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Bridge Structural Parameters Identification
Method Based on HDMR Response Surface

GUAN Hug,, CHEN Dewei, BAI Zhizhou
(Department of Bridge Engineering, Tongji University, Shanghai
200092, China)

Abstract; A method for structural paramters identification
based on high dimentional model representation (HDMR)
response surface is proposed to improve the response surface
method applied to bridge structure parameters identification.
With the HDMR response surface method, the implicit
function relationship between structural parameters and
responses is obtained, which is then applied to identifing the
structural parameters through a constrained least square
optimization strategy. The construction process of HDMR
response surface is researched and based on which the
implementation  program  of  structural  parameters
which

contain a continuous beam structure and a single pylon cable-

identification is presented. Numerical examples,

stayed bridge, are given to investigate the computational
accuracy and efficiency of the proposed method in structural
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parameters identification. The analysis results show that the
proposed method possesses a remarkable advantage in
computational accuracy, which is reliable and applicable in the
parameters identification of large bridge structures.

Key words: high

dimentional model representation (HDMR) response surface

structural parameters identification;

method; least square optimization; bridge structure
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HUABEAERREER ESEOR A 8 B ERY,
T 5 B 2 T =X P e o T R PR AE B 380 & T
BASSERA B AR KA. mAREER
7 B ELKS BE Ve A o T PR B 2 T R A SR EE A

B 4 B Al 4 C(high dimensional model
represe-ntation, HDMR) J7 2 Rabitz J H [ BAL
R —FMRBOSEE RR G A - Rk
REPE T, 2O ETE 6 8 B E A B
RRRRBLUTZERE, 25 BRI T RS L
= RIS E S OEIE Y g T ek
BRI, A< SCH H SR Al HDMR 7 2 4006 5 44 0 B T
(A8 HDMR Ma RETE ) » FF 28 20w B T SE B 4544
SEIRG. S EBEAIDH . THE T AU EMITHE
WBEIOTESE.
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1.1 EFZHEmH RSM %
f&45 RSM 23R FH B¢ mia) Bz T PR BN A A 5738 L
i) — IR T

N N
X)) = a0+ D, + O asx? D
i=1 i=1

A 6= =, NAE MRS E a0 s
'ﬁauujbf#ﬁﬁﬁil%%ﬂ%ﬁm/\ﬁjb 2N+1. Bakf
AR E N A FRITHAE 73 87 456 BIR 247 F R
Ba5E , BRI v SR SCRRL3 ], A SOMBIE 40 A,
1.2 HDMR R
1.2.1 HDMR ¥ &

BE N fABE N x = (21,72, 28) » R
M REAE BN g (x), HRHE HDMR J5gk, g(x) %R
LY ]

g(x)—go—i—Eg(:c)—i—Egllz(:c b ;,) + e

i1<iy
E &ijiyi, (xil 2 Liy » "7xim) + e
i <<y,
g12---N(x1 3Tz 5" s XIN) 2)

KA g0 ABWEH; 2. (x) A—Hr I, RnBE « M
S R 0 R AR B AR B s g3, (o >, ) R B
W, RAER x5 x, TR ERHESEE;
BEHHRR m NMAZERE SRR B
-2y 381N (X1 T2y 2ty TN) NRRFEWMAZR
MEERRRAR R, X T LR TR, EH R —
By e X RV AT s RS BE R, B

() —go—i—Eg(:c)—i—Eglz(:c ,;,) (3)

i <ip

FIA cut-HDMRMIRIKK, BIFIH g (oO7E%F i
MABEEENESE R r=_>r,m, 0 rv) FER,
T % 78 YT = B A (L R R K i B T PR g () , &
R r — BB AL AR () A2 T R 4L
RN

g = g €]
gi(x) = g'(x) — g 6))
&giyi, (xil 7xi2) = giliz (xil 7xi2) — 8y (xil) -
g, (z,) — g 6
o

g (x) = g(ri oy e st s Tis Tip1 5" 5 Tw) D)

g"l"z (xil axiz) = g(7‘1 sV2s ™ s 19 Ti) sTi+15°"" s
Vipg—1 s Liy sTip41 9 **° TN €y

