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Structural failure occurs when a load-bearing component of a structure 
fails to support and transfer loads to another element, leading to a 
breakdown in the performance of the materials in that structural 
component. The potential for structural failure is influenced by various 
variables, emphasizing the importance of understanding the behavior 
and parameters specific to rocks and soils in construction. In order to 
prevent failures in construction, engineers must possess a fundamental 
geological knowledge of rocks during the design process, recognizing 
the limitations of this construction material. Consequently, it is 
imperative to conduct tests to determine the precise strength of the 
rock being utilized. This study focused on granite and basalt, employing 
the Portable Ultrasonic Non-Destructive Digital Indicating (PUNDIT) 
test, Uniaxial Compressive Strength (UCS) test, and Brazilian test. The 
selected rock samples adhered to a diameter and thickness ratio of 1:2 
or 2:1, depending on the specific test to be conducted. Density, 
compressive strength, and tensile strength of the rock samples were 
evaluated following the guidelines provided by the American Society for 
Testing and Materials (ASTM). The findings revealed that basalt 
exhibited higher density, compressive strength, and tensile strength 
compared to granite, with variations in results ranging from 13% to 
40%. 

Keywords 

Compressive strength, tensile, UCS, 
Brazilian, PUNDIT, granite, basalt, 
rock, density 

1. Introduction 

Rock and soil play essential roles, especially as construction materials. Engineers must deal with rock and soil 
during various stages, including roads, tunnels, or dams. From the earliest planning process until the execution, 
engineers should study and know the basic knowledge of rocks, such as physical properties, strength, and 
behavior of rock under various conditions. From the site's investigations, the foundation's design, and 
construction to the construction of superstructure, rocks and soils are involved [1]. Hence, it shows that 
engineers must have basic geological knowledge of rocks to understand this construction material’s limitation. 

Rock is naturally occurring solid, cohesive aggregates of one or more minerals [2]. Rocks are classified into 
three classes based on their geological genesis and processes: igneous, sedimentary, and metamorphic. These 
three types of rocks were categorised depending on their chemical, how the rock formed, and the formation 
environment. Compared to rock, the behaviour of artificial material like concrete is relatively more uniform, and 
its strength could be easily approximated from the designed mix. Rocks can be utilized in engineering structures 
as fill and reclamation material in construction such as cut slopes, foundations, and underground excavation. 
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Although rock strength and material properties are not expressed in rock names and classifications (as defined 
by geology), these factors are crucial for designing rock structures and for predicting potential issues during civil 
engineering construction (e.g. method of excavation and stabilization) [1]. Rock testing is an essential issue in 
rock mechanics. 

Laboratory and in-situ testing are the two categories whereby the rocks are tested. The tests are conducted 
to evaluate the rock's basic, index, and engineering properties. Laboratory testing can be performed under 
uniaxial and triaxial compression. Indirect testing and direct testing are the types of testing methods. The 
Portable Ultrasonic Non-Destructive Digital Indicating (PUNDIT) test and the Brazilian test are two of the often-
used tests in this assessment for indirect tensile tests. Other than the compression test, rock compressive 
strength can also be determined using the non-destructive testing (NDT) methods. Ultrasonic Pulse Velocity is 
the most popular of NDT method used to determine the strength of concrete. This is due to their relatively low 
cost and simplicity in handling the test. Although the non-destructive testing (NDT) results are much quicker 
than the destructive methods, they are more of an approximation than exact compressive strength values [3].  

This research aims to determine the compressive strength and tensile strength using Brazilian, Uniaxial 
Compressive Strength (UCS) and PUNDIT tests and compare the properties and strength of granite and basalt. 
Compressive strength was determined using the UCS test while tensile strength was determined using the 
Brazilian test. 

2. Materials and Method 

This section will describe how the rock samples were carefully prepared for testing. The sample preparation 
process involved ensuring their shape and complete dryness, and the coring technique was employed to collect 
undisturbed samples representative of the in-situ material. Subsequently, experiments were conducted to 
measure the velocity, compressive strength, and tensile strength of these rock samples using various testing 
methods, including the PUNDIT test, UCS test, and Brazilian test. 

