B A37, STANTY
Vol. 7, 1997, pp. 108~115

TUNNEL & UNDERGROUND Vol. 7, 1997, pp. 108-115
J. of Korean Society for Rock Mech.

HAYEES A Ao UKL Y HEN S| 0|X|= Fale| J&
I__I_-'Hl) agxz) ?:Ijlxs) ?:I%“SI‘)

The influence of joints on compressive strength and deformation
behavior of rock with a circular hole.

Eui-Kwon Cho, ll-dung Kim, Ki-Ju Kim and Young-Seok Kim

ABSTRACT Uniaxial and biaxial compressive tests were conducted on limestone specimens containing
artificial joints and a circular hole to investigate the influence of inclination and number of joints on
compressive strength and deformation behavior of rock with a circular hole. Under uniaxial and biaxial
compressive condition, the inclination of joints showing the maximum and minimum strength were 0°
and 30° respectively, which was independent of the number of joints. Under uniaxial compressive
condition, relative maximum strength of rock with n=1 and 3 to intact rock with a circular hole were
12.5%~82.8% and 11.4~62.5% respectively, and under biaxial compressive condition, 18.2~91.0% and 17.0~
87.5% respectively. The influence of the number of joints on the decrease of compressive strength was
greater under uniaxial than under biaxial compressive condition. Under uniaxial and biaxial
compressive condition, axial and lateral deformations of rock showed the least values where a=30".
Under uniaxial compressive condition, axial and lateral deformation at maximum strength of rock have
the increasing tendency with increase the number of joints. But they have the decreasing tendency
under biaxial compressive condition. Under uniaxial and biaxial compressive conditions, axial
deformation of circular hole was greater than lateral deformation without respect to the number of
joints and the inclination of joints.
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Table 1. Mechanical Properties of Cheon-ho Limestone

Young's Modulus (kg/em®) 6.12x10°

Poisson's Ratio 0.28

Density (kg/cm®) 2.69

Uniaxial compressive 762 Intact rock

Strength (kg/em®) 509 Intact rock with
a circular hole

Biaxial Compressive 835 Intact rock

Strength (kg/em®) 712 Intact rock with

a circular hole
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Fig. 1. Schematic diagram of specimen used in test.
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whehA] ShA ol U Fe] E2AE d4jel U9k Table 2. Strength properties of specimens under vari-

AEZ A3AZS o 4 9;1‘3]' Z ¥ TuLe 2L A able test conditions
HHol| 71 slFo] AA FFoll dslmiA ME e NJg Ll Peak Strength (kg/em?)
%d*‘ﬂ"dﬂl v ARE ‘_%“'ﬂ o& B8 & A9 Average Range
Aokt 2SI Aoz Azkc? o IR 762 716-783
%) M%7} n=10] A3 LH. 509 467-598
Aol glol YHTUE 2 ARAS) Y2UZAE O e
ol uisk Aelel AANE 0=0°0) AW AEMESF 5o L 60 213 182-321
82.8%24] 7h 2o 42 UEha, 0=60°%} 90°¢] % 378 343-388
AL 77} oH2.0%9) T43%) SEolH, a=30°9] A oo 8 Rt
2 o} 125%2 4 7b B 428 ehiigich. 5% 186 121-254
abehd) AZ<LBREE Wl AALE 0=30", 607, 300 265-359
90° 9 002 FobAE A VL 8 FAW O 1N vy seoss
ol EAlSH: BelE A9 AZUZAES AekAl) = " P
Eagleg Z}MF—"— & e, Al A 1 28 éﬁg éggégi
of whe} 1 gL oA 4‘5}"“* o B.C. 90° 620 605-628
3) X.J_El'r(n)ﬂ‘ n=3¢ 0° 623 537-659
Aejrt glol ﬂ“‘*%—"&vg %P‘— AlgHe] A=A E 3 30° 121 98-129
o Uit el A a=0°d) ARl ZEn)t of B 53 519564

62.5%F A 71A =& £ , 0=60°2} 90°¢]
SNE ek < T.C.: Test condition, U.C.: Uniaxial compressive test,

