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FOREWORD

The funds for this investigation were provided by the U. . Arny
Materiel Cormand for an in-house research and development project tu bx
selected by the Director, U. S. Army Engineer Waterways Experiment stu-

tion (WES), Vicksburg, Miss. The euthorization for the project is cci.-
tained in a memorandum to Chief, Concrete Division, from the Direcior,
WES, dated 5 November 3963, subject, "New R and D Work - FY 1964."

This work was conducted by personnel of the Concrete Divisicn, WIS,
under the supervision of Mr. T. B. Kennedy, Chief. Staff members actively
concerned with 't';he investigation included Messrs. James M. Poluuvty, v. .
Tynes, K. L. Saucier, and SP-4 R. L. Lundeen. The investigation was und--r
the direct supervision of SP-k Lundeen who also prepared this report.

Director of the WES during the conduct of this investigation and
preperation and publication of this report was Col. Alex G. Sutton, Jr.,
CE. Technical Director was Mr. J. B. Tiffany.
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SUMMARY
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The effect of the rate of application of load on the triaxial . i -
pressive and flexural strengths of specimens from two conerete mixtur:. g
having static compressive strengths of approximately 2000 and 40CO pui,
respectively, was investigated. The test specimens were cast us l-1/:-
by 3-in. cylinders and 6- by 6- by 20-in. beams, which were tested i
triaxial cowpression and flexure, respectively. Triaxial specimens weso
tested under three lateral pressures (0, 250, and 500 psi) in order te
establish the relation between shear strength and principal strecses.

Dynemic loading of the specimens was accomplished with the rapid-londin,,,
MIT-WES, gas-operated impact machine. Resistance-wire strain gupes werc
bonded to the concrete specimens used in the triaxial compression test:
to obtain stress-strain relations. Static tests were made on a hydraul: ¢
testing machine. ) &
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The triuxial. compressive and flexural strengths of the conerete were
higher under the dynemic loading than under static loading. For both
strength levels, the ratios of dynamic to static strength were approxi-
2 mately 1.37 and 2.46 for triaxiasl compressive and flexural strengths,
= respectively. The ratios of dynamic to static modulus of elasticity
; obtained in triaxial compression tests varied, but generally approximuted
3 1:1. Results of triaxial compression tests were plotted as Mohr circl:s. ¢
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o Test methods and procedures giving reproducible results were de-
veloped for determining triaxial compressive and flexural strengths of
concrete., These methods are included as Appendixes A and B.




" DYNAMIC AND STATIC TESTS OF PLAIN CONCRETE SPECIMENG

PHASE II: FLEXURE AND TRIAXTAL COMPRESSION -

PART I: INTRODUCTION

Background

1. 1In Phase Il* of this investigation, the effeet of the rate of
epplication of load on the compressive » diametral cowpressive (tensile.
splitting), and flexural strengths of specimens » made fren three dirferesnt
concrete mixtures, having static compressive strengths of approximately
2000, 3000, &nd 4000 psi, respectively, was investigated. The test speed -
mens were cast as 1-1/2- by 3«in. cylinders 5 3= by 6-in. cylinders, and
6- by 6- by 20-in. beams, which were tested in compression, diametral
compression, and flexure, respectively. D_ynamic loading of the specimens
was accomplished with the rapid-loading, MIT-WES, ** gas-operated impuact
machine. Resistance-wire strain gages were bonded to the conerete speci-
mens used in the compression and diametral compression tests to obtain
stress~strain relations. For comparison, & hydraulic testing machine was
used to load the specimens staticaily.

2. The compressive, diametral compressive, and flexural strengths
of the concrete specimens were higher under the high rate of loading than
under static loading. For all three strength levels, the ratios of
dynemic to static strength were approximately 1.36, 1.7k, and 4.37 for
compressive, diametral compressive, and flexural strengths, respectively.
The natios of dynamic to static modulus of elasticity obtained in the
diametral compression and compression tests varied, but generally approxi-
mated 1:1. .

3. Reproducible test methods and procedures were developed fcr de-
termining the dynamic compressive and diametral compressive strengihs of
concrete. Results of flexure tests showed thé need for additional

¥ Raised numbers refer to similarly numbered items in the Literature
Cited at end of text.

