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Abstract

The objective of the study is to determine the flexural behavior of the built-up cold-formed steel (CES)
channel section strengthened with an oriented strand board (OSB) in the three-point bending experiment. CFS with
a variety of shapes and grades is classified as a steel-based material and exposed to buckling failure when
subjected to compression or flexural load. Thus, the CFS channel section with 100 mm of the web, 50 mm of the
flange, 12 mm of the lip, and 1.55 mm of thickness has been selected. Then, the built-up CFS channel section is
designed by filling with an OSB between the gap of each section. Channel, face-to-face built-up, and back-to-back
built-up CFS sections are three types of tested specimens. From the result and discussion, the specimen with back-
to-back built-up CFS section is recognized to sustain the ultimate load with the highest value when compared with

other specimens.
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1. Introduction

Cold-formed steel (CFS) is a steel-based material created at room temperature using steel sheets bent and rolled for
structural or non-structural purposes. Another example of a steel-based material is hot-rolled steel which is different in the
method of manufacturing and uses a high-technology machine with a lot of energy consumption. CFS is formed through
pressing, bending, and rolling at normal temperatures and is broadly used as a structural and non-structural component. Hot-
rolled steel is classified as a high-cost material, heavyweight with a high maintenance cost, and is different from CFS which
shows a lot of advantages such as cost-effectiveness, lightweight, fast erection or installation, ease of transport and handle,

corrosion resistance, etc.

Nowadays, many researchers are studying and discussing the CFS to swift hot-rolled steel as a structural component
such as beams and columns. In the construction industry, the CFS is often used for the channel, angle, zed, and hat sections,
but it may also be produced in a vast array of shapes, cross-sectional areas, and thicknesses. This well-liked section is
categorized as an open section, which is typical of an asymmetrical section and is vulnerable to failures. If no serious action
is taken, it may result in collapse and structural integrity problems. In residential houses or buildings, CFS is employed as an

interior wall panel, storage rack panel, and roof truss system.
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As mentioned before, structural integrity is becoming a critical issue if the section is proposed for the structural element
because the CFS material available in the market is an open and unsymmetrical section. Normally, CFS with an open section
and slender is often vulnerable to failure owing to buckling or instability circumstances, which can fall into one or a
combination of four categories for example local, distortional, lateral, and global buckling. Local and distortional buckling is
deformed on the flange and web element but the corner of the flange and web element is still in position. However, as
illustrated in Fig. 1, the overall section is moved and displaced to a different location due to lateral and global buckling. This
failure is a critical issue that must be solved before it becomes more serious and influences the overall structure. Additionally,

the slenderness of the CFS structural element enhances the susceptibility to instability failure.
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Fig. 1 The type of failure of the buckling that occurred in the CFS section [1]

To solve the problem, CFS is studied to form or to create by using several techniques or methods such as intermittently
stiffening, externally stiffening, adoption of corrugated web profiles, adoption of composite sections, etc. Usually, CFS is
studied to propose becoming a built-up section with a closed section or symmetrical section which is known as intermittently
or externally stiffening techniques. There are a lot of studies that focused on intermittently stiffening techniques such as
Selvaraj and Madhavan [2], Dar et al. [3] and Guzman et al. [4], and carried out on external stiffening techniques such as
Anbarasu et al. [5]. There are two basics of the built-up CFS section with simple fabrication which is conducted and focused

on in this study consisting of a back-to-back and face-to-face configuration.

Nevertheless, the American Iron and Steel Institute (AISI) has limited the prequalified geometry for the design of the
beam which is made by using a configuration of back-to-back built-up sections linked with two CFS channels [2]. Selvaraj
and Madhavan [2] have reported that due to the ongoing evolution, the existing design guidelines do not provide particular
design techniques for the built-up CFS section. The material that has been incorporated should give more advantages for the

overall section, such as being cost-effective and being able to reduce the structural integrity.

