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KINEMATIC METHOD FOR THE INTERNAL
FORCE INFLUENCE SURFACE ANALYSIS
——Theories ,algorithms and softwares

Weiping SHEN and Gang LIU
ABSTRACT

Internal force influence surface analysis plays an important role
in the structural enginneering, especially for the analysis of bridge
structures subjected to live loads. The most efficient method for ob-
taining influence surface is the kinematic method based on the Muller-
Breslau principle. But unfortunately this principle is applicable only to
discrete structures, namely, trusses, continuous beams, frames, and
grids. Modern structures are more complex and must be idealized with
different kinds of numerical models,for example,finite element mod-
el , finite strip model, finite difference model,boundary element model,
etc. It is an urgent need to develop a theoretical basis for kinematic
method of above-mentioned numericai models.

In last five years the authors have proposed and proved several
principles and based on them provided the kinematic method for the
internal force influencd surface analysis of different kinds of numeri-
cal models. Using the finite element model a software system has been
developed to analyze the influencd surface with the theories and algo-
rithms. It is powerful and efficient and has been applied ro analyze
several important and large-scale bridges in China. This book is a
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summary of our research achievements.

In section 1,the theories are discussed. Four principles are pro-
vided and explained. The first two are the principles for the average
internal force influence surface of continua and finite elements respec-
tively. Because they deal with the average internal force ,usually they
are used for relative simpler and lower-order elements. The third
principle is for the generalized internal force of elements. Based on it
the influence surface of the internal force at any position can be ana-
lyzed. So one is able to apply it to relative more complicated and high-
er-order elements. The last principle is the most general one. It is ap-
plicable to any kind of numerical model in which the only independent
unknowns are displacements (or generalized displacements).

The theoretical basis of these principles is quite similar to that
for the original Muller-Breslau principle, although their expréssions
are far different from each other. Some standard deformations are de- -
fined. From them the equivalent load vector will be calculated (princi-
ple 1-3),or the equivalent load vector is defined directly (principle
4). Then the displacement fields generated by the equivalent léads
will represent the internal force surfaces. Sometimes in our publica-
tions these principles were named the generalized Muller-Breslau
principles.

In section 2,the algorithms are presented. For principle 2,the ex-
plicit expressions of standard node displacement modes (SDMs) for
different popular finite elements are given. For principle 3, the ele-
ment eigenvector analysis for SDMs is proposed. And several exam-
ples of finite element model and finite strip model are described to
show how to apply principle 4,to different numerical models.

In the last section, six computer programs are provided and ex-



plained in detail. In order to make the program easy to understand,
there is only one kind of finite element in each program. All the

source programs are attached as appendices.
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