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In the present study, a comprehensive database has been created by
collecting more than 1803 data related to various rocks types including
igneous, sedimentary, and metamorphic, and based on that, empirical
equations for predicting the uniaxial compressive strength from
Brazilian tensile strength were established. In the following, the
accuracy of empirical equations for rocks types were investigated and
compared by the statistical indices of correlation coefficient (R) and
variance accounted for (VAF). The findings indicate that the predictive
empirical equations of the uniaxial compressive strength developed for
igneous rocks have the highest accuracy, and sedimentary and
metamorphic rocks are in the next ranks, respectively. The empirical
equations developed in the present study can be used as a
comprehensive database for the experts and executive engineers of
geotechnical structures. This will lead to the reduction of time and cost
to evaluate the uniaxial compressive strength in the preliminary steps
of the investigation site of a geotechnical structure.

DOI: https://doi.org/10.22084/NFAG.2024.29843.1633
Corresponding author: Amin Jamshidi, E-mail: Jamshidi.am@lu.ac.ir
Cite this article: Amin Jamshidi and Saeed Aligholi (2026). Development of empirical equations between

uniaxial compressive strength and Brazilian tensile strength for various rocks: A review study, New Findings of
Applied Geology, Vol. 20, No. 39, pp: 57-75.

(oL

Journal of New Findings of Applied Geology by Bu-Ali Sina University Press is licensed under
CCBY-NC4.0
Web Site: https://nfag.basu.ac.ir

E-mail: nfag@basu.ac.ir




Sile 5 gories

e sy Ollolas dngs

o

Extended Abstract

Introduction

Uniaxial compressive strength is one of the
critical resistance characteristics of the rocks.
This characteristic is used as an input
parameter in the design of most geotechnical
structures such as road trenches, concrete
dams, tunnels, and power plants. Ignoring this
parameter in the designs will lead to the lack
of suitable efficiency of the geotechnical
structure during its operation. This can
increase the vulnerability of the geotechnical
structure against geological hazards, which
will be accompanied by financial losses or
even loss of life. Therefore, it is necessary to
consider uniaxial compressive strength as one
of the design parameters of geotechnical
structures. This can result in the success of the
project during its service life. The use of
empirical equations is among the indirect
tools in evaluating the uniaxial compressive
strength of rocks, which are frequently used
by researchers. Empirical equations can be
employed as a suitable alternative of the
uniaxial compressive strength laboratory test,
in conditions that it is not possible to prepare
rock specimens with standard dimensions and
geometric shapes (such as some sandstones,
shales, schists, weathered heavily granite,
etc.). Additionally, in the preliminary steps of
investigation site of a geotechnical structure,
empirical equations can be used as a quick and
low-cost tool for predicting the uniaxial
compressive strength of rock. In the present
paper, by collecting a data number of uniaxial
compressive strength and Brazilian tensile
strength belonging the igneous, sedimentary,
and metamorphic rocks published in the
previous studies, two goals have been pursued.

Firstly, the development of empirical
equations to predict the uniaxial compressive
strength various rocks types by the Brazilian
tensile strength, and second comparing the
accuracy of predictive empirical equations of
the uniaxial compressive strength considering
the rock type.

Materials and methods

1. Data collection and database creation
To achieve the goals of the present study, a
comprehensive review was conducted on the
papers published in the national and
international databases in order to collect the
required data. All published papers containing

data of uniaxial compressive strength and
Brazilian tensile strength were collected in a
52-year period from 1972 to 2024.

2. Method of data analysis

The data of uniaxial compressive strength and
Brazilian tensile strength published in the
papers were entered in Excel software. After a
systematic grouping, the data related to each
rock type (e.g., granite, limestone, marble,
etc.) were separately analyzed. Investigations
include curve fitting on data of uniaxial
compressive strength (dependent parameter)
and Brazilian tensile strength (independent
parameter) using simple regression analyses.
The most appropriate fitting curve was
selected among the exponential, linear,
logarithmic, and  power  regression
relationships based on the highest value of the
correlation coefficient (R). Fisher's F test was
employed to evaluate the significance of the
developed empirical equations between
uniaxial compressive strength and Brazilian
tensile strength. This test was done through
SPSS software. The accuracy of the predictive
equations of uniaxial compressive strength
from Brazilian tensile strength for various
rocks types was investigated using values of
the R and variance accounted for (VAF)
attained from empirical equations.

