

THE INFORMAT ION GIVEN IN THIS REPORT SHAL.l. NOT BE USED IN ADVERT ISING OR SAL.ES PROMOTION TO INDICATE EITHER EXPL.ICITL.Y 
OR IMPL.ICITL.Y ENDORSEMF.NT OF THIS PRODUCT BY THE u.S. GOVERNMENT. 

w. G . MILL ER 
Chemi s t 

Chief , Ceme n t & Pozzolan Gr oup 

6000-R 

Fl6 



TO FRON CORPS O F ENGI NEERS 

S u s AR'Sv tructure Laborato[y 
REPORT OF TESTS OF 1 USAE Waterways Exp St PORTLAND CEMENT ATTN: Cern & Pozz Group 

RC-734 P.O. Box 631 
'Vicksburg. MS 39180 

TEST REPORT NO 8 1N 'N0 I CWT REPRESE~TED I DATE 

sPE.CIFic•T•o ... Type I II CAT E SAMPl.EO: 

cD .. PANv· Dundee Cement ~.oc•T•o,.. Dundee. MI I BOitANO 

THIS CEMENT DOES M£ET SPECIFI C.&TI ON RI!OUIREMI!NTS 

S.&MPI..E t40 . (Analysis) l(WET) l(AA) l(AA) 
Si02 . •• 20.3 TiO.,% 0.25 
AI20

1
, '\ 5.4 5.0 Mn_20't% 0.03 

Fo20I' '1. 2.9 3.0 P.,O~% 0.06 (Colol metric) 
.. ,o. '\ 2.8 J 

so,. , 2.6 
I..OSS ON IGNITION, •, 1.3 
.&l.K.&I..IES- TOTAl. AS No20, '\ 0. 70 Water ~oluble Alkali as Na? ~% 0.22 
No

1
0, 'lo 0.28 0.04 

1(20, '\ 0.64 0.28 
INSOI..UBI..E RESIDUE, '\ 0.28 
CoO, '1. 63.7 
C

1
S, ". 55 

c, .... '\ 9 8 
czs. , 16 
C 1 A + C 1 S, -. 65 
c .......... 9 
c ....... + 2 c, .... '\ 

HEAT 01" HYDRATION, 70, CAI../ G 

HEAT OF HYDRATION , 280. CAI.. / G 

SURFACE AREA, SO CM / G IA. P I 3450 
A lA CONTENT, ... 9.7 
COMP. STRENGTH, 3 0 , PSI 2800 COMP ST ~, 90D PSI 5270 
COMP. STRENGTH, 7 0, PSI 4260 COMP ST ~' 180D PSI 5680 
COMP. STRENGTH, 28 0 PSI 5100 COMP ST ~, 365D PSI 5370 
F AI..$£ SET- PEN. 1"/1. •, 

SAMPI..I! NO. 1 
AUTOCI..AVE EXP., •, 0.05 
INITIAl.. SET, HR/ MIN 2:55 
FINAl. SET, HR/ MIN 5:00 
SAMPI.E NO. 

AUTOCI..AVE EXP., •. 

INITI Al.. SET, HR/ MIN 

I"INAI.. SET, HA/MIN 

REMARKS: 

Tl-4. INI"ORMATION GIVEN IN THIS REPORT SHAI..\.. NOT BE USI!O IN ADVERTISING OR SA\..ES PROMOTION TO INDICATE EITHER EXPl.ICITL.Y 
OR IMPL.ICITI.Y ENDORSEMENT OF THIS PRODUCT BY THE U . 5, GOVERNMENT . 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Group 

Fl7 



TO: FROM: CORPS OF ENGINEERS 
U. S. ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St 
Blended Cement ATTN: Cem & Pozz Test Br 

RC-735 
P. o. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO. BIN •NO. I CWT REPRESENTED: I DATE: 
SPECIFICATION: Type lP I DATE SAMPLED: 

COMPANY: Dundee I LOCATION Dundee~ MI I BRAND: 
Tt41S CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. l(WET) 1 (AA) l(AAl 
SI02• '4 25.96 TiO~ 0.44 
Al 2o,. ,. 10.26 8.02 MN ,0 ... 0.04 
F•

2
0

3
• ~ 4.64 4.41 p "' ( J,.. .J 0.06 'ColormE tric} 

MtO. '1, 2.27 
"- J 

so, . ... 2.34 
LOSS ON IGNITION, •, 2.22 
ALKALIES- TOTAL AS No20, '1. 0.53 Water Soluble Alkali as Na.,• )% 0.16 
No 2o . ' 0.21 0.04 
t<

2
0, ,_ 0.49 0.20 

INSOLUBLE RESIDUE, "• 
CoO, '4 50.94 
c,s .... 
c 3 A. •. 

c2s." 
c,A + c,s. 'f. 

C•AF, "• 
C.AF + 2 ClA' ... 
HEAT OF HYDRATION, 70, CAL/G 75 
HEAT OF HYDRATION, 28D, CAL/G 83 
SURFACE AREA, SO CM/G IA.P.I 3800 
AIR CONTENT, •, 5.7 
COMP. STRENGTH, 3D, PSI 2840 COMP s rR. 90 D. PSI 5950 
COMP. STRENGTH, 7 0 , PSI 3620 COMP s "R. 180 D. PSI 6850 
COMP. STRENGTt4, 28 0, PSI 4620 CrlMP s ,rR 1 y PSI 6990 
FALSE SET-PEN. F/ 1. ,_ 

SAMPLE NO. 1 
AUTOCLAVE EXP., ". 0.00 
INITIAL SET, HR/MIN 3:20 
FINAL SET, HR/MIN 6:10 
SAMPLE NO. 
AUTOCLAVE EXP., "• 
INITIAL SET. HR/MIN 
FINAL. SET, HR/MIN 

REMARKS: 

Density 2.95 Mg/m 
3 

W/C 0.486 
Flow 111% 

TH~ INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USEO IN ADVERT ISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT 0" THIS PROOUCT BY THE U. S. GOVERNMENT. 

w. G. MILLER 

Chemist 

~NO POIIW 
I W"ll 7J 

Chief, 

Fl8 

Cement & Pozzolan Test Branch 



TO: FROM• CORPS OF ENGINEERS 
U S. ARMY 

REPORT OF TESTS OF 
Structur~s Laboratory 

PORTLAND CEMENT USAE Waterways Exp St 
ATTN: Cern & Pozz Group 

RC-736 P.O. Box 631 
Vicksburg. MS 39180 

TEST REPORT NO. B IN'NO. I CWT FIEPRESENTEO I OATE 

SPECIFICATION Type I. II I OATE SAMPLED. 

COMPANY· Lone Star I LOCATION Sweetwater TX I BRAND : 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPI..E NO. (Analysis) l(WET) l(AA) l(AA) 
Si02 • 7. 21.6 TiO,% 0.19 
AI 20 3• "• 4.0 3.8 Mn.,O'l% 0.01 
Fe 2o 3 , "' 3.2 3.1 p,o,% 0.04 {Colo' metric' 
M90. •• • 2.0 
so, .... 2.2 
1..055 ON IGNITION, "• 1.2 
AI..KAI..IES- TOTAl.. A$ No20. "• 0.65 Water Soluble Alkali as Na., , )% 0.36 
No20. " 0.16 - 0.04 
K

2
0, 'lo 0.75 0.49 

INSOI..UBI..E RESIDUE,~. 1.20 
CoO. " 64.8 
c

3
s .... 62 

c,A.'I. 5 5 
c 2 s. ~ 15 
c 3A + c

3
s . .or, 67 

C•AF, .,, 10 
C•AF + 2 C 3 A, •, 20 
HEAT OF HYDRATION, 7D, CAI.. ! G 

HEAT OF HYDRATION , 280, CAI../G 

SURFACE AREA, SQ CM / G IA.P. I 3480 
AIR CONTENT. •, 9.8 
COMP. STRENGTH, 1 D. PSI 2860 COMP s ~"R 90 ) PSI 5070 
COMP. STRENGTH, 7 D, PSI 3570 COMP S' ~R. 180: ) PSI 5520 
COMP. STRENGTH. 2 8 D. PSI 4540 r.nMP s· rR 365 ) PSI 5400 
FAI..SE SET-PEN . F l l. "• 

SAMPI..E NO. 1 
AUTOCLAVE EXP., ~. 0.01 . 
INITIAl.. SET, HR/ MIN 3:15 
FINAl.. SET, HFI ' MIN 4:50 
SAMPI..E NO. 

AUTOCLAVE EXP., •, 

INITIAl.. SET, HR/ MIN 

FINAl.. SET, HR/MIN 

REMARKS: 

THE INFORMATION GIVEN IN THIS REPORT SHAI..I.. NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPI..ICITI..Y ENDORSEMENT OF THIS PRODUCT BY THE U . S. GOVERNMENT. 

w~ G. MILLER 
Chemist 
Chief, Cement & Pozzolan Group 

Fl9 



TO: FROM: CORPS OF ENGINEERS 
U. S. ARMY 

Struc tures Labor ator y 
REPORT OF TESTS OF 

USAE Wat erways Exp St PORTLAND CEMENT 
ATTN: Cern & Pozz Group 

RC- 737 P. O. Box 631 
Vicksburg , MS 39180 

TEST REPORT N O. B I N 'NO. I C WT RE<>Re:SENTEO: I OA TE: 

SPECIFIC AT ION : Type III I DATE SAMPLEO: 

COMPANY: Lone Star I LOCATION Sweetwater . TX I BRANO: 

THIS CEMENT OOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. l WET lAA IAA 
S i0 2 , •. 20 . 9 TiO? \L l£; 
Al 2o 3, '\ 2.8 2. 4 MN?O':\ 0 . 01 
Fe 2 0 1 . ~ 4 . 9 4 9 P,O" \}.06 (Colo, ·metr ic, 
MgO, ~. 1.6 
sa,. -. 3 . 4 
LOSS ON IGNITION, " • 1. 4 
ALI(ALI ES- TOTAL AS Na 20 , "• 0 . 41 Water Soluble Alkali ~s as N a20 0 . 21 
Na

2
0 , 'f, 0 . 11 U. UL 

K 2 0. •, 0. 46 0 .29 
IN SOLU BLE RESIOUE, "• 0.14 
CoO, 1. 64 . 4 
c 3s. •. 67 
C

3
A , '\ NONE 

c 2 s. "· 10 
c 3 A + c 3s. "· NONE 
C. AF, ~ NONE 
C 4 AF + C::>F)ss 14 13 
HEAT OF HYORATION , 70, CAL/ G 

HEAT O F HYORA TION, 280, C AL G 

SURFACE AREA, SQ C M / G I A .P . ) 4850 
A IR CONTENT, "• 10 . 2 
COMP. STRENGTH , 30, PSI 3930 COMP s lrR . 90 D PSI 6320 
COMP . STRENGTH , 7 0, P SI 5000 COMP s lrR . 180 D PSI 6920 
COMP. STRENG TH, 28 0, PSI 5900 COMP s "R. 365 D PSI 6980 
FALSE SET-PEN . F /1. "• 

SAMPLE NO. 

AUTOC L AVE EXP., "• - 0 . 04 
I N ITI"L SET, HR/ M I N 3:25 
F I N"L SET, H R / M I N 6 : 10 
SAMPLE NO, 

AUTOCLA V E EXP. , ~. 

INITIAL SET, HR/ M I N 

FINA L SET, HR/MI N 

REMARI(S: 

THE INFORMAT ION GIVEN I N TH IS REPORT SHALL NOT BE USEO IN ADVERTISING OR SALES PROMOTION TO INDICATE E ITHER EXPLICITLY 
O R IMPLICITLY ENDO RSEME NT O F THIS PROOUCT B Y THE U.S. GOVERNMENT . 

6008-R 

F20 



TO: 
FqO"' : CORPS OF ENGINEERS 

Stru~eu~1fs Labor<1tory 
REPORT OF TESTS OF USAE Waterways Exp St 
PORTLAND CEMENT 

ATTN: Cern & Pozz Group 
RC-738 P.O. Box 631 

Vicksburg, MS 39180 
TEST REPORT NO. 91N'N0. I C WT REPRESENTED . I DATE: 

SPECIFICATION : Type 1 l OATE SAMPLED. 

COMPANY: Dundee Portland Co. LOCATION Clarksville, MO I BRAND: 

TMtS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (Analysis) l(WET) l(AA) l(AA) 
s,o2 f -. 20.1 Ti02 0.24 
AI20 3 , "• 5.6 5.0 Mn?O".\ 0.05 
F.2o

3
• -. 2.3 2.3 P20.:; 0.19 (Colon etric) 

M 9o. •. 3.4 
so,. ':1, 2. 7 
LOSS ON IGNITION, •, 2.3 
ALKALIES- TOTAL AS No

2
0, ' • 0.56 Water s oluble Ukali iS Na7 0 0.24 

No
2
0, ~ 0.10 0.02 

1< 20. "• 0.70 0.34 
INSOLUBLE RESIDUE, •, 0.17 
CoO, ~ 62.5 
c 

3
s ..... 53 

C
3

A . .... 11 9.3 
c

2
s .... 17 

c 1 " • c 1s. "'· 64 
C

4
AF, ..... 7 

C 4 AF + 2 C 1 A, "• 

MEAT OF MYORATION, 70, CAL/ G 

MEAT OF HYDRATION, :!9D, CAL/ G 

SURFACE AREA, SQ CM/ G (A.P . ) 3800 
AIR CONTENT, "• 10.4 
COMP. STRENGTH, 3o. PSI 2600 COMP s rR, 90 p PSI 5460 
COMP, STRENGTH, 7 D, PSI 3680 COMP Sp:'R, 180 p PSI 5760 
COMP. STRENGTH, 28 D. PSI 4900 COMP S~R, 365 p PSI 5600 
FALSE SET-PEN. F / 1. ~ 

SAMPLE NO. 1 
AUTOCLAVE EXP., •, 0.14 
IN I T IAL SET, MRI M I N 3:35 
F I NAL SET, HR'MIN 4:55 
S.O.MPLE NO. 

AUTOCLAVE EXP., " · 

I NITIAL SET, HR/ MIN 

FINAl.. SET , Hq/MIN 

REMARKS: 

• THE INFORMAT ION GIVEN IN THIS REPORT SMALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITMER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF TMIS PRODUCT BY THE U.S. GOVERNMENT. 

I[IIG 1'0 .... 
I MA" U 6008-R 

F21 



TO . FROM: CORPS OF ENGINEERS 
U . 5 . ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St 
Blended Cement ATTN: Cem & Pozz Test Br 

RC-739 P. 0. Box 631 
Vicksbur2. MS 39180 

TEST REPOR T N O. B tN •NO. I C WT REPRESENTED. I DATE: 

SPEC IFI C AT I ON :Tvne 1P I DATE SAMPLED: 

C OMPANY : Dundee LOCATION Clarksville. MO I BRAND: 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE N O. !(WET) l(AA) l(AA) 
Sio 1 • 'r. 25.40 TiO., 0. 39 
Alzo,. •, 8.11 6.83 MN.,Q'l 0 OS 
Fo 20 3, '!I 5.00 4. 76 p..,Q.,.J 0 16 r::olorme ric 
MgO, '!I 2.73 - J 

so,. " 1.81 
LOSS ON IGN IT ION, •, 2.56 
A L KAL IES - T O TAL A S N o 20 , '!I 0.49 Water Soluble Alkali as Na') b% 0 21 
NazO· '-' 0.11 0 02 
Kzo. " 0.58 0 28 
INSOLUBLE RESIDU E , '1. 

C oO, '- 52.30 
c,s .•. 
c,A • ., 

c zs. "'· 

c 3A + c
3

s , .., 

C 4 AF . .... 

c•AF + 2 c 1 A , '· 

11EAT OF 1-iYDRATION , 70, C A L/G 70 
HEAT O F HYDRAT ION, 290, C AL/ G 77 
SURFACE AREA , 50 C M / G I A .P . ) 3950 
AIR CONT ENT , '- 7.3 
COMP. ST R E NGTI1, 30· ~51 2940 COMP s trR~ 90 )J PSI 6260 
C OMP. STREN GTI1 , ] 0, PSI 3840 COMP s ll.'R. 180 D. PSI 7910 
COMP. STRE NGTH. Ll:S 0, PSI 5130 COMP s ii'R. 1 y ~. PSI 7970 
FALSE S E T - P EN . F / 1. .,., 

SAMPLE NO. 1 
A UTOCLAV E EXF"., ... -0.04 
I N I T I A L SET, HR/ M I N 3:35 
F INA L SET, 1-iR/ M I N 5:45 
SAMPL E NO. 

AUTOC LAV E EXP., "• 

INITIAL SET , 1-iR/ MIN 

friNAL SET, HR/MIN 

REMARKS: 

Density 3.00 Mg/m 3 

W/C 0.476 
Flow 113% 

THE INI< ORMAT ION GIVEN IN THIS REPORT 51-iALL NOT BE USEO I N ADVERTISING OR SALES PROMOT I ON TO INDICATE EIT11ER EXPLICITLY 
OR IMPLICITLY £NOO R SEMENT OF Tl11$ PRODUCT BY THE U . S. GOV£RNMENT. 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

6001 A 
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TO: FROM· CORPS OF ENGINEER~ 

U S.ARMY 

REPORT OF TESTS OF 
Structures Laboratory 
USAE Waterways Exp St 

Blended Cement ATTN: Cem & Pozz Test Br 
RC-740 P. 0. Box 631 

Vicksburg, MS 39180 
TEST REPORT NO. BIN'NO. I CWT REPRESENTED 1 DATE• 

sPECIFICATION• Type 1-P (bot tom ashf I DATE SAMPLED. 

COMPANY Dundee LOCATION Clarksville. MO I BRAND : 

THIS CEMENT OOES MEET SPECIFICATION REQUIREMENTS 

SA ... PLE NO. l(WET) 1 (AA) l(AA) 
s.o2 • ~ 23.67 TiO,.. 0.33 
At2o,. ~ 7.57 6.06 MN/J ... 0.05 
"'•zO~, '\ 3.75 3.68 "D 0 J 0.16 ,(Colorm ~tric) 
MtO• '\ 3.24 2 5 
so,. " 2.27 
LOSS ON IGNITION, ... 1.51 
o\LKALIES- TOTAL AS Na

2
0 , '\ 0.57 Water Soluble Alkali as Na., b% 0.22 

No
2
o, ':1. 0.08 0.02 

I<ZO' '\ 0.60 0.32 
INSOLUBLE RESIDUE, 'To 

CoO, t. 56.27 
c,s. ':1. 

c, ..... ' 
c 2s.' 
c,A + c 3s. ,. 

C•AF, '7. 

C 6 AF + Z C 3 A, '!', 

HEA.T OF HYDRATION, 70, CAL/G 74 
HEAT OF HYDRATION, 280, CAL/ G R1 
SURFACE AREA, SQ CM/ G (A. P.l 3910 
AIR CONTENT. ':1. 8.7 
COMP. STRENGTH, 3o. PSI 2820 COMP s ~"R .. 90 ) .. PSI 5680 
COMP. STRENGTH, 7 0. PSI 3510 COMP s rR .. 180 D .. PSI 6620 
COMP. STRENGTH, 28 0 , PSI 4800 COMP S ~"R 1 Y" ) PSI 7100 
FALSE SET-PEN . F / 1. 'T, 

SAMPLE NO. 1 
AUTOCLAVE EXP., 'T, 0.06 . 
INITIAL SET, HR/ MIN 3:35 
FINAL SET, HR/MIN 5:45 
SAMPLE NO. 

AUTOCLAVE EXP., '\ 

INITIAL SET, HR/ MIN 

F"IN.t.L SET, HR/MIN 

REM.t.RI<S: 

Density 3.05 Mg/m 3 

W/C 0.484 
Flow 114% 

THE INFORM.t.TION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U . S. GOVERNMENT. 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

F23 



TO: FROio!: CORPS OF ENGINEERS 
U. S, ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St . 
PORTLAND CEMENT ATTN: Cem & Pozz Test Br 

P. 0. Box 631 
RC-741 Vicksburg, MS 39180 

TEST REPORT NO. BIN'NO. I CWT REPRESENTED: I DATE: 

SPECIFIC AT ION : T~pe I I DATE SAMPLED: 

coMPANY• Penn-Dixie LOCATION Kin2soort TN I BRAND: 
THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE N·.1 (Analysis) l(WET) 1 (AA) 1 (AA) 
s .o

2 
..... 22.0 TiO?% 0.22 

AI
2

0
3

, "'. 5.4 4.7 Mn201 0.04 
Fe

2
o, .... 2 4 2.4 P205 0.14 (Co lorD etric) 

MgO, '\ 1 5 
so, .... 2.2 
LOSS ON IGNITION, •, 1.3 
ALI<ALIES- TOTAL AS No 20 . ~ 0.32 Water ~oluble Alkali as Na ... )% 0.10 
No

2
o, '\ 0.13 " 0.02 

1(20, , 0.29 0.13 
INSOLUBLE RESIDUE, "4 0.34 
CoO, '1. 64.9 

c,s. "· 51 
c,A. "' 10 8.5 
czs. 'f. 25 
c,A t c,s. "· 61 
C 4 AF, *• 7 
c.AF + 2 c

1
A, H. 

HEAT OF HYDRATION , 7D, CAL G 
HEAT OF HYDRATION, 28D, CAL/ G 

SURFACE AREA , SO CM/ G IA.P.) 3620 
AIR CONTENT, 'f. 9.1 
CDMP. STRENGTH, 3 D, PSI 2590 COMP s., R. 90 I '. PSI 6980 
COMP. STRENGTH, 7 D, PSI 4400 COMP S']iR. 180 D . PSI 7300 
COMP, STRENGTH.28 D. PSI 5960 COMP s., R. 365 D. PSI 7300 
FALSE SET-PEN. F/ 1. 'lo 

SAMPLE NO. 1 
AUTOCLAVE EXP .. •, 0.03 
INITIAL SET, HR/ MIN 2:45 
FINAL SET, HR/MIN 5:15 
SAMPLE NO. 

AUTOCLAVE EXP., •, 

INITIAL SET, HR 'MIN, 

FINAL SET, HR/ MIN 

REMARI(S: 

THE INFORMAT ION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT. 

w. G. MILLER 

Chemist 

RIIO ~0"10 
I MA .. 72 6008-R 

Chief, Cement 

F24 
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TO: FROM: CORPS OF ENGINEERS 
U. S. ARMY 

REPORT OF TESTS OF Structures Laboratory 
USAE Waterways Exp St 

Blended Cement ATTN: Cern & Pozz Test Br 

RC-742 P. 0. Box 631 
Vicksburg~ MS 39180 

TEST REPORT NO. BIN•NO. I CWT REPRESENTED: I DATE: 
SPECIFICATION: Type lP r DATE SAMPLED: 
COMPANY: Penn-Dixie LOCATION Kingsport. TN I BRAND: 
THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. l(WET) 1 (AA) l(AA) 
Si02, >; 25.27 TiO ... 0.37 
Al

2
o

3
• ~. 9.73 7.39 MN ... O ... 0.04 

Fe2or ~~ 3.04 2.93 'P 0 J Q 12 I 
MCJO, ~ 1. 81 L J 

so,.~ 2.77 
LOSS ON IGNITION, .,., 1.71 
ALKALIES- TOTAL AS No20, 'r, 0.34 Water Soluble Alkali as Na"' b% 0.10 
Nazo. , 0.12 

... 
' 

0.02 
1(20, ... 0.34 I 0.13 I 
INSOLUBLE RESIOUE, "; 

CoO, 'llo 54.29 
c,s. , 

c 3 A, '· 
c

2
s, ~ 

c , .. ~ c,s. "' 
. 

C 4 AF, ~. 

C.AF + 2 c
3
A, '!', 

MEAT OF HYDRATION, 7D, CAL/G 76 
HEAT OF HYDRATION, '28D, CAL/G 87 
SURFACE AREA, SO CM/G IA.P.) 4140 
AIR CONTENT, "• 5.2 
COMP. STRENGTH, 3D, PSI 3300 COMP s trR. 90 b. PSI 6780 
COMP. STRENGTH, 7 D, PSI 4190 COMP s trR. 180 D. PSI 8860 
COMP. STRENGTH, ? R D, PSI 5740 COMP s trR. 1 y R. PSI 8620 
FALSE SET-PEN. F/1. "• 

SAMPLE NO. 1 
AUTOCLAVE EXP.,"' 0.00 
INITIAL SET, MR/MIN 3:05 
FINAL SET, MR/MIN 5:10 
SAMPLE NO. 

AUTOCLAVE EXP., "' 
INITIAL SET, HR/ MIN 
FINAL. SET, HR/MIN 

REMARKS: 

Density 2.97 Mg/m 3 

W/C 0.484 
Flow 114% 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U.S. GOVERNMENT. 

w. G. MILLER 

Chemist 

Chief, Cement & Pozzo1an Test Branch 

F25 



- · 
TO: FROM: CORPS OF ENGINEERS s U.S. ARMY 

t r u c t u r es Lab o r ator y 

REPORT OF TESTS OF U S AE Waterwa~s Exg S t 
PORTLAND CEMENT ATTN : Cern & ozz r o up 

P.O. Box 631 

RC- 744 Vicksburg , MS 39180 

TEST REPORT NO. BIN'NO. 1 CWT REPRESENTED: I DATE: 

SPECIFICATION: Type I I DAT E SAMPLED: 

COMPANY: Texas Ind u stries LOCATION Midlo thia n, T X I BRAND: 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (Analysis) 1(WET) l(AA) l(AA) 

Si02 , ·~ 2 1. 2 Ti02 U.ll 
AI 2 0 3 . "• 5 . 5 4 . 9 Mn20? 0.26 

Ft
2

0
3

, ~ 3 . 0 l.Y P2o5 0 . 18 (Colon ne t r ic) 

MgO, '1. 0.6 

sol. '· 2.5 

LOSS ON IGNITION, ~ 1.8 

ALKALIES- TOTAL AS No20, 'r, 0.38 Wa t e r s o1u b1e ~lkali ~s Na 1 C t% 0 .13 

No
2
o. 'lo 0.12 0.02 

K 20, "• 0 . 40 0 . 17 

INSOLUBLE RESIDUE, ~. 0 . 27 

CoO, '1. 64 . 4 

c
3
s, .... 53 

C 3A, "'• 9 8 . 1 

c
2
s,.,., 20 

C
3

A + c
3
s, "- 63 

C
4

AF, ... 9 
C

4
AF + 2 C

3
A, or, 

HEAT OF HYDRATION, 7D, CAL.'G 

HEAT OF HYDRATION, ZBD, CAL/G 

SURFACE AREA, SQ CM / G IA. P.) 3150 

AIR CONTENT,':', 9.5 

COMP. STRENGTH, )D• PSI 2340 COMP ST R 90D PSI 5810 

COMP. STRENGTH, 7D, PSI 
3230 COMP ~·1 K 180D PSI 6280 

COMP. STRENGTH, 28D· PSI 4780 ;u r-fP s·t K 16Sn PST 6150 
FALSE SET-PEN. F / 1. "• 

SAMPLE NO. 1 

AUTOCLAVE EXP., ~. 0.02 

INITIAL SET, HR/ MIN 
3:00 

FINAL. SET, HR/ MIN 5:25 

SAMPLE NO. 

