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Abstract:
bolted joint for U-ribs in the composite bridge deck, a

In order to study the mechanical properties of

full-scale composite deck specimen with wide U-ribs was
designed. The mechanical properties of this bolted joint
were tested by fatigue loading test, and the stress of joint
was analyzed by finite element model. The test results
show that the crack is initiated from the vicinity of the bolt
hole of based plate and propagated to the hand-hole. And
the finite

concentration located at 1/3 hole diameter from the hole

element analysis indicates the stress
edge near the head row bolt hole of the based plate is
obvious, and the concentration coefficient is about 2.5;

the configuration of hand-holes and the dimensions of
splice plates or bolt holes have little influence on the

stress concentration of the bolt hole of the based plate.
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Compared with the 8 mm thick U-ribbed composite plate
or the conventional steel bridge deck, the stress of the
bolt hole of the joint mother plate of the proposed
composite plate is much larger, but its fatigue strength

also meets the requirements of the code.
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fatigue test; finite element analysis
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Fig.2 Location of bolt joint (unit: m)
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Fig.4 Appearance of bolting and arrangement of

measuring points (unit: mm)
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Fig.5 Loading scheme (unit: mm)

TRE - N AR A A P AR R AR A A P iy 1o
AT, 15 2] C60 R BE 1 57 7 IR B R 5 B 64. 4
MPa, # PR R 42 500. 0 MPa; 6 mm J5 4 49 A i IRk
SR 378. 0 MPa, #l BRI% B 544. 0 MPa.

1.2 REER

KA IR 57 I, ADFHZEARRS (RPN A5 A-3 (57 )
JoF 73R SR R AR R 57 4015 (B 110 MPafE
TR for AR I A FR IR , SR 240 2 far 28 _ 4B R 160
KN, FUEMEICE . IEE 200 75 05 AR EITTFRL, e in
PR Sy 4R AR SN 28, B2 R . 9857 15 n
TR 3B B, 23 200 J7 R 80 TR 426 JT IR
3306 T3 RAEFR , BART RN 1 R

F1 EFmMEHE
Tab.1 Fatigue loading process

migk/kN
B R iR

BB A/ Tk Stk 1k

160 80 80 200 200
186 58 128 80 280
240 80 160 26 306

AN R AN TR KAy, O R
B2 s PHEMNR EL . Ingk3) 306 J7 IR, ek A T
H — 0 1% S HlE B AR BT A B AR B S 2 R
NI E) AT J it AR ) . S8 B AN 6a T, K3
MR D A, A—1 R A4 PrBRIZ AR PRAR 5 Y 2444 4
WU 6 b iR, il 7 212848 [ AL S 245 5
FALD G BRI, A FLA A 4 4% W n &
6 ¢ BT, Jilr R0 5 300 A L 5 A DX 3 kg S, i
S SR IX Y AL R R AL BRI R AR T
FLI7 1) AEA

AT 22, LG H T 4 A7 11 6 4T 551 ) o
JIDIRE, MK 2R, IRk R AR AR A A, R
FHPEREANAZ I T (R 52, AR 7 FEAH G, (H
00 I AR ER A A7 FEER AR s ], RS A3 a5,
TFA G AR AN R X L b WA ) E R T 5
e AP 38, 5 R B I S A 1~ A4 BN T R %
FEF) A T M1 M-2 AN 5 AR B R AR R,
ZER /N, LRI ERA S H 1, Bk
A 1T I fE AR

29 a] LLE Y, PRk HERR FLAR 14 15
BUNA-D) , Zidd— e A AT i B AR v Ta] T A8 R (A
2HIA-3) s FALINZZ R, B IR AE/N, t R ml
UL AE R IR TR FL M HEFAL. 295 5 IR A B4R
i 7 I 7 g (B A RS, T B v I A8 ) e [
[y At B 50 R 8 () IE 5%, T 4R R e o A v R
B, AR AR R L 1 300 T3 R4 R 6 B e



%7 TRIKAR 55 AR IR U s 430 55 32 J11EfE 993
UL
b FLESMU ¢ I FLAL W
E6 ELAFHEBER
Fig.6 Cracking condition of joint-A
*x2 NAHKRE
Tab.2 Stress history
JiliE=2%- %) 5% 7115 /M Pa M-1 i J]/MPa M-2 i }1/MPa
e

