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A global sensitivity analysis for tunnel structural health monitoring
using extended Fourier amplitude sensitivity test

Liu Wenli , Wu Xianguo . Fang Weili, Zhang Limao, Qin Yawei
(School of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan 430074, P. R. China)

Abstract: A new index called global sensitivity index by global sensitivity analysis was proposed to evaluate
the relationship between tunnel structure health monitoring data and tunnel health status. Global
sensitivity analysis could quantitatively and systematically evaluate the parameter sensitivities and their
variations under various conditions, resulting in an improved understanding of relationships between
monitoring data and tunnel health status, and suggesting potential approaches to the improvement of tunnel
health evaluation model. Moreover, a case study of global sensitivity analysis was presented to evaluate the
monitoring data on Wuhan Yangtze River Tunnel. The achievement of this global sensitivity analysis leads
to the parameter sensitivities had been quantified, and the sensitive and insensitive parameters were

distinguished. The sensitive parameters could then be identified as major factors for monitoring or
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administrative maintenance. The variations in parameter sensitivity index associated with various target

functions, parameter ranges and distribution were examined. The variations of parameter sensitivities were

observed with various conditions, suggesting that sensitive and insensitive parameters maybe inversed

under different conditions.

Keywords: structural health monitoring; extended Fourier amplitude sensitivity test (EFAST); global

sensitivity analysis; shield tunnel, safety indexes
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Fig. 1 The architecture of the PSO-based parameters

determination and feature selection approach for SVM
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i YIRS 4 Y P45 b EHC WA i 0 Ao
- i 32 24 1) S L TLSV PSR S BN R B B B AR A B
A SKOIT Y L TSSOW  SEL /MR 3T AR TR B I
L3 ECT JGEF S B £ 1R 2% B
454 17 2% g 38 S - s SEP Jeer et £ R Iy & i
S I 1 Wi 38 S K T SPP e Ikt 7K
B A L TSCS JGET A A A AR T [LE FN:=
LEb A (R Y RN TSRS SGLF MR & 1 A2 3t 105 /N BE
R R ) TSBS S EF A I A % e e AR B
BT R IR b g CSs 2 fioh i ) 1 IR A 3 B i B
R KA KA AL AE WLV FE Iy K it ki i)
TR BE A6 TR BE 1 b CCD P R SR LR 1 HE B

5 T WA B i RS R N 2 N o ST A

T BEIE E T OK A KA A7 AE B 8l . 5 B
TH 32 A 14748 A+ X & T 1) 25 01t D00 48 A R A A R
BORE G| A9 25 09 b 09 A KL B BN AR A A B T
S B AS B 8 TR A5 TR AR 2 8] AR ELAE T A&
2.3 BEZREERERAE

ARk K B T e LT ) B R A 4
FEY R 22 AR AT LIOR 2 122 4 R B 2 V7 oL ) 3k
PR o B VR I 1 R R A L ) R R N
AR AL NV g B AT 2 A AR, 2 e ) A I o R
H R R g P I 22 4 R ACh

K = 9
oe

K o R r TR BE 1 0 i O 52 R 28V 2 g S0 i
BCIRIAE  MPas o, S TR 5E - 1Y) 5 K i o0 32 Hs g
175 H . MPa,

gl ) A T 5 B ER b N ) o A R e R

%

(€]

Owl

K = (5
Ot

s o AT TR 55 - 0 25 0/F S it 07 g S
M AE , MPa s o, A4 TR BE + 14 35 KA O 32 H 1 7
& 1H . MPa,

G R = R TR A Ol Ol DN
WaO BB B T 2 A VR 2 4 I T 38 A 35 AR A
FUVEI 75 BEAR I SR 145

NG 25 A DL B BRI 2 e MR 5 ik DL AR
TRE M W H Fﬁﬁﬁ{tmﬁiﬁﬁ A 57 L 3 B
BN F73 3 A6 A5 R il A bR G 1 2 AR A IR X

3 AR FRAE S B G % A PPN A B R g, [
W BE TE D\ ) LR A A8 P #2298 B L 25 4 LB Ay
A7 JBE B SN g R E SN K R T R B
ikt V7 3 7K AN AR Ak A RN TR BB i Ak TR X 8 NI ER
1 R % VRPN B i A R R ST A e AR
AR PR Z [ SVM 44 R 8L i 47 5 T EFAST 1Y
AR BRI A2 Ry BUBE 43 B s DT A 3 & A R
X Bk T 22 4 bR A 1 S e R

