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Research on multi-factor optimization of the orthotropic steel bridge deck

pavement system based on orthogonal experimental design
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(1. School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Municipal and Architecture Engineering Company,Zhongye Changtian International Engineering
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Abstract: A finite element model of the orthotropic steel bridge deck system with pavement layer was established.
Under the most unfavorable wheel load, mechanical performances of pavement layer reacted to the change of
structural parameters and materials were studied. Minimum weight of the steel deck pavement system and minimum
of transverse tensile stress were selected as the design objectives. Response surface models were established
between variables, and the optimization design was conducted. Results showed that transverse tensile stress and
deflection value of the pavement were greatest when wheel load was applied on above of U rib
symmetrically. Modulus change of pavement layer has a significant influence on transverse tensile stress and
deflection value of the pavement, as well as shear stress value between pavement and steel deck. Increasing
thickness of pavement layer and elastic modulus can reduce the stress value of steel deck pavement
system. Thickness changes of the steel bridge deck has a smaller effect on mechanical performance. Multi-objective
optimization based on the response surface method reduced the transverse tensile stress and the weight of steel deck

pavement system. It has a good application value.
Key words: orthotropic steel bridge deck pavement system; submodel; orthogonal experimental design; response

surface method; multi-objective
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Bl oK B R AR, FLE0 s 192+ 820+
176m, FFRRHWEPIER, b o 3
m, P 29.78 m(AENME), W  200; &R
eq) 5y 65 AMbriERB, KER 12.8 m, NiX4E
BEBE AR, BERRAREIFESD 3.2 m, JEEH 10 mm;
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Tab. 1 structural parameters of steel box girder

24 SRR /N /mm
TR / AR / WA R S 16/10/14
TR / JEAR 0 1 o 25 )y 5 8/6
AR b b/ 1 gE 300/170
JEAR DA S b/ T 0 58 240/500
TUAR / JEE AR 2 1 Jm 20 Wl s g 280/260
TOURR / JEGAR 2 1) Jal 30 W A e ) 600/1 000

1.2 FBHNFERERTER

FE FA A B TC J 1 K A S 0 T A S A R o AT
B, SR A 8 Ak 1) J5) 38 - A 2R By o0k A P LR SR AL
SRR M2 R . R 7 R IE 3% ) i )5 3R A
TURE S WL 45 4 52 B 10 52 7R 2, [l B 48 5 E S
BE LW R AR, SCER(12] ~ [ 13 ] F A R A
BARFNLE G VEA J5 1 % o 0 40 475 TR A% A L AT R
PSR W AT T ik, X E 4 B R H T
fbF AR A B T BORE . SCER (14 528 T
JR AR ) 2 Ak o AT, R SR TR SC AR AT
MR, KR A B SR I AR A i 45 B A T
1B 55 S 0245 HE A0 SO X B, 4 SRR
1B 55 SR 22 5 AN K, Al B9 Jsy 30 7 A5 AU T 1 oy
R T T 2 T SR ARl

BT LR R, AR SCR A R s
Wit Workbench # 37 7 RS 40 4k 1) J=) 3 4K 95 1T &R
AR PR A, A ) I A 1 2 5 IR AR — 3L
BERYGN 0] S =85, M 7 A U B, BERE AR &
1.2 m, IEZSH MR H AR 5T 5T Shell181 #E481,
SRR 210 GPa, JAFALL 0. 35 AHUhE L B
BT KRG 452, 5 AN WA 25 2 W6 b R — B0
REEAEZE, R HEIREE R solid186
HOnREL, B b A ) ) L SR R s A s A,
HoAR S SR E AR VIR G, 22 SOk [ 8 ] s
PR R 3 000 MPa, JATALL 0. 25. %% )2 5 Wb
T MR 2 18] >R ] Bonded i, A2 5B TH A 55 4 24
2B R 25w RN, A, BTS2 A E T
AR TR IE 38 S B A TR 56 4 il T 4% R S gk
PR, DA S ] R B KA K Al 2E )2 B
L @A BR TR BT S 68 761, YT
RUSHECH 178 286, WA 1 Fros.
1.3 HEERSH