KD, ®H . g (x) 5 gh (z, »x, ) A RAB I &
/N3R5 (moving least-squares, MLS)USHATHE.
KD ~ORAKXGNE

N
E g(ryy e

i1 =1yip=1
Gy<<ip)

g(x) = 2T —19Zi o V519"

Viy—1 s Liy s TVip+1 seresry) — (N—2) o

N
> g, srN) T
i=1

[IN—D(N—2)/2]g(® )

1.2.2 MLS $:#l4 HDMR Wi 1 PR %X

HITERR ¥ ﬂ(xil » i, Y —iC R xx (K=
1B 2, IR — s AR B , 7 T R B g’ ()
5 ghi (z; 2, )MFE—IEH g’ (xx) , HRIE MLS 3%,
g () WERIEAR R

& (xx) = pT(xx)alxg) (10
KA pT ) ={p1 (xg) s p2 (x5 -5 ps (X))} S
A B I ZE A 73 TR A 38 B IR K

K=1 #},
p ) = p'(x) = L,z;,xd) (S=3) (AD
K=2 p},

PT(xK) = PT(xil 7xi2) = (17xi1 2 Liy »

Xy Ty 1 X5 525, (S = 6) a2
a(xg)={a1(xg)a(xg),+ras(xx)}7T ﬂﬂ%ﬁﬁﬁ%
HIXT = RRAARBRB &,

B xk (I=1,2,-,t) ASEHAR S, #i MLS
e R A Ak 1 S 0L 0 B £ g7 ek ) 5 L 5 i o £
g’ (k) Z IR AR 225 5 Rk

J= Ew(xK—xK>[g (k) — g (T2 (13)
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(15)
(16)

P=[pGp),p(xk),-,plxi)]"
d=1{g' (xk),g' k) seer g’ (6D)T
W R A eR Hot B
W = diag[ w(xg — xk), -, wlxg — xk)] A7)
23R VIR A 4% (quartic spline) IIALRE™ ,
w(xg —xk) = w(s) =
J1—6§2 +83—3st <D
Lo G>D

— I
st s = 1B L g e e 21

MR R B IBE RS sor AEE T MREAS S A RN IX
I, AR IR S RS HEAR REARIEE,
A s M 2 AR R K.

R LB M WAL —0, 7778

Alxg)a(xg) —B(xx)d =0
alxg) = A7 (xx)B(xx)d
K :Axg) =P"WP,B(xx) =P™W,
¥R CORARX QO EF BN K3 T REGE IR
kXA
& (xx) = pTx)A (x)Bxx)d (21
BRI &R T RBERLIRRARO#HITHE
fE R % HDMR 0 7 T pREE (X).
1.3 A&t
FHNRAREITTESR D ki it Box-
Behnken # it .0 E A EIHH I R 2H Fil BRIt
& Hi, 2FFRERIHHREESFEF KRN E24
A BT HAR I B, B H TR B E SRR
B ASCR A T REB BRI HIT SRS B A
R E.
EEFRER T HHBRR IS ES5EHFKF
B n MR, n B/ NAIRIEBRBEAR, n RN &3
PR BAEA R FOHRE 3 BT R B A48 SCRR(14], X4 F
HDMR 0 R T 2% » 7 BX 3~7 B0 A 3, A 3¢ FEXT
HFKEH »n=3,5 F1 7 HATHRIT. BEEHWSH x

RS B e R =005 2, iyt

(18)

19
(20)

KT =S EU R b U

O MFHBH g (x> B FHREFHRET
xi W n A AR RN 2 AR5 BB 2 AR

pwEfo(F=0, 1,0, ) S0 1a, % n=7 ERE
RRAE.