IR A-1 A-2 A-3 A4 S T LG i R e
0~200 8 66 61 —10 158 64 94 168 67 100
200~280 15 98 108 —17 165 21 144 177 22 155
280~295 19 119 137 —19 210 32 178 226 34 192
295 23 118 135 —23 210 31 179 227 34 193

7R, AL BT B A—1~A—4 33X 4 I 55 1 7 B4 s [
DiRE AN PR S8 B AR TR0, I SRS i B 22 H B

2 BRTIHESR

P T 24 0 B A R L A T ST 1 A e LA
P 55 1 B HEAT VAL, HOE 2 A7 BR TR R AT A .
XS LA I AR I o508 3 A 5 SR, B0 ik
RUYA OPE TR AR T3 P 1 2 A b iy R LV 7 43
AT % 57 1R BE AT 43 -

K H Abaqus B 7 4 A9 A7 FROCRESAY TREE 11
B SR FH S A BT “C3DSR”, M 249 5K FH 72 BT
“SAR” (BRA T 5 7 23 i PR AR R R 1 L% A
BEORWIR IR BE T 1) N T3, BRSO TR A% &
BET5 R 032 1 A2 LAGA m) 32725k = | 1 2%
I AR AT LB A TET N R e 8 A 3 FE BRG]
DL R R 3 52 T8 0L ) o AN FTR B 1= =[]
R SE s, R “Tie” A B 5P BF
Fet 5 U Al Bl 2 (8] 315 “ general contact” AT 12 il
A7, 75 JE ) R4 i e DD [ BE 482, MO AD JEE 488 AR AR
oA S B VA O 422 00 R 28 A B T v 5L
a7, B 0. 35, M20 = 5 B2 #8157 % B 155
KN 38 1 “bolt load” fili fll o 25 & 50 A Sl 56 i 2%
BF, TR e AR AL T i A7 IR A BR TR Y
AR R RE R PR B OC 2R | TR BBE - BRCSIE ) fy 5i

1542 500 MPa, #4944 B 206 000 MPa.
TR HE AR IR R 2 3k ey 308 Do) 4% K] 43+ 4 an 1l 7
iR

A AT

B 7 ARTER

Fig.7 Finite element model

TR0 55— W B i 20 80 KINVEFH T 323210 15 11y
N 7 1 40 &1 8a T 7, B v B R 1) AR AR IR AE 29
4.0 mm. A FRICHERL it i ) far 2 130 kN, BLi
FTHEAR R E B 3.9 mm, 3k A &I A R
WP 8b itz , BT LA H bR T 1 Sk Mg ik 2 F-FL 30 2%
B S LA TS R S5 ER & Tl A
A BRICHE RS B U BB R % g 79 57
5 B PEA

e AR (1) B 1) L g 43 AT AN 1B 9 BT L B
T B 2 Sk O ) 7 A SR D e R ] L g
B AR s F KON R T B BRI A DFRE A Y 5
—HHZAEFLAL , Ky 146. 4 MPa; T-FLAITU Bl Wrasih



994 [l o K 2 2 MCH 9K BE 2% O

R FRE . R IEBPR 1 #0 r BaAS HE L
AT 14 44 S A7, A9 BN ) I, F1 24924 58. 0 MPa, A Fi
TCEAFIZAL YN 1) )3 7 249 146. 0 MPa, 1 F1 8 25K
20 2.5,

21 55 66 8
G BB 8B 0T
75 [| 61
S
BkA -
W ) .
- 100
76 || 68 B
= == . WA
Beegeesdl—
6 60 60 5
a RIS H
6 58 62 7
B8 8. 8897
771176
a12 ;
BkA -
Wi > i t™
ar? 100
68 || 67 g
- P
B8 8 88 8l
5 50 54 7

b ARG 4R
B8 #HELAMSYE RS (B4 MPa)
Fig.8 Longitudinal stress of measure points of joint-A
(unit: MPa)

