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Structural Design and Details of a Multi story Building

Project Team
Omar Mohammad Qasem Jamil Al-Qaisi.

Mousa Marzugq Mousa Mustafa Wissam Marwan Mohammad Hassounah

Pal estine Polytechnic University-2010

Supervisor
Dr. Nasr Abboushi.

The main idea of this project isto prepare al structural design and executive

details for amulti story building in the center of Hebron city.

This building consists of fourteen floors and it contains all activities required

for any person.

This building is areinforced concrete structure, and it was designed

according to the ACI-code-05.

The project contains the structural analysis for vertical and horizontal loads

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 |oads.

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.
&s = strain of tension steel.
€s= strain of compression stedl.
p =ratio of stedl area.
KN= Kilo Newton
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Chapter 4

Structural Analysis& Design

4.1 Introduction.

4.2 Determination of Slab Thickness “rib”.

4.3 Deter mination of Factored L oad

4.4 Design of topping

4.5 Design of Rib 1.

4.6 Design of Beam 3.

4.7 Determination of Slab Thickness “Flat plate”.

4.8 load calculationsfor flat plate.

4.9 Check of Punching Shear .

4.10 Design of flat plate on basement floor By SAFE Program.

4.11 Design of Short Column (C21)

4.12 Design of Long Column (C16).

4.13 Design of Stairs.

4.14 Design of |solated Footing.

4.15 Design of basement Wall.

4.16 Design of basement footing.

4.17 Design of Foundations By SAFE Program .
4.18 Design of shear wall by ETABS program.
4.19 Design of shear wall “ Manual Sample”.

4.20 Design of the Well By SAB Program.
4.21 Design of the Swimming pool by SAB program .

31



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 computer software such
as “ATIR, SAFE, ETABS, SAB” to find the internal forces, deflections and moments for
the all structural element in order to design it.

4.2 Deter mination of Slab Thickness
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Figure (4-1): Roof Floor Slab.

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

one way slabs unless deflections are computed, given in table (9.5-a), as follows:

hnmin for one-end continuous = L/18.5
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=528/18.5=28 cm.
hmin for one end continuous = L/18.5

=255/18.5=14cm

The controller slab thickness is 28 cm.

Select Slab thickness h=28cm with block 20cm & Topping 8cm.

4.3 Deter mination of factored L oad
4.3.1 Deter mination of Dead |oad

Sand Fill = 0.07*0.52*17 = 0.619 KN/m.
Tiles = 0.03*0.52*22 = 0.343 KN/m.

Rib = 0.2%0.12*25 = 0.6KN/m.
Block = 0.2%0.40%9 = 0.72 KN/m.
Topping = 0.08*0.52*25 = 1.04 KN/m.
Plaster - 0.02%0.52*23 = 0.239 KN/m.
Mortar = 0.02*0.52*23 = 0.239 KN/m.

Partition—> 1.25*%0.52 = 0.65 KN/m.

Nominal Total Dead Load = 0.619 + 0.343 + 0.6 + 0.72 + 1.04 + 0.239 + 0.239 +
0.65 = 4.45 kN/m of rib

Nominal Total live load =5 * 0.52 = 2.6 kN/m of rib

Total Dead Lad (service) = 4.45/0.52 = 8.55 kN/m?
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Total live load =5 KN/m?
4.3.2 Deter mination of factored dead & liveload .
Factored dead load = 1.2*Dead load = 1.2*4.45 = 5.34 KN/m.

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

4.4 Design of Topping:
Dead load of topping = Wigpping + Whites + Wsand + Winortor
=1.04 +0.343 + 0.619 + 0.239 = 2.24 KN/m
Total Dead Load = 2.24/0.52 = 4.31 KN/m®,
Live Load = 5 KN/m?. (for Stores)
qu=12DL+16LL

=1.2*4.31+1.6*5=13.172 KN/m? (Total Factored Load)

*12

Mu=2 " _13172%0.42/12
2 12

=0.172KN.m

2
> Mn =0.42./fc *%

* 2
=0.42 24 *M: 2KN.m.

f *Mn=0.55*2=1.1KN.m
f *Mn=1.1>Mu=0.172KN.m

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

For the shrinkage and temperature reinforcement:
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r =0.0018

As =1 *b*h=0.0018*100*8 =1.44cn¥.

Use 1410/25 cm in both directions.

4.5 Design of Rib 1

Geometry Unitsimeter,cm

1 2 3
1 2
A A
— — ——
I A 1, T A 1, |
| B
0.6 4.78 05 2.05 06
‘ | ‘ 5.33 | 2.6 |
[ I 1
52.
28.
12
A-A

Figure (4-2) : Rib Geometry

Moments: spans 1to 2

-25.3

-20.3

-18.1

1.08

08,
\

= 6.9651.25
i

22.7
2.13 3.2 | 1.95 0.65

Figure (4-3) : Moment Envelop of rib 1.
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Figure (4-4) : Shear Envelop of rib 1.

4.5.1 Design of Negative moment of rib 1:
Maximum negative moment is Mu = 20.3 KN.m
Mn =20.3/0.9=225KN.m

m=__1 = 420 _ 47
0.85* fc  0.85*24

Mn _ 225*10°°

Kn = 5= 7= .1 Mpa
b*d 0.12*(0.246)
1 2mKn
p=—(1- [1-=)
m fy

p= L(l - Jl_w) =0.0081

24.7 420
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As =0.0081 (12) (24.6) = 2.39cm?

As,, = %(bw)(d)z %(bw)(d) .................... (ACI -10.5.2)
As,, = %(12)(24.6) > %(12)(24.6))

As .. =0.785<0098............. the larger is control

As_ . =0.98cm’

2.39cm*> As_ - =0.98cm’

# of bars = As/ As ; = 2.39/1.13 = 2 bars * Note Agp1o = 1.13 cm?

e Check for strain

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

2*113*420=0.85*20*0.12*a
a=46.52mm
x= & _4652 o omm
b, 085
| 246-54.72

eS
54.72
e, =0.01>0.005

X0.003

OK
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4.5.2 Design of Positive moment of rib 1

Maximum positive moment is Mu = 22.7 KN.m

Mn =22.7/0.9 =252 KN.m

m=— - 420 __,;

0.85* fc  0.85*24
*1N0-3

ki anz 22.7*10 - 0.72Mpa
b*d?  0.52*(0.246)
1 2mKn

p=—(@1- |1- )
m fy

o= 1 - \/1_2(24.7)(0.72)): 0.0017
24.7 420

As =0.0017 (52) (24.6) = 2.23cm?