AUTOCLAVE EXP., 'r, 

INITIAL SET, HR/MIN 

FINAL SET, HR/MIN 

REMARKS: 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES F'ROMOTION TO INDICATE EITHER EXPLICITL Y 
OR IMPLICITLY ENOORSEMF..NT OF THIS PRODUCT 8Y THE U.S. GOVERNMENT. 

I-P
I MAll U 

F26 
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.------ ---·---------r-----------..-------------
TO 

~E~T R~OORT NO 81N'N0 

REPORT OF TESTS OF 

Blended Cement 

RC-745 

I CWT I<EPRESENTED. 

~ROM, CORPS OF ENGINEERS 
U S. ARMY 

Structures Laboratory 
USAE Waterways Exp St 
ATTN: Cern & Pozz Test 
P. 0. Box 631 
Vicksburg, MS 39180 

I DATE 

sPECIFICATION Type lP I DATE SAMP\..ED. 

::oM PA " Y Texas Industries LOCATION Midlothian, TX I BRAND: 

THIS CEM ENT DOES MEET SPECIFICATION REQUIREM E NTS 

SAM PL.. E NO. l(WET) 1 (AA) l(AA) 
29.23 TiO~ 0.42 
9.33 6.78 MN~O~ 0.22 

2.05 
LOSS ON IGNITION, •. 1. 24 
Al..KA\..IEs- TOTAL.. As N•z0 ·... 0. 32 Water Soluble Alkali as Na~~D% 0.10 

Br 

rN-·~z0_·-'-------------------r~o~·~l~l~-------r------1-------+------+------~~0~. ~02~~----~ 
KlO. •, 0 • 32 0 • 13 
IN$0\..UB\..E RESIDUE. ~. 

CoO, ' 53.19 

C 3 A. '""• 

C •AF, •. 

C 4 AF t2C
3

A, •, 

~------~-------------------+~~----+--------+--------r-------·-r -------+--------4---------~------~ 
HEAT OF HYDRATION, 70, C A LIG 65 
HEAT OF HY DRATION, 280, CAL G 

SURF A CE AREA, SO C M G (A. P . ) 

A IR CONTENT, 1', 

COMP. STREN GTH, 3 0, PSI 

COM P STRENGTH, 7 0. PSI 

':OMP STRENGTH , 28 0 . PSI 

F A\..SE SET- PEN F I • 

SAMP\..E NO. 

AUTOC\..AVE EXP .. • 

I NIT I A l.. SET, HR ' M I N 

FINA L SET, HR 'MI N 

SI' MI>L..E NO. 

A UTOCLAVE EXP., •. 

I N I T IAL. SET, HR'MIN 

~INAL SE T , HR/MIN 

REMARKS . 

Density 2.96 
W/C 0.450 
Flow 112% 

3 Mg/m 

78 
3650 
8.2 

2160 COMP STR 90 b PSI 7500 
3340 COMP StrR 180 D PSI I 9220 

I 

COMP SIJ'R 4890 PSI 9460 

1 
0.00 
4:10 
6:40 

THE I N F ORMAT ION GIVE N IN THIS REPORT SHA\.. \.. NOT BE USED IN AD V ERT I SING O R SA \..ES PROMOT ION TO INDICATE EITHER EXP\..IC IT \.. Y 

OR IMP\..ICIT \..Y ENDORSEMENT OF THIS PRODUCT B Y THE U . S. GOVE RNMENT 

11110 ~01'101 

I OIAI'I 1a 60at-R 

W. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 
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TO FFlOM CORPS OF ENGINEEFlS 
U.S AFlMY 

Structures Laborato~ 
REPORT OF TESTS OF USAE Waterways Exp St 
PORTLAND CEMENT ATTN: Cern & Pozz Test Br 

P. 0. Box 631 
RC-746 Vicksburg, MS 39180 

TEST FlEPORT NO B IN'N O 1 CWT REPRESENTEO I OATE 

SPECIFICATION Tvoe I I OATE SAMPLE O. 

COMPAN Y Southwestern LOCATION Fairborn . OH 1BRANO 

TI'<IS CEMENT OOES MEET SPECIFICATION REQUIREMENTS 

s•MPLE NO . (Analvsis) l(~T) 1 (M.) 1 (AA) 
s.o

2 
. .... 20 8 TiO.,% 0 . 22 

Al 2o 1 • -. 4.9 4.5 Mn1ch 0.05 
Fo

2
o

1
. -; 2 9 - 2.9 P?Or; 0.07 (Colorr etric) 

M90, '\ 4 3 -
sol. -. 2 4 
LOSS ON IGNITION, •• 2 4 
A LKALIES- TOTAL AS Na

2
0 . '\ 0 75 Water )oluble Alkali as Na )% 0 . 38 

Na
2
o. 'f. 0 22 ' 0. Q6 

K 2 0. *• 0.80 0.49 
I N SOLUBLE RESIOUE, •• 0 . 34 
Coo. '1. 62 
c 1s. "· 50 
c 1 A . "'· 8 7.0 -
c

2
S, •• 22 

c
1

A + c
1

s • .,., 58 
C

4
AF . ... 9 

C
4

AF t 2 c
1

A, ~. 

~-<EAT OF 1-<YORATION, 70, CAL/ G 

~-<EAT OF 1-<YORATION , 280, CAL G 

SURFACE AREA, SO C M G (A . P . ) 3770 
AIR CONTENT, "• 10.0 
COMP . STRENGTI-4 , 3 0 , PSI 2760 COMP S1 R. 90 r PSI 5190 
COMP STRENGTH, 7 0, PSI 3140 COMP S1R 180 ID PSI 5590 
COMP STRENGT~-<-28 0 , PSI 4710 COMP ~- , I I< 3fil) In PST 5640 
FALSE SET-PEN F I. •. 

SAMPLE NO. 1 
AUTOCLA V E EXP .. • , 0 . 14 
INITIAL SET, HR/ M I N 3:00 
FI NAL SET, HR ' M I N 4:55 
SAMPLE NO. 

A UTOCLAVE EXP., •. 

INIT IAL SET, HR/ M IN 

FINAL SET, HR/ MIN 

R EMARKS; 

THE INFO RMAT ION GIV EN IN TH I S REPORT SHALL NOT BE USEO IN AOVEFlTISING OR SALES PROMOTI ON TO I NOICATE E I THER EXPLICITLY 
OR IMPLICI T LY ENOO R SEMENT OF THIS PROOUCT B Y THE U S GOVERNMENT 

w. G. MILLER 
Chemist 

RIOO I"~ 
I MAll 11 

Chief, 
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TO: FR0'-1 CORPS OF ENGIIIEERS 
U. S. ARMY 

REPORT OF TESTS OF Structures Laboratory 
PORTLAND CEMENT USAE Watenvays Exp St 

ATTN: Cern & Pozz Test Br 
RC-751 P. 0. Box 631 

Vicksburg, MS 39180 
TEST A~~: 0 T •40. 81N'N0. I CWT REPRESENTED: I OATE: 

s;:>~c·~ •-: ~- .;:--. Ty:>e I I OATE S4MPL.EO 

CO .. PA ... t:niverscl Atlas LOCATION Leeds. AL I 8RANO: 

Tt<IS CE"O::'~ :J')C:S "'EET SPECIFICATION REQUIF<EMENTS 

SA-..e?~!: ,.,:, Analv<:>.!. s) 1(\.lET) 1 (AA) 1 (AA) 
s~o2 . -. 20.8 TiO?% 0 2l 
AI 20J -. 5.6 5.0 Mn?01 o o~ 
F• 2o,. -:. 2.5 2.4 P?O'\ 0 Ol (Co 1om etric) 
"'JO. •• 2.8 
so,. -. 2.5 
LOSS 0" :;,'loltTt0:-..1, •_. 1.6 
ALKALIEZ-T.:l7AL AS No

2
0. •, 0.40 Water Soluble Alkali as Na )% 0 11 

... zo. -• 0.14 L 0.02 
K

2
0. •, OdO 0.13 

INSOLUe.!: PESI~UE, '\ 0.22 
c.o. •. 64 
c ,s. -. 55 I 

-
C )A • ... 11 9.3 
c~s. ·. 18 
c 1••c>: -. 65 -
C,AF, -. 8 
c 4 AF , l :

1
"'. ~ 

-
HEAr C ·" .. •:>RATION, 70, CAL/G 

Mil'.: AT 'J• - f::R.t.TION, 280. CAL / G 

SVQ<'J.CO:: .:.q;:.t., SQ CM/G lAP I 4050 
AI A C ~ •, - E'"" T , ':', 9.5 
CO•.•;> , 5-:.~··CTH, 3 0. PSI 2950 COMP s~ R. 90 I PSI 5920 
cc•.-P. ~-~~·.GTu. 7 0, P')t 4220 COMP s~ ~'R • 180 !D PSI 6360 

• • r • 

co .... s·::tr:-.~T"·28 0. P$1 5680 COt· IF 5'1 R. 36 ~) : !J PSI 6440 
FALSE :.~ T- PEtl. F/1. "• 

SAM;>L.;: ,?, 1 
AU 70:- &. IE EXP .• ... 0.33 
INITtA:_ ~~ T, t-4R 'M: N 3:00 
~:,~4!_ !t .. , MA/•• : 'f 5:00 
s ..... .,_~ ·.:> 

• ~.:TO::-.:. '"·E EXP . . -. -
,_ I Tt~ - S~-. HHi M ih ----

F 'l.l_ ,:; • , .,.r;/•.tl'' 

A!•,~:-..,; 

Trt£ ·. :::.vAt 1r,., GI '/C'• ,., ~tol';. J•EPC.I~T SHALl •t0T or USCO Ill AC'lVf Rri ' ,INr', Ok SALfS PA•>MOTION TO INDICATE EITHt.R I!XPLICITL.Y 

~~ •'•\•- .- t l\..V C.UU',d' ,. (',4 ~ ,.f Ot- Ttl!~ Pf100UC T ttY' Tttf.. U . S covrn""''-" r. 

\-1. G. MILLER 
Chemist 
Chief. Cement & Pozzolan Test Branch 
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TES.,.- ~EPORT "40 9tN•NO 

sPECIFICATioN, Tvne lS 

REPORT OF TESTS OF 

Blended Cement 

RC-752 

F~OM CORPS OF ENGINEERS 
U.S. A~MY 

Structures Laboratory 
USAE Waterways Exp St 
ATTN: Cern & Pozz Test Br 
P. 0. Box 631 
Vicksburg, MS 39180 

I C WT REPRESENTED I DATE 

coMPANY· Universal Atlas I LocATION Leeds. AL I BRAND 

THIS CEMENT DOES MEET SPECIFICATION ~EOUIREMENTS 

SAMPLE NO 

S•02 . •• 

sol . .., 

LOSS ON IGNITION, •• 

ALKALIES· TOTAL AS No
2
0. •, 

INSOLUBLE RESIDUE, "• 

CoO, '1. 

HEAT OF HYDRATION, 7D, C AL / G 

HEAT OF HYDRAT ION , 28D, CAL G 

SURFACE AREA , SO CM, G (oii . P . ) 

oi\ I R CONTENT, "• 

COMP . STRENGTH, 3D, PSI 

COMP . STRENGTH, 7 D, PSI 

COMP STRENGTH, 28 D . PSI 

FALSE SET-PEN . Fit , "• 

SAMPLE NO. 

oiiUTOCLoiiVE EXP., •. 

INITIAL SET, HR( MIN 

FINAL SET, HR! MtN 

SoiiMPL E NO. 

oi\UTOCLAVE EXP. , •, 

INITIAL SET, HR ' M I N 

F INAL SET, HR/ M I N 

REMoiiRKS 

Density 3.07 
W/C 0.485 
Flow 111% 

3 Mg/m 

l(WET) 1 (AA) l(AA) 

22.99 
5.86 
2 06 
1 98 
2.95 
1 96 
0.43 
0.17 
0.40 

61.34 

80 
86 
4470 

9.4 
3260 
4560 
5520 

1 
0.12 
3:45 
6:10 

• 

4.85 
2.33 

TiO 
MNO 
p 6 _, 

L ::> 

0.24 
0 01 
0 1 6 

1

' Co 1 o rm • t ri r...._· )L....-~-~ 

Water Soluble Alkali as Na?~% 0.04 
0.02 
0.03 

COMP S rR, 90 >. PSI 6930 
COMP S r-R. 180 D-'- PSI 8470 
COMP srR. 1 Y • PSI 9080 

THE INF ORMoiiT ION GIVEN IN THIS REPORT SHoiiLL NOT BE USEO IN oiiDVERTISING OR Soi\LES PROMOTION TO INOICoiiTE EITHI!:~ EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THI!: U . S . GOVERN MENT . 

W. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 
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TO: 
~ROM CORPS 0~ ENGINEERS 

U . S . ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St PORTLAND CEMENT ATTN: Cern & Pozz Test Br 

RC-753 P. 0. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO , 81N•NO I CWT R£PRE5£NTEO : I OAT£ 

SPECIFICATION Ty:>e II I OAT£ SAMPLED : 

COMPANY Ideal LOCATION Fort Collins. co I 8RANO 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (Analysis) l(WET) 1 (AA) 1 (AA) 
SI02' ~. 21.4 • TiO.,% 0 15 
At 2o,. •. 4.0 • 3.5 Mn.,O-:t 0 20 
Fo 2o 1 , "• 3.9 3.7 P?Oc; 0.09 (Co lorn etric) 
MgO • ... 1.4 
so, .... 2.5 
LOSS ON IGNITION, ". 1.9 ' 
ALKALIES - TOTAL AS No

2
0. •, 0.63 Water Soluble Alkali as Na.., P% 0.35 

Na 20, "' 0.20 .. 
0.06 

1(20. -. 0.66 0 .44 
INSOLUBLE RESIDUE, •, 0.19 • 

CoO, 'II. 63.7 
c,s .... 57 
c,•. -. 4 3.0 
c 2s. "· 18 
C 1 A + c 1 S, "• 61 
C•AF. •. 12 I 

c.AF • 2 c 1 A, '· 

HEAT OF HYORATION, 70, CAL G 

HEAT OF HYDRATION, 29D, CALt G 

SURFACE AREA, SO CM/ G IA.P.) 3850 
AIR CONTENT, "• 10.0 
COMP. STRENGTH, 3 0, PSI 3120 COMP S' ~R , 90 I PSI 5930 
COMP STRENGTH, 7 D. PSI 4130 COMP s· ~R, 180 D PSI 6380 
CDMP STRENGTH . 2 8 D. PSI 5390 C:OMP ~· K 365 D PSI 6620 
FALSE SET-PEN F I, • . 

SAMPLE NO. 1 
AUTOCLAVE EXP .. "• -0.04 
INIT I AL SET. I"R MIN 4:00 
FINAL SET, HR I MIN 6:30 
SAMPLE NO . 

AUTOCLAVE EXP. , "• 

INITIAL SET, I"R ' MIN 

FINAL SET, I"R/MIN 

REMARKS: 

. 
THE INFORMATION GIVEN IN TI"IS REPORT SI""LL NOT BE USEO IN "DVERTISIHG OR SALES PROMOTION TO INOICATE EITI"ER EXPLICITLY 

OR IMPLICITLY ENOORSEME.NT OF THIS PRODUCT BY TI"E U.S. GOVERNMENT . 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

F31 



--------·-- -TO FROM, CORPS OF ENGINEERS 
U. S. ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St 
PORTLAND CEMENT ATTN: Cern & Pozz Test Br 

RC-754 
P. o. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO. BIN·NO I CWT REPRESENTED: I DATE· 
SPECIFICATION: ·ss-c-1960 13 . TvJe II I DATE SAMPLED: 
COMPANY. Ideal LOCATION Fort Collins co I BRAND 
THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (Analysis) l(WET) 1 (AA) 1 (AA) 
St02 , •, 21.8 TiO?% 0.14 
Al

2
o

3
• "1. 3. 7 3.2 Mn?O'l 0. 20 

F•zol. ~ 4.4 4.3 P?O!:i 0.08 (Col om etric) 
MgO, .... 1.4 
so 3. "· 2.3 
LOSS ON IGNITION, •, 1.2 
ALKALIES- TOTAL AS No

2
0, 'f. 0.57 Water ~oluble Alkali as Na D% 0.30 

No
2

0 . '4 0.17 2 0.04 
I 

K 20. "• 0.61 0.39 
INSOLUBLE RESIDUE. ~. 0 03 
CoO. 'fo 63.8 
c 

3
s . .,. 56 I 

c 3A. "· 2 1 1 
c 2 s. '· 20 
c

3
A • c

3
s. -. 58 

C 4 AF, •• 14 : 
C,AF • 2 C

3
A, •, 

HEAT OF HYDRATION, 7D. CAL/G 
HEAT OF HYDRAT ION, 29D. CAL, G 
SURFACE AREA, SO CM/G IA.P.) 3660 
AIR CONTENT. •, 9.8 
COMP. STRENGTH. 3 D, PSI 3020 COMP S, R , 90 I PSI 6190 
COMP. STRENGTH. 7 D. PSI 3980 COMP s, R, 180 D PSI 6710 
COMP. STRENGTH.28 D. PSI 5500 COMP s, R . 365 D PSI 6480 
FALSE SET-PEN. F; l. •, 

SAMPLE NO. 1 
AUTOCLAVE EXP .. w, 0.05 
INITIAL SET, HR/ MIN 3:50 
FINAL SET, HR-'MIN 6:20 
SAMPLE NO, 
AUTOCLAVE EXP., '1, 

INITIAL SET, HR/MIN 
FINAL SET, HR/MIN 

REMARKS: 

THE INFORMATION GIVEN IN THIS 'REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U.S. GOVERNME'IT. 

~n Gi MILLER em st 
Chief, Cement & Pozzo1an Test Branch -
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TO 
FROM. CORPS OF ENGINEERS s U S ARMY tructures Laboratory 

REPORT OF TESTS OF USAE Waterways Exp St PORTLAND CEMENT !\TTN: Cern & Pozz Group 
RC-755 D • 0 • Box 631 

llicksburg, MS 39180 
TEST REPORT 'l0 9 1"1 '"10 I CWT REPRESENTED I DATE 

SPECIFICAT ,;)N Tvne v I DATE SAMPLED : 

COMI"A..,V · Canada c, t I LOCAT ION M~nit-nh::~ r.~n::art::a I BRAND 

TOilS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO, (Analysis) 1 (\.JET) 1(AA) 1(AA) 
s.o

2 
.... 23.7 TiQ,% 0 10 

At
2
o

1
• ~. 2.8 2.7 Mn...,o ... 0 01 

Fo
2
o

3
• ~. 4.2 3.9 P ... Oc:J 0 04 (Colo •t-ric) 

MtaO. •. 1.4 " .J 

so,. -. 1 4 
LOSS ON IGNITION, '• 1 1 
ALKALIES- TOTAL AS No

2
0, •, 0 56 Water SoluhlP Allc::aH ~~ N:::~..., h% n ?~ 

No
2
o. -:. 0.30 n rn 

~zo . ... 0.40 0.38 
INSOLUBLE RESIDUE. ~. 0.131 
CoO. " 65.0 
c,s . ... 56 
c,•. ·. 0.35 0.44 
czs. ~ .. 26 
c,A • c,s. -. 56 
C• 4F . .. , 13 
C

4
AF + 2 C

1
A, •, 

HEAT OF HYDRATION, 7D, CAL ' G 

HEAT OF liYDRATION,'29D, CAL, G 

SURFACE AREA, SO CM/ G IA . P . I 3520 
AIR CONTENT. •, 10.0 
COMP. STRENGT>i, 3 D. PSI 1970 ~OMP STk 90 n P~T ~?QO 

COMP. STRENGT>i. 7 0, PSI 3130 ~UNt' ST R lRO n P~T ~7?C:.. 

COMP. STRENGT>i, 28 D. PSI 5520 'YlMP ~T R 1n'1 n P~T ~1~n 
FALSE SET-PEN . F . I . •, 

SAMPLE NO. 1 
AUTOCLAVE EXP., •, 0.01 
INITIAL SET. t-<R.'"IN 2:55 
FINAL SET, >iR/MIN 5:15 
SAMPLE NO . 

AUTOCL"VE EXP. , •, 

I..,ITIAL SET, HR ' MI N 

FINAL SET, HR/MIN 

REMARKS: 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHI!:R I!:XPLICITLY 

OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY TliE U.S. GOVERNMENT . 

c•o ,.01110 
t ...... , 600S" 

w. G. MILLER 
Chemist 
Chief, Cement 
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TO : 

FROM: STRUCTURESLABORATORY 

REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION 

HYDRAULIC CEMENT ATTN: CEMENT AND POZZOLAN 
PO BOX 631 

RC-756 VICKSBURG, MISSISSIPPI 3918G-0631 

COMPANY : Harrv T. CamtLbell BIN NO. TEST REPORT NO.WES-5-76 

LOCATION: Baltimore MD TONS REPRESENTED: DATE : 19 Jan 76 

SPECIFICATION: Type I , High Alkali DATE SAMPL£D: 

TEST RESULTS OF THIS SAMPLE LOT IX j:OMPLY lfDO NOT COMPLY WITH SPECIFICATION LIMITS ISEE REMARKS) 

SAMPLE NO. '1 'WET) 1 fAA) 1 < AA> 
SoD.,, ~' 19.9 TiO % 0.24 
AI 20 3 ,% 6.9 6 . 4 Mn L% 0.06 
Fe 2o 3,% 2 . 2 2.1 P~ J~% 0.30 ( olormet ric) 

CeO,% 62 . 9 
"- J 

MgO,% 3.0 

so3." 2.9 

LOSS ON IGNITION,% 0.7 

INSOLUBLE RESIDUE,% 0.30 

Ne:O•% 0 . 32 0 . 1~ 
K.20, % 1.27 1. 0~ 
ALKALIES-TOTAL AS Ne20 , % 1.16 Water Soluble Alkali as Na,. % 0. BE 
c 3s.% 48 

"-

C3A,% 15 13 
c 2S. % 21 
C3A + C3S,% 62 
C4 AF , % 7 
C4 AF + 2 C 3A,% 

HEAT OF HYDRATION, 7D, CAL /G 

HEAT Ot= HYDRATION. 28D. CAL/G 

(AP) 
Surface Area} SQ CM/G 4030 

AIR CONTENT, % 8.8 

COMP. STRENGTH, 3D, PSI . 3510 COMP S ' ~R 
' 

90 D, PSI 4920 

COMP. STRENGTH, 7 D. PSI 4050 COMP S' R, 180 D, PSI 5290 

COMP . STRENGTH, 28 D. PSI 4690 COMP S' R, 365 D, PSI 5400 

FALSE SET-PEN. F / 1.% 

SAMPLE NO. 

AUTOCLAVE EXP.,% 0.10 

INITIAL SET, Hr/min 2:45 

F INAL SET, Hr/min 5: 15 

REMARKS 

Sample received from · Mrs. Mather, Job No. 545-C526 .16Ci41 

w. G. MILLER 
• 

Chemist 

Chief, Cement & Pozzolan Test Branch 

THE INF~RMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO 
IND ICATE EITHER EXPLICITLY OR IMPLICITLY ENDORSEMENT OF TH IS PRODUCT BY THE U . S. GOVERNMENT. 

WES FORM 1540 
1 SEP 84 

REPLACES ENG FORM 6008-R, 1 MAR 72, WHICH IS OBSOLETE. 
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TO: 
FROM: CORPS OF ENGINEERS 

U. S. ARMY 
Structures Labor a tor 

REPORT OF TESTS OF 
USAE Waterways Exp Station PORTLAND CEMENT 
ATTN: Cem & Pozz Group 

RC-756 (2) 
P.O. Box 631 

Vicksburg, MS 39180 

TEST ~£POR T NO.KM510 (30) 781 BIN 'NO. 1 CWT REPRESENTED: I OAT£: DE C 78 
SPEC IFICATION: Type I I OAT E SAM Pl.. EO; 

COMP~NV Harrv T. Camnbell I..OCATION Towson. MD I BAANO. 

THIS CEMENT OOES MEET SPECIFICATION REQUI RE"'ENTS 

SAMPI..E :<0 (Analysis) l(WET) l(AA) 
1 

l(AA) 

s.o2 . -. 19.9 TiO?% 0.24 

Al 2o 3 • •• 6.2 5.7 Mn?O-:t 0.05 1 

Fe
2
o

3
, -:. 2.1 2.1 P70~ 0.27 (Colorq~etric) 

... .,o . .... 
2.7 

so , . -. 3.0 

I..OSS ON IGNITION, •, 1.0 

AI..KALIES- TOT Al.. AS Na
2

0 , •, 
1. 31, 

Na 2o. " 0.28 

t<zO • •. - 1.57 

INSOI..UBI..!: RESIDUE, ~. 0.17 

Cao. " 62.9 

c,s. -. 52 

c, .... . -
13 12 

c
2
s. ~. 18 

c 1 A • c
1
s, ~ 65 

c ........ -. 6 

c ........ 2 c, .... . -. 

MEAT OF HYDRATION, 70, CAI...'G 

HEAT OF ~o<YORAT ION, 280 . CAl.. . G 

SU RFACE ARE A , SO CMI G CA .P .I 3770 

AI R CONTENT . ~ 8.8 

COMP. STRENGTH , 3 0, PSI 3700 I 
COMP. STRENGTH, 7 0, PSI 4480 

COMP. STRENGTH, 28-0 , PSI 5130 . 
FAI..SE SET-PEN. F /1. •, 

SAMPLE NO. 1 
AUTOCLAVE EXP., •, 0.09 

I NITIAL SET, HA/ MIN 2:35 . 
FINAL SET. MR 1 MIN 4:55 

SAMPLE NO, 

AUTOCI..AV!: EXP., •. 

