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Abstract
Structural design of the building "social sport club in Hebron".

Team:
Moutaz Yasser Hroub Alaa Yousef Masri
Osama Mohammed Sharawnah Ibrahim Khaled Abu
Sabha

Palestine Polytechnic University
2014 -2015
Supervised by:

Dr.Nasr Aboushi

The idea of the project is summarized on structural design of "
social and sports club in Hebron". The project is consists of four
floors in which sports activities are available for both sexes, and
restaurant, theater and swimming pools.

We used ACI code and structural designing programs such
as — safe, Etabs, STAAD PRO , ATIR, AutoCAD, Ms office - ,
and we studied some old graduation projects, will include detailed
structural study , and the project will include detailed structural
study of identified and analysis of the construction elements and
the expected various loads- and then the structural design of
elements and the preparation of shop drawings based on the

prepared design .
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Aq: = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed 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.

fc: = 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 supports in slabs without beams and face to
face of beam or other supports in other cases.

el L =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

¢ Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load

¢ S = Spacing of shear in direction parallel to longitudinal reinforcement.

¢ \V¢c = nominal shear strength provided by concrete.

¢ \/n = nominal shear stress.



¢ Vs = nominal shear strength provided by shear reinforcement.
¢ \/u = factored shear force at section.

¢ \Wc = weight of concrete.

o W = width of beam or rib.

e \Wu = factored load per unit area.

e ® = strength reduction factor.

e £. = compression strain of concrete = 0.003.
e & = strain of tension steel.

e £= strain of compression steel.

e p =ratio of steel area .
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Abstract

Structural design of the building "social sport club in Hebron".

Team:
Moutaz Yasser Hroub Alaa Yousef Masri
Osama Mohammed Sharawnah Ibrahim Khaled Abu Sabha

Palestine Polytechnic University
2014 -2015
Supervised by:

Dr.Nasr Aboushi

The idea of the project is summarized on structural design of "
social and sports club in Hebron". The project is consists of four
floors in which sports activities are available for both sexes, and

restaurant, theater and swimming pools.

We used ACI code and structural designing programs such
as — safe, Etabs, STAAD PRO , ATIR, AutoCAD, Ms office - ,
and we studied some old graduation projects, will include detailed
structural study , and the project will include detailed structural
study of identified and analysis of the construction elements and
the expected various loads- and then the structural design of
elements and the preparation of shop drawings based on the

prepared design .
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 Determination of one way rib Slab Thickness.
4-3 Determination of one way solid Slab Thickness.
4-4 Determination of Factored Load .

4-5 Design of topping.

4-6 Design of Rib.

4-7 Design of Beam .

4-8 Design of stair .

4-9 Design of long column.

4-10 Design of basement wall.

4-11 Design of basement footing.

4-12 Design of isolated foundation.

4-13 Design solid slab.

4-14 Design of shear connectors in composite beam.

4-15 Design of shear wall.
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4.1 Introduction

The project consists of several structural elements that will be designed according

to

SO

the ACI code and by using the finite element method using much computer

ftware such as “ATIR” to find the internal forces, deflections and moments for the

all structural element in order to design it.

—> Materials properties:

4.

Compressive strength of concrete = 24 MPa
Yield strength of steel fy = 420 MPa
4.2 Determination of one way ribbed Slab Thickness
According to ACI-Code-318-05, the minimum thickness of nonprestressed
beams or one way slabs unless deflections are computed, given in table (9.5-a),
as follows:
hmin for one-end continuous = L1/18.5
hmin.= 6.55/18.5=35.4
hmin for both-end continuous = L2/21
=6.3/21 =30 cm
hmin for Simply supported = L4/16
=5.35/16 = 33.44cm
We selected h =35cm...... For one end continues.

(6cm cement block, 21 cm Etolite block( Kalkal), 8 cm cover)

3 Determination of one way solid Slab Thickness :
hmin for one-end continuous = L1/24

=5.35/24 =22.29 cm control

hmin for both-end continuous = L1/28

=3.25/28 =11.5¢cm

We selected h =23 cm
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4.4 Determination of factored Load of rib :

A Determination of loads for rib first basement (R13 ) :

- Dead loads :

TYPE Y*b*h KN/m
Tiles 0.03*0.62*23 0.4278
Mortar 0.03*0.62*22 0.2728
Sand 17*0.07*0.62 0.7378

Block ( 0.50*0.20*0.06) 15*0.06*0.50 0.45

Rib 25*0.27*0.12 0.81

topping 25*0.08*0.62 1.24
plaster 22*0.02*0.62 0.2728
Z _ 4.2112

- Live loads :

Nominal Total Live load =5 *0.62 = 3.1 KN/m of rib

A Determination of factored loads :

- factored dead load = 1.2 * dead load = 1.2 * 4.2112 = 5.053 KN/m
- factored live load = 1.6 * 3.1 = 4.96 KN/m
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4.5 Design of topping :

- Determination of loads :

Dead loads :
TYPE v*b*h KN/m
Tiles 0.03*0.50*23 0.345
Mortar 0.03*0.50*22 0.33
Sand 17*0.07*0.50 0.595
Topping 0.08* 0.50*25 1
Z _ 2.27

Live load =5 KN/ m? . (for Stores)
Total Dead Load = 2.27/0.62 = 3.66 KN/m®,

- For one meter strip :

qu=12*DL +1.6*LL
qu=1.2*3.66 + 1.6* 5 =12.39 KN/m
~w, xI? 12.39x(0.5)
12 12

Mn = ggpfc  DXN°
6

Mu =0.258kN.m

* 2
= 0.42x 24 x Mxlo-6 — 2.19kN.m.

