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Final Report

STUDIES OF CONCRETE FOR SAN ONOFRE

NUCLEAR POWER PLANT CONTAINMENT STRUCTURES, UNITS 2 & 3

1.0 SCOPE

The purpose of this test program is to establish the uniaxial creep and
other mechanical and thermal properties of concrete mixes designed by Bechtel
Power Corporation for the containment structures of the San Onofre nuclear
power plant units 2 & 3 being constructed for the Southern California Edison
Company. This work consists of furnishing all supervision, labor, material,
equipment, and performance of all operations and incidentals necessary for
the concrete material properties tests, and associated progress reports in
accordance with agreement for Technical Services No. S-023-210-15, dated
8/4/77.

2.0 TEST PROGRAM

The test program comprises the evaluation of the following properties on
two concrete mixes, one with 3/4 in., and other with 1 1/2-in. maximum size
aggregate. Both of these mixes are designated for fec = 6000 psi @ 90 days.

2.1 Compressive strength to be determined on three 6-in. by

12-in. sealed concrete specimens, stored at 73° F. at ages of
7, 28, 90, 180 and 365 days.

2.2 Modulus of Elasticity and Poisson's Ratio to be determined on

three 6-in. by 12-in. sealed concrete specimens, stored at 73°F,
at ages of 28, 180 and 365 days.

2.3 Coefficient of Thermal Expansion to be determined on two 6-in.

by 16-in. sealed concrete specimens, stored at 73°F, at ages of
28, 90, 180 and 365 days. '

2.4 Diffusivity to be determined on two (total of four) 8-1/2-in. by
17-in. sealed concrete specimens, stored at 73°F, at age of 90 days.

2.5 Creep Characteristics of sealed concrete specimens to be determined

at a sustained stress of 2100 psi initially applied at ages of 28,
180, and 365 days. The autogenous strains changes for specimens
stressed at ages of 28 and 180 days shall be determined from sealed

creep specimen that will be stressed at age one year.



Changes in autogenous strains are small after the age of
one year; therefore, no corrections of autogenous strains will be
applied to creep specimens stressed at one year. The creep tests
shall be carried out at 73°F. Each creep test shall be conducted
on a set of two 6-in. by 16-in. sealed concrete specimens.
2.6 The following related work is not included.

2.6.1 Design of concrete mixes.
2.6.2 Supply of portland cement, admixtures, and aggregate

used for the test program.
2.6.3 Performance of acceptance or user tests for concrete

materials.

3.0 ABBREVIATIONS

ACI ~ American Concrete Institute
ASTM - American Society for Testing and Materials
AISI -~ American Iron Steel Institute

4.0 CODES AND STANDARDS

Codes and standards referenced herein are listed below, together with
their common abbreviations and year of adoption, as used in this Specifica-
tion. Standards or codes, including the year of adoption or revisionm,
appearing in referenced documents other than those describing test procedures
or methods of sampling shall not be considered as part of this Specification

unless specifically referenced below.

ASTM C 33-71a Standard Specification for Concrete Aggregates

ASTM C 39-71 Standard Method of Test for Compressive Strength
of Cylindrical Concrete Specimens

ASTM C 125-74 Standard Definitions of Terms Relating to Concrete
and Concrete Aggregates

AST™M C 127-68 Standard Method of Test for Specific Gravity and
Absorption of Coarse Aggregate ;

ASTM C 128-68 Standard Method of Test for Specific Gravity and
Absorption of Fine Aggregate

ASTM C 138-75 Standard Method of Test for Unit Weight, Yield,
and Air Content (Gravimetric) of Concrete

ASTM C 143-74 Standard Method of Test for Slump of Portland
Cement Concrete

ASTM C 150-72 Standard Specification for Portland Cement

ASTM C 192-69 Standard Method of Making and Curing Concrete

Test Specimens in the Laboratory



ASTM C 231-75 Standard Method of Test for Air Content of Freshly
Mixed Concrete by the Pressure Method

ASTM C 469-65 Standard Method of Test for Static Modulus of
Elasticity and Poisson's Ratio of Concrete in
Compression

ASTM C 566-67 Standard Method of Test for Total Moisture Content
of Aggregate by Drying

ASTM C 617-73 Standard Method of Capping Cylindrical Concrete
Specimens

ASTM E 4-72 Standard Method of Capping Cylindrical Concrete
Specimens

ASTM E 6~73 Standard Definitions of Terms Relating to Methods

of Mechanical Testing

AST™ E 12-70 Standard Definitions of Terms Relating to Density
and Specific Gravity of Solids, Liquids and Gases

ASTM E 83-67 Standard Methods of Verification and Classification
of Extensometers

5.0 MANUFACTURE OF CONCRETE SPECIMENS

5.1 Mixing and Placing

Concrete was proportioned in accordance with the mix designs and
materials supplied by the Bechtel Power Corporation. The mix designs are
shown in Table 1.

Aggregates were prepared in accordance with ASTM C 192, Section 4.3.

Bulk specific gravity and absorption were determined for the aggregates which
were not initially oven dried, in accordance with ASTM C 127 and C 128 and
are reported in Table 2. Cement and aggregate were stored in sealed steel
drums.

Mixing of concrete was in accordance with ASTM C 192, Sectiom 5.1.2.
Cement and aggregate were stored at 73° + 3°F for at least two days before
mixing to assure a uniform temperature of these materials. Slump was
measured in accordance with ASTM Method C 143. Entrained air content was
measured in accordance with ASTM Method C 231. Unit weight and yield were
determined in accordance with ASTM C 138. Specimens were made and consolidated
in accordance with ASTM C 192, Sections 5.3 and 5.4.3, respectively. Accurate
records of the mix proportions, moisture content of aggregate, air content,
unit weight, and yield were retained.

The specimens for the creep and thermal coefficient of expansion were

cast in 6.000-inches (within a tolerance of -.002 inches) by 18-inches



machined split cast iron molds. Prior to casting, one Carlson 8-in. strain
gage, properly calibrated, was centered on the axis of the cast iron mold.

The lead wire from the strain gage was brought out through a hole drilled in
the center of a 2-in. thick plate placed at the bottom of the mold and sealed
by means of an "0" ring. The length of concrete in the specimen was l6-inches.

A 5/16-in. by 1-in. by 8-in. metal bar supported 3/4—-in. above the top
of the mold was placed diametrically across the mold to serve as a support
for a wire which held the meter in an axial position during casting. After
casting, the wire was cut-off and the bar removed and the top of the cast
iron mold sealed with Saran wrap.

The creep and thermal expansion specimens were allowed to set after
casting until bleeding water was reabsorbed prior to capping. Then, a comnical
shaped layer of mortar made from the original mix was formed on the top of each
cylinder. The 1 1/2-in. thick steel top-plates were then worked back and forth
into position until the mortar appeared to be spread uniformly between the
plate and the specimen. The leveling plate was used to assure that each top-
plate was normal to the axis of the specimen. The creep and thermal expansion
specimens were then moved to the 73°F, 50 percent relative humidity room.

The split cast iron molds were stripped from the creep and thermal expan-
sion specimens at the age of one day. Within three minutes after removal of
the cast iron mold, a 1/16~in. thick butyl rubber sheet was wrapped and bonded
to the top and bottom steel plates with rubber cement. A three-inch wide lap
splice was used to join the butyl rubber sheet. Large hose clamps were placed
over the butyl rubber and the end steel plates to assure that the specimens
would be internally sealed.

Compressive strength specimens were cast in 6~in. by 12-in. sheet-metal
cans. The lid and all joints were sealed with silicon rubber to internmally
seal the specimens. All sealed compressive strength specimens remained in the
73°F, 100 percent RH room until one day prior to testing, at which time they
were stripped, capped, and covered with Saran wrap and then placed in the 100
percent RH room. During testing the Saran wrap was left on to ensure water
retention throughout the test period.

Modulus of elasticity and Poisson's ratio were determined on the com-
pressive strength cylinders.

Specimens for thermal diffusivity tests were cast in 8 1/2-in. by 17-in.

by 0.024 in. thick steel cans. They were cast solid except for a 3/8-in.



diameter by 8 1/2-in. deep thermometer well which was centered on the axis of
the specimen. After casting, lids were placed on the specimens and the cans
were sealed with silicon rubber prior to being moved to the 73°F, 100 percent
RH room. The external metal container was left on the cylinders throughout
the duration of the test.

5.2 Curing Procedure

After each specimen was consolidated and finishing of the top surface was
completed, it was placed in a room under the environmental conditions speci-

fied herein for the required test.

6. TEST RESULTS

6.1 Mix Design Data

The mix design and data for the concrete mixes used in casting the speci-
mens are shown in Tables 1 and 3. The mix design as given by Bechtel Power
Corporation is shown in Table 1. The mix batch weights were computed using
absorption of the aggregates determined at Berkeley. A '"One Sacker" drum
type Essick concrete mixer was used. 1In Table 3, the weights of cement,
water, sand and 3/4-in. aggregate per cubic yard of concrete were computed
using the measured unit weight of the concrete and the batch weights of each
material. [Weight of each material, pecy = (Batch weight of each material,
1bs.) X (Unit weight of concrete, pcy) % (Total batch weight, 1bs.)].

6.2 Compressive Strength and Elastic Properties

Compressive strengths were determined at the ages of 7, 28, 90, 180 and
365 days for both concrete Mix No. TCIPA (1 1/2-in. MSA) and Mix No. TC2A
(3/4-in. MSA). The average diameter of each specimen was between 5.96-in.
and 5.98-in. The ends of the cylinders, to which loads were applied, were
plane square end surfaces at right angles to the axis of the specimen and
met the planeness requirements of Section 1.2 of ASTM Method C617. Each
specimen was checked for planeness. Testing procedures were in accordance
with ASTM C469, Sections 4.3 through 4.7, inclusive. The testing machine
and compressometer used comply with ASTM C469, Section 2. Each strength
determination represents the average obtained from three 6-in. by 12-in.
cylinders. At ages of 28, 180 and 365 days the same three 6-in. by 12-in.
concrete cylinders were used in the determination of compressive strength,
modulus of elasticity (E), and Poisson's ratio (u). The modulus of elasticity
and Poisson's ratio were determined by use of an XYY recorder employing dif-

ferential transformers. This arrangement produces a continuous plot of stress



versus longitudinal strain and lateral strain versus longitudinal strain from
which both modulus of elasticity (E) and Poisson's ratio (i) were computed.
The loading rate used was 60,000 lbs. per minute, which is equivalent to 35
psi per second for a 6-in. diameter specimen. Compressive strength, modulus
of elasticity, and Poisson's ratio for sealed concrete specimens stored at
73°F and 100% R.H. are shown in Table 4.

6.3 Thermal Diffusivity

The values for thermal diffusivity represent the average of two values
obtained by separately testing two 8 1/2-in. diameter by 17 in. long concrete
cylinders for each age. These average values of thermal diffusivity at 90
days were 0.035 ftz/hr and 0.035 ftz/hr, for Mix No. TC1PA (1 1/2-in. M.S.A.)
and Mix No. TC2A (3/4-in. M.S.A.) respectively; these values are also shown
in Table 4.

Thermal diffusivity is determined by cooling 8 1/2-in. diameter by 17-in.
long cylinders from 139°F to 40°F and measuring the temperature change at the
center of the specimen. To assure uniform heat throughout, the specimen was
placed in a hot water bath and kept at 139 + 1°F for a period of 24 hours
prior to the start of the test. Cooling was started when the specimen was
removed from the hot water bath and placed in a cold water bath set at 40°F
in which it remained until the end of the test. During the test the cold
water bath was kept at a constant temperature of 40° + 0.2°F by the addition
of ice. Each water bath was located in rooms controlled at 110°F and 40°F
respectively.

To monitor the temperature of both the cold water and the specimen, a
Hewlett Packard model HP 2801A Quartz Thermometer indicator was used. Good
thermal contact between the concrete and the quartz thermometer was made by
the use of a small amount of mercury at the bottom of a thin walled brass tube
cast in the specimen at the time of casting. The quartz thermometer probe
has an equivalent mass of 1 1/2 grams of water.

A more detailed description of this test appears in "Thermal Properties
of Concrete'", Bulletin 1, United States Bureau of Reclamation, Boulder Canyon
Project, Final Reports, 1940, pp. 66-86 and pp. 133-143.

6.4 Thermal Coefficient of Expansion

The four sealed 6-in. by 16-in. thermal coefficient of expansion speci-~
men containing Mix No. TC1PA (1 1/2-in. M.S.A.) and Mix No. TC2A (3/4 in. M.S.A.)

concrete were measured for length changes by means of a Carlson strain meter at



successive temperatures of 73°F, 40°F, 73°F, 110°F, and 73°F. Specimens were

left for at least 19 hours at each temperature before the first strain read-

ing was taken on each meter. Then, five hours later, a second reading was

taken and compared to the first. If in agreement, no further reading was taken.
Thermal coefficient of expansion were determined at the ages of 28, 90,

180 and 365 days for both mixes and the results are given in Table 4. At the

end of the cycling period, the specimens were stored at 73°F.

6.5 Elastic, Creep, and Autogenous Strains

Creep characteristics for the concrete were determined on sealed 6-in. by
16-in. cylinders with centrally embedded Carlson strain meters. Class E con-
crete specimens containing Mix No. TClPA (1 1/2-in. M.S.A.) concrete and Mix
No. TC2A (3/4-in. M.S.A.) concrete were stressed at the nominal ages of 28,
180 and 365 days as indicated in the table below. All specimens were tested

at 73 + 3°F.

DATA ON CREEP SPECIMENS

Date Date No. of Age Mix Comp. %Z of Maximum
Cast | Stressed | Specimens | Stressed, | No. Strength Ult. Size
(2100) psi at Time Strength | Aggregate,
days of Test, Inches
psi

2-3-78| 3-3-78 2 28 TCIPA | 5460 38.5 11/2
2-1-78{ 3-1-78 2 28 TC2A 6050 34.7 3/4
2-3-78 8-2-78 2 180 TC1lPA 6600 l3l.8 11/2
2-1-78| 7-31-78 2 180 TC2A 7040 29.8 3/4
2-3-78 2-2-79 2 365 TC1PA 6950 30.2 11/2
2-1-78 2-1-79 2 365 TC2A 7380 28.5 3/4

Four specimens stored at 73 *+ 3°F which were stressed at age of 365 days were
used to determine the autogenous strains for the creep specimens stressed at
ages of 28 and 180 days. For specimens stressed at 365 days the autogenous
strains were assumed to be small and therefore no correction was applied.

The loading frames used are capable of applying and maintaining a stress
level of 2100 psi to all loaded creep specimens despite any change in the
dimension of the specimen. Each frame is capable of accepting two specimens
in tandem (lengthwise) for simultaneous loading. The frame consists of two

header plates (thickness of 1 inch) connected by three 1 1/2-in. (AISI C 1215)



steel rods. Care was taken to prevent eccentric loading on all specimens.
The hydraulic load-maintaining element consisted of accumulators, regulators,
indicator gages, and a high pressure pump which is used to maintain the load
on each frame. Pressure gages provide a means for measuring the load to the
nearest 2 percent of the total applied stress.

For applying the initial stress of 2100 psi, a manual hand pump was used
to apply the stress at a uniform rate of 35 + 5 psi per second. At this rate
the total stress was applied in 60 seconds. Each loaded creep specimen's
strain was read at: -1 minute (no load applied); zero time (full load applied);
approximately 5 minutes; 10 minutes; two hours; six hours; 24 hours; daily for
one week; weekly for one month; and twice monthly thereafter.

The complete computer calculations for determining the autogenous strains
on individual sealed concrete specimens and their averages are shown in

Tables 5 through 10.

AUTOGENOUS STRAINS

Maximum Size

Table Mix of Aggregate, Specimens
No. No. inches
5+ 6 TC1PA 11/2 Individual
7 TC1PA 11/2 Average of two
84 9 TC2A 3/4 Individual
10 TC2A 3/4 Average of two

The complete computer calculations for determining creep strains, creep plus
autogenous strains, and elastic plus creep plus autogenous strains on indivi-
dual stressed sealed concrete specimens stored at 73 f 3°F are shown in Table
11 through 22. Average autogenous strains values from Tables 7 and 10 were
used in Tables 11 through 22.

CREEP, AUTOGENOUS, AND ELASTIC STRAINS - INDIVIDUAL SPECIMENS

Maximum Age
Table Mix No. Size of Stressed Days
No. Aggregate, at 2100 Stressed
Inches psi, days
11+ 12 TC1PA 11/2 28 336.0
13+ 14 TC2A 3/4 28 337.0
15+ 16 TC1PA 11/2 180 184.0
17+ 18 TC2A 3/4 180 185.0
19+ 20 TC1PA 11/2 365 132.0
21+ 22 TC2A 3/4 365 133.0




Creep characteristics and autogenous strains determined from the average

of two sealed concrete specimens stored at 73 + 3°F are shown in Tables 23

through 28.

in Tables 11 through 22,

Data in Tables 23 through 28 were determined by using the data

CREEP, AUTOGENOUS AND ELASTIC STRAINS - AVERAGE OF TWO SPECIMENS

Maximum Age Days Strains at end of
Table Mix Size of Stressed Stressed test in millionths
No. Aggregate, at 2100 Elastic Creep
Inches psi, days plus
Creep
23 TC1PA 11/2 28 336.0 1114 523
24 TC2A 3/4 28 337.0 1057 539
25 TC1PA 11/2 180 184.0 760 267
26 TC2A 3/4 180 185.0 744 271
27 TC1PA 11/2 365 132.0 668 201
28 _TC2A 3/4 365 133.0 645 191

Autogenous strain values are based on zero values at time of full load.

Creep strains, creep strains per psi of stress, and creep plus autogenous

strain reading start within 15 seconds after full load was applied.

Creep strains, creep plus autogenous strains, and elastic plus creep

are plotted on linear-linear graphs; creep strains and creep plus autogenous

strains are plotted on log~log graphs.

All graphs are plotted versus time

for the average of two sealed-specimens stored at 73 + 3°F in Figures 1 through

12.
PLOTS OF CREEP, CREEP PLUS AUTOGENOUS, AND ELASTIC PLUS CREEP STRAINS
Figure No. | Mix No. Maximum Age Scales
Size of Stressed Strain Time, days
Aggregate, at 2100 (ordinate) (abscissa)
Inches psi, days
1 TC1PA 11/2 28 Linear Linear
2 TC2A 3/4 28 Linear Linear
3 TC1PA 11/2 180 Linear Linear
4 TC2A 3/4 180 Linear Linear
5 TC1PA 11/2 365 Linear Linear
6 TC2A 3/4 365 Linear Linear
7 TC1PA 11/2 28 Log Log
8 TC2A 3/4 28 Log Log
9 TC1PA 11/2 180 Log Log
10 TC2A 3/4 180 Log Log
11 TC1PA 11/2 365 Log Log
12 TC2A 3/4 365 Log Log




7.0 Comments

The value of modulus of elasticity for Mix No. TCIPA of 4.60 x 10° psi
at age 180 days seems to be too high. All calculations were checked and
found to be correct. A value of 4.2 x 10% psi at age 180 days would have

been more reasonable.

10



11

APPENDIX A

EXPLANATION OF INFORMATION AND DATA PROVIDED
ON COMPUTER OUTPUTS

Heading--Identifies the type of data given on the computer output and indi-

cates the project name, project number, specimen size, and specimen type

(sealed or unsealed). (A) Autogenous strains on individual specimens; (B)

Average autogenous strains of two specimens; (C) Total, elastic, and creep

strains on individual specimens; and, (D) Average total, elastic, and creep

strains of two specimens.

Carlson Meter Constants-—As shown on computer output for individual specimens

(Forms A and C):

1.

2.

Meter resistance at 0.0 degrees F: Constant used to determine temperature
of the meter. ,

Temperature calibration constant - change in degrees F per ohm change in
resistance of the meter: Constant used to determine temperature of the
meter and also of the concrete in the center of the specimen.

Strain calibration constant: Change in microvolts per volt applied to
bridge due to change in strain at one micro-strain.

Calibrated strain range: Limits in microvolts with 2.0000 volts applied
to the bridge for which the calibration of the meter is linear.
Coefficient of thermal expansion of the meter: Constant used to reduce
strain data (change in micro-strain per degree F change of the Carlson

meter).

Concrete Constants—As shown on computer output for individual specimens

(Forms A and C):

1.

Concrete coefficient of thermal expansion - change in micro-strain per
degree F change of the concrete: The value for coefficient of thermal
expansion of the concrete was obtained at the University of California,
Berkeley, during thermal cycling tests.

Strain in concrete under applied load = Meter strain * (1 + SMF):
Specimen-meter factor (SMF) constant was determined by comparing strains
during initial loading of creep specimens and the strains during tests
for modulus of elasticity on 6-in. by 12-in. concrete cylinders. Strains
as determined by the Carlson meter due to stress indicated strains that

are too large mainly due to meter cavity in the concrete. This correction
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does not apply to temperature or autogenous strains.

Temperature Calculations--As shown on computer output for individual specimens

(Forms A and C):

1.

2.

3.

Temperature reading, volts = volt reading on test set having applied
voltage of 2.0000 volts.

Meter resistance, ohms = [120 (1 + temperature reading, volts) + (1 - tem-
perature reading, volts)] + 0.06.

Temperature, degrees F = (Meter resistance, ohms - Meter resistance at

0.0 degrees F) X (Temperature calibration constant).

Strain Calculations--As shown on computer output for individual specimens

(Forms A and C):

1.

2.

Strain reading, microvolts = microvolt reading on test set having applied

voltage of 2.0000 volts.

Autogenous strains corrected for temperature change = [(Change in strain

reading in microvolts + 2.0000) + Strain calibration constant] + [(Change

in temperature in degrees F) X (Thermal expansion of the meter in micro-
strain per degree F - Thermal expansion of the concrete in micro-strain

per degree F)].

Total indicated micro-strain corrected for temperature = [(Change in

strain reading in microvolts + 2.0000) + Strain calibration constant] +

[ (Change in temperature in degrees F) X (Thermal expansion of the meter

in micro-strain per degree F - Thermal expansion of the concrete in micro-

strain from age one day.

Total microstrain from age one day = Elastic plus creep plus autogenous

strains in micro-strain from age one day.

(a) Total micro-strain from age one day if concrete is not
stressed = Total indicated, micro-strain.

(b) Total micro-strain from age one day if concrete is under stress =
[(Total indicated micro-strain - Autogenous strain, micro-strain -
Total indicated micro-strain at beginning of loading) + (1 + SMF)] +
[(Autogenous strain, micro-strain) + (Total micro-strain at beginning
of loading)].

Elastic plus creep, microstrain (concrete under stress) = (Total from age

one day, micro-strain) - (Total indicated micro-strain at beginning of load-

ing) - (Autogenous strain, micro-strain).

Creep, micro-strain = Elastic plus creep, micro-strain - First elastic plus

creep value after specimen fully loaded.
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TABLE 1

14

SAN ONOFRE NUCLEAR POWER PLANT CONTAINMENT STRUCTURES, UNITS 2 & 3

Material:

Cement

Pozzolan

Sand

3/4-in. Aggregate

1 1/2-in. Aggregate
WRA Admixture

AEA Admixture

Specifications:

Compressive Strength

Slump:
Design slump

Target slump at
placement

Air

Source:

Kaiser Cement Company, Type II

Airox

Conrock (San Juan Capistrano)

Conrock

Conrock

Master Builders, Pozzolith 80

Darox AEA, W.R. Grace Co.

Mix No. TC1PA
(1 1/2-in. MSA)

6000 psi at 90 days

4 1/2 inches
2 1/2 inches

4 1/2 percent

Mix No. TC2A
(3/4~in. MSA)

6000 psi at 90 days

4 inches

3 inches

6 percent

Weights (SSD Basis) for one Cubic Yard of Concrete (as per letters from

Mr. J.D. Houchen, Project Engineer, Bechtel Power Corporation, dated

August 8, 1977)

Mix Number

Maximum Size Aggregate

Cement, 1b.
Pozzolan, 1lbs.
Water, 1b.
Sand, 1b.

3/4-in. Aggregate, 1b.
1 1/2-in. Aggregate, 1b.

AEA, f1. oz.
WRA, fl. oz.

TC1PA
1 1/2-inch
660
73
308
1153
992
680
7
50

TC2A

3/4-inch

625

70

306

1147

1163

0

7

47



TABLE 2
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SAN ONOFRE NUCLEAR POWER PLANT CONTAINMENT STRUCTURES, UNITS 2 & 3

BULK SPECIFIC GRAVITY AND ABSORPTION CAPACITY

Aggregate

Bulk Specific Gravity
(Saturated Surface Dry)

Absorption Capacity, 7%

Sand, natural
3/4-in. Aggregate
1 1/2-in. Aggregate

2.62
2.64
2.66

1.85
1.47
1.19

Note: Aggregates not initially oven dried in the determination of

these values.




TABLE 3

16

SAN ONOFRE NUCLEAR POWER PLANT CONTAINMENT STRUCTURES, UNITS 2 & 3

CASTING DATA

Date February 3, 1978 February 1, 1978
Mix No. TC1PA (1-1/2-in. MSA) TC2A (3/4-in. MSA)
16 - 6 x 12~in. cylinders 16 - 6 x 12-in. cylinders
6 - 6 x 16~in. creep 6 - 6 x 16-in. creep
Specimens Cast 2 -81/2 x 17-in. dif- 2 -81/2 x 17 in. dif-
fusivity cylinders fusivity cylinders
2 - 6 x 16-in. thermal 2 - 6 x 16-in. thermal
expansion expansion
Batch Number 1 2 Avg. 1 2 Avg.
Batch Size, ft3 3.5 3.5 3.5 3.5 3.5 3.5
Cement, (a) pcy 668 670 669 640 644 642
Pozzolan, (a) pey 74 74 74 72 72 72
Water, (a) pcy 312 313 313 313 315 314
Sand, (a) pey SSD 1168 1170 1169 1174 1182 1178
3/4-in. Aggregate (a)
pcy SSD 1004 1007 1006 1702 1714 1708
1 1/2-in. Aggregate (a)
pey SSD 689 690 690 e e
AEA, fl. oz./cu. yd. 7.1 7.1 7.1 7.2 7.2 7.2
WRA, ft. oz./cu. yd. 51 51 51 48 48 48
Unit Weight, pcy 3915 3924 3920 3901 3927 3914
Unit Weight, pct 145.0 145.3 145.2 144.4 145.5 145.0
Slump, in. 21/2 2 1/4 21/2 3 3 3
Air, 7% by Volume 3.1 3.5 3.3 3 3
Temperature, °F 73 74 73 72 72 72
W/C+P Ratio, by wt. 0.420 0.421 0.420 0.440 0.440 0.440

(a)

the batch weights of each material.

Weights were computed using measured unit weight of the concrete and



TABLE 4

SAN ONOFRE NUCLEAR POWER PLANT CONTAINMENT STRUCTURES, UNITS 2 & 3

MECHANICAL AND THERMAL PROPERTIES

(a) Age, Mix No. TClPA Mix No. TC2
Property days (1-1/2 in. MSA) | (3/4-in. MSA)
Compressive Strength, 7 4160 4180
pst 28 5460 6050
90 6470 6590
180 6600 7040
365 6950 7380
Modulus of E%asticity, 28 3.85 4.05
psi x 10 PP
+0.05 x 10° 180 4766 4,32
365 4.53 4,64
Poisson's Ratio 28 0.19 0.20
180 0.21 0.20
365 0.19 0.20
Linear Thermal Expansion, 28 5.7 5.6
. . [+
micro-strain per F 90 6.1 6.1
180 6.5 6.3
365 6.8 6.8
Diffusivity, ft?/hr. 90 0.035 0.035

*
Value too high.

(a)
through testing.

All specimens sealed from casting

17
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Table 5 AUTOGENDUS STRAINS =- CORRFCYFN FOR TIMPERATURE CHANGE
SAN ONOFRE ORTION 1| MIX TCLPA ES744R
SDECIMEN: SEALED 6 BY 16 INe CONCPETE CYLINDER

METER CONSTANTS ( 8 IN. CAPLSON METER)

RESISTANCE AT 0.0 DEGREES F. = 48,23 OHMS STRAIN METFR NO. @ 1117 73-18
TEMPERATURE CALIBRA. CONSTANT = 10.58 F/OMM CHANGE TN RESTST, AGE AT LOADING i 365 DAYS

STRAIN CALIBRATION CONSTANT = 8.65 MICROVOLTS DEQ VOLY PER MICROSTRAIN TEST TEMPERATURE ¢ 73 DEG.

