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Abstract

Network parallel computing is one of the most attractive
forward position subjects for parallel computing in recent.
The finite element method (FEM) is a very effective method
used for structure analysis nowadays. The technology of
parallel computing is introduced into the structure finite
element analysis to multiply the size of problem to be solved,
accelerate the analysis and facilitate the large-scale
application in structural engineering. In combination with the
key project of Shanghai Educational Committee, parallel
algorithms for FEM under distributed networked workstation
cluster parallel environment are studied and implemented in
this dissertation and applied to analysis of steel gate structure.

Based on the networked workstation cluster parallel
environment of MPI, the main contents of this dissertation
are as follows:

(1) A networked workstation cluster parallel computing
environment is set up. The basic concepts of parallel
computing are described. MPI programming is presented.

(2) The load-balanced multiplication of a large sparse
matrix with vector on workstation cluster is considered. A
method that combines fast load balancing with efficient
message-passing techniques to alleviate computation and inter-
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node communications is presented. Moreover, I/O overhead
can be efficiently amortized through I/O latency hiding and
overall load balancing. The preconditioned conjugate gradient
method (PCGM) is an efficient iterative method used to solve
the finite element systems of equations with symmetric
positive definite system matrices. The algorithm of PCGM is
parallelized. The storage scheme is analyzed in detail.
Optimization techniques for the sparse matrix vector
multiplication are adopted in programming. The experiment
result shows that the designed parallel algorithm has high
speedup and good efficiency on the high performance
workstation cluster.

(3) A parallel preconditioned conjugate gradient iterative
algorithm for finite element problems with coarse-mesh/fine-
mesh formulation is presented. An efficient preconditioner is
derived from the multigrid stiffness matrix. Example of
solution of simple linear elastic problem on rectangular grids
is presented and parallel performance is discussed. The results
show higher speedup and efficiency. The algorithm is
efficient for parallel computing.

(4) The parallel finite element method using domain
decomposition technique is adopted to the distributed parallel
environment of workstation cluster. The parallel algorithm is
presented for solving the conjugate gradient method with
element based domain decomposition. Model of dam
structural analysis problem is solved. The parallel
performance is analyzed.
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(5) On the basis of mode synthesis analysis, parallel
algorithm of solving large-scale structural eigenproblem is
presented. The eigenmode of the structure is solved using
subspace iterative parallel method. The substructure subspace
iterative method is implemented using the stiffness matrix and
mass matrix of the substructures without assembling the
stiffness and mass matrix of whole structure. The numerical
results show that this parallel algorithm is effective for large-
scale structure eigenproblem.

(6) A Newmark implicit parallel algorithm for nonlinear
transient dynamic finite element analysis of large structures is
presented because a lot of time is taken in its sequential
algorithm. An unconditionally stable Newmark-b method
(average acceleration technique) is employed for time
integration. The proposed parallel algorithm is devised using
domain decomposition techniques. However, unlike most of
the existing parallel algorithms which are basically derived
using nonoverlapped domains, the proposed algorithm uses
overlapped domains. The parallel overlapped domain
decomposition algorithm is formulated by splitting the mass,
damping and stiffness matrices arises out of finite element
discretization of a given structure. A predictor-corrector
scheme is formulated for iteratively improving the solution in
each step. Numerical example is implemented to validate as
well as to evaluate the performance of the proposed parallel
algorithm. Comparison is made with the conventional
nonoverlapped domain decomposition algorithms. Numerical
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studies indicate that the proposed algorithm is superior in
performance to the conventional domain decomposition
algorithms.

(7) An elastic-plastic parallel element finite method
based on domain decomposition is studied, and its parallel
strategies are proposed. An algorithm for integrating stress-
strain relation based on the third and the fourth order Runge-
Kutta method is presented. This substepping scheme controls
the errors in the integration process by adjusting the substep
size automatically. A parallel substructure preconditioned
conjugate gradient algorithm combined with minimal residual
Smoothing method is developed.

(8) The work characteristic of plane steel gate is
analyzed. The spatial finite element model of plane steel gate
is studied and set up, and its parallel computing is
implemented by using loop-unroolling technique.

Key words network environment, MPI, workstation cluster,
distributed parallel computing, multigrid, finite element method, domain
decomposition, structure analysis, eigenvalue, Newmark algorithm
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