3 EMEHES T
DL bR 2 5 2k 0 W I B0 1 A R U B
Sl A5 3 By W i 3R 3 4T PSO-LSSVM s 33 &

FRAERL A R R Al b e 1000 5 i e B B 4 A
TR 78 A 5 000 48 Hs 4 . I A Z B0
AT EFAST 4 Jay U ME 20 B, 42 4 Wk 18 %2 4> 45
P 22 ) A AR &R
3.1 PSO-LSSVM YR IG5

NN S E’J%ﬁ%i‘aﬁ”ﬁw{ﬁﬂ?ﬁtﬂ%fﬂ%

SRS S i LIV R (N P E NI S T N

S 14 M SR e R — s g IS ) [ B S B 100 A
— 7 25 5 RCHE A S B R DL BN | 9 BE LR I
9 70 ZHECHEAE S IR B0 - FoAth 30 21 %5408 4 S T
B A AR T R B AR AR S 3 A e AR
A 56 2R LA BB DU IR B % 1 o H A R
B LAY FE RS R 6 FR .

SRy 56 UE S 45 1) A ML T ) o P AR SCOH X
% 2 HEA T BA N ARG 36 A0 IE S MR 50

PR 2 e =[x — 2" [WHA 22" 535 )



128 + K # #®

5 3R ¥ A

% 38 %

700

=
=]
S

J ¢

1R ¥E 1N J1/MPa

400

o 1 2 30 4 s s
AR
T —o— YNGR —a— WA H

& 6 PSO-LSSVM HE IS 5 R IBEEXT L E

Fig. 6 Comparison of fitting data and original

data by PSO-LSSVM method

e (ELR T (L B 45 R A X IR 25 Ade,)) =

es . :
L REATHE M = > (1= Alei,) ).
i=1

A3 M7 K BRI T 25 2 A i b D IDCASE TR g B AR RS
5 0 IE A PEAG 56 2 2 R KA A A #) 0. 961,
B UL IE B 5 T PSO-LSSVM 1 % 38 4% % 4= 48 #5 %
IS T 2 B A R
3.2 EFSAT 2R8I BMESMER

W 542 A4 b WA I8 2 90 [ 4 S 3L EFAST
4 Jry M BURME 43 BT Y S BOBUE G 1 7E & 2 50U
Y0 ] v e R 57 0 A BE L AE K 5 000 41 £ H L 45
Xif o F) i tE AR AR A SR ) L PRI EFAST X145 468 b
22 () P 4 J B T AT 43 T 32 T A B SRR R
(14 % T8 22 4 52 W 38 5 o
3.2.1 RE®BAFBH A LUE R IR E N .
RN g D R 3% R N 3 (6 Dl H A pR B,
TSR BB o A AL L A BRI 4 4 48 B B 18 2N 1) T
R AR R R 2 B ok T D8 B 405 W 1R B 43 A | B T A
Ry BRI SR T A R B B Rl N ) LK A
7S AYAELFHTR B - e Ak TR 32 48 A DA i85 38 43 A o 75 2
T O&TF H bR eR 00 — B B508% B (MSD Fil 42 Jmy B sk
JECTSD, 4 7 s .

B 7Ca) R, LU R IR 8E 0 01 ok B b R 4L
MST #l TSI fiz i B % 4 45 b o 8 7 45 4% 5K IF 98 12
A3 0. 41 F1 0. 54, 432 &% 5k IF T Y SRR BH
m P A S5, B E N BT (E Y MST A1 TSI 4y
A2 0. 17 F10. 21 RZ , BB HMU /K s g L % 38 S
Ty VAF R e AR 4 il g (1 MST R TSI 43 3]
0.12 F10.16,0. 11 1 0. 13,0. 10 H1 0. 13, 4K K ik
JIN o T 5 RA TR 4 A K ASE AR A (R R R B A AR TR TR

4
oo

e
o

B R IRE LN 1 /MPa

I3
1N

A=

TLSV TSSOW ECT SEP SPP CSS WLV CCD
25
(a) R B

(a) tunnel segment concrete stress

R IREE LN /MPa

=3
1

ﬂ.*ﬁﬁmmm

TLSV TSSOW ECT SEP SPP CSS WLV CCD

(b) By
(b) tunnel segment rebar stress

=4
=]

4
oo

W }1/MPa
o
(=)

1
=
T

I
1)

HHIREE

00 [ _._A=|'=|’:‘r—r—|.—.—..