INITIAL S!:T, HRI MIN 

FINAL SET, HA/ MIN 

RC!MARKS: 

THE INFORMATION GIVEN IN TMIS REPORT SHAI..I.. NOT BE US£0 IN ADVERTISING OR SALES PROMOTION TO INDICATE E IT HER EXPI..ICIT\..Y 
OR IMPLICITI..Y ENCORSEMF-NT OF T MIS PRODUCT BY THC! U.S. GOVERNMENT . 

w. G. MILLER 
Chemist 

Chief, Cement & Pozzolan Test Branch 

F35 



TO FROM· CORPS OF' ENGINEERS 
U S ARMY 

REPORT OF TESTS OF 
Structures Labor atory 
USAE Waterways Exp St 

Blended Cement ATTN: Cern & Pozz Test Br 

RC-758(IS) P . o. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO B I N 'NO. I c wT REPRESENTEe: J OATE: 

SPECIFICATION Tvoe lS I OATE SAMPL.EO; 

COMPANY Wyandotte I..OCATION Wyandotte , MI I BRANO: 

THI S CEMENT OOES MEET SPECI F I CATION REQUIREMENTS 

SAMPLE NO. l(WET) 1 (AA) l _(AA) 
s .oz. ~. 22 . 26 TiO,.. 0 . 26 
A I 20 1 • -. 6. 11 5.55 MN .0 0 07 
Fo 20~. ~ 2.03 2.12 p f:.. J 0 08 ( Colort let r ic) 
M 9o. ~. 3.72 z ) 
sol . -. 2 . 58 
I..OSS ON IGNIT ION , •, 1.13 
ALI(AL IES- TOT AI.. AS No

2
0, -. 0 . 98 Water Soltible Alkali as Na" D% 0 47 

No 20. "' 0 . 27 
6.. 

0 . 03 
P<lO, ... 1 . 08 0.66 
I NSOLU BLE RESIOUE, ~. 

CoO. "' 60 . 75 
c

1
s • .., 

C
1

A , '1. 

c
2
s . .... 

c
1

A • c
1
s. - . 

C AA F, •• 

C &AF' + 2 C
1

A, #• 

HEAT OF HYORATION, 70, C AL. ' G 71 
HEAT OF' HYORATION, 280, C A L G 83 
SU RFACE Ai'lEA, SQ C M G fA,P . ) 4120 
A I R CONTEN T, •, 9.9 
COMP STRENGTH, 3 0 , PSI 3130 COMP s rR . 90 ) . PSI 5310 
COMP STRENGTH , 7 0, PSI 4010 COMP s rR. 180 D. PSI 5640 
COMP. STRENGTH, 28 0 , PSI 5060 COMP s rR . 1 y ~ PSI No Cu 'es 
FAI..SE SET-PEN F I. • • 

. 

SAMPI..E NO. 1 
AUTOCI..A VE E XP .. ~. 0.12 
IN I T I AL SET . HR ' M I N 2 : 55 
F INAL SET. HR ' "' I N 5 :15 
SAMPLE N O. 

AUTOCL-AVE EXP. , • 

I N I T I Al.. SET , HR M I N 

F I NAl.. SET, HR/ MIN 

REMARI(S: 

Density 3.09 Mg/m 3 

W/C 0 . 485 
Flow 107% 

THE INF ORMAT ION GIVEN I N THIS REPORT S HALl.. N O T BE USEO IN A DVE RT ISIN G O R SAL-ES PROM OTION TO IND IC ATE EITHER EXPLICITLY 
O R IMPLICI TLY E N DO R SEM ENT OF' TH I S PROOUCT BY THE U . S. GOV ERNMENT 

w. G. MILLER 
Chemist 

Branch Chief, Cement & Pozzolan Test 

6008-R 
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TO: 

FROM: STRUCTURES LABORATORY 
REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION 

HYDRAULIC CEMENT ATTN: CEMENT ANO POZZOLAN UNIT 
PO BOX 631 

RC-761 VICKSBURG, MISSISSIPPI 39180-0631 

COMPANY: Harrv T. Campbell BIN NO. TEST REPORT NOWES 42-76 
LOCATION: Balti ·e. MD TONS REPRESENTED DATE 25 Feb 76 
SPECIFICATION: DATE SAMPLED: 

TEST RESULTS OF THIS SAMPLE LOT I ~OMPLY fiDO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKSI 

SAMPLE NO. 1 WET l {AA) 1 tAAJ 
SiO:!, % 19 9 ITiO % 0.24 
A1 2 0 3," 6 6 6 0 IMn .0 % lo o6 
Fe2 o 3, " 2 1 2.0 lP 6.1.. lo 25 (c olormet ~ic) 
CeO," 62 9 

L J 

MgO," 2 R 
so3 , " 2 9 

LOSS ON IGNITION, " 0 9 
INSOLUBLE RESIDUE , % 0 10 
Ne..,O," 0 27 0. 15 • 
K 20." 1. 22 l.OE 
ALKALIES-TOTAL AS Ne20," l..OZ .Water Soluble Alkali as Na~C % 0. BE 
c 3s." 47 

L 

C3A." 14 11 
c 2s." 19 
c 3A + c 3 s. " 64 

C 4 AF, " 6 
C4 AF + 2 C 3A,% ! 

36 

HEAT OF HVORATION, 7D~CAL/G 

HEAT 01! HYDRATION. 280 . CAL/G 

(AP) 
Surface Area SQ CM/G 3970 

AIR CONTENT,% 8.0 

COMP. STRENGTH, 3 D, PSI 3790 

COMP. STRENGTH, 7 D. PSI 4420 

COMP. STRENGTH, D. PSI 

FALSE SET-PEN. F/1.% 

SAMPLE NO. 

AUTOCLAVE EXP.,% 0.10 
INITIAL SET, Hr/min .1.:00 
FINAL SET, Hr/rnin S·L&I:l 

REMARKS Sample received from Mrs. Mather; Job No. 545-CS26.16Ci41 

w. G. MILLER 

Chemist 

Chief, Cement and Pozzolan Test Branch 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO 
INDICAT.E EITHER EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U . S. GOVERNMENT. 

WES FOAM 1540 
1 SEP 84 

REPLACES ENG FOAM 6008-R, 1 MAR 72, WHICH IS OBSOLETE. 
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TO; FROM: CORPS OF ENGINEERS 
U. S. ARM Y 

Struc t ures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St a tion 
PORTL AND CEMENT 

ATTN: Cern & Pozz Group 
RC-763 P . O. Box 631 

Vicksburg, MS 39180 
TEST REPORT NO. B IN•NO. I C WT REPRESENTED; I OATE; 

SPECI F ICATION ; TyQe II I OATE SAM PLED : 

COMPAN Y Arizona Cement LOCATION Rillito . AZ I BRAND; 

THIS CEMENT OOES ME ET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (AnalysiS) l(WET) l(AA) l(AA) 
s,o 2' ,. 22.4 TiO~% 0.21 
Atz o , . ~. 4 . 1 3 . 6 Mn70-:t 0 . 10 
Fe

2
o

3
, '; 2.9 3.0 P?Oc; 0.06 (Color 11etric) 

M90 . ... 4 . 2 
sol . •. 2.0 
LOSS ON IGN I TION, •• 1.2 
AL KAL I ES · TOTAL AS No

2
0 , ... 0 . 45 Water Solubl e Alkal as Na ,..0% 0.15 

No
2

0 , .,_ 0 . 09 ... 
0.01 

1(20. -. 0 . 54 0. 21 
INSOLUBLE RESIDUE, •. 0 . 63 
CoO, ~ 62.8 
c 3s,"' 48 
C

3
A , ..._ 6 4 

c
2
s . .,. 28 

c 1 A • c 1s. -. 54 
C •AF , -.., 9 
C •A.F + 2 C 3A, •• 

HEA.T OF HYDRATION, ?D, CAL G 

HEAT OF HYDRATION , 28D, CAL, G 

SURF A CE AREA, SO C M/ G (A . P . I 3620 
A I R CONTENT , •. 7. 6 
COMP. STRENGTH , 3 D . PSI 2700 COMP s rR. 90 D. PSI 6210 
COMP. STRENGTH, 7 0 , PSI 3730 COMP s rR. 180 D. PSI 7000 
COMP. STRE"'GTH, 28 D . P SI 5500 COMP s T"R 365 D PSI 7400 
FALSE SET-PEN . F . I . '• 

SAMPLE NO. 1 
AUTOCLAVE EXP. , ~. 0.13 
I N ITI AL SET, HR/ M IN 3:20 
FINA.L SET, HR 1 M I N 5:45 
SA.MPLE NO. 

AUTOCLA V E EXP. , •• 

INIT I A L SET, HR ' M I N 

FINAL SET, HR/ MIN 

REMARKS: 

. 

THE IN F ORMAT ION GIVEN I N THIS REPORT SHALL NOT BE USEO IN ADVERTISING O R SALES PROM OTION TO INDICAT E EIT11ER EXPLICITLY 
O R IMPL ICITLY ENDORSEMENT OF THIS PRODUCT BY T11f! U . S. GOVERN MENT . 

w. G. MILLER 
Chemis t 
Chief, Cement & Pozzolan Test Branch 

6008-R 
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TO· 
FROM: CORPS OF ENGINEERS 

U .S. ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp Station PORTLAND CEMENT ATTN: Cern & Pozz Test Br 

RC-764 P.O. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO. B IN'NO. I C WT REPRESENTED: I DATE : 

SPECIFICATION: Type II J DATE SAMPLED: 

COMPANY: Arizona Cement LOCATION Rillito, AZ J BRAND: 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (Analysis) l(WET) l(AA) l(AA) 
Si0

2
, 'T. 23.1 TiO.,% 0.19 

AI
2

0
3

, ~. 3.8 3.3 Mn'>O.., 0.10 
F•203' or, 3.1 3.1 P')o~ - 0.08 (Colo :-metric' 
MgO • .... , 4.5 
so,. "· 2.0 
LOSS ON IGN ITION , "• 1.0 
ALKALIES- TOTAL AS No

2
0, "r. 0.47 Water Soluble Alkali as Na D% 0.27 

No
2
o. '1 0.11 I.. 

0.03 
K

2
0 • .. , 0.55 0.36 

INSOLUBLE RESIDUE, .._ 0.63 
CoO, ' 62.7 
c

1
s. ~. 44 

c
3

A. •. 5 4 
c 2 s, "• 33 
c," + c 3s. -. 49 
C

4
AF . .. , 9 

C 4 AF + 2 c
3

A, "• 

HEAT OF HYDRATION, 70, CAL.'G 

HEAT OF HYDRATION , 280 , CAL/ G 

SURFACE AREA, SQ CM / G IA.P.) 3780 
AI R CONTENT, 'f. 8.6 
COMP. STRENGTH, 3 0, PSI 2750 COMP s rR, 90 D, PSI 6250 
COMP. STRENGTH, 7 0, PSI 3630 COMP s rR, 180 D, PSI 7130 
COMP. STRENGTH, 28 0 , PSI 5150 COMP s rR, 365 D, PSI 7250 
FALSE SET-PEN. F / 1. ~. 

SAMPLE NO. 1 
AUTOCLAVE EXP., "• 0.13 
INITIAL SET, HR/MIN 3:25 
F I NAL SET, HR/ M I N 6:25 
SAMPLE NO. 

AUTOCLAVE EXP. , "• 

INITIAL SET, HR/ MIN 

F INAL SET , HR/ MIN 

REMARKS: 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USEO IN ADVERT ISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT B Y THE U.S. GOVERNMENT, 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

6008-R 
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* 
* 

* C 0 R R E C T I 0 N . 

TC: F RO-.- : CO~P!. ~;: ~r~G, I~l~ ERS 

Mather 
U . S . A k ,. Y 

Nr s . K. 
en, Petro & X-Ray REPORT Or TE$TS OF Cem & Pozz Test Br 

Sc i Div 
PORTLAND CEMENT En or Sci Div En gr 0 

CL RC 765 and RC 766 CL 

~ :::; - : .;:.::>O~T N O. ~·.TE S-149-76 B IN ·NO. I C "'T REP O! ::i E:><T E :I: I CIATE · 15 Jun 76 
S~:-:,=: =~TI OS : s s -r. -1 <160/3 j:.TE SA~t"'LEO: 

::: r.·•:o : ·,·(C::o:> ....... t" -"' tre_rksmid ia. 1 LOC A TION Akranesi Tee land I £1 ~ "N0 : -
-:- -:; : ;:·.-C:NT D O ES 114 E ET S"'C:CI F tC AT ION R E Q UI REM E N T :O 

! .:. .,, :J-! "'i .:. . RC-765 RC-766 ~ 
s :~ z· ~ 19 1 20.2 I 
.~. ~ 2:>1 . -. 5.4 5.4 I 

! 

3 1 ' I - ~ - 3.2 I P' • .z ... J• I 

~10 . ... 2 3 2.3 I 
I 

so
1 

• ... 1 4 ' R ! 
LOS~ C .. I G NIT ION, ':. , 'i , 0 I 
ALI(:..~:e: 5- TOTAL AS No

2
0, 'lf. 1.40 1. 38 i 

No 2t:>. ~ 1.25 1. 28 I 
K zo, -. 0 23 0 191 
INSO'-.J!!:..E R!::StOUE, •, 0 41 0.391 
CoO. t.:. 63 3 63.6 
c 

1
s. -. 57 7 sn 1 . 

c,•. ~ 9 1 9 .0 
czs. ~ 13.0 15.0 I 
c_,• • c,s. ~ 66.7 65.7 
C.& ~F. • • . 9.3 9.7 
ca.A" - 2 c:sA• " 27.5 27.7 I 
HEA.T O F HYDRATION, 70. CAL/ G I 
H!:A-:" OF HYDRATION , 290, CAL/ G 

SUR;-.:.,::e AREA, SQ CM ' G (A. P.) 2770 2950 
AlP. C O•ITC::NT, 'lf. 10.8 I 
CO•A.::> , STP.ENGTH, 3 0 , PSI 2920 I I 
C:C'-''" · STRC::NGTH, 7 0 , PSI 3460 ! 
COV=>, STRC:NGTH, 28 0, "'51 4230 
Soecific Gravitv 3 11 3.lu 

$A)o<P'l.,~ NO. RC-766 
A U70:~AV~ EXP., '1. 0.08 
IN I '!"I.:.~ SI!.T, Hri/MI:-.1 3:10 
Frs .:.:.. SE'!" , HR/ MIN 6:05 I 
SA '-' :~~ P';O. 

AU'!"'>:L'V~ EXP. , ~. 

,.117 1.A\- S~T, HR / M IN 

F i r: A\.. S;1;T, HR/MI N 

R i::~ .. -'~.<:s: Insufficient quantity of RC:;...765 to run all physical tests. Run Insol 
on both to determine which is PC and PP. Run all tests, chemical and physi-
cal (no HH) on RC-766. RC-766 had 0.3% gypsum added to the clinker. Vol-
canic ash could be pozzolan in pp cement. Job No. 545..-C526 .. 16Ci41 ($500). 
(Comparison of the test data indicates both were portland cement (5/20/86).) 

*Correction issued to indicate correct values for alkali and Na20 
T H <; r.>IF"OqMATION GIV E!'< IN TH IS F!EPORT S : iALL NOT ae: US~D IN ADVERTISI "-'u 0~ SA:..~~ PRO,.OTION TO INOICATE EITHER EX;>LfCITI..Y 
C'f I"P!..I ~ITLY £." 0 0R!i!!:MENT OF THIS P R OOUCT BY THE U . S. COV E R,..:-oE!'IT. 

H "" , • r # o .. ' ..... ,, 

)!(jJ./j),};3J 'v 
\-1. G. HILLER 
Chenist 
Chie f) Cc<eent 

F40 
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TO "ROw CORPS 0" E"'t; NEERS 
U $ ARMY 

REPORT OF TESTS OF 
Structures Laboratory 
USAE Waterwa~s Exp St 

Blended Cement ATTN: Cern & ozz Test Br 

RC- 769 
P. 0. Box 631 
Vicksburg, MS 39180 

TEST R£P01tT NO BIN •NO I C ... T AEP1t£$£N'tEO: I OAT£ 
SPEC I" IC AT ION Type lS I OAT£ SAMPLED 
CC"-"DA"''V • Universal Atlas LOCATION Universal, PA I BAANO 
T"l$ CEMENT OOES MEET SPECIFICATION REOUIREMENT$ 

SAMPLE NO, l(WET) 1 (AA) l(AA) 
S•Oz• ... 23.92 TiO"' 0 . 34 
Al 2o 1 , •• 7.91 6.35 MN. 0 0.35 I 
"•zo,. ~ 2.19 2 .33 P.6 J 0.17 I 
-.. ,o. ~. 4.92 4 ...) 

so,. -. 2.42 
LOSS ON IGNITION, •, 2 00 
ALI(ALIES- TOTAL AS No

2
0, "• 0 . 37 Water Soluble Alkali as Na.., )% 0 . 04 

No
2
0, ~ 0 .19 - 0 . 02 

.c zo . .... 0.27 0 . 03 
INSOLUBLE RESIDUE, •, 

CoO, ' 55.75 
c,s. •. 
c

3
A, ,. 

c
2
s .... 

c,A • c3s. •. 

c .•F . .. 

c•"'" • 2 c,A. •. 
MEAT OF HYDRATION, 7D, CAL G 80 
HI!;AT 0" HYDRATION, 290, CAL G 90 
SURFACE AREA, SO CM G IA.P) 5380 
AIR CONTENT, •, 7.1 
COMP STRENGTH, 3D. PSI 3910 COMP s l'R_,_ 90 ). PSI 8610 
CO.,.P STRENGTH, 7 0, PSI 5430 COMP s trR. 180 D. PSI 8210 
COMP. STRENGTH 28 D, PSI 7920 COMP s trR .. 1 y ~. PSI 8460 
"ALSE SET-PEN F I • • 

SAMPLE NO. 1 
AUTOCLAVE EXP , •, 0.10 
INITIAL SET, HR 'MIN 2:25 
FINAL SET, HR'MIN 5:40 
SAiooiPLE NO. 
AUTOCLAVE EXP., •, 
INITIAL SET, HR MIN 
FINAL SET, HR/MIN 

AE~ootAR I<S . 

3 
Density 3.03 Mg/m 
W/C 0.485 
Flow 110% 

T ... £ INFORMAT ION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITL'I" ENDORSEMENT OF THIS PRODUCT BY THE U 5 GOVERNMIENT. 

w. G. MILLER 
Chemist 

•110 POitOt .... " 
Chief, 

F41 

Cement & Pozzolan Test Branch 



TO: 

TEST REPORT NO BIN'NO. 

sPEciFICATION: Type I 

REPORT OF TeSTS OF 
PORTLAND CEMENT 

RC-770 

FROM: CORPS OF ENGINEERS 
U. S. ARMY 

Structures Laboratory 
USAE Waterways Exp St 
ATTN: Cern & Pozz Test Br 
P.O. Box 631 
Vicksburg, MS 39180 

I CWT REPRESENTED: I DATE : 

I DATE SAMPLED: 

coMPANY: Universal Atlas LocATION Universal, PA I BRAND: 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. (AnalySiS) l(WET) l(AA) l(AA) 
20.4 TiO. % 0 30 

5 8 5 2 0.23 
2 3 2 4 0 os"Colorm tric) 

MqO, '1. 3.9 - -
2.4 

LOSS ON IGNITION, "• 2.2 
ALKAL IES- TOTAL AS No 20, " • 0.33 Water ~oluble Alkali as Na~J% 0.10 

0.17 ... 0.03 
0.24 0.11 

INSOLUBLE RESIDUE. " · 0.29 
CoO, '1. 62.9 

52 
11 10 
19 
64 

7 

HEAT OF HYO~ATION, 7D, CAL G 84 
HEAT OF HYDRATION, 28D, CAL/ G Q1 
SURFACE AREA , SO CM, G (A. P . ) 4270 
Alf'!CONTENT, ". 9.2 
COMP , STRENGTH, 3 D. PSI 3170 COMP s .rR qo n PST 71SO 
COMP . STRENGTH, 7 D. PSI 4740 COMP S "R 180 D PSI 7120 
COMP. STRENGTH. 28 D . PSI 6850 165 D PSI 7170 
FALSE SET-PEN, F I . '• 

SAMPLE NO. 1 
AUTOCLAVE EXP. , ~. 0. 17 
INITIAL SET, HR.'M I N 3:20 
FINAL SET, HR.'MIN 4:25 
SAMPLE NO. 

AUTOCLAVE EXP., •, 

INITIAL SET, HR/MIN 

FINAL SET, HR/MIN 

REMARKS: 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U.S. GOVERNMENT 

6oa!-R 

W. G. MILLER 
Chemist 
Chief Cement & Pozzo1an Test Brahch 
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- -- ------- --TO F<IOM CORPS OF E..,GI,..EE,.S 
u.s. A ...... 

REPORT Of TESTS OF Cern & Pozz Test Br 
PORTLAND CEMENT Engr Sci Div 

RC-772 CL 

TEST REP":>"' T NO BtN'N0, I CWT "1£1>1>ESENTEO. 1 Sample I DATE. 11 Feb 77 
SPECII'"ICATION Type II I DATE SAMPt.. EO 
COMPANY• Monarch t..OCATION Humboldt . KS I BRAND ! 
THIS CE"'ENT ODES MEET SPECIFICATION REOuiRE~ENTS 

SAMPt..E NO. (Analysis) l(WET) 1 (AA) l(AA) 
s,o2 •• 0 21.2 Ti01% 0.29 
AI

2
0

3
, •, 4.7 4.3 Mn201 0 . 12 

Fe
2
o

3
• ~ 3.1 3.2 P.,Oc 0 . 07 (Colon etric) 

'-"90. ~ 2.0 -
so,. -. 2 . 3 
t..OSS 0 .... IGNITION, •, 1. 4 
At..KAI..IES- TOTAl.. AS No20, •, 0 . 64 Water ~olub1e Alkali as Na'> )% 0.12 
No

2
o. '!1. 0 . 20 0 . 02 

K20. •, 0.67 0 . 16 
INSOt..uBt..E RESIDUE, •, 0 . 17 
CoO, '!1. 64 . 2 
c,s .... 58 
c,A. ' 7 6 
c zs .... 1 7 
c

3
A • c

3
s. , 65 

C•AF, .,_ 10 
c• "'"" • 2 c 3 A. •. 24 
HEAT OF HYDRATION, 70, CAI.. 'G 
MEAT OF MYOPATION, 280, Cl'l..t G 

SURFACE AREA, SO CM, G IA.P.) 1610 
AIR CONTENT,':'. 9 . 9 
COMP, STRENGTH, 3 D, F>SI 2660 COMP S'I R , 90D PSI 5990 
COMP, STRENGTH, 7 D. PSI 3540 COMP ST rR . 180D PS I 6460 
COMP. STRENGT~8 D, PSI 5390 COMP S'I R. 365D PSI 6320 
F At..SE SET- PEN . F I • ... 

SAMPLE NO. 1 

AUTOCLAVE EXP., •, 0.01 
INITIAL. SET, HR/MIN 3 : 25 
FINAl.. SET, MR/MIN 5 : 50 
SAMPLE NO. 
AUTOCLAVE EXP., •, 
INITIAL. SET, H<I/MIN 
FINAl.. SET, MR/ MIN 

REMARKS: Memor andum No . 1965 ; Job No . 5 45- C530 . 17Ci41 

THE INI'"OR!olATION GIVEN IN THIS REPORT SHALL. NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 
OR IMPL.ICITI..Y ENDORSEMENT OF THIS PROOUCT BY THE U.S. GOVERNMENT. 

w. G. MILLER . 
~e~~st tie c, •nt & Pozzol a n Test B ... ~ .... ch 

F43 



TO: FROM: CORPS OF ENGINEERS 
U. S. ARMY 

Structures Laboratory 
REPORT OF TESTS OF USAE Waterways Exp St 
Blended Cement ATTN: Cern & Pozz Test Br 

RC-773 P. 0. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO. B IN'N0. I C WT REPRESENTED. I DATE: 

SPECIFICATION: 1-P' I DATE SAMPLED: 

COMPANY: Texas Industries LOCATION Midlothian. TX J BRAND: 

THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. 1 (WET) 1 (AA) l(AA) 
5 10

2
• •. 24.99 TiO,... 0.57 

AI 20 3• "- 10.03 7.41 MN,...O,... 0.24 
Fe

2
o

3
• -,: 3.33 3.17 p 6 J 0.20 1colorm ~tric) 

..,.,o. -. 1.39 -r-=r 

so,. '\ 3.64 
LOSS ON IGN ITION, "o 1. 38 
ALKALIES- TOTAL AS No

2
0, •, 0.53 Water Boluble Alkali as Na,1 )% 0.34 

No
2
o, '\ 0.17 0.06 

K 20, •• 0.54 0.41 
INSOLUBLE RESIDUE, •, 

CoO, '\ 54.46 
c ,s. '\ 

c,A. '\ 

C 
2

s. 'f. 

c
3

A • c
1
s. ~ 

C
4

AF . .. , 

C 6 AF + 2 C 1 A, "• 

HEAT OF HYDRATION , 7D, CAL G 

HEAT OF HYDRATION, 28D. CAL G 

SURFACE AREA. SQ CM C (A.P. ) 3940 
AIR CONTENT, •. 6.0 
COMP. STRENGTH, 3 D. PSI 3480 COMP s "R. 90 , ). PSI 7?no 
COMP. STRENCTH, 7 D, PSI 4350 COMP St'R. 180 D. PSI R100 
COMP, STRENCTH, 28 D, PSI 5910 COMP S' rR. 1 Y' .. PSI QL. 1('\ 

FALSE SET-PEN . F JI. •, 

SAMPLE NO. 1 
AUTOCLAVE EXP., "• 0.03 
INITIAL SET, t;R/ MIN 4:00 
FINAL SET. HR/ MIN 5·20 
SAMPLE NO. 

AUTOCLAVE EXP., • , 

I N ITIAL SET, HR/ M IN 

FINAL SET, HR/MIN 

REMARKS: 

Density 3.04 Mg/m 3 

W/C 0.448 
Flow 110% 

THE INFORMAT ION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 

OR IMPLICITLY ENDORSEM E NT O F TH I S PRODUCT BY THE U.S. GOVERNMENT . 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

6008-R 
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~----
. . . .. - ·--- -------- -
Mather II' Ill ()to COIII"'S OF f;NG I N~!:IIIS ~rs. K. 

V . S AIIIWY 

C/Engr Sci Div Structures Laboratu ry 
Structures Laboratory REPORT OF TESTS OF 

GSAE Waterways Exp Sta PORTLAND CEMENT 

P. o. Box 631 
RC-807 Vicksburg, MS 39180 

T!:ST .. EP': IIIf .. o WES-295-78 9 1"' "' 0 I C WT Rt!PIIIESENT~O : 1 Samo1e I OATE, 25 Auo 78 
\"'t!:: oF ICAT IO .. : SS-C-1960 / 4. Tv:>e I p MS C AT t! S AwP:,. t! :) ; 

C ::l .. ,..,.., TXI ":..OC ·•o"' Midlothian, TX I !!IIIANO . 

