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This.dissertation has reported results of the studies on the behavior of high strength steel
columns when subjected to elevated temperatures due to fire. Analytical, computational,
and experimental means were incorporated to conduct the research reported in this
dissertation. The purpose of this research described in this dissertation is to gain a deeper
understanding of the creep behavior of structural steel columns, particularly high strength
steel, and to develop creep data and models for better analysis and design of steel
structures subjected to fire. The investigation will include both analytical, computational,
and experimental examinations of coupon tests and column tests at high temperatures.
The study will focus on a number of series of high temperature coupon tests to ascertain
the overall material properties, as well as a series of column tests at elevated temperatures.
The steel material is not subjected to creep tests in this work, and the creep parameters
are determined using general tensile tests at elevated temperatures. The experimental
studies will focus on 3 types of high strength steel: YP400, YP500 and H-SA700, for

which very little elevated temperature experimental data exists.
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Chapter 2 of this dissertation is used to investigate the background of time- and
temperature-dependent behavior of structural steel, referred to as thermal creep, and its
relevance in forecasting the creep behavior of steel columns exposed to elevated
temperatures caused by fire. The chapter began with discussing the definition of structural
steel thermal creep. The effect of thermal creep on the stress-strain behavior of structural
steel was then quantified using a variety of methods. Following the discussion of various
methodologies for calculating the time- and temperature-dependent behavior of structural
steel exposed to fire, a literature review was conducted. Important constitutive models for
the thermal creep of structural steel at elevated temperatures were further reviewed. After
reviewing the previous research and the background information provided on the
phenomenon of time- and temperature-dependent stress-strain behavior of structural steel
exposed to fire, the importance of creep deformations is proved and this implies that
neglecting creep may result in very erroneous structural response estimates for structural
steel, particularly for high strength steels. Moreover, there appears to be a lack of data on
the creep behavior of high strength steels in general, and specifically YP400, YP500, and
H-SA700 steels.

In chapter 3, efforts have been made to describe the phenomenon of time-dependent or
creep buckling and its significance in predicting ',the buckling strength of steel columns
subjected to elevated temperatures due to fire. The chapter was started by introducing the
concept of creep buckling and establishing it as a time-dependent inelastic buckling
phenomenon. Furthermore, a review of past studies was conducted to acquire a better
understanding of the column behavior at elevated temperatures. Nevertheless, several
additional potential factors impacting the subject to fire column's behavior are explored.
As shown in the literature survey, the experimental data on columns at elevated
temperatures are rather limited compared to column tests at normal temperature. Most of
the column tests reported in the literature were accompanied by tension coupon tests
conducted at room temperature. However, only a few past investigations included
material characterization tests conducted at the same temperature as the column test.
Nevertheless, the apparent importance of creep together with the limited number of
studies related to the influence of creep on column buckling suggest the need for more
quality research on elevated-temperature creep phenomenon. Specifically, the
understanding of how to quantify creep effects on column buckling is still very limited

and adequate experimental data is lacking



Chapter 4 began with an introduction to high strength steel and its mechanical properties.
The results of tensile tests conducted at elevated temperatures on high yield point steels
YP400 and YP500, as well as high strength steel H-SA700, were given, together with
testing methodology and general properties. The process for developing the thermal creep
model was also established based on Fields and Fields' creep material model and the
actual creep behavior of the critical truss angle steel used in the WTC investigation. To
identify the most correct creep parameters for the high strength steel utilized in this work,
a trial-and-error approach was conducted to determine the most accurate stress-strain
curves for the FE model that fit experimental data at various temperatures. The plastic
material properties were then defined using hypothetical curves based on the observed
stress-plastic strain relationship during experimental tests at various temperatures. Then,
these thermal creep models were validated by comparing the stress-strain curves
generated by Abaqus analytical results to those generated by experimental data. The
experimental program and results described in this chapter generatéd essential
experimental data on the influence of thermal creep on the elevated-temperature response
of high strength steels, thereby fillinig significant gaps in the database of high strength
steel mechanical properties at elevated temperatures. The test results provided in this
chapter demonstrate that creep strains can be fairly severe in fire-prone building structures.
This shows that disregarding creep may result in very erroneous structural response
estimates for some types of structure-fire problems, such as steel columns exposed to fire.
Additionally, when compared to experimental data, existing creep models for structural

steel subjected to fire may provide inaccurate predictions.

Chapter 5 discussed various experimental results on high-strength steel columns, as well
as some other research findings about potential influences on steel column behavior. The
results of the computational method for column test based on material creep models
provided in Chapter 4 are also analyzed using the Abaqus finite element software and
compared to experimental results. Additionally, a thermal expansion coefficient is
suggested for each steel grade YP400, YP500, and H-SA700, based on the vertical
displacement of the column at temperatures less than 400 °C and on previously performed
experiments. Additionally, two types of imperfection models (local and global buckling
modes) are addressed in the study, including a different magnitude of imperfection. The
outcomes of analyses with and without creep behavior were also compared. Plastic
properties, thermal properties, and initial imperfection have all been investigated as

potential influencers of time-dependent behaviors of high strength steels. The proposed
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method could be used with the same grade of steel without requiring full-scale structural
or creep tests. In this study, the simulation analysis was used to determine the peak point
of time and temperature versus displacement, deformation shape, and creep properties of
the high yield point steel columns. The results were quite accurate when compared to the
experimental results. The yield phenomenon may have an adverse effect on the analytical
results. The experiment to determine the coefficient of thermal expansion is implied to be
critical for simulating the behavior of steel structures, especially at temperatures below
400 °C. Furthermore, when conducting experiments over a wide temperature range, the

absence of data should be avoided.

The final chapter ends with some observations and conclusions from this research. As
shown inthe literature survey, there is a scarcity of experimeﬁtal data on thermal creep of
structural steels, especially for high strength steels. Ignoring creep may lead to highly
inaccuraté predictions of structural response for some classes of structure-fire problems
such as steel columns subjected to fire. The values of thermal expansion coefficient for
high strength steel are identified and smaller than those indicated in standards. The
approach of representing plastic properties as a logarithmic equation is well suitable for
simulating thermal creep behavior using a finite element program. The approach for
developing the creep model through general tensile tests was also demonstrated to be

practical, owing to the high similarity between analytical and experimental data.

Several issues have been identified as requiring additional study or research as follows.
The accuracy of the analytical solutions developed in this study needs to be improved due
to discrepancies between analytical and experimental results at a variety of temperatures.
It is necessary to evaluate the thermal creep of structural steel in compression. The creep
models given in this study should be validated against various types of steel structures to
ascertain their validity for high strength steels. Significant work is required to examine
the internal forces that can have a dominating effect on column response. The time effects
in the form of stress relaxation are of particular relevance because they may have an effect
on the forces generated in steel columns due to restricted thermal expansion. The
procedure for determining the creep parameters and creating the creep model needs to be

simplified and made more precise.
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