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Abstract
The present research work is carried out to investigate the effect of cover, temperature, and fire duration on the residual load 
carrying capacity of unstressed Reinforced Concrete (RC) columns exposed to fire. Experiments were conducted at increased 
temperatures of 300,500, and 800 °C on 150 × 150 mm RC columns with an L/D ratio of 4, concrete covers of 20,30, and 
40 mm, and fire durations of F30 (0.5 h), F60 (1.0 h), F90 (1.5 h), and F120 (2.0 h). Additionally, the residual compressive 
strength of plain concrete (same batch mix of columns) was evaluated after being exposed to similar fire durations. At all 
temperatures and fire durations, the percentage residual load carrying capacity of 30 and 40 mm cover columns is almost 
identical. The residual load carrying capacity decreased with the increase in the temperature. Maximum loss occurred at 
800 °C, the loss being 28.10%, 36.15%, 44.69% and 55.34% at 0.5, 1.0, 1.5 and 2.0 h respectively in columns with 40 mm 
cover. The results of compressive strength of concrete are in good agreement with the column results.
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1  Introduction

Along with other natural disasters, fire is regarded as one 
of the most destructive sources of structure destruction. If 
fire breaks out in a structure, the temperature rises and the 
structural materials fail due to differential thermal expan-
sion coefficients. Reinforced concrete is a widely utilised 
structural material throughout the world. The principal com-
ponents of RC structures and bridges, such as slabs, beams 
and columns, may crack and lose bearing capability if they 
are exposed to an accidental fire. Component member failure 
can lead to partial or complete collapse of structures; hence 
RC columns are crucial components in many structures. The 
various parameters such as cross-section area, fire duration, 
temperature, cover thickness, diameter of main reinforce-
ment, concrete grade, percentage of main reinforcement, 
applied load during fire etc., affect the load carrying capac-
ity of RC columns when subjected to fire [1]. If a struc-
ture is damaged by fire, its residual compressive strength 

can be used to determine whether it should be retrofitted 
or demolished and rebuilt. Many experimental studies in 
stressful conditions, such as the application of compres-
sive load during heating and cooling, have been done to 
determine the compressive strength of post-fire concrete. 
A very few studies are available in unstressed condition. 
The unstressed residual strength test has been argued to be 
more prudent in evaluating the post-fire or residual charac-
teristics of concrete [2–5]. Yaqub M [6] reported that the 
residual compressive strength of unstressed concrete on the 
seventh day after cooling to ambient temperature following 
exposure to 200 °C, 300 °C, 450 °C, 500 °C, and 550 °C 
was found to be 80%, 76%, 60%, 47%, and 30% of the origi-
nal value, respectively. Zahid MZA [7] conducted experi-
ments on square and circular RC columns with dimensions 
of 150 × 150 × 500 mm and 155 mm diameter, respectively, 
exposed to 600°C for 2 h to investigate the residual load 
carrying capacity in the unstressed state. According to the 
study, circular and square columns’ strength was reduced by 
49% and 51%, respectively. A concrete cube’s compressive 
strength has dropped to approximately 53% of its original 
value. M. Shariq [8] investigated experimentally, residual 
load bearing capacity of 100 × 450 mm concrete reinforced 
cylinders under unstressed condition at increased ranging 
temperatures from 200 to 800 °C, with 200 °C intervals, for 
a 3 h holding period. When compared to the bearing load 
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capacity at ambient temperature, the reported percentage 
loss in residual load carrying capacity after heating at 200, 
400, 600, and 800 °C is 24.5percent, 38.8percent, 63.3per-
cent, and 83.7percent, respectively.

2 � Experimental study

2.1 � Casting

In this experimental work, 36 square RC columns with a 
dimension of 150 × 150 × 600mm and a longitudinal rein-
forcement of 2% were cast to determine the residual load 
carrying capacity after a fire. As a control column set, a sin-
gle set of three columns was used. 36 cubes 150 × 150 × 150 
mm in size were cast to determine the residual compres-
sive strength of concrete after a fire. The columns were 
strengthened longitudinally with 4#12 mm diameter HYSD 
(Fe500) and transversely with 8 mm dia@150mmc/c mild 
steel (Fe250). Figure 1 illustrates the columnar placement 
of reinforcement. The columns were horizontally cast with 
the aid of wooden moulds.

