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To investigate the mechanical properties of the UHPC layer in the new type of bridge as well as its effect on the force
transfer mechanism of the joint section of steel-UHPC composite girder, a Midas integral FE model was established
to obtain the internal force of the structure under the design load effect, taking Binzhou Yellow River Bridge in
Shandong Province as the engineering background. Meanwhile, two FE sub—models of the joint section of the steel—
UHPC composite girder with and without UHPC layer were established by using ANSYS, respectively. The
differences between the two models in the force performance and load transfer mechanism of the steel—concrete joint
section were compared, and the mechanical properties of the UHPC layer were analyzed. The FE results show that:
1) Except for some stress concentration areas, the stresses in all parts of the new structure are lower than the
strength design value, meeting the design requirements; 2) Under the most unfavorable bending moment, the
maximum tensile stress of the top plate of the new structure’s steel box girder is significantly reduced, which can
significantly improve the fatigue life of the steel structure; 3) The stress at the interface of the top plate of the new
structural concrete beam is decreased by about 5%~29%, which can improve the cracking resistance; 4) The
maximum tensile and compressive stresses of the UHPC layer are lower than their design strength, meeting the
design requirements, and the UHPC layer can share 4%~10.9% of the bending moment of the joint section.

Key words: bridge engineering; joint section of hybrid girder; numerical methods; mechanical properties ; steel—

UHPC composite girder
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Fig.2 Longitudinal section of the steel-concrete joint section (unit: mm)
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Fig.3 Sketch map of the construction of steel—concrete joint section (unit: mm)
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FLALULIE 10.

1 & 10(a) AT AT, FE AR B 1 UHPC I E F .G #
T Ak, PGSR R R = T 32 7 ) 45 5 22 Sl (3
TE_ LS A UHPC AN -TR 45 6 B St D i , A
UHPC FE7 ()R B 4 32 10 7 3 A Ay BH S () AR Ak,
JIMEAE 3 N T3 5980/, 0 =3 1 el /s 5k A
o, MEFE R G = BN ) S 1a] . i 10(h) ]
1,74 UHPC JZ2F1JC UHPC )2 , XF 1R &E e M it 32 0
FIUFTEsm . f I 10 (a) F1 10 (b) AT 1, 5 1) 1%
7 1D VRBE 1 FE 0 T 534 3% 39 I8 A R v A
R, AEREARAL I 7 BRIEAR 5 2) T ) A B E
TREE+ TP S B B R RS 3) IR+
BEiy SN ) Y936 /2 C55 i BE B 11HE 1.89 MPa



5511

HRIBZRSE - PC 5-UHPC IR & SR 45 & BeZ 1 133

FIHE T 38 B 5 24 MPa B K, {H 7699 - TR 1 %
B, 22 BT A B (C—C R ), B0 7 3 3, i
{7 'E A UHPC AR L JC UHPC A RS, = R7 0 J1 4
— W%, I8 EETE 0.89%~22.12% 2 [A] . %38 FL i
{57 & , JC UHPC . A7 UHPC #8254 14 5 K =7 b 7 43 5l
3.91 MPa F13.84 MPa, ¥l i C55 Hrfi s & 5 HE
1.89 MPa, Al WLAEMY PR 3Z 1 RAS , 38 S AEAE— 2 1Y
TREE 1T RS (HIZ A8 St HIAFAE AR R AR, R TN )
L, HUEASER 2 SRR [ 2k i, PR I T 3 A A2
B TN 7 52, S BOZ T ) A bRy B, T
WA AR BRI T A A O R

LR dEB

I Ao et a e et
+— FEUHPC-CT-E #UHPC-CT-E

—— LUHPC-CT-F ——f UHPC-CT-F
JEUHPC-CT-G ——45 UHPC-CT-G

T ]

