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to large-span or super-wide bridges, it usually needs to be poured in sections, and the wet joints during pouring
often become high-risk areas for cracking. To address this issue, a numerical simulation method for the wet joint
pouring of the steel-UHPC lightweight composite bridge deck is proposed based on the cohesion model and the
consolidation no-slip model. The accuracy of the simulation method is verified by experimental data. Five types
of wet joint designs are proposed: rebar-densified joints, oblique joints, serrated joints, rectangular joints, and
irregular-shaped steel plate joints. A full-process elastic-plastic analysis is conducted. The ultimate bearing
capacity analysis shows that the load-carrying capacities of the rebar-densified joints and the oblique joints are
relatively close, while the bearing capacities of the serrated joints and the rectangular joints are between those of
the rebar-densified joints and the overall specimens. The irregular-shaped steel plate joints have a higher load-
carrying capacity compared to the overall specimens. The crack resistance analysis indicates that the rebar-
densified joints and the diagonal joints have weaker crack resistance and poorer mechanical properties, while the
serrated and the rectangular joints have stronger crack resistance. The irregular-shaped steel plate joints have the
best crack resistance. The research results can provide valuable references for the design of such steel-UHPC
lightweight composite bridge deck joints.

Key words: steel-UHPC lightweight composite bridge deck; wet joints; numerical simulation method; design of

structure; crack resistance

] -UHPC (ultra high performance concrete) %
T 5 A% T 25 0 O — Fh 7 A T b AR AR BT, LAGE
FEWC A UHPC 55 5 1 T8 Al , Pl 150 9 T 0 % )22 79
TS5 T SE AR [ N AR X -UHPC 415 #F
T &5 14 1) g 2 PR B R0 T RE N H 64T T BF 5T R B I
3R MR . PR AN-UHPC 2 B &M 7E
fift TR MY T 57 T 264 F1AR B T 0 7 B 2R 2 B 40 S
7 R R HE AR L RO B TR
Uf 19 Iy A PERE AN SE A -UHPC 443 1 1 4544 2
TE R85 48 FURR S MR AR SR T AR B Tz T B
A TR A A DA S B — OB AR R O, R S AR 1Y
B B4 T /N TR BE S UHPC 2 /Y JF 2458 i, H
W4 B TT 245 By S BUBA A B ok, R B e 48 A i)
FHPERE™ . Rt 85T N BUA 62X UHPC i H2 4%
MR PEREVEAT R G5 .

H I, i fe] 2l UHPC A 1 A 422 48 Bt 2L 1 g
O [ P Ah 2 T AR . BRAE R R T
PR SR N Ak PR v T K R B Bk 20 R A R K AR B
I R RE 3 b 1 422 A R T A By =X S i e A R
FH LG T 0 S0 i A B, 8 K AR 6 ST 0 0 4 4%
P PR RE T AF , L Fe K A 8 B 4 B Rk R G T
Z40 B . GAO S5 TE o U5 2 B, 4K A 3
B EE/NT 10 A5 B9 1 EAR I 88 0 2K ] DL 4R
= UHPC W 32 85 1 BL 24 PR o BB AR 251 4 i) ok
o AW Al L S A AR R KR R AN A 3 A 36 O =Y
UHPC @ 48 #h 47 750, 25 R R U] L T i %
A A7 A B, S O MR N 5 A R AR T ) 2 A

HAE e 20 6E . QIU 455 i i 96 50 1
T UHPC W42 48 B A 5 P 24k fig L O X 42
4 B TDRELRE T AT A0 PR AT LB A A 1Y T 2 e
W BA WG KL B L8 UHPC 18 32 48 i 0 3 53T
AR 0 560 E J T, DL ok 3 0 4 4 1 P 24k B 5 SR T
JFJE UHPC 350 1 i 8] gAY, LA AR Ry BT
FELEH I IE AT RE AN . R, TR 2 4
H B4 3 5 P 9 5 32 xF UHPC 8 43 48 3% 0 1 Y
PLAPERR AT ST, A i — PR

