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Effects of Short Stud Arrangement on

Flexural Behavior of Ultra-High
Performance Concrete Composite
Bridge Decks

XU Chen', ZHANG Lepeng', JIANG Zhen*, MA Biao’

(1. College of Civil Engineering, Tongji University, Shanghai
200092, China; 2. Shanghai Municipal Engineering Design
Institute (Group) Co., Ltd., Shanghai 200092, China)

Abstract: In order to investigate the effects of short stud
arrangement on flexural behavior of steel-ultra-high
performance concrete (UHPC) composite bridge decks,
flexural tests of two full-scale segmental bridge deck
specimens with a stud spacing of 200 and 300 mm
respectively were performed, and a finite element parametric
analysis based on the UHPC plastic damage model was

conducted. The test results show that, as the stud spacing of
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partially-composited bridge decks increases from 200 mm to
300 mm, when the UHPC cracking reaches up to 0.05 mm in
width, the corresponding load increases by 12.5 %. The main
contributor is the weakening of the steel-UHPC combination
effect. The average tensile strain of the UHPC is 1 878x10° as
the cracking reaches 0.10 mm in width, accounting for about
59 % of the material ultimate tensile strain. The parametric
analysis shows that as the stud spacing increases from 100
mm to 400 mm, the elastic bending stiffness decreases by
14.1 %, while the cracking load increases by 84.2 %. The
increase of the short stud spacing makes the partially-
composited bridge deck tend to be more mechanical-
economical, but attention should be paid to the fatigue
damage of the stud because of the too large stud spacing.

Key words: steel-ultra-high performance concrete (UHPC)
composite bridge deck; short stud spacing; flexural test;

finite element simulation; parametric analysis
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Fig. 1 Schematic diagram of specimens (unit: mm)
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Tab.1 Material property test results of UHPC
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Fig. 2 Uniaxial tensile stress-strain curve of 28-day-
old UHPC
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Fig. 4 Load-deflection curves of specimens
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Tab.3 Summary of cracking load and negative elastic limit bending moment of support per meter section 1-1

(condition 1)

R = FEET T EE /mm TF % 3/ kN B/ 1— 14T e S A B 2 A PR 5 6 / (KN R/ %
DS100 100 298. 3 108. 6
DS150 150 376. 1 26.1 136.7 25.9
DS200 200 420. 3 40.9 152.9 40.7
DS250 250 439.4 47.3 157.0 44.5
DS300 300 452.0 51.5 158.2 45.6
DS350 350 513.2 72.0 179.0 64.8
DS400 400 549.5 84.2 182. 3 67.8
1600 - o 4.5 BETHEEREILE
1400 e L 2 53 3 BT B R 2-2 R 5 S 11
1200 TR 45 R T A B B 5 2. 3 v 1
gl 1] 825 A AR T 1 R KA 25
£ ol  bsi00 FLA AR 11, 2-2 BRI 25 AR 3 (181 13) o 7T UL
V4 N N N
400,/ //<—UHPCTFAR ---Ds200 KT , oot 9 1-1 T 25 00 P 00 .
200} - 10, IR, 15 v 2-2 AR 2 P S 2 O R )
TR A 4725 5 0 P36 R B0 A 0 B 454007

0 20 40 60 80 100 120 140 160
BiF3/ MPa
E12 1-1#ERGHNEENERE
Fig. 12 Development of longitudinal stress of rein-

forcements at cross-section 1-1

4.4 1BETZEMERKE

FERER P B 22 T USR] B AL Y PR 2
At AR S5 98 57 far 3 FRUASRL T, 43 A5 B ARET
R AZ (i K BY 1 SR R e . TS5 R,
BEXEET RN T, BRANRET T 732 1 e K BY 1 5 ek
BN FWEEE R . ARYERIE 20 TSR BN s T 1Y)
PUBY K2 18 25. 5 kN, KF DSA00 H i KARET BT )
18. 7 KN, {H DS400 HHHET B e R AR B I i A #
[ 20 TH A FRAE (90 MPa) 19 %, DS350 HAE4 Tk
ST 1N IR K 88. 2 MPa, & 4 R .

