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Abstract: The present article represents the comparison between
conventional steel sectional columns and tubular steel section
column. Therefore, total 6 number of models of 12-Storey
Building were analyzed in staad.pro (designing tool) having
different conventional and tubular steel section as a column.
Different bracing systems (such as cross and v bracing) have also
been adopted for lateral stability. The performance of all the
models has been studied by performing dynamic seismic analysis
in zone IV and has been evaluated in terms of structural
parameters of columns i.e. axial force, bending moment,
displacement. The effectiveness and economy of conventional
and tubular steel section with and without bracing system has
also been recorded in order to get the final outcome of the study.

From the final results of the present study, it has been concluded
that the ratio of maximum displacement and total steel quantity
comes out to be 1.16 and 0.74 for the buildings without bracing
(i.e. Type B to Type A) respectively. Ratio of maximum
displacement and total steel quantity is 0.98 and 0.78 for the
buildings having cross-bracing (i.e. Type D to Type C)
respectively. Ratio of maximum displacement and total steel
quantity is 1.05 and 0.80 for the buildings having cross-bracing
(i.e. Type F to Type E) respectively. Therefore, tubular sections
prove to be more economical than conventional sections as it
saves 20% to 30% material cost.

Keywords: Static and Dynamic Seismic Analysis, Steel sections,
columns, Staad Pro.

l. INTRODUCTION

There are different types structures which are being
constructed everyday such as residential buildings,
commercial buildings, hospitals, institutional buildings etc.
Every building has its own purpose and it is designed as per
the requirements of the structure. However, the structures
are categorized in various ways as mentioned below:

e Material Wise Categorization

. RCC Structures

. Steel Structures

. Composite Structures

. Brick Masonry Structures
e Purpose Wise Categorization

. Residential Structures

. Commercial Structures

. Station Structures

. Storage Structures
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RCC framed structures are very common and are often
constructed in urban and rural areas where as steel framed
structures are less common as they required skill engineers
and labors. Composite structures are rare and used only in
complex situation. Residential structures are the structures
used for living purposes and loads are always present in
these structures. Commercial buildings are the office and
institutional buildings and are used only for commercial
purposes. Storage structures are the warehouses which are
used for storing the goods and machines and they are
usually constructed of steel and composite structures.

Figure 2: Different Steel Sections in Buildings

Conventionally, the concrete structures were adopted
mostly but now with the improved technologies and design
methods, steel structures are steeling the market as they as
light in weight and requires less time for construction phase.
Different steel sections (such as T-Shape, I-shape, channels,
angles etc) are welded or bolted together with the help of
plates in order to erect the structures. As there is no
requirement of curing period unlike concrete structures,
steel structures can be erected within days. Sometimes,
bracing systems (such as battens, lacings, struts etc) are used
in order to give additional strength to the structures as they
resist sway and gives stability.
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Column, being the vertical member, is a compression
member through which the loads from slabs and beams are
transmitted to the foundation safely without any failure. In
steel structure, any section can be used as column but the
only thing matters is the placement of that section. I-
sections, single channel sections, double Channel sections,
hollow sections are the sections which can be used as a
vertical member in different situations as they impart
strength and durability in their own way.

1. MATERIALS AND METHODS

The present study represents the comparison between
conventional steel sectional columns and tubular steel

section column. For this purpose, twelve storey building 2 é e & e & &
with and without bracing systems (such as cross and v _ _ ) )
bracing) has been chosen. The methodology which was used Figure 4: Structure Elevation without Bracing

during the present research is being divided into different
phases and is represented below.

Phase I: Staad Models

Total 6 number of models of 12-Storey Building as
described in table 1, were analyzed in staad.pro (designing
tool) having different conventional and tubular steel section
as a column.

Table 1: Description of Various Models

Steel
Type Storey Section for I'Bl'ypq of
racing
Column
Type A | 12 storey Building | Conventional | None T
Type B | 12 storey Building | Tubular None -
Type C | 12 storey Building | Conventional | Cross - Type & & & & & & &
Type D | 12 storey Building | Tubular Cross - Type
TypeE | 12 storey Bu!ld!ng Conventional | V - Type Figure 5: Structure Elevation with Cross-Bracing
TypeF 12 storey Building | Tubular V - Type
Other Structural parameters:
e Height of each storey =3m
e No. of bays =6x6
e Size of each bay =6x6m

&m &m &m &m &m &m
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& & &
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Figure 6. Structure Elevation with V-Bracing

