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This project work describes shout the plamming, acoustic
denign, analysis and design of a typioal multistoreyed einema
theatre and restsurant complex, Aescmodation of this theatre is
sbout 1500, 7The salient festures of this projest work are the
PreeBtressed saubrete folded plate roof 36m. and 3ta. span, Fre-
Stresmed smereis beam for baleony of 8%m., and 21m, span, under
ground car parking snd a resteuzamt in the first floor of the
structure, The skeleton framed structure is enalysed by Moment

;MM&MWMWMMWbyﬁﬁMLm

Theorys The design of beam, solwm snd slsbs are done by
ultimate strength design of reinforsed consrete members by
ViKiGhankerar, R.Ohandrs & S.8axkar. The detailed dravings

and estimated for the structure have been prepared. The estimate
of this project work is abeut Res.

The eost per square meter of plinth area =
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A8 & oinema theatre is a publieplace where the people g

enjoy the entaiurments like dence, musie ete, such places are Q
given and agoustic treatment in the design part. This project

vork also includes a resteurant in its ground floor. So the §

place becomes & wellwformed publie gathering place, Q
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'The eapamcity of this theatre plamned is about 1500, The
plan ares of ground snd baloany is 861 m°. The detailed
umwnmmwmamn aaammmtcmnqu
type of reof, Pre-stressed conerete folded plate is provided |
Both for appsaranse and saving of materials. Prevstressed both
for appearenve and saving of materials. TFre-stressed sonorete

The span is 23a. and is deaigned as & post~tensioned beam of
rectangulsr seetion. As the resteurant mnd undergrownd ecar
parking are provided the structure is analysed as a framed strusture.
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‘beam for baleony is also provided, to give an un~obstrusted view. g
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In sddition to this to goto first floor and to baloony ramps 2
are provided et & alope of 1;10
The speeial feature of this project is the provision of
Pre-stressed sanarete folded plate roof, The analysis and design
prinoiples of pre~stressed folded plate is well explained.
The estimation of thetheatre and other auxilliaries is alout
§
§
4




The most imporiant ocnsiderations when planning a cenime
theatre, resteurant and underground ear+parking are 1) visibility
2) AwRibility, 3) Safeiy, 4) Gomfort, 5) Adequate spage for
porking of cars snd other vehisles ete, |
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8 The clear, un interupied vision of the show is of prime g
4 oonceru while designing a thestre, The seats are awanged such
) thet the visien of the sudienee is perpemdieular to the tangent g
y ~of the mmmatmm The gurvaiure of the soreen is g
2 tion enly, i.¢. the eurvature ('
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conwex to the sudisuce in ene iz
Por that & slope is geven (1.51 2526 =~ 1963). .The slope may be
adophed from Brittanies Vol. I, The allowsdle slops is 8° to 15°,
Hevye an avernge slops of 12* is adeped. The visibility slop

of an sudient who is #itting in his position should pot exceed B5°
(Tamil nadu ednims Autogreyh rule), Silver Sereen is fixed

ainoe it is 1o maintain and has got suitable wisibility,
espeaially for colour films,
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are not provided st the samv level but asoustic pladter is provided,

There are two types are 1, airborne and 2. Solid borma
Lrom outside or inside exmluded by using airtight fit doors.
A care is takento avoid excessive reverbaration and echoes
ingide the auditérium. Bohoes are svoided by means of ths shape

And previding inclined walls, For to have the good shape the
rearvall in made someave, they it 4s not viBible. So the

surface is given convex ¢orugation %o aveid the tendency of sowmd
to faeus into the hall, PFan shaped or lengthyhexagen type of

plan 48 good due to eapmoity, slight ehages may be done, (Ceilings

is provided a gare is taken 40 reduge the plant neise and grill
noise, If any pewer gub period or if uee of power gemerators
then there may ceour noise from generators for that we have to &
take sare 50 tih 2o noise sblained there, For Ahis plmt is
iselsted and duots are provided to redues the neise, Depending §
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upen the noise level at the sibe ortensation layout and Stameturaral

The traffie of sudienss plays good rell in plemming of
suditorium, For comfortable walking, The seats are arwanged sush

that the distance bwiwveen mow to row as 85ems. andseat to seat 50 -o

P> P P PP D>




The Lront row is situated morethan the 3/4 of the seree hight,
This seating arrangements are done from the plen of GRACE Rainy
Rogers Avditorium, New York, The pmssage with width is given im.
(near about the allowable limit, Cinemas Rules No, 63) and
vorified form 1»8: amumtim. The Urinals are previded
somfortebly (ss pexr Ginemss Rules Hp, 55),

The main safty is from fire, Prom the Tamil Nadu Cinemas
(Regulations) Rules No, 91, The fire exbingushers busket of
vater and sand are providesd, The fire extinguishers are checked
by the linoied persen for svery thres months, The internal
Snckc fila stopes and resdy aetion for the publie fire serviee

Silver Soreen is used, It is having a dimensionof GaxiOm
I 3» oavex o m audience, The cunvex prejestion to the ehord
is . st 148 oentye,

It 48 of length 46m. and a breadth of 38m, inelwding
Gms of ramp portion. Overall height from grousd level is 16m, 2
for the duilding upte the bBottom of the Lolded plate., The ramp
portien height is about 25m. from ground level and 29m, from

- under mma level, The xoof is done an preo~+ siressed oonorete
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- 0n Doth sides of the Aheatre o verands a having a minfwus
width of 2, st the centre and 4.5m at the ends is provided,
the veranda ends st the other end, fThe versnds floor level is
sloped with the inside floor of the theatye,

~ tThe madn entyanse for the theatre is &t the frond of the
mmmﬂwmmwummma For the
rant the entrance are of 4.9m. width on beth sides of the

Llding, &Md&muﬁdkhuwmwﬁwm
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The yamp starts fron the left hand aide of the strancs,
The widih of the remp slab is 2m. The slope is 1510, The reap
has 2u x dme f15ght whexever $t 18 yequired, The ramp aladh is

mmmmmmxmmmmsm
seyoen in the balocony floor, Toilsts are provided more than tha &

gee—eoemmoeeoe—ee%eeeeeoo%omoeoo

:

L

ooemeoeeeomooeee%ooee OOT




Y
§

Thess may be provided ascoring to the c¢onvenience. Besides,
the teatre has a lot of spage in the ramp partion,. Theyefore there
is no problem in feming the ticket comisrs

