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(mm) (mm)  (mm) (N/mm?)  (N/mm?) (N/mm?) %
105.67 2.70 3083.0 71.1 1044 226,600 250 614 59.0

Table 1. Dimensions and properties of CHS column
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Fig. 1. Schematic details of the strengthened and non-strengthened column with horizontal and vertical damage with support and
loading conditions
S S e ol Y

Material Thickness Tensile Strength '\g?:sltjilgﬁ;f Ultimate Strain
(mm) (MPa) (MPa) (%)
CFRP (SikaWrap_-230 C) [14] 0.131 4300 238000 1.8
Adhesive (Sikadur_-330) [15] 0.869 30 4.5 0.9
Table 2. Properties of adhesives and carbon fibers
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Fig. 2. Comparison of stress-strain diagram of 106 x 3-3080-P
column and software modeling
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Fig. 4. Global buckling of the column 106 x 3-3080-P: a) Laboratory [13], b) Software modeling in this research
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Fig. 5. Strengthening method of the circular steel column in the laboratory
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Fig. 6. CFRP rupture for H1-100-10-2T2L performed in
laboratory [11] and software in this research
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Deficiency

Load bearing Capacity

FRP
No Specimen Length  Width Position Iingth Load Increase/ decrease (%)
(mm)  (mm) (mm) (kN)

1 Control N/A N/A N/A N/A 150.2 -

2 H-50-30-25% 50 30 Horizontal N/A 146.4 -2.66
3 H-50-30-50% 50 30 Horizontal N/A 140.2 -6.5
4 H-50-30-75% 50 30 Horizontal N/A 135.3 -10
5 H-50-30-100% 50 30 Horizontal N/A 120.5 -20

6 H-80-30-50% 80 30 Horizontal N/A 137.74 -8.3

7 H-80-30-100% 80 30 Horizontal N/A 72.46 -52

8 H-50-30-2L.250 50 30 Horizontal 250 137.51 -8.44

9 H-50-30-4L250 50 30 Horizontal 250 154.85 +3
10 H-50-30-4L500 50 30 Horizontal 500 166.18 +10
11 H-50-30-4L.1000 50 30 Horizontal 1000 177.78 +18
12 H-80-30-4L250 80 30 Horizontal 250 148.8 -1
13 V-50-30-25% 50 30 Vertical N/A 149.4 -0.53
14 V/-50-30-50% 50 30 Vertical N/A 147 -2.13
15 V/-50-30-100% 50 30 Vertical N/A 140.2 -6.6
16 V-100-30-50% 100 30 Vertical N/A 145.75 -2.96
17 V/-100-30-100% 100 30 Vertical N/A 134.58 -10
18 V-150-30-50% 150 30 Vertical N/A 143.8 -4.26
19 V-150-30-100% 150 30 Vertical N/A 130.1 -13.3
20 V/-200-30-50% 200 30 Vertical N/A 142.1 -5.39
21 V-200-30-100% 200 30 Vertical N/A 128.88 -14
22 V/-50-30-2L.250 50 30 Vertical 250 146.2 -2.66
23 V/-50-30-4L.250 50 30 Vertical 250 156.12 +3.9
24 V-100-30-4L250 100 30 Vertical 250 155.88 +3.7
25 V/-150-30-4L.250 150 30 Vertical 250 154.1 +2.5
26 V-200-30-4L250 200 30 Vertical 250 153 +1.8

Table 3. Specifications, damage dimensions and bearing capacity of the samples
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Fig. 9. Force-Displacement of the columns with horizontal
damage comparison to the control sample
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Abstract

Most members of structures whose useful life has elapsed need to be repaired. These members may be damaged
by a variety of factors. Due to the high cost of reconstruction, a large portion of countries’ development budgets
are spent annually repairing and rehabilitate these structures. Compressive members such as columns are one
of the most important components in a structure that play a major role in bearing and transporting all the
vertical and lateral loads of the building. Basically, no column can bear to its fullest capacity and is failed by
buckling. As a result, many researchers are interested in retrofitting and increasing column strength using new
materials and methods. In this investigation, damaged circular hollow section steel columns with vertical and
horizontal notches and different percentages of 25, 50, 75 and 100% were examined, also the effects of Carbon
Fiber Reinforced Polymer (CFRP) for strengthening has been studied. 26 specimens of steel Circular Hollow
Section (CHS) column with the same height and different damage dimensions under compressive load were
analyzed by ABAQUS 2016 software. The main problem with slender columns is the global buckling under
compressive loads. In order to improve the accuracy of the analysis, a combined method was used to study the
post-buckling of the plastic zone. For this purpose, the specimens were first subjected to elastic buckling
analysis and then Riks non-linear analysis with global and local imperfections was conducted. The results
showed that the defect reduces the bearing capacity and rigidity of the steel columns and horizontal defect is
more effective in reducing ultimate load in compare to vertical damage. Horizontal-defective columns
experienced significantly lower load bearing capacity than vertical-defective columns and can reduce final
load up to 52% in 100% damage, which this reduction indicated that by increasing damage along the perimeter
of the column section, final load decreased sharply. The results also showed that it is critical when the
deficiency zone is entirely destroyed, while the effect of damage less than 25% was maximum 2.66%. Columns
failure occurred in the form of global and local buckling; in all cases global buckling emerged in the form of
the column bending, but the local buckling was different according to the type of the damage. Failure modes
of the control column is global buckling with focus on the middle of the column, for non-strengthened
specimens with horizontal and 100% damage, local buckling is shrinkage of notch edges and for vertical notch
is defect edges opening. In specimens with a lower percentage of damage, local buckling occurred for
horizontal defects in the form of the inward buckling on the middle and for the vertical ones was outward
buckling. Strengthening of columns retrofitted with CFRP presented that these kind of fibers have a positive
effect on significant gaining ultimate load capacity, delaying defect buckling, controlling fractures and
reducing stresses at the damaged area. CFRP strengthening of defected cases using 4 layers, restored the
reduction of ultimate load up to 51%, which shows the proper performance of the fibers in retrofitting.

Keywords: Strengthening; Damaged column; Steel column; Column buckling; CFRP
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