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1. INTRODUCTION 

 

Nowadays the computer simulation techniques are going to play very important role in 

the everyday engineering practice. Applying the simulation techniques there are several 

possibilities to solve different engineering and architectural problems. The development of 

the computer programs and hardware give adequate support for this important work. 

During my work I investigated some engineering problems in the view of computer 

simulation: 

 

• applying Monte-Carlo simulation method in the design of structures 

• simulation of the formation procedure and the load bearing capacity of the bars 

• refurbishment of ancient masonry structures by lateral confinement 

 

From the viewpoint of design practice, the current procedures for reliability assessment 

of structural components and systems contained in specifications do not fully utilize the 

potential of available computer technology. Monte Carlo Simulation (MCS) may play a 

significant role in the evaluation of data available from different sources including 

experiments, the experience and estimates furnished by the designer, the user, and others 

involved. Simulation, using MCS, is a very powerful and convenient tool for the analysis 

of load effect combinations, for determining resistance, for evaluating the probability of 

failure of structures and structural components, and for assessing serviceability criteria. 

Furthermore at the engineering practice the most often applied designer softwares are 

based on FEM (finite element method) or FSM (finite strip method) methods. The 

theoretical mechanics and mathematics give the basis of these programs, and are very 

useful in the structural design. During my work I applied such programs, the so called 

ABAQUS and AXIS programs for the structural simulations. 

 

2. APPLIED METHODES 

 

2.1 Design of structural elements applying Monte-Carlo method 

The MCS method directly determines the probability of failure corresponding to any 

combination of variable loads effects S, and the random variable resistance R. A personal 
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computer creates tens of thousands of dots representing the possible interactions of 

resistance R and load effect S. To obtain the probability of failure, the number of dots in 

the Failure region, which appears to the right of the Failure Boundary line, is divided by 

the total number of dots. These results are then compared to the acceptable level of 

probability of failure. 

Professor Pavel Marek was the coordinator of TERECO project, where the candidate 

and the supervisor were partners. A textbook and totally five computer programs 

(including M-StarTM and AntHillTM programs) were developed to help the reader in 

exploring the power of the simulation-based reliability assessment procedure. All five 

programs are based on the simple random sampling Monte Carlo simulation. 

The computer programs allows solution of equations (algebraic, logarithmic, 

exponential and trigonometric) containing up to 30 random variables expressed by 

bounded histograms. The MCS method and the computer programs are applicable for 

problems related to the determination of resistance, combination of load effects, 

probability of failure, accumulation of damage and assessment of serviceability. The 

proposed procedure is also applicable to selected second order analysis problem such as 

column buckling. Problems involving two- and multi-component variables can be analyzed 

using ”anthill” method. Selected special problems such as principal stresses resulting from 

multi-component structural response to several loadings from different sources can be 

solved. 

Several engineering design problem can be calculated such as safety of truss-girder bar, 

safety of a rectangular hollow section, safety of columns in a frame, safety of the tee joint 

of a welded I-section, safety of a bolted splice, etc. Moreover the MCS method can be 

applied to produce the buckling curve of a welded I-sectioned beam. 

The MCS method still not very applicable for the real design practice, but I have shown 

the design potential of this simulation technique. 

 

2.2 Structural modelling by applying ABAQUS simulation 

For numerical simulations I applied ABAQUS program, which is based on FEM 

technique. It is applicable for modelling the producing process, the loading and unloading 

of structural elements, refurbishment and reinforcement of different structures, etc. During 

my work I applied ABAQUS in the following simulations. 
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2.2.1 Simulation of a special formation procedure 

I performed a full-scale test on a steel space-truss, which contains uniform bars. The 

ends of the bars have special shape to ensure the adequate bolted connection at the joints. 

For the computer simulation I had to model the formation procedure of this special bars’ 

ends. I visited the DUNAFERR Acélszerkezeti Kft. to see the shaping process, then I 

modelled the procedure by ABAQUS program. 

A unique method was applied for the verification of numerical results: 3D laser 

scanning procedure. The MTA SZTAKI (Hungarian Academy of Sciences, Budapest) gave 

the possibility to examine the truss bars by a three-dimensional laser scanner. Until that 

time industrial designers used the 3D laser scanner and I was the first civil engineer, who 

used the scanner in structural engineering work. The simulation was excellent. 

 

The real bar, the result of 3D laser beam scanning and the numerical model of the bar 

 

2.2.2 Load bearing capacity of compressed bars 

Numerical analyses of compressed bars were the next part of my work. These numerical 

analyses were performed by ABAQUS version 6.3-2 finite element program and for pre- 

and post-processing the MSC Patran 2000 r2 program was applied. The calculations were 

done at WOCO Gumitech Ltd., Budapest. 

During the calculations I investigated the compressed bar under different load cases 

such as: concentrated normal force, pure bending moments around the x- and y-axes of the 

cross-section, pure torsional moment around the longitudinal z-axis, normal force with 

large eccentricity in both x and y direction and normal force with small eccentricity in one 

direction only. The small eccentricity was the tenth of the width of the bar. 

