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Relationship between shear behavior characteristics and
mechanical parameters of fractures

o]Z-%-(Lee, Jong Uk) S A E A A
o] 27 (Rhee, Chan Goo) Y AT 4
#4149 (Hwang, Shin ID A A7 4
%4 (Chang, Chun Joong) AR E A4
2] 91 8H(Choi, Weon Hack) AR E AT 4
2 2f/Abstract

B dFoAE 2o e AeAE B4 FHE) A8 2 37719 HuldE 3o} A
HES 22 Portable Direct Shear BoxZ ©|£3te] Au] AAAGAES Fslgc) A
A5 717 F F2gHe] HE 560~2567kg/em0l Ao, AFEES HAAH0 2 v}
FA7E A ADdA PR Fohe] A o] H g o 93 AEAREL F 45
dede AGA= #g BIHES MM, ddASd 9EE riAe 984 g
HEES SEee 45 D LHENY

FelzeAsd B AWAAY BaE £330 2] neh AR FezEAS)
245 VYA BT FFE AL Holn), 2 490 A4 A 784 slN 7T
=3 52$0] F7hge] me A@e] Qo9

8 BA 2 Yehjol, 5% Bz EASE
A ARYADE Zol7t 7 AAY o] HDAY) AATS T+ AT

In this study, laboratory direct shear tests on 37 core specimens of gneiss were performed
to examine the characteristics of shear behavior on fractures by using a portable direct
shear box. The multi-stage shear testing method was used and normal stress applied
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to specimens ranges from 5.60 to 25.67kg/cm’. On the basis of test results, the empirical
equations for the shear strength on fractures were suggested. The mechanical parameters
that can influence the shear behavior were derived and compared between each parameter.

The values of shear stiffness have a trend showing rapid increase with the increase
of normal stress and joint roughness coefficient, and the average value of secant shear
stiffness for all specimens is about 110.68kg/cm’ under the range of normal stress applied
in this test. In addition, the relationship between the length of specimen and shear stiffness
is inversely correlated due to the size effect. Therefore, even the specimens with the
same joint roughness coefficient show the trend of decreasing shear stiffness in case of

the specimens being the longer length.
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Plate 1. Specimen molded with casfing material.
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Plaie 2. Portable direct shear box
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Plate 3. Molded specimens affer direct shear fesf.
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Table 1 Classification of joinfed specimens with JRC groups

JRC:4~86 * Value JRC 1 6~10 * Volue JRC : 10~18 * Value
85 238 83C an 81 nn
57C 592 36C 842 82C 1767
58 476 s11c 943 $4c .25
89 573 812 6.95 813 1060
$10 556 $14 514 $16C 10.49
$15C 501 818 6.18 S17 10.88.
528C 535 s20 730 $19C 10,15
$29C 578 821C 728 $24C 1346
M6C 515 §22 679 827C 13.46
§23 887 MI1C 1167
$25C 766 M2C 1085
$26C 864 M3 14.06
830C 865 M4 1038
M7 956 M5C 10.86
* Value : Joint roughness coefiicient value on each specimen,
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Table 2 Results of direct shear test on joint surfaces
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) R Normal Peak Residual 8 5
e ° Siress Stength Srenghh v/ 50 "_26"
No. Group _ o Q07%mm) | (10~%mm)
(kg/em?) (kg/em?) (kg/om?)

