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Abstract

Structural Design and Details of Cinema and Theater
Project Team
Jabir Ali Jabir Shakarnah Montaser M.Nader Maraga

Fathi Abo-Fara

Pal estine Polytechnic University-2012

Supervisor
Dr. Nasr Y ounis Abboushi.

The main idea of this project isto prepare al structural design and executive
details for The Theater and cinema in the center of Hebron city.
This building consists of three Stores and it contains all activities required for

any person.

This building is areinforced concrete structure, and it was designed

according to the ACI-code-08.

The project contains the structural analysis for vertical and horizontal oads
and the structural design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead |loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.



Vs =nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€: = compression strain of concrete = 0.003mm/mm.

€, = strain of tension steel.
£s= strain of compression steel.

p =ratio of steel area.
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Chapter Four

Structural Analysis & Design

71

=

4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3 Deter mination of Factored Load of ribs
4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Two way Rib Sab.

4-8 Design of one Way solid Slab.
4-9 Design of Stair.

4-10 Design of Shear Wall.

4-11 Design of column (C59).

4-12 Design of I solated footing.

4-13 Design of Truss.
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Chapter4: Structural Analysis &I Design

4.1 Introduction:-

The project consists of severa structural elements that will be designed according to
the ACI code and by using the finite element method using much of computer software
such as " ATIR , STAADpro, Safe And Etabsto find the interna forces, deflections,

Shear and moments for the all structural element in order to design them.

4.2 Deter mination of Slab Thickness: -

= 551 I-..--"-T"" | I ‘
'l [RR (e
S

.—.1,-|+ 5r]
ﬁ .

..... o

=

=

:L

-T
ey

&

[N =5

"
1

Figure (4-1): First Floor Slab.

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or

one way slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=526/18.5 = 28.43 cm.
hmin for both-end continuous = L/21
=670/21=31.9cm
hmin for simply supported = L/16

=526/16 = 32.87 cm
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Chapter4: Structural Analysis &I Design

The controller slab thicknessis 32.87 cm.

But by deflection checked it was controlled at 32 cm thickness.

S4)

Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.
4.3 Deter mination of L oadsof ribs:-

4.3.1 Deter mination of Dead load: -

Type TTbh KN/m
Tiles 0.03*0.52*23 0.359
Mortar 0.02*0.52* 22 0.229

Sand 0.07*0.52*16 0.5824

Topping 0.08*0.52* 25 1.04
Hollow block 0.4*0.24*9 0.864

Plaster 0.02*0.52* 22 0.229

R.Crib 0.12*0.24* 25 0.72
Partitions 2.38*0.52 1.238
Sum 5.26

4.3.1 Deter mination of liveload:-

Nominal Totd liveload =5 * 0.52 = 2.6kN/m of rib

4.3.2 Deter mination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2*5.26 = 6.312 KN/m.

Factored Live load = 1.6*liveload = 1.6¥2.6 = 4.16 KN/m
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4.4Design of Topping:-

Deter mination of dead load of topping

Type Tbh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*16*1 1.12
Topping 0.08*1*25 2
Partitions 2.38*1 2.38
Sum 6.63

Live Load =5 KN/m. (for Stores)
qu=12DL+16LL

=1.2* 6.63+ 1.6* 5=15.96 KN/m. (Total Factored Load)

q,*1° 2
9Mu= Y =15.96*0.4°/12
12
=0.213KN.m.

bh?

9 Mn = 042—\/ fCI * ?

' * 2
=042 /24 *M:Z.lQKN.m.

f *Mn=0.55*2.19=12KN.m
f *Mn=12>Mu=0.213KN.m o,

No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.

For the shrinkage and temperature reinforcement:
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Chapter4: Structural Analysis &I Design

r =0.0018
As =r *b* h=0.0018*1000* 80 = 144mm?®.

n=As/100=144/50= 3 bars

S=1000/3 =300 mm

S= 3 h = 3*80 =240 mm(control)

S=450 mm

S=300*280/fs-2.5Cc = 300* 280* 3/2* 420 -2.5* 20 = 250 mm
S= 300* 280/fs =300* 280* 3/2* 420 = 300 mm

Use S=200 mm < Smax = 240 mm

Use ®8 @ 20cm c\c in both directions.

4.5 Design of Rib4 :-

1 2 3 4
1 2 3
LT  Fill ST = 0|
A A

05 395 08 215 08 44 08
b 46 ! 285 | ! 5,26

51 |

k.

.

T

A

Figure (4-2): Rib4 geometry.
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lead greup na. 1
Cead load - Service

Units:kM meter

4.16 o228

46

5.2

Live load - Sarvice

Load factors: 1.20,1.201.60,0.00

o o bl

I

4.6 L9893

2.6

Figure (4-3) : loading of Rib 4

WMomenis: spans Tio 3
268
A4 <187 =
-2 T
£/ \~H= - \\_
mnl — |n.!!ﬁ!\‘
a3, e SAEL
R P Sy P
206 S
2.07 . 25 | 122 162 | 218 5.8 21
I I 1 1
Figure (4-4) : Moment Envelop of rib 4.
Shear
-28.1
M, - -20.8 -23.2
| 437~ Bl
f’f’l - .r""‘r
.-r"f-r .-";--f .l"f-r
i ‘fﬂ_’r.r i -’-;/.-' i i ,Jfr' i |
ol _-"'f__r 0 ,r"/
- -~
208 ?2&3
324

Figure (4-5) : Shear Envelop of rib 4.
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4.5.1 Design of flexure:-
4.5.1.1 Design of Positive moment of rib 4:-
Assume bars diameter of 12mm
d= 320-20-8-6= 286 mm.
b &<=520mm.  (Control)
<=5260 \4 = 1315mm.
<=16* 80 +120 = 1400mm.
2> Db« =520 mm.

f * Mnf =0.9*0.85* 24* 0.08* 0.52* (0.286—0.08\ 2) * 1000 = 187.9KN.m.
f *Mn>mu
187.9> 25.6

—Rectangular section.

Maximum positive momentsMu= 25.6kN.m-> Span (3)
Mn=25.6/0.9 = 28.44kN.m

m = v - = 420 =20.6
0.85* fc  0.85*24

Mn _ 28.44*10°6

Rn = = = 0.669Mpa
b*d?  520* (286)° P
1 2mRn
p=—(@1- 1~ )
fy
\e 1 - \/1_ 2(0.669)(20.6) ) = 0,001619
20.6 420

As = 0.001619(520) (286) = 240.8 mm?
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3 s 24 ow _
As. = 4(fy)(b Nd)> fy(b ) (o) T— (ACI -10.5.1)
J24 14

As,, = 2a20) (120)286)> 70 (120)(286))

As. =10008<1144
As . =114.4mnY

240.8mm? > As, . =114.4mnY’

# of bars= A9 As 4 = 240.8/153.86= 2 bars

Select 2 @ 14mm.

e Chick for strain :
Tension = compression
As* fy=085* fc' *b* a
307.7* 420 = 0.85* 520* 24* a

a=12.18mm

=@ 12181 a0
b, 085

. _286-1433
s~ 1433

e, = 0.057 > 0.005

X0.003

OK

2) Positive moment Mu= 20.6kN.m->Span (1)

Mn =20.6/ 0.9 = 22.89kN.m

m=— - 40 _6
0.85* fc  0.85* 24
*
Mn _ 2289%10% _ .

Rn= 5> = >
b*d 520* (286)

40
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1 2mRn

=_(1- [1-

p m( fy )

oo 1 - \/1_2(0.538)(20.6)):0.0013
20.6 420

As = 0.0011 (520) (286) = 193.09 mm?