*% A loading apparatus developed by the Mossachusetts Institute of )
Technology and subsequently modified by the Waterways Experiment Staticn.
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improvemeat of the test apparatus to eliminate apparently erroneous dynamic
strength readings probably caused by a sizable absorption of strain energy
in the test apparatus or inertial effects of the specimens, or both.

Purpose and Scope of Investigation

k. The purpose of the investigation reported herein was to deve. .y
reproducible methods and procedures for testing concrete specimens of
different strength levels at high rates of loading in flexure and triaxisl
coupression.

5. The investigation consisted of laboratory tests in which (a) the
WES-modified MIT rapid-loading apparatus was used to determine the triaxial
compressive and flexural strengths of concrete specimens under dynamic
loading, and (b) a hydraulic testing machine was used to determine such
strengths under static loading. Stress-strain relations and shear strength
envelopes were obtained in the triaxial compression teste. g
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PART II: MATERIALS, MIXTURES, AND TEST SPECIMENS.
Materials

6. The materials used in the concrete test specimens consisted of
type II portland cement manufactured in Alabama, and crushed-limestone
fine and coerse aggregates obtained from Tennessee. The air-entraining

admixture used was laboratory-stock, neutralized vinsol resin solutiocn.
{

Mixtures

T. Two concrete mixtures, designed to produce a low- and a highe-
strength conerete (static compressive strengths of approximetely 2000 and
4oOO psi, respectively), were proportioned to have & slump of 1-1/2 in.
(11/2 in.) and an air content of 5.0 percent (40.5 percent). The maximum-
size aggregate used was 3/8 in. The mixture proportions are given in
table 1. The concrete was mixed in a turbine mixer of 13.5-cu-ft capacity.

Coarse aggregate, water and cement, and fine aggregate were placed in that
order in the mixer. The concrete was mixed for 2 min, allowed to rest for
3 win, and remixed for 1 min.

Test Specimens

8. Three rounds of each of the two mixtures (low-strength and high-
strength) were made. From each round the following types and numbers of

St et S e

specimens were cast:

a. Twenty 1-1/2- by 3-in. cylinders for triaxial compression
tests (18 were used for testing purposes).

b. Twelve 6~ by 6- by 20-in. beams for flexural strength tests
(9 were used for testing purposes).

The small size of the triaxial test specimens was dictated by the limited
capacity of the dynamic testing machine.

9. The specimens were consolidated in the molds. The 1-1/2- by 3-
in. cylinders were consolidated for 10 sec using a vibration table
(external vibration) with a frequency of 3600 vibrations per min. The
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6- by 6- by 20-in. beams wem vibrated internally for 25 sec with a
portable, 1-1/2-in.-diameter, flonible-shaft vibrator with a frequency
of 6000 vibrations pexr min. : .
10. The concrete specizens were moist-cured for 21 days. On the
twenty-second dsy, the 1-1/3« %y 3-in. cylinders were capped with hydro-

stone, a high-strength gyrsus plaster, on the cast end to obtain a plain
surface. The specimens wess <ien air-dried until tested at 28 days age.
In preparation for attaclment o the strain gages, the surfaces of the
concrete cylinders were lizlily roughened with fine sandpaper and cleaned
with acetone. Voids on tie sarface of the concrete cylinders were filled
with hydrostone te prevent <l: sonfining pressure in the tz:iaxia.l chauber
from puncturing the neopweusz rivbter membrane placed over the specimen.

Strain Gages

11. Two SR-4 strain z:zss were mounted diemetrically opposite each
other on each triaxiel speci:su. The strain gages had thin paper backs;

were mounted on the specizz=: <ith a“nitrocellulose glue; and were wired
in series. Iach gage was 13 23 in. long. The geges had a resistance
of 120 ohms (240 chms wiaz ~irsd in series), and a gage factor of 2.05.
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PART III: TEST METHODS, APPARATUS,
AND PROCEDURES

Static Tests

>
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Triaxial compression

12. From each round, three 1-1/2- by 3=-in. cylinders for eaci: of

three confining pressures (0, 250, and 500 psi) were tested statically.