As,, = %(bw)(d)z %(bw)(d) .................... (ACI -10.5.2)
As,, = %(12)(24.6) > %(12)(24.6))

As .. =078<098............. the larger is control

As_ . =0.98cm’

2.23cm?> As,_. - =0.98cm’

# of bars = As/ As ,; = 2.23/1.13 1.98=2 bars * Note Agp1o =1.13 cm?
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4.5.3 Design of shear of rib 1

4 fc
dVe=d* X— bhw*d

Nen

= 075* = 01202461000
= 16.5 KN
® Vsmin = 0.75 (%) * bw * d =0 .75*(%)*120*246*10‘3 = 7.38 KN.

® Vsmin = 7.38

Vu =277 KN (From shear Envelope)

4 fc
¢Vc+¢VsminsVus¢Vc+¢*T bw * d

165+7.38<27.7<495
So categories (4) satisfy.
Minimum shear reinforcement required, so;

_O*Av* fy*d
dVs

S

_ 0.75*1.58*420* 246

3 =16.59cm
7.38*10

S=d/l2=246/2=12.3cm.
S<60cm.

Use S=15cm
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4.6 Design of Beam 1:

Geometry Units:meter,cm

1 2 3 4
1 2 3
E A - A - A :|
LI L[
A A A
0.2 5.08 0.2 5.9 0.2 5.08 0.2
[ [ [ [
“‘ 5.28 “‘ 6.1 “‘ 5.28 “‘
I I I 1
28,
60.
A-A
Figure (4-5) : Beam 3 Geometry.
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
-117.6 -117.6
-106.5 -106.8 -106.8 -106.5
| 1'68\1'93 | | \1'68 |
[ | | [ 1.93\ |
M i i H
0.95M1.1 "0.95
7 = —g— 3
65.1
80.7 80.7
211 3.17 | 3.05 | 3.05 | 3.17 | 2.11
[ [ [ [ [ [ |

Figure (4-6) : Moment Envelop for Beam 3.
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Figure (4-7) : Shear Envelop for Beam 3.

4.6.1 Design of Span 1
4.6.1.1 Design of Positive moment

b, =60cm h=28cm
d =280-40-10-10=22cm

Mu=80.7 KN .m

Mn = '\%’: % =89.6 KN.m

As,. = Z/(E’)(bw)(d)z%(bw)(d) .................... (ACI -10.5.1)
As. = %(60)(22.0) > %(60)(22.0))

As . =351<4.4............the larger is control

As . =4.4cm’

Mn

K= pxq?
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* -3
n= Lloz =3.08 Mpa
0.6*(0.22)

m=_ - 40 _,;
0.85* fc 0.85*24

2mRn
fy

__1 2(24.7)(3.08) | _
p= 247 (1- \/1_4—20 ) =.00817

p= L o2,
m

Areq=p*b*d=.00817* 60 * 22 = 10.78cm?
10.78cm’> As . = 4.4cm’

Use & 18 >> # of bar = % =4.24
2.54

e Check for strain

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

6*201*420=0.85*600*24*a
a=49.65mm
X= a_ % =58.4mm
b, 0.85

220-58.4

e =————
58.4

e, =0.0083>0.005

X0.003
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4.6.1.2 Design of Negative moment

b, =60cm,h=28cm
d=280-40-10-10=22cm

Mu =106.8 KN .m

Mu
Mn= ——= @ =118.6 KN.m
()} 0.9

Kn= an
b*d
* -3
n= —118'6 10 > = 4.08 Mpa
0.6*(0.22)
fy 420 _ 47

T 085%fc  0.85%24

2mRn
fy

p= L o2,
m

) 1 i \/1_2(24.7)(4.08)

= )=0.011
24.7 420

Areq=p*b*d=0.011* 60 * 22= 14.91cm?

Use & 18 >> # of bar = 124—91 =538
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4.6.1.3 Design of shear

4 fc
dVc= (D*T bw * d

Nen

= 0.75* e 600 * 220/1000
=73.79 KN
: 1 1 3
® vsmin = 0.75 (5) *bw *d =0 .75*(5)*600*220*10 =33 KN.

@ vsmin = 33 KN.

Vu =109.7 KN (From shear Envelope)

J fc
dPVc+PvsmnsVusdVec+d* T bw * d
(73.79 + 33) < 109.7 < (73.79+147.5)

So categories (4) satisfy.

Minimum shear reinforcement required, so;
S=d/2=22/2=11cm.
S<60cm.

Use S=10cm
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4.6.2 Design of Span 2
4.6.2.1 Design of Positive moment

b, =60cm, h=28cm
d=280-40-10-10=22cm

Mu=65.1 KN.m

Mu
= @ =72.33 KN.m
0.9

" b*d?

* -3
n= Lloz =2.49 Mpa
0.6*(0.22)

- _ = 420 _ )47
0.85* fc 0.85*24

2mRn
fy

p= (- [1- 20,
m

p= L(l - Jl_w) =0.00647

24.7 420

Areq=p*Db*d=0.00647* 60 * 22 = 8.55cm?

8.55cm?> As . = 4.4cn’

Use ® 18 >> # of bar = Sﬁ =3.36
2.54
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4.6.2.2 Design of Negative moment

b, =60cm,h=28cm
d=280-40-10-10=22cm

Mu =106.8 KN .m

Mu
Mn= ——= @ =118.6 KN.m
()} 0.9

Kn= an
b*d
* -3
n= —118'6 10 > = 4.08 Mpa
0.6*(0.22)
fy 420 _ 47

T 085%fc  0.85%24

2mRn
fy

p= L o2,
m

) 1 i \/1_2(24.7)(4.08)

= )=0.011
24.7 420

Areq=p*b*d=0.011* 60 * 22= 14.91cm?

Use¢18>>#ofbar:124;91=5.8
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4.6.2.3 Design of shear

4 fc
dVc= (D*T bw * d

Nen

= 0.75* e 600 * 220/1000
=73.79 KN
: 1 1 3
® vsmin = 0.75 (5) *bw *d =0 .75*(5)*600*220*10 =33 KN.

