
 

Acta Geodyn. Geomater., Vol. 18, No. 1 (201), 5–13, 2021 
DOI: 10.13168/AGG.2020.0036 

 

journal homepage: https://www.irsm.cas.cz/acta 
 

 
 

ORIGINAL PAPER 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

EXPERIMENTAL INVESTIGATION ON THE POINT LOAD STRENGTH OF RED-BED 
SILTSTONE WITH DIFFERENT SHAPES 

Huayan YAO 1), Ling DAI 1), Guang LIU 1) *, Yun JIA 2) and Xiaolu YUAN 3) 
 
 

1) School of Civil Engineering, Hefei University of Technology, Hefei, 230009, China 
2) LaMcube, University of Lille, Cite Scientifique, 59655, Villeneuved’Ascq, France 

3) Key Laboratory of Geological Hazards on Three Gorges Reservoir Area (China Three Gorges University), 
Ministry of Education, Yichang, 443002, China 

 

 
*Corresponding author‘s e-mail: guang_liu@hfut.edu.cn 

 

ABSTRACT 
 
 

The point load test is an indirect method to estimate the uniaxial compressive strength (UCS) of 
rock. In order to investigate the influence of the shape effect on the point load test strength of the 
siltstone in the Red Stratum, a series of point load tests were carried out on siltstone specimens 
with different shapes (cylinders, blocks, irregular specimens). The results show that the point load
strength index of red-bed siltstone specimens with different shapes exhibits significant dispersion. 
As long as being corrected, the specimen shape has no significant effect on the point load strength 
index Is(50). The average value of Is(50) from formula correction is consistent with the value obtained 
by the graphical method with all different shape specimens in consideration. An empirical relation 
is proposed for the estimation of UCS by the point load strength IS(50). The red-bed siltstone 
specimens under the point load test are broken into two pieces or three pieces, but the former 
failure is dominant. 
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1. INTRODUCTION 
Uniaxial compressive strength (UCS) of rock is 

one of the crucial parameters for stability evaluation 
of geotechnical or geological engineering. Uniaxial 
compression tests for rocks require standard cylinder 
specimens (e.g., cylinder specimen with diameter 
50 mm and high 100 mm). Hence, the process of 
sample preparation is complex and time-consuming 
(Emir and Beyhan, 2016). Especially when soft rock 
is used to prepare standard rock samples for a uniaxial 
compression test, initial damage is often produced on 
rock samples, or the sample is broken or disintegrated 
in the process of core drilling (Eberhardt et al., 1999; 
Peng et al., 2019; Wang and Cai, 2018). In addition, 
the UCS test is challenging to carry out in the field. 
Therefore, point load test (PLT) proposed by Brock 
and Franklin (1972) have been widely accepted 
(Bieniawski, 1975; Kahraman, 2001; Li and Wong, 
2013; Singh et al., 2012; Wong et al., 2017; Akbay and 
Altindag, 2018; 2020), which can be applied to 
different types of rocks without cutting and grinding 
either in the field or in the laboratory due to its portable 
testing equipment. 

The point load strength index (PLSI) Is can be 
determined on rock specimens in the form of either 
cylindrical cores, blocks, or irregular specimens. 
According to some researchers (Broch and 
Franklin,1972; Turk and Dearman,1985; Pabek, 1992; 

Koohmishi and Palassi, 2016; Masoumi et al., 2018), 
the sample size and shape have significant influences 
on the Is values. In order to obtain a consistent strength 
index for the same rocks, International Society for 
Rock Mechanics and Rock Engineering (ISRM, 1985) 
suggest correcting the Is values to a standard size of 
50 mm, which is called size corrected PLSI, Is(50).
However, the comparative analysis and reliability of 
the Is(50) from different shape samples have not been 
thoroughly studied. 

The reliable relation between the Is(50) and UCS 
is also a concern of many researchers (Agustawijaya, 
2007; Hawkins and Olver, 1986; Li and Wong, 2013; 
Singh et al., 2012; Tsiambaos and Sabatakakis, 2004; 
Wong et al., 2017; Yin et al., 2017). Some 
representative results have been applied in practice. 
However, these results showing the relation of Is(50)
and UCS depend strongly on the rock types (Yin et al., 
2017). It is particularly desired to conduct extensive 
experiments on different types of rocks to establish 
general empirical relationships. 

Red strata are widespread in China, for example, 
the Three Gorges Reservoir area, the southern 
mountainous region of Anhui Province, etc., where 
geological hazards such as landslides frequently occur 
(Wang et al., 2004; Zhang et al., 2015). Red strata are 
continental sedimentary rocks composed of 
alternating red mudstone, sandstone and siltstone. It is 
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Fig. 1 A sketch map for the sampling location. 