a The triaxial test apparatus is shown in fig. 1. The electrical-resistunce
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Fig. 1. Triaxial test apparatus

strain gages described in paragraph 11 vere used in all static triaxial
compression tests to provide an indication of the stress-strain relation.
An X-Y recorder was used to record stress-strain measurements using
temperature-compensating gages wired into a two-arm bridge. The specimens

were tested in accordance with Test Method CRD-C 93-6h2 using a 4l0,000-

lb-capacity Universal testing machine. The rate of loading was
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. upproximately 35 psi, or 3720 1lb per min. The, test setup is shown in
Tig. 2. '
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: Fig. 2. Static triaxial compression test setup
L Flexure

13. Three 6- by 6- by 20~

' in. beams (from each round) were ;
tested according to Test Method a
CRD-C 1.7-632 (center-point load-
ing). The rate of loading was 5
150 psi, or 1200 1b per min. The
static flexural test setup is

shown in fig. 3. :
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a 'limiteq. amount of work has becn done using slow-loading equipment, .

In investigations to dute of the effect of rate of loading on the

. strength a.nd elastic properties of concret:e,3’u’5"6’7 either a weignt
dropped onto the specimen or a hydraulic testing rachine run at full
-speed has been used to apply load. Wa*.ts'tein6’7 attained a meximun
stressing rate of 1 psi ﬁer 10"7 sec using a-'dropped'weight as compurcd
_to & rate of 2.psi per 10°T sec attained in compression at the U. .
Army Engineer Waterways .Experiment Station us;ln_g the MIT-WES impact

- loader.

-MIT-WES impact loader - o _ .

15. Only a brief description of the rapid-loading machine used -
for producing dynamic loads i}z this study is given in this report.

For a more detailed description the reader is referred to the thesis
by Ixr. R. J. Hansen.8

16. The impact luad is produced by & high-pressure, gas-
operated, cylinder-piston arrangement. The use of this type of system
limits the machine to the production of & single concentrated load
(25,000 1b). The stroke of the piston rod in all tests was limited
to 1/2 in.

17. The piston, piston rod, and load-initiation system were
designed so that nitrogen at 1000 psi would drive the piston to the
capacity of the machine. Bottled nitrogen was used to provide the re-
quired gas pressure as it is a fnirly light gas and produces a constant-
slope loading rulse which peaked in approximately 1 msec for the cou-

pression tests. A mechanical, trip-lever system was used that re-
strained the piston rod from applying the load to the specimen until
it was tripped. The actual tripping operation is initiated by a
blunger which pushes the trip lever at the desired moment by release
of a gas-operated solenoid. The load was released by evacuating the

gas from the accumulator cylinder above the piston by the use of
another solenoid. The total volume of the accumulator cylinder was
982 cu in. '

18. The base of the supporting system for the machine was made
heavy and massive to minimize vertical support vibration during testing
(sec fig. 4).




Distrumentation

1'9‘. The instrumentation, also
ghown in fig. .4, consisted essentially
of a 30,000-1lb-cepacity load cell
attached to the piston rod, and an
wscilloscope modified to provide only
one trigger sweep or to be used with
2 d-c amplifier as .an XY recorder.

The stress-strain relations were re-
corded on a dualetrace oscilloscope
vquipped with a cax;sera.

20. The load cell was calibrated
statically periodically by loading it
with a hydraulic testing machine and
relating the corresponding changes in
load to the position change of the bean
un the oseilloscope. For strain cali-
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bration, a known resistance was
Fig. k. Tnpact machine and ‘switched into the strain circuit end
instrumentation the resulting cbange noted. By use of
the gage factor relation, the known
resistance was equated to a definite value of strain.

21l. Initially, a pressure truusducer was mounted through the wall
of the triaxial chamber to record incrcases in the pressure of the con-
fining fluid occurring before failur« of the specimen.

Test procedures

22, Three 1-1/2- by 3~in. cylinders from each round were tested
dynamically in compression at each o' the confining pressures used in the
static tests (0, 250, and 500 psi). Kine 6- by 6- by 20-in. beams from
each round were tested dynamically in flexure.

