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SUMMARY AND CONCLUSIONS

Presented in this Part II of the Final Report are results of Phase III,
the final phase of a three-phase investigation on the properties of concrete
for prestressed concrete reactor vessels (PCRV's). This test program was
conducted at the University of California at Berkeley (UC) for the General
Atomic Company (GA), in accordance with GA Specification 900670, Issue B,
dated September 5, 1974. This third phase of the test program was concerned
with the creep characteristics of high-strength concrete under long-term loads
at temperatures up to 160 F and with the effects of thermal cycling and of
elevated temperature on strength and mechanical properties of the concrete.
Also determined were the thermal properties of the concrete, including adia-
batic temperature rise. Results of Phase I and II of the test program, con-
cerned with the evaluation of concrete-making materials and the development
of concrete mixes used in Phase III, were presented in Part I of the Final
Report, No. UC SESM 75-2, March 1975.

The two concrete mixes used in the creep studies contained either Berks
(Mix G-19, 7.5 scy) or York (Mix G-26, 8.0 scy) crushed stone coarse aggregate
of 1-1/2 in. maximum size, having 60-day compressive strengths of 7400 and
7620 psi, respectively. The same mixes were also used in other tests of Phase
IIT with the exception of a York concrete (Mix G-25, 7.5 scy) having a 60-day
strength of 7210 psi which was used in the thermal cycling phase of the test
program. These strengths satisfy the requirement for PCRV concrete which has
a specified strength of 6500 psi at age 60 days.

The creep study was made on Berks and York concretes at thirteen test
conditions, identical for both concretes, which included loading sealed creep
specimens to a 30 percent stress level at ages 28, 90, and 270 days at temper-
atures of 73, 110, and 160 F, and to a 45 and 60 percent stress level at age 90
days at temperatures of 73 and 160 F. Also tested at these test conditions
were control specimens used for determining the autogenous volume change,
drying shrinkage, and compressive strength of the concrete. The observed
creep characteristics of the Berks and York concretes at the various test con-
ditions were consistent with each other, with Berks concrete having somewhat
higher total strains (elastic and creep strains).

The effect of temperature on the creep of concrete was to increase the
total strain at the higher temperatures. Specimens under stress for one year



at 110 F at the 30 percent stress level had about 1.3 times the total strain
of corresponding specimens tested at 73 F for all three ages of loading. At
160 F, the 30 percent stress level specimens loaded at 28 days had about 1.6
times and those loaded at 90 or 270 days had 2.1 times the total strain of the
corresponding 73 F specimens after one year under load. Specimens loaded at
160 F to the 45 or 60 percent stress levels at age 90 days had a total strain
about 2.2 times that of the corresponding specimens at 73 F.

The effect of the age at which specimens were loaded on the creep of
concrete was the greatest for the early ages of loading and the 73 F temper-
ature. The largest increase in total strain above that of the 270-day loaded
specimens (about 1.3 times) occurred in concretes loaded at 28 days at 73 F.

At 110 and 160 F, this average factor ranged from 1.0 to 1.1 for the 28 and
90-day ages of loading.

The effect of applying a greater level of stress on the concrete specimens
was to increase the total strain per psi of applied stress. This total strain,
after one year under stress at 73 F at the 45 and 60 percent stress levels, was
about 1.05 and 1.2 times the strain of the 30 percent stress level specimens,
respectively. At 160 F, the factor was 1.2 for the 45 percent and 1.3 for the
60 percent stress levels.

The actual applied stresses on the nominal 60 percent stress level speci-
mens at 160 F were 4200 psi for Berks and 4250 psi for York concrete. These
applied stresses, which were based on the 73 F strength, when expressed as a
percentage of the concrete compressive strength at 160 F, corresponded to a
70 and 77 percent stress level for the Berks and York concrete, respectively.
The concretes are satisfactorily sustaining these high constant stress values
at 160 F after more than two years under load.

The effect of subjecting the concretes to one year of sustained stress at
73 or 110 F on their compressive strength and modulus of elasticity was negli-
gible. Since the 160 F controls are still under observation, no comparison can
be made of the 160 F creep specimen strengths with those of controls. However,
the 160 F creep specimens tested to date had a somewhat lower strength and
modulus of elasticity than the 73 or 110 F creep specimens.

The autogenous length change of both Berks and York concretes was about
the same, being a contraction of the order of magnitude of 50 to 125 micro-
strains. Drying shrinkage strains of unsealed control specimens leveled off
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at the 400 to 600 micro-strain range, independent of the age at which the
specimens were subjected to drying at the test temperatures of 73, 110, or
160 F. The compressive strength of these unsealed drying shrinkage control
specimens was about 20 percent lower than that of the sealed controls at the
end of the creep phase of testing.

Thermal cycling of sealed concretes from one to five 73-160-73 F temp-
erature cycles commencing at age 90 days had no significant effect on their
compressive strength, modulus of elasticity, splitting tensile strength, or
Poisson's ratio. The linear coefficient of thermal expansion for the five
cycles was 5.8 (x 10-° per °F) for Berks and 5.3 for York concrete.

The adiabatic temperature rise, determined only for Berks concrete, was
100 F during the 25 days of adiabatic curing. The initial temperature of the
concrete was 48.6 F, and about 70 percent of the temperature rise occurred
during the first 36 hours. The specific heat of the Berks and of the York
concretes was about 0.25 Btu/1b/F, and the diffusivity was about 0.51 ft2/hr.

The effect of testing at elevated temperature on compressive strength
of sealed concretes was to yield strengths lower than those obtained when>
testing at 73 F. The strengths were from 3 to 11 percent lower at 110 F and
from 11 to 22 percent lower at 160 F. Curing specimens at elevated tempera-
ture (up to 160 F) had the effect of increasing the compressive strength of
the concrete with age.

In summary, the observed properties of both the Berks and York concretes
can be considered satisfactory for use in a PCRV.
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PCRV Test Program - Phase III
CREEP AND STRENGTH CHARACTERISTICS OF CONCRETE AT ELEVATED TEMPERATURES

April, 1976

1. INTRODUCTION

Presented in this Final Report - Part II are the results of Phase III,
the final phase of a three-phase investigation on the properties of concrete
for prestressed concrete reactor vessels (PCRV's). Phase III primarily
covered the creep characteristics of high strength concrete subjected to
long-term sustained constant stress levels at elevated temperatures of up
to 160 F, and the effects of thermal treatment on the properties of concrete.
Results of Phases I and II, covering material evaluation and development of
concrete mixes used in this Phase III, are given in Report No. UC SESM 75-2,
entitled "Study of Concrete Properties for Prestressed Concrete Reactor
Vessels, Final Report - Part I," March 1975. Final results for creep tests
still in progress will be given approximately one year from now in an
addendum to this Final Report. Al1 tests in this investigation were carried
out at the University of California at Berkeley (UC) for the General Atomic
Company (GA) under PO 418058, following the test program given in GA
Specification 900670, Issue B, dated September 5, 1974.

2. OBJECTIVE

The objective of this investigation was to develop concrete mixes
having the strength and physical properties required by the design and
construction specifications for PCRV's. Specifically, this investigation
was to confirm the concrete properties used by GA in their design of the
PCRV's for the Fulton Generating Station (Philadelphia Electric Company)
and for the Summit Power Station (Delmarva Power and Light Company).
Although both of these projects were cancelled in the Fall of 1975, GA
decided to complete the test program and to apply these results to the
design of future PCRV's.



3. TEST PROGRAM, TEST PROCEDURES AND RESULTS REPORTED

3.1 Test Program -- The test program for the investigation was
divided into the following three phases:

Phase I - Materials' Selection and Evaluation
Phase II - Concrete Mix Development
Phase III - Concrete Long-Term Behavior

A complete description of the test program, summarizing the work done
in all three phases, is given in Appendix A. In Phase I, the concrete
making properties of three coarse aggregates, one fine aggregate, one
pdrt]and cement, and three brands of water-reducing and retarding admixture
were investigated. In'Phase II, concrete mixes were developed using
materials selected from Phase I tests to obtain the compressive strength
specified in the design of PCRV's. Phase III testing included the determi-
nation of long-term creep characteristics of two concrete mixes developed
in Phase II and the evaluation of the effect of thermal treatment on the
properties of concrete. Creep characteristics were investigated at selected
combinations of stress level, age at loading and temperature. The nominal
stress levels were 30, 45 and 60 percent of ultimate strength, the ages at
loading were 28, 90 and 270 days, and test temperatures were 73, 110 and
160 F. Thermal treatment included thermal cycling of specimens between 73
and 160 F for up to five cycles, adiabatic curing, prolonged curing at 160 F,
and testing of specimens for compressive strength at 73, 110 and 160 F.

3.2 Test Procedures -- The test procedures used in this investigation
are based on standard test methods which are described in Appendix B.
Included are procedures used for material preparation, mixing concrete,

determination of properties of fresh concrete, casting of specimens,
preparation and storage conditions of sealed and moist-cured specimens,
heating or cooling of specimens to test temperature and testing of specimens
for compressive strength, modulus of elasticity, Poisson's ratio, splitting
tensile strength, creep, autogenous length change, drying shrinkage, Tinear
coefficient of thermal expansion and thermal properties. Also included as
enclosures to Appendix B are UC methods of test for casting of creep
specimens, calibration of Carlson strain meters, and testing for creep and
thermal properties of concrete.



3.3 Results Reported -- The results reported in this Final Report -
Part II include a description of the materials and mixes used to cast the
Phase III specimens, the properties of hardened concrete including com-
pressive strength, modulus of elasticity, creep, autogeneous length change,

drying shrinkage and thermal properties, and the effect of thermal treatment
and thermal cycling on mechanical properties of concrete.

4. CONCRETE MATERIALS AND PROPERTIES OF MIXES USED IN PHASE III

Three concrete mixes, designated Berks G-19, York G-25, and York G-26,
were used to cast specimens in Phase III. The development of these mixes
was done in Phase II and previously reported in Final Report - Part I. The
concrete materials, mix proportions and properties of fresh and hardened
concrete for these three mixes are summarized in Subsections 4.1 to 4.3.

4.1 Concrete Materials -- The following portland cement, fine aggregate,
coarse aggregates and admixtures, identified by their brand name or source
and the name of their producer, were used in Phase III of this test program:

Portland Cement: Medusa Type II, Low-alkali, Medusa Portland
Cement Company, York, Pa.

Fine Aggregate: Belvedere quarry of Mason-Dixon Sand & Gravel,
Perryville, Md., a Division of York Building
Products, York, Pa.

Coarse Aggregates: 1) York quarry of York Stone & Supply Co, York, Pa.

2) O0ley quarry of Berks Products Corp., Reading, Pa.

Admixtures: 1) Daratard 40, W. R. Grace & Co., Cambridge, Mass.
2) Pozzolith 300R, Master Builders, Cleveland, Ohio.

Numerous shipments of cement, aggregate and admixture were received
over a two-year period as the test program progressed. To ensure uniformity
and a sufficient quantity of concrete materials for making specimens through-
out Phase III, several of these shipments of a given material were blended
prior to the start of Phase III. A brief description of the properties of
materials used in Phase III is given below. Material properties for each
shipment received are given in Final Report - Part I.

4.1.1 Cement -- Two shipments of Medusa Type II cement, designated
shipments "A" and "B", were batched in a 1:1 proportion to assure a uniform
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amount of each shipment in every concrete batch of Phase III. The chemical
composition and physical properties for these two shipments are given in
Table 1. Mill reports provided by the manufacturer are given in Appendix D.
As reported in Final Report - Part I, the strength-gaining characteristics
of shipment B cement were superior to those of shipment A, due primarily to
a difference in chemical composition. UC recommended that a cement having
similar characteristics to those of shipment B be used in the construction
of the PCRV's; however, in order to obtain conservative test results, GA
decided to use the 1:1 blend of the two shipments in this phase of the
investigation.

4.1.2 Fine Aggregate -- A blend of three shipments of Mason-Dixon
natural éand was used in all of the concrete mixes of Phase III. There were
no significant differences in properties between the shipments. This blended
sand had a fineness modulus of 2.87, a specific gravity of 2.63 and an
absorption of 0.8 percent. The gradation of the sand complied with ASTM C 33
and is given in Table 2. Results of a petrographic examination, Appendix D,

indicate that the sand is composed of angular particles of quartz and does
not contain any deleteriously reactive substances.

4,1.3 Coarse Aggregate -- Two crushed stone coarse aggregates, Berks
and York, were used in the concrete mixes of Phase III. The aggregates were
batched in two sizes, ASTM C 33, size #67 (3/4 in. to No. 4) and ASTM C 33,
size #4 (1 1/2 to 3/4 in.). The combined gradations of Berks and York
aggregates, as used in Phase III, complied with ASTM C 33, size #467 and are
given in Table 2. Both aggregates were a blend of three shipments and had
similar properties. The specific gravity was 2.75 and the absorption was
0.5 percent. Results of the petrographic examination, Appendix D, indicate
that both aggregates are composed of calcitic dolomites and dolomitic lime-
stones suitable for PCRV construction but that the dolomite content and
texture of both aggregates are similar to those known elsewhere to be
potentially reactive with cement alkalies. A discussion by GA on the
potential reactivity of these aggregates, in Appendix D, concludes that the
aggregates will not cause deleterious expansions in the PCRV concrete.

4.1.4 Admixtures -- Two brands of Type D (ASTM C 494) water-reducing
and retarding admixture, Daratard 40 and Pozzolith 300R, were used in Phase



III. The shipments of Daratard 40 and Pozzolith 300R are identified by
their receipt dates, 4/27/73 and 4/9/73, respectively.

4.2 Mix Proportions and Properties of Fresh Concrete -- The specified
compressive strength of the PCRV concrete was 6500 psi at age 60 days, and
GA specified that the Tlaboratory mix developed for use in the construction of
the PCRV should attain a 60-day moist-cured cylinder strength of at least
7700 psi. As reported in Part I of the Fina1'Report, mixes Berks G-19 and

York G-25 met this requirement when shipment B cement was used (producing
60-day compressive strengths of 8190 and 7990 psi, respectively) and were
thus initially selected for use in Phase III tests. However, when the blend
of shipments A and B cement was used in the same mixes, the 60-day compres-
sive strengths were only 7400 and 7210 psi, respectively.

After evaluation of the strength data, GA decided to use mix G-19 for
all Berks specimens of Phase III, mix G-25 for York thermal cycling specimens
of Phase III(c) and mix G-26 for all other York specimens of Phase III. Mix
G-26 had produced a 60-day compressive strength of 8530 psi with shipment B
cement and 7620 psi with the 1:1 blend of shipments A and B. It was felt
that the use of these mixes was justified since concrete having compressive
strength somewhat below 7700 psi would produce conservative test results
with respect to lTong-term properties of PCRV concrete.

A1l three mixes, Berks G-19, York G-25, and York G-26, were proportioned
to produce a concrete of good workability, having a 4 1/2 + 1/4 in. slump.
The concrete materials were cooled prior to mixing to obtain freshly mixed
concrete having a temperature of 50 + 3 F. The mix proportions and properties
of fresh concrete used to cast the Phase III specimens are given in Table 3
for the Berks concrete and in Table 4 for the York concretes. A summary of
the mix proportions and properties of fresh concretes for the three mixes
is given in the tabulation on.the following page. Prior to PCRV construction,
these mixes should be verified and, if necessary, adjusted in the field using
full batches and the equipment selected for production of PCRV concrete.

It should be mentioned that prior to casting of Phase III specimens,
mix Berks G-19 was tested by GA for pumpability in a full-scale field test.
The mix had good workability and pumped well with a slump as Tow as 2 1/2-in.
through a 5-in. I.D. steel line.



MIX PROPORTIONS AND PROPERTIES OF SELECTED MIXES - PHASES II(c) AND III
Berks G-19 York G-25 York G-26

I. Mix Proportions, lbs/cy

Cement, Medusa Type II 706 703 756
Water (Incl. Admixture) 269 270 290
Sand, Mason-Dixon 1224 1210 1249
C.A., 3/4 in. to No. 4 887 1004 993
C.A., 11/2 to 3/4 in. 952 813 - 804
Total 4038 4000 4092
Admixture Daratard 40 Pozzolith 300R

8.0 f1.0z./100 1bs 3.5 f1.0z./100 1bs

II. Properties of Fresh Concrete

Cement Content, scy 7.5 7.5 8.0
Water-Cement Ratio, by wt. 0.381 0.384 0.384
Slump, in. 4 1/2 4 3/4 4 1/4
Air Content, % 4.5 4.9 2.2
Temperature, F 50 50 50
Unit Weight, pcf 149.6 148.2 151.6
Sand Content, % by wt. 40 40 41

4.3 Properties of Hardened Concrete - Selected Mixes -- The properties

of hardened concrete for mixes Berks G-19, York G-25, and York G-26

were determined in Phase II(c) of the test program and were reported in the
Final Report - Part I. These test results will be referred to in this Final
Report - Part II as those of the selected mixes. Phase II(c) selected mix
values of compressive strength, modulus of elasticity, Poisson's ratio,
splitting tensile strength and percentage of coarse aggregate fractured,

for both sealed and moist-cured 6 by 12-in. concrete specimens cured and
tested at 73 F, are given in Table 5 for Berks G-19 concrete and in Table 6
for York G-25 concrete. Compressive strength, modulus of elasticity and
Poisson's ratio for York G-26 concrete are given in Table 7.

4.3.1 Compressive Strength -- The compressive strength of the three
selected concretes are summarized in the tabulation on the following page.

As already stated in Subsection 4.2, the moist-cured 60-day strengths are
somewhat below the 7700 psi mix design strength desired for construction,
but well above the specified strength of 6500 psi.



COMPRESSIVE STRENGTH OF SELECTED CONCRETE MIXES, PSI

Sealed Specimens Moist-Cured Specimens
Berks York York Berks York York
G-19* G-25 G-26* G-19* G-25 G-26*
Age,
‘days 7.5 scy** 8 scyt 7.5 scy** 8 scyt
7 5230 4730 ceen 5230 4730 5060
28 6590 6280 6280 6560 6570 6660
60 7180 6820 6780 - 7400 7210 7620
90 7510 7180 7200 7960 7630 8030
180 7790 7600 ceee 8200 8190 ceen
270 8220 7730 8200 8430 8430 8900
365 8400 8080 ceee 8850 8680 9130
730 8930 8670 cees 9650 9380 9500

*Selected mixes for casting of Phase III creep specimens.
**Daratard 40 admixture.
tPozzolith 300R admixture.

Shown in Figures 1 and 2, for Berks G-19 and York G-26, respectively,
are compressive strength curves for the sealed and moist-cured concrete
specimens. A comparison of percent gain in compressive strength above the
60-day strength of Berks G-19, York G-25, and York G-26 concretes is given
in the following tabulation:

PERCENT GAIN IN COMPRESSIVE STRENGTH OF CONCRETE AFTER AGE 60 DAYS

Sealed Specimens Moist-Cured Specimens

Berks York York Berks York York

G-19 G-25 G-26 G-19 G-25 G-26
Age,
days 7.5 scy* 8 scy** 7.5 scy* 8 scy**
60 7180 psi 6820 psi 6780 psi 7400 psi 7210 psi 7620 psi
90 5 5 6 8 6 5
180 8 1 .. ' 11 14 ...
270 14 13 21 14 17 17
365 17 18 .. 20 20 20
730 24 27 .. 30 30 25

*Daratard 40 admixture.
**Pozzolith 300R admixture.



The 730-day compressive strength of sealed concretes increased by
about 25 percent over the 60-day strength while for moist-cured concretes
this increase was about 28 percent.

4.3.2 Modulus of Elasticity -- The moduli of elasticity for the
three selected concretes, obtained on moist-cured specimens, are
summarized in the following tabulation:

6

MODULUS OF ELASTICITY OF SELECTED MOIST-CURED CONCRETES, E x 10~ PSI
Berks York York
G-19 G-25 G-26
Age,
days 7.5 scy 8 scy
28 6.3 6.0 6.0
60 6.3 6.0 6.1
90 6.4 6.2 6.4
270 6.5 6.1 6.3
730 6.5 6.4 6.5

It will be noted in Tables 5, 6, and 7 that the modulus of elasticity of

6

sealed specimens was about 0.2 x 10° psi lower than the modulus of cor-

responding moist-cured specimens.

4.3.3 Splitting Tensile Strength -- The splitting tensile strength

up to age 730 days for the Berks G-19 and York G-25 concretes are summarized
in the following tabulation along with the tensile strength expressed as a
percentage of the corresponding compressive strength.

SPLITTING TENSILE STRENGTH OF SELECTED CONCRETES, PSI

Sealed Specimens, 7.5 scy Moist-Cured Specimens, 7.5 scy
Berks G-19 York G-25 Berks G-19 York G-25
Tens. % of Tens. % of Tens. % of Tens. % of
Age, Str. Compr. Str. Compr.  Str. Compr.  Str. Compr.
days ~ _psi Str. psi Str. psi Str. psi Str.
7 480 9 470 10 520 10 510 11
28 645 10 550 9 550 8 610 9
60 630 9 640 9 630 9 710 10
90 630 8 680 9 690 9 700 9
180 660 8 645 8 680 8 730 9
270 715 9 760 10 730 9 760 9
730 725 8 680 8 790 8 760 8



The tensile strength for moist-cured and sealed concretes cast from
Berks G-19 and York G-25 mixes averaged to be about 9 percent of the com-
pressive strength of corresponding specimens. The percentage of coarse
aggregate fractured for both of the mixes averaged about 65 percent, with
highest percentages observed for the 730-day tests.

5. CREEP CHARACTERISTICS OF CONCRETE - PHASES III(a) AND III(b)

Creep characteristics of concrete were determined using mixes Berks
G-19 and York G-26. The test conditions, identical for both Berks and York
concretes, included the determination of total strains of sealed concrete
subjected to sustained constant stress, autogenous length changes of sealed
concrete, drying shrinkage strains of unsealed concrete, and the compres-
sive strength of concrete at loading ages and test temperatures corresponding
to creep test conditions. This series of tests satisfies the test conditions
described in Appendix A for Phases III(a) and III(bh).

5.1 Test Conditions -- The creep of concrete was determined under

thirteen combinations of temperature, applied stress level and age at
lToading. These test conditions, identical for both Berks and York concrete,
are described in Appendix A and are summarized in the following tabulation:

CREEP TEST CONDITIONS

Temperature, Nominal Stress Level, Age at Loading,
F % of Ult. Strength days
73 - 30 28, 90, 270
73 45, 60 90
110 30 28, 90, 270
160 30 28, 90, 270
160 45, 60 90

The specimens tested at 110 and 160 F were cured at 73 F, alongside
specimens to be tested at 73 F, until five days prior to the age of loading.
The specimens were then heated to test temperature at a rate of 24 F per
day following the test procedure described.in Appendix B. A1l creep
specimens were at test temperature for a minimum of 24 hours prior to
their loading and remained within + 3 F of this temperature for the
duration of the creep test phase.



5.2 Creep Specimens and Their Controls -~ A total of 60 sealed 6 by

16-in. specimens were cast for each concrete, Berks G-19 and York G-26.

Of these 60 specimens, 39 were used for creep tests and 21 were used as
creep control specimens. Three creep specimens were subjected to a
constant applied stress at each of the thirteen creep test conditions. Of
the 21 control specimens, three were kept at 73 F and three each were
heated to 110 or 160 F alongside corresponding creep specimens prior to
the loading at 28, 90, or 270 days. After Toading the corresponding

creep specimens, one of the three controls was unsealed and used for
determination of drying shrinkage strains. The remaining two controls were
kept sealed and used for determination of autogenous length change. At

73 F, the two autogenous length change specimens were used as controls for
all three ages of loading because the specimens were not subjected to a
temperature change. The drying shrinkage specimen at 73 F was unsealed at
age 28 days.

The creep and control specimens were each instrumented with one embedded
4-in. gage Tength Carlson strain meter. Butyl rubber was used to seal all
specimens against moisture loss. The manufacturer's description of the
strain meter is included in Appendix B.

Creep specimens are inventoried in Tables 8, 9, and 10 for specimens
at 73, 110, and 160 F, respectively. The control specimens are inventoried
in Table 11. Individual specimens are identified by their Carlson meter
numbers and switching positions associated with the data acquisition system.
This switching position is referred to as channel number.

5.3 Creep Companion Compression Specimens -- A total of 45 sealed

6 by 12-in. compressive strength specimens were cast alongside the creep
specimens for each concrete, Berks G-19 and York G-26. These creep
companion compression specimens were used to determine the compressive
strength of the creep specimen concrete at age 7 days at 73 F and then at
each age of loading and temperature specified for the creep specimens, with
three companion specimens tested for each condition.

The creep specimens stressed to a nominal 30 percent of ultimate
strength thus had a total of twelve sets of companion compression
specimens cast for testing at 73, 110, or 160 F at age 7, 28, 90
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and 270 days. Creep specimens stressed to 45 and 60 percent had a total
of three sets of companion compression specimens cast, with two sets
tested at 73 F (7 and 90 days) and one set tested at 160 F (90 days).

The companion 6 by 12-in. specimens tested at 110 F and 160 F were heated
to the test temperature alongside the creep specimens at a rate not
exceeding 24 F per day.

The compressive strengths obtained for the Berks and York concrete
are given in Tables 12 and 13, respectively. A discussion of the effect
of test temperature on compressive strength of the concrete is given in
Section 8 and shows that the compressive strength decreases with increase
in test temperature.

5.4 Applied Stress Levels and Duration of Stress -- All creep

specimens were stressed to a nominal 30, 45 or 60 percent of the 73 F
ultimate strength of the concrete. The ultimate strength was determined
at the loading age of the creep specimens, specifically at 28, 90, or

270 days. For specimens stressed to a nominal 30 percent of 73 F ultimate
strength, two test pressures were used. These pressures were 2100 psi for
specimens loaded at age 28 or 90 days and 2400 psi for specimens loaded at
age 270 days. For specimens stressed to a nominal 45 or 60 percent stress
level, the applied stresses were 3200 and 4200 psi for Berks concrete and
3190 and 4250 psi for York concrete, respectively. The test pressures were
applied and maintained by hydraulic lToading systems which are described in
detail in Appendix B.

The effective stress level at a given age of loading and test
temperature was determined from the compressive strength of creep
companion compression specimens. The average compressive strength of
these companion specimens is given in Tables 12 and 13. Because the com-
pressive strength of the concretes tested at 110 and 160 F is lower than
when tested at 73 F (see Section 8), the effective stress level applied to
the concretes at these elevated temperatures is higher. The effective
stress levels for each test condition are summarized in the following
tabulation.
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APPLIED STRESS LEVEL ON CREEP SPECIMENS
(Percent of 73 F Ultimate Strength)

Age at . Applied Test Temperature, F
" Loading Stress, psi 73 110 160

I. 30 percent nominal stress level specimens

28 2100 33, 34* 34, 36 38, 39
90 2100 29, 30 31, 33 36, 36
270 2400 30, 30 33, 33 39, 38

II. 45 percent nominal stress level specimeéns

90 3220, 3190* 46, 45* -——- 54, 58

I1TI. 60 percent nominal stress level specimens

90 4200, 4250* 60, 60* - ———- 70, 77

*The first value shown is for Berks G-19 specimens and the second value
is for York G-26 specimens.

The effective stress level for specimens stressed to a nominal 30
percent of 73 F strength is increased by about 3 percentage points when
the specimens are stressed at 110 F and by about 8 percentage points when
stressed at 160 F. For specimens stressed to a nominal 45 and 60 percent
of the 73 F strength, the effective stress level at temperature of 160 F
is about 10 to 17 percentage points higher. The highest effective stress
level was 77 percent for York specimens stressed at 160 F to 60 percent
of the 73 F ultimate strength.

0f the twenty-six groups of creep specimens tested, nine groups are
still under observation and seventeen groups have been unloaded with all
subsequent testing completed. The specimens still under observation are
scheduled for unloading after approximately 1000 days under stress. All
unloaded specimens were under an applied stress for a minimum of 365 days.
The durations of applied stress are shown in Table 16.

5.5 Computer Output of Test Data -- The test data for creep and their
control specimens was recorded and reduced by means of a computerized data

acquisition system described in Appendix B. The computer output of test
data is presented in three basic forms; an individual output for each
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specimen, an averaging output for the three creep specimens at each test condi-
tion or for the two sealed control specimens (with data also shown for the
unsealed control specimen at the same test condition) and a summarizing output
of the averaged creep and sealed control specimen results for a given test
condition. The averaging and summarizing outputs are given in Appendix C with
only an example of an individual creep and control specimen output shown. The
individual outputs for all specimens have been given to GA under separate cover.
The information and data provided on each of the three basic outputs are sum-
marized at the beginning of Appendix C. The outputs include all meter constants,
description of test conditions, original data and the date they were taken,

age and time under load at time data were taken, total micro-strains from time
loading begins and from time after full load is applied, the total micro-strain
values divided by the applied stress, creep strains, autogenous value strains,
drying shrinkage strains, specific creep, and effective modulus of elasticity
(applied stress divided by total micro-strain after full load).

5.6 Total Strains in Concrete Under Applied Constant Stress -- The

strains discussed in this section are total strains in concrete subjected
to constant compressive stress and include elastic and creep strains as well
as autogenous length changes from the age of loading onward. A1l strains are
shown in the computer output in Appendix C. The 0, 1, 10, 100 and 365-day
total strains, from time of loading, are summarized in Table 14 for all 26
creep tests. The 0-day strains correspond to the loading strains. The total
strains versus age of concrete are shown in Figures 3 to 8. The 40-year
predictions (age 14,600 days) of total strain are given in Table 14 and were
obtained by straight Tine extrapolation of the log-log curves of total strain
per psi of applied stress versus time under stress, shown in Figures 9 to 15.

Three sealed 6 by 16-inch specimens were tested at each test condition.

. The consistency of strain readings between these three specimens is discussed
in the next subsection. This is followed by a discussion of total strains
and of total strains per psi of applied stress.

5.6.1 Consistency of Strain Readings -- The percent variation of each

specimen's strain from the average of the three specimens' strains for a given
test condition was calculated for all readings and used as a consistency check

-13-



for the data reported. This percent variation was computed with the aid of a
computer program. A sample output of the consistency check data is shown in
Appendix C, and the average individual specimen's percent variation from the
average is shown for all specimens in Tables 8, 9, and 10. The consistency
between specimens was considered good if all individual specimens showed strains
within 5 percent of the average. Of the 78 specimens under observation, 77

had strains within 5 percent of the average values reported and one specimen

had a 7 percent variation. The good consistency batween specimen strains can

be attributed to the meter calibration checks performed at UC, the care taken

in casting the specimens, and the determination of a specimen-meter factor

prior to loading and after unloading as discussed in Appendix B. The specimen-
meter factor is a calibration factor which correlates strains measured inter-
nally by the embedded meter with strains measured externally by a compressometer.
A discussion of the Carlson meter performance is included in Appendix C. In
general, the Carlson meter performed well at 73 and 110 F and fair at 160 F.
Several failures of the meter occurred at 160 F well within the calibrated

range of the meter. These failures were detected by an increase in meter resis-
tance which thus indicated incorrect high temperatures for the meter. No
readings are shown for meters after this increase in resistance occurred.

5.6.2 Total Strain in Concrete Loaded to the 30% Stress Level -- The
total strains of the Berks and York concretes loaded at 28, 90, and 270 days
to the nominal 30 percent stress level versus the age of concrete are shown
in Figures 4, 5, and 6 for test temperatures of 73, 110, and 160 F, respectively.
In general, the highest strains were obtained for concrete tested at the highest
temperature (160 F) and at the earliest age of loading (28 days). The effect
of temperature and of the age of loading on total strain in concrete are discus-
sed in Sections 5.8 and 5.9.

At 73 F (Figure 4) and 110 F (Figure 5) Berks and York concretes had
similar creep characteristics, with Berks concrete having slightly higher
strains. Total strains for the two concretes and three ages of loading after
365 days under constant compressive stress ranged from 680 to 825 micro-strain
at 73 F and from 918 to 1007 micro-strain at 110 F (Table 14). Forty-year
predictions for total strain at 73 F and 110 F ranged from 1100 to 1400 micro-
strain and 1600 to 1800 micro-strain, respectively. Included in these total
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strains are the elastic loading strains ranging from 340 to 404 micro-strain
for the two concretes at the two test temperatures and three ages of loading.

At 160 F (Figure 6) Berks concrete had higher strains than the York
concrete for a]]/three ages of loading. After 365 days under stress, the total
strain of Berks concrete was 1415 to 1558 micro-strain for the three ages of
loading and that of York concrete 1230 to 1425. Forty-year predictions of
total strain range from 3250 to 3600 for Berks and from 2650 to 3000 micro-
strain for York concrete. The elastic loading strains were about the same for
both concretes, ranging from 396 to 462 micro-strain.

5.6.3 Total Strains in Concrete Loaded at 90 days to the 30, 45, or
60% Stress Level -- The total strains in concrete loaded at 90 days to the
nominal 30, 45, or 60 percent stress levels versus the age of concrete are
shown in Figures 7 and 8. Figure 7 shows the total strains obtained at 73 F
and Figure 8 the total strains at 160 F. It should be noted that the strains
in Figure 8 are shown at half the scale to those of Figures 4 to 7. In
general, the total strains in both concretes at the 45 and 60 percent stress
levels were, respectively, about 1.6 to 1.9 and 2.4 to 2.8 times higher than

those at the 30 percent stress level. The highest increase in strain above

the 30 percent stress level strain occurred for York concrete loaded to the

45 and 60 percent stress levels at 160 F. Overall, Berks concrete had slightly
higher strains than did York concrete at both test temperatures and all three
stress levels. The effect of temperature and of stress level on total strains
of concrete are discussed in Sections 5.8 and 5.10, respectively.

At 73 F (Figure 7) total strains obtained after 365 days under stress at
the 30, 45, or 60 percent stress levels were 700, 1131, and 1654 micro-strain
for Berks concrete and 680, 1071, and 1667 micro-strain for York concrete,
respectively. The forty-year predictions of total strain in Berks and York
concretes (Table 14) loaded to the 30, 45, or 60 percent stress levels at 73 F
were 1100 to 1200, 1900, and 2600 to 2700 micro-strain, respectively.

At 160 F (Figure 8) total strains obtained after 365 days under stress at
the 30, 45, or 60 percent stress levels were 1558, 2713, and 3868 micro-strain
for Berks concrete and 1320, 2505, and 3757 micro-strain for York concrete,
respectively. The forty-year predictions of total strain at 160 F were 3300,

-15-



6100, and 9550 for Berks concrete and 2700, 4750, and 7300 micro-strain for
York concrete at the 30, 45, and 60 percent stress levels, respectively. The
9550 micro-strain prediction of total strain in Berks concrete loaded to the
60 percent stress level at 160 F appears high and could only be confirmed by
tests over a longer period of time using instrumentation capable of measuring
large strains,

5.7 Total Strain Per Unit of Applied Constant Stress -- The total strain
per psi of applied constant stress was obtained by dividing the measured total

strains discussed in Section 5.6 by the applicable applied stress given in
Section 5.4, A1l total strains per psi are shown in the computer output in
Appendix C. The 0, 1, 10, 100, and 365-day values are given in Table 15 for

all 26 creep test conditions. The total strain per psi of applied stress of
concrete versus age are shown in the log-log curves of Figures 9 to 15.

The 0-day strains per psi correspond to the loading strains per psi in Table 15
and are shown as the 1-day (age zero plus one day to facilitate log plot) values
in Figures 9 to 15. The discussion of total strain per psi of applied constant
stress is included in the following sections on the effect of temperature, age
of loading, and applied stress level on total strain in concrete.

The forty-year predictions (age 14,600 days) for total strain per psi are
given in Table 14 and were obtained by straight line extrapolation of the
curves in Figures 9 to 15. For Berks and York concretes loaded to the 30
percent stress level, these predicted total strains per psi at the three ages
of loading ranged from 0.43 to 0.66 at 73 F, from 0.71 to 0.81 at 110 F, and
from 1.25 to 1.56 at 160 F.

5.8 Effect of Temperature on Total Strain of Concrete -- The effect of
temperature (73, 110, and 160 F) on total strain of concrete per psi of applied
constant stress is shown in Figures 9,.10, and 11 for concrete loaded to a

nominal 30 percent stress level at 28, 90, and 270 days, respectively, and in
Figure 12 for concrete loaded to a nominal 30, 45, or 60 percent stress level
at 90 days. As can be observed from the curves in these figures, the total
strain per psi of applied stress increases with increase in temperature. This
is true for all ages of loading and applied stress levels.
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For concrete loaded to the nominal 30 percent stress level (Figures 9 to
11), the effect of temperature increase on total strain varied slightly for
Berks and York concretes. The increase of strains at 110 and 160 F above the
strains at 73 F are shown in the following tabulation for 10 and 365 days under

stress.
EFFECT OF TEMPERATURE ON TOTAL STRAIN OF CONCRETE LOADED
TO THE 30 PERCENT STRESS LEVEL
Age of Total Strain/psi  Strain Factors (based on 73 F)*
Days Under Loading, 73 F 110 F 160 F

Stress days Berks  York Berks York Berks York
28 0.260 0.251 1.12  1.27 1.23 1.24

10 90 0.219 0.218 1.25 1.1 1.57 1.50

270 0.200 0.200 1.25 1.38 1.65 1.59

28 0.393 0.372 1.17  1.25 1.72 1.58

365 90 0.333 0.324 1.32  1.35 2.23  1.94

270 0.298 0.29 1.44 1.42 2.23 2.01

~*Strain per psi at 110 or 160 F is obtained by multiplying the strain
factor by the 73 F strain per psi.

At 110 F Berks concrete tended to have lower strain per psi factors than
York concrete. At 160 F the strain per psi factor for Berks concrete increased
at a faster rate than it did for the York concrete. On the average, the increase
in strains at 110 F was about 1.3 times the strain at 73 F for both concretes.
At 160 F greater differences were obtained dependent upon age of loading and
time under stress. After ten days under stress, the increase in strains at 160 F
was about 1.5 times the strain at 73 F and after 365 days under stress, ranged
from 1,58 to 2.30 times the strain at 73 F. The effect of age of loading is
discussed in Section 5.9.

For concretes loaded to the nominal 45 or 60 percent stress levels at age
90 days (Figure 12), the increase in total strains per psi at 160 F above the
73 F values are shown in the following tabulation for ages 10 and 365 days.
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EFFECT OF TEMPERATURE ON TOTAL STRAIN OF CONCRETE LOADED
TO THE 45 OR 60 PERCENT STRESS LEVEL AT 90 DAYS

Total Strain per psi Strain Factors (based on 73 F)*
Days Under 73 F, 45% 73 F, 60% 160 F, 45% 160 F, 60%
Stress Berks York Berks York Berks  York Berks  York
10 0.235 0.227 0.265 0.274 1.55 1.81 1.82 1.92
365 0.351 0.336 0.394 0.392 2.40 2.34 2.34 2.26

*Strain per psi at 110 or 160 F is obtained by multiplying the strain
factor by the 73 F strain per psi.

At 160 F after 10 days under stfess, Berks concrete had considerably lower
strain per psi factors than did the York concrete, but after 365 days under
stress, Berks concrete had the higher factors. A similar trend was also
observed for concrete loaded to the 30 percent stress level. The effect of
stress level on total strain per psi is discussed in Section 5.10.

5.9 Effect of Age of Loading on Total Strain of -Concrete -- The effect of
age of loading (28, 90, and 270 days) on total strain of concrete per psi
applied constant stress is shown in Figures 13, 14, and 15 for concretes loaded
at 73, 110, and 160 F, respectively. As can be observed from the curves in
these figures, the age of loading has the greatest effect on total strain per
psi at 73 F and considerably less effect at 110 and 160 F. Using the 270-day
age of loading values as the basis for comparison, the increase in strains per
psi for concretes loaded at 28 and 90 days is shown in the following tabulation
for 10 and 365 days under stress.

EFFECT OF AGE OF LOADING ON STRAIN OF CONCRETE

Total Strain/psi  Strain Factors (based on 270 days)*

Days Under Temp., - 270-day 28-day 90-day
Stress F Berks York Berks York Berks York
73 0.200 0.200 1.30 1.26 1.10 1.09
10 110 0.250 0.275 1.17  1.16 1.10 1.04
160 0.329 0.318 0.97 0.98 1.04 1.03
73 0.298 0.296 1.32 1.26 1.12 1.09
365 110 0.429 0.420 1.07  1.11 1.03 1.04
160 0.663 0.594 1.02 0.99 1.12 1.06

*Strain per psi at 28 or 90 days is obtained by multiplying the strain
factor by the 270-day strain per psi.
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The effect of the age of loading on total strain of concrete is minimized
as the age of Toading increases and as the temperature at which the stress is
applied increases. The greatest increase in strain per psi above the 270-day
Toading values occurred in concretes loaded at 28 days at 73 F (average factor
of 1.29). For concretes loaded at 28 days at 110 and 160 F, the average
factors were 1.13 and 0.99, respectively. For concretes loaded at 90 days at
73, 110, or 160 F, the average factor was 1.07. When comparing the strain
factors for 10 and for 365 days under stress, the period under load appears to
have little effect on these factors.

5.10 Effect of Stress Level on Total Strain of Concrete -- The effect of
stress level (30, 45, or 60 percent) on total strain of concrete per psi applied
constant stress can be observed in Figure 12 for concretes loaded at 90 days at
73 or 160 F. Using the 30 percent stress level values as the basis for compari-
son, the increase in strain per psi for concretes stressed to the 45 and 60
percent stress levels is shown in the following tabulation for 10 and for 365
days under stress.

EFFECT OF STRESS LEVEL ON TOTAL STRAIN OF CONCRETE
LOADED AT AGE 90 DAYS

Strain Factors

Total Strain/psi (based on 30% stress level)*
Days Under Temp., 30% 45% 607%
Stress F Berks  York Berks York Berks York
10 73 0.219 0.218 1.07 1.04 1.21  1.26
160 0.343 0.326 1.06 1.26 1.40 1.62
365 73 0.333 0.324 1.05 1.04 1.18 1.21
160 0.742 0.629 1.13  1.25 1.24 1.4

*Strain per psi for the 45 or 60% stress level is obtained by multiplying
the strain factor by the 30% stress level values of strain per psi.

At 73 F the effect of applying an increased level of stress on total strain
per psi was about the same for Berks and York concrete, with the period under
Toad having no significant influence. The strains per psi factor were about
1.05 and 1.21 for the 45 and 60 percent stress levels, respectively.
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At 160 F the effect of applying an increased level of stress was less
for Berks concrete than for York concrete. For the 45 percent stress level,
the strain per psi factors were about 1.09 for Berks and 1.26 for York
concrete. For the 60 percent stress level, the strain per psi factors varied
in the period under load, being higher during the early period under load, as
shown in the above tabulation.

5.11 Effect of Heating on Strain of Concrete under Stress -- Berks
concrete stressed at 73 F to the nominal 30 percent stress level at age 270
days was subjected to 110 F at age 544 days while the constant applied stress
level of 2400 psi was continuously maintained. The concrete was thus under
stress at 73 F for 273 days and then under stress at 110 F for 92 more days
at which time it was unloaded (age 636 days). The total strains for this
Berks concrete are shown in Figure 4 and the strains per psi are shown in
Figures 11 and 13. A considerable increase in strains occurred due to this

increase in temperature. Prior to subjecting the concrete to 110 F, the total
strain after 273 days under stress at 73 F was 639 micro-strain (0.266 micro-
strain per psi). Then after the 92 days of applied stress at 110 F (a total
of 365 days under stress), the total strain was 889 micro-strain (0.370 micro-
strain per psi). Although the time under stress at 110 F was only 92 days,

it appears from Figure 11 that the strains per psi for this concrete heated to
110 F would have approached magnitudes of strain per psi similar to the
concrete tested continuously at 110 F.

5.12 Effect of Reducing the Applied Stress Level -- Berks concrete loaded
to the 45 percent stress level (3220 psi) at 160 F and York concrete loaded to
the 60 percent stress level (4250 psi) at 73 F had their applied loads reduced
to the 30 percent stress level (2100 psi) after 404 and 390 days, respectively.
The resulting total strains are given in the computer output in Appendix C and
are shown in Figure 8 for Berks concrete and in Figure 7 for York concrete.
Berks concrete was subjected to the reduced stress level (from 3220 to 2100 psi)
for 33 days, during which time the concrete had a creep recovery of about 40
micro-strains. York concrete was subjected to the reduced stress level (from

4250 to 2100 psi) for 28 days and had a net creep recovery of 54 micro-strains.
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5.13 Strain Recovery After Unloading -- Strain recovery was observed for

eleven of the seventeen groups of creep specimens unloaded at the time of this
final report. Total strains during recovery are given on the computer outputs
in Appendix C and are given for 0, 1, 10, and 90 days after unloading in Table
16. The 0 age total strain at recovery refers to the total strain at time of
initial zero stress during unloading. Also included in Table 16 are the
applied stresses, durations of stress in days, total number of days recovery
was observed, and the total strain prior to unloading.

The strains during recovery are shown in Figures 3 to 8 with the strain
recovery values summarized in the following tabulation. '

STRAIN RECOVERY AFTER UNLOADING

Age at Applied Duration Strain, micro-strain
Loading, Stress, Recovery of Stress, Unload Days of Recovery
days ~ psi Temp., F days 1 10 90

I. Berks Concrete

28 2100 110 487 315 37 63 93
90 2100 110 425 313 39 68 98

2100 160 398 384 53 90 172
90 3220 73 404 467 71 110 163
90 4200 73 404 639 87 140 21
270 2400 (73),* 110 365 370 54 73 e

2400 110 398 362 49 84 136

II. York Concrete

28 2100 73 459 3N 3 59 101
90 2100 110 378 311 38 65 99
90  (4250),**2100 73 418 347 60 97 .-
270 2400 73 365 364 21 56 .-

*Under stress 273 days at 73 F and 92 days at 110 F.
**Under 4250 psi for 390 days and 2100 psi for 28 days.'

For the seven groups of specimens for which creep recovery at 73 or 110 F
was observed for a period of 90 days, about 39 percent of the 90-day creep
recovery occurred during the first day and 65 percent occurred within 10 days
after unloading, independent of the previbus applied stress level. At 160 F
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only one group's creep recovery was observed. This group had 31 and 52
percent of the 90-day creep recovery at 1 and 10 days, respectively, after
unloading.

5.14 Autogenous Length Change -- Seven sets of three sealed creep control
specimens were cast for Berks and for York concretes. The creep test condi-
tions for which the controls were used and the listing of all individual

controls are given in Table 11. Two of the three controls were kept sealed
and used to measure autogenous 1ength change. The third control was unsealed
and used to determine the drying shrinkage of the concrete as discussed in
Section 5.15.

The autogenous length changes, expressed in micro-strains, are given for
each control specimen in the computer.outputs in Appendix C and averaged for
the two controls in Table 17 at times of 0, 10, 100, 200, and 365 days after
the concrete reached test temperature. Also, the autogenous strains versus
age of concrete are shown in Figures 16, 17, and 18 for concretes under obser-
vation at 73, 110, and 160 F, respectively.

As can be observed from the curves in these figures, both concretes had
an autogenous contraction of about 50 to 125 micro-strains, except for the
175 micro-strain value obtained on the 110 F, Berks 90-day specimens, which may
indicate some loss of moisture. After reaching test temperatures of 110 and
160 F, the concretes had an initial autogenous expansion of about 50 micro-
strains after experiencing contraction while curing at 73 F. These autogenous
length changes are assumed to be also present in the concrete under load and
are thereby included in the total strains discussed in Section 5.7.

5.15 Drying Shrinkage of Unsealed Concrete -- Of the seven groups of
three sealed creep control specimens cast for Berks and York concretes, one of
the three controls was unsealed and used to determine the drying shrinkage
strains from the age of unsealing. The test temperatures and the ages of
unsealing corresponded to those of the creep tests (Table 18), except the Berks
concrete specimen at 160 F and the York concrete specimen at 110 F, scheduled
for unsealing at 90 days, were unsealed at 191 days. The relative humidity
was maintained at 50 percent in the 73 F room and averaged about 10 percent in
the 110 and 160 F rooms, where it was not controlled.
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The drying shrinkage strains of the unsealed concretes are given in the
computer outputs in Appendix C and are summarized in Table 18 for times 0, 1,
10, 100; 200, and 365 days after the removal of the sealing jacket. Also, the
drying shrinkage strains versus the age of concrete are shown in Figures 16,
17, and 18 for concretes at 73, 110, and 160 F, respectively. In general, the
drying shrinkage strains leveled off between 400 and 600 micro-strain for both
concretes for all test conditions, with the higher drying shrinkage strains
occurring at the higher temperatures. '

At 73 F (Figure 16), the drying shrinkage strains and the rate of drying
shrinkage were similar for both Berks and York concretes. The drying shrinkage
leveled off at about 400 micro-strains around age 300 days. The concretes were
unsealed at age 28 days. At 110 F (Figure 17) and 160 F (Figure 18), the
drying shrinkage for both concretes leveled off at about 400 to 600 micro-
strains.

6. THERMAL CYCLING OF BERKS AND YORK CONCRETES, PHASE III(c)

Berks G-19 and York G-25 concretes were thermally cycled from 73 to 160
to 73 F for up to five cycles. Both concretes were cast on the same day and
thereby cycled together. The thermal cycling of the concretes was started at
age 90 days with each of the 73 to 160 to 73 F cycles taking about 10 days to
complete. The final cycle was completed at age 140 days. The heating and
cooling procedures are given in Appendix B. The nominal temperature for a
typical thermal cycle versus time in hours is given in Figure B2, Appendix B.

The compressive strength, splitting tensile strength and elastic proper-
ties of the thermally cycled concretes were determined on sealed 6 by 12-in.
specimens at the end of each of the five thermal cycles. Results obtained for
the Berks and York concretes are given in Tables 19 and 20, respectively.
Strain and temperature measurements made during the five cycles on three Berks
and three York instrumented 6 by 16-in. sealed specimens are given in Tables
21 and 22, respectively. The resulting linear coefficients of thermal expan-
sion are given in Table 23, and the residual and cumulative thermal cycle
strains are given in Table 24.
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6.1 Thermal Cycle Temperatures -- The temperatures of eight constant-

temperature hold periods were calculated for each cycle from the six instru-
mented specimens using their Carlson meter readings. The average measured
temperatures for the five cycles are shown in the graphical representation of
the nominal thermal cycles in Figure B2, Appendix B, and are compared to the
nominal values in the following tabulation.

THERMAL CYCLE HOLD TEMPERATURES

Nominal Temperature, F: 73 95 110 135 160 135 110 95 73

Average Measured Temperature, F: 72 95 106 132 169 137 115 98 72
Time into cycle, hr: 0 24 46 71 126 151 174 196 230

6.2 Effect of Thermal Cycling on Compressive Strength and Elastic
Properties -- Compressive strength, modulus of elasticity, and Poisson's ratio
were determined on three Berks and three York thermal cycled specimens at the
end of each cycle at 73 F. Sealed control specimens continuously cured at 73 F
were tested at age 28 and 90 days and at the end of the second and fifth cycles.
The average values of compressive strength and modulus of elasticity at the end
of each cycle are given in Tables 19 and 20 and summarized in the following
tabulation.

EFFECT OF THERMAL CYCLING ON COMPRESSIVE
STRENGTH AND MODULUS OF ELASTICITY

Berks G-19 York G-25
Completion of Age, Control Cycled Control Cycled
Thermal Cycle days 73 F 73-160-73 F 73 F 73-160-73 F
I. Compressive Strength, psi
Prior to Cycling 90 7140 seee 7350 cees
Cycle 1 101 seee 7040 ceee 7390
Cycle 2 110 7540 6990 7610 7360
Cycle 3 120 cese 7270 ceee 7460
Cycle 4 129 coee 7320 s 7450
Cycle 5 140 7520 7440 7770 7550

II. Modulus of Elasticity (x10%), psi
Prior to Cycling 90 6.2

ces 6.1 ces
Cycle 1 101 XX 6.0 see 5.6
Cycle 2 110 6.3 6.1 6.1 5.8
Cycle 3 120 coe 6.0 cee 5.9
Cycle 4 129 XX 6.0 XX 5.9
Cycle 5 140 6.3 5.9 6.1 5.8

-24-



The results indicate that the compressive strength of both concretes was
reduced about 5 percent after two thermal cycles and only about 2 percent after
completion of five thermal cyc]es} The modulus of elasticity was reduced about
5 percent after the first cycle and remained stabilized at this reduced level
for the subsequent four cycles. Poisson's ratio, given in Tables 21 and 22
for Berks and York concretes, respectively, was not affected by this thermal
cycling.

6.3 Effect of Thermal Cycling on Splitting Tensile Strength -- Splitting
tensile strength was determined on three Berks and three York specimens at the
end of each cycle at 73 F. Sealed control specimens, continuously cured at
73 F, were tested at age 90 days and at the end of the second and fifth cycles.
The resulting splitting tensile strength and percent of coarse aggregate frac-
tured are given in Tables 21 and 22 for Berks and York concretes, respectively.
Average values of splitting tensile strength are summarized in the following
tabulation,

EFFECT OF THERMAL CYCLING ON SPLITTING
TENSILE STRENGTH, 73 - 160 - 73 F

Berks G-19 York G-25
Completion of Age, Control Cycled Control Cycled
Thermal Cycle days 73 F 73-160-73 F 73 F 73-160-73 F
Splitting Tensile Strength, psi
Prior to Cycling 90 660 cee 605 soe
Cycle 1 101 cee 535 oo 590
Cycle 2 110 625 625 670 655
Cycle 3 120 cee 630 cee 625
Cycle 4 129 oo 670 oo 610
Cycle 5 140 710 690 640 670

Results indicate that the thermal cycling had no significant effect on the
splitting tensile strength of these concretes.

6.4 Thermal Cycling Strains -- The strains and temperature measurements

made on the instrumented specimens during the eight-hold periods of each of
the five thermal cycles are given in Tables 21 and 22 for Berks and York con-
cretes, respectively. These strain and temperature measurements were then
used to compute the cumulative and residual strains and the linear coefficents
of thermal expansion due to thermal cycling. Results reported are based on
the average of three specimens, unless otherwise stated.
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6.4.1 Cumulative and Residual Strains -- The average cumulative and

residual strains for Berks and York concrete are given for each of the five
thermal cycles in Table 23. The cumulative strains in this table were
linearly normalized for the nominal temperature cycle using the temperatures
and strains given in Tables 21 and 22. The results for the five cycles are
summarized in the following tabulation along with the resulting cumulative
linear coefficients of thermal expansion.

AVERAGE CUMULATIVE STRAINS AND COEFFICIENTS OF THERMAL EXPANSION
FOR CYCLES 1 TO 5

Berks G-19 York G-25
Temperature Micro- Coeff. of Exp. Micro- Coeff. of Exp.
. _Range, F Strains per °Fx10-°® Strains per °Fx10-¢
73 to 95 125 5.7 115 5.3
73 to 110 205 5.5 185 5.0
73 to 135 340 5.5 310 5.0
73 to 160 520 6.0 500 5.7
73 to 160 to 135 360 5.8 330 5.3
73 to 160 to 110 220 5.9 200 5.4
73 to 160 to 95 130 5.9 125 5.7
Average : 5.8 5.3

The average cumulative coefficients of thermal expansion for Berks and
York concretes for five thermal cycles were 5.8 and 5.3 per °F x 10~%, res-
pectively.

Residual strains for Berks and York concretes are summarized in the
following tabulation.

RESIDUAL MICRO-STRAINS PER THERMAL CYCLE

Cycle No. Berks York
1 - 55 45
2 25 40
3 -5 0
4 10
5 10
Total 85 105
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For Berks concrete, 65 percent of the five cycle residual 85 micro-strain
occurred by the end of the first cycle and 94 percent by the end of the second
cycle. For York concrete, 43 percent of the five cycle residual 105 micro-
strain occurred by the end of the first cycle and 81 percent by the end of the
second cycle.

6.4.2 Linear Coefficient of Thermal Expansion -- Average values of the

linear coefficients of thermal expansion for the Berks and York concretes were
computed using values obtained in the five thermal cycles and are given in
Table 24. A comparison of the values of coefficients of thermal expansion
obtained for the different temperature ranges is given in the following tabu-
lation.

LINEAR COEFFICIENTS OF THERMAL EXPANSION, per °F x 107¢

Coefficient of Thermal Expansion

Temperature Range, Average of Cycles 1 to 5
F Berks G-19 York G-25
73 to 95 5.7 5.2
95 to 110 5.4 5.0
110 to 135 5.3 4.9
135 to 160 6.2* 5,5%*
160 to 135 6.1* 5.4%*
135 to 110 5.5 5.0
110 to 95 5.6 5.1
95 to 73 5.4 4.8

Averages based on results from three specimens, (*) indicates
results from two specimens, (**) indicates results from one
specimen.

In general the coefficients of thermal expansion for both concretes are
consistent in the temperature range between 73 and 135 F, both during heating
and cooling. There is a marked increase in the coefficient in the 135 to 160 F .
temperature range. It is in this range that some of the specimens were omitted
from the average because of inconsistent results. Overall the Berks concrete
has a linear coefficient of expansion which is about 0.5 x 107® higher than
that of the York concrete at all temperature ranges used in the thermal cycling.
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7.  THERMAL PROPERTIES OF BERKS AND YORK CONCRETES, PHASE III(d)

The thermal properties of concrete determined included adiabatic tempera-
ture rise, specific heat, and diffusivity. The adiabatic temperature rise was
determined only for Berks G-19 concrete. Specific heat and diffusivity were
determined on Berks G-19 and York G-26 concretes. The methods of test used
are described in Appendix B.

7.1 Adiabatic Temperature Rise -- The adiabatic temperature rise was
determined on one 27 by 30-in. specimen. The resulting temperatures are given
in Table 25 and plotted in Figure 19. The temperature and temperature rise at.

selected ages are given in the following tabulation.

ADIABATIC TEMPERATURE RISE OF BERKS G-19 CONCRETE

Time Elapsed, Temperature, Temperature Rise,

days F F

0 48.6 0

0.5 61.6 13.0

1 101.3 52.7

1.5 118.5 69.9

3 134.6 86.0

7 142.4 93.8

14 146.1 97.5
25 148.7 100.1

The temperature rise of the adiabatically cured Berks concrete was about
100 F in 25 days. More than 50 percent of the temperature rise occurred in the
first 24 hours and about 70 percent during the first 36 hours. This early age
temperature rise is given at one-hour intervals in the following tabulation.

EARLY AGE ADIABATIC TEMPERATURE RISE OF BERKS G-19 CONCRETE

Time Time Time Time
Elapsed, Temp., Elapsed, Temp., Elapsed, Temp., Elapsed, Temp.,

hrs. F hrs. F hrs. F hrs. F

0 48.6 10 58.3 19 86.4 28 108.4
1 49.8 11 59.8 20 89.8 29 110.0
2 50.8 12 61.6 21 93.0 30 111.3
3 51.6 13 64.9 22 96.1 31 112.8
4 52.1 14 67.3 .23 98.9 32 114.1
5 52.8 15 69.3 24 101.3 33 115.2
6 53.8 16 72.8 25 102.6 34 116.3
7 54.7 17 77.3 26 105.4 35 117.4
8 55.8 18 82.8 27 106.9 36 118.5
9 57.0 '

-28-



7.2 Specific Heat and Diffusivity -- Specific heat of concrete, Btu/1b/F,
is the amount of heat (Btu) required to raise the temperature of a unit mass
(1 1b.) of the concrete one degree (F). It was determined at two ages in the
temperature range of 70 to 100 F using one Berks and one York sealed 8 by 16-in.
specimen.

The diffusivity of concrete is an index of the facility with which the
concrete will undergo temperature change and is expressed as the rate at which
heat will diffuse or disperse in all directions (ft2/hr). It was determined
at two ages in the temperature range of 120 to 42 F using one Berks and one
York sealed 8-1/2 by 17-in. specimen.

Results of the specific heét and diffusivity tests for the Berks and York
concretes are summarized in the following tabulation.

SPECIFIC HEAT AND DIFFUSIVITY OF BERKS AND YORK CONCRETES

Berks G-19 York G-26
Specific Heat, Btu/1b/F 0.29* at 29 days 0.26 at 28 days

0.25 at 147 days 0.25 at 104 days

Diffusivity, ft?/hr 0.050 at 29 days 0.048 at 29 days
0.055 at 97 days 0.050 at 97 days
*high value

On the average the specific heat of the concretes was about 0.25 and
their diffusivity 0.051, which is within the range expected of a concrete mix
containing this dolomitic limestone aggregate.

8.  STRENGTH AND ELASTIC PROPERTIES OF PHASE IIT CONCRETES

The compressive strength and modulus of elasticity were determined for
sealed Berks G-19 and York G-26 concretes subjected to various curing and test
temperatures. The results, along with a discussion of the effects of curing
and test temperatures, are given in the following sections.

8.1 Compressive Strength at Various Curing and Test Temperatures --

Compressive strength was determined on sealed 6 by 12-in. specimens subjected
to the following curing and test temperatures: (a) creep companion specimens
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cured at 73 F and tested at 73, 110, or 160 F; (b) adiabatically cured speci-
mens tested at 73 F; (c) specimens cured at 73 F and then subjected to from
one to five thermal cycles between 73-160-73 F; and (d) specimens cured at 73 F
and/or 160 F and then tested at 73, 110, or 160 F. Compressive strength of
the 6 by 16-in. creep specimens and of their controls upon completion of creep
testing (discussed in Section 8.4) were also determined.

8.1.1 Effect of Test Temperature on Compressive Strength of Creep
Companion Specimens -- As discussed in Section 5, Berks and York sealed 6 by

12-in. creep companion specimens were tested for compressive strength at age
7 days and at each age of loading and test temperature used in the creep phase
of the test program.

A11 specimens were cured at 73 F. Specimens tested at 110 or 160 F were
heated to these test temperatures at a rate of not more than 24 F per day as
described in Appendix B.

The compressive strengths obtained for the Berks concrete are given in
Table 12 and Figure 1 and for the York concrete in Table 13 and Figure 2. A N
summary of average strengths obtained on specimens tested at 73, 110, and 160 F
is given in the following tabulation.

COMPRESSIVE STRENGTH OF CREEP COMPANION SPECIMENS, PSI

Age, Test Temperature, F
days 13 110 160
I. Berks G-19, 7.5 scy,
Daratard 40 7 4930
28 6270 6100 5550
90 7120 6710 5910
270 7900 7310 6130
IT. York G-26, 8.0 scy,
Pozzolith 300R 7 4850
28 6160 5770 5420
90 7070 6320 5650
270 7980 7270 6350

The 7-day compressive strength at 73 F was used as an early age quality
control check on concrete mixes used to cast the creep specimens and their
controls. The compressive strengths at 28, 90, and 270 days were used to
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determine the stress level applied to the creep specimens.

The effect of test temperature on compressive strength can be observed
from the curves of Figures 1 and 2 for Berks and York concretes, respectively.
The influence of testing at 110 or 160 F on compressive strength is given in
the following tabulation in which the results obtained at these temperatures
are compared to those obtained at 73 F.

EFFECT OF TEST TEMPERATURES ON COMPRESSIVE STRENGTH

Decrease in Compressive Strength
as Compared to Specimens Tested at 73 F

Age, Berks G-19 York G-26

days 110 F 160 F 110 F 160 F
28 3% 11% 6% 12%
90 6% 17% 11% 20%
270 7% 22% 9% 20%

The compressive strength of specimens tested at 110 F was reduced from
3 to 7 percent for Berks concrete and from 6 to 11 percent for York concrete
in comparison to corresponding specimens tested at 73 F. There was an even
greater reduction in compressive strength for the 160 F test temperature. At
160 F, Berks and York concrete had greater reductions which were on the average
for both concretes about 11, 18, and 21 percent when tested at 28, 90, and 270
days, respectively.

8.1.2 Effect of Adiabatic-Curing on Compressive Strength -- Twelve
sealed 6 by 12-in. specimens were cast with the adiabatic temperature rise

specimen reported on in Section 7 using Berks G-19 concrete. Six of the speci-
mens were cured adiabatically (48 to 146 F) for 14 days and then stored contin-
uously at 110 F. The specimens were tested at 73 F after being cooled from

110 F in two days just prior to testing. The adiabatic temperature rise is
shown in Figure 19 and individual temperature values are given in Table 25.

The remaining six specimens were cured at 73 F. The compressive strengths at
28 and 60 days were then determined on three specimens from each of the two
curing conditions. Results of these tests are given in Table 26 and the effect
of adiabatic curing on compressive strength is summarized in the following tab-
ulation.

-31-



EFFECT OF ADIABATIC CURING ON COMPRESSIVE STRENGTH

Age, Average Compressive Strength, psi Increase in Strength of
days Cured at 73 F  Adiabatic Cured Adiabatic Over 73 F Curing
28 6360 7160 12%
60 6930 7470 8%

The adiabatic-curing resulted in a 12 percent increase in the 28-day com-
pressive strength and an 8 percent increase in the 60-day strength in compari-
son to the strength of specimens cured continuously at 73 F.

8.1.3 Effect of Thermal Cycling on Compressive Strength -- The effects
of thermal cycling on compressive strength were discussed in Section 6.2 for
Berks G-19 and York G-25 concrete. After two 73-160-73 F thermal cycles
(cycling commenced after 90 days curing at 73 F), a drop of about 5 percent in
compressive strength was observed for both Berks and York concrete. At the

-end of five 73-160-73 F thermal cycles (age 140 days), a drop of 2 percent was
observed.

8.1.4 Effect of Prolonged Curing at 150 F on Compressive Strength --
Fifteen sealed 6 by 12-in. specimens were cast using Berks G-19 concrete to
determine what effect curing and then testing at 160 F had on compressive
strength. A1l specimens were initially cured at 73 F for 85 days, and then
nine of the specimens were heated to 160 F at a rate not exceeding 24 F per
day, reaching the 160 F temperature level at age 89 days. The remaining six
specimens were continuously cured at 73 F.

Of the nine specimens subsequently cured at 160 F, three specimens each
were tested to determine their 90, 180, and 270-day compressive strengths at
160 F after 1, 91, and 181 days of curing at 160 F, respectively. Of the six
specimens cured at 73 F, two specimens each were tested at 73 F at ages 90,
180, and 270 days. The compressive strength results are given in Table 26 and
are summarized in the following tabulation.
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EFFECT OF 160 F CURING ON COMPRESSIVE STRENGTH ~ BERKS G-19

160 F Curing History Test Compr. Strength, psi  Reduction in Strength
Temp., Age, Total days Age, Test Temperature at 160 F Compared
F days at 160 F days 160 F 73 F* to /73 F
73 0-85 ces .o cees ceee cee
73-135 86-88 cee .o cens cease vee
160 89-90 1 90 5640 6990 19%
160 90-180 91 180 6520 7400 12%
160 180-270 181 270 6700 7820 14%

*73 F specimens cured and tested at 73 F

The 90-day test results indicated a 19 percent reduction in the compres-
sive strength of specimens cured at 160 F for one day and then tested at
160 F in comparison to the strength ,of corresponding specimens cured and
tested at 73 F. This result is consistent with the reduction in the 90-day
compressive strength observed for the creep companion specimens tested at
160 F. After specimens were cured at 160 F for 91 and 181 days, their com-
pressive strengths were only 12 to 14 percent lower than that of corresponding
specimens cured and tested at 73 F. The compressive strength of the specimens
cured at 160 F for 181 days, 6700 psi, was about 8 percent higher than the
6130 psi, 270-day compressive strength of creep companion specimens tested at
160 F (Section 8.1.1) which had only one day curing at 160 F. This increase
in compressive strength was due to the increased rate of hydration at the
elevated temperature. Similar increases in relative compressive strength
after curing at elevated temperatures were observed for the adiabatically-
cured specimens (Section 8.1.2) and for the thermal cycling specimens subse-
quent to the second cycle (Section 6.2).

8.1.5 Effect of Test Temperature on Compressive Strength After Curing
at 73 or 160 F -- Fifteen sealed 6 by 12-in. specimens were cast using York
G-26 concrete to determine the effect of curing.at 73 F or 160 F and then
testing at 73, 110, or 160 F on their 270-day compressive strength. Al1l speci-
mens were initially cured at 73 F for 85 days. Then six of the specimens

remained at 73 F, while nine were heated to 160 F at a rate not exceeding 24 F |
per day, reaching the 160 F temperature level at age 89 days.

The six specimens at 73 F were cured at 73 F until age 265 days. Then
from age 265 to 270 days, two of the six specimens were kept at 73 F, two were
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heated to 110 F, and two were heated to 160 F. The nine specimens heated to
160 F remained at 160 F for 176 days (age 265 days). From age 265 to 270

days, three specimens were kept at 160 F, three specimens were cooied to 110 F,
and three were cooled to 73 F. At age 270 days all specimens were tested at
their respective temperatures (73, 110, or 160 F). The 270-day compressive
strengths are given in Table 27 and are summarized in the following tabulation.

270-DAY COMPRESSIVE STRENGTH OF CONCRETE TESTED AT 73, 110, and 160 F
AFTER CURING AT 73 and 160 F - YORK G-26

Curing Condition Compressive Strength, psi
Temp., Age, Test Temperature
F days 73 F 110 F 160 F
73 F Cured 73 0-265
Heating 265-269
Test Temp. 270 8250 7270 6360
160 F Cured 73 0-85
73 to 135 86-88
160 89-265
Cooling 265-269 .
Test Temp. 270 7610 7550 6940

The specimens cured and tested at 160 F had a 7 percent higher compressive
strength at 270 days (6940 psi) in comparison to specimens cured continuously
at 73 F and then brought up to 160 F for testing (6360 psi). These results <
again indicate that specimens tested at 160 F show a gain in compressive
strength if subjected to extended curing at 160 F and are consistent with the
results obtained for the Berks specimens discussed in Section 8.1.4.

The effect of curing and testing temperature on compressive strength is
shown in comparison to the compressive strength of specimens cured and tested
at 73 F in the following tabulation.
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EFFECT OF 73 and 160 F CURING ON 270-DAY COMPRESSIVE STRENGTH
AT TEST TEMPERATURES OF 73, 110, and 160 F

Reduction in Strength
in Comparison to Specimens
Cured and Tested at 73 F

Compressive Strength Test Temperature
at 73 F, psi 73 F 110 F 160 F
73 F Cured 8250 0% 12% 23%
160 F Cured ceee 8% 8% 16%

Specimens cured and tested at 73 F, and thus not subjected to a tempera-
ture change, had the highest compressive strengths, while specimens cured at
73 F and tested at 110 or 160 F showed greater reductions in strength than
specimens cured at 160 F and tested at 110 or 160 F.

The effect of test temperatures on compressive strength of the 73 and
160 F cured concretes is given in the following tabulation.

EFFECT OF TEST TEMPERATURES ON 270-DAY COMPRESSIVE STRENGTH
OF 73 and 160 F CURED CONCRETE

Reduction in Strength
in Comparison to Specimens
Tested at 73 F

Compressive Strength Test Temperature

at 73 F, psi 110 F 160 F

73 F Cured 8250 12% 23%
160 F Cured 7610 1% 9%

The specimens cured at 73 F and tested at 110 or 160 F showed a 12 and 23
percent reduction in compressive strength at 110 and 160 F, respectively, in
comparison to specimens tested at 73 F. This observed reduction in the 270-
day strength is consistent with the results obtained for creep companion spec-
imens tested at 160 F, Section 8.1.1. For the 160 F cured specimens, the
compressive strength at 110 and 160 F had a 1 and 9 percent strength reduction
in comparison to the strength at 73 F. The reduction in strength is lower
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when specimens are cured at 160 F and then tested at 73 F in comparison to
specimens cured at 73 F and then tested at 160 F.

8.2 Modulus of Elasticity of Creep Specimens During Loading and Unloading
The moduli of elasticity of Berks and York concrete were determined from creep
specimens during loading and unloading using measured strains obtained from
the embedded Carlson meters at known applied stress levels. The rate of load-
ing or unloading was 35 + 5 psi per second. During loading, a nine-second
hold at approximately half the full load level was made for specimens stressed
to 30 and 45 percent of the concrete's compressive strength to allow for
measurement of strain. For specimens loaded to the 60 percent stress level,

two nine-second holds were made, one at the 22.5 and one at the 45 percent
stress level. No holds were made during unloading. Strain readings were
taken only just prior to and immediately after unloading.

If the strains at the high stress levels and temperatures exceeded the
expected linear elastic range, the modulus of elasticity was computed from
lower level stresses and strains obtained during loading, and the sustained
modulus was computed for the full load. The stress levels and moduli of
elasticity obtained for each of the creep specimens during loading and unload-
ing are given in Tables 8, 9, and 10. A summary of the average modulus of
elasticity obtained for each set of three creep specimens at each test condi-
tion is given in the following tabulation.

MODULUS OF ELASTICITY OF CONCRETE FROM CREEP SPECIMENS, Ex10° psi

Test Temperature, F, and Applied Nominal Stress Level

73 F 110 F 160 F
308 458 60 308 308 4sr 602
I. Berks G-19 Concrete
28 dayS 6.0 oo eoe 5.8 5.3 XK eee
90 days 6.2 6.1 6.1*(5.9)+ 5.9 5.3 2 5.3%(4.9)
270 days 6.4 see cee 6.1 5.3 see cee
II. York G-26 Concrete
28 days 5.8 XX oo 5.5 5.3 oo soe
90 days 6.1 6.1 6.1*%(5.8) 5.8 5.3 5.3%%(4.2)5.4**%(4.2)
270 days 6.3 s cee 5.9 5.2 XX see

*Modulus at 45% stress level.
**Modulus at 22.5% stress level. '
+Values in ( ) are the sustained modulus at full stress level.
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The modulus of elasticity at 73 F for Berks and York concrete is consis-
tent with the values obtained from tests made on the 6 by 12-in. selected
concretes, Section 4, At 110 F, the modulus of elasticity for both the Berks
and York concretes was about 5 percent lower than at 73 F, and at 160 F, it
was about 14 percent lower for Berks concrete and 11 percent Tower for York
concrete. At 160 F, the modulus of elasticity did not increase with the age
of the concrete for the observed test ages.

8.3 Sustained Modulus of Creep Specimens Under Stress -- The sustained

moduli of the Berks and York concretes were computed on the creep specimens
for all creep strain readings subsequent to load application. It is given as
an average value for the three specimens of each test condition in the sum-
marizing computer output in Appendix C and shown plotted against time under
stress in Figures 9 to 15.

The sustained modulus values (x 10° psi) for both Berks and York concrete
stressed to the 30 percent stress level at 28 days reduced from about 6.1 at
the time of loading to 2.5 after 365 days under stress at 73 F, from 5.8 to
2.1 at 110 F, and from 5.4 to 1.3 at 160 F. For concretes loaded at 90 and
270 days, the reductions were considerably less at 73 F and only slightly less
at 110 F and 160 F, as may be observed from Figures 13 to 15. For concrete
stressed to the 45 or 60 percent stress level at 90 days, the reductions were
from about 6.1 to 2.9 (45%) and 6.1 to 2.5 (60%) at 73 F and from 4.6 to 1.2
(45% and 60%) at 160 F. The prediction of forty-year sustained modulus values
can also be obtained from Figures 9 to 15.

8.4 Strength and Elastic Properties of Creep Specimens and their Controls
at End of Creep Testing -- To date seventeen of the 26 groups of creep speci-
mens have been unloaded. After completion of the creep recovery observations,
two of the three specimens in each group were tested for compressive strength
and modulus of elasticity along with one of the two sealed controls and the
one unsealed control. The remaining creep and control specimens are scheduled

for compressive strength testing at approximately age 1000 days.

A11 compression tests were made at 73 F, except for two 110 F creep
groups which were tested at 110 F. The cooling to 73 F of the 110 F and 160 F
creep specimens commenced at about one week prior to testing at a rate not
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exceeding 24 F per day. The ages of test, temperature of test, compressive
strength, and modulus of elasticity for each specimen are given in Tables 8
to 11 and the results summarized in the following tabulation.

COMPRESSIVE STRENGTH AND MODULUS OF ELASTICITY
OF CREEP SPECIMENS AND THEIR CONTROLS

Test Condition . Compressive Strength and Modulus of Elasticity
Creep Specimens (2) Control Specimens'®
Temp., Age of Nominal Age of Test Sealed Sealed Unsealed
F Loading, Stress Concrete, Temp., Comp., Ex10® Comp., Ex10° Comp., Ex10%
days Level, % days F psi psi psi _psi psi psi

1. Berks G-19, 7.5 scy with Daratard 40

73 270 30 2 73 8680 6.8 seee cee soes eee
73 90 45 585 73 8560 6.8 sese see seese see
73 90 60 585 73 8560 6.8 seee see seae ous
1o 28 30 606 73 8830 6.5 9190 6.5 7140 5.7
110 90 30 606 110 8350 6.4 8180 5.8 5730 5.9
110 270 30 , 759 110 8670 6.3 8250 6.0 6710 5.3
160 90 30 ) 579 73 6700 5.7 sees ses seee see
160 90 45 545 73 7010 cee cece eve seee cee

II. York G-26, 8.0 scy with Pozzolith 300R

73 28 30 586 73 8940 6.9 sacs see seee oo
73 270 30 704 73 9230 6.9 seee see seee see
73 90 45 483 73 8240 6.7 seee see sese see
73 90 60 565 73 8520 6.8 seee see seee s
110 28 30 483 73 8700 6.4 9040 6.5 6890 5.3
10 90 30 559 73 9020 6.6 9760 6.8 8540 6.0
110 270 30 650 73 9240 6.4 9210 6.4 7450 5.5
160 90 30 503 73 7480 5.4 seee see sene aee
160 90 45 488 73 7060 5.3 sese ser seese see

(a) Average of two sealed 6 by 16-in. creep specimens.
(b) Data for one 6 by 16-in. control specimen,

The compressive strength and moduli of elasticity of the 73 and 110 F
creep specimens are consistent with each other and with their sealed controls.
For the 160 F creep specimens, the compressive strength and modulus of elas-
ticity values obtained at 73 F were about 20 and 18 percent lower, respectively,
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than those for the 73 and 110 F creep specimens. Since all 160 F sealed and
unsealed controls are still under observation, no comparison can be made of
the 160 F creep specimen strengths to that of their controls at this time.
After unloading the remaining 160 F creep specimens and their controls, they
will be tested and results reported. The compressive strength and the modulus
of elasticity of the unsealed controls were considerably lower than for the
sealed controls, having on the average a 21 percent lower strength and 13 per-
cent lower modulus.

In summary, subjecting the concretes to sustained stress at 73 F (at 30, 45,
or 60% stress levels) or 110 F (at 30% stress level) had no significant effect
on the compressive strength and modulus of elasticity. However, loss of
moisture from concrete (unsealed specimens) caused a significant reduction in
strength and the modulus of elasticity.
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TABLE 2 -- GRADATION AND PHYSICAL PROPERTIES OF FINE AND COARSE AGGREGATES

Fine Aggregate

Mason- . o .
- - Specification
Jleve 21%0% ) GA RO068-B and
Sand ASTM C 33
Percent Passing
3/8" 100 100
No. 4 97 95-100
8 80 80-100
16 64 50-85
30 46 25-60
50 21 10-30
100 5 2-10
200 1.1 0-3
Fineness
Modulus 2.87 2.3-3.1
Specific
Gravity 2.63

Absorption, % 0.8

(a)
Berks Combined Gradation #467:
York Combined Gradation #467:

*  GA Specification
**  Separated at UC from size No.

