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PREFACE

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

\
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Rhodes, Headquarters, US Army Corps of Engineers (USACE), dated 25 September
1975, subject: 'Variations in Cementitious Media,'" Work Unit 31345. All

..“'I'
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work was accomplished at the Concrete Technology Division (CTD) (formerly

3

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

-
"y

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

A
o s 'y
. 3

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

I}
.

)

. o
D

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

% o v

immediate supervision of Mr. Richard L. Stowe, Chief, Materials and Concrete
Analysis Group, by Messrs. R. E. Reinhold, R. E. Richter, and A. D. Buck,
who dealt with the physical, chemical, and petrographic testing, respectively.
The participation and assistance of many other present menbers of the CTD
staff and former members including Katharine Mather and W. G. Miller are
acknowledged. Mr. J. E. McDonald prepared the report of the creep tests.

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

was Technical Director.
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CONVERSION FACTORS, NON-SI TO S1 (METRIC)
' UNITS OF MEASUREMENT

:.{‘-'.‘- .'\..I “p s [

~
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Non-S1 units of measurement used in this report can be converted to S1 (metric)

units as follows:

- '

. Multiply by o ToObtain

-

calories per gram 4,184 kilojoules per kilogram

&2,

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

RS

quarts (US liquid) 0.9463529 cubic decimetres
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* To obtain Celsius (C) temperature readings from Fahrenheit (F) readings, ;ﬂ
use the following formula: C = (5/9)(F - 32). To obtain Kelvin (K) read- o
ings, use K = (5/9(F - 32) + 273.15. ~
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VARLATIONS IN CEMENTITIOUS MEDIA

PART I:. INTRODUCTION

1. When this project was started in 1975, it was recognized that the
cement industry in the United States, even as other industries, was in, or about
to be in, a state of change due to the need to become less energy-intensive.
Changes such as use of dry-process plants, kiins with preheaters, and kilns
with calciners were alreadv being made. In addition, there was recognition
of the likelihood of increased use of blended cements incorporating granulated
slag or pozzolans such as fly ash or natural pozzolans as another means of con-
serving eneray.  The intent of the investigation was to look ahead at changes
in production and use of cementitious materials as these might affect the prop-
ertivs of paste, mortar, and concrete.

2. The project plan contemplated obtaining a wide range of blended ce-
Twoents, companicn portland cements, granulated iron blast-furnace slags, flv
hes, natural pezzolans, and other pozzolans and subjecting them to rather
conplete characterization tests as discrete materials and in mortars. Materi-
als were to be eliminated along the way if the tests indicated this was proper.
roltowing the characterization stage, three portiand-pozzolan cements and their
companion portland cements were to be selected along with at least one of each
tvpe of blending material for possible use in concrete.  After consideration
of these selections, thev were to be used singly or in combination in concrete
mixtures followed by extensive testing of concrete specimens.  The stated ob-
jective of the project plan dated 30 September 1975 was "to study the effects
of changes in composition, constitution, and fineness of cementitious media,
or any two or three of these, on strength-gain, durability in freezing and thaw-
ins or air-entrained concrete, permeabilitv, volume stability (drving shrinkage
and retrained expansion), creep, thermal stability, effect of curing tempera-
tutes, and o her concrete propertics stronglv affected by the nature of the
avdraulic vinaer.,”

oM Ler tne project was ounder wav and there was better realization of
Cae nusbers o candidate materials available, it was decided that the purpose
would be better served it the materials elimination phase were deleted and as

Sy relevant aaterials were tested as resources permitted. This decision was




made during periodic review of this project by members of the laboratory staff,
representatives of OCE, and OCE consultants. This meant that the objective as
stated above had to be modified. Major changes were that more materials than
anticipated were tested, none were deleted, and no concrete mixtures were made.
, The planned tests that were deleted were those for resistance to freezing and
thawing in air-entrained concrete, permeability, thermal stability, and effect

of curing conditions.
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PART I1l: SAMPLES 2.
-
4. Physical tests, chemical analysis, and petrographic examinations -
were made on a group of 39 cements, 12 fly ashes, 3 natural pozzolans, 19 :
silica fumes (from l6 sources), and | ground granulated iron blast-furnace
slag, and combinations of these materials to characterize them. These materi- 5:
als are identified below with alphabetical groupings by location within each
type of material: g_
Cements +
Seriatl Fuel =
~..No. . ._Lement Type . Process ~ Source =~ Source
RC-705 Portland II Dry Coal Alabama 1% F
RC-714 Portland I Dry Coal Alabama 2% t;
RC-751 Portland 1 Wet Alabama 3% 0
RC-752 Blended IS Wet Alabama -
RC-731 Portland 1T Dry Coal, 19% Arizona 1 .
Gas, 815 N
RC—7 32 Blended 1P Dry Coal, 197  Arizona o
Gas, 817 .
r
RC-763 Portland 11 Dry Arizona 2 )
RC-764 Portland 11 Preheater Arizona .
RC-713 Portland 1 Dry Coal, 7u Colorado o
Preheater Gas, 93% s
RC-753 Portland 11 Dry Coalt, 74 Colorado ?
Preheater Gas, 937 o
RC-754% Portland 11 Dry Coal, 7% Colorado
Preheater Gas, 934 "X
-~
RC-832 Portiand V Drv Coal, 7% Cotorado Ry
Preheater Gas, 93% =
USAECE-1¢-1 Blended (Slag) Germany 1 S
USAECE-1CG-2 Blended (Slag) Germany 2
RC-733 Portland I Dryv process Coal, 2/ Georgia .
Preheater Gas, 377 2
Oil, o6l1% 2
I
RC~765 Portland 1 Iceland -
RC~760 Portland 1 leeland
RC~-725 Portland 1 Dry Illinois -i
RG-726(2) Blended 1P Drv I1linois -
RC~772 Portland 11 Drv Kansas -
Preheater N
* Different plants from the same state. :{
.
6 ‘o
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’ ;\
; Serial Fuel
) ~_No. _Cement Type ~_Process _Source .. _Source b
N RC-755 Portland V Wet Manitoba, Canada :$
’ RC-756(2) Portland I Maryland ~
) RC-761 Portland I Maryland b
y A
; RC-758 Blended IS Wet Michigan 1 ﬁj
: RC-719 Blended IP Wet Coal Michigan 2 Q;
RC-720 Portland 1 Wet Michigan 2 .
¥, RC-734 Portland 1 Wet Coal Michigan 2 y
RC-735 Blended IP Wet Coal Michigan 2 i
RC-829 Portland I Wet Coal Michigan 2 }:
RC-830 Blended 1IP Wet Michigan 2 -
RC 638(2)(3) Portiand 1 Wet Gas Mississippi
A RC-721 Blended IP Wet Coal Missouri N
: RC-722 Portland I Wet Missouri o
. RC-738 Portland 1 Wet Coal Missouri o
RC-739 Blended IP Wet Coal Missouri -
RC-740 Blended 1P Made with Coal Missouri i
. bottom ash .
y RC-831 Portland 1II New York :i
RC-746 Portland I Wet and Dry Coal Ohio Ny
Preheater ~h
RC-769 Blended 18§ Dry Pennsylvania 1
RC-770 Portland 1 Dry Pennsylvania 1
RC-833 Blended 1S Wet Pennsylvania 2 .
RC-834 Portland 1 Wet Coal Pennsylvania 3 :f
RC-716 Portland 1 Wet Gas South Carolina .
0il -~
»
RC-717 Blended 1P Wet Gas South Carolina w
011 S
o
RC-729 Portland I Wet Gas/0i| South Carolina o
RC-730 Blended 1P Wet Cas, Vil South Carolina y
RC- 741 Portland I Wet rloal Tennessee o
RC-74 Blended 1P Wet Coal Tennessee o
RC-7 36 Portland 1/11 Dry Gas Texas o
Preheater :-:'
4 RC-737 Portland 111 Dry Gas Texas -
Preheater
RC-744 Portland | Wet Gas/0i1 Texas é‘
RC- 745 Blended 1P Wot Gas/0il Texas ‘.r
RC--773 Blended 1P Wet Gas/oil Texas )
/ w0
&




A
) »
. .-
! Serial Fuel
A . No. - Cement Type - Process Source ~ Source ow
) RC-807 Blended 1P, MS Wet Gas/01i1 Texas -4
RC-8U7(A)** Portland 1 Wet Cas /01l Texas -
: RC-718 Portiand 1/11 Wet Gas Washington :-
h Short Kiln X
¥ 4
¢ Pozzolans -
! . . i o
__Serial No. ~Class __ . Produced from source
A Mineral Admixtures ‘_:-
‘ AD-5148 Pozzolan N Volcanic glass Ca'ifornia bt
: AD-516 Pozzolan N Volcanic ash+ Greece T
AD-515 Pozzolan N Volcanic ash Oregon
- AD-513 Fly Ash C Lignite Colorado <.
N AD->10 Fly Ash C Lignite Minnesota ',-'_
. AD-509 Fly Ash F Lignite North Dakota -
AD-506 Fly Ash I Lignite Texas -
AD-577 Flv Ash F Lignite Texas >
- AD-512 Flv Ash F Subbituminous coal lowa .
’ AD=505 Fiy Ash F Subbituminous coal Missouri o
AD-507 Fly Ash F Subbituminous coal Missouri :T
. < . . . . )
AD-511 Fly Ash F Bituminous coal Georgla
3 AD-560 Flv Ash F Bituminous coal Georygia :
. AD-570 Flv Ash F Bituminous coal Kentucky -
: AD-517 Flv Ash F Bituminous coal Hichigan o
AD-536, -536(2)., ,
. -336(3), ~536(4) Sitica fume Silicon metal Alabama
o AD-549 Silica fume Ferro-silicon Alabama s,
X AD=-557 Silica fume Ferro-silicon Alabama -
- AD-548 Silica fume Ferro-silicon Kentucky -
Ll -
1 AD=552 Silica fume Ferro-silica New York
- AD-553 Silica fume Ferro-chrome New York -
. AD-550 Silica fume Mixed fume from chromium, Ohio ,:'-‘
: magnesium, and fervo- B
o silicon 3
AD=501 Silica fume Silicon metal Ohio -
AD=D41 Silica fume Silicon metal Ohio
3 AD=042 Silica fume Ferro-silicon Ohio -
N AD-543 Silica fume Fervo-siticon Ohio
D AD=-545 Sitica fume Ferro-silicon and Tennessee ;:-
y manganese -silicon Y
i %% Used with {1y ash AD=-577 to make RC-807. o
- *  Santorin ecarth. -
. 3 ‘
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ource uss Produced from

(Si 73) ilica fume Terro-silicon
(Si 938) Silica fume Ferro-silicon
fume Ferro-silicon
fume Ferro-silicon

Slag

Blast-furnace slag

~ Source

Washington
Washington
Washington

West Virginia

Michigan

.
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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 mortars. Special procedures as de-

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

paste specimens for creep tests.

Physical Tests

Compressive strength of mortars

6. The compressive strength of mortars made from the cements and admix-
tures was determined generally using the procedures in American Society tor
Testing and Materials (ASTM) C 109. Mortars were proportioned using 1 part
cement to 2.75 parts graded standard sand, except for the mixtures of pozzolans
or silica fumes and portland cement which were proportioned so that 30 and 60
percent of the portland cement, respectively, was replaced by an equal absolute
volume of pozzolan or silica fume, while the amount of sand in the mortar re-
mained unchanged from that amount used in the portland cement mortars.

7. The portland cement mortars were made using a water-cement ratio of
0.485, as specified in ASTM C 109, 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 portiand 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 cuch 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 4+ 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 dispiace and adhere
to the tamper upon tamping the mortar i:to the cube mold. Since the mortar

could not be properlyv 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
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., portiand cement, blended cements,
pozzolans include 30 and 60 percent replacement of cement test data for pozzo-
lans including silica fumes.

12. The procedure in ASTM 311 was used to determine the pozzolanic ac-
tivity index with portland cement of pozzolans.

13. All pozzolans were tested for strength of lime-pozzolan mortar by
weighing and mixing one part of hydrated calcium hydroxide and nine parts of
graded standard sand with sufficient water to produce a flow of 110 + 5 percent.
Three 2-in. cubes were molded from each test mixture. Mortar mixing. flow test,
and cube molding were performed in accordance with ASTM C 109. After each set
of three cubes was molded and cut off, the mold was covered and placed in the
moist cabinet at 23° C for 24 hr. At 24 hr of age, the mold was sealed with
microcrystalline wax, inverted, and placed in a forced draft oven at 55° ¢
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 ndﬁ;giyfb>§5>kaéf;353‘hh}ts is preééhfbﬁw
on page 3.
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Compressive strength of pozzolans

lo. All fly ash samples were used in mortars from which 2-in. cubes were
tested for compressive strength at 3, 7, and 28 days. The mortar mixtures were

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

ficient water to produce a flow of 110 + 5 percent. The mixing. flow, and
casting procedures were all in accordance with ASTM C 109. The cubes were
cured for 3 days in the molds in a moist atmosphere ut 23° C before demolding

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

. . 540 . . .
were stored in lime water at 237 C until date of test. The compressive strength

test results,

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
sufficient strength to demold the cubes at 3 or 7 days. Further testing was
discontinued. AD-510 was cementitious as indicated by the compressive
strengths at 3, 7, and 28 days. AD-512 was cementitious; however, there was a

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

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

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

strength data.
Soundness and time of setting

17. Autoclave expansion and time-of-setting tests were performed on
normal-consistency pastes of portland cement and of blended cements. The
normal-consistency pastes were proportioned, mixed, and tested in accordance
with ASTM C 187,

18. From the normal-consistency paste. autoclave specimens were molded,
cured, and tested in accordance withh 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 settiny of blended cements was determined by mixing a paste
of normal consistency and testing for initial and final time of sectting
according to ASITM C 191.

20. Time of setting of portland cement was determined bv using the nor-
mal consistency paste to form the test specimen and checking every 10 min for

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

flow test data, and water-cement ratios are shown in the test re-
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Air content of mortar A
¢ 21. Both the portland and blended cements were tested for air content ﬁ
in accordance with ASTM C 185. o
: Density 5?
N 22. The density of portland cement was assumed to be 3.15 Mg/m3 and the ::'
; air content calculated while the density of blended cements was determined h:
A using the procedure in ASTM C 188 and the air content calculated using that iy
) density. ‘:
23. The density of all blended cements and pozzolans was determined by Eﬁ
ASTM C 188. All density determinations were made using kerosine. *i
Length change on drying or soaking ~
) 24. The drying shrinkage and expansion in lime-water test specimens were f?
; prepared from mortars composed of the same materials in the same proportions E
. 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. [i
25. Specimen size, molding procedures, and mortar preparation were as pres- ;2
cribed in ASTM C 157, except the specimen initial curing period was extended i'
from 24 hr to 43 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 i;
. curing period was necessary due to the slow strength gain of some blends of tE
; portland cement and pozzolans. After demolding and initial length measurement, :i
the prisms were returned to the saturated lime water for additional curing to -
t 28 days and measured again. :ﬁ
26. Six 1- by 1- by 1l1-1/4-in. prisms were molded from each mortar mix- ;}
ture and the inserts set for a 10-in. gage length in each prism. After the ini- :;
tial 28-day curing period, each set of six prisms was divided into two groups »
of three randomly selected prisms each. One group was tested for drying shrink- :i
age in air storage and the other group tested for length change during lime- E:i
water storage. Measurements were made at 56, 180, and 365 days, with some :\f
measurements being made at later dyes. -y
27. The initial curing period just after molding was accomplished in an i?
atmosphere maintained at 23° ¢ and 95 to 100 percent relative humidity accord- ;2
ing to ASTd C 109. "
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28. Additional curing of all prisms up to 28 days of age was accomplished
in lime-saturated water and those prisms tested for length change in lime-water
storage were returned to the saturated lime water maintained at 23° ¢.

29. The prisms tested for drying shrinkage were stored in an atmosphere
maintained at 23° C and a relative humidity of 50 + 4 percent. These prisms
were stored on heavy nonreactive wire mesh so that all sides of the prisms
were exposed to free air movement.

Fineness

30. The fineness of portland cements, shown on each portland cement test
report, and the fineness of blended cements, as shown on the test reports of
blended cements, was determined using the test procedures and apparatus speci-
fied in ASTM C 204.

3l. The fineness of pozzolans shown in test reports on pozzolans was
determined using the test procedures and apparatus specified in ASTM C 311.

For the silica-fume pozzolans the test procedures were modified as follows.
Porosity is defined in ASTM C 204 as the ratio of volume of voids in a bed of
material to the total or bulk volume of the bed. Air-permeability fineness is
fairly accurate as long as the porosity of the test material is near that of
the National Bureau of Standards Standard Reference Material (SRM) 114 used to
calibrate the air-permeability apparatus. Silica fume was weighed and tried
until a sample mass was found that could be compacted as required in the test
method. Tf the compactive effort was judged to be near that of the SRM without
rebound, a test was completed. In the process, it was found that fineness de-
terminations could be made over a range of weighed amount of silica fume and
for each porosity calculated there was a fineness that did not agree with fine-
ness at other porosities on the same sample. This indicated that fineness was
dependent on porosity su 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 o straight line. From this the fineness
of the silica fumes was extrapolated, by linear regression, to a porosity of
J.500, as shown in Table 1, so that the fineness of silica fumes could be com-
pared to that of the SR

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

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

Creep

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 0U.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 preparation. The preparation of the pastes began with the
mixing of portland cement using a water-cement ratio (w/c) of 0.60. Several
mixing procedures were tried using a small quantity of prehydrated cement in
a kitchen blender and later a variable-speed laboratoryesize 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.

J6. 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 1b of portland cement (RC-688(3)) were placed in an
oven set at approximately 30° ¢ (180° F) for at least 72 hr prior to use. The
intent was to dehydrate the gypsum in the portland cement to hemihydrate so
that false set would occur when mixed with water.

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

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

ASTM C 451 using a mixer that met the requirements of ASTM C 305. Casting of
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the trial specimens followed immediately after mixing and within the time
period described in ASTM C 451 from mixer to initial penetration of the false-
set paste. This mixture did show false set and specimens cast from it were
cured in a moist cabinet meeting the requirements of ASTM C 511 until the speci-
mens showed the cement was beginning to show initial set. At this point the
specimens were vibrated on a vibrating table, using a low amplitude, to return
some plasticity to the paste so that the specimens could be cut off and trowel
finished. The specimens prepared using the false-setting cement indicated the
procedures used would produce the desired results. Sixty percent by volume of
the portland cement was replaced with a pozzolan (AD-510) and mixed by the
false-set procedure using w/c of 0.60 and produced satisfactory results, also.

38. Compressive strength specimens. Two-inch cube specimens were cast
from each of the test mixtures. Cubes cast from mixtures where the w/c was 0.60
or 0.40 were poured and spaded with a spatula to eliminate air voids and placed
immediately in the moist cabinet to develop the first indication of initial set
before being vibrated to return plasticity to the mixture so that the specimens
could be cut off and troweled. The cube molds were returned to the moist cabi-
net and the specimens moist cured in the molds until the initial test age at
which time all cubes were demolded. Those cubes not tested were placed in
lime water for future testing. Each cube was measured prior to testing for the
purpose of determining subsidence and to calculate compressive strength.  Com-
pressive strength was used to approximate the strength level and age at which
to initiate creep testing.

39. Creep specimens. Waxed stiff cardboard cylinder molds (3 by 6-1/2
in.) were instrumented with strain gages and fitted with a 1- by 3-in. collar
taped in place to tie it to the mold and sealed against water loss. The molds
were filled with the test mixture, covered with a glass plate, and stored in
the moist cabinet until the cement began to show initial set or was plastic
enough to be workable. At this point the cylinder molds were removed from the
moist cabinet and checked for bleed water by pouring the free water on top into
a graduated cylinder for measurement. The mold was then vibrated at low ampli-
tude to return plasticity to the mixture. The collar was removed and the top
cut off and trowel finished. After troweling, the cylinders were returned to
the moist cabinet until 24 hr prior to creep loading. Pastes made using the
0.60 w/c showed bleeding and subsidence. The bleed water was measured and the

w/c recalculated based on the water remaining in the mixture. The recalculated
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w/c for the cement paste was 0.506 and for the cement-pozzolan paste U.38. The

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

brating the paste in the mold and around the strain page 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 cviinder 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.

Cements and blends

Chemical Tests

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 Sioz, A1203, Fe203,

Ca0, Mg0, SO,, Na,0, K

3° 2

: M
,0, Ti0,, Mn

203+ Py055

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.

__ ___Components
$i09

A1203

Ca0

MgO

507

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

Portland Cements

. Primary

AST™™ C 114, NH,CL,
gravimetric

ASTM C 114, ammonium hy-
droxide group
(R203 - F8203 = A1203)

ASTM C 114

ASTM C 114, gravimetric

ASTM C 114, gravimetric
ASTM C 114, gravimetric
ASTM C 114, gravimetric
ASTM C 114 gravimetric
ASTM C 114, AA
ASTM C 114, AA

17

_Methods

. Secondary _ __

Double evaporation,
gravimetric

Acid filtrate from SiO,.
atomic absorption (AA)

As above

Acid filtrate, EDTA,
titration

Acid filtrate
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i _Methods

Components - _Primary ._____Secondary _ __
TiOjp ASTM C 114, solution used -
from acid-soluble
alkali, AA
Py05 ASTM C 114, colorimeter -
Mnp04 ASTM C 114, acid filtrate
from Si0y, AA
Heat of hydration ASTM C 136 ASTM C 186-49 (Federal
Method 1301.1 - 1960,
alternate method,
paragraph 5-6)
Blends
Methods
Components B ) Primary Secondary .
$i0y ASTM C 595, gravimetric LiBO., fusiocn, AA
Aly04 ASTM C 595, gravimetric LiBO, fusion, AA
differences
Fe,04 ASTM C 595, titration LiBOy fusion, AA
Ca0l ASTM C 595, gravimetric LiB02 fusion, EDTA,
titration
SO3 ASTM C 595, gravimetric ~-
Loss on ignition ASTM C 595, gravimetric -
Acid-soluble alkali ASTM C 114, AA -
Water-soluble alkali ASTM C 114, AA -
Tivy LiBOy fusion, AA --
P203 LLiBO,, fusion, plasma --
emission (PE)
Mn,03 LiBOZ fusion, AA --
Heat of hydration ASTM C 186-49 (Federal

Method 1301.1 - 1960,
the alternate method

for blended cements,

paragraph 5-7)

Pozzolans and slag

42. Pozzolans and slag were analvzed, and the results were coxpressed 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 SiOZ, ALZOB, and MgO. The total alkalies and secondary methods
consisted of fusing the sample with Liuoz. followed by dissolving the fusion
in hydrochloric acid and analyzing the solution by the use of atomic absorption

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

18
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Fly Ashes, Natural Pozzolans, and Slag

~_ Methods
___ .. Components o Primary ... Secondary
510, (except slag) ASTM C 311, gravimetric LiBOy fusion, AA
Slag ASTM C 114, gravimetric
Al,04 ASTM C 114, gravimetric, LiBO; fusion, AA
ammonium hydroxide
group
(R O - Fe, 0, = Al 03)
Fe,04 AbTM C 114, flﬂo LiB02 fusion, AA;
titration ASTM C 595, titration
Ca0 ASTM C 114, gravimetric LiBOy fusion, AA EDTA,
titration
MgO ASTM C 114, gravimetric LiBO; fusion, AA
S04 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 LiBO, 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.
Silica fume

44. There were 19 silica fumes from 16 sources analyzed chemically.
One, AD-536, was blended with portland cements for the determination of heat
of hyvdration. The data are in Tables 3 and 4. The various types of fumes,
chemical, and physical properties, are determined by the type of furnace,
burden in the furnace, and fuel used. The silica fumes were analyzed for
the elements present and results were reported both as oxides and elements.
Those elements determined were Si, Al, Fe, Ca, Mg, S, Na, K, Mn, Cr, and Cl.
Moisture loss and loss on ignition were also determined. The method of AA
analysis is in Appendix E. The iron method described in ASTM C 595 was
erratic in results and in AD-557 failed to detect 98 percent of the iron
present. As a result, a new method for fumes and pozzolanic material was
developed and 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-
cluded in the loss of ignition. Methods of analysis are shown cn the

following page.
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Si0p
A1203

Ca0

MO

503

Chloride (Cl1)
Cr203

Mn203

Moisture loss

Loss on ignition
Total alkali
Acid-soluble alkali
Available alkali

Silica Fumes

... Primary

ASTM C 311, gravimetric
ASTM C 311, gravimetric,
ammonium hydroxide
group
(R203 - F6203 = A1203)
ASTM C 114, LiBOy fusion,
titration
ASTM C 311, gravimetric
ASTM C 311, gravimetric
ASTM C 311, gravimetric
Electric-tetrametric
LiBO, fusion, emission
argon plasma (EAP)
LiBOy fusion, AA
ASTM C 311, gravimetric
ASTM C 311, gravimetric
LiBO, fusion, AA
ASTM C 114, AA
ASTM C 311, AA

... Methods

. Secondary

LiBOy fusion, AA

LiBO)y fusion AA

LiBOZ fusion, AA

LiBOy fusion,
LiBOZ fusion,

<

45. The acceptance test requirements for pozzolans require chemical
analysis for sum of percentages of SiOz, A1203, and Fe203 but do not require
the individual values. A value for A1203 plus FeZO3 is obtained based on a
sodium-carbonate fusion. This is, however, not a convenient procedure to use
if one wants A].ZO3 and Fe203 individually. An attempt was made to use a pro-
cedure involving dissolution in mixed acids then given in ASTM C 595, but the
results were not satisfactory. Hence, a procedure based on a lithium borate

fusion was adopted and used successfully; see Appendix L.
Petrographic Examination

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

Appendices B C, and D.
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PART IV: RESULTS o
X i
] . &
Physical Tests L
\ 47. Tables 1 and 2 show fineness data for the silica fumes calculated :

by extrapolation to porosity (e) of 0.500 and by the method given in the Ap-
. pendix of ASTM C 204. In most cases the agreement betweer 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)

t.s e e

for cements RC-688 and RC-633(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. -

g .
N 49. The report of the creep testing of cement pastes is included as o
5 Appendix A. Ef
) Chemical Tests .{

v

Cements o

50. Tables 5 through 8 show various cement parameters compared by chemi- 2

3 cal analyses; these parameters are: use and nonuse of preheater (Table 5), use ~ -
h &
: 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 :ﬁ

& -..

blended cements are given in Table 9. a

Pozzolans and slag

51. Tables 10 and 11 show data for heat of hydration, relation of heat o
of hydration to CaQ by chemical analysis and surface area, and chemical data .{

for these materials. Fly ashes with high Ca0 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 1 cement at 7 days. Class N pozzo- }:

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

R SiO2 (Table 12). When sitica fume AD-536 was combined with ccments RC-688 and 5
. RC-705, heats of hydration wer< reduced about 12 and 7 cal/g at 7 days and 6 and -
B (S
. 5 cal/g at 28 days, respectively. Newman and Wells* discuss undissolved residues 5}
. % " Newman, E. S. and Wells, 1.5.71952. "Heat of —I{J.'Ad&r_a't‘i»({n— and Pozzolan Con- N
: tent of Portland-Pozzolan Cements,'" Journal of Research of Burcau of Standards,
] Vol 49, No. 2, Research Paper 2342, pp 57-60. K,
: B
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of cement-pozzolan mixtures from heat of solution. They conclude that the }S
rate of solution will vary with the surface area and with the type of pozzolan, 5;:
and that a curve must be determined for each variety of pozzolan and of cement. =S
They did determine the percent pozzolan, but they did not give an analysis of tg'
the residue. A comparison is made in Table 1l of the relationship of various ;3'
percentages of calcium of different pozzolans and their fineness. This com- 5’{
parison was made by comparing the heat of hydration at 7 days of 30 percent 24
replacement by volume with various pozzolans of a Type I cement and a Type II, ;}
moderate-heat cement. The fineness of the pozzolans varied from 12,800 to Ei
6,870 sz/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- s
r sion factor for the varying quantity of lime was for Type I cement blends, Sﬁ
) 89.98 percent; and for Type 1I, moderate~heat cement blends, 74.98 percent. }i
52. Chenmical data, expressed as oxides, are shown in Table 13. They i;
3 show: A
a. A range in Si0 from 43 percent (AD-545) to 97 percent (AD- :3
536(3)) with Ll of the 16 different fumes containing more than TT;
. 8U percent 5i0j. N
b. A large amount, 23 percent, of Mnp05 in AD-545 with a low SiOp :{
content of 43 percent and significant amounts of A1203, Fej03,
Cal, MgO, and alkalies. 5
¢. High iron contents for fumes AD-546, 549, and 557 (l4, 11, and i{
! 15 percent, respectively). ::
d. Twelve uand ten percent MgO in AD-550 and AD-553, respectively. EE
e. Especially high Ky0 (7 percent) in AD-545. =
f. Over &4 percent chloride in AD-550. ﬁi
£. Loss on ignition of 12, 14, and 1l percent in AD-544(98), AD- .;:
X 5349, and AD-557, respectively. o
53. The same basic data, expressed as elements, are shown in Table 4. @
. Physical and Chemical Tests _
>%.  The test reports for each of the materials (59 cements. "
L1 f1v ashes, 3 natural pozzolans, 1 slag, and 19 fumes from 16 sources) are :i&
included in Appendix F; some reports include tests on more than one sample. 3;
o
5
. 22 o
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55. Results of the petrographic examinations are presented in Appen- »

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

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

and types of data (physical, chemical, and petrographic) are presented in this
report, it was impractical to present a detailed discussion. Instead, the data
are presented for such use as may be desired.

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

repeated here.
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PART VI: CONCLUSION

58. The use of enerygy 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 coanstitution of the cement as
revealed by petrographic examination as compared with samples not produced

with such equipment.
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» Table 2 ]
5 Fineness Values for Silica Fume Recalculated ;
! According to ASTM C 204 4
Q) e e m s s e e e e e e e e e e s —— e = s o
Surface Area Correlation 0
'3 I et e Coefficient N
» AD No. em” /g m /kg r o .
) D No.. em fg m_/kg I S
' 536 96,260 9,630 1.0000
. 95,900 9,590 n
j 96,560 9,660 “
-: Avg 9,630 .
. 536(2) 108,460 10,850 0.9974 N
111,780 11,180 4
107,130 10,710 i
- Avg 10,910 )
) *.
A) 541 120,770 12,080 0.9997 "
o~ 120,380 12,040 .
w 118,770 11,880 :
Avg 12,000 =
.. 342 80,390 8,040 0.9955 g
X 84,090 8.410 -
" 74,440 7,440 :
N Avg 7,960 s
v 543 34 440 8,440 0.9993
86,300 8,630
3 87,280 8,730 :
P Avg 8,600 .
- 544(75) 51,050 5,100 0.9632 .
o 70,960 7,100 >
52,480 5,250
A Avg 5,820 R
3 "
- 544 (98) 112,500 11,250 0.9986 -
M 115,000 11,500 .
- 116,720 11,670 ‘
Avg 11,470
) 548 68,940 6,890 1.0000 g
j 68,880 6,890 g
0 69,000 6,900 B
" Avg 6,890 p
- 549 425,500 42,550 0.8984 L
85,950 8,510
131,090 13,110 ¢
Avg 21,390
550 72,730 7,270 0.9831 o
69,860 6,990 2
72,750 7,280 )
e Avg 7,180 N
:" (Cont inued) f::
" "




Table 2 (Concluded)

’ Correlation .
Surface Area

2 > Coefficient
. AD No. cm” /g m~/kg _r £
' 551 101,450 10,140 0.9637 B
. 118,250 11,820 »
~ 89,650 8,960 bo,
Avg 10,310 P
552 87,870 8,790 0.9987 ;
89,880 8,990 poR
) 90,510 9,050 2
v Avg 8,940 »
3 LA
‘ 553 81,910 8,190 0.9995
82,190 8,220
81,820 8,180 e
Avg 8,200 -
N 557 435,020 43,500 0.9842 o
X 274,380 27,430 s
247,240 24,720
Avg 31,880 2“
558 112,110 11,210 0.9936 he
113,290 11,330 2y
d 112,230 11,220 o
Avg 11,250 o
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o e
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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

RO=RPCERS Ah= FLT_REFL=.

QrZ TIME IEY WET

1 o o, 00s 0, ang
c S =0, 0= N .0t
] I =0, 0%: 0,011
4 130 -0, 102 0,015
S 265 =0.107 0,025

FO=FCeEE AD=RDSOS FPCT_REFL=3n FC=RPCESS AO=RLS 0% FCT_REFL=RU

OEZ TIME DR WET Qes TIME DREY  WET

[ &2 0, 0ns 0, nas 11 = 0. 00ne 0, 005
T SE =0.07% 0,010 2 Se =0, NE 0,014
= B0 =0, 033 0,012 1= S0 =0 071 0.0l
*olmno-0.102 0,017 14 120 -0,108 0, 0E7
10 40 =G.108 g, 030 1% SIES =0, 103 0.0 0dE

P =RCess AL=RL0S 0 FCT_FEFL=3n FO=ROESE AD=AD% 0 FCT_FEFL=:D

JEZ TIME DFEY WET OBz TIME DFY MWET

1% b= P TY Pl T B 11 D 21 SE D, 01n 0,003
17 SE =0, 032 0,012 & SE =0, 070 0, 01E
13 SO-0 09 0,014 3 S =0, 0vy .02l
14 120 =0,105 0. 013 24 124 ST 0,028
20 40e =0.104 0, 023 &5 R A e G

FC=FCeos RD=AL0S U7 FCT_FREFL=ZN FL=sRCOeE AL=A0S 0T FCT_FEFL=20

aes TIME DRy MET aeT TIME LoEyYy MET

P c s 0O, Qe 0O, 00N =1 & i, DOES 0, 00z
&r T LI N EE R Y R N ) o2 S =0 e a,atn
& S0 =0, Ee 0,01 23 T I Y N = B 1 D O
=4 130 =0, 101 a0 o4 150 =g, 100 a, 01
20 R4 -0, 109 0,024 ) RS =0, ES N, 00

(Continued)
P
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1 Table 3 (Continued)

. Fo=FCOEEE AO=RDS03 FLT_REFL=Z0  po=pOeSs AD=RDS I3 FOT_FEFL=AU

: QeI TIME DR WET OE= TIME DRy WET

SE REE 0. 0os 41 SE 0, 0nE 0,003
a7 Se 0.0 42 S —0,07& 0,011
¥ a3 Qi 0.1l 33 SO =0, 05% 0,013
! £ 120 0. 013 34 120 =i, 097 0. 08
A 410 =g 0. ce 345 IS =0, 037 0,03

FL=RIes2 AD=RDS10 FLT_REFL=Z0 RC=FC&22 ABLO=ALS1 O FCT_FEFL=EO

A DEZ TIME ey WET O: TIME ey WET

45 23 0. 01E 00018 s1 28 0,035 D035

\ 47 S =0, 030 0 020 s& S =0, 0SS 0. 030
42 Q0 =0, 038 0,022 &3 S0 =0, 0= 0. 0nT

43 120 =0,101 0,027 4 190 =0, RS 0, 0

S0 IDG =0, 0T 0, 09 S5 ZES -0, 105 0, 0S3

pr=fpCeEs ALD=ADS1L FOT_REFL=2C  gC=fpCess AD=ADSLD POT_PEFL=eO
OEZ TIME DR WET QE: TIME DOFY  WET

SE = 51 &3 n.01e .01
57 Se =0, 1FS 0, 00S £S Se =007 0,012
Sa S0 =0, 0FF 0, 002 ] QG =0, 0Ee 0,0l
5o te0 -0, 102 0,015 2t 120 00037 4,022
(3] IRS —0.114 0,022 S IES =0 09S 0, N3E

Fo=FIeSs AD=RDSLE FrT_FEFL=Z0 FRC=POCESS ARD=ADS1E FCT_FEFL=RU

ge: TINME DFY WET OE: TIME DRy WET

B &% 0.0la 0,010 71 23 .01 0L 0EE
g S =0, rad 0 01E ) e =0, 04T 0, 03
£ AN =0, 00 0,015 led an -0, 055 0.0z
v 130 =0, 09 0,081 T4 150 =0, ed 0,041
TOO 2T =010 ao0x0 TS TS =0, e 0, 0SR

(Continued)
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Table 3 (Continued)

D&Yy

0, 30S
-0, 10
-0.111
-0, 115

-0.128

WET

o, 0ns
0, 0oy
0, N
G, 118
o, nzs

HO=HDS1 2

[N
-0, 104
-0, 115
-, 121
—n.1 s

MET

N, nnr
(B W1
XIS
oy

" =
(X R

HL=H[S o

LRy

n.nle
-1 e
-n.1ec
-, 12z2

-0, &nd

. el
~0L 1
-1, [%u
—n, 14

~nL it

Wwe T

n.nle
n,itle
n, 01z
b.ncd
0, 030

0, s s

e 1iE =
=t
TR

, 43

FLT_FEFL=Z1

sl os
o2 S
23 =1
=g 120
=5 Zes

FCT_FEFL=ZD

kAl
™
i}
EAl
()
i
(]
0

QB> TIME

H1 o
RIS S
= =
Bt 120
=S Qe

FCT_REFL=I0 RLFCRES

Q- TInNE

1 o
10s S
103 =0
114 1300
1S 2ef

FLT_FEFL=D0 Ry

(Cont inued)

DF' WET

a,n1l oot
-0, 0SS 0, n2u
-0, 59 0, oS

=0, 071 0,033
=0, 07Ve 0, 053

FCT_FEFL=

0, 01S Hoors:
0,122 0a,n01sE
-0, 154 a, 017
-0, 18T 0D.o01e

-a, 17 0, azE

FLT_FEFL=xL

OFY  WET

U

121
L0 DL
-0, 23T noaEy
PR S P T
-0, 243 0. NsS

HD=HDS41  FOT_FEFL=R0

DF'Yy WET

0, Gt
I, 13
n, ust

(Sheet 3 of 5)

- 2 = .
v

PR

s 2]

.

prove

XA

X

A AL

‘4
’e

AR

AR

)

v v
IR
Y

e,
s

2 y?

. e e,
L R
s

NN

Ctelet et
.
I ]

e e
SN




T8 B AR WoVID B WV E R W W W S ———— -

B Y & . A TN

.
.

