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THEORETICAL ANALYSIS FOR STATIC AND DYNAMIC
CHARACTERISTICS OF MULTI-SIMPLE-SPAN BRIDGE WITH
CONTINUOUS DECK

DING Yong“?, HUANG Qi', HUANG Jian-yuan

(1. Department of Civil Engineering, Ningbo University, Ningbo 315211, Ching;

2. Shanghai Key Laboratory of New Technology Research on Engineering Structure, SRIBS, Shanghai 200032, China)

Abstract: Because a multi-simple-span bridge introduces many expansion joints that negatively affect the riding
comfort and structural maintenance, a continuous deck is becoming an alternative to the expansion joints to
improve the performance of this kind of bridge. However, the method for the mechanical analysis of this partially
continuous bridge structure is deficient, and the application and optimization are impeded. In this paper, a model
for a simple-supported beam with boundary rotational springs is presented to analyze the mechanical properties of
a multi-simple-span bridge with a continuous deck, in which the spring stiffness is obtained from the tensional,
bending and shearing analyses of link slabs and adjacent bridge girders. Based on this model, the static and
dynamic performances of a unconventional bridge structure are analyzed using the method similar to that applied
on a conventional simple-supported girder bridge, and the equations of static displacement, internal force, natural
frequency and vibration mode are obtained. The numerical analysis of a practical bridge suggests that the stiffness
of a rotational spring from a theoretical equation agrees well with that from 3D finite element analysis. The static
deflection, strain and natural frequency from the model considering the boundary rotational spring are closed to
the test results of a bridge, and better than those obtained from the model of a simple-supported beam. Thusly, the
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new method can be applied in the mechanical analysis of a multi-simple-span bridge with a continuous deck.
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analysis
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Fig.3 Mechanical model of the simple-supported girder
bridge with continuous deck
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Fig.12 Effect of moment of inertia of continuous deck on the
boundary spring stiffness
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Fig.13  Application of the vehicle loads on the bridge Fig.15 Deflection at the midspan of 3rd span of the bridge
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Fig.17 First mode of simple-supported bridge with
continuous deck

5 ZEig

XTSI ] SCRMF, S T I S e sl
M ORI MR S 5%, BT DR AR
TIFr A RN B as R mang,  DAR B PRI SRS
2N SIRetE, AIIZRBF R I o dr 5 LRt 1
— AR T T

X SRR IHT ] SZ SRR (1 S 3 A 2 ] -

(1) 5=4EA RTtR LA MR W], A5
$ R I Fr e s B EE NI BT B A SO TSR 5

(2) 15T SR BN L 5 4 T S BUK FE )
KSR SORAE A K. HrimEs B
K, SRENIEERE N, MRITESE B TT AR LT DAAA
UGB s AR 17 ) SZ PR 20 TR 234
F A 2l S I LA BRI o ] DAE I R B A
B B B AN SRR 24 UM 3R B0 AR 34 F e 3 3
I 5

(3) WHIRZEAT A IR HE S I f] SCERATT
T T2 5 2 5 1 TRl SR R ME R S R T30 S
HRMIEE,  F A5 3 58 AT LA 55 45 R b Je
SCREAR Y B I S 5

(4) Fezhsf 3 BRI LIRS, AR
PR U AL B R S AR Y B e AR R SN 45
R S TR R IR

AT AT BE— P HET B2 M G i
REAT MR ESE B TR SR RERIAT FT o

EEP S

[1] LimaJ M, Brito J D. Inspection survey of 150 expansion
joints in road bridges [J]. Engineering Structures, 2009,
31(5): 1077—1084.

[21 TH, #a, B, SR SREREN R

VAR CTE= 7 o S RP )AL P I I ) e m N 254
2013, 46(7): 98—107.
Ding Yong, Huang Qi, Xie Xu, Huang Jianyuan. A
computational method for the dynamic load in
heavy-vehicle bumping at the bridge expansion joint and
the analysis of influencing factors [J]. China Civil
Engineering Journal, 2013, (7): 98—107. (in Chinese)

[3] Ghimire J P, Matsumoto Y, Yamaguchi H, et al.
Numerical investigation of noise generation and radiation
from an existing modular expansion joint between
prestressed concrete bridges [J]. Journal of Sound and
Vibration, 2009, 328(1/2): 129—147.

