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STUDIES ON TESTS FOR SPLITTING TENSILE
STRENGTH OF CONCRETE

By Atsuhiko MACHIDA*

1. INTRODUCTION

The splitting tensile strength test method has
many merits compared with the direct tensile
‘test method, such as it can be conducted much
more easily, the scatterings of the test results
are very narrow, and so on. This method, there-
fore, has been prescribed in many standards as
the standard test method for tensile strength of
concrete.

It was initially proposed by Tsuneo Akazawa
©of Japan in 19430, He studied experimentally
on the method, in which a cylindrical specimen
is laid down and the load is directly applied to
‘the specimen without anything between the speci-
men and bearing plates of a testing machine, and
concluded that (i) assuming the elasticity of
«concrete and the ideal line load the tensile
strength can be calculated by eq. (1), (ii) reliable
results are obtainable by this method, (iii) testing
procedure is very easy, and so on.

‘where o=tensile strength, d=diameter of speci-
men, /=length of specimen, P=ultimate load at
failure.

Based on the results of many Japanese research-
ers, such as M. Uchiyama® and M. Kokubu®,
Akazawa’'s method was prescribed in JIS (Japa-
nese Industrial Standards)? as the standard test
method for tensile strength of concrete in 1951.
In 1949 independent of Akazawa, F. Carneiro and
A. Barcellos® of Brazil proposed another splitting
‘test method to insert strips between a specimen
.and bearing plates of a testing machine and ap-
ply the load through strips. In 1951, J. Vuorinen®
proposed that eq. (2) ought to be used to calcu-
late the tensile strength in the Brazilians’ method.
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where C=theoretical stress coefficient, implying
the effect of the shape of cross section of speci-
men and the effect of the width of strips, K=
ratio of the width of strips to the diameter of
specimen, m=experimental stress distribution
coefficient (=3.75).

Many researchers in the U.S.A.™®.9 and
Europe!®10,12),18 carried out studies on the Bra-
zilians’ method in the 1950's and 1960’s. The split-
ting method with strips was prescribed in ASTM!®
and RILEM!®, in 1962 and in 1966, respectively.

As described above, there are two practical
ways to test by the splitting method. Each of
them has merits and demerits, and superiority
or inferiority between them cannot be decided
immediately. Some reports®»®:19 already pub-
lished emphasized the necessity of strips but
their conclusions were not confirmed by experi-
mental evidence. In this paper, these two practi-
cal ways are compared with one another, on the
basis of horizontal strain distributions and crack
patterns observed along the vertical axis of a
specimen and the obtained tensile strengths.

The author was fortunate to receive a Yoshida
Subsidy from the Japan Society of Civil Engineers
for the investigation reported herein. This paper
was critically studied by Prof. M. Kokubu of the
University of Tokyo. His helpful comments are
also gratefully acknowledged.

2. EFFECT OF STRIPS ON THE STRAIN
AND STRESS DISTRIBUTIONS
ALONG THE VERTICAL AXIS OF A
SPECIMEN

In order to clarify the difference of the tensile
stress distribution along the vertical axis of a
specimen between the test method with strips
and without, the calculations were carried out,
using the theoretical stress equation (3) of the
elastic disk and assuming that the disk is sub-
jected to the diametral compression load which
is distributed over an area of its edge. In these
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calculations, number of terms summed up to get
one stress was upto 364.
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where a=radius of disk,
a=(distribution width of load)/2a

The calculated tensile stresses indicate clearly
that as the width of the load increases, the region
of the uniform tensile stress diminishes and the
region of the compressive stress near the loaded

portion enlarges (see Fig. 1).
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Fig. 1 Calculated Stress Distributions, when
Loads of Various Distributing Widths
are Applied.

The strain distribution along the vertical axis
of a specimen was calculated from this stress
distribution, assuming Poisson’s ratio of 0.2 and
plain strain condition. The result of the calcu-
lation is as shown in Fig. 2. As clearly shown
in Fig. 2, the strain in the case of the distribut-
ing load shows a remarkable difference from that
of line load.

d
0.5 1 d/15 0
] 4/10
g 0.4 /5
g_ 0.3 1
£ 0.2 4
2 0.1
E 1 2 3 e/e,
§ 0.11 strain at any point
5 0.2 4 strain at the center
; 0.3 4
S 0.4 4
—
0.5

Fig. 2 Calculated Strain Distributions when
Loads of Various Distributing Widths
are Applied.