2.1 Sample Preparation 

In this study, two types of rock samples, granite, and basalt, were utilized. Before testing, it was essential that the 
rock samples were in good shape and completely dry. These samples were sourced from the site investigation or 
exploration conducted by Preston GeoCEM Sdn.Bhd, originating from two distinct locations. Specifically, the 
granite samples were obtained from Kulai, and the basalt samples were sourced from Segamat. Both rocks were 
acquired through the coring test sample technique, which aims to collect undisturbed and intact samples 
representative of the material in its natural setting. 

 

   
(a) (b) (c) 

  
(d) (e) 

Fig. 1 Process of preparing samples (a) Marking the sample; (b) Cut the sample using a cutter machine; (c) Samples 
of granite and basalt for Brazilian test; (d) Ten samples of granite for UCS test; (e) Ten samples of basalt for 

UCS test 
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The company-supplied samples varied in lengths and diameters. In this study, the critical factor was not the 
diameter or length of the samples, but rather meeting the minimum requirements of a 1:2 or 2:1 ratio, 
depending on the specific test criteria. Consequently, accurate dimension data played a crucial role in 
subsequent calculations. The sample preparation process, as illustrated in Fig. 1, involved measuring the 
diameter, marking the samples, cutting them to a specified thickness using a Dewalt 355mm 220W Abrasive 
Chop Saw, and finally, organizing and labelling each sample. 

2.2 Experiment Testing 

The rock samples were measured on the velocity, compressive strength, and tensile strength. 

2.2.1 Velocity 

The PUNDIT test, commonly employed for rock and concrete, is an indirect and cost-effective method [1]. The 
pulse velocity in a material relies on its density and elastic properties, which, in turn, are associated with the 
material's quality and strength. In this study, the PUNDIT test serves as a reliable and accurate approach to 
determine the P-wave velocity in the rock samples [4]. Fig. 2 illustrates the equipment and arrangements 
employed in the PUNDIT test. 

 

Fig. 2 The arrangement of PUNDIT test 

2.2.2 Compressive Strength 

Compressive strength, assessed through the UCS test, is a mechanical evaluation that measures material 
strength. A constant vertical normal stress was applied to the horizontal circular cross-sections of a cylindrical 
sample until failure, without confining pressure. This straightforward test [5] utilized average sample testing to 
determine the rock's compressive strength, calculated as per Equation 1. Fig. 3 illustrates the equipment of 
compression machine. 
 

 
(1) 

 

 
Fig. 3 Compression machine 

2.2.3 Tensile Strength 

Determining the direct tensile strength and deformability of rocks was challenging both in the laboratory and 
field settings. Given the difficulties associated with direct tensile tests, alternative methods, such as the Brazilian 
test [6], have been proposed. These indirect approaches utilize far-field compression to induce tensile stress in 
the samples, offering a more manageable, cost-effective, and widely employed means of assessing the rock's 
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tensile strength through instrumentation compared to direct tests [7]. The tensile strength of rocks is calculated 
using Equation 2. Fig. 4 illustrates the equipment Brazilian test. 
 

 
(2) 

  

 

Fig. 4 Brazilian test equipment 

3. Result and Discussion 

This section presents the data and results derived from laboratory tests conducted on the materials utilized in 
this study, encompassing two distinct rock types: granite and basalt. Sample preparations adhered to ASTM 
D7012 standards and were meticulously carried out in the laboratory using a comprehensive array of 
equipment to ensure sample suitability prior to testing. Multiple data collection iterations were performed to 
ascertain and derive average values for enhanced result accuracy. The analyzed data is presented in tabular 
form for comparative assessment of results between the two types of samples. 

3.1 Velocity 

Table 1 displays the average velocity (m/s) for both granite and basalt. PUNDIT results indicate that, in the first 
test, granite samples exhibited a lower average value (5339.1 m/s) compared to basalt (6372.4 m/s), resulting 
in a 16.2% difference. In the subsequent test (test 2), granite again recorded a lower average velocity at 4657.2 
m/s, whereas basalt displayed a higher value of 5407.2 m/s, reflecting a 13.9% difference. 