HEEV Y FY VY VRSN vy TR

Table 3 (Continued)

SCERLEST 30 AD=RDS 2 20

JEZ TIME  DFY

RC=FL

BSS S

geEsS TIMmE DFY

QB> TIME DFY

133

140

S o-no112

-é .12z

Ali=ADS4]

I AD=H0OT42

BT 3

121 2E ~n.104 0,01
122 S =0, 104 0,01e
123 30 -0, 128 0017
124 a0 =0, 141 DL
125 S~ 1 3R N, 0nsT
128 L =, 143 0,0 ze

PCT_FEFL=

WET

122 o o=-n.113
134 Se =0,128
135 1 =0, 14% 0,02
138 130 =0,1e87 0,028
137 335 -0.1e1 0,043
132 IS =0, 187 00041

FCT_FEFL=
WET

.11
DD

141 B0 =0, 140 0,015
142 120 =0, 125 0,017
143 332 =0.12% n,.0z3
149 ZES =0, 1ed 0, 03%

FCT_FEFL=ZU

112
117
113

B FC=RCeg

OEZ TME

VOO |

DO RN O TH X

oo = =

— b b et et b

an FC=RCR23y

OE:=

145
145
147
143
143
150

(Continued)

oo-n.21h

= AO=R0%3&

ME LFY WET

ST 0,39 0,032
S =0 110 0,02
0 =0, 12% 0,0de
S0 =0.151 0,043

-0.195 0, 0SS

nRYy WET

X AD=HL0S4S

LeEy hi E T

-, V3
2% X
&SR 0, NS

FLT_FEFL=LD

PCT_FEFL=RD

FLT_FEFL=RL

(Sheet 4 of 95)
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Table 3 (Concluded)

. e m e e e e —

LO50

- B e .
i
t
i
|
'
|
|
|
i
|
|
'
i
|
i
i
t
!
i
!
(

Fr=fFCe23cZs  AD=ADSIS TS PCTOREPL=:0  przpoeis.3.  AD=ADSTO  PCT_FEFL==0

&

DRy WET QEZ TIME DRvY  WET

g
Q A
m
L}
—
—
=
m

)

TAAARN

151 &% -0.11% 0,013 174 23 0,004 3,00% N
158 Sé =0 133 0.002S 175 Se -0, 077 0,011 )
152 S o=, 143 0,025 17% Q0 -0, urR 0,017
N 1854 130 =0, 180 0, D38 177 1260 =0, 073 0. 05e iy
» 155 2ar -h. 187 0. 050 178 365 -0, 035 0. 04 L
5 156 385 ~-0.167 0,050 L4
. >
’ RC=RCRSE L3 AD=RADS4S 1 332 FLT_REPL=ZD T
OZ TIME DRY WET .
: 157 &% -0.124 0,017 o
f 153 S8 =0. 143 0, 03D =
J 15% SN ~0.19% 00027 )
! 10 130 =0.174 0,082 e
151 38T ~0.173 0,047 i
163 385 ~0,173 0,047 "
< ’.'.
(] ‘.
- rt
. L
. ot
FC=RlesSe ) Hh=ADS3= FPCT_FEFL=Z0 4

QE-. TIME DRY WET 7»

l ,nﬂ
¢ 182 28 =0.114 0. 0le N
;! 124 S =0, 1323 002 Se
: 1% Q0 -0,1%3 0,020 :&
1he 150 =n,1eS 0,034 .
157 330 =0.1e3 0,08
: 163 38T -0, 173 .0z .
) P
, -
N e

. prEFCEST 3 RAD=ADSTO FCT_FEPL=ZN o

a
m

> TIME Py WET

163 2F 0,003 0,008 o
3 170 S —0,078 0,003 o
' 171 30 =0, 03S 0.011 O
. 17e 120 : o
173 25

(Sheet 5 of 5) .
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Table 4 :‘: )
Drying Shrinkage and Lime-Water Expansion of 1- bv 1= bv 1 1‘—73\/ 4-in. Prisms -'_'
+ 2 i .
Made with Cement RC-705 and Different Pozzolans, Length Change, Percent L
A O iy
' N
s X
X FL=FCTOS  AD=  PCT_FEFL=. =
e
QEZ TIME DFY WET %ﬂ‘
X OO D R U D -
[ T B ‘
Bo-0.101 O,019 -

. e N

-0.111 0.02S

-1, 123 0,022

DSOS IOL I 1 Y]

—— .
CODOD DO |
DO

--. ., -il’ -'

: FLSFLIOS AD=ADSOS  PLT_FERL=30 prefporos  AD=ADSOS  FOT_FEFL=HO NS

OF: TIRE DR WET ges TIME  LFY  WET N

-
SF  D.0ns .0 12% &% 0,011 0,010 ~
SE =l e HL L 190 SE -0, 06s 0,010

R R b 191 S0 =0, 07T 0.014 P o

: 1en =i aul 0. el 192 180 -0, 031 0.02] oS
e 192 IS 0,033 0,035 ;:

. Y
. 1-‘--
. }?ﬂ
)

FL=RPLTOS RO=RA1T 0 FIT_FEFL=ZD FoSRLTOS AD=RADS (e FOT_FEFL=AD y

OE: TIME IFY WET OE: TIME DR WET b

124 28 . ntu a0 199 S5 o0.0ld 0.014 fﬁ:

195 S, X n, a1 = Seo =0, 103 0,018 o

195 20 . 0te =00 a0 =0 111 00020 a

137 120 gz NS 1Ea o =0a,1&3e 0, nEsE R

132 IS 0.0z S0% ZES ~0,1%3 0,043 S

e

PL=FLTS AD=ALSGT FCT_FEFL=Z1 FC=RC TS AI=RDSOT PLT_REFL=RO G

] OE< TIME ey MET OEZ TIME LFY  WET :.'-::Z
egn4 ez D s 0 00 2N S . 011 0,010 j:‘

ens S =0, 0T 0,013 210 S =0, OSF N 01e Ly

Qi QD = s 0, D -3 B BT R I R D B

any 18N S0, 103 0.0z 218 1=0 =0.111 w.onSt .-

; ez 3eT =~0.1us 0,07 213 eSS 0,108 0033 o
! .
v G
o

o N

(Cont inued)

*I
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Table 4 (Continued)

- g,

e

FOSPOIOS AD=ADSOE  POT_REFL=30 POSFCTOS  AD=ALSOS  FOT_RFEFL=d0

; OEZ TIME DRV WET OEI TIME  IFv  WET N,
o 214 @3 00007 0.007 213 EE m.ans 0. nos e
L. 215 Se —d.0ae 0,014 2an Se =0 BET 0. 0] s o
. S1e S0 -0, 033 .08 el @0 o=0.101 0. A=
217 120 -00114 5. 03e S22 180 -0L 111 0.0 -
b &1% 3nS -0.115 a.0z3 & IS -0 108 DL 0ET N
E %
: 3L

PL=FCTOS  AD=ADSL1O  PLT_REFL=X0 FO=RCTOS  AD=ADS1O  FOT_REFL=:R 5

OBz TIME DR WET OES TIME DFY  WET

o azd 2% 0,014 0,015 22a S5 O0.012 0,019 ::
N 225 SE -0, 084 0,033 230 Se 0. 0TS 2
.. e QO =0, 0T 0,026 o1 B0 -0, 330 R
.. 2ET 120 -0.114 0,036 238 180 -0.114 g,
¥ S3E ZES -0, 117 0. 050 SIS -0.120 s
. Pl
. -
FL=RCTOS AD=ADS11 PCT_REFL=Z0 PC=FC70S AD=A0%1 1 PCT_REFL=EQ =
- OEZ TIME DRy WET DEZ TIME LFY  WET ::
. x
- 24 2E o, . 00 23% @3 00003 0, 007 <
" 235 Sh -0, 0. 014 ca Se =0L0E1 a0t -
- &3 ELE n.01e &41 [ =0 ST N.01d -
. S 20 -0, 0, nse S4S LSO =0 a0 0, 01s
' eI 28S -0, 0, g 24T ZAS =0, 0Ea g, nnS "
} PL =R TOS N EL I FCT_FEFL=2n RC=FCTOS RD=RDS]c FCT_FEFL=00 -
K QEL TIME ey WET OE> TIME IFY WET hi
- ¢dd 22 N.01E N cd4s  Z2x 0.01& 0,020 o
.. 45 =TS Y R = S BN =8 250 S —n.0S0 0. 01a =
N =L A A - I = oSt A0 -0, 058 0,083 o
’ 247 120 —a.1nl 0,030 ISE L&D -0 B 0. 0%x
S4E 36% -n.10% 0, 49 253 3eS -0, 071 0. 054 N
» :}
. ;;
(Cont inued) .
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Table 4 (Continued)

FC=RFIT0S AL=ADS] FCT_FEFL=3D RC=FCTNS ARO=AD0S1 2 A FLT-REFL=EU

Op. TIME DRy MET O0BS TIME LRy WET

oS3 S2 0 0,007 0,00y oS3 S 0L 010 0, 00
2SS Sk o=, 03 0,014 ce S5 =0.NS3 0, NSE
2% Q0o =010 0, v oel Q0 =0, Nen 0 nss
25T 120 ~0.114 0, nsd Ze2 0 1E0 -0, 0ns2 Na0Tl
2SE I8S =0.110% n.0ze SE3 eSS -0, 073 0,031

FC=FCTRS AD=RDS12 FCT_FEFL=Z0 FC=RITNS AD=RDS1E FCT_FEPL=EL

OE: TIME DFY WET QEz TIME DFY WET

e 2 n.0tE nL0nl1e SES 22 D.01d 0,015
LS e -0, 104 0,019 el Se —0013&8 0,013
= A =0. 123 0L & a7l S -n.1el 0,014
2 S o -0.131 0. a2re 120 =0, 1591 0,018
2K PN T 0= 5= T Y PO A 273 S -0, 123 .02

FiL=FCT0S RO=RDS3E FCT_FEFL=30 FL=FC7 05 AO=RDS2e PCT_FEFL=&1

Oz TIME DRy WET OE: TIME DeY WET

0

.01
£ =012
=1, 182
o=, 190

L o=, 20

LA (X (X (T 1 1]
e It I B
DOVIR I RN IR

T 0D 1A o

Gl

0. 51

(Continued)
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: Table 4 (Continued)

»

.

o
[}

]

RC=FCTNS RD=ADEIE 2 FCT_REFL=2D RC=RCTOS  AD=ADOS4} PCT_REPL=£0 "‘
3 DES TIME DFY  WET OF3 TIME  DRY WET -
: p
) 0. 01 231 25 0.02% 0,030 -
. 0.0z 233 SE ~0.339% 0,022 .
- . 024 233 90 ~0,345 5
. n. 026 g34 180 -0, 348 >
- 0. 073 B35 IES ~0. 34 R
. 0. 042 o
- 3
o=
! pC=RCTOS  ROSADS4E FOT_REFL=Z0 FC=RCTOS  AD=ADS4E  PCT_REPL=&1 ;.:'
:: OEZ TIME DREY  WET gz TIME DRY  WET :::
' == Ry PRV R 4] 201 28 0,021 0,03
. 193 0,034 202 Se ~0.115 0,037 -
1: Z17 0 03 S0 ~0. 133 0, 040 i_
Z 227 0. 0de 04 130 ~0.145 0047 o
) g4 0. 051 305 BES -0.147 0052 N
- :\
: RO=FCTOS  ADSADS4E  PCT_REFL=Z0 ~
{ ’1
! OEZ TIME DEY WET )
L JiL ez -a. 128 -
v 07 SE 0. 154 -
.', Sk ‘5“:' -, li.:v';-‘ :.-
N IS 180 -0, 1TE %
: 10 320 =0.17% KX
> 11 S -0.17S -
: %
5 ‘
b ~'
4 ‘:_
hl Ce
Ly :q'
* (Continued) =
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; fable 4 (Concluded) :Q

N . . e e e e $

fhy

' Fo=RCTOS AD=ALSTH FLT_FEFL=ZD RC=RCTOS (RS Ali=RDSZE PCT_REPL=ED $¢
t

OE: TIME DRy WET QEZ TIME DRy WET f

R D, 003 Qo010

2 0, 02a 0,039
21z Seo=0, 03 0,019
=

=0, 331 0,034
-, 343 0, n3Is -
=335 0,04l .
-1, 335 0,053

[y

)

v
=

S =0, 0% 0,013
0 L, NeS
.0zt

R N Y
[ 4

Do b 0 Gad

l’u l'n »-A

—

DO

k2

=ALSYS FCT_REFL=ZD

hy
0

kal
™~
T
X
Low)

AR

Oz TIME DfY WMET

“ar s .
g AN

=, 13e

s =0, 151 ﬂ
U -G, 170 a,0s
I} —ﬂ,1-4 .o nss
: JlEa 0, nag
L1310, 04

ru :j'. -1

Y,

. P
Ay " s ts

oo,

.

o
.

o

IR R AR
e S te T e

WA
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‘ Table 5

Comparative Chemical Analyses of Two Portland Cements

' Made With and Without a Preheater
! T T T T T T  type 11T T T T ype 11
' RC-763 RC-764

‘ _ Chemical Data, % No Preheater Preheater

v S]'.O2 22.4 23.1

: A1203 4.1 3.8

: F 8203 2 . 9 3 .1

y Ca0 62.8 62.7

: MgO 4.2 4.5

» SO3 2.0 2.0

. Ignition loss 1.2 1.0

Y

'_; Acid-soluble alkalies
» Na,0 0.09 0.11

. K.,,0 0.54 0.55

< 2

:: Total as NaZO 0.45 0.47

i Water-soluble alkalies

L NaZO 0.01 0.03

- 1(20 0.21 0.36

< Total as Na,0 0.15 0.27

) T1'O2 0.21 0.19

> PZOS 0.06 0.08

‘_: MnZO3 0.10 0.10

: Insoluble residue 0.63 0.63

?_ Calculated compounds

C3A 6 5

3 CBS 48 44 :::
» ('AM 9 9 .:'
4 L
.
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Table 8

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

Pozzolans and Type I Cement From the Same Source

_ Chemical Data, %

Ignition Loss
Acid-Soluble Alkalies

N320

K20

Total as N320

Water-Soluble Alkalies

NaZO

K20
Total as NaZO
TiO2
P205
Mn203
Insoluble Residue
Calculated Compounds
C,A
C,S
C,s
C,AF

2C3A + CaAF

SN wow

Different type of cement from one plant.

___Arizona*
RC-732 RC-731
Type I-P Type 1

25.6 21.7
6.8 3.7
2.8 2.5

55.1 64.4
3.8 4.4
2.0 2.1
1.8 2.6
0.12 0.14
0.44 0.56
0.41 0.51
0.01 0.01
0.i0 0.12
0.08 0.07
0.45 0.27
0.02 0.18
0.03 0.03

0.56
6

63

15
8

19

(Continued)

___Illinois*
RC-726(2) RC-725
Type 1-P Type I

24.8 20.6
8.2 4.6
4.7 2.9

53.7
2.8 3.6
3.0 2.6
1.0 1.3
0.13 0.12
0.70 1.00
0.59 0.78
0.03 0.06
0.39 0.380
0.29 0.59
0.30 0.23
0.07 0.04
0.03 0.03

0.13
7

61

13
9

23

2
o
7
oY
e '( -‘
o
__Michigan* )
RC-719  RC-720 VR
Type 1-P Type 1 ‘

25.3  21.1
Yy
9.8 5.7 %Y
4.0 2.8 e
54.2  62.6 o

2.9 3.7
2.6 2.6 R
1.3 1.1 NS
31

27 0.32
0.60  0.72 -
0.66  0.79 o
0.05  0.05 -
0.25 0.3l T
0.21 0.25 -
5
s:'\:\:
'::f. ¢
12.75 0.18 o
oY
10

45 f;;
26 N
S
8 i
29 .
\'.:'..
i
____________ e
o
Sheet 1 of ) ":.'-P
(et 1 o3
<

)
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Table 8 (Continued)

. Missouri* South Carolina*
RC-738  RC-739 RC-740 RC-729  RC-730
Chemical Data, % Type I Type I-P Type I-P*%* Type I Type I-P
SiO2 20. 25.4 23.7 20. 25.8
Alzo3 5. 8. 7. 5. 10.
3.

7
5
Fe O 2. 5. 3. 2.3
Ca0 62. 52. 56. 64.9 53.
1
7
1

273
MgO 0.
503
Ignition loss
Acid-soluble alkalies

NaZO . 0. 0. 0.08

kZO . . . 0.40

Total as . . 0. 0.34
Water-soluble alkalies

Nazo 0. . . .08

kZO 0. . . .40

Total as NaZO 0. . . .09

T102 . . .27

PZO5 . . A7
anOj . . .01
Insoluble residue . .18
Calculated compounds

C.A
C,S
C,S

C AF

3
3
2
4

T A+ 5
ZCB\ CAA[

(Continued)

P

SRR

% 4,

Different Eypes of cement from one plant.
“%  Made with bottom ash.

PN
.

.

(Sheet 2 of 3)
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Table 8 (Concluded) :j.
T ____Tennessee* Texas* A
RC-742 RC-741 RC-807  RC-807(A)

: __ _Chemical Data, % Type I-P  Type I Type I-P** Type 1 4
: sio, 25.3 22.0 25.3 20.6 u
' A1,0, 9.7 5.4 8.1 5.1 e
’ Fe 0, 3.0 2.4 4.6 4.1 £
Ca0 54.3 64.9 58.1 65.7 o
- MgO 1.8 1.5 1.6 0.9 2
s0, 2.8 2.2 2.7 2.5

Ignition Loss 1.7 1.3 0.5 1.0
Acid-Soluble Alkalies
: Na,0 0.12 0.13 0.23 0.11 \,.
K,0 0.34 0.29 0.38 0.25 33
Total as Na,O 0.34 0.32 0.48 0.27 i
Water-Soluble Alkalies .j}
Na,0 0.02 0.02
K,0 0.13 0.13 R
Total as Na20 0.10 0.10 -
- Tio, 0.37 0.22 0.41 :;:;:
: PO, 0.12 0.14 0.16 }v
. Mn, 0, 0.04 0.04 0.34 ;::::
Insoluble Residue 0.34 8.40 0.17 ~
Calculated Compounds .;j
C,A 10 7
C,$ 51 64 "
C,S 25 11
C,AF 7 12 o
- 2CA + C,AF 28 26 ‘--
w3

* Different types of cement from one plant.
#%  Made with fly ash AD-577. R

(Sheet 3 of 3)
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; Table 9 i
iyl :
:. . Data for 12 Blended Cements, 7- and o
‘ >
. 28-Day Heat of Hydration
X [ “Heat of Hydration, callg §
D ... State RC Class 7 days 28 days ,
R . . g
N Alabama 752 1-S 80 86 (%4
) "
Michigan 758 1-S 71 83 X
2 Pennsylvania 769 1-$ 80 90 o
: Arizona 732 1-pix 71 81 3
Illinois 726(2) 1-p 82 91
- Michigan 735 1-p 75 83
Missouri (same 739 1-p 70 77 {
. plant) 740 1-P (with 74 81 -
- bottom ash) it
- -
e Texas 742 1-p 76 87 4
745 I-p 65 78
X 807 1-p 76 87 -
. .
<. South Carolina 730 [-p 69 80 .
— % |-$ - blast-furnace slag replaces portland cement 25 percent to 65 percent >
< by weight (ASTM C 595-75, Sec. 2.2). 2
*% |-P - pozzolan replaces 15 percent to 40 percent portland cement by weight ~
:-: (ASTM € 59,5-75, Sec. 2.3). v
o :
7 ;
- X
- :.
Ny I
5
~ >
] N
’. X
:.: -
'\' "




Table 10

7~ and 23-bay Heat of Hvdration Values for

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

Laboratory Cements and Cement -

. Replacement % chlacement

. Source¥® by Volume by Volume
of Age 07 307 60/ 0% 307 607, kg
Y Class Pozzolan davs cal/g cal/g cal/g cal/g cal/g cal/yg :...
J -
Cement only 7 85 - - 68 - - N
N 28 96 - - 79 - — -

Combined with

AD-505 ¥ S 7 70 49 56 47 D
23 83 62 65 56 )
AD-306 F L 7 73 53 56 45 =
23 85 67 70 57 5
Y AD-507 F SB 7 70 48 57 41 =
. 28 83 64 66 48 -
- AD 509 F L 7 72 51 52 49 o
: 28 82 66 62 56 S
) AD-510 C L 7 82 73 67 69 -
. 25 90 31 76 77 -
g R
- AD-511 F Sb 7 63 47 55 39 N
- 28 83 62 68 45 w3
l-—\
AD-312 F SB 7 74 52 63 43 e
23 86 73 72 63 i
. AD-513 c L 7 80 51 63 27 iR
, 23 93 79 78 50 e

AD-515 N Ve 7 75 59 60 46 e
86 68 72 61 .

73 56 61 52
238 90 73 74 58

PARY

AD-536

* SB ~ subbituminous Lodl L - lignite (oal VC - volcanic aqh, SF - silica
fume (silica condensed fume).

D N

LA A
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Table 11
Relation of Ca0 by Ciemical Analysis and Surface Area

Ql§¢@¥¥¢qfg¥¢w9ﬁjb¢ﬁ?23¥{pqgl

7-day Heat of Hydration for
Cement Blended with 30 Per-
cent Pozzolan by Solid Volume

Structures Source Surface RC-688 RC-705

Laboratory of Ca0 Area, Type 1 Type 11

Serial No.  Fly Ash* % = cm?/ec callg _callg
AD-510 L 29.9 3,750 82 67
AD-513 L 21.0 12,790 30 63
AD-512 SB 20.3 12,830 74 63
AD-506 L 19.8 6,780 73 56
AD-509 L 13.4 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;<§B = suBBEtumiﬁBus; B = bituminous.
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CREEP OF CEMENT PASTE

APPENDIX A
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Specimens

1. Three 3- by 6-in. cylindrical specimens were fabricated from each of
seventeen cement paste mixtures. An embedment strain gage was placed in each
specimen prior to casting to measure axial strains. Monofilament nylon line
was used to position and secure the strain gage. A total of 51 specimens were
cast, 2 creep specimens and a control specimen for each mixture.

2. Twenty-four hours prior to loading, all specimens were demolded and
the ends of the creep specimens were surface ground to ensure paralielism of

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

moisture loss during the testing period.

3. tThe crecp 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. C(recep specimens were
placed in the loading frame taking care in aligning the specimens to avoid ec
centric loading. The number of specimens per loading rip varied from two to
four dependiny, on the number of specimens to be loaded on o viven date to the
same sustained load. Axial loads were applied incrementally to 20 percent of
ultimate cyvlinder strength using a hydraulic hand pump. Control specimens were
stored in an unloaded condition near companion creep specimens. All specimens
were maintained at approximately 75° F and 50 percent relative humidity during

the testing period.

Strain Measurements

4. Strain pages embedded in the creep and control specimens were read
immediately prior to loadiny, unon attaining full load, and periodically through-
out the test period (Tables Al-Al7). In addition, clastic strain readings were
obtained on the creep specimens at each load Increment. Elastic strains were
determined by taking the difference in strain measurcments immediately before

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

basis arce summarized in Table Al8.
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J.  Control specimens were subjected to the same environmental conditions
as the creep specimens throughout the loading period. Results of these strain
measurements are presented in Tables Al-Al7. Also, control strain-time rela-
tionships for each mixture are shown in Plates Al-Al7. With the exception of

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

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

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

shrinkage of approximately 800 millionths.

Strains in Creep Specimens

6. The strain data obtained from the loaded creep specimens durin: tin
course of the testing period represented total strains, i.c.. thosce which in-
cluded the elastic deformation upon application of load, and the time-dependent
deformations due to load and chemical or physical volume chanpes witih the spoci
men.  Results of individual measurements of total strains tor cach creep speci-
men are given in Takles Al1-Al7. TIn addition, average total strain-time

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

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

the elastic strain from the total strain, correcting this valuce for the appro-
priate volume-change (control) strain, and dividing it by the applicd 1o
Results obtained in this manner are shown for each mixture in Tables Al-aAT7.
In addition, specific creep strain-time relationships are presented in
Plates A35-A50.

8. To form 4 numerical basis of comparison for the various mixtures,
curves of best fit based on a least-squares analysis were computed for the
creep strain-time relationships. Toese equations were then used to compute

specific creep strains at | vear after loading as shown in Table A19,

Paste Mixtures

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

are tabulated below:
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~ lixture and Loading Data for 17 Pastes i
: Used for Creep Testing {og
) T —_— -
Y f'
‘ o ) ) Loading .
" Mixture Cement Cement Replaced W/C or Age t'
) _ No. RC- by W/S days ~
4 - Tt ot Tt T s T " Tt T/ T T -‘
i 1 688(3) 60% AD-310 0.60 28 ~
' 2 688(3) 60% AD-510 0.40 2 o
" 3 688(3) 60% AD-507 0.40 7 ¥
-; 4 633 (3) - 0.40 2 :
’ 5 638(3) 60% AD-510 0.40 7 o
b 685 (3) 30% AD-510 0.40 7 A
7 688(3) 30% AD-507 0.40 7 -

g 3 683 (3) 60% AD-510 0.40 28 v
8 9 638(3) - 0.60 28 R
. 10 735(1p) - 0.40 7 .
1l 772(11) - 0.40 7 -

. %
- 12 742(1P) —_— 0.40 7 ;:{
= 13 752(18) - 0.40 7 '
B L\
¥ L4 638(3) -— 0.40 7 >
15 633(3) 60% AD-510 0.25 2 -
Ry
Lo 686 (3) - 0.25 2 .
- 17 683(3) - 0.40 28 N
N ~
R e =

Ad . . » l.. '
- 10.  As mentioned earlier, comparison may hbe made of the effect of creep -~
. .
-~ on various parameters. Some of these comparisons are made in the following o
': section. .::
: Discussion =
- I1. Results of the creep tests are summarized in Table A20, In general, r'
" )
specific creep strains were inversely proportional to the modulus of elastic-
¢ . . . N
-* ity of the creep specimens (Figure A2). o
¢ -
12. For a given cement, water-cement ratio, and cement replacement mate- O
w' e
f rial, specific creep decreased witl. an increased age at loading (Figure A3). .
. ~
This was also true of comparable mixtures without cement replacement material.
Cd \-:
;
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Under these conditions, the specific creep of cement paste containing 60 per-
cent replacement material by volume was significantly higher at the carlier
loading ages than that 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). 1In each case, the spe-
cific creep of specimens coutaining AD-307 cement replacement were approxi-
mately 30U percent hizsher than those containing AD-510. Given a water-cement
ratio of 0.25 and 2 davs' age at loading, the addition of cement replacement
(AD->1v) in the amount of vl percent by volume resulted in a 30 percent increase
in specific creep.

13. Specific creep of the paste specimens containing ''special cements
(Mixtures 10-13) ranged from 0.9311 to 1.2108 millionths per psi with an over-
all average of 1.1094 millionths per psi. These specimens had a water-cement
ratio of 0.40 and werc loaded at 7 days' age. In comparison, specimens contain-
ing "conventionual cement" (Mixtures 6 and 7) and 30 percent cement replacement
with the same water-cement ratio and age at loading had an average specific
creep of 1.1566 millionths per psi.

14. The specific creep of paste specimens loaded at 2 davs' age increased
by more than 00 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. 1In this case. the strain
measurements, both clastic and time-dependent, are significantly lower than anv

other mixture tested.

A5
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Figure A2. Relation of creep and modulus
of elasticity
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Figure A3. The effect of loading age and cement
replacement material on creep
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Figure A4. The effect of different types of cement
replacement material on creep
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{ Table Al o>
’ o~
‘ Strain Measurements, ;-\,
" Mixture No. 1 £
Corrected oM
N Total Strain, Millionths Creep Control Creep Specific [
) Time, Gage No. Gage No. Strain, Strain, Strain, Creep, : ]
i days 13 14 Avg Millionths Millionths Millionths Millionths/psi i d
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 RN
y 6 160 206 183 46 41 5 0.027 N
: 7 170 217 193 56 59 -3 -0.016 L
. 8 206 235 220 83 77 8 0.043
: 11 210 242 226 89 105 -16 -0.086 u
12 250 280 265 128 147 -19 -0.102 -
2 13 299 328 313 176 207 -31 -0.167
! 14 280 310 295 158 187 -29 -0.156 R
A 15 285 315 300 163 195 -32 -0.172 -~
o 18 305 325 315 178 217 -39 -0.210 2
X 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 "3
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 DAY
= 113 920 940 930 793 735 58 0.312 o
s 147 1030 1030 1030 893 750 143 0.769 o
. 165 1075 1060 1068 931 775 156 0.839 -
Ky




Table A2

Strain Measurements,

' Mixture Nc. 2
Corrected
Total Strain, Millionths Creep Control Creep Specific
{ Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
days 37, 38 Avg Millionths Millionths Millionths Millionths/psi
0 175 162 169 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
20 995 950 973 804 322 482 2.317
21 1019 972 996 827 338 489 2.351
25 1026 976 1001 833 338 495 2.377
26 1033 985 1009 841 346 495 2.377
27 1040 992 1016 848 348 500 2,401
32 1060 1610 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 h:«'
Strain Measurements, :"
Mixture No. 3 ":
Corrected .
' Total Strain, Millionths Creep Control Creep Specific ._q
" Time, Gage No. Gage No. Strain, Strain, Strain, Creep, :
3 days 13 I Avg Millionths Millionths Millionths Millionths/psi .
U
: 0 375 330 352 0 0 0 0 r'
0.04 425 357 319 39 0 39 0.093
< 0.79 515 440 478 126 2 124 0.296
. 2 557 475 516 164 -5 169 0.403 -3
) 3 590 511 550 198 -8 206 0.492 N
- 4 582 512 547 195 -39 234 0.558
: 7 658 595 627 274 -16 290 0.692
9 690 636 663 311 -12 323 0.771
] 10 700 640 670 318 -14 332 0.792
N 11 708 646 677 325 -19 344 0.821 v
N 14 770 715 743 390 22 368 0.878 b
. 15 782 725 754 401 28 373 0.890 e
X 16 795 736 766 413 30 383 0.914 -
. 17 792 736 764 412 18 395 0.943 sa
18 790 730 760 408 11 397 0.947
, 21 800 745 773 420 10 410 0.979 2
. 22 818 761 790 437 19 418 0.998 e
: 23 832 775 804 451 28 423 1.001 <4
: 24 856 800 828 476 48 428 1.021
- 25 861 806 834 481 54 427 1.019 o
2 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 NS
- 32 935 885 910 558 108 450 1.074
- 35 950 898 924 572 120 452 1.079 N
- 37 940 892 916 564 106 458 1.093 N
b 38 950 900 925 573 121 452 1.079 S-
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 RS
.. 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 3
) 63 1076 1025 1051 698 227 471 1.124 P
70 1128 1080 1104 752 276 476 1,135 .
A 73 1135 1085 1110 758 288 470 1.121 N
N 78 1145 1102 1124 771 296 475 1.134 S
. 85 1172 1130 1151 799 322 477 1.137
N 92 1225 1182 1204 851 374 477 1.138 .
‘ 100 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 a
. 184 1432 1385 1409 1056 583 473 1.129 ¢,
. A
, ;:_-
. -‘F
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: c




Fable A4 \
Strain Measurements, 8%
Mixture Na. 4 ]
Corrected -
: lotil Strain, Millionths Creep Control Creep Specific tt
) Time, Gage No. Gage No. Strain, Strain, Strain, Creep, e
davs 7 8 Avg Millionths Millionths Millionths Millionths/psi :;,
d 0 471 458 465 0 0 0 0 ‘t
0.04 529 513 521 57 0 57 0.092 1
0.81 736 715 726 261 46 215 0.347 .
: 2 920 879 900 435 128 307 0.495 N
' 5 1237 1172 1205 740 290 450 0.726 Y
6 1264 1197 1231 766 284 482 0.777 o
7 1265 1198 1232 767 253 514 0.829 g
8 1292 1225 1259 794 250 544 0.877 w
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 i
~ 15 1400 1330 1365 901 245 656 1.059 Ve
! 16 1405 1331 1368 904 237 667 1.076 .
’ 19 1456 1386 1421 956 270 687 1.108 N
20 1472 1402 1437 973 280 693 1.118 o
21 1490 1418 1454 990 293 697 1.124
22 1495 1427 1461 997 293 704 1.135 S
. 23 1496 1423 1460 995 289 706 1.139 <
; 26 1523 1447 1485 1021 310 711 1.147 o
27 1542 1465 1504 1039 325 714 1.152 oo
28 1565 1490 1528 1063 343 720 1.161 oo
29 1580 1505 1543 1078 355 723 1.166 Y
30 1590 1510 1550 1086 356 730 1.177 _
, 34 1602 1524 1563 1099 370 729 1.176 Rt
' 35 1630 1550 1590 1126 398 728 1.174 o
' 36 1650 1570 1610 1146 408 738 1.190 ROt
37 1662 1582 1622 1158 418 740 1.194 P
40 1667 1587 1627 1163 424 739 1.192 R
41 1585 1500 1543 1078 336 742 1.197 b
42 1590 1507 1549 1084 343 741 1.195 i
43 1585 1520 1553 1088 353 735 1.185 L
48 1706 1620 1663 1199 456 743 1.198 NG
. 49 1710 1625 1668 1203 460 743 1.198 "
50 1717 1632 1675 1210 468 742 1.197 o
55 1738 1650 1694 1230 490 740 1.193 o
2 1785 1694 1740 1275 533 742 1.197
68 1795 1700 1748 1283 553 730 1.177
X 75 1840 1747 1794 1329 593 736 1.187 y
78 1745 1651 1698 1234 508 726 1.170 .
83 1765 1665 1715 1251 528 723 1. 165 .
90 1790 1695 1743 1278 557 721 1.163 S
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 N
125 1512 1795 1854 1389 678 711 1.147 o
148 2000 1882 1941 1477 783 YA 1.119 e
167 21064 1985 2045 1580 368 712 1.148 -
189 2155 2032 2093 1629 933 96 1.123 N
204 2155 2159 2157 1693 954 739 1.191 .
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b Table AS K
~ .
* Strain Measurements, O
N .
- Mixture No. 5 .

Corrected

:: Total Strain, Millionths Creep Control Creep Specific S
- Time, Gage No. Gage No. Strain, Strain, Strain, Creep, N
: days 10 11 Avg Millionths Millionths Millionths Millionths/psi "
* g
> 0 332 354 343 0 0 0 0 o
0.04 372 386 379 36 9 27 0.044
> 0.81 562 575 569 226 40 186 0.300 v
T 2 660 692 676 333 78 255 0.411 ot
- 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
E4 8 905 905 562 122 440 0.710
9 900 900 557 99 458 0.739 i
™, 12 968 968 625 116 509 0.821 .3
14 1020 1020 677 174 503 0.811 i~
- 15 1011 1011 668 134 534 0.861 -
N 16 1016 1016 673 139 534 0.861
8 19 1076 1076 733 169 564 0.910 -
’ 20 1090 1090 747 175 572 0.923 >
- 21 1095 1095 747 179 573 0.924
g 22 1096 1096 753 170 583 0.940 o
2 23 1090 1090 747 161 586 0.945
o 26 1109 1109 766 169 597 0.963 o
- 27 1125 1125 782 182 600 0.968 S
N 28 1141 1141 798 194 604 0.974 »
29 1240 1240 897 252 645 1.040
30 1175 1175 832 214 618 0.997 -y
-~ 34 1167 1167 824 209 615 0.992
. 35 1202 1202 859 234 625 1.008 -
36 1222 1222 879 246 633 1.021 -4
-2 37 1238 1238 895 264 631 1.018 N
40 1240 1240 897 259 638 1.029 -
. 41 1227 1227 884 264 649 1.032 g
‘. 42 1240 1240 897 252 645 1.040 7
- 43 1255 1255 912 262 650 1.048 N
Rl 48 1260 1260 917 264 653 1.053
- 49 1255 1255 912 259 653 1.053 o
% 50 1266 1266 923 269 654 1.055 .
] 55 1273 1273 930 272 658 1.061
. 62 1312 1312 969 299 670 1.081 .
A 68 1320 1320 977 304 673 1.085 -
> 75 1365 1365 1022 337 685 1.105 -
A 78 1362 1362 1019 340 679 1.095 -
'3 83 1375 1375 1032 342 690 1.113
3 90 1394 1394 1051 359 692 1.116 ot
97 1445 1445 1102 404 698 1.126
- 105 1449 1449 1106 401 705 1.137 hiE
112 1400 1400 1057 354 703 1.134 -
- 125 1464 1464 1121 404 714 1.156 -
h .
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) Table A5 (Concluded) o
T
) [
v Corrected -~
* Total Strain, Millionths Creep Control Creep Specific -
A 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 o
\ 167 1590 1590 1247 509 738 1.190 A
: 189 1606 1606 1263 514 749 1.208 0
204 1580 1580 1237 484 753 1.215 =
232 1600 1600 1257 497 760 1.226 a7
257 1570 1570 1227 466 471 1.227 o
266 1515 1515 1172 421 751 1.211 e
v .
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fable A6
Strain Measurements,

Mixture No. 6

Total Strain, Millionths

v Time, Gage No. Gage No.
i days 1 2

’ 0 480 414
0.85 680 592
X 2 740 647
] 6 990 880
d 7 1050 938
8 1090 980
9 1131 1018
12 1235 1127
A 14 1260 1145
. 15 1270 1162
y 16 1275 1165
- 19 1322 1218
: 22 1374 1270
N 23 1357 1248
' 26 1368 1262
“ 27 1410 1306
N 28 1426 1316
29 1410 1308
" 30 1392 1292
k. 33 1436 1336
34 1470 1378
35 1466 1368
. 41 1450 1360
: 42 1435 1345
. 47 1480 1390
N 54 1522 1440
; 61 1530 1455
76 1512 1451
” 89 1550 1505
- 107 1626 1586
; 121 1576 1540
’ 134 1600 1570
o 139 1624 1610
148 1716 1705
v 166 1735 1740
L 180 1800 1795
- 198 1765 1765
ol 210 1820 1820
- 229 1860 1860
239 1900 1870
. 247 1910 1900
_ 254 1920 1925
- 281 1980 1980
e 299 2020 2030

Avg

447

636

694

935

994
1035
1075
1181
1203
1216
1220
1270
1322
1303
1315
1358
1371
1359
1342
1386
1424
1417
1405
1390
1435
1481
1493
1481
1527
1606
1558
1585
1617
1710
1737
1797
1765
1820
1860
1885
1905
1922
1980
2025

Corrected
Creep Control Creep
Strain, Strain, Strain,

Millionths Millionths Millionths

Specific
Creep,
Millionths/psi

0 0 0
189 -29 218
247 -49 296
488 45 443
547 80 467
588 105 483
628 125 503
734 187 547
756 190 566
769 190 579
773 185 588
823 193 630
875 247 628
856 217 639
868 215 653
911 255 656
924 265 659
912 250 662
895 223 672
939 251 688
977 289 688
970 272 698
958 260 698
943 245 698
988 268 720

1034 297 737
1046 310 736
1034 321 714
1080 321 759
1159 380 779
1111 325 786
1138 347 791
1170 380 790
1236 460 776
1290 475 815
1350 535 815
1318 495 823
1373 565 808
1413 585 828
1438 595 843
1458 600 850
1475 645 830
1533 710 823
1578 715 863

.253
. 343
.514
.542
. 560
.583
.635
.657
.672
.682
.731
.729
741
.758
.761
.765
768
.780
.798
.798
.810
.810
.810
.835
.855
.853
.828
.881
.904
.912
.918
.916
.900
. 945
.945
.955
.937
. 960
.978
. 986
.963
.955
. 000
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X Table A7
i Strain Measurements, o
; Mixture No. 7 o
s Corrected .’:
\ Total Strain, Millionths Creep Control Creep Specific :\'
: Time, Gage No. Gage No. Strain, Strain, Strain, Creep, P:.
g davs 4 5 Avg Millionths Millionths Millionths Millionths/psi ;-,
iy

0 547 540 544 0 0 0 0 X

i 705 690 698 154 -25 179 0.208 byA
o 2 760 740 750 207 -50 257 0.298 w
N 6 975 945 960 417 -13 430 0.498
! 7 1025 995 1010 467 5 462 0.535 o
A 8 1056 1027 1042 498 15 483 0.560 g
9 1092 1054 1073 530 25 505 0.585

12 1180 1135 1158 614 61 553 0.642
: 14 1205 1157 1181 638 57 581 0.673 s
- 15 1222 1170 1196 653 50 603 0.699
y 16 1220 1170 1195 652 45 606 0.704
& 19 1260 1205 1233 689 50 639 0.741 -
y 22 1320 1267 1294 750 92 658 £.763 o
23 1301 1250 1276 732 65 667 0.774 o
" 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
" 2 1360 1296 1328 785 85 700 0.811 O
% 30 1335 1276 1306 762 60 702 0.814 oo
. 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 .

S 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 oy
y 54 1390 1330 1360 817 35 782 0.907
y 61 1425 1340 1382 8139 50 789 0.915 -

| 76 1395 1302 1348 805 0 805 0.934 §
. 89 1450 1355 1402 859 40 819 0.950 S,
X 107 1513 1417 1465 921 75 846 0.982 T
N 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 e
148 1613 1505 1559 1015 150 865 1.003 oS

166 1635 1515 1575 1031 150 881 1.022 i

- 180 1680 1570 1625 1081 205 876 1.016 e
; 198 1695 1575 1635 1091 210 881 1.022
. 210 1730 1600 1665 1121 235 886 1.028 T
N 229 1770 1650 1710 1166 285 881 1.022 R
239 1790 1660 1725 1181 295 886 1.028 o

247 1815 1690 1752 1208 330 878 1.019 >

p 254 1830 1705 1767 1223 320 903 1.018 -
b 281 1895 1775 1835 1291 385 906 1.051 "
g 299 1920 1800 1860 1316 410 906 1.051 ;.'_'-r
. W
’ )
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Table A8

Strain Measurements,

v v v I

Mixture No. 8

oy Corrected *
Y Total Strain, Millionths Creep Control Creep Specific .
{0 Time, Gage No. Gage No. Strain, Strain, Strain, Creep, Y
k’ days 31 32 Avg Millionths Millionths Millionths Millionths/psi .
v .
o 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 A
N 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 2
8 1442 1524 1483 918 633 285 0.252
n 9 1465 1510 1488 922 638 284 0.252
N 13 1523 GF 1523 957 628 329 0.291 “
T 14 1565 1565 999 660 339 0.300 -
s 15 1602 1602 1036 681 355 0.314 -
e 16 1630 1630 1064 700 364 0.322 -
- 19 1640 1640 1074 690 384 0.340 y
21 1622 1622 1056 656 400 0.354 )
K 22 1635 1635 1069 661 408 0.361 by
o 23 1656 1656 1090 647 443 0.392 X
e 2 1658 1658 1092 659 433 0.384 N
- 28 1665 1665 1099 659 440 0.390 J
o 29 1675 1675 1109 660 449 0.398 4
- 34 1696 1696 1130 663 467 0.414
41 1764 1764 1180 700 480 0.425
LY. 47 1770 1770 1204 688 516 0.457 .
- 54 1845 1845 1279 740 539 0.477 .
o 57 1847 1847 1281 728 553 0.490 -
- 62 1850 1850 1284 720 564 0.500 :
e 69 1890 1890 1324 738 586 0.519 B
- 76 1965 1965 1399 798 601 0.532 a
84 1965 1965 1399 770 629 0.557 !
- 91 1928 1928 1362 728 634 0.562 =
b 104 2025 2025 1459 768 691 0.612 4
P 127 2090 2090 1524 788 736 0.652 -
A 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 e
= 255 2156 2156 1590 673 917 0.812 .
- 263 2165 2165 1599 658 941 0.833 -
Yoo 280 2132 2132 1566 618 948 0.840 h
292 2155 2155 1589 640 949 0.841
- 299 2118 2118 1552 604 948 0.840
; 314 2105 2105 1539 580 959 0.849
b 328 2108 2108 1542 588 954 0.845
- 346 2152 2152 1586 604 982 0.870
N 360 2058 2058 1492 513 979 0.867
< 366 2095 2095 1529 554 1005 0.890
.. :;
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Table A9

Strain Measurements,

9

Mixture No.

Corrected *Q

b Total Strain, Millionths Creep Control Creep Specific o
, Time, Gage No. Gage No. Strain, Strain, Strain, Creep, )
': days 10 11 Avg Millionths Millionths Millionths Millionths/psi h\:
\ g A

0 237 259 248 0 0 0 0
0.04 250 272 261 13 -4 17 0.015 N
y 0.15 GF 285 285 37 -4 41 0.036 N
f 0.90 302 302 54 -18 72 0.064 v
A 2 318 318 70 -10 80 0.071 e
5 350 350 102 -15 117 0.104 T
6 392 392 L44 15 129 0.114 e
7 405 405 157 12 145 0.128 -
8 195 395 147 2 145 0.128 e
" 9 380 380 132 -13 145 0.128 -
. 12 412 412 164 5 159 0.141 v
, 13 430 430 182 20 162 0.143 NN
: 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 o
33 520 520 272 55 217 0.192 S
3 40 556 556 308 76 232 0.205
: 55 575 575 327 75 252 0.223 K
: 68 665 665 417 142 275 0.244 )
86 760 760 512 216 296 0.262
100 732 732 484 181 303 0.268 S
113 767 767 519 210 309 0.274 a0
118 798 798 550 226 324 0.287 ;;-;.
127 920 920 672 360 312 0.276 e
145 1010 1010 762 415 347 0.307 -t
159 1055 1055 807 484 323 0.286
177 1030 1030 782 490 292 0.259 -
; 189 1130 1130 882 550 332 0.294 iRy
y 208 1200 1200 952 600 352 0.312 DS
218 1260 1260 1012 670 342 0.303 <o
226 1270 1270 1022 685 337 0.298 s
233 1265 1265 1017 675 342 0.303 K
260 1360 1360 1112 750 362 0.321

1390 1390 1142 367 0.325

.
.« e

'l

]
s
)

P ETETY . e @
U
.

LA
LR

T o T L T P
RSN p - - Ceut .
A N A AN ) A g ) 1‘ LR PR O s
.



