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1. Introduction 
 

Nowadays, due to the increasing cost of rebuilding, 

retrofitting and strengthening existing structures seem 

necessary. Although the cost of rebuilding is not an 

important issue, the cost of maintenance antiquities is of 

great important. Strengthening and retrofitting structures are 

different. One way that has been welcomed by researchers 

is the use of CFRP composites. The use of CFRP 

composites is a perfect solution in order to overcome the 

existing shortcomings and strengthen certain infrastructures 

such as bridges (ACI 440, 2002). Compared to other 

reinforcement materials, CFRP composite materials is 

preferred to strengthen steel structures due to the fact that it 

has higher elastic modulus and ability to be applied in any 

form of structure. Over the past decades, some studies have 

been done on strengthening and retrofitting steel columns 

(Teng and Hu 2007, Bambach et al. 2009, Haedir and Zhao 

2011, Fanggi and Ozbakkaloglu 2015, Ozbakkaloglu and 

Xie 2015, Park and Yoo 2013, Kim and Harries 2011, 

Keykha et al. 2015, 2016a, 2016b, 2017b). Other studies 

have been done on flexural strengthening (Idris and 

Ozbakkaloglu 2014, 2015, Deng et al. 2004, Youssef 2006), 

shear (Islam and Young 2013), tensile (Al-Zubaidy et al. 

2013), and torsional of steel beams Abdollahi Chakand et al. 

2013, Keykha 2017c).  

In another investigation, Keykha (2017d) presented a 

numerical study to investigate the behavior of SHS steel 

frames. The SHS steel frames were strengthened using  
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CFRP composite on bottom and/or all four corner sides. The 

results showed that the coverage length and the number of 

layers of CFRP composite have a significant effect on 

increasing the ultimate load of the SHS steel frames. Also, 

the results showed that the location of CFRP composite had 

no similar effect on increasing the ultimate load and the 

amount of mid span deflection of the SHS steel frames. Its 

results showed that, CFRP strengthening significantly 

increased the ductility capacity for all the SHS steel frames.  

The maximum percent of increasing in the ductility 

capacity was about 826%. Investigations of Keykha in this 

study showed that in the SHS steel frames of thin walled 

under contracted loads, duo to the buckling failure is 

occurred at the top flange, the CFRP sheet is not very 

effective in the ultimate load capacity while the CFRP sheet 

is located at the bottom face of the SHS steel frames. 

Sundarraja and Prabhu (2013) strengthened the hollow 

steel beams, which were filled with concrete, using CFRP 

composites and then they tested. The results showed that the 

strengthened beams by full wrapping exhibited more 

enhancements in stiffness and moment carrying capacity. 

They also presented an economical method for 

strengthening of the hollow steel beams that were filled 

with concrete. 

In another investigation, Al Zand et al. (2015) 

strengthened the square CFST (concrete-filled steel tube) 

beams. The results showed that, for all strengthened CFST 

models using one layer of CFRP sheet, CFRP had no 

significant enhancement in the ultimate load values when 

wrapped along 50, 75 and 100% of the length of samples. 

Keykha et al. (2016a) strengthened the slender square 

hollow section steel columns with different boundary 

conditions using CFRP. They offered a theoretical method 
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to analyze these columns. The results showed that the CFRP 

composite did not have the same effect on columns with 

different conditions.  

Idris and Ozbakkaloglu (2016) investigated the seismic 

behavior of square FRP–concrete–steel columns under 

combined axial compression and reversed-cyclic lateral 

loading, using an experimental study. In this study, square 

double-skin tubular columns (DSTCs) exhibited very 

ductile behavior under combined axial compression and 

reversed-cyclic lateral loading. The important influence of 

the axial load level on the column behavior was evident, 

with an increase in the load level leading to a significant 

decrease in the lateral deformation capacity of DSTCs. In 

the DSTC with a larger inner steel tube, the lateral 

displacement capacity was lower than the DSTC with a 

smaller inner steel tube. The results also indicate that, the 

axial load level, inner steel tube size, and presence of a 

concrete-filling inside inner steel tube have effect on the 

plastic hinge lengths of the DSTCs. The results also indicate 

that, the dimension of inner steel tube has effect on the 

plastic hinge length through its influence on buckling 

behavior of the tube. The results of this study showed that, 

provision of a concrete-filling inside inner steel tube can be 

significantly increased the progression and length of the 

plastic hinge region. In another study, Ozbakkaloglu and 

Idris (2014) investigated the seismic behavior of FRP 

concrete–steel DSTCs, using an experimental study. They 

tested DSTCs that were made of high-strength concrete 

subjected to constant axial compression and reversed-cyclic 

lateral loading. The results indicated that, the DSTCs are 

capable of developing very high inelastic deformation 

capacities subjected to simulated seismic loading. The 

results also indicated that, the presence of a concrete filling 

inside the inner steel tube has significantly and positively 

effect on the seismic behavior of DSTCs. In this study, the 

results indicate that, the FRP-tube material has effects on 

the lateral displacement capacity of DSTCs, with the 

specimens confined by FRP tubes manufactured using 

fibers with higher ultimate tensile strains developing 

slightly higher displacement capacities. 