Three columns and three cubes were cast simultaneously 
from a single batch of concrete and cured under water for 
28 days to test the concrete’s strength. The concrete mix 
consists of river sand, 10 mm and 20 mm crushed stone 
aggregate, and 53-grade Ordinary Portland Cement (OPC). 
The mix proportion was designed to obtain a characteristic 
compressive strength of 25 MPa after 28 days. The con-
crete mix contained 300 kg m−3 cement, 150 kg m−3 water, 
752 kg m−3 sand and 1236 kg m−3 crushed stone aggregate 
(Fig. 2).

2.2 � Heating

In this study, RC columns were heated at different tempera-
tures of 300 °C, 500 °C, and 800 °C for 0.5, 1.0, 1.5, and 

Fig. 1   Reinforcement placement in column

Fig. 2   a Reinforcement cages, a-1 20  mm cover cage, a-2 30  mm 
cover cage, a-3 40 mm cover cage b casting in wooden moulds c cur-
ing under water
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2.0 h in a Bhogie Hearth Furnace. The heating chamber 
measures 750 × 600 × 2000mm. The furnace operates at a 
temperature range of 25–1200 °C. The heating profile of 
the furnace complies with the ISO 834 fire rating standard. 
Three columns and three cubes are heated simultaneously to 
a specified temperature for a predetermined duration without 
applying load (Fig. 3).

2.3 � Testing

The load bearing capacity of the unheated and heated col-
umns was determined using axial concentric loading in a 
1000 kN UTM. The initial crack load, ultimate load, and 
breaking load were all recorded during the testing. To 
determine the compressive strength of concrete, pre- and 
post-heated cubes were loaded under a compressive testing 
machine (Fig. 4).

3 � Results and discussions

3.1 � Residual compressive strength

To determine the residual compressive strength of concrete 
cubes heated to 300 °C, 500 °C, and 800 °C in an unstressed 
state, they were compressed in a compression testing 
machine. The percentage residual compressive strength 
of post-heated cubes is illustrated in Fig. 5 as a function 
of temperature over a range of fire durations. At a specific 
temperature, the percentage residual compressive strength 
is represented as the ratio of the percentage compressive 
strength of post-heated concrete cubes at that temperature 
to the compressive strength of unheated concrete cubes.

As illustrated in Fig. 5, the % residual compressive 
strength decreased slightly around 300 °C. At 500 °C and 

Fig. 3   a Bhogie Hearth Furnace b time-temperature curve

Fig. 4   a column test set up b cube test set up c tested columns at 
room temperature-RT, 300 °C, 500 °C, 800 °C
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Fig. 5   Percentage residual compressive strength variation with tem-
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higher, it decreased significantly. This is because calcium 
silicate begins to breakdown into quick lime and silica at 
temperatures exceeding 450 °C. The percentage residual 
compressive strength falls as the temperature and exposure 
time rise. This is consistent with [M.Yaqub's] findings. 
At 0.5 h exposure, the percentage residual compressive 
strengths were 98.38, 95.16, and 70.16 at 300 °C, 500 °C, 
and 800  °C, respectively; at 2  h exposure, they were 
75.80, 62.90, and 43.54 at 300 °C, 500 °C, and 800 °C, 
respectively.

3.2 � Temperature VS percentage residual load 
carrying capacity

The RC columns heated to 300 °C, 500 °C and 800 °C 
in unstressed condition, were tested in hot state in UTM 
to assess the Residual Load Carrying Capacity. At a cer-
tain temperature, the percentage residual load carrying 
capacity is represented as the ratio of the percentage load 
carrying capacity of post-heated RC columns at that tem-
perature to the load carrying capacity of un-heated RC 
columns. The Figs. 6, 7, and 8 illustrate the variation in 
the % residual load carrying capacity of columns as a func-
tion of temperature for varied fire durations and concrete 
covers of 20, 30, and 40 mm.

