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Fig. 2. Investigation of slenderness ratio on UCS: a) John [20]
and Hawkins [21] studies, b) Thuro et al. [22] studies and c)
Tuncay and Hasanceb [26] studies
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strength of three different specimens [18, 19]
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Researcher and year

of research Type and dimesion of specimens Results of study (with increase of size)

Decrease of strength and linear reduction

Mogi, 1962 [18] Rectangular prisms of marble (20 -100 mm) relationship was developed
Lundborg, 1967 [27] Granite specimens (D= 19-58 mm) Reducz]oondglf iggggtgnacvdeﬁi\f t'ﬁgg:im ofa
Bieniawski, 1968 [28] Cubical coal specimens (75-200 mm) Reduction of strength and development of a

semi-empirical model based on Weibull theory

Kansas limestone (D= 25-200 mm), Longmant
Hoskins and Horino,  sandstone (D= 25-100 mm), Carthage marble (b=
1969 [29] 25-145 mm), Salida granite (D= 25-75 mm) and
plaster of Paris (D= 25-150 mm)

Saajome andesite (D=24-70 mm), Ogino tuff

Nishimatsu et al., 1969 (D=17-70mm), Inada granite (D=13-70mm),
[30] Shinkomatsu andesite (D=13-70 mm) and Aoishi

sandy tuff (D=13-70mm)

Increase of strength in limestone, sandstone and
marble specimens and decrease of strength in
granite specimens

Increase of strength in andesite samples were
observed while results of other samples were
inconclusive.

Pratt et al., 1972 [31] Rectangular prisms of diorite (53-1800 mm) Decrease of strength

Increase of strength in Garvock samples were
observed while results of Arbuthnott specimens
were inconclusive.

Dhir and Sangha, 1973  Arbuthnott sandstone and Garvock sandstone
[32] specimens (D=16-76 mm)

Sandstone, quartzite, Marikana norite and Belfast
norite (D=21.5-54 mm)

Bieniawski, 1974 [33] Decrease of strength

Abou-Sayed et al., 1976,

113] Cedar City quartz diorite (D= 25-150 mm) Decrease of strength
Hoek and Brown, 1980 Marble, Ilmestope, granite, bas_altz andesite basalt, Decrease of strength
[17] gabro, norite and quartzdiorite samples
Baechigggc;gil]nstem, Gypsum specimens (D=38-300 mm) Decrease of strength
Natau et al., 1983 [35] Yellow limestone (D=75-580 mm) Decrease of strength
Jackson and Lau, 1990 Lac du Bonnet grey .
. Inconclusive results
[36] granite samples (D=33-294 mm)
Panek and Fannon, 1992 Metadiabase samples (D=28-145 mm) and Basalt
Decrease of strength
[37] samples (D= 21-145 mm)
da Silva and Hennies,  Cubical samples of Manganese ore (10-200 mm) Decrease of strenath
1993 [38] and Basalt samples (15-150 mm) 9
) Basalt mafic (D= 36-75 mm), Porphyry (D=36-100
K'amadggga[gg]d Jones, 1 .m), GMD-US ore (D=20-150 mm) and GMD-US Decrease of strength
Mullock (D=30-150 mm)
Yuki et al., 1995 [40] Welded tuff (D=30-150 mm) Increase of strength

Pilton sandstone, Clifton Down limestone,
Purbeck limestone, Pennant sandstone, Bath
stone, Burrington Oolite limestone and Hollington
sandstone samples with (D=12.5-150 mm)

Limestone (D=45-80 mm) and granite (D=45-110

Increase of strength with increase of diameter up
to specific diameter and remaining constant or
decrease of strength

Hawkins, 1998 [21]

Thuro et al., 2001 [22] Inconclusive results

mm)

Pells, 2004 [41] West Pymble sandstone (D=18-144 mm) Inconclusive results
Simon an?42]e ng, 2009 A typical hard rock (D=30-63 mm) Decrease of strength
Darlington and Ranjith, _

2011 [43] Mortar (D=64-300 mm) Decrease of strength

Inconclusive results. Increase of strength with
Sandstone, two types of granite and marble (p=19- increase of diameter up to 60 mm and decrease
145 mm) of strength for greater size specimens while
strength remained constant for granite specimens

Masoumi, 2013 [44]

Roshan et al., 2016 [45] Shale specimens (D=19-145 mm) Increase of strength

Table 1. Review of previous studies of scale effect (with constant slenderness ratio) on UCS
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Fig. 3. Effect of specimen diameter on UCS: a) Hoek and
Brown Model and b) Hawkins model
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Fig. 9. Effect of slenderness ratio on UCS
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Fig. 13. Failure mechansim of specimens at different diameters
with slenderness ratio between 1 to 4
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Abstract:

Determination of the rock mass strength is a challenge for geotechnical engineers. Some part of this problem
is related to complex interaction of rock mass components, intact rock and discontinuities, and the other part
is related to difficulty in determination of the mechanical properties of intact rock and discontinuities. The
common approach to determine the mechanical properties of rocks is undertaking laboratory experiments
and extrapolate the insitu properties based on these laboratory experiments. This extrapolation, or in the
other word size effect, has been remained as a challenge for practical rock engineers for decades. Size effect
studies can be divided into two groups of one dimensional scale effect, in which the diameter of samples is
fixed and the length of samples are changed, and three dimensional scale effect, in which the ratio of length
to diameter, called slenderness ratio, is fixed and the diameter is changed. Review of previous studies on the
effect of slenderness ratio on the strength of intact rock shows that in some studies as the slenderness
increases up to specific value, the strength decreases while in other studies the slenderness ratio has no
significant effect on the strength. Results of previous studies on the effect of sample diameter on the strength
of intact rock are also inconclusive. Some studies show that as the diameter of sample increases, the strength
decreases while other studies show the increase of strength up to specific diameter or no scale effect. This
paper aims to study both one dimensional and three dimensional size effect on intact rock properties. To this
end, around 120 sandstone samples with diameter between 19 to 145 mm and slenderness ratio of 1 to 4 were
prepared and uniaxial compression tests were carried out on these samples. Uniaxial compression tests were
carried out using MTS 815 loading frame. Axial and circumferential extensometers were used to measure
deformation of samples during experiments. Results of this study show that the increase of diameter up to 50
mm resulted in the increase of uniaxial compressive strength and no scale effect was observed for diameters
greater than 50 mm. This trend was observed for all slenderness ratios. No scale effect was observed on the
elastic modulus and the Poisson’s ratio. Therefore, the minimum diameter of around 50 mm, which is
suggested by ISRM and ASTM standards, is the size that scale has no effect on the results of uniaxial
compression tests. It was found that the increase of slenderness ratio up to 2.5 results in the decrease of
strength and no significant effect was observed for greater slenderness ratios. To find out the reason of
observed behavior, failure mechanisms of samples at different slenderness ratios were studied. Four types of
failure mode were observed in the experiments; generation of a single shear plane, multiple shear planes,
shear plane with some cracks in the center of specimens and tensile cracks parallel to the loading direction. It
was found that at low slenderness ratios, samples are failed by propagation of tensile cracks which results in
higher strength compared to the other failure modes. Therefore, the higher strength of samples with
slenderness ratio of 1 is related to this failure mechanism.

Keywords: Scale effect, Slenderness ratio, Uniaxial compression test, Failure mechanism, Intact rock.
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