¢xMn=0.55*2.19 =1.204kN.m.
¢ x Mn=1.204kN.m > Mu = 0.258kN.m.

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

p=0.0018
As_. = pxbxh=0.0018x1000x80 =144mm? /1m.

41



Use @ 8 with AS =( 7t * 8%)/4 =50.27 mm?

_ ASreq.
"~ AS bar

=144 /50.27 = 2.86 bars = 3 bars

S =1000/3=2333.33 mm

check for s :
1. S<3h=3*80=240 mm control
2. S<450 mm

280 280
3. S$<300* (—)-2.5*C, =300 *( 2
fs 400+

)—(2.5*20) =250 mm

280 280
< 300 * (—) =300 *( 5
[s 400+

Use distance S =20 cm < S ontro=240 mm ok
Use®8 @ 20cm in both directions .

) =300mm

4.6 Design of Rib first basement (R13 ) :

1 2 3
1 2
A A
—— 1 ——
] ]

‘0.5‘ 3.05 \ 0.8 ‘ 2.9 \ 0.8 ‘
[ I 37 I I 3.7 I 1
20 1 |

8
350
120
A-A

load group no. Figure (4.1): Rib geometry of rib

Dead load - Service Units:kN,mete
4.1 4.1
3.7 3.7
Live load - Load factors:
3.10 3.10
3.7 3.7

Figure (4.2 ): loading of rib
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Figure (4.3 ): moment envelope of rib
Shear
-25.8
-21.4
-16.7
-12.2
L 1 1 1 1
1 1 1 1
13.9
16.7
21.4
25.8

Figure (4.4):shear envelope of rib

A Design of flexural :

A Design of positive moment for rib

o Effective Flange width ( b;)

( a) beff.< bw+ 16 hf = 120 + ( 16*80)= 1400mm

(b) beff. < center to center spacing between adjacent beams = 500 + 120 = 620

mm
(c)beff.< L/4=29/4=725mm
Take beff. = 620 mm control

- From the geometry of T-section :

beff=620 mm bw =120 mm hf=80 mm

h =350 mm

43

620

80

350

, hetolit block =210 mm , h cement block = 60 mm
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e Check rectangular section or T-section

bw =12cm, h = 35cm assume ¢ 16 bars , ¢10 stirrups
d =350-20-10-8=312mm

e Checkifa>hf:
Mu =125 KN.m

Mn, = 0.85 % fc + bf «hf+(d —)

Mn, = 0.85 * 24 % 0.62 * 0.08 * (0.312 — 22) * 10° = 275,22 KN.m

® =0.9 for flexural

® Mn, =09*275.22=247.7KN.m >> Mu_,=125KN.m

—> the section will be designed as rectangular with beff. = 620mm

e Design of Span1 & span 2 :

Mu=12.5 KN.m
Mu
Mn= M =125 _ 9389 KN.m
)] 0.9
Mn
Kn = 5
b*d
* -3
= 13.89710 =0.230 MPa
0.62*(0.312)2
fy 420

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

1
b= (1- 1_2mKn
m fy

)

o 1 i \/1_2(20.6)(0.23)

)=5.5*10"
20.6 420

Areq=p*b*d=5.5%10"* 620* 312 = 106.5 mm?
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e Check for As minimum :

ps,. > %(bw)(d )= owka)

V24

R 1.4
™" 4(420)

A 120)312)> ——(120)312
; a20(312)> 22 (120fs12)

As,., =109.2mm2 <124.8mm2............. the larger is control
As_. =124.8mm’
Areq < As_;, =124.8mm?
So select As = As min = 124.8 mm?
Assume ¢ bar =10 mm

As bar = 78.54 mm?

Number of bars =1.6 ~2 ¢ 10 with As = 157 mm®> As ok
A Check for strain :

Tension = compression

As*fy=085*f *b*a

157*%420=0.85*24*620*a

a=>521Imm
x:i=@=6.13mm
p 0.85
*
- 312 0.003_0.003
6.13

&, =0.149 > 0.005
—> ok (®=09)

A Design of Negative moment for rib :

Mu=9.7 KN.m
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Mu 9.7
Mn= ——= — =10.78 KN.m
() 0.9
Mn
Kn=
b*d?
* -3
n= 10.78*10 > = 0.922MPa
0.120*(0.312)
fy 420

20.6

m = - = =
0.85*fc  0.85*%24

p=£(1- 1_2mKn
m fy

)

)y=2.24*10"

; 1 - \/1_2(20.6)(0.922)

206 420
Areg=p*b*d=224* 10™** 620* 312 = 83.86 mm2
e Check for As minimum :

A, > %(bw)(d )= owka)

24 14
As .. >—=(120)312)> —(120)312
5o > 4 (2006122 o 0201212)

As,.. =83.86mm2<124.8mm2............. the larger is control
As_. =124.8mm’
Areq < As . =124.8mm’
So select As = As min = 124.8 mm?
Assume ¢ bar =10 mm
As bar = 78.54 mm?

Number of bars=1.6 =2 ¢ 10 with As =157 mm*>As ok
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A Check for strain :
Tension = compression
As*fy=085*f *b*a

157*%420=0.85*24*120*a

a=26.9mm
B, 0.85
g, = 21270003 4 493
31.7

&, =0.0265> 0.005

—> ok (@ =09)

A Design of shear for Rib

Categories for shear design:
Vu =214 KN

Use ®8 with two legs
Av = 2 x50=100 mm?