2. Cold-Formed Steel Composite Section

CFS is investigated to combine with other materials which is recognized as the adoption of the composite section
technique for flexural members and nowadays, becoming more popular. There are a lot of studies conducted on this
technique for instance Sifan et al. [6] and Dias et al. [7]. Additionally, the composite is made to be extremely strong,
resistant to buckling, seismicity, and fire and it is also capable of lowering manufacturing costs and material costs. Examples
of the other materials that have always been discussed in the previous study are concrete and mortar. Concrete and mortar
are classified as costly materials, expand CO; emission and produce a lot of environmental problems at the quarry site.
Kyvelou et al. [8] have mentioned that the structural component with the lightweight condition is suitable for earthquake
resistance which reduced the inertia load and is suitable for wind action resistance, especially uplift load. CFS is formed as a
built-up section by connecting one section or more sections to other sections by using fasteners such as screws, bolts and

nuts, welding, and other innovative jointers.
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Due to problems that are involved with concrete or mortar, the other materials, such as timber board or related to boards
based on timber, or waste materials such as ash or fiber, are introduced to amalgamate with CFS. The timber board is
appropriate to combine with CFS because of its flexibility, safety, stability, and durability. The combination of timber board
and CFS is designed and jointed by using adhesive, glue, fastener such as screws, bolts and nuts, and resin. There are a lot of
types of timber board such as chipboard or plywood board, medium density fiberboard (MDF) board, particle board, oriented
strand board (OSB) board, high-pressure laminate (HPL) board, acrylic board and non-timber board for instance cement

board, gypsum board, etc. All boards have their advantages and disadvantages, as also their utilization and suitability.

Many researchers focused on the combination of CFS with timber board for flooring systems and wall-bearing system
applications. Some of the studies combined the CFS and timber board such as particle board [9], plywood [9], cross-
laminated timber [10], and OSB [8] for flooring systems or wall bearing systems. Only a few studies were on proposed new
or innovative sections comprising the CFS with timber or non-timber board into one section, and, no information, guidelines,
or standard for designing the section. Lastly, several researchers have studied the newly created section made by CFS with
timber, for instance, Awaludin et al. [11] as shown in Fig. 2, Irawati et al. [12], Abou-Rayan et al. [13] as shown in Fig. 3

and CFS with engineered cementitious composite [14] as shown in Fig. 4.

0.8 mm
Screw ¢ 4mm

74 mm

200 mm
Fig. 2 The production of the composite section with CFS Z-section and timber laminas [11]
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Fig. 3 The CFS I-beam with a strengthened hollow flange on top and bottom with particleboard [13]
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Fig. 4 The CFS channel section combined with engineered cementitious composite [14]

OSB is an engineering timber panel that is popular nowadays as wall sheathing or wall decoration and shaped from a
cross-oriented layer of timber strands 8 to 15 cm long and incorporated with adhesives. It makes use of crooked, knotty, and
malformed trees that would otherwise go wasted and utilizes the entire tree. The adhesive that is used is from a group of
waterproof and heat-resistant types. The timber strands are combined with a waterproof resin, woven into dense mats, and
then heated and compressed by pressure to form a great bond. From the process, OSB as building panels that are classified as
strong, consistent, and have improved mechanical behavior like high strength and water resistance are the end product. OSB
is suitable for usage as roof, wall, and floor sheathing since it is a lightweight, robust, and adaptable timber product. OSB

performs and is as strong as plywood in terms of resistance to distortion, bending, and warping.
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Additionally, OSB is occasionally utilized as the skin element material for structural insulated panels as well as the web
element material for prefabricated I-joists and is used broadly in furniture manufacturing. Normally, OSB is easily obtained
from the timber board factory and in the industrial market where the origin of the material is from the Malaysian market or
imported from other countries. There are two main objectives of the study including introducing the CFS with an OSB which
can minimize the deformation, especially buckling failure. Secondly, to investigate the flexural behavior and determine the

failure mode of the built-up CFS strengthened with OSB.

