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Testing Program for Determining the
Mechanical Properties of Concrete

To Temperatures of 621°C

C, B. Oland, D. J. Naus and G. C. Robinson

Synopsis: Concrete temperatures in a Liquid Metal Fast Breeder Reactor

(LMFBR) in excess of normal code limits can result from postulated large

sodium spills in equipment cells. Elevated temperature concrete property

data which may have application for providing a basis for the design and

evaluation of such postulated accident conditions is limited. Data thus

needed to be developed commensurate with LMFBR plant applications for crit-

ical physical and mechanical concrete properties under prototypic thermal

accident conditions. A test program was conducted to define the variations

in physical and mechanical properties of a limestone aggregate concrete and

a lightweight insulating concrete exposed to elevated temperatures. Five

test series were conducted: (1) unconfined compression, (2) shear, (3) rebar

bond, (4) sustained loading (creep), and (5) thermal properties.

Testing procedures for determining the mechanical properties of con-

crete from ambient to 621°C (115'0°F) are described. The thermal properties

tests are discussed in a separate paper which is also being presented at

this conference.

Keywords: concrete; elevated temperature; stress; strain; compressive

strength; shear strength; creep; rebar bond.
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INTRODUCTION

Concrete temperatures in a Liquid Metal Fast Breeder Reactor (LMFBR)

in excess of normal code limits can result from postulated large sodium

spills in steel lined cells. Since elevated temperature concrete property

data which may have application for providing a basis for the design and

evaluation of such postulated accident conditions was limited, an interim

testing program (Ref. 1) was conducted to define the strength variations

of a limestone aggregate concrete at temperatures from ambient to 760°C

(1400°F). Results from the interim program were used as a basis for the

development of the present more comprehensive testing program so that it

would sufficiently define all physical (thermal) and mechanical (strength)

properties of structural concrete required for the structural design and

thermal accident analyses (Ref. 2 and 3).

Four test series were conducted to determine the mechanical properties

of concrete and one test series, which was conducted under a subcontract

with Berkeley (ORNL Sub. No. 7464), was conducted to evaluate the physical

properties of concrete. This paper describes the testing procedures which

were used for the mechanical properties tests at temperatures ranging from

ambient to 621°C (1150°F).

SCOPE

The objective of the testing program was to define the variations in

mechanical (strength) properties of limestone aggregate concrete and light-

weight insulating concrete exposed to elevated temperatures that could occur



as a result of a postulated large sodium spill in a lined LMFBR equipment

cell. Four teat series were developed to meet this objective: (1) uncon-

fined compression, (2) shear, (3) rebar bond, and (4) sustained load (creep).

Table 1 details the testing criteria for each of the four test series. A

total of 194 specimens were tested to satisfy the specified testing require-

ments.

The unconfined compression tests were performed to evaluate the effects

of elevated temperature exposure on the concrete's stress-strain behavior,

uniaxial compressive strength, modulus of elasticity and Poisson's ratio.

Standard 0.15 m diam. by 0.30 m (6 in. diam. by 12 in.) cylindrical specimens

cast from limestone aggregate and lightweight aggregate concretes were tested

in compression after being exposed to the various test temperatures for the

required number of days as shown in Table 1. All specimens were tested

while being maintained at the prescribed test temperatures. At the conclusion

of each compression test, the specimen was removed from the oven and weighed

so that its weight loss could be determined. A total of 48 specimens were

tested in the unconfined compression test series.

"S-shaped" parallelepiped specimens (Fig. 1) cast from limestone aggre-

gate concrete were used to determine the effect of elevated temperatures on

the relative shear strength of plain concrete. The shear specimens were

heated to the various test temperatures noted in Table 1 and maintained at

these temperatures for 14 days. Compressive load was applied to each speci-

men while at the prescribed temperature to determine the average ultimate

shear strength. An indication of the average ultimate shear strength was

determined for each specimen by dividing the maximum compressive load which

could be applied by the area of the predesignated shear plane. A total of

24 specimens were tested in the shear test series.