1. Iteml:1.1dVc >Vu

1.10 Ve = 1.1 Véc xb,, xd

=1.1dVc=1.1x0.75% \/2_4 x0.12x0.312x10°
= 25.22KN
Since ® Ve >Wu Control

Select $ 8 @ 20 cm
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4.7 Design of Beam

e design of (beam 40) :

A A

1
L1
£ 1

‘04‘ 6.7 ‘04‘ 6.95 ‘04‘
I I I I I |
} 7.1 } 7.35 }
35.
50.
A-A
Figure (4.5 ): Beam geometry
- Loads:
A From atir the load from rib on beam
Reactions
Factored
|1 T T [ [ |
[ 1 11 T I
DeadR 10.74 22.77 20.62 28.88 6.81
LiveR 10.94 27.25 26.75 28.92 9.01
Max R 21.68 50.02 47.37 57.8 15.82
Min R 10.36 25.51 21.83 40.67 4.49
Service
DeadR 8.95 18.98 17.18 24.07 5.67
LiveR 6.84 17.03 16.72 18.08 5.63
Max R 15.79 36. 33.9 42.14 11.3
MinR 8.71 20.69 17.94 31.43 4.22

Figure (4.6 ): load from rib
SO : the service dead load on beam from rib is DL=8.95/0.62= 16 KN/m

the service live load on beam fromribis LL =6.84/0.62 = 11 KN/m
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load group no. 1

Dead load - Service Units:kN,meter
14.0 14.0
420 420
7.1 7.35

Live load - Service Load factors: 1.20,1.20/1.60,0.00
11.0 11.0
7.1 7.35

Figure (4.7 ): loading of beam

Moments: spans 1to 2

-257.6
-223.1 -222.4

159.7

| 2.84 | 4.26 | 4.41 | 2.94 |
[ [ [ [ |

Figure (4.8 ):moment envelope of beam

Shear

-176.3
-157.

-117.3
-98.

92.9
112.2

160.7
180.

Figure (4.9 ):shear envelope of beam
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e Design of beam :
b.=500mm h=350mm

- Assume ¢ bar =25 mm

- d=350-40-10-12.5=287.5mm
A Design of Positive moments :
Check singly or doubly section :

X =3/7*d=3/7*287.5=122.2 mm

a=122.2*0.85=104.7 mm

104.7

M, = 0.85 24 + 104.7 + 500 = (287.5 — *27) = 2511 KN m
2

® Mn,__ =09 *251.1= 226 KN .m>>Mu,_ = 1744 KN .m

e Design the section as singly reinforced concrete section.

Design of Span 1 :
b =50cm, h = 35cm

d =287.5
Mu = 159.7
Mu
Mn= ——= @ =177.4 KN .m
) 0.9
Mn
Kn =
b*d?
* -3
n= Ll()z =4.29Mpa
0.8*(0.2875)
fy 420

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

2mKn
fy

1
p=—(- 1=
m

! . Jl_w )= 0,011

P 506 420

Asreg=p *b *d=0.011* 500 * 287.5 =16.67 cm®
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e Check for As minimum :

AS,.. = %fj)(bw)(d)z %(bw)(d) .................... (ACI —10.5.1)
AS, = 4(4£240(500)(287.5) L4 (500)(287.5)

AS,;, = 480mm? > 419mm? . the larger is control

As . =480mm°

As req =16.67 cm’> As ;. = 480mm’°

Use @ 25...... #ofba—@—4q)25
491

Then we select (4) bars ®25 A provided=4*4.91=19.6cm?

A Check for strain :

Tension = compression
As*fy=085*f *b*a

1960*420=0.85*24*500*a
a=80.7mm

i @ =95mm

=B, 0.85

287.5-95
ss =" x0.003

¢s =0.006 >0.005
—> 0k (® =0.9)

e Check for spacing between the bar

500-2*40-2*10-4*25
3

S=

S=100mm >db=25mm
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Design of Span 2 :

b =50cm, h = 35cm
d =287.5mm

Mu=174.4 KN .m

Mu
Mn= ——= % =193.8 KN.m
() 0.9
Mn
Kn =
b*d?
* -3
Kn = —193'8 10 5 = 4.7 MPa
0.8*(0.2875)

fy 420

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

B 2mKn
fy

1
p=—(- 1 )
m

oo - \/1_ 2(206)(47) ) _ o013
20.6 420
Asreq=p * b *d=0.013* 500 * 287.5 = 18.7 cm2 > As min.

Use ® 25....... #0fbar=18—'7=4
491

Then we select (4) bars ®25 A provided=4*4.91=19.6cm?

