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Abstract -  As per ministry of housing, 1.77 million number of 
peoples don’t have one of basic amenities i.e. house. Basically 
Cold Formed Steel are Pre-Engineered Building structures which 
can enhance easy and faster mode of construction which can 
overcome this concern. These structures are designed using semi 
rigid connections which makes the system earthquake resistant 
in addition to the safety, durability, performance and long-term 
low operational costs for the 50-year design life of a typical low-
rise residential house. When a purpose of building is fulfilled or 
no longer needed it can be disassembled, stored or moved to 
another place and re-erected since major joints used are bolted 
connections. The design of section is based on the compressive 
nature (Flange) of the C-section provided and the model is exe-
cuted on the ANSYS. This study is made using IS801 and AISI 
code equations subjected to maximum allowable stress, with 
effective section properties of C section with different b/t ratios 
of flange. The model is created and analysis & design part was 
carried out on STAAD. Pro as well as manually. This study helps 
to understand the behaviour of cold formed steel sections under 
compression subjected to loading conditions for different b/t 
ratios and fulfill the requirement of economical housing 
scheme. 

Key Words – Low Cost Housing, Cold Form Sections, Channel 
Lipped section, b/t Ratio, Flange of section, Pre-Engineered 
Building. 

1. INTRODUCTION 
 
According to a report of a Ministry of Housing and Urban Pov-
erty Alleviation (MHUPA), India’s urban housing shortage is 
estimated at nearly 18.78 million households in 2012. Besides 
those living in obsolescent houses, 80 percent of these house-
holds are living in congested houses and are in requirement of 
new houses. Some report also says that nearly one million 
households are living in non-serviceable low strength houses, 
while over half a million households are in homeless condi-
tions. Growing concentration of people in urban areas has re-
sulted in an increase in the number of people living in slums 
and squatter settlements. It is apparent that substantial hous-
ing shortage looms in Urban India and a wide gap exists  
between the de-mand and supply of housing. Hence, tradition-
ally, low cost housing has been the domain of the government 
[11]. India’s urban housing shortage is being primarily driven 
by the EWS and LIG categories. However, majority of the 
housing supply that has been built across urban India is be-
yond the affordability of the EWS and LIG segment [9]. Further, 
high land costs, archaic building bye laws, stringent licensing 

norms, delay in project ap-proval and unfavourable banking 
policies made low cost housing projects uneconomical that too 
for disaster prone areas like earthquakes, Wind, etc, for pri-
vate developers [4]. So constructing a low cost house with af-
fordable prices and low maintenance could help eradicating 
such major concerns [1]. 
 

2. PRE ENGINEERED BUILDING 

 
In PEB structures there are basically two types of structural 
steel: hot-rolled steel shapes and cold-formed steel shapes. 
The hot rolled steel shapes are formed at elevated tempera-
tures while the cold-formed steel shapes are formed at room 
temperature. Cold-formed steel structural members are 
shapes commonly manufactured from steel plate, sheet metal 
or strip material. The manufacturing process involves forming 
the material by either press-braking or cold roll forming to 
achieve the desired shape. Press-braking is often used for 
production of small quantity of simple shapes. Cold roll form-
ing is the most widely used method for production of roof, 
floor and wall panels. It is also used for the production of struc-
tural components such as Cees, Zees, and hat sections. Sec-
tions can usually be made from sheet up to 60 inches (1.5m) 
wide and from coils more than 3,000 feet (1,000m) long [12]. 

 

Figure 1: Types of Cold Form Steel Section 

In terms of physical characteristics, cold rolled steels are typi-
cally harder and stronger than standard hot rolled steels. As 
the metal is shaped at the lower temperatures, the steel’s 
hardness, resistance against tension breaking, and resistance 
against deformation are all increased due to work hardening. 
These additional treatments, however, can also create internal 
stress within the material. This can cause unpredictable warp-
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ing but were not applicable to cold–formed sections because of 
their relatively thin steel walls which were susceptible to 
buckling. Cold-formed steel members maintain a constant 
thickness around their cross-section, whereas hot-rolled 
shapes typically exhibit tapering or fillets [11]. 

