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This paper reports the experimental investigation conducted on unwrapped and latex wrapped cold-formed steel column. 
Various column cross-sections are subjected to repeated lateral loading till failure. All the columns were observed to fail 
in local buckling. The column cross-section dimension, provision of interior and exterior lip, and the latex wrapping of 
the columns influenced the lateral load to failure. Increasing the web length of a column section from 100 to 200 mm 
increased the load-carrying capacity of the column by 70 to 100 %. The local buckling was initiated in the flange portion 
of the column. The column section with no lip and interior lip exhibited inward buckling of the flange. The column with 
exterior lip exhibited outward buckling. The provision of lip and latex wrapping did not influence the initial load-
displacement behavior of the columns. However, it increased the load-carrying capacity of the sections. Energy 
absorption index and ductility factor were calculated and the effect of latex wrapping of the columns on these parameters 
was evident.  
Keywords: cold formed steel column, lateral buckling, channel section, back-to-back channel section, latex wrapping, 
energy absorption index. 

 
1. INTRODUCTION∗ 

Cold Form Steel (CFS) columns are currently used in 
lightweight framed structures. Extensive research has been 
conducted globally to understand the behaviour of CFS 
columns subjected to axial loading [1 – 3]. However, there 
is only limited research available on the understanding of 
the behaviour of CFS columns subjected to lateral loading 
[4]. In this investigation, an attempt has been made to 
understand the behaviour of CFS columns to lateral 
loading. 

CFS column sections are more prone to buckling and 
the buckling can be local, distortional and global or the 
interaction of all three [5]. Euro code [6] recommends the 
following design constrain to avoid buckling in the CFS 
column: the ratio of gross width to plate thickness is 
recommended to be less than or equal to 60; the ratio of lip 
width to thickness is restricted to 50; the ratio of web 
height to thickness is restricted to 500; the lip width to 
cross-section width is kept in the range of 0.2 to 0.6. New 
cross-sections can be designed by considering the above 
recommendations. The ultimate load carrying capacity is 
expected to depend on the cross-section of the CFS column 
and the end conditions. Young et al., [7 – 9] experimentally 
determined the ultimate axial load capacity of plain and 
lipped CFS channel section. The experiment was 
conducted with pinned and fixed end boundary conditions. 
The centroid was observed to be shifted due to local 
buckling. 
 When the CFS column is subjected to axial load, 
Weng, 1991 [10] showed that the column yields from the 
inside surface and the yield zone were observed to 
propagate as the loading increases. Hence, the plate 
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thickness that is initially effective reduces on loading. 
Further, standards recommend the effective width concept 
in the design of compression member for local buckling 
[11]. There is a good understanding of the effective width 
of the CFS column on the axial load, however, the 
influence of lateral loading on the effective width of the 
column is not commonly known. 
 The strengthening of a member can be achieved either 
by bracing or by wrapping the structural member with light 
weight laminates. These methods are proved to be 
successful in improving the buckling strength of the 
member [12 – 16]. Anbarasu et al., 2015 used a V-type 
stiffener to strengthen the web and prevent local buckling 
at the web of the CFS column. Kherbouche et al., 2019 and 
Dar et al., 2021 showed that cross-section design 
influenced the buckling failure of the CFS columns 
[13, 14]. Closed cross-sections perform better when 
compared to open cross-sections. Naganathan et al., 2020, 
conducted an experimental investigation on CFS columns 
wrapped with carbon fibre reinforced polymer and 
observed that wrapping strengthened and delayed the local 
buckling that occurred in the CFS column [15]. Dar, 2021, 
reinforced the CFS column using glass fiber reinforced 
polymer planks and it was experimentally observed that 
reinforcement improved the axial load capacity and 
delayed the local buckling [16]. Baabu et al., 2017 used 
glass fiber reinforced polymer (GFRP) to wrap the CFS 
column section [17]. GFRP wrapped CFS column section 
was tested under axial loading and load carrying capacity 
of the column was found to increase up to 80%. The 
strengthening of the CFS column using any kind of 
sheathing is expected to increase the effective thickness of 
the column and hence increase the load carrying capacity 
of the structural element. The natural latex that is found in 
abundance can be considered as one of the options for 
reinforcement for the CFS column. While most of the 



