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Project Abstract

The summary of the idea of this project, is to prepare a structural design of a general
hospital , consisting of all facilities that should be available in any optimum medical

center .

This building is consisting of 5 floors with a nice elevation, which reflecting the medical
face of the building, on the other hand , no doubt that the structural design at a same level
of importance of architecture one ,by supporting the building with a structural element

,which will be designed according to ACI code.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the building.
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.
e A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

e At =area of one leg of a closed stirrup resisting tension within a (S).

e b = width of compression face of member.

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C;=compression resultant of compression steel.

e DL =dead loads.

e d =distance from extreme compression fiber to centroid of tension reinforcement.
e Ec = modulus of elasticity of concrete.

e fc'=compression strength of concrete .
e fy =specified yield strength of non-prestressed reinforcement.

e h=overall thickness of member.

e 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.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn=nominal axial load.

e Pu = factored axial load

Xiii



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.

&5 = strain of compression steel.

p = ratio of steel area .
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

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

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Two Way Ribbed Slab .
4-8 Design of flat plate .

4-9 Design of stair .

4-10 Design of column.

4-11Design of basement wall.

4-12 Design of shear wall .

4-13 Design of Isolated footing

4-14 Design of well .
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4.1 Introduction:-

The project consists of several 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” and “STAADpro” to find the internal forces, deflections and moments

for the all structural element in order to design them.

4.2 Determination of Slab Thickness :-

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:

hnmin for one-end continuous = L/18.5
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=581/18.5=31.5cm.

hmin for both-end continuous = L/21
=580/21 =28 cm

The controller slab thickness is 31.5 cm.

Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.

4.3 Determination of factored Load :-
4.3.1 Determination of Dead load:-

Tiles - 0.03*%0.52*23 = 0.359 KN/m.

Mortar - 0.02*0.52*22 = 0.229 KN/m.

Sand Fill 20.12*0.52*16= 0.998KN/m.
Topping = 0.08*0.52*25 = 1.04 KN/m.

Block = 0.4*%0.24*9 = 0.864 KN/m.
Plaster = 0.02*0.52*22 = 0.229 KN/m.
Partition=> 1.5*0.52 = 0.78 KN/m.

Rib—>0.12*0.24*25= 0.72KN/m.

Nominal Total Dead Load =

5.24kN/m of rib

Nominal Total live load =5 * 0.52 = 2.6kN/m of rib
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4.3.2 Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1.2*5.24 = 6.29 KN/m.

Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m.

4.4Design of Topping:-

Dead load of topping =
0.03* 23 (tiles)
+ 0.02 * 22 (mortar)
+ 0.12*16 (sand)
+ 0.08 * 25 (slab)

+ 1.00 * 1.5 (partitions’) = 6.55 KN/m2.

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

=1.2*6.55+ 1.6 *5=15.86 KN/m% (Total Factored Load)

q, *I°
Mu =
> 12

=0.21KN.m.

=15.86*0.4° /12
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2
> Mn=0.42./fc' *%

* 2
=0.42 /24 *M =2.19KN.m.

¢*Mn=0.55*2.19 =1.2KN.m.
¢*Mn=1.2> Mu =0.21KN.m.

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

For the shrinkage and temperature reinforcement:
p =0.0018

As = p*b*h=0.0018*1000*80 =144mm>.

Use ®8 @ 20 cm c\c in both directions.

37



4.5 Design of Rib :-

1 2 3 4
1 2 3
A " A ' A
07 5.81 1 5.3 1 5.67 LE:
' . ' 6.66 ' . ' 6.8 ' . ' 6.57 ' .
I 52. T T 1
3z
1Z.
A
Figure (4-2): Rib geometry.
h2.
2.
12.
A-A
Figure (4-3) : Rib Section
load group no. 1
Dead load - Service Units:KN,meter
5.24 5.24 5.24
6.66 638 657
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
6.66 638 657

Figure (4-4) : loading of Rib 1
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Momenis: spans 1to 3

-50.4 -49.4
2306 -32.8 -31.9

| 83 1.8
I | [

! 1‘.09i1.j'3 i i1.d'r
v 1.32
224

40.5 39.5
| 266 4, | 34 , 34 | 3.94 2683 |
I T 1 T T T 1
Figure (4-5) : Moment Envelop of rib 1.
Shear
42.4
-37.6
-34.2 294 -28.8
— T f T T t |
225
291 29.6 336
379 413

D timane

Figure (4-6) : Shear Envelop of rib 1.

4.5.1 Design of flexure :-

d= 320-20-8-6= 286 mm.
Mu(+) = 40.5kN.m
beff<= 520 mm. (control)
<=5.67*1000 \4 = 1417.5 mm.
<=16 * 80 +120 = 1400mm.

=>beff =520 mm.
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$*Mnf =0.9*0.85*24*0.08*0.52*(0.286 —0.08\ 2) =187.9KN.m.
¢*Mn >mu
187.9>40.5

—rectangular section.

4.5.1.1Design of Negative moment of rib 1:
Maximum negative moment Mu = 32.8kN.m

Mn = 32.8/ 0.9 = 36.45kN.m

m = fy - = 420 = 20.6
0.85* fc 0.85*24
Mn 36.45*10°°
Kn = 5= >=3.71Mpa
b*d 0.12*(0.286)
1 2mKn
p=—(1- 1- )
m fy

p= i (1- Jl_w ) = 0.00983
20.6 420

As = 0.03098 (120) (286) = 337.3mm?

fc' 14
As,. =Y (bw)d)2 =2 (bw)d errrrreerrrrnne (ACI —105.1)
2 wle)= 2 k)
N 24 14
As . =——(120)286)> ——(120) 286
As . =100<1144. . ... the larger is control

As_ . =114.4mm’
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387mm?> As . =114.4mm?

# of bars = As/ As ,, = 387/ 200=2bars * Note Agis = 200 mm?2

e Check for yielding

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

402*420 = 0.85*120* 24*a
a=68.97mm
c= 28897 o1 1amm
B, 085
L _286-8114
*T 8114
¢, =0.0076 > 0.005

X0.003

OK

4.5.1.2 Design of Positive moment of rib 1

Maximum positive moment is Mu = 40.5kN.m

Mn =40.5/0.9 = 45kN.m

fy 420
m = - = =20.6
0.85* fc 0.85*24
Mn 45*107°
Kn = = =1.06Mpa

b*d? ~ 0.52*(0.286)>

2mKn
fy

1
P—E(l- 1- )
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) = 0.0026

; 1 - \/1_2(1.06)(20.6)

206 420

As = 0.0026 (520) (286) = 387 mm>

B Jfc 1.4
As. = W) (ow)d)> Y (V00 (C ) W (ACI -10.5.2)
V24 1.4
As,. = m(lzo)(zsa) > 4—20(120)(286))

As.. =100<114.4
As, ;. =114.4mm?

387mm?> As . =114.4mm?

