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Abstract 

Point load testing is used to determine rock strength indexes in geotechnical practice. The point load test 

apparatus and procedure enables economical testing of core or lump rock samples in either a field or 

laboratory setting. In order to estimate uniaxial compressive strength, index-to-strength conversion factors 

are used. These factors have been proposed by various researchers and are dependent upon rock type. 

This study involved the uniaxial compressive testing and point load testing of marble and travertine rocks 

from ten different rock quarries in Iran. Around 300 individual test results, including 159 uniaxial 

strength tests and 139 point load tests, were used in this study. Rock lithologies were classified into two 

general categories and conversion factors were determined for these categories. This allows for intact 

rock strength data to be made available through point load testing for numerical geotechnical analysis and 

empirical rock mass classification systems such as the Rock Mass Rating (RMR). 
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1. INTRODUCTION 

 

The point load test has often been reported as an indirect measure of the compressive or tensile strength of 

rock [1–4]. It has been used widely in practice due to its testing ease, simplicity of specimen preparation, and 

possible field applications. 

Although ISRM [5] suggested that the ratio between uniaxial compressive strength (UCS) and point 

load strength (Is) varies between 20 and 25, many researchers have found different ratios. The derived ratios 

between UCS and Is by different researchers exhibit a very large range; the ratio for the equations using the 

zero-intercept varies between 8.6 and 29. 

The main objective of this paper is to investigate the relation between UCS and Is for some rock 

quarries in Iran. For this purpose, the results of the uniaxial compression test on marble and travertine rocks 

were correlated with the corresponding results from point load test. 

 

 

2. PREVIOUS INVESTIGATIONS 
 

D’Andrea et al. [1] performed uniaxial compression test and the point load test. They used a linear regression 

model to get the correlation between two tests. It should be noted that their point load specimen diameter was 

25 mm, and that size adjustments must be made to use their relation. Broch and Franklin [3] stated that the 

compressive strength is approximately equal to 24 times the point load index (Is), referred to a standard size 

of 50 mm. They also developed a size correction chart so that cores of various diameters could be used for 

strength determination. Bieniawski [4] showed that the compressive strength is nearly 23 times Is. Pells [6] 

showed that the index-to-strength conversion factor of 24 can lead to 20% error in the prediction of 

compressive strength for the rocks like dolerite, norite and pyroxenite. Greminger [7] and Forster [8] also 

showed that the conversion factor of 24 cannot be adequately applied to anisotropic rocks. Hassani et al. [9] 

studied the point load test using an expanded database with tests on large specimens and revised the size 

correlation chart commonly used to reference point load values from cores with differing diameteral sizes to 

the standard size of 50 mm. With this new correction, they found the ratio of compressive strength to Is50 to 

be approximately 29. 

Brook [10] emphasized the possible sources of error when using point load test, and proposed an 

analytical method of ‘‘size correction’’ to a chosen standard size. It is stated by ISRM [5] that on average, 
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compressive strength is 20–25 times Is. However, it is also reported that in tests of many different rock types 

the range varied between 15 and 50, especially for anisotropic rocks. So, errors upto 100% should be 

expected if an arbitrary ratio value is chosen to predict compressive strength from point load tests. Turk and 

Dearman [11] have proposed some improvements in the determination of point load strength. They proposed 

a simple method for determining standard point load strength Is50, from test results obtained from a number of 

irregular, and regular prismatic specimens of different diameter using log–log plots of Is against diameter. 

This relation is usually linear. Chau and Wong [12] proposed a simple analytical formula for the calculation 

of the UCS based on the point load strength corrected to a specimen diameter of 50mm (Is50). The index-to 

strength conversion factor (k) relating UCS to Is50 depends on the compressive to tensile strength ratio, 

Poisson’s ratio, the length and the diameter of the rock specimen. Their theoretical prediction (k=14.9) agrees 

with the experimental observation (k=12:5) for Hong Kong rocks. Hawkins [13] stated that ratio between 

UCS and Is differ from 7 to 68 for different lithologies or conditions. He suggested a table of site specific 

ratio between UCS and Is for sedimentary (in wet and dry conditions) and igneous rocks, and stated that the 

ratio for saturated rocks is often 50% lower than for dry rocks. Kahraman [14] evaluated the relation between 

UCS and Is using the data on 48 different rocks and found two separate trends, one for the coal measure 

rocks and another for the other rocks. The coal measure rocks followed a more steeply sloped line than the 

other rocks. Quane and Russel [15] investigated the effectiveness and utility of rock strength as a metric of 

welding intensity in ignimbrite deposits. They established empirical relations to convert Is values into the 

