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Tensile strength is one of the most important mechanical properties of brittle
materials and plays a decisive role in the stability of many civil and mining
structures. The Brazilian test is the most common indirect method for determining
tensile strength and is widely employed. In this test, it is generally assumed that
a central tensile crack initiates and propagates along the loading axis. However,
the actual fracture process in the Brazilian test remains a controversial issue, and
using curved loading platens has been recommended to better concentrate tensile
stresses at the center of specimen. This study investigated the influence of platen
curvature on the estimated tensile strength and the fracture patterns. To this end,
five types of platen with curvature ratios of 0, 0.50, 0.57, 0.67, and 0.80 were
prepared. All tests were recorded using a high-speed camera to precisely capture
the initiation and propagation of cracks. To minimize the effect of rock
heterogeneity and obtain consistent results, synthetic specimens were used, and
five samples were tested for each curvature ratio.The results indicated that
increasing the platen curvature led to a higher estimated tensile strength. While
the increase was negligible for curvature ratios up to 0.67, at the ratio of 0.80 the
tensile strength was approximately 48% higher compared to 0.67. Analysis of
fracture patterns revealed that at the curvature ratio of 0.80, the fracture mode
shifted to an unstable and disturbed pattern, characterized by secondary shear
cracks and the irregular propagation of the main crack.

Introduction

reliable results, they are difficult to implement,
which is why indirect methods are more

Tensile strength is one of the most important
mechanical properties of materials and plays a
decisive role in various branches of engineering,
particularly in rock mechanics, engineering
geology, and the design of structures located in
rock foundations. As geotechnical and
construction materials are much weaker in
tension than in compression or shear, accurate
measurement of this property is essential for
predicting material behaviour and ensuring the
safe design of structures. There are various
methods of determining tensile strength, which
fall into two categories: direct and indirect.
Although direct methods provide the most

common, especially the Brazilian test, due to its
simplicity and ability to provide acceptable
results. The validity of the Brazilian test is
influenced by various factors, including sample
characteristics  (shape, size, mechanical
properties, and internal cracks) and loading
conditions (angle and curvature of the platens,
loading rate, and type of contact). Previous
studies have shown that the curvature of loading
platens significantly affects stress distribution,
crack initiation locations, and fracture patterns
of specimens. However, a comprehensive
investigation of the effect of the contact angle
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between the platen and the specimen on fracture
patterns and tensile strength values has not yet
been fully conducted.

This study involved carrying out Brazilian tests
on rock-like specimens using five types of
loading platens with different specimen-to-
platen radius ratio. The process of crack
initiation and propagation was recorded using
high-speed cameras to accurately examine the
effect of platen curvature on tensile strength
values and fracture patterns.

Materials and Methods

This study involved conducting 25 Brazilian
tests were conducted on rock-like specimens
with sand-to-cement and water-to-cement ratios
of 0.5. The specimens were prepared using Type
Il Portland cement, fine sand in accordance with
ASTM C136-06 (ASTM, 2015), and water.
After precise measurement, the mixture was
poured into molds and compacted by tamping
and vibrating. Specimens were kept in molds for
24 hours, after which they were cured in water
for 28 days. All specimens were cut into discs
with a thickness-to-diameterratio of 0.6, and
their contact surfaces were polished. Tests were
carried out using an MTS 815 machine at a
loading rate of 0.2 mm/min. Five types of
loading platen with specimen-to-platen radius
ratios (p) of 0, 0.50, 0.57, 0.67, and 0.80 were
employed.. All tests were recorded with high-
speed cameras, and the videos were analyzed
frame by frame to accurately investigate the
effect of platen type and loading conditions on
fracture patterns and tensile strength values.

Results and discussion

The results showed that with an increase in the
jaw curvature ratio (p), the peak load and the
estimated tensile strength increases. The highest
strength was observed in all specimens p = 0.80,
due to an increase in the contact angle and a
greater concentration of compressive stresses in
the loading area. The load—displacement curves
also indicated that significant change in the
behavior of the specimens mainly occurred at p

=0.80, where the displacement corresponding to
the peak load increased and showed greater
scatter.

Four types of fracture patterns were observed in
the specimens:

Type 1: A tensile crack that initiates from the
centre of the disc and propagates to the platens,
representing the standard Brazilian failure
pattern.

Type 2: A central tensile crack accompanied by
shear cracks near the contact points, the most
frequent type observed in experiments. Type 3:
The specimen is crushed into multiple fragments
due to multiple unstable cracks and a central
crack. This was mostly observed in specimens
with a higher strength, at p =0.67 and p = 0.80.
Type 4: A central tensile crack accompanied by
a horizontal crack at the edges of the specimen,
which was observed more frequently as p
increased.

Type 2 failure was dominant in specimens with
medium strength. Types 3 and 4 failures
exhibited the greatest variability and scatter in
the data, attributed to the interplay of tensile and
shear stresses, as well as the manner of crack
formation.

Conclusions

Specimens with an estimated low tensile
strength (less than 3 MPa) mostly exhibited a
single central crack. In contrast, specimens with
a medium strength (3 to 5 MPa) predominantly
exhibited Type 2 failure, consisting of a central
crack accompanied by shear cracks. In
specimens with an estimated higher strength,
particularly at higher radius ratios, boundary
failures and  multiple  fractures  were
predominant, which could lead to an
overestimation of tensile strength. Additionally,
a failure mode was observed in which horizontal
cracks appeared at the specimen edges
simultaneously with the central crack.

