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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 (Sb), 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 -r%%

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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CoNV'RSION FACTORS, NON-SI TO SI (METRIC)

UNITS OF MEASUREMENT

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

units as follows:

Mul t Toy .y r0 Obtain

calories per gram 4.184 kilojoules per kilogram

Fahrenheit degrees 5/9 Celsius degrees or Kelvins*

inches 2.54 centimetres

pounds (force) per square 6.894757 kilopascals

inch

pounds (mass) 0.4535924 kilograms

quarts (US liquid) 0.9463529 cubic decimetres

,7,.po

.. . . . . . . . . . . .. . . . . . . . . . ... . . . . . . . . . ..o obtain Celsius (C) temperature readings from Fahrenheit (F,) readings, '

use the foll1owing formula: C = (5/9)(F" - 32) . To obtain Kelvyin (K) read-
ings, use K = (5/9)(1: - 32) + 273.15. .



VARIATIONS IN CEMENTITIOUS MEDIA

PART 1. INTRODUCTION

9'

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 catciners were already being made. In addition, there was recognition

of the like lihood of increased use of blended cements incorporating granulated

si,g or pozzolans such as fly ash or natural pozzolans as another means of con-

servin g ene'rgv. The intent of the investigation was to look ahead at changes

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

crt ieS oI paiste, mortar, and concrete.

2. 1h,. project pian contemplated obtaining a wide range of blended ce-

* 'hts , ,,,.itIpilin port land cements, grant lited iron blast-furnace slags, fly

, if,.S , .ttIl-ai p,,zzolans, and other pozzolans and subjecting them to rather

.'.; u ,ttt', ci.rtterization tests as discrete materials and in mortars. Materi-

.Is were to be eliminated along the way if the tests ind icated th is was proper.

t, I lowing the chia racterization stage, three port tand-pozzolan cements and their

),,pt i on port land cements were to be se Lec ted a lon wi tli at least one of each

t'I)e of blending material for possible use in concrete. After consideration

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

* a ixture; foI lowed bv extensive Lesti l of concrete st)ec linens. The stated ob-

Ictive of the project plan dated Wi September 1973 was "to study the effects

1 clianges ill composition , constitution, and fine ness of cementitious media,

or onv two or thre' of thtese, on strength-gain, durahilit' in freezing and thaw-

in.' 0I air-itrAimed ,,nrrite, permcbilitv, volume stabi itv (drying shrinkage

,i k r t i r.in.-d "'.pIrsi',n) cr L'ep, tiurm.il stahi lit>', effect of curing tempera-

. LL,.,. .inI ,r illd r.it rn'rt i,': stronglv affected by the nature of the
'. r.till it ~ n i. .

ti.\It, I till' pr'i t wt s un. er way and there was better realization of C

C1,'. nfi .r , -I , n tila.t,. :n.,tt'ri~lls tva1il, ]h e, it %aIs decided that the purpose

w' it b eh I ti',lt d it tle, materials elimination phase were deleted and as

l1"1 I' l ixV'.1 .itlt. i WI wire testeid as resources permitted. This dec ision was

4J



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.

5'4
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PARTI 11: SiAMPLES

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 I6 sources), and I ground granulated iron blast-furnace

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

als are identified below with alphabetical groupings by location within each

type of material:

Cements

Serial Fuel
No. _ _Cemenit - TyTe .. rocess Source Source

RC-705 Portland I1 Dry Coal Alabama 1*

RC-714 Portland I Dry Coal Alabama 2*

* RC-751 Portland I Wet Alabama 3*
" RC-752 Blended IS Wet Alabama

RC-731 Portland I Dry Coal, 19% Arizona I
Gas, 81%;

KC-732 Blended IP Dry Coal, 19% Arizona
Gas, 81Z

RC-763 Portland Ii Dry Arizona 2
RC- 74 Portl and II Preheater Arizona

" \C-7 15 Portland I Dry Coal, 7/% Colorado
Preheater (as, 93%

R C- 73 P'ortland If Dry Coal , 7, Colorado
1Preheater Gas, 937

R C- 74 Portland Il Drv Coal, 7 Colorado
Preheater Gas, 93;%

R C-8 32 Port land V Drv Coal 7" Colorado
PreIea ter ;as, 93%-.

USAICE- I(:- I Blended (Slag) Germany 1
USAECE-C-2 BLended (Slag) Germany 2

SN:- 733 Port kInd I D)rv process Co;il, 27, Georgia

Preheater Gas 37/
0i 1, 6 1

i('- 76 3 Port land I I celand
tRC- 700 Port land 1, I celand

KC--723 Port ind I I)rv Illinois
SC- 720(2) Blended 1I' l)rv I 1 io is

RC- 772 Port 1 and I I l)rv Kansas
1) rehIc te r %

Different plants from the same state.

-a 6a.,. . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . .. .-.



L".

Serial Fuel
. ,No. _ .C-em-ent Type __P-roc-e s-s _ Source .Source.

RC-755 Portland V Wet Manitoba, Canada

RC-756(2) Portland I Maryland
, RC-761 Portland I Maryland

RC- 758 Blended IS Wet Michigan I

RC-719 Blended IP Wet Coal Michigan 2
RC-720 Portland I Wet Michigan 2

RC-734 Portland I Wet Coal Michigan 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-74b Portland I Wet and Dry Coal Ohio

Preheater

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

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 Port [and I Wet Gas /0i1 South Carolina
RC- 730 Blended IP Wet GaslOiil South Carolina

RC- 74 1 Port Iand I Wet oa I Tennessee
RC- 742 11 Iended I P Wet Coa I Tennessee

RU- 7 36 Port lan d I / 11 Dry Gas Texas
Prehea ter "

RC- 737 PIrt land I1 I l)ry Gas Texas
Prehe'a ter

RC- /4' Port land I Wet (Gas/Oi I Te xts

RC- 74) I lenl CI) d I 1)t Gas/Oi I ' XtIS

Rc- 7 7 3 61i ded I 1P W't (;as/()i I T :,a,

** .-



Se r ia I Fuc I
'No.__ Cement Type ProCess Source SourIcc,

RC-807 Bl ended ii', MS Wet L(as /OilI Texals
RC-807(A) ** Po r tland I We t (;as /0 i1 TOexais

RC- 718 Po rt LIand 1 11T We t Gas Wa sh i ni.tLoin
Short Kiln

Mineral Admixtures

AD-3id Pozzolan N Volcanic glass Ca.' ifornia

AD - 5i1 Pozzolan N Volcanic ash+ Greece

AD- 5 1 Pozzolan N VolIcan ic ash Oregon

*AD-313 Fl v Asti C Lignite Colorado

*AD-510 1F1y Ashi C Lignite Minnesota

*AD-509 Fly Ashi F L ign it e North DA)ota

AD-506 Ftlv Asti F L ieni t Texas
AD-577 F I v Ashi F Li gn ite Texas

-AD-S 12 Fly Ashi F Subbi Luminous coal I owa

AI)-505 Flyv Ashi F Subbitum inous -oo I Missouri

*AI)-507 Fl Iy Ashi F Subbituminous Cool Miss;ouri

AD-Si II Fy Ashi F Bituminous Coal G e org!i a

*AD-560 F I v AShT F Bituminous cool Geo rgi[a

*Al)- 5 70 F: L v Ash F Bituminous Cool Kentuckv

AD-S7 /: Fly ASIT F Bituminious :o al "Aichiganl

AD-330, -536(2),
-j36(3) , -536(4) S ilica f umc Sili con metal Alabaia P

-A)- 549 S 1i I ica f umlc Fe r ro - s ii con1 Alabamai'
*AD)- 5 7 Si I ito f umIe Ferro-si I icon AlI ah1)a II;o

AI)-548 Si I ica f umei Fe r ro- s iti Conl Ken tuc kv

AD)- 5 2 S iIi Ca f Mime Fe -ro -s c I ie New York
* Al)- 5531 S i I ica f usle Ferro-hrocNwok

Al)-330( Si I i ca f unIeI Mixed f uime I rots t I rom ium, Oh 10o

% magne si ums, a lF feiro-
* silicon

AD- I S i I ia ClfUmeL Si I iconl met II Ohlio

A\D- 4 1 S i [ ito f umeI Si [i con mie tal Ohlio

ADI)42 Si Ii co FuTme Fuerr o- s i Iicon Oiio
*AD)- )4+3 S i I ir'a ftuimeI-L er o-s i I iconl ohlio

* ~ /55i C; f r a Fum Fe r r-si I ironl andI TenueI 0s see L
man aese-s I iColl

* Isedl with if Iv ash AI)-57 7 to make RC-807.
4-Souttrin ear-th.
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Source C Liss Produced from Source - -

AD-544 (Si 75) Silica fum, Ferro-silicon 75 Washington
AD-544 (Si 98) Silica fLime Fe rro-s iIi con 98 ',ashington ,t

AD-558 Silica fuie Ferro--siIicon Washington

AI)-546 Silica fume, erro-silicon West Virginia

S ta 8

AD-537tt Blast-f urnace stag Michigan

,a

N.

A-

,. *%

--,

* U1sed in RC-758.

9r
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PART III: TESTS AND PROCEDURES

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

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

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

paste specimens for creep tests.

Pihysical Tests

Compressive strenth 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 I 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, 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 i ,to the cube mold. Since the mortar

could not be property compacted in the mold and finished, the water-cement

10
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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
P

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, scaled, 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 230 C for 24 hr. At 24 hr of age, the mold was sealed with

0microcrystalline 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.

11R
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Compressive strength of pozzolans
tested without portland cement P

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

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

cured for 3 days in the molds in a moist atmosphere at 230 C before demolding

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

0were 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- e

ports 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

:;ufficient 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.

Sou ndness and timeof set tin_

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 by mixing a paste

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

according to ASIM C 191.

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

nal consistency paste to form the test specimen and checking ever\" 10 min fllr

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

12
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Air content of mortar

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

in accordance with ASTM C 185.

Density

322. The density of portland cement was assumed to be 3.15 Mg/m 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 rsoakin

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 48 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 I- by I- by 11-i/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 ASTA C 109.

13
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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 230 C.

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

0maintained 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 S

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 tile porosity of the test material is near that of V

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. Tf the compactive effort was judged to be near that of the SRP 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 tile 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 extrapo lited, bN' linear regression, to a porosity of

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

pared to that of the SRI.

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

method for calculating the fineness of materials other than portland cement.

14
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Table 2 is a recalculation of fineness of materials in Table I 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.

C ree2

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. Paste pr eparation. 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

0 0
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

tha t 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 directiv 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

I i"
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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 teat 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. Con--

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 I- 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 tile 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 col Lar was removed and the top

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

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

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

w/c recalculated based on the water remaining in the mixture. The recalculated

16
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w/c for the cement paste was 0. 36 and for the crument-pozzo Ian p.iste ). 58. The

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

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

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

40. At 24 nr 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 SiO 2, Al20 3 P Fe203,

CaO, MgO, SO3 , Na2 0, K2 0, TiO 2 , Mn203 , P205 , 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.

Portland Cements

Methods _

Components Prir.... Secondary -_

SiO 2  ASTM C 114, NH4 CI, Double evaporation,

gravimetric gravimetric
A1 203  ASTM C 114, ammonium hy- Acid filtrate from SiO 2 .

droxide group atomic absorption (AA)

(R203 - Fe2 03 = A1 203 )
Fe2 O 3  ASTM C 114 As above

CaO ASTM C 114, gravimetric Acid filtrate, EDTA,
titration

MgO ASTM C 114, gravimetric Acid filtrate

SO 3  ASTM C 114, gravimetric --

Loss on ignition ASTM C 114, gravimetric -- * /

Insoluble residue ASTM C 114, gravimetric --

Acid-soluble alkalies ASTY C 114, AA
Water-soluble alkalies ASTM C 114, AA

17



Me thod s
* Componjents P__ Primay Sconda~

*TiO 2  ASTM C 114, solution used
from acid-soluble
alkali, AA

P205  ASTM C 114, colorimeter -

Mn203  ASTM C 114, acid filtrate
from SiO 2, AA

Heat of hydration ASTM. C 186 ASTM C 186-49 (Federal
Method 1301.1 - 1960,
alternate method,

* paragraph 5-6)

Blends

____________ Methods ___ __

* or~nns Primary Secondy

*SiO 2  ASTM C 595, gravimetric LiBO fusion, AA
2

A1203  ASTM C 595, gravimetric LiBO2 fusion, AA
differences

Fe203  ASTM C 595, titration LiBO2 fusion, AA
CaO ASTM C 595, gravimetric LiBO2 fusion, EDTA.

titration
so3  ASTM. C 595, gravimetric -

*Loss on ignition ASTM C 595, gravimetr..c -

Acid-soluble alkali ASTM C 114, AA
Water-soluble alkali ASTM C 114, AA
Ti0 2  LiBO2 fusion, AA

*~ P0 3  LiBO fusion, plasma -

eission (PE)
*Mn 203  LiBO 2 fusion, AA -

Heat of hydration ASTM C 186-49 (Federal
Method 1301.1 - 1960,
thle al ternate method
for blended cements,
paragraph 5-7)

Pozzolans and slag

42. P1ozzolans and slag were analyzed, and thle 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 SiO Al 0 and MgO. The total alkalies and secondary methods
2' 2 3'

consisted of fuaiing the sample with UBiO 9), followed by dissolving thle fusion

in hydrochloric acid and analy zing thle solut ion hy the use of atomic absorption

spectroscopy (AA) . The methods used for analysis are listed below:

18



E±LkAtses, Natural Pozzolans, and Slag

Me thod s ... ........ ... ... . ..
Components -.. Primary_ _Se o nd ar_ ...

SiO 2 (except slag) ASTM C 311, gravimetric LiBO 2 fusion, AA
Slag ASTM C 114, gravimetric

A120 3  ASTM C 114, gravimetric, LiBO2 fusion, AA %

ammonium hydroxide
group

(R20 3 - Fe 0 = A120 3 )
Fe20 3  ASTM C 114, iB02 LiBO 2 fusion, AA;

titration ASTM C 595, titration

CaO ASTM C 114, gravimetric LiBO2 fusion, AA EDTA, -

titration
MgO ASTM C 114, gravimetric LiBO2 fusion, AA
S03 ASTM C 114, gravimetric --

Moisture loss ASTM C 311, gravimetric --

Loss on ignition (slag) ASTM C 114, gravimetric --

Loss on ignition (others) ASTM C 311, gravimetric .-
Total alkalies LiBO2 fusion, AA --

Acid-soluble alkalies ASTM C 114, AA --

Water-soluble alkalies ASTM C 114, 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.

Si-lica 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.

'hose 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 is in Appendix E. No direct method was used to determine carbon

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

(c(lded in the loss of ignition. Methods of analysis are showr cn the

following page.
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II

Silica Fumes

. __ Me thods
.. Comonent .. rimar. Secondary

SiO2  ASTtI C 311, gravimetric LiBO 2 fusion, AA
A12 03  ASTM C 311, gravimetric,

ammonium hydroxide LiBO2 fusion AA
group
(R203 - Fe2 03 = A1203 )

Fe20 3  ASTM C 114, LiBO 2 fusion, LiBO 2 fusion, AA

* titration
CaO ASTM C 311, gravimetric LiBO 2 fusion, AA P
MgO ASTM C 311, gravimetric LiBO2 fusion, AA
SO3  ASTM C 311, gravimetric --

Chloride (Cl) Electric-tetrametric --

Cr2 03  LiBO2 fusion, emission

argon plasma (EAP)
Mn20 3  LiB0 2 fusion, AA

Moisture loss ASTM C 311, gravimetric --

Loss on ignition ASTM C 311, gravimetric --

Total alkali LiBO 2 fusion, AA --

Acid-soluble alkali ASIT C 114, AA
Available alkali ASTN C 311, AA

45. The acceptance test requirements for pozzolans require chemical

analysis for sum of percentages of SiO29 Al 20 and Fe203 but do not require

the individual values. A value for Al20 plus Fe 0 is obtained based on a

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

if one wants A]- 0 and Fe 0 individually. An attempt was made to use a pro-
2 3 2 3

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.

Pe-trog rapyhic- Exam-ina t-ion -

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

Appendices B C, and D.

20
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PART IV: RESULTS

Physical Tests

47. Tables I 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

SiO (Table 12). When silica fume AD-536 was combined with ccrionts RC-688 and
2

RC-705, heats of hydration wer, reduced about 12 and 7 cal/g at 7 days and 6 and

5 cal/g at 28 days, respectively. Newman and Wells* discuss undissolved residues

--------------------------------------------- ---------

- Newman, E. S. and Wel Is, L. S. 1952. "eat of -l1dration and Poz:.olan Con-

tent of Portland-Pozzolan Cements," fournal of Rese arch of B-ureau o f Stand a rds,

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,
p. *

moderate-heat cement. The fineness of the pozzolans varied from 12,800 to
2

6,870 cm /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 11, moderate-heat cement blends, 74.98 percent.

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

show:

a. A range in Sf0 2 from 43 percent (AD-545) to 97 percent (AD-
336(3)) with 11 of the 16 different fumes containing more than
80 percent Si0 2 .

h. A large amount, 23 percent, of Mn2 0 3 in AD-543 with a low SiO2
content of 43 percent and significant amounts of A1 2 0 3 , Fe 2 0 3 ,
CaO, MgO, and alkalies.

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

13 percint, respectively).

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

e. Especially high K2)0 (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-537, respectively.

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

Physical and Chemical Tests

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

11 f l ashes, 3 natural ozzolans, I slag, and 19 fumes from 16 sources) are

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

2
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Ptro graphic Examinations

,,,

55. Resutts of the petrographie examinations are jpresented in App'n--'

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.

24
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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.

23.
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Table 2

Fineness Values for Silica Fume Recalculated

Ac-cord-in_ .+to- _ASrMt C 204

.Surface Area Correlation
............... Coefficient

AD No. Cm2s m2/k- 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)
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Table 2 (Concluded)

Correlation '
Surface Area Corefin

2 2Coefficient
AD No. cm /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 27,430
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

--.

p.

4 p.
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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

F.C: =PC:6- ,. FID= PC.TEF'L=.

O. TIME DF", WET

1 8 . 00 tA.0

2- 5. 6 -0l~. 082:-, U. 1., 1 A
S1" -:0. '9 . ci. c;, I I

4 1,,-i", -. 1 A - i. Cf15;
5 365 - :i. 1 0:2c5
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6 28- V. 1)05 1-.131.5 11 28.:: - ). 0 0l6 0 .Cf U'C, 51

7 . -5 .C. 079 . 0 10 1 56 cl. 6. .. 0. : 14
9 '1i -. ). 1 CI, :l a 13 ?ci -I. CiT1 CI:. i"E-

lE1 40O -'.1 I .:' . 1i- 15 i 5 -1). i 1. :i. .142 -

..

F-- , :: F i= F'' 1', FC-T_'EPL=-I'I F' r="- _ FR = R ' Ii PC T_ EFL= "I-

OE:: TINE D"- IJET nE::$ TI mE iP'",' hWET

17 5t": -0. A 0. CI 12 5 -0. 07' CI Ci. 1::,
:'l -I i 0. -14 -1 - I

' :-: -I.i i24. 1':1' 1 :: '. -. 1. c1 i: ." ':l

'1"1 4 1-1 , --I. 1 I;14 CI. I;I,--?:. ".4 5 -I".II-. I 4 :

PC 6::: F =,t4risi7 F:T_'EF'L - PC =F- P.::-: FID=F t'5 FCT_FEF'L :- 1

OE:.- TIME DP",- iET OE:- TIME ri, WET

a '. C:- i C. I"0 . Ci. Oi,:: 3_: 1 a --: 'i . .i : L I " ,::: ""* 1'

.. .. . .. -, 9:? i~ ~9:: _ 56 C. E. C. i.i ri
7 31'1 :::4 - :1. 7 ' 1.' 1 A.. P4 35 :3. - . ':-' i"i. :1. 3"10

0..

(Continued)
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Table 3 (Continued) ,U

PC: =PC- 6:'.3 FID=e :D 09 PC:T_PEPL= 30 PC': -PC'F1':::': [t=1[15 '- PC-_ TEFL=6 '3

DE:C TIME DPi I.Y ET DB TIME D, "' ET

.-E. 2:3 - . 0. j1. 0l :-: 41 21 , . .s::'. 1. 0:1 :

56 -:. :::.- 0. '' 4. 56 - :'. 072:' :. A1 11
911 - 0 9.0'2 ft. 01.11 43 :- 9 0 - 0. 0::5 0. 01:13

39 1:1:0 -ii. .-: u. 315 44 1:31 -:'. '9:7 1). ':122 -

4' :4- ': 0. 1:9 1':' E 45 :E.5 - 1.. 097 . U.::tE

P c=P1:6:.: FillDD51 0 F':T_PEF'L=0 P CIP -- :-: : Fli=RDt'51 ', PC:T_F:EPL=6t':0

OF: TIME DFY'' WET OE TIME DRY Id ET

46 Cf: . 01 - . 01- 51 .:8 0 026 0. 026 .

47 -5 E .C :3: '. 020A 52 5- -':. '5 0. C"C:'
4-. . 02 3 9 -. 0 8C. C,

4. 1:-:: -0.1:1 :. ':2. 54 1:-:' -(. 095 1. 1'44

"1 ' :4 -0. o'9:9 A. 141 5t :5 - . 105 ':. 1- 5,:--

".-

RC=R C:-: A'=Af 5I I F'CT_.EPL=.':O p C =P06:; RD=e p I PCEPL60 ,.P

OE TIME R"- WET D1:.7,. TIME DY 1ET

56 2--: 1. 1A [ .'1 :':: 61 2:: 0. ':'-2 ca.
57 1 Q. ~ ~ 56 -.. W. ) 1 ,56 . 1. 03

C,.a i -: h. 0'., ... . Oh., :2 6.:: .', -'- - - - l'E .". _-:-'
5 -?0 - - *' . i"6- 9 - .0:39' U.0

9,':4 1:O -C. 11:._: 0.':' 15 E-4 1 C f -0. ' :'. (23
E . - I. 114 6. a ,5 f,5 - f '.:0 5 0.

PC =PC 6': Ft'5 12 FC T-EFL= " PC'=F":1 PC!TERLE.

OE: TIME D' lET U:. TI ME DP .E"T

66 :'. ':1', i , ''10 71 2:2: 0.0 0 . :1'a-..-.a

67 5 -':. I::4 0. 0122 -- '1. 1 2047 .
tB.:: 90 -C'. 'r:, 0. o15 7-3 .91r -19. 0l5 ,',. iI-:3 .

t'9 1:20 -0. 093 0. *':921 '74 1:' -0. 064 :.:41

"* - ;. - Ii, 11- 1 . ," , -:6 - .? i, ,,:

(Continued)
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Table 3 (Continued)
I

PrF =P I- e -:_:: RtD=iD51 -" PC T_FEF'L= : PC :: D=pD5l - F :TPE L=6:'

OB" TIME F,Y WET OF:: TIME DFY MWET

5E, -0. 1 1::: 0 .. -0. 5:' 0. I':'A
l C' f~

* - 1:-:1: -0. 115 It(. ' ,.. 1 - - 0 1 -. 0. -
I .-

S. . -5- . 1 6 C. )C'4 , "65 - 76 . 154

= HUIC 62:: D=- I . F_ T _'E'L= - C=R '::: FiD=DFill51E: PCTF'EF'L=

OE:- TIME D,' I,'ET DEC- TIME DF"' W,1ET

* :-:1-.. 11: : 1.:1 I. I' I' ' I:: f'15 :-".

1 7: *. (12
- -T i,-:, _ - .1 04 :. j ,, -I-'-.115 c. 01-: '0 -' . 154 '47

*DE, TIE ER; 'I o: TrI TIE '1 1'ET

1 *17 r- -11. I E C* 9 :4 -1. 1 1. I 1-

* ' 12::1 - ~ 1:::4 15 11:4 1:2K iS::I 4

]i -''. 34 i. : 1(S he:r. t -. o ':'. 5)

*': =Fi3 6 <..- Fl/,=R i54 -. C. lP T 'EP'L= -'. 0 FC =FR ,:.:.. #EtD e1- P'C T_3EFL=E.0

*" Of TI HE t,' C ,CT OF>-TI TIE [,F, C ET ,:

"': . 2.'" ,i. K's I :' i'i. ,, c 1101 :":' Ci. rV 1 .4 i 1:4 , -
-"7, Cr -'.1 -4 Ki. i1:. I 5.' ,,: -30 i.- U0 ' . 0i -:m."

'7 13:'' -I:. 13,--4 In. 14 1 :Ki: -K'.! 1 5 _2-', I). KI4.: N-

4-. B4T% ,-, ,Ii ] : T IrI [P'' II T.

- 4. - .* .



Table 3 (Continued)

. P. 6 r=AD5 7:p;. F F T EPL= - PCFT =F; E P C TP'E PL ti.1

3E:- TIME rF," WET OE:- T I .E LIP, 6,JETI:
I -,

124t 1", -,S . 141 -.0 9 1 1 )- .151., ' 0.' 49.121 23 -'. 1'3 1. 3- 1 , 6 : -: 0. 155 0. 055I, . :. -3,. 1:4 U. 1 7-' 1 U U

U..

RC RC PPC-T:: -3' IDiD541 TRERL=3(,', F ':' Ar=@[53.'2: PCT 3EF'L=6'"

O:S TIME DF, "'ET :r.I E DRY 'IET .

1p 2a - 17w0 71 :-: 2':_: -'3.11 '. 0 16 i.-.. 2:-: -11.174 U.:. ....
1 4 56 -'. 1 2 . ::;12: 5,6 - . 1': 4 '.1".=  ') -3.145 ,' Uc'5 129 9 ':'. 199 1'. -- ,"'

1. :: :, -'" . 16.- I U].0£ 1-: 3 i3 1 ')':'- . 213 0. (:5 .'V
5 1-: -0. 161 '3. '34- 131 335 -C'. 196 . : ,

8::-: . 16 . 041 : 3E5 -0.2"5 C. '51

,= -- '= D54 F';TEPL=' . CC6:' ::: ,-3 AE,=W'.42 FCTSEPL=t,'

OK TI ME E,"Y ''ET nE; TIME EF'". hlET

1419 2:: -( '.11 0. '1 14 5" t:.: -C. r_19 C,. 1)

141" =4 -* . 14.-"-: . 015 14, 90 - .252,:1). 1.1 %
142 130 -0. 16,5 C. ," 1 14 I.::0 -'3. I) .a-'D ::

143 3' .0 41 1? -1. --,, 0.
144 S:65 -). 16 . -: - '. 25, Q ."

(Cont inued)
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(Jtle 3 (C:oncl uded) !

PF'C 6- . ri=D544 , 75 PC:T-.EPL=:O FTr=PC 6:1s., 3.' F r=iT.570 PCT-FEFL=6) 1)

DEC" TIME DP' (,IET OECw TIME D'Y IET

151 2:8 -0. 115 0. 018 174 2:3 O. 014 . o':'5
152 56 - 0. I.:3 0 '-x15 175 56 -0'. 077 0.0111
15-: 911 -(1. 143":' U. '2'5 176 90 - 1:. ''. i 7 : 7
154 1:1-0 -0. 160 0. 026 177 Il'n -:. 17:- 0. 0 ',
155 327 -0. 16 t 0.050" 176 365 -0.195 0.044 .

156 365 -0. 167 0.050 4.

pC 6 ' ,. *3 RAt=Rf'544 9:34 FCT_EPL= .:s0

OB: TIME DFY WET

157 2 : -0n. 124 0.017
15: 56 -0. 142 0. .26
159 90 0 -0. 155 0. (:27
160 I1' -0. 174 0. 1.12:3
161 3-27 -0A. 179'4 0. 147
16.2 365 -0. 179 ). 1047

.F. 6::3 3: r A r54. P, TP EPL 30

OF. TIME D y WET

163 2:3: -0. 114 '. C16 ..

164 56 -C'. 1 3:::'.16.5 Q90 -ic. 15- C. l.I aL"

166 1S80 -0. 1I '. C'0.0E4 .

16:2 :i65 -'.17.
0:4.

PCF ',:-:' - F =eE ,70 FC T_'PEFL='

OP0:: TIME DP', 'ET WE

16~ ,29 0. :104 0. C0,.'
170 56 -Q. 076 A'. 0 0'
171 90 -0.035 0.011IT17 1:3Ci -').07: ' . "016.

i 17 ' 365;.. -i( . : ':'. o 5

(Sheet 5 of 5)
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Table 4

Drying Shrinkae and Lime-ater Expans i o_n_ of - by 1- h% 1-3 4--in. PryisIPS

Mae with Cement RC-705 and lifferent 1'ozzol ans, Length Chalnge, Prc unt

I..

I=-- 7 05, Fi= PC T-F'EF'L=.

O:: TIME DP' WET 4

17? 5:3 1-1. " L . LIr,1 -I

3E, , 1 a
1 P:-C 0- -F'l. LI' I I l F ? ".l

[I 7'T I ,ME 0P WE T I P, S T. I ME DPY WE
13:ti 3(5 I. 1 9. I.::.::

8C =-:: -- :, E. ,5:D _ - TE.=,....

OF.:- TIME iR'Y iET OES TIME FF7Y iET

13:4 2E2: 1 '?'74 14*jb; 3 22 0. Cii 1 14:

1::.. Z'I) -:.1:1:', c . 1:14 191 ': I1 1ITT I:l. 014 r \
1::: 1:iI 1 . |i: I.L1i i. Iifl 192 1301; -i0.C i I':i . il a-,.

1:-3' c3.,5 -I. I':: L'i. i' LI:l 19-: 365---------'. '1: I: : ."1:',C;

Pic=PC.ii F ri=Ci6 PiTPEPL=i:I cC (r15 RDi=Ar5i-i7 PCUTPEFL=61)(

OF:: TIME DF,' WET OEC. TI ME [iPY WlET

194 2 : ). I1 i'l. l:'1 2 C .6 -'. 1: I 014
196I 91:i - -. i'r - I). I1t 2:11' '.:1l. -I:1.1i1 :i. I1-121

19:3 36,5 -i:1. 1 11! Ci. (.134 2--LI. -3~61 -C1.4 i. 1141 :

1" =PC7i;:Ii FlrI=rIFSI3T C'ITEFL= 31 PC =C 7: ;_ '=Rr5:. P?TEPL=60 •

(silec.iIlo' 5

O::Z TIM.E FF7' liET rDI: TIME FF7' bi.ET r -i

2:04 e. ,). ni n::. . 0 iM 2 '' 2:-: n. 011 3 . 0:1 r:i

i i03 365 --'i. 11 CIi .i. it,- 21 3 >s - . 1 i:i2 C'. i""'3 ".-

(Cont i n,,ud) ;"
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P.:
table 4 (Continued) .

C =P'C 7 15 DE'=AE'50? PC T_.PEPL= P PC =FC 7 . F=,5 0 " PC TFEFL=6 ,

O• TIME DRY WEOT QE T I rE ,F",' IET

A, 214 2: A ii:i) 0.0 07 21 ? 2:: r. ci:' . .
* 215 A, .. P L. r114 220 56 -l. 1:_:7 . 1_

216 9'"' -',.,',' 0."'16 .. 1 0 _-,1 -,1 0..,,17
217 18c1 -0. 114 ". 1-1 c'c: 180 - 111 '. '--
218 365 -0. 115 0". I'-- 23 365 -0. 1 0.

P C=FCr15 AtI'51 r:' Fr TF.EFL=.: PC= F7 rA7 : " T PEPL=

DEK TIME DI" WET OE: TI ME DRY WET

224 28 0. C"'14 I'"15 22.9 20 0. 115 '. "1'
25 6 I 4 . '. 5 . .'25o ti--",.7

226" 9' -. ;:: 0 , 231 9 Il - 1-1 ;:: I i. :l
c'c' 18 0 -"1. 1 14 (1. 1 . 1c - 'JI . I-::-:

C C=PC705 Ari=LD51 1 PC-REFL=3 0I=C 71"5os r'=rc511 PCTSPEPL=6o

0 F.-C TIME rpy 'ET D." TIME Dr'Y" WET

i 234 28 ". ('06 re ('('6 239 2:: (. r :: 0. 11(17
-5 1 1. r iI1.1:m1 241 - -O :l '. 11

5 (14 -- - -1.r. ,2-11t S (i - 0.::: i~ 11 241 ':U - .O._: O 1-."

- Ii. 1 .- 114 0. ,2f 243 .3 .5 ''.1,i,, ,.01:

.PCaPC705 AF=,t'512 PCTEF'L='1 C =F 7 "5 FFt'=AE'512 PCT PEPL=60A

DEC TIME DPY WET DP:EC TIME IFY WET

244 28 ('. ul1 0. 11 249 28 (1. 18 . 02 _,""245 % -'I:1. I:'1 0.01"21 5'1' 56" -I".05 " 0 1 91¢
524 9) -0. 02? . 23 251 0 -0. l"05131 0. I'1 V

247 18(1 -0. Ii1 I). (13'- 1 252-" 18 11- -I). 0)73 (. I '
24:: 365 -0. 1 05 0. 03 253 5-. (71 0. 04

(COnt inued)
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Table 4 (Continued)

F' C,= 705 R.Ir=FID5 _ P-TFEF=L=, 7C "_.15 R D=1RD,511 F1 Pi-, F-TF.EF'L=6'3 .'

OE: TitlNE D7 iYET OBS TIrlE iF". ET

(91.I - '' - . 0' 0 ''. C' A' .:,1

•' --, 65':: -0. 113 u l.1.3' cx:. "6 - . 07.:. . ..7-5 P: - ':I'i . '13 14 63 2 '. (214E'i. :
. .. . C

2.'" 56 X'. 04 . 01 ,7. 56 -0. I1 I'. 071

-,,. . - .-. - . . ' .

6.:., 3:65 - "1. 149:  I'.03 '"''I'7', :.,6
,  -0.'1. 3 I' '.-- ~ ' 4lF, 70 .15 4 D 15F , 1E L=-'i ,' 7 :4 FI 6151 PC :T EPL= , .

or? TIME DF."' idJET D- TIME Fi7. WET -.

'4 ,-,: ). 0"19 0. I1o1, . -'1'0. 14 (1. 015
7, 95 -I. 1' I. o 21 '-. -6 . 1'1 I:. 014 3"

:,P:::: 14-:

FI- =P1, 7,1- ' RI D i=HiI5 [ -:6 P, ,C:TF.EF, L= -A i' ,:=r'"TII i D F1 rI' .3 0-;_ PC:TF'EFL=t- "I

O F -_: T I IE [ F", hWE T 0n:. T IME I;,(' WET

27. 56 -I). 12,-13 U'. I.1.' 281)' 56, -I)1. 28' 5 1.II.i' ,

276." 90' -I0. 1 E-2 0~. 02:2 2 -1 9il'l -1:1. A :', 1 I1. I'_.1 l'."

* 1:3.1 -0. 19?'I '. fl,:: 1 1:211 D0. 5 0. :3
27? 365 -36 '5 . Q '. 278 ::: :: 3:5 - I'. -: ': ' . 0''

36 5 -0'. 304 0. 051
. .. 5-'.

* a

(Continued)
(Sheet 3 of 5)
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Table 4 (Continued)

5%*

Rc=pcrris D R= DS5.3'6 (.2) PCT-SEPL=30 RC=RC705 RD=AfD541 PCTPEPL=60

0B B TIME DRY WET O.: TIME DRY WET

285 28 -0.142 0.019 291 28 0. 029 0. 0$')
286 56 -C'i. 149. 0. 022 292 56 -0. 339 0. 032
287 90 -Q.173 0.024 29 :-: 9C -0. 345 0. 032
2:88s 18 0 -0. 194 :. 026 294 180 -0. 346 (. 0:43 35

S28' 3.:5 -). 146 0.0794 295 3T:65 -0.344 0.01.51

-, 29' 5 -0. 192 0. 0142

C=FC705 AD=rD542 FC:TREPL=30 RC:=FC705 AD=RD542 PCTREPL=60

OK:! TIME DrY WET OE:. TIME DRY WET

2" 9 2:8 :. 2 :2'9 0. 030i 301 28 C. -31 0. 0::,
27 56 -i. 19 8:: . 0I:4 3(12 56 -C'. 115 0. Cf'..-:
,2 90.i -9'. 217 '. ' 303 90 -0. 132 0. 040

299 1S, - I. 2 2 7 0. '142 ::'4 180 -0.145 0. 047
i:u36 0 2 46: 1. 051 :'3 05 R -0. 147 1j. 1.152

" i:= i705 A r= iD54 , PCT REF'L= -' r

0 B: TIME DRY WET

L, t j, 28 -0. 128 0. 025
; 5:o' 56 -0. 154 A. '32

,* Q it - , 1 , 'i iE1 ( 1
"

3

3- 0 -0:,. ,7 :i. c 3
310 32' -0. 17 5 ' '. 152

311 3.5 -0. 175 0f. 052

(Continued)
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lable 4 (Concluded)
%M

PC = P ': s Fia =Fi57:'i P T _YEFL= 3 C: =FCL 7O5 :. A F CISD J6 PC T _EPL= 0)

o: - TIIE FP"' .ET 0F.C TIME DEPY WET

312 2::' ('. C'' C. (ii 317 28 :. 02? O. OC a

31 3 6. - 0. Ci- :4 ':. ('14 : E. -1C. 31 'j. A:4
* 314 ':0 - 1: 1 '. 1 f,1 - . 4 1' 1.1:

3-115 1 :. -1 : . e:l: 0'). 24 5 .-- -1) ." _ 14' 4
'-*It: 150 . 3:45,(.(4*: " 1 E . :3 E ., - ' : . ' ..  ': . -: i 3 2 .1 3 .5 .= - 0 . 3 , 4 =- ': . ' : 5 .=?. '

PC=P Cr7':5 F F1r DRr'=a15 4 PCT..PEPLt3CI

OE: TIME IY WE T

"3 22 25: -0. 1 = . .:1ir
-. S . -4 .1 1 .