® vsmin = 33 KN.

Vu =106.2 KN (From shear Envelope)
®VecsVug o Ve + @ vsmin

(73.79) < 106.2 < (73.79+33)

So categories (3) satisfy.

Minimum shear reinforcement required, so;
S=d/2=22/2=11cm.

S<60cm.

UseS=11cm
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4.6.3 Design of Span 3
4.6.1.1 Design of Positive moment

b, =60cm, h=28cm
d=280-40-10-10=22cm

Mu=80.7 KN .m

Mn = '\%’: % =89.6 KN .m

As,. = ﬁ(bw)(d)z%(bw)(d) .................... (ACI -10.5.1)
As. = %(60)(22.0) > %(60)(22.0))

As . =351<4.4............the larger is control

As . =4.4cm’

Kn = Mn
b*d?
* -3
Kn= Lloz = 3.08 Mpa
0.6*(0.22)
m = v - = 420 =247
0.85* fc 0.85*24
1 2mRn
p=—(1-,1- )
m fy

=.00817

_ 1 2(24.7)(3.08)
p_24.7(1'\/1_ 120 )

Areq=p*Db*d=.00817*60 * 22 = 10.78cm?
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10.78cm’> As, ;. = 4.4cm’

Use & 18 >> # of bar = ﬂ =4.24
2.54

e Check for strain

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

6*201*420=0.85*600*24*a
a=49.65mm
X= a_ % =58.4mm
b, 0.85
220-58.4
e =————
58.4
e, =0.0083>0.005

X0.003

4.6.1.2 Design of Negative moment

b, =60cm,h=28cm
d =280-40-10-10=22cm

Mu=106.8 KN .m

Mu
Mn= ——= 1gﬂ =118.6 KN.m
Kn = Mn
b*d?
_ 118.6*10°°

n=—"_— __ =408 Mpa
0.6*(0.22)
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fy 420

m = - = =247
0.85* fc 0.85*24

2mRn
fy

p= (- [1- 20,
m

1 i \/1_2(24.7)(4.08)

= )=0.011
24.7 420

Y

Areq=p*b*d=0.011* 60 * 22= 14.91cm?

Use ® 18 >> # of bar = igl =538
2.54

4.6.1.3 Design of shear

4 fc
dVc= (D*T bw * d

Nen

= 0.75* = 600 *220/1000
= 73.79 KN
. 1 1 3
® vsmin = 0.75 () * bw * d =0 .75%()*600*220*10° = 33 KN.

® Vsmin = 33 KN.

Vu =109.7 KN (From shear Envelope)
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4 fc
¢VC+¢VsminSVuS¢VC+¢*T bw * d

(73.79 + 33) < 109.7 < (73.79+147.5)

So categories (4) satisfy.

Minimum shear reinforcement required, so;
S=d/2=22/2=11cm.
S<60cm.

Use S=10cm
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4. Determination of Thickness:
4. .1 Determination of Thicknessfor flat plate:-

The structure may be exposed to different loads such as dead and live loads. The value

of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI :

For the slab Section as shown in fig (4-8).

i

R R

p i

-
=17

1Hlm

P e

For flat plate without drop panels with no edge beams, minimum slab thickness equal:
hmin=1Ln/30=10/30=0.33 m

h=330 mm

According to ACl.......table 9.5(c) chapter 9.

Deflection=L/360 =10000/360 =27.7mm, we want to use h=330mm, the value of

deflection remain at the range.

The deflection must be considered, and no punching shear occurred.
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Using safe program for analysis, we take :

Assuming $14 mm reinforcing bars, with A S=154 mm?

4. Load Calculation:

d = h -Cover — diameter bar = 33-2-1.4= 29.6cm.

Calculation of the total dead load for flat plate slab is shown in the following table (4-1)

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 0.07*1*1*16 = 1.12 KN/ m>.
5 | Slab 0.33*1*1*25 = 8 KN/ m°.
6 | Partition 1.5¥1*1 KN/ m”.

Calculation load:-

D.L. tota = 0.69 + 0.44 + 0.44 + 1.12 + 8 + 1.5= 12.1 KN/ m°.

Live load = 5 KN/m?.
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Factored dead Load = 1.2* 12.1 = 14.52 KN/m?>.

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

Wu = 14.52 + 8 = 22.52 KN/m?

4. Check punching shear.
*Check for the flat plate punching shear on (column C20 in 14 floor):-

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

1 4
V.=—|2+—|,f.b,d
C 12[ +b] C 0

C

1(a.d '
v, =—| &% o/t b d
C 12( bO + J Cc (o]
v, =%w/ f'b.d

Where:

B Column Length (a) 80

c = =—=114
Column Width (b) 70

bO = Perimeter of critical section taken at (d/2) from the loaded area
=2x {(a+d) + (b+d)} = 2x {(0.70+0.29) + (0.80+0.29)} =4.16 m.

a, =40 for interior column

V. = i(z n ﬁjﬂ/ f. b,.d=0.404,/T, b,d

12
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40x0. 29 / /
V. = b,.d =0.399 b d
¢ 12( 4.16 j
V, =%\/ f b,.d=0333/f. b_d.....Control

Vu =( 5*5- (0.8+0.29*.29)) *22.52=542.9kN

- %\/ f, b,.d = 0.333V24 x 4.16x 0.2910°

V, =1968KN.............. =075
DV, =0.75x1792.3 =1476kN
DV, >V, oroecrirrrrrree O.K

.No punching shear occurred on the column 20 ,And this picture Show the Value of punching

Shear from Safe program for this Column (0.6082 <1 ) ok .

Sample About Punching Shear Reinforcement for (column C19 in 14 floor):-

rd
U7

Pt

1T
o]

Juon |
7

KC17
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We Have :

1- Col 19 “internal Column
2- (8.5m*6.3m) Spans .
3- Slab thickness 33cm & d =29 cm.