TABLE 2

Blend of Mason-Dixon Sand Shipments

Coarse Aggregate

Berks York . e .
Sjeve Grad Grad Spexgihcgt;gn
Size nBu(b) uBn(C) 4 467
Percent Passing
2" 100 100
1-1/72" 99 100 95-100
1" 77 92 .
3/4" 56 65 35-70
172" 30 23 cen
3/8" 15 11 10-30
No. 4 2 2 0-5
Flat &
Elong, % 6 3 15 max.*
Specific
Gravity 2.76 2.73
Absorp-
tion, % 0.5 0.5

48.3%
51.7%

55.3%
44.7%

#67 (2/14/73, 9/20/73),
# 4 (2/14/73, 9/20/73)

# 4 (2/12/73*%, 5/11/73)

467
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TABLE 5 -- STRENGTH AND ELASTIC PROPERTIES - PHASE 1I(c)
BERKS G-19 (7.5 scy)

Compressive Strength, - Splitting Tensile
Modulus of Elasticity, Strength and
and Poisson's Ratio Percent C.A. Fractured
Sealed Moist-Cured Sealed  Moist-Cured
Age, Spec. Comp Ex]O6 u Comp Ex]O6 i Tens Frac Tens Frac
days MNo. — psi psi __ psi psi __  psi _% psi _%
1 5320 ... ... 5020 ... ... 510 60 530 60
7 2 5020 ... ... 5450 ... ... 510 65 510 60
3 5340 ... ... 5210 ... ... 420 50 525 55
Average 5230 ... ... 5230 ... . 480 60 520 60
1 6520 6.1 0.19 6660 6.3 0.19 640 70 525 60
28 2 6790 6.4 0.20 6630 6.5 0.20 670 60 610 55
3 6450 6.2 0.19 6390 6.2 0.20 620 70 515 50
Average 6590 6.2 0.19 6560 6.3 0.20 645 &5 550 55
1 7020 6.3 0.22 7380 6.3 0.22 700 60 625 60
60 2 7250 6.3 0.21 7500 6.4 0.21 570 60 630 60
3 1270 6.4 0.22 7320 6.3 0.21 625 55 630 60
Average 7180 6.3 0.22 7400 6.3 0.21 630 60 630 60
. 1 7500 6.2 0.21 7820 6.4 0.22 680 50 700 65
90 2 7550 6.4 0.23 8070 6.4 0.23 635 60 715 65
3 7480 6.3 0.21 8000 6.3 0.22 575 50 655 10
Average 7510 6.3 0.22 7960 6.4 0.22 630 55 690 65
1 7020 ... ... 7610 '
120 2 7590 ... ... 7960
3 6860 ... ... 8020
Average 7160 ... ... 7860
1 7500 ... ... 7980 ... ... 625 75 705 60
180 2 8000 ... ... 830 ... ... 630 50 685 60
3 7860 ... ... 83 ... ... 730 65 680 60
Average 7790 ... ... 800 ... ... 660 65 680 60
1 7840 6.4 0.22 8180 6.4 0.21 660 55 770 75
270 2 8390 6.4 0.22 8620 6.6 0.21 755 70 710 70
3 8430 6.5 0.23 8480 6.6 0.21 730 60 730 10
Average 8220 6.4 0.22 8430 6.5 0.21 715 60 730 70
1 8320 ... ... 8750
365 2 8550 ... ... 9000
3 8320 ... ... 8800
RAverage 8400 ... ... 8850 cer cee e e ee
1 8860 6.3 0.23 9500 6.5 0.22 700 75 805 80
730 2 9210 6.6 0.21 9860 6.6 0.22 745 65 745 80
3 8730 6.5 0.21 9590 6.5 0.22 735 80 825 75

— e i e a———

Average 8930 6.5 0.22 9650 6.5 0.22 725 75 790 80

Notes: Materials, mix groportiods and properties of fresh concrete are
given in Table : :
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TABLE 6 -- STRENGTH AND ELASTIC PROPERTIES - PHASE II(c)
YORK G-25 (7.5 scy)

Compressive Strength, Splitting Tensile
Modulus of Elasticity, Strength and
and Poisson's Ratio Percent C.A. Fractured
Sealed Moist-Cured Sealed - Moist-Cured
Age, Spec. Comp Ex]O6 u Comp ExlO6 i Tens Frac Tens Frac
days No. psi psi _ _psi psi __ _psi % _psi _%
1 4830 ... ... 4930 ... ... 535, 60 515 60
"7 2 4840 ... ... 4700 ... ... 340 65 525 60
3 4520 ... ... 4550 ... ... 410 55 490 65
Average 4730 ... ... 4730 ... ... 470 60 570 60
1 6540 5.9 0.22 6700 6.0 0.23 590 60 555 70
28 2 6290 6.0 0.22 6610 6.0 0.22 495 55 665 70
3 6020 5.8 0.22 6390--5.9 0.22 570 55 610 65
Average 6280 5.9 0.22 6570 6.0 0.22 550 55 610 70
1 7110 6.1 0.23 7270 6.1 0.22 650 55 710 65
60 2 6770 6.0 0.22 7320 6.0 0.21 585 60 710 70
3 6570 6.0 0.22 7050 5.9 0.22 690 65 710 65
Average 6820 6.0 0.22 7210 6.0 0.22 640 60 710 65
1 7370 6.2 0.21 7870 6.2 0.22 695 55 670 65
90 2 7160 6.2 0.22 7550 6.1 0.23 685 65 705 65
3 7020 6.1 0.22 7460 6.2 0.23 655 55 730 70
Average 7180 6.2 0.22 7630 6.2 0.23 680 60 700 65
1 7660 ... ... 7870
120 2 7370 ... ... 8110 ... ... .
3 7000 ... ... 7730 ... ... .
Average 7340 ... ... 7900 ... ... .e
1 7870 ... ... 8450 ... ... 630 70 675 75
180 2 7480 ... ... 8160 ... ... 675 60 805 75
3 7460 ... ... 7950 ... ... 630 60 710 85
Average 7600 ... ... 8190 ... ... 645 65 730 75
1 8070 6.0 0.22 8750 6.2 0.22 765 75 805 85
270 2 7340 6.1  0.22 8370 6.2 0.22 760 75 675 80
3 7770 5.9 0.22 8160 6.0 0.22 755 75 805 80
Average 7730 6.0 0.22 8430 6.1 0.22 760 75 760 80
1 7710 ... ... 8790 '
365 2 8610 ... ... 8390
3 7930 ... ... 8860
Average 8080 ... ... 8680
1 8700 6.3 0.21 9410 6.4 0.22 635 75 820 85
730 2 8730 6.3 0.21 9320 6.3 0.22 770 80 790 80
3 8570 6.1 0.22 9410 6.4 0.23 635 75 670 90
Average 8670 6.2 0.21 9380 6.4 0.22 68 75 760 85

Notes: Materials, mix proportions and properties of fresh concrete are given in
Table 4.
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Notes:

TABLE 7 -- STRENGTH AND ELASTIC PROPERTIES - PHASE II(c)
' YORK G-26 (8 scy)

Compressive Strength, Modulus of
Elasticity and Poisson's Ratio

Sealed Moist-Cured
Age, Spec. Comp. Ex10 Comp Ex]O6 u
days No. psi _psi _psi _psi
1 5050
7 2 5050
3 5090
Average 5060
1 6290 5.9 0.22 6910 6.1 0.22
28 2 6230 5.8 0.22 6520 6.0 0.23
3 6320 5.9 0.22 6540 5.9 0.23
Average 6280 5.9 0.22 6660 6.0 0.23
1 6980 5.9 0.22 7610 6.1 0.23
60 2 6680 6.0 0.22 7640 6.0 0.21
. 3 6680 5.9 0.21 7620 6.2 0.23
Average 6780 5.9 0.22 7620 6.1 0.22
1 7180 6.1 0.24 7980 6.3 0.24
90 2 7340 6.2 0.23 8050 6.5 0.23
3 7070 6.3 0.23 8050 6.4 0.23
Average 7200 6.2 0.23 8030 6.4 0.23
1 8210 6.1 0.22 9000 6.2 0.23
270 2 8390 6.3 0.22 8710 6.3 0.23
3 8000 6.1 0.21 8980 6.3 0.23
Average 8200 6.2 0.22 8900 6.3 0.23
1 9180
365 2 9000
3 9210
Average 9130
1 9710 6.4 0.21
730 g 8570* 6.5 0.22
9290 6.6 0.22
Average 9500 6.5 0.22

Materials, mix proportions and properties of fresh concrete
are given in Table 4.

* Low value, not averaged.
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TABLE 8 -- CREEP SPLCIMENS TESTED AT 73 F

Age at Applied Stress Level Days ° Age at Carlson Meter Consistency Modulus Compression Test of Creep Specimens

Loading, Percent of Strengtg) Under Unload, and Channel of Strain {b) Ex10¢, psi Age, Temp., Comp., Ex10%,
_ days psi  Nominal Actual Stress days Number Readings, % Load Unload days F psi psi
1. Berks G-19 Concrete ‘
(c) 245 73-00 42 6.1
28 2100 30 33.5 769'¢ 251 73-01 +5 6.0
349 73-02 -7 6.0
(c) 343 73-12 42 6.3
90 2100 30 29.0 Co707 252 73-13 -1 6.2
337 73-14 -2 6.0
359 73-18 -0 6.1 7.1
90 3220 45 46.0 404 494 372 73-19 +2 6.1 6.9 585 73 8290 6.8
358 73-20 -2 6.0 6.7 585 713 8840 6.9
354 73-15 +0 6.2(f) 6.6
90 4200 60 . 60.0 404 494 374 73-16 +3 6.2 6.7 585 73 8270 6.8
360 73-17 -3 5.9 6.4 585 73 8860 6.9
(@) 240 73-30 -2 6.3 64 72 13 9140 6.9
270 2400 30 30.4 365 636 255 73-31 43 6.4 6.4 712 73 8230 6.7
259 73-32 -1 6.4 6.6

11. York G-26 Concrete

199 73-06 -0 5.8 6.8
28 2100 30 34.1 459 487 197 73-07 + 5.8 6.8 586 73 8890 6.8
21 73-08 - 58 6.6 586 73 9000 7.0
© 198 73-21 -2 6.1
90 2100 30 29.7 650 200  73-22 0 6.1
205  73-23 +2 6.2
a8 73-27 +0 6.1 6.7 483 73 8320 6.7
90 3190 45 45.1 376 466 401 73-28 +0 6.2 6.5 483 73 8160 6.7
406  73-29 -0 6.1 6.9
e) 400  73-24 2 6.1(f) .28
90 4250 60 60.1 08 508 a4 73-2% +0 5.9 6.2 565 73 8340 6.7
419 73-26 -2 6.0 5.8 565 73 8710 6.9
206 73-33 -1 6.3 6.6 704 73 9110 6.9
270 2600 30 30.1 365 635 208 73-34 +1 6.3 6.6 704 73 9360 6.9
209 73-35 +0 6.3 6.5

(a) Actual applied stress level calculated as percentage of the compressive strength of crecp companion specimen (Tables 12 and 13) at age of
loading and tesl tewperature.

(b) Percent variation of individual specimen's total strain reading from average of threce specimens at given test condition.

(c) Specimen, still under stress at time of this yoport.

(d) Specimens were woved to 110 F at age 544 duys after stress applied at 73 F for 273 days. Specimens were unloaded at age 365 days, with
unloading and creep rocovery observed at 110 F.

(e) Specimen, were unloaded to 210U psi at age 480 doys after 390 days under stress at 4250 psi. Unload modulus {s for unloading from 2100 psi
t.. zero stress.

() Modulus at Toading calculated at 3220 psi loading streus.
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TABLE 9 -- CREEP SPECIMENS TESTED AT 110 F

Age.at " Applied Stress Level Days Age at Carlson Meter Consistency Modulus Compression Test of Creep Specime-<
Loading, Percent of Strengw) Under Unload, and Channel of Strain (b) Ex10%, psi Age, Temp., Comp., Ex10¢, -
days psi  Nominal  Actual Stress days Number. Readings, % Load Unload days F psi psi
I._ Berks G-19 Concrete

364 11-00 +2 5.9 6.9 .

28 2100 0 3.4 487 515 241 1-01 +1 5.8 6.8 606 73 8620 6.6
338 11-02 -3 5.7 6.4 606 73 9050 6.5
340 11-12 -3 5.8 6.6 606 110 8320 6.4

90 2100 30 31.3 425 515 342 11-13 +3 6.1 7.0 606 110 8390 6.5
356 11-14 +0 5.9 6.5
248 11-61 +2 6.2 6.5

270 2400 30 32.8 398 668 34 1-62 +3 6.1 6.7 759 110 8790 6.4
365 11-63 -4 6.1 6.6 759 110 8550 6.1

II. York G-26 Concrete

396 11-30 -2 5.6 6.7 483 73 8610 6.5

28 2100 30 36.4 440 468 126 n-31 +1 5.5 6.6 483 73 8790 6.4
228 11-32 +1 5.4 6.9
129 11-18 +1 5.8 6.8

90 2100 30 33.2 378 468 212 11-19 -0 5.9 6.9 559 73 8930 6.7
395 11-20 -0 5.6 6.6 559 73 9110 6.5
391 11-78 -0 5.9 6.9

270 2400 30 33.0 367 636 392 11-79 +1 5.9 7.1 650 73 9090 6.4
409 11-80 -1 6.0 7.0 650 73 9390 6.3

(a) Actual applied stress level calculated as percentage of the compressive strength of creep companion specimen (Tables 12 and 13) at age of
loading and test temperature. .
(b) Percent variation of individual specimen's total strain reading from average of three specimens at given test condition.
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TABLE 10 -- CREEP SPECIMENS TESTED AT 160 F

Age at Applied Stress Level Days Age at Carlson Meter  Consistency Modulus C029r95$1$" Test OE Creep SgegéTéns
Loading, Percent of Strengt Under Unload, and Channel of Strain (b) Ex10%, psi dge' e?p., ompi. X 0 .
days psi  Nominal Actua]?a) Stress days Number Readings, % Load Unload  days _ ps ps

1. Berks G-19 Concrete
(¢) 384 11-06 +2 5.2 see
28 2100 30 38.2 740'¢ 390 11-07 +3 5.3 oo
380 11-08 -4 5.3 ese
377 11-44 +3 5.4 5.5 579 73 6610 5.7
90 2100 30 36.0 398 488 378  11-45 -2 5.3 ) 5.4 5§79 73 6800 5.8
382 11-46 -1 5.1 LER) -
376 11-36 +] 5.2 4
(d) : - vee 545 73 7370 oes
4 53.8 8 370 11-37 1 5.2
% 3220 ® s 529 35 11-38 +1 5.2 ces 545 73 6660 oo
: (c) 373 11-41 + 5.3(f)
90 4200 60 70.2 684\ 361 11-42 -2 5.1
362 11-43 +2 5.0
(¢) 381 11-67 +3 5.4
270 2400 30 39.2 498 386 11-68 -5 5.2
. 363 11-69 +2 5.4
II. York G-26 Concrete
. (¢) 222 1-24 +2 5.3
28 2100 30 38.7 705\€ 207  11-25 +4 5.6
223  11-26 -3 5.1
. 225 11-47 -3 5.1 5.0 503 73 7360 5.5
90 2100 30 36.3 397 487 224 11-48 +1 5.3 5.8
218 11-49 +2 5.4 5.7 503 73 7610 5.4
402 11-56 9 s.(e) 5
90 3190 45 58.0 383 473 408 11-57 +2 5.5 5.9 488 73 7140 5.4
415 11-58 -2 5.3 5.9 488 73 6980 5.3
() 404 11-50 -1 5.3(¢)
90 4250 60 17.3 629 397  11-51 -2 5.5
339  11-52 +3 5.4
() A3 11-72 -2 5.3
270 2400 30 37.8 463 220 11-73 +2 4.8
5.5

217 M-74 +0

(a) Actual applied stress level calculated as percentage of the compressive strength of creep companion specimen (Tables 12
and 13) at age of loading and test temperature.

(b) Percent variation of individual specimen’s total strain reading from average of three specimens at given test condition.

c) Specimens still under stress at time of this report.,

d) Specimens were unloaded to 2100 psi at ane 4495 days after 404 days under stress at 3220 psi.
(e) Modulus at loading calcutated at 1600 psi loading stress.

(f) Modulus at loading calculated at 3720 psi ioading stress.
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TABLL 11 -- CRCEP CONTROL SPECIMINS AT 73, 110 AND 160 F

Controls for Creep Test Condition Number Moisture Carlson Meter Compression Test of Control Specimen '
Temperature, Ages of Loading, of Days Condition and Channel Age, Temp., Comp., Ex108,
F(a)_ days Observed (b) Number days F psi _psi

I. Berks G-19 Concrete

(c) Sealed 242 73-03
73 28, 90, 270 797\¢ Sealed () 250 73-04
: Unsealed 336 73-05
: Sealed 423 1-04 .
110 28 606 Sealed 243 11-05 606 73 9190 6.5
Unsealed 244 11-03 606 73 7140 5.7
‘ Sealed 337 N-15 606 110 8180 5.8
110 90 - 606 Sealed 339 11-16
Unsealed 346 11-17 606 10 5730 5.9
Sealed 246  11-64
10 270 759 Sealed 247 11-65 759 10 8250 6.0
Unsealed 314 11-66 759 110 6710 5.3
() Sealed . 383 T11-09
160 28 768'\°¢ Sealed 379 11-10
Unsealed 3%7 11-1
: e Sealed 350 11-39
160 %0 aaf8]  Sealed 375 11-40
. 636 Unsealed(f) . 426 11-59
" (0) Sealed 425 11-60
160 270 - 768 Sealed 385 11-70
Unsealed 389 11-71
II. York G-26 Concrete
., () Sealed 202 73-09
73 28, 90, 270 740'¢)  Sealed 201 73-10
Unsealed 206 73-11
. Sealed 221 11-33 483 73 9040 6.5
110 28 483 Sealed 410 11-34
Unsealed 148 11-35 483 73 6890 5.3
Sealed 420 11-21
10 20" 636 Sealed 421 M-22 706 73 9760 6.8
Unsealedf) 422 11-23 706 73 8540 6.0
Sealed 411 M-8 651 73 9210 6.4
110 270 651 Sealed 424 11-83
. » Unsealed 412 1N-82 650 73 7450 5.5
Sealed 227 11-27
160 28 7336} Sealed 203 11-28
Unsealed 226 11-29
(c) Sealed 403 11-53
160 90 719\¢ Sealed 413 11-54
’ Unsealed 398 11-55
(c) Sealed 215 11-75
160 270 733'¢ Sealed 216 11-76
Unsealed 214 N-77

(a) A1l specimens were cured at 73F prior to being heated to test temperature. Heating to test temperature commenced five
days prior to age of loading.
éb; A11 specimens were scaled in butyl rubber up to age of loading. One specimen was unsealed at age of loading.
c
d) Unsealed at age 28 days.
e)
f)

Still under observation at time of this report.
Meters for sealed specimens malfunctioned after 414 days, specimens still at test condition.
Unsealed at age 191 days.
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TABLE 14 -- TOTAL STRAIN IN CONCRETE SUBJECTED TO
CONSTANT SUSTAINED COMPRESSIVE STRESS

Age at Applied Test Total Strain, microstrain

Loading, Stress, Temp, : Time under stress, days (Predict)
days psi F 0 1 10 100 365 14,600

I. Berks G-19 Concrete

73 348 458 546 703 825 1400
28 2100 110 363 504 613 786 967 1700
160 396 539 673 960 1415 3250
73 340 403 459 593 700 1200
90 2100 110 352 468 574 753 924 1700
160 398 555 720 1170 1558 3300
3220 73 528 657 756 961 1131 1900
%0 160 620 917 1171 1940 2713 6100
1200 73 707 949 1113 1409 1654 2600(2)
160 861 1562 2022 3204 3868 9550
73 376 433 479 583 715(b) 10s50(a)
270 2400 110 392 526 600 775 1030 1800
160 451 615 789 1223 1590 3600

II. York G-26 Concrete

73 361 449 528 673 782 1250

28 2100 110 382 547 670 819 976 1700
160 395 531 653 980 1230 2650

73 343 402 457 572 680 1100

90 2100 10 363 495 598 763 918 1600
160 398 556 685 1038 1320 2700

3190 73 521 637 723 910 1071 1900

90 160 756 1061 1316 1941 2505 4750
4250 73 734 1005 1163 1440 1667 2700

160 1005 1800 2242 3156 3757 7300

73 380 435 481 583 707 1200

270 2400 110 404 536 660 848 1007 1700
160 462 606 762 1112 1425 3000

(a) Values are low in comparison to those for York concrete at corresponding
test condition.

(b) Specimens were moved to 110 F after stress applied at 73 F for 273 days.
Value shown at 73 F was extrapolated from Figure 4.
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TABLE 15 -- TOTAL STRAIN PER PSI OF APPLIED COMPRESSIVE STRESS

Microstrain per psi
Time under stress, days
Age at Applied Test
Loading, Stress, Temp, (Predict)
days psi F 0 1 10 100 365 14,600

I. Berks G-19 Concrete .

73 166 .218 .260 .335  .393 0.66
28 2100 110 173 .240 292 .374  .460 0.81
160 189 .257 320 .457  .674 1.55
73 162 .192 219 .282  .333 0.56
90 2100 110 168 .223 .274  .359  .440 0.80
160 190 .264 343  .557  .742 1.56
3220 73 164 .204 .235  .298  .35] 0.59
%0 160 193 .285 .364  .602  .842 1.90,
4200 73 168 .226 265  .335  .394 0.62(a)
160 205  .372 482 .763  .921 2.27
73 157 .180  .200 .243  .298(P) g .43(a)
270 2400 110 163 .219 250  .323  .429 0.74
160 .188  .256 329 .510  .663 1.49

II. York G-26 Concrete

73 72 214 .251 .320 .372 0.60

28 2100 110 .182  .261 .319 .390 .465 0.80
160 .188  .253 311 .467 .586 1.27

73 .163  .192 .218 .273 .324 0.53

90 2100 110 173,236 .285 .363 .437 0.75
160 .190  .265 .326 .494 .629 1.28

3190 73 .163  .200 .227 .285 .336 0.60

90 160 237 .332 412 .608 .785 1.49
4250 73 173 .236 274 .339 .392 0.64

160 .236  .423 .527 .743 .884 1.72

73 .158  .181 .200 .243 .296 0.50

270 2400 110 .168  .223 .275 .353 .420 0.7
160 .193  .253 .318 .463 .594 1.25

(a) Values are low in comparison to those for York concrete at corresponding

test condition. .
(b) Specimens were moved to 110 F after stress applied at 73 F for 273 days.

Value shown at 73 F was extrapolated from Figure 11.
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TABLE 16 -- TOTAL STRAINS DURING RECOVERY AFTER UNLOADING

. . Total strain, microstrain
Age at Applied Test Stress Days Strain . ’
Loading, Stress, Temp, Duration, of Prior to Time of recovery, days
days _psi F days Recov. Unload 0 1 10 90

I. Berks G-19 Concrete

73
28 2100 110 487 91 1012 697 660 634 604
160
73
9 2100 110 425 91 951 638 599 570 540
160 398 91 1580 1205 1152 1115 1033
73 404 91 1145 678 607 568 515
%0 3220 460 a38(d)  Tgla) 2575 2187 2125 -- .-
73 404 91 1676 1037 950 897 826
4200
160
73 365(0)  76(b) 889 519 465 446  --
270 2400 110 398 91 1046 684 635 600 548
160
II. York G-26 Concrete
73 459 99 807 496 464 437 397
28 2100 110 440 15 1011 698 650 630 @ --
160
73
9 2100 110 378 91 924 613 575 548 514
160 397 16 1349 9%63 912 870  --
3190 73 376 15 1080 605 550 513  --
% 160 383 15, 2523 1975 1880 1820 -
73 218 56 1341 994 934 897 -
4250
160
73 365 69 767 343 322 287  --
270 2400 110 367 14 1007 664 619 594 -
160

(a) Specimens at 3220 psi for 404 days and at 2100 psi from 404 to 438 days at
which time they were fully unloaded. Recovery values shown are for final
unloading to zero stress.

(b) Specimens at 73 F for 273 days and then at 110 F from 273 to 365 days.
Recovery values are for unloading at 110 F.

(c) Specimens at 4250 psi for 390 days and at 2100 psi from 390 to 418 days at
which time they were fully unloaded. Recovery values shown are for final
unloading to zero stress.
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TABLE 17 -- AUTOGENOUS LENGTH CHANGE OF CONCRETE

Age Specimens
Temp., Reached Temp.,
F days

Autogenous Strain,(a) microstrain
Time at Temperature, days

I. Berks G-19 Concrete

73 1

28
110 90
270

28
160 90
270

II. York G-26 Concrete

73 1

28
110 90
270

28
160 90
270

(a) Negative values indicate
expansion.

(b) High contraction strains

0 _10 100 200 365
8 -24 -4 -47 -60
-14 -8 -23 -42 -62
-64 -57 -81 -110(b) -134(b)
-55 -48 -65 -84 -108
2 -12 -34 -60 -83
-40 8 -25 -44 -70
-5 13 -73 -100(b) -
0 -28 -35 -37 -46
-28 3 4 -20 -44
-33 -28 -40 -62 -96
-49 -40 -56 71 -97
3 22 36 21 -7
-51 4 -20 -42 -66
-30 0 -13 -38 --

contraction, positive values indicate

indicate some loss of moisture.
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TABLE 18 -- DRYING SHRINKAGE OF CONCRETE

Age Sealing

Drying Shrinkage Strains, microstrain

(a)

Time after Sealing Jacket Removed, days

Temp., Jacket Removed,
F days 0 1 10 100 200 365
I. Berks G-19 Concrete
73 28 32 34 105 292 365 395
28 32 96 235 442 500 577
110 90 74 137 270 445 505 580
270 56 120 223 385 432 460
28 26 75 210 422 425 440
160 191 31 77 235 400 430 453
270 40 104 255 410 421 440
IT. York G-26 Concrete
73 28 52 82 144 319 374 429
28 22 86 214 383 455 501
110 191 41 77 142 288 338 404
270 65 129 240 410 455, 496
28 6 64 194 503 514 522
160 90 26 105 235 465 469 480
270 18 108 310 520 530 547
(a) At 73 F the relative humidity was maintained at 50%. At 110 and

160F the relative humidity was.approximately 10%.
given are for one specimen for each test condition.

TABLE 18
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TABLE 19 -- EFFECT OF THERMAL CYCLING ON STRENGTH AND
ELASTIC PROPERTIES OF CONCRETE - BERKS G-19

Compressive Strength, Splitting Tensile
Modulus of Elasticity, Strength and
and Poisson's Ratio Percent C. A. Fractured
73 F 73-160-73 F 73 F 73-160-73 F
Age, Spec. Comp Ex10% y Comp Ex10° u Tens Frac Tens Frac
days No. psi  psi psi  psi psi % psi %
1 6500 6.0 0.20
28 2 6090 6.1 0.19
3 6270 6.1 0.20
Average 6290 6.1 0.20
1 7210 6.2 0.21 """ " 685 70
90 2 7000 6.1 0.22 "= == *** 705 70
3 7210 6.2 0.22 ~*°° "t ottt 685 45
Average 7140 6.2 0.22 "~ *°° *°° 660 0
101 1 Tttt Tttt 7120 5.9 0.21 7 e 585 60
End of 2 Tttt oottt 6910 6.0 0.22 7 e 500 40
Cycle 1 3 Tttt 7090 6.0 0.21 77 e 525 40
Average Tttt 7040 6.0 0.21 7T "t 535 45
110 1 7780 6.3 0.22 7230 6.0 0.22 685 60 650 65
End of 2 7380 6.4 0.22 6520 6.2 0.21 590 60 595 65
Cycle 2 3 7470 6.3 0.22 7230 6.1 0.22 605 65 635 55
Average 7540 6.3 0.22 6990 6.1 0.22 625 60 625 60
120 1 ereoteeoteet 7250 6.1 0.21 CCC e 635 60
End of 2 teetootrtootttt 7180 6.0 0.20 7 T 565 65
Cycle 3 3 Tttt oottt 7390 5.9 0.22 77 T 685 55
Average trecootttootttt 7270 6.0 0.21 77 t 630 60
129 1 teteootrtootttt 7370 6.1 0.22 T *t 690 55
End of 2 Tttt 7270 5.9 0.22 tt 670 55
Cycle 4 3 teetootrrootett 7320 6.1 0.22 77 v 655 55
Average Tttt 7320 6.0 0.22 T 670 55
140 1 7750 6.3 0.23 7320 5.8 0.22 735 55 650 60
End of 2 7520 6.3 0.21 7500 6.1 0.23 660 65 700 55
Cycle 5 3 7300 6.2 0.22 7500 5.9 0.21 730 65 715 55
Average 7520 6.3 0.22 7440 5.9 0.22 710 60 690 55

Note: Materials, mix proportions and properties of fresh concrete are given in
Table 3. Specimens: 6 by 12-in. concrete cylinders.
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TABLE 20 -- EFFECT OF THERMAL CYCLING ON STRENGTH AND
ELASTIC PROPERTIES OF CONCRETE - YORK G-25

Compressive Strength, Splitting Tensile
Modulus of Elasticity, Strength and
and Poisson's Ratio Percent C. A. Fractured
73 F 73-160-73 F 73 F 73-160-73 F
Age, Spec. Comp Ex10® u Comp Ex10® u Tens Frac Tens Frac
days No. psi psi psi psi psi % psi %
1 6270 6.1 0.20
28 2 6530 6.1 0.20
3 6410 6.0 0.21
Average 6400 6.1 0.20
1 7340 6.1 0.21 ~°°° =t "7 565 50
90 2 7430 6.1 0.22 °~°°° vttt 695 70
3 7270 6.0 0.23 *°0 oot 565 50
Average 7350 6.1 0.22 ~°~°° =~ *°°° 605 55
101 1 ttcttootttootttt 7430 5.6 0.22 Tt 525 60
End of 2 Pttt 7450 5.6 0.20 T 595 65
Cycle 1 3 Pttt 7300 5.7 0.22 " 645 70
Average Tttt 7390 5.6 0.21 T e 590 65
110 1 7730 6.2 0.21 7160 5.9 0.21 715 75 660 65
End of 2 7730 6.1 0.23 7750 5.8 0.22 630 75 650 55
Cycle 2 3 7370 6.0 0.21 7180 5.8 0.22 660 70 655 70
Average 7610 6.1 0.22 7360 5.8 0.22 670 75 655 65
120 1 Tttt 7540 5.8 0.21 T et 565 60
End of 2 oottt ottt 7540 6.0 0.20 T ot 675 55
Cycle 3 3 Tttt oottt 7310 5.9 0.220 e 630 55
Average Tttt ottt 7460 5.9 0.21 T e 625 55
129 1 Tttt 7770 5.9 0.230 T 650 60
End of 2 Tttt 7360 5.9 0.22 Tt . 630 75
Cycle 4 3 Tttt oottt 7210 5.9 0.220 e 550 60
Average ttrttootrrootrtt 7450 5.9 0.22 T e 610 65
140 1 7750 6.2 0.22 7370 5.8 0.23 665 70 695 65
End of 2 7860 6.2 0.23 7750 5.9 0.22 695 65 675 75
Cycle 5 3 7710 6.0 0.22 7520 5.7 0.22 565 70 635 50
Average 7770 6.1 0.22 7550 5.8 0.22 640 70 670 65

Note: Materials, mix proportions and properties of fresh concrete are given in
Table 4. Specimens: 6 by 12-in. concrete cylinders.
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TABLE 21 -- THERMAL CYCLING STRAINS - BERKS G-19

Temperature (F) and Strain (micro-strain) per Thermal Cycle

Cycle No. 1 Cycle No. 2 Cycle No. 3 GCycle No. 4 Cycle No. 5
F_ Strain F_ Strain _F_ Strain _F_ Strain _F_Strain

I. Specimen No. 1, 4-in. Carlson Meter No. M-189

71.0 0 69.0 1 72.0 0 75.9 0 72.5 0
93.6 110 93.6 141 95.1 130 98.2 132 94.1 125
105.8 177 103.8 197 107.8 196 110.1 193 108.1 202
126.5 295 127.5 319 137.0 349 133.4 315 136.6 349
166.2 602 179.7 667 166.9 509 168.1 510 172.5 569
134.9 415 131.5 372 -—- -—- 139.2 344 142.1 383
108.7 279 116.3 289 115.6 231 116.3 222 117.8 253
94.6 202 99.4 200 100.6 147 100.9 134 95.0 126
69.0 64 72.0 53 75.9 15 72.5 =15 70.9 4

II. Specimen No. 2, 10-in. Carlson Meter No. M-191

71.0 0 68.9 0 71.6 0 75.7 0 72.3 0
93.4 111 93.1 142 96.3 142 98.2 133 94.5 130
105.7 178 102.7 193 109.0 211 110.8 201 109.4 212
126.5 290 126.0 316 136.5 354 134.2 323 138.4 364
170.5 586 179.2 655 166.5 524 168.5 529 170.6 569
133.5 369 132.2 368 -—- -— 140.9 359 143.2 392
107.2 224 116.5 278 116.4 242 112.4 201 119.6 264
94.2 158 99.4 139 101.1 155 101.2 138 95.7 123
68.9 25 71.6 32 75.7 14 72.3 -18 70.8 -23
III. Specimen No. 3, 10-in. Carlson Meter No. M-192

71.0 0 69.1 0 72.0 0 76.1 0 72.7 0
93.7 114 93.3 141 96.9 144 98.5 132 95.1 131
106.1 183 103.6 196 109.6 214 111.1 202 110.0 215
127.4 302 127.3 323 135.5 353 134.8 331 139.1 374
168.3 638 178.8 706 164.8 563 169.6 589 172.1 630
134.9 402 130.2 368 -—- - 140.4 367 143.7 406
108.5 261 116.1 287 116.9 252 117.3 238 119.0 266
94.8 186 99.0 192 101.4 - 164 101.4 146 95.7 135
69.1 64 72.0 44 76.1 23 72.7 -11 71.1 2

Note: Materials, mix proportions and properties of fresh concrete are given
in Table 3.

Sealed 6 by 16-in. specimens, heated and cooled at the rate of 24 F
per day, starting at age 90 days.
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TABLE 22 -- THERMAL CYCLING STRAINS - YORK G-25

Temperature (F) and Strain (micro-strain) per Thermal Cycle

Cycle No. 1 Cycle No. 2 Cycle No. 3 Cycle No. 4 Cycle No. 5
_F_ Strain: _F_Strain _F Strain _FStrain _F Strain

I. Specimen No. 1, 4-in. Carlson Meter No. M-187

71.0 0 69.8 0 72.6 0 76.8 0 73.4 0

94.6 120 93.9 120 98.9 129 99.3 117 95.9 115
106.6 183 103.6 166 112.1 190 111.9 177 110.9 188
127.7 292 127.0 272 137.0 307 135.6 287 140.2 324
170.9 752 178.9 754 166.0 563 170.2 604 173.3 648
134.6 456 133.9 358 -—- - 142.3 335 144.5 361
108.2 337 118.4 283 117.6 224 118.3 217 119.9 239
95.3 276 100.7 200 102.1 146 102.1 134 96.6 122
69.8 150 72.6 64 76.8 23 73.4 -1 71.8 10

IT. Specimen No. 2, 10-in. Carlson Meter No. M-194

71.0 0 69.3 0 71.9 0 76.1 0 72.5 0

95.4 11 93.7 134 93.3 118 98.3 123 94.0 120
107.0 170 103.9 184 104.7 172 110.7 186 108.0 192
127.8 279 127.4 301 135.5 330 134.4 306 135.9 334
169.2 620 180.4 683 165.9 539 169.1 549 172.8 597
135.1 385 125.5 326 -—- --- 139.4 334 142.1 369
108.4 251 112.5 254 116.1 231 115.4 211 117.8 241
94.8 182 96.8 172 101.2 151 100.5 128 94.7 119
69.3 54 71.9 45 76.1 21 72.5 =12 70.8 0

ITI. Specimen No. 3, 10-in. Carlson Meter No. M-196

71.0 0 69.1 0 71.9 0 75.7 0 72.2 0

94.8 101 94.2 133 93.0 111 97.7 117 92.7 109
106.5 158 104.3 181 104.4 166 109.4 163 105.6 174
127.1 261 127.9 291 136.5 314 133.3 289 131.9 299
167.5 507 181.0 610 166.3 464 168.6 468 172.8 515
135.4 341 126.9 316 --- -—- 136.6 298 138.9 328
108.5 215 113.3 246 114.4 207 112.8 184 116.0 217
94.6 148 97.4 169 100.2 135 98.4 109 93.0 79
69.1 27 71.9 49 75.7 16 72.2  -12 70.5 -2

Note: Materials, mix proportions and properties of fresh concrete are given
in Table 4.

Sealed 6 by 16-in. specimens, heated and cooled at the rate of 24 F
per day, starting at age 90 days.
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TABLE 25 -- THERMAL PROPERTIES OF CONCRETE - BERKS G-19 AND YORK G-26

I.

Adiabatic Temperature Rise - Berks G-19

Age, Temperature, Age, Temperature,
days F days F

0 48,58 1.62 121.5
0.125 51.6] 1.75 123.8
0.248 53.8 1.87 126.0
0.373 57.0 2.01 128.04
0.456 59.84 3.0 134.59
0.543 64.92 4.0 137.79
0.623 69.3 5.0 139.84
0.748 82.8 6.0 141.29
0.873 93.0 7.0 142.40
1.01 101.93 8.0 143.29
1.17 108.45 9.1 143.80
1.25 111.0 10.0 144.40
1.37 115.0 11.1 144 .89
1.50 118.5 12.0 145.35
*Note

II.

ITI.

Age, Temperature,
days . F
13.0 145.70
14.0 146.05
15.0 146.40
16.0 146.71
17.0 146.99
18.0 147.27
19.0 147 .49
20.0 147.71
21.0 147.92
22.0 148.16
23.0 148.38
24.0 148.56
25.0 148.72
End of Test------

other values read using quartz thermometer.

Berks G-19

Specific Heat, Btu/1b/°F 0.293 at 29 days
(702 to 100%2 °F) 0.250 at 147 days

0.0503 at 29 days

Diffusivity, ft2/hr.
0.0552 at 97 days

(120%5 to 42%.05 °F)

-65-

Values given to one decimal place obtained from chart, all

0.256 at 28 days
0.254 at 104 days

0.0484 at 29 days
0.0503 at 97 days
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TABLE 26 -- EFFECT OF CURING TEMPERATURE ON COMPRESSIVE
STRENGTH OF SEALED CONCRETE - BERKS G-19

I. Effect of Adiabatic Curing

Compressive Strength, psi
Curing Condition

Age, Specimen 14 Days Adiabatic Continuous
days No. and then 110 F (a) 73 F
1 6930 6380
28 2 7360 6320
3 7200 6380
Average 7160 6360
1 4 7590 6980
60 2 7640 7020
3 7180 6790
Average 7470 6930
IT. Effect of 160 F Curing
’ . Compressive Strength, psi
Test Age of  Days Curing at Specimen's Test Temperature
Concrete, 160F for 160F (b) Spec. (b) (c)
days Test Specimens No. 160F 73 F
1 5410 6870
90 1 2 5860 7110
3 5640 --
Average 6990
1 6210 7730
180 91 2 6460 7070
3 6880 --
Average 7400
1 6570 7680
270 181 2 6540 7960
3 7000 —
Average 6700 7820
Notes: Materials, mix proportions and properties of fresh concrete are given

in Table 3.

(a)
(b)

(c)

TABLE 26

Specimens:

-66-

6 by 12-in. sealed concrete cylinders.
Two days prior to testing, specimens were cooled to and tested at 73 F.

Specimens tested at 160 F were cured at 73 F from 0 to 85 days, 73 to
135 F from 85 to 89 days and then at 160 F from 89 days up to age of test.

Specimens tested at 73 F were cured continuously at 73 F.



TABLE 27 -- EFFECT OF SPECIMEN'S TEST TEMPERATURE ON 270-DAY
COMPRESSIVE STRENGTH OF SEALED CONCRETE - YORK G-26

Compressive Strength, psi

* Specimen's Test Temperature
Age, Spec.
days No. 73F  110F 160 F

I. Specimens Cured at 73 F(a)

270 1 8210 7460 6450
2 8300 7090 6270
Average 8250 7270 6360

II. Specimens Cured at 73 F and then at 160 F from age 89
to 265 days (b)

1 7570 7640 7130

. 270 2 7700 7390 6820
3 7550 7630 6860

Average 7610 7550 6940

Notes: Materials, mix proportion and properties of fresh
concrete are given in Table 4. Specimens: 6 by
12-in. sealed concrete cylinders.

(a) Specimens were cured at 73 F from 0 to 265 days and then
kept at 73 F or heated to the 110 or 160 F test tempera-
tures at a rate of 24 F per day.

(b) Specimens were cured at 73 F from 0 to 85 days, then
heated to 135 F (24 F per day) and at age 89 days placed
in a 160 F chamber where they were cured continuously
for 176 days (age 265 days). Specimens were then kept
at 160 F or cooled to the 110 or 73 F test temperatures
at a rate of 24 F per day.
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TOTAL STRAIN PER PSI OF APPLIED STRESS (LOG SCALE)

TOTAL STRAIN PER PSI OF APPLIED STRESS (LOG SCALE)
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FIGURE 9 -- EFFECT OF TEMPERATURE ON TOTAL STRAIN OF CONCRETE LOADED

AT 28 DAYS TO A NOMINAL 30 PERCENT STRESS LEVEL.
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TOTAL STRAIN PER PSI OF APPLIED STRESS (LOG SCALE)

TOTAL STRAIN PER PSI OF APPLIED STRESS (LOG SCALE)
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FIGURE 10 -- EFFECT OF TEMPERATURE ON TOTAL STRAIN OF CONCRETE LOADED

AT 90 DAYS TO A NOMINAL 30 PERCENT STRESS LEVEL.
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Al
PCRV Test Program, Final Report - Part II,
April, 1976
APPENDIX A -- TEST PROGRAM

The test program of this investigation satisfied the General Atomic
(GA) Specification 900670, Issue B, dated September 5, 1974. It consisted
of the following three phases:

I. Materials' Selection and Evaluation
II. Concrete Mix Development
ITI. Concrete Long-Term Behavior

A description of all three phases is given in this Appendix A with
emphasis on Phase III, results of which are presented in this Final Report -
Part II. Results obtained in Phase I and Phase II were reported in Final
Report - Part I. The size and number of specimens cast for each phase of
the test program is summarized in Section 4 of this Appendix A.

1. PHASE I - MATERIALS' SELECTION AND EVALUATION

Phase I of the test program was concerned with the selection and
evaluation of the concrete-making materials. In this evaluation of
’ materials, various properties of the cement and aggregate were determined,
including the chemical composition, heat of hydration and compressive
strength of mortar cubes for the cement and the absorption, specific
gravity and gradation of the aggregates. The concrete-making properties
were then evaluated for three coarse aggregates and three admixtures.
Tests made on the fresh concretes included slump, air content, unit weight,
bleeding and time of setting. The properties determined on the hardened
concretes included compressive strength up to age 60 days, elastic
properties, linear coefficient of thermal expansion and drying shrinkage
characteristics. The specific tests conducted in Phase I are described
in the following four subsections.

1.1 Evaluation of Coarse Aggregates - Phase I(a) -- Three coarse
aggregates, York, Berks, and Hempt, were evaluated using 1 mix design.
Determined for each concrete were the 7, 28 and 60-day compressive strength
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and elastic properties, drying shrinkage up to 448 days, and the linear
coefficient of thermal expansion.

1.2 Evaluation of Admixtures - Phase I(b) -- Three admixtures,
Pozzolith 300R, Daratard 40 and Plastocrete-D, were evaluated using 1 mix
design with the following six tests conducted on each mix: slump, bleeding,

air content and time of setting on the fresh concrete, and the 7, 14, 28
and 60-day compressive strength,and drying shrinkage up to 448 days on
the hardened concrete.

1.3 Preliminary Evaluation of Cement Content -- Ten concrete mixes,

having a cement content of 7.5, 8 or 8.5 sacks per cubic yard (scy) and
containing either 1 1/2 in. or 3/4 in. maximum size aggregate (MSA) and
Daratard 40 or Pozzolith 300R admixture, were evaluated for properties of
fresh concrete and for the 7, 14, 28 and 60-day compressive strength and
elastic properties of the hardened concrete.

1.4 Evaluation of Sand Content -- Four mixes were tested to determine

the effect of sand content on the properties of the fresh concrete and on
the 7, 28 and 60-day compressive strength of the hardened concrete.

2. PHASE II - CONCRETE MIX DEVELOPMENT

Phase II of the test program was concerned with the development of
test data needed to establish concrete mixes that would have the required
strength and physical properties for the PCRV using the materials selected
in Phase I. The specified strength of the PCRV concrete was 6,500 psi at
60 days and GA required that the Taboratory mix attain a moist-cured
cylinder strength of around 7,700 psi at 60 days.

Two coarse aggregates and two admixtures were evaluated in mixes of
varying cement contents and a selected mix for each of the two aggregates
containing a given admixture was established. Properties of fresh and
hardened concrete were determined for all mixes. The properties of fresh
concrete evaluated included workability, slump, air content, and unit
weight. The properties of hardened concrete determined included compres-
sive strength, tensile strength, and elastic properties up to age 2 years
for both sealed and moist-cured specimens. The specific tests conducted in
Phase II are described in the following two subsections.
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2.1 Concrete Trial Mixes - Phases II(a) and II(b) -- A total of
eighteen mixes, nine containing York aggregate and nine containing Berks

aggregate, were evaluated. The mixes contained 1 1/2-in. or 3/4-in. MSA,
Daratard 40 or Pozzolith 300R admixture and had cement contents of 7, 7.5,
-8 or 8.5 scy. In Phase II(b) the 7, 14, 28, 60 and 120-day compressive
strength and 28, 60 and 120-day elastic properties were determined on both
sealed and moist-cured concrete specimens.

2.2 Selected Concrete Mixes - Phase II(c) -- The two concrete mixes

selected for evaluation from the results obtained in Phases II(a) and II(b),
mix Berks G-19 and mix York G-25, were tested in this Phase II(c) for com-
pressive strength, tensile strength, modulus of elasticity and Poisson's
ratio up to age 2 years, using both sealed and moist-cured specimens. The
effect of slump on the 28 and 60-day compressive strength and elastic
properties was determined using only moist-cured specimens. When the
28-day compressive strength of the selected concrete mixes was lower than
desired, the selected mix for casting York concretes for Phase III was
changed to mix York G-26, also developed in Phases II(a) and II(b).
Additional specimens were cast for this York G-26 mix, with compressive
strength and elastic properties determined on sealed and moist-cured
specimens up to age 2 years.

3. PHASE III - CONCRETE LONG-TERM BEHAVIOR

Phase III of the test program, partially still in progress at the
time Final Report - Part II was written, was concerned with establishing
the behavior of the concretes developed in Phase II when subjected to
exposure to long-term loads and elevated temperatures.

The creep test conditions, used in selected combinations, included:
three temperatures (73, 110 and 160 F), three stress levels (30, 45 and
60% of the 73 F ultimate strength), and three ages of loading (28, 90 and
270 days). Also included in Phase III was an evaluation of the influence
of thermal cycling on strength and elastic properties, and the determina-
tion of thermal properties of the concretes. The specific tests conducted
in Phase III are described in the following five subsections.
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3.1 Creep Under 30% fc at 73, 110 and 160 F - Phase III(a) -- A total
of fifty-four 6 by 16-in. creep specimens were tested for determination of

creep characteristics at a 30 percent f: stress Tevel with the fi being the
ultimate strength as determined at the age of loading at 73 F. Twenty-
seven of the specimens were cast from mix Berks G-19 and 27 from York G-26.
0f the 27 specimens for each aggregate type, nine specimens each were
tested at 73, 110 and 160 F. Of the nine specimens at each temperature,
three specimens each were loaded at ages of 28, 90 and 270 days.

A total of forty-two 6 by 16-in. creep control specimens were tested
for autogenous volume change or drying shrinkage, with 21 specimens tested
for each aggregate type as follows: three specimens were tested at 73 F,
nine were tested at 110 F and nine were tested at 160 F. At 73 F, the
three specimens were used as controls for all three ages of loading, that
is 28, 90 and 270 days. At 110 and 160 F, three of the nine specimens
were brought up to test temperature at each of the three ages of loading.
0f the three sealed creep control specimens in each group, two were kept
sealed and one was unsealed at the time of loading of the creep specimens.

In addition, each of the specimen groups at each temperature had twelve
6 by 12-in. sealed compressive strength control specimens designated as creep
companion specimens. Three of these specimens were tested at age 7 days as
a control on the concrete mix used, and three specimens were tested sub-
sequently at each age of loading of the creep specimens (28, 90 and 270
days). The companion specimens were used to determine the magnitude of the
applied stress level on the creep specimens which were stressed to a
nominal 30 percent of the 73 F ultimate strength (f¢).

Creep, autogenous volume change and drying shrinkage measurements were
made for a minimum period of 365 after the age of loading, and are scheduled
to be taken for up to 1000 days on selected groups of specimens.

Upon completion of creep testing, creep recovery was observed for up
to 91 days at the creep test temperature and then selected creep and creep
control specimens were tested for compressive strength at 73 or 110 F. One
creep specimen and one sealed control specimen from each group of three
creep or three control specimens is being kept at test temperature after
the creep recovery phase for the duration of the test program.
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3.2 Creep Under 45 and 60% fc at 73 and 160 F - Phase III(b) -- A
total of twenty-four 6 by 16-in. creep specimens were tested for the
determination of creep characteristics at a 45 or 60 percent f stress

Tevel, with the f_ being the ultimate strength as determined at the age
of loading at 73 F. For each aggregate type (mix Berks G-19 and York G-26)
twelve 6 by 16-in. creep specimens were cast, six for each stress level,
with three tested at 73 F and three at 160 F. A1l creep specimens were
loaded at age 90 days. There were no creep control specimens cast with
these specimens since the controls cast for the 30 percent stress level
specimens at 73 and 160 F in Phase III(a) also served as controls for
these higher stress level creep specimens. Nine 6 by 12-in. compressive
strength controls were cast for each aggregate type. Three of these were
tested at age 7 days as a control on the concrete mix used, and three
specimens each were tested at 90 days at 73 F and at 160 F.

Creep measurements were made for a minimum period of 376 days after
the age of loading. Specimens tested at 160 F at the 60 percent of
ultimate strength level are scheduled to be under stress for 1000 days.

Creep recovery and testing of creep specimens and their controls for
compressive strength was conducted following the test program described
for the creep specimens stressed to 30 percent of ultimate strength,
subsection 3.1.

3.3 Thermal Cycling - Phase III{c) -- A total of ninety-six 6 by
12-in. and six instrumented 6 by 16-in. specimens were tested for the
effect of thermal cycling on compressive and splitting tensile strength
and for the determination of linear coefficient of thermal expansion. For
each aggregate a total of forty-eight 6 by 12-in. specimens and three
instrumented 6 by 16-in. specimens were cycled beginning at age 90 days
for up to five temperature cycles of 73-160-73 F. Al1 specimens remained
sealed during curing and cycling. At the end of every cycle, three
specimens were tested in compression and three in splitting tension. The
three instrumented 6 by 16-in. specimens were used to monitor thermal
expansion and contraction during the thermal cycling. Eighteen of the
6 by 12-in. specimens were used as controls at 73 F, with three being
tested in compression and three in splitting tension at the start of
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cycling, after the second cycle, and at the end of cycling. Modulus of
elasticity and Poisson's ratio were determined on all compression specimens.

3.4 Thermal Properties -- Adiabatic temperature rise up to age 25

days was determined for Berks G-19 concrete. In addition to the adiabatic -
temperature rise specimen, there were twelve 6 by 12-in. sealed compression
controls. Six of these control specimens were cured adiabatically with the

27 by 30-in. adiabatic specimen for 14 days and, subsequently, at 110 F

until age of test. Six 6 by 12-in. specimens were cured at 73 F. Three

specimens from each group were tested at ages 28 and 60 days.

Specific heat and diffusivity were determined for both the Berks G-19
and York G-26 concretes, at ages of 29 and 147, and 29 and 97 days,
respectively.

3.5 Thermal Treatment of Sealed Concrete -- A total of fifteen
6 by 12-in. sealed Berks G-19 concrete specimens were tested to evaluate

the effect of prolonged curing at 160 F on 90, 180 and 270-day compressive

strength. Al1 specimens were initially cured at 73 F to age 85 days. -
Nine specimens were then heated to 160 F with three specimens each tested
in compression at 160 F after 1, 91 or 181 days curing at 160 F. The
remaining six specimens were continuously cured at 73 F with two specimens
tested at each test age.

A total of fifteen 6 by 12-in. sealed York G-26 specimens were tested
to determine the effect of curing at 160 F and the effect of specimen test
temperature on the 270-day compressive strength. A1l specimens were
initially cured at 73 F for 85 days. Nine specimens were then heated to
160 F, cured at this temperature for 176 days, and tested in compression
at 160, 110 or 73 F, with three specimens tested at each temperature. The
remaining six specimens were continuously cured at 73 F and then tested in
compression at 73, 110 or 160 F, with two specimens tested at each
temperature.

4. SUMMARY OF TEST PROGRAM

The following is a summary of the test program as performed at the
University of California (UC) and as specified by General Atomic (GA) in
its Specification 900670, Issue B, dated 9/5/74. The size and number of
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specimens used in the three phases of the test program are given in the

following tabulation:

SIZE AND NUMBER OF SPECIMENS USED IN THE TEST PROGRAM

Used GA Spec.
in UC 900670
Test Program Tests Issue B
1. PHASE I - MATERIALS' SELECTION AND EVALUATION
1.1 Evaluation of Coarse Aggregates - Phase I(a)
Compression 6x12-1in. 27 27
Drying Shrinkage 4x4x11-1in. 9 9
Coefficient of Thermal Expansion 6x16-1in. 9 9
1.2 Evaluation of Admixtures - Phase I(b)
Compression 6x12-in. 48 48
Drying Shrinkage 4x4x11-in. 16 12
1.3 Preliminary Evaluation of Cement Content
Trial Mixes (a) 6x12-1in. 36
Trial Mixes (b) 6x12-in. 36
Trial Mixes (c) 6x12-1in. 24
1.4 Evaluation of Sand Content 6x12-1in. 24 ...
Total Phase I 229 105
2. PHASE II - CONCRETE MIX DEVELOPMENT.
2.1 Concrete Trial Mixes - Phases II(a) and II(b)
Compression 6x12-1n. 672 504 (252)*
2.2 Selected Concrete Mixes - Phase II(c)
Compression and Tension 6x12-1n. 249 144 (72)
3. PHASE III - CONCRETE LONG-TERM BEHAVIOR
3.1 Creep Under 30% f¢ at 73,110 and 160 F - Phase III(a)
Creep and Creep Controls 6x16-1in. 96 9 (48)
Compression 6x12-1in. 72 .
3.2 Creep Under 45 and 60% f¢ at 73 and 160 F - Phase III(b)
Creep 6x16-1in. 24 24 (12)
Compression 6x12-1in. 18 ...
3.3 Thermal Cycling - Phase III(c)
Instrumented 6x16-in. 6 6 (3)
Compression 6x12-1in. 30 30 (15)
Tension 6x12-1in. 30 30 (15)
Controls 6x12-1in. 36 ...
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SIZE AND NUMBER OF SPECIMENS USED IN THE TEST PROGRAM (cont'd)

Used GA Spec.
in UC 900670
Test Program Tests Issue B

3.4 Thermal Properties

Adiabatic 27x30-1in. 1

Compression 6x12-in. 24

Specific Heat 8x16~-in. 2

Diffusivity 8 1/2 x17-in. 2

3.5 Thermal Treatment of Sealed Concrete

Compression 6x12-in. 30
Total Phases II and III 1292 834 (417)*
Total Phase I 229 105 (105)
Total for Test Program 1521 939 (522)

*The value in ( ) represents the number of specimens for one
aggregate as specified for Phases II and III in GA Specification
900670 Issue B. In this test program, two aggregates were
evaluated.
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PCRV Test Program, Final Report - Part II,
April, 1976
APPENDIX B -- SUMMARY OF TEST PROCEDURES

The test procedures used in Phases II(c) and III of the test program
are summarized in this Appendix, which includes a description of material
preparation and testing, mixing of concrete, tests for properties of fresh
concrete, casting procedures, preparation and storage conditions of sealed
and moist-cured specimens, and testing of concretes for compressive
strength, modulus of elasticity, Poisson's ratio, splitting tensile
strength, creep, autogenous and drying shrinkage, adiabatic temperature
rise, specific heat, thermal diffusivity and effect of thermal cycling and
thermal treatment on properties of concrete.

1. MATERIAL PREPARATION

Aggregates, cement and admixtures were prepared in accordance with
ASTM C 192 "Making and Curing Concrete Test Specimens in the Laboratory."
A description of the specific preparation of the aggregates and of the
cement is given in the following two subsections.

1.1 Aggregates -- To assure a uniform gradation and moisture content
of the aggregates used in the concretes of this test program, each shipment
of aggregate type was blended and brought to a moisture content close to a
saturated surface dry (SSD) condition. The aggregate was then stored in
labeled and numbered sealed 55-gallon steel drums. Each drum was labeled
with the'aggregate name, size, date of receipt, date of blending, and
research project name and identification number.

Prior to batching the aggregate from any particular drum, the aggre-
gate within that drum was reblended to assure a uniform moisture content.
After reblending, the moisture content of the aggregate was determined in
accordance with ASTM C 566 "Total Moisture Content of Aggregate by Drying."
The coarse and fine aggregates were then batched for each mix from these
reblended aggregate drums. As the material inside the drums diminished to
a point where there was not enough material for a complete casting, the
material in that drum was set aside and used later in the preparation of
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additional drums of aggregates. This blending procedure gave a good
aggregate moisture control for the several batches usually required for
any given casting.

Blending of different shipments of each aggregate type was accom- ’
plished by consolidating the material from the different shipments into
one stockpile and then b1ending’the entire stockpile to assure uniform
gradation and moisture content. The aggregate was then again stored in
sealed 55-gallon steel drums.

1.2 Cement -- The cement was blended as soon as it was received in
the laboratory. Blending of the cement was accomplished by placing one
scoopful at a time from each bag received into each one of the 55-galion
capacity steel drums used for storage of the cement. The drums were
then sealed with a sheet of plastic and a steel 1id and stored in a 73 F
controlled room until required for use. Cement was batched from one drum
at a time until it was emptied.

When two shipments of cement were used in a given casting, equal .
weights of shipments "A" and "B" were batched to yield the total weight
of cement required by the mix design. This assured that all batches had
the same proportions of cement from each shipment.

2. MATERIAL TESTING

Material testing at the University of California, Berkeley (UC) was
limited to determining the properties and gradation of the aggregate needed
for development of a good mix design and' to check the properties and
chemical analysis of the Medusa Type II cement shipments "A" and "B" when
it became apparent that the two shipments of cement had different strength
gain characteristics. Al1l procedures followed were in accordance with the
standard test methods listed below.

2.1 Aggregates -- The testing of the aggregates was performed in
accordance with the following standard specifications and test methods.

ASTM C 33 Specification for Concrete Aggregates

ASTM C 117 Materials Finer than No. 200 Sieve in Mineral
Aggregates by Washing

ASTM C 127 Specific Gravity and Absorption of Coarse Aggregate
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ASTM C 128 Specific Gravity and Absorption of Fine Aggregate

ASTM C 136 Sieve or Screen Analysis of Fine and Coarse Aggregates
ASTM C 566 Total Moisture Content of Aggregate by Drying
CRD-C 119 Corps of Engineers Method of Test for Flat and

Elongated Particles in Coarse Aggregate

2.2 Cement -- The testing of the cement was performed in accordance
with the following standard specifications and test methods.

ASTM C 109 Compressive Strength of Hydraulic Cement Mortars
ASTM C 114 Chemical Analysis of Hydraulic Cement

ASTM C 150 Specification for Portland Cement

ASTM C 186 Heat of Hydration of Hydraulic Cement

3. MIXING AND PROPERTIES OF FRESH CONCRETE

Basic mixing procedures and test methods used for determining the
properties of fresh concrete were in accordance with ASTM C 192. A descrip-
tion of the number of batches used to cast each group of specimens in this
test program, the specific procedures used for cooling of materials and
mixing of the concrete, and the properties determined on each batch of
fresh concrete is given in the following four subsections.

3.1 Number of Batches Used -- A 2 cu. ft. capacity "Lancaster" or a
5 cu. ft. capacity "Cumflow" pan type mixer was used to mix the concrete

for all specimens. For good laboratory control, with limited materials on
hand, it was advantageous to cast a group of specimens from several smaller
batches rather than one large batch. A summary of the number and size of
batches mixed for each test phase is given in the following tabulation:

BATCHES USED FOR CASTING PHASE II(c) AND PHASE III SPECIMENS

No. of Size of
Specimen Group Batches Batches, cu. ft.
Phase II(c) - Selected Mixes

Berks Concrete Mix G-19
Compression 6 1.9
Tension 6 1.45

York Concrete Mix G-25
Compression 6 1.9
Tension 6 1.45
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BATCHES USED FOR CASTING PHASE II(c) AND PHASE III SPECIMENS (cont'd)

Specimen Group

York Concrete Mix G-26
Compression

Phase III(a) - Creep at 30% f¢
Berks Concrete Mix G-19

73 F Specimens
110 F Specimens
160 F Specimens

York Concrete Mix G-26
73 F Specimens
110 F Specimens
160 F Specimens
Phase III(b) - Creep at 45 and 60% f¢
Berks Concrete Mix G-19
73 F and 160 F Specimens
York Concrete Mix G-26

73 F and 160 F Specimens

Phase III(c) - Thermal Cycling

Berks Concrete Mix G-19
York Concrete Mix G-25

Thermal Properties

Berks Concrete Mix G-19

Adiabatic
Specific Heat, Diffusivity
and Compression

York Concrete Mix G-26
Specific Heat and
Diffusivity

Thermal Treatment of Sealed Concrete

Berks Concrete Mix G-19
York Concrete Mix G-26

*5 cu. ft. capacity mixer
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3.2 Cooling of Materials -- To produce concrete with a temperature
of 50 + 3 F at the end of mixing, the materials were cooled by storing
cement and aggregate at 40 F for 24 hours prior to mixing, and by replacing

a portion of mixing water with ice-cold water.

3.3 Mixing Procedure -- A pan-type mixer having a capacity of 2 cu.

ft. or 5 cu. ft. was used. The mixing room temperature was maintained at
73 F. The following is a step by step procedure used in mixing each of
the concrete batches. '

1) Prime mixer with a throw away batch to coat the mixing pan

and blades with mortar and thus prevent loss of mortar from
batches used for casting of specimens.

2) Add coarse aggregate to mixer.

3) Add approximately one-half of the mixing water and let the
aggregate soak for two minutes.

4) Start mixer, add sand and blend with coarse aggregate for
one minute. When the 5 cu. ft. capacity mixer is used, add
the sand to the mixer at the same time as the coarse aggregate.

5) Add remaining mixing water and cement simultaneously over a
time period of twenty seconds. Mixing time begins after all
cement and water is in the mixer.

6) After twenty seconds of mixing add admixtures (referred to
as delayed addition of admixture).

7) Stop mixer after 3 minutes of mixing.

8) Let concrete rest for 3 minutes, with the mixer being covered
by a plastic sheet to prevent loss of moisture.

9) Re-start mixer and mix for 2 additional minutes. During this
final mixing period slight adjustments in water can be made
if needed to obtain the desired slump.

To insure a more efficient distribution of the admixtures in the
concrete, they were diluted with a small amount of mixing water prior to
being added to the batch.

3.4 Properties of Fresh Concrete -- The procedures used in determining
the unit weight, slump and air content of fresh concrete were in accordance
with the following standard methods of test:

ASTM C 138 Unit Weight Yield and Air Content of Concrete
ASTM C 143  Slump of Portland Cement Concrete

ASTM C 231  Air Content of Freshly Mixed Concrete by the Pressure
Method
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The concrete used in the slump and unit weight tests was reblended
by hand with the remaining concrete in the mixer and was used in casting
of the specimens. The top layer of the concrete used in the air content
test was discarded, with the remaining concrete used as necessary. .

Immediately after mixing each batch, the temperature of the concrete
was measured and a slump test was performed. ATl slump tests were com-
pleted within an elapsed time of 2 1/2 minutes after completion of mixing.
When the 2 cu. ft. capacity mixer was used, the slump test was started
immediately after the end of mixing with concrete taken directly from
the mixer. When the 5 cu. ft. capacity mixer was used, the slump test
was started one minute after the end of mixing to allow for emptying the
mixer and for reblending the concrete prior to making the slump test.

The unit weight and air content of the concrete were determined on the
batches of concrete as described in the following two subsections.

3.4.1 One, Two, or Three-Batch Castings -- When one, two or three

batches of concrete were used to cast a group of specimens of a given mix, -
the unit weight (using a 0.5 cu. ft. container) and air centent tests were
performed on each one of the batches. The container size for the air
content apparatus was 0.20 cu. ft.

3.4.2 Five or Six-Batch Castings -- When five or six batches of

concrete were used to cast a group of specimens of a given mix, the unit
weight was determined (using a 0.5 cu. ft. container) on the first,
third and fifth batches. The air content and the unit weight (using

the 0.2 cu. ft. air meter container) were determined on the second and
fourth batches, and also on the sixth batch for six-batch concrete
castings.

4. CASTING OF SPECIMENS

AT1 concrete specimens were cast in accordance with ASTM C 192. The
number of Tayers used in casting the specimens is given in subsections
4.1 to 4.3. A description of the distribution of the various size concrete
batches used for each layer is given in subsection 4.4.
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4.1 6 by 12-in. Specimens -- The 6 by 12-in. specimens were cast in

three layers of approximately equal volume of concrete, each being com-
pacted by rodding. The individual layers were composed of concrete from
one or two batches as described in subsection 4.4.

4.2 6 by 16-in. Specimens -- The 6 by 16-in. instrumented concrete

specimens were cast in three layers of approximately equal volume, in
accordance with University of California method of test for "Setting Up,
Casting, Sealing and Storage of 6 by 16-in. Internally Instrumented
Concrete Specimens," given as Enclosure 1 to this Appendix. The individual
layers were composed of concrete from one or two batches, as described in
subsection 4.4.

4.3 Thermal Properties Specimens -- The 8 1/2 by 17-in. diffusivity
specimens and the 8 by 16-in. specific heat specimens were cast in four

layers of approximately equal volume. Each layer was rodded 50 times.
The 27 by 30-in. adiabatic specimen was cast in four layers, with com-
paction of each layer accomplished by internal vibration. The individual
layers were composed of concrete from one or two batches as described in
subsection 4.4.

4.4 Distribution of Concrete from Batches -- One, two, three, five

or six batches of concrete were used to cast a group of specimens, as
previously described in subsection 3.1. To assure that each batch of
concrete was represented within a test group of specimens at each test
condition, procedures were established for distributing the concrete
between the group of specimens cast. These procedures were based on the
number of batches cast and are described in the following five subsections.

4.4.1 One-Batch Castings -- For castings with one batch, all

specimens were cast at the same time from the single batch.

4.4.2 Two-Batch Castings -- For castings with two batches, all
specimens were cast at the same time with half the volume of the specimens
cast using the first batch and the remaining volume cast using the second
batch. The average time between batches was approximately 15 to 20 minutes.
For specimens cast with three layers, the No. 1 batch was used to
cast the first layer and half of the second layer. The first layer was
consolidated by rodding prior to the placement of the subsequent half-layer.
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The specimens were covered with a plastic sheet to prevent the loss of
moisture while the No. 2 batch was mixed. The placement of the second
layer of concrete was then completed with the No. 2 batch and this second
layer was consolidated by rodding. The third layer was cast using the
remainder of the No. 2 batch.

4.4.3 Three-Batch Castings -- For castings with three batches, the

specimens were divided into three equal groups with each batch used to
cast one of these groups. For each test condition, one specimen from each
of the three groups was used.

4.4.4 Five-Batch Castings -- A five-batch casting was used only

for the Berks Phase III(b) specimens. The 6 by 16-in. creep specimens,
their controls and companion 6 by 12-in. specimens were cast in three equal
groups. The first group of 6 by 16-in. specimens was cast with enough
concrete from the No. 1 batch to fill two-thirds of their volume, thus
covering the meter, and was finished with concrete from the No. 2 batch.
The remaining concrete from the No. 2 batch was used to cast about one-
third the volume of the second group of specimens, to within one inch

below the meter. The casting of the second group of specimens was completed
with the third batch. The third group of specimens was cast in a manner
similar to the first group, except that batches No. 4 and No. 5 were used.
For each test condition, one specimen from each of the three gorups was
used.

The companion 6 by 12-in. specimens were cast and selected for testing
in a similar manner, except that some adjustment was made in the volumes
cast from each batch to accommodate the casting of the 6 by 16-in.
instrumented specimens.

4.4.5 Six-Batch Castings -- The specimens cast from six batches were

divided into three equal groups. Two batches of concrete were used to cast
each one of the three groups, using the procedures for two-batch mixes
given in subsection 4.4.2. For each test condition, one specimen from each
of the three groups was used.
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5. SEALING OR MOIST-CURING OF SPECIMENS

5.1 Sealed Specimens -- The sealing of the concrete specimens was
accomplished after 20 hours and within 48 hours after casting. The

procedures used are described below.

5.1.1 6 by 12-in. Specimens -- Prior to casting, the bottom and
side seams of the standard sheet metal molds conforming to ASTM C 470,

"Specification for Molds for Forming Concrete Test Cylinders Vertically,"
were soldered and painted with a light-colored anti-rust paint. This
assured moisture tightness of the mold and enabled easy inspection of the
seams. After casting, the top 1ids were placed on the molds and each
specimen was covered with a plastic bag to minimize water evaporation.

After 20 hours and within 48 hours after casting, the top 1ids were
removed and the top edge of the mold was cleaned with steel wool. A
bead of silicone rubber sealant/adhesive was placed around the outside
top perimeter of the mold and the top 1id was pressed down over the sheet
metal mold, distributing the silicone rubber between the 1id and mold.
Another bead of silicone rubber was then placed around the joining surface
of the 1id and mold. The specimens were then placed inside a plastic bag
and stored at 73 F.

The effectiveness of this sealing method was checked by filling a
soldered mold two-thirds full of water and then sealing the top with
silicone rubber in the manner described above. The water vapor developed
inside this water-filled test mold imposes a more critical condition for
sealing than if the mold were filled with concrete. After 3 years of
storage the weight of the mold plus water has remained stable indicating
no loss of moisture.

During storage, the sealed specimens were periodically inspected by
checking the painted soldered joints for discoloration or signs of water
vapor inside the plastic bags. A final inspection was given prior to
stripping of the molds. Also, after demolding, the surface moisture con-
dition of the specimens was visually inspected. To date, no signs of
leakage have been detected for any of the sealed specimens.

-107-



B10
5.1.2 6 by 16-in. Specimens -- The 6 by 16-in. specimens were sealed

using steel end plates and butyl rubber jackets as described in Enclosure 1
to this Appendix. As an additional precaution against loss of moisture,
specimens tested at 110 F and 160 F had a two-inch wide strip of Tuck
waterproof tape placed over the seams of the butyl rubber lap splice. The
specimens tested at 160 F also had a double layer of Tuck tape wrapped
over the entire butyl rubber jacket.

This butyl rubber sealing method has been found to be very effective.
It has been used at UC for sealing 73 F creep specimens for over 15 years
with no indication of moisture loss, as determined from strain measurements
on the specimens. The effectiveness of using butyl rubber for sealing at
elevated temperature (110 and 160 F) was evaluated prior to its selection
for use in this test program. Three butyl rubber sealed specimens were
exposed to a temperature of 160 + 5 F for six months. During this time
the internal strain measurements indicated no detectable loss of moisture
from the concrete.

Although the sealing method employed provides an excellent moisture
seal, an occasional specimen may exhibit some moisture loss due to a
defect in the sealing material or the installation of the jacket. This
would be true whether the concrete specimen were sealed with a butyl rubber
or a soldered copper jacket. Such moisture loss would then have to be
detected by comparing the measured strains of a group of creep specimens
and their controls. In this test program, a moisture loss was observed
in only three of the 109 sealed 6 by 16-in. specimens, as was discussed
in Section 5 of this Final Report - Part II.

5.1.3 Thermal Properties Specimens -- The thermal properties

specimens are described in UC method of test for "Thermal Properties of
Concrete," given as Enclosure 5 to this Appendix. The adiabatic specimen
mold was made of 24-gage sheet metal with soldered side and bottom seams.
The 1id was soldered on immediately after casting and then tested for

air tightness. The specific heat and diffusivity molds were made of copper
with soldered joints. The 1ids were sealed to the mold with silicone
rubber within 20 to 30 hours after casting, using the sealing method
described in subsection 5.1.1.
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5.2 Moist-Cured Specimens -- The moist-cured 6 by 12-in. specimens
were cast in standard sheet metal molds conforming to ASTM C 470. After
casting of the specimens the top 1ids were placed on the molds to assure

a circular cross-section of the concrete cylinder and to prevent evaporation
of water. After 20 hours and within 30 hours after casting, the molds were
stripped and the specimens were stored in the fog room, maintained at

100 percent relative humidity and at 73 F, in accordance with ASTM C 511,
"Specification for Moist Cabinets and Rooms Used in the Testing of

Hydraulic Cements and Concrete."

The specimens were stored three deep on shelves, with ample space
between the specimens, to allow adequate moisture to reach their surface.
During the first three days of curing in the fog room, the specimens were
wetted down periodically with water from a hose to assure that free water
was maintained on their surfaces at all times, as specified in ASTM C-

192. The specimens were also periodically relocated on the shelves accord-
ing to a regular shcedule in order to provide the same moisture exposure
conditions to all of the specimens. Daily inspections were made to check
that the fog room was operating properly and that all specimen surfaces
were moist.

6. HEATING OR COOLING OF SPECIMENS TO TEST TEMPERATURE

A11 specimens were cast in the laboratory at ambient temperature of
approximately 73 F with 50 + 3 F concrete and were cured at 73 F immediately
after casting, except that the adiabatically cured specimens were cast in
the adiabatic calorimeter chamber operating at 47 F as described in
Enclosure 5 to this Appendix. Subsequent curing and testing of all
specimens was accomplished in the nominal temperature range of 73 to 160 F
in rooms maintained within + 3 F at 73, 95, 110 or 160 F, or in a variable
temperature room operating between 73 and 135 F.

Specimens subjected to temperatures higher than 73 F were heated and,
when required, were cooled at a rate not exceeding 24 F per day unless
specified otherwise, using one or more constant temperature rooms or the
variable temperature room. The variable temperature room was programmed
for temperature changes to occur automatically at the rate of 2 F per hour
with minimum hold times of 12 hours at the nominal temperatures of 73, 95,
110 and 135 F.
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When specimens were transferred from one temperature room to another,
the specimens were wrapped with fiberglass insulation. A1l transfers
between rooms were accomplished within an elapsed time of two minutes.
The fiberglass insulation was kept around the specimens until they were
within + 5 F of the ambient temperature. The heating and cooling pro-
cedures of the specific groups of test specimens are described in the
following four subsections.

6.1 Creep Specimens and Their Controls -- Creep specimens, creep

control specimens and the 6 by 12-in. creep companion specimens were
tested at 73, 110 or 160 F. Heating to test temperature of 110 and 160 F
was accomplished over a five-day period in accordance with UC method of
test for "Creep of Concrete," given as Enclosure 4 to this Appendix.

After the completion of creep and creep recovery testing, the 110 and
160 F creep and control specimens were cooled to 73 F, when required. The
cooling of the specimens was commenced one week before they were to be
tested for compressive strength. Specimens which had been at 160 F, were
cooled by being subjected to nominal temperatures of 135, 110, 95 and 73 F,
in succession. Specimens at 110 F were first cooled to a temperature of
95 F and then to 73 F. Specimens were kept at each temperature for a
minimum of 24 hours. The variable temperature room was used for the 135 F
level and constant temperature rooms were used for all other temperature
levels.

6.2 Thermal Cycling Specimens -- The thermal cycling, up to five

cycles, from 73 to 160 to 73 F, was accomplished in the variable temperature

room, operating between 73 and 135 F, and in the 160 F chamber.

For the heating phase of each cycle, the temperature of the variable
temperature room was raised at the programmed rate from 73 to 135 F. At
the end of the 12-hour hold period at 135 F, the specimens were wrapped in
fiberglass insulation and transferred directly into the 160 F chamber,
where they remained for a minimum of 48 hours, completing the heating phase
of one thermal cycle.

For the cooling phase, specimens were transferred from the 160 F
chamber back into the variable temperature room operating at 135 F. At
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the end of the 135 F hold period, the fiberglass insulation was loosened
and the cooling to 73 F was continued at the programmed rate, completing
one thermal cycle.

Figure B1 shows the nominal temperatures for the programmed thermal
cycle and shows the average length of time in hours that the specimens were

at each temperature for each of the five cycles.

6.3 Adiabatic Companion Specimens -- The sealed 6 by 12-in. adiabatic

companion strength specimens were cured with the adiabatic temperature
rise specimen until age 14 days. The specimens were then transferred
directly to the 110 F room where they were cured until two days prior to
testing at 73 F. Specimens were cooled from 110 to 95 to 73 F, using
cooling procedures described for the creep specimens, subsection 6.1.

6.4 Thermal Treatment Specimens -- Thermal treatment specimens were
tested at 73, 110 or 160 F after curing at 73 F or 73 and 160 F. Procedure
used for heating specimens to curing or test temperature was similar to

that used for heating the creep specimens, subsection 6.1.

The cooling of specimens from 160 to 73 F followed the procedure
similar to that used for the creep specimens, except cooling commenced
five days prior to compressive strength testing. Specimens which were
cooled from 160 to 110 F were cooled alongside those cooled to 73 F until
the temperature of 110 F was reached.

7. TESTING OF SPECIMENS

The following is a brief description of the test methods used in
determining properties of concrete, including compressive strength, modulus
of elasticity, Poisson's ratio, splitting tensile strength, creep strains,
autogenous strains, drying shrinkage strains, thermal properties and the
linear coefficient of thermal expansion.

7.1 Compressive Strength -- The compressive strength tests on all of
the 6 by 12-in. and 6 by 16-in. concrete specimens were performed on a
400-kip Baldwin hydraulic testing machine in accordance with ASTM C 39
"Compressive Strength of Cylindrical Concrete Specimens." The rate of
loading was 60,000 pounds per minute or approximately 35 psi per second.
No adjustment in controls was made immediately before failure when the
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specimen was yielding rapidly. Additional procedures used for determining
the compressive strength of specimens tested at 110 or 160 F are given in
subsection 7.1.3. The tests were conducted in a room maintained at
approximately 73 F.

7.1.1 Capping -- The specimens were capped either with sulfur
capping compound or with steel plate caps as discussed in the following
two subsections. '

7.1.1.1 Sulfur Caps -- Sulfur caps conforming to ASTM C 617,

"Capping Cylindrical Concrete Specimens," were employed on all compressive
strength specimens tested at 73 F, including the selected mix specimens,
thermal cycling specimens, creep companion 6 by 12-in. specimens tested
at 73 F, thermal treatment specimens tested at 73 F and thermal properties
companion 6 by 12-in. specimens. For all specimens tested at 73 F, the

type of fracture was of the usual conical shape.

Sulfur caps were also employed on the 6 by 12-in. creep companion
specimens tested at 110 and 160 F until low compressive strengths and cap
failures were observed on two of the three York 28-day specimens tested
at 110 F. For these two specimens the strengths were about half of the
expected value, the fractures occurred at the ends of the specimens and
the caps were severely cracked. Further examination indicated that the
caps, although within ASTM C 617 1imits, were about 1 1/2 times thicker
than usual and were poorly bonded to the concrete.

Prior to these sulfur cap failures, Berks 28-day 160 F creep companion
specimens had already been capped with sulfur and tested for compressive
strength. Although their strengths were somewhat Tower than expected,
subsequent tests showed that these strengths were not influenced by the
sul fur caps.

An inspection of Berks 90-day 160 F creep companion specimens which
had been sulfur capped at the same time as the York 28-day 110 F specimens
and which were scheduled for testing in compression on the day following
the York tests, revealed that the caps were poorly bonded to the concrete
cylinders. A1l three specimens were recapped with sulfur caps while their
temperature of 160 F was maintained by fiberglass insulation. After the
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first Berks 90-day companion specimen tested at 160 F failed at what was
thought to be a low compressive strength, it was decided to recap the
remaining two Berks specimens with 2-in. thick steel plates bonded to the
specimens with neat cement paste. These two specimens were then tested
at age 93 days. Their compressive strength was similar to that of the
first specimen tested. It was then decided to further evaluate capping
procedures for tests at elevated temperatures.

First, the capping procedure was changed to reduce the thickness of
the sulfur caps to about 1/8 in. Then, a set of corresponding specimens
was capped with either sulfur caps or steel plates and tested at 160 F
to determine if the type of cap used had an influence on the compressive
strength. The results obtained are shown in the following tabulation:

EFFECT OF TYPE OF CAP ON 90-DAY COMPRESSIVE STRENGTH AT 160 F, PSI
York Companion Sealed 6 by 12-in. Cylinders

Specimen Steel Capped Sulfur Capped
1 5730 5800
2 5790 5660
3 5820 5910
Average 5780 5790

By minimizing the thickness of the sulfur caps, the strengths
obtained were consistent with those of specimens capped with steel plates.
However, because of the elevated temperatures and of the high stress levels
required to fail the specimens it was felt that the sulfur capping compound
might be at the Timit of its reliability. Therefore, it was decided to
employ steel plate caps on all subsequent specimens tested at 160 F and
to employ sulfur caps, having a thickness of about 1/8 in., for all sub-
sequent specimens tested at 73 and 110 F.

A11 observed fractures of the 6 by 12-in. cylinders capped with sulfur
and tested at 73, 110, or 160 F, with the exception of the two cap failures
of York 28-day 110 F creep companion specimens, were of the usual conical
shape and the compressive strengths were consistent within the group of
specimens tested. The procedures for capping with steel plates is given in
the following subsection.
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7.1.1.2 Steel Plate Caps -- Steel plate caps were employed on

6 by 12-in. specimens tested in compression at 160 F after the failure of
sulfur caps described in -subsection 7.1.1.1. The steel plate caps were
bonded to the specimens with neat cement paste. The paste had good con-
sistency and workability and was used to cap the specimens after its
bleeding had ceased. The ends of the concrete specimens were roughened by
chipping and then were thoroughly cleaned. The specimens were placed in a
squared capping rig, the top end was slightly dampened and the neat cement
paste was placed on this moistened end in the shape of a flat cone. The
2-in. thick end plate was then placed on top of the paste and worked down
until the paste was spread uniformly in a thin layer between the plate and
the specimen. Excess paste squeezed out along the edge was removed and
the squareness of the plate in relation to the specimen was checked and
adjusted to within ASTM C 39 specifications. The end plate was then taped
along its circumference to the concrete specimen. Capping of the opposite
end of the cylinder was accomplished in a similar manner, except that the
specimen was now placed on a rectangular steel plate equipped with handles.
This allowed the specimen to be moved without breaking bond between the
bottom steel end plate and the specimen. The rectangular steel plate was
machined flat to allow the specimens to be tested on this plate.