 
2.1 Stiffened & Unstiffened Elements 
 
Plates that had a stiffening element on only one edge were 
called "unstiffened." These did not require calculation of an 
effective width, but were designed on the basis of a reduced 
stress. The stiffener could be "edge" or "intermediate," In a 
section such as a channel that has a flange stiffened by a web 
on one side and a lip on the other, the flange was considered a 
stiffened element. Now, there is a distinction between the 
flange of a channel and the flange of a hat section which is at-
tached to webs on both sides. The channel flange is now called 
an edge-stiffened element, while the flange of the hat is still 
called a stiffened element. The edge stiffener usually produces 
effective widths distributed along the element. [10] 

 
Figure 2: Stiffened & Unstiffened Elements 

 
2.2 Effective Width Concept 
 
Because cold-formed members typically have very high width-
to-thickness ratios, they tend to buckle elastically under low 
compressive stress. However, the stiffened edges of the plate 
remain stable and a certain width of the plate close to the cor-
ners is still "effective" in resisting further compressive load. 
 The inability of the centre of the plate to carry compressive 
load is caused by out‐of‐plane deformations in the shape of the 
fundamental elastic buckling mode.  These deformations re-
duce the axial stiffness, concentrating the compressive force 
at the edges of a plate.  The ultimate load is reached when the-
se edge stresses, carried by the “effective width”, exceed the 
yield stress of the plate material. The “effective width” method 
provides an approximation to the complex non‐uniform stress 
distribution in a thin buckled plate under compression. [12] 

 

 

 
 

3. METHODOLOGY 
 
3.1 Assumptions 
 
The research has been focused on the following assumptions, 
 
1. For analysis of member, C-section with lips is considered. 
2. Section is predominantly in flexure. 
3. Only compression flange shall undergo buckling. 
4. Though compression flange undergoes buckling shift in 
neutral axis towards tension. [2] 
 

3.2 Neutral Axis Concept 
 
In case of flexural members, only top flange undergoes buck-
ling and concentration i.e. neutral axis shifts from centre to-
wards bottom tension fibre with certain amount of eccentricity 
(δ) as shown below. Therefore, with change in stress distribu-
tion Centre of Gravity also changes and shift towards bottom 
flange. [2] 

 
Figure 3: Shifting of Neutral axis stress and distribution 

3.3 Buckling effects 
 
Global buckling designed is based on flexural torsional buck-
ling equation by considering the interaction of major, minor 
and torsional buckling modes as well as Reduction in width of 
cross sectional area to account for buckling effects [3]. 

   

Figure 4: Types of Buckling, Local buckling of compressive 
member, Inward distortional buckling & Global buckling (Flex-

ural/Distortional) 

The compressive flange of the beam acts like an axially loaded.  
 Therefore, in long-span of beams, the tension flange may tend 
to buckle. Since we had considered only Flange member in-
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stead of Complete section. Edges between the plate elements 
rotates without translation [10]. Rotation of the flange occurs at 
web junction and lateral bending of the section. It depends on 
the ratio of width of flange to depth of web. Since we had con-
sidered Flexural members, only Flange is allowed to deflect 
while other members will not undergo any change in proper-
ties as well as remain in their original positions [6]. 
 

3.4 Section Properties 
 
The basic parameters such as area of cross section, moment of 
inertia, section modulus, etc. were calculated. To know the pa-
rameters of particular section, Excel sheet was made which 
can be used for any typical section. For more accuracy centre 
line method is used which is more conventional than normal 
one [3]. For instance, section of 200 x 80 x 20 x 1.5mm is con-
sidered and properties are evaluated with both the methods 
viz. AISI Cold Form Steel Design [15] & Indian Standards [13]. 

 

 

Figure 5: Centre line method as per AISI-CFS  
Manual 

 

 

Table 1: Basic parameters calculated by Indian Standards 
method. 

 

 

Table 2: Basic parameters calculated using AISI Cold Form 
Steel Manual. [15] 

 
The structural parameters namely effective width to thickness, 

effective width to gross width, effective moment of inertia to 

gross moment of inertia is calculated from AISI S100-2007 as 

well as Indian codes IS:811-1987. C-section was considered 

with different dimensions. For a particular section, the effec-

tive properties were calculated. Several iterations were made 

to calculate the exact value with minimal percentage of errors. 
[7] 

 
Table 3: Effective section properties by AISI method. [16] 

 

3.5 Compatibility of Section 
 
After the section properties are calculated, the designed sec-
tion is executed on ANSYS. We had considered the model of 
channel lipped section, with following properties, [5] 

