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Abstract

This study introduces a new strengthening technique aimed at enhancing the shear performance of reinforced
concrete (RC) beams with pre-existing shear deficiencies. In the proposed technique, beams were strengthened
with C-shaped mild steel MS plate. A total of three beams were cast, which were intentionally weakened in
shear. Two were retrofitted using the proposed shear strengthening method, while one served as the control
specimen. The C-shaped mild steel flat bars were attached to the beam using bolts. Each plate was fastened using
two bolts. Before casting the control beams, essential material and mechanical property tests were conducted in
accordance with relevant ASTM standards. The beams were tested under four-point loading using a flexure
testing machine. Load-deflection data were recorded, and the behavior of the retrofitted beams was compared to
that of a control beam. Results from the comparative analysis demonstrated a significant increase in shear
capacity for the retrofitted beams relative to the control specimen. In the first retrofitted beam (SB-B-C1), an
enhancement of 20.82% in shear capacity was observed. No significant improvement in shear capacity was
found by increasing the length of bolts in case of second sample (SB-B-C2). Despite the observed gains in
strength, both shear strengthened specimens demonstrated reduced ductility and toughness compared to the
control beam. In strengthened beam, failure was initiated at the bolt locations, followed by spalling concrete, and
ultimately, failure occurred due to beam shear.
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1 Introduction

With the acceleration of urbanization, the demand for high-rise buildings continues to rise. Reinforced concrete
(RC) structures are commonly used in the construction of commercial, residential, and institutional buildings to
meet this growing need. However, shear deficiencies may develop in structural elements, particularly beams, due
to factors such as changes in loading conditions or poor construction practices, leading to structural behavior that
deviates from design assumptions. In such situations, the conventional solution often involves partial or complete
demolition, followed by redesign and reconstruction to meet the updated requirements. This approach, however,
results in increased carbon emissions and the generation of a large volume of construction waste, which poses
significant environmental challenges. Therefore, strengthening existing RC beams, rather than demolishing and
rebuilding them, presents a more sustainable and cost-effective alternative. This strategy not only minimizes
environmental impact but also reduces construction waste and overall costs.

To enhance the shear capacity of RC beams, this study proposes a novel shear strengthening technique utilizing
C-shaped mild steel (MS) flat bars. The method involves attaching these steel bars to the sides of the beam using
bolts, thereby enhancing the beam’s load-bearing and ductility performance without altering the original
structural configuration. This technique offers a practical and economical retrofit solution, addressing the
limitations of conventional strengthening methods that often rely on expensive materials or complex procedures.
The primary objective of this research is to develop and evaluate a sustainable and effective shear strengthening
method for RC beams, eliminating the need for reconstruction. Previous research has explored various
strengthening approaches. Zhang and Hsu (2005) investigated the use of carbon fiber-reinforced polymer (CFRP)
laminates for the shear strengthening of RC beams. Their study classified external CFRP reinforcement into
flexural strengthening, ductility enhancement, and shear strengthening, with CFRP applied to both sides of the
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Figure 1. Side and top longitudinal view.

beam at varying orientations. Pellegrino and Vasic (2013) proposed using fiber-reinforced polymer (FRP)
composites for shear strengthening of RC elements, while Aksoylu et al. (2022) and Haque et al. (2025) studied
the mechanical shear strengthening using steel bars and MS plates. In their study, RC beams were reinforced
with steel rebars and MS flat bars attached to the side faces of the beams. They reported significant
improvements in load-carrying capacity, particularly when the spacing was reduced.

From the literature, it is evident that most previous studies have focused on costly materials such as CFRP or
FRP for shear strengthening of RC beams. Research on low-cost, practical shear strengthening methods remains
limited. In this context, the present study introduces and evaluates the feasibility of an affordable shear
strengthening technique using mild steel components. Figure 1 illustrates the proposed method, in which a C-
shaped MS flat bar is anchored to the RC beam with bolts. The vertical leg of the C-shaped bar contributes
directly to resisting vertical shear forces in the shear-deficient beam. To assess the effectiveness of this
technique, the study examines the load-deflection behavior and failure modes of the strengthened beams.

2 Methodology

Three reinforced concrete (RC) beams were cast for the purpose of this experimental investigation. All materials
used were sourced and tested at the East West University Materials Laboratory in accordance with relevant
standards and guidelines. The control beam measured 1200 mm in length, with a cross-sectional dimension of
150 mm in width and 175 mm in depth. In the compression zone, two 10 mm diameter rebars were used, while
the tension zone contained two 12 mm diameter rebars. Additionally, 8 mm diameter stirrups were placed at the
beam ends and mid-span, with three stirrups provided in total. Among the three beams, one served as the control
specimen, while the remaining two were shear-strengthened using a proposed retrofitting technique. The
concrete mix used had a ratio of 1:1.5:3 (cement:sand:coarse aggregate), with a water-cement ratio of 0.48,
targeting an M20 grade concrete.

