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Abstract- In this Journal a detailed analysis is done about the
layout, analysis and design of concert hall. It also covers some
basic information about concert hall. It also gives a detailed
description of the layout of concert and acoustic in concert
hall. The layout of the concert hall is prepared using AUTO
CAD 2019. Then analysis of the structure is done using
STAAD.pro and structural components of concert hall is
designed respectively.A concert hall is a place where concerts
of musical performance and cultural events take place. and
acoustic in concert hall. Grid slab is used in the concert hall,
this gives attractive soffit appearance. All the components
have been designed specially to act together as system for
maxi mum efficiency and peak performance.

Keywords- Concert Hall,Auto Cad 2019, Staad.pro, Structural
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I.INTRODUCTION

A concert hal is a place where concerts of musica
performance and cultural events takes place. The hall where
the concerts are held may have a “stage” and there will be an
“auditorium” where the audiencesits. The structura and
acoustical aspects of this type of hall have a great variation
with other types of halls.

The concert hall should be designed in such a way
that it has a good sound quality. The sound quality of the
classical concert hal is largely affected by its shape, interior
design and finishing materials. Well-designed concert hall
provides a sufficient amount of reverberation at all
frequencies. It is noted that architectural acoustics in general
and auditorium acoustics have two main principles. Thefirstis
to provide a good acoustic environment inside the room,
known as sound absorption. The second is in between rooms
and surrounding, which is known as sound isol ation.

In most halls, walls, floors, and ceiling have little
absorption. The audience is the largest source of sound
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absorption and at higher frequencies the air itself provides a
large amount of absorption.

The sound quality of aclassical concert hal islargely
affected by its shape, interior design and finish materials.Halls
which are trapezoidal shaped blocks the flutter echoes and
deliver an equational acoustic energy by controlling the
reflection and diffusion of sound. Using wooden cladding,
marble and granite as a finishing material the acoustics of the
hall can be maintained.

AIM OF STUDY

The aim of the research isto design a concert hall and
aso anayzed using Staad.pro in trapezoidal shaped in my own
village Dibra Bazar, Barhara K othi, District Purnia, Bihar.

OBJECTIVES

The following objectives were formul ated to achieve the target
of the project.

To preparea concert hall to accommodate 1000
people with Auto CAD 20109.

To anaysethe structure with STAAD.Pro V8i. The
analysis will give the moment, shear force and axia
force which helpsin designing the beam and column.
To designthe structural components of the concert
hall.

NECESSITY
Easy accessibility to concert hall from al over the
city.
Improves economic status of the surrounding area.
Constructing aesthetically pleasing building that will

attract audience.

SCOPE
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The planning of the concert hall was done using Auto
CAD.
The anaysis of concert hall
STAAD.Pro V8i.
The design of concert hall was done.

II. THEORETICALBACK GROUND

was done using

MAJOR DESIGN EXPERIENCE
Experience in designing the following structural members

Slab

Grid dlab
Beam
Column
Foundation

REALISTIC DESIGN CONSTRAINTS
Environmental
The building will experience earthquake load, wind
load and live load. So, the building must withstand these
|oads.
Constructability
As it is a concert hall the number of columns should
be less so that it does not obstruct the audience. Usage of grid
slab reduces the number of columns.

Social

By constructing a concert hal in that area, the socia
status of the area gets improved.

REFERENCE TO CODES AND STANDARS

There are some codes and standards were refereed for this
project and they are listed in the Table 1.1.

Table 2.1 Referenceto codes and standar ds

Codes and standards Context

For the design of RCC

1S 456 :2000 structural members
Code of practice for genera
1S 800 :2007 construction in steel.
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Code of practice for acoustical
IS 2526 - 1963 design of auditoriums and

conference halls

Code of practice for design
IS 875 PART 1-(1987) | loads for buildings and

structures

Code of practice for design
IS 875 PART 2-(1987) | loads for buildings and

structures

Code of practice for design
IS 875 PART 3-(1987) | loads for buildings and

structures

SOFTWARE / EQUIPMENT USED

Software and equipment used in this project are listed as
below:

e Auto CAD 2019 - Used for preparing the plan of the
structure.

e STAAD.ProV8i — Used for analyzing the structure.