- AT TN LY At W A > e ) SALA RN A SRR ) -t . . LA™ . kAL
b o
b S
c\.'
p N
) Table A0 "...
; Strain Measurements, !\
Mixture No. 10 st
Corrected :‘::
Total Strain, Millionths Creep Control Creep Specific o
Time, Gage No. Gage No. Strain, Strain, Strain, Creep, \'::
days 34 35 Avg Millionths Millionths Milljonths 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 R
2 1120 1136 1128 401 57 344 0.305
5 1818 1850 1834 1107 589 518 0.459 e
6 1885 1915 1900 1173 627 546 0.484
7 1941 1980 1961 1234 653 581 0.515 el
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 w.j:'
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 SO
19 2327 2370 2349 1622 807 815 0.721 e
21 2322 2367 2345 1618 777 841 0.744
22 2340 2385 2363 1636 787 849 0.752 R
23 2365 2412 2389 1662 800 862 0.763 -:_..'-
27 2392 2439 2416 1689 795 894 0.791 N
28 2400 2450 2425 1698 800 898 0.795 R
29 2410 2460 2435 1708 800 908 0.805 “n
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 S
62 2625 2685 2655 1928 895 1033 0.915
69 2670 2725 2698 1971 910 1061 0.939 R
76 2740 2800 2770 2043 970 1073 0.950 e
84 2745 2800 27173 2046 961 1085 0.961 o
91 2740 2800 2770 2043 955 1088 0.964 ::.
104 2810 2865 2838 2111 995 1116 0.988 4
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 i
211 3042 3120 3081 2354 1183 1171 1.037 RS
236 3022 3100 3061 2334 1155 1179 1.044 _
245 2970 3057 3014 2287 1115 1172 1.038 o
255 2940 3040 2990 2263 1095 1168 1.035 :
263 2941 3030 2986 2259 1087 1172 1.038 Rt
280 2900 2996 2948 2221 1050 1171 1.037 Y
292 2930 3020 2975 2248 1080 1168 1.035
299 2890 2985 2938 2211 1045 L166 1.032 Vot
314 2875 2975 2925 2198 1034 1164 1.031 : '
328 2895 3000 2947 2220 1051 1169 1.036 ,-"
346 2930 3036 2983 2256 1058 1198 1.061 £
360 2828 2927 2877 2150 1020 1130 1.001 {
166 2874 2977 2925 2198 1074 1124 0.996 &i

e T L S e e e T e
DRI SN, YL A AN




d ¢ S D Sied v, .
- e e R T TR T - - . . m N . . . L e e . . e . PO B P S PR A PO T AT s At oLt e T 8 IR

@

N lable All

¢

': Strain Measurements,

; Mixture No.o 11

h 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

’ 0 610 616 613 0 0 0 0

r 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

A 6 1096 1091 1094 481 30 391 0.300

~, 7 1114 1118 1116 503 66 437 0.342

o 8 1146 1146 1146 533 67 466 0.365
11 1261 1276 1269 656 139 516 0.404
12 1299 1310 1305 692 156 536 0.420
13 1326 1338 1332 719 169 550 0.431
14 1351 1364 1358 745 176 569 0.446

/ 15 1366 1382 1374 761 175 586 0.459
18 1424 1446 1435 822 199 623 0.488

: 19 1456 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

X 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 17132 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 N.610
40 1821 1848 1835 1222 430 792 0.620
41 1826 [856 1841 1228 424 749 N.h26
A2 1841 1876 1859 1246 439 307 0.632

' 47 1886 1921 1904 1291 A ]17 0.648
54 1971 2006 1989 1376 519 857 0.AT71
60 2028 2061 2045 1432 549 883 0.692
67 RERE. ok RAIIE 1519 OS] a0 0.711%
70 2126 J1h8 2147 1534 20 gl 0,716
75 2160 2202 2181 1568 5y axy 0.72%
32 22018 262 2240 127 S RV n.7349
39 2311 RERY 2329 1716 T G607 0.754
97 2341 RIBTaTs 2365 1732 T84 HeY N.758

) 104 23k 2386 2inl 1743 774 07, 0.763
L7 2461 2N JAR5 1877 804 1oy N, 7490
140 2596 2hay L6000 2007 964 1043 n.817
59 2716 AR 2700 2122 1059 163 0,833
1al RV R} JRUA JH10 2147 L1114 10833 1. 848
196 28306 BN RE AR 2206 1104 1in? 0.864
A 28R RRVSIR SRy 2281 1174 1107 0.368

(Cont inued)



Table All (Concluded)

Corrected

Total Strain, Millionths Creep Control Creep Specific
Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
days 16 17 Avg Millionths Millionths Millionths Millionths/psi
249 2886 2902 2894 2281 1172 1109 0.869
258 2876 2892 2884 2271 1159 1112 0.871
268 2813 2835 2824 2211 1114 1097 0.860
277 2860 2883 2872 2259 1164 1095 0.858
293 2946 2846 2896 2283 1159 1124 0.881
305 GF 2896 2896 2283 1197 1086 0.851
312 2876 2876 2263 1169 1094 0.857
327 2863 2863 2250 1164 1086 0.851
340 2821 2821 2208 1168 1040 0.815
358 2936 2936 2328 1224 1099 0.861
365 2896 2896 2283 1189 1094 0.857
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Table Al2

Strain Measurements,

Mixture No. 12

Corrected
Total Strain, Millionths Creep Control Creep Specific
Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
days 19 20 Avg Millionths Millionths Millionths Millionths/psi
) 0 754 721 738 0 0 0 0
. 0.04 786 750 768 31 0 31 0.024
0.79 1011 1000 1005 268 0 268 0.210
! 4 1335 1317 1326 589 72 516 0.404
3 6 1470 1440 1455 718 115 603 0.473
X 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 N.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
X 27 2063 2032 2048 1310 276 1034 0.810
: 28 2090 2058 2074 1337 300 1037 0.812
29 2115 2085 2100 1363 332 1931 0.808
2 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 2212 2195 2209 1471 360 1111 0.871
47 2235 2227 2241 1504 375 1129 0.884
‘ 54 2315 2292 2304 1566 415 1151 0.902
: 60 2342 2320 2331 1594 436 1158 0.907
A7 2408 2385 2397 1659 486 1173 0.919
70 2420 1400 2410 1673 496 1177 0.927
75 2440 2420 2430 1693 507 1186 0.929
82 2480 2460 2470 1733 536 1197 0.938
39 2540 2323 2534 1797 00 1197 0.438
97 2560 2548 2554 1817 A0S 1212 0.949
104 2560 2545 2353 1815 590 1225 0.960
117 2615 2610 2613 1875 642 1233 0.966
140 2700 2692 2h96 1959 710 1249 0.978
159 2792 2785 2789 2051 800 1251 0.980
181 2835 28133 2834 2097 841 1256 0.984
196 2825 2830 2828 2090 328 1262 0.989
224 2370 2370 2870 2133 {60 1273 1.997
249 2830 2836 2833 2096 825 1271 0.99¢6
(Cont inued)
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fable Al2 (Concluded)

Corrected
Total Strain, Millionths Creep Control Creep Specific
Time, Gage No. Gage No. Strain, Strain, Strain, Creep, W
days 19 20 Avg Millionths Millionths Millionths Millionths/psi g
LR
258 2815 2820 2818 2080 805 1275 0.999 tg:
268 2750 2755 2753 2015 740 1275 0.999 -~
277 2800 2805 2803 2065 762 1303 1.021 N
293 2785 2785 2785 2048 750 1298 1.017
305 2794 2804 2799 2062 765 1297 1.016 fxf
; 312 2770 2780 2775 2038 742 1296 1.015 .f\
! 327 2755 2765 2760 2022 728 1294 1.014 -¢:v
340 2758 2762 2760 2022 730 1293 1.013 :fﬁ~
358 2805 2810 2807 2070 771 1299 1.018 e
365 2756 2763 2759 2022 733 1289 1.010 e
[ o
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Table Al
Strain Measurements,

Mixture No. 13

Corrected

- Total Strain, Millionths Creep Control Creep Specific
: Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
s days 22 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
w 5 1612 1460 1536 794 82 712 0.505
y 6 1692 1540 l6lo 874 111 763 0.541
7 1736 1570 1653 gtl 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 0.77
. 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
N 27 2450 2228 2339 1597 433 1164 0.825
28 2470 2248 2359 1617 447 1170 Nn.829
29 2495 2270 2383 1640 461 1179 0.836
3 33 2542 2315 2429 1686 485 1201 0.851
2 34 2547 2320 2434 1691 485 1206 0.855
35 2563 2332 2448 1705 495 1210 0.858
40 2615 2380 2498 1755 520 12135 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 ion 1310 nN.928
75 2961 2700 2831 2088 758 1330 0.943
82 3056 2792 2924 2182 835 1347 0.954
Y 90 3096 2820 2958 2216 8h0 135k 0.961
97 3100 2825 2963 2220 850 1370 0.971
. 110 3210 2924 3067 2325 935 1390 0.985
Y 133 3340 3060 3200 2458 1030 1428 0.012
) 152 3475 3320 3398 2655 1160 1495 1.060
g 174 3550 3390 3470 2728 1195 1533 1.086
Y 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
251 3585 34138 3511 2769 1197 1572 1.114
261 3522 3375 3449 2706 1142 1564 1.108
270 3552 3412 3482 2740 1163 1577 1.117

(Continued)
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f Table Al3 (Concluded) o
.:;\
Corrected ::'-
Total Strain, Millionths Creep Control Creep Specific
. Time, Gage No. Gage No. Strain, Strain, Strain, Creep, LY
v days 22 23 Avg Millionths Millionths Millionths Millionths/psi e
), 286 3550 3400 3475 2733 1163 1570 1.112 :‘:‘.
: 298 3570 3410 3490 2748 1185 1563 1.107 e
) 305 3535 3356 3446 2703 1157 1546 1.096 2
320 3522 3315 3418 2676 1155 1521 1.078
. 334 3525 3323 3424 2681 155 1526 1.082
; 352 3577 3360 3468 2725 1203 1523 1.079
366 3530 3314 3422 2671 1166 1505 1.067
I
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Table Al4 7:}_
Strain Measurements, i:’
" Mixture No. 14 2
Corrected -f‘
Total Strain, Millionths Creep Control Creep Specific e
h Time, Gage No. Gage No. Strain, Strain, Strain, Creep, .;
. days 25 26 _Avg Millionths Millionths Millionths Millionths/psi o
0 734 825 780 0 0 0 0
0.04 773 925 849 70 -3 73 0.052 e
N 0.80 940 1132 1036 257 ~15 272 0.193 o~
- 4 1200 1410 1305 526 27 499 0.354 -
N 5 1251 1462 1357 572 29 548 0.388 -
- 6 1305 1520 1413 633 39 594 0.421 Y
7 306 1525 1416 636 g 627 0.444 Lo
8 1335 1550 1443 663 4 659 0.467
) 11 1415 1631 1523 744 4 740 0.524 o
. 12 1442 1665 1554 774 19 755 0.536 Rt
: 13 1482 1710 1596 817 39 278 0.551 3y
' 14 1525 1755 1640 861 64 297 0.565 e
15 1550 1782 1666 887 24 813 0.576 i
: 19 1625 1852 1739 959 97 862 0.611 )
20 1660 1890 1775 996 119 877 0.622 -
3 21 1695 1927 1811 1032 139 893 0.633 N
. 23 1736 1970 1853 1074 146 928 0.657
: 25 1785 2025 1905 1126 194 932 0.660 s
. 27 1785 2027 1906 1127 179 948 0.672 N
. 28 1808 2047 1928 1148 189 959 0.680 e
29 1825 2068 1947 1167 202 965 0.684 H
. 33 1860 2105 1983 1203 217 986 0.699 A
. 34 1865 2110 1988 1208 219 989 0.701 RN
: 35 1876 2120 1998 1219 221 998 0.707
. 40 1920 2160 2040 1261 239 1022 0.724 nAS
- 47 2000 2240 2120 1341 289 1052 0.745 A
Y 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 s
A8 2185 2422 2304 1524 411 1113 0.789 Dy
- 5 2240 2478 2359 1580 451 1129 0.800 =
. 82 2330 2575 2453 1673 529 1144 0.811 e
X 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 e
! 217 2860 3140 3000 2221 964 1257 0.891 o
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 S
. 270 2780 3065 2923 2143 919 1224 0.867 =

(Continued) 0!
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:‘ Table Al4 (Concluded) '::
N %
- - o
g Corrected »':
- Total Strain, Millionths Creep Control Creep Specitfic '
" Time, Gage No. Gage No. Strain, Strain, Strain, Creep, e
- days 25 26 Avg Millionths Millionths Millionths Millionths/psi :3:
-‘ .K
'-. 286 2762 3053 2908 2128 914 1214 0.860 %
- 298 2777 3070 2924 2144 945 1199 0.850 N
305 2740 3038 2889 2109 929 1181 0.837 ¢

320 2722 3019 2870 2091 929 1162 0.823

A 334 2730 3017 2873 2094 939 1155 0.819
3. 352 2778 3076 2927 2147 989 1159 0.821 "".
i 366 2726 3029 2878 2098 959 1139 0.807 ]
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Table Al5 \
N
Strain_Measurements, o
Y
Mixture No. 15 >
o
Corrected -
Total Strain, 'Millionths Creep Control Creep Specific -:V
Time, Gage No. Gage No. Strain, Strain, Strain, Creep, }ﬁ
days 28 29 Avg Millionths Millionths Millionths Millionths/psi %
™
-
0 425 468 447 0 0 0 0 —
0.03 508 512 509 62 -5 67 0.047 Gy
0.80 856 820 838 392 30 362 0.257 A
4 1240 GF 1240 793 127 666 0.472 -
5 1300 1300 853 136 717 0.508 Coe
6 1345 1345 898 152 746 0.529 L
7 1342 1342 895 115 780 0.553 rd
3 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 {45 898 0.636 -::
15 1509 1509 1062 150 912 0.646 o
19 1526 1526 1079 135 944 0.669 sy
20 1555 1555 1108 155 953 0.675 .
21 1583 1583 1136 175 961 0.681 T
23 1617 1617 1170 200 970 0.687 ':'_.-
25 1635 1635 11838 198 990 0.702 R
27 1625 1625 1178 170 1008 0.714 -_":-
28 1635 1635 1188 181 1007 0.714 'f.-:
29 1647 1647 1200 190 1010 0.716 -~
13 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 e
60 1797 1797 1350 240 1110 0.787 N
63 1807 1807 1360 245 1115 0.790 K
68 1816 1816 13€9 240 1129 0.800 .
75 1845 1845 1398 260 1138 0.807 o
82 1920 1920 1473 t15 1158 0.821 q.
90 1922 1922 1475 304 1171 0.830 .
97 1920 1920 1473 295 1178 0.835 X
110 1970 1970 1523 320 1203 0.853 N
133 2045 2045 1598 350 1248 0.884 “
152 2145 2145 1698 435 1263 0.895
174 2162 2162 1715 430 1285 0.911 T
189 2132 2132 1685 392 1293 0.916 e
217 2141 2141 1694 385 1309 0.928 I
242 2095 2095 1648 126 1322 0.937
251 2042 2042 1595 280 1315 0.932 ST
261 2083 2083 1636 205 1431 1.014 ‘._3:
¥
\‘ﬁ
e
(Continued) '.?'
S
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Y w et
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able Al5 (Concluded) ~°
- “n
Corrected -
Total Strain, Millionths Creep Control Creep Specific -
Time, Gage No. Gage No. Strain, Strain, Strain, Creep,
0 days 28 29 Avg Millionths Millionths Millionths Millionths/psi :'-
\ )
F.,
/ 270 1982 1982 1535 210 1325 0.939 ‘:
. 286 1942 1942 1495 175 1320 0.936 }'
2 298 1927 1927 1480 170 1310 0.928 J
' 305 1890 1890 1443 135 1308 0.927
) 320 1855 1855 1408 96 1312 0.930 i
[ 334 1844 1844 1397 95 1302 0.923 :-.'-
. 352 1867 1867 1420 120 1300 0.921 o
366 1800 1800 1353 61 1292 0.916 '}t
N %Y
N Y
N l..'-
n Ao
“ ':..\
: BX
hY Vo
"
y. \:
. 5
» Pi.-‘
; P
] Oy




Table Al6

Strain Measurements,

Mixture No. 16

Corrected N
Total Strain, Millionths Creep Control Creep Specific N

Time, Gage No. Gage No. Strain, Strain, Strain, Creep, B
davys 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 i
0.92 886 970 928 355 26 329 0.193 -,
) 2 1050 1136 1093 520 89 431 0.254 3
{ 3 1175 1260 1218 644 139 505 0.297 .
) 4 1242 1334 1288 715 161 554 0.326 S
8 1435 1532 1484 910 229 681 0.401 IS
9 1490 1590 1540 967 260 707 0.416
10 1542 1639 1591 1017 288 729 0.429 e
5 11 1586 1682 1634 1061 314 747 0.440 S
. 14 1643 1750 1697 1123 334 789 0.465 e
< 16 1650 1778 1714 1141 334 807 0.475 P
; 17 1675 1802 1739 1165 346 819 0.482 iy
' 18 1700 1830 1765 1192 360 832 0.490 iy
, 22 1735 1875 1805 1232 374 858 0.505
. 23 1747 1892 1820 1246 379 867 0.511 el
r 24 1760 1905 1833 1259 386 873 0.514 A
29 1805 1957 1881 1308 404 904 0.532 ..
36 1890 2050 1970 1397 454 943 0.555 K
42 1905 2076 1991 1417 458 959 0.565 e
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 o
. 64 2076 2240 2158 1585 544 1041 0.613 3
: 71 2160 2307 2234 1660 600 1060 0.624 -
r. 79 2162 2328 2245 1672 601 1071 0.630 S
& 86 2176 2343 2260 1686 604 1082 0.637 N
99 2245 2415 2330 1757 644 1113 0.655 -
. 122 2320 2500 2410 1837 699 1138 0.670 e
S 141 2435 2600 2518 1944 779 1165 0.686 R
. 163 2460 2640 2550 1977 799 1178 0.693 -
A 178 2450 2645 2548 1974 786 1188 0.700 s
- 206 2495 2685 2590 2017 811 1206 0.710 -
231 2465 2670 2568 1994 783 1211 0.713 7
. 240 2420 2642 2531 1958 749 1209 0.712
. 250 2392 2605 2499 1925 714 1211 0.713 -
- 259 2385 2610 2498 1924 719 1215 0.716 s
” 275 2340 2560 2450 1877 661 1216 0.716 N
. 287 2360 2570 2465 1892 666 1226 0.722 oo
* 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 —~
X 340 2315 2519 2417 1843 595 1248 0.735 v
354 2243 2474 2358 1784 542 1242 0.732 b

2357 2485 2421 1847 558 1289 0.759




lable ALY
Strain Measurements,

Mixture No. 17

Corrected
Total Strain, Millionths Creep Control Creep Specific
Gage No. Gage No. Strain, Strain, Strain, Creep,
43 44 Avg Millionths Millionths Millionths Millionths/psi

1080 985 1032 0 0 0
1168 1083 1126 93 ~3 96
1325 1245 1285 253 -7 260
1435 1345 1390 358 0 358
1520 1433 1477 444 18 426
1570 1482 1526 494 18 476
1720 1635 1678 645 18 h27
1775 1690 1733 700 40 660
1824 1736 1780 748 61 687
1865 1780 1823 790 78 712
1935 1850 1893 860 83 777
1965 1890 1928 895 80 815
1990 1916 1953 921 85 836
2025 1952 1989 956 98 858
2085 2020 2053 1020 108 912
2105 2043 2074 1042 118 924
2120 2060 2090 1058 123 935
2195 2142 2169 1136 143 993
2318 2275 2297 1264 200 1064
2375 2335 2355 1323 216 1107
2495 2462 2479 1446 1163
2520 2490 2505 1473 1180
2566 2544 2555 1523 1213
2650 2630 2640 1608 1258
2750 2730 2740 1708 1295
2800 2795 2798 1765 1337
2837 2830 2834 1801 1373
2970 2971 2971 1938 1440
3132 3147 3140 2107 1519
3290 3310 3300 2268 1570
3375 3406 3391 2358 1620
3415 3450 3433 2400 1652
3520 3656 3543 2510 1700
3550 3615 3583 2550 1727
3542 3611 3577 2544 1734
3535 3608 3572 2539 1749
3550 3630 3590 2558 1753
3535 3625 3580 2548 1740
3570 36773 3622 2589 1756
3550 3657 3604 2571 1753
3552 3670 3611 2578 1755
3586 3710 3648 2615 1757
3611 37139 3675 2642 1789
3573 3719 3646 2614 1769
3613 3756 3584 2652 1786

.046
124
.170
.203
.226
.299
<314
.327
.339
.370
.388
.398
.409
434
L440
445
473
. 507
.527
. 554
. 562
.577
.599
.616
.637
.654
.686
.723
747
771
. 787
.810
.822
.826
.833
.835
.828
.836
.835
.833
.837
.852
842
. 850
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Table Al8 .:,’.
Elastic Properties -;-
ro
Age at Sustained Elastic Elastic .
Mixture Replacement Loading, Load Strain Modulus "y
No. Volume, % w/c days psi millionths psi x 10° ~A
- 1 60 0.60 28 186 119 1.56 Y
' 156 1.19 -2
' 1.38 <
: 2 60 0.40 2 208 175 1.19 2
4 162 1.28 <IN
1.24 ;f. »
3 60 0.40 7 419 375 1.12 N
330 1.27
1.20
: 4 -- 0.40 2 620 471 1.32 S
' 458 1.35 -
1.34 r
5 60 0.40 7 620 332 1.87 e
354 1.75 2=
1.81 e
y 6 30 0.40 7 862 480 1.80 -
\ 414 2.08
1.94 .,
7 30 0.40 7 862 547 1.58 s
540 1.60
hSY:
8 60 0.40 28 1129 546 2.07
585 1.93 Khe
.00 g
n,
9 - 0.60 28 1129 237 4.76 R
259 4.36
4.56 \‘:
(“'-
. 10 — 0.40 7 1129 722 1.56 S
. 732 1.54 ¢
1.55 ot
11 -- 0.40 7 1276 610 2.09
616 2.07
2. -:_:
NS
12 - 0.40 7 1276 754 1.69 BN
721 1.77 NS
1.73
13 - 0.40 7 1411 780 1.81 o
705 2.00 RN
\ 1.90 ol
.;,:
(Continued)
r'.::'
b [
\ Q'::'q'
N
o
:"" \
"
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Table Al8 (Concluded)

Age at Sustained Elastic Elastic
Mixture Replacement Loading, Load Strain Modulus
No. Volume, % w/c days psi millionths psi x 109
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




: <
\ e
~
¢ Table AL9 3
) Calculated Creep Strains o
u“'.

»
-

\

Observations Equation Index of Calculated

) Mixture Span Coefficients Determi- Creep, 1 yr :i
. No. No. days A B nation millionths/psi :i‘
; 1 25 165 * * * * o
{ 2 32 181 0.3720 0.5377 0.875 3.5444 a7
3 44 184 0.1468 0.2383 0.900 1.5527 N
4 48 204 0.2517 0.2286 0.786 1.6004 NS
A 5 51 266 0.1528 0.2220 0.927 1.4626 -
. 6 43 299 0.1214 0.1688 0.926 1.1173 fﬂf
- 7 43 299 0.1122 0.1827 0.943 1.1960 -
8 47 366 -0.0744 0.1520 0.967 0.8224 o
9 34 278 -0.0011 0.0568 0.992 0.3340 '
10 47 366 0.1332 0.1729 0.931 1.1533 o
11 53 365 0.0373 0.1515 0.982 0.9311 -
12 54 365 0.1641 0.1658 0.903 1.1423 SO
13 50 366 0.1406 0.1814 0.941 1.2108 =
- 14 50 366 0.1270 0.1432 0.906 0.9719 C;;
15 50 366 0.1409 0.1515 0.922 1.0347
16 44 365 0.0807 0.1207 0.955 0.7928 DNy
17 44 365 -0.0200 0.1502 0.996 0.8662 .
3 E;
. O
e
".‘P
e
. tf:
o
: o
P
‘ . “_ \
o
. . e -

* Wide variations in data precluded curve fitting.
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5 Table A20 ?;
g Summary of Results -3
) 2.
Replacement Loading Elastic Calculated b

) Mixture  Cement Material Age Modulus Creep - 1 yr f.:
No. Type No. Veol., % W/C days psi x 10 millionths/psi %

Y 1 688(3) 510 60 0.60 28 1.38 -- Py
' 2 688(3) 510 60 0.40 2 1.24 3.5444 LA
3 688(3) 507 60 0.40 7 1.20 1.5527 i;‘

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 S

. 8 688(3) 510 60 0.40 28 2.00 0.8224 R
: 9 688(3) S — 0.60 28 4.56 0.3340 e
10 735(IP)  --=  -- 0.40 7 1.55 1.1533 oY

11 772(11) - - 0.40 7 2.08 0.9311 R

‘ 12 742(IP)  -- - 0.40 7 1.73 1.1423 o
: 13 752(18) - -- 0.40 7 1.90 1.2108 R
. 14 688(3) S — 0.40 7 1.82 0.9719 >
15 688(3) 510 60 0.25 2 3.16 1.0347 &

N 16 688(3) — - 0.25 2 2.97 0.7928 =
- 17 688(3)  --  -- 0.40 28 2.04 0.8662 !
N ‘
3 g;‘
i
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Background }ﬁ.
1. A total of 56 cements and blended cements from 27 different sources Ft
were examined by X-ray diffraction to determine the crystalline phases ,
that were detectable. Selective chemical dissolution treatments were :‘f
used as needed to aid in the identification procedure. : :
'l
Samples ,,"

2. The samples are identified alphabetically by sources:

Structures

Laboratory (SL) Cement

Serial No. RC- Type Source
705 Portland 1II 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 1IP 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

Blend (Slag)
Blend (Slag)

Germany, Source 1
Germany, Source 2

USAECE-1C-1,
USAECE-1C-2

733 Portland I (Preheater) Georgia

765 Portland I Iceland

766 Portland I Iceland

725 Portland I Illinois

726(2) Blend 1IP Illinois

772 Portland II (Preheater) Kansas

755 Portland V Manitoba, Canada
756(2) Portland 1 Maryland

761 Portland 1 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




! A

: Structures b
: Laboratory (SL) Cement H
i Serial No. RC-- Type Source LN
A 734 Portland I Michigan, Source 2 [
’ 735 Blend IP Michigan, Source 2 o
r 829 Portland I Michigan, Source 2 e
; 830 Blend 1P Michigan, Source 2 :a:
688 (2)(3) Portland I Mississippi s

721 Blend IP Missouri -
722 Portland 1 Missouri ity

\ 738 Portland I Missouri o
739 Blend 1IP Missouri -

740 Blend IP (made with bottom ash) Missouri o

831 Portland 1II New York S

746 Portland I (Preheater) Ohio ot

769 Blend IS (Slag) Penn., Source 1 o
770 Portland I Penn., Source 1 )

A 833 Blend IS (Slag) Penn., Source 1 ::{
» 834 Portland 1 Penn., Source 2 S
d 716 Portland I South Carolina 'gi
717 Blend 1IP South Carolina =

729 Portland I South Carolina N
730 Blend IP South Carolina IS
736 Portland I, II (Preheater) Texas, Source 1 t 5

737 Portland TIII1 Texas, Source 1 RS

744 Portland I Texas, Source 2 e

745 Blend 1IP Texas, Source 2 —

733 Portland I Georgia ol

807% Blend IP, MS Texas, Source 2 ;}}
807 (A) Portland 1 Texas, Source 2 N

741 Portland I Tennessee “re

742 Blend 1IP Tennessee St

718 Portland I, II Washington i

* o

Made with fly ash AD-577. .:}

Test Procedure —
3. A portion of each cement was tightly packed into a sample holder and ;iﬂ

examined by X-ray diffraction in a nitrogen atmosphere to prevent hydration of -fﬁ

the sample. o

.

4. 1In all cases a sample of cement was treated with maleic acid to selectively

dissolve the calcium silicates (alite, belite). The weight loss was determined A

and the insoluble residue was examined by X-ray diffraction. The maleic acid E;
procedure was essentially as described by Mander, Adams, and Larkin (1974)%* ;u ¢
except that treatment time was 30 instead of 10 minutes when it was found that o ,

the shorter time Jdid not always remove all of the calcium silicates. s,




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

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

7. The crystal form or forms of tricalcium aluminate in the cements were
determined by study of X-ray diffraction patterns of insoluble residues or

of as received portland or other types of cements. These were classified as
cubic or noncubic (orthorhombic, monoclinic), or a mixture of cubic and
noncubic forms. This was done by the presence or nonpresence of weak peaks

at 4.41A,% 4.23A,% and 4.08A.% This procedure was largely based on infor-
mation by Fletcher, Midgeley, and Moore (1965); by Regourd, Chromy, Hjorth,
Mortureux, and Guinier (1973); by Regourd and Guinier (1974); and Kristmann
(1977). A paper about the procedure for determining the form of C3A in cement
by X-ray diffraction was published bv Burkes and Buck (1983).

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

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

Results

10. The phase composition and chemical dissolution data for each of the 56
cements are shown in Tables Bl through B6. Table Bl shows a comparison of two
cements from Arizona made without and with a preheater. Table B2 compares
seven cements from six states that were all made with preheaters. Table B3
compares eight cements from five sources that were made with or without blast
furnace slag. Table B4 shows data for 24 cements from 7 states. Table B5 com-
pares nine Type 1 cements from six sources. Table B6 compares six Type 1T,
IT1, and V cements from six sources. The 56 cements consist of 36 portland
cements and 20 blended cements. There are 23 Type I cements, 2 that meet both
Type I and Type II specifications, 8 Type II cements, 1 Type I1I1 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 I1 cement and

fly ash, and 6 made with blast-furnace slag.

11. Table B7 shows the type or types of C4A 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).

P
e

1

Discussion

x v
CA AL

(4

12, Limited study of the tabulated data was made. This indicated that where
direct comparisons were possible such as Table Bl for the effect of a preheater,
there was no detectable effect on phase composition or phase forms. 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),
the more striking point is the overwhelming similarity of the cements as judged
by X-ray diffraction (XRD).

>

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

l4.  The type and relative amount of C3A 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--1).
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Table Bl

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

One Source Made With and Without a Preheater

RC~-763
Made in Dry Kiln
No Preheater

RC-764
Made with Preheater

Sampled Resampled Sampled Resampled

_ Constituents in 1976 in 1979 in 1976 in 1979
Cement

Alite X X X X

Belite X X X X

Aluminoferrite C4AF C4AF C,AF C,AF

Tricalcium Aluminate n.d. Non-cubic n.d. Possible
Calcium and Other Sulfates

*ok

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, % 84.4 81.6 85.6 82.7
Soluble in NHACI, % n.d. 6.2 n.d. n.d.
Insoluble, 7 15.6 12.2 14.4 17.3

xNot determined .
%%

Indicates not detected.
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Tuble 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 1 Type I,II1 Type 1 Type 1L Type IIL Type 11 Type I
Portland Portland Portland Portland Portland Portland Portland
Lonstituents 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 CAAF C6AF2 C,AF C,AF C6AF2 C, AF CAAF
Tricalcium Mixed Mised * 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) Possible Probable - - - - Possible
Calcite - Possible - Possible - - -
Dolomite - X X X - - -
Chemical Data
Soluble in
Maleic Acid, 7 82.6 84.4 79.4 80.7 83.3 82.7 82.0
Insoluble, 7% 17.4 15.6 20.6 19.3 16.7 17.3 18.0
*  Not determined. T T
**  Indicates not detected.
B8
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Table B6

Composition and Chemical Data on Six Type II, III,

and V Portland Cements

Alabama New York Wash. Texas Colorado Canada
RC-705 RC-831 RC-718 RC-737 RC-832 RC-755
Type I1 Type 11 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 X
Belite X X X X X X
Aluminoferrite CQAF CLAF CgAF) CeAF2 CeAF> C4AF
Tricalcium sk %
..Juminate - 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
Ca0 - - - - - Possible
Chemical Data
Soluble in
Maleic Acid, % 84.6 83.6 86.6 84.9 85.2
Soluble in NHQCl,Z n.d. 3.0 n.d. n.d. n.d.
Insoluble, % 15.4 13.4 13.4 15.1 14.8
* Not determined.
** Not detected.
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X Table B7
_' Types and Relative Amounts of C3A in 30 Portland Cements ;:
I‘.
\ Type of C3A \i,
] % *K *x -
Ranking Cubic Mixed Forms Non-Cubic ’
Most RC-756 RC-834 RC-765
: RC-716" rRe-715"" S
rRC-729" RC-733 A
RC-738 S
RC-741 RC-751 o
RC-761 -
RC-770 -
X Intermediate - RC-714 RC-718 e
X rc-7208 ¢ -
. RC-766 -]
Less RC-807 (a)? RO-688 RC-731 =
rc-829% } RC-744 RC-736 i
t RC-746 RC-772 Ty
j RC~753 N
| Least RC-725 RC-763 re-734% i
Total 10 11 9 B
. -
\ 3
e
o]
2 Rankings based largely on the 4,08(A) peak. Y
v Kok KN
! Rankings based largely on the 4.23(A) peak. ui:
g r \- ..5
rBoth from same source. *
++Note that this high alkali Type 1 (RC-715) differs from the Type I-1I from NN
this source (RC-753). :{i\
SN
IRC-807(A) is cubic and RC-744 is mixed; both from one source in Texas. p:j:
IIRC—720 and RC-734 are non-cubic while RC-829 is cubicj all are from one t;;
source in Michigan. 7
; X
: o

B 1 7 .4.’ '




APPENDIX B-1

NH,Cl Treatment to Remove Sulfate Compounds from Cement
A 2

G. S. Wong and T. B. Husbands

Equipment and chemicals

1000-m1 vacuum flask
1000-ml1 beaker

Buchner funnel

No. 50 Whatman filter paper
Magnetic stirrer

Mettler balance

10 percent NHACI (1000 ml)

Distilled HZO

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
NHACI solution. Stir with imagnetic stirrer for 45 minutes.

The solution is filtered and washed with distilled HZO. 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.
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APPENDIX C: PETROGRAPHIC EXAMINATION--ASHES,
NATURAL POZZOLANS, AND SLAG




Background

1. A total of 12 fly ashes, 2 natural pozzolans, and 1 blast-furnace slag
were examined primarily by X-ray diffraction to determine what crystalline
phases were present in these samples. In addition, all of the 13 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 flv
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-rav diffraction either as
received or after some grinding or both.

3. Four of the fly ashes (AD-505, 510, 512, 513) were subjected to a cold
water treatment to selectively dissolve soluble constituents; the amounts
dissolved were determined by weighings before and after the treatment. The
water-insoluble residues were then examined by X-ray diffraction. The

cold water treatment was done by placing 2 g of sample in 800 ml of dis-
tilled water that was kept cold with ice cubes made of distilled water for
3 hr, each sample was then filtered, washed with methanol, dried, and
weighed. These residues were ._hen treated with maleic acid for more selec-
tive dissolution; weighing was again used to determine the amount of sample
dissolved; the insocluble residues were examined by X-ray diffraction.

4. Fly ashes AD-506, 507, 509, 5lI, 517, and 577 were subjected to the
maleic acid treatment without tihe cold water trecatment. Weight loss was
determined as before, and the insoluble residues were examined by X-rav
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. N
Sald
6. The three subbituminous fly ashes (AD-505, 507, 512) and four of the five w
lignite fly ashes (AD-506, 509, 510, 513) were mixed with small amounts of : !
distilled water and placed in drink cups to determine if they would harden. The :E*‘
mixtures were then examined by X-ray diffraction after they were about 21 days o)
old. "'q'
o

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 (Ca0O), anhydrite (CaSO,), and periclase (MgO)
are commonly found in addition to the phases usually found in bituminous ash.
Tables C1 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 I
with the chemically determined amounts; when these did not agree this was Lo
taken to mean that some of the calcium was dissolved in the glassy phase of .

* US Army Engineer Waterways Experiment Station. 1949 (Aug). Handbook for

Concrete and Cement, with quarterly supplements, Vicksburg, Miss. ::1_
e

*% Pepper, L., and Mather, B. 1959. "Effectiveness of Mineral Admixtures A
in Preventing Excessive Expansion of Concrete Due to Alkali-Aggregate s
Reaction," ASTM Proceedings, Philadclphia, Pa., Vol 59, pp 1178-1203. NG
R

c3 KR

w'e ,-‘




the ash rather than being present as lime. As indicated earlier ecach table
indicates which ashes contain the most, least, and intermediate amounts of
the different crystalline phases as judged by the intensity of X-rayv diffrac-
tion peaks.

. 12. As the amount of a crystalline phase in a mixture decreases or is masked
X 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

N 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
N 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

5 mind the problems discussed about phase identification by X-ray diffraction in
such materials note that calcium aluminoferrite is indicated as being present
. in the lignite ash AD-510 (Table C2); this is the same material found in most

portland cements. Tetracalcium trialuminate sulfate is also indicated as being
present in the same ash and possibly in the lignite ash AD-513; this is the ex-
pansive component in Type K expansive cement. AD-510 had the most lime by
chemical analysis (29.9 percent) and was the most complex of the 12 ashes exam-
ined. There was probably some crystalline material in it that remained uniden-
tified; this may also be true for a few of the other ashes. A chemical proce-
dure for the selective removal of glassy material from fly ash has been
published.*

P

13.  The fact that ettringite was found in the hydrated material of all seven
of the ashes shown in Tables Cl and C2 by X-~ray diffraction is taken as proof
that these and probably other ashes are a source of alumina to make ettringite
with or without portland cement when they are combined with water. The fact
that thenardite (NapSO,) was identified in the X-ray patterns of hvdrated AD-
505, 509, aund 510 and not in them without hydration indicates sodium was readily
soluble from the plass since none of the crystalline phases identificd should
provide a4 source of sodium; the sulfate came from the anhydrite. Neither hy-
dration nor chemical dissolution treatments had much effect on the periclase
in the samples; this suggests the periclase tends to be dead burned and there-
fore unreactive.
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14. Table C4 shows the phase identifications and some solubility data for two
bituminous (AD-517, WES-44F-~73) ashes and one lignite (AD-577) ash. They show
the expected compositions and range of solubility data.

15. Table €5 shows phase identifications and some solubility data for two
natural glassy pozzolans (AD-516, AD-518).

v

et

16. Table C6 shows phase identifications and some solubility data for blast-
furnace slag (AD-537); the phases shown are normal for such material.
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* Buck, A. D., Husbands, T. B., and Burkes, J. P. 1983 (Mav). "Studies of
the Constitution of Flv Ash Using Selective Dissolution," Miscellanecous
Paper S1L-83-5, US Army Enginecer Waterways Experiment Station, Vicksburg, Miss.
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I7. Typical particle shapes of fly ash AD-513 and of natural pozzolan AD-518 e
are shown in Micrograph Cl. Micrograph a. shows the generally larger spherical {Q;
shape of fly ash particles as compared to silica fume spheres. Micrograph b -
shiows the nonspherical and larger particle shape of this natural pozzolan as "ot

compared to both flv ash and silica fume.
Conclusions e
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
s 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 aluminum, it follows that the aluminum needed to make et-
tringite came from the glassy phase of these ashes.

f. The one fly ash (AD-513) and the one natural pozzolan (AD-518) that
were examined by SEM showed the typical spherical and nonspherical particle
shapes, respectively, that were expected for these materials.
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a. Fly ash AD-513, showing spherical shapes, X 2000, "
No. 042677-3. Largest sphere is about 5 um in A
diameter. N
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. b. Natural pozzolan AD-518, X 1000. No. 102076-15. o
- Nonspherical shapes. largest particle is about )
. 35 um. R
- Micrograph €l o
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Crystalline Phases

Mullite
Quartz
Hematite
Magnetite
Lime

Hydrated Lime
Periclase
Anhydrite

Chemical Data

Lime, %
Soluble in Cold
Water, 7%

Balance Soluble in
Maleic Acid, %

Total Soluble in
Maleic Acid, %

Insoluble

Total, 7%

Material Hardened
in Water

CRD-C 128 datatt

Sc (millimoles/%)

Rc (millimoles/%)

* Based on X-ray
ek

of ettringite.

Table C1

Compositional®* and Partial Chemical Data

for Three Subbituminous Fly Ashes

AD-505%%

. Missouri

(2)
(2)
(2)
(2)
(2)
(2)
(2)
(2)

Pl SR T -

11.1

5.7

7.2

Not determined
87.1

100.0

Yes

32
388

diffraction data.

AD-507F%
- Missouri

X (1)t

X (1)

X (D

X (D)
detected
detected
detected
X (3)

Not
Not
Not

4.8
Not determined

Not determined

[P o)
QO O

9
100.
Yes

208
398

TTUAD-512%x

.lowa

Not detected
(2)
(2)
(3)
(1)
(1)
(1)
(1)

Ea i T T

20.3
10.7
11.2
Not determined

78.1
100.0

No

15
436

Hydration of the material with water for 21 days resulted in the development
AD-505 developed a white crust of thenardite.

+ Numbers in parentheses refer to amount of a compound with one being most and

three least.
+

a® ., - -
PR PR Ty Sy u

12.5-g sample in 25 ml of IN NaOH at 80°C for 24 hr.
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Table C2

Compositional® and Partial Chemical Data for

Four Lignite Fly Ashes

AD-506%* AD~509%%* AD-510%%

Crystalline Phases Texas North Dakota Minnesota
Mullite X (L)t Not detected Possible
Quartz X (1) X (2) X (4)
Hematite X (2) X (2) X (D)
Magnetite X (2) X (2) X (D)
Lime X (2) Possible (4) X (1)
Hydrated Lime X (1) Not detected Not detected
Periclase X (2) X (2) X (1)
Anhydrite X (3) X (3) X (1)
Melilite Group Not detected X X
Calcium Alumino-

ferrite Not detected Not detected X (1)
Tetracalcium Tri-

aluminate Sulfate Not detected Not detected X (1)
Plagioclase Feldspar Not detected Not detected Not detected
Chemical Data
Lime, 7 19.8 13.1 29.9
Soluble in Cold

Water, 7 Not determined Not determined 14.8
Balance Soluble in

Maleic Acid, 7% Not determined Not determined 23.6
Total Soluble in

Maleic Acid, 7% 13.5 12.1 Not determined
Insoluble, 7% 86.5 87.9 6l1.6
Total 1060.0 100.0 100.0
Material Hardened

in Water No Yes Yes
CRD-C 128 datat+

Sc (millimoles/?%) 44 157 9

Rec (millimoles/1) 658 324 307

JURTE
__Colorado

X (2)
X (3)
X (2)
X (2)
X (3)
Not detected
X (2)
X (2)
X

Not detected

Possible (2)
X (1)

Not determined
78.5
100.0

Yes

6
528

* Based on X-ray diffraction data.

** Hydration with water for about 21 days resulted in the development of
AD-509 and AD-510 also formed a white crust of thenardite.
Numbers in parentheses refer to amount of a compound with one being most

ettringite.

N
V

and four being least.

++ 12.5 g of sample in 25 ml of 1IN NaQH at 80°C for 24 hours.
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: Table C3 0
. Compositional® and Partial Chemical Data for :‘ ‘
Two Bituminous Fly Ashes -
- 2,
/1 L o I
AD-511 AD-570 i
.. _Crystalline Fhases = Georgia Mississippi -::.:
t ) L)
. Mullite X (2)% X (1) 262
Quartz X (2) X () )
Hematite X (2) X (1)
5 Magnetite X (1) X ()
. Chemical Data
Total Soluble in Maleic Acid, 7 4.9 Not determined
. [nsoluble, Z 95.1 Not determined
v Total, 7 100.0
- CRD~C 128 data“
. Sc (millimoles/ ") 162 Not determined
) Rc (millimoles/:) 423 Not determined
"
:. .:.:\.
. ::-\
. '.L.}
X '{_\_
___________________________________________________________ . e
.. % Based on X-ray diffraction data.
M *% Numbers in parentheses refer to amount with one being most and two being
least.

+ 12.5 g of sample in 25 ml of IN NaOH at 80°C for 24 hours.
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Table C4
Compositional* and Partial Chemical Data for

TUAD-S17HE T © WES-44F-73 T AD-577+

Crystalline Phases - Michigan __Missouri _Texas
Mullite X X X
Quartz X X X
Hematite X X X
Magnetite X X X
L.ime X X X
Periclase Not detected Possible X
Anhydrite Not detected X X
Chemical Data
ToLal Soluble in

Maleic Acid, 7% 2.5 Not determined 8.1
Insoluble, 7 . 97.5 Not determined 91.9
Total, % 100.0 100.0
* Based on X-ray diffraction data.
** Used in blended cement RC-719,

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

¢l10
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Table C5 s
‘ ,“-f
\ Compositional* and Partial Chemical Data for ¢ lt
Two Natural Pozzolans \.’4
A
! AD-516 AD-518 '.";Q:
Crystalline Phases Greece California Z
) Tt JI"\
Quartz X (2) X (1)*% W
Plagioclase and Potassium
Feldspars X (plagioclase only) (1) X (2) by
Cristolzalite Not detected X N
Hematite Not detected X RO
Magnetite Not detected X ey
5 Biotite Mica Not detected X rf:'n_'
Gypsum Not detected X
Calcite X Not detected e
Dolomite X Not detected -
k' Clay, 14A (1.4 nm) X Not detected e
s~
: Chemical Data -::::-;
CRD-C 28 datat B
. Sc (millimoles/%) Not determined 1055
: Rc (millimoles/%) Not determined 470
P
* PBased on X-ray diffraction data. .S;\
#% Numbers in parentheses refer to amount of a compound with one being :.:~
most and two being least. oy
J + 12.5 g of sample in 25 ml of 1IN NaOH at 80°C for 24 hours. o
[} ‘~‘.\
U ‘-..\
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Table C6
Compositional® and Partial Chemi cal Data for

One Blast-Furnace Slag

__ Crystalline Phases i Michigan

Monticellite
Melilite Series
Meruinite
Calcite

Iron

fe e
NIRRT A Wt
,
B

]
i
LAY

Chemical Data

Soluble in Cold Water, %

Balance Soluble in Maleic Acid, %
Insoluble, %

Total, %

s
o .'a‘a‘
P et

. |

- o

T eteT e s ¥

NN
A )
¢ t ¢

A

[

e
Y o

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




APPENDIX D: PETROGRAPHIC EXAMINATION--FUMES
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Background

l. 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 um (No. 325) sieve. The
material larger than 45 um 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 um was separated into magnetic and non-
magnetic portions and each was examined by X-ray diffraction. The coarser
fractions of AD-536(2), AD-544(75), and AD-550 were ground and examined

by X-ray diffraction without magnetic separation.

4, A portion of AD-550 was placed in distilled water overnight to dis-
solve soluble material. The water was then decanted and dried; the re-
sulting solids were examined by X-ray diffraction.

5. A sample of AD-536(2) was treated by a variation of test method
CRD-C 128% as described by Pepper and Mather (1959)** as a measure of
preventing excessive expansion in concrete,.

* US Army Engineer Waterways Experiment Station. 1949. '"Handbook for
Concrete and Cement,'" with quarterly supplements, Vicksburg, Miss.
*% Pepper, L., and Mather, B. 1959. "Effectiveness of Mineral Admixtures
in Preventing Excessive Expansion of Concrete Due to Alkali-Aggregate
Reaction," ASTM Proceedings, Philadelphia, Pa., Vol 59, pp 1178-1203.
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6. All X-ray examinations were made with an X-ray diffractometer using nickel-
filtered copper radiation.

7. A portion of several samples was prepared as an immersion mount and examined
with a polarizing microscope to verify that the sample was glassy and for other
features.

8. Each sample was examined by X-ray emission spectroscopy to determine if
any elements had been overlooked during the regular chemical analysis.,

Fv‘-‘

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.

l.—.. ‘-
2y

”, .I’ ’l‘ -'. X
SR

Results

X

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 D1 and D2).
Seven samples had silica contents above 90 percent, four were between 75 and
90 percent, and five were below 75 percent (Tables D1 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.
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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 D1 and for the remaining 12 samples in Table D2. It should be
kept in mind that even though many phases may be indicated, as for example
AD-545 in Table D1, 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 D1) and possibly present in AD-542 (Table D2). AD-558 and AD-550
contained 1.1 and 4.1 percent chloride, respectively. The identification of
these materials in AD-550 was proven by their enhanced presence in the water-
soluble residue that was examined by X-ray diffraction. AD-550 also had the
most crystalline material in it as judged by the X-ray diffraction peaks.

