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Abstract

It is critical to examine the effect of cross-section size andthickness of concrete cover on the
residual load carrying capacity of concrete columns, as fire endurance generally improves with
member size of cross-section and thickness of concrete cover at the same load level. It is extremely
rare to do research on the effect of size on the residual load carrying capacity of unstressed
Reinforced Concrete (RC) columns exposed to fire. There are only a few studies available on this
concept. To determine the effect of size of cross-section and thickness of concrete cover on
percentage residual load carrying capacity, experiments were conducted at increased temperatures
of 300,500, and 800°C on 150x150mm, 200x200mm, and 230x230mm square RC columns with
an L/D ratio of 4, concrete covers of 20,30, and 40mm, and fire durations of F30 (0.5hr), F60
(1.0hr), F90 (1.5hr), and F120 (2.0hr) in an unstressed condition. At all temperatures, it was
discovered that when the column size and cover thickness increase, the percentage residual
carrying capacity increases as well. Maximum loss of residual load carrying capacity occurred at
800°C, the loss being 63.20%, 41.60% and 32.10% for 150,200 and 230mm size columns
respectively at 2.0 hours with 20mm cover. The minimum cover was determined to be 30mm for
all three column sizes.
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Introduction

Along with other natural calamities, fire is one of the most destructive forces capable of destroying
structures. When a structure catches fire, the temperature rises and the structural materials fail as
a result of differential thermal expansion coefficients. Reinforced concrete is a frequently utilised
structural material across the world.If the primary components of RC structures and bridges, such
as slabs, beams, and columns, are exposed to an accidental fire, they may crack and lose bearing
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capability. A component member's failure can result in the partial or complete col
structure;thus, RC columns are critical components in a large number of structures. Nu
parameters, including the area of cross-section, the temperature, thecover thickness, the
reinforcement diameter,the fire duration, the grade of concrete, the percentage of mai
reinforcement, and the applied load during the fire, all have an effect on thecapacity of load
carrying of RC columns when exposed to fire [1]. If a structure is damaged by fire, it can be used
to evaluate if it should be retrofitted or demolished and rebuilt. There is no evidence of a size effect
in any strength deterministic theory's anticipated structural load capacity (e.g., elastic, plastic, or
elasto-plastic strength criterion) [2]. However, it has been established that the effect of size occurs
theoretically [3—7] and may be demonstrated experimentally and numerically for concrete in plain
and reinforced concrete members havingbeams,columns,and column-beam connections [8—18].
Numerous researches have been carried on the effect of the size of concrete members at room
temperature.However, a detailedliteraturereview reveals that little consideration has been paid to
the size effect on the residual capacity of load carrying of RC members during a fire. The influence
of column and beam size on the ofRC columns and beamsfire resistance was researched by Liu
Lixian (2010)[19]. This article discusses the impacts of size of cross-section on the RC column’s
and beam’sfire resistance, as well as the influence of cover thickness of concrete on the resistance
of fire of reinforced concrete beams. They concluded that as the cross-sectional area of the member
and the thickness of the concrete cover increases, theresistance of fire at similar load ratios
increases as well. [20] AneeshaBalaji (2016) investigated thereinforced column’s axial capacity
subjected to fire and discovered that the column's axial capacity rises as the concrete strength and
cross-section increase. Capacity increases by a greater percentage in columns with a larger cross-
section.

A series of tests was planned and conducted in this workto determine the column size effecton the
residual load carrying capability of RC columns exposed to axial loading under fire. One objective
was to determine the probable RC column size effect on residual load carrying capacity, and the
other objective was to determine the effect of RC column concrete cover thickness on residual load
carrying capacity.

Experimental study

Casting

Inthis experimentalwork, three sizes of columns, 36 numbers of each size having three different
covers, each cover column exposed to three different temperatures for a period of four different
fire durations, total of 108 columns with a dimensions of 150x150x600mm(C150),
200x200x800mm(C200), 230x230x920mm(C230)and a longitudinal reinforcement of 2% were
cast to determine the residual load carrying capacity after a fire. The columns were reinforced
longitudinally with HYSD (Fe500) and transversely with mild steel (Fe250) grade of steel. Figure
1 illustrates the details ofreinforcement of all the three columns. The columns were horizontally
cast with the aid of wooden moulds.
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Fig.1 Reinforcement details of a)C150 b) C200 ¢)C230

Three columns and three cubes were cast simultaneously from a single batch of concrete and for
28 days curing was done under water to determine the strength of the concrete.The concrete mix
consists of river sand, 10mm and 20mm crushed stone aggregate, and Ordinary Portland Cement
(OPC) of 53-grade. The mix fraction was adjusted after 28 days to attain a typical compressive
strength of 25MPa. The concrete mix contains 300 kg cement per m?, 150 kg water per m?, 752 kg
sand per m®, and 1236 kg crushed stone aggregate per m>.
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Fig.2 (a) Reinforcement cages (b) casting in wooden moulds (c) curing under water