3. Preparation of Material Specimen and Experimental Setup

In this section, the main parts are separated into two components; preparation of material and specimen, and
experimental setup. The preparation of material included CFS, built-up CFS, OSB, and built-up CFS with OSB. In addition,
the experimental setup is important for the component to determine the material properties of CFS and OSB, and the flexural

behavior of the CFS incorporated with OSB.

3.1. Material and specimen preparation

The CFS channel section with a steel grade of G450 and without web stiffener is chosen and section properties obtained
from the manufacturer are tabulated in Table 1. The ratio of all elements is examined to ascertain whether the section
dimension is suitable as a structural element. Flange element over thickness and flange element over a lipped element has
ratios of 32.26 and 4.17, respectively. The ratio between the web element with flange element, web element with thickness,
and web element with lipped element is noted as 2.0, 64.52, and 8.33, respectively. Lastly, the lipped element over thickness

ratio is reported to obtain 7.74.

To study the section for shifting to the structural component, it is crucial to know the web thickness ratio since it affects
the local buckling that occurs when a compression force is applied. According to BS EN 1993-1-1 [15], other factors
impacting the various buckling curves include the type of section and web-to-flange element ratio. The lateral-torsional
buckling of the CFS channel beam is also influenced by other factors, including the web element-to-flange element ratio,

span, residual stress, geometrical imperfections, and material properties [16].

Table 1 The section properties of the CFS channel section

Section dimension and properties

Notes Value Notes Value
Web, D 100 mm Flange, F 50 mm
Lipped, L 12 mm Thickness, ¢ 1.55 mm
Area, A 329 mm?2 Yield strength, fyr 450 MPa

Moment of inertia, Iy« | 0.531 x 10 mm* | Moment of inertia, I,y | 0.109 x 10® mm*
Section modulus, Zy | 10.625 x 10> mm? | Section modulus, Zyy | 3.237 x 10> mm?

Radius of gyration, Ry 40.209 mm Radius of gyration, Ry 18.215 mm

Centroid, X 16.313 mm

Ratio
F/t=b/t 32.26 F/L=b/c 4.17
D/F=h/b 2.00 D/t=h/t 64.52
D/L=h/c 8.33 L/t=c/t 7.74

The CFS channel section is clean and clear before being used attached in face-to-face and back-to-back configurations
for proposing the built-up CFS section. Besides, the CFS channel section is cut accordingly to the shape of the coupon
tensile specimen which is located at the flange and web element in the longitudinal axis. The material properties of CFS are
focused on the flat condition which is compared with the factory material properties values and the corner condition is not

considered in this study. The coupon tensile specimen is used in determining the material properties of CFS and checking
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whether the CFS material followed the section properties obtained from the manufacturer that followed BS EN10002-1 [17].
The 50 mm gauge length of the extensometer is located in the middle part of the specimens. For the chemical properties test,

CFS is cut into small sizes of 10 mm x 10 mm at any location.

OSB with a size of 1220 mm of width, 2440 mm of length, and 15 mm of thickness is selected and bought from the
manufacturer which is easy to attain from the industry market. OSB is cut by referring to CFS for attaching and placing to web
element in three layers. In addition, OSB is cut accordingly to the size of testing to determine the physical and mechanical

properties such as modulus of rupture (MOR), modulus of elasticity (MOE), internal bond, and thickness swelling.

There are three types of specimens established for calculating the flexural behavior of the built-up CFS channel section
strengthened with OSB as tabulated in Table 2. There are proposed three numbers of specimens for every type and another
specimen is produced without built-up arrangement and OSB that known as control specimen. The built-up CFS channel
section is fastened by using a bolt and nut with the end bolt spacing is 100 mm and middle bolt spacing is 400 mm, for a
total length of 600 mm. For the specimen with a length of 400 mm, the end and middle bolt spacing are 100 mm and 200
mm, respectively. The end bolt spacing for both specimens is constant and the use of M 10 bolts by referring to the study of

Muftah et al. [18]. Every built-up CFS channel section has two bolts and nuts.