OO

| S =D BN~ JOO O it it et et
IANCO—LWNIDIID
N DRSO RO
\«j
. 4N
SN

&
iy
o
iy

9 BRYNE R S5 7h ( £ MPa)
Fig.9 Longitudinal stress distribution of
base plate (unit: MPa)

Sk APHER BN R 7 5045 i P 10 B, 6
AN, & 5 B il A — 1 32 J7 SR, IRk
FLBHIEAT R WAL T, B RN ) 167. 6 MPa, H 37
PR B AR T A LA

ik ASMM BRI DR SR A B A 11 )3 1
IR T1BR 4 s AL T R — T =,
B A 4 P9 AL T3 A 2 5, S HE — s R R Y
AN . 11 ] U L DR A fLA
AR OSSN ONI 8

~ooN

| Ot BNt
FRRAN S SIINCN
O Slololooooa oW

| OB NN OOt
LSRR L

(%]

b UMISMBHHR
E 10 HrEtRghEaJ1 (84 MPa)
Fig.10 Longitudinal stress of the splice plate (unit:
MPa)

SRTTIA BT 1]

AT
120 . g
100 -

RFAR— a—BER -4

N7 / MPa
N
o]

0 100 200 300 400 500
{7 E / mm

11 SRR R Rz

Fig.11 Longitudinal stress of the connection plates

2 3 bR ) Mises B 3 434 G & 12 s, \T
PLF 3k R HER FLAL 52 F1 8 K, fe R 77 164. 6
MPa, {3 F-30 5 1 Sk HER FL BRI, B Pl 20 1/3 1L
1, 1 T IR R VR S e L A [ )R]
T3 RAR L), R f o Jy B vh ) RERR =B 4 17 A
O3 AR K5 92 PR BEGE 0 B R AN 12b B IR IR
PG SHEANST . DL 45 ST 0, BEAR RN BE AR R
JEAERALIN G Z SRR AR SR G 2 4% B H 3
FERIARHERR FLAL

3 EFRESH

T A SR AR B B 3E LI I AR 4



5578 BURAS , 25 LA AR U ISk 95 32 ) g 995

3

Ao~

S Y N S N O C.

LU NN~ JOONO bt et et et et
RO AR IO—W N

i Nfo Yol Xan SO I N

U U9 B N O\ ) O0 \O st bt ot ot ot
PRI RN A SIS VNCN
SR POONW R

b HRERAR
B 12 #L B4R Mises Kz /7 ( Bz : MPa)

Fig.12 Mises stress of base plate at joint(unit: MPa)
P 3 AT 557 5 B2 VP LA AUET R AR SO0 0 2%
TS AR P98 57 0 B A T — 2800

INER 295 YRS LU Y AR SCA BRI 5 1K g0 45
TBONFFE IR AT H3A5 2 1 SEBRIT 2407 8 b i)
BEMRAR LN 7, X HAA TR FE DAY . A BROTTTHA 4
TR, AR LGN ) 146 MPa, Syt Hh il
JL M2 AR 7 100 MPa () 1. 46 4% , $ BRI b 451
RF ISy M2 13 B (IR 2) T e AN A
FLAL B SEBRA W] IE )Y 7, W 3 FR .

*x3 HEMNRARFIRFLENA
Tab.3 Calculated normal stress of the hole in
worst state

RAHIRYRE LN 71/ MPa

INARNEL/ TR

g T i

200 245 98 146
80 258 32 226

15 330 50 280

MR E (I Z5#  TTHAnifE) (GB 50017—2017) 1
X AR AT, (BN I RAE Ao ¥ (1) 315, Hor
G e T i SR I IS 7 WA

ANo=0,,— 0.70. D

A SO I A B Bem 08U T 500 TR, S AL
1EIY FI IR AR Ao, AT BN Z(2) L
Z [ni ( Ao-z.)ﬁ‘] 1/8,

>

2 Ay 5 BT A R 7 A R A8 ST 5 e,
Oh s i i Ay 2 A R B, A 1R 5 T e R A DG 3%

Ao, = 2

B ARPEA SRR RS A 2 % (E 4

ML 2RI S5 A BT AT, N 300 T3 R 2L 48
SELIT 2L, B0 B 0~295 T3 R IX By I T 45 50, %
(D) F1(2) HEEAR 3 295 T3 URAE FR ) 25 350% F1 1R
K 208 MPa, 55 A 200 J3 R AE R B 255508 1 08 N
230 MPa, i FHLIE " BLAE 200 5 IR AS A IE R 118 K
144 MPa, AR SCIRE 2 AR H R A T 24 1t = 5 A )
TYA& A PHEEAR T2, (H 38 3 0% 5 5 S A T &
Hop o5 o e i, — R UL Z A U h i3k B
fif P AT

