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In an attempt to find an explanation for an experimentally found
strong connection between the extension of the loaded area and the
load required for fracture, an analysis of the diametral compression
test was carried out by means of the finite element method. The distri-
bution of the stresses in a quadrant of a circular specimen section was
studied for varying contact surface but at a given load distribution
within this surface. Below a limit value for the width of the contact
surface tensile stresses appeared peripherically outside the contact
area, which had a magnitude exceeding those stresses which are cen-
trally located and should normally initiate fracture. For that reason,
peripherical fracture initiation must be regarded as a possibility. Only
marginal importance could be attached to changes in the extension and
magnitude of the central tensile stresses, as compared with the poten-

tial impact of the peripherical tensile stresses.
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The diametral compression test is a
method used for measuring the tensile
strength of brittle materials. In odont-
ology, this method is widely used when
testing materials such as amalgam, ce-
ments, ceramics and plaster products.
In testing according to the diametral
compression method the specimens are
shaped as linear, circular cylinders
which are loaded diametrically be-
tween two plane-parallel platens. This
generates maximum tensile stresses in
and transversely to the loaded diame-
tral plane. These stresses are proportio-
nal to the applied load and should, un-
der adequate experimental conditions,
initiate the fracture. If the specimen’s
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areas, which are loaded by the platens,
are too small the fracture may, in ac-
cordance with previous assumptions,
be initiated instead by the large com-
pressive and shear stresses that occur
under the loaded area (4). The pattern
of cracks which then appears should,
however, differ from that which ap-
pears in the case of valid tensile fractu-
res (4).

In areal contacts the maximum ten-
sile stresses are equal within a central
section of the diametral plane. The size
of this section, and thus the amount of
material which is exposed to the maxi-
mum tensile stresses, is negatively cor-
related to the loaded area (3). However,
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according to statistical theories (5)
there is also a connection (a negative
correlation) between the loaded
amount of material and the apparent
strength, a phenomenon which has
served as the explanation of an experi-
mentally found positive correlation be-
tween loaded area and strength (1).

From previous experimental work
(2) it was concluded that the apparent
strength was conditioned by the size of
the loaded area to such an extent that
the previous statistical explanation was
felt to be questionable. Therefore a clo-
ser study of the correlation between
loaded area and stress distribution in
diametral compression tests seemed
justified. The purpose of the present
work is, consequently, to analyze by
means of the finite element method the
distribution of the stresses as a function
of the size of the load bearing area.

MATERIALS AND METHODS

The stress distribution in diametral
compression tests was studied by
means of the finite element method
(FEM). This is a well-known method of
calculating stresses in loaded structures
(6). In the FEM the structure in ques-
tion is divided into numerous small ele-
ments. These are assumed to be inter-
connected at a discrete number of no-
dal points on their boundaries. This
provides a connection between the de-
formations and the stresses in adjacent
elements. The division into elements re-
sults in a great number of mutually si-
milar correlations, which makes com-
puterization possible.

For symmetrical reasons it was poss-
ible to limit the FEM-analysis to a
quadrant of the circular specimen cross
section (Fig. 1). It was assumed that the
specimen was loaded via relatively soft
strip-shaped paddings of varying
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Fig. 1. The distribution of theiload in the loaded
area (a) and an analyzed quadrant.

widths in accordance with a method
previously used (2). For the calcu-
lations the following assumptions were
made: specimen length 1, radius 100,
elasticity module 1 and Poisson’s num-
ber 0.25. The load 100 was distributed
along the loaded area as shown by Fig.
1. The normal stresses were calculated
for the nodes, which are marked by the
transpositions of the lines in the quad-
rant shown by Fig 2a. Five different
load cases were analyzed. In the vari-
ous load cases (I-V) the loaded area
was limited by the nodes indicated in
Fig. 2 b. Thereby the width of loaded
area (a) to diameter (d) ratio was varied
from a/d 0.025 to 0.15 (Table 1).

In order to establish the correlation
between the maximum value of the
central tensile stresses and load bearing
area the arithmetical mean was calcu-
lated for the nodal points within the
central fifth of the loaded diameter.
The extension of the maximum tensile
stresses along the loaded diameter was
calculated as the part of the diameter
within which the tensile stresses deviate
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Fig. 2. Quadrant divided as to elements (Fig. a)
and the extension of the loaded area for each
specific load case. (Fig. b).

from the maximum value by less than
10 %.