H R, 7 56 UHPC 1% 42 4% B9 508 BB 58 2 B
B R RE . FENG 2R ABAQUS A R
TG B A B, T O R B Y B UHPC 1B B 4% . 45
SR A S P AR ) M B e B
A 1 3 B (G BE Jni  K . ZHANG %5 i AN-
SY'S £ B o0 B4 118 F1 UHPC %% it 1% 32 92 (4 Bt
BYERE I T oo R 5 s B R kAT T XTI .
F3 T B AU PR T L UHPC Sk 0 495 48 38 70 b )Y
T M e e S5 A R R B R R A BT T I 4
F TR A A S R 2 A RS B X BRI 4k
E AR 2 e AP S N T NE AT e
B2 4% () P e B 5 M BB X TR B % BT o 1 BT
HUEBE AR 4 T A A IS, A BB R T ik
e [A] 15 25 s UHPC 58 50 122 8% 422 ik 5 89 -UHP C 42 fish
B 7 1T A R G OR .

L5 b AR SCHE T B AR R [ 45 G T A A
#7 T H-UHPC 416 #r i 19 UHPC e 5700 42 4% 44
{EASEAD 5 3



% 9M

W SO, 45 UHPC B850 10 48 48 10 35 1% 11 M bt 2L REWF 5% 1471

1 UHPC ¥ 2 4% %0 H B 40 7 15 Sk
95 561

1.1 HEERMAE
1.1.1 #H#HA#H

1) iR %1

A% 3 C50 R #E £ A UHPC 1 A< 74 35 5% TR
% 3105 88 P (concrete damaged plasticity , CDP ) 5
R ZAR A AT LUASE UL 5 B AH 22 10 A5 S LL b i A4
B, CH0 TR BE Ay AS A A 2 25 STk [ 18] rh i
T, JEE R g -1 AR M 2 1(a) iR . UHPC
Bl Sy -REAE R B 1 (D) s o B o RN e
RN s f A C50 R BE + B A A7 Fe o B AR 3R (i
(B A1) 5 /i A C50 TR B - Bl 2 i AR (32
PLUVEAE I TT ) s e, R 52 e 3k B WA LY 7 ., B 1 Y
VA {E R 0 78 s e, TR BE T 52 R R W AS s e, Sl 52 0
K B W (B 7, TS X 07 18y WA s 1 A%

UHPC 152 JEA R K R 5% 50 AR 4 i 56
i A, BRI .

ar +(6 —5a)x’ +(4a—5)z°, 0<<xr<<1

x

9 _
I — : r=1
241(x— 1)+

o=f |----

'f;:,r i g'=fL ‘
! i

= |
0=0.5f,, ! i

|
== " I
o=, ! 676,676, !

: ,

(1)
K a2y UHPC 52 R g -1 2% il 2640 I D) Ze 8 it
50 (B #) L2 A8 1 WAl , a=E./E.~=1.08; E. ) UH-
PC it B8 PE#E5E B 42.80 GPa; E. 28 UHPC %2 JE Ji
T3 -1 A8 G W R 2B i, E =1./e,=39.30 GPa;J.
S UHPC () 540 0 B2, HU158.40 MPasax=c¢/e,,
&0 A W AR A5OGT 07 14 07 A L ep=4 000,
UHPC 152 PL A & & 2 2% SCHR[20 ] 48 1 Y
AL BRI

E‘E, O<€<€lo
ﬁ, 8[0<€<€p(‘
6:
/ €€,

[1+(c—0.002)x 400]"

(2)

K./ UHPC Hit$7 58 B2 31 H (8, B 7.20 MPa; E,
S UHPC 52 hi 9 1 PR AR 1 5 e o UHPC 32 5 26 3
PEM BRI AE , BL 200 pese, i UHPC R F7 84k 1 A5
SRV AR VB2 000 pes

2) Wi

A 7 A AR SR B AL S50 0 PR AR Y | 1 -0 AR i 2K
L 1), B e, o i IR AS o i IR 58 3 o, B 440
MPa, # P45 B B 206 GPa, I FLHL0.30,

