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Scale Effects in Rock Masses

HP HEZiE
Ryunoshin YOHSINAKA
1. FAM0E
ERORATEERN. MNRELETIERORESKEFET I EJAEHEI I SHSATW - BN S, L
Ml TOREEEERBICANTA L) LT 5H%IE 19600 EREA-ThoTERAEVLWAEEDN B, £ic.
I5FEICRE L ety £ - FABRBOFEHREADOER O HICHRL DBEH, & FREREEROWELNE
HOhT. TO—BEULTERITEBVWTEDRG 2 &M h, BB, BREBEEYORTEY
FE ik THEYEORBVWHIBD TEETH S L0BEIN . 20 2B L RBH LA, 19
BIERIEOER S LDERERTH 5., 0%, RUSBEERCZOEBOMOKREBEHER KA
T COBBEANOH A D - e RATERERFHFRICEALIEET D, BTHEORB L L5~
TEDROA H =X & hICEET AMEFHIC >V TRERE LTS ORESBEIhTW 3, B0
ESROME . BEREENOZELEERU O KHEETHD. SEOWBHIEESSLETHS S,

9. I1SRMazvyvavoER

Fa b rd AP Cunha2TEBRE E9 5ISRM Comnmission on Scale Effect DEENZ. # OIEENHARHIC
 2EOEET -2 vy FEBEEL. TORREILRE 70 v —F 4 YIRELTELE. B 1 EEEY
=7 vay7id 1990 FR/ vy —® Leon T, FLEEET7—2 v a9 7@ 1993 FioKL b0 Y
AE VTR IO, I Dlommissionid, FROTEHEHROFRE L. VEROLK - BEOFM. Q¥
EofFH. RO, QEROBERFED 3 o2W0 Liffce CO2EDT7 2 v 2y 7Tk, BEQIPP
VI rOROBH-H ChEREOEBTHS . Ll BBV -2 v v 7 THEBOTEDRD
RRASFIIRIBEINATED, I[SRMa3 vy va VvoRELLASENEREER 5,

3. Avs s bny ) CEROBEICETATEDR

Avsstay s EERE, HRETENAXCHBLBENETT S, COIERBCAShABET
52, L L. CORFERITERREFNTENL S, AiZR. BREADHE - =tV v 7 R OBRORER
ERXXHD, HENERTHY, BERTHHRLRAZAZSDE-FE - 58 - B%-T5H 5, Lil.
BERLSI BRI BERVATHIEAZNENEROHRITHS, COIEE AV o tuy s &8
BICEUSBEETOELAREN VW ETHONTH B, U REMLFT —4 THRE T 3,

4. FEGHEORECET 5 THRER
AEFGEEROBEPAERENTNVEE N ZFEED. TROOBRF R EREREHOBEDRMA L
Thd, TEHDROBERICERA L LONH E0 7 ) — U ILEHRE R BEoEMRR - Ech . ¥
THoxENEFoOLER. BES - Bt - BEZEOMOEXRTEN TS 5. HUT. ¥—4 THET 5,

ExE TH SEAEHRE IEHBRRIER

—435—



M—1v
2ty £ o S AR
BAVE O—HERRE & i
WIS ELWREET

O HEOREBEICKE
@ N7 vFEHEGTED
DR R U EE DEL

B2
EAUEL RO BERREDET
LR EOEE

QEEBDA 22 Fuy /., RAER
$20cm, EREE. EES5cm

QELOEE. BEORVWIHEHOT
FROBEBRTHNEL 5,

9¢
Scso

gth of 50mm diameter specimen

9th of specimen

Uniaxial compressive stren
Uniaxial compressive stren.

1 78 samples
M =527 bars
i o = 190 bars
< =035
..:" 10~ M
.. B8l
S
-
3
4
§
z 2
©f
37 somples
< M = 250 baors
S o =98 bars
P4 o o
] =03
v
£
£
z
| | | 1
12 33 samples
r M = 180 bors
“ o =62 bars
P4 o
Vial 0-35
%
.
s
2
3
3
< i ) i ! ! { |
[+] 00 200 0 400 500 600 700 =4} 922
R¢, bars
Malpasset M 111 2A—Left bank: Scale effect.
Symbol Rock Tegted by
| [ Marble Mogil6s
1.3 O  Limestone Koifmanl8d
a v Granite Burchartz et all6%
8 Basalt Koifmanl®
D Basalt-andesite fava Melekidzel!S?
4 Gabbro Inickayal®®
4 ; 159
f2b [ ] Marble Iinickaya
. B Norite Bieniawskilb?
4  Granite Hoskins & Horinol?0
v ¥  Quartz diorite Pratt et all68
o
e
1.1 q \4
a
a® (9c/9¢50) = (50/d)9-18
1.0
. ]
o
0.9}
v
)
IS o
- .
0.8 . H
0.7 1 ! 1 !
[} 50 100 150 200 250

Specimen diameter d -~ mm

Influence of specimen size upon the strength of intact rock.