23. These test specimens were cquipped with the same type of strain
gages, mounted and wired in the sam: way, as the specimens used in the
stutic tests. The testing cap attuched to the load cell consisted of a
beveled male surface which fitted into the complementary female surfaces
of the dixferent testing hcade to provide a rotating ball joint. The
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different heads are shown in fig. 5 along with the center-point.long iy
i flexure .apparatus. A rocking bar was employed on one end of the flecy.;..
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Fig. 5. Testing heads
and flexure apparatus

P,

o gt o

PAere s B Sennd
pE sk adid

v b vecabdaet

apparatus to compensate for any casting irregularities in the specimens.

Dynamic test setups for triaxial compression and flexure are shown in
figs. 6 and 7, respectively.
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o Fig. 6. Dynamic triaxial Fig. 7. Dynamic flexure

compression test setup

test setup
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Fig. 8. Typical dynamic triaxial
compression test trace

Fig. 9 illustrates the re-
corded load obtained on a
flexure specimen. The
strain trace is produced
by the two strain gages
wired in series, and rcpe
resents the average strain
in Lhe specimen.

26. The load-strain
curve obtained from the
photographs was converted
to a stress-strain curve
which was enlarged using
an opaquce projector.
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24. For each test, the trigger of the impact machine was set with ¢
preload of 200 psi. The test specimen was placed in the impact machine,

1 4, it

o
!

and the testing head was brought t.
bear on the specimen by turning th.
testing cap until it was tight.
Next the accumulator pressure vas

2 N Y P e

increased to the desired amount.
The impact machine was then trig- .E
gered by the operator, which auto-
matically triggered the oscilloscope.
The camera was tripped by the oper-
ator at the same instant at which
the impact loader was {riggered.
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Recording and
reduction of data

25. The records of the test
were photographed on the screen of
the cathode-ray oscilloscope with a
T5mm still camcra. A typical record
of the load and strains observed in
a triaxial test is shown in Tig. 8.
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Fig. 9. Dynamic flexure test load trace
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PART IV: REGULTS

Triaxial Compression Tests

27. The results of the triaxial compression tests on specimens of
the two strength levels of concrete under static and dynamic loading nrc
given in table 2. Each test value in this table represents the aversue of
three specimens in each of three rounds. The average static major prine-
cipal ultimate strengths for confining pressures of d, 250, and 500 psi
were 1800, 3240, and 3920 psi, respectively, for the 1dw-strength miztures
and 3630, 5280, and 6190 psi, respectively, for the high-strength mixtures.
The ratios of dynamic to static strengths for the same confining pressures
were 1.34, 1.37, and 1.37 and 1.37, 1.36, and 1.36 for the low- and high-
strength mixtures, respectively.

28. Composite stress-strain curves, both static and dynamic, fur
each round and confining pressure for each of the two concretes are shown
in plates 1 through 3 and 5 through 7. The modulus of the concrete is
given as the slope of the secant drawn from the origin to a point on the
curve corresponding to & strain value of 0.001 in./in. Use of the secant
modulus of elasticity eliminated the error in human Jjudgment thet is pos-
sible in determining the modulus of elasticity by the initial tangent
method. The ratios of dynamic to static moduli for confining pressures
of 0, 250, and 500 psi were 1.18, 1.02, and 1.08, respectively, for the
low-strength mixtures and 1.07, 1.18, and 1.03, respectively, for the highe
strength mixtures.

29. Triaxial test data for the individual test specimens for the
low- and high-strength mixtures are given in tables 3 and U, respectively.
Mohr circles for each round are shown in plates 4 and 8 for low- and high-
strength mixtures, respectively. The shear strength parameters, i.e. the
angle of internel friction ¢ and the value of cohesion ¢ , are not re-
ported because the pronounced curvature of the envelope of failure indi-
cated that they were not constant.

30. Results obtained from the pressure transducer employed to
record variances in confining pressure before failure of the specimen
indicated increases of approximately 60 and 110 psi for lateral
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pressures of 250 and 500 psi, respectively.
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31. There was no significant difference in the manner of failure of'
the triaxial compression test cylinders in the dynamic and static tests.
All spe'cimens failed in the ‘chara.ctéristic wanner of brittle material in
8 compression test i)y developing cones at the ends which served to split
the cylinder. ‘ ‘ ‘ ’

Flexure Tests

32. Table 5 gives the results of tests on the individual flexural
specimens by strength levels. The average static flexural strengths, shown ‘
in table 6, were 300 and 455 psi for the low- and high-strength mixtures,
respectively, as computed by the following relation:

R 7

R = =%

2 ba°

where

R = modulus of rupture, psi

P = maximum applied load, 1b

2 = span length, in.

b = width of specimen, in.

d = depth of specimen, in.