[11.METHODOLOGY

Literature review
¥

Planning of concert hall
¥

Analysis of the structure
¥

Design of the structure
¥

Result and discussion
3

Report submission

IV.RESULT AND DISSCUSSION
PLANNING
The layout of the concert hall is prepared using

AUTOCAD 2019, as per the requirement.
Detail of the plan is given below
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Table 3.1 Description of plan

SNO Description Area

1 Total area 4900 m*
2 Built up area 3712 m°
3 Auditorium area 1546 m’
4 Stage area 360 m?
5 Seating capacity 1000

6 Lounge 100 m?
7 Box office 44.6 m?
8 Lobby 380 m?
9 Help desk 41.3 m?
10 Restaurant 445 n?
11 Cafeteria 56 m*
12 Store room 26 m*
13 Broadcast 22 m?
14 Control room 26 m*
15 Server room 24 m?
16 Production office 47 m*
17 Guest lounge 26 m°
18 Male dressing room 24 m’
19 Femal e dressing room 24 m’
20 Rehearsal room 47 m?
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All dimensions are in meter Scale 1:400
Figure 3.1 Layout of concert hall
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All dimensions are in meter Scale 1:400
Figure 3.2 Plan of auditorium

ANALYSIS

The design of structural components values was
taken from the result of STAAD.pro. A frame of length 60 m,
breadth 58 m and height 6 m are created using structure
wizard. The spacing between the column is given as 11.6 m.
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The size of column is given as 0.7x0.65 m and size of the
beam is given as 0.45x0.55 m. A live load of 4 kKNm is given
as per IS 875.The load combinations which is used in
theSTAAD.pro analysis is 1.5(Dead load +Live load). Then
run analysis and go to post modelling. The critical load for the
beam and column is obtained.

Input data

Length of building=60m
Breadth of building = 58 m
Height of building=6m
Applied liveload = 4 KNm

MR
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iii J.r& & — |i:--\ ;:-;«‘ - -i:- "
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& & o l Jl !‘
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Figure 3.5 Axial force
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Table 3.3 Abstract of the result for beam (5F)

Direction of Maximom Mazimum Load condition
Shear force pesitive SF (kKN) | megative SF (kXN)
F+ 67878 200.78 15D L+LL)
F: 176.27 0728 1.5(D. L+L.L)
Table 3.4 Abstract of the resalt for column (BXI)
Direction of Maximum Maximum Load condition
bending moment | positive BM megative BM
(KNma) (ENm)
M. 1688 795 84 150D L+L L)
M; 3636.43 356858 1.5(D.L=LL)
Table 3.5 Absiract of the resalt for column (SF)
Direction of Maxinam Maximum Load condition
Shear force positive SF (kN) | megative SF (kN)
Fy 10743 MM 1.5(D. L+LL)
F: 54532 2973 1.5(D. L+LL)
DESIGN

DESIGN OF GRID SLAB
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Step 1: Data

Size of prid = 108 m by 11 m
Spacing of mbs =2 m

o= 25 N/mm?

£i=415 N/'mm?

Live load = 4 kN'm

Step 2: Dimensions |

Adopt thickness of slab as 100 m

Width of rib = 200 mm

Adopt overall depth of nb as 600 mm
Step 3: Calculation of loads

Weight of slab = 0.1x25 =2.5 kN/m*
Total load of slab=2.5x10.8 «11=297 kN
Weipght of nb=0.2x0.5x25=2.5 kN'm

Total weight of beams (x-direction) = 7x2.5<10.8 = 189 kN

Total weight of beams (y-direction) = 5x2.5%11 = 138 kN
Total live load = 4 x10.8 x11 = 475 kNm

Total dead and live load = (297+189+138+475) = 1099 kN
Imdpermz-m—gkNm-

Step 4: Calculation of moments

If q and q2 are the loads shared in x and y direction

P=9 e {-h‘J gflo_S'-tt') 4.6 kN/m*

@=q( h;ﬂ{m‘;’f;.a 3.5 KN/m?

