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Stress Distribution Under Line Load in Transversely Isotropic Rock Mass

Youn-Kyou Lee

Abstract Many mechanical defects originated from various geological causes make rock mass exhibit anisotropic
characteristics. Understanding how the stress distribution occurs in anisotropic rock mass is, therefore, very important
for the design of footings on rock and rock structures. In this study, the patterns of elastic stress distribution,
developed by acting line load on the surface, in transversely isotropic was investigated. The influence of joint
stiffness, joint spacing, and dip angle on the stress distribution was examined. By assuming the Mohr-Coulomb
criterion as joint slip condition, the development of joint slip zone was also discussed.
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Fig. 1. Contours of radial stress under line load on isotropic
medium
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Fig. 2. Stress components in a transversely isotropic rock
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Fig. 3. The patterns of radial stress distribution in transversely isotropic medium (¢ ,= 100 MPa)



292 FHoloHhA ofttol|l A Al 2dt S EE 54
Hojzo) 22 Wyllie(1992)0) 2jsiM = 3= v} glch Y7o
Fig. 59)4% 0=30°9 ¢=90° ¢ 5 7ol il P=100 MN/m2| A15%2 284S u 100 MPa

deje] ZHgu) (k,/k)E 1, 2,52 "Hﬂ"]i’ia 2]

SR WSS UERfSITE Zele) g7kl digt

[l e-s
T T W\ 11
77 RN TT
1 7 1\
[ T\
1\ /1
1 ]
\ /
AN /
T
1 a=-69° 7 [T 1 a=-45
N /
a=-20° 1 a=0
agsll gs
::: | :::
o |
|

Fig. 4. Lines of equal radial stress determined by Gaziev
and Erlikman (Goodman, 1989)

o 59UNE EABAON Haol o8 YAMR
£ el A% gt A Aol w3
dimol oA HE AN A% B 4 Ytk 3
A4 A B9 B AN Hgoniy

He|da Bast wake g $WF ool 1A &3}
e §4% £ 4 ok 24387t 5%% A A
o7 & A7 g deHe] a3 WiFe e

9] whayo] ZojA| 1L oof whet A Hel 2|5 HeF
02 ok AL IS WYt AL Yk #
BAYF 2A8Hs Z-Solle ZH/durE A-el utet g
dFeolN 35 28NN Hohe TRYSE §Y
A% 49 Fert HaEE & 4+ ok
Fig. 62 a=30°2 «=90° 2 F 7-%of iz Az
FH€ 02 m, 05 m, 2 m, 10 mE HA|FHS w9
100 MPagl S-$3AEE ZA|5E Zojch 2RgA|
AsHs-2 Fig. 59+ Zo] P=100 MN/m°|H &4
148 7k dEARE T H FASI
2ol 7hAo] AMpE Felol o] AlebA Auk
Aol Zadlal USE HoEth &, 53E4AR
3k 2Hg-Aol Folke Y 7A L Sk
A Ayt vle} Zo] SHbdA|ule] BT
Foz uehdch E3t FHoldhA xulofA] 58
o] el Aol ZH4d TgsiAl oj&gt
AL Fig. 625E & 4 otk uebs HajHo
WA F2 oy ARloA SHER 6H*—‘l°
Solle B deiztAe] Aol w4 4
HiEa=d

r\l

Il

<

o 2 o
© o

Rl o
_>1£

e N
rlr ol o g
of OBL é

N
N

i
2
=

7|30k ke A& o] dAEd=

02 04 086

E=10GPa, v =0.25
k,=10GPa/m, s =0.2m

Fig. 5. The effect of joint stiffness ratio on the stress distribution (¢ ,=100 MPa)



EEREE20) 293

06 (m)

-0.8

-1.8

02 0.4

E=10GPa, v =0.25

o k, =10GPa/m, k, = 2GPa/m

Fig. 6. The effect of joint spacing on the stress distribution ( ¢,=100 MPa)

32 2ol 2| Y n|na{d Ay B4

QPike] shal Aol hal Ao Sz net
SyysroR M2e 2do] YHHUA PARE o
A, 7120 Aok wet skl waE S .
AAe] A gezA| wat o2 Talwe] o)
wots R s ek & Wt g Al (103}
e geyo) s zAle ek B onE Tt
sh= Aol Wejstch 7|&o] Heluiolx WA 4 9

Ol

& olEy mies ol HEANA FAE YA
E52 A9 fAmAoAo] dEeR M £ 4

el Agal AN AL ol83ie] B
W % ek o) A% A (ol 4l 97} B wy
7124j0] Eitk. E& Helwol st Hede) 245}
L $80] QYo B2 W Ao Sk

£ Aol Aslol 2g3ks HloluhAl Xl
thel 2.3 8ol4] A o) 2o mhet 2AYe) v
Ale BRI H8E ozt Hejwie] v|meel
WSt 99 Jelu TS ol o B
gosick 4o olge 4 B We)o) ofska 4

< b2t gk
o FAHG] A .
E=10GPa, v=0.25, ¢6=40°, ¢=20 MPa
o ZajHo g4 .
k,=10 GPa/m, k,=2 GPa/m, s=0.3 m,
¢;=40°, ¢;=20 MPa

270l et vloh Zo] 2 Aol SFThe B
Adst Tolpuls RARY PEL ulatuE ool

A= 48 davt gloh Hahie] npazkal gzt
ol gt FANe] g} 2] AAshe Aol Yyt
o|A|gk o] ¢ FActe YEuIrt WSk Fdxt
e vlnayo] WAskE goe] Wl At 2}
o|7} Sk& 4 QB R i AgH HTolAe) vinyg
3 d99 FE TAlsh=dl olgeo] wEch wakA
GE2UF R TS A7 ot dejde 53t
n| ey HAE APA7]= Ao nlmE 44 3]
Aste o] Aol Me delwe) vbE ) Hatwe %
& FAY9 g3t FUsA Ak «=0°, 30°,
45°, 60°, 75°, 90°<2 67x]9] A9 dfsf £A4L
AABIETE Aeleel ZEs oA B4a Fds)
A P=100 MN/mE ZF-A1HT.