A1l observed failures of the 6 by 12-in. concrete cylinders tested at
160 F with steel caps were of the typical conical shape and the compressive
strengths were consistent within the group of specimens tested. Inspection
of the caps, when the steel end plates were removed, showed that the bonding
and distribution of neat cement paste were good.

A11 6 by 16-in. creep specimens and their controls, were capped with
steel end plates, as described in Enclosure 1 to this Appendix and were
tested in compression with no additional capping. These steel end plates
were anchored to the concrete by means of three concrete nails in the top
plate and two eye bolts in the bottom plate. Initial testing indicated
that no damaging stress concentrations are created by the nails and eye
bolts. A1l 6 by 16-in. specimens tested in compression had the usual
conical failures occurring in the middle third of the specimen. The ends
of the specimen near the steel plates remained intact.
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7.1.2 Capping Schedule and Storage Conditions Prior to Testing --
The capping schedule and storage conditions of specimens before they were
tested for compressive strength are described in the following five
subsection.

7.1.2.1 6 by 12-in. Specimens Cured and Tested at 73 F -- A
schedule for capping all specimens cured and tested at 73 F was established

to assure that the sulfur capping compound had adequate strength at the
time of the compression test. Specimens to be tested at age 7 and 14 days
were capped a minimum of two hours prior to the time of test. Specimens
to be tested at age 28 and 60 days were capped two days prior to testing,
and all the later age specimens were capped three days prior to testing.

The moist-cured specimens were removed from the fog room, capped and
placed back in the fog room where they remained until time of test. Just
prior to the compression test, the specimens were removed from the fog room
and wrapped with moisture-proof plastic film to prevent the loss of moisture
during testing.

The sealed specimens were demolded, immediately wrapped in the plastic
film and capped, sealing the ends of the moisture-proof plastic film with
the sulfur capping compound. The specimens were then placed into two
plastic bags, to insure that no moisture would be lost prior to testing,
and were stored at 73 F until time of test. The specimens were removed
from the bags just prior to testing.

7.1.2.2 Creep Companion Specimens Tested at 110 or 160 F -~ The
6 by 12-in. sealed creep companion specimens, scheduled for testing at
110 or 160 F were normally stripped, sealed and capped prior to being
heated to test temperature. The specimens were sealed with five layers
of moisture-proof plastic wrap and were then capped. The joint between
the plastic wrap and the cap and the vertical overlap portion of the plastic
wrap were sealed with a Strip of waterproof tape to protect the specimens
against loss of moisture. The specimens were then placed into two plastic
bagé from which they were removed just prior to testing. A1l creep com-

panion specimens were capped prior to the start of the heating phase with
the exceptions of Berks 90-day 160 F specimens which were recapped at 160 F
with steel plates as described in subsection 7.1.1.1 and of the York
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90-day 160 F specimens which were capped with steel plates when the
specimens were at 135 F.

7.1.2.3 Thermal Cyc]ing Specimens -- The 6 by 12-in. thermal

cycling specimens tested in compression at the end of a completed temperature
cycle of 73 to 160 to 73 F were stripped from their sealed molds when the
temperature of the cooling phase had reached 73 F. They were immediately
wrapped with a moisture proof plastic film and capped with sulfur, sealing
the ends of the plastic film with the capping compound. The specimens

were then stored at 73 F for two days prior to testing.

7.1.2.4 Adiabatic Companion Specimens -- Procedures for sealing

with plastic wrap and for capping the 6 by 12-in. adiabatic companion
strength specimens were the same as described in subsection 7.1.2.1,
except that the specimens were capped at 73 F one day prior to testing.

7.1.2.5 Thermal Treatment Specimens -- The thermal treatment

specimens cured and tested at 73 F were stripped, sealed and capped
following the procedures described in subsection 7.1.2.1.

Specimens cured at 73 F but tested at 110 or 160 F were stripped,
sealed and capped per subsection 7.1.2.2.

Specimens cured at 160 F for 1, 91, or 181 days were stripped of
their mold and wrapped in multiple layers of moisture-proof plastic with
the seams taped with water-proof tape, just before they were heated to
160 F. The specimens tested at 160 F were steel capped at 160 F, three
days prior to testing. Specimens tested at 110 and 73 F were sulfur
capped at the test temperature one day prior to testing.

7.1.3 Testing at 110 or 160 F -- A1l specimens tested in compression

at 110 or 160 F were maintained at test temperature for a minimum of 24 hours
prior to testing. To maintain its temperature during testing, each specimen
was wrapped with a layer of fiberglass insulation. The specimens were then
transported one at a time from the elevated temperature room to the testing
machine on a cart covered with an additional Tayer of fiberglass insulation
and tested in compression with the fiberglass wrapped around the specimen.
Heat Toss due to contact of the specimen with the testing machine was
minimized by heating two steel bearing plates, normally employed in the
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compression test, to test temperature prior to testing the first specimen.
Then, upon completion of each test, the tested specimen was kept in the
machine while the next specimen was being transported for testing.

The effectiveness of this method of testing at elevated temperature
was established by monitoring the surface temperature of a sulfur capped
6 by 12-in. specimen while it was tested at 160 F and by monitoring the
internal temperatures of eight steel capped 6 by 16-in. specimens while
they were tested at 110 F. The specimen's temperature did not drop
significantly from the time the specimen was removed from the 110 or
160 F room to the completion of the compression test. A surface temperature
drop of about 4 F occurred for the specimen tested at 160 F and an average
internal temperature drop of less than 0.5 occurred for the specimens
tested at 110 F. The concrete surface temperature was measured at a
distance of one inch below the cap using two quartz thermometers. The
internal temperatures were measured using the 4-in. gage length Carlson
strain meters embedded at the centroid of each specimen.

7.2 Modulus of Elasticity and Poisson's Ratio -- Procedures for

measuring the modulus of elasticity and Poisson's ratio were based on

ASTM C 469, "Static Modulus of Elasticity and Poisson's Ratio of Concrete
in Compression," and are further described below. The longitudinal and
lateral deformations were determined with a compressometer equipped with

four linear variable differential transformers (LVDT's).

The longitudinal deformations of a specimen were measured by two
LVDT's mounted vertically, parallel to the axis of the specimen and
diametrically opposite each other. The effective gage length of each
LVDT was eight inches. The compressometer was centered at midheight of
the specimen and was rigidly attached to it by set screws.

The lateral deformations of a specimen were measured by two LVDT's
mounted horizontally on a ring located at midheight of the compressometer
and suspended by four springs from the top ring of the compressometer.

The springs were designed with a sufficient stiffness to minimize the
weight of this ring, with the lateral LVDT's mounted, to insure that the
ring remained at midheight of the compressometer after the spacer bars
were removed. The ring itself was also attached to the specimen by spring
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loaded set screws. The horizontal LVDT's were mounted on the compressometer
perpendicular to the axis of the specimen, diametrically opposite each

other and rotated 90° from the LVDT's used to measure longitudinal deforma-
tions. The effective gage length of each of these two LVDT's on a six-inch
diameter specimen was three inches. Prior to testing, the moisture-proof
plastic film used to wrap the specimen was removed from the immediate

area of the contact tip of the LVDT's and the tip was allowed to make

direct contact with the surface of the concrete specimen.

Prior to each day's testing, the longitudinal and lateral LVDT's were
calibrated in pairs by setting off known displacements, using a super-
micrometer having a least reading of 10 microinches (.00001 inches). An
XYY' recorder was calibrated simultaneously to record directly the average
strain from the known LVDT displacements.

The stress calibration of the XYY' recorder was performed by applying
a known load to a specimen with the testing machine and adjusting the load
scale of the XYY' recorder to record the corresponding stress for a 5.97-in.
diameter (28.0-sq. in. area) specimen. The load applied to the specimen
was taken directly off the testing machine by means of an electric pressure
transducer and was recorded as stress on the XYY' chart.

In Phase II(c), an additional calibration step was added to the
procedure. After the calibrations for strain and stress were performed,
and prior to testing the concrete specimens, the calibration was checked
by placing the compressometer on a calibrated steel cylinder. The steel
cylinder was then loaded and the resulting strain and stress levels were
compared with known calibration values.

To obtain the modulus of elasticity and Poisson's ratio for a given
specimen, the specimen was loaded to 40 percent of its estimated ultimate
strength three consecutive times. The loading rate was 60,000 Tbs per
minute or approximately 35 psi per second. During the loadings, stress
versus longitudinal strain and Tateral strain versus longitudinal strain
curves were plotted with the XYY' recorder. The elastic modulus was
computed from the first curve and the Poisson's ratio from the second.
The values given in this report represent the average of the second and
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and third loadings. The lateral LVDT's were then disconnected from the
compressometer and the specimen was tested for compressive strength.

On selected specimens a time ramp generator, calibrated to record
time, was connected to the XYY' recorder in place of the input from the
lateral LVDT's prior to loading the specimen to failure. During the
loading, stress versus longitudinal strain and time versus longitudinal
strain curves were obtained. The first curve provided the stress-strain
relation of concrete. The second provided a check on the loading rate.
The loading rate was in all cases within the Timits of ASTM C 469. A
typical XYY' plot is shown in reduced size in Figure B2, the actual size
being 10 by 15 inches.

7.2.1 Sustained Modulus of 6 by 16-in. Creep Specimens -- The
sustained modulus of elasticity of the creep specimens, defined as the
total strain divided by the applied stress, was determined during loading

and unloading. The specimens were loaded and unloaded in accordance with
GA specifications and as described in Enclosure 4 to this Appendix.

The strain readings during loading were taken as follows. For creep
specimens stressed to a nominal stress level corresponding to 30 or 45
percent of their 73 F ultimate strength, the Carlson strain meters were
read 15 seconds prior to start of loading (zero stress), then, during a
nine second period while the applied stress was held constant at a Tevel
equal to about one half the full stress, and finally immediately after
reaching the full stress. For creep specimens stressed to 60 percent
of their 73 F ultimate strength, the strain readings were taken at stress
levels of 0, 22.5, 45 and 60 percent. The creep specimens were stressed at
a rate of 35 + 5 psi per second, except when the stress was held constant
during the nine second hold periods required to read strains at given
stress levels.

The sustained modulus during loading was computed for all specimens
using the strain measured at the full stress level. The intermediate
strain readings taken during loading were used to check the linearity of
Toading and to determine the modulus of elasticity of the concrete when the
full stress level was greater than 40 to 45 percent of its ultimate
strength at the given test temperature.
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The specimens were unloaded at a rate of 35 + 5 psi per second. During
unloading, the sustained modulus was computed from the strains determined
immediately prior to unloading and immediately after unloading.

7.3 Splitting Tensile Strength -- The splitting tensile strength

tests on all of the 6 by 12-in. concrete specimens were performed on a

120 or on a 400-kip Baldwin hydraulic testing machine in accordance with
ASTM C 496 "Splitting Tensile Strength of Cylindrical Concrete Specimens."
The rate of Toading was 16,000 1bs per minute or approximately 140 psi

per second. Specimens were tested in a self-aligning splitting tensile
strength testing rig, designed and built at UC, which has alignment marks
that are coordinated with alignment marks on the testing machine platform,
assuring proper alignment of test specimen in the machine.

Splitting tensile strength specimens were stripped from their molds
at the same time as the corresponding compressive strength specimens,
subsection 7.1. Moist-cured specimens were sealed with moisture proof
plastic film immediately after removal of the specimens from the fog room.
Sealed specimens were wrapped with the plastic film immediately upon
stripping and placed in two plastic bags. The plastic film was removed
from both the moist-cured and sealed specimens just prior to the testing
of an individual specimen.

The percentage of coarse aggregate fractured during the splitting
tensile strength test was determined by counting the number of fractured
and not fractured pieces of aggregate on a representative section of
concrete, equal to at least half of the fractured surface of the 6 by 12-in.
cylinder.

7.4 Creep, Autogenous and Drying Shrinkage Strains -- Creep, auto-

genous and drying shrinkage strains of concrete were determined on 6 by
16-in. specimens, each internally instrumented with one 4-in. Carlson strain
meter. In addition, eight of the creep specimens were also instrumented

with Whittemore points as a quality control check on the Carlson instrumenta-
tion. The specimens were prepared and sealed in accordance with the pro-
cedures described in this Appendix and in Enclosure 1 to this Appendix.

The creep specimens were loaded and tested in accordance with ASTM C 512,
"Test for Creep of Concrete in Compression," as described in Enclosure 4

to this Appendix.
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A description of the instrumentation and of the calibration checks
performed at UC are given in subsections 7.4.1 and 7.4.2. Strain data
were collected using computer oriented data acquisition system described
in Enclosure 4 to this Appendix. The computer output of the creep,
autogenous length change and drying shrinkage data is presented in
Appendix C of this report, along with sample calculations showing determi-
nation of temperature, strain and specific creep.

7.4.1 Carlson Meter Instrumentation -- A 4-in. gage length A-4

Carlson strain meter was used in each of the 6 by 16-in. creep and creep
control specimens. The manufacturer's description of the meter, entitled
"Carlson Elastic Wire Strain Meter" is given as Enclosure 2 to this
Appendix. Calibration constants for determining strain and temperature
were supplied by the manufacturer. These meter calibration constants
were checked at UC prior to using the meters. After the specimens were
cast, a proof-loading was performed and the internal strains determined
with the Carlson meter were compared to the external strains determined
with a compressometer equipped with LVDT's. The percent difference
between the external and the internal strains is referred to as the
specimen-meter factor (SMF). The UC calibration checks for strain,
temperature and specimen-meter factor are described in the following
three subsections.

7.4.1.1 Strain Calibration -- The strain calibration constants
supplied by the manufacturer were checked as described in UC method of
test for "Calibration of Carlson Strain Meters," given as Enclosure 3 of

this Appendix.

Prior to selection of the Carlson strain meter for this test program,
it was also established that the strain calibration constant for this type
of meter does not vary with temperature within the range of 73 to 160 F.
This check was performed per Enclosure 3 to this Appendix except that the
known displacements were applied with a high temperature calibration unit
and were measured with three LVDT's instead of the dial gage. The high
temperature calibration unit, designed and built at UC, contains a
temperature controlled oil bath. In this calibration check, a Carlson
meter was submerged into the oil bath and was subjected to known displace-
ments at oil temperatures in the range of 73 to 160 F. Prior to the
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calibration, the 0il bath was maintained within + 0.3 F of the test
temperature for a minimum of 12 hours. The LVDT's used for measuring
displacements were calibrated using a super-micrometer, having a least
reading of 0.00001 in. and a digital voltmeter reading to 0.0001 volt.

7.4.1.2 Temperature Calibration -- Prior to the use of Carlson

meters, their temperature calibration constants were checked at UC. This
calibration check was accomplished by storing a group of Carlson strain
meters in an insulated container in the 73 F room. The temperature

inside the container was measured by means of a quartz thermometer
calibrated to + 0.01 F. The resistance of each Carlson strain meter was
measured using the Carlson test set and/or the SESM test set. This pro-
cedure was then repeated in the 110 F room and then again in the 73 F

room, taking resistance readings for each Carlson meter at each temperature
level. The temperature calibration constants (T.C.) were then determined
for each meter, using the following basic equation:

Temperature Calibration Constant, T.C. = At/AR, F/ohm

where:

At Change in temperature, F

Ap Change in resistance, ohms

Example: T.C. for Carlson Meter No. 363

Temperature, F Resistance, ohms
70.00 55.41
108.10 58.98

A, = 38.10 bp = 3.57

T.C. = 38.10/3.57 = 10.67 F/ohm

The temperature calibration was also checked for one set of 12 Carlson
meters at 160 F. The results were found to be consistent with the calibra-
tions performed in the temperature range of 73 to 110 F. Thus, within the
temperature range of 73 to 160 F, the Carlson meter resistance versus
temperature curve can be assumed to be a straight line.
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7.4.1.3 Determination of Specimen-Meter Calibration Factor -- The
specimen-meter calibration factor (SMF) is a calibration constant which
correlates the strain readings obtained from a Carlson meter embedded in a

concrete specimen to the actual strains in the concrete. Due to several
factors, a primary one being the void created in the concrete by the
embedded meter itself, the meter registers higher strains when the concrete
is subjected to an externally applied load. The theoretical increase in
strain readings for a 4-in. Carlson meter due to the void alone has been
computed to be about 12 percent. Experimentally, this increase in strain
readings, including all causes, was found to average about 16 percent for
4-in. Carlson meters, with extreme values ranging from as low as 0 to as
high as 30 percent.

The SMF was generally determined by proof loading the instrumented
6 by 16-in. specimens to 1500 psi in a testing machine about two weeks
prior to the creep tests. External strains were determined by the use of
a compressometer instrumented with two LVDT's for measuring longitudinal
strains which were recorded on an XY plot, following procedures similar to
those described in subsection 7.2. Simultaneously, the internal strains
were obtained from the Carlson meter. The SMF and strain in concrete were
then determined using the following calculations:

_ (External Strain)-(Carlson Strain)

SMF External Strain

X 100, percent

Strain in Concrete = Strain from Carlson Meter X (100-SMF)

When the concrete was not loaded but was subjected to autogenous,
thermal and drying shrinkage strains, the theoretical SMF, equal to 0, was
used.

After completion of creep testing, the specimen-meter factor was
checked again for specimens tested for compressive strength. Just prior
to the compression test, specimens were stressed to 2500 psi with Carlson
meter strains recorded at every 500 psi interval. Simultaneously, external
strains were recorded on an XY plot following procedure similar to that
described above. On the average, the SMF value checked within + 3 percent-
age points of the SMF value obtained prior to the creep loading. The
final SMF used for a given specimen was the average of the two values.
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7.4.2 Whittemore Instrumentation -- As a quality control check on

Carlson strain meter instrumentation, the strains of eight creep specimens
at 73 F were also measured with a Whittemore gage. Three pairs of
Whittemore gage points, set to a 10-in. gage length, were epoxied on the
surface of each of the eight creep specimens at third points around the
circumference and equidistant from the ends of the specimen, three days
prior to loading.

The Whittemore gage pbints were drilled on the surface of small
stainless steel plates machined to 1/4 by 3/4 by 1/16 in. with a 3-in.
radius of curvature in the 3/4 in. dimension. The butyl rubber sealing
jackets were cut at the location of the gage points to allow the plates -
to be epoxied directly to the concrete surface. A butyl rubber cover
patch, having a central opening was aligned over the Whittemore point
in the plate, and was epoxied directly on the plate and original jacket,
making a complete seal.

Strain readings were taken with a 10-in. Whittemore gage instrumented
with a dial having a least reading of 0.0001-in. The external strains,
+ 5 microstrains, from the three pairs of Whittemore points were averaged
and compared to the internal strain readings from the Carlson meter.

The external strains were in general consistent with the internal
strains. A summary of specimens instrumented with Whittemore points
and the percent variation of the external Whittemore strains from the
internal Carlson meter strains is given in the following tabulation:

CONSISTENCY OF WHITTEMORE-CARLSON READINGS

Percent Variation

Concrete Stress Meter of Whittemore
Group Level Number from Carlson
Berks 45% 359 -3

372 -3
Berks 60% 354 -7
374 -3
York 459 418 +7
401 +7
York 60% 400 -1
414 +1
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7.5 Linear Coefficient of Thermal Expansion -- The linear coefficient

of thermal expansion was determined for Berks and York concrete using the
set of three 6 by 16-in. internally instrumented thermal cycling specimens
for each concrete. In each set of three specimens, two were instrumented
with 10-in. gage length A-10 Carlson strain meters and one was instrumented
with a 4-in. gage length A-4 Carlson strain meter. The manufacturer's
description of the meters is given in Enclosure 2 to this Appendix.

The specimens were subjected to five temperature cycles of 73 to
160 to 73 F, as described in subsection 6.2. Strain gage readings,
using a Carlson test set, were taken at 73, 90, 110, 135, 160, 135, 110,
and 73 F during each cycle just prior to increasing or decreasing the
temperature to the next level, and the linear coefficient of thermal
expansion was determined for each step for all five cycles.

Reduction of data was made using the strain meter constants supplied
by the manufacturer. A set of sample calculations for computing the
linear coefficient of thermal expansion for one meter and one change in
temperature is given in Final Report - Part I, Appendix B, p. 118.

7.6 Thermal Properties -- The adiabatic temperature rise, specific
heat and thermal diffusivity of concrete were determined in accordance

with Enclosure 5 to this Appendix.

The UC test procedure for determining adiabatic temperature rise is
similar to Corps of Engineers test method CRD-C 38 which is based on the
procedures developed and established at UC. The UC test procedure for
specific heat is based on the US Bureau of Reclamation test method described
in the Boulder Canyon Project Final Report, Bulletin 1, entitled, "Thermal
Properties of Concrete." The UC test procedure for thermal diffusivity is
similar to the Corps of Engineers method CRD-C 36.
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Test Method for GA Research Program
University of California, Berkeley
Issue A, March, 1975
Rev. No. 1, January 25, 1976

Method of Test for

SETTING-UP, CASTING, SEALING AND STORAGE OF 6 BY 16-IN. INTERNALLY
INSTRUMENTED CONCRETE SPECIMENS

1. SCOPE

This method covers procedures for setting up molds for 6 by 16-in.
internally instrumented concrete specimens, casting of these specimens,
sealing the specimens and storage of specimens until time of test.

2. APPARATUS (FOR EACH SPECIMEN)

2.1 Molds -- Cast iron 6 by 18-in. cylindrical molds. Note: These
molds were manufactured by casting the mold in two halves, their edges
milled parallel, and then with the two halves bolted together, their
inside diameter machined to 6 + .001 inches.

2.2 End Plates -- Two (2) 6-in. dia. steel end plates, one 2-in.
thick and the other 1 1/2-in. thick. The 2-in. thick end plate has a hole
and slot for instrument lead wire. The 1 1/2-in. end plate is solid. Both
end plates have eye hooks or concrete nails to prevent end plates from
being sheared off specimen.

2.3 Strain Gage -- A Carlson or a Microdot strain gage for embedment
in concrete.

2.4 Alignment Rig -- Strain gage alignment and tensioning rig with
soft wire for securing and aligning instrument in cast iron mold and to

maintain its alignment during casting.

2.5 Sealing Jacket -- Butyl rubber sheet, 1/16 in. thick, cut to
size 18 by 23 in., with one of its 18-in. sides beveled by sanding. The
side is beveled to prevent bulging of rubber at 4-in. Tap splice.

2.6 Leveling Plate -- Leveling plate especially manufactured for

leveling the top steel plate on creep specimens.
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3. PROCEDURE

3.1 Setting Up Molds -- Setting up of the 6 by 18-in. molds and
installation of the strain gage includes the following:

a) Inspect molds for cleanliness and oil Tlightly.

b) Check strain gage to be installed for defects and make certain
the strain gage can be read.

c) Inspect rubber gasket on mold base plate for defects and clean-
Tiness. Thread lead wire through hole in the 2-in. end plate and fit
"0-ring".washer and nut.

d) Use soft wire to position strain gage axially in mold. Loop
wire around bottom flange once and secure to eye bolts in 2-in. end plate.
Strain gage should be positioned so that distance between bottom of strain
gage's lower flange and top surface of 2-in. bottom end plate is according
to size of strain gage used as follows:

4-in. strain gage: 6 + 1/4 1in. 8-in. strain gage: 4 + 1/4 in.
6-in. strain gage: 5 + 1/4 in. 10-in. strain gage: 3 *+ 1/4 in.

e) Tighten nut with "0-ring" to assure seal of lead wire opening.
Grease edge of the 2-in. end plate and position it in the one side of the
6 by 18-in. mold.

f) Loop soft wire around top flange of strain gage and through
strain gage alignment and tensioning rig resting on top edge of mold.
Align strain gage and tension top wire as little as possible to maintain
strain gage in vertical position.

g) Check position of strain gage from bottom end plate again.
Take reading on strain gage. Make sure strain gage is positioned correctly
and can be read. Check strain gage identification number and show this
number on lead wire tag. Grease edges of mold and tighten mold halves
together.

h) Place instrumented mold in storage area and cover to prevent
dirt from entering mold.
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-

3.2 Casting Instrumented Specimens -- The instrumented specimens are
cast as follows:

a) Place instrumented molds on cart and cast molds on cart if
feasible to prevent having to 1ift molds after casting. Inspect molds for
cleanliness. |

b) Check strain gages to make certain they can be read.

c) Specimens are to be cast vertically according to ASTM C 192
"Making and Curing Concrete Test Specimens in the Laboratory," modified to
include the following:

(1) cast the concrete in layers, consolidating each layer by
rodding 25 times. Extreme caution must be taken to prevent
damage to instrument during rodding. A smaller diameter rod
may be used to consolidate the concrete in the immediate
proximity of the strain gage.

(2) The layer of concrete from 1 in. below to 1 in. above the
strain gage should be cast from the same batch if possible,
and in as short a time span as feasible. Maintain alignment
of instrument during casting. Concrete above and below the
strain gage level is cast using standard practice.

(3) Place concrete with a scoop gently into mold. Care must be
taken to prevent dropping concrete directly on the strain
gage. Alternate placing of concrete from one side of the
strain gage alignment rig to the other, keeping concrete
evenly distributed in the mold.

d) After completion of casting, cover specimens with plastic film
and move on cart to place of storage. Remove cover, cut wires, remove
alignment rig and cover specimen again with plastic film secured to mold
with rubber bands. Vibrate specimens slightly to assure meter settles
with concrete.

3.3 Sealing of Specimens -- Specimens are sealed against moisture
loss as follows:
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a) Before placing top end plate, allow approximately 5 hours time
after casting'so that no more bleeding water rises to the surface. Then
form a conical-shaped layer of mortar on top of each cylinder. This mortar
is obtained from the original mix, or prepared separately at time of
casting, to allow time for bleeding to cease prior to its use. Work the
1 1/2-in. top plate back and forth into position on each specimen until the
mortar appears to be spread uniformly between the plate and the specimen.
Use the leveling plate to assure top plate is normal to the axis of the
specimen. Move specimens to 73 F room.

b) Strip cast iron molds from specimens not earlier than 24 hours
but no later than 48 hours after casting. Just prior to stripping molds
off specimen prepare the sealing jacket by applying rubber cement to the
1/16-in. thick butyl rubber sheet at surfaces of the lap splice joint, and
on 2-in. wide strips along each edge of 23-in. side. Then within 3
minutes after removing cast iron mold the following operations shall be
performed:

(1) Clean end plates.

(2) Coat edges of end plates and adjacent 1-in. strip of
concrete specimen, as well as 2-in. vertical strip on
specimen for attaching of rubber sheet.

(3) Wrap the 1/16-in. thick butyl rubber sheet around the
concrete (beveled edge outward) bonding the top and
bottom edge of the rubber to the steel end plates.

(4) Inspect bonding of the 4-in. lap splice. Tighten the
6-in. dia. hose clamps over the butyl rubber and steel
end plates to assure specimen will be thoroughly sealed.

3.4 Storage of Specimens -- After sealing, specimens are to be stored

in 73 F room until time of test. They are to be stored vertically with
lead wire coming out at the top of specimen (opposite to position of
casting).

3.5 Labeling of Specimens -- Prior to sealing the specimen will be

identified by instrument number and concrete mix from which it was cast.
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After sealing each specimen is to have the following information tagged to
v it. '

a) Meter No.: ___ , Ratio range: ____, Channel:
* b) Concrete: Mix No.: __, Batch No.:
Date cast:
c) Temperature (to be loaded at): __ , Loading level: 4.
d) Age of loading: __ days, Date to be loaded:

e) Heating to begin:
f) Date unloaded:

3.6 Carlson Strain Gage Readings -- Carlson strain gage readings
prior to casting can be taken with either the Carlson or the SESM test
set. The initial reading on the strain gage after casting of the specimen
must be taken with both test sets. Subsequent readings will be taken with
the SESM test set, except that periodically readings with both test sets

» must be taken as a double check on strain gage readings.

a) The following is a summary of required strain gage readings:
. (1) Check of strain gage prior to use.

) (2) Check of strain gage after setting up mold.
(3) Check of strain gage prior to casting specimen.
(4) Check of strain gage after casting.
(5) Initial readings 24 hours after casting.

(6) Subsequent readings at intervals depending on type of test
being performed.
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CARLSON ELASTIC WIRE STRAIN METER*
July 1, 1972

The standard strain meter can be embedded in
concrete or it can be attached to a surface with saddle
mounts. It measures change in length (strain) and
temperature with the help of a simple Wheatstone-
bridge type testing set (James Biddle =~ Model 72-
4010). The meter contains two coils of highly elastic:
steel wire, one of which increases in length and
electrical resistance when a strain occurs, while the
other decreases. The ratio of the two resistances is
independent of temperature (except for thermal
expansion) and therefore the change in resistance
ratio is a measure of strain. The total resistance on
the other hand is indepandent of strain since one coil
increases the same amount as the other decreases
due to a change in length of the meter. Thus, the total
resistance is a measure of temperature. The improved
strain meter is a better thermometer than the earlier
ones, which had one coil within the other and there-
fore of different lengths.

The strain meter is furnished in three different
lengths, from 8 inches to 20 inches, but all with the
identical sensing element. The end away from the
cable has a tapped hole (1/4-28 UNF) to permit
attachment to a spider for mass concrete embedment,
or for adding an extender to increase the length and
sensitivity. The body is covered with cotton sleeving to
break the bond with the concrete.

*See page entitled “Improved Sensing Element for
Carlson Instruments”’

CONDUCTOR CABLE
SEALING COMPOUND  <OfL

- ELASTIC WIRE
\\CERAMIC SPOOL

The conductor cable most commonly used is
neoprene rubber-covered, portable cord with either
three or four conductors. The four-conductor
cable permits the testing set to make automatic sub-
traction of cable resistance for the determination of
temperature only. If the user does not specify cablg
length, the meter is supplied with 30 inches of 16/3
SO cord. However, it is often preferred to attach the
cable at the job site in the full length to be needed. In
this case, the user must specify the diameter of the
cable to be used so that the sealing chamber can be
made to order and supplied separately with the
meters. Instructions for attaching the cables and
sealing chambers are supplied to the user. It is
recommended that no greater than 600 ft. of 16 AWG
cable be used. Larger wire should be used with
longer lengths.

The strain meter frame is all steel, thus reducing
the temperature correction (for thermal expansion of
the frame) from the former value of 7.5 micro-strain
per degree. The improved strain meter is more nearly
compensating for thermal expansion than before,
because the 6.7 value is more nearly the same as the
thermal expansion of concrete. This is advantageous
in that not much of the range of the meter is lost
because of temperature change. N

<BELLOWS
AN

N ?

0" RING SEAL AND
CABLE ANCHOR

SPECIFICATIONS - A SERIES

Former Model Number
Current Model Number

Range (micro-strain)*

Least reading (micro-strain)
Least reading, temperature (°F)
Gauge length (inches)

Weight (Ibs)

*Normally set at factory for 2/3 of range in compression

Within limits, other settings may be specified.
**Saddle mount. Mounting diameter is 1-1/16 inches.

SL-10 cen SA-20
A10 A105** A20
2100 2100 1050
31 31 1.6
0.1 01 ) 01

10 10 20
13 13 3.5

DR. Roy W. CARLSON

1203 DELL AVENUE - CAMPBELL, CALIF. 95008
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IMPROVED SENSING ELEMENT FOR CARLSON INSTRUMENTS

Carlson strain meters, stress meters and pore press-
sure cells all use an elastic-wire electrical resistance
device as the sensing element. The device is both a
strain meter and a thermometer. It consists of two
coils of fine steel wire, wound on ceramic spools. One
of the coils increases in length and resistance with
strain while the other decreases. The change in res-
istance is due mainly to stress and not to change in
dimensions; when the length of a coil is increased by
1 per cent the electrical resistance is increased 3.6
per cent. The ratio of electrical resistance of the two
coils is directly proportional to change in gauge
length, while the total resistance of the two coils is
directly related to temperature. Electrical resistances
and ratios can be measured accurately with a Wheat-
stone bridge type testing set to 0.01 ohm and 0.01 per
cent, respectively.

The improvement of the sensing element has come
about through a simplification largely by eliminating
internal screws. A new design of ceramic spool
permits it to be mounted without screws, and similar-
ly, the flat-spring guides are now attached without
screws. These innovations permit the sensing
element to be slender enought to be suitable for
miniature strain meters and yet fully satisfactory for
larger instruments. Thus, the new sensing element
can be used with only minor modification for all

Carison meters except thermometers and joint and
foundation meters.

The improved sensing element is a more precise
thermometer than before. In the past it has been
necessary to mount one coil o: elastic wire within the
other to insure that they would be of equal tempera-
ture, and thus one coil had to be shorter than the
other. In the new and more slender sensing element,
the coils are mounted close enough to each other that
they can be of equal length and yet of substantially :
equal temperature. There is no longer any effect of
strain on the determination of temperature.

The sensing element for the miniature strain meters
is necessarily shorter than for other meters. Its
electrical resistance is only about 55 ohms at room
temperature. For stress and pore cells, resistance of
the two internal coils is 70 ohms. For standard strain
meters the resistance is 90 ohms.

All of the Carlson Instruments using this type of
sensing element are sold as 5% instruments, that is,
the accuracy of any measurement is within +5% of full
range. The linearity is within +2% of full range of a
line joining the end points. The average meter will be
much better than specified, however, to tighten the
specifications would increase the cost considerably.

DR. Roy W. CARLSOMN

1203 DELL AVENUE - CAMPBELL, CALIF. 95008
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Test Method for GA Research Program
University of California, Berkeley
Issue B - January 27, 1976

Method of Test for

CALIBRATION OF CARLSON STRAIN METERS

1.  SCOPE

This method describes the calibration of Carlson strain meters which are
used to measure strain inside 6 by 16-inch concrete cylinders.

2.  APPARATUS

The apparatus required to calibrate the Carison meter includes a Carlison
and a SESM test set, which are used for reading the Carison meter, and a cali-
bration unit, which is used for subjecting the Carlson meter to known displace-
ments. The requirements for accuracy and calibration of these apparatuses are
described in Sections 2.1 to 2.3.

2.1 Carlson Test Set -- The Carlson test set used for calibration shall
have the following accuracy:

Resistance Ratio + .005%

Resistance + .01 ohms
A calibration check of the Carison test set should be made prior to each set
of Carlson meters calibrated. The calibration check consists of reading the
ratio for two standard resistors, both direct and with leads reversed. The
product of the ratio read-direct when multiplied by the ratio read-reverse
should equal 1.00000 + .00005.

2.2 SESM Test Set -- The SESM test set, designed and built at the Uni-
versity of California at Berkeley (UC), contains a digital voltmeter for
measuring the unbalance of voltage across a Wheatstone bridge. The SESM test
set shall have the following accuracy for calibrating Carlson meters:

Mode 3 (for strain) -- + 5 microvolts
Mode 4 (for temperature) -- + 5 microvolts

A calibration check of the SESM test set shall be made prior to each calibra-
tion of a Carlson meter. The calibration check consists of reading Mode 0 and
Mode 1, built-in calibration controls for the SESM test set. These readings

~137-



B40

should be:

Mode 0 --
Mode 1 --

40 microvolts

+
+1390 + 20 microvolts

The applied voltage supplied by the SESM test set shall be 2 volts as read on
Mode 2 of the test set. This voltage reading should be:

Mode 2 -- 2 + .003 volts

2.3 Calibration Unit -- The calibration unit, designed and built at UC,
shall contain a dial gage having a least reading of .0001 inch. A check

of the calibration unit shall be made at least once a year. The calibration
unit check shall be performed by aligning the calibration unit in a super-
micrometer having a least reading of + .00001 inch. Displacements shall

be marked off in even steps not greater than 0.002 inch, as read on the cali-
bration unit dial gage. For each step marked off, super-micrometer readings
shall be recorded and compared with the calibration unit dial gage. The super-
micrometer readings shall agree within + 0.00002 inch of the dial gage
readings. : .

3. CALIBRATION PROCEDURE

This calibration procedure can be used for calibrating or for verifying
the calibration of Carlson strain meters. The calibration consists of the
following steps:

(a) Set-up Carlson test set, SESM test set, and a switching unit to
allow a meter to be read using both test sets in sequence at a given displace-
ment.

(b) Record Carlson meter number, date, and names of persons doing
calibration.

(c) Measure and record Carlson meter gage length. The gage length shall
be determined from outside to outside of flanges and measured to + .01 inch.

(d) Position meter in calibration unit and fasten flange clamps securely.

(e) Starting at meter reading just above high ratio range, begin to mark
off displacements in even steps not greater than 0.0020 inch as indicated on
the calibration dial gage. Take readings using both test sets at each displace-
ment step. Continue marking off displacements until lower ratio range is
reached. The displacement dial shall be turned in one direction only throughout
the calibration range to avoid backlash in the displacement dial.
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(f) Calculate (Section 4) and compare calibration constants between each
displacement step marked off. The calibration constant used for the meter
shall be the average value of the constants obtained for each step marked off,
excluding the first and last step values.

(g) If a verification of the meter constant to within + 1 percent cannot
be obtained with the constant supplied by the manufacturer, check the calibra-
tion of the meter again starting with step (c) of this procedure. Make certain
the meter is fastened securely in the calibration unit. If the recalibration
of the meter checks within + 1 percent of the preceding UC calibration, use
this UC calibration constant for the meter. If a calibration check cannot be
obtained, return meter to the manufacturer.

4.  CALCULATION OF CALIBRATION CONSTANTS

Calibration constants for the meter shall be computed as follows:

4.1 Calibration Constant (C.) for Carlson Test Set

_ A Displacement 1
Carlson CS = A Ratio Gage Length
Strain = A Ratio x Cg

4.2 Calibration Constant (C.) for SESM Test Set (per volt)

A Microvolts Gage Length

SESM ¢y = Mode 2 voltage A Displacements
. _ A Microvolts 1
Strain = yode 2 voltage * Cs

5.  CALIBRATION OF CARLSON METERS FOR PCRV TEST PROGRAM

The above calibration procedure was used to calibrate all Carlson meters
used in this PCRV test program. Calibrated Carlson meters were received from
the manufacturer prior to his filling them with oil. After meters were recali-
brated at U.C. Berkeley, the meters were returned to the manufacturer. The
manufacturer then set the initial meter ratios, filled the meters with oil,
sealed them, and returned the meters for use in the specimens.

The data reduction of the Carlson metef constants was facilitated by using
a Nova 2 computer for all required data reduction. A sample output is given
in Table 1.
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Method of Test for
Calibration of Carlson Strain Meters

TABLE 1

SAMPLE COMPUTER DATA REDUCTION OF CARLSON METER CALIBRATION

MIDE 2 VILTAGE =

DI AL *%x% CARLSIN TEST SET #*%x%

CARLSON METER NO. 422

2.0012

RATIO CHANGE

CAL .

IN RATID CIONSTANT

GAGE

.1 104.86
.98 183.917
<096 102.992
@9 4 102. 063
.92 101175
.09 100.233
. 983 99.331
<086 98 .48 1
.03 4 97.604
.l 104.841

AVERAGE EXCLUDING
FIRST AND LAST Ce.

«243
«325
929
.838»
«392
<902
9
«877

~7.237

C. =

Se 11

5.21

S5.19

S« 43

Se 4

535

5«5

533

5. 32
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GAGE LENGTH=4+15 IN.

*kkkk SESM TEST SET *%k%k%x

MODE 3 CHANGE

CAL .

IN M=-VILTS CINSTANT

23370
4563
138307
4527
14280
459 3
92687
4427
5260
4490
779
45917
-3327
4610
-3 437
4533
-12979
- 36262

23292

4.76

4e 59

4. 66

4e 77

4e 7

407

q.71
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Test Method for GA Research Program
University of California, Berkeley
Issue A January 22, 1974
Rev. No. 1 January 21, 1976
Method of Test for

CREEP OF CONCRETE

1.  SCOPE

This method covers procedures for determining creep on 6 by 16-in. spec-
imens and complies with ASTM C-512, "Test of Creep of Concrete in Compression."
A description of the loading system used at the University of California (UC),
Berkeley, is given, including the specific arrangement of loading system com-
ponents and test specimens for the PCRV test program, the test procedures
used, and the data acquisition procedures.

2. LOADING SYSTEM

2.1 Development -- The loading system used at U.C. Berkeley to apply
and maintain constant sustained high levels of stress on creep specimens was
developed in the early 1950's by Professors C. H. Best, D. Pirtz, and
M. Polivka and is described in their paper, "A Loading System for Creep Studies
of Concrete," ASTM Bulletin, No. 224, Sept. 1957, pp. 44-47. This reliable
creep loading method has been evaluated and modified through the years in
numerous creep studies, under the supervision of D. Pirtz, into a flexible
system useful for creep studies at elevated temperatures.

2.2 Basic Components of the Loading System -- The loading system is made
up of two types of basic components. These are:

a) the loading frame and hydraulic load cell; and,
b) the pressure supply and control unit.

By varying the size, capacity, and number of these basic components, different
sizes and numbers of specimens can be tested for creep over a wide range of
stress levels.

2.2.1 Loading Frame and Hydraulic Load Cell -- Loading frame size is
classified according to the diameter of the hydraulic load cell used with the
load frame. For example, a load frame with a 6-inch diameter hydraulic load
cell, which is used for applying and maintaining a uniform stress on specimens
having up to a 6-inch maximum diameter, is referred to as a 6-inch loading
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frame. At U.C. Berkeley loading frames with 6, 10, 16 and 30-inch diameter
hydraulic load cells have been designed, manufactured and used to meet a wide
range of test requirements.

The 6-inch hydraulic load cells are manufactured independent of the
loading frame while the larger diameter hydraulic load cells are incorporated
into the design of the loading frame's top 6r bottom end plates. The principle
on which the load cell works is similar for all sizes of load cells, with some
modification in design for the larger diameter load cells.

2.2.1.1 Loading Frame--The loading frame used in conjunction with the

hydraulic loading cell, is designed to assure a uniform distribution of stress
over the entire cross-section area of the stressed specimens. It consists of
a top and bottom steel end plate of sufficient stiffness to prevent signifi-
cant end plate distortions at the applied stress levels. High strength steel
bolts threaded at each end are positioned between the end plates with the
threaded portions passing through holes in the top and bottom end plates.
While not under load, the end plates are positioned and supported by a second-
ary support system independent of the loading system.

The specimens and the hydraulic load cell are aligned between the load
frame end plates. When the stress is applied by means of the hydraulic load
cell, bolts with hex-nuts restrain the movement of the end plates placing the
bolts in tension and the specimens in compression.

By increasing the length of the high strength bolts, it is practical to
stress simultaneously up to three 6 by 16-inch creep specimens, aligned on top
of one another, with a single hydraulic load cell.

2.2.1.2 Hydraulic Load Cell--The hydraulic load cell is positibned
between the specimens at either the top or bottom of the load frame. It con-

sists of a shallow steel cylinder containing a molided rubber piston cup sup-

porting a steel plate. The load cell is pressurized by introducing oil (SAE

10) into the steel cylinder under the rubber piston cup. With constant pres-
sure maintained behind the rubber piston cup, constant pressure is maintained
on the specimens aligned with the hydraulic load cell.

The hydraulic load cell is calibrated for the pressure to be applied. In
addition, the applied stress is measured by a calibrated pressure cell placed
between the specimens and the load frame at the opposite end from the hydrau-
Tic load cell. This eliminates questions as to actual pressures applied to the

-
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concrete test épecimens.

A typical arrangement of specimens, hydraulic load cell and pressure
cell within the load frame is:

1. Load frame end plate.

2. Hydraulic load cell.

3. Specimens - aligned up to three specimens high.
4. Pressure cell.

5. Load frame end plate.

Because the 6-inch diameter load cells are manufactured independent of
the load frame end plates, it is feasible to design and build loading frames
with end plate size and bar arrangement to accommodate more than one 6-inch
diameter hydraulic load cell. Load frames capable of accommodating from one to
four groups of three high specimens are used at U.C. Berkeley. Each group can
be loaded at any age desired and at as many different constant test pressures
as there are hydraulic pressure and control units available.

A11 loading frames and hydraulic pressure cells have been designed, ma-
chined or manufactured at U.C. Berkeley. The rubber piston cups are Johns-
Manville-Type "A" piston cups.

2.2.2 Pressure Supply and Control System--Applied hydraulic test pres-
sures are maintained by either a (a) manual or (b) automatic pressure control

system or a combination of both systems.
A11 tubing used in the pressure supply system is 1/4-in. 0.D. copper
tubing, with high quality connections and valves used throughout the system.

2.2.2.1 Manual Control of Test Pressures--In the manually cqntro]]ed
pressure supply system, the desired test pressure in the hydraulic load cell is
developed by means of a hand operated hydraulic pump and it is maintained with
the aid of a one-gallon capacity accumulator incorporated into the system.
The accumulator helps to minimize pressure losses due to leakage of oil out of
the system and also serves as a surge tank while hand pumping. It is made-up
of two compartments separated by a diaphragm. One compartment is pressurized
with gas to approximately 77 # 5 percent of the test pressure. The other side
is connected to the hydraulic load cell oil pressure line and brought up to the

required test pressure. Test pressures are read on an hydraulic pressure gauge
calibrated to within one percent of the applied load using a dead weight tester.
With a one-gallon accumulator and moderately light leakage in the hydraulic
system, test pressures can be maintained within the ASTM C-512 allowable limits
of *2 percent from the correct pressure value for one week without the need to

pump up pressure in the system.
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2.2.2.2 Automatic Control of Test Pressure-- An automatic pressure

controller consists of an American Bosch diesel-fuel injection pump powered
by a 1/20 HP ratio motor capable of developing 21 in.-1bs. of torque at 57 rpm.
0i1 is supplied to the pump from a reservoir of sufficient capacity to assure
adequate 0i1 supplies and a minimum amount of monitoring. The fuel-injection
pump is used because of its low displacement and high pressure capacity. The
pump delivers one drop of oil per stroke and is capable of developing required
pressures for creep loadings. The pump pressure 1ine has a 1-pint accumulator
which acts as a surge tank for the pump.

The pump motor is activated with a Minneapolis Honeywell vane type elec-
tronic pressure regulator sensitive to small decreases in line pressure. The
pressure regulator is calibrated to desired test pressure and in conjunction
with the pump will maintain the pressure within 0.1 percent.

In case of failure of the controller, the pump is shut off automatically.
To prevent significant loss of pressure due to controller or power failure, a
1-quart capacity accumulator is included in the system. Each automatic pres-
sure controller is designed to accommodate numerous pressure lines from differ-
ent loading frames maintained at the same pressure. Each pressure Tine has its
own accumulator and check valve.

3. ARRANGEMENT OF LOADING SYSTEM COMPONENTS AS USED IN THIS PCRV TEST PROGRAM

A description of the arrangement of loading frames and pressure control
systems used in this PCRV test program, including safeguards in the system, is
given in the following sections. This Method of Test "CREEP OF CONCRETE,"
Revision No. 1, January 21, 1976, reflects the final arrangements and procedures
used in the test program.

3.1 Load Frames for Creep Specimens--Load frames with 6 and 10-inch dia-
meter hydraulic Toad cells were used for this test program. All creep specimens
were 6 by 16-inch sealed concrete cylinders stressed three high in the test

frames.

Load frames with 6-inch diameter hydraulic load cells were used to stress
all Berks and York creep specimens to 30 percent of ultimate load at ages of 28,
90 or 270 days at temperatures of 73, 110 or 160 F.

The Toad frames with 10-inch diameter hydraulic load cells were used to
load the high stress Tlevel specimens for both the Berks and York aggregate con-
cretes. These specimens were stressed to 45 or 60 percent of ultimate strength
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at age 90 days at temperatures of 73 F and 160 F (Reference Appendix A for
creep specimen test conditions).

3.2 Pressure Control Systems for Creep Specimens--For creep specimens

stressed in test frames with 6-inch diameter hydraulic load cells, two test
pressure levels were used and maintained by two automatic pressure control units
described previously in Section 2.2.2.2. A1l specimens stressed at 28 and 90
days had the same level of stress applied, and all the specimens stressed at

270 days had a second, different, level of stress applied.

Each 1oad frame with 10-inch diameter hydraulic load cell had its own man-
ually controlled pressure system described previously in Section 2.2.2.1. There-
fore, specimens stressed to 45 or 60 percent of ultimate strength were maintained
at their own specified stress level.

A1l loading frame systems were designed to accommodate connecting them to
either the manual or the automatic pressure control system.

3.3 Safeguards in Loading Systems

3.3.1 Accumulators--All pressure lines had an accumulator of sufficient
capacity to minimize pressure drops due to leakage in the system.

3.3.2 Check Valves--A11 hydraulic load cells had a check valve which
allows flow of 0il into the load cell but prevents flow of oil out of the load
cell. Had a pressure line break occurred, the check valve would have prevented
any significant drop in the pressure in the hydraulic load cell supplied by the

pressure line in question.

3.3.3 Pressure Cell--A pressure cell was placed between specimens and
load frame at the opposite end from the hydraulic load cell. This pressure cell
gave a direct indication of the test pressure applied on the specimens. These
pressure cells were similar in design to the load cell of a Carlson stress meter.
Pressure cells capable of measuring pressures up to 2500 or 4500 psi were de-
signed and built specially for use in this PCRV test program,

3.3.4 Auxiliary Power Supply--In the event of a power failure, test tem-
peratures of 110 and 160 F can be maintained by an auxiliary power supply util-
izing a gasoline powered generator specifically set-up for this purpose. No
auxiliary power is required to maintain a temperature of 73 F or for maintaining

of applied loads on creep specimens.
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3.4 Summary of Load Systems by Specimen Test Conditions

LOAD SYSTEMS USED IN PCRV TEST PROGRAM

Nominal Temp. of Age of Size of Pressure
Stress Level, Loading, Loading, Load Cell, Control
% of Ult. F days inches System
Strength Used
28 6 Automatic "A"
30 73 90 6 Automatic "A"
270 6 Automatic "B"
28 6 Automatic "A"
30 110 90 6 Automatic "A"
270 6 Automatic "B"
28 6 Automatic "A"
30 160 90 6 Automatic "A"
270 6 Automatic "B"
45 73 90 10 Manual 182 & Auto."C"
160 90 10 Manual 3&4
60 73 90 10 Manual 5&6 & Auto."D"
160 90 10 ¢ Manual 7&8

3.5 Summary of Load Systems by Temperature Rooms

3.5.1

sed at this te
were set-up at

73 F Room ~- Room 360 A in Davis Hall is a constant temperature
room with temperatures maintained at 73 + 3 F and was used for specimens stres-
mperature. For this PCRV test program, the following load frames
73 F: one load frame with four 6-inch diameter hydraulic load
cells; two load frames with one 6-inch diameter hydraulic load cell
four load frames with 10-inch diameter hydraulic load cells.

each and

A11 automatic pressure controllers were operated from the 73 F room.
Two hydraulic lines, one connected to pressure controller No. A and one to
No. B, led from the 73 F room to the loading frames in the 110 and 160 F rooms.

3.5.2

of the test.

110 F Room -- Room 353 in Davis Hall is a variable temperature
room which was operated at a constant temperature of 110 + 3 F for the duration

It had two load frames set-up in it, each with three 6-inch dia-
meter hydraulic load cells.
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3.5.3 160 F Room -- The 160 F room is a specially built chamber
within the 110 F room. It is built from 4-inch thick styrofoam insulated walls
and has its own heating and fan circulating system. In the 160 F room, two
load frames‘each with three 6-inch diameter hydraulic load cells and four load
frames with 10-inch diameter hydraulic load cells were set-up.

A11 gauges and manual pressure control systems were placed on the wall
in the 110 F room, except the gauges for monitoring pressure cells. This mini-
mized the need to open and enter the 160 F room.

4. TEST PROCEDURES

A11 test procedures used in the creep study were in accordance with GA
Specification 900670, Issue B, "Concrete Properties Test Program," dated Sept-
ember 5, 1974. The following is a description of basic test procedures related
to the loading of creep specimens.

4.1 Heating Specimens to Test Temperature -- After casting the 6 by 16-in.
specimens at 50 + 3 F, specimens were stored in Room 360A and maintained at a
constant 73 + 3 F until 5 days prior to age of loading. After that time, the
heating phase for bringing specimens up to test temperature commenced. The
heating phases for specimens stressed at 73, 110, and 160 F are described below.
A11 temperatures were maintained within + 3 F.

4.1.1 Heating Phase for 73 F -- No heating phase was required since
specimens were stored continuously at 73 F within one hour after casting.

4.1.2 Heating Phase for 110 and 160 F -- Heating of specimens was per-
formed in Room 352, Davis Hall, a variable temperature room which was programmed
for the thermal cycling of specimens. Temperature rises (and drops) were pro-
grammed to occur at about 2 F per hour with at least a minimum 12-hour hold
period at 95, 110, and 135 F. Above 135 F, specimens which were heated to 160 F
had to be transferred to the 160 F chamber located inside Room 353. The trans-
fer to Room 353 and the 160 F chamber was accomplished by pushing the specimen
cart with specimens wrapped in fiberglass insulation from one room to the other.
A11 specimens were heated at the same rate with heating beginning 5 days prior
to loading. Specimens heated to 110 F were removed and transferred to Room 353,
operating at 110 F after the 12-hour hold period at 110 F. A1l specimens were
at testing temperature 24 hours prior to loading. '
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4.2 Applied Test Pressures -- For specimens stressed to a nominal 30

percent stress level, two tdst pressures were used. These pressures were

2100 psi for Berks and York specimens loaded at ages 28 or 90 days and 2400 psi
for specimens loaded at age 270 days. For specimens stressed to a nominal 45
or 60 percent stress level, the applied stresses were 3220 and 4200 psi for
Berks concrete and 3190 and 4250 psi for York concrete, respectively.

4.3 Applying Test Pressure to Creep Specimens -- After specimens were

aligned in the load frame, stressing to test pressure was accomplished by use

of a double-acting hydraulic hand pump and a stop watch. The stress was applied
at the rate of 35 * 5 psi per second, following the pressure-time table shown

in Table 1 of this test method. Note that the effective stress on a 6-inch
diameter specimen at any time is the same as the pressure values shown for the
6-inch hydraulic Toad cell pressures in Table 1.

A strain reading on each specimen was required by the specifications
during the loading phase. This was taken while maintaining pressure for nine
seconds at a constant level equal to about one-half the full applied stress
Tevel. The hold time was required to read all three specimens being stressed
simultaneously. After the hold, the loading proceeded at the loading rate
schedule shown in Table 1.

4.4 Maintaining Specimens at Test Pressure -- Immediately after specimens

reached test pressure the hydraulic load cell was connected by opening one valve
to the pressure control system already operating at test pressure. Daily checks
were made of the test pressures and environmental room temperatures.

4.5 Unloading Creep Specimens -- Unloading of creep specimens proceeded

at a rate of 35 £ 5 psi per second following the pressure-time table shown in
Table 1. A strain reading was taken immediately prior to unloading and then
again when specimens were fully unloaded. The rate of pressure drop was control-
led by relieving the pressure through the double-acting hydraulic hand pump.

4.6 Cooling Specimens to Test Temperature -- After creep testing, speci-

mens remained at test temperature until one week prior to their compressive
strength testing. At that time, specimens were cooled to test temperature at
a rate not exceeding 24 F per day.
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5. DATA ACQUISITION PROCEDURES

5.1 Heating and Cooling Phase -- Readings for strain and temperature
were taken with both the Carlson and SESM test set during the heating phase
and only the SESM test set during the cooling phase. For specimens stressed
at 110 F, readings were taken at 73, 95, and 110 F. For specimens stressed at
160 F, readings were taken at 73, 95, 110, 135, and 160 F.

5.2 Stressing Phase -- After specimens were placed in the loading frame
and prior to loading, readings were taken with both test sets. During loading,

only readings were taken with the SESM test while the stress was held constant.
After the applied test stress level was reached, readings for strain and temp-
erature were taken for all specimens.

5.3 Creep Phase -- After specimens were fully stressed, all required
readings were taken using the SESM test set. These SESM test set readings
were periodically checked with the Carlson test set. Temperature and pressure
were always checked prior to taking readings.

5.4 Description of Data -- When Carlson meter data was taken with the
Carlson test set, it was manually recorded in a field book. Information in

the field book included:

Date, time

Room temperature
Specimen identification
Meter and channel number
Resistance ratio
Resistance

S O w NN -

When Carlson meter data was taken using the SESM test set, a Nova 2 com-
puter was also used. The Nova 2 computer was programmed to generate a format
for taking the data and for giving simultaneously a primary reduction of the
Carlson meter readings into strains and temperatures. A teletype was used for
recording the data and for making a computer tape. The tape was used as input
into a computer program and punched computer cards were obtained, one card per
specimen per data reading. The computer cards were then sorted by specimen
number and used as input into a computer program which reduced and presented
the data in the form of the computer outputs given in Appendix C.
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Method of Test for Creep of Concrete

Table 1 - Rate of Loading Creep Specimens

Loading rate used: 35 + 5 psi per second

Pressure Applied to System, Psi

Time,
Min. -Sec. 6" Pressure Cell 10" Pressure Cell
5 175 65
10 350 125
15 525 190
20 700 250
25 875 315
30 1050 380
35 1225 440
40 1400 505
45 1575 565
50 1750 630
55 1925 695
1-00 2100 755
1-05 2275 820
1-10 2450 880
1-15 2625 945
1-20 2800 1010
1-25 2975 1070
1-30 3150 1135
1-35 3325 1195
1-40 3500 1260
1-45 3675 1325
1-50 3850 1385
1-55 4025 1450
2-00 4200 1510
2-05 4375 1575
2-10 4550 1640
2-15 4725 1700
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Test Method for GA Research Program
University of California, Berkeley
Issue A, January 22, 1974
Rev. No. 1, January 28, 1976

Method of Test for

THERMAL PROPERTIES OF CONCRETE

1. SCOPE

Described herein are the methods of test used in determining thermal
properties of concrete, including 1) adiabatic temperature rise, 2) specific
heat and 3) diffusivity. The test methods described are being used in the
materials laboratory of the Department of Civil Engineering, University of
California, Berkeley.

2. ADIABATIC TEMPERATURE RISE

The purpose of this test is to determine the temperature-rise history
of a sealed concrete specimen which is maintained under an adiabatic
temperature condition, namely with no heat loss or heat gain from outside
source. This is accomplished by placing the concrete specimen immediately
after casting into an adiabatic calorimeter chamber whose temperature
follows the rising temperature of the concrete specimen caused by hydration
of the cement.

2.1 Test Specimen and Instrumentation -- The concrete test specimen
used is a 27-in. diameter and 30-in. high cylinder instrumented with five
embedded resistance thermometers readable to the nearest 0.01 F, located
along its diameter at mid-height of the specimen. In addition a quartz
thermometer readable to the nearest 0.001 F is embedded near the center of
the specimen.

The container used for the concrete is made of 24-gage sheet metal
whose side and bottom seams are soldered to prevent moisture loss. Immedi-
ately after casting, a 1id is attached by soldering it to the top of the
cylinder. This 1id is provided with 0-ring seals for the thermometers
placed within the concrete to prevent moisture loss during the test.

-151-



B54

After casting and sealing, the specimen is moved into the inner
calorimeter chamber aﬂd insulated by a 2-in. layer of expanded vermiculite.
Two thermometers are located on the outside of the specimen between the
insulation and the specimen, and two additional thermometers are located
outside the insulation.

2.2 Calorimeter and Test Procedure -- The calorimeter used for the

adiabatic temperature rise test is an improved version of that developed
at this laboratory for the Oroville Dam concrete studies, which is
described in the paper by Professor David Pirtz, "Improved Adiabatic
Calorimeter for Concrete," Materials Research and Standards, ASTM, Vol. 2,
No. 1, January 1962. The calorimeter consists essentially of a small
chamber located inside a large chamber.

The small chamber which houses the test specimen is instrumented with
a fast-acting resistance thermometer and a quartz thermometer. Heat is
provided in this inner chamber by electric heaters and fans are used for
air circulation. These heaters automatically control the temperature of
the inner chamber to within + 0.02 F. The temperature of the outer large
chamber is controlled automatically to + 1 F and is at all times maintained
2 to 5 F below the temperature of the inner chamber so that any small
excess of heat in the inner chamber flows to the outer chamber.

2.3 Calibration of Thermometers -- Prior to testing, all thermometers

are calibrated against a platinum thermometer previously calibrated by the
U.S. Bureau of Standards. This platinum thermometer is also used during
the adiabatic temperature rise test and is located on the top of the
concrete specimen under the insulation.

2.4 Test Data -- The temperature rise of the air in the inner chamber
is plotted by a recorder on a strip chart and the temperature rise of the
concrete is read manually with higher precision (+ 0.01 F) on a Mueller
bridge. In addition, as a check of the operation of the system, a strip
chart record is obtained for the temperature difference between the con-
crete specimen and the inner chamber as well as of the air temperature in
the inner room.

The test is carried out for a period of up to 28 days, depending on
the rate of heat generation of the concrete under test.
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3. SPECIFIC HEAT

The specific heat of concrete is a measure of the heat required to
raise the temperature of concrete and is usually expressed in units of
Btu/1b/°F, which is the heat needed in Btu to increase the temperature of
one pound of concrete by one degree F.

3.1 Test Specimen -- The concrete test specimen used for the determi-

nation of specific heat is cast in an 8 by 16-in. copper cylindrical mold
having an axial brass tube which is 16 in. long and of 1 1/2-in. inside
diameter and is soldered through a hole in the bottom of the mold.

After casting of the specimen it is sealed by a friction 1id with a
central hole placed on top of the specimen and the joints sealed with
silicon sealer. The specimen is then stored in a 73 F room until age of
test. After completion of the curing period, usually 28 days, the concrete
specimen is tested for specific heat.

3.2 Calorimeter and Test Procedure -- The calorimeter used for the

specific heat test consists essentially of an inner and outer chamber. The
outer chamber is of double-wall construction having about 2 1/2 inches of
insulation. The inner chamber, centrally positioned inside the outer
chamber, consists of two galvanized-iron cans separated from one another
by a 1-inch dead air space.

About 1 hour prior to commencing the test, the specimen is removed
from the curing environment and placed centrally in the inner of the two
concentric galvanized-iron containers. Water at specimen temperature is
poured into this container to completely submerge the specimen, and the
weight of the water used is recorded. A heater-stirrer assembly is then
inserted in the hollow central portion of the specimen. The stirrer shaft,
which projects above the cover of the outer calorimeter chamber, is
attached to a motor which causes the stirrer to propel the water down the
central passage in the specimen, thus maintaining a uniform temperature
distribution. An electric heater, pans of ice, and a fan in the annular
space between the inner and outer chambers are used to maintain adiabatic
conditions between the inner and outer chambers.
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The temperature of the water and of the air in the outer calorimeter
chamber are monitored to + 0.1 F by means of a thermopile consisting of
four thermocouples. A Dewar flask filled with melting ice (32 F) is used
as the cold junction for these thermocouples which are read on a precision
digital voltmeter.

After approximately one hour for temperature equilibrium to be assured,
the heater immersed in the hollow central part of the specimen is energized
and the power supplied is measured on a sensitive watt-hour meter. As the
water temperature increases, the heat input to the air in the outer chamber
is proportionally increased so that no temperature difference will exist
between the water and the air. After 2 1/2 hours, the current to the water
heater is shut off, and the test is complete when the water temperature is
stabilized. By this time the concrete specimen and the water will be at
the same temperature. ‘

3.3 Test Data -- The observed difference between the initial and
final watt-hour meter reading gives the electrical energy supplied to the
water heater during the test period. The specific heat of the concrete is
then computed in units of Btu/hr/°F.

4. THERMAL DIFFUSIVITY

Thermal diffusivity of concrete expresses the facility with which the
concrete will undergo temperature change upon being heated or cooled and is
usually expressed as a rate of temperature change in units of sq. ft./hr.

4.1 Test Specimen -~ The concrete test specimen used for the thermal

diffusivity test is cast in an 8 1/2 by 17-in. soldered copper cylindrical
can. A brass rod covered with rubber tubing is positioned axially from
mid-height of the specimen and extended above the specimen to provide a
central hole of approximately 3/8-in. diameter. After casting of the
specimen a 1id having a central hole for a hollow rubber stopper is placed
on the can and the seam sealed with waterproof tape. The brass rod extends
through the rubber stopper thus providing a moisture seal. The specimen is
then stored at 73 F. After one day the 1id is sealed to the can using
silicone sealer, the brass rod withdrawn and the 1id sealed with a solid
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rubber stopper to provide for a completely sealed specimen. The sealed
specimen is cured at 73 F usually to age 26 days.

4.2 Test Procedure -- Two days before testing, the specimen is stored
at 120 F in a water bath and tested for diffusivity. The test procedure
used consists of transferring the 120 F sealed concrete specimen into a
room maintained at 40 F, immersing it in 40 F water, and reading the

temperature by means of quartz thermometers at the center of the specimen
and in the water to the nearest 0.01 F at about 5-minute intervals until
the temperature has dropped to about 2 F above the water bath temperature,
which is maintained by addition of chipped ice at 40 + 0.05 F, throughout
the test.

4.3 Test Data -- Reduction of the test data consists of calculating,
for the various time intervals, the ratio of temperature difference
existing between the specimen and the bath as the initial temperature
difference.

Then entering Table 12, U.S. Bureau of Reclamation, Boulder Canyon
Project Final Report, Bulletin 1, entitled "Thermal Properties of Concrete,
with these values of the original temperature difference remaining gives a
value for h2t/D2. Knowing the elapsed time (t) in hours and the specimen
diameter (D) in feet, the equation is solved for the thermal diffusivity

(h2) 1in feet squared per hour. The average of the best 5 diffusivity values

where equilibrium was obtained and where the part of the original tempera-
ture remaining has declined to the smallest value is reported as the
thermal diffusivity of the concrete.
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COMPUTER OUTPUT INVENTORY FOR BERKS CONCRETE CREEP TEST DATA

Age at Nominal Carlson Meter Page Number
Loading, Stress and Channel Computer Output
days Level,% Number Averaging Summary
1. Creep Specimens Tested at 73 F
245 73-00
28 30 251 73-01 C21 c22
349 73-02
343 73-12
90 30 252 73-13 €23 C24
337 73-14
372 73-19
90 45 358 73-20 C25 C26
359 73-18
374 73-16
90 60 360 73-17 c27 C28
354 73-15
240 73-30
270 30 255 73-31 €29 €30
259 73-32
2. Creep Specimens Tested at 110 F
241 11-01
28 30 338 11-02 C31 €32
364 11-00
340 11-12
90 30 342 11-13 €33 C34
356 11-14
341 11-62
270 30 365 11-63 €35 C36
248 11-61
3. Creep Specimens Tested at 160 F
390 11-07
28 30 380 11-08 Cc37 €38
384 11-06
378 11-45
90 30 377 11-44 €39 C40
382 11-46
376 11-36
90 45 370 11-37 C41 C42
355 11-38
373 11-41
90 60 361 11-42 C43 C44
362 11-43
386 11-68
270 30 363 11-69 C45 C46
381 11-67
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COMPUTER OUTPUT INVENTORY FOR YORK CONCRETE CREEP TEST DATA

Age at
Loading,

days

Nominal
Stress
Level ,%

Carlson Meter
and Channel

Number

1. Creep Specimens Tested at 73 F

\28
90
90
90

270

30

30

45

60

30

2. Creep Specimens Tested at 110 F

197
211
199

198
200
205

418
401
406

414
419
400

204
208
209

28

90

270

30

30

30

3. Creep Specimens Tested

at 160 F

396
126
228

212
395
129

392
409
391

28

90

90

90

270

30

30

45

60

30

222
223
207

218
225
224

408
415
402

399
397
404

220
217
213

-159-

73-07
73-08
73-06

73-21
73-22
73-23

73-217
73-28
73-29

73-25
73-26
73-24

73-33
73-34
73-35

11-30
11-31
11-32

11-19
11-20
11-18

11-79
11-80
11-78

11-24
11-26
11-25

11-49
11-47
11-48

11-57
11-58
11-56

11-52
11-51
11-50

11-73
11-74
11-72

Page Number
Computer Output

Averaging  Summary
c47 c48
c49 50
C51 €52
C53 C54
C55 C56
€57 58
€59 C60
Ccé1 C62
c63 c64
C65 C66
c67 C68
C69 c70
c7 c72
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COMPUTER QUTPUT FOR CONTROL SPECIMENS

Controls for Creep Test Condition Moisture Carlson Meter Page Number
Temperature, Ages of Loading, Condition and Channel Computer Output
F days Number Averaging*

1. Berks G-19 Concrete

Sealed 242 73-03

73 28, .90, 270 Sealed 250 73-04 Cc73
Unscaled 336 73-05
Sealed . 423 11-04

110 28 Sealed 243 11-05 C75
Unsealed 244 11-03
Sealed 347 11-15

110 90 Sealed 339 11-16 c77
Unsealed 346 ]1-17
Sealed 246 11-64

110 270 Sealed 247 11-65 C79
Unsealed . 344 11-66
Sealed ) 383 11-09

160 28 Sealed 379 11-10 c81
Unsealed 357 11-11 :
Sealed 350 11-39

160 90 Sealed - 375 11-40 C83
Unsealed 426 11-59
Sealed 425 11-60

160 270 Sealed 385 11-70 C85
Unsealed 389 11-71

I1I. York G-26 Concrete

Sealed 202 73-09

73 28, 90, 270 Sealed 201 73-10 C74
Unsealed 206 73-11
Sealed 221 11-33

110 28 Sealed 410 11-34 C76
Unsealed 148 11-35 .
Sealed 420 11-21

110 90 Sealed 421 11-22 c78
Unsealed 422 11-23
Seatled 411 1-81

110 270 Sealed 424 11-83 c80
Unsealed 412 11-82
Sealed 227 11-27

160 28 Scaled 203 11-28 C82

- Unsealed. 226 11-29

Sealed 403 11-53

160 90 Sealed 413 11-54 ce4
Unsecaled 398 11-55
Sealed 215 11-75 .

160 270 Sealed 216 11-76 c86
Unsealed 214 11-77

*Only averaged strains of sealed control specimens, subsequent to age of loading, shown in averaging
output. '
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SUMMARY OF INFORMATION AND DATA PROVIDED ON COMPUTER OUTPUTS*

Individual Averaging
Information Creep/Control Creep/Control Summary
l=-Heading . . . . . . . ... ... .. X X X X X
2--Specimen Meter and Channel Number . . X X X X X
3--Specimen Group . . . . . . . .. .. X X X X X
4--Age of Loading . . . . . .. D X X X X
5--Test Temperature . . . . . . . . .. X X X X X
6-~-Ultimate Strength - Selected Mix . . X X X X X
7--U1timate Strength - Companion . . . . X X X X X
8--Applied Test Stress . . . . . . .. X X X X X
9--Per. Ult. Str. Applied (Selected Mix) «x - X --- X
10-Per. U1t. Str. Applied (Companion Mix) x --- X --- X
11-Calibration Constants of Carlson Meter x X --- --- -=-
12-Time & Age of Change in Condition . . X X X X X
13-Modulus of Elasticity or Sustained
Modulus

13.1-Loading . . . . . . .. ... . X - X -—- -—-

13.2-Unloading . . . . . . . . . .. X -—-- - -— —--

13.3-Compression Test . . . . . . .. X X - -—- -—-
14-Compressive Strength . . . . . . .. X X -—- - -
15-Notes . . . . . .. .. ... A X X X -—
Data
16-Date & Time Data in Given Row Taken . X X X X -—-
17-Age of Concrete at Time Data Taken . X X X X X
18-Days Under Stress at Time Data Taken X —-— X —— X
19-Mode 4, Primary Temp. Data . . . . . X X -— --- --=
20-Resistance of Carlson Meter . . . . . X X -— -—- ===
21-Temperature of Specimen . . . . . . . X X  =-- -—- -—-

21.2-Average Temperature . . . . . . -— -—- X X -——
22-Mode 3, Primary Strain Data . . . . . x X -—- - -—-
23-Change in Mode 3 FromDay One . . . . x X - - ---
24-Micro-Strain v

24.1-With Temperature Strains . . . . X X —— —— ---

24.2-Independent of Temp. Strain . . X X -—- X -—
25-Elastic & Creep Strain (including

Autogenous) . . . . . . . . . X -— X - _—
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Summary (cont'd)

Individual Averaging
Creep/Control Creep/Control Summary .
25.1-Average for Three Specimens . . =-- -—- X -— X
26-Creep Strain (including Autogenous) . X - X - -—--
26.1-Average for Three Specimens . .  =--- --- X --- X '
27-Autogenous Strain . . . . . . . . .. -—- X -—- X -
27.1-Average of Two Controls . . . . =--- -— - X X
28-Drying Shrinkage . . . . . . . . . . -—- X - X -—
29-Creep Strain . . . . . . . . . ... --- -— -—- -—- X
30-Total Strain Divided by Applied
Stress . . . .. .. === ~—- X -—- X
31-Creep Plus Autogenous Strain
Divided by Applied Stress . . . . . X -——- -— -— -
32-Specific Creep . . . . . . . . . . . -— = --- -—- X
33-Sustained Modulus . . . . . . . . .. -—- -— - - X

Data Calculated - Computer Output Not Shown

34-Percent Variation of Individual
Specimen Strain Data From Average ~

*Numbers in Summary correspond with numbers in sections entitled "Explanation .
and Cross Reference of Information and Data Provided on Computer Qutputs" and
"Sample Computer OQutputs." :
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EXPLANATION AND CROSS REFERENCE OF INFORMATION AND DATA
PROVIDED ON COMPUTER OUTPUTS

1. Heading -- Identifies the type of data given on the computer output and
indicates the type of aggregate used, nominal test temperature, age of loading,
nominal stress level or control specimen information, and a description of the
specimen. Computer output was presented in the following three basic forms
(1.1, 1.2, and 1.3) with one additional form (1.4) used at the University of
California as a quality control check of the data.

1.1 Individual Specimen Data -- Each specimen's test data is presented
in an individual computer output. There are three types of individual com-
puter outputs, all of which begin with the heading "Elastic and Creep Strains."
They are:
1.1.1 Creep Specimen -- (elastic, creep and autogenous strains)

1.1.2 Control Specimen, Sealed -- (autogenous strains)

1.1.3 Control Specimen, Unsealed -- (autogenous and then drying
. shrinkage strains)

1.2 Averaged Data -- The resulting strains obtained from individual
specimens at a given test condition are averaged. There are two types of
averaging computer outputs, which are:

1.2.1 Creep Specimens -- The computer heading begins with "Average
Elastic Plus Creep Strains." The elastic and creep strains of the three
individual creep specimens at a given test condition are averaged.

1.2.2 Control Specimens -- The computer heading begins with "Average
Autogenous and Drying Strains." The autogenous strains for two sealed control
creep specimens are averaged and the strains from the one unsealed control is

included for comparison.

1.3 Summary Data -- The resulting average elastic and creep strains of
three creep specimens and the average autogenous strains of two sealed controls,
subsequent to the age of loading, are given for each test condition. The com-
puter heading begins with "Average Elastic, Creep and Autogenous Strains."

1.4 Quality Control Check of Data -- The percent variations of an indivi-
dual creep specimen's elastic and creep strains from the average values
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obtained from all three creep specimens at the given test condition are calcu-

lated for all strain readings. Only a sample computer output is shown. The

average percent variation of an individual specimen's elastjc and creep strains

from the average is given for each specimen in Tables 8, 9, or 10 of the Final .
Report - Part II.

2. Carlson Meter and Channel Number -- Individual specimen's Carlson meter

identification and channel number associated with switching position used in
data acquisition. Channel numbers begin with 73 or 11 for specimens tested at
73 F or elevated temperatures (110 F or 160 F), respectively.

3. Specimen Group -- Group casting identification number and mix used. A

Berks 3 (Mix G-19) identification for a specimen signifies it was cast during
the third casting using Berks G-19 concrete. In addition, Group 3 (Berks 3

and York 3) specimens were tested at 73 F, Group 4 at 110 F, and Group 5 at
160 F, with the creep specimens in these three groups all tested at the 30 per-
cent stress level. Group 6 (Berks 6 and York 6) specimens were tested at 73 F
or 160 F, with the creep specimens tested at the 45 or 60 percent stress level.

4. Age of Loading -- Age of concrete when specimens were first subjected to

test temperature (5) and applied test stress (8).

5. Test Temperature -- Temperature of 73, 110, or 160 F for age of loading (4)
and applied test stress (8).

6. Ultimate Strength - Selected Mix -- Compressive strength of sealed 6 by

12-in. selected mix specimens at age corresponding to age of loading (4).
(Medusa Shipment B cement was used in the selected mix concrete, while a 1:1
blend of Medusa Shipments A and B was used in casting the creep, control, and
companion specimens).

7. Ultimate Strength - Companion -- Compressive strength of sealed 6 by 12-in.

specimens of specimen group (3) tested on day of loading (4) at test temperature
(5) after being heated to the test temperature from 73 F alongside creep speci-
mens . s

8. Applied Test Stress -- Magnitude of constant sustained stress applied on
specimen. , .
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9. Percent Ultimate Strength Applied - Selected Mix -- Applied test stress (8)
expressed as a percentage of compressive strength of selected mix (6) at 73 F.

10. Percent Ultimate Strength Applied - Companion -- Applied test stress (8)
expressed as a percentage of ultimate strength of companion specimen (7) at

test temperature (5).

11. Calibration Constants -- A1l Carlson meter (2) calibration constants used
in data reduction.

11.1 Meter Resistance at 0.0 Degrees F LROL -- Constant used to reduce
temperature data (21).

11.2 Temperature Calibration Constant (T.C.) -~ Constant used to reduce
temperature data (21).

11.3 Strain Calibration Constant -- Constant used to reduce strain data (24).

11.4 Calibrated Range -- Range Carlson meter calibration was checked at
the University of California (UC).

11.5 Meter Coefficient of Thermal Expansion (dm) -- Constant used to
reduce strain data (24).

11.6 Concrete Coefficient of Thermal Expansion (qc)_-- Constant used to
reduce strain data (24.2). The values for coefficient of thermal expansion of
Berks, 5.7, and York, 5.2, concrete were obtained at UC during thermal cycling
tests and represent the average cumulative coefficient value (Cycles 2 to 5).

11.7 Specimen-Meter Factor (SMF) -- This constant, used to reduce strain
data (24), was determined at UC during proof loading of creep specimens. It
correlates internally measured strains (Carlson meter) to externally measured
strains (compressometer).

12. Time and Age of Change in Condition -- Month, Day, Year, Time and Age.

12.1 Date Specimens Cast -- Casting of specimens completed.

12.2 Loading Begins -- Loading of specimens from O to the applied stress
Tevel (8) begins. Minus days under stress (18) indicate time at which loading
stress was held constant at the levels given (12.2) for a nine-second period
to allow strain readings to be taken.
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12.3 Specimens Fully Loaded -- Specimens fully loaded at the applied
test stress (8).

12.4 Applied Stress Changed -- Applied test stress (8) changed to the
reduced constant stress level given (12.4) for duration of test (12.5).

12.5 Specimens Fully Unloaded -- Specimens fully unloaded to zero stress

from applied test stress (8 or 12.4). Days of creep recovery are given in
column entitled "Days Under Stress" (18) for all subséquent ages.

12.6 Control Unsealed -- Control specimen's sealing jacket removed.

12.7 End of Test -- No further strain readings required to be taken.
Some specimens tested to failure in compression,

13. Modulus of Elasticity or Sustained Modulus --

13.1 Loading -- Applied stress (8) divided by initial full load strain
(12.3, 25) obtained from Carlson meter.

13.2 Unloading -- Applied stress (8 or 12.4) divided by change in strain
(25), obtained from Carlson meter readings, just prior to and immediately after
unloading (12.5)

13.3 Compression Test -- For specimens tested at 73 F, the modulus was

determined using externally mounted compressometer and LVDT's following Stan-
dard ASTM C-469 and UC test procedures. For specimens tested at 110 F, the
modulus was determined using Carlson meter readings obtained during the com-
pression test.

14. Compressive Strength -- Compressive strength of specimen was determined
using Standard ASTM C-39 and UC test procedures.

15. Note ~-- Additional information or discrepancies in data are noted.

16. Date and Time -- Month, Day, Year, and Time data in given row is taken.

17. Age, Days -- Age of concrete at time data taken (16) from date speci-
mens cast (12.1).

18. Days Under Stress -- Days under stress at time data taken (16) from
time specimen fully loaded (12.3).
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19. Mode 4, Volts -- Primary data for determining temperature inside specimen
instrumented with Carlson meter using SESM test set. (Applied voltage: 2.0000
volts)

20. Resistance, OHMS -- Resistance of Carlson meter calculated from Mode 4 (19).
Resistance = [ 120(1 + Mode 4)/(1 - Mode 4) ] + 0.06

21. Temperature, Degrees F -- Temperature inside specimen from Carlson meter

using resistance (2) and calibration constants Ro (11.1) and T.C. (11.2).
Temperature = (Resistance - Ro) x T.C.