RESULTS

The greatest central tensile stresses ap-
peared for the lowest a/d (width of
loaded area to diameter ratio). Fig. 3
shows that these tensile stresses were re-
duced by 0.9 % at an increase of a/d
from 0.025t0 0.1. Ata/d 0.15 the reduc-
tion was 2.3 %.

Fig. 4 shows the distribution of the
tensile stresses along the loaded dia-
meter. Table 2 shows the extension of
those stresses which differ by less than
10 % from the maximum value for each
specific load case. For the load case 1,
I1, 11T and IV the extension amounts to
65-85 % and for load case V to 45 %, of
the loaded diameter. The extension of

n/a
2,54

a/d
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Fig. 3. Reduction of the central tensile stresses (as
a percentage), when a/d increases from 0.025.

Table 1. Width of loaded area to diameter
ratio in the different load cases

Load case a/d
I 0.025
11 0.05
111 0.075
v 0.1
\' 0.15

Table 2. Extension of maximum tensile stres-
ses along the loaded diameter

Load case Extension of stresses
(percent of diameter)
I 85
11 75
I 65
v 65
\Y 45

Table 3. Maximum compressive stresses in
the load bearing area

Load case Compressive stress
I 31.97
¢ 14.48
111 9.296
v 6.825
\% 4.467
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Fig. 4. Tensile stresses along the loaded radius (R) for the various load cases (I - V). R = 0 corresponds

to the centre of the loaded area.

stresses which differ by less than 5%
from the maximum value was estima-
ted, for load case V at 37 % of the load-
. ed diameter.

Great tensile stresses (exceeding
0.30) appeared, except along the loa-
ded diameter, also along the periphery
(load case 1, II). The greatest peripheri-
cal tensile stresses appeared throughout
for the node immediately outside the
contact area. '

Fig. 5 shows the correlation between
a/d and the maximum peripherical and
central tensile stresses. The peripherical
stresses here appear to exceed the cent-
ral ones beneath a limit value for a/d
which is roughly equivalent to 0.075.
Fig. 6 shows, for the different load
cases, the stresses for three peripherical
nodes (1 = 1, 2, 3) immediately outside
the borderline of the contact area (1 =
0). It is here obvious that the stress dis-
tinctively increased in the vicinity of

the contact area for the load cases I, 11
and III.

The highest compressive stresses ap-
peared in all the load cases along the
periphery in the centre of the contact
area (Table 3).

DISCUSSION

The purpose was to study the test when
the specimen was loaded via relatively
soft strip-shaped paddings of varying
widths. By the use of such paddings
neither deformation nor load is guided.

In the calculations principal stresses
were used as for brittle materials. Frac-
ture will be initiated by the highest
principal stresses and it will propagate
at right angles. The load distribution in
the contact area had to be assumed. It
was, however, thought that the prob-
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Fig. 5. Correlation between a/d and the maxi-
mum tensile stresses along the loaded diameter
(C) and along the periphery (P).

able deviations from this approxi-
mation in an actual load case would
only to a minor degree affect the result.

It is evident from the results that the
magnitude of the maximum tensile
stresses centrally are negatively corre-
lated to a/d. As a consequence thereof
the «apparent strength» increases by
0.9 %, corresponding to an increase of
a/d from 0.025 to 0.1 and thereafter by
1.3 % on a further increase up to a/d
0.15.

The distribution of the load has a
substantial impact on the extension of
the maximum tensile stresses in the
diametral plane. Between the extreme
cases I and V the difference as regards
extension is approximately 40 %. In the
load case V the maximum tensile stres-
ses operate along less than half the dia-
meter. Consequently, a standardized
experimental procedure as regards the
extension of the contact surface and the
load distribution within this surface is a
prerequisite to make these tensile stres-
ses operate along a well-defined area of
the diametral plane.