Aionis B0, the bearing

- ¥he plinth besm is provided 2m, abowe the %op ofthe footing

mt yord shisks to measure the tveands in
pning, The design efauditoriun should be
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It may ssen to cne thab the eost to fulfill all the
uireneis 1o foxbiddl Bt if a commeyoial euditerium is
418 vith all the fasilities mentioned it is sure %o pey.
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| mmmmxawmamezm,
Wth vise, it is not possible to design or construet a folded
pmn w sush an extent, a-o,,, the pre stretiing eomss into pioture.
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use of materiels in the strusture, Shell strwetures have an inhepemt)
svaniage in their gecostry to distribute the load effectively g
s 4
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tammmmwoxammmm
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¢ snter \1s used, Even though the shells sre very effied
ey mwmxammwwﬁammmwm
riserin. They ave generally msed as reof strustures and
Stueg &8 foundetion stwmstural elemmte, There is a positive
Mi¢ ailvantage in using these struotures for roof slements.
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ghells of double swrvature and shells of arbditary curves acoammpdate
the imagination ofarshitects but teshmiques are used 2s o mn\w
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#4 nothod=folded plste theory omsidering relative jedmt

b ot w Vo sotien. Tieme o« sy piate is teuen as |
e is omeida rﬁrwumwmmwm a
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PLATE
7 N YE PLANE

LOAD Co MPONENTS

FIG.|-\: FOLDED PLATE STRUCTURAL

ACTION
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DEFORMATION NOTATIONS



E <> > 00000%@@@@0@0

qii+l = & ain g#—

o smponen amumm«ua
are \ shown 1 £ig. 1.2,
’ a mxma the slsh spemning between i smd i+1 Jodmtal
son relstions osuld be written as
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| 34% 3 ® tetal effestive Zaree om the plate i -1, them

,&u ’““‘ * !’.““ g,' ‘ ' w - {}* sin %‘5 } TS (5)

m mllev phtes where depih (4) is small as

%o the Jength {:m the m owald be treatedes u bem loaded with By f

:mmmmun |

PP (63

sting extrwns fikre stresses Wsed e simple Wem m

os (1)

m of plate $o1, 3 ad wadlanly £y

Lo *m jiius of seetien of the plats abedt w-axis
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. &% the 41 and L ZoMs of the strusture. mmmamrw;
 fowm %6 Mo compatidls with the other strens system. Thebemding
f'mmmxrmumwmmmmmw

(Rgaj'ﬁi} - | « (8)

mummuwlﬁxmwm&mt .

"““’»Muwmwum«mrmﬁ
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© By = stress i b plate due 4o shewr rm .
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aprlisd to ench of the Welis, Vill gemyute suffielent |
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spherieal and folded plates without mueh 4iffioulty.

DATA GIVEN:
Le3m . H = 5m,

e da w8 =7.0m,
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here is no live load at the fold mmd the exjreme edge of
" the fold is gres, 5o all the tranverse coupoments of the load will
" be tremsmitted dizgectly to the adjacent plate, Being the insluded
angle is 90°, Se trensverse shear en one plate is directed fully
 on the sajacent plate, The deformation and transverse shears are
~ wn ocupled, beeasuse of the symmetyy end siggle fold.
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048 ( Gyy = 5627 ) = ( 6900 = 0,85 q,4 )

4% the sable profile be parabelic and maximum exsemtrieity
| = 5,25m, _
Lient palansing losd is Biven by
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At trensfer sondition load is not balanged = » 1273 kg.
e By *1273 ( Iims load at fold )

. 1953 xgm
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6943 x = 1105x ~ 156,28 x°
+’e 2 = 6,6 »n

. is 6.6 m fwom right.
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E = ém,

*1h2em Say ooy
i x2000 ) 543 agn?

“tgteg)

T u.s .

. 8310 kg/m

Ang live loud)

Wu“w‘h’
.o 645: I3 z8.% u-hv
= 9840 kg/m.
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| », = 0.85 P, = 0.85 x 450922 §
| = 383263 kg.

, Load not Sslansed = g, = <9993 + 9840 = «153

| §
a 22385 kga. g
>

| 28,1 xg/en’ i
> §
f 1.9 x 10> gay gevo. g
|

, | g
| N |

; The stress are with in psxmissible limit, 4
’ !
? ,_

| | §
; Frovideing Tum § wirves of 12 nes, in each cable of fresssynaje.
; Hos of sables yequired ""ﬁﬁ * 9,3 Cables §
: | | Say 10 cables g
: Pre~Siresaing foree required - = 450022 kg.

: Allowsble Pre-Siressing fores in each oable = 49110

; Applied PresStyessing foree ‘= 491400 kg,

| - " §
) Fon~ Pre stressing steel for the folded plate of 38m, is provided 9
? a8 1ike in 31m span folded plate, §
> . ceces !




The main peint to be taken cave of while demigning is to
provided sn unscbetyuskiive view for the patroms, In the past, they
followed the sonventionsl methed of designing of balsony portion
whish is wnsemmenieal snd sn chatrustive ene. Due to the
sdvanpement of pre~ stressing seminsnees in India, the preesiress
oongpete besm is an imevit for the public using strustures like

§
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g K nems theatres,
y
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- 3% 4s wasomemissl to provide a besm for a spsn of 32w, In
the sanventional design, the boam depth will some o about 2m,
whish isen wdesivable ene, If oolmms are provided, itwill
obstamot the view and also reduce the seating eapaeity.

Here the pve stress cmecrets bemns are provided at 4m, and
st 8.1 from the zear wall at & spasing of 2%u and 23m respectively
Yo minimise the work, the lemger beam of 23m, span is omly

. 29

29
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$ x 100 x o? = 148280,3

ats 4 - 94#52 Say 90 em.

Aven of section = 90 x 100 = 9000 on’
Weightof the besm par / ms = 0.9 x 2400 = 2160 kg/m.