13. Two SEM micrographs of two different shipments of AD-536 fume are shown in
Micrograph Dl1. TInitial specimen preparations did not disperse the particles
well as can be seen in Micrograph Dla. Modification of sample preparation using
an ultrasonic cleaner gave better particle dispersion as shown in Micrograph DI1b,
In both micrographs the shape and small size of the spheres is evident. The
largest spheres shown are about 0.5 um or less in diameter which shows the

small particle size of this material,
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14, Examination of 16 by-product fume materials by X-ray diffraction along with
other data indicated they were largely amorphous silica. The most significant
difference found in this examination of the 16 fumes was that 4 were charac-

terized by high iron contents while the remaining 12 fumes had much lower iron
contents,

15. The chloride phases found in several samples were probably contamination.
16. Silica fumes AD-536 and AD-536(2) were shown to consist of spherical

particles generally less than 0.5 um in size. It is considered probable that
the other fumes were similar.
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a. Silica fume AD-536; not well dispersed.
No. 110376-29, X 10,000

b. Better dispersion of different shipment of same fume
(AD-536(2)), X 20,000. No. 072083-16

Micrograph D1
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Table D1

Compositional® and Partial Chemical Data for

Four High Iron Glassy Fumes

AD-545
Ferrosilicon
and Manganesc AD-546 AD-549 AD-557
Minor Silicon Fume, rerrosilicon Silica Fume, Ferrosilicon
Cryvstalline Phases Tenn. Fume, W. Va. Ala. Fume, Ala.

Oxides

dematite
Magnetite
Ilmenite
Jacobsite
Quartz
Cristobalite
Manganosite

bl el i

Elements

Carbon possible X
Silicon X - X

Irn X probable
Sulfides

Pyrite
Pyrrotite

Silicates

Akermanite

Gehlenite

Mullite or

Sillimanite

Silicon Carbide possible

Iron Silicide possible

Calcite -

Sylvite - probable
Chemical Data

FepOg, « 14.6

Sio,, % 73.7 1.2

Cl-5 0.1 ' 0.2

*  All identifications are based on X-rav diffraction; most identifications are
tentative since thev are usuallv based on one or at most only a few peaks.
[dentifications basced on examination of material coarser than a 45-um (No.
325) sieve as well as of the whole sample.

i T e o

TATAY A
{'{ﬁ.":'r LS

L4

v

I g
L

)
o'

P R |
AP Y
et
PR

A
v
we's




Table D2

Compositional* and Partial Chemical Data for

Twelve Glassy Fumes

x%x  AD-541 AD-542 AD-543 «x 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

Magnetite X X
Spinel Group Possible Possible

Quartz Possible Possible
Cristobalite - -

Elements

Carbon Possible Possible
Silicon
Plagioclase

Feldspar X
Silicon Carbide X
Iron Silicide Possible
Barium Fer-

rite (IV) Possible
Chlorides

Sylvite Possible
Halite -—

Chemical Data

SiOZ, % . . 92.6
c1-5 7 . . 0.0
CRD-C 128 data’

Sc (millimoles/%) Not determined

Re (millimoles/1) 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.
*% Jdentifications based on examination of material coarser than a 45-um (No. 325)
sieve as well as of the whole sample.
+ 12.5 g of sample in 25 ml of IN NaOH at 80°C for 24 hours.
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Table D2 (Concluded)

Kk
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 - Possible 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
5i0,, % 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

* Based on X-ray diffraction data; most identifications are tentative since they are
usually based on one or at most only a few peaks.

** [dentifications based on examination of material coarser than a 45-uym (No. 325)

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

METHODS OF CHEMICAL ANALYSIS
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Ny (A) Method of Analysis of Portland Cement and Portland

l Tt T s T cTTTT ST T T TT T T T Tt T TS e s e T T T T

3 Blast-Furnace Slag Cements Using Flame

.' Atomic Absorption (AA)

} 1. Summary of method. S e
The cement is combined with ammonium chloride and digested in hydrochloric

acid; silica is removed by filtration. The filtrate is diluted to 500 ml and

N analyzed for Al, Fe, Mg, Mn, Ti, Na, and K by AA.

N 2. Reagents.

; 2.1 Ammonium chloride (NH4Cl), crystals, reagent grade.
2.2 Hydrochloric acid (HCl), reagent grade.

X 2.3 SRM cements - National Bureau of Standards, Standard Reference Cements,

~ SRM's 633-639.

- 2.4 Standard cement solutions. Remove 510, and reserve the filtrate in a

- 500-ml, volumetric flask according to ASTM C 114 (Silicon Dioxide). Dilute the

3 filtrate to mark in the flasx and mix. Prepare the complete series of SRM's 633-639.

> 3. Lquipment.

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).
i 4. Procedure.
- 4.1 Follow ASTM C 114 (Reference Methods).

4.2 Catch the filtrate from the filtering of the silica determination in a

B 500-ml, flask. Dilute to mark and mix.

o

~. ,

- 4.3 Read the absorbance or percent of the element as an oxide on the AA
j- instrument using the SRM cement solutions as standards<: convert to percent.
‘.

. 4.4 Calculations. Absorbance to perceat oxide

.. A1~AC

»> E = 5= (B -5,) + E

M C A -A ( b) a

RN a

. where. A, = Absorbance reading of standard that is lower than unknown.
- Ay, = Absorbance reading of standard that is hipher than uniinown.
= Ac = Absorbance reading of the unknown.

:H Eq = Percent oxide of standard AL

... EL = Percent oxide ot standard Ay,

XN kLo = Percent oxide ot unknown.
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(Portland-Pozzolan Cements and Pozzolans)

Method of Ahg£1§i§

1. Summary: The sample of portland-pozzolan cement or pozzolan was fused with
lithium metaborate (LiBO5) and dissolved in an acid solution. The solution was
analyzed by flame atomic absorption using standards.

2. Reagents.

2.1 Lithium metaborate (LiBOy) reagent grade. Analyze the LiBO, 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 LiBOj.

HCl - concentrated reagent grade.

2.2

2.3 Silica flour, at least 99.9 percent pure.

2.4 Cements - SRM, National Bureau of Standards Reference Materials, SRM 633-639.
2.

i

Standard solutions of Si0y and SRM Cements.

Blend 0.5 g + 0.5 mg of Si0y or a SRM cement with 1 g LiBOp. Place 0.1 g
LiBO, in bottom of a prefired carbon crucible. Place the blended mixture on
top of the LiBO)y in the crucible and 0.1 g LiBOp that is used as a chemical
rinse of the blending on top. Fuse for 15 min at 1100° C. Remove the fused,
melted, mass from the furnace. Gently swirl and pour the melt into a 250-ml
plastic beaker containing 5 ml concentrated HCl and 50 ml water. Stir with a
magnetic stirrer until the fusion is dissolved; usually less than 10 min.
Transfer to a 500-ml volumetric flask and rinse the plastic beaker at least
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.
2.6.2 Furnace capable of maintaining 1100° C + 25° C.
2.6.3 Magnetic stirrer with Teflon-coated stirring bars.
2.6.4 Plastic beaker, 250-ml capacity with lip.
2.6 Volumetric flask, Class A, 500 ml with stopper.
2.6

5
.6 Any type of AA instrument that willl be within the accuracy and
d

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 L.

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

3. Procedure.

3.1 Prepare the sample the same way as the standard samples were prepared.
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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 SiOp. For these W
fumes use $i0; solutions and dilute as needed.

N

3.3 Calculation of absorbance to percent oxide :;-\.

A -A ~t

= 2- S (E-E) +E o,
c Ab“Aa a b a ,;:\

. . R . A‘.‘\’

where: A, = Absorbance reading of sftandard that is lower than unknown. d
Ap = Absorbance reading of standard that is higher than unknown. ey

A. = Absorbance reading of the unknown.

E, = Percent oxide of standard A,. e

Ep, = Percent oxide of standard Ay. i

E. = Percent oxide of unknown. hythy
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(C) Method of Iron Analysis for Silica Fumes by Titration with

Standard Solution of Potussium Dichromate

1. Summary of Method. The silica fume is fused with LiBO, and iron (Ilij_is
reduced to iron (II) with stannous chloride (SnCl) and titrated with a standard
solution of potassium dichromate (K2Cr207). This determination is not affected
by any titanium or vanadium that mayv be present in the pozzolan or cement.

2. Reagents.
2.1 LiBOp, reagent grade.
2.2 HCl concentrated, reagent grade.

2.3 Barium diphenylamine, sulfonate indicator solution. Dissolve 0.3 g
of barium diphenylamine sulfonate in 10U ml H,0.

2.4 Potassium dichromate, standard solution (1 ml = 0.004 g Fe203). Pre-
pare according to ASTM C 114 (Reapents). Check the solution against known
Fe,04 values of pozzolans and SRM cements that are prepared by LiBO, fusions
and valculate the factor.

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

3. Apparatus and materials shall meet the requirements of ASTM C 114 (General,
Apparatus and Materials).

3.1 Carbon crucible, 8-ml capacity, made from purified graphite.

3.2 Furnace capable of maintaining 1100° C + 25° C.
3.3 Magnetic stirrer with Teflon-coated stirring bars.
3.4 150-ml Pyrex beakers with lip.

3.5 Hot plate.

3.6 Mortar and pestle.

3.7 25-ml Class A burette.

4. Procedure.

A 0.5~g + 0.5-mg sample of silica fume is blended with 1 g LiBO2 and is
transferred to a carbon crucible which has 0.1 ¢ LiB0O,; sprinkled in the bottom.
It is covered with 0.1 g LiBO) that is used to chemicglly wash the mortar and
pestle that was used for blending. Fuse for 15 min at 1100° C. Remove from
furnace, gently swirl the melt and pour into a 150-ml glass beaker containing
10 m1 concentrated HCl and 50 ml Hy0. Stir until the fusion is dissolved,
usually 10 min or less. Check the crucible for any traces of fusion. If there
are any, reject the fusion. Remove and rinse the stirring bar. Continue with
ASTM C 114 (Ferric Oxide) and finish the analysis.

Prepare and analyze a blank similarly except put in no sample.
5. Calculations.

Calculation FepOq4 to the nearest 0.01 percent.

Fezu3 percent = 5 (v-8B) X 100

= L
p)
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where:

T m

Fe203 equivalents of K20r207 solution in g/ml.

= ml of K3Crp0; solution required by sample.

ml of K,Cry0; solution required by blank determination.
weight of sample within 0.1 mg.
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APPENDIX F: TEST REPORTS FOR MATERIALS
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Mrs. K. Mather U s aRMY
Ch, Petrography & X-Ray REPORT OF TESTS OF Cem & Pozz Test Br
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YA ~,S . |
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FEL IR R : 1 4
HEAT CF «YCRATION, D CZAL O ' i 1
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Ch, Engr Sci Div REPORT OF TESTS OF Cem & Pozz Test Br
h cL PORTLAND CEMENT Engr Sci Div
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RC-688(2) o
: TEST RESORT NO I BiN'NO [ cwr rePresenteD. ] Sample J cate 11 Feb 77 (:':-
« specieication  Tyne 1 Icnrs SAMBPLE 2 o0
- comeany  United l LocaTion  Artesia. MS ]snm: ?":.
: ThiS CEMENT DOES MEE™ SPECIFICATION REQUIREMENTS :'::
) SAMPLE NO RC-688(2) AA AA
\ 50 20.0 Ti0, 0.44
' 2% 6.0 5,40 Mn303 ! 0,03
y 00, % 2.8 i 2,78 Po0c | 0.33 |
) M30. - 1.1 ! =
Py SOS, ~ 2 6
LOSS ON IGNITION, 5 1.3
ALKALIES-TOTAL A5 Na,O. * 0_ 37 |
4 Neg0. % 0.19
N o 0.27
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) e 64. 4
- Sy 11.1 9,6 T
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: c,a - cys 75.5 | e
- Curr. 8.4 |
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Mrs. K. Mather
Chief, Eng Sci Div

REPORT OF TEST OF
HYDRAULIC CEMENT

From:

Structures Laboratory
USAE Waterways Exper. Sta

Structures Laboratory P. 0. Box 631
RC-688(3) Vicksburg, MS 39180
comPany: United Cement BIN NO. TEST REPORT NO. WES-154-78

LOCATION: Artesia, MS

TONS REPRESENTED:

DATE 9 May 78

SPECIFICATION:  Type [

DATE SAMPLED. 23 Feb 78

TEST RESULTS OF THIS SAMPLE LOT [ XlcompLy | DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

W. G. MILLER

Chemist

SAMPLE NO. RC-688(3) AA
$105. % 20,51
Al05. % 6.60 _5.89
Fey045 % 2.70 2.90
Cal. % 65.34
MgO. % Q.81
$0;. % 2.67
LOSS ON IGNITION, % 0.72
INSOLUBLE RESIDUE, % 0.18
Na:O.% 0.18
K,0. % 0.32
ALKALIES-TOTAL AS Na,0. % 0.39
C45. % 54.3
CyA. % 12.9
C,5. % 17.8
C3A + Cy8, % 67.22
C,AF, % 8.22 |
CyAF + 2C3A % 34.06 |
HEAT OF HYDRATION, 70. CAL/G
HEAT OF HYDRATION, 28D. CAL/G
(AP)
Surface Area,SQ CM/G 3420
A1R CONTENT, % 9.2 |
COMP STRENGTW, | D, PSI (1410 COMP STR 14 D, PST: [5460 ‘
COMP.STRENGTHM, 4 D, PSI 3710 COMP STR 28 D, PSI: Q30
COMP. STRENGTH. 7 D, PST [4390Q COMP STR 90 D.J PSI: 16550
FALSE SET-PEN. F/1.% COMP_STR 18 O,.PSIL: 230
SAMPLE NO. COMP_STR 365 I, PSI: 16790
AUTOCLAVE EXP % 0.00
INITIAL SET, Hr/min 2+ 30
FINALSET. Hr/min 3:59
REMARKS

Copy furnisned: Mrs., K. Mather, Ch/Eng Sci Div (dupe)

Memorandum No. 1985 A; Job No. 545-C530.18Ci4l

Chief, Cement & Pozzolan Test Branch

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING ORSALES PROMGTION TO
INDICATE EITHER EXPLICITLY ORIMPLICITLY ENDORSEMENT OF THIS PAIOCDUCT BY THE U. S GOVERNMENT,

FOAM
WES1SEP841540

REPLACES ENG FORM 00B-R. 1 MAR 72, WHICH 1S OBLOLETE
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3 10
Cem & Pozez Test Br
Mr. W. O. Tvnes
' -/ REPORT OF TEST OF Enar Sciences Div
1 \ -
ChlEf, Conc & Rk PTOP Br HYDRAULIC CEMENT CL
Engr Mech Div e ‘
[t RC-705
CL
3 comMPanYy  (Citadel BN NO TEST KEPORT NG WEG-"57-7
. LOCATION: Birminvham., AL TCNS REPRESENTED DATE 30 Sept 72
M SPECIFICATION: Type IT, LA | DATE SAMPLED
, TEST RESULTS OF THIS SAMPLE LOT XN COMPLY | DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
' SAMPLE NO. Tiw[.’I i \:‘\A) ‘1(.-".:\2 j
S10a. " R 10,5 0.18 |
A1504. % <) 3,44 Mn 0,7 ] 0.02
- B . 5 - N A
Faa2y % 4.2 L 17 P.0.7 ] 0.03 (Colormefric)
d CaO. % N2, a =
* MgC. % 3.0
n 5043 N 1.7
o LOSS ON IGNITION % J.6 ]
INSOL 8. RESIDLE % b2 B
Ns-O CogLot ' | V.01 1
.l K,O W j ) )
: 2 Yt L 0.23 |
- AL<ALIES-TOTAL AS Na-D. % 0. ah] Warer sSdluble 3s Na,04 0.1b i
A~ Cys ™ ;')_h‘ - H
‘. Cya ™~ by ! "0 !
. CaS 30.¢ [
TR eyS 49,1 I
CLAF % 12.7
CAF+2C,A % 19.67 !
3 HEAT OF HYGRATION, 70, CAL 4 s .
. WMEAT OF HYDRATION 28D Cau Gl /9 '
V' (:\P)
surtface Area, SO CM/G 3150 |
AR CONTENT % 8.5/‘ X
- COMP STRENGTH. ) D PSIL 1630 coMP SR, 900, PSI: (5760
-f COMP STRENGTH. 7 ), PSI 2280 CoMP STR, 1800, PSI: [5990
g -
o COMP STRENGTH. J8 p. PS] 4040 COMP SR, 36501, PSI:
L4 FALSE SET-PEN.F/1 %
" SAMPLE NO 1
AUTOCLAVE EXP. % 0.10
INITPAL SEY. Hy, Min 3:15
< Tag s ™ oy
) FiNALSET. Hr /Min 5:45
XS
’ T ~ ~—
L4 _
o REMARKS
RE) S . . . oy oz e
Sample received from Mr. W. Q. Tynes, Job No. 441-C-342,15CCl11,
Lab Stock.
.
W. G. MILLER
Cheinist
- Chief, Cement and Pozzolan Test Branch
X THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO
N INDICATE EITHER EXPL CITLY DR IMPLICITLY ENDORSEMENT OF THIS PRODUCT 8Y THE U, 5. GOVERNME T,
) ves “°F"M 4530 REPLACES ENG FORM BO0B-R. 1 MAR 72, WHICH IS OBSOLE TE.
- 1 SEP B4
-
8 P
. "0
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p= 70 FROM: CORFS NF ENGINCERS
Mrs. K. P(af.hel' U, S, ARMY
[ ch, X-Ray & Petro REPORT OF TESTS OF Cem & Pozz Test Br
o Engr Sciences Div PORTLAND CEMENT Engr Sclences Div
CL CL
vest reront no WES=31-75 [ emno T cwr meeresenren. “Joare. 10 Mar 75
) SRECIFICATION: IOAYE SAMPL €0
N COMPANY [ LOCATION TRANG
l THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS
h SAMPLE NO.
: 50, %
b ALO %
FOIO, <
-
- MeQ. %
. 50,. *
’ LOSS ON IGNITION, 3
: AULKALIES=-TOTAL AS Na..O, A
N-lo, T
K:O. k4
INSOLUBLE RESIOUE, %
: CeO, %
. Cy5. %
_" c,a %
.~ C,S. <
* C,ArC,s. 2
CAF, =
fl C,AF +2C A &
- MEAT OF MYDRATION. 70, CAL'G
: HEAY OF HYDRATION, 280, CAL, G
SURFACE AREA, SQ CM. G (AP}
~ AIR CONTENT %
. COMP, STRENGTH, D, PSI
COMP . STRENGTH, D. PSI
¢ COMP. STRENGTH, D. PSI
. FALSE SET-PEN. F/I %
! SAMPLE NO.
AUTUCLAVE EXP,, %
s INITIAL SET, MR/MIN
FINAL SET, HR/MIN
'.. SAMPLE NO.
- AUTOCLAVE Ex® . %
: INITIAL SET. MR 'M'N
[ 3 FiNAL SET, #R/MIN
: rewancs: Samples received from:
RC-714 - Citadel, Demopolis, AL Type I
RC-715 - Ideal, Ft.Collins, CO Type 1
RC-716 - Santee Type 1
; RC-717 - Santee Type 1-P
3 RC-718 - Lone Star, Seattle, WA Type I & II
. RC-719 - Dundee, Dundee, MI Type 1-P
RC-720 - Dundee, Dundee, MI Type 1
RC-721 - Dundee, Clarksville, MO Type l-P
fgtcl:lzgﬂzuAT-IONDg\vidNels ’bﬂsci}EaP!C:}ﬂ(YsS‘{‘&LlLlNe\),f B&SEDIYPE/E}"!SI“G OF SALES PROMOTION TO INODICATE EITHER EXPLICITLY
) OR MPLICITLY ENDORSEMENT OF ThH: S PRODUCT @Y THE U §. GCVERN\!EL . ~ . :
ll ‘--'.‘-
. /// Z/:Sé‘,/%{,%\ ':.'._:
. W. G. MILLER e
Chemist .\::'.‘
h Chief, Cement and Pozzolan Test Branch -_\‘,-'_:1
anG fonwe SO08-R
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AD-A174 7353 vm!mnons IN CEMENTITIOUS MEDIACU) RRNY ENGINEER
R RVS EXPERIMENT STATION YICKSBURG MS STRUCTURES
E REINHOLD ET AL. MAY 86 WES/TR/SL- 6-1.
UNCLASSIFIED
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. _ CHEMICAL e

' €S LLCT OATE 2 " N
_ WES-31-75  Memorandum No. 1953) 10 Mar 75 | eases O
: SQUARCE OF DATA :‘\-:::;
’ COMPUTEQ BY T T CHECAZD 8Y SECTION T ;
1 "
RC-714 ; RC-715 | RC-716 | RC-717 [RC-718 | RC-719 | RC-720 | RC-721 (RC-722 %
[
“'p
h (Type) I 1 I 1-p I&11] 1-P 1 1-p 1 g
: [st02_ | 19.9 | 20.7 | 20.6 | 2¢.8_ | 22,7 | 25.3 | 21.1 | 24.1 | 20.7 AR
R203 ! L 15.3 13.8 14.6 "
AlL03 | 7.3 i 5.8 5.9 11.9 4.1 9.8 5.7 10.3 5.1 | N
< [Fe03 | 36 © 2.4 2.6 3.5 3.0 4.0 2.8 4.3 2.3 -
3 [Ca0 | 644 _:_ 64.7 | 65.2 | 54.1 | 64.6 56.2 62.6 54.4 __|__63.8 st
5 IMgo | 0.8 | 1.3 1.1 0.8 1.1 2.9 3.7 2.9 2.8 b
- So3___ | 2.5 3 l_ﬁ_,z.a 3.1 1.9 2.6 2.6 2.4 2.9 2.8}
‘ | Mofst. 1 . 1.2 0.7 0.4
. Ign.loss 0.9 ' 1.0 | 1.5 1.0 1.2 1.3 1.1 0.9 1.0
" Insol. 0.45 | 0.19 | 0.30 | 15.62 0.15 | 12.75 0.18 | 16.57 0.07 v
l —_—r—— —— ".._"
v ACID_SOLUBLE ALKALIES __ o
[Na,0_ | 0.4, _0.31_! 0.08 | _0.08 0.76 0.27 0.32 0.07 ! 0.09 s
3 K20___| 039 i 0.90 | 0.27 0.19 0.27 0.60 0.72 | _0.56 : 0.63 oxs
. Total _as - ' — _ o :’::::
: | Na,0 | 040 0.90 | 0.26 | 0.21 | 0.% 0.66 0.79 0.44 0.50 R
~ i B A
2 WATER SOLUBLE ALKALIES | i ' =
(Na,0_ | 0.02__ 0.08 ' _0.00 | 0.0l | 0.8/ ©0.05 | 0.05 [ 0.0l | 0.0l ~
: K,0__ | _0.19  0.62 ;_ 0.08 | 0.04_ -r.,o_-lQ_'_-_Q-ZL __.0.31 0.31 0.26 R
5 mtal as_) bbb o . -
- | Na0 | 0.14 i 0.49 | _0.06 _,A,o-oz_»__Wf_p..,_l_é,m_g;zﬁlw_ ©0.25 | 0.21 | 0.18 -
N - - T x
caa_ | 13.1 | 11.2 | 11.8 5.6 | 10.3 9.7 a=
” C3s | 504 | 54.8 | 57.5 53.5 _45.4 56.1 -
- [S+C3A | 63.5 | 66.0 | 69.4 _59.1 55.8 65.8 o
; ¢, 18.9 | 18.0 | 15.8 24.7 26.2 1770 N
B e e T s T S B —— v
; [CaAF__ 1 110 7.3 L 78 | 9.2 8.4 7.1 N
: ciaF + | 37,2 | 29.7 | 316 | _20.4 280 26.4 N
2C3A [ ] SO
T — = —e
A B S Al - N
-t — - X
! - — -+ — o
- oy
| I AN I S T o
PR SUVU SPUUR SR § PUENUNENSD YU SRR [ :"- b
! - __T ] “v.'d
WES FORM NO. .
JANUARY 1961 14 ‘:.
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. PHYSICAL -
. sueJECT - EY: 3
. WE3-31-75 _ (Memorandum No. 1953) _ - {10 Mar 75
. SOURCE OF DATA - T T T T T R
,,,,, A
COMPUTED BY CHELrELD LY T SECTioN T | 7’
- [ T L'*T
M T T Va8
RC-714 RC-715 RC-716 : RC-717 RC-718 ' RC-719 . RC-720 ! RC-721 - RC-722 :::.L_-
| (Type) 1 I 1 | 1-p 16&II ! 1-P 1 1-p 1 s
! 5.G. 2.93 7,96 3703 YN
» —_ "
« |%_pass. ) o B Wy
: 325 sieve 95.6 90.8 87.0 DN
& :'ﬂ'.f
4 ot
| Compressive Strengths _ - I e
-day__| 3530__; 4330__| 3720 __, 3260 2680 2680 | 2980 | 1590 | 3430 N
| 7-day 4480 | 5020 | 5010 | 4340 | 3540 3470 4120 2290 4680
: 28-day | 5939 5930 _ | 6790 5880 4890 4900 5130 3650|5970 N,
3 - — B DY
. Fineness| 3550 3630 3860 4100 | 3460 3720 3350 3250 3590 AN
A I Alx % 8.6 8.4 7.9 6.8 8.8 5.2 9.2 6.1 8.0 o
v v
» Ao _Exp, 0,33 0.01 0.06 | -0.06 | -0.06 0.03 0.18 0.06 | 0.14 -
: VICAT: . i i
- S 1 650 2:20 1 135 |  3:05 | 1:35 2:15 2:00 | 2:45 | 1:55 e
S F 4:10 | 4:25 4:05 5:50 3:45 4:25 4:10 4:50 4:10 ;::4‘
— o’_'-"
" e
- RS
] o3
. :\.,
) . ::4'_:
n“:-
) %
; | - a
-
s L el
. W
_ —- T — 2
— ok
:‘, wES FORM NO. 114 - EAES
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REPORT OF TESTS OF Structures Laboratory
PORTLAND CEMENT USAE Waterwavs Exp St

ATTN: Cem & Pozz Group
RC-725 P.0. Box 631
Vicksburg, MS 39180

TEST RE=~TRT N ’ 8 N> l IaT SEPDESENTED TD"E

SPEZIF CATION Type 1 [cns SAMPLED
comeany  Missouri Porclandquomv@N Joppa, IL laamo
THIS CEMENT DOES MEET SPEC(FICAT ON REQUIREMENTS

SAMP_E ~O (Analvsis) I(WET) l(AA) l(AA)
519, % 20.6 . : Ti02% 0.23

IYPEINES 4.6 . Mn,0.7% 0.03

‘013), %

4.3
3.0 P,0c% 0.04 (Coloymetric)

FTLREY

| ! |
50, = ! !

3 L l 1

ALRAL.ES~-TOTAL AS \JZO N

‘Water Soluble!Alkali:as Na,07% 0.59
‘ : ' i 0.06

Nazo A

2.9
3.6
2.6
LOSS ON IGNITION, = 1.3 I i
0.7
0.1
1.0

- '
P

" 0.80

|
|
INSOLLBLE RESICUE. * 0.13 : !
'
{

T 63.7 ‘

c,5 > 61 ;

Cyt- = 7 6.3

e
c,s = 13 i

2

C,AeC,s 168 !

3

S, AF. =
CLaF.

RIS S I S

C AF ¢+ 23,4 5 L i
t

HEAT OF wvIRATON, "D, Ta. ]
;
MEAY OF wYCRAT O~ 23D AL 3 {
SURFACE AREA,. SQ ™ 5 a2 3540 i
- i

AR CONTENT, = 9.5 ' [

CoMe sTRENGT. 3 O 7w 3010 COMP STR, 90.D, PSI| 5320

Some sTRENaTe, ] O W 3880 | COMP STR, 180'D, PSI_ 5610

Zowe stacnste 28 - P 4800 | COMP STR, 365iD, PSI. 5560

FALSE SET=-PEN &t

SAMPLE NO 1

AUTOCLAVE EXP, 0.09
INITIAL SET WA wiN 3:10
FiNAL SET. R M 5:10

SAMPLE NO

AUTOCLAVE ExP | =~

INIT AL SET, MR M.N

FINAL SET, mR win

REMARKS

THE INFORMATION v EN IN THiS REPORT SnacL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
O P 1 1Ty ENDCRYEMENT OF TrH G PRODLLT BY THE U S JOVERNMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Group
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" FRim THBG TE ERNG NEERS
Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem & Pozz Test Br
P. 0. Box 631
RC-726(2) Vicksburg, MS 39180
TEST RESIRT w0 LB NS ] INT RECRESENTED l:.\ye

SPEC.FICAT DN Tlpe 1P

13!"5 SAMP_ED

-:weawv Missouri Portland ‘T»:wvo~ Joppa, IL

BRANTC

T § CEMENT DOES

MEET SPET F TATIDON REQUIREMENTS

SAMPLE ~O

1(WET) 1 (AA)! 1(AA) |

o, 24.80

Ti0, !

0.30 '

‘IZCI ~ 8. 18 :

6.15 MN,0

0.03

oy 4.66

| 4,55 P05

0.07 Colormetric

Me0 * 2.84

50, % 3.03

LOSS ON IGNITION, % 1.05

ALKALIES-TOTAL AS No 3. * 0‘59

_Water Soluble' Alkali as Na,D% 0.29

no v 0.13

o 0.70

INCOL UBLE RESIOLE =

con % 53.70

5
H
a

alo

s

2

28 K3l
> [T

PRI M

«
C.A L

C“" .2 C‘A. -

HEAT OF MYDRATION, 70. CAL G 69

HEAT OF mYDRATION, 200, CAL G 80

SUAFACE AREA. 50 CM G (AP 4050

AR CONTENT = 8,3

COMP STRENGTH. 30 °5i 3030 COMP STR, 90 D, PSI 6560
come STRENGTH. 7D Psi 3780 CcoMP STR, 180/D, PSI, 7825

couMP STRENGTHW, 28D. PSi 4820

COMP STR, 1 YR, PSI

8250

FALSE SET-REN F 1~

SAMPLE NO. 1

AUTOCLAVE ExP., = 0.02
INVTIAL SET, HR ‘MiN 3:35
FONAL SET, MR N 6:15

SAMPLE NO

AUTOCLAVE ExP | -

TNITHAL SET, MR MIN

EinAL SET, MR M

REMARKS

Density 3.07 Mg/m3
W/C 0.46
Flow 115%

THE INEFQAMATION GIVEN (N THIS REPORT SHAL (L NOY BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
O MPLICITLY ENDORSEMENT OF TrHIS PROOUCT BY THE U § GOVERNMENT

W. G. MILLER
Chemist
Chief, Cement

& Pozzolan Test Branch

ENG 7 OMm
twan7y O00B-®

PRAEVIOUS E0ITIONS OBIOLATE
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Structures Laboratory :".'4-.
REPORT OF TESTS OF :
k PORTLAND CEMENT USAE Waterwavs Exp St !
¢ ATTN: Cem & Pozz Group

RC-729 P.0. Box 631

Vicksburg, MS 39180 ::J‘::
TECT BESRT nT [ BNNT I CaT RFARESENTED ] cave :'-;\-
SPEZIFICAT.CN Type I I:A~E SAMP _ED .:\"\
ccweavy Santee Cement [ -szaon Holly Hill, SC [amane ':J:\,
TrIS CEMENT COES MEET SPECIFIZAT TN RET | REMENTS *

wweews (Analysis) | L(WET).  ‘A) 1(AA) | I ! 255

i

‘ wo, - 120.7 TiO% | .27

I A y
h RESE I 5.5 | 4.8 | Mn,03%! 0.01 oy
' 057y ¢ 2.3 | 2.3 Pp0s | 0.17! (Coldrmetriq)
o = 1.1 ! e
o 2.7 ! |
LOSS ON IGN-TION, = 2.1 T : : :;—'.:-
ALNALES-TOTAL A5 M0 0.34 'Water boluble!Alkali as Na,0% 0.09
. Mol 2 0.08 ' 0.01 o
0 0.40 _ ; 0.12
NSO UBLE RESIC LE. - 0 18 X ‘ i :_:.:‘
o Zeo % 64.9 | i | '.'..-_\'_
2,5 % 59 | '_-:.\
/ S 11 8.8 | e
- 14 |

N
o CeAF v 224

“EAT OF wyZSRATION "D CAL G

) MEAT OF AvDRAT TN 200 CAL G : i
. SURFACE AREA 32 7™M 5 a &) 4080 ! ]
AR TONTENT S 7.3 |

TTMP STQENGTH 3T 85 3350 COA\{P STR, 90). PSI 6540
Itwe sTRENITA. 10 eu 4770 CoMP STR, 180D, PST 63940

ciwe sTapnite 280 es 5800 ' COMP STR, 365D, PST 16670

RS N W Ul W S

FALAE 3ET-BEN F @
SAMPLE NO 1
ALTITLALE EnP N 0.07
- - 5 ——t s
MNiT AL T, oMN . i
4 s€ Ny 2:25 i TN
0
L’ F HAL SET =R Mo 6:15 ! \."‘I
J '\q_‘-
SAMPLE & T L)
' T 1 S
ALTITLALE ExE T & LR
—— s o — —_— " V. -‘
NIT AL SET, MR My ! ?.‘q'
N I O D)
v FiNAL SET, mR My L )
REMARKS
) -\-A--~
. - ™
S
- A
. ’-l. -
e
. o\
\ ‘-“1
N
NS
THE INF TAMAT L n TN N TS REP DRY SuA L a7 PE JSED N ADVERTIS NG DR SALES PROMITION TS NDICATE ECTHER EXOLICITLY LR
» BT Tor kN HUE M T LE T L B @ T t fs TeE 5 GLUERNMMENT ‘-*
[ J
Yy
. ‘l
» W. G. MILLER LY
n §

Chemist .
Chief, Cement & Pozzolan Group

" NG FORm
Yean 1y 6008-R
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Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St

Blended (ement ATTN: Cem & Pozz Test Br
RC-730 P. 0. Box 631
c- Vicksburg, MS 39180

TEST RESSR T ND 9 NS T TwT AEPRESENTEC IT"E

GOECIFITAT SN Tyne 1P ILHE SAMP £
coweans  Santee - .ar>~ Holly Hill, S.C. Lenene
s CEMENT DOES MEE T SPEZ.F CATION REQUIREMENTS

L(WET) 1 (AA) " 1(AA) ! *

5, - 25.82 1 Ti0y | 0.46 | !

+0, - 110.76 | 7.75 | MN,03  0.01 i

fe0,. " 3,12 7 2,96 i Po0e : 0.16 (Colormetric)
o - 0.94 1 | | :

53, = 3,11 ) ! o ] i

LS55 ON TGNITION, % 7 1,73 | X | ;
ALnAc ES-TOTAL Ay as ! 0.26 Water SolubleiAlkali as Na»s0% 10.05
e s 7 0.07 | * D il 0.01__
o . 0.29 L | 0.0

{

]

—
.

INSC . BT RESIC
+ ——— —
C30 % 53,!_52_‘ ) ' i . o
.S I 1 . !
- - . — —_ -
Syt | j | . !
E T 1 | ’
2 — —— 4
> ' :
C A T,s - T | I | 1
T
C‘AF .2 ;’A, - l i o l A
MEAT OF mvC@ATION 70, “AL 82 "L
[ S S I, _
MEAT 3F wyDRAT.ON 2BD DAL S 91 ! , |
b ———
SURFAE ASEA $3 M 5 A S lié SQ ! L
a@ IONTENT o 6.0 ! . ! !
. - -—

S e 3 3930 [ COMP STR, 90 D, BSL .. . . | _
Tous sraeiie 78 o 4620 i COMP STR, 180.D, PSL_ 8680_,
Sowe rern e 280 0 5980 I COMP STR, 1 YR, PSI . 8940 _

‘ !

Fa " C 8T PFN F 1, |

[savmie o B} 1 , [ ) ]
[ aur e e o 1=0.04 0 0L =

1300 1 I R SO R SO
[ 76:05 | L . '

o L - {

e

FiNAL SE T mB ey,

REMARKS

Density 2.93 Mg/n
W/C 0.486
Flow 1127

THE NFIAMAT Da LivEN N TR S RERDRY AL 0T AF L SED N ADVERTISN , IR SALES C 6 W T.ON TO IND CATE E'THER EXPL LIty
OR MR Ty ENCURSEMENT LF 705 SROCLT T My “HE U4 5 GO EANMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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' s T FR M TCRES CF ENT.NEERS :\ Yy
.3 ARmy ."‘ q
v Structures Labora:or:,- N
RE;:?JA%TCEJESGF USAE Waterwavs Exp St ;::
ATTN: Cem & Pozz Group g
P.0. Box 631
RC-731
Vicksburz, MS 39180 :-\.:\
Tt seeme e T [ araiceegres Toare Sl
soe & av i Tvpe T I»“'Eﬂw‘ L E:I'\,_:
- wea-. Amcord, Phoenix Div | .. «-ov Clarkdale, AZ _Lwnc ol
§ e S TEMESNT TOES MET T LBE E. AT s NEL RCMENTS : 3
savec v (Analysis) _L(WET)  1(AA) _L(AA) * i ;
o I W Ti0p% | 0.27 : | "
) e 2 3.7 3.3 Mny04% 0,03 | )
¥, e 2.5 2.5 P20 7 0.18 (Colormetria) .
e - 4.4 i ' { ‘ N
/ L 2.1 . ‘ I
- R 2.6 ‘
0.51 _ Water Soluble Alkali as Nap0¥ | 0.09
C.la ! ~0.01]
0.56 0.12
- | (.56 i
- oo T T T RLL LT - o o
. bl By T
: R S T S S
15 T T
¢ - Tt 7‘7*‘7—.{\3— - T t v‘[__—_
'”7_ e ;
o [ S,
) P : e A i
. . R T
_. L |
. . . ! i
o corhoSTR, 90D, PST 5930
- orwes e I 38 i coMp VlR,)liO‘D "EI 6120
. 5630 _covp sTR, 365D, PST 5860,
- (L S R ! :
: P S . S 1_
g . . 3040 I N .
610 ‘ !
; 1
; i
’ . R . b e e e —
- . ; ]
. | I
- Cout Lo e e u ..: ,-" " a‘,u.‘::.l;?...—, TR SALES £ MIT ON T) N ATE € THER EXPL TITLY _-_'_.-
IS e
. :.-,:.’
. W. G.MILLER hASA
S Chemist tata
Chief, Cement & Pozzolan Group
R smn
73 '..-._:.\
4 i1 e
o
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I ro FROM CT2RPS OF ENGINEERS :‘.’.

il S ARMY L)
Structures Laboratory r??

. REPORT OF TESTS OF USAE Waterways Exp St LA

i Blended Cement ATTN: Cem & Pozz Test Br
P. 0. Box 631 -

h RC-732  Vicksburg, MS ° 39180 ?:‘
' TEST REPTAT N3 TBIN'NJ lcwr REPRESENTED l CATE u-:'-
I specieicavion Type 1P F”E SAMPLED '..‘-.:.'
t ~zweany  Phoenix Div, LOcATION AZ Jenano N
' TS CEMENT DOES MEET SPECIFICATION REQUIREMENTS .;!.

SAMBLE NO lgEET)T 1 (AA)[ 1(AA) I ] . .
. P 25.62 | l Ti0, | 0.45 . 5]
! 6.78 . 5.45 w0 1 0.03 1 o

y Fas] . : » 1 a 3 . + J'_‘-!'
¥ 2.82 ' 2,78 . P.6.° 1 0.02 Colormetric) <y
. e - 3.85 . y &7y ! B
A s0, - 2.04 ‘ ! oy

LOSS ON ISGNITION & 1. 85 .-‘.Vl

ALKALIES- TOTAL A5 3,0, 5 0.41 [Water Boluble|Alkali as Na,D% -08

. e 0.12 ! 0.01
0 - 0.44 : i 0.10 e

-

K
9 INSOCLBLE SESICUE, | ; ) 2.
T - .

X 55.12 ] e

- [ i S

.5 = SR

oA~ 1 P,

CIS )

Cyh +CyS

- C.AF, -
- C‘AFOIC)A, *
: MEAT OF HYORATION, 'O TAL G 71
¢ “EAT OF WYCRAT.ON, 290, TAL G 81
; SLRFACE AREA, SQ M G 4 @) 4080
AR CONTENT ° 5.6 I

\ cowe steewatm. 30 2u 3110 | COMP STR, 90 D, PSI _ 6360
X COMP STRENGTH. 7 O. PS5 3640 COMP STR’ 180 D’ PST | 7210
“ome sTagniTe 280 e 4780 | cCOMP STR, 1 YR, PSI @ 7820

FALSE SET-PEN & 1~

SAMPLE NO 1

ALTOZLAVE ExP., v 0.10

S

3:35

S AL SET, <R wa 5:40

SAMOLE NO

AUTOCLAVE £XP  ~

INITIAL SET, HR M.a

FinNAL SET =R Min

REMAARKS

X Density 2.98 Mg/m3
. W/C 0.486
) Flow 14%

THE INFORMATION GIVEN N THi§ REFORT SHALL NOT BE USED IN ADVERTISING OR SALES PRCMOTION TO IND'CATE E THER ExPLIC TLY
CH MEL DTy BN CRSEMENT OF Tris PROOLUCT BY THE U § GOVERANMENT

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

tng #Oomm
Tman 1y 8008 R

F15
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FRCM CORPS LF ENG NEERS
StructUrd% Laborato:y
REPORT OF TESTS OF USAE Waterwavs Exp St
PORTLAND CEMENT ATTN: Cem & Pozz Group
P.0O. Box 631

RC-733 Vicksburz, MS 39180
“E v Af. "D s —[L‘NN: I TwT REFRELENTCT LT"E
eE F. AT N T'}'Pe 1 J:A'E Same Fo
P ANY Medusa ] CITAT N CllnchfiEld, GA lsnn.:
Tr.S CEMENT TOES MEEY SPET S 1lAY ON REQU REMENTS

sawe_e . (Analysis) [I(WET) ™ 1(aA)] 11(AA) T
‘ ‘ Ti0,% | 0.30

Mn,017 . 0.08
Po0Og%Z , 0.08 (Cologmetric)
t

N
p—

Slz “

I
i
!

+

1
' '
e

Soluble!Alkali as Nas
|

nQIo oo IO T e

|

Mo
~ OO0
4 — -

— 4 1

|

—EAY ZF wyT@AT TN O T

-

MEAT " wyloAr ‘N 8T A 5 i

i

et . v | 3870
9.6

L] DNTENT

| ' .

i . .
v sTaEsLTa 3T [ 2830 _COMP STR, 90D, PSI _ 6560 |
we STeENSTe 7 4310 ;COMP_STR, 180D, PSI . 719Q
ve staeN;Te 28 © eo 5860 | COMP STR, 365D, PSI . 7170

Fa_SE S3ET-RPFy €

SAMPLE ~D 1
0.03,
3:30;
5:55!

p——— ———

Tl NETAMAT T, e T BtAt aa L a Y BE LSET N ACVERTISING OR SALES FRIMITION TO NG CATE € THER EXPLICITLY
P T IR IR X o T L DL T By THE 4 S L S EBNMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Group
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e Fa THY £ OE NG nE VRS
Structurés Laboratory
REPORT OF TESTS OF USAE Waterwavs Exp St

PORTLAND CEMENT ATTN: Cem & Porzz Group

5 IP.0. Box 631
RC-7 3¢ 0.
~ o Vicksburz., MS 39130

~ELT REEG cav o8 Ig‘-. W @F. EF £ th race

—_

INSOL UBLE RESIDUE. '

-t 4
o
N
fe o}

seezricat v Type [ I:"‘ Same, ED
ccweany Dundee Cement | -a- -~ Dundee, MI [ oanns
Tr)s CEMENT DOES MEET SPECF AT 2N RET_REMENTS
sammewo (Analysis) | L(WET) 1(AA) T1(a8)
5.0, % 20.3 | ! 'Ti0,% 0.25
Ao, % 5.4 | 5.0 Mn,0,%, 0.03 .
K 2.9 ' 3.0 P,0.%Z | 0.06, (Colormetric)
MeO. 1 2.8 l e
Py [ 2.6 !
LOSS ON IGNITION = 1.3
ALRALIES- TOTAL AS N2,0 0.70 Water SolublejAlkali as Na,0% 0.22
o % 0.28 | i 0.04
%0, % 0.64 !
0.28
3.7
5
9

Ceo. % 63. {
Cys. ™ 5 1
C,A s 8

o 16

[
(%]

C A e C, 8 =

\O|

CAF.

