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1. Introduction 
 

Hollow rectangular steel sections have been used in 
China for 5 decades (Hosseinpour et al. 2018). In this case, 
they have been used as the main pillars of subway stations 
in Beijing since 1966 and applied in power plants since 
1970. The use of these sections as a major compression 
system or key element of building and bridges has been 
recently increased (Han et al. 2007). Align with this, 
flexural behavior of concrete-filled steel beams have been 
numerously studied (Sinaei et al. 2011, Khanouki et al. 
2016, Abedini et al. 2017, Shariati et al. 2018, Luo et al. 
2019, Sajedi and Shariati 2019, Xie et al. 2019). The 
purpose of concrete-filled steel beams is to investigate the 
effect of slippage between the steel pipes on concrete core. 
In their study, the embedding of shear and confinement type 
are two key elements of variable. Accordingly, flexural 
strength, flexibility, failure mode, and cracking condition 
are the investigated parameters. A research by Lee et al. 
(2011) has examined the behavior of cold-rolled, thin-
walled square columns with concrete core. The investigated 
parameters have included the strength of concrete, steel 
sections (sections of welded steel sections and typical 
profile) and the ratio of width to the thickness of steel wall. 
The effects of concrete on steel columns performance and 
on failure have been widely investigated (Gerami et al.  
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2008, Paknahad et al. 2018, Sedghi et al. 2018, Toghroli et 

al. 2018, Zhao et al. 2018, Mehrmashhadi et al. 2019). In 

2009 de Oliveira et al. (2009) has conducted a study on the 

effect of confinement on CFT columns with circular 

sections under compressive axial load. In this study, the 

studied parameters have included concrete compressive 

strength and slenderness of columns. When the load reaches 

to the final concrete strength, fine cracks are increased and 

concrete side expansion is reached to its maximum value, 

thus from this moment the effect of concrete core 

confinement with steel has begun. The load-bearing 

capacity of columns is increased by the raise of 1) concrete 

core strength, and 2) slope of columns. Due to the poorly 

confined effect of steel structure for concrete core, their 

load-bearing capacity has been decreased. The scales have 

been examined by Zeghiche (2013) in a study of CFT 

columns with rectangular and I-shaped sections. 

Respectively, both of which are made from the connection 

of two curved U-shaped sheets. On the other hand, another 

parameters studied in this study have included column 

height, place and type of welding, steel cross-sectional 

shape, concrete core strength, and age. As a result, by the 

increase of column height, loading capacity is reduced 

which is noticeable for discontinuous weld parts. Compared 

to discontinuous welding, continuous welding has increased 

the lateral stiffness of columns while resulting a greater 

rupture resistance. By the increment of concrete-age which 

is used in CFT members, loading capacity has been also 

increased. Alternative materials for reinforcing structures 

have been recently focused on. Thus, polymeric coating of 

FRP has been initially developed in Europe and Japan in 
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Abstract.  There are separate merits and demerits to wood and steel. The combination of wood and steel as  a compound section 

is able to improve the properties of both and ultimately increase their final bearing capacity. The composite cross-section made of 

steel and wood has higher hardness while showing more ductility and the local buckling of steel is delayed or completely prevented. 

The purpose of this study is to investigate the behavior of composite columns enclosed in wooden logs and the hollow sections of 

steel that will be examined in a laboratory environment under the axial load to determine the final bearing capacity and sample 

deformation. In terms of methodology, steel sheet and carbon fiber reinforced polymer sheet (FRP) are tested to construct hollow 

rectangular sections and reinforce timber. Besides, the method of connecting hollow sections and timber including glue and screw 

has been also investigated. As a result, timber lumber enclosed with carbon fiber-reinforced polymer sheets in which fibers are 

horizontally located at 90 ° are more resistant with better ductility. 
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1980s to improve the concrete structures (Austin 2003). A 

research by Eshaghian and Keramati (2017) have performed 

a research on concrete composite cylindrical columns of 

GFRP (glass fiber reinforced polymer), and analyzed the 

laboratory and Ansys numerical modeling. GFRP cylinder 

acts as on-site molding and provides concrete confinement. 

The results of experimental and numerical analysis have 

shown a high level of adaptability and consistency.  

