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Tab.1 Main design parameters of steel-concrete composite beam and test results

- W kT SRS EE BUhr o e U TR R PP A
7 Sow1s0/ MPa fu/ MPa E./ MPa E./ MPa
PCB-40 10016 2816@230 67.00 4.05 3.68x10* 3.97x10*
PCB-42 10018 2016@ 140 67.00 4.05 3.68x10% 3.97x10*
PCB-44 10016 2016@ 160 67.00 4.05 3.68x10* 3.97x10*
PCB-47 10016 2016@ 160 65.52 2.66 3.816x10" 3.06x10*

e 4 AR 4 m, BARR TR 800 mmx 150 mm, FiiA7 R FH @8@ 200, Fil)v J1 iR FH 30115. 24, fingkJy =R I m g2 Hhm 4.
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Tab.2 Mechanical properties of experimental materials

I Hit A LA i Jett Bl g AR it ik g e BIR 3
% m A4 R 6 . )
D/ mm A/ mm? E_/ MPa £,/10 fy/ MPa fo/ MPa
kil JE AR 0235 2.06x10° 1 456 300 445
o eSS 2.06x10° 1165 240 400
% Nl 16.0 78.50 2.06x10° 1214 250 385
i Eiini] 8.0 50.24 2.06x10° 1190 245 380
TN 1 45 15.2 139.00 1.95%x10° 7153 1395 1 860
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Tab.3 Mechanical properties of sample composite beams

Fig.2 The test loading device
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5./ AT/ M/ b,/ AP/ M,/ 5./  Ap,/ M,/ b8,/ AP/
T Py/ kN ' ’ ' y

(kN*m) mm kN (kN-m) mm kN (kN-m) mm kN M, d, AP,
PCB-40  146.71 46.875 1.3 0 159.4 11.4 8.76 253.13  136.72  81.33 1.59 12 9.28
PCB-42  145.61 75 3.62 0 121.88  7.38 1.04 253.13  141.32  77.03 2.08 19.15  74.07
PCB-44  306.05 131.25 3.4 0 271.88 9.28 5.02 356.25 18.9 23.65 1.31 2.04 4.71

PCB-47  356.53 56.25 2.08 4.3 150 10.16  18.57 251.25 137.14 198.34 1.68 13.5 10. 68
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Fig.4 Section stress of composite beams
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Tab.4 Comparison between the calculated and measured values

Al =

(22)

w2 M,/ (kN-m) M,/ (kN-m) M,/ (kN-m) M,/ (kN+m) M,/M,, M,/M,,
PCB-40 153.5 159.4 223.8 253.1 0.96 0.88
PCB-42 152.6 121.8 231.8 253.1 1.25 0.92
PCB-44 154.0 150.0 222.1 251.3 1.03 0.88
PCB-47 244.2 271.9 321.7 356.3 0.90 0.90

T TRy, u 20 AR AR BRARES TR B BRARZS s T8 j, e 0 SR R AR,

3 4% i

()M TFARZ A FI AL A, i T2 WA TR A/ 16 R 5/ N S S0 S A
A I 7 AR B BUR | L4 AT RIS | B SR e 41 A R S R 5

(2) 5E 45 Jy HEHER L £ R ITES R BE AR AR R T80 50 59 1 B 45 2 (ELROLFE R A ) 589 03
BRI AR E LI 5

(3) AT+ 3R LM DTS 1, Rl 0 4 P L A A TF LT, b T D B RN T )
R A P40 B U, O AL 05 PR R § SR T 1) 32 J A S AR X 45
F B PR A e RO



6 KoM ok B T OB ¥ R 2014 44 H

(4) AR SCHE S R TN ) 20 & SR IS AE XU S R U R A — @ W TR B, T b Bt i 2% il T
TR BRGTE R BT /N T SSEL, R, AR SO E R 24 42

2 % X #:

[1] REEME. W-IREE LA SRR IM]. deat, P EES Tk 1 MiAt, 1989, (ZHU Ping-ru. The design principles of
steel-concrete composite beam [ M]. Beijing; China Building Industry Press, 1989. (in Chinese) )

