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ABSTRACT

Life-cycle assessment of civil engineering infrastructure is necessary for better
management of resources during maintenance, strengthening, and repair actions for sustainable
development. Current design practices typically consider the structural risk of various loads
and their combination at the design stage and do not account for the change in the risk over the
service life of a structure. A structure is subjected to multiple hazards over its lifespan, which
have a certain permanent effect, though negligible sometimes, which may severely affect its
performance to future significant hazard and result in disproportionate structural damages.
Therefore, the present doctoral study discusses a holistic risk-based design framework that
considers ageing effects in addition to major or minor structural damages on account of
independent hazards. The framework is illustrated for independent action of earthquake and
fire hazards on reinforced concrete (RC) structures while considering continuous structural
deterioration on account of chloride- and carbonation-induced corrosion over the service life.

The earthquake-resistant design is well-developed and applies an objective-based design
philosophy through design standards around the world. On the other hand, the response of
structures to fire is predominantly articulated in terms of the time of exposure to a nominal fire,
such as ISO 834 standard fire. This is despite the fact that this time of exposure is poorly
correlated to structural response to fire. The present study discusses a framework for obtaining
the most appropriate intensity measure (IM) correlated to the structural response to fire, which
in turn is described in terms of an engineering demand parameter (EDP). Such a correlation
between IM and EDP leads to reduced uncertainty of structural response to fire. The approach
is based on the estimation of certain attributes of the correlation between IM and EDP,
including: efficiency, practicality, proficiency, sufficiency, and scaling robustness. The
methodology is subsequently demonstrated in application to obtain the most appropriate IM
for RC slab, beam, and column elements individually. The appropriateness of a candidate IM
is validated through several models that are generated for each member type by varying
material and geometric properties, as well as by considering a range of fire models. A single
IM is recommended for each structural member at the end of the analysis, independent of any
fire model.

Many design regulations around the globe rely on member deflection as a governing
criterion for resistance assessment in fire. The deflection evaluation in fire is generally
achieved by conducting expensive experiments or computationally expensive finite element

analyses, which often restricts practising engineers from using robust performance-based



design philosophy for typical structures in fire. Instead, they rely on objective design
guidelines, often resulting in inefficient sizes of RC members. Therefore, semi-empirical
relations are derived in the current study to determine the maximum deflection of the RC beam
and column in fire. Plausible variables that could affect the overall deflection of the member
are first identified, and their proportionality is subsequently determined by performing one-on-
one regression analysis. Furthermore, these relations are developed in terms of the most
suitable fire IM, which makes them applicable irrespective of the type of fire framework. The
credibility of the deflection equations is validated through visual analysis followed by the three
popular error indicator parameters — Pearson's correlation coefficient, relative root mean
squared error, and performance index. Results indicate that all deflection equations accurately
predict the RC member behaviour under fire.

A methodology is devised to obtain building fragility curves for fire using the most suitable
IM and regression equations from the current study. The methodology is subsequently used to
assess the life-cycle risk in RC structures for independent multi-hazard action of earthquake
and fire while considering appropriate structural degradation over the service life. The change
in the structure's performance in fire over its service life is also evaluated for the multi-hazard
effects of earthquake and fire. The results from this study indicate that there is a significant
increase in the risk of post-earthquake fire if minor damage due to earthquake not addressed.
Similarly, it is shown that an RC member's performance in fire decreases significantly over its

service life due to environmental effects.
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Various symbols that are consistent throughout the thesis are mentioned here. Certain local
symbols defined only once for explaining a specific theory or equation, e.g., symbols B, C, D,

used in Equation 1.1, are omitted from the list.
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Ast Area of steel reinforcement

b Member width

c Concrete cover thickness or clear cover to reinforcement
D Member depth

Da Chloride diffusion coefficient

DI Damage index

dp300 300 °C isotherm depth

dr Reduced diameter of the steel reinforcement bar
dt Time step

E Young's modulus

Je Core concrete strength

fek Characteristic compressive strength of concrete
fa Fire load density

fr Load ratio

fy Yield strength of steel reinforcement bar

H Height

h Convection heat transfer coefficient

1 Second moment of area

k Stiffness

L Length

M Moment

m mass

o Opening factor

o Reinforcement bar diameter

P Concentrated force
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