A detailed analysis showed that the increase in
the jaw curvature ratio had a significant effect
on tensile strength, on average. The following
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increases were observed: 9.9% for a jaw
curvature ratio of 0.50 compared to a flate platen
(0.0); about 1.36% for a jaw curvature ratio of
0.57 compared to 0.50; 12.34% for a jaw
curvature ratio of 0.67 compared to 0.57; and
about 47.7% for a jaw curvature ratio of 0.80
compared to 0.67. However, it was found that a
jaw curvature ratio of 0.80 causes a considerable
overestimation of tensile strength due to an
increase in contact angle and generation of

compressive stresses. Therefore, it is not
recommended for determining tensile strength.
Overall, the results indicated that, when Type 1
failure does not occur, it is preferable to use the
term ‘apparent tensile strength'. It is also
recommended that numerical analyses with
calibrated simulations be conducted to address
the practical limitations of the test and the
influence of shear cracks fully.



Journal home page https://jeg.khu.ac.ir
s sLES

3T oy

S A5 Lk

YAA NP

S35 09037 90 Sl So5IN p1 (63105 )b Dl Sl il Ao 3T (i

Tgaeme (wlis FIT G llslop (oniome 5] unno LS

r.mohseniafkham@Uut.ac.ir :asbbl, .olpl (ol ws ooy olutily o 8 Uil (ne awdige 0aSuiily b)) ol )8
m.bahaaddini@ut.ac.ir :asbbly ..l pl ool ws ool g ol&Kils (8 B (o wdins 038l ()lutsls .Y
amajdi@ut.ac.ir 4bLy Ll l el el olRily ¢ b HEASisly (ine (owdine 2SI wliwl Y

oS>

b

WJlio ol

sl (9l )3 (glodiS s i a5 Gl 0aiiSll dlge (Sl oled 5l (S iitS Ceoglde
Cuoglio (s atans i oy i@l oo Ghin pilel A8 e Wl Same g Slies (slaojl
0153] diges 1S ye yd S S5 oS Canl ol g o8 Linlejl cpl 53 S e ), ealilsyge utS
ol 3l oills colie 5l ilojl ol )3 Consls 0950 Lol b o b yiud (65351 Heme (il 4 g
0 My 4;94.» ){)A 2 WS uAA.AJ UM ){)a.m dl).» sl ‘5‘)].) Olxas )l odlawl 9 Cawl ol u}n)i
oSy g logSl g S Canglio yy (6,135,L slacSs (gliol (5l el (] r B9 ) D s
Gy A g BV [V [0 o el cons b SE ggs s 3l pslate (ol (sl 08 J)8 sy 390
013 b 03,8 ol S gy (50009005 (90 L laiolej] solos g 05 o0l laSs (slios! 31 b
J xS a5 (S dlge (Senl Cuple 4y Jla5 090 Julod 385 jobay S5 (5508 5 g8
28,5 )1 Gialeil 2)90 ges gy eliodl Sl 2 )3 g 15 AB)T 000 £ Liges jlls 2 ol U
Camd 3D Do o0 035 (podd (kS Cunglie Hlado yiuli8l cucls slog] cums inlial a8 oy lis ol
O3l 8o )d FA 3gis +/FY & s fAs s Lol w03y 3l Gl Jlde cpl o /FY B yas L]
s &y CunSlls g5 TA Cas &y Lol ol 8l L as ol lis adiges CunSll 056 oy Comnl 4Bl

28l s ol S5 ool b8 g gl by (SloS 5 b olyen il g yiinels

g5y dlie 1l £o5

VX[ V)Y el s U

VAN 2 sy g U

o jlgunls
0 XSS le: ¢ ;.w"' M9L0.A
shosl Cons iy ptlej]

s Sl slacse
ks
dousio

s o sl gy Lol 35 oo Ll (b9, (2 petae
wile peiites (225 Ggajl plnl o lagille S a
S S Jloiml o a5 L 8 4 diges colio JLas!
Fdglie (a5 Jlesl OMiw Gizmen 5 e
oeiias € sla ybg, (Hudson et al., 2002) scib o
Bahaaddinietal.,) L;, oiolo;! Jolis calises jlow
uinle;l «2019; Serati et al., 2021; Jamshidi, 2024
ail> isle;l «Coviello etal., 2005) (glalaiian ios
CeSs ieleyl «Serati and  Williams, 2015)

Wlgo (SHe (ol (nimee 5l So BT Ceglie
colw 9 ‘5>‘).’a B as MLGQ IRV O d‘yo UD)L
RUCL U I-¥] Ry PRVEL SOV RV S-S SURIPP-I -y 3| W
(_ngo)’Lm k5‘>‘).]4> JEESTTLY ool u—" (_g).,_fo)'bj‘ JRYWER
slge Ty oyl Slold Coeal (S sy &dly
O b led Gl Sles Ly ST 2l 0 (S
(oS Cunglie cpons (sl (Fairhurst, 1964) sws
5 s dwd 90 4y 45 4l0 9> (goumie o b,

u‘j—:-cd-f 4ro e f Q}A}] ‘-\39-‘*"5" " e " e ):.._é

i en Alza . o2 93] 5 S 551 (655 L Slorio (sl il lKilejT o VP F) 6 s e e sizlelyy ) bl srmone 1l
https://doi.org/10.22034/JEG.2025.19.3.1014354 FYA-FVF «(¥) 14« swiige

OBy ©

o hylym o&zsls 1 yab




A

O Sen g 038l e | o (6,8 ,L Slmio slisul 56 (Eiulejl o

Kourkoulis et ) ol aculy 5,035 ,b Slxio bl 4
(i Olalllae o @l 2013; Xiao et al., 2022
S a5l (o el o enSs ilis slagS])