As,, = Vi (ow)d)> %(bw)(d) .................... (ACI -10.5.0)

min 4( fy)

V24 14
——"_(120)(286)> 70 (120)286))

A = 4a20)
As. =10008<1144
As . =114.4mnY

193.09mm?> As, . =114.4mn7’

# of bars= A As 5y =193.09/113 = 2 bars * Note Apo= 113 mm?

Select 2 ® 12mm .

e Chick for strain:
Tension = compression
As*fy=0.85* fc'*b*a
226* 420 = 0.85* 520* 24* a
a=38.95mm

Cc= a._ @ =10.53mm
b, 085
~ 286-10.53

e
° 10.53
e, =0.078 > 0.005 OK

X0.003
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4.5.1.2Design of Negative moment of rib 4:

1) Maximum negative moment Mu= 18.7kN.m-> Span (2)

Mn=18.7/ 0.9 = 20.78KN.m

m = v - = 420 = 206
0.85* fc  0.85*24
Mn _ 20.78*10"6
= =2.12MPa

Rn = 2 = 2
b*d? 120* (286)

p=1(l- 1_2mRn
m fy

)

p= 1 (1- \/1——2(2'12)(20'6) ) =0.00533
20.6 420

As = 0.00505 (120) (286) = 183.05 mm?

) 2 o
A%nm—4(fy)(b Xd)> 1Ey(b Xd)
V24 14

As,, = 2a20) (120)286)> 70 (120)286))

As,. =10008<1144
As . =114.4mnY
183.05mm?> As, . =114.4mnY’

#of bars= AS,;,/ ASpy = 183.05/113.1 = 2 bars

Select 2D 12 mm.

42
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e Chick for strain :
Tension = compression
As* fy=0.85* fc' * b* a
226.2* 420 =0.85*120* 24* a

a=38.81mm

_a_388l_ e semm
b, 085

o _ 286-4566
s~ 1566

e, = 0.0158 > 0.005 OK

X0.003

2)Negative moment Mu= 12.9KN.m->Span (2)

Mn=12.9/ 0.9 = 14.33kN.m

m=_— 420 _ 06
0.85* fc  0.85* 24
Mn  14.33*10"6
Rn= = > = 1.46MPa
b*d? 120* (286)
1 2mRn
p=—(@1- 1= )
m fy
oo 1 - \/1_ 2(1.46)(20.6) ) =0.00361
20.6 420

As=0.00361 (120) (286) = 123.93 mm?

As,, = 21/(5) (ow)d)> %(bw)(d) .................... (ACI -10.5.0)
V24 14

= iz (1200(286) - (120)286))

As._
S’nln 4( 420)
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As,. =10008<1144
As,,, =114.4mn?

123.93mm?> As,, . =114.4mnY

#of bars= AS/ Asy =123.93/78.54 = 2 bars

Select 2 ® 10mm .

e Chick for strain :
Tension = compression
As* fy=0.85**pb* a

157.08* 420 = 0.85*120* 24* a

a=26.95mm
c:i:@:m.?mm
b, 085
o _ 286-31.7
® 317
e, =0.024 > 0.005

X0.003

4.5.2 Design of shear of rib 4 :

1) Vud = 25.3 KN—>at Support 3

dVe= d * —‘Vécbw*d

= 0.75* g 120*0.286

=21.02 KN

1.1* ®Ve=11%21.02 = 23.12 KN.

®dVnmax =5 ®Vc = 105.1> Vu = 25.3The Section is large enough

OK

44
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Check for items:-

1 Vu<dVc/2
25.3>10.51 ( notok )

2l dVc2<Vu<dVc
10.51<25.3 >21.02 ( notok )
Vs=Vn-Vc= (25.3/.75) - 28.03 = 5.303KN

3 ®Vec<Vu<dVc+ dVsmin

® Vsmin >0.75 (%) *pw*d =0 .75*(% )*120*0.286= 8.58 KN. (control)

> 0.75 (1£64 *bw*d =0.75* 1£64*0.286* 120=7.88KN
®vsmin = 8.58 KN.

® Ve =21.02<Vu= 25.3< (® V¢ + ® Vsmin) =29.6 Ok
Soitem, 3 satisfy

S=d/2 =286/2 =143 mm (control)
S =600 mm
Take Av =2 ® 8=2* 50 = 100 mm’
Av/s= Vdfy*d
2*50/ s= 5.303*1000/(286*420) > s=2265mm
Take S =150 mm

Use2 ®8 @ 15 cm c/c.

45



Chapter4: Structural Analysis &I Design

2) Vud = 21 KN—>at Support 2

dVe= d * —‘V:;bw*d

= 0.75* g 120*0.286

=21.02 KN

1.1* ® Vc=1.1*21.02 = 23.12 KN.
®Vnmax =5®Vc = 105.1>Vu =21 the section islarge enough

Check for items:-

1) Vu<dVvce/2
21>1051 ( notok )

2)dVcl2<Vu<dVc

1051 <21<21.02  ( ok )
So minimumshear reinforcement is required for joist construction according to ACI code
S=d/2 =286/2 =143 mm (contral)
S =600 mm
Take Av =2 ® 8=2* 50 =100 mm’

Av/s= Vdfy*d

2*50/ s= 5.303*1000/(286*420) > s= 2265 mm
Take S=150 mm
Use2 ®8 @ 15cmclc.

3) Vu=16.1 KN—>at Support 4
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dVe= @ * —‘V:;bw*d

= 0.75* g 120*0.286

=21.02 KN

1.1* ® Vc=1.1*21.02 = 23.12KN.
DOV =P 5Ve =105.1>Vu=16.1 thesection islarge enough

Check for items:-
1/ VysdVc/2
16.1>10.51 ( notok )
2/ dVc2<Vu<dVc
10.51< 16.1<21.02  ( ok )
So minimum shear reinforcement is required for joist construction according to ACI code
Use® 8@ 15cmclc

4)Vu=153 KN

DVe= @ * —\’(:wa*d

= 0.75* g 120*0.286

=21.02 KN

1.1* ® Vc=1.1%21.02 = 23.12KN.
DOV =P 5Vec=105.1>Vu=16.1 the sectionislarge enough

Check for items:-
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1/ Vy<dVc/2

15.3>10.51

10.51<15.3< 21.02

( notok )

2/ ®Vcl2<Vu<dVc

(ok)

So minimum shear reinforcement is required for joist construction according to ACI code

Use® 8 @ 15cmc/c

4.6 Design of Beam:~>Beam (2-37)

0 A O II'IHII 3
TN B SR
a] “ L E e | BT T TRl
ol (mE l, " :
oo, | ' | |
.%‘rﬁ || §
l.::'l;'«. . |
L g ' A v
1 i | 1 .
T s=fnnwen) B8 S IO R -:Ih': i TR II '}x
gy, nypes BV K % T 1
! | 3 1
A oo
7 5 W
£| \ '-I' || o
o ' | g
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I $ | F- I.CE._ | II EI
T A W all
Y : i
[ i =

Figure (4-6) : Beam Plan
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Deter mination of Dead load of beam:-

Type TTbh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02x1*22 0.44
Sand 0.07*1*16 1.12
Reinforcement concrete 25* 1*0.40 10
Plaster 0.02*1*22 0.44
Partitions 2.38*1 2.38
Fromrib 4 48.52
Sum 63.15

Deter mination of live load of beam:-

Nomina liveload : 5¥1 =5kN /m

Fromrib 4 = 14.36/0.52= 27.62 KN/m

Deter mination offactoreddead& liveload: -

Factored dead load = 1.2* Dead load = 1.2*63.15=75.78KN/m.

Factored Live load = 1.6*liveload = 1.6*32.62= 52.19 KN/m
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1 2 3 4
1 2 3
E A e Al =% A ]
A - A - A
IZI.5I +.85 P'E 6.31 IIZII.5I 71 IU,E
N 4.45 P 6.01 i 76 '
| |
80,
20.
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Figure (4-Y) : Beam Geometry
foad proup no. 1
Dead load - Service Units:kN meter
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Figure (4-8) : Load of beam

50




Chapter4: Structural Analysis &I Design

Moments: spans Tto J

511.6
-505.8 45,
3526 1%
218 2678
M /
I [ ] I B
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Figure (4-9): Moment Envelop for Beam
Shear
g B8
295.1
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87 |

sy B

Figure (4-10) : Shear Envelop for Beam
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4.6.1 Design of flexure:-

4.6.1.1 Design of Negative moment:-
Assume bars of @ 25

bw=80cm h=50cm

d=500 -40-10-12.5 =437.5 mm

1) Mu=5058KN.m

Cmax= 3/7d=3*437.5/7=187.5mm  a=0.85 C= 0.85*187.5= 159.4 mm

dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 * 24* 159.4* 800* (437.5-159.4/2)* 10"-6=763.24K N.m>Mu =505.8K N.m ok
Design assingly

Mn=Mu/0.9= 505.8/0.9 = 562 KN m

Mn 562*10"6

Rn= =
"= b*d?~ 800* (437.5)

=3.67 Mpa

2mRn
fy

p=—@- 1T
m

, 1 - \/1_2(3.67)(20.6)):0'0097

"~ 206 420

As = 0.0097(800) (437.5) =3398.37 mm?