Rt 3 S1/MPa

Y+ N /MPa
[3%)
T

10 8 6 -4 -2 0 2 4 6 8 10
R A b/ m
Ca) e ) g5 A2 _E TR E - SR TR
BB SiE B
G IF E DIC
¥

z

—+—JEUHPC-CB-C —— 5 UHPC-CB-C
+—JCUHPC-CB-D —+— 4 UHPC-CB-D

gjj Hi#l  ——LUHPC-CB-E —— {7 UHPC-CB-E
SN P Hid JLUHPC-CB-F 4 UHPC-CB-F
|G IF IE ID|c —JEUHPC-CB-G—=—HUHPC-CB-G
0.8 -
0.6
©
By
= 04}
£
H o2}
g 0.0
x
T 02+
_04 1 1 1 1 1 1 1 ]
8 -6 -4 -2 0 2 4 6 8

A x/m
(b) T %A% 1 TR BE - BRI AR

—=—JCUHPC-CT1 —=—f UHPC-CT1
—*—JEUHPC-CT2 —=—f UHPC-CT2

—=—JEUHPC-CB1 —=— 4/ UHPC-CBI
—*—JEUHPC-CB2 —=f UHPC-CB2

RHE L 8 1/ MPa

-8 -6 -4 =2 7”0‘
A hzz/m
() GhIm A [ IR EE - BE TOUN e AR
B 10 e e s 342 LR X TAR JRAR £ T
Fig.10 Primary stresses on the top and bottom plates of concrete

girder along transverse and longitudinal paths

1 & 10 (o) AT, W9kl B8 A% - 1) ZE 45 & BEm A~
AT ST X 8K, TRBE - TR S AR e 2 AR R I 5 2) TR
B+ G B FEAR AL TF RN RAS B R AR
REZLR (AR -IRZS A B M BRZ JPIRE T, i s
SR AR 300 mm 37 B N A7 RS TR BE T
B 32 17 F7 8 3 1.89 MPa, He i R 2 55 42 S5 1 Ak 45 i)
G ZEAL AL Ry TN T B R [ A 32 1 AR
A SC ANSY S 582 rh ok 2 PR [ 3% 5, BRI N ) 43
A 32 BN FN S50, T B0 R )4y i 3)
A UHPC AL, 78 5E 35 52 5 1 7K e AR 300 mm 37
P, WPIRRBE = T0UHR 2 7 1 0 A s N sl INVE 9870
R 2 E 0.25%~11.35% 22 18], #4230 AR R AR AL &, %
e B IH (2 5 4) A JC UHPC %R BE 4 2 A £ 0 1 3
M AN
3.2.3 UHPC &% /5 #r

T T = B A A7 E A AR
I UHPC )2 F 232 RN J7 . T UHPC [ BT Fe i
BETHE S R (62.3 MPa) '™, 45 T 045 21 1 B K
FER F1XR 15.8 MPa, 8 fI6 F Hor Fe s B A,
I UHPCHUREATE f 1.

SERAE T O A0 T80 DU R A A7 U AR
UHPC 2 FZZ RN ) fE T M T, 454
B UHPC )2 T0U1 A4 e Khr Ry 144 R 10.5 MPa, HAY
W BRTE T A R R A B (UL 1), Hi Ay X sl K
7175 6.1 MPa, [H It B 76 7K 2 fig 1 i BRARE T,



134 PN S QRS )

2024 4F

UHPC JZ LR T3 ATHSRAR T 080 - U 20 45 1 445
4 H X Ry B T UHPC (4 45 SO R N ) 45 1V (8
(26.8 MPa)"", N 23 7 A= 40, HA B8 (142 2 il
% AERE A AN\ AL | UHPC T0 AT R 1 A TR 1)
1ER 144 DL 12 (a) (b).

NODAL SOLUTION ANSYS
STEP=4 R18.2
SUB=6 APR 3 2023

Sz (AVG) 14:08:01

DMX=2.694 73
SMN=-.092 081
SMX=10.499 4

—-.092 081
File:PSBS 1.084 74

B 11 &K% E4ETRTF UHPC BN @ 5 A
Fig.11 Longitudinal normal stress of UHPC layer under the