Another research by (Rashidi and Takhtfirouzeh 2018) 

have performed a laboratory research on concrete columns 

confined with GFRP sheets. After two-point bending load, a 

significant increase has been observed in bearing capacity 

of bending and shear reinforced concrete columns. In 

addition Chen et al. (2015) has used CFRP sheets to repair 

and reinforce the cracked hollow steel sections, and after 

three points loading, a significant increase in ultimate 

flexural strength has been observed. Also Ghanbari 

Ghazijahani et al. (2015) has studied new composites 

composed by rectangular steel sections filled with wood and 

confined with CFRP sheets. Composite wood and steel 

composite are lightweight and inexpensive that make it 

suitable to be used as a compression member with high 

resistance. The ultimate capacity of confined samples has 

been significantly improved and the local outward buckling 

has been prevented. This effect is longer when the short 

pillars are effectively confined with CFRP layers, and their 

outward buckling is prevented. [24] has repeated the same 

experiment by changing the shape of samples into cylinders 

while these samples are placed under pure axial load to 

measure the plastic buckling, rupture modes, and 

displacement. The increment of final capacity of each 

sample in different conditions and their behavior have been 

evaluated. The excessive increase in final load-bearing 

capacity of sample has been associated to the increased 

ductility. The benefits of confining wood in this way 

include 1) increasing resistance, 2) protecting wood against 

corrosion, 3) increasing the fire resistance and 4) preventing 

the wood cracking at very high temperatures. Basalt fibers 

are used as a reinforcement and concrete strength enhancer 

agent, also used as concrete bridge decks as corrosion 

resistant material. FRP-reinforced beams with high-

temperature basalt fibers show a better behavior than FRP-

reinforced beams with glass fibers. Today, FRP basalt rods 

are used to repair and reinforce wooden parts. A research by 

Raftery and Kelly (2015) have performed a pressure test on 

wooden samples reinforced with FRP basalt rods, resulting 

that these samples have better mechanical performance 

compared to the samples reinforced with FRP glass. 

Distance between neutral axis reinforcement has a special 

effect on the improvement of mechanical behavior of 

sample, and the continuity between wood and FRP basalt is 

consistent throughout the test.  
Investigations have also been carried out to reinforce 

Glulam timbers, consisting of a number of layers of 
dimensioned lumber bonded together with durable and 
moisture-resistant structural adhesives.  

Naghipour et al. (2011) has reinforced these beams by 
CFRP (carbon fiber reinforced polymer) and compared the 
data obtained from three methods of finite element, 
numerical and spectral method. It is concluded that the 
spectral method is the most appropriate method to 

determine the dynamic properties and natural frequency of 
these beams. Taheri et al. (2005) has reviewed GLULAM 
beams (glued laminated timber) analysis and experimental 
tests of reinforced beams with GFRP sheets that prevented 
from breakage after reinforcement. It is found that 
increasing the number of reinforcing layers has a positive 
effect on the improvement of static resistance and natural 
frequency. In order to determine the number, thickness and 
loading arrangements of GFRP layers at different depths of 
GLULAM beams, Taheri, Zou et al. (2005) has carried out 
another experiment, showing that arrangement of these 
reinforcing layers in the middle and lower parts of 
GLULAM beams has increased their hardness and 
resistance. Nowadays, plant fibers are commonly used to 
make composites due to its easily natural cycle and cost-
effective. Wood-Plastic composite consists of any shape 
wood, and plastic in thermosetting or thermoplastics forms. 
The combination of plastic plates as a FRP-shaped core 
(fiber reinforced polymer) in its upper and lower parts 
creates a sandwich panel Wechsler and Hiziroglu (2007). 
By the raise of reinforcement layers’ number, final load has 
not been dramatically increased because the core section is 
very weak in comparison with the surface. Also, prior to the 
surfaces activation, the shear force created in the core and 
placed under the point-load has caused the rupture in the 
area. In the same vein, Lale Arefi et al. (2014) and 
Naghipour, Nematzadeh et al. (2011) have carried out 
another laboratory investigation, suggesting that the 
formation of a groove with a specific depth would cause 
reinforcing plates to reach their maximum carrying capacity 
and fully avoided separation between the core and 
reinforcement layers. Also, increasing the number of 
reinforcing layers has increased the hardness and flexural 
strength of the composite sections. In this research, wooden 
columns in rectangular and cylindrical geometric shapes 
have been reinforced by different hollow sections with 
variable connection types. The goal of this laboratory 
research is to choose the most appropriate method to 
increase the ultimate load carrying capacity and ductility of 
composite sections. 