21.1 Average Temperature -- The temperatures of each individual specimen

(21) at a given test condition (1.1) are averaged and given in the averaging
computer output (1.2).

22. Mode 3, Microvolts -- Primary data for determining strains inside specimen
instrumented with Carlson meter using SESM test set. (Applied voltage: 2.0000
volts) '

23. Change, Microvolts -- Change in Mode 3 (22) in reference to Mode 3 at age
of one day (17, 22).

24. Micro-Strain -- Micro-strain, in reference to day one Mode 3 reading (17,
22), is calculated using the change in microvolts (23) (applied voltage 2.0000),
the strain calibration constant per volt applied voltage, CS (11.3), and the
specimen meter factor, SMF (11.7). This micro-strain value includes autogenous
Tength change (1.1.2) and the effect of change in temperature between readings.

Micro-Strain = Chande In HCrovolts , rc x (1 + smF)]

Applied Voltage
24.1 Micro-Strain, Total with Temperature -- Micro-strain reading (24) is
corrected for meter expansion, O (11.5), due to change in temperature at read-
ing and day one, Temp. (21) - Temp.] (21) = ATemp., but includes thermal expan-
sion of concrete, o (11.6).
Micro-Strain, Total with Temp. = Micro-Strain + (ATemp. x am)

24.2 Micro-Strain, From Day One -- Micro-strain reading (24) is corrected
for meter, o (11.5), and concrete, o (11.6), expansion due to change in temper—
ature at reading and day one, Temp. (21) - Temp. ; (21) = ATemp.

Micro-Strain, From Day One = Micro-Strain + [(am - ac) X ATemp.]
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25. Elastic and Creep Strains (including Autogenous) -- The elastic, creep,

and autogenous strain, referred to as total strain, is given from the time
loeding begins (12.2). It 1is obtained by subtracting the temperature
corrected micro-strain value at the first negative day under stress (18, 24.2)
from the micro-strain value of the subsequent readings (24.2).

25.1 Average Elastic, Creep, and Autogenous Strains -- The total strains

(25) of the three creep specimens at a given test condition (1.1.1) are aver-
aged and given in the averaging (1.2.1) and summary (1.3) computer outputs.

26. Creep Strains (including Autogenous) -- The creep and autogenous strain
is given from the time the specimens are fully loaded (12.3). It is obtained
by subtracting the total strain (25) value at .0000 days under stress (18, 25)
from the total strain vailues of the subsequent readings (25).

26.1 Average Creep and Autogenous Strain -- The creep and autogenous
strains (26) of the three creep specimens at a given test condition (1.1.1)

are averaged and given in the averaging (1.2.1) and summary (1.3) computer
outputs. B

27. Autogenous Strains -- The micro-strain from day one (24.2) of sealed

creep control specimens (1.1.2) is a measure of the autogenous strains in -
concrete.

27.1 Average Autogenous Strains -- The autogenous strains (27) of two

sealed control specimens (1.1.2) are averaged and given from day one in the
averaging (1.2.2) computer output.

27.2 Average Autogenous Strains After Creep Specimens Fully Loaded --

The average autogenous strains (27) of two sealed control specimens (1.1.2)
occurring at age subsequent to time corresponding creep specimens are fully
loaded (12.3) are given in the summary (1.3) computer output. They are obtain-
ed by subtracting the autogenous strain (27) at the time corresponding creep
specimens are fully loaded (12.3) from the autogenous values of the subsequent
readings (27).

28. Drying Shrinkage -- The micro-strain from day one (24.2) of a sealed *

control specimen after the specimen is unsealed (1.1.3, 12.6) is a measure of
the micro-strain in concrete during drying shrinkage.
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29. Creep Strain -- The average autogenous strains of two sealed control
specimens (27.2) are subtracted from the average creep and autogenous strains
(26.1) of three sealed creep specimens at corresponding test conditions (4,5)
and ages (17).

30. Total Strain Divided by Applied Stress -- The total strain (25) is
divided by the applied test stress (8).

31. Creep Plus Autogenous Strain Divided by Applied Stress -- The creep and

autogenous strain (26) is divided by the applied test stress (8).

32. Specific Creep -- The creep strain, corrected for autogenous strain (29),
is divided by the applied test stress (8).

33. Sustained Modulus -- The sustained modulus is obtained by dividing the
applied test stress (8) by the total strain (25), 10® psi (MPSI).

34. Percent Variation from Average -- The percent variation of an individual
creep specimen's strain from the average value obtained for all three creep

specimens at the given test condition was computed for the following strains.

34.1 Total Strain -- The percent variation from the average (25.1) of
each specimen's strain from day one (24.2) prior to loading (12.2) and the of
total strains (25) after loading begins (12.2).

34.2 Total Strain (Full Load) -- The percent variation from the average
(26.1) of each specimen's creep and autogenous strain (26) after specimens are
fully loaded (12.3).
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. 1.1 ELasTIC ;

CALIBRATION CONSTANTS:

1.

1 SAMPLE COMPUTER OUTPUT - INDIVIDUAL CREEP SPECIMEN

ND CREEP STRAINS **YORK *% 73F, 90 DAV.
PECIMEN: SEALED 6 BY 16 INe CONCRETE CYI
(NOYT CORRECTED FOR AUTOGENOUS STRAINS)

e? PERCENT

ZSTnAIN METER NQO4
PECIMEN GRDU" H
b

414 73 23
YORK 6 (MIX G~-26)

N Insr:n RESISTANCE AT 000 DEGREES Fe = 48,78 OHMS 4AGE OF LDAD 90 OAYS
|L2 TEMP, CALIBRATION CONSTANT = 10487 F/OHM CHANGE IN RESISTe 5 TEST YE~PERAYuRE 73 DEG. Fo
||3 STRAIN CALIBRATION CONSTANT = 4468 MICROVOLTS PER VOLT PER STRAIN
Ha CALIBRATED RANGE = 14600 TO -21500 HICROVOLTS 6 ULTe STR.ISELECTED MIX: 7200, PSI AT 73.F,
115 METER COEFF, OF THERMAL EXPANSION = o4 MICROSTRAIN PER DEGREE Fo 7 ULTe STRe:COMPANION : 7070e PSI AT 73.F.
16, '~ CONCRETE COEFFe OF THERMAL EXPANSION=  S.2 MICROSTRAIN PFR DEGREE Fo BAPPLIED TEST STRESS § 4250s PSI
{1 7 SPECIMEN=-METER FACTDR 15 PERCENT PERe ULTe STRe APPLIED: 5940 PERCENT (SELECTED MIX)
10 60¢1 PERCENT (COMPANION )
s MICROSTRAIN (INCLUDING AUTOGENOUS )-—-
DAYE * TIME # AGE, * DAYS bd MODE 4 *RESIST,. * TEMP, ® MODE 3 #CHANGE®X TOTALRw==weeTEMPERATURE CORRECTED-=wwwa
: + DAVS & UNDER & VOLTS # OHMS & OEGREE & MiCRO- #MICRO-%* WITH & FROM lELASTlC‘ cnesptspechxc
RESS * . e % VOLTS #VOLTS & TEMP,#DAY ONE * +CREES
“t‘t.‘tt"lttt.t.t...‘ltl't.tt..“l“ %
124 ~7-74 430 0  SPECIMEN CAST
35N 1430 1.0 -+36896 55,38 717 11504
3-11-74 930 3.8 ~.36900 55,37 7146 11392 -112 -13 11
122% 6 -5-74 1517 9040  SPECIMEN(S) LDADING BEGINS, READINGS AT 0, 1590, AND 3190 PSI (PLUS OR MINUS 30), RESPECTIVELY
6 -5-74 1517 90,0 -.0021 -+36884 55,39 7149 108 -647 -68 -59 0
6 -5-74 1518 90.0 -40014 -¢36887 55,39 Tle 8353  -3151 -292 -292 -233
6 -5~74 1519 9060 =40007 ~¢36889 55,38 718 5255 -gzao -580 -879 -520
123% 6 -5-74 1520 90,0  SPECIMEN(S) FULLY LOADED, APPLIED TEST STRESS 4230 PSI
6 -5-74 1520 90.0 0. ~ 36904 85,37 T1e6 2934 -8570 -798 -795% -736 0
6 -5-74 1522 90.0 «0014 55,37 71.6 -82% ~-822 ~763 -27
6 -5-74 1525 90,0 «0035 55,37 T1e6 -8%0 -848 -789 -53
6 -S-74 ° 1530 9040 «0069 §8437 7146 -868 -866 -807 -71
6 -5-74 1538 9040 20104 55,37 71.6 -879 ~877 -818 -82
6 -5-74 1885 90e1 0243 55,37 716 -898 -896 -837 -101
6 -5-74 1620 90.1 0417 55,36 715 -923 -921 -862 -126
6 -5-74 1720 9041 «0833 53,36 718 -948 -946 -887 -151
6 -5-74 2108 90e3 «2396 55,35 7104 -992 -983 -929 -193
6 ~6-74 840 90.8 7222 55,33 7162 ~1048  -1043 -984 -248
€ -6~74 1403 9140 *9468 85,32 7191 -1062 -1057 -998 -262
6 ~7-74 1445 92¢0  1.9757 55,31 71.0 -1109 =1102 <1043 -307
6 -8-74 1450 93.0 3.0 55,31 7140 -1134 -1129 -1070 -334
& -9-74 1240 93.9 3.9 55,27 7006 -1154 -1145 -1086 ~350
6-10-74 1512 95.0 5.0 35,26 708 -1175  -1:65 ~1106 -370
6-11-74 923 95.8 5.8 5,23 7001 -1188 -1176  -1117 -381
6-12-74 1145 969 609 585,22 7040 -1202 ~1190 -1131 -395
6-14-74 845 98.8 8e7 85,22 700 -1219 -1207 -1148 -412
6-17-74 1600 1021 1240 55,23 701 -1249 -1237 -1178 -a42
6-20-74 1340 105.0 14.9 55,26 70.3 -1263 -1283 -1194 -488
6-26~74 1140 110.9 2048 85,23 7001 -1301 -1290 -1231 -498
6~30-74 940 114.8 24.8 $5,24 70.2 -1321 -1310 -1251 -515
7 ~9-74 930 123.8 33.8 55,23 7001 -1387 ~-1346  -1287 -85
7-10-74 1630 1281 35.0 55,26 708 -1359 -1349  -1290 -S54
7-15~74 1300 129.9 39.9 55,31 7140 -1371  -1365 -1306 -870
7-24-74 1600 139.1 49.0 55,31 7009 ~1400 -~1394 -1335 -599
7-31-74 1715 14661 so.s .2 13,; -1420 -1413 -135s -618
8 -8~74 1200 153.9 63. 8o 2 78, ~SA4%  -1436 -1377 ~841
8-1%5-74 1118  160e9 70.8 5,28 7006 ~1487 -1447  -1388 ~682
SRR inn nd O i i R an
-11- . . . 7he - - - -
9-25~74 1600 202.1 11240 45,24 70.2 -}‘ag - 3\6 ~-1485 -719
10 -9-74 1600 21641 12640 53,33 1.2 -1542 -1537 -1478 -742
10-23-74 1420 23040 14040 55,30 7048 -1862 ~1555 ~1496 -760
11-21-74 1000 25848 168.8 55,29 708 -1596 -1589 -1530 =794
12-17-74 1430  285.0 195.0 85,26 70.4 -1627 -1618 -1359 -823
1-15-75 1330 314,0 223.9 53,33 7ie4 -1637 -1634  -1575 -839
2-18-75 1430  348.0 25840 55,24 7042 -1680 -1669 -1610 -874
3-14-75 1100  371.9 281.8 55,24 7002 ~1696 -1685 1626 -890
4-12-75 1200 400.9 31049 85,26 70.8 -1710 -1701  -1642 -906
5-16-75 1130 434,9 34408 55,35 71e4 -1726 -1723 -1664 -928
6-16-75 1230 465.9 315.9 55,33 713 ~1744  -1740 -1681 -94S
6-30-75 1429 480, 55,3 71, -17%2 -1747 -1688 -952 -.22400
124+ e-30-75 1430  480.0 APPLIED rest SYRESS CHANGED TO 2100 PS1
6-30-75 1430 48040 39040 ~e36 55,32 71a -4229 -15733 -1467 -1461  ~1402 -666
€-30-78 445  480.0 390.0 -.36935 55,33 71.2 -4087 ~-15561 -1450 -1445 -1386 -650
6-30-78 500  480,0 390.0 ~-¢37019 55,22 70.0 -4084 -18588 -1461 -1449 -1390 -654
6-30-75 700  480.1 39041 -¢36978 55,27 7045 -4040 -15544 -~1453 -1444 -1385 -649
7 -1-75 545 48l.1 391.0 ~¢ 36876 Sed 0 72.0 -3945 -15449 -1434 -1434 -1375 -639
7 -7-75 425  487.0 397.0 ~e36898 55038 1.7 -3847 -15381 ° ~-1427 -1425 ~1366 -630
7-15-75 400  49%5.0 404.9 -e36898 S5e37 71e7 -3715 -~ 5:19 -1415  -1413  -1354 -658
7-28-75 1220 507. 179 «36875 5040 7200 -3677_ -1518 409  -1409  -1350 614
12.5% 7-28-75 1221 507.9 SPECIMEN(S) FULLY UNLOADED, DAYS RECOVERY GIVEN NOW 1u COLUMN *DAYS UNDER STRESS®
7-26~75 1221 507 0000 36878 Se 40 72.0 -21 -~1152%5 -1069 -1069 o10 274
7-28-75 1222 507.9 «0007 -+36875 55,40 72.0 32 -11472 -1064 -1064 -1005 -269
7-28-75 1226 507.9 «0035 -+36878 55,40 719 112 -11392 -1057 -1087 ~-998 -262
7-28-75 1236 5079 «0104 ~¢36874 55,40 72.0 197 -11307 -1049 -1049 -990 -254
7-28-75 1600  508e1 «1521 55,40 7240 395 -11109 -1030 ~-1031 -972 -236
7-29-78 210 50849 «9924 85,39 718 874 =-10930 -1015  -1014 -955 -219
7-31-75 550 S11el 3.1 55,39 71.8 749 -10788 -999 -993 -939 -203
8 -5-75 630 5161 Be2 55,39 T1. 982 -10582 -980 -979 -920 -184
8-22-75 315 532.9 2%5.0 55437 7146 1248 -102%9 ~958 -952 -893 -187
9-16-75 640 55841 5042 55,37 7le 1479 -10028 -932 -930 -371 -133
9-22-78 915  563.8 85,9 ~¢ 36926 55,34 71.3 1897 -10007 -933 -929 -870 -134
12.7 # 9-23-75 1300 Sea.9 END OF TEST, SPECIMEN TESTED TO FAILURE IN COMPRESSION
—
16 17 18 19 20 21 22 23 24.) 24.2 25 26 31
3.1 moODULUS: LOADING Ex 5,8 AT 73eFey, AGE 90 DAYS (STRESS LEVEL 0 TO 4250 PSI)
13.2 UNLOADING €= 6.2 AT 73.F., AGE 508 DAYS (STRESS LEVEL 2100 YO 0 PSI1)
133 COMPRESSIDN TEST E= 6.7 AT 73.F., AGE 565 DAYS (STRESS LEVEL 0 TO 2500 PSI)
|4 COMPRESSIVE STRENGTH: 8340 PSI AT 73eFe, AGE 565 DAYS

|1 5 novE: MINUS DAYS UNDER LOAD INDICATES

SPECIMEN LOADING TINE PRIOR TO FULL LOAD
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1.1.2 SAMPLE COMPUTER OUTPUT - SEALED CONTROL SPECIMEN

1.1.2 €LASTIC AND CREEP STRAINS $SYORK #% 73$y 28 DAY CONTROL
(SPECIMEN: SEALED 6 BY 16 IN. CONCRETE CVYiLe)

mm CORRECTED FOR AUTOGENOUS STRAINS) _2 STRAIN METER NO. 202 73
H CAL IBRATION CONSTANTS: 3 SPECIMEN GROUP YORK 3 (-ux 6-26)
1. ll(tER asslsnuce AT 040 oean:zs Fo = 48.90 OHMS 4 AGE_OF LOADING 28 DAY
12 AL IBRATION CONSTAN = 10s84 F/0HM CHANGE IN RESIST. 5 TEST TEMPERATURE : 73 DEG. Fo
||3 nuu cAuennou CONSTANT & 4,61 MICROVOLTS PER VOLT PER STRAIN
114, '~ CALIBRATED RA = 19100 TO -16550 MICROVOLTS G ULTe STReISELECTED MIX: 6260s PSI AT T3.F,
" 5~zrs COEFF, or THERMAL EXPANSION =  6¢4 MICROSTRAIN PER DEGREE F, ULTe STReICOMPANION : 6160. BSI AT 73.F.
16 ONCRETE COEFF, OF THERWAL EXPANSION=  S.2 MICROSTRAIN PER DEGREE F. BAPPLIED TEST STRESS  : 0s PS5
ll7s#£cmeu—nnsu FACTOR 0 PERCENT 9 PER. ULT, STR. APPLIED: Oe psncem {SELECTED vux)

|0 0s PERCENT (COMPANION
1CROSTRAIN (INCLUDING AUTOGENQUS )==~

DATE & TIME & AGE, * OAYS % MOOE & SRES[ST, & TEMP, * MODE 3 #CHANGE® TOTAL®~-—w—uTEMPERATURE CORRECTED====x
. * DAYE & UNDER & VOLTS # OHMS = & DEGREE & MICRO- #MICRO-%* WITH % FROM ®ELASTICS CREEPSSPECIFIC
- . * STRESS # * e tanet ot b IS gt QLTS & TENP.SDAY ONE 2 ccREERS 1, 5RE0
-
12.1% 2-14-74 1400 Q  SPECIMEN CAST
2-15-74 140 85,51 12054 0
6e1 5,51 11872 -19
2801 85S.42 11869 -s3
2841 55,43 11871 -52
2849 s 11888 -83
3000 8 11871 -51
32.1 5 11879 -8
33.3 s S84 ~50
33.8 s 602 ~-49
3449 8 604 -a8
38.0 8 609 -48
38.9 s 610 ~48
alel 8 623 -46
45,9 s 652 -43
4940 8 662 -43
6.1 S 679 -40
| 63.0 8 699 -38
6801 s 11711 -37
75.0 s 11662 -41
7840 E 11666 -4t
88.0 S 674 -4t
98,8 s 679 -40
10600 F 651 -42
1160 660 -42
131.9 657 -42
16761 614 -46
18149 817 -46
209.0 580 -s0
281.0 543 -83
279.8 13 -87
318.8 819 -8
33s8.0 502 -58
36940 a8s -61
39249 ar? -61
421.9 oS4 -64
483%.9 a10 -68
48608 407 ~68
81600 89 ~-70
$354,0 56 -73
$79.1 340 -78
10-20-75 30  613.1 309 -78
11-11-75 911 834.8 266 -84
12-24-7% 920 677.8 237 -87
2-24-76 930, 739.8 -e36767 190 -92
16 17 I9 21 22 24.2,27
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1.1.3 SAMPLE COMPUTER OUTPUT - UNSEALED CONTROL SPECIMEN

},1.3 ELASTIC AND CREEP svnAlns *&YORK *% T73F, 28 DAV'UNSEALED
(SPECIMEN: SEALED 6 BY 16 INe CONCRETE CYL
(NOT CORRECTED FOR AUTOGENGUS STRAINS) . 2 STRAIN METER NOe

: 206 7311
CALIBRATION CONSTANTS: 3 SPECIMEN GROuUP 3 YORK 3 (MIX G-26)
H lnsrea RESISTANCE AT 0.0 DEGREES Fe 2= 49,25 OHMS 4AGE OF LOADING : 28 DAYS
||2 MP, CALIBRATION CONSTANT = 10477 F/OHM CHANGE IN RESISTe 5 TEST TEMPERATURE : 73 DEGe Fo
1 3STRA|N CALIBRATION CONSTANT = 4452 MICROVOLTS PER VOLT PER STRAIN
14 CAL IBRATED RANGE = 14850 YO -19700 MICROVOLTS 6 ULr. STRe:SELECTED MIX: 6280s PSI AT 73.F,
|| 5METER COEFF, OF THERMAL EXPANSION =  6e4 MICROSTRAIN PER DEGREE F. 7 STRe COMPANION  : 6160. BSL AT 73.F.
e CONCRETE COEFF. OF THERWAL EXPANSION= 5.2 MICROSTRAIN PER DEGREE F,. 8 APPLIED TEST STRESS H .
11.7 SPECIMEN-METER FACTOR 0 PERCENT PERs ULT. STR., APPLIED: 0. PERCENY (SELECTED MIX)
1O 0. PERCENT (COMPANION )
k% shkkkkb bbb g kb kS kbsxaky MICROSTRAIN (INCLUDING AUTOGENOUS) ==~
DATE ‘ TIME & AGE ® DAYS ® MODE & *RESISTe * TEMP, * MODE 3 #CHANGE* TOTAL®~~-~-—=TEMPERATURE CORRECTED==~=~w
* DAYS % UNDER * VOLTS & ONMS % DEGREE * MICRO- *MICRO-% WITH ® FROM *ELASTIC* CREEP*SPECIFIC
STRESS * ®  Fe % VOLTS #VOLVS ®* TEMP,#DAY ONE % +CREEP* * CREEP
.ltt#ttt.t‘tt“‘.‘.ttt.“‘l“‘...“..t“t“““i.‘vtu -k A2 RS LIS TL T 1 ke
12.] * 2-14-74 1400 0  SPECIMEN CAST
2-15-74 1400 1.0 36520 55,86 T1e2 9023 [ [ [
2-20-74 1630 641 36520 5%.86 71e2 8840 ~183 ~-21 -19
3-14-74 1538 2841 ~ 036536 55,84 70.9 8542 -481 -56 -52
12.6% 3-14-74 1341 28,1  SPECIMEN UNSEALED, START OF DRYING SHRINKAGE
3-14-74 1545 2841 -e36512 $5.87 71e3 8529 -494 -58 54
3-14-74 1588 2841 ~e36323 $5.85 71l 8499 -524 -60 ~-s7
3-14-74 1628 2841 ~«36376 55.79 8490 -533 -66 -89
3-14-74 1936 2862 55,84 8443 -580 -67 -63
3-14-74 2220 2843 §5.91 8402 -621 -66 -67
3-15-74 1035 2849 55,87 8298 -725 -80 -79
3-18-74 1700 2941 55,93 8261 -762 -80 -82
3-16-74 1500 30.0 55,89 8169 -854 -3 -93
3-17-74 1505 31.0 85,88 8084 -939 -103 -103
3-18-74 1610 32.1 $5.88 8004  -1019 -112 -111
3-20-74 1018 33.8 55.85 7925 -1098 -123 -121
3-21-74 1140 34.9 55486 7871  -1152 -129 -126
3-22-74 1345 36.0 55,84 7800 -1223 -138 ~134
3-24-74 1440 380 55,81 7718 -130% ~149 -144
3-25-74 1200 3849 35,82 7680 -1343 -183 -148
3-27-74 1715 a1.1 55,87 7596  -1427 -158 -187
3-29-74 1130 42,9 55,85 7557 -1466 ~164 ~161
4 -3-7¢ 1200 47.9 55,84 7368 -1655 -186 ~182
4 -8-74 1640 5341 $5,85 72%0 -1773 -198 -195
4a-11-74 1705 S6el 5,84 7145  -1878 -210 -207
4-18-74 1340 63,0 55,88 7011 -2012 -225 -222
4-23-74 1330 6841 55,84 6976  -2047 ~-229 -226
4-30-74 1435 75.0 85,93 6803  -2220 -241 244
S -6-76 1335 8140 85,78 6708 -2315 -264 ~-256
5-13-74 1330 88.0 35,86 6606 -2417 ~268 -266
5-16-74 1500 9140 35,91 6560 ~2463 -270 -271
5-24-74 958 9848 55,91 6476 -2547 -279 -280
5-28~74 1140 102.9 55,91 6420 -2603 -285 -z286
6 -4-74 1935  110.2 $5.92 6355 -2668 -291 -293
6-10-74 1512 11640 855,90 6279  ~2744 -301 -302
6-26-74 1140  131.9 8,90 8117  -2906 -320 -320
7-17-74 1500 153,0 35,98 5963 -3060 -330 ~336
8-15-74 1115  181e9 $8.93 $786 -3237 ~354 -3%6
9-11-74 1315  209.0 55,95 5639 -3384 -368 ~-372
10 -9-74 1600 237.1 56400 $887 -3436 -370 -377
11 =7-78 1100 26549 55,98 5436 -3587 -388 -394
12-10~74 1230 298.9 55,93 5450 ~3573 -390 -393
12-17-74 1430 30640 55,93 5350 -3673 -402 -404
1-15-78 1330 335.0 55.98 5280 -3743 -408 -a11
2-18-75 1430 369.0 85,90 5177  -3846 -423 -424
3-14-7% 1100 39249 55,91 s130 -3893 -a27 -429
4 -1-7%5 1100 410.9 $5.99 s192 -3a31 -414 -a21
4-12-75 1200 42149 55,91 5319 -3704 ~407 -408
5-16-75 1130 455,9 56401 5327 -3696 -397 -406
6~16-75 1038 486,9 55,99 $324  -3699 -399 -406
7-15-75 1400 51640 56402 s291  -3732 -401 -a10
8-22-73 1313  554.0 $6.01 5333  -3690 -397 -405
9-16-75 1640 5791 86,02 5327 -3696 -397 -406
10 -3-75 1055 595.9 56401 5262 -3761 ~40S -413
11-11-75 911 634.8 55,97 5264 -3759 ~408 -413
12-11-75 840 664.8 85,95 3293 -3730 -406 -410
2-24-76 930 , 739. ~e36472 55,92 5347  -3676 -403 -40s8
16 17 9 20 21 22 23 24.) 24.2,28

-172-



C16

1.2.1 SAMPLE COMPUTER OUTPUT - AVERAGING FOR CREEP SPECIMENS

1.2.] AVERAGE ELAST[C PLUS CREEP STRAINS ##VYORK ®% 73, 90 DAY, 60 PERCENT
PECIMENS: SEALED 6 8Y 16 INe CON LRETE CYl.)
(NOT CORRECTED FOR AUTOGENOUS STRAINS

3 SPECIMEN aaoun H YORK 6 (MIX G=26)
4 AGE OF LO. H 90 DAYS
SPECIMEN METER NOe CHANNEL FACTOR  MODULUS (0 TO 4280 PsSI) 5 TEST r:uncnnvune : 73 DEG. Fo
NOe1 a1s 73 as 15 8.8 6 ULT. STROISELECTED MIX: 7200¢ PSI AT 73.F,
NOe2 419 73 26 10 Se? T _ULTe STReICOMPANION : 7070 ps: AT 73.F.
NO.3 400 73 24 24 S.9 BAPFLIEO TEST STRESS  : a250.
—_— PERe ULT. STRe APPLIED: _ 39,0 oenceuv (SELECTED MIX)
2 [ g 13,4 10 601 PERCENT (COMPANION )
e f MICROSTRAIN (INCLUDING AU?OG!NOUSD--CDRRECYED FOR TEMPERATURE--—-
DATE ® TIME & AGE, # OAYS ® AVG. #--=-=ELASTIC PLUS CREEP- *(ELASTIC
. ® DAYS * UNDER * TENP, ‘--------spz IMEN=-~~=<% AVGe ‘-—------SPECIHEN-~----‘ AVGe * $CREEP)/
. . & STRESS & OEG.F. ol % NOe2 & NOo3 & NOo1 2 % NOe3 * * 4250 PS]
tttt‘t“.“‘tt“t.t‘ttt‘ttt seeaststeseieitenanted
12,1 ¢ 3 -7-7¢ 1430 0  SPECIMENS CAS
122 % 6 -S-74 1817 90.0  SPECIMEN(S) LOADING eecrns. READINGS AT 0, 1590, AND 3190 PSI (PLUS OR MINUS 30), RESPECTIVELY
6 -8-74 517 90.0 -.0021 T1e7 ## [ 0 0 % [ [ 9 0 ¢ 0,
6 -5-74 s18 90.0 -40014 Tle? ## -23: ~240 =230 -234 &= o o [ 0 ** -,05506
6 -5-74 519 900 =40007 71e7 %% =520 828 -812 -8519 &# o o 0 0 *s -412212
123 ¢ 6 -5-74 520 9040 SPECIMEN(S) FULLY LOADED, APPLIED TEST STRESS 4250 PSI
6 -5-74 s20 9040 Oe 716 #% <736 =751 <718  -734 s& [] 0 0 - -,17271
6 -5-74 522 9000 0014 716 $%  ~-763 -778 -764 *s -27 -27 -37 ©® - ,17976
6 -85-74 528 9040 «0038 71.6 #% 789 -806 -791 ** -83 -55 -63 s —,18612
6 -5-74 30 9040 «0069 71e6 ** =807  -822 -809 ## -71 -71 -83 ** -,19035
6 -5-74 s3s 9040 «0104 71e6 *¢ -8l18 -832 -819 ¢ -82 -81 -94 ** -,19271
6 -5-74 s 9041 0243 71.6 #%  -837 -8S80 ~839 #+  -jo1 -99  -116 % -,19741
6 -5-74 1620 9041 0417 Tle6 #% -862 -873 -864 %  -126 -122 -143 s -,20329
6 -8-74 1720 9041 «0833 71.5 #* -887 -896 -889 &%  -151 -145 -171 e -,20918
6 ~5-74 2108 9043 «2396 7les ¥+ -929  -937 -932 #+ -193 -186 -217 = -,21929
6 -6-74 840 90.8 oT7222 71e2 *%¢  -984  -900 -987 ¢4 -248 -239 -:7a e -,23224
6 -6-74 403 91.0 e 9468 71e2 #¢ =998 -~1004 - -1002 *® -262 -253 -289 s -,23576
6 -7-74 aas 92¢0  1.9757 7100 #%  -1043 ~1049 - ~1047 #*  -307 -298 -336 s -,24635
6 -8-74 450 9340 3.0 71el $% -1070 -1074 - ~1074 %+  -33¢ -323 -364 e - 25271
6 -9-74 240 93,9 3.9 70,7 #% -1086 -1091 =~ -1091 %  -330 -340 -381 e - ,25671
6-10-74 s12 95.0 S.0 7006 %% -1106 ~-1111 - <1111 *&¢  -370 -360 -a01 s -,26141
6-11-74 923 98.8 5.8 7002 %% ~1117 -1122 -~ -1122 #¢ -381 -371 -412 " -,26400
6-12-74 1145 9649 6.9 7063 ** -1131 -1313% -~ -1135 ¢¢  -395 -384  -426 " -,26706
6-14-74 845 98.8 8.7 7002 #% -1148 -11%81 - ~1152 #% 412  -400 -443 e -,27106
6-17-74 1600 1021 1240 7002 $* -1178 -1181 -~ -1181 #% 442 -430 -a71 e -,27788
6-20-74 1340 1050 14,9 7048 %% <1194 -1208 - ~1201 #* -4S8 -454 -489 e -,28259
6-26-74 1140  110.9 20.8 70,2 *% =1233 -1233 - ~1234 %% -495  -482 -525 ** -,29035
6-30-74 940  114.8 2448 7003 $% -1281 -1284 - 1288 #&  -515  -503 -545 o -,29829
7 -9-74 930 123,.8 <1287 -1290 -~ 1290 #*+ -S81 _839 -58Q ** -,30353
7-10-74 630 123,.1 -1290 -1294 -~ ~1294 *¢ -S54 -543 -Sga s - ,30847
7-15-74 300 1299 -1306 -1309 - ~1309 #*  -870 -553 -598 ** -.30800
7-24-74 600  139.1 - -1339 - ~1339 #* -S90 -588 -628 ** -,31506
7-31-74 715 14601 - -1358 - -1357 #&¢  -618 -607 -646 = -,31929
8 -8-74 200 153,9 - -1383 - -1381 %+ -641 -632 -669 = -, 32494
8-15-74 115 160.9 - -1393 - ~1392 $¢ -632 -642 -680 e -,32753
8-29-74 138 174,9 - -1417 - -1416 8%  -677 -666 ~-704 ** -.33318
9-11-74 1315  187.9 - -1438 -~ <1437 %% -609 -687 -72% s -,33812
9-28-74 600 2021 - -1488 - -1487 #*  -719 -707 <-74S5 . -,34282
10 ~9-74 600 21641 - -ja82 - -1480 ¢ -742 -731 -767 .. - ,34824
10-23-74 420 - -1800 - ~1499 #%  -760 -T749  -786 e -,38271
11-21-74 000 - ~1832 - ~1532 #%  -794 -781 -819 x -,36047
12-17-74 430 - ~1888 - ~-1589 *&  -823 -807 -846 o -,36682
1-15-75 330 -1574 - ~1574 #¢  -839 -823 -859 *= -,37035
2-18-75 430 -1605 - -1607 #% -874 -854 -892 = -,37812
3-14-78 100 -1620 - -1622 *¢ -890 -869 -905 s -,38165
4-12-78 200 -1633 -~ ~1637 #*¢  -906 -882 -921 e -,38518
5-16-78 130 -1653 - ~1687 s 928 -902 -941 *s -,38988
6-16-75 230 -1668 - -1673 $¢ -945  -917  -9S55 s -.39365
6-30-75 429 -1676 - -1680 ** -982 -925 -963 ** -.39529
12.4 » 6-30-78 430 o T0 21
6-30-758 430 o - -1386 - -1398 s  -666 -635 -683 -
6-30-75 445 390¢0 70e4 &% -1386 -1369 - -1379 &% -6%0 -618 -668 bad
6-30-78 $00 390,40 7001 #* <1390 -1370 -~ ~1382 ** -654 -619 =671 "
6-30-75% 700 390.1 7047 #% -1385 1364 - -1376 ¢%  -649 -613 -666 .
7 -1-7% 548 39140 7241 #% -1375 -1385 - -~1366 #*+ -639 -608 -655 bTs
7 -7-7% 425 397.0 71.8 #% -1366 -1345 - -13%6 #+  -630 594  -643 bod
7-15-75 400 40409 71e7 *#% 1354 -1334 - -1345 *&¢  -618 -583 -63 Lo
7-28-7% 220 4179 7240 $¢ -1350 -1330 - - -614 79 .
125 + 7-28-78 1221 SPECIMEN(S) FULLY UNLOADED, DAYS RE GIVEN NOW IN COLUMN ®DAYS UNDER STRESS*
-28-75 1221 «0000 7240 #*¢ -1010 -968 - - -274 17
7-28-73 1222 «0007 72.0 ** -963 -988 *&  -269 -212 -282
7-28-75 1226 «0038 7200 *% -954 -980 **  -262 -203 -27a
7-28-75 236 «0104 7241 ¢ -946 -972 #% -284 -195 -26S
7-28-78 600 1521 72,1 #% -926 -983 &  -23¢ 175  -246
7-29-75 210 9924 T1e9 8% -908 -935 #¢ -219 -157 -228
7-31-75 $50 3.1 71e9 ## -892 -919 #+ -203 -141 -212
8 -5-75 630 8.2 718 $% -872 -900 #%  -184 -121  -193
8-22-78 318 2%5.0 71.6 *# -844 -872 #%  -187 -93  -16%
9-16-75 640 50.2 T1e6 &% -821 ~849 #¢  -135 -70 -142
7 T1e3 ## -819 ~848 **  -134 -68  ~141

9-22-75 918 5549 1e
127 » 9-23-73 1200 END OF TESY

i | [ l
NOTE: MINUS DAYS UNDER LDAD INDICATES SPECIMEN LOADING TIME PRIOR YO FULL LDAD
1) %f——J | SOU—

16 17 18 211 25 25.1 26 26.1



12.1 * 2
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1.2.2 SAMPLE COMPUTER OUTPUT - AVERAGING FOR CONTROL SPECIMENS

1.2.2 AVERAGE AUTOGENOUS AND DRYING SHRINKAGE STRAINS #% vonx... 73Fé 28 DAY CONTROL
{2 AUTOGENOUS SPECIMENS: SEALED 6 BY 16 IN. TE CYL,)

1 DRYING SHRINKAGE SPECIMEN: UNSEALED 6 av 16 INe)

3SPEC IMEN GROUP

YORK 3 (MIx G-26)
4"~ AGE OF LDADING DAY

28

SPECIMEN METER NOes CHANNEL FACTOR 5TEST TEMPERATURE 73 DEG- Fo
NDel 202 73 09 o 6 ULT. STR ISELECTED MIX: 6280« PSI AT 73.F,
NO.2 201 73 10 ] 7 SCOMPANION 6160s PSI AT T3.Fe
NO,.3 206 73 11 [ 8 APPLIED TEST STRESS H 0. PSI1

—2 ILT

l.!"""“““.“t *hkEE MICROSTRAIN--CORRECTED FOR TEMPERATURE~w~=mw-cvcoen=
TE ‘ TIME ¢ AGE. * DAYS * AVG #~=e--AUTOGGENOUS STRAINS------.——----DNVING SHﬂlﬁKAGE ———————— L St
* DAYS * UNDER ‘ TEMP ‘--—-sPEClIEN-«-‘ VGe ‘ SPECI E '
* STRESS DEGeFe «l NOo2 * NOe3
“......“t“““‘.t.‘.‘..‘O“t“.t‘ttttt‘..“‘.!!“““.“.“‘!.ti‘i‘ii“‘.l‘.““‘.l “““.‘.t.!““...t sERRREEE
2-1 1400 o SPECIMENS CAST

1400 7 0 [ - [
1630 -19 -19 - <19
1S3S -53 -59 L dd -52
1625 -82 -58 b -89
033 -53 -8 b =79
1500 -S51 -57 -k -93
1610 -51 -57 b -111
2048 -50 -57 bbe =117
1018 -49 -%6 b -121
1140 -48 -56 Lid -126
1440 -48 -56 L d -144
1200 -48 -85S hd ~14A3
1715 -46 -53 b -157
1215 -43 -51 b -173
1430 -43 =30 (34 ~184
1708 ~40 ~47 L4 -207
1340 -38 -43 L34 -222
1530 -37 -39 L -226
1435 -41 -38 L dd -244
1400 ~41 -37 bdd -249
1330 ~41 -32 L d -266
8ss -40 -30 £l -278
1440 ~-42 -28 (a4 ~-288
1512 ~42 -27 L34 -302
1140 -42 -23 L a4 -320
1715 ~46 -23 - =345
1118 -46 -28 L d -386
1318 -59 -26 bdd =372
1420 -53 -29 & -384
1000 -87 =31 Ldd ~393
840 -58 -31 % -4006
1330 ~58 -30 L dd -411
1430 -61 -32 4 -424
1100 61 -34 Ldd -429
1200 -64 -34 - ~408
1130 -68 -gz L34 -406
830 -88 - (1] -408
1400 ~70 -3 1 13 -410
1318 -73 -39 PTS -805
1640 -75 ~-41 Pod -406
1530 -78 -44 e -412
911 -84 -A7 % -413
920 -87 -47 b -408
930 -92 -s0 - ~40s
16 17 21.1 27 28
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1.3 SAMPLE COMPUTER OUTPUT - SUMMARY FOR CREEP AND SEALED CONTROL SPECIMENS

1.3 AVERAGE ELASTIC, CREEP AND AUTOGENOUS STRAINS ®¢ YORK ®¢ 73¢, DAY, 60 PERCENT
(SPECIMEN: SEALED 6 BY 16 INe CONCRETE C¥vL.)
3 SPECIMEN GROUP 3 YORK 6 (llx 6=261) STRAIN METER NUMBERS
AGE OF LOADING H 90 DA
5 TEST TEMPERATURE 13 73 DEG- LXY AUTOGENOUS:T 202 ;J 09
201 310
6 ULT- SfﬂntS!LECf!D MIX: 7200 PSI AT 73,F,
7 o SCOMPANION l 7070 PSI AT  T73.F, CREEP T 414 73 25
8 APPLIED TEST STRESS 4280, PS 419 73 26
9 Re ULTe STRe APFLI!D! 590 PERCENT (SELECTED MIX) 400 73 24
10 60.1 PERCENT (COMPANION 1]
"CﬁOSTﬂAlN-----------“IICHOSTRAIN QER PSI®
T IME .SUSTAIN!D ‘ELASTIC.‘ CREEP * * . OT AL
AGE SUNDER  #MODV REEP * PLUS * AUTOG-. CREEP ‘ SFECIFIC . SYR AIN
DAY EEP *DIVIDED 8Y

‘!T:!SS..!LAST;?ITV‘ PLUS * AUTOG-% ENOUS
*

* AUTOG- ‘ ENOUS :

* 4250 PSI
-

12.2 #¢LOADING OF SPECIMENS BEGINS (MINUS TIME IS TIME PRIOR
90  -,0021 0 [

90

-819
12.3 usn:cuzns !uu.v Lﬂ;DEg. Auvueg TEST

.ool‘
20033
« 0069
00104

'.OOIA

sSo8 000
508 +0007
508 « 0033
508 «0104
s08 «1821
S09 ° 9924
511 3e1
816 B8e2
$33 250
888 S50.2
6 Se9

e s
12.7 #*enD OF TEST

17

S¢36
537
S5e25
Se19

33

~234 0

DL R L L R N L N N e e e e

14 - ‘

480 -7
499 -768
$32 -798
559 -823
S74 -840
607 -873
622 -888
637 =903
687 =923
673 -339

0 2100 PSI

-1398 -6
-1379 -643
-1382 -G48
-1376 =642
-1366 -632
-13%6 -822
~1348 -611

41
94

-988 -254
~-980 ~246
-972 -238
-983 -219
-938 -201
-919 -183
-900 =166
-872 -138
-849 -118
~-848 -114
251 26.1
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1.4 SAMPLE COMPUTER OUTPUT - QUALITY CONTROL CHECK FOR CREEP SPECIMEN DATA

1.4 aveoace ELASTIC PLUS CREER STRAINS evORK ¥4 73Né 20 DAY, 60 PERCENT
(3 SPECIMENS: SEALED 6 RY 15 INe RETE cvle)
(NCT CORRECTEC FOR AUTOGENDUS STRAINS)

N 414 73 25 12 5.8 6 LLt. srn..ssLEcrEo WIX: 7200e PSI AT 73a4Fe
SPECIMEN a9 73 26 10 5.7 T Yo STRe :COMPANI t 7070s PEI AT  73.F,
I 400 73 24 24 Se 9 8 APDLI!D TEST svness : 42%0. PS1
-— 9  PERe ULTe STRe APPLIED: 9.0 PERCENT (SELECTED nlx)
2 0.7 3.1 {0 €0e1 PERCENT (COMPANION
BESRKPIURBAEAES K LA L ARG LXARL KRS XSURR RS KR E-—~SPEC [MENSS MICRO-STRAIN AND PERCENT VAR!ATTDN FROM AVERAGE ~ TEMPERATURE CORRECTEC~——=
CATF *TIME® AGF, * NDAYS * TEMPERATURE % TOTAL STRAIN - PERCENT VARe TAL STRAIN (FULL LOAC) * PERCENT VARe
: t PAYS & UNDER INC.1 MDW2 NOe3% NOsi NGe2 NOe3 AVGe 3 NOe1 NG.2 no.s‘ un.l NOe2 NOe3  AVGe * NCel NOe2 NCe3
STAE i
tvnat't‘ttttt‘tttﬁ‘ﬁtit“ Ezttttt..bttttl.tt.tt‘ttttt*t.tttttlttt‘t.t‘lttt‘lt.t.'tt..t.t"‘t‘tt‘..lt..ttt‘tttl“!t.‘.t"'..t‘tt‘l.‘
12.1% * -7-74 1630 c SPECIMENS CAST
1 -a-74 1430 10 Oe 72¢. 7le 72 [ 0 [ [T Oe Oe [ 0 [ c 0. [0 Ce
530 .8 0o 22e 7le T1e -11 -1 -12 ~-11 0. G =91 [} o 0 0 Oe Oe Oe
1517 9040 -0 72¢ 7le 726 o [ a 0 Oe Oe O 0 0 ] 0 Oe Oe [
1€18 9040 -0 72 71le 72« ~-2231 -240 =230 -234 o4 -~246 17 1) 0 o o Oe Oe Qe
1516 90e C -e 0 72e 71e -52% -~%512 l1e3 o Q 0 C Oe Oe Oe
1520 9040 Oe 726 71e -7%{ ~715% 246 [ [ [+ Oe O Qe
1322 9040 «0  72¢ Tle -778 -7%2 ~3C 100 10e0 -23¢3
152% 90,0 .0 72¢ Tle -806 -778 -57 700 3e% ~1CeS
1530 «0  72¢ 71e -822 -798 ~78 5431 5.3 -10e7
153¢ «0  72e Tie -832 -809 ~88 3,8 4.7 -10e6
1886 e0 726 Tle -850 =831 -10% 3.8 Se7 =10e8
1620 «0  72e 71 -8731 -838 -130 2.1 6e2 -10e0
1720 sl 72¢ 7. -896 =886 ~18% 2,6 €e% -1Ce3
2105 .2 7le 1. -937 -932 -198 2458 o =Se6
a0 «7  Tle Tle -990 =989 -252 20 SeS -3
1403 «S  7le T71e 004 -1004 -268 2.2 Se¢ -Te8
1448 200 71e 1. 1049 -1051 <313 149 4e8 =763
1850 3.0 7. 71 074 -1079 -340 1.8 5.0 -7Vl
1240 3,9 Tle 71 091 -1096 - =357 240 4.8 <-Co7
1512 Se 0 70e Tle 111 -1116 - -377 1e9 4.9 -Ged
923 5.8 704 706 122 -1127 - ~388  1e8  4e4 <-€,2
1188 609  70s 71e 135 -1ia1 - -d01 108 442 =602
a4s 8e7 70e 70s 151 -1138 - ~A18  1ed4 4¢3 -€20
1600 1 12,0 70¢ 70 181 -1188 - -447 1.1 3.8 -8e4
1740 10 14e9  70e 7le 208 -1204 - <467  1eS 208 -4e7
1140 14 20.8 70 706 213 -1240 - ~500 140 3,& -%,0
960 11 2448  70. 704 2584 -1260 - -521 162 3o -4e6
ax0 12 23,8 70e 70e 290 -1295 - -85¢ oS  Jal -4.3
1£30 12 35,0  70e  7le 294 -1299 - -860 1.1 3.0 -403
t700 12 39.9 7M. 1. 309 -1313 <) -87¢ «9 340 -4.0
1€00 13 4900  7le Tle 339 -1343 - =605 140 248 -1.8
1215 14 6l Tte 71e 3s8 -1361 - ~623 o8 246 <307
1200 1€ €3.9 7l 1. 383 ~1384 - - -€47 eF 23 =344
1116 te 7048 70. 71 393 -{3¢8 - - -658 e 204 -3e3
117 17 ea, 8 71e 71e 417 -1419 = - -ee2 «7 243 -3,2
1218 19 57e9 71le 71e 438 =-1440 - - -703 o6 2e2 ~lel
1600 20 112640 70e 70e 488 ~3460 -~ - -723 .6 2¢2 -300
160 21 126e0 71¢ 7is 1 E - -7a¢ oS 2.8 -240
1420 23040 1640.0 71e 716 - - -768 o7 2ol <27
1000 258.82 168,.8 Ti. Tle ISy -} - Bs -798 o5 2. ~2e6
1430 28%,0 198,09 70s 70Q¢ o888 - g 1 - vl -:z& o2 z.‘ ~Re8
1770 314,0 223¢9 7le 71le 574 - -4 -el O -840 ol 2.0 ~%13
1430 342.0 258,0 70e 70e 608 -1607 - . -8731  -41 22 -2e2
1100 70e 70 620 -1620 -~ . -882  -—¢2 241 <-1e9
1200 700 70e 633 ~1€36 - . -903 -3 243 ~240
1130 71e 7le 653 -1686 - . =923  -e5 2e3 -240
1230 Tle 7l -1668 1670 ~ . 2936 ~e€ 262 ~1le7
1429 71, 70e -1676 -1678 - .2 ~946  ~.6 242 <-1e8
1470 Tie 70e -1386 -1398 -~ N ~6€1 ~e8 305 -303
1885 7le 70e -1369 -1¥83 - o? -845 -8 402 -1346
1500 70e 70 -1370 -1385 - .9
1700 7le  7le -1364 ~1381 - .9
1€as 720 72e ~-138%5 -31370 = 8
jar & T2s 726 -134% -1358 -~ 8
1400 72 T2 ~1374 ~1348 -1 8
1220 72¢ 726 ~1330 -1344 - on
1721 72¢ 72e -968 -100% 206
1222 72¢ 726 208
122¢ 726 726 2.7
12136 72e 72e 27
1600 72e 72 240
1210 720 2. 2.9
150 72e 726 29
}ﬁ‘g 72. 72, Jel
1 72e 2e o
1€40 720 726 i g.g
915 567,88 4737 7le 71e -819 -83%6 3.4
/ =~
16 17 8 21 25 - 344
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DISCUSSION OF CARLSON METER PERFORMANCE

A 4-inch gauge length A-4 Carlson strain meter was used in each of the
120 6 by 16-in. creep and creep control specimens to obtain strain and temp-
erature data. The 72 meters in specimens tested at 73 and 110 F performed
well during the test period, with some specimens under load for almost 800
days. However, at 160 F unexpected malfunctions of some of the meters began
to occur after the creep and creep control specimens were subjected to the
160 F test temperature for about one year. Of the 30 creep and 18 control
specimens tested at 160 F, 11 of the creep and 8 of the control specimen
meters malfunctioned prior to the end of the test. (Ma]functioniﬁg creep
meter channel numbers are 11-6, 7, 8, 25, 38, 44, 46, 67, 69, 72, and 74 and
control meter channel numbers are 11-27, 39, 40, 53, 54, 75, and 76.) The
malfunctioning of a meter was generally indicated by a progressive increase
in coil wire resistance, which thus yielded higher specimen temperature than
that of the environmental test temperature. After this increase in meter
resistance occurred, the strain data from the meter was disregarded. Subse-
quent strain readings are given as zeros on the computer outputs in Appendix
C. It should be noted that for meters at 73 and 110 F the zero values do not
indicate malfunctioning but show that strain data was not taken for the one
specimen maintained at test temperature just prior to the end of the test.
Reasons as to why the meter resistance increased after the specimens were sub-
jected to 160 F for over a year are being investigated.

The strain meter calibration range was exceeded for the three Berks
(11-41, 42, 43) and three York (11-50, 51, 52) creep specimens tested at the
nominal 60 percent stress level at 160 F and for two of the three Berks speci-
mens (11-36, 37) tested at the nominal 45 percent stress level at 160 F due
to the high strain levels encountered. However, the main purpose of testing
the concrete at such high stress levels at 160 F was to determine if the con-
crete could sustain a high constant stress without failure and not necessarily
to develop creep data. High strains were also developed at 160 F because the
effective applied stress level was higher due to the decrease in strength at
160 F than the nominal stress level which was established on the basis of the
73 F compressive strength of the concrete. The effective stress levels for
Berks and York concrete at the nominal 60 percent stress level were 70 and 77
percent at 160 F, respectively.
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NOTE:

AVERAGE !LAS:IC PLUS CREEP SYRAINS *XBERKS *& 73F&£"’! DAV' 30 PERCENT

3 SPECIHENS 3

SEA!

6 BY 16 INe CONC

NOT CORHECTED FOR AUTOGENOUS STRAINS)

SPECI NEN GHDUP

9ERKS 3 (MIX G-19)
DAYS

AGE OF : 28
SPECIMEN METER NOe CHANNEL FACTOR  MODULUS (0 TO 2100 PSI) TEST renpanaruae H 73 DEG. F.
NOo1 248 73 00 12 6e1 wr. ELECTED MIX: 6590e PSI AT 73.F.
NOe2 281 73 o1 20 60 L ULTe srn. zcoupANlou ] PSI AT T73.F,
NO.3 349 73 02 o 6.0 APPLIED TEST STRESS H PS1
PERe ULT. STRe APPLIED: 3169 PERCENT (SELECTED
33.5 PERCENT (COMPANION
““‘.‘tt“‘t.‘t“t ©o-oMICROSTRAIN (INCLUDING AUTOGENOUS)--CORRECTED FOR TEMPERATURE---
TE X TINE @ AGE, ® DAYS & AVG. ‘—----ELASTIC PLUS CREEP REEP *(ELASTIC
. AYS & UNDER * TEMP, PECI * AVGe * SPECIMEN------% AVG. * $CREER I/
. * STRESS & DEGeFe #  NOol hH NGo2 * NOo3 & ®  NCel * NOv2 # NOo3 2100 PSI
t.“‘tt‘.tttt.tt.'.t“‘.ttl‘.tl“‘
#12-19-73 1000 SPECIMENS CAS
* 1-16-74 1881 28,2  SPECIMENGS) LOADING BEGINS, READINGS AY O AND 1050 PSI (PLUS OR MINUS 30), RESPECTXVELV
1-16-74 1351 2842 ~e0007 716 *# 0 L34 [ [ 0 ** 0,
1-16-74 1581 28.2 -40003 T1e6 &% 167 =171 =17 -169 ** 0 o 0 o s 2losoes
* 1-16-74 1552 2802 SPECIMEN(S) FULLY LOADED, APPLIED TEST STRESS 2100 PSI
1-16-74¢ 1532 28.2 «0000 7146 #%  -344  -349 =351 =348 ** ° 0 0 0 &+
-16-74 1859 2802 «0049 708 %%  -38 -387 -390 -386 ** -38 ~-3a -39 -38 *#
~16-74 1608 28.3 «0090 7 s -38 -390 -393 -389 & -40 -41 -a2 -4l *%
-16-74 162S 2843 «0229 7 s -393 -398 -401 -397 #=* -49 -49 -50 -49 *%
-16-74 1688 28.3 0438 7 % ~402 408 -410 -406 ** -58 -59 -89 -88 *¢
-16-74 1858 28448 1271 ? 8 -417 =423 -423  -a21 ¢ -73 -74 -72 -73 *s
-16-74 2158 2848 2521 7 ®8  —427 =433 =433 -43] ** ~83 -84 -82 -83 #%
~17-74 1100 2940 «7972 ? #8  -449 -456 -433 482 %¢ <108 =107 -102 ~-104 %
-17-74 1888 29+2 140021 7 *4 <488 461 -458 <-458 ** -1l -112 ~107 =110 **
-18-74 2130 30.8 2.2 7 €% 479 486 -4B80 -48] ¥+ -135 -137 -129 -133 *=
-19-74 1510 3142 3.0 7 % <401  -498  -401 -ADI &% 147 -149 -140 -145 s
-20-74 1550 32.2 4.0 7 %% <804 -S10 -504 ~S506 ** -160 -161 -153 -1S8 ®#
-21-74 600 33.3 5.0 7 % -812 -819 -510 -S13 #% 168 <-170 -159 -165 &
-23-74 580 35.3 Te0 7 *s  -830 -836 <-5285 -830 *% -186 -187 ~174 -182 %
-28-74 430 37, 8.9 7 *s  -S41 -547 -834 -840 ¢& <197 -198 -183 -192 **
-27-74 sas 3942 110 7 *%  -883 559 -S42 -58] *& 209 -210 ~-191 =203 =&
-31-74 310 4301 1409 7 *®  -882 -589 -364 ~-S578 ** 238 -240 -213 =230 **
-S-74 330 4802 20.0 7 ®% -804 -600 -S69 <~-S87 #*¢ -2850 -281 -218 ~239 **
2-12-74 €38 5.3 27.0 7 *s 414 -620 <-578 -403 ne  -270 -271 -224 -255 %%
2-21-74 200 64.1 35.8 7 #% -632 -640 -S86 -619 ¥* -288 -291 -2385 -271 %%
2-25-74 820 68.2 40.0 7 #%  -643 -633 -392 <629 %% 299 -304 -241 -281 &=
3 -1-74 020 7240 43.8 7 #%  -680 -661 -S97 -636 ** -306 -312 -246 -288 **
3 -4-74 040 7540 46.8 7 s 684 668 -&00 -681 *% 312 -319 -249 -293 &%
3-11-74 1630 8243 5440 14 #*  -667 -680 .~606 -63] #& 323 -33]1 -255 -303 **
3-16-74 918 87.0 8.7 7 **  -679 -687 -608 -6858 *& -335 -338 257 -310 =%
3-18-74 1610 8943 81.0 ? #% 638 -694 -618 -864 ** 341 345 -264 ~316 %
3-25-74 200 96e1 67.8 7 #¢ 687 699 -619 -668 #& -343 -350 -268 ~-320 &+
4 -1-74 215 103.1 7408 71.0 #*  -694 -T708 -626 <-676 ** -3S0 359 275 -328 **
4-15-74 018 1170 88.8 71e7 #%*  -711 -7285 -640 -892 *% -367 -376 -289 —344 *%
4-30-74 435 }3;.; }03.9 721 % -11. ~740 -683 -707 %% -382 -391 -304 -359 *=*
8-31-74 440 63, 34.9 7%, -781 -76§ -&TT 73] ¥ 407 -Al6 -326 -383 &
6~-26-74 140 1891 160.8 71. -7;5 =777 =686 ~741 €% 418 -428 -338 -393 &=
7-17-74 500 2102 18240 7. -7 «789 ~497 -783 $& 429 -440 -346 -405 &=
6-29-74 135 283,31 2408 7 ~794 <813 -716 -774 $& 4850 -464 -365 -426 **
9-25-74 600 2802 82,0 7 -808 -828 -7IT -7B6 **  -461 -4T7 -376 -438 *&
10-23-74 420  308.2 279.9 7 ~816 <838 =737 -797 #%  -472 -489 <~-386 -449 ¢
11-21-74 000  337.0 308.8 7. -827 -85S -750 -810 #* -483 -506 -399 -462 %%
12-30-74 840  375.9 347, 7 ~834 ~864 -7S8 -817 $% -490 -515 -408 -469 **
1-31-78 830 407.9 379.7 7 -848 -878 -768 -831 #% -S04 -529 -417 -483 **
2-28-73 1000 43640 407.8 7 -882 -884 -772 -836 ®* -508 -53S 421 488 **
3-14-75 1100 430.0 42108 7240 ~889 -887 =775 -840 % -515 -538 -424 -492 %%
4-12-75 1200 4791 450.8 7201 -862 -897 -780 -846 ®* -518 -543 -~429 -498 %=
$-16-75 1130 S13.1 484,68 73,1 ~876 =910 -792 -859 #% -832 -561 -441 -S11 **
6-16-75 1230 S44.1 $18.9 72.9 -887 =929 -808 -B874 &% -S43 -580 -~457 -526
7-15-75 1400 S$73.2 544.9 73.2 -889 -933 -811 -877 #% -545 -584 -460 =529 &
8-22-75 1315  611e} 882.9 7 -898 -945 ~-820 -B87 #% -S54 -596 -469 539 &
9-16-75 1640 63843 608.0 731 ~903 -952 -824 -693 8¢ -£39 -603 -473 -545 %
10-20-75 1530 670.2 64240 73.2 ~911 -961 ~834 -902 ¢ -867 -612 -483 -S5S4 **
12-24-75 920  73%.0 70647 721 “921 <9785 <847 -914 &%  -ST7  -626 -496° -566 %
2-24-78 930 7970 76847 72.2 -933 -991 -862 -028 *% -S89 -642 -Si11 -580 ** -,44190

MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD

SPECIMEN NO, 33

STRAINS ARE 7

PERCENT BELOW AVERAGE
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AVERAGE ELASTIC, CREEP AND AUTOGENQUS STRAINS *& BERKS ®% 7JF& 28 OAVq 30 PERCENT
A4S

(SPECIMEN?: SEALED 6 BY 16 INe CONCRETE

SPECIMEN GDDW
AGE OF LDJADIN
TEST TEIﬁEﬂAfURE

ULTe STRGISELECTED MIX: 6590e¢ PSI AT 73eFe
ULTe STRe ICOMPANIDN : 6270 PSI AT  73.F. CREEP H
APPLIEO TEST STRESS 21000
PERe ULT. STR, APPLIED' 31.9 PEHCEN? (SELECTED llll
33.5 PERCENT (COMPANION

BERKS 3 (MIX G=-19)
28 DAYS
73 DEGe Fo AUTOGENQUS:

242
250

245
251
349

tttt.t..‘.tt‘.o..t‘.‘.t.‘...-—-----——-MICROSTRAlN-----------t.llCRDSYﬂAlN
T1 L d .

*SUSTAINED ‘ELASTIC,. CREEP #*
AGE .uNDEﬂ *MODULUS OF® CR .

PLUS & AUTDG-‘ CREEP : SPECIFIC ‘
CRE

STRAIN METER NUMBERS

73
73

73

73
73

PER

03
os

00

o1
02

PSLe

TOTAL
STRAIN

DAY SSTRESS SELASTICITY® PLUS *® AUTOG-% ENO EP *01VIDED BY
* DAYS ¢ MPS It * AUTOG- * ENCUS * l [ * 2100 PSI
* ENOUS » . * - *
S LI E T Ll SEESEREEEEREE R R RS LSS

“LO;DING OF SPECIHENS BEGINS (MINUS TINE lS TIME PRIOR TO FULL LOAD)
000 0

000 3
“SPECINENS FULLY LDADED. APFLKED TEST STRESS 2100 Psl
48

[}

-38 ]
-4l 0
-49 2
-58 [}
-73 ]
-83 o
-104 2
-110 2
-133 1
-148 -2
~158 -2
~165 -4
-162 -6
-192 -6
~203 -6
-230 -9
-239 -10
-285 -10
-271 -11
-281 ~-12
~288 -12
-293 =11
-303 =12
-310 -13
-316 -12
-320 -12
-328 -13
=344 -15
-389 -13
~383 -39
-393 -18
-408 -20
~426 -23
~438 -25
-449 -28
-462 -29
-469 -32
-483 -35
~488 ~-38
-492 ~40
~-498 ~40
-511 -41
=526 =48
-529 ~-48
-339 -S0
-348 -52
-554 -SS
-566 -59
~-580 -62
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AVERAGE ELASTIC PLUS CREEP STRAINS ‘.BERKS % 73F, 90 DAY, 30 PERCENT
(%] SPECIMENS. SEALED 16 INe ONC&E?E CYLe
(NOT CORRECTEOD FOR AUTOGENOUS STRAINS)
SPECIMEN GROUP

H BERKS 3 (MIX G-19)
. AGE OF LOADING . 90 DA
SPECIMEN METER NO. CHANNEL FACTOR MODULUS (0 TO 2100 PS1) TEST TEMPERATURE : 73 DEG. Feo
NOo1 343 73 12 21 63 ULT. STﬂ ELECVED Hli 7510s PSI AT  73.F,
NOe2 252 73 13 14 6e2

NO.3 337 73 14 8 640 APPL[ED TEST STRESS
PERs ULTe STRe APPLIED

2100. PSI
2840 PERCENT (SELECTED MIX)
290 PERCENT (COMPANION )

3
2 T230e PSI AT T3.F,

e MICROSTRALN (INCLUDING AUTOGENOUS)--CORRECTED FOR TEMPERATURE---
DATE % TIME % AGE, & DAYS % AvG. #-----ELASTIC PLUS CREER--- CREEP ELASTIC
. DAYS ® UNDER & TENP. t-—--—---SPEClHEN-----‘ AvGs olIiIIIICPEC TMEN- o o Ave. s ccmEis/
- a * STRESS ® DEGeF, * NOe 1 1 * NOel * NJe2 * NOe3 * * 2100 PSI
. . seaess AL ETR 1 F Fo s+ T I SN H Pt et
#12-19-73 1000 0  SPECIMENS CAST
* 3-19-74 1017 9940 SPECIMEN(S] LOADING BEGINS, READINGS AT 0 AND 1950 PS1 (PLUS R MINUS 30), RESPECTIVELY
3-19-74 1017 99:0  -.0007 L " 0 0 0 0.
3-19-74 1017 it ae el -163 168 . ° ° o o o+ 2orer0
* 3-19-74 1018 snecxu:u(s) FULLY LOADED, APPLIED TEST STRESS 2100 PSI
3-19-74 1018 00 71.6 *% 339 -348  -340 *+ 0 ° 0 0 *% -416190
3-19-74 1020 23 53 38 s e -10 -9 -7
3-19-74 1023 s -348 353 -380 -353 &¢ -15 -14 -12
3-19-74 1033 H -388  -359 -364 ~359 ## -22 -20 -16
3-19-74 1118 6 -363 -368 =372 -367 *% -30 -29 -24
3-19-74 1218 6 -369 -373 -376 -372 %* -36 -3a -28
3-19-74 1318 6 -378  -379 -382 -378 s -a2 -a0 -3a
3-19-74 2045 6 -390 =393 -395 =392 -s7 -sa -a7
3-20-74 1018 2 -201  ~a04 =403  -a03 *% -é8 -65 s7
3-21-74 1140 3 -417 =419 -420 -418 % -84 80 -72
3-22-74 1343 2 -429  -430 -430 429 =% ~96 -91 -82
3-24-74 1440 5 442  -482  -4A2  -aA2 %% =109 -10 -94
3-25-74 1200 1 —443  ~aAS  -4A3  -aA5 &% -112 -106 -97
3-27-74 1718 s -455 -486 -455  -455 #¢  -123  -117  -107
3-29-74 1130 2 460 -A60 -458 -459 #+ -127 -121 -110
4 =1-76 1215 5 -473  -AT2 =471  -472 #%  -140 -133 -123
-3-74 1200 10 1 -478 -470 -478 -478 #% -145 -140 -130
4 -a-74 1830 10 2 -483 481 -480 -481 %% -150 -142 -132
-8-74 1640 11 1 -493  -491  -490 -491 &  -160 -152 -1a2
a-11-74 1705 11 . -503 -S00 -501 ~-S01 #& -170 -161 ~-153
4-15-74 1015 11 7 -510 =-308 -508 ~508 #* 177 -169 -160
a-18-74 1340 12 9 ~517 -514 =515 -51%5 %%  -18 -175 _-167
4-23-74 1530 12 1 -5284 -8522 -521 -$22 ¢ -191 -183 "~-173
4-30-74 1435 13 0 -539 -535 -538 -536 #&  -206 -196 ~-183
s -6-76 1335 13 5 -850 -%46 =545 ~547 #& 217 -207 -197
5-13-7¢ 1330 14 2 -356 -551 -350 -552 #& -223 -212 ~-202
S-21-74 855 1S -865 -561 -388 -S61 #% -232 -222 -210
5-31-74 1440 16 -579 -574 =571 574 #% -246 -23%5 -223
6-14-74 845 17 -589 -584 ~579 -584 #% 256 -245 -231
gr2e-74 1140 lav.l -897 -892 -387 -592 #% =264 -2353 -239
T-24=-74 1600 217, -6158 -809 o3 -809 2 -282 -270 -25%
8-21-74 1435  245,.2 -634 <626 -621 -627 ®% -301 -287 -273
9-18-74 960 ~648 -840 <-634 =840 ®* -315 301 -~286
10 -9-74 1600 ~686 <649 -6a2 -649 s%  .323 -310 -294
11 -7-74 1100 -673 -685 -639 ~665 ®* -340 -326 ~-311
12-17-74 1430 -688 -678 -672 <-679 &% -355 -339  -32a
1-15-75 1330 -691 -682 -675 ~682 #*% ~358 -343 -327
2-18-75 1430 -701 <690 -682 -691 *& -358 -351 -33a
3-14-75 1100 709 -698 =690 -699 **  -37 -359  -3&2
a-12-75 1200 716 -705 -696 -705 #% -383 -366 -348
s-16-75 1130 ~728 ~717 -708 <-717 & =395 -378 -360
6-16-75 1230 -737 -724 ~716 <-725 #% -a04 -385 -368
7-15-75 1400 -7a3  -728 -720 -730 #¢ -410 -389 -372
8-22-75 1315 -751 -736 -728 -738 #& -a18 =-397 -380
9-16-75 1640 ~758 ~783 =734  -T74S5 #%  -425 -404 -386
10-20-75 1530 ~765 -748 -740 -751 &%  -432 =409 -392
11-26-7 1450 ~779 =762 -735 -768 %% -446 -423  -a0T
12-24-75 920 724 -778 ~761 <7352 -763 %%  -445 -422  -4064
2-24-76 930 70750 72,2 #% =791 ~773 ~-T764 <776 %% -458 -434 -416
NOTE ¢ MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD
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»

AVERAGE ELASTIC, CREEP AND AUTOGENOUS STRAINS ** BERKS *& 73F, 90 DAY, 30 PERCENT
(SPECIMEN: SEALED 6 BY 16 INe CONCRETE CvYLe)

SFECIHEN GROUP : BERKS 3 (MIX G-19) STRAIN METER NUMBERS
LOADING H 90 DAYS

r!sr 'EHPERA?UHE H 73 DEGs Fo AUTOGENOUS: 242 73 03
250 73 os

ULTe STR.ISELECTED MIX: 7510e PSI AT 73.F,

ULTe STRe ICOMPANION t 7230« PSI AT 73.F, CREEP : 343 73 12

APPLIED TEST STRESS 2100. PS1 25; 73 13
23 73 1s

PERe ULTs STRe AFPLIE(M 28,0 PERCENT ( SELECTED MIX)
2900 PERCENT (COMPANION )

.CQUSIRAIN------¢----ttllCRDSTRAIN PER PSI*
TllE OSUSTAINED .ELASPIC. CReEEP * - AL

AGE, SUNDER #MODULUS OF% CREE PLUS t AUYDG-‘ cReEP & specxrrc . n IN
DAYS OSTRESS.‘!LASYICIYVO FLUS o AUTOG-* ENOV! nnlvloso BY
vs MPSI & AUTOG- ® ENOUS & 0 c * 2100 PSI
s ENOUS & . . - *
st EEEEREEREEESE
choaolnc OF SPECIMENS BEGINS (nluus TINE ls TIME PRIOR TO FULL LOAD)
-e0007 o 0
9 0003 =16 0 [
"svzc1~z~s FULLY LDADED, APPLIED TEST srnzss zloo Psl
0000 [
90 e.o: -sAa -a o -+0038
90 .98 -383 -13 0 ~e0062
0 8,88 ~389 -19 0 ~+0090
90 S.72 ~367 -27 o - 0129
90 8.68 -372 -32 [ ~e0152
90 .86 -378 -38 o -.0181
20 S.36 -392 -82 [ ~e0248
91 8. 21 -403 ~63 [ ~+0300
92 5.02 -418 -78 -1 -+0367
93 4,90 -429 -89 0 ~e0424
98 4,75 ~442 -102 -2 ~e0476
96 4.72 -448 -108 -1 -< 0495
98 4,62 -48S -118 -2 -+0838
00 4,58 -489 -119 -1 00862
03 4,45 -472 -132 -2 - 0619
o8 4,39 ~a78 -138 -2 ~e0648
06 4.37 -a81 -141 -3 ~e 0657
10 4.28 491 -151 -2 ~e0710
13 4,19 -%801 -161 -3 ~e0752
117 4013 ~-808 -168 -4 -+0781
120 4.08 -31 -178 -3 ~e0819
128 4,02 -522 -182 -4 ~e0848
32 3.92 -536 -196 -4 -e0914
38 3.8 -Sa7 -207 -6 ~e0957
4s 3.80 -882 -212 -8 -+0986
3 3.74 -861 -224 -6 ~e1024
63 3.66 -574 -234 -8 -e1076
77 g.oo -584 -244 -6 -e1133
a9 .88 -392 ~282 -7 167
217 3.48 -6909 -209 -8 243
248 3038 -627 -207 -10 319
273 3.28 -640 -300 -12 37
294 3.24 -649 -309 -14 403
323 3.16 -66% -328 -17 67
363 3.09 -679 -339 -20 519
392 3.08 -682 -342 ~24 514
426 3. 04 -691 -3s51 -27 s43
450 3.00 -6 -3%9 -29 ~e1571
479 2.98 -708 ~368 -29 0
813 2.93 -717 -377 -30 -e1652
544 2.90 -72% -383 -37 ~e165
573 2.88 -730 -390 -37 ~e1681
611 2,88 -738 -398 -39 -e1710
636 2.82 -748 -408 -41 -e1733
670 2.80 -751 -a11 -44 ~e1748
707 2.75 -768 ~425 ~a7 ~¢1800
738 2.78 -763 -823 -a8 ~+1786
797 2.7 -776 -436 -s1 -e1833
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AVERAGE ELAS'IC PLUS CREEP STRAINS #%BERKS #% 73FA 90 DAY, 45 PERCENT
PECIMENS: SEALED 6 8Y 16 INes CONCRETE CYLe)
{NOT CORRECTED FOR AUTOGENOUS STRAINS)

SPECIMEN GROUP H BERK& 6 (MKK G=19)
AGE OF LOADING H 90
SPECIMEN METER NOe. CHANNEL FACTOR  MODULUS (0 TD 3220 Psi) TEST TEMPERATURE : 73 DEG- Fo
NOeo1 3r2 73 19 17 6ol ULTe STRe3SELECTED MIX: 7510s PSI AT 73.F.
NJe2 388 73 20 12 6.0 ULTe STRe:ICOMPANION 3 7000 PSI AT 73.F,
NO.3 389 73 18 18 6ol APPLIED TEST STRESS : 3220 PSI
PERe ULTs STRe APPLIED: 42,9 PERCENT (SELECTED IIX)
4600 PERCENT (COMPANION
bt dd L4 MICROSTRAIN (lNCLUDlNG AUTDGENOUS)—-CORRECTED FOR TEMPEQAVURE——-
DATE . TIME * AGE, * DAYS & AVGe #~----ELASTIC PLUS CREEP=-~ S(ELASTIC
* DAYS ‘ UNDER * TEMP, #$-=w=-==eSPECIMEN * AVG. ' SFECI“EN * AVG, ‘ ¢CREEP)/
* STRESS * DEG.F, * NOol #* NOe2 % NDe3 * * NOe1 * NOs2 * NO. 3220 PS1
tttttttt““.““l*‘l.t‘t.““.‘.“.“.“t.“ "'"""““““““““"““““
* 1-10-74 1500 [ SPECIMENS
* 4-10-74 1328 SPECINEN(S) LOADING BEGINS, READINGS AT 0 AND 1610 PSI (PLUS OR MINUS 30), RESPECYIVELV
4-10-74 1328 -.ool Q *# o o 0 ** 0.
4-10-74 1329 7l ‘. -237 -24S -245 -242 *% o 0 1] 0 ** -,07516
* 4-10-74 1330 SPECI!!N(S) FULLV LOADED, APPLIEO TEST STRESS 3220 PSI
4=10~-74 1330 3 -524 ~534 -527 =528 *% ] ] o 0 *% -,16398
4-10-74 1333 71.0 t‘ -S47 ~-348 -532 ~542 &% -23 -14 -5 ~14 %% -,16832
4~10-74 1335 Tled *% -582 -553 ~S8S -553 %% -28 -19 -28 «25 #% -1 7174
4=10-74 1345 Tlel *% ~566 -S564 ~568 ~566 *% -A42 -39 -41 -37 *% -,17578
4-10-74 1400 7Tlel *#* -577 -S72 -S79 -576 =% =53 -38 -52 ~47 %% ~-,17888
4~-10-T4 1430 T1.6 % ~587 -381 -588 -585 *% -63 ~a7 -61 -57 %% -,18168
4~-10-74 1630 Tle? #% -609 ~600 -609 ~606 *& -85 -66 -82 -77 *% -,18820
4-10-74 1720 TleS $x -614 -604 -613 ~-610 =% -390 -70 -86 =82 %% -,18944
4-10-74 2200 T0e9 &% -633 -621 -631 -628 % ~109 -87 -104 =100 %% -,19503
4-11-746 818 Tled *¢ -684 ~640 -632 -648 *% -130 -106 ~-125 =120 *% -,20124
4~-11-74 1328 T1eS &% ~663 =648 ~-880 -887 %% -139 =114 -133 -128 r% -,20404
4=-12-74 1410 Tle6 ®% -686 -670 -682 -679 *% -162 -136 -185 -151 *¢ -,21087
4-13-74 1118 Tle7? #% -700 -682 -696 -692 *% =176 -148 -169 -164 %% -,2149]
4-14-74 1520 T1e6 *% ~714 -69% -709 =706 % ~-190 -161 -182
4-15-74 1015 Tleb %% ~-724 -708 =719 =716 ** ~20C -171 =192
4-16-74 1628 Tle6 %% -737 -717 -732 =728 %% ~-213 -183 -20%
A-18~74 1340 Tle2 *% -750 -729 -T44 =741 ** -226 -195 =217
4-19-74 1420 707 %% -756 =734 ~749 -746 *% -232 -200 =222
4-20-74 1118 70.9 *% ~764 -T743 -788 -755 % -2490 -209 -231
4-23-Ts 1530 Tie2 *% -781 -758 -774 =771 =% -257 -224 ~247
4-25-74 1818 Tle2 % =791 =767 -783 ~780 *% -267 -233 -256
4-30-74 1438 T2e1 *% -817 -792 -808 ~805 **% -293 -258 -281
S -6-74 1338 707 &% -838 -813 -829 ~826 ** -314 -279 -302
S-13~74 1330 Tled *% -a88 -833 =849 -846 % =334 -299 =322
S-16-74 1500 T1e9 #*2% -86S ~-839 -8s8S% -853 * =341 =305 ~328
S=-21~74 83s Tled *% -867 -840 -837 ~8%4 % ~343 -306 -330
5-28-74 1140 7240 *¢ ~-893 -86S -881 ~879 =% =369 -331 -354
6 -4-74 1935 7241 *% -9210 ~-879 -89S -894 #% -386 - 343 -368
6-10-74 1812 Tle9 *% -922 -892 -908 -907 &% -398 -38568 =381
6-20-74 1340 Tle2 *# -94 -908 -922 -~922 =% -417 -371 =398
6-26~-74 1140 Tle7 &% -9 -913 -539 -930 #* ~423 -381 -403
T7=-17-74 1800 TRe7 %% -978 -942 -987 -989 *¢ ~454 -4 08 -430
T7-31-74 1718 T2 4 &2 -99 ~989 ~973 -97% #* -471 -425 446
8 -8-74 1200 723 %% -1008 -969 -983 =988 *% -481 -438 -456
9-11-74 1318 T72.8 * -103 =997 -1010 -1013 ** -510 -463 -483
10 -9-74 1600 7247 *% ~1051 -1012 ~1026 ~1029 ** -527 ~478 -499
10-23-74 1420 T2+6 %% -1069 =1028 <~1042 -1046 ** -545 -494 -515%
11-21-74 1000 72.4 %% 1086 ~1046 <-1058 -1063 ** -562 -512 -531
12-17-74 1830 72.0 ** -110% -1070 ~1077 -1084 =% -581 -9$36 -550
1-15-75 1330 7341 ** <1116 ~-1074 ~=1085 <1091 #*% -592 ~540 -558
2-18-75 1430 T2¢2 *% -1136 ~1089 ~11084 -1109 *# -612 -558 -577
3-14-75 1100 723 %% -1149 =~1102 1117 -1122 = -625 -868 ~590
4-12-75 1200 72.3 *%  ~1160 -1110 =-1126 -1132 *=* -636 -576 -599
5-19-7% 908 o8 T2e7 *¢ 1174 =~112 =-1139 -1148 ** -650 -588 ~612 =616 *
* 5-19-7% 906 SPECI!EN(S) FULLV UNLDADED. DAYS RECOVERY GIVEN NOW IN COLUMN #*DAYS UNDER STRESS®
5-19-7% 906 O 727 %% =70 -642 -685 ~-6T8 *% ~184 -108 ~158 =150 *=
5-19-75 908 « 0014 72-7 b od -69] -62% ~687 -657 &% -167 -91 -130 =129 *=%
5=19-78 922 «0111 T2 7 *% -677 -613 -642 -644 &% -153 -79 -118 -115 =%
$-19-7% 1007 «0424 T2.8 *% -669 ~60S ~-633 ~635 ** ~145 -71 ~106 -107 %%
5-19-78 1088 « 0787 T26 &= -664 =601 -629 ~631 ** ~140 ~-67 ~-102 -103 *=
5-20-75 1108 1.0826 735 *¢ -639 -876 -604 ~606 % -118 -42 -7T7 ~78 %
$-21-78 938 2.0 T27 *% -630 -870 -596 ~598 *%x ~-106 =36 -69 -70 *%
5-22-73 1400 3.2 T2e9 %% -623 -862 -588 -591 =% -99 -28 -61 -62 *%
5-26-7%5 900 Te0 T3.0 %= -607 =844 -872 -S74 #2 -83 =10 -45 -46 %
6 =2-75 11 14,1 729 %% ~594 -332 ~-589 -561 =% -70 2 -32 =33 **
6-16-75 1230 2801 7248 *% ~-577 -S16 -S43 ~545 =% =53 18 =16 -17 *=%
7 =1-7% 1S 43.3 73.0 *% -566 -503 -833 =534 *» -62 n -6 -5 %
7-185-78 1400 57e2 7301 *#% -538 ~494 -52% ~525 *& -3a 40 2 &%
7-31-7% 1550 733 73.2 ** -5%2 -488 -S19 -519 » -28 46 8 8 %«
8-18-7%5 1630 *8 &% -520 -436 ] -488 =% 4 T8 ] a1 *s