CALIBRATEND STRAIN RANGF = 13807 TO -21650 MICROVOLTS

COEFF. OF THERWMAL EXPANSION = 6.7 MICROSTRAIN DER DEGREE F. COMP, STYRENGTH { 90 DAY) I 6290. LR

CONCRETFE CONSTANTYS ¢

COEFF, OF THERMAL T XPANSTON 6.8 MICROSTIAIN PER DFARREF ¥,

H

NOTF: ADOLIED BRINGE VOLTAGE FOR TEMP. ANN STRAIN RFADINAS = 2.0000 VOLTS
AR AS AR ARSI SRR SRS AR T EREEEE RN AL FE AL AR AR R SCRA SR H B I EERA AR BRER o~ -~~~ AUTOGENOUS STRA [ N o s o = B

DATE ¢ TIME RCONCRETE® TEMP. * METER # TES¥B,..% STRAIN REANING Frmmm e [CROSTRAIN AF TER AGE —wmm—e =X
* * AGE, ¥ REANINT, * RESTIST .,  *DENRFFSHK MICRO- * CHANGE * i & 28 * 50 % 180 B
x * DAYS % VOLTS & OHMS « F. ® VOLTYS ® N * DAY % DAYS * DAS & NDAYS %
tt‘llnﬁttttttttt‘ttittt.t‘"t‘ttﬁtt‘*t‘#‘ttﬁttatttﬁt*ttt“ttﬁ.tttt I T I I ssXIITIZ2223SSR 222 R 2222 X HEE AT RN ER K A KK
x 2 -3-7R 1000 2 SOECIMEN CAST
2-16-78 1842 3.2 ~«37198 548.99 71451 3242 1 o
2-23-7A 1421 23.2 ~a37171 55,02 71 .89 3079 -162 -8
2-28-78 806 24.9 ~.37232 54.95 71406 30851 -190 ~10
3 -t-78 1705 2643 -.37169 55,03 71.91 1046 -195 -10
3 -3-78 ean 2R.0 -+37196 54.99 7t .54 3073 -166 -9
3 ~6-73 103a 3t.0 -.37201 54,98 71.a8 1903 -z238 -13 -a
3-14-78 1872 39.2 -a37162 55,03 Ti.92 Inzs -216 -12 -3
3-15-78 1013 40.0 -e27161 55,08 72,02 3024 -217 -12 -3
3-21-78 1528 46.2 ~e37168 55,03 71.93 3030 -211 -11 -2
3-22-78 1120 a7.1 - 371A1 55491 T1.75 3031 -210 -11 -2
3-28-78 1541 53.2 -.27160 55.04 72,03 3015 -206 -11 -2
4=10-73 taay 6642 -.37183 55401 T1.7? 303a -297 -11 -2
4=19-78 As2 75.0 -a37177 55,02 71.30 3008 -237 -13 -4
5 ~9-78 Ala 94.9 -e37111 55,10 72.69 2053 -293 -15 -6 -1
S-16-789 1t 102.0 -¢37145 55,06 72.24 2918 -323 -1A -9 -4
§-23-78 8to 108.9 -a37156 55 .04 72.09 2894 -347 -~19 -10 -5
5-30-78 832 115.9 ~e37136 55.07 72435 2877 ERLTY -20 -11 -6
6 -6-73 1385 123.2 ~ea37160 55,08 72.03 274s -456 ~25 -16 -1
5-13-78 1122 130.1 ~e37169 55.73 71.90 2776 -465 -26 -7 -12
£-20-7A 306 136.9 -.37188 58.01 1. 71 2769 -a72 -26 -17 -12
5-27-78 1119 1441 -s37170 8% ,03 71.90 2745 ~496 ~-28 -19 -4
7 -~a-78 1003 15843 -.37198 54,99 71.5? 272a -517 -29 20 -15
7-11-78 1712 15843 -.37162 55,04 2,00 2716 -525 -29 -20 -15
7-18-78 1642 16543 ~ 37184 55496 72.28 2791 -540 -30 -21 -16
7-75-73 i123 17240 -.37182 55,31 71473 26A7 ~554 -3 .22 -17
8 -1-78 933 17942 ~e37216 “a,97 7127 2m/a5 -594 -31 -2a -19
a -2-79 a7 177.9 -+37203 54498 Tr.88" 7T 2631 -A10 -2a -25 -23 -
8 ~2-73 ana 18049 ~.37204 54,99 1,48 2616 -625 -35 -26 -21
8 -2-73 995 18040 -437208 54,99 71.64 26439 -5972 -33 -2a -19
8 -2-78 ELT] 18049 ~.37202 54,98 7Ti.06 2620 -617 ~35 -26 -21
A -p-783 915 1R, -.37202 54,93 T1e8A 2629 -A17 -2a -25 ~20
5 -2-79 LTS 1RO .2 -e37203 54.99 T1.45 2619 -622 -35 -26 -21
8 ~2~79 1108 189.0 - 37202 54,99 Ti.a6 2619 -527 -5 -26 -21 0
8 -2-7a 1371 18041 -.37706 S4.08 Tr.al 2616 -625 -35 -26 -21 B3
8 -~2-78 1sct 188.2 -¢37203 54,98 71439 2/19 -£22 -15 -26 -21 ]
A -3-78 ats 18049 -.37221 54,96 71421 © 2666 -598 -33 -2a -{a 2
A -a4-73 a1e 181.9 -e37211 54.97 Tia31 2635 -606 -34 -25 -20 1
g -5-79 L1191 183.1 -.37103 55,00 71.59 2532 ~%09 -3 -2% ~20 1
8 -5-78 1154 1”41 ~e371712 58,02 71.88 2633 -£38 -3a -25 -20 1
8 ~7-78 8t1 184,59 -.37177 55,02 71,80 2622 -519 -39 -26 -21 3
3 ~R-78 agr 18549 ~e37195 54,99 71.%6 2658 ~-583 -3 -24 -19 2
8 ~9-78 soe 186.9 -e37109 54,99 71.50 2598 ~653 -37 -28 ~23 -2
8-16-78 1637 1963 ~e37108 4,99 T1.S7 264 -850 -33 -24 -9 2
8~23-78 9aa 201.0 ~.3719A 54,99 TieS1 2832 -659 -37 -28 -23 -2
8~30-78 230 20840 -e37192 55,00 71.50 2615 ~62R -35 -26 -21 b]
9 -5-79 a1s 213.9 -.37206 S54.98 Tled 2600 -6a1 -35 -27 -22 -1
10 -3-78 1435 262.2 ~a37165 5,91 7T149F 2500 -651 -37 29 23 -2
10-17-79 1616 25643 -e37187 55.09 7167 2622 -619 -35 -26 -21 0
11 ~t-TR 1540 271.2 -.37207 34.98 T1.80 2672 -563 -32 -23 -18 3
11-28-78 19286 29840 -.27271 54,90 77.548 28481 ~AQN -3 -30 -25 -a
12-12-78 1036 312.0 -e37295 S4.87 70.21 2597 -586 -36 -27 -22 -1
12-19-73 1508 3119.2 ~.37288 ®a .7 70.130 2542 ~695 -39 -39 -25 -a
1 -9-73 1818 3a0.2 -~ 437299 54 . 86 77.16 2514 -727 -al ~32 -27 -5
1-23-79 1437 354 .2 -, 37303 S4.86 70410 2491 -750 -a2 -33 -28 -7

* H-14-79 1720 45643 END OF TEST



Table 6

METFR CONSTANTS {

OESISTANCF AT 3.0 DEGREES F.
TEMPERAT ¥
STRATN CALTBIATION CONSTANT

8

CALIR9A,

AUTOGENDUS STRAINS
SAN ONOFRE

SOFCTMRN?

INe CARLSON METER) 3

CALIBOATED STRAIN RANGE

COsFF, QF

THERMAL FXPANSION

CONCRETT CONSTANTS

CORFF, OF THFIMAL FXPANSION

NOTE: APPLIFD BRPIDGE

CONSTANT

]

(]

VOLTAGE FOR TEMBP, AND

s8557 TO

SEAL

AR .43 (OHMS
10.77 F/70OMHM CHANGE 1IN
B.68 MICROVOLTS PER VOLY PER MICROSTRAIN
-23590 MICROVOLTS

6.7 MICRNSTRAIN PES NEGIFE F,

19

~« COWRECTED FOR TEMPERATURE CHANGE
1 MIX TCIRA FS7449
FN K BY 16 TN, CONCPFTF CYLINDER

02T 10N

PFSISTa

6.8 MICROSTRAIN PEF DFARIEE F

STRAIN RIADINGS = 2.9000 VOLTS

came, ST

STRAIN ME
AGE AT t O
TEST TENS

AENITH

TED NJ. 3
ANDING H
ERATURE

90 DAY :

ttﬁ#tt#‘t#ﬁtt‘lttttt‘t‘!tcttttt‘tﬁs#tt$tc##tttﬂttttttt#ttﬁttttatttatltt#tetk——-——--—-AuTO?FNnUS 3TRA
* TI14E *CONCRETEX TEMD, *
* READING.* RFSIST.. sNEGRFFSAE  MITRO-

DATF

= VOLTS %

METER

OHMS

ERER RN IR AR AR A LSRR AR E IR RS BN IR AL LR X XS
SOFCIMFEN CAST

® 2 -3-78
2-16-78
2~-23-73
2m28-78
3 ~1-73
3 ~3-79
3 -/-78
I~14-78
1-21~-73
3-22-79
A-28-73
4-10-78
a=-13-79
% -9 7R
5-14~79
f=23~-78
5-30-78
5 ~-6-73
%5-13-78
£-20-78
A-27-78
7 -4a-78
71179
Fu18-73
F~25-78

-1-798
-P-T8
-2-79
-2-79

$ DB PPIOP S TODIRWNIPDOY
i
n
L]
~
»

& * AGF.
* * NAYS
1000 0
1642 13.2
1821 2%.2
806 26.9
170% 2643
348 2840
1034 3.0
143a 33.2
1528 46,2
1120 4741
1541 53.2
taat H6 o2
8352 T540
ala 94,9
tinl 102.0
310 10R 9
R32 1159
13%% 123.2
1122 1301
AneE 136 .9
1119 18441
1007 15149
1712 1583
1642 16%,.3
1028 172.0
917 179.0
a0 179.9
04 {AN 0
08 18740
09 180 .0
1S 180 .9
aj3e 1A%.7
1105 18040
1303 18041
1501 18042
ata 180.9
até 181.9
1301 1831
1154 184.1
8t 184.9
AnT 185.9
808 186 .9
167 19443
as 201 .0
930 208.0
ALS 21349
1435 242,2
1636 25643
1540 2712
172% 298.0
1036 312.9
1308 319.2
1a1 4 34).2
1437 354 .2
1700 AG6 .3

-e2712%8
~«+37086A
~237187
-s3*079
-«37121
~e37183
~«3711 1L
~a37106
-e27121
~a372397
~e37118
—-+37114
-e37049
-+37082
~+37088
-e373713
—-e3799%
-+ 37106
“e37116
~+«37102
~-237125
~e3T7T 397
~s37070
-~e37122
~e371713
~a3TIS5A
~e37178
-e3716Q
“ua37159
-e37180Q
~«37161
—e37157
~e 37162
~«37163
-e37176
-e37171
~e37153
~e37114
-«37135%
~e37150
~+37151
-«371%7
-~e37156
-+37130
-e371873
~+37102
~a37122
~«37149%
~a37211
~e37232
~-+37226
~e 37227
-e37241
ENDY OF TFST

56408
Ehae13
"5 415
5%e1a
55.07
55406
S .10
5%.11
55 .09
55.12
5% .09
55410
SH5.1R8
55.14
5513
S5 157
55.12
S5ell
5% <09
58411
55407
f5e12
R .14
5%.09
55402
$35.74
KR .N4
8S5."a
fS5.04
55,04
5504
55 eN4
%5473
5503

85.02
8,02

55.05
55410
$5.07
£5.05
55 4 NS
£5.08
55408
5%.08
55,06
85411
55.09
55.06
54.97
K48 4,95
54.95
54,94
Sa,93

& TEMD .. ¥

& <,

*  VOLTYS

STIAIN READING

*  CHANGF
* N

$ e mee=M[CROSTOAIN AFTER

= 1
* navy

*® 28
% 3avs

% S0
*  DAYS

14

L]

265

73

629,

73-19

nAY

g

DEG.

o5t

T N o o s =

AGE mmmmmm %

®
*

1R0
DAY

S

*®
®

#*ﬁ‘tttﬁttﬁt&#ittit‘tt“'tl*#338*3!“&!tttttttttﬁt*t.‘#*#lttt!tttt#‘

71.51%
72,18
T1es
72.228
Tl .56
7120
FARY: L]
7197
71.71
72+30
T1e?%
71.80
7P A9
72.24
72416
7236
T2.07
71e31
71.78
71497
7r.%2
72402
T2.7%9
T1e%9
TNLIQ
Tt.20
7118
TlelRr
Tla1 8
Tl.18
Tl.l6
Tre?1
T1.13
T1.13
TH«95
71.01
71.27
71.30
T1e51
7131
7129
Tte21t
T1.2?
71.38
Tt1.81
7137
71.59
Ti.32
7047
THel8
70.26
TOell
70.05

-3160
-9373
-85 19
-8433
-8aa6
-AaS59
-A615
-8455
~3a46
-4 48
-8471
-3896
-R573Y
-~R549
-a556
-8570
-85%n
-AKa
-8625
-8609
~A6K737
-3617
~-3K24a
-8% 3t
~8610
-a643
-8546
-3641
-9548
-8671
-36R3
~3A73
-a696
-BARTY
-864a1
-A6an
-36137
-3624
-8661
-8A2a
-8651
-8631
-8695
-3K26
-B627
-8629
-ART1
-8601
-3633
-Aasas
-98658
~R671
-3674

]
-213
-758
-277
~2a¢
-203
-7
-z29%
-286
~2aa
~321
- 318
-371
~3389
-305
-a10
-a0n
~ant
YL
~449
~472
-a50Q
—~a £
a7t
-4R0
~aRA
-595
~aRY
508
~-51
~501
~5113
~526
-511
-aat
~a39
-477
-468
-S31
-864
-491
-7
-535
~466
-467
-269
-451
-84l
-s73
-42a
-a9QAa
-811
-512

-1
-2
-3
-4
-3
-8
-7
-8
~7
-6
-
-7
-A
-3
-3
-3
-9
-19
-3
-19

-9
-1
-8
-7
-7
-9
-7

-7
-11
-7
-7
-7
-6
-5
-7
-8
-9
-9
-9

-

-

4
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Tatﬁle 7 AVERAGE AUTONRFNDUS STRATNS —w= CIRQISCTTD FOR TEMDSIATUYRE CwWANAK
SAN DONQF RE CRTION | MIX TCiPa F374a8
SPECIMENT SEALFN 6 BY 16 IN. CONCRETE CYLINOFR

SPECIMEN METER NN, CHANNFL TZST TEMPTRATURT H 73 NEG. Fo
AUTDRe1 1117 73-1%
AUTOG, 2 14G8 73~19
EEL AR RFERE AT REREE B R LEEA LS ANLER R RS e mm e e e - o MYCDIOSTR AT N e e e sttt in e e i e o o it i e o " ——— e "%
DATE & TIME * CONCRETE#X AVG. *%x% FEOM AGFE ONF DAY $# FOOM AGE 29 NAYS %% EROM AGFE 90 NAYS %% FROM AGE [ A0 NAYS &=
Ed * AGE ., * TEMD, %% SOEC TMFN * * % SOFEC TMEN * o SOEC IME N * £ SMEC TMEN * £33
* * DAYS % DEG.F.2% NO«1 #* NOW2 ¥ AVGe 2 NOJ1 # NO2 % AVG. #%2 NOCl ® N2,2 % AVG, % ND.1 = NDL2 * AVG, *3
R R AR Y R NS A N A A R AT R AR A A R A S AT KRR AR R AR AR ARSI T AL AR A AR 2R SRR RS L R FB TR R R LR AR e KRR T AF F2 %
* 2 ~3-78 1000 o] SPEC IMENS CAST
2-16~-78 1442 132 71456 &% Q n D nx
2~23-78 1421 2047 72,08 %% -8 ~-11 -3 ®%
2~2A=78 RA06 24,9 Tle20 %% -10 ~-14a -17 =%
3 ~1=-78 1708 26473 T72.10 %2 «10 -15 -12 *=*
3 ~3~7R 847 2R, 0 71.8% %% -a -15 -12 &*
A ~&£~7R 1034 3t.0 Tla2 %2 -13 -1h -14 &% -a -1 -2 %
I~t4~78 1474 19,2 71.8R &% -i2 -15 -13 %% - hl -1 **
3-21-78 1528 46.? 7T1.92 22 -1t -15 ~13 &= -2 -1 -1 =%
3~-22-78 1120 4741 T1e73 *2 -11 -15 -13 %= -2 2 -1 =%
3-29-78 1541 ©3a7 TR0 %% -11 ~15 -1% &% -2 Q -1 nx
4-10-78 144 6642 Tile?8 =% -11 -i8 ~14 =™ -2 -3 -2 %
4-1G-78 852 75.0 T1eRD %= -13 -1R -13 ** - -3 - a%
5 =-0-78 Ria 4.9 T2.69 % - 1% -20 -17 &% - - -5 & -1 -1 -1 %%
S-1h-78 111t 1072.90 7278 x% -18 -21 ~-19 ®% - -t -7 A% -4 -2 -3 =%
[=23~78 a0 138.9 72413 %% -1a -22 -0t -1 -7 -8 &% - -3 ~& TR
{=-13-78 432 115.9 72436 *% -20 -21 -21 &2 -1 -8 -3 = -4 -4 -5 &
H -&~T78B 1355 173,72 72.0585 &% -25 -27 ~26 &%  -15 ~-12 -1a #% -y -3 -a A%
A-13-78 1122 1301 71,91 *= 25 -27 -26 & 17 -12 ~ta 2% =12 -3 ~10 =%
Ae?2Dw?R BNé 136,93 T1a7% %2 -26 -26 -26 %% ~-17 -1t -14 =X -12 -7 -3 EX
A-PTeTR 1 1L9 144, T1,21 &% -29 -2% -26 %% -1Q ~10 ~l4 =2  -14 -6 -10 *%
7 ~a~-78 1on3 1510 7152 %2 -23 -2k -27 =% -21 ~t1 “15 *=% -15 -7 -1l &=
7-11-78 1717 1598,3 T2.N72 %% -29 -25 -27 a=® -2 -10 -15 % -15 - ~1n %%
T-18-78 1642 {65472 T2.26 &= -30 -26 -2A &% -21 -11 -1f *=% -15 -7 -11 =%
7-25-78 1028 172.0 Tle?l -31 -26 -23 8% =22 -11 16 X -t -7 ~-12 %=x
8 =-f=-78 Q33 179.0 Tileldl %% -33 -27 -37 &x -P4a -12 ~-19 a=x -19 -8R -13 &%
A -2-7R a7 179.9 71433 #% -3a -27 -30 &% 23 -12 -18 &= =29 -9 ~18 %%
A -2-78 2Ca 180.0 T3] %% -35 -29 -31 *® 25 -13 -1 %% -2 -9 -15 %%
[ -2-78 90% 130.0 71.31 #= -33 -27 -31 &€& -Pa -2 -18 =& =19 -9 17 =%
4 ~-2-78 399 1309 7T1e%2 %% -35 -29 -1 m®x -25 -1 -19 =2a 21 -3 -15 ==
8 ~2-7R s 180.3 Trl.32 2% ~3a -29 -31 &% -23 -14 ~139 &= -20 -1n -15 =%
9 ~2-78 936 180.0 71631 2= -5 ~-23 ~31] *%F -8 -13 -19 & .21 -3 -15 *
3 -2«7R 110% 18C.7 71a34 %% -~ 35 -29 -32 &*® - A ~1a -0 %% -21 -tn -15 =% ol -1 -0 7=
a -2-78 1303 180.1 T1e27 2n -35 -2% -32 x2  -02A ~18 -2n &2 -2 -1 -15 &% o] -1 -0 =
A -2-78 1501 180.2 71.26 ®* -35 -?8 =31 &% -26 ~13 -19 &2 .21 -3 -5 *x n 3 N oxx
8 -2-78 a1a tan,e Tl1e0R x% -31 -27 -39 & -24 ~-12 -13 *= -3 -3 -13 == 2 1 1 ==
3 -~a-73 316 181.9 Tle.1s *X ~7a -27 -32 =+ .25 -12 -18 *#* -29 -3 ~t4 €% 1 1 1 ==
3 ~K-78 1201 182,11 Tle871 &% -34 -26 -3 &% 05 ~11 -1 %2 23 -7 —-13 *=% t 2 1 o=
3 -5-78 11354 184.1 71.8a ®% -3a -24 -30 %% -5 -1t 1R &% -20 -7 “13 &* 1 2 1 ==
8 ~-7-78 a1t 134.9 71.66 ** -3% -28 -31 =z -25 -13 -15 &% -21 -3 -15 =% [al 2 PER
34 -3.7R8 207 185,92 7183 =% -31 -26 ~29 x%x -2a -t ~17 &% -9 -7 ~13 =% 2 2 2 *w
3~16-78 1637 194.3 71«39 == -33 -26 ~-29 2% 24 -1t -17 ==  -19 -7 ~-13 =% 2 2 2 &%
B~23-78 Qs s 22142 T1e37 %2 -37 -30 -33 *x -2 -15 -21 ®& -23 -1t ~17 2% -2 -2 -2 %%
B-30-78 939 20m,0 T1e59 %% -38 -24 =30 *%&  ~2R -11 -18 &% 21 -7 ~14 x¥ o 2 1 =x
9 ~5-78 815 213.9 Tla31 %% -136 -2% -31 &  -27 -1t ~19 &% .22 -7 ~1a %% -1 H 0 %
10 -3-78 1435 242.2 71.96 =% -37 -26 -31 *®* 2R -11 -19 *#% ~273 -7 ~15 %% -2 2 D E*
19-17-78 1536 256,43 71453 %% - 135 -25 ~30 ®* 24 -10 -18 =5 -21 -6 -1 %% a 3 1 %%
11 ~t=-78 1340 271.2 T1e39 #x% -32 -2a -283 =2 -~273 -9 ~16 &% 13 -5 -1t =% 3 a 3 x®
11-2R-7TR 1026 PARLN TS X% -39 -2k -32 #%  «3) -1t -20 =& 25 -7 -16 ®% -a 2 -1 =
12-12-78 1036 312.0 T0a20 %% - 36 -23 -29 %% -27 -8 -17 x% -22 -4 -13 == -1 5 2 =%
12-19-79 1504 31942 TN.28 %k ~39 -2R ~13 & .33 -13 -21 ¥%  ~25 -9 17 x% -4 b -2 ==
1 -9-73  taia 3a0.2 70.13 2= -a1 ~-28 ~14 & «32 -13 -?2 & 27 -9 ~-18 =% -6 0 ~3 &=
1-23-79 1837 354.2 70.07 *x% -42 -29 -35 =% ~33 ~13 -~23 % 29 -Q ~18 =¥ -7 bl -3 %%
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Table 8 AUTOGENOUS STRAINS -- CORRECTED FOR TEMPERATURE CHANGE
SAN ONOFRE OPTION 1 MIX TC2A ES7as8
SPECIMENT SEALED 6 B8Y 16 INe. CONCRETE CYL INDER

METER CONSTANTS ( 8 IN. CARLSON METER) 3

QEGTSTANCE AT 0.0 OEGREES Fo = 48.44 (OHMS STYRAIN METER NO. * 1488 73-14
YEMPERATURE CALIBRA, CONSTANT = 10.49 F/OHM CHANGE IN RESIST, AGE AT LOADING H 365 DAYS

STRAIN CALIBIATTION CONSTANT = B,86 MICROVOLTS PFR VOLY PER MICROSTRAIN TEST TEMREQATURE @ 73 DEG.

CALIBRATED STRAIN RANGE = 8012 TO -24120 MICROVOLTS

COFEFF,., OF THERMAL EXPANSION = 6.7 MICROSTRAIN PER DEGREE F. ComMP, STRENATH ( 90 DAY} I 6590. PSS 1

CONCRETE CONSTANTS 2

COEFF., OF THERMAL EXPANSION 6.8 MICROSYRAIN PER DEGREE F.

NOTE: APOLIED BRIDGE VOLTAGE FOR TEMP, AND STRAIN READINGS 2 2.0000 VOLYS
AR AE NSRS EREAREREA SR AREEARER RN AEAENAABRARAFR AR SR IX SR REEEE AKX RRRSX SR ES e AU TOGENOUS S TRAIN == v e

DATF & TIMF *CONCRETE® TYEMP, * METER & TEMP..* STRAIN PEADING o mewaM[CROSTRAIN AF TER AGE~——— -
* *  AGE. ® RFADING.%* RESISV..SDEGREESH: MICRO- % CHANGE # 1 * z2e * 90 ® 180 ®
. ®  DAYS & VOLTS ¥ OHMS * Fe ® VOLTS * N * JAY & DAYS &% DAYS & DAYS #
““t"‘l'..“‘l“".'."“““‘#"t.t“.‘t“.t'“.‘."““t‘tt‘lt“tt‘.*-“*‘Ctt“‘t" BREEEEERNE X FEE XK AR RREREREE
* 2 -1~-78 1000 o SPECIMEN CAST
2~16=78 1482 15.2 -+ 36996 5% 425 Tla41 -4304 1 0
2-23-79 1421 22.2 -+36933 55433 T2.26 -4433 -128 -5
2-28-78 806 26.9 ~e36969 5%5.28 TLa77 ~4432 -127 -6
3 -1-78 1705 28.3 -e36892 55.38 72.81 -4397 -32 -8 [+
3 ~56-78 1032 33.0 ~236886 55439 72.88 ~8477 -1 72 -9 -5
3-te-78 1474 1.2 -+36886 55.39 72.88 -4509 -204 -11 -7
3~22-78 1120 49.1 -+ 36893 55,38 72.80 ~4560 -258 ~14 ~-10
3-28~-78 1541 5542 ~-e36867 55.41 7318 -4574 ~269 -14a -10
4-10~783 1441 6842 -e36893 55438 T2.80 ~4660 ~355 -19 -15
A~19-783 a52 T70 -e36882 55439 T2.94 ~4677 ~-372 -20 -16
5 -9~-79 814 96.9 -+36829 5546 73465 -4802 -&97 -27 -23 -3
$-16~78 titl 108.0 ~e36857 5543 73.28 -48138 ~-533 -29 -25 -5
5~23~78 A10 110.9 ~«36858 $5.42 73.27 -4925 ~620 ~3a -30 -10
5-30-78 B32 117.9 -+ 36856 55443 73.29 -89 36 ~631 ~35 -31 -11
6 ~65-78 13%5 1252 ~+36863 $5.461 73.13 ~-4983 -678 -37 -33 -13
6~13-78 1122 132.1 ~e3687% 5%440 72.98 -%5012 -705 -39 -35 -15
&-20-78 805 138.9 -+36881 5%5.39 T72.96 -4995 -690 -38 -34 -14a
6~-27-78 11169 146.1 -+36870 55 ekl 73.10 -5001 -696 -38 -34 ~14
? ~4-78 1003 153.0 ~-+«36903 55.37 72.66 -5009% -700 -39 -35 -15
7-11~78 1712 16043 ~+36867 S5.41 73415 ~4956 -651 -36 -32 -12
7-18-78 1642 167.3 ~+35852 S5.43 T334 -4999 ~594 ~38 -38 -ta
7-25-78 1029 1748 .0 - «36890 55436 7T2.83 -4986 -681 ~328 -3a -1 8
7-31-78 A26 179.9 ~e36981 55427 71 .62 -4915 -610 ~33 -29 -9
7-31-78 1055 180.0 -e36978 55427 Tle66 ~-4968 ~563 -31 -27 -7 o}
7-31-78 1056 180.0 —.36972 £5.29 T1.73 -4869 ~-564 -31 -27 -7 2
7-31-78 1058 180.0 -e36976 55427 71.68 -4865 ~560 -31 -27 -7 a
7-31-78 1105 18040 - 36976 5%5.27 T1.68 -4868 -563 -31 -27 -7 Q9
7-31~78 1112 18040 —-«36976 55.27 T1.68 ~4863 ~558 -31 -27 -7 ]
T-31-78 1300 180.1 ~+36973 55.28 Ti.72 -4865 -%60 -3 -27 -7 o}
7-31-78 1655 180.3 ~e36968 55 .28 Ti.79 -~4868 ~563 -3t -27 -7 o
8 ~1-73 933 181.0 -e36976 55427 71468 ~4 866 ~561 ~31 -27 -7 [}
8 -2-78 807 181.9 ~e36961 55429 71.886 -4868 ~-563 -3t -27 -7 b
a8 -3-78 821 182.9 ~e36986 55426 T1.5% ~-4888 -553 -30 -26 -8 1
8 -4-73 816 183.9 -+ 36983 55426 T1.58 -4861 -556 ~30 -26 -6 1
8 ~5-78 130t 1851 -e36957 55430 71 .93 -4862 -557 ~-30 ~26 -6 1
8 ~6-78 1154 186.1 ~+36944 $5.31 T2.11 -4855 -550 -30 -26 -6 1
3 -7-78 st 18643 -e36927 5534 72.34 -4879 ~-574 -31 -27 -7 9
8 -8-78 807 187 .9 ~+36935 55,33 72423 -~4353 ~-548 ~-30 -26 -6 t
8-15-78 806 194 .9 -« 36964 55 .29 Ti .84 -4882 -577 -32 -28 -8 -1
8-21-78 1530 201.3 ~e36960 5% .29 71.90 ~&RARG -581 -32 -28 -8 -1
8~-28~78 1544 20842 - 36937 55432 72421 ~49138 -633 -35 -31 -1 -
9 ~%-78 815 2159 -e36932 5533 T2.26 -~4987 -682 -38 ~3a -1 & -7
10 -3~78 1435 264.2 ~+36892 5%5.38 T2.81 ~-4938 -629 -35 ~31 -1 -8
10-17-78 1636 2%58.3 ~+36932 55433 T2.27 -4954 -649 ~-36 -32 -12 -5
11 -1-78 1520 273.2 -e36967 55 .28 71.80 ~4849 -548 -30 -26 -6 t
11~-28~-78 1026 300.0 ~-«37056 5517 T0a 61 -%5003 -598 -38 -34 -14 -7
12-12-78 1036 314.0 -+37087 55.13 70.19 ~-4961 -556 ~36 ~-32 -12 -5
12-19-78 1504 321.2 -+37093 S5.12 70.11 -5045 -740 -1 -37 -17 -10
T ~3-79 1a1a 342,.2 -+37092 S85.12 7012 -5047 -742 -41 -37 -17 -12
1-23-79 1437 3%6.2 ~«37093 5%5.12 70.11 -5063 -758 -a2 -38 -18 -11
1-30-79 a54 363.0 -« 36996 5525 Tlebl -5017 -T12 -39 -39 -5 -8

* 6-14~79 1700 49%8,3 END OF TEST



METER CONSTANTS ( 8
NESISTANCE AT 0.0 DEGREES Fo.
TEMPERATURE CALIBRA.
STRAIN CALIBRATION CONSTANT

Table 9

22

AUTOGENOUS STRAINS -- CORRECTED FOR TEMPERATURE CHANGE
SAN ONOFRE’

SPECIMEN?

INe. CARLSON METEQ) 13

CALIBRATED STRAIN RANGE

CORFF, OF THERMAL EXPANSION

CONCRETE CONSTANTS
COEFF, OF THERMAL EXPANSION = 6.8 MICROSTRAIN PER DFGREE Fo

NOTE: APP|_IED BRIDGE VOLTAGE FOR TEMP,
EREEEREEEESREXD

DAYE

.tl‘ltttt!‘t!#tltttt!tlt!tttﬁ‘tttt“ttt“#ttit‘tt‘tttttt‘ttltt.tt“t‘ttttt#ttttt'tt‘ttttt!.tt

* 2 -t-78
2-16-78
2~23-78
2-28-78
3 -1-78
3 -6-78
3-14-78
3-22~78
3-28-78
4-10-78
4~19-78
S -9-73
5~16-78
5-23-78
5-30-78
6 -6-78
6~13-78
6-20-78
6-27-78
7 -4-78
?-11-78
7-18-78
7-25-78
r-31-78
T~31-78
7~31-78
7-31-78
7-31-79
7-31-78
7-31-78
7-31-78

-1-78

-2-78

-3-73

~a-78

-5-78

-5-78

-7-78

-8-78
8-15-78
8-21-78
8-28-78
9 -5-78

10 ~3~-78
10~17-78
11 ~-1-78
11-28-78
12-t2~78
12-19-78
1 =3-79
1 ~9~79
1~23-79
1=-30~-79
* 6-14~-79

PORO DR

* TIME
*
*

1000
Laa2
1421
206
1705
1034
1434
1120
1541
Lasl
A%2
aya
1111
AtO
R132
1355
1122
805
1119
1003
1712
1642
1028
826
1055
1056
1 0S8
1105
1112
1300
1655
Q33
8o7
821
a6
1301
1154
atl
807
804
1630
1540
a1s
1435
1636
1540
102%
1036
1504
1053
1414
1437
954
1700

CONSTANY

48.23 O

' BT

SEALED

HMS

OPTION | MIX TC2A

57448

6 BY 16 IN. CONCRETE CYLINDER

10.50 F/0HA CHANGE IN
9.03 MICROVOLTS PER VOLT DER MICROSTRAIN
18222 TO ~18730 MICROVOLTS

6.7 MICROSYRAIN PER DESREE Fe.

& TENMP.. ¥

RESIST,

# READING, * RESIST..*NEGREES* MWICRN~

*CONCRETE® TEMP. * METER
* AGE.,

* DAYS % VOLYS * OHMS
0 SPECIMEN CASY
15.2 -+37121 55409
22.2 37066 5516
26.9 ~e37109 5%.10
28.3 ~e37029 585421
33.0 ~37059 55417
1.2 -+37061 85416
49.1 ~+37068 55.16
5542 -a37042 5419
6342 - «37068 55416
77.0 ~-«37062 55416
96 .9 ~«37006 55423
104.0 -«3T7037 55 .20
110.9 ~e 37043 5%,19
117.9 -«37033 55,20
125.2 -«37053 55«17
13241 ~«37061 55416
133.,9 -+37069 55415
146.1 ~a37052 55418
153.0 -«37083 55.14
160.3 ~«37047 55.18
167.3 -«37037 5%.20
174.0 ~e«37075 5515
179.9 ~e37116 5509
180.0 -«371 11t 5510
180.0 ~e«37102 55.11
180.0 -2 37106 55a.11
180.0 ~e37106 55.11
180.0 ~e37106 5511
1801 ~«37101 5S5e11
180.3 ~+37096 5%.12
181.0 ~+37106 55.11
1819 ~e37101 5S5.11
182.9 -e37116 55409
183.9 ~e37111 55.10
185.1 -e37088 55.13
186.1 -+37081 55.14
186.9 ~a37067 55416
187.9 -«3708% 5%.173
194.9 ~«37107 5511
2013 ~«37093 55412
208.2 —e37070 55415
215.9 ~+37088 55413
244.2 ~+37050 5%5.18
258.3 -e37072 5%.15
273.2 -«37007 58.12
30040 -«37168 $%5.03
314.0 ~e37192 55.20
321.2 -«37193 $%.00
336.0 ~e37261 54,91
342.2 -2 37194 54499
356.2 -e 37198 54.99
363.0 ~e37194 54,99

498.3 END OF TEST

- Fe

72.00
T2.75
T2.17
73.24
72.85
T2.91

T2.72
73.07
T2.72
72.80
73455
7314
73.06
73.18
72.92
T2.81

T2.71

T2.93
T2.52
73.00
7T3.13
72.62
72.08
T2.15
T72.26
T2.21

72.21

T2.21

T2.28
72.3%
72.20
T2.28
72.08
72414
72446
T2.54
T2.73
72489
72420
72.39
12.69
T2.46
T2.96
72.66
72.33
T1.38
71.06
7T1.04
TO0.14
T1.03
T0.97
71.03

* VOLYS

3790
3609
3641
3656
3633
3590
3859
3537
3a99
3486
3486
3488
3481
3490
3490
3493
3506
3512
3500
3501
3508
35095
3439
3474
3481
3a86
3474
3484
3486
3494
3492
3486
3496
3502
3496
3501
3480
3513
3494
3495
3543
3528
3522
3570
3557
3541
3887
3520
3529
3506
3495
3431

AND STRAIN READINGS = 2.0000 VOLTS
EEAREE SRS AR SR KRR AR ELEARAEREASSABER AR R AL IR HREESF LS K LR S AR RR DR o — e o = = AU TOSENQUS S TRA
STRAIN READING

% CHANGE
* N

o
-t181
-149
-134
-157
-200
-231
-253
-291
-30a
-304
~332
~309
-300
-300
-297
-284
-278
~290
-289
-286
-28%
-351
-6
-309
-304
-316
-306
-304
-296
-298
-304
-294
~288
~-294
-289
-310
-2717
-296
-29%5
-247
~262
-268
-220
-233
-249
-203
-270
~261
~284
-295
-~359

COmMP,

STRAIM METER NO.

