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Influence of the Rock Mass Inhomogeneity Caused by
Layer Geometry on the Regional Stress Field

Sang-Ho Cho, Keita Nakamura, Simai Kawasaki, Hyung-Sik Yang, Minoriki Sato,
Shikeyuu Nakama and Katsuhiko Kaneko

Abstract To investigate the influence of the rock mass inhomogeneity caused by layer geometry on the regional
stress distribution, the cuboid models considering a homogenous rock mass, inhomogeneous rock mass with plane
layers and with uneven layers were analyzed and discussed. It was confirmed that the structure and existence of
layers in rock mass affected the regional stress distribution. An approach based on an inverse analysis of the measured
local stresses and the 3D finite element analysis was suggested, and used to estimate the regional stress field of
the homogeneous and inhomogeneous models, which consist of the surface geometry of ground and both the surface
and layer geometry respectively. Additionally, the approach of the regional stress considering the layer geometry
in the rock mass was verified to estimate the regional stress field for a site.
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Make the mesh for the analysis model
(Based on the data of the earth surface and layers)

]

{Considering boundary conditions

Determine the stress field by means of a 3D fipite element analysis
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and an error of the stress ¢

Ty"

Fig. 1. Flowchart for the estimation approach of the regional stress field
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Fig, 2. Finite element model for a homogeneous rock mass
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Fig. 4. Finite element model for an inhomogencous rock
mass with uneven layers
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Table 1. Rock mass properties for homogenous and
inhomogeneous models

Young’s | Poison’s [Unit weight
modulus ratio og
E(GPa) | Vv (ikN/m*)
Homogeneous model 2 0.3 26
Upper 2 0.3 18
Inhomogeneows 'y qgte | 2 0.3 19
model
Lower | 6 0.3 26
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Fig. 11. Finite element model for an inhomogenous rock mass with the surface of earth and two layers



—

< Z12F AE3 A ARE Fig. 12 (a)~(d)oll Vb
ek o714 SEAtEE ohollA] A AZAHE 7]
#o03 Ao wet AL Qlth Fig. 12 ()& 25
& T3 Ao 28 A 0K, 09)E B F
glon, Aguxy FAR] SHAE(Fig. 6 ()t
At} Fig. 12 ()= FHHEE e 00D AAZRAL
Heo] M 6, (X, exo) S HERAT Utk
St 330] A g Hx] =] M ATioA] 2
4 oW MBSl 7| oJal g LA
SHEFIEADNE Bo|at gl Fig. 12 () Fwd
BB S AAZRACR 3 ASo|w SeATETA
R wAH] Agrol o3t wHE SAENEHEIEAE
RBo|1 9tk B30, Frol 24 Uehtz Qlow, A
=7t Z715tol met gk A (FAR D)) 7}
79 A3 glek olgat Woleza mue) FAAL
A ®Ho| Q2314 Soj7t Hej=A SeAreE Fig. 9
o] shukyiol Hladt Yu)2 SRl gk Hke A
oz A
BHA% 2Ho) 471X AR 08, €x0r Exyor 7 0)
& 77+ A $3 ATE Fig. 13(2)~(d)o) YERSIth
Fig. 13 ()= A20e 183 2499 ST ERA
170 m 23, & A3R|Z0] EASRs G H(EFLIEA)O]

N

2

=
Ol

g fo O O (i Ho R
& g oo ok

L

=3

"111“‘"%14“’*““" B
Bl 2 T
R See .y

vy 4 » e ®m
| I

s
¥ s .."'.
.54 e R g e S — Wl.v.‘

I
W 8 a g
P 5

&

Stress (MPa)

»

>
%
#
»
P
»
a
LR

0 100 200 300 400 500
Depth (m)

@os (X, 0g)

0" n%wcnctQacdt*ﬂtthca[owcn'
.:I -.!.....--»-....\.....l}....'

4 > e =

B S S R |

VJG < Q ;Q ,a

SN

o000

Stress (MPa)

: o T T
0008080880000 00000 0
; |

{
——t T !
100 200 300 400 500

Depth (m)

(©) 05 (X, £40)

50 ASYtel B4l 3AH FHS YAl WA= dF

A SEZAE] 71&717F FTHAL Q&S Holx k.
Fig. 13 (b)9] SeAtHE AHEH X xHolA FgF2
oL} A 3R] 50| EASH= FA(EFLAREAN A FA
571k o 4 Stk Fig. 13 (o) ewE 271442
ZoZ 3 Ae2A AuH 229 S ms 2ol
i 9tk 53] 0,2 AAA RELEANANM Z2A)
Z7FaL A=t ol wet ohA] ZAsHAE R
Sl A got B 4 9tk ol %31 2Fmyo)
B4 F(Fig. 8 ()2 ¥lT FoRA, FEo] &
shato]] sl SERFTAACRE Aol 7Hsdich
a8BE AE 170 mPEZ XA 325 FeHie
QEFA FAR Mol = FelYS 35T 5 9o,
olAL Fig. 119] 28 7}2d| $29] 3jute] A&A]|F
ol A glgh 4= gicth AwHEw Y W] FoR] o
B3t o] xFo] X W & Ao AA Fo
A Ue B 4 Yk

A EA G s12st 2 YRt Yi(Fig. 10)ofl 2+ 3
AzAL s ARRRE ALE LHE N X)
o BAASELE olgste] FHIHE HrIstgrh
WA HAASHOR T3 FAHRPEL £ =3.66x107,
€ =-4.16x10", 7,,° =2.24x1070]1 2X}= =3.70
MPao] E|9ict. Fig. 14(a)ol] FAHEEC] F7lof ALg

i [
L Gu
s R e A R A AR LR L R R R R AL I
= s00e000000s000008000 ° O
g | -
7 Sy : - : : "
§ "tsasmassssunamsnnnnnmnnl =
" : | T
104 —
-15 T —+ 5
0 100 200 300 400 500
Depth (m)
X, >
(b) oy (X, ex0)
5 Y
i
444(4444‘4F444144444!4444 _’.70-»‘{;
1
CERG -0
- 4 B
& ! %y
g {
. |-
4 o
& ‘ 2
i L< T}
| 1
BT ¥ A S | E—
-15 T -
0 100 200 300 400 500
Depth ()

@ o (X, exy0)

Fig, 12. Stress distributions for an inhomogeneous rock mass with the surface of earth
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Table 2. Estimated regional strain for the analysis models

Model E£xd ey’ e Etror e (MPa)
Homogeneous model -3.66x10™ -4.16x10™ 2.24x10* .3.70
Inhomogeneous model -6.31x10" -6.36x10" 5.05x10” 2.59
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