As,. :%(bw)(d)z%(bw)(d) .................... (ACI —10.5.1)
V24 1.4
As, = 2a20) (800)(437.5)< 70 (800)(437.5))
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As,. =1166.67mnT

3398.37mm? > As . =1166.67mnY oK

# of bars= As/ Asy = 3398.37/380.13 = 9 bars

Select9 @ 22mm with As=3436.12>Asreq ok.

e Check for strain:
Tension = compression
As*fy=0.85* fc' *b* a
3436.12* 420 = 0.85* 800* 24* a
a=88.43mm
c= 2 843164 0amm
b, 085
o 437.5-104.04
N 104.04
e, =0.0096 > 0.005

X0.003
ok

check for bars spacing:
S=(800-40*2-2*10-7*25) / 6=87.5mm >25mm

2) Mu=2818 KN .m
Design assingly
Mn= Mu/0.9= 281.8/0.9 = 313.11KN m

npo M _ 31311%10%
b*d?  800* (437.5)

= 2.05Mpa

2mRn
fy

p=—@- 1T
m

53
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o 1 1- \/1_2(2.88)(20.6))=0.0051
20.6 420

As = 0.0051 (800) (337.5) =1799.27 mm?

!

" (ow)d)> 22 (W) A ) (ACI ~105.1)

As,in :TW) fy

= @ (800)437.5)< % (800)(437.5))

As .
Sin 4(420)
As.. =1166.7mn?

2 —
1799.27mm? > As . =1166.7mnY oK

# of bars= As/ Asy = 1799.27 /380.13 = 5bars * Note A¢2=380.13mm?

Select 5 @ 22 mm with As=1963.5>As req ok.

e Check for strain:
Tension = compression
As*fy=0.85* fc' *b* a
1963.5* 420=0.85* 800* 24* a
a=>50.53m
C=E:%:59.45mm

b, 085
_ 437.5-59.45

e
° 59.45
e, =0.0191> 0.005 ok

X0.003

Check for spacing

S=(800-40*2 - 210 -4*25) /3=200 mm > 25 mm Ok
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4.6.1.2 Design of positive moment :

1) Maximum positive momentnj y = 447.7KN.m
Mn= Mu/0.9= 447.7/0.9 = 497.44KN m

Assume bars of ® 25

be = 80cm, h = 50cm
d =500-10-12.5=437.5mm

Mn  497.44* 1006
Rn = 2~ 2
b*d?  800* (437.5)

=3.25Mpa

2mRn
fy

oo 1 - \/1_ 2(4.36)(20.6) } = 0.0085
20.6 420

1
p=—(@1- 1= )
m

As = 0.0085 (800) (437.5) = 2966.054 mm?

fc' 14

in =7 (bw)d)==—(bw)d).......c........... ACI -10.5.1

Asun = 31y 0K0) = (o) ( )
J24 14
As . =———-(800)437.5)<——(800)437.5
0= azg) COONAT5)< 1 (800(4379)

As... =1166.7mn?
2966.054 mm? > As,. =1166.7mn7 OK
# of bars= As/ Asy = 2966.054/380.13 = 8 bars * Note Ag2=380.13mim?

Select 8 ® 22 mm with As = 2945.22>As req ok.

e Chick for strain

Tension = compression
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As* fy=085* fc' *b* a
2045.22* 420 = 0.85* 800* 24* a
a=75.8m
c=2 -8 _5917mm
b, 085
| 4375-89.17

eS
89.17
e, =0.012> 0.005

X0.003

ok
Check for bars placement:

S=(800 - 40*2 - 210 -6*25) /5=110mm >25mm Ok
2) Mu = 272.6KNm

be=100cm, h = 40cm
d =500-40-10-12.5=437.5mm

Mn=Mu/0.9= 272.6 /0.9 = 302.88 KN m

Mn 302.88*10"6
Rn= 5= >
b*d 800* (437.5)

=1.98Mpa

2mRn
fy

1
p=—(@1- 1= )
m

) = 0.00496

; 1 - \/1_2(1.98)(20.6)

" 206 420

As = 0.00496 (800) (437.5) = 1737.13 mm?

As,, = L{(E) (bw)(d) > %(bw)(d) .................... (ACI ~105.1)

J24 14

As,, =——(800)437.5)< 720 (800)(437.5))

" 4(420)

As,. =1166.7mn?
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2 —
1737.13mm? > As . =1166.7mnT oK

# of bars= A Asy = 1737.13/380.13 = 5 bars

Select 5 ® 22 mm with As= 1963.5>As req ok.

e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
1963.5* 420 = 0.85* 800* 24* a
a=50.53m
c=2 5058 54 45mm
b, 085
o _ 437.5-59.45
® 59.45
e, =0.019> 0.005

X0.003

ok

Check for bars placement:
S=(800-40*2 - 2*10 -4*25) /3= 200 mm >25 mm
3 ) Mu=161.7KN.m

be =800cm, h =50cm
d =500-40-10-12.5=437.5mm

Mn=Mu/0.9= 161.7 /0.9 = 179.67 KN m

Mn  179.67*10"6
Rn = 2 = 2
b*d?  800* (437.5)

=1.17Mpa

2mRn
fy

1
p=—(@1- 1~ )
m

o 1 - \/1_ 2(1.17)(20.6) ) = 0.00288
20.6 420

As = 0.00288 (800) (437.5) = 1007.68 mm?

57
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&‘

fc'

A(fy

As. = (bw)(d)> %(bw)(d) .................... (ACI -10.5.1)

]
N ~

1.4
As, =——(800)437.5)< 10 (800)(437.5))

4(420)
As.. =1166.7mn?

2 —
1007.68mm? > As . =1166.7mn" oK

# of bars = As/ As,y = 1007.68/ 314.16 = 4bars * Note Ap20=314.16 mm?

Select 4 ® 20mm with As = 1256.64>As req ok.

e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
1256.64* 420 = 0.85* 800* 24* a
a=32.3m
c=2 323 _3805mm
b, 0.85

o — 437.5-38.05
° 38.05
e, = 0.0315> 0.005

X0.003

ok

Check for bars placement:

S=(800 - 40*2 - 2*10 -4*20) /3 =206.67 mm >20 mm Ok
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4.6.2 Design of shear

1) Vu = 436.1KN-> support (3)

dVe= @ * —‘V;wa*d

2

= 0.75* 5 800* 437.5*10"-3= 214.33 KN

@ Ve + (23) © * —Vgc bw* d =5®Ve = 1071.65 KN > Vu=436.1 KN

—>The dimension is big enough.
Vs=Vn-Vc=514.56 — 285.77= 228.786 KN
Check for items:-

1) Vu<®dVc/2 =>436.1>107.165 not ok

2) ®Vc/2<Vu<d Ve =>107.165<436.1>214.3 not ok

CDVSmin20.75(%)* ow * d

=0 .75*(%)* 800 *437.5 *10"-3= 87.5 KN. (control)

20.75(% * by * d

=0.75* * 800 * 437.5* 10°= 80.37KN.

\24
16
dVsmin=87.5KN

3) ®Vec<Vu<® Vc+ D Vsmin

214.3<436.1>301.8 => not ok
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J fc'
4)® Ve + ® Vsmin< Vu<d Ve + QDT *bw*d

301.8 <436.1<730.5 oK Smax =d/2 =437.5/2=218.75 mm <600 ok
So item, (4) satisfy
Take Av = 2010 = 2* 78.5 =157 mm?
Av/ s=Vdlfy * d
157/ s=228.76 /437.5* 420 - s=195.46mm
S$=195.46 < d/2 =218.75 mm < 600 mm.
Select S= 15¢cm
Use ©10 (2legs) @ 15 c/c for 140cm after the critical section and ©10 (2legs) at

(20 ) cmc/c at the mid.