Al o) A2 727 2436.6%9 59.0%2] °Fol, o=  B.C. Biaxial compressive test,

30°9) Z1& oF11.4%2 4 713 Y& $28 Jeh)gl) N.J.: Number of joints, IJ.: Inclination of joint,
- e LR.: Intact rock,
upeha dErstEE Al AN 0=30°, 60°, I.H.: Intact rock only with a circular hole

90° 9 0"EoR FolAe A Hol A2l +7t

1] 74 -8} 2& 7ol e}, -

olgo) AQATHZYE Helel AASH S EA [
shm Fig 29 2oul dae) Bele) ke k) U o
o AHYBRES REATE AP Holm ke E [
& "el4rh IS 30 Qe axasgEe 8 ¢ T S
v HAAE e gelel AApre Aoz B T o
ot 30°24 Uit g ] \, L

Aelg7t URel AlEHe] d3qlEatsd] digk 371 .';; sl N P ’
Q AgHe) FEnlt Aele] AU a0 APA 2 | 1
o <k 75.5%, a=30°, 60° W 90°Q) AL zHzt of ] | | | |

Intact(hole) 0 30 60 90

91.5%, 87.1% 4 79.4%o°]c}.
PR el A A YGRS A

Inclination of joint(®)
. Relative of uniaxial compressive strength with

sAFIE 89102 A83s o  glow Helavt F specimen conditions.
7hadoll wte} ghAe) A= TS zhdg. Aele A © < Number of joints-1
@ . Number of joints=3
Aputakol] ulel b7k ] il u)X]E oddke] e
Al veided 3 gk Al HAbgake] a=30Q) Fig. 3 o|&st&sladulslolld 43 FeHE 714
A7} 7pa k. £ AR olZt 7wl v 27t} A =7

5.1.2 ol el eisloll A el Belsl ARl oA ol RIERE



H1E vehdich.
D /BN 2 A4
Hel} glol YTV & WA o)Fd7

=71 712.1 kg/cmzi/ﬂ A9 YTl gle AlYA
o) <¥85.3% o]t} it Aele} PalFol gl AlEH

o HE AHYFAERL olFU4BES 728 ke
27k vlal Ael} glo] HTVE 2 AgHe
3% 202.8 kgfem™7} Z7H3c. o) ko] A 2] 7

& AsAT= ¥ %—“E!UMVH Fiakls
= dlell 7je3t o2 Azt

wpeha] A lol] A& -Fe] Exlle olFgEsEA e
slollA e 44 ZEE A F Yot w0 F
dEstsAelsiol A Feh2 AUl N2t W E
ol Fho] WAsEE 4F TF FeFE YE4E
Aefslollde] ke =Y F A Ao F AzhAc)

2) el (n)7} n=1Q A

Aelrl glo]l 9IS e AEH o|F<t&A
el am Aele] A a=0"2 A@H 9] e
FILO%TELE A E 2 AlEHE FolA M =
£ e JE%, a=60" 9 90°1 A 77t <F
82.8%%} 87.1% 4-3o|n, a=30"21 AJ¥He] 7L of
18.2% TF 224 7 ¢ 4 =g Vehigich

wh2hd] zH7hol Aale] AAlubete] BEule 49t

Zalgstoll Bl & Aol

3) Aelsm)7t n=3¢) A¢

A7l ole AT v APHY o|FUtFH
Eoll tiEr Azle] FAutak 0=0° 30°, 60° % 90°2 4]
YA e] 7xn= 7Hzh 2F87.5, 17.0, 76.3 3 81.2%%
Foll sligslgict. ol&tE ) Enle Al A a=
30°, 60°, 90°, 0°2] T2 2 FolAE H¥g 2ol Ha
7} 191 7359} -2 Zdgkolch.

Fig. 30l|l4] B ule} 7to] Helg7} Z713dell we}
o] ZetE A Ert AslEle g Holx k. Al
7F DHeE 37HQ) Al e o] F<t5 o Hue} M4
A& vehlls= el FAER a=0"9 30°24 F
Yslet.

Al DIQ) A 9] o] F¢t37Eoll ohigt 374
QA=) FEnE AHele] ZAhge a=0"9 AHH
o] 21 2F96.2%, 0=30", 60° H 90°] A|gA} R-&
77} ©F93.6%, 92.1% I 93.2%24] A7} 3749
AgH 9] o)A EE U AR e kg o
Ebct.

