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Design of Steel Deck Pavement of Long-span
Continuous Steel Box Girder Bridges

PAN Yougiang'?, GUO Zhongyin'

(1. Key Lahoratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China; 2. Jiangsu
Transportation Research Institute, Nanjing 211112, China)

Abstract: An analysis was made of the mechanical properties
of the steel deck pavement on Chongqi Bridge with a three
stage mechanical analysis method. Based on the mechanical
analysis results and the research conclusion of some main steel
deck pavement cases, a dual layer epoxy concrete steel deck
pavement was designed. A research was also made into the
the pavement key material and the waterproof layer and the
composite structure performance. The pavement performance
of the epoxy asphalt with rich-asphalt was investigated to
improve the crack resistance of the steel deck pavement. The
results show that the rich-asphalt epoxy asphalt mixture can
satisfy the requirements of Chongqi Bridge deck pavement
better than the common epoxy asphalt mixture.
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Fig.1 Long-span continuous steel box girder bridge of

Chongqi Bridge
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Tab.1 The cumulative load axles and the axle spectrum of Chongqi Bridge

BRXE/t BRI/t X RERE /¢

Stk
WBULBI/ %

10 4 Rt ha

AR SEk

0~0.5 0.5 2
0.5~1.0 1.0 4
1.0~1.5 1.5 6
1.5~2.0 2.0 8

17. 42
18. 48
15. 09
14. 39

5 2 500

2.0~2.5 2.5 10
2.5~3.0 3.0 12
3.0~3.5 3.5 14

19. 27
6. 63 13
5.48

1 200

3.5~4.0 4.0 16
4,0~4.5 4.5 18
4.5~5.0 5.0 20

2.13
0.68 20 120
0.22

>5.0 5.5 22

0.19 26 8
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Fig.2 The bending moment and axial force diagram of the main girder
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Fig.3 The finite element model of the steel box
girder at pier
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Tab.2 The parameters of the finite element calculation

MRS H B
MBI R/ MPa 2.1X10°
FABIARA 0.3
4% 2 EE /mm 55
H%E E PSR/ MPa 1 000
HR%EEIAMA 0.21

BB BRI FSER BT RS Ea %R
FER I A FWE BAE T 7= M L B AR R
170~300 pe, T4 [ HZ R JEH /D, SR E TR
TN AR B A AR AL, B E 2 4L, I HZE SR AR
FRAR 55 AR 32 Ak 7= A B g i AR SR AR 5 5 v b R R

HAREEEREAFEEIEATZE, iz E
INE 3 0 B AR ERAR /N
2.3 E-MBAESW

FRIBCA BT IR AR, A B — ST
REFSHBIE N 13 K5 8 —00 B XU R 4k ok
PRI 3 16 T 2k, PN FETE BB 1a) R~ B 20
cm, MRIERHEE 13 t FAGIE 0. 707 MPa, 7] PA 54 H
MK EH 23 cm, WANFETE WML 4 TEIBE A 10
cm., B FIEE A BE B AR, AT DA — 2B L AT 8RO
AR B FURE T 357 75 oy 28 10 Ak Ay BRLAE T 3575 77 R, o %
SR, 32 0. 707 MPa, fn[& 4 Brs.
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Fig.4 The single rectangle distributed load
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BE5 BEhitRPRAFERITESR
Fig.5 The finite element model of the steel box
girder at mid-span

TR A0 m ZRA R AL B AT RAER T RPE
R EN MmN, 25 R R . TR TR 2B
R TE R FI R BAE T, 7= A 1 B R [ i R AR
H#H/NF 30 pe, A BRBE RPN AR A 110 pe 22
F s AR B KR 1) L R AR B r B AS A T BRAE
Ak, YA T R AR B SEE. 7= A B 9k s BY B A 0. 083
MPa, K& ) BY hif J14 0. 089 MPa,

