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ABSTRACT

In this paper, the fire resistance of unbonded prestressed concrete
beams was analyzed and researched entirely by method of experiment
and numerical analysis. This study was composed of four parts: physical
and mechanical property of material of prestressed concrete at elevated
temperature, analysis of the temperature field within R.C. members uder
fire, the tests study of unbonded prestressed concrete beams under fire
and nonlinear finite element method analysis for the whole process of
unbonded prestressed concrete beam subjected to fire. The concrete
contents are following:

(1) The thermal properties of concrete and the properties of the
prestressed concrete material under fire were obtained, which are the
bases of fire-resistance research of the prestrssed concrete structures.

(2) The program for the nonlinear finite difference analysis of the
temperature field within R.C. members uder fire was developed, and the
magnifying coefficient of the specific heat of concrete and the formula for
the thermal capacity of concrete were determined by matching the
numerical results with experimental results from references. This work
makes it possible for the further researches on the behaviors and fire
resistance of the prestressed concrete members.

(3) The experiments of 5 unbonded prestressed concrete beams
under fire were accomplished. The deformation characteristic and damage
form of members and stress varieties of the prestressed wires were
investigated through the test. The influences for its fire-resistance
behaviours of different factors, which are thickness of concrete covers
and temperature-stress paths, were researched and discussed. At the same
time, the tests of the 5 unbonded prestressed concrete beams under after
fire have been carried out. The macroscopical phenomena, damage
features and deformation rules of the members after fire were studied.
The influences for its residual bearing capacity of different factors, which
are thickness of concrete covers and temperature-stress paths, were also
analyzed.

(4) The temperature-stress coupling constitutive models of concrete

and reinforcement are adopted, and the unknown nodes displacements
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and the tensile forces in the unbonded tendons are taken as unsolved
column matrix simultaneously. The increment format of nonlinear finite
element method is presented for whole process analysis of unbonded
prestressed concrete beams under fire, and the computer program is
complied. The calculation results fit with the experiment results quite
well, which indicates that the theory and program in this paper are correct

and reasonable.

KEY WORDS: unbonded prestressed concrete beams, fire-resistance

behaviour, temperature field, nonlinear finite element method
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L42 L52 L62 L72 L53
5[] (min)

0 0 0 0 0 0

5 1.37 0.15 1.6 0.5 0.08
10 3.87 1.43 32 3 0.9
20 6.97 4.43 7.55 6.62 3.65
30 11.52 7 11.15 10.5 6.35
40 15.47 9.3 15.55 15.21 8.75
50 19.7 11.05 17.95 18.5 10.9
60 25.27 12.37 20.11 20.35 12.05
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0 0 0 0 0 0

5 0.15 0.12 0.09 0.19 0.08
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30 6.25 6.16 5.85 7.34 5.3
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75 16.85 15.5 14.93 16.16 15.6
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100 23.65 20.4 20.15 20.34 20.8
105 25.5 21.5 21.25 21.44 22
110 28.95 22.6 22.6 22.54 22.8
115 31.75 23.7 23.9 23.64 23.6
120 24.4 24.45 24.14 24.6
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(kN) | (Mpa) | (kN) | (Mpa) | (kN) | (Mpa) | (kN) | (Mpa) | (kN) | (Mpa)
0 115 0 17.9 0 143 0 8.6 0 115
10 | 15.1 10 | 244 | 10 | 15.1 10 | 100 | 10 | 179
20 | 187 | 20 | 302 | 20 | 165 | 20 | 115 | 20 | 230
30 | 215 | 30 | 388 | 30 | 215 | 30 | 136 | 30 | 273
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