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Torsion-resistant Design in Curved Box-girder
Bridges with External Tendons

SHEN Yin, SONG Taiyu, LI Guoping
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: In order to resist torsion effect to improve the
stress state in curved hox-girder bridges, the torsion-resistant
design method of applying external tendons without increasing
tendons is proposed. Based on the space analytic geometry
relationship, the externally prestressing torsion calculation
formulas are derived out. The torsion-resistant design process
of applying external tendons is presented with the objective of
minimizing torsion. The optimal parameters of horizontal
alignment of tendons are solved with non-linear optimization
method at the end of the process. The results indicate that the
reasonable space layout design of external tendons instead of
internal tendons significantly reduces peak torsion, and has
almost no impact on the bending and shearing capacity.
Comparison with the finite element analysis shows that the

numerical results calculated by the formulas agree well with
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the finite element analysis, therefore the formulas can be a

simple approach for practical design.

Key words: curved box girder; prestressing torsion; space

analytic geometry; non-linear optimization
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Fig.1 Component of prestressing and internal force on

section
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Fig.2 Layout of torsion-resistant prestressing tendons

in curved girder
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Fig.3 Horizontal projection of external tendons
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Fig.4 Vertical projection of external tendons
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Fig.5 Torsion-resistant design process of applying

external tendons
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Fig.9 Elevation layout of prestressing tendons{unit:cm)

¥ ERSHEERARAD KA, RS
[al az b bz]%ﬁ%ﬂéﬁﬁﬁ@ﬁ?ﬂ%ﬁ Ty (F),
Ty (FY Ty (F) Ts (F) %‘n?ér"ﬂ’fﬁ'l‘)ﬂﬁ hisharshass
ha » P15 HARBRECNT -
T=max[ | Ti(p)+Tu(F | | T, (p)+ Tu(F) |

| To(p) + T (E) | | T5(p) 4 T (F) |]

Lﬁﬁ%ﬁ%ﬁ[al az b bz]%@ﬁa%”ﬁﬁ
MATLAB # /4 fminimax s HAFEA TR PR
R -

min T
sub. to | hy [<C1.8, | by |=] ko | =] hypp [ 1.8,
| hy | 1.8

BRI TS BAR MR o =—0. 051,
ai =—0.036,b; =38. 632,55 =38. 485, %f i K H
FRERECH T =1 262 kN » m, X HY 3 MNEHIEE
HIFE AR BE R Ay =—136. 2 cm,hy = —60. 2 cm,
hy =77.7 cm.



E12M

W B G BRSNS Bt AR R U e

1781

4 DHFLLE
4.1 HRTER
S T DERB RN IR IR SN 1P Bk B A S
AT A A E B R A RT3
B4 ALY AR BERHR b7 4], SR R i o A
SLTE AR EARE E 8 PR A BT
RPN ERARE 2 (TMD « 40 5 A 5 0B A P PR 4B
WXk 5 B2 1 74 (B 10a).
RAMRFRER 1(EM-1) : $ R 7E B P m S B
P, 76 32 s AR RS Z A s M AR 2 (B 10b).
AN R 2(EM-2) « 40 - 10 48 TE 2 50R
i LR ] B A AR (B 100).

¢ EM—2
10 FMRFEHE(HEAL:cm)

Fig.10 Plane layout of prestressing tendons (unit;cm)

4.2 BHESHAH

B 11y g BB S EAEA T WS HE, B
JUN TR B BN BT . TR ST IR A
A, A BV A A R AR, & RWEAR /T
S, BRI B R FARRAT ZS b W fEAHZE 6 26 LA,
E 12 S 5 E AT L EE R T B85 ) . A4
BY 343 A0 AR AH R, SR BY I T AR AL, 1§
HAHZE 1026 AN, £5 1, IM 1 EM-1,EM-2 (4135
YUY RE SIS 10 % LAWY , EAH[H.

255 /(10°%kN « m)

0 s 10 15 20 25 30
RHLAR/m

E11 BENRNAOEEEATEE

Fig.11 Bending moment under gravity and prestressing

ar 33 — ™M
a7 T EM-1
N e EM-2

a0 . UEfE

0 5‘;\/&/13 20
L) Bk /m

B3 /(10°kN)

i
i

i

i

-

12 BEMANALREATHES
Fig.12 Shear under gravity and prestressing

4.3 {%E

&l 13 Sy B B AN 143 SIVE T MR L. 72
BEAERT , 85 P ) WA s 1 B SR b B, 4
XHE 2 W 3G 0, 7E P 3 p Ak 35 B W E (4. 48 X 10°
kN « m). IM TR RF &, B h=h"=0, B
JIME P B RS P A H 4R B M R i
NSRRI, B 16 1745 B EERFE M
BAHILE , {8 28 % B 5878 (0. 40 X 10° kN » m) ; EM-1
1 EM-2 B THRAEE N 53 S A5 T
JHERT A S B E/ER T MR I, EM-1 732
AL EBNEM (—7. 08X 10° kN » m) , EM-2 7E&% [
1 AR IABNIEE (—5. 06 X10° kN « m).

