
Internation
Macedonia
 

 

 

 
 

Fract
Dam

Ö. Din
Istanbul T
dincgogu
      0000-

Abstr
Engineer
to coupl
term per
initiation
characte
assessme
complex
specimen
three in 
tests, cr
counting
sensitive
exposure
and elas
framewo
affected 
response
sustainab

Keyw
Cracking

1 Int

 
Rocks in
resulting
thermal 
thermal 
opening 
2012; Zh

nal Society for R
an Association 

tal Qua
mage in T

nç Göğü
Technical Uni

us@itu.edu.tr 
-0003-3227-3

act 
ring activitie
led mechanic
rformance de
n and coales
rization of t
ent in rock e

xity and evo
ns subjected
their natural
ack surfaces

g method to 
e measure of
e and mecha
stic modulu
ork for linki
rocks throug

e. This appro
ble design an

words 
g, Environme

troductio

n both natu
g from surfa
events in un
expansion o
of pre-existi

hang et al. 2

Rock Mechanic
for Geotechnics

ntificat
Therma

ş, Ö. Ünd
iversity, Istan

09X 

es such as mi
cal loading a
egradation. T
scence, and 
these therma
engineering a
olution of c

d to thermal t
l state and th
s were digit
determine f

f crack netwo
anical degrad
us (E). The 
ing microstr
gh experimen
oach contrib
nd risk mana

ental effects,

on 

ural and eng
ace and nea
nderground 

of mineral gr
ing microcra

2016; Gautam

ics and Rock E
cs 

ion of  C
ally Exp

dül, E. Z
bul, Turkey 

ining, tunnel
and thermal 
Thermal expo

significantly
ally induced
applications. 
crack netwo
treatment an

hree after hea
tized, conve
fractal dimen
ork complex
dation, inclu

findings su
ructural dam
ntally observ

butes to impr
agement in ge

, Fractal dim

gineered env
ar-surface fir
facilities. A
rains and the
acks, leading
m et al. 2018

Engineering 

Crack N
posed R

Zengin, M

ling, and und
disturbances

osure modifi
y alters the 

d damage pr
In this study

orks develop
nd uniaxial c
ating to 200 
erted into bi
nsions (D). T
ity and exhib

uding reducti
uggest that 

mage to mac
ved relations
roved predic
eotechnical a

mension, Rock

vironments m
res, undergr

At temperatur
e weakening

g to irreversib
8; Yin et al. 

R

Network
Rock En

M. Korkut

derground en
s, resulting i

fies mineral s
mechanical 

ocesses is th
y, fractal ana
ped in ande
compression.

°C. Followi
inary image
The results 
bit systemati
ions in uniax
fractal-base

croscopic m
ships between
ction of rock
and environm

k damage, U

may be exp
round coal a
res up to ap
g of grain bo
ble rock dam
2021). Alth

ISR

Risk Managem
S

 

ks: Pred
nvironm

t & M. M

nergy storage
in progressiv
structures, ac

behavior o
herefore crit
alysis is emp
site and an
 Six core sp
ing uniaxial 
s, and analy
indicate that
ic relationshi
xial compre

ed descripto
mechanical re

n crack geom
k damage ev
mental engin

Uniaxial loadi

osed to mo
and tunnel 

pproximately
oundaries dri

mage (e.g., Sa
ough these t

RM Regional Sy
Eur

ment in Rock E
Skopje, 15-19 

dicting 
ments 

M. Doğu 

e expose roc
ve damage a
ccelerates m
f rocks. Qu
tical for reli
ployed to qua
ndesitic–basa
pecimens we
compressive
yzed using 
t D values p
ips with both
ssive strengt

ors provide 
esponse in t
metry and me
volution and 
eering applic

ing. 

derate therm
fires, and a

y 200 °C, di
ive the initia
aiang and M
temperature 

Symposium
rock 2026

Engineering
September

 

Rock 

ck masses 
and long-
icrocrack 
antitative 
iable risk 
antify the 
altic rock 
re tested, 

e strength 
the box-

provide a 
h thermal 
th (UCS) 
a useful 

thermally 
echanical 
supports 

cations. 

mal loads 
accidental 
fferential 
ation and 

Miskovsky 
levels do 

895

DOI: https://doi.org/10.68732/9abaa6ef7df40205 ISBN: 978-9989-2053-7-8

https://doi.org/10.68732/9abaa6ef7df40205


   Eurock 2026, Skopje, RN Macedonia 
 

 
 