4 hnEflZNhHEER

AR SAERITTIT RN R E , 44 PR
U W g A 423k v, A N HE A FL AT B AR A1 HEAS:
FLALZ T AN F o ARSI A BRI 25 3 7R
AR LR 77 5, (F R 50 F5e 28 H B RE AR R LA 1Y
IR FE R DL RIS FLAVE A X 42, TR 2 5
HAZ I

AH KRRk MR AR e S My i T 4T 2%, s HL a2
Pl EUR I E MO VX T W B W ST
RS AN DR R 4 1R R R A A B AN
SR A S AT DU ek =2 (U R
FE (PR F /b A B X LU 1 5 T )3k )
— A 5 0 O B O RN B R B R AL
AT DA 423k 0 R AR R 1 KO 95 5 5 PR
SR BN 58X T 28 B A A 9 55 1k RE ORI
B EXT R FLAZ JTRRE BT LR/ AL
KN PHEMURE USRS A2 FEAR SR
Wi A BR TR LR AR S e
4.1 FFLKM

U e 42 7 A5 423 B i R AR AL, DA R4 T
AR BRI Y] 253 2 el A8 T4k | H 55 8%
. A0 T-FL 9% 100 mm, 400 mm , Wik B
100 mm B2, 25 FE A RESE I THAE R B LT
MR FLIGAR BN T RAR BB A FLBFHE 9 Mises
N F1 A N B 13 iR o b g 2ok SRl i FL A
& 13a 9 T LK JE 45 %8 100 mm A3 ; &1 13b W 7E
& 13a LA b 98 B2 4825 20 mm Ayt ; I 13 T
L, 95 150 mm, £ 210 mm, PUA B/ B 72 60
mm; [ 13d R TEFLIR M (RS PR L AU S %) .
gE4 7 13b JE R v B s R, AN G,
MR 1 A8 AR T R 28 A, 1] 13a~13d DU FRFFFLAE 5L
AR RN AR TR A 1 Y B KA 164. AMPa, 435



996 R Bk % o A SR B D i 48 %
1908 F o 1588 | @ g, S, ATFIAH FE 8 mm & U JH2H 5 M S H FRAR TR THI A
@84% N s i ASCHE Y 6 mm JEE 58 11U Bl 09 208 W 442 3 B AR
R — i '---_-5 - WAL A2 1 R AR B AL A B T T

103 | =l | MR AR T (45 AT SC R A
b %100 mmJf 227420 mm SEAYHT, B U B 3E F T 8RR 32 R 4 14 e/ AR
i 1517 — 6 mm, A SCH LA AR U Bl R 3423k R 9 55 5 5
08 | OISR i AR
o2 52 Bl o
s 29 o
d B 79’8 £l \i
B 13 REFFANGER Mises 57 (£41: MPa) %9 s W
Fig.13 Mises stress of base plate with different 935_9 ‘3‘(1):(5) = )
1.1 |

size of hand holes (unit: MPa)

WUNT 2.2%.3.4% 3. 6% FN7. 7% , FETEAK .
4.2 PHEWREE

PR R ST AR e Sk i AR 2 0 DL KAl A B
I T AR W AR S AR ) i ) B AR i/
J SRR IR A 6 mm, TS 2R R LT A 1
157 A 5 IR AR 3 2L, AR N T W (BN 164. 4
MPa /N5 160. 2 MPa,,
4.3 RBILK/ND

U 38 8 % M20 . M 22 14 e SRR | 6] 1 1)
FefL 42 22 mm 1 24 mm'®', BPIE R M22,
FefLEARHCH 24 mm , 38 MR (BB ih A 5
BAABEARH fok 4 7 TET B AR ) BCR 39 mm, i
A 190 KN, THEAS B REAR A4 L BRI 1 0 ) A 5
JERA R B AR — 0, W et e A B ARk
4.4 UMHRE