2.261 57
3.428 4

4.61522 6968 87 9.322 52
5.792 05 8.1457 10.499 4

maximum negative bending moment load case

H1 &1 12 (a) AT, ZE A 7] N ) #6445 1) UHPC TH
MBS M T f AN G0 2 4 TR, 4 A A2 5 2) 4E
fi 22 YR BE 2 1 UHPC 9 A AT, TR R AR 32 77
SR 3) AN GE T UHPC J2 1 1 50 A 4746 B 1 3%
L, 7E B G ek 3 B (B AT ) , 5Y 7 i () A7 AE (5 i A Ak
$7 7 85I, ELMEAR 1] PR 100 32 S 086 K, 7040 R A
Br (DA ) , N 7ERE MR Ak fe R, HDE Al ) 340 1%
W /N 5 4) UHPC J2 0 77, #8117 Bl e 25 45 6 B
T2 T

1 P8 12 (b) A 1, FEGN ) 7 ) 6 4 : 1) UHPC 90
T6] 7 7 Biti o N AL B 2 B3 T R B Ze v 3G in 5 2) 78
HA-TR 45 G B> 38 BT TRBE - 8 TOUR A AR 1T 37
BN T G AR B, DRl 3 e v A I R R A 8K
KAEAK 5 3) UHPC 19 55 K g H 80 76 A58 3 35, Oy
9.4 MPa, Ifii - 1R 45 & Bt N (1 5 K 1 ¥ /0 T 6.1
MPa, ¥ TCTF 2R .

324 ZHETESBRE LI

Ry ik — 2L BT B AR - TR 45 B Be R A% 1AL
B, 7 2=0~—1.5 m (- TR 45 & Bt Bl N TR AT 1)
75 mm BC—A g, JEE 20 S 5 7R R A A B
-1 BE + -UHPC 41 & #1f (JE O 60 8 5l 5
TET R E SR A A FSUM X5 5 47 R4y

TREEEB UHPCHEfBL ANFE-UHPCEL

2500, 4500 6 000
UHPC/Z

- UT-C UT-D

C UB-C UB-D

——UHPC-UT-C

 —— UHPC-UT-A

—=—UHPC-UB-A —o—UHPC-UB-C
—— UHPC-UT-B UHPC-UT-D
—— UHPC-UB-B UHPC-UB-D

UHPCIFF ) 1 N7 F3/MPa
(98]

1 1 1 1 1 1 1 L 1 J

10 -8 6 -4 -2 0 2 4 6 8 10
TR T A A/m

(a) B 1] % 4% I UHPC TRAR MR

12 FE G 1/27R B 1 3

UT2 UT1 UTI1 uT2

UB2 UBI i UBI UB2

egoR s AN ST SR PR SR SIS
v

r

UHPCZ

10 - Mrigerprta 2
—+— UHPC-UT1 —=— UHPC-UBI '
—e— UHPC-UT2 —s— UHPC-UB2 -

gL J
6 >

UHPCJIF 71 1E )3 /1/MPa
B~
T

(I) 2 4 6 8 10 12 14
A bRz/m
(b)JA1m 4% | UHPC TiR it
B 12 UHPC AR @ 5 I Ay o 8y 5 A
Fig.12 Longitudinal normal stresses on the top and bottom

plates of UHPC layer along transverse and longitudinal paths

AB B, DA T A A 1T 14 25 R R SR AR B
TR R H ) 25 FEL(RL, SR 1353 ) A SR MR o5 £
JIT ARAH BRI 25 B EE A8 o, 22 1 o tiT A 1] 28 A
ZRIEL . H A DAY T2 FARARARL, DRI HLAN 2 Y
TOl— R R IE T BEATIHE , P 13 B



HRIBZRSE - PC 5-UHPC IR & SR 45 & BeZ 1 135

5511
. —— LUHPCREEL _
\
\ —— fUHPC-JEE L | g
RGN ——HUHPC- <
W~ UHEC 3
e 60 =
i
=
— 40 &
20
0,

-1.50 -1.25 -1.00 -0.75 -0.50 -0.25 0.00 0.25

D) AL bRz/m O
N Nt
TR B LBy WRB
B 13 %68 E 5 R T YN E LAY

Fig.13 Trend of distribution proportion of bending moment in

joint section along longitudinal direction

H L 13 AT, 76 C AT BT, KR TR e 1 T2 %
H AR ) H BT, Y9 7E 50% A2 45 . BEE S C A i
FEN B | ot w7 2 L SR S B oY B3 W A e T
ZRRFH Y 25 Ll A5 D0 28 3 T B, 2GR 455 T D @
(z==1.5 m) ZJ& , A0 R HH A5 5 1) e A7 B8 o 25 4 it
7 o HUZE C AT R D 48 B AR A A e, i A R ]
BOWEAE-22 , FR AT UL, 256 B R N g A5k R
1175 2 LB 1Y), 525 6 0 e th 4k i) A2 At 34 5
3.2.2 1 I AT AR Ak i Ze R AR