UCS values for strong and weak rocks, respectively. While the relation for strong rocks is linear, the relation 

for weak rocks is nonlinear. Tsiambaos and Sabatakakis [16] studied the conversion factors relating UCS and 

Is for the most common sedimentary rocks in Greece. They found that the conversion factor between UCS 

and Is varies from 13 for soft sedimentary rocks exhibiting a value of Is50<2MPa to 28 for harder rocks with 

values of Is50 greater than 5MPa. Palchik and Hatzor [17] investigated the influence of porosity on tensile and 

compressive strength, and on the relation between UCS and Is of porous chalks. They showed that the ratio 

of UCS/Is is not constant (range 8–18), but is porosity dependent. An increase in porosity from 18% to 40% 

leads to decrease in UCS/Is from 18 to 8. 

As mentioned before, the suggested ratios between UCS and Is indicate a very large range. While 

some equations conform to ( y = ax ) form, the others conform to ( y = ax + b ) form. Also, Grasso et al. [18] 

and Tsiambaos and Sabatakakis [16] derived an equation conforming to ( y = axb ) form and Quane and 

Russel [15] suggested an equation conforming to ( y = ax2 + bx ) form for weak rocks. 

 

 

3. EXPERIMENTAL STUDIES 
 

A total of 10 different rock types were sampled, 9 of which were travertine, and 1 were marble. The rock 

types are listed in Table 1. Rock blocks were collected from different quarries and each block sample was 

inspected for macroscopic defects so that it would provide test specimens free from fractures, partings or 

alteration zones. 

 
Table 1. Description of rock types 

Rock Code Rock Type 

1 Gohareh EslamAbad marble 

2 Pofaki Travertine Rock 

3 Mahallat Travertine Rock 

4 White Travertine Rock 

5 Cream Travertine Rock 

6 Yellow Travertine Rock 

7 Red Travertine Rock 

8 HajiAbad Travertine Rock 

9 Gohareh KhorramAbad Marble 

10 KristalAbri marble 

 
 

Rock blocks were cored perpendicular to any visible bedding or weakness plane in the laboratory. 

Uniaxial compression tests were performed on trimmed core samples, which had a diameter of 38mm and a 

length-to-diameter ratio of 2. The stress rate was applied within the limits of 0.5–1.0 MPa/s. The test was 

repeated at least ten times for each rock type and the average value was recorded as the UCS. 
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The diametral point load test was carried out on the cores having a diameter of 38mm and a length-to-

diameter ratio of 2. The tests were carried out on the samples cored perpendicular to any visible weakness 

plane and the samples having a weakness plane were discarded. The results were corrected to a specimen 

diameter of 50 mm. The point load test was repeated at least ten times for each rock type and the average 

value was recorded as the point load strength. 

 

 

4. RESULTS AND DISCUSSION 
 

The average results of all the tests were given in Table 2. The test results were analyzed using the method of 

least-squares regression. The equation of the best-fit line, and the correlation coefficient were determined for 

each regression. Firstly, Is values were correlated with the corresponding UCS values and a significant 

relation was found.  

 
Table 2. The average results of test 

Rock Code 
Uniaxial compressive 

strength (MPa) 
Point load index (MPa) 

1 67.17 3.71 

2 24.24 1.72 

3 36.23 2.54 

4 44.19 3.15 

5 28.06 2.60 

6 46.64 2.95 

7 49.08 3.26 

8 55.59 4.20 

9 79.28 4.84 

10 52.47 3.05 

 

 
The equation of the line for travertine rocks is 

85.0,061.15 2  rIsUCS                                                                                                                           (1) 

where UCS is the compressive strength (MPa), and Is is the point load index (MPa). 

and the equation of the line for marble rocks is 

94.0,212.17 2  rIsUCS                                                                                                                           (2) 

where UCS is the compressive strength (MPa), and Is is the point load index (MPa). 

 
 

5. CONCLUSION 
 

Uniaxial compression strength and point load index of 10 different rock types were determined to investigate 

the relation between UCS and Is. There is a significant correlation between UCS and Is, but it is not strong. 

Because the UCS values of the tested rocks have a wide range (from 24.24 to 79.28MPa), the obtained results 

are very important. Tested Rocks were classified into two general categories and conversion factors were 

determined for these categories. This allows for intact rock strength data to be made available through point 

load testing for numerical geotechnical analysis and empirical rock mass classification systems such as the 

Rock Mass Rating (RMR). Most of the tested rocks have very low water content. However, the rocks are 

partially or fully saturated in the field. Water content has an important effect on the rock strength and 

consequently on the ratio between UCS and Is. Therefore, practitioners who will use the derived equations in 

a site investigation should take into account this reality. 
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