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generalized flexibility matrix-based damage identification method for
derrick steel structures

LI Zhu, YU Yongping, GAO Qianhui, ZHENG Shaopeng’
(College of Construction Engineering, Jilin University, Changchun Jilin 130026, China)

Abstract: The drilling rig derrick structure will be damaged and destroyed to different degrees due to various reasons

during the production process. In order to solve the problem of damage identification in the health monitoring of oil

derrick structure in a complex working environment, a method of damage identification of derrick structure based on the

generalized flexibility matrix is proposed. Compared with the flexibility matrix method, the generalized flexibility

matrix only needs the first few low-order intrinsic frequencies and corresponding modal shapes to ensure the accuracy of

the

calculation. In the process of constructing the damage control equations, the matrix block solving method is

adopted. Compared with the traditional method that requires the expansion of the element stiffness matrix to the overall

stiffness matrix dimensions, the proposed solving method only needs to expand the number of rows of the element

stiffness matrix accordingly, while the number of columns remains unchanged, so that the computation requirements

for constructing the damage identification control equations can be greatly reduced. Finally, taking the K-type steel

derrick structure as a numerical example, the results show that the method has great recognition effects for different

damage locations and degrees and can be used for damage diagnosis or health monitoring of other large structures.

Key words: K-type steel drilling derrick structure; generalized flexibility matrix; damage identification; health monitoring;

matrix block solving; oil drilling

0 37

TR S PR bR AR JC X T TR

A A AR VE D — PR BRI A5 K BRI ARG e R IR B A P, ol AR L T

ligici=R-i 8
EE&WH:
E—1EE:
BIEESE:

5 AR

2023-09-07; & B H#:2024-01-06 DOI:10.12143/j.2tgc.2024.02.005

[ 58 1 AR i 4 T b 00 B 2% PR R R T B AR DR A 5 A VB AR ST (4 5 1 41972323)

KRB DU, 1997 4R A T, NS T RR 2 AL A 4 R O 1T RO B AR L T AR K AR 1T IY R 32 KA 93845, lizhu21@mails.jlu.edu.cn,
KRG, 5, DU, 1987 4R A @ Bz, 5t AR S0, B NSRS R O A B B3 U D B E ST A MO AR T O R 32 R
93845, zhengsp0428@jlu.edu.cn.

ZERE TR TR AR T SO A R R SR A A B U [T ] B PR TR L 2024, 51(2) £ 32-38.

LI Zhu, YU Yongping, GAO Qianhui, et al. A generalized flexibility matrix-based damage identification method for derrick steel struc-
tures[ J]. Drilling Engineering, 2024,51(2) :32-38.



5551 B4 24 A5 REAE T SR A Y I AR A R AR A5 R 33

AL TAEREE S R g ™, 5w S s
[F] A B2 B 453 00 491 B 50 AR TR A0 M e A5 U T R ARG
IR S5 M 7R BRE J7 , o [5] FRF 5 e 2 Bl L 1% R A1
T 2 R B IR T B 9 M L
BRI, DR Ik 300 F - SR 45 4 A4 i e A ) 2
PR+ rEE IFEESAEZR T EENTZ
Kk

AT AR SR 2 A A BE R G B E R 2 A
TAEL AT BS S HOR B A BROTE & IE 5 5 H
TR O EAR T B, IR 4 G 0K 5 A2 B AR
P25 38 15 H R A7 5 Ab B OR 55 2 G, X TR 4
) B PR 75 2 AR 2 M 5 0P AG T 5 ) e
ARZS 38 H TR 2 B A7 i 0d T A 2 0
AR BS S BN S BRSO 4
Ha) 1 [T A A5 R BELJE L AR Y B AT R 4 e B AR
(30 S 2 ek o YRR S BOR AR S AR S BA
TE LA TR S o PRI e e — b bR | v R Y
LSRR S BOR B AR B E 2 . PS5
RS R 2 BB 08 R KPP Al T AR S5 0 L A I 2
i, IG5 A Iy 8% 45 A4 04 18 % T, PR ok 1l oA 1
DA A1 235 ) B M 00 4650 dm 4 AT 5 B