•,.IS :;~ .. f"'T .:IOES MEE T SPEC, :.:.~ TIC•o IIIEO,.U!IIIt!ME"'TS 
.AcA 

SAMPI..E .., :), hu~·~8~07 Rr~o7 Rr.:.-io7 
s.o1 • •• I 21) ?~ Ti02 0.41 
Alzo, . •. 8 06 6.83 MN2o3 0.34 
"•zo, . -: I 4.60 4.76 'P-,Oc 0.16 C.nlo...r:m~t:ric 
-..,o , ·. 1. 63 - -
so,. •. I 

I 2.71 
I. OSS 0 ... IONIT 'O"' , ", I 0.48 
AI..I<AI. I t!~·TOTAI. AS No

2
0 , ~ I 0.48 I 

"'•zo. ' 0.23 
K 20. "• 0.38 
INSOI.UBI.~ RESIO U E, •, 8.40 
CoO . ' 58.10 
c,s. •, 

c, "· •, 

czs. ':. 

c 1 • • c,s .,_ 

c • .-,r. ~ 
c .... ,.. + 2 c, .... -. 

MEAT OF MYOPATION, 70, CAl. G 76 

* ,.EAT OF '"4YORATICN, 2!10, ::AI. / G 87 
SUI'tii'ACE AREA , SO Ctw G IA. P . ) 3990 
AI R CONTENT , •, 8.0 
COMP S"RENGTM. J>• P S I 3800 * lcomp St :r. 56 D •• PSI 7830 
~· 
c:-...~ ST~ENGTM, p . PSI 5130 * Comp Str. 90 D. PSI 9180 

* c c ..... ST~EN::;TH , 28:) PSI 6940 * ~omo stir. 180 D PSI o1on 
II' A._SE SET· PE"' F I •, * Como St r. 365 In PSI !1 nt...nn 
SAMPt...E "<0 . 1 
AU TOCI.~ VE EXP. , •, -0.04 
INITIAl. SET, .. R / MIN 3:15 
II' I .. AI. SET , MR I MI N 5:20 
SAM Pl. E "<0. 

AuTOCI.AVE EXP. , •, 325( 45um) Sie\ e: 4% !retainek:i. 
I .. IT I AI... SET, MR ' MI N 

,_- INA I.. SET, MR/ IA I N 
• 

* REMI<RI<S ; Test results will be reported upon completion of tests. 

' 
'"' '"' ""A"ON OU<N '" '"" •<•oo• <NACC •o•,~ •ovc~oNO o ••~ ooOMO//OoC AT< m•ER EXPLOC"LY 
OA tMP·. aC ITI...Y ENOO qSE.,.ENT OF T" o$ PRODUC T BY T u . S . GOVERNM T ~-~;J / ,. //1 

( ~,. ·~,MiJ ~L-- i;. ?/ lkF u - ~~--~:. t- t ~.Jc 
C"V~" W.G. MILLER 

Chemist 
Chief, Cement & Pozzo1an Test Branch 
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TO: FROM: CORPS OF ENGINEERS 

Hrs. K. Mather U . S. ARMY 

C/Engrg Sci Div REPORT OF TESTS OF Structures Laboratory 
Structures Laboratory PORTLAND CEMENT USAE Waterways Exp St 

ATTN: Cern & Pozz Test Br 
RC-807 (A) P. O. Box 631 

Vicksburg . MS 39180 
TEST REI>ORT NO WES-295-78 BIN 'NO. I CWT REI>HESENTED: 1 sample I DATE: 24 Nov 78 
SI>EC IFIC AT ION : :r I DATE SAMI>LED: 

CO,.PAWY: TXT I LOCATIO~ Midlothian TX I BRAND: 

T~IS CEMENT DOES MEET SI>ECIFICATION REQUIREMENTS 

SAMPL.E NO. RC-807 A) 
s.oz. ':. 20.56 
AI 20J" "" 5. 08 
Fo

2
o,. 'l 4.06 

M90, "" 0. 86 
so,. "" 2.53 
LOSS ON IGNITION, 1. 0.99 
AL.KALI ES- TOTAL AS No

2
0, ' 0.27 

No 
2
0, , 0.11 

1(20, ' 0.25 
INSOLUBL.E RESIDUE, "- 0.17 
CoO, 'to 65.69 
c,s."" 64.02 
c, .... "" 6.59 
czs, " 10.65 
C 1 A + c

1
s,"" 70.61 

C 4 AF, "- 12.35 
C 4 AF + 2 C

1
A, ':'. 25.53 

HEAT OF HYDRATION, 7D, CAL/ G 

HEAT OF HYDRATION, 290, CAL/G 

SURFACE AREA, SO CM/ G IA.P.) 

AIR CONTENT,"" 

COMP. STRENGTH, 0, PSI 

COMP. STRENGTH, 0 , I>SI 

C01o4P. STRENGTH, 0, PSI 

FALSE SET-P E N . F /1 . -, 

SAMPL.E NO. 

AUTOCLAVE EXP., ... 

INITIAL. SET, HR/ MIN 

FINAL. SET , HR / MIN 

SAMPL.E NO . 

AUTOCLAVE EXP . , '1. 

INITIAL. SET, HR/ MIN 

FINAL SET, HR/MIN 

REM ... RKS: Ref ltr from TXI, Midlothian, TX dtd 4/5/78. This cement blended with 
AD-577 to make RC-807, IP, MS. Sample Size approximately 4 oz. 

VHE ON•o•••"ON <OVEN ON VH" •EPO"' 'HACL NOV BE u• H AO VE09 G o• ULE> P•G10H VO OHOOCAU E"H<• <xPLOC.,LV 
oR I"'PL.IC I TL.Y ENOOH s EME .. T oF THIS ~>RooucT eY THE y.s. c ovERNME /'' / c;) , j // · ;~;~!- a(c{( . 71,/--twt.e-4.( 

C> :rr W.G. MILLER, 
Chemist 
Chief, Cement & Pozzolan Test Branch 
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TO 

Structures Laboraotry 
F'~OM : CO~PS OF ENGINEERS 

u S . A~"'Y 

USAE Waterways Exp Stat REPORT OF TESTS OF 
Structures Laboratory 

ATTN: Katharine Mather PORTLAND CEMENT 
Waterways Exp Station 

Vicksburg, MS 39180 
ATTN: Cern & Pozz Group 

RC-829 P.O. Box 631 
Vicksburg, MS 39180 

TEST REOQ~ T "-0. 9 1N 'N0 . I <:WT "lEP"l"'SENTEO I OATE 16 Aori1 80 
SPECIF I CATIQ '< SS-C-1960 I 3. Type I r OAT"' SAMPI...EO· 

•:C .... P.l"'V Dundee I LOCA TION Dundee. MI I B~ANO : 
THIS CE"'ENT OOES MEET SPECI F1CAT' 0 '< F>EOUIREMENTS 

WET ' AA SA,...Pt..E '<0. i AA 
So0

2
. 20.9 ' TiO,., 0 23 I 

~1203, 
. 5.1 4.68 MN')o.J ; 0 04 

F• 
2

0
1

• ·. 2.8 2.7 p') 0'" ... ; 0 06 Co l ori1 he tri r 
"'10, ·. 4.0 I J 

' 
'SOl . 2. 54 ! I i 

L OS S ON I CN I T tON, ... , 1.03 l 
At..o<AI.. I ES- T O T"!.. A 5 N q

2
0. ~ .. 0.80 I I 

I 
No 

2
0 . ~. I 0. 33 : 

~ ... o .... 0.71 I i 
INSOLU BI..E RESI DUE, -. l 0.42 ' I ; 

CoO, -. 63.0 
c 

1
s. ·. 55 I 

- A • .... ) . ' 8.7 . 7.8 
,.. s -- 2 . 18 
- .... c s -- l ) . • 64 I 
r: 4 ~ 5=' . I 8.5 i I 
C AF • 2 r A • 26 . 

• -l . . I 
,_. ~ ..). T ~~ t-tVORAT I 'JN , 7'0, C~L G I I 
...,EAT 0~ -vCRo\T:ON , 290 . .: ~~ 0: I ; 

Su"lFA..: E APE"- • .;C; ::M G I A . P) 
I 
I 

.>. : ~ C0.'4TE-.T . I I I 
CC"'"' · .;-:-~E-.CT>4, o. 0 $ 1 I I 
COM<> . ST ;:>EN C T>4 . o. ;:>sl l I I 
::OMP. 3TRE"'4G TH, 0 . ?51 I I I 
FALSE SET-PE-. ~ I . -~ 

SA V PLE ~10 . 

AUTOCLA 'IE EX<> .. 7 

' "'ITI~i- SET • ... ~ ~ ~,.,4 

~ 1 '4~ \.. '51=:T , MR · viN i I 
s~..-;.;t - E ~.o . I 
AUT "J': ~ A V E E < P . , '• 

d 4 1T I AL SET. ,..R M IN I 
c:: ' '"-'- SET, ,..N I \o11N i 
REMAF>o<S. 

' 
T>4E INFO~MA TION GIV EN IN THIS REPO~T 5>1AI..I.. NOT 81:: USEO IN AOVE:RT I >ING OR SALES PRO"'OT I ON TO INDICATE E I THER E XPL ICITLY 

OR I"'PI..ICI TI..Y ENO O<>,;EMF.NT OF rHIS P ~OOUCT BY THE U . S. COVERN'AENT . 

w. G. MILLER 
Chemist 
Chief Cement & Pozzo1an Group 

6003-R 
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Tl) : FROM; CORPS OF ENGINEERS 

Structures Laboraotry U.S. ARMY 

Structures Laboratory USAE Waterways Exp St REPORT OF TESTS OF USAE Waterways Exp St 
ATTN: Katharine Mather PORTLAND CEMENT ATTN: Cern & Pozz Gr oup 
Vicksburg, MS 39180 P . O. Box 631 

RC- 830 Vicksburg, MS 39180 
TEST REPORT NO B I N•NO. I CWT REPRESENTED. l DATE 16 April 80 
SPECIFICATION : SS-C-1960 I 4 . Type IP I DATE SAM PL. ED 

COMPANY: Dundee l.OCA TION Dundee , MI I BRAND: 

THIS CEMENT DDES ME ET SPECIFICATION REQUIREMENTS 

SAM PL. E NO. WET AA AA 
s.o 2 • •• 26.8 TiO? 0.5 
Al

2
o 3 • '1. 10.7 10.0 MN201 0. 0L 

Ft
2

0
1

, ~ 3.6 3. 6 P?OS 0 .1( Co lorn etric 
MtO, •. 3.1 
so,. -. 2.12 
L.OSS ON IGNITION. -. 1. 74 
AI..I<AI.. IES- TOTAL. AS NG

2
0 . •, 1.17 

No 2o. "- 0.33 
I( 20, •• 1._28 
HOI STURE 0.41 

CoO, '1. 49 . 8 
c,s .•. 

c
3
•. Y, 

c zs. '\ 

c
3

A • c
3
s, ... 

C•AF , • , 

C 4 AF + 2 C
3

"-. •, 

HEAT OF HYDRATION, 70, CAL. ' G 

HEAT OF HYDRAT ION, 280, CAl.. G 

SURFACE AREA, SQ CM G I A . P.) 

AIR CONTENT. •, 

COMP. STRENGTH. 0. PSI 

COMP. STRENGTH, 0, PSI 

COMP. STRENGTH, 0, PSI 

F Al.SE SET- PEN. F · I. "• 

SAMPL.E NO. 

AUTOCL.AVE EXP. , H, 

IN I TIAL. SET, HR/ M I N 

F IN AL. SET, HR ' "' i N 

SAMPL.E NO. 

AUTOCL.AVE EXP., •, 

I N ITIAl.. SET, HR ' M IN 

F I NAL. SET, HR/MIN 

REMARI<S: 

THE INFORMATION GIVEN IN THIS REPORT SHAL.l. NOT BE USEO IN ADVERTISING OR SAL.ES PROM OTION TO INDICATE EITHER EXPL.ICITL.Y 
OR IMPI..ICITL.Y ENDORSEMF-NT OF THIS PRODUCT BY THE U . S. GOVERNMENT. 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Group 
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TO· 

Structures Laboraotry 
FROM CORPS OF ENGINEERS 

U S ARM Y 

USAE Waterways Exp Stat REPORT OF TESTS OF 
Structures Laboratory 

ATTN: Katharine Hat her PORTLAND CEMENT USAE Waterways Exp Station 

Vicksburg, MS 39180 
ATTN: Cern & Pozz Group 

RC-831 P.O. Box 631 
Vicksburg, MS 39180 

TEST REPORT NO I B IN"NO I CWT RE FRESE-."r"EO I OATE 16 April tsU 
SPECIFICATION ss-e 1960/3, Type II I OATE S.OMPLEO: 

COMPANY PCA-LTS 21 LOCATION I BRANO 

THIS CEMENT OOES MEET SPECIFICATION REQUIREMENTS 

SAMPLE NO. WET AA AA 
Si0

2
, ~. 23.7 Ti02 0.20 

AI
2

0
3

. ~. 4.6 3.97 MN20 B 0.05 
F. 2o 3• ' 3.2 3.1 P20c; 0.16 Co1orr etric 
MgO, ... 1. 24 
so 1 • -. 1. 22 
LOSS ON IGNITION, •, 0.95 
ALKALIES- TOTAL AS No

2
0. •, 0.54 

No
2
0. ':. 0.26 

K
2
0, •. 0.43 

INSOLUBLE RESIOUE, •, 0.37 
CoO, '1. 64.3 
c 3s. •• 43 
c

1
A, "• 6.7 5.3 

c
2

s. -. 35 
C 3A • c 3s, -. 50 
c.A~. •, 9. 7 
c.AF+2C

1
A,•. 23 

HEAT OF HYDRATION, 70, CAL G 

HEAT OF HYORATION, 280, CAL G 

SURFACE AREA. SO CM:G IA.P.) 

AIR CONTENT, •, 

COMP. STRENGTH, 0, PSI 

COMP , STRENGTH, 0. PSI 

COMP STRENGTH. 0, PSI 

FALSE SET-PEN F I • .-, 

SAMPLE NO. 

AUTOCLAVE EXP., ". 

INITI"L SET, MR/ MIN 

FINAL SET, HR 'MIN 

SAMPLE NO, 

A UTOCLAVE EXP., • 

INITIAL SET, HR 1 MIN 

FINA'- SET, MR/MIN 

REMARKS. 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY 

OR IMPLICITLY ENOORSEMENT OF THIS PROOUCT BY THE U S. GOVERNMENT. 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Group 

6008-R 
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TO 

Structures Laboraotry 
USAE Waterways Exp St 
ATTN: Katharine Mathe r 
Vicksburg , MS 39180 

TEST REPORT ., 0 BIN''<~. 

sPECIF'ICATI~N SS-C-1960/3. Type V 

REPORT OF TESTS OF 
PORTLAND CEMENT 

RC-832 

I CWT REPRESENTED; 

F'F'!OM : CORPS OF' ENGINEERS 
U.S. ARM Y 

Structures Laboratory 
USAE Waterways Exp St 
ATTN: Cern & Pozz Group 
P. O. Box 631 
Vicksburg, MS 39180 

I DATE; 16 Aoril 80 
I DATE SAM PLED. 

coM PANY Ideal LocATION Ft. Collins co I BRAND 

T!o< IS CEMENT DOES M EET SP E C:F'ICATION REQUIREMENTS 

SAMPLE NO. WET AA AA 
22.6 0.11 

3.3 3.0 0.15 
5.3 5.2 0.12 Colorr etric 

MgO. •• 1.3 
1. 76 

LOSS O N I GNITION. ~. 1. 22 
A l.. KAl.. I ES - TOTAl.. A S No

2
0. "• 0.54 

0.18 
0.55 

INSOLUBLE RESICUE. •, 0.28 
CoO, '1. 63.3 

C ,.l F, ~, 

16 15 
HEAT OF' HYDRATION , 7D, C AL G 

I'<EAT OF' HYDRATION, 28D, C A l.. G 

SURF' • CE AREA, SO C M G lAP, ) 

" I R CON TENT,", 

COM P STRENGTI-<. 0, PSI 

COMP STRENGTH. 0 , PSI 

CCMP STRE'<GTH, D i>SI 

F'Al..SE SET -PEN . F' I, "• 

SAMPLE NO . 

AUTOCLA V E EXP., ", 

I NI TIAl.. SET, HR/ MIN 

F' I NA.l.. SE':'. HR ' MIN 

SAMP:..E t10 . 

A UTOCLAVE EXP., • , 

I N ITI Al.. SET . HR ' M I N 

F' I NA l.. SET. HR/ M IN 

REMARKS: 

T!o<E I NF' ORM"T ION GIVEN I N TOilS R E P O R T SHALl.. N OT BE USED I N ADVERTISING OR SAl..ES PRO MOTION TO INDICATE EIT!o<ER EXPl.. ICITl..Y 
OR IM PLICITLY ENDORSEM E NT O F' THIS PRODUCT B Y THE U.S. GOVERN MENT. 

&l<c; ' O'"• 
1 ..... ,, 6008-R 

W. G. MILLER 
Chemist 
Chief, Cement & Pozzo1an Group 

FSO 
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Structures Laboraotry ~RC" CORPS 0~ ENG INEE"S 
U S AAMV 

USAE \.Ja t e rwa ys Exp St Structures Laboratory REPORT OF TESTS OF 
ATTN: Katharine Mather PORTLAND CEHENT USAE \-late rways Exp St 
Vicksburg, MS 39180 ATTN: Cern & Pozz Group 

RC-833 P.O. Box 631 
Vi rk ~h1 ro ~f~ 1Q1RO 

.. CST FIE<>I)RT t•O e "' ,.. o I Cfi .. AEPI::I£$E ... TEQc O.ATE 16 April 80 
ss .r.. lQn0/4 SPECI~IC AT ION _Tvoe IS I OATE SA .. P~o..Eo 

COMPANY lin i \TP rc:: !:1 1 At" 1 :::~ c:: LOCATIO" Pitt~h11roh . PA I BRAND 

T>;IS CEMENT OOES MEET SPECI~ICAT ON REQUIREMENTS 

SAMPLE "'0 WET AA AA 
s.o 2• -. 24 . 5 TiQ,., 0 .'(2 7 
AIZO)' •, 7.2 6 . 8 

.,. 
MN..,Q., 0.31 

""•zo, . • 2.0 2.1 p..,Q, 0.20 ColormE tric 
Mq O. •. 6 3 .J 

so 1 • •• 2 49 
LOSS ON IGNITION, •, 3. 02 
ALI<ALIE$- TOTAL AS No

2
0. •, 0.34 

No
2

o . •. 0 . 19 
I( 20. •. 0 23 
INSDL 'JBLE RESIDUE. •• 

c.o. ~ 53.2 
c 3s. ·. 

C l A , •• 

c 2 s. •• 

c,A. c,s. •• 

C At: .. • • 

C :0.~ • 2 C A • . ) . 
>;EAT 0~ .;YORATION, 70, ':P.L G 

"'EAT 0~ _,VORATION, 280. CAL ' G 

SUR~ ACE AREA. SO CM G lA P) 

AIR CONTENT,", 

COMP STRENG T ... , 0. PSI 

CCMP !.TFIENGT.;, 0, PSI 

COMP STRENGT_,, 0, PSI 

~ALSE SET-PEN ~ I. •• 

SAMPLE NO . 

AUTOCLAVE EXP, • 

INITIAL SET, MR MI N 

FINAL SET, MR! MIN 

SAMPLE NO 

AUTOCLAVE EXP., • 

INITI AL SET, MR "'·" 

~tNAL SET, 1"R 1 .. 1"1 

REMARr<S 

TME INFORMA T ION GIVE"' IN TMIS REPORT S>iALL NOT BE USEO IN ADVERTISING OR SALES PROMOTION TO INDIC ATE E I THER EXPLICITLY 

OR IMPL ICITLY E N DORSEMENT 0~ THIS F'ROOUCT BY THE U.S. GOVERNMENT 

w. G. MILLER 
Chemist 
Chief ,Cement & Pozzolan Group 

6008·R 

FSl 



TO : 

COMPANY : Penn-Dixie 

LOCATION: Nazarith PA 

sPECIFICATION: Tvoe I 

REPORT OF TEST OF 
HYDRAULIC CEMENT 

RC-834 

BIN NO. 

TONS REPRESENTED: 

FROM: STRUCTURES LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 
ATTN: CEMENT AND POZZOL.AN 
PO BOX 631 
VICKSBURG, MISSISSIPPI 3918D-0631 

TEST REPORT NOWES-568-79 

DATE: 30 Nov 79 

DATE SAMPLED: 11 Qc t 79 

TEST RESULTS OF THIS SAMPLE LOT COMPLY r!DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS) 

SAMPLE NO. WE AA 

SiD.,_, % 19 1 
J--.:-~~--------+-~- . 
Al2°3•% 7. 0 5.8 

2.5 

CaD,% 62. 7 
MgO,% 3. 1 2.9 

LOSS ON IGNITION, % 1. 4 
INSOLUBLE RESIDUE . % 0. 21 

0.34 

0.98 
ALKALIES-TOTAL AS Na20,% o 92 

lil 12 

HEAT OF HYDRATION, 7D, CAL/G 

HEAT 01= HYDRATION. 28D. CAL/G 

(AP) 
~urface Area, SO CM/G 4160 

AIR CONTENT,% 11.0 

COMP. STRENGTH, 3 D. PSI 3090 

COMP. STRENGTH, 7 D. PSI 4130 

COMP. STRENGTH, 28 D. PSI 4500 

FALSE SET-PEN. F/1 .% 

SAMPLE NO. 

AUTOCLAVE EXP.,% 0.03 

INITIAL SET, Hr/min 3:00 

FINAL SET, Hr/min 1)·01) 

REMARKS 
Job No. 508-S530 & S527.19Si41 

W. G. MILLER 
• 

Chemist 

Chief, Cement & Pozzolan Test Branch 

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMO TION TO 
IN DICATE EITHER EXPLICITLY OR IMPLICITLY ENDO RSE.,ENT OF TH IS PRODUCT BY THE U . S. GOV E RNME N T . 

WES FORM 1540 
1 SEP 84 

REPLACES ENG FORM 6008- R, 1 MAR 72, WHICH IS OBSOLE TE. 
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Structures Laboratory 
Report No: 

USAE \·!a teruay s E:"? St REPORT OF TESTS Admixture ~·lo : 
ATT:~: Ceiil & Pozz Test Br ON POZZOLAi'~ AD 505 
P. 0. Box 631 Date: 

I · Vi..:~sburg, NS 39180 
. 
• po··-:"'L'" CL .. ~SS: F Subbituminous Fly Ash 1...:... •... .. •• ·' DESCRIPTION: 
! r:o· ':::> ',.Y · " ~ J :a.~.-' • . :::!!"l:si1S Cit\· p & L Co LOC.c\TI0:-1: Hauthorne Plant, Kansas City, HO 
~-

I DATE: I JOB I ~r.:::-:o , ·o lOSS 10/6/75 NO: 545-C-530 • ·' : 
I '-'E' '0 ~ ' ... SUJJECT: Vari<:!tions 1n C.ementitious }!edia 
• 

I CHEHICAL CO}{POSITION 
S.iO? 'l. • 45.88 ~{oisture Content % 0.14 Cr201 % 

L·' 1 ')01 % 21.44 l LOI_._ % (750 c) 3.81 Chloride % 
I F<>CI1 % 10.88 I LOI, % (1000 C) I 

I >tfo 0/ , 2.50 I TiO? % 
I SOl 'I 1.11 P2os % I ·~ 
I -

c~o 
.. , 11.11 ~fn?01 % '• 

I ' ] •. . , 1 i "s •"f H.::tter Soluble Available (C-618) Acid Soluble Total Alkali t. : ...... _ (_,! •• 
~\ I '0 % 0.01 I 0.12 0.04 0.37 

I l-:?0 % 0.01 0.60 0.20 1.93 
I 

TC" t: •.L1.5 .. 0 .. / . 
0.02 0.51 1.64 I ... . !? ,, I 0.17 

PHYSICAL TESTS 
I StH' c if i..: Gr~vitv: 2.44 I Fineness % retained 325 Sieve I on 

Sllrt::c\! .. \rc.1: 2130 s~~mLc~+ gorQsitv e - 0.416 
I T'"' · t" t·; i. r h oort1a!1d cement cured @ 73.4 3 F L !'l , 't 

I Port L!nd C..:rr . ..:n t Co: United Citadel 
l.th~.\tioa: Artesia, HS Birmingham, AL 

I j\.' s ,, '! :-c- !l C..::::en t ~0 & Tvpe: RC-688 I, LA RC-705. II, LA, HH 
r\u tc,-: 1 :t\'~ .. . r.XDtlnS10n, 201, Replacement, % 0 01 0.07 ' 

I •• :.> ~ :") 1 "'cc of Ccrr.en t by Volume 60 0 30 60 ,, . ' . -'-• 0 30 
H C' :: t ()[ Hvdrc1tion. 7 days, Ca1/gm 84 8 70 2 49· 67.7 56.4 46.8 
H ~ :: t: or ll:.·d r .::1 t: ion, 28 days, Ca1/gm 96.5 83.2 62 78.8 65.4 56.5 
Co~:" :-c s ~ 1 ve Strene.th 3 OrtYS osi ?R80 2120 690 1700 1450 730 
r.,..,. . . , r 'S c: i •·r> 
II • '· · J_ Strennth 7 davs psi 4080 1010 930 2510 1880 920 

! C t > :· :-> t· ... s s i ve Stren2th. 28 days psi 5320 4530 1290 4040 2910 1380 
CC>;- ")r,: ~sive Stren?th 90 davs psi ')86() flO flO 4200 5760 5320 2600 

r Co:::orcssi·,e Strcn,th. 180 davs psi 6050 6760 4770 5990 6610 4010 
l Co:~r>r~::>si•:e Stren~th. 365 days psi 6760 ')860 6060 4840 

( . Cci:l<;nt Ratio 0"485 0.48') 0.485 0.485 0.485 0.485 ... :ttcr -
Fl0t.' ,, 108 110 122 111 103 

l'•J/: zo l;.~n ic Activity Index, ASTI-1 C618 
h'i.th Lime @ 7 days PSI 1790 
\·.'it h Fort land Cement (RC-688) at 28 days percent of Control 113 

Test for Pozzolan Hydraulic Activitl 
Compressive Strength (PSI) 

W/C 3days 7days 28days 
0.417 55 70 160 

w. G. HILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

.. -- - .... ----~-
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Report No: 
S t t ' \ 1 ~ t u rc s Labo ra tory 
us ... \·~ <:1 t c n: a y s Exp St Admixture No: l • • • REPQR't' OF TESTS ·-, ·r .... ··, . Cen & Pozz Test Br AD 506 
l \ l.•. ON PQZZOLAN 
P. 0. Box 631 Date: 
Vick~hurg, HS 39180 • 

t 

p()7 70 L · ,, -.. ... :\.' CL:\SS ; F DESCRIPTION: Lignite Fly Ash I 
co··-:>· ··y · Trinitv (Gen Port) LOCATIO~: Big Brm·m Plant, Fairfield, TX i .. t ... \., . 