In order to compare these results with the
actual strain in a concrete specimen, horizontal
strains at 17 points along the vertical axis of a
specimen were measured using strain gages of 3
cm length. The specimens used were cylindrical
ones of diameter 30cm and height 10~15cm,
which were made of concrete with the coarse:
aggregate of maximum size 12.5mm. The ex-
periments on the fest methods of applying load
through strips were carried out in the first place.
Strips used were made of 3mm thick water-
resistant plywood, which is graded in the Ist
class by JAS (Japanese Agricultural Standards),,
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Fig. 83 Experimented Strain Distributions
(4/10 Strip) and Theoretical Distri-
bution.
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and their widths were 4/10 and d/5. The ratios
of the strains at various points to the central one
were calculated. Some examples of these calcu-
lations are as shown in Fig. 3~Fig. 5. Average
values of these ratios in the range of 20% ~80%
of ultimate load are shown in the figures, since
within this range they were almost constant.
The measured strain distributions coincide fairly
well with the calculated ones, as clearly shown
in Fig. 3~Fig. 5. This fact indicates that the
stress distribution along the vertical axis of a

distance from central axis of the specimen

experiment
______ theory (d/5)
Fig. 4 Experimental Strain Distributions

(d/5 strip, thickness=3mm) and
Theoretical Distribution.
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Fig. 5 Experimental Strain Distributions
(d/5 strip, thickness=10mm) and
Theoretical Distribution.

specimen in the splitting test with strips of 4/10
~df5 width is, at least within the range of 20% ~
80% of ultimate load, nearly equal to the distri-
bution calculated by the elastic theory, which is
shown in Fig. 1, when the quality of the strip is
suitable. Based on the elastic theory, many re-
searchers have pointed out that eq. (1) may be
used for calculation of the tensile strength al-
though the strips are used, because the tensile
stress equal to that of the ideal line load arises
in the region of three quarters of a specimen.
The test results described above suggest this is
true. As indicated in Fig. 1, however, it holds
good only when the width of the strip is below
d/10, and the region of uniform tensile stress is
only a half region of a specimen, when the width
is d/5. Therefore, use of eq. (1) is questionable
in the test with strips, particularly in wide strips.
This will be discussed further in 4.

Above 80% of the ultimate load, the strain
distributions in the specimens loaded through the
strips of d/5 were similar to those of Figs. 4 and
5 until slightly before the ultimate load. In the
case of d/10 strips, however, the strains increased
rapidly in the region from 0.4d to the edge at
these loading stages, even though those of 0.4d
—0 made no great difference with Fig. 5. This
is because the partial crushing at the loaded
portion progressed into the position where the
strain gage was located. This partial crushing
will be discussed in 3.

The same experiments as above were carried
out on the test method of using no strip. In
these experiments, the ratios of the strains at
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Fig. 6 Experimental Strain Distribution (No
Strip) and Theoretical Distribution.
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various points to the central one were also nearly
constant in the range of 20% ~80% of ultimate
load with the exception of the outermost one, and
so, one example of those values. was shown in
Fig. 6. As obviously shown in Fig. 6, the strain
distribution coincides rather with the calculated
ones of the distributing load of d/15 width than
ideal line load. This may depend on the fact
that the loaded portion of a specimen is crushed
during 'loading, when the strip is not used. Ow-
ing to this fact, the load is not concentrated but
distributed into relatively narrow areas, and the
strain distribution becomes as if the strips of
about d/15 width were used.

Based on the elastic theory, it has been con-
sidered that a uniform tensile stress arises along
the vertical axis of a specimen when tested by
the method of no strip. These resuits, however,
indicate that although in this method, the stress
is not uniform but becomes compressive near the
loaded portion, similar to that of the distributing
load.

In another words, difference of the stress distri-
bution perpendicular to the vertical plane which
include the central axis of a specimen is not so
great between the method of no strip and with
strips as indicated by the elastic theory. How-
ever, the region of uniform tensile stress in one
method is different from another. As described
later, the distributing width of the load in this
case may be about d/15, when the cylindrical
specimen of diameter of 15cm is used and the
concrete is of ordinary quality, and so, the range
of the uniform tensile stress in the method of
no strip, must be wider than in the method with
strips of 4/10 width.