N P

MMQMWM(@“ ¢ Gy )
Op * Sgy M35+ 1058 w2483
@ = 156 is less than 248.5

squation can be usedfor choosing »; and

e é; 18 greater tham or equal %0 pyF——t

g
]
¢




60%%0%000000000oooomovvvwvwvvv -

§ B O - o e e e e s S o S o o o o = g = o S = o g = e = = o %}

stress are nol necessary.

abgh %0 26,15 12,34 8.5

Table for the oxdinates of the individual eablee
W W W W e e e N e A G G AR Gea e SR AR e e W e e T

Cahl Xo,

0400, Lo bobA R oo
4 m. 8 m 1‘*5 n

W W AR W e R WS R W NS e s Wi e A N e A S W R W W e W e e e e e e e

4 i A i A W P
LA I ., 2
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imno 80 44,65 2.3 8.5
pg 65 3843 22.8 18.5

odef 845 85 a8 8

oA i i

Tetal 2035 W16 6194 54.0

294 16,965 15,5
20,6 330 %tﬁ
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Say
Iet the preojection of plate = 3 sm.
| ammmng om vidsh of plate
BuM, ® : = Y107 W“

| =L£3
1102 » WOOx V6 x1x ¥

| = 2,178 Bay 2.5 eml

mpummmmm s x50 =100 em

#wmm‘mm (Veriteal plene)
=03 P( W 4fp)
* 0,3 x 785760 ( 1= Jh~
* 141456.8 Xg.

& /a8 = 4/ =40 / 100 = 0.4
Proa chayt the sere styess position is 0.28D
0,286 x 40 = 11,2
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rotal tenaile force -
2/5x £ mex. x88.8 = 3536
£, max = 59,729

Allowable tenails foree = 18 kg/em”
x £ wmax, x (x) (Ix)

Using the parabolie equ,w 4 . Sevwubibe

+ % & 6,25

*MNuam::mg / tea bresdth
Total foree =25 = 410729 x 76,3 x 40
' = 84306.6 kge

Say 10 nos,
Provide at 8.5 ems. C/8.

= 0,3 x 785960 ( 1 » $e

» 94231.2 Xg.

> D DB D> DB P A > < L D P D D P> AL <UD AP G A P B D S GBS P P PP D>

Poros unit length of
tham;’ﬁkhﬁm?h%*

Eeeeooee—e%@% A R < i i i gl i ol GO O

= 1571.52
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&QI‘ = 60 £ 100 = 0,6
From chart Mmmwumza Oc44 D
' Ouds x 60 = 26ﬁ¢

2/3 x £, uax x 75,2 = 1571.52

= 2/% x 14,2 x 54,22 x 60

Meming 10ms §F 2 Jegsed stErzep at Sem /e,
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© Net less than 1/4 of § of men, reinfersement = - wimm,
'I% should not be less then  Gmm.
§o provide Gam ¢F

= 40¢m,
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rmmmt { =48 x 0.5 » 24 em,
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Sionl seotion for bemding moment 4is showm in fig.
’mzmm W the mum amm Hr dbeandingmonmt

‘Meximum bending moment . 8788 x 3.2 x 14 x b 2 100 kgs
= 2,756,000 kg.om.
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~ «"+ Effestive depth at the exritiecal seetion
* 54,20 ~ 7.80 on
= 46,40 om,
Shear force at the eritical sestion
» §788 x 3,20 x 0.498 Xkg.
= 14,010 kg.

Breadth of footing at the top at the eritieal section
= » 40 + 2 x 90:2 om.

+*s Shear stress 04*W~
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In this anditorium, assording to the boundary comditions of
the slad, the floors are designed as fixed on fiur edges and oconti~
nuous and abde a8 three side fixed and cne side disesntimucus,

The main alteration in the design of the trapesocidal slabs is the
conwersion @£ trapesoidal area into equivalent restangular ares.

Yisld line theory, whieh is very sdvanced is used for aualy~
sing snd designing of slabs eince now & days knowbedge of it has
beon very much improved, In spite of omventional design, the
Yield line theory is used in the design of both the floor andthe

Relnforeed conerete slabs vhen supported along the edges
or columns at s number of points, vhen loaded bend in all planes

‘and the beding in cne plane will affest the bedding in all

other plenes. The elastic anslysis in such sishs in usually based
on the theory of slastiocity an appliesble to thin plates made of
homoganesus and isotropic material, These assamptions are not
wholly justified, as reinforsed conerste is not isotropie

and in many osses the reifuforeement in two mutually perpsudioular
direotions is not the same, For slabs of irregular shapes elastio
amalysis will be very complisated. Maximgm load that a alab ean

2@@@0@00@%0%@0%%@@@@ q—»wmm
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rasp slsbs, Hoze cnly 4 eritiesl slab and one balommy slsbs g
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take without being structurally damaged is mmoh greater than
obtained by elastic theory.

The above oan be explained by the faet that at thepoint
of maximum bending, plastie deformationstakes plage and there is
redistribution ofmaments Lor further loading, thus more and
more portion of the aled will have plastic deformation before
coppupss will bake place. Near fallure, therefore plastic d
deformations should bs taken in $o acsount, Sueh method whieh
utilises piastic deformations is known as 'Yield line theory‘.

Yield line theory ie applicable to siabds in whieh the
pereentage of steel along sny given line is semstant, That
seans sane mesh isused throughtout ths slab, If the ultimate
flexaral stremgih sleng twe perpendieular direstionsia the
slab is the same, the slsb is cslled an isctrepically reinforeed

 slaby if the unitimate stremgth isdifferent in twe diveetions at

right angles the slab is called an orthetreploeally yeinforeed

gonaider an isotropically reinforeed square slab under
mifemly distridbuted load, simply supported om ell four edges,
as shown in £ig. » A8 the load is inereased the 8lad behaves

elastically up to the stage at whieh tensile reinforcement in the
Centrs} part of the slab, the ares of maxinum bending moment,

|
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ths slab, probably ofthe form shown in fig.