 
Property Value Unit 

Dimension 180CS80x1.5 mm 
Yield Stress 345 Ksi 
Poisson’s ratio 0.3 - 
Allowable Stress 572 ksi 
Support Condition S. S. - 
Pressure 10 -3 Mpa 

Table 4: Sectional properties used in ANSYS. [14] 
 

Once the properties are assumed, analysis of the section is 
executed with various loading and support conditions. Various 
types of Sections considered from which 200CS80x2 is shown 
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below. [5] 
 

 

Figure 6: Deformation of section without Sag Rod 

 

3.6 Structure Plan 
 
After Finalizing the section, i.e. Structural as well as secondary 
members a plan for low rise residential house is considered. By 
adopting the norms of Ministry of Housing (MoH) and Nagpur 
Metropolitan Area (NMA) Development Plan (Maharashtra, 
India), a two-room sized house is plotted with minimal re-
quired space [9] & [4]. 

 
Figure 7: Nominal Room Size according to Ministry of 

Housing 
 

 
Figure 8: Nominal Room Size according to Nagpur 

Metropolitan Area 
 

3.7 Models 
 

Three building models were considered, using various pa-
rameters. The three structures were made with different 
specification and based on their modelling, data is interpret-
ed. 

1) RCC Framed Structure (RCC + CFS Roof) 
 
A low rise residential building was considered called as Roof 
System, made of RCC columns having size of 230 x 230 mm 
and Roof made up of PEB structure namely, Rafters with des-
ignation of ISMB150 & purlins of ISMC75 with sheeting thick-
ness of 1mm. Sloped Footing is used in Foundation with a size 
of 800 x 800 mm with a depth of 1500 mm. Plinth beam of 
230 x 230 mm was taken with Clear height of the structure 
kept 3 m. At joint splice plate is used and connected by bolted 
connection of 12 mm diameter bolts [8]. Purlins was placed at 
a distance of 1.5 m centre-to-centre and frames are placed at 
3.15 m apart. Brick work is used for Partition walls. The mod-
el was tested with various loading conditions including Wind 
load, Collateral load, etc. 7 Pinned condition were used for 
end supports on STAAD. Pro [11]. 
 

 
Figure 9: Elevation of RCC Framed Structure 

 
2) Load Bearing Structure 
 
A model is created made of Brick masonry having a column 
size of 230 x 230 mm and R.C.C. slab of 125 mm. Footing was 
made of 3 layers, 1st layer consist of Murom having a depth of 
225 mm. 2nd layer was laid of P.C.C. and after that, stepped 
footing was made of Bricks masonry with a depth of 230 mm 
each. Then Plinth slab was laid with a thickness of 125 mm 
and above that Load Bearing structure with designated 
dimesnions were considered. 

 
Figure 10: Elevation of RCC Framed Structure 
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3) Cold Form Steel Structure 
 
A model of Cold Form Steel structure was made, consisting of 
two different sections, viz. Columns & Rafters made of lipped 
C-section with designation of 200CS60x2 with lip depth of 20 
mm and Purlins & Girts with a designation of 120CS50x1.2 
with a lip depth of 12 mm. Bolted connection was used with a 
size of 12 mm Diameter bolts [8]. Welding was preferred at 
very rare conditions where ever it is necessary. Splice plate is 
used at joints and connection was made back to back & pinned 
end conditions were used [6]. Plinth beam of 230 x 230 mm 
size was considered with a column placed centre to centre 
fixed with a support of splice plate and anchorage bolts of 12 
mm [1].  

 
Figure 11: Analysis of 2D model of section 200CS60x2 [4] 

 

Figure 12: Elevation of Cold Form Structure 

 
4. RESULTS AND DISCUSSION 
 
1) RCC Framed Structure 
 
The figure shows the connection of middle column used in RCC 
Framed structure. The anchor bolts were used of 12 mm di-
ameter connected by a splice plate b/n column and rafter. The 
splice plate is welded to the rafter and purlins were connected 
with bolted connection. The base model was created and the 
analysis of rafters as well purlin was done in STAAD. Pro. A 
section of ISMB150 was used for rafters and ISMC75 for pur-
lins.  

 

 
Figure 13: Bolted connection between Column and Rafter 

        
 

 

 

 

 

 
 
 
 

 

Table 5: Estimated cost for constructing RCC Framed 
Structure 

 
       Therefore, it can be said that an amount of 4.0 Lakh ru- 
        pees is required to construct a Framed structure.     
 
