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Research on damage detection of high-rise steel structure based on vector
error correction model impact information conversion indicator

Guo Huiyong'?,Zheng Peng'? | Zhang Shuhao'*,Di Jin'?

(1. School of Civil Engineering, Chongqing University ,Chongqging 400045, China; 2. State Key Laboratory
of Safety and Resilience of Civil Engineering in Mountain Area ,Chongqing 400045, China)

Abstract: Complex high-rise steel structures can be partitioned into layered substructures, and sensors installed at each interstory level
can be used to monitor damage in the corresponding substructure layer. To address the problem of damage detection in complex high-rise
steel structures, a damage identification method based on the impact information transformation index derived from a vector error
correction model (VECM) is proposed. First, the fundamental theory of the VECM is introduced, including the basic procedures for
model order determination, cointegration testing, and parameter estimation. Subsequently, the damage-related characteristic parameters
of the VECM are analyzed. By examining the impact matrix, the damage characteristic impact vector is extracted. Using the
characteristic impact parameters and statistical parameters under both the undamaged baseline state and the damaged state of the
structure, an impact information distance is constructed. Furthermore, the degree-of-freedom information at the measurement points is
transformed into interstory stiffness information to establish the impact information transformation index. On this basis, a complete
damage detection methodology and identification procedure for high-rise steel structures is developed, including data acquisition, VECM
modeling, extraction of the damage characteristic impact vector, and damage identification based on the impact information transformation
index. Finally, experimental studies are conducted on a classical three-story frame structure and a high-rise relay tower model. Non-
stationary time-domain excitations are applied to the structures using an excitation device to obtain time-history response data. Damage

detection is then performed by comparing structural responses before and after damage. The results show that the traditional cepstral
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distance — based detection index exhibits certain effectiveness for simple frame structures but performs inadequately for complex high-

rise steel structures. In contrast, the proposed VECM-based impact information transformation index demonstrates superior detection

performance and can more effectively identify damage locations in high-rise steel structures.

Keywords : damage detection; information distance; vector error correction model ; high-rise structure; impact matrix

0 3l

T

ot A R e e R R T A T /N S5 R ),
FER ST P Aok P v S R 52 3 K W 55 55 R A i A
HH, 5538 8RR AR A& Fh i 7 , A 6 005 R AR AT g 2377 A
(R385 45 7 B i SR, DT 465 4k 4 0 T i 7™ R A B 21
h T TR AT A A SR ) A% i, AT
AR R A 52

e B AR R LA 4 — R — R A5 e AR
THAE T R A2 AL AR | DT AT L K I i 428 43 )22 - 45
PR A B o N 32 A% s P AR Aol b D) 5 2
PSSR AR KBRS A B me 1z i HL B W] S e
PRFRVIN 2287 B A O R B A A R i LAt 3247 e
FRON A TAE A B fE R W T AR B 8 5
I 5k T DA B R T 2 A2 et 1 1) I Sl A5 5 R AT
PTG | T 7 5 B B 45 H 1E 5B B I AT A
AN R ] B SRS A 3 B2 A St i 1 1 e B S
AT PR Y AR Ah $HE R IR 17 %) 235 ) e R R S 5080 | 38 )
25K AR RS 1 At IO B SRR 1 48 405
W77k C 2B T ISR A 22—

VAP R[] P b — B 35 R AT T BT ) P S AR A Y
1405 K6 0 BF 52, De Lautour 2" F| F 4 18] 15 ( autore-
gressive, AR) B AT M EAHILE G T AR BRI R
BE A i Ak HE AT 5405 70 JOR B 5T, Krishnan Nair
ZUURIHEE EEN IRl autoregressive moving average ,
ARMA ) BEAUHEAT T B Ak I 5%, 32 B R AR AL (4 i —
B 1 TR0 05 R B S 0 0 AR A 1 i 3 ok 45 4 £t BREAR SR
PR WO A 53 BT A6 B s bR AT T 9 4
B, Zheng 45 HEH T I T ARMA BB 45 ] 32 £
ARV 2 450 40 A 0 32, R 80 1 AR TR I A R AT T
RAEAT 5 AL HT A5 1 157 BAE R 45 (4 455 47 A0 ] R
Mei %57 R AT AN IR A B9 ARMA BRI UEAT T 305 6
DUAFFZE | I FHABE TR 5% 22 1 G 1 BE 2 150 1 J2 1) B U] 45 4
BA 15, X 4M Y BT [ [ ( vector autore-
gressive, VAR) 155 76 $1& BT FHLAR 7R 22 B0 W4 X AR 4 5 40
YENRRIE [ i, 45 A TAERRE i ZR UE 1T T H i
T BRAG P B Sl O RS 5 v F- 2SR B0 2 F R 2 A
BB AT PR 0 A% 7 sl T P 04 AE 22 45 ) 3 B A 7R B 4 7 AF
I, TR IR0 S bR s B WA AR B A e T A
553 09 () R0 255 5 ol 460 40 A 00 45 2R 77 A g 2 ot HOHE 1 2 B

