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Health diagnosis method of shield tunnel structure based on cloud theory
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ABSTRACT The process of diagnosing tunnel health as a fuzzy system has the characteristics of randomness and fuzziness. Tradi-
tional risk assessment methodologies do not account for the fuzziness and randomness of risk. Therefore, using cloud theory, a new
comprehensive risk assessment model was proposed for shield tunnels aimed at the fuzziness and randomness of health diagnosis system
of shield tunnel structure. Firstly, the normal cloud model of evaluation terms is constructed, which reflects the health status of the
tunnel structure. Then, the normalized value of monitoring data of tunnel structural health status index is transformed into membership
cloud model by the principle of the reverse cloud generator. And the importance linguistic value of the health status index is trans-
formed into the weight of the cloud which is used for characterization importance of health index. Finally, the cloud theory computing
method is used to diagnose the health status of the tunnel structure, and the cloud model of health status is obtained. The improved
method of cloud model was applied to diagnose the structural health status of shield tunnel of Metro Line 2, and this method greatly
improves the visualization and robustness of the diagnosis results.
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>

Dy — T E B RE R Bt B TR eSSl as . s T HEOK | XA U AR T T A R B AL

=

Wi HE. 2016-07-19
EE&WB: HE AR LS E S BTH (51538009) ; B %K A KRR 3L £ % Bh W H (51578550 ) ; WFoe 4 H B RAIF % B H
(20172215152



TEESARAS . BET = BIE A BRI 45 14 (2 R 12 W7 5 15

- 795 -

gt BRI, BRI TR AR I B O R 2% RS
SR T2 A SRERIE S N TR 2R 55 0 T I 25 5 7
M, " T A R TR IR e A L TR
OB} 275 BRI B T8 A HRAR S 12 W7 07 1o 1 5 B 1 1Y) 22
AORZS R AR TR YA AR BRIE 250 (i RS 1912
Wi T i 1SR I — T O B B A RIS PN 4.

UTAF R~ A TR Bk iz 55 T ) I 2 45 A 1 RS %
T HEIRBLRIT T AR CRF 58, £ st WA e 22 460 Ll K2
BRAEN A Y DT b R B R OG AR
R RRSEHEA T XU PPA. AT 46 R A % 3 e A
RN R 2 2R | 2R AR J2= U 20 A 7 96 Xk i A4 i 3 14
TEROIRASHEAT T IPMN. A5 #55 SR G 2 Uk 43 B
Dk RPAL TR M B A ROIR S, TR R
PR STITC R it Sy ity SR FHARE 3 204 B B RE 4R k0
g BE DX TA] JE HA R G AR AT R T DL A JE
BRI GRS WA . FLAEDGAE R T T AT 4 2
I JE R BRI ) S R e R B IS T O s, X AR A
RHDCET AR IEEA BT 5T T T e B 30 23544 £t B i 0 2%
etk X SR A B S D Markov 57
LR BEIE S5 AR A 5 i FUIRA VR REVEAT T OFA. i
AR R R ER o X R R B B TR TR £
EVEFITT I S B2 W 1Y

JE AL % 3 e AR 2512 W o AR A D — B R 4
HATREAUIEFEOR P AR5 i, LR B2 W 7 3 0 ik
B35 HH AR GE BB R R RE AL SC R e — R, S BUkR
ARSI WA R HEFIPEREAR. = BIe/E y—Fh
FHRAH A F 5 Tk 5 5 i 2 AL AN 7 TR O R e A A £

BLPE AR | 44 e 15 i Z [ A A e 2%, I
T A] A B 5 B A S B B P IR AL H
BT ZBIE C 2 is TR R GG A R ik &
PERE Tl PR IE BT PPAG SR A0 R R R

eI Y BERE L, 52 1 R T 2 G B B O e RROIR 2
WL 2= BRS04 153 07 7 0 8 G 25 4% felt RROIR

AT
1 =iEig

= HAE I P 2R R e ) A A G I A R A B
WHMER G2 # R LAt E 3 Ok 0, B TR A
SEPEME R BCEF TR, BT e S S e s AUE
Z RN A e TR B BT 1 240 AR M R R AL R
1.1 =HEFHE

WU RSB E L A o TR, ¢ gl U
A2 PR A, X TFAT B TG 3 o B AF 78 R 1 1) 1) i
MU u(x) € [0,1] 52X 0, 2N « X & C
R, REBE o IS U A R E &
C(x) MM [x,u(x) FE—=H.

IS5 AWIBEE E, G E, B H SkEFR
BRI, BT R AR R RO R BE B DG HE R
e, BT FH e PERE S 1 SRS BT T M
5 BB 2 ] B G R, Hoh SR B R iRk
U LI RERS AR MO A € 1Y S, R I HE
S o o, BRE WP LS N E,
JENT R PEME S € N A PR B R B KN R
TR C B9z B BE DL SR RS 3 U el
BB TEME S C B2 52 1) 2 1 3 PR, 0 (8 A, Bl AL 2
BRI PR R, R Z N8R U |, IR R i
BIL T 2 P ORI 2 JEE B A e A 1 AR 1 R
BUPETRE | 2B T A 5% X 52 1) Bl AL A FIASORY 1 =2 [ 7
IR
1.2 =MEEZEN

W EMIE U EW = C (B, E, H,) .C,(E,,
E,,H,),C, 5C WRRBEHEERN C(E E, ,H,).
C, 5 ¢, WEARBEEMNME 1 P

f R RS PR, AR SOTE % 38 445 14 fit IR 2548 Fm 1
R1 mEHE®EN
Table 1 Cloud computing rules

(ER7S E, LN E, W30 H, 10
+ Ey+Ey VE + B JH + 1
- E,-E, JVE + E VH +H

[1H, |* |H,|?
X Ey xEy E E, LN P )
Yl E,

. Eg E, H, |* Hy |?
. Eo Ey Eq * Ey

1.3 EXS=ER

Hil, s g miE S ekl =flE = JH
W ML R B, Hrp R 2R iy T Ho 4y
ABCE R A E e R 2 Y A SCRAIES =

IS ATRIR AN, A EAS SRR (BB, H) %
R TE S SRR B RIS S
R,

Iy ST MM 0 2 L 2%, A% SCR T IE [



- 796 -

TRERRAE 5 39 4 5 )

1 ;EL:\ B
7%
Fy
E,
5 EeN
4 i\ L
i 1'! :
et )
S s,
vﬂ;: 3:?':‘:*
0 . '&2‘;‘-
—4 -2 —] 0 1 2 3 4
x
E1 ESAA
Fig.1 Typical cloud image
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Table 2 Cloud model of tunnel structure health status level
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Fig.2 Typical cloud images of tunnel health status level
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Table 3 Evaluation language and weighted cloud model
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Fig.3 Weighted cloud model
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Fig.4 Evaluation index system for determining tunnel health status
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Table 4 Cloud model monitoring results
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Table 5 Calculation results of the first—level index cloud model
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Table 6 Health degree range and the corresponding health grade table
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Table 7 Assessment levels of tunnel structure deformation detection
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Table 8 Health evaluation results of tunnel structure
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