TR 2 4 (2 B B T B E LTS ) (J TG
D60-2015) B2V - T 2% 550 kN Z 4 fuf 25, J5 b — (0]
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Fig. 1 Finite element model
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Fig. 2 Load diagram of transversal arrangement
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Max: 6.86e-1
Min: -1.91e0
2017/6/23 2051

6.86e-1
1.54e-1

(a) i JZ A A1 0L T

Max: 248e-1
Min: -147e0
2017/6/23 20:52

248e-1
5.68e-2
-1.34e-1
-3.25e-1
-5.16e-
-7.08e-1
-8.9%e-1
-1.09¢0
-1.28e0
-147e0

(b) HlHE)ZIN I LR T

Max: 5.13e-1
Min: -5.16e-1
2017/6/23 20:53

4.50e-1
3.51e-1
2.53e-1
1.54e-1
5.57e-:

-4.37e-1

(c) R B Jy

Max: 143e-1
Min: -8.07e-1
2017/6/23 20555

143e-1
3.74e-2
-6.82e-2
-1.74e-1
-2.79%-1
-3.85e-1;
-4.91e-1
-5.96e-1
-7.02e-1
-8.07e-1
Y
3 TR

Fig. 3 Load effect analysis

e, RWTES RS Y Tz AR RTE R
ARG I A DL T I A R B vk B A T R,
PO SRR T R AT IR Bk 2 AR R S A R
WEHAT T Z W FALF 5. AT 2T %08 HIE R
IR BOAEAT T 3 R M A

R BT — AL FILA B (DR TR
Bt (2) #2 BROJ7 22 U017 a0 AR A5 0 0 4 R
(3)RFic s ) B 25 SR EAT B 43 by (4) WF 4
AT IR I E.
2.2 HEERSHESH

SIFE NG T R Z IR WIS A,
MNSEBR 2 2 A RE K, AR S04 il LU 36 2 B K
BRI ST O JE T B R BT B ) 7 S 2 000 R
BUUE hwe A VERFERR, & 70 E AR BT,
R B BB AR AT 58 B4 A, BH T 52 ) B 3R 0 4%
PEOYFE bR G 2 F2 B, O A B 20T R AR

(d) B2 U



5% 6 39

EM, % BTIERRE BRI ER SR E R 2 K E DR

SRR AR bR EUE, DR EE R S G, Wy
A 5 IR R A il e e A R 548 5.

XF b T 38 S MR 0 TR BE AT O AL WE 5T B
HEEAMPIR R b, 454 (B H i i@ H
MUY (JTG D60-2015) EEM AR R IHER, # L
TE N AR E T M, FETREAMEH
THIAEZE S . B3 2 H IR LR R
W AR B 3 AN PR 35 4R TR T 24 PR 1 5
AR o B 3 ORI KSE, gk 2 R,

EHE T IR ZELRESHOK P2 G, &
—KAEMIERREREE, EANRE TEASN
BB AR 0 A i AT, [R) I hf &% SR 1 Ak B Al
AEEZ . AR Lo (3') IER#, K.
“OMIERRATE R ED, 47N, KRTE
WG TF A8 250 A UL R B H dme £ 0T 22 HE 0 I A 3
AR RIRE I 3 AW T, 2RI NS
F, “3"FRIRE b &R RN K PEL ERRKIT
SitEg R mE 3 pron

845
®2 HBWEERKFE
Tab. 2 Influencing parameters and their levels
RI %
K AEREZE  BUIHEREL CEWEFER
JERE /mm BERERE/MPa JEEE/mm
1 55 1500 14
2 65 3 000 16
3 75 4 500 18