Table 2 The description and symbols of the specimen

Symbols Description Length | Width Height
60WOOSB CFS channel section without OSB 600 mm | S0 mm | 100 mm
C60WOSB CFS channel section with OSB 600 mm | S0 mm | 100 mm

BF60WOSB | Built-up face-to-face CFS with OSB | 600 mm | 100 mm | 100 mm
BB60WOSB | Built-up back-to-back CFS with OSB | 600 mm | 100 mm | 100 mm
40WOOSB CFS channel section without OSB | 400 mm | 50 mm | 100 mm
C40WOSB CFS channel section with OSB 400 mm | 50 mm | 100 mm
BF40WOSB | Built-up face-to-face CFS with OSB | 400 mm | 100 mm | 100 mm
BB40WOSB | Built-up back-to-back CFS with OSB | 400 mm | 100 mm | 100 mm

OSB is used for protecting the CFS section to fail at the initial or beginning of the applied load. The CFS channel
section uses timber adhesive to attach with OSB at the flange and web element. The built-up CFS section is using bolt and
nut to attach with OSB at the flange element, and timber adhesive to attach with OSB at the flange and web element.
Between OSB to OSB is fastened by using timber adhesive. The CFS channel section is proposed for checking the flexural
behavior of the specimen without using bolts and nuts. Fig. 5 shows the schematic diagram of the CFS channel section
without OSB or specimen of 40WOOSB in the front and side view.

Oriented strand 50 mm
board (OSB)

Cold-formed

steel (CFS) 100 mm

400 mm

(a) Front view (b) Side view

Fig. 5 The example of the schematic diagram of the 40WOOSB specimen

3.2. Experimental setup

There are three parts of experimental activity in determining the material properties of CFS and OSB, and the flexural
behavior of CFS with OSB. The material properties of CFS and physical and mechanical properties of OSB have used the
universal testing machine (UTM) with 100 kN of capacity and the flexural behavior is utilized through the flexural machine

with 100 kN of capacity which is attached to a compressive strength machine. The pacing rate of 0.5 mm/min is considered
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for testing of material properties of CFS, and the physical and mechanical properties of OSB. Whereas, the pacing rate of
0.02 kN/s is utilized for flexural behavior testing. An example of the physical and mechanical properties test diagram

specifically MOR, MOE, and internal bonding is shown in Fig. 6.

(a) MOR and MOE test (b) Internal bonding test

Fig. 6 The schematic diagram of the physical and mechanical properties test

The chemical properties of the CFS are by using a glow discharge spectrometer testing to determine the quality and
authenticity of the steel material used. Tensile testing with the UTM is used to assess the mechanical behavior of the bolt and
nut for the built-up CFS section. The three-point flexural test is conducted as shown in Fig. 7. As mentioned before, there are
two specimens with a difference in length of the specimen which is noted to be 400 mm and 600 mm. The length of support-

to-support of 400 mm and 600 mm is 250 mm and 450 mm, respectively.

Specimen

2, 2

Length of support-to-support

Length of specimen

Fig. 7 The schematic diagram of the flexural behavior test

4. Result and Discussion

The result and discussion of material properties of CFS, physical and mechanical properties of OSB, and flexural
behavior of CFS with OSB are analyzed and discussed here. Besides, the failure shape of the specimens is also discussed and

the result data of experimental activity is compared with previous studies.

4.1. Material properties of CFS

The result of the material properties of CFS is tabulated in Table 3. Fig. 8 shows the load versus deformation and stress
versus strain of the coupon specimen. The bending and curving procedure naturally caused the flange element to have a
larger yield and ultimate strength rather than the web element. The ultimate load and deformation differences between the
web and flange elements are about 0.63 % and 33.50 %, respectively. When an element is bent and shaped from a flat

condition to other curved shapes, the ultimate load is what determines how much pressure is placed on it. With cold-forming
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and a resulting decrease in ductility, the element’s ultimate strength is enhanced. For example, on the issue, the web element
as a flat condition could be bent either in the right or left position to produce a flange element. The additional strength is
occurred and is added to existing strength when the process of bending took place. Hence, the ultimate load of the flange

element is more than the web element due to additional strength within the process of bending and shaping the element.

