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DYNAMIC ANALYSIS

A.M. MASLENNIKOYV, Dr. of Technical Science, Prof., SM. AUTA, Engr.
SPSUACE
ANALYSIS OF NONLINEAR ELASTIC MATERIAL TRUSS UNDER WIND
LOADS
Nonlinear problems are generally solved by iterative method. Iteration process on physical properties of a system is

recommended to be performed at each time step [1]. The initial data necessary are the flexural rigidity of members,
mass and damping coefficients. The equation of motion of lumped mass is written as:

MY, + CY,+ KY;=R;, (1)

where M, C, K are mass, damping and rigidity matrices; R, is a vector depicting the external force; Yy, Y,, Y, are the
displacement, velocity and system mass acceleration vectors with finite degree of freedom. In case of variable
elemental values the matrices of equation (1) for time ¢ take the following form:

M(yt).Y.t + C(yt)Yt + K(y)Y: =R, )
and for time ¢ +Af the elements of the matrices will receive an increment.
M(yt+At)?t+At + C(yt+At)Yt+At + K(Yr+40) Yerae = Resar A3)

Substituting in equation (3) of expressions vﬁm and Yt+At obtained from linear solution [1] results in the
following equations:

[aoM(Yriae) + @1C(Yerar) + K(Yera)| Yerar = Revar + .
+ [aoM(Yrar) + aIC(yt+At)]¥t + [@axM(Yeae) + @4C(Yrra)] Yo + (4)
+ [asM(yeear) + a3C(yrar)l Y

Diagram ¢ — ¢ is taken as cubic parabola [2]: 6 = Fe — A¢’. The constant 4 is determined from the conditions in

which tangential modulus of elasticity is equal to zero for the relative ultimate strain. In order to solve this problem the
secant modulus E. = o/e is used. The resultant expression for modulus of elasticity is:

E.=E,— A¢’
Or after substitution of relative strain with stress: (%)
Ec(n +1)~ Ek *AOJ/Ezc(,,). (6)

In solving equation (4), the process of iteration with the help of expression (6) is performed for each time step until
the differential displacement between two neighboring iterations exceeds the prescribed calculations accuracy degree.
General calculations procedure is specified in books [1, 2].

The truss in Fig. 1 is taken as an example. The truss members are double equal angles with design section
200x200x30 mm [3]. Sectional area of all the members is 4,5 = 2x111.54 ¢cm’. Minimum moment of inertia is
2x4019.60 cm®. Masses are uniform m,_,4 = 20 t, m;s = 40 t. Initial modulus of elasticity is £ = 20.6 10’ kN/m’ and o,,,
=215+ 10’ kKN/m’ [4], thereafter &,, = 0.00104447.

The given data for truss contain vectors of length, cross sections and members initial modulus of elasticity.
Besides, the following is introduced: force matrix from unit forces applied along mass displacement direction and
force matrix from unit values of basic unknown variables for force method in case of statically indeterminate truss.
Vectors of damping coefficients are introduced in the dynamic analysis; vector of minimum critical stresses is also
introduced for checking possible loss of local stability in separate members. This analysis is implemented on the basis
of Appendix 7 program from book [2].

Wind pressure variation law is calculated based on actual wind speed diagram taken from book [5]. The results
obtained are presented in Fig. 2 and 3 for the most stressed members No. 1 (for tension) and No. 4 (for compression).
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