I T R NS AR I T A A 4 TR A B A R A
LA MR 2 A F G TR I VR ARG T S 45 4 pY 4R A R
B 1122 A O OGRS, 2 R e A AN 2 ) EL A 2
M52 2t AR IRER R A BRI | DL AR R I 55 5
22 % D 28 B N 5 M S A 22 R OAS B TR 3R T R 1)
R, W B R TR — R T T M 8 7 EL AT S Y A
SEF ARG IN i, DRIk B A 2 A v A N 4 4
T BEEFFER 73— )2 — 2 B F 4540 2 78 1 4544
3 V2R R 2 2 I AL TR 1 ) Wi o 10 A JE A 1Y
H g, it ise it YIS a4 B i A 7 58 IRl
LT — LT ) R 2B BRI e {5 B R e bR
SERARR I 5 v | LA o3 12 A 0 25 A A 458 403 A K i
FTAT SR

1 EEREEBERBERER

] & 1R 22 18 I A Y ( vector error correction model
VECM) J& — Fft If S A58 | 8 2 7 i) & 7 (] 059 A58 700
filh b, 223k 0 7 HCAE A PR R OC AR 0 Ak BT A ST Y
A

R B ER B H IR T L AR 5 6] 128
PERR LY, = (y),,00,00y) " N LA RIS [6]
i, e = 1,2, 0, SRR )P 90 28 S, 55 ) KR
PEAEL p B A R IR R OB R

Y =AY, +A2YH+---+AP Yﬁp*'ut (1)
A A, AR F (RS R b e, RS IE ]

XFC (1) PSS B A T— B 2200 JF BT R A

AY: =HY171 + ZFL'AYH + uz (2>

K.M= Y A, -1,1 =- Y A, IT J&5 0 T 20
i=1 j=i+l

(AT 3 b T 60 B ] 0 B 06 B TT L 58 (2) 2
5 g 2 I TE AR

AY, =aB'Y, , + > T'AY,, +u, (3)

K. a, B EHIT= ap” 5 ETEEEPA L x r B4
M o WREGRIE A B N DM AE s r WM R
AL

R 22 B E AR A R i A L 4 kA
1) B ASE AR (1 B O T S I 5 2 ) R 6 7 e ) R A A
FEVME I FR ;3) MRS S B AT Ak 15 4 ) XA L 58
PESATARES . FE 2278 B R G M, nl i Bl s s 8 e



360 f# £ ¥

47

N ( Akaike information criterion, AIC) 55 H) 51| R BOR 1 &
B A3 B8, 0 T L ANAE R ATC 22 e )
H:

Fou(psL) =Ino; + 2L°p/N (4)
K. o) JpoR FIRLER eREAL T A 1) o 1 [l DA 7R ke 2
M52 5N BRI REAR S 5 F e R BT R Y
F o (ps L) WU/ IMET AR Y Ay 3 PR A | 20 1 7 1 B
BN T S RS 0 AR 5T

B3| VECM BRI 248 1 73 A il oK, e HE 2 iy b
TR A S R — AL R R LA
AR A, I L AR 2 O B B (PR R ) DR
MR EL, BRI e it RO R K
B ARG UM RN TS5 T, S BRI IV RR R T
Wit (5) 15 E g, B

NP == NY In(1 = 4)) (5)
Xfr HATREFTEM PR LR DECWE 1< r<
(L=1) 5 A, NPERE RIBECT T 56 B 0 RRAEAR ; N AR
At dl BT A B B R e i 5 R BRI FUE, A
AR 2 Y DR R 5C 2R, A5 [ HOR Bl 8 G 22 0 o
Jei AR RAUSRAG T 5 VA TR R S Bl 1, I A T4
AU FHVERG 36 | SRR AR ] iR 2218 B RS VECM (L,
rop=1) o LR R F 8 4y s AR A H - 2
DIV TH B AR P RE SC R ANHL, p AR ) 1 9]
VAR B [ &5, i J Ak PR O R AR B AR T A (3) 1Y
p—1 Bl iR 2B IE AR