S 5 (gs‘:’)i’_ 255 Ls"‘S)" © oS “5}5}9 Y

Fairhurst, 1964; Serati et al., ) wiloas (5,155 &
(6,8 L dwaie a5 was e lis o 2e Sldllae (2021
o8l iges 5 S8 o leS Sla T 5 oole (Keals
S35 o (S S Ygama 5 0 g0 (el | e
WJo ol b oogdpo a3liss g5l yine cl st 4y
3 Oha® g Kaw 3l o S sl oSeal 352
955 Eapd Jome yudl 4 e Wl 0 (5,105 ,L Lyl s
pas (nl 09,5 Dglite cenSs lagSl g ames o
ki oseil o @S (FasSly el Jalse 5l lacaalad

gl (50 gt
Olxio bl b cwyp lp iliie olallas
Bouali ) ceul saiplos! (L Giabe)] zmbs 5 6,180

and Bouassida, 2021; Erarslan et al., 2012;
Gutiérrez-Moizant et al., 2018; 2020; Komurlu
and Kesimal, 2015; Qiao, 2022; Li et al., 2020;
Rajaei Moghaddam et al., 2025; Khavari and
bl (Heidari, 2016; Zhang et al., 2023

Olxio (ISRM, 1978) v Sl st
G5 L S8 plas) sl S )l stanl (6,150
el GlacanSs 5o 5l B aanil < /FY (g glads 4
5 sl pBall Sldllae o 05d (5,5l
o wsd 5l eolaul L «(Erarslan et al., 2012) ., Ken
S5 bml sl Ll e it sLls; b )15 )L
il b g ol sbml 200 =307 Lules aygly )0 535 pe
ol 5o Ll il sl St alasd (6,0 oled sl
S g Bl ol oy i ISRM o jlailen] S350 ¢ oy
Komurlu and ) LS § ¢l pog5 co 5,155 iasls
o594 ¢,lo bl slacSs a5 wisls yLes (Kesimal, 2015

oilesT «(Hubbert and Willis, 1957) SJsju.e
oinlesl «Serati et al., 2017) oo oligS )0 S
s (Wang and Wu, 2004) sascss L)y Suwwd

Sloads asgs (Serati et al., 2019) lakss b ol

Jebo ar sy Ghalos] ueiinn e slabsy o 5l Ll
olsrear lad o5l 55 Galojl bl g diged ags (Sol
Sgbon ALl caiiSl lSiw ©lp ey Sl
o, «(Hosseini and Abdolghanizadeh, 2017)
9955 0 51,8 (k8 O ypod (6)Lid Jb Cod diges (g,
gad 350 53 S5 )b b S o5 Sl (il 1 25
Cunglie by Glalesl 5o ol e 3lis) 88T g0
5 (1) 5o calies (P) S (s I o 55
335sn dmnlna (1) abaly Gilho 5 Sl (D) aiges ;b3

(Hondros, 1959)

2P
OBTS = 1 pt M

Olos 3l oS Cuaglie e ps S ptales] Ll
53514 (Carneiro, 1943) 4,5, Lawgs yos, ol (8o
039 5l p il £a090 S 0,l50n (Akazawa, 1943)
ol el s il e )l g 5N Galidee alge o]
ol &igos @ bogaya (31 Jalge 0638 13l e
(IS ST 55 05l 5 (6505 Sz igad ojlail g S
s el ol (SGL el
ol 5o 5 o, B Jelse (izen (Bahaaddini, 2018)
9 &S,k gl (1381 & 5 s el a5 wilo (A aie
2 Mg Jolse al adlbior )I8L ol JS2
b s b S T 5 S5
5 &IS,L SE L aiged (uled 0926 500 (g9m 315,105
ot Sl yahl G enSh alad o ol Geles e
S S g sbml prlle n Wl e a5 Cel S
(Komurlu and Kesimal, 2012; 2015) w.sl, 138 .56
35 0 b S 5 g e s JUE el 02l 5o



Y b)l.o.oj: AR 0,99 ‘G“W Lf“wa O

14

G by 53 45 iy 16,05 ,b slocSs slisl 36 oo
g 1Y IOV el o b ply B pled 4 ages glad
ool s cpl bl wl aisle 5 b /A
Oz g Opiiey, Slalllas jo 4t 54y slacund (g
5 (P = 0.67) ISRM o, lastec! Loyl anslie Son b
Sglite izl Cons b glacdls b cos 6,105 ,b lxio
OUUTPRS RS S0 [ P PR DS RO SRS JC CHO
Eord dl B B s S cd Vb el ey b 6 )lop p g
plsl 5l w098 (myp B30 jobar oS 5 (AT
Coglin polie p (6,8 ,L S8 sll 3G da bl
aigas ConSls eS| 1y piman g sdnliewsdy oiis

L) 18 sy g JudoS 950

b pg) 9 dlgo
Kged £55 S 535 2 Oialej] YO legorma caslllas el 5o
Conls Gls Siw dlge aSluTyl o plool Siaw ard
gyl Sl jo S 55, 052y 5 atibee Seals
Eoian diged jl 0ed @S (FasSly 4 e Wl
dslo G drdigad pl Cle (gl g ol 0abaid 5 o e
A0 plp g0 o Glew 4 Of Cad Grizmen 5 Gloww &
Ay laas 5 il s 918 j0 b i85 L o
lhe onals b alop, awle g s o ¥ g4
solatwl (ASTM, 2015) ASTM C-136-06 » lasls!
S 3BT bl pailay ) awle ganaily ases o