2.4 EB=HrENESW

LN ZE B, B TE G S AR B2 AR K K P
B RN EUES K EOATRBSIERATET X
B, R AR TESSE B R X, X R R b
I, ATAZ KGRI 27 A 3y VIR, A< S0k
KRB RECH 0. 5, iR EMRNIEREE N
0. 707 MPa, M/K- PR A BE S 0. 354 MPa, 5
FAR R R R ) AR G SR IR 3 .
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Tab.3 The computation results of the maximum stress/

strain with a consideration of the horizontal force
£ i
BN S/ MPa  HiRiZE/ue BIRISj/MPa  HIRIZE/pe
0. 292 93.7 0. 089 105, 7

111.3

g

BImAE
B Hab

T BYRE A1 i e R R B O B B A1 » o B 3 D e J= TR AT B K
AV

B EERAT I, Z R R KA 8T , BT
G JZ BTS2 B 1] BY R AR R AR B T £93. 545
T AR 1) DY B2 3 A BE AR J L B R AR AR AL
2.5 HHEERZEAAW

GAZHBEIITRESRATUE L, BB B
PRREAY , 703 TR AL RS PR il 5 B AR 32 57k 5 77 A B )
ZAF , YA BB AR 300 pee, {ERE 1] b7 A o7 AF
{EB/IN s AR BE ) SR AR AR A1) e K L AR 38y 170~
250 pe. 25 B BefE 24 R BT B , ZE R A F
iz, PR =L MR AE A B 30 pee, B 1] B AR 110
pe. 55 =B B 2 _E 4 16 7K P77 5 A 16 43 AR 1
B 90 pe, T [ LR AR FEAS A ARAL.

0. 292 90.5 0.092

AT NSOER T BB —RB =W
BORN, B TAL B K\ P RIBEAS 2y 200~280 pee, B
124 105 pues B B AN FTRIBEAE N 30 e, B 18K
110 pe 24

IR SIS , TR RS S B,
B R BTRLBAE Sy 260~340 e, i 120
s B BORYAETRIBEAR N 90 e, BN 110 e 2245,

S5 — b BRSO T 5 2 T B
R A7 HEE /N 85 S B B B SR T 5 2 2 B
B BRI AI7E 0. 3 MPa 2245,

T 4R R, 225 R 1 44 2 ) B
B AR B AR BE HL R, BRI 22 AR
T R 7 R M AT AR K A R 35 s A
SR LR B T i S A A TR &7 AR K
BB, 7 S BRI U R ST 77 2 B 4
BIRLREAE BB, T LK A T FORES 7 I BT
AR 4~6 MR KR ISR B E S
KT,
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EHA&RB T RNERE, 2 BRIAAEATEH
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Fig.6 The recommended steel deck pavement of

Chonggqi Bridge
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SZREREVERTFTRAMNKE MR
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Tab.4 The gradation of the epoxy asphalt mixture %
S BRAUTHIARTES R
13. 200 mm 9. 500 mm 4, 750 mm 2. 360 mm 0. 600 mm 0. 075 mm
B R AL 100 97.4 75.1 60. 0 35.2 10.2
RECTE 100 95.0~100.0 65.0~85,0 50, 0~70.0 28. 0~40,0 7.0~14.0

R5 NEFEFREGHERIEER
Tab.5 The test results of epoxy asphalt mixture

HERRIAE R
B OH/RRBRARCE/ % 98
G AR AR /% 9
60 ‘CEHIABBFEE /(K + mm™D =29 999
—10 CHRREBHNZE/pe 6 368
HiERE/MPa 20. 98
PRI (15 "C,400 pe) /IR 100 T RABIR

MBS R AT LU, IR AT FREL
A R EEE R RE.

4.2 ERBEREHERELIEEAR

SIARPR T B REMMAREW, hFESH
ERRIPATEATERR, BRI ERKES
HAR B B LA , (B TR A 6 5% 2 A 1] 32 B
AR 32 LB, I EAL TRIIZHRORZS, W2
PE R BAF. AT RIS TR SR E KB SZ M
[EIRE, & 117 & TR TAE HEFH AT FIREL
BT,

BHBEN AN FRELAE S EANREDH TR
B+, P F & L —BOR F SRR IR BT R
REFFRELS, A CEFENEHFRELMA
KR 6. 8%, WHMA AT B RELREHFTHER
0.3%. B ERATFRELAE AR HFIRE
THPEREIR IR G R AN 6 .