2) Vu = 326.5 KN —=>support (2).

dVe= @ * —‘Vgcbw*d

2

= 0.75* 5 800* 437.5*10"-3 = 214.33 KN

® Ve + (2/3) d * —‘Vgc bw*d =5dVe = 1071.65 KN > Vu=326.5 KN

- Thedimension is big enough.
Vs=Vn-Vc=362.78-285.77= 77.01 KN
Check for items:-

1) Vu<d Vc/2 =>326.5>107.165 not ok

2) ®Vc/2<Vu<dVc =>107.165<326.5>214.3 not ok
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CDVSminZO.75(%)* by * d
=0 .75*(%)*800 *437.5*10"M-3= 87.5 KN. (contral)

>0.75 (

V24
* *d
16 by

=0.75* * 800 * 437.5* 10"-3 = 80.37 KN.

NET,
16
®Vvsmin=87.5KN

3) ®Vec<Vu<dVc+dVsmin

214.3<326.5 >301.8 => notok
4 fc'
4) ® Ve + d Vsmin< Vu<d Ve + CDT * bw * d

301.8<436.1<730.5 ok Smax =d/2 =437.5/2 =218.75 mm <600 ok
Soitem, (4) satisfy
Take Av = 2 10 = 2* 78.5 =157 mm’
Av/s=Vdgify*d
157/ s=77.01/437.5*420 - s=195.46mm
S=374.6> d/2 =218.75 mm< 600 mm.
Select S=20 cm

Use @ 10 (2legs) @ 20 c/c for al the distance.
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3) Vu = 256.1 KN >support (4).

4/ fc'
OVec=0D* wa*d

24

= 0.75* e 800* 437.510"-3 = 214.33 KN

@ Ve + (2/3) @ * _\,gc bw * d = 5®Ve = 1071.65 KN> Vu=256.1KN

- Thedimension is big enough.
Vs=Vn-Vc=285-285.7/=0.77 KN
Check for items:-

1) Vu<d Vc/2 =>256.1>107.165 not ok

2) ®Vc/2<Vu<dVe=>107.165<256.1>214.3 not ok

® Vspin > 0.75(%) * bw * d
-0 .75*(% J¥800+437.5*103= 875KN.  (Control)

20.75(% * bw * d

=0.75*

1£64 * 800 * 437.5* 10"-3 = 80.37 KN.

dvVsmin=87.5KN

3) ®Vec<Vu<® Vc+ D Vsmin

214.3<256.1<301.8 => ok
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So item, (3) satisfy

Take AVmin = 2@ 10 = 2* 78.5 =157 mm?

AVmin/ S= Vsmin/fy * d

157/ s=87.5/437.5*420 - s=195.46mm
S$=329.7< d/2 =218.75 mm < 600 mm.

Select S=20 cm

Use @ 10 (2legs) @ 20 c/c for All distance.

4) Vu =154.6 KN -> support(4).

4/ fc'
dOVe=db* X—bw*d

24

= 0.75* e 800* 437.5*10"-3 = 214.33 KN

@ Ve + (2/3) @ * _\,gc bw * d = 5®Ve = 1071.65 KN> Vu=256.1KN

- Thedimension is big enough.
Check for items:-
1) Vu<®Vc/2 =>154.6>107.165 not ok
2) ®Vc/2<Vu<d Ve =>107.165<154.6< 214.3 ok
So item, (2)satisfy
Minimum shear required (Ay,min)

‘4:' i 1 bw 1 iy bw
22— fre
5 3 fue 16 S
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1 800 _ 1 800
ZoX o 2o X V24

A:',:lm'rz 5
20 16 420

5

157
T = 0.635 = 0.583

S= 247.25 mm >d/2=218.75< 600

Sdlect S=20cm

Use @ 10 (2legs) @ 15 c/c All distance.
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4-7 Design of Two Way Rib Slab:

Deter mination of Thicknessfor Two Way Rib Slab:

B.24

]
ek
f.e]

g-direction
]

B1-37{p0*32)

ijDDDDDDDDDD
2 I O O
[ R
I
I o
I
I
I o o
I
I
I
I [
I
8
o
< I

B1-58(60"32)

RO

wom B 1-57 (60" 22 pEEmm Bl S7(E0*EE) i:;';';:"‘""'"3;351"‘5‘:;=i=i=i:i1
B1-58(60732)

1

b- dir ection

8.96

b
2| I O O O O 0 >
Bl i
]
becec]
5::;1: SOOI

e e

B1-34(60%32)

Figure (4-11): two-way rib slab.

22

65

24




Chapter4: Structural Analysis &I Design

— > AY
Y=42=___
> A
40* 8* 4+32*12* 16

Y = —10.55cm
40* 8+ 32*12

_52x(10.55)° (40)x 2.55° | 12x (21.45)°

=g 3 3

| ., = 59609cm’*

|y e = %bw - %* 60* (32)° =163840cm’ = |
1 1

Iy =2, bh® = = * 60% (32)° =1638400m* = 1, o,

The direction = 8.96 m = 896cm

The exterior beam :(beam 1-57,1-58)

| = (59609% (8%6 +60)) /52 = 582334.08cm*

The direction =6.24 m = 624cm
624

|, = (59609 (=~ + 60)) /52 = 426433 62cm’

The exterior beam :(beam 1-34,1-37)

|

a,= o 103840 o135
|4 58233408

a, =|£_M_0_3842

|, 426433.62
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1, 582334.08
a, =Iﬁ=ﬂ=0_3842
|, 426433.62

a - a,+a,+a,+a, 0.28135+0.3842+0.28135+ 0.3842
fm 4 4
02<a <2==>0.2<0.3328<2

=0.3328

According to ACl-code:

o __1(08+ fy/1400)
™ 36+5b(a,, —0.2)

e 8% 14

bh=_—2a
L, 62

*
8960* (0.8+420/1400) _ e

™~ 36+5%1.44* (0.3328—0.2)
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4-7.2 Load Calculation:-

4-7.2.1 Deter mination of Dead load: -

Type Tbn KN/Rib
Tiles 0.03*0.52%¢23 0.187
Mortar 0.02*0.52%* 22 0.119

Sand 0.07%0.52%* 16 0.303

Topping 0.08*0.52%* 25 0.541
Hollow block 0.4*0.24*9 0.346

Plaster 0.02*0.52%* 22 0.119

R.Crib 0.12*0.24* 25*(0.52+0.4) 0.662
Partitions 2.38*0.52 0.643
Sum 2.92

Nominal Total Dead Load = 2.92KN/Rib
2.92/(0.52°) = 10.8 KN/m?
Nominal Total liveload = 5 KN/m?
4-7.2.2 Deter mination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2¥10.8 = 12.96 KN/m’.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m>.
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4-7.3Design for moment:

e Thesdlab isdiscontinuousfrom all sides, soit will be assumed as:

(case 1in analysisfor moments)

e Themoment at discontinuous egdeswill betaken as{ (1/3)*M+vein each direction.

Marznt o
casel..

B4

a-direction C18

]
b-direction

-S54 —odd
+14

8.96

+24.9

C4a

i

Figure (4-12): Moment Slab.

Short — direction (a)

Assume ® 14

d =320 - 20— 10 -14/2= 283 mm

LJ/L,=6.24/896=0.7 ........... Case 1
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Ca posa= 0.068
Calpos1=0.068
Magve)= ( Cag*Wg*La** 0.52)+(Cay *W ,*La™0.52)
= (0.068* 12.96* 6.24%* 0.52)+(0.068* 8* 6.24%* 0.52)= 28.9 KN.m/Rib

Positive moment for a-direction = +28.9 KN.m/Rib.

- Y a0 _p
0.85* fc  0.85* 24

Mn _ (28.9/0.9)*10°

Rn=_ —_= >— =0.770Mpa
b*d’  520*(283)
1 2mRn
-1l o
= ( y )
p=_1 (1- \/1— 20770)(208) ) _ 11860
20.6 420

As = 0.0018692* 520* 283= 275.1 mm ?