Figure 3: Typical Plan of Building
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Table 2: Steel Sectional Properties of Various Member
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Note: The sectional properties of beams and bracings are
being kept same so that the comparison shall be made only
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Type of B Bracin ’ X . i X
Buildin | Floors Column Size sesgn g Size with respect to column i.e. sectional properties vary in
g (mm) columns only for different type of building.
Type- 2 (1SWE 600H) Eﬁ:\:tESSOO Various vertical Loading which was applied on the
A lto4 (Spacing1.1m) | 300x10 - different models as per the g_uidelines pf IS: 875 part | (Dead
mm) Load) and IS: 875 part Il (Live Load) is specified below.
ISMB 450
5 2 (ISMB 550) (Plates DEAD LOAD:
8 | (spacing 0.75 275x10 |
(Spacing 0.75 m) X Wall load on outers beams: 11 kN/m
r;",\]l)B Wall load on inner beams : 5.5 kN/m
2 (ISMB 400) 350(Plates Floor slab & finishing load : 3 kN/m?
9t0 12 X -
(Spacing 0.5 m) 275x10
mm) LIVE LOAD:
ISMB 500 Load on floors : 3 kN/m?
Type— | 1104 | 700x700x14mm | PlteS | Load on roof floor : 1.5 kKN/m?
B 300x10
mm)
ISMB 450 Phase Il: Dynamic Seismic Analysis
(Plates . . .
St08 | S50xS80xIzmm | 551 | After completion the modeling of various structures,
mm) dynamic seismic analysis was carried out with Response
Eﬁ:\:tfjso Spectrum Method. Along with the horizontal earthquake
9t012 | 450x450x8 mm | 5op 19 - effect, vertical earthquake effect has also been taken as the
mm) building is being analyzed for seismic zone V (as per code).
ISMB 500 | 1t06 During this ph ifferent seismic parameters were taken
Type — ltoa | 2(1SWB60OH) | (Plates floor: u g_t S Phase, d erent seismic parameters were take
c (Spacing 1.1 m) | 300x10 | 275x27 as mentioned below:
mm) 5x12 Seismic Zone AV
2(1SME 550) g:\"tB 450 ]tho 12 Importance Factor 1.2
ates oor: . .
5108 | (gracing0.7m) | 275x10 250%25 Re_sponse Reduction Factor ) _
mm) 0x10 Soil Type : Medium
208 0 ES:\/IB 350 Type of structure : Steel Building
ISMB 45 Plates ; i )
91012 1 (Spacing 0.45 m) | 275x10 Damping Ratio _ : 5%
mm) All the seismic design parameters are as per the new
ISMB500 | 1t06 guidelines of Indian Standard 1893: 2016. For loading
Type— | 1104 | 700x700x18 mm | (Flates floor: consideration in seismic case, 100 % dead load and 25 %
D 300x10 275x27 live load K
mm) Ex12 ive load was taken.
ISMB 450 | 7to0 12
(Plates floor:2 . RESULTS AND DISCUSSION
5t08 550x550x14 mm 275%10 50x250
mm) x10 Columns of all the structures are being evaluated in terms
Eg:\:&%o of axial force, bending moment, utility ratio and deflection
91012 | 450x450x8 mm | 5op 14 and the same is represented in this section with the help of
mm) graphs and tables. In staad.pro, critical load case is chosen
N 2(1SW 600H) g:\"tB 500 f1|t0 62 for the design of column which may vary column to column.
ype — ates oor: . X
E 104 | (SpacingLim) | 300x10 755075 AX|aI _force (kN) and bending moment (KN-m)are the
mm) x12 basic design parameters of column and the results of all the
( ) ES:\/IB 450 7|t0 12 models (axial force and bending moment) has been
2(ISMB 550 Plates floor:2 . .
5108 | (Spacing 0.75m) | 275x10 50%250 represented in the table_3 and tabl_e 4 respectively.
mm) x10 Table 3: Axial Force in Column (kN)
ISMB 350 = = = = = =
2(ISMB 450) (Plates Eloor ype ype ype ype ype ype
dtol2 (Spacing 0.55 m) | 275x10 A B C D E F
mm) 1 2333.2 | 2393.34 | 2900.48 | 2951.86 | 3037.22 | 3219.99
ISMB500 | 1106 2 | 211357 | 2170.27 | 2717.47 | 2736.31 | 2773.98 | 3016.68
Type - 1t04 | 200 700x18 (Plates floor: 3 | 1909.00 | 194354 | 2505.45 | 2529.58 | 2637.73 | 2804.87
F }AOXIOMM | 300x10 | 275x27 4 | 1687.19 | 1711.03 | 2304.77 | 2322.48 | 2152.67 | 2228.89
mm) 5x12 5 | 1463.29 | 1480.87 | 2109.62 | 2123.91 | 1955.46 | 2038.14
ISMB 450 | 7to12 6 | 1254.29 | 1263.52 [ 1923.99 | 1936.21 | 1770.02 | 1837.32
(Plates floor:2 7 | 1043.81 | 1045.33 [ 1274.18 | 1031.13 | 1380.99 | 1321.99
5108 | S50x550x14mm | 57510 | 50x250 8 | 92051 | 833.30 | 1054.79 | 102037 | 115055 | 1100.07
mm) x10 9 623.26 | 469.69 | 846.99 | 817.40 | 943.92 | 895.78
ISMB 350 10 | 43414 | 42800 | 652.84 | 626.80 | 656.48 | 638.20
91012 | 450xa50x8 mm | (Plates 11 198.52 | 24167 | 451.84
275x10
mm)
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12 | 89.44 [ 8743 [ 251.21 | 234.38 | 254.20 | 241.82 |
Table 4: Bending Moment in Column (KN-m)
Floor | TYPe | Type | Type | Type | Type Type