2 ETHEREGERBZINESERE
FREHR G il

2.1 EEREEEENFRGFESE I

i ] 5 371 455 780 194 A O 2 B80T LA 2 48 4 1 [T A
P, PRLHGRT (] o 2] A5 2 Ay 1 18 2 5008 I v A 2 S5 R Y
AFHE(EE . £ VECM AR 520 A FF (impact matrix,
IM) 385 1C Sy I, e Rk A8 8 4 30 35 48 5 091 3
A,/ VECM BRI Ge i 38 LAY O3 A BE R e 1 A5
[] BRI A G R | SR IR 17 A G e X6 g 2 < 8 34 A
SRR PEAT LI IR TR BROR A, 5 W B Al T
XoP S E A i 25 04 B FRAB TE R T, [ B S5z e i A R Ol
BIMPIRAS RS . X TGRS e T 2%
P4 PHE R AR AR A 140 450 403 R 285 X A O 25 1 82 2, DAY b 0
FA AR R AE S, B LA LR PR R AS S A 1
P03 F= AR A 52 0 A 5L S B0 B A S 450 3 R AIE 2
I IS B R A5 B ] 4

M (3) A1 A RGEA LR r NECR,
M a F1 B BIJ2& Lxr BYHERE, W IT = aB” y LXL 875 FF

FTHRMRE T LT Pl Y, |, DARRR AR
N LTI F SR (Y, §,, T3 R R 1) R 2
PEIERRL AR rh 2 MR A R I 30N

My My 0 My
n n tem

e | T ©
Ny M 0 My

K m,, MITEGARNEGETR, BT MLITRTE
TEEAEZ N EERmE R, SRR (6) X 2k
TUE VAR L B RHE R & o, WIS I
R0 5B AR S R AG RRAE S i 1] s T2 0= (7) s .

e=[e, e, o] (7)
Kh:p,=n,,,ke [1,L], HEA(7)THRZS%HEAER
AT AL DR A 532 e 5 2 R S A 03 40 SRR 5 i ] 2
e fle.
2.2 EHEEEEREERIER

GERPIR S — B R T A 225 FEIR S R 5
P RF AR RS . F50005 T I 2 g i 7 st 3ol 5 . 190 95 47
TESHOMGE TS50 v] B £ 7= A A | T4 8 B 4%
FAPIRAS A3 A H2 30 A B 19 B8 1, AT FH R il R J v RS A 1
KRS 22 SRR RE , DT 38 3 58 5 FR R S B Ge i S840
Fa 3 AR N, A5 B B SC BRI, 2% SRR
% JEREA R T Y 7 22 55 G S EO g, DL R B
PREICSS R A 118 A S, 2R FH 454493 R AE 45 B 52
A TR DR RS 5 B o A i
S FE RS RS KA 495 0 285 1] A9 B 8 pR B =X ( 8)
R,

H (o ,0,) =l2(¢l? - ¢T)Trr(¢’}e -¢;) (8)

A N IR F A REA B o] R RIR S OB AU B
FETTT 22 30 0 TSRS T A8 ST A B8 0 v 2
PHEN B O R AEAS SR 1) 5y, A R AR SR 6 o P
BB TT ZERE R

T AZ: 25 SR S5 By S5 48 25 1) ) 2 R
HdnX(9) fis,

H(@r 00) = o (r - 0) re(0r —00) (9

O

K, o IR AR R 20 1 7 22 5, I IEUEAR
AT RF N P 7 2256 0

FEFR ARG 45038, P R BRA%) Ao ] e 5 o 4 %
FIABEME RS R 22 2 RN R T, i 530k
BT — S g S o 5 10 2 R 2050 K ) 00 5, ke ) o
BARHAE H (@,,0,) # Hi(@r,0,) , WHLR LA
BIRHHAE | TS 2 S i DR 25 AR A I 7R S 15 B
FHSCHE B BOZ R0 1, A T 5 Az ) 8, i B A 3 1



24

SRR AR LT [ i R 22 0B TE BT R WA £ SR bR 1 iy e A 4 R 4 A D 5 361

MR B E M (10) Fros,

1
H(p,,e;) =N|:

§<¢T - ("R)Trk(‘ar —op) +
R

1

2
207

(¢R _¢T)TrT(¢R _¢T)j| (10}

ZAG BB R T ) i Geit Oy 25 DT 25 AR
AR RUBE A 52, B 450 Jg- Ak L vy 24 0 B0 1) O 1 AR R 2%
5. 2R BB W R T S MRS MR B R
BRI JP JC S, D380 48 19 A PR 28 B4 R AR 1] 8 5T AN 52 )
{7 BEE B AL R WA SIRE IR B A 22 524