The rebar bond or bond pull-out test was developed to compare concretes

which had been exposed to elevated temperatures on the basis of the bond

developed between the concrete and the reinforcing steel. Specimens were

fabricated by casting No. 11 reinforcing bars vertically in a 0.30 m (12 in.)

limestone aggregate concrete cube. After curing, the specimens were heated

to one of the various test temperatures shown in Table 1, maintained at the

test temperature for 14 days and tested. The relative movement between the

loaded end of the rebar and the concrete was measured to determine bond stress

vs slip data fcr each specimen. All 24 bond pull-out tests were performed

while the specimens were maintained at the prescribed test temperature. In

addition, calibration specimens were tested at each of the prescribed test

temperatures so that rebar displacements could be eliminated from each

specimen's displacement data.

The sustained load (creep) tests were performed to evaluate the effects

of elevated temperature exposure on the time dependent characteristics of a

limestone aggregate plain concrete. Standard 0.15 m diam. by 0.30 m (6 in.

diam. by 12 in.) cylindrical concrete specimens were loaded to either 20 or

50 percent of the concrete reference design strength of 31.7 MPa (4600 psi),

heated to the test temperature and maintained at this temperature for 60

days. Table 1 identifies the. test temperatures and loading conditions for

each of the 15 test specimens. A continuous record of temperature, load and

strain was obtained for each test specimen in the sustained load test series.

A total of 21 batches of concrete were prepared during this program

from which the test specimens and control specimens were cast. Each batch

contained at least 3 standard 0.15 m diam. by 0.30 m (6 in. diam. by 12 in.)

control cylinders which were tested at 28 or 60 days. The compressive strength,

stress-strain behavior, modulus of elasticity and Poisson's ratio were



determined from the moist cured control cylinders and served as reference

data for the entire program.

SPECIMEN PREPARATION

Specimens were cast using the two mix designs shown in Table 2. Mater-

ials, mixing procedures and casting and curing techniques are discussed

below.

Materials

Type II portland cement conforming to ANSI/ASTM C 150-78^^ requirements

was used for all batches of concrete. The cement was obtctl:-"'1 ±n a single

lot and stored in the laboratory for use throughout the program.

The flyash was obtained from a local source and conformed with ANSI/ASTM

C 618-785 requirements for class F flyash.

Two types of aggregates were required for the investigation - crushed limestone

and perlite. A locally obtained crushed limestone aggregate was used for

the coarse and fine materials of the plain concrete mixes. Prior to its use,

the coarse limestone aggregate was washed to remove deleterious substances.

All limestone aggregate materials were then oven dried at 110 ± 5°C (230 ± 9°F)

for at least 16 hours, separated into individual sieve sizes and stored in

barrels in the laboratory for recombining at the time of mixing. The perlite

aggregate used in the insulating concrete mix was supplied by a commercial

vendor and was found to satisfy ANSI/ASTM C 332-77as requirements for Group I

lightweight aggregate.

The water used for all batches was from the laboratory tap water supply.

The water was potable.

A commerciijilly available air-entraining agent conforming to ANSI/ASTM

C 260-777 was used in both the standard weight and lightweight insulating

concrete mixes.



A commercially available water-reducing agent conforming to ANSI/ASTM

C 494-798 was used in the standard weight concrete mixes.

The No. 11 reinforcing bars used in the rebar bond test series conformed

to ANSI/ASTM C 615-789 requirements for Grade 60 steel. Four lengths of bar

were cut from each of eight longer rebars to serve as test and calibration

specimens for the individual test temperatures.

Casting

Three types of steel molds were used to cast the specimens. Standard

0.15 m diam. by 0.30 m (6 in. diam. by 12 in.) cylinder molds were used for

the control, compression and sustained load test specimens. Thermocouple

insert openings were cast into each of these specimens except those used for

the control tests. The molds and reinforcement for the shear specimens are

shown in Fig. 2. Nominal overall dimensions of the shear specimens were

0.14 m by 0.14 m by 0.30 m (5.5 in. by 5.5 in. by 12 in.). Nominal overall

dimensions of the bond pull-out specimens were 0.30 by 0.30 by 0.30 m (12

by 12 by 12 in.). A No. 11 reinforcing bar, sandblasted to remove loose

surface rust, was centrally located in each bond pull-out mold. Form

release was applied to all molds the day before casting. Care was taken

to prevent the release agent from contacting the reinforcing in either the

shear or bond pull-out molds.

Two different mixers were used in the testing program. A bladder type

mixer with a 0.30 m3 (7 ft.3) capacity was used for the standard weight

concrece and a paddle type, conventional mortar mixer was used for the light-

weight insulating concrete.