324 9 -(.17':' i:'.
* :.:c, 1:;n -0 1 -' l , .

:32i. 3:-2 -0. 1 80 0. '142
327. :3vi.65 -. 1 1 I. Q 142

V.
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7.7-777

Table 5 .

Conprative Chemical Analye of* TwoPortland Cements

Made _With- -and -Without -a -Preheate-r

Tfype Il Type 11
RC-763 RC-764

ChmclData, Z No Preheater Preheater

Sio 2  22.4 23.1

Al 0 4.1 3.8
2 3

Fe 0 2.9 3.1
2 3

CaO 62.8 62.7

MgO 4.2 4.5

so3  2.0 2.0

Ignition loss 1.2 1.0

Acid-soluble alkalies

Na,2 0 0.09 0.11

KO2 0.54 0.55

Total as Na.0 0.45 0.47
2

Water-soluble alkalies

Na 20 0.01 0.03

1(2 0 0.21 0.36

Total as Na2O0 0.15 0.27

Ti 02 0.21 0.19 %

P P 0 50.06 0.08

*~ 24n0 30.10 0.10

Insoluble residue 0.63 0.63

Calculated compounds '

CA 6 5
3

C.S 48 44
C S 28 33
2'

C AF' 9 94

- - - - - - - - - - - - - - - - - -

0Vol
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Tab le 8

Comprative Chemical Data, Type i-P for Blended Cements With a

Pozzolans and Tye Cement From the Same Source

Arizona* Illinois* Michin
RC -732f -RC-31 RC-726(2) RC-725- RC-71I RC-720

_Chemical Data, % ype I -P lype J Type I-P T TpeI ljpe I-P ~ I

Si?25.6 21.7 24.8 20.6 25.3 21.1

2] 3 6.8 3. 7 8.2 4.6 9.8 5.7
2 3

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

Na 20 0.12 0.14 0.13 0.12 0.27 0.32 A

2

Total as Na 0 0.41 0.51 0.59 0.78 0.66 0.792
Water-Soluble Alkalies

N2 00.01 0.01 0.03 0.06 0.05 0.05
K 0 0.iO 0.12 0.39 0.80 0.25 0.312
Total as Na 0 0.08 0.011 0.29 0.59 0.21 0.252

TiO2  0.45 0.27 0.30 0.23

P 2 05  0.02 0.18 0.07 0.04

Mn2 03 0.03 0.03 0.03 0.03
Insoluble Residue 0.56 0.13 12.75 0.18

Calculated Compounds

C 3A 6 7 10

C 3S 63 61 45

C2 5 15 13 26

C AF 8 9 84
2C3A +C 4AF 19 23 29

(Con t in ted)

m)fferent type of cement from one plant.

(S heet I of 3)



Table 8 (Continued)

Missouri* South Carolina*
RC-738 RC-739 RC-740 RC-729 RC-730

Chemical Data, % Tpe I Type I-P Type l-P** Type I Type I-P

SiO 2  20.1 25.4 23.7 20.7 25.8

Al 203 5.6 8.1 7.6 5.5 10.8

Fe203 2.3 5.0 3.8 2.3 3.1

CaO 62.5 52.3 56.3 64.9 53.6

MgO 3.4 2.7 3.2 1.1 0.9

s03 2.7 1.8 2.3 2.7 3.1

Ignition loss 2.3 2.6 1.5 2.1 1.7

Acid-soluble alkalies

Na 20 0.10 0.11 0.08 0.08 0.07

K0 0.70 0.58 0.60 0.40 0.29
2

Total as 0.56 0.49 0.57 0.34 0.26

Water-soluble alkalies

Na 2 0 0.02 0.02 0.02 0.08 0.01

K2 0 0.34 0.28 0.32 0.40 0.06

Total as Na 20 0.24 0.21 0.22 0.09 0.05

Tio 2 0.39 0.33 0.27 0.46

P20 0.16 0.16 0.17 0.16
2 5

Mn20 0.05 0.05 0.01 0.01 "

Insoluble residue 0.17 0.18

Calculated compounds

CA 11 1A
3

C3S 53 59

C 2S 17 14

CAAF 7 7
4

2C3A + C4AF 29 28
3 4

(Continued)

Different types of cement from one plant.
Made with bottom ash.

(Sheet 2 of 3)
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Table 8 (Concluded)

Tennessee* Texas*
RC-742 RC-741 RC-807 RC-807 (A)

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

SiO2 25.3 22.0 25.3 20.6

AI 203 9.7 5.4 8.1 5.1

Fe203 3.0 2.4 4.6 4.1

CaO 54.3 64.9 58.1 65.7

MgO 1.8 1.5 1.6 0.9

s03  2.8 2.2 2.7 2.53

Ignition Loss 1.7 1.3 0.5 1.0

Acid-Soluble Alkalies

Na20 0.12 0.13 0.23 0.112
K20 0.34 0.29 0.38 0.252
Total as Na 20 0.34 0.32 0.48 0.27

Water-Soluble Alkalies

Na20 0.02 0.02
2

K20 0.13 0.13

Total as Na 20 0.10 0.10

TiO 2  0.37 0.22 0.41
2

P205 0.12 0.14 0.16

Mn20 0.04 0.04 0.34

Insoluble Residue 0.34 8.40 0.17

Calculated Compounds

C A 10 7
3

C S 51 64

C2 S 25 11

C AF 7 12
.4

2C A + C AF 28 263 4

. . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . ..

i ff,,rent types of cement from one plant.
Made with fly ash A1)-577.

(Sheet '3 of 3)
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Table 9

Data for 12 Blended Cements, 7- and

28-Day H-1eat _of drto

Het -of- Iydrativon, caII_/
--- State -RC-_ Cl1as-s 7- days 28 days

Alabama 752 1-S* 80 86

Michigan 758 1-S 71 83

Pennsylvania 769 -580 90

Arizona 732 l* 71 81

Illinois 726(2) 1-11 82 91

Michigan 735 1-P) 75 83

*Missouri (same 739 1-1) 70 77

plant) 740 1-1) (With 74 81
bottom ash)

Texas 742 1-13 76 87
745 1-P) 65 78
807 1-P) 76 87

South Carolina 730 1-P) 69 80

* * 1-S - blast-furnace slag replaces portland cement 25 percent to 65 percent

by weight (ASTM C 595-75, Sec. 2.2).
** -P- pozzolan replaces 15 percent to 40 percent portland cement by weight

(ASTM C 59j-75, Sec. 2.8).



Ta 1)1I( 10

7-- -anid -28-Day- liea t- -o-f lvd ration- Val1u-c-s fo-r

MinerLal Admixture Comb ina) L ions

'I. .

Portland Cemcnt
4RC -6-8-8 -- -- C- -705- - - -
* 7Replacement Z Replacement

Source* by Vo I Le by Volume
of Age L 30/7 6 07 0z 30Z 6W7

.1Class Po zzo I an days ca I g ca I' c a I/g9 c al/ g ca I/_ cai/

7-ad2' .ieto4lvrt-l ~l . fr"

Cement only 7 85 - - 68 --

2)8 96 -- -- 79 -- --

Combined With
..AD-5S .. SB 7 70 49 56.

28 - 83 62 65 56

o eAD-506 F 1 7 73 53 56 45
28 83 67 70 57

*AD-507 F SB 7 70 48 57 41
28 83 64 66 48

M)509 F L 7 72 51 52 49
28 82 66 62 56

Ae-510 C L 7 82 73 67 69
23 9 90 31 76 77

AD-511 F SB 7 68 47 55 39
28 83 62 68 45

AD-312 F S8 7 74 52 63 43
28 86 73 72 63.

AD--5713 C S 7 80 51 63 27
23 93 79 78 50

AI)-515 N VC 7 75 59 60 46
23 86 68 72 61

AD-536 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). ~• %

28 83 -. S**** 62* 68N' 45'.~V\- *', *-



Table 11

Ruiztion o f GCaO -by -ClieMi-cal _Analys-i-s aad _Surface Area

Li- -Sele-cted- Heat o0f-_Hydration Data

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

cent Pozzolan _by Vt\olume
Structures Source Surface RC-688- RC-705
Laboratory of CaO Area, Type I Type 11
Serial No FIL__sh*' %_ cm2/cc cal/.g a~l/~

AD-510 L29.9 3,750 82 67

ADJ-513 1. 21.0 12,790 80 63

AD-512 SB 20.3 12,830 74 63

AD-506 L 19.8 6,780 73 56

AI)-509 L13.4 4,690 72 54

AD-505 SB 11.1 9,130 70 56

AD-507 SB 4.2 7,660 .70 54

AD-511 B 2.7 6,870 68 55

*L =lignite; SB =subbituminous; B =bituminous.

.11
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Specimens

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

seventeen cement paste mixtures. An embedment strain gage was placed in each ;I%,

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.

Load ingProc edure

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. CrOep specimens were

placed in the loading frme taking care in aligning the specimens to avoid ec

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

four depending on the number of specimens to be loaded on j,,i%'en date to the

same sustained load. Axia loads were applied incrementallv to 20 percent of

ultimate cvlinder streng-th using a hydraulic hand pump. Control specimens were

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

were maintained at approxima tely 75' F and 50 percent relative humidity durin.'

the test in1 ; period.

Strain -M e asuremen t s

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

immediately prior to loadin,, unon attaining full load, and periodical1\ through-

out the test period (Tables Al-Al7). In a(ldition, ela tic strain readin g s were

obtained on the creel) specimens at eacti load increment . I-lastic strains were

determin ed by taking the difference in straiin mc srcmnts immediatelv before

and after loadint'. Elastic stra ins and modu Li of ela1stic it 0 ompunteCd on tli %

basis are summarized in Table A18.

A2

................. 7



S-tra i.ns in- _Control - Sp-ecimens

3. Control specimens were subjected to the same environmental condit ions

is 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 spc( i-

mens ranged from approximately 400 to 1200 millionths, with an overall aver. lt'

shrinkage of approximately 800 millionths. -

St rains in CreepSpec inens

6. The strain data obtained from the loaded creep speiils duin l ti l "

course of the testing period represented total strains, i.e.. thosi waiii i IP

cluded the eLastic deformation upon application of load, and the t iin,-dt':,,'ndnto

deformations due to load and chemical or physical volume c.ii n;cs with tlit. sp .' i

men. Results of individual measurements of total stralins 10or eaICl CrO'i - '-

men are given in Tables AI-Al]7. In addition, average total strain-t ime

relationships for each mixture are presented in Plates A18-A34.

7. Specific creep strains for a given time were determined b' siibt ri, t in ";'

the elastic strain from the total strain, correcting this value for the inpr,-

priate volume-change (contro l) strain, and dividing it by the applied 1,1k!

Results Obtained in this niinner are shown for each mixture in Tables Al-AI

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

Plates A35-A50.

8. Ti form a nume ricaI basis of comparison for tie various illixttllt's.

curves of best fit based on a least-squares law[VSiS wC Compt, ted f1r L1' "

creep strain-time rekttionships. Iese equO t tiois were then1 used t') C omt tt'

specific creep strains at 1 Vear after loading; as shown il Table Al P.

Paste -Mixtures

9. Mixture combinations and test ages of specimens from the 17 pastes-4%

are tabulated below:

A3



J

.ixture and Loadin Data. for 17 Pastes
-, Used for Creep Testing

Loading -

Mixture Cement Cement Replaced W/C or Age
No.- _RC- by .. _W/_S Aay~s

I 688(3) 60% AD-510 0.60 28
2 688(3) 60% AD-510 0.40 2

3 688(3) 60% AD-507 0.40 7

S688(3) -- 0.40 2

5 688(3) 60% AD-510 0.40 7

6 688(3) 30% AD-510 0.40 7

7 688(3) 30% AD-507 0.40 7

8 688(3) 60% AD-510 0.40 28

9 688(3) -- 0.60 28

10 733(i) -- 0.40 7

11 772(11) -- 0.40 7

12 742(IP) -- 0.40 7

13 732(IS) -- 0.40 7

14 688(3) -- 0.40 7

15 683(3) 60% AD-510 0.25 2

16 686(3) -- 0.25 2

17 68d(3) -- 0.40 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

Svc t ion.

Discuss ion

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

specific creep strains were inversely proportional to the modulus of elastic-

itv of the creel) specimens (Figure A2).

12. For a given cement, water-cement ratio, and cement replacement mtte-

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

This was also true of comparable mixtures without cement replacement material.

NA

," A4
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Under tiIese cond it ions, ti e spec if ic creep of cement paste containing 60 per-

cent rt-p I-accmcnt materiall bY volume was significantly higher at the earlier

I .,id ng ag'es than tlat of paste without any cement replacement. With a water-

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

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

cific crcep of specimens contaiiziing AD-307 cement replacement were approxi-

mite lv 30 l)ercnt iiL_ ier than those containing AD-510. Given a water-cement

ratio of 0.2) and 2 days' age at loading, the addition of cement replacement

(AD-_il) in the amount Of 0U percent by volume resulted in a 30 percent increase

in specific creel).

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

(Mi.\tures [0-13) 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-

in, 'conventional cement" (ixtures 6 and 7) and 30 percent cement replacement

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

creep of t. 1566 miL ionths per psi.

14. Tihe specific creel) of paste specimens loaded at 2 days' age increased

by more tnan 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 mixturc tested.

-t-'.
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Table Al

Strain Measurements,

Mixture No. 1

Corrected
Total Strain, 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
12 250 280 265 128 147 -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 A
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



Table A2

Strain Measurements,

Mixture Nc. 2 "

Corrected
Total Strain, Millionths Creep Control Creep Specific

Time, ag N. Gaeo.Strain, Strain, Strain, Creep,

days 37._ 38 Av& Millionths Millionths Millionths Millionths/psi

o 175 162 169 0 0 0 0
0.2 272 257 265 96 -29 125 0.601
3 460 445 453 284 -58 342 1.644
4 543 525 534 366 -4 370 1.776
5 615 592 604 435 46 389 1.870

6 685 660 673 504 101 403 1.938
7 725 700 713 544 131 413 1.986

11 840 800 820 652 206 446 2.142

12 885 850 868 699 251 448 2.154
13 930 895 913 744 286 458 2.202
14 965 932 949 780 318 462 2.221
17 995 950 973 804 336 468 2.250

19 980 935 958 789 309 480 2.308
20 9590 93 804 322 482 2.317

21 1019 972 996 827 338 489 2.351
25 1026 976 1001 833 338 495 2.377
26 1033 985 1009 8413449237
27 100992 1016 848 348 500 2.401

32 1060 1010 1035 867 361 506 2.430
39 1125 1065 1095 927 411 516 2.478
45 1120 1055 1088 919 406 513 2.466

52 1185 1122 1154 985 456 529 2.543
55 1177 1115 1146 978 451 527 2.531

60 1178 1110 1144 976 446 530 2.546

67 1205 1135 1170 1002 466 536 2.575
74 1264 1200 1232 1064 528 536 2.575

82 1250 1176 1213 1045 506 539 2.589

89 1202 1130 1166 998 466 532 2.555
102 1266 1185 1226 1057 516 541 2.601
125 1300 1216 1285 1090 541 549 2.637

144 1390 1310 1350 1182 631 551 2.647

166 1372 1290 1331 1163 616 547 2.627

181 1340 1258 1299 1131 581 550 2.642

. . . .. . . . . .
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Table A3 .

Strain MIeasurements,

Mixture No. 3

Corrected
Total Strain, Millionths Creep Control Creep Specific

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

0.9 55 40 7 2 26 0.296

7 658 595 56 274 -6 269 0.692

3 10970 640 670 198 -4 32 0.792

11 708 646 677 325 -19 344 0.821
14 770 715 743 390 22 368 0.878

*15 782 725 754 401 28 373 0.890
*16 795 736 766 413 30 383 0.914
*17 792 736 764 412 18 395 0.943 -

18 790 730 760 408 11 397 0.947
21 800 745 773 420 10 410 0.979

*22 818 761 790 437 19 418 0.998
23 832 775 804 451 28 423 1.001

*24 856 800 828 476 48 428 1.021
*25 861 806 834 481 54 427 1.019

29 870 817 844 491 55 436 1.041.
30 900 845 873 500 76 444 1.060
31 915 865 890 538 94 444 1.060

*32 935 885 910 558 108 450 1.074
35 950 898 924 572 120 452 1.079

*37 940 892 916 564 106 458 1.093 ..

38 950 900 925 573 121 452 1.079
39 965 915 940 588 126 462 1.101
43 990 935 963 610 144 466 1.112
44 986 935 961 608 146 462 1 .103
45 995 944 970 617 148 469 1.119
50 1042 961 1002 649 166 483 1.153%

*57 1056 1001 1029 676 206 470 1.122%
63 1076 1025 1051 698 227 471 1.124
70 1128 1080 1104 752 276 476 1.135
73 1135 1085 1110 758 288 470 1.121

*78 1145 1102 1124 771 296 475 1.134
85 1172 1130 1151 799 322 477 1.137

*92 1225 1182 1204 851 374 477 1.138
4100 1235 1187 1211 859 381 478 1.140
-107 1215 1170 1193 840 378 462 1.103

120 1270 1221 1246 893 418 475 1.134
143 1330 1280 1305 953 476 477 1.137
162 1400 1358 1379 1027 551 476 1.135 .

184 1432 1385 1409 1056 583 473 1.129

?I%



lable A4

St rain MeasureT7.ents,
Mixture "o. 4

Corrected

rotil Strain, Millionths Creep Control Creep Specific

Time, (;age No. Gage No. Strain, Strain, Strain, Creep,

davs 7 8 Avg Millionths Millionths Millionths Millionths/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 0.726

6 1264 1197 1231 766 284 482 0.777

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 1.147

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

50 1717 1632 1675 1210 468 742 1.197

55 L738 1650 1694 1230 490 740 1.193

62 1785 1694 1740 1275 533 ,42 1.197

68 1793 1700 1748 1283 553 730 1.177

75 1840 1747 1794 1329 593 736 1. 187

78 1745 1651 1698 1234 508 726 1.170

83 1765 1665 1715 1251 528 723 1 .165

90 1790 1695 1743 1-78 557 721 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 (4 1. 119

167 2104 1985 2045 1580 868 712 1. 148 5"

189 2155 2032 2093 1629 933 96 1 .123

204 2155 2159 2157 1693 954 719 1.191

:4? %:
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% Table A5

% Strain Measurements,

Mixture No.- 5

Correc ted
Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. G;age 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 1240 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 1.048e
48 1260 1260 917 264 653 1.053
49 1255 1255 912 259 653 1.053
50 12.66 1266 923 269 654 1.055%
55 1273 1273 930 272 658 1.061
62 13,12 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 Millionths 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

b.

- - - - - --.- -. - . - - - - - - -.-.- -.-. .-.- - - - - - . . . .
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able~ A6

Strain Measurements,

Mixture No. 6

Correc ted

Total Strain, Millionths Creep Control Creep Specific

*Time, Gage No. Gage No. Strain, Strain, Strain, Creep,

days_- 1 2 Avg Millionths Millionths Millionths Mill ion ths /psi

0 480 414 447 0 0 0 0
0.85 680 592 636 189 -29 218 0.253

*2 740 647 694 247 -49 296 0.343

6 990 880 935 488 45 443 0.514

7 1050 938 994 547 80 467 0.542

*8 1090 980 1035 588 105 483 0.560

9 1131 1018 1075 628 125 503 0.583

12 1235 1127 1181 734 187 547 0.635

JA. 1260 1145 1203 756 190 566 0.657

15 1270 1162 1216 769 190 579 0.672

16 1275 1165 1220 773 185 588 0.682

*19 1322 1218 1270 823 193 630 0.731

-22 1374 1270 1322 875 247 628 0.729

23 1357 1248 1303 856 217 639 0.741

26 1368 1262 1315 868 215 653 0.758

-27 1410 1306 1358 911 255 656 0.761

*28 1426 1316 1371 924 265 659 0.765

29 1410 1308 1359 912 250 662 0.768

30 1392 1292 1342 895 223 672 0.780

-33 1436 1336 1386 939 251 688 0.798

34 1470 1378 1424 977 289 688 0.798

35 1466 1368 1417 970 272 698 0.810

41 1450 1360 1405 958 260 698 0.810

42 1435 1345 1390 943 245 698 0.810

*47 1480 1390 1435 988 268 720 0.835 ..

*54 1522 1440 1481 1034 297 737 0.855

-61 1530 1455 1493 1046 310 736 0.853

76 1512 1451 1481 1034 321 714 0.828

-. 89 1550 1505 1527 1080 321 759 0.881

107 1626 1586 1606 1159 380 779 0.904

121 1576 1540 1558 1111 325 786 0.912

e134 1600 1570 1585 1138 347 791 0.918

*139 1624 1610 1617 1170 380 790 0.916

148 1716 1705 1710 1236 460 776 0.900

166 1735 1740 1737 1290 475 815 0.9145

180 1800 1795 1797 1350 535 815 0.q45

*198 1765 1765 1765 1318 495 823 0.955

*210 1820 1820 1820 1373 565 808 0.937

-229 1860 1860 1860 1413 585 828 0.960

239 1900 1870 1885 1438 595 843 0.978

247 1910 1900 1905 1458 600 850 0.986

254 1920 1925 1922 1475 645 830 0.963

281 1980 1980 1980 1533 710 823 0.955

299 2020 2030 2025 1578 715 863 1.000

........................................................................
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Table A\7

Strain Measurements,
MTixture No.- 7

Correc ted

Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
days 4 5 - Avg Millionths Millionths Millionths Millionths/psi

0 5- 7 540 544 0 0 0 0
1 705 690 698 154 -25 179 0.208
2 760 740 750 207 -50 257 0.298
6 975 945 960 417 -13 430 0.498
7 1025 995 1010 467 5 462 0.535
8 1056 1027 1042 498 15 483 0.560
9 1092 1054 1073 530 2-5 505 0.585

12 1180 1135 1158 614 61 553 0.642
*14 1205 1157 1181 638 57 581 0.673

15 1222 1170 1196 653 50 603 0.699 -

16 1220 1170 1195 652 45 606 0.704
*19 1260 1205 1233 689 50 639 0.741
*22 1320 1267 1294 750 92 658 0.763

23 1301 1250 1276 732 65 667 0.774
26 1316 1260 1288 745 67 678 0.786

*27 1355 1295 1325 782 92 690 0.800
28 1366 1307 1337 793 95 698 0.810 -

* 29 1360 1296 1328 785 85 700 0.811
30 1335 1276 1306 762 60 702 0.814

*33 1335 1272 1304 760 57 703 0.816
34 1390 1325 1358 814 88 726 0.842
35 1367 1300 1333 790 65 725 0.841
41 1367 1300 1334 790 45 745 0.864

*42 1360 1292 1362 783 35 748 0.867
47 1390 1310 1350 807 44 763 0.885
54 1390 1330 1360 817 35 782 0.907
61 1425 1340 1382 839 50 789 0.915
76 1395 1302 1348 805 0 805 0.934

*89 1450 1355 1402 859 40 819 0.950

107 1513 1417 1465 921 75 846 0.982

121 1461 1357 1409 865 22 843 0.978

134 1488 1373 1400 856 31 827 0.959
139 1513 1405 1459 915 51 864 1.002
148 1613 1505 1559 1015 150 865 1.003

166 1635 1515 1575 1031 150 881 1.022

180 1680 1570 1625 1081 205 876 1.016
198 1695 1575 1635 1091 210 881 1.022

210 1730 1600 1665 1121 235 886 1.028

229 1770 1650 1710 1166 285 881 1.022

239 1790 1660 1725 1181 295 886 1.028
247 1815 1690 1752 1208 330 878 1.019
254 1830 1705 1767 1223 320 903 1.018

281 1895 1775 1835 1291 385 906 1.051

*299 1920 1800 1860 1316 410 906 1.051

. . . . . . . . . . .----- --



Table A8

Strain Measurements,

Mixture No. 8

Corrected
Total Strain, Millionthsj Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
das 31 32 Avg Millionths Millionths Millionths Millionths/psi

0 546 585 566 0 0 0 0
0.08 560 645 603 37 20 17 0.015
0.90 648 807 728 162 33 129 0.114
2 695 895 795 230 38 192 0.170
5 1308 1497 1403 837 563 274 0.243
6 1345 1506 1426 860 583 277 0.245
7 1392 1510 1451 886 610 276 0.244
8 1442 1524 1483 918 633 285 0.252
9 1465 1510 1488 922 638 284 0.252
13 1523 GF 1523 957 628 329 0.291

*14 1565 1565 999 660 339 0.300
*.15 1602 1602 1036 681 355 0.314

16 1630 1630 1064 700 364 0.322
19 1640 1640 1074 690 384 0.340
21 1622 1622 1056 656 400 0.354
22 1635 1635 1069 661 408 0.361
23 1656 1656 1090 647 443 0.392
27 1658 1658 1092 659 433 0.384
28 1665 1665 1099 659 440 0.390
29 1675 1675 1109 660 449 0.398
34 1696 1696 1130 663 467 0.414
41 1764 1764 1180 700 480 0.425
47 1770 1770 1204 688 516 0.457
54 1845 1845 1279 740 539 0.477
57 1847 1847 1281 728 553 0.490
62 1850 1850 1284 720 564 0.500
69 1890 1890 1324 738 586 0.519
76 1965 1965 1399 798 601 0.532
84 1965 1965 1399 770 629 0.557
91 1928 1928 1362 728 634 0.562
104 2025 2025 1459 768 691 0.612

127 2090 2090 1524 788 736 0.652
146 2202 2202 1636 823 763 0.676
168 2215 2215 1649 848 801 0.709
183 2195 2195 1629 808 821 0.727
211 2232 2232 1666 813 853 0.756
236 2235 2235 1669 763 906 0.802
245 2195 2195 1629 706 923 0.818
255 2156 2156 1590 673 917 0.812
263 2165 2165 1599 658 941 0.833
280 2132 2132 1566 618 948 0.840
292 2155 2155 t589 640 949 0.841
299 2118 2118 1552 604 948 0.840
314 2105 2105 1539 580 959 0.849
328 2108 2108 1542 588 954 0.845
346 2152 2152 1586 604 982 0.870
360 2058 2058 1492 513 979 0.867
366 2095 2095 1529 554 1005 0.890



Table A9

Strain Meaureens

Mixture No. 9

Corrected%
Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,k
*days 10 11 Avg Millionths M1illionths Millionths Millionths/psi

0 237 259 248 0 0 0 0
0.04 250 272 261 13 -4 17 0.015
0.15 GF 285 285 37 -4 41 0.036
0.90 302 302 54 -18 72 0.064
2 318 318 70 -10 80 0.071
5 350 350 102 -15 117 0.104
6 392 392 144 15 129 0.114
7 405 405 L57 12 145 0.128
8 395 395 147 2 145 0. 128

*9 380 380 132 -13 145 0.128
12 412 412 164 5 159 0.141
13 430 430 182 20 162 0.143

*14 418 418 170 2 168 0.149
20 450 450 202 18 184 0.163
21 435 435 187 0 187 0.166
26 480 480 232 30 202 0.179
33 520 520 272 55 217 0.M9
40 556 556 308 76 232 0.205

*55 575 575 327 75 252 0.223
68 665 665 417 142 275 0.244
86 760 760 512 216 296 0.262
100 732 732 484 181 303 0.268

*113 767 767 519 210 309 0.274
118 798 798 550 226 324 0.287
127 920 920 672 360 312 0.276
145 1010 1010 762 415 347 0.307
159 1055 1055 807 484 323 0.286
177 1030 1030 782 490 292 0.259
189 1130 1130 882 550 332 0.294

*208 1200 1200 952 600 352 0.312
218 1260 1260 1012 670 342 0.303
226 1270 1270 1022 685 337 0.298
233 1265 1265 1017 675 342 0.303
260 1360 1360 1112 750 362 0.321
278 1390 1390 1142 775 367 0.325

---------------.........--------------...............................
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TFable A10

Strain 'Measutrements,

Mixture No. 10

Corrected
Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,%

days 34 35 Avg Millionths Millionths Millionths Millionths/psi

0 722 732 727 0 0 0 0
0.08 800 812 806 79 20 59 0.052
0.88 1006 1020 1013 286 43 243 0.215
2 1120 1136 1128 401 57 344 0.305

*5 1818 1850 1834 1107 589 518 0.459
*6 1885 1915 1900 1173 627 546 0.484

7 1941 1980 1961 1234 653 581 0.515
8 2015 2052 2034 1307 685 622 0.551
9 2050 2090 2070 1343 695 648 0.574

13 2152 2195 2174 1447 715 732 0.648
*14 2205 2248 2227 1500 747 753 0.667
*15 2247 2292 2270 1543 775 768 0.680

16 2292 2335 2314 1587 805 782 0.692
19 2327 2370 2349 1622 807 815 0.721
21 2322 2367 2345 1618 777 841 0.744
22 2340 2385 2363 1636 787 849 0.752
23 2365 2412 2389 1662 800 862 0.763
27 2392 2439 2416 1689 795 894 0.791

*28 2400 2450 2425 1698 800 898 0.795
29 2410 2460 2435 1708 800 908 0.805
31 2450 2502 2476 1749 815 934 0.827
41 2525 2576 2551 1024 850 974 0.862
47 2535 2586 2561 1834 843 991 0.877
54 2615 2670 2643 1916 900 1016 0.899
57 2617 2671 2644 1917 895 1022 0.905
62 2625 2685 2655 1928 895 1033 0.915

*69 2670 2725 2698 1971 910 1061 0.939
76 2740 2800 2770 2043 970 1073 0.950
84 2745 2800 2773 2046 961 1085 0.961
91 2740 2800 2770 2043 955 1088 0.964

104 2810 2865 2838 2111 995 1116 0.988
127 2880 2940 2910 2183 1052 1131 1.002
146 2990 3060 3025 2298 1155 1143 1.012
168 3012 3080 3046 2319 1165 1154 1.022
183 3000 3075 3038 2311 1149 1162 1.029
211 3042 3120 3081 2354 1183 1171 1.037
236 3022 3100 3061 2334 1155 1179 1 .04 4
245 2970 3057 3014 2287 1115 1172 1.038
255 2940 3040 2990 2263 1095 1168 1.035
263 2941 3030 2986 2259 1087 1 172 1 .038
280 2900 2996 2948 2221 1050 1171 1.037
292 2930 3020 2975 2248 1080 1168 1.035
299 2890 2985 2938 2211 1045 1166 1.032

*314 2875 2975 2925 2198 1034 1164 1.031
328 2895 3000 2947 2220 1051 1 169 1.036
346 2930 3036 2983 2256 1058 1 198 1.061
360 2828 2927 2877 2150 1020 1 130 1.001
166 2874 2977 2925 2198 1074 1 124 0.996



Ilablc All '

>train Mu astlrt' IIIL 

Mi:xt Ur- No.. iI

Corrected

Total Strain, Millionths Creep Control Creep Specific

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

0 610 616 613 0 0 0 0
0.02 624 631 628 15 1 14 0.011
0.79 761 764 763 150 -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
it 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 82 2 199 623 0.488
19 1456 1476 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
11 1826 1856 1841 1228 7929 )9 0.626

42 1841 1876 18 59 1246 439 407 0.632
47 1886 1921 1904 1291 ,4. 8, 0.648
54- 1971 2006 1989 1376 519 57 n.671

60 2028 .061 2045 1432 5-19 883 0.692
67 2118 1 26 21 32 1519 ,10 0 71 A
70 126 'I68 2147 1534 (20 ' . 0. 71 P
5 160 222 218 1568 , 'W. 0.72m

82 1218 '1'6. 21.0 1627 08. " 0.739
89 2311 1 4 o 7' 1716 7 < €, 0 754 .

91 2341 2 18 2 05 7-2 784 0.758 -

104 336 716 . 1 '8 774 . , 76 1 ,
117 2461 .' 0 2')5 187* 864 I 0. 790

140 2596 26-. 1 21*3 '( 2007 ,(4 10. 0.817

I15.) 2716 .7 1 2122 105 1 (7 1 .833
181 .793 10 . ) 11(417 1114 108 1 8.48

IO6 2806 >si I81' I'06 104 I()- 0.864
*22%  2888 106 28". 2281 1174 11)7 0.868

(Cont inued)
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Table All (ConcIluded)

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

NO -



Table A12

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 0.545
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
5, 2315 2292 2304 1566 -415 1151 0.902

0 2342 23 31 1594 436 1158 0.907
67 240'8 2 115 2397 1659 486 1173 0.919
70 24 0 2.00 2410 1673 496 1177 0.927
75 2440 2 2430 1693 507 1186 0.929

82 2480 2460 2470 1733 536 1197 0.938
89 2540 2528 2534 1797 o0O 1197 0.038
97 2560 25-4, 2554 1817 605 1212 0.949
104 2560 25.5 2553 1815 5 )90 1225 0.960
117 2615 2610 2613 1875 ,42 1233 0.966
140 2700 2692 269F 1q59 710 1249 0.978
159 2792 2785 2789 2051 800 1251 0.980
181 2833 2833 2834 2097 '9, 1 1256 u.084-
196 2825 2830 2828 2090 828 1262 0.089
224 28 70 2870 2870 2131 86(l 1273 r.997

24,9 2830 2836 2833 2096 825 12711 0.996

(Continued)
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A1] .l2 (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

- - - --4 - - - - - - - -



Table A13

Strain Measurements,
Mixture No. 13

Corrected

Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,

days 23 23 Avg Millionths Millionths Millionths Millionths/psi

0 780 705 742 0 0 0 0

0.04 856 777 817 74 -6 80 0.057

0.81 1108 1010 1059 317 -20 337 0.238

4 1518 1376 1447 705 61 644 0.456

5 1612 1460 1536 794 82 712 0.505

6 1692 1540 I1I6 874 111 763 0.541

7 1736 1570 1653 911 95 816 0.578

8 1787 1620 1704 961 110 851 0.603

11 1925 1742 1834 1091 160 931 0.660

12 1976 1790 1883 1141 185 956 0.678

13 2042 1840 1941 1199 215 984 0.697

14 2096 1892 1994 1252 250 1002 0.710

15 2135 1927 2031 1289 270 1019 0.722

19 2230 2035 2133 1390 322 1068 0.757

20 2280 2070 2175 1433 345 1088 0.771

21 2322 2115 2219 1476 375 1101 0.780

23 2372 2162 2267 1525 410 1115 0.790

25 2432 2220 2326 1584 440 1144 0.810

27 2450 2228 2339 1597 433 1164 0.825

28 2470 2248 2359 1617 447 1170 0,829

29 2495 2270 2383 1640 461 1179 0.836

" 33 2542 2315 2429 1686 485 1201 0.851

34 2547 2320 2434 1691 485 1206 0.855

' 35 2563 2332 2448 1705 495 1210 0.858

40 2615 2380 2498 1755 520 1235 0.875

47 2710 2465 2588 1845 580 1265 0.897

53 2710 2465 2588 1845 615 1230 0.872

60 2855 2604 2730 1987 680 1307 0.926

63 2870 2615 2743 2000 695 1305 0.925

68 2900 2645 2773 2030 7?n  1310 0.928

75 2961 2700 2831 2088 758 1330 0.943

82 3056 2792 2924 2182 835 13',7 0.954 ,

90 3096 2820 2958 2216 860 1356 0.961

97 3100 2825 2963 2220 850 1170 0.971

110 3210 2924 3067 2325 935 1390 0.985

133 3340 3060 3200 2458 1030 1428 0.012

152 3475 3320 3398 2655 1160 1495 1.060

174 3550 390 3470 2728 1195 1533 1.086

189 3552 3395 3474 2731 1193 1538 1.090

211 3622 3464 3543 2801 1240 1561 1.106

242 3620 3475 3548 2805 1227 1578 1.118

3251 585 3438 3511 2769 1197 1572 1.114

261 3522 1375 3449 2706 1142 1564 1. 108 ..*

270 3552 3412 3482 2740 1163 1577 1.117

(Cont inued)
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table A13 (Concluded)

Correc ted
Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
days 22 _ 23 Avg Millionths 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



Table A14

Strain Measurements,

Mixture No. 14

Correc ted
Total Strain, Millionths Creep Control Creep Specific

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

0 734 825 780 0 0 0 0
0.04 773 925 849 70 -3 73 0.052
0.80 940 1132 1036 257 -15 272 0.193
4 1200 1410 1305 526 27 499 0.354
5 1251 1462 1357 572 29 548 0.388

*6 1305 1520 1413 633 39 594 0.421
7 r306 1525 1416 636 9 627 0.444
8 1335 1550 1443 663 4 659 0.467

*11 1415 1631 1523 744 4 740 0.524
12 1442 1665 1554 774 19 755 0.536
13 1482 1710 1596 817 39 278 0.551

*14 1525 1755 1640 861 64 297 0.565
15 1550 1782 1666 887 24 813 0.576
19 1625 1852 1739 959 97 862 0.611
20 1660 1890 1775 996 119 877 0.622
21 1695 1927 1811 1032 139 893 0.633

*23 1736 1970 1853 1074 146 928 0.657
25 1785 2025 1905 1126 194 932 0.660

*27 1785 2027 1906 1127 179 948 0.672
28 1808 2047 1928 1148 189 959 0.680
29 1825 2068 1947 1167 202 965 0.684
33 1860 2105 1983 1203 217 986 0.699

*34 1865 2110 1988 1208 219 989 0.701
35 1876 2120 1998 1219 221 998 0.707

-40 1920 2160 2040 1261 239 1022 0.724
*47 2000 2240 2120 1341 289 1052 0.745

53 2050 2285 2168 1388 319 1069 0.758
60 2137 2370 2254 1474 379 1095 0.776
63 2155 2392 2274 1494 391 1103 0.782