Recently, by using CFRP composite, Keykha (2017a) 

strengthened the SHS steel members having initial 

deficiencies under combined axial compression and lateral 

loading. In analyzed deficient specimens, the deficiencies 

had different lengths and orientation. The results indicated 

that the initial deficiencies in the SHS steel members 

decrease the ultimate load carrying capacity of these 

members. When the deficient was considered in the 

direction of the width of steel members, the deficient had 

high impact in decreasing the ultimate load capacity of the 

steel members. Therefore, in the steel members with a 

transverse deficient, CFRP had a considerable impact in the 

ultimate load capacity of these specimens. 

From the past studies, it can be observed that there were 

investigations done with the use of CFRP composite as a 

strengthening material for SHS steel members. It seems that 

there is a lack of understanding on the behavior of slender 

and stocky steel beam-columns strengthened using CFRP 

composite. Therefore, this article aimed to develop the 

knowledge in this area. For this purpose, this study explored 

the use of adhesively bonded CFRP flexible sheets on 

retrofitting SHS steel beam-columns, using numerical 

investigations. In order to carefully examine, both slender 

SHS steel beam-columns (Type B) and stocky (Type A) 

were analyzed. The coverage length, the number of layers, 

and the location of CFRP composite were implemented to 

examine the ultimate load of the SHS steel beam-columns. 

 

 

2. Material used 
  

The dimensions, the section types, and properties of the 

consumed steel in this study are given in Table 1. The yield 

strength mean value found by coupon tests is 280 N/mm
2
 

and the ultimate tensile strength mean value is 375 N/mm
2
. 

The consumed CFRP in the present research is SikaWrap-

230C. Properties of CFRP composite are shown in Table 2. 

Adhesive used in this study is suggested by the supplier of 

CFRP product. The adhesive is commonly used for the 

SikaWrap-230C, called Sikadur-330 (Table 3). 

 

 

3. Finite element modeling 
 
3.1 Model description 
 
Non-linear finite element models were prepared using 

ANSYS to investigate the structural behavior of the SHS 

steel beam-columns strengthened by CFRP sheets in length.  

All models were prepared as fixed-pinned supported 

beam-columns with two pint loads, at which one of the load 

was axial compression load (P) and another load was lateral 

load (Q). The axial compression load was applied at the top 

of beam-columns, and the lateral load was applied in the 

mid-span of the SHS steel beam-columns. 

 

 

Table 1 Sizes and properties of SHS steel 

Type 

section 

Dimensions Length Modulus 

of 

elasticity 

(N/mm2) 

Stress (N/mm2) 

(h × b × t) 

(mm) 
L (mm) 

Yielding 

(Fy) 

Ultimate 

(Fu) 

A 90 × 90 × 2.5 3000 200000 280 375 

B 40 × 40 × 2.0 3000 200000 280 375 

 

 

Table 2 Properties of CFRP material 

CFRP Sheet: SikaWrap-230C 

Fabric 
design 

thickness 

(mm) 

Modulus 
of 

elasticity 

(N/mm2) 

Ultimate 
tensile 

strength 

(N/mm2) 

Ultimate 
tensile 

elongation 

(%) 

Thickness  
(Impregnated 

with 

Sikadur-330) 

(mm) 

0.131 238000 4300 1.8 1 

 

 

Table 3 Properties of adhesive 

Adhesive: Sikadur-330 

Tensile strength 

(N/mm2) 

Modulus of elasticity 
(N/mm2) 

Elongation at break 

(%) 
Tensile Flexural 

30 4500 3800 0.9 
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Fig. 1 shows the boundary conditions of the SHS steel 

beam-columns and the strengthening scenario adopted in 

this study.  

