s T ke dloe
B e
YAV Jlo f o las R o) 5

S5 (Fowdws Tlaw 30 5 ) drugi (w3 5

T sy s N ‘5,@1‘,.,..; Sl e b e Olige

u»).,ba C»:a_): am‘b ;g;.mi)h?u B Qlfq& L;.e.,\..@,a oIS ‘ng:Sz &}}AT&‘J A

uw).l.n (.;».:JJJ al.<..i.':‘.> ‘C""“".’.)‘b';’“ 9 Q‘N ‘;w.lﬁg,a oISl 4.4\,;)( d..:L,.z)lS a:}jﬂu,:db Y

uw)J.A C,.;;JJ aK..i."lJ ‘w).la?w k) d\f%-" o...:.l.\.@,a LG UL{.JL‘;&\ Y

“Myazdani@modares.ac.ir

AVIYIVY o pdy )b

A8/ AIV0 b, gl
o>

*

@ L5 o bS5t 5 by sz b K Glror g 3 Shas 3l e Sbi)l 4 e LS 5 Al 5 6,8 K8 2 Sis

GOl bl a4 08 o0 (ST 85 05 S5 Ay aslllas slas )l abesr S syls 3 )8 50 ST 535 pwdige 53 oS s Cosay (Gl

cmman 38 o lal (Ko laes g 53 0L, w i oz 5 SST 5 glaesle s 5 b b 0L osle b (Ko sla il us
Sy Jde osle S Ol g ay C,»}Lin);éjl el 3 50 b JuS 55 51 (Sos sbl 4y meie Ll5 e LS 5 1S, 5 a5 aslllas

SIS 5 am s e i )l GO Ghls Sgs K 4 sladsas 31 eslied b sl ol oslinal oliSs slacKiw 5l (iluans

et edhe (23S 13 Ll apse skl gilid (1AL cos Sasl ghils ates SIS 5 5L OKE S s sl Lo

5EBS B s s S man 3 ) mSp (S ate GO Gl pimen S ale FIL oS 5 e 5 11 ] slads
SKalen b jls e cpl A s Q&zcﬁw)) SIS HL lnly @l GBI Gl ol Cilises laassly gl el 5 e

s o QLIS jéijéu&fchwdj)w&»j ool Cowsay Ji}ij@j}:éu)b}a_}l{‘jf

s KK (5 ok g o S 5 Ay 3 9 g8 5 DK () phalesT (ST OB 319

Sl e S5 iamen S o S8 S 5 S 5
2S5 e Colg o s S » olisl (oS S
3 Sles 5 La Shs ol ol ae Ll5 e S
S5 i gl b 2 525t S ea g S
(S sl s ol o hae Sl 4 e
2 0Lz i 5 55 0L slassle e b
ot Sl 4 sel Olpea [1] 558 (S slaes 5

143

oMo —
woJ_.J:LA LSLAL;}’JJ‘ abw‘bw&ﬂebjj&)w)
Lsuuj}jjby_})lobwlb&bﬁwd@&
Sy J)ﬂﬁﬁ'&wkb LAMQUAL;:M_%U
é&j&\c)uuﬁpﬁ‘ﬁ&f@;g)ﬁw


mailto:*Myazdani@modares.ac.ir

e 5 LIb L Ol

Slisl adlas gl o ARaLsT 5 gade (o &) s
BL 6;;& LSJ_M:‘JM ;‘BK_JA 6‘)‘3 Lrl'f-)f &_w.:b)h SJJ
31, 12] &les S eslaxal 1T oS5 511 (slase

s pn (F) a8 050 K sleml 5o e pm sl SanSls Y IS
s 53 O cl saats eSS 5 gl s 5 ¢85 Sl
[11]

Sl O3 9> uf“f. g slaasOlis

/ ' N ¥ Y 'k? ,
Fig. 1. Horsetail fractures at the end of a faulted joint (F), left-
lateral shearing in shown by pair of arrows [11]

BE LALSJ:_)‘ ty‘}b ‘{}"j“d’ﬁ)‘ Q&Zk&)w‘)b
¥ . . Zo .
slas 55 JU L Lais glas 5 gl eodss S50
el sdallie B (V) K5 5 S b glas 5 L 5y
L lasy js a8 des 235 oS 5 JL slas 5 [32]
Lol o Il ALy osi e LS5 G &
i SlasS 5 a5l glas 5l e sl LES ety
Lol i e bKas O bS5 5l o)l sen 45 s
35 @IS AT b el S Lol dizen 1L 10l s
.>ﬁ)|qgu‘dﬁwgu;§)§>&d¢w

e)‘.Ju\ 46J\J§JL' 6\.1..»:‘) L] WUL{J Jil"““ 4.:)‘)
wﬂﬁ@)wj}duﬁ\d”ud&&:lhj)d&ﬂi
“ Q‘@jﬂ &L@S ol rl’u\ ldlze B ol )\Jfﬁﬂu
Oladllas 5o55 i s Sags 5o 5L OS5l eslandd

el o ol SBlosl ang OIS 3550 55 (95 5dne

"Horsetail: ..l o5
Wing

144

3o s o5l Bl (o5, ol opas SO 3 o S
S sl 5 Wl gy e 5 Ay (S8 5 b Saesls
PN S T W KRN S A
5 e s pemen LIS (o dpn 5 LS,
U i 5 [6, 2] La LS eSS 5 il slayls
[7] =S o S8 Ol Ol 51 0L 2 DLas) S e
aS Jlseiys 5 a8 eyl a5 ol S3 N
b 53 bl e b Sl Ol g L 6T S 5 sbas
O sy s AL 5T Sldalie 5 Sodamy Sl
3G S U iodeadle Kow wdige 5 b
b sle e s Ll slindl 5 s 5 ity (S8
sl axils Caliss

