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ABSTRACT Considering the broken rock zone support tangential and radial stress component analytical solutions of each layer in
full contact conditions are deduced in a deep circular tunnel based on the elastoplastic theory. Then an optimization objective function
of circular concrete lining layers with different elastic moduli is constructed by choosing different failure criteria and different stress
states of concrete and rock materials and by introducing the idea of functionally graded materials that is when the objective function
is minimum the most reasonable design is that the [ [ and Il layer structures destroy at the same time. Finally the elastic modu—
lus and thickness of the lining is designed separately. The analysis of examples shows the following. (1) With the increase of sur—
rounding rock stress E,/E, and E, /E; both decrease. Under the same stress there is always E, /E, <E, /E; therefore it is suggested
that the elastic modulus of the | layer should be greater than the broken rock zone supporting’s. (2) With the increase of surrounding
rock stress the thickness of the [ layer increases. Under the same stress when E,/E, > E,/E; the thickness of the [ layer is al-
ways less than that obtained when E, /E, <E,/E; therefore the thicknesses of the | and Il layers can be adjusted by changing the e—
lastic moduli of the [ layer and the broken rock zone support.

KEY WORDS tunnels; supports; lining; elastic modulus; thickness; optimization design

© 2014-03—18
(Z151100000315014) ; (51074014 51174014)



- 840 - 37 7
. 20 80
-
34
’ ~ 6 ~
S103 ’
1 P
Fig.1 Both broken rock zone supporting body and tunnel lining to
bear the surrounding rock stress P
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Fig.2  Threeier structure of elastic modulus ratio optimal design

under different rock stresses
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Fig.3 Optimal design values of the [ layer lining under different

rock stresses

I} R, - R,
I
Jo
4
(1)
I.I 1 E,\E, E,(E,/E,.
E,/E,) .
(2) I 1 1l



- 843 -

E,/E,
E,/E, <E,/E,.
I

E,/E, > E,/E,
I E,/E, <E,/E,
I I

Zhao Z R Zhang Y Q Ji L J et al. The test study of the sur—
rounding rock pressure acting on the composite lining in weak rock
of Nanling double track railway tunnel. J Hydraul Eng 1985 16
(10): 29
(

1985 16(10) : 29)
Xie L C. Experiments and research of the multilayer lining of the
Dayao mountain tunnel: the influence of overbreak backfilling
layer on the bearing capacity of the multilayer lining structure. J
Railw Sci Eng 1987 5(2): 77
(

1987

5(2): 77)
Franzen T. Shotcrete for underground support: a state of the art
report with focus on steel-fibre reinforcement. Tunnelling Under—
ground Space Technol 1992 7(4): 381
Craig R. A 1994 update of study in progress. Tunnels Tunnelling
1994 26(12): 37
He SH MaW Q CaoDS etal. Permanent singledayer tunnel

lining by fibre—reinforced high performance shotcrete and wet-mix

10

11

12

13

method. Chin J Rock Mech Eng 2004 23(20): 3509
(
2004 23(20):
3509)
DuGP Liu XR ZhuY H et al. Performance examination of
steel fiber reinforced shotcrete in tunnel and its engineering appli—
cation. Chin J Rock Mech Eng 2008 27(7): 1448
(
2008 27(7):
1448)
Du G P. Research on Stability of Fiber Reinforced Concrete among
Single Layer Tunneling Lining  Dissertation Chongqing:
Chongqing University 2013
(
2013)
Lii AZ Zhang L Q. Inversion of the functionally graded material
for subvertical to improve its elastic limit bearing capacity // Pro—
ceedings of the Tenth National Symposium on Rock Mechanics and
Engineering. Beijing 2008: 131
(
I
2008: 131)
Li A Z Zhang N. Inversion of functionally graded materials to
improve the elastic ultimate bearing capacity of thick-walled hollow
cylinder. Adv Mater Res 2012 378379: 116
Li AZ XuGS Zhang L Q etal. Optimum design method for
doubleayer thick-walled concrete cylinder with different modu—
lus. Mater Struct 2011 44(5): 923
Yang G T. Introduction to Elasticity and Plasticity. 2nd Ed. Bei-
jing: Tsinghua University Press 2013
( . .2
2013)
Guo Z H Wang C Z. Investigation of strength and failure criteri—
on of concrete under multi-axial stresses. China Civ Eng J
1991 24(3): 1
(
1991 24(3):1)
Guo Z H. Introduction of multiaxial strength of concrete. J Build
Struct 1991 15(6) : 72
( . . 1994 15
(6): 72)