Xf G UHPC F1A45 UHPC #5851 o 126 AT 1, i
T UHPC 2L A B otk T 4.0%~10.9% 1) A 1
LR, A UHPC A v IR B 4 22 45 8 A 48K T 25 6
DT 2.8%~14.5% , TN G N 1240/, KR 3 72
AR EE/INT 1%.

R T 2 BRI -TR A A B R AL TR, 43
V45 A BOREE AR 4y 8 3480, SR 5 T
TR A5 3 7 P 118 25 R 5 TR 5 A A L], 3T
o7 LE T Gh ] 28 At 4 i an ] 14 Al 15 s .
16 451 T 2=—0.75 m Ab JC UHPC A7 145 UHPC A 75
AR AT VA A A5 43 T L 3]

i1 & 14 A7 %12 1) 45 UHPC F1JC UHPC 9 Fh #5550
G545 BLAS B4 Fh 1 AR PSR Y 7 L AR A AR
TR+ DU R 25 56 i 22, LU TR EE LR, &5
AR HEAR 5 2) XF T JC UHPC A R A TR BE 1 THi e , e %
M5B TR A A C O 2 5 TR e - 3 2g B D R (e
2=0 3] z=—1.5 m A9 J7 [a] ) , FLAS 50 %) 2 4 8 LE B I
Tt , M 31.6% T+ % 75.2%, i >k H UHPC J7 , IR BE 1
TOUBR (%) 25 AR A 5 N R T 4.4%~12.55%, FRAK T
TR BE A THOA 9 FF 24 XS 5 3) A UHPC X TR & 1 i

i —— JLUHPC-JREE LR
—— JCUHPC-JR kL AR

—e— fF UHPC-JR¥E L TR
—— I UHPC-JR 5 L E K
—— HHUHPC-R ;rbmbz

TR —=— JLUHPC-JR L TR

470

i N

60 g

450 =

e da 2

——— =

NH:‘;O @
e

— 20
"4 10
[ 1 I I L I 0
-1.50 -1.25 -1.00 -0.75 -0.50 -0.25 0.00 0.25

AL FRZ/m

® O—
VR B EHEE 2 B

B4 REE RSy EBBEFTELE
Fig.14 Ratio of each part of concrete girder to overall bending

moment of section

Tk —— BUHPC-4RETE
—— JCUHPC—4NZE 5 AR IR 2 4R
5 S —— TLUHPC-4N YL AR
B AR —— fTUHPCHANATIR
—— 1 UHPC—4 ZE I AR I 22 A
[ ——H UHP(:—’ﬂiJ%fﬁ%)rﬁm
=SS ey 430 &
e T3
/ 4420 21
// p b
/ e S
w’“*ﬂvt:} ] I 0 |
~1.50 -1.25 -1.00 -0.75 -0.50 -0.25 0.00 0.25
—~ AL ARz/m
© O
VR B G B YRR

B 15 MREIHLEBEHETELE
Fig.15 Ration of each part of steel girder to overall bending

moment of section

AR 445 b R A /D, AR S BRI 31 2%
M AR AN T 1%.

i & 15 7] 1. 1) UHPC F1JE UHPC P AR Y
G5 G BT o K 1 P A R 0 o L AR AR SR AL
HR TN 25 A R e 2 AR IR E SE LN 2 0.5 m
PR AR 7 LK T A9 R ARORIT B S AR, (HAE 0.5 m 4
B2 5IREE T A5 DA, H A R W > Hos
T AR B 2 A 5 2) ST S AN R g B C T
A UHPC BT X5 G2 44358 43 19 25 R L34
WA, {E 5 I 7E 1.3%~1.8% LA 7Y 3 3) 7EFE 85 C #R i
250 mm J5 B2 5IREE 1+ 22 5D #if (H 2=-0.25 m
Fz=—1.5 m 77 11] ) , 45 JC UHPC X942 S A X 22 1



