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Calculation and Application of Equivalent
Nodal Load on Damaged Beam Element

HAO Xiaoqiang, LI Jie
(Department of Building Engineering. Tongji University. Shanghai
200092, China)

Abstract: An analysis was made of the correlative limitation
of traditional stiffness method. Based on the finite element
flexibility method theory, a new calculation method for the
equivalent nodal load of the damaged beam element was
proposed by introducing the sectional secant-flexibility, which
was compatible with conventional nonlinear structural-analysis
because an iteration was not required. A static and nonlinear
overall-analysis was also made for a renforced concrete frame
structure with a self-development software. A case study
shows that by taking the structural damage into consideration,
nonlinear structural-analysis improves in terms of its
efficiency, convergence and stability with the equivalent nodal
load method.
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Fig.1 Uniform beam with transverse load
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Fig.2 Flowchart of nonlinear analysis with

incremental method (load step k)
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Fig. 3 Variation of sectional flexibility
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Fig.4 Calculation of equivalent nodal load based

on sectional flexibility
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Fig.5 Frame structure model
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Tab.2 Reinforcement of beams
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Tab.3 Uniformly distributed load on beam

and earthquake action
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2 14.85 27.0 21.49
1 26.85 27.0 11.31
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Fig.6 Multi-zone fiber model
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Tab.4 Equivalent nodal dead load on beam

in the linear state

e TR R A/ (KN - m) By /kN
B3 Mg 70.94 83.46
ATTI 70.94 83.46

B W 41.49 63.82
A7k 41.49 63.82
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Fig.7 Equivalent nodal loads on B3 and B4
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Fig.8 Concrete cracking at integral points of B3 and B4
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Fig.9 Caver of base shear force and roof displacement
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Tab.5 Steps and time-consuming of nonlinear analysis
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