 

 

2. Laboratory testing program 
 

2.1 Material properties and specimens 
 

In this study, 13 sample groups under the axial load 

pressure have been tested to determine their load capacity 

and ductility. The specimens consist of rectangular hollow 

steel sections of 0.32 and 0.4 mm thick sheets with the 

edges of two ends that are accurately raised 1 cm. The 

process is to achieve consistency and greater accuracy in 

test results. Specimens of group 1 are wooden timber cut in 

6.2×6.2 and 20 cm high. The specimens in group2 are 

rectangular hollow steel sections with a thickness of 0.32 

mm attached together by adhesive. In this research, due to 

the use of connecting timbers with rectangular steel tubes 

varies (method), adhesives and screws have been used. The 

number and spacing of the screws and thickness of steel 

sheets are the key factors in load capacity and ductility of 

samples. In this test, epoxy adhesive of Sicador is used, 

including two parts as resin and hardening to connect some 

other specimen with a 3mm diameter screw (Table 1). To 
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ensure that the adhesive is completely set and the sheets of 
steel are placed perfectly uniformly on the wooden sheet 
(Fig. 1a), clamps are used on the four sides of the 
specimens. The time required to reach the maximum 
adhesive strength is 7 to 10 days, and before testing all the 
specimens, they have been kept at a temperature of 24 ° C 
for one week to gain the desired adhesiveness, letting the 
steel plate and wood completely be connected, and to 
prepare the compound section. In order to compare the 
specimens of group 3, the rectangular sections of hollow 
steel with a thickness of 0.4 mm are bonded to the wooden 
timbers by adhesive. Following Fig. 1(b), in groups 4, 5 and 
6, the rectangular steel sections of 0.32 mm thick are 
connected to the timber by a screw, except for the fact that 
112, 84 and 56 screws are respectively used for joining 
them.  Fig. 2 shows that in group 7, 8 and 9 specimens, 
timbers are connected to FRP sheet using adhesive. The 
difference is the direction in which the sheets are placed. 
The fibers of the sheets are vertically located at 0, 45 and 90 
degrees to the right, and covered the timber. All information 
about the specimens and their properties are given in Table 
2. 

 
2.2 Standard specimens 
 

In this study, according to the compressive strength of 

the composite specimen which contains steel and concrete, 

 

Table 1 Property of epoxy resins 

Special weight  

(Kg/m3) 

Compressive 

strength 

(MPa) 

Flexural 

strength 

(MPa) 

Tensile strength 

(MPa) 

1400 60 40 20 

 

 

 
Fig. 2 Rectangular timber columns confined with FRP 

sheets 

   

(a) 

 

(b) 

Fig. 1 (a) adhesive joint mounted and fitted of hollow steel section and timber using a clamp; (b) Composite section formed 

by screw connections 
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Fig. 3 Standard steel sections 

 

 

Fig. 4 Details of standard specimen 

 

Table 2 Different specimens and specification 

Specimens Description 

Sample group U1 Unconfined rectangular timber 

Sample group T1 
Rectangular steel tubes ( 0.32 mm) were 

attached to timber by adhesive. 

Sample group T2 
Rectangular steel tubes (0.4 mm) were attached 

to the timber by adhesive. 

Sample group B1 
Rectangular steel tubes (0.32 mm) were 

attached to timber by 112 bolts. 

Sample group B2 
Rectangular steel tubes (0.32 mm) were 

attached to timber by 84 bolts. 

Sample group B3 
Rectangular steel tubes (0.32 mm) were 

attached to timber by 56 bolts. 

Sample group F1 

Rectangular timbers were confined with FRP 

sheets and their fibers were placed 

perpendicularly at a 0 degree angle. 

Sample group F2 

Rectangular timbers were confined with FRP 

sheets and their fibers were placed 

perpendicularly at a 45 degree angle. 

Sample group F3 

Rectangular timbers were confined with FRP 

sheets and their fibers were placed 

perpendicularly at a 90 degree angle. 

 

 

this relation can be generalized for steel sections and 

timbers tested. Hence the standard timber columns are cut 

in dimensions of 5.1×5.1 and 20.3 cm high. On the other 

hand, according to ASTM-E8M, standard steel specimens 

are cut in specific dimension for tensile test (Fig. 3 and Fig. 

