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1. Scale Effect
2. Carneiro
3. Akazawa
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4. MultiFractality
5. Weibull
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6. Weakest link model
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7. Size Effect Law

8. Self Similarity

9. Multifractal

10. Multifractal Scaling Law
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11. Hawkesbury Sandstone
12. Gosford
13. Somershy
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14. Metalmaster drilling machine RD-900 Hafco
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15. Servo-Control
16. Load Cell



AT O3 £ 5t (a3l Mo« unlige sulid oy 40 Yy

dlomn 255 Caglin (V) Ay olal 5 ol LS nl 51 Jlesl L ey sSL
Ll S St o lle ol 0 aoM Y g s b lel cnl ol s
S (el 100 51 5eS Laiolosl olad 53 el o st Sliie a0 5lins Bl il e
O oo gto Jlie a ,hab o a glayilesl oslie S5 s S oS (SuS1, saasole

]

it sl k3 b ek gl S p sl @ Y Jods

Ok | ol Blpul |28 Caglie | 4ged i
) (MPa) Luge | (MM)
AATAIA A Y/g V4
\\/Yo NiAs Y/Vo Yo
AN /Y Y/\o YA
/vy Y Y/ 4 0
\Y/ov ¥A AT -
v/es ALY Y/8V a1
4/4A AL Y/8V NA
Y/AY Y A V80

mw&ﬂu};@joig%pﬁjﬁ&uj@uﬁm@ﬁsguj\dii
O = o2 i ol 0s S e pasiia | mls el (g goia 4 ol a5
0Lz 0 JSs 53 eSOl b oo 5 S 5ol Sl gas S 0 5 L8ES S 5 &S
33 JoSE5 a0 g0 5 GSLL dmin Il Joms 55 50 055 45 (G 5 el 03l
)Jvjt_gQ)}J@AS?}.JJ‘JJ?}&SW}JZﬁwM&AWL;LE;..:‘
e D e 35 e B (0 S8 03 GH ) 5 e D) sty 5 ses S 0
Jlasl Joms 53 S 5 o (5 mnS L L 055 sy Dsees bl ol 228 Gl
jdﬁ;w\wusmw&ASw\;)f);@,Lze‘@uﬁuwpaﬂ
KB bS5 ol o5 Sl e et Bl (52w g0l mlans B 5 ol sb) 500 S s
L0Y] V8] s slazsl

et Sl s LaST il 5l ey e gad e il aals) s



\np! i el 53 23S Caslie e 3 s

el ol 03,51V JSE 3 kgl il 5 e ke 180 3 L (slad gad eSS ilSe
JSi5 OS50 e slinly 53 @SB (S5 e e 180 8 bl @ L sl alal o
dmio 5 53 olaS 5l e e 180 a3 L glad yas oled sl S JU- 53 o
B L onlp by s e a8 k50l S 5 ol 228 L g el LSS (618
3 ase 35 0 50 S5 kol e ke 180 8 L (gl pad S oS Sl @

LS Gl 23S Caglin  ebie 2B s 5l s el et WOT 5 28

Shear faillure

Fodee V80 8 b glad gl (Al 5 o3 5o sl canfd il (g 2 A S

Sradhe 00 9 YA o had b 6 sed 55 (2 s



WWAT Oltns £ 5)led syl ¢ pobign ol o 25 Yvy

ol ods 03,51V ISCs s calie gla Jas L el gas (gl ol — 5 0 e
Cobo b yme a5 plaanlr -5 (ot b cped kB LI L 0 S L Gillas
Cnslin o wged Sk 3l el o Bl el 5 T 3 e
b 558 Canslin 53 2alS s s ool el ool o 3yl A S s LaiS
Sl 5 el S50k GRalS Gl S 5S sladized 53 350 or edalie i sad JhE 15
glie e S o e g le Gty Suaslie e ks Q51 555 ae g
sl 03,514 IS 3 st ke 00 Sl o it e sl e ST s
o3 Yo sgd Cuslie e e AT 1 58 55 sl had s s e OLES sy o ol
SRl L S sl Al L5 il e el AT skl S 4
32 5 SRS [TV Cobil sl ayin b cdd o)Ll 50 ¥ Jodar )3 4S5 5boles s
2 Gl [87] 55350 5 Sedsl8 5 [V ] 8] OblSes 5 55,5 (7]

