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Damage identification method of beam string structures with
improved configuration based on modal parameters

REN Yichun, CHEN Jing, JIANG Youbao, ZHOU Hao

(Hunan Provincial Key Laboratory of Green Construction and Maintenance of Bridges and Buildings, Changsha

University of Science and Technology, Changsha 410114, P. R. China)

Abstract: In order to clarify the damage identification method applicable to each member type of beam string
structures with an improved configuration of lower chords and struts, and to reduce misjudgments at non-
damaged members, this paper proposes a damage identification index based on sub-component curvature
variation and structural modes. The validity of the index was illustrated by analyzing a simply supported beam
structure with a simple structural form. The finite element software ANSYS was used to establish the analysis
model of beam string structures with an improved configuration of lower chords and struts. The damage of the

members was simulated by reducing the elastic modulus of the member elements. Considering the symmetry
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and complexity of the structure, damage conditions of single damage, multiple damage, and small damage level

were set up on the members at the mid-span, quarter-span, and near the bearing ends, respectively. The

improved curvature absolute difference index of sub-components and the sub-component curvature variation

based on structural mode proposed in this paper were used for the comparative analysis of damage identification.

The findings demonstrate that the index of sub-component curvature variation based on structural modes can

achieve the precise localization of single and multiple damages in the structure. This index is also highly

sensitive to slight damage, making it an effective method for identifying damage to beam string structures with

an improved configuration of lower chords and struts.

Keywords: beam string structures; lower chords; struts; damage identification; modal parameters

KK R A T A AR O A 5 Sy
PLBBE 1z B TR BE B A SL b, R IRk
JE S A e K X SR A A T % S ) R P e AR
22 85 () L, o A o A5 o Bk R A R X 4
T — Bl 5% 5 AT S R B 5K X RS A IR X
IR RE R ERE ) % 7 T BEAT T AR Y R Y
U, S5 R R W] A5 U B R, P I 2 8 3 1k
REBAF™ . BB MR AT IR ] fh 40 4, 45 A0 1 B 22 &
PIAR 5 28 T I B 7 5K At S A DA R AR 45 473 T
BOEIR 0 SR R A TR R LR T
5P kA B K K R A R PR 2
JIHLEESE Z% e AT P IR U0 R B 4R i 45 05,
R B AT T B AR S AR AR, R
3 RPN e o O S IR0 176 S S B )
LS A A 45 K BEA T 0 05 RN AT B 2R B R

BT 3 A7 e vk R 05 R O 1k 2 BT iz
TR LGS A5 05 PO BE T T, T 5205 45 T B A 2R
5K TZ R LAl A O A R UR S S I B
Rtk H AT, 5T 450 100 RO i F 5 3 B A R e
VR I T AR | A P S A R R
Fa 0T B Xk K K S 9 ) S5 O I 4 [ 45 4 Y T Y
/b Pandey S5 T — i BE T il S A4 15 0
WU T 3k 5 I 3R A5 R 7R S IR B 25 4 9 A R
AR AT R AR 25 55 2 M, O 2 A Jay 3 A k78 e B
AR R I AR A X RS A TR AR
S A DA 0 A R IE I T T RS
it 5k 52 AT 2R S5 A A5 05 UN R B fRLOR BIF 5 AR
FEA5 05 B9 T 00, T 1 150 Y ity 308 28 0 0 45 4 25 T
RAVHEIVE . A B S IRAIE T AR AR R RLE
] A J1 A2 A8 A A4 8 AR 0F 5K 5% 25 F B A B B0
P, AEL TG 125 X 25 K ok A 07 B R A 400 R . R
SRR RO RS O R S MRS U R RS E
22 i RA AR AN GE & A RO R T LR AR UK B A1
(19 I AL 5 I Kl il 2 I AR 988 2 40 10 10 5 1% U1 4B
R Gy W H , H% 7 6 R B AR AT L K b AT
AR AT B 4500 00, B R0 64 453 40 57 A ARG At 3