2.3 HETEERSH

o B (A AR UL B0 245 SR AT AL B A H B TE T
5 TR PR 2% 0 F A 45 b 5 e R R ) R O L A%
PRl 3R e A K P B s 36 9 A () R 3R AN [ K P B
RMAS. REIEZDIKB RN LSk, RH
B 2 53 Bt id: (R) ik AT LA PR 3o 1) o S 24 R 47
T, TEIRI R ER A EAE. 45T
XF 3 PP AR bR BEAT IR Z A AT 2R, R Oh TRE
i T E ML % B R K AR AR, & PR R AR
HIPe A B oL, 22 I RS AR SC R 4 BroR

F3 Lo(3) EX#HEEBKE & T
Tab.3 Orthogonal numerical simulation test design of L, (3*)
‘ BT VO $ bR
AN s .
A/mm B/MPa C/mm D(Z= %) Omax/ MPa Tmax/ MPa Nimax /MM
1 (1)55 (1)1 500 (1)14 (1) 0.596 0. 404 —1.029
2 (1)55 (2)3 000 (2)16 (2) 0.777 0. 490 —0.871
3 (1)55 (3)4 500 (3)18 (3) 0. 847 0.509 —0. 780
4 (2)65 (1)1 500 (2)16 (3) 0. 500 0. 360 —0.912
5 (2) 65 (2)3 000 (3)18 (1) 0.626 0. 430 —0.776
6 (2) 65 (3)4 500 (1)14 (2) 0.821 0. 680 —0.770
7 (3)75 (1)1 500 (3)18 (2) 0. 406 0. 304 —0. 827
8 (3) 75 (2)3 000 (1)14 (3) 0. 628 0.553 —0.783
9 (3) 75 (3)4 500 (2)16 (1) 0. 638 0. 547 —0.692
T4 WMESH
Tab. 4 Extreme difference analysis
. 35 KA 1) BB T O / MPa i KIZ B BT R T v/ MPa 32 R B VA he /mm
ERGN
A B C A B C A B C
ki(Xe ™) 740 501 682 468 356 546 —893 —923 —861
ky(Xe™?) 649 677 638 490 491 466 —819 —810 —825
by (Xe ) 557 769 626 469 579 414 — 767 — 747 — 794
R(Xe™) 183 268 56 22 223 132 126 176 67
K FE IR 321 123 321 132 123 321 321 321 321
%3‘57&’\ B: A: C B: C: A B: A: C

T DU R R T G VRN SEAR A, Z2HE A 0958 1 AU, SCAHRLSE ¢ AN IR S B2 10 v, 58 1 500y ko2 X B T4 b 17

KB 3 AR A5 SREEAR NG B, R IES BT E ko | ks,
ky=557Xe 9,

H0.777+0.847) /3=T40X =3, ky=649X e 9,

R=k max—

R=kmax — Rmin
k win

CMEE LA ky=(y1+ y2+ y5)/3=(0.596
=k — ky=T40Xe ?—557Xe $=183Xe 3.
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Fig. 4 Relationship of target with factors
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Tab. 5 Ranges of design parameters

(AT AR EE A i)ﬁi'?if&%j:éﬁﬁ
/mm K& B/MPa
TR 58.5 2 700
JEAE 65 3 000
LR 71.5 3300

BT TE i 25 25 A8 T 3 S B P T Al S el
JEALE R, AR IR AT R v A A A BE R R B
K. ChB Ik € 2 5 W T AR B) K AR Al AR 2 BT )
B, RARBEEMNT, &KXIZ0H M
Toan NMFE IS B VFBTNY. A [ )aw ., SFH UM
MR, (o] B0.5 MPa'®/. HFHRFHE R BFHN
W EURERRNY, wEAE R, B AR A2 R
ST IR, R T B 2 3, FEAR T ah
RIZMPURMERE. BT HLTE R A2 0 5 iR b s
W RIERISEZ 5 E R S W AR A A T B8, &
AFEBAEM T, RMEEE Y d/ L A B IS BT
B[/ L Jae » FERRIE [/ L ] BX1 /1 000,

3.2 WOy EARE T

Workbench A 32 | # 3t Design Exploration,
MR B gy e it A2 B EUE S, R CCD %
(PO E AR e TR E oK, St
17 Wik E, FTF Genetic Aggregation J§ N LL-& 15 3
e H A B 524 1A B A B 6 T B,
UG AR RECE 77 (R ¥R T 0.99, Bk 1 W i
TR AR . (&1 5 20 1 30 4 Wi 17 T A Y.