(column C19 in 14 floor):-

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

1(. 4
V,==|2+ 2| [F. b,d
C 12( +bCJ C (o]
1(a.d g
v, =—| 2% o/t b d
C 12( b0 + J Cc (o]
szédf;l%d

Where:

~ Column Length (a) 80
€ Column Width (b) 20

b0 = Perimeter of critical section taken at (d/2) from the loaded area
=2x {(a+d) + (b+d)} = 2x {(0.80+0.29) + (0.20+0.29)} = 3.16 m.

a, =40 forinterior column

Vc:f%[2+%)J?;bvd::OZSJ?;deKXmUd)
40x0.29

V, = b,.d =0.474 f, b,.d

¢ 12( 3.16 ]Jﬁ_ Jr_

\QzédnﬂQd:oaxwﬁQQd.
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Vu =( 8.5%6.3- (0.8+0.29*.29)) *22.52=1186kN

V. =25 f. b,.d=0.25y24 x3.14x 0.29x 10°

V, =1115kN.............. ®=0.75

®V, =0.75x1115 =836kN

DV, <V, NotO.K Use Shear Reinforcement :
d=0.29>0.15

Vnmax=( ®/2)V24*3.16*.29*1000= 1683.54KN
Av/s={( Vu/®)-Vc}/(Fy*d)
Ve=(1/6)V24*3.16*.29*1000= 748.23 KN

Try8 10

8*79*107-6/s={( 1186/0.75)- 748.23 }/(420*.29)

$=0.01m
Take S= 10cm
Finding The Critical Section :

- —l
®Ve= (0.75/6)*4(a+V2 + .9)*.29%1000 =1186 ['
a=24m
# of Stirrups is 2.4/.1 = 24 at all perimeter P s

& =1t g < KT
AR 5
1% L-Z:24 o v
i ),

Figure(4-9) punching shear reinforcement
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*Check punching shear occurred By Safe.

AC| 318-08 Punching Shear Check & Design

Geometric Properties

Combination = DCOMNLN
Foint Label = 134

Column Shape = Rectangular
Colurnn Location = Interior

Global ¥-Coordinate = 1779.97126 m
Global ¥-Coordinate = 70321836 m

Column Punching Check

Auvy. Eff. Slab Thickness = 296.95 mm

Eff. Funching Perirmeter = 4256393 mm
Cover = 33.05 mm

Conc. Comp. Strength = 27 57903 Mfmmi
Reinforcement Ratio = 0.0000

section Inertia 22 = 218E+11 mmd

section Inedia [33 = 2673E+11 mmd

section Inedia 23 =0 mmd

Shear Force = 526603 kN Column Punching Perimeter
Moment Mu2 = -38.6009 kMN-m

Moment Mud= -25.494 kM-m

Max Design Shear Stress = 0795678 MNimmz2

Conc. Shear Stress Capacity = 1.3083188 Nimmz2

Funching Shear Ratio = 061

r1 Bx3-12d{@200

Fig. (4-10) punching Shear in Safe.
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4. Design of flat plate of basement floor.
* basement Flat plate Shapein Safe program:

' |
R e el i s
g

e = I_..,

=
[ | | il
- fou
e 1 I | i o [ il i

Fig. (4-11) Basement floor.

*Deformed Shape of basement Flat plate floor in Safe program:

ot e O O .
]

Fig. (4-12) Deformed Shape Basement floor.
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*Reinfor cement of basement flat plate:

finite element method has been used to analysis all slabs in this project , because slabs
contains many openings and the shapes irregular ,so it’s difficult to take strip and use
equivalent frame method .

*(bottom- reinforcement for flat plate of basement ) from safe:

1) In horizontal direction :
Basic reinforcement @ 14 @20 cm

Fig. (4-13) bottom reinforcement in X-dir. Basement floor.

2)In Vertical direction :

Basic reinforcement ® 14 @20 cm

[}

Fig. (4-14) bottom reinforcement in y-dir. Basement floor.
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*(Top - reinforcement flat plate of basement ) from safe:

1) In horizontal direction :
Basic reinforcement ® 12 @20 cm

Fig. (4-15) Top reinforcement in X-dir. Basement floor.

2)In Vertical direction :

Basic reinforcement ®12 @20 cm

Fig. (4-16) Top reinforcement in y-dir. Basement floor.
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So the main reinforcement is:

1) Bottom reinforcement Basic Mesh # in both Direction & 14 / 20 cm C/C
2) Top reinforcement basic Mesh # in both Direction & 12 / 20 cm C/C

4. Design of Short Column (C21) :-
4. .1 Design of longitudinal Reinforcement :

P, = 4715 KN
P ey = o = 215 _ 7053 gk,
0.65  0.65

Assumer , =0.015
Py oo = 0.8xAg{0.85 fc +r (f,—0.85f,)}

7253.8*1000 = 0.8 x Ag{0.85 x 24 + 0.015(420 — 0.85 x 24)}
Ag = 3436.2 cm?

4. .2 Check Slenderness Effect :

K_Iu <(34-12 (Ej L0 TR ACI 10-12-2
r M 2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

I
R: radius of gyration =0.3 h = \/%

K=1

Lu=4m
r=03h=0.3x0.8=0.24
m:lo

M2

%£34—12X1£ 40, ACl —(10.12.2)

16.6 <22<40

. ShortColoumn
.. Slenderness effect must not be considered

Po oo = 0.8x Ag{0.85 fc +r  (f, —0.85f, )}
7253.8x1000= 0.8x560x1000{0.85x 24+ 1 (420—0.85x 24)}
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r,=0.0105

A, =0.0105x 5600
A.=587cm’

Check As min :

r=r .in=1%
Asmin= T min X Ag

A; min=0.01x (80x 70)

A min= 56 cm®
> A, min=56 cM’< A, 4= 58.7 cm’
Use®25 >> #of bar =—= =119

4. .3 Design of the Tie Reinfor cement:
For ® 10 mm ties :

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

S<16 x2.5=40cm
S<48 x1.0=48cm
S<70

4.9.4 Short Column Detail:

a '.'| Tk T
Le2de 154

_f_;'ié 2--5.4;'” '-f'_r:' :"I_\_u

Figure (4-14) : Short Column Detail



4.  Design of Long Column (C16) :

4. .1 Design of Longitudinal Reinforcement :
Select column (C6) for design

Pu =2285 KN

Pn = 2285/(0.65) = 3515.38 KN

rg=2%

Pn=0.8* Ag{0.85* fc'+r g(fy —0.85fc’)}
3515.38 = 0.8* Ag[0.85* 24 + 0.02* (420 — 0.85* 24)]
Ag =1548.6cm2

4. .2 Check Slenderness Effect :

MU gg ML ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.