The numerical results gave the behaviour and load bearing capacity at different load 

cases. The main result of this investigation was that the bars in a space truss has not 

perfectly centered and pinned connections, and secondary bending effect occur in the real 

trusses. 
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Numerical result of the compression with small eccentricity, the result of the full-scale 
experimental test and the digitalized result of the 3D laser scanner 

 

2.2.3 Refurbishment of ancient masonry structures by lateral confinement 

The refurbishment is very important tool to increase the life time of ancient structures. 

A very often applied method is reinforcing ancient masonry structures (walls, towers, 

buildings, etc.) by iron or steel lateral confinement. I performed an ABAQUS simulation 

series applying this method on masonry walls. The main goal of this simulation series was 

to find the effectiveness of the confinement in the load bearing capacity of the masonry 

wall. I modified different setup parameters: wall thickness, distance between the plate side, 

the area of confining plate, and calculated the increment of the load bearing capacity. 

In case of nearly the same value of Dplate/Twall ratios the possible increments of strength 

are nearly the same at the walls. This fact demonstrates one of the findings of G. Ballio and 

G.M. Calvi, that the ratio between the plate distance and wall thickness is a fundamental 

parameter during the design process of reinforcing. It can be conducted ? that it is 

important to limit the distance between plates’ edge, while the ratio between plates’ and 

bars’ area can be maintained around the separator value (Ap/Ab ≈ 100). 

The most important effect of this strengthening technique is allowing stress 

redistribution without local collapse. At this method the properties of steel bars are fully 

exploited, either in terms of strength or in terms of energy absorption capacity. 

 

2.3 Experimental analysis of structures 

The next simulation technique to investigate the behaviour of structures is the full-scale 

or model experimental analysis of structures. The experiments are expensive, needs lots of 

preparations, precise execution and evaluation, and the independent control is very 

important to avoid the rough errors. The experiments help us to calibrate the numerical 

analyses, and to perform parametrical investigations without real experiments. During my 

work I performed the following experiments. 
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2.3.1 Verification of experimental buckling curves 

 

The lateral buckling design curves of beams are based on experiments in the design 

codes, like for example in Eurocode series. The MCS method can be applied to present the 

design curve on the basis of fully probabilistic method. My examination deals with the 

lateral buckling behaviour of a welded, steel, I-sectioned, simple supported beam. 

The calculations made on the basis of the theoretical solution of differential equation, 

taking into account the experimental results performed in different countries. 

The computer simulation was done by M-StarTM program. During the computer 

simulation the length of beam was changed, and the corresponding critical bending 

moment were calculated 100 000 times in each case, and the results were evaluated 

statistically. The AntHillTM program was used to evaluate directly the simulated lateral 

buckling curve.  

 

2.3.2 Full-scale experiments on the space-truss and the component bars 

 

As I mentioned in Chapter 2.2.1, I performed a full-scale test on a steel space-truss, 

which contains uniform bars. The experiments were done in the Structural Laboratory of 

the BUTE Department of Structural Engineering. The preparation took one year; the 

experiments needed two months and the evaluation more several months. I prepared three 

experiments on the steel space truss segment and performed 375 digital measurements on 

strain gauges, inductive transducers and the loading hydraulic jacks at every load step. 

After the disassembly of the collapsed truss, I investigated 16 bars in individual 

compression tests. The numerical simulations of these experiments were done by 

AxisVM10 FEM program. 

During the calibration of the numerical models I took into account the semi rigid effect 

at the bolted connections. The secondary bending moment can be demonstrated by the 

results of the strain gauges. Applying the verified numerical model I got the possibility to 

perform virtual experiments without real specimens. 
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The examined space-truss roof-system segment and the deflection of the first experiment 

 

2.3.3 Virtual experiments on confined masonry walls 

The calibration of the numerical models of confined masonry walls were based on full-

scale test series. These experiments were done by G.Ballio and G.M.Calvi in Pavia, Italy. 

From the results of these experiments, I obtained lots of parameters, to create a good 

numerical model by ABAQUS program. The applied parameters from the documentation 

of the test series are the following: the type of failure modes (yielding of the horizontal 

bars, punching of masonry underneath the confinement plates, shear-tensile failure of 

masonry in the less confined zones between plates); the geometrical data of the walls, steel 

bars and confining plates; the number of the confining plates; the material properties of the 

masonry walls and the steel members (yield strength, Young’s modulus, stress-strain 

curves, etc.). 

Applying the experimental parameters I modelled the test series and obtained a 

numerical model, which is applicable to perform further virtual experiments on masonry 

walls with lateral confinement. 