—436—



__43)
By M AoftRiEr &
TEROF (—HEMRBE)

©PREUL L 7 R EBRE
fifEE 8~109%

@

EFFECT OF SPECIMEN SIZE ON UNJOINTED DIORITE

‘._: ¥ In situ-this study
@ BEERy 4T, 3 3 S vason (3]
wé\g%ﬁ%ﬁﬁ\%gﬁm x + WALSH efo/ EO]
"
@ #EGKOZE=AREE g
D7) ZaK s
=
@ ARBHAKEIRMERR z
=1 g
® BAHEARST 270 m z
® BEETEHEERE
313 kgf/cm?
@ FAhLEEELEL, .
®-5%
p o
B2y A XPRIEESE T T3 s o7
—J—&%%@%% SPECIMEN LENGTM (ft)
Maximum stress vs specimen length—Cedar City quartz diorite,
(FHRK)
1 5(.)
10 “ Gaarts discete 4esdiNp (Prace, 191D
N\ O Coal 10s32WP (Brearavsts, 1961)
1o ! 2::1-. L.:mlgm(l.m;;w
+ Chlestrmns st yumt 1500 abae
aOAS T A
.+\ \\\Q T et ek Hactidron 1313)
~ ~ =--- It cocki(estimate
T T Tl @ g
2w - - e e s ot e esen o
: ® %‘ <} a3d revsite lacge-site bloet shesrrag Cest
b —
= ~ :
hadPYN 2 & 7 > \‘Irs 0
o + (e] + + ‘0\‘\\§~§_‘~ 2] !
= + G * -— 0
@ L o4 5\*“L‘~®-i_ .
02 o Jay O +
oo o 2
Lo-O. 0—O0—yu B.13
. (30p0) (mi@ (200{200)
1 I T To % 0 100 B0 sk 1.000 3000 sp00

Area retio (S/SH)

Strength ratio and area ratio

— 437 —



_ 65)8)
LHEGRE OB EOBERE
ZRRRY SRUBEARER
(HH EoB%KxEMm)

(a) AMEEDOHIICHES
A MG — B HROE L
(e D)

(b) #EEFORERH
EEANRERRICT S
HANEEOEE

(R 3RDIER D S
HREhTWS, BED
BFid. ¢ANEN.

Ll ToERD
&5 — & OEEOHHE
NS Y FDEBHT
K&,

Shear Stress, T (kg /cm’)

(c) BEIGH—EDOTTOEAN
ERER KIS MEET

(RE&CiE. o =30kef/cn? @
EROZIRINTH B,
Ll EROLFT—5 ik
BREITTHF( 0) OED
NS EHRBHTRE N,

SHEAR STRESS, T, kg/cm?

8

o)}
o

o

TSN~ —_— —— - —— — ——

[
[e]

o) 50 : 1O 1.5
DISPLACEMENT , cm.
(a) ¥ AWFIE T — B G F
100
sol _~7200cm?
60t //// '15;/’ ®iss
e 1500cm’
p’/ ,/:’ ®s03
aor 7 2
" 875000 ¢
58
20F el
e
O *rna X . A . .
0 20 40 60 80 100 120 140
Normal Stress, Gp (kg /cm’)
(D) TEELIG ST — & A TS 7 T (5
100 T
E 20
<
o
=
=
B
w
&
%)
S
[e5)
=
m 3] 12
oL L o
10 10 10

Joint Area (cm?)
(OTEFHERE - ANGIRE

—438—



R—7" TEHEOALHEEZHWEANBERECHT 2CANTROEE
(a) BERA-EOHE. CAHEROBACHE CAMBEDCET (AHKER)
(b) EECBEHZEEER Y TRRLIES
(c) CAMME (K—2s@) tHAKNRCH Sh/-REHEIBHOERLEE
(d) €AMBRCHI SN IBDOERILE L £¢ AWEE OB,

