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Study of the backfill effect on tunnel lining segments property
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Abstract: In order to effectively solve the influence of various uncertainties in the construction of cable-stayed
bridge, the cable tension plan is reasonably developed. A reliability optimization method based on statistical
regression and nonlinear optimization is proposed in this paper. The fitting function relationship between structural
reliability index and design variables is obtained by statistical regression fitting, forming constraint function and
objective function, and establishing optimization model. In order to improve the computation efficiency, reliability
analysis and sensitivity analysis were carried out before the fitting of random variables, and the minimum sample
size and minimum random variables needed for fitting were screened out. Based on a frame model of reliability
analysis, the advantages and disadvantages of two kinds of surface fitting method and polynomial response surface
method BP neural network response were compared and identified using BP neural network response surface fitting.
Meanwhile, the feasibility of the method described in this paper is proved. The method presented in this paper is
applied to a double tower cable-stayed bridge with horizontal cables. By optimizing the cable tension plan, the

probability of unseating of the side pier is reduced to acceptable range.
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Tab. 2 Design check points and reliability analysis results table
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SEERIbR R 2. AR, X7 R B AR H A
MELLSEBL, T8 Ve o B AR S B0 0 TR R R 3R s S e
HObR i R 22, #0322 T 25K P B R A
TALR . A 2 45 2R b B BRG], ¥R AS BE 72 L
) A A BT SO, B BLRE I JE R X1, XL2,
XL3 b7 B BL 3R 0 SR B FR BE R Ao Al Ry s ] 52

AR R s SR AR T 56 4 XL,
X2, X3 0 RIBIER B KB RR EEAE N it AR R, R A
TERE 1 3 A R R B R B sk B AR B, g oA XS~
XS3. AT IR J7 R sk b e B AR
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TR, HIEBI R I X Rk, %
— TR 8 AN i A AL Y B 1) L RS R i
RN AR, idh dl~ds.

R AR AR R AT .

find XS, = [*S,,XS,,XS,]";

8
min fole (Xsopt ) = 2 d{l 5
V i=1

St fum (XS0 = B s
[ XS0 —0.3] XS0, | << XS5, << XS§, +
0.3] XS5, |] (13)

*ﬁg‘gqj’ f‘olu(Xsopl): Ed? ?’{lﬁt’ﬂﬁﬁﬁﬁg
B, R 8 AT M AW AE &R
Seon (XS0 AL WK KL, Fom RoALSTRFI#

WD R g, A g BUE N 2.5, [ XS, —
O' 2 ‘ Xs?xpt |< ngpt < XSgpt +O' 2 | XS?»]J( | :I i%/—?\‘

ALK ), Ho XS, FoRBRBARE. @il
FEVAHE |82 ¥ Sy i o IO B A v A
# 5 L RAR TG u] JEE 43 4 2R
x5 RUTMETRESHER
Tab. 5 Analysis results of reliability before and

after optimization

BB A
XL1 XL2 XL3

B P /%

fefbiii 58.52 51.25  44.06 0. 49 31. 14
ik 58.53  51.27  44.05 2.63 0. 42

M S o] LR b B it G, Ry s ) o 525
KPR BT, 0,490 42 5 & 2.633, XA
31. 14 Y SR R R AR 0. 42 % I Rk, 1
ORI . Ak G 1 454 R AR R AE 10 LU,
PRI R TR R, (RIE T IEF 6 A T8
.

o

x6 RUTMBEMEAN

Tab. 6 Structural forces before and after optimization

SP ki 37 BHi R S/ MPa 2N F1/MPa

3T /kN e /ME e RAE e /ME =N ]
Ak wi 27. 083 —740. 16 690. 47 —827. 89 256. 74
etk s 203. 320 —740. 01 607. 14 —831.18 182. 48

6 oAb ET G BXAE A B A R R IE SR
A RS, DL R SRR T EEH#).
Frhpw LLE W, I E RS0 X ES R T
27.083 kN FFF3] T 203.320 kN, ¥ ) J1 i &%
L X E AR K &, A
EH AR Ze AR FE ) 4of B 43 0 B B T Ro a0 2B I
PEE T B E TG AR, DN BEAR T S 8 TR A5
MR . B, %A o2 it 7
FTWEEHZ IR, WA RS MRS
HIEEIF 7 EZ TR ST, FR0H 45 H A
FEFRAT SR 2 B bR, I T P AR 45 40 B ik 1)
Z A HE.
4

i

P T T RE R B 45 44t A 5 ik B T AR
SCHT TR, AEILLT 4508 (D ZERHRL I
B TR, 52 B % T A 0 E I R # e, b
RE 2777 Az 2% i 525 W) it T 4 4 00 IR Il . ) 2
Tk REEM A T RE. (2) 383 vl 5 B 43 47 A Ak
BOTHDISE R D TR AR B R S8 ) K K B IF 2 4
F I B0 T T A S R Ay B R SR R R, O

XA R IS B 482 S T aTRE B AT T DR O AR
b (3) &g sk b g7 RARAL B, B R YRR AL
Ja, HBSEST R S e, HoT S E AR bR
WERE, KRR R FER, gEkE 112
W, RARRCR B2

S #E3H  References

(1] Ak T TEENLE MR [D]. KiE: KRiEM
T R2E, 2004.

XU Lin. Structural optimization research based on re-
liability[ D]. Dalian: Dalian University of Technology,
2004.

(2] Wikig, BUEM. RHRIEE R i 2 m E s [T].
[ 5% K24 (B AR B R, 1998(3) ¢ 235-40.
XTIAO Rucheng, XIANG Haifan. The influence matrix
method for cable force optimization of cable-stayed
bridges [J]. Journal of Tongji University ( Natural
Science Edition), 1998(3): 235-40.