Results and Discussion

1. Development of empirical equations for
predicting the uniaxial compressive
strength from Brazilian tensile strength
According to the regression analysis results, it
was concluded that depending on the rock
type, any of the empirical equations types
including exponential, linear, logarithmic, or
power forms has the highest R value. Figure
(2) presents the frequency of empirical
equation forms between uniaxial compressive
strength and Brazilian tensile strength for
igneous, sedimentary, and metamorphic
rocks. Based on these results, power, power,
and linear forms were the most efficient
empirical equations in predicting the uniaxial
compressive strength using Brazilian tensile
strength for igneous, sedimentary, and
metamorphic rocks, respectively.

2. Evaluating the accuracy of predictive
empirical equations of the uniaxial
compressive strength

An empirical equation will have a better
efficiency for predicting the uniaxial
compressive strength than Brazilian tensile
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strength that have acceptable accuracy. In
order to compare the accuracy of the empirical
equations established in the present study, the
statistical indices of R and VAF were utilized.
Using Excel and SPSS software, the values of
R and VAF, respectively, were calculated for
the empirical equations between uniaxial
compressive strength and Brazilian tensile
strength of various rocks types. It be revealed
that the average values of R for various rocks
types belonging to igneous, sedimentary, and
metamorphic classes were equal to 0.90, 0.87,
and 0.85, respectively, as well as values of
VAF for these rocks were 1.76, 0.71, and
1.72%, respectively. These findings indicate
that the accuracy of the predictive equations
of the uniaxial compressive strength for
igneous, sedimentary, and metamorphic rocks
is almost similar. However, when the
comparison of accuracy between rocks types
belonging to the same rock class (i.e. igneous,
sedimentary, or metamorphic) is considered,
there are significant differences in the
accuracy of empirical equations.

Conclusions

The empirical equations developed in the
present study have provided a comprehensive
database for various rocks types including
igneous, sedimentary and metamorphic (a
total 28 rock types). These equations can be
utilize to indirect evaluation the uniaxial
compressive strength using Brazilian tensile
strength in the preliminary steps of the
investigation site of a geotechnical project
such as a dams, tunnel, roads, and power
plants, etc. Using the empirical equations
presented in the present study will save the
time and cost of the studies works of a
geotechnical project.
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Table 1. Typical range of UCS some of rocks (AASHTO 1996)

Rock class Rock type “UCS (Mpa)
Igneous rocks Andesite 97-179
Diabase 21-572
Gabbro 124-230
Granite 14-338
Diorite 10-97
Monozonite 131-159
Syenite 179-427
Metamorphic rocks Marble 38-241
Phyllite 24-241
Quartzite 62-379
Amphibolite 117276
Gneiss 24-310
Schist 10-145
Sedimentary rocks Limestone 24-290
Dolostone 33-310
Travertine 38-69
Argillite 29-145
Claystone 1-8
Marlstone 52-193
Siltstone 10-117
Shale 7-35
Conglomerate 33-221
Sandstone 67-172

# Range of UCS reported by various researchers
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Table 2. Empirical equations for predicting the UCS based on some index characteristics

Input Empirical equation R Rock class Source

parameter

Q/F UCS = 26.073(Q/F) + 60.075 0.90 Igneous Ajalloeian et al. (2024)
UCS = 121.02(Q/F) + 115 0.38 Igneous Tugrul and Zarif (1999)

PD, TC UCS = 2.9844pp07715 0.14 Sedimentary Zorlu et al. (2004)
UCS = 65.98In(TC) + 158.08 0.53 Sedimentary Diamantis et al. (2021)

p UCS = 0.000001p1¢7 0.94 Igneous Tugrul and Gurpinar (1997)
UCS = 139.34p — 272.25 0.76 Sedimentary Sharma et al. (2017)

n UCS = —49.361n(n) + 189.35 0.38 Igneous Hudyma et al. (2004)
UCS = 149.33n7953 0.79 Metamorphic Fereidooni (2016)

w UCS = 83.59¢™0-4433w 0.92 Sedimentary ~ Lashkaripour (2002)
UCS = —10.16In(w) + 30.58 0.67 Sedimentary ~ Yilmaz and Yuksek (2009)

PLI UCS = 139.34PLI 0.96 Sedimentary Rabat et al. (2020)
UCS = 13.71PLI + 5.51 0.50 Metamorphic Akbay (2023)

BTS UCS = 6.75BTS1%8 0.64 Igneous Kallu and Roghanchi (2015)
UCS = 40.091In(BTS) + 36.14 0.88 Sedimentary Khajevand (2023a)

BPI UCS = 1.35BPI + 10.89 0.72 Metamorphic Mishra and Basu (2012)
UCS = 89217BPI — 1.2334 0.59 Sedimentary Heidari et al. (2018)

E UCS = 0.0072E 0.12 Sedimentary Malik and Rashid (1997)
UCS = 12.8(E/10)132 0.77 Sedimentary Najibi et al. (2015)

