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Failure mode analysis of hinged voided slab with gate-type

steel rebars at bottom of junction surface

WU Qing-xiong, CHEN Yue-chi, CHEN Kang-ming
(School of Civil Engineering, Fuzhou University, Fuzhou 350116, Fujian, China)

Abstract: Focused on the full-depth hinged joint with gate-type steel rebars at the bottom of
junction surface between voided slab and hinged joint, a full-scale model with one span of 8 m
according to the standard drawings of hinged voided slab bridge issued by Ministry of
Transportation in 2007 was designed. With experiment and nonlinear finite element method, the
failure modes of hinged voided slab under vehicle load were studied, including failure type, failure
position and cracking load. Analysis result indicates that the nonlinear finite element model can
properly simulate the mechanical properties of hinged voided slab under vehicle load by comparing
with experimental result. The vertical relative slip is regarded as the index of cohesion failure of
junction surface in three directions of bonding-slip relationship. Under vehicle load, the weakest
position is the junction surface between voided slab and hinged joint. The surface starts to crack
when the load reaches 69 kN (0. 99 times of vehicle load), but the crack appears at the middle of
voided slab when the load reaches 85 kN (1. 21 times of vehicle load). Compared with the
experiment on hinged voided slab with full-depth joint without gate-type steel rebars, when the

gate-type steel rebars are laid at the bottom of junction surface, the cracking load increases
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unobvious, but the load that through cracks appear along the intersection between slab and

hinged joint increases from 140 kN (2. 00 times of vehicle load) to 199 kN (2. 84 times of vehicle

load), and through crack along longitudinal direction can be prevented. 4 tabs, 29 figs, 21 refs.
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Author resume: WU Qing-xiong (1973-), male, researcher, PhD, +86-591-83358433, wuqingx@

fzu. edu. cn.

0 3]

B =S OB I HE B AR i A A 3 A T
A B LE SR S TE E A A NS AR AR R P R
BT X T SR A O AR B R A DR
R 1) £ 3 11 5% R A 3+ 2R T 7 R 28 5 ol A H b —
BB SR B RE I T BREE A T NN X B R d B
o A 2 2 T 8 15 1 SR A AR 52 ) R BEAS BT AR e
RGEC A SIS B A B B A A RAT
gl

[l S22 BT X B AR C 2B AT T R BT I
AR T —5E MR R . Hanna 283647 T 2 J8 FUH 25 .0
B A5 R 3 5 F 5 2 M 7 56 [ ML 3 3 22
HS-20 #H4E T 1% J1 ¥ e s Huckelbridge 551
BT 5 PR SEE AR AT T B AR A A 408 0 Al
1] A 6L B BIF 5 R RIS O A 5 5 i e
TE A5 A7 20 A T T 2 % 2R T 3R EFFRemaily 2590
O iR R BB T BB i 19 O 9 LR A A L B i
TN 1] TR A3 1 25 0o AR AR s Hanna S84 43 T —
OB 8 10 B R JE 30 5 Annamalai 5858 T A
0 3 A T B 0 B it A 0 PERET L s 3R 0
J1REA RO B v BT 3 B B0 59 5 s Miller S5 X 2
RT3 0 AR 14 BT 7 88 19 32 1 P RE AT T 0T
FE s Dong 2 7 B AR AL X SCHR (8 ] h A R AT T
ST A A il JEE A JEE S0 ] RE P BUBCBE R OT R
T O BB BB R TR s Gulyas SFHEAT T B0
FERRE g 45 2R R U] Me-HH4-PO4 ) 51
ERIENUE- RN SR E T S NN EN

AT [ S0 B2 2 0 B F 5 5 28 X A [
25 U AR ) 52 B A D » EAT B4 O B AR 45 7 A I
PRy 5 P 20 7 e 5 A S F S AR [ s R
R I AT B 5 7 2 o AR o 9 25 0 A
MEEEA A B/ A i Fe g A e XL 5 [ Sh i
AT 250 N RE LR I AR BT R

HE A 20 fiE4d 60 AT fR )2 R AT T B =S
DA BB 2255 R FIB AR KA W 4 vy B s

[

OB TR I 365 L E A T Bt o MO A e A 0 B
3 SR FH /IS RO BE A8 F 3 A 10 3 28 R 15 s B A
s ERL. SLBREE R KB N RO BLEE
T A5 R Y E . M 80 4R AR, P EB B R 3
N QIR B A 3 i R FH R B A A 1

1989 4F 1 1985 4F 3¢ 3 iz % ¥ 43 ) i A 1 (28
PR AT IR R T B TE ) (JTT 021-—89) (4> B 4 i
TR BE - K TN I TR BE M e YE ) (JTT 023—
85)  H MR H X SR W T FR AR UE IR . S XA
I3 1) 2 O AT A o L K e e b 1 R R L
FROMERBCHE M 3 1 o R T ORI 45 4 4L i 1) fF 1
Al s 48— R F R BE M 1 77 25 00 B 000 701 14 3 22 4
i (O B 76 B4 H 1 N IC & 5T J1 4K i (54K
i) R 1 3Z SR (D5 D .