Table 3 The material properties of CFS

Ultimate Deformation | Ultimate tensile Yield Deformation | Modulus of | Factory yield
Element Joad (kN) at ultimate strength, f, strength, f; | atyield load | -elasticity strength, fyr | fu/fy
load (mm) (MPa) (MPa) (mm) (GPa) (MPa)
Web 4.093 1.05847 511.732 487.997 0.50062 216.45 450 1.049
Flange 4.119 1.59175 514.973 506.110 0.88474 200.18 450 1.018
600 e Web element

,,,,,, Flange element

0.01 0.02 0.03 0.04 0.05
Strain (mm/mm)

Fig. 8 The graph of the stress versus strain of CFS

The f, / fy ratio is a factor that determines how cold work conditions affect mechanical qualities. According to the result
data, the ratio of fi, / f; and f, / fyr for the web element is 1.049 and 1.137, respectively. Furthermore, the ratio of f, / fy and f, /
fyt for the flange element is reported to obtain 1.018 and 1.144, respectively. The values of f, / f; of the web and flange
element are reported to be significantly larger than 1.10 and recognized as good material in ductility when referring to BS

EN 1993-1-1 [15]. To prevent brittle fracture of the steel material in structures, ductility is crucial.

Table 4 The chemical properties of CFS

Value (%)
Chemical composition CFS channel section CFS G450 CFS G550
Pham et al. [19] | Chen et al. [20]
Iron (Fe) 99.0 97.52 - 99.70 99.57
Carbon (C) 0.0505 0.035-0.07 0.036
Manganese (Mn) 0.175 0.2-0.3 0.212
Phosphorus (P) 0.0309 0.00 - 0.02 0.020
Sulphur (S) 0.00848 0.00 - 0.02 0.011
Nickel (Ni) 0.314 - 0.038
Zirconium (Zr) 0.178 - -
Silicon (Si) 0.0145 0.00 - 0.02 0.062
Titanium (T1) 0.0274 - -
Aluminium (Al) 0.0182 0.02 - 0.07 -
Chromium (Cr) 0.0213 - 0.056

The chemical properties of the CFS channel section are tested and the result of the testing is tabulated in Table 4. It
showed that the CFS channel section that is used contributed 99.0 % for iron in the total amount of chemical composition.
Thus, the specimen is classified as a purely steel-based material. The composition of nickel in the CFS channel section with
the second highest amount could help the improvement of the fracture toughness and corrosion resistance. The percentage

amount of Phosphorus in the CFS channel section is not too high because the role of existing it will reduce the ductility of
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the material. The material has a carbon concentration of 0.0505 %, which is vital for producing the material’s strength. The
chemical composition of CFS material is compared with the CFS grade G450 and G550 that were used by Pham et al. [19]
and Chen et al. [20] in their research, respectively. The amount of iron in the specimens varies by roughly 0.57 % between

CFS and CFS G550. The amount of Manganese between all CES specimens is close to each other.

The mechanical behavior of the bolt and nut is conducted and the result is discussed here. The ultimate load and tensile
strength of the bolt are 30.24 kN and 385.09 MPa, respectively. The deformation of the bolt at ultimate load condition is

reported as having 2.97815 mm. The graph of the load versus deformation of the bolt and nut is illustrated in Fig. 9.