# of bars = As/ As ,, = 387/200 = 2 bars * Note Agis = 200 mm?

e Chick for yielding

Tension = compression

As*fy=085**b*a

402*420=0.85*520*24*a

a=15.92mm

c= 2 15915 73mm

S, 085

. 286 —18.73
° 18.73

&, =0.043>0.005

X0.003

ok
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4.5.4 Design of Positive moment of rib 1
positive moment = 22.4kN.m
Mn =22.4/0.9 = 24.9kN.m

fy 420

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

Mn 24.9*10°°
Kn = ;= > =0.60Mpa
b*d 0.52*(0.286)

2mKn
fy

1
p=—(1- 1-550)
m

p= L - \/1— 2(0.6)(206) ) = 0.001447

206 420

As = 0.001447 (520) (286) = 215.2 mm®

As i = E(bw)(d)z %(bw)(d) .................... (ACI -10.5.2)

4(1y)

J24 1.4
A, = M(lzo)(zses) > m(120)(286))

As. =100<114.4
As . =114.4mm’

2152mm?%> As . =114.4mm?

min

# of bars = As/ As p, = 215.5/113 = 2 bars * Note Apjr = 113 mm?
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Chick for yielding

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

226*420=0.85*520*24*a

a =28.95mm
c= 2 -89 _1053mm
B, 085
&, = MXO.O%
10.53

g, =0.080 > 0.005

ok

4.5.2 Design of shear of rib 1

dVe= P * —";wa*d

= 0.75* g 0.12 * 0.286*1000

=21 KN

1.1*® Ve=1.1*¥21 =23.2 KN.

Check for items:-
1/ Vu<® Vc/2
342 < 11.55 ( X
2/ ®Ve/2<Vusd Ve
11.55 <342 < 232 (X
3/ ®Ve<Vu<® Vc+ ® Vsmin

23.2<34.2< 318 ( X

)

)
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® Vsmin > 0.75 (%) *bw*d =0 .75*(%)*0.12 %0,286 *1000= 8.6 KN. (control)

> 0.75 (\/ﬁ *pw*d =0.75* % *0.12 * 0.286 * 1000 = 7.9 kn.

16

@ vsmin = 8.6 KN.

[

4 ®Vc+dVsmin<Vu< & Ve + (DT *bhw *d

318 < 342<65 (V)
So item(4) satisfy
Take Av=2® 8=2*50
Av/s= Vs/ty *d
2*50/ s =17.6 /1286*420 - $=683 mm
S < d/2143 mm
<600 m.

Use ®8 @ 12.5 cm c/c for 100 cm after the critical section and @ 8 @ 30 cm c/c at the

mid. .
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Calculation for 100 cm from the critical section.

Shear

342 394 288

9.1 295 336

4138
42+29.1 j 42.4

b.66 *
118Ve = 232

42.4

| 3,95 y
3.95

Y = 1.8 m ( from triangle similarity ).

2>s5=18-0.5-0.286=1m=100cm.
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4.6 Design of Beam :-

Geometry Units:meter,cm

1 2 3 4 5
1 2 3 4
| I | I | I
A A A
0.3 4.95 06 2.65 06 4.05 0.6 3.03 0.3
‘ | ‘ 5.4 ‘ | ‘ 3.25 ‘ | ‘ 4.65 - 3.48 o
I I I I |
32
100.
A-A
Figure (4-7) : Beam Geometry
load group no. 1 Loading
Dead load - Service Units:kN,meter
.00
67.8 67.8 67.8 618
31.0 [31.0 9.0 19.0
V Vi \/ UUW Vi Vi /A \/ \/ V 5% V
43¢ 103 fo.65 194 0.6 1.02 V3.63 3.48
I I I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
33.6 1 33.6 33.6 33.6
154 15 GG G5
4.37 1.03 10.65 1.94  0.66] 1.02 3.63 3.48
[ [ [

Figure (4-8) : Load of beam
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Moments: spans 1to 4

-274.6

-172.2 -181.8
| /l\% |

' 113
[ M| |
' "Tois \ﬂ/
468 %HO 79 5
130.4
191.4
216 3596 3.24 195 | 13 233 | 233 | 200 | 139 |
[ [ [ [ [ [ [ [ |
Figure (4-9) : Moment Envelop for Beam
Shear
-389.3
-349. -363.
-281.4
-194.5
1262 158 -134.5
4 ! ! ! J ! ! ! !
I I I I I I I |
262.9 2773 237. 2356 2088 249.2
322.8 ' 330.9

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

b, =100cm,h = 32cm
d =320-40-8-8 =264mm

Mu = 359.6 KN .m

O
1
~N|w

d= ;*264:113mm.

a=B*=0.85*113=96 mm.
Mnmax = 0.85* fc *a * b * (d- a/2)
=0.85*24 *0.096 * 1 * (0.264 — 0.096/2) = 423 kn.m

® Mn =0.82 *423 = 346.86 kn .m
® Mn < 359.6 kn.m
The section is doubly
Mns= (Mn\ ®) — Mnc

=(359.6\0.82 ) — 423 = 15.54 kn.m
d'=60mm
Ts'=15.56 /(0.264-0.06) = 76.27kn .

113-60
113

Fs'= 600 =281.42 <fy .... Ok

T 76.27
fs—0.85fc' ~ 281.42—0.85*24

*1000 = 292.2 mm2.

49



T=Cc+Cs
=0.85*fc'*a*b +Cs
=0.85* 24 * 1 *0.096 * +76.27 = 2034.7 kn
As = (2034.7 /420)*1000 = 4844.52 mm ?
# ofbars=18.99 =19 .. ... As=19* 255=4845 mm 2

Use 190 18

Mu=191.4KN .m
d Mn >Mu

346.86>1914 ....... Design as singly

fy 420
m = - = =20.6
0.85* fc'  0.85%24

Mn _ (191.4/0.82)*10°°

Kn= 7= 5 = 3.35Mpa
b*d 1*(0.264)
1 2mKn
p=—@1- [1- )
m fy
p= L (1- \/1— 2(3:35)(20.6) ) = 0.000877
20.6 420
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As = 0.000877 (1000) (246) = 2157 mm?

As. = Jre (ow)d)> % (V00 (C ) W (ACI -10.5.2)

4(1y)

As.. = 769> 880
As,;, =880mm’

2157 mm? > As . = 880mm’

# of bars = As/ As , = 2157/254 =9 bars * Note Ag;s = 254 mm?2

. Check for yielding
Tension = compression
As*fy=085* b*a

2286*420 =0.85*1000*24*a
a=47mm
c=2 24 _554mm
B 0.85
o 264 -55.4
) 55.4
& =0.011>0.005

X0.003

ok
Mu= 130.4KN .m
d Mn >Mu

346.86>1304 ....... Design as singly

51



fy 420

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

* -3
oo M _ (1304/082)%10°

b*d?  1*(0.264)

2mKn

y )

p=l(1- 1-
m

o 1 ‘- \/1_ 2(2.28)(20.6) ) = 0.0067
20.6 420

As = 0.00577 (1000) (246) = 1419.8 mm?