68 2185 2422 2304 1524 411 1113 0.789
5 2240 2478 2359 1580 451 1129 0.800

*82 2330 2575 2453 1673 529 1144 0.811
90 2358 2610 2484 1705 549 1156 0.819
97 2370 2630 2500 1721 549 1172 0.830

*110 2478 2735 2607 1827 634 1193 0.846
*133 2600 2865 2733 1953 739 1214 0.860
*152 2740 3012 2876 2097 869 1228 0.870

174 2798 3072 2935 2156 914 1242 0.880
189 2800 3075 2938 2158 909 1249 0.885

*217 2860 3140 3000 2221 964 1257 0.891
242 2847 3130 2989 2209 960 1249 0.885

*251 2816 3100 2958 2179 939 1240 0.878
261 2768 3050 2909 2130 899 1231 0.872
270 2780 3065 2923 2143 919 1224 0.867

(Continued)



Table A14 (Concluded)

Corrected L

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
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Table \15

Strain Neasurements,

ixture No. 15

Corrected
Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,

days 28 29 Avg Millionths Millionths Millionths Millionths/psi v

0 425 468 447 0 0 0 0

0.03 508 512 509 62 -5 67 0.047

0.80 856 820 838 392 30 362 0.257

4 1240 GF 1240 793 127 666 0.472

5 1300 1300 853 136 717 0.508

6 1345 1345 898 152 746 0.529

7 1342 1342 895 115 780 0.553 -

8 1360 1360 913 115 798 0.566

11 1410 1410 963 110 853 0.605

12 1430 1430 983 116 867 0.614

13 1462 1462 1015 135 880 0.624

14 1490 1490 1043 145 898 0.636

15 1509 1509 1062 150 912 0.646

19 1526 1526 1079 135 944 0.669

20 1555 1555 1108 155 953 0.675

21 1583 1583 1136 175 961 0.681

23 1617 1617 1170 200 970 0.687

25 1635 1635 1188 198 990 0.702

27 1625 1625 1178 170 1008 0.714

28 1635 1635 1188 181 1007 0.714

29 1647 1647 1200 190 1010 0.716

33 1659 1659 1212 181 1031 0.731

34 1656 1656 1209 175 1034 0.733

35 1664 1664 1217 176 1041 0.738
40 1676 1676 1229 175 1054 0.747

47 1720 1720 1273 200 1073 0.760

53 1738 1738 1291 200 1091 0.773

60 1797 1797 1350 240 1110 0.787

63 1807 i807 1360 245 1115 0.790

68 1816 1816 1369 240 1129 0.800

75 1845 1845 1398 260 1138 0.807

82 1920 1920 1473 315 1158 0.821

90 1922 1922 1475 304 1171 0.830

97 1920 1920 1473 295 1178 0.835

110 1970 1970 1523 320 1203 0.853

133 2045 2045 1598 350 1248 0.884

152 2145 2145 1698 435 1263 0.895

174 2162 2162 1715 430 1285 0.911
189 2132 2132 1685 392 1293 0.916

217 2141 2141 1694 385 1309 0.928

242 20q5 2095 1648 326 1322 0.937

251 2042 2042 1595 280 1315 0.932

261 2083 2083 1636 205 1431 1.014

(Continued)
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Fable A15 (Concluded)

Corrected
Total Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,

days 28 29 Avg Millionths Millionths Millionths 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

-..-.-.-.-.-.-.-.-.-.-...- ........................
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Table A16

Strain Measurements,

Mixture No. 16

Correc ted S

Total Strain, Millionths Creep Control Creep Specific
rime, Gage No. Gage No. Strain, Strain, Strain, Creep,
davs 40 41 Avg Millionths Millionths Millionths Millionths/psi

0 540 607 574 0 0 0 0
0.17 677 743 710 137 -21 157 0.093
0.92 886 970 928 355 26 329 0.193
2 1050 1136 1093 520 89 431 0.254
3 1175 1260 1218 644 139 505 0.297
4 1242 1334 1288 715 161 554 0.326
8 1435 1532 1484 910 229 681 0.401
9 1490 1590 1540 967 260 707 0.416
10 1542 1639 1591 1017 288 729 0.429
11 1586 1682 1634 1061 314 747 0.440

*14 1643 1750 1697 1123 334 789 0.465
16 1650 1778 1714 1141 334 807 0.475
17 1675 1802 1739 1165 346 819 0.482
18 1700 1830 1765 1192 360 832 0.490
22 1735 1875 1805 1232 374 858 0.505
23 1747 1892 1820 1246 379 867 0.511
24 1760 1905 1833 1259 386 873 0.514
29 1805 1957 1881 1308 404 904 0.532
36 1890 2050 1970 1397 454 943 0.555
42 1905 2076 1991 1417 458 959 0.565
49 2013 2160 2087 1513 509 1004 0.591
52 2020 2170 2095 1522 514 1008 0.593
57 2035 2197 2116 1543 521 1022 0.602
64 2076 2240 2158 1585 544 1041 0.613
71 2160 2307 2234 1660 600 1060 0.624

79 2162 2328 2245 1672 601 1071 0.630
86 2176 2343 2260 1686 604 1082 0.637
99 2245 2415 2330 1757 644 1113 0.655

122 2320 2500 2410 1837 699 1138 0.670
141 2435 2600 2518 1944 779 1165 0.686
163 2460 2640 2550 1977 799 1178 0.693
178 2450 2645 2548 1974 786 1188 0.700
206 2495 2685 2590 2017 811 1206 0.710
231 2465 2670 2568 1994 783 1211 0.713
240 2420 2642 2531 1958 749 1209 0.712
250 2392 2605 2499 1925 714 1211 0.713
259 2385 2610 2498 1924 709 1215 0.716

d275 2340 2560 2450 1877 661 1216 0.716
287 2360 2570 2465 1892 666 1226 0.722
294 2320 2540 2430 1857 629 1228 0.723
309 2298 2519 2408 1835 609 1226 0.722
322 2316 2532 2424 1850 612 1238 0.729
340 2315 -2519 2417 1843 595 1248 0.735%
354 2243 2474 2358 1784 542 1242 0.732
365 2357 2485 2421 1847 558 1289 0.759



able A17

Strain _M-eas urements-,

Mixture No. 17

Corrected
Fotal Strain, Millionths Creep Control Creep Specific

Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
davs 43 44 Avg Millionths Millionths Millionths Millionths/psi

0 1080 985 1032 0 0 0 0
0.08 1168 1083 1126 93 -3 96 0.046
0.83 1325 1245 1285 253 -7 260 0.124
2 1435 1345 1390 358 0 358 0.170
3 1520 1433 1477 444 18 426 0.203
4 1570 1482 1526 494 18 476 0.226
8 1720 1635 1678 645 18 627 0.299
9 1775 1690 1733 700 40 660 0.314
10 1824 1736 1780 748 61 687 0.327
11 1865 1780 1823 790 78 712 0.339
14 1935 1850 1893 860 83 777 0.370
16 1965 1890 1928 895 80 815 0.388
P 1990 1916 1953 921 85 836 0.398
18 2025 1952 1989 956 98 858 0.409
22 2085 2020 2053 1020 108 912 0.434
23 2105 2043 2074 1042 118 924 0.440
24 2120 2060 2090 1058 123 935 0.445
29 2195 2142 2169 1136 143 993 0.473
36 2318 2275 2297 1264 200 1064 0.507
42 2375 2335 2355 1323 216 1107 0.527
49 2495 2462 2479 1446 283 1163 0.554
52 2520 2490 2505 1473 293 1180 0.562
57 2566 2544 2555 1523 310 1213 0.577
64 2650 2630 2640 1608 350 1258 0.599
71 2750 2730 2740 1708 413 1295 0.616
79 2800 2795 2798 1765 428 1337 0.637

j 86 2837 2830 2834 1801 428 1373 0.654
99 2970 2971 2971 1938 498 1440 0.686
122 3132 3147 3140 2107 588 1519 0.723
141 3290 3310 3300 2268 698 1570 0.747
163 3375 3406 3391 2358 738 1620 0.771
178 3415 3450 3433 2400 748 1652 0.787
206 3520 3656 3543 2510 810 1700 0.810
231 3550 3615 3583 2550 823 1727 0.822
240 3542 3611 3577 2544 810 1734 0.826
250 3535 3608 3572 2539 790 1749 0.833
259 3550 3630 3590 2558 805 1753 0.835
275 3533 3625 3580 2548 808 1740 0.828

287 3570 3671 3622 2589 833 1756 0. 836
294 3550 3657 3604 2571 818 1753 0. 835
309 3552 3670 3611 2578 823 1755 0.833
322 3586 3710 3648 2615 858 1757 0.837
340 $611 3739 3675 2642 853 1789 0.852
134 3573 3719 3646 261, 845 1769 0.842
365 3613 1756 1)84 2652 866 1786 0.850

S..



Table A18

Elastic Properties
-'0

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

No. Volume, % W/c days psi millionths psi x 10 6

1 60 0.60 28 186 119 1.56 .
156 1.19 A.-

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

560 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 e

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)
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Table A18 (Concluded)

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

No. Volume, % Wlc days psi millionths psi x 106

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

f% r.
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* '[Table A19

Calculated CreepStrains

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
.'1!

Summary ofResults ..

Replacement Loading Elastic Calculated
Mixture Cement Material Age Modulus Creep- 1 yr

No. Type No. Vol., % W/C days psi x 106 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(IP) .. .. 0.40 7 1.55 1.1533

11 772(11) .. .. 0.40 7 2.08 0.9311

12 742(IP) .. .. 0.40 7 1.73 1.1423

13 752(IS) .. .. 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
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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. ,0

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-l* Blend (Slag) Germany, Source I

USAECE-IC-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 1

719 Blend IP Michigan, Source 2

720 Portland I Michigan, Source 2

Not an RC serial No.

B2
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Structures
Laboratory (SL) Cement
Serial No. RC-- Type Source

734 Portland I Michigan, Source 2
735 Blend IP Michigan, Source 2
829 Portland I Michigan, Source 2
830 Blend IP Michigan, Source 2
688 (2)(3) Portland I Mississippi
721 Blend IP Missouri
722 Portland I Missouri

p.-

738 Portland I Missouri p'-
739 Blend IP Missouri
740 Blend IP (made with bottom ash) Missouri
831 Portland II New York
746 Portland I (Preheater) Ohio
769 Blend IS (Slag) Penn., Source 1
770 Portland I Penn., Source 1
833 Blend IS (Slag) Penn., Source 1
834 Portland I Penn., Source 2
716 Portland I South Carolina
717 Blend IP South Carolina
729 Portland I South Carolina
730 Blend IP South Carolina
736 Portland I, II (Preheater) Texas, Source 1
737 Portland III Texas, Source 1
744 Portland I Texas, Source 2
745 Blend IP Texas, Source 2
733 Portland I Georgia
807* Blend IP, MS Texas, Source 2
807 (A) Portland I Texas, Source 2 .
741 Portland I Tennessee
742 Blend IP Tennessee
718 Portland I, II 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 alwa~s remove all of the calcium silicates.

k- Refe-rences -are 1ist- I-t t h -enid -of the t -' ot , -this apt-fpend-ix.
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5. Since the residue left after maleic acid treatment still contained the V.

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-I.

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 for determining the form of C 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- a'

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 B1 through B6. Table BI 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 from 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 TI 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).

Dis-cussion

12. Limited study of the tabulated data was made. This indicated that where

direct comparisons were possible such as Table BI for the effect of a preheater,

there was no detectable effect on phase composition or phase forms. While the
results for all of the cements show 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),
t~e 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
exception to this was the cements with slag (Table B3).

14. The type and relative amount of C 3A in a cement can be determined fairly

effectively and simply by XRD and the use of selective dissolution (Table B7);
this separation by crystal type is improved if maleic acid dissolution is fol-
lowed by removal of sulfate compounds by ammonium chloride treatment (Appendix B--I).

.~ .
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Compositioni and Chemical Data for a Pair of Type II CeniLs from-

One Source Made With and Without a Preheater

RC-763

Made in Dry Kiln RC-764
No Preheater Made with Prehleater

Sampled Resampledl Sampled Resampied
Constituents in 1976 in 1979 in 1976 in 1979

* Cement

Alite X X X X
Belite X X X X
Aluminoferrite C4AF* CO4 F C4AF C4AF

*Tricalcium Aluminate n.d. Non-cubic n.d. Possible

Calcium and Other Sulfates

Anhydrite --- -

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

* Miscellaneous

* Calcite
Quartz X Possible --

MgO X X X X

* Chemical Data

Soluble in Maleic Acid, Z 84.4 81.6 85.6 82.7
Soluble in NH4 C1, %n.d. 6.2 n.d. n.d.
Insoluble, 7 15.6 12.2 14.4 17.3

*Not determiltetd.

Indicates not detected. %
.9

87 4.%
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T~ble B2

Composition and Chemical Data for Seven Portland Cements

from Plants Using Preheaters *

Georgia Texas Ohio Colorado Arizona Kansas
RC-733 RC-736 RC-746 RC-753 RC-754 RC-764 RC-770

Type I Type I,II Type I Type II Type II Type II Type I
Portland Portland Portland Portland Portland Portland Portland-,

Constituents Cement Cement Cement Cement Cement Cement Cement

Cement '

Alite X X X X X X X
Belite X X X X X X X
Aluminofer-

rite C4AF C6AF CAF C4AF 4 4 AF C4AF
Tricalcium Mixed * Possible Non-
Aluminate Types Non-cubic Types Cubic n.d. Non-cubic cubic

Calcium and
Other Sulfates

Anhydrite X X "--'-
Hemihydrate Possible -- X Possible Possible Possible --

Gypsum .... X X -- X X
Langbeinite Possible -- Possible .... Possible --

Miscellaneous

Quartz Possible X X Possible ......
MgO -- X X .... X X

Ca(OH)2  Possible Probable ........ Possible
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 82.0

Insoluble, % 17.4 15.6 20.6 19.3 16.7 17.3 18.0

* * Not determined.

** Indicatesr not det2cted.
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Table B6

Composition and Chemical Data on Six Type 11, 111,

and V Portland Cements

Alabama New York Wash. Texas Colorado Canada
RC-705 RC-831 RC-718 RC-737 RC-832 RC-755 %

Type II Type II Type I-II Type III Type V Type V
Portland Portland Portland Portland Portland Portland

Constituents Cement Cement Cement Cement Cement Cement

Cement

Alite X X X X X
Belite X X X X X X

A4mnfrie CA C4AF C6AF2  C6AF2  C6AF2  C4AF
Tricalcium *

* .luminate -- Non-Cubic Non-Cubic n.d. n.d. n.d.

* Calcium and
Other Sulfates

Gypsum --- X -- X
Hemihydrate Possible X X Possible Possible X

* Anhydrite X - X --

* Langbeinite X - -- --

Miscellaneous

*MgO X -- X -- Possible X
* Calcite -- Possible - --

Quartz -- Possible X X- -

Dolomite X Possible --- -X

CaO --- -- - Possible

* Chemical Data

* Soluble in
*Maleic Acid, % 84.6 83.6 86.6 84.9 85.2
*Soluble in NH C1,% n.d. 3.0 n.d. n.d. n.d.

Insoluble, % 4 15.4 13.4 13.4 15.1 14.8

*Not determined.
SNot detected.

11,1
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Table B7

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

Type of C3A

Ranking Cubic Mixed Forms Non-Cubic

Most RC-756 RC-834 RC-765
RC-716 #  RC-715 ± '

RC_7291  RC-733
R 2 RC-738
RC-741 RC-751
RC-761
RC-770

Intermediate -- RC-714 RC-718

RC-720
RC-766
RC-831

Less RC-807(A) RC-688 RC-731
RC-722 RC-736

RC-829 RC-741: "-"-RC-772
RC_753tt RC-746

Least RC-725 RC-763 RC-734

Total 10 11 9

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

Rankings based largely on the 4.23(A) peak.

tBoth from same source.

* Note that this high alkali Type 1 (RC-715) differs from the Type I-II from

this source (RC-753) .

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

RC-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-I

NH Cl Treatment to Remove Sulfate Compounds from Cement
-4r-

G. S. Wong and T. B. Husbands ,I.'

Equipment and chemicals

1000-ml vacuum flask

1000-ml beaker

Buchner funnel

No. 50 Whatman filter paper

Magnetic stirrer

Mettler balance

10 percent NH4 C1 (1000 ml)

Distilled H2 0

• 4-5 g sample (ground - 325)

Procedure

Weigh out about 4-5 g of sample using a suitable balance. Place sample
in 1000--ml beaker using a ratio of about 1 g of sample to 200 ml of 10 percent
NH4 Cl solution. Stir with magnetic stirrer for 45 minutes.

The solution is filtered and washed with distilled H 0. Wash the residue
three times to assure removal of chloride.

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.

B18
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Background

1. A total of 12 fly ashes, 2 natural pozzolans, and I 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 .4,

3 hr; each sample was then filtered, washed with methanol, dried, and
weighed. These residues were hen 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. The blast-furnace slag AD-537 was treated with maleic acid with weighings
and 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 JI

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 ), 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 ard Cement., with quarterly supplements, Vicksburg, Miss.

** Pepper, I.., and Mather, B. 1959. "Effectiveness of Mineral Admixtures
in Preventing Excessive Expansion of Concrete Due to Alkali-Aggregate d

Reaction," ASTN Proceedings, Philadelphia, Pa., Vol 59, pp 1178-1203.
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tile 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. fetracalciUm trialurinate sulfate is also indicated as being
present in tie 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 I ime 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 tile hydrated material of all seven
of tile 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 (N;a 2 SO4 ) was identified in the X-ray patterns of hydrated AD-
505, 509, and 510 and not in them without hydration indicates sodium was readily
soluble f rom thi1 glass since none of the crystal line phases iden t if i ed shoul d
provide a source of ,,odium; the sulfate came from the anhydrite. Neither hy-
dration nor chlicici l dissolution treatments had much effect on the periclase
in the samples; this suggests the periclase tends to be dead burned and there-
fore unreact iv.

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

15. Table C5 shows phase identifications and some soluhility 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.

B -uck, A. 1).-, Husbands-, T-. B., and Burkes, .1. P -. 1983 (-ay-). "Studies of

the Constitution of Fly Ash Using Selective Dissolution," Miscellaneous
Paper Sl,-83-5, US Army Engineer Waterways Experiment Station, Vicksburg, Miss.

C4 d*'.
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17. Typical particle shiapes of f Ly ash AI)-5 13 and of nat ura I nIzz) Ian AI)-5 18 . "
are shown in Micrograph Ci. Micrograph a. shows the :-enerally larper spherical
shape of fLy ash particles as compared to sil ic-i -U1ne spheWrCs. >Iicro, rapli 1
shows the nonspherical and larger particle shape of this natural pozzolan as
compared to both fly ash and silica fume.

Conclusions

18. Several conclusions appear warranted from the 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 bitumi-
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 aluminun, 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.

C. 5
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aFly ash UD-513, showing spherical shapes, X 2000,
No. 042677-3. Largest sphere is about 5 pim in
diameter.

bh. Natural pozzolan AD-5IB, X 1000. No. 102076-15.
Nonspherical. shapes. largest part ic le is aibout
35 "IM.
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'rable Cl

ComposiItio-nal)* a-nd Partial Cheni-cal Dta-

for Three Subb-ituininous Fly Ashes

AD-505** AD-507** AD-512**
Crystalline Phases Missouri Missouri Iowa

Mullite X (2) X ()1 Not detected
Quartz X (2) X (1) X (2)
Hematite X (2) X (1) X (2)
Magnetite X (2) X (1) X (3)
Lime X (2) Not detected X (1)
Hydrated Lime X (2) Not detected X (1)
Periclase X (2) Not detected X (1)
Anhydrite X (2) X (3) X (1)"'e

* _Chemical Data

* Lime, % 11.1 4.8 20.3
Soluble in Cold
Water, % 5.7 Not determined 10.7

Balance Soluble in
Maleic Acid, % 7.2 Not determined 11.2

;* Total Soluble in
. Maleic Acid, % Not determined 6.0 Not determined
. Insoluble 87.1 94.0 78.1

Total, % 100.0 100.0 100.0

Material Hardened
in Water Yes Yes No

CRD-C 128 datatt
Sc (millimoles/Z) 32 208 15
Rc (millimoles/k.) 388 398 436

-. ,

* Based on X-ray diffraction data.
** 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.
±t 12.5-g sample in 25 ml of IN NaOH at 800C for 24 hr.

C7
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Table C2

Compositional* and Partial Chemical Data for

Four Linite Fly Ashes

AD-506"* AD- 509"* AD-510** AD-513* -

."I

Crystalline Phases Texas North Dakota Minnesota Colorado

Mullite X ()t Not detected Possible X (2)
Quartz X (1) X (2) X (4) X (3)
Hematite X (2) X (2) X (I) X (2)
Magnetite X (2) X (2) X (1) X (2)
Lime X (2) Possible (4) X (1) X (3)
Hydrated Lime X (1) Not detected Not detected Not detected
Periclase X (2) X (2) X (1) X (2)
Anhydrite X (3) X (3) X (1) X (2)
Melilite Group Not detected X X X
Calcium Alumino-

ferrite Not detected Not detected X (1) Not detected
Tetracalcium Tri-
aluminate Sulfate Not detected Not detected X (1) Possible (2)

Plagioclase Feldspar Not detected Not detected Not detected X (1)

Chemical Data

Lime, % 19.8 13.1 29.9 21.0
Soluble in Cold

Water, % Not determined Not determined 14.8 6.8
Balance Soluble in
Maleic Acid, % Not determined Not determined 23.6 14.7

Total Soluble in
Maleic Acid, % 13.5 12.1 Not determined Not determined

Insoluble, % 86.5 87.9 61.6 78.5
Total 100.0 100.0 100.0 100.0

Material Hardened

in Water No Yes Yes Yes
CRD-C 128 datatt

Sc (millimoles/) 44 157 9 6
Rc (millimoles/2.) 658 324 307 528

• 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 thenardite.
t Numbers in parentheses refer to amount of a compound with one being most

and four being least.
+t 12.5 g of sample in 25 ml of IN NaOH at 80C for 24 hours.

C 8
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Table C3

Compositional* and Partial Chemlcal Data for

Two .Bfituminous Fly AshesI

AD-5 11 AD- 570 .:
----- Cry Phases ; i

Mullite X (2)** X (1)

Quartz X (2) X (1)

Hematite X (2) X (1) -

Magnetite X (I) X (2)

Chemical Data

Total Soluble in aleic Acid, 7 4.9 Not determined

[nsolubte, 7 95.1 Not _de te-rmi-ned

Total , 7 100.0

CRD-C 128 data-

Sc (millimoLes/,.) 162 Not determined -.-

Rc (millimotes/>') 423 Not determined

C9t
.

* Based on X-ray diffraction data.
** Numbers in parentheses refer to amount with one being most and two being "%

%" '
least. ¢

* 25gof samplie in 25 ml of iN NaOIl at 800 C; for 24 htours. r.

12.5:9
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TFable C4

Compsitional* and Partial ChemiclI Data f or

Two Bituminous and One L iRnite Illy Ashes

AD-.517** WES-44F-73 AD-577-
Crystallne Plhases _Michigan - Missouri --Texas

Quartz XX

Hematite X A X.

Magnetite X X X
Lime X X X
Periclase Not detected Possible X.
Anhydrite Not detected X X

Chemical Data

ToLOai Soluble in
Maleic Acid, 72.5 Not determined 8.1

Insoluble, Z 97.5 Not determined 91.9
Total, Z 100.0 100.0

*Based on X-ray diffraction data.
**Used in blended cement RC-719.

+ Used in blended cement RC-807(A).

(: I)
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Table C5

Compositional* and Partial Chemical Data for

Two Natural Pozzolans

AD-516 AD-518
Crystalline Phases Greece California

Quartz X (2) X (1)**
Plagioclase and Potassium

Feldspars X (plagioclase only) (1) X (2)

Cristolzalite Not detected X
Hematite Not detected X
Magnetite Not detected X
Biotite Mica Not detected X
Gypsum Not detected X
Calcite X Not detected
Dolomite X Not detected
Clay, 14A (1.4 nm) X Not detected

Chemical Data

CRD-C 28 datat

Sc (millimoles/Z) Not determined 1055

Rc (millimoles/) Not determined 470

- .

• Based on X-ray diffraction data.

•* Numbers in parentheses refer to amount of a compound with one being

most and two being least.

t 12.5 g of sample in 25 ml of 1N NaOH at 80'C for 24 hours.

Cl11
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Table C6

Comnjnsitional* and Partial Chemical Data for

One Blast-Furnace _Slag

AD-537** ~ ~ ~ S

Crystalline Phases Michigan 5

Monticellite X
Melilite Series X
Meruinite x

SCalcite X
Iron X

Chemical Data

Soluble in Cold Water, % 3.1
Balance Soluble in Maleic Acid, % 56.9 .2
Insoluble, % 4.
Total, % 100 .0

*Based on X-ray diffraction data.
**Used in iron blast-furnace slag cement RC-758.

* C12
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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 from

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 pm (No. 325) sieve. The
material larger than 45 pm 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 om 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 P'roceedin!s, Philadelphia, Pa., Vol. 59, pp 1178-1203.

1)2
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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 DI 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 fable DI, the combined total amount of crystalline phases in a sample

was usually low because the samples were largely amorphous silica. Magnetite, -,
quartz, silicon, 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 DI) 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 e."-

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 DI. Initial specimen preparations did not disperse the particles
well as can be seen in Micrograph Dla. Modification of sample preparation usin:.
an ultrasonic cleaner gave better particle dispersion as shown in Nicrograph Dl)M.
In both micrographs the shape and small size of the spheres is evident. The
largest spheres shown are about 0.5 vim or less in diameter which shows the
small particle size of this material.

D3



W.. - -. Z

Conclusions

14. Examination of 16 by-product fume materials by X-ray diffraction loim 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 pm in size. It is considered probable that
the other fumes were similar.
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a. Silica f ume 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

D5
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Ta I eTi*+able 1)1 .4

Compositional* and Partial Chemical Data for

Four High Iron Glassy Fumes

Eli AD-545

Ferrosilicon

and Manganese AD-546 AD-549 AD-557
-: Minor Silicon Fume, Ferrosilicon Silica fume, Ferrosilicon

Crystalline Phases Tenn. Fume, W. Va. Ala. Fume, Ala.

Oxides

Hematite X ...- X
Magnet i t e X X X X

Ilmenite X ..... --

Jacobsite X ......--

Quartz X -- X X

Cristobalite X ....-.--

Manganosite X

Elements

Carbon X possible X

Silicon X .... X
Ir-' -- X X probable

Sulfides

Pyrite X .... 

Pyrrotite X ..... 

Silicates

Akermanite X ...... .'x1

Gehlienite X ......

Mullite or

SilI iman i te X ..... --

Silicon Carbide -- possible X X
Iron Siticide -- possible X X

Calcite .... X --

Sylvite ...... probable

Chemical Data
Fe 2 0 3  6.2 13.9 11.3 14.6

Siot, A 42.6 73.7 67.4 71.2
CI-, 0.0 0.1 0.0 0.2

* Al l ident if ilat ions are based on \-ri\ dif i ract ion ; most identifications are

tentative since they are 1suIllv b8sed on one or at most onlv a few peaks.
* I [dentifications based on exanilnitfon 01 matcrial coarser than a 45-jim, (No.

325) sieve as well ;Is of the I'hole sanlple.

)6

--'I..1
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Table D2

Compositional* and Partial Chemical Data for

Twelve Glassy Fumes

** AD-541 AD-542 AD-543 ** AD-544(98)

AD-536(2) Silica Silica Silica AD-544(75) Silica

Minor Silica Fume, Fume, Fume, Silica Fume, Fume,
Crystalline Phases Fume, Ala. Ohio Ohio Ore. Wash. Wash.

Oxides %W.

Magnetite -- X X X X X
Spinel Group -- Possible Possible .... X
Quartz X Possible Possible X X X
Cristobalite ........ X X

Elements

Carbon -- Possible Possible Possible -- X
Silicon -- X X -- X X

Plagioclase
Feldspar ........ X --

Silicon Carbide X X X X X X
Iron Silicide ........ Possible --

Barium Fer-
rite (IV) Possible .-

Chlorides -

Sylvite .... Possible -- X X

Halite ........ X X

Chemical Data

SiO % 93.9 95.2 89.4 92.6 90.1 83.6
2'Cl-, % 0.0 0.0 0.2 0.0 0.1 0.2

CRD-C 128 data'
Sc (millimoles/) 1544 Not determined
Rc (millimoles/Z) 378 Not determined

(Continued)

*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-un (No. 325)
sieve as well as of the whole sample.

+ 12.5 g of sample in 25 ml of IN NaOH at 800C for 24 hours.

* D7

*. . . . .. - .*., .............-. ... * .~', ..... . .

* .-. ,~. *-~d*.*.................... ... ... .... ... ... ... .... ... ... ... .-.



Table D2 (Concluded)

AD-550
Mixture of AD-553
Chromium, AD-552 Ferro- AD-558

Manganese, AD-551 Ferro- Chrome Ferro-

AD-548 and Ferro- Silica Silicon and Silica Silicon
Minor Silica Silicon Fume, Fume, Fume, Fume,

Crystalline Phases Fume, Ky. Fume, Ohio Ohio New York New York Wash.

Oxides

Magnetite X X X X X X
Spinel Group -- X X -- X --

Quartz -- X X -- X X

Elements

Carbon -- X X -- Possiblc X
Silicon ........ X X

Plagioclase
Feldspar -- X ........

Olivine -- X ........

14-A Clay -- Possible ........

Calcite -- X ........
Silicon Carbide X -- X X X X

Chlorides

Sylvite -- X ...... X

Halite -- X ...... X

Chemical Data

Si0 2 , % 91.5 67.4 93.6 93.3 80.7 85.1

Cl, % 0.1 4.1 0.0 0.1 0.1 1.1

S 5*

* 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 45-1;m (No. 325)

sieve and of water-soluble material as well as of the whole sample.

Ir)8
V.l



APPENDIX E: METHODS OF CHEMICAL ANALYSIS



I
(A) Method of Analysis of Port Lind Cement and Portland

Blast--Furnace Slag Cements Using Flame

Atomic Absor t ion (AA)

1. Summary of method. .

The cement is combined with anmonium chloride and digested in hydrochloric
acid; silica is removed by filtration. The filtrate is diluted to 500 ml and
analyzed for Al, Fe, Mg, Mn, Ti, Na, and K by AA.

2. Reagents.

2.1 Ammonium chloride (NH 4 CI), crystals, reagent grade.

2.2 Hydrochloric acid (HCI), reagent grade.

2.3 SRM cements - National Bureau of Standards, Standard Reference Cements,
SRM' s 633-639.

2.4 Standard cement solutions. Remove SiO 2 and reserve the filtrate in a
500-mL volumetric flask according to ASTM C 114 (Silicon Dioxide). Dilute the
filtrate to mark 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
jOO-mL 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 a ( - ) + Ia ""

where. Aa = Absorbance read ing of standard that is lower thin unknown.
Ab = Absorbance re;nding of stindard tiiat is hiJIier than unknown.

Ac = Absorbance readin of tie unknown.
E = Percent oxide of :L;nd;,rd \"
.b = Percent oxid,, I st.on(dird AI,.

= een t )x ide f niikl, wn.

'1I

'p.4.:":2

' ,p,.. % - ' , . - . .. . , . .. . . ,. - .. -, - ... . . . - . . . ,.. - ..



(B) Method of Analysis of Elements Usin Flamne Atomic A'sorntion

(Portland-Pozzolan Cements and Pozzolans) ,

Method of Ana lxsis

1. Summary: The sample of portland-pozzolan cement or pozzolan was fused with ,4
lithium metaborate (LiBO2 ) and dissolved in an acid solution. The solution was
analyzed by flame atomic absorption using standards.

2. Reagents.

2.1 Lithium metaborate (LiBO2 ) reagent grade. Analyze the LiBO 2 for the •

elements that will be determined in the blended cements or pozzolans. If more

than a trace is found of any element, reject the LiBO2.

2.2 HCI - concentrated reagent grade.

2.3 Silica flour, at least 99.9 percent pure.

2.4 Cements - SRM, National Bureau of Standards Reference Materials, SR! 633-639.

2.5 Standard solutions of Si0 2 and SRM Cements.

-' Blend 0.5 g + 0.5 mg of Si02 or a SRM cement with I g LiBO 2. Place 0.1 g
LiBO2 in bottom of a prefired carbon crucible. Place the blended mixture on
top of the LiB0 2 in the crucible and 0.1 g LiBO2 that is used as a chemical
rinse of the blending on top. Fuse for 15 min at 11000 C. Remove the fused,
melted, mass from the furnace. Gently swirl and pour the melt into a 250-mi
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
three 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. V

2.6.2 Furnace capable of maintaining 11000 C + 250 C.

2.6.3 Magnetic stirrer with Teflon-coated stirring bars. .

2.6.4 Plastic beaker, 250-mi 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 1.

The parameters for the use of the Perkin-Elmer 306, Flame Spectrophotometer
that was used in this study are shown on the next page. .1,

3. Procedure.

3. 1 Prepare the sample the same way as the standard samples were prepared.

E3

*-eIF d
. .. . . .. . . . . . . . . .

' ' " "• . " . . , -"•" -..-.. . . ."-.. . . . . -."... ,". . ..-. . . . . . . ..'. .". ."-. .""". .... ."".-" -"". % ""- " "". "" " -



146.

Z - . 4J 42 U %

4 4 .1. *4*-4 * *,1 *W *-4i 4-1 4,

Ca)

21 w u (1 (1) (1 ()
:J zs -H o' 3 :3 ,. -,-I

1- d - -1 -4a)H 7j 0 ~-

(1) (1) Q i ri (!2) r. a f 3) a a

r-L ! Z Cl f: C C! M r!-r- r - rl Cl

M . 2 2, N >,-> > , - >, " >1 C->
-4 01 - 4 40 0 4 0-1 -i4J 4 0- 0 0J 4

<c"- < *4<4 -

I u I 4 1C .1 1 - 1 u u "
a Tj 7l 7

x H XC -N x -1 X l ("1X ja C 1 -ZtIX

04 <'CDCDa "4 z 4 X 04 D 1

"-4 Ca CC; 0 U -

21 -4 f C) '4 CC -4 C

- -

-44



3.2 Read either the absorbance or as percent oxide of the element on the
AA instrument using SRM cement solution standards as standards for all the ele-
ments except silica for silica fumes that are above 70 percent SiO 2 . For these
fumes use SiO2 solutions and dilute as needed.

3.3 Calculation of absorbance to percent oxide
A -A

c = a  (Ea-Eb) + E
where:" a b a

where: Aa = Absorbance reading of standard that is lower than unknown.
Ab = Absorbance reading of standard that is higher than unknown.

Ac = Absorbance reading of the unknown.
Ea = Percent oxide of standard Aa.
Eb = Percent oxide of standard Ab.
Ec = Percent oxide of unknown.

'.J

4-

"E.5

*..-ap.

'a - * ... o



(C) Method of Iron Analysis for Silica Fumes by Titration with
Standard Solution of Potassium Dichromate

I. Summary of IMethod. The silica fumie is fused with LiB0 2 and iron (Ill) is P
reduced to iron (II) with stannous chloride (SnCl) and titrated with a standard
solution of potassium dichromate (K2Cr20 7 ). This determination is not affected
by any titanium or vanadium that may be present in the pozzolan or cement.

2. Reagents.

2.1 LiBO 2 , reagent grade.

2.2 HCI concentrated, reagent grade.

2.3 Barium diphenylamine, sulfonate indicator solution. Dissolve 0.3 g
of barium diphenylamine sulfonate in 100 ml 1120..

2.4 Potassium dichromate, standard solution (I ml = 0.004 g Fe 2 0 3 ). Pre--
pare according to ASTM C 114 (Reagents). Check the solution against known
Fe20 3 values of )ozzolans and SRM cements that are prepared by LiBO 2 fusions
and calculate the factor.

2.5 Stannous chloride soLution. Prepare according to ASTM C 114 (Reagents).

3. Apparatus and materials shal L 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 11000 C + 250 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-mi Class A burette.

4. Procedure.

A 0.5-g + 0.5-mg sample of silica fume is blended with I g LiBO2 and is
transferred to a carbon crucibLe which has 0.1 , LiBO2 sprinkled in the bottom.
It is covered with 0.1 g LiBO 2 that is used to chemically wash the mortar and
pestle that was used for blending. Fuse for 13 min at 11000 C. Remove from
furnace, gently swirl the melt and pour into a 150-ml glass beaker containing
10 ml concentrated HCI and 50 ml 1120. Stir until the fusion is dissolved,

isually 10 min or less. Check the crucible for any traces of fusion. If there
are any, reject thle fusion. 1\emOVe 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.

3. Calculations.

Calculation Fe 20 3 to the nearest 0.01 percent.

1Fe20 3 percent = (V-B) X 10

.A.:

" 6 ".p.

a . . * * . . . . . * .-. . .. -



where:

E = Fe203 equivalents of K2Cr207 solution in g/ml.
V = ml of K2Cr207 solution required by sample.
B = ml of K2Cr207 solution required by blank determination.
W = weight of sample within 0.1 mg.

4

'..-.5!

