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Hybrid beams are critical components in structural engineering, often 
reinforced with high-tensile-strength materials that surpass 
conventional reinforcement bars. Cold-Formed Steel (CFS) is a 
commonly utilized material in this context, offering enhanced 
structural performance, durability, and load-bearing capacity. 
However, previous studies indicate that the incorporation of the CFS in 
hybrid beams often leads to a strength reduction of approximately 50% 
compared to theoretical expectations. This discrepancy is primarily 
attributed to slippage between the CFS and concrete, resulting from the 
smooth surface texture of the CFS, which limits effective bond 
formation. To address these challenges, shear connectors are proposed 
to enhance the CFS-concrete bond, aiming to boost load-carrying 
capacity. Therefore, this study aims to investigate hybrid beams 
reinforced with the CFS, focusing on ultimate load, deflection, ductility, 
and failure patterns. Six beams, varying in the CFS shape and shear 
connector type, underwent 3-point flexural testing. The results showed 
an impressive increase in ultimate load, of approximately 87.33%, and 
notable deflection reductions, ranging from 15.4% to 81.9%, compared 
to control beams. However, beam ductility decreased significantly, with 
the largest reduction observed at 78.83%, while flexural failure 
remained the predominant mode across all specimens.  

Keywords 
Shear connector, hybrid beam, cold-
formed steel 

1. Introduction 
A hybrid reinforced concrete (RC) beam is a structural beam that incorporates additional materials or elements, 
often with higher tensile strength, to enhance its performance characteristics. The strengthening of hybrid beams 
is currently often carried out by using materials with higher tensile strength than conventional reinforcement 
steel. In line with the development of material technology, other materials have greater yield strength and tensile 
strength than ordinary reinforcing bars, namely Cold-Formed Steel (CFS). These bars have high tensile strength 
and light properties compared to ordinary steel because it has a skinny cross-section. With advancements in 
construction technology, the CFS is increasingly utilized in secondary structural elements that complement the 
main structure, enhancing overall efficiency and durability [1]. Many utilise CFS not only for truss frames in roofs 
but also in other structural elements. Alenezi et al. [2] investigated its use in columns reinforced with ferrocement. 
Taheri et al. [3] explored the CFS application in beams designed to withstand bending loads. Additionally, 
Puluhulawa et al. [4] examined its effectiveness in reinforcing existing floor slabs. Moreover, Kadir et al. [5] 
studied its use as braces for house walls. These studies demonstrate the diverse applications of CFS in 
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construction, showcasing its versatility and potential for enhancing structural strength and stability in various 
building elements.  

The CFS components and structures are increasingly being used in the construction industry due to their 
outstanding structural and economic characteristics. The use of the CFS has reduced steel consumption by 
approximately 50%, construction time by up to 60%, and construction costs by up to 25%. The advantages of 
using the CFS include its lightweight nature, ease of connection, dimensional stability, simple implementation and 
transportation, and cost-effectiveness [6]. Other advantages of the CFS are : (i) high strength and rigidity, (ii) quick 
and easy to transport and install, (iii) reduced weather delays, (iv) no formwork required, (v) easy to cut, (vi) 
uniform size, (vii) capable of accommodating tolerances, and (viii) which also have a variety of shapes and 
configurations. The CFS sectional thicknesses typically range from 1.2 mm to 3.2 mm, with cold-formed members 
with a typical yield stress of 350 MPa to 550 MPa [7]. 
The problem with the CFS is the presence of local buckling on the web or flange that occurs due to bending loads. 
Therefore, several studies have focused on adding restraints to the CFS in resisting bending including adding 
lightweight concrete as a stiffener to the CFS with a C-shape, the result is an increase in flexural stiffness, flexural 
capacity, and ductility performance [8]. 

The use of CFS as additional tensile and shear reinforcement in beams has been attempted previously, but the 
results have only reached approximately 50-60% of the theoretical expectations [9]. This might be attributed to 
slippage occurring in the CFS as a flexural reinforcement, given that it has a relatively smooth surface [10]. 