35000
30000
25000
20000

15000

Load (N)

10000

5000
2.97815 mm

0 v
0 1 2 3 4 5 6
Deformation (mm)

Fig. 9 The load versus deformation graph for bolt and nut

4.2. Physical and mechanical properties of OSB

Before being utilized for attaching to the CFS channel and built-up CFS section, the material properties of OSB include
the primary strength values that assessed their structural integrity, such as MOR and MOE. Additionally, the internal

bonding and thickness swelling is tabulated in Table 5.

Table 5 The physical and mechanical properties of OSB

This study | Christoforo et al. [21]
Species
Poplar, Combi, Pine, or Hardwood | Schizolobium amazonicum
Properties Value
Modulus of rupture (MOR) 17.54 MPa 49.51 MPa
Modulus of elasticity (MOE) 2969 MPa 6084 MPa
Density 702.3 kg/m? 630 kg/m®
Internal bonding 248 MPa 0.54 MPa
Thickness swelling 57.03 % 20.41 %
Water absorption 10.87 % 54.94 %

The physical and mechanical of the selected OSB are compared with other species of wood which are studied by
Christoforo et al. [21]. The percentage difference of the MOR and MOE between selected OSB and the study by Christoforo
et al. [21] is 64.57 % and 51.20 %, respectively. Lopes et al. [22] reported that the minimum value of MOE and MOR in
American National Standards Institute (ANSI) 208.1 is 1725 MPa and 11.33 MPa. Thus, the selected OSB stated that the
value of MOE and MOR met the requirement of ANSI 208.1. The density of both OSB specimens is below 800 kg/m* and
similar to the study by Lopes et al. [22] which mentioned the density of the OSB with different materials in the range of 640
kg/m? to 1020 kg/m>. The water absorption of the selected OSB is classified to have good water resistance when compared
with the previous study. From the testing, the physical and mechanical properties of selected OSB are not as good as the
timber species in the study by Christoforo et al. [21] but are appropriate when attached to a main structure such as steel-

based material.
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4.3. Flexural behavior of built-up cold-formed steel channel section strengthened with oriented strand board

The complete result of the flexural behavior test is shown in Table 6 including the mass, flexural strength, and failure
mode. The heavier specimen among all specimens is built-up CFS with OSB in face-to-face configuration. The mass of the
CFS channel section is increased when the OSB is attached with OSB with approximately 36.72 % for a length of 400 mm
and 37.10 % for a length of 600 mm. 69.90 % and 69.69 % recorded when the mass of 400 mm length of the CFS channel
section without OSB compared with the built-up CFS with OSB in face-to-face and back-to-back configuration, respectively.
Whereas the percentage difference of the mass of 600 mm length of the CFS channel section without OSB with the built-up
CFS with OSB in face-to-face configuration is 70.65 % and in back-to-back configuration is 69.15 %. Lastly, for lengths of
400 mm and 600 mm, the mass difference between the built-up CFS with OSB in face-to-face and back-to-back

configurations are 0.73 % and 4.89 %, respectively.

Table 6 The flexural behavior of the built-up CFS channel section

Specimen Mass (kg) | Ultimate load (kN) | Flexural strength (MPa) Failure mode

40WOOSB 1.0521 11.43 21.95 Local, distortional, and global buckling
C40WOSB 1.6625 15.87 11.90 Local and distortional buckling
BF40WOSB 3.4965 59.43 22.29 Local buckling
BB40WOSB | 3.4710 73.10 27.41 Local buckling

60WOOSB 1.5829 7.38 25.51 Local, distortional, and global buckling
C60WOSB 2.5165 21.26 28.71 Local and distortional buckling
BF60WOSB 5.3940 37.16 25.08 Local buckling
BB60WOSB | 5.1305 45.98 31.04 Local buckling

The mass of the specimen is not influenced directly by the result of the ultimate load and flexural strength but the aspect
that inclined to them is a cross-section, dimension, and section properties of the web and flange element in this experiment.
As observed from the result of the specimen BF4AOWOSB and BF60WOSB is heavy when compared with BB40WOSB and
BB60WOSB but the result of the ultimate load is low when compared to both specimens. Fig. 10 illustrates the relationship

between the mass of the specimen with the type of specimens in varying lengths.