When the load is below 20% and above 80%
of the maximum, moreover, the same phenomena
were indicated as the case of d/10 strips.

3. PARTIAL CRUSHING AT THE LOAD-
ED PORTIONS OF A SPECIMEN

In the method of no strip, it is feared that the
partial crushing at the loaded portions of a speci-
men may lead to its whole failure and too low
strength may be given. In order to investigate
this, the cracks formed in specimens slightly
before the failure are observed as follows: the
instant a specimen broke down was judged from
increasing characteristics of the horizontal strain
at the center of the specimen which had been
recorded in X—7Y recorder, and just at this in-
stant the specimen was unloaded, and the cracks
were observed by means of a microscope of

magnifying power of 20X. The state judged by
this method is near enough to failure, since the
average maximum load at this instant was 96%
of the ultimate load. Fig. 7 (a) shows all cracks
observed by this method which were put upon
one another in 12 specimens. It is indicated in
Fig. 7(a) that many short cracks appear near
the loaded portions. However, these cracks are
limited to these portions and it is hardly recog-
nized that they advance into the central portion
of a specimen. To make this more clear, the
specimens were loaded again to failure, and all
cracks observed at failure were put upon the
cracks in Fig. 7(a), then the cracks which corre-
spond to the ones at failure were selected out of
the cracks in Fig. 7(a). The result is as shown
in Fig. 7(b) and it is recognized that short
cracks at the loaded portions correspond rarely
to the cracks at failure but cracks at the central
portion of the specimen correspond rather well
to the cracks at failure.

Accordingly, it is hardly recognized that the
short cracks of this kind lead to the whole failure
of a specimen. The reason for this may be that
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(a) Cracks slightly before
failure

(b) Cracks which coincide
with failure plane

Fig. 7 Observed Cracks in Specimens Loaded
without Strip.
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Table 1 Effects of Test Methods on Test Results.

(1) (2)
w/cC Average | Coefficient| Strength Modified Strength | Number
Compressive|  Strips Tensile of Ratio in Tensile Ratio in of
Strength Strength | Variation (1) Strength (2) Specimens
(kg/cm?) (%) (kg/cm?)
none 344 5.8 1 27.4 1 10
d/10, 3mm 35.4 7.1 1.03 25.6 0.93 7
40%
d/10,10mm 35.1 3.2 1.02 25.4 0.93 3
519 kg/em?
d/5, 3mm 39.2 7.4 1.14 (22.0) (0.80) 6
d/5 ,10mm 39.1 3.5 1.14 (22.0) (0.80) 6
none 28.6 5.3 1 22.8 1 5
55% d/10, 3mm 30.1 3.8 1.08 21.8 0.96 5
360 kg/em? | d/5, 3mm 33.2 4.4 1.16 (18.7) (0.82) 3
d/5 ,10mm 33.2 6.4 1.16 (18.7) (0.82) 3
. none 21.5 4.3 1 17.1 1 5
0%
d/10, 3mm 24.5 3.4 1.14 17.7 (1.04) 5
215 kg/cm?
d/5, 3mm 26.9 2.3 1.25 (15.1) (0.88) 5

the cracks of this kind do not advance into the
inner part of a specimen, which is the region of
tensile stress, being limited to the regions of
compressive stress at the loaded portions. An
example of the movement of the strains measured
at the various parts of a specimen is as shown
in Fig. 8, and it is indicated in this figure that
the cracks of this kind which appear near the
loaded portion develop considerably before the
failure (about 60% of the ultimate load in this
example) but that these cracks do not produce
an influence on the strains farther in than 0.4d.
This resuit supports the discussion discribed above
and indicates that in the test method of no strip
cracks at the loaded portions of a specimen being
limited almost always to only this local region,
these cracks do not have serious effects on the
whole failure of a specimen.

The cracks in a specimen loaded through strips
were observed similarly. It was indicated from
the results that the cracks arise near the loaded
portions although the strips were used. These
cracks, however, were limited to that part, simi-
larly as the method without strip and did not
change the strains from 0 to 0.4d greatly. There-
fore, they do not have serious effects on the
whole failure of a specimen.