4) (Table 3). 

Table 3 Details of standard steel specimens in this test 

Width of 

grip 
section 

Grip 

section 

Distance 

between 
shoulders 

Overall 

length 
Radius Width 

Gage 

length 

0.95 3.175 3.175 10.16 0.635 0.635 3.175 

 

 

 

Fig. 5 Testing apparatus 
 

 

2.3 Test setup 
 

All specimens are loaded by STM400 device at 2 mm / 
min speed under a compressive axial load at the structural 
laboratory of the Babol Noshirvani University of 
Technology. The machine has been connected to a data 
acquisition system, whereby all the required data has been 
processed and filled so that the required data is 
subsequently readily accessible. Loading of specimens is 
continued until they tolerated the maximum axial load 
capacity and the slope of the force-displacement curve 
reduced to 20% of maximum final resistance. Fig. 5 shows 
how the specimens were placed on the device. In this study, 
the proper and high ductility of composite sections means 
that the ultimate load carrying capacity has not caused the 
wood to crack and expand, and the composite beam joints 
have not been detached. 

   
 

3. Observations and findings 
 

Laboratory results of displacement, loading and crack 

expansion recorded at different stages of loading are as 

follows: 
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3.1 Effect of confinement with rectangular hollow 
steel sections which were connected by epoxy resins: 

 

Unconfined timbers have diagonal cracks in their near 

top area and have low ductility, however, according to Fig. 

6, they have resisted about 9 tons. By confining this timber 

with a hollow rectangular steel section of 0.32 mm thick, 

the ductility has been significantly increased. However, 

these resistant composites have tolerated about 11 tons, and 

have not shown much reduction in resistance even a long 

time after applying the load. By confining timbers with 0.4 

mm thick steel sections, the shape and load capacity 

 

 

of the section has been dramatically increased and resisted a 

load of 14 tons (roughly).  

There are ruptures between steel sections and timbers on 

the edges of specimens in group 2 and 3. The diagonal 

cracks of confined and rupture in unconfined specimens are 

shown in Fig. 9. (a) and (b). 
 

3.2 Effect of confinement with rectangular hollow 
steel sections connected by screws: 

 

Specimens in groups 4, 5 and 6 are different in the 

number of connecting screws. According to Fig. 7, test  

 

Fig. 6 Comparison between unconfined and confined rectangular specimens with hollow steel sections using adhesive joints 

 
Fig. 7 Rectangular specimens confined with hollow steel sections connected by screws 

 

 

Fig. 8 Rectangular specimens reinforced with FRP polymers 
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(a) 

 

(b) 

Fig. 9 (a) Unconfined rectangular specimens. (b) Confined 

rectangular specimens 
 

 

results on these specimens are similar to the number of 

screws reductions, and the load-bearing capacity of samples 

is increased (Fig. 10). In group 4 specimens, due to the 

large number of screws and high stress concentration, the 

resistance is about 6 tons and this group has not shown high 

ductility. The specimens in group 5 have shown resilience 

about 11 tons and the resistance in group 6 is about 11.8 

tons, however, both samples show good ductility.  
 

3.3 Rectangular specimens reinforced with FRP 
polymers: 

 

The difference in the specimens in groups 7, 8 and 9 is 

in the direction of placing the reinforced polymer fibers to 

the vertical plane. According to Fig. 11 and Fig. 8, 

specimens in groups 7 and 8 both resisted about 13.4 tons, 

and few thin cracks appeared in the upper and lower parts 

of these specimens, however, in the middle part of group 7, 

some diagonal cracks have been occurred.  

Group 9 specimens has a higher load-bearing capacity 

than the previous two groups with a resistance of about 14.8 

tons. These sections shows a better ductility (Fig. 12) and 

has only a small horizontal crack near the top part. 