[2] GB50017-2003, SN&5H B REIM]. dbnt. o EEES Tk Mitt, 2003. (GB 50017-2003, Code for design of steel
structures[ M]. Beijing: China Architecture & Building Press, 2003. (in Chinese) )

(3] . PR %2443k R PSS M), dbat. B2zl kL, 2005. (NIE Jian-guo. The structure of
steel-concrete composite beam; experiment, theory and application] M]. Beijing: Science Press, 2005. (in Chinese) )

(4] ks, MIAs. FN-IREE LA A RN D X Z IR0 [ )], TREESHT, 2007(2) : 60-63. (ZHANG Rui,
HE Jie. Force analysis of hogging-moment zone for steel-concrete composite continuous beam bridge[ J]. Construction & Design
for Project, 2007(2) : 60-63. (in Chinese) )

[5] W30, AR BT ) TN I 2 AR R 2 SRR IR A T [ )], SR AE I 24, 2011, 32(10) : 153-158. (HU
Shao-wei, YE Xiang-fei. Experimental study on bending behavior of pretressed composite box girder with partial shear connection
[J]. Journal of Building Structures, 2011, 32(10) ; 153-158. (in Chinese) )

(6] #FE&T-, Bk, WM AR MBI T]. Tk 5, 1996, 26(5) : 21-26. (SHU Gan-ping, LV Zhi-tao.
The analysis and design of the prestressed composite beams[ J]. Industrial Construction, 1996, 26(5) : 21-26. (in Chinese) )

(7] WIDUAK. BN 3 45 R AU E PRI W5 S5 BE 0 M [ D], B At M RUKAM B = 05T B, 2010. (HU Han-lin.

Experimental study and theoretical analysis of the flexural behavior of the prestressed composite box beam structure [ D ].

Nanjing: Nanjing Hydraulic Research Institute, 2010. (in Chinese) )

[8] CHEN S. Experimental study of prestressed steel-concrete composite beams with external tendons for negative moments [ J].
Journal of Constructional Steel Research, 2005, 61(12) . 1613-1630.

[9] BRArs, 27 - IRBE L A& R U T R[], iP5, 2007, 33(10): 120-121. (CHEN Chun-
qiang, LI Ji. Bearing capacity calculation of steel-concrete composite beam under the action of negative moment[ J]. Shanxi
Architecture,, 2007, 33(10) ; 120-121. (in Chinese) )

[10] MHAF K. N S - TR EE LIS A RHT S YERE IR S B /T [ D], M At B RUKFIRF AT 5T BE, 2012, (YE

Xiang-fei. Experimental research and theoretical analysis of flexural behavior of prestressed continuous composite beam[ D].

Nanjing: Nanjing Hydraulic Research Institute, 2012. (in Chinese) )

Bearing capacity research of prestressed steel-concrete composite
beams under action of negative bending moments

HU Shao-wei, GONG Hong-bo
( Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract; In order to evaluate the repairing effect of prestress reinforcement of the aging deteriorated concrete,
studies of the flexural capacity in the negative bending moment zone of continuous composite beams with prestressed
reinforcement are carried out. The static load tests of four prestressed composite beams under concentrated load are
finished. The impacts of different shear connection degrees upon the mechanical performance of the prestressed
composite beams are discussed, and the load-midspan deflection characteristics of the beams are analyzed. The
formulae for calculating elasticity and ultimate bearing capacity in the negative bending moment zone are
established. The analysis results show that the flexural rigidity and the bearing capacity of full shear connection

beams are greater than those of the partial shear connection beams, while the flexural rigidity and the bearing
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capacity are not in direct proportion to the shear connection degree. The comparison between the calculated and
measured bearing capacity is made, and both errors are within 10% , so the results given by the new formulae can
satisfy the engineering accuracy requirements. The calculation formulae derived for the flexural bearing capacity of
the negative bending moment zone of the prestressed composite beam have some calculation accuracy in this paper,
which is for design reference only. Since the calculated value of the ultimate flexural bearing capacity is less than

the measured value, the calculated results given by this study are safer for the project design.

Key words: prestressed; steel-concrete composite beam; negative bending moment zone ; bending capacity
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