] 00 00)5] W) Ji..u 5o u] C"L"’ﬁ KW ral.?u‘

ol ) ead )0 (25 5555 w0 Ve g Ve slaaygl b
S5 a4y S g obozel LB 5 SesleiSy s g ool
Garciaetal.,) o, Kea g Lew )5 .05 0 ol |, e
a0 VY @ Vel eled agly ial38l b as” assl o (2017
S oSS g58y 9 @l (SasSly el 4 s
(Gong et al., 2019) |,Ken § S sl 00l Sasd
T o &S wols (lis (6,108 aysly 9 2 5 r*-'l-' o b
Foml €5 55 5 Sl 5 SSL s Wl 535
5 9 2l (rizen B30 £ ()N D g CSD
e ool L 5 Slmio v Sloeis) (6,15 L amio
) s 658l g A5 @95 (lacbionl Slmio 5 g0
OfSen 5 J aies e )13 b cos g B ssba
Obgy dw o |, Ko g9 g (LI et al., 2020)
Y58 alis ulad b 26 Slmbo (55 Slxio (535
assly Hlas g assls JI8 w050 |, s sl Dlxas g
» S 58t Saw la Sy 5 SN g5 oS
oL Giod (pl bl W)ls cansd 6581 5 2l s
g ooy mals 1) 25 55 ed o slisdl Glae oS ol

g oo 5,5 Sy g 5 Ygans oS 3
RS 9929 b 45 aad o0 lad (L5 Sl p (559
9 U5 @E 0579 40 SISl Dl bzl ouiiS (s
Gl Ll (S (558 5 (655 S8 50 a0
Sl pialesl o slezel Bl 5 yime mls 4 i a5
3 CeSd slopilSe (rizmen ably oo (ATt w09l
&gty wchlizee glasbizdl gl s Slrio jo (s 505

sobaieds (g (pl 50 Canl 8,55 )8 ) 103590 gl



FY.

O Sen g 038l e | o (6,8 ,L Slmio slisul 56 (BEiulejl a0

100 -
9)
=80 -
o 70 -
2 60
=
ﬂ-lsn_
5 40
=3n_
&1
10 -

10 100

1000 10000

Sieve Size (pm)

ASTM C136-06 s Juslil b 5ollao oolazuls jge anle (gomaslsy s N S
Fig. 1. Grain size distribution curve of the sand followed by ASTM C136-06.

Erac dwle S5l gloanled Glaiea o5 cauls p,55LS

el sl axllas o

YIE)F o lods SIS sl ale oo asbiwl l old
Y oo0,S W aigld (V) S o asles U (O9 s
.

d.a]wfb S99y 2 OAJLAG.‘BL MLA5 ‘55).0.0 dwls Q"))f 45).“: M‘ﬁ)‘ ‘S:Lo.a Y J.iw
Fig. 2. View of the sieving process of the sand used and the retained sand on each sieve.

Coles S l)) 03l oY) w).t ém.u) IRV VLY LQAJ}Q.’
Lyl o b ondosls Jao L&so] oled ol ¢ (7, 4
o iole;l (D= ¥ JSo) 00,5 sald Liolesl o lasten!
¢y 9 MTS 815 oKiws b ool Jyss Lalps oo
@-Y JSE) al plol jo i s e Lo /Y (5,105,
G,k S8 g gy 5l eolinul b sy palejl &
30 (P) SO glads 4y dges glads s a5 ol ploil e
Y oIA- 9 JEY o JOY D o Lgﬁ‘ﬁ S L&)uT

(C- Y Sa)

ol g dle il Jolis Zlas lol dadiges cile sl
(o glsre 1 5l (6 S0l 6 5 pae G cds
ladiges JIs slaa b oals oals J18 15 ) e (59, b JB
Y S 4 bdiges 098 (el o lailin] coaS ¢ 7)1
3 digad «ie cpll 50l (6l B o el
B sols 1,8 Gl 50 55, YA o a4 g oadiz )15 Lo JB
35 JolS byl Cunglin Cusi 5 eSS wnl B b
ASTM D3967-16 »,luliw! b llae laaiges oles
(ASTM, 2016) o sjlwoslel L5 Sialesl sl



Y oojleds VA 0,90 ¢ owdie (glids (yun)

gl

RD/RI=067

S lgsl (0 cce sy (5,19 905 b ol yor MTS 815 olSiss 51 Sles @ o sy Linlej] plxil g1y ooisoslal (slaaiges ¥ S

TN g o IBY IOV oD+ o) S5 glads 4y diges glad cilisre (slacams b 5, 5,L
Fig. 3. Prepared specimens for the Brazilian test: a) Test set-up for experimental tests using MTS 815 testing
machine equipped with high-speed imaging; b) Loading jaws with different jaw curvature ratios (0, 0.50, 0.57,

0.67, and 0.80).

