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Anisotropic characteristic and calculation of the resistant coefficient
of the jointed rock mass

TU Hongliang, QIAO Chunsheng, ZHU Ju

(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: In load-structure model for tunnel design, the rock mass resistant coefficient (%) is an important
parameter which affects the behavior of the tunnel structure prominently. The anisotropy of k£ appears due to the
presence of joints. However, no adequate efforts have been made to research the anisotropic distribution of £ in
jointed rock masses. Ten influencing factors including the elastic modulus of rock, Poisson’ s ratio, and the
properties of two sets of joints were analyzed for evaluating the anisotropic distribution of %, by using orthogonal
array testing strategy ( OATS) and distinct element method ( DEM), with Xinggongjie Station Tunnel Project on
No. 2 Line of Dalian Metro as an example. The results show that the distribution curves of k& were oval-shaped. The
maximum value was along the direction of the two joints angle bisector. Using the variance analysis of OATS, the
significant influencing factors at the level of five percent were the elastic modulus of the rock, the normal stiffness of
the joints, the spacing of the joints, and the intersection angle of two sets of joints. With the increase of the ratio of
tunnel diameter to joint spacing, the anisotropy coefficient of k increased first and then started to drop, which
converged to one when the ratio was equal to zero or infinite. Based on the above analysis results, the elliptic
function of k& was derived and was verified. The engineering example shows that the resistant coefficient of jointed
rock mass is obviously anisotropic, which has little influence on the axial force of lining and remarkable influence
on bending moment.

Keywords: jointed rock masses; rock mass resistant coefficient; anisotropy; orthogonal array testing strategy ;

variance analysis; elliptical distribution function
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Fig.1 Location of Xinggongjie Station

K SRR T

Syl

TERLE ~25m
51 E%/ 1841m ©

21.5 m /ﬁ

S i

T

B2 MIHEETESS

Fig.2 Joints schematic diagram of Xinggongjie Station Tunnel
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Fig.3  Profile showing geological conditions of Xinggongjie Station Tunnel
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Parameters value scope of Xinggongjie Station Tunnel
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Fig.4 Numerical model of the radial hydraulic pressure pillow
testing to measure rock mass resistant coefficient
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Tab.2 Parameters of Xinggongjie Station Tunnel
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Fig. 5 Relation curves between radial pressure and

displacement at the cavity excavation interface
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Tab.3  Variable levels of factors in orthogonal array testing
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Tab.4 Results of the variance analysis

JrZEKIE MLEREJFHL AW ¥ P BFE
E 7.774 x108 8 9.718 x107 11.24 = =
n 1.801 x 108 8 2.252 x107 2.60 (%)
s 5.529 x 108 8 6.911 x 107 7.99 % =
a 4.654 x108 8 5.817 x107 6.73 % =
k 9.648 x 108 8 1.206 x 108 13.95 =% =
k, 1.612 x108 8 2.015 x107 2.33 —
C 8.709 x 107 8 1.089 x 107 1.26 —
@© 5.534 x107 8 6.917 x 106 0.80 —
o 1.399 x 108 8 1.749 x 107 2.02 —

RZ= 6.917 x 107 8 8.647 x 106

H:R* =0.98

F, ,05(8,8) =3.44 F, ,,,(8,8) =2.59. A Itt,, nJ
LAAS 454> PR 0 BEEA- BT ) FR B 52 ma U Ay
Fi,>Fg>F >F >F _,,(8,8)>F _,(8,8)>
F, >F 0(8,8) >F, >F,,>F.>F,. Fepak ity
g B Il ) N e 21 D N B S PSS BT R
Koo s BE WA 4 DR, A A THRA X A Bt
T FEA — g 5, HoAl R 2R 3 LA 00 R BOE R
e AR

3 kWA AT AT

R 250 508 R T -8 0 i 2 0 LR 158
TN J7 1 (4 BBl e 00 ZR B0 38 o X as R gy
Mradt:1) BlAdi 1 REr BT, &/IMEN
19 MPa/m, fx K {f 7 30 103 MPa/m. 35 B 444 v %
B AP R B N R R 2 AR Ta K,
AR T A B FH A AN [ LA U0 R e )
FECH —H Bk, 456 A A iy A AR R B
SRS S 12 MR T SR LR B i e O A B2 ) T
ANET7 ) B REEE DT R EE AR, 25 5 B



- 94 - R E

Tk R o R

551 4%

B A B T J7 2R B W I A0 4% 1] S MR
HU 1 FH 3 A W4 P45y BRI fy 1 /NI 43 3
FHZETL, 9 BRI 0 10°,20°, 300 J& T4 1 Fhe
(WRIEE ) , 35 Bl ff1 S 40°,50°,60° i J&§ 55 2 b
R AN [BE ) , 5 B 1 2 70°,80°,90° 1 )
T4 3 FAL(RIE ) |3 FhorAR ph &l 6 K.

21
2. 13 2

15

|V 3 --5=0.3m
=G0 e s=0.6 M
--5=09m
—s=1.2m
g 4 o s=1.5m
-xs=1.8m
-=s=2.1m
—s=24m
-&s=2.7m

e =03 m
- s=0.6m
— s=09m
—-5=12m
4 = s=1.5m
—s=1.8m
-- s=2.1m
— s=24m
-= s=2.7m

(c) 0=90°

B 6 A [ETHEEEETESREH S %

Fig. 6  Distributing curves of rock mass resistant coefficient

under different joint spacing
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Tab.5  Anisotropy coefficient of different tunnel diameter and

joints spacing
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Tab.6  Comparisons of axial force bymonitor and model

A S I (E R2E/ P
0° 2 907 330 9 12.1
30° 3143 350 7 10.4
60° 4 034 356 2 13.3
90° 4 089 3599 13.6
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150° 2 835 3280 13.6
180° 3 060 347 4 11.9
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