Coar o2 Cya x

REAT OF MYORATION. 70, ZAL G

MEAT OF MYDRATION 280 CTAL G

SURFACE AREA, $Q CM G 14 P ) 3450

AR CONTENT - 9.7 |

come srrencta. 3o e 2800 foMp STR, 90D, PSI 5270
COMP. STRENGTW, 1T o5 4260 [OMP STR, 180D) PSI | 5680
zome sTrEncte 285 s 5100 coMP STR, 365D PSI 5370

FALSE SET-PEN F 1 =

SAMPLE NO 1

ALY JLAVE ExP - 0.05

—— ——

INITOAL SET MR WMo Z:SSI

FinAL SET wA M S:OOi

§AMP. ¥ N

AUTUCLAVE Bam

INTFIAL SET wW MoN

FiNAL SET. mW MmN

REMARKS

THR INFORMATION GIvEM 1N THIS REBORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE £ THER EXPLICITLY
OR WPLICITLy ENOORSEMENT OF Thi5 PRODUCT BY TME U 3 GOVERNMENT

W. G, MILLER

Chemist
Chief, Cement & Pozzolan Group

twe 7 onm
Tmanyy SO0B-R
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. -3 FROM LIRPS TF ENDZINESRS :b‘:
LS ARMY '
' Structures Laboratory ;’;
i, REPORT OF TESTS OF USAE Waterways Exp St Sy
Blended Cement ATTN: Cem & Pozz Test Br » .
i P. 0. Box 631
RC-735 Vicksburg, MS 39180
N TEST RESIRT N [ B4 NT l AT REPRESENTESD l DATE \Z','
n, SPECIFICAT.ON TVPG 1P I:"E SAMP.ED ;
N ComeANY Dundee I c2:zaven  Dundee, MI ]Bn:wo '
\ T § CEMENT DOES MEE ™ SPE. FIZATION RED LIREMENTS L4
by SAMPLE NO 1(WET). 1 (AA): I(AA) ! 1 o
S0, % 25.96 | i Ti0, | 0.44 | g
: 4130, ° 10.26 8.02 MN.O. ! 0.04 ]
by o, L 4.64 - 4.41 PO "  0.06 (Colormétric) ! o
- s [ 2.27 | -7
S, 2.3
: _CSS ON IGNITION, o ‘ 2.22 | ‘ i L--"'
ALTALIES-TOTAL A5 Ne,0. % {_0.53  Water Soluble Alkali as Na, 0% 0.16
RIFCIE Y 0.214 ; 0.04 ;-_"\.
g <o - 0.49 | T 1 0.20
‘ INSOLUBLE RESIOUE. = i | i -
” o n 50.94 | x
- ERORS | | [ -
:: T, b [ N .4
‘715,3 . ==
| T S 1 . -— ‘-'..
e, A i ! :~-
-’, CAF e 2C A s % e
2 HEAT OF RYDRATION, 0. CAL G 75 o
Al SEAT DF meSRAT Ca 200 T AL G 83_
4 SURKFACE AREA ST ™ G 1A P 380_0 i . :
AR ICNTENT N 5.7 " . i .
(-, come stRENETH. T e 28&0_ COMP STRL 90 , PST @ 5950
s LEMP STREN-T JD P 3620 COMP STR, 180:'D, PSI 6850
. Jrue sTeENGTe 28 B 462 ,.COMP_STR, 1 YR, PSI : 6990
- FALSE SET -PEN F 1 =
g SAMBLE NO. 1
4.TOC.AvE EXP % 0.00 -
’ ’_erh_sc* - v B 3:20.4_ o _ .':
.. FNAL SET, mP w 6:10 ! ~
- savee ! o
* AuTiicaE €l ‘~. ¥ : ~~~~~~ N
. ~.T A, SET 5‘:_ - N I ) D - )
<, EiNAL SET. =R Min 1 l hod
MEMARKS -
Density 2.95 Mg/m3
W/C 0.486 .
- Flow 1117% o
_: "‘.,P;'
. THE INFORMATION G vEN N THi§ REPDRYT SHALL #OT BE .SEC ‘N ADVERT $:nG OR SALES PROMOTION TO INCICATE E+YER ExPL .CTLY :.::1-‘
- SR OMRLICITLY ENDORSEMENT OF Tr:5 FRCULLT By ThE o 8 ac vERNMENT RO
=~ -.:_'-
- RS
n W. G. MILLER o
~ Chemist AR
Chief, Cement & Pozzolan Test Branch i
. . -
i e
-
-‘ .-."
Pl 4
o :."':
1
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T FRCM TCRPS OF £45 NEERS
= S ARMY
Structures Laboratory
RE;;??JA%% LEESJESNC;F USAE Waterwavs Exp St
ATTN: Cem6%lpozz Group
= P.0. Box
RC-736 Vicksburg, M3 39130
TE3T BEF S - ERRE J CHT RFoaE ENTED CurE
S FitAT T"'Pe I; [T I:Avs samP.ED
cweanv Lone_Star I,ou-c~ Sweetwater, TX ]an“c

TS CEMENT DOES MEET

SPEC FITATION REQUIREMENTS

sawece 2 (Analysis)

T1(WET) 1(AA)

S0,

121.6

Ti0,%

0.19!

mm;i !

DR . 4.0 3.8 | Mn,0.%! 0.01; |

£00y ‘ 3.1 | P,05% | 0.04: (Coloymetric
MyT : |

S, % \ i

LTSS ON IGN!TICN, %

ALKAL ES-TOTAL AS ~:ZO -~

Water Soluble

Alkali

as Naz)Z 0.36

ano *

0.04

" .
13.

~Ni=loviNn N (O I |o

O O[O oo |w

0.49

iINSCLUBULE RESIZC_E. -,

,_A-_
[
[ %)
Oiwn|oh |

o0 % 64.8 | !
o 62

AN 5 5

g5 15

oA v g8 67

C AR ., 10

T AF ¢ 2C A

20

HEAT OF MYCRAY DN 70 ZAL O

HEAT OF WYCRATION 28C TAL 5

SURFACE AREA. SO T™M G 14 @)

3480

AR CONTENT, =

9.8

1

|

TOMP STRENGTH, 30 L)

2860

COMP STR, 90

PSL

5070

CoOMP STRENGTH, 73 28

3570

COMP_STR, 180

., PSI

5520

TCMP STRENSTH 285 RS

4540

COMP STR, 3635

PSI

5400

FA_SE SET-PEN F | -

SAMPLE NC

ALTOCLAVE ExP., -
b

0.01

NeT AL SET. WA MmN

3:15

EoNAL SET. mR U

4:50!

SAMP_E NO

AUTOCLAVE EXP , =
y - /- -

INITIAL SET MR MN

F NA_ SET, mR'VIN

REMARKXS

THE INFORMAT ON GIVEN 1N T+1S REPTRT SmALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY

DM MPL S TCY ENDOSSEMENT OF THIS PROCWCT By THE U 5 GOVERNMENT

W. G. MILLER
Chemist
Chief, Cement &

Pozzolan Group

Tng Fone
tmanyy GOOB-R
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TO.

REPORT OF TESTS OF
PORTLAND CEMENT

RC-737

FROM  CQRPS OF ENGINEERS
U S ARMY

Structures Laboratory
USAE Waterways Exp S5t
ATTN: Cem & Pnzz Group
P.0. Box 631
Vicksburg, MS 39180

TESYT REPORT ND l BiN'NT [:w‘r REPRESENTED [ DATE
SPECIFICATION Type I1I lDAVE SAMPLED
coweanv. Lone Star l Location Sweetwater, TX I BRAND

THIS CEMENT DOES

MEEY SPECIFICATION REQUIREMENTS

SAMPLE NO. IWET IAA IAA

S0, - 20. T10, | 0.15

4130y . 2.4 MN70'; 0.01

Fep0y " . 4.9 P,0c 0.06] (Colormetric
“go. ™

so,.

LOSS SN “GNITION. o

ALKALIES=TOTAL AS Na, O,

Water foluble

Alkali

¢s as NhoO 0.21

N.:O -

K,0. ™

INSOLUBLE RESIDLE, =

..
||| || & ov 0| 0] 0

olo|o|o|r|w||s[njo
&l

€0 % 64.4
<5 - 67
Sk NONE
cs v 10
R NONE
C AF. = NONE

C AF + CZF) ss

13

HEAT OF MYDRATION, 7D. CAL G

HEAT OF MYDRATION, 28C, CAL

G

SURFACE AREA. 5Q CM G (AP}

4850

AR CONTENT, =

10.2

l

comP. 5TRENGTM,  JO. ®si

3930

COMP STR. 90

D PSI

16320

COMP. STRENGTH. 7D, PSI

5000

COMP STR. 180

D PST

6920

come. sTrRencTH. 28 0. Psi

5900

COMP_STR. 365

D PSI

16980

FALSE SET-PEN. F1. %

SAMPLE NO.

AUTOCLAVE ExP., =

-0.04

INITIAL SET, MR 'MIN

3:25

FINAL SET, MR "MIN

6:10

SAMPLE NO.

AUTOCLAVE EXP , =~

INITIAL SET, R MIN

FINAL SET, HR/MIN

REMARKS

THE INFARMATION GIVEN IN THIS REPORT SHALL NOYT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
QR tMPLICITLY ENDORSEMENT OF THiS PRODUCT BY THE U. S GOVERNMENT

w0 rome
1man 7g 6008-R

F20

¢ P

]
e
.




o -

Vel em A A

aff M R

pry

SC e L e e e LN N ) PO a8 B 3 ®

Pa s 8 a B &>

s 8 T a o 4N

S TATN R LR ONIE R ARSI A ARAC A NACM D Bchi-aSch e Al afeiate 20 by ateaio nd T T e 80 Ahcate a4t st sUIAL Tk
ro- Facm ~“ORPS OF ENGINEERS
Structut¥d Laboratory
REPORT OF TESTS OF USAE Waterways Exp St

PORTLAND CEMENT ATTN: Cem & Pozz Group

P.0. Box 631

RC-738 Vicksburg, MS 39180

TEST RESIRT NO —[sw-»ﬂ ] T 2EPRESENTES ]ine
ssecimicarion Lype L J DATE SAMBLED
coweanv_Dundee Portland Co. .cza-n Clarksville, MO | P
“wi1§ CEMENT DOES MEEY SPEC:FICAT,ON REQL REMENTS

samere no  (Analysis) 1(WET) 1(AA) 1(AA)
S0 = 20.1 Ti0, 0.24

]

A3y 5. 5.0 MI'XQO')A v70.05
£,0, = . [ 1 2.3 P20c¢ | 0.19j(Colormetric)
g0, = . | |
SO, * | ;
[

LSS ON IGNITION,

! i
Water Sbluble Alkali as Na,0

A_KALIES-TOTAL AS Nazo. "

[
N e

[=lf=llel 11 8] [ § )
~Ni (b wip e lwlos

6 0
e N .10 0.0
K‘C_ - . 0 0 hd 34
INSCLUBLE RESIDUE. = O. 17

Ceo v 62.5 |
< - 53 |
c,a 11 9.3

|
e 17
C)l'C1$.". 64
C‘AF. " 7

C‘AF ‘IC’A, =

“EAT OF HYDRATION. 70, CAL &

~“EAT OF WYCRATION, 380, CTAL. G

~
SURFACE AREA, SQCM Gia P 3800 4]
AR CONTENT, = 10.4 [ 7
come. sTRENGTH. 3D, FS 2600 'LCOMP STR, 90D PSI 15460 AN
Towe sTaEnsTe [T P 3680 | cOMP STR, 180D PSI 5760 .
s2we svaEnite 28c B 4900 - COMP STR, 365D PSI {5600 By
FA_SESET-PEN.F 1. % ':\d:
SAMPLE NO. 1 « :.-
AUTDCLAVE EXP., = 0.14
NITIAL SET, wR Min 3:35
FonAL SET. nE win 4:55
SAME _E N3
| Avrocuree - L
NT AL SET, MR Min
FINAL SET, mR/MIN
REMARKS
TUE INFORMATION GIVEN IN THIS AEPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
OR MPLICITLY ENDURSEMENT OF THIS PRODUCT BY THE U 3 GOVERNMENT
1D soma N
“~
o
e S
o
F21 R
:\:'\
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YO FROM CCRPS OF ENGINEERS
v S ARmy
Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St
Blended Cement ATTN: Cem 235022 Test Br
. P. O. Box 0
RC-739 Vicksburg, MS 39180 :
TEST REPORT NO [ snwo ] cur mecmesen-ec { oave ’-:.
, seeciricaron Tyne 1P IGAYE SAMP._ED :; X
coweany  Dundee Joscamon Clarksville, MO | amano a;,
TmiS CEMENT DOES MEET SPEC!IFICAT'ON REQUIREMENTS » 2
SAMPLE NO l(wET)l l(AA) 1 (AAl
50, ~ 25,40 | Ti0, 0.39
A 41,0y 8.11 ' 6.83 MN:ZQ} . Q.05
o %)t 5.00 ; 4.76 . +P20c | 0,16 Colormetric
; “o. 2,73 ! 1
. 0y % 1.81 |
LOSS ON IGNITION, = 2.56 7{ ]
AC<aliEs-TOTAL R3O - 0.49 | Water Soluble|Alkali as Nab% 0,21
g 0.11 | | 0.02.
3 0.58 | | 0,28
INSOLUBLE RESIDUE, ]
. CaC. % 52.30 ' |
c,8 %
c,h T
. c,8 =
_ cyaecys s
- C AR~
: C,AF s 2C A 5
+ HEAT OF HYDRATION, 1D, CAL'G 70
5 WEAT OF HYORAT.ON, 280. CAL'G 77
SURFACE AREA, SQ CM G (A £} 3950
AIR CONTENT, & 7.3 (-
X cows sTRENGTM.  30. S 2940 | COMP SFR, 90 D, PSI | 6260 e
. Cowr_stmencTa. Jo. P 3840 | COMP STR, 180 D, PSI, 7910 i
3 come staencte. 280, e 5130 | COMP STR, 1 YR, PSI | 7970 A
) FALSE SET-PEN. F 1. % ,:’::
. SAMPLE NO. 1 o ul
AUTOCLAVE EXP., = -0.04
’ INITIAL SET, MR/MIN 3:35
< FINAL SET, mR‘'MIN 5:[45
: SAMPLE NO
» AUTOCLAVE ExXP ., ~
'. INITIAL SET, MR ‘MiN
FINAL SET, HR/MIN
. REMARKS: _\‘.
X Density 3.00 Mg/m> S
P W/C 0.476 SOX
Flow 113% QY

e

THE INFORMATION GIVEN IN THIS REPORT SMALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
Om MPLICITLY ENDORSEMENT OF THIS PAQOUCY BY THE U $. GOVEMNMENT.

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

e 20 T
Tuanyy SOOBA '.'\\'.
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v ,';: 4
o EROM CORPS OF ENGINEERS DS
U 5. ARMY .(.. :
Structures Laboratory Y
REPORT OF TESTS OF USAE Waterways Exp St %
Blended Cement ATTIN: Cem & Pozz Test Br A
P. 0. Box 631
RC-740 Vicksburg, MS 39180
TEST REPORT WO I BIN'NO [ CWY REPRESENTED: ] DATE.
SPECIFICATION Type 1-P (bOttOm ash) ME SAMPLED.
cowsanv _ Dundee EOCAY‘ON Clarksville, MO La-uuo
TS CEMENT DOES MEET SPECIFICATION REQUIREMENTS
SAMPLE NO 1(WET)| 1 (AA) 1(AA)
o, ~ 23.67 Ti0. | 0.33
. A0y % 7.57 | 6.06 MNZG,_ 0.05 | _ _[
‘ o0 3.75 | 3.68 2.5 - | 0.16 (Colormetric)
“ MgO, % 3.24 275
. 0,. % 2,27
LOSS ON IGNITION, 5 1.51
ALKALIES- TOTAL AS N0, % i 0.57 Water boluble|Alkali'as NaoD% 0.22
eg0. % 0.08 0.02
s 0.60 0.32
INSOLUBLE RESIOUE, %
ceo % 56.27
Cy8. %
CyA N
€,5. %
M Cyh *CyS. 2
y C AF. =
C,AF +2CyA, =
WEAT OF MYORATION, 7D, CAL'G 74
% HMEAT OF RYDRATION, 200. CAL/'G 81
SURFACE AREA. 5Q CM. G (A P.) 3910
AIR CONTENT, % 8.7
cone. svmencrr. 30,3 2820 | COMP STR, 90 D, PSI |5680
cour sTmenzTe 7o P9 3510 | coMP STR, 180|D, PSI|6620
cour staencs 280 =3 4800 [COMP STR, 1 YR, PST 7100
FALSE SET-~FPEN F | .~
! SAMPLE NO. 1
AUTOCLAVE EXP,, % 0.06
‘_ INITIAL SET, HR/MIN 3:35
FINAL SET, MR/MIN 5:45
3 SAMPLE NO.
AUTOCLAVE EXP., %
INITIAL SET, HR/'MIN
FINAL SET, MR/MIN
REMARKS:
l‘ 3
" Density 3.05 Mg/m
& W/C 0.484
4 Flow 114%
4
THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE € THER EXPLICITLY .:‘.;‘"
i OR WMPLICITLY ENDORSEMENT QF THIS PRODUCT BY THE U. $. GOVERNMENT .I.\{
: Ay
. N
' LS
~ W. G. MILLER A0y
! Chemist s*:\ ‘
Chief, Cement & Pozzolan Test Branch e
DI woa N
X )
: F23 e
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3 ro FROM IORPS OF ENGINEERS [ 8
) L. S ARMY -i'
Structures Laboratory o
N REPORT OF TESTS OF USAE Waterways Exp St g
' PORTLAND CEMENT ATTN: Cem & Pozz Test Br
. P. 0. Box 631 N
g RC-741 Vicksburg, MS 39180 NN
o TEST REPORT ~O l BIN'NO CwY REPRESENTED ] OATE ".::'.
4 SPECIFIZATION TJpe I ]OAYE SAMPLED. :_p\'
) zoweanv Penn-Dixie L‘-OC”'ON Kingsport, TN [ SRANC Nf d
THIS CEMENT DOES MEEY SPECIFICAY ON REQUIREMENTS
saweie~+ (Analysis) L(WET) 1 (AA)! ‘1 (aA)! o
59, - 22.0 TiOp%Z | 0.22 N
PR 5.4 4.7 Mn-y03 T 0.04 :-".:-_
, 00, = 9. 4 2.4 P20g 0.14{(Colorgetric) .:'_:_.’
"- g0, % Lé s'.:
! 50, % 2.2
LOSS ON IGNITION, = 1.3 i
ALKALIES-TOTAL AS Ns,0. % 0.32 |Water Boluble|Alkali'as Na, 07 0.10 Ry
Z )
. Ne,0. % 0.13 i 0.02 DA
X o < 0.29 | ! 0.13 -
- INSOLUBLE RESICUF % 0.34 - | i :~'.:~
-: cic. % 64.9 ! i \Z.‘-'
3 £ =L Ny
Cyhe ™ 10 8 5
o €,5.% 25 f' J
: e 61
CL AF. = 7 .‘:{
CyAF r2C,a ~ .o}-h
HEAT OF mYDRATION, "D, CAL G "I
. .. '
HEAT OF MYDRATION, 28D, CAL G
SURFACE AREA, SQ CM G {A.P) 3620
? AR CONMTENT. 9.1
o COMP. $TRENGTH. 3 D, PSI 2590 COMP STR. 90 N, PSI . 6980
y Cowr. sTREwGTH. 7 0. P 4400 [COMP STR, 180 [D, PSI _ 7300
v come strensT~ 28 o ew 5960 | COMP STR, 365D, PSI _ 7300
- FALSE SET-PEN. & 1. %
L SAMPLE NO 1
~ AUTOCLAVE EXP., = 0.03
- INITIAL SET. MR MIN 2:45
': FINAL SET, HR'MIN 5:15
¢ SAMPLE NO.
hd AUTOCLAVE EXP.. =
4
. INITIAL SET, HR My
FINAL SET, mR/MIN
N REMARKS
)
[}
‘.: THE INFORMATION GiVEN IN THIS RECORT SHALL NOTY BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE E'THER EXPLICITLY
:‘ OR IMPLICITLY ENODORSEMENT OF TrHS PROOUCT BY THE U. S. GOVERNMENT
N
>
A W. G. MILLER
: Chemist
Chief, Cement & Pozzolan Test Branch )
- TR s e
. P
. '~.}\
. F24 et




Mg Py

- -

a aa. N 6 &

N T T e e rrrerm- bl A LA S Ay A gy o SLa s e

TO FRLW TORP, UF ENSINEERS
S AHmy

Structures Laboratory
REPORT OF TESTS OF USAE Waterways Exp St

Blended Cement ATTN: Cem & Pozz Test Br
P. 0. Box 631
RC-742 Vicksburg, MS 39180

TESY RERTAT ND ! B.MNONS L’,WY REPRESENTED JCA'F

SPECIFICAT ON Type 1P IQAYE SAMPLED

courine Penn-Dixie [ Locaron Kingsport, TN T amans

Tri$ CEMENT DOES MEET SPECIFICATION REQUIREMENTS

SAMPLE nNO 1 (WET)I 1 (AA)I I(AA) : _ T
$0, 25.27 | TiO, 0.37 .
A10, 9.73 1 7.39 MN.B. | 0.04

Fe0, - 3.04 | 2.93 PO | 0,12

Me0. % 1.81 )

50, % 2,17

LOSS ON 1IGNITION, % 1.71

ALKALIES- TOTAL AS Ne,O- 2 0.34 | Water Soluble|Alkali, as Na,p% 0.10
Ne 0. % 0.12 0.02
®,0. % 0.34 0.13
INSCLUBLE RESIOUE. -, |

<o v 54.29 .

C’S. “

C,A, ~

€, %

C A C st

C AF. 5

CyAF o 2C A o

MEAT OF HYORATION, 70. CAL. G 76

HEAT OF wYORATION, 200, CAL. G 87

SURFACE AREA, SQ CM G (A P ) 4140

AIR CONTENT, = 5.2 )

come. sTRENGTH. q0. PS 3300 | COMP STR, 90 D, PSI | 6780
Cowe sTRENGTN. 70 Fs 4190 | coMP sfR, 180[D, PSI| 8860
Cour_sTRENGTW. 20 Pw 5740 | COMP STR, 1 YR, PST | 8620
FALSE SET-PEN. F |. %

SAMPLE NO. 1

AYTOCLAVE ExXP., % 0.00

INITIAL SET, HR/MIN 3:05

FINAL SET, HR/MIN <10

SAMPLE NO.

AUTOCLAVE EXP.. %

INITIAL SET, HR ‘MIN

FINAL SET, NR/MIN

REMARKS:

Density 2.97 Mg/m3
W/C 0.484
Flow 114%

THE INFOAMATION GIVEN IN THIS REPORT SHMALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
OR MPLICITLY ENODORSEMENT OF YHIS PRODUCT BY THE U S. GOVERNMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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N o - FROM CORAPS OF ENGINEERS
¥ Struétures Laboratory
] REPQRT OF TESTS OF
; PORTLAND CEMENT H%%EJ :Wégrenr'ga;gz;:xgrggp
P.0. Box 631
RC-744 Vicksburg, MS 39180
TEST RECIRT NO j BiNND ﬁw? REPRESENTEC ﬁﬂ'e
3PECIFICATION Type 1 Fns SAMPLEC
cowrane Texas Industries [ locaron Midlothian, TX Tarano
THIS CEMENT DOES MEET SPECIFICAYION REQUIREMENTS
sampie no (Analysis) 1(WET)! 1(AA) 1(AA) | !
vo, « 31.2 Ti0, | 0.7
4,0, 5.5 4,9 MI\Z()Z : 0'26L
' Fe,0,. " 3.0 2.9 Py0¢ i 0.1I8, (Colorpetric)
“i2 0.6 ! |
" 50,. % 2.5 |
. LOSS O IGNITION, & 1.8 |
ALKALIES- TOTAL AS Ne,0. 0.38 Water Soluble Alkali Bs Na, O 0.13
Ned % 0.12 ! | 0.02
r 0.40 | 1 i 0.17]
", INSCLUBLE RESICUE, = 0.27 ' ! +
: <o s 64 .4 T
N <ys 53 |
R 9 8.1 1
C, 8. % 20 |
. C,aec,sn 63 1
¥ C AF - 9 '
j C.AF .2 C'A_ - l‘
~EAT OF nYDRATION, 70. TAL G |
- HEAT OF mYODRATION. 28BD. CAL G
SURFAZE AREA, SQ CM G (A P} 3150 JT
AR CQONTENST, N 9-5 il "

CCMP STRENGTH, 3D_°S| 2340 Com sm‘ 90D. PSI H 5810
- COMP stmmNoTH. 7° 7% 3230 COMP STR, 180D, PSI 6280
COMP STRENMSTH. 287 °% 4780 'COMP STR, 365D, PST | 6150

FAL_SE SET-PEN F | =

SAMPLE NO. 1

AUTOCLAVE EXP,, 0.02

INITIAL SET, mR'viN 3.00

:

FINAL SET, MR ‘MIN 5225

SAMPLE NO
4
; AUTOCLAVE EXP , =~

INITIAL SET, WA MIN
g

FINAL SET, HR/MIN

REMARKS
'

THE INFORMATION SIVEN IN THIS REPORT SHALL NOT BE USED IN ADVEATISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY

OR MPLICITLY ENDURGEMENT OF TrHiS PRAODUCT BY THE U § GOVERNMENT

Cul FORm
. Teany, 600B-R
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Structures Laboratory "
i REPORT CF TESTS OF USAE Waterwavs Exp St B
Blended Cement ATTN: Cem & Pozz %est Br

., P. 0. Box 631 f.::{
' RC-745 Vicksburg, MS 39180 X3

cEe + oe. @Yo

.- ~ I PSRN T—-~ aFCYE EntES l:AvE :.\:'.t
BT E. AT TN T\'Pe lp I:‘"“““n‘ej .\* {

¥
X “woew. Texas Industries | .5 ... Midlothian, TX | T et
H T S LEMENT JIES MEET SPET F TAT TN REJLIREMENTS &' ‘h
sawr € v ) T 1(WET) 1 (AA) 1(AA) | ! j 3
. S3, . 729,23 ? Tio, [ 0.42 ! N
\ | 9.33 ' 6.78 | MN,0, 1 0.22 ] e
Y PSS . 3.08 ' 2.96 P.Q 0.16 (Colormetric) b
. "o - 0.82 ! ] <2 e
) 2, L 2.05 |
LSS5 SN 3NITION, - 1.24 ¢ ]'
A< ALIES-TOTAL A5 Ne, D - 0.32 ' Water Boluble!Alkali as Na,0% 0.10 -
» N30 % 0.11 I | : 0.02 _:'
5% 0.32 ! 0.13 e
f INSCL BLE RESIZUE. . T |r :',.-:'
y <o = 53.19 | ' \ e
€8 %
C,A,'-
c,5 -"_‘74.'
T,aeC,s ‘._-:..;
ST o
~EAT OF HYCRATION, 70 TAL G 65 T ..."_'-
“EAT OF HYDRATION, 285 ZAL G 78 ! ’.‘-‘;
SURFACE AREA, SQ CM G (A P) 3650 |
< AIR SONTENT = 8. 2 ! I
2 Sove steewer 3¢ % 2160 | cOMP STR, 90 D, PSI | 7500
) COoMP STRENSTH, [ D. e 3340 COMP STR. 180 D. PSI 9220
- Tiwe steevste 287 o 4890 | cOMP STR, 1 YR, PSI | 9460
‘ FALSE SET-PEN F '
SAMPLE NO 1
A_TOZLavE ExP., - 0.00
NOTUAL SET, mR e 4:10
FiNaL SET, MR AN 6:40
SAMP_E N7
ALTOCLAVE ExZ . -
NITIAL SET. mRWN
FiNAL SET, HRIMIN

QAEMARNRS

Density 2 9¢ Mg/m3
W/C 0.450
Flow 112%

v ‘\ .
THE INFORMAT DM Gy EN IN THIS REPORT GHALL NOT BE USED 1N ADVERTISING OR SALES PROMCTION TO INDICATE E'THER EXPLICITLY .\
OR WMPLIC 7Y ENCURSEML YT OF TH.5 PACOUCT Br THE U 5§ SOVERNMENT :.\“L\
R
A

W. G. MILLER Q}-

Chemist
Chief, Cement & Pozzolan Test Branch
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REPORT OF TESTS OF
PORTLAND CEMENT

RC-746

FRIM  T3IRAG F €., NFEWS
o 3 Amwmy

Structures Laboratory
USAE Waterways Exp St

ATTN: Cem & Pozz Test Br
P. 0. Box 631
Vicksourg, MS 39180

TEST RER YR T N2 [e~~c

I TWwT RECRELENTED

DaTE

SPECFIZAT.ON

Type I ]T‘A'E saMPL_ED

coweins  Southwestern

L.):A"DN Fairborn N OH

l arRAnC

TriS TEMENT DOES

MEEY SPECZFIZATION REJL PEVMENTS

SAMPLE NG (Analjsis)

1(WET)| 1 (AA)

S-Dz =

!

20,8

T T

1 (AA) ]

1Ti0,%2  0.22°

;
I
|
I

INSOLUBLE RESIT JE =

433

a0, = 4.9 4.5 ‘ Mnp03 . 0.05, ]
Fe3% * ' 2.9 2.9 P20s . 0.07 (Colormetric)
MO, % 4.3 l )

0, % 2.4 1 ! |

LOSS ON IGNITICN, = # 2.4 i : l ]
ALXALIES-TOTA- AS Nep ; 0,75 |Water $oluble!Alkali as Na 07 i0.38

o 0.22_, ] ° 0060 1 ]
x,0. % 0. . j ,01‘9 at [——

0 )

o0, % 62 ! l ‘ —
XK 50 ! T

C’l. 3

cpe 22

C’A . C,S *

C AF v 20 A, =

MEA " OF HYCRATICN, "D, “AL 3

HEAT OF =YCRATICON Q80 TAL 3

1

SURFACE AREA SQ 7™M 5 A »)

3720

1

AUTOCLAVE ExP | -

INITIAL SET 1R M oN

FINAL SET, R ‘Min

|

X ;
AR CONTENT =~ 10.0 | ! T I
cows sTRenoT+ 3 0. o 2760 __|cOMP_STR, 90 O PSI ' 5190 L
Come srAendTe 7 0 o% 3140 _ICOMP STR, 180 D PSI . 5590 |
Towe sTeeniT28 F 2% 4710 .COMP STR, 365D PSL . 5640
FaLSE SET-CEN F
SAMPBLE NO 1
| aurocvaceexe. - 10,16 | L . Y S S S
AL SET mRMN 1300 o L
FinNAL SET, =8 w 4155 ﬂ : [
SAMPLE %3 |

REMARKS

CHOMPLICIT (v ENLORLEM: W7 OF Ty

THE INFORMAT AN G ER N T 5 RESIRT SeA L NOT AF ISFC s AT LE HTICNG TR SAL

SLICY M VeE B, .EanmEnT

EC R MIT N T 01 ATE E THER EXPLICITLY

W. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch
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FRCM  CORPS CF ENTUINEERS
U 3 ARMY

Structures Laboratory
ﬁ%fakzzziﬂégF USAE Waterways Exp St
ATTIN: Cem & Pozz Test Br
P. 0. Box 631

Vicksburg, MS 39180
L:Y RE2TOT 4 I BINND rcn'r REPRESENTYED TDAYE

§22CiEiT T S Type 1 Joare cameico
22

cowesn. Universazl Atlas T Locarion Leeds, AL
TrIs CEMINT OIES MEETY SPECIFICATION REQUIKEMENTS

sewroz-: Analesl 1(WET)| 1 (AA) 1 (AA) ]
To, - 20.8 Ti0o%
5. Mn,0
2

Lay w e

“

RC-751

544

.
‘.

)

W

oy 4

'
,
I'. .

Allol =

-
5.201, g
|

b N
= (B [ON kn (00 jn [ON

&~ O

o
NA P,0¢g g(Colornetric)

~0. c
L

$0,. %

e -

LOSS O% SwiTi0N, =

ALKALIE - TSTAL A5 N0, 0. °

las Naz. | _0.11

0.02 |
0.13]

— -

N.IO. )

le. "

INSOL LR .T PESIDUE, %

O QOO NN
; 4

N e
MO

(=21

€8

C,‘. K

c,8 -

C‘l 'C’l “

C AF. =

C‘Ar v 2 -!.\_ "

HEAT C . -D®RATION, 70, CAL'G

HEAT D5 —/IRATION, 23D, CAL. G

SUNFLIT 2924 SQCUCIA P

30 e |comp sTrR, 90
[T IS ETENA IR 7 0, P51 ) ,CO_MP S_’]:_BJ 18_0
Cow t-arvae 28 0 P [COMP_STR, 36

FALSE . iT-PEHN FiL %

SAMAL D\

AuTST sl ExP N
—————

TIA L SET A e,
—

IR I

TLliie ERR | =

S Tra gEt ke MmN
—

P s, ire ants,

LLOPEI

LAY e G Ce e i R E DT T SuAL L T (L USEU e Al gt B, Ok SALES EDOMUTION s e DCATE BT ER T EDLILTLY
Tow Lrutee LT 0 1Tas PROOU T MY Tl U S LOwEALar Y

W. G. MILLER

Chemist
Chicf, Cement & Pozzolan Test Branch
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Structures Laboratory
i REPORT OF TESTS OF USAE Waterwavs Exp St
{

Blended Cement i ATTN: Cem & Pozz Test Br

i "P. 0. Box 631
i RC-752 L\'icksburg, MS 39180
—— HE T o v vt s T
(e = a- » Type LS5 . [ oars cawe s
scwean. Universzal Atlas ' -- -~ Leeds, AL Ianrv

Te 5 EMENT DCES Mg a 26l REMENT,

L L(WET). 1 (AA). DEEY. R — -
Pt 22,99 JTi0, . 0.24
vy L 5.86_, 4,85 6. FUURIN 1 N SV SS—
9, % _2.06 _ 2,33 PO, 0.16 (Colormerrje) |
“isos . 1.98 , :

————— ——{

50, ;mj ! o . i !
L35S TN IGNIT 3N % 1.96 . ! T
ACiaiiEs-ivas ain o - . 0,43 ;Water Soluble'Alkali _as Na»0% ' 0.04
Ni D% ; 0-17 ! P L . _O\—)_Z i B
<o 0440 ' T n.o3 !
NSSLLBLE RES L . E - — . L; . ) I .
SPTSIEN _ . 6l.34 ‘ —— i S SN—
2,5 % - ! |
EROIR ]

I

c A -
L

., A€ .2 ¢C -, . .
e I&." d !

~“EAT 3F ~vD A i 3 :
LeY ] ETRIEEN a R0

Ot TS R—
SLREACE AREA 35 v 5 AP 14(‘70 . . |

HEAT IF wvDRAT e R

I
!

e

‘_T_‘

A8 TONTENT 9.4 ., ;
e steswote 3 ew 13260 COMP STR, 90 D, PSI 6930 ]

SMB 3TREN LTS 7o e

| 4560  COMP STR, 180D, PSI_ 8470 .
owe srern o QB e 15520 _COMP STR, 1 YR, PSI . 9080 |

FA_SE 587 -FEN 3 ( {

|
|

.i::‘”LE N2 . 1 *1_ I I
YOI Aw P . 2 ! i
toroteaveere 4 0.12 o _ tﬁ I

Fia s rm v 6:10 | I ‘ nE i

SAMD_E b

DU JS Y S

AGTOILAVE ERP
——C -

v acser v i | ‘

EONAL SET mBMoey l

AEMARNS
Density 3.07 Mg/m3

W/C 0.485
Flow 111%

THE INFORMAT O S vEN 'N THIS RERPORT SmAt L NO” BE USED ‘N ADVERTISING OR SALES PRIMITICYN O NDICATE EITHER EXPLICITLY
OR MPLECITLY ENT SHSEMENT DF Tai5 PRUDLCT BY THE U S LOVERNMENT

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Test Branch
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REPORT OF TESTS OF
PORTLAND CEMENT

RC-753

FROM ZORPS TF ENGINEERS
4 5 ARMY

Structures Laboratory
USAE Waterways Exp St
ATTN: Cem & Pozz Test Br
P. 0. Box 631

Vicksburg, MS 39180

TEST RE® RT a3

[ g ND I CWY REPRELENTED

10"’5

SPECIFICATION

Type II

I DATE SAMPLED

LY T Idga]_

ILCC‘\"O" Fort Colling, CO

BRAND

Tri$ CEMENT UOES

MEET SPECIFICATION REQUIREMENTS

SAMP_E NO (Analxsis)

1(WET) 1 (AA)!

i1 (AA)]

21.4 Ti0,% | 0,15

2%, . 3.5 Mn,03 | 0,20

oo, % . 3.7 'P205 0,09 :(Colormetric)
S -

LIS TN IGMIT.ON, %

a_ AL ES-TITA_ AS NQIO -~

Water Soluble{ Alkali

as Na,p7% 0.35

~A'C <

0.06

> %

D 44

INSCL.BL_E RESIQUE. &

o w
bl Al ol O T N O

Cs0. %

A Ll =Y S 2 [« N3V el (V] Pl Neg [w]

C,S. -

C,A ‘.

3.0

CzS_ bl

C‘l . C‘S ~

AF =
C‘F 3

g el AT
OO £ N W OO O[O (- 1N I (Lo &

C.A‘ hd ZC)‘. ~

HEAT OF mYDRATION, 70, CAL G

MEAT OF wYDRATION. 290 CAL G

SURFACE AREA. SQ CM G (A P)

3850

AR CONTENTY, %

10.0

COMP STRENGTW, 3 0.PsI

3120 |COMP STR, 90 D PSI

5930

ComP STRENGTH, ] O Ps!

4130 |CoOMP STR, 180 |D PST

6380

comP sTREN T 2B 3 Pl

5390 icoMp STR, 365D PSI

t
+
i
|
!

6620

FALSE SET-PEN F 1~

SAMPLE NO.

AUTOCLAVE EXP., =

-0.04

INIT AL SET, MR MiN

4:00

FINAL SET, WA ‘Min

6:30

SAMPLE NO

AUTOCLAVE EXP , =

INITIAL SET. MR MiN

EINAL SET, MR/Min

REMAAKS

THE INFORMATION GIVEN 1N THIS RESOAT SHALL NOT BE USED IN ADVERTISING OR SALES PRIMOTION TO INDICATE EITHER EXPLICITLY
OR MPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U § GOVERNMENT

W. G. MILLER

Chemist

Chief, Cement & Pozzolan Test Branch

Ena FORw
twamy; OOOB-R
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Structures Laboratory
USAE Waterwavs FExp St
ATTN: Cem & VPozz Test Br
RC-754 P: 0. Box 631
Vicxsburg, MS
e ,e aE. @ e I~ -~ I:- RE RELENTED L.
SS-C-1460/3, Type II [ awe
Ideal ]. -2~ Fort Collins, CO

T S ZEMFT TUES MEET SPET F JATION PEJLREMENT

"1 (WET) 1 (AA)

REPQRT OF TESTS OF
PORTLAND CEMENT

3930

GEECF AT On

TIMB AN

U I

[om

i

e
T

sawe e &> (Analysis) i 1 (AA)

D 21.8 L Ti0p% _0.1&
7 3.2 o _Mnj03 020 . 1
e 4 4.3 P05 0.08 (Colormetric) !
PO Y . . ' X )
SC’ = .

( ‘ 1 ‘
e

Water Soluble Alkali as Na 0% .30 |
; o o

Afko [y —_ e —
' T ER
_0.33

| : T T
1

LSS IN U SNITITN

ALRAL ES-TITAL AS N, T A

N723 *

.
QIO | N o Lo [~

N0 IO DICIO | (M | & s

|
¥
35
|
|
|
|
B
e
1

L . S8 i __7_“~V¥;_ _-f
N L) ‘ . — b
a e | i ] .
cLmAT 3N T Al | | !
wea- cE - :_5_:;‘_',,:\___,_‘T,“;,_T;__;:,,,, T T o T L B
SLOEATE AREA 55 W . = T 3660 L o X .
AR _GNTENT 9.8 |
ST STRENLTS F 0 P 3020 ,COMP STR, 90 D PSI 190 . ]
e smense 7E v 3980 . COMP STR, 180 D PSI 6710 . r |
A | 5500 COMP STR, 365 D PST _ £480Q
EALSE JET-TEN F oot |
SAMPLE ND o
- |

F AL SET w3 a

1
| AuTnz_a.eExp . - O.QA _
CNITIAL ZEY. R oo 3 5 T

6:201

i

QIO N

T T T —
ALTOIC_ALVE EXO  ° '

INITIAL SET. MR Mo

|
- ) e
| i
FINAL SET, =R My ! ]’

REMARK

THE INFORMAT O J'vE™N N THIS REPORT 5ALL NDT BE LSEL N AUVERT 'S NS IR SALES PRIMCTICN 7D INTIIATE € "HERQ ExPL T T v ~ o
THOMBL LT ST RHSEMEST OF T, BRODUTT B THE U S L L ERNMENT

8. G, MILLER
hemist
Chief, Cement & Pozzolan Test Branch
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ce Qe F Ee, e 8 F iy

structures Laboratory
REPORT OF TESTS OF SAE
PORTLAND CEMENT

Waterwavs Exp St

!

' Piv: Cem & Pozz Group
'; RC-755 [":x).. Box 631

‘ Nicksbura, MS 39180

ANt Pooae

e e it o Tuno V [a e v o
. ~ T o . T .
T2 Canada Cemept N Manitoba, Canada — _je=e~
ce s TEwmEST T EC Mem T REE e TAT 0 e e MES T
—
svee . (Analysis) | L(WED) L(AA)_ 1 ! i 1
R T *

0.10
‘:»mgo} ___0.03, o
P,05 . 0.04 (Coloryerric)

e et e

T

Seluble.Alkali.as Na,N% _ 0.28
U W W .

R § 0.38 |

r—_-..——f_.ff.f, ——— - e - —
C_AE - .
T e c2I,a

LEAT “E menaaTion T AL 5 :
F—--~ PR G S T [ S -

P S .

NEAT CF ayTRAT.CN BT

" C— e i .
| 19]0 COMP_STR, 90 D,PSI _ . 6290Q
e e g 7 {3130 COMP STR.180 D'PSI . 6725

+

= 2220 LOMP STR.365% DIPST  : 6180

FA G 6" -PEN € !

we yrecuLte 3ot

. | |
sAumLE o o 1 ! ) I
soeees T 0,01 |

[ oo e 2:55 |

£ AL LET aB My 5:195
Aus - |

S - - e —

b (S — ‘ |
NOT AL GET mA M |

FiNAL SEY ~Q'Min,

GEMALR;

THE NFTRMAT DN LivEN N TS REPTRT LA L N BE LSED v ADVERTISING DR SA_LES PROMOT ON TO INDICATE EITHER EXPLICITLY
T OMBL Tt ENL HSEMENT OF Te § PROC LT BY THE U S GOVERNMENT

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Group

Tne 7
Teandr som-m

F33

AP SRR I SR M N N
LR SRR, O R TR AR s .