136 PN S QRS )

2024 4F

M S By 25 B b 1 A R R T B 34 TG B S ) i
UHPC 5% 8 () 4 32 T0 i, L 25 4 7R 40 bb e i A7
0.34%~6.43% THUIEIG I, X AT S22 UHPC 2 590
SR TOUMR 38 A B T 3 4 AR AR, oK T AR T AR 2
LRG3 7 5 SO R LG A BT

R
f 2.6%

AL AR B 2 AR
8.7%

T TR
39.5%
N ZETHAR
29.4% |
4
J
tr~ L
R LRI 15.1% 4.7%
(a)JC UHPC Al
; UHPC
PRI o
2.2% —\\
PRI \\\\
W S AN 8. 7%
i = 4N 8.7% N
34.1%
HNHETHAR
30.3%
VR IEAR

a XL 4.3%
R LR
13.9%
(b)4 UHPC EE Y
H 16 z2=—0.75 m & & 4& 5 B b1

Fig.16 Distribution proportion of bending moment at location

where z=—0.75 m

1 & 16 W], 7R 25 A B [l #0 (2=-0.75 m)
1) 7R FH 25 55 22 () SR TR O 4 T, LR 2 X R oA
SR I e TR ¥ IV A 9 32 R A ol = A A, T O 1
I AR I S AR AR L A 3 AS K, 6 R UHPC )&
UHPC B 25 5 &40 5 o 6.5%32) JC UHPC A AU R4
UHPC 55 75 {14 40 2 Al 0 B 2 4B 254 o E A AR
b, i UHPC A Y (1% 80 2 oAk 2556 5 L3 7 0.9
o AR R AR S D T 0.4 B Ar L ARk
BN AT D7 T 0 R B ) TR A BE X (C
Ifil z=0 m & z=—0.75 m) , UHPC X 4N 2 i 52 J1 520 A
K 33)KH UHPC J5 , 1REE S Al i) 25 4R 7K 40 EL i) T
T 1.2 F 0 a5 TR R AR 0 JE R HH L ) R R T
0.4 H 43 s, TR BE 1 T0UHR 1Y 25 FEOR LU0 T F% T 5.4
A 43 5, AT WL UHPC 1 2R FH TR B8 = T AR ) 52 i) d5e
K, 0T LA A 5 s/ 2 4 BB B TAR Y 22 7, %

R FF 2L .
4 % it

AR SC UL AR U B ) R o TR o, PR
25 PC 5N-UHPC IR A G S B N TR 45 & B
AT THBRICHHE , WF5E T UHPC 25N -1R 45 5 Bt
Z NIPEREMRZ B , LA KA UHPC )2 FIJC UHPC 2
BRI B —IR 25 5 Bl I, L4580 .

DERm R AER T, ARSI N -RES &
B TR BE T BERAN R A R 0 ) /N TRTHA .,
TR ER

2) TR A5 G Be N 1B 3R T, 2 N il
A Bz BLmAL AR R R 245 R 50% YA
i, ETRAEE + RN G a8 FEHTAL | BT A S 0 Fh TR 5E
- AR R RR B R B B A T L e A
B P28 B A AR A 35 R W IR 25 4 B B
AT AR

3) UHPC 2 RE 7K 4H 24 4%~10.9% 14 1% 170 25 46, [
IC T AR AR BE B 00 52 3 L AN TR f K hr
% 7 /1 JC UHPC B ALY 167.9 MPa F f& %4 UHPC £
AU 68.9 MPa, UHPC 9 R FH R IR REAR 1 7 1 82 sk
IV, BE WY dnb HE K 9 245 44 1) 9 55 5  , [R5 UHPC
HE Y AR 5 5 B IR B+ R TR N 1 2 5%~20% , A
I 0 S5 R TOUA A i P T 4

4)TEM BR AR R BE TR TR, 7R AR B o A 4R 3
X5 UHPC JZ2 (9 e RGN ] v 3 4 15.8 MPa, fe K
$7 0 F14 6.1 MPa, /N T L35 o UHPC Bt $7 2514
W PR . LA UHPC )2 BN -TR 45
HERAEARSNLEEME B ET AR ARNE A
T 15 1E AR B AT BT 2 98 K S5 n) R, 42 S i
QRE R I 28 SRR ACPE .