SI6L sl ildie 5 Sl alid s oS slaesls
Olalllas g at s slakase 5 oS (SO bl 4
e oL Jis 5 oab slaKin s AR
(S O3l ol SV s Sl g 0208 canily halS
b o osban il e ) S S i 5 S
L osSde (eSS s s s aash glaes S s
10, 8] dles s ,LSiy il wlidioyns sbabitle ol
slanil anw b 5 b oo SRl SO ad &S Oloees
S g it ey Slaslitle 5 o0 LS bS5
Al el S S e Sladlee ulal 5 0,8 e
SLSIKS) mhves 2 Gl o rusn paa 5l 50 esla
S 5 sdinte 0 S sla St Lo g (L33 sl
25t ;s slgsl o oLl 5l K Gty S
e S oS W Sl sl 5550 S (V) IS 5
Coh Ol o |y e 5 S bl 1S5 5 Kus
s
S 5 Ay S ghtaay ol AR LT Dlillae
é.wl&ﬁbjyfwjﬁéw)buéﬁ
SO a3 Sldllas (gl oS ola iolesl o 5 slize
RCNSPR U JAES s b S e gad (S5 S
3L B lls s S (68 (5 IASL ST

bl ol 5l Sl O R ia 5 el (555 0 (5 el o



\VqVJb/ie)w/erAJjé

oote Ol jes wdige g — ode doe

)33 G e Gl SIS Gyl s S UUCJJ;.\'JQ
S5 e L 00 Sgs Gl e o Vo Sigs bl
(Al o shen Yo B sk 5 e ke ) 5L Slailsla ol SIS

Diametrical compression loading

\.. / ’

1

Fig. 3. schematic representation of the disk containing a
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diameter and 50 mm in thichkness containing 30 mm open or
closed flaw. Opeing of open flaws were 1 mm)
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flaw in rock materials under compression [32]
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Fig. 6. Specimen containing open (right) and closed (left) flaw.
Markers are used to follow slippage of closed flaw
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B(°) K, (MPa.m"®) Ky (MPa.m®®)
0 0.25 0.00
10 0.128 0.116
27.2 0.00 0.258
45 -0.263 0.423
60 -0.647 0.485
90 -1.521 0.00

K, , K, (MPa-m°5)

Table 1. Values of mixed mode I-11 stress intensity factors
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Abstract
Understanding initiation and growth of cracks leads to better evaluation of rock masses behavior.
Investigation of crack growth and propagation is noteworthy in geotechnical engineering, petroleum
engineering, geology, seismology and many other sciences which encounter with rock fracture mechanics
problems. Evaluation of rock slopes stability, design of retaining structures, design of tunnels, and prediction
of flow path through rock masses, are some example of application of crack growth study in geotechnical
engineering. By evaluating cracks growth, propagation and coalescence, faults seismic behavior can be
understood. In general faults are considered as quasi-static cracks, so study of crack propagation under
various loading conditions brings important information about faults. Many researchers studied crack growth
in Brazilian disk shape specimen under diametrically compression loading. Previous research focused on
open crack propagation and closed crack were infrequently included.
In this paper using molded gypsum, as a model material, crack growth in Brazilian disk shape specimens
with pre-existing open and closed flaws are investigated. The dimension of specimens is 100 mm in diameter
and 50 mm in thickness. Inserted open and closed flaws length is 30 mm. Open and closed flaws are inserted
using 1 mm thickness steel shims and 0.05 mm thickness silicon tapes, respectively. In this study, the
specimens engineering properties were determined by conducting uniaxial compression test and indirect
tensile test on Brazilian disks. The experiments were conducted according to ISRM and ASTM standards.
Uniaxial compressive strength, Poisson ratio, elastic modulus, and tensile strength of specimens are,
respectively, qu=38 MPa, v=0.25, E=8.5 GPa, and 6t=7 MPa. Diametrical compressive loading was applied
to the specimens in various inclination angles of flaws with respect to the loading direction. In this paper,
influence of open and closed cracks on strength of the specimen is investigated. Fracture toughness of mode
I, Il and mixed mode I-1I, are also determined using analytical solutions. Throughout the tests, slippage
between closed crack surfaces is continually monitored by digital microscope. According to the curves of
slip distribution along the crack length derived from laboratory data, there is a good agreement between slip
distribution along closed flaws and that recorded from real faults by other researchers. Also, results of this
study show that open and closed flaws reduce disks strength, significantly (i.e., more than 50%). Inclination
angles of the flaw with respect to the loading direction affects crack propagation patterns. Generally, new
wing cracks initiate form the flaw tips and then propagate toward the loading direction. Increase in the
inclination angle leads to a reduction in the effect of open flaw on crack growth and for angles more than
27.2° (i.e., pure shear, mode II) new crack does not initiate from flaw tips. At inclination angle of 90°, flaw
has no effect on crack propagation pattern and the disk fails under tensile splitting condition. In disks with
closed flaws, new cracks initiate from flaw tips expect for the case of 90° which is the same as open flaws.
For the material used in the study, mode | and Il fracture toughness are calculated form experimental data
and found to be equal to 0.250 and 0.258, respectively. The obtained values for fracture toughness indicate
that used material is brittle. Also, the values of mode I fracture toughness for angels above 27.2° are negative
which point to the fact that flaw tips in these angles are in compression and not in tension.

Keywords: Rock, Fracture Toughness, Brazilian Disk, Crack Growth, Pre-Existing Flaw
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