Table 1 Average velocity for granite and basalt 

Name of 
Samples 

Average Velocity 
(m/s) 

Name of 
Samples 

Average Velocity 
(m/s) 

Test 1 
G1 5870.0 B1 6319.6 
G2 5655.2 B2 6391.0 
G3 5745.2 B3 6401.0 
G4 5130.0 B4 6501.6 
G5 5330.8 B5 6524.0 
G6 5758.6 B6 6450.0 
G7 5632.4 B7 6141.4 
G8 4507.8 B8 6402.0 
G9 5740.0 B9 6214.8 

G10 4020.8 B10 6379.0 

Average 5339.1 Average 6372.4 

Test 2 
G11 5897.0 B11 6897.0 
G12 3980.4 B12 6176.0 
G13 5897.0 B13 6176.0 
G14 4230.8 B14 3898.0 
G15 3281.0 B15 3889.0 

Average 4657.2 Average 5407.2 
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3.2 Compressive Strength 

Referring to Table 2, granite exhibited a range of compressive strength values from 12.7 MPa (lowest) to 87.2 
MPa (highest), whereas basalt showed values ranging from 10.0 MPa (lowest) to 100.6 MPa (highest). The 
average compressive strength for granite was 43.1 MPa, while for basalt, it was 53.2 MPa. Consequently, these 
findings indicate that basalt possesses a higher compressive strength than granite, with a notable 19.1% 
difference. 

Table 2 Compressive strength of granite and basalt 

Name of 
Samples 

Density 
(kN/m3) 

Average Velocity 
(m/s) 

Uniaxial Compression 
Strength (MPa) 

G1 21.508 5870.0 87.2 
G2 22.795 5655.2 57.3 
G3 22.563 5745.2 61.8 
G4 22.007 5130.0 12.7 
G5 23.214 5330.8 19.6 
G6 22.634 5758.6 15.7 
G7 21.837 5632.4 51.4 
G8 20.807 4507.8 41.2 
G9 23.136 5740.0 39.9 

G10 23.279 4020.8 43.7 
Average 22.378 5339.1 43.1 

B1 23.284 6319.6 10.0 
B2 23.544 6391.0 18.9 
B3 23.198 6401.0 68.6 
B4 23.411 6501.6 56.3 
B5 23.558 6524.0 94.6 
B6 23.580 6450.0 100.6 
B7 23.376 6141.4 92.8 
B8 23.575 6402.0 4.9 
B9 23.532 6214.8 26.5 

B10 24.114 6379.0 18.9 

Average 23.517 6372.4 53.2 

3.3 Tensile Strength 

The Brazilian test, employed as an indirect method for measuring rock tensile strength, involves loading disk-
shaped samples until failure. In Table 3, granite exhibited a range of tensile strengths, with the highest and 
lowest values recorded at 5.19 MPa and 2.93 MPa, respectively, resulting in an average value of 4.03 MPa. In 
contrast, basalt demonstrated a higher tensile strength range, reaching up to 14.59 MPa and having a minimum 
strength of 7.61 MPa, with an average of 10.09 MPa. These data highlight that basalt can withstand greater 
tensile strength compared to granite, aligning with the common observation that the tensile strength of rocks is 
generally much lower than their compressive strength, typically around 5 to 10% of the UCS value. 

Table 3 Tensile strength of granite and basalt 

Name of 
Samples 

Density 
(kN/m3) 

Average Velocity 
(m/s) 

Tensile Strength 
(MPa) 

G11 26.04 5870.0 5.19 
G12 25.96 5655.2 4.08 
G13 25.92 5745.2 2.93 
G14 26.98 5130.0 4.09 
G15 26.12 5330.8 3.80 

Average 26.01 4657.2 4.03 
B11 26.73 6319.6 10.23 
B12 26.90 6391.0 7.61 
B13 26.94 6401.0 8.78 
B14 27.22 6501.6 9.23 
B15 31.68 6379.0 14.59 

Average 27.09 5407.2 10.09 
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4. Conclusion 

In summary, laboratory tests were conducted on two distinct rock types: granite and basalt. Basalt consistently 
yielded the highest values across all conducted tests—PUNDIT, UCS, and Brazilian. The results obtained in these 
tests remained within the lower range due to the chemical weathering process affecting both granite and basalt, 
causing the rocks to transition from a fresh to a non-fresh state and impacting their strength. 
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