As. = % (ow)d)> % (V00 (C ) W (ACI -10.5.2)

As_. =769>880
As,;, =880mm’

1419.8mm?> As . = 880mm’

# of bars = As/ As ,, = 1419.8/201 = 7 bars * Note Agi = 201 mm?

. Chick for yielding
Tension = compression

As*fy=085* b*a
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1419.8*%420 =0.85*1000*24*a
a=29.23mm
0251222£§:3439mm
p 0.85
_ 264-34.39

&
? 34.39
g, =0.020 > 0.005

X0.003

Ok
Mu=13.8KN .m
d Mn > Mu

346.86 >13.8 ....... Design as singly

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

Mn _ (13.8/0.82)*10°°

Kn = > = >—=0.24Mpa
b*d 1*(0.264)
1 2mKn
p=—(@1- 1- )
m fy

o=t - Jl_w ) = 0.00575
20.6 420

As = 0.00575 (1000) (246) = 151.8 mm?

As,, :E(bw)(d)z%(bw)(d) .................... (ACI -10.5.2)

Ay

As,, =769 >880

As, . =880mm’
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151.8mm?< As_. =880mm’  (design on minimum)

# of bars = As/ As 5 = 880/113 = 8 bars * Note Agpx = 113 mm?

*Check for yielding
Tension = compression
As*fy=085* b*a

904*420=0.85*1000*24*a
a =18.61mm
c=i=%=21.9mm
p 085

264-219

& =——
219

&, = 0.0330 > 0.005

X0.003

Ok

4.6.1.2 Design of negative moment

Mu=280.7KN .m

® Mn > Mu
346.86 > 280.7 ....... Design as singly
fy 420

m = = =20.6
0.85* fc'  0.85*24
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Mn _ (280.7/0.82)*10°

Kn = 5= 5 =4.91Mpa
b*d 1*(0.264)
1 2mKn
p=—(1- 1- )
m fy

L. Jl_w):om%

P~ 206" 420

As = 0.0136(1000) (246) = 3345.4 mm?

T s 2 (ow _
As.. _4(fy)(b Xd)> fy(b ) (1 (ACI -10.5.2)

As,, =769>880

As . =880mm?

min

3345.4mm?> As_. = 880mm’

# of bars = As/ As p,, = 3345.4/255= 13 bars * Note Ag;g = 255 mm?2

. Chick for yielding
Tension = compression

As*fy=085* b*a
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3345.4*420 =0.85*1000*24*a
a=68.86mm
oo 2 6886
g, 0.85
_ 264-81

S

&, =0.0068 > 0.005

81mm

X0.003

Ok

Mu=119.3KN .m
® Mn > Mu
346.86 >119.3 ....... Design as singly

fy 420

m = = =206
0.85* fc 0.85*24

Mn _ (119.3/0.82)*10°°

Kn= 5= > = 2.09Mpa
b*d 1*(0.264)
1 2mKn
p=—(1- 1- )
fy
p= —1 1- \/1——2(2'09)(20'6) ) =0.00526
20.6 420

As = 0.00526(1000) (246) = 1389 mm?

As.. =£(bw)(d)2%(bw)(d) .................... (ACI —10.5.1)

4(1y)

As,, =769 >880

As,.. =880mm’
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1389 mm?> As . =880mm’

# of bars = As/ As ,, = 1389/254= 6bars * Note Ap1g = 254mm?

. Chick for yielding
Tension = compression
As*fy=085* b*a

1389*420 = 0.85*1000*24*a
a = 28.6mm
o :E :@ =33.64mm
p 0.85
_ 264-3.64

%= 3364
¢, =0.02 > 0.005

X0.003

Ok

Mu= 181.8KN .m
® Mn > Mu
346.86 > 181.8....... Design as singly

fy 420

m = = =20.6
0.85* fc'  0.85*24

Mn (181.8/0.82)*10°®
= =3.2Mpa

Kn = 5 >
b*d 1*(0.264)
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2mKn
fy

1
p=—(1- 1- )
m

oL (1_\/1_2(3.2)(20.6)):000833

206 420

As = 0.00833(1000) (246) = 2200.32 mm?

VT > 4 ow _
As.. _4(fy)(b Xd)> fy(b ) (] — (ACI -10.5.2)

As,,, = 769 > 880
As,.. =880mm’
2200.32mm? > As . =880mm’

# of bars = As/ As ,, = 2200.32/255= 9 bars * Note Agig = 255mm?

. Chick for yielding
Tension = compression
As*fy=085* b*a

2295*420 = 0.85*1000*24*a
a=47.3mm
o2 473
B 085
 264-59
*T 59
&, =0.01>0.005

59mm

& X0.003

Ok
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4.6.2 Design of shear

Vu = 349KN

\/@bw*d

OVe=O* ——
6

24

= 0.75* 5 1* 0.264 *1000
=161.67 KN

® Ve +(2/3) o * bw*d = 161.67 + 646.67 = 808.33 KN .

, fc!
6
808.33 > vu= 349 KN. - the dimension is big enough .

Check for items:-

1/ Vu<® Vc/2 ( X )

2/ ®Ve2<Vu<dVe (X )

3/ ®Ve<Vu<dVe+dVsmin ( X )

® Vsmin > 0.75 (%) *pw*d =0 .75*(%)*12 *0.264 *1000= 66 KN. (control)

2 0.75(\/ﬂ *pw*d =0.75* % *1*0.264 * 1000 = 60.62 kn.

16
@ Vsmin = 66 KN.

fc
4 ®Vc+dVsmin<Vu< & Ve + @T *bhw *d
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227.67 < 349< 485 (V)

So item (4) satisfy

Take Av=4 ® 8 =4*50

Av/s = Vs/fy *d

4*50/ s = 250 /264*420 - s=88.7mm

S < d/2=132 mm

<600 mm.

Select S=7.5¢cm
Use @ 8 (4legs) @ 7.5cm c/c for 115cm after the critical section and @ 8 (4legs) at

( 125 )cmc/c at the mid .

Calculation s for the 115 cm from the critical section.

389.3 7171
x 5.40

from tnangels sumhraty
x=295m

60



5 Ve =161.67

2.95.y ¥

from triangels sonilivaty

v=1.72m

S=172-0.3-0.264 = 0.956 m = 115 cm.

Vu =237 KN
808.33 > vu= 237 KN.
Check for item 4 :-
227.67<237<485
So item (4) satisfy
Take Av=4 ® 8 =4*50
Av/s = Vs/fy *d
4*50/ s = 100.44 /264*420
S < d/2=132 mm
<600 mm.

Select S=12.5cm

- s =220.8mm
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Use ®8 @ 12.5cmc/c.

Vu =281.4 KN
808.33 > vu=281.4 KN. - the dimension is big enough .
Check for item 4 :-
227.67<281.4<485
So item (4) satisfy
Take Av =4 ® 8 =4* 50
Av/s= Vs/fy *d
4*50/ s = 159.64 /264*420 - $=139mm
S < d/2 =132 mm (control)
<600 mm.
Select S=12.5cm

Use ® 8 @ 12.5c/c for 1.05m from the critical section .