2 S5 SoeS Vhce pw glpld I oleaises ()
G P Jeon o aes e lias |y B sbeul cos
GRS Hemme a4 Cod S 5 (1,08 gagly o)
WSS R Gy S S SSE gl
g aols AL jome b pz g BB agl; &5 olas 5
@loled (8 S5 s ciad o sl eled LS 5o

Orysd SeS BB pgiag S b giles] eles
258 5 53l 5 s SlagSI b wisgy of yos Vs s
el sl S L8 s p0yse oS jsbay ol
R & D god 0udind slaging (wSt slagSll
28 e 5 S 5 oualie £9,0 018 B Wl pw)n
S wisd ololid wer sniin 55 SelS diges a5 s



Yy

O Sen g 038l e | o (6,8 ,L Slmio slisul 56 (Eiulejl o

P—Ri
p=0.0
p=0.50
p=0.57
p=0.67
p=0.80

9 odsoddlive CunSlls Lgbbji” &LMJL‘.MJ f 3_....\.,...\5 ;’;\.osl.s.a

2Bbss 65150 lulyd 5a (sl CanSh Sl (o)

i o3l o (Silo Hlidy p S Ll i1
laaiges 5l 6w So sln oad Cf plrala—gps jloges
R L)L““" G’L:" U'o"‘ Sl 00 o0l UL....J () J&w )
)-;MS ’/;’V 9 °/&V v/&* [ SL.?D‘ 6wau )O as

abii 5l LS olrale—gs jloged L8, o e JB

Failure propagation

b ‘ By, S \i I ; 3 ¢
Sglite slizul i b (6,08 ,L slacSs 1o )y slaKunsd diges 10 S 5 (b yaS Jolhe cud F S
Fig. 4. Recording crack evolution in Brazilian discs with different jaw curvature ratios.

ool b (s slagialesl 5l ol s e cnl 5
il glalizl glad Cond b ()l05 )L SO g9 iy
2ol bzl 5 S8 ey bl e Ban 9 e &)
Wges 0 e CenSl slagkl g ladiges (o225 Cuoglie

oS o ol 4 mls cwl (S 4l



Y b)l.o.oj: AR 0,99 ‘G‘“W wLo.w O

YV

4 Syge 40 il o 00SLE SalS St p3lSe (o

wbﬁ‘f 033'{5 c’/,\' M )‘b L°‘ 05-»-0‘50-! GMLMM ;S-u
el 00 yoond 0 @b“l’_ﬁﬁ )“)9""; o ‘wsuﬁ

sbzdl Cad) Cod (6,108 ,L Glran Sl jo uoen

15 o srannaen BdRj =010
-« RARj =057
Rd'Rj =080

eeoe. RAR) =050
vieeves RAR) =067

0 0.1 0.2

0.3 0.4 0.

Ly

Displacement (mm)

elrals — 5,5 Jlogei s 5 (6 )8 ,L Slmio sliswl Cons s S50 JSS

Fig. 5. Effect of the variation in the ratio of specimen radius to jaw radius ( o ) on the Load—displacement response

5 &S I8 o)l g2y (g pNeia s <[PV 50 [0V
ksas Sl g9 b bl pleale A S
ools las vgm 3l 50 (gt (SauSTy asly ansl ol

FR VTN JOWK G-I Y |

LS 8 oy 090 Jmadl 4 aS w5 S alise

;M.\_....\S J); a_i: S 65_» Q{‘ ‘_gUQ (_gl.am\ig.zu' 5o :\ &5.'

oSS o 4 5 0055 Kgni e | i
Sty o o] 5550 58 ol il o S (6,5,
WS o (e Ao 9 & 1 gl 9 Sal oy Salesl 5o

@-v Jsa)

abai ;3 lS (59, 2 5L Sl Lol s 3k
Ol sy bl el oals ools las () IS o Sy
oS abasd (595 e sl Cas Lial33l L a8 ol
50 alae Ll odd 68) predt oieiS Cuglie g
03 et olS Cuglie yial38l 5o sboul cos iul58l
axg B PV g IOV ¢ e0e v slacas [ wad
iiS Ceglin e JA sl Cas o Lol g aBl oo
Al oo ol gladamde BB S a4 ouls 00 (yuedd
d03l3 38 alimdle G 5T 51 (50 Cenglin l53 ol
iy 35 ya3 g e a5 Al g0 L (Slodgazme o uled

el oad 6 NS L Al o g,Led sla i
Ak > Blte (olonlz (5 NS Slio sl ik
O ey el s ooy lid (o F) S 0 S

0 Glacans jo 4 cal ol osimaylis polas



Fre oS 5 @3l e | o Nl Sl sl 56 alKiyle3T o)

— 0.5 a 10 b

=

£ - +

: - ht: 8 4 -]

Z 0.4 & = °

w =

22 = i o

0.3 1) 6

2 - g T

= [} W

o 0.2 é @ & 4 -+ +

5 % B E o =] Eﬁ ==

£ ® =

@ (.1 g 2 -

¥ . —

= &

o

E 0-0 T T T T T 0 T T T T T
0.0 050 057 0.67 0.80 0.0 0.50 057 0.67 0.80

Rd/Rj Rd/Rj
@Al (0 03] (et (L28S Cunglie palio (W gl 52 by Ginleil 53 (P) 8 plad & Aiges lad S kS 3l £ JSC
L Sl b bl

Fig. 6. Effect of the variation in jaw curvature ratio ( o ) in the Brazilian test on the results: (a) Estimated tensile strength values,
(b) Displacement at the peak load

G953 o S9m OBl g Sl dad g (g il 298 dged slaad B ggi asilon (o205 (5550 S5 T g4
(0= Y JS8) 35 952 (S Gialosl o st ir S 5 led LI (Soo3 )0 5 whoe 5yS

3 oS S5 obul b plejee canSls g45 ol o g4 D=V JSD) 05 0 sl diges yo
JoSid diges (6L sload jo 881 S5 SO digad S e Sdxie Oladad 4y digad ol 0,5 Gl U pl Y g4
(0= ) 09 o0 2 GBS 5 Glubl saaie slacs i 5l L6 45 09

d C b a

Type 4 Type 3 Type 2 Type 1

/]

