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Equivalent Single—span Beam Method for Transverse Bending Moment

Analysis of Multi—span Continuous Bridge Decks

XIA Guiyun®, LIU Hong
(School of Civil and Environmental Engineering, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: Based on the concept of effective working width, the bridge deck is simplified as a multi-span
continuous beam. The constraints of the main beam on the bridge deck are equivalent to anti-bending springs. When
the stress mechanics of the deck between two main girders is analyzed, this deck is equivalent to a single-span
beam. The anti-bending capacities from side spans are also simplified into anti-bending springs. A series of

comprehensive equivalent stiffness parameters from the anti—torsion of the main girders and the anti-bending of the
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side spans are derived recursively. The variations of comprehensive equivalent stiffness parameters against the
stiffness ratio of the anti—torsion stiffness from the main girder to the anti—bending transverse stiffness from the
bridge deck are studied. The formulae of slopes and moments at endpoint and middle=span point are formulated for
the deck constrained by the main girders and side spans under distributing load, concentrated load and partially
distributed load, which provides a simplified theory for transverse bending moment calculation of multi-span
continuous bridge decks. A background bridge consisting of prestressed—concrete I-type girders and reinforced—
concrete bridge decks is studied. The transverse bending moment distributions and transverse bending moment
modification factors of different—span bridge decks under model self-weight and automobile section distributing
loads are analyzed, and the effect of beam height, deck thickness, beam number and load on transverse bending
moment modification factors is investigated. The results demonstrate that: the analytical transverse bending moment
from the present theoretical formulae agrees with the finite element, and the equivalent single-span beam method is
feasible to simplify the multi-span continuous deck. The maximum result of the transverse bending moment
modification factors is 0.666 7 at the supporting point, which is less than the value of 0.7 specified by the
Specifications for Design of Highway Reinforced Concrete and Prestressed Concrete Bridges and Culverts (JTG 3362
—2018). When t/h<1/4 (the ratio of the bridge deck thickness ¢ to the main girder height 4), the maximum value of
the transverse bending moment modification factors is 0.670 3, which is larger than the value 0.5 specified by JTG
3362—2018. The calculating results based on the specification JTG 3362—2018 are unsafe for the design practice.
When t/h>1/4, the maximum value of the transverse bending moment modification factors is 0.679 4, which is less
than the value of 0.7 specified by JTG 3362—2018. To ensure the design of the bridge deck safe, further
investigation into the transverse bending moment prescribed in JTG 3362—2018 is recommended.

Key words: bridge decks;equivalent beam model ;modification factor;anti—-bending spring ; theoretical formula
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Fig.1 The equivalences of anti—torsion constraints from main girder and anti-bending constraints from side—spans on bridge deck
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Fig.2 The variation of comprehensive equivalent stiffness

parameter R against the calculating cross—section position
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Fig.3 Equivalent single—span beam subjected to uniformly

distributed load
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4 EHI5H

& 6 3R E AR 12 30 m T F 32 (138 i 145
F . bR eE R R TN IR TR AN TR T
TR B4 E 554 . T 7B 548 L=28.86 m; Mk}

9 €50 iR &+, BY I B G=13.8 GPa, B I HT 415
B 1,=6.553%107° m*; [A]#H 1=2.15 m, 22l 95 =0.18 m,
F 85 h=1.80 m; F IARM B A C30 VR BE 1, 5 AR
It £=30.0 GPa, 1 It M5 B 1=0.20 m , 558 8 i 1 25
TR 1=6.666 7x107* m*. H 515 B 5 18 ik i, A5
0.15 m. =PRI AT 6(b) 7w . 3R HTHINIEE i
ARG B i P HUE .
41 BEENGEHREATHERNANAMERDZE
1!%1&%%%&

= it v B T4 B R T ARG A T AT L 1~
2R lﬂ*ﬁﬁ*ﬁﬁ 35 7R T B, 2"~ 3" 2 R ) A% T
Mo 5 — B AR A, 37~4% 32 GR [A)AFF 1 Ak 56 = B
TET MR . ASTALLATR AR ) R, B4 AT ff 2K ¢=8.8 kN/m ff
AR s S AN 1B 3 i, i i i 32
SR W B 5 0 AR 1) B R R AL L =
1.347 4. 55— | = SR AR 0 255 S ORI B R B
R FI Ry R 7 S 2 15 v 5 I 1) 206 M, L T 320 5
AT %) 25 0 M M 355 T D A9 A5 R M, A A S S
TR P R 1) 25 646 1 2R 50 B v 48T 170 R 1) 25 1 1



59 1

SR 7255 < 2005 T AT T AR 1) 25 R0 20 BT 19 S A L 169

() b RG5HA B 25 W A
54

[ 8]10

180(145. 110, 75)

—

15 [ 18 | 129094, 59, 24)
S|

1

(b) = A R
BHe LA EEAEREEMRT (AL cm)
Fig.6 Layout of superstructure and dimensions of main girder

(unit:cm)

RBANF 1R .

MR RT LA H B AR S oS 7 T A 1) S 1
1E BB KA 0 0.550 5C5F— 547 3 AR m AL )
/MEH 0.224 6 (5 —B5 7 3OSk ) , KT (AT
T 1 K2 (0.7, 125 v 48K T R 1o 2 R 48 1 R U R
549 0.612 4 R /IME 4 0.526 9, ¥ T LA M) HY
FLAEH 0.5 (t/h<1/4) , F WICA TR B BUE W /)N | 25
BEVTHE AL 4 R UK

R A ST 2 K 7 T AR T AR R 6 5
LRG| 32 XM AR 9 7 3 1 24 TR A
ST, R AT R A BROTHEA 72047 . AR F A BROT

ﬁl % ":7\%

HE Pk 24 RO AR B W BE R G T A
37 Ay A S5 S0 M BV AT REATR AR 45 A4 1 A
BT HIERI TS — 05 50 85 B =, &% 2R
1255 PAY AR 1) 25 20 P AR SCH B (ELAN ] 7 s

-3.2
— BTG R
) A%iﬁﬁiﬁwﬁ p
x - A R /7
1.6 % E%$I}E1@1E _»"’
\ BB AT IR T R /4
= A\ o P CER AL Vi
AN /
E 0.0 |- v,
& \\ 4
o NN
L6 b Py
3.2 et "".{
0 L4 LR 3L/4 L
W8
B7 ZRHFPRELE 5 %% F 5K
WA A6 T 45 B

Fig.7 Transverse bending moment distributions of the No.1
span, No.2 span, No.3 span bridge deck at the middle—span of

main girder
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Tab.1 Results of No.1 span,No.2 span, No.3 span brldge decks
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Tab.2 Results of No.1 span bridge deck at the end—support, quarter—span and middle-span of main girder
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Fig.8 Transverse bending moment distributions of No.1-span
bridge deck at the end-support, quarter—span and

middle—span of the main girder
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Fig.9 Distributions of the transverse bending moment

modification parameter for the bridge deck
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Tab.3 Extreme results of the transverse bending moment

modification parameter of the bridge deck
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Tab.4 Results of No.1 span, No.2 span,No. 3 span bridge

decks at the middle—span of main girder
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Tab.5 Results of No.1 span,No. 2 span, No. 3 span bridge

decks at the middle—span of main girder
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Tab.6 Results of No.1 span bridge decks at the

middle—span of main girder
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Tab.7 Results of No.1 span bridge deck at end—support,

quarter—span and middle—span of main girder
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