(1] SFARE,IIOK, 280 KSR ESERIF I 25 T HE Y N K
XEHEL)] . T PRAS I R 24l (A SR BHEA R | 2007, 26 (6)
46-49.

QI D C, ZHANG Y S, LI Q.

countermeasures for excessive deflection of midspan in long—span

Reason analysis and

continuous rigid frame bridges[J]. Journal of Chongqing Jiaotong

University (Natural Science),2007,26(6) :46—49 . (in Chinese)
[2] kM. A9-IRBE LR A R4 B vk RE S B S 55

[D]. P42: KR, 2012: 4-19.

ZHANG P. Study on mechanical properties and design parameters

of steel—concrete mixed beam joint section[D]. Xi” an: Chang’ an



5511

BB AR %5 . PC 54N-UHPC 18 & 2

CEERARES G B 1o b

137

[9]

[10]

[11]

[12]

[13]

University,2012:4-19 (in Chinese) .

EER,AE K RTINS IR EE T BRI B 4B
[J]. B ,2006(1):29-32.

WANG F W, SHI X F. Study on long—term deflection control of
large span prestressed concrete girder bridge [J] . Shanghai
Highways,ZOOG( 1):29-32. (in Chinese)

11 i e S B ey G A R R B Ec Ry i IR T
JbAT: AR H Ak, 2015:10-14,80-95.

SHAO X D, HU J H. The steel-UHPC lightweight composite
bridge structures (M] .
2015:10-14,80-95. (in Chinese)

SHAO X D,YI D T,HUANG Z Y, 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):417-428.

FRIBZR 54T, XA, 55 . T3¢ S+ PR -RPC 414 A7 A S L
SRPERYSCIR AT (D], Wi R AEE M CH AR M) L 2012,
39(10):7-13.

SHAO X D, ZHANG Z, LIU M L, et al.
tensile strength for composite bridge deck system composed of
orthotropic steel deck and thin RPC topping [J] . Journal of
Hunan University (Natural Sciences) , 2012, 39 (10) : 7-13. (in
Chinese)

2308, W ZR , 5 1E L A5 SK-UHPC 414 W52 25 PR AR A 46
WEFEl)]. AR RS, 2015,48(11) :93-102.

LI W G, SHAO X D, FANG H, et al. Experimental study on
flexural behavior of steel-UHPC composite slabs [J]. China Civil
Engineering Journal ,2015, 48(11):93-102. (in Chinese)

BROAR , B B4 B-UHPC AL 5 M 10 25 44 3
LR SERT R ). AR TR, 2019,52(3) :61-75.
SHAO X D, LUO J, CAO J H, et al.
crack width calculation of steel-UHPC lightweight composite deck
structure [J]. China Civil Engineering Journal, 2019, 52(3) :
61-75. (in Chinese )

B BB, EENE, . M- ERRIREE A S RIT R
iy B OE A U K Sy vk (D). Wi RS R (T2 D)
2020, 54(5):909-920.

LUO J, SHAO X D, CAO J H, et al. Orthogonal test and
method  of load  of
performance concrete composite specimen [J] .
Zhejiang University (Engineering Science) , 2020, 54 (5) : 909-
920. (in Chinese )

FArE B EOR S B T R ET 0 H - UHPC
HAHFmEREL)]. WITLR2Y 24 (TR L 2020, 54(10) :
2027-2037.

WANG L G,SHAO X D,CAO J H, et al.
ultrathin  UHPC composite bridge deck based on ultra—short

Beijing: China Communications Press,

Research on bending

Experimental study and

calculation cracking steel-ultra—high

Journal of

Performance of steel—

headed studs [J] . Journal of Zhejiang University (Engineering
Science),2020,54(10) :2027-2037. (in Chinese )

CHENG X,NIE X,FAN J S. Structural performance and strength
prediction of steel-to—concrete box girder deck transition zone of
hybrid steel-concrete cable—stayed bridges[J]. Journal of Bridge
Engineering,2016,21 (11): 04016083
fffhike, X R8RSR . JUTRITA B KW R & R4 B
AL, MR, 2012,42(1):30-35.