From the problem descriptions, modifying the surface of the CFS appears to be the primary solution to address 
these issues. The addition of shear connectors to mitigate slippage on the light steel surface can be achieved by 
adding bolts and utilizing the light steel itself to create a rough surface. This approach has been previously 
demonstrated by Irwan et al. [11], in the context of composite the CFS beams and RC floor slabs. The bond between 
the light steel beam and the RC floor slab can be enhanced through the use of bolts and modifications to the light 
steel section itself, improving structural integrity and load transfer efficiency. The objective of this study is to 
investigate the behavior of hybrid beams strengthened with the CFS, determine the extent of the increase in 
flexural capacity of the CFS of -reinforced hybrid beams, and evaluate the deflection, ductility, and failure modes 
of these beams.  

2. Materials and Methods 

2.1 Initial Analysis and Beam Dimension Determination 
The initial phase of this study involves analyzing to determine the dimensions of the beam and the quantity of 
reinforcements required, considering the maximum load capacity of the laboratory equipment. In terms of the 
steel and concrete quality, this preliminary analysis relies on theoretical values derived from previous research 
findings. The result of this initial analysis establishes the dimensions of the beam as 150 x 250 x 1300 mm. This 
beam is reinforced with 2𝜙𝜙8mm bars for tension, 2𝜙𝜙5 mm bars for compression, and 𝜙𝜙5 - 200 mm stirrups. 
Additionally, two shapes of cold-formed steel are utilized, such as rectangular with dimensions of 50x0.75 mm 
and U-shaped obtained from the CFS C75x0.75mm, commonly used in roof truss structures. The placement of the 
CFS is meticulously arranged to fit the small beam dimensions and avoid interference with the concrete 
compacting process. This phase overlooks the potential issue of slippage between the  CFS and concrete. To 
anticipate this problem, shear connectors from the CFS web, formed as squares and triangles, as well as self-
drilling screws, are utilized. 

Fig. 1 shows information on the stress-strain distribution in the CFS hybrid beams for analyzing the load or 
moment of the CFS hybrid beams. Tcfs1 and Tcfs2 represent the resultant tensile forces in the CFS, Ts1 represents the 
resultant tensile force in steel reinforcement, and Cc represents the resultant compressive force in concrete. 
Details of the reinforcements and the beam's cross-section are shown in Fig. 2. 
 

 
Fig. 1 Stress-strain distribution in the CFS hybrid beam 
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Fig. 2 Details of specimens - (a) Controlled beam; (b) Hybrid beam with plate-shaped the CFS; and (c) Hybrid beam 
with U-shaped CFS 

2.2 Mix Design Composition 
The next step in determining the composition of a concrete mix with a strength of 25 MPa is to refer to the 
Indonesian National Standard [12]. The composition of the concrete mix per cubic meter used consists of 386.7 
kg of cement, 205 kg of water, 606 kg of sand, and 1177 kg of coarse aggregates. 

2.3 Preparation of Specimens 
In the CFS, shear connectors in the form of self-drilling screws with a diameter of 4 mm (see Fig. 3), are installed, 
with square and triangular shapes measuring 10x10mm. The square and triangular shear connectors are 
fabricated on the CFS itself. The quantity and spacing of the shear connectors are calculated based on Cui et al. 
[13], by initially conducting shear testing of the drilling screws with the CFS according to Lin et al. [14]. Details of 
the shear connectors used can be seen in Fig. 4. 
 

 
Fig. 3 Self-drilling screw as stud connector 
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Fig. 4 Details of the shear connectors - (a) HPS2;(b) HPS1; (c) HPS3; (d) HUS2; and (e) HUS1 

One control beam and five hybrid beams were fabricated as samples. The variations in the hybrid beams were 
based on the CFS shape and shear connector variations. Details and the number of test specimens that have been 
prepared can be seen in Table 1. Subsequently, concrete mixtures were mixed with a slump value ranging from 
75-120 mm. During the pouring process, concrete cylinders were also cast to determine the actual concrete 
quality. The care for the concrete beam specimens was carried out by covering specimens with burlap sacks and 
watering for 28 days to prevent cracking due to the heat of hydration from the cement. 