 
(a) Crossed-polarized image 

 
(b) Plane-polarized image 

Fig. 2 Images obtained by a polarizing microscope,1- quartz, 2-mica, 3-calcite, 4-iron mineral. 

an important basis for the prevention and control of 
geological hazards to obtain the strength properties 
of this kind of red-bed rocks through a large number 
of tests. Therefore, it is essential to adopt an efficient 
and simple test method, such as the point load test. The 
purpose of this paper is mainly to discuss 
the influences of shapes of rock samples on point load 
strength index and to obtain a reliable estimation on 
Is(50) and UCS of red-bed siltstone in the Three Gorges 
Reservoir area.  

 
2. ROCK MATERIALS AND SAMPLE 

PREPARATION 
The rock samples used in this study were 

obtained from the landslide zone of the Majiagou 
reservoir, in the Three Gorges area of Hubei Province, 
China, which is located at 31°01′08′′～31°01′17′′ 
north latitude and 110°41′48′′～110°42′10 east 
longitude, as shown in Figure 1.  

The rock sample looks dark red and is identified 
as iron- calcareous siltstone. Its density is 2.64 g/cm3. 

The crossed-polarized and plane-polarized images 
under a microscope are shown in Figure 2. The 
mineral composition mainly includes about 55 % 
quartz, 5 % mica, 30 % calcite, 10 % opaque iron 
mineral, etc. 

Fifteen standard cylindrical specimens were used 
for uniaxial compression tests with diameter of 50 mm
and height of 100 mm. A total of 80 specimens with 
different shapes prepared for PLTs were divided into 
three groups: cylinder group, block group and 
irregular group. The cylindrical group consists of 
a number of cylindrical specimens with 50 mm in 
diameter and about 22 mm in height. The block 
specimens are 40-60 mm in length or width and 
22- 25 mm in thickness. The irregular specimens were
directly broken from the natural rock, with 40-60 mm 
in horizontal or vertical lengths and 22-25 mm in 
thickness. All the specimens are air-dried before the 
test. The representative rock samples are shown in 
Figure 3. 
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Fig. 3 Three types of specimens for point load tests. (a) Cylinder specimen. (b) Block specimen. (c) Irregular 
specimen. 

3. EXPERIMENTAL METHODOLOGY 
The uniaxial compressive tests were carried out 

using the experiment instrument shown in Figure 4 (a). 
The point load tests were realized by a portable rock 
point load equipment, in which the load was manually 
applied through a jack (see Fig. 4 (b)). The point load 
equipment is mainly composed of the loading system 
and digital display intelligent measurement and 
control system. The range of digital display system is 
about 0-100 kN. The digital display system can record 
the maximum load during the loading process. The 
conical platens have an angle of 60° and a roundness 
radius of 5 mm. During the test, the specimen was 
placed between the conical platens. Then 
a concentrated load was applied to the specimen 
through a manual jack until it was broken.  

The Is value is calculated by the following 
equation: 

 𝐼௦ ൌ మ                                                                         (1)
 

where IS is the point load strength index value without 
correction, MPa; P is the failure load, N; De is the 
equivalent diameter, mm, which can be calculated by 
Eq. (2): 

 𝐷 ൌ ටସௐగ                                                                 (2)
 

where W is the minimum cross-section width or the 
average width of two loading points, mm; D is the 
distance between two loading points, mm. 
Measurement methods of W and D are shown in 
Figure 5.  

The size and shape of the test specimens affect 
the point load strength index Is even the same kind of 
rock. So a correction factor is applied to obtain the 
IS(50), which is the point load strength index of standard 
specimens with a diameter of 50 mm under radial 
loading conditions (ISRM, 1985; ASTM, 2008). The 
calculation formulas are given by Eqs. (3) and (4). 

 𝐼௦ሺହሻ ൌ  𝐹𝐼ௌ                                                              (3)
 𝐹 ൌ ቀହቁ.ସହ

                                                             (4)
 

where F is the size correction factor.  
 
4. RESULTS AND DISCUSSIONS 
4.1. TEST RESULTS 

The results of uniaxial compression tests 
obtained from the above experiments are shown in 
Table 1. As demonstrated in laboratory test data, the 
UCS exhibit a significant dispersion. The reason is that 
the natural rock often contains micro-pores and cracks
(Liu et al., 2018; Cai et al., 2004; Liu and Cai, 2020; 
Rong et al., 2013a; Rong et al., 2013b; Vavro et al., 
2019; Wang and Cai, 2019).  