(2) XT3 THRREL g1 (zi »xi,) HTEETH
NHTFH n AKE, B e &= E AR RAET
# n K PHATREEE, ERE 22 MRS, A
1b, 8 n=T7 B FIREA AR B, A P i p RO AR AR
jb(#il s My ).

HRAER (D A, X F HDMR maBE % , R 2
A FRB B TA RAREA SN
AN (N2
Gt Na 1 (N>
&4t RSM R i & W FRR B A U AR AS R 4K
Nat=n".

t 22

Hit3o;

Xil

b
1 2FEFRRETHEEERE(n=7)
Fig.1 Sample points of the full factorial
design (n=17)
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3 EHIsth

=l 1
KEBREETESER, BRAEN 30 m 132 m
+32 m, WA 2. ERHRY C50 REE L, i BMAE
BRHER Eo. BUEA B ZRE R HEEE A RN
S 5K :Ei=x1Eo, Ey = Ey ] Es=x3E.
EFEETABER - BHE TR+ H F=5000
kN, BB =B P HBE D HIN 2 =5. 6 mm, 2 =
—13.5 mm K& z; =5. 6 mm, KIFZBEEENEHS

3.1

M E,E, & E; #4751

lF =5 000 kN

) L]
_ 30m ~ 32m .

32m

2 EEREHIENE

Fig.2 Analysis model of continuous beam structure

(D MEERE. A8 oz K xs HFHRMAE
W HIR00. 7,1, 3] K& [0. 85, 1. 157, H4rHIR A
AT ¥k B A G RSM 440 3 i) o7 TET R, A9 B T 4%
B SR EE TR RSO E TR XA R E 7K F
WTFRTFSHE,E, X E; KN TE RE. 7ESHR
B PR 2 PR R TR B F K4 n=6
AR 216 RS B, A TR e B TET A A R R
B RLERIE L

X

F1 SHEXRE R SRIK

Tab.1 Comparison of multiple correlation coefficients ( R?)

RZ
iR 7KIPH MR BEFE (0. 7,1. 3] H{ETE (0. 85,1.15]
xl Xz xX3 xl Xz xXs3
3 27 10163 1.033 2 1.016 6 1.003 8 1.008 1 1.003 8
&% RSM 5 125 0. 986 0 1.003 8 0.986 0 0. 996 6 1.000 9 0. 996 6
7 343 0.975 3 0.990 9 0.975 1 0.994 1 0.997 9 0. 994 0
3 37 Lol11 1.024 8 10111 1.002 6 1.006 1 1.002 6
AR 5 91 1. 000 4 1.0016 1. 000 4 1.000 2 1. 000 4 1. 000 2
7 169 0.999 4 0.999 4 0.999 4 1.000 0 0.999 9 1. 000 0

B 1 ATA0, B n=3 B}, 455 RSM ¥E AL
RIEE R Y n>3 B, AR SRR AR N E
. LA I T Y R AR R B RE AR HE 2B
e [F)— BUE G B BUM [F) B 7K P4, A 3o vk
R RE (HHE T&% RSM L iR 5 RE (HE
EF LAMRETFKEET, & FRERELO. 85,
1. 1518 RE [H L EFRUEE 0. 7,1. 3] frfd
MR EFEGET 1; R —BERE T, B RWE T
IR, A% SO v BT AR L T PR B FH B AR .

(2) ZHCORF. LA& B R TS
BORF), TR RIE 2. AR R FRERBEL. 7,
L 3P RS RAME R I R AKEECF , A3 B BT
R4 BANEBE HofE 48 RSM B a4 BB EER
BmEFRPBEAR ST RE— SRS TR
BE , f£4 RSM 7838 fin BN Tk SE 5t , A Ew A
B AR FEETRUEEEO. 85, 1. 15]FFa 45 R
AMERI, 21 BIHRFIG SRR 0. 85, XEH T « K
B EHEFESERET B Z 5, R 1TH AR BN
Tt AbEt , SRR RS L TRERE M

ERRECFBRAE. X FEL T, MRS HORERE,
HHHE.