.:,:<t

4,

E'5

'5.-_
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APPENDIX F: TEST REPORTS FOR MATERIALS



T0 E.CO CORPS OF ENGI;NEERS

Mrs. K. Mather U5AM

Ch, Petrography & X-Ray REPORT OF TESTS OF Ceui & Pozz Test Br
Branch PORTLAND CEMENT CL t~

CL USALCE C-1 and C-2

TE-F-R OWES-197-73 I~N -A - EPPESENYEO TO DAT, 24 S-§ep 73
SPE -CT DT PLED

-5 7EEN- E) S .. EET SE -1 3- REQ,.,lEAENTS

ND~, Hco4c~L -E1jenp prtland-

________27.5 2. 8
1.0.6 __________ _ _ _ ___

1.7 1.9___
P.--.4.5 4.1 1

11_, 0-1 (2) (3)41 2-2 (2) (3)
E'- c Q-81 0-15 1 Q, 143

% j_40,0092 0,044 n -27 0.008s30.5 _____

_____a-_%_i -5 Q01 760 i.01 26___ 0,22~QJ11 __

I xy specific Gravity 3.00 ____3.04 ___

.- 2 -A I- __

.. 'A, Z, .,C.DPT, 2e1 LA- 5 32 01
S.A~ AT 3~IA , 3240 3240_ _ __ _ __ _ __ _ _

__ _ _ __ _ _ __ _ _ ___7__ _ _ - -- r235 230 _ _ __ _ _

CONE EN S'P3AE> 28 D ) 4400 ____ ___4040 ____

F> ,SE STE-<", rI

,AMPLE ______ NOoc ho fe 3 ___Esnrlnd! _____

AT_ __ _ ___ ,'-E0.02 _ __ __ t __ 0.14 i
N.__A__S G_ jL'lmore 5.15 3: 50 1 __ ___

Gilmore: 82 2 ___ ___ :55________I___

_I -- -------------

Memorandum for All Concerned No. 18 96 Job No. 441-C26 7.l4Ci4l

*(l) Acid Soluble Alkali Analysis
(2) Water Soluble Alkali Analysis
(3, 28-day Alkali in water

A43.'* E*.,- E M ,:, -E. F. .1 ESNME

_ Z, dy.. ,

W. G. tFULLER
Chemist
Chief. cement and Pozzolan Test Branch

A-.



RC- 68S

A. D. Buck Cc-7cnt & ozzolan Test
Petrography & X-Ray Br REPORT OF TESTS OFP PORTLAND CE ENT Ccncrete Laboratory-Engr Sci DIV US,\E W4ES "
Concrete Lab '

.... ... ,c!:-ZS- ,,3- 74 -  " " ---.. . ! ,- -5 Ap 74#
• 9 ¢,:...SS-C-!92ZT p ,L , _- .. 3 Ann. 7A "

. . .. .U n i t e d - OC A rso m A r t e s i a , M2- i s s .l . .. ,

6.2 5.3 **l

0.

LOSS.._ _ 2.9 _ 3.0 0 ___ P-20 0.19 Colr- tric)",.:0.9 _ _ _ _ _ __ __ __ _ __ __ __-._...

..... K S.T- L ... ',.O-. 0.44 Water oluble Alkali IAs :.a2 z.
C01.. 171 03,,o.0.41 [ i 6 0 0 - '

,., .. _-_ , ,: :0.13 iI[. .
:,o. : ~65.5 !""
Y.54.6 1 I < .

:z5 18.3 _ __I

F .__, ___j66__ -"____ ___ __ _1_ _' s. 86 b

1,A . -A

SU.. A--... .. : :,, S .. 3320 _'_"_"_-

C:-- 3 s. 28E ' COmP ST'R. 90' D, PSI i 5S60 _ _ _______
7 400' I C'12 STR, 180D, PSI "

VP .... - . i[r 1 "

_ _ _ _ _ _ _ _ _...._o_ _ I _ _ _ i _ _ 1 _r.. . .. .Io

-.. 5- 2 1 ,.._:0 , _ _ , 365D. PI SI

• K*.ZzI..3____I I ___

IA SET -4 ,

' %AU 1$. .._____ ____ I____._____f,..........,.....

Job No. 441-C1l%5.14Cil.

CF:
Mr. Tyrc "s

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch

F3
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AA

Mrs. K. Mather

Ch, Engr Sci Div REPORT OF TESTS OF Cem & Pozz Test Br,*
CL PORTLAND CEMENT Engr Sci Div

CL

RC-688(2)
TEST REPORT NO O. O. REPRES.ENTED I Sample ... 11 Feb 77

SPEcIFIcATON Type I CATE SAMPLED

COMPANY United ....S

THIS CEMENT DOES MEE- SPECIFICATION REQUIREMENTS -e

SAMPLE NO _____(2 AA

SO.-. 20.0 ____ 0o.44

AIOS I6.0 '.6- 5.40 n2 0,n 0.03 ,4:-

P.,'O 2..8 _ _ __R2.78 p205 0.33 __

LOSSON IGNTIONi

ALKALIES- TOTAL ASN 1.20.
,o~0.30 1[

. '0 0.19 __ _ __ _ __ _ __ _ _ _ _

s K,,O. 0. 27

INOUL ESIDUE 0. 09

A ... 65.8 ___

CoS. 64.4

. 11.1 1 9,.6

C'S. 8.9 ___ _ _ _ ___

CA-C3 S., 75.5
c,AF. -,8.4

CA • - 2C - 1 30.6
HEAT OF -ORATION. 1o. 7A- G

HEAT OF HYIDAT ON'. 2B0 CAL G

SURFACE AA. SO .M IA 1 . 3420 _,

A;K CONTENT. -9.1 ____ ____ L__ ___ ____

COMP STRET... . 3 o 2830 I
- . ST.. .. 7 o F. . 4 3 8 0 _ '

d P ALjE 3E -PEN

SAMPLE 4. RC_ __8 2)

AUT..AE EAT 0.08

". ...... " .2 35 __ _I

SNA..SL.. 4:40

SAS . .. 0 -. .....0_ _ ' _

...............N__ _ i __ _ I _ _ _ _ _ _3_ _ _1_ _ _ _ _ I I____

REMA..S Memorandum for Record No. 1985; Job No. 545.-C530.17Ci4l

...................... EN N RSEAOATSIALI EC IE USED IN AOAEP,,0.C3;A-ES A..M..C.30 'C E IER EETPC.TLY
K AM~. ~. .. ...~T IT.:..A.---

W. G. MILLER
Chemist
Chief, Cement and Pozzolan Test Branch

F4

.1.A

"KK " -- ' :- : K
• t-P d ,,.,.,'.- .'- . .---, y>" ,....,; . .*'--,.';-. ..''--'*. . . . . . .v - ,.. ..".- ,>>.7..<... * .'.,* -, '.:..-.->



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 IN NO. TEST REPORT NO WES-154-7 [-

LOCATION: Artesia, MS TONS REPRESENTED: DATE 9 14ay 78
SPECIFICATION: Type I DATE SAMPLED 23 Feb 78

TEST RESULTS OF THIS SAMPLE LOT FO'OOMPLY FlDO NOT COMPLY WITH SPECIFICATION LIMITS SEE REMARKSI

SAMPLE NO. ARcLA8 (3. A_ _ __

__ __ __ _ __ __ __ _ 20.51 __ _ _ _ _ _ _ _ _ I _ _ _

A1203, 6.60 5,89 I ___

Fo 2 0 3 .% 2.70 2.90 "_ ____

Mgo. % 65.34

S0 3 1% 2.b7_______
LOSS ON IGNITION. % 0. 72
INSOLUBLE RESIDUE, % 0. 18
N&..% 0.18
K 2 0.% 0.32 ."_-'"__
ALKALIES-TOTAL AS N. 2 0.% 0.391C s. % 54.3 - ..._
C3A, % 12.9 -

c 2 s. % 17.8 _

SC A-C 3 . % 67.22
C4AF,% 8.22
C4 AF a 2A.34 06 I "A,%34.06

HEAT OF HYDRATION. 70. CAL/G

HEAT Or HYDRATION 280 CAL/G
(AP)_ .' "

Surface AreaSQ CM/G 3420 _
AIR CONTENT. % 9.2

COMP. STRENGTH. I D, PSI 1410 COMP SIR 14 D PSI: 5460 "
COMP. STRENGTH, 4 D. PSI 3710 COMP S R 28 D PSI: 6030
COMP STRENGTH. 7 D. PSI 4390 COMP S R 90 D. PSI: 6550 .. ,
FALSE SET-PEN F/1. COME L 80 !-PSI@: 7230 ___2___

SAMPLE NO. COMP SIR 365 I. PSI: 6790_
AUTOCLAVE EXP. % 000

INITIAL SET, Mr/min 2a:_30_-_"--__

FINAL SET. Hr/min _____ ____ _ __ __

REMARKS Memorandum No. 1985 A; Job No. 545-C530.18Ci41

Copy furnisned: 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 ADVE RTISING OR SALES PROMOTION TO
INDICATE EITHER EXPLICITLY I)R IMPLICITLY FNOORSEVENJT OF THWS PHODUCT BY THE U. S GOVF RNM

T 
"IT.

FORM REPLACES ENG FORM 6OO-R 1MAR 72. WHICH IS OBSOLETE

VA1 SEP 84
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TEPOR OFFOR TES OFKS22-

* ~ ~~~~ LOATO Brn -h S REPRESENTED eAE 3 t~

SPECiFICATION: Type 11 I k DATSMPE j,~ .
TEST RESULTS OF THIS SAMPLE LOT ~\CnP'Ly %0- OT OMPLV WITH SPt CIFlICA71ON LIMITS SEE RE MARKS)