Calculations for the 1.05m from the critical section.

3893 5986
* 4.66

from triangels similiraty
x=2.83
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L
k=)
L]

75 * Ve =161.67 /

283y y
from tnangels sumliraty

¥=1l6m

S=1.60-0.3-0.264 =0.84 m =1.05m

Vu = 249.2KN
808.33 > vu=249.2 KN. - the dimension is big enough .
Check for item 4 :-
227.67<249.2<485
So item (4) satisfy
Take Av=4 ® 8 =4* 50
Av/s= Vs/ty *d
4*50/ s = 116.7 /264*420 - $=190mm

S < d/2 =132 mm (control)
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<600 mm.
Select S=12.5cm

Use ® 8 @ 12.5c/c.
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4.7 Design of Two way ribbed slab :-

4.7.1 Check Thickness of the slab:-

®
8 ]

0000000000
0000000000
000000000
00000000
OEACCen

O
=

O
O
=

O
O
O
g
O
O
O
O
O
O

O]
O
O
O
5

|
|
|
|
|
|
|
|
|
|
Qoo

N O O O O

O
O
O
O
U
B

Figure (4-11): Two way ribbed slab

** Check the thickness for 72-60-61-79-74-73 slab :-

_ Ibeam
Islab1

(04]
Iy = % «0.8 x (0.32)3 = 22 « 10~

104
IEELLE (% n 0_8) =44.1%107*

oy = 0.5

_ I beam
Islab2

(0%
Iy = % «0.8 % (0.32)3 = 22« 10~*

I, = = 5.96x10~%
$2 0.52

. (% + 0.8) — 413 %10~*

oy = == = 0.533

41.3
oz=0q4 =05

_ I beam
Islab3

Og4 —
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Iy = % «0.8 % (0.32)3 = 22« 10~*

_ 5.96x10*

5.6 — -4
= 2250 *(2+0.9) = 424 %10

lps = 1—12 £0.9 % (0.32)3 = 24.6 x 10~*

24.6
os=—=0.58
42.4
«1+oc2+x3+oc4 _ 0.5%2+0.58+0.533
4 4
6.11 (0.8+ —22
1400 —
36+5(%2)«(0.53-0.2)

32cm > 18 cm

So select h =32 cm

4.7.2 Load Calculation :-

4.7.2.1 Determination of Dead load:-

No. Parts of slab ~ Calculation

1 Tiles 0.03*0.52%*23 = 0.187 KN/Rib .
2 Mortar 0.02*0.52%*22 = 0.119 KN/Rib
3 Plaster 0.02*0.52*%22 = 0.119 KN/Rib .
4 Sand 0.12*0.52°*16= 0.519 KN/Rib
5 Topping 0.08%0.52%*25 = 0.541 KN/Rib
6 Block 0.4%*0.24*9 = 0.346 KN/Rib.
7 Rib (0.52+0.4)*0.24*25*0.12= 0.662 KN/Rib
8 Partition 1.5*0.52% = 0.406 KN/Rib

2.847 KN/Rib

Table (4-1): Calculation of two way dead load
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Nominal Total Dead Load = 2.847 KN/Rib
2.847/(0.52%) = 10.53 KN/m?
Nominal Total live load = 5 KN/m?
4.7.2.2 Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1.2*10.53 = 12.64 KN/m”.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m?.

4.7.3 : Design of two way ripped slab:
4.7.3.1:findVuonrib :-

Vud = (2.8—0.278) x (12.636 + 8)x 0.52 = 27.06KN / rib
VU = (2.8—1) x (12.636 + 8) x 0.52 = 19.32KN / rib

AC = %\/ﬂx 0.12x 0.320 x 1000 = 23.52KN

1.14Vc =25.87 KN

#Vs min =§bw><d z%xﬁxbwm

smin = 0.75 x0.12x.278x1000 = 8.34
3

> 01'25 x /24 x0.12x0.278x1000 = 7.66

item : 3

gV <Vu < gVe + gVs min
25.87 < 27.06 < 25.87 +8.34
25.87 <27.06<34.21
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s<600<d/2---278/2 =139mm
&lebw

s 3xfyt

AV 1x0.12 24

—_—2 > X
S 3x420 16x420
Av

— >0.0000952 > 0.0000875
S

AV
S
o 2x50*10°
S

0.12

=0.0000952

=0.0000952

Then use 2 ® 8 @ 12.5 cm c/c for 1m from the face of the support & ® 8 @20 cm for

middle space .

4.7.3.2 : Design for positive moment :
L./L, =5.60/6.11 = 0.902
Ma-+ve=[Cadl.W.La?%]
Ma+ve=[0.045x12.636x5.6 *+0.045x8x5.6°]x0.52= 15.14 KN.m
Ma+ve=[0.029%12.636x6.11 2+O.029><8><6.112]><0.52:11.62 KN.m
Maximum moment is Ma+ve=15.14 KN.m
**Check 2 ® 14 for positive moment:
d=320-20-8-14 =278 mm
Tension = Compression

A x fy=0.85xf 'xbxa

308x420=0.85x24x520x a
a=12.19mm

12.19
c=—"""-
0.85

=14.34

68



_ 278-14.34

& % 0.003 = 0.055 > 0.005...0k
14.34

dMn=As*fy*(d-al2)
=0.9%2* 154 * 10°*420 *( 0.278 — 0.0122/2) *1000=22.14 KN.m
® Mn =31.66 > Mu = 15.14
Ok ...
By using the table in ACI .... The value of negative moment at case 1 =0

So use 2910 at supports .

®)

()

Q/2=1 0L#ell

oeL=1 0lees

12410 =270 T2E10 L=2704

g

B2d14 L=700

0LZ=1 Qleel

Figure (4-12): Reinforcement of two way
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4.8 Design of flat plate:-

4.8.1 Determination Thickness for flat plate:-

As shown in the figure below, which show the location of the flat plate on the plan

,50 before starting design , we shall calculate the thickness of the slab according to the
equation For flat plate without drop panels with no edge beams, minimum slab thickness
equal:

:

- v -
-
.
-
LR RS S

a
’

Figure (4-13): Location of flat plate

Nmin = LN /33 =7.7/33=0.243 m

So use h=25 cm
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4.8.2 Load Calculation:

Calculation of the total dead load for flat plate slab is shown in the following table (4-2)

No. Parts of slab  Calculation

1 Tiles 0.03*1*1*23 = 0.69 KN/ m?,
2 Mortar 0.02*1*1*22 = 0.44 KN/ m?,
3 Plaster 0.02*1*1*22= 0.44 KN/ m?,
4 Sand 0.12*1*1*16 = 1.92 KN/ m®,
5 Slab 0.25%1*1*25 = 6.25 KN/ m*.
6 Partition 1.5KN/ m?,

11.24 KN/ m?,

Table (4-2): Calculation of flat plate dead load
Load calculation:-

D.L. tota = 11.24 KN/m?
Live load = 5 KN/m?.
Factored dead Load = 1.2* 11.24 = 13.49 KN/m?.

