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Abstract - Sports Stadiums, like many other civil
engineering structures, are being pushed to their
limits in terms of slenderness and structural
efficiency. Sports stadium structure should be
designed with the care of economic aspects as well
as safety aspects. The objective of the study
includes comparative analysis and design of CC
structure as well as steel structure for sports
stadium with keeping in view of weight and cost
aspects. This report mainly covers analysis and
design aspect of outdoor sports stadium.

First chapter is for introduction regarding stadium
type of structure. Basic requirements for the sports
stadium are explained in this chapter. It covers the
general aspect of sports stadium structure.
Objective of the study, organization of report and
problems formulation are included in the same
chapter. Eden Garden Stadium is one of the largest
stadiums in India. It has been selected for this
particular study.

Static and dynamic analysis of stadiums structure
is included in the Third chapter. It covers the
analysis of lower tier as well as upper tier gallery
of G-Block of Eden Garden Stadium. Dynamic
analysis has been carried out on various model of
stadiums tierstructure

Alternative structural system for the seating bowl
is included in the fourth chapter. It covers the
analysis and design of RCC and steel structural
along with their comparisons. Comparisons mainly
focused on cost and weight aspects of stadium
structure.

Alternative structural system for the roof structure is
included in the fifth chapter. Cantilever portal frame

has been taken as alternative option of space frame.
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Analysis and design of both the structure along with
their comparisons is given in this chapter.

Generation of geometry for the stadium structure
using software like STAAD and design of various
element of stadium structure are time consuming
procedure. Computer program has been developed
for the same. Explanation of computer program
along with sample output for each design elements is

given in the sixth chapter.

Summary of report and conclusion along with further

scope of work is presented in the seventh chapter.

1.INTRODUCTION

Architecture of structure constructed in ancient
world like Egypt’s Pyramid, Wall of China, Taj
Mahal of India etc. reflects the image of nation on
human being. Architects and engineers are very
conscious about the structure, which reflects the
national repute. Sports stadium is such a structure
which makes the image on international level. It is an
iconic structure. Every stadium is different from
other though its functionality is same. Along with
architectures safety, stability, serviceability and
economy are first requirements of the sports stadium
structures. The structural engineers play important
role when these aspects are to be dealt with. Broadly,
there are two types of stadiums like indoor stadiums
and outdoor stadiums depending on sports. Here
mainly outdoor sports stadiums used for cricket
have been discussed.

Design vision of sports stadium and provision of
associated facilities are very important. In the
following section various aspects of stadium

structure are discussed.
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2. Literature Review

This section is setout for the study material available
for stadium structure. Many papers are published
associated to stadium type of structures. Some of
them are related to the architectural issues on
stadium type of structure and rests of them are
structural issues.Internet sources are also available
for the study of this type of structure. Some of the
papers are given below which are collected for study

purpose.

C. Rajagopala Rao and H.L.Suresh [1] have
explained details of the piles foundations, which were
adopted at three of the five stadia where the National
Games were held. They are situated in low lying
areas, which were earlier part of a tank. Soil
investigation reportsrevealed that the Koramangala
indoor stadium site consisted of garbage and refusals
dumped upto approximately 3m depth, following by
sandy clay with silt up to 9m. At the Sri Kanteerava
indoor and outdoor stadia the soil stratification
consists of soft silty clay up to 3 to4m depth followed
by soft to medium stiff silty clay. The water table at
all the three stadia was at ground level. Since soft
layers of sandy/silty clay were found up to a
considerable depth with the water table at ground
level and considering the heavy loads on the
foundation, pile foundations were a necessity.
Adopting open foundation such as footings or raft
was not practical due to the nature of soil and time

constraints.

3. Static and Dynamic Analysis of Stadium
Structure

3.1 General

The major part of sports stadium is seating
arrangement for spectators. The capacity of sports

stadium is sometimes based on maximum number of
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spectator it can accommodate. The important
requirement of seating arrangement is unobstructed
view for maximum possible spectators. To achieve
this, generally seating arrangement is constructed in
number of tier for easy access and comfortable
viewing. The trend in the design of modern sports
stadia is towards large cantilevered upper tiers,
which provide large seating capacities and better
sight lines for spectators. Difficulty arises in analysis
and design while structures have complex geometry.
Due to the complex geometry of the stadium structure
it is necessary to analysis in static as well as dynamic
domain. All possible forces and their combined
action on the stadium structure should be taken into
account carefully. Apart from forces coming from
deadload and live load, stadium structures should be
analyzed for natural calamity load like earthquake
and wind load. In this chapter, static as well as
dynamic behavior of the stadium structure is

discussed.

3.2 Analysis of Lower Tier Gallery

G-Block lower tier gallery of Eden Garden Stadium
has been selected for study purpose. Plan and
section of G-Block are shown in Fig 3.2 and Fig 3.3
respectively. From section of G- Block it can be seen
that the grid A to C has been constructed by using
brick masonry and from grid C to Y has been
constructed by using RCC. This whole structure is
called as lower tier gallery of G-Block. Upper tier
Gallery of G-Block is also constructed by RCC
structure and is resting on grid G, Y & Z. This

section includes analysis of lower tier gallery

| Page 2
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Fig 3.2: Plan of G-Block Gallery
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Fig 3.3: Section View of G-Block Gallery
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3.2.1 Preliminary Data

1. Type of Structure
Space Frame

2. Earth Quake Zone
3. Layout

4, Live Load
IS 875 Part 2)

5.  Materials

6.  Seismic Analysis

Rigid  Jointed

i
as per Fig 3.2
5 kN/m? (as per

M25 and Fe415

Equivalent

Static Method (as per IS 1893:2002)

7.  Dynamic Analysis Response
spectrum analysis

8. S.B.C. of Soil 70 kN/m?

STAAD/Pro has been used for analysis of three
dimension space frame. The structural system of
G-block lower tier gallery is shown in Fig 3.2
and Fig 3.3. It consists of the tier slab,
peripheral beams, radial beams, columns and
foundations. In STAAD model of the G-Block the
secondary peripheral beams have not modeled
and its analysis has been carried out separately.
Reaction from the secondary peripheral beams
has been transferred on main radial beams of
STAAD model in particular load cases like dead
load and live load. Support condition has been
considered as hinge at base of the columns in
STAAD model.

3.2.2 Load Calculation

Dead load

Thickness of Slab 0.075m
Density of Concrete 25Kn/m2
Self-Weight of Slab (w1) 1.9L.n/m2
Step load (w2)

= 0.75x0.145x25/(2x0.725) 1.8Kn/m2
Seat lad (w3) =0.6x25x0.1/0.725 2.1 Kn/m2
Total Dead load =wl1+w2+w3 5.8 Kn/m2

Load Acting per Meter run

Span of Slab 0.725m

Total Dead load per m (Wd)= 5.8x0.725 | 4.2 Kn/m

Total Live load per m (WI) =5x0.725 3.625 Kn/m

Loads transferred to Radial Beams

Reactions

From Grid C to D1

| Page 3
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DL= Wy x2.1 8.82 Kn Soil Sites (SS) : Medium
LL=W, x2.1 7.61 Kn Soil Sites (as per IS 1893 CI-6.4.5 Table-2) Structure
From Grid C to D1 Types (ST) . RC
DL= Wdx2.1 8.82 Kn Frame Building (as per IS 1893 CI-7.6.1) Damping
LL= WIx2.1 7.61 Kn (DM) :0.05% (as
From Grid D1 to F1 per IS 1893 CI-6.4.2 Table3)

DL =Wdx2.325 10.3 Kn . .
L= Wix2 325 8.43 KN Depth of footing (DT) :1.2m
From Grid F1 to H1 Earthquake load parameters have been
DL= Wdx2.565 10.8 Kn S —

I I Fig 3.4. It
LL=WIx 2.725 9.97 KN applied in dialog box given in Fig 3 can be
From Grid H1to Y appeared by Command>Loading>Define Load
DL = Wdx2.75 11.55Kn > Seismic Load > IS 1893. Calculated joint
LL= WIx2.725 9.97Kn

weight for particular column beam junction of

dead load + half the live load has been applied.
3.2.3 Earthquake load

Incline slab is generally used for seating bowl

STAAD will calculate the earthquake forces in each
irection ndin n the joint weight of
structure for better visibility of spectators. The slab direction depending on the  joint weight of a

. L articular column beam junction. For that, it is
can not be considered as a rigid diaphragm because P )

L . necessary to define the static load case for the each
of its inclination, mass can not be considered lumped

. . . . . direction. Mainly earthquake forces consider in X-
at particulate floor level. The identical static analysis y q

. . . . . direction and Z- direction. So it required to define
of the structure is carried out in following sections. q

. the static load cases for the earthquake in X-
For better performance in an earthquake, a structure a

. . . direction and static load case for earthquake in Z-
should possess four main attributes, namely simple

. . direction.
and regular configuration, and adequate lateral

strength, stiffness and ductility. Stadium structures
3.2.4. Load Combination

Load combinations have been done as per IS
1893:2002 Clause 6.3.1.2. There are four static load

case and twenty six load combination using static

have irregular geometry so that, dynamic analysis as
per code provision IS 1893): 2002 should be carried
out.

