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A Study on the Effect of Concrete Cover Thickness on the Behavior of

Reinforced Concrete Beams Exposed to Direct Fire Flame
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(Received: 10 December 2025, Accepted: 22 January 2026)

ABSTRACT

The structural performance of reinforced concrete beams under elevated temperatures is a
critical aspect in evaluating the behavior of structural elements during fire conditions. This
study aims to investigate the effect of direct fire exposure on the behavior of reinforced
concrete beams, with particular emphasis on the role of concrete cover thickness as a key
factor influencing thermal resistance.Seven reinforced concrete beams were prepared and
divided into three experimental groups based on two primary variables: concrete cover
thickness and exposure to fire. The first group consisted of three beams with a 25 mm
concrete cover that were not exposed to fire. The second group included two beams with the
same cover thickness, subjected to direct flame exposure for one hour. The third group
consisted of two beams with a 40 mm concrete cover, also exposed to direct flame for one
hour .During testing, the beams were exposed to direct flames without any cooling
intervention, and temperatures were recorded every five minutes using a laser-based infrared
thermometer. Immediately after fire exposure, mechanical loading was applied to the beams
to assess their structural behavior. Due to the absence of dedicated reference specimens for
the third group (cover = 40 mm), the first group (unexposed specimens) was adopted as the
primary reference for comparison. This approach is justified by the fact that all beams were
cast using the same concrete mix, identical cross-sectional dimensions, and the same
reinforcement configuration, making the first group a suitable baseline for evaluating the
combined effects of fire exposure and concrete cover thickness. This limitation was explicitly
stated within the study’s boundary conditions, as producing additional reference specimens
for the third group was not feasible .The results were analyzed using graphical relationships
illustrating load—deflection behavior, load—tensile strain, load—compressive strain, and
maximum recorded temperatures over time. Based on the structural response of the beams
under fire conditions, a 9.1% reduction in flexural load capacity was observed for beams with
a 25 mm concrete cover after fire exposure. Increasing the cover thickness to 40 mm resulted
in a 4.9% increase in ultimate load capacity. Additionally, deflections doubled (100.7%
increase) after fire exposure for beams with a 25 mm cover, indicating significant internal
degradation, whereas increasing the cover to 40 mm reduced these deflections by
85.73%.These findings contribute to a deeper understanding of the influence of concrete
cover thickness on the fire resistance of reinforced concrete beams and support improved
structural design considerations for elements subjected to thermal emergency conditions.

Keywords: Concrete Cover — Fire Exposure — Mechanical Properties — Reinforced
Concrete Beams — Fire Duration
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