33. Plate 9 shows the relation by round of the ultimate static to
ultimate dynamic modulus of rupture. As shown in table 5, the impact '
factor (ratio of dynamic stress to static stress) is approximately 2.5
campared to a value of approximately 4 reported in Phase I of this in-
\restige.tion.1 The decrease in the impact factor is the result of a re-
vised test abparatus that utilizes a rigid base and a load cell mounted on
the piston rod. This resulted in obtaining the following conditions which
are considered necessary for determining a valid impact factor for a
suddenly spplied load:’ (a) the proportional limit of the test specimen
material is not exceeded, and (b) all the energy supplied by the impacting
body is absorbed in stressing the beam. Also, with the revised apperatus
the load reaction recordcd on the load cell was not affected by the in-
certial effects of the spccimen and the energy supplied by the machine was
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34. Variance in in;nvid;zal dynemic test results compére reasonsbly -
well with those of their static counterpart, as illustrated in tables 3, ¥;
and 5. Based on this and results obtained in Fhase I, test methods.and
procedures for determining dynamically the triaxial coupressive and flex-
ural strengths of concrete that give reproducible results were developed
and are included as Appendixes A and B.
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PART V: SUMMARY OF RESULTS

35. The following results were derived from the tests conducted in
this investigation:

a. Triaxial compressive strength of specimens of each strength
level was higher under the dynamic loading than under the
static loading. For the two strength levels and the three
confining pressures, an average ratio of dynamic to static
strength of 1.37 was obtained.

b. For both strength levels, the modulus of rupture of the

flexure specimens was greater under dynamic loading than
under static loading; aversge ratio of dynamic to static
strength was 2.46.

¢. The ratio of dynamic secant modulus of elasticity to static
for triaxial compression specimens ranged from 0.99 to 1.19
for the low-strength mixture and 0.95 to 1.22 for the high-
strength mixture.

d. Dynamic envelopes of feilure derived from a plot of Moir
circles were higher than their static counterpart.

e. Reproducible test methods for determining the triaxial com-
pressive and flexural strengths of concrete dynamically
were developed.
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' Table 2 ‘
Summary of Triaxial Test Results

03 = O psi

Major principal stress, psi

Dynamic (£25) 25k0- hkyto
Static (£}) ' 1890 © 3630
feal% 1.3k L3
Modulus of elasticity, ].06 psi
Dynemic (E_,) 1.95 3.00
static (E,.) 1.65 2.8
xacd/':r.c,3 ' 1.18 1.07
03 = 250 psi

Major principal stress, psi

Dynemic (£;) 4kso 7180

Static (fc') ‘ = 3240 5280

:l'éd/fé 1.37 : 1.3
Modulus of elasticity, 106 psi

Dynamic (Ecd) 2.12 3.59

static (E,,) 2.08 3.03

ram/l;m3 1.02 1.18

aa = 500 psi
-Major prineipal stress, psi

Dynamic (féd) 5360 8390
Static (fé) 3920 6190
A2 1.37 1.36

Modulus of elasticity, 106 psi

Dynamic (E,,) 2.56 3.43
) . | 3.33

Tow g
Test . Strength - Btrengt,
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Summery of Flexure Test Reasults

Test

Modulus of rupture in flexure, psi
Dynamic'(Rd)
Static (Rs)
Ry/Rg

Tow
Streggth

730
300
2.43

High

Stren,;g H

1130
b5y
2.8
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APPENDIX A: METHOD OF TEST FOR BEHAVIOR OF CYLINDRICAL
CONCRETE SPECIMENS SUBJECTED TO TRIAXIAL
COMPRESSION BY IMPACT

Scope

1. This test method covers a procedure for determining the stress

parameters and stress-strain relations of cylindrical concrete specimens

subjected to triaxial compression by impact.