[41 T 5, W, HENE. BIE IR P RIM LB 4 5)
Dt Bt S50 e R R A [J]. AR %, 2013
30(2): 135—142, 149.



T ®

2 109

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Ding Yong, Xie Xu, Huang Jianyuan. A numerical
method for analyzing the dynamic load in bridge-head
bumping considering the rolling trace of wheel and the
analysis of influencing factors [J]. Engineering
Mechanics, 2013, 30(2): 135—142,149. (in Chinese)
Chang L M, Lee Y J. Evaluation of performance of bridge
deck expansion joints [J]. Journal of Performance of
Constructed Facilities, 2002, 16(1): 3—09.

Wang W W, Dai J G, Huang C K, et al. Strengthening
multiple span simply-supported girder bridges using
post-tensioned negative moment connection technique [J].
Engineering Structures, 2011, 33(2): 663—673.

HIEZR, HEHT7, &R, 55 AR R R A
TCAENT RIS R 7T [3]. A 2% 2% 4R, 2010, 23(1):
43—48, 57.

Shao Xudong, Zhan Xuefang, Jin Xiaogin, et al.
Temperature effect of innovative semi-integral abutment
jointless bridge with ground beam [J]. China Journal of
Highway and Transport, 2010, 23(1): 43—48, 57. (in
Chinese)

Ooi P, Lin X, Hamada H. Numerical study of an integral
abutment bridge supported on drilled shafts [J]. Journal of
Bridge Engineering, 2010, 15(1): 19—31.

Caner A, Zia P. Behavior and design of link slabs for
jointless bridge decks [J]. PCI Journal, 1998, 43(3): 68—
80.

FRR, BRI, RN, ) SRR b AL T S 2
EERTH R BT[] T AT KA AR 4R, 2000,
20(4): 1—3.

Wang Hu, Hu Changshun, Wang Binggang. Calculating
analysis for the warpage and stress of deck pavement at
tip position of assembly simple beam bridge [J]. Journal
of Xi’an Highway University, 2000, 20(4): 1—3. (in
Chinese)

LA M R TR SR ) 3R i st TR
BRIET[I]. AR A B, 1985(2): 49—60.

Ma Guangde. Mechanical analysis of multi-simple-
supported bridges and discussion on the design method
[J]. East China Highway, 1985(2): 49—60. (in Chinese)
Wing K, Kowalsky M. Behavior, analysis, and design of
an instrumented link slab bridge [J]. Journal of Bridge
Engineering, 2005, 10(3): 331—344.

Au A, Lam C, Au J, et al. Eliminating deck joints using

deboned link slabs: Research and field tests in Ontario [J].

Journal of Bridge Engineering, 2013, 18(8): 768—778.
Okeil A, ElSafty A. Partial continuity in bridge girders
with jointless decks [J]. Practice Periodical Structural
Design and Construction, 2005, 10(4): 229—238.
Charuchaimontri T, Senjuntichai T, Ozbolt J, et al. Effect
of lap reinforcement in link slabs of highway bridges [J].
Engineering Structures, 2008, 30(2): 546 —560.

WER, FPICKE, X, S5 WSO IE LA E KA
BRICo M 5 EGE[I]. AR SSEAHE, 2010, 27(4): 89—

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

94,

Pan Zhiyan, Mao Zhaoxiang, Liu Min, et al. Finite
element analysis and improvement of continuous
slab-deck of simple supported beam bridge [J]. Journal of
Highway and Transportation Research and Development,
2010, 27(4): 89—94. (in Chinese)

Ulku E, Attanayake U B, Aktan H M. Jointless bridge
deck with link slabs: Design for durability [J].
Transportation Research Record: Journal of the
Transportation Research Board, 2009, 2131: 68—78.
Tt ey b T SRR AR T S AL 3 O A TR 75 373
] EEPRACIE 2= i 24, 2005, 24(1): 9—15.

