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Steel has high stre& to @@\rauc@%ﬁls i }(Da re @}to used steel in construction industries which require large clear span. There
covering material could b&’Gl %sgk masonry or concrete walls etc. These walls are non-load bearing yet able to
withstand lateral forces causé st@: or wind. The design of steel buildings generally includes the design of structural
elements including primary colum s/trusses secondary purlin, girts, sheeting, diagonal bracing etc. Hot rolled section,
welded plate sections, cold forme“& sections, corrugated sheets, rods, cables are the materials generally used in steel buildings. Steel
buildings are classified into conventional steel buildings (CSB) and Pre-engineered buildings (PEB) depending upon the design concept
[11[2].

The paper presented a comparison between pre-engineered building (PEB) and conventional steel building (CSB) design. In this study,
2 different 2D Frames were selected for each pre-engineered building and conventional steel building. By varying the tributary width
and wind speed, the frames were analyzed by a software of structural analysis i.e., STAAD pro (V8i).

The design concept of PEB is to use only the required depth of member that is needed at that particular spot depending upon the bending
moment. This results in the tapered sections throughout the span of the building. The tapered shape is obtained by the built-up members.
Standard hot-rolled sections, cold-formed sections, corrugated sheets, etc. are also used along with the tapered sections, as described
in different studies [2, 3]. The use of tapered sections results in reducing the cost of the building by cutting off unnecessary steel.
Conventional steel buildings (CSB) consist of a truss system supported by steel columns. The selection of a truss type depends on the
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span and pitch of the roof. Generally, fink-truss is used for a large pitch, Pratt-truss is used for medium pitch and Howe-truss is used
for smaller pitch. Lighting in steel buildings can be provided through skylights or wall lights and for more lighting, a north truss roof
can be used [1].

The selection of the truss depends on the following, i.e., roof slope, transportation, fabrication, geometry of the building,
climatic conditions. Trusses normally used standard hot rolled section connected together using gusset plates [1, 4].

Pefngneered ConventlﬁnQ

Steel Buildings < Steel 5

Q)

OV .
Figure 1: Pre-Engineering B@ Vs entlonabﬁteel W\Eln%\ﬁ \\\$
The pre-engineered buildings (PEB) have been o ?w ﬁﬁe mo tc;&rcrer@?con @‘cal d?oadvantageous system
n

particularly for the single-story system as co tion c tructr sys ’Y?a{src material that

A

offers low cost, flexible in design, ductrle a ap drffer ond comes in variety of
different shapes and colors, which ma e m&saﬂl Nella con%ﬂ;ctlo Qg\;‘terl hﬁ/allable This means that
we can achieve rapid installation e st Wlth &n}; y}&\thus% in «é\ EB sustainable. Infinitely
recyclable, steel is a material that ects |mperat|vés of the\sust Ie develop . Steel is more common in the
construction of single- stor i strr&) ctures r@ﬂ:%r t m@{b % S bec@%se of economy and serviceability
problems. Oy 04

The pre- engmeer@ cons«s@? &eﬁt fr § connectrng laterally secondary frames to the
econddpy &ave

resist lateral fi framr @{ p s, sag rods, flange braces and diagonal bracing.
The purpos@ econdary framrn%@to tregs er xter@lé‘l the main frame and eventually to the foundations.
Bracm mportant compo n* of P uilghings, tﬁ&use tt@?provrde lateral stability to the buildings by transferring

y of structures that made in steel are generally low rise
steel plant, automobile industries, garages and large thermal

Iong% al wind pressure th @S
structured and norma s\’}gg g? are ho
| S@Q}

power stations. O st truc ire large clear span which are not economically achievable using
other construction ech n c ?@ ndustry, long span and column-free structures are very essential and
pre-engineered buildin f|II &(\ es urrements through its diverse design related to pre-fabrication and pre-
casting [6]. There are man smg PEBs such as, flexibility of expansion, reduced cost, less construction

time, large clear spans, best q@allty control, less maintenance, energy efficient wall and roof systems, architectural
diversity, [7], good strength, corrosive resistance, no residual oils, reduced energy loads etc. [6].