A, 20.1 Mn 0~ 0.02 ________

AG 0O % P Mn 0 0 (olorriei r C

MgO, %F__ _

LOSS ON !t-iNITC-N

AL A.,ES-TDTAL AS NeW , *L. I r z0j Iuh le s N loL 0

* ~~~~C 114 N__ 0 ____1___

C 4 AF % 12.r
CAF -*2 CA. 19. 7T i ___ __________ _____

*HEAT OF HYDRATION. 70UOA

ME HA' 1 0 HYDRAT'ON1 28O CAL SI [ ___

.)Iirfa-2e Arci, So CM' 2  
i ) ____ ____ ____

AlIR CONTEN4T %18.

CC-SiP STRENCGTH. 3 D, PSI 6 U ___ COQP S- R, 90FS:560 ________

.. O4AP STRENGTH. 7 D. PSI 2280 ____COMP SIR, 180E, 11S I: 5990

COMP STRENGTH, 28 D. PSI 40401__ C011 C11P SIR, 365E, PSI:

AUTOCLAVE EXP,. ~ 0 10d

RE.IARK S Sample received from Mr. W. 0. Tyne s, Job No. 4!41 -C- 34 2.15CC11 I4

Lab Stock.

W. G. MILLE
Chemist
Chief, Cement and Pozzolan Test Branch

*T04f INF ORMATION GIV EN I N T HIS RE PORT SHAL L NOT BE ISE D IN ADVE RTI S ING OR SA LES P ROMo TION 10TO'

INDICATE F.ITHE R F XPL ICIEL, I OR IMPLICITLY ENDORSEME NT OF THIS PRODUCT 9Y THE U, S. DOVEF RNIMF .T.

VIES FOM1540 REPLACES EN6 OFM 6008-R I MAR 72, WHICH IS O8SOLET7E
SEP 84
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To FROM' CORPS O)F ENGINECERS ~
Mrs. K. 1hather U.S.ARM

Ch, X-Ray & Petro REPORT OF TESTS OF Corn & Pozz Test Br P.

Engr Sciences Div PRLNCMETEngr Sciences Div

CL CL

*THIS CLIMENT DOES MEET SPECIFICATIcIN REQUIREMENTS

S.O .%

so'.

LOSS ON IGNIION. S ____ ____ ________ -

ALP(ALIES..TOTAL AS NA.O. 1

["SOLUBLE RESIDUE. %

C.O. %

32S S

C
4

AF. T.

.4 ~C.AP +2 C
3

A.% ___

HEAT OF HDRATION. 70. CAL C.

HEAT OF "ORAT ION. 280. CAL, G

*SURFACE ARE A. SO CM. , GlAP.

AIR CONTENT,.

COUP. ITMENGTH. 0. PS.

COMP. STRENGTH. tI. PSI

C OMP.STPENOYM. 0. PSI

FAL.SE SET -DEN. F1I I

SAMPLE NO.

AUTQCLAVE EXP..

INITIAL SET. HRMIN

FINAL SET. MR/MIN

SAMPLE NO,

AUTOCLAVE EXP.N

I.IIIAL SET. ,M

FINAL SET. "P'UIN

-VMA.KS: 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 & 11
RC-719 - Dundee, Dundee, MI Type 1-P
RC-720 - Dundee, Dundee, MI Type I
RC-721 - Dundee, Clarksville, MO Type 1-P
RC-722 - Dundee, Clarksville, MO T~'pe I
T..E Ift N OMATIN GIE MNTIS REPrRT SMALL N07 BE USED I ZOIEATISING OP SALES PROMOTION TO INDICATE EITHER EXPLICITLY

OR P-LIC.YLY E NDORSEMENT OF TH S PAIOD.ICT BT THE U, S. GOVUERNUENT

W. G. MILLER

A Chemist
Chief, Cement and Pozzolan Test Branch ~

Page I of 3
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______________________CHEMICAL_____________________
2m

WiS-31-75 Memorandum No. 1953) _0 Mar 75P-_ __-

SOU'ICE OF OATA

COMnUTEO BY CHEC RLL By SE TION

RC-714 RC-715 IRC-716 RC-717 RC-718 RC-719 RC-720 RC-721 RC-722

(Type) I I I I &-P I , 1-P I 1-P I _ _

j 199-L_2. 7 _20.6 24 8_4_22_.7 _25.3- 21.1 24.1 20.7

R203 I 5. 3 I_ ___ 13.8 1_ _ 4.6 __

7. 5.8 5.9 I11.9 4.1 9.8 5.7t 10.3 5.1
Fe 2 03 3,6 ____ __ 2.6 3 5  3.0 4.0 2.8 4.3 2.3

CaO 64,4 _ 64.7 65.2 ___54.1 64.6 54.2 62.6 54.4 63.8

MO 0.8 i1.3 1 1.1 0.8 1.1 2.9 3.7 2.9 2.8S03  . .13 -1 2.8 _ 3.1-- 1.9 2.6 2.6 2.4 2.9

Moist. 41 1.2 0.7 - 0.4

Ign.Loss 0.9 1.0 F 1.5 1.0 _ 1.2 1.3 1.1 1 0.9 1.0

Insol. 0.49 0.19 _0.30 15.62 1 0.15 12.75 0.18 16.57 0.07 .
IACID SOLUBLE ALKALIES -

*"

Ra2O 0.14 0.31 0.08 0.08 0.76 0.27 0.32 0.07 0.09

X 20- . . 0.39 0.90 0.27 0.1 0.27 0.60 0.72 0.56 0.63

1_a s_ -0.40 0.44 0.50J
K0 0.40 0.90 0.26 0.21 0.94 0.66 0.79 0.44 0.50

A. .TERSOLUBLE ALKALIES- --- - . . ":':

Na0 0.02 _ 0.08 0.01 0.01 1 0.Q8~ 0.05 10.05 0.01 0.01--
-K20--- 0.19- 0.62 _ 0.08 0.0 .10 0.25 0.31 0.1 .2

* 1 asT j-< 7i177_
Na20 0.14 0.49 0.06 0.04 i 0.15 0.21 0.25 0.21 0.18

a~~~~~I - ----.- - -

A 131 11.2 11.8 _ 5.6 10.3 9.7

C3S 50.4 54.8 57.5 53.5 45.4 56,1

,*S +_ C 3 A -  6 3 .5 _ 6 6 .0 6 9 .4 5 9 .1 5 5 .8 6 5 .8 , ,

2S 18.9 - -18.0 1 15.8 24.7 26.2 17.0
C 4 , F _ L - - . L 7 .8 .. 9 . 2 _ 8 .4 7 .1
. . ..C4 AF9 + 37.2 29.7 31.6 20.4 29.0 26.4

__ __ _ _ _ _ __-I- _- -- __.---_-_ -_

-- 4 .... ..... .

w ES FORm NO.____,____ _____ __ _ - .-- _ _ _ __ .
1114

JANUARY l 1114
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PIYS ICAL__ _ .

SUBJECT 3 ___ ____

WES-31-75 (Memorandum No. 1953) !10 Mar 75 PAGE a_._

SOURCE OF TA

COMPUTEO BY 77 - _-_ _ tY _F___- - -

RC-714 RC-715 RC-716 RC-717 RC-718 RC-719 RC-720 RC-721 RC-722

_(!pe). ' II I [ -P I & ii I-P I I-P I

S.G. 2.93 - _ 2.96 3.03
%pass.1 

.-

325 sieve 9 5.__ 06 9.8 7 0

CompressiveStrengths"
-day __ 3530 I _4330 ---L _3720 __ 3260 2680 2680 2980 1590 3430 %

7-day 4480 15020 5010 4340 3540 3470 4120 2290 4680

28-day 59i0 _590 _ L790_ _880 4890 4900 5130 3650 5970

tineness 3550 3630 3860 -- 4100 3460 3720 3350 3250 3590

Air 8.6 8.4 7.9 6.8 8.8 5.2 9.2 6.1 8.0

-EK . L 0.01 0.06 -0.04 -0.06 0.03 0.18 0.061 0.14

_y.I.A.

-L45 :20 _35 3:05 1:35 2:15 2:00 2:45 1:5

_$ F4!25 4 05 _ 5:50 3:45 4:25 4:10 4:50 1 4:10

e-.'.

WIE FORM NOe 1114
JiARfl 101

F

4 l F 9'

~.m
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Structures Laboratory
REPORT OF TESTS OF A A

PORTLAND CEMENT USAE Waterways Exp St

ATTN: Cem & Pozz Group
RC-725 P.O. Box 631

I Vicksburg, MS 39180 %

SEZ.- CATION Ty e I CATE S .... EO

co .... Missouri Portland !O-'-N Joppa, IL
'"IS CEMENT OOES MEE

T 

SPE LYICAT, N REQUIREMENTS

(Analysis) 1 (WET) 1 (AA) II(AA)
_ _._ _". 20.6 ;Ti_% _0.23i
A120 " 4.6 4.3 ,Mn203%l 0.031 __ _

2.9 3.0 P205r%  0.04 (Colormetric"

... * 3.6 _....... _ i3.
SO'. J 2.6 L _ _ J
LOSS 0... -. 1.3
......... TOTAL AS -20 1 0.78 *Water oluble Alkalilas Na2 )% 0.59
",'0 0.12 _____ _ _0.06__,_ ___
K20. i 1.oo0 0 _ 0.80__-.'_-
* INoP .E RENICE i 0.13

-I5
.0%63.7 "

C'S 61,.:
C,'5 7A' 6.3 1
C'S, 1 13 -C),. CS 44 %6

PEAT O0 ._-____ '_ _ _ _ __

41EAY CP r l 1

SURFACE AREA. So! I 3540 , .,,.

.I. CONENT.~ . ___ ___

COM_ s,____ 3 -_, 3010 CO M STR, 90 D. PSI 1 5320 \._,.
Z S.S -E .. 7 S 3880 1 COMPSIR, 180.D,.PSI 5610
:o. s - 28 - 4800 COMP STR 365 i D.PSI 5560 _ _

SAMPLE NO 1

AU2TCL A E EXP 0.09

INITIAL SET, P VIN3:1

INAL SE'. 5:10!,A

.SAMPLE 0
'4

AU.TOCLAVE E.P

* *9.IT~t. SE'. H

FINAL SET, *P '"IN.

..-

'A"

TrE IN TOPPA ION F N IN - S REPORT S--*L NOT SE ,SEO IN AflI&ERTISIN OR SALES PROMO TION TO INDICATE EIT lEX EXPLICITLY

0R IMP IIIL TICF M4T lT ' Y II' T.IE I ;.1EAINMENT

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Group

F l C- '"



StructhrueV Laboratory
REPORT OF TETS OF USAE Waterways Exp St

Blended Cement ATTN: Cem & Pozz Test Br
P. 0. Box 631

RC-726(2) Vicksburg, MS 39180

, : ,,, ,Type 1P Ap-E D . -

_ Missouri Portland Joppa, IL ....
*~ ~ '. CE*E11 DOES u3EE' SN E ' A.>EQIRENTS

OSSML OT 1 (AOA). .(AA) T• ,% "124.80 TiO 2  .3 I

A 12",1 8.18 6.15! MN)0 o1 .o03
M.'.r1 4.66 1 4,.55 P205 0.07 olormetric-

..... 2.84___ 
_o, 3 3.03 [ .losso ........... 1.o05

.. AL.Es- TOTAL S. . 0.59 Water oluble Alkali as Na, )% 0.29

% 0.13 i , 0.03
0.0 ,0.39 ._ _

-3o. -.. 70C., 53.70 .'.

C.A..J t

C A~.

CAS. 2 C A

,EAT O, YORAT.D.. 7o DAL G 69
KEAT 0P ~TORATION, 230. CA., G

SLI ACE AREA. SO CM G A P I 0 0 ____ ____ _____ __________ _____ ____
... . C .m .sO ... .. 4050 [

A R CONTENT -. 8 3 
_

COMP STRENGTH. 3D IS 3030 COMP S R, 90 PSI 6560 __l

COM-O SRN. 7o. PS 3780 COMP STR, 180 D. PSI 7825
... STRENT. 280 Ps 4820 COMP SXR. I YR. PSI 8250 *"'_'._,_,.____.

I -LSE SE T - EN P N-

SAMPLE NO.1 ____ ____ ________

AUTOCLAVE IMP... 0.02
,I. ..A SE-. .RM N 3:35

.NAL SET. R 6:15
SAMIPLE NO

AUTC-AvE P

-11-IL SET.I .- NA

*.N-L SET, .RI ____________

RE.A."Ms

Density 3.07 Mg/M
3

W/C 0.46
Flow 115%

An-A

TIE INEORMATION GIVEN IN T IS REPORT S.A NOT BE USO IN AOI JETISIN. OR SALES PRCI.AOTION TO INDICATE EITHER IMPLICITLt
OR L .lCNLy INOOPIRSEMENT OF T-S PROOUCT B' VTE U S GOVERNMENT

W. G. MILLER
Chemist

;o .Chief, Cement & Pozzolan Test Branch

t.. R . .S S S ..

FII Sm$%s e*"T

Fll%



Structures Laboratory
REPORT OF TESTS OF
PORTLAND CEMENT USAB Waterways Exp St

ATTN: Cem & Pozz Group

RC-729 P.O. Box 631
Vicksburg, MS 39180

I I

~AE2,~C~r.C~.Ty e I ZESlE

Santee Cement -L-A... Holly Hill- SC B. . .

T,.IS CEv.ENT DOES -EE S.ECII 2A'.N 0.? E S

_ _ __ (Analysis) I(WET) _ A) I(AA) _

_____________ '20.7 TiOj% C.27, ___

S5.5 1 4.8i Mn 203 O.O%, 0.01!
_. _ _ _ _ _ _ 2.3 2.3 IP20_ 1 0.17 (Color-metric ).".,

_________; ______ 2.7 I I
, - 1 " 2.1-"°

S 0.34 Water olubleAlkalias Na_% 0.09
0.08 0.01
0.40 _ _ .... 0.12 • .

........ .......E 0.18 4 _ _ _"__

.... 64.9 _ _ _ _ __--- __:___

-__,_ _,_ 59 __ _ _

2," " 11 8.8-_ ''"

Z, , 14 t , _

7 !

- - r

S..-ACE , :- , 4080 _ _ 1 _-'_

:-. .... 3- 3-s. 3350 COMP STR, 90 , PSI 6540

7 , 4770 COMP S7TR, , PSI 6940

-N........ 7' -28
- 

o . 5800 COMP STR. 365), PSI 16670

SAM-LIE NO1

.. .. -,Et - -1 2: 2

.. SE- .-R.. 6:151 1

SI I

....... "0!i........ .(' SE [lE 1A.E A t N~ N , *EE!-E E O I C C ':,-3

"I"L

-E.A-.

I.o.

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Group

,I 2-6* 0.

* 5-* t'

. 1 * 1 .--
- .. . . . -. .. . .. . , .. ... .. . ., , .. ....0*::
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Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem & Pozz Test Br A

RC-730P. . Box 631
Vicksburg, MS 39180

SoE:, Z-- ' Type lP ?-E S ,MM

Santee . . . Holly Hill, S....

..... '(WET)1(AA), l(AA) T
S 0125.82 !7o 04
• 10.76 7.75 ,N203 0.01 __"._

- 3.12 ' 2.96 P2 05 0.16 (Colornetric) __"__" -° "' 0.94 , _ _ _ _, .
so, "-, 3ii .--- ' _____ ___''."___ ___

................ 1.73 it _ I
... ot....... -0.26 Water Soluble!Alkali as Na-,0% '0.05

0.07 ! .__._ 0.01
o -: 0.29 .. .0.0o _____"_-'

coo~ ~ 3. 55-

C - -2

.EAT O P E -- -IT, O. -_A,

.., . . . . 53*o5 , 207

S6.0 __

-7__"___462--0_,_CO_____ ____ _ D_ 14620 . ... 18__0_ ____ -..- '._-:.

i 598o co.mp sm.R -.eST_ -_ 9.60 g . ..... ; _ _ _ _""" "

- -

C ... ... .. 6:05 ___________ ______ ".'-____

S-j~rE APE SO '4 ----.445... .... ____-""

Density 393 Mgl/,

w/c 0.4886., .
Flow 112%

- 1 -"A - -lI E - A " 5D- --0.0 -0 -N C- E .. - -

W. G. MILLER % ,

Chemist,,

Chief, Cement & Pozzolan Test Branch

CNl S" 600- a-

,,.-., ¢ ,,.,.%- ,-,.:,'.,. .. .,-¢: .:.--1 . .;> ..-. '- .--..- '.....'-.._ -.-.. ,-- ..--- 4., _._,... . . . "' ,"_'__, , -'- -_



REPORT OF TESTS OF Structures Laboratory

PORTLAND CEMENT USAE Waterwavs Exp St
ATTN: Cem & Pozz Group

RC-731 P.O. Box 631
1 Vicksburg, MS 391S0

E F-

S.... A-,crd, Phoeni x Div - c a C rkdale. A____......._,__
E k F~ S E . . .

... Analvsis) . . I (WET) F(AA) I(AA) _ _ _

" 21.7 TiO 2 % 0.27
- 3.7 3.3 Mno % , 0.03 1

I:._ 2 .5 2.5 P'O0 % 0.18 (Color-etri )
4. 4

2.1 __ _

0 .51 Water Soluble Alkali as NaO' 0"09

L: . . .0 56 _ _ _0__ _ _ _
-  - -

_ ;"__
* .. . . . (0 10. 56 0__ -_-'."
.- - 6--___. 5 -6

- - ------------------ -

. ..... .0 -,R. 901 , PST 5930
... ....__1___ PST 6120

hi "- --' - - ----- 0. 2 _--_ _.. .. .. _-_-

2" 8 5 0 , .- ,,1 t' , 3) 1, S 8 0

..--...• :3(,''.

... .... . .".. . . . .

. . . . . . . . . . . . ,':'

0.

3m

W. G.MILLER
Chemist
Chief, Cement & Pozzolan Group

2. 7_

-. ~ ~ ~.'' ~ ~ - .-- .. ... ~.%** . .* .p.-
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YO FROM CORPS OF E'N.NEES ~.
Structures Laboratory

REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem & Pozz Test Br

P. 0. Box 631RC- 732 :.
,Vicksburg, MS 39180

'EST C.00T C0T RE-'ESEE 0A-0

SEC. C...° Type IP C OATE SA... O-

. Phoenix Div. Amcord LOCATION larktin I g - AZ
T.

S 
CEIE.T DOES MEET SPECIFICArION REQIRlEMENTS

SAM PLE .0 1 (W E T ) l i A A [ I ( A A ) !'

S', 125.62 TiO 0.45 La
"2,%" 6.78 5.45 6MN 0 03 _ Colorm

S. o, : 2.82 .2 78 __-" o " r_-- --

so, -. 2.04 _

L . . . 1.85 _0.08

A.AES- TO.A AS.. -,o. 0.41 Water ;oluble Alkalias Na20% 0 -08
____ ____ __ _O._ 0 12 [ 1-___.0_____ _"._
_____0.44____ _0.I0.'i 044
.... 55.12

CIA~

Cas 
YC A . __._ _ _

.E A T O F .. T O * A r.O N . 290 , - L r lotI

, ACE AREA ss, " G P 4080 -

.RC-ET5.61 __ _

S - 3o 0 3110 COMP STR, 90 ) PSI 6360 ...e.
' 0s. SV,,.C-. 7o .~3640 COMP STR, 180 D, PSI_ 7210_"

28. 4780 COMP STR 1 Y t, PSI 7820_-._0___

-- E SE E
......... . . 0. 10-

I . 3 35... 3: 35_
5:40

A..rQCLAVE EXP

9tA.SET. OR N

'-OAR, SET-1

Density 2.98 Mg/rn
W/C 0.&86
Flow 14%

'-.E 11-0-11 G- E..N V I S RE-OR? S--AC NOT BE USEO IN AflSERTSING ON SALES PRCAG ON TO NQ CATE E '-ER E PL 'C T.T

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch

F15
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Stru( tbP' g Laboratot v

REPORT OF TESTS OF USAE Waterways Exp St
PORTLAND CEMENT ATTN: Cern & Pc'zz Group *

RC-733 P.O. Box 631

Vicksburz, MS 39180

7- PEI

~ .Type I LE ..

--... Medusa . Clinchfield, GA

(Analysis, 1(WET) 1(AA)! i1(AA)_______

S21.9 !TiO2 % 0.30

4. 7 0 8 3_____ __-_0,

2.2 2.2 IP2 05% 0.08 (Colormetric~

___ ~~~~2. 7 _ _ _ _ _ __ _ _ _ _

ES- 24. ~~ 2. 3as _ ___

REOR 0.25 Water olublelAlkali a p 0.02t -

I ___ 0.00* _ _R-7330.33 P.O. o 0.03l
S . E P 0.

- 0; .19 4 3 __ ___ ________ ~

___ __ 65.4 __ _I_ _ _ __ __ _ _ _

"' i ; i Mn23% .08

*, - - E A_ 3870_ _ __ _ __ _ __ _

S , E 7 -. 430 CMP,, 10D P I 7 9.......... ," .5 Wtr ;lbeAkl~sN2% I 00

I~ A SE A. 3I0 0

*. -, .. . -0 3 . 1 ___ __"___

A A E 0.0 03L.

J; A N.41 0 T 81l P I 79 ____ __...____,

28- ,560. 'CM iR35 "-.2ll ___ __

*, ". :0_5 5_ 5, - -

__ _ _ _ _ _ _ _ _ _ _ HE55 SE___ N_ __ ______ _______ OR____N__T N r AT IE X~t

E-E- 20%,,.W G-. MILLER

A.,.

.. .I . . .. .. 8 0'- -

"- .... " 3 -- 28 0 -- _-i-.,-0], S 656 ! .L-'

.... ,". ... . i __ _ _.___ _ __ __ _ __ _ _ _ _

-- ...... __.0__ _ __ __ _ _ __ _ _1_

-- ..... . 5:5 E ,.E *&A l ON- OAE6YE WLCL

D~~. -. . .... .. , S .. ENN

'-A-,

-. -.

-. 4-..~- -.. . -,
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Structures Laboratory
REPORT OF TESTS OF USAE Water-wavs Exp St
PORTLAND CEMENT ArT:: Cem & Po'z Group

RC-7341 P.O. Box 631
1 lVicksbur4, MS 39180 R6 'w

s........ "Type I..
....... Dundee Cement .. . Dundee, MI , ..... .__ _ _ _ _

TI CEM.ENT 00(5 *IE' SPEC'e- ' .

s-L-c(Analysis) 1l(WET) Il(AA) 1l(AA) ___

s.IO 20.3 1 'TiO% 0.251
AVZ,,- 5.4 1 5.0 _ __Mn?03% 0.031__.___

.. 2.9 3.0 P,0,2 0.06, (Colormetric)

so- N 2.6 , "%°-_ _

Lo 0. 2.8IO -1 .3~ _ __ __

ALA.LIES- TOTAL AS Zo ' 0.70 'Water Soluble Alkali as Na % 0.22
• . 0.28 n0.04

o. - 0.64 ' __ 0.28
NSO-L. Resiowe - 0. 28

C.o 63.7 _ "'-_'_ _"

C'A. 55 0 -

9 8
c,,.,% 16
c, . ci,- 65• -

.. EAT 01 -D.OATION, 10, CAL G

(AT 0. LTOSAT.O. 280 Z. G

%...I ACE ARE. SO C. G .... 3450
,*A CO'NTEN T . 9. 7

co-- s,,-C-. 3c -' 2800 0OMP ST', 90D PSI 5270 _

Co.P T.E..T.. 7c -.. 4260 tOMP ST , 180D, PSI 5680
::. ,'-- .:,- 28 s' 5100 EOM ST) 365D, PSI 5370

FALSEC SET-PEN F

A....L .AE [,ff:" 0.05

NT AL SEr 1 ' 2. N 2 5 5
SE- .'N5:001

'N' f~S. ET .. 4 .'

VA.SET .4kt
A S .... q..

'" r n.SqL O u. GI'stu'N , T'.SI RPORT S.ALL NOT 6S USl[OIN AOVEITIS-,o 01 SALES PROMOTION TO NO CATE EITNEN EXPLCITLY

o ,C', . EN0O SENVT O ?uIS P 4LCT v IN U , .OVEPNENV

W. G. MILLER

Chemist '.

Chief, Cement & Pozzolan Group
;..;,' . o - -"-

Fl7

- R%..,- , -. . • - ..-. ... . . . -. - - I



Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem & Pozz Test Br

RC-735 P. 0. Box 631
Vicksburg, MS 39180

% SE -IC... .. Type IP ] .. E

% Dundee . Dundee, MI SN...

- s C . l D O E s 2 E E S E I l.J(' N 2 E .

NO E l71(WET) 1 (AA) ~ lA
So . % 25.96 1 ] TiO "_ _

"d"P "..' ; 110.26 8.02 MN 0 0 0 '. _ - --_. ,-

4.64 4.41 06 -
-,.-.27

'~o, , I 2.34 _.. ._ _ "' "i" ......S ........... . 2.22 , -
... , E$- ... .AS - 0.53 Water Soluble Alkali as Na2_% _ _0.16

-_ _ __ _ __ _ 0.21 _ _ _ _ _ _ .4 -_ _

Ns0.;e0.49 0.20

•. . 150.94 ____- -

_ _ _ _ _, . I _ -._-,

-80

.. .------ t- - ____________

_______-3c's 24 _IOM -TR .N_ ____ -[_

- ,$ ) I I
-' C)AE*J ) . ---- ,I -- 1

"

1..3620 COMP STR 180,6850Psi_685
28u 4620 CQK 5SR.L l-Y( PSI 6990__

% -ASE %E I- El F I I

SA-I5E N0 I

A ..OC.. . . 3 0.00
3: t 20_ ,

' .... . 7...36 :180D, PSI_6850

... A. ~5~~ E- , - O . -

Densit. 2. 95 M/rn
WIG 0.486 ""-
Flow 111% ' Ii

" W. C. MILLER""

Chemist

Chief, Cement & Pozzolan Test Branch

. .. 1 l

F I

-i k



1 I. O~d C8'S E,-, NEERS

Structures Laboratory
REPORT OF TESTS OF Sr"rLaro
PORTLAND CEMENT USAE Waterways Exp St

ATTN: Cem & Pozz Croup

RC-736 P.O. Box 631
Vicksburz MS 39180

.... .. : -:. Type I . I I J E.. ....

....... Lone Star ... . Sweetwater. T
-S- CEEN DOE TNO2% 3.19: 11 17 E-IB..

S02, " 21.6 ) TiM 20 % 019,I-'.
."0,; 4.0 , 3.8 J 26 ; 0.01

3.2 1 3.1 p _ P205' ° 0.04 (Colo metric-
* 2.0 r !

2.2
LoSS N .oG 'T ON. % ; 1.2 / , "." ",

A.....ES- TOTAL. AS N2 1 0.65 Water oluble Alkali s Na2 )% 0.36 _

,0 % 0.16 '0.04"

0.75 _ 0.49 . '..... ... .. .. q I - 1 .20 ,_- •

64 .8 _ _ 1_-..
62 -'.

-3. ~5 ~ 5 __ _ _ _ _

Cs . 15
C. - C's. %. 67
C p. .-. 10 _ _.1

,. • ¢, .-. 20"-

"ER' or HACR*,"ON. 2SO CA 3 &'-~E.1 Or 1ACAtN 20 Z., G ___

S.. .CE AREA. So C.. . 3480 .__ __m_

*CONTENT - 9.8
..- S..ENG. 30 . 2860 COMP SR. 901). PSI 5070-
C.... ... .... 7 . 35 70 C O M P S T R , 1 8 0 1 i P S T 5 5 2 0 ___

C.. s ,- .... 28 -s 4540 CIOMP R 365 PST 5400
-- SESET- E' " ,l,,l

h

.... LAIE E-" 0.0

* SASPE NC

E. -

....E NE 0N G.vEN'N1 S BE -- 0 O E sSED . . 3:1E5.SING 0.l SALES PROMO'ON TO I 'CATE EI ER EXLICITL. -

Q P L .V NDQRS- -t- 0P TX O , - E S GOI E-NAEN'

W. .. MILLER

Chemist
L Chief, Ceiment & Pozzolan Group

F19 4

.... .... .... .......................................................................... *--
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REPORT OF TESTS OF Structures Laboratory
PORTLAND CEMENT USAE Waterways Exp St%

ATTN: Gem & Poz7 Group
RC-737 P.O. Box 631

Vicksbu MS 39180

THIS CEN T OOES MEE I SPCPCTO ROIEE

ISOLBL 2EI.E ~0.9 14O 0.2.14

2.8_________ 67 4 1 MmN 0 .01

4A9 NON 4.9_ -_____ .u j (olreti )

1.6_ ________

C.,0% 010 -. D

CAR. NONE .-

HEAT OF HYDIRATION. 7D. CAL G

"EAT OF DYRA'.ON. 28C, CAL G

SURFACE AREA. 30 CM G A P.1 4850 ____ ____ ____

A!IR CONTENT. 10.2 ____ ____ ____ ___

COMP. STRENGT - 3o. 0s, 3930 1 COMP STrR. 90 PSI 16320 ______

COMM SENCTO. 7 o. Ps 5000 tCOMP STR. 180) PSI 16920 _______

COPSMNT. 280o Psi 50 OPSr.35PI 68 ___

FALSE SET-PEH.. FI 590 COPI 65 P I 6 8

SAMPLE NO.I

AUTOCLAVE EXP.. *.-0.04t_ _ _ _ _ _ _ _ _ _ __ _ _

INITIAL SET. MR MIN 3:251
FINAL SET. MR MIN 6: 10
SAMPLE NO.

AIUTOCLAVE EXP .I__________

INITIAL SET. 40 MIN I__________ __________ __________ ____

FINAL SET. NR,'MINI a

REMAA RKHS

THE INFORMAl ION G IV EN IN THIS REPORTI SHAL L NO' BE U SEO IN ADVERTI'SING OR SAL ES PPOMOT ION TO INDIC A TE E IT HER E XPL IC ITLY

OR IMPLICITLY ENDORSEMENT OF THIS PROD~UCT BY THE U S GOVERNMENT

I NA 72 A WR

F20



'tO qERM CORPS OF ENS,'NEE S

Strudt'uW' Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
PORTLAND CEMENT ATTN: Cem & Pozz Group

RC-738 P.O. Box 631

) -- -E- Er E Vicksburg, MS 39180

S.cCO-ype AE*PEZ

Dundee Portland Co..c:-,s Clarksville, MO B,-C"

-S CEMENT DOES EE- SPEC. ICITON AEQ, R EENIS

sAMPLE No (Analysis) 1 (WET)_ ] ( A A) 1 0(AA)
s,%,:20.1 J TiO? ! 0.2i

', 5.6 5.0 Mn9O3  0.051
* L2.3r___ 2.3 ______ ~ .19 (Colorm eric)

so,, ~ i2.7t L ____ __________ ___
23.

A.AL.ES-TA. AS -20. 0.56 Water Sliuble klkali as Na20 0.24
,.,o_,_ 0.10 __ | _ _ 0.02
"'20 - 0.70 0.34 -_-

0. 17 _____ _____1____

__ __ __._ __ 62.5 _°-

, -. ii !1i .

CIA,_ 1 __ 9.3 _________c, , 17

C . • 4S. 64

. C . ... 7 i

,EAT OF NYDRAT&ON. 70. CAL G

pEAr or Y.rRATION. :IIO. CAL, G

SRFACE AREA. SO CM G (A P 3800k

ACONTENT. %.1

..... EST .. 3o - 2600 COP STR, 90D PSI 15460 [

-1.- 7 c - 3680 COMP STR, 180D PSI ; 5760 I "_"_"
....- 28c s. 4900 COMP STR, 3650 PSI 1 5600

RA '.E SE T- PEN F I "

SAMPLE NO. . . 4
AQCLA"E E-. 0.14__ _

4~ 55
.cA LE'A ".. 3.35

.,TOCLA.E E-P

N P SET. R ',

FINAL SET. 4*MN

RfmIAPXS

T..E INFORMATION 'SNEN IN TMIS REPORT SHALL NOT RE LSEO IN ADVIERTISING OR SAL.ES PROMOT ION TO INDICATE EITHIER EXPLICITLY
O IMPLICITLY ENDORfSMfNT OF -9I P00 T By Tm W S GOVERNMENT

F2 1
.:4:

. . .. ,.. -..;- .-..- -... ,. ,.- -:* . %....,..-... .. .., ,... ...... -... . .. .. . . 5, ... .-. . . . ... . .. ...- .... .'',
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TO FROM CORPS OFENG.EEntS
US ARMY

Structures Laboratory 
%

REPORT OF TESTS OF USAE Waterways Exp St .4

Blended Cement ATTN: Cem & Pozz Test Br

P. 0. Box 631RC-739
Vicksburg, MS 39180

'EST "IOT OSo CA.T F1E..ESESFCDA

SECAI I ATE %APG' -

Dundee I.. Clarksville, MO !GRAND

T.IS CME.. T DOES MEET SPPCIPICAT',. REPOEQU EMI.S

SAPL NO(WET)I l(AA) 1___1_ (AA) ___

,%. 25.40 f TiO 2  0.39 ,%_

8.11 - 6.83 MN .pO
5.00 4.76 P_ 0.16 _olormetric___, __________ __ _ __ __ __ __ P -Il o~r~ .- -'-

2. 73
__ __ _ __ __ _ __ __ _ _ __ _ I __ _ _ _ _ _ _ __ _ _ _ _ _ _ I _ _ __ _ _ _% 1.81 I"'

LOSS ON ....... - 2.56
TOKTAL- OT . ,o-. _ 0.49 1Water -oluble Al )% 0,21,.,o ' .11 I  0 .02:.: ,
"'°"0.5° 8 1 0.28' '

INSOLL-a..E RESIOU E.A

52.30 _ __ -

C A.

c.czs. %

c.AF . IC4AF . 2 Cl,.".

NFAT OF YORqATON. 7 CAL 70 I_ _ _ _ __

"EAT OF TIORATON, 26D. CAL'G 77
SURFACE AREA, SO CM G IA P.) 3950
AIR CO1'-T.. % 7.3
COUP STPE. NoT 3D, 'is 2940 COMP StR, 90 PSIPS 6260

COUP. STRENGTH. 7o. P' 3840 COMP STR, 180 D. PSI 7910'__'___
l.EO ST-ENGr. Z80. PSI 5130 COMP S R. 1 Yk PSI 7970 ,A.

FALSE SET-PEN. F 1.6

SAMPLE NO. 1_

AUTOCLAVE EXP.. -0.04 ___

INIT-IL SET. NR MIN 3 :35
FINAL. SET. PRMIN 5:45
SAMPLE 4O

AUTOCLAVE tAP . -

INITIAL SET, JM'IN

FINAL SET. R1M1.

REMARKS.

Density 3.00 Mg/m
W/C 0.476
Flow 113%

- 6

THE INFORMATION GIVEN IN THIS REPORT %MALL NOT Of USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPILICITLY

OR RLIClTLy ENDORSEMENT O0 THIS P.OUCT ST THIE U S. GOVERNMENT.

W. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch

F2 2

A.,

"5,--



TO: 1RO. CORPS OF ENGINEERS

U 5 ARMY a4hAm

Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cern & Pozz Test Br

RC-740P. 0. Box 631
Vicksbu MS 39180

TESTREPOT NOCWT ~vREENTE iiJ..T

56.2 %7.7 6.06_ MN_0.05

3.75 __ 3.68__ __ -P. 1 o me r

LEAS ON INIORTION. 8. 1

SURAC AEA.SQCMG I ~ 310 - ____51_________ ____

ALKALIES- ______ 8.7A AS__ N1__0_ ____ 0.57_ !Water ______lal~a ___0.2

C.,,0, 0.08GTN 0..02 20 . L 5... .

KOP 20 T R.60 !0.32 IF ~ Q CQ 4 i.Q l

CIS.%

Flow. 114

.1 

NEXT INOYRATION. 70,E IAL TGI REOT74 O EUf NAVR~~OO ALSFOTO ONIAEET.REPCTT

NEOR HYDRACT I N.OSMN OP TYIS' PRDC Y Y1 GVRMN

AW COTET %LE 8.

COMP.~Chef CementTH &os 3o510a Test Branch . S 62

F IFS SE PNF1



. - - - . .'
4

O .- r -,.' i .' .°0. . - -; .0.4t - -; - ; .<' A. -: : . '. q _

To FROM ZOF I ENO.%EERS

Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
PORTLAND CEMENT ATTN: Cem & Pozz Test Br

P. O. Box 631
RC-741 Vicksburg, MS 39180 A

TEST REPORT 40 a'. .0 CAT REPRESENTED DATE%

SPECIFICATION Type I o
°

E .. ED

zo.. Penn-Dixie Loc.,o Kingsport, TN .. ,
THIS CEMENT DOES MEET SPECI-ICAT ON REOUIREMENTS

..... I I (Analysis) 1(WET)i]. I 1 (AA _

. 3 22.0 __- _Ti09% 10.221  
___

Al 2,0" 5.4 4.7 Mn20i 0.041 "_.__

_'__' _2-
4  2.4 P?05 0. 141 (Colormetric)

SO'. 2.2
LOSS ON IGNITION. 1. !3... I ____ ____ ____ I_____ ____ ___

ALKALIES- TOTAL AS N120. 0.321 Water Soluble Alkalias Na2)% 0.0 F0NY. ' 0.13 10.02
0.290.13 ".. 0"

INSOLLE PESIUF 5 0.34
co.% 64.9 1_"-

03A. 10 8,5

c,,. 25
C , * C I , 6 1 _

C A , . 71 '
C 

,
AF 2 C7 I

HEAT OF HYTDRATION. '.CALG

HEAT OF HYDRATION, Z80. ZAL G

SA ... EA, SOCA G14 AP 3620 _

COMP.STRENGT . 3 0. Ps 2590 COMP StR, 90 , PSI 6980 A___
COMP. STRENGT. 7 o. Psi 4400 COMP STR, 180 D, PSI 7300 ... .
CO.- ST.E.5 28 o Psi 5960 COMP SIR, 365 D. PSI 7300 A_,_.

* FALSE SET -PEN. - 1,

SAMPLE NO1 ____1____ ________

AUITOCL.AVE EAN. 0.03
NITIAL SET. H. . 2:45

FINAL SET. NR'UIN 5 1

* SAMPLE N0

0 AUTOCLAVE EXP~

INITAL SET. HMI%'N

FINAL SET. NP-

THE INFORMATION Q yEN IN TNIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHPER EXPLICITLY

OR IMPLICITLY ENDORSEMENT OFNTHS PRDUCT BT TNE U. S. GOVERNMENT

RI. W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch

;S.'.,, .. .

F24

j. '



5 A..,

I fEPOT F TSTSOF Structures Laboratory
REOTO TSSO USAE Waterways Exp St I.

Blended Cement ATTN: Cern & Pozz Test Br

RC-742 P. 0. Box 631
I Vicksburiz MS 39180

-ETVR' N . :.T -E1aESE ,rE: ArA

SPECF .CA Type IP .

cop;TPenn-Dixie Kingspart, TN
THIS CEMENT DOES MEET SPECIFICATION. REQUIEMENTS

SAMPLE 10 l(WET)j 1 (AA)1 I___ (AA), r
S.02. 25.27 ____ TO 0.37 ___

Ao39.73 17.39 1N 0.04 ___

______________ 3.04 1 2.93 P 0 .12
.'0 1.81 2___ 5 _ _ _ _ _ _ _ _ _ _ _ _

SO'. 2.77 ____ ____ ____ ____ ____ ____ ___

ALKALIES- TOTAL AS N*O 0.34 Water Solublelkais _____ ____ ____ 0.10

N_ __ __ __ __ __ 0.12 2 _ _ 0.02

KOI.I 0. 4 .1

.. SCLU81E ESIDU

C.AOF.RTO. 54..AL29

* Density- 2,.9Mgr
W/AT OFHYRTIN4 7.84G 7

COW TEGH . S 10 CM T. G8 .MILLE 886

AUTOCLVE EXP. 0.0

INIT AL S T, H MIN3 :0
FI A SE T N IM N : 1

SAMPL NO.. . 5 1.~*



TO FROM CORPS OF ENGN EERS

Structures Laboratory
REPORT OF TESTS OF USAE Waterwavs Ex St
PORTLAND CEMENT ATTN: Cem & Pozz roup

P.O. Box 631
RC-744 Vicksburg, MS 39180

rrsv ~ ~ ~ ~ ~ ~ -. -E~rN NN A ERESENTECCAi

FECICi oN Type I DFATE SA...E.

Cc.... Texas Industries LOCA YO. Midlothian, TX BRAND

THs CEMENT ODES MEE' SPECIFICATION REQUREME TS

SA.PLE 10 (Analysis) 1 (WET);! ______ _____(AA) ____________1

s1. TiO2  0.21 21.2 Ti2
.0O E 5.5F_ 4.9 __ n202 0.26 _._._.

ho. ______ ___2.9 P20  0.18T (Colo netric)

... _0.6
*o,: 2.5 I _ _ _ _"'"LOS ON IGTO.... " 1.8 1

O... ,Es-No ... 0.38 Water S luble hIkali 4s Na,, 0.13
, '~ .0.12* _ 0.02_,.._00

0.40 " 0.17
NSCBLE .ESICIE. 0.27¢,o ~~64.4 i '" "

C' S 53 __""-"

CA. 9 8.1
c23., 20

C .C ,S. 63
C.,. - C: , A. A .

.IEAT OF HiYDRATION 70, :Al- G t

*HEAT O HYTON 280. CAL RAI A f

SURFACE AREA. iD CM GIA P 3150
ARCO..E.... 9.5

CC.... SI T .. 30 2340 lCOMP SZ, 90, PSI 5810 ___-. -]
COMP STRENGTH. 70.s, 320 P S R. 180D PSI 1 6280 ____-_

..- .RE.... 28- 1. 4780 COMP PI 365 PSRT 16106%
FALSE SE T-PREN F I %

SAMPLE NO, ____ _____J8

AuTOCL&IE E . 0.02
. T. SET... V. N 3:00
F AL SET. R 'MI 5:25 *,

SAMCLE NO I 8
P '

AUTOCLAVE EAR. A

IITIAL SET, . '..H

FINAL SEV. ql-.MNI -

THi INFOMATON ,I3 EN I THIS RPOrT SHALL NOT BE USED IN AOVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY .*

OR IMRL CITY V ENLIEM NT OF Ii i PRODUCT 0T THE J S GOVERNMENT

A,
I %,

F2 6

4.''

- 2,.. . ... ,.
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Structures LaboratoryREPORT[OF TESTS OF USAE Waterways EN St

Blended Cement ATTN: Cem & Pozz Test Br
P. 0. Box 631

RC-45Vicksburg, MS 39180
-, . . . .- .... ~-- . .... .. N I. . .'

Type iP-

Texas Industries . .. Midlothian, TX i9
5 E. r L<Es vE6 ' PE I - _N REQ,,OE.EN

....... 1I(WET) 1 (AA) 'l(AA) i F
-29.23 ' TiO,, 0.42 _____'-

,'P " 9.33 6.78 'MI 23 0.22 i "_ -

3.08 2.96 1p n I .6 Co1orm tric)
0.82 ___ __ _ z'°," i ~~2.05 ; .. > :

L: 1.24 ;,.
.2.... _ .... ..... -0.32 'Water _luble Alkali as Na 0.10 ---_

211.o%

_ __o-_ i 0.11 _ _ _ 0.02
_ __._ _ _ 0.32 _ _ _ , 0.13 _____
...... _.. ........ _ _ _ _ _ _ _ __ "-" "._ _ _

CIO 153.19 _____

C'S.~ ____1____ ____

c . __ _ _ _ _ _ __ ____ _ _C,A. 
E [

OXF .*2 C * F

ETOFl 'IFroN. '0 -AL G 65 J____ ___

HEAT OF HYDATION 290 : G 78g- _ _ _ _ _ _ J_ _ _ _ _ _ _ _ _

.....CE REA. SO C G IA 3650 i []
A., :O TENr 8.2 .

..-. SVEG.., 3o - 2160 COMP IR, 90 PSI 7500 ""_

o-R s: -.. 7.. 3340 COMP STR. 180,D. PSI 9220 ,_,___

........ _-...._28-.... 4890 co STR_ I Y__- PST_ 9460
3*LSE SET-EN I' - -

. TO0 .. S E . . - 0 . 00

. ... _' -L . ...... 4 : 1 0 -" '

.6:40

NA. E 0 N

-T L.SE-.F 1SET. H-11 
A.I i_____ ____

Density 2.96 Mg/m3

W/C 0.450.

Flow 112% ""

THE I,.FA :'0 N ' -5~o REPORT S-kLL NOT BE flED .. ADVERTISING OR SALES PPQM'IION TO INOICATE EITH.ER EXPLICITLYA

O PLC -Yl EHO'E -T OF TH. I l SC R %PJ QENAN

W. G. MILLER A
Chemist
Chief, Cement & Pozzolan Test Branch

F2i7

,e. %i,



Vo 'PM :zR ; "*. F t1

Structures Laboratory
REPORT OF TESTS OF SAE Waterways Exp St
PORTLAND CEMENT ATTN: Cem & Pozz Test Br

P. 0. Box 631
RC-746 Vick~ourg, MS 39180

'ES eEI Ya' SM 's

c - i Southwestern: Fairborn, OH
t.S EWE I DOES MEET SPEC'FK*'>N RE., REMENT

........ (Analysis) (I(WET)1 (AAj _ 1 (AA)
20. . ,- TiO2 % 0.22

4.9 14.5 Mn0j 0 05 ___

..... _ ___ __" 93 2.9 P Os 0.07 (Colorietric)

c~..o~s . j58 t......~...) ... .. ____ ____ __________ _"_

o,-. 2.4 1

0 r.... AS -,o 0.75 Water touble AlkaliasNa% i0.38_'--

,,o.20- . ',-!0 0 ' "

0.80 _.__49"

co., 62 I, -o

,.. -'s 58 -M s 5190 __'

7-, .... IC M S' ' 80___" -"___
28.. .. ' .4 ....

.*~ E-~ F -.

SURFACE AE SUV *,E _ . 3770,,, :0_o -, -0.0

C......... 3 ... 2760 QK 0D PSI ' 51??

. 7 . 3140 COMP STR, 18D PSI 5590: =s'"-,-"28 "  4710 COMP S9TR. 365 :Dp SI 54 :.

?OINNAV% ...... AEo~..a....... ..~.....S....... .P .. ,UCIc .- ,,

.......~~~ •. .. 4 551 ""

-.1.... ... . :v

TP.

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch

Wa-". a

* I:...: F2

-A -A _- - - 1.

*D; .- -.;.;. % : ; : ;.: .. v v ,.--.:.--;-.-... " - "" " ". ' " - - "-



Structures Laboratory
REPORT OF TESTS OF

PORTLANO CEMENT USAE Waterways Exp St
ATTN: Cem & Pozz Test Br

RC-751 P. 0. Box 631 _ _,_.

Vicksburg, MS 39180

. Type I DoTl, .APLEO

co.'.... Universal Atlas LOC.T-ON Leeds, AL 1.r.o

y.S CE TIS vEE T SPECIFICATION. REOUIRE.ErTS

_...... ___a _ _ I( WT) 1 (AA) 1 (AA) _ _

20.8 Ti02% A:_._-

5.6 5.0 __-20 3- 0._0_
___. ____o,__________2.5 2.4 P205 00 (Colorrn.tric)

____ ____ ___ ____ ___ 2.8 _ _ __ _ _ _.o,. -."' -. 2,2,.8 ......... -"
.-..... : AL AS . . .- 0.40 Water 3oluble Alkali ___ lL

.., :0.14 0.02

0.0. 0.40 0. 13 " "-_."

.S..e....E . N 0.22 _.__.._

Co . 64 .'.,.1_

Sii 9.3 1 9 .

C '." 1 8 ". .

c,A-. . 8 e..- "C.

.E., C .70. AL'G

A.. S o -G . P 050
1- -.

AR95 '-.

C- .... 3 D., . 2950 CONMP S 'R, 90 D PSI 5920 .-.___

Cc. - . 7 0.. 4220 COMP STR. 180 D PSI 6360

C ....-.. 28 .. 5680 CO M STR. 36' J PSI 6440 _-:_.'

,.LL . .P(*), h'1

v .0. 33
...... .;" ..... 3 : 00. -

.... :: ...... 5 :00 ,V

-- - - __ _ ___

'I A I u I 1 11 c A I f I I I I . Ic I In TII

14. C. MILLER

Chemist
Chief. Cement & Pozzolan Tcst Branch %

F29

2. ~ . X2~% A~A.2
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Structures Laboratory
t I REPORT OF TESTS OF USAE Waterways Exp St

l lended Cement ,ATTN: Cem & Pozz Test Br
R- 7P. 0. Box 631
RC-752 Vicksburg, MS 39180

- .. . y e IS
Universal Alas - .... Leeds, AL .

1(AALMl iA..
22L .. T0~ 0 .24 .

-. P, ' 5.86 4.85 3 - __o_ -.

_as-. G- ; 1 9

.2SS2 N2 2.06 2.-: O-1____n~r_ _

.... .A..... 0.43_ Water SolubleAlkali as Nai0% 0.0:. -{____ 07 ____ .2_ ____

A -. 17 0A2

-- --______. . .....__________---.~-

... ......

0- A I 80

............. ...... .. . i86 I ______

........ ... . . . . 4 4 7 0 I _. . . . .__ _
9.4

3 ... f 3 2 6 0  COMP STRI90_PSI 6930 _

7 _4560 COMP STR I0!D PSI 8470 K -

28 . . 5520 COMP R, 1 Y , PSI 9030 _ -

. . . ..;E< '

- -4rEN 12
3:45 ,

,..... . -.... Y-61 I _____ _,_______________ _ __ __ _ _-_

- _-11 E_

............ I ____,__ _ 1- ' '

4 Density 3.07 Mg/m
3

4 W/c 0.485

Flow 111%

C A'"E NF A O EN r.5 AEPO.T S-A 1 .0- Of ',SED N OWEPThSI.G OR SALES P Mt0 .2NIAE EVN R AP I TL
OR ,P I~r(IISMAtO A5A,7AAEU - .. E .ET

W. G. MILLER 
, "

Chemist

L_ 
Chief, Cement & Pozzolan 

Test Branch

S. F30 "

S-..



TO -0. :ORPS ',w ENGINEEQS

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

H.~ RE- ITE AEF E DTE

SEPiA>NType II 77ATE S-4ED

XNIdeal Loc.)IO FrCollins.C BRAND

-.. S :EET DOES MEE' SECIFCATION REQUIREMENTS

$A-EC(Analysis) 1 (AA)' _1_(AA)! __1_AM

so .21.4 - jTi0/ 0A1
2.4.0 3.5 In 1 02

h4~______________ 3 .4 P1) -- 0.09 ~ (Colornetric)

AX.ES_ -;A_ AS- 0.63i Water SlbeAlkali as Na.. % 0.35
1 0.201 ___ ___0.06

NSC. _R.E RES.D.
1

E. 0.19
C O~ 63.7 ___________ ___ ___

* C',. -ci

CA n 12 __ __ __

.AT OF ___. ____ __ _

.EA OF HY R TO . 9 A

C RAE AR A C O CMGI P3 5

ACONTENT. 10.0

*COUP STRENGTH. 3 D. Psi 3120 1COMP STR, 90 1PSI 5930 ___

CCXR STREOTIs 7 c.~ 4130 COMP STR. 1801D PSI 6380 __ ___

.C*.)H SXE .T 28 ~' 5390 D ~ uPST 6620________
FALSE SEPE, F'I

SAMAPLE NO. ____

AUTOCLAVE EXP.. -0.04 _______

.1 L SET. HR W., 4:00
FIN -AL SET, AR -N 6:30 ____ ____ ________

SANPLE N

* AUTOCLAVEL EXH .

NTALSET. H I

FINAL SET. HRP%4IN t.

THE INFORMAY,ON GIVEN IN THIS REPORT SHALIL NOT BE USED IN ADVERTISIRC., OR SALES PHZMOTION TO INDICATE EITHER EXPLICITLY

*OR IP LICI TLV, E NOoRseEN OF THIS .ROoUcT a, THE L S GOVERNMENT

W. C. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch

F3 1

% .~.~.V A ~ * ::&.&--
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Structures Laboratory
REPORT OF TESTS OF USAE Waterwavs E.',:p St
PORTLAND CEMENT ATTN: Cem & Pn z Test Br

RC-754 P. 0. Box 631 -

Vicksburg, MS 39>-0

SS- - l')60,13. Tv e II _____

.... Ideal. Fort Coll. ns_ Co ].......

. .. (Anal .si I(WET) 1 (A 1,. j___-)
- .- "21.8 T-iO2% 0 . 14 .. . ..'J'.

% , -. 3. 7 3.2 i M 2 a O 0--.-

_ _ _ _ _ _ _ _ __4._ _ 4.3 P20S 0.08 (Color-ietric)I

s,,o.,-. 2.3 __ . ..___- 7__"
3 ~ os ~1.2-A '... ... a... ; - 2. - -- V - '

.... . .E I 0.57 Water Soluble Alkali as Na (D' 0.30
_,Y _ __ 0.17 _.______"-'
'2* 0.61 0.39 ".

L _ : "0.03 ,
...._ ________-- - -- - .".-6 -_ ___- - -- --

______ '20__ __-

58 i '.-.'."
- 1- ____"_-"_

-E- a F_ _

.. .--:-; 7,--;- -- t ......-- --.. .. -" "-"- -- --- ---

........... aa . ..... "- 3660 _---

-- " -s'a "s . 39.8
aa-.. . .- 3 . 3020 Com£p STR, go D Psi 619 --- -

S .... 7 .... i3980 COMP STR, 180 D PSI 67-0

28 . 5500 COMP STR 365 D PSI 80Q

ia~ ~ *- _ _ _ 1 _ _ __ __ _,- __ __

___ ___ ______ 0.05 _ _ _ __ _ _ _ _

-A. . SE'. t _ f - _

a ........... __ _ ... 3 54_ _.-. 6:20 i,

'" NCQ ~ E . . - s '*S EOR i*3,> 1 Not 1 E El 1 D.cE.S~t~ F aq ,C 11 1 1 .AE E E EsQ j

E.o

SW.~G. MILL ER. :
Cfiemist

_ _ _Chief, Cement & Pozzolan Test Branch

F" 3 2

*, .-.-

* ]3•".
, B



REPORT OF TESTS OF t rui 'latrwavs L Ehr trPORTLANO CEMENTm' rae~asE
I'.'llzz G-roup

_____IRC-755 P.0 Bo 03

caniJ-i C(X :Lfn.L- Mj jrh C rn iin %r

(Analys i) (rh CA ______

_____2 3. 7 1 _-o 1LQ~ 0 _

________ 8 -- 2 27 Q 3 . .Q ____

4 2 j_-P 2 0 5  0.4 (o 1e

- -- - - __ -~0.38

.2,0 ___65.0

56
-, ___ ~~0. 35 0 .114_______ __

__________ - ~ 26 ______ ___

5613_ _ __ _ _ _ _ __ _ _ _

-E 4 11c

* ~ ~ ~ ~ ~ V3S20___ ___ _

--- ', 5__-11 -- , --

Chief Ceme5t20 Pozoa Gru

F33__ _____ ~

%_ _ _II_ _ _ _ _ _ _ _0.1.7__ - _ ___.7.__ ____



TO,

FROM: STRUCTURES LABORATORY

REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION
HYDRAULIC CEMENT ATTN CEMENT AND POZZOLAN

P0 BOX 631

COMP NY H rryRC- 7 5b, VICKSBURG. MISSISSIPPI 39180-0631

CMAY HryT. Campnbel F1 II O. TET REPORT NO!.NES-5-76 ,
LOCATION: R; Mr ,T TONS REPRESENTED. DT 9Jn7
SPECIFICATION: Tvpe 1, Hig'h Alkali JDATE SAMPLED

TESTRESLTS P TIS AMPL LO ~XhOMPY KlOONOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKES) ~
SAMPLE NO. II NET). ___ ______

5-O. %. 19.9 ____JTiO '_ 0.24 ___

Al___2 __0__3__ 6.9 ____ ___ 0.06 __

~ __ 21 __ P-0 0.30 ____ ____ric

MOO0.% ___ ___b.0__ n .6___

ISOLUBL REIU 2.9j____________
LOSS ON IGNITION, % 0.7________

0.32 _ 0.1j I__

ALICALiES-TOTAL AS Ne,O. % 1.16 '.%ate r Soluble Alkali a aO .8

C4 AF.% /8

C.C 3 A.% 15..... 13

CIS..,.

HEAT Ot: HYDRATION 280, CALOG

(A.P)
Surface Area, SQ CM/G 4030 46_____ ___ ______

AIR CONTENT. % 8.8
COMP- STRENGTH, 3 D, PSI 3510 _ _ COMP S- R, 90 D, PSI 49201
C .OMP. STRENGTH. 7 D, PSI 4050 COM1P 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/mmn 2:45 ___ ___

FINAL SET. Hr/min 5:15 __ _______ ______ ___

REMARKS

Sample received from Mrs. Mather, Job No. 545-C526.16Ci41

W. G. MILLER 1 h

Chemist
Chief, Cement & Pozzolan Test Branch

THE INFORMATION GIVEN IN THIS RE PORT SHALL NOT BE USED0 IN ADVE RTISING OR SALES PROMOTION To
%INDICATE F I rHFR F XPL 'CI TL~ fRiMPI. ICITLY ENOORFF'C N OF THIS PPlOnLCT By T"E U S GOVE PINPF N~T .

VIES FORM 1540 REPLACES ENG f-OPM 6008-H. 1 MAR 721. WHICH IS OBSOLETE.
I SEP 84

- 4.



To FRM COPPS OF ENGINEERS 3
Structures Laborator

REPORT OF TESTS OF USAE Waterways Exp Station
PORTLAND CEMENT ATTN: Cem & Pozz Group

P.O. Box 631
3)VRC-756 (2) Vicksburg, MS 39180 ,','

X510(30) 78 r o F.. E. EC T .... DEC 78 6

S.Z- C.A',o- Tvpe I IDATE SAMP .. p-ET ,

Harry T. Campbell 1 oc.'o.. Towson, XD -R- rp%,I
7. S CEMEN- DOES MEET SPECIF CATION REQUIREMENTS ift

S1 0 (Analvsis) I (Ei A)____ l(AA) ___

S.o. - 19.9 1 _ TiO9%. 0.241

,6.2 1 5.7 ) _l0 , 0.05.
-,,_.,1 2.1 I 2.1 P205 0.27, (Color etric) _"_

-,o. -. 2.7 _

so3.01 JP__ ________ ___

LOSS ON IGNITION, 1.0 1.
.. KALIES TOTAL AS --... ,-1. 31!

0.28i
A~o* -1. 5 7

.. SOLUBLE RESODUE. . 0.171

C... 62.9

c,. -1 3 1 2 "_"__ _'_-3.-52 ______ __ __ ___-.__-

c2s. - 18

C3A . _ _ _ 65

C .. 6.
C4AF 2 CS:A. 

J. * '

"CAT OF NDORATION 70. CAL G I

KC. Or Ar(O- 280. CA AG

S.RFACE AREA. so c-, A P, 3770
AIR CONTENT. 1.1 8.8
cC.Pa STiE.arP 3 o. Ps 3700 -

COUaP STRIENGTm. hD.s I)LJ448
co-, sTRE.,.,.. 28 o,-s, 5130 :'

FALSESET-PEN. FA.

SAMPLE 40.

AUTOCLAVIE EXP. 0.09 -

NITIAL sET. .R/O 2: 35
..NAL SE -1 " 'M N 4 :55

SAMPLE N..

ALTOCLAvE EXP

NtIAL SET. R A4IN

FIINAL SEtT. R .I PA S.

TNVE INFORMATION GIVEN IN TMISI REPORT SMALL OT aE USEO IN AOVERTISING 00 SALES PROMOTION TO INDICATE CITNME EXP.ICITLI

O F iPL ICITLUy ENOOPSEMFNT OF THIS PROOUI T EV TNE U. S. GOVERNMENT,

W. G. MILLER e
Chemist .

Chief, Cement & Pozzolan Test Branch

F35 .t 3 .

6 Ph .



'3E

T3 O RPS OF EGINEERS *

Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem & Pozz Test Br

RC-758(IS) P. 0. Box 631
,Vicksburg, MS 39180'~ES -- I.. c .. .. ...... ] -

sc: Tvpe I 7_ C A -RA.PE

.... Wyandotte l ... Wyandotte, MI BRAND

-s e. c I =EOES MEEr SPEC ACAP REQC,8£RENIS

. (WET) 1 (AA) I(AA) _

5-. I 22.26 TiO 2  0.26 !
', "6.11 5.55 MNO- 0.07 _

2.03 2.12 0-0 1 (Color, etric.
.... ,D 3.72 _ 2-5 [ ,--':
_ _ __- i 2.58 1 "_ _ "

Los .....DN. ' 1.13
........ TCL AS SN,0 0.98 Water Soluble Alkali-as Na20% 0,47

%,o, I 0.27 0.03
1.08 0.66 "'-_0.

_ _o 60.75 _ _"__."

C3.

cas.

C4A 1 2 CIA.

HE A CF Y. 71
.EAr O C Y ACRA'CC. 28D. CAL G 83_____ ____

SURFACE AREA, SG CU G CA P 4120
., C ,OCNIP . 9.9 I

CO ST.EGT.. 3o P, 3130 COMP SjR. 90 . PSI 5310
COMP STREN5T. 7 D. - 4010 COMP StR, 180 D. PSI: 5640
CW STE -.T-' 28 C. P . 5060 COMP SIR. I YR. PSI No Cubes
FALSE 5(T.F5 A

S-PLE N. 1

AUTOCLA E ... -. 0.12
.N.T, SE. -. IN 2:55
PNAL SE-... "' 5:15
S..MP.E.. 1, ..,

A,YCCA4.E EXP.

N.TIAL SET. .- IN

FAL SET. PA -11.2

REMAR S

Density 3.09 Mg/m
3

W/C 0.485
Flow 107% V

TIAE NACAMAT 'N -- SEN TPIS REPCQ- SPALL NOT PF 11E11 N AOETS O R SAE A .- I OAM, N .. DC.TA E E .PLCC'TC

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch

-U w-

F 36 %

.7 7 n,



TO

FROM: STRUCTURES LA8ORATORY

REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION

HYDRAULIC CEMENT ATTN: CEMENT AND POZZOLAN UNIT

PO BOX 631

RC-761 VICKSBURG. MISSISSIPPI 39180-0631 I%

COMPANY Harry T. Campbell BIN NO. TEST REPORT NOWES-42-76
LOCATION: Baltimore. MD TONS REPRESENTED: DATE 25 Feb 76

SPECIFICATION: DATE SAMPLED:

TEST RESULTS OF THIS SAMPLE LOTf---COMPLY F'_l00 NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
SAMPLENO. I(WETI, I (AA) I _(AA) J
so_..% 19.9 Tio.^ 0.24 .....
A12031 % 6.6 6.0 n%

___o_._____2.0__-__0.25 olormetric)cSo. "% 629

s . % 2 . 9

LOSS ON IGNITION. % 0,9
INSOLUBLE RESIDUE. % 0.10

_, _o._ __0.27 0.1 "-__.
K20. % _._22 1.0 ,'__",

* ~~~ALKALIES-TOTAL AS N&,O. % ~ L2..Lb. .&~~ sN . ___ALKLIE-TOALA~ll0"% 1.07 Water 3oluble Alkali as Nao, % 0.8(6,' .
c 3S.% 47-
c 3 A, % 14_
czs. % 19
C3A0 C3 S. % 64 ._._._ _

C 4 AF% 6
C 4 AF + 2 C3 A. % 36 _-.___'

HEAT OF HYDRATION. 7DCAL/G

HEAT OF HYDRATION. 28D. CAL/G -. _-_"_(AP) -

Surface Area SQ CM/G 13970
* AIR CONTENT. % 8.0

COMP. STRENGTH. 3 D, PSI 3790
COMP. STRENGTH, 7 D 1 PSI 4420 %" 4.

COMP. STRENGTH, D. PSI ______ ______ ______

PALSE SET-PEN. F11,.

SAMPLE NO.

AUTOCLAVE EXP., % 0.10

INITIAL SET. Hr/min 3 _00 _-___

FINAL SET, Hr/min 9._,__".4-S.,__

REMARKS Sample received from Mrs. Mather; Job No. 545-C526.16Ci41

W. G. MILLER

Chemist

Chief, Cement and Pozzolan Test Branch

T04E INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO

INOICATE EITHER EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PPODUCT BY THE U.S GOVERNMENT

VIES FORM 1540 REPLACES ENG FORM 6008-R. 1 MVAR 72, WHICH IS OBSOLETE.
ESEP 94

F3 7



TOBC CORAS 31" E0.EEOS

j 5 AMV

Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp Station

PORTLAND CEMENT
ATTN: Cem & Pozz Group

RC-763 P.O. Box 631
Vicksburg, MS 39180

-E. EA. .- A TOEN -AE

z-1AcA I. Type IIz~ A".c

Arizona Cement -'...... Rillito, AZ ]...

r..,S EENT 005 MEE SA E-.F' - . ' EQ. E'

...... (Analysis) I I(AA) I(AA) _ _ _ _ _ _ _

so. 22.4 0TiO% I 0.21
". _ __ _ _ __ _ _ _ _ _ 0.10 ____.T o 4.1 3.6 MnO0 3  ! 0.1

2.9 3.0 P0 0.06 (Colormetric) ___

________ ________ 4.2 _ _ _ _ _ _ _ _ _

, . I 2.0 _

ON ; 113.1.2 i _,.

A .. A E .I - 1 T A -AS -. ; 0.45 Water Soluble Alkali as NakO% 0.15

0.09 0.01

, _ _ _ _ _ _0.54 _ _ 0.21

-1 BLE AESC F 0.631
.... 62.8 __" __ _ "-"

48 T

C3A. 6 4 _ _ _

______s., __ _54_ _ 28 _ _ _

c,^* - 9' "5'4

CA • 2 C ,

- ErAT AA YIAT,I)N. 283 CAL 3

SJF...E AREA SC- -N .... 3620

A. . CO .- N' ... 7.6 ' _ _ _ _

:o- S-* 3 D 20 COMP STR, 90) PSI 6210 .'..
-........ 7. 3730 COMP STR, 18O D, PSI 7000
.," A s- ro-' 28 , 5500 i COMP STR. 365 D, PSI' 7400 ..."