T TR ES

18¢ 178

16 | — =02
= N - @ AL IR
~ ®14.1
ol
iy
8] 12}
&
T 0
=

8 -

6

100 150 200 250 300 350 400

JRETTE PR / mm

E13 BETEEREIL
Fig. 13 Comparison of utilization rate of section

bending moment



“by

Hedl

R L S IR ARG 25 P R S

1095

%8 ) B RS EA R
5 Z5ig

AT X 2 ANEET TRIEE 433124 200 mm A1 300
mm [ RS B UHPC 4 A0 bt 0t A 725 il ey
AR LA R RSB i A BROC ST
ZEL T KAR /N T 4 R R T TR FE X -UHPC 4154
AR PERE A I LR, 458 a5 R

(DML SR s N g 25 58 AL T
JEETTHIE 200 mm A4 A IRIAR , AR TTRIEES KR
300 mm i, AF AR 62 257 X UHPC FF4435 0. 05 mm 58
I AT AR ARTT 1 12.5 %5, JF2434 0. 10 mm FEi
UHPC 248 K FE 30, e UHPC R A8 Y A
187810 °, 24 5 Ak RPN A 1 59 %%,

(2) AR ) S B i e 25 5 , AT TRIRE M 200
mm A 300 mm B, 5 R T A IS Sk 21 R
Xof IO B A KR T AR R S R R R T 3.7 %6, 3k
YIRS SZHR IR G A B m e i ae . AImaS
AT R AT R W, ZEIE S SORN-UHPC 4 A5 i
Hh RS AT B S AR BT AR T

()RR TR FRIC BB AT 25 5% HH T
JEETTRIE 100 mm, BEATEET TRI#E 22 400 mm B, A5 47
TR BT BT S W NI T 14. 1 %6, 2 r 54
WERTE T 842 Yoo BEAM, AR S AR fif R A B I
T T IR R AT AR 2 S AR S A 32 0
] F RN 20 (AT R KA AR T 1Rl P 2 S O T
PE TR

1E& STk AA -

TR AR R Bl A GBS S B

SR - S BB BRI T Bt SR SRS B
JAN-SE 25 1n U s e WS { S

Lk BB IIHT

I

&b

SE k-

[1]  SHAOXD,YID T,HUANG ZY,et al. Basic performance of the
composite deck system composed of orthotropic steel deck and
ultrathin RPC layer[J]. Journal of Bridge Engineering, 2013, 18
(5):417.

ZHU Z W, YUAN T, XIANG Z, et al. Behavior and fatigue
performance of details in an orthotropic steel bridge with UHPC-
deck plate composite system under in-service traffic flows [J].
Journal of Bridge Engineering,2017,23(3):04017142-1.
DIENG L, MARCHAND P,GOMES F, ¢z al. Use of UHPFRC

overlay to reduce stresses in orthotropic steel decks[J]. Journal of

(4]

(5]

[7]

(8]

[9]

(11]

Constructional Steel Research,2013,89:30.

TR, BRI, SR, 45 . UHPC ATV R S 244% TE s 1
REIBRFE[T]. WA /RIE Tl K224, 2017,49(12) - 165.
WANG Junyan, GENG Liping, GUO Junyuan, e/ a/. Experimental
study on crack width control ability of ultra-high performance
concrete[J]. Journal of Harbin Institute of Technology, 2017 ,49
(12):165.

[ IREE - Sk P 2y UHPC 434 . 2019 4R 52 v i s vk
AE TR &E - (UHPC) £ A 5 BT & e (1], IR &t L ik 5,
2020(2) : 30.

China Concrete and Cement-based Products Association.China’s
ultra high performance concrete (UHPC) technology and
application development report in 2019 [J]. Concrete World,
2020 (2):30.

HBAR BT R . )2 RPC G AR IS5 A AR £ T 47t
DIPERET]. AR ASE AL, 2013,30(4) : 34,

SHAO Xudong, ZHOU Huanyu, CAO Junhui. Shear behavior of
studs of composite deck system composed of steel and ultra-thin
RPC layer[J]. Journal of Highway and Transportation Research
and Development, 2013,30(4) : 34.