STRENGTH (

AGE AT LOADING
TESY TEMPERATURE

90 DAY)

.

Ko w e =M]CROSTRAIN AF TER

* 1
* oAy

0
-9
-7
-7
-8

-10

-12

-13

-15

-16

-16

-16

-16

* 28
®  DAYS

- S0
*®= DAy

s

14
3

a5
65
73

6590,

73-15

NAY
DEG

esY

S

[ T

(Y- —

*
»

180
DAY

S

3
*

Bhk g FEERE R kR RN KR

i

o e N OWE ANND W = NOmrm=0QO0=00=00 N~~~

4

N~ 000000

NN PWUNPURGUEIENNW™NORNNS =N =G =0
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Table 10

SDEC IKE
AUTOG. 1
AUTOG. 2

DATE & TIME #* CONCRETES® AVGe

* * AGE . * TEMP,.
& . DAYS ¥ DESF.

* 2 -1-78 1000 [}

2-16-78 1442 152 Tl1.71
2-23-78 1421 22.2 72450
2-28-78 806 26.9 71.97
3 ~-1-78 1705 28.3 73.02
3 -6-78 1034 33.0 72.86
3-14~-7TA  143a 412 T2.88
3-22-78 1120 49,41 T2.76
3-28-78 1541 5542 73.11
4-10-78 1441 6842 T2.76
4-19-78 8%2 77«0 T2.A7
5 ~9~78 B1a Q6.9 7T3.60
S5~16-78 1111 10440 73.21
5-23-78 8190 110.9 73.16
$5~-30-78 832 117.9 73.24
6 -6-78 1355 12%.2 73.03
6-13~-7TR 1122 13241 72.89
6-20~78 806 138.9 T2.83
&-27-78 1119 146.1 73.02
7 -4~-78 1003 153.0 T2.59
T-11=78 1712 16043 73.08
FT-18-78 1642 16743 T73.20
7-2%5-78 1028 174,90 T2.73
7-31-7HR 828 17949 T1.85%
7-31-78 1055 180.0 7190
7-31-78 1056 180.0 72.00
7T-31-7 1058 180.0 7195
7-31~-78 1106 18040 71493
7-31-7R 1112 180.0 T1.9%
7-31-78 1300 18041 T2.00
7-31-78 1655 180.3 72.07
8 ~1~-78 933 181.0 Tile94
8 -2-78 807 181.9 72407
3 ~3-78 az21 182.9 Ti.81
8 -4-78 B16 183.9 T1.86
8 ~5-78 1301 18541 T2.19
8 -6-78 1154 1R6.1 T2e32
8 ~7-78 8t 186.9 72.83
8 ~R-78 807 187.9 72.%6
8-15~-78 80s 194 .9 7202
8-21-78 1630 2013 T2.18
3-28~78 1544 2082 T2445
9 ~5-78 815 21549 72.36
10 -3-78 1435 24a3,2 72488
10-17-78 1636 258.3 T2.87
11 -1-78 1540 273.2 72.07
11-28~78 1026 300.0 71.00
12-12-78 1036 314.0 70e62
12-19-78 1504 321.2 70«57
1 ~9=79 1414 342,.2 70.58
i-23=-79 1437 356.2 T0.54
1-30~79 95s 363.0 T1.22

N

SAN ONOFRE

SPECIMEN:

METER NOD.
1488
1495

SEALED

CHANNEL
73-14
73-15

AVERAGE AUTOGENOUS STRAINS -~

23

CORRECTYED FOR

OPTION 1 MIX YC2A

&

BY 16 IN.

L2
%
K

x K
&%
%
%
*%

FROM AGE ONE DAY

SPECIMEN
NO«1 * NO.2 * AVGa
AERETAERURAEERRRAEER AR AL LR S RXRX KA KA KR ERNARSLERAEEEL XXX AR EA AR R AR I ERERE SRS ARKERRE EXFAAR XL AE E XX TLXX RS X AR X XX RER R AR KX SR XA R RO &
SPECTIMENS CASY

]
-6
-8
-4
-9

~-11
-1a

-38

0
-9

-15
-19

*

0
-7
-6
-5
-8

-10

-13

-13

-17

-18

-21

-22

-25

-25

-26

-27

-26

-26

-27

-25

-25

-25

-25

-2a

-23

-23

-2a

-23

-23

-23

-23

~23

-22

-22

-22

-22

-23

-22

-23

-23

-2e

-24

-24

-2a

~-21

-25

-23

-27

-28

-28

-29

*% FROM AGE

&

SPE

EST4a8

TEMPTR ATURE CHANGE

CONCRETE CYLINDER
TEST TEMPERATURE H 73 DEGe Fo
e e M ICROSTRAT N e e o o e s e o o e e o e o e B
28 DAYS #¢ FROM AGE 90 DAYS *& FROM AGE 180 DAYS &%
CIMEN * *®  SPECIMEN * %  SPECTIMEN * **
% NO«l % NOs2 % AVGe &% NO1 % NDe2 % AVGe %% NOOL & NOG2 * AVG. **

LEd
2k
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~20
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-18

-18

-18

-18

-18

-18
-18
-7
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-7
-8
~-16
~-18
-18
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-15
-20
-7
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~-22
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Table 11 SIECIMENSS TOTAL. ELASTIC AND CREEP STRA[NS -- CDRRECTED FOR TEWDEQATUIE CHANGE
DPTION | MIX TO1PA ES7a88
EN? SEALED & AY 156 ING

METER CONSTANTS (8

QESISTANCE AT 0.0 DEGREES F.
RA. CONSTANT

TEMPERAT

yor CALIA

SAN
SPECIM

INe CARLSON MFTER)

CAL IBRATED STRAIN QANGE

-
=

STRAIN CALTBPATION CONSTANT 2 9.1
=

COFFF,. O
CONCRETE C
COEFF. O

SYSAIN IN CONCRETE UNDES APGLIED LOAD =

af. 2
10.7

1131

E THESMAL S XPANSTON 6
ONSTANTS @
F THFRMAL S XPANSTION = 6

NOTE: APPLIFDY BRIDE VOLTARE EQR TEMD,
P L T T T T (L g e ]
TOTAL * FLASTICS CREF %

NNOF RF

9 OHMS
8 F/OHM

CHANSE IN FFSTST,
& MICROVOL TS 9ER VOLT 289 MICRQOSTRAIN

CONCRETE CYL INDER

STRAIN METER NO.

AGE AT LOADING
TEST TEMPEDATURE

2 TO —-21680 MICROVOLTYS

7 MICONSTRAIN DER NEAREE F, Croms, STRENGTH ( 28 DAY
AP TED YEST STRESS

2 MICROSTRAIN £ER DFRARES ¢, LT VEL OF STRFSS APRL 1FD

AND ST

SAIN REANTNAS =

METE® STRAIN/(1.00¢.07)

AUTOGENGUS SPECIMEN NO,. S

2.07230 VvOLTYS

@

CVOOODOCD

-20

-
~-?1
-21
-22
-23

-23
-23
-23
-23
-23
-23
-23
-2t
-213
-23
23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-2%
-23
-23
-23
-23
-21
-23

1499
28
73

5440,
2100,
3R.5

IR B a4
14GR

]
~10
~11
-11

“13

-5
-577
-591
-50%
~-614
-632
451
—857
~-699
718
~736
-750
-76%
-774
-782
ELIRY
~-81Q
~329
—n&
-875
~-919
-92a
LY
-374
-9a2
-39t
10010
1239
12186
1027
1025
in13s
1089
10¢a
1089
1251
1054
1a62
1ok
19%8
1376
tos?
1085
109s
1110
113
7
1121
t12e
1130

-806
-762
-7m0
-7s8
-r57
~7aa
-78
~-737
~725%
-719
-71 Y
-Tt9
-708
-6
-700
-687
-886
-630
-678
-676
-6T1
RLIL ]
663
~661
-&%a
-553
648
~643
~679

20-n2
DAYS

OF 3. F

n%1
es1

PERCENT OF

oMo ,
r3-18
73~19

oLus

creep ®

~540
~364
~“578
-=ap
~%J1
-619
638
~Haa
a7y
-774
-721
-735
-75C
-89
~7T57
-800
-30%
-A1S
-818
RE-LA
~-33s
-908
“Gaa
-9<a
-6 1
-89
-073
-982
-989
-39F
~1000
-1097
~1011
-tIs
-10t1®
-1021
~102%
-yaza
-t 031
-17232
-1 048
-1051
~1 054
1067
-1077
-1092
-1083
~1 0’7
-1 089
-tN9a

-TT0
-726
~r2a
-T22
-721
~708
-8
-7
~£89
~583
-&77
“a7a
~-6T72
~67C
~664
~851
~6%0Q
~64a
-4 2
-54 0
~63%
~632
-627
~62%
-622
-617
-612
-6n7
-632

SYR.

*
*

N
-2a
-38
-52
~61
~79
-9A

-1t
-137
-164
=131
-1as
~210
~212
-227
250
-265
-275
-29n
-321
-85
“ 18R
~aga
-4 14
~a2l
~329
-413
-aa
-a89
-4585
~-460
-a67
-4 7y
-8 7s
~ar7a
-~ 81
~498
-ana
~aqy
497
-50a
~511
-s1a
-s27
-537
~541
~543
~547
-%49
~554

QRECOVERY

A
LYY
s
A
aa
62
w5
59
a1
a7
93
as
98

100
104
19
122
128
128
130
t3%
138
a3
145
148
183
158
163
168

NATH & TIME & CONCRETES® NAYS = TEuO , ® METTR & TEMD,,*% STRAIN REANTITNT X TOYAL * AVA, *
= ®  AGE. % UNDER #% RFADING,*PESIST.#DEGOEESES MICAO- ® CHANGE®® [NO[- *AUTNG. &FROM AGE®
* L4 DAYS *® LOAN L1 vOLTS ® OMwg b4 Fa e VOLTS - iIN L1 CATED SVALUF % NNF DAYS
ERRABESERRREERE ARSI LS AR RARNE SR AS A IRERR AN PR AR R RS AR R R SER SR AL R ARG A ARERNAEE RSN LB AR NS EX U IR XL XS RE S KA R PR S ENRE EXBE TR E RSN K LS 3
s 2 -3-78 1000 a SPECIMEN CAST
2-16-78  (aa2 t3.2 -.37291 Sa.87 70.9 2427 1 2
2-21-78 (a2t 20.2 —c3t2M 54,95 Ties 2221 -20% -10
2-28-78 808 24.9 ~.372%a 58,92 Ttes 2201 -22% -1t
3 -t-?8  179% 263 ~.37168 Ss.02 72.7 201 -225 -t
* 3 »3.78  A3S 27.98  LOADING PEGINS
3 ~3.78  81s 27.98 -,3007 -.37193  %5.00 72,2 2179 -za7 -13
© 3 -3.78 a3% 27.94  SOECINEN FULLY LOADSO. APDLIED TEST STPESS 2100 051
3 -3.78  A34 27.94 3. 37193 38,00 7243 ~Aatla  -10940 -s91
1 -3-78 may 27,9%  .003% ~.37191 55,00 2.1 ~maqa  ~113125 -e17
3 ~3-78 aaq 27.9% «0082 ~a3TiOL 3%,00 72.3 -91%1 -11577 -531
3 -3-78 936 27.96  .0208 -.37186 55,30 7244 ~9429 ~11m%5 -5a8
3 -3-78 9713 2r.98  .037s -e37181  %5.91 12.5 -3618  ~12942 -558
3 -3-73 10%0 28,03 L0971 ~e37176  55.32 72.5 9981 ~12377 675
3 -1-7a  1a3da 28,19 L2496 37T ss.92 L) -10346  -t2772 -696
1 -1-78 1596 28.25  .303%6 -.37173 &=,32 72.% ~174aa  -12870 702
3 -a-78 921 28.97 1,0376 -37191 85,00 7243 11090 -t1s18 -737
3 -5-78 1019 3040 2.1 ~437196 34,99 72.2 ~11643 ~14069 -757
3 -k-78 1134 .0 3.1 -.37183 55,01 r2.4 -12318  -1aa3s -737
3 -7-78  Aan 31.9 .3 —e3TTR sm 0¢ 77.5 -12268 ~1459% -a01
3 -9-79 1310 1341 s5.2 -.37168 55,03 72.6 -12%8% -15706 -at8
1 -9-78 99 14,0 8.0 ~.1r183 58,01 2.4 12743 ~15160 -az7
3-10-7R  Ats 34,09 7.0 -e3%199 54,99 72,2 -1290%  -151% ~a36
I-ta-78  tala 19,2 1.2 -.37171 55,32 72.6 ~13%2%  ~15951 ~a7n
31878 1621 40,31 1242 ~s37145 B, D& TINI -113%21 15187 -
3-17-78 (157 s 2.1 1841 437186  55.06€ 72.2 -13828 ~15254 -986
1-22-78 1170 ATt to.1 <, 37196 =a.39 72.3 ~14272 -15598 -3
3-28-78 1541 53,2 25.3 - 3718%  S5.0e 72,4 ~14728 17150 -21s
a-t0-72 138 66,7 3a.3 -37176 55,32 72.5 15407 -17333 -973
a-ta-78 a8z 75.9 a7,0 -.37169 58,33 72.5 ~15598  -13120 -284
s -9-78  Ala 94,9 er.c ~.37126 85,08 7347 ~16437 -138%F -1338
5-16-78 1111 t92.0 7a.t - 37187 85,9 rz.a -16588 -{7)0a ~12a1
5-23-78 410 108.9 1.0 -a17166 35,92 72,7 14815 -{az41 -102a
%-30-78 A32 115.9 88.0 -.37181 %5.05 72.9 -16989  ~-19415 -1959
4 -hevm [3SK 1233 95,2 ~e37170 55,93 7246 “17186 -19372 -1068
6-131-78 1122 13041 102, -.37181 55,01 72.5 ~1733%  ~1a761 -1378
A-20-78  A26 136.9 109.0 ~¢37189 SS.30 7249 -t7477 19498 -1085
5-27-78 1119 14841 [RT- 37167 $5.93 T2.6 -17586 =29012 ~1092
7 ~a-78 1503 161.0 123.1 -e37200 54,99 72.2 -17737 23137 -to9a
rel1-78 1712 154, 3 130,84 -.37185 55,04 72.8 -17838  -20%68 -113%
7-18~78 1ea2 1685.3 1373 -.37137 55,37 7. -17943 73369 -1t
r-p6-78 1529 17240 184,18 -.37187 85,00 72.4 -1R011  -20237 -11ts
3 -t-78  oss 179.3 15t ~.37175 55,92 72.5 -18106 -27530 1123
R -3-78 az9 1RS.9 15,0 ~217162  A%.06 72,7 18168 -20598 -1123
a-15-78  fa3 19249 14540 -~ AT168  %8.03 72.% -1R8289 ~2758% -t128
A~22-78  A%3 200.0 172,90 -.37175 85,02 72.5 -~1A148  -20791 -113e
a-za-78 1011 207.0 179.1 - tT1%0 88,08 72.9 -t8381  -20807 1115
o -5.78 832 213.9 t86.0 - 37176 55.02 72.5 -1R807  -20333 -1136
Ge19-78 A2y 227.9 26340 -a37136 45,97 7241 ~tR639  -2176% -t189
19 -3-78 jass 202.2 2ta.3 -.37128  Ss%.08 73.2 -18748  -21219 -1157
15-17-78 (€45 56,3 22443 237140 55,38 2.7 -{RE1G 21248 -t189
1L -1-7A 1330 271.2 28343 -s37165 55,03 r2.7 19081 ~21a77 -1171
11-28-78 10as 298.0 270.1 -a17201 sa.09 2.2 ~t9296 -21722 -~1138
12-12-78 1145 12,0 2841 ~.37200 rz.2 -19374  -21800 -1149
12-19-78 1542 319.2 271.3 - 37207 7241 ~1948a  -z21980 -t192
U -3=73 1101 38,0 3086.1 37247 T1.6 ~19%29 -219%5% -1197
t -9-79 1423 1042 312.2 ~ 37207 7241 -19574  -22000 -1200
2 -2-7e g% 364.0 136.0 -.317248 T1.S -19712 -22138 1207
& > ~2-70  Ase 36840 3134.0 SPECIMEN FHLLY UNLOADEOD. 7E00 APALIED TEST STRRSS
2 -2-79  asa 367.9% ~a 17281 Sa.91 Ti.s ~12383 ~13789 -806
7 ~2-79  BSh 363,96 -~.17268  34.90 1.3 ~11%81  -13977 752
2 -2-79  Ass 363,96 ~.37268  %8.90 1.3 -11%506 -11932 -750
2 -2-79  ant 363,94 ~e37268  $4.90 7t.3 -11473  -13399 -7%8
2 -2-79  99a 163,98 -.3T266 54,90 713 -114%6  -13382 -r87
2 -2-79 1051 364,08 -.37265 %e,92 T1.a -11228  -13682 748
2 -2-79 1249 364412 -~ 372848 94,33 71.5 ~111%6 ~-13%32 749
2 -2-79  1a55 364420 - 37281 54,93 7le6 -11098  ~-113520 -737
2 -3-79 1238 368,11t -.372%8  Sa.at Tles -1087%  -1233931 -725
2 ~a-79  7s2 365, 7a ~+37281 Se.an 71t -18771 -13197 -719
2 -5-79 102 367,01 ~.37240  54.94 7.8 ~19646  -13972 ~713
2 ~6-73 150y 268,13 ~.37241  Sa.%a 1.5 ~i0601 -113027 -710
2 -r-7a 1819 169.0 -.37236  S4,0e 7.7 ~10%56 -12982 ~798
2 -8-79 919 370.0 -.37233 1.7 ~10518 -129ea -706
2 ~G-79 {304 37109 -.172%1 71.5 10823  ~-12%49 ~700
2-16=79 1101 37840 - 37228 1.9 -10188  -12811 -587
2-20-79 1003 382.0 -e37243 71.6 ~10161 -12387 -586
2-23-79 1623 388.3 ~. 37282 Trat -100%)  -12877 ~-5A80
2-27-79  1%11 389.2 ~e¥72R2 Tiat 10004 -12439 -678
3 ~2-79 t1aza 392,2 “s372RA 1.0 -3970  ~12396 -676
3 -6-79 1817 396.2 3727 7.2 -98a% 2711 -57t
3-13-79 1326 40341 -.37271 Ti.z -e823  -12749 -568
3-20-79 1549 1002 -.37271 Tt.2 -6738  -12164 -563
1-28-79 830 “17.9 -.37287 7.0 -9694  ~t2129 -661
A -A-T3 1549 azs,.2 -.a7257 Ties -o849 -1207S -658
a-t8-19 1011 39,0 ~+37280 7.1 -9%49 ~1197% -653
S -1-79 1019 52,0 -.37270 Tte2 -aa66 -11892 -ka8
5-23-7%  tees ava.2 -.37262 Ti.3 -9376 -11802 643
s=-ta-79 855 496.0 -.37232 T3 -9z86 -i1712 ~638
* geta-To 1700 498.3  END OF TEST
MONULUS: LOADING Ez 3.9 AT 72 F.. ASE 2R DAYS (STRESS LEVEL 0 TO 2105 0SY)
UNL OAD ING Fx 8.8 AT 71 £., AGE 384 DAYS (STRESS LEVEL 2100 TQ ¢ #S1)

WOTE L

HINUS DAYS UNDER LOAD IWDICATES TIWE wwEN SPECTWEN

135 BEING LOADED
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Table 12 SOECIMEN®S TOTAL, ELASTIC ANO CRFFD STRAIMS ~— CORRECTEN FOR TEMPERATURE CHMANGF
OOTION 1| ®IX TCIPA E574A8
CONCPETE CvYL INDER

METER CONSTANTS ( B
RESISTANCE AT 0.0 DEGREES F. *

TEMPEQATURFE CALTBRA.
SYRAIN CAMLTARATION CONSTANT

INs CARLSON

CALIBRATED STRAIN RANGE

CNEFE, OF THEDWAL EXDANSION

CONCRETE C

DONSTANTS

CONSTANT

SRECTMFN?

=
*
=
-

CORFF, OF THEGMAL FXPANSION =
STRAIN [N CONCRFTE UNDER AOOLIED LNAD = METER STRAIN/(1.00+412)

NOTE: ARPL 1EN BOIDGE VOLTAGE FOR TEMO,

SAN ONOFR*

METER)

8,486 OHMS

SEALED

& BY 16 IN.

1079 FrOHM CHANRE IN RESTSY.
8,93 MICROVOL TS PER VOLT PER NMICROSTRAIN
12918 TO ~19580 MICROVOLTS

6.7 MICRNSTRAIN OER DEGREE F.

6.R MICROSTRAIN PER DFAREE F,

AND STRAIN READINGS =

2.0000 VOLTS

cowe,

STRAIN METFR NO .

AGE AT LOADING

TESY TEMPERATURE

STRENGTH (

23 DAY

ADBLUIEN TEST STRESS
LEVEL OF STRESS AGOLIED

ASTOSENDUS

SBFCTMEN NO, §

1116
28
73

S460.
2100.

38.5

1117
1499

20-03
DAYS

NFG. Fo

”s1
oy

PERTENT OF

como .
T3t 8
73-19

STR.

EERE AR EEREARRSAEERARRRERA R AR AR IR R AR RN E R S E RN R RSN R R RN E R AT RS SR S AR R RS AR R B e e B [CROG TR AT N s v e o e
DATE & TTME 2 CONCREYES DAYS
- .

.

-

AGE.
DAYS

" UNDER #x
* L3AD

[ TEMD

e vOLTS

* METER * TEMP,.**
REAGING. RESIST. *DEGESESS®  MIrRO-

P01

Fo

*®  VOLTS

STHAIN PEADING **
* CHANGES®
EEd

™

TOTAL * AVG, %
TN~ *AUTOG. ¥FROY AGFS
CATEN FVALUF & ONE NAYS

TOTAL * ELASTIC® C(RFED »

N US

CREED »

*
*

PR T T T T T Y L T L A R LS il S A L bbb Ll A b it b dd bbbl
SPOECIMEN CAST

* 2 -3-78
2-18-78
2-23-78
z-28-78

-1 w78

-3-78

-3-78

~3-78

-3-78

-3-7e

“tur8

~3-78

-3-78

-3-78

~3-7R

-3-78

-a-78

-5-78

~£-78

~7-79

-8-78

-q-78

3-10-78
3-14-78
3-15-78
-1 7-78
3-22-79
I-28-78
a-in-T8
a-19-78
5 ~0-78
S-16-78
5-23-78
5-10-78
6 -6-7A
&~13-79
4~20-78
£-27-78
? ~a-78
T-11-78
r-18-78
7-2%5-78
8 -1-78
8 -s-78
B-15-78
8-22-78
A-29u7R
9 -8-78
9-18-78
19 -3-78
10-17-78
11 -t-78
t1-28-78
12~12-78
12=19-78
1 ~3-79
1 ~9-79
2 -2-79
® 2 -2-79
2 -2-78
2 -2-70
2 -2-79
2 -2-70
2 -2-79
2 -2-79
2 -2-79
© 2 -2-79
2 ~3.79
2 -a-79
2 -%5.79
3 ~6=79
2 -7-79
2 -8-79
2 ~9-79
2-16~79
2-20-79
2-23-79
2~27-79
3 ~2-79
3 -&6-79
Bw}3-T9
3~20-79
3-28-79
4 -a-79
41 8~79
% -1-79
$-23-79
6-14-79
* 6=14-79

IR IV VPRI SR MRS SR WV S s

MODULUST

NOTE:

1000
1842
1421
A06
1708
as3s
A 35
R3S
A6
asy
-2.4.3
aoe
930
1050
1438
1556
«23
te1o
103a
a0
19
<0a
a1s
1438
tmat
1182
1120
1541
taa)
852
81a
[RRUY
910
anz
1355
1122
N6
1119
1003
1712
1642
1028
L1
azq
a3
LEL]
1011
a32
"21
1sas
1645
1850
1345
10a%
1%a2
1121
1423
ns53
L1113
858
REa
asa
<01
CT.79
10%1
1249
148%
1238
82
1021%
1608
1919
919
1004
1o
1003
1623
1511
142e
a7
1226
1549
830
1548
1411
1019
1aae
259
1700

LOADING

UNLOADING

4
132
20.2
EL PR
26.7
27498
27494
27.94
27.9a
27.9%
27.95
27.96
27.97
28.03
28419
28.2%
78,97
3040
21.0
1.9
3.1
34,0
8.9
19,3
0.7
4241
47,1
%3.2
662
TS50
4.9

1923
108.9
115.9
123.2
130.t
136.9
184.1
151.0
158,73
16%. 3
172.0
17840
185.9
192.9
27040
207.0
213.9
227.9
242.2
25643
2T1a2
298.0
312.0
A19.2
314,00
360.2
368.0
I164.0
3¢ V1.958
363496
363.96
363.96
363.96
364,04
364,12
144,20
36511
365.74
367.01
168.3
369.0
27040
371.0
378.0
382,92
38%.2
389.2
392.2
396.2
4031
410.2
417.9
42%8.2
48940
452.0
aTAL2
496.0
496.3

~+37126  5%.08 Tl.4 arazr ] a
~+37091  %%5.13 71.9 3528 -z21 -11
-e37412  S%.10 Ti.6 3a8a -283 1=
-¢37038 55,20 T2.7 3a7a -273 -ta
LOANING REGINS
-e0097 ~+37046 55,18 7245 3a53 ~298 -18
SPECIMEN FULLY LOADFT, APOL {FO TEST STOESS 2100 231
de ~.37039  5%.19 2.7 -7382 -11129 -522
.0075 -, 317038 55.70 72.7 -73m0  ~11527 -850
0083 ~.37034  5%.790 72,7 -alas  ~11891 665
.0208 ~e37026  8%.21 72,9 ~%839  -|2186 -631
.01378 -.T7TORL 45,21 72.9 -8639 -12184 -693
.0931 ~sT7013 5,23 7.0 8983  -12733 -T2
2886 ~+37008 55,23 7341 ~91395  -13143 -735
<3156 ~.37012 55,23 73.0 -9499  ~173246 ~7a1
140326 -.37031 %5,2n 2.7 -1017%  ~11313923 ~r7q
241 -.37331 35.20 72.7 «19789  -10495 -311
3ot -.3701m  5%,.22 72.9 ~11140 ~tamar -»33
.0 -+37012  S5.23 73.0 11408 -151%% -328
5.2 ~.37002  55.24 73,2 -L1750 ~15497 -867
A0 ~.37018  %5,22 L] -11925 -15872 -ar7
7.0 -+37031 5%.20 72.7 -12108 -15a85 -RA7
1.2 ~.I7003  S5M.24 T3t ~12803 ~16%%0 -326
12.3 -.36980 55,27 73.5 12896 -156643 -331
1a.1 ~e36981 s5.27 73,2 ~i3118  ~16A5S -aa3
194t -«37023 88,71 7249 ~13671  -17418 -97a
25.3 ~+36987 85,26 s ~t8271 ~-iA019 -1n08
38,2 -.37001 SR, 731 15740 -1ATar ~17%1
47.0 ~+36999 35,24 73.2 -1%5320  -19978 12647
87,0 -+36986  35.30 7249 ~16065 -19312 ~1199
TaLt 36987  S%.2% 73.3 ~14291 =20139 ~1121
81.0 +36996  55.2% 3.2 ~1648%  -20192 -1139
88.0 ~.36986 55,26 T3.a ~14830  -20346 “1tal
9%5.2 ~«37000  355.24 73,2 16816 =27%67 ~1151
10241 437011 5,21 73,9 ~1AIGA  —217e% “t161
109.0 ~ 37018 S%,22 7.9 -17165 -2n712 ~1170
11641 «.36995 55,25 73.% -17338  -21081 -1189
i23.1 ~437023  $5.21 72.9 ~17457 21204 ~1186
120.4 ~.36985 55.26 73.4 ~17601  ~21348 -11%a
137.3 -+ 36964 55,29 I ~1771A  -21865 1201
14641 55.23 73.2 -17889 -21636 1211
15141 55,24 73.2 17900  -2174% ~1217
158.0 55,26 73.3 ~1A093  ~271440 -1272
16%.0 5%.2% 3.2 ~19197 -2194a -1228
17240 4% ,%a 7.t ~1429%  -22)a2 -1233
17941 5,27 73.% -18333 -22080 -123%
186.0 58,24 71,2 ~1Ra27  -22174 -12e1
203.0 55,29 ra.r ~18662 <=22409 ~1254
216.3 s%.30 73.m ~-18800 +272%%6 ~1262
228.3 58,25 V.3 ~18829 -22%76 ~1263
2833 55,26 73.2 ~1908a -22791 1278
27041 56,21 2.3 ~13930a  -230%1 ~1293
2841 55,22 73.0 ~1oats  -27163 -1296
291.3 «3702%  35.21 2.8 ~19456 ~23203 ~1298
30641 <1708t 55,18 72.% -19%71  -233t8 -1305%
312.2 37019 ®R.22 72.9 ~196827 23374 -13nA
136.0 ~.37083 S%.18 2.5 -1ar?2  -21519 1716
336.0 SSECIMEN FULLY UNLMADED. TSR0 APRLIED TEST STRESS
~.37078  SS.1a 7241 -11928 ~15573 -nry
“o376TR %% 1a 2.1 ~11748  -15495 ~867
-u37081 55.18 7241 -11706 ~1%4%7 -86a
~s37081 S8 72.1 -11671 =1%31" -n62
~.3707TA SE.1a 7241 ~1166M -1%539% -961
~«3T06R  55.16 72.3 ~11428 -1%178 -Baa
-+ 37063 88,16 7.3 ~11343 -15090 ~3ea8
-+ 37061 55,18 7243 ~11297 ~15039 -841
~+37078  SS.1a 2.1 ~1102% -18772 825K
-«37108  S8.11 1.7 ~10936 ~-14683 LY
~e37062  S%.16 T2.3 ~10799 -14%46 -8ta
-+37061  %%.17 72.3 ~10736 -14481 -8t 0
~.37066  %5.16 2.3 ~10691 <-1sa3a -a07
~.3706T  SS.16 77.3 ~10643 14390 -80%s
-»37068 58,16 T2.3 ~10601 ~1sa34A -802
37081 s5.i8 2.5 -1038% -14132 -790
~a 37061 %, 17 2.3 ~10298 -14048 -78%
-.37130 s5,08 Tied -10281 =-14028 -784
~.37132  %%,07 Ti.s ~10229 ~-13974 ~-r82
«+37133  %%.07 Ties ~10193  -13940 -780
-.371218 5%.09 T1.8 ~10113  -13860 -r7s
~e37121 %%,00 T1.5 ~10064 ~13811 -772
~«37119 5%.09 T1.% 9978 ~1372% -r67
«e37140  S®.06 7143 -993%  -13682 -76%
-«37110  5%.10 Ti.? -9895 -13542 ~783
-+37130  S5.08 Tlea -9786 -13533 -787
-.37120  S55.09 Tias ~97it  -13a%8 ~753
-.37112 35,10 T1.6 ~9821 ~-13388 ~T48
~«37087  S55.13 T240 ~9%20  -13276 -742
END OF TESY
Ex 3.9 AT 73 F.. AGF 2M DAYS (STRESS LEVEL 0 TO 2100 PSI}
Ex 7.0 AT T2 F.. AGE 364 DAYS (STRESS LEVEL 2100 T0 0 PSI)