The following procedure was performed for each of the batches of

standard weight concrete. Steps 1-4 were performed on the day before



casting and steps 5-11 were performed on the day the specimens were cast.

1. Mixer was prewetted and excess water permitted to drain.

2. Aggregates were placed into the mixer.

3. Approximately one-half of the mix water was added to the mixer.

4. Mixer was covered and operated for 3 minutes.

5. Cement, flyash, admixtures and ail but 2.3 kg (5 lb.) of water

were added to mixer.

6. Mixer was operated for 3 minutes.

7. Slump was determined during 3 minute rest period.

8. Remaining water was added.

9. Mixer was operated for 2 minutes.

10. Contents were discharged into prewetted container.

11. Slump, unit weight, air content (ANSI/ASTM C 231-78, Type B meter),10

laboratory temperature, concrete temperature, and laboratory rela-

tive humidity were determined and recorded.

The following procedure was performed on the day of casting for each of

the batches of lightweight insulating concrete.

1. Mixer was prewetted and excess water permitted to drain.

2. Aggregates were placed into the mixer.

3. Approximately one-half the mixing water was added to the mixer.

4. The mixer was operated for approximately 5 minutes.

5. Cement, admixtures, and all but 4.5 kg (10 lb.) of water were

added to the mixer.

6. Mixer was operated for 3 minutes.

7. Slump was determined.

8. Water, if required to adjust the slump to the desired value of

approximately 127 mm (5 in.), was added and the ingredients were

remixed for 1 minute. Slump was then redetermined.

9. Contents of mixer were discharged into prewetted container and

total water recorded.

10. Slump, unit weight, air content (ANSI/ASTM C 173-78),n laboratory

temperature, concrete temperature, and laboratory relative humidity

were determined and recorded.



The slump for each batch of concrete was determined in accordance

with ANSI/ASTM C 143-78.12

The air contents of the standard weight and lightweight insulating

concretes were determined for each batch using the procedures described

in ANSI/ASTM C 231-7810 for a type B meter and ANSI/ASTM C 173-78,n respec-

tively.

A 0.007 m3 (0.25 ft.3) measuring bowl was used to determine the wet

unit weight for each concrete batch. Entrapped air voids were removed from

tho standard weight concrete by external vibration. No vibration was used

for the lightweight aggregate concretes. Yield was determined for each

batch by dividing the sum of the batch material weights by the measured

unit weight. These determinations were in accordance with ANSI/ASTM C

138-7713 requirements.

Concrete was placed into the molds in three approximately equal vol-

umes. Consolidation of each layer of standard weight concrete was performed

by means of either internal vibration (bond pull-out specimens) or external

vibration (control, compression, shear, and creep specimens). The light-

weight insulating concrete was not mechanically consolidated but care was

taken to ensure that the entrapped air at the mold-specimen interface xvas

removed. Approximately two to four hours after casting, the control speci-

mens, which were used for reference value determinations, were capped with

a neat portland cement paste in accordance with ANSI/ASTM C 617-76.14 Other

test specimens at this time were given a final trowelling and covered with

moist paper towels and plastic sheets to minimize moisture loss.

Curing

Specimens were usually demolded between 24 and 48 hours after casting,

marked with a specimen identification number, and submerged in galvanized



steel tanks which contained a saturated limewater solution. Standard

weight concrete specimens remained in the curing tank until either they

were removed at 28 or 60 days for control tests or the startup of heating

which was initiated when the specimens were between 60 and 90 days old.

Lightweight insulating concrete control specimens used for air-dry density

determinations were removed from the curing tank 7 days after casting and

placed into an environmental chamber which maintained an environment of

24 ± 2°G (75 ± 3°F) and 50 ± 10% relative humidity. Twenty-eight days

after casting the remaining lightweight concrete specimens in a batch were

removed from the curing tank and all specimens except the control specimens

scheduled to be tested at an age of 28 days were placed into the environmental

chamber. The lightweight concrete specimens remained in the controlled

environment chamber until the startup of heating which was initiated when

the specimens were between 60 and 90 days old.

Machining

To ensure that the loaded surfaces of the test specimens were flat,

the ends of the cylindrical specimens were machined. This procedure was

performed on each of the compression and sustained load specimens during

the moist cure period. The specimens remained in the saturated limewater

until they were placed in a lathe. During the machining process, water was

sprayed on the specimens to keep the specimens moist. After machining, the

specimens were checked for flatness and then resubmerged in the saturated

limewater to continue moist curing.