B'A-SE ,E-~F, 
A

SANPLE NO I

.... , E ... 3 :20,

-,YAL %E', N' 5 4

A~j- 3CLA E EAR __ ----- -. ---
.......E 'N. -I_ j _____

RTeAR, SF

..

a..

.E...R .

TIE INFORM*V.)N GIVEN 'NA-I REPOAV S-- I BE SFZ IN AOIERS NG O. SAIES PA M NTO INDI,CATE E I 'ER E AP IC L

W. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch

F38
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VA

REPOT OPTEST OF Structures Laboratory
REPOT OFTEST OF USAE Waterways Exp Station

_________Vicksburg, MS 39180

COMPANY Arizona Cement LOCAI'ON Rillito, AZ 9qA.

TIS CEMENT DOES MEET SECIFICATION REQUIREMENS 

SAPEN Analysis) I(WET). l(AA)l ____ (AA)_________I___

_______________ 3.1 3.1 ____P 205  0.08 (Colo-etric

SO' 2.0 ___ ___T1 2  .9

A- A I S - - Y - AS 4 ,)0 4 7 1 W a t e r S o u b l e A l k a i j. si!!. % 0 .2 7 _ _

0.551 __ ____E- 0.36
IS - L EI-0.63 __ _ __ _ _ __ _ _ _ _ _ __ _ _ _ _ _

__ _ _ _ _ _ _ 62. 7 _ _ _ _ _ _

_ _ _ _ _ _ _ _ _ _ _ 5 4_ __ _

zS~33 
%__

C AF C3A.

H EAT OF -IORATION. . CAL rA

NEAT OF HYDRATION. 280. ZAL G

SURFACE AREA. S0 CM G A0 3780 _________

* AIR CONTENT. s8.6

*COMP STRENGTH. 3 D psi 2750 COMP STR, 90 D, PSI 6250 .-

* COMP STRENcTN. 7 o. Psi 3630 CORP SIR, 180 D, PS1L 7130 ____I--

-. MP STREG- 28L -S' 5150 CORP SrR, 365iD, PSI' 7250 _______

* CA..SE SET-PEN F I.

SAMPLE NO1

A ITOCLAvE ExP.. 0.13
.,',IA, SEI, IPMI 3:25

* FINAL SET. .RMw6:25

SAMPLE .O

A-,TOCLAVE EXP

* NIT AL SET. 1. MIN

FINAL SET. ... M.IN

f INPORATIIN Q EN IN THIS REPORT SHALL N0O JS US IN ADIJERTIS..G OR SALES PROMOTION TO INDICATE EITHERO EXPLICITLY

OR IF LICI 'L I EN 01 RSEVONT Of THIS PROOCT SY TIM U I GOVERNMENT

W. G. MILLER
Chemist

____________Chief, Cement & Pozzolan Test Branch

F39



I. CC I~,E.
I>r.K. M t e S A4Y..A

l. Petr & athRa REPORT OF TESTS OF Cern & Pozz Test BrJe

Cn~, Petr DiXv a PORTLAND CIE.IENT Engr Sci Div01

CL RC 765 and RC 766 CL1'6

.

_____________ F E 15Ju 7

z- -____________r______ i LOCATIO 5kjn .4 T2 p qnj_ _ _ __ _ _ _ _ __ _ _ _ _

1- . DOES___ INE______ I ________ _____

53 ~ ~ ~ ~ C75 IRC-7661 ____________ ______ ____________

LO ~ ~ 9. 1~ ~h~
* ~ sro~~ ~s1.401.3 I _____ ______ _____

5.4 5.

*~ ~ **125 ____ 1.28 %______

'A 0%

________________0___ 21 0 ____ 9,

CQ.41

9.37 56__ .7 j___ ______

_e _ 9. 9.1

C. I- aC, A, % 27.5 21.7 ____ ______

111-111 ZI NYOflTION. 73. CAUI0

HEA 0' MY50flATION. 232. CAL/O ____I ___

S.-:C -oEA. So C. C02I PS 2770.9Q9I____

CC- Sr___e ___TH _ 7_o-___s' 3460 I____ ___ ___

c__"__ ______T' 281I 42301 ___I______ __

______________ .3.__ 1_ _ RC-7661___ _ _ _

____ _ __ ___ 6:05 _ _ _ _ _ ____

FIN:AL SET. 4',

*osInsufficient 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.l6Ci4l ($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- I,rCQWTI0. 14 THI , s EWOr S IAIL NOT dE US!C DI ADn TflrSs. CA S*A!; PRQ ,I,IO3 TO INODILATE EITHEN EXPLICTLY

C4 EVv.C. oY .0 -jTtNST 01 THIS P..OOL T 8Y T.E U S Cv N~

W. C. MILLER
Ch en 3t
Chi.jH, C.2:rcnt and Pozzolan Test Branch

F40)



REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Gem IS Pozz Test Br

RC-769P. 0. Box 631
RC-69Vicksburg, MS 39180

NC ft PEPNEN'E CAF

Type__________ 1S__ ___ ____ ____9

___ __ .... Unvesa Atla Unieral PA_ _ _ R

THIS ________ 0.37N WDter ______ ____

SAMPLE __NO ________ 0. 1 (AA)!_ ou lUAAlis

23.9 __ O ----3
A___________________ 0,__ 749 6.35____ ___-__-__0.

2.19 2 33 P-6 ' -ft

7. '1 L__ __S_ -,_.3_aer____,lkl a ap%00

%a 1PPE 55 75 -____

S1.1L - 40 7N 2 r1 9

7 543 COMPt .R 18 0.10; 21

F A. SET f PE F

A/ 0.485 XP0.1

NR IL SIPYEODSMN OPf.SP DCTS E S CE EV

Density 3.0 MILLE
W/Che.485

Cheisteet& ozlnTetBac

F41 4



TO ARs 3lMEM ,,, .

REPORT OF TESTS OF Structures Laboratory
PORTLAND CEMENT USAE Waterways Exp St

ATTN: Cem & Pozz Test Br
RC-770 P.O. Box 631

Vicksburg, MS 39180

............ Type I 1 ... .. ..
C2 A.... Universal Atlas.. Universal, PA 9R--4D

r..S EE. DOCEs REE- .EZ A,. E>E .'

S. E .. (Analysis) I (WET) 1(AA) (AA)
22 20.4 Q iTiO% 0.301

A"1 3 % 5.8 i 5.2 !Mn9,) 0,231i.''

, 23 2-4 p20, 0.05(Colormttric) _ __... .I 39 __- _ __ _ _ _

AAo, : ''AAS !, -2.4 _ _-{0 0
__ _ _ ___ _I_ __ _ _ __ _ _ _ __ _ _ _ _

-AL ES- IS 0.33 Water olube Akalias a.,% 0.10

%_ _ _ _ _ _ _ 0.17 _ _ 0.03
0.24 I _ i 0.11 __'_

- - - E 0. 29 1-"
_______ _______62.9 ~ 1_ __Ki 52 ""
:," : ll11 10 I ' :

*.. I S ' I .'

.4--- 7_- '_"_i...... -1- " ""_ _ __ __ _

84_ __ _"

$f......... .. M _ •[_ 4270 i
"" ; 9.2 ___.

M_ , I31 _ --osmR9D D PST 7150 _"
-- - "ft .%

7 " 4740 COMP STR. 180;D. PSI 7120
___850 COIT . 36)I . PSI, 7170

.. ... - ... ... 3: 20 [ _._

4:25 _ _ _"

-f,,~ 5F ! A*___ _____ ____".____

A.. l

%'.

W. G. MILLER
Chemist .

SChief. Cement & Pozzolan Test Brahch

f 
-

.-% ! .. % ;,4',;-,,..• ... -' : -,, .- . ., •,' ..- . '. ' , .-' , ... . . ' ,-W .... <. ' .'... ,', , .ILLER'. ' .' : -" -
r .... . Chemi-t, : : [ < l , . " . "



7..J

TO -- 0 CO-HS01 ENG'SEE-S

S ARM' 4.

REPORT OF TESTS OF Cem & Pozz Test BrA."
PORTLAND CEMENT Engr Sci Div

RC-772 CL

-E - I" B. . C.. .... EE.' E I Sample I CATE 11 Feb 77
S:IE.rC- Type II IDATE SAMPL.ED

co .... Monarch c..C-,C Humboldt, KS BRAND

THS CEMENT DOES MEET SPEC=:CATION RQLREMENTS

SA... NO (Analysis) I(WET)j 1(AA) I(AA) _ _ _

so' 21.2I TiO?% 0.29
A,___ "- 4.7 4.31 Mn201 0.12 e.
S.2o,. 3.1 3.2_ P 0 0.071 (Colormetric) .A 4

.,o. - 2.0 _.__.

*s,-. - 2.3 [
LOSS , ON .I N T O.. 1 .4

ALKALIES- S .... o~-20 -0.641 Water Soluble Alkali as Na2)% 0.12

- % -. 0.201 0.02 _-,_.
.' N 0.671 0.16

1. . . ..LE 0.171 1 "

c.0, 64.2 i _

C,,,, 7 6

cs.N 17
C. -C'S. 3

C'A,.. 10 1.
C,

4
A - 2 C,A. 24 __

NEr oF HVORATION. TO. CAL G

* HEAT Or NYOPATIONi. 28C, CAL G

SURFACE AREA, SO CM G - P , 3610

AIR CONTENT,. 9 9

COMP STRE.T - 3 0 ps 2660 COMP STR, 90E PSI 5990 _"___"

COMP STRENGTH. 7 o. 3540 tCOMP STIR 180L PSI 6460 _ _-_..

So. Y SI-ENGI28 D PS 5390 COMP STR. 365E PSI 6320
IALSE St - EN F, *. -,

SaMPLE o.

AUVo.CL E E .... -0.01

.....L . . ,N 3:251 "-'"-_
*F-AL SET. HR 5 50
S AMPLE NC 0 __________

AUrOCLAVE EXP

* H"ITIAI. SET. "P MIN

F-HAL R1T.PtINj___________

S. Memorandum No. 1965; Job No. 545-C530.17Ci41

' THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE JINO IN ADVER ISING OR SALES PROMOTION TO INOICATE EITHER EXPLICITLY

OR IMPLICITLY ENDOSEMFNT OF THIS PRDUCT RTHE U S GOVERNMENT

W. G. MILLER

Chemist
Chief- Cement & Pozzolan Test Branch

F43
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',€

To FROM CORPS J, ENUSEERS 4*

Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem & Pozz Test Br

RC-773 P. 0. Box 631
Vicksburg, MS 39180

TEST REP FT NC B NO CR EPESENTED DATE%

SPE--C 0,O DATE SAMPLED .

CoM.....Texas Industries LOCATION Midlothian, TX l..AN.%p
T-IS CEMENT DOES MEET SPECIFICATION REOULIREARENTS

SAMPLE NO 1 l(WET) 1 (AA) ____ (AA)[____1
"o :]]24.99 TiO^ 0.57 1 P
__ ___,_i0.03 7.41 1 MNO 0.24 _ _ "
.or 3.33 3.17 _P0- 0.20 .(Colormtric)

..... 1.39 _

SO3. 3.64p

LOSS .IGNITION. N a.380
ALKALIES. .OT. ASNo -. ± 0.53 Water Soluble Alkali as Na2)% 0.34
.O,.0 0 .1 7  0.06__ _-_
___0.54__ _ _ I0.41

.. % 54.46 N .

CA..
C} A• CS __ __ __ _ I

.A....... RT. . 6.0

PEA TO ITIT.N -R AL

SLRRF .C E ARE S. E N U 3940 ____ ___

AIR Co. TENr1 6.0
COMO ST-ENGT. 3D _ 3480 COMP STR, 90 ,PSI 7260 .-_____

7 4350 COMP STR, 180 D,.- PS.I..83O0 ..
OCAR ... . 28 - "5 5910 COMP STR, I YRI, PSI___94_0_.-___
FALSE SE-EN F

SAMPLE NO

A .TOCLA.E EXP.. 0.03
ITNITIAL SET. 4;00.

FINAL SET. -4. 5: 2

SAMPLE NO

AUTOCLAVE ERR

INIT.AL SET, - MIN

FINAL SEV. 'RR,'N

REMA RKS

Density 3.04 Mg/r
W/C 0.448
Flow 110%

N ENNT ~ 11S REPRT,",All NOT.NRE USED IN ADVERTISING OR SALES '"1R0M 10 IO '0 OAE VE ETPLICITLT
O FPI F,~ ENC".I(AZ~ T 5S'O EC Si VF N OEN'ENT

W. G. MILLER
Chemist .

Chief, Cement & Pozzolan Test Branch

.%-n. . ... ... .. .



Mrs. K. Mather VS .. ..

C/Engr Sci Div REPORT OF TESTS O Structures Laborat -ry

Structures Laboratory PORTLANO CEMENT USAE Waterways Exp Sta
P. O. Box 631

RC-807 Vicksburg, MS 39180

yes, WES-295-78 i acC-1 f--SENE0 1 Samole I 25 Aug 78
F S S -C - 19 6 0 / 4 . T vy e I P M IS CA... .... ... r ,

.- TXI o- Midlothian, TX t
.. ' :SuE- O0E5 UEF- S-SC 2 RZo' .E 01-EENTrS/tT AA __ - ____'

_ __. _='C-O !R-a7 RC-aO2 _

292 - )R , 1 Ti0 0.41

213 8.06i 6.83 M20"1 0.34

" 4.60 4.76 i)P20i I0.16 Coloretric..1.63 _ _ __"
, I % -

SO'. 2.71 
.,.. ... . .i 0 .48 ' I _ _ _ _ _ _ _ _ _ _ _ _',_ _

. ... ., TO A. AS , , 0 . 4 8 '
~1 0.231
,'0 0 I 0.38
1 8.4 0 23
,58.10 i ; ! "2-" "

C..' • 2 CIA.

FAY o 7Yo , ,O . 0. C . . 76
NEAT OF IYO.ATI N, 290. CAL G 87
SUFAC A.REA. SO CM G 1A P 3.990

COUP S-,,NT, . P 3 PSI 3800 * Comp S 56 1. PSI 7830
C: S-- GTH, 7. Ps- 5130 *!Comp Str, 90 D, PSI 9180 ..

, C ' - -. 280 , 6940 *3Com Stir. 180 D, PSI q "-"'
..... .. ... P . .F " * C o m p S r r 3 6 5 D . P S I 1 0 fO O "

ALOC A,,E EXP. . 0. 04
,II.. SET. P. ,. 3:15

lII-C SET. 33 N5: 20
A..L.E E. _ ..... 325(_5um) Sie~e: 4% retained. ..._...,

INI7AL SET. AR 3-14

FINAL SET,

"E""" Test results will be reported upon completion of tests.

,- L-. ENOS O ,SPOD Te JY

" W .G . M I L L E R I" .' -
r Chemist

Chief, Cement & Pozzolan Test Branch

F45
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Mrs. K. Kither
C/En~gSci Div REPORT OF TESTS OF Structures Laboratory

Structures Laboratory PORTLAND CEMENT USAF Waterways Exp St

ATTN: Cem & Pozz Test Br
RC-807(A) P.O. Box 631

Vicksbur', .MS 39180
......... .W '95-78 1. 1 saml1e ... 4 ov 78

...... T- Midlothian, TX o .
.. C...... OOES w-

SA-P- 0o 1___ P-_ C-80 7(A) T
so - 2 . I . ... _.56
A '? -. t -_5 .0 8
F.'O)" 7. I 4.06 i I _"
,,o. I 0.86 - _

2. 53

%.o. •_) 640. 2 _ i _ _ -- _. I1.o., I ~0 .2 5 i ):: : :

............ T -#I-7 _, __ ,_.. .__ __ _ . ,_.._.
C. 64 02 1 -

% 6.59

<,AC- , O, . _ i 70.6_ I ,

______2"_35I ii iF ____ - "

c,... 12. F'"

S. R C E ACN V 'V. -1 I

c..... ~'... ..... . .. is~- ___ . .... .-

__________, J. " ______ -.... ___.... ___..... I. . . .
___ I _______ ______

A... SE V fl 5 -

AJrCCL e C EI
- T. . .. . . .A SL I..

L ii -7t _ __ . __-_

R ... s Ref itr 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.

* ~W.G. MILLER'(

Chle', Cement & Pozzolan Test Branch

* a .' * -. t .. .,,. -,,.
li F L ( ! t [ N ' _ k f. lN l I] 1 l ~ l ,2 l , " -,( / .f 

l', '
] 
I

1
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Structures Laboraotrv IStru Laborator:
'SXE Waterars Exp Stat , REPORT OF TEsrs OF Waterwavs ExD Station

ATTN: Katharine Mather I PORTLAND CEENTAT : Ce & ?ozz Grup
Vicksburg, MtS 391B0 RC-829 P.O. Box 63-

Vicksbur, M.S 39270

SS-C-1960/3, Tvoe I .
- . Dundee ' :. . Dundee, MI

.... _.T AA AA ,

_-_20.9 TiQ -
• 5.1 4.68 KN 2 0 3  0.Q __

2.8 2.7 P205 0.06 Colrize j.
24.0 _ _ __

-. .. 2. ____4_ __ ___ ___ _ I__.v'

... ... . . 0.80 __ __ _ __ _ __ _

.. 33o -. _ _0 .3 3, .

777777...... 0.42 

____ ____ 63.0 __ _ __"''_

___ 55
,8.7'7.8 I -.8

18 __ _ _ _ _ _ _ __ _ _ _ _

64

5F. S P- E.E I-E-

- -, 8.5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

he- Cement 26

F47

I I "

............ __ __ _ __ __ __ __ __ __i_ __ __ __ ___

W. G. MILLE
.... .. .. . .... ..

Ch emis t
Chief. Cement & Pozzolan Group

F47 '.",-



Structures Laboraotry Su rs L r y.USAE Waterways Exp St REPORT OF TESTS OF USAE Waterways Exp St

ATTN: Katharine Mather PORTLAND CEMENT ATTN: Cen & Pozz Group %
Vicksburg, MS 39180 P.O. Box 631

RC-830 Vicksburg, MS 39180

....... .ES, I .... I 16 April 80
SPEC;,,cA.ON SS-C-1960/4, Type IP , .
CO.... Dundee L o, , ON Dundee, MI e-

-MIS CE.EN DOES M-EE SPEC S iCAVO S E1'JfENENTS

S~P. O ______WET AA AA___tiO ___s,0. ; 26.8 +TiOq i 0.5- ', . ,1 0 . 7 1 0 . 0 1 0 0 4"?O j
E*0. . 3. __ P20_ ' 0."10

;. o. ! 3.6 '3.6 P205 Colorrqetric..... I 3 .1 1 '.-
503* - 2.12, ___

LOSS .G .'ON 1.7 74

N.,o, 0.33' ::
.. .281 - _._.___

MOISTURE 0._41_ _ _ _ ___-..
C . %4 9 .8 _ _ _ ---------------------------

C . -
-3 -E.. S A .8

rA SE ______ I _ _ _ _ _
----------

" -, 3 __ _ __ _ _ __ _9

C .SE , .i .'.I-

A IF ;.

T I. . b. . I C 1 EA C' 1 N C IE E E I

W. G. MILLER 
.-".-

Chemist
___ Chief, Cement & Pozzolan Group

..ES CN.0PS -9> -.

SU~rAC aPES S;:v S': ::t

4 PZO'C%1

- L _ _ _ _ _ -____ __ _ _ _ _ _ _ _



Structures Laboriotry Structures Laboratory
USAE Waterwavs Xp Stat REPORT OF TESTS OF USAE acterwavs t

ATTh: Katharine Macher PORTLAND CEMENTATTN KatarieMaherA-774: Corn & Pozz Group

Vicksburg, MS 39180 RC-831 P.O. Box 631
Vicksburo, MS 39180 -- s-.... ...],- ... ] -*......... =: 1 ,- 16 April 60. "'

SS-C-1960/3, Type 1I 7 .
: ...... PCA-LTS 21 %. -_. .

0 ,: 2 3 . 7 1 T i O0 2 0 .2 0
.. "2' 4 6 I i 3.97 r N 0 .05,

4.64,,, % •3.2 3.1 i P20§, 0. 161 Colorrietric A..

I 1.24 I ! i ,__ _ _._

1.22. I

LOSS ON IGNITIN -0.95 1"...... .. .. .. AS ll 0.541 TI

___, ____________ 0.43 ,

.S. .. -L .....S-C 0. 37' '

:.... 64.3"!__ "" °'" '
c'S. . 43 i"'''
C,"" 6.7 5.3
C'S . 35

C4A9. . 9.7--' '% -

23 A%

,EA T OF IYOmRAToN. 70. :AL r

.EAT OF PYOPATON 200, -AL 23

COU ... T.. ... ... 1 PS,

COUP STRENGTI. 0. PS,

_ _ _ _ _ _ SET - PEI -F

TH E I*AFOIAAYON 1;vEN I t. SRmEP )P? S'ALL NO' BE USED IN ADvEA?IS.NG ORI SALES PSOMSOTION TO INDICATE E.Tp[q EXPLICITLY #'

W. G. MILLER ...
Chemist
Chief, Cement & Pozzolan Group

S,..-Po.I

F-AL:" SE .

S L
A'phCE

F4 9 S

A.t

TME NFOMATON IVIN INT-SPFPDRS-A NO BE SEO1. D.E IIS-G O SAES ROM TIO TOUOICIE IT.A EPLIITL

Qft~~~~~~~ ... *'. TL ,- P0,-Y8 TE SGVRM
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Structures Laboraotry ru rv- r " t

SAE ate rways Exp St REPORT OF TESTS OF Aterwi'" FX.

ATTN : Katharine Mather PORTLAND CEMENT A:r;aterwg!,v-, >j: ,

Vicksburp, MS 39180RP., . Bex .RC-832 I o

SS-C-1960/3, Type V 
01........__-

Ideal .. ,-*. Ft. Collins, CA .o

. -_- i WET AA .. - --

22.6 -Ti), .1 -

: 'L 3.3 . 3.0 LN-503 3_. 0. 15
, 5.3 5.2 0 5- 0 .1 Celr-er r-
5, 13 , I. 3 -

3 . 1.76 __ _____

A A E D 0.54__

1 0.18 _ _ _ -

%%

O .55 --__. ....___v_-_

-..... 6 15
-: - -- - -- ----.-- _ _.

A l I

C
3  

SE ____________ - .3

-, 4 - V. *--*- I - - ..-

1,,6c )__ 15 r OZ L A'...

03. .o,-.,Cr ." /:-.

" I . I... 3....... .. .~ j __ _ __ _ __ __ _ __ __ "__ __ __

A.SOC-AvE El , 

".

* VNAL ,. ST 
- 

1

S.ALS L. II MIE SE - 1. .0El S-,___ _____ _______ _______0I0CATEE _E EXL C

W. G. MILLER '.

Chemist
Chief, Cement & Pozzolan Group

. . A I 6OE8-R

F. ." -*



~.Q
Structures Laboraotry ,,,

USAE Waterwavs Exp St REPORT OFTESTSOF Structures Laboratory
Ar',': Kathirine .ither PORTLAND CEMENT USAF '.aterwavs Exp St,..

ATTN: Cern & Pozz Group

RC-833 P.O. Box 631
Virk ,khrg MS _39180"

... ....l ... I .... ....... "... .. 16 April 80
_ .. .. S C-1960/4- Type IT 7A" ...... A ,

Univer l Atlas , Pittshurh. PA
'Sl EE- Si'TF-AT. ' E_ QEVEN'>

IWET AA AA

- 24,5 _ _2 . jTiO 2  0:27' ,--

*" 1 7.2 6.8 *N 203  0.31C
!2.0! 2.1 P0 ' 0.20 otric

6.3 I ____"--'.'_

______________ 2.49 _ _""'__ _
-- I 3 .0 2 , "

S0.19

-, O,_____ _ 2 _-.2--

E. - E Z. "

C0 .T o -"

. EAT 0.040 TI& L 5

, ESo _.._A_ _ _ _ l G

A N?. ° I

F .- ETH..-

-- C*V.E P .

* EN... A SET. - ,

N , SET , -

Tl"E INPCOM*'ON GtEN NT .S EPORT SH ..L NOT RE USED IN ADVERTISING OR SALNES ROMOTION 'TO IN ICAIE ETHER EXPL ICITLY

OR L IC:TLV € ENCGOSE-T O ?-,S POOJCV 8 THE I, S GOVER.NMENT

W. G. MILLER
Chemist
Chief,Cement & Pozzolan Group

F51
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TO
FROM* STRUCTURES LABORATORY

REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION

HYDRAULIC CEMENT ATTN: CEMENT AND POZZOLAN
PO BOX 631

COMAN: ennDiieRC-834 jVICKSBURG, MISSISSIPPI 39180-0631 I

LOC AIN: Pe n D x eF 7 O TEST REPORT NoWFS-568-79
LCTO:Nazarith, PA TONS REPRESENTED: JDATE 30 Nov 79

TSTPE SUICTSIOF: TH eISAM L DATE SAMPLED 11 Oct 79
TESTRESUTS O THS SAPLE TEF7Do NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS;

S AM PL E NO0. WE AA__ ___

19.1 _____ ____

F 3%2.6 ____ 2.5 ___ __________

cao, % I62.7 ______ ______ ______

M90, % 3.11 _ 2.9 _ ____

S3%2.8 ___ ______ ______

LOSS ON IGNITION. % 1 .41 ____________ ___ ___ ___

INSOLUBLE RESIDUE. % 0.211___ ___ ___ ______ ___

NSa. % 0.341 ___ __ __ ______ __

K_ __ __0__ _ __ _ 0.981_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

ALKALIES-TOTAL AS N&2O 0' .2

Crac A rF a SQ 8MC 46 ______

AIRCONTENT.% 11.0 ______

COMPSTRENGTH. 3D, PSI 3090__________
COMP.STRENGTH. 7 D. PSI 4130 ___

COMP. STRENGTH 28 D. PSI 4500 ______ ______

FALSE SET-PEN. P11.% ____________ __

SAMPLE NO.

AUTOCLAVE EXP., % 0.03. ___ ______

INITIAL SET, Hr/min 3:00 ___

FINAL SET. Hr/mm 5:0 -

REMARKS Job No. 508-S530 & S527.19Si41

W. G. MILLER
Chemist
Chief, Cement &Pozzolan Test Branch

Tt4E INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO

INDICATE EITHER EXLCITLY OR IMPLICITLY ENDORSEM.ENT OF THIS PODoUCT BY TH~E U. S. GOVERNME 'IT.

VIES SEP8 15430 REPLACES ENG FORM 6008-R. 1 MIAR 72. WHICH IS OBSOLLTE.

F52 -:
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!Z(2port uS
Scructurcs Li:IC
' '. er.:V.' 2:.) 5t REPORT Or TESrS Admixture -o:

Cem & . ... ' Nr AD 505: .... .... ON pO07- I.1-",
P. 3, B-x )21I~t

*" csu:z. ::S 3 )>)"/I,.;

....:SF S-S7,PT!0i Subbituminous Fl, Ash 4

s i" P & T. C: I .CTICE ": Hathorne Plant, Kansas City O

:::\TF: 10/6/75 I JOB NO: 545-C-530 %
. S7-JEC: Vrition. in emettitious ,1edid

CHEMICAL COTOSITION
i 0~ . 5.68 1: oisturp Content % - .14 Cr703

___.\ _________.21.44 I LoT. % (750 C) 3.81 Chloride % .
- '0I 10.33 i Loi. % (1000 C) "-Q_

% I 2.50 II TiO_ %i o , i 1.11 I____________ _____ _______.____ ____

SCV) : 11.1 1 ,-I o Mn"0 ___

' ,..ics " V, r Sltible lAvailable (C-618)[ Acid Soluble Total Alkali

1 0.01 0.12 0.04 0.37

- _ 0.01 0.60 1 0.20 1.93

:Is I_ ._Y_ 0.02 0.51 0.17 _1.64

PHYSICAL TESTS
fic Cr-.vitv: 2.44 [ Fineness % retained on 325 Sieve

* ,,rt.~c, .re.: 9130 qQcm/cc. vorositv e = 0.416

T,;t.; .;i:h -ortland cement cured 6 73.4 + 3 F
PC Prt .;!d 'mt Co: United Citadel

[ l tio:n: Artesia, MS Birmingham, AL

_i,_' -ri C V: o t No & T'.!e: RC-688 I, LA RC-705. II, LA, HH.

, c. 1ivo ":. T h 'o n , 20 , Replacem en t , % . 0 1 0 .0 7 ._,_ _

.. ff,.c of C,--Qnt bv Volume 0 10 60 0 30 60He t o '.dr,ition. 7 days, Cal/ m 84-8 70,2 [ 49 67.7 56.4 46.-8 -, .
28c "irtion ds Cal/pm 96.5 83.2 62 78.8 65.4 56.5

' Stren'th, 3 pas osi ?880 2320 690 1700 1450 730

C",,s .o tron"th. 7 days psi 4080 3010 930 2510 1880 920

C :,.'S-:ve t r'nth. 23 days psi 5320 4530 - 1290 4040 2910 1380

Co r, ,vo r rn th, 90 days psi 586n 6060 4200 5760 1 5320 2600Conr : .' Stqn t 180 days psi -05 _9 67nI4709 6610 4010'
',rsiv'o Strenath, 365 days psi 65860 6060 4840

er - Cemnt Ratio 0.'485- 0,485 0.485 0.485 0.485 0.485

F 1 08 IiO 122 111 103

'e;:::.olanic Activity Index, AST'. C618
',ith Lime @ 7 days PSI 1790 C n, 113

',ith Portland Cement (RC-688) at 28 days percent of Control 113

Test for Pozzolan Hydraulic Activity

Compressive Strength (PSI)

W/C 3days 7days 28days
0.417 55 70 160

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

1 3,

v ".
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Report No: o
St!:ncturCs Laboraitory

USXE~ var::ays Exp St REPOFT OF TESTS Admixture NO: 50 6ft
I.::: Cen & Pozz Test Br AD 506ON PQZZOL.,N

P. 0. Box 631 Date:
Vicshtirg, MS 39180 F__ _

OL.. CLASS: F D S G L. '10. [ignite Fly Ash

Co:::P'. :Y: rri-uiv (Cen Port) ILOCA;.1O';: r3ig Brn:n Plant, Fairfield, TX
:10: 1933 !),%'T : 10/6/75 JO .): 545-C-530

.) L'. B - CT: Variations in Cem, titions eCdia

CWE'IICAL COM POS ITIONK 0 ~ z 50.4 '.'ooi%; ure Content 0.17 Cr~oj ___

'0 I 18.41 LOI, (/500C) 0.85 Chloride .

_/ 4.16 I LOt, %" (lO000C) '"-_ _-"

V1 O ,Y. 3.54__ Tin__' ___" %___"_"'"__""__

c.-.O / 19. 77 !l 7.-5Oj

M r.,: ,'5 0{ .001 0 .33 0 .28 0.92 ,.-''

t'HYSTCAL TESTS _ ___--_

~'<"' c G.'it,': "2.56 4ine''s: A retained on J2D Sieve
67 0 sqc0.cc, porosity e= 0.390

Cf'.! , . .:_ __t_ { Citadel

. :Artesi,. M!S Dirrin . .-i AL

_ . , -- .:, Tv : FC-638. , RC-705, ii, LA, HH
.17-. " '* 20,1 ,e-__c____t_ _ 0.0" 0.09

of' fC.-c. 5V 7[ 301 00 U_3/

,__7 days, C3i1/-- 84.8 72.9 53 67.7 55.6
! !, : ,.: n 28 days, Ca!/I""' 96.5 85.4 67 _ 78.8 70. 3 _57-__

_,.,'ssivO S rength, 3 days psi 12880 I 2260 O 1010 1700 1320 780

.ssiv e Stro.n th. 7 dai s psi 4080 3050 1590 25i0 1730 I 1070

",iv, Sten,'th. 28 da'.'s osi 5320 4200 2460 4040 2910 1 2180
" , .enorb, 90 da- osi 5860 5020 4160 5760 4920 1 3930

ojye S-rength, 180 davs psi 6050 5 4920 5990 5820 5470

C-, ;sive Streunth. 1 year psi 6100 5450 6380 5330

"in' C" ,,n Retio 0.480.485.485 0.485 0.485 0.485 0.485
Fl, 7,Ill 1 11 110 122 118 106.--',

Prozzolanic Activity Index, ASTM C618
With Lime 2 7 days PSI 1030

"ith Portland Cement (RC-688) at 28 days percent of Control 88

Test for Pozzolan Hydraulic Activity
Compressive Strength (PSI) .

W/C 3days 7days 28days
0.433 30 fell test

apart discontinued

W. G. MILLER
Chemist j
Chief, Cement & Pozzolan Test Branch

F, -4
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Report No:

Structures Lhiaor.tory
USA: "'aterv'ays 1::p St REPORT OF TESTS Admixture No:
A'T:: : Ce & Pozz Test Br ON POZZOAN AD 507
p'. 0. Box 6 31 Date:

Vic'.shurg, !S 39180

'i'!O7,O1.AN CLASS: F DESCRI1 t'ON: Subbituminous Fly Ash %

SC:?A: Y : Union Electric Co. LOCATION: St. Louis, MO

N::i:3 "O: 1985 JDATE: 10/6/75 TJOB NO: 545-C-530

2O SU'3JECT: Variations in Cemnentitious Nedia

CHIEMICAL CO [POSITION",

SiO? % 44.87 Moisture Content % 0.28 Cr20- %__,
,\1-Ol % 21.83 LOI, % (7500C) 5.69 Chloride % __,_

-Ol % 17.20 LO1, % (1O0OO0C)_,____.

:__O 0.67 TiO? %iSol 1.12 P')05 %]

CaO 4.77 MnO ,___,'_-,

Alkalies Water Soluble Available (C-618). Acid Soluble Total Alkali

NaO 0.14 0.50 0.34 1.38
K') 0 0.03 0.78 0.30 2.18

Total as Na9o % 0.16 1.01 0.54 2.81

PHYSICAL TESTS
S.recific Gtavitv: 2.37 j Fineness: % retained on 325 Sieve

Surface Area: 7660 sqcm/cc, porosity e= 0.480
Tests with oortland cermnnt cured @ 73.4 ± 30 F

Portland Ce"ent Co. : United Citadel

Location: Artesia. MS Birmingham, AL
Research Cor'nt :o & Type: RC-688, I, LA RC-705, II, LA, HH

Autoclave Ex:ansion, 20% Replacement, % 0.01 0.05

% Replace of Ceament by Volumme 0 30 60 0 60 0

4lea: of Hvdration, 7 days, Cal/ren 84.8 70.5 48.2 67.7 .57 41

Heat of Hydration, 28 days, Cal/gn 96.5 83.4 64.5 78.8 .66 48

Compressive Strength. 3 days psi 2880 1910 830 1700 1320 690

Compressive Strength, 7 days psi 4080 2600 1110 2510 1660 830
Cor:tra-sive Strength. 28 days osi 5320 3700 1720 4040 2640 1560

Co-'rensive Strength. 90 days ,si 5860 5320 3040 5760 4720 1590
Ccnoressive Strength, 180 days nsi 6050 582Q 3460 5990 5460 4240

Compressive Strength, 1 year psi 6460 4520 6090 4820

Water - Ce',ent Ratio 0.4851 0.485 0.485 0.485 0.485 0.485

Flow % 111 65 62 122 78 60j

Pozzolanic Activity Index, ASTM C618

With Lime @ 7 days PSI 1080

With Portland Cement (RC-688) at 28 days percent of Control 80

Test for Pozzolan Hydraulic Activity

Compressive Strength (PSI)
W/C 3days 7days 28days
0.583 to soft to test

W4. C. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

F55
.4..
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Report No:

USA '.tCe. :: ET.p St REPOIRT OF TESTS ADAdmi:ture 5o:
.':i3X: Cci .% Poz2 rest B: ON POZZOLAN AD 509p'. 0. Ro:: 631 Date:

\'ic ;hjrg, I',S 39130 D-,te:

L 1 1 k (: !.:S: F DLESC.tPTION: Linite Fl; Ash
L_ '.F si1 e. PWR LOCATION: Stanton, N.D.

- A.o: 19;5 JDATE: 10/6/75 JOi :;0: 545-C-530 p

_.) : I.C:,r rJariat ions in Cumentitiouq edia

CHEITCAL COPOSITION

* ,C _ _ 7, 49.7 ':oisture Contenlt A 0.14 CrO-j %______

. 17.78 LOT, A ( 5O0C) 0.20 Chlorid %
2 ~~6. 29_ LOT. 7 ______00000________

SO_____ L.09 PoO_
CoO I 13.1 I ,n110V

.iie.. [saer Solb le -',, 1 ' h (C--1 Acid So ubl e Total Alkali
": O %0. 38 1.38 1 .3 4.00 " %

:,% 0.01 0.38 0.5/' 1.76 .-. ,
I ::a-! %0.39 1.63 1.69 5.16

PHYSICAL TESTS

, ic C 1tv: 2.39 Firencs: A retained on 325 Sieve
cArea: 4690 sqcm/cc, porosity e= 0.387

.q v{t ,rt ,'nrtce-nt ci: e- .! 73.4 t- 30 F
_... -Co.: United U Citao1

, w Artesia. 1-S F -7; i -- IM, AL
.rc C'"eq :!o & Fvoe: RC-688. I, LA II, LA, HH

1, - o C ot C: r bv VoluI-> 0 30 60 0 30 CO
::- L Hvrto,7 0.avs, C:'.1/-- 8,/.S 1-7 js5 67.7 152 149

!:,Iat Or iv,jration, 23 dav, C.-/ 96.5 82 66 73.3 T 62 56
.- tv Scrent'.th, 3 days Dsi 2890 1880 920 1700 1150 640

[717 .-'sIIVe Strcn a.th, 7 days psi _ 4080 150 12100 2510 1540 820

C '' rS iPv Strength. 28 days isi 5320 3620 1,10 4040 2640 1520
I C:' iv,' S'-:,th, 90 d(K e ( s 5860 4460 3090 576,3Ci 4140 12751

C-"i o ivo Strcn-vth, 180 das psi 6050 5000" 3470 5990 47530 3200
C-1rs;ioStrength, I year psi 5320 3980 Q0'"-""

" Ce:.ent Ratio J 0.4851 0.485 0.485 0.485 0.485 0.485
Fo % il 93 74 122 105 79.