MINUS DAYS UNDER _OAD INDICATES TIME wHEN SPECIMEN [35 SEING LDADED

o

nooco0o0OGOo

~19

-1A
-16
-20
-1 7
-21

-22

-23
-23
-23
-23
-23
-23
-23
-23
-23
.33
-23
~23
~23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23

]
-11
-15
~1a

~-5a 1
~566
~-%79
~53a
-50%48
-%21
~haz
-587
~521
-799
-*2A
-ray
-758
-767
-776
~A12
~816
a7
-a5a
-335
-q32
-6
-7y
~3849
~988
~396
-11731
-1Q190
1218
-1327
-1031
~1038
-1084
~1083
~13586
-1 0582
~10h%
“1069
-1071
-t
-1098
~1096
~1097
-1110
~“1120
-112R
-112¢&
~-1132
-111a
~1140

-a3s8
-828
~825
-a17
~-822
-810
~895
-802
-7R7
-782
-778
44!
~768
-TAH
-763
~7%1
-TAE
-T45
-783
-7a1
736
-733
-r2e
~726
-72e
-718
-7t4
~-709
-703

3
-25
-3n
-53
-63
-80

~-101
~-10%
~1a0
-168
-1a
-200
-217
-226
.28
-271
-275
~286
-211
~344
-3a1
-39s
-a39
~439
-4a7
-as5
-a43
469
-ar?
~a R4
~49n
-437
-50%
-812
-8y
-521%
-%25
-529
~530
-536
~547
~58%
556
-58%
-579
-587
~53%
-89
-393
-XQQ

QECOVEDY

a

10
13
1%
16
28
33
36
s1
%6
63
34
T9
72
7
a7
9?2
93
9%
24
132
108
110
112
114
120
124
129
135
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Table 13 SOECIMENES TOTAL., ELASTTIC AND CREEP STRAINS -~ CORRECTED FOR TEMPERATURE CHMANGE
SAN ONOFRE

METER CONSTANTS ( 8 INe

CARL SON

SPEC

RESISTANCE AT 0,0 DEGREES F. = 48

TEMPERATURE CALIBRA.
STRAIN CALIBRATION CONSYANT

CALIBIATED STRAIN RANSE
CDEFF .,
CONCRETE
COEFF.
STRAIN

NOTE

DATE

* 2

-1-78

2~18-78
2-23-78
2-28-78

[ N N W R PR R ¥ R ]

-t=-78
~1-78
-t-78
-1-78
~1-7R
-1=-78
-1-78
-t-78
-1-78
-i=78
-1-T78
-2=-78
~3-78
—-A~-78
-kl ]
-&-78
-7-78
-8-78
~G-T8

Jela-r8
Y=-185~-78
3-i7-78
3-22~78
3+28-78
4w 1078
Aw19-78

L]

-Qu78

3-16-78

-

23~78

5-30-78

-]

-6-78

&-13-78
6-20-78
6-27-78

7

7~

-a-78
11~78

F-18~78
r-25-T8

L]
a

-1-78
-a-78

8-15-78
Ae22~78

8-

9

29-73
~E-TH

I=19-78

to

-3-78

10«4 7-78

11

-1-78

1§-28-78
12-12~-78
12-19~-78

1]

PTG

t=-23-79

1=

2
.2
2
2
2

NN NN

2

30~79
-1-79
-1=79
-1=79
-1=79
~-{~79
-1=79
-1=79
-{=-79
-1-79
-1=79
-2~7T9
-3-79
-a=19
-5-79
-6=79
-1=79
—8=79

2w15-79
2-20-79
2-22-79
2w27-79

3
3

-1=T9
~8=79

3-13-79
I-20-79
3-28~-79

L]

-hT9

4-18~79

L]

179

$-23-79
e-18-79
® H-14-79

WODWU.USS

NOTE:

OF THERMAL EXPANSION
CONSTANTS
OF THERMAL EXPANSION =
IN CONCRETE UNDER

AGE «
DAYS

1000 ]
1442 1%.2
1421 222
RO& 28.9
900 27.96
00 27.96
200 27.96
991 27.96
@97 27.96
9 27497
a3s 27.98
1009 28.01
1302 28.08
1506 28.21
1705 28.30
LR ) 28.92
830 29.94
923 310
1010 32.0
103 3I3.0
aa0 33.9
1310 I8l
904 36.0
1438 ai1.2
1621 4z2.3
1152 44,1
1120 491
1541 5842
1ast 6842
852 TT.0
Ata 6.9
1t 104.0
AlQ 110.9
832 1179
1355 12%.2
1122 13241
505 138.9
1119 186.1
1003 15340
1712 160.3
1642 16743
1028 1740
a%a LLARY]
829 187.9
843 1949
A%9 202.0
1011 209.0
32 215.9
a1 229.9
1444 248,2
1645 288.3
1550 273.2
1045 300.0
1045 318.0
1582 32t.2
1423 3a2.2
1458 3%56.2
140% 363.2
1008 3650
1009 36%.0
1009 36%.01
1010 365401
1013 36%5. 01
1016 36%5.01
1019 36%.01
1206 36%.09
1807 36%.17
1612 365,208
1651 366.04
1236 36711
3s2 367.7
1021 369.0
1608 I70.3
1019 371.9
919 372.0
1601 3T9.3
1003 38440
919 386.0
51t 3I91.2
12a1 393.1
1at? 39842
1326 408.1
1549 At2a.2
830 41%9.9
1548 a427.2
1011 sate0
1019 45440
tass 47642
859 498.0
1700 498, 3
LOADING
UMLOADING

CONSTANT

10
L]

=
=
* 11
=

ARPL IED LOAD

APPLIED BRIDGE VOL TAGE FOR TEMP.
ERRSABSEERNEREASUERAE SR RN R SRR A LACBEBERNES
& TIME * CONCRETES® DAYS *=%
- & UNDER »%
* LOAD **

SPEC ITMEN

LDADING
- 0007
SPECIMEN
Qs
- 0042
+ 0097
« 0236
20472
«08A7
+2535
« 3361
« 9583
1.97385
3.0
4.0
Sel
640
742
840
13.2
1842
16e1
2141
27.3
40.2
49.0
69.0
Thel
a31.0
9040
97,2
108.1
1110
118.1
1250
132.3
139,23
146418
153.0
160.0
167.0
176.0
181.0
188.0
202.0
216.2
2303
248.3
27241
286.1
293.3
36,2
328.2
33%5.2
337.0
337.0

END OF TF

Ex 4.0 AY
€Ew 7.2 AT

IMEN? SEALED

METER) I

+33 ONMS

OPTION I MIX YCRA
6 BY 16

INe

250 F/70MM CHANGE IN RESIST.
299 MICROVOLTS 2ER VALY RPFR MICROSTRAIN
TA2Z TO ~-208%0 MICROVOLYS
Se7 MICROSTRAIN PER OEGREE F,

6.8 MICRO!

STRAIN PER DEGREE F,

= MRETER STRAIN/{1.004413)

AND STRAIN READINGS = 2.0000 vOLTS
SEXNRANRBRESRBE RN B RS

TEMP .

sentEe
* NETER & TEMD, . %%

PEADING. SRESIST «*OEGREESE*  MICRO-

VIR.TS

CASY
~e37088
-+37031
-+ 36982

BEGINS
-+ 36879

FULLY LO
~a 36872
-s 3686
—~e36887
~+ 36864
—-.36862
~e36867
- BOBG2
~e36852
-e36923
-e36927
~e36928
~e36932
-« 36922
«~e36912
-~ 36901
~«35918
-+ J6906
-+ 36880
-2 36876
-+36928
-¢36890
- 36908
~« 36908
—.3686%
- 36892
~+36903
~e 36086
-« 36808
~e 36916
-e36926
-e3690%
236935
-2 36895
~e 36872
-236917
-a36512
-+ 36895
~e36901
-e3690%
—e36HB8S
-a36908
. 36866
~e36858
~e 38890
-~a3689%
-e36931
=-e36932
~e36930
-~ 36937
-a36933
-e369%2
~s36978

SPEC TMEN
-e 38990
~e356988%
-+ 36993
-2 36990
e 3698
-+36990
-e 36985
-+ 36960
-+ 36990
-«38998
-e37012
~s38972
~e38970
~e 36968
~e 38970
~+ 36940
~+36975
-+36970
~e37015
~237024
-« 36993
-.37001
~-e37004
~e37030
-e 36990
—e3TOL0
~e 36998
~23698%
-2 36965

3T

T4 Fo.e AGE 28 OAYS (STRESS
AGE 36% DAYS (STRESS

T3 Feo

» OrNs

Fao

.. vaLrs

ESTAAS
CONCRETE CYLINDER

COmMo,

STRATN MEYER NO.
AGE AT LOADING
TEST TEMPERATURE

STRENGTH {

28 DAY)

AZDLIED TEST STRESS
LEVEL OF STRESS APBLIED

AUTQGENOUS SPECTMEN NO.S

STRAIN READING &
* CHANGF®®
L 1]

N

T 1483
: 28
T 73
60%0.

2100,
34.7

T 1488
1498

2000
DAYS

OER. Fa

»S1
o5

PERCENT OF

come ,
73~La
73-1%

STR.

$S.13 Tien 746 o 0
55.20 72.2 817 ~129 -6
5. 27 72.9 sa7 -199 -10
55.40 7402 557 -199 -10
ADED, APPLIED TEST SYRESS 2100 ®S{
55,41 74.3 -10047 -10793 600
CLITY Thes -1087t  -11317 -629
s%.a1 Ta.e ~10860 ~i11806 645
55,42 LI -11122 ~11%63 -659
5,42 74,4 11338 -12076 -571
s5.41 7404 ~1183%  ~i22m -682
sS.a2 Ta.a -t11982 -12728 -707
55,43 ra.8 -12t2s  -~128n -718
55,34 73.6 ~12670 -t3e1s -745
85,38 73.6 -13239 -1398% -r77
55,33 73.5 -13602 -1a348 -797
s5.33 73.5 -13887 -146733 -st3
55,34 73.6 -1a127 -14873 -826
55,36 73.8 18304 -1%G%0 -835
55.37 73.9 ~14542 -1%5288 -850
55,38 3.7 ~14667 <1513 -856
55,36 73.8 ~15329 -1607% -893
55.40 7.2 -15466 ~16212 -a01
55.40 ra.3 ~1%627  -18373 -a10
5,33 73.6 -1801%  -t15761L -931
s5.38 7e.1 -16434 ~17180 -955%
58,36 3.8 17032 -t777m ~saa
5,37 73.9 -17270 -18016 ~1001
55,42 T4 ~17980 -18626 -103%
55,30 74.0 -18078 -t8a22 ~1086
55.37 73.9 ~18246 -18992 -1056
85,39 e -t18388  -19130 -1063
55,36 73.9 -1A510 -192%6 -1070
55,135 73.7 -18631  ~19377 -1077
$5.34 73.8 ~1BTAE  —-19492 ~1383
as.36 73.9 ~18068 ~19612 ~1000
55.33 73.5 -1a928  -19674 -1093
55,38 78,0 ~15097 -19n43 -1103
55,41 74,3 ~19184 ~19930 -t108
5,35 73.7 -19286 -21032 -3
55,36 73.8 -19326¢ -20070 -t118
ss.38 740 19387 -20113 -t11e
85.37 73.9 -19489 -20205 -1123
55.36 73.9 ~19%%2 -20298 -1129
55,39 Ta.t -19%587 -20333 -1130
55.36 73.8 -19612 -20388 -1132
55,41 7408 -19884 -24630 -11a7
ss.42 78,5 ~-20028 ~20770 -115a
55.38 Ta.t -20044 -20790 ~11%6
ss.38 4.0 -20281 ~20997 ~1187
55.33 73.5 -20519 -2126S5 -t182
$5.33 73.5 -20611  -21357 -1187
5,33 73.5 -20819 -21565 -1199
$5.32 73.8 -20854 -21600 -1201
55.33 73.5 -21030 -21776 1210
55.30 73.2 -21019 -21765 -t210
55,27 72.9 -21086 -21830 -1213
FULLY UNLOADED. ZFRO APOLYED TEST STRESS
55.2% 2.7 -13406 -141%2 -786
ss.26 72.8 -13189 -13935 -T74
55425 2.7 ~13138 -1348a -771
55,25 2.7 -13083 -~13%29 ~768
55,26 72.8 -1308a -13%00 ~767
5%.25 72,7 -12633 -13379 743
55.26 72.8 -12846 -13292 -738
s5.27 72.8 -12466 -13212 -734
55.2% r2.7 -12383  -1309% -728
$5.24 72.6 -1213% -12861 -716
55.23 72.4 -12101  -128a7 714
s5.28 73.0 ~11998 -12742 -708
ss.28 3.0 -11941 ~}2687 -708
ss.28 73.0 ~11873 ~12619 -701
55,28 73.0 -11823 ~12569 -69n
$s.32 3.4 -t1708 12482 ~692
55.27 72.9 ~11%26 -12272 -682
ss.28 3.0 -11580 12326 -68%
55,22 72.4 -11341 -12087 -671
5%.21 72.3 -11307 ~12083 ~669
ss.28 2.6 -11221  ~11967 -665
55,24 72.6 -11162 ~-11908 -661
55,28 728 -{1074 -1t820 -687
58,20 72.2 -11038 -11784 -554
55.26 2.7 -10988 -1173a -652
$5.23 72.4 -10889 -11635 -8486
ss.25 2.6 -10814 -11360 -642
55,26 72.8 -~10749  -11495 ~638
55,29 T3t ~10636 -11380 -632

MINUS DAYS UNDER (OAD INUGICATES TINE wHéEN SPECIMEN (S BEING LDADED

LEVEL 0 TO 2100 ®S1)
LEVEL 2100 TQ 0 ST}

M ICAOSTRAT

TOTAL & AVG. *
INO T~ ®AUTOR, SFROM ASES M US
CATED *VALUE * ONE DAY®
AEEESAEURARREREANBR REER AR ERREEDER SR SAENRNAT AP AR SR SRR S CARE RS EFERT RSB EA SR FTNREXCEASARENEB BT X SAL TR KA SR T XTIk b i

3

0o~ ~00Q0G0QQ

-20
-20
-2t
-19
-20
-20
-17
~16
-17
-7
-18
~20
-20
~tn
-7
“tS
-9
-t7
~21
~-22
-22
~23
-23

-23
-23
-23
-23
-23
-23
-23
-23
-23
~-23
-23
-23
-23
-23
-23
-23
~23
-23
-23

-23
-23
-23
-2
-23
~-23
-23
-23
~23

TOTAL * ELASTIC® CREED

0
-6
-10

~-10

-542
-558
~572
-58a
-%9S
~60%
-627
-6134
~660
-689
-708
~721
-732
~-7a1
-75a
~759
-792
-799
~807
~826
-4
-~877
-8R
-919
~29
~-938
~94a
~-955
-957
-9&2
-968
-971
-a79
~-984
-9na
-999
-9932
-397
-1001
«1003
~100%
-1 018
~102a8
~1026
-1036
-1049
-1 054
~106%
-1067
~107e
“1075
«1077

-786
-774
-7
768
-767
=743

cREER =

-522
-sa8
“562
~57a
~%8%5
%595
~517
~-62%5
~6%1
-679
~696
“710
~-T20
-729
-7a2
-rar
-778
-788
-?792
~-839
~A30
-88¢
866
-89
-303
-939
~918
-220
-926
~-332
~938
~340
-950
-954
~9%58
-963
~966
~970
-97a
-9375
-37%
~938
-996
~999
~1011
-t1020
~1027
<1034
1035
~1082
~102
~1048

-7%3
-7

-738
-7318
~734
-710
-70%
-701

-59%
-683
-46M1

~-&7%
-672
-568
-66%
~86%59
649
-652
-638
-636
~632
~528
~624
821
-619
-613
-609
-60%
-%99

.
«
*
1
-

-102
-129
-157
-17e
-188
-198
-~207
-272n
-22%
-2%6
~263
-270
-287
=309
~33s
—34e
-372
-381
~387
-397
-398
-4 04
-410
-416
-a18
-428
-a32
-83&
~-a81
EYY VY
—4a8
~a52
-a453
-457
~866
-aTe
-aT77
-4 89
-498
~50%
~512
-513
-820
-520
-%22
RECQVERY

Q

12
1%
1
19
a3
8
52
53
T8
72
s
81
-1
an
94
108
toi
118
117
121
12%
129
132
134
140
1aa
148
154
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Table 14 SPECIMENS2S TOTAL. ELASTIC AND CREEP STRAINS -- CORRECTED FOR TEMPER ATURE

METER CONSTANTS ( 8
RESISTANCE AT 0.0 DEGREES Fo = 48

TEMPERATURE CALTIBRA,

s
SPEC

TN. CARLSDON METE

CALIBRATED STRAIN RANGE
COEFF, OF TMERMAL EXPANSTON
CONCRETE CONSTANYS
COEFF,., OF THERMAL EXPANSION =

=
STRAIN CALTBRATION CONSTANRT » 8
-
=

STRAIN

NOTE: APPLIED BRTD3E VOLTARE FOR TEMP,

TN CONCRETE UNDER

CONSTANT

10

1

AN ONOFRE

IMEN: SEALED

L8
023 OMMS
A8 FrOMM

oPTiION
6 BY 16 IN.

CHANGFH

1 MIX YC2A

ESTAAS

CONCRETE CYLINDER

IN RFSIST.
«77 MICROVOLTS PER VOLY PER MICROSTRALIN
#5% TO -20630 MICROVOLYS
6.7 MICROSTARAIN PER NERRER F,

6.8 MICROSTRAIN PER DEGREE F.
APOL LED LOAD = METER SYRAINZUL.00¢.11)

AND STRATN READINGS = 2,0000 VOLTS

Cane,

AUTOGENDOUS

CHANGE

STRAIN

METER MO

AGE AT LOADING
TEST TEMOERATURE

STRENGTH ( 28 QAY)
AD P 1ED TEST STRESS
LEVEL OF STRESS APPLIED

SPECIMEN NO.S

I 1A87
d 28
H Ty

5050
2100,
34.7

T 1488
149%

2g~01
DAYS
DEG. Fa

a8y

42
PERCENT
COMP, 3
T3-14
73-15

oF
TR,

..""‘..'l‘.“'.tll'l.ttt‘l.'.t‘..‘kttttt..ttttt.-t.‘t.ttt‘stttt.‘ttt‘.t‘-ntt:‘t.t—----—-—._._-_-n|cnosanln__---_.-_-___._‘

TOTAL * FLASTIC? CREEP &
RAUTOG. $FROM AGE® *
CATED #VALUE & ONE DAYS

DATE

EIESERALREIEEIEE RS

* 2 «1-78
2~16-78
2-28-78

~1-78

~1-78

-t-78

~1-78

~1-78
~1-78
~1-78

“te78

178

~1~78

-1-78

-2-78

~3-78

~4-78

578

~-6-78

~7-78

-8-78

-9-78

3-14-78

I«1%-7R
3~17-78
3-22-78
3-28-78
A-10-72
A-19-78
5 -9-78
5-16-78
5-23-78
$-30-78

6 ~5-78

6-13-78

6-20-78

6-27-7R

7 ~a-TH
T-tt~78
7-18-78
T-25-78
8 «1-7m
8 ~8-78
a-1%-78
3-22-78
8-29-78
9 ~5-78
9-19-78
16 -3-78
10=17~-78
1L ~t-78
t1-28-78
t2-12-78
12-19~78
1 ~3-79
v -9-79
1-23~79%

1-30-79

2 -1-79

-1-73

-1-79

~ir9

~1-79

“-1=79

“1=79

~1-79

~1-79
~1=79

-2-79

-3-79

- =79

-5-79

~6-79

-7-79

~8=79

15-79

20-79

22-79

27-79

-t~-79
3 ~6-79
3-13-79
3-20-79
3-28-79
. ~a-79
4-18-79
5 «1-79
Bw23-79
S-14-79

* 4~14-79

PR P T P N

wn 7 AL LELL LR NNNN YN

MO US 3

MOTE:

* TIME & CONCRETES DAYS *% TEMP o ' METER & TEMS, *% STRAIN READING =% TOTAL
- AGE. % UNDER % READING.*QRESIST.SDEGREESSS MICRO~ * CHANGESS® INDI-
. * DAYS * LOAD e VOLYS * OMNS & Fo -t VOLTS ¢ IN &
EREXRN BRSNS
1000 o SPECIMEN CAST
1ea2 152 -e37108 55410 72.0 2375 ] -]
L1 2649 ~e37047T %8.18 T2.9 2151 -224 T
900 27.96 LOADING BEGINS
990 27.96 -,0007 ~e3GI I 55,33 Ta.a 2189 ~Z 18 -12
900 27.96 SPECIMEN FULLY LDADEG, APPLIED TEST STRESS 2100 °Si
904 27496 O ~e38932 55,33 Thet -7A%6 ~1023% -583
907 ?27.96 22042 -2 36923 55.34 TALS -8328 ~10599 -609
915 2797 « 0097 -+ 36927 55434 TALS ~a5388 -10663 ~52 8
935 27.98 +0236 ~a36924 55438 Ta.s ~RBa0 ~1IR1% AR A
1009 28.01 0472 ~e 36518 55,35 T4 6 -9074 11449 ~692
110 28.04 « 0847 ~e 36927 55.34 Taa.5 -929% ~116T0 -6869
15236 28.21 . 2%3% -+ 36919 %5435 T8 .6 ~9735 =12110 ~690
1703 28.32 3361 ~«36912 5535 TALT -3875 ~122%50 -698
301 2%.92 9883 -.36989 85.26 T3.5 ~108406 ~12781 ~-r2n
830 29.74 1.9785 -a36987 5%.26 3.7 10969 ~(734s -760
Q23 3.0 3.0 ~+36992 5%5.2% 73.6 ~11380 ~13755 -783
1010 32.0 4.0 —a 36992 5$5.2% T3.6 “1166% ~14040 -800
1038 33.0 Sel -+ 36979 $S5.27 3.8 ~-1190% -~t4280 -813
240 33.9 6.0 -e36969 55,28 T73.9 ~1207% ~144%0 ~823
1210 3541 7.2 -« 3696 1L 55.29 T4e0 -y 23S ~14890 -837
204 36.0 8.0 ~a36981 $5.27 73.7 -12433 ~14808 -84
1432 ate2 13.2 ~a 36963 5%.29 Ta40 ~1 3093 ~-15a60 ~881
1621 2.3 14.3 -+ 36935 55.33 Taet -13181% ~15556 ~386
1152 LL TR 1641 ~e 369356 $%.32 Thet «13338  ~t15713 -~89%
1120 491 21,1 -e369873 5.26 73.7 -13716  -15091 -917
1541 5%.2 273 —236947 55431 Ta.2 ~l8128 ~10499 -3940
14 Ml 68,2 0.2 - 36963 S5.29 Ta.0 ~14787 -17132 -976
852 T7?e2 49.0 -e36962 5%.29 74,2 ~-1%5026 «~17a01 -991
L2383 96.9 65.0 ~-36915 %35 Thet -15703 ~-18078 -1030
it 104.,0 7641 ~a369%0 5531 Ta.2 ~1%907 ~18282 -1042
810 1129 83.0 -«36961% 5%.29 78,0 ~16162 ~-19%537 -10%56
832 11 7.9 90.0 —e 36943 5532 T4s3 ~«16319 -16869 -106%
135%% 125.2 97.2 -+ 36960 55.29 Tae0 ~16449 -19824 ~1orz
1122 132.1 10801 ~e36TT 55.28 3.9 ~1658% =-18960 ~1080
AD6 13849 11140 ~e36979 5%5.27 73.8 ~16713 ~19088 -1087
it1e 146,11 11841 ~a 36957 55.30 Ta.l -16838 -~193211 -109s
1003 153.0 12540 -+ 36Q8% 5526 73.7 ~16042 ~19317 -1100
P72 16043 13243 ~e JGILT 54310 Ta.2 ~170%8 <1933 -1107
1642 18743 13943 —+36927 35.34 4.5 ~17183 ~-19528 -11t3
1028 174.0 18641 -+38975 $5.27 T3.8 ~17284 ~19619 -t118
958 1812 15340 -2a36962 5%.29 8,3 ~1 7349 ~1972s ~112a
29 187.9 160.0 ~e36HIAS 55. 3% T84 2 ~t 7396 ~1977t -1126
843 194.9 167.0 ~e369%54 $5.30 Ta.1 -17492 ~19867 -1132
as9 202.0 174.,0 -+ 36963 55.29 Tae O ~-17585 19960 -1137
1ot 209.0 181.0 -+36937 5%5.32 4.3 -1 T608 «19983 ~1139
A32 21%.9 18%.0 -« 36962 55,29 TaLd ~17569 20048 “1142
azt 229.9 202.0 -s36923 S5 34 LTS -171897 -20272 ~“11556
TA4s 288,2 216.2 —e36913 %5.3% TaaT -~18041 «20816 -1163
1685 2%8.3 230.3 —e369%2 55,30 Ta.t =18074 ~208 49 “1163
1550 27 1.2 245.3 ~-e36960 $5.29 Ta.0 -18309 ~20684 -1178
1045 3040.9 2721 -s38996 $%5.2%8 T35 -18879 -20954 -13194
1045 Nia.0 286.1 ~+ 36985 58,26 3.7 ~18726 =-21099 -t1202
1542 3.2 293.3 -+ 36595 5%.25 736 ~1877T4  -2114% -1208%
1101 336.0 30041 -e 3?7028 85.21 T3.1 -1887T86 -212%1 -t21t
16423 34242 3142 -+3698% 55.26 T3.6 ~18938 ~21309 1218
1456 356.2 328.2 -e 36993 %55.2% 736 ~19066 ~21441 -1222
1408 363.2 33%.2 -e 37003 55.24 73.% -19128 ~21499 -31225
1008 36%5.0 337.0 -«37031 $5.20 73«1 «19108 <21479 -1224
1009 36540 337.0 SOECIMEN FULLY UNLOADED. ZERQ APPLIED TEST STRESS
1009 365.0% ~e370863 55.16 T2.6 -1093t -13306 -758
to10 36%5.01 —-+ 37062 s5.18 T2.7 ~$107%1  -13126 ~747
1oy 365.01 -+ 37068 %416 72.6 ~10703 ~13078 ~T4S
1016 365,01 ~e37068 $5.18 Y246 -10676 ~130%51 ~743
1019 36%.01 -+37062 %.16 T2.7 ~10651 <~13026 ~TA2
1206 36%5.09 ~+37088 3417 72.7 ~10433 -12808 -729
1807 368.17 -. 37081 58.18 T2.8 -1037%  ~12788 -726
1612 365.26 ~s37046 55.18 T2.9 ~10306 ~12681 -r22
1051 366,04 ~a37054 55.17 T2.7 ~10ta1 ~12%18 -713
1236 3867.11 ~«37086 58.16 T2.6 ~1001% =12390 ~T0%
3%2 367.7 ~+ 37086 58.13 72.3 -9962 -12337 =702
1021 369.0 ~e3T0A2 55419 T2e9 -987s  ~12281 -698
1508 370.3 3To3r 5%.19 T3.0 -9830 <~12208 -69%
1019 371.0 3ToA0 55,19 T2.9 -9782 ~12157 -592
219 372.0 -+ 37040 38,19 T2.9 ~F748  ~-1211% -590
1601 379.3 =+37012 58.23 733 ~9536 ~11911 -67T8
1003 3I88.0 ~+37040 55.19 T2.9 ~94%5 ~11830 -6T4
919 386.0 ~e3I7040 35419 T2.9 -942% ~11800 -T2
1511 391.2 -«37097 8.12 72.2 ~9376 ~-117%1 ~669
1241 393.1 ~e37108 585,11 721 935t ~11728 ~668
1417 398.2 ~e3T07% 55.14 7298 -9270  ~1164% 863
1326 405.1 ~s 37084 55.13 T2.4 -3226 ~11601 ~660
1549 4122 ~e 37079 SSel e T2.0 ~9156 ~11831 -658
830 a19.9 -+ 37107 5%.11 r2.1 ~9129 -11304 658
1548 427.2 ~e37072 5,15 723 -5092 -1te67 ~553
1011 44t .0 -+37090 5%.13 T2.3 -901e -11389 ~648
1019 4%58.0 -« 37077 S%ela T2.5 ~89%1 -11326 -564%
1848 aT6.2 -+ 37070 55.15 T2.8 -8898 -11269 ~-542
%9 498,90 ~e37048 s%.18 T249 -8831 ~11206 -638
1700 a98,.3 END OF TESY
LOADING Ex 4.1 AT 76 Fo. AGE 28 DAYS (STRESS LEVEL 0 TO 2100 PSI)
UMLOADING E® 5.0 AT 73 F,.. AGE 36% DAYS (STRESS LEVEL 2100 YO @ PSI)

MINUS DAYS UNDER LOAD INDICATES Tismg

WHEN SPECIMEN 1S BEING LOADED

* AVA, ¥

o

QO="00000GO0

-19
-20
~290
-17
~-186
-7
“17
-18
-20
-20
-18
-7
-15
-19
-7
-21
-2t
-22
-22
-23
-23

-23
-23
-23
-23
~-23
-23
-23
-23
-23
-223
-23
-23
-23
-23
-23
-23
-23
-23
-23
-23
~23
-23
-23
~23
~-23
~23
-23
-23
-23

]
-12

-y

~-526
-5%0
~5673
-577
-%N3g
-600
-623
-630
~-657
-8 86
-7067
-722
~734
-743
-7%5
-761
-79%
~800
~ane
-828
-84
-882
-295
-931i
-942
-5 8
-963
-969
-276
~-982
-9A9
~994
-1000
-1006
-1010
~-101%
-1017
-1023
-1027
-1029
~1032
~1044
-1051
~10%2
-1064
-1079
~1088
~ 1089
-1094
-1097
-t108
-3107
~1106

~758
-Tat
-745
-743
~742
~-729
-728
-722
-713
~70%
~r02
-638
-695
~692
~&5G0
-678
~8TA
~-872
-4669
-668
~663
~560
-556
&85
~6%3
~6a8
-84
~642
-638

muUs
CREEP #

-5t 4
~5738
-851
-%56%5
-577
-55 A
~611
~819
-S4 8
-674
-595
~709
~-720
~72a
-741
-747
~T79
-78a
-T91
~80%
-830
-859
-871
~%0s
-9ta
=923
-932
-237
-394
-850
-7
-96 1
-269
-974
-978
-386
~989
~994
-9 8
-399
«1000
-tot2
-1021
-1023
-1037
-1048
-1a37
-1 0%6
~L 081
~1063
-t370
~1072
~1071%

-723
-rr2
=710
~708
~-707
-5
-691
-687
—678
-670
-567
663
~660
-557
~-85%
~643
-639
-637T
-634
-633
-628
-629%
~621
~620
~618
-613
-61 0
-6Q7
~803

AEBLIAEALIEEESL A KCNERR R TR CABRANARRR SRR EREIRZE X DRESROERESRFERE TR TR SRRV ER N

2
-24
-37
-5
-83
-74
-97
-105%
~-132
~“160
-1 83
-19%
-208
-21%
-227
-23%
~26%5
-270
-27Y
-29%
=316
-345
-3%7
-390
-4 10
-4 09
-41R
-423
~-429
~436
~aa3
~aa7
—-a5%
-480
~468
-472
-a7S
EL Y1)
ELE-13
-4 ng
~4 86
-498
-507
-509
-523
-534
~543
~542
~547
ELT Y
-556
~558
-5%7
RECOVERY
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Table 15 SOEC TMENS TOTAL. ELASTIC AND CRFED STRAINS =« CORRECTED FOR TEMPERATURE
OPTION | MIX TCIPA EST4a8
CONCRETE CYL TNDER

METER CONSTANTS { 8
RESTISTANCF AT 0.0 NERREES ¥, » AR

TEMPERATURE CALIBRAA,

SAN ONQFRE

SPFC

INe CARLSON METE

CALIBIATED STRAIN RANGE
COEFF, OF THERMAL FXPANSIDN
CONCRETE CONSTANTS
OF THEDMAL S XPANSION =

=
STRAIN CALIBRATION CONSTANY * 9
=
=

COEFF.