AL AgAst

B9 Ay 111

Relative compressive strength(%)

0
Intact(hote) 0 30 60 90
Inclination of joint(°)

Fig. 3. Relative of biaxial compressive strength with
specimen conditions.
© : Number of joints=1
@ : Number of joints=3

Aelrrt A ATHH 9] 7ol glolA] 5437
Eoll thgh o] &st57t 9] ul7t a=07, 30°, 60° I 90°
ol A Ztz} 1.54, 2.04, 2.76 9 1.640]1L, 370 73Sl
= 1.96, 2,08, 2.92 9 1.9224 A7} gl A3
S ZHe AlgHe) 79 14080 AtHe s £ 7ke
Holung Ayl ehute] ZEAslol nix|e gk
o] Zst&slFdelstoll et AZFgFstFdelstoll
o 2 7o g Beksr,

5.2 339 HY

5.2.1 Yt} 2 Aestol 4

Table 3& 2% 9 ol 5}2s14estoll 4] Melss}
Helo] ZApgadel widtll whE 3183t A7 EA N4
o Z - guigle) HFX9 1 WS b Holdh.

Fig. 4= dF4Est34destal Helert 14,
Fig. 5= 370 A9l g83 Ao =Aell4 Hel
o] ZApubakol] thidl & - ¥, Fig. 62 ztzhe] &g
o) ZApikgel] glolAl Heldol thah HrhzH=golA

bob 7ol 4H%3t HulEollA
Fuigo] Yudct Z ghe olm, R Aol e
HALEDAR 3 RUYS LS A fAR
ALE i wu} s 23t Aol EgelA 2
F7h 10l g e g et



112

Table 3. Deformation of specimens under variable test

conditions

Axial deformation (X 10°mm)

Lateral deformation (X10°mm)

T.C. N.J. 13 Yield Peak Yield Peak
o Av. Range Av. Range Av. Range Av. Range
0 LH. 194 16.9-20.1 20.2 19.6 -22.8 10.0 8.7 -10.8 11.0 96 -13.1
0 11.6 7.8 -13.8 14.5 13.3 -16.5 2.1 1.55-2.92 4.2 32-51
1 30 42 3.75-4.80 4.7 3.91- 5.9 0.85 0.55-1.6 1.3 0.85- 195
60 9.6 7.9 -105 10.8 10.1 -13.2 5.6 3.2 -6.2 6.5 53 -81
U.C. 90 18.7 17.1-19.8 19.2 18.6 -20.75 6.4 5.8 -6.85 8.4 7.15-10.5
0 17.4 15.5-18.7 20.2 19.2 -21.1 6.57 43 -80 11.3 10.1 -13.2
3 30 7.01 6.6-. 8.2 7.56 58 - 7.8 0.75 0.21- 1.1 1.5 0.75- 1.75
60 16.1 15.1-18.3 23.2 20.6 -23.7 4.9 3.3 -81 16.1 121 -17.2
90 20.0 19.2-20.7 21.3 19.8 -23.0 54 4.8 - 6.0 10.8 94 -12.2
0 LH. 21.5 20.7-22.8 234 22.1 -24.2 3.3 28 -39 6.0 46 - 6.9
0 16.9 15.1-18.8 204 18.9 -21.9 5.8 48 - 6.5 143 110 -152
1 30 9.01 7.2-10.9 9.31 7.01-11.2 2.4 1.7 - 33 259  0.29-3.09
60 13.4 12.8-17.1 23.2 215 -245 3.0 15 -46 7.8 5.8 -10.1
B.C. 90 19.8 18.8-21.5 22.3 20.1 -239 48 42 - 72 8.6 6.8 - 9.5
0 15.8 15.2-17.0 18.0 17.6 -20.1 2.4 15 - 31 3.8 32-586
3 30 7.3 3.3- 81 8.03 4.33- 9.73 14 0.85- 2.3 1.60 0.8 - 441
60 8.9 8.3-12.1 16.2 13.89-18.2 3.3 2.8 -49 6.5 58 - 72
90 16.2 15.2-17.2 19.7 18.8 -204 1.7 0.7 - 3.0 4.4 3.8-59
*Av.: Average.
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