Factored live Load =1.6*5= 8 KN/m?.
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4.8.3 Design Results :-

By using Safe Program for design , we get the Results as follow:-

320
280.

240

200,

160

120
80.
40

-40
-80.

-120

-160,
=200

Figure (4-14) Moment in (Horizontal Direction)

Figure (4-15) Moment in(Vertical Direction )
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czs

O Additional Tg14 L=3m@25cm C/

———
0 Wogzewe=1 pigl |PUCHIR

@

Figure (4-16): Detail of an additional Reinforcement

For more economical ... we add additional bars above 4 columns as shown.
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4.8.4 Check punching :-

The value of Punching from safe program on the slab as follow:-

384 Punching Shear Capacity Ratios/Shear Reinforcement (=]
2342
3 vam
 orsm
oaz2s L 22108
] ey
4
e
|y woons o
pIres L &>
v § 07298
87 07001
et 0ase
& oaggenia
'
comz e
T PRI e
L4 L 04548
107
= ‘ {10008
ossas o e e

ooz |
T 4208 | oana |
§ oSt o o oeien A = e

ACI 318-08 Punching Shear Check & Design

Geometric Properties

Combination = UDCONU2

Paoint Label = 20

Colurnn Shape = Rectangular
Column Location = Interior

Global ¥-Coordinate = 312637426 m
Global ¥-Coordinate = 1696.32905 m

Column Punching Check

Awg. Eff. Slab Thickness = 217 mm

Eff. Punching Petirmeter = 2565.056 mm

Cover = 33 mim

Cone. Comp. Strength = 24 N/mm2
Reinforcerment Ratio = 0.0000

Section Inertia 122 = 3.924E+10 mm4

Section Inertia 133 = 3.924E+10 mm4

Section Inertia 123 =0 mmd Column Punching Perimeter
Shear Force = 753.01 kN

Moment buZ = -23 9467 kN-m

Moment hMu3= -22.3429 kh-m

Max Design Shear Stress = 1731061 hinm2
Conc. Shear Stress Capacity = 1.220356 N/mm2
Punching Shear Ratio = 1.42

Figure (4-17): Column's detail from safe program

The value of shear force(V,)=753 KN .
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We Have :

1- Col 26 “internal Column”
2- Slab thickness 25cm
3- V=753 ........ d=250-20-14=217 mm

The punching shear strength is the smallest value

of the following equations:

1 4
V.=—|2+— |, f. b .d
c 12[ ,BCJ ¢ *~o

l1({ea.d '
V. === 2Wf b.d
C 12[ bo + J C 0

60

1 '
V, :é\/f.bo.d 816

Where: . .
Figure (4-18): Column section

Column Length (a)

B = — .. For.Radial .Column =1
Column Width (b)

b, = Perimeter of critical section
=7 (¢ +d)= n(600+216)= m(816) = 2563.5mm=2.5635m

a. =40 for interior column

v, = %(2 . %J\/f— b,d =05, b,d

v, = %(M n 2}/ £, b,.d =0.447\/f, b, d

2.5635

V, = %\/ £ b,.d=0333yf, b,.d....Control

@V, =0.75*0.333v24 #2.5635*0.216*10%= 677.5KN

OVe<Vy i Use Shear Reinforcement :

d=216>150
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>16*10=160 mm ......... ok
Vi ma=( 0.75/2)V24*2.5635*.216*10°= 1017.24KN >V,
Av/s={( Vu/®)-Vc}(Fy*d)
Vc=(1/6)V24*2.5635*.216*10°= 452.1 KN

Try8 ®10

8*79%107-6/s={( 775.4/0.75)- 452.1 }*10°%/(420*.216)

S$=0.01m < d/2

- Qutermost peripheral
Shear critical g - line of studs
sections N

Use 8 @10 @10cm c/c

Finding The Critical Section :

/j‘(-— = {ross-s ional area
DVe=(0.75/6)*4(a+V2 + 0.6)*.29%10° =775.4 /7" o suds o perinera

ling

Interior column

a=0.61m

Studs with base rall \

—

o U il FTTT T

L1

Section A-A

Figure (4-19): Punching stirrups detail
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4.9 Design of Stair:-

Figure (4-20): Stair diagram

Slope of the stair = tan™ 1.8/3.5 = 28.61°

4.9.1 Load Calculation & Design of stair :-

The structural system & dead load calculation :-
Plastering =( 0.02*22*1)/(cos 28.6) = 0.5

Concrete slab = (0.22*25*1)/(cos 28.6) = 6.26

Mortor = (0.3+0.15)*0.02*22/(0.3) = 0.66

Stair = 0.15*0.3*0.5*1*25/(0.3) = 1.875

Tiles = (0.33+0.15)* 0.03*27/(0.3) = 1.296

Total load = 10.6 KN/m

Dead load = 10.6 & 5.3 KN/m , Live load = 5& 2.5 KN/m

By using atir program :-
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10,

6/5.0

5.3

/2.5

35

0.65

Figure (4-21): Load diagram

h=(3.5+0.65) /20=0.217 ........ select h=22cm .

**Shear & Moment Envelope :-

54

78

8.1
2.08 43.5 208 |
_35.2 '36.8
425 394
Figure (4-22): Shear & Moment envelope diagrams
The value of V, at the center of support = 39.4 KN .
d=220-20-7 =193 mm .
sV = (0.75/6) *v24 * 1*0.193*10° = 118.2 KN >39.4 KN ...... ok .




4.9.1.1 Design for flexure :-
M, = 43.5 KN.m , k.= (43.5/0.9)*10° /(1*0.193?) = 1.3 MPa

m= 420/(0.85 *24) = 20.58 .

1 2%1.3x20.58
p=y— (1—J1—T0 ) =0.0032

A.S =0.0032 * 1000* 193 = 617.6 mm?
Use= 14 @ 25 cm clc

**For secondary:-

A.Spin = 0.0018*1000*220 = 396 mm?* /m

Use 210 @ 20 cm c/c

4.9.2 Design of landing:-

Thickness of landing =3.6 /20 =0.18 m ..... use 22 cm

4.9.2.1Calculation of dead load :-

Tiles = 0.03*22 = 0.66

Mortor = 0.02*22 = 0.44

Sand =0.12*16 =1.92

Concrete = 0.2*25 =5

Plastering = 0.02*22 = 0.44

Total dead load = 8.16 KN/m & Live load=5 KN/m
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** By using atir program :-

-18.6
-12.5

12.5

18.6

Figure (4-23): Shear envelope diagram

The value of Vg = 12.5 KN <aV,=118.2 KN

So .... No shear RF. is required

**R.F. of landing from atir :-

514 per 1m for bottom bars & 4=10 per 1m for top bars .