If the slab is under reirnfoercedy with respeet to fallure
and in prectice most of the slab sections are, then the cracked
seotion will continue to deform without any apprecidble inerease
.til noment, A# & result, increase in the sladb load will cause
the steel in the sdjacent seotions to yield also, and the oracks,
or yieM lines, will extend progressively untill they reach
the bhoundaxry of the slab as shown in fig. ( )« A% this stage
Since the yield line can propmgate no further, and the resistance
moments along the yield liunes are utmost at their ultimate
values, the sladb is esrrying the masimum losd possible . Any
further inerease in load will cause excessive deflestion and mwg
ing of the gonorets at some seotion ofthe yield, liner loading 4
S0 the over loadingefthe remainder of the slad and complete collapsfs
Thus the condition of the slad when the yield liner have just
resohad the boundry may be regarded as the gollapse condition
of the slab,

RS R TR TR R R ™ R T TR
<P <GB D A AP > L B < D> B> <L B <> >

AP P QL P P D>

From the previous sestion it is alear that a full yield
line pettern camot develop wmless the momentrotation sharscteri-
stoss of the slad are sush that a long have the form shown in fig.
Por shis to be the case effective the effective propertiom of
stead, q = 23 %% should be less tham 0,333, In practied,

rearly all slads have effeotive proporiions ofsteel very mmsch
Jess than this, and it e¢an generally be assumed that the moment
rotation ourve will habe the necessary characteristios,

D <D P AP L K P P AP P BB L P < A <P G G il Q»Q» B e~ g
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Onoe & yield line pattern at eollapse has been assumed,
the collapse load may be determined in temms of the ultimate
bending strength of the slab, either bystudying the woek done
for & given virtual deflection or by considering the equilibirium
of the individual slad portions under the forces seoting on them
at collapse, The rules governing thepossidle yield line petterms
may be sumarised as follows in oxder to help in seléstigng a
geometrically possible patters,

1) 4 yield line, or a yield line proénced, must pass

thyrough the point of interssction of the axes of retation of
the twe elad parts eonneated by ths yield line,

2) A yield liner sre straight. They cannot shange
divestion unless joined by another yield line,

AP P AP L P B P P TP AW G P> <Py B P> <> B D>

3) Iiner supports furm axhs of rotation, and point, i,e.
column supports form “pivot points" (i.e,) axes of retation
ean pass over than ad sny angle.

When & yield line is at right angles to theudirestion of
the reinforcement the yield line ultimate moment is giben by
the genersl squation for the uliiaate moment of an wmder-reinfored
fiexure member (i.0:) E

(1 =~ 049%) Ay O__ ;
“!‘*‘t%di

e )
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= {1014 atremh ofsteel,

B <D <P L DD D>

= prea of steel in tenaion

= Bffective depth of slad
= Bresdth of slab,

« Jitizmate mometn of positive yield line per
unit lengtih

’.

m wmimh acment tive yield lime 9
ofnega yi m "

¥ = Ratic of gyoments in xand y directions,

§
4
4
§
4
4
y
§
y
§
§

sy

%ou = Ultimate gube stremgih ofeoncrets in compression
Ay

4

)

=

(Pattemm 1)

In the yield line pattern assumed the aygle # is wmknown
and the eorreet yisld line pattemm will he the one soryespending
%o the valus of § which gives the lowess value of the eollapee
loady It e o mes helpful to think of the external work
the deflected shape multiplied by the load per unit area.

Henge in this oase for a deflection of waity st yiedd line of,

Yolume under ssgment (1) = Volume wnder segement (3)
=412 (o -tamp o112l

M/41§(ec»a/mana>
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Yolume under mmm (2) = volume under segment (4)
= 1/12 1'7 tan ¢

plase wntill the four negative yield lines st the suppert have

§
9
§
:
Hengo, besanse of continuity, oollapse will not takes g
formed.¥he negative stesl in the tép of the alab at the supportis §

io aspumed to be sued that the ultimate moment ofyield lines

parallel to the long sides is u‘ and parallel to the shorxt

: !
sides um .
2

internal work done en yield lines as, bf, ¢f, and des

§
)

)

%

P

P

E

; in rotation x direction ﬂ4/mily -;-;—h—'—-—
9 ' ‘

y | B}

: in yotatien in y direotion » uiz,mdi

g | = 4ntem §

i

y

y

y

y

)

§
Y
§
§
§
§
{
y
§
9
Mmmammﬂmm“ ~ 2
== 1 ( ootan § ) %,
s4n (o€ ~tan § )
MutMWMdmhy
all the pomitide yield iines = -FJ, | - h%
¥
§
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Internal work done ca yield
line ad » Work done on od,

- « 1 fy “2 o< u!

Internal work done om yield line b = work done on da

=y t;ﬁ"s

Henge total work dene om negative
yield lines edn' (o o pdhae

fherefore total work dons by negative

and *» ve yield lines u4(n017€a O&T)

wmmam

wilﬁ?( K=1/3wmf) = 4{!:*:1)696«-&-3—)

vail

Zemm’)

. I0 oxder %0 find the minimum value of the gollapse load,
or, for design the maximum value of the ultimate mement for a
given ultimate lied, it is neesssary to @ifferentiate. The
. right handsiss of this equation with xuwt to tan § andequate
the result to serv.

et bR L (1)
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Lengtn / Bresdth * 5 / 4.4 i85 less than 2

o The slad has to design as two way continous slab,
Min. over all thiockness

d = L /35 =500/35 = 14.2 8ay 15 om,

Henge self weight of slab = 0,24 x 15 x 100 = 360 kg/n?

Ultizate lead | 2,1.5 x 360 + 2,2 x 500
» 1640 kg/m®
Yor aleb dimanisch given = 1/B =5 / 4.4 = 1,136
| Bay 1.1
| / 2 WL
tan @ VARt S
Assmgon = 1 s paisioomnions
PR | 1
tan § - % & . -
| f O e TN
n 1,064

s 58428.49 kgom, / n

Using 10mm §* and 200 aix and high stensile bars.
Bffect depth » 15 & 1.3 = 045 = 13,2 em

v i«_/ o
i,
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58429 = A, x 4250 x 13.2 ( 1 = “§&n

56100 52
56429 = 56100 A, ~ TEET TR

Ay = 1,08 mz

Minimm A, = 0,12§ of the Cross seetionsl area.
Depth of slabs 15 em,

. 1,8 e’

Provide 4 rods of spmoing 25 em C/o both the direction

Given data
¥3ve Load = 500 kg / n°
gk L = Sm,
Beradsh B » 44 B

L/B = 5/ 44 1is less than 2

PR &{,hw' slad is designed as two way slad,
Overall depth 1/ 35 =500 / 35 = 14.2 Say 15 em,

S6lf weight = 0,25 x 15 x 100 = 360 kg/n®

Pitinate load = 1,5 x 366 + 2,2 x 500
= 1640 kg/m®

B b gl gl S i - = R T TR, e e e e Y -
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s L/B *5/%4 ﬂh’%m‘“

>
Ten § "/’“ '%.14

Whexe u = 1 for twe vay continous slab,

tan § t/ﬁ*m \ PS TS
ﬁ‘tnm
taxMwmmmmmwamu.

n o=

v *ﬂi@b x tan’ ¢

822 43 = 56100 A~ 58429
 Belving ¥his we get

Ay * 1,06 ou®

Wh = 15 em,

ﬂ.A‘* % 210015 = 1.8 en®
Frovide 4 rods of spasing 25em C/s both the diyection.