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

/ I
R: radius of gyration=0.3 h = K

Lu=4m
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.

MU gy oML ACl —(10.12.2)
r M 2
*
_1*4 44 > 22 <100
0.3*%0.3

. long Coloumn
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E.l
El =04—"9 i, [ACI 318 - 2002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
1.2DL _ 1.2(1500)

b, =0.787
Pu 2285
* 3 * 3
I, = b*h” _ 065703 _ 0.00146m*
12
* *1N6 *
g  0:3%23270.15*10°*0.00146 _ .\ \\/ o
1+0.787
2
p=PE ACI 318 — 2002(Eq, 10 —13)
(KLu)
2 %
P VYY)
(1.0*4)2
M1
Cm= O.6+0.4(m] ............ ACI 318 - 2002(Eq.10 —16)
Cm=1.... According to ACI 318 -2002(10.10.6.4)
d,= cm >1.0 . ACI 318 - 2002(Eq. 10-12)
1-(Pu/0.75P,
1

=76>1

d =
" 1—(2285/0.75*3.5*103)

e =15+0.03*h =15+ 0.03*300 = 24mm = 0.024 m
e=e_ xd_=0024%7.6=0.182

E:w:o,aoe

h 0.3
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In The Other Direction

E.l
El =04—% . [ACI 3182002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750*+/24 = 23270.15Mpa
1.2DL _ 1.2(1500)

b, =0.787
Pu 2285
* h3 * 3
I = b*h® 0.3*0.65" _ 0.0068m"
12
* *106 *
£l - 0.65*23270.15*10° *0.0068 57 5MN .M
1+0.787
pEl
Py = ACI318-2002(Eqg. 10-13)
(KLu)
2 %
23T ag 13N,
(1.0*4)
M1
Cm= 0.6+0.4(WJ ............ ACI 318-2002(Eq.10-16)
Cm=1.... According to ACI 318-2002(10.10.6.4)
d,= cm >1.0 ACI 318—-2002(Eq. 10-12)
1-(Pu/0.75P,

1

dy = —=11>1
1-(2285/0.75%35.43*10°)

=15+0.03*h =15+ 0.03*650 = 34.5mm = 0.0345m

emin
e=e,, xd=0.0345 *1.1=0.0379

0.0379

£_ — 0.058
h 065

From Interaction Diagram
fB, 2285 145

= * =1699.1 Ps
A, 03*0.65 1000

r, =002l

A= p * Ag = 0.021*65*30 = 39 cm*

Use ® 20 >> #of bar =-— =126
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4. .3 Design of the Tie Reinfor cement :

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

S < Least dimension.

Spacing <16 x d, (Longitudinal bar.diameter) =16 x 2.0 = 32cm
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 30cm

. Use If 10@ 25cm

Detail of column 16:-

=90 [ iR
13 57 o
R ¥ ¥
Iy 2
bux) 7 3 "
10 1] b E_ =
i) 10

Figure (4-17) : Long Column Detail
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.13Design of Stairs:

4.13.1 Determination of Slab Thickness:

-L;=1.5m.
-L,=3.6m.
- hreq = L/ 20.
-hyeg=360/20=18.0cm ............. take h=20 cm.
= Useh =20cm.
Cos8=30
© -

=t

R

Y s o

o
b

;

“
T
.
A

iy

L

Rt
[

Lol

(R
in

Figure (4-18) : Stairs plan
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4.13.2 Load Calculations at section (A-A)

Caad lozd  Sarviea

Uinlie: kM metar

b} | 0 I

v IED o

& &4

| (X3 "

| e lovaed - Senvice

SEERERREI Y

0.5 24

. by

5

Figure (4-19) : Loads on stairs

4.13.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*22*((0.33+0.15)/0.30) = 1.056 KN/m.
mortar = ((0.15+0.33)/0.3)*0.02*22= 0.704 KN/ m.
Plaster =(0.03*22)/ (Cos 26.7) = 0.49 KN/ m.
Steps = ((0.15+0.3)/2) * 25/0.3=1.875 KN/ m.
Slab =0.20 *25/ Cos 30 =5.7 KN/ m.

Total dead load = 1.056 + 0.704+ 0.49+ 1.875+ 5.7

=9.825 KN/ m.

Liveload:
Live load for stairs =5 KN/ m.

Factored load
qu =1.2%9.825+ 1.6*5 = 19.67 KN/ m*.

For one meter Strip, q, = 19.77 KN/ m ,
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4.13.2.2 Load on landing :-

Dead L oad:

= Tiles& Mortar =2 KN/m?

= Slab =0.20*25 =5 KN/m2

= Plaster =0.03*22 = 0.66 KN/m2,

Total dead load = 2.0 + 5.0 + 0.66
=7.66 KN/m=2,

:7.766 =3.8kN \m2 in the center of landing

Liveload:

Live load for stairs =5 KN/ m.
Factored load

qu =1.2*7.66+ 1.6*5 = 18.256 KN/ m.
For one meter Strip, q, = 18.256 KN/ m.
4.13.3 Design of Shear :
= Assume @ 14 for main reinforcement:-
So, d =200-20 -14 = 166 mm = 16.6 cm
Taked=16.8cm

Shear

-27.6

-31.2

27.6
31.2

Figure (4-20) : Shear Envelope

= Vu=27.6 KN.

. fVC:M
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_0.75*+/24*1000*166
6

= Vu=27.6 KN < @*Vc=101.6 KN.
>>No shear Reinforcement isrequired. So the depth of the stair is OK.

fvVc =101.6KN

4.13.4 Design of Bending M oment

Moments: spans 1to 1

The Following figure shows the Moment Envelope acting on the stair

1.8 30.7 1.8

Figure (4-21) : Moment Envelope

Mu =30.7 KN.m
Mn g =Mu/0.9=30.7/0.9 = 34.1 KN.m.

d=16.6 cm.