30 1 e | 18 mm

96 mm

(]
h
L

— G5 mm

50 mm

38 mm

(3]
[=]
1

e 25 M

19 mm

Applied Force (KN)
— —
[=] [

Lh
1

0 0.1 0.2 0.3 04 0.5 0.6 0.7

Displacement (mm)

Md“#‘%““ﬂd‘ﬁ@".“{l’._Jﬂw'vJ&:

Dl el (S glaosle (b 53 e Sl 6 LL 25 sl S0l 5
Oladige ) A1y e cdias 4yl 1y 28 Coaglin o3l L3b Wl a5 (glaka

Caslio o3Il 30 s sl 0358 sbas S (glabaly 3l b Sl ol e



Yy i Rl 5s 28 Caglin  bie b e

J’\—"g“l-“"j@‘)gi‘w‘[oo]k}}\f_ﬁé}“:d"’bgj‘;’@ e)@w‘anggdjw

1l (0) sl y oy o OF IS IS5 5wl 3 28 Il s gobe!

0. =0.,,(50/d)" o
0

b 5d s, k3L plad sl og e SO glS Cuslie 0y 5 0, dlaly ) 02 &S
3o od plol Gl tlasl alul 5y a8 ol Ol 5 Soa oK s 2o s 00

ol 0l 021 JL@_\.Lﬁ A )\.qu u_<l...c C}a ‘JiJ-\;:

Tensile Strength (MPa)

0 20 40 60 80 100 120 140
Sample Diameter (mm)

ik (sla s s 5 slad el s helie A S

1.3

1.1 L

0.9 *

0.7

Normalized Tensile Strength

0.5

0 20 40 60 80 100 120 140
Sample Diameter (mm)

S 00 Jlab 4 Cad 0k o jlle § BES Canglie p 4 ges b ST A S
QJ\J_:)LSJ_AC*_:UJub‘uj‘jjgs}hdubeu.ﬁd‘%bﬁwc%u.:\)é




WWAT Oltns £ 5)led syl ¢ pobign ol o 25 Yve

ebLﬂ.’:_w\qdj))Dataflt‘)\J_‘?\fﬁ)Lga?-ﬂﬁd)?wﬁ)ﬂjb])()jjaﬁd L)'L\ (51J" J)JJ::.!..;

&:,.w‘ QJ}J@J.; LSJLG"":"ﬁ :\.}4.4\) u\.iéjf
0. =0,5,(50/d)°®* R?=0.835 )

S35 ke b sladis sl 4 oS MPSL 5 SEL (sladis 51 s
SIUT el olgnin dals, s eslinad et JUS| 5 dir ulide 30 056 5 s

o =—21 __ Re_0928 V)

JL+(d /58.46)
o, =2.18\/1+(42.09/d) R?=0.795 )

VU s Al gl bl s s solenin sladde bl o Slamslie
J:-’) U'~’~| SEL uj:_j)).) ool CM)‘\JJJYL ‘}i;'mv.& %wavfbw‘ ol ebj_ﬂ

4.5
4
= 3.5
g
% 25
=
&
= 2
s 2
% 1.5 |=——Hoek & Brown Model
& 1 |= = SEL Model
0.5 = ==<-MFSL Model
# Experimental Tests
0
0 20 40 60 80 100 120 140
Sample Diameter (mm)

MFSL 5 SEL gl 5 Sa sladde b 5L b aglie Ve |3

S S 4o

ﬁé)jﬂuw)jtrl{')jf@lsw}mja QFQJ\L\EU‘MQ&\))



Yvo i el 3 IS gl e 3G s
S35 a2 45 313 0L 228 gl 5 sa slasl 36 ains 3 0l plondl Sl
La_tobasl ol 1 oo lodd plnil o (605 1581 5 ol 3 dome oy (S 3150
Sl Uy elde 50 50 Kos (onlaas oS Il dtias oo OLES 1) 403 a8 il 53l
|y S Caslie 45 gas 3101 50 Wl oS (gladad e s e 0L | sl
Glaas sed ( JSin ol o Gl s 3550 AL e gee S gde SIS 5 035 e
Ai g ge ke V8O 5 1VA AT AT XA (Y0 N gla as L Svanls 31 IS0 Ss
O R o I P e I | =N t= Y- J N V5 S PGP S PVE ORI
sladis ulul r Jalss o o o O S5 5JUT 5l eslizad LS o oo sy Sl
54 S MFSL US| o Jdce 5 SEL oSl (65 50 c0sl 5 San b LG
s e alyl Caliee gl lad s 228 e glis 516t mes SEL JUe 45 AS el
Ol el ped Sl el S8 511 L oS sl 0L s bl s s
ngip d})\ Sy meekd S5 6la pwy p aS 35d e o s Gl aslsl ja AL e
o yos 3 5l slabal,y 01y B 5,8 bl e ol oo Ll L e S