BT S5 MBS 2 RO 45 0 R O i 58 0 A
T EE R AR HT IS B 0 R R 22 S L B SRS A 1Y [E]
AR RS R R R R B SR R R R
A VL AZ RE A3 e bR KPR A AR IS AR Al . X
275 15T LI TR A6 R AT 4 A4 IR IEAG L O BE
figg G N HE 245 K DA R A A LR . (AR B,
TR 5 Al IO B g B A 2 2 O 0 R O R T
BB 2 8, B S PRl B A vh S5 IR B A S 2
w0 BORS BE AR A Sy ST LR R A
Pandey %55 SEH HT —Fh R 454 5 43 i JS 3R
JEE R I S ) T R R S A R B AR R . R
JBE REL I 48 19 J2 45 A NI BE R I 1 306 L I, ZHAO 551
X 2R R B HEAT T A S A I R RITR 25 R A R
FHORE 23 M, LR U] 3 B2 R AR LT M R R I X T I
A 25 2 RO B BN R A

T 3 HE A B A U5 J7 5, Ghosh 25 JH 45
HAY B 1o B A1 80 R O S O AT 4405 S o, O L = 4R
il 70 25 R AE ZR A Y Oy {91 BE AT AR 5T, 45 R SR I R AR
FH A5G B e B I 2 % M BORE B8 A5 280t E (S 453403
TREANTHYRCR AT 2 W35 AR, R Bl 2 3 T BOE 1Y
HEFY) B Y ANG 555 2o 4 2 B g

HEAT o0 i, Bt — T B B0 A i, 0T e o A
) AT 30 0E | 45 3 Wk T w2 T B R 4y
Br s ik A, RO AT o o b 1+ 5 R NI EE SR 3 2 45k, LT
SRV S T SC R A U 2 R A K T R
R oR BMOC T80 S 805 T F b — B 28 )
TE B R A5 05 1005 T SR BE R B 2 22 4E R A v
T, F5e 2 ol 403 2 ) O R 0T R e /s e vk i AT
KA IZ D7 AR LG T 32 BE R B T 09 B 25 AR A A
A HARDRE B v . LIU SR TR LR
JEE W 7 1 T B A5 R S R L HE S R T AE
TG M 75 RN A W 7 PR RPN T, 2B T A AR EE A AR
ok B oK M 5 B o Aghaeidoost Z8 ™A T LR
L R R R A 28t A% SR T b A T — i S R AR I
07 R T A R A 7 R R A RS R AE R
T H bR R BT, IT A5 G R E AR AR TR A
i J5 3 DL S A B SOV 5 ), 25 R T AE
A TRV B 05 9 53 T RE 6% o i TR0 0 405 67 B RN A AR
JEo LIUSE ST T SO B T —Fh kb 2 H
AN 58 B AR A R B ) 5 P K D U7 ¥ . Katebi
S o ST T AT 4R FNHE SR 25 A AR T — ke
RS RO 5 TR T vk 2 v R ) R R R B
149 722 £ 0 S0 ) 22 B RS e 6% o B K DR A 4 AR
JEE KAV I AR — R 05 R A T %
D7 W L T SO A 2R A0 1R ) R A Ak B
AN Ia) g, I HOR T /N P 5 R 58 = O il
(LSQR)EFFAT KA o SR L iR 57 1 B0 AE 252 B 1%
2 BE TR B0 T 2 B RLGE A R N T S B R
BRI TR .