R2 EHO1HERILE
Tab.2 Comparison of analysis results of Example 1

HETE Hk KPR o 2 x3
3 0.8386 0.9076 1.1037
&4 RSM 5 0.8370 0.9057 1.1069
7 0. 836 4 0.9051 1.1080
[0.7,1.3]
3 0.8419 0.9075 1.0933
V. N TR 5 0.844 5 0.8992 1.1005
7 0.844 0 0.9001 1.1000
3 0. 850 0 0.8067 1.1095
&4 RSM 5 0.8500 0.8963 1.1098
7 0.8500 0.89%61 1.1100
[0. 85,1.15]
3 0. 850 0 0.8994 1.0977
V. N TR 5 0. 850 0 0.9008 1.0828
7 0. 850 0 0.8955 1.1055
BB 0.844 0 0.9000 1.1000
3.2 &2

(1 AR, WE 3 s, BRI B R
B R 142 m+110 m+2X45 m. 287k 38 Xtz
ROEREBPEFMIKI N 1~19 B, TR TN
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C50 %L, Br# oy C30 REFEL, B RA ©7 mm
BEEATML. FERHILFTIE T F , RT3
HHBHEZ, TROESHRE N EERE
AR TRt T8R4 i S 80R 5 TAE R, A3
ORI R R By ZREE 7 MR
BE E. fERfHRAISH

N S
719 10
142 Iﬁ]l:":llﬁil 110 >l 45 % 45

3 BEUHEE(HA:m)
Fig.3 Elevation view of the bridge (Unit;m)

@ PR SERERE LR HES%

8 T FELAS ) 45 B A () B o 5 1 » DA TG 45 204 [
HSHORFIGE R, B A SGEBUT AR R B S5

BUEFER , AR RS R AR .

% Ew, Yol Eo R X RRMAERE, FREEM
FHURBEREBIME, AE,, Any & AE. WA K
MM G SHARZE, AE, = 01 Eyp AV = T2 70 K
AE.=x;Eq. BREFHSHIRZRE LB MR 3 fr
spbel,

*3 SPEUEEE

Tab.3 Value range of parameters

BUETE EY) 2 3
1 [—0.2,0.4] [—0.1,0.2] [—o0. 35,0. 25]
2 [—0.1,0.2] [—0.05,0.1] [—0.175,0.125]

AR 15 (142 m)FES M T Y B, 4R
BRBLIE 5 R0 RN, iR 85
N1,N10 & N19 RHIR T ERIFEIRZE y15y105
e RBEIIRZE 11,010, 110 RN B AR SCHL 3 &
TR FRITTHR e R AR B E A B A B R 451
SHHIRB, WK 4.

R4 EHO2 ETEFEALE
Tab.4 Sample data of structural responses of Example 2

A AEy Ay AE, y1/mm Y10/mm 19/mm u/kN t10/kN t19/kN
1 0. 05E 0. 080 —0.07Ey —3.2 —27.9 —13.2 73.39%4 246, 146 6. 106
2 0. 041Ew 0. 05370 —0.015Ey —2.6 —22.0 —10.1 41, 365 158, 352 —3. 200
3 0.046Ew  —0.062y0 0.013Ey 2.9 23.7 10.4 —44. 918 —156. 555 24. 678

(3> ZH0RF. R ANSYS 725 g2 RITAE
RIPEATHIRE 0T, I 4 7R, 43 3R A AR SO ik

Lttt RSM TS 40R 5, 83| T EZ T WA SHIR
{3 B B AR TR RS HORAIS R, Wk 5.