Heating

In this work, RC columns were heated for 0.5, 1.0, 1.5, and 2.0 hours at 300°C, 500°C, and 800°C
in a Bhogie Hearth Furnace.The heating chamber is 750x600x2000mm in size. The furnace
operates between 25 and 1200°C. The furnace's heating profile complies with the ISO 834 fire
rating requirement. Three columns and three cubes are heated simultaneously to a specified
temperature for a predetermined duration without applying load.
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Fig.3 (a) Bhogie Hearth Furnace (b) Time- Temperature Curve

Testing

The load carrying capacity of the unheated and heated columns was determined using a
concentric loading in a 1000kN UTM. During the tests, the first load of crack, maximal crackloa

and breaking load were all documented.

(a)C150(30) (b) C200(40)
(a)C150(30) Column150x150x600 with 30mm cover
(b)C200(40) Column200x200x800with 40mm cover
(c)C230(20) Column200x200x800with 20mm cover

Fig.4. column testing

Results and Discussions
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Fig.SPercentage residual load carrying capacity variation with temperature for all column
sizes and covers with respect to 0.5hr fire duration
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Fig.6Percentage residual load carrying capacity variation with temperature for all column
sizes and covers with respect to 1.0 hour fire duration
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Fig.7Percentage residual load carrying capacity variation with temperature for all column
sizes and covers with respect to 1.5 hour fire duration
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Fig.8Percentage residual load carrying capacity variation with temperature for all column
sizes and covers with respect to 2.0 hour fire duration
Effect of Size on Residual load carrying capacity
As illustrated in Figures 5, 6, 7, and 8, the effect of size is most pronounced at F120 (2.0hr) with
a 20 mm cover thickness. At 300°C, 500°C, and 800°C, the percentage residual load carrying
capacity of the C150(20) column is 68.9, 56.5, and 36.80, respectively. At 300°C, 500°C, and
800°C, the percentage residual load carrying capability of the C200(20) column is 82.4, 78.0, and
58.40, respectively. At 300°C, 500°C, and 800°C, the percentage residual load carrying capacity
of the C230(20) column is 87.4, 83.6, and 67.9, respectively. At all temperatures, it is noticed that
as the column's size increases, the percentage residual load carrying capacity increases as well.
The increase in residual load carrying capacity was found to be around 14%, 22%, and 22% at
300°C, 500°C, and 800°C, respectively, when the column size increased from C150(20) to C200
(20). The percentage increase in residual load carrying capacity was approximately 5%, 6%, and
10% at 300°C, 500°C, and 800°C, respectively, as the column size increased from C200(20) to
C230(20). The percentage increase in residual load carrying capacity was approximately 19%,
27%, and 31% at 300°C, 500°C, and 800°C, respectively, as the column size increased from
C150(20) to C230 (20). The percentage increase in residual load carrying capacity from C200(20)
to C230(20) is determined to be relatively small at all temperatures.
Effect of Cover thickness on Residual load carrying capacity
The effect of cover thickness on residual load carrying capacity is illustrated in Figures 5, 6, 7, and
8. As the thickness of the cover increases, the percentage residual load carrying capacity increases
as well, for any temperature and time, regardless of the column size. Although residual load
carrying capacity rises with cover, the improvement is negligible for all three column sizes at 30
and 40mm coverings. As a result, the 30mm cover is optimal. For all three cover thicknesses, the
lowest values of percentage residual load carrying capacity were recorded at 800°C and
F120(2.0hours). The lowest percentage residual load carrying capacity values for C150 were found
to be 36.80, 44.60, and 44.70 at 20mm, 30mm, and 40mm covers, respectively. The % residual
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load carrying capability of C200 was determined to be 58.40, 59.30, and 59.40 at 20, 30,
covers, respectively. The % residual load carrying capacity of C230 was determined to be
68.80, and 68.90 at 20, 30, and 40mm covers, respectively. For C150, it is noticed that ¢
thickness has a noticeable effect on the % residual load carrying capability. It is minimal in th
case of C200 and C230.

Conclusions

As the column's size increases, the proportion of residual load carrying capacity increases as well.
At 300°C, no significant effect of size on residual load carrying ability is observed for 0.5 and 1.0
hour fire durations.

Maximum residual load carrying capacity losses were reported to be 63.20 percent, 41.60 percent,
and 32.10 percent for 150mm, 200mm, and 230mm size columns, respectively, at F120(2.0hr),
800°C, and 20mm cover thickness.

As the cover thickness increases, the percentage of residual load carrying ability increases as well.
The improvement in % residual load carrying capacity is negligible for 30 and 40mm coverings.
As aresult, the 30mm cover is optimal.
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