8h 1751 8.38 6.28 0.78 1100 400
8 13.09 6.58 6.58 100 7700 1210
%9 2314 2122 1787 084 2720 530
S10 16.36 1249 9.86 079 7630 415
s7C 46 8.79 589 5.89 1.00 7070 100
S15C* 2092 16.16 808 050 6500 205
$28C 1431 1266 9.24 073 9830 3440
$29C 1812 1672 1672 1.00 926.0 200
MGC 1286 1214 8.10 075 1550 56.5
S6C 1004 9,61 480 050 7400 475
512 1644 2950 1691 057 66.0 280
514 1942 26.24 16.12 061 430 165
S18 560 581 581 1.00 9420 54,0
520 % 7.03 874 590 068 8630 615
§22 555 611 476 078 6200 4190
S23% 6~10 1671 2631 26.31 100 4750 2805
M7 1862 3341 1603 048 3180 35
83C 1848 16,13 1513 100 10150 65
S1e 2587 2173 2173 100 9940 1230
821C 16.21 2134 11.64 055 520 505
$25C 11.34 1270 1270 1.00 4600 290
$26C 1635 2020 16.53 082 3820 1495
830 1331 1862 1552 083 520 550
Sl 14.36 1N 234 020 1230 bh
S13 1769 1905 1270 067 1300 55
517 1864 19.70 19.70 1.00 3250 420
M3 1962 3894 24.96 064 1040 170
M4 147 1699 1399 082 6230 100
820 2200 321 14.27 044 3600 4425
$4C 10~18 9.78 1230 11.69 095 2630 240
$16C 1218 1312 1166 089 3760 835
S19C = 13.38 1091 7.28 067 10420 2065
S24C 1073 13.60 1181 087 3620 940
S27C 2093 2601 17565 067 366.0 2550
MIC#* 13.26 1877 1332 07N 900 280
M2C = 1766 2968 2968 1.00 530 285
MBC % 1733 2073 1410 068 910 10
: Shear failed specimens

T, Tp
8—Tp
Sn—1p

: Retio of residual shear strength fo peak shear strength
: Shear displocsment ot peak shear siiength
: Normal displacement at peak shear strength
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Plate 4. Typical feature of shear failed specimen by direct shear fesi(C> : shear direction).
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Fig. 8 Schematic diagram of dilafion-shear displacement
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Table 3 Results of direct shear fest of Secant dilation ratio and dilation angle on each specimen.

$peci. JRC Di specl. JRC Di
No. Cr Bnfes () No. cr. brfes (°)
85 400/ 51 381 §21C 505/ 47 470
88 121.0/785 88 $25C 6~10 20/ 4 353
39 59.0/266 125 $26C 149.5/280 281
810 415/759 287 8300 560/ 38 554
s7C 4~8 100/ 44 128 Aver, dilafion angle 229
S15C 20.5/559 21 S 55/123 28
$28C 344.0/973 195 813 55/ 28 111
§29C 200/602 18 s17 420/316 16
Me6C 56.5/625 62 M3 170/ 97 99
Aver. dilation angle 145 M4 100/217 26

S6C 475/704 38 82 10~18 4425/166 694
812 280/ 66 230 584G 24.0/152 9.0
S14 165/ 21 382 $16C 835/ 78 470
818 54.0/872 35 319C 206.5/1042 1.2
820 6~10 615/805 43 §24C 94.0/236 21.7
822 4190/620 341 827C 2550/ 31 83,1
$23 - 2805/467 310 MI1C ' 280/ 84 184
M7 35/255 08 M2C 285/ 50 297
33C 6.5/ 96 39 M&C 11.0/ 9 69
sIC 1230/200 3186 Aver. dilgfion angle 236

# 8n/8s ¢ Secant dilotion ratioCunit of &n ond 3s ¢ 10~ %mm)
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Fig. 9 Schematic diagram of shear stress-shear displacement
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ARATd o2 Avwsl 248 Hol
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SPEC. JRC 8, Ke SPEC, JRC s Ke
No. Group i (kg/em®) No. Group i’ (kg/cm®)
S8 838/ 110 76.18 821C 2211/ b2 42519
88 6.58/ 770 855 §25C 6~10 12.70/ 460 2781
59 2122/ 272 7501 $26C 2020/ 382 5288
$10 1249/ 763 1637 §30C 1862/ 52 358,08
SiC 4~6 5.89/ 707 833 S1 11.71/123 95.20
S15C ‘ 16.16/ 650 24.86 S13 19.05/ 130 146.54
$28C 12,66/ 988 1281 817 19.70/ 325 6062
S29C | 16.72/ 926 18.06 M3 3894/ 104 37442
M6C 12,14/ 155 7832 M4 10~18 1699/ 623 2727
$6C 961/ 740 12.99 520 3211/ 360 89.19
S12 2950/ 66 44697 $4C 1230/ 263 46.77
sS4 . 2624/ 43 610.23 S16C 1312/ 376 34.89
818 581/ 942 6.17 §19C 1091/1042 1047
520 6~10 874/ 853 10.25 524C 1350/ 362 38.35
822 611/ 620 985 $27C 2601/ 366 7107
823 . 2631/ 475 56.39 M1C 1877/ 0 208.56
M7 : 3341/ 318 106.06 m2c 20688/ 53 560.00
83C 15.13/1015 1491 M5C 2073/ 9 22780
S1e 21,73/ 994 2186