STRAIN IN CONCOETE UNIFR APPLIED LDAD =

NOTE: ASPLIEN BRIDGF VOLYAGE FOR TEMO,

CONSTANT

10

13

ITMEN: SEALFRN

") 3
260 OMNS
«79 F/OHM

CHANGE

& BY 16 INe

IN AESTST,
09 MICROVOLYS PER VOLT PER MICROSTRATN
010 TO =191A0 MICHOVOLTS
647 MICROSTRAIN PER OFGREE &,

648 MICRUOSTRAIN PER DEGREE F.

METER STRATN/{1.004.00)

COMP,

STRENGTH {180 NAY)

CHANGE

STRAIN METER NO.
AGF AT LOANDING
TEST TEMPERATURE

ADM TED TESYT STYRESS
LEVEL 0OF STRESS APSLIFN

SPECINEN NO. S

$o1Le
H 180
* 73

T3-16
DAYS
DER, B,

i 6600 Ps1
t 2100Q. oSt
* 31.8 WFRCENT OF

o1ty
1458

enue, STe.
73-18
73-~19

AAEEEE AR RARERARFE A AR EEREB AR AR S AA D BE AR RKA SR AU SRR R AR R R A S U R AR R S A N R AN I PR AN AN m e e e e M R OS TR AT N e s e e o &
TOTAL * ELASTICH CRFEP
BAYTOGL*FROM ARFR DL US  *

DATE * TIME
»

*
-

¥ AVG.

*

CATED ®VALUF ® ONF DAYE CRFFO &

*
-

.

EEERERE SRR RS EREENERE SRR EBPEES S AR AR MR ERRR AN E RS AR SRS RRSEIRERAERE NS S AREP A ACE SR SAB RS AR EIASEUR AT SRX AN GER AN SR AL AR AL EERKR 2RSS

* 2 -3-78
2-16-78
2-23-78
2-28-78
3 -1-78
3 -6-7a
3-1a-78
3-22-78
3-28-7H
a-10-78
4 QmT7R
5 -9-78
5-16-78
5-23~78
%-30-7%
6 -5-78
£-13-78
6-20-78
5-27-79

-a-78

11=-78

~18-78

“25-78

~1-78

-2-78

-2-78

-2-78

278

-2-78

-2-78

-2-78

~2-78

-2-78

~3.78

“2e78

-3-78

~4-78

%78

~&-78

-7-78

-8-78

-5-78

15-78

23-78

n-78

“5-78

-3-78

10-17-78

1t ~1-78

11-2R-78
12-12~73
12~19-78

Py 2

23-79

30-79

~2-79

-27g

-Z-TS

-2-79

-2-79

-2-79

-2-79

~2wTG

~-2-79

-2-7%

~3-79

~4=79

-5-79

~&-79

-7-79

-8-79

~9-79

1679

-20-79
2-23=-79
2-27-79
3 -2-79
3 -8-79
3-28~79
4 ~a-79
4-18-79
5 -1-79
8-23-79
&-14=-79

* 4-1a-79

S N R NI B R R I W
h

Qopd S
Vst

[
[

NMNNUNNNRNNNAON DN SN NN

MOJULUS:

NOTE:

1009
1442
1421
2086
170%
1034
1334
1120
1581
taat
LY
a1e
Tt
A10
R32
1345
1122
8906
1119
1003
1712
1642
1024
9313
307
304
904
Q0e
Q0%
939
915
Q36
1105
131021
1504
Ata
LAL]
13401
1158
Blt
307
809
1637
CIY Y
Q30
B1s
1835
1536
t340
1026
1036
1804
1418
te37y
ass
820
821
%21
823
a2s
a29
531
1021
t221
1421
1242
348
1026
1518
171a
azs
1001
1051
918
161m
1506
1820
1412
824
1543
1028
1028
1456
aa8
1700

LOADING
UNLOADING

Ex 4.9 AT

70 Faa

AJTOGENOUS
AND STRAIN RFADINGS = 2,0000 VOLTS
* CONCRETES DAVS #e TEMO, * METER % TEMD,,#% STOAIN READING *% TOTAL
AGE, * UNDER %% READINASIESTIST SNFIREESEE  MICRO~ & CHMANTFSER  TNOT-
DAYS * LOAQ *% VOLTYS * OHMS = Fa =%  VOLTS IN [T}
n SOUEC IMEN CAST
13.2 ~. 38993 S%,.2% 71.8 3237 [ 0
29.2 ~+369%1 55,71 T2.4 2954 ~283 18
4.9 -.17017  55.22 Ti.a 2941 ~296 -1%
2643 -436927  $S.3e 7247 2419 -%18 -22
31.0 ~e37002  S%.24 Ti.7 2716 ~%21 -28
39.2 ~:36993 §5.2% 1.9 266% -572 -32
47,1 ~«37011 5%.23 7145 2991 -546 -35
53,2 ~+389R0  5%,2T 1.9 2562 -4 7S -6
5642 ~.37018  8$%.22 Ti.e 2461t 778 -a2
8.3 -~ 186997 8m,2% Ti.T 2391 348 -a5
94.9 ~.36949 55,31 724 2228 -1009 -58
102.0 e 16980 5%.27 72.0 21864 -1769 ~%g
108.9 ~+38981 55,27 1.9 2101 -1136 -62
11%.9 ~«30981 55,27 71.9 20585  -1182 -64
123.2 -~s36000 898,25 71.9 1989 -1248 -58
13041 -437009  55.23 71.5 1927  -1310 -7t
116.9 -.37009  S5%.27 Ti.s 1893 1344 -73
13841 -+36987  S5.76 71.9 188% -1382 -73
151.0 ~.3702%  $5.2% T3 1RatL -1198 -76
1=A.3 ~+36985  %%,2% 71.9 1218 ~1421 -7
165.3 -.36972  55.28 7241 1784 -1a%3 -73
172.0 -437012 %%5.23 71.5 1755 <1482 ELY]
179.0 ~e37013 %5.73 1.5 1722 -1%1% -nz
179.9 ~+36998 5%.25 Ti.? 1690 -t15a7 -Ra
179.96  LOADING BEGINS
179,96 <,0077 -.36099 45,24 717 1796 ~1%731 -83
179,96 SOEC IMEN FULLY LOANED, AROLIFN TEST STRESS 2190 251
179.96 0. ~.36997 S5,2% Ti.T -7103 -10340 -353
179,964 A1) 436997 85,2% 7.7 -7286 ~12%23 -578
179,97 +0069 ~.36994  8%,2% Ti.m ~7383  -10520 -543
179.99 0215 ~.36998 58,29 V.7 ~7%47 ~10779 ~592
180,05 0833 ~. 15998  55.2% 1.8 -7771  ~1t1708 -57a
1A0.13 1653 -«37301 55,24 1.7 ~TA07  ~1t1as ~512
180,21 2872 «237003 S%.24 71.6 -79m9  -11226 ~516
180.93  .9848 ~.A7011 55,23 1.5 ~8308 ~11%41 ~534
181,93 1.9660 ~.37016  5%.22 Ti.s ~8%513 -117%0 ~645
193.1 3.2 -+ 36995  3%5.2% 1.7 -8662 -11399 -65a
1881 a.l ~a3AB86 BB .26 T1.9 ~8756 -119¢3 ~555
tAe.9 5.3 -~ 3AART 55,26 1.9 ~mA7% 12113 FLLE
188,90 6.0 37005  %%.2a 716 ~89te  -1215t 587
1869 7.0 -.17008 55,74 Tres ~9091  -1223a ~-572
194,73 1443 -.37012 %%5.23 1. ~cans 12642 ~694
2310 21.0 ~437006  S%5.23 7.8 ~9678  ~12915 -rae
23840 29.0 ~a34897 95,25 Tr.m -gart  -131708 -724
213.0 38,0 ~.37006  S5.24 1.6 -17106 -133a3 -733
242.2 62,2 ~e36975 585,27 72.0 -10681 -i3918 ~r65
25643 7643 -.36092 88,25 1.3 ~10881 -13118 ~776
271.2 91.3 36995  S5%5.2% Tt.7 ~11031 -147268 -78a
298,17 11841 37081 5=.18 7149 ~1147R 14718 -808
312.0 13241 - 37077 SS.14 T0.6 -1158t -18818 -ala
319.2 139.2 ~e37076 s5.14 0.6 ~11723  ~{a940 “R22
340.2 16042 ~+37084 S5.18 70.% -11928 -15t62 -833
354,72 17,2 ~+37091 35413 70.4 ~-12030 -15767 ~839
W10 181.0 ~e37128  SR.08 70.0 ~12169 18188 -3a5
363.9 184.0 ~.37115 S5%.10 7041 ~12174 —1%811 ~387
363.9 tRe.0 SOFCIMEN FULLY UNLOANEN. ZEO0Q ASDLIED TEST STPESS
363.93 -+37115 55,10 7041 EYS LY SRS Y1) -1 7
363.93 ~e37112  5%.10 0.1 ~4%26  -Tas -409
363,93 ~e37112  %%.10 7041 ~a188 7421 -407
363.94 ~a37112  %%.10 70.1 ~4189  -7396 -306
363.94 ~.37112 55,10 0.t ~4129  =7366 ~s04a
364,01 -«37116 55,09 701 -3912 -7ia9 ~302
364,10 ~s37112  S%.10 70.1 ~3981 ~7009% ~389
I84.18 ~e37116  %%5,09 0.1 -3782 -7019 ~18s
36%.11 “e37118 85,09 Th.t -353%  «5772 -371
385,78 -.37118 55,79 0l ~34%7  -6608 -367
387,02 ~«37118  %%5.09 70.1 ~3319 -8%556 ~-389
368.2 ~e37111 55.10 7041 -3239 6478 -355
369.3 ~«37102  %%.11 70.3 -3211 ~5ean -3%4
370.0 ~e37106  S%.11 0.2 ~3142 -5379 -3%0
37140 ~e37111 55.10 0.1 ~3101 ~633m ~387
317840 ~+37086  3%.13 70.5 -2891 -6128 ~336
382.0 -e37118 95,10 0.1 ~2802  -6039 ~33¢
385,3 ~a37047  S8,18 Ti.3 ~2685  -5923 ~32%
389.2 -+37066 %8416 .8 ~2%76  ~5813 ~319
392.2 ~.37071 55.1% T0.7 ~2576  -5%13 ~319
396.2 ~e37076  %8.18 70.6 ~2%38 =577 -318
417.9 ~+37073  %S5.18 T0.T ~2316 -5%553 ~304
.25.2 ~e37086 58,17 0.9 ~2329  -5%66 -30%
439.0 -.37062  %%.18 76.9 ~2324 8561 ~30%
4s2.0 ~a37088 58,17 70.9 -7296¢  -S531 ~303
.74.2 -.376%82 S5%.18 71.0 -2036 -5273 ~289
49%.9 ~a37030 $5.20 71.3 -1934 -51 71 ~-283
496.3  END OF TEST
Ex 4.3 AT 72 F.., AGF 180 DAYS (STRESS LEVEL 0 TO 2100 eSI)

AGE 364 DAYS (STRESS LEVEL 2100 TO 0 PSI)

MINUS MAYS UNDER LOAD INDICATES TIME wWHEN SPECIMEN IS BEING LOADED

©

4

1

BN i
PPUANN W~ OO NN N~NO = =wmd~~000CI

-a

L]
-5
~15
-22
-28
-30
-35
~386
-2
~a6
-%%
-58
-62
-6
-85
-71
-3
-73
-76
~?7
79
-a0
-82
~ne

~%69
~573
~5ay
-592
~Ada
~A12
~&16
~638
~6as
~654
~859
~66%5
~6& 7T
-577
~434
-709
-726
-733
-TAS
T8
~78a
-a0a
~814a
-"33
-8733
-839
YY)
~847

-417
~409
-40T
~806
~a0a
-392
-389
-385
-3
-X&7
-359
~3585
—-354
-35n
~3a7
~338
-331
-325
-39
-319
~316
~304
-30%
~30%
-303
-289
-283

o
-48% 0
-8 -19
-%00 -5
“509 ~24
-520 -35
-s28 —az
-8 —an
-552 -&7
~563 -8
~572 ~a7
~-877 -92
-%az -97
~%36 -101
LT -113
-613 -128
~62a ~139
PEIYN -183
-6%50 ~165
-682 -1a7
-5 94 -299
-704 -219
-72a -279
~733 ~2a8
-737 ~287
-747 ~262
-752 -267
-758 -273%
~ 150 -275
RECQVERY
~330 a
-322 3
=320 10
-39 1
~-317 13
~ns 2%
~302 4]
-298 32
~28a 6
-280 S0
-272 =a
-258 LX]
267 63
-263 67
“260 r0
-249 [-33
244 86
-238 %2
-232 98
-232 1]
~229 1291
-217 113
-218 t12
-212 112
-218 114
-202 124
“196 13s

Thea 2
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Table 16 SOECIMEN2S TOTAL., FLASTIC AND CHEED STRAINS -~ CORRECTED FOR TEMPREO ATYURE CHMANGE
SAN ONOFRF OPTION 1| MTX TCIPA ES7aaR
SPECIMENT SEALED K AY 16 IN. CONCRETE CYLINDER

METE® CONSTANTS ( A [N. CARLSON METEP}

RFSISTANCE AT 0.0 NEGREES F. = 4R.53 NHMSG STRAIN METFR NO,. @ 1497 73-17
TEMPERATUSE CALTARA. CONSTANT = 10440 F/0WM CHANTGT IN RESTST, AGE AT LOADING K 1A0 DAYS
STAAIN CALISIATION CONSTANT = B.A3 M{CHEAVOLTS 269 VOLT PEQ 4ICROSTRAIN TEST TFMRERATURE * T3 NEG. T
CALIBRATFD STRAIN RANGF = 1136% YO -21153 MICROVOLTS
COEFF, OF THEOMAL SXPANSION z H47 MICPNSTRAIN “EP DEGREE F. COMP, STRENGTH (IR0 DAY) ' 6600, est
* CONCRETE CANSTANTE 1 APOUIRN TEST STYRFSS T 2100 A%l
COSFE, DF TWEQuAL ¥ XBANSINON = 6.8 HMICROSTRAIN PERP DESRRIFF &, LEVEL OF STRESS APOLIED V4B ODEBCENY CF
STQAAIN I[N CONCRETE UNDER APPLIED LMNAD = MFTFP STRATN/(1.00+,001} CoMP, STR.
AUTORENOUS SPECTMEN NOL,§ T 1117 73-18
NQTE:D APGLIEN 3ARIDGE VOLTAGE FOR TEMD. 8NO STRAIN READINGS = 240700 VLTS 1495 73«19
:tt.gnna:ctctantt:n..:tt‘ot-a-xt‘::tttt—-nt-t-.:a:-attt-t‘t.t-:s-::xt.:-:tt-«ta.ttt--------------.u1cnosfen(q--—_--_-----—--u
DATF * TTWE * CONCRETES® DAYS % TEM®, * MFTER A TEMO,  $% SYDAIN READING %% TOTAL ® AVGe * TOTAL * ELASTIC® COTED «
- = AGE. & UNDFS €% BEADING.#RSGIST, 8NFGUFESER  MICRO~ & CHANGE®S [NDI~ *AUTOG.SFROM AGHE® LUS & *
* - NAYS ® { AN ww VLTS ® MeEuG * LN 2] VLTS L] ™~ =% CATFNR SVALUF % (ONF NAYS CREES * *
“l-ttttﬂ.ttt‘.“tttcllltttt“tttt‘l"‘t.t."‘ltllt-tt‘ttt‘tv.lt-t“ttttt"tlt'ttntt‘lttttlttt‘ttlttt!t".ttttt‘tt'l"ttttt‘a
2 2 =378 1020 o SOECIMEN CAST
2«16-TH 1442 13.2 ~a3I7093 5512 Tie2 14850 1 o o
2-33-78 1421 20472 -a 37066 LTS R, | Tle9 1880 -t 69 -9 -9
2-28~7H 96 24.9 -s37117 5%,09 7049 14886 -203 -10 -10
3 -i-78 1745 263 -«3703a 55.20 7240 1461 -1 R8 -10 -10
3 T8 1034 3.0 -«37067 G516 Tlef 142a ~-22% -t2 -12
3-ta-78 1838 39.2 —«37061 SR 16 Tis6H 1432 -237 -12 -12
3-22-78 1120 ATl ~+370639 G516 T1.5 1162 -287 -t5 -15
A-28-78 1548 53.2 ~e3T7047 35.18 TteA 1343 -390 -17 -17
an13=-7R 184 6602 -e.37073 55,15 T1e5 1265 -84 -21 -2t
4-19-78 852 75«2 ~2 37062 %518 Tieh 1217 -4 32 -2 4 -28
5 =9=78 ats 4.3 ~e 37108 55784 T2.2 1z -522 ~29 ~29
S-16=-7F 11 122.2 -e370%7 ®8.20 T2 1107 -342 -3 -9
B=23-78 810 19%2.9 ~s 37043 55.19 T1.9 10858 -5 564 -~ -1
S-30-78 A 32 1159 ~ea370373 3%+20 722 1072 -577 -32 -2
& -6~78 13565 123.2 -2 37050 5518 718 1081 -6 08 ~-33 -3
LERRER] tr22 1231 —e 27361 ®E.1F AR R 1037 -519 ~3a ~34
£=-20~-78 304 1369 —«37069 55418 TieH 1028 -523 “38 -8
G278 t119 ta4.l -.37087 %5.18 7i1.8 t03s -f1a -4 -ta
? ~a-78 1003 15142 ~e¥TOARZ 5%.148 Tiea 1316 -5 33 -3% - 35
Fetr~TR 1712 158.3 “e37NAT 5518 Tie8 12315 -5 18 -218 -3%5
?-18-7A 1ha2 16543 ~a 37027 55420 F?eD vax ~587 -36 ~36
7-26-TA 1029 17247 ~+3707% 5.1 S Tie5 11920 -5 29 =35 -5
8 =1=-7R 333 179, ~e37083 55.17 7149 1017 -5 32 3= -35
R wgeTR R07 179.9 ~«17041 S%.19 1.9 190% -5 aa - 35 - 35
* 8 -2-78 KDL} 179,34 LOANING AFGINS
” -2-78 a0 173,96 -,2007 ~«37048 3519 Tia" a9 R85 -is o -36 o
* A4 ~2-74 Q0a 179.98 SPEC IMEN FULLY LOADTY, 4PP [FD THST STOFSS 2107 PSI
B -2-73 935 179,94 D ~e 37042 55,19 Tta9 -rR31 ~3480 ~536 o -53% -500 Q
a4 -2-7A 239 179.236 «002% -« 37042 5519 T1e9 -rAy -5 30 -544 2 -58a =508 -a
8 -2-7H 915 179477 « 005 -2 37339 5%5.19 T2 -A66 -a7is ~5a9 2 ~Baq -%13 -113
B ~2-7H 236 172,98 D215 s 17T0&L w510 Tle9 -a27y -8R0 ~589 o ~559 -823 -23
a -2-78 {108 130495 L ~+37029 5% .19 TP 2 ~-8a53 -17102 ~571 -1 -571 —-53a ~-1a
8 -2-78 1103 tA241 «1AS3 ~a37046 55,18 7te9 ~R&A1 -19210 -517 -1 -Grr -5an -a0
3 ~2-78 1591 180,71 2872 -+ 37047 S%.19 7t.9 Ak -10287 382 ] ~582 ~546 -a6
] ~-3-7R ats 190.93 - 9626 « 37056 LTS Ti." ~RAIE  ~1058% -KaA t -5 08 -85 =63
A -a-TH 216 181,93 1.9560 -a37061 58,16 Tieh -3135 ~-1n78a ~510 1 -410 -575 -7%
y 3 ~5-78 1201 1R3.1 T2 “e37040 55419 71.9 -9285 -1393a 513 1 ~“51R -537 -1
3 ~&-73 1154 1Ra .1 aui ~+ 37034 5520 rP.0 ~@386 ~11715 &2 1 62X -%ga -88
B ~7~78 LBR} 184,93 5.0 ~«37030 5Re2M T2l %476 -1112% -529 o -529 -592 -93
8 ~3-78 RO7 18,2 5e% ~e1TOST ARt R 71,9 -a%7a =117y 632 2 632 59 A -8
3 -2-78 309 126,39 7«0 -+ 37086 5%.18 Tle® B att] ] «11250 ELAL -t ~636 -Ra9 -99
A1 6-TH 1637 194.3 1443 ~e370852 55,19 7T1.R -1g9%  ~11644 558 2 ~H%a -H24 -128
Bw23-TR Ve 2312 2140 ~«37G51 ELERR ] Ti.8 ~10283  -11337 475 -2 RLRA -537 -137
A-30~78 333 20847 2840 -+ 27037 58427 7243 ~117536 12185 -HARY 1 -6A9 ~65A -154
3 ~K-78 a8 21 3.9 3a,2 -s370a8 SEelR Tiad ~136A6 -1211%8 -534K 0 -6 Q% 660 -160
19 ~3-78 1435 262,2 5242 ~e37102 56.11 Tiat ~-11229 ~-12978 -728 k] -728 ~h32 ~19?
173=17~78 1635 863 THe3 -e17040 55.19 Tieq -11a01 -13050 -738 1 “73R ~-r03 -?03
‘ 11 -1-7A 1540 212 1.3 “e 170132 55.70 T2« -11528 -~13173 -Ta5 3 -T7a5 -712 -212
! 11-28-78 1025 298,32 11441 ~e37081Y L TR 71.3 -11787 -1131632 -771 -1 -771 -73a ~234
17~12-78 1336 1127 13241 e 17097 85412 T1e2 -12988 ~13733 -7T? 2 -r7? -7032 243
12-19-78 1504 192 139,2 ~a VTNQA 85412 Tte2 “12229 -1186Q 784 -2 -784 -Ta6 -2 8K
1 -3-79 1253 340 1541 237181 55,05 F0.4 -127168  ~j1any7 -773 -2 -TQ3 -758 -285
1 -9-vC 1ais Ja3.2 16N 2 ~e37102 5Se11 T1ei -12830 ~1an73 ~796 -3 - 796 ~-?%7 -257
t=-23-72 1337 35442 178.2 -.37098 w812 7lel =-12570 ~ta4t7S 802 -4 ~Ra32 -762 -262
1-1310-79 EA-T3 341D 12,0 —s 37130 R84 34 TNa6 12587 ~ta30s ~ana -4 ~R09 -TRS -259
2 =279 82n 83,9 136.0 —«371a% 3%. 086 T0.5 ~1 26689 ~1471R -A10 -a ~-310 -?70 -270
* 2 ~2-79 %21 363,35 184,00 SOECIMEN EULLY UNLOADEN, ZFRG ANHLYTFD TSST STRFSS [FCIVES Y
2 ~2-79 21 363.93 ~eATIRS 55 . 0% 7048 ~a7945 ~haas -364 -4 -366 -32a el
2 ~2-79 821 363.93 -« 37152 %8 .15 T0ed “ata9 ~62G8 -3%6 -a ~356 -316 L]
2 w2w7e L3 TA3.93 ~+37152 5%, 3% TN -aKRQ% -’52 G -353 -4 ~33%3 ~313 11
, 2 -2-79 n29 353,94 ~-~e371%2 5%5.0% 70e4 -a%at -5230 -352 - -3%2 ~-312 12
' 2 -2-79 431 I63.9e ~s 17152 25435 T0.a Rl 331 ~#%2 0% -353 - ~380 “-310 ta
2 =279 1021 B4 D1 -+ %7143 35,06 705 -43735 -5984 -33a -4 ~338 -298 24
2 =279 1073 364,32 “v37143 85,08 T0e3 -a342 -5991 ~318 - ~323 -29%8 246
2 -2-79 17221 168,10 ~a 37132 LT Nhd T0? -aAs -85 -235 -8 ~33% -295 29
2 ~2-79 1421 I%a,1 8 ~e 37136 58,07 T0ek -A 255 ~5904 «~333 e -333 -293 3t
2 =3-79 1?7493 365.11 ~e37153 $%5.09% TheA «397) ~-56 13 -37 - -317 -277 L4
? &7 3a5 165,74 -a37158 5%5.08 P03 -3875 -55 24 -2 -a -312 -272 32
2 «&-T% {029 3aTeD2 “e37138 3517 TOeb -37%52 -%8 0t . -30% -4 -30%5 -265 5
2 ~&-7Q 1518 368,.2 ~+3712R RB.Om 707 ~3I867 -%311 ~-300 -4 =300 ~26Q 64
2 -7-79 105s I69.0 ~e371 15 55.10 TC.3 -36as ~%5293 -299 -8 -299 -269 65
2 «w8=78 92e 37040 -e3712% 5%.99 NS “3567 5214 -20a -4 ~204 “2%4 *0
2 «%-79 1701 371.0 -« 37133 55.07 T0.7 ~3537 -51 86 -293 -4 -293 -253 r1
: ?=16-79 10%1 378.0 ~+37113 55.10 TCa® -3 -a950 ~2A2 -a ~-280 “240 L3
2-20-79 918 3R2.0 ~+3713%9 5%, 05 PO -322% ~aA 74 -27s -8 -278 -33%5 8%
2w23-T9 1618 18%e3 -=37110 585.10 Tt1.0 -31t1 - 750 -2r9 -t 2R3 -229 Lk}
3 -2-79 1420 3I92.2 -<37121 55,09 T0.8 -3011 ~4860 «263 -4 -~263 -223 121
3 -6-73 1412 ~e37123 5%.09 T0.A ~2949 ~4598 -249 - -2%59 -2ta 108
3-20-79% (5. T 11 ~e3711% 55.10 0.9 ~2777 ~e8 25 259 - ~2%0 -210 11e
4 ~4=79 1543 ~-a37119 55409 T0.R -2740 -8389 ~287 -t ~247 ~-207 1ty
A-18-T9 1024 ~esX7125 55.08 708 ~2728 -7y ~287 -4 ~-287 -2037 117
% ~1-79 1328 -e37117 88,09 0L ~26R/0 -8%138 ~245 - -245 =205 119
5-23-79 1456 ~«37118 5510 0.9 -2%38 ~al1 83 -236 - -2386 -196 128
HulA=TH LT} ~s37092 55.12 Tle2 ~2a831 -4980 ~230 - -230 -190 138

END OF TEST

6= 1473 1700

MONULUS: LOADING Tz 4.2 AT T2 F.., AGE 180 DAYS [STPFSS LSVFL o TO 2100 2871)
UNL DAV ING Ex 4.7 AT 70 F.. AGE 364 DAYS (STRESS LEVEL 2100 TO O PST)
NOTE: MINUS DAYS UNDEP (OAD INNICATES TIME WHEN SOECIMEN 15 BEING LOADED

-
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Table 1759&!'8“‘5 TOTAL, ELASTIC AND CREEP STRAINS ~— CORIECTED FOR TEMPIRATURE CHANGE
OPTYION [ MIX TC2A ESTea
CONCRETE CYLINDER

METER CONSTANTYS ( 8 IN.

SAN
SPEC M

CARLSON MEYER)}

RESISTANCE AT 0.0 DEGREES F. = 48.1

TEMPERATURE CALIBRA.
STRAIN CALIBRATION COMSTANT

CALTIBIATED STRAIN RANGE
COEFF.,
COMCRETE CONSTANTS
OF THERMAL £XPANSION - G

COEFF.

STRAIN TN CONCRETE UNOER APPLIED LOAD

OF THERMAL EXPANSION

CONSTANT

* 108
= 8.9
= 933
- G

NOTE: APPLIED BRIDGE VILTAGE FOR TEMP,
*

ONOFRE
ENT

¢ OMmMS
3

SEALED

6 8Y 16 IN.

FAOMN CHANGE IN RESISY.

