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Abstract:
arrangement on the mechanical performance of the post-
combined UHPC

composite deck, bending load tests and finite element

To investigate the effects of grouped-stud

(ultra-high performance concrete)

parametric analysis based on the UHPC plastic damage
model were conducted for a composite deck specimen
with averagely spaced studs and a post-combined
composite deck specimen with grouped-stud connection.
The test results show that the failure characteristics of
these two specimens are UHPC plate crushing and steel U-
rib bottom yielding. The elastic flexural stiffness of the
specimen with grouped-stud connection and the one with
averagely spaced studs are 232 kN-mm™ and 213 kN-mm'
respectively, and the bearing capacity are 2 154 kN and
2 049 kN respectively. The maximum interface slip value
of these two specimens is less than 0.2 mm before the U-
rib yielding. These two specimens have the same strain
distribution and strain development pattern. The cross-
the

approximately obey the plane section assumption. The

sectional strain  distributions of specimens

parametric analysis results show that there is no
significant change in the bearing capacity and elastic
bending stiffness when the grouped-stud hole spacing is
increased from 600 mm to 1 200 mm. When the grouped-
stud hole size is the same, the hole spacing has no
significant effect on the bonding state of UHPC bonding
interfaces. The 600 mm spacing of grouped-stud holes can
better ensure the safety of studs and the cross-sectional
combination effect than the 1 200 mm arrangement.

Comparing the flexural performance of parametric
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models, the longitudinal spacing of 600 mm combined
with the 2X%3 grouped-stud arrangement in the hole is more
favorable to improve the stress state of the post-combined

steel-UHPC composite deck under positive bending.

Key words: steel-UHPC (ultra-high performance concrete)
composite deck; grouped-stud connector; flexural test;

finite element simulation; parametric analysis
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Tab. 3 Results of stiffness calculation
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Fig. 16 UHPC top surface cracking damage distribu-
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Fig. 17 Stiffness degradation of UHPC bonding in-
terfaces at a load of 1 500kN
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Tab. 4 Summary of group studs arrangement in parametric models

LRI 2 R FEEIFLECE SR BREIALAAM R /mm BRETALRE M RGE /mme BRETFLAPOO MM MBI /mm ST B
DPG—FEA 10 3%3 220 175 600 90
DPG—B 15 2%3 155 175 600 90
DPG—C 6 44 285 225 1200 96
DPG—D 6 3%3 220 175 1200 54
2 800 2 800
!200i 600 600 600 600 Izoo! !200I 600 600 600 . 600 Izoo!
J | o |
o) o
. =
) O
©0o0o0 o000 000 ) 000 oo oo oo oo oe
= i
3 =
a DPG-FEA b DPG-B
2 800 2 800
!zoq 1200 1200 I200! !zoq 1200 1200 .200!
J an
= 3
— -
& O
S N
- =
= 3
¢ DPG-C - d DPG-D -

B 18 SHUKRBESTHE (B  mm)

Fig. 18 Group studs arrangement in parametric models (unit: mm)
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Fig. 19 Load-deflection curves of parametric models
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Tab. 5 Calculation results of stiffness and bearing
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Fig. 20 Interlayer slip distribution and development of parametric models
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Tab. 6 Comparison of interface slip in 1-1 section
/(107
BHRES/KN O /10 ) s/S.  SJ/S.  SJS.  SJS.
Sﬂ Sh S(‘ S(I Sn
1000 BRPERY B 11.4 11.8 12.5 12.9 10.5 1.03 1.09 1.13 0.92
1200 B UMRgER  13.8 14.3 15.5 16.9 12.8 1.03 1.13 1.22 0.93
1500 IAVE S S B 27.2 29.0 30.5 34.5 24.0 1.06 1.12 1.27 0.88
1 900 P BRRAS 67.3 70.0 83.7 132.9 65.1 1.04 1.24 1.97 0.97
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Tab. 7 Interface strain difference of parametric models in 2-2 section

,—3088.3X107",

UHPC #1455 & B4 e 15
WA A X, 540 R AR 3 PR R Y A A )