Principle :
2. A cylindricel specimen encased in a flexible membrane is placed

in 8 triaxial compression chamber, subjected to a constant lateral fluid

pressure, and then loaded axially to failure. The degree of saturation of

the test specimen is not permitted to change during the test. At least
three identical specimens, each under a different lateral pressure, are
tested to failure to establish the relation between shear strength and
normal stress. Initially, the three principal stresses are equal to the
lateral pressure on the specimen. During the application of load, the
major principal stress (al) is equal to the applied axial stress (o = P/A)
plus the lateral pressure (03) (see fig. AlL). The applied axial stress o
is termed the "deviator stress.” The intermediate principal stress o

2
and the minor principal stress 03 are identical and are equal to the
lateral pressure used in the test.

P
7
P = applied load, 1lb / /]
A = cross-sectional area of feidd
Specimen, 8q in. e L"’ Deviator stress (o)
o, = major principal stress, psi e e = P/A = o) = 0g
- ] -
03 = lateral stress, psi T3 ~o :—”a
. od bt -
o e

w

Fig. Al. Diagram of stresses during triaxial test

Agggratus
3. (a) Testing Machine.- The testing machine shall be of the




3 A2

WES-MIT, repid-loading impact machine type. The machine is equipped wity
a 30,000-1b-cepacity load cell attached to the piston rod, and a testing
cap attached tov the Jigy
cell consisting ot a

pee

beveled male surface
vhich is fitted inte the
complementary female
surface of the diffurcrnt
testing heads to proviy-
& rotating ball '.joint..
The testing cap and tri-

PR e

.

s z‘!“m"'\ ' axial compression hetd
é : 7 - ~— X"' - are shown in fig. A2.
e ‘ | (v) Hydraulic
; , . / é:"\ S JJ oo =t Pump.- A hydraulic pump,
R either manually or autu-
3 . BEISIVE WeA JESTING cAP matically operated, of ;
;‘ Fig. A2. Sketch of triaxial compression head sufficient capacity to 3
2N and testing cap maintain the specified 1
‘ g lateral pressure 03 shall be i
provided. Castor oil shall be .
used as the confining fluid.
(¢) Triaxial j
Chamber.- A test chamber with
. accessories, baseplate, seating }
; bolt, piston, and head shall :;
B be provided. The triaxial
b’ chamber and testing machine .,
‘ are shown in fig. A3. ;
3! (d) Recording Equip-
‘ ment.- Recording equipment shall q
. 8 consist of a dual-beam oscillo- 3
g ‘ scope employed as an X-Y re- 3
corder on which is mounted a Fig. A3. Triaxial compression specimen
T5um still camera. undergoing dynamic testing
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(e) Flexible Membrane.- Flexible membrene material in the form
of cylindrical sections which when slightly stretched have an inside diame-

eter equal to that of the specimen, .base, and piston shall be used.
Neoprene tubing having & nominal wall thickness of 1/8 in. is suitable.
Jest Specimen

4. fThe test specimen shall be cylindrical. Due to the limited
capacity of the dynamic testing machine, the size of the specimen is
limited to 1-1/2 in. in diameter by 3 in. in height. Molded cylinders
shall be made and stored in accordance with the applicable provisions of
CRD-C 10, and drilled core spec;mens shell be taken and moisture-
conditioned in accordance with applicable provisions of CRD-C 27. The
diameter of the test specimen shall be determined to the nearest 0.0l in.
by averaging two diameters measured at right angles to each other at about
midheight of the specimen. This average diameter shall be used for cal-
culating the cross-sectional area. The length of the specimen, including
caps, shall be measured to the nearest 0.l in.
Strain Gages

5. 1Two SR-lI strain gages of type A-3-56 (nominal length of 1 in.)
or equivalent shall be mounted diemetricelly opposite one another midway

between the ends of =zach triaxial compression

specimen as illustrated in fig. A%. The GécrLoscore
gages shall be wired in series to obtain the

average strain. ILead wires from the geges

should be insulated from the specimen with

friction tape.

Procedure

o]

6. (a) Preparing the Specimen.- Pre-

pare the specimen for testing as follows: Fig. Ab. Position of SR-4
strain geges

(1) Place the specimen on
the base pedestal, and place the piston on the specimen.