experimental study was conducted to understand the 
characteristic behaviour of CFS columns under axial 
loading, the behaviour of wrapped CFS column sections 
under lateral loading is not been analyzed to the required 
rigour. 
 To understand the behaviour of the CFS column to 
lateral and cyclic loading, the parameters viz. its load 
carrying capacity, stiffness, ductility factor and energy 
absorption index are considered. These factors define the 
extent of deformation the particular structural member can 
undergo before it fails. The latex wrapped CFS column is 
expected to exhibit a better ductility factor when compared 
to the unwrapped column. Gajalakshmi and Helena, 2012 
used concrete ductility factor and energy absorption 
parameters for the study of concrete infilled column [18]. 
The ductility factory is defined as the ratio of the 
displacement corresponding to the maximum lateral load to 
displacement at which the first yield or local buckling 
occurs [18, 19]. The energy absorption loading is measured 
from the area enclosed within the load-displacement curve. 
The stiffness of the column, which is defined as the ratio of 
peak lateral force to the corresponding displacement during 
cyclic loading is expected to decrease as the column 
develops failure during repeated loading. El-Taly et al., 
2020 used ductility factor, energy absorption and stiffness 
to optimize the cross-section of the CFS column to lateral 
loading. 
 The main objective of this paper is to understand the 
behaviour of CFS columns when subjected to lateral 
loading. CFS channel and back-to-back cross-section with 
different web lengths were subjected to lateral loading. The 
influence of lip to buckling of the CFS columns is 
reported. All the CFS columns are also strengthened using 
latex wrapping and their lateral displacement and local 
buckling behaviour are studied. The ductility factor, 
stiffness and energy absorption index are estimated for all 
the conditions and the influence of cross-section, lip and 
latex wrapping in the CFS column are estimated. 

2. EXPERIMENTAL INVESTIGATION 

2.1. Materials 
Cold form steel sheet of 2 mm is used for column 

fabrication. The yield point of the steel sheet and the 
ultimate tensile strength was tested following IS8811, 
1998. The yield point of the steel sheet was observed as 
237 MPa and the ultimate tensile strength was 331 MPa. 

The natural latex sheet of 3mm thick as shown in 
Fig. 1 is used for wrapping the steel section. The tensile 
strength of the latex sheet when tested following ASTM 
D412-16, 2021 is observed to be 1.46 MPa and the 
elongation is 112.63 %, which is nearly four times that of 
the steel sheet. 

2.2. Specimen fabrication 
Twelve different column sections with two sets in each 

section were fabricated using the steel sheet. One set of 
columns was tested in unwrapped conditions and the other 
set was tested after wrapping the column with the latex 
sheet (Fig. 1). 

 
Fig. 1. Image of latex sheet used for wrapping the column 

The cross-section details and the sample designation of 
each column in unwrapped conditions are shown in Fig. 2. 
Two sizes of channel sections (100 × 50 × 2 mm and 
200 × 50 × 2 mm) were used. 

 
Fig. 2. Cross-section details of unwrapped columns with sample 

designation 

Six-channel sections with and without a lip and six 
back-to-back channel sections with and without a lip were 
tested. The cross-sections are differentiated based on the 
longer dimension of the section (100 and 200 mm), and the 
provision of the lip. The sections are fabricated without a 
lip, with an interior lip of 12 mm, and with an exterior lip 
of 12 mm. Further, the latex sheet is glued to one set of 
column sections, and a total of 24 different column 
sections with and without latex wrapping are tested. The 
unwrapped channel sections without lip are designated as 
CFS_100_NL and CFS_200_NL. The unwrapped channel 
sections with an interior lip are designated as 
CFS_100_WLI and CFS_200_WLI. The unwrapped 
channel sections with exterior lip are designated as 
CFS_100_WLE and CFS_200_WLE. The back-to-back 
channels are designated as B2B_CFS_100_NL, 
B2B_CFS_200_NL, B2B_CFS_100_WLI, 
B2B_CFS_200_WLI, B2B_CFS_100_WLE, and 
B2B_CFS_200_WLE. The latex wrapped sections with no 
lip are designated as CFS_100_NL_RW, 
CFS_200_NL_RW, B2B_CFS_100_NL_RW, and 



B2B_CFS_200_NL_RW. The latex wrapped sections with 
interior lip are designated as CFS_100_WLI_RW, 
CFS_200_WLI_RW, B2B_CFS_100_WLI_RW, and 
B2B_CFS_200_WLI_RW. The latex wrapped sections 
with exterior lip are designated as CFS_100_WLE_RW, 
CFS_200_WLE_RW, B2B_CFS_100_WLE_RW, and 
B2B_CFS_200_WLE_RW. The height of the column is 
kept at 1.25 m. 

