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Fig. 1 The section of box girder widened by SCWCBM
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Fig. 2 Diagram of interface between steel and concrete
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Fig. 3 Actual structure for topological optimization

A P A B0 A2 B I 14 i A 1 28 45 A g L)
LU 2R fop 3. BRI AT TT g0 MBI BE
187 G2 249 e 1) I 5 S P TR A % A TR B 2k 4 1 A A
3. B A R (2 R TR BT S R )
E S BEAT B AN FAG B A0 4 B, RLE i 58—
AN S ) B SR Y TR PN 3 2 RT AT
AR — A TR R 7. 4 IR R 2 A
N EE iog (RN I B R KR T = T N



5% 2

F #4 ., SCWCBM W 4R & 2 ¢ b % it 229

I AT AT 2 T 00— M I Sy g0 5 PR A
A ZEFe fr A 2545 VR T AT 4 B,

(k= AR 9 49
9y

YV VVYVY VVYVV YV Y VY VY VY VY VY Y
100 180 | 100 |

M4 IZTH—FIAEHECEA  cm)
Fig.4 Topological optimization structure under

Load Case 1 (unit: cm)
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Fig.5 Topological optimization structure under

Load Case 2 (unit: cm)
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Fig.8 Mechanical model one of steel-concrete interface

T Y IE A S M W IR 22 2k o B L W T A 2 or
J& o AE A Ak R L 2 AR A AR TR 1) e A R A
AL E RSB 4 B9-TR B 2 fl w9 L 2%
F1d5e/IN S T 270 T S5 R PRIE K B Rl A T
P B b R SRR BRI 7, B R AN
I 42 il T YRR R A A B AR R A T (L ] LR At
i % T 00 T 2 fl 1T %) 02 7 43 A TG AR SR

3.2 BEWIEUN 7 1 A B 4 S

3.2 BRIAL—Z Ao X THEAMNE
R B RSN BN ) AR, R O
it s R AR A R Y ) T A O 3E o A
DRI Py R M, . B [ RSN 528 F,
AR A B I il O B B N s Bk AT K
BES A b2 R it O A BRSO a2 i
Tl N2 HE B 25 il rp o AR BS N [ — x5 4 |
G IR q LM TSI R g WY
SRR A B 37 R T TR R A ) B A PR O S P R
SE AR A TE b ) SRS L e A A — i )
I Gn & 8 R,

miE s

Fx
F — P,cos BZJW g(x)da 7
)
Fax, +J7 g(x) ada— M, =0 (8)
m=(H FH
~ 2(F— Pycos &
a=T e
9
o Z(F* P()COS ‘9)
e="—

SR DRAIE B A e 5 TR b ) DR R AR ] R 4
Fit S TTIBC 25, IO T A2 422 f 1T % A ) BB ) HL



5% 2

F 4% . SCWCBM w47 & & 1t 14 % it 231

R R R 3 AN B Ao 2 fh T VR 9 - 0 R R R
VFE ol BITF I ¢ <[olt, t EIH T IR BE
+ )5 e B AR 14 8B R B R R g = 0.

K 45H Lk ek, g

2(F— Pycos 0
l

2(F— Pycos )
l

Qi <
(10)

@ = [olt

Fh 1 < [O‘]tvﬁ_

2(F— P,cos 0)j
l

2(F— Pycos &)
- |

q < ¢ < @ (1D

Hrf a, = min {[o]t,

Fh Q2 209&

= 2(F— Il)ocos 0) I

Hrp

bo = max {O’

olt=>q, = by (12)

2(F— Pycos )
[ojt}

. 21
Fx, _%((h _qZ)l[EI— L

B AKX (13 A

2 }—Mo = 0(13)

2 _ .
Fxl—%[wf(lg]ZMg 14
2 _ 3
Fll *%[ 1*%)COSGJ: M() (15)

POCOS 0)/l< QJ’EI]

al? — (F— Pycos D1 1
6 +MJ°F

Ilg[

(16)
R (12).(15) B (F— Pycos 0 /1—6(Fx, —
M) /T = by B

(F* P()COS 6>l*bolg
6

ﬂg[ +M]

1

F
an

%é\ﬁ(lfi) &it(17) s X EXfﬁﬁJ:ﬁE

al’ — (F— Pycos )1
6

[(F— Pocos DI1— b’
6 F

3.2.2 BRIA=ZA5N KIEATHEE
AT 5 ) 2 % A e iy 2R TRT A DA e o ok T S oty
Hl OB ) PRI HE M A [ (R b U6 T3

x; <<min {[

= as

M-

F, HAE A B s il O P BE B R oy A T
KN L FEBEE i OmEE R o,
i T T % 0 S il O RO S O 1 — s B [
R IR TR q TR G TR g ATHB RE
T A R e A T T S L DA ==Y i
e 9 FrR.
MK 9 A
F— Peos 0=:kaq(x)d1 (19)

—x

=z,
FxleJ () ade— M =0 (20)

o

T By ) R AR VA A
b=,
Psin 0 << MJ, g dx Q2D

L (19).(21) A Psin 0 << u(F — Pcos 0),
LR S FN f1 F BUEA R .