ASCHET™ R PEH M Ty vk ny el b i fe 7
il 5 R 0 R A E SR A ) R R R AR SR Y
P, I LA T AR S PR R Y K - 48 48 4 1 R BB AR
A0 UE 7 AT ROk AN AR E M 4 R R i
HCHE I T SO R A DR IR T S ROR A SRS
JE A [R) B, AT b /b i R T R T

1 ITXREEGERBERE

F T AR 454 BB A5 A AiE 2 B R ik B 4%
JE A B B A i ) R R OR OC T R MR A
f14 BRVKR L DN I — EL T R 45 Al R A 4, HE A B A
A2 R AR B DRI R P 5 A A S R Y X —
A AT S0 DR 2 e R R e A A A A L LA
Lo AT Al 400405 A B8 o A T 45 A B A R R R AT A5



34 BhiR T 7

202493 H

AT A BAE Tl R S A A S R G T 4
BT 52 RO AT 28 B OO TT AT 2K B4
MRS R E S Y IS B2 B R i
LR X 45 A B RS R AT R e A o il
Ao 45 AR Y S AECRE A3 A BT S B6E 45 407 07 R AR
(M PPAL 48] Tz s

HI T 25 K 19 11 B W8 A Dy B L 245 A 5 JE )
T B A DR HAS SO RE T 2 A 1 450 3 A i 45 4
AR L W EE B4 8 T 3 B0, R I 235 A ) S O R R
MR ol O PR AN AE o fEBURATER &, TR 2
Fey A A5 A5 TR AT AT s i R e 1Y

N,
Kd:Kuiza{Kui (1)
i=1

AP K K73 5 8 S5 0 oK 45405 B ke A 4540 i
P14 R (AR TR 85 R B, 2202 o < 2 S X R A B 5 K ——
Y758 A 2 AR ST M R R R XU 4 R T I RE A

a; Wi RO R AW R B N, SRR 53
1 HLIT A48
K 3 C1) PR g [R5 OC T80 FR JE o, oR 3 AT A5
it =—K, (2)
da;

VG EE M K AT G 0 n X n i R BER R R
Fo B R B A0 0 X n e A BER R N F,
PRl 2 e &R

4

1 "
Fy= 2* §0dj§0djj

j=1 Adj
k

1
F,= ZZ %j@ujT

j=1"w

KA (g Ag) (@ Ay )—20 510 G54 05 LA %
AR 155 1 ST 69 565 B G 10 k5 65 0 M0 5 ——
T B S A

H F M F, AR 2

F,K,=1 (4)
F.K,=1 (5)
X 2 (4) 14 W s ] B 56 F 405 72 B o, 3R 57, O
EHR(2) 15,
aF,
:FdKu,-Fd (6)
da;

I 235 48 5 4 e A AR 2 R QT B 4 B U
— AL S, — ) TR R T R A
ﬁlg(a>:Fd(MFd)L:@dAd k 19DdT (7)

Horfr M Ry n X 2 5 R AR SC P B B A AR
TG A K A e = (ars as e an) R HBTA
Hoon P o RO A R — Ao o=
(godl,gadz,---,godk)\Ad:diag(Adl,Adz,--~,Adk)§}%ﬂﬁ
FLER I 5 AT £ A IR B RREAE 1) £ RE B AR AE (.
XA RE . (7)) a] DAS 2 LAE B, B it
BAE L5 (a) T B RN . (AR AR, Y
L= O™ S 3% J3 40 B B AT 26 7 nl— it 32 38 4 B
TEARSCH AN ZEL =109 0, i F R .

fi¥5(a)=FMF,= ®,A; @, (8)

A4 2 (8) W4 i [\] B X 452 475 S 8K o, 3K T 0] 45

e IF, aF,
c')faz- - da; MF,+ FM da,

F 0 6) A () H 75 B 5 72 JE @, = O BT Y

SR B R M R A
E;fa' =F ,K,F,MF,+ F,MF,K,F, (10)

70 I, 4 58 (8) t ) SR B R I A 9 5 R
o, =0 4b i 75 % B U8R FF L IR LR B — B
ECE

9)

N. a L;,
ﬁ{“~ﬁl“+2a,aj% (11)
i=1 i

SR X I 5 A R R AR A A IR )T S
R B (IORA (1) IF&E 5 50 (8) il i3 & 1)
0 R 4 1 O A, B

N.

zaz<FuKuiFuMFu+F\|MFUK\|iFu):Af‘ (12)

i=1

Hopr
k 1 4 1

A1~ 1= 2 eags] = 2 pupy (13)