Fig. 7. Observed failure patterns in the experiments
YO Glp !y beSl a 595 9 oadiosnlive LI Sl (565!

o iales] 58 oadoanliv cusls slagsl.Y JSi

] Lo gl » S8 a4 diged glad Comw il
IS8 e calise (65135 )L lacSs L oo iole; ] (saiges s @ e & B
w.. & &
US4 00 4yl ol ool s el 00 0l (L (A) e S



Y oojleds VA 0,90 ¢ owdie (glids (yun) FYo

Cuaglio a5) </Ae s 10 oy Vb ol 00 e iS Coglio b gladiga 1o iy V g8 CanS ()
Sl Y e CanSl (ol oo lid 1) (gt SaesS Clcauws oL g JSub Ko ¥ 5l j2eS ool 00 (yuesds
Bl iy sboul cod (ElBIL F eo cunss (ol 00y Oipdien ¥ ogg cusl ol sddodalin 55,5 sl

Ll 0oLl 00) (et (odilS Zewglde (o [RVVS g axals 1) Sl

Conglie 1o Zensl 03l 35 ISl Ko 0 b Y oy o0

7228

Dominant Fracture Paern
Brazilian Strength (MPa)

Fracture Pattern

Lg)‘.\)g)b S5 sl Sl g 03U 08y ‘5].:)].: Mwslﬂ.‘o 4o SCH £ O JoLu)‘ A J.iw
Fig. 8. Relationship between fracture type, Brazilian tensile strength of specimens, and jaw curvature ratio



Yo

O Sen g 038l e | o (6,8 ,L Slmio slisul 56 (Eiulejl o

Typel

Type 2

Type 3

Artificial
60%
52.00%
40.00%
40%
=
>
o
S 28.00%
>
o
2
w
20%
4.00%
0%
1 2 3 4

Fracture Pattern

Type 4

Gliee 6 05 slocSE L (Ko 4t 43503 YO i ;0 oy ajes 5 oSl slagSl glgsl A IS
Fig. 9. Types of fracture patterns and their distribution among 25 rock-like specimens with different loading jaws

A LIPUCH FUPETR TRR VIR gPP P g LOWR KPR T-X W

Sialesl Conglie (1l ceely (6,50 S slowil

Vg conSs (Ve S5 0 0uld &l il 4y axgi L

0l 03] [y u-*’l* ?....HS wsLM 45‘5_”9 9O yd

6,108 5L S cliosl s o ¥ g5 Sl 39 oo s

u.asl.M L) 'de.:yo.: dlﬁw JMM 09»:‘540 0o |

bjf 69-’ © oS 4o éﬁ""‘gs" PRV ./Ao P <8y

99550 B Y g5 )0 lawgie ead 0d) (e b3y

pin oSl 65l Olads olaws cslisul cons i34l

Brazilian Strength (MPa)

olad G:YL; (eSS Cuoglie 4 Gil.mui;,gLo)'T JESST NS

® Typel B Typel A Tvped Tyvpe d
é | é | 4
i i 5 . m
IR B MR A T
*» o . 5 |
; i
p=100 p =050 p =057 p=067 p=028

Jaw Curvature Ratio

(&S L SG gLzl alizes glacnnd [0 CanSs go5 Eloil e N IS

Fig. 10. Distribution of failure types at different loading jaw curvature ratios



Y b)l.o.oj: AR 0,99 ‘Lf“w Lf“wa O

YV

a9 ¥ ge 5l i oS (JSul Ko O U Y sg0)
osalivo by SS b olyen 555 ,0 o2iS Sy o
Ko O 51 i) Coglae pYL guess polae jo 090§
5 VL ool o sl o s 5 (U5l
S8l et SIS lecuSs 5 650 LS S e
crgn oS gl o g5 cul (T g5 ConS)
ol 5l o)lge (F 50 hin ohalesl mls a5 95 o0
Syzy 4S5 yabas (S Iy Ol CaSh SeadiS
Coglio 05l Sl 4 yzie Wl oo alfuinr CuSl
ool ey dadiged pan ;0 (pizen 335 o8iS
S5 LS b lojed ol b 45w ssaline CanSid
e NSl dged Gler )0 (Al 5 s 3S e
S8 bl cad (xSl eboas aS sl las 5 58
o0 U 350 (o8 Dlxbs 4 Cad 10+ (5,135,
Y i o )0 VYF Dga <D ) S < /DY S
A S JA e Cd 9 20,0 VYT D90 OV @ s
31 eolaswl el axils ol ws s TVIV squ /Y
A spde SEES Cenglio YU 35l Sl /A S
30 6ylad la s sl g wled asgly iolidl ol cde
5 S BB oS5 b 4 4z b oo wised
ooliil ¢ oy oS j5 5l (56 5T S 5
2 a5 sed Sy )0 G5 by A Jelos s,
Wl o ol qwyp J 0 oy ST Oldlas

@‘O)dég s S e
cos (INSF) ol nl ole Lo by colos b Gados o
el 00l plosl FeYOAY - o Lo &6 )5