Fig. 2, for instance, shows three dimensional (3D) finite 

element model of the prepared specimens using ANSYS  

 

 

 

 

(specimen AC2-50). The axial compression load and the 

lateral load were simultaneously applied to the beam-

columns. These loads gradually increased until the 

strengthened SHS steel beam-columns achieved their 

ultimate load capacity. 

 

         (a) SHS steel beam-columns-side view                         (b) Cross section 

Fig. 1 Boundary conditions of a SHS steel beam-column strengthened using CFRP 

 

Fig. 2 Finite element modeling (specimen AC2-50) 
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3.2 Element description 
 

The application of accurate scientific software in 

modeling and simulation of scientific problems has been 

increased recently. One of the most powerful analytical 

tools which is widely used in mechanical and civil 

engineering is ANSYS software. The solution of problems 

in the ANSYS software is based on the finite element 

method which is a numerical analyzing method. In this 

research, materials were considered in the form of 3D 

models. SOLID elements is used in these models (Keykha 

et al. 2016a). 

 

3.3 Meshing convergence study 
 

In ANSYS software, several SOLID elements are 

available such as 10 node 187, 20 node 186, Tet 4 node 285, 

Brick 8 node 185, and so on. To determine an appropriate 

mesh size, the specimen BC0, which was tested by Keykha 

et al. (2015), is analyzed with these four elements and 

different mesh size. For analyzing of the specimens, non-

linear static analysis was carried out to achieve the failures. 

In this case, the load was incrementally applied until the 

plastic strain in an element reached to its ultimate strain 

(element is killed). Linear and non-linear properties of 

materials were defined. The CFRP sheets material 

properties were defined as linear and orthotropic because 

CFRP materials have linear properties and they were 

unidirectional. Also, the adhesive was defined as linear 

materials because the adhesive has linear properties 

(Keykha et al. 2016a). The SHS steel beam-columns was 

defined as the materials having non-linear properties. 

Results showed that, the solid element of 187 and 185 were 

appropriate (see Table 4). With an increase in the 

number of element nodes and with a decrease in the mesh 

size, the calculation time increases. Therefore, in this study 

to reduce the calculation time, the solid element of 187 (the 

number of element nodes of 187 less than the number of 

element nodes of 185) with the mesh size of 25 was 

selected (Table 4). 

 

 
 

 

 

 
3.4 Validity of software results 
 

It is necessary to validate the calculation of software. In 

this study, the software results were validated and calibrated 

by the experimental results of Keykha et al. (2015). For the 

analysis of the specimens, as mentioned in the previous 

section, the solid element of 187 with the mesh size of 25 

was selected (Keykha et al. 2016a). Both numerical and 

result experimental (Keykha et al. 2015) for specimen BC2-

50 and the specimen BC0 are shown in Table 5.  

Figs. 3(a) and 3(b) show a simulated specimen using 

ANSYS software and an experimental tested specimen. The 

compression load-displacement curve of the specimen BC2-

50, obtained from both experimental and numerical results, 

is also displayed in Fig 4. As shown in Fig. 4, good 

accuracy is seen between the experimental and the 

numerical results. 

 

3.5 Description of specimens 
 

The beam-columns are included two control specimens 

and eight specimens strengthened with one and two layers 

of CFRP applied on all four sides of the beam-columns. In 

each type (Type A and Type B) of beam-columns, to 

determine the increase rate of the ultimate load in 

strengthened steel beam-columns, one specimen without 

strengthening, as control specimen, was analyzed. To easily 

identify the specimen, the beam-columns were designated 

by the names such as AC0, AC1-50, AC2-50, AC1-100, 

AC2-100, BC0, BC1-50, BC2-50, BC1-100 and BC2-100. 

For example, the specimens AC2-100 and BC2-100 indicate 

that they were strengthened by two layers of CFRP fully 

wrapped around the beam-columns Type A and B, 

respectively. The specimen AC2-50 indicates that it is a 

Type A beam-column strengthened by two layers and the 

CFRP coverage 50% wrapped around the beam-column. 

The specimen BC1-50 also specifies that it is a Type B 

beam-column strengthened by one layer and the CFRP 

coverage 50% wrapped around the beam-column. Similarly, 

the specimen BC2-50 specifies is a Type B beam-column 

strengthened by two layers and the CFRP coverage 50% 

wrapped around the beam-column. The control beam-

columns of Type A and B are designated as AC0 and BC0, 

respectively. 