*6 EHBNERREHTRSEIEEILER
Tab.6 Comparison of epoxy asphalt mixture with rich

epoxy asphalt and common asphalt

HeAH SRR N
=B/ % 1.6 1.8
OHURRE  DEURREEE/KN 58. 3 57.2
Fift/ 0.1 mm) 49.3 41.1
TRBEZ B REHNE pe 12 523 6 297
J—— HIERIEE /MPa 13 536 14 739

505 F AR
e BB K § 838
ue.

WA R B/ R

8 660

511 875 73 750

WXt A RATLLE , B EA AN FRE L
A E BB IR AT RE AR ST MR RE B AL T
AR FREL, EHFTHAHFTRELEAE
I B B iR 57 T Ak BE BT DASE 4 0 RS IE R
BB TRAL S5 T8 435 FY Bl REEESK.

4.3 BIKREELERR

B K B 45 = F2 T 0 28 A B B A AR o, B I
ENHERSHEEZE. BKFS =N EEER
JERHGS , A R 5 AR 2 [A] B R 45 R, LR
BI7 7K B3 1 » FER LR AR B 1 o .

R E PR T B S U0 T BT TR, — R
FREHFERI KRG R, DK R HEN0.68 L -
™, i T3 A TR ERES , 5 1 AR , B ik
T EAE N T3 78 R AU MR DL B Fh R e » ik
THEWFIRGE LM TXERE. R REF RS
WRBOT PRI R R AR SO RIE AR AT
WP KES R AT .

HEFGH A R RAGTERAR TR BR 65 52 BUm BR
BA—)R 0.9~1.1 kg » m™? W HEAEMIE, R/5
ST BB — ) 3~5 mm ) BRRRA THEAERE,
2 5H MR —RE L, RATE R A 53 A
Hg AE R RS -S AAR R 65 2 EHURE B Pu i BB K%
T » AT S BEAR AT 40258 = 57T B BI7 K A0 BY7 BY D19 28
REHGROREEEMRFERER JE TR E.
I Al Bk 1B 8 S 45 L » PR ARG 4 1 2 B L AT LAAE
AREHBERTH LG, HRA BT H KRS Z
HE T3 72 AP BB 45 R R, RRFEAG R A U
A T 6728 P T X BE AV T XL

T RIEARSCR B KR4 E BA RIF R
SEPERRANBT K B I P BE B R SRR A I B B KB4
JFHREHAT T LT IRK . © 52, miE Bk %
GRESMBRBSREMN A G RWREERE; © &
FERE ST, AIEB K FSS R MBI © W iE bk
EFRAR) ;@ HEHRBAR.
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Tab.7 The test results of epoxy resin and epoxy asphalt

adhesion layer

REWHE

HEWE FERE

FER BAE
25 °C 9. 94 >20. 00
5982 B FL455R BE / MPa 70 C 2. 00 10,57
25 CHTRFEME/ % 290.3 16.9
25 ‘CWiZUEE ¥ /MPa 11.3 7.8
25 C 5. 06 1.87
AR TR/ MPa 0°C 102 0.56
[FErEamn WRER WEER

BRI, RAAETBERSENHRA 64
7 25 CHIRPIIRIREE R T 5 MPa, 70 ‘CHIRIIRIR BE
KF 1 MPa, B3R B 2 AR AT FRA AT
(LB 70) , LB RAR 55 2% /2 2Z 18] A B 459 B i i
REVBHREMA S RAKRERHEBRGENAE
HHE 25 CBRIHIIRIREE N 1. 87 MPa, 70 ‘CHhrik
BEREA 0. 56 MPa, iR B R AR AN TR A
S5REFEHAEZRIULE 7a), SRR S5
BERAORZRBSERANER, BAEFEHAE
5% 22 MBI MR, 44 PRI S
REH . RAAEHEHAOEERNARET BN
B KB 65 20T, B S FR E W HE IR SR S HER
AR Z B RESS AL,