8

0 MICROVOLTS PER YOLT PER MICROSTRAIN
% TO ~24170 MICROVOLTS
T MICROSTRAIN PER DEGREE F.

8 MICROSTRAIN PER DEGREE ¥,

= METER STRAIN/(1.004.00)

AND STRAIN READINGS = 2,0000 VOLTS
(1]

conp,

STRENGTYH (180 DAY)

STRAIN HETER NG.
AGE AT LOADING
TEST TEMPERATURE

AP TED TEST STRESS
LEVEL OF STRESS APPLIED

i 1890
T 180
B T3
3 TD80.
T 2100e
: 29.8

AUTDGENQOUS SPECIMEN NO. % @ 1488

149%

T3-12
DAYS

DEGe Fa

PSSt
PSt

PERCENTY OF
TR,

cono,
T3~14
TI~1 S

hid ane TCROSTRA T N v oo on s st s o o e
OATE & TIME & CONCRETE® DAYS &9 TEMP, ® METER » TEMO,.#8 STRAIN READING % TOTAL & AVG. ® TOTAL * ELASTICH CREEP ¢
* * AGE., ® UNDER #3 READING,SRESIST.SNEGREESES MICRO~ # CHANGERS INOI~ PAUTOG.SFROM AGE® PLUS & *
* * DAYS ¢ LOAD #% YOLYS & OrNs  * Fo ®% VLTS * 1IN ®s CATED *VALUE % ONE DAY® CREER ® -
EnREES BERESERESA & L L] -
* 2 ~-1-7T8 10500 ] SPECIMEN CASY
2+16-78 1642 1%5.2 ~+37168 $%.03 T2.0 ~1181 1 [ o
2-23-78 142t 22.2 ~-s3T128 35.08 T2.5 -1366 ~204 -11 -1t
2-28-78 A0 26.9 Te3ITES2 55,05 T2.2 ~1433 -27 “14 -18
3 -1-78 1705 28.3 -«37082 535.16 T3.s ~1419 -2%57 -1 4 -14
3 ~6-78 1034 33.0 -+37118 5%.09 T2.7 ~1a8% -323 -17 -17
3-28~78 158t $%5.2 ~e 37097 58,12 73.0 -17%8 ~592 32 ~-32
3-14-78 1438 41.2 ~e3T116 55,09 T2.7 ~-t579 -4 17 -22 -22
3-22-78  1t20 9.1 -.37128 55.08 T2.8 -160886 -5 26 -28 -~28
4-10=78 1848 68.2 -+ 37131 55.08 7245 -1889 ~-r27 -40 ~40
4~19=78 8%2 779 ~e 37114 5%.10 T2.7 ~1900 -738 -41 -4l
% ~9~-78 814 96.9 s 37064 55416 T3.4 -1994 ~832 -46 -46
S~16-78 1111 10440 ~e37092 5%.12 73.0 -202% ~863 a8 -48
5-23-78 ai0 1409 e 37091 5513 73,0 ~2038 -873 -4 8 -.n
S~30-78 832 1179 ~e 7093 %.12 T30 ~2048 ~8 84 -9 -4
6 -6~-78 13585 12%.2 -+37108 535410 T2.8 -2080 -8 ~51 -5
6-13-78 1122 1321 -s37119 5%.09 r2.7 -2118 ~-353 ~-53 ~%53
6~20-78 a0s 138.9 -+37121 5%5.09 TZe6 -2113 -9%51 -52 -82
Ae27-78 1119 14641 ~e3710% $5.11 72.8 ~-2096 -9 34 -52 -52
T -4-78 1003 1530 ~e37140 55.06 T2.4 -2078 -3 18 -50 -50
?-11-78 1712 16043 ~s 37100 85,11 T2.9 -2t02 ~380 -52 -82
T-18~78 1642 167.3 = 37089 55,13 73.1 ~2113 -351 -53 -53
r-2%5-78 1029 17840 ~s37130 $%5.08 T2.5 ~-2104 =942 ~52 -52
T7-31~-78 826 179.9 -+ 37136 4$5.07 TRa44 ~2093 -3 -51 -51
* 7-31~-78 1055 18008 LOADING BEGINS
7-31-78  10%S 180408 ~.0007 - 37131 5%.08 T2.9 -2060 -898 ~a9 o -49 ]
* 7-31-78  105% 180,04 SOEC TMEN FULLY LOADED. APPLIED TESY STRESS 2100 #S1{
T-¥-~78 1055 180404 0. =237129 s8.08 72.5 10817 -9258 -519 a -519 -4T0 ]
?-31-78  10%8 180404 «QOla “««37131 %%.08 7225 -10%2% 9366 -52% 1 ~525 -477 -7
T-31-78 1106 180.08 « 0069 ~a37128 $%.08 TS -10796 ~96 34 ~540 Q ~%540 ~491 -2t
F«31-78 1112 180.05 <0111 ~e3T128 55,08 725 ~10836 -38 78 ~54 3 1 ~%43 -43% -2%5
T-31-78 1300 15012 0861 ~e37126 35.08 T2+6 «“11%06 ~99 4s ~5%8 1 -858 ~-510 -40
r-3-78 16S% 180429 *«2493 ~a37123 5%.09 T2.6 -11306 ~10144 -569 1 -569 -52% -5t
8 -1~78 933 180,992 3824 ~e 371386 $5.07 Y28 ~11%63 ~10401 -583 1 -583 ~53% -85
8 «2-78 ao7 18192 1.8826 -w37121 %5.09 T2+6 «“11763 ~10801 ~59% 1 -59% ~587 -7
8 -3-78 821 182.9 249 “«~a37136 58.07 T2.8 ~t1906 ~10744 -603 2 ~603 -8%6 - "6
B ~&-78 815 18349 3.9 ~e37138 55,07 T2.4 «12008 <~10846 -508 2 -6 0% ~-561 ~9t
8 ~-5-78 1301 185.1 Sel —e37121 55%.09 TZe8 ~12106 ~10944 -5t 2 -6ia ~586 7 -37
8 ~6-78 1154 186a1 5.0 —»37128 5,08 7208 ~12174 11012 -518 2 ~518 -571 ~101
8 -7-78 (181 186.9 4.9 -+ 37107 ELTRR) T2.8 ~12231  -11069 -&21 1 ~621 ~573 -103
5 ~8-78 307 187.9 Te9 -+ 37122 $%5.09 126 -12264 ~tt102 -623 2 -623 -578 -106
Gl %78 a0s L198.9 149 -237139 5%5.06 T2e4 ~126%% ~11493 -545 1 -6a% -597 -127
8~21~T7T8 1630 2013 21.2 s 37133 58,07 ke X3 ~12883 ~11721 -858 1 -5658 -610 ~1a0
8-28~-78 1544 208.2 282 ~-e37120 55409 T2.7 «131286 ~11964 573 -] 67T ~622 -1%52
9 ~S5-78 ars 218.9 35.9 -+ 37128 45,08 2.5 ~13306 ~12L 44 ~681 -2 -681 ~530 ~160n
10 =3-78  1a3% 2a8.2 68,2 - 37092 35.12 73.0 -13821 -~126%9 -710 0 «-710 -5661 -19t
10-17-78 1836 2%8.3 78,2 -+ 37112 5.1 0 T2.8 ~16014 -128%52 -721 1 -721 -673 -203
It ~1-7T8 {540 273.2 93.2 ~e37122 5%409 T2.6 =18116 ~12934 -727 3 -r27 -881 -211
11~28-78 1026 300.0 120.0 —e37183 %S.01 7.8 ~14%6% ~13403 -r82 -1 -r42 -702 -232
12-12-78 1036 314.0 134.0 ~e3720% S4.98 T1.5 ~180649 ~i{3a87 -r8y 1 -7%7 -709 ~239
12-19-78 1%04 321.2 141e2 ~e37T198 54,99 16 ~18479% -13633 -76%5 -3 -76% -713 ~243
1 -3-79 1053 33620 15640 -e372686 S4.90 70.7 -1 4927 -13768 -r72 -3 -T2 -720 -250
1 -9~79 1414 342.2 16244 ~eIT209 4,98 Tta% ~14998 -13832 ~776 -4 -r7r6 -723 -2%3
1«23-T9 1437 356.2 176.,2 ~e 37211 S4.97 Tled -15098 -13934 -r82 -4 -782 -729 -2%9
2 -1~79 1029 365.0 185.0 “eIT246 S4.93 Ti1a.0 «1%208 <14043 -r88 - -788 -T3a -264
* 2 «1-79 1030 365.0 188,90 SOEC IMEN FULLY UNLOADED. ZERQ APOLIED TEST STRESS RECOVEIY
2 -1=-79 1030 36%5.02 -« 37244 54.93 T1.0 -T7707 ~5%45 -367 -5 -~367 -313 o
2 -t-79 1332 36%,02 ~e372%4 S4,92 70.8 ~7480 ~5318 ~354 -5 ~354 ~300 13
2 ~1~-79 103 368,02 ~s37269 Gh.92 70.9 -T437 ~527S -3%51 -5 -3%1 -297 16
R ~t~79 10¥7 365.03 ~e37284 $4.92 T0.8 ~T&10 ~624a8 «-350 -% -350 -296 17
2 -1-79 1040 38%.03 ~e3T7 249 %4.52 70.9 -7387 ~-522% ~349 -5 -349 -29% 18
2 ~1-79 123t 385,10 -237248 84,93 71.0 ~7180 ~6818 -337 -5 =337 -283 30
2 ~1-79 1527 36%.23 ~+37282 54.93 Ti.0 -7078 -5914 -331 - -331 -277 38
2 ~2+T9 1034 386402 ~=37228 3,95 1.2 -~6830 ~3668 -317 -5 -317 -263 50
2 -3-79 1280 367,11 e 37243 34,93 Ti1.0 6705 ~5%43 ~310 -5 ~-310 -2%6 57
2 ~4-T9 3a8 367.7 - 37251 4,92 T0.9 -~6643 ~-5483 -307 -8 -327 -253 60
2 -8~79 1026 169.0 ~+37223 84496 Tied ~6530 ~%368 ~301 -5 ~301 ~207 66
2 ~6~79 1818 370.2 ~e3IT20N 54 .98 Ti.S ~64 TS ~5313 -297 - -297 -243 r0
2 -7-79 1014 I71.0 ~+37200 S4.99 Tle8 ~8aT1 «5309 -297 -5 -297 ~243 re
2 -8-79 924 372.0 ~a 37204 4,98 TtaS -638% -5223 -292 - -292 -238 rs
2-1%-7T9 160% 379.3 ~a37168 55.03 T2.0 6113 ~4953 -2T? - -277 -223 20
2-20-79 918 384.0 ~e37214 B4.97 Ties «6063 -3901% ~-274 -5 -274 ~220 93
2-22-79 912 388.0 -e37213 497 Tles ~5910 ~a748 -2606 -5 266 ~212 101
2=27-79 18506 391.2 ~«3T191 5%.00 Tie? ~38%0 -85 88 -262 -5 -262 -208 108
3 ~6~T9 1812 398.2 -»37178 55,02 Tle9 ~5800 ~48%38 -260 -5 ~2860 -206 107
3-13-79 1313 408.1 AL 14 8 4%5.01 T1.9 -560% ~4843 ~249 - ~249 ~19% ils
3-28-79 828 419.9 ~+37181 $%.01 Tle8 ~8872 ~4810 ~287 -5 ~247 -193 120
4 -4=T79 1%a3 az7.2 - 37178 55.02 Tie® -&857T -sals -247 -s ~247 -193 120
4~18-79 1024 441.0 ~«37180 88,0t 7.8 ha 110 ~4422 ~247 -5 -247 -193 120
s ~1~-79 1026 54,0 ~e37170 5$%.03 T72+0 -555a ~-4392 ~246 -% -246 -192 121
8-23-T9 1456 4762 ~a3TLTO 58.03 7240 -517% ~4017 2298 -8 -22% -171 142
H-L4=-79 Bag A9T.9 ~«37150 5%.08 2.2 ~%5068& =3908 ~-218 -5 -1 8 -164 149
¥ S-18-79 1700 498.3 END 0" TEST
MODULUST LOADING Ex 4.5 AT T3 F,., A5GF 180 OAYS (SYRESS LEVEL 0 YD 2100 PSI)
UNHLOADING Ex %,0 AT 71 F., AGE 365 DAYS (STRESS LEVEL 2100 TQ 0 P»Si)

NOTE:

NINUS DAYS UNOER LDAD INOTCATES TIME WHEN SPECIMEN IS SEING LOADED

—be”
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Table 18 SPECIMENSS TOTAL., ELASTIC AND CREE® STRAINS -- CORRECTED FOR TEMPERATURE
SAN ONOFRE QPYTION | MIX YC2A E357448
SPECTIMENT SEALED 6 BY 16 INs CONCRETE CYLINDER

METER CONSTANTS ( 8 IN. CARLSON METER) 3
RESISTANCE AT 0.0 DEGREES Fo = A8.4%5 OHMS
TEMPERATURE CALTSRA, CONSTANT = 10448 F/OMM CHANGE [N RESIST.
STRAIN CALIBRATION CONSTANT = B.96 MICROVOLTS PER VOLT PER MICROSTRAIN
CALIBRAYED STRAIN RANGE = 9127 TO -24150 MICROVOLTS
COEFF, OF THERMAL EXPANSION x
CONCREYTE CUNSTANTS =
COEFF. OF THERMAL EXPANSION - 6.8 MICROSTRAIN PER OEGREE F,
STRAIN IN CONCRETE UNDER APSLIED LOAD = METER STRAIN/(1.004.00}

AUTORENDUS SPECTMEN NOWL S

NOTE: ADDLIED BRIDGE VOLTAGE FOR TEMP, AND STRAIN READINGS = 2.0000 YIXLTS

CHANGE

STRAIN METER NO o

AGE AT LOADING

TEST TEWMPERATURE

67 MICROSTRAIN PER DEGREE F, COMD, STRENGTH (180 DAY)
APPLIED TEST STRESS
LEVEL OF STRESS APPIED

7040,
2100
29.8

ians
1498

73-13
QAYS
DEGs Fou

PSSt

pst
PERCENT OF
comm, STR,
T3~-14
73-15

SERBNEEEBARESEERRESE RS S SXRESNSEARESEERALL RN T SRR RSB NRESRRAEE LS AR EEZRRASE S L SR SA S0 Y
OATE % TIME # CONCRETES DAYS *% TEMP, & HETER & TEMP. %% STHAIN READING ¢

o ICROSYRAT

TOTAL * AVG, =

*

TOTAL *» ELASTICS CREEP »

mus

E]
*

TSRS RESIRNRR R

)
~476 L}
~&A3 -T
-9 T ~-21
-s00 ~24
-51 6 -40
-527 -5t
-542 -56
-583 -T7
-583 -ar
-569 -
~57% -39
~578 -102
~582 -106
-588 ~109
~606 -130
-62 1 ~1a%
~633 -157
-~683 -167
-679 -203
-690 ~214
-699 -223
-720 -24a
-726 -250
-730 -2%58
-737 -261
-7a2 ~266
~-TaB -272
~755 -273
~754 -278
RECOVERY
-328 2]
~“319 9
-3t7 1
-316 12
-315 13
=304 24
-297 31
-84 “a
-276 52
-273 55
-270 58
-26% 63
-264 64
~260 58
-253 s
-250 78
-247 at
-28 8 s
-243 35
«240 a8
~238 30
-234 94
-231 97
-230 LL}
-226 102
-224 10s
-221 107
-219 109

A4 * AGE. ® UNDER 8 READING.FRESIST, *DEGREESEE  MICRO- & CHANGES® [NDI- $AUTOG.*FROM AGES
- - DAYS & LOAD s VOLTS * OMms  » L e VOLTS * IN & CATED SVALUE * ONE DAY® CREED
* TEREESE RS L i 2] BEEASIRT R ER EEAERESERR S ke
* 2 -1-78 1000 bl SPEC IMEN CAST
2-16-7R 1842 1%.2 -+ 36991 BE. 2% T1.3 819 o o 4]
2~23-78  1a21 22.2 ~e36933 5. 13 T2.1 591 -1 28 -6 -6
2-28-78 806 26.9 - 36962 55,29 Ti.7 674 -1 4% -7 -7
3 -1-78 1708 28.3 ~e 36882 8%.39 T72.8 899 -1 20 -6 -6
1 ~5-7T8 1034 33.0 “+368TT 85,40 T2.8 681 -138 -7 -T
F-t1a-78 1438 at.2 “s 36871 S5S.41 r2.9 489 ~-i130 -6 -6
3~22~78 1120 49,1 ~+368081 55.40 72+8 T09 -110 -5 -5
3-28-T8 1541 5%5.2 -« 36857 5%.43 T3.1 r2T -92 -a -
A~ 10~78 1481 68.2 -2 36883 %5.39 72.8 729 -90 -a -8
4A-19-78 8s2 770 ~a 36872 $5.81 T2.9 706 -113 -5 -5
5 «g-78 LTS 96.9 -s 36819 587 73.6 585 -234 -t2 -12
$~16-78 t11i 108.0 —« 36850 $%5.43 3.2 %530 ~289 ~1% -1%
F=23-78 810 11 Ge% -» 368%8 58443 T332 486% -3 58 =19 =19
5-30-78 832 11 7.9 ~s 36048 4%.44 73.2 a2 -8 07 -22 -22
6 ~6-7T8 135% 12%.2 ~e36R6N 552 7341 3%0 ~469 -25 -25
6 13-7% 122 132.1 36876 5%.40 72.58 300 ~5t9 -28 -28
6-20-78 806 138.9 “+36B8S %% 39 T2.7T 205 ~558 -30 «30
6§-27-78 1119 tes,.1 ~e 36862 5%5.42 T3.0 23% -5 84 ~32 ~32
? ~4~78 1003 153.0 ~e 36893 $5.38 T2.6 197 -622 -34 -34
T-ti-78 1712 16043 ~e38AS7 55,43 T3.1 172 ~6a7 -35 -35
F-tB-78 1642 167.3 ~ea36880 5%.44 3.3 tar -$72 -37 -37
Tw2%-TW 1028 174.2 “e368082 LT A T2.8 12% -6 -38 -38
r-3-78 azé 179.9 - 36868 5541 73.0 % ~784 -43 -43
* 7~-3t-78 1085 18004 LOADENG BEGINS
T~31-78 10%5 180,048 ~40007 “s36863 55.42 73.0 e -Tas -41 Q -41
& 7-31-78 105%% 18008 SOECIMEN FULLY LOADEO. APRLIFD TESY SYRFSS 2100 o5
T=31~78 1085 18004 G« -« 368%9 55.42 T3.1 ~BAGS ~328% -%17 o -517
7~31-78 10548 180.04 «00ta ~s 36861 LLPT Y] 731 - 887t -~9390 ~523 1 -523
T-31=-78 1106 180.0% « 0069 e 3B8%8 $55.42 3.1 -8841 -6 60 ~-538 2 -538
7-31-78 1112 18005 =0111 —2 36858 55.42 T3l ~gasg -9700 -540 1 -S40
7-31~-78 1300 180.12 + 08614 -e 36556 55443 TR -9166 -39 8% ~554 1 ~856
T-31~-78 16585 181429 »2893 ~e 36853 5%5.43 T3.2 -q3%a ~-10177 ~-567 1 -867
8 ~1-78 933 180.98 2 9N24 ~e 35863 55,472 73.0 =-9620 ~10439 ~582 1 ~5R2
8 ~-2-78 L-1:24 181.92 1.88526 —«36848 55444 T3.2 ~9823 ~t10642 ~593 1 ~5a%
A ~3-78 821 82,9 249 -2 36886 S%.41 73.0 ~-99r8  -10797 “602 2 -602
a -a-78 a1s 183.9 3.9 - 36871 5.4t 72.9 -10090 ~10909 -508 2 -608
8 ~5-78 130t 1851 Bl —e36851 S$%.43 T73.2 ~10196 «1101% 514 2 ~&ie
LIRS - T d.] 1154 186.1 GeO ~e 36849 55.84 73.2 ~102%9 -311078 617 2 ~817
s -7-78 att 186.9 Se9 ~23683% B5.45 T3.8 ~10334 ~11153 622 1 -622
" ~-8-78 897 187,9 7.9 - 36882 55.43 73.2 =-10370 =-11189 ~524 2 ~-624
LIRS DRA ] 804 194.9 18.9 -~ 36867 4801 73.0 “10777 =1159% ~Ha s 1 ~GAS
a-21-78 16310 201.3 2.2 ~s36863 5$5.42 73.0 “«1 1039 ~tiAsa -5561 3 ~66 1
A~ 28-78 1544 208.2 28.2 ~eJ6BAT 5%5.04 73.2 ~11265 -12084 -57a [+] ~674
9 ~5-78 815 21%.9 35.9 -.368%6 55,43 73.1 “t1483 -12302 -686 -2 ~586
10 «3-78 1435 242,2 64,2 ~e36822 5547 736 -12096 ~1291% -720 -} -720
101778 1636 258.3 8.2 ~«36B4% GBeta 73.1 ~12279 ~13099 ~730 1 ~730
il =t=78 1540 273.2 93.2 —e36BA2 58,44 7343 -12801% -13220 -737 3 -737
11-28-78 1028 300.0 120+0 -+ 38893 %.38 72.6 ~128%8 -t1367T ~762 -1 -762
12«12-78 1036 318.0 t3a4.0 - 36907 5%5.36 T2e0 «“12924 13743 ~T66 1 -766
12-19~-78 1504 321.2 i81.2 ~e3890M 85.386 T2e6 ~13083 ~13982 -T7a -3 -774
1 «3-79 1083 336.0 186.0 - 36961 55429 Tie? -13198 ~-14017 -781 -3 -TnL
1 «9«79  jals 342.2 162.1 ~a36912 %535 T2.4 -13294 ~-18113 -7R7 - -7HY
1-23-79 1437 356.2 176.2 e 36909 5%, 36 T2.n =13407 ~1a22% -7o3 - -793
1«30-79 954 363.0 183.0 ~s36944 5%.31 Tle® ~13544 ~14382 ~-801 -5 -801
2 ~t=79 1029 36%.0 18%.0 ~e 36956 5%.30 71.8 ~«13%37 <~14356 ~800 -5 -800
* 2 ~1-79 1030 365.0 18%.0 SPECIMEN FULLY UNLOADED, 7ERQ APOLIED TEST STRESS
2 ~t-79 1030 36%5.02 ~« 36956 55.30 718 ~-590% -67 28 -37a -% -374
2 ~i=79 1032 365,02 - 36956 55430 1.8 -5737 =65 %56 ~36% -% ~38%
2 «~i-79 1038 365,02 -e36986 55,30 Tl.8 ~5702 ~652t ~363 ~5 =363
2 ~t=79 10137 365.03 ~e3I895S %5%.29 T1.7 -$680 ~6499 362 ~% -362
2 -1~79 1040 36%5.03 -e36961 5%.29 Tt.7 -5662 -564 81 ~361 ~% -360
2 ~i1-79 1231 363,10 - 30956 55,30 Ti.8 -%aT2 ~5291 -350 -5 -3802
2 =1-79 1527 36%.23 -« 36957 5%.30 Ti.% -%336 «~61 8% 343 -5 ~343
2 -2-79 1038 366.02 ~+36948 $8.31 Tte9 -811s ~5336 ~330 -5 -330
2 «3-79 1240 367,11 -« 36952 %%.30 Tie8 -aQTs -5798 -322 -1 -322
2 -4=79 345 367.7 ~e3IB9S7 585,30 T1.8 -4920 ~5T739 -319 -5 -319
2 -5-79 1026 369.0 -+ 36954 55.30 Tie8 4858 ~5674 ~318 -5 -316
2 ~6=79 1818 370.2 “+ 359588 $5.30 Tie7 -4767 -5% 86 ~3t1 ~5 -311
2 ~T-79 1014 371.0 “~e36951 55.30 T1.8 ~-a754 -5573 ~310 -5 -310
2 ~8-79 926 372.0 e 37004 5%,24 Tiet ~468% ~5504 -306 -8 ~306
2-1%-79 1608 379.3 ~«36933 55.33 T2.1 ~a8851 -4370 -299 -5 -299
2+20~79 918 384,0 ~+37009 5%.23 1.1 -HA95 “8314 -296 -5 -296
2-22~79 913 385.0 —. 36998 55.2% Tie2 -aa87 -5276 =293 -5 -293
2~27-79 1808 391.2 ~+36980 $5.27 Ti.a -4395 5218 =290 -5 -290
3 179 123% 3%3.1 -+ 36984 55.26 Tl.4 —4380 ~51 99 ~289 -5 ~289
3 ~6-79 1412 398.2 ~e36973 55,28 Tl.6 -4330 ~5149 -286 -5 ~286
3-13-79 1313 40S,.1 ~+ 36971 8,28 Tia6 ~4280 -%399 ~288 -5 ~2 A8
3~20~79 1548 412.2 -+ 36970 55,28 Tiab ~-4216 -%503% ~280 -5 -280
3-28=79 a2 419.9 ~+36970 %%5.28 Ti46 —A16% -49 84 -277 -5 -2rr
A «8=T9 1543 427.2 -« 36951 %5.30 Ties -4135 -4954 ~276 -5 -276
A~ 8-79 1028 481.0 ~s 36957 5%5.%0 Ti.8 -4 071 ~8 890 -272 -5 -272
% —-1-79 1026 45440 ~e3604% 55,31 T1.9 -403t -8 850 =270 -8 “278
S~23-79  14%6 4762 ~«36930 5%5.33 T2.1 ~3987 ~%800 -257 -5 -287
4=14-79 Bag 4979 ~+38922 5.3 V2.2 - 3941 -4 763 -265 -5 -265
* &=14=-79 1700 98,3 END OF TESY
BODWULUS: LOADING Ex 4.4 AT 73 Fo., AGE 180 DAYS (STRESS LEVEL 0 TO 2100 st}
UNL OAD ING Ex 4.9 AT 72 Fay AGE 36% DAYS (STRESS LEVEL 2100 TQ O PST})

NOTE: MINUS DAYS UNDER LOAD INDICATES TIME wWMEN SPECIKEN (S BEING LOADED
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Table 19 SITCTMENES TOTAL, ELASTIC AND CREED STRAINS -~ COBQECTED FOR TEMPERATUDE CHANGE
SAN ONOFRE ABTION 1 RIX TC1oa ©57448
SPRCIMENT SEALEN 5 AY 16 IN, CONCRETF CYLTNNER

MEYER CTONSTANTS ( 8 IN. CARLSON METER)

QFSISTANCT AT 0.0 DEGREES F, = &R.23 OHMS STRAIN METER NO. ¥ 1117 73-18
TEMRERATIRE CALIADA, CONSTANT = 10.58 F/0HM CHANGE IN SESIST. AGF AT LOANING 368 DAYS
STRAIN CALISIATION CONSTANT 2 P,65 MICOOVOLTS MER VOLT PER MICRCOSTOAN TEST TEMPERATUDE 73 DEG. Fa
CALIBIATED STRAIN RANGE = 13807 TO ~216%0 MICPOVOLYS
CRTFFE, 0F THERWAL SXOPANSION = be7 MICROSTRAIN PEP NEGIER Fo COMP, STRENSTHW (36%5 DAY} @ 6953, ©S1
CONCPETE CONSTANTS ¢ ADBLIED TEST STRESS T 2100, 251
COEFFE, OF THEDMAL EXDANSIIN = 6a8 MICROSTEAIN PER NEGINE F, LEIVEL OF STRESS ARDL [FD @ 3042 OFRWCENT OF
STOATN TN CONCRETE UNNER ADOLTEN LOAD = METFR STOAIN/(1.00+,00) £OMD, STR.
AUTOGENDUS SPECIMEN NOL.S ¢ 131t7 73«18
NOTZ: ABRLIFY BRINGT VOLTAGE FOR TEMD, AND STRAIN REANINGS = 2.0070 VOLTS 1492 73I-19
RN A RS R AL R AR R AR E B A SRR A AN N RS R AN SRR P T R R AR NN SR AN RS SN S XN A LT R R A IR E B e r i c e e we M ICROSTRAN- rem e e m e e
DATE & TIME ® CONCPETESE DAYS &% TEMG B OMETER £ TEMD, . %%  STRAIN RIANING % TOTAL & AVG. & TOTAL & FLASTICH® CREFO &
* * ARE * UNDER #8% BEANTNI, ROEGIGT  #DETRCEGRR MTC20~- % CHANGE** INDI - 2AUTOG ¥ FROM AGES HUs -
- = DAYS  x LOAD % VOLTS  # OHMs % T, %x VOLTS % IN *%  CATED SVALUE * ONE DAY® CBCFD # *
t"’t"t""t.‘lttttl..tlt“.'*"tt""t.‘ﬂai".“‘t.‘."“ttt“‘t‘t’t.t*‘.-“*.t“‘t.t!t.tl-t-#.t..*t”tit‘tt‘ttt.ttt“‘l“tt't
7P ~A-78 1N0a 3 SOECIMEN CAST
2-16-78 1482 13.2 ~+37108 34,99 Tl.S 3242 1 3 o
* 2 -2-79 Ale ALE A2 LOANINT BEAINS
2 ~?=73 836 TR3I.04 «.0397 -«37307 S4485 70.0 22399 -a%y -48 o -as 2
® 2 -2.79 a6 3r3.94 SOFECIMEN FULLY LAANEA, ADDLISH TEST STR2ESS 2107 981
2 -2-73 Az 1/ T,94 T -+ 37300 G4, 28 70.1 ~5455 -3587 -%592 [+ -502 ~a%a a
2 ~2~79 a9 161,98 «07318 ~e 317306 4, a8 7.1 -%640 ~asel -512 Q -512 -aba 13
2 -2-79 aa 363,95 $N92R 37306 58,85 T30 -&700 -agay -816 2 516 —a6R ~ia
2 -2-79 faa 363,95 N-I-23 -+ 37%06 4. 85 7041 ~5747 -RIE8 518 2 -518 -a70 -5
2 -2-79 a6 363,35 »0N63 ~.37303 34.98 7041 ~-8778 -9)16 -520 o 527 -a72 -1a
2 -?-79 107 RAL Y2 0813 -~a1372304 LTPE L 70.0 -6990 -3331 -538 0 ~53a ~400 -3%
2 «2-78 12736 waLil 21560 -«37308% GSa A5 T0.0 -622% ~94 686 ~5486 Q EAE L} -ag s ~4a
2 ~-3-79 1629 68,19 2082 “e3T31N 54 485 TN -62AK -q%527 ~350 0 -587 -532 ~42
2 ~1.79 1280 365,11 1.1649R -+ 37306 LT 11 0.t ~6579 EELETY ~366 9 ~566 -518 -64
2 -a-73 345 J65.74  1.7972 -«371301 Se.Ah 3.1 EXLLD) ~aan =571 ] -=7 ~523 -69
D -R-TG 102k 2RT LN 3.1 ~e 317306 K. A% Tt -5 TRZ -12323 -5 7R Q ~%7A -=30 -7%
2 -6-79 1518 3n8.7 ae3 -2 373171 B4, 84 703 -5377 -1N11RA -SAa Q ~584 336 ~82
2 -TeTa 1318 ELA Pie] Bal “s 372 B4 436 7.1 ~&£OGK  «13237 ~3G1 il -591 -54 2 «89
* -8-7Q °as 170.0 6.7 ~.37204 %4.8% LTS ~790%  ~1)243 -591 0 ~5a1 ~%a 3 -an
2 -Qe-78 {02} 17140 7.l -237313 BA . te TJI.2 ~7227 ~-1°7268 -592 ] -592 ~54 4 =97
-t 5T O 1151 1AL 1a.t ~e372AR LTI L 70.3 -7330 -1a571 -610 o} ~-610 -562 ~108
2-20-79 914 382.0 18.0 ~-a17310 54,88 LARS] 7397 -13538 -514 0 -6ta 1.1 ~112
2-23-79 1612 IRS L3 21.3 ~.27280 S4,.099 T0.a ~7ant  -136a2 “51a bl ~61a ~556 -t17
2-37-79 1398 39,2 2%5.1 -i37228 54,88 7041 -7427 ~17468 -516 0 ~61A -555 -11a
3 -2-79 1420 ALERYS 2a,2 ~e37281 54,98 70.a T536  ~11377A ~&32 o ~672 -57a -123
LR 1al?2 Rl 3242 -e372813 4.8 70a4 -?527 ~17964 -527 ¢ -&37 «“579 =125
A= 1LY 4331 29,2 ~e37281 4,49 .4 ~T627 ~1086R .27 ] 627 -579 -123
3-20-79 1548 41242 ah.3 ~s 1?TIRD 54,89 704 -7a27  ~11768 ~53a 3 420 -591 -137
3-28-79 LED a17.9 54,0 ~eX7272 56,99 70.4 =732 -11168 ~54a o ELYYY -536 “1a2
4 ~a=-79 1543 ans 2 6143 -.37264 54,91 70.6 ~3278  ~11519 ~565 [ ~-665 -5 7 ~1R7
4-1R-7a (n2a 439,0 7541 - 37270 S4.90 T0.% -3396  -115737 -572 0 -573 ~624 ~170
& -1-79 1725 4352.) LTS ~er7260 “a.91 0.7 ~-8366 <-11307 -%A1 9 681 ~613 ~170
S-23-70 1454 476,22 1173 e TTIET <a.91 Th.? —RETY -1 1820 -hAa2 9 ~Haz -43a -1an
A-la~7 Aaq 495, 3 132.0 -e17235 Sa.98 7. ~84%9  -12100 -498 ] -%9R “hS O -194
* A-1a-79 170D 698, =ND NF TEST
MOV USE LIANING Z: wae AT O F.. ABT 364 DAYS (STIESS LFVFL 0 YD 2100 o351}

NOTE 3 MINUS NAYS UNMER LOAD [NDICATES TIMF #HFN SOECIMEN 15 3TING L JANEN
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Table 21 SOECIMENES TOTAL. ELASTIC AND CREEP STRAINS -~ CORRECTED FOR TEMRERATURE CHANGE
SAN ONOFRE OPTION | MIX YTC2A EST448
SPEC IMENT SEALEND 6 B8Y 16 INe CONCRETE CYLINDER

METFR CONSTANTS ( 8 IN. CARLSON METER) @

RESISTANCE AT 0.0 OEGREES F. T AR LAM UHMS STRAIN METER NO. : 1488 73— 4
TEMPERATURE CALTARA, CONSTANT = 10,40 F/OMM CHANGE (N QFSIST, AGE AT LOADING H 36% NAYS
STRAIN CALTRRATION CONSTANT = 8.86 MICROVOLTS CER VOLY 2R MICROSTRAIN TESY TEMPERATURE @ 73 DEGs Fo
CALIBAATED STRAIN RANGE = 8012 TO ~-24120 MICPOVOLTS
COEFF, OF TRERMAL SXPANSION = 6.7 MICROSTRAIN DER DERREE F. COMP, STRENTSTHM (365 DAY ) I 7380, @7
* CONCRETE CONSTANTS @ ADPLIED TEST STRESS T 2100, PSSt
COEFF., OF THERMAL EXPANSION * B.8 MICROSTRAIN PER OEGRER F. LEVEL OF STRESS APSL IEQD : 28.5 PFERCENT OF
STAATN IN CONCRETE UNDER APPLIED LOAD = METER STRAIN/(1.00+.04) COMD, STR,
N AUTOGENQUS SPECTIMEN NOS ' 1117 3~-18
NOTE: ABPLIFD RRIDGE VOLTAGE FOP TEMP. ANO STRAIN QRFADINAS = 2.0000 VOLTS 1408 73I-19