 

Fig. 10 The effect of reduction in screws number 
 

 

4. Weight ratios and discussions 
 

In this study, ω is the weight ratio of confined timber 

columns which is obtained from the weight difference of 

confined and unconfined samples divided by the weight of 

sole timbers without any confinement. Furthermore, 

parameter ρ is defined as the ratio of resistance, which is the 

difference of ultimate load capacity of confined and 

unconfined specimens divided by the sole timber without 

any confinement. It can be seen that, confinement with 

rectangular steel tubes and epoxy adhesive brought about 

the weight has been increased 41%, while 56% of capacity 

is obtained. In confinement with rectangular steel tubes and 

screws, the weight has been averagely increased by 36%, 

while the strength capacity growth is 42%. Finally, in 

timber columns confined with CFRP sheets, the weight has 

been increased on average only 12%, while there is a 

significant increment in capacity about 72%. It indicates 

that CFRP confinement has provided an additional capacity 

of around three-quarter of sole timber columns without any 

confinement for composite specimens. The two 

aforementioned parameters are also plotted as a bar chart in 

Fig. 13.  

150



 

Experimental study of the behavior of composite timber columns confined with hollow rectangular steel sections… 

 

 

 
 

 
 

 
Fig. 11 Small cracks in groups 7 and 8, b. Diagonal cracks 

in group 8 

 

 

Fig. 12 Cracks in group 9 

 

5. Timber confinement coefficient in composite 
specimens 

 

5.1 Compressive strength of composite specimens 
under the axial load 

 

This section consists of the rolled steel sheet while 
covering the concrete and due to the adequate cohesion with 
each other could perform simultaneously, or are 
compressive steel components filled with concrete. 
Moreover, according to the plastic-stress distribution 
method, the nominal strength of the members is determined.  
To determine the axial pressure and moment of concrete 
filled steel profiles, the sections have been classified to 
three types: compressed, semi-compressed and non-
compressed sections, which the width to thickness ratio of 
components can be useful. The compressive design strength 
of complex section axial members surrounded in concrete is 
equal to Pn×Ø c while Ø c is the reduction strength coefficient 
equal to 0.75 and Pn is the nominal compressive strength 
that must be determined according to the limit states of 
buckling concerning column slenderness: 

For  
𝑃𝑛0

𝑝𝑒
< 2.25 :                                 

𝑃𝑛 = 𝑃𝑛0 × (0.685
𝑃𝑛0

𝑃𝑒 ) 

For  
𝑃𝑛0

𝑝𝑒
> 2.25 :                                 

       𝑃𝑛 = 0.877 × 𝑃𝑒 

In the above aforementioned equations: 

𝑃𝑛 = (𝐹𝑦 × 𝐴𝑠) + (𝐹𝑦𝑠𝑟 × 𝐴𝑠𝑟) + (0.85 × 𝐹𝑐 × 𝐴𝑐) 

𝑃𝑒 = 𝜋2 × {
[𝐸𝐼(𝑒𝑓𝑓)]

(𝐾𝐿)2
} 

Ac = Concrete area 

As = Steel cross section 

Asr = Total area of longitudinal rebar 

Ec = Modulus elasticity of concrete 

Fysr = Yield tension of longitudinal rebar  

El(eff)= effective rigidity of complex section 

K = effective length coefficient of the axial member 

L = free length of axial member (without lateral restraint) 

Fc = Compressive strength of concrete cylindrical 

specimens (Ghanbari Ghazijahani, Jiao et al. 2015) 
 
5.2 Standard specimens load bearing capacity 
 
5.2.1 Standard timber columns 
As it is shown in Fig. 14, standard timber columns 

without any confinement has a load bearing capacity around 
7 ton, while they have shown a low ductility. At the bottom 
of these specimens, a diagonal crack has been occurred (Fig. 
16). 

 
5.2.2 Standard steel specimens under the tensile 

test 
Geometry and details of these specimens are given to the 

computer which is connected to STMctrlr device (Fig. 17). 

After the test, specimens have shown an ultimate tensile 

strength around 0.04 ton while they ruptured at the middle. 

The machine also has provided a force-displacement curve 

(Fig. 15). 
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5.3 Coefficient of timber specimens 
 

According to the compressive strength of the composite 

specimen which contains steel and concrete, this relation 

can be generalized for the steel sections and timbers tested 

in this study. Therefore, according to the information 

obtained from this study, the coefficient of timber 

confinement is obtained in relation to the compressive 

strength of the composite cross sections consisting of timber 

and rectangular steel tubes or FRP sheets: 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

 

 

Pcr = Compressive strength of composite sections 

As = Steel area 

 

Fys = Yield tension of steel sheets 

 

α = Timber confinement coefficient  

 

Fyw = Timber yield tension which is obtained from the 

load bearing capacity of wooden columns divided by 

wooden area  

Aw = Timber area  

𝜔 

 
𝜌 

 
 

Fig. 13 Weight and strength ratio 

 

 

Fig. 14 Standard timber columns under compression 
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All the information related to these parameters is 

obtained in this experiment which can be put into the 

equation, thus α as the confinement coefficient can be 

calculated. 