SPECIMEN TESTING

Three spearate testing facilities were developed to satisfy the re-

quired testing criteria and schedule. All elevated temperature specimens

were heated and tested in individually controlled ovens equipped with loading
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platens and instrumentation assemblies. A detailed description of each

facility and the testing procedure is discussed below.

Compression and Shear Test Series

Three types of tests were performed in the compression-^ ".ear test

facility shown in Figure 3. These tests included the unconfined compres-

sion test series, the shear test series and the control specimen tests.

All the specimens were loaded in a hydraulic testing machine. The facility

also contained signal conditioning, a temperature recorder and a 17 channel

temperature and power control system for individual oven control. Test

parameters for the compression and shear test series are noted in Table 1.

The testing procedure for each specimen of the unconfined compression

test series was as follows.

1. Between 60 and 90 days after casting, the specimen was removed

from the limewater solution, weighed, placed into an oven and the

thermocouples attached.

2. The specimen was heated at a rate of 17°C/hr (30°F/hr) to the pre-

scribed test temperature.

3. After the required period at the test temperature, the end-to-end

compressometer-extensoineter instrumentation assembly was attached

to the specimen, connected to the data acquisition system and cali-

brated.

4. Load was applied to the specimen at a rate less than 0.35 MPa/s

(50 psi/sec.) until the specimen failed.

5. The specimen was weighed and discarded.

6. The compressive strength, stress-strain behavior, modulus of elas-

ticity, Poisson's ratio and weight loss were then determined.

(Poisson'sr ratio data was not required for the lightweight insulating

concrete specimens.)

The shear specimens were tested using the following procedure.

1. Between 60 and 90 days after casting, the specimens were removed

from the limexrater solution, placed into individual ovens and the

thermocouDles attached.
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2. Specimens were heated at 17°C/hr (3Q°F/hr) to the various

prescribed test temperatures and maintained at the test tempera-

tures for 14 days.

3. Load was applied at a rate less than 6.67 kN/s (1500 lb./sec.) until

the specimen failed.

4. The ultimate load was recorded and the ultimate average shear

strength was determined by dividing the ultimate load by the area

of the predesignated shear plane.

The control test specimens from each batch of concrete were tested after

being removed from the limewater solution at 28 days. Specimens from some

batches of standard weight concrete were also tested at 60 days. All the

control specimens were instrumented with a compressometer-extensometer

assembly as detailed in ANSI/ASTM C 469-6515 and loaded to failure at a rate

less than 0.34 MPa/s (50 psi/sec). Cotnpressive strength, stress-strain

behavior, modulus of elasticity and Poisson's ratio were then determined for

each specimen.

Rebar Bond Test Series

The bond pull-out specimens were tested in the facility shown in Figure

4. A total of four test frames such as the one shown schematically in Figure

5 were required for the test series. In addition to the test frames the

facility contained an electrohydraulic servovalve load device, a four

channel temperature and power control system, displacement gages with signal

conditioning, and a temperature recorder. Temperatures of interest are noted

in Table 1.

The testing procedure for the test and calibration specimens was as

follows.

1. Between 60 and 90 days after casting, the specimens were removed

from the limewater solution, placed into t'.ie ovens and the thermo-

couples arrached.



12

2. Specimens with test temperatures of L77°C (350°F) or less were

heated at a rate of 17°C/hr (30°F/hr). Specimens with test

temperatures above 177°C (350°F) were heated to 177°C (350°F) at

17°C/hr (30°F/hr), maintained at 177°C (350°F) for 6 hours and

then heated at 17°C/hr (30°F/hr) to the prescribed test temperature,

3. After 14 days at the test temperature, the displacement measurement

systems were attached, calibrated and loading initiated.

4. Load was applied to the end of each bar at a rate less than 0.35

MPa/s (50 psi/sec.) until either the bar yielded, the concrete

failed or the testing system capacity of 445 kN (100,000 1b.) was

reached.

5. Bond stress vs slip data was determined by subtracting the bar

displacement, obtained from the calibration specimen test, from

the bar displacement plus slip data obtained from each specimen

tested.