% Tp8s ¢ Secant shear sfifiness( unit of &6 : 10~2mm)
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Table 5 Paramefers affected on shear stiffness.
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Fig. 10 Relofionship bwiween JRC, nomal stress and shear
siifiness.
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spec, RO Normal ks 105 Specimen
No. Group Stess (kg/cm™) (ka/cm?) Lengh
' (kg/om?) (em)
s7c 879 8§33 1131.88 140
S10 4~ 16.36 1637 114208 16
515C 2092 2486 122365 59
S9 2314 7500 13256.62 50
S6C 10.04 1299 1040.10 105
526C 6~10 15.36 5288 111148 6.8
523 ] 15.71 55.39 1182.86 64
M7 1862 105.06 1101.29 b4
4c 978 ‘
31 10~18 14.36 95.20 59143 64
M5C 1733 22780 917.74. 58
M3 1962 37442 1080.89 51
% Ks : Shear siifingss, ‘

JCS : Joint wall compressive sirength(Schmidt hommer rebound fest @ ISRM method)

16




A AvAE A% 953 sepHE 3o a4

450 o JRC 4-6 Group
e JRC 6-10 Group
a JRC 10-18 Group

uooo
g & B
o o o
1 Pl

W

u

=]
1

SHEAR STIFMESS (Kg / Cm? )
- L3
g 3
.

o
E-3
1

w
=]
-

N

1 T T T T T ¥ T T
[ 2 4 L} a8 1w 12 14 16 18 20
SPECIMEN LERBTH ( tm )

<o

Fig. 11 Relgtionship beween JRC, specimen length, and

shear shifiness.

=)

DA NHe ZHolste] FAE HR:
Asst 34 v st =AY, Fig 113
Table 50148} &o] exEAF7} 2& 1
Foll £ A% AlH doj7} 248 Ad
ZAel FelA 1, A|HY o7} FHEFE
AvZAe 438 AA, 58 Az
7} & ANHLFE AlH ol WY} 2L
FA Adge) FFee %L BY

k)

o9 o] ARBAel 47 ¢He
we A7\ae F¥e U
Pe2EA4E AW ARYARE Zolr}
A NHQ5E AugAel Fotd & 3180
Fe1% Bart o

a2 4PN 248wl

F71el
wong

= ——

W a7]a%e] 9T JEde =E

NBZo| aH FREA) genz FE
B} B AU $He tBol A&
AU g dFNYS Yasle B WY
A BAE "o Aol Unkm Az

17

2 £

E AFdAe deAdMY AdAE E
g 7857 98 £ 3he) BnkE =
O HES A S E Portable Direct Shear
Box® ol&3td Ad AHHLAEE 7Y
a9k AlEE iR HU5H4e o
AE 560~2567kg/cm’E L8l A3l
T FRAF LR AT UaA AvA
hol &3t AFEHch olHd A
% AYAREL BA AWl
AR #F ZEAES AAHHH,
AGAT 4Fe vAe 983 deng
Y EE%Y A4E v £439d.