TR R 2 I 2 R B R TR 32 R . AR
SCU M S TRMUR 6 mm , hH AN ZS AR A2 1)
M A ) e/ ARSI U AR JEE 3 TR 8 mim AR
TR IR DL L. 19738 R A 5 0 0E A8 S M AR AT 1R Xof
G ST AU AR R S (A B TR, 1550 [
fr B AN AT 43k R g, AT X . 25 SR NE 14
RIS fros, o] LU ), PEE AR 19 1 71 90 A
HB5 JF A G SR, 2250 FEAE TR JIIE(E RN PE
PR I RGN 0] 0 7 FTRE AR FLAR: K Mises v 1% e
R4 FoR , Hoh o, I PHEN A\ RN I {E, 0
B R Mises N T, w Sh A S5 #4118 98 1 43
o MFEATTLLE 8 mm & U A4l &b K 3 #i4N
e TR 8 D A I A 1) 107 g TR i e /N (L
AU FLIFRHE B 55K Mises 7 7 B 4 L SRS i G
A3 INT 26 %6 F 18 %%, P45 A SCHR [4 1 1F 28 574k
AT T %) BB 4 S 0 57 1 A H R A A 1) R

a PRI RIN S b EARMiseshi /1
E14 8 mmUMitELER
Fig.14 Results of 8 mm thick U-rib(unit: MPa)

157.3 134.9

141.4 /¢ 121.8 s
1255 | A 1087 | & Y~
109.6 || Aol A 95.6 oBio o
937 O ) 82.5

L 777 SN NR o . 69.4

61.8 Y % o 56.2

459 b . 431 T
30.0 Qs 30.0 ——

-37.3 1.7 —

a PRGN S b HAHiMisesh 71
15 EXHMENFERITE LR (B A: MPa)
Fig.15 Results of orthotroc steel desk (unit:MPa)

*4 FTEURMKITEE
Tab.4 Comparison of different U-ribs
25 0. /MPa w/% o, /MPa w/%
vy 167.7 164.4
8 mm/E Ul 159.5 —5 122.0 —26
WU IR 157.3 —6 134.9 —18
5 #ig

AR SCE R A BRI SZ S35 A B T RIF A
R R U InEh il , 3555 1R % U Bh 44
A A ) WA 4 S R A7 9 57 1 A BR G T34y
Mr A5 2 LR 4514 -

(1) iR B0 55 4% Hh B S HERE FLBFHET , OF:
FEMZE 2 F LI S, PR S A 7 B TT I 57
W AT %A U g ge sk b, BT
T A FUAEA T P HERE FLBEIT , A e AN R T3k
HERFLBRF AT , P 3 1 J1 KA ZE AN K . BEMREFL
WF AT 1189 17 7 D AL IX S FLD 24 1/3 FLAR , i e e 57 24
AN R T I, A BROT AT 21 A LR DX A 1 T 24
R4 B TTH 2. 548



5578 BURAS , 25 LA AR U ISk 95 32 ) g 997

(2)) %t A LA S0 A 00 i P R ARAR L, SR 45
B 5 A BRITHH A vk eI ) KN Al 5
35 200 J7 R0V J1 82 230 MPa, 2 T L 2 VF
{8, — R UL U Bk B (T S

(W NFALRSE T LGN U Al R:AR Sk HERR LA
AR TR AL I AT RIS 5 DR B R B LR
A B PRl PN AR A X L BRHIT A 18 SE M AR /N

(4)AH EL 8 mm J& U Bl B9 2H A A M i FILIE A2 S
BAMFTIAR , A< SCH 49 6 mm JE 55 1 U Bl A 2H A4 Y
e BRI AL AZ TRV 2 B % 579 T R 0%
o T IR

Sk

[1] DEJONG F B P. Overview fatigue phenomenon in orthotropic
bridge decks in the Netherlands [C]//2004 Orthotropic Bridge
Conference, Sacramento. New York: ASCE, 2004 :489-512.

(2] kiR, X8, b—22, 5 RYUIDIESS S P4 A 1 Tl d
FFPEREWT T[Tt A BEi, 2017, 030(003) - 226.
ZHANG Qinghua, LIU Yiming, BU Yizhi, e al. Study on
fatigue performance of orthotropic composite bridge deck with
large longitudinal ribs [J].
Transport, 2017, 30(3):226.

[3] CONNOR R, FISHER J, GATTI W, et al. Manual for
design, construction, and maintenance of orthotropic steel deck
bridges [R]. D C: Federal
Administration (FHWA), 2012.