A B C D E F
1 | 30056 | 292.62 | 10.26 | 230.80 | 274.68 | 244.73
2 [ 45913 | 96.15 | 4156 | 78.27 | 46.31 | 135.23
3 14574 | 126.42 | 108.74 | 9142 [ 11197 | 96.81
4 13368 [ 12593 | 10551 [ 9577 | 9433 | 18.27
5 | 14177 [ 11550 [ 77.85 | 68.06 | 90.3 71.38
6 12192 [ 12658 | 9513 [ 82.84 | 91.38 | 1055
7 111.68 | 12338 | 59.93 | 86.32 | 59.64 | 58.60
8 91.00 | 111.87 | 7157 [ 7624 | 7254 | 77.86
9 11040 | 73.28 | 5218 [ 4873 | 3753 | 4876
10 | 8853 | 9658 | 56.34 | 5531 | 56.85 | 5541
11 | 94.86 | 90.05 | 5458 | 53.74 | 5457 | 54.14
12 | 60.04 | 61.02 | 5351 | 5118 | 53.64 | 5170

From figure 7(a), 7(b), 7(e) and 7(f), it was found out that
the tubular column of Type B and Type F produces slightly
more displacement than conventional column of Type A and
Type respectively. But tubular column of Type D produces
less displacement (19.674 mm) than conventional column of
Type C (20.145 mm) as shown in figure 7d and 7c
respectively.

Figure 7(a).Displacement in Type A building;

Figure 7(b).Displacement in Type B building;

Figure 7(c).Displacement in Type C building;

Figure 7(d).Displacement in Type D building;

Figure 7(e).Displacement in Type E building;

Figure 7(f). Displacement in Type F building.

Wk %44 mm ™ Max! 30.619 mn Nk A45mm Tl 8574 mm [Max 18313 mm (2]
Tk A @m Max: 20385 mn  THactision  Fortiom THaction
[ Max: 298 mm Max: 27.103 mm iax: 6453 mm Nax 8006 mm [Hax: 6.9 mm Riln
[Max 2018 mm Max: 23.974 mm [Wax: 7.063nm o 50 mm [Max: 15463 mm &t
Max: 17,255 mm Max: 20.698 mm " Max: 15307 mm Yar 68T mm Tax: 13562 mm kiin
Wex: 14602 mm Max: 18.089 mm TMox: 13507 mm T 90 nm TMax: 11665 mm hlkn
TWax: 138mm =1 LS e
" Max: 15.205 mm Y 11387 mm - Max: 3651 mm ta
TMax: 9058 mm == P -
Max: 12.063 mm Wax 922 mm i tistng Max: 7572 mm i
TMax: 6426 mm [ U
Max: 8.924 mm Max 118 mm e Wax: 5.576 mm kila
TMax: 4214 mm - —
ax: 6.255 mm = Max:
Max: 5217 mm ax UTtinm friom klin
TMax: 2251 mm |
Max: 3.612 mm s Max:
Max: 3214 mm Ver 2865 mm Mox: 1122 mm ki
Max: 0.739 mm h
Max: 1.263 mm E.. ax: .75 mm
Max: 1254 mm Wox: 13 | Ielha
&
2 :
& : 8 z
Figure 7(a) Figure 7(b) Figure 7(c) Figure 7(d) Figure 7(e) Figure 7(f)

Total steel quantity which has been recorded from the
post-processing of staad.pro is shown in the figure 7 and it
has been concluded that building having tubular sections as
column is more economical than the building having
conventional sections as column.

Retrieval Number: H7103068819/19©BEIESP

1385

Total Steel Quanitiy (KN)

13959.935 14752.436 14752436

11753.031

11570.287
10354.794

) D
Typeof Building

Figure 8: Total Steel Quantity (KN)

V. CONCLUSION

Based on the results of staad.pro which was represented
in previous section, following conclusions are drawn for the
present study:

e Ratio of maximum displacement (i.e. Type B to
Type A) is found to be 1.16 and the steel quantity of
type B is 0.74 times than the steel quantity of Type
A.

e Ratio of maximum displacement (i.e. Type D to
Type C) is found to be 0.98 and the steel quantity of
type D is 0.78 times than the steel quantity of
Type C.

e Ratio of maximum displacement (i.e. Type F to
Type E) is found to be 1.05 and the steel quantity of
type F is 0.80 times than the steel quantity of Type
E.