 

3. NEW SCIENTIFIC RESULTS 

 

3.1 New result 1: Simulation applying Monte-Carlo method 

a) buckling curves 

 

I applied Monte-Carlo method for modelling the lateral buckling behaviour of a welded 

I-sectioned simple supported beam. The examination was done on the basis of an ideal 

model. The beam is under uniform bending moment. The assumed distribution of the 

geometrical data (the widths and thickness of plates and the length of beam) are Gaussian 
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probability density function. During the computer simulation the length of column was 

changed, and the corresponding critical bending moment were calculated. Thus I produced 

the buckling curve of that welded I-sectioned beam. 

Related publications: [1], [2], [8], [11], 

 

b) structural elements 

 

I applied Monte-Carlo method for calculating the safety of different structural elements. 

The calculated problems were typical structural exercises such as: 

• safety of a truss-girder bar subjected to tension 

• safety of a rectangular hollow section exposed to multi-component loads 

• safety of a column in a frame 

• safety of the tee joint of a welded I-section 

• shear resistance of a bolted beam to beam connection 

During this calculation I showed the potential of the Monte-Carlo method in the 

engineering practice, and pointed out the possible advantage against the design codes. 

Related publications: [1], [2], [4] 

 

c) buckling behaviour of a steel frame 

 

I applied Monte-Carlo method in a parametrical examination at a single beam-column 

frame. During the calculations the lengths of column and beam were changed and the 

corresponding critical buckling intensity of distributed load of the column was calculated. 

Elastic and 2nd order analysis was applied, thus the axial force effects are taken into 

account by stability functions. 

As the result of the calculations the buckling surface of column was produced with the 

critical intensities of distributed load. 

Related publications: [1], [2], [4], [8], [11], 

 

3.2 New result 2: Simulations of Producing and Design Structures 

a) simulation of the formation procedure of the bars 
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On the basis of the producing process, I investigated a numerical model of the formation 

procedure of the bars. I had to model the formation process to obtain the real model of 

flattened bar ends. The formation takes effect just at the end of the bars. Therefore I 

decided to model only a part of the bar, near the flattened end instead of the whole 

member. Furthermore it is decided to model only the quarter of the hollow cross section 

and the half of the pressing tool due to the symmetry of the members and the formation 

process. The loading was displacement controlled. 

I applied a new method for the verification of the result of the numerical analysis, a 3D 

laser scanner. I verified the numerical model with good coincidence. 

Related publications: [6], [7], [13], [14], [15], [16], [17] 

 

b) numerical analysis of compressed bars 

 

I created the numerical model of the whole bar applying the resulted shape of the 

quarter bar model of the ″flattening″ process. I performed several loading on this model to 

find out the real behaviour of the built up truss members. The applied load cases were: 

• concentrated compression force 

• pure bending moment in both direction 

• pure torsional moment 

• normal force with two bending moments (large eccentricity) 

• normal force with small eccentricity 

The small eccentricity was the tenth of the width of the bar. I get the best solution of the 

truss bars with the last loading model, the small eccentricity. 

I verified the numerical results of the whole bar model with the comparison of my 

experiments on individual bars. 

Related publications: [3], [5], [6], [7], [9], [10], [12], [13], [14], [15], [16], [17] 

 

c) numerical analysis of the steel space-truss 

 

I created the numerical model of the investigated steel space-truss. The model contains 

special connections at the joints, which take into account the semi-rigid effect of the 

secondary bending moments. This model is applicable to present the three full-scale 

experiments. 
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• eccentric concentrated force on the top side joint in the elastic range 

• concentrated force on the top mid joint in the elastic range 

• concentrated force on the top mid joint until collapse 

Applying this model I can calculate other special load cases on this space truss without 

real full-scale experiments. 

Related publications: [3], [5], [6], [7], [9], [10], [12], 

 

3.3 New result 3: Refurbishment of ancient masonry structures 

a) numerical simulation of the lateral confinement 

 

I investigated some numericals model for the lateral confinement reinforcing technique 

of ancient masonry walls. Allowing for the symmetry of both geometry of the model and 

loading action, only the eighth of the entire masonry has been considered for the computer 

analysis. The main geometrical and material parameters, such dimensions of masonry wall, 

numbers of reinforcing bars, material behaviour of the masonry, etc. came from the 

performed experiment series. 

Corresponding to the above mentioned parameters, the calculated behaviour was that as 

was in the experiments. 

Related publications: [18] 

 

b) parametrical analysis series applying lateral confinement 

 

Parametrical analysis series were performed applying the lateral confinement 

reinforcing procedure. I get designing directives to determinate the effect of the reinforcing 

by computer simulation without experiments. 

During the parametrical analysis series I applied different wall thicknesses, plate sizes 

and thicknesses, and gave design role for the effectiveness of lateral confinement. 

In case of nearly the same value of Dplate/Twall ratios the possible increments of strength 

are nearly the same at both of walls. This fact demonstrates that the ratio between the plate 

distance and wall thickness is a fundamental parameter during the design process of 

reinforcing 

Related publications: [18] 
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