AR AR EEEI AR SAAEEN SRS ESAA AR SRR RAEF G EERNE FELERR RAR AR S RO NEES IR RR SR SRS RSN RE RS — v = = W ICROSTRAT Ne mr e o e m e &
DATE # TIME & CONCRETE* DAYS % TEMP, & METER * TEMD,.®% STRAIN RFANING ** TOTAL % AVG, * TOTAL * ELASTICS CREEZO *

* * ARE . * UNDFR *x QFAD TNG. SRESTST . #OF WRFESER MICPRO~ * CHANGE®* INDl~ ®AUTOG.*FROM AGE* UG * Ll
- . DAYS * LOAD ** VOLTS & OHMS % F. &% VOLTS ¥ N #% CATED *VALUE * ONE DAY* CREEP * *
tatntct-ttttttottttt-ott-tttctttt"tttttttt‘tttctt‘ttttto‘tttoattttttttttt:ttt.‘tttmtttntst‘ttt-‘tttttt‘ttt-t.sttsttttttt:su-
* 2 -1-78 1000 9 SRECIMEN CAST
2-16~78 1682 1542 ~e 36996 554 2% Ti.a ~a30a t o] 0
* 2 -1~79 <38 364,98 LOADINS BEAINS
2 -t-79 ©3a 384,98 -.0007 ~+37002 5824 T1.3 ~%Q01 -5 96 -38 o -38 o
€2 -1-79 934 364,98 SPECIMEN FULLY LOANEN, APPLIED TZST STRESS 2100 °S1
? -1-79 93% 3164.98 0. ~s+ 36988 55,426 T1.5 -13371 ~3066 =511 o ~-49% -85S 9
2 -1-79 3137 364458 «D01 e -+ 36990 55426 TteS -13%524 ~9219 -519 ] -501 -463 -3
2 ~-i=-79 940 364,99 «003% ~e 36995 55425 Tlea ~135AR ~3283 -523 [ -804 ~466 -1
2 -1~79 983 364,99 - 0056 - 3699% 5%.42% Tisa ~13643 -9338 -526 2 507 -4869 -14
2 ~i=79 Qa6 364.99 20076 ~236990 5%.26 T1.5 ~136R6 ~9381 -528 o ~539 ~-471 -6
) 2 «1-79 1133 36%.06 «08L9 ~e 36995 3% .25 Tia4 ~13993 -394 88 -54 6 ] ~%526 -ags ~-33
' 2 ~1-79 1338 3654198 1667 ~s 37004 5%.24 71.3 -1409% ~378% ~551 ] -531 ~-8493 ~3a
2 ~4-79 1% 33 365.23 « 2386 -« 37004 55,24 Tied -1409% -93780 =551 3 -531 ~833 -38
2 -2-79 1073 368.02 1.G410 ~ea37016 5S.22 Ti.2 «14433 ~10128 %71 ) -551L ~%513 -1}
2 -3-79 120 367t 2.1 ~237026 $5.21 T1a0d ~14%588 ~10283 -579 4] -5%59 ~520 -85
2 -4-79 348 387.7 2.8 - 37038 5%5.20 0«9 ~14678 ~10373 ~884 o -561 -52% -70
2 -5-79 1025 369.0 4.0 -237007 5524 713 ~14761 ~10456 ~389 el -568 -530 ~75
? -&=-79 1518 370.2 S ~a 369G 4% .29 71.5 ~1am21 “1N%516 -592 4 -8571 ~533 -78
2 -7-79 1014 37140 %40 - 36985 BE.260 Ti.6 ~La898 -10589 597 o -576 -538 -47
2 -8-79 Q2a 37240 7.0 ~a36984 5%, 2¢ Ti.6 ~1494% -1063% -599 ) ~§7Y -539 ~8a
2-1%-79 160% 3793 14,2 -. 36053 SS.30 72.0 ~15239 ~10934 -616 ] ~59a8 -556 ~-101
2-20~7% 913 38440 19.0 -e37001 55424 T1.3 -1%395 -11090 ~62%5 ] ~602 -56a ~139
2-27-79 1506 391.2 26.2 - 36068 55.28 TleA -15466 -1116% ~629 2 ~606 -56 8 -3
3 ~1~79 123% 39341 2841 ~a36969 65%.28 71.8 -1%5630 ~1132%S ~538 ] ~61% =877 -122
3 -5=-79 1412 398.2 33.2 -+ 36960 5%.29 71.9 ~15673 -~1136R -“641 o -&1R ~5A0 ~12%
3= 379 1313 40%.1 4042 -~ 36956 5%.30 T1.9 ~15688 -1138% ~648 1 [ -618 -%520 -125
A-20~79 1RAs at2e2 a7.3 ~e 36985 55430 T2.0 ~15917 ~11612 -65a 9 -839 -592 -137
3.28-79 A2a 419.9 5.0 ~s 36987 5530 Tie9 ~1 600" ~11703 ~6%9 o -61% -597 -4
4 ~4-79 1543 a27.2 623 -y J69A4 55431 T2.1 -16213 ~11905 =571 o -ha? -609 -1%54
4-18-79 102s LY 7840 ~e 36950 5531 7240 ~16369 ~12064 ~580 9 -85S -517 “i6?
G -i=79 10286 AS54.0 89.0 ~e 36937 55432 72,2 ~14579 12274 ~692 o -h&T -52 9 ~17a
§-23-7% 1458 aTHeT t11.2 -al6932 5%.33 7243 ~16584 ~-12279 -692 4] 667 -629 -17a
G- Aa-Tq Ra8 K0T 133.0 -236810 5%5e36 T2.56 -1691s -12509 -7t 2 -68% ~647 -1a92
® Hwla-TS 1700 498.3 END NF TEST

' MODULUSE LOADING A5 AT 72 Fo. AGE 365 DAYS (STRESS LEVFL O TO 2190 =S}

NOTE?: MINUS DAYS UNDER LOAD INDICATES TIME wHEN SOFCIMFN IS AEING LOANED

~pe<
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Table 22 SRECIMENES TOTAL ., ELASTIC AND CREEP STRAINS -~ CORRECTED FOR TEMSFRATURE CHANGE
SAN ONOFRF OQBTION 1 MIX TC2A £S7448
SPECIMENT SEALED 6 BY 16 [N. CONCRETE CYLINDER

METFR CONSTANTS ( 8 TN, CARLSON MFTER) 3

RESISTANCE AT 0.0 DEGREES F. x* AB.23 OHMS STRAIN METER NO. ! 1495 T35
TEMPERPATURE CALIRRA, CONSTANT = 10.50 FrOnM CHANGF IN PFSIST. AGE AT LOADING H k113 DAYS
STRAIN CALIBRATION CONSTANT T 9,03 MICROVOLTS PEP VOLT OER MICROSTRAIN TEST TEMPERATURE 3 DEGs Fu
CALIBRATED 3TRAIN RANGE = 14222 TO ~18730 R{CPOVOLTS
COFFF, OF THERMAL FXPANSTON = B.7 MICROSTRAIN PED DERREF &, ComMP, STRENGYM (365 DAY ) T 7380. w51
o CONCRETE CONSTANTS ¢ ABER JED TEST SYRESS T 2100, PSE
COEFF. OF THERMAL ¥ XPANSION ) 6.8 MICROSTRAIN DFR DERIFE F, LEVFL OF STRESS APDLIFN 28.5 OERCENT OF
STOAIN IN CONCRETE UNDER ADPLIED LOAD = METER STRAIN/(1.00+00) COMP o+ STR.
AUTOGENOUS SPECIMEN NOL.S @ 1117 73-18
NOTE: ASPLITIEN 8P IDFE VOL TARE FOR TEMP, AND STRAIN REANRINGS = 2,0000 VOLTS 1498 T3~ 9
.t...‘ﬁ“."l“"‘.“‘..".."““.‘“‘.'ﬁ‘.“t‘l“l‘."lt""tﬁ.tt.t.“- "EERE MICROSTRA TN« == e o e e B
DATE ® TIME & CONCRETE® DAYS #8 TEMP. & METER & TEMD,. %% STRATN READING s« TOTAL & AVG, & TOTAL * SLASTIC® CRFEP *
* = AGE . * UNDER #%# WEADING.#QFSIST,«DEGREESA® MICRO~- * CHANGE®S® INDI~ #AUTOG.$FROM AGE® ™ US * -
» x  NAYS  * LOAD &= VOLTS % nHws = F, =  VOLYTS & (N *%  CATED ®VALUF * ONE NAYS CREEP * -
.t“!““.t*“'.‘*‘“ﬁ.“t.‘t“‘.t.‘.."‘.'.“‘.‘.‘l.‘l"'ltl"-‘ﬁ‘l‘“tt“‘.“tt"‘”"l".““"tt“‘"“"‘l"l."“.‘."“
* 2 ~1-78 tngo o SPECIMEN CAST
2+16~TR 1442 1842 ~e37121 55409 TR0 1780 ) o 0
* 2 ~1-79 Q34 364.98 LOADING 9EGINS
2 -1=T9 93a KR4 .98  ~,0007 ~e37137 34499 T1.0 3542 ~248 -13 ] ~13 0
* 2 -1~79 a3a 364,98 SPECIMEN FULLY LOADFN, APPLIEN TFSY SYRSSS 2107 35!
2 «1-79 o35 354,98 J. ~s 37203 S4.98 70.9 ~AB70 ~3860 -ab7 ] -4&K7 454 o
2 -1-79 A k4 364.98 001N ~e37195% 54499 Tie0 -aB2y -8611 -a76 o -476 -463 -
2 =-1~79 940 164,99 -0035 ~-e37198 54,99 T1.9 ~4A92 -B6 82 ~480 0 -4 B0 -467 -13
2 -1-79 Sa3 364499 «00%6 -sIT196 LI LY Tie0 ~493% -872% ~482 o ~482 ~-a69 -5
2 -1-79 45 ELL TR A <0076 7190 S5.00 Tiel -4950 -8F %9 484 ] —-ans ~a71 -17
2 ~1-79 1137 365.06 «0819 ~» 37168 55.03 Tles -526% -90%8 -509 o ~500 -a87 -3
2 -1-79 1335 6518 1657 ~e37161L SEe08 T1.5 ~536% -1 85 “506 o ~506 ~493 -39
2 «1-7Q 153% RG22 2486 ~e 37148 5506 Tie? -5465 ~925% -%511 Q -S1t ~498 -aa
2 ~2-F% 103a 36H.02 140810 ~eIT183 58,09 Tia8 -%73D -a520 ~526 2 ~526 -513 -5G
2 -3-T9 1240 3671 2el «~e37183 55,07 Tia% ~5977 ~9867 ~-516 o] ~536 -521 -k7
? ~4=-7G 145 3677 2.8 ~e 37171 %5.02 Tte3 -%927 -7 17 -537 0 -5 X7 -524 -70
2 ~%5-79 1025 359D 4.0 ~«37141 5%.06 1.7 ~6045 ~9R 35 ~548 3 -548 ~531 -7
2 ~6-7% 15218 kR4 T¥ Be2 -+ 37136 15,07 TieR -6107 ~3A97 -347 9 ~547 -53a -80
2 ~7-79 1014 ITL.0 60 -e37122 55.09 T2+90 ~6166 -3956 -5%0 0 ~%50 ~-537 -a3
2 «B.70 aze 372.0 7.0 ~a3IT126 RE .08 7T1.9 ~6208 -3998 ~5%Y o -5%7 ~580 -86
2«1%~7Q 1605 379.3 14,3 s 37108 2%.10 72.2 ~6478 12268 -568 ) -568 ~85R -101
P20 T9 918 3A4.0 19.0 ~e37149 AL 0% Tieh ~/615 ~-1040%5 ~578 2 878 ~562 -(08
Bw2TwT 1536 391.2 2642 ~a371186 55.09 7241 -6667 ~104%52 ~578 e -578 -84 % -3l
3 -1-79 123% 39341 28.1 - 37121 55409 T72.0 ~681% -1060% ~536 o ~586 -5 -119
1 -5-79 1612 398.2 33.2 ~a37113 RG.10 72.1 ~6A%S  ~11KAS ~538 n ~588 -578 -121
3-13~79 1313 LX-LNY 0.2 -a37111 %5«10 T2.1 ~68T0 ~12660 ~%89 Q ~589 -578 ~122
1=-20-79 1564 412.2 A7.3 ~«37110 3510 7247 -7793 ~108A”1 -502 ] ~602 -58a ~135
A~ 28~7T9 " 24 419.9 8540 “-e37113 5%.10 7241 ~71A7  -108977 -607 ) -607 -59a ~140
4 -84-79 1547 a27.2 62.3 a%ell 722 ~7485 -1127% «523 ] -623 -617 -186
4-1R-7Q 1324 441,0 760 A%.09 721 -7584 ~11374 ~629 2 -629 -6l €& -162
s -t1-T79 1026 454.0 9.0 55411 72.3 -77T83  ~11%79 -5an o ~6an ~/27 ~173
$~23~79 1456 4762 11142 S%.11 722 -7991 - 13178¢ ~451 +3 -651 “HIR -1Aa
LES Y L] LY} 497.9 133.0 5513 r2.5 ~8101 ~11991 ~657 ] ~6B7 ~584 -190
* 5«14-79 1709 498,3 END OF TEST
MNBULUS T LOADING Sz A.6 AT T1 F.. ASF 3865 NAYS (STRF35 LTVIL § TO 2100 PSI)
NOTE: MINUS DAYS UNGER LOAD [NDICATES TIME WHEN SOFCIMEN 15 AEING LDANED
- » .-
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Table 23 AVERAGE TOTAL, ELASTIC. CREEP AND AUTOGENDUS STRAINS, -~ CORRECTED 09 TEMPERATURE CHANGE
SAN ONOFRF OPTION | MIX TC1IPA EST8A8
SPECIMFNT SEALED & AY 16 IM. CONCRETE CYLINDER

SPECIMEN METER NO. CHANNEL El. MOD., MRS AGE AT LOADING T 28 DA YS
NGl 1499 20-02 3.9 TFST TEMOTRATURE H 73 DEGe Fau
N3e2 11186 20~02 3«9 COMP, STRENGTH ( 28 DAY) @ %S460. PSI]
AUTODG. 1 1117 73-18 ABDLTED TEST STRESS T 2190. PSI
AUTOG 2 1498 7319 LEVFL OF STIF5S APPLIRD 3 38.5 PERCENT OF COMP, STR,

R EREREE S S RN RS AL RS RERE SR ARAIES AL SR ERAS e mmam o mmmmwa oM CROSTRATIN (FROM TIME OF LOADING) === ——w—weeneac ks AVERAGE &

DATE & YIME WCONCRITEXNAYS * AVie * AVG, A me an TOTAL e e EBwm ELASTIC PLUS CREED-wt® FEE *% SPBECIFIC *
- *  AGE, KUNDERSTEMD , *AUTOG, * ¥~ = SPECTMFN~ vt AR SPECIMEN — e & R mmSBECT MER ~m & *% CREED. *
»* % DAYS SLOAD SNEGLFKSTRAIN®S NO«l * NOL2 % AVR, ** NO.1 * NO,2 % AVS. ¥ Nf.1 ® MOJZ * AVS, SSESTRAIN/PSTS
SRR LSS ER RS SR RSERAPREN SR LS EEREREAAARXFE KRR AFREREACE NS SR CUANERRE SRR RN SS AR USSR IR ERASTEERIRRAEI R SHE XX ERARL AR RS LR AT 4RO SR0 S
* 2 ~3-78 1000 -4 SPECIMENS CAST
* 3 ~3-78 8315 27.94 LOADING BEGINS
3 ~3-78 835 27.94 ~,0007 T2.s 0 ws 2 o 0 *# ] o 0 == ) a 0 &% 0.
* } ~3-78 a3s 27.94 SHECIMENS FULLY LOADED., APPLIED TEST STRESS 2100 ©81
A -3-7A a3s 27.94 0. 72.% Q o= -840 -S4t “%AO =% ~540 541 ~540 *% o Q 0 = 0.
3 ~3-78 8s1 27.95% +Q03% 72.% Q s -554 -566 “36% =k ~564 ~5686 ~565 *% -248 ~-2% -24 ®%  ~,01163
3 ~3-78 Bas 27.95 L0083 T2.5 0 *sx .a7h -579 “5TH & -878 ~% 79 ~578 &% -3a -38 -38 x% ~»0t®10
3 «3~78 208 27.9% 0208 72.6 0 ws -832 ~594 ~593 *¢ -~592 -3 O ~593 «*x -52 -53 ~52 *%  «, 02478
3 ~3-78 930 27.98 L0375 727 o % -6n1 =604 ~602 *= ~601 ~& 08 -6Q2 *% -&1 -63 ~62 ®&  ~,029%2
A ~3-78 [3:3.1-] 2%.03 « 0931 72.3 O = -619 “621 ~820 *% ~-619 -621 ~620 % -79 -R0 -9 % “eQ3762
3 ~3-78 1432 28419 «2486 T2.8 0 *x -638 ~642 -~GAD ** -638 -hHha? “H40 % -98 -101 -“39 &% ~eCGa714
3 ~3-78 15%6 2M2% L3055 T2.8 O = -54 A -6a7 ~HA5 Wk ~648 ~6AT -H45 *» -108 ~-106 ~105 *% ~,08300
3 ~4-78 921 28,97 1.0326 72.5 0 &% -677 -681 “6TG R% -877T -6 81 ~-6T79 %% -137 -140 ~138 % «,06571
3 ~5-7R 1010 30.0 2.l 725 -1 W -705% =710 «797 *% ~704 -709 -706 S* ~16a ~168 166 %% ~e 07908
3 -6-7A 103s 31.0 3.1 T72.7 -2 =% -723 -730 -726 %% -721 -728 ~728 % -181 -187 ~184 *2 -,08762
3 -7-78 8390 31.9 4.0 72.8 -2 4w -737 -743 ~740 &% -73% ~7T41 ~738 &% ~19% -200 -197 we “«29331
3 -8-78 1312 3.4 5.2 7249 -2 % -7%2 -769 ~7%6 =% -T%0 ~-758 ~758 &% -210 -217 -213 =% -,10143
3 -9-78 904e 4.0 Be0 T2.7 -2 =0 -TAL -769 -T76% %% -759 -THT ~763 »% -219 -226 =222 *% ~a 10871
3~10-78 LR 34.9 Ted T2a45 -2 -769 -r78 -T73 *x -767 ~776 ~TTY *% -227 -23% «231 &% ~,11900
3-14~78 1438 39,2 1142 729 -1 s% " «801 ~R13 -A07 =* -moo ~A12 ~B06 *% -260 -271 -2%6%5 *®  -,12619
3-1%5~78 1621 a0.3 12.3 7T3.2 -1 & -806 -ALr7 -A11 *% -80% -816 ~B10 *% ~2685 ~«278 =270 %% -, 12887
3-17-78 1182 421 14,1 732 -1 % -RY 6 -n28 ~822 %% L 18] -A27 ~“821 &% -275 286 -280 %« -, 133323
A-22-78 1122 471 191 T2.6 -1 % -aq ~85% ~HAT w ~828 -354 ~B46 &% -298 -313 ~30% &8 ~,1452a
3-2R-78 1541 3.2 25+3 73.t -1 %4 -A62 -A 86 ~BT4 *¥ -A61 -4 8% ~AT73 2w -321 “34a ~332 a% —a1%812
L-10-78 1aal 65a2 38.3 72.8 -2 *% -897 -924 ~«310 =% -89%5 ~922 ~908 &* -35% -381 363 *% -, 17524
A<19-78 asz 750 a7.0 T2.9 -3 k% -9t -939 -325 *x ~908 «9 36 ~322 s -3168 ~395 =381 €% ~s13143
s -a-78 814 4,9 6740 T73.%5 -5 x® -4 5 -~y -qnn &= -9a s -a71 -957 »& ~a04 ~430 ~AL T E% <, 19857
Se1G=T7H 1111 102.0 Tael 730 -7 %% -96 1 -987 ~FTH W -9%5s -980 -9H7T =% ~ala -4 39 ~425 % «,20286
; 5-2%-78 -3 33 108.9 4l1+0 73D -8 W -96% -396 -2 &8 -96 1 -3 88 -374 ¥ -421 EY Y 4 —a3a &% - ,I0667
: {e30-78 832 1§15.9 88.2 73.1 -9 % -Q78  ~100% ~3G1 *x -969 ~396 -082 % -~a29 -a5% —ak 3 W —~a21748
6 ~6~78 1385% 123.2 95.2 TR.9 LA % ~987 =015 -1001 *% -973 ~t801 “387 *% ~-433 ~-a60 ~4A8 K% ~e21238
6-13-78 122 130.1 10201 T2.7 ~1a4 % -996 ~1028 ~1710 %% ~9R2  ~1210 ~996 *¥ -an2 -469 ~a5%5 =% ~s218667
5«20-78 806 136.9 103.0 7T2.7 «14 ®& =1003 ~1032 ~1017 *»+ -989 -1018 ~1J03 ¢ -aa9 -477 453 &% ~e22048
6-2T7-78 1119 164,10 1641 73.0 ~t1a 8 ~1039 -10a} ~1 025 &% ~99% ~1327 ~1011 ** et l-3-] -4 ns -873 &% ~e22381¢
7 ~4~-78 1003 t51.0 1231 T2.5 -1 & -1015 -10a6 -1030 =% -1000 ~103t -1018 &% ~&kh 0 -490 -hTH wE ., 22819
Tt ) -78 1712 158.2 130.4 T3t -15 €& ~1022 ~1053 ~1037 *x ~j007 ~t1038 -1022 s=* ~&67 ~497 —a82 k% ~e229%52
TetR.TR 1642 16%.2 13743 T34 16 ¥ =107 =1060 -10a3 = «~1011 -104a ~{027 &= -a7t -503 ~4AT ¥= ~e23190
T-25-78 10248 172.0 188,11 72.7 -16 s* -1071 1069 ~1050 *a -101% -19%3 -103a &a -875 ~%512 ~4G3 *x  ~,23876
8 ~1-78 958 179.0 1511 T2.9 ~1B *% ~10%6 ~1074 ~10%5 &% ~1018 =-11%6 ~1037 %= ~a78 -51% -89 %5 % “e2AB1 T
m «A-78 829 185.% 159%.0 T3.0 ~17 ®& -1039 «1D79 ~10%3 ## 1021 -1062 -~108a1 *= 881 -521 ~501 &% ~+23857
B-1%5-78 a43 192.9 165.0 T2.9 ~18 *%  «1043 1084 ~1063 %% 1025 <1066 ~1045 % -495 -52% ~BIK XK <, 24048
‘ Bu22~78 B3 2900 172.0 2.8 P20 #%  ~10A9 ~I1NB9 ~1783 ** {029 ~1069 ~1043 *x ~aR -528 ~808 & ~,24190
d A=29.78 1011 207.0 179.1 732 «19 *%  ~1080 ~1090 1070 *% ~1031 ~1871 -10%1 &% -491 ~%30 519 wa —e2AZAG
9 ~E-78 B2 213.9 186.0 72.9 ~19 *x  ~«10%81 ~1096 ~1073 ®% -~1032 ~1077 =-10%a &% -892 -%36 ~514 &% ~,26476
9=19~T8 LT3 227.9 2000 T73a.4 -19 *% -1043 ~1107 ~108%5 &= ~1044 =-1088 -1086 %% ~504 ~-547 ~525 =% ~-a2%300
10 «-3-7A IR L] 24242 21443 TI.S -19 %% ~1973 ~1115 ~1092 *=* -10%1 ~1796 ~-1073 *= -811 -5%5 -%533 *w -2 25381
1o0-t 778 1645 2862 228.3 73.0 -t8 % -1072 ~f11%5  -1093 ** ~10%4 ~1097 ~1075 *% -814 -%RE %535 =% ~a254 7%
1l ~t-78  15%3 27142 263.3 73.0 16 %%  «108%  ~1126 ~1104 =& ~1067 ~1110 «1088 == 527 ~569 ~54 8 *% ~» 26095
11-28~78 10as 294,40 273.1 7245 20 *= ~1077 ~1140 =1118 ** ~{077 =~1120 -1098 =% 537 ~-579 ~S8 3 k& ~, 26571
t2-12-78 1085% 31240 284,11 T2e6 ~17 %% ~11239 ~-t1aS 1127 ¢ -{083 ~1128 -110%5 =% -%41 -587 8565 =% ~e 26908
1?2-19~78 1542 31%.2 291.3 72.5% “21 ®% 1108 1147 -112% s -1N83 ~1128 <1104 *= ~-543 ~585 ~564 %% -+ 26857
1 ~3~79 1101 334.0 3061 72.0 -2t *%  «1108 ~11%3 -1130 %% «1087 ~1132 ~1109 *x% -54 7 -593 ~562 =% ~e 27095
} 979 1823 38042 312.2 725 -22 %% “titl ~t1%586 ~1133 ¢ ~1088 ~1134 ~111§ ** ~549 -593 —571 % ~a27190
2 =270 as3 268 .0 336.3 72.0 -23 *» ~111 7 ~11671 ~1140 *¢ ~1094 ~1140 -~1117 a% -554 ~599 -576 *% ~a27429
* 2 ~2«79 asa 35840 334.0 SPECIMENS FULLY UNLOADEN. ZERN A2BL (FN TEST STRFSS -x CREED RECOVERY -
2 -2-79 a%a 3h8.0 Ti.7 -2 x¥ -793 -H&T -827 % -770 -2238 -804 S¥ a [+ J ==
2 ~2-79 856 64 .0 Tia? -23 ne -TAQ -a%8t 800 ** -726 -928 -T7T =% aa 10 27 =%
2 ~2-79 ass 36440 Ti.7 -23 = -ThT -5459 “?Q7 %% -T728 -32% ~TTA &% a6 13 20 &a
2 =2-79 901 35440 Tite? -23 e ~745 -Aas -79% = -r22 ~823 -?772 ®%® a8 13- 1w
2 -2-79 904 364.0 717 -23 ¥ -Taa -Bas -7T9a &% -72t -322 ~T771 ax 49 16 12 =
2 -2~7T9 1051 368,0 T1.8 23 &8 -731 -A33 -THD w% ~708 -310 -750 & 62 28 a5 =%
2 -2~79 1269 3641 719 -23 *x -r27 ~-828 ~TTT = ~704 -805 ~-T%4 ®8 68 I 4Q =%
2 «2«79 1483 368.2 72.0 -23 x» -2 -825 -7T4 *& ~-701 ~%02 -751 *w» 69 36 52 *»
2 ~3wT79 1236 36%5.1 Tle? -23 =% -Ti2 -~810 -T61 ®e ~639 -787 ~7T38 =% a1 5t 66 %
2 ~4~79 as2 BB .T Tias -23 n -T06 ~80% - 755 &% -683 ~782 ~732 &% a7 56 T1
2 ~%-79 102t 36740 72.0 23 &% -700 ~794 ~TAG &% -&6TT -77s -T26 %W 93 63 TR %
2 «6-79 1608 368,.3 T2.0 -23 *» ~-637 -794 -74%5 %% -67a ~77t -722 ®% 986 47 AN A
2 ~7-«7% 1019 369.0 72.0 -23 »* -59% -791 -TA3 &8 -672 -768 ~“720 =% as 70 Ra *&
2 B9 919 370.0 7240 =23 = -693 -~T789% -7A1 &8 -670 -T&h -718 e 100 r2 86 =%
2 ~9+73 100s IT.o 719 -23 ®¢ -687 “T86 ~736 & ~654 763 -713 &% 106 7S 0 ==
2-16-79 1101 37R.0 T72.2 -23 *» -5748 -77A -728 =% -6%1 ~T8y -701 ®% me 87 103 ==
2~20~79 1003 3R2.0 T2.0 -23 =% -&73 ~-769 ~721 *= -6%0 -T7ab -698 *# 120 a2 106 *%
2-23-79 1623 38%5.3 Tle2 -23 *= -667 -768 -T17 *% ~6H8A ~7 A% ~698 =% 126 Q3 109 *=
22779 1511 389.2 Tie2 ~23 ew ~665 -766 -715 &% -482 -743 ~692 & 128 9% 111 »w
3 ~2-79 142 3%2.2 T1.2 -23 *® -6673 -TH4 ~713 s =640 -7a1 690 *% 1x0 |7 113 *x
3 -6-79 1417 396.2 Tiaa -23 % -H% 8 -T5Q -708 =% ~63% -735 ~48%5 =% 13% 102 119 *=
3~13-79 1326 403.1 Tiet =23 & -6%5 -7%6 ~70% &% -632 -7r33 ~582 % 138 115 121 *»x
3-20~-79 1549 AlN.2 Tian ~23 &% -6%2 ~r®] =700 ** -827 ~728 -6T7 *& 143 i1t0 126 **
3-28-79 830 417.9 Tiat ~23 ss '  -6an -749 -698 B4 ~62% -7 26 «67% % ta4s 112 128 &x
4 ~4-T9 1%48 A2%.2 Tie% ~23 *% 645 -Taz -596 *% -622 -724 ~673 =4 148 114 131 »=
A4=-18-79 1011 439.0 Tl.2 -23 ** ' -4a0 ~741 -69) s -617 ~Ti8 667 =3 153 120 136 =%
5 ~1-79 t019 48240 Tie8 -23 *»  -53% -T37 -686 & -612 -714 -&6867 *% 158 12« 141 *»
§=23+79 lAas 4T4.2 k4 X3-] -23 2» -63% -r32 ~681 **% ~607T -7009 ~638 #% 163 129 186 *#
Gv14-TG BS9 496.0 T1e9 -23 =e ~&62%5 -726 ~-675 % -6Q02 -703 ~652 &% 168 135 151 »%

* 6-14~79 1700 a9 END 0OF TEST

-
It
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Table 24 averace TovaL. ELASTIC. CREEP aND AUTNGENOUS STRATNS. == CORRECTED COR TEMPERATURE CHANGE
ORTION 1| MIX YTC2A ESTessn