(4] i, BUORARS, B, 4% IR S PR A AR e e 55 1

RELT]. [RIBF Iz i (AR A , 2013, 41(6) :821.
GU Ping, YAN Zhaofu, SHENG Bo, et al. Fatigue Behaviour
of bolt-welded joints for U-ribs in orthotropic steel bridge decks
[J]. Journal of Tongji University (Natural Science) , 2013, 41
(6):821.

(5] R R i AR e g L AR g BT[], 4K
Z5H4, 2003, 18(1):35.

HOU Tianlin . Application of the friction high strength bolts in
bridge [J]. Steel

China Journal of Highway and

Washington Highway

the second Nanjing Yangtze River
Construction, 2003, 18(1):35.

(6] ZRPCH, Bh, 220, 45 UIBHIIESS SrEdLE # mibl ) 244
ReLT]. MA/RIE Tl R 5254, 2016, 48(9):14.
SU Qingtian, HAN Xu, JIANG Xu, et al. Performance of the
orthotropic composite bridge deck with U-shape stiffener [J].
Journal of Harbin Institute of Technology, 2016, 48(9):14.

(7] b BUACHIH (F) M. dbat . A RSE R, 2006.
WU Chong. Modern steel bridge: Vol.1 [M]. Beijing: China

Communication Press , 2006.

(8]

[10]

[11]

[12]

[13]

[14]

rhAR N RN A2 A A A . A AR A TR B S TR ST TR B
FHRRBETT L  TTG 33622018 [S]. dbat: AR AgH th R
FERAOY A B2 ], 2018.

Ministry of Transport of the People’ s Republic of China.
Specifications for design of highway reinforced concrete and
prestressed concrete bridges and culverts: JTG 3362—2018
[S]. Beijing: China Communications Press Co Ltd, 2018.

rhie BT Al IS i o . 2 A A SR B . T TG
D64—2015 [S]. Jbnt: AR A H AL B FRZAH] L 2015.
Ministry of Transport of the People’ s Republic of China.
Specifications for design of highway steel bridge: JTG D64—
2015 [S]. Beijing: China Communications Press Co Ltd, 2015.
rhie N BRI B A1 & g sl B IR e L R
7 AR : GB/T 500812002 [S]. b5t : o RIS Tall i
ikt 2003.

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Standard test method for mechanical
properties of ordinary concrete: GB/T 50081—2002 [S]. Beijing:
China Architecture &. Building Press, 2003.

rhAE N RN [ it B A S A B Ry, i b
WA BEZ b1 2x . G R ARE POk 505 1804 - i 2 i )y 1%
GB/T228.1—2010[ S]. Jtat: H EARHEH A, 2010.

General Administration of Quality Supervision, Inspection and
Quarantine of the People”’s Republic of China, Standardization
Administration of China. Metallic materials. Tensile testing.Part
1: method of test at room temperature: GB/T228.1—2010
[S]. Beijing: Standards Press of China ,2010.

TAHAE B3 B, R — A5 A A S B (M. e e i A
SFUTAE R, 2005.

SHEN Zuyan, CHEN Yangji, CHEN Yiyi. Basic princeples of
steel structure [M]. Beijing: China Architecture &. Building
Press, 2005.

A, AEK RS S (M. Jbat: NRACH it
Bt AR AT, 2016.

JI Bohai, FU Zhongqiu. Fatigue and maintenance of steel bridge.
[M]. Beijing: China Communications Press Co,Ltd, 2016.
AR N RS B IO £ @ BB . 45 1 Bet i : GB
50017—2017 [S]. Jbat: o RHS Tl AA:, 2017

Ministry of Housing and Urban-Rural Development of the People’
s Republic of China. Standard for design of steelStructures: GB
500172017 [ S]. Beijing: China Architecture &. Building Press,
2017.

AR, ERNE, BN . RIS sk SRR RO EE A B 0 A
FROGIMT T ] 2R CHAARRRD , 2009(4) 2 59.
ZHU Ming, WANG Ronghui, HUANG Yonghui. Finite
element analysis on optimized arrangement of long list bolts
group with high strength in steel truss bridges [J]. Journal of
Chang’ an University (Natural Science ), 2009(4) : 59.