For calculation of mass i.e. seismic weight at top of load cases. Stadium structure elements have not

columns, the space frame has been analyzed in oriented along the orthogonal horizontal directions.

STAAD  considering hinge at all column beam So for earthquake load combinations as per IS

junctions. Support reactions obtained from  this 1893:2002 CI-6.3.2.2, the structure shall be designed

analysis for dead load case and live load case are for the effectsdue to full design earthquake load in

taken separately. From this, joint weight of dead load one horizontal direction plus 30% of the design

+ half the live load is apply as per IS 1893:2002 in earthquake load in the other direction. Based on the

STAAD model. Earthquake parameters for Eden analysis results, the members are then designed for

Garden Stadium as per Indian earthquake code of the worst combination of any particular load case.

practice are as below: Load combinations are given in the Table 3.1.

Zone Factor : 0.16 (for . A .
Zone 111 as per IS 1893 CI-6.4.2 Table-2) Table 3.1: Load Combination for Lower Tier
Importance Factor 15 (as Combination .
per IS 1893 CI-6.4.2 Table-6)Response NO |\ ame Load Description Type
Reduction Factor (RF) 5 (@sper |1 DL Dead Static
IS 1893 CI-6.4.2 Table-7) . .
2 |LL Live Static

© 2022,1JSREM | www.ijsrem.com | Page 4
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Earthquake X- . 0.9DL+1.5EQZ+0.|0.9Dead+1.5EQZ+0.
EQX o tat
s F direction Static 30 |4sE0X A5EQX Comb
Earthquake Z- .
4 [EQZ arinquaie Static
direction
5  |DL+LL Dead + Live Comb 3.2.5 Modal Layout
6  |1.5(DL+LL) 1.5Dead+1.5Live Comb STAAD/Pro has been used for the analysis of the
1.5(DL-EQX- 1.5Dead-1.5EQX- stadium structure. STAAD model layouts are
7 Comb
0.3EQZ) 0.45EQZ shown in Fig 3.6 and Fig 3.7.
g [L50L- 1.5Dead- Comb
EQX+0.3EQZ)  |L.5EQX+0.45EQZ
. + - . +1. =
o [L5(DL+EQX 1.5Dead+1.5EQX Comb
0.3EQZ) 0.45EQZ
1.5(DL+EQX+0.3 (1.5Dead+1.5EQX+0.
10 £Q2) 45EQ7 Comb
1.5(DL-EQZ- 1.5Dead-1.5EQZ-
11 3e0%) 0.45EQX Comb
1.5(DL- 1.5Dead-
12 le0z+03EQX)  [1.5EQZ+0.45E0X Comb
15(DL+EQZ-  [1.5Dead+1.5EQZ-
13 .3e0%) 0.45EQX Comb
14 [LS(OL+EQZ+03 [L5Dead+15EQZ+0.| .
EQX) 45EQX
1.2(DL+LL-EQX- |1.2Dead+1.2Live-
15 bsroz) 1.2EQX-.36EQZ Comb
1.2(DL+LL- 1.2Dead+1.2Live-
16 leox+03EQz  |1.2EQX+36EQZ Comb
17 1.2(DL+LL+EQX- |1.2Dead+1.2Live+1.2 Comb
0.3EQZ EQX-.36EQZ
1.2(DL+LL+EQX [1.2Dead+1.2Live+1.2
18 +0.3EQ2) EQX+.36EQZ Comb 33mE 1000 £ 000 &3z
19 [L2(DL+LL-EQZ- |1.2Dead+1.2Live- Cormb
0.3EQX) 1.2EQZ-.36EQX om Fig 3.7: Section View of Lower Tier Gallery
. +LL- . +1.2Live-
20 1.2(DL+LL 1.2Dead+1.2Live Comb
EQZ+0.3EQX)  [L.2EQZ+.36EQX
1.2(DL+LL+EQZ- [1.2Dead+1.2Live+1.2
21
0.3EQX) EQZ-.36EQX Comb ,
22 1.2(DL+LL+EQZ+{1.2Dead+1.2Live+1.2 Comb o . ]
0.3EQX) EQZ+.36EQX .t [* e
0.9DL-1.5EQX-  [0.9Dead-1.5EQX- R l L s
23 |y 45E07 0.45EQ7 Comb i ll . &l o l '
0.9DL- 0.9Dead- ‘l ' /
24 Comb JO '
1.5EQX+0.45EQZ [1.5EQX+0.45EQZ L l
o5 |-9DL+L5EQX-  (0.9Dead+15EQX- Comb
0.45EQZ 0.45EQZ
) 0.9DL+1.5EQX+0./0.9Dead+1.5EQX+0. b
6 45EQZ A5EQZ Com Fig 3.8: Node Numbering for Columns as Per
57 |[9DL-L5EQZ-  [0.9Dead-15EQZ- Comb STAAD
0.45EQX 0.45EQX
0.9DL- 0.9Dead-
28 || 5EQZ+0.45E0X [1.5EQZ+0.45EQx | O™
5g [0-9DL+L5EQZ- [0.9Dead+1.5EQZ- Comb
0.45EQX 0.45EQX

| Page 5
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3.2.6 Comparison of Earthquake Results

Earthquake forces have been applied at beam column junction. It has been applied at particular nodes in STAAD model.
Node numbering is shown in the Fig 3.8 where the earthquake forces have been applied. Manual results of earthquake
force have been compared with software results. It is given in the Table 3.2.

wikin2 | XDIR. | ZDIR Ry
NODE Hi (m) WikN KN-m?2 Qi (FX) Qi (FY)
kN kN FX-kN | FY-kN
133 3.045 104773 | 971457 | 108740 | 198740 | 25665 | 25.665
135 3.045 467680 | 433634 | 887128 | 887128 | 11456 | 11456
139 3.045 891820 | 826897 | 169166 | 169166 | 21846 | 21.846
141 3.045 284430 | 2637.24 | 539527 | 539527 | 6.9670 | 6.9670
143 3.045 483550 | 448348 | 947232 | 917232 | 11845 | 11.845
145 3.045 400.750 | 371576 | 7.60171 | 7.60171 | 9.8170 | 9.8170
147 3.045 769.840 | 7137.97 | 14.6028 | 14.6028 | 18858 | 18.858
151 3.045 864920 | 801956 | 164064 | 164064 | 21187 | 21.187
163 5.075 136308 | 351069 | 71.8218 | 71821 | 72960 | 72.960
165 5.075 609.810 | 157060 | 321314 | 321314 | 32641 | 32641
169 5.075 999.470 | 257419 | 526629 | 52662 | 53498 | 53498
171 5.075 893636 | 230161 | 47.0864 | 47.0864 | 47.833 | 47.833
175 5.075 980252 | 25247.0 | 516503 | 51.6503 | 52469 | 52.469
177 5.075 857.720 | 220911 | 451940 | 451940 | 45910 | 45910
181 5.075 114117 | 293915 | 60.1202 | 60.1292 | 610820 | 61.0820
193 7.105 122010 | 615919 | 126004 | 126004 | 114.397 | 114397
195 7.105 513020 | 25897.7 | 529816 | 529816 | 481010 | 48.1010
199 7.105 1056.76 | 533463 | 109.130 | 109135 | 99.0820 | 99.0820
205 7.105 986.920 | 498207 | 101923 | 101923 | 925340 | 925340
207 7.105 721600 | 36427.1 | 745220 | 74522603 | 67.6570 | 67.6570
211 7.105 101610 | 512937 | 104936 | 104.93683 | 99.4890 | 99.4890
213 6.881 683560 | 323653 | 66.2129 | 66.212973 | 606820 | 60.6820
TOTALW | 1875392 | 535357.7 | 1095235 | 10952351 | 1075976 | 1075976

© 2022, IJSREM
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3.3 Analysis of Upper Tier Gallery

Upper tier gallery consists of seating arrangement
and roof structure. Upper tier seating bowl has
been constructed by using RCC where as roof
structure has been constructed by using steel
section. Roof structure has been supported on four
steel columns. The roof structure is covering large
area and having comparatively less weight so,
wind load will be governing while seating bowl
made from RCC is heavier in weight so,
earthquake load will be governing. Upper tier
gallery has been analyzed for the dead load, live

load, wind load and earthquake load.

3.3.1 Preliminary Data

Type of Structure- Rigid Jointed Space Frame
Earth Quake Zone -IlI

Layout as per Fig 3.9.