< - Mo

b-d

* 6

DL L

1000 *166
mo_ Y

0.85x fc'

0.85x 24

* *
c_ L[ foamk, ) 1 1_\/1_2 2059*1.23 ) _ o 10
m f, | 2059 420

AS req = 0.003*100*16.6 = 4.98 cm”*
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A 'smin=0.0018*b*h = 0.0018 *1000 * 20 = 3.6cm’
As mln: 360 < As req = 498

Use @ 14 >>> 498/154 = 3.3
Useld 14 @ 25cmc/c .............. with As =(100 / 20)*1.13 = 5.65 cm?.

As provided =5.65 > ASTEQ....ccvivviviieinennnn OK.
Check for strain:

Tension = Compression

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

565*420 =0.85*24*1000* a
a=11.6mm=1.16cm

x:i:gzm.?mm
b, 0.85
e, = 08-137. 003
1.37

e, =0.0338 > 0.005—— ok
4.13.5 Secondary reinforcement:

ASgyinage = 0-0018xbx h =0.0018x100x 20 = 3.6cm’

Use ®10>>> 3.6/0.79 = 4.56

Use @10 @ 20CM ...evvvneenn, With As = (100 / 20)*0.79 = 3.95 cm>.

4.13.6 Stairsat section (A-A) Details:-

[
)
|
V.- A b
< —
L AL .
[ P <L,\
b 4 e
,<./. |-_.;Q_-.“.____. ¢ \)’-.
s e Y o
i b T L
n El {
| o
- }'
7
e
s
R

godl m L
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4.14 Design of Isolated Footing (1F1) :

Determination of L oads:

Total factored load = 1972 KN.

Total services load = 1590 KN

Column Dimensions = 100*30 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (60 cm) thick.
Footing weight = 1.2%(25%0.6) = 18 KN/m2.
Soil weight above the footing = 1.6 (0.6) *18 = 17.28 KN/m2.
live load =5 KN/m?

Gattow =400-5-17.28-18=359.72 KN/m?

4.14.2 Deter mination of Footing Area

1590

— — 2
=35g7p  kAzm

L=21m

determinate q, = 1972/4.84 = 407.43KN/m
4.14.3 Deter mination the depth of footing based on shear strength:
Assumeh=60cm ..... d = 600-75-20 = 505 mm

*Check for one way shear strength

Critical Section at §+d

%m - %w.sos =1.005m

Foundation

Vu=s *( I—Foundation _ (§+ d)j* B
2 2

73



Vu =407.43* (2—22 —-1.005) *2.2 = 85.15KN

f.Vc=f.(%*ﬁ*bW*d)

fVc= 0.75*%* 24 *2200*505 = 680.3KN

f Vc =680.3KN >Vu =85.15KN
. Safe

4.14.4 Check for two way shear action (punching)

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

v, =f 1112 |/ nd
6" b,
1( a '
fv, =f.—| 2 12|/t bd
: 12(b0/d+J @ e
fv, =f %\/ f. b.d

Where:

_ Column Length (a) 100

.= = =3.33
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(100+50.5) + 2(30 + 50.5) = 4.32m

as - 40 for interior column

PV =f 2142 5. bd :E*(ui 24 * 4320 *505 = 2138.32Kn
6" b 6 3.33

C

fv, =f 1[5 o) g b= 0704070505 5\ 154 x138.32 505 = 2207.2Kn
12( b, 12 4.32

FV, =f _%,/ . byd :%* 24* 4320%505 = 2671.9Kn
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f V. =2138.32Kn .... Control
Vu =407.43*{(2.2*2.2) — (1+ 0.505) * (0.3 + 0.505)} =1478.34kN

f Vc=2138.32Kn >Vu. =1478.34Kn........ satisfied

4.14.5 Design of Bending Moment:

Mu = 407.43*2.2*%0.6° / 2 =161.34kN.m
Mu =161.34 KN.m

Using Reinforced Concrete.

Mn= % =179.2KN.m

q= Mn_ 179.2x10°
bd*  2200x505°

oy 40
0.85% fc  0.85*24

, :l 1- 1_2xm><Kn
m fy

r:L 1_\/1_2><20.6><0.319 0000 e
20.6 420

As... =r *b*d =0.000766 * 220 *50.5 = 8.51 cm’

Req.

ASgyinage = 0.0018 *b*h=0.0018 * 220 *60 = 23.76cm’
ASREQ- =8.51< AsSWrinkage = 2376cm2

Sdlect f 16

M =11.8 > usel2bars.

2.01
WAS, i = 24.12em? > 23.76em”......0K

=0.319Mpa

20.6
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Check of strain:
A* fy=0.85* fc' *b*a
2412*420=0.85*24*2200*a

a=>53.74mm
x= 22374 63 00mm
b, 0.85
e, = 205-63-22,,.) h03 = 0.02
35.15

e, =0.02 > 0.005—> ok

4.14.6 Development Length of main Reinforcement for M1 :

0.24fy , 0.24*420
\/E db= N

Ld)yreq = 0.044 xfy xdb =0.044 x420 x1.6 = 29.56cm

Ld@yreq = 29.56cm < Ld1)req=32.9cm=>control

Available Ld = (600 — 75— 2*16) = 493 mm.

Available Ld = 49.3 cm > Ld(1)req=32.9Ccm

Using hook >16*f

Required length of hook >16*f >16*1.6 = 25.6 cm

1.6=32.9cm .

Ldreq=

Use Hooksel. = 30 cm > Hookreq = 25.6cm

_— 9 F_'r’ we‘ ’i&-%
lreg =15* 7 7 *Rer+ch 2
db
9 420 1=1=0.8
d =16 =395 mm

red :E$1¢\/ﬂ$ 55
Ld available = 600'75: 525mm
Ld a\/ai|ab|e= 525 mm > II.Id;.-E.q - 395””“

76



4.14.7 Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
f.Pn=0.65*[0.85*24*(1000*300)]/1000 = 3978Kn
But Pu=1972 <f .Pn=3978Kn

Dowelsarenot required for load transfer.