2 Continous on fomr sides
B e . b - - - = S T = SR S S S SO S S S <
S Y-
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= 7,486 m + 4.3 n'

Assuming top and bottom reinforoement as seme,
Total intemmal worxk done = 11,78 m..

Total external work dome = -"-5-1’—-' (3 = 2x)

(3*2!0.517)(

= 17350

Therefore m = ‘}% = ‘547_"2«8 kgn/m length
% 0,91 x &250

147280 = 3, X 12,2 x 4250 ( 1 ~
= 51850 A, ~ 822 A2
e A ® 3403 e

Depth = 10 em,
al2.. x 100 x 10 = 1,2 :ﬂ?

Provide Sm § rods spasing 25 am 0/C.

B AR B B LB P B> < PP D > A P BT B WGP B D B P B

given data
Live load = 500 kg /u°
length L = Breadth B = 4 m,
L/3 =10 em.
Self weight = 0,24 x 10 x 100 = 240 kg /m°
Ultimate load = 1.5 X 240 + 2.2 x 500




-1

= 48666.,6 xgom./n.

Bfiective depth = 8,8 on,

48666,6 AL X 4250 x 8,8 ( 1+ o v _5

=4, 37400 »;ﬁ 822
W At = *u33'¢m2

Provide Gmn § 7ods R.T.S5 © 20 em C/u,

§
§
¥
§

Live load | = 500 kg /u°

m L = 23m,

Breadth B ' ® 4 nm,

L/B =23 /4 is greater than 2

- 400/3 = 11,35 Say 10em.

Self weight = 0,24 x 10 x 100 = 240 kg

Ultimate loads 1.5 x 240 « 2,2 500 = 1460 kg. 0

Ultimate Bending Moment = w12 / 16 = S5 L “&L
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Mﬁx # mm = 1500
The Mgu mmw ismush due tﬂ the follewing reascns,

41) No. of persans using w.e. is very less.
Tet us design sepiis tank for 500 persens,

mmuwnmmtmwuauus

of 100 litres/ person,

mmw = 2x3500x 100 = 100000
= 2x500x 10

-~
Total capasity = 110000

3 Litres

"

s 110 »°

mmwmwummnwmm‘

Ares of m - -1 ™ ﬂ

et Ls !‘ 3l

Tength and tank . = 9,25 n,
Breadth of tank = 3.5 =m,
m ' : JeB ﬂp
Aren of tank = 32.4 82

Yolume of tank = 15,4 w0 Henoe 0.Kk.

= 9,25 x3.5x3,5 m
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%0 make an easy way for the elevated places, ramps on
slovators are constructed., To socnomise the building eost md due
0 the lask of pewer, in this auditorium ramp is provided. For
the ramps, the recommedded slope is 117 to 1310. In this
aditorinm, the nlwyu of 1310 is provided to make an sasy aseending
Here ti» yaup is treated an a separite strusture an designed. To
ensount the peak sxoud at tue end of the filjm.show, the ramp
passsge width is provided as 2m., which is quite large.

Por ramp alsoy yield line theory is used for design. Here
the slab is dssigned as two sdge fixed, continuous and the other

)
)
)
P
9
9
%
9
9
9
9
)
g
3
2
?
y
9
'
y
y

wotangular alab is supported by two cantilever beams
mwumo:mmmiwmm, For all the
mlmmmmm the aixe of the solumm is 40 x 40 ems,

The live load is taken as 500kg/en’, seserding to eroud enditiem,
as per N.B. Code of Iudia 1970, seetion 4, load table~i,
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rsmssram st o

Span = 4n,
Assuming 15em thick slab.

Tive load = 500 kg/u®

So1f weight of slab is 2400 x 1.5 x 1 = 360 ks
Geleing finishing = 30 kg/n®

Floor finighing = 50 kg.

Total lesd = 440 ke/n®

Uitimste load = 1.5 x 440 + 500 x 2,2

= 660 + 1100 = 1760 kg/m

Titizate noment

- 1‘!57 k&a

100 p, | = 0,595

Bgy ™ 04595 X 13.2% 7.85 -l

Provide 10mmdia yods ot 10em o/0.

Provide $he seme reinfereement for sharier span,

LeOMO”OQQOOOOOOOOOOOOOWOOOOOOOOO



8ige of beam = 30 x 25

8elf wt, of the beam = 1.9 x 0,30 x 0.2% x 2400
= 342 kg/u®

Tltinete noment = 513%g.m.

Ultinste load = 1760 kg/u®

Ultinate load for slab = 3344 + 513

- 557 xe/e’

Moo MAx andhig tensile steel is used,
‘n = 0,734 x S0 x 22 = ‘.85 “R

Provide mﬁmmﬁm.mmmmaaamm

theaxr foree = 1051 kg»
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= 2,89 Wﬂﬁa is less than 10 w«:ﬁ

Trovide nominal stykeps Omn M.8 at 15 em C/e.

‘mma&tmrwmummtam as
40 X 40 om sdse and 3.2 B x 3.2m squre fookh:
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ndergroumnd ear parking is provided; the pressure om the
mmmmumum S0y At is neosespary to gonstyuet

. Height of stem = 5.5m
o pearing aami gty = 1

: 3

vermined fron Wending moment dabsideration.
Holft of stem » 5,50 metres,
. Quasifsr ame metre run of the wall.
Mcimun bending mement for the stem per metre length

n_ap# u%niﬁ@@x %ﬁ kg.m.

