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Damage identification of transmission tower based on associated
mode cloud reasoning algorithm

Guo Huiyong » He Qingling
(School of Civil Engineering; Key Laboratory of New Technology for Construction of Cities in Mountain Area,

Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: In order to identify the damage of transmission tower and other engineering structures under the
influence of uncertain factors, a cloud reasoning algorithm based on associated mode is presented. Firstly,
residual force equation is established and damage identification principle based on residual force vector is
analyzed. Then, a cloud reasoning algorithm based on residual force is proposed. Numerical characteristics
of cloud model are given, front cloud generator and rear cloud generator are analyzed, qualitative rules
based on gray cloud model are proposed, and corresponding cloud reasoning system is composed by using
cloud rules. Finally, given the drawback that residual force is susceptible to uncertain factors such as
measurement noise, a cloud reasoning algorithm based on associated mode is presented to enhance the
identification accuracy and reliability. And a transmission tower structure is applied to damage

identification. The simulation results indicate that the cloud reasoning algorithm based on associated mode

Wi B #:2019-07-13

BE2WE [HK A RPHAR S (51578094)

ERR A FEHEA971-), 5 IR WA S, EFAF SR A5 - E-mail : guohy@cqu. edu. cn.
Received:2019-07-13

Foundation items: National Natural Science Foundation of China (No. 51578094)

Author brief: Guo Huiyong (1971- ), professor, doctorial supervisor, main research interests: structural damage

identification, E-mail: guohy@cqu. edu. cn.



136 N RC N A

% 42 %

can well identify structural damage, and the identification results of the proposed algorithm are obviously

superior to those of residual force vector method and the cloud reasoning algorithm based on residual force.

Keywords: damage identification; residual force; cloud reasoning; mode; cloud model
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Fig. 1 Cloud reasoning System based on associated mode
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Fig.2 Transmission tower model and size
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Table 1 Damage cases for transmission tower structure

T 1 TH 2 T.#% 3

FF4 Eingry 4 Engry e B
(WES /% (WES /% (WE5) E/%

80 (17, 3) 25 5 (22, 16) 20 10 (3, 9 20

83 (25, 18) 25 50 (8, 9) 20

74 (9, 23) 20

Fe AR S 2= PR AR A ELACE IR R R
1) M 4 25 #4) /9 352 405 72 B X 18] 8 37, 22 ) 30405 4
LS [0,0.1].[0.1,0. 2], weeees L[0.5,0.6]3: 6



%24

IR G F R T RBEAS F I k0 iR 3525 B R A 139

AR B T 5 A5 X ) SR BB, 1) 45 48 A PR
AR AR R 477 S5 B X 7 ) DG B A 2 At B T At 57
B2 B P2 . ) 408 40 A58 5 A BR A v s ST s R =
TR 22, 359 2R FH I 2 A TR B AF I 1) D 0% LA B
J5 o PR R0 AT G R O R AR S T

2) R SEBRAB 03 5 5 Al 52 W s e 1% 22 vl
B G I Rl K e o 1l A NI 1 7 = W 1
ZA- 2T I R R, B2 A 1 o R A A A
ARG 1 22 A4 2 0 B9 38 005 A2 AR DA i A8
BLFZ AR (2 s ) 2500

D PEAT 6 PN = I 0 i AT B A T
V] DUTHSR s A, Bk X Q17D 13 A B
TG R S IR S 2 M PR T (R 0 i o 25 2R

AR WAL W IR A S o i L
B BRSO N O IR AT A B3 B e o R Ay
s . FRA g 0 AT L E R X (12) I i
KT SGH AR A 1 B dE b
3.1 IR1

T 1 Ry B A IR R e E Y 80 S AT AR R AR
25 Vo WM EE 0 . SR FHBR A% g 1) vk LB AR ) = 4
PR OGRS 2 M B AT T B . gk
A AR OIS R 3 iR, Bl 3 AT
A YRR KOE o Sy 0 B BR A ) 1) T DU R
U R 4543 067 B L 80 5 AT A 483 405 T S = T Al
FFA 5 240 A K o O 2 90 i, 5% A 7 1) ik Al R
SRR K E. MG REC B T IR
[0,1], XFEZREH THRABBELE LA ERE,
A 116 RATHEA 78 A A BB, B TATFECE F1 A
P R — S0, SR 2 (12) SR g ik BRI T )
SN TR AR o S5 1 Bl = B TS Iy N s i = I =
RE SR FH I B0 1) 5 /N B8R i, 28 3 ORI T BE AL
B py A9 Mgy =L B AR EEZE T A
[vi] 1) BB T A 2 06 1 MR P 8 2 4 1031 &5 2L 5
BRI,

TR N RPN R WA 4 iR, H
P4 BT, MR K o SR 0 B BRAY T 5 HE B
AT RAAG 5t iR 550 005 0 L 80 S AT R B 1 (B B
B T AT S M S KT o O 2% R AR T
ZoHfE BB 0 N B R ORI R O R T
Lo, 1] HA B EvE M e s s 7 & . X E %
S BT HL I AR ROE I KT B OB B SRR AR
LB SR T 22 ) FH 30T B0 A9 S5 /N 0% B n b B BL

WA SR R — P T R S R E &2 A
Kz T AIEEAE,

0.2

gO015
# o1
0.05

[l 1l Il
0 20 40 60 8 100 120
a) FH#(a=0)

300
P
Rigo

0 30 40 60 s 100 120

(b) ¥ (a=2%)
B3 IR1ZBRKNEEBZENIRANER
Fig. 3 Identification results of residual force

vector method for Case 1
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Fig. 4 Identification results of cloud reasoning algorithm

based on residual force for Case 1
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Fig. S Identification results of cloud reasoning algorithm

based on associated mode for Case 1
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Fig. 6 Identification results of residual force vector

method for Case 2
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Fig. 7 Ildentification results of cloud reasoning algorithm

based on residual force for Case 2
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Fig. 8 Identification results of cloud reasoning algorithm

based on associated mode for Case 2
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Fig. 9 Identification results of residual force vector

method for Case 3
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Fig. 10 Identification results of cloud reasoning algorithm

based on residual force for Case 3
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Fig. 11 Identification results of cloud reasoning algorithm

based on associated mode for Case 3
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