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CONCRETE SPACE FRAME IN CONSIDERATION
OF THE INTERACTION EFFECTS

By Teizo Fujiwara and Deming Yu

Synopsis

It is very important to pay attention to the problem of the interaction among the force com-
ponents on the structural members which are allowed to deform well into plastic range when
subjected to strong earthquake excitations. The inelastic deformation characteristics of the col-
umn members are quite complex due to the interaction effect of multi-axial force state. Especial-
ly the bending strength of the reinforced concrete members under compressive axial force is
generally larger than that under tensile axial force.

On the above mentioned problem, authors analyzed a 2-span reinforced concrete space
frame by the use of nonlinear equivalent force and equivalent deformation method. The an-
alytical results show that dynamic axial forces on column members affect the local response
characteristics of column members especially the base part of the corner columns. However,

these influences are not very remarkable on the story level response.
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Fig. 1. Structural model.
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Fig. 2. Nondimensional yield surface.
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Fig. 3. Nondimensional hysteresis characteristics
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Fig. 4. Structural model.

Table 1. Case parameter

Case AD-1 AD-2 AD4 BD-1 BD-2 BD-3 BD-4 BCS-0 BCS-1
Reinforcement Ratio 1.0 1.0 1.0 2.0 2.0 2.0 2.0 2.0 2.0
Span ratio 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Degradation Have Have Have Have Have Have Have |Have Have
Static axial force Have Have No Have Have No No No Have
Dynamic axial force Have Have No Have Have Have No No Have
Base shear coefficient 0.2 0.3 0.2 0.2 0.3 0.2 0.2 0.2 0.2
Input wave \ El Centro 1940 NS wave function Cosine wave
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Fig. 5. Comparison between experimental results and analytical results.
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Fig. 6. Moment-rotation relationship when reinforcement ratio is 1%,
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Fig. 7. Axial force-axial deformation relationship when reinforcement ratio is 1%.
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Fig. 8. Moment-rotation relationship when reinforcement ratio is 2%,.
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Fig. 9. Axial force-axial deformation relationship when reinforcement ratio is 2%.
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Talbe 2. Case parameter

. . Input wave
Parameter Span ratio ng :;;216 E;lc(::n Type Direction Degradation
Case A 1.0 No Cosine 2 Have
Case B 2.0 Static+Dynamic Cosine 2 Have
Case C 1.0 Static+Dynamic Cosine 2 Have
Case D 1.0 Static +-Dynamic Cosine 1 Have
Case AE 1.0 No El Centro 2 Have
Case BE 2.0 Static-+Dynamic El Centro 2 Have
Case CE 1.0 Static+Dynamic El Centro 2 Have
Case DE 1.0 Static+Dynamic El Centro 1 Have
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Fig. 11. Moment-rotation relationship with cosine wave.
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Fig. 12. Axial force-axial deformation relationship with cosine wave.
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