It was observed from the Figs.  6, 7 and 8 that the 
percentage residual load carrying capacity of columns 
decreases with the rise in temperature irrespective of 
duration. This is an agreement with the findings of [M. 
Shariq]. The maximum percentage residual load carrying 
capacity of columns after heating to 300 °C, 500 °C, and 
800 °C was reported to be 70, 60, and 40, respectively. The 

reduction in load carrying capacity with temperature may 
be attributed to the bond failure.

3.3 � Concrete cover VS percentage residual load 
carrying capacity

It was observed from the Figs. 6, 7 and 8 that the percentage 
residual load carrying capacity of columns increases with 
the increase in concrete cover. Higher is the cover higher 
is the load carrying capacity. The load carrying capacity is 
less affected in the initial hours of fire exposure compared to 
later hours. This may be attributed to the less propagation of 
heat in the initial hours. The least percentage residual load 
carrying capacity was found to be 36.79, 44.59, and 44.65, 
respectively at 20, 30 and 40 mm covers heated to 800 °C 
for 2 h. It was observed that though residual load carry-
ing capacity increases with cover, at 30 and 40 mm covers, 
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Fig. 6   percentage residual load carrying capacity variation with tem-
perature for 20 mm cover

0

20

40

60

80

100

120

RT 300 500 800

0.5 hr

1.0 hr

1.5 hr

2.0 hr

R
es

id
ua

l l
oa

d 
ca

rr
yi

ng
 c

ap
ac

ity
 

(%
)

Temperature (0C)

Fig. 7   percentage residual load carrying capacity variation with tem-
perature for 30 mm cover
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Fig. 8   percentage residual load carrying capacity variation with tem-
perature for 40 mm cover
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the increase is marginal. Hence it can be concluded that the 
30 mm cover is optimal.

3.4 � Fire duration VS percentage residual load 
carrying capacity

Figures 6, 7, and 8 illustrate that the percentage residual load 
carrying capacity reduces as the fire duration increases. The 
effect of fire duration during the initial hours has a smaller 
effect on the percentage residual load carrying capacity. 
After heating to 300 °C for 0.5, 1.0, 1.5, and 2.0 h, the max-
imum reported loss of residual load carrying capacity was 
0.3%, 3.5%, 12.8% and 23.3%, respectively. It was reported 
that after heating to 500 °C for 0.5 h, 1.0 h, 1.5 h, and 2.0 h, 
the percentage residual load carrying capacity reduced by 
nearly 4%, 15%, 25%, and 35%, respectively. These findings 
are consistent with those of [9]. At 800 °C, the greatest loss 
of percentage residual load carrying capacities were found 
to be 28.10%, 36.15%, 44.69%, and 55.34%, respectively, 
when the exposure period of fire increased by 0.5 h, 1.0 h, 
1.5 h, and 2.0 h.

4 � Conclusions

Temperature, fire duration and concrete cover have signifi-
cant influence on Residual load carrying capacity of col-
umns exposed to fire.

The residual compressive strength of concrete reduces as 
the temperature and duration of the fire increases.

The percentage residual load carrying capacity of col-
umns decreases with the rise in temperature. Columns 
exposed to 800 °C temperature lost their strength by more 
than 50% of their original strength.

Residual load bearing capacity of fire exposed column 
increases with the increase of concrete cover. The maximum 
loss of strength is found to be more at 800 °C that is 63.21%, 
55.41%, and 55.34% corresponding to 20, 30 and 40 mm 
concrete covers.

Though the residual load carrying capacity increases with 
cover, the increase is marginal at 30 and 40 mm covers. 
Hence it can be concluded that the 30 mm cover is optimal.

The effect of fire duration is predominant at later hours 
compare to initial hours of fire duration. The maximum loss 
of strength is found to be more at 800 °C that is 28.10%, 
36.15%, 44.69% and 55.34% corresponding to 0.5 h, 1.0 h, 
1.5 h and 2.0 h.
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