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1 Introduction 

The splitting test, also known as the Brazilian test, is widely used to 
evaluate the tensile strength of concrete. Because of its simplicity, its use 
has extended to other materials such as rocks and ceramics. In this test, a 
cylindrical or prismatic specimen is compressed along two diametrically
opposed generators, as shown schematically in Fig. la. To prevent 
multiple cracking and crushing at the loading points, the load is 
distributed by two bearing strips, whose width veries according to the 
various standards. For relatively narrow strips, a nearly uniform tensile 
stress along the symmetrical plane of the specimen is achieved (Fig. 1 b). 
Accordingly, the expected rupture mode is the split of the specimen in 
two across the plane of loading (Fig. le). The maximum (elastic) tensile 
stress value at failure gives a useful estimate of the tensile strength. 

Although the rupture into two halves is the expected failure mode, 
other rupture modes have been observed. Hannant, Buckey and Croft 
(1973), Bazant, Kazemi, Hasegawa and Mazars (1991), and Castro 
Montero, Jia and Shah ( 1995), detected the development, in the Brazilian 
test of concrete and mortar specimens of several sizes, of diagonal cracks 
in the zone near the applied load. In these cases the specimens break 
through wedge formation and plastic slip, as sketched in Fig. 2a. 

Other forms of rupture have been reported by Mitchel (1961), 
Colback (1966), Mooder (1979), Moseley, Ojdrovic and Petroski (1987), 
Ovri and Davies (1987) and Rudnik, Hunter and Holden (1988), 
splitting tests performed with rocks, cement paste and ceramic materials 
in which the rupture is characterized by the development of a complex 
crack system, as shown in Fig. 2b. 
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Fig. 1. Splitting test: (a) load configuration; (b) stress distribution and 
( c) rupture mode. 
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Fig. 2. Different rupture modes observed in the splitting test. 

In recent years, the observation of modes of rupture different from 
the expected single-crack mode has raised doubts about the mechanisms 
of rupture in the Brazilian test, questioning the validity of the test itself 
as an appropriate method for estimating the tensile strength. 

2 Experimental program 

2.1 Mortar and granite specimens 
Mortar prismatic specimens (series A) of square section were tested. 
The sizes of these specimens were: 17 mm, 38 mm, 75 mm, 150 mm and 
300 mm, all of 50 mm thickness. The specimens were cut from pre-cast 
mortar plates of uniform thickness and were kept in water to prevent 
microcracking. The mortar used to cast the plates was of ordinary 
Portland cement (ASTM, Type I) and siliceous natural sand with a 
maximum aggregate size of 5 mm and a distribution within ASTM C33 
limits. The water/cement and sand/cement ratios were 0.50 and 3.0 by 
weight, respectively. In addition, halved specimens were tested with the 
two halves assembled between the bearing strips so that the plane of 
contact between them coincided with the plane of loading. 

Granite discs (series B) were tested, of 30 mm thickness and 
diameters 30 mm, 60 mm, 120 mm and 240 mm. The specimens were 
cut from granite plates of uniform thickness using cylindrical diamond 
drills. To eliminate any irregularity in the face cut, the specimens were 
ground. 
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Fig. 4. Load-deformation curve of the stable splitting test in a mortar 
specimen (D = 300 mm and b/D = 0.16). The points correspond 
to the images in Fig. 3. 

approximately parallel to the central or principal crack (D and E). In 
the final part of the test, the secondary crack growth becomes 
assymmetric until an unstable configuration is reached, usually followed 
by formation of a mechanism (F). 

The curve of load vs. transversal deformation for the same test is 
shown in Fig. 4. The points corresponding to the different sketches in 
Fig. 3 are indicated on the curve by open circles labeled with the same 
letters. The curve presents two peak loads (points A and E). The first 
peak coincides with the initiation of the crack in the central zone of the 
specimen (point A). The unloading immediately after this peak load 
corresponds to the extension of the principal crack (point B). When the 
principal crack approaches the bearing strips, the unloading stops and the 
load increases again. During this reloading, the secondary cracks appear 
and grow symmetrically (points C and D). This continues until one of 
the secondary cracks begins to extend further, reaching the second peak 
of load (point E); then the load decreases while secondary crack 
continues opening (point F). This secondary crack opening proceeds 
until the total fragmentation of the specimen. 

conclusion, two kinds of cracks occur during the test: the principal 
crack starts at the centre of the specimen and extends across the loading 
plane. The secondary system appears later at the edges of the specimen 
and grows symmetrically inwards, parallel to the main crack. Similar 
cracking processes were observed in tests with other specimen sizes, and 
other load-bearing strip widths. They were similar in the tests on 
granite discs. 
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Effects of specimen size and bearing 
curves of load versus transversal deformation (P-Li WT) for 

and mortar specimens during stable splitting tests are similar. 
Fig. S shows the corresponding curves for the curves are 

different specimen sizes (30 mm, 60 mm, mm and 240 
same relative width of the bearing strips = 0. 

the ASTM C496 standard). Each curve .. ,,.n.rt:>c·Pntc 

( 4) tests. 
To facilitate the comparison, the curves are drawn relative to 

values of the load and the transversal deformation at the first peak 
(PmaxJ). Note that in relative terms, the load associated 

mechanism governing secondary crack propagation increases as 
specimen size decreases. So in small specimens, the peak load U..YU•V'-'J' ... "'"' ..... 

with the secondary crack system can become dominant 
Fig. 6 shows the curve of load versus 

Li WT) for mortar specimens during the stable test 
of the same size (D = 150 mm) and different relative 
strips (b/D = 0.04, 0.08 and 0.16). It is seen that the 
bearing strip only affects the part of the curve associated 
secondary cracking mechanism. As the width of the bearing 
decreases, the load that can be supported by the specimen ~~AAA•--
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Fig. 6. Effect of width of bearing strips on the curves load versus 
transverse deformation. Mortar specimens of equal size (D = 
150 mm). 

propagation of the secondary cracks decreases significantly and 
eventually disappears for small enough widths of the bearing strips. 

curves show that the P-LlwT behaviour during the secondary 
cracking is very sensitive to the size and to the width of the bearing strip 
but the softening branch associated with the growth of the principal 
crack is not affected by the width of the bearing strip. 

4 mechanisms 

From the experimental results, the following rupture mechanism 
emerges: 

In the first stage, or principal rupture mechanism, the splitting test is 
governed by the maximum tensile stresses along the loading diameter of 
the specimen. These stresses control both the central crack localization 
and propagation from the centre of the specimen to the edges. As 
seen in the propagation sequence in Fig. 3, during the initiation of this 
crack, a maximum load value is reached (Pmax1). Then the specimen is 
... nuv ......... ...., ....... as the crack extends to the edges. According to the standard 
test method, this maximum load value has to be used to evaluate the 
tensile strength in the splitting test. 

127 



128 



a secondary crack, which occurs before 

5 

mechanical behaviour the cracking 
up;cA~~;CLLf-, test. The test results show 
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