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Abstract : Compared with block precast bridge deck, transverse full-width prestressed precast bridge deck has better integrity,
faster construction, and a better application prospect in assembled composite beam bridge. The wet joint connection
of the precast bridge deck under negative bending moment is the key part of the composite beam. Therefore, the
mechanical properties of full-width prestressed precast bridge deck composite beam under negative bending moment
are studied, the influence of the number of transverse prestressed bars, the arrangement of prestressed bars, the
degree of shear connection and the materials at the joints on the mechanical properties such as structural failure mode,
cracking load, bending bearing capacity and load-displacement curve is made clear, and the stress distribution at the
joints of precast slabs is revealed. An improved effective moment of inertia superposition method for deflection
calculation of precast bridge deck composite beams with complete shear connection is proposed, which considers the

influence of longitudinal and transverse prestress and is in good agreement with the numerical results. For composite
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beams with partial shear connection, the domestic and foreign codes are compared, and it is concluded that the

Standard for Design of Steel Structures in China is more applicable.

Keywords:

transverse full-width precast bridge deck; composite beam; prestress; negative bending moment; refined finite

element simulation; improved effective moment of inertia superposition method
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Fig. 1 Schematic diagrams of specimen section
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Fig.3 Comparison of load-displacement curves

i T A A T 238 4% 3 A X L 45 SR WK 4a) \b) BoR A
FIR ST ALL 25 51 DAy w5 07 25 R X SR 4 e T L SR T 1)
PN 2 3t i, 55 1 45 R A ) G o A9 TR BRI 2O L
ERANE 4e) () s, AT BRIT 0 A 45 2R ol LUA H R
I P S AR AN 1 3R 5 2 BIR R AR Y 2 SR P IR B
Jay i i i AL iR AR AR 3k BT SR AR f
RBE A BRI AL B 3 5 e v i 7 B 2E e il
- BB B — B

-0.581 702 -0.436 277 —0.290 851 —0.145 426

—0.654 415 -0.508 990 -0.363 564 —0.218 138 -0.072 713

b) LEHIRREH(RL: C)
B2 HRTER a) R HTHUR DUA4E (A TR IC5M)

I N Y 5 O W 0 T Y A S S

Fig. 2 Finite element model

Y A Y

affen ol s e e

Sy RS UL 3 8 T ) 300 5 2R RS A BR A AR — i it A
W] Bl 2B, — i it I 4x 24 5 B R T A% B 29 R AR

A A 5O A8 B O 8 B ) o 1 A " b) R GAR)

faf 3 O'mogszzs,ne 300168 - 51349025555 504 600%378
RO A PF S0 U 2 o DT (5 1 B %1 ) MRGCARBCAARUCTT, T MP

TSR 1 4% BLERRE I A 0 5 TF AR A A R R A T

T A B A 5 Ay 2 B O B IR A 2. T 2 2 S IR A
B R LA 1T 7R o R A BRIC 20 B A5 2 89 17 2017 5%
i 2 5 i 5 R E AT XFLE, A s 3 Bk o i) DA HE R 4
1A BRICAEAME 5 G 8 W &, S A5 2 £ 5%
{E H A IRITAS 2 9 AL RS, X -5 16 b A7 8 19 3 B =

PG LR BE T 25 S5 M i3 KA 6 d) AR

B4 HAERWIFEXITLE
®1 FREHSHATEHI L Fig. 4 Failure mode comparison of composite beams
Table 1 Comparison of cracking loads
and failure loads o5 LRTIR A R C T AR B 2 - B it 2k T
BERER  KIB{A/KN  AFRAAL/KN AR/ KA IR R A A AU S 25 R ) S R, UL
R 310 335 1.08 AR S A BRI Ty 1 T B o AL S ) 24 2
ARAT 2 1032 1095 1.06 A PERE




38 M A R kR

527 %

1.2 EEMMEABHEHEREASEERET
121 IEES=MERTEE

A S0 A2 B G T v T A AR b T A S
Bl 4 15 B5 45 35 m A ) 4 5 T T AR AR TR E
YA A R 5a) s o T A T ARCR H CH50 1R 3 + |
O\ 1) B A A 1,759, B 1) T 3R R 1.06 %0 B ] TR
J1 2K T BE R 50 em L4520k 1< 7-15.2-1860 19 40 88 4k -
M 161 B 42 4% BE 50 eom, SR T C50 #2046 TR B+, $2 4%
PN ] A 2 2.63 %6, B [ TE A Ok 1.68 %0, L
g o XU B A0, A0 b W52 Q345D 5 il 1 1T Al 4R
28R FH B ) 3% A 4 o HRUAG T VL R A B
1) — 5 N7 AT BROTRE AL, 4 &l 5b) Lo) TR o

a) BfRE

b) A FRITEIRY

16 750 ,
8950

c) A BRICHERIR (A . mm)
Es5 Z#HILBISEAEN
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Anhui Province
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Table 2 Analysis parameters of composite beams
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Fig. 6 Boundary condition and load method under

negative bending moment
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Table 3 Bearing capacity of composite beams under negative bending moment
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Fig. 9 Joint stresses of composite beams with different