]




FRAOM: STRUCTURES LABORATORY
REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION
HYDRAULIC CEMENT ATTN. CEMENT AND POZZOLAN

PO BOX 631

RC-756 VICKSBURG, MISSISSIPPI 39180-0631

COMPANY:  Harryv T. Campbell 8IN NO. TEST REPORT NOWES-5-76
LOCATION: Raltimore. MD TONS REPRESENTED. DATE ]9 Jan 76
SPECIFICATION: Type [, High Alkali DATE SAMPLED

TEST RESULTS OF THIS SAMPLE LOT X ICOMPLY Doo NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
SIWPLE 0. T(RED) [ GA) [
510, % 19.9 Tio % 10.24
Al,05. % Mn 0.%10.06
Fe 3, % P.0_" 10.30 (olormed
Cal, % P

MgO. %
503, %

>

o
QOlte s fivfto

wle
o)

~ipel|loproeie o

LOSS ON IGNITION. %
INSOLUBLE RESIDUE %
N.:O, »

-<._,o. *

ALKALIES-TOTAL AS N.ZO‘ %
Ci5. %

CJA. %

CaS. %

CqyA CJS, ‘%

0.1]
1.04
Soluble|Alkalilas Na Q% 0.84

—— 1O D

PO [ | {CO |-

— o).
forll RNV | W1

13

~H[ON PO f— |~

CLAF. %
CLAF + 2C,A, %

HEAT OF HYDRATION, 70, CAL/G
HEAT OF HYDRATION 280. CAL/'G
(AP)
Burface Area, SQ CM/G
AIR CONTENT, %
COMP.STRENGTH, 3D, PSI COMP S
COMP.STRENGTH. 7 D, PSI COMP S

COMP.STRENGTH, 28 ), PSI COMP S
FALSE SET-PEN. F/1.%

SAMPLE NO.
AUTOCLAVE EXP., %

INITIAL SET, Hr/min
FINAL SET.  Hr/min

-

o

7 7

'-
%7,

REMARKS
Sample received from Mrs. Mather, Job No. 545-C526.16Ci41

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

THE INFORMATION GIVEN IN TH1S REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO
INODICATE EITHFR EXPLICITLY NA IMPLICITLY ENDORSEMENT OF THIS PRODUCT 8Y THE U, S GOVEANMENT
FORM AREPLACES ENG FOR . o T
VIES e 1540 t OAM 6008-R. 1 MAR 72, WHICH IS OBSOLETE.
s




TO FROM CORPS OF ENGINEERS

4 8 ARMY
Structures Laborator
REPQRT OF TESTS OF USAE Waterways Exp Station

PORTLAN T
0 CEMEN ATTIN: Cem & Pozz Group
P.0. Box 631

8 e
a's &

RC-756 (2) Vicksburg, MS 39180
resy 2eenar ~0 KMS510(30) 78 b“ ~O Fw'r REPRESENTED lun! DEC 78
SPEC FICATION Tvpe 1 Ionv: SAMPLED
-awedny Harry T. Campbell JT wocation  Towson, MD [ BaAND
TS CEMENT DOES MEET SPEZIF CATION REQUIREVENTS
sameee vo  (Analysis) 1(WET)i 1(AA)' 1(AA)
S0y 19.9 1 TiOp%| 0.24
120, % 6.2 5.7 ) Mn,04q1 0.05]
£0,0,. 2.1 2.1 | P50sg 0.27! (Colormetric)
M0, = 2.7 !
$0,. = 3.0 ! T
LOSS ON IGNITION, = l 1.0 I l
ALKALIES-TOTAL 48 83,0, % | 1_31J |
P 0.28; |
%30 - -1.57] i
\NSOLUBLE RESIOUE. ~ 0. lﬂ
Ceo. % 62.9
c,s. - 52
€yt 13 12
s - 18
C,A e Cys 65
C‘A‘ hd 6
C‘A‘ - }c,‘, .
wEAT OF wYDRATYTION 70, CAL G
MEAT OF myORATION, 280. CAL G
SURFACE AREA. SQCM G (AP 3770 l
AR CONTENT, 8-8 ‘
CCMP. STRENGTM. 3 O, PSi 3700 |
ComP STRENGTH. /] O. P§t 4480
COMP STRENG T, 28795' 3130
FALSE SET-PEN. F'). "
SAMPLE %O, 1
AUTOCLAVE EXP., = 0 .09
INITIAL SET, WA/ MIN 2: 35
FINAL SET MR MIN 4:55
SAMPLE NO.
AUTOCLAVE EXP . =
HOTIAC SET, H& MIN
FINAL SET, HR/MIN

ACMARKS,

THE INFORMATON GIVEN IN THIS REPORY SHALL NOT B€ USED IN AOVERTISING OR SALES PROMOTION TO INDICATE E1THER EXPLICITLY
OR WMALICITLY ENDORSEMENT OF THIS PROOUGT BY THE U. 3. GOVERNMENT.

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

Ena 7 ON
swam 2y SOOB-R
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TS ERIM ;O:P:HD:VENG1NEEHS .":
Structures Laboratory M,
REPORT OF TESTS OF USAE Waterways Exp St kS o)
Blended Cement ATTN: Cem & Pozz Test Br -
i P. 0. Box 631 *
RC-758(18) Vicksburg, MS 39180 Y
~E3T REPTRT W I 8N No T wv REPQESENTED IOAVE :l Y
Wy
SPEZ FIIATION Tvpe 1S IDA'E SAMP L ED l..' )
-sueany  Wyandotte ]-ocn:.m Wyandotte, MI [ssuno :.";l
TH.5 CEMENT TOES MEET SPEC FICAT . ON REQUIREMENTS ‘ltl.ﬁ
SAMP_E ND I(WET)‘ 1 (A-A)l 1(AA) .
50, ~ 22.26 . 1 Tio, [ 0.26 oo
%y 6.11 1 5.55 MN,O, | 0,07 W
ey 2.03 | 2.12 2.5 > | 0.08 | (Colorgetric) N
0 = 3.72 275 =
59, = i 2.58 .;:,;.._\‘
LOSS5 ON 15MIT DN, % 1.13
ALRALIES-TOTAL A5 N30 0.98 | Water BolublejAlkali as Na,0% 0,47 5

Na1°4'l 0,27 0.03
a0 > 1.08 0.66

INSOLUBLE RESIDUE. &

<o v 60.75

c,s. %

Cya v

SR i

:,A . C‘S. - ,:.\.':'.:.

C:AF *2CA E-."::"

HEAT GF HYORATION, 7D, CAL & 71 -'.t :

MEAT OF WYCRATION, 28D, CAL G 83 ;:;“--'

SURFACE AREA. SG CM G (AP ) 4120

AR CONTENT ~ 9~9 '-

COMP STRENGT-. 0. PS5 3130 CoMP STR, 90 D, PSI ;. 5310 t:‘?'&

COMP STRENST, 7 D. &5 4010 COMP STR, 180|D, PSI| 5640 f.*:,s.

sowe sTeensT< 280 en 5060 |COMP STR, 1 YR, PSI ' No Cupes NN

FALSE SET-PEN F 1 = . u“q‘
A

SAMPLE NO. 1 £

AUTOCLAVE ExXP., - 0. 12

INITIAL SET, wRMIN 2:55

EINAL SET, R Min 5:15

SAMPLE ~O.

AUTCCLAVE ExP., ~

‘N.TIAL SET. MR MIN

FiNAL SET, =R "My

REMARKS

Density 3.09 Mg/m3
W/C 0.485
Flow 1077

THE INFORMAT ON GIVEN it THIS REPCZRY SHALL NOT BF USED N ADVERTIS'NG QR SA_LES PROMDITION TO INDWCATE € YWER ExPLIC'TLY
OR IMFLIC TL v ENDDQSEMENT OF TH(5 PRODLCT BY THE U 5 F0VERNMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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f To
FROM: STRUCTURES LABORATORY
REPORT OF TEST OF USAE WATERWAYS EXPERIMENT STATION
HYDRAULIC cEMENT ATTN: CEMENT AND POZZOLAN UNIT
PO BOX 631
RC-761 VICKSBURG, MISSISSIPPI 39180-0631
L]
» company  Harry T. Campbell BIN NO. TEST REPORT NOWES-42-76
: LOCATION: _Baltimore, MD TONS REPRESENTED: DATE. 95 Feb 76
\ SPECIFICATION: DATE SAMPLED:
TEST RESULTS OF THIS SAMPLE LOT[  kompLY [ 100 NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
SAMPLE NO. T(WET 1 (AA) 1 (AA)
N $10,. % 19.9 Ti0 %z 10.24
Y A120y % f.6 6.0 0.%10.06
< FepOy % 2.1 2.0 P0.2 10.25 (dolormetkic)
- Cal. % 62.9 & J
X MgO. % W
L8 SOJ. % 2.9
LOSS ON IGNITION, % 0‘9
. INSOLUBLE RESIDUE. % 0.10
Na 0. % 0,327 0.13
K,0. % 1.2 1.08
. ALKALIES-TOTAL AS Na,0. % 1.Q7 H t : 5 ] ] ]E Alkali las Na.{dz 0. 84 1
CiS. % L7 < |
¥ Can- % 14 13 ’
C,8. % 19
R CJA + C35, % 64
3 CLAF. % 6
X CQAF + 2CHA, % s 36
. HEAT OF HYDRATION, 7D, CAL/G
¥ HEAT OF HYDRATION, 28D. CAL/G
3 —(AP)
Surface Area SQ CM/G {13979
N AR CONTENT, % 8.0
coMmP. STRENGTH, 3 D, PSI | 3790
x COMP.STRENGTH, 7 D_ PSI 14420 ‘
A COMP. STRENGTH, D, PS1
“ FALSE SET-PEN. £/1.%
SAMPLE NO.
. AUTOCLAVE EXP,, % 0, 10
[ « INITIAL SET, Hr[min 3_;00
y FINAL SET, Hr/min S.45
REMARKS Sample received from Mrs. Mather; Job No. 545-C526.16Ci41
L]
W. G. MILLER
] Chemist
; Chief, Cement and Pozzolan Test Branch
THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO
INDICATE EITHER EXPLICITLY OR IMPLICITLY ENODORSEMENT OF THIS PRODUCT BY THE U. $. GOVERNMENT

FCAM REPLACES € FOR - T
A VIES o, 1540 CES ENG FORM GO0B-R, 1 MAR 72 WHICH IS OBSOLETE.
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: YO ERTIM CO:B:BDA,F,ENG“‘EEQS
x Struétsures Laboratory
;' RE::?JA%TCEE‘SJESN%F USAE Waterways Exp Station
L ATTN: Cem & Pozz Group
RC-763 P.0. Box 631
W, Vicksburg, MS 39180
'i SEST RESTRT s Ls [P I_«' MECNETENTED TDA'E
+ SEEC F TAT Ya LV_Re IT I:‘A'E SAME_ED
& -aweahv  Arizona Cement ] .ocvies Rillito, AZ ] srano
.x TriS TEMENT DOES MEE " SPE T.F TAT _» HED , AEVENT
4 sawe_e ~> (Analysis) TL(JET)_1(AA) T1(An) | !
i o, % L 22,4 N Tio,% 1 0.21 |
B i 4.1, 3.6 Mn;04 | 0.10
: Fe,0y = 2.9 3.0 iP>0c © 0.06 , (Colormetric)
04 Mo ' 4,2 i i
" o, | 2.0 :
-! L2355 ON 13N TiON, % 4’_ 1.2 ! I
- ALvAL ES-TOTAL A5 N2,O % 1 0.45 MWater. Solublp Alkali as Na, 0% 0.15
"0 % ' 0.09 } | i 0.01
N " L 0.54 - ] 0.21
.\ INSDL LBLFE RESICLE ™ 0.63.‘ ‘
N SR 62.8 - !
:: I8 48 | !
Py Cyr 6 } 4 | | ;
o5 % 28 ! | N
T,AeCys 54 | ; !
- C.AF - 9 : :l'
- C.AF ~2t’A, - L 1
HEAT OF 4vDRATION 7D, CAL 5
J, MEAT OF AvORAToON, 2650 CAL 5 | |
) SURFAZE AREA, SQ ™M G (A P) 3620 { |
AP CONTENT, = 7.6 ! T : {
e SOwP STRENGTS. G O Pw 2700 ' covp STR, 901D‘ PSI, 6210
-~ IowP sTAagwsTe. ] 0 esi 3730 | COMP STR, 180:D, PSI 7000
u: sowe stmenoTm 2B S e 4: 5500 ' COMP STR. 365 D, PSI' 7400
;-' CA_SE ;ET-SFw £ 1 - |
q:' SAMPLE NG
A_TOTLAE ExP "
’ NITIAL SE‘: —“R :‘A\: -
K] FINAL SET, w® M N
:'. SAMPLE N3
e ociaeem
.:' INTT AL sg:"n:u}w - 1
.‘ EINAL SET, R "waisy T l J—
REMARKS
o
"‘ THE INFOAMATION GIVERN IN THI5 REPORTYT SHACL NIT BE USES IN ADVERTISING OR SALES PROMOT'ON TO INDICATE €' THER EXPLICITLY
2 OR MBPCICITLY ENITIRSEMENT OF Teis OR0UT LT By THE U 5 J0y ERNMENT
a::
' W. G. MILLER
. Chemist
' Chief, Cement & Pozzolan Test Branch

L RA-T ]
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REPORY OF TESTS OF
PORTLAND CEMENT

RC-764

FROM. CORPS OF ENGINEERS
U S ARMY
Structures Laboratory

USAE Waterways Exp Station
ATIN: Cem & Pozz Test Br

P.0. Box 631
| Vicksburg, MS 39180

TEST REPDRT NO

I 8.NNC

_I WY REPRESENTED

J OATE

seecieicarion  Type II

I DATE SAMPLED

coweanv Arizona Cement

[ ocavion Rillito, AZ

| BRAND

TrHIS CEMENT DOES

MEET SPECIFICATION REQUIREMENTS

SAMPLE nO (Ana lys iS) 1(WET)

1(AA) 1(AA)

S0, - 23.1 T10% | 0.19

2120y ™ . 3.3 Mnﬁ3 0.10

£0.0,. % . 3.1 P,0g 0.08] (Colotmetric
M0, % .

SO, =

LOSS ON IGNITION, %

ALKALIES- TCTAL AS ~’23 ~

Water Soluble| Alkali

as Na2 % 0.27

Na O %

= | 1O 11O W [ (00

.

INSC. . BLE RESICLE. =

$a0. %

(=,
~3 O\

S0 1O O |10 O b= o 18w

2,8 % z.‘
ok s | 4
<,8 % 33

TAFL S
s

C‘AF - RC)A, -~

=EAT OF MYORATION, 7D, CAL

G

HEAT OF HYDRATICN, 280. ZAL G

SURFACE AREA SQCM G AP}

3780

AR CONTENT . %

8.6

COMP STRENGTH, 3 D.PSI

2750

COMP STR, 90|D, PSI

6250

COMP STRENGTH, 7 D, PSI

3630

COMP SR, 180{D, PSI

7130

COMP STRENTG Y » ZB.J Pss

5150

COMP SER, 365 D, PSI

7250

FALSE SET-PEN F I =

SAMPLE NO

AUTOCLAVE ExP_ =

0.13

NITIAL SET, 9R WN

3:25

FINAL SET, 4R MIN

6:25

SAMPLE NO

ALTOCLAVE ExP =

INIT AL SET. MR Miw

FinAL SET, MR WIN

REMARKS

THE IMFORMATYION G EN IN THIS AEPORT SHMALL NOT BE USED IN ADVERTISING OR SALES PROMUTION TO INDICATE EITHER EXPLICITLY
OR P LICITLY ENDCRSEMENT OF THIS PRODUCT BY THE U 3. GOVERMMENT

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch
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FQU Tt T W m TR M NN T A X A R -y "'T‘."’;."'.‘v"' M A A g
J _ * CORRECTION
[ - FROW E?;":“‘:"'v.;v.t_sﬂ$
| Mrs. XK. Mather
Ca etro & X-Ray REPORT OF TESTS OF Cen & Pozz Test Br
En;rPSci Div PORTLAND CEMENT Engr Sci Div
cL” RC 765 and RC 766 cL
~r3 13337 MO wES_149_76 Lsuuvr..) I:r ®EP®IITNTIO ]D”E 15 Jun 76
27>z §5-(-1660/3 [zeresamies
cra2: Gampntrgrorksaidia tocavion Akyranesi, Tceland ID“*D
=, LIVENT DOES MEET SPICIFICATION REQUIREINTS
Le It N3 RG-765 RC-766'
52, - 19.7 20.2 |
<72, - 5.4 5.4 !
FeaZy 3.1 3.2 i
39 2.3 2,3 i
59,. - 1.4 2.8 I
LOS3 CN IGNITION, 5 1.9 1.0 J
% ALK3L.55-TOTAL AS N3, 0, % ]_3_4_0 1.38 |
* Ne DL % 1.25 1.28 ]
X0 * 0.23 0.19
INSDL UBLE RESIOVE, = 0‘41 0. 39
ce0. = 63.3 63.6
Ty% S71.7_ 56.1
Gyt = 9.1 9.0
C,3 = 13.0 15.0
Cyr oSy 66.17 65.7 |
Cotr 9.3 9.7
CetZ-2C,A 8 27.5 27.7
HEAT 0F MYORATION, 7D, CAL'G
HEAT OF MYORATION, 23D, CAL/G
SURTSZE AREA, 3Q CW-G LA P) 27270 2950
AP TONTENT, 10.8 i
CD 4> STPENGTH, 304 PSt 2920 i
CCv2 STRINGTW, 7 0.PS 3460 |
cowa, SYﬂENGTu.za D, PSSt 4230
Soecific Gravity 3,11 3.14
SAMPLE ND. RC"’766
AUTIILavVE EXP, % 0.08
IMITIAL SET, MR/ M 3:10
Ftoeauw 3E7, HA/MIN 6:05
$34:_ % RO,
AUTOTLAVE EXP,, "
POUTIAL SET, HP/MIN
EtoAL SZT, HA/MIN
mzasacs: Insufficient quantity of RC-/765 to run all physical tests. Run Insol
. on both to determine which is PC and PP. Run all tests, chemical and physi-
cal (no HH) on RC-766. RC-766 had 0.3% gypsum added to the clinker. Vol-
canic ash could be pozzolan in PP cement., Job No. 545-C526.16Ci41 ($500),
(Comparison of the test data indicates both were portland cement (5/20/86).)
*Correction issued to indicate correct values for alkali and Na20
THI MFCAMATION GIVEN 1M THI3S PFEPQART S 1ALL NOT 45 USED IN ADVERTISING CASALE; PROVOTION TO INDICATE EITHER CxALIICITLY
C4 w3 1 21TLY LYDDRGMEMENT OF THIS PRIOOULCTY BY THE U. S COVAPNUENT
/7D
W. G. MILLER
Chenist
Chizf, Cement and Pozzolan Test Branch
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Structures Laboratory
REPORT OF TESTS OF USAE Waterwavs Exp St
Blended Cement ATIN: Cem & Pozz Test Br

P. O. Box 631

RC-769 Vicksburg, MS 39180
TEST REPTR Y N T ‘I BN TD I TWY REPRESENTED [ CATE
SPEC EICATION TYE 1S Isnz SAMPLED
ccweanv Universal Atlas [Lz:aron Universal, PA Jeranc
TS CEMENT DOES MEET SPEZ:FI7Aa~T N REQUIREMENTS
SAMPLE NG I(WE’I) 1 (AA) l(AA)
w0, - 23.92 1 Tio, [0.34
"0, - 7.91 | MN, 0. 10.35
00, 2.19 1 2,33 p0.° 10.17
-0 = 4,92 | J [
5Cy. 2,42 t
L0SS ON SNITION, % 2.00
A_®A_ES-TOTAL as '“13 - O. as Na2

~a,D %

1 0.
0.

YA

~
e
. 3 /.

LJ .

ﬁ ,
RN
s
2

¥,

r .

v >
L

v

e
5 o

gy Ay

XX,

v

55.

HEAT TF mvTRATION, D AL 3
E£AT TF W TRATITN 280 TAL D

SLRFA E AREA ST TM L AP

e e © |
LOME 5T RENG T 35 41 COMP SIIR, 90
NEN LT 7’-7 Psi COP{P SIR) 180

T

ICMe tRfN,Te D8PS - COMP S R‘ 1Yy

FALLE LT -PEN F & =

SAMPLE NC

ALTOTLAVE ExP, -

NT AL SET. =R MIN
—-—
F NAL SET, MR Min

SAMP £ NO

AUTCI_AJE EXP | "

NiT AL SET. MR MY

FNAL SET. MR ‘M

REwAAKS 3
Density 3.03 Mg/m
W/C 0.485
Flow 110%

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE LUSED IN ADVERTISING OR SALES PROMOTION TO INDICATE E'THER EXPLICITLY
O AP LICI TLY ENDURSEMENT OF Tris PRCDUCT BY THE U § GCVERNMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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TO FRZM JTRSY OF ENG.NEERS ~
W 3> ARMY A‘:
U
W REPORT OF TESTS OF Structures Laboratogy oy
B PORTLAND CEMENT USAE Waterways Exp S5t A

ATTN: Cem & Pozz Test Br
RC-770 P.0O. Box 631 ¢
> Vicksburg, MS 39180 i.

TEST FEESAT N D Ihu w3 J IwT RERPNESFATED ICAYE 'y
SPECIFICATISN Type i DAYE SAMP _ED "Q",
c:wmane Universal Atlas [ .: .--. Universal, PA [ oranc A
TS5 TEMENY DOES MEE™ SPEC €I TATIZN QEGUIREMINTS e
. sawrce no  (Analysis) [ I(WET). 1(AA): 1(AA) | A
! 5o, % | 20.4 f Ti0,% | 0,300
-: g3y 5.8 5.2 | an%; 0.23;
- £0p3, " 2.3 2.4 P20sg 0.05{Colormetric)
. M32 % 3.9 T C T
4—
: 50, = | 2.4 ]
L% DN N TITN v ‘ 2.2 1 i
ALEALES-TITAL a5yl ® 0.33 Water Soluble!Alkali. as Na,D% - 0.10
- o {0.17 ! - 0.03 h
. PRI T 0.24 1 0.11 DA
- INSIL_BLE FEVTLE " I 0.29 -':'-'
‘ s 62,9 | <
< S, . 52 | | - :‘_Q
Tyt 11 ¢ 10 ! -
’ > o N 19 | )
» ATy - 64 i s
2 - T | X
2 T_‘—.:——:[ e i ,.‘~".‘
3 Mear e o mar o s ‘*8-. - 1 AN
» P T R + LA
mrAn fmIiTERT 93 __, ; 2
r_s.,nx‘::nsA 5.4_-; s L; -/42110 { i J
- A8 aerEer . 7L“ 9.2 : i [ : ‘.
. LT e | 3170 . COMP STR, 90;D. PSI. 7150 ~
" | ve mesee 7 14740 _coMP_STR, 180.D, PSI 7120 o
. | v et 28 o . 6830 _ COMP STR, 365/D, PSI. 7170 .::_s'_:
AL GESET o€ & ! | { .\‘:¥
SAMPLE N3O B — _4{7 B .17 | LS,
RO LA 0.17; i g
I N aser e T30 T :,,F e
- EOnA GEY @ v 4 4 25 L ':"‘:
i SAMPLE NI | ' T »'_'s
‘e . t s "
s AUTICLALE ErE N oy ..
- SMITIAL SET mE W oa | ‘-.‘-
= i o { - 1 R
. REMARN n.“h
. A
. N
n- l-".\
.“ 'b\..
- R
15
$ -
g e meae - . o noar ; 5
u'.: u:‘ ’ ‘ . ‘.‘s,-.m-.k; ’ u‘s': ?.. vea : " 'vl: slsuﬁn l(‘v[ﬂ'\?ruu OR SALES PROMOTION TO INDICATE E'THER EXPLICITLY * {
: . . . 3 L ERAY SOVE ANNMEN k::
: Qq\
ﬂ LD
W. G. MILLER L%
Chemist
Chief, Cement & Pozzolan Test Brahch S
A TSI cama A
¢
¢4 ‘S
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' FROM CORPS CF ENGINEERS
~

“w. S ARMY
REPORT OF TESTS OF Cem & Pozz Test Br
PORTLAND CEMENT Engr Sci Div

RC-772 CL

> _Lcwv ae=esenvex 1 Sample Tcn’s 11 Feb

SPECIFICATION Tvpe I1 ]one SAMPLED

comsan+  Monarch I;xnﬂo~ Humboldt, KS

TH.S CEMENT DOES MEET SPECF CATION REQUIREMENTS

sameLe no. (Analysis) 1(WET)| 1(AA) 1(AA)

8.0, * 21.2 Ti05%
i Mn03

P,0c . hetric)

TEST REF QT &) _Ie-‘-
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LOSS ON IGNITION, 5

Soluble| Alkali

ALKALIES-TOTAL a5 ~azo =
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R O O] O B ) O b=

i o
~J| 00| &~

CeQ. %

Cls. bl

[ P

(™
~J

Cp5

oY
wy
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CPLLE )

—
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C AF s 2C A =

N
o~

HMEATY OF MYDRATION, 70, CAL G

HMEAT OF MYDRATION, 2BC, TAL G

SURFACE AREA SQ C™M G:1A P

AR ZONTENT, =

COMP STRENGTw, 3 D, PS5 COMP STR, 90D
come stacnste. 7 0. Fu COMP_STR, 180D
cows sraEnaT)8 O o COMP_STR. 365D

FALSE SET-PEN F 1. %

SAMPLE NO.

AUTOCLAVE ExP.,

TMITIAL SET, MR MIN

FINAL SET, MR MIN

SAMPLE NG

AUTOCLAVE ExXP , ~

INITIAL SET. MR MiN

FiNAL SET, MR/MIN

REMART:  Memorandum Nc. 1965; Job No. 545-C530.17Ci4l

oYy

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
Of MPLICITLY ENCORSEMENT OF THiS PRODUCT BY THE U $ GOVERNMENT
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W. G, MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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rQ FROM CORPS OF ENG'NEERS ﬁ\v'
L S ARMY -
Structures Laboratory ';'._,
REPORT OF TESTS OF USAE Waterways Exp St e
Blended Cement ATTN: Cem & Pozz Test Br
P. 0. Box 631
RC-773
Vicksburg, MS 39180 NS
TEST REPLART NC ] B NNO I LWYT REPRESENTED l CATE .~:.‘-
SPECIFICATION l‘P ]DAYE SAMPLED :.n.:
comeany Texas Industries [ .ocavon Midlothian, TX | eranc X
THIS CEMENT DOES MEET SPECIFICATION REQUIREMENTS \f.
‘I
et o L(WED)| 1 (AA) 1(AA) |
50, 24.99 TiO, 0.57 ] T
A9y % 10.03 7.41 MN203 0.24 :.'J:
Fey0, % 3.33  3.17 | P.O.~ [0.20 (Colormetric) A
g0, = 1.39 & J P:-"
50, % 3.64 A
LOSS ON IGNITION, % 1.38 PR
ALKALIES- TOTAL AS No 0 7 0.53 {Water Boluble!Alkali as Naj0% 0.34

Mol % 0.17 0.06

» . -
x,0. = 0.54 0.41
i INSOLUBLE RESIOUE. =
'. 1
. cso. 1 54.46 !
.
- [T
K2
4 -
c AL
€8 % .
a1 -
2 CyasCys v_-?:.'
d C AF. = SO
1 ..-‘ -1
CeAF v 22,4 = R ]
1 ‘-- -..
. MEAT OF WYDRATION. 7C, ZAL 5 .‘.’: d
Y
, HEAT OF wvORAT.CN 90 CAL 3 L3
o
A
y SURFACE AREA $Q "M o A P} 3940 e

AR CONTENT, = 6 0
.

’ come stmenate 35 o 3480 _|cCoMP STR, 90 B, PSI | 7260 i

Towm rREnGT 75 5w 4350 | COMP STR, 180|D, PSI, 8100

. cowp sreEwiTm 28 1 Pw 5910 COMP STR, 1 YR, PST : 9410 :'.‘:

. FALSE SE ™~ PEN F ':-" »

. SAMPLE NO l “.:, :
AUTICLAVE EKPN; 0.03 -

" INITIAL SET, m& Min - 4:00

- FINAL SET, ~B - wIN 5:20

. SAMPLE ~O

A AUTOCLAVE ExP . =

INITIAL SET, mR Min

FINAL SEY, HR/MIN
REMARNS
- 3 ot
. Density 3.04 Mg/m A
. W/C 0.448 Y
- Flow 110%
. ':..':.
. AR
TN
: THE INFORMAT TH 51, EN N THI§ BEPORY S5HALL NOT BE USED IN ADVERTISING OR SALES PRCMOTION YC IND'CATE €/TwER EXPLICITLY ._'\' -
- O MBLL Tivy ENDUHLEMENT OF Th § PROCUCT BY THE U, § SOVEANMENT * '."-
S 2%
- ".?.,A
- '.I 5
W. G. MILLER T
Chemist “.:
Chief, Cement & Pozzolan Test Branch
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y —emmn = S e : e e "\'.P
: Mrs_ K \(a[her FROM 50:0:.0:V£~Gm:!ls :-:.:.
) C/Engr Seci Div Structures Laboratury o
REPORT OF TESTS OF . CY Y
: Structures Laboratory PORTLAND CEMENT USAE Waterways Exp Sta S
: P. 0. Box 631
RC-807 Vicksburg, MS 39180 e
4 resr agozar v WES-2Q5-F8 | @~ ~e ]' cer perresenveo. 1 Sample [ oate 25 Aug 78
swecr carne §S§5-C-1960/4, Tvpe I P. MS | cave same_es
coweasr _ TXI .- -ov Midlothian, TX [eaans
Twi§ ZEMENT DOES MEET §2 [;%l*‘:‘- HEQJ REMENTS A
sawece o RCo807 RCE07] RC-807 |
3.0, i 98 28 | Ti0, 0.41 .
¥ 4139, * ' 8,06 6. 83i IMN203 t0.34 ) j H
e oo, - | 4,60 4.76 IP,0g 0.16 ! Colormetric <
Y “y0 2 '1.63 ! ! o
'« 30, = 2,71 | S
~ LOSS ON 'GNIT ON, ~ I 0.48) | | -:.
' ACKAL.€5-TOTAL 45 Ne, 0 2 1 0.48 i l :,
Nig2 % | 0.23! |
%, = | 0.38. '
. INSCLUBLE RESIDLE, ~ i 8.40 1 !
N ced v i 58.10!
-: c,8. -
B Cyh s
C,8. =
€ aeCys %
| [T RS
L)
'y Car-2c.a
\] HEAT OF “YORATION, 70, CAL 5 76
: R gAY OF «YORATICN, 230. AL G 87
s SURFACE AREA, SO CM G (AP 13990
- AIM CONTENT, % 8,0
 COMP sTRENGTH. F s 3800 *iComp_Str, 56 D, PSI 7830
; civr saeaTe poew 5130 *iComp Stir, 90 D, PSI | 9180
- | ctwe sTaensTe 982 P 6940 * Comp Stlr, 180 D, PSI| 9390
- saseseropen ot *{Comp Stir, 365 D, PSI 10400
. SAMPLE NG, 1
ALTOZLAVE EXP., = -0- 04
INITIAL SET, MR MIN 3: 15
FinaL SET, wmA/MIN 5:20
. SAMPLE 4O,
’ AUTOCLAVE EXP., =, 325([0514111) Sieve: AZ lretained.
3 INIT AL SET, HA MIN H
&1 FiINAL SET, mA/WIY I 18
*("E¥4" Test results will be reported upon completion of tests.
THME INFIRMAT ON GI/EN N THIS REPORYT CHALL NOT B SED IN ADVERTIAING mYO MNDICATE EITHER EXPLICITLY
OR MP_.T.iTLY ENODORSEMENT OF T4 PRODUCT BY '@4 / _/ / //
S Gl o
W.G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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TO

Mrs. K. Mather
C/Earnve Sci Div
Structures Laboratory

REPORT QF TESTS OF
PORTLAND CEMENT

RC-807 (A)

——

€8 M TCHBES GE faG

GS Akmy

Wt ERY

Structures Laboratory
USAE Waterways Exp St

ATTN: Cem & Pozz Test Br
P.0O. Box n3l
Vicksburg, MS 39180

TLSY REPCA T r‘,""b-)qs_lb ‘IHF'

1 sample AJ"“ 25 Nov 718

CAYE SAMBLED

Teoa o Midlothian, TX

SATION REGREMENTS

SPECIFIZAT IN I
TXT

TriS CEMENT DOES

COME ANy Inun-.:)

MEET PETIR

SAMPLE NO - “&C:&OJ_(L\)_ T B _,'
$0,. T 20.% |
2% % { _5.08; i
0,0 % | 4,061 | i
o | 0.861 ! 1
SO‘A kY ! 2 53 I !
LOSS AN GNITION % 11 0.99 ; T
ALKAL.ES-TOTAL AS No C. % | 0.?7 ]
~s,0. 3 T O,i_ll T ]
a0 __1.0.25] i
\NSOLUBLE RESITUE, % l 0.17 Ti |
ceo. % _._,__J,bsgﬁﬂﬁ_*A__, L i B
Sy® _1.64.02 C ]
L os.s9f ] B |
C,5 % L I 1_0 65 17 wl_ I
C,A v st ‘ | 7_0.2L ! i i
CoRF. 3 112,35 !
e, “"“f‘z’s‘.“s‘é b b -

H“EAT OF HYOKRATION, JRU, CAL &

SURFACE AREA, <D C % (A P

AR COMTENT, % 1 I

CCMP STRENGTH, 0. PSy 1 | i |
— e e —— e ) — pa—
COMP STHENGTH, o. PSI | ; |

> . - ——— —-——1
COMB STREY , T, [N | i |
FALSE SET-REN & 4% | i i

S ;’:flf_”_"i[__flf;' AR S N B A A

INIT AL SET, MR M N |

- - R - — -

FANAL SET, mil iy

SAMPLE O

AUTOILAVE ¢ ¢2 <o

REMARKS

Ref ltr from TXI, Midlothian,
AD~577 to make RC-307, IP, MS.

TX dtd 4/5/78. This cement blended with
Sample Size approximately &4 oz.

- —

THE INFORMATION G 1vE Im Teih QI PCRT 508, n T HE 56w 0 a0 E s Yor's o sas r‘ raoa \_s. TO INDICATE ESTHER £XOLICITLY
TR MFLIC TLY ENCCRLEMENT SF Ty BRIC L T B te g CE G
/ "’ (24 / e ‘,\\( 7t e (”é
T
S0 W.G. MILLER

Chemist
Chiet, Cement & Pozzolan Test Branch
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. I Faln TIRFS TE Fa S NEERS
Structures Laboraotry | Structures Laboratory
USAE Waterwavs Exp Stat ! REPORT OF TESTS OF Waterwavs Exp Station
. hari Math ; PORTLAND CEMENT . : <

ATTN: Katharine Mather i ATTN: Cem & Pozz Group

Vicksburg, MS 39180 RC=829 P.0. Box 63!
Vicksbure, MS 39:!30

JEEEE Fonrans °es 1mn April 80
SEEC € taT oy SS—C—1960/3, Tvpe 1T { TAvE lawP €3

~~wssv. Dundee ' . .- . Dundee, MI J

TS JEAENT DIES MEET LEE LT TAT T af | PEGrgTs

o
<
e

SAMe € g

[

|
|
!
|

._Py0c 0,06 Colorimetric

Soluwio

-

wn

I S S

Ol 1 OIceh=ho

z

z
Or—-}r\.:
w S

1ol = !

PO S G-

; i
i l
‘ 1
’ T x
‘ 1
I ! '
| X l N
LONATLIET L SRSALES FOTMOT O Y0 IND'CATE € THER EaR . Ty
W. G. MILLER
Chemist
Chief, Cement & Pozzolan Group
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™ EROM  CRARS W ENGINEERS
Structures Laboraotry 7 Lewe
USAE Hateraays Exp 5° N v
ATTN: Katharine Mather PORTLAND CEMENT ATIN: Cem & Pozz crgup
Vicksburg, MS 39180 P.0. Box
RC-830 Vicksburg, MS 39180

TEST REPOAT ND I [: IR Tr_wv QEPUESENTED 1 cAvE 16 April 80
seecieizcation 35-C-1960/4, Type IP {care same_ e
comeanvy  Dundee Locar.on Dundee, MI
THIS CEMENT DOES MEET SPEC FICATION REGUIREMENTS
sammo € vo WET AA | AA
5.0,. " 26.8 1 ITiOQ
A9, % 10.7 | 10. [MN;01

1 3

|

F1,0,. % 3.6 Colormetric
3.1

SSy % 2.12°

LOSS ON 1GN . TION, - 1.74

ALKALIES-TITAL a5 NuZQ -

No,O. %

KIO' -
YMOISTURE

Ci0. %

C)S. -

TA N

3

ZSA‘\
C)l . C’S -

C aF =

C AF 20 a -

MEAY 3F =y IRATIIN D AL

HEAT CF myDRAT.28 9T

[ G RS A GO (U G

SURFACE AREA ST oM &

AR zoNTENT -

CoMP STRENS "

COMP STRF N T

TIMP O STRES LT -

FA_SE SET-PFn ¢

SAMPLE 7T

A Th-_Aa.F FuP

EonaL 5ET e N,

BEvaAAKS

PRE INFARWA T \ NN TR REB AT SeA L AST HE USEST N ACVERTISING ORSALES AR IMITION TO INCICATE EITHER EXPLICITLY

Ve w1 * Yo T L PROD TT BY THE 4§ GOLESUMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Group
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v FO M LAk F £ 3 nTENG
Structures Laboriotry

USAE W N Stat Structures Laboratory
vaterways Lxp Sta REPORT OF TESTS OF ean rea
PORTLAND CEMENT USAE Waterwavs Exp Station

ATIN: Katharine Mather TTN: Cem & Pozz Group

& AR

N LN

Vicksburg, MS 39180 _ P.0. Box 631
RC-831 Vicksburg, MS 39130

TEST BEC AT N

Tc.e 16 April 30

ot
SPEL EIZAT N SS—C—1960/3, Type 11
sowsan. PCA-LTS 21 .-

[ BRAND

TS CEVENT DOES MEE ™ SPE. F- AT e

SAMPLE ~C 1 WET : : AA I

|
2, = 23.7 | ' I TiOZ 0.201

|

: |
s [~ 4.6 ] MN;05_ 0.05
R 3.2 i Pp0g  0.16 Colornetric

Mo % 1.24

S0, = 1.22

3}

LOSS ON IGNITION. = 0.95

ALKALIES-TOTAL &5 Ny, T - O.SA\

A 0.26

<o % i 0.43

INSDL BLE RESIDLE & O- 37

30, % 64.3 !

s = 43

ZOR 6.7

C, 5.5 35

Cyaecys = 50

C AF. = 9.7

CAF s 2CA = 23

HEAT OF wYDRATION, 70, ZAL G

HEAT OF MmYDRATION 280, ZaL 5

SURFAZE AREA SQ TM G . AP

AR CONTENT =

COMP STRENGTH, D. P

COMP STRENGTH, ©. Psi

CIMP STRENG T 2. Psi

FALSE SET-PEN F 1 =

SAMPLE NO

AUTOCLAVE £XP =

INITIAL SET ME Min

FiINAL SET, MR ‘WiN

SAMPLE ND

AUTGCLAVE ExP | -

INIT AL SET HR M

FinAL SET, MR MiN

REMARRS

THE INFORMATION GIVEN (N THIS REPDRT SHALL NO” BE USED IN ADVERTISING OR SALES PAOMOTION TO INDICATE EITHER EXPLICITLY
OR MPLIC TLY ENCORSEMERNT OF Tr.5 PRODUCTY By THE U § GOVERANMENT

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Group
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{ - Diew cae e

Structures Laboraotry | LA
3 g potructares b oorgtnor

USAE Wate rwavs Exp St REPORT OF TESTS OF | USAL waterw Ty ~t

- aal o wdate . N 7

{ ATTN: Katharine Mather PORTLAND CEMENT TAIT: Cem & Uoss roun

Vicksburg, MS 391%0 RC-872 Ep,n, Bax A1

v { Vicksbura, MS W1

T [ EE - T e april 30 !
SPEIE Tav SS-C‘196013LT):QG v l ST ks
—weav- ldeal I s Ft. Collins, 0 Toone

vy rrr

—————— . — - — T‘__w.‘gk,,. l- - —

[e SRV IR ] R a)
-+

i

|

i

|

|

TalS TEMENT DLES MEET SEET E At s wr il WEMEnC, R
WET A T i
s 1 22.6 o L 7“#77 ]
3.3 3.0 Ny I
ce,C, © 5.3 5.2 )5 . Colornetric
MeS. 1.3 . ,,‘I_, o
5C, . 1.76 I D - ] R
L3595 TN UNITION Y ‘, 1.22 . Y 4
ALRALLES-TOTAL As 0 N 0.5 o L o o ____‘
M 0.1
0.5
0.2
3.3

IN3TLLBLE RESITLE, o .
— e — v . - [

0. % 63. T
— — - —

1,500 . |
~ .

< X > — |
i . —— I _..__..*___ - ‘_,,7‘T,.~—...

.5 i | ! — L

B ; — V»-—<
BV I b : _ ,rt:,,h_
%5 - CoF) i ) '

MEAT CF wrTRAT ON D AU 5

- v e b ]
~EAT OF Wy CRAT.ZN (BT IAL 3 | | . )

SURFACE 2REA 32 "M G 1A P ' ' | l
!

AR ZONTELT - ,

COMP STREN T - S, 5L | l

TOME STRENITH 0 2 l g T {

TIMP STHES 3T

1.

FA_SE SET-PEN 7

SAMPLE NO
-

ALTOTULALE ExP,, ~

[ — D WP

NITIAL SET. =8 M-

FoNaL LE™, «R oy

LAMP_E o

e

AUTOCLAVE ExP | -

NI U SN U SR S

(N TIAL SET =R MmN

FINAL SET, =8 ‘MIN

REMARKS

THE INFORMAT ON GIVEN IN THts REPORT SHALL NOT BE USED IN ADVERYISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
OR MPLICITLY ENDURSEMENT DF Tr15 PROGULT By Trf U & GOVERNMENT

W. G. MILLER

Chemist
Chief, Cement & Pozzolan Group
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FRZM  ITTRPS TF ENTINEERS

Structures Laboraotry Do anwme

USAE Waterwavs Exp St Structures Laboratory
ATTN: Kathirine Mather USAE Waterways Exp St
Vicksburg, MS 39180 ATTN: Cem & Pozz Group

REPORT OF TESTS OF
PORTLAND CEMENT

RC-833 P.0. Box 631
AT ERAEN LB'-\:

Vickshurg MS 39180
S- ¢ .-+ $S_C-19A0/4. Type IS Toaresave e

_lih' RBLAEIENTED I':"“'E 16 _April 80
voan~ Universal Arlas [ -~ Pirrsburgh, PA famane

T s EMENT D VEY MEET SPEZIF-TAT Ty RE L "REMENTS

saMB g . T 1 WET | TAA AA | l
! l
T ’

24,5

7
1)

‘. i Ti0, 0.2
ATy T L 7.2 | | 6.8 IMNQO'JL[ 0.3
f 2.1 P40 0.2

AT 2,0 . . ! .20 (Colormdtric
. =3

Myt ¥6 3 ' L

S:, - T 2‘1‘9

255 0N Ge T 0N - i 3,02 i

:--53~':YA_ 35 N3 T i Q,_llé‘

R 0.19, |

el 0.23; ! !

NiT. BuE BE3I_F - ; ) i

PRI Y 53.2 ! T

z ac -
P

Cere v 22,4, -

H“EAY OF wyDRATION. 70, 2AL G

HEAY TF wv(ORATISN, 280D, CAL 5

SURFACE AREA. §Q CM G A P

AR CONTENT, =

CTMP STRENGTH, T, es

SOMP STRENGTAH,

a
0
by

TTMP 3TRENGT M 2. P

FALSE SET-PEN F .

SAMPLE N

A_TOILAVE ExP.