0.751
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6’/‘\'/00 3413 % . b(/?‘\‘(\‘\
8, 337 70 %

(b) J2 (8B )37 3 0 17 Tl



848 Eith

[ 7

BB R

O HHRFEER) 550 %

1.595-

P3-Shear/MPa

2'723 60

32
Q %
(c) 5 ULALNA S T

B 5 Z5 = iE A

Fig. 5 Response surface model between variables
3.2 AR RBRTEIE
DL 400G o g 7 T ASE Y Sl B AL, SR O

A g A 10 000, FEiH R RS 8 ZR AT T

R H bR, P4 T =l %E’inﬁtmfr
MR 6 PR, RS VRO UGk R AR i i it
A, HZ R BTN ) R B 5 b 2 R 5% A X R R
Ak 5 B &l 2% 2 B 1 B A R R R AR T
0.99%, FBEEREITE/AT 2.12%. FBAT
IUE BT AR g i MR, R R R 1 Y
LEM R T A AT %7W$T%%m T
Wi 7 TR 325 DAk B i HEET Ak 47 B A 1 B30 485 SR 6T L.
MF T 4T LUE ot 45 R 5 05 L 45 R IR 5 4%
AN, gl R R, T AR SO X R T
BRHEAT Ak, Wik % B N AR, ik
BORFFA 4y 2. F AR Ab 7 ik B A

PR R BT Ak B, bR N 1 2R E PR R, [H 2R 2 KRB, € S S
BOREZR (BTt ) v H R ey 2 T B R4S e AR B0t ARIFR IR Ab 28 SR, XK R TRy BE kA5 i 8
MOHAERE E SREARB R R BCE 6. AU T
F6 MULBITER
Tab. 6 The optimized design results
ek 2 5% A/mm B/MPa Toaxr /€ *MPa d/ Las Omix /€ MPa ! m/kg
1 61.84 2 702 49. 79 1/2322 68. 61 15269
2 62.56 2767 49. 77 1/2380 68. 42 15345
3 63. 24 2 828 149. 96 1/2424 68. 20 15415
F7 RABTERIX LS
Tab.7 Results comparison before and after optimization
FE A/mm B/MPa Tone /€2 MPa d/ L O /€ MPa ™! m/kg
Ak B 65 3000 51.38 1/2 543 68. 63 15 598
etk s 61.84 2702 49.79 1/2 322 67.95 15 269
Fetho Al s h & 61. 84 2 702 49. 38 1/2 267 67. 94 15 269
4 =B Wjﬁ)é A A X A 1] 1L . 7 B S DUARL s e 5 /)N
J2 1) BY 7y i 500 A9 T AN IR B ) 4 g i/
WHC T IE S S R 45 40 S8 B Bl AR 2R 5 (3)F& T m b7 1 % 3647 00 2 B brtitb vt

ZEA) SO0 Bl AR )2 1 SRR PR B S, 4 1 ok BURG
PRE MG VE R O AR &, e SRR
THI7 1 AT B (B A AR, T AT ) 4% A ) o T AR

B, T 2 Bt Bt pEse, EZEA LU
Tén TE :

(DEBAFRAE AL U hE EJrms, #ld 24t
THRAF 22 I3 AR A, e B Al )2 P S 1) B R
K.

(2) Bl 28 J= o A A 8 O R 1) 2 B2 A7 L = M) BY
T BB PUE R W e o 35 Bl )2 5 B 0% i
R b, R 1] B Y ) B LR R/, )2 ()
B R 3 5 2 G N B — E B ARG O N s R

A5 AR TR TR AR T 2. 1206, I LR )
KT 0.99%, Hefl Beit sl 2807 FOBIE 18 22 80/,
PEAGEE SR 2 ZEOR. T By BE AR 2 6 b Ak 7 i
e BV E R, W R T 2 R A,
VLR AR
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