S AE 2 /107°

T/ KN BIALRA &/, e /e, e/z,
€, &, & &4

1000 (iR =" 94.3 97.4 101.7 118.9 1.03 1.08 1.26

1200 5 R U R i il 109. 8 116. 1 127.1 154.7 1.06 1.16 1.41

1 500 PR K JR I B 241.3 236.9 288.9 384.4 0.98 1.20 1.59




1832 [ B K 2% 2 (A R RE 2% WD 851 %

400 /N, UHPC 5t 75 7 J i Ao R, FL 48 45 e 7 o
) e
%ﬂ‘-‘?ﬁff--------------ﬁiyﬁ?ﬁ@ P 23 FF 7 10 2k 1 500 kN B (24 o B 7
g ? H75%) , JEJ5 U8 5 UHPC 645 F I Ab A% 40 B 43
@ 1% M, DPG-FEA .DPG-B . DPG-C . DPG-D % 4%
¥ SRR A X8 53 B85 0305 B KA A L Co s o
i Coman M Cy o BN, T 32 851 25 107 28 S5 90T 2L
. . . H o A5 RY 5 AR S B AE 15 A X S A )5 BeFL AL

-1000 =500 0 500 1000 1500 2000 2500
R AE/1076
B 21 TEHER1500kN RN ENTF2—28ESENTH
Fig. 21 Longitudinal strain distribution along 2—2
section height at a load of 1 500kN

345 51, DPG-FEA 5 DPG-D 2545 SU i A1 %) 43
BRSO A S (AR —E, U ET AL — 3K
B, LR FE AR AL RS2 e IR . SR, DPG-C 1Y
U 3 B B KAE A3 DPG-FEA 2 DPG-B 43 524
$EFF50% K 80%6 . X RIABESE f5 BE LI\ )+ B K
B rP BEETFL I BN . AH#E DPG-C &2 DPG- s fk R ~F 86, UHPC B 45 501 43 55 1 #a 4 i
D,DPG-FEA & DPG-BBFET LB H B 2, MIEE B,

]
|
5
&

O 00NN £
DO O == = = DO DN DN LW
[esIoNe I SSENIeT\13; [ttt
HXXXXXXXXX XX
OOOOO?OOOOOO

|
[\ YL LA LI L R LR ALA

OO GO NN II00

DPG-A DPG-B DPG-C DPG-D
(2020 kN) (2 020 kN) (1966 kN) (1926 kN)

B 22 EHEEE 100mm RRARZES TS LR & L T E Z EHR G5
Fig. 22 Top surface UHPC damage of parametric models in ultimate limit state with a mid-span deflection of

up to 100 mm

AT AL
2.718X10°!
2.443X10°!
2.168X10°!
1.893X10°!
1.618 X101
1.344X10°!
1.069X10!
7.938X10°2
5.190 X102
2.441X10°*
-3.080x10*
-3.057X10*
-5.806X10"2

=0.185

d,max

=

UV

B 23 %R 1 500kN B RELE SR EALERT 4 B AL (AL mm)
Fig. 23 Relative separation displacement of the bonding interface at a load of 1500kN (unit: mm)



%123 B R AR RATARREUE S5 Al e DR TR R A A AT AR DA R 1833
x8 HEREMAFKBENSBAE
Tab. 8 Maximum relative separation displacement at bonding interface
Fhah St A e KA XS4y B E /mm
ﬁﬁ%g&/ kN *ﬁﬂ%%‘:‘ il - ("‘h,max / ("mmax (jc,max / (“mmax (:(Lmax/ ("‘a,max
Cmax Chmax Cemax Ctman
1000 MR B 0. 050 0. 041 0.081 0.048 0.82 1.62 0.96
1200 EhUMIRGER  0.078 0.063 0.129 0.081 0.81 1.65 1.04
1500 MR R B 0.182 0.153 0.272 0. 185 0.84 1.49 1.02
1 900 P AR A 0.418 0. 328 0.59%4 0.478 0.78 1.42 1.14
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Tab. 9 Shear force of stud at the end

e

N M,/kN N/kN M,/kN N,/kN M/kN N/kN M,/ kN N/kN M,/M, N,/N, M/M, NJ/N, M,/M, N,/ N,
1 000 8.8 6.5 8.3 6.6 9.6 5.0 9.5 7.1 0.94 1.02 1.09 0.76 1.08 1.09
1200 10.4 7.6 9.8 7.7 11.7 6.0 12.0 8.6 0.94 1.03 1.12 0. 80 1.15 1.14
1 500 16.4 11.4 15.7 11.9 18.0 9.4 20.9 14.8 0. 96 1.04 1.10 0.82 1.28 1. 30
1900 41.7 25.2 41.7 28.2 45.5 20. 8 55.2 30.4 1.00 1.12 1.09 0.83 1.32 1.21
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