N\

K1 RS |

Fig.1 Deep hinged joint structure |

Gt Z I REE KB R TR SE M 7 T 1Y
2B FE /N RO B 48 #4319 25 0 AROBE 1 1 7 i
KA T2 0 ARAS B 5 o (HR 3l )
O3 bR P IR B A 3 11 SRR B B S
FE A R RO I A BRI AT AT AR N
W38 R B A ey 2R TR 250 B BB A 3 1 4
BT 2D ARTIT 2R 45 5 T S8 AE B ) DA S 1)
IR AE AR 1) AR5 1) A T R L e 2] I 1)
AN 11 (1) 38 5% . EOHF BT ) 15 ) PERE T B )™
SR S BGE E LoR T TR B Al i T A 250
55 T Ry O AR B AR T

2004 4 52 38 12 i A A0 AT (22 B AR BB T E AL



%54 F R, 4

G A @R T XAR A 09 43 R 8 MUBUR AR X 0 T 17

FEYUTG D60—2004) FII 2 B4 A7 TR ¥k + M R H
TREE LRI LTE ) (JTG D62—2004) . #1 B

AR MEIR T 2007 R MR . S BRI 9 25 0 AR R
PRUEIE R B SRR 3G R T I 2. R O IR B R 3 1T

A LA M A PR A DR TR B 5 B0 4 3t R A A A 3
BLAi E L O 1R 5 A0 B AL i i B R
TEZS ARSI B T @5 9000 . 2 BB &1 A0 Al

BT Be 19 B B AR K @ 5 AT 9 303 D B A
iy A T] A
O
\ /[
@3 M
127@%mﬁ ®%mﬁll7

P2 WEsER S D
Fig. 2 Deep hinged joint structure [l

T oF JER RIS A B A A TR B A A T I DL B
A EAT O BCAE R JRy A 1 4 SR AR T A B
B i 4 B A T RS AT O s W AR A T
O 25 5 T o L BB i AN 2 2 1R B A i L Y
5% 1 o LT LASR 1 AR A 1 B0 BT AR R T 5 S 5 Bk
WEPEAT A 3 B 6 m 5 A% Al 250 A A R 1 A X
iR ABAQUS #RAFJEAT i A7 BROG A0 M 3%
B 45 455 T I H7 P 0 3 A 2 AR A9 £ 20068 1)
A1 BRSBTS AT

ARSCRI A R A M T T A g 2 DA D F 5T
X4 (@5 AR T UM . WL 3) . 2 18 2007 47
T 12 K P ATAT F) B0 28 0 RO B T T R —
¥ 8 m g N AR AR VA7 FROC /A BF 5 T
AT AR T B A O MO IR T VR B S

113 3 4 A

3 4 A R 1 2 1 28 O
Fig. 3 Voided slab with gate-type rebars at bottom of
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Fig. 7 Reinforcing rebars of deck pavement
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Fig. 9 Full-scale experimental model
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Fig. 16 Bonding-slipping curves of junction surface
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Fig. 27 Length curves of longitudinal cracks at

top and bottom of hinged joint
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Tab.3 Failure modes of hinged joint

R/ | XMW | B N i Y 1 B 5%
kN | (A BTG9O RS | 20585010 A Sy A WL e
69 0.99 554 TR I T 2
120 L FRER | IR 25
' W KJE25% 1.1 m
TP 2] B T TS Y 1) 24
i 2.2
v ! L K 2.2 m
199 2.84 Zh AT A B B | R HR 1) 244
' Eﬁz?ﬁi]ﬁ?ﬁi WELE| KE4HR3.5m
TG 5 0 A 1) 4 5
KEZ R 5.6 m; &
3% e T 3.4 Y R 11 53
WL R 1.4 m
300
200
g
i 1 BRI SR
' —e 2 EIAKLE
100 - —a—3 %mﬁ:yﬁ%%
—o—1 SR BT 8 4
2 BARAEMTH LR
3 B R 4 R
0 5 10 15 20 25
£ /mm

[l 28 far #k-He i £6
Fig. 28

FERRT R I R ITEW) A R AT 58 5 B 7 204k
PRI K AE S ORI R G e B K H A
O AR Z BB BE FE AN [6) 255 A BRou 25 3R 5 106 25 1
.

&l 29 (a) DAy %50 i 55 o 80 THI IS 38 4 1w iy A2
VB TEfT 2 0~60 kN i [ P i 36 F1 A B
JCH B — B W) G R AF R 20 60 ~85 kN {ii
B i (A A BT A — 2 i w25 . AR 4l T 24
JEAE (11X 10 ) /] D4R 3] 25 .0 M - 24005 2000 A R
JCIE A 85 kN, 555 {4 80 kN U AH2E2 6%,

Load-deflection curves

& 29 (b) Ry 25 0 M 5 o A 1T TS 38 52 77 32 75 9\ 1)
NAE . RSSO LA TR AT . A R oo 5 i 5w

G R IFRGAH — 8 I 25 H G H—B, Y
ik # 300 kN W}, 1 528 0 M 2 J1 3 fl b AR
1.397 X 10 *, XN N 3R 279 MPa, /NF Ji i v 1
335 MPa, A WL, BRITRAG 1 25 0 AR ey 28167 7% i
N CTE R B W TR R SE L Sl i e R NI A
A PR TR R A] DA o B ADL R RUBE AR e 2430 Al 1 e



24 X i B

I £ ¥ W 2015 %

100 -—=—1 SRR 4 1 :
-3 5 RABLER :
—o 1 A o o B4 '
80—o—2 SRAM T 4R ;
a3 B4R W 4 5
VA
z 60r ga:\
g b
' a0} !
i
20+ %
0 2 4 6 8 10 12 14
N A&/107
(a) REEL
300
200
Z
&
ia BRI 4
& AR R L
100 SHRART S
2 4547 R TG o 84 R
SHRAEMRTT P
0 ‘; é ll2 1I6
N A&/107
(b) WH
29 20 ML i 8 I Ay - 1) A2 it 28
Fig. 29 Load-longitudinal strain curves on mid-span

sections of voided slabs
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Tab. 4 Failure mode of voided slab
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