Pozzolanic Activity Index, ASTM C618

With Lime @ 7 days PSI 1160

With Portland Cement (RC-688) at 28 days percent of Control 76

Test for Pozzolan Hydraulic Activity
Compressive Strength (PSI)
W/C 3days 7days 28days
0.477 to soft to test

14. C. MILLER
Chemist
Chief, Ccment & Pozzolin Test Branch

tN
F56
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Report No:

Structures Labor:atory -'

US,?: " atro.ays E:xp St REORT OF TESTS Admi:t:ture No:-:%
ATN,: Cam & Pozz Tost Br ON POZZOLAN AD 510

p. 0. Box 631 Date: ;,

vic:roburg, !'S 39130

POZZOLT 4 CLASS: C 1 D?,SCRI" 'ION: .i ,nite Fly Ash

(7O:,rPA:,Y: OttertAil Power L 0CrIO: -  Ferguis .lis, N IN

::3 NO: 1985 JDAfE: 10/6/75 JJOB ";O: 545-C-530

b.:2:0 SUBJECT: Variations in Cemrentitious Media

CHEMICAL COMPOSITION

______________ 23.48 Moisture Content 0.29 Cr2O ____

Al 0; % 16.36 LOI, X (7500C) 1.14 Chloride % '_""__

F'.O1 % 9.08 LOI, % (1000
0
C) "'""'"

.I 'O % 8.43 TiO? % __' ,__
"

SO 3  % 5.31 P')05 % . i

Ca z 29.94 M 1 _2_03 % ",__r

( Alklies Water So3uble Avai1 ble (C-618) Acid Soluble Total Alkali
Na'O % 0.63 2.40 2.51 3.28
K',0 [ 0.05 0.23 0.25 0.39

Total as NaO % I 0.66 2.55 2.67 3.54

PHYSICAL TESTS

Sz-ecific Gravitv: 2.75 I Fineness: % retained on 325 Sieve

Surface Area: 8750 sqcm/cc, porosity e= 0.460

Tests w~ith nortland cenrt cured (a 73.4 ± 30 F

Pnrtl.3nd Cerent Co. : United Citadel

Lo,:ation" Artesia. MS Birmingham, AL "'*
F.esearch C-a-ant No & Type: RC-688, I, LA RC-705, II, LA, HH

Autoclave E-.onsion, 20% Replacement, % 0.12 0.32

%A Reolace of Ce-ment by Volume 0 ]30 60 0 }3U

Hop-t of H\'dration, 7 days. Cal/Rm 848 82 73 67.7967 6_q
Heat of Hydration, 28 days, Cal/ m 96.5 90 81 78.8 76 7.7

Co: rpressive Strength, 3 days psi 2880 2710 2380 1700 1990 1440

Co!'pressive Strength, 7 days psi 4080 3650 3030 2510 2530 1800

Comoressive Streneth, 28 days osi 5320 4920 4090 4040 3730 2950

Co.resrive Strenth. 90 dpvr osi 5860 5460 4970 5760 5270 4600

Conoressive Strenpth, 180 days psi 6050 6269 5250 5990 5320 5120

Co-oressive Strenpth, I year psi j 5840 5740 5610 5220

Water - Cement Ratio 10.485 0.485 01 0,485 0.485

Flow %ili I14 73 122 i"-

Pozzolanic Activity Index, ASTM C618

With Lime @ 7 days PSI 1500

With Portland Cement (RC-688) at 28 days percent of Control 85

Test for Pozzolan Hydraulic Activity
Compressive Strength (PSI)
W/C 3days 7days 28days
0.450 1340 1950 28b0

14. C. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch

F57
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L tyReport No:
,tr1.'CLure- Laboratory,
US,1, Water,:ays Exp St REPORT OF TESTS Admixture 7:o:
,,i'i: Ce:a &Pozz Test Br ON POZZOLAN AD 511

p. 0. Box 631 Date
Vic-sburg, 1S 39180 " Dte

I nAZO, c LA.SS : F i fSC l u", : Bitutninous Fly Ash

CO":PANY: Amax 1 LCATION: Stil.:;boro, GA (Plant Bowen)
N!:O[O: 1985 IDATEH: 10/6/ 75 joi, 'NO: 545-C-530%

KE0 'O SUBJECT: Variations in Ceentit.ious Media

CHEMICAL C0OSITION

Si02 7 45.4 fl isture Content 1 0.31 Cr203  ___-_

A1103 %24.34 1OT, % (750CC) 4.26 Chloride %. -
5.2 1o 01, 7 (100OC)'

:,O % 112 jTiO?
SO 3  % 0. 73 p,9

CaO X 2.69 3 Mn0
Alkalies 1Water Soluble Avail~ible (C-618 I Acid Soluble Total Alk1-ali

______________ .020.14 0.06 03

*K0 0.03 0.88 0.36 2.61
Total as Nago % 0.40.72 0.30 2.10

PHYSICAL TESTS
SDacific Gravit: 2.45 Fineness: % retained on 325 Sieve
Surface Area: 6870 sqcm/cc, porosity c

= 
0.463

es s ni th :,orIlan.j c tmenr cred 0 73.4 ± 30 F _"_ _

Portlaind Ce7ont Co. Unoited Citadel

Locntion: Artesia. MS Birminaiham. AL
P"c-.-earch Ce'rnt No & Typo: RC-6.qz 1, LA RC-705, II, LA, HR

A itcclave Exp..nsion, 20? Relace:--aL, [ '.00 0.04 !
Y ReDlace of Cemen t by 'o u, 0 30 60 0 30 60"-'-

lent of Hydration, 7 days, CaIl/5: 84.8 68 47 67.7 55 39-

1,,aL of Hydration, 28 day's, Ca!/,_n 96.5 83 62 78.8 68 145
C:!,pressive Strenth, 3 days psi 2880 1900 880 1700 1200 671 ._,_-

Co: pressivc Stroi,'ith. 7 dav s s i 4080 2650 118 2510 1560 7601

Co7,!orssive Strenqth, 28 days osi 5320 3830 1790 4040 2600 1420

Cam~rosive Srenpth. 90 1 -si 5860 5390 3040 5760 4850 2740

C-onressive Strength, 180 da i psi 6050 587.0 3750 5990 5480 3670

Cumpressive Strength, 1 year psi _ _ 5140 4870 6400 4260

*:ater - Ce,,ient Ratio 0.485 0.485 0.485 0.485 0.485 0.485

Flou % [ i1 9 74 122 9 79

Pozzolanic Activity Index, ASTM C618

With Lime @ 7 days PSI 1020
With Portland Cement (RC-688) at 28 days percent of Control 91

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch

F.S
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I fl.2R)ort No:

. l:A',,Z Vater ay':.p St IPORT OP TUSTS Admixture No
Cein & Poz:: Tc'1t Pr O POZZ01O.AN AD 512

p. 0. Box 031 Date:

, ,',,I A '45: F BE';SCirl i[ioN: Suhbituminous Fly As .

rotNY: Ioa Public Service I LOCAHION: SiOiux City, !A

''010: 1965 IDA'ZE: 10/6/ 5 ]JOB NO: 545-C-530

. SUDJECT: Variations in Cemtitious media

CHEMICAL COMPOSITION

0-) % oisture Content % 0.21 Cr503_____
| )0 % 7 1, X (750-) 1.14 Chloride %03____%_

* " ') 7 . 00 O, IO 0.7 
0

.29____ __1.54______ "__-'-

_ _ _ _ _ ___

S03 % 1.5 ) Finnes_% r on_325_Siee

rAlkanis later Soluble aiIabIe C-618 Acid Soluble Total Alkali
*Nv00.00 0.23 0.13 0.45

)0 % 0.00 0.77 0.29 1.54

-otal as Na en 0.00 0.74 0.32

PHYSICAL T.-'STS

Seor ific Gravity: 2.58 Fineness: % retained on 325 Sieve

*Suirface Area: 12830 sqcm/cc, porosity e= 0.458

Te•rs witi norrLind c cured oc73.4 ± 30 F __60_0 _30 ___60

Port ond Crir-'nt Co.d United 7 Citadel
locat ion Artesia, MS Birinham, AL
ReCoparch Ce-e-t No & T ys: RC-688. I, LA RC-705, 13, LA, HH

Auitoclave Sr:ea'sion, 20% Relacement, % 0.08 0.14

X Rnclace of C.,tenr by Volu:-e 0 30 60 0 00 60

Ho Ii'L o f Hydra tion , I days, Cal/sm. 84.8 74 52 67.7 63 43-
lloat of lHydr-ion, 28 days, C-al/gm 96.5 86 73 78.8 72 63

Co:mPressive .Strength, 3 days psi 2880 2330 1130 1700 1430__ 760__
- y ressivo Strenpth, 7 daws Psi 4080 3190 1630 2510 2040 1170

i: r-ssi.'e Scrcngth, 28 days ocsi 5320 4760 2560 4040 3680 1840

(Co n nr -sui v'.; t ron Fpt 1i 90 dieus- osi 5860 6360 5030 5760 6000 ,4040

, C('nre!;sive Strength. 180 days psi 6050 74.50 5220 5990 7395 5950

* Coopressive Strength, I year psi 7810 7000 6900

!Tter - Ce,ueuit Ratio 0.485 0.465 0.485 0.485 0.461 0.485

Flow7 % 111 114 138 122 120 139

* Pozzolanic Activity 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 Activity

* Compressive Strength (PSI)
W/C 3days 7days 28days
0.400 75 20 fell apart

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch

F59
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LeporL No

Sr ru tj :; y.
IA: 1t.r../':.:p S R.C.kT OF TS' S Ad: ixt u re No
A1 P9 r O'1 PO,.:O!-%:: AD 513
'. 0. Iho:< 621 Da te:
* 'ic:C.,urD, 2: 3 39 , .

0', : ., c - c o.scx1i't1o;: fs. Tni te Ely Ash
*, c'W'.',7,Y: ,'.1 ,t P,-. 'eul,:c Scrvl.O(,', : Pieblo, CO. (CO mianche Pjit)

".:) :O: - P lDArE: 1I6/I: 5: -C-530

Ct!E'IICAL CO'..OSITION
*Si)38.12 Moi~tUrLO Content ' 0.14 Cr~ i

'J, % .25 O, 01 (/500C) 0.14 Chloride % ____-_.

F-.,)n % 4 65 LO , , / (l6'oooc) .---

1, 1 ] 4. 42 TiO % _ __ -_--'
*s03 S I 1.55 P 0 z _ _ _.'-__ _ _

C-e % 1 O .nO- %_____
k,' 2e S C,_2b1e A. ,e 'C-il Acid Soluble Total Al i

.. 1 o 0.0 0,17 0.67 1.0.017- 0.00 f 0.28 0.28 0. 58 "'
:'r l :a'O ; t 0.01I . 5 0.85 1.65 ""-

PIH'S [CAL TESTS
:tc Crvi v: 2. 1 Finenes: retained en 32,' Si,-ve

Ar: 12,790 sqcn/CG. porS iy e= 0.475 7
__ 71. , ± 30 F. .1', f< .r~l f, ,7-..-,*r t-:--i!( q 73.4 "t' 30_F __ _ _ _ _ _ _ _ _ _ _ _

co-'. ' - - 1n 'ttd !H Citade ,"1
I .

r Artrp i-. 'IS 3 4 .
,  

AL. "
C, .R.C- c "o , ,- .- 6 , I. LA. r- 2 )5, l1, 1,;, fi :-!i

'1 l'!e F' 20 ?nl.CrOt A 0.01 0.08 _ .__

' t I C,. t i. n, 70 fg
T  52 67.7 63 27

of l 8 I.- C -, . 93 71 78.- j 78 50
, .v-n' 3 d i 20 I 2200 880 i"00 1240 I 30

S h. 1 da.'-s 7si 400 3300 1650 2510 I 2120 120

"o,-r h,2 d,' s! 5320 4900 j 274O 4040 t 3620 1760
. , g . ,, 58,,0 17010 1 46O 57-0 6690 3520

. i.., S r- r.' 180 (,2.' s i 6050 7180 5660 5990 7120
s,; -',r 'i'e Str, n h, 1 ye r psi _ 7210 1 6280 7630 ".'7'"0

- Co-t F.-tio 0..',35 0.464 0.485 0.485 0.460 0.485
4l , "i1ll 108 134 122 118 136. .,'"

Pozzolanic A\ctivitv Index, ASTM C618

With Lire 9 7 days PSI 1270

With Portland Cement (RC-688) at 28 days percent of Control Ill
Tests for Pozzolan Hydraulic Activity

Compressive Strength (PSI)
W/C 3davs 7days 28days
0.410 50 120 360

U. C. MILLER " I1

* Chemist
Chief, Cer:,nt & Pozzoln Test B ch

FOO



Vicks-btrg, MS 39180

SCLASS: N LDC) IN. Ni t ra 1I_______________

0.70PN' 0.39, , 1.82- OA'TN imO

CHSICAL TEMPSITSO

siorii Grviy 2.76 Moinrnenes %etindon 25Siv

Sfc Ar7:180 06 1 q,01, C %oost C 0.504

Cato la 7. " io,27.9 1 Men 203nt,7.____

Alkales oflae S~etb olu ble 0~al l 3C-18 Ac0 0o~ T 160Alal
* 1 0.3 1.82~. as alc 8 -~____

K, f liv 0.7 0.1 3,28dys4a8/a 57

r-Icii Grvt: e;t,2. da6 in enss reaie on 325 Sieve 250J340

Surface Orecr Ara 9800 -s os c./c poost _____ 506.504_

Fortlond~~~W C.r-i Co.UnLLEIRae
T~nraion:Arteia, M BiCheghm, t

Re, (,,jChief Cement RC 8 Iooa TLA Br7,11 AnchH

2W'p

F. -. . . . . . . . . . . .., of by .ou , 0.. . . 311) >,0 0 J** *60



Report No: %
StrUcLures Laboratory
USAE Waterways Exp St REIPORT OF TESTS Admixture .o:
AT TN: Cen & Pozz Test Br ON POZZOLAM AD 516 *

P. 0. Box 631 Dat
Vicksburg, MS 39180 D..e

['OZZOLAN CLASS: N L3,.RIPlOId Santorin Earth, Santorin, Greece

CO:. Dndee I(:I'IO: Dundee, MI
ME:O NO: 1985 JDATE: 10/6//5 1JOi NO: 545-C-530

1Z" '0SUBJECT: Vari,itions in Cementitious Nedia

CHEMICAL COMPOSITION

SiO2) 60.49 J'.oisture Content % 0.20 Cr20j % "'-

A,1)03 % 13.34 LOI, % (7500C) 3.80 Chloride %

3.99 OI % (1000
0
C) "__ _

-'+; % 1.12 TiO % 0.08

S03 % 0.34 P905 % "__ _
CaO 6.68 MnO 3  % --

Alkalies Water Soluble Available (C-618) Acid Soluble Total Alkali

NaO % 0.92 0.40 4.27

K0 % 0.74 0.15 2.77

Total as Na2O % 1.41 0.50 6.09

PHYSICAL TESTS L. •

Snecific Gravity: 2.49 Finenesst % Tetained on 325 Sieve

Surface Area: 15,000 sqcm/cc, porosity e
= 

0.553

Tots with norrtand com-nt cured 0 73.4 ± 30 F

Portland Cenent Co. : United Citadel

i.ocation: Artesia. MS Birmingham, AL

Research Cament No & Tvpe: RC-688. I, LA RC-705, II, LA, HH

Autoclave F xpanion, 20% Replacerent, 7. __"'___

Z' Replace of CE, ent by Volume 0 30 60 0 30 60 !

Heaz of Hydration, 7 days, Calz/m 84.8 67.7 _ "_"

fleat of Hydration, 28 days Ca!/gir 96.5 78.8 _______

Compressive Strength, 3 days psi 2880 1700 "'":'"

Strenpth, 7 days psi 4080 2510

Cooressi-.re Strenpth, 28 days osi 5320 4040 .______-

Co-miressive Strength, 90 davs osi 5860 5760 D1._. 70

Comoressive Strength, 180 days psi 6050 5990

Compressive Strength, I year psi I I ."--

,ater- Ce',ent Ratio 0.485 _ _0.485

Flow % Ii_ 122 ---_ "_"

Oxide Composition determined by AA

p .

I. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch

F) 2
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Report No:
Structures Laboratory 

N

USXkE Waterways Exp St REPORT OF TESTS Admixture No:
A'"11: Cein & Pozz Test Br ON POZZOLAN AD 517
P. 0. Box 631 Date:

Vicksburg, NS 39180

PO/ZOL.N CLASS: F DESCR/I'TION: Fly Ash

*(O':OANY: Detroit Edison LOCATION: Trenton Power Plant (submitted by Dundee)

0::O NO: 1985 DATE: 10/6/75 JOB NO: 545-C-530

:'0 SUBJECT: Variations in Cementitious media

CHE-ICAL COMPOSITION _._.'-_

S0? 49.6 1oiture Content "0.09 Cr?0 _____ ____

A 3 % 26.16 LOI, % (7500C) 2.96 Chloride % ___'__

F, 0 % 12.37 LOI, % (1000
0C) _ _ __"

"1_,,O % 0.73 TiO) % 0.25 _

S03 0.49 P_05 %_ _,_CaO 1.44 %Mn2

Alkalies er o e i le C-6181' Acid Soluble Total Alkali - '

N,0a)O 0.07 0.05 0.26

% o 0.61 0.30 2.38

Total as Na10 % 0.47 0.25 1.83

PHYSICAL-TESTS

S ,ecific Gravity: 2.32 [ Fineness" % retained on 325 Sieve
Surface Area: 6520 sqcn/cc, porosity e= 0.504
Tests with ar-land c<, .ont cured 0 73.4 ± 3' F

"ortlind Ce-nt Co.: United Citadel

rocation: Artesia. MS Birmingham, AL

-Iearch Cmet No & Tvoe: RC-688, 1, LA RC-705, II, LA, Hi'

Atrocla-e E'-:a ion, 20'/ Replace-mnt, %

% Replace of C-c.enr by Volu:;e { 0 30 60 0 30 60

Heriz of H'drat!on, 7 dr,.s, Cal/. m 84.8 67.7 %_.__

lh.t of Hydr-!ion, 28 jIas, Cal/2m 96.5 78.8 i ._-_._

Cowpressive Strength, 3 days psi 2880 1700-

Conpressive Strength, 7 days psi 4080 2510

Comoressive Strength, 28 days nsi 5320 4040 _ ____
Co more~ssive Svrpnpi,1- 90 dazvi- -si 5860 5760

Comoressive Stren,,th, 180 days psi 6050 5990 .--

Comoressive Strength, 1_year psi:

17ater -Cezent Ratio 0.4851____ ____ 0.485 ___ -

Flow 1221_____ __________ ____

Oxides determined by AA

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch 1

F63
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.. :.,a
Report !o: ,%.-

StrucLurcs Laboratory ___ ___ ___

US,\E Waterways Exp St REPORT OF TESTS Admixture No:

ATTN: Cem & Pozz Test Br uN POZZOLAN AD 518

P. 0. Box 631 Date:
Vicksburg, MS 39130

I'OZZOLAN CLASS: N DESCRIPTiON: Natural

CO2PANY: SUperior Pro LOCATION: Hallelujah Junction, CA

:LK0 NO: 1985 JDATE: 10/6/75 jOB NO: 545-C-530

1,0 SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION

S i 0) 67.98 Mloisture Content 1.37 -Crq0-j

AIlO3 % 17.40 LOI, % (7500C) 1.58 Chloride %
v,,a . 5.49 LOI, % (10000 C) ___

:1- % 0.80 TiO? ___
o3 % 0.88 P o5

Cao 1 2.28 Mn203 '___a

Alkaliesj Water ,)Iuble Available (C-618) Acid Soluble Total Alkali
Na-O % 0.02 0.18 0.16 2.11

K9O % 0.00 0.26 0.19 1.59

PHIYS ICAL TESTSI
Total as Na?0 % [ 0.02 0.35 0.28 3.16 "''.

St'cific Gravity: 2.39 Fineness: % retained on 325 Sieve
Surface Area: 26,760 sqcm/cc, porosity e= 0.668
STezts '.Yith norrl. nj Ce7-.Int cr -ed - 73.4 ± 3Q F

Port-jand Ce-et Co.-• United Citadel

Tl.oc;Ition: Artesia. MS Birninoham, AL

qerenrch Caat No & Type: RC-683. I, LA RC-705, I, LA, H11

Autoclave F.:aasion, 20Z Replaro'nt, 7 0.03 0.06

Z ReonI ce of C;-enL by VoIu771 0 30 60 30 I 0

!eoat of livdratinn, 7 days, Cal/ln 84.8 75 59 67.7 60 _._'%'I

Heat of Hydration, 28 days, Ca/-n 96.5 I 86 8 is.8 72 61
Compressive Strength, 3 days Dsi . 2880 2710 I20 17 710 920

Copressive Strenpth, 7 days psi 4080 3920 1880 ?510 2480 4,1480
Co:;orossive Srrenvthh, 28 days -asi 5320 6050 4010 4040 4930 3640

Comreosi ve S - rpncth . 90 dou- osi 5860 6780 635( 5760 5540 4860
Conmorosnive Strenath. 180 days psi 6050 7330 7240 5990 5620 5380
Compressive Strength, 1 year psi [ 7690 7250 5880 5460
Water - Ce,--ent Ratio 0.485 0.485 0.532 0.485 0.485 0.532

Flow % ill 51 J 40 122 62 62

Pozzolanic Activity Index, ASTM C618
With Lime @ 7 days PSI 1960
With Portland Cement (RC-688) at 28 days percent of Control 98

W. G. MILLER
Chemist

Chief, Cement & Pozzo.an Test Branch

F64



PaUport No:
6

Stru:tureS Labor itory

UA 4 ae C I Pv i,.:p St REPORT OF TESTS Admixture No:

F. t. Box 631 ON POZZOLAN D AD 536
Vic'k-;bur-, MS 391'P0 Date: %

1'cz7LAN CLASS: PDESCRIPTION: Amorphous Silica Spheres

COMPANIY: Revnolds Aluminlm LOCATION: Sheffield, AL
M:EMO NO: 19S5 TDATE: 10/6/75 IJOB NO: 545-C-530
rEMO SUBJFCT: Viriitions in Cereutitious Media

CHEMICAL COMPOSITION ___

SiO- 95.98 1oisture Content % 0.27 Cr2o %.
Al]20 1.26 1,0, % (7500C) 1.13 Chloride %
rco % I 0.12 LO, % (1000C) _-_"-"

o o.3 Ti) %

'__ I 0.12 1P-o z _
C.I o 0.26 'InO

Al',ka lios 4 Water Soluble !Available (C-618)lAcd Soluble Total Alkali
N 1 ) 0 0.06 0.03 0.15

K- _____ _ [ 0.03 0.00 0.24

thLaL___$)La2D7 | 1 0.08 0.03 0.31

PHYSICAL TESTS
'Snecific Gravity: 2.22 I Fineness % retained on 325 Sieve
Iturface Area: 58700 sqcm/cc, porosity e

'Testi with portland cement cured @ 73.4 ± 3'F _-'"-"

Portland Cement Co: United Citadel_._.__

*Location: Artesia, MS Birminham. AL
Research Cement No & Type: RC-688 I. LA RC-705, II, LA, HH
Autoclave Expansion, 20% Replacement, % -

j% Replace of Cement by Volume 0 30 60 0 30 60

Hea of Hydration, 7 days, C.al./m 184.8 73 56 67.7 61 52__,11(at of Hydration, 28 daiys,_Cal/gm 96 90@ 78 788 74 58

_jomprcsive -,tronfth 3 _days ps i 2880 1280" 1.700 .-.".

Compressive Strength, 7 days psi 4080 4180 2510 _____.-_

Compressive StrengLil, 28 days psi 5320 6860 4040 ._.-_._
Compressive Strength, 90 days psi 5860 5760

Compressive Strength, 180 days psi 6050 5990 ___- _:

-Compressive Strength, 365 days psi
Water - Cement Ratio 0.485 0.485

LFlow 122__

I day strergtl,

Lime Pozzolan strength, 360 211 H 20 , Flow 99% 1170 PSI

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

F6 5
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Report No,,'

Structures Laboratory Rpto

USAE Vate-ways Exp St REPORT OF TESTS Admixture No:
ATTJ: Cem & Pozz Test Br ON POZZOLAN AD536(2)

P. 0. Box 631 Date:
Vicks'burg, MS 39180

POZZOLAN CLASS: I DESCRIPTION: Amorphous Silica Spheres

COMPANY: Reynolds Aluminum LOCATION: Sheffield, AL

, MEMO NO: 1935 JDATE: 10/6/75 IJOB NO: 545-C-530

IEMO SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION_ _._."

S io % 39 Moisture Content % 0.38 Cr20 __ _ ().00

F(-O- % 0.00 LOT, % (10O00C) 1.16

mO % 1.20 TiO? % _-"SO % j0.20 iP?05 %
CaO % .78 Mn2O % 0. 00

Alkalies %J ter Soluble Available (C-618) ' su~'J 1l t a1 k"

Na2O Z _ _0.03 __.__.
SKO % , 0.04/ 0 ",- .

[Ttla N.a20% 0.07[ 0. 31-."

PHYSICAL TFSTS

Specific Gravity: 2.22 ineneus 4 rpt.iined .,:1 '25 Sieve
Surface Area: 98,900 rcm/e(' flrositv - 0.714

* Tests with portland cement cured 0 73.4 + 3'F
Portland Cement Co: Uni ted "it : l  -

Locat ion: Artes i.,, :M5 _ir-_ i . Al,
Research Cement No & Type: RC--688 ( t.A Rg-Tj, 1, LA( HPI ..

Autoclave Expansion, 20Z Replicoment, % 
& 

_ __ __ _

% Replace of Cement by Volume 30 ,) 3 30 60

Heat of Hydration, 28 days, Cal/m .."-_ _

Conpr-!ss~v Strenh, 3 &ivs psi 7l ~ 230 6O N( 1160 450
Cmrsive SL r(npth. 7 day,; npsi 4390 3890 1 750 2 10 .1950 2120

Compressive Strength, 28 days pci 6030 7030 4210 40.0 5480 3650

Ic C- rr nsqv e (;t r n -L h. 90 days psi 6550 8870 4390 -7 50 t,740 4030

Compl"essive Strength, 180 days psi 7230 8990 5360 39;0 n820 4580
I Compressive Strength, 365 days psi 6790 8880 5540 6bO0 4130
Water - Cement Ratio 0.546 0.782 0.546 0.782

Flow 641 48 8 72

Lime-Pozzolan Strength cured 24 hrs @ 73.4 30 F, 6 d-ys @ 130-+ 30F: 1870 psi 200gm

pozz + 100 gm lime & 375m1 H 20, Flow 88.

% Pozzolanic Activity Index, ASTM C618

With Portland Cement (RC-688) at 28 days percent of Control 145

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

e.

.,
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*CORRECTED COPY

LABORATORY 0I-ORT NO. *-

Structures Laboratory WS188
USAE Waterways Exp St REPORT OF TESTSWES18 0

ON POZZOLAN
ATTN: Gem & Pozz Group SS-G-196015 SHECET OF 1 .

* P.O. Box 631
*Vicksburg, MS 39180 AD-536(3) 11TE 29 May 80

CLASS F N T Silica Fume
*SOURCE: Reynolds Metal Co.,I Listerhill, AL e RAND:

TEST RESULTS OF THIS SAMPLE LOT 0COMPLY C)DO NOT COMPLY WITH SPECIFICATIC-4 LIMITS (SEE REMARKS)

FOR USE AT:

CONTRACT NO.:

OSTRICTISI:

SAMPLED BY OATE SAMPLED:

CAR NO.: BIN NO.!

FIELD SAMPLE NO.: LA8 SAMPLE "0.

DATE RECEIVEO 23 April 80 LAS JOB NO.:

TESTED BY: Cement & Pozzolan Group CHECKED BY:

TESTS ON COMIPOSITE OF THE 700-TON SAMPLES LISTED BELOW

Moo A 2 0 AVAILABILE P05 ZOLAN INCREASE IN AUTOCLAVe REDUCTION IN

+ 02 O ALKALIES STRENGTH S RINKAGE EXPANSION EXPANSION

% 'r.CONTROL 'I)S~~

PEQUIREMENTS

.IN 70 0 MAX SO0 MAX 4.0 MAX.5O1 MNs MAX o.0i MAX 00 MIT

TEST RESULTS

97.7 0.2 03 0.10 140 -0.06
TESTS ON SAMPLES REPRESENTING l00 TONS OR LESS

Fineness % ptS f AE

CAPE ONSTWE IGNITION 325 Mesh [var froh POZZOLAN ftE U.RE.E.T SPECIFIC F ROM

-1 Sieve % avg pre.r' S T H of GRAVITY AVERAGE OF

____Retainedl 10 S Lntro1 ____ I.

REQUIREMENTS

_AX MAX MAX I MAX B.IN MfAX
00 I () [0 I MAX
0.0 IN) 34 50 105 _______

TEST RESULTS

1 0.2 0.7 0.42 ___ 2050 _____ 2.22 ____?J

Air P -rmeabi]Jity Fin ness 42550 Sq C Tcc ____ _______

SiO2 96.6 ___ Total Alkali by JLiBO2 ftksion ____

A1203 1.0 ____ Na2 0.22 ____

Fe203 0.1 _ __ K20 f0.43 ____

AVERAGE _____jTtla _____

101 APPLICABLE ONLY TO CLASS N LABORATORY CEMENT R
IhI OPTIONAL PEQUIREMENT LABORATORY LIME UJSED Clems tone

*NOTE: Pozzolanic Strength
Control WIG 0.484, flow 114% W .MLE

*Test mix W/C 0.528, flow 64% Chemist
Chief, Cement &Pozzolan Gro

NOT TE INFORMATION GIVEN IN THIS REPORT SMSALL NOT .E U-.0 IN AOVERTIS.N OSAES PROMOT to" TO INIAEETR
EXPLICITLY OR IMPLICITLY ENORSEMCNT OF THIS PRODUCT mY THE U S. DOVERNMEN T.

I aV: of
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~u p o rt No: '

Structures Laboratory VS-211S-2

USAE Waterways Exp St REPORT OF TESTS Admixture Vu:""
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 536(4)
P. 0. Box 631 Date: AD53(4
Vicksburg, MS 39180 24 June 82

rOZZOLAX CLASS: DESCRIIL. N silica Fume

COM'PANY: Reynolds Metals Co LOCATIO:T: Richmond, VA (See(below)
ME'O O: DATE: .'O: 441-S866.12SC51

1U2'O SUBJECT:

C1HEM ICAL COMPOSITION _ _ _ _ _,

Si02 95.80 Moisture Content 77 0.30 CrO-A %___

Ai203 % 1.11 LOI, % (7500C) 1.27 Chloride %
FeaOg3  % 1 0.11 LOI, %. (10000C) %' .

M,0 7 0.06 TiO _

s03 7. 0.11 _ _ _ 0_ _
CaO 7. 0.24 j. % ;

Alkalies Water Soluble Available (C-6181 Acid Soluble Total Alkali r

NaO %

Total as NaO %

PHYSICAL TESTS
Specific Cravitv: 2.21 I Fineness: 14 % retained on 325 Sieve'

Surface Area: 21000 sqcm/cc, porosity e= 0.720 (see(2)below)

Tests with nort]and ._'erect cured @ 73.4 ± 30 F '_-__.

PortIlnd Ceo-nt Co. : Medusa___,'_"__.
L tion:Clinchfield, CA _ _ _"

Cerent No & Tvpe: SAS-423-82, II, LA, HH
Autoclave E-Dansion, 20Z Replacement, % 0.00

Pe-lac--'Pnt of Ce~ant 1)v Volume I 0 30___ 60 0 35 r %ot.

Heat of Hydration, 7 days. Cal/gm 3 Control _ontrol

Heat of Hydration, 28 days, Cal/gm __ _ _ _

Compressive Strength, 7 dayspsi (Lime-Pozolan AS M C-311r 1840 _ "_

Compresslve Strength,28 das,psi (cured @ 100'F) I 5340 6350 118

Comnressive Strength, davs,osi ,'ater Re uirementL% of Cc trol: 12

-' Co-Dressive Strenath, 90 daysPsi ._.-

C o o r s s v e S r e ! , 1 8 Am o r ph o s Si l i a R -Compressive Strength, 1 yearpsi j:
Water - Cement Ratio _ ._.'.'-Flow X '"'

(1) Reynolds Chemicals Amorphous Silica, RS-I (6-50 lbs. bags)Sheffield, Alabima Plant.

(2) e=0.703, SA 34900 cm
2 /cc

e-0.710, SA 30400 cm
2 /cc

R. E. REINHOLD
Chief, Cement & Pozzol;n Test Branch

F 08



Report No :
Structures Laboratory ''.

.-.

USAE I.-laterways Exp St REPORT OF TESTS Admixture No: ,'
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 537

P. o. Box 631 ,aI-:
Vicksburg, MS 39180 1_ ______._,

___________ I'..sDSCP'TN SaCOIPVJY: Wyandotte Cemen ILOAIN WynPte '4
[ fE:-!O NO: 1985 IDATE: 10/6/75 ' JB0N: 545-C-530 -

MEY.'O SUBJECT: Variations in Comentitious Media

__ __ __ __ CHEMICAL COMPOSITION __ _.

ISip0 % 38.65 ]Moisture Content X ~ _______ 7._________ ____

A1701 % 9.04 LOr % (750 C) 2.28 Chloride %
FeT3 % 0.40 ;1.O1, % (1000 C) Insol. Resideue, % 0.71

* >Ie0 %. 14.78 lTiO %

sol _ 0.03 P' 0_%
CiO 33.47 J Mn O3 % _'__-7.1

I Alka1ies % aterSoluble Available_(C-618)1 Acid Soluble Total Alkali
__. ____% 0.01 i 0.06_ 0.27

K20 a 0.01 0.14 _ _ 0.40

r, Tta! as Nap% 0.02 0.15
PHYSICAL TESTS

Srecific Gravity: |Fineness % retained on 325 Sieve

Surface Area: qrcm/cc- porosity e
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
IfHat of Hydration, 7 days, Cal/gm ' -I_-

Hoat of Hydration, 28 days, Cal/gm _ _ _'"_

* CmPressive Stronpth. 3 dav psi _ _

Coeqpreon'ive Stren'th, 7 days psi _ _."_.

Co-Tiressive Sr renpth. 28 days psi _ _ _._

Comrssiv Strenth. 90 days psi

Corpressivo Strength. 180 days psi

Compressive Strength, 365 days psi A.__ _

* Water- Cement Ratio _____

Flow __-'__-_

I'4

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

F69

.7. -



Report ,No:
Structures L.)boratory R-pot-No

USAE Waterwas E,:p St REPORT OF TESTS Admixture No:

AT''Dh: Cen & Pozz Test Br ON FOZZOLAN AD 541

P. 0. Box 631 Date:
Vicksburg, MS 39180 Date:

POZ=OL.24 CLASS: DESCRIPTION: Sili-., Fu,e *.
COrA' '.NY,:)hio orr-Allovs Cor LOCATION: Powhaton, Ohio

N17":0 NO: 1985 JDATE: 10/6/75 _ JOB NO: 545-C-530

ME>YO SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION

Si~c 95.22 Moisture Content %- 0.4 Cr00.00
Al20) % 0.27 LOI, % (750

0
C) 1.28 Chloride % 1 0.05

Fe~l °z0 15 LOI % (1000
0C) 1.68 .__.' -

S% O.26 Tie2 % _"__ _ _ _ _",

so-, % 0.06 P_205 %

C'1o0 0.34 n2o3 % 0.01 I
-A_!_-_ 1 __ -3ater Soluble lAvailable (C-618) Acid Soluble Total Aai--

_'______ 0__,o_07 onn o."
_ ____ ____0.08 I 012 0.35 ""

0.1 ., O I 0.12 I o i 0.35

PHYSICAL TESfS

Scor i Gr"'v tv: 2.21 Fineness % retained on 325 Sieve

S.rf-- Ar-a: 61.400 ,-mm/ccq orositv e 0.727

Tet_"__ith : flrt],-nd .- "-enr cured @ 73.4 
- 

3cF

Portlan C - nt Co: United .rd.___,

Loc tion:

Rese .-ch et No & TvD. : PC-688(3) "-___"

Autxec'a,,e E:7.- nsion, 20;. Repiacoment, %

Rn lacet of C,-mnt by Vouclte 0 30 60 0 30 60
Heat C 4 tion, 7 dav's, Cal/m _ _ _'_

Heat of P':' -tion 2S dlays, Cal/c!m -.___-.

