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Rock-like specimens, Brazilian test, Tensile strength is one of the key parameters in the analysis and design of
Three-point bending test, Four-point mining and civil engineering structures. This property plays an important role

bending test, Point-load index test, Fine- i, a5cessing the stability of slopes and underground excavations and in
8r au_led specimens, Coarse-grained selecting appropriate materials for their stabilization. Because direct
spectimens determination of tensile strength for brittle materials such as rock is technically
difficult, standardized methods for indirect estimation have been developed.
This study experimentally compares four common indirect methods— the
Brazilian (indirect tensile) test, three-point bending test, four-point bending
test, and the point-load index test—for determining the tensile strength of
quasi-rock specimens. To this end, four mix designs producing a spectrum of
quasi-rock specimens from fine-grained to coarse-grained were prepared and
tested.
Results showed that, in fine-grained specimens, tensile strength values increased by 61%, 12%, and 27% for (1) four-
point bending versus point-load index, (2) three-point bending versus four-point bending, and (3) Brazilian versus three-
point bending, respectively. In coarse-grained specimens these differences changed to +135%, +64%, and —61%,
respectively. The four-point bending test produced lower scatter and a more conservative estimate than the Brazilian test
in fine-grained specimens. In coarse-grained specimens, the results from the three methods were closer to one another.
By providing a controlled set of quasi-rock specimens and a percentage-based direct comparison among methods, this
study offers a practical framework for selecting the testing method appropriate to microstructural characteristics. The
findings can serve as a basis for developing conversion coefficients and for improving indirect tensile strength
determination methods for quasi-rock specimens.

Summary

This study experimentally compares four widely used indirect methods for estimating tensile strength of quasi-rock
specimens: the Brazilian (indirect tensile) test, three-point bending, four-point bending, and the point-load index test.
Four mix designs were prepared to produce a controlled spectrum of specimens from fine-grained to coarse-grained.
Tests quantified method-to-method differences in measured tensile strength and data scatter. In fine-grained specimens,
relative increases in measured strength were 61% (4-point bending vs. point-load), 12% (3-point vs. 4-point bending),
and 27% (Brazilian vs. 3-point bending); the corresponding changes in coarse-grained specimens were +135%, +64%,
and —61%. Four-point bending yielded lower scatter and more conservative estimates than the Brazilian test for fine-
grained samples, while results converged for coarse-grained samples. The work provides a practical framework and data
basis for selecting appropriate indirect tests and developing conversion coefficients according to microstructural
characteristics.
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Introduction

Tensile strength is a critical mechanical property for assessing the stability and performance of rock-like materials in
mining and civil-engineering applications, influencing slope stability, excavation support, and material selection for
stabilization. Because brittle materials such as rock are difficult to test in direct tension, several standardized indirect
methods—most commonly the Brazilian (indirect tensile) test, three-point and four-point bending tests, and the point-
load index test—are widely used to estimate tensile strength. However, these methods can yield different results
depending on specimen microstructure, geometry, and testing protocol, which complicates method selection and the
interpretation of laboratory data for design purposes.

The present study aims to provide a clear, experimentally based comparison of four widely used indirect tensile-strength
methods across a controlled range of quasi-rock specimens varying from fine- to coarse-grained. Specifically, the
objectives are to (1) quantify systematic differences in measured tensile strength between methods, (2) evaluate data
scatter and conservativeness of each method as a function of grain size, and (3) offer practical guidance for selecting
appropriate test methods and for developing conversion coefficients.

This investigation adopts a laboratory-scale, controlled approach using four mix designs to span microstructural
variation; consequently, findings are most directly applicable to quasi-rock materials under similar conditions.
Nonetheless, the results aim to inform broader applications—such as establishing conversion factors, improving testing
protocols, and guiding future work on natural rocks, scale effects, and numerical modeling of indirect tensile behavior.
Key challenges addressed include material heterogeneity, scale-dependence of indirect estimates, and the trade-off
between simplicity of test methods and accuracy of tensile-strength estimation.

Methodology and Approaches

Four mix designs were prepared to produce a controlled suite of quasi-rock specimens spanning a spectrum from fine-
grained to coarse-grained. Materials (water, cement, stone powder, fine and coarse aggregates) were mixed in a
mechanical mixer, cast in large molds, vibrated for 20 s to ensure compaction, left in molds 24 h, and then water-cured
for 28 days; standard coring produced test specimens with an NX diameter of 54 mm.

Indirect tensile strength was measured using four methods: the Brazilian (splitting) test, three-point bending, four-point
bending, and the point-load index test. Tests were performed on a digital universal loading frame with continuous
recording of applied load and specimen deformation; bending and splitting tests were conducted at a controlled
displacement rate of 0.2 mm/min to obtain comparable failure conditions.

Experimental results were summarized using standard statistical descriptors (mean, standard deviation, coefficient of
variation) and direct percentage comparisons between methods to quantify systematic offsets and scatter as a function of
grain size. The controlled matrix of mixes and identical test procedures enabled a consistent, percentage-based
comparison of method performance across microstructural classes.

Results and Conclusions

The experimental comparison of four widely used indirect tensile-strength methods—Brazilian (splitting) test, three-
point bending, four-point bending, and point-load index—on a controlled suite of quasi-rock specimens (four mix designs
spanning fine- to coarse-grained microstructures) revealed pronounced method- and grain-size-dependent behavior.
Quantitatively, for fine-grained specimens four-point bending produced tensile strength values 61% higher than the
point-load index, three-point bending gave values 12% higher than four-point bending, and the Brazilian test yielded
values 27% higher than three-point bending; for coarse-grained specimens the corresponding changes were +135% (four-
point vs. point-load), +64% (three-point vs. four-point), and —61% (Brazilian vs. three-point). Beyond mean offsets,
four-point bending exhibited noticeably lower scatter (smaller coefficient of variation) and therefore provided more
conservative and repeatable estimates than the Brazilian test in fine-grained samples, while the three bending/splitting
methods converged toward similar values as grain size increased. These results demonstrate that no single indirect
method universally represents tensile strength across microstructural classes: test selection must account for grain-size
and heterogeneity if reliable, conservative estimates are required. Practically, the percentage-based comparisons and
controlled dataset produced here supply an empirical basis for deriving conversion coefficients between methods, for
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harmonizing test protocols, and for improving reporting standards (e.g., mandatory grain-size descriptors and basic
statistics). We recommend further validation on natural rock types, larger sample populations to strengthen statistical

confidence, investigations of scale and environmental effects, and numerical modelling to link observed offsets to
underlying failure mechanisms.
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