91.3 0.
* 8-18-7% 1700 END OF TEST
NOTE? MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FUuLL LOAD
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AVERA AST R F AND AUTOGENOUS STRAINS #% BERKS &% 73F 90 DAY, 45 PERCENT
G& ELAsTIC, caee PECIMEN: SEALED 6 BY 16 INe CONCRETE (VYL '

SPECINEN GROUP ] BERKS 6 (MIX G-19) STRAIN METER NUMBERS
AGE OF LDAI H 90 DAYS
TEST YEIPERAYUR! H 73 0DEGe Fo AUTOGENOUS: 242 73 03
e 250 T3 o0s
ULTe STRGISELECTED MIX: 7510. PSI AT 73.F.
ULTe STRe3COMPANION 3 70006 PSI AT T3.F. CREEP : 372 7319
APPLIED TEST STRESS 3 3220, PS 358 73 20
PERs ULTe STRe APPLIED: 42.9 PERCENT ( SELECTED ull) 359 73 18
46.0 PERCENT (COMPANION
sses MICROSTRAIN=-=~=== ----OONICROSTRAIM PER PSI*
*TIME SSUSTAINED ‘ELASYIC,. CREEP & - TOTAL
AGE, SUNDER $MODULUS OF&® CREEP & PLUS * AUTDG-‘ CREEP ‘ SP!CIFIC ‘ STRAIN
DAYS ‘stﬂEss.tELASYICltvt PLUS * AUTOG-% ENOUS . EP ‘DIVIDED [-14
DAYS # nest * AUTOG~ * ENOUS #* t * 3220 PS1
* * ENOUS # - * *
ttttttt-- SERR ARSI S e
.‘LOADING OF SPECIMENS BEGINS (ﬂlNUS TIME ls TIME :RIOR TDoFuLL LOAD)
~e l
2 [}
OCSP!CIIENS FULLV LOADED, AaPLIEn TEST srREss !220 PSI
90 O 610 S28 [ o
90 0021 Zse2 o
920 «0038 -353 0
90 «0104 ~566 o
90 «0208 -376 ]
20 e0417 -58S o
90 *1250 -606 ]
90 1597 -610 ]
90 3s -628 - o
91 «?813 -648 - 0
91 * 9968 -637 - ]
92 20 -679 -181 -1
93 2.9 ~692 ~164 [
94 4.1 -706 -177 1
95 4.9 -716 -187 2
[-23) -728 -200 1
98 8.0 -741 -212
99 9.0 -746 -218
00 99 -783 -226
03 1361 -7 -242
oS 18.1 ~-780 -252
10 2040 -808 -277 |
16 2640 ~826 -298
23 33.0 -846 -318
26 3601 -8S3 -324
31 408 -854 -326
38 47.9 -879 -331
AS 55.3 -894 -366
-3 (-3 o‘ -907 -379
[ Tie -022 -394
167 7649 -930 -402
a8 98.1 -989 -430
o2 112.2 -0:; ~447
10 1199 -9 -457
44 154.0 -1013 -488
T2 18241 -1029 -S01
86 196.0 ~1046 -S518
15 22449 -1063 -S3%
41 25100 -1084 -85S
70 280.0 -1091 ~563
os 314.0 -1109 ~-581
428 337.9 -1122 -394
AS7 . 36649 -1132 -803
494 403.8 2081 ~1148 -616 -0 3556
S#SPECIMENS FULLY UNLDADED, DAYS RECOVERY GIVEN STRESS*
494 o -678 -1%0
404 -637
494 -644
494 -635
. -631
498 -606
496 -598
497 -591
$01 -574
508 -361
S22 -348
s37 -534
581 -528
se7 -519
8 -488

583 91.3
$S#END OF TEST
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AVERAGE ELASTIC PLUS CREEP STRAINS $#BERKS *% 73F, 90 OAV, 60 PERCENT
(3 SPECIMENS: SEALED 6 BY 16 (N, CONCRETE CvL.)
(NOT CORRECTED FOR AUTOGENOUS STRAINS)

s:gcr:ENuiguuP : BERKS o (MIX G~19)
A L H DA
SPECIMEN METER NOe CHANNEL FACTOR  MODULUS (0 TO 4200 PSI) TEST TEMPERATURE : osc. Fe
NOo1 374 73 16 29 6.0 WwT. ELECTED MIX: PSI AT  73.F,
NOe2 360 73 17 10 640 ULTe STRe3ICOMPANION ¢ psx AT T3.F,
NO.3 354 73 18 14 5.8 APPLIED TEST STRESS  :
PERe ULTe STRe APPLIED: . 9£nc£~r (SELECTED nlx)
60.0 PERCENT (COMPANION
C MICROSTRAIN (INCLUDING Aurocsuous)--connzcrso FOR TEIPERA'URE---
OATE  ® TIME * AGE, & DAYS #* AVG, #-—---ELASTIC PLUS CREEP {ELASTIC
. * DAYS t UNDER * TEMP, #$e=e—me—= SPEC IMEN-=-~=-#% AVGe t--—-----svecrnsn—---—-t AVGe t +CREEP }/
* * STRESS & DEGeFe ® NOol ® NOo2 * NOo3 & *  NOe1 ® NO,2 * NO.3 # * 4200 PSI
R AR 2L -
* 1-10-74 1500 0  SPECIMENS
* 4-10-74 1417 9040 snscluen(s: LOAD!NG BEGINS, READINGS AT 0, 1610, AND 3220 PSI (PLUS OR nxnus ;o». RESPECTI VELY
4-10-74 1417 9040 0021 Tled ®¢ [ 0 0 - o [ 0 0.
4-10-74 1418 90:0  -.0014 Tled *& 225 -228 =237 =230 ** 0 0 0 o bd -.05476
4-10-74 1419 90e0 =20007 Tled *%  -499 -850 =527 ~509 ** 0 o ° 0 ** -.12119
* 4-10-74 1420 9040  SPECIMEN(S) FULLY LOADED' APPLIED TEST STRESS 4200 PS1
4-10-74 1420 90¢0  Oe Tle4 &% 701 -695 =726 ~T7Q7 %% [ [ 0 0 ** -,16833
4-10-74 1422 9040 «0014 7108 % -722  -711 -7486 -726 % -2i -16 -20 -19 ** -,17286
4-10-74 1423 90.0 «0021 7 *%  -730 ~717 =753 =733 ** -29 -22 -27 -26 *&
4-10-74 1428 9040 «0038 7 & <739 <724 =761 -741 %% -38 -29 -35 -34 *&
4-10-74 1430 9000 +0069 7 % -757 ~738 -776 ~-757 ** -86 -43 -50 ~49 **
4-10-74 1435 9000 «0104 7 % ~769 <748 -787 -768 ** -58 -53 -61 -60 **
4-10-74 14%50 90.0 «0208 7 & <~792 <766 =806 -~788 ** -91 -71 -80 -80 *#
4-10-74 1523 9040 0438 7 **  -819 -789 -B31l -~813 **+ -118 -94 =105  ~-105 #**
4-10-74 1630 901 «0903 ? #¢  -848 -812 -855 -838 ** 147 -117 -129 -131 **
4-10-74 1720 9061 1250 7 *%  -860 -823 ~866 -849 *¢ -~159 128 140 -142 %=
4-10-74 2200 9063 3194 7 -907 -861 ~-906 ~891 %% ~206 -166 -180 ~-184 **
4-11-74 815 90.7 7465 I4 -9%52 -900 -945 -932 && 251  -205 -219 -225 **
a-11-74 328 90. 9618 7 -968 914 =960 =947 % =267 -219 ~234 -240 **
A-11-74 2215 91e3 143299 7 -987 =930 -975 -964 ®® 286 -235 -249 <256 **
4-12-74 410 9240 149931 14 ~1015 -954 ~-999 -989 %% -314 -289 -273 -282 **
4-13-74 115 92.8 .9 7 ~1040 =977 -~1021 =-1012 ** -339 -282 -295 -305 =#
4-14-74 s20 9440 4.0 7 -1068 -998 -1043 -1035 #% -364 -303 -317 =328 ==
4-15-74 018 94,8 4.8 7 -1082 -1014 -10%9 -1051 #** -381 -319 -333 -344
4-16-74 625 9601 Gel 7 -1104 -1034 -1080 -1072 ** -403 -339 -354 -365 ¢
4-18-74 340 9749 8.0 7 ~1126 ~1053 <1097 ~-1092 #% <-425 -358 <-371 -384 #*
4-19-74 420 9900 9.0 7 -1135 -1062 -1105 -1100 *& -434 -367 -379 ~393 &=
4-20-74 115 99.8 9.9 7 ~1187 -1073 -1§17 <1112 #* -4a6 -378 -391 -405 *#
4=23-74 530 103.0 13.0 7 -1175 -1099 -1142 -1138 ®% -474 -404 -416 ~—431 **
4-25-74 518 105.0 18,0 7 -1188 -1111 -1154 =115]1 %% =487 ~416 ~-428 -443 %
4-30~74 1435 11060 2040 14 -1226 -1147 -1191 =~1188 %% -S25 -452 -465 -480 %
S -6-74 1335  115.9 2640 7 -1289 -1176 -1220 -1218 #% -558 -a81 -494  -811 **
5-13-74 1330 122.9 33.0 7 ~1289 =-1205 -1248 -1247 #% -888 -510 -522 -S40 **
5-16-74 1500 126.0 36.0 7 ~1301 =-1215 ~1289 <-1288 % -600 -520 ~-533 =551 **
5-21-74 ass 130.1 0.8 7 ~1307 -1220 -1263 -1263 ®* -606 <-S525 537 -356 **
5-28-74 140 137.9 479 ? ~1343 -1284 -1299 -1298 ® ~642 ~559 -573 -891 *=*
6 ~4-T4 935 145,2 88,2 72 - agg -1276 -1320 ~1320 #*¢ -665 -581 -394 -613 ==
8-10-74 512 151.0 81.0 7. -13 ~1293 ~[338 ~1337 ¢* -682 ~598 -610 ~630 *x
6-20~74 340 162.9 71.0 7 -31407 -1318 -1361 -1362 ** -706 -623 635 -654 %%
6-26-T4 140 16649 7649 71.7 #¢ -fal9 -1327 -i369 - &% _718 -632 -643 -664 **
7-17-74 500 18840 9840 72,8 *% 1454 -1359 -1402 -1408 #* -753 -664 -676 ~-697 ¥*
7-31-74 715 202.1 11241 7205 *% -1480 -1384 -1426 -1430 #* -779 -689 -700 =722 %%
8 -8-T4 1200  209.9 1199 ° 72.4 %% ~1502 ~1405 <-1446 ~145]1 #&  -801 -710 -720 <-T743 %%
9-11~74 24349 134.0 T2.7 #% 1580 -1449 -1492 ~1497 **&  _849 -7S4 -766 -789 **
10 -9-74 600 27240 1821 72.9 ** -18588 -1480 -~1524 <-1829 ** -384 -785 -798 -822 **
11 -7-74 100  300.8 21049 T72.5 ** -1614 -1509 ~-1554 1889 s*  -913 -8l4 -828 -851 %%
12-10-74 230  333.9 243.9 72.0 %% -1644 <-1536 ~1581 <-1S87 %% -943 -841 -855 -879 **
1-15-7% 330 369.9 230.0 73.0 #% <1663 «1552 -1509 -1604 *%* -962 -857 -873 =897 **
2-19-75 430 40440 31440 7200 ** -1690 -1877 -1625 -1630 ** -989 -882 -899 -923 &
3-14-75 100  427.8 33749 72,0 ** -1703 -1588 -1638 -1643 ®% -1002 -893 =912 -935 **
4-12-75 200  456.9 36649 7242 #* -1717 -1599 -1651 -1658 ** -1016 -904 -925 -9oe -
5-19-7% 038 493,68 . o7 -1738 ~-1618 -1672 -1676 *% -1037 -923 -946 68 &%
* 5-19-75 1040 493,8 SPECIMEN(S) FULLY UNLOADED, DAYS RECOVERY GIVEN o 1~ coLuuu *DAYS UNDER _ srnssst
5-19-73 1040 493 Oe .7 -1110 -964 -1037 -10 -269 311 29
S-19-75 1042  493.8 0014 73.0 ** -1092 -9%0 ~-1014 -1010 tt -391 l%ss 288 -311 .“
$-19-75 1045 493.8 «0038 72.8 %% -1087 -944 -1009 <-1013 ** -386 -249 -283 -306 **
$-19-75 1055 4938 +0104 72.4 %+ -1078 -936 <-1001 -1008 ** -377 -241 -275 =297 %%
$-20-75 1105 494.8 1,0174 73.5 *%  ~1021 -880 -949 -950 #% -320 -185 -223 -242 %%
5-21-78 935  495.8 2.0 726 *#* -1009 -868 -935 -937 #% -308 -173 -209 -230 **
5-22-75 1400 497.0 3ol 729 **  -999 -887 -928 -927 #%x -298 -162 -199 =-219 **
$-26-75 900  500.7 6.9 72.9 #%  -976 -834 -904 904 %% -278 -139 -178 -197 *=
6 -2-75 1100 507.8 14.0 72,9 %% -959 -817 -8686 -8B7 %% -288 -122 ~-160 ~-180 **
6-16-75 1230 521.9 28.1 72.8 **  -937 794 <866 -86S *& -236 =99 ~140 ~-158 **
7 -1-75 1545 S$37.0 43,2 72,8 *%  -921 -778 -850 -849 %%  -220 -83 124 -142 %=
7-15-75 1400 S551.0 571 73.1 % 911 -767 -841 -839 *%x -210 -72  -115 -132 %=
7-31-78 1550 567.0 73.2 73.1 ¢ 902 -759 -832 -831 ** -201 -64 106 <-123 **
8-18-75 1430 $85,0 9102 Tle4 *%  -869 -T2 0 <796 #* -168 -29 0 -98 *=x
* 8-18-75 1600 $85.0 END OF TEST
NOTE: MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOJAD

’

-184-



€23

AVERAGE ELASTIC, CREEP AND AUTOGENOUS STRAINS *& BERKS *& 73F, 90 OAV. 60 PERCENT
PECIMEN: SEALED 6 BY 16 INe CONCRETE CVL

SPEC IMEN GROUP 2 BERKS o (MEX G=19) STRAIN METER NUMBERS
AGE OF LOADING @ 90 DA
TEST TEMPERATURE : 73 oec. [ AUTOGENOUS: 2;2 ;3 03

o 73 o0é
ULTe STRe3SELECTED MIX: 7510s PSI AT 73.F,

Te STRo1COMPANION 3 1ooo. OSI AT  73.F. CREEP T 374 73
APPLIED TEST STRESS 3 420 Pst 360 73 17
PERe ULTe STRe APPLIED: 55.9 PERCENT (SELECTED Nlll 354 73 1%

600 PERCENT (COMPANION
seasenes MICROSTRA[N--=--=——---$¢MICROSTRAIN PER PS[4
‘TIIE -susrAlueo ‘ELAS?I:.. CREEP #* . 4 TOTAL
AGE, ®UNDER *®MODULUS OF% CREEP # PLUS * AUTOG~* CREEP ® SPECIFIC . STRAIN
DAYS ‘SYRESS.‘ELASTICIYV‘ PLUS # AUTOG-* ENOUS ¢ & CREEP  «DIVIDED BY
oA . PSI  * AUTOG- * ENOUS * o c * 4200 Pst
. * ENOUS * *
L dd i il i) shh%s -..‘.‘.‘l..“..‘.‘...“‘.ttt“.....'.t‘.‘.‘.t‘.....
*SLOADING OF SPECIMENS BEGINS (MINUS TIME IS TIME PRIOR TO FULL LOAD)
90  -.0021 [ 0 o
90 ~.0014 -zso o '3 o
90  -.0007 0 °
*#SPECIMENS FULLY LOADED, AﬂPLlED resr sraass 4200 PSt
90 0. 5.94 o7 [ 0 Oe
90 00148 .79 -126 -19 0 -19 ~e0045
90 «0021 5,73 -733 ~26 0 -26 ~.0062
90 « 0035 5,67 -741 e '3 ~34 -+0081
90 «0069 8,58 -787 ~49 0 -49 ~e0117
90 « 01 04 5,47 -768 -60 0 ~60 -e0143
90 0208 5.33 -788 -80 o -80 -e0190
90 0438 5.17 -813 -108 0 -10% ~e0250
90 +0903 $.01 -838 -131 0 -131 -e0312
90 1250 4,95 -849 -142 o -142 ~«0338
90 3194 .71 -891 -184 o -184 -e0438
91 7465 4,51 -932 -223 0 -225 -+0536
9 9618 4044 -947 -240 0 -240 -e 0871
91 143299 436 ~-964 -2%6 o ~256 ~e0610
9 - 4.25 -989 -282 -1 -281 ~00669
93 2.9 4.15 ~1012 -305 [ -305 ~e0726
94 4.0 4,06 -1035 _~328 -1 -327 -« 0779
98 4.8 4,00 -1051 -344 -2 - 382 -.0814
96 6ol 3.92 -1072 3638 -1 364 ~e0867
9 8.0 3.85 -1092 -3 -2 -382 ~e0910
99 9.0 3.82 -1100 -393 -1 -392 ~+0933
100 9.9 3.78 -1112 -408 -1 -404 ~e0962
103 13,0 3.69 138 -431 -2 -429 ~e1021
108 15.0 3.6% -1151 ~443 -2 -441 ~+1050
110 2000 3.54 -~1188 -480 -2 -478 ~e1138
116 26.0 3,45 -1218 -s11 -3 -508 -e1210
123 33.0 3.37 ~1247 -340 -4 -836 ~e1276
126 36.0 3.34 ~1258 -581 -4 -547 -e1302
131 4008 3.33 -1263 ~556 -4 -582 ~el1314
138 479 3e24 -1298 -591 -6 ~583 ~e1393
148 58,2 3.18 -1320 -613 -3 -608 ~e1448
151 6140 3e14 -1337 -630 -3 -62 ~e1488
161 71.0 3.08 ~-1362 ~634 -7 -647 -+1540
167 7649 3.06 -1371 -664 -7 -657 -e1564
188 9840 2.99 ~1408 -697 -7 -690 ~e1643
202 11241 2.94 -1430 -722 -8 ~714 -e1700
210 1199 2.89 -1481 -743 -9 -73a4 -.1748
244 154.0 2.81 ~1497 -789 -10 -779 -.1855
272 18241 2.7% -1529 -822 -12 -810 -e1929
301 21049 2.69 -15%9 -851 -14 -837 ~e1993
334 243.9 2.63 -1587 -879 -18 -861 -e2050
370 280.0 2462 1604 ~-897 -20 -877 ~+2088
404 314.0 2.58 -1630 -923 -24 -899 -s2140
428 337.9 2.56 -1643 -938 -26 -909 -~e2164
Asv :oe.o 2.54 -1688 -948 -28 -920 -.2190
03e -1676 -968 ~29 ~939 ~e2236 -¢3990
“SPEC[ﬂ!NS FULLV UNLOADED, DAYS RECOVERV GIVEN NOW IN COLUMN *TIME UNDER STRESS*
-10 ~-329 -29 -300
49‘ c001s -|o|e =311 -29 -282
494 «0035 -1013 -306 -29 -277
494 0104 -1008 -297 -29 -268
495  1,0174 -950 -242 -29 -213
498 . -937 -230 -29 -201
497 3.1 -927 -219 -29 -190
so1 6.9 -904 -197 -29 -168
508 14.0 ~887 -180 -30 -150
822 2801 -86% ~158 -30 -128
537 43.2 -849 -142 -33 -109
881 571 -839 -132 -36 -96
867 73.2 -831 -123 -37 ~86
-796 -98 -3 -50

$8s 91e2
*SEND OF TEST
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NOTE:

AVERAGE ELASTIC PLUS CREEP STRAINS $#BERKS *% 7 3IF 270 DAY 30 PERCENTY
(3 SPECIMENS: SEALED 6 BY 16 IN. CONCRETE cvL.}
(NOT CORRECTED FOR AUTOGENOUS STRAINSI

SPECI!EN GRQUP BERKS 3 (MIX 6-19)

AGE OF LDADING 270 DAYS
SPECIMEN METER NOe CHANNEL FACTOR MODULUS (0 TO 2400 PSI) TEGT TEMPERATURE 73 DEGe Feo
NO.1 240 73 30 15 6.3 ULT- STR- SELECTED MIX: 8220e PSI AT 73.F,
NOe2 288 3 3 21 Ged STRe ICOMPANION 3 7900. PSI AT  T73.F.
NO.3 2%9 73 32 185 68 APFLIED TEST STRESS 2400. .PSI

PERe ULTe STRe APPLIED: 29e2 PERCENT (SELECTED MIX)

304 PERCENT (COMPANION

ee aren ~=MICROSTRAIN (INCLUDING AuroGENUUS)--cnnaecrEo FOR_TEMPERATURE---
OATE  ® TIME & AGE, #* DAYS #* AVG. t-----:LAStlc PLUS CREEP-== REE| #(ELASTIC
* ® OAYS ® UNDER * TEMP. ~=e==<-SPECIMEN-~=~=~=& AVGe n—-------svectuzn-- --a AVG. * +CREEPI/
* * STRESS t o:c F % NO.2 * NOo3 * * NO. 1 NO.«2 NO. * 2400 PSI
e (111 tocottnttt.- s (13 l"!tt.“lt‘t..ttt‘.tll‘.'ttt‘ttt‘.l.t‘tt..t
*12-19~73 1000 SPE CInEN CAS
* 9-16-7¢ 1009 SPECIMEN(S) LDADING BEGINS, READINGS AT 0 AND 1200 PSI_(PLUS OR MINUS 30), RESPECTIVELY
9-16-74 1009 71.0 n [ 0 *% ] ] o o O
9-16-74 1009 71, -17 -178 175 -176 && 0 o 0 o " ~.07333
* 9-16-74 1010 svccxns~(sn FULLV LOADEO, APPLIED TEST STRESS 2400 PSI

9-16-74 1010 0. Tle6 ®¢ =379 -376 <-374 =376 &% 0 ** -,15667

9-16-74 1011 715 ~382 ** ] = -,15917

9-16-74 1015 71.3 ~390 & -13 ** -.16250

9=16-74 1025 Tled ~398 &% -20 *® -,16583

9-16-7¢ 1110 T1.5 =400 *# =21 * -.16667

9-16-74 1430 71e6 412 ¢ -33 " -,17167

9-16-74 1610 1.7 ~416 &% -36 ** -,17333

9-17-74 840 71.6 -432 ox -52 *+ -,18000

900 T71e3 ~443 #¢ -62
950 T1e3 -480 *x -69
1100 713 -456 &% -75
1108 Tle4 -469 ** -87
1600 713 -476 % -9¢
1130 711 -483 *¢  ~101
1318 72.0 -497 ®¢  -115
1600 72.5 -807 #¢  -125
1200 72.1 =532 &% ~150
1330 7202 -538 ¢ -1%6
1100 72.3 -850 *%  -16

810 715 -556 ®8  -172
1350 718 ~565 &% -181
1230 71.9 -570 *%  -186
1430 7240 ~S81 % -196
840 713 -584 **  -200
830 71.3 -607 ** -221

2-28-75 1000 7243 -617 s* 231

3-14-75 1100 72.0 -62% #%  -240

4-12-78 1200 7261 -634 s+ -248 ?

5-16~75 1130 72.8 ~652 *% -267 8 -,27167

6-16-78 1148 7241 -639 &% -250 "* -,2662%

6-16-7% 1200 Tle6 -621 *¢ -232 % -,25873

ai%sre 1% 13001 oot e -306 se i2879%

-17= Oel -691 &+  -304 e -,20792

6-25-75 830 1%0.0 ~717 *+  -328 " -,29875

6-27-78 1500 1108 -726 &%  -33 s -,302%0

7-15-75 1330 110.9 -780 *#+ -388 ** -,32500

9-16-7% 1420 11004 * -889 #*  ~494 -532 ~514  -313 &% -,37042

* 9-16-75 1421 ) FuL GIVEN NOW IN COLUMN $DAYS UNDER STRESS*

9-16-7%  1a21 110.5 =519 ¢  -119 -189 -150 <-142 **

9-16-75 1426 110.8 812 **  -114 -1852 -j42 -136 %%

9-16-78 1436 110.3 -506 ** -108 -146 -136 ~-130 **

9-16-75 1857 11043 =493 *» ~94 =133  -123 -116 **

9-17-78 1700 11001 ~463 &* -65 ~-102 -94 -87 »*
10~22-75 1048 11002 -390 ** 1 -30 -23 14 **
11-25-75 1545 109.3 ~383 ** 19 -23 -17 -7 *%
11-26-75 1500 97.5 -382 ** 18 -27 0 ~4 %

2 -1-78 1318 710 -386 ¢+ 16 -3a o -9 s

*12 -1-75 1345 71:.2 !ND ur TEST

MINUS DAYS UNDER LOAD INDICATES SPECIN!N LOADING TINE PRIOR YO FULL LOAD
SPECIMENS SUBJECTED TO 110F, 6-16-75 120
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AVERAGE

SPECIMEN GROUP
AGE OF LOADING
TEST TEMPERATURE

ELASTIC, CREEP AND AUTOGENOUS STRAINS &% BERKS #& 73F 27? DAY,

(SPECIMEN: SEALED 6 BY 16 INe CONCRETE CYLe

H BERKS 3 (NiX G-19)
3 ;1 DA
1

oes. Fe AUTOGENOUS 3
ULTe STRe 2SELECTED ntx* 8220« PSI AT 73.F,
ULTe STRe3COMPANION : 7900 PSI AT T73.F. CREEP H
APPLIED TEST STRESS 1 2400+ PSt
e STRe APPLIED: 29.2 PERCENT (SELECTED llll

PERe ULT

30e4 PERCENT (COMPANION

STIME ‘SUSYAINED SELASTIC, * CREE

242
2%0

240
233
259

-CRDSTﬂAlN-------—---l‘!lCRDSTRAKN

STRAIN METER NUMBERS

73
73

30 PERCENT

03
os

73 30
73 N

73

PER

32

PSI®

TOTAL
STRAIN
‘Ol'lDED 8y

AGE, SUNDER $MODULUS OF% CREEP # PLUS H AUTOG-# CREEP t SPECIFIC .
DAYS ‘STRESS"GLASTICITV‘ PLUS * AUTOG-% ENOUS * CREEP
PST & AUTOG- & ENOUS ¢ * :
b * ENOUS * - . .
s
"LOADING aF spcclnans BEGINS (IINUS TINE ls TINE PRIOR TO FULL LOAD)
o
l -17 0 o
“SPEEINENS FULLv LOAOED. APnngo TEST srness zton G 1
76 [ ] .
271 «0007 o.zo -382 -o o -6 ~+0025
271 «0035 6e18 -390 -14 o =14 -« 0058
271 « 0104 603 -398 -22 [} -22 -e 0092
271 «0817 6400 -400 -24 o -24 ~¢0100
27 e1806 Se83 ~-412 =36 ] -36 -«0150
271 «2500 S.77 -416 -40 o =40 ~e0167
272 9378 5456 -432 -36 o -56 ~e0233
273 Sed2 -443 -566 ] -66 ~e0275
274 Se33 -450 -73 -1 -72 ~+0300
278 Se26 -456 -80 -1 -79 -e0329
278 S.12 -469 -92 -1 -91 ~e0379
280 S.04 -476 -100 -2 -98 ~+0408
282 4,97 -483 -107 -1 ~-106 ~e0842
287 4.83 -497 -121 - -120 ~¢0500
294 4.73 -S07 -131 -2 -129 -.0537
307 4,51 -532 -186 -4 -152 -e0633
313 4,46 -538 -162 -4 -158 -+ 0658
323 4.36 -580 -174 -5 -169 -e0704
334 4.32 ~-586 -180 -6 -174 -+0725
350 4,25 -86 -189 -8 -181 ~+0754
356 4,21 -570 =194 -7 -187 -e0779
363 4,13 -s81 -204 -8 -196 -e0817
376 1 4011 -584 -208 -9 -199 -e0829
408 1 3498 -607 -230 -12 -218 -e0308
436 1 3.89 -617 -240 -18 -225% ~e0938
450 1 3.84 -62% -249 -17 -232 -e0967
479 2 3e79 -634 -258 -17 -241 ~e1004
S13 2 3.68 -632 -276 -18 -258 -e1078
S44 2 376 -639 ~262 -28 -237 -e0987
544 2 3.88 -621 =244 -25 -219 ~e0912
544 273.2 373 ~643 -267 -25 -242 -¢1008
S48 27401 3.47 -691 -314 -24 -290 ~e1208
883 28t+9 3.38 -717 -341 -2 -36 -el317
S8S 284.2 3.3 -726 -380 -25 -325 -e1358
sS73 302.1 3.08 -780 ~403 -295 =378 “~el1575
636 365.2 2470 -889 -513 -29 -484 -e2017
*$SPECIMENS FULLY UNLOADED, DAYS RECOVERY GIVEN NOW IN COLUMN $TIME UNDER
636 0. -519 ~142 -29 -113
636 +003S -512 -136 -29 -107
636 20104 -306 -130 -29 =101
636 0667 ~493 -116 -29 -87
637  1.1104 -463 -a7 -28 -59
672 35,8 -390 -1s -31 17
706 701 -383 -7 -35 28
707 71.0 =382 -4 -38 31
T12 7640 - 386 -9 -35 26
SSEND OF TEST
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NOTE:

AVERAGE ELASTIC PLUS CREEP S"‘IAINS S#BERKS *¢ 110F
8Y 16 INe. CONC

(3 SPECIMENS: SEALED &

28 DAY 30 PERCENT
RETE cvL,)

(NODT CORRECTED FOR AUTOQGENOUS STRAINS)

SPECIMEN GROUP

BERKS 4 (MIX G-19)
DAYS

1
AGE OF LOADING @ 28
SPECIMEN METER NOe CHANNEL FACTOR  MOOULUS (0 TO 2100 PSI) TEST TEMPERATURE 3 110 DEGe Feo
NO«1 241 11 01 18 5.8 ULv. sta..s¢L=crﬁo nxx: 6590. PSI AT  73.F,
NO. 2 338 11 o2 14 S.7 * 3COMPANION 6100 PSI AT 110.F.
NOo3 364 11 oo 28 8.9 APPLIED TEST STRESS : 2100. PSI1
PER, ULTe STRe APPLIED: 3149 PERCENT (SELECTED Nlll
34.4 PERCENT (COMPANION
844~ -~--=MICROSTRAIN ( INCLUDING AUTOGENOUS)~-CORRECTED FOR reannAruna---
DATE ® TIME ® AGE, * DAYS ® AVG, #~----ELASTIC PLUS CREEP $(ELASTIC
* * DAvS t UNDER & TEMP, $-cececc-eSPEC[MEN=<c=<-® AVGe * SPEC IMEN * AVGe * #CREEP)/
- STRESS & DEGeFy #  NOo] % NOe2 & NO,3 ¢ &  NOel ® NO,2 * NOe3 * * 2100 PSI
* seeltrssssnsnsnsasetsnsas %
#12-21-73 1000 SPECIMENS CAST
* 1-18-74 1407 28, SPECIMEN(S) LDAD!NG BEGINS, READINGS AT 0 AND 1050 PS1 (PLUS OR MINUS 30), RESPECTIVELY
1-18-74 1407 284 -.o o 6 o [ 0 *s [ [} [ [ [
1-18-74 1407 28. 9.5 t 210 = ] 0 o tt -+08619
* 1-18-74 1408 28. sP!cxn:u(p» PULLY LoAnEn. APPLIED PSI
1-18-74 1408 28, «0000 09.6 -37 o 0 [ 0 %% -,17286
1-18-74 1409 8e «0007 09.8 t. -36! —319 -8 - -10
1-18-74 1418 09.8 8  -386 -395 -26 -24 -29
1-18-74 1423 09:6 *% -390 =399 ~-30 ~-28 -33
1-18-74 1438 096 *% -396 404 -36 -33 ~39
1-18~74 1508 09.7 #& -407 -414 -a7 -43 -52
1-18-74 1703 09e7 *% -427 =433 -67 -62 -76
1-18-74 2000 0946 *%  -447 -430 -8ar -79 -99
1-19-74 1518 09.8 #* -503  ~-500 -143 -129 ~-158
1-20~74 1548 09,5 #% -S34 -831 -174  -160 -190
1-21-74 1545 09.8 ¢¢ -S88  _§5§ -19% -180 -212
1-22-74 1888 09,0 #* -568 -566 ~-208 ~-19%  -227
1-23-74 1600 08.7 #* -877 576 -217 -205  -23%
1-25-74 1433 08.% **  -593  -E9] ~233 -220 -254
1-27-7¢ 1230 08.3 8% -504 -602 ~238 -23) -268
1-29-74¢ 1300 08.5 s&  -604 =613 -244 -242 -282
2 -3-74 1220 09¢7 *% =608 =641 -248  -270 -306
2 -6-74 1727 110.7 *%  -384 -633 -224 -282 -317
2-12-74 1540 109.2 *¢  -614 —686 -254 -315 -348
2-18-74 16158 109.6 #¢ -634 -693 -274 -322 -3s57
2-22-74 1645 1074 % -676 -696 ~316 =325 -364
3 -1-74 1120 9.6 ®¢  -680 -708 -320 -337 -378
3 -4-7¢ 1085 09,9 #% -480 =-713 -320 -322 -38%
3-11-74 1600 901 #%  -698  ~-T724 -338 -353  -396
3-16~74 930 8.8 s8¢ -688 -731 -328 -360 -404
3-21-74 6as 8.6 ** 499 -736 -339 -365 -al2
4 -aA-T4 445 0.3 & -741 -751 -3a1 -380 -429
4~18-74 s Qo9 8  -781  -T767 ~391 ~396 -448
4=30-74 4SS 0.0 #& <767 ~-780 ~407  -409  -a61
5~16-74 528 09.0 ** -788 -797 ~428  -426 -478
6-14-74 915 0.0 #% -800 -817 ~440 -486 -499
7=-17=-74 1620 1.0 S¢  -826 ~840 ~466 -469 -S528
8-29-74 1120 0e2 *& -394 -889 -534 -498 -552
9-25-74 1630 0e7 %%  -907 -902 ~547 =531 -568
10-24-74 830 0.0 *% 927 -017 -84 -346 -380
11-21-74 918 0s5 *&  -948  -932 ~5¢8 -561 =593
12-17-74 3 0e7 *%&  -962 =940 -6062 -569 -605
1-15-78 340 1.0 %  -973  -953 -613 -%582 -615
2-18-75 13 0.0 #%  -984  ~962 -624  -391 ~624
3-14-75 23s 0e6 ®%  -994 =969 -634 ~598 ~632
4-12-7% 215 04 ** <1007 -979 ~647 -608 -642
5-16-75 215 108 #* -1027 -991 -667 -620 -~65S 8095
$-20-75 319 10. *« -102 -993 ~669 -622 =656 <649 % -,48190
* 5-20-75 1320 FULLY UNLOADED, DAYS RECOVERY GIVEN Now IN COLUMN $DAYS UNDER STRESSS
5-20-75 1320 Oe * 718 -666 -709 -358 -295 ~351 -334
5-20-75 1325 0s0 *%  -712 -661 -703 -592 b -3%2 -290 -345 -329 .-
5-20-75 1335 9e9 *®  -T708 <656 -699 -687 *&  -348 -285 -3al -324 %
5-20-75 1422 9e7 ®&  «702 -649 =692 -68] ** ~342 -278 -334 318 &=
5-20-75 ' 1623 Oel %  -696 -643 -687 -675 %% -336 -272 -329 -312 **
$-21-75 1350 0.9 #%  -681 -626 =672 <-639 *%  -32] ~285 -314 -296 *%
$-23-75 1310 1.0 #*  -670 -615 =661 ~648 %%  -310 -244 -303 -285 **
5-27-75 1043 1¢0 ** -660 =-604 <-650 ~638 *% =300 -233 -292 -275 **
6 ~3-75 84S 09¢3 #% 653 -595 -64]1 ~629 ®* ~293 -224 -283 ~266 **
6-16-75 1500 08e5 *% -646 -586 <-632 -621 *& -286 -215 274  -253 =
7 -1-7%5 1620 1001 *% -638 -379 -627 ~614 & -278 -208 <-269 -25]1 **
7-15-75 1440 09¢8 #%  -435 -373 ~620 -610 %& 275  -208 -262 -247 **
8 -7-7% 1600 09.3 % -630 -S570 <-613 <604 **  -270 -199 -255 241 *=%
8-13-78 1338 09¢5 #%  -629 ~568 -612 ~602 ** -269 -194 -254 -~239 *x
8-14-75 1340 95.9 **  -628 565 0 <-859% & 265 =194 0 =229 **
8-19-75 900 90.8 70.3 *¢  -616 -587 0 -S586 ¢ -256 -186 0 ~221 »*
* 8-19-75 900 500.0 END OF TEST

MINUS DAYS UNDER LOACD INDICATES SPECIMEN LOADING TliE PRICR TO FULL LOAD

SPECIMEN NOel:

ERRATIC LOW READINGS 2-6-74 TO 2-18-7
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AVERAGE ELASTIC,

SPEC [ MEN GQOUP
AGE OF LOADIN
TEST TE!PE“ATUQE

ULTe STReISELECT
ULTe STRe:COMPAN
APPLTED TEST STR
PERe ULTs STRe A

CREEP AND AUTOGENOUS STRAINS *% BERKS #% 1]10F,
{sp

EO M1
10N
€SS
PPLIED‘

ECIMEN: SEALED 6 BY 16

BERKS 0 (MIX G=19)
28 DAY
110 DEG- Fe

6590s PSI AT 73.F.
6]00- °$l AT 110eFe

]
V

INe

CONCRETE CYL.)

3l:9 PERCENT (SELECTED MIX)
34,4 PERCENT (COMPANION )

EEEAEEERES
tYllE
AGEy

*SUSTAIN
*MODULUS

ED ‘ELASTIC'I CREEP

STRAIN METER NUMBE

AUTOGENOUS:

CREEP H

28 DAY,

243
423

241
338
364

OF® CRE *  PLUS ‘ AUTOG-* CREEP . SPECIFIC ‘

UNDE
DAVS .S'RESS.‘ELASTICITV‘ FLUS * AUTOG-%* ENOUS t

UTOG- * ENOUS :

‘

CREEP
"

30 PERCENT

RS
11
11
11 o1
11
11

MlCROSTRAIN-—---------"HICRDSYRAIN PER PS1*
* *

TOTAL
STRAIN

*DIVIDED BY
-

2100 PsSI

.
EEERERES

“LDADING OF SPECIMENS BEGINS (MINUS TIME lS TINE PRIDR
- 0

03 -18
ttSPEClnENS FULLV LOADED, APPLIED TEST STRESS ZIOD PS1

«0000 . 363

28 « 0007 566 -371 -B
26 «0069 Se40 -389 -26
28 « 0104 Se 34 -393 -30
28 « 0208 Se26 =399 ~36
28 20417 Sel2 -410 -47
28 *1215 4.87 ~431 -68
2 02444 4066 ~451 -88
29 140465 415 ~-506 ~143
30 241 3.91 -537 -174
31 3.1 3.76 -558 -19%
32 4ol 3.66 -573 ~210
33 Sel 3.61 -582 -219
3s TeO 351 -598 -23%
37 6e9 3e46 -607 244
39 110 339 -619 -256
Lo 15.9 3030 -637 -274
47 1901 «30 -637 ~274
53 25e1 o164 -668 =305
59 3101 «09 -680 -317
63 35.1 01 -698 -335
70 41.9 «97 -708 ~345
73 4449 «938 -712 =349
8o $201 «90 -72% -362
as S6.8 2089 -727 ~364
90 6241 2.86 -73% ~-372
104 7640 2077 -759 =396
118 9040 2071 -774 -411
130 ’ 2.0 2466 -788 -42S
146 8el °61 -806 -443
178 146.8 «S5 ~-824 -461

208 1801 X34 -849 -4
231 222.9 «36 -a91 -528
278 25001 o311 -911 =548
307 278.8 2427 -927 ~564
a3s 306.8 2023 -943 -580
361 333.1 220 -955 -592
390 362.,0 2.17 ~966 -603
424 3960 2015 -976 -613
448 419.9 2413 -984 -621
L3484 448, 9 2011 =995 -632
51 482.9 2408 -1010 -647
515 487.0 2408 -1012 -649

SSSPECIMENS FULLY UNLOADED, DAYS RECOVERY GIVEN

515 Oe -697 ~334
518 ¢ 0038 -692 -329
515 «0104 -687 -324
518 « 0431 -681 -318
818 1271 -678 -312
St16 140208 =659 -296
s18 3.0 ~648 -288
522 6e9 -638 -275
529 13.8 -629 . -266
42 27.1 -521 -258
587 421 ~614 -251
s71 5641 -610 -247
594 7901 -604 -241
600 65,0 -602 -239
601 8640 -598 -229
9 -586 -221

606 0e8
*$END OF TEST
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AVERAGE EL‘SYIC PLUS CREEP STRAINS ®&BERKS *% 1]0F AV 30 PERCENT
SPECTMENS: SEALED & BY 16 INe CONCRETE cVLYS

{NOT CORRECTEU FOR AUTOGENOUS STRAINS)

SPECIMEN GRQUP H BERKS 4 (MIX G6-19})
- - AGE OF LOADING : 90 DAYS
SPECIMEN MFTER NOe CTHANNEL FACTOR MOBULUS (0 TO 2100 PSI) TEST TEMPERATURE 3 110 DEGe Feo
NDe1 240 11 12 11 5.8 ULT- SYR--SELECYED MixX: 7510. PSI AT T3eFoe
NJe2 342 11 13 23 6.1 « COMPANION : 6710s PSI AT 110eFe
NJe3 356 11 1a 16 " 5a9 . ADPLIED TFST STRESS : 2100 S
PERs ULTe STRe APPLIED: 2B40 PERCENT (SELECTED llX)

3143 PERCENT (COMPANION
~=MICROSTRAIN (INCLUDING AUYOGENOUS.--CDQRECTED FUR TEMPERATURE~=-~

AAARRE AL IABA SR E AU R AR RSk kR RS

DATE * TIME % AGE, - DAYS ‘x AVGe = LASTIC PLUS CREEP=-=—~-—¥=occuwee- cewsCREEP-—w = e m e *(ELASTIC
* % DAYS * UNDER * TEMP, -SPECIMEN=-~-—-% AVG. * soecrne % AVGs ¥ $CREEP)/
STRESS * DCGeFe *  NOo1 e2 * NOu3 NOe2 .3 2100 PS1
ﬁv!ldtttﬁﬁlitr*l‘l#ttkt&Rt.t*‘tilltttttttt&t.tttttttt‘lttttttilitttiti!ﬁittttt“i‘tl“‘lt"tttt#ttttttttﬂtt#t‘tt‘t
®12=-21~72 1000 SPECIMENS CA
* 3-21-74 1014 Qo.o SPECIMEN(S) LGAWIN» BE’INS, READINGS AT 0 AND 1050 PS! (PLUS OK MINUS 30), RESPECY!VELV
3-21-7a4 1014 9040 -.oou7 109.7 % [} 0 0 %% 0 0 0 0.
101a 9040 1097 *% -156 =158 -161 ** o 0 o o a -e07667
1015 9040 ,peczusntsy FuLLY LUADEO. APPLIED TEST STRESS 2100 PSI
1015 9040 09.7 #*  -362 -342 -353  -35) *% [ 0 ** -,16762
1017 900 109.7 *% =375 ~364 *% -13 -12 *% -,17333
10c0 90.0 109.% ** -382 -372 *x -2 -20 ** -,17714
1030 5040 109e5 **  -392 -383 #x -30 ~31 *x -,18238
1i19 Y0e1 1093 %% -407 398 %% =45 -46 %% -,18952
1415 9062 10941 %% =430 -422 =¥ -58 ~69 ** -,20095
1615 903 1C3¢0 *x -437 ~429 =% -75 =77 *¥% =,20429
2210 905 1093 =% ~45% ~448 ®%x -9 -96 %k =,21333
1200 911 1096 %% -473 ~ATL *% -116 =119 *& -,22429
1250 9241 109.8 **  -507 -500 **  -1a45 -148 #* -,23810
1430 93.2 109.7 #% =525 -518 *«*  -16 ~165 ** -,24667
1315 9441 109.,0 **  -535 -£28 *x  -173 176 %% -,25143
1590 9542 10946 *%  -546 -S41 %% —194 ~188 %% -,25762
1250 98e1 109,84 %x*  -5€9 -563 %  -207 -211 ** -,26810
1240 1011 109.5 %%  -586 -581 **  -22a4 -229 *% -,27667
1130 1031 109+4 *%+  -595 ~590 *%  -233 -238 *+ -,28095
1445 10642 10949 **x =601 ~593 =%  -219 -243 *x -,28381
1535 108.2 1108 *%¥ -616 ~611 *% ~254 -259 *% -~ ,290905%
1495 111.2 1099 =k  -626 -622 kx  -264 ~270 ** -.29619
1135 11561 110.3 **  -636 -633 #%  -27a ~-280 #% -,30143
1315 11841 1109 *%  -64a -641 *£ 2832 -289 *% -,30524
1530 1252 11041 ** 659 -658 *%  -297 -306 ** -.31333
1455  130.2 110.0 *%° =588 -669 ** -306 =317 *x -,31857
1420 14342 1079 *x¥* -639 -692 *x -327 =340 *% -,32952
1440 1512 110.3 #+  -701 -705 =%  -339 -353 #x -,3357)
1630 16543 111.,0 *x% -717 ~T722 *% -355 ~370 ** -,34381
g1t 175.0 109.9 =% -?28 -735 «%  -366 -383 ** -,35000
1150 187«1 11001 *x -742 =750 %% -330 -398 **x -,35714
1615 2153 110e7 *% -764d =778 %= -406 -426 *% ~-,37048
1850 24342 110.5 *%  -791 ~803 **  -429 -4S5] &% -,38238
1108 273.0 115.,3 % -a13 -828 #%  -aSe ~476 *% -,39429
830 30849 11040 ** :g:l Sgs héd -479 ~500 ** -,40571
1315 3221 110e% ** <848 - **  -486 -508 ** -,40952
915  333,0 11045 #¢  -856 ~869 *x  -494 -516 **x -,4138%
1630  3&I.3 110.6 %% -a78 -853 #%  -513 -540 %% ~,42524
1340 3902 111,0 *x -882 -897 *= -520 =545 %% —,42714
1515 426442 11060 **  -894 ~911 *%*  -532 -559 *+ -,43381
1235  4a8.1 110e6 *%  -903 -921 **  -541 ~569 % -,43857
1215 47741 110e5 *& =914 ~933 &%  -s552 ~581 ** -,44429
1215  511.1 110.8 ** -927 ~948 *%  -565 ~596 #% -,45143
1319 518, 4254 11062 ** -95] &% -568 ~649 -380 =399 A% -,45286
132¢Q 51541 SPECIMEN(S) FULLY UNLOADED' GIVEN NOw IN COLUMN *DAYS UNDER STRESS*
1320 515. 0o 11002 *% 611 -638 *%  -249 -349  ~259  -285 %%
1325 S15e1 « Q023 1100 *=* -604 -630 =& -242 ~341 -251 -278 *x
1335  515.1 109.9 **  -599 -625 %  -237  -337  -246 -273 %%
14¢2 51542 109¢8 #*x -593 -619 *xx% -231 -331 -c 39 -267 *k
1623 515.3 1102 %  -587 -613 **  -225  -324  -233 -~260 *=*
1350  S16e2 11140 *x  -572 -598 #%x  -210 -310 -217 -245 #**
1310 51341 111.0 **  -S&59 ~5358 *%  -197  -298  -204 -233 **
5-27-75 1045 52240 111,40 *%  -5ag ~574 **  -136 -288 -192 -222 %%
6 -3-75 845 52849 109,3 *%  -539 ~565 % <177 -281 -183 -213 **
6-16-7¢ 1500 582z 108.6 %%  -530 ~553 &%  -168 =275 =174 -205 *%
7-12-75% 1449 S571e2 12948 *x -516 -545 &k -15a -267 -159 =193 *x*x
3-18-75 910 60540 109.8 **  -508 -S40 ** 146 -267 ~151 ~-188 **
8-15-75 1400 60642 91 110.0 #% ~ -308 -564 ** -142 -263 0 -202 *=*
£ A=-19-75 1400 6062 END OF TEST
NUTE MINUS DAYS UNDER LDAD KNDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD
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C34

AVFAGE ZLASTIC, CREEP AND AUTOGENQUS STRAINS *% HBERKRS #*% 11Q9F, Q0 DAY, 3u PERCFANT
(SPECIVEN: SEALED 5 BY 1o INe CONCRETE CYLe)

JPLCIMeN GRCJP 3 3ERKS 4 (MIX G-19) ST<AIN METER NUMBLRS

AGE OF LUADING H 90  DAVS3

TEST TeWMPERATURE 110 DEGs Foe AUTO3ENUUS: 347 11 1S
339 11 16

JLTe 3TRe3ISELLCTED MIX: 78£10e PSI AT 73,F,

ULTe STRe ICOMPANIT IN T 6710 ”Sl AT 110eFs CRZEP : 3a90 11 12

APPLIED TEST STHESS 2100. ST 342 11 12

PFRe ULTe STe AP2LILOZ 2840 OEPFFNT (SELECTED MlX) 1546 11 14

3].3 PERCENT (COMPANIIN

*w*-uwn-rweu-cun-""u-—-—-—----nlcuosm.\1N-——--------uuxcnosvum PER PS1#

®SUSTAINED ®ELASTIC,* CREEP * * TOTAL
AGE,y *MONULUS OF* CREEP * PLUS * AUTOUG-* CREEP ‘ SPECIFIC ‘ STRAIN
DAYS %STRISS,%ELASTICITY® PLUS = AUTOG=% ENJUS ¥ * CREEP *DIVIDED BY
3 oAYS * MPS T * AUTOG- * ENQUS #* " * ‘ 2100 Psl
* x* ENOUS * * *

!tulnﬁtrt*!##vttntttutt#ttt!ttt‘ttttt##tttlttttttt#l‘ktlttattlttottl#tatnttutttt:-
®ELJADING UF SPECIMENS BEGINS (VMINUS TIMS ls TIME PRIOR Tu FULL LOAD)
0 0 )

-.oao
~e 00 [+]
cthEcr4a~s FULLV LUA)EJ. APFLIED TEST STRESS 2100 °sI
20 «0000 Se - 352 [ [
Q0 « 0016 ~-364 9 -1z
99 0035 -372 0 -20
90 - 383 [} -31
39 ~398 0 -a€
S0 -422 o -69
%0 -429 0 -77
91 ~«a8 1 -97
91 -471 - 1 -12v
92 -500 - [ -14e
93 -s18 - 1 ~165
9a ~-528 - 3 -179
a5 =541 - o ~-188
98 -363 - -1 -210
101 -581 - -3 -22¢
107 -590 - -4 -23a
1va -596 - -5 ~-238
108 ~611 - -8 =251
111 -€22 - -11 =25y
118 -033 - -12 -268
118 ~641 - -15 -274
125 -658 - -18 -288
120 ~-669 - =20 -297
142 -692 - -23 -217
151 ~705 - -28 -325
1635 -722 - -30 -340
175 -735 - -36 -347
147 -750 - -al -357
215 ~778 - -50 -37¢
43 -803 - ~-58 -393
273 -328 - -66 -412
-852 - -72 -428
-860 - -73 ~43%
-369 - -76 -440
-493 - -80 ~460
-497 - -a7 -a58 1
=211 =359 -390 -469 233
-921 -569 -92 -a77 271
~933 -581 -95 -486 ~e2314
-945 -596 -97 -~99 -.2375
€15 42301 2421 51 -10 02 3€2
JIMENS FULLY UNLNDADED, LAvs RFCOVEQV GlVEN N)n IN COLUMN BTIME UNOER aTans*
Qe -28 ~103 -18
« 00 35 -ozo -275 -103 -175
20104 -625 =273 =103 -170
-619 -207 ~103 -1¢a
-613 -260 -103 -157
-598 -2as -26 -1639
-535 -233 -97 -136
-574 -222 -8 -124
-566 -213 -100 -113
-558 -209 -104 -101
- =545 -193 -105 -68
~540 -188 -131 -57
-554 -202 -135 -67

€ ok
RXEEND P
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NUTE 3

AVERAGE ELASTIC PLUS CREEP STRAINS .‘HEﬁK; ** 110F 270 DA'. 30 PERCENT
3 SDECIMFNS‘ SEALED 6 16 INe CONCR&TE C¥Le
NOT CORRECTED FDR AUTUGENOUS STRAINS)

SPECIMEN GROUP H AERKS 4 (MIX G-19)
AGE OF LOADING H 270 DAY
SPECIMEN MFTER NOe CHANNEL FACTOUR MODULUS (0 TO 2400 PSI) TEST TEMPERATURE : 110 DEGe Fo
NUo 1 jat 11 62 15 6ol ULT. aYRo-SELECTED MIXx: 822 PSI AT 73.F
NQe2 305 11 63 22 6ol « :COMPANION H 7310 PSI AT 110eFe
HDe 3 248 11 61 12 662 APDL!ED TEST STRESS i 2400 PSI
PERe ULTe 3TRe APPLIED: 29.2 PERCENT (SELECTED MIX)

32.8 PERCENT (COMPANION

U AL AR AR R R R R kN e c e a=M[CROSTRAIN ( INCLUDING AUTUGENUUS)-—CDWRECYED FOR TEMPERATURE-—=
DATF ﬁ TIME * AGE, * DAYS = AVGe -
* DAYS t unn=n * rruP.
* ESS * ol 0e2 * NO
ttttttttt#ttﬁtmttttttttt‘ttttt‘*“*tttt‘ittttt‘t‘tlt“t.“‘*t“*“‘it‘tttt‘tt‘t“‘t‘tl‘tttt‘tt'*““ttcttlt.tt‘tt‘
®x12-21-73 1090 SPECIMENS CAST
* 9-17-74 1058 270.0 SPECIMEN(S) LOADING BFG!NS' QLAD[NGS AT O AND 1200 PSI (PLUS OR MINUS 30), QESPECT[VELV
] [ 0 0

1058 27040 -40007 10949 Oe
1054 27040 «0003 109.4 *# 190 -155 -172 *x 0 o o o - ~c07583
1055 27040 sPchqEN(sb FULLY LOAOED, APPL IED srness 2400 PsI

1UR5 27040 10944 -393  -395 ~392 ** [ 0 %% -,16333
1100 27040 1040 tt 416 -421 -416 *% -23

1110 27040 7e8 %% -429 -435 ~425 &% -36

115% 27001 9 *¥ -4487 -454 -447 *% -54

1355 2702 o4 ®k  -466 -475 -73

1655 27043 8 *%  -aB82  -493 -89

845 27049 1 %%  -830 -533% -127

1000 27240 3 ax -S5] 568 -158

1105 27340 3 % -572 =586 -179

1135  276e1 4 % 611 ~556 -218

1680 27743 S5 ke =821 -528 -228

1030 27340 0 **  -635  -51a -242

1330 2851 1 %% 672 -S540 -279

1830 292.2 0 % 698  ~622 -30s8

310 29749 0 *%x =717 -671 -32a

1140 3051 1 *%  ~737 -678 -344

1325 31141 S &% <750 =699 -357

1315 322.1 0 ** 771 ~714 -378

915 335.0 0 % -7B9 =733 -396

1420 3aRe2 3 %%  -806 -738 -a13

355 36440 1 *%  -370 -3a2 23

958 16440 1 *% -737 -723 -344

1021 36440 0 *x  -7a1 -731 -3a8

1630 36543 1 ** 775 =718 -3832

1260 36861 0 *% =795  -733 -402

1645 378,43 1 ®% =820 ~746 -427

930 1809 2 *%  -B26 =753 433

1530 383,2 2 #%  -g834 ~764 -aa}

835 39449 2 &% -8a9 =776 -as6

1530 42842 S &  -879 -805 -486

1238 44841 3 48 -902 ~824 -%09

1230 477.1 9 &x —g ‘Gii -532

1215 S511.1 & ¥ ~9$30 - -557

1540  542.2 4 ¥%  -966 -1005 ~573

1850 57142 s «+  -980 -1021 -837

1340 609e2 9 % -997 =-1042 - -604

1625 53663 s at -1007 ~1054 - -6la -637 %% -.42917
J14  £6A. 1 ~-1071 ~1046 - -629 -676 -657 -654 %% -,43583
915 66840 LLV UNLOADED, DAYS RECOVERY IN COLUMN #DAYS UNDER STRESS*
915 66340 1 -710 =677 -272 =315 -288  -291 **
920 66840 1 - -osn ~700 ~664 ~261 -305 ~280 **
930 66840 0 %% <650 ~695 =660 -257  -300 -276 *#
1015 66340 0 %%  -541 -687  ~651 -288  -292 ~267 *%
1320  668a1 1 * -632 -677  -6a2 -239  -282 -258 **
1040 67040 1 *%x  -610 =653  <~619 -217  -2%8 -235 &%
345 67149 7 %% -616 =658 -~625 -z23  -263 240 %
1185 67541 0 *#*+ -590 -633 -600 -197  -23 -215 #*
H80  6B8.9 8 *% =575 <617 =586 -182 =222 ~200 #*
1600 69342 4 sk -S69 -610 ~5A31 -176  -215 ~194 =%
S00  733.0 2 *x  -551 -390 -563 -158  ~195 -175 **
17115 759, 6 *+ -8§37 -588 -549 -5£48 ** 144 -163 -155 4%

A1 3US DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD
SPECIMEN N)g22 LUW RFADINGS FROW 9-23-74 T0O 4=12-75, APPLIED PRESSURE DROP ON 12-20~74
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AVEAGY P LASTIC, 9P A
s
SPECTALN G H

AGE CF LUADING
TEGT TUMPERATURE @

ULTe 5TicetSELECTZ, MIXS
ULTe ST2¢ :CUMPANIIN H
APPLTED TEST 5TRISS H
PTRe ULTs STe APPLIEND:

AR RE LU R B R E IR R R E R RN R E A AR AR memm e e == M[ CROSTRAIN == ===
T *

TIme *SUSTAIN
AGE y *UNDER  #40DULUS
DAYS *STRHSJ"&LASYIC
% DA : PEEST

#®

N
PECIMEN: SEALED 6 3Y 15

BERKS 4 (MIX G=19)
270 DAYS
110 DEGe Fo

8220e PSI1 AT T73.Fe
7310 PS[ AT 110eFe

n
&
o
o
.

v

INe

AUTUSENGJUS STRAINS *#% QERKS *% 1]10F,

CONCKETE C¥YLe)

292 PERCENT (SELECTED ix)
3248 PERCENT (CUMPANION

ED *ELASTIC,* CREEP

QF* CREEP & PLUS * AUTOG-* CREEP * aPEClFIC * -
* EEP

ITY® PLUS * AUTOG-: ENJJS

* AUTOG- * ENJUS
* FNIUS

STRAIN METER NUMBER

AUTOGENOUS:

CHEER H

270 DAY,

246
247

341

365
243

‘U

30 PERCENT

lVlDED BY
2400 PS1

*®
ﬁv“!ﬁtﬁk‘#iuxt*t*ﬂ*ﬁ!ﬂt*‘tl'lﬂt‘t“““t‘ttt“tl““’#‘l‘l#‘t‘t.‘t#‘tttt‘t.‘tlt"l

THLLCADI NG UF SPECIMENS 5
270 —.OUU

<70 ~e 00
2550EC IMENS FULLY LIADEO
270 0-12
«70 Se?77
270 5461
70 Sel?
270 Sel5
7V 4497
c71 4439
72 4,32
273 Gel17
276 4,00
277 4407
279 4,404
2ehH 3483
292 3e57
268 3ea2
305 3e34
311 3,27
GE2 3419
£25 3.1
248 3.05
3ua fe70
2eh 2429
L 3627
3ot 3ei9
368 3011
37 3.03
sl Ja01
KLE) 2437
399 2«92
al2a ce82
448 2475
a77 2458
311 2451
LY Q.48
371 2649
cJu9 2e 26
el6 2-33
N 3 2
EESPUCIMUNS FULLY JNLUAD
568
AR
LY
Heh
LoR
70
€7
o735
PY:LY
n393
231
7cq

LGINS (MINUS Tl!E IS TIME PRIOR TO FULL LOAD)
0

-
=AND = U=~ TN RIRO0COC O

[}
(L)

-5

182
’ lPPLlF) TEST STHESS 2400 PS[
-39
=416 -23
-42AR -36
-447 -54
-866 -74
-483 -91
~523 -131
=555 -162
-57¢ -183
=391 =199
-589 -196
=594 -201
-627 =235
-672 -280
-702 ~310
-718 =326
-7 34 =341
-753 - 360
-772 -380
-7R6 =393
- 358 34
=730 -327
-73a - 382
-752 -360
-771 -378
-792 -400
-798 -406
-d307 -415
=321 -429
-8%1 -459
-872 -480
-897 -505
-957 ~565
-982 ~5%0
-998 -606
-1018 =620
-1030 -637
46
€0y DAVS RCCOVEQV blVEM
634 -29
-572 -280
-668 -276
-059 -267
-550 -258
-t27 =235
=633 -240
=607 =215
=592 -200
-586 -164
=568 -175
-548 =155

~e4358
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€37

AVERAGE ELASY!C PLUS CREEP STRAlNg ;‘CERKS e IGOFEtZ

ECIMENS: SEALED
(NOT CORRECTED FOR AUTOGENOUS STRAINS

INe CONCR|

8 DAY
Y%o

30 PERCENT

SPEC' MEN GROUP
AGE OF LOADING
TEST TEMPERATURE

EERKS S (llX G-19)
DAY
160 DEG- Feo

SPECIMEN METER NOs CHANNEL FACTOR  MODULUS (0 YO 2100 PSI)
NOe 390 11 o7 15 Be3 u.f. STRe: S!LECI’EO MIX: 6590, PSI AT 73eFe
NQ.2 380 11 08 10 Se3 STRe3COMPA 8500¢ PSI AT 160eFs
NDo3 384 1t 10 8.2 APPLIED TEST sraEss 2100. PS
PERe ULTe STRe APPLIED: 31.9 PERCENT (SELECTED -lxl
38.2 PERCENT (COMPANION
*4440-——---MICROSTRAIN (INCLUDING Autoc:nnus)--conaecrsu FOR renaznAruas-—-
OATE & TIME #* AGE, * DAYS * AVG. o-----ELAsrlc PLUS CREE €EP ELASTIC
- ® DAYS & UNDER & TEMP, $coowcc--SPECIMEN-=====% AVG. 0-------—sa£cxnsn~-—---t AVG. e +CREEP )/
- . ¢ STRESS & DEGeFe * NOel * uo.z * NOy3 ¢ . ND‘I % NOe2 * NOo3 * * 2100 PS1
e LT "
* 1-17-74 500 SPECIMENS CAST
* 2-14-74 082 27.8  SPECIMEN(S) LOADING BEGINS, READINGS AT G AND 1050 PSI (PLUS OR MINUS 30), RESPECTIVELY
2~14-74 082 27.8 -.oolA 159,1 *» 9 *% o o e 0,
053 27.8 -185 -186 =187 ~185 &% 0 o % -,08857
084 27.8 LOADED, APPLIED TEST STRESS
0S4 27.8 -396 -393 , -401 -396 ] 5 -,18857
1118 27.8 ~432 ~424 ' -438 -a31 -37 % -,20524
1188 27.9 -445  -437 -aS) -444 -%0 o —,21143
1288 27.9 -4S8  -446 -462 ~455 -61 e —,21667
1500 2840 -473  -459 -AT7S  -469 -74 ** -,22333
1940 28.2 ~503 -488 -802 -49% -101 e -,23619
128 28.4 -827 -%09 -526 -820 ~128 * -,24762
230 28,9 -849 =530 -546 -S4l -145 " -,28762
118 29.8 ~870 -832 -367 -586 -166 " -,26476
2110 31.3 -608 -S71 -60%5 -394 -204 = -,28286
820 3240 -631 -392 -626 -6138 ~225 ** -,29333
618 33.1 ~644 -604 =639 -629 -238 ® -,29952
245 34.9 -664 -621 ~657 -647 -256 ** -,30810
650 3641 -674 -632 -668 -6%8 ~267 ** -,31333
530 390 -698 88 -697 -683 -296 s -,32524
120 4248 -722 -679 -72% -707 -320 % -,33667
058 as.s -736 ~685 -734 -718 -333 5 ~,34190
1000 53,0 -805 ~748 -793 -782 -392 ** -,37238
930 7.8 -83y -772 -830 -811 -429 ** -,38619
1648 631 -8s51 ~598  -854 -766 -453 - ,36476
1500 6840 -376 <-617 -878 -790 -477 = -,37619
240 73.9 <903 -621 -900 -808 -499 **® ~,38476
538 8140 ~934 -869 -928 -820 -s27 ** -,39048
138 87.9 -953 -623 -947 -84l -54¢ % -,40048
318 94,9 -993 -691 -973  -886 -574
455 103.0 ~102% -746 -1004 -928 -603
340 11 -1054 -788 -1026 -946 -625
528 11 ~1069 ~-726 ~-1037 -944 -636
440 12 -1087 =711 -1051 -949 -650
200 13 -1111 -788 -~1063 -976 -662
600 13 ~-1129 -638 -1076 -1013 -675
915  1a -1178 -883 -1104 -1084 -703
I S L L it
1630 zg ~-1340 - !i; -liii -t276 -84l
830 279.7 ~1374 -1301 ~i271 =-1318 -870
918 307.8 ~1404 -1348 -129% -1349 -894
630 334, -1425 -1367 -1314 -1368 -913
340  362.9 -1441 -1379 -1331 -1383 -93
318  397.0 ~1463 -1403 -1346 -1404 -945
200  406.9 ~1471 <-1414 <~1351 -1412 -950
235 420.9 ~1478 -1423 0 ~1450 0
215 449.9 ~1489 -1435 0 -1462 0
215 483.9 -1508 -146% 0 -1486 [
500 31%5.0 -1326 -1492 0 -18%09 0
440  544,0 -1841 -1523 0 -1532 o
600 867.0 -1549 -1842 0 -1848 0
620 609.1 -1564 -1%560 0 ~1862 o
1310 640.9 -1602 -1%90 o -18%96 o
1600 66640 -1647 -1632 0 -1632 o
900  708.7 -1637 -1648 o -16%52 [
2-24-76 945  767.8 740.0 64,5 %% -1721 -1634 0 -1677 0 *x -.79857
NOTE: MINUS DAYS UNDER LDAD INDICATES SPECIMEN LOADING TIME PR(OR TO FULL LOAD

SPECIVEN NDe2:

ERRATIC LOW READINGS

3-21-74 1O

7-17
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AVERAGE ELASTIC, CREEP AND AUTOGENOUS STRAINS #% BERKS $% 160F, 28 DAY, 30 PERCENT
(SPECIMEN: SEALED 6 BY 16 INs CONCRETE CY¥L.)

SPECIMEN GROUP 3 BEQKS 5 (MIX G-19) STRAIN METER NUMBERS
AGE OF LOADING : vSs
TEST TEMPERATURE @ 160 DEG. Fe AUTOGENOUS: 383 11 09
379 11 10
ULT. Sfﬂ-:SEL!CTED MiX: 6590e PSI AT 73.F.
ULTe STRe :COMPANION 5500¢ PSI AT 160.F. CREEP : 390 11 07
APPLIED TEST STRESS 2100, PSI 380 11 o8
PERe ULTe STRe APPL 1ED: 3149 PERCENT (SELECTED MIX}) 384 11 06
38.2 PERCENT (COMPANION )
RIS T T “'CROsYRAIN-----------‘.IICQDSTﬂAlN PER DSI‘
'IIE .SUSYAXNEO SELASTIC,® CREEP * Tor
AGE, LUS OF® CREEP & PLUS ‘ AUTOG-* CREEP ‘ SPECIFIC ‘ STRAIN
OAYS ‘STRESS.'ELASYICI'V' PLUS & AUTOG~® ENOUS EEP ‘DIVIDED BY
: OAYS : “Pst : EUYOG- : ENOUS : : ‘ 2100 PS1I
.

SESEEREEEEEERRERER SN R RS R KRS ES ..‘..“.. SEEE SRS RS &S
..LOADING OF SPECIMENS BEGINS (ilNUS YIIC !S TINE :RIDQ TO FULL LOAD)
B -.001 ]

“SPECI!ENS FULL' LD;DED. AP?LX!D TESY SYQESS 2100 =s1
]

3 396 ] 0

28 oOlOb 34 —‘JI -Jl ] =34
28 * 0424 3 -44a -7 [ -47
28 «0840 2 ~4S8S -s8 ['d -58
28 *1708 8 -469 -72 '3 -72
28 «3653 3 -496 -100 o ~100
2 «6049 4 -520 ~124 [ ] -124
29 140667 8 bt-13% ~145 6 -151
3 200 8 -556 =189 18 -177
31 34 4 -594 -198 -1 -197
32 402 1 -616 -219 -9 =210
33 Se2 . ~629 -232 -9 -223
3s Tel S -647 -250 -7 -243
36 Be2 9 -658 -261 -7 -2%4
39 112 7 -683 -286 -S -281
43 18.0 7 -707 -310 -3 -307
A6 18.0 2 -718 ~-321 4 -325
53 2%.2 9 -782 -38S8 -18 -367
58 299 2059 -811 ~414 -15 =399
63 3%5.2 2474 -766 =370 -13 -387
68 40,2 2066 -790 -~393 -18 -375
T4 4601 2460 ~-808 -411 -22 -389
1 S3e2 286 -820 -423 -20 -403
[.1.3 60e0 2450 -841 -444 -17 -427
95 6T.1 2.37 ~-886 -489 -23 ~ 466
103 7802 2027 -928 -328 -31 ~497
113 83801 2e22 ~946 ~549 -34 =515
119 91.2 2+22 944 ~847 -26 ~521
124 9.2 2621 ~949 -353 ~-28 ~-8528
131 10340 2413 -976 -579 -20 -551
134 106.2 2407 -1013 -616 -35 ~581
148 1199 199 ~1084 -6S7 -38 -619
181 153.2 1098 -1038 -662 ~-41 -621
224 196.0 1468 -1252 -8%36 -52 ~ 804
251 223.2 1.63 -1276 -87 -59 -820
280 2519 1.60 -1315 -918 -113 -80S
30 279.9 1+56 -1349 -952 -128 -824
334 306.2 1«54 -1368 -972 -137 -835
363 335.1 1.52 -1383 -987 ~138 - 849
397 369.2 1.50 -1404 -1007 -138 -869
407 379.0 1.49 ~1412 -101S -138 -877
421 393.1 1045 -1450 -1056 -138 -918
450 422.1 1e44 ~-1462 ~1067 -13 -929
484 48641 1e61 ~1486 -1092 -138 ~954
515 487.2 1.39 -1509 -1114 -138 ~976
Sas 516e2 137 -1532 ~-1137 -138 -999
567 $39.2 1«36 ~15453 -1151 -138 -1013
609 581.2 1e34 -1562 -1167 -138 -1029
641 613.1 1632 ~1596 -1201 -138 -1063
666 6382 le28 ~1639 =124 -138 -1107
706 6779 1e27 -1652 -1258 -138 -1120
768 T740.0 1.28% -1677 -1283 -138 ~1145



NOTE @

SPECIMEN METER NO.

