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Abstract: On the basis of linear elasticity hypothesis and force method, an analytic theory for static analysis
of pin—bar assemblies is developed from the incremental form of equilibrium equations, where the effect of
initial internal forces, the compatibility equations and constitutive equations are taken into account. Then
the displacements and the increments of axial force are decoupled by using linear algebra and Moore-
Penrose generalized inverse theory. The basic formulas proposed finally consists of two parts — generalized

equilibrium equations and generalized compatibility equations, both of which have square coefficient
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matrices of full rank being transposed with each other. In other words, they are formally consistent with the

basic equations using in traditional force method, and will degenerate into the latter ones in dealing with the

statically and kinematically determinate structures. Therefore, the proposed theory can be regarded as an

extended version of the traditional force method considering the stiffening effect of initial internal forces,

which is applicable to any pin—bar assemblies with small deformation and linear elasticity static structural

analysis. Its calculation accuracy is increasing with the increment of prestress level and structural stiffness.
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Fig.3 A prestressed cable—strut structure with 12 members
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Table 3 Internal forces of element in example 2 N
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x4 EHOI2PRMAE

Table 4 Displacements of nodes in example 2 mm

CoS iaig's o MBI BENL A0k

X[ oy i 4.296 8 43265  4.3189
FE1 Ym4E —5.2796 —5.3801 —5.3877
Za sy —3.4409 —3.4863 —3.4946

X fi) 434 5.279 6 5.3801  5.3877
A2 Ymra 4.296 8 4.3265  4.3189
Zla sy —3.4409 —3.4863 —3.4946

T
X —4.2968 —4.3265 —4.3189
A3 YHArh 5.279 6 53801  5.3877
ZIsr —3.4409 —3.4863 —3.4946
X —52796 —5.3801 —5.3877
W4 Y4rE  —4.2968 —4.3265 —4.3189
ZIr 4 —3.4409 —3.4863 —3.4946
X ] 43 i 5.1151 9.1114  5.0772
WAL Y@R/4rE  —5.7138 —9.1114 —5.7780
Zlm 4y —3.6113 —5.4668 —3.6348
X Jn) 531 5.713 8 9.1114  5.7780
W2 Ymaa 5.115 1 9.1114  5.0772
T2 Zli sy —3.6113 —5.4668 —3.6348

X4 —5.1151 —9.1114 —5.077 2
WE3 Y aRE 5.713 8 9.1114  5.7780
Zm4r 4 —3.6113 —5.4668 —3.6348

Xpari  —5.7138 —9.1114 —5.7780
FE4 Ymas —51151 —9.1114 —5.0772
Zln 4 —3.6113 —5.4668 —3.6348
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Fig. 5 Force curves of (1)~4) members
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Fig. 6 Force curves of 5)~8 members
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Fig.7 Force curves of 9~12 members
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