(2) Place a neoprenc rubber membrane over the specimen,
pedestal, and bottom of the piston. Fasien the membrane to pedestal and
piston with a hose clamp secured hand-tight with a screwdriver. Bring the
strain gage wires from un. :: the manbrane and out of the chamber. For lat-
eral pressures over 1000 psi, 3/4-in. strips of 0.009-in.-thick steel shim

el
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stock should be placed over the points between the specimen and the plates ‘?fé
under the membrane to prevent lateral pressure from puncturing the membrarne. if
(3) Center the specimen with attached base pedestal and 7’%

piston in the chamber, and tighten the seating bolt. ~4'§
(4) Pill the chamber with confining fluid, and place the j

head on the chamber. ,%
(5) Position the chember in the impact testing machine, ans | A

attach the hydraulic pump. . g 2;
(6) Open the bleed valve, and pump fluid into the chamber ! g

until a few drops escape. Close the bleed valve. %
(b) Application of Ioad.- (1) Set the trigger on the impact s E

)

chine; apply a preload of approximately 200 psi to seat the trigger mechu-
nism. Bring the triaxial compression head to bear on the chumber piston by
turning the testing cap until it is tight. Adjust the triaxial compressioun
head while turning the testing cap so that uniform seating is obtained.

S Y

(2) slowly apply the leteral pressure until a predetermined
pressure has been obtained.

(3) Increase the accumulator-tank pressure to the required
amount to produce failure of the specimen. Then trigger the impact machire,
which automatically triggers the oscilloscope. The camers is tripped at ihe

2 3 2 e S TR 0 R NN el

same instant at which the impact loader is triggered.
(¢) Release of Iocad.- After completion of the test, release the
accumulator-tank pressure and reset the trigger mechanism; then release the

3 ; lateral pressure, open the bleed valve, dismantle the triaxial chamber, and

-5 remove the specimen. 3

: %i (d) Repetition of Test.. Repeat the test on the two remaining j
f% speclmens at different lateral pressures. All tests, the results of which

& § are to be compared, should be conducted using the same accumulator-tank

E ;% pressure.

1 22 Calculations

E 13 T. Plot major principal stress ol versus the axial strain from the

lood-strain curve oblained on the photographs of the X-Y record for each cf
gl the specimens. The ultimate principal major stress is taken as point of
failure. Construct Mohr stress circles on an arithmetic plot with shear

; . Strecses as ordinates and principal stresses us abscissas. As shown in
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fig. A5, the epplied principal stresses cl and 03 are plotted on the
abscissa, and Mobr circles are constructed with redii of one-half the maxi-

mum deviator stresses

g, -0
(252) wnawim

their centers at

values equal to one-

half the sum of the
major and minor
principal stresces

O, + O
<12 3). Plot

& Mohr circle, or a

sufficient segment
thereof, for each

SHEAR STRESS, PSI x 107

I | 1
MOHR CIRCLE
f\< OF STRESS
Ty~ Ta [

SO ve:
. Oy - _

CONSTRUCTION OF /
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3. - PN
c f - /

0 ) 2 3 a 5 6 7

PRINCIPAL STRESS, ¢, PSI x 10°

Fig. A5. Determination of shear strength
parameters

1

specimen as shown in fig. AS. Draw & smooth curve tangent to the Mohr
stress circles to define the shear strength envelope; if the curve is a
straight line, indicate the angle of internsl friction ¢ and cohesion c¢ .

Reggrt

8. The report shall include the following:
(1) Specimen identification number
(2) Diameter of specimen, in.

(3) Cross-sectional area of specimen, sq in.