PUOTATAF BT LE DX 18], T8k 72 0 2 AR B 45 00 AT AF

SRR 7 BSR4 S T X
RS AL SUAE S PI E E TR R SRS
TEAE AR 7 S8 45 om0 25 K 2% AT S 280 103 i, A7
T JRy S A4 A 00 280 2R AN B A ) T 2 A Tl
RS HIE 45 G T A5 A AR 48— FhoE
TR 5% 5 45 R R A R B K R AR A AT R 2 Y
5005 P98 B 5 LA H R TR S0 5 45 0 O 1) R 4T
B, B0 %A b A ROHE s B SE R 5% 5 $E A B A
T gk 52 B 28 Ay A BROCAS L I 540 22 A 5 45 T 00, %o
FE 73 BT 2 46 b 5 AL A5 20 TR A B RCR

1 IR AIERAT IR B
L1 EFESSBNRGIAR T &
AR RS (425 i 5 9 56 A S B T 7

M(x) ()
El(x)_p(x)_ .
(1 +y(x) 4)‘

KA M (2) EI(x ) o(x) 73 50 o 32 A 5 A0 6 25
BT REE AR Ry () o R R R y O )
A4 IR 20 (5 % Wi 17 o AR 25 AR FE /N B 2 Dt T £

(1)

w

p(x)=y(z)" (2)

R A A2 A AR A B i B e 7T 45
Y= Spe) .
KH g0 ()RS i BT AR B A bR RS IR

EE &

S T 252 2 9 45 #3083 R S A 1 A
2 K0 G VP A4 4R IO A R R 05 1 5 1 T 4 g
A S AR OB | A R T 4T 2 4 K 1 B 5 SR 0 oP L
e G A A T A TR L 58 ST AR 1 o
T 5 A S T BRSSO LRSS o (1)
S ES -t ¢ QNN Lok 2y R RE A E
HE D,

@, =[¢(1).0(2).¢.(3)0(r—1).0(r)] (4

B2 25 O ot ) D B X I 3R 250 A 5



174 K5 xR ¥E AL FROP FE L)

% 48 %

M (4 BIF 5%, A 90 A5 25 8 1 A U)X = A 42 ity 23 00 )
MOEATAC A B SR T B R 1 5 Bl R
PR ABE & o B4 1 R4 A %) v s SR 55 B 3R O
AH N 4 F 1 55 4 B it 2818 ) G ) AT 2o s 22 43
U Z TR R G 3 A AR A AT BT
G E IS TR SR Il ol e o SN2

v edm )= 2p(m)+ g (m")

ollm)=

&3l
2
@/=[¢/(1).¢/(2)¢/(m—1).¢/(m)] (6)
Ko (m)o.(m ) o, (m™) 53 N8 m AT
bR S A R A B N RS AE s L (m ) S m
AT A BE s m R 2588 T PR O R .
3 (3) R (6) AT H1, 2 2 HU4% F HoT i AR,
iR R o () AT 6 7R SR 7 B0 S5 UL A5 4% B ith
R o (m)HBIN,

(5)

M(m)i "
El(m)f;qz%(m) (7)

115 4 450 45 S B 75 g e g R R BT IR,
5| SR A AR E RIS, 5 S ) Sy 4 1 454
GiFRBE o 45 45 g J 3 S — K 1 % A4 40, U He
AR ET(m) F W, da (7) o] 1, 3500 74 18 i il
B o (m) 22 K R 578 WL A5 I BE ET (m) 9725 4k
BLE G o (m ) 15275 (i B —— X o

e T 25 IR D I S5 2 4 X 2 10 S I R 4 g
(945 05 5 0 9 b o T H5 003 G 9 55 4 B ol R A 2
1 05 0 43 A0 2 50 00 U 5 4 sl R (1 A
— P50 T, TR R AR Rk L Bk
AN

p(m)=

Agllm)=|gl(m)— ol(m)] (8)
Al (m) ol (m) 53 50 T 1 m SR 05T J5  56
NIE
1.2 Bt iy B R 3t £ 3548
B T 4B A0 T A 2 R R ) et L
15 2B 2 X 25 HSBR R R MU R IR i
O g B K 9 B0 5 1 R L DA A TE (A 4L
B i 25, B ol 1 B il R S A X 22 . R DL LS
R AS TR LEEE @ B et i il R 45 0 22 3648 AD ] (m )