Sustained Load Test Series

The facility for conducting the sustained load (creep) tests is shown

in Fig. 6. Five test frames such as the one shown schematically in Fig. 7

were required for the test series. These devices were designed to provide

a constant load to the specimens throughout the test duration even though

the specimens length changed. Other equipment in this test facility included

a compressometer-extensometer assembly for monitoring specimen length changes,

a temperature recorder, five continuous strip chart recorders and a five

channel temperature and power control system for individual oven control.

The testing procedure for each test specimen was as follows.

1. Between 60 and 90 days after casting, the specimen was removed

from the limewater solution, placed on the insulating platen in

the oven and the thermocouples attached.

2. The end-to-end compressometer-extensometer assembly was attached

to the specimen, calibrated, and the prescribed load was applied

to the specimen.
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3. The specimen was then heated at a rate of 17°C/hr (30°F/hr) to

the prascribed test temperature and maintained at fie test temper-

ature under load for 60 days.

4. Continuous recordings of temperature, load and displacement data

were taken for the entire testing period.

INSTRUMENTATION

Since standard test methods do not exist for determining mechanical

properties of concrete at elevated temperatures, the instrumentation systems

developed for these tests are somewhat unique. Although recognizable testing

procedures of the American Society of Testing and Materials were used as

much as possible, they had to be modified to accoincdate the elevated tempera-

ture testing criteria. The instrumentation for the unconfined compression

test and the. sustained load test series were based on ANSI/ASTM C 469-6515 in

which a displacement measuring device provides data from which strain cam be

determined. The bond pull-out apparatus was designed to measure slip of

the reinforcing bar with respect to the loaded concrete face as required

by ANSI/ASTM C 234-71.16 The data acquisition and temperature control

systems which were used are described below.

Temperature Control

Testing criteria specified a limit of ± 11°C (± 20°F) on temperature

fluctuations for all of the test specimens as well as a heatup rate of 17°C/hr

(30°F/hr). To satisfy these temperature control requirements, a programmable

temperature and power controller was utilized. The system features included a

controller which could be programmed for a specified uniform heatup rate,

local temperature and power controls which permitted individual sustained

heating control and an alarm system that served as over temperature protection

in the event of a failed-closed malt unction of the controller. Thermocouples
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attached near the surfaces of the specimens provided feedback for the

automatic control system. An independent thermocouple was also contained

in each specimen and was monitored by a multipoint temperature recorder

to verify the temperature history of each specimen. Each test facility

had its nwn temperature control system.

Individual electrical resistance ovens were also developed to accomo-

date the different specimen sizes, shapes and instrumentation requirements

of the test program.

Data Acquisition

Figure 8 shows the oven and instrumentation system which was used in

the unconfined compression test series. A similar design was used for the

sustained load test series. This concept permitted in-place calibration

of the compressometer-extensometer displacement devices. End-to-end displace-

ment measurements were required since attachment of instrumentation to the

specimen surface had proven to be unreliable. The displacement data from

each of the unconfined compression tests was plotted on an X-Y-Y recorder.

The displacement and load histories of the sustained load test specimens

were continuously monitored by a strip chart recorder for the entire testing

period.

The instrumentation in the rebar bond tests measured relative motion

of the rebar with respect to the loaded concrete face. However, to account

for the displacement of the rebar, which could not be calculated accurately

as required in ANSI/ASTM C 234-71^ because of the elevated test tempera-

tures, a calibration specimen was tested at each of the eight test tempera-

tures, ^he calibration specimen, obtained from the same rebar stock as the

corresponding test specimen bars, was monitored while one end was fixed aL
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the surface of tb oaded concrete face so that slippage of the bar from

the concrete was noc possible. The instrumentation system was calibrated

prior to specimen testing by the micrometers which were built into the

system and the displacements were recorded by an X-Y-Y plotter. The applied

load was monitored by a load cell attached to the hydraulic system. Load

vs displacement plots were obtained for each specimen.

SUMMARY

A testing program was undertaken to provide a basis for the structural

design and evaluation of a postulated thermal accident for an LMFBR plant.

Four test series were conducted to examine the effects of elevated tempera-

ture exposure on the mechanical properties of a limestone aggregate and

a lightweight insulating concrete.