A = 3 (0WH0) 2 2w

V24 1.4
ASrin = 420) (120)(283) > E(1.20)(283)
As =99.03 <113 .2

oo ASn =112 v

As . < As = 275.1mm 2

min

select (2) bars ® 14 with area = 307.9 mm?
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Check forstrain:

Tension = Compression
A x fy=085x f_xbxa

307.9x 420 = 0.85x 24 x520 x a
a=12.19mm

C= 12.19 14.34

0.85

_283-14.34

e, = % 0.003= 0.0562 > 0.005...0k
14.34

The negative moment fora-direction = (1/3)*Ma (+ve) = (1/3)* 28.9 = -9.64 KN.m/Rib.

Assume ® 12

d=320-20-10-12/2= 284 mm

__y a0 _
0.85* fc  0.85* 24

* 6
- Mn _ (9.64/0.9)*10

=_Mn = 1.107"Mpa
b*d?  120*(284)2 P

_ 1, |, _2mRn
P_E(l 1 —fy )

p= 1 (1- Jl—w) =0.00271

206 420

As=0.00271*120*284 = 92.4mm ?
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As,, = 4ﬁ) (120)(284) > %(120)(284)

As . =99.4<113.6
As,,=1136 mm?—cont
As.., =113.6>As=92.4mm

Select (2) bars @10 with area =157.1mm

Check forstrain:

Tension = Compression
A x fy=085x f_bxa

157 .1x 420 = 0.85x 24 x120 x a
a=26.95mm

C= 2.9 =31.71
0.85

284-31.71
g =

. % 0.003=0.0239 > 0.005...0k
3171

L ong -dir ection: (casel)

Assume ® 12
d=320-20-10- (14) -12/2= 270 mm

LJ/L,=6.24/8.96 = 0.7
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Cbposa= 0.016
Cb posn=0.016
Mbsve)= ( Cbg* Wg* Lb?* 0.52)+(Chby *W * Lb** 0.52)
= (0.016* 12.96* 8.69%* 0.52)+(0.016* 8* 8.69°* 0.52)= 14.0 KN.m/Rib

Positive moment for b-direction = + 14.0 KN.m/Rib.

_ L =_ 40 _556
0.85* fc  0.85* 24

Mn _ (14,0/0.9)*10°

Rn = >— =0.4104Mpa
b*d?  520*(270)
1 2mRn
==(1- 1-——
p rn( y )
o1 \/1— 2(0.4104)(20.6)):0.000987
20.6 420

As=0.000987*520* 270 = 138.6 mm ?

ay) Yy
V24 1.4
As,, = A420) (120)(270) > @(120)(270)
As = 94.5 <108

As,, =10 mm?—cont
As., =108<As= 138.6 mm

Select (2) bars @10 with area =157.1mm
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Check for strain;

Tension = Compression
A x fy=085x f_xbxa

157 .1x 420 = 0.85x 24 x 520 x a
a=6.22mm

C= 2.9 _ 7.32

0.85

 284-7.32

e % 0.003=0.1134> 0.005...0k
7.32

The negative moment forb-direction = (1/3)*14.0 = -4.7 KN.m/Rib

Assume ® 12

d=320- 20 10- (10) ~12/2= 274mm

v a0
0.85* fc  0.85* 24

Mn _ (4.7/0.9)*10°

Rn = = >—=0.58Mpa
b*d? 120* (274)
1 2mRn
=-(1-.1-——-
p rn( y )

o 1o \/1_ 2(0.58)(20.6)):0_0014

420

As=0.0014*120*274 =46.1 mm *
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24 1.4
As,, = m(120)(274) > @(120)(274)

As ., =95.6 <109 .6

min

As,, =109 mm?—cont

As .. =109.6 <As=44.4 mm

Check for strain;

Tension = Compression
A x fy=085x f_bxa

157 .1x 420 = 0.85x 24 x120 x a
a = 26.95mm

Cc= 2.9 _ 31.71
0.85

284-31.71
e, =——— =

s % 0.003= 0.0239 > 0.005...0k
3171
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4.7.4 Design for shear:
The shear in the dlab calculated by using tributary area for shear:

wu=12DL+1.6LL =1.2* 12.96 + 1.6* 5=20.96 KN/m?

Vud = wu x bf (In/2—d)
Vud = 20.96x 0.52x (6.24/ 2 — 0.284) = 30.91KN

VCzl—gl'\/Exbde

Ve = %\/ﬂ x120x 284* 10" -3 = 30.61KN
fVc=0.75* 33.84 = 22.96

fVc=22.96 <Vud =30.91

Vsmin = Shwx d > = x /fo x bwx d
3 16
Vsmin = %leOx 284 x 1073 = 11.36

> % x 4/ 24 x120 x 284 x10"-3 =10.43

item: 3
fVc=22.96 <Vu=30.91<f (Vc+Vsmin) = 31.48

Provide minimum shear reinforcement... use 2 ® 8 for stirrups A, =2*50=100mm *

Av(min) _ bW _ i* 120
s 3Fyt 3 420
100

— =0.09523,,,,,s = 1050 mm
S

= 0.09523

S < d/2 =284/2=142 mm -cont
< 600 mm.

Use 2 8 @ 125 mm. For adistance 1m from the face of beam.
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4 — 8:Design of one way solid slab.

B W23 :

79 80 :
B1-51(30%40) Bi-51(50%40) P B1-61(30%40) .

Figure (4-13): one -way solid slab.

4-8.1 Deter mination of L oads:

hnin, for one way solid slab = L/24

hmin = 5.220 = 0.26m .

Take h=30 cm.

DL :

Tiles 0.03x22 = 0.66kN/m2
Mortar 0.02x23 = 0.46kN/m2
Coarse Sand Fill 0.07x16 =1.12kN/m2
Reinforced 0.15x 25=3.75kn/m2
Plaster 0.02x22 = 0.44kN/m2
Partitions= 2kN/m2
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Nomina Total Dead Load =

0.66+ 0.46+ 0.44+ 1.19+ 3.75 + 2= 8.5 kn/m?

Take L.L =5kN/nv
qu=1.2*85+1.6*5=182KN/m’
For Im Stripin'Y direction (qu) =182KN/m

Coeamcliy Upiils. ez min
1 2
1
- A
T A 1 !
0.5 45 £ 0E
f s f |
| |
I 1
L
1000
A=A
G T
Cead (024 - Berviae Linkts kN matar
458
i : Y y
4.p0
b ) k') 3 LY A
5.2 n
Live [oad - Sanice Load tactors: 1.20,1.10)1.60,0.00
I L W K \ ] 3 ! ] v
5.2

Figure (4-14): load Service.
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Kloimet i f e [T R (I e LM €1 e

Womants: spans T1fo0 7

Shear
4.1
478
==
| " -
T —
-~ "37.8
541

Figure (4-16): Shear Envelope
4-8.2 Design of Shear:

d = 300- 20 - 16/2 =272 mm

Vu(max) = 47.8KN
f *Vc>Vn

f*Vc= %* 0.75* \/fc'*b*d = %* 0.75* +/24* 0.272* 1000 = 166.56

f Vc =166.56 >>Vu = 47.8KN
= The Thickness is Adequate enough.

4-8.3 Design of Reinfor cement:

Design for positive moment:

Mu = 70.3KN.m
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fy 420

m= = = 20.588
0.85* fc  0.85* 24
Mn =723 _ 78 11KN.m
0.9
* 6
_Mn _ 78.11 1o2 _ 1.056Mpa
b*d*  1000* 272
m fy
* *
fo Lo \/1_2 205881056, _ )5
20.588 420

As,, = 0.0026*1000* 272 = 707.2mm*/m

As,.. =0.0018* 1000* 300 = 540mn7*/m

ASreg<ASmin
mh bar's = 072 _ 459
number of ar's=qeoee =4
. 1000 217.9
aAcing = —— = .
S ="y 59 e
Check for spacing

3h=3*300=900 mms = 380 % —25Ce

=380 % — 2.5 %20 = 330 mm
3

280 280
£ =300 f_s = 300 # %ﬁ =300............contral
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Shrinkage and temper atur e reinfor cement:
As = 0.0018*1000* 300 = 540mn7*/ m

Number of bar's=540/78.5=6.88
Spacing=10006.88=145.37mm

Check for spacing
S=5h=5*300=1500mm
S=450mm-control

Use ®10@100mm
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4-9 Design of Stairs:

Minimum slab thickness for deflection is (for asimply supported one-way solid

dab).
Min h = (L/20) =3.7/20=0.185m= 18.5 cm

Take Min h =20 mm.