LR (A 0u) F1( Ay @0) 5 IR 32 450 005 485 H
5 RT3 454 4 5 1 R (RS 16

o4 7 7 R (12) B 3ok T8 o 5 8 K 0 B8 O
AR R BRI T ¥k R Ok TR
1250 (12) (9 3B 1 T 43 B 500 O i, 5%
T H TR T

2 HMEHERGIRAIES T EAERKE

e 3 (12) iR RCR B e M (5) X
— R A, AR (12) 76 45 P g 2 3fe LLAEL B4, £ A7
S



5551 B4 24 A5 REAE T SR A Y I AR A R AR A5 R 35

N

S a (K F,M+MFK,)= KoK, (14)

i=1
/7"\ AF:KuAfKuy Ci:MFuKuM EI] iﬁ (14) E‘I‘
O
N.

>la(C+ C)=AF (15)

i=1

4 Ch i K A s o e b 34
K,=[0.K,.0] (16)

Horb K, 2278 045 0 A4S B0 50 W2 6 BE R AT 9 52

Ja 19 n X m 4E 5 B om AR 3R B o0 NI B2 R I 19 4 2K

X EAT LY TR R 5, A R e AR 78 25 4 %

I B D) A I 3 R A A X B IR A S R R DR e &G
A 20016) el CHE TR 43 He

¢, =[0.MF,K,.0] (17)

16 R oy He bt 2SR i C st fe b, i T K 9
G B m G /N TR R NI EE R BE R 4E B n (R
n—m==n), NI T EERMC, &0 A5
S 5 B R R > TR 20 s B A
2 16 7 A SR A N A R0 C,, HLIAK% K] 43 B
£ RH R A B BB R D BAR T R 1
s o

F1 RBEECIHEEN NG
Table 1 Analysis and statistics of the computation

amount of coefficient matrix C,

A N it
X K, #E47 Choloschy 47 it %
HiEE M R=K, 'K, Rk : 13n
i R !
W C,= MR n*
% K, #47 Choloschy 43 it %
o1 PR 5) —1 s 3
ﬁ;iﬁg R = KUK, AR mn? %+ 2mn*
HiBER
S C':[O’Mlé’o] mn®

B Ja BT B AR g R C s, 2 (13) 7]

B RN B AT 5K A
Aa=10b (18)
E a=(a), as, -+, ay ) TR & HITHR TR

B N, 45 i) i, b= vec(AF ) R ¥ n X n 4k
B AF 35 B BB — A 48 19 8 ) i, 6] PR
A:[vec(Cl),vec(Cz),---,vec(CN‘)} 7 C(i=
1,2, oo, N A7 37 T AL B R 22 1) A HES Y
n® X N AEF I, e Jm A /s 3R R ity R 21
BRI % 2 235 ) 1) A 43 o7 R A A R R

3 HEZXR

A AN R S AR 1 e D B B
B E L R R B SR (IR RN S N A
— A 25 S 45 F A B e ASE AR (%) I R A s 4845 1 O, O
H 2 B 0 35 405 5 E <5 % I, TSN Ol BTG R % A 4
95 8 TR T S5 e B 4 R AR 0 A SR N 2 B A e
A A s B Y A Intel (R) Fortran Com-
poser XE 2019, Jf 3 F Math Kernel Library pR (4L
Pt A B ORIT A . R B8 R AR SCRT 2 A A5 R )
T3 VAR SE bR TR S AL T i A R s M ok
SR B R TR K AL 40 S A 55 0 ST A N 1
PR TR AR (R 25 0 1= 29 57 m, FE 29 10 m, 54K
S WL 1(a) o BT A I QAR A R T R b &
BE F B SRR S, AR R b K £ & A
SEA Y TR A BB A A AL BEAL A 2
Rl 0518 00 (0L 36 2) , IF AT B 25 R 5 2 Hex
LIS UE 592 (R A Sk