6 s 400 mm
5 ’ T o = 600 mm
4

o

S

o 3

&)

=

o

CFS channel CFS channel Built-up CFS Built-up CFS
w/o OSB with OSB with OSB in with OSB in
face-to-face back-to-back

Fig. 10 The mass of the different types of specimens with varying length

The ultimate load of the beam is increased when the length of the beam decreased as shown in Fig. 11. The built-up
CFS with OSB in back-to-back configuration is noted to have the highest ultimate load when compared with the built-up
CFS with OSB in face-to-face configuration. 18.70 % and 19.18 % percentage differences of the ultimate load are reported
when comparing BF4AO0WOSB with BB4OWOSB and BF60OWOSB with BB60OWOSB, respectively. This is because the
height of the beam with a thicker element of the section for example the web element of the built-up CFS with OSB in back-

to-back configuration helped to prevent the local and distortional buckling when the load is applied.
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The web element of the beam in face-to-face configuration is 1.55 mm in two directions and the web element of the
beam in back-to-back configuration is twice 1.55 mm with a total of 3.10 mm. Although the beam in face-to-face
configuration is reported to have two directions of steel surface such as of the fully enclosed cage with a void in the middle
room 1is still not able to resist the failure of buckling. From the result, the percentage difference of the ultimate load of the
40WOOSB with C40WOSB is 27.98 % and 60WOOSB with C60WOSB is 65.29 %. The CFS channel section without OSB

is classified as flexible circumstances and unstable conditions when subjected to load.

The CFS channel section failed due to local and distortional buckling because they are in open-section and
unsymmetrical condition and finally they turned back to the original shape same as before testing. OSB helped the CFS
channel section to avoid an unstable condition of the section and reduce the failure of the buckling. The comparison
percentage of the ultimate load of the CFS channel section without OSB with the built-up CFS with OSB in face-to-face
configuration for 400 mm and 600 mm length is 80.77 % and 80.14 %, respectively. From the percentage difference, it was
found that the improvement of the ultimate load of the built-up CFS with OSB in face-to-face configuration is similar for the
two different lengths. Therefore, the improvement in the ultimate load of the built-up CFS with OSB in face-to-face
configuration is not affected by the length of the beam. Furthermore, the percentage of the comparison between the
40WOOSB with BB40WOSB is 84.36% and 60WOOSB with BB40WOSB is 83.95 %. This statement proves that the

improvement of the section even formed in different configurations still obtains the same percentage in different lengths.

400 mm B 600 mm

80 1
70 1
Z 60
=
5 50
8
o 40 1
=
£30-
5 50 -
PN
CFS channel CFS channel Built-up CFS Built-up CFS
w/o OSB with OSB with OSB in with OSB in
face-to-face back-to-back

Fig. 11 The ultimate load of the specimens with two different lengths

The failure mode of all specimens is shown in Fig. 12. Fig. 12 also illustrated the schematic diagram before and after
the flexural behavior test and the red circle is shown the failure mode after being tested. All specimens are reported to have
local buckling and certain specimens are noted to have a combination of local and distortional buckling such as specimens
which not in the built-up CFES section. The attachment of CFS and OSB by using timber adhesive is observed to have lost
their structural integrity, especially at the top part of the specimen or near the loading for all specimens. The attachment
between OSB with other OSB is shown without any failure clearly and visibly, and proves the significance of the use of
timber adhesive between them. However, the bolts and nuts are observed not to have any structural integrity issues and
remain in the position with no deformation or failure. The contact between the CFS channel section with other channel
sections for built-up CFS with OSB whether in back-to-back or face-to-face configuration is reported as not dramatically

showing any failure.