a FRBERAE
T HHRARER
Fig.7 Pull-off test results of the composite specimen
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FRMRELIEA HAFHIAR, WARZIE T8
FEaHE—2Y B, RUFAEFER T IHRAP K
HE LI AR GO R LR AR, BB
B AEFHEHO R SHABHRNGHILEAE T
AR, ARG A REE TR K E 5
A fh RAE S AR B 5 ok, T 3R 4R SR U AR
FEAE R AR AN g 5 k.

SGAEUERRBRERALEN, RARHEHGRE

SMRES R, BRES ERMEZ RIS RER
15, A% BB KRS R AR 5 AT i T4k, #EF 225
KU BT EER A AT B K E S )=

5 REXFWFERRASEETR

5.1 ARGFHMREFHRBER

R T 33 M o T4 SR T R 5 B 5 T R B
T BAEHOE SCPR R 1R B8 B0 X9 T 4 R
DUAN R BE HEAT PR A B T 9T » 7 R T BE A A B[R]
NBRARER. AXCRA=ZAXTRBRE G HE
B2 SR P 2 8 R I 3 A B 5 1 R
H A B 8 MR AS IR,

8 HEASENETRRE
Fig.8 The fatigue test picture of composite specimen

AR 57 AR 1 IR I T T AT
B, WR A 16 mm B, AR T EREERN
2.5 cm, FHE ERBEEN 3. 0 cm, IKER AIESZ M
B, MESAER 10 Hz. %6 R AT SOH & B BOE 1
HEASE IR 1B, AR 4R AR 3R 1 AR S A
BN, EE T ENREE RGBS E
N Z FERSEBR R, IR E 13 t WM T ZE N
SEER 6 kN, 288 10 t DUF R ahde BR 55 Ay
PRI , U2 25 1 U N R AR 4 6 KN R 1 200
FK,9 kN fn#k 120 Bk, ek A 12 kN fngk 8
T, BRERINE 8 B,

x8 WEHREHEHKASFUES
RBWER(MALL 6.5%)
Tab.8 The fatigue test results of dual-layer epoxy
asphalt(asphalt-aggregate ratio:6.5% )

R ﬁk’s‘&ﬁ/ ﬂu%ﬁj_vgk/ z;b?f/ sk
6 1200 0.222

1 9 120 0.306  RBZEM KB
12 8 0. 383
6 1200 0.227

2 9 120 0.318  EBZEM, KBIR

12 8 0. 401

B REAKRmE 6,9,12 kN.
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SO R EAR A S5 WEd 6,9,12 kN
R A1 2 E L BIRBOAS] 1 328 TR MR 55 ik
B, AR T HEITLHE W RBERFR TR
RO, AWM R AR, IR 45 R R BT
HRXUZF AT H RN ERF e I RESE K
Brimbr R 10 SRR ESR.
5.2 BERBFERERTHEASEMETHRER

T R R RO IE TH Ak 4 28 R 52 S i )
B, AT R T B F 48 55 B, %8
BI0F b T E ORI B R BOR, (UEEH R T R PR
FIMA LR 6. 81 MBI E R AN FIREE L. AT
2.5 cm BAHHAGEMHETEAHA LR 6. 850
3.0 en AEWFH R LEQHA LR 6. 500 4
BEHEE, TFR T WA ALA 551 B 55 . 1
WA R RS 55 5. 1 AR, RER A IE
SN, ST 10 Hz, 2 BENAR 174, R A
FER 50 % KRR (O kN MBI, LIk
BER A FE R B0 3 600 TR (S FILHE W
BESTLARHT 10 475 500 BE ML B B RIHEAK
B 5 OVERETIARE, R 9 B HMRASSS
e o5 I 45 R,

*9 VEEHEREHBEHEASEMETARILE
Tab.9 Comparison of the fatigue performance of dual-
layer epoxy asphalts