2 RN E 1(b) BT 7R 14245 BR T AR Y | 32 455 A 4t
A 21940500, BT BA 241 s, 23t 1004
WL AT A 6 B R IR SRR 55 4 IR
AT A WS A B [ R
=576, FE % BE TG, B0 FE 4R m =
12, OB 4E 2 1A 37 S P SR Ge Tkl BT
T A RZBUERE C B35 = 29k 4.14 < 10°, 1
I A ST BT 04 R B 43 BB R TS A R
B C B R 29 0 3.98X 107, B H B =i
1026, Bt R K42 m i B R0R . MR L 2 80
T s E = 210 GPa, % & o = 7850 kg/m*, A
Pt v =0.288,

B2 B 7 2 e Z2 E 405 1 X g A U308 O -
ME A B B 5 1 3 AL s A e S A ]
A7, BIGSR 543 ) R 104,106 L &% 145, 7% T4
Hh, T SCSE BE E FE A 3 TR D AN ST R Y A
FURR R ) P B T F S 25 SR an B 3 i, NIRRT AL



36 B T 7%

202493 H

(b) A PR T
1 HARLGLEHRARTEER

Fig.1 Entity structure and finite element model of

(a) ARG

drilling rig derrick structure

x2 HREMMGER
Table 2 Structural damage to the derrick

1315 % 15 BT Wi RE R/ %
104 25

1 ZH| 8 106 25
145 20
159 25

I BUTE 8 4% 165 o

11 2 5 45 495 160 25

PR B A R R AL B R AR AE 10455 BT (1065
G DL B 145 45 Bon, HORE N B 405 AR B 4 A
0.23.0.23.0.16, A] # 7 LA b 34~ 550 R 40 407
1R R 5 BE BT DL @y = 0.25, ays = 0.25 LU
K oans = 0.20 M1 Lb , 3 R 35230, AT L, i 42 1 A ik
il 0% Y b 0 DT o 25 4 kA IR R L AE SR
e TREZE G N B I8 R B R .

XU P T iU a5 R an il 4 fros o 7R T
Y v BR800 HE B R T S S A 45
Vi B e 9% 5 Sl 159 DL K 165, 18 5 19 4651 405 5 BF 1 oy
0.25. FEIZ .00, JEF ) 3% B A W48 405 1R 500 Jr
AN SR P A5 5 R RE R ) R B AR R A
5FFn , 0] DL AE H 159,165 P A4S B 50X 1 1 47 B &
AT BRI 05 15 O, ELAR A0 R B2 43 31 Sk 0.2475 il
0.2454, 5 ¥ S B0 (453005 1200 A B, 353493 007 5 40
YRR, 040 FR RO B AT T WG 1 R R
F — S A BT BT R A A R A A0 BT G

2 HRGHBGIR I

Fig.2 Damage scenario | for derrick structure

0.3
0,0,=0.2302
0,,,=0.2326
o 0,,5=0.1643
i
o
.L\E
X 0.1F
0.0 —
1 1 1 1
50 100 150 200

BT S
3 ARGEMEERGERI]

Fig.3 Derrick structure multiple damage scenario [

Y5 131 A1 158 A, {0 45 45 A8 B A R 0.0786 Fil
0.0807, MARA A ARECHHGHETH TR,
PRL st AT L TA Ay 6 485 A £ 453 40 3 67 52 BT A A v
453 493 340 T

P 6 iiF 7 Ay B A $5 495 14 TR 304 B, el D e LA
F Ay, WG RCE B4 BT AR R BRSO 1R
BRI S N 160, B R B R R @ = 0.25. H
T 25 K 403 Je A L 45 R 403 WA R AR B BT Y
P73 18 B0, 45 K e sh BN DRI Sl TR o A R A
BT K AR R B AR U O VR 2 b, 2 R Y By
AR AR W B R B, T H B A R AN 7 BOR | WoR



5551 B4 24 A5 REAE T SR A Y I AR A R AR A5 R 37

B4 FEFHBRAIERD
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Fig.5 Damage scenario I of derrick structure
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Fig.6 Damage scenario Il for derrick structure
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Fig.7 Single damage situation I of derrick structure
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