)
F>P{

\

+ cos GJ (22)

sin 0
fl
S ARAE T 0 B B B S TR B R R R i
[i) R G 1) SR TR 2R, L6 AL 2 AT b A H B
N 3 HR G0 H g 79 A sk 42 fi TR R R BT
SR A VR(EL. ML 6 2 qo = 0, IR 0 2 qp <<
Loles e T T IR B+ J5 BE A 1Y 98 )2
ZRIE A T —HEFd R 5 o BEART

B
2 >max {[M— (F— Pcog O1l— alz]. LF’
[M—I)ZZ_(FE Pcos @)ZJ.LF} (23)

3.2.3 MA@ TR A A AR R AL B R AR SN Ay B
1B ZaaN(18) . (23), M m) T g i A I A
a H BRSO 0 R s
(F — Pcos 0)[—al2:|-L’

F

X =>max { [M*

6
[Miblzf(Fchos 0)[}%};
2 <min {[aolz_(Fg P, cos 0)[+MO} LF’
[(F—Pocog O)Z_bOZZJrMo]'iF}
(24)

FHA FL o B R4 o 187 52 7 3 2 2L
KA H Z AT, £8 LT iR fE#EAT SCWCBM i ()
RSN T il e i i L (10) S 2 I8, AR 4
10D AT A2 A [l AR FIUNE g F A A 5 FR L 75



232 X # ¥ T

¥ ¥ # 453 %

IHe YU BT PN I8 S T 7 4 S AR B, W2 F (L
i 2O HFORA o B BUE G, BRI m R
SN 3 AR AL A B L R Y F A 2R
[6a) 5 7 A3 A S 545 B AT 47 0 Ak

4 MEERASIE

ZEA AR AR AN AR T R 1) TR g A 7
IS HE SR 1 B IR S R R 5
R M 5 3 v I AR S A O AR T i
TS XT B X HE AT 0 LA T A AR i O AR 2
RV B BOR AN E 5 78 B AN (17 L hil - 45
B 2R TRE B PRI S T 00 HE S R R i A A1 TR
71 B R A v 90 g A A B L
WA IE W) F A B PR 1) A S0 70 7 A5 0 4
BEATAT 5 B S AT R A R Ml v R 3 i £
(R0 3R 3 5 B Jm R I B T A9 - TR 4 A
V1422 fok 7 T HEAT A BR TR 0 40 A7 B0 E 45 i S
B0 BU(EL R A A B0 i RO A A T T B R AT
SCWCBM 4R 28t Ak B 11 ] LA 2Lk 2 3 550 ik
BT AR TR,

5 TLTFERLH

R T AR A e 37 S 0 B el i TR SR AR
BT R AT AN BT 0 A Y B UE R R
ST RS B 1) TS 453 37 B B 408 T % 422 fih T 1z
3l SR O3 i A RS AL I 56 T A
BRI R 0 IE A 2 D2 R A Ak e T A
B A B AT Y.

6 %% ®©

(DIEREH R gt d 2 d, 5l AR
PCERIE AL A B A B BRI L R E SIS Y
PEAE Bk Do i AR AT Bt DX N 5 B A A4 R
IIATER . Z AN R ] Dy SCWCBM 4 B 22
19 SME B4R I B S A 3

(2)HEAT T B9 B R SR B L )5 BERR AR 2
[F] 649 51T 32 3 70 Br. g O G AT AT 47 2 T B0 T 452 i
[N SR B2 A AV I E R A Y B U N EREA TR T
Bk A BT 9 R A VR B T T A Il A 2T
DL F B AR R 1Y B AR g A R AR AR - 48 i
S P 5 HE R 1) UL 3 75 B A R ) A A R
L.

(3) 45 Hh 35 T B0 - TR 056 4 422 fk T 52 g i) AL ) £
e it B R %A AL B U #E 1T SCWCBM
B LA BT AT LU A A b A 3 B KK 1
R BR B2 b 715 249 55 0 R 3k B PR s A s Y B
. Z BT U R J7 122 SCWCBM 4 ) 4 1
T HE SR

2 % 3Ck

[1] WANG Qian, SHI Lei, ZHANG Zhe. A new
widening method of reinforced concrete box girder
and its experimental research [ C] // Advanced
Materials Research.  Switzerland: Trans Tech
Publications Ltd. , 2011:3724-3729.