Fig. 70| siA4daE ZASHcE oM 4 (9),
A (1D, 4] (13 77} BEA7|= vy 99, 72
¢ ohag g, Qb oS FAlof vehiich of ¢
TFolAe B8-S 1Ester] g By ae
3-8 FHe] oulg ZFR| 1L Qlck Fig. 794 34§35
2 AzfHg wet n|zo] YAEks 99 LE
o, SjAXHo] 23 AXCRE Evjiel 49L& 74
ool 9F T2 A g3t S EE 9L vERd)

n|71e R g9 gEAEE] ot AT o
g o 25t AL o 5= Jok kA ZAH
oy goolMe dEuE-ninyy 2 dgwt
F-ulmgo] FAlo| AT = Fgolmz A}
o7 mfjo HoFt g o= olafg 4= Utk o3 F.
of FH2 I He upel o] Hejte] Al
upgh coket FefE JegiA HEZ ot ]z 44

U it dAA el W] dake A%




294 2hed]

sl 243 WAt 9 Fig 72 wAlska ek
Saeler £4 8 2R Ao 29 4
gelo] u)mel gl Vet 91w, R EE o
oM gele ekt o e o 4 ek 4
i Al A% vy 9 o7 484 o
ol B QA LSt LAY A9k A9
AHoR Wil BANES 2Y 2] FHS HoiF

2 ek
AL AT A9 BT S A5 w2
aH © O OE]-

04 -02 0 02 04(m)

: joint slip zone

Aol hitollAl Hakgol ofFt SHEE

73

dim

i)
of
18

4 glck @Ry AV FHERE Qg
AT oz GupsiAT, e o
e s Qe 49l Sasle S
o Akl 45°0l3k) 3
£ oA wme] weEw gick gAR v
94 Goiel Peh SFRGHOIA ALl 2 Y
He deE APt BUY SPRges Hus)
wA) weEw g

o,

ok o &
s
L

41 a=90

Fig. 7. Zones satisfying joint slip condition, uniaxial failure codition, and tensional failure criteria



CIEE R EE

.4 =2
FAH B HelPe TR GUS 5719 3
ol MoE WA MelEsleld WEY o

Hhof| o7l l= S-S E MY A A 4
2lo] Wk, deizt, dEHe) A ol ANkejA
H|R= AoZ

s gegHe) 23He 932

BAEc) o]3jar A Avks Bulo]ra] ohulol A
o] 7| ZAHA ] AHYe= —o~%°l FE Aor
= Rick

Aol B delZe 2 Wuoli gt
& Bado R sheAe Aol 147 27 ol
3eole seisiolt ¥ delze) el wet wot
ek ool shgelo] etk nebal el
2 —fgﬂ gpbpzge] shol glojd Ll el

Fleketa ® ofstd Aol tlEghe Agshes) ojs
AT FoPt e B ATATe sl Fa
et

2 Aol E4o] ol§3t Stygole] FeEL of
S gvkel Qb A IR XIS F1 o] A
Al ALY Aol AErHozE B vt
SESET

FJI

O

Ab AL

o g+
198714 A &rishaL Fatoysh 2ol g skl
A
1989 Al-gofet ojshd
2ok}
199410 Agishn dstel
Fapupat
Tel: 063-469-1864
E-mail: kyoulee@kunsan.ac.kr
A Ak gt e) sjoke-8

TFL8
T Rl

A3t

A 23}

o

10.

1.

]

. Amadei, B.,

. Fossum, A.F.,

. Goodman, R.E.,

. Kumar, P.,

. Lekhnitskii,

295

ral

. Amadei, B., 1988, Strength of a regularly jointed rockmass

under biaxial and axisymmetric loading, Int. J. Rock
Mech. Mining Sci., 25.1, 3-14.

1993, Effect of joints on rock mass strength
and deformability, Compressive Rock Engineering, Principles,
Practice & Projects, Vol. 1, 331-365.

1985, Effective elastic properties for a
randomly jointed rock mass, Int. J. Rock Mech. Min. Sci.
& Geomech. Abstr. 22, 467-470.

1989, Introduction to rock mechanics
(2nd Ed.), John Wiley & Sons.

. Itasca, 1999, FLAC Theory and background, USA.
. Jaeger, J.C. and Cook, N.G.W., 1968, Fundamentals of

rock mechanics, Chapaman & Hall, London.

1997, Slip zones around circular openings in
a jointed Hoek-Brown Medium, Int. J. Rock Mech. Min.
Sci., 34.6, 875-883.

S.G., 1963, Theory of elasticity of an
anisotropic elastic body, Holden-Day, Inc.

. Maplesoft, 2003, Maple 9 - Advanced programing guide,

Waterloo Maple Inc.

Obert, L. and Duvall, W.I., 1967, Rock mechanics and
the design of structures in rock, John Wiley & Sons, Inc.
Whyllie, D.C., 1992, Foundations on rock, Chapman &
Hall.