4. EFFECT OF THE TEST METHOD ON
TENSILE STRENGTH GIVEN

The splitting tensile strength tests were carried

out using two kinds of methods, one of which
was the method of no strip and the other with
strips, and the tensile strengths by these methods
were calculated from the maximum loads indi-
cated by the testing machine using eq. (1), with
the results shown in Table 1. It is indicated in
Table 1 that the obtained tensile strengths differ
considerably according to the test method. That
is to say, the lowest strength is given in the
method of no strip, and, higher strength is given
as the width of a strip becomes large. For ex-
ample, the test method with d/10 strips showed
8% and the method with d/5 16% larger strength
than that of no strip, when the concrete was of
W]C=55%. The results in Table 1 indicate that
larger tensile strength is given as the distributing
width of the load is enlarged, since in this study
the distributing width in the method of no strip
is about d/15, as described in 5.

It has been recognized based on the elastic
theory that when the distributing width of the
load is less than 4/10, (1) may be used to calcu-
late the tensile strength although strips are used
as described in 1. However, the author cannot
but consider that it is not suitable to use eq. (1)
in the method with the strips of not only over
d{10 but also below d/10 since there are obvious
differences between the results by the method of
no strip, in which the distributing width may be
about d/15, and the method with d/10 strips.

In another words, in order to obtain the true
tensile strength of concrete, it is necessary to
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modify the result given by eq. (1) considering
the distributing width of the load.

Table 1 also indicates that the ratio of the
tensile strength obtained by each method differs
according to the compressive strength of con-
crete, i.e., the ratio of test results of d/10 strips
to those of no strip is 1.03 in the case of con-
crete of W/C=40%, and it becomes 1.08 and 1.14,
in the case of concrete of W/C=55% and 70%,
respectively. This fact suggests that it is not
sufficient for modifying the results by the split-
ting methods to take into consideration only the
distribution width of the load, and that the com-
pressive strength of concrete must, at least, be
added to it.

The results of the calculations by eq. (2) are
also given in Table 1. In these calculations, the
distribution width of the load was assumed to be
d/15 in the method of no strip and K and C ob-
tained by extending the range of the table given
by Vuorinen were used in the method of the d/5
strip. As clearly shown in Table 1, the differ-
ence in .the results calculated by eq. (2) becomes
smaller than that of eq. (1) when the compressive
strength of concrete is low. On the contrary,
when the concrete strength is high, this becomes
larger. In eq. (2), the effect of the compressive
stress near the loaded portion is taken into con-
sideration in addition to the distribution width
of the load. The result shown in Table 1, how-
ever, may indicate that eq. (2) also remains im-
perfect for the modification of results of splitting
tests. One reason why such results were obtained
may be the frictional force between a specimen
and strips. That is to say, when the strips are
used, this friction may restrict splitting of the
specimen. This fact was not dealt with in this
paper, but is considered to be an important prob-
lem to be solved.

There may be no reasonable way to modify the
result of the splitting test considering all these
conditions and to obtain the true tensile strength,
and so, prospective investigation should be given
to this problem. At present, it is necessary to
presume which method gives the result nearest
to the true tensile strength. Within the limits
of this experiment, it is considered that the
method of no strip gives a result nearest to the
true tensile strength, since the partial crushing
at the loaded portions of a specimen does not
affect the failure of the whole specimen and the
distribution width of the load is smallest; as de-
scribed later, when concrete of ordinary quality
is tested.

5. SCATTERING IN RESULTS OF SPLIT-
TING TESTS

The partial crushing at the loaded portions of
a specimen may give one of the reasons why
scattering of the results is caused in the splitting
test of no strip, because the width of the crush-
ing may be different with each specimen, and
accordingly, the distribution width of the load
may be different. When the diameter of a speci-
men, the maximum size of coarse aggregate and
the quality of concrete are equal, however, it
was indicated by the measurement of the crushed
widths in specimens unloaded slightly before
failure using steel tape that the width of the
crushing is nearly constant (see Table 2). Table
2 also shows that the crushed width slightly
diminishes as the compressive strength of con-
crete becomes larger but that this diminution is
very small, i.e., the crushed width changes from
d/15 to d{17 when the concrete strength changes
largely as from 215 kgfcm? to 519 kg/cm?. The
distribution width of the load in the method of
no strip, therefore, may be considered to be con-
stant, although the quality of the concrete varies.

Table 2 Crushed Width at Loaded Portion
of Specimen Loaded Without Strip.

