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The dependence of the structural performance on imperfection parameters is evaluated by imperfection sensitivity analysis.

The imperfection sensitivity in buckling problems has been the subject of numerous analytical and numerical studies. The
asymptotic manipulation, a common analytical treatment for imperfection sensitivity, seems to have limited use to simple
structures due to the complexity of such methods™ ?. That limitation stands as an obstacle faces the practice usage of
imperfection sensitivity laws. Studying the performance of bridge structures under varied traffic loading conditions is an
example of engineering problems. Load variation has come to be employed in structural design through the probability-based
load criteria”. Since the late of 1960s, many uncertainties could be modeled probabilistically and several probability codes
were suggested”. In the probability-based load criteria, the safety criteria generally does not depend only on the ratio of the
nominal value of the actual load and the maximum load, but also on the variations of both actual and maximum loads. A higher
value of the safety factor seems to indicate a safer structure. However this is not necessarily the case as the inevitable variations
in both actual and maximum loads must be kept in mind. The sketch shown in Fig, 1 illustrates that the factor of safety are
greater than one based on nominal values, but because of the relatively large variations in both actual and maximum loads,
there is a significant probability that the actual load exceeds the maximum load, and cause failure. Even though accurate
assessment of loads that the bridge is subjected to is an important requirement for the design and evaluation purposes of bridges,
only simplified traffic load models are used for bridge design and evaluation. The traffic load that is used for deriving such
models is not based on the actual traffic data which passes over the bridge, but an idealized and simplified one.
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Figure 1 Effect of the load variation on the safety criteria.

One of the signiﬁcé:ﬂ difficulties in using the actual traffic data is to conduct a probabilistic analysis of buckling strength for the
bridges in presence of such numerous sets of traffic loading data. The classical numerical simulations such as Monte Carlo
simulation, which is usually used for conducting that probabilistic analysis, are computationally very costly.
The first objective of this research is to develop a simple and robust method to conduct a statistical buckling analysis of bridges
subjected to traffic loading in the framework of imperfection sensitivity laws.
In this research, the imperfection sensitivity law is extended twofold:
e To be applicable for practical engineering use such as buckling strength analysis of bridge structures subjected to
varied traffic loads.
e To be used for elastic—plastic buckling analysis.
Imperfection sensitivity analysis of elastic—plastic systems has been the focus of extensive numerical and analytical studies.
Some researches extended the use of the asymptotic analytical techniques to the elastic—plastic analysis of simple structural
problems. The difficulties to develop a robust methodology to tackle such sensitivity mechanisms have been pointed out by
Hutchinson® and Byskov?, such complexity is due to the considerable complication that accompany with the presence of the
elastic—plastic behavior.
In this research, the author aims to develop a simple and robust method to conduct statistical analysis of buckling strength for
bridge structures subjected to traffic loading in the framework of the imperfection sensitivity laws.
For this purpose:
e The two-third power law of Koiter, which is known to describe the buckling strength against an initial imperfection in
elasticity, is introduced in a simple explicit form,

¢ The simplified form is generalized to be applicable to the case where large number of varied imperfection parameters
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is applied.
e The generalized formula is employed in a probabilistic buckling analysis procedure.
¢ The imperfection sensitivity of some elastic—plastic structures is investigated.
e  Asymptotic imperfection sensitivity formulas are presented, imitating Koiter sensitivity laws.
e These formulas are employed as a simple and robust tool to study the buckling sensitivity in elastic—plastic analysis.
e  Probabilistic analysis for the buckling strength of bridge structures subjected to traffic load variations is conducted
using the presented formulas.
By using the proposed procedures, straightforward and low-cost computational buckling analysis can be conducted for
elastic—plastic bridges in the presence of traffic load variations data.
This thesis is organized as follows:

In Chapter 2, a brief mathematical overview on the stability analysis of the elastic conservative systems is introduced, and the
imperfection sensitivity analysis in elastic stability is reviewed. Attention is paid towards reviewing the Koiter imperfection
sensitivity laws as an established concept for the imperfection sensitivity analysis of elastic systems. Three points of concern in
this research have been reviewed in Chapﬁm 1 and 2, the first one is related to the usage difficulties of the imperfection
sensitivity laws, the second concerns with the computational cost that is required in conducting the statistical buckling analysis
of bridges subjected to traffic load variations, and, the third concern is the difficulty that faces the elastic—plastic buckling
analysis in presence of imperfections.

In Chapter 3, the imperfection sensitivity law is introduced in an explicit form for a single parameter of imperfection. The
imperfection sensitivity analysis of simple structures is conducted using the proposed formula, its results are compared with the
finite element (FEM) analysis results, and the good agreement between the results assures the validity of the formula. Next, that
proposed formula is generalized to multi-parameters imperfection. The generalized formula is examined numerically and its
applicability is justified in the same chapter.

In Chapter 4, the generalized form is employed in a probabilistic analysis procedure. That procedure is applied in conducting
a statistical buckling analysis of some truss structures subjected to normally distributed random external loads. The efficiency
of that procedure in such probabilistic analysis is approved comparing with the Monte Carlo simulations.

In Chapter 5, the generalized formula is utilized to conduct the statistical buckling sensitivity analysis of an arch truss bridge
s'tructw'e subjected to 10,000 sets of random varied traffic loading data. The buckling sensitivity analysis for the same structure
under the same traffic loading data is conducted through FEM analysis. The results of the proposed procedure and the FEM
analysis are in a good agreement.

In Chapter 6, the imperfection sensitivity of several structures in the plastic range is investigated looking for simple
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asymptotic sensitivity formulas in order to conduct an efficient probabilistic buckling analysis of elastic—plastic bridges
subjected to real random traffic loads. In that chapter, the buckling behavior of several bilateral symmetric elastic—plastic
structures is investigated. Asymptotic imperfection sensitivity formulas are introduced to describe these behaviors. Their
validity for single imperfection is declared, then, they are generalized to be applicable to several imperfection parameters. The
traffic load variations are interpreted as imperfections, and the validity of the proposed formulas in investigating the buckling
load against random traffic is verified.

Despite the accuracy of the proposed procedures, their performance can save large amount of computational time and
resources. The superiority of the proposed method can be demonstrated by comparing its computational time with the ordinary
methods. The proposed method decreases the computational cost considerably, which will help engineers and researchers to
conduct sensitivity analysis in shorter time with almost the same accuracy as conventional methods.
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