       2) Load Bearing Structure 

 
       A plan was made with specifications listed above. The  
        analysis and manual calculations was done for which re 
        sults listed below. 

         

Figure 14: Model of Footing for Load Bearing  
Structure 

 

 

 

Sr. Description Quantity Rate Pricing 
1 Foundation 400 Sq. ft. 400/- 1.60 L 
2 Plinth Beam 120 R. ft. 250/- 0.30 L 
3 Slab 400 Sq. ft. 80/- 0.32 L 
4 Column 9 nos. 4000/- 0.36 L 
5 Brick Work (inc. 

Plastering) 
360 Cu. ft. 120/- 0.43 L 

6 Rafter 280.72 kg. 50/- 0.15 L 
7 Purlin 236.23 kg. 50/- 0.12 L 
8 Sheeting 220 kg. 51/- 0.11 L 
9 Bolts & Welding   0.10 L 

10 Miscellaneous  10 % 0.35 L 
   Total 4.00 L 
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Table 6: Estimated cost for constructing Load Bearing  
structure 

     

 

 

 

 

Therefore, it can be said that an amount of 4.90 Lakh rupees 
is required to construct a Framed structure. 
 
        3) Cold Form Steel Structure 
 
The figure shows the connection of middle column used in 
Cold Form Steel structure. The splice plate is used between 
column and rafter and connection made was back to back. For 
connection, 12 mm diameter bolts were used. Purlins were 
placed at a distance of 1.5 m centre to centre and connected 
with the help of bolts. 
 

 

Figure 15: Bolted connection of Column and Rafter in CFS 
Structure 

 

 

Table 7: Result of Designed section 120CS50x1.2 

Therefore, the section was initially analysed in Staad. Pro and 
the design of Cold Form Steel section was done manually. In 
this process the section passed and can be used for Practical 
purpose. 

 

Table 8: Estimated cost for constructing Cold Form Steel Struc-
ture 

 
 Therefore, it can be said that an amount of 3.25 Lakh rupees 
is required to construct a Cold Form Steel structure. 
 

5. CONCLUSIONS 
 
This analytical study of, “Using cold form section for low cost 
housing” helps better understand the compatibility and uses of 
Section & from this it can be concluded that, 
 
1) With different b/t ratios, the gross effective properties can 
be calculated depending upon the use and compatibility of sec-
tion. It can be said that with effective width concept, a lesser 
dimension section can withstand a larger amount of deflection 
if optimised perfectly. 
2) The analysis of section was carried out as per Indian Stand-
ards as well as American Standards. It is found that AISI code 
gives a better accuracy in respect to sectional properties as 
well as in behaviour. An approximate, 15% more optimised 
result was found as per AISI. 
3) A low rise residential house can be constructed by using 
Cold Form Steel which can give higher efficiency of cost as 
well as can be erected with a span of 3 days (excluding sub-
structure). 
4) As per the study, a cost of 3.25 Lakh is required to construct 
a low rise residential house for 2 beneficiaries, which means it 
will cost you for a sum of 8,690/- per sq. mt. 
5) It can be preferred not only for permanent construction but 
also as temporary purpose, especially in Seismic prone areas.  
 
 
 
 
 

Sr. Description Quantity Pricing 
1 Foundation 30.71 Cu. mt. 2.25 L 

2 Plinth Beam 120 R. ft. 0.30 L 

3 Slab 800 Sq. ft. 0.64 L 

4 Column 9 nos. 0.16 L 

5 Wall 1100 Sq. ft. 1.10 L 

6 Miscellaneous 10 % 0.45 L 

  Total 4.90 L 

Sr. Description Quantity Rate Pricing 
1 Foundation 400 Sq. ft. 400/- 1.60 L 
2 Plinth Beam 120 R. ft. 250/- 0.30 L 
3 Slab 400 Sq. ft. 80/- 0.32 L 
4 Frame (Columns 

& Rafters) 
264.24 kg. 55/- 0.14 L 

5 Purlins & Girts 186.31 kg. 55/- 0.10 L 

6 Sheeting 570 kg. 51/- 0.29 L 

7 Welding & Bolts   0.20 L 

8 Miscellaneous  10 % 0.30 L 

   Total 3.25 L 
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