Qu= -1-!5“.’:1&.3 =50kN
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152001

Q== =38kN
Step 5: Design of reinforcement
Maxmum working moment Mx=134 kNm
Moment resisted in mb x-direction over 2 m= 263 kNm
Mer=036EbD(4-0.41Tx)
=00,36 =25 2000 = 100{500-0.42 =100)
=914 KNm
Mo M
Ma=087EA 1]

Al

402 10F = 08741 5 Agge§0[1- e

A 2= 2400 mm?
Provide 2 bars of 32 mm dia and 2 bars of 25 mm dia
Aupridas=1 588

At
Mo=08TEAA 1 7]

300x1050 87415 XA S0[1- o

T
A, =1800 mm?
Providz 4 bars of 25 mm dia
Auprorides=1962
Mesh reinfbrcement consisting of 10 mm dia bars § 200 mm ¢/c are provads in the
slab
Step 6: Check for shear
Vo

T 1000410

=032 N'mm
kr=1.27203
=38
e

AL MBI
“th - N —vmm
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DESIGN OF SLAB
Step 1: Data

Provide fmm dia stirnaps (@ 230 mm c/c @ supports and gradually increase to 400mm
towards the centre,

Length along y-direction(ly) =11 m

et Length along x-direction(ls) = 10.8 m

Live load=4 kIN/m

fa=25 N/mm?
fy=415 N/mm?
Step 2: Calculation of depth of slab

1 11
E'E—I.UZ{E

Hence it 15 a two-way slab

A " Aimn PR . Y p—
- i " =5 =5
Figure 4. 6 Grid slab reinforcement Assume cover of 20 mm
2# ol 16 mm@ D=420 mm
d. —q Ler=1=+ 400
§ =108+ 4=112m
:;mmﬁf{ Step 3: Load calculation
E I Self weight of slab = 0.42x25=10 klN/m
§ il Live load = 4 kIN/m
23 mm 04
2ol Total load = 14 kN/m
Rmmd .
R Ultimate load = 1.5x14
e, ;
= 21 kN
Figure 4.7 Ribs in x-direction] : "
it Step 4: Calculation of moment
oz = 0.064
: 4
.32 F ox = 0.064
Emmo @ Mz =oxwh? = 0.064x21%112 =185.8 kNm
50 me
—_ My =0ywly? = 0.061x21x10.8% = 170.7 KNm
E
§E Step 5: check for depth
P> My = 0.138fckbd?
Hemp 185.8=10% =0.138=25=1000=4d?
LTS
Xmm, d =232 mm < 400 mm
Figure 4.8 Ribs in y-direction Step 6: Design of reinforcement

Page | 165 www.ijsart.com



1JSART - Volume8Issue 7 - JULY 2022

Eayen
Hence safe m deflection.
]
w :.i" /
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Figure 4.9 5lab reinforcement
DESIGN OF BEAM
Step 1: Data
b=04im
Overall depth of beam =055 m
Provide a cover of Hmm
Effective depth = 530-30 = 320 mm
Effectivespan=115m
fi= 25 Nmm*
fr=415 N'mm?
My =768 KNm
Vem J2EN
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Step 2: Limiting moment of resistance
Mu tim = 0.138fxbd*
=0.138x25x450x3502
=469 kNm

Ma > Mu i hence design as a doubly reinforced section
Step 3: Design of compression reinforcement

Ma- Matim = ficAsc(d-d")

0,003 5{xumax-&"} Es
Tamen

=537 2
=

fic » 0.87f:= 361 N/mm?
Adopt fic as 361 N'mm?

Ay = Mokt lim
%7 e (4]

= 1656 mm?
Provide 25 mm diameter bars

No of bars = e
=34=4
Asc provided = x252x4
= 1962 5 mm*
Step 4: Design of tension reinforcement

f. A~
Agrs —
0.E7H

= 1656 mm?

Ap=Ap+ A
= 4617 mm?
Provide 32 mm diameter bar

R
area of ome bar
=6

Ay provided = Zx323x6

No of bars =
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= 4805 mm?
Step 6: Design of shear reinforcement
'[1.'=i'
=12 Nimm?
P= %
=15
1= 081 Nmm*
Tr>1e
Hence provide nomimal shear reinfbreement
Se=Va Ve
=T-:.-{Ic*bd}
=l12KN
L
5
= 270 mm
Sv 0. 758=410 mm
Adopt spactng as 300 mm
B O QN0 e 0 ol e el mnd
I i
E
E ' |
Lq .................. 0 T .
L. 11500 mm o
Figure 4.10 Beam reinforcement
~40mm_
[ Zimm @
[ BN B B B
E
E
8 68 of
o R2mm@
] (R LLE 5
Figure 4.11 Cross section of beam

Page | 167

ISSN [ONLINE]: 2395-1052

DESIGN OF COLUMN
STEP 1: Data

Factored Load = 2400 kN
Dimension = 700x650 mm
Provide a cover of 40 mm
Fa=25 N/mm?