The height of the column is ensured to be greater than 
three times the largest dimension and less than 20 times the 
radius of gyration determined about the weak axis. All the 
columns are welded to the base plate of size 
300 × 300 × 12 mm. During welding, the centroid of the 
column section is made to coincide with the centroid of the 
plate. Fig. 3 shows all 24 fabricated samples before testing. 

 
Fig. 3. Wrapped and unwrapped columns before testing 

2.3. Test protocol 

Each column section is simultaneously subjected to 
constant axial load and repeated cycles of lateral load. The 
magnitude of axial load is determined from the 
theoretically calculated ultimate load following IS801, 
1975. All column sections are subjected to an axial load of 
magnitude equal to one-tenth of the ultimate load 
determined for the unwrapped section. The axial load of 
the wrapped section is kept the same as that of the 
unwrapped specimen. The axial load is applied at the 
centroid of the column. Table 1 shows the ultimate load to 
failure and the applied axial load for the specimens tested. 
In addition to the axial load, the specimens are also 
subjected to repeated lateral load. Fig. 4 a shows the 
experimental setup. The repeated lateral load is applied at 
the top of the column. Initially, a lateral load of 1 kN is 
applied to push the column toward the right from the 
neutral position. The lateral load in the column is released 
and the load of -1 kN is applied to push the sample to the 
left from the neutral position and then unloaded. This 
constitutes one cycle of loading. Further, the column is 
subjected to repeated loading, with lateral load 
incremented by 1 kN for every cycle. The schematic of the 
lateral load application is shown in Fig. 4 b. This repeated 
loading with a 1 kN load increment in each cycle is applied 
till the specimen fails. The lateral displacement near the 
free end of the column is measured for each cycle. To 
measure the strain in the local buckling zone, strain gauges 
are placed at 100 mm from the base plate. Four to eight 
gauges were used for different sections. The location of the 
strain gauges is indicated in Fig. 2. 

Table 1. Theoretically computed ultimate load and the applied 
axial load for different specimens 

No. Sample 
Ultimate 
load to 

failure, kN 

Axial load 
applied, kN 

1 CFS_100_NL and 
CFS_100_NL_RW 51.30 5 

2 CFS_100_WLI, 
CFS_100_WLI_RW, 
CFS_100_WLE and 
CFS_100_WLE_RW 

75.01 7 

3 CFS_200_NL and 
CFS_200_NL_RW 65.86 6 

4 CFS_200_WLI, 
CFS_200_WLI_RW, 
CFS_200_WLE and 
CFS_200_WLE_RW 

87.15 7 

5 B2B_CFS_100_NL and 
B2B_CFS_100_NL_RW 99.42 9 

6 B2B_CFS_100_WLI, 
B2B_CFS_100_WLI_RW, 
B2B_CFS_100_WLE and 
B2B_CFS_100_WLE_RW 

141.02 10 

7 B2B_CFS_200_NL and 
B2B_CFS_200_NL_RW 135.77 10 

8 B2B_CFS_200_WLI, 
B2B_CFS_200_WLI_RW, 
B2B_CFS_200_WLE and 
B2B_CFS_200_WLE_RW 

174.33 10 

 
a 

 
b 

Fig. 4. Details of experimental investigation: a – experimental 
setup; b – schematic of load application 



3. RESULTS AND DISCUSSION 

3.1. Lateral load-lateral displacement at the free 
end of the column 

The lateral displacement recorded at the free end of the 
column for different column sections was compared. Fig. 5 
shows the load-displacement curve for column and back-
to-back column sections without a lip. As expected, the 
cross-section of the column influences the load-
displacement behaviour. Imran et al., 2018 [21] observed 
the web height to flange width ratio, which is defined as an 
aspect ratio to be an important parameter to control the 
local buckling. In this current investigation, the increase in 
web length from 100 to 200 mm reduced the lateral 
displacement by 30 to 40 %. The load corresponding to the 
lateral displacement was also increased when the web 
length was increased from 100 to 200 mm. The increase in 
lateral load was found to be 75 to 100 %. 