Live Load 5kN/m? (as per IS 875 Part 2)
Materials M25 and Fe415

I A

per 1S 1893:2002).
7. Dynamic Analysis Response spectrum analysis
8.  Wind Analysis (as per 1S 875 Part 3)

9. S.B.C. of Soil = 70 kN/m?

STAAD/Pro has been used for analysis of
three dimensional space frame. The structural
system of the G-block upper tier gallery is
shown in the Fig 3.9 to Fig 3.11. It consists of
the tier slab, peripheral beams, radial beams,
columns and roof. In STAAD model of the G-
Block the secondary peripheral beams are
not modeled and its analysis as well as
design has been carried out separately.
Reaction from the secondary peripheral
beams has been transferred on main radial
beams of STAAD model in particular load
case like dead load and live load. Support

condition has been considered as hinge at the

Seismic Analysis Equivalent Static Method (as

base of the column in STAAD model. Roof
structure is supported on four steel columns
resting on Y-Grid columns of upper tier
gallery considering fixed condition. Two way
grids of space frames have been used as a

structural system for roof structure.

Fig: 3.9: 3-D View of G-Block Uper Tier
Gallery
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Fig: 3.10: Section View of G-Block Upper
Tier Gallery
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ﬁm‘}fiﬁiﬂ;{%ﬂ a{{}:ﬁa;%ﬁé.ﬁ%{%mmégﬁﬁﬁgﬁ?ﬁ?ﬁ?}mﬁﬁ;”&!gg@gﬁi 3.3.3 Load Calculation for Roof
‘mx i ﬂﬂ TRt mmmwmw" Ana ’Mrwf ¥
R A A T AT AR A
»'“:i‘a‘%ﬁ,lﬁﬂ'{?:ﬂi{%ﬂ%ﬁ%}ﬂﬁﬁﬁiﬁaﬁ:ﬁ'ﬁi'ﬁ‘n':;nﬁ?ﬁ??ﬁ%f”%ﬁ%ﬁ;%jﬁgg - Dead load
RATERAETS R AT T N A, wei
!%%Eﬁ%%%ﬁ'&%&%%mﬁﬁl‘ggggggg;j%ﬁﬁq.vu‘*ﬁjfg,;ﬁ"i i‘;':tf’lvf'ght of Gl sheet (as per IS875 | 54 nymp
E?{i%}%ﬁig%ﬁ%ﬁi‘!“ﬁ?’#ﬁ’ﬁu | ;Eagggniiiﬁr' e i ,“ bacing uf furln__ 102
]ggi!f{%%ﬁgmﬂ‘ﬁlhvﬂnﬁﬁ;’,’ﬁﬁ, *'ﬁnﬁi'ﬁirfﬁﬁﬁ#lir : ‘4.\ Weight of Sheeting =200x0.782 156.4 N/m
Wﬁ%ﬁqﬂ%ﬁﬁr‘}m@"%‘}y 0 EEEEEEEEF?:::""‘“‘:n{r“f}%‘{’ Weight of Purlin (Assume) 100 N/m
‘:ﬁﬁé}éﬁfﬁ%ﬁéﬁ Wﬁ'&?& i ::;‘« h#]ﬁ#}g;}%éﬁf%f% "*‘5:;555‘5}#5.?# Total dead load per meter runs 256.4 N/m
»\‘ e Dead load on main mertber 39L0LN
it ﬂ“\ gﬁ%}ﬂ?ﬂ‘}“ﬂ ‘A%“L{F‘Ir%}y’ ;,‘;g,ix =256.4x1.525 '
1' v Imposed Load
Imposed Load (as per IS 875 Part 2) 750 N/m2
Imposed Load on main member=
311 Plan of f 750x0.782x1.525 894.8N
Fig: 3.11: Plan of Space Frame Roo Wind load
Structure 50m/ sec (as
Basic Wind Speed V per IS 875 Part
3)
3.3.2 Load Calculation ) 1 (life 50
Risk factor k1 years)
Dead load 1.065
Thickness of Slab 0.075m Height and Sie factor k2 (category 2,
Density of Concrete 25Kn/m2 class B
Self-Weight of Slab (w1) 1.9 Kn/m2 Self Topography Factor k2 1
Weight of Beam (w2) =0.2x0.3x25 1.5Kn/m2 Design wind speed Vz 53.25 m/sec
Seat lad (w3) =0.6x25x0.1/0.8 1.875 Kn/m2 Design Wind Pressure Pz =0.6 (Vz)2 | 1701.3. N/m2
Total Dead load =w1+w2+w3 5.8 Kn/m2 Roof Angle 0.3487°
0.78 (Width
Live Load Solidity Ratio =907.81/ 1169.77 52.4m, height
Span of Slab 0.8m 22.324m)
Total Dead load per m (Wd) 4.52 Kn/m
Total Live laod per m (Wi 4 Kn/m Casel: Downward load on canopu
per m (WI)
+Cp and no obstruction below the 2959 N
Loads transferred to Radial Beams canopy local
From Grid G to Y 1=1.11x1701.3x1.525x0.782
DL= W, x2.285 10.32 Kn Local 2 =0.52x1701.3x1525x0.782 1055.02 N
LL= W, x2.285 9.14 Kn Overall =0.21x1701.3x1.525x0.782 426 N
From Grid Y to Z
DL= Wdx2.3 10.4 KN Case @: Upward load on canopy —Cp
LL=WIx2.3 9.2 Kn and full obstruction below the canopy 39157 N
From Grid Z Cantilever (q=1) Local
Local 2 =1.23x1701.3x1.525x0.782 249553 N
RCC Brick Wall Weights Overa!lz 1x1701.3x1.525x0.782 2028.88 N
Thickness of wall 023 m Case3: Upw_ard local conopy —Cp and
Average Height =0.87/2 0435m full obstruction below the canopy 369257 N
Self-Weight = 0.23x0.432x22 2.2 Knim S Lo ere0 782
\?/‘zj'ft L'logifgom step beam TR Local 2 =0.9x1701.3x1.525x.0.782 1825.99 N
WI=3.625x4.6 16.675 Kn Overall =0.9x1701.3x1.525x0.782 1825.99 N
Load of Front Cantilever portion of
Upper Tier
Total UDL on main beam
3.3.4 Wind load Analysis
© 2022,1JSREM | www.ijsrem.com | Page 8
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Stadium roof structure is mostly governed by wind solidity ratio 4 refers to the area of obstructions
load case. Monoslope roofs cover the most of under the canopy, in the direction of wind.

stadium. The pressure coefficients for stadium A study of the data given in table 7 makes it clear

structure can be obtained from the table 7 of IS
875 Part 3 as per clause 6.2.2.4. The coefficients

that three loading cases have to be considered for

wind loading. That is the meaning of the arrows

take into account the combined effect of the wind . . .
shown in the figure as well as the data given for

directions. The resultant is to be taken normal to . .
solidity ration A& equal to zero as well as to

the canopy. Where the local coefficients overlap, unity. The most important factto keep in mind is

the greater of the two gives values should be taken. that designation —C, does not indicate suction but

/=0 represents a canopy with no obstructions only the load upwards (towards the sky). Likewise,
underneath. +C, means load downwards or towards theearth.

/=1 represents the canopy fully blocked with

. The three loadings to be considered are the following:

contents to the downwind eaves.

Values of C, for intermediate solidities 1) Downwa}rd load on the canopy, +C, and no
obstruction below the canopy.

may be linearly interpolated between these
2) Upward load on the canopy, -C, and no

two extremes, and apply upwind of the obstruction below the canopy which means
position of maximum blockage only. JE=0.

Downwind of the position of maximum

blockage the coefficients for £=0 may be 3) Upward load on the canopy, -C

used. together with obstruction below the

canopy which means g#0. This may
The method of applying the provisions of Table-7

of clause 6.2.2.4 of IS 875:1987 is in following

involve partial obstruction at one end or

partial or full obstruction at some

section. A D A intermediate position below the canopy,
GL\ 4 4 as will be explained below.
To Typical cases involving the three loading cases
Hm-°> (p | — L 4
. H(p height
- \ h
N0 000707 C N
Fig: 3.12: Wind Direction Sketch v

Fig 3.12 above is reproductions of the sketches to will be presented below, for Table-7.

Table 7 of IS 875 Part 3. The direction of wind is Case 1: Downward load on the canopy with no
from left to right and the roof angle o. is measured obstruction below the canopy.

positive when the windward edge CD is below the

leeward edge AB. As explained in Clause 6.2.2.4,

the data given in Table 7 apply only when h/w lies

between ¥ and 1 (note the printing mistake where

the lower limit is printed as “/, instead of ¥, in

code IS 875 part 3). Additionally, “/, must lie

between 1 and 3. It is also clearly stated that the

© 2022, IJSREM | www.ijsrem.com | Page 9
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The loading direction is indicated is Fig 3.13
alongside. The data to be used are the data in the
first row of the Table 7. Let us consider a roof angle
of 10°. The first row states that for all solidity ratios
of the obstruction below the canopy, there is no

change in the downward load on the canopy due to

L

Fig 3.14: Wind Load Case 2

The loading direction is indicated in Fig 3.14
alongside and occurs when the wind blows fromthe
higher level of the canopy to the lower level of the
canopy as shown alongside. Since the wind load
acts upwards (towards the sky), a minus sign has

Two sub-cases need to be considered here.