— et 2 B rdl
1.1 it 240 — < [1.20
T O T T e O, ";"fc’:h ;zﬂ?

=S.c0

/| |

A ST ST

Figure(4-17) : Stair

L oad Deter mination:

Flight dead load computation:

o= tan(rise/run) = tan*(150/300) =26.56
Concrete= (25*%0.20*1)/c0s26.56 = 5.59KN/m
Plastering = (22*0.03*1)/c0s26.56 = 0.738KN/m
Stair steps = (25/0.3)*((0.15*0.3)/2) =1.875 KN/m

Mortar = 22*((0.15+0.3)/0.3)*0.02*1= 0.66 KN/m

82



Chapter4:

Structural Analysis &I Design

Tiles = 27*((0.15+0.35)/0.3)*0.03*1 = 1.35KN/m

Total Dead Load =10.213KN/m

Landing Dead load computation:

Concrete = (25*0.20*1) =5 KN/m

Plastering = (0.03*22%*1) = 0.66KN/m?

Mortar = 0.02*22*1 = 0.44 KN/m

Tiles = 0.03*22*1 = 0.66KN/m?

Total Dead Load =6.76 KN/m

Factored Total Dead Load = 1.2*D+1.6L

Live load =5 KN/m.
For flight:

For landing :

g STRAAAT

w=1.2%10.213+ 1.6 *4*1 =18.66 kn/m
w=1.2%6.76 + 1.6 ¥*4*1 =14.51kn/m

P& G ST

r vl s L L g
£ "‘r \_lf ""r '-lj '-lf RN

e
e

L.L1]

Pl &

Figure (4-18): load Geometric.
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Tened graiip . 1
Dwad lwead  Seivive

G906

Wnils:kN ane by

I oowes o] - Sesrvace 1 ol tantors:

T80T L I L

A

| Lol |

Figure (4-19):Stairs Loading

Moment!/Shear Envelopes Factored) Units KW, meler

Rl

Figure (4-20): Shear Diagram

Cheek for shear strength:

Assume bar diameter ®14 for main reinforcement
d=h -20-db/2=200-20-14/2=173 mm
Assume beam width 50 cm

Vu = 35.1kn

Take the maximum shear at distance d from the face of the support VU=35.1kn

Vi ::%*ch'*b*d:%* 24 *173*1000* 10" -3 =141.25kn

f =0.75
f *Vc=0.75*141.25=105.94kn
f Vc =105.94 >>Vu = 35.1KN
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The thickness of the slab is enough.

Calculate the maximum bending moment and steel reinforcement:

MomentiShear Lnveleae Taclored) Urats: kM, macter

Muomenis:  soans Tho &

1.4 | 878 4.7 1.82

Figure (4-21): Moment Envelope.

Mu=34.7 Kn.m

Mn = Mu/0.9 = 34.7 /0.9 =38.56 kn.m

Mn  38.56 *10 "6

R, = -
b-d? 1000 * 173 2

= 1.288 mpa
m=__fy =_40 =270588
0.85 * fc' 0.85* 24

_1 2mRn
==-(1- h-
p ( )

=1 - \/1— 2(20.588)(1.288) ) = 0.0032
20.588 420
A 'S =r bd = 0.0032* 1000* 173 = 548.533 mm*/m

A's min = 0.0018* 1000* 200=360mm’
Use AS 1 = 548.533 mm?”.

Uses® 12 with or @ 12@200 mm
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Steps (s) isthe smallest of

1. 3h=3*200=600 mm

280
£§=380 — —25(¢

fs
= 380 % ~ 25420 = 330 mm
5 =300 % =300 + % =300........ control
3. 450mm

Shrinkage and temperaturereinfoecment:
As =0.0018*1000* 200 = 360mm* / m
Number of bar's=360/153.9= 2.34

Spacing=1/2.34 =0.428 m

Check for spacing
S=5h=5*200=1000mm

S=450mm-control
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B2- 39(60 ) I < B2-39(60 *32)

i
l"

Figure (4-22): Shear Wall W1.

Figure (4-23): Etabs Shear wall
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135kn

205k 210K n

Moment.D  Shear.D

Fig. (4-24) Moment and shear diagram
Fc = 24MPa
Fy = 420 MPa
t=20 cm .shear wall thickness
Lw = 2.26 m .shear wall width

Hw for onewall = 3 m story height

4-10- 1. Design of shear

> Fx=Vu=210KN

88
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4-10-1-1: Design of the Horizontal reinfor cement:

The critical Section isthe smaller of:

Iﬂ = @ =1.13m...... control
2 2
hw 6 _

2 2

storyheigh t = 3m
d=0.8xIlw=0.8x2.26 =1.808m

S i
OVimax = Elé i "hd

=0.75+0.83 # V24 + 200 + 1808 = 1102.74K N =V,

1 — 1 ,
= 3 fo'hd = 6\/24 + 200 + 1808 « 107 = 2953KN ... cont

— N _
V. =027 f.'hd + 4;‘ = 0.27V24 + 200 + 1808 + 0 = 478.3KN
W

662.3 — 2205 M, — 2205
3 ~ 3-113

M, 1, 4959 226

= M, =495.9KN.m

2 210 2
] 'l"lll R
: _ by 01 fi' 4 0-2;‘; __ 226 01v24+0
V.= 005 [+ o hd = 0.05V24 + 153 200 + 1808
Vu 2 '
= 414.06 KN
Vs =Vn —Vc

= (210 /0.75) — 295 .3 = 15.3KN

A. V. 153+10°

S fd 420+1808

= 0.0201mm*/mm

A; 00201

et 200 = 0.000101 = 0.0025

Use (110 As=78.5 mn??

2+785

= S 200 = 0.0025 = 5§ = 314mim

(L
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Max. Spacing
ly, 226
g = ? = 452mm

3h = 3 + 200 = 600mim

4500mm............... cont
o A 227854 0 00oe)

P =5, «h 300 =200

4 -10-1-2: Design for Vertical reinforcement:-

LU e
L, 226

W

h
Pemin = 00025 +05 25— Tw o —0.0025 = 0.0025

Pemin = 0.0025 + 0.5 25 -265 0.00262 — 0.0025 = 0.0025

For thiswall with: h—‘” = i =265>25
L 2.26

w
jl = 0.0025

So:

4 -10-3: Design of bending moment:

A 2260 2+ 785 = 1182.73mm"*
= * E =
= 300 ' ahe L
A 1182.73 420
< dw A =0.0458
Loh T’ 2260+200 24
Fi
=—=O
W T
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0.0458 + 0
o WER i — 0.0563
L, 2w+ 0850, 2400458+ 085+ 085

< Ay €
OMy =0 05Asfylu(L+ o) (L =4

=0.9 0.5+ 1182.73 + 420 + 2260(1 + 0)(1 — 0.0563) = 476.8KN.m < Mu

Try 012@300 mm

2260

Sl 2 2
Asip = 300 +2#%113.1 = 1704.04mm

- ﬂ &_ 1704.04 420

Lh '~ 22604200 24 ~ 0000

_ A
T Lhfe
[ W a 0.066 + 0

fy, 2w +085f; 2+0.066+ 0.85+0.85 0.0

(] 0

. A g€
OMy =@ 05Asfylu(L+ 720 = -

=0.9 05 + 1704.04 « 420  2260(1 + 0)(1 — 0.077) =6716KN.m > Mu = 662.3
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S W]
U Stiwupgni' 1€
@10k 30
3
Bl1eR30
@1 030 =1 | =332
1_2815_JL_ y
A10P320 @l12e30
[ =215 =4 L=420
A ral
1 |
R
o 2 G
U Stirups
P g12830 #1083
#1030 —
q Y e
gl — =
3l

Fig. (4-25) Shear Wall Details
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4-11: Design of column (C59):-

4-11.1 L oad Calculation:
DL=1090.95KN  LL=540.0KN ...From Load Table

p, =1.2x1128.45+1.6x 549 = 2173KN

Pn=2173/(0.65) =3343.1 KN

rg=0.015......Assumed

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc)}
3343.1¥10°° = 0.8* Ag[0.85* 24+ 0.015(420 - 0.85* 24)]
Ag = 0.158m?