REFERENCES

1.  S.K. Ahirwar ,S.K. Jain and M. M. Pande, 2008 “Earthquake Loads
on Multistorey Buildings as Per 1S:1893-1984 and is: 1893-2002: A
Comparative Study”, The 14thWorld Conference on Earthquake
Engineering,.

2. Riqging Lan, Biao Fenga, XuqianChenb, 2012 “Study on Seismic
Response Analysis of 3-D Structure”, Procedia Engineering Published
by Elsevier Ltd., Vol. 31, pp. 453 — 457.

3. M.GKalyanshetti, G.S. Mirajkar, 2012 “Comparison Between
Conventional Steel Structures And Tubular Steel Structures”,
International Journal of Engineering Research and Applications
(NERA) ,Vol. 2, Issue 6, pp.1460-1464.

4. A. Jesumi, M.G. Rajendran, 2013 “Optimal Bracing System for Steel
Towers”, International Journal of Engineering Research and
Applications (JERA) , Vol. 3, Issue 2, pp.729-732.

5.  Hassaballa, Fathelrahman M. Adam., M. A. Ismaeil, 2013 “Seismic
Analysis of a Reinforced Concrete Building by Response Spectrum
Method”, IOSR Journal of Engineering (IOSRJEN), Vol. 3, Issue 9,
pp. 01-09.

6. Pralobh S. Gaikwad and Kanhaiya K. Tolani, 2015 “Review Paper on
Dynamic Analysis of Building”, International Journal of Current
Engineering and Technology, Vol.5, Issue 1, pp. 974-975.

7. Sagar R Padol, Rajashekhar S. Talikoti, 2015 “Review Paper on
Seismic  Responses of MultistoredRcc  Building with  Mass
Irregularity”, International Journal of Research in Engineering and
Technology, Vol. 04, Issue 03, pp. 558-560.

wwwi.jitee.org

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Exploring Innovation'



International Journal of Innovative Technology and Exploring Engineering (IJITEE)
ISSN: 2278-3075, Volume-8 Issue-8 June, 2019

8. JitendraG.Deore, Anil S.Chander, 2015 “Seismic Effect on
R.C.C.Building for Floor Wise Minimization of Column Cross
Section”, International Journal of Advance Research in Science
Management and Technology.

9.  GeethuGirija Das, Dr. Praseeda K I, 2016 “Comparison of
Conventional and Construction Stage Analysis of a RCC Building”,
International Journal of Science Technology & Engineering, Vol. 3 ,
Issue 03, pp. 50-57.

10. K. Ramakrishna Reddy, Dr. S. Vijaya Mohan Rao, 2016 “Seismic
Analysis of High Raised Building by Response Spectrum Method”,
International Journal of Advance Technology and Innovation
Research, Vol.08, Issue.21, pp. 4111-4118.

AUTHORS PROFILE

SOURABH DHIMAN, Student of Master of

Technology in Structural Engineering in department of

civil engineering in Chandigarh University, Punjab,

India. Completed B.Tech in Civil Engineering from Arni

University, Himachal Pradesh, India. Completed primary

and secondary education from CBSE Board from

Montessorie Cambridge School respectively. One research paper published
in journal. Not having any type of membership in any journal.

Nirbhay Thakur, Assistant Professor in department of
civil engineering in Chandigarh University, Punjab,
India. Completed Master of Technology in Structural
Engineering from Amity University, Noida, India. in
year 2016. Hometown is in Himachal Pradesh, India. Five
research paper published in different journals in national journals as well as
international journal. Two year teaching experience in Chandigarh
University, India. Four M.Tech students guided in research work in various
research topics which also includes research work related to civil
Engineering designing Software.

Nitish Kumar Sharma, Assistant Professor in
department of civil engineering in Chandigarh
University, Punjab, India. Completed Master of
Technology from Jaypee University of information
Technology, India. Completed B.Tech in civil
engineering from Chitkara University, Himachal Pradesh India. 15 research
paper published in different journal of civil engineering field. Now
pursuing Phd from Chitkara University, India. 10 M.Tech student guided
for completion of research work. Having Three year of teaching experience
and won best teaching award in 2018 in department of civil engineering.

Published By:

Blue Eyes Intelligence Engineering
Retrieval Number: H7103068819/19©BEIESP 1386 & Sciences Publication

Exploring Innovation