oo W& AT ZAAS} 1 FEAL 12T
gL g3 2o

£ AHoid Hold AJEE s 3o
288 L 560~2567kg/cm’e) HAE HE
e W HPAVAE ¥ FFAGAEE
zt7z} 581~3894kg/em?, 2.34~2496kg/cm’e]
Mgz 2AFT 23 JRAGZ L o
2 AdH= A Z 043~4.75mm o A
el on W Rol 2ty Afeldze 747
375° ¢} 334°%9

o

2. Helgl AlHEY £ G2 A9
2o BAe FAdE T RE 2 AR
AT FHE FEH A B9
45 Mohr-Coulomb o2 Z7|HD
HAAAAE () L AFAGZ = () ol 3
#AALE ofgfg 2y 4y AAASTE
0892, 087424 =7 ey},

T, = 2.9748+0.7661 o, (R=0.892)

T. = 1.6564+0.6592 o. (R=0.874)



olE%, o3, FAY, FA

5o 2 ABAREY BA A gle]A
’“ﬂZEQJr ZXEH4o] ”]74]"5 FEFS 713
8171 A& A HES 25 A o w4~
6, 6~10 ¥ 10~189 A 1geg 7§ &
Nole 7 aF¥E HoAed: 2 3F

kB

AGZEe] #A4E FPon 289 A4d
AdFe 08901449 B #E Ryl =

Weelade A4 e
SEESE R EREEREEE EVE L
Hgow, BFTHARE Be)2EAST} e
NBES WFAE MBS A9 F747
F2 ek

HejzzAw7t &

4 ABL ] HE QEEA AFS BAT
4, Ape 2 a 2747t ARSE A1)
ARFE} AFARREY Aol7k F7hae

BgE B .Etﬂ Ao WE 57
A AgelMe HoeAuse

]
TAD

AdAd Z2q olF AFAVAER 2
oA 29l e, BT DilationZt 22

" EAF BE 4~6, 6~10 B 10~18 15
thal Z2 1450, 229°, 236° =M S AHS
Byl

5. A zEAS wE AV Wae
*aﬂ | £7Hg0) ue} Al dezs
Af7t 858 A9 = FSse
A%S BolH, 560~256Tkg/em'e] 45
ol N 73 ANHEY o FH AWAAL
°F 110.68kg/cm*¥ TF.

6. AWl Zolsk AR L $A¢H F
FVikel] wel =7 ETe] ofg vkl #AE
vehlel, 593 F2EASE AW AH
AAeE Zol7k 31 @ Fgol Az

A o] @-}« 3.8

pa iy )

& & A

18

7 4498

i}

A71F, 1986, EAEE S e d4e Ad
7‘3 2 HYAZ B AT, HAE

=&, 213p.

N84 2] 1989, Portable Shear Box & ©]&3H
Agtel Ay ASAE, fEBIE A,
A26%, pp. 129—136.

o] ql 9, 1991, F-obA NFALHY kAT
2 B Ao A3k, A=Y
BHa3 3§72, A1, ppld7—157.

ol ¢, 1991, MW FESAY Ad
7w, a2 A g3 4], A27d, A3, pp.
371—382.

A3HE, o]F, 1988, A+ BAHAY MEd
o A9 ot FHEAHO BAF AF, W
gHgAreksl ), #1254, pp.301—308.

Barton, N., 1973, Review of a new shear stre-
ngth criterion for rock joints, Eng. Geol,
Vol7, pp.287—332.

Barton, N., Bandis, S, and Bakhtar, K, 1985,
Strength, deformation and conductivity

>

coupling of rock joints, Int. Jour. of Rock
Mech. Min. Sci. and Geomech. Abstr., Vol.
22, No.3, pp.121—140.

Barton, N., and Choubey, V., 1977, The shear
strength of rock joints in theory and prac-
tice, Rock Mech, and Rock Eng., Vol10,
pp.l—5%4.

Brown, E.T.,, 1981, Suggested methods for the
quantitative description of discontinuities
in rock masses, in Rock Characterization
Testing and Monitoring, ISRM suggested
methods, Pergamon Press, Oxford, pp. 1—
52, pp.129—140.



Aud e AVAE A4S 9&F dgreg e 424

Carr, J.R,, and Warriner, J.B., 1989, Relationship
between the fractal dimension and joint
roughness coefficient, Bull. Assoc. Eng
Geologist, Vol. 26, pp.253—263.