A (m)=||¢t(m) | = | gt(m) || =

%Mﬂﬂmw
(1—n(m))
(9)
1.3 ETFEHESHFHEHETHIER
i 2 () AT, AR B iR AT A5 (B ol (m)=0)
b, Wi 2, ol(m). ol (m) F1 AD!(m ) U

Ly 0, it A (m ) 6 A5 45 5 By il 55 25 b 45 5
AR B RR BT A EES T ORI, H
Wt b 78 oy 52 i b 6 3 5 1 5 ) il A SR R
AR L, B, AT ZR S A Z RS B
o o I B B AR S B AN A 2R T B R — R B 4 R
S b, B R TS5 R RS 0 1 A R il R AR A AR A
it i PNM/,

FER— B T R AR (m) 1 5 /MA
AD/(m) G RKAHAD! (m) JF AD/(m) 4 br ik
103 — kA B8, 45 3 5 44 78 56 4 B 03— fb e oth 232
27X ZFE R, Ie N Adﬁj’(m)w;ﬂ%%ﬁﬁ A@,-"(m)w 5
T %k o7 AR € , B AT A5 3 4% #9119 PNMY 45 45 o
) = A@,(m)*A@(m)mm (10)
MoA0/(m)  — AQ/(m)

Pw=[[A®/(m), (11)

i=1

AD/(m

min

A1 Pl I PNM b33 MSEREG | [ AD/(m)
For AO"(m) | AEIERS 1B 205 j B (¥ 3 7

iy = (11) T 0 PNM X B Sk 7 48 245 1 [ 19
— Ak B i 2 2 22 R BE A (m) o H—fRAL
W TSR AD(m) TR bR 0 B AE
(0, 1) NS b, DT o8 445 4 25 9 A5 285 114 452 405 4 A 1
25 LA W] He e . PNMY 45 5 78 18 e 75 3
ST AT B A AN IR Y LS R 45 4 A T b R RE AR B
JIT A RS T 1~3 B A S A 2 e A N AT B 2
W& 3 B A BB

2 PNMIBHRBEIE UL IE

A28 g I8 2 17 B0 04 187 S S B HEAT 43 BT, e
TEE MRS A8 2 il AR fL bR PNMY 14 301 -
2.1 HEEFN

2 2% SCHk (1817 By 3 H R4 iy Sz 2, o H Rl 4
9 10 A4S T 0 15 I 1 Sr ANSYS AR, WLIE 1., 4351
FE T S 3 iy RS R A O [ 5 T (L R
1), 3 2k AR T35 483 405 7 T % 17 B G A s R e R
B 45

NM

1
r
[T T2 737475767 879 T10]
75 Ly o7

B1 B
Fig.1 Simply supported beam

2.2 WGIRBIIERD

B F ] AR A0S RT3 B AR A PR AL L AR
K1) PNM $ 45, 45 R AE 2 iR .

Hy 1€ 2 AT 11 : PNMY 48 B 76 453 03 007 8 5 B 01,



% 24

HEEA,F ATRESUG AR HAKZ

2

WA AR Tk

Table 1 Damage condition settings of simply supported beam
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Table 2 Sizes of the structural members
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Table 3 Comparison of the first three frequencies
B % HE A/ Ha IS5 5L/ Hz Ww¥%/ %
1 46. 344 46. 875 1.13
2 117.43 120. 117 2.23
3 134.75 128. 906 4.53
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Table 4 Damage conditions in finite element simulation
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