Case 3.1 will refer to the obstruction which blocks
the leeward opening completely as in Fig 3.15 and
Case 3.2 will refer to the obstruction located
somewhere between the windward and leeward edges
of the canopy, and is given in Fig 3.16 above. A roof
angle of 10° is considered for the example. When the
bottom of the canopy is fully blocked (Fig 3.15), the
case amounts to @=1. From the Table one obtains
the overall upward pressure to be -1.3 (minus sign

does not indicate suction, as explained earlier).

When the bottom of the canopy is partially blocked
with the obstruction’s nearest point from the canopy

at E as shown in Fig 2.16, one draws a line from E to

© 2022, IJSREM | www.ijsrem.com

Fig 3.13: Wind Load Case 1

wind. A positive sign is attached to this downward
pressure and the value is +0.5 and the centre of
pressure is to be taken to act at one-third the
distance from the windward edge as stated at the
bottom of Table 7. The total load is used to design

columns, foundations etc.

Case 2: Upwardload on the canopy with no obstruction

below.

been assigned to it in the code. The minus sign does
not indicate suction pressure as is the convention in
the rest of the code. This case considers no
obstruction in the rest of the code. This case
considers no obstruction below the canopy and
therefore @=0. The roof angle is again considered
to be 10°. One now refers to the Table 7, further
below at a roof angle of 10° and observes that the
overall pressure coefficient is given as -0.9. This is
the upward force acting on the canopy and its point
of application is at a distance of one-third the length
of the canopy from the higher end, as shown in Fig
3.14. This pressure load is used for the design of
some main members, columns, foundation etc.

the canopy, perpendicular to the canopy plane to
obtain the intersection point F. Then the pressure
(overall) in the region AB to F is -1.3 and in the
region from F to CD is -0.9. The overall pressure in
the region AB- F acts at a distance (°,/3) from face
AB. Likewise, the overall pressure in the region F-
CD actsat a distance of (Y/3) from F as shown. It is
not the usual practice to alter the local pressures

from the values taken for the case of @=1.

‘13

o
-—
E /"1/'
1
h CD ‘{v
-—

Fig 3.15: Wind Load Case 3.1
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Fig 3.16: Wind Load Case 3.2

9 1.5(DL-EQX- | 1.5Dead-1.5 Comb
3.3.5 Earthguake Analysis 0.3EQZ) EQX-0.45EQZ om
Procedure of earthquake analysis of Upper tier G- 1.5(DL- 1.5Dead-
Block is same as Lower tier G-Block (see section 10 )EQX+O'3EQZ g;EQX+O'45E Comb
2.2.3). Static analysis has been done as per IS 1.5(DL+EQX | 1.5Dead+1.5EQ
_ 11 : ' ' Comb
1893:2002. -0.3EQZ) X-0.45EQZ
1.5(DL+EQX | 1.5Dead+1.5EQ
o 12 +03EQZ) | x+0458Qz | O™
3.3.6 Load Combination 1 5Dead-
Load combinations have been done as per IS 13 SZ(E[()QLX)E Qz- 1.5EQZ- Comb
1893:2002 Clause 6.3.1.2 for Upper tier G- Block. ' 0.45EQX
There are six static load case and 30 load 15(DL- 1.5Dead-
14 EQZ+0.3EQX| 1.5EQZ+0.45EQ| Comb
combination using static load cases. Stadium ) X
structure elements are not oriented along the 15 1.5(DL+EQZ-| 1.5Dead+1.5EQ Comb
orthogonal horizontal directions. So that, in 0.3EQX) Z-0.45EQX
earthquake load combination as per IS 1893:2002 16 i'g(fElgSQz ;fgzgigl).(SEQ Comb
Cl-6.3.2.2 the structure shall be designed for the 1.2Dead+1.2LIV
effects due to full design earthquake load in one 17 éé&Dg;EgZ) E-1.2EQX- Comb
horizontal direction plus 30% of the design ' 0.36EQZ
earthquake load in the other direction. Wind effect 1.2(DL+LL- é.ZDead+1.2LIV
has been considered on stadium roof structure. 18 EQX+0.3EQz 1.2EQX+0.36E Comb
Wind load combination has been done as per IS ) QZ
800:1984. Based on the analysis results, the 1.2(DL+LL+ 1.2Dead+1.2LIV
. 19 E+1.2EQX- Comb
members are then designed for the worst EQX-0.3EQZ) 0.36EQZ
combination of any particular load case. 1.2(DL+LL+ | 1.2Dead+1.2LIV
20 EQX+0.3EQZ| E+1.2EQX+0.36/ Comb
Table 3.3: Load Combination for Upper Tier )Q Q EQz Q
P 1.2Dead+1.2LIV
Combinat - -
No ombination Load Description | Type 21 1.2(DL+LL E-1.2EQZ- Comb
Name EQZ-0.3EQX) 0.36EQX
1 DEAD Dead Load Static '
. +1.
; 1.2(DL+LL- éZDead 1.2LIV
2 LIVE Live Loa Static " 3
ET—— 22 )EQZ 03EQX) 1 e0z+0.36EQ] O™
3 EQX direct?on Static X
1.2Dead+1.2LIV
Earthquake Z- . 1.2(DL+LL+
+ . -
4 EQZ direction Static 23 EQZ-0.3E0X) ggéEZQESZ Comb
Wind D : :
5 WNDN W;nri own Static 1.2(DL+LL+ | 1.2Dead+1.2LIV
24 EQZ+0.3EQX| E+1.2EQZ+0.36| Comb
6 WNUP Wind Up Ward | Static ) EQX
7 DL+LL Dead + Live | Comb 0.9DL- 0.9Dead-
TR 25 1.5EQX- 1.5EQX- Comb
. +1.
8 LS(OL+LL) | ea V1 comb 0.45EQZ 0.45EQZ
26 0.9DL- 0.9Dead- Comb
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1.5EQX+0.45| 1.5EQX+0.45E Combination -
EQZ oz No Name Load Description [Type
0.9DL+1.5EQ| 0.9Dead+1.5EQ 0.9DL+15E | 0.9Dead+15EQ
27 Comb 32
X-0.45EQZ | X-0.45EQZ Q7+0.45EQX| Z+045EQX | °OMP
0.9DL+1.5EQ| 0.9Dead+15EQ DL+LL+WN | Dead + Live +
2
8 X+045EQZ | X+0.45EQz | COMP 3 DN Wind Down  |-°™P
0.9DL- 0.9Dead- DL+LL+WN | Dead + Live +
34 . Comb
29 1.5EQZ- 1.5EQZ- Comb uP Wind Up
0.45EQX | 0.45EQX Dead + Wind
0.9DL- 0.9Dead- 35 DL+WNDN 1 5 own Comb
30 1.5EQZ+0.45| 1.5EQZ+0.45EQ| Comb 2 DLYWNUP | Dead + Wind Uplcomt
EOX X
0.9DL+1.5EQ| 0.9Dead+1.5EQ
1
3 7-0.45EQX | Z-0.45EQX Comb

3.3.7 Comparison of Earthquake Results

Earthquake force has been applied at beam column junction. Manual results of earthquake forces have been

compared with software results. It is given in the Table 3.4.

Earthquake Forces Staad Output

W Total = 30794.4 N W total = 30794.4
Z=0.16 Tx and Ty = 0.80622
=15 Sa/g-x and Y =1.687
R=5 Ah-x and y = 0.0397
Ta= 0.806 Sec

Sa/g = 1.68

Ah =0.04

Vb =1231.78 KN

Table 3.4: Earthquake Results for Upper Tier

X-DIR. Z-DIR. STAAD OUT-PUT
SrNo. | Hi(m) WikN | WiHin2kN-m? Slll (FX) Slll (FY) N N
1 18.815 2851.0 | 1009248 276.97 276.97 260.73 260.73
2 15.315 5282.5 | 1239002 340.02 340.02 328.92 328.92
3 12.815 5088.9 | 835726 229.35 229.35 228.20 228.20
4 11.940 49439 | 704826 193.42 193.42 194.87 194.87
5 10.700 3402.9 | 389600 106.91 106.91 110.01 110.01
6 7.3200 5291.7 | 283543 77.814 77.814 87.700 87.700
7 3.5700 2077.1 | 26472.4 7.2649 7.2649 9.1130 9.1130
9 0.0000 1856.4 | 0.00000 0.0000 0.0000 0.0000 0.0000
TotalW= 30794 | 4488417 1231.7776 | 1231.7776 1219.54 1219.54
© 2022, IJSREM | www.ijsrem.com | Page 12
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3.4 Dynamic Analysis of Seating Bowl various lateral load resisting elements, for the

. . . following structural configuration dynamic analysis
Dynamic analysis should be carried out when the d g y y

. is necessary.
structures have complex geometry. Stadium

structures have complex geometry so dynamic Regular Structures: Those greater than 40m in

analysis is necessary. It has been done as per Indian height in Zones 4 and 5, and thosegreater than

codal provision. 90m in height in Zones 2 and 3.