BS &l L S 503 S 53 5des Sl sasl

Sl 5 Sis
plmil L3 (e gl Ulaal Jy Sogluys oy une owdige (i Sl abewsint
s Sab s S5 wleses bl
@L:.a
1. Levin M., "Determination of rock mass properties by in situ tests in the
Gilboa pumped storage project”, Vietrock2015, 12-13 March 2015,
Hanoi, Vietnam (2015) S041.

2. Palmstrom A., Singh R., "The deformation modulus of rock masses-



AT O3 £ 5t (a3l Mo« unlige sulid oy 40 v

comparisons between in situ tests and indirect estimates”, Tunnelling and
Underground Space Technology, vol. 16 (3) (2001) 115-131.

3. Cundall P. A., Pierce M. E., Mas lvars D., "Quantifying the size effect of
rock mass strength”, SHIRMS 2008, Australian Centre for Geomechanics
Perth, Western Australia, vol. 2 (2008) 3-15.

4. Mas lvars D., Pierce M. E., Darcel C., Reyes-Montes J., Potyondy D. O.,
Young R. P., Cundall P. A., "The synthetic rock mass approach for
jointed rock mass modeling", International Journal of Rock Mechanics &
Mining Sciences, vol. 48(2) (2011) 219-244.

5. Esmaieli K., Hadjigeorgiou J., Grenon, M., "Estimating geometrical and
mechanical REV based on synthetic rock mass models at Brunswick
Mine", International Journal of Rock Mechanics and Mining Sciences,
vol. 47 (6) (2010) 915-926.

6. Wang P., Yang T., Xu T., Cai M., Li C., "Numerical analysis on scale
effect of elasticity, strength and failure patterns of jointed rock masses",
Geosciences Journal, vol. 20(4) (2016) 539-549.

7. Yoshinaka R., Osada M., Park H., Sasaki T., Sasaki K., "Practical
determination of mechanical design parameters of intact rock considering
scale effect”, Engineering Geology, vol. 96 (2008) 173-186

8. Bahaaddini M., Hagan P. C., Mitra R., Hebblewhite B. K., "Scale effect
on the shear behaviour of rock joints based on a numerical study",
Engineering Geology, vol. 181 (2014) 212-23.

9. Darlington W. J., Ranjith P. G., "The effect of specimen size on strength
and other properties in laboratory testing of rock and rock-like
cementitious brittle materials”, Rock Mechanics and Rock Engineering,
vol. 44 (2011) 513-529.



YYv v,l{jﬁﬂl»ﬂ); S u;ﬁ»ﬂf@ﬁ‘l;;ﬂ)ﬂ

10. Masoumi M., "Investigation into the mechanical behaviour of intact rock
at different sizes", PhD thesis, UNSW Australia (2013).

11. Roshan H., Masoumi H., Hagan P.C., "On size-dependent uniaxial
compressive strength of sedimentary rocks in reservoir geomechanics",
ARMA 2016, Houston, Texas (2016).

12. Carneiro F.L.L.B., "A new method to determine the tensile strength of
concrete", Proceedings of the 5th meeting of the Brazilian Association for
Technical Rules (Associac,a™o Brasileire de Normas Te cnicas ABNT),
3d. Section (1943).

13. Akazawa T., "New test method for evaluating internal stress due to
compression of concrete: the splitting tension test”, Journal of Japan
Society if Civil Engineers, vol. 29 (1943) 777-787.

14. Li D., Wong L.N.Y., "The brazilian disc test for rock mechanics
applications: review and new insights”, Rock Mechanics and Rock
Engineering, vol. 46 (2013) 269-287.

15. Bridevac Z., Kujundzi¢ T., Caji¢ S., "Current cognition of rock tensile
strength testing by brazilian test”, The Mining-Geology-Petroleum
Engineering Bulletin (2015) 101-114.

16. ASTM, "Standard test method for splitting tensile strength of intact rock
core specimens: ASTM D 3967", ASTM International, United States
(2008).

