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Reliability analysis of tunnel initial support based on
displacement inversion

CHEN Yehui, LING Tonghua,ZENG Wanlin, LIU Fang
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: In the study, the effects of concrete age and stress release of surrounding rocks on the initial
support strength and reliability of concrete were investigated. Taking the non-motor vehicle tunnel of
baiyangshan as the engineering background, the supporting reliability was calculated and compared.
Firstly, considering the influences of stress release of surrounding rock and concrete hardening, the
mechanical parameters of surrounding rock and the displacement of monitoring points during
excavation process were obtained based on the in-situ monitoring data and BP neural network
algorithm. The inversion results were compared to the monitoring data, based on which the variation of
stress in surrounding rock was analyzed. Then, the variation of reliability of initial support during
excavation was calculated based on the ultimate tensile and compressive formulas of the lining. Test
results show that the stress rise of lining mainly occurs in the initial phase after construction, the lowest
reliability of lining occurs at the arch waist position in 2-7 days, when the lining is most likely to be
destroyed. When considering the effects of stress release and concrete hardening, the reliability will be
further lower. This analysis results can provide reference to the safe construction of tunnel.
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Fig.1 Schematic diagram of measuring point layout of

L

tunnel section

2.2 MmENaH
B A BH L AE ML B 2 B% & RTK+700 W i 12547
S T, B S ) T S A R I o P 2

Fros .

201 .

18 —o—HbJH

16+ —a— P

14r

g 12F

g
3\310_
& gk

6_

4_

2_

0 L L L L L L L )

5 10 15 20 25 30 35 40
IR H/d
(a) BEIE LTS
2.1
—=—HETH
1.8} ——#tg
—a— LT

1.5F

{72 4 2% /mmed
S)
o

5 10 15 20 25 30 35 40
MR H/d

(b) B& s £ Fs i 2
B2 a3 &
Fig.2 Curve of monitoring in tunnel
T 3o S W 0 BB AT [RDA b, AR A
BH RS, R E S R &S, K
T AR Jy Bst, I HEAT W AEE o M, SR [
FATEEME . RN R OW i S 5 R HOGT
R T 1) M D 2R AT [ A 4 A
Xof i A A T ) 3 LT R N BE TE R 1 i R Ui
SEHEAT A0 B, 45 2025 W0 A2 2 1 (0] )5 R
HETH -
t

Y= 05019 + 0.036 71 (7
HE -

(*&97)
y=9.233¢" ! (8
HEE .

y=3.62In(r) - 2.81 (9



%23

Meet3E, 5. R FASH ROR G ) X 3P T S E AT 71

23 BEENFSHRERWNMZ 50
231 BBABRE

FIH ABAQUS A FR 7t 73 #1 3K 14 % RTK0+700
BT FF A2 R0 S 18 U AT = 4ERE L, JEEEN
A7 B AT A S S SE - ) F Mohr-Coulobmb 3t
IR RRL, BRI A 12 ) B TRAR L. TR
Vg ol S B M NG IR TVE - /S22 B 1= A= W o o= A
RS R H R St BEIE A PR G T SRR A ] 3
FiR o

% T A1 B R ECA B O SE R T A2 BE R 4 £
JERFBAL 57 55 BRI B B D R R B 1Y) 3 A, BT
B g P TR B N 25.0 me XAETURT . JE KA
AL FERBGE M AR, R0 TR SE AR,
K BOFZEM T, FRIFZ2.5m, it 12
NFEAZ M, VMR T P i 0, T2
AR 3B AL,

TEASFOVE % A R v, SR P VR g
JZ BRI B R B 3 AR AR A TR . R B BT A2
WA EATAGI A D 2 d, U5 58 e 0 b T
TR e Ay 24 d.

3 BEFRYTE

Fig.3 Schematic diagram of tunnel calculation model
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Table 1 Parameter range

ZH FAMERE/GPa JARAEL B JI/MPa N EEHEA/C)
B A Y Rl 1.0~24 0.30~0.46 0.1~0.3 20~40

F2 AR WL GHFAK

Table 2 Part of neural network training sample

PEA BMEARRY % pypsg WA (E/mm

FF5 GPa s kPa FIC) PR By B
1 1.25 0.350 200 28 102 49 7.1
2 1.75 0.350 150 20 36 07 33
3 1.00 0.400 200 26 16.8 10.1 10.9
4 1.50 0.375 200 20 74 42 55
5 1.00 0.375 150 22 16.3 4.8 10.7
6 1.75 0.375 250 24 40 27 3.6
7 1.50 0.425 250 22 125 7.1 85
8 2.00 0.400 50 20 36 12 33
9 1.25 0.400 250 20 149 7.8 99
10 2.00 0.375 200 24 33 26 3.1
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Table 3 Table of calculated and measured displacement

5 H ST A By Aox:7 WX
BTG 15.2 16.0 5.0%
PLF sk 7.2 7.6 5.5%
Pkl 10.2 10.7 4.6%
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Fig.4 Longitudinal displacement contours during tunnel

excavation
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Fig. 5 Variation curves of displacement
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Fig. 7 Arch settlement curve of hardened and non-hardened
concrete
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Fig. 8 Variation curves of axial force of hardened and
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Table 4 Statistical distribution of parameters
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Table 5 Comparison of reliability in different periods
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