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Abstract. In this paper, the equivalent mechanical spring model of the three-dimensional continuumis
studied. And the sectional area of the equivalent spring element is obtained based on the displacement
equivalent principle. The equivalent model is statically indeterminate trusses system of spring. The 3D
spring calculation model can be used in the static characteristic analysis. By using equivalent spring
element model as the basic unit of analysis of a triangle continuum static analysis problems, and with
the use of triangle constant element as basic element income results were compared. The results show
that the smplified form in good agreement with the exact solution, the establishment of the equivalent,
and compared with the commonly used continuous medium finite element model, computational
efficiency and accuracy of equivalent spring element model is higher. It shows that the equivalent
spring model have theequivalent stiffness in the static analysis.

Introduction

At present, the vast mgjority of structure design and analysis of software engineering is based on
finite element theory, which makesthe high precision and high stahility of the finite element calculation
model research become a hot issue. In this paper, a class of equivaent spring element theory model is
proposed based on the displacement equivalence principle. Due to the existence of frame structure
calculation theory more perfect, so in the calculation software and the universal application in
engineering analysis before continuous medium shell or entity structure transformation for the
equivalent system of poleis calculated as a hot research topic.

Based on the above ideas, this paper makes a theoretical study on the equivalent spring model of
triangular continuous medium, and an equivalent spring element model is obtained by the principle of
displacement equivalent. At the same time, the problem of the deformation displacement of the triangle
plate is verified by numerical examples.

The calculation method of the equivalent truss model.

The model of continuous mediaelement is showed in Fig.1, where a, b, and ¢ represent side lengths
of the triangular. The mechanical analysis of statically indeterminate truss structure with the same size
is showed in Fig.2. The stiffness of spring can be derived from the axial stiffness of truss?.
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Fig.1 The CST eement Fig.2 Thefinal simplified model

The three nodes are i, j, m, and the triangle center isK. Therod length isa, b, c, d, e, f. The bar
section areais A1, Az, Az, Ay, As, As.

The symmetry of the isosceles triangle shows that the stiffness matrix can be represented by three
relatively independent variables. The three independent variable are a3 a4, as The stiffness matrix is
expressed as follows.
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Three independent variables of the constant stress element are :
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Three independent variables of the spring element are :
L Eb’A A, EA,
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Among them, Kiz, Kia, Kis, Kas, Kaa, Kgs, are Stiffness,
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The introduction of smplified formulasft :
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Whenm:%,it is a special case.

the line chart asfollows :

2.8

a

T T T T T 1
1] 0.1 0.2 0.3 0.4 0.5 0.6

Note:The middle area of two linesis the reasonabl e range.
3
Consideringa ; ,wecanget A, :ﬁtﬂ). (8
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Because of the characteristics of constant stress unit,equivalent spring element needs to meet the
conditionse; =e,.

Consideringa ;,a,, wecangetA, =

1 d
ef :_’ed =
EA, 2(h- f)EA,
We can get Aezz(ho_I f)A4. (10)

(2f°%- 4 2h+2fh)t(3m- DhA,
AAA(NT - I)(f - h)- dt(Bm- Dh

Consideringa ,, wecanget A, = (11)
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_ th(3m- D[d® + df(h-f)]

S A,
4A(n? -2)(f - h) (12)
A = th(3m- 2)[d? +f(h - f)]
¢ 2A(1- ) (13)
Conclusion

In this paper, amodel of continuous medium equivalent to spring element is obtained by means of
stiffness equivalence principle. The simplification of the structure of the triangle continuous medium to
the rod system is accomplished. A numerical example is carried out to verify the results. The results
indicate that the equivalent was established.
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