A Check for strain :

Tension = compression

As*fy=085*f *b*a

2454.35*420=0.85*24*800*a

a=63.16mm
_a _6316_ ok (® =0.9)
=—= =74. —>
X 5, 0.85 3mm
(—4375-T43, 4 003
74.3 52

£ = 0.0146 > 0.005



Check for spacing between the bar

_ 500-2*40-2*10-4*25
3

S

S=100mm >db=25mm

A Design of Negative moments :
b=500 mm , h=350
Max Mu= 223.1KN .m

X max = (3/7) *d =(3/7)* 287.5 = 122.2
a= 122.2 * 0.85 = 104.7 mm

0.1047

Mn,, = 0.85 % 24 * 0.500  0.1047 * (0.2875 — ) *10°= 251.12 KN .m

use ® =0.9

Mn__* ® =251.12%0.9 = 226 KN.m

Mn,__ * D> Mu=223.1 KN.m

Mn
Kn =
b*d?
* -3
= 247.89*10 _ =6 MPa
0.8*(0.2875)
fy 420

20.6

m = - = =
0.85*fc  0.85*24

B 2mKn
fy

p= L(1 - ,/PM) =0.017
20.6 420

1
p= (- 1 )
m

53



Asreg=p *b *d=0.017* 500 * 287.5 =24.4 cm?>> As min.

® Used?25....... #ofbar=£=5
491

Then we select (5) bars ®25 A provided=5*4.91=24.5cm?

A Check for spacing between the bar

- 500-2*40-2*10-5*25
4

S =68.75Smm >25mm

>db=20mm  .......... OK

A Design of shear
Vu=160.7 KN

Ve = %bw*d - @*500 *287.5%10° = 88.03 KN

0.5* ® Ve= 0.5*%0.75 * 88.03=33.01 KN

Vu 160.7
Vs=— —pc == — 88.03 = 126.24 KN
) 0.75
1. Item1:

0.5*®dVec<Vu<d Ve ( not control )
2. ltem2:

1 1
Vs min 25 bw * d = E 500 = 287.5 = 48KN CONTROL

1 1
Vsmin21—6 fc'bw * d == V24 « 500 * 287.5 = 44KN

®Vec<Vu<d Ve +d*Vsmin  (not control )
3. Item 4:
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1 1
Vs' = 5 J fc' * bw * d=§ J24 %500 * 287.5 =
234.74KN

® Ve +d*Vsmin < Vu <®dVc +d * Vs’ (control)

use 4 leg ® 10 for stirrups ...... Av = 314.16 mm?
o= Avxfy*d 314.16%x420%287.5

=300 mm
Vs 126.23%x1000
Select s = 15cm Szﬁ = LZ'S = 150 mm
< 300 mm ok

e design of beam frame :

beff.=1200mm bw.= 600mm hf =230 mm h =830 mm

- Assume ¢ bar =25 mm
- d=830-40-10-12.5=767.5mm
A design of Positive moments :
Check T-section or rectangular section :
Max Mu = 1150 KN.m ( from staad.pro)

Mn, = 0.85 % fc + bf «hf«(d —)

230

Mn, = 0.85 * 24 1200 * 230 (767.5 - T): 3673.84 KN.m >> 1150

—> The section will be design as rectangular section with b = 12200mm

A Design of Positive moments :
Check singly or doubly section :

X =3/7*d=3/7*767.5=328.93 mm

a=328.93 * 0.85 = 279.59 mm

272'59) = 4296.24 KN .m

M, = 0.85 * 24 * 1200 * 279.59 + (767.5 -

® Mn,, = 0.817 * 4296.24=3510.03 KN .m>>Mu,_ = 1150 KN .m
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e Design the section as singly reinforced concrete section.

Design of Span :

Mu = 1150
Mu
Mn= ——= @ =1277.78 KN .m
)] 0.9
Kn = Mn
b*d?
* 6
o= 1277.78*10 _ ~181Mpa
1200*(767.5)
fy 420

20.6

m = - = =
0.85*fc  0.85*24

1 2mKn
p= (- 1=
m fy

= L (1- \/1——2(20'6)(1'81) )=4.52*107
20.6 420

P
Asreq=p *b * d=4.52*10"* 1200 * 767.5 = 41.63 cm?

e Check for As minimum :

Jfc 1.4
As,, =YL —(bw)d) === (bw)d .reeerrs crreneen (ACI —10.5.1)
i owH)= 2 bwka)
As,, = ﬂ(1200)(767.5) > ﬂ(lzoo)(m?.s)
4(420) 420
As . =3070mm?* >268569mm°............. the larger is control
As_. =3070mm?

As req =41.63 cm’> As_.. = 30.7cm”?

Use @ 25...... #ofbar=w=9®25
491
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Then we select (9) bars ®25 A provided=9*4.91=44.18cm?

A Check for strain :
As*fy=085*f *b*a

44.18*420=0.85*24*1200*a
a=75.8mm

i E—89 17mm

=B 085

c :767.5 89.17><0 003
S 89.17 '

£g = 0.0228 > 0.005

—> Ok (® =0.9)
A Check for spacing between the bar :

600-2*40-2*10-9*25
8

S=

S=34.37mm >db=25mm

A Design of Negative moments :
Max Mu= 1750KN .m ( from staad.pro)

X max = (3/7) *d =(3/7)* 767.5 = 328.93
a= 328.93 * 0.85 = 279.59 mm

279.5

Mn, = 0.85 * 24 % 600 * 279.59 x (767.5 — 222) = 2148.27 KN m

‘use @ =0.9

Mn_, * ® =2148.27*0.9 = 1755 KN.m

Mn__* ®> Mu=1750 KN .m
e Design the section as singly reinforced concrete section.
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Mn

Kn = b*d?
* 6
= 1750*10° /0.0 5 MPa
600* (767.5)°
: fy 420

20.6

m = - = =
0.85*fc  0.85*24

1
o= 1a- 1_2mKn
m fy

)

) = 0.0156

; 1 (1_\/1_2(20.6)(5.5)

" 206 420

Asreq=p *b *d =0.0156* 600 * 767.5 = 71.85 cm?>> As min.