 
Fig. 5. Load-displacement curves of channel and back-to-back 

channel section without a lip 

For any given cross-section the provision of the lip has 
increased the maximum load to failure. The load-
displacement curve of the sections with exterior lip and 
without lip is shown in Fig. 6. 

 
Fig. 6. Load-displacement curves of back-to-back channel section 

with and without a lip 

The slope of the load-displacement curve remained the 
same for both B2B_CFS_200_NL and 

B2B_CFS_200_WLE. However, the maximum load to 
failure for the specimen that is with lip was found to be 
5.0 kN. This is a 50 % increase when compared to the 
specimen without a lip. A similar trend was observed in all 
the cases of the channel and back-to-back channel sections 
with interior and exterior lips. Schafer, 2014 [22] observed 
that the provision of the lip in the angle section enchanced 
the buckling load in torsion-flexural modes. In the current 
investigation, the provision of lip (both interior and 
exterior), increased the ultimate load and the increase was 
in the range of 40 to 50 %. 
 The influence of latex wrapping on the lateral 
displacement of the specimen is shown in Fig. 7. Fig. 7 a 
compares the wrapped and unwrapped channel section of 
100 mm web length and with the interior lip. The load-
displacement curve at the initial loading was observed to 
be identical for both unwrapped and wrapped specimens. 
However, the load to failure for the latex wrapped section 
is increased to 4.8 kN. 

 
a 

 
b 

Fig. 7. Influence of latex wrapping on the load-displacement 
trend: a – channel section; b – back-to-back channel 
section 

This is a 47 % increase when compared to the 
unwrapped section. A similar comparison of unwrapped 
and wrapped specimens for the back-to-back channel 
sections with exterior lip is shown in Fig. 7 b. The load-
displacement curve at the initial cycle remained the same 
for both cases. The peak load to failure for latex wrapped 



specimens increased by nearly 64 %. Some of the previous 
investigations have shown the wrapping of the CFS 
column with carbon fiber reinforced polymer (CFRB) and 
glass fiber reinforced polymer (GFRB) has increased the 
ultimate load to failure [23 – 25] during axial load testing. 
Chakaravarthy et al., 2022 [23], through experimental 
investigations showed that CFRP wrapped CFS column 
had improved the ultimate load by 1.66 times when 
compared to unwrapped CFS column. Another 
experimental investigation by Sreedhar et al., 2013 [24] on 
CFRP wrapped lipped channel section showed an 
increased ultimate capacity of up to 16.75 %. Sreedhar et 
al., 2013 [24] also highlighted that the bond between the 
CFRP-adhesive-steel is one of the governing factors in 
determining the strength of the member. Gao et al., 2013 
[25] showed that the magnitude of increase in strength and 
stiffness due to the wrapping of CFRP member depends on 
the number of CFRP layers used. The current investigation 
is one of the first attempt to understand the influence of 
latex wrapping in CFS columns. From the experimental 
investigation, latex wrapping considerably increased the 
ultimate load during lateral loading of the CFS column. 

To conclude, the lateral load-displacement curve was 
found to depend on the cross-section of the specimens. An 
increase in web length reduced the displacement of the 
specimen at any given load. The load-displacement curve 
for any cycle of loading for the section with and without a 
lip remained unchanged. Likewise, the load-displacement 
curve for initial cycles remained unchanged in both latex 
wrapped and unwrapped columns. However, the load to 
failure increases in the case of latex wrapped sections. 
Further, the strain recorded in the local buckling section is 
analyzed in the following section. 

3.2. Ductility factor, energy absorption and 
stiffness of CFS column 

The energy absorption was calculated for the ultimate 
load cycles and the influence of latex wrapping is studied. 
The area enclosed by the load-displacement plot indicates 
energy absorption. Fig. 8 shows the energy absorption of 
the selected samples and the energy absorption of all the 
samples tested are listed in Table 2. 