1 Materials & Methods

A building having dimension 25x100x10 m was selected and analyzed for both type of systems i.e. PEB & CSB. In this
study, 16 different 2D Frames were selected for each pre-engineered building and conventional steel building. The software
used was STAAD pro, which is universally accepted for such uses and purposes of the structural analysis program. Pinned
supports were considered for both of the buildings. The Dead, Live, Wind-load were in according with MBMA-2006
(Metal Building Manufacturers Association-2006) and Seismic load were in accordance with UBC-1997 (Uniform
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Building Code-1997). AISI-ASD (American Iron & Steel Institute-Allowable Stress Design) and MBMA-2006 (Metal
Building Manufacturers Association-2006) protocols were adopted as design code and for load application respectively.

Following load combinations were taken: Dead + Live; Dead + Live + Wind/Seismic and Dead + Wind/Seismic.

Different parameters were selected depending upon the structural configuration of both types of frames. The parameters
included were:

Base reactions %(&
Moments at eave QQ)

Horizontal displacement at eave

Vertical displacement at ridge Q)Q"

AN I

Steel take off.
2 Results & Discussions

2.1 Base Reactions

L av

&

Both the structures are analyzed for different par ‘sub tioned ﬁ@«% Q@?&%et% Iect&@;s base reactions.

For this purpose, pin supports are consider@ bo rames baﬁ@ ﬁs afte\‘r\‘& an@%s are plotted on a
0

graph as shown below. Q’
Q E Nl

\%

SRS °5I“ -
CJ ’ ‘(D%adol_oad \z’}i‘f::_o ‘{\0 Wind wind

Lo Wreez® g
N gl e T
0& AWV \K) ‘}0 o
‘é O«Q{\ Fig@@?@&) (a?ﬁof Base Reactions at 7.1 Bay Spacing
0

The value of horizontal c the\’&ctlon is negligible as compared to vertical component, so only the vertical
components have been plotted ‘{th?h gra S.
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Base Reaction (9.1m bay Bldg.)
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Figure 3: Comparison of Base Rea@s at 9.1 Bay SpaC‘I{I@O ,\

Base Reaction (kN)

oV
The above analysis shows that the support reaction in PERK % le er\gs co@)baredécﬂ\CSB\letem Lesser
supports reaction means lighter foundations and hence C %® cost of tm@

S

sQ o &

The shear and bending moments of both the % B :W anéﬁ inth rapr&é)sh%\e@\p It has been observed
i S are

that that the shear and bending forc S as CS at Q{.@Pmpg@) the weight of material

Wt (O o
@Y’f \ \ ;X ‘\OQJQ:{

Moaﬁ At Ea Q
Q" RS “Qo

2.2  Moments at Eave

required.

Bildg. 9.1m bay
285
258

F@@e 4: Qv pa& of Moment at Eave for CSB and PEB Frame
K
By comparing above graphs, ﬁ’le trend Of difference in bending moment’s values at eave is significant. On average the

bending moments values in PEB are 24 % greater compared to CSB. The steel in PEB is provided in tapering based on the
bending moments along the sections that make PEB economical.

2.3 Horizontal Displacement at Eave

The horizontal displacements at eave have also been studied and plotted in a graphical form as shown in the graph below.
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Horizontal Deflection At Eave
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Figure 5: Comparison of Horizontal Deflectlo@%’e for CSB and @@ Frs@e
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It has been observed that horizontal deflection at ea@&P SS than 20 %\' Slgg{(%ant difference in
horizontal deflection makes the PEB frame more s b safer w@] eQ@% @ view

