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Orthogonalization Calculation of Fatigue Stress for U-rib Orthotropic
Steel Deck of Rail Transit Box Girder
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Abstract: In order to obtain the fatigue stress of orthotropic steel deck of urban rail transit box
girder, an orthogonalization method was proposed based on finite element analysis method.
Firstly, the longitudinal and lateral influence scope and the most unfavorable loading position
were obtained for the typical orthotropic steel deck under the urban rail loadings., and the
influences of key parameters were analyzed, such as the stiffness of damping pad, suspended
diaphragm and stringer as well as ballast bed. Then the benchmark of the U-rib orthotropic steel
deck of rail transit box girder was also proposed according to numerous engineering data
statistics, meanwhile the finite element model was also established, and the influence coefficient
was calculated based on the parameters including deck plate thickness, diaphragm height,

diaphragm spacing, stringer height and two cutout shapes. Finally, the reliability and applicability
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of the orthogonalization method was validated by several examples. The results show that the

structural stress under fatigue load of urban rail A is the most unfavorable. The stiffness of

stringer has a significant influence on the fatigue stress.

Key words: urban rail transit bridge; orthotropic steel deck; U-rib; fatigue stress; orthogonaliza-

tion method
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1.1 EXRENHEAR LS

H DRI R 2k R AR B L F R S OUEE XU T AR
LM 25T 0 R 0 e P AN AE 22 Qi 1 f s, R B
M (B) 5 0 BE A Ry 3 m JEE 12 mm; AR JE E 16
mm , 7 AR5 EE 30 mm, IEAJEEE 12 mm; Titk U )
F % 300 mm, K% 170 mm, & & 300 mm, )5 8
mm; BN G E EE 800 mm, JEARJEFE 20 mm, B2
BRSE 300 mm X 20 mm; 4 52 16 AR Al i RS 240
mm X 20 mm; K& U B E E 5 400 mm., F % 250
mm, & & 260 mm., i 8 mm; BRI I PR R JE 30
mm 8RR G EE 2.3 m, B 261 mm; JELAL T8
450 mm,EJF 170 mm,
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HRAE X BRI BB, R B ANSYS # 57 3 5 5
12 m ANAE R R A, il 3 BT 7 . 58 B R I R
FAXTFR L8, 2 0 IS A ) % 187 SC . A Bk
Shell63 FLIT , M T 5 2 0Bk Al S D R 48 1 S ) 52
PREATT Solid65. 9 55 4H 15 JT L A B Al Ak >R FHY e Sff
53 Boei K 1 mm, Hop A8 R A &4
RSF 2R 50 mm X 50 mm, T i 208 5] 5 B AR 4 4 B
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Tab.1 Structural Parameters of Orthotropic Steel Bridge Deck in China in Recent Years
_ U il i IR A
ARy 44 TiAR J& /mm —
R B /mm FE/mm | FFH %/ mm | FE/mm | #RJE/mm ] ¥E / mm

1997 ARPN 12 8 260 320 620 8 4 000
1999 VIR R SN i 12 6 280 300 600 8 3200
2000 T KR 12 6 280 300 600 3 000
2001 R K N R IR 14 8 184 300 600 10 3 750
2003 FEIH KA 14 8 280 300 600 8 3 375
2005 37 KT s KA 14 8 280 300 600 8 3750
2006 BER TR 14 8 280 300 600 8 3250
2007 BH 3 K VTN 1 KA 14 8 280 300 600 8 3200
2008 WL RN 14~20 8 280 300 600 3 750
2008 BN 14 8 300 300 600 10 4 000
2009 PO R M 14 8 280 300 600 10 3 600
2009 ERGIE Y PN 18 9 325 300 600 10 4500
2011 BN S I 16 6 260 300 600 3 000
2011 1 M 5 R 16 8 280 300 600 10 3600
2013 JUIT AT B KA 16 8 300 300 600 12 3 750
2013 WA KA 16 8 280 300 600 10 3000
2017 EES A BT 16 8 280 300 600 12 3000
2018 5 B W T 0 AL AR 18 8 300 300 600 10 2 500

P ROSHE 0. 45 m, 9 1] 5 J3E AR 4l A 2807 108k o B
2 FE AR B 0. 34 m, RIDKE 4R v far 248 %0 0. 45
m > 0. 34 m Y T far 28 i fn 2] 9 SR b AR
SRR 2 s,
1.2.3 Xémy Ry AHAaLE