Table 2. Energy absorption for all the specimens tested 

No. Sample 

Energy 
absorption of 
unwrapped 

section, kN-mm 

Energy 
absorption of 
latex wrapped 

section, kN-mm 
1 CFS_100_NL 22.00 39.78 
2 CFS_100_WLE 78.05 141.77 
3 CFS_100_WLI 77.00 142.20 
4 CFS_200_NL 104.90 175.20 
5 CFS_200_WLE 145.05 174.80 
6 CFS_200_WLI 169.15 206.20 
7 B2B_CFS_100_NL 171.25 249.00 
8 B2B_CFS_100_WLI 182.45 284.62 
9 B2B_CFS_100_WLE 189.40 284.10 
10 B2B_CFS_200_NL 207.30 335.55 
11 B2B_CFS_200_WLE 227.40 325.28 
12 B2B_CFS_200_WLI 211.50 317.20 

Latex wrapping is said to increase the energy 
absorption in the specimen. The percent increase was 

found to vary with the column cross-section and provision 
of the lip. The energy absorption is found to increase 
approximately by 20 to 80 %. Table 3 shows the ductility 
factor for the specimens tested. 

 
a 

 
b 

 
c 

Fig. 8. Energy absorption and ductility factor for the CFS column 
specimens: a – CFS_200_NL; b – CFS_200_WLI;  
c – B2B_CFS_200_WLE 

The ductility ratio is defined as the ratio of ultimate 
displacement to yield displacement. The ductility ratio was 



found to be higher in latex wrapped samples. Fig. 9 shows 
the stiffness due to repeated loading for selected samples. 
Latex Wrapping increased the stiffness of the column. The 
increase in energy absorption and stiffness due to wrapping 
results are in line with the research finding of Gao et al., 
2013, Sun et al., 2022 and Palanivelu et al., 2011 [25 – 27] 
reported for CFRP and GFRP wrapped CFS column 
section. Gao et al., 2013 [25] showed that a number of 
layers of CFRP wrapping influenced the stiffness and the 
wrapped sections exhibited 25 to 105 % increase in 
stiffness. Sun et al., 2022 [26] recommended GFRB 
wrapped CFS column for energy absorption structure due 
to its high energy absorption when compared to unwrapped 
section. The energy absorption capacity was found to 
depend on the cross-section geometry of the column 
[26, 27]. The current study showed that wrapping of CFS 
column with naturally available latex also increases energy 
absorption and stiffness. 

Table 3. Ultimate displacement, yield displacement and Ductility 
factor for the CFS column specimens 

N
o. Samples Displacement, mm Ductility 

factor Ultimate Yield 
1 CFS200-WLI-RW 41.9 24.9 1.68 
2 CFS200-WLI 49.6 33.5 1.48 
3 CFS200-WLE-RW 47.9 25.3 1.89 
4 CFS200-WLE 38.2 28.6 1.34 
5 CFS200-NL-RW 28.6 23.8 1.20 
6 CFS200-NL 38.6 33.2 1.16 
7 B2B-CFS200 –WLI-RW 62.1 27.0 2.30 
8 B2B-CFS200-WLI 80.6 38.3 2.10 
9 B2B-CFS-200-WLE-RW 83.7 58.2 1.44 
10 B2B-CFS-200-WLE 53.4 46.0 1.16 
11 B2B-CFS200-NL-RW 50.0 31.6 1.58 
12 B2B-CFS-200 –NL 40.2 30.8 1.31 
13 B2B-CFS100 -WLE-RW 31.0 15.9 1.95 
14 B2B-CFS100 –WLE 34.7 28.8 1.20 
15 B2B-CFS-100-WLI-RW 34.7 28.8 1.20 
16 B2B-CFS100 –WLI 24.2 20.1 1.20 
17 B2B-CFS-100-NL-RW 36.4 18.9 1.93 
18 B2B-CFS-100-NL 23.5 13.8 1.70 
19 CFS100-WLI-RW 24.9 20.0 1.25 
20 CFS100-WLI 17.1 14.4 1.19 
22 CFSC100-WLE-RW 36.4 18.9 1.93 
21 CFSC100-WLE 46.6 25.5 1.83 
23 CFS100-NL-RW 27.5 9.4 2.93 
24 CFS100-NL 34.7 21.2 1.64 