ImER B/ s/
EVR ST m
ﬁﬁg%ﬁﬁ 9KN 600 0.302 RIS, KB
ﬁﬁl‘%ﬁﬁ 9 kN 600 0.308 RIBSERR KB
ﬁ%if’?ﬁﬁ KN 167 0.335  WAEEBHFR

MIABESRATLLE H, 78 9 kN XK i A&
T, SEARAHHERFEFRASSHML, B
BARAUE R IARA S SRS RIAL T
R T PR A , 2 55 R AR 2. 5 AR A E. B AR L
HEES AR T 2P RABSHEREH
HiRGEL.

6 Zit

(1) S5 SR B4R N A 2T 1 4 5% = 7833 TR
fir BEAF AR B RV BBl I Rp SR B R AR X, TR A3t BT AR Fp 4
S IRL A %o 425 AT TR S5 5 P BB 4R T T 38 TR KR

(2) AREHERBFEHREEA LR NEa A

PRl , BFETLIRE WA ARG, 455 5408 KRBT #
A T 90 288 B 32 0 R AR R AR R HE R 200 KRB
PR U= A I T

Q) ARPFRELERARERRAELF
HEWHE RS- A ER AR FI 2 2T M AR AR 57
PR ICEMF AT FREL R, TR 0w 2
SRR KB AT T SRS TRAL B R AR

(O LRE5 B M RE AR T A0 5 o, i 52
JA KRB R T W SRR A AW B R KR
g

(5) ZENHF MR A& S5 37 A e R B 7E Al
TLFRE BT R B 3 R BOE & T, DUR
SRR AR 5T A3 A AT LA R 28 KRBT 10 SRR,

(6) 5% MR R U 5 WA 1 40025 45 S5 M+
@R TERAESHFTRATFTRELTEER
R B A R ST T A

X3k

[1] ¥T, &E%, BR.%F. RERNEFETFTRELSE
BaElI]. &R, 2002,47(24):1894.
HUANG Wei, QIAN Zhendong, CHENG Gang, et al. The
reasearch of epoxy asphalt concrete on large span steel deck
pavement[J ]. Chinese Science Bulletin, 2002,47(24) :1894.

[2] ¥, ¥eh, kg RERRHEHETRES R
Ul ABscEREE, 2002(2): 53.
HUANG Wei, HU Guangwei, ZHANG Xiaochun. Study on
asphalt concrete paving performance on long-span steel bridge
[J1. Journal of Highway and Transportation Research and
Development, 2002(2) :53.

[3] ZEtiE, HTE. EHRNRESE SRR Ak
LR, 2005(4): 76.
LI Hongtao, HUANG Wei. Study on deck surfacing[]J]. Journal
of Highway and Transportation Research and Development,
2005(4) :76.

(4] GKBE, Bh%, R KRERWEGE LR EHTE
XFSRLI1. hahaBE, 2005, 25(6): 99.
GUANG Yongsheng, CHI Zhanhua, ZONG Hai. The studies on
early age deterioration of long span steel deck pavement[]].
Journal of China & Foreign Highway, 2005,25(6) :99.

[5] ¥T, &E%, BRl. FEHFRELERELREHE
RN )] Re k%R AAREIR, 2002, 32(5):
783.
HUANG Wei, QIAN Zhendong, CHENG Gang. Application of
epoxy asphalt to pavement of long span steel bridge deck[J].
Journal of Southeast University: Natural Science Edition, 2002,
32(5):783.

[6] BRsEse, BT, ZHE. AREREIFTRGEENS
B EFEl]. EXREERFER, 2003, 22(1): 32.
CHEN Xianhua, HUANG Wei, LI Hongtao. Studies on high



%63

BRI F  REREENER AR AR

847

£7]

[8]

[9]

[10]

[11]

[12]

[13]

temperature stability of guss-asphalt used for steel deck paving
[J]. Journal of Chongging Jiaotong University, 2003, 22 (1):
32.

TRy, MEILIKILKEN A HF R E R ER ]
B TR, 2002, 2(2): 1.