Feves, ML, Shuri, F.S, et al, 1981, Field and
in-situ rock mechanics testing manual,
ONWI-310, pp. 1—13.

Franklin, JA, 1985, A direct shear machine
for testing rock joints, Geotechnical
Testing Journal, GTJOD], Vol, 8 No. 1,
pp.2b—29.

Goodman, RE., 1970, The deformability of
joints-Determination of the in-situ modu-
lus of deformation of rock, Symp. Ameri-
can Society for Testing and Materials, STP
477, Denver, Colorado, 1969, pp. 174—196.

HuntRE., 1984, Geotechnical engineering in-
vestigation manual-Test results > Deere,
D.V, and Patton, F.D.,, McGraw-Hill Book
Company, pp.196—197.

Hutson, RW, and Dowding, CH., 1990, Joint
asperity degradation during cyclic shear,
Int. Jour. of Rock Mech. Min. Sci. and
Geomech. Abstr, Vol27, No.2, pp.109—
119,

Jaeger, ].C,, 1969, Shear failure of anisotropic
rocks, Geol. Mag. Vol. XCVII, No.1, pp.65—
72.

Ladanyi, B. and Archambault, G., 1969, Simula-
tion of shear behavior of a jointed rock
mass, Proc. 11th US. Rock Mech, Symp.,
Berkeley, pp.105—125.

Lama, RD. and Vutukur, V.5., 1978, Handbook
on the mechanical properties of rocks, Vol.
H-Testing techniques and results 5 Miller,

19

RP. Trans Tech. Publ, pp.315-455.

Lilly, P.A., 1982, The shear behavior of bedding
planes in Mt. McRae shale with implication
for rock slope disign, Int. Jour. of Rock
Mech. Min. Sci. and Geomech. Abstr., Vol.
19, No4, pp.205—209.

Patton, F.D,, 1966, Multiple modes of shear

_ failure in rock, Proc. 1st. Congr. Int. Soci.
Rock Mech.,, Voll, pp.509—513.

Pratt, HR, Black, AD., and Brace, WF,, 1974,
Friction and deformation of jointed Quartz
Diorite, Proc. 3rd. Int. Congr. on Rock Me-
chanics, Denver, Colorado, Vol.26, pp.306 —
310.

Ross-Brown, D.M.,, and Walton, G., 1975, A por-
table shear hox for testing rock joints,
Rock Mech. and Rock Eng, Vol.7, pp.129—
153.

Safety series No.54, 1981, Underground dispo-
sal of radioactive wastes . Basic guidance,
IAEA, Vienna, pp.1—56.

Safety series No.62, 1984, Site investigations,
design, construction, operation, shutdown
and surveillance of repositories for low-
and intermediate-level radioactive wastes
in rock cavities, IAEA, Vienna, pp.1—92.

Shuri, F.S., Cooper, J.D,, and Hamill, ML, 1981,
Laboratory rock mechanics testing manual,
ONWI-311, pp.1—15.

Swahn, G., 1985, Methods of roughness analysis
for predicting rock joint behavior, Proc.
Int, Symp. on Fundamentals of rock joints,
Bjorkliden, 15-20 Sept., pp.153—161.

Technical reports series No.215, 1982, Site in-



o|3%, o7, #AY,

vestigations for repositories for solid ra-
dioactive wastes in deep continental geolo-
gical formations, IAEA, Vienna, pp.1—106.

Technical reports series No.256, 1985, Techni-
ques for site investigations for under-
ground disposal of radicactive wastes,
IAEA, Vienna, pp.1—62.

US. Nuclear Regulatory Commission, 1987,

Standard format and content of a license

application for a low-level radioactive
waste disposal facility Safety analysis re-
port, NUREG—1199.

20

FAF, 449

Wittke, W., 1990, Rock mechanics : Theory and
application with case histories, Springer-
Verlag Publ, pp.704—728.

o|F%, olFT, Y, AANF, A4
g=aAgdTFs: FALAEHE A
AE A FFgA
HAA AT E3F 150
305-353
TEL : (042) 868—2059
FAX . (042) 861—4824