(4) Accumulator-tank pressure, psi
(5) Load cell scale recorded by oscilloscope, lb per cm
(6) strain scale recorded by oscilloscope, in./in. per cm

(7) The lateral prcssure 03 , the maximum deviator stress o,

and the major principel stress o

) for each specimen

(8) stress(major principal)-strain curves for each specimen
(9) A plot of Mohr circles, including tue envelope of failure,
the angle of internal friction @ , anJs the value of cohesion ¥
(10) Age of specimen

(11) Defects in specimen

[ C

¥ When the curvature of the envelope is pronounced, the shear strength
parameters (f and c) are not constants and need not be reported.
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APPENDIX B: METHCD OF TEST FOR FIEXURAL STRENGTH OF CONCRETE
BY IMPACT (USING SIMFLE BEAM WITH CENTER-POINT LOADING)

Scope
1. This method of test covers the procedure for determining the

flexural strength of concrete by impact using & simple beam with center-
point loading. '

Apparatus
2. (a) Testing Machine.~ The testing machine shall be of the WES-

MIT, rapid-loading impact machine type. The machine is equipped with a
30,000~1b-capacity load cell attached to the piston rod, and a tésting
cap attached to the load cell consisting of a beveled male surface which
is fitted into the complementary female surface of the different testing

heads to provide a ro-

tating ball joint. The T T
testing cap and flexural } {
test head are shown in i : | 3% OtAm
fig. Bl. T \?{

(b) Method of P
loading.- The center- . i . H
point loading method shall ! !
be used in making flexure KL E
tests of concrete, em- ' -«:/
ploying bearing blocks : :
that will ensure that | j i

" forces applied to the -

beam will be vertical only jenc.;2 R S
and applied without eccen~ e DEEP{ ---—’1-————~—I —-—-—-——-—-;“"f -
tricity. The loed shall WA g [T 5;
be applied at the center ;7 {i.::..:j,‘ > LI O“"" oo
point of the span normal
to the loaded surface. o. TESTING CAP b. FLEXURE HEAD
A flexure specimen under- Fig. Bl. Sketch of flexure head
going dynax_ni.c testing and testing cep
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is shown in fig. B2,

(¢) Recording Equij.-
ment .- Recording equipment shull
consist of a dual-beam oscillo-
scope that has been modified to
provide a single trigger sweep
and on which is mounted a T5mm

still camera.
Test specimen

3. The test specimen ghall
be made and cured according to
applicable provisions of CRD-C
10, and have a span as nearly as

Fig. B2. Dynamic testing of flexure practicable three times its depth
specimen

as tested. At least six identi-

cal specimens are to be tested to failure.
Procedure

4, (a) Positioning the Specimen.- Center the test specimen on the
supporting cylindrical bearing blocks-with the top surface as molded in a
vertical position. Bring the load-applying flexure head in contact with
the upper surface ut the center line between the supports. If full contact
is not obtained between the specimen and the load-applying flexure head or
the supports due to the surfaces of the specimen being out of plane, the
surfaces of the specimen, where they are in contact with the head or the

supports, shall be capped according to applicable provisions of CRD-C 29
so thuat full contact is obtained.

(b) Application and Release of Load.- First set the trigger on
the impact machine; apply a preload of approximately 200 psi to seut the
trigger mechanism. Bring the flexure head to bear on the specimen by turn-
ing the testing cap until it is tight; adjust the flexure head while turn-
ing the testing cap so that uniform seating is obtained. Increase the
accumululor-tunk pressure to the required amount to produce failure of the
speeimen. Then trigger the impact machine, which automatically triggers
th: single-sweep oscilloscope. The camera is tripped at the same instant
al vhich the impact loader is triggered. After completion of the test,
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relcase the accumulator-tank pressure and resct ‘the trigger mechaniszm.
All tests, the results of which are to be compared, should be conducted
using the same accumulator-tank pressure.

Calculations

5. The modulus of rupture shall be calculated as follows:

R = -3-2&2-
2 bd
vhere

R = modulus of rupture, psi
P = maximum applied load indicated by ihe oscilloscope trace, 1b
! 4 = span length, in.

b = average width of specimen, in.
1 d = average depth of specimen, in.

The results shall be expressed to the nearest 5 psi.
Report
6. The report shall include the following:
(1) Specimen identification number
(2) Average vwidth of specimen, in.
: (3) Average depth of specimen, in.
t ' (%) Span length, in.
: (5) Accumlator-tank pressure, psi
(6) Load cell scale recorded by oscilloscope, 1b per cm
" (7) Time scale recorded by oscilloscope, msec per cm
(8) Defects in specimen
(9) Type of fracture
{10) Age of specimen
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