Dynamic analysis shall be performed to obtain the Irregular Structures: All framed structures higher

design seismic force, and its distribution to different than 12m in Zones 4 and 5, and those greater

levels along the height of the building and to the than 40m in height in zones 2 and 3.

Comparative Analysis for Various Model of Seating Bowl analysis has been done by considering tier structure with
G-Block of Eden Garden Stadium has been taken for this  roof as well as tier structure without roof. Analysis has been
particular study. As per layout of G-Block there are two tiers  also carried out for the connecting both the tier at
structural system one is lower tier gallery and other is upper  different level. Total five cases are possible and all the
tier gallery. For this particular study, first of all analysishas  cases have been compared with each other in respect to time
been carried out in dynamic domain by considering lower  perijod.

tier and upper tier separately. For the Upper tier case,

Case 1 Lower Tier AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
: .

£1. STEEL COLUMN FOR ... | B REE. RALKG
SPACE FRAME STRUCTURE ] :

T ‘
— — — J( ‘
‘ o - — -k ‘ ‘
= | |
S B
| L |

\ ‘ ‘ )

—':”jf:’-

\‘ (_: /' P _‘\ Y {\Y,\ f:’ -
o @) ) e L

Connection Lower lier With Upper

Fig 3.17: Lower Tier Structure

Fig 3.18: Upper Tier without Roof
Case 2 Upper Tier without roof

Case 3 Upper Tier with Roof

\ i
\VAVAVAVAVAY, VNN NN \/\/fg

3

£X. SIEEL COLUMN FCR
SPACE FRAWE STRUCTLRE

[ ——
vl Ex. RADIAL -
1,1 BRICK WORK
t :

L CONCRETE

mf”"
! E [ 'E‘ EXl. R.C.C. COLUMN E
L .
© & &

Fig 3.19: Upper Tier with Roof
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Case 4 Combined tiers connected at foundation level

N y /

/

N
EXI, SIEEL CU

LUMN FOR
SPACE FRAME STRUCTURE ;

i VA TR

EXI. RC.C. RAILI

Cennecticn Lewer lier With Lpper Tier

Fig 3.20: Combined Tiers Connected At
Foundation Level

Case 5 Combined tiers connected at upper lev

Fig 3.21: Combined tiers connected at Upper Leve

Comparisons of dynamic analysis results are presented in the Table 2.5. It represents the timeperiod of various

modes for all five cases along with the time period of static analysis.

Table 3.5: Comparisons of Dynamic Analysis Results

'Time period (sec) Time Periodof static
analysis

StructureCases

Het Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6
Case 1 1.67 1.29 1.22 0.99 0.96 0.75 0.326
Case 2 1.2 1.18 1.04 0.87 0.72 0.68 0.806
Case 3 11 1.06 0.99 0.84 0.75 0.59 0.667
Case 4 141 1.18 1.17 1.15 1.12 1.03 0.806
Case 5 1.17 1.16 1.07 0.98 0.87 0.72 0.806

. individually act or connected at different level.

* = Fundamental time period of lower tier gallery
s ™ \\ observed higher than the fundamental time
§ 12 R ———— period of upper tier when both thetier structure
R —= individually acts. It means that lower tier gallery
g o attracts lesser earthquake forces than upper tier
T gallery. There is not much difference in fundamental

0 time period between upper tier without roof and

0 upper tier with roof. It is because of roof structure is

, made from steel elements. Due to lighter weight of

1 2 3 4 5

Mode No

—+— Lower Tier "~ Upper Tier (Without Roof)
Upper Tier (With Roof) Both Tier Comnected at Foundation Level
—— Both Tier Connected at Upper Level

Fig 3.22: Graph for Dynamic Analysis of
Seating Bowl

Above study focused on time period of various
model of stadium structure. Objective of the
dynamic analysis of stadium structure is to observe
the change in time period when the tier structures

© 2022, IJSREM | www.ijsrem.com

roof structure, earthquake effect is negligible as
compare to tier structure. Behaviour of the structure
can be changed if they connect to each other at
different level. It is observed that both the tiers:
lower tier and upper tier connected at foundation
level have higher fundamental time period than the
connected at upper level. It means that connection
of both the tier at foundation level works well
against earthquake. It attracts lesser earthquake
force than the both the structure connected at upper
level.

| Page 14



http://www.ijsrem.com/

&5‘1 \%
IISREM . . . g . . .

%m ternational Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 06 Issue: 04 | April - 2022 Impact Factor: 7.185 ISSN: 2582-3930

. . Slab Design: Slab and dary beam designs h
4. Alternative Structural System for Seating bowl ab Leslgn. >fab and secondary beam designs has

been done using computer program developed in

4.1 General

Selection of structural system for the sports stadium
is very essential. It depends on site condition and
availability of material as well as availability of fund.

It is necessary to design the structure with all the

Visual C++ which is explained in section 7.4. Design
has been carried out using IS 456:2000. Steel

arrangements for the same are shown in Fig 4.2.

Brm@130mmc/c BOTH SIDES

Brm@130nmc/C
BOTH SIDES  RINGBrmERS0mC/c

. . . . | NI TIR
possible option and find out the best option among RINGmeEStmnc/ )~ A\
them. Cost of the structure as well as weight of the r@iSmc/c BITH SIIES Rl ; ".‘ T
structure may effect on overall economy of the R[Nﬁﬁrm@?q[]“m[:/’c% LY i ‘I
structure. Structural system should be compared with |\ ENDIZRmTIR goetS0mmc/c
‘ .

i . R SrrilSlenc/c T4 SIE
another structural system with cost and weight NDliem TR J0 o llngetie AT SIOES
aspect. Here, RCC structural system is compared eNDiemn IR

fimm@[20mmc/c
BOTH SIDES

with steel structural system. For this particular study

G-Block has been considered.

Fig 4.2: Detailed Drawing for Slab and

42 ALTERNATIVE STRUCTURAL SYSTEM Secondary Beam

FOR LOWER TIER

Beam Design: Design of main beams has been done

Steel structural system has been taken as alternative using Excel spread sheet  programming.

Reinforcement details for beams are given in
Table 4.1. Detailed drawing for beam no B1,B2,
B3, and B4 is shown in Fig 4.3. 8mm@200mm c/c
stirrups have been used for all the beams.

option of RCC structure. Both the structural system
has been compare with each other. Mainly
comparison is focused on weight and cost aspect of

the structure.

4.2.1 RCC Structural System

Analysis of lower tier gallery has already explained
in section 2.2. Following section covers the design of
lower tier gallery. Complete design and detailed
drawing for lower tier are presented below as per

layout of Fig 4.1.

Lo Ty NoeTodlBe (4 (a4 [54(lga flgalls, 7 )
nnal\BaBaB4 |84 4‘”B“‘IBM 84HBL¥I‘|E54|'EM\I\|B4 H‘B‘*ﬁbM" 7 1
fieallE* P10 ) bz | BL Bllz1 I [P4B4/| Jf
iaa\ | \pLzd BlR3 L—J@Qﬂi“BHgﬂBﬂB
\leLzs 1t ' 2 ) Bilg

I
I

|‘| - ‘f
If

SNO DT/RWMDF

n
g
—
=0}

N0 EIV;RWTDR eNg UWHTUR

I I‘I ‘|‘I || ”

R ‘ I
el 2 e 3T FEE PP s - i
\\\\Bl\Bw\ \"\ I‘|I‘| Il B‘| I B\| ‘l ” 'HlB I .",‘ I;I/Bswf Bnne200nnC/C Ny 2
VBRI | Bl}15 s 1 | I 1%
e S 1%%55*%& - o —~
\ I m I} . !
CER L ey
\\'\ \\i "\\1‘ "\'\ "\ '\‘I‘ ‘|| |\ - |‘| ‘L ‘I‘I IH JJl‘ f‘lu‘l /” ,’." [ -
s slesledez P2 P22 P P P2 8718283855 5, N 2ND OF 20mnTOR 4ND OF 20mTOR SND OF 20 TOR
\'\\BQ\'\\BB"J‘F y '\f | |“I [ Ny %N Il ,‘,"Bz"‘fB?fB’#B?jfsz‘w SECTION AT -1 SECTION AT 2-2 SECTION AT 3-3
\I"» 1\ [\ W8y 7| 5 IJ‘LA‘ I ”BLE'\' “ h ” I
0! ‘.Ulﬁéé 5 7 S Lo/ "{iJlIES\L/ _ _ _ _
‘?%ﬂ gL | |e| \ (N #ﬁ:‘ﬁ%m Fig 4.3: Detailed Drawing for Main Beams
et tete! bbbt fof L T
WA

Fig 4.1: RCC Structural Layout Plan for Lower
Tier

© 2022, IJSREM

| www.ijsrem.com | Page 15


http://www.ijsrem.com/

A
.
# IJSREM . . . g . . .
%gmé@ntematmnal Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 06 Issue: 04 | April - 2022 Impact Factor: 7.185 ISSN: 2582-3930

Column Design: Columns have been design using
computer program developed in Visual C++. Design
has been carried out by considering column
subjected to axial load and uniaxial bending as per
IS 456:2000. Reinforcement details for column are
given in Table 4.2. Detailed drawing for bars

arrangements are also shown in Fig 4.4.