Use ® 25....... # of bar = 4— 15

Then we select (15) bars @25 A_provided=15*4.91=73.65cm?

A Design of shear

Vu= 622 KN
Ve = %bw*d - @*600 %7675 = 376 KN
Vu 622
Vs =— — pc = =—= — 376 = 45333 KN
) 0.75
Item 4:

1 1
VS’=§ Jfc * bw * d=§ V24 % 600 * 767.5 = 752KN

® Ve +d*Vsmin < Vu <d Ve +d * Vs’ (control)

...... use 4 leg @ 10 for stirrups ...... Av=314.16 mm’
Avsfy*d 314.16%420%767.5
S= = =223.7 mm
N 453.33
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d 5
Select s =20cm < ’y = 7677 = 384 cm

< 300 mm ok

N

4.8 Design of Stair : 5.5m

\ 4

A Limitation of deflection :

hmin=3.6/20=18cm

selecth=20cm 2.90m

tand =17/30

$ =295 J ol § :
e Design of flight : Figure (4.10 ): stair plan

A Flight Dead Load computation :-

Plastering (0.03*22*1)/(cos 29.5) =0.76 KN/m

Concrete slab (0.2*¥25*1)/(cos 29.5) =5.75 KN/m
Horizontal mortar 0.03*22*1=0.66 KN/m

Horizontal tiles 0.04*23*1*0.33/0.3 = 1.01 KN/m

vertical mortar 0.03*22*0.17/ 0.3= 0.385 KN/m

vertical tiles 0.03*23*0.17/0.3= 0.4 KN/m
triangle concrete 0.17 *0.25 /2 = 2.13 KN/m
> = 11.1 KN/m

A Flight live Load computation :
Live =5 KN/m** 1 =5 KN/m
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A Factored load :
Qu=12*DL+16*LL=12 *11.1+1.6*5=21.32 KN/m

A Design of shear force :

Max Vu =33.4 KN/m
- d=200-20-6=174 mm

. V24
d* Ve =0.75* @bw *d =075 *T * 174 * 1000 = 106.5 KN >> Vu

- hiscorrect
A Design of moment diagram :

Max Mu = ( 38.4 *2) —( 21.32 *1.8*%1.8*0.5 ) = 42.3 KN.m

Mn
Kn= ——
b*d?
* 6
Kn = 42.3*10 /0.29 - 1.5 MPa
1000*(174)
1 2mKn
p=—(1- [1-)
m fy

|_2(06)15)

p=m( \/ 420 ) = 0.003843

Asreg=p *b *d=0.003843* 100 *17.4 = 6.7 cm?*/m.
As min = 0.0018 * b * h = 0.0018*100 * 20 = 3.6 cm?/m
As req > As min

select ®12@ 15 cm A provided=7.54cm? /m
Tension = compression

As*fy=085*f *b*a
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754*420=0.85*24*1000*a
a=15.5mm

x= 2 =195 18 31m

B, 0.85

g =174183 4 503
S 18.3 '

&g = 0.0255>0.005
—> 0Ok (® =0.9)

e Design of Landing :

A landing Dead Load computation :-

Plastering (0.02*23*1) = 0.46 KN/m
Concrete slab (0.2*25*1)=5 KN/m
mortar 0.02*23*1=0.64 KN/m
tiles 0.03*22*1=0.66 KN/m
Sand 0.07*17*1=1.19 KN/m
>y = 7.95 KN/m

A Design of shear force :
Max Vu = 20.2 KN/m
- d=200-20-6=174 mm

. V24
d* Ve =0.75* @bw *d =075~ p * 174 * 1000 = 106.5 KN >> Vu

- hiscorrect
A Design of moment diagram :
Design of landing 1 :
Max Mu = 17.54*2.65°/8= 15.4 KN.m

Mn

Kn =
"= b*d?
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_ 15.4*10°/0.9

n= ~ =0.565 MPa
1000* (174)
_ 1 ] 2mKn
P (1-.1 fy )

1 “. \/1_2(20.6)(0.565)): 0.0013
20.6 420

p
Asreq=p*b *d=0.0013* 100 *17.4 =2.4 cm?/m.
As min = 0.0018 * b * h = 0.0018*100 * 20 = 3.6 cm*/m

As req< As min

[X]  Design of landing 2 :
. Qu= 17.54 +38.4 = 56 KN/m
Max Mu = 56*2.65%/8=49.16 KN.m

Mn
Kn =
b*d?
* 6
Kn = 49.16*10 /02.9 - 1.8 MPa
1000*(174)
1 2mKn
p=— (- [1-=0)
m fy

| 2(206)(.8)

P~ 06" \/ oo )= 000449

Asreq=p *b *d=0.00449* 100 *17.4 = 7.83 cm?*/m.

As min = 0.0018 * b * h = 0.0018*100 * 20 = 3.6 cm?/m

As req > As min
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Figure (4.11 ): Detailing of stair
4.9Design of Long Column :

Design of Longitudinal Reinforcement :

Select column (C22) for design
Pu=1878 KN

Pn = 1878/(0.65) = 2889.23 KN
Assume pg =15 %

Pn =0.8* Ag{0.85* fc'+pg( fy —0.85fc')}
2889.23=0.8* Ag[0.85* 24+ 0.015* (420 0.85* 24)]

Ag =1368m?