References
Akazawa, T. (1943). New Test Method for

Evaluating Internal Stress Due to Compression of

oolidl 5L Y g9 St Bitos codds oy (sLodiges ,o
Syalp il g oadolol by i b 0es g
Dgds o Aoy san| Sllllas )5 ladiges cpl jo Cusglie
Leoylae j0 g0 /A slad L S8 0 ¥ go5 Sl Bowe
S8 g5 ol 3l eolatil pl by sl oaldl lasl < /Y SG
DS Oyge blosl b wb oaiS Cwglie reds sy
£9 S [ 5 bosls 65.»5\,; 5 Olwed oy s
= PR NCERC S RO
sl el S5 SIS Wy 5 by S Jlesl
yma.».s uj.o)] JL?UT )‘ w‘ W) C.JLJ )O ‘;J.J‘J)
Slxio b e S50 Sz oyl ol bl sl
By n dmog (S Dlinio 10 CanSs 6581 5 (5 5L

&S Al

Lzl 3 g CnSs §5SU gmyp 2 GiRo Cn) S 5
osbite ool sl sl (L eyl ,0 (6,108 ,L slacss
& igad Elad o 5 S5 B 55 gy b el YO
53 Giales] Syse T 5 IV IOV [0 o slacSs
YU Cuils y payd olawd b a0 b Sl 0900 235
b ls e )S plulid cesls oI Y 5wl Ll
s £ 2 otz $ B 5B (6,5 b B sl a5 ol
a5 0l odmliv «(gwypd e digad Ho )l CalSl
(S50l GBS Cengli e &ty S (555
oS Sl p0 S (o0 s 610 ulpd g ond
S5 S W JSul e ¥ a8 8S Caagli
S slauglio e o3l o ol sbul axly (555
Concrete (the Splitting Tension Test) (Part 1).

Journal of Japanese Civil Engineering Institute,
29, 777-87.



YA

O Sen g 038l e | o (6,8 ,L Slmio slisul 56 (Eiulejl o

ASTM. (2016). Standard test method for splitting
tensile strength of intact rock core specimens. In
ASTM D3967-16. United States, ASTM
International. doi: 10.1520/D3967-16

ASTM. (2015). Standard Test Method for Sieve
Analysis of Fine and Coarse Aggregates. In
ASTM C136-06. Uniterd States, ASTM
International. doi:10.1520/C0136-06

Bahaaddini, M. (2018). Scale Effect on the Tensile
Strength in the Brazilian Test. Journal of
Engineering  Geology, 11(4), 319-341.
doi:10.18869/acadpub.jeg.11.4.319

Bahaaddini, M., Serati, M., Masoumi H., & Rahimi,
E. (2019). Numerical Assessment of Rupture
Mechanisms in Brazilian Test of Brittle Materials.
International Journal of Solids and Structures,
180-181, 1-12.
doi:10.1016/j.ijsolstr.2019.07.004.

Bouali, M. F., & Bouassida, M. (2021). Numerical
Simulation of the Effect of Loading Angle on
Initial Cracks Position Point: Application to the
Brazilian Test. Applied Sciences (Switzerland),
11(8), 3573. doi:10.3390/app11083573.

Carneiro, F. L. L. B. (1943). A New Method to
Determine the Tensile Strength of Concrete. In
The 5th Meeting of the Brazilian Association for
Technical Rules, Sao Paulo, Brazil, 126-29.

Coviello, A, R. Lagioia & R. Nova. (2005). On the
Measurement of the Tensile Strength of Soft
Rocks. Rock Mechanics and Rock Engineering,
38(4), 251-73. doi:10.1007/s00603-005-0054-7.

Erarslan, N., Liang Z. Z., & Williams D. J. (2012).
Experimental and Numerical Studies on
Determination of Indirect Tensile Strength of
Rocks. Rock Mechanics and Rock Engineering,
45(5), 739-51. doi:10.1007/s00603-011-0205-y.

Fairhurst, C. (1964). On the Validity of the
‘Brazilian’ Test for Brittle Materials. In
International Journal of Rock Mechanics and
Mining Sciences and omechanics Abstracts, 1(4),
535-46. doi:10.1016/0148-9062(64)90060-9.

Garcia, V. J., Marquez C. O., Z(fiiga-Suarez, A. R.,
Zufiiga-Torres, B. C., & Villalta-Granda, L. J.
(2017). Brazilian Test of Concrete Specimens
Subjected to Different Loading Geometries:
Review and New Insights. International Journal of
Concrete Structures and Materials, 11, 343-63.

Gong, F., Zhang, L. & Wang, S. (2019). Loading Rate

Effect of Rock Material with the Direct Tensile
and Three Brazilian Disc Tests. Advances in Civil
Engineering, 2019(1), 6260351.
doi:10.1155/2019/6260351.

Gutiérrez-Moizant, R., Ramirez-Berasategui, M.
Santos-Cuadros, S., & Garcia-Fernandez, C. J. R.
M. 2018. Computational Verification of the
Optimum Boundary Condition of the Brazilian
Tensile Test. Rock Mechanics and Rock
Engineering, 51(11), 3505-109.
d0i:10.1007/s00603-018-1553-7.

Gutiérrez-Moizant, R., Ramirez-Berasategui, M.,
Santos-Cuadros, S., & Garcia-Fernandez. C. C.
(2020). A Novel Analytical Solution for the
Brazilian Test with Loading Arcs. Mathematical
Problems in Engineering, 2935812, 1-19.
doi:10.1155/2020/2935812.

Hondros, G. (1959). The Evaluation of Poisson’s
Ratio and Modulus of Materials of a Low Tensile
Resistance by the Brazilian (Indirect Tensile) Test
with Particular Reference to Concrete, Australian
Journal of Applied Science, 10(3), 243-68.

