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1. Introduction 
       In engineering analysis and design, there are several uncertainties 

that may result from the variability of applied loads and material 

properties, in addition to these resulting from the design modeling. Also, 

a number of uncertainties arise from the manufacturing processes and 

from the material selection. The problem of uncertainty in estimating the 

loads can be clearly noticed in the statical and dynamical loads that are 

considered in the design of different structures. As these loads are not 

known exactly, designers have to consider some kind of statistical 

representation of them. Also, it is clear that the material properties 

documented in the material specification handbooks and manuals are not 

the exact properties of the real product. 

In engineering practice the uncertainties play a very important role. The 

design must deal with the existence of uncertainties in the analysis in a 

manner that will make the design perform as expected in a safe and 

reliable way. For that purpose, two methods have been extended over the 

years to quantify the uncertainties in an engineering product and their 

effects on the design level of safety. The first method is the deterministic 

design, in which it is assumed that all the information about the design is 

given and a conservative assumption is made to compensate for any 

unaccounted factors. Accordingly, a factor of safety or a load factor is 

assigned to either the material strength or the applied loads and it is the 

representation to the design level of safety. The second approach is the 

reliability-based design, in which it is assumed that the information about 
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the design is given to be within certain constraints and have given 

distributions of probability. 

 
2. Problem Statement, Purpose and Scope 

   As the reliability based design optimization in the last decade became a 

powerful method in structural mechanics field, several methods and 

conditions was introduced to investigate the different conditions on the 

structures. As a matter of interest stochastic topics catch my attention and 

I did some investigation on reliability based design optimization taking 

into consideration stochastic effect simultaneously deterministic analysis 

and designs are considered.  

In the last four years through my research and PhD studies I was working 

mainly in the field of uncertainties, deterministic and reliability based 

design optimization and cooperating with Prof. S. Kaliszky, Prof. A. 

Vásárhelyi, my supervisor Dr. J. Lógó in Budapest University of 

Technology and Economics, Faculty of Civil Engineering, Department of 

Structural Mechanics and Prof. M. Hjiaj from INSA Rennes, France. 

Also I was cooperating with R. Stocki, J. Knabel and P. Tauzowski from 

Polish Academy of Sciences, Institute of Fundamental Technological 

Research. My PhD Studies involved the topics below: 

• to create new algorithms based on the deterministic and reliability 

based design optimization in order to solve the optimal plastic design 

problems, 

• to create computer program which solves constraints in the case of 

uncertainty and certainty optimization problems, 
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• to create a new algorithm in order to find a new type of optimization, 

• to perform optimal design of elasto-plastic structures subjected to 

stochastic extreme loads such as high intensity short time dynamic 

pressure and impact, 

• to consider probabilistic effects (probabilistic boundary conditions, 

probabilistic loading) in the case of uncertainty. 

 
3. Main Assumptions 

       The following assumptions are made in my entire dissertation work: 

• in Chapters 3 and 4 small displacement theory is used, and in 

Chapter5 moderately large displacement is applied, 

• loading in Chapters 3 and 4 are multi-parameter static loads and in 

Chapter 5 dynamic load is considered, 

• material is linearly elastic, perfectly plastic. 

 
4. Mechanical Modeling of Semi-Rigid Connections 

   In the case of rigid and pinned connections between the nodes and 

elements the stiffness are defined as default. However, the semi-rigidity 

of the connections also here can be taken into consideration by reducing 

elementary stiffness matrix. The typical general behavior of the semi-

rigid connection can be illustrated by a moment-rotation relationship 

shown in Fig.1: 
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Figure 1: Real behavior of the semi-rigid connection 

 
5. Control of Plastic Deformations 

    At the application of the plastic analysis and design methods the 

control of the plastic behaviour of structures is an important requirement, 

therefore for determination several bounding theorems and approximate 

methods have been proposed. Among others Kaliszky and Lógó (1995, 

1997) suggested that the complementary strain energy of the residual 

forces could be considered an overall measure of the plastic performance 

of structures and the plastic deformations should be controlled by 

introducing a bound for magnitude of this energy: 

                     p0
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Here p0W  is an assumed bound for the complementary strain energy of 

the residual forces and rQ : residual internal forces. This constraint can be 

expressed in terms of the residual moments ,Mr
i a and ,Mr

i b  acting at the 

ends (a and b) of the finite elements as follows: 
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5.1. Reliability-Based Control of the Plastic Deformations 
       The plastic deformations are controlled as long as the bound for the 

magnitude of the complementary strain energy of the residual forces 

exceeds the calculated value of the complementary strain energy of the 

residual forces: 
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The probability of failure can be calculated as: 
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Where RX  indicates either the bound for the statically admissible forces 

SX  or a bound for the derived quantities from SX .  Let us assumed that 

due to the uncertainties the bound for the magnitude of the 

complementary strain energy of the residual forces is given randomly. 