.-- pr, s-i v ronivth , 3 dvs psi 2950 1360 *

Cc:rr'cq''e Srr,_r,n h 7 d.ivs psi 4390 3020 "" _ _",

CoT-ressivw Strenth, 28 days si 6030 5360 -_" _.

Co re s;i.! S- uf'.th, 90 days psi 6550 6680 1 1

Compre ssie ?Strnth, 180 days psi 7230 7010

Coare ss ive Str e ~n th, 365 days psi 6790 7000---"4

Water - Cement Ratio 0.485 0.601

Flow 114 62 '""_"

* 2 day comp strength

Lime Pozzolan Compressive Strength, 365 ml H2 0, Flow 84% 1970 psi.

W. G. MILLER .

Chemist

Chief, Cement & Pozzolan Test Branch

F70
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Keport No:

Structures 1-iboratory
USAE U-aterwiays i1j) St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 542

P. 0. Box 631 Date:
Vicksburg, MS 39180

POZZOLAN CLASS: JDESCRIPTION: Silica Fume

CO'ANY:Ohio Ferro Alloys CotbOCATION: Philo, Ohio

MEN.O NO: 1985 IDATE: 10/6/75 JOB NO: 545-C-530

EMO SL JIECT: Variations in Cementitious Media

CHEMICAL COMPOSITION

Si09 % 89.1rf [Moisture Content % 0.38 Cr20j %A 0.00

A1203 % 0.76 (I LOT % 750 C) 3.53 Chloride % 0.17

.FeO3 % 1.46 I LOI, % (1000 C) 4.51
TO %tr 1_ 49__ TiO,)
Sol % 0. 14 PO5 % -.

CaO % 0.62 I_Mn203 % 0.16

Alkalies % Water Soluble [Available (C-618) Acid Soluble Total Alkali

Na20 %.14 0.14 0.26

K20 % 0.16 0.18 0.72

*Total as NaqO% 1_0.2_1_0.6_0.7

PHYSICAL TESTS

Specific Gravity: 2.30 Fineness % retained on 325 Sieve

Surface Area: 85,200 s5cm/cc, porosity e = 0.762
Tests with oortland cement cured @ 73.4 + 3 F _ _-_ _

- Portland Cement Co: United Cement Citadel
Location: Artesia MS Birmingham, AT,

, Rvsearch Ce-ment No & Type: RC-688(3), I, LA RC-705, II, LA, HII
* Autoclave E:.pansion, 20% Replacement, % "__ _ _ __'"

ZA Replace of Coment by Volume 0 30 60___ 0____ 30___ 60__Hleat of Hlydration. 7 days, Cal/ ,m

Heat of Hydratlion, 28 days, Cal/qm _ _l_600

Comresi:e tron ,th 3 days psi 2950 2070 490 1700 1370 I '."__"I

Coresiv- Stront-th, 7 daiys psi 4390 3610 1280 2510 2690 __"__""

Cemi)ressive Stren,,th, 28 days psi 6030 6280 3530 4040 5070 ___.__-

Compressive Stre-i-th. 90 days psi 65500 10 .270 5760 6320 ___.___',

Compressive S[r h, 180 days psi 7230 7860 4350 5990 6670
Compressive Str,pth, 365 days psi 6790 . 7360 4620 810-

Water - Cem;e't Ratio 0.485 0.511 0.485 0.51 -"_°'
Flow 114 64 16722 76,

Lime-Pozzolan Strength 385m1 H 20 88% Flow 850 psi

W. G. MILLER
Chemist

* L----____Chief, Cement & Pozzolan Test Branch

F71
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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. o. Box 631 Date:Vicksburg, MS 39180 Dt

POZZOLAN CLASS: DESCRIPTION: Silica Fume
CO'-ANY*ljrional Mettalurgica LOCATION: Svringfield, OR
MEMO NO: 1985 IDATE: 10/6/75 iJOB NO: 545-C-530
M]FrMO SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION _ _ _ _

_ SiO % 92.62 Moisture Content % 0.20 Cr20 %. 0.00 -'

Al0 % 0.62 LOI, % (750 C) 2.71 Chloride % 0.04
FeO. % 0.27 LOI, % (1000 C) 3.02.'__'_"_
M 0.23 TiO2 %
o S0 % 0.09 P20_ % I
CaO % 0.32 Mn 0 % 0.01

Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali
" Na2O % 0.05 0.06 0.13

-. KO % i 0.05 0.08 0.32-.:

Total as NaO% 0.11_________________________________
PHYSICAL TESTS

Specific Gravity: 2.23 i Fineness % retained on 325 Sieve
Surface Area: 75,200 'ocM/c, norositv e 0.779
Tests with portland cement cured @ 73.4 t 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 1 60
Heat of Hydration, 7 days, Cal/gm I
Meat of Hydration, 28 days, Cal/gm

Compressive Streneth. 3 days vsi
Compressive Strength, 7 days psi ,-__
Compressive Strength, 28 days psi
Comoressive Strength. 90 days osi
Compressive Strength, 180 days psi
Compressive Strength, 365 days psi ._.-
Water - Cement Ratio
Flow "

Lime-Pozz, Comp Str 385mi H20 72% Flow 1720 psi

I .

-a- ..

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch,

F 2



Structures Laboratory
USAF Waterways Exp St REPORT OF I'l-S'i'1 A Xt I o 1-*,
ATT : Cem & Poz Test Br 0N POZZOLAN AD 5.4(75)

P. o. Box 631 Date:
Vicksburg, 1S 39 1 -,0

POZZOLAN CLASS: DE.SCRPTION: Sii : Ih'.o
CO.M'PANY: 11,11r, t> Co. CATION: ntci- V________________________

MEMO NO. 185 -DATE: IQL615 JOB NO: 545-C-530
I \mEMO SUBJECT: Variations in Cementitious Meia

_ __CHFMTCAl. COMPOSITION

SiO7 % 90.10 I Moisture Content % 0.63 Cr203 0.00

A1903 % 1. 72 LOT, % (750 C) 3.78 Chloride % 0.1 1"1j
FOl 1.93 LOT Z (1000 C 4.64 ....-
m .0 .3 Ti02 ___'_-__

ISO 3  % ____ 0.07 P9O05 ______________

CaO % 1.57 Mn20 % 0.11
Alkalies % Water Soluble ]Available (C-618) Acid Soluble Total Alkali-
NaO % 0 14 0.10 0.29
,K20 % . ; 0.09 0.13 0.55

Total as NaO% 1 0,20 0.19 0.65

PHYSICAL TESTS

Specific Gravity: 2.28 I Fineness % retained on 325 Sieve

Surface Area: 58,520 soQCMC'c porosity e 0.844
[ Tests with portland cement cured @ 73.4 

+ 
3 F ' '

Portland Cerent Co: United ,,
Location: Artesia, MS I -

I Research Cement No & Type: RC-688(3). LA

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 .__--"

Comnpressive Stren'th. 3 days psi 2950 2310 "'"[" "

Consoressive Stren gth. 7 days psi 4390 3320 . ._.[.._

I Compressive Strenv,'th. 28 days psi 6030 6360 ," -__

-Compressive Stren Pth. 90 days psi 6550 6950 _-.

Compressive Strength, 180 days psi 7230 7520

Compressive Strength, 365 days psi 6790 8140 "_...

Water - Cement Ratio 0;485 0.54 ____ __-____

Flow 114i 64

Lime-Pozz Comp Str 325mi H20 63% Flow 2070 psi

W. G. MILLERChemist"'"

Chief, Cement & Pozzolan Test Branch

F73
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Structures Laboratory

USAE Waterways Exp St REPORT OF TESTS No:
,TTN: Cem & Pozz Test Br ON POZZOLAN AD 544(98)

P. 0. Box 631

Vicksburg, MS 39180 

-Date-

M POZZOLAN CLASS: DESCRIPTION: Silica Fune
CO'?ANY: 1inna Mininr Co. LOCATION: Wenatchee WA

, I EO NO: 1985 IDATE: 10/6/75 JOB NO: 545-C-530

!EMO SUBJECT: Variations in Cementitious Media

*, 1 ___CHEMICAL COMPOSITION

SiO? 83.65 Moisture Content % 0.73 Cr20"1 % 0.04 e.

AI201 % 0.51 LOI. % (750 C) 11.88 Chloride % 0.21
I-FeO % 0.37 LOI. % (1000 C) 11.03
SIM %7 0.44 TiO? %
S03 2 0.36 J P209 % __

CaO % 0.16 I n9 O3 % 0.00 1
Alkalies 7 Water Soluble iAvailable (C-618)1 Acid Soluble Total Alkali
N-%0 7 0.07 0.07 0.16

i* K9O % i 0.06 0.12 0.34
- Total as NaO% 1 0.11 0.15 0.38

PHYSICAL TESTS

Srecific Gravity: 2.16 I Fineness 7 retained on 325 Sieve
• . Surface Area: 88,300 qcrn/cc, porosity e 0.837

Tests with portland cement cured @ 73.4 + 3 F

Portland Cement Co: United _

Location: Artesia, MS
Research Cement No & Type: RC-688(3), I, LA I "

Autoclave Expansion, 20% Replacement, %

% Replace of Coment by Volume 0 30 60 0 30 60
Heat of 1ydration, 7 days, Cal/gm ______"

Heat of Hydration, 28 days, Cal/gm "_._"

Compressive Strength , 3 days psi 2950 1830 -.'.. _

I-Compressive Streneth. 7 days psi 4390 2680 _ __:_

Conpressive Strength, 28 days psi 6030 5740

Compressive Strenpth. 90 days psi 6550 6780

Compressive Str -!th, 180 days psi 7230 6800 _

Compressive Strength, 365 days psi 6790 6540 ._-_.

Water - Cement Ratio 0.485 0.65 ____-

Flow 114 74 _

Lime-Pozz Comp Str 375mi H2 0 71% Flow 1840 psi

W. . MILLER
Chemist, ..

Chief, Cement & Pozzolan Test Branch

F 74
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SL ructuro-, I-1"rITIt ~.u .V
tS .Wtt REPOiRT OT- T'ESTS Admi xtur2 %

ATTN: & P' ;r 3r ON PO/.:,oLAN Dt:AD 545.-
P. 0. Box 631D t

i~o/l .. ________________ FSC.iPTTON: Silica Fume

* l2'"'Ni: "-.1ine Fl c L)\TTON: Rockwood. TN
>11 0: No 19,9 DATE: -10 6 75 JJOB NO: 545-C-530

1 QK SUB~JECT: Variations in Cementitious Med ia

_________________CHEMICAL COMPOSITION

* i02 T 42.61 Moisture Content-% 0.71 Crj 0 0.02

Al103 % 4.73 LOT, (750 C) 7.24 Chloride % 0.01 _

F Lro 3 % 6.22 LOT, % (1000. C) 9.14

11' %_____ _ Z.85 Tib

So I§ 2 2.±! 2.12 P9_05
C.10 3.67 1M12D % 22.62

Alkalies % Water Soluible !Available (C-618) Acid Soluble Total Alkali

*N3t / 0 % 0.75 1.00 1.14

*K90O % 4.54 6.13 7.4A
Total as Na20% 3.74 5.03 6.03

* PHYSICAL TESTS

Sp~ecific Gravity: 2.79 1Fineness - retained on 325 Sieve

fSurface Area: sqrm/oc. porositye
Tests with portland cement cured @ 7 3. 4 +3 F

Potland Cement Co:

-Research Cement No & Ty e:

* ~~Autoclave Expansion, 20%~ Replacement, % _____ ____ _______

% eplace of Cement by Volume 0 30 60 0 30 60

Ha ofHydration. 7 days, Cal/gm _____ ___I

[Heat of-Hydration, 28 days, Cal-/gm ___ _______

Compressive Strenpth. 3 days psi _____________

CompressiveS t rengt h.__7days psi _____________

Comnressive Strength. 28 days psi ____ ___________

IComp ress ivo Strenyth. 90 days psi _______

Compressive Strength. 180 days psi ________ ____ ____ _______

Compressive Strength, 365 days psi ____ _________ _________

* ~~Water - Cement Ratio ________ _______

* ~~Flow ____ ________ ___

Lime Pozz Comp Str 240m1. H 20 Flow 111% 510 psi

W. G. MILLER

Chemist
Chief, Cement &Pozzolan Test Branch

F7 5

. . .. . . . .



Report No:
Structures Laboratory
USAE Waterways Exp St REPORT QF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 546
P. 0. Box 631 Date:
Vicksburg, MS 39180

POZZOLAN CLASS: DESCRIPTION: Silica Fume

CO AINY: Foote Mineral LOCATION: New Haven WV 1
MEMO NO: 1985 IDATE: 10/6/75 IJOB NO: 545-C-530

MEMO SUBJECT: Variations in Cementitious Media 1

CHEMICAL COMPOSITION

*Si02 % 71-71 Moisture Content % 0.00 CrO o.
A1)O Z 3%99 LOI. % (750 C) 1.01 Chloride % 0,06
F.e03 % 1L.a7 LOI, % (1000 C) 2.34 1
MO %3.B4 TiO-2 %-'

SO3 .1 8 P20] % _._

CaO % 2. Mn20 % 0.85 1-
Alkalies % Water Soluble lAvailable (C-618) Acid Soluble Total Alkali
Na20 % I 0.15 0.22 0.44

K20 % i .20 0,22 1.17
Total as Na2O% 1 0.28 0-36 1.21

PHYSICAL TESTS
Specific Cravity: 2.49 1 Fineness % retained on 325 Sieve
Surface Area: sqcm/cc, porosity e =

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 [ 30 60 0 30 60
[leat of Hydration. 7 days, Cal/gm "-_ _

Heat of Hydration, 28 days, Cal/gm __.-."

Compressive Streneth. 3 days psi "__-""

Compressive St.ength. 7 days psi ..-_-_'_

Compressive Strength, 28 days psi

Compressive Streng'th, 'P days psi
Compressive Strength, 1.3 days psi
Compressive Strength, 365 days psi _'__._-_

Water - Cement Ratio
Flow __ _"_."

Lime-Pozz Comp Str 350mi H20 112% Flow 1320 psi

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch

F76
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°~r No:

4 Structures Laboratory

USAE Waterays Exp St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 548
P. 0. Box 631 Date:

Vicksburg, MS 39180 %

POZZOLAN CLASS: DESCRIPTION: Silica Fume
COM1PANY: Airco LOCATION: Cavert qity, KY

. MEYO NO: 1935 IDATE: 10/6/75 [ JOB NO: 545-C-530

*MEYO SUBJECT: Variations in Cementitious Media

_CHEMIC. L COMPOSITION
0 %91.46 MoisturContent % 0.42 Cr2 0.01

* A190 % 1.00 L| OT % (750 C) 2.04 Chloride % 0.09
FqO3 % 1.50 LOT, % (1000 C) 2.37

SMO 0.70 Ti %
SO3 % 0.17 %! e205_%

CaO % 0.94 Mn% 0.23
Alkalies % Water Soluble iAvailable (C-618) Acid Soluble Total Alkali

Na20 % I 0.09 0.08 0.18

SK20 % i 0.14 0.13 0.58

I Total as Na-O% 0.18 0.17 0.56

PHYSICAL TESTS
Specific Cr.viitv: 2.37 1 Fineness % retained on 325 Sieve

* Surface Area: 27,700 sgcm/cc, porosity e = 0.711
Tests with portland cement cured @ 73.4 + 3 F __ _

Portland Cement Co: United Citadel

Location: Artesia, MS Birmingham, AL

Research Cement No & Type: RC-688(3), II. LA RC-705, II, LA, HH ."

clave Expansion, 20% Replacement, % _

7 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 days psi 2950* 2360 1 1500

Corrressive Strength, 7 days psi 4390 2730 2510 1740

Compressive Strenpth, 28 days psi 6030 5450 4040 4280 ___"___

Compressive Strength. 90 days psi 6550 6990 5760 5380 ___

Compressive Strength, 180 days psi 7230 6750 5990 5040
Compressive Strength, 365 days psi 6790 6970 5150 .-.',
Water - Cement Ratio 0.485 0.602 0.485 0.602

Flow 114 83 122 96 "_._"-

Lime-Pozz 375m1 H 20 96% Flow 1790 psi2d

4 4 day compressive strength

W. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch

F 77



.. . . .. - -

Report No:

Structures Laboratory
USAE Water.ays Exp St REPORT OF TESTS Admixture No:
ATT'h: Cem & Pozz rest Br ON POZZOLAN AD 549

P. 0. Box 631 Date,
Vicksburg, MS 391M0 i Date
POZZOLAN CLASS: JDESCRIPTION: Silica Fume
CO-P.jY:Union Carbide Metals LOCATION: Sheffield, AL

E, O NO: 1985 _DATE: 10/615 JOB NO: 545-C-530

ME"MO SUBJECT: Variations in Cmentitious Media

CHEMITCAL. COMPOSITION _ ______ _."

S1O2 % 67.42 f Moisture Content % 2.10 Cr203 % 0.05-'
A1203 % 4.84 LOT, % (750 C) 14.15 Chloride % 0.01

K E~3 fi% 11.29 LOT, % (1000 C) -T4. 38 _______3____

M.O 1.94 I "_ _ _ % _.._

Sol % 0.32 P205 %
CaO % 4.03 ME)203 % 1.78

Alkalies % Water Soluble Availible (C-613) Acid Soluble Total Alkali

Na0 % ___ _0.08_0.12 0.20_"_-"'-_.

K20 0.18 0.24 0.62
Total as NaO% 0.20 0,28 _0.61--

1 PHYSICAL TESTS

Specific Gravitv: 2.25 1 Fineness % retained on 325 Sieve
Surface Ara: 40,400 ncn./cr porosity e = 0.815

Tests with ,ortrland '.ent cured .J 73. 4+ 3 F
Portland Cement Co: .... __._-___L o r .-a t o n : [" .q
Re:;eirch Cc.:,'ont No & Type: -

Aultoclave Expansion, 204 R,p1lacerent, % __,____"-__-

Z Replace of Cement by Voluioe 1 0_ 30 61 0 30 60
iHeat of Hydration, 7 days, Cal/gmp ] I._,,__,_'_"
Heat of Hydration, 28 dav, Cal/,m I ""1_ _

Compressive Streneth. 3 days psi _____,__,

Compressive Strenerth, 7 days psi ___"__ ____._

Compressive Stren,t, 28 days psi ___-__-___ _-___"___

Compressive Strongth. 90 days psi

Compressive Strength, 180 days psi_.._.._
Compressive Stren-th, 365 days psi "-'--"

Water - Cement Ratio "'""""
F l o w _ _".__ _._

Lime-Pozz 375mi H 20 104% Flow 880 psi
2.-.;

W. G MILLER
Chemist

Chief, Cemont & Poz'!ol.n Test Branch

%
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Report No:
Structures Laboratory

USAE Waterways Exp St REPORT OF TESTS Admixture No:

ATTN: Cem & Pozz 'rest Br ON POZZOLAN AD 550

P. o. Box 631 Date:
Vicksburg, MS 39180

POZZOLAN CLASS: DESCRIP ION: Silica Fume
I COMPANY: Interlake Inc. LOCATION: Beverly, O11

I MEMO NO: 1,)_S DATE: 10/6/75 1 JOB NO: 545-C-530

ME.O SUBJECT: Variations in Cemontitious edia

CHEMICAL COMPOSITION

S iO ° _ .6740 Moisture Content % 1.11 Cr203 % 1.47

A1201 % 4,73 LO01 % (750 C) 4.76 Chloride % 4.14 e.

IFeD3 % !-24 I LO, % (1000 C) 6.79 __"_"

M,' % 1 96 Ti02 %

CaO0 % 0.26 I

Alkalies % Water Soluble [Available (C-618) Acid Soluble Total Alkali

Na2O % _ 1.78 2.77 2.60

i 0 K%1.29 2.51 3.09

* Total as NaiO%' 2.63 L.42 4.63

PHYSICAL TESTS

Specific Gravity: 2.36 I Fineness % retained on 325 Sieve

Surface Area: 39.600 sgrm/c. porosity e 0.782

Tests with portland cement cured @73.4 
+ 

3 F "-_"-_I
Portland Cement Co: __-

Location:

Research Cement No & Type: "._-'-

Autoclave Expansion, 20% Replacement, %
% Replace of Cement by Volume J0 30 60 0 30 60

Heat of Hydration, 7 days, Cal/gm I _-.

Heat of Hydration, 28 days, Cal/gm _ _"__"

Compressive Strength, 3 days psi

Compressive Strength, 7 days psi

Compressive Strength, 28 days psi

Compressive Strength. 90 days psi

Compressive Strength, 180 days psi

Compressive Strength, 365 days psi
Water - Cement Ratio

Flow

Lime-Pozz 225m1 H2 0 83% Flow 1640 psi

W. G. MILLER

Chemist N?
Chief, Cement & Pozzolan Test Branch

F79
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Report No: '~~

Structures Laboratory
USAE Waterways Exp St B REPORT QF TESTS Admixture NO:
ATTN: Cern & Pozz Test BrON POZZOLAN AD 551
P. 0. Box 631Dae

Vicksbrg, Da39e:

POZZOLA CLASS: IDESCRIPTION: Silica FumeNo 2

COPNYInterlake, Inc. ILOCATION: Beverly OH SampleNo2

MEMO NO: 18 DATE: 10/6/75 IJOB NO: 545-C-530

MENO SUBJECT: Variations in Cemeatitious Media

______________ ______ CHEMICAL COMPOSITION ______________

Si09 93.58 Moisture Content % 0.34 1CrO,) 0.00
A1703 % 0.60 LOI. % (750 C) j3.45 IChloride % 0.05
Fe.9 % 0.26 LOI. % (1000 C) 3.74 _________ ____*

mg~b 1.01 j.TiO? ___ ________

Sl %0.50 P205 %_________ ___

1 CaO % 0.44 jMn9)O % 0.02 _ _______

IAlkalies % Water Soluble! -JAvailable (C-618)1 Acid Soluble Total Alkali

Na20 % 1 0.03 0.05 .

K,)0 0.1 0.1.3 0.71
Total as Na 0% 0.10 0.14 0.57

PHYSICAL TESTS

Specific Gravity: 2.25 I neness % retained on 325 Sieve -

Surface Area: 163,000 *Pn.MjQC p st e =0.842

Tests with portland cement cured @ 73.4 3F_____________
Portland Cement Co:____________

FLoca,,t ion:.
I Research Cement No & Type: ________________

Autoclave Expansion, 20% Replacement, % ____ ___

% Replace of Cement by Volume 0 3G 60 0 30 60
Heat of Hydration, 7 days, Cal/gm_____________

Heat' of Hydration, 28 days, Cal/gm -_______

Compressive Strenpth. 3 days psi______________________

Compressive Strength, 7 days psi____ ________

Compressive Strength, 28 days psi ________ ________

Compressive Strepgth. 90 days Psi ___________

Compressive Strength, 180 days Psi ___ ________ ________ ___

Compressive Strength, 365 days psi ____ ________

Water - Cement Ratio ____ ___

Flow _________ ________

Lime-Pozz Comp Str 385m1 H20 64% Flow 2130 psi

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branchl
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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 552
P. 0. Box 631 Dat e :
Vicksburg, MS 39180

POZZOLAN CLASS: DESCRIPTION: Silica Fume
SCO'PANY: Airco ILOCATION: Niagara Falls, NY
,.-O NO: 9DATE: 10/6/75 JOB NO: 545-C-530

ME',1O SUBJECT: Variations in Cementitious Media

CH.llICAI. COMPOSITION db-___

5io? % 9112 Mniiturp._Content % 0.54 Cr:)03 %.01

A120-1 % 1.59 LOT, (750 C) 1.44 Chloride % _,."_-

FeOl % 0.951 LOT, % (1000 C) 2.09 U -_. -9
_____,__ _ 1.09 TiO 2  1 _ "1

Sol__ 0.04 P 05 ~ ~ 7 ___ ____________

CaO 0.48 Mn ) 9o3 7. 0.08
Alkalies % ,:ter Soluble !Avaiahle (C-618) Acid Soluble Total Alkali
Na? - 0 0.06[ 0.05 01 I'.-
K20 %LJ 0.22 0.21 1.72

Total as Na-20% 0.20 0.19 1.30 1

PHYSICAL TESTS
Specific Gravity: 2.23 I Fineness % retained on 325 Sieve %

Surface Area: 74.600 sncm/cc. orosity e 0.811
Tests with portland cement cured @ 73.4 + 3 F "_ ______

Portland Cement Co:
Loc at ion : -"

Research Cement No & Type:

Autoclave Expansion, 20% Replacement, % ___ -_

% Replace of Cement by Volume 0 30 60 0 30 60
lHeat of Hydration, 7 days, Cal/gm _ _-_._._

Heat of Hydration, 28 days. Cal/gm m-___-___
Compressive Strength, 3 days psi ."_-""
Compressive Strength. 7 days psi _"_"_"

Compressive Strength. 28 days psi --
Compressive Strength. 90 days psi -__.__ ___

Compressive Strength, 180 days psi ____

Compressive Strength, 365 days psi

Water -Cement Ratio "'"__
Flow ,."__ _-

Lime-Pozz Comp Str 330ml H 0 86 % Flow 2270 psi
2

W. C. MILLER "r-".j

Chemist .."-'

Chief, Cement & Pozzolan Test Branch

F81
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'e po rt No : '

Structures laboratory H prtNo

USAE ateniays Exp St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 553
P. 0. Box 631 IDate: ","R

Vicksburg, MS 39180 Da.e:

LPOZZOLAN CLASS: DESCRIPTION: Silica Fume I %
I COMPANY: - _ LOCArO': Nia ara, NY ___

MEMO NO: 1 . IDATE: 10/6/75 JOB NO: 545-C-530

L fE O SUBJECT: Variations in Cementitious Media

________________CHEMICAL COMPOSITION______
,

_
' .

__

ISio? 7 8.1 mo i-rure Content_% 0.7i C2013.6

* A_ O(3__ __3_% _ 3.62 LmI % (750jC) 1.69 Chloride % 0.08.
Fe03 0.57 J IO, 7 (1000 3.40 __"__

MeO, 9 r. 9.86 ITiO? %_V_'._
S03 0.3 4 FP955 % __ __

CaO 0. 32 1 Mn"?o3 % 0.14 _

I Alkalies % Water Soluble lAvailable (C-618) Acid Soluble Total AlkaliN .a- o 7 I .1 8 0 .1 7 o t 8. ..
I O % 0.33 0.36 1.58"

Total as NaTO% _ __ _0.40 _ 0.41 !___5____-'_-

_______ PHYSICAL TESTS

Specific Cravitl: 2.29 Finoness % retained on 325 Sieve .
Surface Area: 55,400 sQcm/cc, porosity e = 0.821 ,...

Tests with Portland cement cured _ 7_3._4 1- 3 F_-.

Port land Ctment Co: "''_

I.ocation:

Research Cement No & Type:

Autoclave Expansion, 20% Replacement, %
% Replace of Cerent by Volume 0 30 60 0 30 60
Heat of Hydration. 7 days, Cal/gm
Heat of Hydration, 28 days, Cal/gm .__ 3

I Compressive Strength. 3 days psi
Compressive Strength , 7 days psi__I___ __,

Compressive Strength. 28 days psi _____r

Comoressive Stren'th. 90 days psl j
Compressive Strength, 180 days psi
Compressive Strength, 365 days psi
Water - Cement Ratio ....-:
Flow _.__

Lime-Pozz 360mi H20 95% Flow 1960 psi

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch
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Structures Liborltory 
Report No:

UXE Watcr.iys Exp St REPORT OF TESTS Admixture No: .,

ATTN: Gem & Pozz Test Br ON POZZOLAN AD 557

p. 0. Box 631 Date:
Vick;burg, MS 39180

'OZ.OTQIN (1,S DESCRIPTION: Silica Fume
CO :PANY: Union Carbide LOCATION: Sheffield AL
MEN NO: 1985 DATE: 10/6/75 AJOB NO: 545-C-530

IE'!() SUBJECT: Variations in Cementitious Media

_______________ ______ CHEMICAL COMPOSITION __________

ISio) 71.17 Moisture Content % 0.22 Cr90O % - .0

A1204 % 2.44 LOT, % (750 C) 11.25 Chloride % 0.17

0FeO3 % 14.60 LOI. % (1000 C) 11.00 _ _._.-

M _, __. _ 0.46 TiO? % _ _-_._ _
Sol % .24 P205 %":

C a O % 1 .1 0 -_ M n 2 
_ 

% 0 .9 3_ _

QAlkilies % Water Soluble ,Available (C-618)1 Acid Soluble Total Alkali

KO 0 16 0.63_

Total as NaO' 1 0.20 0.23 0.60

PHYSICAL TESTS

Specific Gravity: 2.48 Fineness % retained on 325 Sieve
Surface Area: 142.600 sqcm/cc. 2orositv e = 0.840

Tests with portland cement cured @73.4 + 3 F '''-

* Portland Cement Co: .'_"-____
Locat ion :...'

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 days psi"'i-.

Compressive Strength, 7 days psi "_"_"

Compressive Strength. 28 days psi _ __ _ _-"

Compressive Strength. 90 days psi _-__'_

Compressive Strength, 180 days psi __

Compressive Strength, 365 days psi _ _ _._._ _

Water - Cement Ratio ,__-._-,._

Flow _ •__ _..,

Lime-Pozz 340m1 H2 0 60% Flow 1630 psi

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch ..(

F83
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Strucures Laboratory 
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USAE Waterways Exp St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 558
P. 0. Box 631 Date:
Vicksburg, MS 39180

POZZOLAN CLASS: DESCRIPTION: Silica Fume ,,

COMPANY: Hanna Mining LOCATION: Wenatchee WA J,

MEMO NO: 1985 IDATE: 10/6/75 1JOB NO- 545-C-530

MEMO SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION
SiO2 % 85.06 Moisture Content % 0.58 Cr203 % 0.00
A1203 % 1.73 1 LOI. % (750 C) 4.26 Chloride % 1.06
Ft03 % 1.81 LOl, % (1000 C) 5.43 __""

Mi % 1.50 TiO? %_ _'_'"

So % 0.30 P20S % _ __

CaO % 0.68 Mn)03 % 0.31

Alkalies % Water Soluble lAvailable (C-618) Acid Soluble Total Alkali
Na20 % ) 0.60 0.84 1.24_C

K20 % 1 0.54 0.92 2.27
" Total as Na2O% 0.96 1.45 2.73

PHYSICAL TESTS
Specific Cravity: 2.25 I Fineness % retained on 325 Sieve

* Surface Area: 99,000 secm/cc, porosity 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

Compressive Strength, 3 days psi
Compressive Strength, 7 days psi

Compressive Strength , 28 days psi _____,-

Compressive Streneth. 90 days psi 0__ _

Compressive Strength, 180 days psi
Compressive Strength, 365 days psi _ _..-.

Water - Cement Ratio _____

Flow _______

Lime-Pozz Comp Str 340m1 88% Flow 910

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch

F84

|C



Report No:

Structures Labortory
US.\E Waterjzays Exp St REPORT OF TES TS Admixture No:
ATTN: Corn & Pozz Te'st Br ON POZZOLAN IAD 560
p. 0. Box 631 jDate: '

Vicksburg, MS 39180

->oSUJBJICT: Variations in Cementitious Media

I ~~~~~~~CHEMICAL COMPOSITION____________ _____

SStiO) 1/ 53.17 I M1oisture Content % 0.52 CrO'l %
A1203 31.08 LOT % (750 C) - 1.29 Chloride %

Fej %5.25 LOT_ % (1000 C)j
%ig 1.40~ TiO? % ____ ______________

Sol 0.25 P20 % ___

CAO 72.78 In203 %_ _

*IAlkalies % Wae olbe Aviilable (C-118) Acid Soluble Total Alkali
NaO %0.001 I .20.43 _ __

*K2O 0.001 0.94 I3.50
*Total as Na20% I 0.00 0.74 2.73

PHYSICAL TESTS
Specific Gravity: 2.60 IFineness % retained on 325 Sieve
Surface Area: 20,800 sgcrnlcc, porosity e

* ~~Tests with port land cement cured C- 73.4 + 3 F_____________

Port land Cement Co: Citadel ____________

FLocation: Birmingham, AL _______

Resea'-ch cement No & Type: RC-705, II,_LA, HH
Autoclave Expansion, 20% Replacement, % -0.02________

% Replace of Cement by Volume 1 0 30 60 0 30 60
Heat- of Hydration, 7 days, Cal/gm I_____ ____

* ~~Heat of Hydration, 28 days, Cal/gm ___ ___

Compressive Strength, 3 days psi ____

* Compressive Strength, 7 days psi ____

'V~ ~ Compressive Strenpth. 28 days psi ________

Compressive Strength. 90 days psi ________

* ~~Compressive Strength. 180 days psi __________________

Compressive Strength, 365 days psi .____
* ~Water - Cement Ratio ____

Flow I_________ ________

Lime Pozz Str 173m1 H 2 0, Flow 107% 2000 psi

Pozzolanic Activity Index with Portlanid Cement (RC-705)

Portland Cement Compressive Strength 4750 psi (Control)

Portland Cement + Pozzolan Compress Strength 6730 psi (142% of Control)

W. G. MILLER

Chemist

Chief, Cement & Pozzolai Test Branch

F8 5



Report No:
Structures Laboratory %

USAE Wateriays Exp St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 570

P. 0. Box 631 D a t e :

Vicksburg, MS 39130

POZZOLAN CLASS: F DESCRIPTION: Fly Ash % %

CO.PANY: Trinity ILOCATICN: Purvis, MS '

I MF.O NO: 1085 IDATE: 10/6/75 JOB NO: 545-C-530

I . MO SUBJECT: Variations in Cementitious Media

________________ ______ CHEMICAL COMPOSITION ________________

SiO? % 47.81 'Moisture Content % 0.16 Cr2031 % ____

_A I-)0~ -1 % 10-6 LOT.%( ) 3.70 Chloride % ____

Fol75 LOT; % (1000 CQ______________

S MoO % 1___1 TiO? %__-_-_[Sol % n-060--11 P205 % i"

CaO % 2.14 1 Mn203 %-
A) aI e%181 AcdSoul

Alkalies % Water Soluble JAvailable (C-618) Acid Soluble Total Alkali
INa')0 % I____S012 0.37SKTO % , 0.94 2.78 :- 7

( Total as Nan0% 0.74 2.20

PHYSICAL TESTS
Specific Gravity: 2.25 Fineness % retained on 325 Sieve

Surface Area: 13.750 'qcc. noresitv e = 0.519

Tests with portland cement cured @ 73.4 
" 
3 F

Portland Cement Co: Hn t- PA Citadel

Location: C N&Arteia- MS Birmfngham. AL
Research Cement No & Type: RC-688 (3) RC-705, II, LA, HH

Autoclave Expansion, 20% Replacement, % 0.03 "__"_-

% Replace of Cement by Volume ] 0 30 60 0 30 60

Ifeat of Hydration. 7 days, Cal/gm , i .

Heat of Hydration, 28 days, Cal/gm -_..._._

Compressive Strength, 3 days psi 2950 2050 590 1700 960 _._.._.

Comoressive Strenrth, 7 days psi 4390 2920 llO 2510 1840

Compressive Strenoth, 28 days psi 6030 4430 2060 4040 3700

Comnre ssive Strenygth. 90 days psi 6550 6010 3610 5760 5790 "-__

Compressive Strength, 180 days psi 7230 5990

[ Conprcssive Strength, 365 days psi 6790 4'_"
Water - Cement Ratio 0.485. 0.513 0.552 0.485 0.50(

Flow 114 112 105 122 115 "_-_'__

Lime Pozz Str 175mi H20 Flow 106% 1550 psi

Pozzolanic Acitivity Index with Portland Cement (RC-705)

Portland Cement Compressive Strength 4590 psi (Control)

Portland Cement + Pozzolan Compressive Strength 5280 psi (115% of Control)

14. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch
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LABORATORY: REPORT NO.;

Mrs. K. Mather REPRT OF TESTS tJES-295F-78%
C/Engrg Sci Div ON POZZOLAN
Structures Laboratory (CR0-C 262) SHEET 1 OF1

AD-5 77 24A Nv 7

CLS N q KIN OF POOZZOLANl AshAEI A'CAE XEUTO

TES RSUISOFTHS SMPALOTKAOM L E S0N T RPL WTH SEIFICKATIO EI PAT S ION REMARK S)

CO "C NO.:ONRL .b

OTEST RESULT

TESTSE ON SAMPLE RPE NT G 0TO S A LE

FINNES NO-SI O

ALDSAPL VARIATION I LE WAT.-

TSAMLE MOITE OSS. 1O SPESLITED FRLOMW OZLN RC EET SEII

S'02 OIEN GNTO FIEAS AV20A3 OSTRENT INCREASE- GAVT
F.2 3 SO CM/C PRLKAL ING S SIGT SHINKAE EPNIN _

REOQUIR EM EN TS

.1 00 MAX S.0 A. I . A MIN MAX .A .S MIN 75____

TEST RESULTS

71 37 0333 79__ 0.510 5

____ARITIO LIME__ Water SoI ____

MOSTR LO___ iK20: 04001%. _____

SAPE C, I I__ FRO Aa7 04.0A 7 ________ SECFI

AVERAOEL~(VERGE '___._ .____4_____

IbI OPTONAL ROIJIRMNT LABRATOIRYMETS~ _____________________

R MARXS Ref. MAX from MXIMdNtnT td457

TESTWRESULTR

0.1606 0. C60e Cementd I Tzotal Tesr
NOTE~Aaiabe TIEN~~AINGVNI ~l EOTsALNTB SDI DETSN RSLSPOOO ONIATEEIHE

EXPICTL OR44.51% TL EN0O,4EN O0T,27OUTYTEU.S OVRMN

CaO 19.91

Tota Alkali- .3 ,.
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