For shear strengthening, C-shaped mild steel (MS) flat bars were attached to the beams using anchor bolts. These
bars were positioned externally at predetermined locations, and the bolts were embedded into the concrete

Table 1. Description of the techniques properties.

Case Description No. of
name beam
CB Control beam made with Brick Chips 01

Retrofitted beam with a thickness of 2 mm and width of 17.5
SB-B-C1  mm C-shaped MS Flat bar shape bolted on upper and downside
at the rate of 75mm c/c from 3.25” from both side
Retrofitted beam with a thickness of 2 mm and width of 17.5
SB-B-C2  mm Steel Flat bar of “C” shape bolted on upper and downside 01
at the rate of 75mm c/c

01
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surface. The two strengthened beams were designated as SB-B-C1 and SB-B-C2. In SB-B-C1, the anchor bolts
were 25 mm in length, while in SB-B-C2, 37.5 mm long bolts were used. In both beams, the bolts were installed
at a spacing of 75 mm center-to-center. Table 1 presents a summary of the key parameters for the shear-
strengthened beams. All beams were tested using a flexure testing machine under four-point loading conditions
to evaluate their structural behavior.

3 Results and Discussions

The ultimate load, mid-span deflection, and modulus of toughness for both the control and strengthened beams
are presented in Table 2. It was observed that both strengthened beams exhibited higher load-carrying capacities
compared to the control beam. However, a noticeable reduction in both deflection and modulus of toughness was
found in the strengthened specimens, indicating a decrease in ductility. The effect of bolt length on structural
performance was minimal. No significant difference was observed in the load-carrying capacity or ductility
between the beams strengthened with 25 mm and 37.5 mm long bolts.

Figure 2 compares the load-deflection curves of the tested beams. In both strengthened beams, increased stiffness
was observed relative to the control beam. All beams experienced a reduction in load after reaching their ultimate
capacity; however, the magnitude of this drop was more pronounced in the strengthened beams, suggesting a
more brittle failure mode. The failure patterns are illustrated in Figure 3. As expected, the control beam failed in
conventional shear, with a dominant diagonal crack inclined at approximately 43°. In beam SB-B-C1 (with 25
mm bolts), failure was initiated by bolt failure, which was followed by shear failure of the beam. The cracks
observed in SB-B-C1 were finer and more scattered compared to the control specimen, and the primary shear
crack exhibited an inclination of 38°.

In contrast, beam SB-B-C2 (with 37.5 mm bolts) did not exhibit bolt failure; the beam failed directly in shear.
The shear cracks in SB-B-C2 were more pronounced and had a crack inclination of approximately 46°, similar to
that of the control beam. This unexpected drop in performance and change in crack behavior for SB-B-C2 is
likely attributable to poor workmanship during the strengthening process, which may have compromised the
effectiveness of the longer bolts.

Table 2. Ultimate load, deflection and modulus of toughness of control and strengthened beam.

Ultimate load Deflection at ultimate load Modulus of toughness
Specimen Fu. Enhancement Dy (mm) Enhancement U Enhancement
(kN) (KN.mm)

CB 50.86 5.73 181.58
SB-B-C1 61.45 +20.82% 4.15 -27.52% 138.09 -23.95%
SB-B-C2 51.42 +1.10% 4.66 -18.67% 142.80 -21.36%
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Figure 2. Load-Deflection Behavior of Control and Strengthened Beam.
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4 Conclusions

This study experimentally investigated the performance of reinforced concrete (RC) beams deficient in shear by
applying a newly proposed shear strengthening technique. Two beams were strengthened using this method and
tested under four-point loading to evaluate their structural response. The results indicated that the proposed shear
strengthening technique is effective, with the strengthened beams showing an approximate 20% increase in shear
capacity compared to the control beam. However, no significant improvement in ductility was observed in the
strengthened specimens. Both the control and strengthened beams ultimately failed in shear. In the case of the
strengthened beams, failure was initiated at the bolt connections, suggesting that the bolts are a critical
component in the performance of this strengthening technique.

Furthermore, the study found that the quality of workmanship plays a vital role in the effectiveness of the
strengthening method. Although the beam with longer bolts was expected to perform better, no additional
improvement in shear strength was observed due to poor installation quality. Therefore, proper attention must be
given to workmanship during the application of the proposed technique. Before this method can be adopted in
practical applications, further detailed and comprehensive investigations are required to ensure its reliability and
consistency under various conditions.

(c) SB-B-C2
Figure 3. Failure modes of Control and Strengthened Beams.
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