SPECIMEN: SEALED & 8AY 16 IN. CONCREYTE CYLINDER
SPECIMEN METER NO. CHANNEL El.a MODa. ¥PST AGE AT LOADING : 28 DAYS
NGO 8 1483 20-00 4.0 TEST TEMPERATURE T 3 DEGe Fo
NO.2 1e87 20-0t 4.1 COMP. STRENGTH ( 28 DAY) ! 6050. P51
AUTOG.L 1488 TI~1 8 APPLIEN TEST STYRESS T 2100. ©S]
AUTOR, 2 149% 7I-1S LEVEL OF STRESS APPLIED 34.7 RPERCENT OF COWR,
Ll L1 Lt TCROSTRAIN (FROM TTME OF LOADTN% )~ e e o am i e oo 3
DATE & TIME *CONCRETESDAYS * AVG. * AVG. *» TOTAL ELASYIC PLUS CREEP--8% FEED L
AGE, SUNDERETEMD , SAUTOG . $8mwww SPEC T MEN —wu & W o SPEC | ME N & B SR EC [ PEN——m & b
DAYS ®LOAD BDERLF.SSTRAINSS NOW1 % N2 % AVG, *% NCal & NO W2 & AVG. ®% NO«1 * NQ2 & AVG. *=
LRERBESEEEERESRRRS FREESREASERIESE IR ESRERRBE SRR SR RER R ERARSRTCRE FEERBAR AN SS KL LR RS ST ARREAE &
* 2 -1-78 1000 o SPECTIMENS CAST
* 3 -1-78 900 27.98 LOADING BEGINS
3 ~t-78 900 RT7+96 ~20007 74,3 - ) ] 0 = [} 0 o *n o ] o &
* 3 -1-78 900 27.98 SPECTMENS FULLY LOADED. APOLIED TST SYRESS 2100 PSI
3 -i-78 901 27.96 0. Tab Q wx =522 ~516 ~%183 &% ~-522 -5 1a 518 **% o [-] o =
3 ~t-78 s07 27.96 «0082  7A.% 0 & -548 -538 -S43 -S54 8 -538 ~543 &= -26 -24 -25 s
3 ~1-78 918 27,97 L0097 Ta.a 0 &% -%562 -5%1 b 1-L IR L -562 -551 556 *# -40 -37 -38 &%
3 ~-1-78 938 2T 98 L0236 Ta.S 0 *» -57e ~565 -569 % ~5T 4 ~56% ~569 =% -52 -5t ~51 *®
3 ~1~78 1809 28,01 04872 74,5 0 &= bt 1.0 ~577 -581 ~-58% -~57T? -581 *% -63 ~63 -63 *%
3 «1-78 1103 28.04 «0BAT  Ta.4 o e -59% -%88 -531 *= -595 -% 88 591 ** -73 -Ta -73 *=
3 ~t-78 1506 28.21 #2535 Ta.% Q s ~617 -G31 ~H14 x¢ -617 -5ttt ~618 ** -5 -9 -6 &k
3 ~1-78 1708 28430 43361 78.8 1 & -624 ~618 -621 *«& -625 -8 19 ~622 *s -103 -10% 104 &2
3 ~2-78 801 28.92 495683 73.6 1 »s -6%0 ~6485 ~647 % -6%51 -G48 -548 «% -129 -1 32 “130 »%
3 ~3-.78 a3o0 29.9% 1,978% 73.8 0 m% -579 ~-674 ~876 =e ~879 -67e ~676 sw -157 -160 -~158 *»
3 ~a-78 923 3.0 3.0 73.6 0 = 696 ~595 ~69% &k -696 - 95 -695 *» -t74 -t 8t 177 %
3 ~%-78 1010 32.0 4.0 73.6 -1 &% -711 -710 ~TE0 *& -T1Q -*09 “709 &% -ima -19% -191 *=
3 ~6-78 1038 33.0 Sel T3.7 -2 % -722 -722 ~722 e -730 -7 20 -720 & -198 ~206 -202 &=
3 ~-7-78 B840 33.% 640 73.8 -2 ~-731 -7 31 =731 *e -r29 -729 ~T29 s -207 -21% -211 *%
3 ~-8-78 1310 IS.i Te2 Ta.0 -2 % -4 -743 “743 Wk -742 ~741 ~7al ®s -220 -227 -223 ae
3 -9-78 04 36.0 B.0 T3.7 -2 % -T49 ~TAQ ~749 % ~7a7 -TAT -TAT x% ~22% -233 -229 *»
3~14~78 143a ate2 13.2 73.9 -4 W -782 -783 782 % -r7rs -779 ~7rH &8 -2%6 -26% ~260 *%
3-1%5-78 1621 42.3 183 78.3 -4 ¥ -789 -788 -7R8 s& -78% -78s “7THE e -263 -270 -266 *%
3«17~-78 1152 LI EY 1641 T4 -5 =& -T797 -796 -T986 *x -192 -T91 -791 =% -270 -277 -273 *w
3-22-78 izo a%,.1 211 73.6 -7 =% -818 -816 ~816 *x ~80% -809 ~809 -287 -295 -291 *»
32878 154t 552 27.3 Tt -7 e -837 -837 -837 x¢ ~-830 -830 ~830 &= -308 ~-316 ~312 **
A~10~78 144t 68.2 40.2 7349 -t1 »s -867 ~870 -868 *% ~-856 ~n%q ~BST7 &% ~33a ~38% -339 *s
A1 9-78 882 TT.0 49,0 T3.9 ~“12 =% ~A78 ~883 -280 A& ~-866 -871 -868 % -368 -357 -351 *e
5 »9-78 B81a 96.9 6% .0 T4.5 ~1% =% -909 ~-919 -9t4 & -8%48 -9 04 ~899 s» -372 ~390 ~381 s&
$-16~-78 t1tl 10842 7641 TA.l -16 ** -919 -330 924 »e -903 -3 1a -908 ** ~-381 -400 “380 s
5~23-78 a0 110.9 B83.0 74.0 -19 *& ~929 -9a2 ~335 »w -909 ~-323 -1 =& ~387 -4 09 =398 s
S-30-78 832 117.9 90D A2 -19 & ~93e -5 ~342 &6 181 -9132 -~923 &« -393 -4l -40% ¢
& ~6-78 1358 t2%.2 Q7.2 73.9 -20 u= ~340 -3 57 389 &8 -920 -337 -928 & -398 ~-423 -410 *&
6~13-78  ft22 132.1 108,1 T3.8 ~21 W8 -qa7 -3 64 ~955 s« ~926 -9 03 “334 & 404 ~-429 ~414 ww
$-20-7TR 806 138.9 1110 73.7 -20 ®% -952 ~-370 ~961 on -932 -3 50 -%41 = -1 0 -436 ~%23 »%
62778 119 L4661 11A.1 T8.0 ~2Q #% -9%8 -7 ~367 & -938 ~357 -347 *» ~418 ~-4a3 -429 &8
7 -~a-78 1603 15340 12%.0 73,6 -21 & -961 ~982 “371 N -940 -961 -950 &% -41f ~A AT -832 wa
rT-11-78 1712 16043 132.3 78,3 -i9 == -969 -988 ~«978 % ~9%50 -3 69 -5%59 e ~-8428 ~4S55 ~441 N
r-18-78 1642 1673 139.3 T4.a =20 *» -g74s «“994 -84 8 -9%54 -3 74 ~964 Aw -&32 ~-460 846 s¢
V-2%-78 1028 174.0 146a1 73.8 -20 & -978 ~998 -F88 e ~Q55 ~-378 -368 k& 436 - 64 -850 m%
8 «j-78 954 181.0 153.0 73.9 ~1T se -980 ~1003 991 =¥ -963 -9 86 -374 &% ~44 1 —-.72 ~A55 *e
3 -8-78 829 187.9 16040 Ta.l -16 s g2 -100% ~993 en -6 & -9 89 -377 &» —ahA -4 7% ~459 &
8-15-78 Ba3 198.9 187.0 Ta.0 =17 %% -987 =101 R A ~-970 -394 ~G82 &% ~448 L Y-14 A4 ¥
B-22-78 B8s9 20240 174.0 73.9 -17 % =99t ~101% ~=1003 =+ -974 -398 -986 *¥ -as2 -4 na ~468 *x
8-29478 1011 209.0 1810 TaL2 -18 *» ~993 «1017 ~1095 e ~97% ~999 387 *% -a53 -4 85 -359 x%
2 -5-78 832 215.9 188.0 73.9 =20 == ~995 ~1020 ~1007 =& ~97%  ~1000 -987 *& ~453 - 88 ~469 *u
91978 821 229.9 202.0 Ta,% “20 =% -1008 —1032 -1020 e ~“988 ~1012 ~100N0 *% “~466 -498 ~487 *&
10 ~3~78 1asa 208,2 21642 TA6 =18 *® ~[014 ~1039 -~1026 =& ~-995 -t1921 «100% &% -4T4 -507 ~4GQ &8
10=17-78 L64S 2%R.3 23043 Ta.l =17 =% “1016 <1040 ~1028 s ~999 ~1323 -101} ®% -ar? ~-50% ~4q3 Bk
11 ~1-78 1550 273.2 24%.3 74,0 “LS ®& ~1026 ~10%2 ~1039 s* 1011 ~1037 ~1024 *» ~489 -523 “506 *=
11-28-78 1049 300.0 27241 7345 =19 & 1039 ~1067 -~1053 ** ~1020 -~1048 -103a »% ~498 ~536 -n16 &%
12~12~78 15231 3t1s.0 288.1 T35 =17 #¢ 1068 <1074 ~1059 ¥X 1027 ~1057 ~1042 &% bg-1:1-3 -543 ~524 5%
{2~19~78 1542 321.2 2933 T3.5 =21 *%  ~105% <~1077 1066 ¢ ~{074 <1086 1045 %= -%12 ~542 ~527 s
1 «9-79 1421 342,2 31e.2 73.5 ~22 *% ~10%7 -1085 ~1071 ** 1035 -1763 «1049 »w ~%t3 ~-549 ~531 &%
1~23-79 1456 356.2 32842 733 —22 %%  -1064 <1092 1078 ** -1082 ~1070 <«10586 &% -520 hd-3-11 ~538 %
t+30-79 14098 363.2 33%.2 73.3 -23 e <1065 <1095 -1080 & 1042 <-{072 1057 *% ~-520 -45%8 ~539 &
2 ~i~79 1008 36%5.0 337.80 73.0 =23 ®&  ~1087 -1094 <1080 *% -10&8 1071 “1057 =x -822 ~557 “«$39 e«
* 2 «1=79 1009 365.0 337.0 SPECIMENS FULLY UNLOADED. ZFRO APPLIED TEST STRESS L4 CRF¥ER RECOVERY L
2 -1-79 1009 36%.0 72.6 ~23 o= T4 ~T48 -T861 ** -7%3 ~723 ~738 *a <] o o se
2 ~1=79 1010 365.0 727 -23 = -764 ~735 “T89 *% -Tol -712 -728 % 12 11 11 e
2 «1-79 1013 36540 T2.6 -23 *» ~“781 -733 ~T747 ®s -738 -710 ~T24 %8 133 13 14 *¢
2 ~t1-79 1018 38%5.0 7246 ~23 »e ~748 - “744 W= -T3s -708 -T21 *» 18 1% t6 »e
2 -1-79 1019 36%.0 T2.7 ~-23 =% ~T57 -730 “743 8% -T3s -7o7 =720 &» 19 16 17 ex
2 ~1~79 1206 38%.1 T2.7 —23 *% -733 -Ti? ~72%5 =& =710 -6 e “¥02 s 43 29 36
2 -t-79 1407 365.2 728 23 =% -728 -714 ~721 =& -70% -591 -$38 %% aB 32 40 *x
2 «1=79 (612 3I6%.3 72.9 -23 *& -r2s =710 -T17 *x “701% -6a7 ~69a ¢» 52 36 48
2 -2-79 10%1 366.0 72.7 -23 = -718 =701 ~709 *» -69% -6 78 ~686 ¥ 58 as 51 *»
2 ~3~-79 1236 3671 T2.6 “23 o ~7086 -593 -5699 9 «~683 ~870 -878 &% rT0 53 81 =
2 ~4=79 352 I6T.T T2eM -23 =¥ ~704 -890 ~697 ~881 ~667 ~§TA S8 T2 56 68 =%
2 ~%-79 1021 389.0 T2.9 23 s ~698 -6 86 ~692 = ~87S ~663 —669 *s T8 50 69 e
2 ~6~79 1808 370.3 73.0 ~23 o -G9S -681 ~589 *% -872 ~660 ~866 % a1 63 T2 *s
2 ~¥=-79 1019 3710 73.0 -23 s» -~691 ~680 ~68% % ~658 -657 ~5662 *x as 66 75 %
2 ~8-79 919 372.0 73.0 -23 & ~688 -678 -~683 & ~665 -5 58 ~860 ¢ L1 68 7R *%
2+15-79 1601 379.3 T3.4 ~23 *x -8682 -666 -&74 *w ~6%59 -643 «851 *=» Se 80 AT *x
22079 1003 384.0 T2.9 23 =% -6%2 -662 -867T &% -649 -4 39 -844 T 104 84 Sa *s
2-22~79 99 386.0 73.0 ~23 *» -87% -5860 ~667 s -6%2 -537 ~G44 5% 101 86 93 *=
2=-27-79 1811 .2 72.3 =20 ex ~6&1 -657 ~659 & ~638 -8 34 636 %% ns 89 102 ==
3 ~1-79 1261 39341 T2.2 ~23 -6%9 ~886 -6%7T se -536 -633 ~634 &= nz 90 103 »+
3 «6~79  1at7T 98,2 T2.% =23 *» -~6%55 ~63%51 ~6%3 »n -632 -&628 ~830 *» 121 9% 108 =»
3-13-79 1326 40%.1 T2.5 -2% *» -651 ~648 -849 *x -5628 -52% ~526 =& 12% 9n 111 *¢
32079 (529 412.2 T2eS -23 *% -~64 7 -G48 =64 &= -624 -821 ~622 =% 129 102 115 &
3-28~79 830 419.9 721 ~23 s* ~644 ~8A3 “~643 2% -821 -6 20 ~620 %% 132 103 117 *»
& «4=79 1548 A27.2 726 =23 *=» ~5a2 ~Sat ~64L 98 -619 -G8 ~618 &= 134 103 119 ==
A=18-79 1011 MLe0 7243 -23 *" “536 ~-836 ~636 % -613 ~-613 -613 "« 140 110 2% a»
5 -1=79 1019 A54.0 72.6 23 % 632 -433 «632 %% -509 -5 10 -609 s 1aa 113 128 s
3=23-T79 1ass 87642 T2.7 -23 *2 -828 ~630 «~562G &% ~60% ~8607 ~506 & 148 116 132 »»
&~14~-79 %9 a98.0 73.0 ~23 % ~622 -626 ~624 =% ~599 -6 03 =501 ¢» 154 120 137 ==
* 6-14~79 |TO0O 498.0 ENQ OF TESY e e we s . m—— e m e a———
- R . e — —

SAN ONOFRE

STR.

AVERARE *x
SPECIFIC *

CREED,

STRAINsOSE®

Qs

0.
~+ 01190

~el0619
~+1090%
~et2381
~a12667
~«13000
~s 13887
~s 14857
~e16183
~e 16667
~a 18143
18571
-+ 18952
~«19286
~» 19524
-.19810
-+ 20143
~e20429
—e20%571
~-s21000
~e21238
~2 21429
“s21714

~e21887
~e22095
~s22286
~. 22333
—e22333
-. 22982
~e 23333
—e 23478
-a2409%
~s 24871
-» 24952
-e 25098
~+25286
-v2%819
~e25667
-. 25667



38

Table 25 AVERAGE TOTAL,. ELASTIC. CFEEP AND AUTDGENOUS STRAINS, ~- CORRECTED FOR TEMPERATURE CHANGE
SAN ONOERE NOYION | MIX YC1PA ES7448
SPECIMEN! SEALED 6 8Y 16 IN. CONCRETE CYLINOER

SPEC TMEN METFR NO. CRANNEL ElLa MOD.. MPST AGE AT LUADING 3 1a0 DAYS
NGl 1119 73-16 .y TESYT YEMPERATURE b 73 DEGs F.
NOw? 1497 73-17 4.2 COME, STRENATH {180 DAY} : 6600. PSIT
AUTOG. 1 1117 73-18 ABDLIED TEST STRESS T 2100, OS]
AUTOG.2 1498 7319 LEVEL OF SYRISS APPL [FD H 1.8 PERCENT (F COMP, STR.

RS AR AR R R AR R R A N R A e e e MTCROSTRAIN (FEIM TIME AF L OADING ) = woe e soie = e e e e o & AVERAGF =

JATE  x TIMR SCONCRETESNAYS * AVG. ® AVA, &% ~=TOTAL $EoFLASTIC OLUS CPEEDwn ol FEF D wm e~ —m&® SDECIEIC
- #  AGE., SUNDERSTEMD, #AUTOGW S ameSOECIMEN~wu® 8 SPECMEN ¥ B2 L SPEC | NEN === *%  CRFES, =
* *  DJAYS  ALOAD EIEGL.F JrSTRAINSS NOW]l * NQ.2 & AVG, ®% NOCL & NOL2 & AVG. & NOs1 % NOe2 % AV, *ESTRAIN/PSTS
FELAEREEERFEADRRBEURIRINARS IS SR RNSARB IR AR SR AR AR AR SRS .‘“‘l#t““""‘lt.““'l..““.l-‘l“‘...“.""'“I“‘.“t.t““"l““t‘l
* 2 ~3-78 1060 4] SPECIMENS CAST
* A ~2-78 S04 179.96 LOADING BEGINS N
® -P~78 90a 17396 ~,0007 71,8 o > [+ ] [ 1] Q Q9 =% o k4] 0 =% Ta
* 8 ~2-78 304 179.96 BBFCIMENS FULLY LOANFD, APDLIFN TEST STRFSS 2100 957
8 ~2-78 a3s 172,96 0, 71.3 o *% ~ans ~509 ~492 &» -ans %500 ~492 &x (] -] o s* 0.
8 ~2-78 999 179,05 +0029 Ti.9 0 =+ ~849% ~«508 ~S01 &% ~Ag% ~350R ~%501 *% -t0 -8 -3 -« QDA29
83 -2~78 215 179457 0063 7149 [ ~800 -513 ~506 *» ~500 -513 -508 *» -1%5 -13 -14 *x
8 -2-78 936 179.58 «021% 71.8 o *% ~809 -523 516 =» ~809 ~%23 ~516 ®% -24 -23 23 =%
% -2-78 1108 180,05 +0833 Tt.9 -] % ~-521 -535 =528 &% ~-520 -5 38 -527 ®x -3% =34 ~34 xm
4 ~2-78 1303 183417 L1883 7i.8 -1 * -%29 “%a1 ~535 e -524 ~Kan -538 %% ~43 ~a0 —al w»
R -2-7A 1501 1A0.21 2472 Ti.7 o x» -523 ~546 -539 s+ ~-£33 ~548 ~539 =% -s8 ~a8 -a7 =%
a4 =3-78 Ata 180.93 DT - TS WY 1 == -85t -562 -556 *% -552 ~-5863 “%87 &% -67 -63 ~6% k&
4 -a-78 816 181.93 1.9660 71,5 1 s= -5H 2 -57a -568 =% -5673 -575 ~R&9 =% -7a -7% -T6 ®%
8 -%5-78 1301 193.1 3.2 7T1.8 t e -571 -582 «576 *¥ -572 ~%A% ~577 *=% -8 -3 -85 *w ~204048
A «&-T9 1154 184,1 4.1 Tl.9 1 &% Rdakd .} —-Rar -581 &=» =877 -583 ~582 &% -92 -Ra -9 *®  ~,04236
a4 -7-78 At 184.9 S.Q T2.0 Q9 *e -8R ~R93 ~5B7 &% -582 -%9 ~587 =% -37 -93 -95 *& ~: 08528
8 ~Ra7R 807 185,.0 6.0 Tla7 2 *» -584 ~306 ~RGQ ¥ -SR8 -89 507 &% -101 -9a -Qq =% MELEATS
A -5=7% 808 196.9 T+Q Tla.7 -l =% ~589 ~600 -534 =8 11 -® g0 «593 *» ~103 -9 ~-101 *x e 34BN
A-16~7R 1537 196 .3 14,3 71a.5% 2 %= -A11 -622 ~616 *% -613 -5 2a -61R &% -t28 -124 126 %% ~e 26900
R-23-7R Saa 20142 21eQ Ti.7 ~2 %&& ~62 K Rdab-o] “H32 *» -624 -537 -630 == -139 ~137 -139 xx -+ 06571
8-30-78 930 203.0 28.3 7ta.9 LI -hal -6%3 -548 m# ~-&aa -5 84 ~649 %% -1%9 -1%a -156 =% ~«07429
9 -5-7R 8ts 21%.9 34,0 T1.7 o ae -659 -660 ~ARE =X ~&650 -6 60 ~HEE k2 -155 ~-t60 ~162 =% e NT718
19 ~3-78 1425 242,2 6242 71.6 o *n -632 ~692 ~BRY & -/82 -5 92 “BRT k8 -127 -192 ~194 ®% ~e09238
id-17-78 1636 256.3 T6ed 7149 1 ¢* -89 -702 ~6T wk ~694 -703 ~-6PA wx -2n9 -203 ~206 = ~2 00210
it ~1=-78 1540 2T1e? B1e3 Tie 3w -7a1 =709 708 s TN ~-7E2 ~7Q0R &% -219 -212 -215 =% ~-+102348
11-28-78 1029 298,0 ti8.1 THe? ~1 a= ~T2% -735 “730 *x -724 ~-73a -72G9 *% -239 -2 34 -236 =8 ~s11238
12-12-7R 1036 312.0 132.1 70«9 2 & -7t ~TA1 =TH % -733 ~743 “738 %4 -748 -243 “243 %% s 11687
12-19~7" 1504 319.2 139.2 T0.9 -2 == -739 -748 ~T43 &% -727 -T46 ~Tal %% ~-252 —2h6 ~249 ®k «,11857
1 ~9-79 1ata 340,2 16042 70.9 -3 ex =752 ~760 “-TRE mr -T47 -r57 -7KRZ &% ~-262 ~287 “259 x% ~el232X
1=23-79 1437 358.2 17442 7042 -4 *% -75h -7F5 -7TH| &% ~-752 -762 -787 =% -2¢7 -262 -264 %% ~e12%71
t-20-79 54 36140 181.0 70.1 -4 &n ~rA2 -773 “TRT &% -758 -769 ~T63 xw -273 -269 ~271 *x ~e1290%
2 ~2-79 B30 363,9 184,08 70.3 -h & -764 -77T4 “769 e -760 -0 765 *# -27%5 -270 ~272 a% ~s 12952
® 2 =2?~7Q 821 67,9 184,90 SOECTMENS FULLY UNLOADED, ISR ARDL {FD YEST STRESS % CRFED RECOVERY *w
2 -2-79 a21 3.0 7043 -4 wn -31ta ~328 ~331 we ~330 ~33e -327 2 ] 2} 9 *e
2 =3-79 az3 361,08 7941 -4 xm -2k -2209 ~323 %W -322 -318 =319 ¢= A a 3 =
2 -g-ra R25 381.9 70.% R RETS -37a -7 -320 *e -370 -313 -315 #» 10 1 10 ae
2 -2-7% Bza 361,90 7043 -4 wx -323 ~X16 319 %% -319 312 -315 =% it 12 11 s
P w2~79 A3 363.9 7043 -4 £= -a21 ~31a 317 *x =XLT =% 0 ~313 %= 13 1a 13 #a
2 ~2«79 102t 364.0 737 -8 k% -209 -302 ~105 = ~-33% ~298 ~301 2> 25 25 25 w2
2 -2-7a t271 3fa.l T4 -4 ww ~-376 -299 =302 *= -302 -29% -298 «» 28 2% 29 *x
2 =2-79  1a21 36442 70a8 -y wx -327 ~297 ~299 &% -298 ~293 ~29% *% 32 31 31
. 2 ~3-70  (Dan WHe1 7042 -4 wm ~2a4 ~281 -2948 =% -234 -7y -2R0 w% a6 a7 a6 w2
4 2 ~a-79 a5 365.7 70.2 -a wx -29a ~276 ~280 = -290 272 -276 %% 59 52 51 =»
2 -5-79 1028 I87.0 9.3 ~a e -276 ~269 -272 *¢ -272 2865 -26A =% 58 59 59 e
2?2 -4-79 1518 268.2 70.4 -a w2 -272 ~264 -268 ®a ~258 -260 ~264 ®n 6z sa 63 #*
2 =779 131a 369.0 ¥0.6 . am 271 -2€1 -267 *» 267 -3 %9 -263 =% 63 6 64 %%
2 ~a-79  9za 370.0 0.5 -a e -267 ~25R -262 =¥ -263 -254 ~25A «= (3 70 68 e
2 -9-73 1001 7.0 70,4 -4 sx -264 -257 ~26) & ~260 -253 -2%6 % 70 71 73 %
2-16-79 13%1 378,0 79.7 —a ww -5 ~2a4 ~248 *e -280 ~289 244 a1 as Rz e
2-20-78 918 387.0 77.3 s ww -248 -239  -243 &% ~zes -238 239 =% g6 a9 87 xx
2-23-79 618 385,13 1.0 -3 wn -2a2 -233 “237 % ~238 =229 -233 %# az o5 93 &=
3 -2-79  1a29 2.2 70.8 -4 e -218 -227 -231 %= -237 -223 -227 o= 98 1ot Q9 e
3 -6-79 1aL2 19,2 70.7 -a e -233 -2213 ~22R »% -229 -219 -224 %= 101 118 133 &
4 ~a4-79 1543 a2¢,7 73.9 -4 wm -2272 -211 -216 w8 -219 -207 -212 *» 112 117 114 s&
a-18-7a 1024 439.0 70,8 -4 s -222 -21t -216 % -218 -207 -212 %= nz 1 ite =e
5 ~1-79 1026 as2.,0 0.9 YT 220 ~209 ~218 *® -216 -205 ~210 ** 11s 110 116 *=
5-23-79  1(a4%56 a7a.2 70.9 - wnm -206 -200 -203 == -202 -196 -199 *x i2m 128 123 *%
LRIV LS ) 8a8 495.9 7142 -4 =¥ -200 -198 -197 =x ~196 -190 ~193 &% 134 13a 138w«

® LH-{a-7C 1700 495,9 END OF TEST
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26 AVERAGE TOTAL. ELASTIC, CREFP AND AUTOGENOUS STRAINS, ~~ CORRECTED SOR TEMPERATURE CHANAE
ESTAME
IN. CONCRETE CYLINNER

SAN ONOFRE
SPECINEN: SEALED 6 BY 16

SPFCIMEN METER NO. CHANNEL EL., MOD,. mPS{

APPLIED YEFST STRESS

URTION 1| MIX TC2A

AGE AT LOADING
TEST TEMPERATURE

STRENGTM (180 DAY}

LEVEL OF STRESS ARALIFD

NQO. 1 1450 TI~12 4.5
NO. 2 1493 7T3-13 4sd coso,
AUTOG. 1488 TI~14
AUTOG.2 1495 73195
sus - seEsEEEETERS
DATE & YTME SCONCREYESDAYS * AVG, & AVG, *x TOTAL
* *  AGE., SUNDERSTEMD, SAUTDG. SPECT » » SPECT
* *  DAYS  RLOAD BOENLF.ESTRAINES NOel % ND2 * AVA, &
* *shee
* 2 «1-78 1000 ] SPECIMENS CAST
* 73178 1055 180,08 LOADING BEGINS
T-31-78 1055 180,08 ~.000T 72.8 Q o] o 0 & o
* T-31-78 1055 180.04 SPECTMENS FULLY LOADED. APSLTIFD TESYT STRESS 2100 PSSt
r-31-78 1056 180,08 0. T2.8 0 = -&470 -476 473 %8 ~&TO
T-31-78 itoss 180,04 D0t T2.8 1 =w ~476 -482 ~479 *= ~8477
?-3t-78 1106 180,05 0069 72..8 G *% 491 ~-497 408 = -89 §
T-31-78 1112 130.0% =011 72.8 1 &% -a9a ~499 ~4964 &% ~49S
7-31~78 1300 180.12 « 0861 T2.8 1 & ~%09 ~515 «512 &% -510
T-31-78 1655 180429 <2493 72,9 1 o -%20 -%26 ~%23 ex 521
8 ~1-78 933 180.98 .9424 72,7 1 e ~538 -%al ~%37 se -53%
8 ~2-78 807 181.92 1.R826 T2.9 1w -4 -5%2 ~549 ¥ -547
8 ~3-78 821 182.9 249 T2.7 2 » PLLYY -881 ~857 % -5%586
B -4-78 L% 133.9 3.9 T2.7 2 *e -%559 ~567 ~5683 = -861
8 ~5-78 1301 18%.1 Se1 T2.9 2 = ~58% -573 ~569 *+ 887
a -8-78 1154 185.1 B0 T72.9 2 = ~569 -%576 -572 *» -571
8 ~7-78 B8 18649 6.9 73.1 1 -872 -58L 57K e -%573
8 ~A-7H sor 187.9 Te9 T2.9 2 - %74 -5a3 -578 &% 578
Bt 578 804 194.9 14.9 72,7 1 == -596 -5 0% /KO0 -%97
a-21-78 1530 2013 212 7Z.8 1 &= ~609 -620 ~614 *& “61 0
8-28-78 1544 208,2 28,2 72.9 0 &» -622 -633 -627 &e -622
9 ~5-7A s 21%.9 38,9 T2.a -2 e -632 845 -538 =% -630
10 ~3-78 14735 264,22 64,2 733 0 &s ~661 -6 79 -670 &» -65 1
10~-17-78 1636 258,23 78.2 7340 1 = ~-672 Rt L1 -580 =¥ ~873
1t ~t-78 1540 2713.2 93.2 T73I.0 3 = ~678 -596 ~887 &% -68 1
11~28-78 1026 300.0 12040 7T2.2 -1 =% -T03 -“r21 -T712 *x -r02
t2-12-70 1036 34,0 134.0 72.0 1 &» -708 -72% -T16 ¥ -709
12+19-78 1%04 321.2 tat.2 72,0 -3 s ~T16 -733 ~-T24 = -713
1 ~3-79 1053 336.0 158.0 7T1l.2 -3 & -723 -740 =731 we -720
I «9-79 1atas 342,2 1621 71.9 -4 *® -727 -TAD -736 &% -r23
1~23-79 1437 386,2 1762 T1.9 - -733 -7%2 -742 ¥& ~729
2 «1-79 19029 365,0 185.0 7Tiu.e -5 E ~-739 -7%9 ~749 *x -734
* 2 ~t~-79 1030 36%5.0 185%5.0 SPECTIMENS FULLY UNLOANDEN, 2ZFAQ APDLIFD TEST
2 ~1=79 1030 36%5.0 Ties -8 x» -3s -333 325 = -311
2 ~t-79 1032 3I65.0 T1.3 -5 &% -30%5 ~32a ~314 =% ~300
2 ~1~79 1034 I88.0 7.3 -5 X% ~302 -322 ~312 *» -297
2 ~1-79 1037 365.0 T1.3 -5 aw ~301 -321 ~311 s -296
2 «1=79 1080 365.0 7t.3 -5 aa -300 ~320 -310 &» -29%
2 ~i-79 1231 36%5.1 Tiaes -5 an -288 ~309 -298 &% -283
2 ~t~79 1527 355.2 Ties -5 &% -282 -302 292 &% -277
2 -2-79  10%a 365.0 T8 - -268 -289 -278 ®% ~-263
2 ~3-79 1240 367.1 Ti.a -5 *e ~-261 -281 -371 =% -256
2 ~4=79 345 3677 71.3 -5 % ~-258 -~278 ~267 ¥x -2%3
2 =579 1026 369.0 7193 -%5 & -2%52 -27% -263 sx ~247
2 ~86-79 1518 170.2 TL.6 -5 *& ~248 -270 ~2%9 == ~-243
2 ~7=79 12314 37t.0 1304 -5 =% -248 -269 ~2%8 xw ~243
2 ~-8-79 924 3I?72.0 713 -5 W -2643 ~265 -254 »® -278
2-15-79  1850% 379.3 72,0 -5 &w -228 ~-2%8 <243 s ~-223
2-20~-79 L2 %1 384.0 Tt.2 ~% »e -22% ~-258%5 -280 *» -220
2-22-79 913 385.0 71.3 -5 % -217 -252 ~234 ~212
2-27-79 1506 391.2 71.6 -5 *x -213 -249 =231 *» -208
3 «6-79 1412 398.2 Tra? -5 es -211 -245 -228 ¢ -206
3-13-79 113 40%.1 Tia.7 -5 sk -200 -243 -221 k% -19%
3-28-79 824 1949 Ti.7 -5 = ~-198 ~236 -217 *¢ -193
4 ~4=79 1543 a27.2 71.9 -5 w% -t1o8 -23% -216 &% -193
a=18-79 1324 aa1,0 Ti.8 -5 e -19a -231 ~214 ®8 -193
S ~1=-79 1024 ASA LD 7.9 - ae -197 -229 ~213 »2 ~-t92
6-23-79 18%6 ar6.2 T2t ~5 w3 -178 -226 ~201 ** -171
6-14-79 san 297.9 r2.2 -% % -169 -224 ~196 *% -184
* 6-14-79 1700 Q7.9 END OF TEST

ASTIC OLUS CREED-~&%
AW e e SOEC | MEN e b

NO«1 & NO.2 * AV~

-4 76
-4 83
-.9r
~500
516
-527
342
-4 53
~563
~5&69
578
578
-582
-5 8%
~606
-8 21
-533
~543
-8 19
~690
~699
-720
-726
-130
-737
-raz
~748
~7%4
STRESS
~i28
-319
-317
~316
-3s
~30e
~297
~288
276
-273
-270
-265
~26a
~260
~253
-2%0
~247
~244
240
-238
-231
-230
226
~226
-221
~219

~a73
~a80
~AQ8
-4 97
-513
=526
-538
«$50
-559
~565
~571
~57a
~8T7
~%80
601
-615
-627
~636
~670
-681
~-630
-711
~r17
-r21
~728
-T32
~738
~r48

~320
~309
-307
~306
~30%
-39y
-287
-273
~288
~263
~258
~254
~2%3
~249
~238
-235
-229
-226
~223
~216
-212
211
«~209
-208
-196
~-191

t8o DAYS
73 DEG, ¥,

TO40. PSI
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