The end and middle bolt spacing of 400 mm and 600 mm built-up CFS specimen is shown to have suitability in creating
a built-up CFS section and did not affect the flexural behavior. Built-up CFS with OSB either in face-to-face or back-to-back
configuration is reported to have the reduction of local buckling and deduction of distortional buckling. The maximum

deformation of BF4AO0WOSB is 7 mm and BB40WOSB is 5 mm. In addition, the maximum deformation of BF60OWOSB is 39
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mm and BB60WOSB is 57 mm. Abou-Rayan et al. [13] have reported that the failure mode of CFS I-beam strengthened
hollow flanges is observed to fail inward, local buckling of the flange element at the middle span and no buckling failure at
the web element but the outward local buckling of the flange element at loading position is detected for CFS I-beam
strengthened hollow flanges with particleboard. The failure of the BB60OWOSB and BB40WOSB is similar to the study of

Sheta et al. [14] for built-up CFS back-to-back sections with engineered cementitious composites.

(a) C6OOWOSB

(c) BB6OWOSB

Fig. 12 The schematic diagram of the specimen before and after testing
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(d) C40WOSB

(e) BF4AOWOSB

(f) BB4OWOSB

Fig. 12 The schematic diagram of the specimen before and after testing (continued)

The OSB which is fastened with the CFS section in the channel section is categorized as partial composite action and
the built-up CFS section either face-to-face or back-to-back configuration is classed as full composite action due to the
failure mode of the specimens. This is because the built-up CFS with OSB is fastened by a bolt and a nut is more stiffened

and avoids the shear failure of the beam.

Rasmussen et al. [23] have mentioned about the two sections if joined together throughout their whole length by a
fastener, the abutting surfaces of the web element will be subjected to the same deformation and the full composite action
will be obtained. They also stated that in the majority of fastener types, the component of the composite section experienced
relative shear deformation at the fastener locations and generated the shear stresses in the fasteners. Thus, the built-up CFS
with OSB is reported to have the highest value of ultimate load when compared with the CFS channel section with OSB. If
the result of the specimen is compared with the previous study by Sani et al. [24], the percentage difference of ultimate load
with BB6OWOSB is 80.89 %. The specimen used in the previous study is a built-up CFS face-to-face filled with normal

concrete with 900 mm of length, 150 mm of end, and 300 mm of central bolt and nut spacing.
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5. Conclusion and Recommendation

In this study, the analysis of the flexural behavior of built-up CFS channel section strengthened with OSB is conducted
and supported with the result of the material and chemical properties of CFS, physical and mechanical properties of OSB and
mechanical properties of built-up CFS strengthened with OSB is obtained. Moreover, the failure mode of all specimens is
observed. Several conclusions and recommendations are made from the analysis of the entire three parts of the experimental

activity and the result data, as displayed here.

(1) The material properties of CFS are appropriate for further action and followed the factory data given. The ultimate load
of the flange element is higher than the web element due to the additional strength of the bending process and the
percentage difference is a note of 0.63 %. The calculation of the ratio of f, / f; classified the CFS material as good in
ductility. Besides, the chemical properties result showed that the CFS material is purely produced by using steel-based

material with 99 % iron.

(2) The physical and mechanical properties of OSB illustrated that the OSB followed the quality and structural integrity
introduced by the factory. The selected OSB is not as good as the previous study which used a good-quality wood

species.

(3) The highest value of the ultimate load is observed and recognized as a specimen of BB4OWOSB and recorded at 18.70
% when compared with BFAOWOSB. BB40WOSB is lighter when distinguishing with BF4AOWOSB specimen. The
ultimate load of the specimens is decreased when the length of the beam increased. OSB is suitable for use in filling the

gap of the CFS channel section and built-up CFS section because the failure of buckling could be reduced.

For further study, the length of the beam should be added for more relevance and compared with all specimens by using
the slenderness ratio. The experimental activity should be compared with the finite element modeling but a serious approach
and study should be focused on to obtain a good and relevant comparison. Besides, the width of the selected OSB in the CFS

channel section or built-up CFS section should be determined and analyzed.
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