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ARTICLE INFO ABSTRACT

Article Type: Fire poses a constant risk to reinforced concrete (RC) structures, and
Original Research as such, this study aimed to compare the performance of lightweight
concrete (LC) deep beams reinforced with glass fiber-reinforced
polymer (GFRP) before and after exposure to fire. Four experimental
specimens of LC deep beams reinforced with GFRP rebars were
fabricated and tested using a four-point bending method, including
two specimens with 60 mm stirrup spacing and two with 150 mm
stirrup spacing. The findings revealed that the failure mode of the
specimens shifts from shear to bending after exposure to fire, and the
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g:gw]g:;:n ultimate load capacity decreases by 22% and 27% in the laboratory
Firep specimens with 60 mm and 150 mm stirrup spacing, respectively.
: : However, reducing the stirrup spacing from 150 mm to 60 mm
énglglt,V\g;lrgsh t Concrete increases the ultimate load capacity by 11.4% and 19.2% at normal

Distance of Stirrups

temperature and after exposure to fire, respectively. Fire caused

spalling and cracking of the concrete cover, but the amount of damage
was less severe in the specimen with a stirrup spacing of 60 mm.
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EXTENDED ABSTRACT

Introduction

The safety of reinforced concrete (RC) structures exposed to fire is a critical design
requirement, and numerous studies have investigated the effects of fire on concrete and the
use of new materials like fibre-reinforced polymers (FRPs) to improve structure behaviour.
Deep beams, which are commonly used in high-rise buildings, tanks, and silos, require
particular attention when exposed to fire due to their minimal thickness compared to other
geometrical dimensions. Recent research has explored the effects of adding fibres and
heating concrete specimens experimentally and numerically in both normal and deep RC
beams. However, there is a lack of research on the behaviour of lightweight concrete (LC)
deep beams reinforced with GFRP rebars under fire. Therefore, this study aimed to
investigate the behaviour of LC deep beams reinforced with GFRP rebars before and after
fire exposure, considering stirrup spacing as a variable. Four laboratory specimens were
cast and tested, and various parameters were evaluated, including load-displacement
diagram, ultimate load, cracking load, failure mode, and cracking pattern. The results of this
study will contribute to the understanding of the behaviour of LC deep beams reinforced
with GFRP rebars under fire and provide insights into their performance and safety under
such conditions.

Methodology

Experimental program

This study used LC to create laboratory specimens, which were prepared using cement,
LECA, sand, and superplasticizer as per the mixing planin Table 1. An aggregate grading test
was conducted based on ASTM C136 criteria. The specimens were tested for compressive
and tensile strength before and after exposure to fire for 60 minutes in a furnace according
to ASTM-E119. Four deep beam laboratory specimens, reinforced with steel and GFRP,
were evaluated before and after fire exposure, with two specimens having a 60 mm stirrup
distance and two having a 150 mm stirrup distance. The specimens had a thickness of 100
mm, a cross-section height of 450 mm, and a clear length of 1400 mm, with a shear
span/depth ratio of 2.02. The specimens were exposed to thermal load according to the
standard time-temperature diagram specified in ASTM-E119, as presented in Figure 1.

Table 1. LC mixing plan (per cubic meter).

. Cement Course Agg. Fine Agg. Superplasticizer
Material w/C
(kg) d (LECA) (kg) (sand) (kg) (kg)
Proportion
510 0.41 475 625 5.5
(kg/m3)
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Figure 1. Time-temperature diagram of ASTM-E119 and experimental models.

Experimental setup specifications

In Figure 2, the supports for the deep beam specimens are simple and the loading is
applied symmetrically at two points. A completely rigid I-shaped section transfers the load
of the jack to the upper face of the beam. Steel plates with dimensions of 90 mm width and
100 mm length were used at the load application and support to prevent local failure of the
specimens. The force applied to the jack was measured using a spoke-type DYLF-102 high-
precision weighing load cell and an NI PCI-6251 M-Series multifunction DAQ data logger
device. The displacement value of the beam was measured using a Miniature spring
automatic reset electronic ruler KTR displacement sensor (LVDT) installed under the beam.

Figure 2. Experimental setup to test experimental specimens of the deep beam.
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Results and discussion

In Figure 3, the load-displacement diagram of LC deep beam specimens reinforced with
GFRP shows that fire reduces the initial stiffness and mechanical characteristics of the
specimens. The ultimate tolerable load decreases due to fire, and reducing the stirrup
distance before the fire and increasing the concrete confinement can increase the ultimate
load. The ACI standard produces conservative results, possibly due to weaker interlocking
of LC and lower tensile capacity of reinforcements. The Strut and Tie model indicates that
tie strength is the limiting factor, and reducing the distance between reinforcements
increases the cracking load. Table 6 shows that reducing the stirrup distance increases the
deformation of the mid-span of the beam, and fire reduces the deformation of the mid-span
of the beam, resulting in a more brittle fracture.

700 700
600 600
500 500
5 400 fz 400
§ 300 E 300
200 200
100 a T
2 ---m;(.c.l-’ 100 - P T
0 T—DBGEW . -~ ——DBGISW
0 2 4 6 8 10
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Midspan Displacement (mm)
@ (b)
Figure 3. Load-displacement diagram of laboratory specimens: a) DBG6F & DBG6W, b) DBG15F &
DBG15W.

Fire causes spalling and concrete cracking, leading to a shift in failure mode. GFRP
reinforcement may rupture due to loss of mechanical characteristics or separation from LC.

Conclusion

This research aimed to study how fire affects the behaviour of LC deep beams reinforced
with GFRP. Four laboratory specimens, two with a stirrup distance of 60 mm and two with
150 mm, were tested before and after fire using a four-point test. The results showed that
fire reduces compressive and tensile strength, stiffness, ultimate load, and deformation of
the beams. The failure mode shifts from shear to bending, and reducing stirrup distance
improves the behaviour of the beam in pre- and post-fire conditions. These findings can be
useful in designing structures to resist fire and ensure their safety.
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