Try 0.4*0.4m with Ag = 0.16m"

4.11.2 Check Slender ness Effect:

Lu=3.0m
M1&M2 =1
K=1
KU g ML ACl - (10.12.2)
r M 2
*
i: 25 > 22
0.3* 0.4

. long  Coloumn
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E.l
El =04—=% . [ ACI 318 — 05 (Eq. 10 —15)]
1+by,

E. = 4750,/ fc' = 4750 x /24 = 23270.15Mpa
~1.2DL  1.2*(1090.95)

b, - 0.602 <1
Pu 2173
3 3
I, = bxh _ 0.4x0.4 — 0.002133 m*
12 2
g _ 04x23270.15x0.002133 _ )\
1+ 0.602
2
El
=P = ACI318- 05(Eq. 10-13)
(KLu)
3.14° x12.4
P =2 =27 _136MN.
(1.0x3.0)
M 1
cm :O.6+0.4(mj ............ ACI 318 — 05(Eq.10 — 16)
Cm =1 ... According to ACI 318 — 05(10.10.6.4)
d =—CM 510 ACI 318 — 05(Eq. 10 - 12)
L Pu
0.75P,
1
dns_l_ S 127 >1
0.75 x 13600

e =15+0.03x h =15+ 0.03x 400 = 27mm= 0.027m
e=e_ xd, =0027x1.27 = 0.0343m

e_00343_og575<0.1

h 0.4

Because e/h<0.1 we well design as concentrically loaded column:
P, mao = 0-8xAg{0.85 fc +r ,(f,—0.85f,)}

3343.1= 0.8x1600{0.85x 24+ r , (420 0.85x 24)}
r,=0.01431>r min =1%-ok

A s=0.01431* 400* 400
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A s= 2289.6mm?

2289.6
201

=114

Use ®16 >=> #of bar =

4.11.3Design of the Stirrups:
The spacing of ties shall not exceed the smallest of-

spacing <16xd, =16x1.6=25.6cm
spacing <48xd, =48x1.0=48cm
spacing <least.dim.=40cm

Usef 10 @ 25 cm
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4.12Design of |1 solated Footing (F4) :

4.12.1Deter mination of L oads:

Total serviceload = 2030 KN

Total factored load = 2440 KN.

Column Dimensions = 50* 50 cm.

Sail density = 18 Kg/cms3.

Allowable soil Pressure = 240 KN/m2.

Assume footing to be about (60 cm) thick.

Footing weight = 25%0.6 = 15 KN/m2.

Soil weight above the footing= 0.4%X18 =7.2 KN/m2.
Qatow =240 — 7.2 — 15 = 217.8 KN/m?

4.12.2 Deter mination of Footing Area:

L2080 o
“2178 oM

Try 3.1* 3.1 mwitharea=9.61 m2 < Areq=9.33 m2

determinate g, = 2440/9.61 = 253.9 KN/m?
4.12.3 Deter mination the depth of footing based on shear strength:
Assumeh=60cm .....d = 600-75-20 = 505 mm

*Check for one-way shear strength

Vu = 253.9* (% —0.75/2-0.505) * 3.1=527.35.KN

f.\/c=f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24 * 3100* 505 = 958.67KN

f Vc=958.67KN >Vu =527.35KN
. OK
Thethick isadequate enough
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4.12.4 Check for two-way shear action (punching)
The punching shear strength is the smallest value of the following equations:

f.\/czf%(ub—zcj\/fj b,d
Fv, =f —(b > erd
fv, =f —\/7bd

Where:

o Column Length (a) 50
€ Column Width (b) 50

b, _ Perimeter of critical section taken at (d/2) from the loaded area

b, =2(d + al) + 2(d + a2) = 2(0.505+ 0.75) + 2(0..505+ 0.75) =5.02m

s =40 for interior column

fV, =f _[“_j’/ bd—% ( 1) 24 * 5020* 505 = 4657.28Kn

*d *
fV=f. (a J’/ bd_075 (202585+2j*x/ﬂ*5020*505=4675.83Kn

fV, =f —\/ bd_O;S* 24 * 5020* 505 = 3104.85Kn

f V. =4657.28Kn .... Control
Vu =253.9*{(3.1* 3.1) - (0.75+ 0.505) * (0.75+ 0.505)} = 2040.1kN
f Vc =4657.28Kn >Vu. = 2040Kn........ satisfied

4.12.5 Design of Bending Moment:

Mul=2539* 3.1*1.3° / 2=665.1kN.m
Mu =665.1 kn.m
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d = 600- 75— 20 = 505 mm
Mn  665.1/0.9x10°

== >— =0.935Mpa
b*d 3800x 805

Kn

Py 4
0.85fc 0.85x 24

1 2mKn
r=a(1— /1— fy )

1 2x 20.588 x 0.935
r = 1-.,1-
20.588 420

= 20.588

) = 0.0023

As , = 0.0023 x 3100 x 305 = 3567 91lmm?*/m

As . =0.0018* 3100* 600 = 3348mm*/m
As,;, =3348mm? / m< As,, =3567.91mm’ /m

3567.91

#of bar in on meter = =14.02

Select 14018 with As= 3563 mm?

A * fy=0.85* fc'*b* a

3563* 420 = 0.85* 24* 3100* a

a=23.66

a_ 2366 = 27.84mm

b, 0.85

o - 505-27.84
° 27.84

e, = 0.0514 > 0.005—— ok

Check Strain =»>> 3>
*0.003=0.0514
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4.12.6 Development L ength of main Reinforcement for M, 1:
Ldyeq 0.24fy db= 0.24* 420
Jc Oz
Ldyreq = 0.044 xfyxdb = 0.044 x420 x1.8 = 33.26cm
Ld(1yreq = 37.04cm > Ld(2)req=33.26cm=> control
Available Ld = (600 — 75— 2* 18) = 489 mm.
Available Ld = 48.9 cm > Ld(1)req=37.04cm
Using hook > 18*f

1.8=37.04cm .

Required length of hook > 18*f >18*1.4= 25.2cm

Use HoOKsy. = 30 cm > Hook,eq = 25.2cm

. _ 9.5 b
Ted 10 11 E ktr+ch

b

=db

9 420 1+1+08
10 1=v24 25

Ld availaie = 600-75= 525mm

Ld avaitaie= 525 mm >ld, ., = 443.6mm

ld,., = *18 = 443.6 mm

Usethecolumnbarsasadowels

Fooling No. [¢33)

£33
Al

11.1
_|..

1 _al L |

o = TR R R I R R TR £
13 177 37 120 i@ i - S0 IR 13
14 2yl it LU ==l ! {
=16 0

Figure (4-26):Footing’s Detail
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4.13:- Design Of Truss

4.13.1:- Load calculation

1. Dead Load:-
Surface layer of steel sheet with thickness of 0.6mm=0.05KN/m2

Heat insulation layer of rock wool with thickness of 200mm=0.1 KN/m2
Sheet metal with thickness of 0.75mm =0.078 KN/m?2
D.L=0.05+0.1+0.078=0.228K N/m?

2. Snow load
S=h-400/400

=940-400/440=1.35K N/m?

Qt=1.35+0.228=1.638 KN/m?