(3] Biisk, S0l RHHFR It RE TR HT].
HE SR, 1998, 15(1):118-126.

XIAO Rucheng, XIANG Haifan, Cable-stayed Bridge
Cable Force Optimization and Engineering Application
[J]. Journal of Computational Mechanics, 1998, 15
(1) 118-126.

(T#% 82 70



82

[N~ )

BB R

o
=

ESE QSR Y) %51 %

[7]

Sprayed concrete for final lining: ITA working group
report [J] Tunneling and Underground Space Technol-
ogy, 2001,16: 295-309

ERE, FPE, kAR, BEFHREE L F R BE
R AR I [J]. £AR TR, 2016, 49
(5):96-109.

WANG Jiabin, NIU Ditao, ZHANG Yongli. Investi-
gation of mechanical, permeability and durability per-
formance of shotcrete with and without steel fiber[]].
China Civil Engineering Journal, 2016, 49(5): 96-109
WANG Jiabin, NIU Ditao, DING Sha, et al. Micro-
structure, permeability and mechanical properties of
accelerated shotcrete at different curing age[J]. Con-
struction & Building Materials, 2015, 78; 203-216.
RN, Bk, BatE. EMIRELEM TIREE L2450
MBS [T]. AL, 2007, 37(S1): 8-11.
LEI Honggang, WU Tao, LU Jianguo. Preservation
and protection of concrete corroded by nitrate [ ] ].
Construction Structure, 2007, 37(S1): 8-11.

GLASS G K, BUENFELD N R. Differential acid neu-
tralization analysis[J]. Cement &. Concrete Research,
1999, 29(10).1681-1684.

YUAN H, DANGLA P, CHATELLIER P, et al.

Degradation modeling of concrete submitted to biogen-

(11]

[12]

[13]

ic acid attack [ J].
2015, 70(2):29-38.
YUAN H, DANGLA P, CHATELLIER P, et al.

Cement & Concrete Research,

Degradation modelling of concrete submitted to sulfu-
ric acid attack [J]. Cement & Concrete Research,
2013, 53(2).:267-277.

FAN Y F, HU Z Q, ZHANG Y Z, et al. Deteriora-
tion of compressive property of concrete under simula-
ted acid rain environment[]J]. Construction &. Building
Materials, 2010, 24(10):1975-1983.

TR, REe. TR 2 % bR e 4 1 5 ) 1 A
LUHELT]. HMREZER (BRB M), 2011, 14
(3):70-73.

YIN Rongrong, ZHU Hehua. Safety influenced by
acid medium to deep highway tunnel[]]. Journal of
Yangzhou University (Natural Science Edition), 2011,
14(3):70-73.

o R bR AL TR B4, A IR R A HBE
GB/T 35159-2017[S]. Jbxt. vp e brife th itk , 2017.
Standardization administration of the PRC. Flash set-
ting admixtures for shotcrete; GB/T 35159-2017 [ S].
Beijing: China Standard Press, 2017.

(% AAFRD

(L#% 66 ®)

[4]

[10]

XS, AT SRR RS (M. dbst s Tk
A, 2000.

ZHAO Guofan. Structural reliability theory[ M ].
jing : China Construction Industry Press, 2000.
HASOFER A M. Exact and invariant second-moment
code format [J]. Journal of Engineering Mechanics Di-
vision, 1974, 100(111-21.

BUCHER C G, BOURGUND U. A fast and efficient
response surface approach for structural reliability
problems [J]. Structural Safety, 1990, 7(1): 57-66.
IMAN R L., CONOVER W J. A distribution-free ap-
proach to inducing rank correlation among input varia-
bles [J].
Computation, 1982, 11(3); 311-34.

CARDOSO J B, DE ALMEIDA J R, DIAS] M , et

al. Structural reliability analysis using Monte Carlo

Bei-

Communications in Statistics-Simulation and

simulation and neural networks[J]. Advances in Engi-
neering Software, 2008, 39(6):505-513.

MADSEN H O, HANSEN P F. A Comparison of
some algorithms for reliability based structural optimi-
zation and sensitivity analysis [M]. 2015.
HURTADO J E, ALVAREZ D A. Neural-network-

based reliability analysis: a comparative study [J].

[12]

(14]

[15]

Computer Methods in Applied Mechanics & Engineer-
ing, 2001, 191(1). 113-32.

HORNIK K, STINCHCOMBE M, WHITE H. Mul-
tilayer feedforward networks are universal approxima-
tors [J]. Neural Networks, 1989, 2(5): 359-66.
BRANDES K. Life-Cycle-Cost Analysis and Design of
Civil Infrastructure Systems [J]. Stahlbau, 2015, 72
(7): 534-.

AN, sy, B, S5t a] Sk R O R i — R
16hs [J]. LREIJI%, 2013, 30(6): 16-21.

YANG Jie, ZHANG Qi, HUANG 1. A new index of
structural reliability sensitivity factor [J]. Engineering
Mechanics, 2013, 30 (6): 16-21.

L1J, LT A, FENG M Q. Sensitivity and reliability a-
nalysis of a self-anchored suspension bridge [J]. Jour-
nal of Bridge Engineering, 2013, 18(8): 703-11.
SAMAREH, JAMSHID A . Survey of shape parame-
terization techniques for high-fidelity multidisciplinary
shape optimization[ J]. ATIAA Journal, 2001, 39(5):

877-884.

(% AARFRD





