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1. Introduction

In the present paper, an explicit algorithm is developed for calculating buckling load of frames. Here, the
modified Dynamic Relaxation method is utilized so that the first structural buckling load is achieved.

2. Methodology
2.1. Theoretical Concept

Formulating the equilibrium equations of structure is the first step for calculating buckling load, which is
performed using finite element or finite difference approaches (Rezaiee-Pajand and Alamatian, 2011);

SD=F=APref [1)

Where S=[Sjj] is a gxq real symmetric matrix of the structural stiffness and D={di} , F={fi} and Pre={piref} , are
g@x1 column vectors of the structural displacement, the internal forces and the reference external applied loads,
respectively with g being number of degrees of freedom. Also, A is load factor that controls the external load. In
buckling condition, the nodal displacements extremely increase and the structure fails i.e.

D (tS) =0ref (2)

Therefore, calculating the buckling load by direct solution of Eq (2), (traditional/common approach) is quite
difficult and time consuming procedure and leads to a nonlinear eigenvalue problem.

2.2. Proposed Algorithm for Calculating Buckling Load

Here, Dynamic Relaxation method with viscous damping is utilized for calculating buckling load of
structures. For this purpose, Eq. (1) is transferred to a virtual dynamic space by adding fictitious inertia and
damping forces;

failsi.e
. . (3)
MTB" "D+ s"D"=F" =3P .
re.
Here, M"=[m";i] and C"=[c"i] and are gxq diagonal fictitious mass and damping matrices, respectively with
superscript n meaning values at nth iteration (nt fictitious time step). Super dots also denote the mathematical
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definitions of the first and second derivatives of the displacement vector with respect to the fictitious time
variable (fictitious velocity and acceleration vectors)( Kadkhodayan et al., 2008). Figure 1 shows the proposed
technique for determining the buckling load schematically. First a small initial imperfection is imposed on the
structure. Then the DR iteration with updated load factor algorithm starts so that equilibrium positions are
determined successively. When a converged point is achieved, this position is compared with the previous
equilibrium point. If there is a considerable gap between these two points, jumping occurred and the structure
has buckled. Therefore, the load factor of the point adjacent jumping is the first buckling load of structure.
Hence, the developed algorithm presents the quasi exact of the lowest buckling load with explicit and automatic
algorithm. The calculated buckling load from the proposed algorithm has enough accuracy because the updated
load factor algorithms trace the statical path with very small increments.

{xial Load

Lateral Displacement

Fig. 1. The load-displacement curve in Dynamic Relaxation method for determining the buckling load

3. Results and discussion

For verifying the proposed algorithm, buckling load of columns with different boundary conditions is
calculated. Results show that the developed algorithm presents the quasi exact of buckling load with enough
accuracy because the updated load factor algorithms trace the statical path with very small increments.

4., Conclusions

The proposed framework for calculating buckling load runs by full vector operations so that it could be
replaced by the complicated common approaches, which require solving eigenvalue problems. Therefore, the
suggested algorithm is an explicit method with simple vector calculations. Moreover, this general procedure
could be utilized for both symmetric and unsymmetric structures. Results show that the proposed framework
has suitable accuracy so that the numerical errors are less than 5 percent. On the other hand, the suggested
method is more efficient in comparison with the decomposition technique, which requires complex matrix
operations as solving an eigenvalue problem (Kaveh and Salimbahrami 2007). Moreover, the proposed
technique has similar steps for both symmetric and unsymmetric systems; however, the common approaches
have some serious difficulties in unsymmetric structures. On the other hand, the calculated buckling load in the
suggested framework does not depend on the initial imperfection and time step size. Briefly, full vector
operations, simple approach, suitable accuracy and similar procedure for all kinds of structures are main
specifications of the developed algorithm.
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