But use the minimum reinforcement of dowels:
As_ =0.005* Ag = 0.005*100*30 = 15cm’

Use the column bars as a dowels
Select 12020

AS,, e = 37.68cm” > As,, . =15cm’

il ot

Figure (4-22) : Footing’s Detail

L
&5
L™
T 12214
L2 3
Lim) «
100
T
L
C) "
10, 55 140 55 10
ZR0
P
Lppand| 2pp, A
st il % %ﬁ J
Earaahdl Jwil T %;ﬁw%_,%
e i !
L - 75
| B ] e R R L e A R T T T }o
i ¥l X EE - \\ \\ =
Detalls of I.F1 e Mt
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4.15 Design of Basement Wall:-

f =30

Soil density = 18 Kg/cm3

ko= 1-sinf

ko=1-sin30=0.5

Wiin= 0.5*5 = 2.5 KN/m

Wnax= 0.5*5+18*4.5*0.5 = 37.15 KN/m
Whin(factored) =1.6*2.5= 4 KN/m
Wnax(factored) = 1.6*37.15= 59.44kN/m

o KN/m

Botte fh oy oo E

\ L [T

L

1Y
34.65 KN/m 15 KN/m

4
il

Figure (4-23) : Load on Basement Wall
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Figure (4-24) : Loads & Shear/Moment envelope for basement wall

Assume h =250 mm
d =300 - 20 - 14/2 =273 mm
Vug=61.3 KN

ﬂL’:::g focxd=b

075 —
@Ve = T\/24 0273 #1 = 167.17 kN

OVe > Vu
For Horizontal Reinforcement, Use ASmin
ASmin: 0002 * b * h

Asmin= 0.002 * 1000 * 300 = 600mm?%/m = 60 cm?/m
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Use f 8

60/7.9=7.6

Use f 8at 20cm c/c

Design for Bending Moment:-
MuUmax = 62.7 KN/m

Mn = 2.7 =69.67KN.m
0.9

Kn = Mn = 69.67 =0.934Mpa

" bd?  1%0.2732

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

, :l 1- l_2><m><Kn
m fy

L1 1_\/1_2><2o.6><0.934 _ 0.00338
20.6 420

=1 *b*d = 0.00338*273*1000 = 922.7 mm’
ASqyiage = 0.0012*b* h = 0.0012 * 300 *1000 = 360mm’
ASeq = 922.7 > ASgyiyage = 360mMm’

As

Req.

Req.

Usef 14
No.=922.7/154 =5.9 , Use 6 bars
Use f 14 at 20 cm

2/3*922.7 = 615.1 mm?
Usef 12

No.=615.1/113=5.44 , Use 6 Bars
Use f 12 at 20 cm c/c
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4.16 Design of Basement Footing:-

Total factored load = 160.8 KN

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.

Assume footing to be about (30 cm) thick.

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

Soil weight above the footing = 1.6 (3.7) x18 = 106.56 KN/m2.
live load =5 KN/m’

Galtow =400-5-9-106.56=279.44 KN/m?

Assume b =1m, h=30cm

d= 300 - 75 - 20 = 205 mm, gy = 160.8/1 *1.4= 114.85 KN/m*

]
0.3
035 0.35
‘¥ f—
arid
qu

4.16.1 Check of One Way Shear:-

Vu = 1%(0.55-0.205)*114.85 = 39.62 KN
OVe="2 feed+b

075 —
@Ve = T\/24 #0205#1 =1255KN

OVe > Vu

4.16.2 Design of Bending Moment:-
Mu = 114.85*0.55%/2 = 17.37 KN/m

anﬂzlgsKN.m
0.9
Kn = Mn __ 19.3 =0.46Mpa

" bd2  1*0.2052
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fy 420

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

r 1 1_\/1_M —0.00109
20.6 420

ASq., = *b*d =0.00109*205*1000 = 223.45 mm?
ASqyiage = 0:0018*b* h = 0.0018* 300 *1000 = 540mm’
As.,. =223.45< As = 540mm?

Req. 'Shrinkage

No.=540/113=4.778 , Use 5 bars

Use Using hook >16*f
Required length of hook >16*f >16*1.2 = 19.2 cm

Use Hook = 20 cm > Hook req = 19.2cm

f 12at20cmc/c

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

Use f 12
No. =540/113 =4.778 , Use 5 bars

Use 5f 12
9 Fy st
"—Idrr.*t.' = 10 $ﬁ i i%t‘ripﬁ-rt%ll_ =db
. ah
9 420 1*1=0.8
Id =12 =296.3 mm

4 T10 1sv2d 25

Ld available :550'75: 475mm
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Ld available= 475 mm > n'.ld,-ﬂ'. = 296.3mm
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Figure (4-25) Basement Wall section
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4.17 Design of Foundations By Safe Program .

Design philosophy is based mainly on the transfer of all loads and structural

elements of the ETABS program introduced to the SAFE program where it was known

as the strength of the soil, and therefore has the design process.

*Foundations on safe:
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Figure (4-26) : foundation from safe program

*Check soil pressure on safe were qu <400 :

*
i
*
i
¥
L4
-
0
-
-
"
]
| -

Figure (4-27) : soil pressure diagram
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*Deformed shape —displacement in mm:

e —

s Rl it

displacement diagram

Figure (4-28) : deformed shape

Bottom reinforcement of foundations ® 20@20 cm

nearly is enough for all foundations

direction diagram

Figure (4-29) Bottom reinforcement in x
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i ‘_'.-i-lab Finite E ement Dezign - Bottom Rebar Intensity (Enveloping) [mm/m] - Direction 2 - Adcitional to 20 @ 200 mm

Figure (4-30) Bottom reinforcement in y-direction diagram

4.18 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"

ral frs in ETABS program

1 1 4y

TyI pla Ie

Figure (4-32) Elevation View on stairs doors Figure (4-31) 3D View on ETABS
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Figure (4-33) Typical plan on ETABS

Figure (4-34) 3D View on ETABS

Show deformed shape For all walls
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Design results for shear walls on ETABS:

All shear walls around the stairs and elevators reinforced by ® 12@30cm in
both direction.