The probability of the failure event can be expressed in a closed integral 

form: 
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By the use of the strict reliability index a reliability condition can be 

formed: 
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where βtarget and βcalc are calculated as follows: 

                             ( )1
,

−= −Φtarget f targetβ P ;                                 (7) 

                            ( )1
,

−= −Φcalc f calcβ P .                                    (8) 

 

6. New Scientific Results 

6.1. Elasto-Plastic Extended Limit Analysis and Design 

Methods 
      The semi-rigid behaviour is described by appropriate models and to 

control the plastic behavior of the structure deterministically and 

probabilistically given bound on the complementary strain energy of the 

residual forces are applied. Fast and accurate failure probability 

assessment of elastic-plastic frame structures subjected to stochastic 

loading and random plastic displacement (modeled by means of 

complementary strain energy) is possible. Limit curves and optimal 

cross-sections are presented for the plastic limit load. The numerical 

analysis shows that the stiffness of the semi-rigid connections, the mean 

value and the standard deviation of the bound of the complementary 

strain energy of the residual forces can influence significantly the 

magnitude of the plastic limit load multipliers and in some cases the 

results are very sensitive to the stiffness of the semi-rigid connections. In 

the case of designed with full rigidity connection, deterioration of 

connections rigidity leads to increase of failure probability (decrease of 
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reliability), however in the case of connections designed with zero 

rigidity leads to decrease of failure probability (increase of reliability). 

 

Theses I. [8] 

I.a. I have extended plastic limit design model of semi-rigid connections 

in the case of deterministic problems. With this unified procedure one can 

model the linearly elastic or perfectly plastic behaviour of structures 

under limited residual strain energy capacity. 
I.b. I considered extended plastic limit analysis model of semi-rigid 

connections with limited residual strain energy capacity under 

probabilistic problems. 
I.c. I have elaborated plastic limit design of semi-rigid connections with 

limited residual strain energy capacity in the case of probabilistic 

problems. 

 

6.2. Extended Shakedown Analysis and Design Methods 
     The models are introduced for the extended shakedown design. The 

semi-rigid behaviour is described by appropriate models and to control 

the plastic behaviour of the structure probabilistically given bound on the 

complementary strain energy of the residual forces is applied. Limit 

curves and optimal cross-sections are presented for the shakedown 

multipliers. The numerical analysis shows that the stiffness of the semi-

rigid connections, the mean value and the standard deviation of the bound 

of the complementary strain energy of the residual forces can influence 
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significantly the magnitude of the shakedown multipliers and in some 

cases the results are very sensitive to the stiffness of the semi-rigid 

connections. The presented investigation draws the attention to the 

importance of the problem but further investigations are necessary to 

make more general statements. 

 
Theses II. [13] 

II.a. I have extended the shakedown analysis model of semi-rigid 

connections in the case of deterministic problems. With this unified 

procedure one can model the linearly elastic or perfectly plastic 

behaviour of structures under limited residual strain energy capacity.  

II.b. I have extended shakedown analysis model of semi-rigid 

connections with limited residual strain energy capacity in the case of 

probabilistic problems. 

II.c. I have elaborated the shakedown design of semi-rigid connections 

with limited residual strain energy capacity in case of probabilistic 

problems. 

 

6.3. Optimal Design of Elasto-plastic Structures Subjected to 

Stochastic Extreme Loads 

      The covariance values and the minimum probability values have 

significant effect on the optimal layout (topology), the increase of the 

allowable residual displacement decreases significantly the mass of the 
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structure and the distributions of the design variables correspond to those 

of the bending moments of the structure under uniformly distributed load. 

 

Theses III. [6] 

III.a. I have extended the limited design method for probabilistic layout 

(topology) design of elasto-plastic structures subjected to stochastic 

extreme loads.  

III.b. I concluded in the case of stochastic extreme loading that the mass 

of structure decreases significantly by increasing the value of allowable 

residual displacement. The distributions of the design variables 

correspond to those of the bending moments of the structure under 

uniformly distributed load. 

 
 
7. Utilization of the results 

The elaborated work in general belongs to the category of 

fundamental research. The presented mechanical models, computational 

methods, numerical algorithms can be applied almost in all field of the 

life. The application of results is primarily used in building industry. Also 

the auto-motor, airspace industries can benefit from the results. 

Significant material saving, better understanding of the behavior of the 

structural response can be utilized by the use of these methods. 
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