Foundation design:

Foundation design has been carried out by using
isolated footing as well as combined footing
depending on the requirements. Combined footing
has been provided at closely spaced columns.
Foundation layout plan is shown in the Fig 3.5. It
comprises of isolated footing as well as combined

footing.

Isolated Footing:

Design has been done using computer program
developed in Visual C++. Program is explained in
section 7.4. Program gives detail drawing for
isolated footing as well as design calculation as
output. Reinforcement details for isolated footing are
given in the Table 4.3 where as detailed drawing as

per the same table is shown in theFig 4.6.

Combined footing:

Combined footing has been designed using computer
program developed in Visual C++. Program gives bending
moment and shear force diagram and detail design
calculation as output. Sample output of the diagram is shown
in the Fig 4.7. Reinforcement details for each combined

footing are given the Table 4.4 as per the same sketch.

Detaileddrawing is also shown in Fig 3.8 for the same.

4.2.2 Steel Structural System

Steel structural system has been taken as alternative
option of RCC structural system. Both systems are
space frame. Steel structural system arranged in such
a manner that space frame can be converted into
portal frame. Advantage of portal frame over the
space frame is that analysis time as well as rigorous

design calculation can be minimized. Both the

structural system RCC and steel has been analyzed
for the same loading condition. Due to lighter
weight of steel structure, wind load case will be
governing case rather than earthquake load. Apart
from dead load and live load, structure has been

analyzed for wind load.

4.2.2.1 Preliminary Data

1. Type of Structure Portal Frame

2. Layout as per Fig
4.10.

3. Live Load 5kN/m?*  (as
per IS 875 Part 2)

4, Materials Steel section

5. Wind Analysis (as per IS
875 Part 3)

6.  S.B.C.of Soil 70 kN/m?

STAAD/Pro has been used for analysis of portal
frame. The structural system of the G- block lower
tier gallery consists of the tier slab, secondary
peripheral beam, peripheral beams, radial beams,
columns and foundations. For the steel structural
system, it has been considered that tier slab and
secondary peripheral beam has been made of with
precast element. Where as the STAAD model is
concern the precast assembly has not modeled but
the load of the precast assembly has been calculated
manually and reaction has been transferred on the
main redial beam as a point load. Support condition
has been considered as hinge at base of the column
inSTAAD model. Steel space frame is shown in Fig
4.9. 1t is divided into portal frame and analysis as
well as design has been carried out for the portal
frame. Computer program developed in Visual C++
has been used for generation of space frame
geometry. Program has been prepared the STAAD
input file. Program calculates dead load and live
load it self. Detail explanation of this program is

given in the section 7.3.

© 2022, IJSREM | www.ijsrem.com
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4.2.2.2 Load combination

Load combinations for design purposes shall be the
one that produces maximum forces and effects and
consequently maximum stresses. Load combinations
have been done as per IS 800Clause 3.4.2. There are
four static load case from that there are five load

combinations.

4.2.2.3 Design of Elements

Design has been carried out using 1S 800:1984.
For the simplified design, mainly elementsare in
used ISA 100 x 100 x 8, ISA 130 x 130 x 10 and ISA
150 x 150 x 10

Column Design: Column has been design as per IS
800:1984. All the columns have been keptsame size.
ISHB 300 has been used for the same. Columns

layout plan is shown in Fig 4.11.

C1

Fig 4.11: Columns Layout Plan for Steel Lower
Tier

Base Plate Design: 25mm thick base plate has
been used and 25mm of 6 no bolts hasbeenused

for the anchoring of columns.

Foundation Design: lIsolated footing has been
used for the design of foundation. It hasbeen
carried out as per IS 456:2000. Foundation
Layout plan is shown in Fig 4.12

FiF1 FL FLFL Rl

%ﬁéﬂ Fel Fel F 2

T F 2L 2
Fol = \-A%WF‘,%%L
-~ \ﬁ,-‘ralf ol Felre]
y |
\ \ ﬂ

Fell el \ (
\ — ST

roTFaLral el
N
FpF1 FLF

Fig 4.12: Foundation Layout Plan for Steel

Lower Tier
Isolated Footing: Design has been done using
computer program developed in Visual C++.
Program is explained in section 7.4. Program gives
detail drawing for isolated footing as well as design
calculation as output. Reinforcement details for
isolated footing are given in Table 4.6 where as
detailed drawing as per same table is shown in the
Fig 4.13.

Table 4.6: Reinforcement details for Isolated Footings of Steel Lower Tier

Dimension of Footing in

Steel parallel to | Steel parallel to

Footing | MM ThicknessatEdge in mm Length Width
No Length | Width | Depth M Bar Bar
(L) (W) (D) Diameter No Diameter No
F1 2600 2600 500 | 150 12 7 12 7
F2 1800 1800 450 | 150 12 5 12 5

© 2022, IJSREM | www.ijsrem.com
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Steel Parallel to Width

0,05

f

L |

Section View of Isolated Footing

Plan of Isolated Footing

Fig 4.13: Detailed Drawing for Isolated Footing
of Steel Lower Tier

4.2.3. Comparisons

Comparisons of both the structure is given in the
Table 4.7. It has been carried out considering
weight and cost aspect of the structure. Basic cost of
concreting including material cost has been

considered as Rs. 3800 per cubic meter where as

Stee| Parallel to Length

also proves lighter option than the RCC structure.
Weight of the RCC structure is calculated 9 to 10
times the steel structure. As per earthquake point of
view, light weight structure behaves well against
earthquake. Due to light weight of steel structure, it

bears well against earthquake.

4.3 Alternative Structural System for Upper

Tier

This subsequent section covers the alternative
structural system for the upper tier structure. Steel
structural system has been used as alternative
structure system of RCC structure. Upper tier
structure consists of roof as well as seating
arrangement called as tier structure. Roof structure
is a common factor in both the alternative structural

system. As per engineering point of view, roof

. . . . structure is a challenging part of every stadium
basic cost of the steel including construction cost has ging p y

been considered as Rs. 35000 per ton. structure. It should be designed with various possible

structural systems and find out batter option for the
Table 4.7: Comparisons of RCC and Steel Structure

) same. To serve this purpose, alternative structural
for Lower Tier

system for the roof structure is given in the section 4.

Descripti RCC In this section tier structure has been design and
on Structu Steel Structure compare with each other.
re

Wt. of 4.3.1 RCC Structural System

Super 761.6 80.60 Analysis of upper tier gallery has already explained

Structure

(ton) in section 2.3. Analysis has been carried out for tier

Wt. of structure with roof. Following section covers the

Foundati 214.2 162.7 design of tier structure. Section view of upper tier

on (ton) . gallery is shown in Fig 4.14.

TotaI_Concretlng 3842 64.70

Required (Cum) o "

Total Steel Required 44.84 82 36 & j

(ton) T ]

Total Cost of the 30,29,3 28,82,6 SDDLD

Structure (Rs.) 60 00 hevel— lPever 3

4.62m
Level 2

From comparisons of both the structures, it is Mlevet 1
observed that cost wise, there is not much difference _j;fgtingth

—am———c46m—

©

between the two structural systems where as weight
wise, there is high difference between the two
structural  systems. Steel structure provides

economical alternative than the RCC structure. It Fig 4.14: Section View of Upper Tier Gallery
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Slab Design: Slab and secondary peripheral beam have
not participated in modeling. Design has been carried
out separately using computer program developed in
Visual C++. Designhas been done as per 1S 456:2000.
Combined details for slab as well as secondary
peripheral beam are shown in the Fig 4.15

2#12mm
/\ﬁ
[ e TS 4
==

Bmm ot 130mm
c/c both sides

. 1800mm )
] Fig 4.21: Columns Layout Plan for RCC Upper
E a'n-ls-.’:' I. -
c / N7, Tier
S 8; 150 \‘*’f— 2
o onpe Drn T Semn Table 4.9: Reinforcement Details for Columns
ST Y x| of RCC Upper tier
WIDTH DEPTH |L STIRRUP
: : : NO | (mm) (mm)  DET S
Fig 4.15: Detailed Drawing for Slab and Secondary AILS
Peripheral Beam 8mm of
Beam Design: Design of main beams has been done C1 450 750 20#2 ggeogged @
mm mm
using Excel spread sheet programming. Design has clc
been carried out as per 1S456:2000. Layout plans 8mm of
at each level are shown in Fig4.16 to Fig 4.20. co | 450 750 14#2| 6legged @
. . . . 5mm | 300mm
Reinforcement details for beam design are given ol
in Table 3.8.8mm@200mm c/c stirrups have been 8mm of
used for all the beams.
c3 450 750 16#2| 8legged @
5mm | 300mm
clc
8mm of
10#2| 6legged @
C4 450 750 smm | 300mm
clc
8mm of
12#2| 6legged @
C5 450 750 smm | 300mm
clc
8mm of
Fig 4.16: Section at Plinth Level ce6 | 450 750 14#2| 6legged @
5mm | 300mm
Column Design: Columns have been design using cle
computer program developed in Visual C++. Design 8mm of
has been done as per 1S456:2000. Layout of columns C7 450 750 12#3| 6legged @
. ] . . . 2mm | 300mm
is shown in the Fig 4.21. Reinforcement details for cle

the columns design are given in the Table 4.9.