,•::"'•J . ·o 1935 I DATE : 10/6/75 l JOB NO : 545-C-530 ; . ·-· . ,, : 
._ .... : .. .. ,) SUl3JECT : Variations in Cementitious Hedia I 

• ' I •• • 
. I 

CIIEHICAL COt-lPOS IT! 0~ I 

~iO'> % 50 . 4 ~!oisture Content % 0 .1 7 Cr ?01 % ! 

- . 

/ ·. l. 'l01 % 18.41 LOI, % (750°C) 0.85 Chlor.ide % ; 
F·~lh % 4.16 LOI, % (lOOO<)C) 
'-l· ·o % 3.54 TiO? r. i . . . . 
so"' I. 1. 30 P?O'i r. i 

I 

C.-:0 I. 19.77 Nn?.01 % • 
\1'·-.li~s \~ater Soluble Avail <!ble (C- 618\ Acid Soluble Total Alkali t 

l :-.... . - l . 

" 0 ,\i"l? % Q~ OO 0.21 0. 20 0.57 
l~ '>0 % 0.00 0.18 0.12 0.53 
Tot.-:1 ."! ~ ~!a ?0 % 0. 00 0 . 33 0.28 0.92 

I 

·PHYSICAL -TESTS i 
~·.":.'C if i C G r .:1 v i t ._, : 2.56 I FineneSS! % retained on 325 Sieve l 

l 
s u .. . : :-> cc ..._ L 1 t. Arcn: 6780 sqcm/cc, porosity e= 0.390 ' 

I 

Tc>~!'c.; \! i t· h nor.r.L:nd t::emP-nt cured ~ 73.4 + 3° F 
Prn· (' ~ .1 11el CC'!"'n~l t Co. ! Un i t ed Citadel I 

Loc:! t! ('l;'l : Artesia. MS t Birmingham, AL I 

I 
(! l'\ , .. '"' .: i'" ("" 1' C·--n- ~Jo & Tvpe : RC-688 . I. RC-705, II, LA , HH \..I, <.... :. \... i 

All t: L' (' ! :l ' ·' e f...-"' .' '""Si.On . ... · - c.. • • ' 20% Reol.:1ce-;nent, % 0 . 04 0.09 
% \.' ""' 

1 
' lC'C • 'c..; : .. J .. of C-::nent by Vo1u2e 0 30 60 0 30 bO 

ll"- .. 
~ -' ·• \,. of llvd t'?. t ion , 7 da. ,,~s , Ca1/ozm 84.8 72.9 53 67.7 55.6 45 I 

llt':i t 01 Hyclrtltion . 23 da)'S , Cal/c,m 96.5 85.4 67 78.8 70.3 S7. I 

I Co:·•;H:c :-; s i v2 Strength. 
' 

3 days psi 2880 2260 1010 1700 1320 780 
! C0t.:;l1'CSS.i \'C 
I • r 

Strenf.th . 7 davs -psi 4080 3050 1590 2510 17 30 I 1070 I 

i . r o- il'''""S<'l.'IC '-J • • .. ""' • • .., Sc:-eng th, 28 davs osi 5320 4200 2460 4040 2910 2180 ; 
I C:n·~·:"> '!.' ~.., ~; s i. vc ~t:!'POPth. 90 da·.•s osi 5860 . 5020 4160 5760 4920 3930 . 

Cc .. •rp·r...,. <· i. ve Strength. 180 days psi 6050 54)0~ 4920 5990 5820 54 70 ; ... .. -·'·' 
Co:..pr~ss.i \'C Strength, 1 year psi ' 6100 5450 6380 5330 I 

I 
1·'·• t ... t' - C0. ·''en t R<ltio . o. 485 I 0.485 0. 485- 0.485 0.485 0. 4851 I o (. , \,; 

Fl r>H 7. 111 111 110 122 118 106--i 
I 

Puzzol.:mic Activity Index, ASTit C618 i 
\Hth Lime @ 7 days PSI 1030 
\~ i. t h Portland Cement (RC-688) at 28 daY.S percent of Control 88 
Test for Pozzolan Hldraulic Activity 

Compressive Strength (PS,I) 
. 

W/C 3days 7days 28days 
0.433 30 fell test 

apart discontinued 

l-1. G. HILLER 
Chemist 
Chief, Cement & Pozzolm1 Test Branch 
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Structures Lobor.:ttory I 
Report No: 

USA£ \..'at en .. ·n ys Exp St REPORT OF TESTS Admixture No: 
ATT:~: Cc::1 & Pozz Test Br 

ON POZZOL,\N AD 507 
P. 0. Box 631 Date: 
Vic:~sburg, !·IS 39180 

i'OZZOL:\X CLASS: F DESCRIPTION: Subbituminous Fly Ash 
~o··:>·- ·y·u · l. : . . H.• . n 1011 Electric Co. LOCATIO~: St. Louis, MO 

t I o *" '0 . .. ' .. ·. "O· •• • 1985 IDATE: 10/u/75 !JOB NO: 545-C-530 
. . . ... ,_, '0 

I ' • '"'• ' SUJJF.CT: Variations in Cementitious Nedia 

CHEHICAL COHPOSITION 
SiC? i. 44.87 Hoisture Content 7o 0.28 Cr?O'l % 
A 1 ?01 % 21.83 LOI, % (7SOoc) 5.69 Chloride i. 
F··01 i. 17.20 LOI, i. (1000°C) 
'·1·;0 . . . % 0.67 Ti02 7. 
501 7. 1.12 P?O') % 
CaO I. 4.77 Hn201 i. 
Alkalies \.Ja ter Soluble Available (C-618\ Acid Soluble Total Alkali 
N:~?O 7. 0.14 0. 50 0.34 1. 38 
K?O i. 0.03 0.78 0 . 30 2.18 
Total as Na?O i. 0.16 1.01 0.54 2.81 

PHYSICAL TESTS 
s~ccific Gravity: 2.37 1 Fineness~ % retained on 325 Sieve 
Surface Area: 7660 sqcm/cc, porosity e- 0.480 
Tests ~"i th oortland c~m~nt cu-red @ 73.'· + 3° F 
Pnr t lr:md Cer.1~nt Co. : United Citadel 
Loc:1tion: Artesia. NS Birmin~ham, AL 
Resenrch C~ment No & Tvpe: RC-688, I, LA RC-705, II, LA, HH 
Autoclave Expansion, 20% Replacement, % 0 01 0.05 
% Replace of Cc~ent by Vo1u~e 0 30 60 0 30 60 
Heat of Hydration, 7 davs, Ca1/!!m 84.8 70.5 48.2 67.7 .57 41 
lleot - Hydration, 28 days, Ca1/gr.1 or 96.5 83.4 64.5 78 . 8 .66 48 
Compressive Strength, 3 days psi 2880 1910 830 1700 1320 690 • 
Contn·e s s i ve Strength, 7 days psi 4080 2600 1110 2510 1660 830 i 

Co:- .nr~ssive St:rength, 28 days osi 5320 3700 1720 4040 2640 1560 I 

Co:noress i ve Stren~th 90 davs osi 5860 5320 3040 5760 4720 3590 i 

Ccnoressi.ve Strenf!th, 180 days osi 6050 58za· 3460 5990 5460 4240 i 
Compressive Strength, 1 year psi 6460 4520 6090 4820 1 

\.Ja te r - Ce,,en t Ratio 0.485 0.485 0.485 0.485 0.485 0.485 
FlOH % 111 65 62 122 78 60 

Pozzolanic Act~vity Index, ASTM C618 
With Lime @ 7 days PSI 1080 
With Portland Cement (RC-688) at 28 davs percent of Control 80 

Test. for Pozzolan Hldraulic Activity 
Compressive Strength (PSI) 
W/C )days 7days 28days 
0.583 to soft to test 

t-1. c. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

-
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.. _ ,..._,.. _____ . ___ .. _ .. .. __ -- . 
Report No : 

S t !:\.!1.: t \.ll"C S La!>o t·a tory 
us·:- 1

' ltCl"'':1''S [):p St REPORT OF TESTS Admixture No : . \- ,, .. . ... .. . : 
... - .. , . Co.!::l & Poz z Tes t Br ON P07.ZOLAN AD 509 
"\ I J • • • 

P. o. Bo:·: 631 Date: 
Vi d:~ h'-lq;, " S l"l 39180 

I 

p l"I''Q T ·." Cl \SS : (_ .... /. -· ··' ,,. F DESCRIPTIO~ : Li e.nite Fly Ash 
CO" ) .. Y • Basin E1ec . P\~R LOCAT IO~: Stanton . N.D. ... : .~.\ . 

>- '"0 1985 !DATE : 10/6/ 75 !JOB ~0 : 545- C-530 " ..... , 1 • L.: .• ' .t ·' : 
. ot'"O . . . 
' '0 .. • . SU~J F.CT : V<..~riations in Cementitious Hedia 

. 
CHENICAL CONPOS ITIO~ 

5i.OJ % 49.7 ~·!oist ure Con tent % 0 . 14 Cr 201 % 
,\1?01 % 17.78 LOJ, % (150°C) 0.20 Chloride % 
Fc·01 % 6 . 29 LOI , % ( 1000° C) 
~~ 

:·!~0 % 4.86 TiO? % 
501 % 1.09 P?O) % 
CaO I. 13.1 Nn203 % 
Alkalies \"ate r Soluble AvaiJ <1ble (C-6 18) Acid Solllbl e To t a l Al kali 
~~:l ?0 % 0 . 38 1. 38 1. 3J 4 . 00 
K?O % n 01 0:38 0.5 7 1. 76 
To t al ns Nu~O % n 1q 1 61 1.69 5.16 

PHYSICAL TESTS 
s~~ccific Gr a vi t·,• : 2 . 39 l Fineness ~ % retained on 325 S ieve 

I Sill: face Area : 4690 SQClil/CC , porosity e- 0 . 387 
Tests Htt\l nn rtl.qno C(>r::~nt cure-d (1 73 . 4 + 3° F 
Pnr t 1 ;m ci c.:r:nn t Co . : United Citade l 

, T.oc:ttion: Artesi a. MS Birmine,halil, AL 
';';t~'" i' ,, rch Cc:::ent ?Xo & Tvoe: RC-688. I. LA RC- 705 , II, LA, HH 
!\ u t oc l.i ve E:-:;la~s ion, 20% Renl.::!ce:-.ent , % 0 01 0 . 09 
1, 1-:t.! o Lt ce of C.::mcnt by Vo1u.-::.e 0 30 60 0 30 60 
Ilea:: o( Hvdra t ion, 7 davs , C31/z:n R4.8 7? 51 67 .7 52 4.9 
ll<~a t or Hydra t ion , 28 days , ~""- 1 /rym 

'-'~- ,., ' 96 . 5 82 66 78 . 8 62 56 
Co:np 1.:c s s i ve Strength , 3 days psi 2880 1880 920 1 700 1150 640 

I Cor::prcssive Strenr.th , 7 '- ps i 4080 ? C)10 l?On 25 10 1540 820 acys 
I C0:itpr.,ss ive 28 5320 - 4040 2640 1520 1 Screngt h . days osi 3620 1810 
I Co:no r C' 5 s i ve St!'Cn~th 90 dc:.vs iJSi 5860 4460 I 3oqo 5760 4140 27 50 

Cor:1nres5ive Streng t h , 180 days ps i 6050 SOC) (). 3470 5990 4750 3200 
Co:Jp r es:.i \'e Stre ng t h , 1 year ps i I 5320 3980 5310 3520 ' ~.:.1 t el' - Ce,,,er. t Ratio 0.485 0 . 485 I 0 . 485 0 . 485 0.485 0 . 4851 

F1oH % 111 93 - 74 122 lOS 79 

Pozz o1anic Activi t y Index, ASTM C618 
\Hth Lime @ 7 day s PSI 1160 
With Portland Cement (RC-688) at 28 days percent of Control 76 

Test for Pozzo1an Hydraulic Activiti: 
Compres sive Strength (PSl) 
W/ C 3days 7days 28days 
0.477 t o soft to t est 

\-1. G. HILLER 
Chemis t 
Chief, Cement & Pozzo l «n Tes t Branch 

- -· - - -
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------_______ .......... ___ - --
I Structures Laboratory 

Report No: 

USAE h'a ten:ays E:<p St REPORT OF TESTS Admixture No: 
I 'f'""'' • Ccr.t & Pozz Test Br \ 1.\ • ON POZZOLAN AD 510 
r. o. Box 631 Date: 
v· ' 1) ro lCr:S U 0 , HS 39180 

i POZZOLlL-'i CLASS: c DESCRIPTION: Lignite Fly Ash 
ro· 1? '. rf · Otter ta i.l Po\ve r LOCATIO~: Fergus Falls, HN 
~ ..... f"\!\ • 

',_' '0 , 'L .. "t NO: 1985 1DAT£: 10/6/75 !JOB 1\0: 545-C-530 

I \''='""·"0 
' l.L..t. " 

SUBJECT: Variat ions in Cementitious Media 

CHEHICAL COHPOSITIO~ 
Si02 r. 23.48 Hoisture Content % 0.29 Cr701 % 
Al?01 i. 16.36 LOI, % ( 7 500C) 1.14 Chloride i. 
re01 % 9.08 LOI, % (1000°C) 
~.1~0 . , . ., i. 8. 43 Ti07 % 
so1 i. 5.31 P?Ot; % 
CaO i. 29.94 Mn201 % 

-
Alkalies \~ater SoLuble Available (C-618' Acid Soluble Total Alkali 
Na?O i. 0.63 2.40 2.51 3.28 
K?O i. 0.05 0.23 0.25 0.39 
Total as Na?O % 0.66 2.55 2.67 3.54 

·PHYSICA1. TESTS 
S~ccific Gravitv: 2.75 I Fineness~ % retained on 325 Sieve 
~. . 

j Su-rface Area: 8750 sqcm/cc, porosity e= 0.460 
Tests '"i th oortland cerr.Qnt cured @ 73.4 + 3o F 
P:-1r~l2nd CcP.~nt Co. : United Citadel 

, Location: Artesia. MS Birmingham, AL 

Research Cciiie~t ~0 & Tvpe: RC-688 I, LA RC-705, II, LA, HH 

Autoclave E)~ansion, 20% Replaceiilent, % 0.12 0.32 

% Replace of Ct:ii!ent by Volume 0 30 60 0 30 60 

Hec>.t of Hydration, 7 days, Cal/gm 84.8 82 73 67.7 67 69 ·-

Heat or Hydration, 28 days, Cal/gm 96.5 90 81 78.8 76' 7.7 
Co~pressive Strength, 3 days psi 2880 2710 2)80 1700 1990 1440 

Cor:.pressive Strength, 7 ' 4080 3650 3030 2510 2530 1800 cays ?51 

Co:~pressive Scrength, 28 davs • 5320 4920 4090 4040 3730 2950 t>S1 

I Co:n!)ressive Strength 90 davs • 5860 5460 4970 5760 5270 4600 
DS1 

Co~nressive Strength, 180 days psi 6050 62G<Y 5250 5990 5320 5120 

Cor:\pressive Strength, 1 year psi I 5840 5740 5610 5220 

\-la tc r - Ce·.llent Ratio 0.485 0.485 0.485 0.485 0.485 0.485 

F1oH 7. 111 114 73 122 lll 107 
·-

Pozzolanic Act~vity Index, ASTM C618 
\~ i th Liine @ 7 days PSI 1500 
\hth Portland Cement (RC-688) at 28 days percent of Control 85 

Test for Pozzolan Hldraulic Activi~y 
• 

Compressive Strength (PSI) 
W/C 3days 7days 28days 
0.450 1340 1950 2860 

t-1. G. HILLER 
Chemist 
Chief, Cement & Pozzo1an Test Branch 

......_ --- "'"-~-... ·-·-- - ... - ~·· - .. ··-· -· . . ..... ··-- - ------ ... - - -. . .... - --- --... - ---- .. - - --

F57 



Report No : 
StrucLures Laboratory 
USA£ \-latcn:ays Exp St REPORT OF TESTS Admixture No : 
ATTN : Cern & Pozz Test Br ON POZZOLAN AD 511 
P . 0 . Bo:< 63 1 Date : 
Vicksburg , NS 39180 

POZZOLJ\N CL,\SS : F DESClUPTIO:--J : Bitum1nous F ly 7\sll 
CO:·IPANY : Amax LOCATI001: Stilesboro , GA (Plant Bm.;en) 
~~E~iO NO : 1985 jDATE : 10/6/75 !JOB NO : 545-C-530 
~IE>~O SUBJECT : Variations in Cementitious Hedia 

CHErtiCAL COHPOSITION 
Si02 % 45 . 4 Hoisture Content Yo 0 . 31 Cr?01 % 
Al701 % 24.34 LOI , % (7 50()C) 4.26 Chlor. i de % 
F~0 1 % 15 . 02 LOI, % (l000°C) 
i·1g0 % 1. 12 TiO£ % I so1 % 0 . 73 P?O'i % 
CaO i. 2 . 69 Hn201 % I 
Alkalies \-.Tater Soluble Avail~ble (C-618' Acid Sol ubl e Tot a l Alkali 
Na?O % 0 . 02 0. 14 0. 06 0.38 
K?O % 0 . 03 o:88 0. 36 2. 61 
Total as Na?O % n 04 0 . 72 0. 30 2.10 

PHYSICAL TESTS 
Sn~cific Gravitv : 2 . 45 I Fineness ~ % retained on 325 Sieve 
Surface Area : 6870 sqcm/cc , porosity e- 0.463 
Tests Hith oortland cement cu!"ed @ 73 . 4 + JO F 
Port)nnd Cerr.P.nt Co. : United Citadel 
T.ocntion : Ar tesia. MS Birmingham, AL 
R~se<'!r.ch Cement No & Tvoe : RC-68~. I , LA RC-705, I I, LA, HH 
Antoclave Expansion, 20% Replacer:12n t, % 0 ,...,... .. vv 0 . 04 
% Repl ace of Ce:ment by Voluu:e 0 30 60 0 30 60 
Heat of Hydration, 7 davs , Cal/s:m 84.8 6"8 47 67 . 7 55 3"9- . 
ll0.at oE Hydrat ion , 28 days> Cc:l/ gm 96.5 83 62. 78 . 8 68 45• .. 
Compressive Stren~~th , 3 days psi 2880 1900 880 1700 1200 620 • 

I Co8pressive Stretq~th, 7 ' aavs psl 4080 2650 1180 2510 1560 760 
r If> • vO!'ll r.eSS1Ve Strength. 28 days osi 5320 3830 1790 4040 2600 1420 
C::om!>ressive St:renQth 90 dav., vsi 5860 5390 3040 5760 4850 2740 
C0T'loressive Strength 2 180 da · .:; psi 6050 587.0 3750 5990 5480 3670 
Compressive Strength , 1 vea.r psi I 5140 4870 6400 4260 
Hater - Ce·t11en t Ratio 0 .485 0. 485 0 . 485 0. 485 0. 485 0.485 

. 
90 FloH % 111 .7. 4 122 96 79 

Poz zolanic Ac tivity Index , ASTM C618 
\Uth Lime @ 7 days PSI 1020 
With Portland Cement (RC-688 ) at 28 days pe r cent of Control 91 

t-1. G. NILLER 
Chemis t 
Chie f, Cement & Pozzo l a n Te s t Branch --- .. __ . . . . . .. . . . -- . . . . . . . . ~ . . ,_. . - . -·-~ ·- ·-.. ... -
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Structures Labor~tory 
Report No: 

USA£ \-lo terw.lys Exp St . REPORT OF TESTS Admixture No: 
ATT~~: Cern & Pozz Test Br ON POZZOLAN AD 512 
P. 0. Box 631 Date: 
Vicksburg, HS 39180 

POZZOJ. t\N CLt\SS: F DESCRIPTION: Subbituminous Fly Ash 
CO:·fPA~Y: Iowa Public Service LOCATION: Sioux City, IA 
;·iE~!O NO: 1985 jDATE: 10/6/75 !JOB NO: 545-C-530 
NE:'O SUBJECT: Voriations in Cementitious Media 

CHEMICAL COHPOSITION 
Si07 i. 41 28 Moisture Content % 0.21 Cr?01 % 
Al?01 i. 19.71 LOI, % (750°C) 1.14 Chloride % 
F<> .. 01 % 7.68 LOI, % (1000°C) 
: (?,0 % 3.34 TiO? % 
so1 % 1. 75 P?Oc; % 
CnO % 20.32 Hn201 % 
Alkalies \-later Soluble Available (C 618) Acid Soluble Total Alkali 
Na?O % 0.00 0·. 23 0.13 0.45 
K?O % 0.00 0.77 0.29 1.54 
Total as Na70 % 0.00 0.74 0.32 1.46 

PHYSICAL T:.!:STS 
S~ccific Gravity: 2.58 I Fineness~ % retained on 325 Sieve 
Surface Area: 12830 sqcm/cc, porosity e- 0.458 
Tests witl1 oortlnnd cement cured @ 73.4 + 3° F 
Port1;md Cct:~ent Co. : United Citadel 

Location: Artesia, MS Birmingham, AL 

Research Ce;rant No & Tvpe: RC-688. I. LA RC-705, II, LA, HH 
Autoclave Exoansion, 20% Replacewent, % 0.08 0.14 
% Replace of CEment by Voluilie 0 30 60 0 30 60 -
Heat of Hydration, 7 days, Cal/gm 84.8 74 52 67.7 63 43 
Heat of Hydra tion, 28 days, Cal/ gm 96.5 86 73 78.8 72 63 
Compressive Strength, 3 days psi 2880 2330 1130 1700 1430 760 

I Compressive Strength, 7 days psi 4080 3190 1630 2510 2040 1170 
, 
I 

Co:1mress ive 5320 4040 3680 1840 Strength. 28 davs osi 4760 2560 
Co:-mressive StrP.nP.th. 90 davs psi 5860 6360 5030 5760 6000 4040 
Co:.mressive Strength, 180 days psi 6050 7 4-56 5220 5990 7395 5950 

Co~pressive Strength, 1 year psi 7810 7000 6900 

Hater - Ce·,11en t Ratio 0.485 0.465 0.485 0.485 0.461 0.485 

FloH % 111 114 138 122 120 1~9 

Pozzo1anic Act~vity Index, ASTM C618 
With Lime @ 7 days PSI 1750 
With Portland Cement (RC-688) at 28 days percent of Control 111 

Test for Pozzolan Hydraulic Activit~ 
Compressive Strength (PSI) 
W/C 3days 7days 28days 
0.400 75 20 fell apar.t · 

\-1. C. ?-tiLLER 
Chemist 
Chief, Cement & Pozzolan Test Bronch 
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Report "o. 1\ • 

Strut.:turcs Labor.:ttory 
IJ s ,\J·: \·:a tcn.rnys Exp St REPORT OF TESTS Admixture No: 
t.. TT~~ : Ccm ~. Po7.Z Test Br ON PQZZOLAN AD 513 
1'. 0 . no:< 631 Date: 
\'j c.:k~hurg , HS 39180 

l'07.ZOLA~I CLASS: c Df.SClUP l'Im~: Lignite Fly Ash 
CD:-I P, \ :-.; Y : rn 1 n r., rlo Pub 1 ic Scrv LOCATIO~: Pueblo, CO. (Comanche Plant) 
\." '·'0 • t "' •• "O· " . 1985 !DATE : 10/6/75 IJOB ···o . l ' • 5'•5-C-530 
\"~' '0 L I I.,. , SU!1.1ECT : Va!."iat ions in Cemcntitious ~·led ia 

. 

CHEri! CAL Cm·JI>OSITION 
Si.O? % 38.12 ~·foisturc Content % 0.14 Cr?01 % 
Al?Ol % 25 . 68 LOI, % (/50°C) 0.14 Chloride ?. 
Ft.:>01 % 4.65 LOI, % (1000°C) 
'1;0 % 4.42 TiO? % I .· .. 

!sol % 1.55 P?Oc; % 

1 CaO % 21.01 Hn203 % I 
! AJ.kal i(~S h'a ter Soluble Available -{C-618 ' Acid Soluble Total Alkali 

,, 0 
.~ c1? % 0.01 0 47 0.67 1. 30 
K?O % 0.00 0.28 0.28 0.58 

l Total as N<l?O % 0.01 0.65 0 .85 1. 65 
I 

PHYSICAL-TESTS 
~~rific Gr.:lvitv : 2 . 61 I Fineness! % retained on 325 Sieve 

l surf~c~ Arc~: 12 790 sqcm/cc, porosity e- 0 . 475 . ) 

l Test's Hlt:h oort l.1nd cen~nt cu::-ed A 7 J . /1 + 3 ° F 
j P0rt'l~nrl C:cne!lt Co . : United Citadel 

Artesia. BiriiliL'lgham, AL Loc:1t1on: HS 
Rc~; ec:: rrh Ci:! ~c: n t No & Tvoe~ RC-688. I. LA RC-705, II, LA , HH 
.!\utccl;we E---oa,..,~ion ... : . .;::, _ " 20% ReTJlaceU12nt, % 0.01 0 . 08 
% Rcolace of C.::ment by Volu..:e 
II n ~ I • 

\.,; "4 "- ot Hydration, 7 da·:s, C3l/£m 
Heat: of llydr."!tion, 28 days, C::l/~m 
Co!"?rc ssiv~ Strcn2th, 3 days psi 
C•.) r:!p l."C s s i ve S:.:renr.th. 7 days i)Sl. I C0:::n rcss ive Scrength, 28 days osi 
C:o :::orcss; vc S!':n~ngth 90 d -··c: -vsi c:. . ~ 

Co!:o rc;, s i vc Strength, 180 days psi 
Conprcssive Strength, 1 vear psi 
1.·!a tc r - Ce,,:en t Ratio 
F1oH % 

Pozzolanic Activity Index, ASTM C618 
~Hth Lime @ 7 days PSI 1270 
{.Ji th Portland Cement (RC-688) at 28 

Tests for Pozzolan Hx:draulic Activitl 
·Compressive Strength (PSI) 
W/C 3days 7days 28days 
0.410 50 120 360 

0 30 60 
R4.8 RO 51 -
96.5 
2880 
4080 
5320 
5860 
6050 

I 

o. t.85 I 
111 

days percent 

93 79 
2200 880 
3300 1650 
4900 2740 
7010 I 4680 
71BO 5660 
7210 6280 
0 . 464 0.485 

108 134 

of Control 

t-1. C. 'HILLER 
Chcmizt 

111 

0 30 60 
67.7 63 27 
78 . 8 78 I 50 
1700 1240 30 
2510 2120 I 120 
4040 3620 1780 
5760 6690 3520 
5990 7120 

7680 
0.485 0.460 0 .. 4S~ 
122 118 ill _.... 