Table 4 Ultimate load of specimen BC0 in analyzing numerical and experimental (Keykha et al. 2015) 

Simulation results in ANSYS (kN) Experimental result (kN) 

Brick 8 node 185 Tet 4 node 285 20 node 186 10 node 187 Size mesh 

31.80 

37.01 24.50 32.09 31.02 10 

40.51 25.49 32.22 31.31 15 

41.59 26.69 32.41 31.66 20 

43.46 26.93 32.63 31.85 25 

45.79 26.97 33.60 32.12 30 

Table 5 Ultimate loads of specimen BC0 and BC2-50 in analyzing numerical and experimental 

Specimen 

label 

No. of layers 

CFRP 
Experimental ultimate load (kN) 

Numerical ultimate load 

(kN) 

Error (%) 

BC0 0 31.80 31.85 0.16 

BC2-50 2 37.80 37.60 0.52 
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(a) The specimen BC2-50 in numerical simulation 

 

(b) The specimen BC2-50 in experimental test (Keykha 

et al. 2015) 

Fig. 3 Failure mode of specimen BC2-50 

 
 

Fig. 4 Compression load-displacement curve of 

specimen BC2-50, numerical and experimental 

(Keykha et al. 2015) 

 
 

 
4. Results and discussion 

 

4.1 The ultimate load results     
 

Tables 6 and 7 show the numerical analysis results of 

the specimens in Type A and B without strengthening or 

with one or two layers of CFRP sheet strengthened. The 

coverage length of CFRP varies based on the length of 

beam-columns. The center position of CFRP sheet is in the 

center of beam-column. The results showed that in the Type 

A beam-columns (stocky beam-columns) when the CFRP 

coverage percentage is less than 100%, if the lateral load is 

equal to zero, CFRP is not effective in the ultimate 

compression load of beam-columns. With an increase in the 

lateral load and a decrease in the axial compression load, 

the rate of increase of the ultimate load in beam-columns 

increases. The percentage of increase of the ultimate load in 

the lateral load is more than the axial compression load. For 

Type A beam-columns, when the CFRP coverage is full, the 

CFRP sheet is effective in the ultimate compression load, 

even if the lateral load is equal to zero. The maximum 

percentage of increase in the ultimate load happened for the 

specimen AC2-100 (124.15%) in the lateral load. This 

specimen (specimen AC2-100) was strengthened with two 

layers and the coverage length 100% of CFRP sheet.  

In contrast to the Type A beam-columns, in the Type B 

beam-columns (slender beam-columns) when the CFRP 

coverage percentage is less than 100%, the CFRP sheet is 

effective in the ultimate compression load of beam-

columns. In other words, the ultimate compression load of 

beam-columns increases when the lateral load is equal to 

zero or non-zero. Similar to the Type A beam-columns, in 

the Type B beam-columns, with an increase in the lateral 

load and a decrease in the axial compression load, the rate 

of increase of the ultimate load in the beam-columns 

increases. The maximum percentage of increase in the 

ultimate load happened for the specimen BC2-100 (80.10%) 

in the lateral load.   

 
4.2 Failure modes 
 

 All specimens were subjected to two point loads until 

failure. One of the loads was applied on top (the axial 

compression load of P) and another load was applied in mid-

span (the lateral load of Q) of the beam-columns. When the 

lateral loads were equal to zero, in the Type A beam-columns, a 

local buckling was observed on the top under the axial 

compression loads (Fig. 5(a)). With an increase in the lateral 

load, the failure modes of the beam-columns changed to local 

buckling and overall buckling, in near mid-span (Fig. 5(b)).  

In the Type B beam-columns, the failure modes of all 

specimens are the same, and are the overall buckling. For 

example, two failure modes from these specimens are 

shown in Figs. 5(c) and 5(d).  

 

 
 
 

597



 

Amir Hamzeh Keykha 

 
 

 
 

4.3 Interaction curves of axial compression -lateral 
load   

 

The test results such as the ultimate load carrying 

capacity and the rate of increased ultimate load of the SHS 

steel beam-columns with respect to the reference beam-

columns were summarized in Tables 6 and 7. The results of 

the ultimate load carrying capacity for the Type A 

specimens and the Type B specimens are also presented in 

Figs. 6(a) and 6(b), respectively. In the specimens of Type 

A, when that the CFRP coverage percent is less than 100%, 

and the lateral load is equal to zero, the ultimate load 

carrying capacity of these specimens are not increased with 

an increase in the number of CFRP layers. In other words, 

the CFRP composite is not effective in the ultimate 

compression load. 