Vp Ucs = 0.03v, — 23.778 0.12 Sedimentary Zhang et al. (2021)
UCS = 0.058V;, — 165.598 0.77 Igneous Valido et al. (2024)

SH UCS = 6.31e0057SH 0.85 Igneous Jobli et al. (2017)
UCS = 57.911In(SH) — 181.44 0.77 Metamorphic Ahmed et al. (2023)

SDI UCS = 0.047¢006515D! 0.85 Igneous Kahraman et al. (2016)
UCS = 26.215SDI — 2476.20 0.74 Sedimentary Sharma et al. (2017)

Note: Quartz/Feldspar ratio (Q/F), Packing density (PD), Texture coefficient (TC)
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Fig. 3. Various forms of empirical equations between the UCS and BTS for igneous rocks (Note: The empirical equation
with the highest R is shown with a black box).
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Fig. 4. Various forms of empirical equations between the UCS and BTS for sedimentary rocks (Note: The empirical
equation with the highest R is shown with a black box).
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Fig. 5. Various forms of empirical equations between the UCS and BTS for metamorphic rocks (Note: The empirical

equation with the highest R is shown with a black box).
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Table 3. Values of the statistical indices for empirical equations between the UCS and BTS
Rock class Rock type Empirical equation Empirical R VAF (%) F- ratio Sig.
equation form Computed Tabulated
Igneous Granite UCs = 18.70BTS%77° Power 0.84 42.7 5579 388 0.00
Tuff UCS = 10.968T5%98+ Power 0.96 90.6 1506 391 0.00
Peridotite UEs = 9.406BTS — 26.09 Linear 0.87 15.9 2043 3.99 0.00
Andesite UCS = 10.89BTS + 10.69 Linear 0.86 74.6 1407 4.04 0.00
Basalt Ucs = 12398751000 Power 0.96 82.5 483.6 4.06 0.00
Diabase UCS = 58,3000685TS Exponential 0.93 83.9 195.8 416 0.00
Granodiorite UCS = 14588759953 Power 095 845 2002 228 0.00
Gabbro UCs = 10.25BTS+1%7 Power 0.91 73.3 56.1 4.75 0.00
Svenite UCS = 4B.01BT5%5%8 Power 0.82 65.1 231 484 0.00
Diorite UCS = 10.90BTS + 31.04 Linear 0.94 87.5 77.2 4.84 0.00
Sedimentary Limestone UCS = B.290BT 503 Power 092 683 1933 387 0.00
Sandstone UCS = 9.330BTS + 8.071 Linear 0.84 71.3 660.7 3eg 0.00
Travertine UCS = 5.529BTS + 15.10 Linear 0.40 157 299 390 0.00
Marl UCS = 13.28BT5%84¢ Power 0.94 843 3320 4.08 0.00
Lomashell UCS = 2.404BTS 4+ 3.080 Linear 0.82 66.8 785 4.09 0.00
Daolostone UCS = 8.200BTS + 2.944 Linear 0.90 80.1 136.9 4.13 0.00
Mudstone UCS =9.491BTS — 1.278 Linear 091 82.5 136.8 418 0.00
Siltstone Ucs = 7.586BT51080 Power 0.96 82.7 3324 4.21 0.00
Gypsum UCS = 7.608BTS5%94+ Power 0.93 79.5 162.6 421 0.00
Claystone UCS = 6.1358T51209 Power 0.99 95.7 1148 4.26 0.00
Conglomerate UCS = 7.25602868TS Exponential 097 95.6 2554 4.45 0.00
Shale UCS = 9.8108T54112 Power 0.87 30.0 228 5.59 0.00
Metamorphic Marble UCSs = 7.229BTS + 31.10 Linear 0.70 48.4 79.7 395 0.00
Quartzite UCS = 14.54BTS — 31.97 Linear 0.77 59.6 222 4.54 0.00
Gneiss UCS = 8.782BT54156 Power 0.79 52.9 20.2 4.75 0.00
Schist UCS = 15.9500:1268T Exponential 091 86.9 579 475 0.00
Homnfels UCS = 79,82¢00608TS Exponential 0.97 92.8 102.6 5.59 0.00
Serpentinite UCS = 11.98BTS — 5.978 Linear 0.96 92.1 348 10.13 0.00
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Fig. 7. Values of the R and VAF obtained from empirical equations between the uniaxial compressive strength and
Brazilian tensile strength for various rock types
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Fig. 8. Relationship between VAF and R of the predictive empirical equations of the uniaxial compressive strength
from Brazilian tensile strength
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