DENG Xuejun. Asphalt pavement stability at high-temperature
for the Jiangyin bridge in China [J]. Journal of Traffic and
Transportation Engineering, 2002,2(2) ;1.

Broede, BT, TEMH,.%. BEABEFTRELRERERE
Ul ZEEH TEFER, 2004, 4(4): 5.

CHEN Xianhua, HUANG Wei, WANG Jiangwei, et al. Damage
causes of mastic asphalt pavement on orthotropic steel deck
plate[ J 1. Journal of Traffic and Tansportation Engineering,
2004,4(4):5.

B, TR, B, F. BT REL R ESE
FIPXSEATLI]. PoHMARE, 2005, 25(1): 81.

FAN Yehua, WANG Jingmin, CHEN Xiongfei, et al. The analysis
of maintenance strategy of guss-asphalt steel deck pavement
[J1.Journal of China & Foreign Highway, 2005,25(1) : 81.
BIFE. BREE SMA IG5 IR & RHE P/ MR AR 8% a9 0L
R wahseEpts, 2011(5); 5.

WEI Chenyu. The research on the use of SMA with high
viscosity bitumen in deck pavement of small span steel bridge
[J]. Jiangsu Communication Science and Technology, 2011
(5):5.

W, R, FEA. . WIS T SRR
BAKNES BT EEENAEL]. WATESF S, 2010
(9. 76.

XU Yunchun, HAQ Zhenhua, YAN Guojie, et al. The design and
application of special SMA in steel deck pavement[J]. Urban
Roads Bridges & Flood Control,2010(9): 76.

E5%. ANE SMA FHEMEENARASTD]. RETE,
2010(4): 97.

WANG Jue. Study on optimization of SMA asphalt pavement on
steel bridge surface[J]. Journal of Basement Engineering, 2010
(4):97.

W3, DEE. SMALO & MkIGH 1B &R FE 4Bt T 4l A9 0

[14]

[15]

[16]

[17]

(18]

[19]

FAmrsEL)]. BIessCER B, 2010, 36(2): 104.

Al Jun,LUQ Jianjun. The research on the use of SMA10 with
high viscosity bitumen in steel deck pavement[]]. Hunan
Communication Science and Technology, 2010, 36(2): 104.
MR R RIEER, A R¥EEEE. MR R EH
FRFEMEREAPIIR]. B R A%, 2001.

Nanjing Second Yangze River Bridge Construction
School  of Southeast
University. The research on epoxy steel deck pavement of

Headquaters, Transportation  of
Nanjing Second Yangze River Bridge[R]. Nanjing: Southeast
University, 2001.

EEE. mERIEZIRTEHTHRMETRI]. 2
B, 2007(9): 21.

ZHANG Dengjing. The steel deck paving engineering of Nanjing
Third Bridge[J]. Highway,2007(9) : 21.

HE. EHRILABRIRR BRI M M. Jba: A
3038 W At , 2006.

HUANG Wei. The collection of Runyang Yangze River Bridge
construction, steel deck pavement [ M ]. Beijing: China
Commmunications Press, 2006.

. ILHIABR ST E AR AT (D). B RERE,
2004.

ZHANG Lei. Research on deterioration of Jiangyin Yangtze
Bridge deck pavement [D]. Nanjing: Southeast University,
2004.

IHARETRRRR, ILHEEREWRE. 528 KF
ZAREREENER IR AR ATFHRE(R]. B
YLV SR IB T » 2011.

Jiangsu Transportation Construction Jiangsu
Transportation Institute. Research on steel deck pavement of

Bureau,

Chonggqi Bridge with long-span continuous steel box girder[R].
Nanjing: Department of Transport of Jiangsu Province,2011.
e RS0 E 38 E B HER . JTG D60—2004 A R i}
JEFMFELS] Jb gt A R3CHE H kL, 2004.

Ministry of Transport of People’s Republic of China. JTG
D60—2004 General code for design of highway bridges and
culverts[S]. Beijing: China Communications Press, 2004.