Table 1  Specimens specification 

Name of Specimens Number of 
specimens Beam size (mm) Shear connector 

Control Beam (CB) 1 150 × 250 × 1300 - 

Hybrid beam with plate shape of CFS (HPS1) 1 150 × 250 × 1300 Self-drilling screw 
diameter 4 mm 

Hybrid beam with plate shape of CFS (HPS2) 1 150 × 250 × 1300 Square, size 10 × 10 mm 
Hybrid beam with plate shape of CFS (HPS3) 1 150 × 250 × 1300 Triangle, size 10 × 10mm 

Hybrid beam with U-shape of CFS (HUS1) 1 150 × 250 × 1300 Self-drilling screw 
diameter 4 mm 

Hybrid beam with U-shape of CFS (HUS2) 1 150 × 250 × 1300 Square, size 1 × 1 cm 

2.4 Flexural Testing 
The flexural strength testing of concrete beams for all variations was conducted using a concentrated load or 
three-point load test. The concrete beam specimens were tested after being aged for 28 days. For the testing 
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procedure, the specimens were positioned on a loading frame with roller supports at both ends. The clear span of 
the beam for flexural testing was 1100 mm, and loading was applied symmetrically at the midpoint of each support 
to ensure pure bending. Loading was executed using a hydraulic jack equipped with load-reading indicators on 
the attached manometer. The loading process was gradual, with increments of 1 kN applied. Testing continued 
until the beam collapsed, and the load reading indicator reached its maximum value. The equipment setup and 
loading of the concrete beam specimens can be observed in Fig. 5. 
 

 
Fig. 5 Setup of the three-point bending test 

3. Result and Discussion 

3.1 Material Properties 
The average concrete strength, determined from five cylindrical specimens, was 23.63 MPa, which is equivalent 
to a 28.5 MPa cube test. The results of tensile tests conducted on both plain reinforcement bars and 0.75 mm thick 
CFS are presented in Table 2. 

Table 2  Data properties of bars and CFS 

Sample Dimension 
(mm) 

Yield 
strength 

(MPa) 

Ultimate 
strength (MPa) 

Plain bar 5 mm 5.15 435.71 600.57 
Plain bar 8 mm 7.55 374.77 531.48 
CFS 12.85 × 0.75 522.11 527.60 

3.2 Flexural Strength 
The results of the flexural strength of the controlled beam (CB), as well as the hybrid beams with either plate-
shaped or U-shaped, can be observed in Table 3. Meanwhile, the relationship between load and deflection is 
illustrated in Fig. 6. 

Table 3  Results of the three-point bending test 

Specimens 
Load (kN) % Change 

Ultimate load Momen (kNm) Deflection* 
(mm) 

% Change 
Deflection** First Crack Ultimate 

CB 12.04 23.89  6.57 11.47   
HPS1 39.91 42.49 77.86 11.68 4.86 -57.63 
HPS2 22.64 33.64 40.81 9.25 2.08 -81.87 
HPS3 24.72 44.75 87.33 12.31 3.75 -67.31 
HUS1 32.55 42.69 78.69 11.74 6.85 -40.28 
HUS2 15.32 42.71 78.78 11.75 9.7 -15.43 
* Deflection at the maximum load 
** The difference in deflection of each specimen compared to the deflection of CB 
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Based on the results of the three-point bending test, it can be observed that the beams initially experienced 
the first crack at a load range of between 12.04 kN for the CB beam and up to 39.91 kN for the HPS1 beam. 
However, beams with screw shear connectors (HPS1 and HUS1) had higher first crack load values compared to 
beams with other types of shear connectors. The maximum load occurred in the HPS3 beam, reaching 44.75 kN, 
which is 87.33% higher than the CB beam. All HPS and HUS beams exhibited an increase in maximum load 
capacity, ranging from 40.81% to 87.33%, compared to the CB beam. As the load increased, the beams also became 
stiffer, as indicated by the smaller deflection that occurred at the maximum load. When compared to a previous 
study by Puluhulawa et al. [10], which used light steel without shear connectors, the increase in beam capacity 
ranged from 38.6% to 45.4%. Therefore, it can be presumed that the addition of shear connectors to light steel 
can enhance the bond between CFS as tensile reinforcement in concrete beams. 