NOo1
NYe2
NDe3

AVERAGE ELASTKC PLUS CREEP STRAINS -'Biﬂii.‘ ébo’

378
3r?
382

CHRANNEL

SPECIMENS?: SE

ALED™ & BY

92 DAY, 30 PERCENT

ETE CYL
(NOT CORRECTED FOR AUTOGENOUS SYHAINS)

FACTOR
a
12
16

MODULUS (0 TO 2100 P3I)

6.3
Sed
el

sPEClHEN GROUF
AGE OF
TEST YEM?ERA?U%E

1

ULTe STReISELECTED MIX: 7510,

ULTe STRe ICOMPANION
APPL1ED TEST STRESS
PERe ULT, S5TQ,

APPLIED

BERKS 5 (Nll G-19)
90 DA

160 DEG. Fe

PS! AT 734Fe
PS] AT 160eF

[
Q PERCENT (SELECTED MIX)
0 PERCENT (COMPANION )

iti‘t‘t‘t#ttﬁ!‘il"‘l“".tt*‘lii.“““‘i“--——--lICROSTRA(N {INCLUDING AUTOGENOUS)--CDRHECTED FOR TEMPERATURE==-=
DATE -

‘ TIME : AGE

STRI DEGe
lt“*tttt‘tlt‘iti‘i'itii“i‘i““'i*“t““"iii“t“‘

* 1~=17-74

)
3
n
x
[
~
>
- e b s s ot e D 0 e B e et e et B e 0 e 0 et

*
B
1
~
c
]
~
o
- e e e 1t e e 0 8 et B B e e
R we0dONOC WWAPLPUWWLRNNNNLICRWRORNG =N ~OINLUS =P WWh & VWP WOOND DWW

CUPCONUPOP=ANUOU PP PR WwWUi # = WWONWUTTUIN" wWCO WS WN D G LU W WL Q= (= U C
CCCOCCCOONOOCOCSOCIUOCRCOCUNOOMRENOOCHMRNOO00OTOOUINOVOOOWoCSAN

o
t
N
1
~
2
et e et o e s

* 8-19-75

Ml JUS DAYS

9
57809

DAY ‘

S5 *

s * VGe
UNDER * TEH?-

*eewaeELASTIC PLU

t--------sﬂ Ci

SPECIMENS CAST

SPECIMEN(S) LOADING BEGINS,
b

S CREEP=-we—a-%

READINGS AT 0 AND 1050 PSI
] [] Q *%

UNDER LOAD INDICATES SPECIMEN LOADING YIME
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[regongaand

(PLUS OR MINUS 30),
[

IMEN===-==t AVG. t---—----specxnen-

* AVG.
W2 3 ND, 3 2100 Ps]
CTEI T PR SO S U011 1 T 1L 350 SOPPPOR. 8. 1 1420+

~eem-=®(ELASTIC
- &CREE?)/

QESPECTIVEL'

=e 0007 16249 Q 0 Oe
«0003 162.9 #% -t81 -180 -187 -182 #= 0 0 [ u -t ~<08667
SPECTMEN(S) FULLV LOAQED, APPLIED TEST STRESS 2100 PSI
o 186249 ** 396 =390 =408 =398 ** [ [ 0 9 *x -.18982
lbz. *  Zaj0 -403  -419 _~AL1Q ** -12 -13 ~11 ~12 ** -,19%24
162.8 *#% -423 -416 -332 T-423 -25 -26 -24 -2%5 *% -,2014)
16 a4l ~434 =%
16 -a61 -433 *#%
16 -491 —~g£ -
i -840 -4 hbd
16 ~863 <548 u*
16 -870 =585 &%
16 ~607 -892 #*
15 =817 ~618 &%
15 ~650 =653 *»
15 693 =697 %=
15 ~74 56 *»
15 77 788 *»
15 ~791 -80S **
3 ~818 =833 &x
58, =838  -884 &=
-1 =881 ~877 %
58,8 ~884 <900 **
5940 ~899  -917 ##
5941 -918  -935 wx
5745 -942 -933 x
157.7 -958 988 *&
15749 ~984 -1o|z tt
157, - -100} }
15 <1099
15 -1046 -1074 --
: § I o
5 - -
5 - 3;’ Bl £ 34 -lilt ”»
E) = s_ - *
57 = ~ew
L] - -128 -1318 =%
s - ~1342 <1388 *+
16 - -1385 -1397 **
15 - ~1421 =1432 % -
15 - -1463 ~1464 % -
157.8 - ~1473 1491 & o
5748 - ~1452 <-1300 *% -~
5361 - -1553 %% -
5940 -16 o -1388 *& -
62 =161 230 &% -
DAYS nscuvs<v GIVEN Lo
62 3 -1227 -837 o
5940 6 -1219 u -||97 tt -778  -829 0 -aoa ‘t
58,6 2 <1218 0 -1193 ** ~?74 -83s 0 -799 &%
S8 3 -1201 0 -1182 ** -765  ~811 0 -788 **
s S -1192 0 <1173 #%  -757  -802 0 =779 %%
18 3 ~1171 0 ~1182 ¥+ =73 -781 0 =758 %%
15 1 -1186 0 -1138 #* -72 -766 0 -T744 *%
16 0 -~1140 0 -112%5 %  -712 =759 0 =731 wx
15 0 -1114 0 -1107 &%  ~702 -724 0 -713 *%
15 ; 1906 Q -1078 ¥* -693  -676 0 =684 %x
15 -1007 0 -1046 ** -637 -617 0 =652 **
16 0 ~98s 0 -1Q17 **  -682 -864 0 =623 %=
13 58 9 0 ~1058 %* ~660 [ 0  =~660 **
15 3 [ % -;g;g *&  -65S% 0 0 ~655 #*
3 8 ] -1048 &4 -650 Q 9 -650 **
90 7 3 0 0 -1033 **  ~635 ) 0 =635 %=
END ur TEST
PRIUR YO FULL LDAD



AVERAGE ELASTIC, CREEP AND AUTOGENUUS STRAINS *% BERKS** 160F, 90 DAY, 30 PERCENT
SPECIMEN: SEALED 6 BY 16 INe. CONCRETE EVL

SPFCIMEN GFCUP : BERKS S (MIX G-19) STRAIN METER NUMBEKS
AGE OF LO H 90 DAYS
TEST YE“PEHAYUHE H 160 DEGe Fo AUTOGENOUS: 250 11 39
375 11 40
ULTe STRe:SELECTED MIX: 7510e PSI AT 73,F,
ULTe STe iCCUPANION : 5830. FSI AT 160eFe CRZEP T 378 11 A5
APPLIED TEST STRESS : 2100, PS arr 11 4s
PERe ULTe STRe APPLIED: 280 DEECENY (SELECTED NIX) 332 11 46
36.0 PERCENT (COMPANION
AL PR L R L R R L L e L LR L L *HICRDSTQGIN--- --—--“HICRUSTQAKN PER PSIx*
*TIME *SUSTAINED *ELASTIC,* CREE * TOTAL
AGE *UNDER *MODULUS OF*% CREEP * PLUS ‘ AUTOG-' CREEP . SPECIFIC ‘ STRAIN
DAYS ‘STRESS'*ELASTlCITV* PLUS * AUTOG-% ENOUS * CREEP *DIVIDED BY
t DAYS t sy * AUTQOG=- * ENOUS * * ‘ * 2100 PSI
* ENOUS * * £ d

.ﬂ#'rtﬁ#ﬁ#lltttt“lltﬂ'lﬂt“"i‘#!$‘.titt'l.l3“".‘"I“U““#“.“ttt“"t‘#tt‘#ﬁ“t
*#5LOADING OF SPECIMENS BEGINS (MINUS TIME IS TIME PRIOR TO FULL LOAD)
90  -.0007 o2 9 0

90 ~e0V03
**¥SPECIMENS FULLY LOAOED, APPL!ED TEST SYRESS 2[00 PS]
o Se28 98

9 Q
90 Se12 -410 -12 3
S0 8496 -423 ~25 0
90 4,84 -4 34 =35 [
50 4064 -453 -54 0
90 4437 -481 -82 [}
90 4e22 ~-498 ~100 Q
a1 285 =545 ~147 13
91 3e78 =555 =156 13
9z 355 -592 -193 23
23 3.40 -618 -220 35
°5 3622 -653 -255 43
9R 3401 -697 -298 49
103 273 -756 -357 45
106 2466 ~-788 ~-389 43
109 261 -80S ~406 39
113 2652 ~833 -435 37
116 2446 -854 -455 35
10 2439 -877 -478 35
124 2433 -900 -502 34
127 2429 -917 -518 33
131 2625 -935 ~-537 29
13a 2e18 -963 ~-564 27
138 2013 =386 -587 23
144 2.08 -1012 -5613 20
148 24048 -1028 -629 19
185 199 -105% -656 14
120 1496 -1074 -67S 15
174 1e88 -1120 -721 14
138 1.80 -1184 -765 14
201 1.75 -}go; -803 10
210 1.72 -122 -823 &
246 let2 -1294 -896 -2
z58 L+60 -1315 -917 -5
259 1455 -1358 -959 -5
308 1050 -1397 -998 -8
334 1a47 -1432 -1033 -12
3¢ 1e43 -1464 -1066 -15
357 leal -1491 -1092 6
421 le40 -1300 ~1101 6
450 135 -1553 -1159 6
434 1432 -1588 -1194 6
.0 1e32 -1589 -119% 6 201 5719 - 6
tﬂsOECIWtNS FULLV UNLOADED, DAY3 RECUVERY GIVEN NOW IN COLUMN *TIMT UNDER STRESS¥
a8 (' -1205 =811 6 -817
488 +0035 -1197 -803 3 -809
488 « 0076 -1193 -799 6 -805
488 0424 -1182 ~788 6 -794
a8 1257 -1173 -779 -1 -785
489 10007 -1152 -758 6 -764
491 3.0 -1138 ~-7484 6 =750
40y 669 ~112% -731 ] ~-737
502 13,8 -i1107 ~-7113 6 =719
515 2701 -1078 -584 6 -690
&30 4241 -1046 -652 & ~-658
544 5640 -1017 -623 6 ~629
567 73e1 -1058 -660 6 -€66
572 8343 ~-1953 ~655 3 ~-€61
574 Ho-o -1048 -650 6 ~&56
Qe 9 -1032 =635 6 ~641

79
*'LNU OF TFST
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€41

NUTL S

AVERAGE ELASTIC PLUS CREEP STRAINS "BERKS“ ‘ g AY ‘S PERCENT
(3 SPECIMENS: SEALED 6 BY 16 DNC (34 Yi.
(NOT CORRECTED FOR AUTOG!NOUS STRAINS)
!FECIH@N OﬁOUP H BERKS 6 (MIX 6-19)
AGE OF LO H 90 DAYS
SPECIMEN METER NOe CHANNEL FACTOR MOPULUS (0 TO 3220 PsI) TEST YEMFERATURE H 160 DEGa Fo
NUe ) 376 11 36 27 S5e2 U Te STReISELECTED Mlxx 7510s PSI AT  T3.F,
NOe2 370 11 37 23 Se2 ULTe STRe ;COMPANION 3 5980« PSI AT [60.Fe
N0« 3 EL1 11 38 19 5.2 APPLIED TEST STRESS : 3220. P

PERe ULTs STRe APPLIED: 42¢9 PERCENT (SELECTED le:

5348 PERCENT (COMPANION

ARG RARRREE R R AR R R R AR AR AR AR AR RN R AR AR AR AR — e e e M CROSTRAIN (INCLUDING AUTDGENWS)-—CBRRECYED FOR TEHPER‘TUFE--‘
DATE t TIME * AGEy * DAYS * AVGe *-=w=-ELASTIC PLUS CREEP---
* DAYS ‘ UNDER * TEMP. t---—--‘—SPECI EN—-—---‘ AVGe ‘--'°--‘~SPECIMEN—--'--‘ AVGe
*

RESS #* NOo NO, .l o3 * 3220 PS1
tttt‘ﬁkﬁaﬁiri0ttattttttiitﬁtiiti‘t‘tti‘t‘ttttiittt“tiiiii‘i“ttti‘tt‘titi‘itt“*‘t‘iitt‘tt“‘ii‘#tt‘#tt‘ttttttttt
1500 SPECIMENS CAST
1293 90.9 SPECIMEN(S) LOADING BEGINS, READINGS AT 0 AND 1610 PSI (PLUS OR MINUS 30), RESPECYIVELV
1203 9069  =50014  162,1 *x L0 ** 0 ] 0 *+ 0,
1204 90e9 =s0007 162e1 *%  -261 =258 =265 -261 &* 0 o o o ** -,08106
1208 90.9  SPECIMEN(S) FULLY LOADED. APPLIED TEST STRESS 3220 PSI
1205 e 16241 *% -616 -625  -620 ** [ o [ 0 %% -,1925%
1210 9009 16149 *% -era -660 =667
1215 9049 1608 *%  -691 -873  -682
1220 90e9 162,0 #*  -700 -685 -692
1235 9049 161.9 *»  -723 =706 -712
1305 9069 1615 *& =751 -729 -735
1345 9049 162.2 *» -776 -1%2 -73%8
1as0 9140 162.,3 *#* =799  -774 =779
1600 9140 16240 **  -Bl18 =791 -796
1800 91el 1620& *x -84l -81; -817
2220 9fe3 16149 #% =377 -84 -880
1110 91.8 16240 *5  -930 =907  -908
1135 9249 16242 ** =950 =97 -972
1500 9440 162.3 **+  -963 -1018 =-1018
1133 949 16247 #x -973 -i10% ~1048
1720 961 162.7 #%  -996 -1088 -1076
1315 9749 162.0 ** <1050 ~1136 -11283
1130 99.9 16001 **+ -1120 =-1172 -1163
1315 101.9 180.1 *%+ -1173 <1208 -1194
1530 10540 16047 *% -1226 <~1249 =-1237
1455 11040 15845 ®** -1317 -1311 -1300
1335 112.9 1397 *% =1362 ~1340 =-1331
1355 11640 159.8 #* 1338 =-1383 -1381
1340 11949 15748 &% =~1427 -1404 =-1401
1420  123.0 159.9 % -1449 -1425 -1422
1130 12649 160e1 %% -1483 -~1457 -1455
1440 151490 1601 *% 1504 <1488 "-148%5
1200 137.9 1604 *%  -1575 ~1537 -153a
1830 1&;.1 15803 :: -1842 -1898 -1539¢
1152 14749 9o} . - - ~10]14
378 18i:3 {33:4 -~ -*‘Ezi = :,li B %Lg
1820 ® . = ~171
1§35 18423 138:% 7
1620 18841 161.4 *%  ~1942 = I 1 -|39¢
16 30 20241 159.9 ** =201 -194 -1377
1120 230.8 15747 ** -2143 -20%58 -2100
1630 25d.1 157.8 #% -2219 -2139 -2190
830 28647 15842 %* -2299 -2209 ~2278
915 314.8 15348 *& 2349 -2287 -3)S4
1630 3alel 157.6 *#» -2433 -2351 ~2401
1330 369.9 15940 *% <2494 -2435 -~2440 <=-2458 ** 1875 ~1819 -~1815 -1836 ** -,76273
1515 40440 15847 *% -2601 -2846 0 =~2573 %% -1982 -1930 0 ~1956 ** ~,79907
1235 427.9 160.8 *+ <2660 -2629 0 -2644 %% -2081 -2013 0 ~2027 ** -.82112
1015 45649 160e1 % =2703 =2728 0 ~2715 #*% -2084 =2112 0 -2098 *¥ -,84317
1215 49049 165.5 tt -2753 —zsae 0 -2820 ** -2134 -2272 0 -~2203 %% -,87578
1120 494, 16 % ; . 0 -2838 #* -2145 <2293 0 -2219 %+ -,8807%
1121 494,48 ADPL!ED T[sT svaess HANGED 0 2100 PsI
1121 494.8 40840 16%.0 ** <2595 -2727 0 -2661 %+ -1976 ~2111 0 -2043 %%
1126 49449 40440 1657 %% -asao -2718 0 ~2052 *x* -1967 -2102 0 -203a **
16422 49540 40441 16542 ** -2379 -2710 Q0 -2644 %% -1960 =-2094 0 -2027 **
A45 50867 A17.9 110.5 *% 25K 0 0 -25%4 %% 1938 0 0 =-1935 *%
Y19 52848 4379 17248 %% ~257 0 0 ~2573 %% -1986 0 0 -1956 *#
921 28,8 ¢vzcxne~13) FULLV UNLDAOEU, DAYS RECOVERY GIVEN NOW [N COLUMN *DAYS UNDER STRESS*
21 52448 .8 *%x <218 o 8 -2187 ** -5 [ 0 ~1568 %%
1110 52848 «0757 172.2 = 153 ] ~2183 *s 1834 [ 0 -1534 ¥4
1700  $30.1 193188 17640 *& -2120 o 0 =~2120 ** -1501 0 0 1501 #*
7 -1-75 1620 53741 B8e3  178.4 *%x  -2088 0 0 ~2088 s« -1469 ° 0 -1469 *x
« 7 -9-75 930 544.8 END OF TEST

414US DAYS UNDFR LUAD INDICATES SPECIMEN LOADING TIME PRIOR TO
SPECIMEN NNel AND NOe2: CALIHRATED KANGFE EXCEEDED ON 3-14=~-78 AND 5-2-75, RESPECTIVELY
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AVE R AGH tLASTIC, CREFP AND AUTUSENJIUS STAINS *% AERKS** 16UF, 90 DAY, 45 PERCENT
(SPECIMEN: SEALED & HY 16 INs CONCRETE CYLe)

SPOUCTHMEN GROWP H BERKS 6 (vIXx G=11) STRAIN METER NUMAERS

AGL JF LOUADING H 90 . DAYS

TCST TOMPERATURE @ leO DEGe Fa AUTUGENOUS: 350 11 39
375 11 a0

ULTe ST24:i0ELFCTED MI 7510. PSI AT 73eFe

ULTe STa3CCHMPANIUN 59430 PS1 AT 160eF CREEP : 376 11 36

APPLIED TEST STRESS 3220 Ps 370 11 37

PEF e ULTe STie APPLIFD: 4249 PERCENT (SELECTED MIX) 3s5 11 38

£3.8 PERCENT (COMPANINON )

XL ARREER R R KRR AR RN e e 4------"[CROSTRAIN-—-----——--ttHlCﬂosanlN PER PS1*
*T1 *SUSTAINED #ELASTIC,* CREEP * * OTAL

R *®*MODULUS OF* CREEP * PLUS * AUTOG-* CREEP ‘ SPEC[FI( ‘ STRAIN

SS.‘ELASTICITV‘ PLUS * AUTOG-#%* ENOUS * REEP *DIVIDED By

t nays ﬂ * AUTOG- 0 ENDJUS ‘ t t : 3220 Ps1

= s
Rtrr!1!#trit‘ttttt‘tt*ttt‘.t‘lit‘t“ttttt“ttt#tt“ﬁ#“t‘lttttt“lttttltt‘“‘t‘t‘t
®&LOADING OF SPECIMENS BEGINS (MINUS TIME 1S TIME PRIOR YD FULL LOAaD)
9l —.001« [}

-e00 [
°*59EC11EN5 FULLY LOADFO, ApPLIED TEST STRESS 3220 PSI
1 Qe Sel9 [}

9 - /] o
S1 4033 -666 -46 0 -a6
91 4s72 -682 -62 ] -€2
91 4465 -692 -72 ] =72
i1 ae52 -713 -93 0 -53
91 4636 -738 -118 [} -118
a1 3 -762 -142 Q -142
91 -784 ~164 0 -164
91 -801 -181 [/} ~181
91 -823 -203 [} -2023
91 -858 -238 o -238
92 =915 -295 15 -310
w3 ~964 - 344 22 -366
94 -999 -379 29 -408
585 -1024 -404 30 -43a
s6 -1053 -433 36 -469
93 -1103 -483 36 -S19
100 -1151 -531 32 -663
102 -1191 -571 33 -604
10% -1237 -617 31 -648
110 -1309 ~689 25 -714
113 -1344 -724 24 -748
116 -1371 -751 22 -773
120 -1410 =790 22 -812
123 -1432 -812 21 -833
127 ~1465 - 345 20 -865
131 ~1492 ~-872 16 -888
138 -1548 -928 10 ~-938
145 -1611 =391 7 ~-<98
148 -1631 -1011 6 -1017
185 ~1679 -1059 1 -1060
162 -1732 -31112 1 -1113
107 -1766 -1146 4] -114¢
188 -1%902 -1282 1 -1283
202 ~1380 -1360 -3 -1357
31 -2100 ~1480 -12 ~1468
253 -2182 -1562 -18 ~1544
£87 -2262 -1642 =19 -1623
a5 -2336 -1716 =24 -1692
341 -2395 -1775 -30 -1745
270 -2456 -1836 -33 -1803
404 ©-2573 -1956 -10 -1946
423 -264a -2027 -10 -2017
47 -2715 -2098 -10 -2088
4l -2820 -2203 -10 -2193
496 4040 l1a14 -2836 ~-2219 =10 ~-2209
2RAPPLIED TEST STRESS CHANGEL TO 2100 PSI
495 * 40440 -2661 -2043 -10 -2033
“95 404.0 -2652 -2034 -10 ~2024
a0y 40441 -2644 -2027 -10 -2017
509 41749 ~2354 -1935 -10 -1925
s2s 43769 -257S - -10 -19a6
ASPFCIMENS FULLY UNLJADED, DAYS RECOVERV GlVEN NUW IN COLUMN *T[Mc UNDER STRESS*

329 Qe -2187 =15 -10 -1558
529 20757 -2153 -1536 ~-10 -1524
530 le3188 -2120 -1501 -10 -1491
-2088 ~-1469 -10 -1459

537 Je
SXEND CF TEST
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c43

AVERAGE ELASTIC PLUS CREEP STRAINS **BERKS*® 160F, 90 oAv' 60 PERCENT
3 sn#cnuENs. SEALED & BY L6 IN. CONCAETE CVL.
NOT CORRECTED FOR AUTOGENDUS STRAINS)

SPEC IMFN Gnoup : BERKS 6 (MIX G6=19)
AGE OF LOA : 90 DAYS
SPECIMFN METER NUe CHANNEL FATTOR  MODULUS (0 TO 4200 PS1) ~ TEST tEupEniYunE : 160 DEGe Fo
NO.1 ar3 11 a1 20 S.1 ULTe :YR- SELECTED MIX: 7510. PSI AT 73.F,
NDe2 361 11 2 17 4.8 uLy OMPANION  : 5980« PSI AT 160+F.
N33 3¢z 11 43 19 4.7 AvaIED TesT STRESS $ 0. PSI
PERe ULTe STRe APPLIED: PERCENT (SELECTED M1X)

PERCENT (COMPANION 1]

~-MICRAOSTRAIN (INCLUDING AUYDGENUUS)—-CIRRECTED FOR TEMPERATURE-—-
~===ELASTIC PLUS CREEP EEP: ~~*(ELASTIC
---‘ AVGe ‘——--**—-SPECXMEN--- --t AVGe * #CREEP)/

FARRRRXAECA IR G R ERRER Rk kR kbp kb kkkdkkb bk
DATE % TIME * AGE, * DAYS * AVGe
‘ ‘ DAYS ‘ UN?VR * TENP- ‘----——-‘SPECIHEN—

STRESS * DEG NDo1 2 o3 * 4200 PSI
tittttF‘tatﬂttt‘ttli‘tt“‘tt'l‘ti‘tt‘il‘t‘ltt.tltttﬁt‘l'.“'l‘lti'ﬁ.tt““t“#““‘t"'i‘#“it‘#ttt‘.tttt‘.‘t‘.‘t‘
1500 SPECIMENS CAST
34z SPECIMEN(S) LOADING BEGINS. READINGS AT 0, 1610, AND 3220 PSI (PLUS GR MINUS 30), RESPECTIVELY
442 -e0021 16246 %% ) [} Q *% 9 0 [ 0 *% 0
B4z .uoxt |az.5 - -zso =273 -265  -264 *# 0 0 0 0 ** -,06286
éna «6 %%  -558 -605  ~-604 -S89 *x 0 o 0 %% -,14024
345 SPECIMEN(S) FULLY LOADED, APPLIED TEST STRESS 4200
845 0 62.6 **  -822 -872 =889 _-86] ** [ 0 0 %% -,20500
A50 162.4 **% "-1026 -1009 =930 1008 *# 7 -101
852 16242 ** =-1057 =-1029 =1006 ~1030 =% 7 -117
355 161e9 %% -1096 ~-1055 <~1027 =-1059 ** 3 -138
900 16240 ** -1140 =-1087 -10%6 <~1094 ** -215  ~167
905 162,2 %% ~1165% -1105 -~1073 1114 *= -233 -184
915 162¢1 *% -1203 =-1136 =1103 -1147 ** -264 ~21s
925 16240 ** <-1230 -1159 -~1124 -1171 ** -287  ~235
945 16004 %% ~1282 =-1204 <1168 ~-1218 ** 2 -279
1045 16147 ¥& <135 -{26% -1232 -1284 %% =394 ~343
1145 161.0 ** —-1380 -1292 =1258 =-1310 ** -420  -369
1c4s 161e4 ** ~1419 -~1324 <«1291 ~1344 %% ~-452 -402
1405 1619 *% -1465 -1358 =-1326 =1379 %% -486 -437
1450 16200 ** -{470 -1373 -1341 -1394 *x -501 ~452
1800 16241 %% ~-1517 ~1421 ~1390 -1842 ** -549  -s01
220 161.6 %% «1567 ~1471 =~1440 =1492 *» -599  -551
845 16145 ** -1636 -1541 =-1510 -{ssz b -669  -621
1135 162.7 #% “=[754 -{860 -~1530 -1578 *# -788  -741
1500 16248 **x -1798 <-1721 =-1692 =~1737 #* -849 -803
1135 16248 ** <1861 <-1788 -1758 ~1802 ** -916 -869
1720 152.6 %%  =1924 <-1856 ~1827 -1869 ** -938
1215 16247 #*% -1987 ~1931 -1902 -1940 *x* -1059 -1013
1130 160+4 %% =2051 ~-1986 =-1938 -1998 ** -1114 <-1069
1315 10 16007 ** -2104 =-2043 -2015 -2084 ** -1126
1530 10 16049 ** -2168 <-21l14 -208%5 =-2122 *x* -1242 =-1196
1855 11 15845 &4 <2280 =-2226 -2193 -2233 *» -1354 ~-1304
1335 11249 159,2 *& -2321 -2276 -2241 -2278 *x% -1402 ~1352
1355 11640 158.7 *% ~2347 -2305 ~2270 =2307 ** -1433 -1381
1340 11949 1578 ** ~2400 -33 -ggso -2364 w* 492 -1a41
1420 l!z.b 1: 3 :: - :7 -239% ~139%7 :: 827 —lA;?
1130 26, 1 - =. = -g04 ) -1827
1440 131.3 199, 8 ¥+ -g818 - -2469 " lzsf -1588
1310 133.9 160.0 ®* -2841 -2329 - sao -2388 * -16%7 -1625
1200 137.9 16042 &% -2593 -3885 <3583 -35B7 %* -1714 -16%
1600 14140 15846 ** =-2650 =-2642 -2643 =-2646 ** -1770 -1759
1630 1abel 157¢4 ** -2704 -2684 -2713 -2700 *% ~1812 ~-182a
1152 14749 1596 %% -2728 =-2719 =2753 =2733 *x -1847 -1864
843 151.7 1592 ** -2774 -2760 -2511 -2781 #** -1888 -1922
915 15448 15941 %% ~2808 =-2797 =-2856 -2B20 ** -1925 -1967
1220 16149 159.8 *% -2885 -2874 ~-2936 =2905 ** -2002 -2067
1150 16649 160e3 ** -2933 -2927 ~3027 -2962 ** -2055 -2138
1620 18841 16149 ** -3118 -3123 <~3300 -3180 * -2251 -2a11
1630 2021 159.8 #% -3258 -3223 -3439 -3306 *x -2351 -2550
1120 23048 15845 *% -3402 =-3366 <=3618 <~3462 *x -2494 -2729
1345 15903 ** =3455 =3414 <3675 =~3514 %% -2542 -278€
1630 159.1 ** -3505 <-3440 0 -3482 *& -2588 o
1830 1595 “% -38856 -3504 0 -3530 *x ~2632 o
€30 15849 “* ~3593 -3531 0 -3552 *x -2659 [
915 158,84 ** -3657 -3602 0 =3629 #x -2730 0
1640 160.1 ** -3704 -3688 0 -3686 x% -2796 [
1350 161e9 *% -3755 -3765 0 =3760 ** -2893 [
1430 152¢1 #* =3783 ~3829 0 -3806 ** -2957 o
1530 16048 %% 3802 [ 0 -3802 *x [ 0
1200 157.8 =% -3823 [ 0 =~3823 x [ o
12185 16841 *% =3839 0 0 -3839 #* 0 0
12350 160e1 ** =3869 [ 0 =-3869 ¥x 0 0
1215 160e9 ** =391} o 0 -3911 ** [ 0
1540 159.1 *% -3366 [ 0 -3966 ** 0 0
1450 160.9 *% -4032 0 0 =4032 *x 0 [
1540 16304 %% -4150 0 0 =-4150 ** 0 [
1625 16545 %% -4259 [ 0 -4259 &x 0 o -
10 -3-75 935 €308 165,66 #% =43aa [ 0 -434s Gk ] 0 =3522 *%-1.03429
NUTE: MINUS DAYS UNDER LOAU INDICATES SPECIMEN LOADING TIME PRIOR TO FULL L

OAOD
SPECIMFN NOe1,NOe2y AND NOs3: CALIPRRATED RANGE EXCEEDED ON B8-29-74, 6-26~74 AND 7-17-74, RESPECTIVELY

-200-



AVERAGH

ELASTIC

SPLCIMEN GFCU”

ALl OF LU
TEST T&WPFRATURE

SELELTED vIx
MPANTON

ADULIFD TEST STRESS

APPLIED

ULTe afﬁ
uL T

PELRe ULT

AERERE SRR RAEERRE KRS AR R AR R Rk
*

AGE,
DAYS

ADIN

o STHe

TIME
®UNDER

, CREEP AND AUTOGENOUS STRAINS *& BERKS®* 160F

(s

PECIMEN

BERKS & (MIX G=-19)
90 DAYS
160 DEGe Fo

7510e PSI AT T73.F
5980 “5[ AT 1606
4200.

D

5549 PFHCENT (SELECTED ‘IKI
7

0e2 PLRCENT (COMPANION

*SUSTAINED ®ELASTIC,* CREE

*MODULUS OF% CREEP ¥ PLUS ‘ AUTIG-
*STkESS"ELASYlCIYV‘ PLUS * AJUTOG-% ENJUS *
AUT0OG- * ENOUS # -

-

SEALED 6 BY 16 INe CONCRETE

90 DAY,
Yie)

STRAIN METER NUMBER

AUTOGENOUS:

CREEP

60 PERCENT
S

350 11 39

375 11 &0

373 11 a1

3¢1 11 42

352 11 a3

--NICRDSTRAIN--- -------:‘NICROSTFA]N P&R PS!‘

CREEP ‘ SPECIFIC * SYRAIN
CR

EEP

tDlVlDED BV

* t
t“tttttttttttcttttttttttcttc#t‘tttttt‘t-ttaa‘ttattt.t.tttttttt.-.at-tttttot--ott‘
*5LUADING OF SPECIMENS BEGINS (MINUS TIME lS TIME PRIOCR TO FULL LOAD)

31

-9 0007 -589
“SPECI*ENS FuLLY LDADSz, APPLI1ED TEST STﬁESS 4200 PsI
LX) -86

0 1t e et i e B e e 1t
RN ANDS PP WWANNN == ~C O
CNNOINDE=IT L= VIOPWOUN

202

~0021
=-e 0014

« 0035

4,17
4408
3497
3.84
3.77

]
-264 0

-1008 —1a?
-1030 -169
-1059 ~-198
-1094 -233
~1114 -253
-11847 ~286
-1171 -310
-1218 -135

~1284 -423
-1310 -449
~1344 -483
~1379 -518
~1394 -533
-1442 -581
-1492 -631
-1562 -701
-1678 -817
-1737 -876
-1802 -941
-1869 -1008
~-1940 -1079
-1998 -1137
-2054 -1193
~2122 -1261
-2233 -1372
-2278 -1417
-2307 ~1446
2364 -1503
-2397 -1536
-24843 -1982
-2499  =1638
-2528 =1667
-2587 ~1726
-264¢€ -1785
-2700 -1839
-2733 -1872
=-2781 -1920
-2820 -1959
-2905 ~2044
-2662 -2101
-3180 -2319
-3306 -2a45
~3a62 -2601
-3514 ~2653
=-3482 -263%
-3530 -2683
-3562 -2715
-36:9 -2782
-3686 -2339
-3760 -2913
-3806 ~2959
-3802 -2980
-3823 -3001
-3839 -3017
-3869 ~3047
-3911 ~-3089
~3966 -3144
-a032 -3210
-4150 -3328
-4259 -3437
-a34a -3s22
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45

NOTE ¢

AVE

SPECIMEN METER

NOae1 318
NOe2 36
NJe3 38

.t‘i*“t**t‘tttiiii‘*t““i“‘ﬁtitt‘ttt‘tt#t«-
* AGE * YSs * AVGe -

TE ‘ TiME

RAGH LLASTIC PLUS CREEP STRAINS *2BERKS %% ] 60F
SPLCIMENS: SEALED 6 AY 16 INe CONCRéT
(NOT CORRECTED FUOR AUTOGENOUS STRAIMS)

NOe CHANEL FACTOR MODULUS (0 TO 2400 951)
6 11 63 9 Se2
3 11 69 22 Sed
1 11 €7 ia Se%

DAVS ‘ UNDER * TEMP, ‘-—-—--——SPECINEN

HESS * DEGeFs

270 DAY,
E CYLe)

ULT-

APFLX
PER,

30 PERCENT
SPECIMEN GRDUP H BERKS 5 (MIX G-19)
AGE OF LOADIN H 270 DaAYS
TEST TEMPEQATUQE : 160 LEGe Fo
SYﬂ ELECYED Ml PSI AT 73.Fe

MPANEUN
FD TEST STRESS 4

ULTe 5TRe APPLIED: 29e¢2 DEQCENY (SELEC TED HIX'
39e2 PERCENT (COMPANION

PSI AT 160eFe

ﬂ

~MICROSTRAIN ({ INCLUDKENG AUTUGENOUS)'-CORRECTED FOR YENPERATURE——w

..... ===~ eCREEP~~- *(ELASTIC

‘ sPECXHEN- # +CREEP}/

PSI

ST NOe 1 ol 3 2400
ttttttﬁts#tt«ruxti:fmtltntett#t‘insttttttittttttttntiﬁiiiiitttiittﬁtiitiitttitttkt#ttttt«ttt~tt:ttt‘tttttttttttttt

e?

-

CUWESINRNNELDUDT N PP ELOWCPULUT =L~ OO~
NE NP e W BN P CO PR W= NN NWECOWW™C
NCCONCNOONCNEC MCOUOUCKEVECCOOO0D

e b e

bt e e e e ot e et

w
N
c

2~24-75 900
2=24-70 965

M1 NUS DAYS UNDER

SPECIMENS CAST

269.6 SPECIMEN(S) LOADING AEZGINS, READINGS A
158,38 % 0 0
«0003 158.8 *x* -21 -206 -193
SPECIMEN(S) FULLY LQADED. APPLIED TEST
Oe lSS.B hebd =443
«0021 138,7 #» ~459 -463
“L035 158.7 %% -470 -474
0111 15846 ** -483 -489
20160 158.,5 *x -S08 ~-489 -495
«0417 15845 #% -324 ~506 -513
01097 15847 #%
«l1701 158.8 #%
«3181 15848 *%
*9500 1587 %%
1.2556 158.4 *#
263 157.9 *=*
6ol 15841 *x
Te2 1581 %%
8.1 15800 *=
1040 15843 *x
14,2 15849 **
17.2 15943 **
210 15942 %%
2542 15963 #x
3140 1598 **
38.0 15848 *x
4242 158.3 %%
Sle2 15802 *%
S4e2 1533 %%
67e1 15844 **
7lel 1534 =%
81,3 16062 *%
B8e3 15947 *x»
98.0 16004 %%
10942 16043 4%
*27.3 15994 %
$1.1 159.5 #»
180.1 159.4 *%
214,.1 16002 *#
28543 16004 #%
274,2 15944 2x
312.2 160e8 **
339.1 1536 **
371e2 1594 *x%
38840 15948 *x

39643 1579 %%
43640 1597 *x%
T€7e8 498,90 162e3 %%

T 0 AND
o

-2U0S t
STRESS

-451
-467

-477°

-491
-497
-514
-535

-1594

LOAD INDICATES SOECIMEN LOADING TIME PRIOR TG _FULL LOAD
SPECIMEN NOel: STRAINS 7 PERCENT LOWER THAN AVERAGE FROM 1-3-75 ON

-202-

IZOU PST (PLUS QO MINUS 30), RESPECTIVELY
4] 0 0 * Oe
o o 0 **% -,08%42

%



€0 AND AUTUGENJUS STRAINS ** BERKS %% 160F, 270 DAY, 30 PERCENT

AVEF AGY cLASTIC, CRLE
(SPECIMEN: SEALED 5 BY 16 INe CONCRETE CYL.)

SPECIMLN GRCUP BERKS 5 (MIX G=19) STRIAIN METER NJUMBEELS

Ast CH LUADING 270 DAYS

TEST TEAPFRATURE 160 DEGe Fo AUTOGENOUS: 423 11 o0
385 11 70

RTe :YLo ELECTED M1X: B220. PSI AT 73.F,

ULTe 5TR OMPANTON : 6130. NSl AT 160eFe CREEP H 386 11 68

APPL IFED Y[bf bYD‘)§ t 2400. RSl 363 11 69

PLRe ULTe STH AQPLIEDY: 29e2 PERCTNT (SELECTED MIX) 331 11 67

3942 PERCENT (COMPANIIN )

tttﬂuﬁtvt;tttttt-itt‘tttt‘tt--‘o~--—--MICROSYRAIN---------‘-“NICQUSTHAIN PER PST#*
=71 e

MU *SUSTAINED *ELASTIC,* CREEP * TOTAL
AGE 'UNULR *MOIULUS OF* CREEP *  PLUS * AUTOG-* CREE® *= SPECIFIC ‘ STRAIN
DAYS qTR”)aq‘ELA”VlClYVU PLUS * AUTOG-%* CENIUS ‘ * CRLEP *DIVIVED BY
Ys % MPST * AUTOG- * ENIUS t t u 2400 PSIT
& * ENNUS * t

svrintﬁttti!u#ttvtttt-ttttlttllt.&“““tt“t“t““tt‘tctlt‘ttttttt#t't#tttt“‘tt
LRLUADING UF SPECIMENS AEGINS IWINUS TIME 1> TIMC PRIGR TO FULL LOAD)
o 0

_7u -.ouo7 0
—-e 000 ~-20 5 [}
ﬂ“VPCIMLNS FJLLV LOADED, APPLILD TEST srnsss 2400 °SI
279 Se =451 0 [} O
270 Seld -467 -16 [ -16 ~e 0067
270 Se03 -a77 -26 0 -26 ~.0108
270 4439 -491 -40 0 -a0 ~e0167
270 6483 -a97 ~46 0 -46 ~e0192
270 4467 -S14a -63 0 -63 -e0262
270 4449 -535 -84 1 -85 -e0135
270 4439 ~547 -96 1 -97 -e0404
270 4e24 =566 -115 2 -117 ~eu487
271 3.93 -611 -160 4 -167 ~e 05096
271 Je83 -e27 -170 7 -183 ~e0762
272 J.62 -663 -212 10 -222 ~e0925
270 .28 -731 -280 17 -297 ~e1237
c?? 3020 -751 -300 17 -317 ~el321
278 3018 -755 ~304 17 -321 ~e17237
o800 3.048 -789 =338 16 =354 ~e1475
2na 2090 -8e? -376 16 -392 -e15633
207 2461 =355 -404 15 -a19 -el74¢
291 Z2e74 . =886 -435 13 -648 -e1867
95 2263 -912 -a61 9 ~-470 ~e1158
301 2¢5% -~ 341 -490 5 -495 ~e2062
209 2¢453 -978 -527 -2 -525 ~e2198
J1z 2440 -1000 -549 -a ~5485 -e2271
121 e 30 -1043 =592 -10 -582 ~e242%
J24 2029 -1050 -599 -11 ~588 -e2450
337 219 -1096 ~64a5 -17 -62H -e2517
kL) dels -11z4 =673 -19 ~654 ~e272%
351 2407 -1158 -707 ° -22 -€85 ~e2854
3E8 203 -1183 -732 -22 -710 -e2958
3€R 1.97 -1218 -767 -22 -745 ~e3104
279 1e93 -1240 -79 -22 ~773 -e3221
197 1.A% -1299 -aé -22 -826 -e3442
az21 1.78 -13%0 -499 -2 -877 —-e3654
459 Te71 ~1404 -953 -22 -931 -¢3879
434 1e63 -1471 -1020 -22 ~998 ~ed154
515 159 -1513 -1062 -2 -1040 ~e4333
Laa 1455 -1544 -1093 -22 -1071 ~e4462
59 155 -1347 -1092 =22 107y -e4d58
609 1e€3 -1a71 -1007 -22 -985 -edlub
cay 1e00 -1496 -1032 -22 -1010 ~e4208
L) 1459 -1508 ~1044 -22 -10 ~e4258
LE€ 1a56€ -1538 -1074 -22 -1052 ~e4333
70 1.55 -1548 -1084 -22 ~1062 ~.4425
7e 151 -1594 -1130 -22 -1108 ~e0517



C47

AVERAGE ELASY!C PLUS CREEP STRAINS $4#YORK *% 73F 28 DAY, 30 PERCENT
PECIMENS: SEALED 6 By 16 INe CONSRETE Cyl.)
(NOT CORRECTED #0OR AUTOGENDUS STRAINS)

SPEC IMEN srove YORK 3 (MIxX G-26)
AGE OF LOADIN : 28 DAY
SPECIMEN METER NO. CHANNEL FACTOR  MODULUS (0 TO 2100 PSI1) Tes 1 TENPERATRE | 2% o&ct k.
NDo1 1o7 30 18 8.8 ULT. STR.ISELECTED MIX: 6280, PSI AT 73.F,
NO.2 11 18 5.8 ULTe STReICOMPANION : 6160s PS1 AT 73.F.
NOo3 2 73 % 13 8.8 AnaLxeo TEST STRESS @ 2100, PSI

UWTe STRe APPLIED: 33e4 PERCENT (SELECTED Illl
34.1 PERCENT (COMPANION

Ll MICROSTRAIN (INCLUDING AUTOGENOUS)-~CORRECTED FOR TEMPERATURE---
DATE & TIME  AGE, ¥ OAYS ® AVGe #--==-ELASTIC PLUS CREEP-=-~ CREEP. *(ELASTIC
* & DAYS & UNDER & TEMP, #=—m=wc-cSPECIMEN—=-—at AVGs * SPEC IME * AVG. % sCREER)/
* . ® STRESS & DEGeFe * NOel * NOo2 * NOe3 & ®  NOol ® NOeo2 * NOo3 * 2100 PSI
* t“t“t‘t.t".t.t.“l“lt.
* 2-14-74 1400 0  SPECIMENS CAST
* 3-14-74 1540 28¢1  SPECIMEN(S) LaApING BEGINS, READINGS AT O AND 1050 PS1 (PLUS an nluus 300, RESPECYIVELV
3-14-74 1540 2841 -.0007 11.5 pd ] 0 & [ 0.
3-14-74 1540 2801 o5 -164 =161 ~163 &% 0 H H H b -.077€2
* 3-14-74 154} 28.1 sPEclnEN(s) FULLV LOADED, APPLIED TEST STRESS 2100 PS1
3-14-74 1841 28.1 «0000 71.6 % -363 -35§ =361 -361 ** [ 0 ) G ** -,17190
3-14-74 1542 28,1 «0007 71¢6 ¢ -360  -36 -366 ~366 &% -6 -6 ]
3-14-74 545 2801 «0028 71.6 s =377 =373  -374  -374 ¢ -14 -14 -13
3-14-74 855 2841 «0097 715 %% -388 -384 -385  -383 &= -2s -2s -24
3-14-74 628 28.1 +0306 71e3 $¢ =398 -305 -394 -393 *=* -38 -36 -33
3-14-74 936 28.2 1632 72,1 % 413  ~410 ~410 -41] &% -%0 -S1 ~49
3-14-74 220 28.3 2771 7248 #¢ <421 -Al -420 -419 & -s8 -s8 -59
3-15-74 1035 2849 « 7873 720 $%  —446 841l  ~446  ~4A4 *% -83 -82 -85
3-15-74 1700 29¢1  1.0849 7206 %% 482 <-448 =451  ~AS0 = -8 -89 -
3-16-74 1500 30.0 1.9718 T1e7 #%  ~468 ~464 -467 -466 %%  -105 -105 -106
3-17-74 1508 31.0 . Tleb % -484  -4B2 482 -482 ** 12 -123  -121
3-18-74 610 32,1 4.0 T7le4 S  -492 -489 -490 490 #* -129 -130 -129
3-21-74 140 3409 6.8 71e2 #% =514 =510 ~510 <-811 ** -151 <151 -149
3-22-74 348 3640 Te9 71,0 ¢¢  -821 -B18 -518 <-S19 ** -158 -1%9  -157
3-24-74 440 36840 100 7006 $%  -530 827 -852? -928 % -167 -168 -166
3-25-74 200 3849 10.8 7049 ®¢ 534 -8§31 -530 ~-S31 #*% 171 -172 -169
3-27-74 718 411 1341 Tlez #¢ -S43 -840 <-539 -840 #* -180 -181 -178
3-29-74 130 42,9 1806 7140 #%  -8580 -547 -S43 -S46 *% -187 -188 ~182
4 -3-74 200 47.9 19.8 71.0 *% -85 -563 -560 ~563 &% 204 -204 -199
4 -8-74 640 53,1 25.0 7i.1 *% -881 -877 -571 -576 *& -218 -218 -210
4-11-74 708 8641 2841 Tlel **  -S90 -S85 -879 -584 &&  -227 -226 -218
4-18-74 340 6340 34,9 7009 $* -604 ~-399 -59 -597 *%  -2a1 -240 -229
4-23-74 530 68,1 40,0 Tilel *¢  -612 =607 -S597 -BOS *3 -249 -248 -236
4~30-74 43s 75.0 4740 7240 %% -625 -620 -610 -618 %% -262 261 -249
5 -6-74 338 81.0 32.9 70.6 #%  -639 =634 -622 -631 ** -276 -275 ~261
5-16-74 500 9140 63,0 Tle7 #% -648 -644 -631 -641 #&  -285 -285 -270
8-28-74 140  102.9 74.8 Tle7 #%  -660 =656 ~644 -653 & -297 297 -283
6-10-74 812 11640 88.0 71.7 #¢  -675 671 -658 —668 %¢ -312 -312 -297
6-26-74 140 131.9 103.8 71e6 #% 68 -679 -667 ~677 %% -322 -320 ~306
7-17-74 1503 s:.a ii;': 14.g b 98 —’:‘ -68 -690 #%  -33%5 -333 -320
8-18-74 111 81, o Tie® #&  -714 - -89 -707 #¢  -3§ -380 -337
9-11-74 1315 2090 18009 721 ¢4 =730 ~T23 <714 ~TE2 *% -367 -364 -383
10 ~9-74 1600  237.1 20940 728 8%  -743 736 -726 ~73S ** -380 -377 | -365 -374 ** -,35000
11 =7-74 1100 268.9 237.8 2.2 *%  -763 -78 -742 -762 ** -400 -394 ' -38
12-10-74 1230 298.9 27049 71.9 *%  -767 -7% -750 -758 ** -404 -398 -38 -397 *# -,3609%
1-15-78 1330 338%.0 306.9 7249 *¢ =773 =763 -759 -765 &%  -410 -404 ~398 -404 ** -,36429
2-18-75 1430 369.0 34140 71.9 #% =782 =771 =770 -774 #%  -419 -412 -409 -413 ** -,36857
3-14-78 1100  392.9 3648 T1e9 #% =790 =778 -778 =782 #%  -427 -419 -417  <-421 ** -.37238
4-12-78 1200 421.9 393.8 72,0 %% =796 -781 ~784 ~787 #%  -433  -422 -423 ~426 ** -,37476
8-16-75 1130 455.,9 427.8 72.9 %% -808 -789 =796 -797 &+  -443 D430 TA35  -436 x -.37952
6-16-75 1032 4869 458,80 72.6 ¢ -816 -801 -806 -807 #%  -433 a2 45 436 ** -,38429
* 6-16-75 1033 486.9 SPECIMEN(S) FULLY UNLOADED, DAYS RECOVERY GIVEN NOW IN COLUIN -OAvs unuen svnssst
6-16-75 1033 48649 «0000 7246 #% <507  -485 <498 -496 * -126 -13 135
6-16-73 1038 486.9 «0038 72.7 #%  -500 <AT9 -488 ~489 *% -137 -120 -xzr liza b
6-16~75 1153 48649 «0586 72,9 #%  -49]1 <469 -479 -479 #¢  -128 ~110 -118 -118 **
6-16-78 1230 486e9 «0813 7249 #% =490 -469 =478 ~479 ®&  -127 -110 ~-117 -118 *x
6-16-75 1333  487.0 1250 72,9 $%  -488 486 -4T7 477 *¢  -128 -107 -116 ~-116 **
6-17-75 1115  487.,9 1.0292 7245 %% -AT7  -454 -463 465 &% 11 -95  -104 -104 *=
6-19-78 1550 490.1 .2 7249 #%  -463  ~441 -452 -452 &  -102 -82 ~91 -91 »*
6-24-75 1710  493,1 8¢3 72.9 %%  -453  -428 -440 -440 % -90 -69 -79 -79 =%
7 -1-73 1548 5021 1502 73,4 $%  —044 =420 -430 ~-43]1 *= -81 ~-61 -69 -70 %+
7-18-75 1400 51640 29e1 73,2 *% =432 402 -~418 -417 &= -69 -43 -57 -56 *%
8-22-7% 1315 S54.0 67e1 7249 %% ~418 -392 =404 -404 =% -ss -33 -43 ~43 *x
9-22-78 918  884.8 979 72.5 #2412 =381 -399 ~-397 &% -a9 -22 -38 =-36 *x
9-23-78 948 583,68 9900 T0eb *% -387 -370 -378 *» -24 -11 o -17 *%
* 9-23-78 1000 883,86 ENDO OF TEST
NOTE: MINUS DAYS UNDER LDAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD
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AVERAGE ELASTIC, CREEP AND AUTOGENOUS STRAINS #% YORK ®% 73F, 28 DAY, 30 PERCENT
(SPECIMENT SEALED 6 BY 16 INe CONCRETE CYlLe)

SPECIMEN GROUP H YORK 3 (Ill G=26) STRAIN METER NUMBERS

AGE OF LOADING 3 28 OAvY

TEST TEMPERATURE : 3 OEGo Fe AUTOGENQUS: 202 ;g ?9
201 o

ULT- STRe1SELECTED MIX: 6280s PSI AT 73.F,

STRe ICOMPANION : 6160, BSI AT  T3.F, CREEP : 197 73 o7
APFLI!D TEST RESS t 2100 P 211 73 08
PERe ULTe STRe APPLIED? 33.4 FEHCEN? (SELECTED !ll) 199 73 06

34,1 PERCENT (COMPANION

CRDSTR‘lN------—---‘tIlCRGSTRAIN PER PS1*
ST 1ME SSUSTALNED ‘ELAsTlC' CR * TOV AL
AGE SUNDER #MODULUS OFs FLUS ‘ AUTDG-‘ CREEP ‘ SPECIF1IC ' STRAIN
DAV& SSTRESS$ELASTICITYS PLUS . AUTOG—‘ ENOUS CREEP ‘DIVIDEO By
® DAYS ¢ MPST * AUTDG- & ENOUS . ‘ 2100 PS1
* * ENOQUS ‘ . t

b
SSLOADING OF SPECINENS BEGINS (MINUS TIME 1S TIME PRIOR TO FULL LOAD)
28 =e 0007 (] ] o ]

SEREA SRS

28 «e 0003 -163 ] o
*eSPECIMENS FULLY LOADED, APPLIED TEST STRESS 2100 PS1
28 «0000 S.82 -361

0 o ] [}
28 «0007 -S 0 -S
28 « 0028 -13 [ -13
28 * 0097 -24 o -24
28 « 0306 =34 3 =34
28 01632 -80 4 -S0
28 «2771 -58 ] -88
29 °7875 -83 1 -84
29 10849 -89 5 ~90
30 2. 08 -107
31 3.0 21 3 -124
32 4.0 29 2 =131
s 6o 8 80 4 -154
36 Te9 (1] 5 -163
38 0e0 [-34 4 -171
39 0.8 70 S -178
a1 3ol 79 7 -186
43 408 a8 ° -194
48 9e8 o2 1 -213
53 S0 15 3 -228
56 280 1 23 3 -236
63 409 386 6 -252
68 40.0 44 ] =262
8 47.0 87 14 -274
a1 5249 70 9 -289%
91 6300 80 21 =301
103 7448 292 22 -314
116 88,0 o7 | 22
132 103.8 16 3
183 128.0 29 23
182 183.8 46 1
209 180.9 61 ]
237 209.0 74 b4
266 237.8 91 4
299 27049 97 3
338 306.9 04 2
369 341.0 413 o
393 364.8 -421 9
422 393.8 =426 ? [ -3
456 427.8 -436 . ~440 ~e2098 -e3795
487 458.8 2460 o7 =446 . -450 —-o2143 =~ 3843
$$SPECIMENS FULLY UNLOADED, DAVS ﬂECOVEﬂ‘ GIVEN NOW IN COLUMN $TIME UNDER STRESS*
487 «0000 -133 . -139
© A87 « 0033 -OGQ - 20 4 -132
487 « 0386 -479 -118 . -122
87 «0813 -479 -118 4 ~-122
. o1280 -AT77 =116 4 -120
488 1.0292 ~465 -104 S =109
490 3.2 ~4352 -91 -] -96
498 803 -440 -79 4 -83
s02 15.2 ~431 -70 . -74
516 291 -417 -56 2 -s8
554 67e1 -404 -43 ] -43
585 979 -397 =36 -2 -34
] -378 -17 -2 -18

s86 99,
SSEND OF TEST
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AVERAGE ELASTIC PLUS CREEP STRAINS ®%YORK %% T73F, 90 DAV, 3" PERCENT
3 SPECIMENS: SEALED 6 AY 16 IN. CDN&RETE cyL
(NOT CORRECTED FOR AUTOGENOUS SYRAINS)

SPECIMEN GRDUP b YORK 3 (HII G-26)
AGE OF LOAOING H 90 DAY
SPECIMEN METER NOe CHANNEL FACTOR MODULUS (0 TO 2100 PSI1) TEST TEMPERATURE : 73 DEG- Fe
NOe1 198 73 21 14 6ol UL Y. STR SELECTED MIX: 7200. PSL AT  73.Fe
NOe2 200 73 22 14 6.1 uLT P AN ION H PSI AT  734F.
NO.3 208 73 23 22 602 AFDLIED TEST STRESS : Zl PS1

PERe ULTe STRe APPLIED: 29¢2 PERCENT (SELECTED MIX)
29¢7 PERCENT (COMPANION ]

EREE SRR EE RS R RS R K~

ﬂlfROSTRAlN (INCLUDING AUFOGENDUS)--CDRRECIED FDQ TEMPERATURE ==~
TIME & AGE, * DAYS & AVGe * ASTIC PLUS CREEP-====~& REE! -~ ®(ELASTIC
* OAYS * UNDER % TENP, ‘- - iP!CI ol —SFEC[HEN-- --—‘ AVG- ‘ +CREEP)/
* STRgSS * DEG.F. o1 NGe2 * NO * NOel NOe2 NOe 3 2100 PsSI
Lo Al 1 .‘l“““"ﬂ‘.“‘tt“‘ “‘.‘“““‘.‘ltﬁ.t.‘tt“*.““tlt“t..ttt!..‘."
1400 o SDECIHENS CAS
1400 9040 SPECIMEN(S) LDADING BEGINS, READINGS AT O AND 1050 PSI (PLUS OR MINUS 30), RESPECTIVELY
1400 9040 --0007 70-8 o [} 0 &% [} ] [} 0 *%
1400 90,0 ‘ -162 -161 ~162 & ] o 4]
1401 90.0 SFECINEN(SD FULLV LDADED, APPLIED TEST STRESS 2100 PSI
1401 90.0 «0000 708 %% =346 -343 ~340 -343 ** o [
1406 9040 0033 70 * -354 -352 -354 &% -12 -11 -12 -11
1416 90.0 «0104 7 -361 -359 ~361 &% -18 -18 -19 -18
1501 900 « 0417 7 -369 ~368 ~369 *= -26 -26 -28 -26
1701 90.1 e1230 7 -379 -378 =379 *¢ -35 =36 -38 -36
2001 90+3 «2500 ? =386 -388 «386 ** -42 -4 -45 -43
910 908 « 7979 b4 -400 ~400 -400 *#* ~56 -57 -60 -57
1500 9140 100410 7 -403 -403 -403 &% -89 -60 -63 -60
95.8 . i4 -437 ~439 ~438 %% -93 -94 -99 -98
1158 9649 6.9 ? -441 -444 =443 &% - -98 -104 -100
98,8 8.8 14 449 -483 ~45] &% -107 -106 -113 ~-108
1188 999 9e9 i4 ~454 =459 ~4S7 &% -113 -111 -119 ~114
1448 101.0 11.0 ? ~457 -462 ~460 **% -115 ~114 =122 -117
1140 102.9 12.9 14 -461 -467 ~465 &% -121 -118 -127 =122
1440 106.0 1640 7 2 34 ~480 =477 *% -133 -131 -140 -134
1938 110.2 20.2 k4 =480 -486 ~483 *% -139 -137 -146 ~-140
a8so0 112.8 2248 ? -48S -491 ~488 %% -144 -142 -151 ~145
1512 1160 2640 ? ~493 =300 497 *% -152 -150 -160 =154
845 119.8 29.8 7 -498 -504 =501 *= -156 -185% -164 -138
1340 12640 3640 K4 -507 ~S14 -S11 =% =166 ~164 ~-174 -168
1140 131.9 41.9 7 -818 -522 =518 ** -172 -172 -182 -178
91 138.8 488 7 -52 -529 ~525 &% -178 -179 -189 ~182
1630 146.1 $6.1 7 -S31 ~538 ~334 &% -187 -188 -198 ~-191
1500 183.0 63,0 4 ~537 ~546 ~541 *% -194 -194 ~206 -198
1600 16001 7041 14 ~-548 ~353 ~548 ** -202 -202 -213 -205
1230 1729 82,9 7 556 =568 =860 *¢ -213 -213 -225 -217
1115 1819 919 7 -563 -s72 ~566 *& =219 -220 -232 ~223
1438 188.0 98.0 4 -567 ~S78 -571 *x -224 -224 -238 -228
1320 197.0 107.0 I4 -~573 ~-584 -S77 ®% -229 ~230 -244 =234
900 215.8 12%.8 7 ~803 -598 -390 *#% -243 -242 -258 -247
1600 ol 18741 -358 ~-808 =600 -252 -252 ~268 -2s7
1100 2659 1789 -621 -634 -628 *¢ -276 -278 -294 -282
1230 809 208.9 -826 -€42 -631 &¢ -ael ~-283 -302 -288
133 338.0 248.0 -837 -682 ~C82 % -292 -294 -312 -299
1430 369, 279.0 -847 -861 -651 *& -239 -304 -321 -308
1100 39249 3029 -657 =670 -661 % -310 ~314 -330 -318
1200 421.9 331.9 -663 -677 -667 % =315 -320 ~-337 -324
1130 455,9 365.9 -677 -691 -680 ** =327 -334 =351 -337
1230 48609 396.9 -686 -699 -688 *¢ -338 ~343 -359 -34S
1400 $16.0 456.0 -692 ~704 =693 *% -339 =349 -364 -350
1315 $34.0 46440 -702 ~714 =703 *#% =348 -359 =374 «-360
1640 5791 489.1 -708 -721 ~709 &% -354 -368 =381 =366
1530 613,.1 $23.1 -718 -728 ~716 &% =360 -373 -388 -373
1450 65640 56040 -730 ~-742 -730 ** ~2a73 -387 -402 -387
920 6778 5687.8 -730 =741 ~729 % -372 -387 -401 =386
2-24-75 930 739.8 649,38 ~743 -754 =741 ¢% -3a1 -400 -414 ~398 ** -,35286
NOTE: MINUS DAYS UNOER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LDAD
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AVERAGE ELASTIC, CREEP AND AUTOGENQUS STRAINS ®¢ YORK %% 73F, 90 DAY,
(SPECIMEN: SEALED 6 BY 16 [Ne CONCRETE CYLe)

30 PERCENT

SPECIMEN GROUP H YORK 3 (M!! G=26) STRAIN METER NUMBERS
AGE OF _OADING H 90 DAY
TEST TEMPERATURE : 73 DEG. Fo AUTOGENUUS: 202 73 09
201 73 10
ULTe STReSISELECTED MIX: 7200 PSI AT 73.F,
ULT, STRe :CONMPANION 2 7070. PSI AT 73.F, CREEP T 198 73 21
APPLIED TEST STRESS : 2100. PSI 200 73 22
PERs ULTe STRe APPLIED: 29+2 PERCENT (SELECTED le) 205 73 23
297 PERCENT (COMPANION
“'CRDSTRAIN--—------—“HICQOSTQAlN PER PSI¥®
‘TIME ‘sUSTAlNED *ELASTIC,* CREEP * L TOTAL
AGE, %V ODULUS OF® CREEP * PLUS ‘ AUTOG-* CREEP ‘ SPECIFIC ‘ STRAIN
OAYS 'sTﬂESS.'ELASYlCITV‘ PLUS * AUTDG-. ENOUS & CREEP ‘DIVXDEO BV
* MPS [ * AUTOG- * ENOUS . ‘ 210

* ENOUS * ‘ - 1

"LOADING OF SPECIMENS BEGINS (NINUS TIME lS TIME PRIOR TO FULL LOAD)
0 0

162 0
“SPECIGENS FULLV LOADED, APFLXED TEST STIESS 2100 PSI
90 00 6el2 =343

5093
S.82

*00
90 20038
20 «0104
90 *0417
90 +1250
90 *2800
9 «7979
91 1.0410

96 Se
97 6e9
99 8.8
o0 9e9
o1 11.0
03 1209
16,0
10 2002
13 2248
16 2640
2 298
26 360
419
39 48,8
46 56.1
53 63,0
60 7001
73 8209
82 919
as 98.0
97 107.0
16 12%.8
37 147.1
17%.9
99 208+9
3S 24%.0
69 2790
93 302.9
422 331.9
456 36S.9
487 39649
516 42640
554 464,0
579 489,1
613 S23.1
650 $60.0
678 5878
740 64948

CO™=RNNWUWNWNS NSO === ~000000000

-1
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NOTE:

AVERAGE ELASTIC PLUS CREEP STRAINS $eYORK &% 73F, 90 DAV.
(37SPECIMENS: SEALED & B 16 INe COM wéreETE CYl
NOT CORRECTEO FOR AUTOGENOUS STQA!NS)

65 PERCENT

iPEClHEN GROUP

OF LOADING

3

VURK 6 ;Ml! G~-26)

SPECIMEN METER NO, CHANNIL FACTOR  MODULUS (0 TO 3190 PS1) TEST TEMPERATURE 73 oec.
NOo1 a8 73 27 21 ULr. STR.!SELECT!D MIX: 7200e PSI AT
ND.2 401 73 28 14 STR. :COMPANIO 70706 Psx AT
NOe3 406 73 29 18 APBL!ED TEST srnes 3190. PsI
PERe ULTe STRe APPLIED:  44¢3 pencenr (SELECTED MIX)
45.1 PERCENT (COMPANION )
e . ntcauarnAlN (INCLUDING Aurnasnuus)-—connecrso FOR TEMPERATURE~=o
OATE & TIME & AGE, * OAYS # AVGe #---=-ELASTIC *(ELASTIC
. ® DAYS & UNDER % TEMP, ---------»azclnen-----c AVGe l——------SPEClMEN--~---t AVGe * +CREEP)/
* * STRESS * DEG.F. NOe2 ® NO,3 ¢ ®  NOel * NOe2 * NOo3 * * 3190 PS1
Ladd ‘.“.l“;.'”tti“‘.“t.‘....‘.“.“".‘.‘.t..t.tt.““““.‘..‘l“.‘.“‘l
* 3 -7-74 1430 SPECII!NS CAST
* 6 -5-74 1418 SPECIMEN(S) LOAOING BEGINS, READINGS AT O AND 1590 PSI (PLUS OR MINUS 301}, HESFECTIVELV
6 -5-74 1418 --ooxb 1 o 0 ** [ 0 [ ** 0,
6 -85-74 1419 000 ~24 -236 -2 -23 0 ° 0 3 e ~e07398
* 6 -8-74 1420 SPECI“EN(SI PULLV LOADED, APPLIED TEST STRESS 3190 PSI
6 -5-74 1420 0. 713 #¢ =825 <8517 =823 -521 &% [ 0 [ 0 *& -,16332
6 =5-74 1421 71.3 #%  -333 -529 -53%5 -532 & -8 -12 -12 * 6677
6 -5-74 1428 713 #¢  -347 -840 -847 -344 *» -22 -23 -24
6 -5-74 1438 71.3 #*  -S87 s8] -558 -583 &% -32 -3a -35
6 -5-74 1450 71.3 #¢ 567 -561 -568 -565 &= -a2 -a4 -5
6 -8-74 1528 7le4 #%¢  -876  -S71 -578 =575 &% -5 -sa -55
6 -5-74 1720 T1e3 ¢ -892 -587 <598 -8591 &¢ -67 -70 ~72
6 -5-74 2108 7le2 %% =604 =899 <607 -603 = -79 -82 -84
6 -6-74 840 7140 #%¢ -629 <-623 ~-632 -828 *¢ -104 -108 -109
6 -56-74 1403 71e0 #%  -637 -633 <641 -637 *¢ -112 -116  -118
€ -7-74 1448 T70.9 &# -638 -658 -662 -858 *¢ -133 -138 -139
6 -8-74 1450 7069 #* -672 -669 -676 -672 ** -147 -1S2 -153
6 -9-74 1240 70.5 #% -681 =678 -685 -681 *& -1%6 ~-161 ~162
6-10-74 1512 70,5 #* <694 -692 -698 -694 **x  -169 -175 -175
6=-11-74 923 70e1 #%  -699 -697 -703 -699 %+ -174 -180 -180
6-12-74 1145 7002 #¢ -708 ~706 -711 ~708 %% -183 -189 -188
6-14-74 848 700 #% <716 -T714 =720 -716 &% -191 -197 =197
6-17-74 1600 70.2 #%  -734 -733 -738 =738 *% -200 -216 -21%
6-20-74 1340 7000 #¢ 784 -783 786 -7%84 &&« -220 -236 -233
6-26-74 1140 7002 %  -768 <768 ~T772 ~769 *& -243 -251 -249
6-30-74 940 T70e2 #¢ =778 =778 =782 ~779 ** -253 -261 -259
7 -9-74 93 703 %% -804 -804 -809 -805 ** -279 -287 -286
7-10-74 1630 70.6 #* -806 -B06 -811 ~807 ®¥®  -281 -289 -288
7-15-74 1300 71.0 *&¢  -824 -824 ~829 -825 $* -299 -307 -306
7-24-74 1600 710 %% -836 -836 -841 -837 &+ -311 -319 -318
7-31-74 1718 70.9 ¢ -85]1 -883 -8S6 -833 ** -326 -336 -333
8 -8-74 1200 7008 %% -864 -866 -B69 -866 *¢ -339 -349 -346
8-15-74 1118 70.8 #%  -874 877 ~879 ~876 *&¢ -349 -360 -356
9-78 1138 7047 #* -885 -888 -889 -887 #* -360 -371 -366
9-11-74 1318 1l.g " -906 -9 ‘ -930 -908 =+ -381 -393 -387
-29-74 1600 703 #¢ =920 -934 -323 &% -398 ~408 -401
10-23-74 1420 T1e0 0%  ~94 ‘ “949  -949 ¢ 421  -435 -426
11=-21-74 1000 70s9 -97. 7! -o72 -974 &% -447 -461 ~449
12-17-74 1830 70.6 #¢ <097 -1006 =996 =099 *&  -472 -AB7 473
1-15-7S 1330 71.6 ¢ -1008 -{010 =1002 ~100%8 ¢ ~480 -493 -479
2-18-73 1430 7008 #* -1025 -1021 =-1020 ~1022 ** -S00 -S04 -497
3-14-75 1100 7046 % -1043 -1024 ~1034 -1033 #*¢ -518 -507 ~S511
4~12-75 1200 706 ** <1054 -1029 -1044 -1042 #¢ -529 -512 -5}
$-16-75 1130 7146 #¢ -1073 ~103% -J0%8 -105S5 ¢+ -%48 -S18 -53§
6-16-75 1128 5 8S =108 1068 080 ** 560 572 545  -559 % -, 33856
* 6-16-7%5 1130 SPECIMEN(S) FULLY UNLOADED, DAYS RECOVERY GIVEN NOw IN COLUMN $DAYS UNDER srnesst
6-16-75 1130 o S &% -601 -606 608 % -8 -84 -83 3
6-16-75 1148 0104 Tle4 %% -587 -582 -%39 -586 &+ -62 -65 -66 Zos -t
6-16-75 1230 «0417 Tle4 #%  -830 -875 -582 «579 s -ss -%8 -s9 -57 **
6-16-75 1425 1215 71,5 #*  -571 =568 -574 ~570 ** -46 -48 -s1 -28 *%
6-17-75 1115 *9896 Z7lel #* 852 _546 -588 551 ¢ -27 -29 -32 -29 **
6-19-75 1550 3.2 71e4 #8336 830 540 ~83S ¢ -11 -13 -17 -13 =&
6-24-75 1710 8.2 7le4 3 -820 =S11 -522 -S17 %% s 6 1 e
7 =175 1545 8.2 7202 **  -8506 -496 -508 ~-S03 s 19 21 15 18 **
* 7 -3-75 1630 483.1 END OF TEST

MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TINE PRIOR TO FULL LOAD
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AVERAGE ELASTIC, CREEP AND AUTOGENOUS STRAINS %% YORK &% ‘IJF 90 DAY, 45 PERCENT
(SPECIMEN: SEALED 6 BY 16 INe CONCRETE CYL-)

SP!CIHEN GRDUP 3 YORK 6 (MIX G-26) STRAIN METER NUMBERS
GE_OF LOAD : 90 DAYS

‘!SY TEIP!QATURE 2 73 DEGe Fo AUTOGENOUS: ggz ;g 09
1 10

WTe STR-ISEL!CTED MIX: 7200 PSI AT T3,F,

ULTe STReSCOMPANID l 7070. PSL AT T73.F. CREEP i 418 73 27

:P:Ll!o TESV STQESS 319 Pt 401 73 28

.

WTe STRe APPLIED! “a3 PERCENT (SELECTED Hll) 406 T3 29
. 45.1 PERCENT (COMPANION

“lcnosvaAlu---;-------.tnlcnosvaalu PER PSI%*
TOTAL

Tll! SSUSTAINED .ELASTIC" CREEP oT.
AGE, UNDER $MODULUS OF¢ CREEP PLUS * AUTOG-‘ CREEP . SPECIFIC & STRAIN
DAYS .STRESS..!LlsfkclTV. PLUS . AUTDG-‘ ENOUS CREEP ‘DIVIDED :24
AUTOG~ & ENOUS ¢ . ‘ 3190 Psl
ENQUS * - * L d .
bl

‘.LOADING OF ?P!CIIENS BEGINS (nxnus TinE lS TIME :RIOG TO FULL LOAD}

..SPECIIENS 'ULLV LOADED, APPLlEg TESTY SYRESS 3190 PSSt
6012

N 1 [
90 0007 -832 -ln o
90 «0035 -S44 -23 0
90 .3;3: -555 -33 :
90 . -86 -8
90 ¢ 0481 -gr -5 0
20 1250 -891 -69 0
90 2813 -603 ~81 0
° e 7639 -628 -jo7 0
9 9882 -637 -1185 3
92 2.0 -6s8 -136
?3 3.0 -672 -180
94 3e9 -681 -189
93 3.0 -694 -173
96 5.8 -699 -178 0
7 6.9 ~708 -186
99 8.8 -716 -195
102 1241 -738 -213
0s 15.0 -754 -232
1 209 -769 -247
S 2408 ~779 ~257
. 33.8 ~§08 -284
2s 3%.1 -807 -286
30 39.9 7 -825 ~304 3
39 49.1 1 -837 - ;t 3
6 5641 4 -833 - 2
se 63.9 8 -866 ~344
gx 70.: 4 -073 -’:g
. - -
[ I - 1 it 3% 37
. - - -
2 1abeg 2 z poe1d 3
59 i ] fs -9re - -
1] .0 -99% - -3
4 22400 7 -1008 -484 -8
'8 258.0 2 -1022 -%00 -9
372 28149 9 -1933 -532 -10
401 310.9 06 -1042 ~520 -12
433 344.9 2 -1088 -533 -14
466 378.9 2498 ~1080 -559 -16 -543 -e1702 - 3386
#*SPECIMENS FULLY UNLOADED, DAYS RECOVERY GIVEN NOW IN ME UNDER STRESS#
466 . ~-608 -83 -16 34
46 0104 -586 -84 -16
466 °0417 -s79 -s7 -16
466 «1215 -s70 -48 -16
487 9896 -581 -29 -16
469 3.2 ~538 -13 -16
383 802 14 - -16
Se2 (1] -16

401 1
SSEND OF TEST
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NJUlk 2

ER RNV

SPECIMEN METER NOe CHANNEL

Nl
NUe2
NJlel

AVERAGE LLASI!C PLUS CREFP STRAINS **YORK *% 73F

“le
419
400

73 25
73 26
72 24

SPECIMENS:

SEALED 6 BY 16

INe

CON

99
RETE

DAY,
CYLa)

(NOT CORRECTED FNR AUTAGENCOUS STRAINS)

FACTOR

15
10
24

MODULUS (0 TO 4250 PS

S.8
Se7
Se2

18]

60 PERCENT

SPECIMEN GROUP YORK 6 (MIX G=26)
AGE OF LOADING 90 DAYS
TEST TEMPERATURE 73 DEGe Fe
ULTs STRGISELECTED MIX: PST AT 73eFe
ULTe STRe :COMPANION PSI AT  73.F.
APPLIED TEST STRESS 2€0e4 PsI
PERe ULTe STRe APHLIED: 590 PERCENT (SELECTED M™IX)
€0s1 PERCENT (COMPANION )

AR KUNREARC Y R R AL SRR AR R R bR NS KRRk e e e =M CRISTRAIN (INCLUDING

OATH

* TIME
t

® AGE, *
t DAYS *

AYS % A
UNDER * TE

Via
up.

STRESS * DEG.

AUTOGENIUS )--CORRECTED FOR TEMPERATURE-=--

$osooo-o-SPECIMEN-——--—4 AVG.

NO .2

NU.

#eee=-ELAST[C PLUS CREEP====—=heo-noso e ceeCREEP=mmmm—me===— k(ELASTIC
t------—-sPEclNEN-----—i AVGe

* oCREED)/
* 4250 PS|

* NOo1
t!khﬁitifﬂt:bvﬁ«ttt*ttt(iit“‘*kt"&“*ﬁ‘tttt‘t‘t"t“ki“t.“t“‘#ttit“t#ttt“ttt.ttt“t““‘t‘tt“tttlttt‘ttt“
AST

NAYS

cee
<

2

o
“
S
1

1
1
1
1
1
1
1
1
1
1
1
1
1
2

)

)

39

. e e e e 1 0t i e e e e
VAT
cccoc

o1

[T

CO SR -

-y
Bl =G L N

rowce

UNDER LGAD

QQ-O
90,0
AVe0
300
90e0
900
9Jde0
9Je0
UL 0

5

5¢4,9

INDICA

SPECIMENS C

55
END UF TES
TES

SPECIMEN LOADING TIME PRIOR
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TJ FULL LOAD

SPECIMEN(S) LOADING BEGINS, READINGS AT 0, 1590y ANO 3190 PSI (PLUS OF MINUS 30), RESPECTIVELY
~ev0021 71e7 *% [} o 0 *x [} [ 0 O *% O
--0014 Tle7 %% -233 ~240 -230 =234 *% '] 0 [} U ** -,05506
0007 71e7 ~520 =525 =512 ~319 %= o v o 9 ** -.12212
SPECXHEN(SI LOADEO, APPLIED TEST STHESS 4250 PSI
Oe =736 ~751 -71 =734 w% [ 9 [ O *% -,17271
«0012 71-6 -763 -778 -752 -7¢4 *% -27 =27 -37
<0035 7leo -769 -806 -778 -791 *x -53 -sS -63
« 0069 7 -B807 -B22 =798 ~R09 *% -71 ~-71 -e3
? -818 -832 =309 ~d19 *=* -A2 -81 -94
7 -837 -850 -831 ~239 %% =101 -99 ~-116
T -862 -873 -858 ~B64 Wk -126 -122 ~143
7 -887 -896 ~-886 -8B89 *x -151 -145 -171
7 -929 =937 ~-932 ~932 *=% =193 -18¢ -217
7 -984 -990 ~989 ~987 *x -248 =239 -274
7 -998 =~1004 -1004 =1002 ** -262 -2532 -289
7 -1043 -1049 -1051 -1047 *x% -307 -298 -33¢
7 -1070 =~-1074 -1079 =-1074 *=x =334 -323 -364
70e7 -1086 -1091 =1096 -1091 *= -350 =340 -381
7046 1106 -1111 =~1116 =-1111 ** -370 -360 -401
1117 =1122 ~-1127 =~1122 =** -381 -1371 -612
70e3 1131 -1135 ~-1141 -~1135 *=* -395 - 384 ~426
7062 1148 -1151 ~11%3 =1152 *# -412 -400 -443
7062 1178 ~-1181 ~11386 ~-1181 *x% ~4a2 -430 -a71
7048 1194 -1205 ~-1204 -1201 *= -458 -454 -489
702 1231  ~1233 ~1240 =1234 *x -495 -482 -525
70e3 1251 -125a -1260 -12%5 *x* =515 ~-503 -545
7 1287 =-1290 -129% <=1290 ** -531 =539 -580
70.6 1290 -1294 -1299 -1294 *=% ~554 -543 -S84
71e1 1306 =1309 =~1313 -1309 ** -570 -553 -568
7104 1335 =-1339 ~1343 -1339 *» -599 ~588 -628
70ev 1354 -1358 -1361 =-1357 *x* -618 -607 -646&
7069 4377 -1383 -1384 -1381 *x -641 -632 -6€9
708 %JBH =1393 -139% -1392 *» ~652 -642 ~-680
T0e7 413 -1417 -1419 -~14i6 *x -677 ~666 ~704
7 .xtgs “1438 <1440 <~1437 *% -699 -687 -725
k4 1458 <-1458 -1460 -~1487 *x* -719 ~707 =T74E
k4 1478 =1482 <-1482 -1380 *x -742 -731 =767
710 1496 -1500 -1501 -1499 *=% -760 -749 -786
7069 1530 ~-1532 ~1534 ~1532 *x% =794 -781 ~-319
7065 1559 -1%58 -1561 -1559 *x%x -823 ~-807 -8ac
71e5 1575 =1574 -1574 -1S74 %% ~839 -823 -359
7063 1610 =1605 =1607 =1607 ** -874 -8B854 ~892
7063 1626 =-1620 =~1620 -~-1622 **x -830 -869 -905
70e6 1642 <-1633 =-~1€36 ~1637 ** =906 -882 =921
7 -1664 -1653 ~1656 =~16%7 *x ~-928 -902 =941
? -1661 -1668 -1570 =1673 ** -945 -917 -955%
1688 =1676 =167 ~1630 *% -9352 —-925 ~963 ~-946 %% -439529
ADPLlLD YEST SVNFSS CHANGED TO 2100 PSI
. =-1402 =-1386 =1398 =1395 *¥ -66t =635 -683 -661 wx
7004 tt ~1386 =-136 ~1383 -1379 *x* -650 -618 -668 -564%5 *x
70,1 *% <1390 ~1370 -1336 ~-1382 *¥ -654 -619 -671 -6a8 &%
7T0e7 *%x =1385 -1364 -1381 ~1376 *x ~-649 -613 ~666 -642 *x
7261 %% -1375 -1355 -1370 ~1366 *x% -639 -604 -685 -632 *%
r ~1366 -1345 ~-1358 -~1356 ** -630 -594 ~643 -622 =%
-1354 -1334 =1348 -1345 *x* ~-618 -L83 -633 ~611 *=x
4179 7240 % -1350 -1330 -1344 ~1341 *% -614 -579 -629 ~607 =%
SPLCIMEN(S) FULLY UNLOADED, DAYS RECUVERY GIVEN NOW IN CDLUMN R®UAYS UNDER STRESS*
+ 0000 2.0 *%  -1010 -968 -1005 ~994 X% -217 -290 -260 **
= 0007 -963 -997 -988 &= —263 =212 -282 ~254 *x
« 0035 ~954 -939 ~980 *x* -262 -203 -274 ~246 *x*
e0104 -946 =980 -972 w% ~-254 -19% -265%5 238 =%
«1521 -926 -961 -953 #xX ~2 36 ~-175 -246 -219 *%
9924 ~908 ~943 -935 «*x -219 -157 -228 -201 xx
EXRY -892 -927 -919 *% -2032 -141 =212 ~-18S **
de2 -872 -908 =900 *= -194 -1z -193 ~166 *%
250 -864 -880 ~-872 ** -157 =93 -165 -138 *x
50.2 -821 ~-857 =849 *x% -135 -70 -142 -115 **
-819 -850 ~848 *x ~134 -68 ~141 -114 *x



AVERAGE FLASTIC, CREFP AND AUTOGENOUS STRAINS #*% YORK *% 73F, 90 DAY, 60 PERCENT
(SPECIMEN: SEALED 6 BY 15 INe CONCKETE CYLe)

SPECIMEN GRCUP H YORK 6 (Mll 6=26) STRAIN METER NUMBERS

AGF. OF. LOADING H 90 DAY

TEST TEMPERATURE 73 DEG. Fe AUTOGENOUS: zaf ;; ?9
20 ]

ULTe S5TRe:SELECTED MIX: 7200, PSI AT 73eFe

ULTe STReICCHPANION H 7070. FSI AT  73eFe CREEP 3 4ls 25

APPLI1ED TEST STRESS i 4250 PS 419 73 2¢

PERe ULT. STRe APPLIED: 59-0 DERCENT {SELECTED “lK) 400 73 26

50.1 PERCENT (COMPANION
ELET I L] utttct-t:.ttttt-—--------ulcnus’mAlN<-----—----ttnlcﬂoswu N PER PSI*
EP *

*TIME ®SUSTAINED *ELASTIC,* CRE! TOTAL
AGE, ®UNDER #*MODULUS OF* CREEP * PLUS ‘ AUTOG-% CREEP ‘ SPECIFIC ‘ STRAIN
DAYS ‘STRESS,‘ELASTICIYV‘ PLUS *® AUTOG-* ENOUS * CREEP *DIVIDED BY
* st * AUTOG- * ENOUS * ‘ i ‘ 4250 PSI
t ENOU

ttt.‘l"t‘.‘t“.““!ﬂ‘lt““““““'.tl‘““‘t““.l“‘t#*“'t“‘t“‘t‘ (A2t 2L 2 2]
*#LOADING OF SPECIMENS BEGINS IﬂlNUS TIME IS TIME PRICR TO FULL LOAD)

90  ~,.0021 0
90 -e0014 —236 o [ o
90  =~+0007 519 0 0 0
**SPECIMENS FULLY LUADED, APFLIED TEST STRESS 4250 st
90 0 5.79 -734 [ 0 []
20 5456 ~768 -30 0 -30
0 Se 37 -791 -57 0 -57
90 525 -809 -75 o =75
90 Se19 [ -85
%0 0 -105
90 0 -130
90 9 -155
90 ] -193
91 0 -253
91 0 -268
92 1 -31a
93 1 -341
94 1 -358
95 1 -378
96 o -388
97 1 -402
99 1 -a19
102 1 -448
105 1 -468
111 1 ~501
115 2 -523
120 2 -558
125 3 -563
130 3 ~578
139 3 -608
146 2 -625
154 2 -649
161 1 -859
178 1 -683
188 o -703
202 -1 -722
216 -3 -743
230 -a =761
259 -6 -792
295 -8 -817
318 -8 -832
348 -9 ~864
372 -10 -are
401 -12 -891
415 ~14 -909
466 -16 -923
) -16 -930
*XAPPLIED
B0 9040 ~139% =661 -16 -645
480 390.0 ~1379 -545 ~-16 -629
480 390.0 -1382 -648 -16 ~-632
480 390.1 -1376 ~642 ~-16 -626
apl 29140 -1366 -632 -1 -61¢
487 39740 T =1356 -622 -17 -605
495 404,49 -1345 -611 -17 -594
508 41749 -1341 -607 -17 -590
*%SPLCIMENS FULLY UNLOADED, DAYS RECOVERY GIVEN NOW IN COLUMN *TIMF UNDIR STRESS*
508 *0000 -994 -260 -17 ~243
508 «0007 ~388 ~-254 -17 -237
608 « 0035 -980 -246 -17 -229
504 eUl08 -972 -238 -17 -c21
£08 .1521 -953 =219 -17 -202
509 «9924 -935 -201 -18 -183
s11 3.1 ~-919 -185 -18 -167
516 3e2 «900 -166 -19 -1a7
Sa3 25.0 -872 -138 -19 ~-119
558 50e2 -849 -118 -20 -95
£58 5549 -8a8 -11e ~-21 -93

*kEND NOF TEST
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AVERAGE ELASTIC PLUS CREEP STRAINS *$YORK &% 73F, 270 DAY. 30 PERCENT
(3 sP ECIlENS! SEALED 6 BY 16 INe CON&RETE (24
NOT CURRECTED FOR AUTOGENOUS STRAINS

SPECIMEN GROUP YORK 3 (MIX G-26)

AGE OF LOADING b 270 DAYS
SPECIMEN METER NOe. CHANNEL FACTOR MOOULUS (0 TO 2400 PSI) TEST TEMPERATURE 73 DEGs Fe
NO.1 204 73 33 11 6e3 ULTe STReISELECTED MIX: 8200« PSI AT T73.F,
NQ.2 208 73 34 16 643 ULTe STRe:ICOMPANION : 7980e. PSI AT 73.F.
NQ.3 209 73 33 9 6.3 APPLIED TEST STRESS : 2400. PSI
PERe ULTe STRs APPLIED:

2943 PERCENT (SELECTED MIX)
30e1 PERCENT (COMPANION ’

MICROSTRAIN (INCLUDING AUTCGENDUSI--CDQREC'ED FOR TEMPERATURE---

DATE ® TIME & AGE, * DAYS % AVGe ‘-----ELASTIC PLUS CREEP--==-—&- -~%(ELASTIC
* ® DAYS * UNDER & TOMP, ~~SPEC IME & AVG. * Pe IHE‘ AVGe & ¢CREEP}/
* * * STRESS * DEG.F, * NOol * NOe2 * NOe3 & * NO 2 NOes 3 * 2400 PSI1
XTI ] sedsressassae e i.tt..t.t.tt.t.t.tc.tt...tttOttttt..tt
* 2-14-74 1400 [] SPE
*11-11-74 916  269.8 sﬂ:cxneu(sl LDADING BEGINS, READINGS AT 0 AND 1200 PSI _(PLUS OR uluus 30), RESPEC?IVELV
1-11-74 916 26948 —-0007 72. . [ [ ] Q
1-11-74 916  269.8 T2, =191 =196 <191 o 4 o 0 -t ~.o79s8
*11-11-74 917  269.8 speclu:N(S) FULLV LOADED' APPLIED TEST STRESS zaao PSs1
1-11-74 917 269.8 0. 72,4 *%  -381 ~380 ~379 =380 %% (] [ [ 0 ** -,15833
1-11-74 923  269.8 «0062 7245 ~1s -14 -13 *% -,16375
1-11-74 932 2698 <0104 T2.6 -18 -18 -17 *% ~,16542
1-11-74 1022 269.8 <0451 T72.6 -27 -27 -26 %% -,16917
1-11-74 1222 2699 e128S8 T28 -J3a =34 -33 %% -,17208
1-11-74 1612 270.1 «2882 73.0 -41 -40 ~40 ** -,17%00
1-12-74 922 27048 10038 7249 -87 -86 -5%5 *% -,18128
1-14-74 1020 272.8 3. T2e9 -7 -78 -T74 *& ~,18917
1-15-74 1130 273.9 4,1 72.9 -82 -80 -80 ** -,19167
1-16-74 1150  274.9 Sel 72.7 -83 -as -83 *% -,19292
1-18-7a 810 27648 7¢0 7261 -94 -92 =91 *% -,19625
1-21-74 1000  279.8 100 72.8 -104 -101 -101 *% -,20042
1-22-74 1130 280.9 11.1 72.7 -107 ~104 104 *x -,20167
2 -4-74 1350  293.0 23,2 7246 -128 -123 -123 %% -,20958
2-10-74 1230 298.9 29.1 T246 -138 -133 =133 %% -,2137S
2-13-74 1500  302.0 32.2 7202 -145  -1al -141 %% -,21708
2-17-74¢ 1430 30640 36.2 72.8 -185 -152  ~151 *% -,22125
12-20-7a 1200 308.9 39.1 72.4 ~160 ~-157 ~1%56 %% -,22333
12-30-74 840 318.8 49,0 7240 ~165 -161 -160 ** -,22500
1 -7-75 855  326.8 5740 72.7 -174 ~169 -168 %% -,22833
1-18-75 1330 335.0 65.2 74.2 -182 ~177  ~176 %% -,23167
1-20-75 0  339.8 7040 7301 ~190  ~185 -184 ** -,23500
1-31-75 830  350.8 81.0 72.0 -199 ~194 ~193 ** -,2387%
2-18-7% 1430 369.0 992 7246 -209 ~203 ~202 %% -,24250
2-28-75 1000 378,.8 109.0 7361 -216 -210 =209 ** -,24542
3-14-75 1100  392.9 123.1 72.9 -228 -221 -220 ** -,25000
4-12-75 1200 421.9 15241 7249 ~-241 ~234  -233 &% -,25542
S-16-7S 1130  455,9 186.1 73.7 ~263 -257 ~255 %% -,26458
6-16-78 1230 48649 217.1 738 274 -268 -265 %% =,26875
7-15-7S 1400 516.0 24642 73.8 ~288 ~282 -279 % -,274%58
8-22-78 1318 884.0 284, -299 -292 -289 *% -,2787S
9-16-7S 1640 87901 309.3 73.8 =313 -307 -304 *%¢ -,28500
10-20-78 1330 613.1 J‘J.J 73:0 -325 ~320 =316 *x -,29000
11-11-7% 908 634, - s ~4,29488
*11-11-75 908 434.8 sP!Cln!N(l) FULLV uNLﬂAo!o. IN COLUMN #DAYS UNDER STRESS*
11-11-75 906 634,
11-11-75 911 634.8 20038 73-0 35 e s &%
11-11-75 921 634.8 <0104 727 38 48 48 *%
11-11-75 1008 634 .8 «0410 7248 43 83 S5 *%
11-11-78 1550 635,.1 2806 T2e8 sS 63 64 *%
11-14-75 840 6378 3.0 73.8 70 78 79 *¢
11-26-75 1450 63040 1%.2 73.1 92 99 101 **
12-11-75 840 664.8 30.0 728 107 114 116 *&
12-24-78 920 677.8 43,0 T2e2 122 129 131 *=%
1-19=76 1145  703.9 120 126 129 ==

69e1 T2
* 1-19-76 1430 70440 END OF TEST
NOTE: MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD

-212-



AVERAGE ELASTIC, cn:zn ANO AUTOGENQUS STRAINS ®% YORK #% 73F, 270 DAY, 30 PERCENT
SPECIMEN: SEALED 6 BY 18 INe CONCRETE CVL.)
sozcxnen GRQUP 3 nax : (nlx G-26) STRAIN METER NUMBERS
OF LOAOING 3 ;10
r:s TEMPERATURE osc. [ AUTOGENOUS: fgz 73 ?g
1

ULTs STROISELECTED MIX: 8200e PSI AT 73.,F,
UL.Te STR,3COMPANION 7980s PSI AT 73.F. CREEP : 204
APPL IED TEST STRESS

: 2400._ PSt 208 34
PER. ULTe STR, APPLIED: 29.3 PERCENT (SELECTED lel 209 35
30,1 PERCENT (CONPANION
cuosrnAlu--------—-ttnxcnosrnAxn PER PSI®
‘rlut tsusrAxnzo OELASYIC.‘ CREEP # . . TOTAL
AGE, #UNDER $NODULUS OFs pLUS ¢ Aufoc-t CREEP t snzcxclc - STRAIN
DAYS .anlss.OELASTICIYV‘ P#us o AUTOG-% ENOUS CEP aoxvtoeo ay
st AV & ENOUS - . St
o o NOUS * . * *
SERE RS SRR S
‘.LOAOING u;gsn:clnzus BEGINS lu::us TINE ls TINE :qun TO _FULL LOAD)
000 191
tts#ICInens ruLLv LOADED APPLIED TEST STRESS 2400 PSI
70 . 6032 ~-380 g 3 ~e1583
70 *0042 -393 -1 ~e1637
70 «0104 -397 -17 ' 1654
70 +0481 -406 -26 0 ~e169.
70 1285 -413 -33 ~e1721
4 2882 -420 -40 ~e1750
141 1.0038 -438 -88 -e1812
7 3.0 -484 -74 -e1892
74 4.1 -460 -80 -e1917
75 8.1 ~463 -83 -e1929
77 70 -471 -91 - -e1962
80 10.0 -a81 -101 -2 -+ 2004
281 11,1 ~484 -*2‘ - ~e2017
293 23,2 ~503 -123 - 2096
299 29.1 -813 -133 - -e2137
302 32.2 ~-821 -141 - -e2171
3 36.2 -831 -*s - ~e2212
09 39.1 -536 ~15 - ~e2233
319 49.0 -540 -160 - -e2250
327 87.0 ~Sa48 -168 - -.2283
38 652 ~5%6 -176 - ~e2317
40 70.0 -588 -18s - -e238
331 81.0 -s73 -193 - ~e2387
369 9942 -582 -202 - -.2428
379 109.0 -389 -209 -3 ~e2454
393 12301 -600 -220 -8 ~e2500
422 152.1 -613 -233 -7 -e 2554
: s l!g.l -62: -zsz -10 —.zatg
. - - -0 ~e 268
sie ii‘- ~889 —"l -12 ~e2746
884 204.2 -669 -209 -14 ~e2787
379 g. . -68s -394 ~16 -+28%0
‘5’ o3 -696 -i‘ -;t ~e2900
638 3688.0 3.39 -70 - -33 - ~e 2946
#eSPECIMENS FULLY UNLOADED, DAYS RECOVERY GIVEN NOW 1IN STRESS®
638 -343 37 -23
638 0035 -334 48 -23 68
538 0104 -331 8 -23 71
638 <0410 ~328 8 -23 78
638 *2806 -318 L33 -23 87
63 3.0 ~-300 79 -22 101
650 18.2 -278 104 -23 124
663 30.0 -263 116 -23 139
e78 43.0 ~248 131 -28 186
9e1 . -281 129 -26 188

704 69
SS#END OF TEST
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NOTE

AVERAGE :LASTIC DLU’ CREEP STRAINS *4VORK #% llUF&EZB DAY,

PECIMENS: SEALED 6 BY 16

INe CONCRETE CYLo)

(HOT CURRECTED FUR AUTOGENOUS STRAINS)

SPFCIMEN METER NOo CHANNEL FACTOR MOOULUS {0 TO 2100 BS1)
NO.1 396 11 30 is 8.6 ULTo
NUeZ 126 11 21 25 Se3
NC,.3 228 11 32 23 Sed é:zL
.

