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ABSTRACT 
 
Many studies have investigated the size effect in intact rock with most of them focusing on the uniaxial 
compression test. The authors have conducted a suite of uniaxial compressive and point load tests on 
Gosford Sandstone to assess scale effects. The results illustrated that the trend of the well known 
Hoek and Brown relationship held beyond a certain diameter. However, the trend was reversed for 
smaller sample diameters. A secondary finding was that a size effect found with the point load tests 
differed to that of the unconfined compressive tests. The authors present the results and provide a 
discussion as to the potential reasons for the varying scale effects. The results have implications for 
designers when considering potential testing programs and estimations of strength parameters for 
their designs in rock.  
 
Keywords: Size effect, Gosford sandstone, Uniaxial Compressive Strength, Point load Index.  
 
 
1 INTRODUCTION 
 
The scale effect is a significant characteristic in brittle and quasi-brittle media such as rock. Many 
studies have explored the size effect with regards to the uniaxial compression test, UCS, on different 
rocks (Mogi 1962, Pratt et al. 1972, Hoek and Brown 1980, Dey and Halleck 1981 Baecher and 
Einstein 1981, Tsur-Lavie and Denekamp 1982, Kramadibrata and Jones 1993, da Silva and Hennies 
1993, Hawkins 1998, Arioglu 1999, Thuro et al. 2001a, Yoshinaka et al. 2008, Pells 2004, Darlington 
and Ranjith 2011). Some research has also investigated the size effect for different stress paths such 
as point load and direct tensile tests (Broch and Franklin 1972, Guidicini et al. 1973, Bieniawski 1975, 
Wijk et al. 1978, Brook 1980, Greminger 1982, Forster 1983, Brook 1985, Panek and Fannon 1992, 
Thuro et al. 2001b, Prakoso and Kulhawy 2011).  
 
The results from the literature are not always in agreement, with some findings showing significant 
scale effects whereas others show a minimal scale effect. In addition, some authors including Hawkins 
(1998) have found that the traditional theory of the scale effect proposed by Weibull (1951) and 
depicted by Hoek and Brown (1980) (Figure 1) does not hold below a certain sample diameter for 
sedimentary rocks. 
 
In this paper, results from UCS and point load tests conducted on Gosford sandstone at different 
scales are presented. The effect of scale on point load strength index and UCS is discussed and 
potential explanations for this provided. 
 
2 ROCK SAMPLES 
 
Gosford Sandstone was used for all tests. The sandstone forms a unit within the massive (290m thick) 
Triassic Hawkesbury sandstone of the Sydney basin (Ord et al. 1991). The unit occupies some 500 
square miles of the Sydney basin and is typically composed of sub-angular to sub-rounded quartz and 
quartzite grain with argillaceous matrix, minor feldspar and clay. 
 
The Gosford Sandstone used in the tests was obtained from Gosford Quarry, Somersby, New South 
Wales, Australia. Samples were carefully selected to be as homogeneous as possible. The sandstone 
was cut into 300 x 300 x 600mm blocks by the supplier and was then cored and prepared for testing at 
UNSW. 
 
 
 

ANZ 2012 Conference Proceedings 644

mailto:hossein.masoumi@unsw.edu.au
mailto:k.douglas@unsw.edu.au
mailto:a.russell@unsw.edu.au


 

 
Figure 1. Influence of specimen size on the strength of intact rock (Hoek and Brown 1980) 

  
 
3 POINT LOAD TESTS 
 
A suite of point load tests were performed on core samples of Gosford Sandstone with diameters of 
18, 25, 31, 50, 66, and 96mm to assess the size effect as well as point load strength index, Is. The 
point load tests were performed in accordance with ISRM standards (ISRM 2007). Both diametral and 
axial tests were performed. Ten tests were performed on each sample with diameter less than 50mm 
and four to five tests were performed on samples with diameter greater or equal to 50mm. Only axial 
tests were performed on the 96mm diameter samples due to the limitations on sample size due to the 
point load testing equipment. 
 
For diametral tests, the point load index is obtained from (1).  
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where, P is the peak load measured during the test and D is the diameter of the sample. ISRM (2007) 
suggests an L/D ratio greater or equal to one. A ratio of one was used for these tests. 
 
For axial tests, the point load index is obtained from (2). 
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where, A = WD is the minimum cross sectional area of a plane through the platen contact points 
(Figure 2). The samples were prepared at the ratio of D/W between 0.5 and 1 to satisfy ISRM (2007) 
requirements.  
 
The mean point load index results for each sample size are given in Table 1. 
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Figure 2. Axial core or disc test (Brook 1985) 

 
Table 1: Mean axial and diametral point load strength indexes for Gosford sandstone 

Diameter (mm) 19 25 31 50 66 96 

Axial Is (MPa) 4.1 3.57 3.5 3.13 2.6 1.92 

Diametral Is (MPa) 4.51 4.38 3.85 3.25 3.05 N/A 

IsA/IsD 0.91 0.82 0.91 0.96 0.85 N/A 

  
The results in Table 1 show that the Is given by the diametral test is higher than the axial test for all 
sizes.  
 