Assume square column

Use 40*40cm with Ag = 1600cm? > Agreq = 1368 cm?

A Check Slenderness Effect :

Klu 34—12% ............... ACI —(10.12.2)

r



Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/,IA:

Lu=3.65m
M1&M?2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.

m<34—12E ............... ACIl —(10.12.2)
r M2

1*3.65
0.3*0.4

..long Coloumn

=30.4>22

Slenderness is consider

=
El =04—% ... [ AC1318—2002 (Eq. 10—15)]
1+ 5,
E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
5 - 12DL _13339 _ .
Pu 1878
*h3 * 3
l, = b*h” _0.4%04" _ 4 50214m¢
12 12
* *106 *
£  0:4*2327015*10° *0.00214 (o0 oo
1+0.71
2
= ”—E'2 ................ ACI 318 2002(Eq. 10—13)
(KLu)

_ 3.14°*15.7

c — m = 1163MN
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Cm :O.6+O.4(%j ............ ACI318-2002(Eq.10-16)

Cm=1..... According to ACI318-2002(10.10.6.4)
5 = Cm
1-(Pu/0.75R,

1
D
" T 1-(1878/0.75%11.63*10°)

>1.0 oo ACI 318—2002(Eq. 10-12)

=13>1

e, =15+0.03*h =15+0.03*400=27mm = 0.027m
e=e, . x5, =0.027*1.3=0.0351

e_0.0351_ 1oq

h 04

From Interaction Diagram
@, 2970 , 145

*

A 0.4*0.6 1000

9

p, =0.01

=1794.4Psi

As=p * Ag = 0.01%400*400 = 1600mm?

Use ® 16 >> # of bar =%010=8

Use 8 ®@ 16 with As =1608mm? >Asreq = 1600mm?

A Design of the Tie Reinforcement :
For ® 10 mm ties :

S <16 db (longitudonal bar diameter)....................... ACI-7.10.5.2
S <48dt (tie bar diameter).
S < Least dimension.

S <16 x1.6 = 25.6 cm 210 U 4@
|

S<48x1=48cm

)
S<40 Use ®10 @25 8016 ~

O

65 Figure (4.12 ): Detailing of column




4.10 Design of Basement wall :

A Loads on basement wall :

gl = Earth pressure soil

ql=y*h*k0

KO =1-sin30=0.5

ql= 18 *4.025 * 0.5 = 36.225 KN/m2

factored load (qu ) =1.6 *gl=1.6 *36.225 =57.96
h wall =30 cm

A Design of shear force :
From atir Vu =75.9 KN

d=300 -20 — 14/2 = 274 mm

. V24
d* Ve =0.75* @bw *d =075~ p * 274 * 1000 = 167.8 KN > Vu

(h=30is correct)

A Design of the Vertical reinforcement :

° In tension side:

Max Mu from Atir =72.1 KN.m
Mn

Kn =
"= b*d?

* 6
= 72.1*10 /0.29 -1.07 MPa
1000* (274)

1
b= (- 1_2mKn
m fy

)

La - \/1——2(20'6)(1'07) ) = 0.0026

420

66



Asreq=p *b *d=10.0026* 100 *27.4 =7.12 cm* m.
As min = 0.0012 * b * h = 0.0012*100 * 30 = 3.6 cm?/m

As req > As min

® |n compression side :

As min = 0.0012 * b * h = 0.0012*100 * 30 = 3.6 cm?/m

A Design of the Horizontal reinforcement :

For One layer :

As min = 0.001 * b * h = 0.001*100 * 30 = 3 cm*/m
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Figure (4.13 ): Detailing of basement wall
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4.11Design of Basement footing :

Total factored load in basement = 1.2* 4*25*0.3 = 36 KN/m
Soil density = 18 KN/m3

Allowable soil Pressure = 400 KN/m?2

Assume footing to be about (30 cm) thick.

Footing weight =1.2 *25 *0.3 =9 KN/m”

Soil weight above the footing = 1.6 *3.65* 18 = 105.12 KN/m?
gallow,net =400 - 105.12- 9=285.9KN/m?2

assumeb=0.8m, h=0.3m

d=300-75-14=211 mm

A Check of One Way Shear :
qult=36/(1* 0.8 )=45KN/m*
Vu = 1* (0.25-0.211 ) *45 = 1.755 KN

: V24
d* Ve =0.75% @bw *d =075 — * 211 * 1000 = 129.2 KN

®* V¢ >>Vu..... (No Shear Reinforcement is Required.)

A Design of Bending Moment:

Mu = 45 * (0.25) >*0.5 = 1.41 KN.m

Mn

Kn =
"= b*d?

_1.41*10°/0.9

n==o = 129 - 0,0351 MPa
1000* (211)

B 2mKn
fy

1
p=—(1- 11 )
m

) =0.0000836

; 1 “ \/1_2(20.6)(0.0351)

" 206 420

Asreg=p *b*d=0.0000836* 100 *21.1 = 0.177cm>?/m.
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As min = 0.0018 * b * h = 0.0018*100 * 30 = 5.4 cm?/m

As min > As req

in lateral direction :
As min =0.0018 * b * h = 0.0018*100 * 30 = 5.4 cm?/m

4.12 Design of Isolated foundation (F10):

factored load = 2200 KN

Soil density = 18 KN/m3

Allowable soil Pressure = 400 KN/m?2

assume h =0.55 m

Footing weight =(24*0.55) =13.2 KN/m?