30 PERCENT

SPECIMEN GROUP YORK 4 (M1
AE OF LOADING 28
TEST TEMPERATURE 110 DEGs F
srn. sELEcrEo MIX: 6280s PSI AT
MO AN i 5770« PSI1 AT
IED TEST STRESS : 2100s PSI
ULTe STRe APPLIED: 33.4 PERCENT

3
3644 PERCENT

X G-26)
.

T3eFe
10sFe

(SELECTED Ill)
(COMPANLION

BEEEREERTARERR KL AR RRAH R B RR KRR RR R AR AN RR R b - MICROSTRAIN (INCLUDING AUTOGENOUS)=-=CORRECTED FOR TEMPERATURE ===~
DATE

* TIME ® AGE,
5 * oavs

ST DEGeFe
tktlt#ntttttttt‘t“‘i“"li..‘.‘t“#ff‘i"“"‘ll

27.9
2749
279
2749
279
2749
2749
27.9
2749

©

e e Bt 2t B e e 6 e B 0 et e i ) B e ot B e e b e

e e e

- e e

48340
4A3.1

CNCOCIC NS NN DWY CT N ME N TP 0D & b B i (13 e B i~ D QR = o e om0
CONMOC LG W P s UNUNBND 2O PUNE L W= Wl S W= C U= COCOW=00C
CCCOOCLCHINNFCCHCOOO0BOLCEOCCCEINCUNIONOCACUOWOSCOCURNG

o

&

.

<

MINUS DAY5 UNDER LOAD INOICATES SPECIMEN LUADING TIME PRIOR

* DAYS *
c unoen * TEMP.
ESS *

SPECIMENS CAST

AVGe ®e=moe ELASTIC PLUS CREEP—~-~e—#ococaceocanCR
a.-------spzclnzn------t AVGe ¥ommmmeee PECINEN--—- -2 AVG.

- NO * NOo NOe 3 2100
““‘l i"l.'i“i‘.i“‘ti‘*ﬁt#ii‘.“i;.tti‘t‘#‘..#“‘tt‘t‘t“.‘

(e e L L

* 4

SPECIMEN{S) LUADING BEGINS, READINGS AT 0 AND 1050 PSI (PLUS OR MINUS 30), nEsuE
—.0007 loo.i L4 0 )] P ] 0 0
000 109§ *#* 8 -179 -177 o t-
S”EC!MEN(S) FULLV LOADED. APPLIED TEST
0000 109 ~382 -388
108.7 tt -395 -402  ~408
VA7 *% ~408 -312 384
0809 *% -a18 ~424 -429
090 ** -427 ~434 439
QPe2 *% -439 ~446 ~-451
396 *% Y13 -483 -458
09e6 *% -467 -ATA ~479
10e3 ## ~485 -493 =399
1063 *x -306 -513 -519
093 ®¢ ~ -5%0 ~549Q =584
10,0 *=» -577 -587 =590
100 ** -594 ~606 -608
10e4 *# -610 -623 ~e24
10e2 ** -823 -637 -637
104 *x ~642 -657 “657
10e1 %% -6%7 -670 ~670
1060 *% -667 -682  -681
093 2% -576 -691 -891
099 *% -687 -702 -702
0926 *% -703 =718 -718
094 *=% -706 =720 -723
08e3 *# -707 -723 ~729
Ave5 *x -716 ~732 -737
095 ** =726 -T741 =746
10el *x ~733 =749 -754
09,8 &% T~ -735 =75% -765
10.9 %% 755 -770 -777
10e1 *# ~765 -783 -782
0947 -778 = -79
[ 2 ) ~7l; < -840
-
109.9 -837 =368 -46
11006 ** +uss -89z By
109.7 ## -874 =915 -513
11044 *% -886 ~-933 -931
11008 *% =893 =944 =946
111.0 *x =911 -9%89 -9%9
11001 *= -923 -973 -973
1105 *% -932 -984 -982
110,48 *% -942 -996 -993
1107 %% -956 ~1010 ~1007
1086 *% =975 =-1027 -1023
109e2 *x% -978 =-1030 =-1026 1011 N ~602 a8 29
5) FULLY UNLOADFD, OAYS RECQVERY GlVEN NOW IN roLunN tnAvs UNDER srnesst
0. 1092 *#% ~663 ~710 -721 -6948 #x» -287 -328 3
»04306 10849 *% -639 -690 -702 =677 ®% -263 -308 -JIQ -29: ‘t
3.3 1095 *=* -593 ~642 -656 ~630 *=» -217 =260 -268 -248 =%
703 %% ~-%80 -637 o -608 % -204 -25S [} -229 **

END UF TEST
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AVERAGE ELASTIC, CREEX AND AUTNGENOUS STRAINS *% VYIURK *x 1]10F 28 DAY, 30 PERCENT
(SPECIMEN: SEALED 6 BY 16 INe CUNCRETE CYLe)

SPECIMEN GRQUP : VORK ‘ (‘ll 6-26) STRAIN METER NUMBEKS

AGE OF LOADING H OA

TEST TEMPERATURE ¢ llO DFG. Fo AUTOGENOUS: 221 11 33
410 11 34

SELECTED MIX: 6280e PSI AT 73.F.

QUPANION : 3770, PSI AT 110eFe CREEP : 396 11 30
APPLIEN TEST STRESS t 21000 P31 126 11 31
PER. ULTe STHe APPLIED: 33,4 PERCENT (SELECTED ulxl 228 11 32
36e4 PERCENT (COMPANINN
R Lt 2 Ly Y e e ---ulCHDSTHAIN----—------‘tﬂlcnosrnAlN PER PSI*
*TIME *SUSTAINED *ELASTIC,® CREEP . TOTAL
AGF, *UNDER *MODULUS OF% CREEP * PLUS t AUTOG= t CREEP t SPECIFIC t STRAIN
DAYS 'STRLSb,*VLlsflcl‘V‘ PLUS *® AUTOG-* ENOUS CREEP *DIVIDED BY
* DA pPSI * AUTOG- ‘ ENOUS ‘ ‘ 1 * 2100 PSI
* ENO *

* us
tﬂ‘l«t'i.‘i.ttttt.‘t‘l‘..“.“t‘!..l‘.‘.l"tll.ttt"'l!"“tt.#“lta“t“ttt.t‘t.t‘
*¢_"ADING OF SPECIMENS REGINS (MlNUS TIMNE IS TIME PRIOR TO FULL LOAD)

28 -.0007

o
t‘SﬂEC[MENS FULLV LOADED, APPL[ED TEST STRESS 2100 Ps1
28 ] Se50

0
—401 0
-a11 o
-a23 0
-433 9
-448 0
462 0
-a73 0
-492 0
-51 [
-547 1
-584 3
-502 7
-619 10
-632 16
-652 23
~665 28
-676 34
-686 39
-697 42
-713 Py
-718 46
-719 a6
-728 50
-737 46
-743 46
-756 s1
-767 50
-276 ..
-79; 40
-7 s
~B18 ;z
-834 28
-8y 21
-878 1o
-900 9
-316 3
-92¢ -2
-943 -9
-936 -10
-966 -14
-977 -17
-991 -18

-1008 -25
-1011 ~629 -26

EDy DAYS RECOVERY GIVEN NOW
-698 -316 -26
-677 -29% -26
-630 -248 -26
-6u8 -229 -25

413 1
®XLND LF TFST
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€59

AVERAGE &LAST!C PLUS CREEP STRAINS *#¥YORK ¥% llo'i 90 DAY, 30 PERCENT ~
SPECIMENS: SEALED & AY 16 INe TONURETE CVlLe)
(NOT CORRECTED FOR AUTOGENOUS STRAINS)

SPECIMEN GROUP YORK & (M!l 6~-26)
DAY

AGE OF LOADING  : 90
SPECIMEN METER NO. CHANNEL FACTOR  MODULUS (0 TO 2100 PSI) TEST TEGPEPATURE : 1o Dece e
Nlel 212 11 19 .16 5.9 ULTe STRe:ISELECTED MIX PS1 AT  73.F.
NOe2 308 11 20 14 86 ULTe STR,:COMPANION PSI AT 110.F.
NO.3 129 11 18 13 .8 APPLTED TECST p

STRESS H st
PERe ULTe STRe APPLIED: PERCENT (SELECTED MIX)
)

33.2 PERCENT (COMPANION

CORRECTED an YE«PERATURE—--
(ELASTIC
- -a ave. t oanEv)/

L L R A e L L it Tt e TR T I ~MICROSTRAIN llNCLuDlNG AUYOuENOUS)-
DATE ! TIME - AGE, ® DAYS * AVGe ‘-----ELASTIC PLUS CREEP--=
DAYS * UNDER * TEMP. t--------svﬂ EN--—‘--‘ AvG. m-~

STRESS * DEG. 2 NOol Ne 3 2100 Psi
tttttit‘tttctt¢kttttttltt#tliittt#‘titctttt‘li(iiittt‘iiitiitlt; itiihl‘tttttt‘ittittttt‘itt X t.ttttttttttttttt‘
x 3-12-74 1400 0  SPECIMENS CA

929 A9e8 SPECIMEN(S) LUADING BEGINS, REAOINGS AT 0 AND 1050 PSI (PLUS UR MINUS 30), HESDECTIVELV

929 898 .ooor 109.q - 9 Q ** S 0 % 0,

929 89,.8 1099 ## 155 -17 -165 ~169 0 0 o % 2l080as

930 8948 SPECIMEN(SD FULLV LOADED, APPL!EO TEST STRESS

930 898 0. 11040 -356 -362 ** [ ] 0 ** -,17286

932 89.8 0014 1099 _ =10 -18

$ 35 85,.8 109.3 ~20 -29

945 8948 11040 -29 -39

1030 8949 110.3 -a8 -s8

1135 8949 1106 -6i -72

1742 9002 1112 ~-86 -

f63 908 1118 124 -137

112 91e9 111.3 -154 -166

630 9248 11048 ~-164  ~174

918 97.8 1111 ~-i81 ~191

1600 971 111.8 ~213  -224

1z20 10049 111.2 -235 -244

1150 10549 111e2 -257  -264

950 109,8 111.1 -2¢9 -276

1€50 12001 1119 -296 -302

1310 125,0 111.06 -311 -317

1420 13240 111.6 -321 -327

1630 14141 111.8 =340 -342

1239 14649 115 -352 -352

1450 16240 115 -368 -371

1345 18340 11.8 -390 =392

1630 19741 1149 -403  -404
1 810 22548 111 -428 -429
11~ 915 25348 11.8 -448 -449
12-1 1630  280.1 1201 -469 -477
1-1 1340 309.0 2.5 ~485  ~493
2-1 1L15 34341 11.7 -499 -50¢
3-1 1235 36649 119 ~509 -516
4-12 1215 39%.9 11.8 -521 -52
5-16 1215% 4249 12.1 -838 -8542
6-16 1500 461.0 099 . =38 -587
6-23-7 809 467, 110.5 -86¢ ~85) -$60 -8860 =

* 6-23-7% B10  467.8 FUL IN COLUMM %DAYS UNDER STRESS*
5-23-7% 810 A&7 105 -268 -236 -249  -250 *x
0=23-75 915 467.E 10.4 -258  -228 -2a1 ~262 =
€=23-75 325 46748 0108 11048 -255  -224 -237  ~238 **
6~23-75 910  467.8 0817 11043 -248  ~218 -231 ~232 %
0=-21-75 1110 46749 1250 110.4 -242 =212 ~22% ~226 **
6<-24-75 1700 4691 1.3681 11140 -226 ~194 -208  -209 **
6-27-75 1455 47240 4a3 1109 ~213 ~180 ~195 ~196 **
7 -1-75 1620  476el 8e3 11143 ~208 =171 185  ~186 ¥x
7-15-75 1440 49040 2241 110s7 -189  -155 ~170  -171 *x
8 =7-75 1600  S13.1 4543 1103 -177  -ga2  -1%9 ~159 **
9 -8-7% 1600  545,1 773 11048 -165 =129 ~148  -147 **
9=13-73 1619  55S5.1 8743 1113 -162 -130 ~139  -143 **
9-19-75 1610 55641 ea.s 95.4 -167 -133 0 =15y *%
9-22-7% 1500 5594 0 T1.4 -171 -130 0 ~150 *x
* 9-22-75 1415 55940 zno OF TEST
NOTE : MINUS DAYS UNDE

R LOAD INDICATES SPECIMEN LOADING TIME PRIOR T0O FuLlL LOAD
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AVERAGE ELASTIC, CRFEP AND AUTOGENOUS STRAINS *% YORK #2# éluf 90 DAY, 30 PERCENT
(SPECIMEN: SEALED 6 BY 16 INe CONCRETE vy

SPECIMFN GROUP YORK 4 (MIX G-20) STRAIN METFR NUMBEKS

AGE OF LOADING 90 DAYS

TEST TEMPE KATUKE 110 NDEGe Fo AUTOGENOUS: 420 11 21
421 11 22

ULTe STRe MIX: 7200 PS1 AT 73.Fe

ULTe STx : 6320 231 AT 110eFe CRZEP : 212 11 19

APPL I : 2100. PS 395 11 20

PERe ULTe ST-e APRLIFO: 29e2 PERCENT (SELECTED '4]!) 129 11 18

23,2 VERCENT (COMPANIOIN

tu'vln.!!'it."‘ttttt"‘t“t--—----‘--HICFDSYRAIN-------———-“MICRJSTHAIN PER PS1*

AT IME ®SUSTAINED ®CLASTIC,* CREEP * * TOTAL
AGE, *UNDE R *MODULUS UF® CREEP & PLUS . AUTOG~® CRFEP #* SPECIFI1C ﬂ STRAIN
DAYS ')THLS:a.V'LAS”CITY‘ PLUS * AUTOG-% ENJUS * * CREEP *DIVIDED BY
* Day * MOS AUTNG= & ENOUS #* ‘ ‘ ‘ 2100 °s1
- t ENDUS % *

utatfnvﬂ.rratttttt!tt‘tt.“l‘ttl“t“tt"t“!‘.t.t’c“t‘tt‘.‘.“t"‘tt.t'ttt'tt‘t.
FRLDADING OF SPECIMENS OBEGINS (NIVUS TIME lS TIME PRIOR TO FuLL LOAD)

qu -.Oun7 0
4]
“U\F’F(‘l"‘ NS FULLV LﬂM)hO. APPL] D TEST STﬁESS 2100 PSI
Y Oe 63 ] 0o -e1729 °

90 20014 ‘5.‘:7 ']77 -l& 4] ~14 -2179%5
<o «UU 35 Sedl - 388 -24 M -24 ~e1848
“o Ul Vs 5429 - 1397 -34 v =34 ~e1830
90 e0417 Se 05 ~8l16 -53 V] =53 -«1981
90 + 0108 488 -430 ~-66 [ -66 ~e2044d
“0 v3al17 4,62 -455 -92 [} -92 -e2167
a1 074 4,.25 -494 -130 1 =131 -e2352
92 Zel 4002 -523 -160 1 -161 -e2490
Y3 340 3494 -531 -1€9 3 -1?7c ~e2538
aa 44V 3ede ~550 -186 3 -139 -e2619
az 7e3 Tetl -582 -213 6 =225 ~e 2771
10i@ 1l1ei .48 -504 -240 ] ~248 -+ 287¢
106 1541 2.36 -625 -261 11 -272 ~e2976
110 2009 3.0 -637 -274 11 -28BS ~«3032)
120 303 3.16 ~664 =301 b =310 ~e31062
125 3542 3409 ~079 =316 9 -325 ~e3233
132 62e2 Je04 ~590 -326 4 -333 e 324306
1a1 Sled 2497 -707 - 344 3 =349 ~e 3367
147 57e1 2093 -717 =354 s ~358 ~el4la
1ee 7262 2485 -736 -372 -1 -371 -¢ 3505
183 93e2 2e77 -757 -394 -4 -390 ~¢3605
137 10743 2473 -770 -407 -8 =399 -e 3667
220 13640 2464 -79%5 -432 -17 “415 ~e 378€
254 1¢440 258 -4315 -452 =21 -4 -e 3841
R0 19J¢ 3 2e50 -339 -475 -25 -450 ~e 3965
w9y 21%e¢ vbhH =855 -6492 -30 -462 ~e 8071
343 293e2 ceb? -869 -506 -29 -477 ~eal138
3e7 27701 2439 -6879 =516 -35 -48] ~e4186
396 30641 236 -991 -82 -40 -488 ~e4243
«30 34041 2432 =906 =343 -4 ~499 ~e8314a
a6l 3712 2.28 -921 -5%8 -49 -%09 -+ 4386
464 3779 2.27 -924 =560 -48 -512 ~e2438 ~e %400

*ASPECIMENS FULLY UNLJADED, DAYS RECNVERY GIVEN NOw IN COLUMN *TIMT UNDER STRESS®
aen «QOVD -613 -2%0 -48 -202
“en 0035 -n0S -242 -a3 -194
4b 0104 -602 =238 -4 -190
anrn 417 =595 =232 -43 -184
ar 3 €1250 =589 -226 =48 -178
L6y 13041 -572 =209 -49 =160
47 Ge3 -5%59 ~196 -493 ~147
LT Hel =550 ~186 -39 -137
410 223 =534 -171 =30 =121
M 4542 -322 -159 -52 -107
Lat 7743 -510 ~147 ~56 -1
nE8 373 -507 -143 =37 -8¢
&0t H303 -514 -150 -S7 -93
59 RITE] -51a ~1%50 -5 -92

®EEND OF TEST
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NOTE :

AVERAGE ELASTIC PLUS CREEP STRAINS $&YORK *%* 110F, 270 DAY 30 PERCENT
SPECIMENS: SEALED € BY 15 INs coNcheTe cvi.)
(NOT CORRECTED FOR AUTOGENOUS STRAINS)

. SPECIMEN GROUP 3 YORK & (MIX G-26)
AGE OF LOADIN H 270 OAYS
SPECIMEN METER NOe CHANNEL FACTOR MDDULUS (0 TO 2800 AS1YT TEST TENPERA?URE H 110 DEGe Feo
NO.1 392 11 79 T26 Se9 ULTe STR:SELECTED MIX: 8200e PSI AT 73.F.
NQe2 409 11 80 20 6e0 WTe STRe :COMPANION i 7270e -
NO«3 191 11 73 20 5.9 APPLIED TEST STRESS i 2400.
PERs ULTe STRe APPLIED:

AEARRRRERRAERR AR A RREERE TR kAR R R RO ik kKoo MICROSTRAIN {INCLUDING lUTOGENous)-—CUFREcrEb FOR TEMPERATURE=-=~=~

DATE ° TIME ® AGE, #® DAYS * AVGe --ELASTlC PLUS CREEP~=« REEP *(ELASTIC
t DAYS * UNDER & TEMP, #-comeem-- S INEN--~---‘ AVGe * SQECINE. * AVGe : *CREE:;:
o

* STRESS * DEGeF. NO 2 3 NOe 1 NO o * 40
ttttt“ttttt‘t *tfiiiﬁ#‘."i‘i.ﬁ"iit‘i'lttii‘.t"'..i.nlﬂ“ltiti“i““ii‘tit#t\t‘iti“i‘i““‘tit‘ttt‘tti kR enken
* 3-12-74 1400 o SPECIMENS CAST

*12 -6-74 1129 26849  SPECIMEN{S) LUADING BEGINS, READINGS AT 0 AND 1200 PS! (PLUS GR MINUS 30), RE>PECTIVELV
12 -6-74 1129 26849 -.ouov ; o.J % ) K % [ .0 o [
12 -6-76 1129 26849 3 #x ~189 =178 ~-185 *x 2 0 o 0 - ~to7708
*12 -c~74 1130 26849 spzcxnsu(sn FULLV LOADED, APPLIED TEST STRESS 2400 PSI
12 -6-74 1130 0o 0e3 ~400 -403  ~404 *# o [ [ 0 % -,16833
12 -6-76 1135 «0035 1 0.3 t- -‘29 -;i*, _=Al7  ~422 ** -22 =2 -1
12 =6-74 1145 00104 ' 1043 *x 34} - 327 -333 &k -34 =3 -2
12 =6-76 1200 0208 1 -8482 *% -44 -39 -32
12 -6~76  1:30 00417 1 ~454 *% ~-57 -50 -5
12 ~6-74 1430 01250 1 -4T7S5 *% -78 =70 -67
12 -¢-7 2310 «4861 1 -513 **& -116 =-106 =105
12 -7-7¢  1aas 11354 1 ~543 %%  -146 -135 -136
12 -8-74 1640 2.2 1 -576 **  -180 ~167 -1
12-10-74 1115 4.0 1 ~606 **  -210 ~197 ~200
12-11-74 1330 5.1 i 2830 4%  ~334 -210 -214
12-12-74 1330 6ol 1 ~629 %% =233 -220 -223
12-13-74 1500 7el 1 -639 *x  -243 =229  -233
12-17-74 1640 11.2 1 <668 *% =272  -258 =262
12-20-74 1100 14,0 1 ~694 ¥x  -299 " -28a  -288
12-24-74 1200 18.0 1 ~705 #* -310 =295  -299
1 -3-75 1645 2842 1 =733 *= -337 -324 -326
1 -6-75 830 30e9 1 -741 %% -345  ~333  -334
1-10-75 1530 35.2 1 STEL AR 23557 343 -34s
1350 40.1 1 ~761 **  -355 -353 -385
1230 5641 1 ~791 **  -395  ~383 -383
1530 4.2 1 7 ~818 *x  -423 -412 =409
1200 8440 1 9 -829 ¥ -434 -4 -420
1235 9840 1 1 -846 **  -45] ~440  -a37
1130 6.0 1 6 ~865 *%  -469 -459 -45S
1230 «0 1108 ~874 ®%x 478 -469  -464
1215 .0 1 2 -901 #* -506 -497 -490
1540 2 1 [ -923 %%  -527 -51% =511
1450 ol 1099 ~944 #*  -547 =540 ~53a
1340 . e 3 I ** -363 _-£87 -
{325 .3 { [ o5 ’ -3#& :: -8¥) 72 :; ~§§!
20 - -’. a. - - -
1600 5 8‘“ - § ‘ ﬂ&! - - 83 Tz Oe -60
944 9 1 ue 2 s ~1007 *&  -606 -601 -603 *%
945 MENLS) Lv V] !D, vs It El GIVEN NOow IN CDLUHN tDAvs UNDER STRESS*
945 109. ~664 X% ~266 =262 -254 ~260 **
950 35 109.1 - -QGA -555 -609 -656 **  -257 -255  -244  -252 *x
1000 0104 10902 ** -660 =651 —-643 -652 ®*x 253 =251 ~240  ~248 **
1045 «0817 1092 ** ~653 =844 =838 -648 4% -246 -244 -233 -241 *x%
1215 1082  109¢4 ** <648 639 <-633 -640 ¢  -24] -239 =228 -236 *x
815 2¢9  109.2 ** =818 <609 -602 ~609 ** =211 =209 ~197 =205 **
1055 840 10848 ** ~-605 ~598 -590 -S97 **x -198 ~-198 ~185 ~193 **
$30 110 109.0 %% ~2600 -B92~ =584 <892 #%x -193 <182 -1{79 -188 **
1300 70e2 **  -606 -609 0 =607 ** ~199 -209 0 -204 ¥x

1441
1000 6498 END OF TEST
MINUS DAYS UNDEKR LUAD INDICATES SPECIMEN CLOAOING YIRE PRTOR YO #ULL LOAD
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AVE Y AGEH ELABTIC, ChEER AND AUTOGENJIUS STRAINS %% YORK &% 110F, 270 DAY, 30 PFRCENT
(SPEAIMING STALLD 6 HY 15 INe C(INCRETE CYLe )
S CT AT SR 3 YORK 4 (MIX 3=26) STRAIN MLTFR NUMBERS
At F LUADT 4G H 270 DAY
TELT TOMDERATURE 3 110 Jdue Fo AUTUGENGDU 3% 411 11 81
424 11 83
ULTe 3THGISELFCTE ) MIX: HB200e P31 AT 7 3eFa
ULT, TR ICCAPANTON 2 7270, O30 AT 110.Fe CREFP : 392 11 79
ARPBLIF) TEST STREGS : 40U n3 409 11 80
CEde L Te 51Re ADPLIFOD 2903 PLACENT (GELECTED ﬂlxl vl 11 78
33e0 PHRCENT (CUMPANITON
«wxsttaeutttﬂa-*«ttnttnttttt-----—-——-ulcpnsvnA[N-----------ttuxcn)rru41w SER PSIW
1ML *505TAINED *ELASTIC,® CREFP TOTAL
AU Ty AUNDE BTMUOULUS QF % (REEP *  PLUS ‘ ‘\)Tn"-‘ CREEP ‘ SF‘ELH‘]C t STRAIN
DAY, - SHemLLASTICITY®  DLUS * AUTOG-#* =NQUS * CRECP *D1VIORD Py
L M5 4 AUTOG= ® FNOUS> ' * 2400 PSI
x * ENJU3 ®

T AL ERUL AN RS AR tnttttttn.m1«‘1tt‘tttt...ntntxtotnt.vta.tant-aatt.tn‘tvat..--

TELOADING

9
'~,v1(11!1> suLLY

D
LAY
&3
o
o
€3
Cad
Lar
H50

OO

-
1 4FNS
Ve

i

OF HOLCLMENS
~e VU7

AEGING

203

FULLY LDADED, APPL
D37
eUlUS
0208
sULl7

11560
127.0
1¢1.0
13262
2chel
25941
28642
31841
34362

306

T
INLUADED, DA
Touss
sotus
0417
«1042
<oy
He0
110
1401
T

(MINUS TIME XS TIME PRrRIGK TO
0

() v
]
lt\) TEST SYFES% 2400 "S]
- 9 v
-1422 —lﬂ 0 -18
-433 -29 v P9
-a42 ~38 0 -38
-4 548 -50 '] ~-5u
-475 -7t Q =71
-£13 =109 o -109
-243 ~139 1 -140
=576 -172 S -177
~-506 -292 i4 ~20%
-620 -216 7 -223
~329 ~225 L] -2
~-¢ 319 =235 3 -243
~L%A -264 9 -273
~594 =290 10 - 3vo
~705 =301 9 =310
-733 ~329 10 =339
-741 -337 10 -347
=751 -347 10 -357
~7h1 =357 10 =367
-741 -387 5 -392
-318 -414 '] -414
- 129 -425 -2 -423
-Ha6 -442 -6 -4a3e
-3695 -461 =10 ~451
-474 -470 -10 -460
-01 -697 ~14 =433
-923 -5319 -21 -498
-944 -540 -23 -517
-961 -557 -30 -%27
-972 -568 -33 -535%
-98¢& -582 -45 -537
1009 -605 -46 -559
1017 =503 -47 -556
Y2 KECIVERY GIVEN NUW IN COLUMN ®
-hoa =269 -a7 -211
-65u =252 -a47 -205
-h52 =248 -a7 =201
~045 -241 -47 -14a
-640 -23¢ -a7 -189
-H509 =205 a5 -157
-337 =193 -50 -143
-592 -188 -31 -137
-507 -204 -71 103

-219-

FuLL L)Ad)

U T I T I T T I N I I N I O I )

i

2
2
2
2
2l
2
]

3
k]
o
1
2
3
a
a
°
£l
L)
7
7
3
3

2
9
Q0
1
1
2
2
3
3

29
71

12
37
S0
92
12
ac
a7
29
33
25
t2
17
79
17
1z
75
54
26
z9
37
29
17
u

e R

STRE 55%




AVERAGE FLASTIC PLUS CREFP STRAINS *%XYORK *% 160F, 23 DAY, 30 PERCENT
(3 SPECIVENS: STALED 6 3Y 16 INe CUVCREVE CYL,
(NJT CORRECTE ) FOR AUTNGENQUS STRAINS)

SPECIMEN GROUP YORK S (MIX 6-26)

AGE OF LUADING 28 OAYS
SPECTIMEN METHER NCe CHANNEL FACTOR MDOULUS 10 TO 2100 PSI) TEST TEVMPERATURE 160 DEGe Fo
NUel 222 11 24 14 Se3 ULT. ;YR..SELLCYED L1 €280s PSI AT  73.F.
Nde2 223 11 26 11 5.1 OQMPANION 5420e PSI AT 160.Fs
NOe3 207 11 25 22 56 APPLlED TESY STRESS 2100e P51
PERe ULTe STRa APDLlEU' 3344 PERCENT (SELECTED MIK)

33e7 PERCENT (COMPANION

tw*t“tkt#ttl#Ctii‘ttttt‘tﬁt‘t‘ttt‘i.ttttt‘t---—-—AICROSYQA(N (INCLUDING AUTOGENJOUS)--CORRECTED FOR TEMPEGATUG&-—-

TE % TIME % AGE, % DAYS % AVGe t--m=-ELASTIC PLUS CREEP==mmm—famcoccle e CREEP-=ocmoocenna LASTIC

X - Davs o UNDER * rgun. t——----_-spECINEN-—--—_t AVGe .--_-_--_spgc,uEN-____-t ave. t tanEp)/

STRESS * DEGe ol NOe2 * NOo ol 2 % NOo3 2100 PSI

*tttutititktt tt*tt#**tittti‘ta‘ﬁtiﬁttxttitttttttl‘lttltit#tltttttitittittttitttittttttt‘tttttttt-tttttttttttttttt

o

SPLCIMENS CAST
2749 SPECIMEN(S) LOADING BEulNS, READINGS AT 0 AND 1050 PSI (PLUS OR MINUS 301, RLSDECYlVELV
2709 =e0007 1605 a [} 0 b o D) [
279 ~«0003 160e5 *x%x 71 -176 =168 ~170 *x o o ) 0 *‘ -08095
2749 =PEC1MPN(3) FuLLy LOADEO, APPLLIED TEST STQES% 2100 Ps1
2 «5 &% -400 ~411 x

15¢
1139

1199

1159

1200 :

1200 -376 =395 0 o 0 0 *x -,186810
1205 -414 427 =333  -41l *x -14 -16 -17 ~15 *% -419571
1215 -4238 -442 -40? -425 ** -28 ~-31 -31 ~30 ** -,20238
1300 -445 -460  ~427  -464 ¥% -as -49 -51 -43 =x 21143
15u0 -467 -483  -450 -~466 ** -67 -72 -7a =71 %% -422190
1700 -480 -497  -466  -481 *x -89 -86 -90 ~B5 *% +,22905
2210 -500 =518 -488 -502 #* -100 -107 ~112 ~106 %% -423908
1299 -523 -%47 -£20 =531 %%  -128 <-136 ~-144 =136 *%x -,25286
1250 1 -561 ~582 -558 =567 %%  -15] -171 -182  -17]1 %

1430 16 -580 -602 -580 ~587 ** -180 -191 ~204 =191 *x

1215 15 -591 613  -601 -80z2 %%  -193  -202 -225 -206 **

1500 16 -602 -625 -612 =613 %%  -202 -214 -23 -217 *=

1230 16 -632 =628 -646 -6135 *x 232 ~217 =270 =239 *x

1240 16 -662 -653 =673 -662 ¥k  -262 -242 -297 -267 **

1130 16 -679 <665  -691 ~678 % =279 =254 -315  ~282 %%

1a45 16 -688 =677 ~700 ~68B8 **  ~-238 =265 -~324 —292 %%

1535 16 -713 -693 ~-730 -712 ** -313 -282 -354 ~316 *%

1405 15 -726 =705 =747  -726 ** -326 -294 -371 ~330 %=

1135 16 -T46 =726 -768  -746 %k  -344 -315 -392  -350 **

1315 16 -758 -744 -735 -762 *%  -338 -333 -409  -366 *x

1170 16 -778 ~764 =733 -778 #%  -378 -353 -417 =382 %

1515 16 -788 -774 -802 -788 **  -338 -363 ~426 =39z *%

1510 16 <800 -78& -B14 ~B0O ®¥ -a00 -375 -438 -404 **

14553 16 -822 -81 ~843  ~825 ¥*  -422 -400 -467 429 *%

1355 16 -842 -830 ~865 -8B46 ¥* -a42 -419 -490 -450 *x

18z0 16 ~-862  -851 ~899 -B67 -462 =440 =514 =472 *%

1640 16 -384 <874 -918  -872 %  -a3a -463 -542 -496 2%

1290 1€ -927 =889 -928 -915 %%  -529  -474 =562 -519 #*

1152 15 -963 =917 -948  -942 ** -563 -506 -572 -547 *%

1150 16 -994  -933  -9a ~971 *% 53 -522 611 ~575 &%

1650 16 -1015  ~7855 1014 -9F8 %  -615 -3as -638  -332 %%

1450 15 -*?9 -8 -g?oo _‘339 % -699  ~-469 ~708  -62a **

1105 15 -1127 -{o82 -Jio3 -1097 #« -727 -651 -727  -701 **

430 15 ~1163 -~1099 ~1140 <-1134 ¥% ~763  -688 ~7¢€4  -738 =%

215 15 -1185 -{186 =-1180 =-1170 %% -795 -735 -804 ~774 *x

1€ 10 15 =1203 -1012 -1197 =-1139 **  -803 -601 -821 -743 =%

1340 16 -1226 -1117 =~1211 -1184 %% -825 -706 -835 =739 =

1415 13 -1250 -1161 ~1232 -1214 ** -850 -750 -856  -818 **

1c38 16 -1256 =-1176 -12a2 -1224 w*  -856 -765 -866 =829 %%

1415 16 -1271 =1213 =1263 ~1249 &%  -g71 -802 -887  -B53 xx

1215 16 -1291 =-1325 ~1291 =-1302 % -831 ~914 ~915 =906 **

1500 16 ~1312 =1349 -1330 =-1230 ¢* -912 =933  -95a  -934 xx

l4ao 16 ~1318 =~1378 -1330 ~-1358 #% -913 =967 ~1004 ~963 *x

1ouu 16 -1327 -1392 -1359 *%  -927 -951 0 —9S4 x

1340 16 -1336  =-1400 0 -1368 %% -936  -98% 0 -962 **

it 20 1% -1343 -1817 0 ~1380 *x 943 -1006 0 -974 *x

1510 15 ~1358  =-1443 0 ~-1400 %% -9538 -1032 0 -995 x

1600 15 -1389 -1890 Y -1439 %% -989  ~-1073 0 -1034 *=

900 161e6 *= -1384 -1499 0 -1441 *# -984 ~1088 0 ~1035 *%

Yy 16443 ®& =1401 -1520 0 -1460 #** -1001 ~-110% 0 ~1055 ** -,69524

NUTE : 411US DAYS UNDLR LOAD INDICATES SPECIMEN LOADING TIME PRIOR TO FULL LOAD

J L
P CIMe N NG ot F«RATIC LOwW READINGS 7-10-74,8-21-74,12-17-74 AND 1-15-75
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AVE L AGH -FLASTXC' CREEP AND AUTUGENOQUS STRAINS *% YORK ** |60F 28 DAY, 30 PERCENT
(SPECIUMENT SEALED 6 BY 1A INe CONCRETE Yle)

SPECIME N GROUP 3 ¥YORK 5 (MIX G=2A) STRAIN METER NJUMBERS
AGE UF LUADING : 28 1AYS
TEST TEMPFRATURE @ 160 DEGe Fo AUTOGENOUS3: 423 11 28
e 11 27
ULTe ST, FLECTED MIX: €2H0e PSI AT 7 3eF o
ULTe &TR CLIPANII)N T 5420e PSI AT 160eFe CREEP H 222 11 24
APPLIFD TF ST STRES 210 PS1 223 11 2¢
Bt e LT, ll- A“ULI:'): 3 PERCENT (SELECTED MIX) 297 11 25.
3.7 PERCENT (COMPANION )
LI R R R A Rl -----p"cnnsnallu-----------.‘qlcpszp.xN PER PSI%
*T M *SUSTAINED #FLASTICy* CREE * * TOTAL
AGE ®UNDER AMUDULUS OF% CRFEP # PLUS . AUTOG=-* CREEP % SPECIF!C ‘ STRAIN
DAYS "‘)TRrS),‘ELAS\'[C[YYI PLUS ® AUTOG-* ENJIUS t *®  CREFP *DIVIDED QY
NAYS 34 ‘ AUTOG- ' ENOUS ‘ - * 2100 °st

‘ ENQUS = -
«sno&ant-ttawttttt.iOt.tu-uttttnt‘tl-ttltttttattttttlttttttaattcttttvttttta‘ott
¥RLUOADI NG OF SPECIMENS 3EGINS (N]NUS TIME [5 TIME PRIUK TO FULL LOAD)

0

zu .uuu7 [
~e 000 0
ey -PFCI'AFNS FULLY LrJAr)gD, ADPLIED YE:T SYFIESS 2100 PS!

2 98 ] ']
Sell -;11 -:5 [ -15
4ol -425 =30 [ -30
4e73 ~446 -48 0 -a8

-406 -7 [ -71
-481 -85 ] -85
-502 =106 Qo ~106
-531 -136 19 -1£5
~-567 -171 27 =164
~547 ~-191 26 =217
-602 =206 32 -2133
-613 -217 a4 -261
-638 -239 52 -291
-662 -267 54 - 321
-674 -282 54 =236
-688 -292 34 - 340
-712 =316 53 ~359
~726 -330 30 =380
-746 -350 a8 -394
-762 - 366 a7 ~a13
-778 -382 al -42
-?8 =392 3 ~421
-300 ~408 37 ~aa]
~325 -429 29 -458
-846 -43%0 29 -a79
-A67 -472 31 ~503
-89z -490 30 -526
=915 -519 32 -551
=942 -547 3 -574
-971 -575 32 -607
-928 -%32 34 -566
-101% -824 24 -648
-1097 -701 20 =721
-1174 -738 13 -751
-1170 -774 12 -78¢
-1139 -743 5 ~74n
~11934 -789 -2 ~787
-1214 -318 -4 -31a
-1224 -329 -9 -820
-1249 -353 -12 -841
-1302 -906 -148 ~HR8
-1330 -934 -22 -912
~-11358 ~-963 -21 -96z
-1359 -954 =21 -9133
-136d -962 -20 -94c
-13R80 -974 -22 =952
-1400 =-99S -23 -972
-1439 -1034 -23 -1011
-14a1 -1036 -24 -1012
-1460 -1055 =3a -1021
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AVERAGE ELASTIC PLUS CREEP STRAINS *%*YORK *% lDOF&qu DAV"JO PERCENT

SPECIMEN METER
NO«1 21
NUe2 22
NO.3 22

CIMFNS' SEALED &6 BY 16 INs, CONCRETE CYL
(NDT CORRECTED FOR AUTOGENOUS STRAINS)

SPECIMEN GROUP YORK 5 (NIX G-26)

AGE OF LOADING 90 DAY
NOs CHANNEL FACTOR MODULUS (0 TO 2100 PS1) TEST TEMPERATURE 160 DEG. Fe
8 11 a9 12 Sed ULTe STR.ISELECTED MIX: 7200e PSI AT 73.F.
S 11 a7 1 Sel ULTe STRe:COMPANION : 87 90 PSI AT 160eFe
4 11 48 16 S.3 APPLIED TEST STRESS : 210 Pst

PERes ULTe STRe APPLIED: 29.2 PERCENT (SELECTED MIX)
)

3643 PERCENT (COMPANION

ttttttc*ttktttkttt‘t‘ttti‘ttttttttttttitt‘il-~~-—-“lCROSTHAIN (INCLUDING AUTOGENOUS)--CORRECTED FOR TEMPERATURE=-=--

DATFE t TIME

STH DEG 2 3 100
tﬁttttttﬁkﬁﬁt#ttttlttti#itiiti#“‘ﬁ‘t‘#i‘itt‘t‘i#**t““‘tiilt*tttlli"itl.t“‘it‘it#tittitt‘t“**““‘##““&t“t
[}

® 2-21-74 1400
®* S-22-74 1acs

9=-22-74 1444
l1a4a
1445

1330

<o

- v st e e

-
N OCDP W= P2 OO~ OL=POUIR = NN

o

0

15
00
Qo
Q0
30
£2
43
15
2V
30
S0
1045
1620
1e13
14 30
10359
1120
1345
1830
30
15
1640
1390
1230
1235
1230
1215
1540
1012
1013
1013
1110
1790
1630
10v0
1100

NOTE ¢ MINUS DAYS ONDUR

* AGE,
% DAYS

9040
9040
U0
9040
9040
9040
9040
9040
9041

90e1

902
9043
908

50249
LOAD INDICATES SPECIMEN LOADING TIME PRIOR T3 FULL LOAD

* DA VGe Hmmm—e ELASTIC PLUS CREEP=——~~—fo—mmmmicceeCREEP—==mm—mmewm-—n & (ELASTIC
‘ UNDER ‘ TEMD * EN ‘ AV 5o t SPECIMEN—— —‘ AVGae ‘ OCREEPII
ESS * St

SPECIMFNS CAST
SPECIMEN(S) LOADING BEGINS, READINGS AT 0O AND 10S0 PSI (PLUS OR MINUS 30), RESPECTIVELV
—-0007 15040 ** b Q9 Q

«0003 16000 *¥ -169 -177 =169 =171 %% o o 0 “ —-08[#3
SPECI‘CN(S) FULLY LOADED, APPLIED TEST STRESS 2100
Qe oy k% -389 ~-41 8 ®% o 0 *% -,18952
0014 15948 %% -403 -16 -15 %% ~,19714
«0035 159.9 *x -413 -27 -26 %% -420238
e0104 1598 *=% -424 -40 «20810
«0208 159+9 *% -S3 «21333
« 0817 160e 3 *x%x -62 21762
ol 250 16144 *% ~-90 *229%52
«2500 16169 %% ~111 =104 *% -,23905
¢ 7604 16244 %% -152 -144 %% -,25810
«9653 1620 **% -162 =157 %% =,26429
169479 16241 *»
29 1617 %%
4e1 16242 *%
4.9 16241 *%
Se % 161¢9 %%
8e0 16247 *%
91 1609 *%
131 15845 *x%
15.9 161¢4 &%
19.7 1612 *x
2248 160e9 ** -780
2949 1616 *% -813
34,9 161.9 *% -833
38.8 1622 *% ~-848
47.8 1629 ¥% -881
S6e1 16340 ** -910
631 12246 %% -9313
790 15846 *%x -100S5
8448 1596 ** ~1014
98.9 1593 ** -1046 =~
112.0 159.0 % <1089 -~
12641 15941 *% :ﬂ )
154,.7 158,88 & -1133 -
182.8 1592 ** -3176 -ll=£ -1168 '!;67 L34
2091 156.8 ** -{211 -11 -1203 -1202 #*
23840 160e1 *% <=1227 «1210 ~-1223 ~1220 **
27240 15847 %%  «1260 ~1215 -1257 ~-1244 *x
29509 16143 *%  -1265 =~-1237 -1272 =-1258 **
32449 159.5 **x =1289 ~1269 -1300 =-1286 %%
353.9 1598 ** =1321 -1298 -1331 -1316 **
39040 1604 ** -13841 -1319 -1351 -1337 -
396.8 15942 *% =1355 <1330 ~1362 =1349 ==
SPECIMEN({S) FULLY UNLDADED, DAYS RECOVERY GIVEN NOW
« 0000 159.2 *x* -986 -908 -997 -963 *%
¢ 0396 158¢9 *% -991 -873 -958 ~944 *% —602 ~461 ~573 =545 *x%x
12826 160,8 *% =956 -833 =936 -908 ** =567 ~421 -541 =509 %=
8.3 161 0 ** =932 -804 -912 -882 *x =543 -392 -517 ~484 %%
7008 #% -910 =775 o -842 *x% ~-521 =363 o ~442 *x

16
END ﬂF TEST

-222-

h



AVERAGE CLASTIC, CRFEP AND AUTUGENOUS STRAINS *% YORK *¥ 16UF, 90 DAY, 30 PERCENT
o)

SPECIMEN GROUP H
AGE OF LUADING H
TEST TCMPERATURE
ULTe STR ELECTLD
ULTe STR
APPL 1ED

RES

EST ST
PERe ULTe STR, ARPLILE

~
LR RS ER R R RS RS RS2 AL Ll L Rl

CMPANION

(SPECIMEN:

YORK 5 (MIX G=26)

90

DAYS

160 DEGe Fo

MIXe

S

DPSL AT 73.£.
DSl AT 160e

Jb.! PERCENT (COMPANION

TIME *SUSTAINED *ELASTIC,* CREEP

-
AGE, ®UNDLK *MODULUS OF% CREEP & PLUS ‘ AUTDG ‘ CREEP t SPECIFIC ‘ STRAIN
DAYS QSYR-SS"ELASTICIVV‘
t DAYS * MRS * AUTOG- * ENDUS ‘ ‘
® ENJUS *

St

--NKCFOSYRAIN----
*

PLUS  * AUTDG—: ENOU

DERCENT {SELECYED MIX)

SEALED 6 AY 16 INe CONCRETE CYL

STRAIN METER NUMBERS

AUTOGENQUS: ‘OJ 11 53
413 11 54
CREEP P 218 11 49
225 11 a7
224 11 48

----- “NlCRQSTHAIN PER PSix*

REEP *DIVIDED BY
‘ 2100 P

tﬂf.tatlt‘#“..‘#..l.tt!‘#ttl""l“...“““‘““““““‘ﬁt‘..‘.“l".“‘..‘l“‘

*RLDADING DF SPECI4 NS BEGINS

90 -e0007
~e 0003

9u
*ASPECIMENS FULLY LOADED,
9 0 ’ €28

NBPHECBNC NP WANRN~=OO

<
ILWPONONCWIDOUICWE W

N

eGP PR RIS o b 0 i s o 0 s o e 0 e e
~
[

o0
Iom3
MCOU‘O

5 >

3968
ABSPEC IMEND FULLY
7

503 15
*®LND UF TEST

1056
UNLOADEO »

-1398 0
-414 -15 Q
-425% -26 0
-a37 -38 o
-50 0

-58 0

-83 )

-104 ]

~144 11

-157 11

-188 20

~207 25

-22% 28

-234 3

-244 3

-263 33

-277 33

-316 32

-326 31

-3s8 29

-378 29

-412 26

~431 22

-aas 21

-479 1e

-508 12

-532 11

-591 10

-604 8

-837 11

-86 6

-68! 4

-727 -3

-768 -8

-803 -13

~821 -16

-845 -24

-889 -28

-887 -32

-918 -28

-938 -18

-1349 -9%0 -19
DAYS RECOVERY GIVEN NOW
. -963 -565 -19
-944 -Sa5 -19
-908 -509 -19
-882 -484 -21
-882 ~442 -18
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APFLIED TEST STRESS 2100 DSI

(MINUS TIME [S TIME PRIUR TO FULL LOAD)
]

o

931 ~ed4423
COLUMN =T IMZ UNDER bTRESS'
6



c67

NUOTE :

AVERAGE ELAST!C PLUS CREEP STRAINS #%VORK *% J60F

SPECIMEN METER NOe CHANNEL
NUe1 408 11 87
NJe2 415 11 s8
NO+3 402 1T 56

Bl R et i Sl eI S s e i PRSI d s e as

CIMENS:

SEALED & BY 16 1N. CONCRE

90 DAY,
TE CYL.

{NIT (ORREC}ED FOR AUTOGENUUS STRAINS)

FACTOR MODULUS (0 TO 3190 PSt)H
27 WwTe
25 uLT
28
PER.

4S5 PERCENT
)

SPECIMEN GROUP
AGE OF LOADING
TEST TEMPERATURE

STRe :SELECTED MI

ULT.

STRe. APPLIE

~==MICROSTRAIN (xNCLUDlNG AUTOGENO

VORK 6 (MIX G~26)
DAYS

160 DEGe Fo

PSI AT
95[ AT

T3eF e
160eF,

3 PERCENT (SELECTED MIX)
5840 PERCEMT (COMPANION )

i-oCURsecrED FOR rEnPERAtURE-—-

DATE % TIME % AGE, % OAYs AVGe - --ELASYIC PLUS CREEP--=-=- c====-==CR *(ELASTIC
* DAYS * UNDER * TEMP, n--------so EN------‘ AVGe t----~---SFECInEN---—--‘ AVG. * OCREEP)I
* STRESS OEGe ol l 319 21
t..‘ttttttt‘ttiiititii‘iitttttittt.#tttttitttiiiiittififii‘ii‘i%ifi‘fiti‘tiit*“ t#“i‘tt‘i“;‘ti‘t‘tttttttttnt.
143 SPECIMENS CAST
1233 8919 SPECIMEN(S) LnAD]NG BEG[NS, READINGS AT 0 AND ISQU PSI (PLUS OR MINUS 30), ﬂESPECTlVELV
1233 89.9 -.ouxa 160.8 * 0 '} 0 ] o 0 O
1234 89.9 0007 (6048 “ -288  -297 -309 -298 ~e09342
1235 89.9  SPECIMEN(S) FULLY LOADED, APPLIED TEST STRESS
1235 899 +0000 OeB %% -750 755 ~763 - 6 % ~-e23699
1240 8949 00035 .160e4 *% -753 -760 = ~-T76 =763 -e23918
{2458 8945 0069 160.4 *% -769 ~770 -794 -7T7? ~e24357
1250 8949 -808 -791 -e24796
1255 8949 -820 -~803 -e25172
1308 8949 -833  -816 -e25580
1320 80.0 -882 ~833
1235 900 -867  -847
140S 9040 -886 -867
1440 900 1 =903 -883
1538 900 1 3 -
1738 90e1 ot -954  -937
2112 90e3 1 -937  ~97s
1225 90, 1 -1069 ~1060
1152 919 1 -1131  -112s
1218 9249 1 -1172 -1167
1300 93e9 1 ~1205 =-1200
1138 9349 1 - 1229 -1224
843 95.8 1 = ~1247° "=1244
1152 969 1 - -1269 ~-1267
915 98.8 1 - ~1301 =-1299
1600 10241 1 - ~1345 ~-1347
1220 1059 1611 < -1390 -1392
1150 110.9 161.5 - ~1446 ~1448
S50 11448 1617 - ~1482 ~-1484
1045  123.8 162,6 - ~1553 -1555
1€50 125.1 162,55 *» = “1589 -1563
1310 12949 a 16341 - -1591 -159s
1€15  139.1 P 16342 - -1651 ~1658
1630 14641 56 1 .g - -1702 -17&;
T I T 1
1120 178.9° 84,9 15!!3"( = - E '1?"" S'ii Lod
1345 188.0 9940 159.0 %% -1963 -1920 -19 g ~1933
1630 202.1 112,2 158,08 *% -2028 ~{ ~-1974 -1990
1430 21640 12641 159.3 ** -2081 -2018 -2027 -2042
830  230.7 1408 1585 ** -2130 -2033 -2068 -2084
1315  245.9 156.0 15947 %% -2185 =-2096 =~2120 =-2133
915  258.8 16849 15841 ¢ -3217 -Z2I127 =214% 22164
1840 a5, 19542 15944 %% =2287 <2175 =-2220 -2227
1350  314.0 224.1 163,5 % -2355 -2228 -2284 -2288
1530 34840 25801 160¢4 ** -2419 -2284 -2353 -2352
1235 371.% 282.0 157.8 ®%x -3450 -2320 -2385 -2335
1230 40069 311.0 15942 *% -2486 -2346 -2426 -2419
1215  434.9 34540 15946 ** -2853 _2404 -2499 -2485
1580 46640 375.1 15844 #% -2800 -2433 -2527 -2516
940 472, 9 159.6 *% =257 -24%2 -3% -2523 47 -176 1767 *=
6-23-75 942  472.8 specxuznts) FULLY UNLOADED, DAYS RECOVERY axven No- lN coLunn toAvs unnsn SYRESS‘
6-23-75 942 47248 «0000 159.6 ** -208 903 -1965 L ~1148 -12 -121
6-23~75 1110 47249 0611 157.4 *%  ~2003 -{551 -f?l - > -1165 -.
6-24-75 1700 AT3. 1 103042 158,858 #% 135 798 1866 -~ &3 -1116 **
7 -1-75 1630 4811 s. 15846 *% -1915 -1786 -1827 -1832 = -1076 **
7 -A-75 1330 4880 o2 Tle3 ** -1850 -~1749 0 ~1799 ** ~1047 **
* 7 -8-75 1430 48840 END OF TEST. - . .
4INUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR TQ FULL LOAD
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AVERAGE ELASTIC, CREFP AND AUTOGENOQUS STRAINS *% YORK &% 160F
< MEN: SEALED 5 BY 16 INe CONCRETE

STRAIN METER NUMBER
AUTOGENOUS:

SPECI
VORK
|60

SPECIMEN GROUP
AGE CF LOADING
TEST TEMPERATUKE

ULTe STRe2SELECTED MIX
ULTe STRe :COMPANION

APPLIED TEST STRESS t 3190,
: 3 DERCENT {SELECTED NIX)
PERCENT (COMPANION

PERe ULTe STRe APPLIED

& (MIX G-26)
CAYS
OEGe Fo
o PS1 AT 73eFs
. DS! AT 160eF,
PS

CREEP

as

403
413

408
415
402

“"l‘tl“‘.“i‘ii““““.‘~—--’—----ﬁ‘CROST“‘]N-“‘-"""“"[CRDS‘RQ[N
*

TIME ®*SUSTAINED *
AGE , !UND:R *MODULUS QOF*
DAYS ‘STRESS"ELAST(CITV‘
DAY MPS T '

€ - *
‘.Ma‘tlt.tt!“‘.‘#!i‘t“‘..‘ttt‘““#"i.‘““.i‘#“““#“
**_LUADING OF SPECIMENS SEGINS

90 ~e0014

90 -e 0007 o
**SPECIMENS FULLY LOADED, ADPL[ED TEST STRESS 3190 PsI
0 0000 4,22

ELASTIC,‘ CREEP

CRE *  PLUS . AUTDG-: CREEP 3 SPECIFXC '
‘

PLUS * AUTOG~* ENJUS
Ll

AUTOG~- * ENOUS :

=
TR EERK

PERCENT

s

153
1 Sa
1 57
1 38
1 56

- e

PER PS1%
TDTAL
ST

*D IVIDED 8y
* 3190 PSI

(MINUS TIME IS TIME PRJOR TO FULL LOAD)
]

9 56 0 [ [
90 4.18 -763 -7 0 -7
90 -777 =21 [} -21
90 -791 -35 [ -35
90 -B803 ~47 0 -47
90 -816 -60 [ -60
90 -833 -77 o -77
90 -847 -91 [ -91
90 -867 -111 [ -111
90 ~-883 -127 ] -127
30 -907 -151 o -151
90 -937 -181 .0 -181
90 -375 ~-219 o -219
91 -1060 =304 1 -315
92 -1125 =369 0 -389
93 ~1167 -411 s -436
94 -1200 -444 8 472
95 -1224 ~468 i -499
96 -1244 ~488 1 -519
97 -1267 -511 33 -544
99 -1299 =543 33 -57¢
192 ~1347 -591 32 -623
106 ~1392 -636 31 -667
111 ~-1448 -692 29 -721
115 -1484 -728 28 -7%6
124 -1555 -799 3 ~822
125 -1563 -807 2 -829
130 -1595 -339 9 -858
139 -l1o0658 -902 2 -914
146 -1719 -963 2 -978
152 -1757 -1001 2 -1013
161 -1302 ~1 04 1 -1087
17% -1874 -1118 8 ~-1126
188 -1933 -1177 10 -1187
202 -1990 ~1234 6 ~-1240
216 -2042 -1286 &  -1290
27 -2084 -1328 1 -1329
246 -2133 -1377 -4 -1373
299 ~2164 -1408 -5 ~1403
285 -2227 -1471 -14  -1457
314 -2288 -1532 -15  -1%17
3483 -23s2 -1596 -20 -1576
372 -2385 -1629 -28  ~-1601
a0l -2419 -1663 -31 -1632
435 -2485 -1729 -38  -1691
O66 -2516 -1760 -18 -1742
382 1426 -2523 -1767 =21 178
ttsPECIM&NS FULLV UNLUADED, DAYS RECOVERY GIVEN NOW

. -1975 -1219 -21 119

073 « 0611 -1921 ~116% -21 ~1144
a7a 13042 -1872 -1116 -20 -1096
481 a3 -1832 ~1076 -19  -1057
2 -1799 -1047 -19 -1028

438 15
*%END OF TEST

-225-

%

STRE;S’

C68



NUTE:

AVERAGE ELASTIC PLUS CREEP STRAINS #%#YDORK *% 160F, 90 DAY, 60 PERCENT
(&)

SPECIMENS: SEALE
(NOT CORRECT

SPECIMEN METER NOe CHANNEL FACTOR ~OD!
NOW1 399 11 €e 15
Nle2 397 11 51 16
NJ.3 404 11 50 30

AR R AR SR AR AR R EX AR AR KRR R AR R KR AR AR R R R K

DATE * TIWE * AGE,
# ‘ DAYS

DAYS *  AVGe *
UNDEH * YEND. !
*

D & BY 16 INe CONCRETE CYLe!
ED FOR AUTOGENOUS STRAINS)

SPECIMEN

AGE OF LO

ULUS (0 TO 42%0 PSI) TEST TEMWR
4,2 UL'- SVR..S&LE
4e2 . COMP
4.3 AFPLIED TEST S

PERs ULTe STRe

GROUP H YORK 6 (MIX G=26)
ADING H 90 DAYS

ERATURE : 160 DEGe Fa

CTED MIX: 7c00e PSI AT 734Fe
ANIQON : 5500. PS1 AT 160.Fe
TRESS T 4250. PSI

APPLIED 5940 PERCENT (SELECTED Ill;

77+3 PERCENT {(COMPANION

------ MICROSTRAIN (INCLUDING AUTOGENOUS)-~-CORRECTED FOR TEMPERATURE-—-—

mwmw=ELASTIC PLUS CREEP==- REEP *(ELASTIC

------- 'SPEC]NEN---—-—‘ AVGe ‘----—---SPEC[-EN-——---‘ AVGe * +CREEP)/
* o ASI

RES NOo1 .2 .3 ol NO.2 NQO« 3 A28
#‘*‘ttﬁtt“‘fttlt“*‘t“ttt‘t.“‘“‘t““liti.t""*tiii‘t.t"it“itt‘i“it“‘t“.“iiitttttt‘t.t.“““"t“i““

3 1430
* © 1082 50.8

© 1052 B8Ye8

[ 1053 8948

© 10548 9
® 6 10355

6 1955

6 1

6 1

6 1

6 1

© 1

6 1

6 1

6 1

€ 1

[} 1

6 1

© 1

[-3 2

o

6 1

6 1

3 1

o= 1

ANACWE POWE P OW=ONGO WO U0 DG e et O SR = oot e bt oo = O
RCNE W s W NP e dw PN AW w= = POURO=UNE Lo~ NI DWCANEN==CCC

NCCOMC MECCOUNOCOUNCOCONCUOOCOUNWLNCUNORNETHRNCHRANTWS

e

Q
[
0
1
14.8
2348
23e9
39.1
46e
519
60.8
7449
8840
0zl
160
3067
43,9
5848
7240
ASel
14,0
4

(a2 T RO AU 1N TN ) et 0 0 st 0t 0 00 e

W
o~
-

e i s e e e o ot e

i 46

4 49S.0
8 € 51841
G-168-7% E} 56061
10=-20-75% jeu 59240
11=-14-75 600 61741
L=24-T75 90u €568
2=-24-74 445 71848

SPECIMENS CAST
SPECIMEN(S) LOADI
-s0021 16062 *x
0014 1602 *%
« 0007 16062 *x
SPECINEN(S) FULLY
0000 .2 * %
&
L5
%
L4
*%
*%
%
**
L
L
**
%
L4
%
*%
-k
*k
%
L3
*%
*%

oc

5272
56649
62340

*
%

[ e e T T T e
GO OOROPORCCOGACOOCOVANGNACOICICOOCOCORROOICNRICPOOICCD

NG BEGINS. READINGS AT 0, 1590, AND 31
[} ) 0 *% 0

’290 -281 -291 -290 *%* o

=579 -652 -€52 661 ** ]
LOADED, APPLIED TEST STRESS 4250 PSI
-1017 ~100S ~995 ~1008 ** Q
-1152 ~1167 =1170 -1163 ** =135
-1172 -1189 -1194 ~1185 *x* =155

1408 -1449 -1471 -1841 *x -387
~1457 =1507 =1532 ~1498 *x ~440
-1506 -1561 -1589 -1552 =% -439
-1538 -1595 -1624 -1585 *x -521
-1619 <1679 -1713 -1670 ** -602
-1733 ~1798 -1835 -1788 *% -716
~1862 -1923 ~-1967 =1919 *x* -85

~3179 -~3114 0 -3fa6 ¥k -2162
-3253 -3183 0 ~3218 *x =2236
-331a -3236 0 -3275 *x -2297
~3372 -3291 0 =3331 ** -2355
-3432 -3342 0 -3387 ** -2a41%
-3472 -3380 0 =~3826 ** -2458
=-3507 =3411 0 -3459 ** -2430
-3543 ~3450 0 =3496 ** -2526
-3599 -3519 0 =3559 %% -2532
-3663 -3582 0 ~3622 ** -2646
-3700 -3619 0 -3659 ** -2683
~3737 =~3655 0 -3696 *% -2720
-3775 ~369% 0 =3735 #& -2758
-3808 -3730 0 -3769 ** -2751
-3867 -3769 0 -3818 %% -2850
-3884 -3789 0 -3836 *% -2857
~3894 -3819 0 -3856 *x -2377
-3915 0 -3913 *% -2498
-3949 0 0 =-3949 %% -2932
~3959 [ 0 =-3959 %% -2942
-3987 o ] 987 *¢ -3970

MINUS DAYS UNDER LOAD INDICATES SPECIMEN LOADING TIME PRIOR

SPHFCIMEN N2DelyNUe2y AND NOG3:

~226-

90 PSI (PLUS OR MINUS 50). RESPECTIVELY
o

] [}
o [} o " --06!2‘
[} [*] 0 **x ~,15553
[} 0 *% =,23647
-162 -173 -157 *x -,273
-184 ~199 =179 %%
=199 -215 ~193 *x*x
=236 -255 -230 **
-258 -278 -252 **

~3¢cv -387 =352 ** -
-4454 ~-476 ~-435 %% -
=502 -537 -493 *& -
-550 ~-594 -546 *% -
-590 -629 -580 ** -
-674 -718 -664 *% -
-793 -840 -783 ** -
-92 =972 ~913 *% -
=995 -1045 -986 ** -
-1052 ~1102 -~1043 ** -
=1094 =-1142 -1084 *=x -
-1126 =-1173 -1116 **x -
~1165 =-1212 -1156 **x -
-1218 =1265 -1210 ** -

RN

-210 0 =-2138 *x
-2178 0 -2207 *x
-2231 0 -2264 **
-228¢6 0 =2320 **
-2337 Q0 =2376 x*
-237% 0 =2415 *%
-2406 0 =—2448 *x
-2445 0 -2485 *x
~2514 []
-2577 [}
-2614 0
-2650 [
-2690 Q
-2725 o
-2764 0o
~-2784 ]
-2814 ]

0 [}

[} 1]

0 )

v 0 ~-2979 ** -,93812

uLL
CALIBRATED RANGE EXCEEDED ON 7-20-7013-29—70 AND 7-9-74, RESPECTIVELY



AVERAGE FLASTIC, CREEP AND AUTUGENOUS STRAINS *% YORK ** 160F, 90 DAY, 60 PERCENT
(SPECIMEN: SEZALED 5 BY 16 INa CONCRETE CYL,)

SPEC IMEN GROUP : YORK & (MIX G-26) STRAIN METER NUMHBERS

AGE OF LUADING H 90 [LCAYS

TEST TEMPLRATURE @ 160 DEGe Feo AUTUGENOQUS S 403 11 S3

413 11 S&

ULY- STR ELECTED NlK. 7200 PST AT 73eFe

uLTt STR OMPANITUN 2SI AT 160eF. CRIEP : 399 11 S2

APPLIFD TEST STRESS PSI 37 11 51

PERs ULTe STR, APPLIED: S9esU PERCENT (SELECTED WIK) 404 11 50

773 PERCENT (COMPANIIN

LR R S R R R R L A L et ~=MICROSTRAIN=~mwmram——— “MICFOSTHAIN PER PSI*

*T IME *SUSTAINED 2ELASTIC,* CREEP * * * TOTAL

AGE ¢ *UNDSR  #MODULUS OF* CREEP * PLUS * AUTOG=% CREEP * SPECIFIC ‘ STRAIN
DAYS tSTREhS":LASTIClTY‘ PLUS & AUTOG-*% ENQUS * CRECP *DIVIDED BY
PST ‘ AUTOG~ ‘ ENOUS : 4250 Ps1
®

E
tttﬁruumatt.vc:tacctntctttttt‘tvkttttttttttttt:tttttttttttttttttttntttttttttttt‘tm
BALOANING OF SPECIMENS HEGINS (MINUS TIME 1S TIME PRIDR TO Futt LOAD)

9u ov21 [ [}

-nn

0014 -290 0
90 -+ Q007 661

AxEPECIMENS FULLY LOADED, APPLIED TEST STRESS 4250 PSI1
90 «0000 4023 -1005 0

20 -

]
©
© oo

[

30 -157 o -157

Q0 -179 0 -179

99 -193 0 -193

90 -230 0 -230

S0 -252 0 -252

90 -285 o -285

90 -32% o -325

90 -352 0 =352

90 -435 o -43s

90 -493 0 -493

90 -546 0 -546

90 =580 [ -580

20 -664 o -664

91 -783 11 -794

92 -913 20 -933

S3 -986 25 -1011

94 -10a3 28 -1071

95 -108a 31 -1115

96 1116 31 -11a7

7 -1156 33 -1189

99 -1210 33 -12a3

102 -1289 32 -1321
106 -1363 31 -1394
111 -1450 29 -1479
115 -1507 28 -1535
124 -1614 23 -1637
130 -1676 19 ~-169%
139 -1781 12 -1793
146 -1968 12 -1880
152 -1940 12 -19%2
161 -2014 11 -2025
175 -2129 8 -2137
148 -2135 10 -2145
zu2 ~2207 6 -z213
216 -2264 4 -2268
21 -2320 1 -2321
246 ~2376 -4 -2372
259 -2418 -5 -2a10
272 ~2448 -9 -2a39
2es -2485 -1 -2471
314 -2548 -15  -2533
343 -2611 -20  -2591
372 -2648 -28  -2620
401 -2685 -31  -263¢
435 -2724 -38 -2686
466 -2758 -18 -2740
495 ~2807 -21  -2786
518 -2a25 -9 -2816
500 -2R45 -9 -2836
592 -2898 -9  -2889
617 -2932 -9 -2923
657 -2942 -9  -2932
719 -2970 -9 -2961
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NOTE:

AVERAGE ELASTIC PLUS CREEP STRAINS ®%YDRKX *#% 160F, 270 DAY
(3 SPECIMENS: SEALED & BY 16 INe conNcAete CVL-‘
(NOT CORRECTED FOR AUTOGENOUS STRAINS)

SPECIMLN METER NG CHANNEL F£CTOR MODULUS (0 TO 2400 PSI)
NOo 1 220 11 73 12 4.8 U.Te STRGISELECTED MIX
NUe2 217 11 74 25 S5e8 ULTe STRe:COMPANIODN
NOD«3 213 11 72 17 Se3 APPLIED TEST STRESS
PERe ULTe STRe APPLIED

30 PERCENT

SPECIMEN GROUP
AGE OF LOADING
TEST TEMPERATURE

YORK 5 (MIX G=26)
270 DAYS
160 OEGe Fo

8200e PSI AT 73.F.
350, PSL AT 160eF,
2400, 1

2943 PERCENT (SELECTED MIX)
378 PERCENT (COMPANION )

EERRERESEERELSRKERRRERRSMA SRR TR A b kAR X kR
A

~<=MICROSTRAIN (INCLUDING AUTOGENOUSI--CORGECTED FOR TEMPERATURE---
EP
*

TE % TIME * AGE, * DAYS & AVG. #---—-ELASTIC PLUS CRE *(ELASTIC
* DAYS * UNDER & TEMP, $osemeesosPECL AVGe * SPECINFN-°—~--‘ AVGe * CREEP)/
STRESS * DEGeFe NOo1 * ND.Z . NOo3 * * ol NOe 2400 PSI
ttitﬂ#ltfﬁtttctt'*ttt&tﬁnt‘tttt‘t‘.ttttitii*tiit.t‘tt‘i = ttttttit##tttttt‘tttttttttttt#ttt#ttt
* 2-2 1500 SPECIMENS CAST
*11-1 1037 zew.a SPECIMEN(S) LOADING BEGle. READINGS AT 0 AND 1200 PSI (PLUS OR MINUS 30), RESPECTIVELY
1-1 1037 2698 -.uoo7 xsx.z % [ o 0 %% [ 0 0 [ Oe
1-1 1037 269.8 % -201 -212  -214 0 o o - -.08917
1-1 1038 269.8 SPECIMEN(S) FULLV LDADED. APPLIED TEST STRESS
1-1 1038 26948 1613 98  -435  -455 <462 %% [ -e19250
1-1 1042 269.8 .ooze 161.0 tt -szs -4064 484  -490 -29 ~e20417
-1 1047 26948 «0063 161.0 *#* -526 ~368 489 -494 -33 -e20583
1-1 1053  269.8 «0104 161,0 ** -528 =472 <493  -497 -37 -+20708
1-1 1138 269.9 .0417 161.4 ** <546  -490 -510  -51% ~55 -~e21458
1-1 1443 27060 «1701 16243 %% =573 <516 -544 ~81 ~e22667
1-1 1638 27041 02500 162.5 %% -%83 -827 -545 -92 ~e23125
1-1 1040 27048 140014 162.8 **  -832 -3583 -604 ~148 25250
1-2 1300 2719 2.1 16243 %  -671 -632 -638 -197 ~e206958
1-2 915 2728 2.9 16246 **  -690 =657 =651 -222 -e27750
1-2 1135 273.9 440 162,6 **% 70/ =682 -~57a -247 ~e28667
1- 1450 27740 7.2 1617 %% =752 -742 -718 ~307 ~e30708
2 1420 28640 1622 1619 *x -820  -831 -803 -396 -e34083
2 1430 28840 182 161.6 #%  -831 -843  -817 -408 ~-+34583
2 1445 289.0 1942 161.9 *& -809 =-826 ~-798 -391 -+33792
2 1115  291.8 2240 16241 **  -755  ~783 -731 -348 -e31792
2 1330  292.9 231 16149 *#*  -732 -765  -732 ~330 ~e30958
2 1100 30l1.8 32.0 16147 *%  -836 -872 -838 -437 ~+35333
2 1200 305.9 361 1561.9 *% -881 -918 -B8% -483 ~e3729
1 1045 31641 4643 16246 *% -927 -966 =936 ~551 ~e39292
1 1530 32340 5342 16246 *%  -955 <995  -967 ~560 ~+40500
1 835 33247 6249 162.1 #* =-1004 =1015 =1010_ ~580 -e42042
1 1430  344.0 T4e2 161.4 %% -T037 -1043 =103s =608 ~e43417
2 1530 36240 9242 159,9 ** -1092 -1103 -1114 -668 ~e45958
1200 371.9 10241 162.3 #* -1100 -1126 -1117 ~691 ~e86417
1235 38549 11601 162.4 ** <1127 ~-1158 -1152 -723 ~e47708
1230 414,9 145,1 160.,7 #* -{184 {214 =217 =779 ~-+50208
1213 44849 17941 162.5 ** -1228 -1289 -1271 ~854 -e52583
1540  480.0 210.2 163.0 ** -1268 =1332 =-1305 -a97 -e54208
1630 495,41 22562 163,0 ** -1291 _1);!% -1339 -918 -+5504
g e Bed anaa ame T4 TR : Sl
: ' *” - - . . —e
158  a5%¢ SR o F S -8 ° 3 Z:362a0
1625  S574.1 3042 16348 ** <1360 %w . 9 [ 0 ~e80667
1320 603.9 338.1 163,2 %% =1387 0 0 0 ~e57792
1600 631.0 361.2 161.6 ** -1425 0 [ o [ ~+59375
815 65747 38749 16241 **  -1424 0 [ o 0 -+59333
900 67047 40049 162, * ‘:1351 9. 0 . 0 0 -e59625
945 732.8 46340 1€5,2 = L] [ o ] o ~e61042

MINUS DAYS UNDER LOAD INDICATES SPECINEN LOADING TIME PRIOR TO FULL LOAD
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€72

AVERAGE FLASTIC, CREEP AND AUTOGENOUS STRAINS &% YORK ®# 16uF, 270 LAY, 30 PERCENT
(SPECIMEN: SEALED 6 AY 16 INe CONCRETE éVL

SPECIMEN GROJP 3 YORK & (MIX G=26) STRAIN METER NUMBERS

AGE UF LUADING H 270 DAYS

TEST TEMPERATURE 160 DEGe Fo AUTOGENOUS: 215 11 75

216 11 76

ULTe STRe !ISELECTED MIX: 8200s PSI AT 73.F,

ULTe STRe :CCMPANION : 6350e PSI AT 160eFe CREEP H 220 11 73

APPLIED TEST STRESS : 2400. PSI1 217 11 74

PERe ULTe STRe APPLIEDS 29«32 PERCENT (SELECTED MIX) 213 11 72

37.8 PERCENT (COMPANION )

B T T Ty L L e ---ulcnosrnnlu-----------ttu|cnostRA:N PER PSI1%

M ®SUSTAINED *ELASTIC,* CREEP * * TQTA L

AGEy %UNDkR ®MODULUS OF* CHFED *  PLUS ‘ AUYOG-: CREEP * SPECIFIC ‘ STRAL
RE

DAYS tsTREss,tELASTIClTV‘ PLUS & AUTOG-* ENDUS * ] toxleEo 34
- DAY t PST + AauTaG- * ENOUS * * * * 2400 Psl
€ * t * *
!t“.tt"tt.ltt‘t.ttt‘t‘ltt.t‘t‘t‘l‘tt‘t L bd L2222 22 1)
ttLUADlNG OF SPECIMENS BEGINS (MINUS TIME xs Tlue Zaxua TO FULL LOAD)
-¢000 7 0
270 ~ 000 0
-=>pbcstus FULLV LOADFD, ADFLXFD TEST srasss 2400 Dst
270 .19 -462 0 [
370 A.QO -490 -21 o -27
270 4.86 -a94 =31 9 -31
270 4483 -a97 -35 0 =35
270 4,66 -318 -52 0 -52
270 4ea1 -544 -81 0 -al
270 4,32 -555 -92 o -92
271 3496 -606 -143 11 -154
272 -6a7 -184 19 -203
273 -666 -203 23 -226
274 -688 -225 26 -251
277 -737 -274 30 -394
236 -818 -355 -385%
288 ~830 -367 29 -396
289 -311 -348 30 ~378
292 -763 -300 30 -330
293 ~743 -280 29 -309
302 -B4B ~386 30 -a16
306 ~895 -a32 29 -a61
16 -943 -480 25 ~505
323 -972 -509 20 -529
333 -1009 -547 7 -554
3aa -1082 -579 -10 -569
3ea -1103 ~640 -3s5 -605%
372 ~1114 ~651 ~34 -617
330 -1145 -683 -42 €41
“15 -1208% ~742 -54 -638
49 ~-1262 -300 -63 ~737
480 ~1301 -839 -72 -7067
495 -1321 -858 ~73 =785
509 -sin -s*o -73 ~737
547 - 1 -983 -73 -770
558 -1350 -852 -73 -779
574 -1360 -882 -73 -789
606 -13a7 -389 -73 -816
€31 -1425 -927 -73 -856
058 1424 -926 -73 -853
671 -1431 -933 -73 -860
733 -1465 -967 -73 -894
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NOTE :

AVERAGE AUYOGE?gUS AND DRYING SHRINKAGE STRAINS #¢ DEARKS #*& TJF*523yEA¥ CONTROL
.