(NIT AL SET, =3 M N

FiINAL SET. =8 MIN “

SAMPLUE ND

AUTLCLAVE E4AP | °

INCTIALSET, MR v N

FONAL SET, MR Wiy

REMAR~S

THE INFLRMATION GIvEN N THIS REPDRT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE €:THER EXPLICITLY
OR MPLITITL ¢ ENCOMSEMENT OF Tris PRODUCT BY THE U, §. GOVERNMENT

W. G. MILLER

Chemist
Chief,Cement & Pozzolan Group

NG Fonw
tMan 1y 6008-R
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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
RC-834 VICKSBURG, MISSISSIPPI 39180-0631
COMPANY: Penn-Dixie 8IN NO. TEST REPORT NOWES-568~79
LoCATION: Nazarith. PA TONS REPRESENTED: DATE 30 Nov 79
SPECIFICATION: -Type 1 DATE SAMPLED |] Oct 79
TEST RESULTS OF THIS SAMPLE LOT[ lcoMPLY r—_joo NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
SAMPLE NO. WET AA
J 5104, % 19.1
A1;0;5. % 7.0 5.8
FepO,y % 2.6 2.5
Ca0, % 62.7
MgO. % 3,1 2.9
S0 % 2.8
LOSS ON IGNITION. % 1.4
INSOLUBLE RESIDUE. % 0.21
Ns 0. % 0.34
K30 % 0.98
ALKALIES-TOTAL A5 Ns50. % 0.92
C,y5. % 59 P
CiA. % 14 12 I
C,S. % 16
CJA . CJS, % 66
C‘AF, % 8
C‘AF"!CJA,% 36
HEAT OF HYDRATION, 7D, CAL/G
HEAT OF HYDRATION, 28D0. CAL/G
(AP)
gurface Area, SQ CM/G 4160
AIR CONTENT, % 11.0 |
COMP.STRENGTH, 3 D, DPSI 3090 |
COMP.STRENGTH, 7 D PSI 4130
COMP.STRENGTH, 28 D, PSI 4500
FALSE SET-PEN. F/1.%
SAMPLE NO.
AUTOCLAVE EXP., % 0.03
INITIAL SET, Herin 3:00
FINAL SET, Hr/min 5:05
REMARKS

Job No. 508-S8530 & S$527.198i41

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

THE INFORMATION GIVEN IN THIS REPORYT SHALL NOT 8E USED IN ADVERTISING OR SALES PROMOTION TO
INDICATE EITHER EXPLICITLY OR 1MPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT,

FORM REPLACES ENG FOR - 15 OBSOLETE.
VIES \seh oe 1530 CES M 6008-R, 1 MAR 72, WHICH I5 O AR
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Pod

‘ Report Jo: :#..
- =
Y St REVORT OF TESTS Admixture lo: ~od
' @il O ON POZZULAN AD 505 p A
. Date: -
,. bD) ::':."
TRSIoLa: Clads: F T [TEScaIPTINN: Subbituminous Fly Ash — St
T PN ivimuas Cite P & L CofTCCATION: Havthorne Plant, Kansas Cicv, MO ;:"
[ IE0 n0: 1045 [DATF:_10/6/75 [ joB NO: _ 545-C-530 ; 0
T EvY SUBJTCT:  Varictions in Cementitious Media — oty
h — 1 -
.I CHEMICAL COMPOSITION T -
[ sio> A 45.38 J[Moisture Content % ] 0.14 €203 % oy
Tan % 31,44 1| 1oL, % (750 ©) 3.81 Chloride % iy
BTARY %, 10.83 it1o1, % (1000 C) ,li:
X RE %, 2.50 { Tioo % | R
L_S0a “ 1.11_ it Pang. % ! &
| cad 5 11.11 || 001 % B -
2 boaltolies Warer Soluble Tavailable (C-618) Acid Soluble Total Alkali
" [ 7 f 0.01 ] 0.12 D.04 0.37
. %0 " o 0.01 : 0.60 | 0.20 1.93
L ot las tiaan | 0.02 1 0.351 | 0.17 1.64
) PHYSICAL TESTS
I Soecific Crovitv: 2 44 | Fineness % retained on 325 Sieve
A [ Surrneo Area: 9130 sqem/ce, porosity e = 0.416
- | Teit~ with norctland cement cured @ 73.4 F 3 F
3 | _Porilund Coront Co: United Citadel
. Locotion: Artesia, MS Birmingham, AL
! fesenreh Cerent No & Twpe: RC-688 I, LA RC-705. ITI, LA, HH
I Avitealave Zupansion, 2074 Replacement, 7 0,0 0.07
| 5 ontace of Cement by Volume 0 10 60 0 30 60
Heot or iivdration. 7 davs, Cal/sm 84.8 70,2 49 67.7 56.4 46.8
Hent o Hedration, 28 days, Cal/em 96.5 83.2 62 78.8 65.4 56.5
[ Com~reseive Serength, 3 davs psi 2880 2320 690 1700 1450 730
I Cornressive Strenath, 7 davs psi 4030 3010 9130 2510 1880 920
| _Co ovesvive Strennsth, 28 days psi 5320 | 4530 1290 4040 | 2910 1380
” | Cororoesive Serencrth, 90 davs psi 5860 6060 4200 5760 5320 2600
Comnressive Strenoth, 180 davs psi 6050 6760 4770 5990 6610 4010
Corpressive Strensth, 365 days psi 6760 5860 6060 4840
A “ater - Cement Ratio 0485 | 0,485 0.485 0.485 |0.485 0.485
y Flow 111 108 110 122 111 103
Poizolanic Activity Index, ASTM C618
With Lime @ 7 days PSI 1790
V'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 A
ANL
W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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Report No:
Structures Laboratory
USLE Waterways Exp St REPORT OF TESTS Adnixture No: £
AT1: Cen & Pozz Test Br ON POZZOLAN AD 506 .
. 0. Box 631 Date:
Vichsburg, MS 39180
PONZOLAN CLASS: F DLSCRLIPTLION: Lignite FLY Asn
COLPaNY s Trinicv (Gen Port) LOCAYIOS: Big Brown Plant, Fairfield, TX
NIT N0 1935 [oNTET 1076775 108 w0:  545-C-530
) SUBJECT: Vaviations in Cementitious tledia X
CHEMICAL COMPOSITION
w02 7 50.4 Yoisture Content 4] 0.17 Cr;07 A
1704 7 18.41 LOI, % (/50°C) 0.85 Chloride %
N % 4.16 LOT, % (1000°C)
G % 3.56 Tio» %
301 % 1.20 P205 %
C~0 4 19.77 Mn20q %
Lltalaes Water Scluble Forailabla (C-n181 Acid Soluble Toral Alkali
a0 % 0.00 0.21 0.20 0.57
L) 7. 0.00 0.18 0.12 0.53
501 ~e Nao0 % 0.00 0.33 | 0.28 0.92
PHYSTCAL -TESTS
Shcc1tie Gravite: 2,56 | Fircrass: s teteined on 22> Sieve
Lvoace Areas 6720 sqcm/cc, porosity e= (0,390
Lesr voifs mavrtind carant cvzad 734 T 39 F
Dot Vol Comont Col e mited Citadel
(Insrea Artesia. MS Birmin-~ha-, AL
L Torasoeh Coceom tay Teped RC-688, 1, RC-705, LI, LA, HH
SuoocYava Teasission, 207 Renlaecemont, 40 0.04 0.09
[ % Hcviace ¢f Cs-ant by Volume 0 30 60 0 30 60
[o-t ot invdratian, 7 davs, Cal/en 84,8 72.9 53 67.7 55.6 45
{Heor of Hedvszion, 28 davs, Cal/am 96.5 85.4 67 78.8 70.3 57.
! Corootessive Streneth, 3 days psi 2380 2260 1010 1700 1320 780
| U ovessive Strennth, 7 davs psi 4080 3050 1590 2510 1730 1070
i tesovsesive Strencth, 23 davs osi 5320 4200 2460 4040 2910 2180
Lo nressive Servenprb, 90 dzvws psi 5860 5020 4160 5760 4920 3930
Cornveneive Srrenzth, 180 davs psi 6050 5430° 4920 5990 5820 5470
Comnrencive Streupth, 1 year psi 6100 5450 6330 5330
| rter _z Cecent Ratio 0.4851 0.485 0.485 0.485 0.485 0.485
Flor % 111 111 110 122 118 IOQ__

Puzzolanic Activity Index, ASTM C618
With Lime 2 7 days PSI 1030 f
With Portland Cement (RC-688) at 28 days percent of Control 88
Test for Pozzolan Hydraulic Activity é
Compressive Strength (PSI) :
W/C 3days  T7days 28days :
0.433 30 fell test ‘
apart discontinued

W. G. MILLER
Chemist
Chief, Ccment & Pozzolan Test Branch
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Report No:
Structures Laboratory

USAZ Waterways Exp St REPORT OF TESTS Admixture No:

ATTH: Cen & Pozz Test Br ON POZZOLAN AD 507
P. 0. Box 0631 Date:

Vichshurg, ™S 39180

TOZ70LAN CLASS: F DESCRIPTION: Subbituminous Fly Ash

COr2ANY: Union Electric Co. LOCATION: St. Louis, MO

) _N0: 1985 [DATE: 1070775 [J0B NO: ™ 545-C-530

f:.O SUBJFCT: Variations in Cementitious Media

CHEMICAL COMPOSTITION

S$i09 % 44.87 Moisture Content /4 0.28 Cro03 7

A1201 % 21.83 LOI, % (750°C) 5.69 Chloride %

[0:0q % 17.20 LOI, % (1000°C)

0 % 0.67 Ti0o %

501 % 1.12 P»05 %

Ca0 % 4.77 Mn203 %

Alkalies Water Soluble Available (C-618) Acid Soluble Total Alkali

Na»0 % 0.14 0.50 0.34 1.38

K20 % 0.03 0.78 0.30 2.18

Total as Na?0 7 0.16 1.01 0.54 2.81
PHYSTCAL TESTS

Srecific Gravity: 2.37 | Fineness: %4 retained on 325 Sieve

Surface Area: 7660 sqem/cc, porosity e= (.480

Tests with oortland cemant cured @ 73,4 * 39 F

Portland Cerent Co.: United Citadel

lLocation: Artesia. MS Birmingham, AL

Pesearch Cerant o & Tvpe: RC-688, I, LA RC-705, 11, LA, HH

Autcclave Eupansion, 207 Replacement, % 0.01 0.05

% Replace of Cement by Volume 0 30 60 0 30 60

Heat of Hydration, 7 davs, Cal/enm 84.8 70.5 48,2 67.7 .57 41 )

Heat of Hydration, 28 days, Cal/zm 96.5 83.4 64.5 78.8 .66 48 |

Cowrpressive Strength, 3 days psi 2380 1910 830 1700 1320 690

Compressive Strength, 7 days psi 4080 2600 1110 2510 1660 830 |

Corwressive Scrength, 28 davs osi 5320 3700 1720 4040 2640 1560 |

Compressive Streneth, 90 davs osi 5860 5320 3040 5760 4720 3590

Ccmoressive Strenpth, 180 days psi 6050 5820 3460 5990 5450 4240 |

Compressive Strength, 1 year psi 6460 4520 6090 4820 |

Water - Cement Ratio 0.485 0.485 0.485 0.485 0.485 0.485

Flow % 111 65 62 122 78

Pozzolanic Activity Index, ASTM C618
With Lime @ 7 days PSI 1080
With Portland Cement (RC-688) at 28 davs percent of Control 80

Test for Pozzolan Hydraulic Activity
Compressive Strength (PSI)
w/c 3days 7days 28days
0.583 to soft to test

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

60_ |
|
|
|

4

F55




T T W W WYY WY Ny Fe T Yy w e v
RN . R ¥

Report No:
Struceures Laberatory

USAZ Wareiwars Lup St REPORT OF TESTS Admixture No:
207 Cen & Pouz Test B¥ ON POZZOLAX AD 509
pP. 0. Box 631 Date:
Vichzhurg, B3 39180
porosLaL cLiEs: F DESCRIPIION: Lignite Fly Ash
vor: Basin Elec. PWR LOCATION: Stanton, w.D.
N0: 1935 DATE:  1076/75 [J08 0T 545-C-530

SUSJRECT: Variations in Cementitious tedlia

CHEHMTCAL COMPOSITION

5.0 7, 49.7 ‘bisture Content 4] 0.14 Cr;01 %
R % 17.78 10T, % (/500C) 0.20 Chloride %
e % 6.29 LOL. % (1000°C)
B3 7. 4,586 Ti02 %
SR 4 1.09 P05 %
(20 % 13.1 Mn207 -
| Alkolies Water Soluble Avyailable (C-513°) Acid Sojuble Total Alkali
00 % 0.38 1.38 1.3} 4 .00
a0 %4 0.01 0.38 0.57 1.76
rotal as Haz0 % | 0.19 1.63 1.69 5.16
PHYSTICAL TESTS
Coocific Gravice: 2,39 | Fireness: 4 retained on 325 Sieve
Sarviace Aveas 4690 sqcn/ce, porosity e= . 187
Teats writh soreland ecmant curzed 2 73.4 £ 39 F
Dovrlond Cr=nns o, United Citadnl
v Toeation: Artesia. MS Birrinzham, AL
: Toareh Co-ans Mo & Tvpned RC-688, I, LA RC-705, 1I, LA, HH
futoclave Ernansion, 20% Renlacarmaat, % 0.0 0.09
, wwenlice of Czment bv Volure 0 30 60 0 30 60
toat ol HMvdration, 7 davs, Cal/an 84.8 72 51 hT1.7 52 49
Lleat orf Hydrarioa, 28 davs, Cal/xn 26.5 82 66 73.8 62 56
Courpuressive Scrength, 3 davs psi 23820 1880 920 17C0 1150 640
[ Corprussive Strennth, 7 davs psi 40380 2510 1200 2510 1540 320
j Coanressive Strength, 28 davs nsi 5320 3620 1810 4040 2640 1520
Comrressive Sereagth. 90 dave osi 5860 4L KD 1090 5760 4140 275"
Comoressive Strenath, 180 days »osi 6050 5000 3470 59990 4750 3200
Comnressive Strength, 1 year psi 5320 3980 5310 3520
| "Jitor _~ Cerert Ratio 0.485} 0.485 0.485 0.485 | 0.485 0.e§2
_E}ow % 111 93 74 122 105 _12

Pozzolanic Activity Index, ASTM C618
With Lime @ 7 days PSI 1160
Wwith Portland Cement (RC-688) at 28 Jdays percent of Control 76

Test for Pozzolan Hydraulic Activity
Compressive Strength (PSI)
Ww/C 3days 7days 28days

0.477 to soft to test
W. G. MILLER
Chemist
Chief, Ccment & Pozzolan Test Branch
A | — - — - -
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[ Repé;;? No: :‘:':':
Structures Laboratory .\:‘_.
v = - - : 5
USiE Waterways Exp St REPORT OF TESTS Admizture No: -
ATTN: Cem & Pozz Test Br ON PO7ZOLAN AD 510 —
P. 0. Box 631 Date: 4N
Vichshurg, S 39180 ‘-:;-\
\ [ POZZOLAN CLASS: C DESCRIFTION: [ignite Fly Ash :::\'-.
; COM2ANY: Qttertail Powver LOCATION: Fergus Falls, MN -_)*
LT NO: 1985 — [paiE: 1076775 [J0B 10 545-C-530 V:
| 220 SUBJECT: Variations in Cementitious Media i ]
L .
CHEMICAL COMPOSITION :.':::._
Si02 A 23.48 Moisture Content 4 0.29 Cr,03 7 Q{{.
‘ Al203 Z 16.36 LOI, % (750°C) 1.14 Chloride % RO
- Felq % 9.08 LOI, % (1000°C) N
s 150 % 8.43 Ti02 % ] o
SO3 % 5.31 P70g %
A Ca0 % 29.94 Mny03 %
: Alkalies Water Sotuble Available (C-618) Acid Soluble Total Alkali
Na»0 % 0.63 2,40 2.51 3.28
K»20 A 0.05 0.23 0.25 0.39
1 Total as Na?20 %4 0.66 2.55 2.67 3.54
PHYSICAL TESTS ;
; Soecific Gravitv: 3.75 | Fincness: %7 retained on 325 Sieve N
X Surface Area: 8750 sqem/ce, porosity e= 0,460 {ﬁ:s
Tests with porrland cement cured @ 73.4 £ 3°F KOS
Partlond Cerent Co. : United Citadel ':-:::
Location: Artesia, MS Birmingham, AL )
Research Cemant No & Tvpe! RC-688, I, LA RC-705, II, LA, HH Y
Autoclave Exvansion, 207% Replacement, % 0.12 0.32
% Peplace of Cement by Volume 0 30 60 0 30 60 DA
Keat of Hydration, 7 days, Cal/em 84.8 | 82 73 67.7_1 67 69 | -
tleat of Hydration, 28 days, Cal/gm 96.5 90 81 78.8 76 77 o
g Corpressive Strength, 3 days psi 2880 2710 7330 1700 1990 1440
. Corporessive Strenpth, 7 days psi 4080 3650 3030 2510 25130 1800
Corpressive Sctrength, 28 davs vosi 5320 4920 4090 L0040 3730 2950
Comnressive Srrength, 90 davs osi 5860 5460 4970 5760 5270 4600
A Cerpressive Strenpgth, 180 days psi 6050 6260 5250 5990 5320 5120
. Compressive Strength, 1 year psi 5840 5740 5610 5220
Water - Cement Ratio 0.485| 0.435 0.485 0.485 0.485 0.___
Flow % 111 114 73 122 11T 107
) Pozzolanic Activity Index, ASTM C618
] With Lime @ 7 days PST 1500
. With Portland Cement (RC-688) at 28 days percent of Control 85
¥ Test for Pozzolan Hydraulic Activity
: Compressive Strength (PSI)
w/C Jdays 7days 28days
0.450 1340 1950 2860
W. C. MILLER
Chemist
- Chief, Cement & Pozzolan Test Branch
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g Report No: i
) Structures Laboratory c.

] USAL Waterways EKP' st REPORT OF TESTS Admixture No: 4"

Alid: Cem & Pozz Test Br ON POZZOLAN AD 511

P. 0. Box 631 Date: >
j vicushurg, MS 39180 o
- ?-'.

(] T0770Lan CLASS: F DisCillILlud: Bituminous Fly Ash :f,:

: COMPANY: Amax LCCATLION: Stilesboro, GA (Plant Bowen) ._'f‘\
y) [T _wo: 1935 Toaie: 1076775 [00B ¥0:  545-C-530 5

R0 SUBJECT: Variations in Cementitious iedia o

L4 CHEMICAL COMPOSITION "-.

Si0p % 45.4 Moisture Content Z ] 0.31 Cr,01q 7 e

- A1,03 % 24.34 .07, % (750°C) 4.26 Chloride %
v 1207 % 15.02 L.OL, Z (1000°C) .o
¢ REL) % 1.12 Ti09 A e

S04 % 0.73 P705 %

. Ca0 % 2.69 NA203 2 { Ry

, Alkalies Water Soluble Availnble (C-618Y Acid Soluble Total Allali e
; Nan0 % 0.02 0.1% 0.06 0.38 !
- X20 % 0.03 0.38 0.36 2.61 Il e
- Total as NasD 4 0.04 0.72 0.30 2.10 i et

e
PHYSICAL TESTS

i Soocific Gravitv: 2,45 | Fineness: % retained on 325 Sieve N
. Surface Area: 6870 sqcm/cc, porosity e= 0.463 _.
Tesrts with nortland romenr cured @ 73.4 £ 39 F .:‘:
35 Peortliand Cement Co. : United Citadel LR
. Location: Artesia. MS Birminzham, AL
2 Poccoarch Ceront No & Tvpe: RC-ARR, [, LA RC-705, II, LA, HH

Autcclave Expansion, 20% Replacermcat, % 0.0C 0.04

- % Reolace of Cement by Voluwe 0 30 60 0 30 60 -
- Hoat of Hydration, 7 davs, Cal/ex 84.3 | 68 47 67.7 55 39° S

. - - RN
\, Heat of Hydration, 28 days, Czl/an 96.5 83 62 78.8 68 45 : v
:: Compressive Strenvth, 3 days psi 23880 1900 880 1700 1200 620 | DR
. |_Compressive Strew,ith, 7 davs psi 4080 2650 1180 2510 1560 760_] '::""

Compressive Screnath, 28 davs psi 5320 3830 1790 4040 2600 1420 | e

N Comnressive Srrenpth, 90 davs psi 5860 5390 3040 5760 4850 2740 1 it
“ Cempressive Strengrh, 180 da 3 psi 6050 5870 3750 5990 5480 3670 ;‘-.:_-.
. Compressive Strenpth, 1 year psi 5140 4870 6400 4260 D
Yater - Cement Ratio 0.485 | 0.485 0.485 0.485 0.485 0.485 P
. Flov % 111 90 7 122 96 | 79 e

Pozzolanic Activity Index, ASTM C618 -
AY With Lime @ 7 days PSI 1020 SO

E With Portland Cement (RC-688) at 28 days percent of Control 91 .“
N D8
% V. G. MILLER Y
. Chemist :'.';'
. Chief, Ccment & Pozzolan Test Branch .
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StrucrLures
oo Water

r. 0. Box
Vichshurg,

Cen & Pou:

Labhoratory
ways Exp St

‘ Teot Br
631

Y 32180

REPORT OF TESTS

ON POZZOLAN

Report No:

Admixture No:

AD 512

Date:

TO T Class: F

DESCRIVELION:

Sutbituminous Fly Ash

Towa Public Service

LOCATLON

Sioux City, IA

1985

DATE:

1076775

1JOB NO:

545-C-530

10 SUBJECT:

Variations

in Cementitious ledia

CHEMICAL COMPOSITION

Si092 % 43.28 Yoisture Content 4] 0.21 Cr-017 %

[ 21503 % 19.71 LOIL, % (7509C) 1.14 Chloride %

Y % 7.68 .01, % (1000°C)

0 % 3. 34 Ti0o %

S04 % 1.75 P»0sg %

€a0 Z 20.32 Mn703 %
| Alkalies Water Soluble Available (C-618) Acid Soluble Total Alkali
N¥a20 % 0.00 0.23 0.13 0.45

L0 % 0.00 0.77 0.29 1.54
Tatal as Na»0 7 0.00 0.74 0.32 1.46

PHYSTCAL T.ESTS

7% retained on 325 Sieve

w/c
0.400

75

7days 28days

20 fell apart

With Portland Cement (RC-688) at 28 days percent of Control

Test for Pozzolan Hydraulic Activity
Compressive Strength (PSI)
ldays

W. G. MILLER

Chemist

Sracifiec Gravitv: 2,58 | Fineness:

Surface Arca: 12830 sqcm/ce, porosity e=  (0.458

Tests with portland cement cured 0 73.4 £ 39 F

Portland Cerent Co.: United Citadel

location: Artesia, MS Birmingham, AL

Rezearch Cereat No & Tvpe: RC-688, I, LA RC-705, ITI, LA, HH

Autoclave Exnansion, 20% Rerlacement, % 0.08 0.14

%4 Repliace of Cenent by Volume 0 30 60 0 30 60

lleat of Hydration, 7 davs, Cal/em 84,8 74 52 67.7 63 43

ltcat of Hydration, 28 davs, Cal/am 96.5 86 73 78.8 72 63

Comnressive Sirength, 3 days psi 2880 2330 1130 1700 1430 760
] Lovpressive Strenpth, 7 davs psi 4080 3190 1630 2510 2040 1170

Corpressive Strenpth, 28 davs osi 5320 4760 2560 4040 3680 1840
| Comnressive Strenpgth, 90 davs osi 5860 6360 5030 5760 6000 4040

Crmpressive Strenuth, 180 days psi 6050 7450 5220 5990 7395 5950

Compressive Strenpth, 1 year psi 7810 7000 6900

later - Cement Ratio 0.485 0.465 | 0.485 0.485 0.461 0.485

Flou % 111 114 138 122 120 139

Pozzolanic Activity Index, ASTM C618
With Lime @ 7 days PSI 1750 111

Chief, Cecment & Pozzolan Test Branch
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w
Report No:
Structures Lboratory
nAl Matersags Bup St REPORT OF TESTS Admizture Ho:
ATin: Com & DPouse Test 3t O: POZZOLAN AD 513
', 0. Box 621 Date:
' Vichishiury, U5 39129
3 vosol sl Crass: € DESCHL el ION! Lianite Flv Ash
3 Kl
< COUPALY S a1 0a Poblie Seryp OCATLIUN: Puceblo, €O, (Comanche Piant)
! R 1055 [DATE: 10/0//5 [Jud o 565-C-530
\ Variations in Cementitious livdra
CHEMICAL COMPOSITION
. Si09 38.12 Yolsture Content 4 4 Cr-01

NN

0.1
.01, % (/50eC) 0.1
LOL, %4 (1600°C)
Ti0» 7
P»0s %
*n2017 %

N

Chloride

=~

A %
v y A0 A 25.
(im0 %
o 0 % 4.
. k! % 1.
Ca0 % 21.

o~
fopN

(= K21 L] 1%1R e

i~

O

- Alxolies Watev Soluble d-ailahle {(C-A133 Acid Soluble Total Alltali |
‘ 11200 % 0.01 0,47 0.67 1.30 .
B Y0 % 0.00 0.28 0.28 0.58
< P stal as Nar0 0.01 0.65 0.85 1.65 :
PUYSICAL TESTS
: Seo~itic Gravitv: 2.5l | Fincness: % retained eon 32> Sieve
.. Jace Aron: 12,790 sqem/cc, porasity e= 0.475 '
- iToare rith marrland co-onar cread 37304 t 39F 4
-, —
N Dovrland Comans Co, e tnitad Citadal -
S ‘I scation: Artesia, MS Sirmin~ham, AL .
> [ Jesecroh Ceminn Yo & Tvoer RC-H23, 1, L& RC-/05, 1I, Li, Rd
? ifurcclave Funassien, 207 Renlacorent, 74 0.01 0.08
Cnofoolace of Cerent by Volur: | o 30 ] e Q 34 60
X CUoaL ot Hydration, 7 davs, Cal/loa 259 2n v 67.7 3 27
- Viear of H 23 davs, O - 9.5 93 79 78.% 78 50
. P nre v rth, 3 davs i 213 2200 8§30 1700 240 30,
a Lrusst . 7 da i 4080 3300 1650 2510 2120 120
: T i niive screnotho 23 davs 5320|4900 2740 4040 ] 3620 1730
(raransiva Sreanarb 00 dave osi 5800 7010 4680 5760 6690 3520
; (foeovanaive Srroanarh, 180 6050 7180 5660 59460 7120 |
5 vomaraessive Strongth, 1 veoar psi 7210 6230 7630 =
Ce Tater - Cooont Potio 0.435 0.464 0.485 0.485 1 0.460 0.485
- Flos / ' 111 108 134 122 118 136
: Pozzolanic Activity Index, ASTM C618 :
- With Lime @ 7 days PSI 1270 |
% With Porctland Cement (RC-688) at 28 days percent of Control 111
- Tests for Pozzolan Hydraulic Activity !
Compressive Strength (PSI) E
s w/C 3davs 7days 28days !
% 0.410 50 120 360 .
- }
!
. | }
0 V. G. MILLER z
: \ Chemist !
-, ‘ Chief, Cement & Tozzolan Test Branchﬁﬂl
. S—-
. F60




Report No:
Structures Laboratory
USAE Waterways Exp St
ATTIN: Cem & Pozz Test Br
P. 0. Box 631
Vickshurg, MS

REPORT OI' TESTS Admivture No:

ON POZZOLAN

Date:
39180

IOZZOLAN _CLASS: N DESCRIPTION:  Narural
COMPANY : Orpopn PC Co LOCATION: 1,ime, OR

MEMO 103 1985 [DATE: 1076775 [Jo2 No:
0 SUBJECT: Variations in Cementitious Media

545-C-530

CHEMICAL COMPOSITION
Moisture Content 7
LOL, % (750°C)
10T, % (1000°C)

5102 53.0
Al703 16.71
re03 7.06

Cro01
Chloride

20 3.43 | Tioo %
S0~ 0.17/] P»0g %
Mn209 %
Available (C-618)
0.70

Ca0 7.97

Alxalies Yater Soluble Acid Soluble Total Alkali
Ha20 % 0.39 1.82
K»0 % 0.76 0.14 3.48
Total as Na20 % 1.20 0.48 4. 1T

PHYSTCAL TESTS
Specific Cravity: 2.76 | Fineness:
Surface Area: 18,060 sqcn/cc, porosity e=
Tests with nortland cement cured @ 73.4 ¥ 39 F
Portlond Cerent Co. United (.itadel
location: Artesia, MS Birmingham, AL
Reccarch Cemont No & Type: RC-688, I, LA RC-705, II, LA, HH
Autorlave Evpoansion, 207 Replacemont, %
4 Replace of Cement by Volume 0 : 0 30 60
Heat of Hvdration, 7 davs, Cal/en 54.3
ih-at of Hvdrarion, 28 davs, Cal/gn to9h.5
Corpressive Strength, 3 days psi 2380 2000

S a— : - Py : - Y
Coonrressive Serenaeth, 7 davs psi 4039 2830

7% retained on 325 Sieve
0.504

* %

e
L

ir
3

[
¢

L)
)

o

AR

D)
Ok

PR R I '}
PO T T
!
[

.

O e e

Strenpth, 28 davs psi

5320 4180

Comnveas e

Strength, 90 davs psi

5360

Cornrissive

Strensth, 180 days psi

6050

Compressive

Streneth, 1 vear psi
J

| Yater_- Ce-ent Ratio 0.485
Flow % 111

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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Report No:
Structures Laboratory

USAE Waterways Exp‘St REPORT OF TESTS Admicture No: S16

ATTY: Cen & Pozz Test Br ON POZZOLAN AD !
P. 0. Box 631 Date: "
Vicksburg, MS 39180 i
POZZOLAN CLASS: N DESCRIPIION! santorin Earth, Santorin, Greece 5
COMPANY : pundee LOCATION: Dundee, MI

MENO NO: 1985 DATE: 1076775 JJ0B NO:T T 545-C-530

MEYO SUBJECT: Variations in Cementitious tledia

LG

CHEMICAL COMPOSITION

Si02 9 60.49 Moisture Content 7 0.20__J] Cro03 %

Al2017 % 13.34 LOI, % (750°C) 3.80 Chloride A

Fely YA 3.99 LOI, % (1000°C)

420 % 1.12 || Tioo %] 0.08

S04 % 0.34 || Poos %

Ca0 % 6.68 Mn204 %

Alkalies Water Soluble Available (C-618) Acid Soluble Total Alkali

Na»s0 A 0,92 0.40 4,27

K20 % 0.74 0.15 2.77 K

Total as Na20 7 1.41 0.50 6.09
PHYSICAL TESTS

Specific Gravitv: 2,49 ] Fineness: % retained on 325 Sieve

Surface Area: 15,000 sqcm/cc, porosity e= 0.553

Tests with portland cement cured @ 73.4 % 39

_Partland Cement Co.: United Citadel

i.ocation: Artesia, MS Birmingham, AL

Pesecarch Cerent No & Tvpe! RC-688, I, LA RC-705, II, LA, HH ¢

Autoclave Expansion, 20% Replacement, % !

% Replace of Cement by Volume 0 30 60 0 30 60 -

Heat of Hydration, 7 davs, Cal/gm 84.8 67.7 )

Heat of Hydration, 28 days, Cal/am 96.5 78.8

Compressive Scrength, 3 days psi 2880 1700 R

Conpressive Strength, 7 days psi 4080 2510

Compressive Strength, 28 days osi 5320 4040

Connressive Streneth, 90 davs osi 5860 5760

Compressive Strenpth, 180 days psi 6050 5990

Compressive Strenpgth, 1 year psi

Water - Cement Ratio 0.485 0.485

Flou % 111 122

Oxide Composition determined by AA

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

FO2




. Rt - LR A - A - - - ~ .= 0w 14 " M Kt
A
o
[ &'
3
A
Report No: vt
Structures Laboratory o
USAE Waterways Exp St REPORT OF TESTS Admixture No: .. (A
ATTd: Cem & Pozz Test Br ON TO770LAN AD 517
p. 0. Box 631 Date: P
Vickshurg, MS 39180 ':::
POZ7ZOLAN CLASS: F DESCRIPTION: Fly Ash o
COLPANY: perroit Edison LOCATION: Trenton Power Plant (submitted by Dundee) "
[ S0 NO: 1985 [DATE: 1076775 [JOB NO:  545-C-530
HE0 SUBJECT: Variations in Cementitious Hedia
CHEMICAL COMPOSITION
$Si02 % 49.63 voisture Content L[ 0.09 Cro01 %
AL203 4 26,16 LOI, % (7509C) 2.96 Chloride % R
ARk A 12.37 LOL, % (1000°C) -
1120 % 0.73 Ti02 %] 0.25 e
S04 % 0.49 P20s5 %
Cao % 1.44 ¥Mn203 % e
Alkalies Water Soluble Available (C-6183 Acid Soluble Toral Alkali t*:;
Na20 % 0.07 0.05 0.26
K20 % 0.61 0.30 2.38 i
Total as Na'0 % 0.47 0.25 1.83 Y
RS
PHYSTCAL-TESTS R
Srecifie Gravitv: 2.32 [ Fineness: % retained on 325 Sieve o
Surface Arca: 6520 sqcn/ce, porosity e= 0,504 RS
Tests with norrland cement cured @ 73.4 X 39 F f:f:
Partland Cerment Co. United Citadel PRSI
lLocaticn: Artesia. MS Birmincham, AL ':‘.:
Research Cewont Yo & Tvpe: RC-688, T, LA RC-705, II, LA, HH s
Autoclave Fuwansian, 20% Replacement, %
% Replace of Corent by Volume 0 30 60 0 30 60 \:;
| Heat of Hvdration, 7 davs, Cal/em 84.8 67.7 ,".':-.
lloat of Hydration, 28 days, Cal/sm 96.5 78.8 S
Compressive Strength, 3 days psi 2880 1700 ! ‘:-‘:
Compressive Strength, 7 davs psi 4080 2510 : KON
Conmpressive Scrensth, 28 davs osi 5320 4040 | R
Comoarassive Strenpth., 90 dars osi 5860 5760 !
Comoressive Strength, 180 days psi 6050 5990 ;
Conpressive Strength, 1 year psi +
Yater_ - Cesent Ratiog 0.485 0.485 |
Flow % 111 122 1
Oxides determined by AA i
) .
i S
! '-\..d.
| X
-i‘!t
[l W
::\'f_\
W. G. MILLER N
Chemist -‘:-'\
Chief, Cement & Pozzolan Test Branch >
e - . .. _.__JL P.': y
faie
s
D.:\f:‘
F63 Tt
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Structures Laboratory
USAE Waterways Exp St
ATTH: Cen & Pozz Test B
P. 0. Box 631

Vickshurg, MS 39180

REPCRT OF TESTS

r ON POZZOLAN

Report lo:

Admixture YNo:

AD 518

Date:

POZZOLAN CLASS: N

DESCRIVELON: Natural

uY: Superior Prod

LOCATIOMN:

Hallelujah Junction, CA

Mt NO: 1985 TDATE: 1076775 JJOB NO: T 545-C-530
o0 SUBJECT: Variations in Cementitious Media
CHEMICAL COMPOSITION

5102 % 67.98 Moisture Content 4 1.37 Cr701q %
Al203 % 17.40 LOI, % (7509C) 1.58 Chloride %

I“l::‘-JL % 5.49 LOI, 7% (1000°C)
1120 % 0.80 Ti09 %
503 3 0.88 |{ P,05 % B
Ca0 % 2.28 Mn203 %
Alkalies Water toluble Available (C-618) Acid Soluble Total Alkali
Na»0 % 0.02 0.18 0.16 2.11
K20 A 0.00 0.26 0.19 1.59
Total as Na20 7% 0.02 0.35 0.28 3.16

PHYSICAL TESTS

Spocific Gravity: 2.39

| Fineness: %

retained on 325 Sieve

Surface Area: 26,760 sqcm/cc, porosity e= (.668

Tests with nortland cemanfr curad A 73.4 £ 39 F

Portland Cerment Co.: United Citadel

location: Artesia, MS 8irmineham, AL
Pecearch Cement No & Tvpe: RC-683, I, LA RC-705, II, LA, HH
Autoclave Frnansion, 20¥% Rerlacenant, % 0.03 0.06

% Reolace of Cement by Volume 0 [ 30 60 0 39 60
Heat of Hvdrotion, 7 days, Cal/anm 84 .8 75 59 67.7 60 46
Heat of Hydrazion, 28 days, Cal/am 96.5 86 68 i3.8 72 61
QONPECSSiVC Streagth, 3 dayvs psi 2880 2710 1120 1760 1710 220
Cormpressive Strenpth, 7 davs psi 4080 3920 1880 2510 2480 1480
Comprossive Screnpth, 28 davs osi 5320 6050 4010 4040 4930 3640
Comoressive Srreneth, 90 davs psi 5860 6780 6350 5760 5540 4860
Compressive Strenpth, 180 days psi 6050 7330 7240 5990 5620 5380
Compressive Strenpth, 1 year psi 7690 7250 | 5880 5460
Water - Cerent Ratio 0.485 0.485 | 0.532 0.485 0.485 | 0.532
Flou % 111 51 %0 | [ 122 62 62

Pozzolanic Activity Index

'_‘-'_'i""‘ -"\-.'. - - L) ot T et
-h’ & .J‘ ' .* -.» .Q. .I‘.I.. .S“..‘ "..- N

, ASTM C618

With Lime @ 7 days PSI 1960
With Portland Cement (RC-688) at 28 days percent of Control 98

W. G. MILLER

Chemist

Chicf, Ccment & Pozzolan Test Branch
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Structures Laboritory
USAL Waterwvays iup St
ATTY: Cem & Porz Tost Br
pP. 0. Box A3l

MS

391480

Report Noj

REPORT OF TESTS
ON POZZOLAN

Admixture

Nt

IR0

AD 536

Date:

i Vicksburyn,

POZZOLAN CLASS:

DESCRIPTION: Amorphous Silica Spheres

COMPANY: Revnolds Aluminum | LOCATION: Sheffield, AL
VEMO NO: 1955 TDATE:  10/6/75 TJOB NO:  545-C-530 —
MENO SUBJFCT: Vairiations in Cerentitious Media
CHEMICAL COMPOSITION
$i0> % 95.98 Moisture Content Z ]| 0.27 Cro0a %
A1201 % 1.26 LOT, % (750°C) 1.13 Chloride %
Lgoa % 0.12 LOT, 7 (1000°C)
220 % 0.03 Ti0?2 %
‘503 % 0.12 1| P20s %
Ca0 % 0.26 Mn203 %
Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali
Na20 A 0.06 0.03 0.15
Xo0_ 4 : 0.03 0.00 0.24
Toral as Ma20h | 0.08 0.03 0.31

PHYSICAL TESTS

'Snecific Graviey: 2.22 [ Fineness % retained on 325 Sieve
Surface Area: 58700 sqcm/cc, porosity e =
‘Tests with portland cement cured @ 73.4 * 3°F

Portland Cement Co: United Citadel
fLocation: Artesia, MS ‘ incha AL
Research Cement No & Type: RC-688 I, LA RC-705, II, LA, HH
Autoclave Expansion, 20% Replacement, 7
i Replace of Cement by Volume ) 30 60 0 30 60
{Heat of Hydration, 7 days, Cal/gm 84.8 73 56 67.7 61 52
Heat of llydration, 28 days, Cal/em 96.5 90 78 /8.8 74 58
Compressive Strength, 3 days psi 2880 1280%* 1700

 Compressive Strength, 7 days psi 4080 4180 2510

| Compressive Strenpii, 28 days psi 5320 6860 4040

 Compressive Strength, 90 days psi 5860 5760

|Compressive Strength, 180 days psi 6050 5990 Aﬁ
Compressive Strength, 365 days psi

Water - Cement Ratio 0.485 0.485

Flow 111 122

* 1 day strergth

Lime Pozzelen strength, 360 Ml H,0, Flow 99% 1170 PSI

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test BrancE‘
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. Report No: C::
3 Structures Laboratory e
K USAZ Watevways Exp St REPORT OF TESTS Admixture lNo: AN
y :;TT?S: BCemﬁg‘}‘lPozz Test Br ON POZZOLAN AD536(2) -
. 0. Box 3 -
e Vicksburg, MS 39180 Date: A
L, o
Q 7 POZLZCLAN CLASS: DESCRIPTION: Amorphous Silica Spheres s
3 " COMPANY: Reynolds Aluminum | LOCATION: Sheffield, AL :C_
) [ MEMO NO: 1935 [DATE: 10/6/75 [JOB NO: 545-€-530 o
! MEMO SUBJECT: Variations in Cementitious Media N
Co ‘ CHEMICAL COMPOSITION ::..'.
X Si02 % 93.90 Moisture Content %] 0.38 Cr20v_ % ] 0.00 ]
%! | A1203 % 0.70_|[ 101, % (750%C) 0.99 Chloride __ % [ o001 ] o
'g03 % 0.00 10T, % (1000°C) 1.16 ) T
. MaO % 1.20 Ti02 %
503 % 0.20 P705 % ] =
Ca0 % 0.78 Mn203 % | 0.00 T i
« Alkalies % Water Soluble Available (C-613) acid Solable fhtal ATkald
) 220 % 0.03 R O S o
) K20 % i 0.04 0.24 -
. Total as Na20% | 0.07 0.31 i L
. PHYSICAL TESTS s
Specific Gravitv: 2 .22 ] IFineness 7 tetained on 205 Sieve
P, Surface Area: 98,900 cqcm/cc, POrosity e = 0.714 =
- | Tests with portland cement cured ( 73.4 * 3%F
3 | Portland Cement Co: Unitod Citadel el
e Location: Artesia, S nireipohim Al ol
T Research Cement No & Type: RC-638(3Y 1, 1A | RC-705, IT, LA, HH e
{ Autoclave Expansion, 207 Replacenent, 7 &2
% Replace of Cement by Volume 0 30 60 n 30 60
Heat of llydration, 7 days, Cal/pm -1
) Heat of Hydrarion, 28 davs, Cal/gm
< Compressive Strength, 3 davs psi 3710%* 2430 640 1700 1160 450
4 Compressive Strength, 7 days psi 4390 3890 1750 2510 2950 2120
¥ Compressive Strength, 28 davs psi 6030 7030 4210 4040 5480 3650
| Compressive Strenpth, 90 davs psi 6550 8870 4599 5760 6740 4030
} Compressive Strength, 180 days psi 7230 8990 | 5360 5950 03.20 4530
X Compressive Strength, 1365 days psi 6790 8830 5540 6600 4330 |
0 Water - Cement Ratio 0.546{ 0.782 0.546_10.782 |
. Flow 64 48 86 72
v
Lime-Pozzolan Strength cured 24 hrs @ 73.4 * 3°F, 6 d. ys @ 130 * 3°F: 1870 psi 200gm
pozz + 100 g lime & 375ml H,0, Flow 88. 3
v i)
(= Pozzolanic Activity Index, ASTM C618 ..-.
. With Portland Cement (RC-688) at 28 days percent of Control 145 ‘:\'
“ .-.\..-
! AN
_ S
. W. G. MILLER e
: Chemist . :
. Chief, Cement & Pozzolan Test Branch ‘:'-
il &
‘ - e e e o e e O | :: :
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LAGORATORY:

Structures Laboratory

PLEODRT NO.

USAE Waterways Exp St REPGRT OF TESTS WES=178-80
ATIN: Cem & Pozz Group géfgffbgb/s sHCET 1 ° 1
P.0. Box 631 oare. 29 May 80
Vicksburg, MS 39180 AD-536(3) b

cLass  F N ] Silica Fume

sovace: Reynolds Metal Co., Listerhill, AL [ erano

TEST RESULTS OF Twis SAMPLE LOT [[] compLy [[] DO NOT COMPLY wiTH SPECIFICATICH LIMTS (SEE REMARKS)

FOR USE AT:

CONTRACT NO.:

DISTRIC T{S):

SAMPLED BY:

l OATE SAMPLED:

CAR NO.: [ BIN NO.:

FIELD SAMPLE NO.:

LAD SAMPLE NO.:

OATE RECEIVED:

23 April 80

LAB JOB NO.:

CHECKED BY:

resteo av: Cement & Pozzolan Group

TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BELOW

0, + a0, o s AVAILABLE POZ2ZOLAN INCREASE IN AUYOCLAVE | REDUCTION IN
+ Fe 0, : : ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
- % % CONTROL % la) * % b}

REQUIREMENTS

MIN 70 0 L MAX 5.0 J MAX 4.0 T max] .50 ! MiN TS ] MAX 0.0 T MAX 0.50 T Min 7S

TEST RESULTS

97.7 1 0.2 | »n.,3 [ 0.0 | 140 ] [ =0.06 |
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS
Fineness| % ptéAL ! avem e or
samPLE :g;‘:::f .;zf:‘%: 325 Mesh|var fro BO;I!“O!L.AN REQUIREMENT SPECIFIC VA:::O:ON
NO a - Sieve % avg Pl'eL/ ST ni:lcvn L: % of GRAVITY Apv::;:;uo:
Retainedl 10 l Control 19, %
REQUIREMENTS
. MAX ‘:;"‘N‘ MAX MAX MIN MAX MAX B
3.0 oo e 34 5 300 105 - s
TEST RESULTS
1 0.2 0.7 0.42 2050 2.22

I

Air Pprmeabillity Findness 42350 Sq CH/CC

(pdrosity £=0.714)

$i02 96.6 Total Alkali by [LiB02 fusion
A1203 1.0 Na2 0.22
Fe03 0.1 K20 0.43
Total as| Na20 0.50
AVERAGE

LASORATORY CoMENT usep _ RC~088

fe) APPLICABLE ONLY TO CLASS N
LABORATORY LIME USED Chemstone

1b) OPTIONAL REQUIREMENT

REMARKS:

NOTE: Pozzolanic Strength [927325~£§}h;2%5\_‘

Control W/C 0.484, flow 114%
Test mix W/C 0.528, flow 647 W. G. MILLER
Chemist

Chief, Cement & Pozzolan Grouy

NOTE: THME INFORMATICH GIVEN IN THIS RERORT SHALL NOT BE UTED IN ADVERTISING OR SALES PROMOTION YO INDICATE E1THER

EXPLICITLY OR MPLICITLY ENDORSEMENT OF YHIS PRODUCT BY THE U. $. GOVERNMENT.