A2 AR R s R e T X H R E R RS
FEATE B2 R W2 ] W 452 03 1 8., s R AT )25 () )
JER AR ISR ¢ B0 R0 5 0 3 e 1 B0 4 1
PSR {E R B0 H 03— 20 ST ) iR 2548 TE AR A
BSEA 5 B 48 A (TR . S ma {5 B An ) i (11)
Jm

(H_, +H)/2
pi = (D
N (H_, +H)/2
Kbl RS JE WO S AR (s B, o 1y 8
P (12) AW AR, BI .
H,=H, H/H,=Zu
(12)
Hy =0, H/H, <p
i, w MR, R H/H, = w, MIACH ZZH
e 55 ) 2 A OG0, B H, ISR A o, ;W AR
H,/H, < p WAk 2 A0 S MR 1 & 2 AH S 55, B H,
0, I TEAE R 0 A B RS bR T AR U A5
fFE.
2.3 EFEEREEEEBZINE BRERIERNRG
)

YT R D 1 1 o P A R R N 4 ) rh AR
FEAE BG4 SE PR A PR 2, 8 5 A B AR 25 40 3 43
LR TE5H IR 2 TR s bR AT AR &
AR BARIZ G, 3 — MG HE T T ARG I 4 S PR m] A7
FEF IR 22 B IEARR I (E B e bR T M R Gk
HITL W AR, AR

D) Bk AR FAb 3 SRR I, B e T B
T-GEF 43 FUElE: R AR R A A B, R I R AR FE MR
B ARARAS T B 45 440 4 XoF 17 A 00 st i 7 A5 5, -
X SR AR A TR AL BT 7E L SE R T A TR A5G

2) MRS B RN 2w b DR AR A B0 . SR ALC IE WA
SER AL B, FE A T UM R B0 7. VECM Y

3) PRI AT R iE 52 W) 1) i SERPAE BN . AT HE ST 1
VRS FRIR S VECM BB R ICH AR 25 T A58 A
PR32 M 6 B I A v 03] B A 403 KR A1 5 i) ) B g0, T
@, IFEIPA RS 1958 22 17 51 ARATAH N 1) 5% 25 07 25

oy Mo,

4) FET ) R 25 B E BRI {5 R S HE AR T A
Pk, FIUHASCIY R A 0K (10) ~ (12) iR T 45
IR DR e b5 , IR T2 AR (B AT 45 48 iy 45 45 101
BRI,

3 3 EMERZAXEHFR
3.1 3 BHERNERE

A ph 5 [ 437 5 30y S 0 2 5 18 48 0 T 22
ORI IR AL S — A 3 2 HESR A5 R (ARl 1 T
71N, 3 LR P 5 R 1 o R e 7 b Sk B0 1) e 18 25 48
NSRRI A NSRS i ANSE GE (T ORIl RV G S AT
RS2 PR AR R P e R i 4 L, PP R A R
17.7 emx2. 5 emX0. 6 em, 45} :30. 5 emx30. 5 emx
2.5 cm , S5AE) VAR 1] 5 7 [ S ] S0 b O A R ) Y
LR S (TR R T G2 SR AR A JBE T v ot fin A3 6 51
920 ~ 150 Hz H FH WA 380D s B2 385 PCB
336C , LR AE T2 AP AR AR IE X IR 5 19 5 — Ml R
Daction Spectrabook BERE R G, RS E N 320 Hz,
FEIR IS T R v SR FH R 25 T 5 A A it ot 1 M 7 8l
R G W) T T 00T Ay i 2 P A% S A
5 T TN Ffe A o0 J32 e 17 A5 AT I 43 A, AR
PRI

- M - )
1 3 EHEAR A A

Fig. 1 Three-story frame experimental model

3.2 IEZRERHIRG KRNI TR R

RIE TN 1 Fis, % 1 BRI 100 2 26 [ b 7
B L6 5 S8 A A I 5 K I 2l T, T 1 R AR R
TR FEE T, T 2~4 S50 1~3 2R EAAE S T
B, TO5~T S50 1 ~3 AR A T, Hialge T
BLEA —E MR PRt



362 % # L %

F1 3EERRAWIR
Table 1 Experimental conditions of the three-story

frame structure
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Fig. 6 Experimental model of the high-rise relay tower structure
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Damage identification results for conditions

4~6 of the relay tower
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