I 

Chief, Cement & Pozzol«n Te s t Branch 
""- -----... ·~- .. . - ...... -.... -~ ....... ----------------- --------- _______ __,..,,...,., 
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Structures Lab oratory 
Report No : 

USAE Hoten1ay s Exp St REPORT OF TESTS Admixture No : 
ATTN: Cern & Pozz Test Br ON POZZOLAN AD 515 
P. o. Box 631 Date : 
Vicksburg, NS 39180 

POZZOLAN CLASS : N DESCRIPTION: N,q t ur::1 l 
CONI'ANY: Orennn Pr r n LOCATION : Lime. OR 
m:~~o NO: 1985 !DATE: 10/6/ 75 !JOB NO : 545-C-530 
~11·::'0 SUBJECT: Varia tions in Cementit ious l-ledia 

CHEHICAL COMPOSITION 
Si02 % 53.0 Hois ture Content % Cr?O~ % 
A1?01 % 16.71 LOI, % (750oC) 1. 27 Chloride % 
FeO~ i. 7.06 LOI, % (1000°C) 
Ngu % 3 . 43 TiO? % 
so1 % 0 .17 P?O'l % 
CaO % 7.9 7 Hn201 % 
Alkalies ~-later Soluble Available (C 618 ' Acid Soluble Total Alkal i 
Na?O, % 0. 70 0.39 1.82 
K?O % 0.76 0.14 3. 48 
Total as Na20 % 1. 20 0 . 48 4.11 

PHYSICAL TESTS 
S~ecific Gravity: 2. 76 I Fineness~ % r e t a ined on 325 Sieve 
Surface Area : 18 . 060 sqcm/cc, poros ity e- 0.504 
Tes t s with oor t l a nd cement cured @ 73. 4 + 3° F 
'Po r t l <md Cemen t Co. : United Ci t adel 
Loca tion: Artesia , MS Birmingham, AL 
Resear ch Cement No & Tvoe : RC-688 , I, LA RC- 705 , II, LA, HH 
Autoc l ave E}:pansion, 20% Rep l acem2nt, % 
% Repl ace of Cenen t by Vol ume 0 30 60 0 30 60 

Heat o f Hydr ation , 7 days , Cal/~ru 84.8 67 . 7 
Heat of Hydration, 28 days , Cal/gm ' 96 . 5 78 . 8 ' I -
Compress i ve SLrcngth , 3 days psi 2880 2000 1050 1700 1120 730 

Compressive Strength , 7 days psi 4080 2830 1500 2510 1550 1000 

Compress i ve Scrength . 28 day s osi 5320 4180 2510 4040 3040 2180 

. Comnrcss ive Stren l!t h. 90 da vs PS i 5860 5760 

Compress ive Strength. 180 days ps i 60 50 599-c 

Compress ive Strength, 1 vea r ps i 
1~a t e r - Cement Ratio 0 .485 0 . 485 0. 485 0 . 485 0.485 o . 4e5 

Flm·T % 111 102 92 122 118 84 

l~. G. HILLER 
Chemist 
Chief, Cement & Poz zolan Test Branch 

-
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. 
Report No: 

Structures Laboratory 
US/ili \h\tCn1ays Exp St REPORT OF TESTS Admixture No: 
ATTN: Cern & Pozz Test Br ON POZZOLAN 

AD 516 
P . 0 . Box 631 Date: 
Vicksburg, NS 39180 

POZZOL/\~ CLASS : N DESCRLPTIO~: Santorin Earth. Santorin. Greece 
CO:·CP.:\NY: Dundee LOCATIO~: Dundee MI 
''E"O NO: 1985 IDATE: 10/6/75 }JOB NO: 545-C-530 .. 1 • ,. 1 

I'IC<O SUBJECT: Variations in Cementitious Hedia 

CHEHICAL COHPOSITION I 
Si02 % 60.49 Hoisture Content Y. o_~f..O Cr?01 % I 
Al?01 % 13.34 LOI, % (750°C) 3.80 Chl oride % ! 
Fc;,.01_ % 3. 99 LOI, % (1000°C I 
~·toO % 1.12 TiO? % 0.08 I . ,, 

' 
so1 % 0.34 P?O') % : 

' 
CaO % 6.68 Nn101 % ; 
Alkalies \.fa ter Soluble Avaihtble -{C-618\ Acid Soluble Total Alkali I 

Na?O % 0 92 0.40 4.27 I 

K?O % 0.74 0.15 2.77 l 
Total as N;QO % 1. 41 0.50 6.09 1 

I 

l 

PHYSICAL TESTS l 
• • 

Soccific Gravity: 2.49 I Fineness: % Tetained on 325 Sieve I 
Surface Area: 15.000 sqcm/cc, porosity e- 0.553 ' j 

T e s t s '" i. t h nortl<'tnd cem!~nt cured @ 7 3 .l• + 3 ° F I 
_PQX tl;md Ccmont Co. : United Citadel I 

T.oc:1tion: Arte5ia. HS Birmingham, AL 
Research Cement No & Tvpe: RC-688. I. LA RC-705, II, LA, HH 
Autoclave E~:p<1ns ion, 20% Replacement, % 
% Replace of Ct:filent by Volu;ne 0 30 60 0 30 60 
Heat of Hydration, 7 davs, Cal/ gm 84.8 67.7 • 

! 

Heat of Hydratiou, 28 days, Cal/gm 96.5 78.8 ' 
Compressive Strength, 3 days psi 2880 1700 
COJT~pressive Strength, 7 days psi 4080 2510 ' 
Compr\?'ssive Strength. 28 davs 'OSi 5320 4040 

I 

Com~ressive S t ren P.th 90 davs vsi 5860 5760 : 
Conoressive Strength, 180 days psi 6050 5990 • : 
Compressive Strength , 1 year psi ' -t Hater - Ce,,,en t Ratio 0. 485 0.485 

i F1oH % 111 122 

Oxide Composition determined by AA I 

I 
l 
( 

I 

t-1. G. 't-tiLLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

• 
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Structures Labor~tory 
US,\E \~a tcr'.lays Exp St 
A'l'T~I: Cern & Poz:t Test Bt· 
P. 0. Box 631 
Vick~burg, HS 39180 

REPORT Of' TESTS 
ON POZZOLAN 

POZZOL.\N CLASS: F DESCRIPTION: Fly Ash 

Report No: 

Admixture No: 
AD 517 

Date: 

co:·lPANY: Detroit Edison LOCATIO~: Trenton Power Plant (submitted by Dundee) 
N!~:iO NO: 1985 fDATE: 10/6/75 )JOB NO: 545-C-530 
i·lE:-·o .SUI3JECT: Variations in Cementitious Nedia 

CHEHICAL COHPOSITION 
}=oisture Content 1. 0.09 
LOI, % (7 50oC) 

Cr_201 ___ %~~ ---4----
Chlor.ide % 

Si02 % 49.63 
% 26.16 Al?01 2.96 

Ft•01 % 12.37 LOI, % (l000°C) 
:·tgO % 0.73 TiO? % 0. 25 
S01 I. 0.49 % 
CaO % 1.44 % 
AlkRlies \-.'ate r Soluble Acid Soluble Total Alkali 
N.1?0 % 0.07 0.05 0.26 
K?O % 0.61 0.30 2.38 
Total ns Na?O % 0.47 0.25 1.83 

PHYSICAL-TESTS 
S;"'!ccific Gravity: 2. 32 l FineneSS! % retained on 325 Sieve 
Surface Area: 6520 sqcm/cc, porosity e- 0.504 
Tests with oortlan~ cement cured @ 73.4 + 3° F 

Locntion: Artesia. MS 
Tlcsea rch Cement ~~o & Tvoe: RC-688, I. LA RC-705, II, LA, HH 
Autoclaue E:-:Dans ion, 20% Replacement, % 
% Replace of Cc~ent by Volu~e 0 30 60 
Heat of Hydration, 7 dclYS, Cal/gm 84.8 
llcat or Hydration, 28 days, Cal/gm 96.5 
Cowpressivc Strength, 3 days psi 2880 
Compressive Strength, 7 days ps~ 4080 
Compressive Scrength. 28 days os~ 5320 
Comorcssive St:rcnl!th. 90 davs DSl. 5860 

Oxides determined by AA 

t-1. G. MILLER 
Chemist 

0 30 
67.7 
78.8 
1700 
2510 
4040 
5760 
5990 

0. 485 
122 

60 

Chief, Cement & ~~zzo!Rn Te_st ~~~nch __ l 
.,._ _____ ... ... -- ....... ..,.._ .. -· ... - .. .. . ---- -
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Report No: 
Structures Laboratory 
US,\E t..'atcrways E··p St Admixture No : '·" REPORT OF' TESTS 
ATT:~: Cern & Pozz Test Br UN POZZOLAN AD 518 
P. 0. Box 631 Date : 
Vicksburg, NS 39180 

l'OZZOL:\N CLASS: N DESCRIPTI0;-1: Natural 
CO :·fP A:-IY : Superior Pro a LOCATION: Ha1leluiah Junction, CA 
~11.:::·:0 NO : 1985 !DATE: 10/6/75 jJOB NO : 545-C-530 
~~~~:-·o SUBJ ECT : Variations in Cementitious Media 

CHEMICAL COt-IPOS ITION 
S102 i. 67 . 98 Hoisture Content % 1. 37 Cr?01 % 
,\1 ?01 i. 17 . 40 LOI, i. (7500C) 1.58 Chloride % 
Ft;..01 :r. 5. 49 LOI, % (1000°C) 
:·1:;0 % 0.80 Ti02 % 
so3 i. 0.88 P?O') % 
CaO I. 2.28 Hn201 % 
Alkalies Hater ~uluble Available (C-618) Acid Soluble Total Alkali 
Na?O i. 0.02 0.18 0.16 2.11 
K?O io 0 . 00 o. -26· 0.19 1.59 
Total as Na20 % 0.02 0.35 0 . 28 3.16 

PHYSICAL TESTS 
Sp~cific Gravi tv: 2.39 ( Fineness: % retained on 325 Sieve 
Surface Aren: 26 760 sqcm/cc, porosity e- 0.668 
Tests \<lith oort]and cell1ent cured @ 73.4 + 3° F 
Portlnnci Cement Co. : United Citadel 
Location: Artesia . HS BirminRham, AL 
Reseilrch C~ii:ent No & Tvpe : RC-688, I, LA RC-705, II , LA, HH 
Autoclave Expansion, 20% Replacement, % 0 . 03 0 . 06 
% Replace of Cement by Vo1uiile 0 30 60 0 30 60 
Heat of Hydration, 7 davs, Cal/!!m 84.8 75 59 67.7 60 46 
liP-at of Hydration, 28 days, c~1jo .... C.- (').u 96.5 86 n8 78.8 72 61 
Comp t·essi ve Strength , 3 days psi 2880 2710 1120 1700 1710 920 
Compressive Strength, . 7 days psl 4080 3920 1880 2510 2480 1480 
Co:npn"ssive St:rength, 28 days osi 5320 6050 4010 4040 4930 3640 
Comoressive StrP.nP.th. 90 davs usi 5860 6780 -03-sD 5760 5540 4860 
Comot·es5ive Strength, 180 days psi 6050 73:3G 7240 5990 5620 5380 
Comp r essive Strength , 1 year psi 7690 7250 5880 5460 
'"a tc r - Ce·,,len t Ratio 0.485 0.485 0.532 0.485 0.485 0.532" 
F1oH % 111 51 -40 122 62 62 ·-
Pozzo1anic Act~vity Index, ASTH C618 
~Vi th Lime @ 7 days PSI 1960 
With Portland Cement (RC-688) at 28 day.s percent of Control 98 

t-1. G. MILLER 
Chemist 
Chief , Cement & Pozzol an Test Branch 

... .. ....... ··----- .... ·- ... -·- . . -

F64 



5truccur s ~bor1tory 
1.:1tcru1y p t 

A1T.l: Ceo 6 Pozz T t Br 
p. 0. Rox fill 
Vlck uuq;, HS 39180 

CLASS: 

V t·iations in 

SiO? % 95 _2_8 
Al2Q3 2; ~- 2_6 
~O_·l % _0.12 
H; 0 _X iQ 0_3_ 
.SOJ % _10.12 -
CliO % 0.26 

P T OF TE TS 
0. POZ7.0Lt 

Silica 
AL 

CHEHICAL COMPOSITION • 
rtoi~turc Content X 0.27 
LOI. % (750°C) 1.13 
LOI. % (lOQQOC) 
TiO? % 
P?OS % 
'Mn20'l % 

Allsitlies % Water Soluble Avnilable (C-618 Acld 
_N<t10 % 0.06 jt.,a >. _l j 0.03 
Iacnl a:.S NR ?0~: 0 08 

PHYSICAL TESTS 

AD 536 
Oat. : 

Cr?Oo:t % 
_Chlot'ide % 

1luble Total AH~ali 
0.03 0.15 
0.00 0.24 
0.03 0. 31 

Fineness % retained on 325 Sieve 
Sur face Area: 58,700 

tr · h 1 d 
sg~m/cc. porosity e .. 

ler.ts v1t port an cement cure ' ,. -d @ 73 4 + 3°f 
: Portland Cement Co: United Citadel 
I I.oc at i.·on : Artesia. MS 1\i,-r.,inoham AL 
~Re~enrch Cement No b T~e: RC-688 I. LA RC-705 II~ LA. HH 
Aut·oclavc Expnns ion. 20% Replacement, % 
l Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 da_ys, Cal/gm 84 . . 8 73 ':>b 67.7 61 52 
llcat of llydrntion. 28 dnvs. Cal/£m _96 c:; 90 78 7.8 8 74 58 
Compressive Strc>n_gth....~._ 3 d.1ys PSi 2880 1280~ 1700 
r.ompress i ve _,Stren__Ath---'" 7 davs psi 4080 4180 2510 
Compressive Stren_gth_~_ 28 days psi 5320 6860 4040 
Comnre.c;sivc Stre,ru:r..th 90 days psi 5860 5760 
Compressive Strength~ 180 davs psi 6050 5990 
Comprcssi.ve St rcngth, 365 days psi 
'\later - Cement Rat:!_o 0.485 0.485 
Fl0\1 111 122 

"' 1 day sn·er5Lh 
Lime Pozzolen stt ~hgth . 360 }n H2o. Flov 99% 1170 PSI 

w. c. HILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch . -. - - -----. ---- - ·- -
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Report No : 
Structures Laboratory 
US.\E \..'atcrways E··p St Admixt ure No : . ·' REPORT OF TESTS 
ATT:~ : Cern & Pozz Test Br ON POZZOLAN AD 518 
P. 0. 13ox 631 Date : 
Vicksburg? NS 39180 

l'OZZOL:\N CLASS : N DESCRIPTION: Natural 
CO:·fPA>iY : Superior Pro a LOCATION: Halleluiah Junction , CA 
~li:.::·iO NO : 1985 lDATE : 10/6/75 1JOI3 NO : 545- C- 530 
~~ E>'O SUBJECT : Variations i n Cementitious Med i a 

CHEMICAL CO t-IP OSITI ON 
S)02 % 67 . 98 Hoistur e Content % 1. 37 Cr ?01 % 
t'.l ?01 r. 17.40 LOI , % (7 sooc) 1. 58 Ch loride % 
F~01 % 5 . 49 LOI, % (1000°C) 
:·tgO % 0 . 80 Ti02 % 
so1 % 0.88 P?Or:; % 
CaO I. 2 . 28 Hn201 % 
Alkall cs Hater ~uluble Available (C-618' Acid So l uble Total Alkali 
Na?O % 0 . 02 0 .18 0 .1 6 2.11 
K?O % 0. 00 0 . ·26· 0. 19 1.59 
Total as Na20 % 0 . 02 0 . 35 0 . 28 3 . 16 

PHYSICAL TESTS 
sr~cific Gravitv: 2 . 39 I Fineness~ % retained on 325 Sieve 
Surface Are<J. : 26 760 sqcm/cc, porosity e- 0.668 
Te!" ts t.Ji th oort]and cement cured @ 73 . 4 + 3° F 
?ortlnno Cem~?nt Co . : United. Citadel 
Location: Artesia. NS Birmingham, AL 

Re s ec1rch C~o:ent No & Tvpe: RC-688, I , LA RC-705, II, LA, HH 
Autoclave Expansion, 20% Replace;nent, % 0 :..03 0 . 06 
% Repl<Jcc of Cc:ment by Voluwe 0 30 60 0 30 60 
Hea t of Hydration, 7 davs, Cal/gm 84.8 75 59 67.7 60 46 
l!P..:lt of Hydration, 28 days, Cal/gm 96.5 86 n8 78.8 72 61 
Compressive Strength , 3 days psi 2880 2710 1120 1700 1710 920 
Compressive Strength, 7 days psi 4080 3920 1880 2510 2480 1480 . 
Co:npr~ssive Strength. 28 days osi 5320 6050 4010 4040 4930 3640 
Comoressive StrenP.th. 90 dav!" usi 5860 6780 o33U 5760 5540 4860 
Comoressivc StrenRth . 180 days psi 6050 73:3(3 7240 5990 5620 5380 
Compressive Strength, 1 year psi 7690 7250 5880 5460 
\-!a tc r - Ce·,,!en t Ratio 0 . 485 0.485 0 . 532 0 . 485 0.485 0. 532 
Flat·! % 111 51 -40 122 62 62 ·-
Pozzolanic Act~vity Index, ASTH C618 
tH th Lime @ 7 days PS I 1960 
With Portland Cement (RC-688 ) a t 28 days percent of Con trol 98 

l-1. G. MI LLER 
Chemi s t 
Chief , Cement & Pozzol a n Te s t Branch 

- -·--- --·-- - -·-- - ..... --· -
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Structures L.:1borato ry 
Report No: 

USAE Hotenmys Exp St 
REPORT OF TESTS No: 

AT'N: Cern & Po7.z Test Br Admixture 
ON POZZOI.AN AD 536 

p. 0. Rox n31 

! ·Vicksburg, HS 39180 
Date: 

I POZZOLAN CLASS: DESCRIPTION: Amorphous Silic.:l Spheres I I 

~fE~!O SUBJECT: Vnrlat1ons 1n Cement1.t1ous Med1a I 

I CO~!PA~Y: Reynolds Aluminum LOCATIO~: Sheffield, AL j 
I 

~fE:·tO ~0: 1985 lDATE: ~9L6L75 !JOB NO : 
I 545-C-530 
' . . . . . . . 

CHEMICAL COMPOSITION 
SiO? % 95.98 Hoisture Content % 0.27 Cr201 % ' . 
r\]203 % 1. 26 LOI. % (750°C) 1.13 Chloride % I 
p(>Q"l % 0.12 LOI, % (1000°C) 
H~ % 0.03 TiO? % 
S03 % - 0.12 P205 % 
CaO % 0.26 Hn20J % 
Alkalies % Water Soluble AvAiloble (C-618) A~id Soluble Total Alkali ; 

r 

~:t?O % 0.06 0.03 0.15 ! 

K20 % I 0.03 0.00 0.24 I 

Iot:al ~s Nn ?0;~ 0.08 0.03 0.31 I 

I 

I PHYSICAL TESTS 
1----~~------------~~--------.---~~~~~~~--------~------------~=-~---------!Snecific Gr~vit : 2. Fineness %retained on 325 Sieve 
Surface Area: 5&700 sgcm/cc, porosity e = 

I Tests t.Ji th portland 2ement cured @ 7 3. 4 + 3 °F 
! Port.land 

~ 

Cement Co: United Citadel 
!Locotion : Artesia, MS Birmi.ncham. AL 
:Resea rch Cement No & Type: RC-688 I. LA RC-705. II. LA. HH 
' Autoclovc Expansion, 20% Replacement, % 

' 

% Replace of Cement by Volume 0 30 60 0 30 60 : 

Heat of Hydration, 7 days, Cal/gm 84.8 73 so 67.7 61 52 
I 

llcat of llydrntion. 28 davs. Cal/gm 9n 'l 90 . 78 78 8 74 58 J 

days psi 2880 1280* 1700 ' Compressive Stren P..th. 3 I 

Compressive Stren2th. 7 days psi 4080 4180 2510 I . 
Compressive Strenc.Lil. 28 days psi 5320 6860 4040 
Compressive Stren!!th. 90 days psi 5860 5760 
Compressive Strcn2th. 180 days psi 6050 5990 
Compressive Strength~ 365 days psi 
\~a ter - Cement Ratio 0.485 0.485 
Flm.J 111 122 

* 1 day strer.g,th 
Lime Pozzulan strength. 360 M1 H

2
0, ·Flow 99% 1170 PSI 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

. . -- ....... . . . . -... ... - .. _ .. ---- ·-· --·-- ... ... -··· - .... .., .-... - . - ~ -·· . . - - . - - .. 
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Structures Laborntory 
Repo r t No: 

USA.E Haterways Exp St REPORT OF TESTS Admixt ur e No: 
ATT.·J: Cern & Pozz Test Br ON POZZOLAN AD536(2) 
P . o. Box n31 Da t e: 

I · Vick~burg, HS 39180 
I 
I POZZOL/u'J CLASS: DESCRIPTION: Amorphous Silica Spher es 
I -I cmfPA~Y : Reynolds Aluminum • LOCATION : Sheffield, AL 
I NEHO ~0 : 1985 I DATE: 1:_0/6/75 j JOB NO: 545- C- 530 
I 

HE~10 SUBJECT : Variations in Cementi t ious Hedia I 

l 

I CHEMICAL COMPOSITION 
SiO? % 93 . 90 Hoisture Content % 0.38 Cr201 % 0 . 00 
Al ?0_1_ % 0 . 70 LOI. % (750°C) 0 . 99 Chloride % 0.01 
Fe0_1 % 0.00 LOI, % (1000°C) 1. 16 

1 H;-0 % 1. 20 Ti02 % 
S01 % 0 . 20 P?05 % -
CaO % 0 .78 Mn20J % 0 . 00 
Alka l ies % Water Soluble Available (C- 618) Acid Sol uble Total Alkali 
Na?O % 0 .03 0 . 15 
K?O % I 0.04 0.24 
Total tlS Na ?01~ 0 . 07 

. 
0.31 

PHYSICAL TESTS 
Specific Gravitv : 2 . 22 I Fineness % retained on 325 Sieve 

I Surface An~a : 98 a900 sgcmLcc~ ~orositv e = 0.714 
Tests ~·lith portland cement cured @ 73.4 ± 3°F 

I Portland Cement Co: Uni t ed Citadel 
l Location: Artesia, HS B irmin~ham AL 
I Research Cement No & TyEe : RC-688 {3) I , LA RC-705 . II. LA. HH 
I Autoclave Expansion, 20% Replacement, % 

% R~place of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days , Cal/gm 
Heat of Hydration. 28 davs . Cal/_g_m 
Compressive Strength, 3 days 2_si 3 710~~ 2430 640 1700 1160 450 
Compressive Strength, 7 days psi 4390 3890 1750 2510 2950 2120 
Compr~ s sive Strength, 28 days psi 6030 7030 4210 4040 5480 3650 
Compressive Strength. 90 days psi 6550 8870 4890 5760 6740 4030 
Compressive Strength , 180 days psi 7230 8990 5360 5990 6820 4580 
Compressive Strength! 365 days psi 6790 8880 5540 6600 4330 

I Water - Cement Ratip 0 . 5_46 0.782 0 . 546 0 . 782 
Fl ow 64 48 86 72 

Lime-Pozzol an Str ength c ur ed 24 h rs @ 73. 4 + 3°F, 6 days @ 130 .± 3°F : 1870 ps i 200gm 
pozz + 100 gm lime & 375ml H

2
0 , Fl ow 88 . 

Pozzo l anic Ac tiv i ty Index , ASTM C618 
Wi t h Por t l and Cement (RC-688) a t 28 days pe rcent of Control 145 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Tes t Branch 

--·-·--- --· - - - - - ·--- --...-- ... - ....... _ -~-
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*CORRECTED (,QPY 

I..A80R A TORY: Pr:I"OR T NO. 
Structures Laboratory 
USAE Waterways Exp St REPORT OF TESTS WES-178-80 

ATTN: Cern & Pozz Group ON POZZOLA N 
SS-C-1960/S SHCET 

1 OF 1 P.O. Box 631 
Vicksburg, MS 39180 AD-S 36 ( 3) 

DATI!! : 29 May 80 

CI..ASS F N I Silica Eume 
SOURCE: Revnolds Metal Co •• Listerhill. AL CI'IANO' 
Tl!tST RESUI.. TS OF THIS SAMPLE I..OT 0 COMPI..Y 0 DO NOT COMPI..Y ¥fiTH S<>ECIFICATIC•J I..I,..ITS ISt:E REMARI<SI 
FO-. USE AT: 
CONTRACT NO.: 
OISTRICTISI: 
SAMPI..ED BY: J OAT 1:': SAM Pl.. ED: 
CAR NO. : I BIN NO.· 
I"IEI..D SAMPI..E NO.: I..A8 SAMPI..E NO.: 

OATE "'I!!CEIVEO 23 April 80 I..AB JOB NO.: 
Tl!tSTEO BY: Cement & Pozzolan Group CHECKED BY: 
TESTS ON COMPOSITE OF THE IOO.TON SA,..PI..ES I..ISTED 8EI..OW 

sto2 + Al2o 1 AVAI I..A81..£ POllOI..AN INCREASE IN AUT OCI..AVE REDUCTION IN MtO so, + Fc2 o, AI..KAI..IES STRENGTH SHRI"4KAGE EXPANSION I!!XPAN$10N 
' ' " 

1. •, CONTROl.. ~ Col ' 0:. Ill I 

REOUIRE,..ENTS 
MIN 10.0 MAX $ .0 MAX •. 0 MAxl. SO MIN 1$ MAX 0 .03 MAX 0 .!50 MIN 1!5 

TEST RESUI.. TS 

97.7 0.2 0.3 0.10 140 -0.06 
TESTS ON SAMPI..ES REPRESENTING 100 TONS OR I..ESS 

Fineness io pts SP Gllll 
325 Mesh var fro 

I..IMI!t WATER VARIATION 
SAMPI.E MOISTURE I.OSS ON II POUOLAN ~EOUO.EMEN' SPECIFIC FROM 

NO. CONTENT IGNITION 
Sieve % !avg pre ~ STRENGTH % of GR ... VITY AVEAAGE OF 

1. ' PSI 0 PRECEDING 
Retained 10 ,. ontrol 10. ' 

REOUIREMENT$ 
·-

MAX MAX MAX MAX MIN HAX MAX - 3.0 
I 0.0 INI !100 s 
6 .0 IF) 34 s lOS 

TEST RESUI. TS 

1 0.2 0.7 0.42 2050 2.22 

Air p ermeability Fin• ness 42 c so Sq C 1'1CC 

(p< rosity ~,...0. 714) 

Si02 96.6 Total Al kali by LiB02 ftsion 

Al203 1.0 Na2 0.22 

Fe203 0.1 K20 0.43 

Total as Na20 0.50 
AVERAGE 

lo) APPLICABI..E ONI..Y TO CI..ASS N I..A80RATORY C04ENT USED ~C-b~~ 

lbl OPTIONAl.. REOUI REME,.,- I..ABORATORY I.IMI!: USED CfiemsEone 

RVIMRKS: 

tf4i .. 1AIL._ NOTE: Pozzolanic Strength 
Control W/C 0.484, flow 114% 
Test mix W/C 0.528, flow 64% 

W. G. MILLER 
Chemist 

Chief, Cement & Pozzolan Grou 
,..OTE: THE INJ'ORIAATION GIVEN IN THIS REF'OAT SHAI..I.. NOT BE U::£0 IN ADVERTISING OR SAI.ES PROMOTION TO INOICATE EITHI!tR 

l!tXPI..ICITI..Y OR IMPLICITI..Y ENDORSEMENT OF THIS PAOOUCT I!IY THE U. S. COVER1o.IMENT. -
,.,._ ,.o,_., ooo. 
I AUO n 6000-R 

F67 



Report No: 
t.' .... S-2115-82 Structures Laboratory 

USAE t.faterways Exp St REPQRT OF TESTS Admixture ~IJ: 

ATTN: Cern & Pozz Tes t Br AD 536 (4) 
0~ POZZOLA~ 

P. o. Box 631 Date : 
·Vicksburg, MS 39180 24 June 82 

POZZOLA~ CLASS : DESCRIPTIO~: silica Fume 
CO:·r? ANY : Reynolds Netals Co LOCATIO:~ : Richmond, VA (See ( 1) below) 
NE~lO "'0 . • • • IDATE: !JOB XO : 441-S866.12SC51 
HE:·tO SUBJECT: 

CIIEHICAL CONPOSITIO~ 
Si02 r. 95.80 ~oisture Content % 0.30 Cr?01 % 
Al?01 % 1.11 LOI, % (7500C) 1.27 Chloride % 
Fe..,O_'l i. 0.11 LOI, r. (1000°C) 
:-rgO i. 0.06 TiO? % 
so1 i. 0.11 P?Oc; % 
CaO % 0.24 l-1n203 % 
Alkalies \~ater Soluble Available (C-618' Acid Soluble Total Alkali 
Na?O % 
K?O i. I 
Total as Na?O % 

PHYSICAL TESTS 
Specific Gravitv: 2.21 I Fineness: 14 % retained on 325 Sieve 
Surface Area: 21000 sqcm/cc , porosity e= 0. 720 (see(2}below) 
Te~ts Hith oortl<md ..:ement cu!"ed @ 73.1• + 3° F 
P0rtlnnd Ce!!.~ !'\t Co. : Hedusa 
.h tion: Clinchfie ld , GA 

Cei::ent No & Tvpe: SAS-423-82, II, LA, HH 
Autoclnvc E~~ansion 1 20% Re~lacenent, % 0.00 
•; ,. P.e" l ace T"'e n t of Ce:-r:~nt bv Volume 0 30 60 0 35 %-o.t. 
Heat of Hydration, 7 days. Cal/~m Control ':ontrol 
Heat of Hydration, 28 days, Cc;.l/gm 
Compressive Strength, 7 days .psi i(Lime-Po zolan AS "M C-311D ) 1840 
Co~pressive Strength,28 days,psi !(cured @ lOOvF) I 5340 6350 118 
Cor.mressive Strength. days,osi ~,Tater Re uirement % of Cu ill 11-rol: 123 
Co!':"uress ive Strenoth . 90 da'-·s,"Usi 
Cor.mressi ve Strength~ 180 days,psi 
Cow.pressive Strength, 1 year,psi j 

h'a ter - Ce~en t Ratio I • 

Flm-1 r. 
( 1) Reynolds Chemical s Amorphous Silica, RS-1 (6- 50 lbs . bags) Sheffield, Alab::\ma Plant . 
(2) e=0 .703, SA 34900 cm2/cc 

I e=0.710, SA 30400 cm2/cc 
I 
I 
I 

! 
l 
I 
I 

t:('t 
k-G~L~ 

R. E. REnmOLD 
Chi.ef, Cement & Pozzolan Test Br~nch 

-· w ·-· --·· 
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Structures Labor.J.tory 
,Report No: 

USAE H.J.ten1ays E:<p St REPORT OF TESTS Admixture No: 
ATTN: Cern & Pozz Test Br ON POZZOLAN AD 537 
P. o. Box 631 Date: 

I ·Vicksburg, NS 39180 
. 
~ . POZZOLA~ CLASS: DESCRIPTION: Slag 
I CO~tPANY: t.Jyandot te Cement LOCATION: Wyandotte, MI 
I 

HE:·!O NO: 1985 I DATE: 10/6/75 I JOB NO: I 545-C-530 I 

HE;>10 SUBJECT: Variations in Cementitious Nedia 
• 

I CHEMICAL COMPOSITION 
S.i.07 i. 38.65 Moisture Content % Cr203 i. 

I Al?01 i. 9.04 LOI.._ % (750 C) 2.28 Chloride i. 
! Fe01 i. 0.40 LOI. i. (1000 C) Insol. Resideue, i. 0. 71 
I 
0 Hi(> % 14.78 I TiO? % 
I SOJ % - 0.03 P205 i. 

CaO % 33.47 Hn?01 % 
I AH:alies % \.Ja ter Soluble Available (C-618) Acid Soluble Tota l Alkali 

N:1?0 % 0.01 0.06 0.27 
j K20 % 0.01 

0 

0.40 0. 14 
: Total as }la?O% I 0.02 0 15 0.53 

PHYSICAL TESTS 
Specific Gravity: I Fineness % retained on 325 Sieve 
Surface Area: so em/ cc norositv e = 
Tests t.,ri th port land cement cured @ 73.4 + 3 F 
Portland Cement Co: 
Location: 

I Research Cement No & Type: 
I Autoclave Expansion, 20% Replacement, % 

% Replace of Cement by Volume 0 30 60 0 30 60 
lleat of Hydration, 7 days, Cal/gm 
Heat of Hydration, 28 days, Cal/gm 
Compressive Strength 3 days I>_Si 
Compressive Strength 7 davs psi 
Compressive Strength~ 28 days psi 
Comnressive Stren2th 90 davs psi 
Compressive Strength. 180 days psi 

! Compressive Strength, 365 days psi 
t.Ja ter - Cement Ratio 
Flot-1 

w. G. MILLER 
Chemist 

Test Branch Chief, Cement & Pozzolan 
or-
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------------------------------------------·~--~~--- ---------------------------------1 
Structures Laboratory 
USAE W.:1tcrway's Exp St 
ATTii : Cern & Pozz Test Br 
P . 0 . Bo:< n31 
Vicksburg, HS 39180 

POZZOLA.'~ CLASS: 

REPORT OF TESTS 
ON POZZOLAN 

DESCRIPTION: Silica Fume 
CO~'.PA.1~Y Ohio Ferro-Allovs Cor >LOCATION: Powha ton. Ohio 

Repor t No: 

Admixtur e No : 
AD 541 

Date : 

~:E~IO NO: 1985 !DATE: 10/6/75 jJOB NO: 545- C- 530 
·~~~~~~~o~s7u=B~J=E~c=T~:~~V7a~r~1~- a-t~1~-o-n-s~1~-n~c=e-m-'e~n~t1~-~t7io~u-s-M~e~d7i_aL--~~--~~=-~~-----------------l 

CHEMICAL COMPOSITION 
i. 0 . 00 ~~ s~i~0~)'~--~%~-------+~9~5~-~2~2~ Moisture Content % 0.24 

1\1? 0 1 % 0 . 2 7 LO I~ % (7 50 ° C) 1. 2 8 
~~~--~~------~~~~~ 