AUTOGENOUS SPECTIMENS: SEALED & BY 18 IN. CONCRE
(1 DRYING SHRINKAGE SPECIMEN: UNSEALED 6 8Y 16 IN.)

SPEC1IMEN GROUP H BERKS 3 (MIX G-19)
AGE OF LDADING 3 28 DAYS
SPECIMEN METER NOe CHANNEL FACTOR TEST TEMPERATURE : 73 DEGe Fe
NDe1 242 73 03 ] ULTe STRe:SELECTED MI 6590¢ PSL AT T3.F.
NO.2 230 73 04 o WTe STRe:COMPANION 6270s PS1 AT 73+Fe
NO.3 336 ?3 o8 ] APPLL1ED TEST STRESS B Oe PSI
LAl bbb M1 CROSTRAIN-~CORRECTED FOR TEMPERATURE~-~--v--wcccercena
DATE * TIME # AGE ® DAYS * AVGe #-=—=—AUTOGENDUS STRAINS—==c=Beccc=cDRYING SHRINKAGE--——-w~cefeocacuwaa
- - DA'§ ® UNDER * TEMP, #----SPECIMNEN---$ AVGe * SPECIMEN * *
* * * STRESS ¢ OEG.F. ¢ NOel * NOgs2 * * * NOo3 * b *
L LT TS L
*12-19-73 1000 ] SPECIMENS CASY
12-20-73 1000 10 Tle2 #% o o b o
12-22-73 1220 31 Tled &= 6 10 b4 -2
12-26-73 1600 73 71e8 *% -8 -7 L od -7
12-28-73 148 9 Tles o= -6 -39 bod -9
1 =2-74 630 14, 7lel % -20 -28 - -15
1=-14~74 218 26. Tle0 &% -24 -28 [ S -29
1-16~-74 335 2842 Tle?7 % -29 -28 s -32
1-16-74 628 2843 T70e9 &% -27 -24 bod -32
1=-17-74 1553 29 7005 &% -28 -25 L -35
1-18-74 2130 30. 708 2 -29 -26 bd -A7
1=-19-74 510 31. 706 *% -32 -28 bd -SSs
1-21-74 600 33. T1e0 *% -34 -3 b d -75
1-23-74 850 3s. Tlel #% -36 -3 L ad -92
1-25=74 430 37, Tlel ** -36 -3, b =101
1-27-74 S4S 39.. 70,9 = -36 -3 b -110
1-31-74 310 43, TUe?7 *# -37 -3 bd -127
2 ~5-74 S50 A8, T0e3 *% -39 -3 b d ~149
2-18-74 619 6le Tlel % -38 -4 bdd -188
2-25=T74 520 68, Tle2 %% -37 -4 b -207
3 -1-74 020 T2e Tle0 ®% -36 -84 L d =217
3-11~-74 630 824 Tled *% -38 -48 bd -232
3~16~-74 913 87 719 s -36 -47 % -239
3-21-74 140 92e Tle2 % -39 ~46 bbd -246
J=24-T74 440 98, 708 *% -33 -48 L d -252
3=27-74 718 98¢ T1e0 *# -33 -47 L od -257
4 ~1=-74 215 03, 70,8 *% -36 -47 L4 -268
4 -4-T4 430 06, 709 % ~36 -4 (34 -269
4-15-74 015 17 Tles *% -37 -5 " -282
S -6-74 338 38. 7046 $¥ -39 -5 L4 -297
5-21-74 ass 53¢ 710 &= -39 ~S. e -315
S$=31-74 1440 63, T2e4 &% ~-41 -8 (34 =329
6-10-T74 1 T1e8 ®# ~40 -3 L -337
T7-17-T74 1 T2.6 ** -42 -S4 & -383
8-15-74 1 T72.0 ** -4 ~56 bod -373
8-29-T74 1 T2e1 *% ~43 -87 L a4 -382
~-11-74 1 7. .i bdd -46 :2; L dd -386
9-28-74 1 Ti.8 &8 -47 .34 -392
10 -9-74 1 72.6 *% -47 - " ~393
10-23-74 1 TRe4 0% -80 - L34 -308
12 ~4-74 1 721 o -53 [ 54 -382
12=-30-74 Tie2 o8 -84 -7 *8 -386
1-15-75 1 T2+4 8% -57 -69 -8 -387
2~18=78 1 Tlas6 *% -60 -73 = -391
3-14-75 1 Tle? %% -61 -73 L4 -390
4 ~1-75 1 T2.5 &8 -61 ~-74 s -389
4-12~78 1 Tle? ¢ -82 -73 L -391
5 -2-75 T2e3 *% -63 -78 L d =397
6 -2-7S5 1 T2.7 *% -63 -78 b -398
6-16-78 1 T27 #% -71 -82 Lad -399
7 =1=-75 1 728 %% -7l -84 % ~400
7-31~-75 1 7340 ** =72 -84 b -399
8-22-78 1 7248 %8 -72 -85 b od -399
9-16-7% 1 T2.9 ** -74 -a7 L1 -398

SPECIMEN NOe3; CAST S$-29-74, STRAINS HAVE BEEN INTERPOLATED FOR AGES SHOWN

Individual data for Specimen #3 not available after 9-16-75; specimen still yunder observation.
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ok

AVERAGE AUYOGFNUUS ANO DRYING SHRINKAGE STRAINS *% YORK ** 73F, 23 DAV CJNT“OL
2 AUTJISENDUS SPECIMENS: SEALED 6 BY 16 IN. CONCZ#TE cre
(1 DRYIN3 SHRINKAGS SPECIMENI UNSEALED 6 BY 16 ING)

SPECIMEN GROUP YORK 3 (NIX G-26)

AGE OF LUADING 28 LA
SPECIMEN METRR e CHANNEL FACTUR TEST TEYNPERATURE @ 73 DEG- Fe
Nd.1 <02 73 o9 ] ULTe STReISELECTYED MIX: 6280, PSI AT 73eFe
NJe2 co1 75 19 ) ULTe 3TRe:COMPANIIN 6160e PS1 AT 73.Fe
NJe3 20 ¢ 7T 11 '] APPLIZC TEST STRESS Oe PsSt

R AR K B R R R KB R K R A KLY S M KIA A IR e mmmm === mmm e M] CROSTRA IN==CURRECTED FOR TEMPERATURE c==eecemcccceasan=
oaT: ® TIME ¥ 4G7, & ODAYS * AVGe #¥=====AUTUGENUUS STRAINS==~==-f=cec--DRYING SHRINKAGF == =smocogonocooaoe
M % DAYS * UNDER # TEMP, #----SPECIMEN=-~% AVGe * SPECIMEN *
* STRUSS * DEGeFe *  NDel * NDo2 NGo 3
dosd REkgEL tatntt'rrttax ﬁ'(lf“ttttﬁt“““'t‘ltt"‘t#t‘t““““""“““'ﬁ“"““‘ll‘!!‘t‘t‘#“ﬁ“““““‘t“"‘-

* 2=14=T4 1600 v SPECIMENS CAST

c=15-74¢ 1400 1.0 719 *% 0 0 ] % 0
2=20~-74 1€30 Del Tle9 *x -19 -19 ~-19 x¥ -19
i-14=-74 1535 cBal 709 ** -53 -59 -56 L =52
J=14=7a Le 2o SBal 7009 %¥ =52 -58 =55 =% -59
103S 2B 71e7 *x -53 -58 -55 L -79

1500 2040 T7le8 ** =51 -57 -54 =% =33

1510 22el 7107 %% -S1 -s7 -S54 % ~111

2045 33432 71e7 %% -50 =57 -53 % -117

1o14 2348 71e2 %% -49 -56 =52 x® ~121

1140 3449 7142 =x -48 -56 -52 % =126

1440 3He 0 70e8 %% -48 -56 -52 x% ~144a

1200 359 TUe? *x -493 ~55 -S1 * % =143

171€ 41lel Tleg ** -46 -%3 -49 "k =157

1215 439 710 %% -43 -51 -47 =t =173

14 30 4940 71e0 u% ~-43 -50 -46 L -134

1705 S6el 7he2 %% -40 -47 =43 b =207

1340 6£3e0 Tlel %% -38 ~43 ~-40 % -222

1t 20 €8e1 T1le0 *% -37 -39 -36 "k ~22¢

1435 7560 7240 w% -a1 -33 -39 b -2as

1400 7oe0 Tlets =% -41 -37 -39 b -249

1330 BA. 0 71e3 *% -41 -32 =36 hehd ~-266

a5g VS5e8 71e2 n% =49 -30 28 bl -275

D~21-7¢ 1849 106¢0 7265 *% -42 -28 -35 wx ~288
L=10-74 1512 11640 71aB8 *=x -42 -27 -34 kit -302
=2 -74 1140 1219 71e7 *% -82 =25 -33 E3 -320
7-31-74 1715 16741 T2ed 3% -4 6 =25 -35 * % -345
H=-15-78 1113 181 .9 7240 ®x% =46 -25 =35 o -35¢
9=-11-74 1314 2030 7202 %2 -50 -26 -38 xx -372
iy=23-7¢ 1420 251 a0 7246 u% -53 -29 ~41 % -394
11-21-74 1000 2798 7263 %% -57 -31 -44 - ~392
12~3u=-74 840 318.8 71e 3 %% -53 -31 -44 =% -406
1-15-7% 1320 23540 7245 %*x -58 -30 -aa "k -all
a=1H=T72 1430 3eve0 7ie7 2% -61 -32 -46 wx -424
A=14=75 1190 35240 7149 *% =614 - 34 -47 L -429
4-12-7¢ 1200 4219 71e9 %% -64 -34 -49 EE] -4u8
S=1r=Th 1130 455,49 729 *% -68 -37 52 x -406
6-16~-7% 830 48648 726 %% -68 -36 -52 = -40S
7-15-75 1400 51640 7340 #¢ -70 -38 ~5a " -a310
A=22-76 1315 S5440 7269 *% -73 -39 -56 % -40%
9~=1c-7% 1060 5731 7300 ux =73 -41 -58 =% ~4906
10-20-7¢ 1520 6131 73e1 *% -78 -84 -61 hbd -412
11=-1.-7% 911 €448 72e35 *% -84 -47 ~-65 *x ~413
le=2a=7¢ 920 A77en 7240 *% -87 -a7 -67 “x -4u8
=24 =Tc Y30 73941 7240 %% -92 -50 -71 "k -405
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€75

AVERAGE AUTOGENOUS AND DRYING SHRINKAGE STRAINS #* BERKS #*#% 110F, 28 DAY CONTROL
(2 AUTOGENOUS SPECIMENS: SEALED & BY 16 [Ne CONCRETE CY¥Le.)
(1 DRYING SHRINKAGE SPECIMEN:I UNSEALED 6 BY 16 IN.)

SPECIMEN GROUP BERKS & (MIX G-19)
DAYS

AGE OF LOAODOING B 28
SPECIMEN METER NO. CHANNEL FACTOR TEST TEMPERATURE @ 110 DEGe Fo
NOe1 243 11 ¢S [ ULTe STRe:ISELECTED MIX: 6590, PSI AT T73.F,
NQe2 423 11 04 ] ULTe STRe :COMPANION 3 6100 PSI AT 110.F,
NOL3 244 11 03 0 APPLIED TEST STRESS . PsI
SEEEE G KRS S EE RS EBERE LSRR EEE RN RRS % MICROSTRAIN==-CORRECTED FOR TEMPERATURE
DATE ® TIME % AGE * DAYS & AVGe B meerAUTOGENDOUS STRAINS~-=ew—wBe——=c=DRYING SHRINKAG
. * DAYS ¢ UNDER & TEMP. #----SPECIMEM-=-%  AVGe . SPEC I MEN
* STAESS & DEG.F. %  NO.1 ¢ NO.2 * . * NOo3 * *
SR ER R R ETERRR S
SPECIMENS CAST
T1.0 ¢» 0 ° 0 .
Tle2 -12 -4 -8 -8 -17
7 -38 Z7 -21 o Z37
9 Z39 -8 223 . -a3
° pee <7 Z3s . “es
9 -45 -7 -26 L od -50
° =38 -7 =22 . -as
06 -23 -7 -18 L d -33
0 -22 -6 -14 bod -31
0 Z21 Ze 213 . “32
0 ~-21 -6 -13 - ~-41
[} -21 -6 ~-13 -8 -52
0 220 s -13 . 236
o ~23 e -1s . -130
10 17 -6 -11 . ~187
11 -18 -8 -12 % -212
11 <13 it 1 -9 . -229
-1 Za 27 . Z3as
-8 -3 -5 L b d -279
—e =3 -3 .- -320
-1 -8 -3 hod -339
- -7 -4 £l -350
-2 -9 -5 £ 1] -36%
53 -10 Ze . Z37e
3 -13 e . “3e8
3 -1 =14 = e Zeo0
-4 -19 ~-11 L 1] -406
27 car 217 * “e13
9 S30 <19 s et
1 15 -2s <20 b “a37
ac30-74 1853 1 c19  -28 -23 . Saas
s -3-74 1338 1 <21 =29 -+ . “es0
S-16-74 1525 ° b+ S Pt 11 . Zeso
6 ~A-T74 1630 1 -26 -26 -26 L i d -468
6-14~74 918 -30 -28 -29 Ll -475
7-17-74 1620 o S | -37 . 491
e-29-78 1120 > -8 - o 14 o “sae
10 <9-74 1830 1 DL ~se 4 lsas
10-24-7¢ 830 e Zxy e+ o o832
11-21-74 918 i 1: -8 L e d -S47
12-17-74 1630 <¢ - -8 . “sa2
1-15-7% 1340 -70 -1 -62 - -577
3=14-75 1235 -74 -61 -67 £l -580
4-12-75 12198 -77 -60 -866 e d -585
$-20-78 13253 8l 3 272 Py -583
5-27-7%5 1048 -78 -84 -71 .- -581
6 -3-75 845 218 -e8 271 . ~s77
7 =-1-7% 1620 -80 -89 -74 L4 -573
7-15-75 1440 81 <70 Z7s . Zsed
8-13-75  133s Ze3 -7s l78 " Zsee
8-19-75 900 H ] et <73 a1 * Z533
¢ 8-19-75 1100 606.0 END OF TEST
NOTE ! SPECIMEN NOe2: CAST 5-29-74, STRAINS MATCHED FOR AGES SHOWN
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€76

AVERAGL AUTOGENJJUS ANO DRYING SHRINKASE STRAINS *% YORK %% 110F DAY CUNTRGL
(2 AUTOGINNUS SPECIMENS: SFALED 6 BY 16 INe CONCQE*E CYLe)
{1 DRYING SHRINKAGE SPECIMEN: UNSEALED & BY 195 INe)

SPECIMEN GRQUP H YORK & (MIX G-26)
- AGE OF LOADING B 28 DAYS
SPHCIMEN MUTUR NUe CHANNEL FACTNR TEST TEMPERATURE 3 110 DEGs Fo
NU o 1 221 11 23 o ULTe 5TRGISELECTED MIX: 6280s PSI AT 73.F,
NOeZ 410 11 Ja [} ULTe STRe:COMPANIUN 2 5770e PSI AT 110eFe
NJe 143 11 335 ] APPLIED TEST STRESS : Oe PsSt
B X R R R T AR R R IR AN K e m e mm e e m === ~M[ CROSTRAIN==CORRECTED FOUR TEMPERATYRE--owocooocoococoax
DATE A TIME & AGT, * #$oemeaAUTOGENDOUS STRAINS-—===-#eocceccDRYING SHRINKAGE---==cecfocmmcannn
‘ ° CAYS = ‘---—SPECINEN---. AVGe * SPECIMEN * *

* * NJe3 ® * *
RERERERERAR AR R AR RR B R R KRR AR R AR KRR

——
3
cc
cc
.
c

2k [ [ 0 2% 0
1150 P8e9 b =32 =32 -32 habd =32
1610 c7el hibd -13 -18 -15 b -19
1056 2749 e -27 =30 -28 % -21
1102 c7e9 L34 -27 -30 -28 L1 -22
1700 2B8el 110e2 %% -27 =30 -28 b -S54
1050 28e9 11040 ** -25 -29 -27 L -86
L30 298 1100 ** -23 =27 -25 % -113
1405 3040 11062 ** -23 -27 -25 ** -119
1110 20e9 11yeQ *x -19 -23 ~21 ** =135
11135 11e9 11065 ** -14 =22 -18 ke -152
1500 *3e0 11064 *x -S -19 =12 b -166€
1125 23,9 11064 *% 1 -18 -8 % -177
1720 d5e1 110e8 *x 6 -17 -5 (2] -185
1:15 2740 1105 % 17 -17 0 = ~203
1130 3849 11061 *x 29 -16 ] L34 -216
131 4140 11061 *% 38 ~-15 1 b -227
1£20 4nel 11060 *¥ a3 -14 14 % -242
1455 4940 1098 *% 4 -11 16 * -262
1335 Lol 1098 *x 44 -7 18 L =272
1349 SYe0 10765 *=* a3 -6 18 % -290
1420 6240 1098 *% a7 -2 22 *x ~295
1130 559 1097 *x a3 -6 18 *% ~308
14490 7Ue0 110s4 %% a2 -6 18 L L] -316
1200 7569 110e1 =% a7 -1 23 L -325
1630 Ha ol 11lea #% a7 -2 22 e -335
a2 90eB 110e1 *% 40 -7 16 e -3a7
1220 1009 1UFeR 35 -10 12 b ~3549
1150 10549 1096 *# 33 -12 10 & -365
1¢.20 1271 11066 ** 26 -17 . & -383
1o2U 1411 110e1 % 20 -21 -0 % -394
1120 1€9.9 11060 =% 12 -27 -7 (i -414
1345 18340 11066 ** 9 -29 -10 b3d 420
1c 30 197e1 . 11068 ** 6 =31 -12 *% -431
1430 2lle0 110e7 %= 2 ~33 =15 x* -sal
810 22beB 109e9 *%* -2 -37 -19 =% -452
1315 24140 1108 *x* -4 -33 -2 * -462
915 25348 110e6 *x% -6 -39 -az2 hebd =468
1420 2670 11058 *# -8 ~-40 -24 L -471
1630 2801 111e1 *= -17 a4 ~-30 - -480
1500 2970 111e2 *% -22 -A7 =34 % -a92
134y 10560 111e4 %% -25 -50 -37 wx -490
1515 43,1 11048 »¢ -28 -49 -38 b -498
1200 35249 11063 *% -30 ~-51 -a0 ' ~497
1e 35 3t tha? 1109 %% -33 =-S2 -42 % -3499
121¢ 19509 11047 *¢ =36 -Sa 43 o -502
115 “23e9 1110 *% -38 -54 -46 % -493
E£48 44743 109.3 =% -84 -57 -50 = -a94
1530 46140 108¢A #x% -47 -60 -53 % -a8¢
910 467 4R 1U9e4 %% -48 -61 -54 Tk 491
1¢ 20 47341 1099 *% -a3 -61 ~54 b4 -493
1509 48340 Tle6 %% -53 o ~53 e -453
1100 4ie9 END UF TEST
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AVFRAGE AUTDGENOUS AND DRYING SHRINKAGE STRAINS &% BERKS *% 110F, 90 DAV CONTROL
V2 AUTOGENUS SPECINENS! SEALED & BY 16 INe CONCRETE CYL.
(l DRYING SHRINKAGE SPECIMENS UNSEALED 6 BY 16 IN.)
SPECIMEN GROUB

BERKS 4 (MIX G-19)
AGE OF LOADING 90 OAYS

SPECIMEN METER NOe THANNEL FACTOR : - TEST TEMPERATURE 110 DEG. F.
NUo1 347 11 15 0 ULTe STR.:ISELECTED MIX: 7510e PSI AT 734F,
NYe2 339 11 16 0 ULTe STR:COMPANION : 6710e PSI AT 110eFe
NJ.3 ELT- T o g B 4 0 - APPLIED TEST STRESS : .« P31

tannmumttnnnn:nxt.tnttttttttm&ttttttttttt --------- -————ulcRD:TQllN--CDRRECYED FOR TEMPERATURE=-==we~- e e mm————
DATE & TIME % AGE, * DAYS # t---—-AUrOGENOUS STRAINS====calemuacn RY ING snaxNKAGE—-——----t-—-------
* * DAYE * UNDER & 1EM8, $-===SPEC IHEN-—= AVES * SPECLA :

* STRESS & DEGeFs * o1 NO» NO»
#tt‘tttt‘.l‘tu#'“.‘t‘t‘t"‘l“‘l“tt‘t‘t‘...‘.““.“.“‘t#""t“l‘..-‘t'.“tl.tl““‘ti“t‘.t.t"."“.."ltl‘t
*12-21~73 1000 0 SPECIMENS CAST e e o :

12-22-72 1600 170 TIel %% o [ [4 %

12-26-73 120 Sel 705 -11 -11 **

12-28-73 1145 7.1 10ez -32 -31 -

1 -2~74 1630 124 7048 —4 ~38 **

1-14-74 1220 24, 7041 -4 -a4 **

3-16-74 1630 85¢3 71e7 -60 -62 -

3-18-74 1345 87.2- 108+ 4 ~58 -61 **

3-19-74 1635 8843 1097 = - -87._ 4

3-19-74 2010 88,4 {1041 = =72 b

3-21-74 1015 30.0 108.4 *&

3-21-74 1025 9040 10840 =%

1030 3040 107.9 %
1045 9040 107.8 *
1100 9040 108.2 b
1119 9001 107.7 b
1415 902 1075 %
1615 T90.3 {07.8 =k
2210 9045 08e6 %
1200 Slel 0849 *%
1250 9241 0948 %
1330 9342 09.8 b
1315 4.1 08.4 PL
1500 9342 09e6 **
1230 98e1 10946 _kx
1240 1071 10066 b
1130 10341 1095 **
1445 104.2 09.6 €k
1535 10842 10e4 ok d
1605 1il.2 09.4 %
1135 1151 1043 .*
1315 11841 11e0 =

1219 12201 _ 099 L
1530 125027 T 1061 o
1455 13042 11001 b
1355 1362 0946 =
1620 143¢2 Lo,sb .
:123 871 18, Ldd

o

1330 -1 - R L 1t ek £ B T
1600 1612 ‘.;; o - L
1630 1 3 0.7 #% Eod
915 1 0 1065 ** %
1220 1 1 1045 &% =*
1150 1 1 140e0 % >
1650 3 111, **
1615 3 11141 ** D
1450 1108 ** b
1105 o 11162 #% **
1230 1[1.7 ¥% A
830 1110 ** %
1315 1112 #» -148 =
3 913 - 1155 -148 ok
2 -4-74 1420 [}lol &k =145 ok
12-17-74 1630 1113 *= -182 hd
-3-75 1500 11103 *# -156 %

1-15-75 1340 1115 %% -159 g

2-18-75 1515 109.2 #* o -162 Ldd

2-28-75 1200 1115 *% -161 -

3~14-75 1235 111.4 *# -164 L

a -31-75 1115 11160 %% -167 **

4=13-75 1215 11162 %% -167 -

5 =2-75 1115 111.6 »% -166 -

5-16-75  1¢15 1115 *% -169 -

5-20-75 1325 1oolg * _-175 P e

5-21-7F% 1350 111 ~-168 4

5-23-75 1310 1119 -169 *x

5-27=75 1045 11240 -170 '3

o -3-75 845 11045 -172 [

6-16-75 1500 109.3 -176 &

7 -1-75 1620 1118 s

7-15-75 1440 110.8 b

8 =7=7% 1600 11142 **

8-19-75 1400 06. T 107.4° - wE

« 8-1y=75 1330 606.1 END OF TEST
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AVERAGL AUTUGKNQUS AND DRYING SHRINKAGE STRAIN
{2 AJTUGENNUS SPLCIMENS: SEA:ED

(1 JORYING SHRINKAGE SPECIM

S *% YORK *% ]]0F 90 DAY CONTROL
6 By 16 INe CONCREYE CyLad
UNSEALECD 6 BY 16 INe)

SPEC IME GQQUP VONK 4 (N[l G=26)

AGE _OF LOADING

SPECIMEN METER NOe CHANNEL FACTOR TEST TEMPERATURE 3 llO OEG. Fo

NiJel 420 11 21 o ULTe STReISELECTED MIX: 7200e PSI AT 73.F.

NJe2 421 11 22 9 ULTe STRe :CUMPANION I €320s PSI AT 110eFe

NU+3 42z 11 22 [ APPL]ED TEST STRESS H 0. PSI

BAAKRLIRADEURRRREERRRY AL REXAKRREER KRR EE IR N~ —ecemce===MICROSTRAIN=-~CORRECTED FOR TEMPERATURE==-eeccccaancevane
DATH * TIME = AGE, *® DAYS & AVGe -AUYOGENOUS STRAING~~====%ccacaDRYING SHRINKAGE=-==~=
t - DAYS ® UNDER * 150. --svecmeu - AVGa t SPECIuEN *

* STRESS * D%£Ge * NG } NDe 2 o3 & * -
ra-canwanttn--u.t-tu tlxtt.t“t“.tt'..t‘t..tt‘tttt.t‘#‘#‘..t#‘t...‘t.‘O.“‘.t“t‘ttt‘t“‘--.- -
* SPECIMENS CAST

72 [} ] [ L
-a3 -26 -33 (34

-840 ~24 -32 b

=31 -15 -23 b

:3 -31 -17 -24 &
8 -33 -18 -25 hhd
9 =34 =21 -27 (14
9 -38 -24 -30 hd
6 -39 ~-28 -33 =
7 -40Q -30 =35 =
8 -41 -33 -37 L L d
? ~43 -36 -39 hd
2 -47 -42 -44 L4 d
2 -51 -48 -49 %
£l -55 =51 -53 =
8 -57 -56 -56 b
9 -5 =58 -58 &
) =61 =61 -61 L
° -64 -6S ~-c4 =
8 -69% ~-069% =65 "
1 -61 -53 -62 (1]
1 -64 -67 -65 L4
S -69 -71 -70 L a4
7 -72 -75 -73 L4
3 -73 -78 ~-74 %
3 ~7a -78 -76 L4
? -77 =80 -78 L L
S -79 -83 -81 b
1 -80 -84 -82 b
5 -82 -85 -83 =%
-82 -87 -84 e

] -84 -89 -86 -
-86 -91 -84a k

-89 -95 -92 L ad

-92 =99 =95 b

07e7 *% -92 =101 -96 **

-235-



AVERAGE AUTOGENOUS AND DRYING SHRINKAGE STRAINS *%x BERKS 4% 110F 270 DAY CONTROL
(2 AUTD“NDUS SPECIMENS: SEALED 6 BY 16 INe CONCRETE CvLe)
(1 DRYING SHRINKAGE SPECIMENE UNSEALED 6 BY 16 INe)

SPECIMEN GRUUP : BERKS 4 (nlx 6-19)
) AGE OF LOADING : 270 DAY
SPECIMEN METER NDos CTHANNEL FACTOR TEST TEMPERATURE : 110 DEG. Feo
NO. 1 246 11 ea [ ULT, STRGISELECTED MIX: B220e PS1 AT 73eF.
NJe2 247 11 65 [ ULTe STR.3COMPANION 3 7310e PSI AT 110eFe
NO.3 3aa 11 66 a - “APPLIED TEST STRESS H 0. PSI
sat#ttttcnut*ssctttttnttttt*tttttrttnututjt‘-_--‘---------u|cagsfnglu-—coangcfgu an YEMPERATURE~=cwewmcr e cnam—en~
DATE * TIME t AGE * DAYS5 * Ge $===-=AUTOGENDUS STRAINS=——~=—f=—o--o Y1ING SHRINKAGE—-----—-'——~~--——-
* oavd i UNDER & YE-v. #e e~ SPEC INEN~~~¢ AVGe * sﬁ!cluen o
* STRESS * DEG. *  NOel & NO42 * * * NOo3
tt‘tlt-*tttttt#!t""'i“"t‘..“'.t"-""it‘t‘.“‘ *huy .‘.‘ttl‘.t..""‘.‘t“t‘.t.‘.

*12-21-73 SPECIMENS CAST
3 o 0 ] *
-74 -82 -78 o
-72 -81 -76 8
10948 -61 -53 . ~57. IS
10942 -60 -51 -58 fod
109.0 -60 -81 -38 -
109.2 -60 -81 -;5 ::
1 -59 - ~54
i B R 4
1 -56 -48 -52 L dd
1 -Sa -47 -50 L34
1 -5 -45 -4 e
1 - ¥ =4 *t
1 -48 -44 ~46 P33
1 -46 -42 -44 L34
1 ~A8 -44 -46 &%
i 1 | =a7 AT 143
1 -S54 -50 -52 .
1 -59 -S4 -56 bod
1 -65 -60 -62 _*
1 <70 =64 —6% (3]
1 -78 -71 -74 P
1 -81 ~74 -77 P23
1 . =84 -77. . -89 = ex
1r -89 <81 -8 K
1 -93 -84 -88 b
1 -100 -92 -96 -
1 _ ~103 -95 -99 bd
1 -108 =27 -162 bod
1 -113  -191 -107 .
§ -{l; -103 . -10; b4
- -107 -
1 =120 ~ -}33 -}*‘ £
1 ~-t121 -110 -115 P
1 -123  -112 -117 -
1 -128 =116 AA,,}zz e
N 1 121 -1o8 ~114 i 1]
* 1-19-76 END OF TES
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AVE ¢AGE AUTOGENOUS AND DORYING SHRINKAGE STRAINS *% YORK *#% 110F, é70 DAY CONTROL
(2 AUTQGENIUS SPECIMINS: SEALED 6 BY 16 INe CUNC?EYE Cvie)
(1 ORYING SHRINKAGE SPECIMEN: UNSEALED ©6 BY 16 INe)

SPECIMEN GRPQUP b YORK & (MIX G=-26)
AGE OF LOADING : 270 DAYS
GPICIMEN METER N(le CHANNEL FACTOR TEST TEMPERATURE : 110 DEGe Fae
Nael aly 11 81 0 ULTe STRe:SELECTED MIX: 8200 PSI AT 73.F,
NI ? aza 11 u3 0 ULTe STRei1COMPANION 7270, PSI AT 110.
Mde 3 a12 11 82 9 AFPLIED TESY STRESS 3 0e PSI

AR EA DR AR R XA R A AT R AR PR AR E XA RN EN BN KB e e mvmmmmmmeeeaM]CROSTRAIN==CORNECTED FOR TEMPERRATURL=-~cceacmccccecemes
DATE & TIME & AGE, & DAYS ®  AVGe  #-----AUTUGENOUS STRAINS--====-<-c-=DRYING SHRINKAGE;========-ceco—ee
t DAYS % UNDER % TEMF. t----SP&CIMEN---’ AVGe SPECIMEN
* STRESS * DEGe NOo NOe 2 NOe3
t‘.ttu*i&a.tttﬁ‘tlnttttt.t‘l'.tt.t“lt“t‘t‘tt“*tt‘..“l“.“#“i."“‘tttt“'tt‘“‘t‘tt.““ttt“tt..t.".t.‘.‘.

® 3=12 1400 0 SPECIMCNS CAST
3-13- 1400 1.0 Tle? *% ° 0 9 .
12 1030 5 B3¢9 %% ~-83 -63 -73 L
te 1100 10247 %% -71 -52 -61 e
12 1118 110 -31 -49 -
1e 1130 110 -s1 =49 Lhd
te 1135 110 ~51 -49 L3
12 1140 110 -51 -49 [
1e 1145 110 -51 -49 L dd
lc 1200 110 =51 -49 123
1e te o 110 -51 =49 .
1 1430 110 -51 -a9 «x
1e 2310 110 -50 -48 "k
12 1445 110 -50 -48 .
1 1640 111 -42 -4 =
12~ 1115 111 -40 -42 b
1C~ 1320 111 -39 ~42 s
12— 130 111 -38 -41 o
12- 1500 111 -38 -4l [be
12=- 1640 112 -37 -40 e
1o~ 1100 111 -36 -39 b
12- 1200 111 -3% -40 *x
1 1645 111 -32 -39 b
1 830 11 -32 -39 %
1-10-75 1530 111 -31 -39 o
1-31-75 1430 111 ~-32 -a4 IS
2-18-75 1530 111 -37 -49 *
2=28-7% 1200 112 -40 -51 .
1-14475 1235 112 -a3 -83 =
4 =1-75 1120 1118 ** -7 -48 -59 bdd
3 =275 1130 11204 *# -71 -52 -61 =%
5=16-75 1215 11204 *= -76 =31 ~63 L
6 -3-75 900 110e6 ** -81 -53 -67 *
L=16-7% 1540 11062 4% -84 -5? -70 b
T o-1-75 1030 1110 %% -85 -s7 -71 =
7-15-75 1450 110.9 ** -88 -57 -72 bbe
4 =7=75 1600 110e8 %% -91 -60 -73 hdd
a-22-75% 1340 110 b -93 ~-86 -79 s
9 =2-75 1155 1109 *» -94 -75 -0 e
9-18-75 1625 1110 *% -95 -70 -82 b
10 =-3-7% 935 1106 *% -96 -73 -84 hbe
10-20-75 1320 1108 &% -98 =91 -94 s
11 -0-7% 840 1107 #*x -101 -9l -96 **
12-11-73 815 11002 *# -108 -91 -97 **
12-15-7> 1Y 110.0 *&  -~106 -92 -99 s
12-19-75 130 110e1 #*x -107 -93 ~-100 b
12-00-7¢ 1300 906 *% =147 -93 -120 x
£12-c3-75 930 ©%0eA  END OF TEST
NOTE & SPECIMEN NJe2: CAST 5-29=7a4, STRAINS MATCHED 7Y INTERPOLATION FOR AGES SHUWN
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c8l

AVERAGE AU'O‘EWS AND DRY ING SHR INKAGE TRAIN % BERKS *% 160F 28 DAY CONTROL
AUTOGENQUS SPECIMENS] oBActd av 16 1N coo:gnsré CvLed

ORYING SHRINKA PECIMENT UNSEALED 6 BY ) .
‘. G TNKAGE 3 s ecxuen GROUP 3 BERKS 5 (MIX G-19)
OF LOADING 28 DAYS
SPECIMEN METER NOes CHANNEL FACTOR T!St reupenAtuas H 160 DEG. F.
NOo1 383 11 09 [ ULT- STReISELECTED MIX:I 6390s PSI AT 73.F.
NOe 2 379 11 10 o Te STR:COMPANION : $500. PSI AT 160.F,
NO.3 a7 11 11 0 . APPL[ED TEST STRESS B 0. PSI K
hd MICROSTRAIN==~CORRECTED FOR TEMPERA TURE===ar=mcvrecoecae—
DATE c TIME & AGE, * DAYS # AVGe #%-====AUTOGENOUS STRAINS-----=S-ccc--DHYING SHRINKAGE .
* DAYS % UNDER * TEMP, o--iﬂec:d!u---i AvGe * . SPECIMEN * .
H * * STRESS * DEG.F, NO.1 & NO,2 * * * NOo3 % 4 *
L L) *% . *
1500 O  SPECIMENS CAST
1800 1«0 7 ] [ ]
1618 -6 -7 -6
930 -8 -9 -8
1038 -6 -7 -6
1115 B -7 -1f -9
1124 -6 -11 -8
1155 -8 -19 -7
1209 -8 -1 -10
1258 -1 - -4
1800 8 -3 2
1940 s -8 o
2133 2 -6 -2
123 -8 -1 =3
1230 -6 6 o
1118 =S 30 12
2110 -49 38 -7
1820 -3 2% -15
1618 -61 3 -15
1245 -60 33 -13
650 -60 33 -13
530 -85 3 -11
120 -82 3 -9
0sS -37 3 -2
600 -76 ] -24
645 <87 9 -19
315 -62 6 -18
500 -69 1 -24
230 =66 21 . =22
240 =75 § -28
445 -74 ) -28
3 -70 14 -26
403 -63 [] -23
135 -89 3 -2
315 -51 1 -20
315 -70 2 ~-29
830 -2 -
4SS & B
335 -84 -37
:.g e~ pa1s
- -
0*5 e !3
1330 -78 9
1200 -?7 8
1600 -89 7
1630 =98 1
913 -88 -3
150 -82 -13
620 -77 -17
120 -98 -19
348 -100 -22
630 -10% -25
430 -107 -21
830 -119 [
1318 -122 o
913 -134 [
1420 -ls 0
1630 -1a 3
1500 -141 [
1340 148 °
1-31-75 940 -133 0

Sealed controls malfunctioned from 1-31-75 on.
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€82

AVERAGE AUTUGENOUS AND DRYINu SHRINKAGE STRAINS &% YORK *¥ [60F, 28 DAV CONTROL
(2 AUTOGENIUS SPECIMENSI SEALED 6 BY 16 IN, CON(QE*E CrLe)
(1 DRYING SHRINKAGE SPECIMENI UNSEALED 6 BY 16 INe)

)PECINEN GRDUI’ YORK S5 (MIX G-26)

AGE OF ADIN: H 28 DAYS
SPECIMEN METER NOo CHANNEL FACTOR TEST TE\!UERATUQE H 160 DEG. F,
NJel 203 11 28 o ULT. :TH SELECTED MIX: 6280. PSI AT 73
NOeZ 227 11 27 v OMPANLION x 5420, FSI AT 160e
NDe3 226 11 29 ) APPLIE—O TFSY STRESS : Qe
AR BB REGR R ER R AR X K S AR AR R AR AT ERF ARSI F R R R m e cmecnea-=M][CROSTRAIN-~-CORRECTED FOR TEMPERATURE-
DATF * T{ME = AGE, * DAYS #* AVG. AUTOGENDUS STRAINS~=ree-focceea-DRYING SHRINKAGE
. ‘ DAYS & UNDER * TEMP, S’ECI“E'C---. AVG,e ‘ SPECK‘EN *
* STRESS * DEGeF.e NOo 1 NG, 2 NOo 3 * *
cltt&t.tu..tvtttttltlnl‘tttt‘tl.ﬁtlttt.‘tttittl.‘*‘.“““‘..‘.‘.l.t“.tt‘...““t“.‘“.t‘ *
1500 SPECIMENS CAST
1500 0 [ = o
930 -u -3 -31 s -33
1€30 ~-33 -34 -33 b -37
1353 -17 . -35 -26 b -17
2015 -4 -11 -7 he -12
1148 6 o 3 b ~S
1208 5 -0 3 b -6
1215 14 ] 3 ** -7
13c0 1 [ 3 3 oi =5
1500 1 9 € 7 bbb =21
1700 1 11 8 Q Ldd -28
2219 1 12 15 13 b ~43
1200 1 14 27 22 bdd -64
1250 1 21 39 30 L dd -93
1430 1 3a 2% 29 L dd -103
1318 1 37 33 35 L -112
1500 1 32 63 a? L4 -132
1230 1 34 77 55 hd ~-165
1240 1 N 83 57 = -197
1130 i 29 86 57 = -218
1445 1 28 asd 57 Ldd -228
1535 1 23 90 56 L4 -265
1405 1 17 89 53 L d -290
1135 1 12 90 51 “% -318
1315 1 11 89 50 8 -338
1130 1 12 77 as L =350
1315 1 9 75 a2 hebd -359
1530 1 6 74 40 Ldd -374
1455 1 1 63 32 hbd -393
1385 1 -0 6a 32 b ~413
1420 1 o 68 34 b ~-432
1440 1 [] 67 33 L34 -459
1200 1 2 69 35 bod -473
1102 1 S 64 34 L dd -483
1150 1 -3 65 35 b =501
1650 1 s 69 (34 -508
1480 i -8 84 27 - -512
1430 ;0. -,i 44 20 b4 -514
430 YT 7 *e 37 16 L =516
915 lg 4 &% a4 p 15 - -521
1420 1 0 ** -8 3 12 L -523
1630 1579 =% -11 28 8 - -526
1590 157.4 *% -9 24 7 hbe =323
13a0 15748 #= -17 20 1 L -523
1515 158,5 ** -21 18 -1 = ~-521
1200 1579 *% -19 12 -3 b -520
123¢ 157.9 »» -21 9 -6 L -52¢2
1215 158.7 *% -25 -3 -9 b =523
1115 157,9 &% -29 3 -13 wk =520
1els 15840 ** =30 -0 ~15 b -520
845 1577 =% -28 -7 -17 - -518
1500 1576 ®% -2A -11 -19 K -513
1440 189,00 *# -28 -9 -18 b4 -519
1600 15943 *= -24 -12 -18 L =520
1340 16 -22 -12 -17 bbd -520
1150 16 -24 -16 -20 b -523
1€20 16 -21 -18 -19 L -526
131v 16 -17 -24 -20 LA d -528
840 10 -18 -23 -20 & ~534
815 16 -24 -23 -23 L -539
900 16 -24 -18 -21 b -342
945 16 -31 ] -31 L 2 ~-551
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NOTE

*% QERKS** 160F, 90 DA‘ CONTROL
.

AVERAGE AUTOGENJUS AND DRYING SHRINKAGE STRAINS
(2

UTOGFNOUS SPECIMENS:

SEALED 6 BY 16

IN.

CONCRETE CvYL

DRYING SHRINKAGE SPECIMENI UNSEALED & AY 16

N

)
SPECIMEN GROUP

BERKS &6 (MIX G-19}

AGE OF LOADING 3 90 DAYS
SPECIMEN METER NO. CHANNEL FACTOR TEST TEMPERATURE : 160 DEGe Fo
Nl 350 11 39 0 75100 PSI AT 73.F,
NOe2 a7rs 11 a0 0 5980 PS1 AT 160eF,
N1.3 a26 11 59 0 ABPLIED TESY srkess 0. PSI
R KR KRR AR R R AR RN e c e e e e e e e M CROSTRAIN==CORRECTED FOR TEMPERATURE-~-
DATE = TIME * AGE, * OAYS % jo  ¥---=<AUTOGENOUS STRAINS=---=--= - ——~—DRYING SHR[N(AGE-- Hommmmee
. . oAYS * UNOEW & TEMB, 4----8PECINEN---+ AVGe . SPECTM :
STRESS * DEGeF. NDo1 % NO,2 * NQ o 35
t‘ttt*t‘tﬁtttt‘tt‘tt‘t‘tttt‘tttt““t‘tt!’tt‘““tttltt.t#t‘t‘t‘t't‘tt“tt‘t‘ttt*ttt‘t‘t#t“t‘““““.‘t‘t.tt‘tt‘
1500 SPECIMENS CAST
1500 70e8 k& [ ] [} L a4 0
1.45 70e8 %% -9 -7 -8 L o
1130 7le2 %% -66 -ss -60 s -23
t615 108,2 *= =62 -54 -58 % -23
1135 130.9 ** 62 -58 -60 - -24
1050 159.9 *x ~45 -28 -38 Béd ~2aa
1z40 16063 *x -50 -30 -40 Ll d -24
630 162.9 **  -38 bt ) -23 * -18
915 161.9 ¥* -39 -1 -27 i -18
925 161e6 *% -a1 -15 -28 b -18
945 160,2 ** -39 14 -26 *x -19
1148 15047 %% -38 =13 -25 s -37
- 1450 16241 &% -32 ~to -21 ¥ -16
1800 162.1 *» ~29 -9 -19 - -15
2z20 16147 ** -26 -7 ~18 o -13
1110 16242 ** _=19 -2 ~190 gt -8
1135 16241 *& -6 0 -3 bl -7
1500 162.4 %% o 5 . % -6
1135 16241 *# 6 4 5 % -5
1720 16243 *% 12 _10 {1 L -4
1315 16L1.2 »x 17 & 1 b -2
1130 159.6 *% 7 8 4 P -0
1315 10 159.9 *x 10 6 8 - 1
1530 10 16041 ** 9 s 6 o .
1455 11 1577 *& "2y (] = k& 1
1335 11 158,3 *¢ -1 -2 -1 - [
1355 11 157.9 #* -3 -3 -3 - -1
1420 12 158.6 %% -a -5 -4 b -6
1489 13 155,2 *» -7 -10
1600 1a 15703 ~-15
1152 1a 158.5 -17
915 15 15 -2
1150 16 15 -2
1620 18 16 -26
1830 21 15842 -237
1348 4 5740 =34
1630 37 -38
830 187.7 oo =39
1218 1977 - -3@3
918 157, -4
1420 T -ait
1640 15646 -415
1500 15843 -a19
1340 15847 -424
940 159.0 -424
1515 158.0 -429
2-28-75 1zo 157.0 -430

SFALED CONTFOLS MALFUNCZYIONED FROM 2-28-75 ON, RESTSTANTE INCREASED
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(84

AVERAGE AUTOGENOUS AND DRYING SHRINKAGE STRAINS _#% VYORK *% 160F 90 DA' CONTROL
2 AUTOGENOUS SPECIMENS: SEALED 6 BY 16 IN. CONCQE*E C'
(1 DRYING SHRINKAGE SPECIMEN] UNSEALED ¢ BY 16

svscxnhn GROUP H YORK 6 (MIX G=~26)
AGE OF LOADIN : 90 DAYS
SPECIMEN METFR NOe CHANNEL FACTOR TEST ‘E'PERATUNE : 160 DEG. Fo
NUel 493 11 53 9 ULTe STReISELECTED MIX: 7200e PSI AT 73.F,
NJe2 413 11 Se 9 ULTe STRe 3COMPANION 31 5500, PSIL AT 160.F.
NO.3 398 11 85 0 APPLIED TEST STRESS H 0e PSI

BEEEERERE A EER R RN AR RN AR AR AR AR AR KRR KBS A M cmmm e e e e—=eM ][ CROSTRAIN==CORRECTED FOR TEMPERATURE me—weccccccccccvas

DATS & TIME * AGL, * DAvs & AvG. *- AUTOGENUUS STRAINs——~---t------onleG SHRINKAGE----—---‘-----—--—
: DAY * UNDER * TEMB, #----SPECIMEN--=* . SPEC
. * STRESS # DEGeFs * NOol & NDo2 * . 4 ~o.3 : : .
“‘O.l“t“t“““t"t‘.lt‘t“l‘tl".“‘t‘.lt--vv- LRt ] ree
* 3 -7-74 1 SPECIMENS CAST
3 ~-R~74 ]k10 2 *& o [ (i d
3-11-7s 930 T1e2 %% -11 -11 Lo -12
6 -2-74 1345 89,6 a -58 ~46 = -53
6 -3-74 850 1104 *=* -63 -a 'Ll -42
6 -4-74 850 130e1 *# -57 -4 . -38
6 ~4~74 1500 135,0 #* -4l -33 hpd -42
6 ~5-T4 1046 159,9 =% -26 -30 LA d -27
6 ~5-74 1100 16001 ** -27 -30 . -26
6 -5-74 1105 160e1 *& <27 -31 b =40
6 -5-74 1125 16043 *» ~-27 =30 L ~40
o ~5-74 1240 160e8 *% -28 -31 bod 53
6 -5-74 1405 160e1 ** -27 -30 o -61
6 -5-7a 1538 18007 ** -26 -27 hbd -69
6 -5-74 173% 16069 *% -24 -26 L4 -76
6 -5-74 2112 16146 ** -23 -23 hibd =86
6 -6-74 850 1615 &% -16 -19 b -10%
6 -6-74 1225 161.5 #x -15 ~17 * -107
6 =7-74 1152 161s1 *# -7 -9 - -126
6 -8-74 1215 162,3 = -1 -6 e -145
6 -9-74 1300 16242 *# 3 -2 [ -159
6-10-74 {135 160.7 ** 5 1 . -172
6-11-74 843 16009 *# 6 1 .. -182
6-12-Ta 1152 160e4 =% 8 2 % -196
6-14-7a 915 6008 ** 9 2 I3 -216
6-17-7a 1600 80.6 ¥4 .8 [ b -248
6-21-74 1220 61e3 % 7 -1 . -281
- 1150 61.8 ®% 6 -3 o -316
950 61,9 ** . -5 b -338
1045 62,6 ** -0 -11 - -381
1650 16244 = -1 -12 . -385
1310 16342 ** -3 -15 o -405
1615 16249 *#* -8 -24 b -432
1120 157,56 *% -8 -32 * -460
1345 15840 %% -3 -34 b3e -464
1630 15842 ** -6 -39 e -469
1430 58,3 ** -8 -40 . -469
830 58,2 o8 -13 ~ag - -470
1318 89,4 ¢ :*: -48 s -476
918 L3R =11 A bid -476
1420 58,9 *¢ -23 -8 - -a74
1640 55,1 *=* -27 - 11 479
1350 161.0 »* -23 -64 b -467
1530 15746 *» -29 -68 = -468
1200 1577 #* -32 -73 b -470
1235 1877 *% =36 -77 1234 -471
1230 159,2 &+ -38 -81 e -a69
1130 161e1 *# -40 -8 s -469
1215 139,2 *= ~-46 -86 - -466
1540 1604 =& -46 Lod -460
748 1605 #% -49 o b4 -470
1630 160e 8 ** -47 '3 [ -467
1450 15903 *» -a9 0 e -a68
1600 16042 *+ -37 0 L1 -468

Sealed controls malfunctioned from 8-7-75 on.
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AVERAGE AU'OGENJUS AND DRYING SHRINKAGE STRAINS *% BERKS %% 1560F 270 DAV CONTROL
AUTOGENOUS SPECIMENS: SEALED 8 BY 16 INe CUNCRETé
(l DRYING SHRINKAGE SPECIMEN: UNSEALED 6 BY 16 INe)

SPECIMEN GROUP H BERKS S5 (MIX G-19)
AGE OF LUADING 270 DAYS
SPECIMEN METER NOe CHANNEL FACTOR i TEST TEMPERATURE : 160 DEG.
Ndel 425 11 6u 0 u;'. i'ﬂ SELECTED MIX: 8220« PSI AT

NO o2 385 11 70 [ ST PANTON 6130e PSI AT
N3e3 387 11 71 0 Al lED TFSY STRESS H 0e PSI
RS IR MR AR R AR DS R REEEE R PR L A IR AR A A Hmwmc e ncmemw=M][ CROSTRALM==CORRECTED FOR TEMPERATURE=-
DATE ® TIME * AGE, * DAYS % AVGy #-=—=~AUTOGENDUS STYRAINSec-—c-B-—----DRYING SHRINKAGE=--
t AYS & UNDER * TEM 0—-~-spett R AVGe * SPEC [MEN *

* STRESS * DEGeFe MO, 1 * - NOe3 * . *
ttﬁ“.l'\‘t&tuttttttﬂt!tt"l.t'.t‘l"‘. *EeEE skEEREE EREEERE R R X R R R RREE SRR R AR EO RN RE R
* 5-20-74 1400 0  SPECIMENS CTAST

5-30-74 1400 6748 %% ] [ L34 [
6 —6-74 1351 1150 *#* -10 % -1
1-15-75 1230 11567 %% -38 b -61
1-20-75 810 1136 *x - -39 B34 -63
1-31-75 830 115.8 == -40 L od -66
2-18-75 1439 115.3 #* -38 (34 -70
2-20-75 1315 129.0 ** -22 - -72
2-22-75 12900 14045 *% XTI 1 -84
2-24-7% 1060 138.6 #& i L dd -107
2-28-75 1200 16004 *% 8 11 (33 -182
3-14-75 1235 16065 *= 7 *x -303
4 =1-75 1130 160.7 ** .8 . ._.=8 Ly -374
4=12-75 1230 1599 #=* x5 -15 E e -393
S -2-7¢ 1130 16042 *% -0 -25 Lo -403
5-16-7% 121% 138e4 *% -0 -29 L1 -406
NOTE ¢ SPECIMENS NOJ.2 AND NO. TASY 1=17-74%, STRAINS WATCHED BY INTERPOLATION FOR AGES SHOWN

Individual data for Specimen #3 not available after 5-16=7%; speciwaw still under gheervation.

-242-



AVERAGE AUTOGENIUS AND ORYING SHRIVKAGE STRAINS *% YORK #% 160F, 270 DAY CONTROL
{2 AUTDGENOUS SPECIMENS: SEALED 6 HY 16 INe CONCRETE CYis)
(1 DRYING SHRINKAGE SPECIMFN: UNSEALED 6 BY 16 INe)

SPECIMEN GROUP YORK 3 (MIX G-26)

AGE OF LOADING @ 270 DAYS
SPECTMEN METER NJe CHANNEL FACTOR TEST TEWPERATURE : 160 OEG. F.
NUs1 218 11 75 0 ULTe STROISELECTED MIX: 8200. PSI AT 73.F.
NJe2 216 1 76 0 ULT. STR,:COMPANIO i 6380. PSI AT 160.Fe
N33 14 11 77 0 RERC120 eSS TheSs | 0. Ps

RAREEGAATRXARAREEE EEAY A A EBERAN AL AN A AR e e e mm— e emeaM] CROSTRAIN-~CORRECTED FOR TEMPERATURE ~=eecccacccccancce
DATZ * TIVE #* AGE, * DAYS ® AVGe *e-===AUTOGENOUS SYR‘INS‘-----.--O--~DRVING SHHINKAGE-
‘ # DAYS % UNDER - UE“P. ‘--O-sﬁﬁcll N---‘ AVGe SPEC[ *

meccccbeocececan

* STRESS ® DEGe [} NOe. 2 ‘ NOe 3 ‘
ttttnttuttttt‘t..t.--.t-.tt.‘tl“.ttttttt‘t‘tt“l‘.‘t‘.‘t‘t“‘tt‘t.t““t.' “‘t‘“.‘tt“.‘tt“t“l“tlt‘t‘t.t.“.

1500 0  SPECIMENS CAST
1300 1.0 7 [ [ 0
1200 26449 -83 -77 -80
930 26348 -67 -60 -63
925 266e8 1 =61 -690 -60
1100 267.8 1 -47 -31 ~-49
1750 2671 1 -15 -2s -20
1038 2678 1 -48 -16 -30
1042 26948 1 -43 -16 =30
1051 26943 1 -46 -15 -30
1134 2699 1 -4S5 -14 -29
1483 27ue0 1 -41 -13 -27
1638 2701 1 -40 -12 -26
1040 27048 1 -33 -6 -19
1300 27149 1 -22 -0 -11
918 27248 1 -17 3 -7
1135 2739 1 ‘=14 5 -4
14350 277.0 1 -6 6 0
1420 2R6,.0 1 -4 3 o
1430 28840 1 -4 2 ~1
1115 291.4 1 -a 3 -0
1330 2929 1 -4 2 -1
1630 2991 1 o -0 0
1200  305.9 1 -0 -3 -1
1645 3161 1 -11 -0 -5
£30 3.7 1 -10 ~3 ~6
1530 323.0 1 -1e -6 -10
1230 344,0 1 -76 -4 -40
1230 3e2e0 1 -120 -10 ~65
1200 371e9 1 -115 -13 -64
1235 285.9 1 -126 -18 -72
1130 40349 15848 -141 24 -82
1230 4l6ev 15847 -143 -26 -4
1130 434.9 15941 ~149 -29 -89
1cls 44443 15941 ~153 -34 -93
900  8F6.7 160,48 -158 -36 -97
1540 4800 1605 -162 -42 -102
1530 a95.1 160.8 -163 -as -103

Sealed controls malfunctioned from 7-1-75 on,
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APPENDIX D ~-- PETROGRAPHIC EXAMINATION REPORT ON
AGGREGATES AND MILL CERTIFICATES FOR CEMENTS

COMMENTS ON POTENTIAL REACTIVITY OF COARSE AGGREGATE FOR PCRV
CONCRETE by Vladimir Nicolayeff . . . . . ... ... ... ..

PETROGRAPHIC EXAMINATION OF SAMPLES OF AGGREGATE FOR PORTLAND-
CEMENT CONCRETE by Richard C. Mielenz . . . . . .. . . ... "

POTENTIAL REACTIVITY TESTS OF COARSE AGGREGATE
by E. L. Conwell & Co. . . . . . . & ¢ v v v v i v v e e e e

MEDUSA CEMENT MILL CERTIFICATES . . . . . . ¢« v v v ¢« v v v o
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ENERAL ATOMI( Bﬂ.»
¥ DO BoX e COMPANY March 17, 1976
SAN DIEGO, CALIFORNIA 92138
(714) 453-1000
6 COMMENTS ON POTENTIAL REACTIVITY OF COARSE
AGGREGATE FOR PCRV CONCRETE
by

Vladimir Nicolayeff

The accompanying petrographic report, submitted by Dr. R. C. Mielenz
on August 24, 1972, states that the two sources of limestone (York
Stone & Supply and Berks Products, Oley quarry) considered for use

as coarse aggregate for the PCRV could be deleteriously reactive with
cement alkalies, but that the degree of reactivity could not be
determined quantitatively by petrographic examination. Dr. Mielenz
recommended that cement used with these aggregates contain no more
than 0.40% alkalies, unless test data or service records indicate
that reactivity is not a problem.

A General Atomic survey of cement suppliers in Eastern Pennsylvania
indicated that cement with such a low alkali content was not economi-

X cally available but that a few manufacturers could produce cement
with an alkali content of about 0.60 percent. Accordingly, a cement
containing 0.60 percent alkalies was selected for the concrete test
program at the University of California, Berkeley and the potential

A reactivity of the aggregates was investigated further as described
below.

1. In 1972, during the initial screening of prospective aggregate
suppliers, General Atomic examined results of tests conducted
by the Pennsylvania and New Jersey Departments of Transportation
and by Allentown, E. L. Conwell and Ambric Testing Laboratories.
A11 results of interest were satisfactory for York and Berks
aggregates. In particular, results of several chemical reactivity
tests (per ASTM C 289) consistently indicated that the aggregates
were not reactive. It was also observed that although the calcite
to dolomite ratios were similar to those found in reactive aggre-
gates, the insoluble residues were lower.

2. The record showed that the two quarries were long-standing,
established sources of good quality aggregates which have been
used in concrete containing Tocal high alkali cements (well above
0.60%) for many years with satisfactory performance.

3. Both aggregates have been used in concrete for Philadelphia

Electric's nuclear generating stations with York Stone supplying
Peach Bottom and Berks supplying Limerick.
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4. Prior to selection of Berks' Oley quarry for the Limerick plant
(circa 1970), the reactivity of this aggregate was checked by
the New Jersey Testing Laboratory, Hoboken, N.J. The laboratory
also inspected structures built with Berks aggregate in the
previous 8 years for evidence of reactivity. According to the
aggregate manufacturer all results were favorable, although a
copy of the report was not available.

5. Following the results of the Petrographic examination, General
Atomic requested E. L. Conwell of Philadelphia, Pa. to conduct
reactivity tests per ASTM C 586 on both aggregates. One randomly
selected rock from each quarry was tested and the results pre-
sented in the accompanying report dated January 18, 1973 indicate
that the aggregates did not exhibit expansive tendencies.’

6. Finally, results of autogenous length change tests conducted by
the University of California and presented in this report indi-
cate that after more than two years exposure to temperatures
of 73, 110 and 160°F, the concretes considered for the PCRV
construction did not experience deleterious expansions.

CONCLUSION

In view of the above investigations and the results of concrete behavior
presented in this report, it was concluded that satisfactory aggregates
had been selected for the construction of the PCRV and that every effort
had been made to ensure that .the materials will behave adequately
throughout the economic 1ife of the structure.
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RICHARD C. MIELENZ — GEOLOGIST AND PETROGRAPHER

PETROGRAPHIC EXAMINATION OF SAMPLES OF AGGREGATE
FOR PORTLAND-CEMENT CONCRETE, GULF ENERGY
AND ENVIRONMENTAL SYSTEMS,
CIVISION OF GULF OIL CORPORATION, SAN DIEGO, CALIFORNIA

INTRODUCTION

In accordance with Purchase Order No. 458669, dated July 21,
1972, issued by Gulf Energy and Environmental Systems, Division of
Gulf Oil Corporation, San Diego, California, I have examined by petro-
graphic methods three samples of aggregate that were received in
separate shipments, as follows: )

Material Source Date of Receipt

Coarse aggregate Berks Products Corporation July 31, 1972
Reading, Pennsylvania

Coarse aggregate York Stone and Supply Company August 17, 1972
York, Pennsylvania

Fine aggregate York Building Products Company, July 22, 1972
Inc., Perryville, Maryland

It was requested that the samples be examined in accordance with
ASTM Designation: C 295, Recommended Practice for Petrographic
Examination of Aggregates for Concrete. For the coarse aggregates,
three size fractions were examined and analyzed by petrographic methods
in accordance with ASTM C 295, namely, the 1-1/2- to 3/4-in., 3/4- to
3/8-in., and 3/8- to 3/16-in. fractions. For the sample of fine aggregate,
five size fractions were examined and analyzed in accordance with ASTM
C 295, namely, the No. 4-8, No. 8-16, No. 16-30, No. 30-50, and No.
50-100 fractions. The fine aggregate passing the No. 100 sieve was examined
microscopically but no quantitative analysis was attempted.

CONCLUSIONS

Coarse Aggregate, Berks Products Corporation, Reading, Pennsylvania

1. The samples are crushed stone coarse aggregate in the size
range from 1-1/2-in, to 3/16-in. The material is composed almost
entirely of medium to dark gray, fine-grained, hard to moderately hard,
calcitic dolomites and dolomitic limestones.

-249-



D4
RICHARD C. MIELENZ — GEOLOGIST AND PETROGRAPHER

Gulf Energy and Environmental Systems 2,
w
2. In my opinion, the samples are structurally sound for use
as coarse aggregate for portland-cement concrete. .
3. The dolomites and dolomitic limestones are similar in

texture, internal structure, and mineralogic compacsition to dolomites

and dolomitic limestones that are known elsewhere, such as in western
Virginia and in southern Ontario, to be deleteriously reactive with cement
alkalies, that is, sodium and potassium, in concrete in service. The
deleterious reactivity in these instances is exhibited by progressive
expansion, cracking, and general deterioration of the concrete, although
the rate and extent of the distress of the concrete constructions depend
upon many factors. The degree of potential alkali reactivity of these

rock types cannot be determined quantitatively by petrographic examination,
The dolomites and dolomitic limestones constituting the greater portion

of the samples contain lesser proportions of acid-insoluble materials,

that is, clay, silt, and fine sand, than do the deleterious rock types
occurring in other localities, where the acid-insoluble materials usually
constitute 5 to 35 per cent by weight of the rocks in contrast to an average
value of 4. 4 per cent for the dolomites and dolomitic limestones of the 3
submitted sample, although this determination was made on pieces of

the aggregate that were free from visible seams or segregations of clayey
materials.

4. The following comments are provided with regard to use
of the aggregate:

a. No deleterious alkali- carbonate rock reaction is
expected if the alkali content of the portland cement is 0. 40 per cent or
less, expressed as equivalents of sodium oxide (Nap0), calculated as
the sum of the percentage of sodium oxide and 0.658 times the percentage
of potassium oxide (K50).

b. Prior test data or service records on use of the
aggregate in concrete construction may be obtainable from the aggregate
producer or from other agencies, such as the Pennsylvania State
Department of Transportation or appropriate departments of the
Pennsylvania State University.

c. The geologic formation at the quarry may be examined,
logged, and sampled by a geologist or materials engineer, and representa-
tive samples so obtained may be tested for potential alkali reactivity in
accordance with ASTM Designation: C 586, Method of Test for Potential
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RICHARD C. MIELENZ — GEOLOGIST AND PETROGRAPHER

Gulf Energy and Environmental Systems 3.

Alkali Reactivity of Carbonate Rocks for Concrete Aggregate (Rock
Cylinder Method) and/or by tests of concrete containing the aggregate
and the one or more cements that are proposed for use in the work.
See ASTM Designation: C 33-71, Specifications for Concrete Aggre-
gates, Appendix, for evaluation criteria on alkali-carbonate rock
reactivity,

Coarse Aggregate, York Stone and Supply Company, York, Pennsylvania

5. The samples are crushed stone coarse aggregates in the
size range from 1-1/2- to 3/16-in. The material is composed of a
mixture of light gray to pale buff dolomites and medium to dark gray
dolomites and dolomitic limestones. The latter are similar litho-
logically to the dolomites and dolomitic limestones that constitute almost
the entirety of the samples from Berks Products Corporation, except
that the samples from the York Stone and Supply Company are more
dolomitic, contain lesser proportions of clay, silt, and fine sand, and
the rock is more uniform in texture, internal structure, and mineralogic
composition.

6. In my opinion, the samples are structurally sound for use
as coarse aggregate for portland-cement concrete.

7. The medium to dark gray dolomites and dolomitic lime-
stones that constitute 56. 7 to 76.6 per cent of the three size fractions
are generally similar in texture, internal structure, and mineralogic
composition to rock types that are known elsewhere to be deleteriously
reactive with cement alkalies in concrete in service, although the content
of non-carbonate constituents is lower than is characteristic of such
reactive rocks. The comments provided above with regard to the use
of the coarse aggregate supplied by the Berks Products Corporation are
applicable to this sample. Light gray to pale buff dolomites and calcite
seam material constituting the remainder of the samples are of a different
lithology and are not considered to be potentially deleteriously reactive
with cement alkalies.

Concrete Sand, York Building Products, Perryville, Maryland

8. The sample is a natural sand that is composed almost
entirely of angular particles of quartz.
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Gulf Energy and Environmental Systems 4.

9. In my opinion, the sample is suitable for use as fine
aggregate in portland-cement concrete. The aggregate is harsh,

10. In my opinion, the sample is not potentially deleteriously
reactive with cement alkalies or with other constituents of portland
cement or its hydration products.

DESCRIPTION OF THE SAMPLES

Crushed Stone, Berks Products Corporation, Reading, Pennsylvania

The shipment consisted of two size fractions of coarse aggregate,
as follows:

Size Fraction Net weight, 1b.
3/4- to 1-1/2-in, 25
3/16- to 3/4-in, 15-1/2

.The aggregate is a crushed stone. The particles are angular and
irregular in shape, although edges and corners of the particles commonly
are slightly rounded as a result of attrition incidental to processing and
handling. The particles mainly are roughly cubical to thick-tabular in
shape, but flat and elongated pieces are present in moderately high
proportions in the finest fractions of the coarse aggregate. Particles
that are flat or elongated in shape, that is, whose length is five or more
times the width or thickness, constitute 13. 3 per cent of the 3/4- to
1-1/2-in., 28.6 per cent of the 3/8- to 3/4-in., and 40.0 per cent by
count of the 3/16- to 3/8-in. fraction. The particles are lightly coated
by non-clayey dust of fracture that is easily removed by washing.

The aggregate is composed of a mixture of very fine-grained,
medium to very dark gray, massive to faintly banded or stratified, hard
to moderately hard, tough calcitic dolomites and dolomitic limestones
(Table 1). Most of the particles are free from discrete seams or
segregations of clay or shale; such particles of calcitic dolomites and
dolomitic limestones constitute 80.0 to 92. 7 per cent by count of the
three size fractions that were analyzed. These types vary widely in
the ratio of dolomite (calcium-magnesium carbonate) to calcite (calcium
carbonate); non-carbonate fractions always are very subordinate in
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Gulf Energy and Environmental Systems 5.

amount and are well dispersed through the finely crystalline carbonate
rock material. The particles range from limestones containing separate
seams or laminations rich in minute, separate crystals of dolomite,

the dolomitic seams being spaced 1.0 to 6.0 mm apart, to dolomites

in which finely divided calcite forms only a minor matrix phase. Inter-
mediate types contain scattered, well-formed crystals or aggregated
clusters of dolomite crystals within the matrix of fine-grained calcite
and dispersed non-carbonate material; in this type of calcitic dolomite
or dolomitic limestone, the dolomite crystals commonly are spaced 0.01
to 0.10 mm. apart. )

The amount of acid-insoluble residue occurring in this series of
rock types was determined on representative particles taken from the
3/8- to 3/16-in. fraction and pulverized so as to pass the No. 50 sieve.
The pulverized material then was digested in dilute hydrochloric acid.
The acid-insoluble residue was found to constitute 4. 4 per cent by weight
of the rock. The acid-insoluble residue is a dark gray powder that is
composed mainly of illite clay that is charged with very finely divided
carbonaceous matter. Minor constituents are sand- and silt-sized quartz
and alkali feldspars together with small proportions of hydrated ferric
oxides (limonite) and granules of pyrite. The quartz and feldspars are
estimated to constitute about one-fourth of the acid-insoluble residue.

Particles that are internally fractured, porous as a result of
weathering or leaching, or include thin films of seams of illite clay usually
up to about 0.1 mm thick, are classified as only fair in physical quality as
constituents of aggregate for portland-cement concrete. Such particles
constitute 19. 3 per cent of the 3/4- to 1-1/2-in. fraction, 14.0 per cent
of the 3/8- to 3/4-in. fraction, and 7.3 per cent of the 3/16- to 3/8-in.
fraction, or an average of 13,6 per cent. Particles of calcareous shale
are classified as poor in physical quality as constituents of coarse
aggregate for portland-cement concrete; such particles constitute 0.7
per cent of the coarsest fraction. None was detected in the two finer
fractions.

No chert or cherty particles were found in the sample.

~253-



D8
RICHARD C. MIELENZ — GEOLOGIST AND PETROGRAPHER

Gulf Energy and Environmental Systems 6.

Crushed Stone, York Stone and Supply Company, York, Pennsylvania

The shipment consisted of two size fractions of coarse aggregate,
as follows:

Size Fraction Net Weight, 1b,
3/4- to 1-1/2-in. 25

The aggregate is a crushed stone. The particles are angular and
irregular, although edges and corners commonly are slightly rounded
as a result of attrition during processing and handling. The particles
mainly are roughly cubical to thick-tabular in shape, but flat or elongated
pieces, as defined above, are present. Particles that are flat or elongated
in shape constitute 2.7 per cent by count of the 3/4- to 1-1/2-in. fraction,
12,6 per cent of the 3/8- to 3/4-in. fraction, and 17. 3 per cent of the
3/16- to 3/8-in. fraction. The particles are lightly coated by non-clayey,
calcareous dust of fracture that is easily removed by washing.

The aggregate is composed of a mixture of very fine-grained,
light gray to pale buff dolomites and dark gray, very fine-grained, medium
to very dark gray, massive to faintly banded, hard to moderately hard,
tough, calcitic dolomites and dolomitic limestones (Table 2). The light
gray to pale buff dolomites are massive, commonly somewhat calcitic,
and occasionally internally fractured, with or without porous zones pro-
duced by leaching of the rock in the formation during geologic time.

The remaining types of dolomitic limestones and calcitic dolomites that
are medium to dark gray are generally similar to the comparable types
occurring in the aggregate submitted by Berks Products Corporation (see
above), although the rock is more uniform in texture, internal structure,
and mineralogic composition. In particular, the particles include lesser
amounts of the non-dolomitic or slightly dolomitic limestones that occur
as thin laminations in a minor proportion of the particles in the sample
from Berks Products Corporation.

The amount of acid-insoluble residue occurring in the medium
to dark gray dolomites and dolomitic limestones (exclusive of the types
containing visible seams of clay) was determined on representative
particles taken from the 3/8- to 3/16-in fraction and pulverized so as
to pass the No. 50 sieve, The pulverized material then was digested in
dilute hydrochloric acid. The acid-insoluble residue was found to constitute
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about 1.0 per cent by weight of the rock. The acid-insoluble residue is
a dark gray powder that is composed mainly of illite clay that is charged
with very finely divided carbonaceous matter. Minor constituents are
fine-sand and silt-sized quartz and alkali feldspars together with small
proportions of hydrated iron oxides (limonite) and granules of pyrite.
The quartz and feldspars are estimated to constitute about 50 per cent
of the acid-insoluble residue.

Particles that are internally fractured, porous, or include thin
films or seams of illite clay are classified as only fair in physical quality
as constituents of aggregate for portland-cement concrete. Such particles
constitute 22,1 to 26, 7 per cent by count of the three size fractions that
were analyzed, or an average of 24.1 per cent. No particles that are
classified as poor in physical quality as constituents of aggregate for
concrete were found in the analyzed portions.

No cherty particles or cherts were found in the sample.

Concrete Sand, York Building Products, Perryville, Maryland

The sample consisted of approximately 5 lb. of dry, cream-colored
to faintly pink, natural sand. The particles are angular and irregular in
shape except for sparse particles that are subangular to subround. The
particles are composed largely of quartz grains that were released by
deep weathering and minor erosion of granitic rocks and granitic gneisses.
The particles are lightly coated by a mixture of finely divided clay and
hydrated iron oxides that is largely removed by washing. The particles
are free from encrustations of mineral matter such as form by precipita-
tion of dissolved substances from groundwater within natural deposits.

The sand is composed almost entirely of dense to internally fractured
particles of quartz (Table 3). Sparse particles of granite containing
residual amounts of moderately to deeply weathered feldspars are present
in the various fractions. Cccasional particles of soft, brown, ferruginous
claystones and sandy claystones are present. Particles that are internally
shattered by natural fractures or are weakened by moderate weathering
are classified as only fair in physical quality as constituents of aggregate
for portland-cement concrete; such particles constitute 10.5 to 30. 3 per cent
of the various size fractions that were analyzed, or an average of 20.7
per cent. The frequency of occurrence of such particles decreases as
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”

the particle size decreases. Particles that are soft, highly porous, or

highly clayey are classified as poor in physical quality as constituents -
of aggregate for concrete; such particles constitute 0.0 to 3.3 per cent

of the various size fractions that were analyzed, or an average of 2,0

per cent,

The fraction passing the No. 100 sieve is composed entirely of
particles of quartz except for trace amounts of clayey and ferruginous
material and carbonates in the finest fractions. The particles are coated
by films of kaolinite and hydrated iron oxides or mixtures thereof that

account for the coloration of the sand,
Richard C. Miele :

nz,
Geologist and Petrographer

August 24, 1972
Route 1, Box 103

Brigham Road
Gates Mills, Ohio 44040
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TABLE 1. --- PETROGRAPHIC ANALYSIS OF A SAMPLE OF
CRUSHED STONE COARSE AGGREGATE

Crushed Stoné
Berks Products Corporation, Readirg, Pennsylvania

/

: Amount as Number of Particles (per cent) 1

Constituents : In the Size Fractions Shown Below

3/4- to : 3/8- to :  38/16- to

1-1/2-in. :  3/4-in. " 3/8-in,

Gray dolomites and : : :
dolomitic limestones : 80.0 : 86.0 : 92.7

Gray internally fractured
dolomites and : : :
dolomitic limestones : 4.0 : 5.3 : 4.7

Gray porous dolomites and: : :
dolomitic limestones : 2.0 : 4.0 : 1.3

Gray dolomites and
dolomitic limestones : :
with clay seams : 13.3 : 4.7 : 1.3

Calcareous shales : 0.7 : - : -

1/ Based on examination and identification of 150 particles in each
of the size fractions shown above.

The various constituents are classified as follows with respect
to physical quality: Satisfactory: Dolomites and dolomitic limestones.
Fair: Fractured types, porous types, dolomites and dolomitic limestones
with clay seams. Poor: Calcareous shales.
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TABLE 2. --- PETROGRAPHIC ANALYSIS OF SAMPLE S OF COARSE
AGGREGATE

Crushed Stone
York Stone and Supply Company, York, Pennsylvania

/

Amount as Number of Particles (per cent) }-
Constituents : In the Size Fractions Shown Below
3/4- to : 3/8- to : 3/16- to
1-1/2-in. : 3/4-in, : 3/8-in,

Light gray to pale buff : : :
dolomites : 18.0 : 32.6 : 37.9

Fractured, 1ighi gray to pale : : :
buff dolomites : 4,1 : 2.0 : 4,7

Gray dolomites and : : :
dolomitic limestones : 55.3 : 45,3 : 38.7

Fractured, gray, dolomites and : :
dolomitic limestones : 7.3 : 6.7 : 9.3

Porous, gray dolomites and : : :
dolomitic limestones : 1.3 : 0.7 : 2.0

Gray dolomites and dolomitic : : :
- limestones with clay seams : 12,7 : 11.4 : 6.7

Calcite seam material : 0.7 : 1.3 : 0.7

1/
- Based on examination and identification of 150 particles in each of the
size fractions shown above.

The various constituents are classified as follows with respect to physical
quality. Satisfactory: Light gray to pale buff dolomites and dark gray dolomites
and dolomitic limestones. Fair: Fractured types, porous types, dark gray
dolomites and dolomitic limestones with clay seams, and calcite seam material,
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TABLE 3. --- PETROGRAPHIC ANALYSIS OF A SAMPLE OF
FINE AGGREGATE

Concrete Sond
York Building Products, Perryville, Maryland

Amount as number of Particles, per cent 1/

Constituents :  No. :  No. : No. : No. : No.
4-8 : 8-186 : 16-30 : 30-50 : 50-100
Quartz ' 67.1 68.5 79.1 81,3 86. 2
Internally shattered quartz 29.0 28,7 18.2 14.9 ‘10. 5
Quartzose sandstones 2.6 0.7 0.7 0.6 -
Weathered granites 1.3 0.7 - - -
Deeply weathered granites - 0.7 1.3 1.3 1.3
Ferruginous claystones - 0.7 0.7 1.9 2.0

Y

Based on examination and identification of more than 153 particles in each
of the size fractions shown above.

The various constituents are classified as follows with respect to physical»
quality as constituents of aggregate for concrete: Satisfactory: Cuartz and
quartzose sandstones. Fair: Internally fractured quartz and weathered granites.

Poor: Deeply weathered granites and ferruginous claystones.,
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E. L. CONWELL & Co.

ESTABLISHED 1894
ENGINEERS - CHEMISTS - INSPECTORS

2024 ARCH STREET
PHILADELPHIA, PA. 19103

January 18, 1973
Gulf Energy & Environmental Systems
10955 John Jay Hopkins Drive
San Diego, California 92121
Attention: Mr. R. B. Nation

RE: Potential Reactivity Test of Rock
P.0O. # 458666

Gentlemen:

The following is a report of Potential Reactivity Tests
(ASTM C586-69) performed by our laboratory on two samples of
limestone rock submitted to us marked as shown below.

Laboratory No. A 457147

Expansion, % original length

Berks Products York Stone & Supply
1 week .032 none
2 weeks .0l16 none
4 weeks .008 none
8 weeks .008 none

These results are not indicative of expansive tendancies
in these materials.

Respectfully submitted,
E. L. CONWELL & CO.

gl
V. (E éa}:\g\éi,\v;z.

WEC/ch
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[ D15 SHIPMENT A
'f."i‘».' . —~
SN MEDL USA PORTLAND CEMENT COMPANY
N ¥
l :}’:‘g CEMENT TEST REPORT
e
Shipped from: Bin No: 20 Date: 9/20/72 o
Car No. & Initial Truck Ticket No. Bbls. Contract No. Shipped To:
R. B. Nation
P. O. Box 608
San Diego, Cal. 92112
PORTLAND CEMENT TYPE: II
Chemical Physical
$i09 21.2 SPECIFIC SURFACE:
Aiz03 4.3 WAGNER 1950
Fep03 3.9 A BLAINE 3690 B
_ €20 62.2 AUTOCLAVE SOUNDNESS .17 L
MgO 4.2 GILLMORE SET: -
304 2.35 i INIT!AL . 3:30 5
LOi .70 ! FINAL 6:30
Insol, _ji VICAT SET . 2:15 4
CaS 50. 3 | AIR CONTENT 7.0
c,s 298 | COMP. STRENGTHS
o e o BN, —= S — ——
_e 5.0 1DAY 1400
CsAF 11.9 3 DAY 2800
Alkalies as Nay0 .€ 7 DAY 3530 B
o N 28 DAY 50 0,0 ______ )
RECE!VED
- S ESRTOR
THIS CEMENT MEETS ASTM___C=150 _ AND FEDERAL SEP 25 M.
el ] " - NPT : . ToaYa @ ) Rl ¢
. —  __SPECIFICATIONS FOR TVYPIE_.___IT  _ PORTLAND mﬁﬁgdngfm 4
CEMINT.  DATA KEPORTER IS ONLY TUHAT NECESSARY TO <
/’ ESTABLISH CORNVCOWMANMCE TO APLICABLE SPECIFICATIONS. L4

/
S e ) A
’/// /{ e '// 262~  Plant Chenvist




SHIPMENT B D16
MEDUSA CeEMENT cOMPANY
. DIVISION OF MEDUSA CORPORATION
CEMENT TEST REPORT
’ Shipped from: Bin No: Date: 3/30/73
Car No. & Initial Truck Ticket No. Bbils. Contract No. Shipped To:
PORTLAND CEMENT TYPE: II
Chemical Physical

Si0g 21.4 SPECIFIC SURFACE:
AI203 4.6 WAGNER 2130
Fe203 3.6 BLAINE 3700
Ca0 62.9 AUTOCLAVE SOUNDNESS .15
MgO 3.3 GILLMORE SET:

~ SOz 2.09 INITIAL 3:15
Lot .80 FINAL 5:30
Insol. VICAT SET 2:30
Cas 51.2 AIR CONTENT €. 7
C2S 22.7 COMP. STRENGTHS
C3A 6.1 1DAY 1580
C4AF 11.0 3 DAY 2570
Alkalies as NagO .55 7 DAY 3370

28 DAY 5230

SO 2375 4/70

THIS CEMENT MEETS ASTM

SPECIFICATIONS FOR TYPE

CEMENT. DATA REPORTED

AND FEDERAL
PORTLAND

IS ONLY THAT NECESSARY TO

ESTABLISH CONFORMANCE TO APPLICABLE SPECIFICATIONS.
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