TLSV TSSOW ECT SEP SPP CSS WLV CCD

(c) SRR

(c¢) tunnel segment bolt stress
e ] st [ | SRRt

B7 EREAODRNHEAMBERENEEEHEE
Fig. 7 Parameters MSIs and TSI-MSI

with different the target functions

BE Y TSI A MST #4583 AN S 50045 B IR
& - N T 1 ) 5 FE /N

Pl 7(b) & LU A I A1k H b eR AL 45 4% 448 b
19 MST A TSI K /N5 H b5 ek £ 48 R 1R Bk 121 )
P 0 LA, HLAS & A d8 AR i MST Fl TSI K /)
HeF —HF . X UL B 45 22 48 hroxt 48 TR B I ) A
LN IARIR A BIRE HE A K (S

Kl 7Ce) LSRR N J7 8 B B ok £k, 2 5 MST A
TSI S5 8 48 4 48 b o 48 Fr 35 4 5K T 98 B2 L 43 i o
0.69 F1 0. 73, 485K I 58 B2 19 SA J 8 K T H A i
A BB 3 U B 12 4% 5K T T8 B 119 A8 16 X B8R 1) 1 A
R AR K, MSI A TSI E S K iS50



% 4 #

X SCH L R T EFAST 9 75 # 138 4 4 38 47 &k O M 547 129

BRI A A7 5 23 5 D 0. 16 A 0. 20, M H Ath 2
Ok R I 1 A FHAR /N

P 7 S5 R o0 30 LUAE R dR e - ) L B A
T3 VA B 8 B 7 9 H AR R B D bR T8 28 4 B B A O
VAR 00 i I A 3 10 25 2 B0 SRR 6 AN A
[l (H 2 B0 B SO B 9 RN HE P R BB, R4
AR AR U R IR EE ST, RO U i
T A 2 B0 U X — S5 5 B R
AECUNS R T 22 4235 I R 06 G B AR 1 BIF Y — B
1T 42 5% 5K T 5 B 6F WA 107 7 14 52 00 e K XA A 9R
B IV T BB R U XA T S IO D B4 W R/
H—Z Ry TSIEMST ok, Wi W% 2 505 K 2
Bz B g/l |7 H 8 M2 Aam
TSI A% T H MST 347 B s K H TST R/ EF K

SRS UL 4% 2 A 6 b5 2 () 38 BAE AL I AS &+ 43
SR,
3.2.2 RARMAKPALEE HEilITREEERS
BCURAE 53 B B 2 BOBUE N LAY B A 25 1 2 B
HURME T R 2 5. B TR L 2460 S
B PRl A% Ak %k 2 B3R 43 A 45 S 19 5 i) AR SC L
BRI BE T VR B bR eR B 43 B R BE 1 )
S ) B 1 48 B 22 5% 5K I 58 B 1 BU(E R B X [R] L 15
FIHE L DR 53 B 3 AN S AE 1 /N R B 25 (] B X 45 2
BB 15

% I8 ¥ 4k K T TE B 9 SR AR X R4 i R 0 ~
2.67, 2.67~5.33, 5.33~8 [, % Hfth 7 5l
TR 1 S ] L 1 3 2% S RBUREE L3R 2,

R2 FRSHBELETESHERHNERER

Table 2 Parameter TSIs associated with various TLSV ranges

R B JEE 1 MSI TSI JEE 2 MSI TSI JEE 3 MSI TSI
TLSV  mm 0~10 0.194  0.242 0~10 0.178  0.223 0~10 0.126  0.158
TSSOW  mm 0~2. 67 0.148  0.164  2.67~5.33  0.341  0.420 5.33~8 0.608  0.857
ECT oC 5~30 0.004  0.004 5~30 0.005  0.005 5~30 0.003  0.003
SEP MPa  0.15~0.35  0.170  0.205  0.15~0.35  0.127  0.154  0.15~0.35  0.049  0.059
SPP MPa  0.08~0.22  0.244  0.329  0.08~0.22  0.158  0.214  0.08~0.22  0.067  0.091
CsS MPa 0~18 0.089  0.115 0~18 0.106  0.137 0~18 0.092  0.119
WLV m 0~5 0.129 0.143 0~5 0.062 0.069 0~5 0.037 0.041
CCD m 0~6 0.011  0.012 0~6 0.009  0.010 0~6 0.006  0.006
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