Footing Design: Footing has been design using
computer program developed in Visual C++.

Program gives detail design output as well as
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drawing for the same. Foundation layout plan is
shown in the Fig 4.22. Reinforcement details is given

in the Table 4.10 where as detailed drawing as per

same table is shown in Fig 4.23

Fig 4.22: Foundation Layout Plan for RCC Upper Tier

Table 4.10: Reinforcement details for Isolated Footings of RCC Upper Tier

Dimension of Footing in Thicknessat Steel parallel to Steel parallel to
FootingNo mm Edge in mm Length Width
Length Width Depth M Bar No Bar No
(L) (W) (D) Diameter Diameter

F1 3500 3200 540 150 12 18 12 20
F2 5000 3700 800 200 16 18 12 23
F3 5000 4400 850 200 12 34 12 32
F4 7800 4000 1100 300 16 41 12 30
F5 5400 4000 800 200 16 24 12 30
F6 3100 2400 400 150 12 13 12 12
F7 4500 3200 650 150 12 26 12 19

Steel porallel to Width
L/

b 1

Steef Parallel to Length

Section View of [solated Footing

Plan of [solated Footing

Fig 4.23: Detailed Drawing for Isolated Footing for
RCC Upper Tier

5. Alternative Structural System for Roof 5.1 General
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The main feature of the superstructure is the
exposed steel roof. A fundamental requirementof the
roof design is the need to ensure maximum natural
light onto the natural turf pitch. This requirement
dictated that the roof opening should be as large as
possible and that the roof profile should be kept low
to minimize shadows on the pitch. From an
engineering perspective, the roof is one of the

stadium’s most challenging features.
5.2 Cantilever Portal Frame

Cantilever portal frame could be used instead of
space frame structure for Eden Garden Stadium.
Same concept has been used in twickenham stadium
which is used for rugby and football. The structure
construction as well as design is quite easy than
space frame structure. Following section presented
for the purpose of some comparative study of both
the structure. Cantilever portal frame can be
analyzed as plane frame which consumed less time

for the analysis and design.

5.2.1 Preliminary Data

1. Type of structure Portal Frame
2. Layout as per shown in Fig 5.1
3. Spacing of Frame = 5m
4. Spacing of purlin=0.944m
5. Section data = Steel Hollow section used as per
IS 1161:1979
6. Dead Load as per IS 875 Part 1
7. Imposed Load as per IS 875 Part 2
8. Wind Load as per IS 875 Part 3
9. Design Philosophy Steel Design as per 1S
800:1984
Dead Load
Self Weight of GI Sheet (as 2
per IS 875 Part 1) 200N/m
Spacing of purlins 0.944m
Weight of Sheeting= 200 x
0.944 188.8N/m
Weight of purlin (Assume) 100N/m
Total dead load per meter 288.8N/m
runs
Dead Load on main member
=288.8 x 5 1444N

© 2022, IJSREM | www.ijsrem.com

Imposed Load
Imposed Load (as per IS 875 750N/m?
Part 2)
Imposed Load on main
member= 750 x 0.944 x 5 3540N
Wind load
- 50m/sec (as per
Basic Wind Speed V, IS 875 Part 3)
Risk Factor k; 1 (life 50
years)
1.065
. . (category 2,
Height & Size Factor k, class B)
Topography Factor ks 1
) ) 53.25
Design Wind Speed Vz m/sec
Design Wind Pressure Pz = m? 1701.3N/
0.6 (Vz)?
Roof Angle 6.08°
0.78

(Width
Solidity Ratio = 52.4m,
907.81/1169.77 Height

22.324m)

5.2.3 Load Combination

Load combinations for design purposes shall be the

one that produces maximum forces and effects and

consequently maximum stresses. Load combinations

have been done as per IS 800Clause 3.4.2. There are

four static load cases from that there are five load

combinations. Load combinations are given in Table

5.1.
Combination Load Type
0 Name Descriptio
n

1 DL Dead Static
2 LL Live Static
3 WNDN Wind Static

Down

Ward
4 WNUP Wind Up Static
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5.2.4 Model Layout

Ward n
5 DL+LL Dead + Comb 9 DL+WNUP Dead Com
Live + b
6 DL+LL+WND Dead + Comb Wind
N Live + Up
Wind
Down Table 5.1: Load Combination for Cantilever
7 | DL+LL+WNU Dead + Comb Portal Frame
P Live +
Wind Up
8 DL+WNDN Dead Com
+ b
Wind
Dow

Layout of the cantilever portal frame is shown in Fig 5.1 where as STAAD modeling isshown in Fig 5.2 with element

numbering.

4051t

46940

32858

04325
ALL DIMENSION IN METER

Fig 5.1: Cantilever Portal Frame

5.2.5 Design of Sections

Design has been done using computer program
developed in Visual C++ (see section 7.4) as per IS
800:1984 Clause 3.4.4. Hollow section has been used

Column Design

The Frame has been placed at a height of 18m from
ground. Columns have been tied at a center to center
distance of 3.6m with 0.3m x 0.3m size beams.
Portal Frame has been supported on two columns.
Columns have been designed for enveloped reaction
given by STAAD result for supports. In this case
when one column is in compression for particular

load case at the same time other column is in tension

o

on,

0

/Tm \ 102/ 103 \
301 30%3 w - /

nm

[l /\

T8 /9 3
m

105 /\ 106 ] /\ 103

" mxé” WA A
m 324
320 30
i

%7321

Fig 5.2: STAAD Model of Cantilever Portal Frame

0

for members design. Heavy Class Hollow section,
110mm nominal diameter has been used for purlin.
Member design has been carried out using hollow

circular section.

for the same load case and vice versa. So that, both
the column has been designed as a tension member,
when the columnis safe in tension it will definitely
safe in compression. STAAD results for both the
supports are given in Table 5.2. As per Fig 5.2 the
Cantilever side of support no is 1 where as exterior

side of support no is 2.

Design has been done using chart of tension with
bending given by SP 16:1980.
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Table 5.2: Supports Reaction for Cantilever Portal Frame

NODE ENVELOPE Fx kN Fy kN
1 +ve 756.921 1828.926
4 WNUP 6 (DL+LL+WNDN)
1 -ve -749.457 -1862.018
6 (DL+LL+WNDN) 4 WNUP
2 +ve 774.321 1414.052
6 (DL+LL+WNDN) 4 WNUP
2 -ve -804.637 -1348.724
4 WNUP 6 (DL+LL+WNDN)
Table 5.3: Column Design Results for Cantilever
Portal Frame
STEEL Ast
No | WIDTH | DEPTH P Mx My | ptop | Ast (req)
, PROVIDED (pro)
mm mm kN | KNm | kNm mm )
Dia | No | Dia | No mm
1 300 900 -1862 0 0 25 6750 25 8 20 | 10 7065
2 300 900 -1350 0 0 2 5400 20 | 18 0 0 5652
5.3 Space Frame Supported by Column
. 3.2L Iculation for Roof
Two way grid space frame has been used for Eden 5:3.2 Load Calculation for Roo
Garden Stadium roof structure. Analysis ofcombined Dead Load
upper tier gallery with space frame roof structures is
. . . . . Self Weight of GI Sheet (as per 1S 875 Part 200N/m?
explained in section 2.3 of thisreport. Space frame is 1)
symmetrical structure so that only one part has been Spacing of purlins 0.782m
taken for study purpose. ) 3
Weight of Sheeting= 200 x 0.782 156.4N/m
5.3.1 Preliminary Data Weight of purlin (Assume) 100N/m
1. Type of structure = Space Frame Total dead load per meter runs 256.4N/m
2. Layout as per shown in Fig 5.3 3
Dead Load on main member = 256.4 391.01N
3. Spacing of purlin = 0.782m x1.525
4. Section data Steel Hollow section used as per Imposed Load
15 1161:1979 Imposed Load (as per IS 875 Part 2) 750N/m?
5. Dead Load as per IS 875 Part 1
6. Imposed Load as per IS 875 Part 2 Imposed Load on main member
7. Wind Load as per IS 875 Part 3
) ) ) =750 x 0.782 x 1.525 894.8N
8. Design Philosophy Steel Design as per IS
800:1984

Wind load
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Basic Wind Speed V,

50m/sec (as per IS 875 Part 3)

Risk Factor k; 1 (life 50 years)
Height & Size Factor k, 1.065 (category 2, class B)
Topography Factor kj 1
Design Wind Speed Vz

53.25 m/sec
Ee?.s.lgr(]\/\/;/;?d Pressure Pz 1701.3N/m?
Roof Angle 0.3487°
Solidity Ratio = 0.78 (Width  52.4m,
907.81/1169.77 Height 22.324m)

5.3.3 Load Combination

Load combinations for design purposes shall be the

one that produces maximum forces and effects and
consequently maximum stresses. Load combinations
have been done as per IS 800Clause 3.4.2. There are
four static load cases from that there are five load

combinations. Load combinations are given in Table

54.