In terms of load-deflection profiles, both the CB beam and the HUS beams exhibit strikingly similar patterns 
and can be delineated into three distinct stages: pre-cracking, cracking, and post-failure. Initially, during the pre-
cracking phase, all curves maintain a relatively linear trajectory until they transition into the cracking phase, 
where a noticeable steepening occurs, leading to the peak load. Subsequently, the post-failure phase ensues, 
characterised by a decline in load accompanied by an increase in deflection. Notably, these phases occur at 
disparate load values for the CB beam and the HUS beams, suggesting that the latter possesses a superior load-
carrying capacity attributed to the incorporation of CFS as flexural reinforcement. 
 

  
(a) (b) 

Fig. 6 The relationship between load and deflection (a) CB vs HUS beams; (b) CB vs HPS beams 

Fig. 6(a) highlights that regardless of the type of shear connectors employed in the HUS beams (whether 
screws or squares), no significant disparity in capacity is observed. This emphasises that the choice of shear 
connectors has a minimal influence on load capacity. In Fig. 6(b), the load-deflection profiles are shown for the CB 
beam and the HPS beams. Generally, the HPS beams exhibit superior ultimate stiffness compared to the control 
beams, indicating their enhanced ability to withstand loads. Additionally, variations in the shape of shear 
connectors in plate-shaped beams demonstrate a negligible impact on capacity enhancement. Consequently, it is 
deduced that the integration of CFS with augmented shear connectors enhances the load-bearing capacity of 
concrete beams. 

It was observed that the beams with plate-shaped and triangle shear connectors demonstrate superior load-
bearing capacity compared to other beam configurations. Conversely, the beams with plate-shaped and square 
shear connectors display minimal deflection at maximum load relative to other beams. It can be understood that 
incorporating CFS as tensile reinforcement enhances the maximum load-bearing capacity of beams. Notably, 
beams with identical shear connectors but different CFS profiles (plate-shaped and U-shaped) exhibit nearly 
identical curve shapes, albeit with the beams with plate-shaped demonstrating greater stiffness compared to the 
beams with U-shaped. 

3.3 Comparison of Experimental to Theoretical 
Table 4 presents a comparison between the experimental ultimate loads and the theoretical ultimate loads. The 
theoretical loads for the CB beam were computed using the Whitney Rectangular Stress Distribution Method, 
incorporating actual data from tested concrete and steel components. Similarly, for the hybrid beams, the same 
methodology as for the CB beam was employed, albeit with the incorporation of CFS in the tensile zone, assessed 
relative to the distance from the compression block stress. It is observed that the ratio between the experimental 
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load and the theoretical analysis load ranges from 0.67 to 0.95. The CB beam has the highest ratio, which is 0.95. 
This value indicates that the theoretical analysis can be used as a reference during implementation. In the case of 
the HUS beams, the obtained ratio values are the same, at 0.94, implying that the shape of the shear connector 
does not significantly influence this ratio. However, the type of CFS used can affect this ratio, as evidenced by the 
HUS beams having a higher ratio compared to the HPS beams. 

Table 4 Ratio of ultimate load from experimental and theoretical 

Method 
Specimens 

CB HPS1 HPS2 HPS3 HUS1 HUS2 
Theoretical ultimate load (kN) (Tul) 25.07 49.92 45.56 
Experimental ultimate load (kN) (Eul) 23.89 42.49 33.64 44.75 42.69 42.71 
Ratio = Eul/Tul 0.95 0.85 0.67 0.90 0.94 0.94 

3.4 Ductility 
Various definitions of ductility and ductility indices exist for traditional reinforced concrete (RC) structures using 
only steel rebars. Ductility in these structures is often defined as the ratio of the deflection at the ultimate load to 
the deflection at the yield load. However, in the case of CFS materials, which exhibit a linear stress-strain 
relationship until failure and a linear energy release pattern, this differs from traditional steel reinforcement. 
Consequently, in this study, ductility is evaluated based on the energy theory as proposed by Hadi et al [15]. 
Ductility (µE) was determined using Eq. (1) by analysing the load-deflection profiles observed during the testing. 
 