10/m

A

et

B.B 5/14/m

T.B 4«

.

Figure (4-24): Reinforcement of stair
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4.10 Design of Columns:-

Figure (4-25): Location of columns 88 - 89

4.10.1 Load Calculation :-
**For (C88):
*Check Slenderness Effect:-

**In 0.6 m-Direction

Lu: Actual unsupported (unbraced) length.

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

R: radius of gyration=0.3 h = \/L:

Lu=3.35 m
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M1/M2 =1

K=1, According to ACI 318-2008 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

k_Iu < 34—12m
r M2
1x3.35
0.3x0.6

. short Coloumn in  Both..Direction

............... ACI —(10.12.2)

=18.6<22

p, = 4910KN
Do = 10 _ 755akn
T 0.65

Usep = pg =1.6%

Pn = 0.8* Ag{0.85* fc'+pg(fy —0.85fc")}
7.554 = 0.8* Ag[0.85* 24 +0.016 * (420 — 0.85* 24)]
Ag =0.352m?

Use 0.6 x 0.6 cm with Ag=0.36m? > Agreq = 0.352n?

A.S= 0.016*600*600=5760mm?

Try =20, #of bars= 79— 18
314

Use 18 @ 20 with As = 5760mm?

4.10.2 Design of the Tie Reinforcement :

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

Spacing <16 xd, (Longitudinal.bar.diameter) =16 x 2.0 = 32cm.
Spacing < 48xd, (tie.bar.diameter) = 48 x1.0 = 48cm.

Spacing < Least.dim ension = 60cm

. Use 1410@ 25cm
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$p10@25cm
L=228cm

10

10

#1@25cm
L=156cm

Figure (4-26): Reinforcement of column 88

**For (C89) :-

p, = 2370KN

Py = o0 _ 3646KN
065

Usep = pg =1.8%

Pn =0.8* Ag{0.85* fc'+pg(fy —0.85fc')}
3.646 = 0.8* Ag[0.85* 24 + 0.018* (420 — 0.85* 24)]
Ag = 0.165m?

Use0.3x 0.6 cm with Ag=0.18m? > Agreq = 0.165n7?

4.10.3 Check Slenderness Effect:

**|n 0.6 m-Dirction

m<34—12ﬂ ............... ACI —(10.12.2)
r M2

1x3.35
0.3x0.6

.. short Coloumn in  0.6.Direction

=18.6<22
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**|n 0.3 m-Dirction

Lu=3.35m
M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted
to be taken as 1.0.

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

1x3.35
0.3x0.3

~.long Coloumn in 0.3.Direction

=37.2<22

E I
El =04—2% ... [ACI318-2002 (Eq. 10-15)]
1+ B,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_1.2DL _ 1.2(1200)

- 0.61
Pe =", 2370
* 3 *0 B3
1, =2 08703 _ 6 00135m¢
12
* *106 *
£ _ 04*23270.15+10° *0.00135 __ o
1+0.61
2
= B ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
p =12 713 _ g5 g5MN.

© (1.0*3.35)%
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Cm =O.6+0.4(%] ............ ACI 318-2002(Eqg.10-16)

Cm=1.... According to ACI318-2002(10.10.6.4)

5. —— M 510
1-(Pu/0.75R,

1
S =
" 1-(2370/0.75*6.85*10°%)

............... AC1318—2002(Eq. 10-12)

=1.86>1 ok.

e,,, =15+0.03*h =15+ 0.03*300 = 24mm = 0.024m
e=e,, x5, =0.024*1.86=0.045

e_0045_

h 0.3

From Interaction Diagram
@, 2370 , 145

*

A 0.3*0.6 1000

9

p, =0.017

=1909 Psi

A= p * Ag = 0.017%600%300 = 39 cm?

Use ® 16 >> #of bar =22 =154

Use 16 @ 16 with As =3216mm?* >Asreq = 3095mm?

4.10.4 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.
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10
100 | p10@25¢m

0

L=178

Figure (4-27): Reinforcement of column 89

Spacing <16 xd, (Longitudinal.bar.diameter) =16 x1.6 = 25.6cm.
Spacing < 48 xd, (tie.bar.diameter ) = 48x1.0 = 48cm.

Spacing < Least.dimension = 30cm

. Use 1910 @ 25cm

4.11 Design of Basement Wall:-
4.11.1 Load Calculation:-

¢ =30

Soil density = 18 Kg/cm3

ko= 1-sin¢

ko=1-sin30=0.5

q:=0.5*5=2.5 KN

(2= 0.5*5+18*3.8*0.5 = 36.7 KN/m
QU1 factored) =1.6*2.5= 4 KN/m
qUafactored) = 1.6*36.7= 58.72kN/m
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5KN/m

NP RPN
T |\ T v
3 b\
; \
3 '—\
- e\
'-(. £ \\
E 8 A
@ : ) \
™ 4 e —
\
; ‘\
" \
2 p \
B P
# Y
[ffi;-:!-!iT']
36.7 KN/m 2.5 KN/m

Figure (4-28) : Load on Basement Wall

Live load - Service Load factors: 1.20,1.20¢1.60,0.00

6.7

Moments: cpans Tio T

| M 428 165 |

Shear

-51.8

[5X] .

Figure (4-29): Loads & Shear/Moment envelope for basement wall
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4.11.2 Design of Wall:-

Assume h =250 mm
d =250 — 20 — 14/2 = 223 mm
Vug= 81.8 KN

@ch% fcxdx*b

0.75
@Ve = wE 24 % 0.223 x1 = 136.56 kN

@Vc > Vu ... No Shear Reinforcement is Required.
**For Horizontal Reinforcement, Use ASmin
Asmin=0.002*b *h

ASmin=0.002 * 1000 * 250 = 500mm?/m = 50 cm*/m
Use ¢10

500/79=6.33 .....use 7 bars

Use ¢10at15cmc/c

4.11.2.1 Design for Bending Moment:-

Mumax = 82.8 KN/m

Mn = % =92KN.m
0.9

Mn 0.092

Kn = > = >
bd 1*0.223

=1.85Mpa

fy 420

m= = =20.6
0.85*fc 0.85*24
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oo L 1_\/1_2><20.6><1.85 — 0.00463
20.6 420

ASge, = p*b*d =0.00463*223*1000 =1032.5 mm?

ASghinsage = 0-0012*b*h = 0.0012* 250 *1000 = 300mm?
ASpeq =1032.5> ASgi11age = 300mm?
Use ¢ 14

No. = 1032.5/154 = 6.7 , Use 7 bars
Use ¢l4at12.5cm

1/2 * 1032.5 = 516.25 mm?

Use ¢10

No. =516.25/79 =6.53 , Use 7 Bars
Use ¢ 10 at 15 cm c/c

4.11.3 Design of Basement Footing:-

Total factored load = 75.6 KN

Soil density = 18 Kg/cma3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (30 cm) thick.

Footing weight = 1.2%(25%0.3) = 9 KN/m2.