3.3. Strain at the local buckling zone 
The variation in the strain at the depth of 100 mm from 

the base plate at different locations was analyzed. The 
strain gauges were fixed in the web, flange, and lip of the 
cross-section as shown schematically in Fig. 2. On 
comparing the strain measured at different locations, the 
strain recorded in the flange and the web was found to be 
critical when compared to the strain at the lip. Fig. 10 a 
shows the strain recorded at flange (point 2) and web 
(point 3) for CFS200_WLI. The strain in the flange 
reached maximum value before the web and the critical 
zone is observed to be the flange zone. This is seen in 
Fig. 10 b for CFS200_WLI and the same trend was 
observed for all the samples tested. For further analysis, 
the strain in the flange was used. 

 
a 

 
b 

Fig. 9. Stiffness due to repeated loading for selected specimen: 
a – CFC 100_WLI; b – B2B_CFC_100_NL 

 
a 

 
b 

Fig. 10. Strain at different locations of specimen CFS200_WLI: 
a – load and strain variation with load cycles; b – lateral 
load ss strain 



Fig. 11 compares the flange strain of the unwrapped 
channel section with the interior and exterior lip. Fig. 11 a 
shows the repeated cycles of load and strain and Fig. 11 b 
shows the peak strain in the respective section. The strain 
in the specimen with the interior and the exterior lip are 
observed to be opposite. This shows the inward and 
outward buckling nature of the interior lip and exterior lip 
section. 

This observation also coincides with the type of failure 
observed in the failed samples. Fig. 12 shows the images 
of all the tested samples with a web length of 200 mm. All 
the specimens failed due to local buckling. The channel 
section with an interior lip and no lip exhibited similar 
damage. 

 
a 

 
b 

Fig. 11. Flange strain of channel section with interior and exterior 
lip: a – repeated load and strain; b – peak strain vs load 

 The flange in the section buckled inward as seen in 
Fig. 12 a and b. All the channel sections with exterior lip 
buckled outward as shown in Fig. 12 c. This leads to the 
opposite sign convention for the strain that is shown in 
Fig. 11. All the back-to-back channel sections with exterior 
lips and without lips exhibited outward buckling. This is 
shown in Fig. 12 d and f. All the back-to-back channel 
sections with interior lips exhibited inward buckling as 
shown in Fig. 12 f. 

Fig. 13 shows the repeated loading and the 
corresponding strain response of the unwrapped and latex 
wrapped channel section with the interior lip. The ultimate 
load to failure of the unwrapped section is 6.6 kN and that 
of the wrapped section is 8 kN. 

 
a 

 
b 

 
c 

 
d 

 
e 

 
f 

Fig. 12. Images of the failed specimens: a – CFS_200_NL and 
CFS_200_NL_RW; b – CFS_200_WLI and 
CFS_200_WLI_RW; c – CFS_200_WLE and 
CFS_200_WLE_RW; d – B2B_CFS_200_NL and 
B2B_CFS_200_NL_RW; e – B2B_CFS_200_WLI and 
B2B_CFS_200_WLI_RW; f – B2B_CFS_200_WLE and 
B2B_CFS_200_WLE_RW 

The corresponding strains are 4379 and 5270 mm/m. 
In this case, the latex wrapping increased the ultimate load 
to failure by 21 %. The corresponding strain also increased 
by about 20 %. Table 4 shows the ultimate load to failure 
and its corresponding strain for all samples tested. The 
ultimate load to buckling varied with the type of cross-
section. On comparing the back-to-back channel section 
with its corresponding channel section, the lateral load to 



failure increased by 70 to 120 %. In addition, there is a 
considerable reduction in the strain at the ultimate load 
point. The provision of interior or exterior lip also 
increased the ultimate load to buckling by 15 to 20 %. The 
latex wrapping increased the lateral load to failure by 15 to 
25 %. 

 
a 

 
b 

Fig. 13. Repeated load and the corresponding flange strain of the 
unwrapped and latex wrapped channel section with:  
a – load; b – strain 