The unconfined compression test series was performed at temperatures

ranging from 66°C (150°F) to 621°C (1150°F) on a limestone aggregate con-

crete to determine compresjive strength, stress-strain behavior, modulus

of elasticity and Poisson's ratio data for periods of elevated temperature

exposure of either 14 or 28 days. The effect of temperatures ranging from

66°C (150°F) to 482°C (900°F) on the compressive strength, stress-strain

behavior, and modulus of elasticity of a lightweight insulating concrete

exposed to these temperatures for 14 days was also investigated.

The variations in shear strength of q limestone aggregate concrete

resulting from exposure to temperatures ranging from ambient to 621°C

(1150°F) for 14 days wera examined in the shear test series.

Effects of elevated temperature exposure on the bond between limestone,

aggregate concrete and reinforcing steel was investigated in the rebar bond

test series. In these tests reinforcing bars were pulled out of concrete

cubes that had been exposed to temperatures ranging from ambient to 621°C

(1150°F) for 14 days.
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Time dependent characteriscics of a limestone aggregate concrete which

had been loaded and then heated were investigated in the sustained load test

series. Specimens were loaded to 50 percent the design compressive stress

and heated to temperatures ranging from 66QC (150°F) to 260°C (500°F).

Additional specimens werM loaded to 20 percent the design compressive stress

and heated to temperatures ranging from 260°C (500°F) to 538°C (1000°F). All

the sustained load specimtas were maintained at the test temperature and

under load for GO days to examine the time-dependent behavior of the

material.

CONCLUSION

The comprehensive testing program for concrete at elevated tempera-

tures was required to evaluate the response of LMFBR reinforced concrete

components subjected to elevated temperature conditions. The mechanical

property data developed during this program is being used as a basis for

the development of elevated temperature design relationships and thermal

analysis parameters to define the response of LMFRR reinforced concrete

comnonents. The data established in this program will be presented at a

later time.
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Table 1

Mechanical Property Specimen Testing Criteria

1.

Test Series

Unconfined Compression
Standard Weight
Standard Weight
Lightweight

Duration
at Test
Temperature
(Days)

14
23
14

22
(72)

66
(150)

3
3
3

107
(225)

3
3
3

Test Temperature °C (°F)

177
(350)

3
3
3

260
(500)

3

3

371
(700)

3

3

482
(900)

3

3

538
(1000)

621
(1150)

3

No.
Specimens

21
9

18

2. Shear 14

Reb&r Bond
Test Specimens
Calibration Specimens

Sustained Load
Loaded at 0.5 fc
Loaded at 0.2 f̂

14
14

60
60

3
1

3
1

3

3
1

3

3
1

3
1

3
3

3
1

3
1

5. Control 75

24

3

Specimen

3
1

Total

24
8

9
6

75

194



Table 2. Concrete Mix Criteria

Material

Cement, Type II
Flyash
Perlite
Aggregate, retained

(Oven-dry weights)
0.95 cm (3/8 in.)
No. 4
No. 8
No. 16
No. 30
No. 50
No. 100
Pan

Water

Air-entraining agent
Water reducer

Slump, cm (in.)
Air content, %
Unit Weight, kg/m3 (lb/ft3)

Wet
Air dry

Compressive strength 28 days,
MPa (psi)

Standard weight
concrete

kg/m3

242 1
80.7

626.5
326.9
119.2
221.3
173.2
1S8.1
93.1
52.2

177.4

950 ml

Required

2.5-7.6
4-8

2342 ± 48

31.70

(lb/yd3)

(408)
(136)

(1056)
(55.1)
(201)
(373)
(292)
(317)
(157)
(88)

(299)

(560 ma)

Lightweight: insulating
concrete

kg/m3

400.5

112.1

52.9
97.7

102.5
83.3
41.6
22.4

292.5

1150 m£

(lb/yd3)

(675.0)

(189.0)

(89.1)
(164.7)
(172.8)
(140.4)
(70.2)
(37.8)

(493.0)

(680 m£)
Manufacturer's recommendations

Properties

(1-3)

(146.2 ± 3)

(4600) minimum

5.1-12.7
10 plus

1249 ± 64
1073 ± 32
6.89

(2-5)

(78 ± 4)
(67 ± 2)
(1000) minimum
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Fig. 1. Shear Test Specimen Configurati,on
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Fig. 2. Shear Test Specimen Reinforcement and Mold



Fig. 3. Compression - Shear Test Facility



Fia. A. Rebar Bond Test Facilitv
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Fig. 6. Sustained Load Test Facility
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