joint materials
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Table 4 Comparison of model Tn-1. 0-3 between calculated and simulated results
59 e & /mm
GEize (kﬁ.i{l) BEAE WARIE ZET N REAZLRE M wy/ws wy/ws ws/ws wy/ws
% w, * w, ik w, 4EEMmEFw, “ZEws
50.0 2.9 3.1 5.2 4.7 4.1 0.70 0.76 1.23 1.15
Fik N0 100.0 6.0 6.1 9.3 8.7 8.2 0.73 0.74 1.07 1.06
150.0 8.2 8.3 12.5 11.5 11.1 0.74 0.75 1.13 1.04
200.0 15.3 15.5 18.5 17.9 17.6 0.87 0.88 1.05 1.02
250.0 18.9 19.1 23.7 22.9 22.2 0.85 0.86 1.08 1.03
300.0 23.6 24.0 32.4 31.5 28.1 0.84 0.85 1.15 1.12
TR e
350.0 30.1 30.2 39.6 38.8 35.5 0.85 0.85 1.12 1.09
400.0 38.1 38.3 46.1 44.9 42.1 0.90 0.91 1.10 1.07
434.8 40.0 40.2 47.5 45.6 44.9 0.89 0.90 1.08 1.02
ESRLS 0.79 0.80 1.11 1.07
7 A 0.02 0.02 0.03 0.01
®5 HKEBn-1.0-3HHESEMENI L
Table 5 Comparison of model Bn-1. 0-3 between calculated and simulated results
e 5 e L /mm
GRECURES @EiQ BRAARE FANE ZATHS ABAAME  gm w/w  w/w w/w w/w
*w, * w, Bixw, fHEEMmEw, %Rw
50.0 1.6 2.0 3.6 2.7 2.5 0.64 0.80 1.44 1.08
100.0 3.0 3.2 6.2 5.3 5.1 0.59 0.63 1.22 1.04
TELAT
150.0 5.1 5.5 8.8 7.7 7.6 0.67 0.72 1.16 1.01
200.0 7.4 7.6 11.1 10.2 9.9 0.75 0.75 1.12 1.03
250.0 11.1 11.2 15.6 14.2 14.1 0.79 0.79 1.11 1.01
300.0 15.8 16.1 20.9 19.6 19.5 0.81 0.83 1.07 1.01
Vi Y 350.0 20.6 21.1 25.7 24.9 24.6 0.84 0.86 1.04 1.01
400.0 25.0 25.6 29.6 28.6 28.2 0.89 0.91 1.05 1.01
457.5 26.9 274 31.2 30.5 29.9 0.90 0.90 1.04 1.02
ELai:N 0.74 0.77 1.14 1.02
7 E 0.02 0.01 0.01 0.01
3.2 WHWHEEELR SR SR T MO 00 I P R I R
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B 3T R IR A TR T
(1) B HLTE EC4
T2 T ok A B T 9 X o8 A B ) i HE R AL e i
TR BETHE 5 DL o8 A 5 ) i e 6 BB (T R4S

KH:

(9)

(10)



44 H O R

527 %

KA w, A5 85 I A5 R w8 20T ) 3% 4
YA R R s w, BRI 28 M8 I 58 &8
T A T A AR T W

(2) EEME LFRD™

T2 R T 1 1 VR YRR 1) TR BT M e A A8 X T
T PR, 200 T A [6) B R ¥ RS RN, TH 5 25 M e
SR AT T 1R SN O = RN W

Iurr:IS+[1/(277r/77f)](1\r*IS) (11)

S Lo SR A T AT 28015 1 R 5 T, oA 46 B 2 A T B R A

(3) (Z5 B AR E) (GB 50017—2017)11

R T IR T A A RN RS DL ORI B L
FEh , R 0 0 T A

B,=EI,/(1+¢) (12)
Kb B, Ry 843 85 7 3% 452 20 G SR v A8 NI EE 5 L, R A
AT Jf ARG B3R bR A AR0E B DL S S5 R BE £
PERSTHE 1 LUAE 5 & R W EE 37 9 R 5
39 B 43 BT 9 3% $E 45 Y Bn-0.8-3, B UE 4% 23 2 Y ik
I PR RME A v LA (DBHTES
2 [E RV 38 22008 T B4Rk ] A9 AR X AL 0 T 2 S
FHIE TR R YD AR 2R (2) P E R
S - SN IS E DO s A (e E e el A 1T B = iy 7
TR R BN M (AP RR A5 R R W], 1 GE T 55 0 i
P B A TR0 B ) R A A R I e R i — 4

=2
SE3 .

F6 #HEBn-0.8-3itHESEMELILR

Table 6 Comparison of model Bn-0. 8-3 between calculated and simulated results

S/ 59 E /mm

. W/ Wy W/ W,y W/ Wy
(kNem ™) B w, — EEMEw, FEALw, HERZSRw,

50.0 2.1 2.1 3.5 4.4 0.51 0.51 0.80
100.0 4.1 3.9 7.3 8.9 0.46 0.44 0.82
150.0 6.3 5.8 12.0 13.1 0.48 0.44 0.92
200.0 8.4 7.6 16.1 17.2 0.49 0.44 0.94
250.0 13.5 12.1 22.2 23.6 0.57 0.51 0.94
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