2.4 Vertical Displacement at Ridg §) bﬁ{\% %Q; \\\ \Q

The vertical displacements at eave {( tudied Wplo aeg‘rgphlca{%rm A@shown in the graph below.
Vertical deflection is the importafpyparamgéteg o study. &Io S\ def n at ridge in PEB is more as
compared to CSB frames. In e tru ember i serQ(/QJ 8& hat @le it @bre stable against vertical deflection

at ridge. Deflection at mi Qg ame5| in Q‘ompa tor @’Q

A\
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Figure 6: Comparison of Vertical Deflection for CSB and PEB Frame

Above graph shows that deflection trend is different at different loading. At wind speed 130 KPH the deflection in CSB
9 % less as compared to PEB. The deflection results show that PEB frame is lighter in weight as compared to CSB.
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2.5 Steel Take off

The graph below shows the steel consumption of PEB frame and CSB frame. The amount of steel consumed by PEB is
less as compared to CSB. This is because of the better design methodology of PEB in which the steel is provided depending
upon the bending moments that are coming in the frame. This not only saves weight but also reduces the support reactions
which in turn results in the lower foundation costs. However, in CSB this cannot be achieved as justified by the results
below.

Steel Take off per Frame QQ)
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Figure 7: Comp@ e Off, fq&‘ISB a\@OPEBO ame $\\ Nq

W
By changing load width, it is @ % a @éﬁlﬁerer&‘@\n ‘é? tﬂp@ion oC&EB with respect to CSB almost
e

remain same. At 7.1 m bay g the ¢ e wei creadels nbﬂa spacing the PEB weight saving is
almost 31 %. On avera sav 30.5 %68 e a var in wm@%equ
Q g
o R &
2.6 Steel Tal«&f af% klng S@b%e ﬁ\ \ Y\Q
& 0

The grap@ghows the steel W@\‘};n of fr aftetjgnakmg segments of a member. The graph shows that
lesser ﬂ?» gth of segment \S«(\NI” | tak%-&ff Tb\yu ost comparison is done by the assuming the fabricated
stee@ at Rs. 200/kg. ‘{\«{\
,éO \Q/ ﬁ\‘xo‘ Steel Take-Off
‘0 (O
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Figure 8: Steel Take-Off at different Segment Lengths
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Cost Comparison
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The above Graphs shows that by decreasing the se Ien e cost o@ tu certain limit. But
e%\

after that cost increases rapidly. This is because‘éf dln@d erectl%&ﬁ: 00&‘(
Cg Qo e \\“
3 Conclusions & Recom§ @ \‘&\ % $\ NQ
E{}@}%eereg%un%ng@ have numerous advantages

@gf?’ly conghide th}i@%

@(
ome%xr{ordert Icu%@cfhe Srﬁ of beg}ﬁﬂis not only optimized the building but
uct|

ons; rease ln rea@t ns I’Q@I ts in footing sizes. This we cannot achieve in

On the basis of previous chapter, wi
over convention steel building

In PEB system uses bengi

CSB. On an aver ase @n of P gr‘r tha th \SB The results have shown that the bending
moments at evel in case of P g IS se\Because the connection at Eave is fully moment
connectio se of PEB while @QQSB conr@ t| nne orizontal defection in PEB is lesser as compared to

CSB. %means that PE e is_rkore s e as pare@v 0 CSB frame. Thus, PEB is more serviceable. Vertical
defl@ in CSB is less sjlrar%l c‘a‘%se em re m&ced together at regular interval while in PEB this is not the
case. Future expansmf% a3| Wér a cdivipared to CSB where it is more tedious and time taking. Earth
quake resistance % | ert is igyDecause of its lighter weight. Erection of pre-engineered building is
faster and efficie it f%@ S t%t\ mw@cedure in every project. In CSB

the erection procedure |sﬁ‘f gPor rent projects thus making erection process tedious. ASD method is more
economical as compared to LFQQD method when Live load to Dead load ratios is significantly high in PEB. Steel take off
for PEB is more than 30.5% lesser as compared to CSB. The percentage increases with the increase in loading.
Furthermore, the cost of PEB is much lesser as compared to conventional steel buildings based on the above analysis.
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