I —HE - EM-ITIRH

e IMPIR Sy -~ EM-2FR )
4.48

OF  Tym WIEURFER

HAE/(10°kN - m)

\\ \.1, o
| Rl K/ I
-7.08

B 13 BEMNRNEASERATHALE

Fig.13 Torsion moment under gravity or prestressing



1782 Rl ¥ k2 2 WE KRB 2B

R

B AT 7S EVE R AL LA 14. IM B
FHR S PR RS B AR B D7 1 A
], AR A B AR 4. 9X10° kN » m; EM-1 B F4R
WRAAEBE IR AR HAE R K, BB HE
{24 3. 30X10° kN » m, JIEXE| 29% , A —EPifl
RO s EM-2 3232 s bR 7 Fn B B AR B AR KT
PSR AR R — 1. 31 X 10° kN « m, 5 I 15 3
1%, MBS, PTHRUR B B, 5~ 64 &
e ABRt 7 O FA AR I 47 (1. 26 X 10° kN « m)AH b AH 2
4%, RV AT
4.4 FTERA

B RN J7 S VR R RSB R O LR 1.
FZHPEHL,IM 5 EM-1,EM-2 &) Jg S E AR,
R H1ZM 23 % LN, BN R /N EM-1/

-

RHLA/m

E14 BEMNRNEAOERERATHALE

Fig.14 Torsion moment under gravity and prestressing

EM-2 42 [ )2 1 B B3, 3302 th TR MR 7E e
72 ) 8 HR g A e S e A A ) 32 %8 L TR A i)
LR BN SR AR P HE R

*1 BEMBREAXFEATHZERA

Tab.1 Support reaction under gravity and prestressing kN
M EM-1 EM-2
T SRR T XHER T XHER T
m n m n m n
Bl B2 B3 B4 Bl B2 B3 B4 Bl B2 B3 B4
o 112 2153 2155 110 2041 2045 140 2150 2188 97 2010 2091 132 2157 2184 102 2025 2082
7MH 8 0 0 —11 —8 11 165 0 0 —223 —165 223 117 0 0 —158 —117 158

B 5y b IE AR B A W B IE s m O Be SR By SRR 2 28 5m O By S B SUEME 2 2.

4.5 HIEMTBRSERTOHXTLE

Mg AD A 51 5AS EM-1, EM-2 &8
b Te (B, Ts (B R TF) , i AR v T8 A7 &
WARETRR S EANER 2 B,

®2 @EHOBREAHETEARSH

Tab. 2 Parameters of externally prestressing torsion

calculation formulas

A 8/ a b c d

EM-1 90, 0~75. 4 —0.128 2 38.52 0 —0.739 6
75.4~68.5 0.241 6 34,93 0.15 —2.2696
90, 0~75. 4 —0.0510 38. 63 0 —0.739 6

EM-2
75.4~68.5 —0.036 4 38.49 0.15 —2.2696

Wik ERSHL85 EM-1 1 EM-2 ff T(E) AN
B 15 fis, AR SR TR FIA BRI 45 5
To(FWMEREAE A, AR R _HE B RE
BIERR . D To (B HiH ATRBE 1 R 34
Fm; QT (B ot S, TP #EO AT
B, T H N EA—EME.

ST 15 #4787 O i 1 = 1B T
WAL LA RS, 2 AE L Ts(F) A, T
B Te (DML, KNS A BIEH; O H A 1D
1Al R ] AR S MO, Ts (F) Al Te (F) LR
AL EM- 18 EM- 2R B MK, M Tr (F) A S

161
| | ' '
120 A 4 e i W
g 8. 6.72n
= aly BE%RK/m
;; . I' I\ 1.12
=R 0I5 20 L0
£ N—imne -
N — HHTYP) ~5.97
T HHTU=Tp(F)+T(F)
—— HRTERTF)  —12.12
-16- w U ERARIEE
a EM—-1
3 | | |
61t B 1 7 e e I
A
E Ly R /m 288N,
5 0 T T /AN -
T [ SF s
< N
= —4-_V|'ﬁTp(F)
H 6k WHETYF)
_____ WHETF)= TP(F)+Ts(F)
8 BRI R T(F)

-10- = E(EERIHEE
b EM-2
15 BEAOERTHE
Fig.15 Torsion moment under prestressing
AR EM-1,EM-2 3L RIRIE AR @4 51 Fzo M
W], {8 EM-1 R[] 43 )y Fe| B9 b a0 3R, 1



128 B4 EASNR

B 140 R B AR AR BUL I

1783

Ts(PRARME K OQFm s 1(1) F4HE B
T /e AT EOREEE Co 2R (B 9), = 4%
AW/, Te (B 8 SHE B FE 22 38/ (EM-1, EM-
250 12,12 1 5. 49 R ZE 1. 12 F0 0. 67) ; SN
1 B2t Co 28, 28 A BS B Ts(DHWZES
(EM-1,EM-2 435l fy 6. 72 F1 2. 88 AF % —5. 97 I
—3.47) ; OFEE S, T(F) RZ il Ts (F) #2144,
EM-1,.EM-2 # 2" #iH, Ts (F) 5 h BIE H . i EM-
1 A ERHERR, i T gXHEECR.