17. Ulusay R., Hudson J. A., "The complete ISRM suggested methods for
rock characterization, testing and monitoring: 1974-2006", International
Society of Rock Mechanics. Compilation arranged by the ISRM Turkish
National Group (2007).

18. Weibull W., "A statistical theory of the strength of materials", Proceeding



AT O3 £ 5t (a3l Mo« unlige sulid oy 40 YA

of Royal Swedish Academy of Engineering Science, Stockholm, Sweden,
(1939) 1-45.

19. Bazant Z. P., "Scaling of quasibrittle fracture: asymptotic analysis",
International Journal of Fracture, vol. 83 (1997) 19-40.

20. Bazant Z.P., Xi Y., "Statistical size effect in quasi-brittle structures: II.
Nonlocal theory", Journal of Engineering Mechanics, vol. 117 (11)
(1991) Paper No. 26347.

21. Van Vliet M. R. A., Van Mier J. G.M., "Experimental investigation of
size effect in concrete and sandstone under uniaxial tension", Engineering
Fracture Mechanics, vol. 65 (2000) 165-188.

22. Wong T. F.,, Wong R. H. C., Chau K. T., Tang C. A., "Microcrack
statistics, Weibull distribution and micromechanical modeling of
compressive failure in rock”, Mechanics of Materials, vpl. 28 (2006) 664-
681.

23. Zhang Q., Zhu H., Zhang L., Ding X., "Study of scale effect on intact
rock strength using particle flow modeling”, International Journal of
Rock Mechanics and Mining Sciences, vol. 48 (2011) 1320-1328.

24. Griffith A. A., "The Theory of Rupture”, In proceeding of 1st
International Congress of Applied Mechanics, Delf, Netherlands (1924).

25. Hudson J. A., Crouch S. L., Fairhurst C., "Soft, stiff and servo-controlled
testing machines: A review with reference to rock failure", Engineering
Geology, vol. 6 (1972) 155-1809.

26. Abou-Sayed A. S., Brechtel C. E., Terra T. I, "Experimental
investigation of the effects of size on the uniaxial compressive strength of
cedar city quartz diorite”, In proceeding of The 17th U.S. Symposium on
Rock Mechanics, Utah, USA (1976) ARMA-76-0527.



Y4 v,l{jﬁﬂl»ﬂ); S u;ﬁ»ﬂf@ﬁ‘b;ﬂ)ﬂ

27. Bazant Z. P., Kazemi M. T., Hasegawa T., "Size effect in brazilian
splitcylinder tests: measurements and fracture analysis”, ACI Material
Journal, vol. 88 (1991) 325-332.

28. Carpinteri A., "Fractal nature of material microstructure and size effects
on apparent mechanical properties”, Mechanics of Materials, vol. 18,
(1994) 89-101.

29. Borodich F. M., "Fractals and fractal scaling in fracture mechanics",
International Journal of Fracture, vol. 95 (1999) 239-259.

30. Carpinteri A., Chiaia B., Ferro G., "Size effects on nominal tensile
strength of concrete structures: multifractality of material ligaments and
dimensional transition from order to disorder", Materials and Structures,
vol. 28 (1995) 311-317.

31. Carpinteri A., Ferro G., "Size effects on tensile fracture properties: a
unified explanation based on disorder and fractality of concrete
microstructure”, Materials and Structures, vol. 27(10), (1994) 563-571.

32. Hondros G., "The evaluation of Poisson’s ratio and the modulus of
materials of a low tensile resistance by the Brazilian (indirect tensile) test
with particular reference to concrete”, Australian Journal of Applied
Science, vol. 10(3) (1959) 243-268.

33. Lundborg N., "The strength-size relation of granite”, International
Journal of Rock Mechanics and Mining Sciences, vol. 4 (1967) 269-272.

34. Wijk G., Rehbinder G., Logdstrom G., "Relation between the uniaxial
tensile strength and the sample size for Bohus granite”, Rock Mechanics
vol. 10 (1978) 201-219.

35. Sabnis G. M., Mirza S. M., "Size effects in model concretes?”, Journal of
Structural Division, ASCE 105 (ST6) (1979) 1007-1020.



ATAT Dlins £ 5t sl Al ¢ plign ol 40 25 Yen

36. Chen W. F., Yuan R. L., "Tensile strength of concrete: the double punch
tests"”, Journal of the Structural Division, ASCE 106 (ST8) (1980) 1673-
1693.