F5 SEWIABERILE

Tab.5 Comparison of parameter identification results

N R L R 2
x Xz x3 x Xz x3

3 27 0.052 6 0. 080 0 —0.071 0 0.054 8 0.079 6 —0.065 3

f£45 RSM 5 125 0.052 3 0.0801 —0.070 2 0.055 2 0.079 5 —0.065 0

7 343 0.052 5 0.080 2 —0.070 0 0.055 4 0.079 5 —0.064 9

! 3 37 0.054 4 0.079 6 —0.069 1 0.050 7 0.079 9 —0.069 5
AR 5 91 0. 050 8 0.079 9 —0.069 7 0.050 1 0.080 0 —0.070 0

7 169 0.050 3 0.080 0 —0.069 9 0.050 2 0.080 0 —0.070 0

3 27 0.042 6 0.053 0 —0.016 6 0.039 4 0.053 2 —0.016 7

f£45 RSM 5 125 0.0410 0.053 2 —0.016 8 0.039 6 0.053 2 —0.016 5

7 343 0.408 0 0.053 2 —0.016 6 0.039 7 0.053 1 —0.016 4

2 3 37 0.042 2 0.052 8 —0.0175 0.041 0 0.053 0 —0.015 2
AR 5 91 0.040 6 0.0531 —0.015 5 0.040 9 0.053 0 —0.015 1

7 169 0.040 7 0.053 0 —0.015 2 0.040 9 0.053 0 —0.0151

3 27 0.0834 —0.0660 0.043 4 —0.044 9 —0. 050 ¢ —0.005 3

f£45 RSM 5 125 0.076 3 —0.0655 0.039 7 —0.045 6 —0. 050 ¢ —0.005 8

3 7 343 0.0744 —0.0654 0.0387 —0.045 9 —0. 050 ¢ —0.006 0
3 37 0.0463 —0.0621 0.009 8 —0.035 2 —0. 050 ¢ —0.005 4

AR 5 91 0.046 2 —0.0620 0.013 3 —0.035 2 —0. 050 0 —0.005 2

7 169 0.0460 —0.0619 0.013 0 —0.035 3 —0. 050 ¢ —0.005 1

XA SO R R fe s ROIM SR B FSHMER >3 o, R R A 45 R B B 7, T4 SC
B 1 TR IIGR, n=3 i}, 85 RIMIESAITHE  TIERGRIWNEEER ;n="5 i, AOTERNERE

B4 SR, (B 5 B SCEA b RS BE 3B

TR ESUE, B n=T7 B, TR A IR T
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Fig.4 Finite element model of the bridge

EFETSHMENHE 2 Frif Mg RN R,
SHFREAS 1 BAEA 2, RSO R PR G R IR A L
ETSHPUERE 1 ISR ER R KRS,
T4t RSM 35 Frig 45 R AV B BCA B B4R T X+ T
A 3, T o MESUEE T SHBUERE 25, 4
X, =—0. 05 B EE5R T X RMAFFER. R, 1
I BTG S5 RN TGS R, N TS X4 T8 B L S 55U
ERE I EHITE.

4 Zig

FFL5H R B TE S BOR B Bk O E T 0
TSRS 2 0 B EUG BE R v P o g TR A, R, AR
AL T H T HDMR 0 7 T BI85 SH0R B 7 8.
PA— =B K — R A R A B BT
¥, B T T 5154 RSM B B R R HE
R EE, IS T T+ v 1 TR B 2B AR R S 08
HIEE XS HORFISS RN, BB T 4%

(D RAEEFRERITIFY >3 B, AR 3007
BT ES R RS RIM LT R.

(2) BUH R 2 B BUE 8 B 2 A IR R 7 7K 230
B, A SO vk T B R R 35 58 RSM B .

(3) RAAARCH LB, EF—BEE RN
R B F K E BT R R S B, (HL R B R
TIHERR.

D RFRMSHEBERESHEIAFEHSEIR
BIE R, BB KNS HEEUELE A # Rk BN E
FEE IR, 25318 445 /NS BOUE TG B 3SR A SO
TR AT RS A R
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