Allowable soil Pressure net = 400 — 13.2 = 386.8 KN/m?

G < G allow. net
<14 *cnet =1.4*386.8=541.52 KN/m2

- assume square footing

2200
541.52 = =
a

a=2.1 with As = 4.41 m?

220 -498.87
1.2

498.87 <541.52 ....(ok)

A Design against sliding :
Hor. Force = 0.0 ( not required to check)
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A

Design of reinforcement concrete :

® Check for one way shear:

Cover =75 mm, ® =14 mm , thickness = 550 mm
d=550-75-14 =461 mm

Vu=0.389 *498.87 * 2.1 =407.53 KN

. V24
d* Ve =0.75* gbw *d =075 *7 * 2100* 461 = 1355.06 >> Vu

So his correct.

®  Check for two way shear action (punching):
d=461 mm

Vu = 2200 —(498.87* 0.861°) = 1830.18 KN

The punching shear strength is the smallest value of the following equations:

V. =¢.1(1+3j\/ f.'b.d
6 B
1 « '
V. =g~ % 42/t bd
¢ Cc ¢ 12(b0 /d + J [ (o]
¢'\/C :¢'§ V fc,bod

Where:

B Column Length (a) 40
¢ ColumnWidth (b) 40

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

b, = 2(d +al) + 2(d +a2) = 4(400+ 461) = 3444mm
%s =40 for interior column

PN = ¢%£1+ ﬁi}l fc'bod = %*{u%)* 24*3444* 461=194451KN

c

* 2 *
oV, = g2 %79 o] [t b,d = OT5[ 807481 o Ve 2gx3444% 461 3575.1KN
12{ b, 12 3444

0

PV, =¢.%\/ f'b,d =%* 24 *3444* 461 =1944,5KN
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¢V, =19445KN .... Control
Vu =2200*{498.87 - (0.861*0.861)} =1830.18kN
¢Vc =19445KN >Vu =1830.18KN........ satisfied

e Design of Bending Moment:

Mu = 498.87*2.1*0.85° / 2 = 378.455KN.m
Mu = 378.455.m

d =550-75-14=461mm

Mn  (378.455/0.9)x10°

Kn=—u>= —— =0.942Mpa
b*d 2100x 461
no Py 420 .
0.85fc’  0.85x24
1 2mKn
p=—(-[1- )
m fy
ot (1_\/1_2><20.6><0.942):2.297X10_3
20.6 420

As,, =2.297x10° x 2100x 461=2223.73mm"

As,. =0.0018*2100*550 = 2079mm?

As,, =222373mm* > As .. =2079mm*

222373 _,

#of bar = =
153.94

Select 15 @14 A provided = 2309.1mm?

A Check for strain :

As*fy=085*f *b*a
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> Ok

2309.07*420=0.85*24*2100*a
a=22.64mm
a 2264

*=B 085

o =461-26.63 543
S 26.63 '

£g = 0.0489 > 0.005

=26.63mm

(® =09)

3
L®lm o % N mﬁ
7 - @4T22 % 4 ~ m
4 % . 4 ; 8 o
[ = Fia(ll T = = ,B
= k i TA_L_A_I_‘ 1 ad E =
T22 N g %
Grs1] — =
L 2.10 L [
4 Il
@D3T22
]ﬂf T
o {' sectlon A A
Figure (4.14): Detailing of isolated foundation
4.13 Design of solid slab:
System of one way solid slab :
1 2 3 4 5
1 2 3 4
|:: A 1 A 1 A 1 A ::|
05 1.65 0.8 5.5 0.8 5.65 0.5 3.8 0.5
H s — Py — Py i s —
| | | | |
I I I I |
23,
100.
A-A

Figure (4.15): system of one way solid slab
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A Determine thickness of slab :
- For both end continues h =630/20 = 22.5 cm .... Control

- For one end cont
- Select h=23cm

inues h =430/24 =17.9 cm

A Calculation of slab loads :
- Calculations of service dead loads :

Plastering

(0.02*23*1) = 0.46 KN/m

Concrete slab

(0.23*25*1)=5.75 KN/m

mortar 0.03*22*1=0.66 KN/m
tiles 0.03*22*1=0.66 KN/m
Sand 0.07*17*1=1.19 KN/m
> = 8.72 KN/m

- Calculations of service live loads =5*1 =5 KN/m
- Factored load onslab=1.2 * 8.72 + 1.6 *5 =18.46 KN/m

A Shear — Moment Envelope Diagram ( factored ) :

( From Atir program )

Moments: spans 1to 4

-66.7

-49.7 -44.4 /\ -44.4 ;238
. . . -40.3 . -41.8
36.1 A ,gg
) (111 2.0 | | 12. |
e o 1.99 152 -
|\'\—/ | T T | T T | T
0.95/0.93 1.09 6.8;\/7/
4. 1.03 0.96 1
26.8
39.3 38.9
0.69 1.61 | 3.15 3.15 | 3.15 ‘ 3.15 | 258 | 172 |
Shear
-59.5 -56.2
o -49.1 -48.5
31 -30.7
315 .
-9
B —— H H
119
45.4 49.1 42.6
- 50.4
55.8 59.5

Figure (4.16)

: Shear — Moment diagram for solid slab
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A Design of shear :
(b=100cm ,h=23cm,d =19.6 cm, ® =14mm)