In the load cases I and II tensile
stresses of a magnitude definitely ex-
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Fig. 6. Tensile stress in the periphery outside the
borderline of the loaded area (I = 0) for load
cases I-V.

ceeding the stresses in the central sec-
tions appeared for nodal points on the
circle periphery close to the contact
area. In the load case I they are some-
what more than 4 times greater peri-
pherically than centrally. In the load
cases III, IV and V the stresses are
lower peripherically than centrally.
However, in load case III that differ-
ence is very small (4 %). On account of
the sparsity of the nodal points the
greatest stresses registered peripheri-
cally are likely to fall slightly below the
actual ones. So, the central maximum
value should probably be surpassed
also in load case III. From this it could
be concluded that a/d under given cir-
cumstances may reach values for which
tensile stresses appear, adjacent to and
near the loaded area, when stresses are
great enough to locate the initiation of
the fracture peripherically. Moreover,
small changes of a/d will then have a
heavy impact on the fracture load. The
corresponding impact exercised by the
previously discussed changes in the
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extension and magnitude of the central
tensile, is probably of marginal im-
portance.

In experiments with specimens made
of dental stone it has been shown (2)
that the fracture load can be strongly
influenced by changes in a/d. When
e.g. a/d was increased from 0,05 to 0,10
- by the use of soft, strip-shaped pad-
dings — this was reflected by an 80 %
increase of the fracture load. Such a
correlation between a/d and fracture
load could probably not be explained
as an effect of changes in the magni-
tude or extension of the central tensile
stresses but rather as a consequence of
peripherical initiation of fracture.

In order to obtain as representative a
test result as possible for each specific
specimen size, it is necessary to have
the largest possible extension of the
maximum tensile stresses, hence a low
a/d. Conditioned by the given prere-
quisites a lower limit value for a/d ap-
pears around 0.10 via the peripherical
stresses, if the approximation is carried
out in view of the previously discussed
circumstances in load case III.

If a minimum stress extension of
37 % (for tensions deviating by 5%
from the maximum value) along the
diametrical plane is accepted, the top
limit value for a/d would amount to
0.15.

Within the acceptable interval for
a/d (0.10 - 0.15) the maximum tensile
stresses will then differ by 1.3 % at the
most. The difference between the
largest and the smallest extension of the
equivalent tensile stresses in the diame-
tral plane will then amount to 20 %,
within the same interval. Meeting re-
quests for such a narrow variation
range for a/d would in most cases
probably require special technical ar-
rangements in practical tests. More-
over, it is necessary to emphasize that
during such practical tests it could not
be taken for granted that loading con-

ditions prevail which are identical with
those assumed. So other a/d values
might turn out to be more adequate.
The previously quoted experiments (2)
actually confirmed that higher a/d va-
lues were necessary in order to avoid a
strong connection between a/d and fai-
lure load.

Summing up it could be concluded
that, for previously accepted a/d va-
lues, peripherical tensile stresses may
arise which are many times greater than
the centrally located maximum tensile
stresses, and that the extension of the
latter stresses can fall well below 50 %
of the loaded diameter. The load trans-
fer techniques and their precision
should consequently, when carrying
out practical tests, be the object of
special methodological studies where
the possibility of peripherical fracture
initiation should be particularly con-
sidered.

Acknowledgement. I am most grateful to Profes-
sor K.B. Broberg and Dr. Eng. L.G. Perletun,
Lund Institute of Technology, Dept. of Solid
Mechanics, for valuable help with the FEM.

REFERENCES

1.  Earnshaw, R. & Smith, D.C. The tensile and
compressive strength of plaster and stone.
Austr. Dent. J. 1966, 11, 415 -422

2. Ehrnford, L. The connection between load
distribution and fracture load in the diame-
tral compression test: An experimental
study. Swed. Dent. J. 1980, 4, 201 - 212

3. Peltier, R. Theoretical investigation of the
Brazilian test. R.I.L.LE.M. Bull. 1954, 19,
29-69

4.  Rudnick, A., Hunter A.R. & Holden, F.C.
An analysis of the diametral compression
test. Mater. Res. Stand. 1963, 3, 283 ~ 289

5.  Weibull, W. A statistical theory of the
strenght of materials. Ingenjorsvetenskaps-
akademien, Handlingar 1939 No 151
Papers published by the Royal Swedish Aca-
demy of Engineering Sciences

6. Zienkiewicz O.C. The finite element
method in engineering science. McCraw-
Hill, London, 1971