According to the statistical analysis, the 
distributions  of  point  load  strength  index (Is)  value 
for  different  shapes  of  specimens  are  shown  in 
Figures 6- 8, which approximate a normal 
distribution. On the whole, the values of Is are 
scattered. At the confidence level of 95 %, the Is
distribution interval and the confidence interval for 
different specimen shapes are given in Table 2.  

Specimen No. P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8
UCS/MPa 80.12 52.31 45.12 53.22 70.39 70.36 73.52 49.32
Specimen No. P-9 P-10 P-11 P-12 P-13 P-14 P-15 
UCS/MPa 44.53 60.12 38.76 49.37 62.87 55.21 69.84 

Average/MPa 58.34  Standard deviation 
/MPa 11.93     

Table 1 UCS values for the siltstone specimens. 
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(a) 

(b)
Fig. 4 Test equipment for uniaxial compressive tests and point load tests. (a) Uniaxial compression test 

equipment; (b) Point load tester YSD-7. 

4.2. CORRECTION OF PLSI 
The average values of corrected Is(50) with 

different shapes are given in Table 3. It should be 
noted that the average value of Is(50) is calculated by 
deleting the two highest and lowest values from each 
group of tests, according to the ISRM (1985). 

It can be seen that the mean Is of cylindrical 
specimens is 2.98 MPa, which is 0.19 MPa larger than 

that of the irregular specimens, with a difference of 
over 7 %. However, the difference of Is(50) value 
between cylinder sample and block sample is 
0.08 MPa after being corrected according to Eqs. (3) 
and (4). The error is only 2.9 %, which meets the 
engineering requirements. In other words, the shape 
effect of specimens can be ignored after correction.  
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Fig. 5 Dimension measurement of the point load test. Modified from ISRM (1985). 

Another method recommended by ISRM (1985) 
for obtaining reliable Is(50) values is adopted in this 
paper. The relation between P and 𝐷ଶ of specimens 
with different shapes is fitted using a linear equation, 
which is shown in Figure 9. Based on the linear 
equation, the value of P50 corresponding to 𝐷ଶ=2500 
mm2 (De = 50 mm) can be obtained. Finally, the Is(50)
can be calculated by 

 

Is(50)= P50/50 
2                                                             (5)

 

From  Figure 9,  we  can find P50=6709.1 N, 
Is(50)= P50/502=2.68 MPa. This value is consistent with 
the average Is(50) calculated by Eqs. (3) and (4)
including all specimens of different shapes (as shown 
in Table 3). 

 
4.3. RELATIONSHIP BETWEEN PLSI AND UCS 

Due to the differences in rock formation and 
tectonic environment, the physical and mechanical 
properties of rocks are significantly different. 
Moreover, the mineralogical composition, rock 
texture and structure, and cracks are also important 
factors causing the variability of mechanical 
properties (Liu et al., 2020). So there is no unique 
corresponding relationship between PLSI Is(50) and 
UCS to all rock types. But there is a strong statistical 
correlation between them. Some researchers have 
demonstrated that Is(50) has a good linear correlation 

with the UCS for the specific type of rock and 
proposed various conversion formulas based on 
experimental results (Ghosh and Srivastava, 1991; 
Kahraman, 2001; Singh et al., 2012). It can be 
expressed as follows: 

 

UCS = KIs(50)                                                             (6)
 

where K is the conversion factor. 
Many scholars have shown that the conversion 

factor between the Is(50) and UCS is related to rock 
types (Singh et al., 2012). However, even for the same 
type of rock type, the test results vary from region to 
region. Some representative results for sedimentary 
rock (sandstone or siltstone) are shown in Table 4. 
Based on the PLTs and UCS tests in this study, we can 
establish the relationship between the Is(50) and UCS 
for the red-bed siltstone.  

The mean UCS of siltstone can be calculated 
from Table 1 as UCS=58.34 MPa. According to Is(50)
values for the specimens with three shapes (as shown 
in Table 3), the UCS to Is(50) conversion factor are 
22.10, 21.45, 21.85 for cylinder, block and irregular 
specimens, respectively. If the influences of shape on 
PLSI are not considered, let Is(50) be 2.68 MPa, then the 
relationship between the Is(50) and UCS of the red-bed 
siltstone is given as follows: 

 
UCS = 21.77 Is(50)                                                      (7)
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Fig. 6 IS distribution of cylinder specimens. 
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Fig. 7 IS distribution of block specimens. 
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Fig. 8  IS distribution of irregular specimen. 

initial shape and size of the specimen, it is observed 
two failure modes in the test, namely, two-piece and 
three- piece modes. The term ‘two-piece mode’ refers 
to a sample is broken into two pieces. Similarly, 
‘three-piece mode’ represents a sample is split into 
three parts in the point load tests. Figure 10 shows 
representative specimens under point load tests.  