𝜇𝜇𝐸𝐸 =
1
2
�
𝐸𝐸𝑇𝑇
𝐸𝐸𝑒𝑒𝑒𝑒

+ 1� (1) 
 

where ET = Einel+Eel is the total energy, Einel represents plastic energy, and Eel represents elastic energy. Einel and Eel 
can be derived from the load-deflection profiles of the hybrid-RC beams. According to Wei et al. [16], there are 
two methods for determining ductility based on the load-deflection curves, as shown in Fig. 7. 
 

  
(a) (b) 

Fig. 7 Determine Eel based on load-deflection profile by considering -  (a) Load reduction; and 
 (b) Curve only up to the peak load 

Table 5  Ductility of the beams 

Specimens 
Slope Load 

ET Eel Ductility % 
Change* S1 S2 S P1 P2 Pu 

CB 23.16 2.54 11.99 10.94 23.88 24.73 231.55 25.51 5.04  
HPS1 52.28 9.46 30.07 17.28 35.90 42.49 161.27 30.02 3.19 -36.77 
HPS2 19.72 13.26 16.84 18.64 33.64 33.64 38.08 33.60 1.07 -78.83 
HPS3 23.47 11.88 18.78 23.66 39.75 44.75 116.15 53.32 1.59 -68.46 
HUS1 12.76 7.12 10.91 24.16 36.02 42.69 208.69 83.55 1.75 -65.29 
HUS2 17.16 1.85 9.82 21.61 41.52 42.71 326.03 92.88 2.26 -55.24 
* The difference in ductility of each specimen compared to the ductility of CB 
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From Table 5, it can be observed that all beams with the addition of CFS experienced a reduction in ductility 
values, ranging from 36.77% to 78.83%. This suggests that strengthening hybrid beams with CFS can reduce the 
ductility of the beams. This condition is supported by Hadi & Yuan. [15] and Pang et al. [17], who indicate that the 
addition of reinforcement ratio with materials having higher tensile strength can decrease the ductility of hybrid 
beams. The lowest ductility value is found in the HPS2 beam, which is attributed to its smaller deflection compared 
to the others. Beams with nearly the same Pu values (HPS1, HUS1, and HUS2) exhibit varying ductility values due 
to differences in deflection. This variance affects the ratio comparison between ET and Eel. In conclusion, the use 
of shear connectors in CFS has the effect of improving the bond between CFS and concrete, thereby reducing 
ductility values. 

3.5 Failure Mode 
The crack patterns observed in the beams during flexural testing are depicted in Fig. 8. The findings show that 
nearly all beams experienced pure flexural failure, with cracks appearing exclusively in the middle of the span. 
However, beam HPS3 exhibited a flexural-shear failure, evident from diagonal cracks extending from the supports 
towards the load. This occurred because HPS3 sustained a load 87.33% higher than CB, exerting considerable 
shear force on the specimen. The stirrups' capacity proved inadequate to resist this load, leading to diagonal shear 
damage. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

 

 
(e) 

Fig. 8 Crack pattern - (a) CB; (b) HPS1; (c) HPS3; (d) HUS1; and (e) HUS2 

4. Conclusion 
The conclusions drawn from the application of shear connectors to CFS for modifying the CFS section as a 
strengthening material in hybrid beams are as follows: 
• All beams with added shear connectors showed a notable increase in load-carrying capacity, ranging from 

40.81% to 87.33%, compared to the control beams. 
• The addition of shear connectors to the CFS can reduce deflection ranging from 15.4% to 81.9% compared to 

the control beams. 
• All beams with added shear connectors experienced a reduction in ductility compared to the control beams.  
• The predominant failure mode observed in all beams was flexural failure, except for the HPS3 beam, which 

exhibited flexural-shear failure. 
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