Max Vu =49.1 KN

- V24
d* Ve =0.75% @bw *d =075 — * 1000* 196 = 120>> Vu

-h is safe .
A Design of bending moment :
Max Mu = 44.4 KN/m
d =230-20-14=196mm

Mn  (44.4/0.9)x10°

_ — =1.28Mpa
b*d? 1000x1962 P

Kn

M= Fy 420
0.85fc' 0.85x24

1 2mKn
p=—@- 1- )
m fy

\/1_ 2x20.6x1.28

=206

p:i(l— )=3.16x10"°

20.6 420

As ., =3.16x107° x100x19.6 =6.2cm” / m
As,. =0.0018*23*100=4.14cm? /m

As,, =6.2cm*/m > As ;. =4.14cm?/m

Select @14 -20 cm A, provided=7.7cm? /m

A Check for spacing :
- Min. $=25+1.4 =3.9cm Control

S >22*1.4=28cm
S provided =20 cm >S min.=3.9 cm

- Max.S <3*230=690 mm
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S< 450 mm

S provided =20cm <45cm

4.14 Design of shear connectors in composite beam :

Note : we designed a composite beam for the theater slab for a clear
span of 12 m by using E-tabs program, and the sections of steel beam

where : (W21 *51) and ( W21*48) as shown in figure :

Figure (4.17): composite beam section

- The section of composite steel is (W 21*50)

- Use fc’ =3.5Ksi, Fy = 50 ksi

- Use (3/4") studs , gives Asc = 3.14*(3/4)* / 4 =0.4418 in’.
Ec=(145)"°* V3.5 = 3266.53 Ksi.

Qn=0.5*Asc * \/Ec * fc’ =0.5 *0.4418 * v/3266.53 * 3.5 =23.6 kips
n= As*Fy
Qn

- From table (1.1) (American Institute of steel Construction, INC)

We find As for (W21*50), As =14.7 in’.
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n=14.7 *50 /23.6 =31.14

select 32 studs.

Try two studs at each location .

Determine of spacing between studs :

P=L*12/n (ateachside)
P=41%*12/32=15.38"...SelectP=15"

Max. P =8 * ts = 8*8 = 64"

Min .P = 6 * diameter of stud =6*3/4=4.5"

Min P< P ( Provided ) < Max. P ( Ok)

Where :

Asc : cross sectional area of stud shear connectors.

Ec : modulus of elasticity of concrete .

Qn : the nominal strength of one stud shear connector imbedded
in solid concrete .

n: number of stud at each location.

P : spacing between studs.

Note : for (w 21*48) we calculate n = 30 but we take n for both

section (w21*48) and ( w21*50 ) n= 32 for each location.

4.15Design of shear wall :

hy=13m,L,y=69m
d<0.8*L,=0.8*6.9=5.52m... control
d <0.8*h, =0.8*13=104m
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A /
4m H.f
130.8 /
22 fﬁ
522.4
X /
45m J'II.
203.66 /
/
1438.87f
45m /
294 /
2761.9/

4,18 Shear force and moment on the wall from ETABS

Ly/2=345m...... control

he/2 =6.5m
A Design horizontal reinforcement :
J fc

V=5 xbxd
V, = \/623_4 x 200x5520=901.4KN (control)
V., = L fc' xbxd N N, xd

4 4xL,

N, = 0.0KN

V,, = V24x200x5520 1365 191y

Mu(1) = 1438.87 + 294* (4.5 — 3.45) =1747.4kN.m

2x N
I f' u
o W(V “T th _hxd

V., = + ~
; 2 M,@) 1, 10
v, 2/
v |2, 3.45(24 +00) | 200x5520 o

2 <294—6'9>
2

So thickness of wall is safe.
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A Design for horizontal reinforcement :
A,, min.=0.0025*s*h

A, =2 D10 = 158 mm?

(2 79) _05
S

S=316 mm
Smax < L,/5=6900 /5 =1380mm

<450 mm
< 3 *h=3*200= 600 mm
Take s = 300 mm < s max

Select @10 -30 cm

A Design for Vertical reinforcement:-

Aw = {0.0025+ 0.5[2.5 - T—WJ*(% - 0.0025}* s*h

w 2

Avh =2 ® 10 = 158 mm?

*
Aw = 0.0025+0.5(2.5—Ej*(ﬂ—0.0025] *s*200
6.9/) \300*200

Avv =0.0025*s*h

[M] =053
S

Aw =2 ® 10 = 158 mm?

S=298mm

Smax < L,/3=6900 /3 =2300 mm
<450mm

< 3 *h=3*200=600 mm
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Take s =250 mm < s max

Select @10 -25 cm

A Design of bending moment:

C> [ Lw ) _ 5900 _ 1 64536mm

0.007*600 4.2

length of boundary element=C-0.1xL,
length of boundary element=1642.36-0.1x6900=952.86mm

C 164286

== = 821.43mm
20 20

SelectTheboundaryelement = 960mm

_2*79

Avs= L—‘iv x AS, ——> x 6900 = 4360mm>

S

Z 1
Lw  2+0.85*% B* fc*Lw*h/(As* Fy)
z ! = 0.0664

LW 2+0.85x0.85x 24 x 6900x 200/(4360.8 x 420)

Muv = 0.9 x Fy x 0.5x As x LWX(l_(AD
Lw

Muv =0.9*420*0.5*4360.8x 6900* (1 (0.0664/2)) =5498.2 KN.m
Muv > Mu

So Boundary is not required .
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Figure (4.19): Detailing of shear wall
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