4. SUMMARY AND CONCLUSIONS 
 This paper reports the experimental investigation 
conducted to study the behaviour of various cold-formed 
steel cross-sections to repeated lateral loading. CFS 
columns were subjected to repeated lateral loading with 
incremental load magnitude for each loading cycle. The 
column was subjected to repeated loading till failure. All 
the columns were observed to fail in local buckling. Local 
buckling occurred near the base plate. The lateral 
displacement at the free end of the column and the strain in 
the local buckling zone were recorded and analyzed further 
to understand the behaviour of the column. 
 The strain in the flange zone was observed to be more 
critical in the local buckling zone. The damage was 
initiated from the flange portion. The increase in web 
length has a large influence on taking up the lateral load. 
The increase in web length of the column from 100 mm to 
200 mm reduced the free end displacement by 30 to 40 % 

and the ultimate load to local buckling also increased by 
about 75 to 100 %. 

Table 4. Ultimate load to failure and its corresponding strain 

No. Sample Load, kN Strain, µm/m 
1 CFS_100_NL 3.5 6043 
2 CFS_100_NL_RW 4.1 6850 
3 CFS_100_WLI 4.0 6895 
4 CFS_100_WLI_RW 4.8 7646 
5 CFS_100_WLE 4.5 6062 
6 CFS_100_WLE_RW 6.4 6613 
7 CFS_200_NL 8.0 4738 
8 CFS_200_NL_RW 9.4 5482 
9 CFS_200_WLI 6.6 4379 

10 CFS_200_WLI_RW 8.0 5279 
11 CFS_200_WLE 6.4 4012 
12 CFS_200_WLE_RW 8.0 4522 
13 B2B_CFS_100_NL 8.0 6065 
14 B2B_CFS_100_NL_RW 8.9 8516 
15 B2B_CFS_100_WLI 8.2 6516 
16 B2B_CFS_100_WLI_RW 9.0 8844 
17 B2B_CFS_100_WLE 8.0 7628 
18 B2B_CFS_100_WLE_RW 9.2 8249 
19 B2B_CFS_200_NL 14.0 1390 
20 B2B_CFS_200_NL_RW 14.8 2506 
21 B2B_CFS_200_WLI 15.0 1094 
22 B2B_CFS_200_WLI_RW 18.0 2260 
23 B2B_CFS_200_WLE 18.0 2897 
24 B2B_CFS_200_WLE_RW 19.0 3767 

 The provision of interior and exterior lips changed the 
type of local buckling that occurred in the flange portion of 
the cross-section. Flange buckled inward for the channel 
section without lip and with interior lip, whereas, the 
flange in the channel section with exterior lip buckled 
outward. The back-to-back channel section also exhibited 
buckling. The provision of lip (both interior and exterior) 
did not influence the load-displacement behaviour in both 
the free end and local buckling zone at the initial cycles of 
loading. However, increased ultimate load to failure was 
increased by 15 to 20 %. Energy absorption and ductility 
factor were calculated for all the samples tested and 
reported. The latex wrapping resulted in an increased 
energy absorption and it is about 20 to 80 % for different 
column cross sections. The ductility factor was found to be 
higher for latex wrapped samples as compared to 
unwrapped samples.   
 The wrapping of the column cross-section by natural 
latex did not influence the load-displacement behaviour at 
the initial cycles of loading. There is a marginal decrease 
in lateral displacement at failure observed near the free end 
of the column. Latex wrapping also increased the ultimate 
load to local buckling by 25 %. From the visible 
observation of the specimens after testing, some of the 
latex wrapped columns did not show buckling, however, 
while testing the load did not increase beyond a point. 
When the column is loaded, the major part of the load is 
transferred to the CFS section. With the natural latex being 
glued to the CFS column, the latex is expected to take the 
shape of the CFS column. On repeated loading, the column 
failed in local buckling but could not be visibly seen 
outside due to the swelling of latex in the local buckling 
zone. Further investigation on the latex wrapped section 



considering it as a composite section and simulations to 
determine the effective thickness of the cross-section are in 
progress. Further, to implement the influence of wrapping 
to local buckling, one may need a different set of design 
equations [28]. 
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