Y T A BR AR 70 T 1 2% I 25 200 1 v ) o A A
FFR AR 1, QR 4 B AR 5 FH 10 98 95 4015 45 X
JO7 73T 55 Tk R T A RS N Y S L 45
I 55 201 X3 T 2 P g e R DX I LA R
WF OS50 1 B B AR AERIT 2% 1 A5 6K
IR A RS ) e R SNy Ak s @9 97 AN 2 B
TOUAR RIS o 32 42 K A% 1 3% TOU AR JRE R %) T A e K
PR 14k SEHE B U 508 b Al 2 48 4% 1A% U R
JERE U Bl fe K F2 00 g ik s O3 57 40747 3 BUHE B
1A R Al JRE B B ) A B e K R B
Ab s @3 55 40T 4 WO R S8R U IS8 35 K
EXTIVPIL LR

Shy B 2 B 2 A 280 5 T v L, R R IR A AL %
BZH AR AT AR 160 KN ZE AR B2 1) b AT B n
A, 18 JBURKS B Al 1 % 55 4 V5 3 BRI 55 T o 5%
WA 2%, AN & 5 T 7 o JH rh 45 98 55 20 15 1) 5 2k 72 Ak
R —F, B 5 AL AR 7 B K B9 95 4l 3 R i
FH &5 A] T ZE AR far 2N ) B Bl B X6 A0 Y Y 9 55 N
T30 JE i T v R g e K T D ey 285 1 3 R

FEIH T 0 R A RRAE . AE A 1) b 52 A S B O 4R
VR AL 2245 2 A A e B ) B
1.3 JEFHREAFMEMLE

M 1 3R N7 T 52 Wi 8 43 A IR S e AN D 1Y
A7 XK 6 P . B/ — 45 A 09l 3l 4 o7 4%
55— R0 1 7 20nT [m VR Tz A b, i
XL 2 Bl 4 AR IR A Y G 57 4 AR AE TR
S5 3 Sy SR, Bk B A B G AR R 55
i 282
1.4 RIRE B AERNR. TR0 E KR A5

M 3 #fr
L4 1 Rk

W5 T R 5 8 T0 AR AN (] 422 fioh 75 =2 0F 9% 57 40
A ) A Rl R N B A% A0 Y IR 9 55 N ) AR Ak
WEL 7 BoR 45 5 3 W1 I3 28 W B2 6T Jmy 38 95 55 240 15
Ak CETIRZY Y N g
1.4.2 % EMH@R

i ARG BOAH A R S 8 ] 46 B3 5 4 W)
JERZAEF 3~30 kN « mm ' (5B F N, H A
(] 57 A, B % 7 3% S e 1B o) W B AN — L R A
FERCEE G 22 5] R W 5% 1 1 188 1) S 15 0% 55 40 T
PR 5 W) A0 728 JEL 58 i) S A O 2 K 188 i) S 4 O E A
KGO, 6 #8 50,100,1 000,10 000 kN « mm ™ 'fE
WIS H A5 A0 B IE 55 N ) AR AR ] 8 TR .
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Fig. 5 Influence Line of Fatigue Stress Under
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Fatigue Detail Stress
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Tab.3 Comparison of Fatigue Detail Stress Between

Two Different Ballasts MPa
PRI PEITUNT 1P ITANN 2| BESTANNY 3| ST 4
AR OREE LR 2.58 8.62 13.20 7.17
SElAPEIRBE B R| 3. 01 9.21 14.13 8.01

201 B AN 10 BT 7« 4% 40 5 19 55 I ) AR A
R AT F TR A T8 R AR 261 mm,

e o ___
— EFHH
----- 755 4 452
10f -—- EHAN3
A Sttt 4 £ L
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S T T
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Fig. 10 Influence of Ballast Thickness on
Fatigue Detail Stress

2 WAHEFHNOMERETE

2.1 HETEER

K TREHFRITS ST NE 1 s, Tk
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mm, U i 8] FE 600 ~ 620 mm, B[R BEF 8§ ~12
mm , K fFBR ] B 3 000~4 000 mm, R RSt
PEHUEIIE 22 A B U Bl I 38 5 M 0 1 Al 3 o o 4R
AL, A& 11 s . Al A 4 AR B AR T ],
BB [E] #E 3 000 mm, £ B AR 55 B2 3 000 mm s 4 52 T5
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Fig, 11
Orthotropic Steel Bridge Deck (Unit: mm)
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Fig. 12 Finite Element Model of Reference
U-rib Orthotropic Steel Bridge Deck
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Tab.4 Fatigue Detail Stress Values of Reference

Structure Model

W2 57 AT 1 2 3(3) 4
P55 N I FEWENE 00 /MPa | 2.12 | 6.44 | 10.33(13.13) | 5. 44

5 TMHREEZWMRHY
Tab.5 Influence Coefficients of Roof Thickness

TOUAR JRE 52 /mam | %2 55 03T 1) 8 55 AT 2| 5% 55 A0 3(3) | S5 401 4
12 1.14 1.32 1.04(1.32) 114
14 1.07 1.16 1.02(1.16) 1.07
16 1.00 1.00 1.00(1. 00) 1.00
18 0.94 0. 84 0.98¢0. 84) 0. 94

x6 HERINSEXZWEREE

Tab. 6 Influence Coefficients of Diaphragm Height
o8 R AR i3 /o 93 55 0T 1| 55 AT 2 [ 55 AT 3C37) |9 S5 AT 4