37. Hasegawa T., Shioya T., Okada T., "Size effect on splitting tensile
strength of concrete”, Proceedings Japan Concrete Institute 7th
Conference, June 1985 (1985) 309-312.

38. Newman D. A., Bennett D. G., "The effect of specimen size and stress
rate for the Brazilian test-a statistical analysis”, Rock Mechanics and
Rock Engineering, vol. 23 (2) (1990) 123-134.

39. Guinea G. V., Elices M., Planas J., "Assessment of the tensile strength
through size effect curves”, Journal of Engineering Fracture Mechanics,
vol. 65 (2000) 189-207.

40. Rocco C., Guinea G. V., Planas J., Elices M., "Size effect and boundary
conditions in the Brazilian test: experimental verification", Materials and
Structures, vol. 32 (1999) 210-217.

41. Rocco C., Guinea G. V., Planas J., Elices M., "Review of the splitting-
test standards from a fracture mechanics point of view", Cement and
Concrete Research, vol. 31 (2001) 73-82.

42.Thuro K., Plinninger R. J., Zah S., Schutz S., "Scale effects in rock
strength properties. Part 1. Unconfined compressive test and Brazilian
test”, ISRM regional symposium, EUROCK 2001, Finland, (2001) 169-
174.

43. Kadlecek V., Modry S., "Size effect of test specimens on tensile splitting
strength of concrete: general relation”, Journal of Materials and
structures, vol. 35, (2002) 28-34.

44.YuY., Yin J., Zhong Z., "Shape effects in the Brazilian tensile strength



“i\ Q,L_)'ﬁﬂbjb;&i:suju»ﬂf@ﬁ‘b;ﬂ)ﬂ

test and a 3D FEM correction”, International Journal of Rock Mechanics
and Mining Sciences, vol.43(4) (2006) 623-627.

45. Es-Saheb M. H., Albedah A., Benyahia F., "Diametral compression test:
validation using finite element analysis”, The International Journal of
Advanced Manufacturing Technology, vol. 57 (5-8) (2011) 501-509.

46. Tavallali A., Vervoort A., "Behaviour of layered sandstone under
Brazilian test conditions: Layer orientation and shape effects"”, Journal of
Rock Mechanics and Geotechnical Engineering vol.5, (2013) 366-377.

47. Allena R. Cluzel C., "ldentification of anisotropic tensile strength of
cortical bone using Brazilian test", Journal of the Mechanical Behavior of
Biomedical Materials vol.38 (2014) 134-142.

48. Kaklis K. N., Maurigiannakis S. P., Agioutantis Z. G., Stathogianni F.
K., Steiakakis E. K., "Experimental investigation of the size effect on the
mechanical properties on two natural building stones"”, 8th GRACM
International Congress on Computational Mechanics, 12-15 July 2015,
Volos, Greece (2015).

49. Lin H., Xiong W., Yan Q., "Three-dimensional effect of tensile strength
in the standard Brazilian test considering contact length”, Geotechnical
Testing Journal, vol. 39(1) (2016) 137-143.

50. Sabih G., Paneru L. P., Tarefder R. A., "Simulation of the Brazilian test
on concrete discs to verify the size effect law", Geo-China 2016 (2016)
18-25.

51. Khosravi A., Simon R., Rivard P., "The shape effect on the morphology
of the fracture surface induced by the Brazilian test”, International
Journal of Rock Mechanics and Mining Sciences vol. 93 (2017) 201-2009.

52. Li, Y., "A review of shear and tensile strengths of the Malan Loess in


http://link.springer.com/journal/170
http://link.springer.com/journal/170

AT O3 £ 5t (a3l Mo« unlige sulid oy 40 Yy

China", Engineering Geology, (2017) doi: 10.1016/j., enggeo (2017)
02.023.

53. Sharrock G. B., Akram M. S., Mitra R., "Application of synthetic rock
mass modeling to estimate the strength of jointed sandstone”, 43rd U.S.
Rock Mechanics Symposium & 4th U.S. - Canada Rock Mechanics
Symposium, Asheville, North Carolina (2009).

54. Hobbs D. W., "The tensile strength of rocks, International Journal of
Rock Mechanics", Mining Sciences and Geomechanical Abstracts, vol.
1(3) (1964) 385-396.

55. Hoek E., Brown E., "Underground excavations in rock", Hertford,
London (1980).



