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ABSTRACT

Concrete is the most widely used construction material globally, owing to its
strength, durability, adaptability, and excellent thermal performance under fire. Its non-
combustible nature, high specific heat, and low thermal conductivity allow it to
effectively resist heat transfer, protect internal reinforcement, and limit structural damage
during fire events. However, concrete is susceptible to spalling, a failure mechanism
involving the sudden or progressive detachment of surface layers, which compromises
the structural integrity by exposing reinforcement and reducing cross-sectional area. Fire-
induced spalling is influenced by several factors, with the rate of heating recognized as
one of the most critical. While experimental studies exist for uniaxial loading, there
remains a significant knowledge gap regarding the behaviour of concrete under biaxial
stress states during fire exposure, especially under different thermal exposure conditions
such as standard (ISO 834) and hydrocarbon fire curves. The current research addresses
this gap through a combined experimental and numerical investigation into the thermo-

mechanical behaviour of concrete under such conditions.

Two experimental programs were conducted. First, the behaviour of high-strength
concrete exposed to both hydrocarbon and standard fire conditions was studied using the
Heat-Transfer Rate Inducing System (H-TRIS). This H-TRIS system replicates the total
incident heat flux experienced in real fires, enabling controlled, repeatable simulation of
realistic thermal environments. Clear differences in spalling behaviour were observed
between the two fire curves in terms of spalling onset, depth, and type. Finite element
models in ABAQUS were developed to simulate the thermo-mechanical response, which
matched well with experimental temperature profiles. These models focused on stress

evolution at the time of spalling, excluding pore pressure effects.

The second part of the study focused on biaxial loading scenarios, which remain
underexplored. To bridge these gaps, this study proposes a unique testing regime for the
assessment of the thermo-mechanical behaviour of concrete under various biaxial load
ratios. First, the biaxial mechanical loads are applied to the concrete specimen with a
central hole. In the next step, the thermal loading is applied on the hole surface while the
specimen is under sustained loading conditions. This approach simulates the realistic

tension and compression zones as well as the state of stress near the hole surface under
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the applied loading. The setup utilizes a true triaxial machine at the University of
Queensland (Brisbane, Australia) to apply biaxial loading on two orthogonal surfaces.
Thermal loading was applied using a specially designed heating rod through a central
hole inside the cubic specimen. In-depth temperature profiles were benchmarked against
H-TRIS experiments and numerical predictions, showing good agreement. The results
indicate that in moderate heating scenarios, different biaxial loading ratios significantly

influence concrete behaviour at elevated temperatures.

Overall, this research provides new insights into the coupled effects of mechanical
loading and thermal exposure on fire-induced damage in concrete. The novel
experimental setups and validated numerical models developed in this study offer a robust
framework for future investigations and improved fire-resilient design of concrete

structures.
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