HE W B, LIU Y Q, WANG R R. Analysis of joint section
structure of hybrid girder of Jiujiang Changjiang River highway
bridge [J1. Bridge Construction, 2012, 42 (1) : 30-35. (in
Chinese)

Xscr AU PA AR TN M SR B ]. A

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

P, 2006,36(6) :28-32.

DENG W Z, DAI T. Overall design of double-line bridge of
Shibanpo Changjiang River Bridge in Chongqing [yl. Bridge
Construction,2006,36(6) :28-32. (in Chinese)
EZEC T A A AR R VLR NIR S A BR
RES3opHr L], A AC AR, 2007,24(8) :99-102.

WANG J W, NI ZJ, LIJZ, et al.
steel—concrete beam linked part of Shibanpo Bridge[J]. Journal

Analysis on local stress of

of Highway and Transportation Research and Development,
2007, 24(8): 99-102. (in Chinese)

WA, ST PBL ST ) BEAIR 4 & BLsO S IR BT
[J]. W44, 2007, 22(2): 62-68.

HU J H, PU H R. Design and test of the joint part of steel-
concrete girder bridge with PBL shear connector [J]. Steel
Construction,2007,22(2) :62-68 . (in Chinese)

B TR R 5 PR R BN 45 A Bz 1 MR iR B 5T
[D]. Kb #imIke,2017.

HE S H. Experimental study on mechanical behavior of high
performance steel-concrete joint section of hybrid beam cable—
stayed bridge[ D |. Changsha: Hunan University,2017. (in Chinese)
JEVBE G5 O N L 45 . BRI G R A - IR 25 G Befg )
Fep 55 e sl sn F 5 (7). AR TR, 2015, 48 (11)
77-83.

ZHOU Y, PU Q H,SHI Z, et al.
and fatigue performance of steel-concrete composite joints of
railway hybrid girder cable-stayed bridges [J] . China Civil
Engineering Journal ,2015,48(11):77-83. (in Chinese)

SRR BTHE I MG - JTG De0—2015(S]. JbaT: AR2HE
A, 2015 1-52.

General specifications for design of highway bridges and culverts :
JTG D60—2015 [S] .
2015: 1-52. (in Chinese)

B 1 TR B A A A 5 R TR R B - DB43/T
1173—2016[S ]. &b WIFI Bt HoAR B s, 2016: 5-9.
Technical specification for
structure deck: DB43/T 1173—2016 [S] .
Municipal of Quality and
Supervision, 2016: 5-9. (in Chinese)

BRI ARG  JTG D64—2015[S]. dbat: AR
i AL, 2015:8-13.

Specifications for design of highway steel bridge: JTG D64—2015
[s].
Chinese)

AR AL G BT R BT S T  JTG/T D64-01—2015([S].
b5t AR A, 2015:47 .

Specifications for design and construction of highway steel-
concrete composite bridge: JTG/T D64-01—2015[S]. Beijing:
China Communications Press,2015:47.

WEG . BRI WA~ S R AN R 45 A B 1Ay gt
TN R BHFSE (D], R VR 28 KA, 2021 .

XIE Z C. Study on static behavior and model test scheme design

Study on mechanics behavior

Beijing: China Communications Press,

steel=stc  lightweight composite
Changsha: Hunan
Bureau

Province Technology

Beijing: China Communications Press, 2015: 8-13. (in

of steel-concrete joint section of railway steel-concrete rigid
frame—continuous beam bridge[D]. Chengdu: Southwest Jiaotong
University,2021. (in Chinese )

TR OB MR R S R R IR G B ) D2
PERE ARG Iy ZZOF5E[ D). WHS : PRG3R, 2019.
HUANG R. Study on static mechanical properties and model test
scheme of steel-concrete joint section of long—span high—speed
railway hybrid beam cable—stayed bridge[ D ]. Chengdu: Southwest
Jiaotong University,2019. (in Chinese)