(c)
(a)
T T T T T
102 y . .
- § 6 O : 051MPa A
g O : 0.51MPa < To=1.69As 0 : 1.02MPa
‘I" O : 1.02MPa .o A :204MPa
k= A ;2,04 MPa T
a 1L
510 ol SVAY 3 § 4r =
€ Jé\"-~-~.é. i s
» e R
- 1%
5 oo
I
@ 400 D o 1
F 7]
X : 0
] 5
o = .
o o)
i 1 L i L 1
10-1 . e o 0 2 4 6
3 B ]
102 10 108 SHEARED AREA A. (%)
JOINT AREA (cm?)
. Relation between the peak shear strength
( and the sheared area
b)
(d)
8 IA T ,__r
| T T T T T T T T T
E O : 0.51 MPa 1 1st
= 6k | a 0 : 1.02MPa O : 051 MPa
g 4 1 2.04 MPa §*4 0O :1.02MPa 7]
E 5 H A ;204 MPa 4
= T
2 <
o [&]
3 i}
T [ed
7] <
X w 2
] &
a. 2r -
a
" 2 1 N N |
0 5000 10000 1
1 1 1 1 1 1 1 1 1
JOINT AREA (cm?) 05 5660 15000

JOINT AREA (cm?)

Relation between peak shear strength Relation between the shear area and sheared are

and jiont area

—439—



- 8 1) o Test on drill core w=3% peak strength °
. 20— o Test on drill core w=23% residual strength °
EK%%@%x@ﬁ@@ & Test on drill core w=7% residugl strength °°
T AMBEOTEDR a Iu situ test {section 4-4 m2) .
15— ° //'//
Prg Iy
© BEREESEM EsMcn oo R
. e o N
@ #F—yvrav - . o s
M 2000 cm? \ e
3 . a
@ }ﬁ&%ﬁﬂﬁaﬁ ° .'A//;,,'L") N A
2 St— o //
mE 4.4 m . e 2
@ ATHETEEEBROS -
%
| ! { ! !
0 5 l10 15 20 25 30
¢, bars
Results of shear tests of a marlaceous joint in sitw and in the laboratory.
5. HENE

BRI, TOERAMESEL L TTESRNH 5. BERBACEBHETONEK &1 2 B0 DIRE
E. 2y — (KEJ) TEN . Thid. BRICAENROANOEEE BEISFEFEET) « @
BROEORYEYE - RARCEEL TV S, #-Ts TEYDRE. 1 V42 toy 7 0BE, EROEE
EBEETRES TS,

TSRO A H =X AOBP X, SRHEEFELCTRET 50 ORBRETH S, BRTREABEHOR
BHBV. TEIROAERERNZOEANEED 1 oTHH 30T, SBROEHRA. ERMRCEID
WE» > OWENEEh 3,

6. ZEXHR
1) Bernaix, J.,New laboratory methods of studying the mechanical properties of rocks, Int.J. Rock
Mech, Min, Sci. Vol, 6, pp 43-90, 1969,
2) Hoek E.and Brown E.T., B8 TEREOBE ML, 1982 (MEFF - B - 2588 - dB)IHER) o 119
RT3 1985
3) Pratt H.R.,Black A D.,Brown ¥.S.and Brace W.F,, The effect of specimen size on the mechanical
properties of unjointed diorite, Int,J, Rock Mech, Min,Sci, Vol.9, pp 513-529, 1972
4) Yoshinaka R.,Endo T.,Nomura ., and Yamagishi K., In-situ loading tests using the large size
concrete block for weatherd granite, Scale Effects in Rock and Rockmasses, ed. Cunha A, P,
pp 191-198, 1993, A.A.Balkema,
5) Pratt H.R.,Black A.D,,and Brace W.F,, Friction and deformation of jointed quartz diorite,
Proc. 3rd Int. Congr. of ISRM, I -A, pp 306-309, 1974,
5) HH ¥ BRCOEGEOIFRENEEIGHICET 2HE, #4048, p 48, 1992
7) Yoshinaka R.,Arisaka S.,Sasaki K. and Yoshida J., Mechanism of scale effect in rock joint
Rock Founfation, eds, Yoshinaka and Kikuch, pp 223-228, A. A Balkema, 1995.

—440—