He Chang, Xiang Zhongfu. The space simulation analysis
of simply-supported girder bridges with continuous
slab-decks [J]. Journal of Chongging Jiaotong University,
2005, 24(1): 9—15. (in Chinese)

Kim Y Y, Fischer G, Lim Y M, et al. Performance of
bridge deck link slabs designed with ductile ECC [J]. ACI
Structural Journal, 2004, 101(6): 792—801.

Aziz Saber, Ashok Reddy Aleti. Behavior of FRP link
slabs in jointless bridge decks [J]. Advances in Civil
Engineering, 2012, Article ID 452987: 1 — 9. doi:
10.1155/2012/452987.

Zhang J, Wang Z B, Ju X C. Application of ductile fiber
reinforced cementations composite in jointless concrete
pavements [J]. Composites: Part B, 2013, 50: 224—231.
Caner A, Dogan E, Zia P. Seismic performance of
multi-simple-span bridges retrofitted with link slabs [J].
Journal of Bridge Engineering, 2002, 7(2): 85—93.
Sevgili G, Caner A. Improved seismic response of
multi-simple-span skewed bridges retrofitted with link
slabs [J]. Journal Bridge Engineering, 2009, 14(6): 452—
459,

ElSafty A, Okeil A M. Extending the service life of
bridges using continuous decks [J]. PCI Journal, 2008,
53(6): 96—111.

Kendall A, Keoleian G, Helfand G. Integrated life-cycle
assessment and life-cycle cost analysis model for
concrete bridge deck applications [J]. Journal of
Infrastructure Systems, 2008, 14(3): 214—222.

Gere J M, Timoshenko S P. Mechanics of materials [M].
4th ed. Netherlands: Kluwer Academic Publisher, 1998:
200—245.

RACME, SRRDEE. ] S T SR AR B8 A B 7] 7
AT HIRI BT T[], AR A %, 1985(3): 53—63, 47

Wu Zaihui, Wu Miaonian. The experimental research on
the transverse load distribution of multi-simple-supported
wide bridges [J]. East China Highway, 1985(3): 53—63,
47. (in Chinese)

BRI, WREARE, MREESE, & Jo i SR S A 4R 1)
TP AT R B TT[]. A B ACIE RN, 2007, 24(9): 51—56.
Peng Dawen, Chen Chaowei, Lin Zhiping, et al. Research
on transverse load distribution factors for jointless



110 T pi Vaj

pA
5

bridges [J]. Journal of Highway and Transportation
Research and Development, 2007, 24(9): 51—56. (in
Chinese)

JTJ D60-2004, General code for design of highway
bridges and culverts [S]. Beijing : China Communications
Press, 2004. (in Chinese)

[29] JTJ D60-2004, A Rghrishikitd@AME[S]. dbnt: AR
A3 ik, 2004
Bt % -
1) ARHEIE R R SRR T IRE S A 25 3 S Ay
5L,4; 1,4, _ F |b-3L 4x+b-3L, (b-7Ly)x
5 () 56Ea{ ' 3(x+b) b (A3)
G dw, F |8x+b-7L, b-7L,
Q dx 56Ea{ (x+b)® b® } (A4
C BRI T, ZHREAE T A
o Ls X W(X):M (A5)
W) = M[b® + (x +b) (7x = b)] A1) T 2Ged®(x+d)
56Eab®(x +b)’ H, oy dEXSRIELR).
dw _ M(x+b)° ~b’] (A2) 3) ISR 1B 0 4

dx  8Eab’(x+b)°
Fob, a. b XS RIETAT).
2) AT RS oA R TR S5 00
1,4, i F

C 11,4,

E\ MD
! Bl
L ‘
0, - ML | aM
3B, GAL

Y -

(A6)

2 (A6) A7 3 73 55 7S AN Y U] 3 B A BT 54 M, 0 T4

e, 5 2 YD B AT L2

C

o L X

3