 
 

 
 

The reason of no increase in the ultimate compression 

load in these specimens is that the failure modes of the 

specimens happened in location out of from the 

strengthened area (see Fig. 5(a)). With an increase in the 

lateral load and a decrease in the axial compression load, 

the failure modes of the specimens happened in location of 

the strengthened area, and as a result the ultimate load rate 

of the Type A beam-columns increases. The rate of increase 

percent in the ultimate lateral load is more than the rate of 

increase percent in the ultimate compression load. For the 

Type A beam-columns when the CFRP coverage is full, 

CFRP is more effective in the ultimate compression load, 

even if the lateral load is equal to zero. The maximum 

percentage of the increase in the ultimate load of the Type 

A beam-columns happened for the specimen AC2-100 

(124.15%) in the lateral load, when that the axial  

Table 6 Analysis results for specimens of Type A 

Specimen label The simultaneous loads applied to beam-columns (P and Q) and % of increase in loads 

AC0 
P (kN) 213.18 178.70 144.29 107.28 67.10 32.35 0.00 

Q (kN) 0.00 1.58 3.18 4.57 5.57 6.17 6.75 

AC1-50 

P (kN) 214.12 183.73 153.20 116.30 75.59 36.95 0.00 

Q (kN) 0.00 1.62 3.55 5.15 6.59 7.53 8.34 

% of increase in P 0.44 2.81 6.18 8.41 12.65 14.22 0.00 

% of increase in Q 0.00 2.53 5.35 12.69 18.31 22.04 23.56 

AC2-50 

P (kN) 214.12 186.77 156.38 125.85 80.09 39.34 0.00 

Q (kN) 0.00 1.66 3.47 5.60 8.93 9.59 11.35 

% of increase in P 0.44 4.52 8.38 17.31 19.36 21.61 0.00 

% of increase in Q 0.00 5.06 9.12 22.54 60.32 55.43 68.15 

AC1-100 

P (kN) 240.24 202.62 169.65 128.85 83.50 41.29 0.00 

Q (kN) 0.00 1.78 3.76 5.69 7.67 8.36 9.25 

% of increase in P 12.69 13.39 17.58 20.11 24.44 27.64 0.00 

% of increase in Q 0.00 12.66 18.24 24.51 37.70 35.49 37.04 

AC2-100 

P (kN) 289.44 245.62 206.24 170.76 110.96 62.20 0.00 

Q (kN) 0.00 2.14 4.57 7.61 12.38 13.83 11.00 

% of increase in P 35.77 37.45 42.93 59.17 65.37 92.27 0.00 

% of increase in Q 0.00 35.44 43.71 66.52 122.26 124.15 62.96 

Table 7 Analysis results for specimens of Type B 

Specimen label The simultaneous loads applied to beam-columns (P and Q) and % of increase in loads 

BC0 
P (kN) 31.85 25.19 21.02 16.06 9.73 5.82 0.00 

Q (kN) 0.00 0.31 0.60 0.95 1.50 1.81 3.82 

BC1-50 

P (kN) 35.06 27.92 23.44 18.21 11.11 6.80 0.00 

Q (kN) 0.00 0.35 0.68 1.09 1.73 2.10 4.63 

% of increase in P 10.08 10.84 11.51 13.39 14.18 16.84 0.00 

% of increase in Q 0.00 12.90 13.33 14.74 15.33 16.02 21.20 

BC2-50 

P (kN) 37.60 29.85 25.00 19.56 12.21 7.83 0.00 

Q (kN) 0.00 0.37 0.73 1.17 1.87 2.43 6.40 

% of increase in P 18.05 18.50 18.93 21.79 25.49 34.54 0.00 

% of increase in Q 0.00 19.35 21.67 23.16 24.67 34.25 67.54 

BC1-100 

P (kN) 36.74 29.32 24.65 19.29 12.11 7.62 0.00 

Q (kN) 0.00 0.37 0.72 1.15 1.85 2.36 5.47 

% of increase in P 15.35 16.40 17.27 20.11 24.46 30.93 0.00 

% of increase in Q 0.00 19.35 20.00 21.05 23.33 30.39 43.19 

BC2-100 

P (kN) 40.89 32.71 27.56 21.93 14.10 9.23 0.00 

Q (kN) 0.00 0.41 0.81 1.32 2.17 2.87 6.88 

% of increase in P 28.38 29.85 31.11 36.55 44.91 58.59 0.00 

% of increase in Q 0.00 32.26 35.00 38.95 44.67 58.56 80.10 
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compression load and the lateral load were 62.20 and 13.83 

kN, respectively (Table 6 and Fig. 6(a)). 
Fig. 6(b) and Table 7 show that in the Type B beam-