Fy=415 N/'mm?

STEP 1: Slenderness ratio
e

D

6000
700

=86<12

s
S-D:.-

=509 92<12
650

Hence, design a short column
STEP 3: Minimum eccentricity
Exnan= (S01(50)
=343 mm
Eyam= (S5
=3lmm
Min eccentricity should not exceed
0.05Dx = 0.05%700 = 35> Ex min
005Dy =0.05%650=325> Eyun
STEP 4: Design of longitudinal reinforcement
Pu=0.4f Ac + 0.07f Ase
A= Ag- Ax
2400x10% = 0.4x25(650x700-As) + 0.67x415x A
= 455000-10Ae+278A,
1945000 = 268A.

Age= 7257 mm?
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Provide 6 Nos of 32 mm diameter bars
Areaof bars =632

= 6430 mm?
Provide 4 Nos of 18 mm diameter bars
Area of bars=4 “3" (18)

=1101 mm?
Agprovided=7531 mm?
STEP 5: Minimum reinforcement
00650 = 3640 o’
Hence ok.
STEP 6: Design of lateral tie
Tie bars = of 3

=§ mm < 16 mm
Provide § mm diameter bars
STEP 7: Spacing of lateral tie
=16 times of longitudinal remnforcement
=16x20
=320mm which s greater than 300 mm

S0, provide § mm dia bars @ 300 mm spacing

Page | 168

ISSN [ONLINE]: 2395-1052

-: Bmmidg

E 00 mm ok
g s
3 /
- 100mm _
! By
&4 of §32 mm
E [
E 48 of D18 mm
P [
- @
| B
I
L 10mm | L

Figure 4.12 Column reinforcement  Figure 4.13 Cross section of column
DESIGN OF FOOTING

Step 1: Data

Size of column = T00x630 mm

Load on column = 2400 KN

f= 23 Nimm?

fr=415 Nnm?

Soil bearing capacity [SBC] = 300 kN /mny?
Step 1: Size of footing

- Lead oa coiomn.
.Jaﬂafl‘uumg——m
=§im
Jdg=8
1=0.66
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Provide length and width of footing 25 2.5 mand 3.2 m
e = 238 KN /m? < 300KN/m?
Factored upward pressure of soil
Pume=357 KN/m?

o= 210 KN/'m?
Factored load pu= 3200 KN
Step 2: Two-way shear
Adopt thickness of footing=500 mm
Assuming 16 mm dia bars
Effective depth d = 500-30-8

=451 mm
Punching area of footing = (2 + d) x (b+d)
= (0.65+0.442) % (0.5+.442)

=103 m?
Punching shear force = 3200-(283x1.03)
=MHEEN
Perimeter along critical section = 2(3 + d) x2(b + d)
= 4068 mm
Punching shear stress = ﬂ'ﬁ
= L6 N'mm*
Allowable shear stress = kT,
o 50045
=18
ky1e=2.23

Step 3: Design of flexure

M= 180 kKN/m?
Eo0m
N:

From SP16, percentage of reinforcement can be fouad for M23 concrets
Pt=0165%
Ap= Ptxbxd
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A= 2130 mm?

Provide 16 mm dia bars at 150 mm c'c

Mo of bars = —=

ELEE T

=1
Step 4: Check for development length
La=47=dia of bars
=752 mm
Provide 60 mm side cover
Total length available for critical section =0 3<(L-a)-60
=401y

m

6 mmd & 150 mm o

25

...... PRSSE E—- |

Figure 4.14 Feoting reinforcement Figure 4.15 Footing reinforcement

V. CONCLUSIONS

In this project the methodology, layout, analysis and
design of the concert hall was presented.The layout oof the
concert hal is prepared using AUTO CAD 2019. The
important components of the concert hall are analyzed using
STAAD.pro V8i. The uniqueness of the project was the use of
grid slab and trapezoidal shaped hall. Halls with trapezoidal
shaped plan make it possible to accommodate a large audience
while providing good visibility and acoustics. The use of grid
slab eliminates placement of column inside the hall. The use
of grid slab reduces the number of columns. The usage of grid
slab gives attractive soffit appearance. The completion of
concert hall will ensure safety of the building. Thus, the
objectiveis achieved and the building is designed.
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