..._F~ e.r>L0_._1_-!,2% ___ --1~....:0::...:·-=:3:..:::.5--l LOI • % ( 10 00 °C) 1. 6 8 
~H~·t~o ____ ~%~------L-~0~·~26~ Ti02 % 
~S=0~3 ___ ~% ____ -41-~0~·~0~6~ P?05 i. 
CaO % 0.34 Mn203 i. 0.01 

Chloride i. 0 . 05 

Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali 
Nr~.?O % 0.07 n O'l 0 1 ? 

K?O % . 0. 08 0 1? 0.35 
Tot a 1 as N a? 0 ~~ 0 . 12 n 1 1 0.35 

PHYSICAL TESL'S 
Soecific Gravitv: 2 . 21 I Fineness % retained on 325 Sieve 
Surface Area: 61.400 sgcm/cc, poros~1~·t~v~------e~--~0~-~7~2~7 _____ ______________ 1 
Tests ~.rith portland cemen t cured @ 73.4 + 3cF 
Portland Cement Co: United 
Location: 
Research Cement No & Type: RC-688(3) 
Autoclave Expansion, 20% Replacement, % 
% Replace of Cement by Volume 0 30 
Heat of Hydration, 7 days, Cal/gm 
Heat of Hvdration. 28 davs. Cal/gm 
Compressive Stren2th. 3 days psi 
Compressive Strength. 7 davs psi 
Comoressive Strength. 28 days psi 
Comoressive Strength. 90 days psi 
Compressive Strength . 180 days psi 
Compressive Strength . 365 days psi 
Water - Cement Ratio 
Flm-1 

2950 1360 * 
4390 3020 
6030 5360 
6550 6680 
7230 7010 
6790 7000 
0·. 485 0.601 
114 62 

60 0 

* 2 day camp strength 
Lime Pozzolan Compressive Strength, 365 ml H

2
0, Flow 84% 1970 ps i . 

W. G. MILLER 
Chemist 

30 60 

. 

Chief, Cement & Pozzolan Tes t Branch 

I 
I 

- .-.......... ....... ~ ... __ ..., ~ .. --- ~ . .. .. . .. -------·- ·-·-----------·-----
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Structures T..aboratory 
K.eport No: 

USAE Waterways Exp St REPORT OF TESTS Admixture No: 
ATTN: Ccm b Po7.z Test Br ON POZZOLAN AD 542 
P. 0. Box 631 
Vicksburg, !-tS 39180 Date: 

POZZOLAN CLASS: DESCRIPTION: Silica Fume 
CO~fPA~Y: Qhio F~rro Allovs Co ·bOCATION: Philo. Ohio 
'fE~!O NO: lqR'l {DATE: 10/6/75 I JOB NO: 545-C-530 
HENO StmJECT: Variations in Cementitious Media 

CHEMICAL COMPOSITION 
SiO? 7. RQ 1'l Moisture Content % 0.38 Cr201 r. 0.00 
Al?01 7. 0 7f.. LOI. % (750 c) 3.53 Chloride 7. 0.17 
Fe01 7. 1 46 LOI. % (1000 C) 4.51 
HgQ 7. 1 49 Ti02 % 
SO) 7. 0 14 P20'l % -
CaO 7. 0.62 Hn203 % 0.16 
Alkalies % \-later Soluble Available (C-618) Acid Soluble Total Alkali 
Na20 7. 0.14 0.14 0.26 
K?O % 0.16 0.18 0.72 
Total as Na?O% 0.25 C.26 0. 7 3 

PHYSICAL TESTS 
SEecific Gravity: 2.30 I Fineness % retained on 325 Sieve 
Surface Area: 852200 SQcml~~+ ~Qrosit~ e = 0. 762 
Tests with cortland c:ement cured @ 73.4 3 F 
Portland Cement Co: United Cement Citadel 
Location: Artesia HS Birmin gham, AL 

Research Cement No & Type : RC-688(3). I. LA RC-705, II, LA, HH 
Autoclave Expansion, 20% Replacement, % 
% Replace of C~ment by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/ gm 
Heat of Hydration·, 28 days, Cal/ grn 
Comoressive StrenQth 3 days _rrsi 2950 2070 490 1700 1370 

Comoressive Stren~th 7 dave; psi 4390 3610 1280 2510 2690 

Comoressive StrenQth 28 days psi 6030 6280 3530 4040 5070 

Comoressive StrenQth 90 davs osi 6550 7100 6.?70 5760 6320 
Compressive Strength 180 days psi 7230 7860 41'50 5990 6670 
Compressive Strength. 365 days psi 6790 7360 4f..?O '5810 
Water - Cement Ratio 0.485 0 511 0 770 0.485 0.511 
Flow 114 64 67 122 76 

Lime-Pozzo1an Strength 385m1 H2o 88% Flow 850 psi 

\-1. G. MILLER 
Chemist 

& Pozzolan Test Branch Chief, Cement 
. 
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-Report No: 
Structures Laboratory 
USAE Waterways Exp St REPORT OF TESTS Admixture No: 
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 543 
P. 0. Box 631 Date: 

l Vicksburg, }otS 39180 
• 
: .POZZOLAN CLASS: DESCRIPTION: Silica Fume 
I COHP fu.'lY :N~ t ional ttalur:dca LOCATION: Sorinefield. OR ' 
I HEI-10 NO: 1985 DATE: 10/6/75 I JOB NO: 545-C-530 

HF...:'-10 SUBJECT: Variations in Cementitious Media 

I '-
CHEMICAL COMPOSITION 

SiO? % 92.62 Moisture Content -·% 0.20 Cr201- % o.uu 
Al203 % 0.62 LOI .. % (750 C) 2.71 Chloride r. 0.04 

I Fe0_3 % 0.27 LOI. % (1000 C) 3.02 
MgQ % 0.23 TiO? % 
S01 r. 0.09 P20'i % 
CaO % 0.32 Mn203 r. 0.01 
Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali 
Na?O % 0.05 0.06 0.13 
K?O % i 0.05 0.08 0.32 
Total as Na?O% 0.08 0.11 0.34 

PHYSICAL TESTS 
Soecific Gravity: 2.23 I Fineness r. retained on 325 Sieve 
Surface Area: 75,200 sgcm/cc+ porositv e = 0. 779 

• 
Tests with portland cement cured @ 73.4 3 F 
Portland Cement Co: 
Location: 

I Research Cement No & Type: 
Autoclave Expansion, 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, . Cal/gm 
Heat of Hydration, 28 days, Cal/gm 
Compressive Stren2th. 3 days __n_si 
Comoressive Stren2th 7 days osi 
Compressive Stren2th. 28 days psi 
Comoressive Stren2th 90 days DSi 
Compressive Stren2th. 180 davs psi 
Compressive Strength. 365 days psi 
t~ater - Cement Ratio 
Flow 

Lime-Pozz, Comp Str 385m! H20 72% Flow 1720 psi 

W. G. MILLER 
Chemist 
Chief, Cement & Pozzo1an Test Branch 
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,----------- ---- --
Structures Laboratory 
USAE \-!aterways Exp St 
ATT:~: Cern & Pozz Test Br 
P. 0. Box 631 
Vicksburg, MS 39180 

POZZOLAN CLASS: 
COMPANY: 

I ME~fO NO: 

REPORT OF TESTS 
ON POZZOLAN 

DESCRIPTION: Si]ica Fume 
LOCATION: Wenatchee \.JA 

.. ------Report No: 

Admixture r;o; 

Date: 

JOB NO: 545-C-530 

AD 544(75) 

~~=}=ffi=}=tO===SUB==J=E=C=T=====V=a=r=~=·a=t=~=·o=n=s==~=·n==C=e=m=e=n=t=i=t=i=o=u=s==M=e==i=a=======================================' 
I CHEMICAL CO}~OSITION I 

S.i.02 :Y. 90.10 Moisture Content % 0 63 Cr201 % 0.00 I 
Al?01 i. 1. 72 LOI, % 750 C) 3.78 Chloride r. 0.11 I 
Fe-03 i. 1. 93 LOI. % (1000 C) 4.64 I 
HeO i. 0.35 TiO? % I 
S01 % 0.07 P?Oc; % I 
CaO % 1.57 Hn?01 % 0.11 I 
Alkalies i. Water Soluble Available (C-618) Acid Soluble Total Alkali I 
Na?O 7. 0.14 0.10 0 29 I 
K?O i. i 0.09 0.13 0.55 

• 
I 

Total as Na?O% 0 20 0.19 0.65 I 
PHYSICAL TESTS I 

Specific Gravitv: 2.28 I Fineness % retained on 325 Sieve I 
Surface Area: 58,520 socm/cc POt'OSit'\1 e = 0.844 I 
Tests with portland cement cured @ 73.4 + 3 F I 
Portland Ce~ent Co: United I 
Location: Artesia. NS 
Research Cement No & Type: RC-688(3) I LA 
Autoclave Expansion, 20% Replacement, % -
i. Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/p,m 
Heat of Hydration, 28 days, Cal/gm 
Compressive Strenoth 3 day_s osi 2950 2310 
Compressive Strength 7 davs psi 4390 3320 
Compressive StrenRth, 28 davs psi 6030 6360 I 
Compressive Stren~~th 90 davs psi 6550 6950 
Corapressive Strength. 180 days psi 7230 7520 
Compressive Strength. 365 days psi 6790 8140 
Water - Cement Ratio 0.485 0.54 I 
Flow 114 64 

Lime-Pozz Comp Str 325m! H20 63% Flow 2070 psi 

W. G. MILLER 
Chemist 

Test Branch Chief, Cement & Pozzolan 
------- ------ - - ' -· 
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Report No: --
Structures Laboratory 
USAE Waterways Exp St REPORT OF TESTS Admixture No: 
ATTN: Cern & Pozz Test Br ON POZZOLAN AD 544(98) 
P. o. Box 631 Date : 

1 ·Vicksburg, NS 39180 
I 

: . POZZOLAN CLASS : DESCRIPTION : Silica Fume 
I CO~!PANY: Hanna Nining Co. LOCATION : Wenatchee. \-lA 
i MEHO NO: 1985 I DATE : 10/6/75 I JOB NO : 545- C-530 . . . rnentitious Medi a • 

I 1 ~ffiMO SUBJECT. Var1at1ons 1n Ce 

I CHEMICAL COMPOS I TI ON 
Si02 7. 83.65 Moisture Content-·% 0 . 73 Cr?01- % 0. 04 
Al201 7. 0.51 LOI. % (750 C) 11.88 Chloride 7. 0. 21 

I Fe01 7. 0.37 LOI, % (1000 C) 11. 03 
MgQ % 0.44 TiO? i. 
S01 % 0.36 P20_5_ % I 

' 
CaO % 0.16 Nn?01 i. 0 . 00 
Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali 
Na?O 7. 0 • .07 0. 07 0 .16 
K?O 7. I 0.06 0 . 12 0. 34 
Tot al as Na?O% 0 .11 0 .15 0 . 38 

PHYSICAL TESTS l 
Soec i fic Gr avity: 2 . 16 I Fineness % r etained on 325 Sieve j 
Surface Area : 88 , 300 ~Q~~~~~+ porosity e = 0 . 837 I 

I 
Tests with portland cement cured 3 F 
Portland Cement Co: Uni t ed 
Location : Artesia, MS I 

I Research Cement No & Type: RC-688(3), ~. LA 
Autoclave Expansion , 20% Replacement , 7. : 

I 

% Replace of Cement by Volume 0 30 60 0 30 60 1 

Heat of Hydration , 7 day.s., Cal/gm • ! 
Heat of Hydration, 28 days, Cal/gm ' 

Comoressive Strength.._ 3 davs osi 2950 1830 ' • 

Compressive Strenath , 7 days psi 4390 2680 
• I 

I 

Compressive Strength, 28 days psi 6030 5740 
Compressive Strem~th 90 davs osi 6550 6780 j 

Compressive S t n : :.:: ~t h • 180 days p_si 7230 6800 
Compressive Strength, 365 days psi 679-0 6540 
Water - Cement Rat i o 0,;485 0 .65 
Fl ow 114 74 

Li me- Pozz Comp Str 375ml H20 71% Flow 1840 psi 

w. G. HILLER 
Chemis t 
Chie f, Cement & Pozzo l an Test Branch 

_ ... , _ ....... .. ··· ·· --· .. - . ·- .._._ . ~ -·· ~· ·· ·· · ····•'"· -·-- - ~ . . - ··- - .......... .. ··· - ··- . ~ - -- ... ... _, __ --.. ... .. ~ - _ ... .. ···-·-· - . .. ·-···--···- -
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Structures Laboratory Report No: 

USAE \.Jatcn,.:lys Exp St 
REPORT OF TESTS Admixture No : ATTN: Cern & Pozz Test Br ON POZZOLAN AD 545 

P. 0. Box 631 

I ·Vicksburg, HS 39180 Date: 
• 
I POZZOLAN CLASS: DESCRIPTION: Silica Fume . 
• CO:WA~Y: Roane Electric LOCATION: • Roc k'vood, TN 
I NE~IO NO: 19R'5 I DATE: 1076/75 I JOB NO: 545-C-530 I 

HE~lO SUHJECT: Variations 1n Cementitious Media 

I CHEMICAL COMPOSITION 
Si.02 % 42.61 Hoisture Content % 0.71 Cr?01 % 0.02 
Al201 % 4.73 LOL % (750 C) 7.24 Chloride % 0.01 ! Fe.01 % 6.22 LOI. % (1000 C) 9.14 
HgQ % 2.85 TiO? % 

r. . 
S01 2.12 P20S r. -
CaO % 3.67 Mn203 % 22.62 

I Alkalies % \.Jater Soluble Available (C-618) Acid Soluble Total Alkali 
Na20 % 0.75 1.00 1.14 
K?O % • 

4.54 6.13 7.44 
Total as Na?O% 3. 74 5.03 6.03 

PHYSICAL TESTS 
Specific Gravitv: 2.79 I Fineness % retained on 325 Sieve 
Surface Area: ~nrm/cr norositv e = 
Tests with portland cement cured @ 73.4 + 3 F 
Portland Cement Co: 
Location: 

! Research Cerr.ent No & Type: 
Autoclave Expansion, 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
Heat of-Hydration, 28 days, Cal-/ gm 
Compressive Stren2th 3 davs psi 
Compressive Streneth 7 davs psi 
Compressive Stren2th 28 davs psi 
Compressive Streneth 90 davs psi 
Compressive Strength. 180 davs psi 
Compressive Strength. 365 days psi 
Water - Cement Ratio 
Flm.r 

Lime Pozz Comp Str 240ml H
2
o Flow 1117. 510 psi 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 

-- - --. ---·- .. - - -· ~ - - ~ ~ - - -· - ----·-
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Report No : 
St r uc t ures Laboratory 
USAE \.fa te n -1ays Exp St REPORT QF TESTS Admixt ure No : 
ATTN : Ce rn & Pozz Test Br ON POZZOLAN AD 546 
p. 0 . Box 631 Da t e : 
Vicksbur g, HS 39180 

POZZOLAN CLASS : DESCRIPTION : Si l i ra Fume 
COI'lP/u'JY : :foote Minera l LOCATION : New Haven . WV 
HEHO NO: 1985 I DATE : 10/6/75 l JOB NO: 545-C-530 
HE~tO SUBJECT : Variations i n Cementit ious Nedia 

CHEMI CAL COMPOSITION 
S.i.02 % 71 71 Moistur e Content % 0. 00 Cr?01 % 0 04 
Al201 % 1 QA LOI ._ % {750 C) 1.01 Chloride % 0 06 

1~_3 % 13 87 LOI. % (1000 C) 2.34 
% 1 R4 TiO? % HstO 

SO) % - 0 18 P205 % 
CaO % 2 32 Mn201 % 0 . 85 
Alkalies i. l-Tater Soluble Available (C-618) Acid Sol uble Total Alka l i 
Not20 % I 0 .15 0 22 0.44 
K?O % I 0 . 20 0.22 1.17 
Tota l as Na?O% 0 . 28 0 36 1.21 

PHYS I CAL TESTS 
SEec i fic Gravity : 2.49 I Fineness % retained on 325 Sieve ' Surface Area: sQcmlcc+ J2QrQsity ' e = I 

Tests with portland cement cured @ 73 . 4 3 F \ 

Po r t l and Cement Co : I 
Loca t ion : I 

Research Cement No & TyEe: j 
Autoclave Expansion, 20% Replacement_, % I 
i. Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm ! 
Heat of Hydration , 28 days , Cal/gm 
Compressive Strenszth 3 davs osi 
Comp r essive Stren?-th 7 davs Psi 
ComEr essive Strength 1 28 davs osi 
~omnressive Stren~7,tb. SO davs psi 
ComEressive Strength 1 L.~O davs psi 
Compressive Strength, 365 days ps i 
\.fa ter - Cement Ratio 
Flow 

Lime-Poz z Comp Str 350m1 H20 112% Flow 1320 psi 

I 

W. G. MILLER 
Chemi st 
Chie f, Cement & Pozzo1an Test Bran ch 

• 
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Structures Laboratory 

Report No: I USAE \-latenrays Exp St REPORT OF TESTS Admixture No: 
ATT~: Cern & Pozz Test Br ON POZZOLAN AD 548 
P. o. Box 631 

j ·Vicksburg, MS 39180 Date: 

I 

r POZZOLAN CLASS: DESCRIPTION: Silica Fume . 
I CO~IPAL~Y: Airro LOCATION: Calvert Citv KY 
I HE~IO NO: 1<)8') I DATE: 10/6/75 JOB NO: 545-C-530 I 

MENO SUBJECT: Variations in Cementitious Media 

I CHEMIC1\ L COMPOSITION 
S.i.O? % 91.46 Moisture Content % 0.42 Cr?01 % 0.01 
Al?01 % 1.00 LOI'" % (7 50 C) 2.04 Chloride % 0.09 

I Fe01 % 1. so LOI. % (1000 C) 2.37 
}fgO % 0.70 TiO? % 
S03 % - 0.17 P20'l % 
CaO % 0.94 Mn ?01 % 0.23 

I Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali 
Na?O % I 0.09 0.08 0.18 
K?O % 0.14 0.13 0.58 
Total as Na?O% 0.18 0.17 0.56 

PHYSICAL TESTS 
Specific Gravity: 2.37 I Fineness % retained on 325 Sieve 
Surface Area: 27.700 SOC'm/ CC ooros itv e = 0.711 
Tests \.ti th port land cement cure d @ 73.4 + 3 F 
Portland Cement Co: United Citadel 
Location: Artes ia, MS Birmingham, tJ... 