- 175?9 kgsn = 1757000 kg.om,

Mogting © = 50 kg/en”
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t = 1400 g/ on®
_ and m = 18, 8nd equatisg the moment of
resistanse to the maximum wwnding bending moment,
we have,
8,50 x 100 ¢° » 1,757,000 kg.om.
ot 4 = 45,5 om,

Providing an effective eover of 4em,; theewarall depth
h = 45:5 ¢ 4 = 49.5 om., Say 50em.
The base slad also will be made SOsm, thiek

«*s 2Potal height of wall = 5.50 + 0,50 = 6,00m,

s H = 0,5 %6 = 3,00 metyen
06 H = 0,86 x 6 = 3,60 nmetres
I8t us provids a base width of 3.50 metyres,

This mey be sdout nesihind of the Wuse width = 42 u1,17m,

Iet us provide a tos projestion of 1 m.
The propesed overall dimensioms for the wall ars shown in
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§
L STABILITY CALOULATIONS FOR ONE METRE RUN OF WALL g
\? L W e A ek S e e W e - e e W AR A e N W W e e e W MR e we eB
Load due to Magnitude Distance from Moment about
load (kg) a{metres) a (kg.m,)
@ O+ X 5.5 x 2400 2640 2.1 5544
W, 8 . | |
! ? &2 x 5.5 x 2400 1980 2.3 4554
Wy b x 0,5 x 2400 4200 1.75 73550
W, 2 x5.5 1900 20900 1,00 20900

A A W A e e B e A e W N W ae M G R W R N W WE e B e e v ek e e e W

fotal 29720 61148

+*s mm«a of the peint of upmum of the yesultent

Mmmw

+*s Besentrioity s o w g« §

: . =2,06- Zgﬁ. ® 0,51m,
m %  J 1?- = 0,58m,

__i““f.‘.:’ ¢ iz m than %
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+*« the meximum and minimam pressures at the base are givem

| W ) k&#/ﬂz

A ?mx = 13000 xg*/na

g

| ?m = 3980 m/ua

Maxizum bending noment fw the stem per metre length
® 1,757,000 kgrem

This will be previded st 0,15 pereent of the gross aves

= fdd (100 x 50 ) o

«*+ Spesing of 10mm, bars =

| say 10 om,
1f ihe distributicn steel is provided mear both the faces,
then the spasing of 10ms. bare will be at 20em. semtres mear both
the faces.
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Tond due to fond (xg) o (matre) & (kg.m.)
Wo Be W W e AR G e Wk W W W e W MR e W e em e e e R R W B W e W e e e e
Upuard yressure & 4§¢° |

10420 x 1 10420 0.5 5210

)

)

V

§

y

y

y

y

y

y

)

y

3

b x4V xa2m80 1290 £ 860
0 w»‘glwﬂ#»&«gwmm«-a«umu«--wnh»«umaw«w«uw»
)
y
y
)
)
9
9
9
9
9
)
)
)
9
9
9
9
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- | : 6070
Deduet for self weight
1x1% 0.5 x 2400 1200 2 600

#m#%'\%&'&‘mQw»&*#dni&r*#w«m A A A W e e e e e

5470

3

. Hemge, for one melre strip of the toe slad, the meximm
dending momamd * 5470 Xgeme
- Bffestive gover to yeinforgpemsnt of toe slad
| | = 6 omy '

© +"s Effective depths 50 « & = 44 em

= 10,21 en®

«"«Bpuaing of 16um. diemeteor baxe =

| e8

I
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4 x 1900 x g” » 11400 kg,

. Assmaing i 0.6,
Maximum pessible frietion

- » 0,6 x 29720 kg,

= 17832 Xge

paster of safety sgainst aliding
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The mltistorey framd strusture ceusidered for this
mwmammmmw. wiltistoreyed fismer are
W%WMwMﬁWmMMmmt

' Hgidly vith sach other at theiy jusetisns.
mmwmmmnmmuwwg Pramed
mmmmmemtummm
loadni

\

E
E
X

i
E
H
H
i
g

mmnmmmumwmmmmamxmm

for the tvo dimensionsl fres aadlysis 1.5, Code does mot provide
myithing regariing linit awi.ysis since somneoled parumsters are
still under investigstion. Hemoe olastie snalysis is dons using
the ‘Nement distridbution® Method. The analysis for deed lead is
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substitute frames, As the height of the frame is Jessthan twiee
wind loads is msglested,

The saalysis for live losds is dome by choosing suiteble g
§
§

In making m elastis amalyais of a struetural frene

work it is megessary to know the cross sestigual dimensions of
the nesbers, 50 the meusuis of interia, stiffuess and distributien
faotore om Yo od omlsked, B0 a preliminary estimste of meubers of |1
sust be ons of the fizst step in the amalysis.
mmmmumm&mm

eeeeeeogoeoeoo
]

o “mmuanwm

§
§
wmwmumwmmmwwmmn
{M 1%'!““% (”3 WMM&##& 1.8, 453@
cm&mmnmx z
umw\mm §
§
§
§

() Depdh of deam = L/1S teo L/20 or Wmask @ approxine
(ii) Width of beam § to 2/3 of depth (20 to 300 em)




Beans at the centre of its span will have either tee~

seotion or Ell~ sestion. 3But at the support every beams
vill have only rectangular section., The mement of inertia of

. sither tec secotion of ELL section through out ite length,

For Tee beans and ELL Besms, the amount of inertis ie
enlsulsted uwsing the table 64 given in Reinfumoed conorete
design Hexd Deok mwm. The ¥ahle is given separutedly.

For Gelumn the moment of inertis is saloulated using the

foymula 1712 l‘”’ ealoulations fox the same are showm.

 stiffness fastors °X' in 17y,

{Vhere I = moment of inertia, 1 = Span) are also shown is

s faotoxr is used to ealoulate

Span = 500 om




300%%%@%%@%@%000

-

4 , §
§ i) 1/6xspan = 1/6 x 500 = 8%m $
iL) by, + 0:5 elear distance between wib’ g
§ =25 % 0,5 x 400 = 225 am, §
9 ii1) b&‘ * “‘ =25 +4x 15 = 85 om. §
| :
2.2 )
b, /B = 25/83 » 0,3 g
4, /D «15 /45 = 0,33 g
g  Mememt 8f inertia sbout xx = ob, D 4
)
) " 0,134 x 25 x 45° 3
$ = 305268.75 on’ §
§ §
: §
_ | | §
Moment of Inertis xy = 1/12 va’ 4
= 1/12 x 510 x 40° z
= 2047083.5 eu* '
§
§
§ §
g §
§

B



@ B DB B LB

| Hotations wsed 3+

B = byendth of bem
& » medular rstie

t = tensile stress in steed
B » dopth of mewtrel axis
a = lever &R

5 = opun of beam
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* p‘ % b x (0.2064) "L::;;; i)