KIM J S, KWARK J W, JOH C B, et al. Headed stud shear
connector for thin ultrahigh-performance concrete bridge deck[J ].
Journal of Constructional Steel Research, 2015,108:23.
25, AR, 2 BRI )2 CRRPC 45 25 MM 6T 3%
BEUIR o5 PERRR ST (). LA TR, 2016,49(6) : 67.
LI Jia, YANG Bo,SHAO Xudong, ez al. Research on shear fatigue
of studs for composite deck system of steel slab and thin CRRPC
layer[ J]. China Civil Engineering Journal, 2016,49(6) :67.
230, HR B AR, i, A5 L - UHPC 415452 5 P R il g
FE[T]. BARTARH0E, 2015,48(11) - 93.

LI Wenguang, SHAO Xudong, FANG Heng, ¢t al. Experimental
study on flexural behavior of steel-UHPC composite slabs [J].
China Civil Engineering Journal ,2015,48(11):93.
LUOJ,SHAO X D,FAN W, ez al. Flexural cracking behavior and
crack width predictions of composite (steel +-UHPC) lightweight
deck system[J]. Engineering Structures,2019,194:120.
Zx[EfRBE LAREALE AR ZE 5l 2 T MIRRIREE L . GB/T 31387
—2015[S 1. bt o EARHEL it , 2015.

National Standardization Technical Committee for Concrete.
Reactive powder concrete: GB/T 31387—2015[S]. Beijing: China
Standard Press, 2015.

rhe N BRI [ 5 i B AR IR A SR . S AR 2
A TT Y GB/ T 228—2002[ S]. At 5t : FhEFRIEH ikt 2002,
General Administration of Quality Supervision, Inspection and
Quarantine of the People’s Republic of China. Metallic materials —
Tensile testing at ambient temperature: GB/T 228—2002[S .
Beijing: China Standard Press, 2002.

e N RAERN[E Al 1 fral . A SR B0l HALE - JTG D60
—2015[S]. dbat: NRAZ# k2015,

Ministry of Transport of the People’s Republic of China.General



1096

6] 5% K 2 2 (A 4K BE 2 B

%49 %

[14]

[15]

[16]

[17]

specifications for design of highway bridges and culverts : JTG D60
—2015[ S]. Beijing: China Communications Press, 2015.

B IR PERIARBE 1 A 2 RIS SR D] Kb
IR R, 2002

SHAN Bo. Experiment and research on basic mechanical
properties of reactive powder concrete [D]. Changsha: Hunan
University, 2002.

I UORESE T, 45 B R P RB TR BE L SR R A JC AT
FElJ]. ZAMEIEER, 2019,36(5) : 1295.

GUAN Pinwu, XU Yazheng, ZHANG Pu, ez al. A review on
constitutive relationship of ultra-high-performance concrete under
uniaxial compression and tension[ J]. Acta Materiae Compositae
Sinica,2019,36(5) :1295.

LEE J,FENVES G L. Plastic model for cyclic loading of concrete
structures[J ]. Journal of Engineering Mechanics, 1998, 124(8) :892.
sk, FRA 5 E 4 ABAQUS TREE -+ B4 S PR T 28
P[], AN, 2008(8) : 127.

ZHANG Jin, WANG Qinyang, HU Shouying, ez al. Parameters

[18]

[19]

[20]

verification of concrete damaged plastic model of ABAQUS[J].
Building Structure, 2008(8):127.

KMIECIK P, KAMINSKI M. Modelling of reinforced concrete
structures and composite structures with concrete strength
degradation taken into consideration [J]. Archives of Civil and
Mechanical Engineering, 2011,11(3):623.

SR . 52 E R-UHPC 4G M AR AR R0V, B )3 PR
W ID]. B [R5, 2020.

ZHANG Boyu. Experimental study on shrinkage effect and static
performance of steel UHPC composite deck [ D ]. Shanghai : Tongji
University, 2020.

A N RAEFIE SIS . 2 BIRAE A R 57t T
8:JTG/T D64-01—2015[ S ]. b5t : AR #2015
Ministry of Transport of the People *s Republic of China.
Specifications for design and construction of highway steel-concrete
composite bridge: JTG/T D64-01—2015 [S]. Beijing: China

Communications Press, 2015.