 

5.3.1 Timber confinement coefficient in T1 
specimens: 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

𝑃𝑐𝑟 = 11 𝑡𝑜𝑛 

According to the rupture force and splitting standard, the 

specimen are built of steel sheet, the yield stress of steel 

determines.  

𝐴𝑠 = 4 × (𝑏 × 𝑡) = 4 × (62 × 0.32) = 79.36 𝑚𝑚2 

𝐹𝑦𝑠 = 155𝑀𝑃𝑎 = 0.015
𝑡𝑜𝑛

𝑚𝑚2
 

Besides, the wood`s yield strength calculates the 

concerning rupture force and wooden specimen area.  

𝐴𝑤 = 𝑏 × 𝑡 = 62 × 62 = 3844 𝑚𝑚2 

 
 

𝐹𝑦𝑤 =
𝑃𝑐𝑟𝑤

𝐴𝑤𝑠
=

𝑃𝑐𝑟𝑤

(𝑏 × 𝑡)
=

7

(52 × 52)
= 0.002 𝑡𝑜𝑛/𝑚𝑚2 

11 = (79.36 × 0.015) + (𝛼 × 3833 × 0.0022) 

𝛼 = 1.16 

 

5.3.2 Timber confinement coefficient in T2 
specimens: 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

𝑃𝑐𝑟 = 14 𝑡𝑜𝑛 

𝐴𝑠 = 4 × (62 × 0.4) = 99.2 𝑚𝑚2 

𝐹𝑦𝑠 = 155 𝑀𝑃𝑎 = 0.015
𝑡𝑜𝑛

𝑚𝑚2
 

𝐴𝑤 = 62 × 62 = 3844 𝑚𝑚2 

𝐹𝑦𝑤 =
7

(52 × 52)
= 0.002

𝑡𝑜𝑛

𝑚𝑚2
 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

14 = (99.2 × 0.015) + (𝛼 × 3844 × 0.002) 

𝛼 = 1.62 

 

Fig. 15 Result of the Standard tensile test 
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Fig. 16 Cracks in standard timber columns 

 

 

Fig. 17 Standard tensile test 

 
 
5.3.3 Timber confinement coefficient in G1 

specimens: 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

𝑃𝑐𝑟 = 6.2 𝑡𝑜𝑛 

𝐴𝑠 = 4 × (62 × 0.32) = 79.36 𝑚𝑚2 

𝐹𝑦𝑠 = 155 𝑀𝑃𝑎 = 0.015
𝑡𝑜𝑛

𝑚𝑚2
 

𝐴𝑤 = 62 × 62 = 3844 𝑚𝑚2 

𝐹𝑦𝑤 =
7

(52 × 52)
=

0.002𝑡𝑜𝑛

𝑚𝑚2
 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

6.2 = (79.36 × 0.015) + [𝛼 × (3844 × 0.002)] 

𝛼 = 0.65 

 
5.3.4 Timber confinement coefficient in G2 

specimens: 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

𝑃𝑐𝑟 = 11 𝑡𝑜𝑛 

𝐴𝑠 = 4 × (62 × 0.32) = 79.36 𝑚𝑚2 

𝐹𝑦𝑠 = 155 𝑀𝑃𝑎 = 0.015
𝑡𝑜𝑛

𝑚𝑚2
 

𝐴𝑤 = 62 × 62 = 3844 𝑚𝑚2 

𝐹𝑦𝑤 =
7

(52 × 52)
=

0.002𝑡𝑜𝑛

𝑚𝑚2
 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

11 = (79.36 × 0.015) + [𝛼 × (3844 × 0.002)] 

𝛼 = 1.27 

 
5.3.5 Timber confinement coefficient in F1 

specimens: 
In this study, the yield stress of fiber reinforced polymer 

sheets is about 417 MPa that can be used as Fy (yield 

strength) in compressive strength of the composite 

specimen relation and the timber confinement coefficient 

can be calculated. 