Fig.(4-27) Cross section of sheet metal

aad arthomanfing 1 rnenite & B men = | o | &

Pk =Pt | Zulissige, gleichdtip weneitz Bzmstung - kNae® bal gine Hrorews1a e miinkl Cgenganic
Yk S

= EWm s 1 1

e 773 200 375 350 370 400 495 45
. A 1045 1 05 O N7 ca7. OEE 051
.03 Doss G5 588 232 .21 2e3 Ty 989 0t 033 823
e e LEFT  Jud gd8 039 U3l 0z 073
- 56| 325 1,47 1A 148 bR B4 0 0
076 0478 08 616 | 3.3 1.B3 118 car aT S CEQ O 0,33
fAe] aAa 1.0 fHOOHER fad kel ooEd 0FR Dl
GBS 671 230 bo? 1G5 &l
0,3 0058 258 865 51 188 145 1.4 4o
G T N 145 Y44 0N O
815 G253 A ronl
o0 0104 30 81% &2E 222 132 a6 Gl
H1b &/5 1,45 114 ¢80 072
| 8RO Aa 1Ea Ahe oM A
125 0130 394 15 8.8 LEE 3.E2 1Te. LAQ
b5k rdh 1.9 140 1.6 083
13 VR, TH 11/5% e &VH TR 4
1.0 L15% 475 273180 =0 15,19 97,50 313 36 2 .68
33180 £2EQ 1428 DO AEEOTER 40 512

Table(4-1) sheet metal for 1 spans
From the table above the bearing load of sheet metal is 3.96 KN/m?

Qu=3.96KN/m2>Qt=1.638KN/m2......... Ok
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Note:- the members are A36 (Fy=36ks and Fu=58ksi)
3. Wind load
From the normal force method
v Wind word wall
e =140, =08
For wind speed=70(mph) g, = 12.6 K N/m2
I, =10
Faw = Calyqsly
Fuw=08+14+126+1 = 141psf = 0.68 KN/m2
v" Wind lee word wall
Co=14€, =05
For wind speed=70(mph) g, = 12.6 K N/m2
I, =10
Pry = Calyqelyy

Fiw = 05414 +12.6 1 = 8.82psf = 0.42 KN/m2

4.13.2:- Purlinsdesign

Qu=1.75(1.4*0.228)=0..56

Qu=1.75(1.2*0.228+1.6* 1.35)=4.68KN/m........ control .

Fig.(4-28) static system for purlins
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1- Moment
Max moment=-9.21 KN.m

Fig.(4-29) Moment envelope for purlins

=Design of moment:-
Mu (max) = 9.2KN.m = 9.2/4.448x1000%x1/25.4 = 82.7 kip.in
Mp> Mu

0.9*36* Zx=82.7 — Zx=2.55

Select HSS 3.0%3*5/16 — Zx= 2.90
b/t=7.31 , hit=7.31

= Check Compact:

[1p=1.127(E/Fy) =1.12V(28000/36) = 31.8
Dr=1.4V(E/Fy) =1.4V(28000/36) = 39.73
b/t and h/it < (p so Compact section

2- shear stress
Max shear =8.2KN

Fig.(4-30)Shear envelop for purlins
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=Design of Shear :-

_ _ 8Z _ .
Vu (max)=8.2kn = ¥ T 1.84kip

Vp>Vu
0.9*0.6*Fy*d*tw 1.84
0.9*0.6* 36* 3*% =18.22kip>210.......... ok

4.16.3:-Truss design

4-13.3.1:- internal forces calculation
Max support from purlins =17.5KN

14, 5KM 14 5K

Fig.(4-31) Support reaction from purlins

Bigb s Boo e HE

18 175 175

Fig.(4-32) Truss system
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= The truss consists of four types of member

1- Thevertical member(V)

NO. of member

Value of compression force

KN Kip
V1 875 19.7
V2 78.8 17.7
V3 61.3 13.8
V4 43.8 9.9
V5 26.3 5.9
V6 175 3.9
V7 26.3 5.9
V8 43.8 9.9
V9 61.3 13.8
V10 78.8 17.7
V11 875 19.7

Table (4-2) vertical member forces

2- Thetop member (T)

NO. of member

Vadue of compression force

KN Kip
T1 81.6 18.4
T2 142.9 32.2
T3 186.7 42
T4 213 47.9
T5 221.8 49.9
T6 221.8 49.9
T7 213 479
T8 186.7 42
T9 142.9 32.2
T10 81.6 18.4

Table (4-3) Top member forces
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3-The diagonal member(D)

NO. of member

Vaue of Tension force

KN Kip
D1 1134 255
D2 61.3 138
D3 62 14
D4 37.2 8.4
D5 12.45 2.8
D6 12.45 2.8
D7 37.2 8.4
D8 62 14
D9 61.3 13.8
D10 113.4 255

Table (4-4) diagonal member forces

1- The bottom member(B)

NO. of member

Vaue of Tension force

KN Kip
B1 0.0 0.0
B2 81.6 18.4
B3 142.9 32.2
B4 187.6 422
B5 213 47.9
B6 213 47.9
B7 187.6 42.2
BS 142.9 32.2
B9 81.6 18.4
B10 0.0 0.0

Table (4-5) bottom member forces
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4-16.3.2:-Design of tension member
= Bottom member

Max.Vaue of tension =213KN=48Kip
Tensileyielding

Pu=0*Fy*Ag

Ag=48/0.9*36=1.48in2

Try HSS6*3*1/8 .......... A=2in2

Tensile rupture

DPN=0* Fu* (U* Ag)=0.75*58* (1* 1.74)=75.7Kip>48Kip......ok

4-16.3.3:- Diagona member

Max.Value of tension =113.4KN=25.5Kip
Tensileyielding

Pu=0*Fy*Ag

Ag=25.5/0.9*36=0.79in2

Try Try HSS3*1*1/8 .......... A=0.84in2
Tensile rupture

dPn=0* Fu* (U* Ag)=0.75*58* (1* 1.30)=36.5Kip>25.5Kip. ......ok
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4-13.3.4:- Design of compression member
=Vertical member

Max.Vaue of compression =81.6KN=19.7Kip

As.sumef—_'I =75

29103

471 36

= 133.68

m+E 1+ 294 10°

<1 T e = 5088

Fe =

Fy 36 .
Fer = 0658 Fe «Fy= 0658 5088 «36 = 26.77Kip

KI 1+%12+984
T=f=75=~r=1.57

Pu 19.7

Ag = = = 0.817in?
9= GFer ~09+2677 087N

~ UseHSS3*1*1/8 ....... A=.840in2

=Top member

Max value of compression =221.8KN=49.9Kip

Asxume*;'f—_'I =75

207 _ 133,68
36

ul

471

M+ E _ﬂ2t29t103

Fe = =
K“'rz 75 2

=50.88

Fy 36 .
Fer = 0658  F¢ «Fy= 0658 5088 +36 = 26.77Kip

KI 1+12+95
T=f=75=~r=1.52

Pu 499

e S S a2
= OFcr ~ 092677 - 207N

Ag

~ UseHSS 3*2*5/16 ....... A=2.35in2
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4-13.4:- Design of weld:-

The calculations of weld based on the following:

1). Fillet Weld is used.

2). The plates are A36 (Fy = 36 ksi, Fu = 58 ks).
3). The electrodes having FExx = 70 ksi.

4). the shielded metal arc welding (SMAW) is used.

A. (1st)- Design of weld between the vertical member and the bottom member of the truss:-
The section of the vertical member istube(HSS 3 + 1 + 1/8)

Member property......... Ag=1.78in2,y =0.860

The value of Max. Compression in the vertical member isVu= 19.7 kips.

+ Useweld size (8) = in.
=Design strength of weld:-

PRnw =@ % te 06 % FExx

@Rnw = 0.75 % 0.707 % 1 o %06 x70=1113 kips.

=

L 27892 _ g take 2i
L= 1113 = l1lolf...............LAKe £l

B. Design of weld between the diagonal member and the bottom member:-
The section of the diagonal member isangel HSS3+1 +1/8

Thevalueif Max.Tension in the diagonal member is Tu = 25.5 kips.

**For the vertical member use the same size and dimension of weld for the previous vertical
member.

Useweld size (a) = in.
=Design strength of weld:-

BRNW = 0.75 # £, + 0.6+ Fryy = 0.75 % 0.707 x1 , % 0.6 x 70 = 1113 kips.

F 255

= GRnw = 1113 = 23in ~use25in

Lw

108



Glwa ¢l g

Appendix A: Architectural Drawings .

Appendix B : Structural Drawings
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5.1 Appendix A: Architectural Drawings
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5.2 Appendix B: Structural Drawings
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1. American Concrete Institute (A.C.1), Building code Requirement for structural
concrete (ACI-318M-08).
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