Hosseini, M., & Abdolghanizadeh, K. (2017).
Representing an Empirical Relationship for the
Estimating Mode | Fracture Toughness of Rock
Obtained from Testing on SCB Specimen using
Tensile  Strength. Journal of Engineering
Geology, 11(2), 157-174. doi:
10.18869/acadpub.jeg.11.2.157

Hubbert, M. K., & Willis, D. G. (1957). Mechanics of
Hydraulic Fracturing. Transactions of the AIME,
210(01), 153-68.

Hudson, J. A., Harrison, J. P., & Popescu, M.E.
(2002). Applied Mechanics Reviews Engineering
Rock Mechanics: An Introduction to the
Principles, Pergamon, Oxford UK,
doi:10.1115/1.1451165.

ISRM. (1978). Suggested Methods for Determining
Tensile Strength of Rock Materials. Part 2:
Suggested Method for Determining Indirect
Tensile Strength by the Brazil Test. International
Journal of Rock Mechanics and Mining Sciences
15(3): 99-103. doi: 10.1016/0148-
9062(78)90003-7

Jamshidi, A. (2024) Investigating the Role of
Physical and Strength Characteristics on the
Durability of Building Stones Subjected to
Deterioration Processes. Journal of Engineering



Y b)l.o.oj: AR 0,99 5@4\.\.‘.9(0 Lf“wa O

Y4

Geology, 18(4), 543-564. doi:
10.22034/JEG.2024.18.4.1016407

Komurlu, E., & Kesimal, A. (2012). Jaw Effects on
Indirect Tensile Strength Test Disk Failure
Mechanism. In ISRM Regional Symposium - 7th
Asian Rock Mechanics Symposium, ARMS 2012,
ISRM, 624-37.

Komurlu, E., & Kesimal, A. (2015). Evaluation of
Indirect Tensile Strength of Rocks Using
Different Types of Jaws. Rock Mechanics and
Rock Engineering, 48(4), 1723-30.
d0i:10.1007/s00603-014-0644-3.

Kourkoulis, S. K., Markides, Ch F., & Chatzistergos,
P. E. (2013). The Standardized Brazilian Disc
Test as a Contact Problem. International Journal
of Rock Mechanics and Mining Sciences, 57,
132-41. doi:10.1016/j.ijrmms.2012.07.016.

Qiao, L., LiuJ., & Zhao, G. (2022). Numerical Study
of the Brazilian Tensile Test: 2D and 3D
Simulations. Chinese J Eng, 44(1), 131- 142.

Li, D., Li, B., Han, Z., & Zhu, Q. (2020). Evaluation
on Rock Tensile Failure of the Brazilian Discs
under Different Loading Configurations by
Digital Image Correlation. Applied Sciences
(Switzerland), 10(16), 5513.
doi:10.3390/app10165513.

Rajaei Moghaddam, N., Bahaaddini, M., Jalalifar, H.,
& Serati, M. (2025). Numerical Assessment of the
Rupture Mechanisms in Brazilian Test of Brittle
Materials. Computational Particle Mechanics,
12(3), 1861-81. doi:10.1007/s40571-025-00903-
6.

Khavari, P., & Heidari M. (2016). Numerical and
Experimental Studies on the Effect of Loading
Angle on the Validity of Flattened Brazilian Disc
Test. Journal of Geology and Mining Research,
8(1), 1-12. doi:10.5897/jgmr15.0243.

Serati, M., Bahaaddini, M., Roshan, H., Zhang, T. T.,
& Bryant, N. (2021). On Assessing the Tensile
Cracking Pattern in Brittle Rocks and Solids.

Bulletin of Engineering Geology and the
Environment, 80(7), 5867-79. doi:
10.1007/s10064-021-02249-8

Serati, M., Masoumi, H., Williams, D. J.,, &
Alehossein, H. (2017). Modified Brazilian Test
for Indirect Measurement of Tensile Strength of
Brittle Materials. In 51st US Rock Mechanics /
Geomechanics Symposium 2017, ARMA, 2983-
87.

Serati, M., Williams, D. J., & Song, S. (2019). A
Validation Study for the Estimation of Point Load
Index at Varying Slenderness Ratio. In 5th ISRM
Young Scholars’ Symposium on Rock Mechanics
and International Symposium on  Rock
Engineering for Innovative Future, YSRM 2019,
ISRM, 215-19.

Serati, M., & Williams, D. J. 2015. Michell-Fourier
Analytical Treatment of Stresses in the Ring Test
under Parabolic Compression. In 49th US Rock
Mechanics / Geomechanics Symposium 2015,
ARMA, 2875-80.

Wang, Q. Z., & Wu., L. Z. (2004). The Flattened
Brazilian Disc Specimen Used for Determining
Elastic Modulus, Tensile Strength and Fracture
Toughness of Brittle Rocks: Experimental
Results. International Journal of Rock Mechanics
and Mining Sciences 41(SUPPL. 1), 26-30.
doi:10.1016/j.ijrmms.2004.03.015.

Xiao, P., Zhao, G., & Liu, H. (2022). Failure
Transition and Validity of Brazilian Disc Test
under Different Loading Configurations: A
Numerical Study. Mathematics, 10(15), 2681.
d0i:10.3390/math10152681.

Zhang, X. P., Zhang, P. Y. Ji, P. Q., Zhang, H., &
Zhang, Q. (2023). The Applicability of Brazilian
Test Loading with Different Platens to Measure
Tensile Strength of Rock: A Numerical Study.
Rock Mechanics and Rock Engineering, 57(1),
233-60. doi:10.1007/s00603-023-03566-y.