No Name of the Load Type
Case Description
1 DL Dead Static
2 LL Live Static
3 WNDN Wind Down Static
Ward
4 WNUP Wind Up Static
Ward
5 DL+LL Dead + Live Comb
6 DL+LL+WNDN Dead + Live Comb
+ Wind Down
7 DL+LL+WNUP Dead + Live Comb
+ Wind Up
8 DL+WNDN Dead + Wind Comb
Down
9 DL+WNUP Dead + Wind Comb
Up

Table 5.4: Load Combination for Space Frame

5.3.4 Model layout

Top view of the space frame is shown in Fig 5.3 where as

STAAD modeling is shown in Fig5.4.

B 2,35

1,53 10,68
/3\

10,68

32,86

Fig 5.3: Top View of Space Frame

Fig 5.4: STAAD Model for Space Frame

5.3.5 Design of Sections

Design has been done using computer program
developed in Visual C++ (see section 7.4) as per IS
800:1984 Clause 3.4.4.

used for members design. Light Class Hollow

Hollow section has been

Section, 32mm Nominal Diameter has been used for

purlin.
5.4 Comparisons

Unobstructed view is prime requirements of every
stadium. In Eden garden stadium space frame roof
has been supported on built up steel column, it is
obstructed in view. So that cantilever portal frame is

best suitable instead of space frame.

Portal frame is constructed with very less member
than space frame. From above case the space frame
required 404 members where as for portal frame 108

members are required for same roof structure.

© 2022, IJSREM
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Members handling can be reduced by using portal

frame.

Weight comparison: Portal Frame required more
steel than space frame for same type of roof
structure. In above case portal frame required 216kN
steel where as Space Frame required 138kN steel for

same type of roof structure.

In the case of portal frame, revenue can be generated
by providing spectators seats in place of columns

provided in the case of space frame.

Construction of Portal Frame is quite easy than

Space Frame type of roof structure.

6. Computer Programming

6.1 Introduction

Computer programming plays important role in the
structural engineering. It helps in many field of the
structural engineering like analysis and design of the
structures as well as detailed structural drawings.
Use of software becomes popular day by day because
of their advantages. Calculation time can be
minimized by using programming. Quick detailed
drawing of the elements along with design
calculation can be possible. The number of
alternative structural design can be evaluated
speedily and economical solution can be found.
Plenty of software is available for analysis and
design in the market and enhancement is also going
on. Several programming language is available in
the same way. Visual C++ language is one of the
best programming languages among them. Dialog
based application as well as graphical output is
possible. User friendly application is the main
advantage of dialog based application. The following
section is presented to explain the programming
application which has been prepared for this

particular study.

6.2 PROGRAMMING FOR AUTOMATIC
GENERATION OF GEOMETRY

© 2022, IJSREM | www.ijsrem.com

Stadium structures have complex geometry. It is time
consuming job to develop the complicated geometry
in the software like STAAD. Quick geometry
development can be possible through the
programming. Program has been prepared to
develop the geometry rapidly. Program prepares
the input file of the structure which can be directly
opened in the STAAD. For that following data has to
fill up by the users. Step by step procedure is
explained in the following section.

Step 1: Open the application. Application is shown in
the following Fig 6.1

Step 2: Click on the Geometry menu. There are two
sub menus like cylindrical and cartesian depending
on the type of the geometry. Stadium structures may
have both the types of geometry depending on the
playing surface. Option has been provided so that
user can use depending on his requirement for the
stadium structure.

Step 3: Click on the either cylindrical option or
cartesian option. Suppose cylindrical geometry is
there. Dialog box appears after clicking on the
geometry sub menu. It is containing three buttons
having grid data, support and loads respectively.
Cylindrical grid datadialog box is given in the Fig
6.2.

Step 4: Click on the grid data button. Geometry data
can be applied under the grid data button. It is
containing number of grids and its spacing. In the
edit box user has to fill up the data regarding no of
grid along the radius, no of grid along the theta, no
of grid along the vertical respectively. There is one
button with name input file. It is used to provide the
input file for the exact spacing of the grid along each
direction and height of the column according to
along radius grid. User has to prepare the input file
before using this application. Location of the file is
not mandatory. It can be stored in any drive of the
hard disk. File open dialog box is appeared after

clicking on the input file. It can be also seen through
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the Fig 6.3. Input file prepared by the user must in

the same manner given in the Fig 6.4.

Step 5: Click on the support button. It is containing
two types of supports condition one is fixed condition
and the other is pinned condition. User can click on
the any of one button deepening on requirement of
the structure. Supports condition dialog box is given
in the Fig 6.5.

Step 6: Click on the loads button. It is containing
loading data and its distance. User has to compute
the load of the slab and secondary peripheral beam
manually and applied it separately in the dead load
and live load edit boxes. Application of above
loading means that slab and secondary peripheral
beam does not participate in the STAAD modeling
and its loading is transferred on the main beams.
Spacing between two secondary peripheral beams
has to fill in the spacing edit box of the loading
distance. Program has capacity to compute thelength
of the secondary beam according to angular distance
between two main beam and calculate the point load

as well as distribute the load at given distance on the

7. CONCLUSIONS

Static as well as dynamic analysis has been carried
out due to complex structural geometry. Dynamic
analysis of seating bowl seems that both the tier
structures lower tier as well as upper tier behaves
well against earthquake while acting individually
instead of both the tier structure connected at
different level.

Comparisons of alternative structural system of
various elements of stadium structure like seating
bowl, roof structure, floodlight tower, score board
structure are given below.

Seating Bowl: Weight of RCC structural system for
lower tier is calculated 761.6ton where as weight of
the steel structural system for lower tier is 80.60ton.
Weight of RCC structural system for upper tier is
1245ton where as weight of the steel structural
system for upper tier is 134ton. Cost of RCC
structural system for lower tier is 3029360Rs. where
as cost of the steel structural system for lower tier is
2882600Rs. Cost of RCC structural system for upper
tier is 5318760Rs. where as cost of the steel
structural system for upper tier is 5165870Rs. It is
observed that there is not much difference in cost

© 2022, IJSREM | www.ijsrem.com

main beam. Loading data dialog box is given in the
Fig 6.6.

After completing above procedure, program will able
to compute the output file having extension *.std
which is STAAD input file. User has to open the file
in the STAAD. Complete modeling for the stadium
structure will appear along with node numbering,
beam numbering, support condition and two static
load case dead load and live load. Sample out putfor

the same is given in the Fig 6.7 and Fig 6.8.

6.4 DESIGNS PROGRAM FOR VARIOUS
ELEMENTS OF STADIUMSTRUCTURE

Stadium structures consist of slab, beam, column,
footing etc. Design of each element is time
consuming procedure. Programming of the each
element can be done for quick design. To serve this
purpose, an application has been prepared for the
design of various elements of the stadium structures.
Following section includes explanation regarding to
the same.

Open the application. It is shown in the following Fig
6.9 there is a design menu and it is containing
various sub menu depending on the design elements
like slab design, beam design, column design, footing
design, steel design etc. each containing separated
dialog for input data of the design elements.

compare to weight. Weight of RCCstructure is 9 to
10 times the weight of steel structure.

In general, Steel structural systems prove lighter
option than the RCC structural systems. Weight of
structure affects more in earthquake. Due to light
weight of steel structure, it bears well against
earthquake as compare to RCC structure. Structural
systems are also depends on the soil condition. Poor
soil can not take heavy weight structure so option
goes on lighter weight structure. Goal of the
structure design is that structure should possess
safety, better serviceability and well durability along
with economy. Both the structural system RCC and
steel have same safety and serviceability. There
was not much difference between overall costs of
the structure. Durability can be maximized in steel
structure by providing better maintenance to the
structure. In other way, steel structure can be

constructed speedily than theRCC structure. So that
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revenue can be generated earlier than the RCC
structure. Finally, the structural system for stadium
structure depends on site condition, availability of

material as well as availability of fund.

As per structural point of view, Roof structure plays
challenging role in every stadium structure. Clear
vision is the prime requirement of the stadium

structure. Cantilever portalframe is better option to

serve the prime requirement than space frame where
as space frame provided economical option than the
cantilever portal frame.

Computer programming has played important role
behind whole study. Quick geometry creation
program as well as design programs helps to find

better option of the structural system.
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