*ﬁw%uz

{ Moment of yeaistanoe of the seotiom,
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_ sets of natudlly perpendioulsr plene frames, Henas it i subjeet
to mommts dus te the plane fremes whieh may be waiaxial or
Maxtal in additien to the axial losd frem the ficors sbove. It

48 jmportent to scnsider the above facts for fizing up the

lininary dimemsion of the Ooluma,

axial loade which is mmam at the lower flioevsond noments
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mﬁwmmmwmmww sadingn

SamAag shes A Mmqf e me from the

Jesdes aven cmt to mm for woment, the sxial load is maltiplied

e m’m Lastors depundidy en iV8 pesitios vith referenss to

 whioh 48 ghvem below, ( REyNew>'s PAND BODk)
Y Prge 22.2)
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Sine = 55 x 55 am.
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Bquivalent skial load = 11776 x 2

e 15 x 15 om,

Tond frem Sop = 1070.6

TITS.2

Sise ' =25 x £5 om.
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In gemeral the beam members of a multistoreyed frame
are mbjected to bending moment, axial force and shear Sproe,

mmxy the effect of axial force will be very small
conpared with bending moment. 8o the beam members are designed
for bending snd shear,

| They are designed by ultimate stremgth theory as per
1.51456 recomendations, and vith the aid of charts end tables

given by ¥M/®: ¥iks Ghankar, Ryl jra, md4 8.8arker, the hand
Veok for ultinate strength design of concrete members. The
@enign ultimate bending mement have been fatem frem thesuitsble

1. Mmmmmltamm;mmeaﬂw

2. Tensile strength of ooncrete is neglested.

3« A% ultimate strength, stresses snd strains are not
proportional and the distribution ofcompressive stress
in a seetion subjeet to bending is non+linear.

4+ The maximum strain at the extreme edge fo the
conerete gompression sone at ultimate strength may
be assumed aqm to 0,003,

I P R o AT L < AP > AP P P A T kT P i i i oy, Gl i

L I I P> D> P> DD > DG W D AP Y A PP P AP B PP B> BB B B> > A2 =
B> > LD D BB > AR B B U B AL TP D P AT AP D > B P> PP B B P B P> B P D D
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'$, Maximgm fibhre stxess in oenerete does not

exoeed 0,68 L g

(Using tables)

&) The walue of X (not to exseed 0,185 Ogy ) 40
obtained knewing thesize of the beams. The

 walus of ¥ isobtained from the eguation
K= %p «v
1

B) PFor the Above 'K* value and known value of
( © gy ? the value of 2, dsread from the table.
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 are elaseifisd as golumns, Here the oolmme are designed both

Conarete compression members wiwse un supported length
is more than thyee times the lmst dimension of the ercss seotiom

BB B > B B>

for axial loads smd bending momentis using witimate styength design
Titimate stramgih design of a yeetangular sectionss

subjeoted to axial cempressian and bending in ene plans ascording

10 the code is Wmesed on the following assumpticns, |

.) The depth of restangalar stress blokk ‘sl is to be

0.75 times the depth of the netural axis swbjest to the meximm

value squal o 3be depth of the corss sestiam.

») If & is Jess then O.54, the average compressive atress

mmmmmmumumssau.

Lo

°) If a is greater than O.54¢e the sverags sompressive
resultant nonent of compressien about the eenireid of tension
remains equal to the mement obtained for a & O,5d4.

AP AP S i AP P P DI P AP < P T B D>

d) gtiress in stesl should be squal to the apprgpriate
mmxm:.wm”MMruhm.

o) . 7hs maximum strain in eoncrete is assumd to be 0,003,

t). The eapacity of the seotion foxr combined axial sempressid
snd bending moment is determined from the fellowing cemnditions, g

<>

.- |103



1) B, = algebraie sum of the forees in conerete and steel,

11) Moment due to external foree P, about amy referenne line =
algebraic sum of the momenis of forees in conerste and steel about

I < B D <P P> D> B D>

_ (Using charts and tables)

0

§
4
- ‘ §
i8) Using the chart with the apprepriate eover ratio :’ ' §
§
4
y
§
y
{

M%Sﬁxmmm 3—-— sk

o : ﬁ“
as obtained in step (i) Fer the vibws of cover yatios different
fwom thowe given in the eharts, the velue of 32:“ may be limearly

a“hﬂ

4) IZ Ahe peyesmiage of stesl so obiained is not suitshle, the




B=40 m
d=35m
dg= 4 o

gover yatio 4,/ » S1/55 = 0,896 say 0,90

2 . 2,15 x 1074
om
Aven stesl yequived = 200 x 2,15 x s:a"‘xm
| » ‘5&*5 “2
hyy *Agy = 22575 &

Stirrups Adopt o S2R A

rrovide 10m g © 10 am o/,

y

)

%
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}

|

%

Q .
3 Beforring ohart Ne.10 in uitisste hand book by GhendresSarier
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| B0Mf wi, of footings 1,0834.4
fotal load 1420,278.4 Xg.

mmww-tumm!ua

= 6,1 .2

Area of footing

et length of feoting be I, metres
gquvating the projestion beyond colwm tebles
(%-3— = 0.3) = (L - 0.4)
61> .50 wIf =041
6.1 =12~ 0.
12 - 03 ~6.1=0
L =2.5nm
B u-g-;k}- 2,85 m.
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g Frojection beyund column faces -rw = 1,05
§
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= 16 en.
Over all depth = 250m

s 12, 55

Provile 12mm § rods 10 noms, per meter on the bothe
direction,
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(usually known as the '¥rineiple of asousties') is very important,
asi henve some of the fundeamental prineiples of accustics and the
denign of anditoria based on them is presented here.

Ascustios is a seience which deals with produgtion, trans~
mission and abseorption of sound in bulldings. It also ineludes
~ the sound sontrol md dissipation ofextermal noise. Seeond is
srenmitted in the form of spherieal waves vhich are a series of
sompressions and ravefactions., Oreated in the medium through
whioh 1t travels, it nomisl temperature and pressure sound travels
vith & velooity of 340 n/see.

§
§
§
§
In designing suditiorium ani theatre, controlling the sound §
§
§
§
§
§
§
§

§
§
§
§
§
§
§
The frequengy is defined as the no. of vib/ses. Frequency of
vibrations known as piteh ezmlmma The highest andiable piteh

is 20000 ayoles/sec, and the lowest is 20 eycles/See.