W/C=40% | W/C=55% | W/C=70%
(519kg/cm?) | (360kg/cm?®) | (215kg/em?)
Top 0.9¢m 1.0 cm 1.0 em
Bottom 0.9cm 1.0cem 1.0 cm
A 0.9cm 1.0 em 1.0 cm
verage (=aN7) (=d/15) (=d/15)

% Slump of concrete was §—10cm.
% % Max. size of coarse aggregate was 25 mm.

In another words, scattering of results due to
different widths of crushing in the method of no
strip is unnecessary to be over-estimated too
much. Moreover, it may be conciuded that the
distribution width of the load in the method of
no strip is narrower than in the methods with
strips prescribed in any of the standards, when
the concrete is in the range of ordinary quality
with coarse aggregate of 25 mm maximum size
and cylindrical specimens of diameter=15cm are
used in the test.

In the method with strips, it is more compli-
cated than in the method of no strip to set both
a specimen and strips accurately at the center of
a testing machine. So the eccentric setting of a
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Table 3 Effect of Eccentricity on Test Results.

. Corresponds to the center of the testing machine "
Specimen ep= 0 eq=2.5mm | e,™5mm
* eo = 0
Eccentricity -
. e1=0 e;=2.5mm| e;=5mm |e;=0~5mm| e;=2.5mm Corresponds to the.
Strip center of the specimen
e,=0 e:=0 ;=0 e,=0 e:=2.5mm 1 =er=10
Strength kg/cm? 29.8 29.8 29.2 29.8 29.1 29.6 28.9
(ratio) (1.00) (1.00) (0.98) (1.00) (0.98) (0.99) (0.97)
specimen ¢ 15X15~20cm, strip . d/10, thickness 3mm
Remarks
concrete © W/C=55% slump=8cm, age=7days

*  See the figure below

specimen or strips may become the first reason
for the scattering in this method. The test re-
sults on this matter are as shown in Table 3 and
it is indicated that eccentric setting has little
effect on the test resuits, i.e., the maximum ec-
centricity in these tests was easily observed by
the naked eye and although such excessive ec-
centricity existed, the error was only 3%. The
reason why such results were given may be that
the rotation of the bearing plate of the testing
machine during loading makes the eccentricity
small. Therefore, the scattering due to the ec-
centricity might be wide when a different bearing
plate from this test is used. Complicated setting
is one of the defect of the method with strips.
The difference in the quality of the strip is
considered to be the second reason of the scat-
tering. To investigate this, experiments were
carried out using strips 10 mm thick in addition
to those 3 mm thick. The results are as shown
in Table 1 and the difference in the tensile
strength between the two kinds of strips could

centre of the

LTI,
L

machine

Nl

I

center of the
specimen

not be observed when the compressive strength
of concrete and the width of the strip were not
changed. And also, there are no definite differ-
ences in the strain distribution and the cracking
pattern. From these facts it may be concluded
that it is the distribution width of the load mainly

Table 4 Effect of Irregularity of Specimen on Test Results.

Irregu-
larity L_] j
1/6 of one side | 1/3 of one side | 1/3 of one side [1/3 of both sides | 1/6 of one side | 1/3 of one side
Strip none is 0.53% smaller | is 0.53% smaller | is 1.1% smaller |are 0.53% smaller| is 0.53% larger | is 0.53% larger
kg/cm? kg/cm? kg/cm? kg/cm? kg/cm?
no 29.7 29.9 27.7 —_ 24.0 24.4 —
(100) (101) (93) (81) (82)
kg/cm? keg/cm?
d/10 31.1 31.1 30.0 28.5 30.3 29.5 26.7
3mm (100) (100) (96) (92) (97) (95) (86)
i
d/5 33.6 33.4 33.7 — 34.3 34.0 i —
10 mm (100) (99) (100) (102) (101) |
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affecting the test results if the quality of concrete
is the same, and that the quality of a strip has
no serious effects.

In any test method, the irregularity at the sur-
face of a specimen is considered to be the com-
mon reason for the scattering. The test results
of specimens on the surfaces of which irregular-
ities of several kinds have been formed are as
shown in Table 4.