The modified empirical size effect relationship for point load tests was initially proposed by Brook 
(1980, 1985) which follows the concepts of Weibull theory (1951): 
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where, Is50, is the characteristic point load strength index measured on a sample with a diameter of 
50mm and k is an empirically derived constant. 
 
The test results on Gosford Sandstone show that k is 0.35 for diametrical tests (see Figure 3). ISRM 
(2007) suggests the range of k is usually between 0.45 and 0.55.   
 

 
Figure 3. Axial and Diametral point load strengths from Gosford sandstone 
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4 UNIAXIAL COMPRESSION TESTS 
 
A series of UCS tests were performed on the Gosford Sandstone described above. Tests were 
performed on sample diameters from 7mm to 145mm. Five tests were performed at all diameters 
except 7mm and 145mm. The tests were performed at an L/d ratio of two. The mean results and 
spread of data for each diameter are shown on Figure 4. 
 
Figure 4 shows that the UCS of the Gosford Sandstone increases with sample diameter up to a 
diameter of approximately 66mm and then gradually decreases with increasing sample diameter 
beyond 66mm. 
 
Figure 5 shows UCS test results on limestone and sandstone samples presented by Hawkins (1998) 
that show a similar response. Hawkins (1998) noted that at small diameters, less than 60mm, the 

UCS of the rock samples reduced with decreasing sample size. Similar behaviour was also noted by 
Koifman (1969) for small samples of sedimentary rock. 
 

 
Figure 4. UCS results from Gosford sandstone for the samples between 7mm and 145mm diameters. 

 

 
Figure 5. UCS tests on seven different sedimentary rocks conducted by Hawkins (1998) 
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The results of the authors and that by Hawkins (1998) and Koifman (1969) contradicts the results of 
Hoek and Brown (1980) that imply a continuing increase in strength with reduction in sample size 
(Figure 1). 
 
It is noted that the tests of Hoek and Brown (1980) shown in Figure 1 have been performed on 
primarily crystalline rock (igneous and metamorphic samples). The only sedimentary sample tested 
was limestone and that was at diameters greater than 60mm. The authors suggest that the scale 
effect proposed for Hoek and Brown may be appropriate for crystalline rocks but does not appear to 
be appropriate for sedimentary rocks. As others have noted (Pells 2004, Darlington and Ranjith 2011), 
it is possible that thermally induced micro-cracks that are present in igneous and metamorphic rocks 
and absent in sedimentary rocks could be one reason for the more significant scale effects found by 
Hoek and Brown (1980). It is expected that the location at which the scale behaviour changes for 
sedimentary rocks is associated with the grain size of the material. 
 
Further work is clearly required to fully explain the causes of the scale effect in rocks. 
 
 
5 CORRELATION BETWEEN POINT LOAD AND UCS TESTS 
 
ISRM (2007) provides the following equation to correlate the point load index Is with UCS. 
 

s
KIUCS               (6) 

 
where, K is an empirically derived correlation factor. A comparison between the UCS and point load 
(average of axial and diametrical directions) results obtained from Gosford sandstone (Figures 3 and 
4) shows that it is not possible to propose a unified correlation factor (K) for different scales. This is 
due to different size effects for different stress paths. That is, the continuous drop in strength with 
scale for point load tests compared with the increase and decrease in UCS strength below and above 
a diameter of about 60-70mm.  
 
Table 2 shows that K for Gosford sandstone varies between 8.0 and 29.2. The value of K typically 
used in Sydney for Hawkesbury Sandstone is 20 to 24. This is usually applied to samples of 
approximately 50mm diameter which Table 2 suggests should be about 16.4 for Gosford Sandstone. 
 
Table 2. Correlation factors at different diameters for Gosford sandstone 

Sample diameter (mm) 18 25 31 50 66 96 

Correlation factor (K) 8.0 9.4 11.5 16.4 21.0 29.2 

 
In order to explain why the size effect in tension (point load test) was greater than that for compression 
(UCS test), Bieniawski (1975) argued that in tension, cracks open and give rise to large strength 
reductions whereas in compression when cracks close, the disturbances are much reduced. Note that 
Bieniawski’s study was limited to a few diameters and did not identify the unusual reverse size effect 
in UCS tests.  
 
The authors suggest caution when attempting to estimate the large scale UCS of a sedimentary rock 
from a point load test on a 50mm sample. The scale effects of the two different types of tests are very 
different and the correlation between them, even at 50mm, is approximate at best (many have shown 
K to be very variable). It is suggested, that where a large scale UCS is required for a sedimentary rock 
that UCS tests be performed on a sample size greater than 70mm to avoid the problem of being below 
the diameter at which scale effects have been shown to reverse. 
 
6 CONCLUSION  
 
The initial outcome of this study shows that the UCS results at small diameters (less than about 
66mm) obtained from sedimentary rocks does not match traditional assumptions about scale effects 
e.g. Weibull theory (1951) and Hoek and Brown (1980). The results of the authors and others cited, 
show that the UCS of sedimentary rocks decreases with reducing diameter for samples less than 
about 60-70mm diameter.  
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It has also been shown that the different test methods, or stress paths, will lead to different size effects 
in one particular sample. Further work is required to assess other test methods (e.g. triaxial) and to 
ensure that certain crystalline rocks do not exhibit the scale behaviour shown by sedimentary rocks in 
this paper. 
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