§
Intensity of sound in spesified direction is defined as the §
fhow of sound ensrgy/ses/unit area. u:1m12mwommuci
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of two sourees of sound then the ratio of other intensities oan de
expressed as N = 10g4 (I, / Ip ) bels. In prastise it is very
convenient to express it in terms of decidledks ( dn) whieh are

length of bels on the same log seale N » 10 log,y (I4/ Iz ) 4, .

D P> R <> D> >

It has been found that sowld trevels muech faster than in other medi
than in aly, Eg. the veloaity propagation can be expressed in air,
water, bdrick, oconorete, glass, aluminiwm, steel are 340, 1420,3P900,
33004 4100, 51004 5200 m/me0. rewpeotively.

Whar the sound is produce sither os a apeéoh or musie it is
brenauiited from the soures in all direotions. It travels through
$111 it impinges on some suffuoe snd from there it will be neglecte
parily, partly obsorbed and transeitted to the other side. The
mmm reflnstion, abmerpstion and transmission depsnds upon the
mmmmmcwzm. For sxsmple & hard and mmooth
mﬁ of 4he sound 80 that little amount is trunmmittd
M“‘WMtth‘mmmmw
- m is greater than reflsstion. The refisction soundhas
virtues in ssoustics sweh as sarighment of total quality and
lovdness Af it is properly eontrolled otherwise it results in
ascustic dsfests sush as eshoes, dead spots ete.

eoooe’eo%ooooooe

An esgho is produoced when a seflection sound vave eoming g
£rom the same source yeactes the ear just when a direct Sedend




% = 0116y / axs 6
Vhere + = Reverbaration $ime in sounds.
0,16 = 4 Constant for standard loudness,
v = Yolume of the room in oum,

axs = Total abserpition power is Sg.metre of
the surfaces and objests present in the

™e fastor axs is deformind by adding absorption of the
Thas a x o BBy BBy B0 By By e v e
VhaYe 84 4 8y 4 By vhiies. = Surface areas,

P <> <>

W e A e e R A A W e W e e s W W R W R e W W R W e B A W R e e

0 ,
4
3
% s Bs 9 " YT L) = Abserption Cosffisient g
4

Spessh | 1 %0 1.5
Music - 280 2.5
muaie & Speceh 1.5 to 2
gineua 0.6 %0 1.2
QO GUegn GG O G 0w OG> 0w 0™ O™ C B~ O™ O C*CwCwa~ 0"

4
4
4
§

Asousties of shall roofs dossnot uswally, reveive the attentip

§

b |

g Teverbaration time varies frem hall to hall sesording o the usage.
§

§

§

y

¢

§

§

§ 1% desewves at the plamning stage. The yesult is that expansive
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ACOUSZTIC DEBLEX

T0 oontrol noise, feed back ete. We have design the audli-~
tomium for acoustie sonditions. Por that many factor taken
in asoount, which are mentioned above topieo. The acoustic

design proceduxre is given below.

FLOOR FLAN

}

g Por acoustical condition the walls are conatructed as
hexagon in whiech front side (sexreen) and back side walls are

Q length other four sides have same length angle of contact of

g these sech two are very large, For this same condition the

0 floor area is taken into account,

¢

Y

w2 (35 x 2x1/2) + ( 35 x 21)
~685m2

Area provided for each

pettrons are = 0.5 m®

No. of seats available = 685 / 0.5 = 1370

Due to convenient arangement of seats and gang way
only 1252 seats are provided., 5S¢ the floor ares is more than

P> D <P D> DD D> DR P> P> DD P B G > T PP B D P D> D> D D> DD

required,

ge eeoeeeee—eeooee%m@eeoe
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Avea of baloony =3x8 (21+23)

= 176 mz

Area provided for each _
pattrans = 0.7 u°

No. of seats avallable = -gfg- s 251

Hense the ares is adequate,

The s sating arrangensnts are shown in detailed
drawings. The seats are provided forthe dlistance between row
to row of 100om, from ene seat to anotherand meat to seat

isPOem, The interior Gang way is given to a minimum width
of 1.5m,

The growmdfloor seating arangemestis are done 4 group
agoording to he weightage of elasses. It oonsists of 3
columns and 4 rows, The first row group eontians 7 rows.
The seoond rov group contains 8 rows. The third row group
contians S8rows., The fourth row group containes 5 row,

The total mo. of seatings are shown in the table.
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The ares is ealoulated and tabulated., The amin
oretirea is the thestre may not be full for all the shows,
g0 the optisamum strengih is taken as 1000 patiergms.

- w—_— O Sk i A ce N A S WD S s S D IS W B iy s R Y W N AW S o S s - A N

Sound

Area sbsorptiom ahtariqg
No. rartioulare 2 |
n Coeff, area m

_ N

2+ Qonorete floor - 1014 0,03 %0.42
‘3. Asoustic plaster on folded roof1100 0.99 330,00

5
64
Ts
8.
94

| o <o 5880 318 thogtns 46 pogustioally designed.

Flaster on wvalls
Auvdience
Audience un ocoupied

368 0.02 7.36
1000N0e. O.44 440,00
500Nos. 0.40 201,60

thairs and upholster, seats T42 0.16 118,72

Doors Oontains (if oppend

§
§
4
§
)
1. Stage Curtian (Soreem) 144 0,23 23,12 %
§
§
§
§
3
§
)

Area provided to absord the sound = 1558-.06&2

WO i Yy sais o o o AN gl

Total area = 1358,06

Area pequired to mbsorb the sound = 951,38 ma

8o the area provided is sme enocugh,
Anyhow the beside the magn speaker the speashers are also
provided so provision of glass-wool fibres on the top of baloomy

bagkwallis necessary to avoid reflection, The baleony rail is
provided by means of steel angles, ¥Front side of the pre-stressef

beam provide gloss~wool fibres to prenvent reflection of soundwewls.

i
% 4. Acoustie plaster on side walls 568 0.30 170.40
?
4
2
§
%
%
%




The sstinstion snd cesting are dene in detial for the

|
|
|
§
§
§




27 +720,00
3 168,00

14754297.50

16, 120900

64.,800,00

134110,00

1442,460,50




4350,
of span 23 mt,

Totad W mi'uufgum
- ;
m“ .
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33 west 39th Strees, New York -18,
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