Research Cement No & Type: RC-688 ( j). II. LA RC-705, II, LA, HH 

Autoclave Expansion, 20% Repl acement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Ca1/gm 
Heat of ' Hydration, 28 days, Ca1/gm 
Compressive StrenQth 3 davs Dsi 2950'/c 2360 1700 1500 
ComPressive StrenQth 7 davs psi 4390 27 30 2510 1740 
Compressive StrenQth 28 days psi 6030 5450 4040 4280 
Comnressive StrenQth 90 days osi 6550 6990 5760 5380 
Compressive Strenoth. 180 days psi 7230 6750 5990 5040 
Compressive Stren2th. 365 days psi 6790 6970 5150 
Water - Cement Ratio 0.485 0.602 0.485 0.602 
Flo to~ 114 83 122 96 

Lime-Pozz 375ml H
2
o 96% Flow 1790 psi 

* 4 day compressive strength 

w. G. MILLER 
Chemist 

Branch Chief, Cement & Pozzolan Test ---___ .. _______ ..,. ... ____ , __ .,. ___ - --
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Report No: 
St ruc tures Laboratory 
USAE t.Jatet:" .. mys Exp St REPORT OF TESTS Admixture No: 
ATT~J: Cern & Pozz Test Br ON POZZOLAN AD 549 
P. o. Box 631 Date: 

·Vicksbu r g, MS 39180 

POZZOLi\~ CLASS : DESCRIPTIOi-1 : Silica Fume 
CO>rPANY : Union Carbide Hetals LOCATIO~: Sheffield , AL 
~fE~iO NO: 1985 I DATE: 10/6/75 I JOB NO : 545-C-530 
~tE~!O SUBJECT : Variations ~n Cementitious Media 

CHEMICAL CO~~OSITION 
SiO? % 67.42 Moisture Content % 2.10 Cr?03 % 0.05 
Al?01 % 4.84 LOI. % ( 7 50 C) 14.15 Chloride % 0.01 
F~_3 % 11.29 LOI % (1000 C) 14.38 
}I gO % 1. 94 TiO? i. 
S03 % - 0.32 P?Oc; i. 
CaO % 4.03 Mn203 i. 1. 78 
Alkalies % \.Jater Soluble Available (C-618) Acid Soluble Total Alkali 
Na?O % I 0.08 0.12 0.20 
K?O % I 0 .18 0.24 0.62 
Total as Na?O% 0.20 0.28 0.61 

PHYSICAL TESTS 
Soecific Gravity : 2.25 I Fineness % retained on 325 Sieve 

• Surface Area: 40i400 s~u:mL~~+ oorosit::£ e = 0.815 
Tests with portland cement cured @ 73 . 4 3 F 
Portland Cement Co: 
Location: 
Research Cement No & Type: 
Autoclave Expansion, 20% Replacement , % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm -I Heat of Hydration, 28 days, Cal/gm I 

~ 

Comoressive Strength "" 3 davs osi -Compr essive Strenoth 7 days Q_Si 
Compressive Strength ~ 28 davs osi 

I Compressive S tren~t h 90 davs osi 
Compressive Strength 180 days psi 
Compressive Strength. 365 days psi 
Water - Cement Ratio 
FlO\-/ 

: 

Lime-Pozz 375ml H20 104% Flow 880 psi 

• w . G. !-tiLLER 
I 

j Chemist 
Chief, Cement & Poz zo lan Test Branch 

~ 
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Structures Laboratory 
Report No: 

USAE Wate n.rays Exp St REPORT OF TESTS Admixture No: 
ATTN: Cern & Pozz Test Br ON POZZOLAN AD 550 
P. o. Box 631 Date: 

·Vicksburg, MS 39180 
t 
I POZZOLAN CLASS: DESCRIPTION: Silica Fume . 
I CO~fPANY: Interlake Inc. LOCATION: Beverly, OH 
i 'HEHO NO: 1985 fDATE: 10/6/75 I JOB NO: 545-C-530 I 

I ME}tO SUBJECT: Variations in Cementitious Me<fia 
I 

I CHEMICAL COMPOSITION 
S.i.07 i. 67 40 Moisture Content i. 1.11 Cr201 i. 1.47 
Al701 i. 4 71 LOI. i. (750 C) 4.76 Chloride i. 4.14 

I Fe01 i. 1 74 LOI. i. (1000 C) 6.79 
M£0 i. 11 96 TiO? i. 
S03 i. - 0 40 P70Ci i. 
CaO % 0.67 Mn701 % 0.26 
Alkalies i. t-later Soluble Available (C-618) Acid Soluble Total Alkali 
Na20 % 1. 78 2.77 2.60 
K20 % I 1.29 2.51 3.09 
Total as Na?Oi.• 2.63 "-.42 4.63 

PHYSICAL TESTS 
SEecific Gravity: 2. 36 I Fineness i. retained on 325 Sieve 

I Surface Area: 39.60Q s~u:mL~~+ ~orosity e = 0.782 
Tests with portland cement cured @ 73.4 3 F 
Portland Cement Co: 
Location: 
Research Cement No & Type: 
Autoclave Expansion, 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
Heat . o~ Hydration, 28 days, Cal/gm 
Compressive Strength. 3 davs osi 
Compressive Strength 7 davs osi 
Compressive Strength. 28 davs osi 
Compressive Strength 90 davs osi 
Compressive Strength. 180 davs osi 
Compressive Strength. 365 davs psi 
\-later - Cement Ratio 
Flow 

Lime-Pozz 225ml H2o 83% Flow 1640 psi 

w. G. MILLER 
Chemist 

& Pozzolan Test Branch Chief, Cement 
e,_ • -~-- - ~ - · -~ 
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.. 
Report No: 

Struc t ur es Laboratory 
USAE \-Ia terways Exp St REPORT QF TESTS Admixture No: 
ATT;-.t: Cern & Pozz Test Br ON POZZOLAN AD 551 
P. 0 . Box 631 Da t e : 

I ·Vicksburg, HS 39180 
' : POZZOLAN CLASS : DESCRIPTION : Silica Fume 
I CO~IPA1~Y: Interl ake , Inc . LOCATION : Beverlv. OH Sample No . 2 
I MENO ;-.tO : 1 9R5 I DATE : 10/6/75 I JOB NO : 545- C-5 30 
I HE}l0 SUBJECT : Variations i n Cernen t it i ous Media 
I I 

I ' 
CHEMICAL COMPOSITION 

S.i.O? % 93.58 Moi stur e Con tent % 0. 34 Cr 20'l % 0 . 00 
! Al 2_01 % 0. 60 LO I.._ % (750 C) 3. 45 Chlor i de % 0.05 
! Fe01 % 0 . 26 LOI . % (1000 C) 3. 74 

HgO % 1. 01 TiO? i. 
S01 % - 0. 50 P20S % 
CaO % 0. 44 Mn::>01 % 0. 02 

I Al kalies % \-later Soluble Available (C- 618) Acid Sol uble Total Alkal i 
Na20 % I 0. 03 0 .05 0. 10 
K70 % 0 .10 0.13 0. 71 
To t al as Na?O% 0 .10 0.14 0 . 57 

PHYSI CAL TESTS 
Sj:>ecific Gravity : 2.25 I Fineness % retained on 325 Sieve 
Sur face Area: 163 ,000 s~g:mL cc+ QQtQSit:£ e = 0 . 842 
Tests with I>_Ortland cemen t cured @ 73 . 4 3 F 
Port l and Cement Co: 
Location: 

I Research Cement No & Type : 
I . 

Autoclave Expansion , 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydra tion, 7 days , Cal/grn 
Heai of Hydration, 28 days, ·Cal I grn 
Com}:>r essive Strength. 3 days _QSi 
Compressive Strength 7 days ps i 
Compressive Strength . 28 days psi 

I Compressive Stren~th 90 davs os i 
Compr essive St r ength, 180 days psi 
Compressive Str ength, 365 days ps i 
Water - Cement Ratio. 
Fl ow 

Lime-Pozz Comp St r 385ml H20 64% Flow 2130 ps i 

w. G. HILLER 
Chemis t 
Chief , Cement & Po zzol an Test Bran ch 

- - --------· - - - --· ·-
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Structures Laboratory 
Report No: 

USAE 1-laterw.:tys Exp St REPORT OF TESTS Admixture No: 
ATT~~ : Cern & Pozz Test Br ON POZZOLAN AD 552 P. 0. Box 631 

Date: ·Vicksburg, HS 39180 

'I POZZOLAN CLASS: DESCRIPTION: Silica Fume 
I COHPA.'~Y: Ai reo LOCATIO~: Niagara Falls. NY 
I HE~IO NO: 1985 I DATE: 10/6/75 j JOB NO : 545-C-530 I 

?-1E:10 SUBJECT: Var....:iations l.n Cementitious Media 
I 

I CHEMICAL COMPOSITION 
S.i.O? i. _91 12 Moisture Content i. 0.__:_54 Cr?01 i. 0.10 

I Al?O"\ i. 1. 59 LOI. i. (750 C) 1.44 Chloride % 
Fe OJ i. 0.95 LOI i. (1000 C) 2.09 
H&-"6 i. 1.09 TiO? % 
S01 i. - 0.04 P?Oc; i. 
CaO i. 0.48 Hn201 i. 0 .08 
Alkalies % \vater Soluble Available (C-618) Acid Soluble Total Alkal1. 
Na20 i. 0.06 0.05 0.17 
K?O i. 0.22 0.21 1. 72 
Total as Na?Oi. 0.20 0.19 1. 30 

PHYSICAL TESTS 
Specific Gravitv: 2.23 I Fineness i. retained on 325 Sieve 
Surf.:tce Area: 74_,.600 so em/ cc oorositv e = 0.811 
Tests with portland cement cured @ 73.4 + 3 F 
Portland Cement Co: 
Location: 
Resea rch Cement No & Type: 
Autoclave Expansion. 20% Replacement, % 
i. Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
Heat of Hydration, 28 days, Cal/gm 
Compressive Strength 3 davs osi 
Compressive St ren__g_th_._ 7 davs osi 
Compressive St re n_g_th_i 28 davs osi 
Compressive StrenP..th 90 davs osi 

• Compressive Strength__._ 180 davs psi 
Compressive Strength~ 365 davs psi 
\-later - Cement Ratio 
Flm-1 

' 

Lime-Pozz Comp Str 330m! H
2
o 86 % Flow 2270 psi 

w. G. MILLER 
Chemist 
Chief, Cement & Pozzolan Test Branch 
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Repo rt No: I Struc t ures Laboratory 
USAE t-latenrays Exp St REPORT OF TESTS Admi xture No: 

C~m & Pozz Test Br . 
ATT~ : ON POZZOLAN AD 553 
p. o. Box 631 Da t e : 

I Vicksburg , MS 39180 
• 
I 

POZZOLA~ CLASS: DESCRIPTION : Silica Fume I 

I COHPA.I.~Y: Ai rc.o LOCATION : Niagara . NY 
I HEHO NO : 1 985 J DATE : 10/6/75 I JOB NO : 545-C-530 
I 

~fE~10 SUBJECT : Var iations in Cementitious Media 
I 

I CHEMI CAL CO}~OS ITION 

Si02 % 80 .71 Moistur e Content % 0. 77 Cr 2_0_3 % 0 .66 
t Al203 % 3.62 LO I .._ % ( 7 50 C) 1. 69 Chlor ide % 0. 08 
I Fe0_3 % 0. 57 LOI. % ( 1000 C) 3. 40 I 

Hfto % 9. 86 TiO? % 
I S03 % - 0. 34 P20') % 

CaO % 0 .32 Mn?01 % 0 . 14 
Alkalies % Water So l uble Avail able (C-618) Acid Sol uble Tot a l Alkali 
Na20 % 0 . 18 0.17 0 4A 
K?O % i 0 . 33 0 . 36 1 5 8 
Total as Na?O% 0 .40 0 . 41 1 ')2 

PHYS I CAL TESTS 
Spec i fic Gravi ty: 2.29 I Fineness % retained on 325 Sieve 
Sur face Area : 55. 400 socm/cc uorositv e = 0. 821 
Tests with portland cement cured @ 73.4 + 3 F 
Portland Cement Co : 
Location : 
Research Cemen t No & Type : 
Autoclave Expansion , 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/grn -
Hea t of Hydration, 28 days, Cal lgm 
Compressive Strength. 3 davs ps i --Compr essive Strength 7 davs ps i I 
Comp r essive Strength. 28 days psi I 
Compressive Stren~th 90 davs osi 
Compr essive Strength, 180 days psi 
Compr essive St rength, 365 days psi 
~..rater - Cement Ra tio 
Flow 

Lime-Pozz 360ml H20 95% Flow 1960 psi 

w. G. MILLER 
Chemis t 
Chief, Cement & Pozzo l an Test Branch 

~- ~ . ..l 
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Report No : I 

Structures Laboratory 
USA£ \.Jaterways Exp St REPORT OF TESTS Admixture No: 
ATT~: Cern & Pozz Test Br ON POZZOLAN AD 557 
P. o. Box 631 

Date: ·Vicksburg, MS 39180 

I . POZZOT.AN CLASS: DESCRIPTION: Silica Fume 
I COI-IPA~~Y: Union Carbide LOCATION: Shef fiel < AL 
r 

~ffi~!O NO: 1985 I DATE: 10/6175 J OB NO: 545-C-530 
HH10 SUBJECT: Variations in Cementitious Media 

I CHEHICAL COMPOSITION 
Si02 % 71.17 Moisture Content % 0.22 Cr701 % 0.01 
Al201 % 2.44 LOI. % (750 C) 11.25 Chloride % 0.17 

I Fe01 % 14.60 LOI, % (1000 C) 11.00 
MgO % 0.46 Ti07 % 
S01 % 0.24 P20c; % -
CaO % 1.10 Mn?03 % 0.93 
Alkalies % \-later Soluble Available (C-618) Acid Soluble Total Alkali 
Na20 % (}.08 0.12 0.19 
K?O % 0.18 0.16 0.63 
Total as Na?O% I 0.20 0.23 0.60 

PHYSICAL TESTS 
Specific Gravity: 2.48 I Fineness % retained on 325 Sieve 
Surface Area: 142,600 snC'm/cc oorositv e = 0.840 
Tests with portland cement cured @ 73.4 + 3 F 
Portland Cement Co: 
Location: 

I Research Cement No & Type: 
Autoclave Expansion, 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
Heat of Hydration, 28 days, Cal/gm 
Compressive Strength. 3 davs osi 
Comoressive Strength 7 days psi 
Com_I>ressi ve Strength. 28 days QSi 
Comoressive Strength 90 davs osi 
Compressive Strength. 180 days psi 
Compressive Strength. 365 days psi 
Water - Cement Ratio 
Flow 

Lime-Pozz 340ml H2o 60% Flow 1630 psi 

w. G. MILLER 
Chemist 

& Pozzolan Test Branch Chief, Cement 

. 
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Structures Laboratory 
USAE Untcnmys Exp St 
ATTN: Cern & Pozz Test Br 
P. 0. Box 631 
·Vicksburg, MS 39180 

. POZZOLAN CLASS: 

REPORT OF TESTS 
ON POZZOLAN 

DESCRIPTION: Silica Fume 

Report o: 

Admixture No: 
AD 558 

Date: 

I COHPANY: LOCATION: Wenatchee WA 
HEHO NO: JOB NO: 545-C-530 
NENO StmJECT: Variations in Cementitious Me ia 

CHEMICAL COMPOSITION 
SiO? % 85.06 Moisture Content % 0.58 Cr?O'l r. 0.00 

I AlZ03 % 1. 73 LOI. % (750 C) 4.26 Chloride % 1.06 i 
I Fe_01 % 1.81 LOI. % (1000 C) 5.43 I 

Ms!o r. 1.50 TiO? % 

I S03 . % 0.30 · P20c; % -
CaO % 0.68 Mn?01 % 0.31 
Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali 
Na?O % I 0.60 0.84 1.-vi 
K?O r. i 0.54 0.92 2.27 
Total as Na?O% 0.96 1.45 2.73 

PHYSICAL TESTS 
• Specific Gravity: 2.25 I Fineness % retained on 325 Sieve • 

Surface Area: 992000 ::HlCIDL!:!::f: norosity e = 0.825 
Tests with portland cement cured @ 73.4 3 F 
Portland Cement Co: 
Location: 

I Research Cement No & Type: -
Autoclave Expansion, 20% Replacement, % 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
·Heat of Hydration, ·28 days, Cal/gm 
Comoressive Stren~th 3 davs osi 
Comoressive StrenQth 7 davs osi 
Conmressive StrenQth. 28 davs osi 
Comoressive StrenPth 90 davs osi 
Comoressi ve Strength. 180 davs psi 
Compressive Strength. 365 days psi 
Water - Cement Ratio 
F1m.r 

Lime-Pozz Comp Str 340ml 88% Flow 910 

w. G. HILLER 
Chemist 
Chief, Cement & Pozzo1an Test Branch 

-
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Structures Laboratory 
Report No: 

US.\E \.faterways Exp St REPORT OF TESTS Admixture No: 
ATTN: Cern & Pozz Test Br ON POZZOLAN AD 560 
P. o. Box 631 Date: 
Vicksburg, MS 39180 

' 
: . POZZOLAN CLASS: F DESCRIPTION: fly Ash Enhanced 
I CO~·lPru~Y: Amax LOCATION: Smyrna, GA 
I HE~!O NO: 1985 I DATE: 10/6/75 I JOB NO: 545-C-530 I 

HEHO SUBJECT: Variations in Cementitious Media 

I CHEMICAL CO~~OSITION 
Si02 i. 53.17 Moisture Content % 0.52 Cr?Ot % 
Al201 % 31.08 LOI % 050 C) 1. 29 Chloride i. 

I Fe01 % 5.25 LOI. % (1000 C) 
HgQ % 1.40 TiO? % 
S01 i. 0.25 P?Oc; % -
CaO % 2.78 Mn701 % 
Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali 
Na20 % 0.001 

' 
0.12 0.43 

K?O % 0.001 • 0.94 3.50 
Total as Na?O% 0.00 0.74 2.73 

PHYSICAL TESTS 
Specific Gravity: 2.60 I Fineness % retained on 325 Sieve 
Surface Area: 20 800 ~ormlrr norositv e = 
Tests with portland cement cured @ 73.4 .-F 3 F 
Portland Cement Co: Citadel 
Location: Birmingham. AL 
Research Cement No & Type: RC-705, II. LA, HH 
Autoclave Expansion, 20% Replacement, % -0.02 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
Heat of Hydration, 28 days, Cal/gm 
Compressive Strength 3 davs osi 
Compressive StrenQth. 7 davs osi 
Compressive Strength. 28 davs osi 
Comoressive StrenQth 90 davs osi 
Compressive Strength. 180 davs osi 
Compressive Strength. 365 davs psi 
Water - Cement Ratio 
Flow 

Lime Pozz Str 173ml H2o, Flow 107% 2000 psi 

Pozzolanic Activity Index with Portlatld Cement (RC-705) 
(Control) Portland Cement Compressive Strength 4750 psi 

Portland Cement + Pozzolan Compress Strength 6730 psi (142% of Control) 

w. G. MILLER 
Chemist 

& Pozzolan Test Branch Chief, Cement 
-·-·- - ----- ·--· ~ .. ... ._ ... .. --.. ~ -----~ - · ... w . _ .... .. . · -·-- - --- --·----

--· 
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I . 
Repo rt No : 

St r ue tur cs L.'lborato r y 
USl\E \.Jatcrw.:lys Exp St REPORT OF TESTS Admixt ur e No : 
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 570 
P. o. Box 631 Da te: I I ·Vi cksbur g, NS 39180 

1._ 

: POZZ.OLAN CLc\55: F DESCRIPTION : F1v Ash 
I CO:-lPANY: Trinitv LOCATION : Purvis . MS 
I :lF.~!O NO: 19R'l !DATE : 10/6/75 I J OB NO : 545- C- 530 

HE:IO S U13JECT : Va riations i n Cementitious Hedia 

I CHEMICAL CO~WOSITION 
S.i.07 4 ~7 Rl Hoisture Content % 0 .16 Cr?O'l % 

! Al ?01 % 10 f\ 1 LOI. % (750 C) 3. 70 Chlor ide % 
! Fc01 % 1 sq · LOI. % (1000 C) 

H.iO 4 lll TiO? % 
S01 4 () f\ () P20c; % -
C.:10 % 2 14 Hn?01 % 
Alkalies % \-later Soluble Available (C-618) Acid Solubl e Tot a l Alkal i 

I Nn?O % I 0 ' l 2 0 .37 
I K20 % I 0 . 94 2 .78 

Totnl as N:t?O% () 7~ 2 . 20 

PHYSICAL TESTS 
Specific Gravity : 2.25 I Fineness % retained on 325 Sieve 
Surface Area: 1 1 750 <:;ctCTTI/rc nnrnsitv e = 0 . 519 
Tests Hith portland cement cured @ 73.4 + 3 F 
Portland Cement Co : TTn;r,...A Citadel 
Location: Ar tesin MS Birmingham . AL 

I Research Cer;~ent No & Type: RC- 688 ( 3) RC- 705 , II, LA, HH 
Autocl.:1ve Expansion , 20% Replacement , % 0 . 03 
% Replace of Cement by Volume 0 30 60 0 30 60 
Heat of Hydration, 7 days, Cal/gm 
Heat of Hyd r ation. 28 days, Cal/gm 
Compressive Strength . 3 davs nsi 2950 2050 590 1700 960 
Comoressive Stren~:Yth 7 davs osi 4390 2920 1140 2510 1840 
Comnressive Strength. 28 days psi 6030 4430 2060 4040 3700 
Comoressive Stren{'th 90 davs osi 6550 6010 3610 5760 5790 
ComPressive Strength . 180 days psi 7230 5990 
Comp r essive Strength , 365 davs osi 6790 
Water - Cement Ra tio 0 . 485 0 . 513 o. 552 0. 485 0. 50 
F1otv 114 112 105 122 115 

Lime Pozz Str 175ml H20 Flow 106% 1550 ps i 
Pozzol a nic Aci tivity Index wi t h Portland Cement (RC- 705) 
Portland Cement Compressive Strength 4590 psi (Control) 
Por t land Cement + Pozzolan Compressive Strength 5280 psi ( 115% of Cont r ol) 

. 
t-1. G. MILLER 
Chemi s t 
Chief , Cement & Pozzol an Test Bran ch - - ...... , .. . __ ... _._ , _______ ,.,._., _ ·· - .. ...,..,. ._, __ ---· '"'··· -··--·~···-· .. --- -····-· ------·- ------...-·------- - .. -- -
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LABORATORYo 
REPORT NO.: 

Mrs. K. Mather WES-295F.-78 
C/Engrg Sci Div REPORT OF TESTS 

ON POZZOLAN 
Structures Laboratory (CRO-C 262) SHEE'T 1 OF 1 

AD-577 OATE: 

24 Nov 78 
( ... ) I KINO OF POZZOL AN : 

--
CLASS N Fly Ash 
SOURCE: TXT BiCY Rrown Fairfield TX BRAND: 

TEST RESULTS OF THIS SA~PLE LOT 0 COMPLY 0 DO NOT COMPLY WITH SPECII"ICATION LIM ITS ISEE RI!:J•IARKSI 

I"OR USE AT: 

CO NTRACT NO.: 

DIST RIC T(Sl: 

SAMPLED BY: I DAT E SAM PLED' 

CAR NO.: I BIN NO.: 

I"IELD SAMPLE N O.: LAB SAMPLE NO. : 

D ATE REC!::IVEO: LAB JOB NO. : 

TESTED BY: CHECKED BY: 

TESTS ON COMPOSITE 01" THE 100-TON SAMPLES LISTED BELOW 

Soo2 + Al
2
o

1 AVAILABLE POZZOLAN INCREASE IN .IIUTOCLAVE REOUCTION IN 
+ ~"•2°1 

MgO sol 
ALKALIES 

"' " 
ST R ENGTH SHRINKAGE EXPAN SION EXPAN SIO~ 

"' ·- , 1. CONTROL "- (O) ':. ... lbl 

REQUIREMENTS 

MIN 70.0 MAX S.O MAX .. . 0 MAX 1.S I MIN 75 MAX 0.03 MAX 0.50 I M IN 75 

TEST RESULTS 

71. 37 3. 79 1. 7 0.51 I 
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS 

AIR 
I"INENESS 

VARIATION LIME 
WATER 

SAMPLE 
MOISTURE LOSS ON PERMEABILITY I" ROM POZZOLAN REQUIREMENT SPECIFIC 

NO. 
CO~ITENT IGNITION FINENESS AVERAGE Of' STRENGTH INCREASE 

'f. SO C M/ CC 
G RAVITY 

" PRECEDING PSI IN FLOW 
(AVERAGE) 10, ':. ~ ':. 

REQUIREMENTS 

MAX MAX MIN MAX MIN MIN - 3.0 
10.0 (H) 

6500 20 900 0 
6.0 (Fl 

TEST RESULTS 

0.16 0.60 Alkal ies I Total as 
Availcfble: ~a ... O% 

SiO""'": 44.5 % iK ... O: 0 127% "-

£. I Na~O: 0 33% I o. 51 
lU.iV~ : £-U • '+• ./o Water Sotuble 

_Fe~O • 5. 9~ )% i K,., 0: OJ 001%. • 
£. - J~·(). () 07?~ () 071 

CaO • 19. 9' .% I L 
• 

I Total Alkali 
J1l _[). fl 7h~ I 

AVERAGE ' 
I 7 M.... r 1 • n h'i.'Z , l ... 

(e) APPLICABLE OHL Y TO CLASS N LA80RAT0~ ~~-,..,T USED 

lbl OPTIONAL REOUIREME:NT LABORATO~ LIME USED 

REMARKS: Ref. ltr from TXI, Midlothian, TX dtd 4/5/78 
This pozzolan blended with RC- 7 (4) co, e R L.a 
Sample size approximately 4a :$~ '. }I._ • ~ "~ 

~ ~ W.G. LLER -
Chemist 
ChiP£ Cement & Pozzolan Test ~ r. 

NOTE: THE I ... I"ORJoiATIOH GIVEN IN THIS REPORT SHAI..I.. NOT BE USEO IN AOVERT1SING OR SALES PROMOTION TO I NDICATE EITHER 

EXP\..IC1TL y 0~ IMP\..ICITL Y ENOORSE>oiENT OF THIS P'ROOUCT BY THE U. S. GOVERNMENT. 
-
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