𝑃𝑐𝑟 = 13.8 𝑡𝑜𝑛 

𝐴𝑠 = 4 × (62 × 0.32) = 79.36 𝑚𝑚2 

𝐹𝑦(𝑓𝑟𝑝) = 0.04
𝑡𝑜𝑛

𝑚𝑚2
 

𝐴𝑤 = 62 × 62 = 3844 𝑚𝑚2 

𝐹𝑦𝑤 =
7

(52 × 52)
=

0.002𝑡𝑜𝑛

𝑚𝑚2
 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

13.8 = (79.36 × 0.04) + [𝛼 × (3844 × 0.002)] 

𝛼 = 1.38 

 

5.3.6 Timber confinement coefficient in F2 
specimens: 

𝑃𝑐𝑟 = 13 𝑡𝑜𝑛 

𝐴𝑠 = 4 × (62 × 0.32) = 79.36 𝑚𝑚2 

𝐹𝑦(𝑓𝑟𝑝) = 0.04
𝑡𝑜𝑛

𝑚𝑚2
 

𝐴𝑤 = 62 × 62 = 3844 𝑚𝑚2 

𝐹𝑦𝑤 =
7

(52 × 52)
=

0.002𝑡𝑜𝑛

𝑚𝑚2
 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

13 = (79.36 × 0.04) + [𝛼 × (3844 × 0.002)] 

𝛼 = 1.27 

 
5.3.7 Timber confinement coefficient in F3 

specimens: 
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Table 4 Confinement coefficient for different specimens 

Specimens G1 G2 B1 B2 B3 F1 F2 F3 

Coefficient 1.16 1.62 0.65 1.27 1.27 1.38 1.27 1.51 

 
 

𝑃𝑐𝑟 = 14.8 𝑡𝑜𝑛 

𝐴𝑠 = 4 × (62 × 0.32) = 79.36 𝑚𝑚2 

𝐹𝑦(𝑓𝑟𝑝) = 0.04
𝑡𝑜𝑛

𝑚𝑚2
 

𝐴𝑤 = 62 × 62 = 3844 𝑚𝑚2 

𝐹𝑦𝑤 =
7

(52 × 52)
=

0.002𝑡𝑜𝑛

𝑚𝑚2
 

𝑃𝑐𝑟 = (𝐴𝑠 × 𝐹𝑦) + [𝛼 × (𝐹𝑦𝑤 × 𝐴𝑤)] 

14.8 = (79.36 × 0.04) + [𝛼 × (3844 × 0.002)] 

𝛼 = 1.51 

As a result, the confinement coefficient of timber for 

specimens confined with rectangular steel tubes or FRP 

sheets with the help of adhesive or bolts are shown in Table 

4. 

 

 

6. Conclusion 
 

Reinforced sections can be used in new buildings or 

reinforcing applications to increase the final load-bearing 

capacity and the ductility of composite columns. Different 

methods of reinforcing timbers have been described and the 

sections are placed under axial load. Based on experimental 

results of this study, the following conclusion can be drawn: 

(1) According to the results of experiments, among 

the specimens confined with rectangular steel tubes joined 

together by adhesive, those confined with 0.4 mm thickness 

steel sections adds a considerable axial resistance.  

(2) According to the test on confined specimens 

with hollow steel sections connected by screws, it can be 

concluded that the sections connected with 56 screws have 

shown more resistance. The specimens in group 3 is 

outperformed in both resistance and ductility. 

(3) Among the rectangular specimens reinforced 

with FRP sheets, those whose fibers are placed at 90 

degrees perpendicular to the surface has better load-bearing 

capacity with better ductility. Finally, by comparing of 

groups 3 and 9, it can be concluded that reinforcement with 

FRP sheets has been significant. 

(4) In all samples, especially groups 7, 8 and 9, the 

strength capacity has been raised significantly and exceeded 

the weight ratios. 

(5) The coefficient of timber confinement, enclosed 

by rectangular steel tubes with 0.4 mm thickness and 

connected by adhesive, is higher than other composite 

sections and equals 1.62, which all shows the importance of 

timber reinforcement with steel tubes that can be applied in 

wood industry to reinforce timbers. 

 

7. Data Availability 
 

The data that support the findings of this study are 

available from the first author, upon reasonable request. 
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