N 0 gzgc,l’ 8:86“
o—=fl‘.l'

(a) C50RJ]-J80 A7 i 2%

(b) UHPCRY F3- i A% il 2%

0 e&=¢
y

(c) BT L 3- R AZ fH 2%

1 C50,UHPC 0K &7 Rz 77 - Rz 25 # 2%
Fig.1 Stress-strain curves of C50, UHPC and rebars

1.1.2 A TARABEAG UHPCRFIEEEMAEN %

N SR I BERL | Tie 46 52 24 oK R B 45 fioh J2E 45
B g 3 HT Y 08 SR B HE R B, O VE R IR AT
A S PRl g B R AR SC LA SRR [ 21 ] P Ay JF-2-UH-
PC-U M 481X N 2%, 43 5l R AT LA L 3 Rl
TR 3 ST A NN ) A A i fh B T KRR L O R A X
e oA o a0 B B MR T 537 380 Y O 284 480 A R ey
AR VPR 20 -85 T B E th LUL I 2. TR
T ORI HY  Tie 95 12 24 AL AU 11 2 fih
JRE $5 R T 5 S B 4 38 A9 AR AT 1% 25 20 3l O 3.30%
5.0 M6.6%0, B/ o AR AT 2R F , IR TR
RUFN Tie 4858 29 AR AL 5 52 bRl 96 (4 AT 5% 22 43 33
3.8 1 3.300, BIHE/IN 5 i A 4 fh JEE 4% A5 1 ) AR

XPR 25 R 26,100 AT R . 25 |, BT X UHPC 4%
BEIEATEUE S BT Bt 9B ) B RLRN Tie 46 12 24 SO
R LA 55w ARG B, A ST i A PR T A R 5 Ol ]
24 VR BB A AR HE ol T 20 0 B AL PR TR BB R R AN ER L
FETH RS 5, SR FH R AL Ry A YR ST
R A T I A R R L W R P R ) A
Y UHPC 58 50 2 4% 12 il s 481 07 12
1.1.3 TR EFBAER 6940 UHP CHEAAisi oy
[ 45 JC i B B AL TG PR T RS LA AN AT FR 1 A A
Rk 30 94N 5 UHPC 35 Ml 78 L 3 £ S AR
R AR TR SR AR DL AN 5 UHPC $2 fis, SCRkL 22143 91 5%
R 3 AR Y A ST B AR A SR 6 EE B R A
AL PRI B0 45 R AR L R R B T AR B Y



1472 BBK 4 (TR 59 &
F1 KWK EREMNTHILE 400
Table 1 Comparison of loads between tests and 350 - st
numerical simulations 56 —o— Pl R
JFEB B BB Bt v WRT
5 MR AR 250f
W 4%/ kN W 4/ kN Z
ik zy MR /% 200}
PHU N 60 0.0 360 0.0 ® ol
A5 62 3.3 346 3.8
e ) 100 OZ R B
Tie 45 5 24 o 5 63 5.0 348 3.3
ie 4 ’Jﬁi QLT I B
R4 fh B 458 Y 56 6.6 266 26.1 50 @ R Bx

5 o UHPC T 0 JE 08 A0 80 T Al B 358 #1992 7 L
B30 PRI v iy - 00 0 il 2 420 T H 4R, UL 25 4
PEAL T PR A o R JC R RS AT A BRI A A
5 E AR 22 80K, A T -UHPC B R4 5
i TE 9 501U 5 [T 45 G T A% A A 5 3 6 {1 22 R AR
/N, B b A A 5 UHPC Z [8] JC W) 2

0 2 4 6 8 10 12 14 16 18
{7 #/mm
B2 {30 R AR - i
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Fig.3 The mid-span load-stress curves of the test and numerical simulations
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Table 2 Calculation results with grids of different sizes
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Table 3 Detailed parameters of rebar-densified joints
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Table 4 Analysis results of numerical simulation
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