When one third each of the top and bottom of
the specimen is indented about 0.08 mm and
loaded without strips, about 18% lower strength
is shown as compared with the case of a speci-
men of the right shape. This decrease in strength
is much larger than when specimens with the
same irregularities are loaded through strips. It
can be said from this fact that the possibility of
occurrence of scattering by irregularities is larger
in the method of no strip than in the method
with strips. In the method of no strip, however,
it is much easier to inspect the existence of the
openings between a specimen and bearing plates
of a testing machine, as compared with the method
with strips. That is to say, inspecting from the
side of the testing machine after the specimen
is laid on the machine and the bearing plate is
touched lightly to it, the openings, in existing,
are easily recognized by the naked eye. By this
way it is possible to find out such a small opening
by which no decrease of the tensile strength is
caused, when no strip is used. If the test is
carried out taking care to load at the portion of
no opening, the scattering due to irregularity can
be made negligible in the method of no strip.
On the contrary, in the method with strips, it
was impossible to find out an opening as large
as the maximum ones tested herein, jand it is
much more difficult than in the method of no
strip to inspect the existence of an opening be-
tween a specimen and bearing plates of a testing
machine. When the irregularity is excessive and
the quality of the strip is not proper, a rather
large decrease of the strength is indicated some-
times (see Table 4). Maximum irregularity in
this test is such an excessive one that under
normal testing conditions it could not occur and
the effect of irregularity not so excessive as this
on the test result is only several per cent. Ac-
cordingly, in the test method with strip, it may
be possible by carrying out the test carefully, to
keep scattering due to irregularity negligible.

As described above, there are various reasons
why scattering in the test results is caused in
both methods of splitting tests, the method of no
strip and the method with strip. Carrying out

the test carefully enough, there must be no great
difference in the degree of the scattering among
any test method. This is clearly shown also in
Table 1, i.e., the coefficient of variation of the
test results in this report being 3~7% in any of
the test methods.

5. CONCLUSIONS

The splitting test methods which are prescribed
in the standards of many countries as a standard
test method for the tensile strength of concrete
are divided into two groups: one is, as in JIS, to
lay down a cylindrical specimen between the
bearing plates of a testing machine and to load
directly, and the other is, as is ASTM and
RILEM, to insert strips of plywood or other ma-
terials between the bearing plates and a specimen
and to load through the strips. These two test-
ing methods are compared on the basis of test
results concerning the horizontal strain distribu-
tions perpendicular to the vertical plane which
contains the central axis of a specimen, the crack-
ing patterns in a specimen slightly before failure,
the tensile strengths obtained by these methods
and the scatterings in the test results. Within
the limits of the tests, the following may be
concluded:

(1) In the method of no strip, the comparison
of the measured horizontal strain distributions
perpendicular to the vertical planes which con-
tain the central axes of the specimens with the
theoretical one calculated from the theory of
elastic disk showed that the actual strain in a
specimen does not coincide with the calculated
one of ideal line load but coincides rather well
with that of the distribution load for d/15 width.
The reason may be that the load is not concen-
trated but distributed by the partial crushing at
the loaded portion of the specimen in this test
method. This clearly shows that the stress distri-
bution in a specimen is of the distributed load
and not of the concentrated load. Results of the
same tests on the method with strips showed that
the stress in a specimen is nearly equal to that
of the elastic theory, when strips of d/10~d/5
are used. It is concluded from these results that
the main difference in stress distributions between
two methods is the range where the uniform
tensile stress is working. The distribution width
of the load in the method of no strip is df15~
df17, when concrete of ordinary quality is tested
using cylindrical specimen of diameter=15cm, as
described in (2). Therefore, in the method of no
strip, the range in which the uniform tensile
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stress works is wider than in the method which
uses strips of d/10 wide.

(2) Observing the loaded portions of the speci-
mens loaded without strips and unloaded slightly
before the failure, the partial crushing can be
clearly found out. Results of tests which include
microscopic observations of cracking pattern
slightly before failure, comparisons of failure
characteristics with the cracking pattern and
measurements of strain distributions showed that
the crushing at loaded portions seldom induce
the failure of a specimen at a lower load, being
limited small parts. Since at the loaded portions,
compressive stress is working, cracks of these
parts do not develop into inner range.

Width of this partial crushing is a problem,
since this makes the load distributed. Measure-
ments of the widths showed that if the maximum
size of coarse aggregate and the dimension of a
specimen are same, this is almost constant al-
though the compressive strength of concrete is
changed greatly. When concrete with coarse ag-
gregate of maximum size of 25 mm is tested us-
ing a cylindrical specimen of diameter=15cm,
the width of crushing is d/15~d/17. It can be
concluded from these results that the influence
of the partial crushing on test results may be
neglected.