2.0 1.28 1. 50 1. 38(1. 26) 1. 06
2.5 1.13 1.25 1.15(1.13) 1.03
3.0 1. 00 1. 00 1.00(1.00) 1.00
3.5 0.75 0. 64 0.84(0.93) 0.99
4.0 0. 61 0.39 0.75(0. 86) 0.99
4.5 0.56 0.35 0.670.8) 0.99
5.0 0.49 0.32 0.60(0.73) 0.99

x7 HEREERIERY
Tab.7 Influence Coefficients of Diaphragm Spacing

B AR 1 B/ m 2 57 4095 12 55 409 2|9 97 404 330 IR 25 AN Ay 4
3.0 1. 00 1. 00 1.00(1.00) 1. 00
3.2 1.21 1.02 1.19(1.05) 1.09
3.4 1.42 1.03 1.28(1.10) 1.18
3.6 1. 64 1.05 1.33(1.15) 1.27
3.8 1.85 1.06 1.43(1.20) 1.37
4.0 2.06 1.08 1.54(1.25) 1.47

A
3 E GG
3.1 &fl1
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Tab.8 Influence Coefficients of Stringer Height

ﬁ;;%f PESFANTT 1| BEOTANNT 2 | ST AN 3(3D) | BEIT AN 4
0.4 1.95 3.23 2.24(1.18) 2.09
0.5 1.72 2.68 1.94(1. 14) 1.82
0.6 1.48 2.12 1. 64(1.10) 1.55
0.7 1.24 1.57 1.33(1.05) 1.27
0.8 1..00 1..00 1..00(1. 00) 1.00

R MR ERE K
Tab.9 Hot Spot Stress Coefficient K,

SR | ST L | TR 2 | ST 3/(3D) | ST A

K 1. 09 1.03 1.17(1.14) 1.12

191 AE B AN RN A B0 T 2 AT 45 OG5 40 5 B4 % 57 N
J1A BRITE 5 IE A TH AT L a3k 10 s . 45
R W H A X R 22 3 7E 2020 LA, R L IE S 4k
TG AR R

k10 EOH1ATHESENERTESELR®

TTEEXT L
Tab. 10 Comparison of Fatigue Stress FEM Value and
Its Orthogonalized Calculated Value of Example 1

B o1 o2 o3 o4
1 BRIC I 1/ MPa 2.74 8.51 13.49 7.10
A2 AT 1/ MPa 3.05 8.77 15.98 8.05
AR 22 %6 11.31 3.06 18. 46 13.38
3.2 &2

T K 903 A2 38 N A TR O 32 S PR AR TOUAR R
18 mm,U WIEFE N 6 mm, U B H O 55 F R 300
mm, U A #E R 300 mm, U S E 260 mm, & [
Wi BE Ry 3.5 m, BEFE AR B]BE A 4 m, HABFLBE 240
[Fi) S 40 25 4] Y 9 55 N T (BT BE IR 11 iR
11 HE2ATHEFENERTESELNK
TTEEXL

Tab. 11 Comparison of Fatigue Stress FEM Value and

Its Orthogonalized Calculated Value of Example 2

%ﬁ o1 02 03 o1
1 BRIC 1 1/ MPa 4.27 5. 74 20. 60 10. 28
IE 384 TH5 Y 71 / MPa 4,44 5.09 19. 61 11.02
AT IR 22 %6 3.98 11.32 4.81 7.20
R
4 & iF

(IR A B A58 55 i A T 4544 32 T e A
H B 7 5 B 1) A Bl I % 20 9 8 95 B 7 16 AL
A3O0T FP L e R BN o £ 28 W) 9 PR AR B
4 Jr B AR AIE < 6 9 16) 149 52 00 05 1R A 8 2 A Ak e

2 A el A B

(2D Y AR H W B2 L3 PR AR 2 v a5 A8 o A P91 2
X 55 IO 77 5 8 AN DR BT N IR R 57 1 ) A
BFEZW .

(3) 5 T R SE PR i i E 2 80 48 3l B
SRR U ) T2 S A T8 AR o T R R
A BRITHEAT Z 8000 B« 45 B 5 Bk BT 2 B 32
FAC S U IE 5 S P T AR A VB 55 I
P IEAARTT i B B Bk 1% 7 ik R R i
FE AT BE RS Al .

S & k-
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