Basu et al. (2013) have shown that failure along 
a single plane is the most common mode of failure in 
the case of granite and sandstone under point loading, 
and triple junction failure was also observed in a few 
specimens. According to Koohmishi et al. (2016), the 
railway ballast may have ‘two-piece’, ‘three-piece’ 
and ‘four-piece’ failure modes under point load. It is 
found that ‘two-piece’ is still the main mode of failure, 
and the ‘four-piece’ is observed only occasionally. In 
this study, the histogram distributions of failure modes 
are shown in Figure 11. It can be seen that the 
two- piece mode is the dominant failure mode, similar 
to the existing researches. Among them, cylindrical 
specimens have the biggest proportion of two-piece 
pattern, and the block and irregular specimens have 
about the same proportion of two-piece mode. On the 
whole, the failure modes of siltstone specimens with 
different shapes have little difference. Basu et al. 
(2013) have proposed  that  failure  mode for ballast 
particles with higher strength was ‘three- piece’. But 
there is no consistent conclusion with them in this 
experiment. The explicit relationship between the 
failure mode and the strength of samples needs to be 
further explored. 

 
5. CONCLUSION 

Based on the PLTs of the red-bed siltstone in the 
Three Gorges area, China, the following conclusions 
are obtained: 

The PLSI obtained from different red-bed 
siltstone specimens exhibit approximately normal 
distribution. The average value of PLSI of the cylinder 
specimen is the largest, and that of the irregular 
specimen is the lowest. Moreover, the variance of 
PLSI of the irregular specimen is much larger than that 
of cylinder and block specimens. The shape of 
the specimen has an influence on the PLSI. The 
differences of PLSI with different shapes can be 
negligible after correction. 

The average value of Is(50) from formula 
correction is consistent with the values obtained by 
graphical method with all different shape specimens in 
consideration. 

The failure specimens of red-bed siltstone under 
point load tests include two-piece and three-piece 
failure modes. The failure mode of the two pieces is 
about 80 %, and that of the three pieces is 20 %. 
Moreover, this ratio does not change significantly as 
the shape of the sample changes. This failure mode is 
likely to depend on the strength of specimens. The 
relationship between failure mode and the strength of 
the sample needs further study.  

4.4. FAILURE MODES 
In the point load tests, only the fracture surface 

passes through both two platen loading points, the test 
will be considered valid (ISRM,1985; ASTM, 2008). 
In general, the specimens have different failure modes 
under point loading in the valid tests. Regardless of the 
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Table 2 Analysis of experimental data.

 
Sample 
number 

Average/MPa Variance/MPa 95 % Confidence interval /MPa 
Lower bound Upper bound 

Cylinder specimen IS 24 3.04 1.01 2.40 3.45
Block specimen IS 24 2.91 0.89 2.31 3.24
Irregular Specimen IS 32 2.76 1.31 1.92 3.00

Table 3 Point load strength of the specimens with different shapes. 

Groups Specimen shape Average Is / 
MPa

Average Is(50) / 
MPa

Average Is(50) / MPa 
(including all three shapes)

1 Cylinder 2.98 2.64
2.68 2 Block 2.87 2.72

3 Irregular lump 2.69 2.67

Table 4 The relationship between IS(50) and UCS.  

Researcher Rock type Equation 
Bieniawski, 1975 Sandstone UCS=23.9IS(50)
ISRM, 1985 / UCS=20-25IS(50)
Hawkins and Olver, 1986 Sandstone UCS=24.8 IS(50)

Tsiambaos and Sabatakakis, 2004 Limestones, marly limestones,  
sandstones, and marlstones UCS=13 IS(50) 

Agustawijaya, 2007 Sandstone and siltstone UCS=13.4 IS(50)
Singh et al., 2012 Sandstone UCS=21.9 IS(50)
Li and Wong, 2013 Meta-sandstone UCS=20-21IS(50)

y = 2.2376x + 1115.1
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Fig. 9 The relation between load P and 𝐷ଶ. 

Point load strength is an important parameter to 
determine the strength grade of rock. The results in 
this research have some guiding significance for 
evaluating the point load strength of rocks in the 
geological field survey of geological disasters in 
the Three Gorges reservoir area with different shapes 
and sizes. The relationship between Is(50) and UCS of 
the red-bed siltstone can be helpful in the assessment 
of the weathering and deterioration of rocks. 
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