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Summary:

This research investigates the long-term deflection of reinforced concrete
beams with embedded steel section which is referred to as ‘composite beams’. An
experimental program was carried out to record the long-term deflections and the
creep factor of the composite beams and to compare it with that of the reinforced
concrete beams. A nonlinear analysis program was used to validate the results of the
experimental data, and then, a calibrated model was used to perform a parametric
study to predict the creep behavior as well as the ultimate capacity of the composite
beams. It was found that, to improve the creep factor, the embedded steel section
could be in the compression side of the concrete section. On the other hand, to obtain
good and optimum results for overall behavior of the composite beam, the embedded
steel section could be in the middle of the cross-section of the beam.
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Agteel Area of the embedded steel section.

A Area of compression reinforcement.

a Load arm.

b Width of the section.

by Flange width.

c The specific creep under 1 psi at the appropriate time.

d Effective depth of the section.

dmax Maximum aggregate size.

dy Web height.

E. Modulus of elasticity of concrete.

E| Effective modulus of concrete.

E.o Modulus of elasticity of concrete at the time of load
application.

E Modulus of elasticity of concrete at time t.

E, The initial (undamaged) elastic stiffness of the material.

E; Modulus of elasticity of steel.

f! The compressive strength of concrete.

f. The compression equivalent effective cohesion stresses which
determine the size of the yield (or failure) surface.

feo The critical stress that may be associated with the stress at
which the volumetric strain reaches its maximum.

fet Tensile strength of concrete.

feu Characteristic compressive strength of concrete.

fsy The steel yield stress.

fi The tensile stress.

fe The tension equivalent effective cohesion stresses which
determine the size of the yield (or failure) surface.

Gr The fracture energy.

Gro The base value of fracture energy that depends on maximum
aggregate size.

L Overall beam length.

M Unfactored bending moment.

N, Factored axial load.
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The modular ratio of steel to concrete.
The applied concentrated vertical load.
The ultimate concentrated vertical load.
Intensity of distributed load.

The uniaxial equivalent deviatoric stress.
Clear span of the beam.

Time-dependent factor for sustained loads.
Flange thickness

Factored concentrated vertical load.
Crack opening.

Crack opening for f; = 0.15f,;

Crack opening for f; = 0.

The initial ratio of the neutral axis depth to the effective depth
of the section calculated using the modular ratio method for the
completely cracked section.

Distance between longitudinal reinforcement and the neutral
axis.

The ratio of the neutral axis depth to the effective depth of the
section calculated using the modular ratio method for the
completely cracked section at time t.

Ratio of the compression reinforcement to the tension
reinforcement.

Deflection.

A coefficient depending on the maximum aggregate size.

The calculated deflection values for the uncracked condition.
The calculated deflection values for the fully cracked condition.

A coefficient which takes account of the bond properties of the
bars.

A coefficient which takes account of the duration of the loading
or of repeated loading.

The temperature.

The elastic strain due to stresses of 1 psi.

Mid-span deflection corresponding to the ultimate load, P,.
The equivalent creep strain.

The uniaxial equivalent creep strain rate.

The compression equivalent plastic strain.
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