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A Method for Assessing Structural Safety of
Ground —Support Systems in Underground Rock Cavern
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A stress redistribution process in ground support system is modeled taking into consideration of load
transfer mechanism of unbalanced load within shotcrete in a rock cavern constructed by NATM. The corre-
sponding analysis model for ground support system is proposed and the elastic behavior of the shotcrete is
studied. The effect on the support system due to variation of several design parameters is analysed with the
proposed model. The suggested model yields considerably reduced maximum compressive stresses in
shotcrete. Both the pressure coefficient in horizontal direction and the elastic modulus of rock mass govern
overall responses, whereas the variation of the properties in support system shows a little difference in
system responses. Interaction equations for evaluating safety factors for structural members are suggested.
The result of this study can be used in the structural safety assessment of underground structures.
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a: rock bolt spacing in cavem axis direction
b : rock bolt spacing in circumnferential direction -

Fig. 1 Typical arrangement of ground support
system
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Fig. 2 Analytical model for ground support
system
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Fig. 3 Load transfer mechanism of ground sup-
port system
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Fig. 4 Buckling of very flat curved shotcrete
panel

__ Ehiz
o= I s )RE
A7\ M, A=rR/ly 7=2r/p%. RAET. BY F4
Zol vie A wAel 2r|7k FrlekA =R A}
F748HA 3, oiujel HEeAe 189 Aolrt 2
74 Yol HTLAN FAa 4 QDA T
dxE FH wds) HFeAL Pae Lolzt 27
U elsd B0 34zl oF 28°(1/2 rad) wr}
e %) Aoest Mmy F Axsh} FAo)
275 99 2 A= 9 Astdeh

26

e 2 2E WS 2= AAR mi WA N
Mol 24 wde] T FF AL WYY FF &
AR 2A8HE F od, o Quzes 27 2
B2 e Wel FFEAZ viu foldA P
& 4 otk 4¥o] mAY 7Y £32E Py T
Am Yo vl vEE 5 BY ¢F 949

o] 28 7 & TBAFA oM Hue HIEHE
2 A (12)8 2o FoRAvH(Timoshenko and
Gere, 1961).

Ox  Or) _

(Te+12),

1 #Eh* /3 . 3 2
36 11, (1_1""“17*+ 17 lz’)
A7, 21, 2= 7 HEel £& e, o,
oy w-3-Ee] m|g epdrh
27 A7, 8,& Ze 4do] TAY T Fol

T3 FEE 4, prl 54 &ARE A, T
£33 B2 4gd 2% A g EHE= o
of o) du WE oA ZRE T & vk AHAL
2y mdlel A9 o] FodA HAFE HE A
Az 2 Hdy RdEEs 22 4 (13) 2 4 (14)
2
d’p 1 LT e
8 =D 1—r+8"1—r 13
_lezp 1 1 ﬂzBD‘D L ereiiairaens
Mi==07 I-r & I-r 00

714, D= B 4e Jdepdd, r= A4S
o) olg waRol vE vehan. wde) B &
EHE vosle £avEe HE ¥UYnsg i
A (15)%} #Zom, old @de] &L 27A4, 3
o FrE Wde] 44 A RE 28 4

82, o .
€=?(1%7')2+E .............................. )

7]A, L2 @de] Folth

SRS MUY 0]X|=
Mol @

A%TE 29 A4 9Hes A48 dut
) Mol kol WPl et olFol & ATFA
ANE A2 S AR Ad=de) 94
2] D= d5e FESNT. T2 92 ©



A} eper

2ol wgRelns spEded 3w 47w, 3
8 4AMSE wEar], gUE4A, fasse £

Fom WA, 1993). ¥ AFIM 2
HE MeE e $YAGAS B BAAS, fa
dEel 57, S22 AY 2zYAS, £AUE-
shikel F3 2zYyagolt.

s A==

g F2ELS 2% 59 o] Z 20m, &¢] 13m
A NY FEeE BN FEATEARA L ol
100m=2 7}3dd. AP JFEwAL 18moly
WA EF AHoaRE 10mArge] 91X 3tk
@He 29AE ol FaEd. gwe F
RMRgte] 4091 E59] 594 25 go 2 BHF
#F& 25KN/m’, Eol&®lE 0.15, Aade 5,
5MPa, uiml@ze 127, SEAT Y EE
20MPa2 714 %t S2Ee B2 29w 2 99
o] EdlFo R HAe APRE A7 3Zmm, 2
o] 43m<Q BREEA FEL 25mPH o HAx|F
th. 22Ed gET  280MPa,
200GPag Abg3tth, AgHd AlTEE £3zEe
FEREPRE 35MPa, @A A4= 28GPa, Zole
U= 0158 #§3ch g2 najg H45e 3
e E 17 gk BollA TEL ohE W] 9%
& T8 o v¥dE e vehadh

AAHA PzIAdde HE FRHH =
ABAQUSE ol &3tqict. ¢t & $£=32l=s 7z
234 LA R dagars mHzgon BEE
AT LAE AHEEe] 2ddig

sldols Ao HAYATE . nEe] gty
A& A= Mohr—Coulombe] A4 9 Associ—ated
Flowg #gsi¥on, £32E g S LE: A¥Y
AHoz Yyt FEAULSNE ¢ 1m Zol7A
£ g3l 2g ote] &afe] LA sl wHAAS}
Fasta Fol vl Frbetth dl4 4] ol majst
W 3 A FEAE nEEh Astert 9
Aol wWAgel ual £mEd 2LEe
gel et 2 HHeMs &4 ade A
st

olE
a

=
4

fr N pe

ol r

lo

oo ¥ fr 38

BAASE

27

FEH AR LG 723 G Bob g

pattemn bolting
length = 4.3m
spacing = 2.5m

/

\

Fig. b Dimension of a cavern for parametric
study

Table 1. Range of values for selected parame-
ters for parametric study

Parameter Unit Value
Horizonta! Pressure Co-
efficient of Rock Mass 05/L0/20
Elastic Modulus of
Rock Mass GPa (385 / 5.62 / 822
Thickness of Shotcrete m 1005/ 010/ 0.15
Shear Spring Constants
of Rock Bolt and - .
Cohesion between Rock MN/m| 179 / 179 / 358
and Shotcrete
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Table 2. Max. rock bolt stress for varing hori-
zontal pressure coefficient

Pressure Max. rock bolt stress (MPa)
coefficient Crown Wall
k=0.5 133. 127.
k=10 160. 192,
k=2.0 213. 280.
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Fig. 6. Shotcrete stress before stress redistribution
with varing horizontal pressure coefficient
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Fig. 7. Shoticrete stress after stress redistribution
with varing horizontal pressure coefficient
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Table 3. Max. rock bolt stress for varing elas-
tic modulus of rock mass

Elastic Max. rock bolt stress (MPa)
modulus Crown Wall
E=3.85GPa 235. 280.
E=5.62GPa 160. 192.
E=822GPa 108. 130.
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Fig. 8. Shotcrete stress before stress redistrni-
bution with varing elastic modulus of
rock mass
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tion with varing elastic modulus of rock
mass
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Table 4. Max. rock bolt stress for varing
shotcrete thickness

Shotcrete Max. rock bolt stress (MPa)
thickness Crown Wall
t=5cm 156. 184.
t=10 cm 160. 192,
t=15 cm 167. 200.
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Fig. 10. Shotcrete stress before stress redis-
tribution with varing shotcrete stress
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Fig. 11. Shotcrete stress after stress redistri-
bution with varing shotcrete thickness
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Fig. 12. Shotcrete stress after stress redistri-
bution with varing spring constants
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