From the microscopic observations of the crack-
ing patterns in the specimens loaded through
strips, it was indicated that the strips such as
prescribed in ASTM or in RILEM do not com-
pletely prevent partial crushing. If the strips are
used to prevent partial crushing, further investi-
gations on its quality and width are necessary,
but the necessity is small because the significance
of use of the strips is not so clear, as described
above.

(3) The effect of the differences in the quality
of strips on the test results is the first problem
in the method with strips. The results of the
tests showed that the test results is little affected
by the quality of strips when the compressive
strength of concrete is not changed although the
quality of strips changes considerably within such
range that they distribute the load over their
whole width without breaking during loading.

The second problem is the fact that the ec-
centrical set of strips or a specimen causes the
scattering of the results. The test results have
shown that errors owing to this are surprisingly
few and although the eccentricity is so great as
it can easily be observed by the naked eye, the
results differ only by a few per cents. This may
be caused, however, by the rotation of the bear-

ing plate of the testing machine, and such good
results cannot always be expected when the func-
tion of a bearing plate is not proper. And also
the trouble for making the eccentricity to such
a degree that it can be observed by the naked
eye is much more complicated than the method
of no strip. Accordingly, the difficulties in avoid-
ing any eccentricities should be a defect in the
method with strips.

(4) Splitting tests were carried out following
the method of no strip, the method with d/10
wide strips and the method with d/5 wide strips,
and the tensile strengths were calculated from
the maximum load using eq. (1). In these tests
different tensile strengths were given according
to the testing methods, although the concrete of
same compressive strength was tested. In another
words, the tensile strength obtained was lowest
in the method of no strip, then with /10 strips
and highest in the method with d/5 strips. It
has been recognized based on the elastic theory
that eq. (1) can be used to calculate the tensile
strength even in the method with strips because
when distribution width of the load is not so wide,
uniform tensile stress of the same magnitude as
the ideal line load is produced at the greater part
of the specimen, and ASTM and RILEM also
prescribe using eq. (1). Considering the test re-
sults described above and the fact described in
(1) at the same time, however, the use of eq. (1)
is not proper when the distributed load is applied.
In order to- get the true tensile strength of con-
crete, it is necessary to modify the results ob-
tained by eq. (1). In the modification, it is obvi-
ous from the facts described above that the
distribution width of the load must be included
in the consideration. The above modification,
however, is not sufficient and the compressive
strength of concrete at least must be added to
that because the degree of the difference of the
obtained tensile strength differs according to the
concrete strength. There has not yet been the
reasonable method for modification which takes
into account all of the factors like these. This
is an important problem to be investigated fur-
ther.

(5) The irregularity at the side face of the
specimen makes openings between the specimen
and bearing plate of the testing machine or the
strips. The openings cause the scatterings of
the results in the method of no strip and the
method with strips. In the method of no strip,
however, it is easy to inspect the existence of
the opening before loading between the specimen
and the bearing plate and such a small opening
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that has no effect on the result can easily be
found out. When the strips are used, it is diffi-
cult to inspect the existence of the openings. If
the opening is excessive and the quality of the
strip is not proper, too low results are indicated
sometimes. Paying attention to the quality of
the strip and the molds, however, it is possible
to limit the scatterings of the results to a small
enough degree.

(6) Typical methods of splitting test prescrib-
ed in standards are the ones of JIS, ASTM and
RILEM. When the tests are carried out follow-
ing these methods, different tensile strengths may
be indicated although concrete of the same com-
pressive strength is tested. The JIS method must
give the result nearest to the true tensile strength
of concrete because in this method the load is
nearest to the ideal line load. Following the JIS
method, the lowest tensile strength is indicated
when the compressive strength is same, as com-
pared with other methods. From the practical
point of view, methods which give too high
strength- are not proper.

There is a defect in the JIS method, that the
loaded portion of the specimen is partially crushed
during loading, but this defect is not such a one
that invalidates the JIS method, as described
above. It has been also recognized that the
strips prescribed in ASTM or RILEM do not
perfectly prevent partial crushing. In another
words, use of strips is not only complicating the
testing procedure but also less meaning full.
Moreover, the attention to be paid minimizing
the scatterings of the results is more complicated
in the method with strips, although it may be
possible to make the coefficient of variation 3~
7% in any method. That is to say, JIS method
may be most superior.
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