5 &g

(D W TSR A TR EE LA RS, B
A AY ORI [l 25 18] R A PR3, BRIE B[R] I 45T
2R AL A A TP T TS5 R AR AR PSR
B HREA.

(2) Z T AR A 55X % RS
B S prH B iR, S AR MR AR B A
RSN A 1 LI B R0 B DL » 102 D A (L7
AT BT TE A W) LASE IR 4 R HL AR I (8 ) /M.

(3) X 3 FpAm ok 77 2 5.5 pHy 2 FE 2R A PR T 20
PrifE SRR A - 55 AR A AR E L R ARG )5 B
RSN AT BT A FE AR R L BB RE
TROL T RIRREAR R AR R TIHACR A 2,
5 B DL AF ot 7 £ FHL A VA ) BB 5 BRIE T A
B RAIERE, 2~ TR AR 5 R gk
W& B

SR

L1]1 x4l HrEESEIHSomEeIM]. b ARZGE R
#t, 2010.

LIU Zhao. Conceptual design and analytical theory of bridges
[M]. Beijing: China Communications Press, 2010.

Nutt, Redfield,

specifications and commentary for horizontally curved concrete

[2] Valentine, et al. Development of design
box-girder bridges [ M]. Washington D C: Transportation
Research Board, 2008.

A7, 2. BELEIESAIM]. JUR. A RGHEH R,
1994.

SHAO Rongguang, XIA Gan. Curved concrete girder bridge

£3]

[M]. Beijing: China Communications Press, 1994.
[4] By, Z4, 84m, & —FHERHMERFAFHER

[5]

L6]

L7]

L8]

[9]

[10]

[11]

[12]

BRI ). 2RISR, 2011, 44(1):121.

HUI Zhuo, QIN Weihong, ZHAO Jinshi, et al. Experimental
study on a new type of tendon layout in prestressed curved
girders [J]. China Civil Engineering Journal, 2011, 44(1),
121.

. R
2%, 2009.

LIANG Tiantian. Test and research on pre-stressed effect

BEIR RIS FE (D). BRK: ERZEKR

about curved grider [ D]. Chongqing: Chongqing Jiaotong

University, 2009.

YOk, JRER, BHALAR, 5. BN E e iR AR Y
wml]. SR RFESEMR: B ARB M, 2011, 34(11):

1706.

JIANG Bin, ZHANG Kun, HU Dulin, et al.

prestressing tendon layout on torsion moment of curved beam

Influence of

bridge [J]. Journal of Hefei University of Technology: Natural
Science Edition, 2011, 34(11). 1706.

ZEgR R, RN, R SOR TN J7 SR A R AR R LT ]
BB TR BE2AR . 2003, 17(1). 21.

LI Jianhui, SONG Xuming. The adjustment of torsion moment
for single-column supported continuous curved prestressed
beam bridge [J 7.
Technology, 2003, 17(1). 21.

Bk B, ANERTN R 8+ &R A R B R
[T]. ABBAEEAR, 2010(5): 45.

YANG Yongxian. Discussion on torsion-resistant design method

Journal of Heilongjiang Institute of

for small-radius curved prestressed concrete girder bridges
[J]. Technology of Highway and Transport, 2010(5); 45.
B, MRBE. R BE 2R W R TRNE 7 S XL AR R M
[J]. $FgE, 2011(3). 15.
YANG Menggang, CHEN Geng.
tendon layout on torsion moment of long span curved rigid-
frame bridge [J]. Bridge Construction, 2011(3); 15.
ZHF, (4. MR BN 0 fE R B AT ]
FIT RAESAR  HARBMERR, 2005, 32(12): 47.

LI Xinping, REN Hua. Simulation analysis of the prestressing

Influence of prestressing

HH

effect on the curved box girder bridge[ J]. Journal of South
China University of Technology: Natural Science Edition,
2005, 32(12). 47.

MRZs, 220, RO, TR AR A B T IR 5+ th R e H
T2 S RES LT, BHEEEEIR, 201121 66.

CHEN Hong, JIANG Feng, ZHAO Wei. Performance analysis
of the prestressing tendon layout in curved concrete girder
bridges[J]. Science and Technology Information, 2011(21),
66.

Salse E A B. Analysis and design of prestressed concrete
circular bow girders for bridge structures [ C] // Second
International Symposium on Concrete Bridge Design ACI.
Defroit: American Concrete Institute, 1969: 714-740.