ENG FONN 4O

Y Avo e? r

F67

R
'

1] ‘. v "2 .-
SN 'v‘ ‘r’ﬁ.

'5“-

@

I- T
.-‘."Q-
-u
"~ A
e
.-~'.h
oo
o
L
e
Lo
e
L
., e
'r-.:’-
LS
t
. )
. N k
A
N,




W W

Report No:

Structures Laboratory V'.5-2115-82
USAE Waterways Exp St REPORT OF TESTS Adnixture Du:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 536(4)
P. O. Box 631 Date:
‘Vicksburg, MS 39180 24 June 82
POZZOLAN CLASS: DESCRIPTION: silica Fume
CO-PANY: Reynolds Metals Co [ LOCATION: Richmond, VA {See(1)below)
NMEMO NO: lDt\TE: lJOB NO: 441-5866.12SC51
MEMO SUBJECT:

CHEMICAL COMPOSITION
$102 % 95.80 Moisture Content 4 0.30 Cro012 %
11703 4 1.11 LOI, % (750°C) 1.27 Chloride %
Fe,0q % 0.11 LOI, % (1000°C)
M0 % 0.06 Ti0» %
503 A 0.11 P’)OS %
Ca0O yA 0.24 11207 %
Alkalies Water Soluble Available (C-618) Acid Soluble Total Alkali
ar0 Z
X920 YA
Total as Na20 %

PHYSICAL TESTS

Specific Gravitv:  2.21 | Fineness: 14

7% retained on 325 Sieve

Surface Area: 21000 sqcm/cc, porosity

e= 0.720 (see(2)below)

Tests with portland —erent cured @ 73.4 ¥ 3°F

Portland Cemant Co.: Medusa

L tion: Clinchfield, GA

Cerent No & Tvpe: SAS-423-82, II, LA, HH

Autoclave Evpansion, 207 Replacenent, % 0.00

. Peplacement of Cerant bv Volume 0 30 60

0 35 % -0t-

Heat of Hvdration, 7 days. Cal/gm

Control IControl

Heat of Hydration, 28 days, Cal/gm

Compressive Strength, 7 days.psi

Lime-Po%zolan ASTM C-311DD{ 1840

Compressive Strength, 28 days,psi (cured @]100°F)

5340 6350 118

Compressive Strength, days .psi

flater Requirementl % of Conftrol: 123

Compressive Strength, 90 davs.osi

Conoressive Strenoth, 180 dzvys,psi

Compressive Strength, 1 year,psi

Yater - Cerment Ratio .

Flow % |l

(1) Reynolds Chemicals Amorphous Silica, RS-1 (6-50 lbs. bags)Sheffield, Alabama Plant.

(2) e=0.703, SA 34900 cm?/cc
e=0.710, SA 30400 cm?/cc

A Kw;/(//

R. E. REINHOLD

Fo8

Chief, Cement & Pozzolan Test Branch “J
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Structures Laboratory
USAE Yaterways Exp St
ATTN: Cem & Pozz Test Br
P. 0. Box 631

REPORT OF TESTS
ON POZZOLAN

Report WNo:

Admixture No:

Dar~:

| ‘Vicksburg, MS 39180

| POZZOLAN CLASS:
COMPANMY: Wyandotte Cement LOCATTON : Wyandotte, MI
MEYO NO: 1985 [DATE:  10/6/75 [ 508 0
MEMO SUBJECT: Variations in Cementitious Media

DESCRIPTION: Slag

545-C-530

CHEMICAL COMPOSITION
Moisture Content 7
LOI, % (750 C) 2.28

Cr203 %
Chloride %
Insol. Resideue, %

Si02 38.65 |
Al203 9.04
Fenl 0.40 [ LOI, ¥ (1000 C)
Mg0 14.78 11 Tioo
S03 0.03 Po0g
Ca0 33.47 Mn203
F_Alkalics : Water Soluble JAvailable (C-618)] Acid Soluble
Nao0 0.01 I 0.06 0.27
| _X20 4 0.01 i 0.14 0.40
_Total as Najp0n¥ i 0.02 | 0,15 0.53

Total Alkali

PHYSICAL TESTS

ﬁriFineness

sqem/ce

% retained on 325 Sieve
parasity e =

Specific Gravity:
| _Surface Area:

{ Tests with portland cement cured @ 73.4 ¥ 3 F
" Portland Cement Co:
[ Location:

Research Cement No & Type:

!
| Autoclave Expansion, 20% Replacerment, %
I
|

% Replace of Cement by Volume 0
Hear of Hydration, 7 days, Cal/am
{ Hoat of Hydration, 28 davs, Cal/gm
[ Compressive Streneth, 3 davs psi
Compressive Streneth, 7 days psi
| _Cempressive Srrenpgth, 28 davs psi
" Corpressive Strensth, 90 days psi
L Compressive Strength, 180 days psi
Compressive Strength, 365 days psi
Water - Cement Ratio
Flow

v

Y

/A

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch {
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Report No:
Structures Laboratory
USAE Waterways Exp St - 3 ni Ho:
CATTY: Cenm & Pozz Test Br RnggRgogioE?\:Ts Admixture lHo AD 541
I P. 0. Box 631 Date:
| Vicksburg, MS 39180
POZIOLAN CLASS: DESCRIPTION: gilica Fune
COIPANY Ohio Ferro-Allovs CorpLOCATION: Powhaton, Ohio
ME'D NO: 1985 ~ |DATE: 10/6/75 [JOB NO: 545-C-530
MEMOD SUBJECT: Variations in Cementitious Media
CHEMICAL COMPOSITION
Si0y % 95.22 Moisture Content % | 0.24 Cro013 % 0.00
A1203 % 0.27 J{ LOI, % (750°C) 1.28 Chloride _ % 0.05
To03 % n.35 LOI, % (1000°C) 1.68
N0 % 0.26 Ti02 %
k! % 0.06 P205 %
Ccad % 0.34 ¥n203 % 0.01
Alkalies % ~ater Soluble Available (C-618)] s~id Soluble Total Alkali
+a20 % 0.07 Q.05 Q.17
K20 " 0.08 0.12 L 0.35
Taral as Na20% 0.12 013 ] 0.35
PHYSICAL TESSS AN
Specific Graviecv: 2.21 | Fineness % retained on 325 Sieve 2.
Sarf=ce Arca: 61.400 srem/ce, porositv e = 0.727
Teste with zorelond cement cured @ 73,4 & 3CF
Portland Cemant Co: United
Location
Research Cement No & Tyvpa: RC-688(3)
Autcclave Expansion, 207 Replacarment, 74 :
% Penlace of Cerment by Volume 0 10 60 0 30 60 e
Heat cof Hwvdration, 7 davs, Cal/gn f-:.'-:.:-
Heatr of Hvdration, 28 davs, Cal/zm -'t::'-:
forpressive Strensth, 3 davs psi 2550 1360 * T
Compressive Srrength, 7 davs psi 4390 3020 ‘:'.':.-'
Compressive Strength, 28 davs psi 6030 5360 -.::\::
Compressive Streneth, 90 davs psi 6550 6680 !
Compressive Strenath, 180 davs psi 7230 7010
Compressive Strength, 365 days psi 6790 7000
Water - Cement Ratio 0.485 0.601
Flow 114 62
* 2 day comp strength
Lime Pozzolan Compressive Strength, 365 ml HZO’ Flow 847 1970 psi.
! 9
W. G. MILLER 2
Chemist T
L Chief, Cement & Pozzolan Test Branch E:t‘:_:
e e -+ e, a— '-" >
") )
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Keport NO: RS
Structures Laboratory :3?
USAE Haterways Exp St REPORT OF TESTS Admixture No: .‘:’.-:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 542 4
P. 0. Box 631 Date:
Vicksburg, MS 39180 3
e
POZZOLAN CLASS: DESCRIPTION: Silica Fume Cod
COMPANY:Qhin Ferro Alloys CothOCATION: Philo, Ohio A
WEMO NO: 1985 IpATE: 10/6/75 [ JOB NO:  545-C-530 N
MEMO SUBJECT: Variations in Cementitious Media Jé?

CHEMICAL COMPOSITION

Si0? % 89,35 Moisture Content % 0.38 Cr203 % 0.00

Al203 % 0.76 LOI, % (750 C) 3.53 Chloride % 0.17

Fe03 % 1.46 LOI, % (1000 C) 4,51

Mg0 % 1.49 Ti0 9

S01 % 0.14 P20535 %

Ca0 % 0,62 Mn203 % 0.16

Alkalies 7% Water Soluble Available (C-618)[ Acid Soluble Total Alkali Gy

Na20 % 0.14 0.14 0.726 }?}

K20 % i 0.16 0.18 0.72 ~oe

Total as Nap0% | 0.25 C.26 0.73 L
PHYSICAL TESTS O

Specific Gravity: 2.30 l Fineness % retained on 325 Sieve

Surface Area: 85,200 sqcm/cc, porosity e = 0.762

Tests with portland cement cured @ 73.4 * 3 F

Portland Cement Co: United Cement Citadel

Location: : Artesia, MS Birmingham, AL

Research Cement No & Type: RC-688(3), I, LA RC-705, 1T, LA, HH

Autoclave Expansion, 20% Replacement, 7

% Replace of Coment by Volume 0 30 60 0 30 60

Heat of Hydration. 7 days, Cal/om -
Heat of Hydration, 28 days, Cal/gm pN)

Compressive Streneth, 3 days psi 2950 2070 490 1700 1370 5{-
i Compressive Strenoth, 7 days psi 4390 3610 1280 2510 2690 ':'_
' Lomvressive Strenpth, 28 days psi 6030 6280 3530 4040 5070 }fh
' Compressive Srrenetrh, 90 davs psi 6550 7100 4270 5760 6320 e
‘ Compressive S:trennth, 180 days psi 7230 1860 4350 5990 6670
|_Compressive Streneth, 365 days psi 6790 7360 4620 5810
| Water - Cement Ratio 0.485 0,511 0,770 0.485 0.511
| Flow 114 64 67 122 76

Lime-Pozzolan Strength 385ml HZO 887% Flow 850 psi

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

—_— R o e e
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Report No:

I I
B

Structures Laboratory
USAE Waterways Exp St REPORT OF TESTS Adninture oo
ATT: Cem & Pozz Test Br ON POZZOLAN
P. 0. Box 631

Vicksburg, MS 39180

AR AR

Date:

, . PO7Z20LAN CLASS: DESCRIPTION: Silica Fume
| COMPANY :Maripnal Mettalurgica] LOCATION: Springfield, OR

MEMO NO: 1985 IDATE: 10/6/75 ‘JJoB NO:  545-C-530
MFMO SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION
Si02 92.62 Moisture Content % 0.20 Cr201% %
Al72013 0.62 LOI, % (750 ©) 2.71 Chloride %
Fe03 0.27 LOI, % (1000 C) 3.02
MegD 0.23 Ti07 z
S03 0.09 P20y %
Ca0 0.32 Mno03 % 0.01
Alkalies Water Soluble Available (C-618)] Acid Soluble Total Alkali
Na20 0.05 0.06 0.13
K20 0.05 0.08 0.32
Total as Naj20% 0.08 0.11 0.34

PHYSICAL TESTS

Specific Gravity: 2.23 1 Fineness % retained on 325 Sieve
Surface Area: 75,200 sacm/cc. porositvy e = 0.779

Tests with portland cement cured @ 73.4 * 3 F

Portland Cement Co:

Location:

Research Cement No & Type:

Autoclave Expansion, 20%Z Replacement, %
% Replace of Cement by Volume 0
Heat of Hydration, 7 days, Cal/gn
_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

R
WA R Ry S A

Lime~Pozz, Comp Str 385ml HZO 72% Flow 1720 psi

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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devert Lo
Structures Laboratory
USAE Waterways Exp St

Admixture Lo:

REPORT OF TUSTS

ATTy: Cem & Poczz Test Br oM POZZOLAN AD SA4(75)
pP. O. Box 631 Date:
Vicksburg, MS 39150

e po——

. POZZOLAN CLASS:

DESCRIPTION: Silica Tume

COMPANY: Hanna Minir

v ey

MEMO NO: 14985

[patE:

LECATION:

10/6/75

Wenatchee, WA

{.J0B

NO:

PV 22

> 8 » s

\EMO SUBJECT: Variations in Cementitious Media i

— -

CHEMTCAL COMPOSTITION |

51072 % 90.10 Moisture Content 7 0,63 Cro0y % Q.00
Al201 % 1.72 LOI, % (750 C) 3.78 Chloride % 0.11
Fe03 % 1.93 LOT, % (1000 C) 4.64
Mg % 0.35 |1 Tioy %
S03 % 0.07 P205 % :
Ca0 z 1.57 |{ Mn203 % 0.11 !
Alkalies 7% Water Soluble Available (C-618)] Acid Soluble Total Alkali i
Na20 % 0. 14 0.10 0.29 :
K20 % 0.09 0.13 0.55 i
Total as Na20% 0.20 0.19 0.65 !
]
PHYSICAL TESTS :
Specific Gravievy: 2.28 | Fineness % retained on 325 Sieve
Surface Area: 58,520 sqcm/ec, porosity e = 0.844
Tests with portland cement cured @ 73.4 * 3 F
Portland Cerent Co: United
Location: Artesia, MS
Research Cement No & Type: RC-688(3), I, LA
Autoclave Expansion, 20% Replacement, % _
% Replace of Cement by Volume 0 10 60 0 30 60
Heat of Hydration, 7 days, Cal/gnm
~_Heat of Hydration, 28 days, Cal/gm
Compressive Strenath, 3 days psi 2950 2310
Compressive Strength, 7 days psi 4390 3320
Compressive Strength, 28 days psi 6030 6360
Compressive Strength, 90 davs 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 114 64
Lime-Pozz Comp Str 325ml H20 637% Flow 2070 psi
W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
F73
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Structures Laboratory
USAE Waterways Exp St

REPORT OF TESTS

Report No:

Admixture No:

ATTN: Cem & Pozz Test Br ON POZZOLAN AD 544(98)
P. 0. Box 631 "
.Vicksburg, MS 39180 Date:
. POZZOLAN CLASS: DESCRIPTION: Silica Fune
| _COMPANY: MWapna Mining Co. LOCATION: Wenatchee, WA —
{_ME¥O0 NO: 1985 DATE: 10/6/75 | JOB NO: _ 545-C-530 |
LA)EMO SUBJECT: Variations in Cementitious Media B
CHEMICAL COMPOSITION ,
Si02 % 83.65 Moisture Content ‘% 0.73 Cro03 % 0.04 4;
Al2073 Z 0.51 1LOI, % (750 ©) 11.88 Chloride % 0.21
Fe03 7 0.37 1101, % (1000 C) 11.03
MeO % 0.44 TiQo %
S03 Z 0.36 P20g5 %
Ca0 3 0.16 || Mn203 % 0.00 ;
Alkalies % Water Soluble Available (C-618)] Acid Soluble Total Alkali :
Na20 % 0.07 0.07
K20 % 0.06 0.12 0.34
Total as Najo0% 0.11 0.15 0.38 ]
PHYSICAL TESTS
Scecific Gravity: 2.16 1 Fineness % retained on 325 Sieve .
Surface Area: 88,300 sqcm/ce, porosity e = 0.837 B
Tests with portland cement cured @ 73.4 T 3 F
Portland Cement Co: United H
Location: Artesia, MS -
Research Cement No & Type: RC~688(3), I, LA
Autoclave Expansion, 20% Replacement, %
% Replace of Cement by Volume 0 30 ] 60 0 30 60
Heat of Hydration, 7 days, Cal/sm !
Heat of Hydration, 28 davs, Cal/gm
Compressive Strength, 3 days psi 2950 1830
Compressive Strength, 7 davs psi 4390 2680
Compressive Strenpth, 28 davys psi 6030 5740
Compressive Strength, 90 davs psi 6550 6780 .
Compressive Stre gth, 180 days psi 7230 6800 T
Compressive Streagth, 365 days psi 6790 6540 .
Water - Cement Ratio 0.485 0.65 |
Flow 114 74 _
Lime-Pozz Comp Str 375ml H,0 71% Flow 1840 psi
W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
) S - 1
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T Report No:
Structures Labtoratevy
USAZ Watorsays Exp St
ATIN: Cem & Pozz Test Br 0N POZZOLAN
P. 0. Box 631

Vicksbury, MS

REPORT OF TESTS Admixture XNo:

AD 545

Diate:
39139

TO7Z700LAN CLASS: DRESCRIPTION:
LOCATION:
TDATE: _10/6/75

Variations in Cementitious Media

Silica Fume
Rockwood, TN
{JoB No:

1985 545-C-530

L0 SURJECT:

CHEMICAL COMPOSITION
Moisture Content 7%
LOI, % (750 C)
LOI, % (1000 C)
TiQp
2,12 P205
3.67 Mn203

0.71
7.24
9.14

42.61
4,73
6.22
2.85

Cr203 %
Chloride A

22.62

.

Alkalies

Water Soluble

Available (C-618)

Acid Soluble

Total Alkali

Na20

0.75

1.00

1.14

K20

| 4.54

6.13

7.44

r
{
2
i

Total as Naj0%

1 3.74

5.03

6.03

PHYSICAL TESTS
Specific Gravity: ] Fineness % retained on 325 Sieve
Surface Area: sqem/ce, porosity e =
Tests with portland cement cured @ 73.4 * 3 F
Portland Cement Co:
Location:
Research Cement No & Type:
Autoclave Expansion, 207% Replacement, %
7% Replace of Cement by Volume 0
leat of Hydration. 7 days, Cal/gm
Heat of.Hydration, 28 days, Cal/gm
Conipressive Strength, 3 days psi
Compressive Strength, 7 davs psi
Compressive Strength, 28 davs psi
Compressive Strength, 90 days psi
Compressive Strength, 180 days psi
Compressive Strength, 365 days psi
Water -~ Cement Ratio
Flow

2.79

Lime Pozz 240ml H_ O Flow 1117

510 psi
2 P

Comp Str

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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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 546
P. 0. Box 631 Date:
Vicksburg, MS 39180
POZZOLAN CLASS: DESCRIPTION: Silica Fume _
COMPANY: Foote Mineral LOCATION: New Haven, WV
MENO NO: 1985 [paTE: 10/6/75 1J0B N0:  545-C-530
MEMO SUBJECT: Variations in Cementitious Media 1
]
I
CHEMICAL COMPOSITION j
Si02 % 13.73 Moisture Content %) 0.00 Cro20%y 7% 0,04 |
Al203 % 1.98 |[LOI, % (750 ©) 1.01 Chloride % 0,06
Fg03 % 13.87 LOI, % (1000 C) 2.34
Mg0 % 1.84 Ti02 %
S03 Z 0.18 P20sg %
Ca0 % 2.32 Mn2013 % 0.85
Alkalies % Water Soluble Available (C-618)| Acid Soluble Total Alkali
Na20 A 0.15 Q.22 0.44
K20 % 0.20 0.22 1.17
Total as Na0% 0.28 0.36 1.21
PHYSICAL TESTS
Specific Cravity: 2.49 [ Fineness % retained on 325 Sieve
Surface Area: sqcm/cc, porosity e =

Tests with portland cement cured @ 73.4 ¥ 3 F
Portland Cement Co:

Location:

Resecarch Cement No & Type:

Autoclave Expansion, 20% Replacement, %

% Replace of Cement by Volume Q 30 60 g 30 60
Heat of Hydration, 7 days, Cal/gm
Heat of Hydration, 28 days, Cal/gm
Compressive Strength, 3 days psi
Compressive St.ength, 7 days psi
Compressive Strength, 23 days psi
Compressive Strength, ©0_days psi —
Compressive Strength, 1..0 days psi
Compressive Strength, 365 days psi
Water - Cement Ratio

Flow

Lime-Pozz Comp Str 350ml H20 112% Flow 1320 psi

W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
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» " ) Réport Wo:
' Structures Laboratory
3 USAE Waterways Exp St REPORT OF TESTS Admixture No:
- ATTN: Cem & Pozz Test Br ON POZZOLAN AD 548
P. O. Box 631 Date:
‘Vicksburg, MS 39180
[ ]
3 . POZZOLAN CLASS: DESCRIPTION: Silica Fume
. I COXMPANY: Airco LOCATION: Calvert City, KY
\ I MEMO NO: 1985 [pATE:  10/6/75 [JoB NO:  545-C-530
5 { MEMO SUBJECT: Variations in Cementitious Media
y l CHEMICAL COMPOSITION
’ Si02 % 91.46 Moisture Content 7% 0.42 Cr203 % 0.01
s Al203 % 1.00 LOT, % (750 C) 2.04 Chloride /A 0.09
! Fe03 % 1.50 | LOI, % (1000 C) 2.37
MZ0 % 0.70 31 Tioy %
SOy % 0.17 P20sg %
Cao % 0.94 Mn2017 % 0.23
A Alkalies % Water Soluble Available (C-618)] Acid Soluble Total Alkali
N NazQ A 0.09 0.08 0.18
: K20 % i 0.14 0.13 0.58
N i_Total as Nas0% I i 0.18 0.17 0.56
\
X PHYSICAL TESTS
Specific Gravitv: 2.37 ] Fineness % retained on 325 Sieve
- Surface Area: 27,700 sacm/cc, poronsity e = 0.711
3 Tests with portland cement cured @ 73.4 T 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
Autoclave Expansion, 20% Replacement, %
% Replace of Cement by Volume 0 10 60 0 30 60
. Heat of Hydration, 7 days, Cal/gm —
. Heat of Hydration, 28 days, Cal/gm
¥ Compressive Strength, 3 davs psi 2950%* 2360 1700 1500
A Compressive Strenpgth, 7 davs 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
s Flow 114 83 122 96
Lime-Pozz 375ml HZO 967% Flow 1790 psi
) * 4 day compressive strength
b, W. G. MILLER
X: Chemist
) l Chief, Cement & Pozzolan Test Branch .
l..~
[ {jsik
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Structures Laboratory
USAE Waterways Exp St

Report Wo

REPORT OF TESTS Admixture MNo:
ATTYN: Cem & Pozz Test Br ON POZZOLAN AD 549
P. 0. Box 631 Date:
Vicksburg, MS 39180
POZZOLAN CLASS: PDESCRIPTION: Sitica Fume
COMPANY :Union Carbide Metals|iocATION: Sheffiecld, AL
MEMO MOt 1985 IpaTE: 10/6/75 [ JoB NO: __ 545-C=530
WEMO SUBJECT: Variations in Cementitious Media
CHEMICAL COMPOSITION
Si02 % 67.42 Moisture Content 7% 2.10 Cr203 % 0.05
Al203 % 4.84 .01, % (750 ©) 14,15 Chloride % 0.01
_Fe0q pA 11.29 1l LOoT, % (1000 ) 14.38
MgO % 1.94 11 Tioo %
S03 % 0.32 1| P205 %
Ca0 A 4.03 Mn203 % 1.78
Alvalies 7 Water Soluble Available (C-618) Acid Soluble Toral Alkali
Na20 % 0.08 0.12 0.20
X20 % ' 0.18 0.24 0.62
Total as Na20% | | 0.20 0,28 0.61
PHYSICAL TESTS
Specific Gravitv:2.25 T Fineness % retained on 325 Sieve
Surface Area: 40,400 sqem/ce, porosity e = 0.815

Tests with nortland corent cured 3 73.4 +* 3 F

{ Portland Cement Co:

Location:

Rescarch Cement No & Type:

Aurocldve Expansion, 2005 Replacement, 7%

|

% Replace of Cement by Volume 0 30 69

30

60

Heat of Hydration, 7 days, Cal/ym

Heat of Hydration, 23 davs, Cal/gnm

Compressive Strenpgth, 3 days psi

Conmpressive Strenoth, 7 davs psi

Compressive Strength, 28 days psi

Compressive Strength, 90 days psi

Compressive Strenpth, 180 days psi

Compressive Strenpth, 365 davs psi

Water - Cement Ratio

Flow

Lime-Pozz 375ml H20 1047%

Flow 880 psi

W. G. MILLER
Chemist
l Chief, Cement & Pozwolan Test Branch

4 e s ¢ e ¢ raan e ———
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) Report No:
Structures Laboratory
! USAE Waterways Exp St REPORT OF TESTS Admixturc No:
' ATTN: Cem & Pozz Test Br ON POZZOLAN AD 550
. P. 0. Box 631 Date:
. Vicksburg, MS 39180
' T POZZOLAN CLASS: DESCRIP{ION: Silica Fume
I COMPANY: Interlake Inc. LOCATION: Beverly, Ol
; T MEMO NO: 1985 IDATE: _10/6/75 [ JoB NO:  545-C-530
i | MEMO SUBJECT: Variations in Cementitious Media
CHEMICAL COMPOSITION -
; Si02 % L £7.40 || Moisture Content % | 1.11 Cr201 % 1.47
Al1203 % 4,713 LOI, % (750 ¢©) 4.76 Chloride A 4.14
. _FeD3 % 1.24 LOI, % (1000 C) 6.79
| Mg0 % 11.96 TiO) %
S0 % _ 0.40 P205g %
Cad % 0.67 ¥n203 % 0.26
3 Alkalies 7 Water Soluble JAvailable (C-618) Acid Soluble Total Alkali
j Na20 % | 1.78 2.77 2.60
X X20 % ' 1.29 2.51 3.09
. Total_as Na0%:* | | 2.63 4,42 4 .63
; PHYSICAL TESTS
. Specific Gravitv: 2,136 AL,Fineness % retained on 325 Sieve
. Surface Area: 39,600 sqcm/ce, porosity e = 0.782
2 Tests with portland cement cured @ 73.4 + 3 F
o Portland Cement Co:
X Location:
- Research Cement No & Type:
b2 Autoclave Expansion, 20% Replacement, %
% Replace of Cement by Volume 0 30 60 Q 30 60
« Heat of Hydration, 7 days, Cal/gm
’ Heat of Hydratiom, 28 days, Cal/gm
A 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
2 Compressive Strength, 365 days psi
. Water - Cement Ratio
,f Flow
Lime-Pozz 225ml HZO 832 Flow 1640 psi
W. G. MILLER
Chemist
" Chief, Cement & Pozzolan Test Branch

¢ F79




Report No:
Structures Laboratory

USAE Waterways Exp St REPORT QF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 551
P. 0. Box 631 YT —

Vicksburg, MS 39180

!

POZZ0OLAN CLASS: DESCRIPTION: Silica Fume
COMPANY: Interlake, Inc, LOCATION: Beverly, OH Sample No. 2
{_MEMO NO: 1985 IpATE: 10/6/75 | JoB NO:__ 545-C=530

MEMO SUBJECT: Variations in Cementitious Media

CHEMICAL COMPOSITION

[ siog % 93.58 Moisture Content % | 0.34 Cr203 % 0.00
' Al203 % 0.60 LOI, Z (750 C) 3.45 Chloride % 0.05
!_Fe03 % 0.26 LOI, % (1000 ¢) 3.74

MpO % 1.01 Ti0> %

S0y % 0.50 P205 %

Cal % 0.4%4 Mn203 A 0.02

Alkalies % Water Soluble Available (C-618)] Acid Soluble Total Alkali

Na20 % 0.03 0.05 0.10

K20 % | 0.10 0.13 0.71

Total as Na20% | 0.10 0.14 0.57

PHYSICAL TESTS
Specific Gravity: 2.25 | fineness % retained on 325 Sieve
Surface Area: 163,000 sacm/cc, porosity e = 0.842

Tests with portland cement cured @ 73.4 * 3 F

Portland Cement Co:

Location:

Research Cement No & Type:

Autoclave Expansion, 207 Replacement, 7

% Replace of Cement by Volume 9 3¢ 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 Strenpgth, 90 days psi

Compressive Strength, 180 days psi

Compressive Strength, 365 days psi

Water -~ Cement Ratio

Flow

Lime~Pozz Comp Str 385ml HZO 64% Flow 2130 psi

W. G. MILLER
Chemist

Chicf, Cement & szzolan Test QEgnqhiL
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Structures Laboratory
USAE Waterways Exp St

ATIN: Cem & Pozz Test Br

REPORT OF TESTS
ON POZZOLAN

Report No:

Admixture No:

AD 552

P. O. Box 631 Date:
vicksburg, MS 39130
. POZZOLAN CLASS: DESCRIPTION: Silica_ Fume
U COMPANY: Airco L.OCATION: Niagara Falls, NY
T MiEN0 NO: 1985 InaTE: 10/6/75 [ JOB NO:  545-C-530
! MEMO SUBJFCT: Variations in Cementitious Media
' CHEMICAL COMPOSITION
[Tsio2 % 93.3 Moisture Content % 0.54 Cr2013 % 0.10
! Al203 % 1. LOI, % (750 ©) 1.44 Chloride 4 |
| _FeDj % 0. LOT, % (1000 C) 2.09 ‘
R % 1. Ti0p %
SOy % 0. P205 4
Ca0 % 0. Mn»03 % 0.08
Alkalies % water Soluble TAvailable (C-618)] Acid Soluble Total Alkala
Naz0 % ! 0.06 0.05 0.17 |
K20 % i 0.22 0.21 1.72
Total as Na»0% | { 0.20 0.19 1.30

PHYSICAL TESTS

Specific Gravity: 2.23

L Fineness

% retained on_ 325 Sieve

W. G. MILLER
Chemist

Chief, Cement & Pozzolan Test Branch

Surface Area: 74,600 sqcm/ce, porgsity e = 0.811

Tests with portland cement cured @ 73.4 ¥ 3 F

Portland Cement Co:

Location:

Research Cement No & Type:

Autoclave Expansion, 207 Replacement, %

% Replace of Cement by Volume 0 30 60 0 30 60

Heat of Hydratiom, 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 4—3

Compressive Strength, 90 days psi :2

Compressive Strength, 180 days psi i

Compressive Strength, 365 days psi —

Water - Cement Ratio !

Flow i
R

Lime-Pozz Comp Str 330m1 HZO 86 7% Flow 2270 psi

F81
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Report No:

Structures Laboratory

USAE Waterways Exp St REPORT OF TESTS Admirterc No:

ATTN: Cem & Pozz Test Br ON PO/.ZOLAN AD 553

P. 0. Box 631 Date:
| Vicksburg, MS 39180
L _POZZOLAN CLASS: DESCRIPTION: Silica Fume
I COMPANY: Airco LOCATTION: Niagara, NY
T MEMO NO: 1985 TpaTE:  10/6/75 [JoB NO:  545-C-530
{ MEMO SUBJECT: Variations in Cementitious Media
! CHEMICAL COMPOSITION
| §102 % 80.71 Moisture Content % 0.77 Cr203 % 0.66
! A1203 % 3.62 101, % (750 C) 1.69 Chloride % 0.08
! Fe03 % 0.57 LOT, % (1000 C) 3.40
I Mg0 % 9.86 Ti0? %
{_S03 A 0.34 P205 %
" cao % 0.32 Mn201 % 0.14
| Alkalies % Water Soluble Aviailable (C-618)] Acid Soluble Total Alkali
I_Na20 % _ 0.18 0.17 048
ko0 % A : 0.33 0.36 1.58
| _Total as Nao0% | | 0.40 0.41 1.5

PHYSICAL TESTS

Specific Cravitv: 2.29 | _Fineness

7% retained on 325 Sieve

Surface Arca: 55,400 sqcmf/ce, porosity

e = 0.821

Tests with portland cement cured 4 73.4 + 3 F

Portland Cement Co:

riLocaCion:

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/pgm

Heat of Hydration, 28 days, Cal/gm

Compressive Strength, 3 days psi

Compressive Strength, 7 days psi

Compressive Strength, 28 days psi I

Compressive Strenoth, 90 days psi

Compressive Strength, 180 days psi

Compressive Strength, 365 days psi

Water - Cement Ratio

Flow

Linme-Pozz 2

360ml H,0 95% Flow

W. G. MILLER
Chemist

F82
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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 557
P. 0. Box 631 Dato:
Vicksburg, MS 39130
. 0Z701N CLASS: DESCRIPTION: Silica Fume
' COUPANY: Union Carbide LOCATION: Sheffield, AL
TMENO_N0: 1985 [paTE:  10/6/75 [ JoB NO:  545-C-530

[ 3EY0 SUBJECT: Variations in Cementitious Media

t
‘ CHEMICAL COMPOSITION

[[sioz % 71.17 Moisture Content % | 0.22 Cr203 % 0.01
Al2013 % 2.44 1LOI, % (750 ¢) 11.25 Chloride % 0.17
Fe03 % 14.60 LOI, % (1000 C) 11.00
M20 A 0.46 Ti0) %

S03 % 0.24 P20g b4

Ca0 % 1.10 Mn201 % 0.93

Alkalies 7 vater Soluble Available (C-618) Acid Soluble Total Alkali

Na20 % 0.08 0.12 0.19

K20 % 0.18 0.16 0.63

Total as Nas0% | 0.20 0.23 0.60
PHYSICAL TESTS

Specific Gravity: 2.48 | Fineness % retained on 325 Sieve

Surface Area: 142,600 sqem/cc, porgsity e = 0.840

Tests with portland cement cured @ 73.4 ¥ 3 F
Portland Cement Co:

Location:

Research Cement No & Type:

Autoclave Expansion, 207 Replacement, %

% Rcplace 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 davs psi

Compressive Strength. 28 days psi

Comnressive Strength, 90 days psi
Compressive Strength, 180 days psi

Compressive Strength, 365 days psi
Water - Cement Ratio

Flow
Lime-Pozz 340ml H20 60% Flow 1630 psi
W. G. MILLER
Chemist
Chief, Cement & Pozzolan Test Branch
F83
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3 Report Jo: :-:'.
N Structures Laboratory f:ﬁ
USAE Waterways Exp St REPORT OF TESTS Admixture No:
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 558 '
P. 0. Box 631 Date: v
% ‘Vicksburg, MS 39180 :x:
. . _POZZOLAN CLASS: DESCRIPTION: Silica Fume .:-‘,'
N T COMPANY: Hanna Mining LOCATION: Wenatchee, WA A
r. [_MEMO NO: 1985 [DATE: 10/6/75 [ JoB No:  545-C-530 R
R | MEMO SUBJECT: Variations in Cementitious Media i
; | CHEMICAL COMPOSITION YA
-l [_si02 4 85.06 Moisture Content % | 0.58 Cr203 % 0.00 e
" L AL203 % 1.73 {101, % (750 ©) 4.26 Chloride % 1.06 s
b |_Fg03 % 1.81 LOI, % (1000 C)_ 5.43 e
. Mg0 b3 1.50 Ti07 % L
503 3 0.30 | [P205 % —
Ca0 % 0.68 Mn2013 % 0,31 I
Alkalies % Water Soluble Available (C-618) Acid Soluble Total Alkali ALY
~ Na20 ” 0.60 0.84 1.24 :::
N K20 2 i 0.54 0.92 2.27 R
Total as Naj0% 1 0.96 1.45 2.13
. PHYSICAL TESTS
b Specific Gravity: 2.25 | Fineness % retained on 325 Sieve
' Surface Area: 99,000 sqem/ce, porosity e = 0.825 e :
- Tests with portland cement cured @ 73.4 * 3 F 'ut.
o Portland Cement Co: :ﬂﬁﬂ
- Location: I
3 Research Cement No & Type: :*tq
. Autoclave Expansion, 20% Replacement, % et
s % Replace of Cement by Volume 0 30 60 0 30 60
_ Heat of Hydration, 7 days, Cal/gm o
4 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
s Compressive Strength, 365 days psi
. Water - Cement Ratio
'_.' Flow
Lime-Pozz Comp Str 340ml 88% Flow 910
-~ N
i-\ l.
N X
\‘ R
- W. G. MILLER X
N Chemist -
N Chief, Cement & Pozzolan Test Branch .
" .
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Report No: .{%g
Structures Laboratonry i:'
USAE Waterways Exp St REPORT OF TELTS Admixture No: ak
ATTN: Cem & Pozz Test Br ON POZZOLAN AD 560
P. 0. Box 631 Date: o
Vicksburg, MS 39180 }
| )
_ POZZOLAN CLASS: F DESCRIPTION: Fly Ash Enhanced ’
i COMPANY: Amax LOCATION: Smyrna, GA N
{_MFNO NO: 1935 InaTE: 10/6/75 JJoB NO:  545-C-530
[ MEMO _SUBJECT: Variations in Cementitious Media
"‘ 3
CHEMICAL COMPOSITION ‘E&N
Si02 % 53.17 Moisture Content % | 0.52 Cr203 % :\ﬂ\
Al203 A 31.08 || 1oL, Z (750 C) 1.29 Chloride % e
Fe013 % 5.25 ] 1.0T, % (1000 C) Dt
| MgD % 1.40 |1 Tioy % o
S013 % 0.25 P20g A
Ca0 % 2.78 Mno01q %
Alkalies % wWater Soluble IAvailable (C-618)] Acid Soluble Total Alkali
Na20 % 0.001 | 0.12 0.43
K20 % 0.001 i 0.94 3.50
Total as Nao0Z%Z | 0.00 Nl 0.74 2.73
PHYSICAL TESTS
Specific Gravity: 2.60 J Fineness % retained on 325 Sieve s
Surface Area: 20,800 sqem/ce, porosity e = e
Tests with portland cement cured @ 73.4 ¥ 3 F .
Portland Cement Co: Citadel d
Location: Birmingham, AL
Research Cement No & Type: RC-705, IT, LA, HH
Autoclave Expansion, 20% Replacement, % -0.02 e
% Replace of Cement by Volume 0 30 60 0 30 60 O
Heat of Hydration, 7 days, Cal/gm ;xi
Heat of Hydration, 28 days, Cal/gm A
Compressive Strength, 3 days psi ::f
Compressive Strength, 7 days psi ;}}
Compressive Strength, 28 days psi o
Compressive Strength, 90 days psi
Compressive Strength, 180 days psi A
Compressive Strength, 365 days psi
Water - Cement Ratio
Flow
Lime Pozz Str 173ml HZO‘ Flow 1077% 2000 psi
Pozzolanic Activity Index with Portlaud Cement (RC~705)
Portland Cement Compressive Strength 4750 psi (Control)
Portland Cement + Pozzolan Compress Strength 6730 psi (142% of Control)
W. G. MILLER e
Chemist e
Chief, Cement & Pozzolan Test Branch .;i;‘
A————c oo = - - o TmTm T e y\:‘n.
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Report No:
Structures Laboratory A—W
USAE Waterways Exp St REPORT OF TESTS Admixturo No:
ATIN: Cem & Pozz Test Br ON POZZOLAN AD 570
P. 0. Box 631 Date:
| Vicksburg, MS 39130 :
|l
{_PCZZOLAN CLASS: F DESCRIPTION: Flv Ash
I COMPANY: Trinity LOCATICY: Purvis, MS
|_MFMO NO: 1985 [pATE: 10/6/75 [J0B NO:  545-C-530
| MEMO SUBJECT: Variations in Cementitious Media
CHEMICAL COMPOSITION
Si02 % 47,81 Moisture Content % 0.16 Cr203 %
Al201 % 30,61 LOT, % (750 ©) 3.70 Chloride %
Fe03 % 7.59 1| LOI, % (1000 C)
MoOQ % 1.11 TiQ» %
S03 % 0.60 P20g %
Ca0 % 2.14 Mn-03 %
Alkalies ¥ Water Soluble Aviilable (C-618)] Acid Soluble Total Alkali
Na20 % 0,12 0.37
I K90 % i 0.94 2.78
Total as Na20% | l 0.74 2.20

PHYSICAL TESTS

Portland Cement Compressive Strength

Specific Gravity: 2.25 I Fineness % retained on 325 Sieve
Surface Area: 13,750 sqcn/cc,. norosity e = 0.519
Tests with portland cement cured @ 73.4 ¥ 3 F
Portland Cement Co: HUpited Citadel
Location: Artesia, MS Birmingham, AL
Research Cement No & Type: RC-688 (3) RC-705, IT, LA, HH
Autoclave Expansion, 207% Replacement, % 0.03
% Replace of Cewent by Volume 0 30 60 0 30 60
Heat of Hydration, 7 days, Cal/am
Heat of Hydration, 28 days, Cal/gm T
Compressive Strencth, 3 davs psi 2950 2050 590 1700 960
Compressive Strenoth, 7 davs psi 4390 2920 1140 2510 1840
Comnressive_Strength, 28 days psi 6030 4430 2060 4040 3700
Comnressive Strength, 90 days psi 6550 6010 3610 5760 5790

| _Comoressive Strength, 180 days psi 7230 5990
Compressive Strength, 365 days psi 6790
Water - Cement Ratio 0.485] 0.513 0.552 0.485 0.50(
Flow 114 112 105 122 115
Lime Pozz Str 175ml H20 Flow 1067% 1550 psi

Pozzolanic Acitivity Index with Portland Cement (RC-705)

4590 psi (Control)

F86

Portland Cement + Pozzolan Compressive Strength 5280 psi (115% of Control)

W. G. MILLER
Chemist

Chicf, Cement & Pozzolan Test Branch




wr'_*.*.\"_f.‘_'r‘_'. AT S A A B S e At e A S Bt e S A A e A e A i S A Gt A i ted A ECAL SR A 1 A AN ST L S ST KA il M )
1 ]
.
g
LABORATORY: REPORT NO.: kY
Mrs. K. Mather . WES-295F-78 o
: REFORT OF TESTS N
C/Engrg Sci Div ON POZZOLAN
Structures Laboratory (CRD-C 262) sweey ] oF 1
DATE: 1
AD-577 K
3 24 Nov 78 N
T [)
cuass ( #) ~ bmo or pozzoLan: Fly Ash [} :
source: TXT  Bio Brown, Fairfield, TX BRAND: !
TEST RESULTS OF THis SAMPLE LOT [] comPLY (] DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
FOR USE AT:
CONTRACT NO.: -
DISTRICTISH _:
SAMBLED BY [ OATE SAMPLED: N
CAR NO.: l BIN NO.: _:
FIELD SAMPLE NO.: LAB SAMPLE NO.. -
DATE RECENED: Las JOB NO.:
TESTED BY: CHECKED BY.
s TESTS OGN COMPQOSITE OF THE 100-TON SAMPLES LISTED BELOW -
$i10g ¢ A130, . 1 AVAILABLE | POZZOLAN | mcrease i ! AUTOCLAVE | REDUCTION .-
+ rezo, t Mgo " ALKALIES ; STRENGTH SHMRINKASE H EXPANSION EXPANSICN .
p . ‘L ® ‘ S § | % CONTROL l = fa} l - = (b} -
REQUIREMENTS o
) MINT00 | mMAXS.0 T MAX 4.0 | wmaxis | MIN 7S | MAX0.03 | MAXO0.80 | MIN TS
: TEST RESULTS :
: 71,37 + 3.79 | 1.7 ] 0.51 : -
‘ TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS _ X
FINENESS ' | i ~
MOISTURE LOSS ON PERMEAL:ILITV VARIATION LIME Rgo:::gE:ENT : ! e
s“‘;LE COMTENT IGNITION FINENESS Av::Aoc:‘s Ok :2::2;:: : INCREASE | ;Zi%':r'f
no. * % $Q CM/CC L opecEDING | oot N FLow |
(AVERAGE) ’ 0.4 | » L ’ S
REQUIREMENTS RS
MAX N
MA X MIN MAX MIN MIN | -~
_ 3.0 Prraios €500 , 20 900 o T ‘ ..
TEST RESULTS .:
0.16 0.60 Alkalids ' | Total as .
Available: | Na.0% i
= pa K
$i0.¢  44,51% K,0: 0.27% | -
R | Na-0: 0/33% 0.51 Y
Al Uqs  fU.3cA Water Sofuble | ]
Fe 0J: 5,96% |K,0: 0/001%Z o
23 2 ;
| ﬁnzn- 0.072% 0.071
Cal s 19.91% | | '
! ' Total Alkali ‘ 1 =
? 'wjnc 0l26% =
' o
avemace| —— NaTT—0l657T— 115
() APPLICABLE ONLY TO CLASS N LABORATORY CENENT USED -
b) OPTIONAL REQUIREMENT LABORATORY LIME USED
eoumncs:  Ref, ltr from TXI, Midlothian, TX dtd 4/5/78
This pozzolan blended with RC- ) to. N
Sample size approximately 4o s
Q.- W.G. :'..r
Chenmist o
Chi Br. 4
NOTE  THE INFORMATION GIVEN IN THIS RERORT SHALL NOT BE USED (N ADVERTISING OR SALES PROMOTION TO INDICATE EITHER
EXPLICITLY OR IMPLICITLY ENCORSEMENT OF THIS PRODUCT BY THE U. 5. GOVERMMENT. .
NG FORwW N0 .\
s 5000-R N
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