Soil weight above the footing = 1.6%(3.7) X 18 = 106.56 KN/m2.
live load =5 KN/m?

Gatiow =400-5-9-106.56=279.44 KN/m®

Assume b =1m, h=30cm

d=300 — 75— 14 = 211 mm, qui = 45.6/1 *0.75= 60.8 KN/m®
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0.25 0.25

aua

Figure (4-30): Footing geometry

4.11.3.1 Check of One Way Shear:-
Vu =1%(0.25-0.211)* 60.8 = 2.371 KN

PVc = %\/ﬁ*d*b

5
QVe = e 24 %0.211 1 =129.2 KN

@Vc > Vu.....No shear R.F is required

4.11.3.2 Design of Bending Moment:-
Mu = 60.8*0.55%/2 = 9.196 KN/m

Mn = % =10.22KN.m
kn= N _ 1022 4 53mpa
bd®  1*0.211

. fy 420
0.85*fc' 0.85*24

p:l{l— /1_2><m><knJ
m f,

pzi 1_\/1_M —0.00055
20.6 420

ASReq_ = p*b*d =0.00055*211*1000 =116.2 mm?
ASginage = 0-0018*b* h = 0.0018*300*1000 = 540mm?’
As. =1162< As =540mm?

20.6

Req. Shrinkage
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Use Asmin
Use ¢ 14

No. =540/154 =351 , Use 4 bars

Use Using hook >16* ¢
Required length of hook>16*¢ >16*1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

Use ¢ 14 at 25 cm clc

In the other Direction:-
Agmin = 0.0018 *b * h
Agmin = 0.0018 * 1000* 30 = 540 mm?

Use ¢ 14
No. =540/154=351 , Use 4 bars

Use 4¢ 14@ 25 cm clc

9 Fy  Pethsth
ldreq=1_0*v};c—c* ketz-gcbt*db

9 420 1%x1=%0.8
— %k *
10 1 x+/24 2.5

Ld available :250'75: 175mm

ldyeq = * 14 = 345.7 mm

Ld available— 475 mm > ldreq = 296.3mm
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Figure (4-31): Reinforcement of basement wall
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4.12 Design of shear wall :-
4.12.1 Design of shear wall by ETABS program:-
Design philosophy in ETABS based mainly on transform loads from slabs to walls
directly .
shear wall has been loaded by two kinds of forces :
1) Axial loads (Dead + Live)

2) Lateral "seismic loads, wind pressure”

i Plan View - STORY3Elevation 9.51

Shear wall

Sample
Design

Figure (4-32): Shear wall plan from ETABS
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**By using Etab program for analysis we get:-

iﬂ. 3-D View Pier Section Information (ACI 318-05/1BC 2003)

*Shear wall

Sample
Design

Figure (4-33): Design of shear wall from ETABS
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4.12.2 Design of shear wall by manual method:-

221.2
46.9
235.15
467.9
305
2363.26

Figure (4-34): Shear force & moment on the wall from ETABS

Z=30
R=55
1=1.0
Ca=0.24
Ct =0.0488
Cv=0.24

Where:

Z = seismic zone factor as given in Table 16-1.

R = numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set forth in Table 16-N or

16-p.

I = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to Level i, n or x, respectively.
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4.12.2.1 Design of Wall:
By Using Software (ETABS 9.5), We Get the shear wall Analysis Results as shown in the
following Diagram:-
Fc =24 MPa
fy =420 MPa.

h=25 cm. Shear wall thickness.

L= 2.45 m. shear wall width

H,=10.05m. Building height
Lw/2=2.452=1225m .............. (control)
hw/2 = 10.05/2 = 5.025 m
d=08*Lw=08*245=196m

!

fe xbxd

c1—

x0.25x1.96 = 400.1kN

N
6

c1—

\/E*b*d_l_Nu*d
4 4 %1,
V24 % 0.25 = 1.96

Ve, = 2 + 0.0 = 600.12kN

Veo =

Ves = 2+ M, _ T
7.2

Mu = 467.9 + 305(3.35 — 1.225) = 1116.03 kN.m

V24 245(v24+0) )\ 0.25%1.96

\/— (\/ﬁ-l'lz, ) bxd
L,

Vs = > + 111603 245 |* 10 = 361.64kN ......... Control
305 2
v Vu
s = E - Vc
_ 305
VS—ﬁ— 361.64 = 45.03 kN

Av.h Vs 0.04503

= 0.00005
s,  Fy. d_ 420+1.96
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Av.h
( ) = 0.0025 * b = 0.0025 = 0.25 = 0.00063
S2 /min
S <(lw/5)=2450/5=490 mm ......... Control
S, <3*h=3*250="750 mm
Av.h
( ) = 0.00063
S2 /min
Try 12
(2 * 113 * 10_6>
= 0.00063
S .
S$=0.34m

Use 12 @ 35 cm c/c For Horizontal R.F.

**For Vertical Shear Reinforcement :-

_ hw Avh
Ay,n = 10.00254+05(25 ——) = —0.0025)¢*xs*h
Ly Sy *h

10.05) ( 2%79
£

Apy = {0.0025 +0.5 (2.5 ~~2 ) * (350350

— 0.0025)} * S % h

A,n, =0.0031*xs*h

(2*79*10‘6
S

) = 0.00078 ......... s=020m

S < La/3=2450/3 =816.7mm
<450mm
< 3 *h=3*250= 750 mm
Use ® 10 @ 20 cm c/c
l
€= 600 = (‘:;n/hw)
Assume Sn/hw = 0.007

2.45
~ 600%0.007

boundary element length=C - 0.1 * I,
=0.583 -0.1*2.45=0.338 m
>0.583/2=0.292 m

The boundary element length = 35 cm

Ast = 2.45/0.2 * 2 * 79 = 1935.5 mm®

=0.583 ......... , C=>0.583
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z 1

L= 085«B*f.*l, xh

w 2+ Ast*cfyw

z 1

I, ., 085%Bxf *l,xh

w 2+ Ast*cfyw

e . — 0.066
l, 5, 085%085+24%245%0.25

19355 1076 * 420

M, = 0.9%(0.5 *Ast*F*l,* (1-Z/l))

M, = 0.9%(0.5 *1935.5%10%*420*2.45* (1-0.066))
M, = 0.837 MN.m

M, = 2363.25 — 837= 1526.25 KN.m

M, /s

Ast = = 1922.7 mm?
StT 420+ (245 — 0.35) mm

As= 1922.7 +6*79 = 2396.7mm?

Use @ 20
Use 8D20 ..ooivneeeienn As = 2512mm?
@10@20
4020 4920

4920 4920
212@35

Figure (4-35) : Shear Wall Reinforcement
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4.13 Design of Isolated Footing:

4.13.1 Determination of Loads:
Total factored load = 1495 KN.
Total services load = 1290 KN
Column Dimensions = 60*30 cm.
Soil density = 18 Kg/cma3.
Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (40 cm) thick.
Footing weight = 1.2%x(25%0.4) = 12 KN/m2.
Soil weight above the footing = 1.6%(0.6) 18 = 17.28 KN/m2.
live load =5 KN/m?
Gattow =400-5-17.28-12=365.7 KN/m?