columns when the composite coverage percentage is less 

than 100%, the CFRP sheet is effective in the ultimate 

compression load. In other words, the ultimate compression 

load of the Type B beam-columns increases in both cases 

the lateral load of equal to zero and non-zero. In the Type B 

beam-columns, similar to Type A beam-columns, with an 

increase in the lateral load and a decrease in the axial 

compression load, the rate of increase of the ultimate load 

increases. The maximum percentage of the load increase in 

these beam-columns happened for the specimen BC2-100 

(80.10%) in the lateral load, when that the axial 

compression load was equal to zero. In other words, the 

maximum percentage of the load increase in these beam-

columns while happened that the beam-column changed to 

beam.   

 
 
 
 

 
 

5. Conclusions 

 

In this study, the CFRP layers with different in lengths 

were wrapped around the stocky (the Type A beam-

columns) and the slender (the Type B beam-columns) SHS 

steel beam-columns. The failure modes, the ultimate load 

carrying capacity, the percentage of the ultimate load 

increase, and the CFRP wrapping position on the SHS steel 

beam-columns were discussed. Based on ten analyzed 

specimens, eight of which were strengthened with the 

different coverage length and with one and two CFRP 

layers, the following conclusions can be drawn: 

 In stocky beam-columns, when the composite 

coverage percentage is less than 100%, if the 

lateral load is equal to zero, CFRP is not effective 

in the ultimate compression load. The reason of no 

increase in the ultimate compression load in these 

beam-columns is that the failure modes of the 

specimens happened in location out of from the 

strengthened area (see Fig. 5(a)).  

 

 

  

(a) The specimen AC2-50 (in P ≠ 0 and Q = 0) (b) The specimen AC2-50 (in P ≠ 0 and Q ≠ 0) 

 

 
(c) The specimen BC2-50 (in P ≠ 0 and Q = 0) (d) The specimen BC2-50 (in P ≠ 0 and Q ≠ 0) 

Fig. 5 Failure mode of beam-columns 
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(a) The Type A beam-columns 

 

(b) The Type B beam-column 

Fig. 6 Interaction curves of the axial compression -

lateral load 

 

 

 With an increase in the lateral load and a decrease 

in the axial compression load, the rate of the 

ultimate load increase of the Type A beam-

columns increases. The increase percent in the 

ultimate lateral load is more than the ultimate 

compression load. In all specimens, the maximum 

percentage of increase the ultimate load happened 

for the specimen AC2-100 (124.15%), in the 

lateral load, when that the axial compression load 

and the lateral load were 62.20 and 13.83 kN, 

respectively (see Table 6). 

 For Type A beam-columns, when the CFRP 

coverage is full, CFRP is more effective in the 

axial compression load. Also, when the lateral load 

is equal to zero, the amount of increase in the axial 

compression load rate is 12.69 and 35.77 kN, for 

the specimens of strengthened with one and two 

CFRP layers, and full wrapped, respectively. 

 In Type B beam-columns, when the composite 

coverage percentage is less than 100%, the CFRP 

sheet is effective in the ultimate compression load. 

In other words, the ultimate compression load of 

beam-columns increased in both cases the lateral 

load of equal to zero and non-zero. In these beam-

columns, similar to Type A beam-columns, with 

an increase in the lateral load and a decrease in the 

axial compression load, the rate of increase of the 

ultimate load increased. The maximum percentage 

of increase in the ultimate load happened for the 

specimen BC2-100 (80.10%), in the lateral load. 

 In the beam-column when the lateral load is equal 

to zero, the beam-column changes to column. 

Inverse, in the beam-column, if the axial 

compression load is equal to zero, the beam-

column changes to beam. The results showed that 

the CFRP sheet was more effective on the SHS 

steel beams than the SHS steel columns. 

 Compared the specimen AC2-100 with the 

specimen BC2-100, when the lateral load increases 

in the beam-columns, it can be concluded that with 

an increase in section dimensions of the SHS steel 

beam-columns, the rate of increase of the ultimate 

load can be raised (see Tables 6 and 7). 

 Compared the interaction curves of the Type A 

beam-columns with the Type B beam-columns, it 

can be observed that the shape of the interaction 

curves of the Type A beam-columns and the Type 

B are different. In all Type B beam-columns with a 

decrease in the axial compression load up to zero, 

the ultimate lateral load increases. Also, with a 

decrease in the axial compression load up to zero, 

the increase of the ultimate lateral load for all Type 

A beam-columns is not observed (see Fig. 6). 
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