not induce significant mineralogical transformations, they can substantially alter the mechanical 
behavior of rocks by reducing stiffness, strength, and post-peak stability. Recent experimental studies 
have further demonstrated that moderate thermal treatment significantly degrades the mechanical 
properties of igneous and volcanic rocks and accelerates damage accumulation under stress (e.g., Li et 
al. 2023; Zhang et al. 2025; Bao et al. 2025). However, conventional mechanical parameters alone are 
often insufficient to fully capture the internal damage mechanisms associated with thermally induced 
microcracking. Beyond these parameters, the geometric complexity of crack networks has gained 
increasing attention as a quantitative indicator of rock damage. Since Mandelbrot’s (1982) 
introduction of fractal theory, fractal concepts have been widely and successfully applied to 
characterize rock fracture processes, making fractal geometry a robust and powerful framework for 
quantifying damage and fracture complexity(Anderson, 1989; Zhao, 1998; Ju et al., 2018; Wang et al., 
2021). Roy et al. (2007) introduced an improved box-counting method for the fractal characterization 
of crack networks, demonstrating that fractal dimension effectively captures crack density and 
connectivity. More recent studies have further shown that the evolution of fractal parameters correlates 
closely with meso-scale damage development and mechanical degradation during rock failure 
processes (e.g., Dinç Göğüş et al. 2023; Lan et al. 2024; Dinç Göğüş et al. 2025). Despite these 
advances, the fractal characterization of crack networks in volcanic rocks subjected to moderate 
thermal exposure remains limited. In particular, the combined effects of fire-representative thermal 
treatment (≈200 °C) and mechanical loading on the crack network complexity of andesite and 
andesitic–basaltic rocks have not yet been sufficiently quantified. Addressing this gap is important, as 
such lithologies are widespread in volcanic regions and are frequently encountered underground 
structures, tunnels, and energy-related infrastructure. 

In this study, the crack network complexity in thermally treated and untreated andesite and andesitic–
basaltic rock specimens are quantitatively evaluated using fractal analysis. Six core samples were 
subjected to uniaxial compression tests, with half of the specimens exposed to a thermal treatment of 
200 °C, representing fire-related thermal damage conditions, prior to loading. Although the number of 
tested specimens is limited, the study aims to provide a preliminary assessment of the applicability of 
fractal crack characterization to thermally affected volcanic rocks. Post-failure crack surfaces were 
digitized and converted into binary images, and fractal dimensions were calculated using the box-
counting method. The fractal parameters were interpreted together with uniaxial compressive strength 
and elastic modulus values to reveal the relationships between moderate thermal exposure, mechanical 
behavior, and crack network complexity.  

2 Material and Methodology  
The rock types investigated in this study were obtained from drill cores provided by Miryıldız Mining 
Company in Gaziantep, Türkiye. Within the scope of the research, which aims to quantitatively 
evaluate the thermal response of the rock specimens, samples selected for comparison were taken from 
the same drilling depths to ensure lithological homogeneity. The rocks, recovered from depths 
between 124 and 139 m, were transported to the laboratory in core boxes (Fig. 1a), and preliminary 
observations identified them as having andesite and andesitic–basaltic composition. A total of ten core 
specimens with a length-to-diameter (L/D) ratio of 2.4 were prepared, of which five specimens were 
subjected to thermal treatment and five specimens were left untreated. This L/D ratio was selected 
based on the optimum value recommended by Tuncay et al. (2019) for basaltic–andesitic rocks. All 
specimens were prepared in accordance with the relevant standards of the American Society for 
Testing and Materials (ASTM D2938-86/95 and D4543-85, 2000). 

2.1 Laboratory experiments 
Among the ten core specimens prepared for laboratory testing, four specimens were used during the 
calibration of the uniaxial compressive strength (UCS) testing machine, which was adjusted to suit 
andesite and andesitic–basaltic rock types. Based on sensitivity analyses conducted at the rock 
mechanics laboratory of Zemin Etüdve Tasarım A.Ş., the tests were performed using a hydraulic press 
with a maximum capacity of 10 tons to obtain reliable data (Fig. 1b).Accordingly, the loading rate was 
set to 0.1 MPa/s. Among the remaining six core specimens, three specimens (1T, 2T, and 3T) were 
heated to 200 °C prior to testing in order to evaluate the effect of thermal treatment on crack-induced 
rock damage (Fig. 1c), while the other three specimens (1, 2, and 3) were preserved in their natural 
state and were not subjected to any thermal treatment. During the experiments, deformation 
measurements were recorded using an extensometer integrated into the uniaxial compression testing 
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specimens 1T and 3T show a decrease in D compared to their natural forms, together with significant 
reductions in stiffness. In the case of specimen 1T, the reduction in D accompanied by minimal change 
in UCS suggests crack coalescence and redistribution within an already developed crack network, 
resulting in stiffness degradation without significant strength loss. For specimen 3T, the simultaneous 
decrease in D, E, and UCS reflects a more intense damage state, where thermally induced cracking 
leads to both reduced stiffness and strength, despite a slight reduction in overall crack network 
complexity. 

 
Fig. 3 Representative log N_box(r)–log r plot of binary crack pattern images obtained using the box-counting method 
(specimen 2T), together with the calculated D values for crack patterns digitized from core surfaces. 

4 Conclusions  

In this study, the effects of moderate thermal exposure on rock damage were evaluated with a focus on 
cracking behavior. At 200 °C, thermal treatment has a limited influence on peak strength (UCS) but 
leads to a pronounced reduction in E values, indicating stiffness degradation due to microcracking. 
Variations in D are closely linked to deformation behavior rather than strength, with specimen 2T 
showing microcrack redistribution without strength loss, and specimens 1T and 3T exhibiting crack 
coalescence within the fracture network.  

Overall, the obtained results indicate that fractal analysis can contribute to the characterization 
of thermally induced damage by reflecting the transition from strength-dominated to 
deformation-controlled mechanical behavior in volcanic rocks commonly used as engineering 
materials. Nevertheless, additional experimental studies involving larger datasets and different 
thermal conditions are required to further validate the observed trends. 
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