4.13.2 Determination of Footing Area

L1290
3657 0™

**1L=19m

Try 2 * 2 m with area = 4 m2 > Argq = 3.53 m2

determinate q, = 1495/4 = 374 KN/m?

4.13.3 Determination the depth of footing based on shear strength:
Assume h=40 cm ..... d =400-75-20 = 305 mm

**Check for one way shear strength

Vu =374* (2_—20'6 —0.305)*2 = 295.5KN

#Ve =4 * /T *b, *d)

pVC = 0.75*%*\@ *2000* 305 = 373.55KN

¢Nc =373.55KN >Vu = 295.5KN
Safe
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4.13.4 Check for two way shear action (punching)

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

1 2 '
¢'Vc = ¢g(1+ ch\/?bod
¢'VC = ¢'$( as + 2j\/?b0d

b, /d
V. = ¢.%w/ f.'b,d
Where:-

_ Column Length (a) 60
¢ Column Width (b) 30

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

b, =2(d +al) + 2(d + a2) = 2(600 + 305) + 2(300 + 305) = 3020mm
s = 40 for interior column

PN = ¢%(1+ ﬁi}l fc,bod = %*(1+§)* 24 *3020*305 =1128.1KN

oV = ¢.%(“S I, 2}/ . byd = 0'75*(40 0305 +2j* 24*3020*305 = 1703.4KN

b 12 3.02
PN = ¢%\/ fc'bod = 0'—3?5* 24*3020*305 =1128.1KN

¢V, =1128.1KN .... Control
Vu =374*{(2*2) - (0.6 + 0.305) *(0.3+ 0.305)} =1119KN
¢Vc =1128.1KN >Vu. =1119KN........ satisfied

4.13.5 Design of Bending Moment:

Mu = 374**0.85° / 2 =144.6kN.m
Mu =144.6 KN.m

_ Mn 0.1446/0.9
bd> 2x0.305°

o fy 420 _
0.85* fc  0.85%24

Kn

=0.863Mpa

20.6
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po L 1_\/ 2x20.6x0.863 | _ 10,
20.6 420
Asg., = p*b*d =0.0021*2000*305 =1281 mm?
AS g inkage = 0.0018*b*h = 0.0018* 2000 * 400 = 1440mm?
useAs =1440mm?
Select ¢14
@ =9.4 — uselObars.
154
...As =1540mm? >1440mm?.....ok

Provided

**Check for strain :-

A *fy =0.85*fc' *b*a
1540*420 =0.85*24*2000*a
a=15.86mm

c=2 = 15.86 =18.66mm

B, 0.85
- 305-18.66
18.66

&, =0.046 > 0.005—> ok

4.13.6 Development Length of main Reinforcement for My, :
Ldtye= O.j%fy db= 0.23%120
Ldzreq = 0.044 xfy xdb = 0.044 x420 x1.4 = 25.87cm
Ld2)req = 29.56cm < Ld1yreq=32.9cm=>control
Available Ld = (400 —75—2*14) = 297 mm.

Using hook >16* ¢

*0.003=0.046

1.6=32.9cm.

Required length of hook>16* ¢ >16*1.6 = 25.6 cm use 30 cm
Total Length = 59.56.... use 60cm > Ldreq=32.9 cm ... ok

9 B ethsipy

ldreq = 10 ,1\/_ ktr+cb *db

1d 9 420 1+1x%0.8 14 = 345.67
= — % * * = )
T 10 1 x+/24 2.5 mm
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Ld avai|ab|e: 700'75: 625mm
Ld avaitable= 625 mm > ld,.,, = 345.67mm

4.13.7 Check transfer of load at base of column:

¢.Pn = ¢.(0.85fc'Ag)

¢.Pn =0.65*[0.85* 24 * (600 *300)]/1000 = 2246.4KN
But Pu =1495 < ¢.Pn = 2246.4KN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
As . =0.005* Ag = 0.005*600*300 = 900cm*
Use the column bars as a dowels

Select 8d12

ASprovided = 904 mm2 > ASReq, =900 mm2

o]

25

3eid

=1

j}{} —
W

2.

18
=235
@“

12814 |

3014
k4wl at edges

(44 ™
|N 135 N|

12814 =235

25

0,10 0.40

2,00

Horizontal Plan

Vertical Section

Figure (4-36): Isolated Footing detail
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4.14 Design of Well :-
4.14.1 Design of well by using STAAD PRO program:-
By Using Staad Pro programe for anylses we get :-

** The critcal case was (Self weight + Soil(Lateral Load) )

[#] toto.std - Whole Structure

=8 [EoE )

M [local)
kMrmdm

<=-373

o]
%]

-26.8
215
6.2
109
Rkt
-0:301

LI [ [ = b g
= = D oL @

k7

HEOOOCODDO N NNNNE N

T
-]

k.
| -

o

Load 5

Figure (4-37): Moment's value from STAAD PRO

Max. value of moment is 47.3 KN.m in Y Direction &43.2KN.m in X Direction .

4.14.1.1 Cheacking one way for
punching of a column located in

the center of the well :-

Column Dimension: 30x60 cm

15
Footing Dimension: 3.6*3.6 m

Py =3100 KN . -

0.6

1.5
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an

Figure (4-38): Footing geometry



qu = Py /A = 3100/3.6% = 239KN/m?
d= 650-75-20 = 555 mm
**In 0.6 direction :-

Vu = 239*(@ —0.555) = 225.86KN

#NVC = ¢.(%*\/?*bw *d)

$VC = 0.75*%*ﬂ*0.555*3.6 =1220KN

pVc =1220KN >Vu = 225.86KN
Safe

** In 0.3 direction :-

Vu = 239*(@ —0.555) = 225.86KN

pNC :¢.(%* fc'*b, *d)

AV 0.75*%* 24 *0.555*3.6 =1220KN

¢NVc =1220KN >Vu = 225.86KN
Safe

e
A ST e
oY

Figure (4-39): Well plan

104



#14@15

12020

#12@20

#12@20

¢12@20

Figure (4-40): Well Reinforcement

214@15

Figure (4-41): Footing Reinforcement in the well
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ARCHITECTURAL
DRAWINGS

This appendix is an attachment with this project
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STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
continuous

Cantilever

Member

Members not supporting or attached to partitions or
other construction likely to be damaged by large

deflections.

Solid one-
way slabs

£/20

€124

£/28

£Mo

Beams or
ribbed one-

EMe6

£/M18.5

£f21

£/8

way slabs

Notes:
Values glven shall be used directly for members with normalweight concrete

(density w, = 2320 k% m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural |Iﬁhh‘JElgh’[ concrete having unit density, w,
1440-1920 kg/m?, the values shall be multiplied by (1.65 = 0.603

less than 1.09.
b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m}k

|r1 the range
) but not

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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