[2] WANG Qian, ZHANG Zhe. Orthotropic steel
cantilever widening method of concrete box girder
[J]. Structural Engineering International, 2011,
21(2):228-231.

[3] WANG Qian, SHI Lei, ZHANG Zhe. Application
of a new kind of widening method in Dalian
Northeast Road overpass improvement project
[C] // Proceedings of the 9th International
Conference on Civil and Environmental Engineering.
Beijing: China Architecture & Building Press, 2010.

4] # #F,.x #H.XNEH SHmIk sl
HlAk TA2JF , 2006(8) :22-25.

XIE Tao, LIU Jing, LIU Jun-kao. An overview on
the topological optimization of structures [ ] J.
Mechanical Engineer, 2006(8) :22-25. (in Chinese)

(5] #H#E. w7 =R EA A F N R F
B [D]. K% . K%FETK¥, 2004,
YANG Gui-yu. Research on the method of topology
optimization and its application in design of MEMS
compliant mechanism[ D]. Dalian; Dalian University
of Technology, 2004. (in Chinese)

(6] ®E#r#f, &L, RREMM IR AR BH

% F 4R, 2007(3) :24-25.
SHAO Xin-yan, FENG Yu-zhuo. Discussion on
topological optimization design [ J]. Science and
Technology Consulting Herald, 2007 (3):24-25. (in
Chinese)

(7] B&#. B0 R A BN %P B
FILDJ. #5 . 7# k%, 2006.

MU Chun-yan. Topology optimum design theory



52 F #4 ., SCWCBM W 4R & 2 ¢ b % it 233

and its application on optimization design of arch application in structural design [ ] ]. Machine
dam [ D]. Nanjing: Hohai University, 2006. (in Building & Automation, 2005, 36 (6).7-11. (in
Chinese) Chinese)

[8] #xn#AREItE. JTG D60—2004 /A ¥ Af i % [10] Rozvany G, ZHOU M. The COC algorithm, Part
P A E[S]. A E . AR R WA, 2004, [ : Cross-section optimization or sizing [ ] ].
CCCC Highway Consultants Co. , Ltd.. JTG D60- Computer Methods in Applied Mechanics and
2004 General Code For Design of Highway Bridges Engineering, 1991, 89(11):281-308.

and Culverts [ S]. Beijing: China Communication [11] WANG Qian, QIU Wen-liang, LI Fei-ran. et al.

Press, 2004. (in Chinese) Contact stress analysis of steel concrete box girder

(9] &AMA.BEEE. & E.% ZWEDEHEITH widened by orthotropic steel cantilever [C] //
FRICRZE AL Hld#l 25 8 3h ., 2005, Proceeding of the 10th International Conference on
36(6).7-11. Civil and Environmental Engineering. Taiwan:
ZHU Deng-lin, CHEN Jun-wei, YU Jie, et al. National Central University, 2011.

Developments of structural topology design and its

Optimization design of steel cantilever in SCWCBM

WANG Qian"', QIU Wen-liang's, ZHANG Zhe'. ZHANG Xue-li’

( 1. Institute of Bridge Engineering, Dalian University of Technology. Dalian 116024, China;

2. China Huangiu Contracting & Engineering Corporation, Civil Department, Beijing 100028, China )

Abstract: Orthotropic steel cantilever widening concrete box girder method (SCWCBM) is a new box
girder widening method without piers. Ensuring the reasonable stress on the interface between the
steel cantilever and the concrete post-diaphragm is an important precondition to guarantee the entire
structures widened by SCWCBM work together. On this basis, the topological optimization theory is
applied to the shape design of steel cantilever beam. The mechanical model for the prestressed steel
cantilever is built and the analytical expression of the reasonable acting position of the transverse
external tendon on the steel cantilever is deduced. At last, based on the issue of steel-concrete
interface contact state, the steel cantilever optimization designing idea is proposed: firstly, designing
the optimum topological shape of the steel cantilever, and determining the acting position of the
transverse external tendon by the deduced analytical expression; and then, designing the ribs on the
steel interface; finally, calculating the stress of the contact surface. According to the optimization
design idea, the times of trial calculation can be decreased and the resources of computing are
economized effectively. The research results provide theoretical support for the popularization and

application of SCWCBM.

Key words: reinforced concrete box girder; orthotropic steel cantilever widening method; interface

stress; topological theory; optimization design