L% 3-D View Pier Longitudinal Reinfarcing Ratios and Areas (ACI318-02)

Figure (4-36) 3D View - Figure (4-35) 3D View -
reinforcing ratios reinforcing bars
. Uniderm Hermderaing Bher Socor  Dosgn (8C0 518 L) _’ |

Stoap | STORY I3 PierlD: FI1 X Loc: 1245 ¥ Loz 238 Unitz: KN-m

Flexural Dezign for P-M2-M.3 [RLLF - 1.000)
Stetion Mequirsd Cuirent Mexural Mer
Location HReinf Ratio Heinf Aatio Combeo Pu MZu M3iu fg
= 002E [0 [l 20 ~adEve GG 0.o00 1240
Jokar 00228 LI DL z0 El 08 153.295 0.a0nn 1 240
Shear Detign
Station MNebean Shear Capacity Capacity
Location mm-2/m Combo Pu Mu Wu phiYe phi ¥n
Teplegd 120000 LW 10 FL1E4e AL 001 G09.9062 1205527
BoiLeg | 1 20C. 20C L |0 175216 -153.2396 23FA0 LA 1048 283
Boundary Element Check
Slolivn B-Lune B-Zurme
Location Length Comben Pu Mu Wu FufFao
Tplew1  MuMeels C%fa 10 FEITdL BIET 802 0.£253
Boleg | MorMesda: Lm0 175216 -152.295 23730 0.C388
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4.19Design of Shear Wall:-

Z=103
R=55

I =1.0
Ca=0.24
Ct = 0.0488
Cv=0.24

Where:

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

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.

| = 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.

Design of Wall 1:
By Using Software (ETABS 9.5), We Get the shear wall Analysis Results as shown in
the following Diagram:-

16
[ 1 . 69.2
2y =Ll
24 ARG
:l_‘ ¥ Y B
15 TS
| 50 ", 2290
| sa RN a7 i)
| 60 N £342.1
| &4 " 6003
7 N IRIAG
| 74 5 0E0L 05
| = 412202 87
| 1m “\\153417
| 131 W TE G
| 223 N220311
| N 2GT6E.1L

Figure (4-37) : Shear/Moment on Shear Wall
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fc =24 MPa
fy =420 MPa.

h=30 cm. Shear wall thickness.

Lw= 5.5 m. shear wall width

H,=68.30m. Building height

N,= 5300 kN

Lw/2=55/2=225m .............. (control)
hw/2 = 68.3/2 =34.15m
d=08*Ilw=08*55=4.4m

fc'
\/Cl = 5 xbxd
V= */2_4 x0.3x4.4=1077.7kN
V. = E¢b¢d+m, = d
=T 4 41,
. V24+03+44 (53244 iy
oa 4 4+55 '
- =, 2=N,
.. I Iw fc+£.w*b b=d
rd 2 + ﬂﬁ _L;}L » 10
Ve 2
Mu = 22031.1 + 223 (4.33 — 2.25) = 22494.9 kN.m
_ —  2=53
Veg = + ' ' * = 2722.2kN
2 224949 55 10
—223 72
Vs = Vu v
5= E‘.‘J C
Vs = 223 1077.7 = 780 kN
075 T
Av. h Vs 0.780
= = 0.000422

s,  Fy.d 420=44
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Av. h

= 0.0025 = b = 0.0025 = 0.3 = 0.00075

52 min

S <(l/ 5) = 5500/5 = 1100 mm
S, <3*b=3*300=900 mm

Av. h
= 0.00075
52 i

Try 12

2%113 107"

= 0.00075
5

S=0.30m

Use 12 @ 30cmc/c

Design of Vertical Shear Reinforcement :-

hw "'q'rh
A,, = 00025405 25——= = —0.0025 =s5%h
IW 52 * h

A = 00025405 25— 203 , 2*13 0005 h
vn = U 2 S99 EE Y 300%300 )

A, =0.0025 =5 = h

Use ® 12 @ 30 cm clc

S < Lw/3=5500/3 =1833.3mm
< 450mm
< 3*h=3*300=900 mm

l
E } ar
600 = (5,,~h,,,
Assume Sn/hw = 0.007

55
e =
~ 600 =0.007
boundary element length=C - 0.1 * |,
=13-0.1*55=.75m
>1.30/2=0.65m

The boundary element length = 75 cm

Ast =5.5/0.3 * 2 * 113 = 4143.3 mm?

C 1.3
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Z 1

Iw 2+O,854E4L¢1W.¢h

Aqy *ﬂ:
z 1
[, =, 085+f+f+l,+h
Asy *ﬁ:
ulf= ! = 0.06
G 2+0.8540.85-¢24-¢5.5-¢0.3

41433 +10 © +420
M, = 0.9%(0.5 *Ast*F*l,* (1-Z/1,,))
My, = 0.9%(0.5 *4143.3%10%%420*5.5* (1-0.06))

M, =4.04 MN.m
M, = 26768.1 — 4040 = 22728.1
MH
o]
Ast = = 3057.6 mm*

420 = (5.5 — 0.75)
As= 2605.6 +4*113 = 3057.6mm?

Use ® 20
Use 10D 20 ....coeevvvvneeeeenn. Ag = 3140mm?
e I R
TR i LA
] — L
;_[ ¥ ¥ L ) i L 3 L} ¥ T W E 3 L J *
i /
[ ] 1 T » L} * L} + L} L . r L ]
:
1
Tl ¢ Ead
23T T
—_—
b R T A L T e o PO,
| = 3440 ; | =432
e |'—
I |
i i — I

4

T
-2

| e

Figure (4-38) : Shear Wall Section
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4.20 Design of the Well:

Select the thickness of the wall =30cm

Design of the shear:

Vu = 60KN

dVe = 0.75%1/ fc'b,d

dVe = 0.75 x %\/ﬂ x1x0.270 x1000 = 165 KN

®dVe >Vu—— Ok

Design of the bending moment:

Figure (4-40): Moment
Diagram in 3D from
SAP2000 program




Figure (4-41): Moment Diagram

from SAP2000 program

Mu, .. =16 KkN.m

Mnx = E =17.8kN.m
0.9

m-—Y___420 _54
0.85fc  0.85x 24
-3
_Mn _17.8x10° 00 o

bd?  1x0.2702

r:L 1_\/1_2><20.6><O.244 _ 0.00058
420

Asgp., =T xbxd=0.00058x1000 x 270 = 157mm?

As,. (Horizantal) = 0.002 x bx h = 0.0018 x 1000 x 300 = 540mm’
AS,, 2 AS.,

As .. —— Control

~.Use®12/20cm
Muy max = 3.12Kn.m

As,_. (Vertical) = 0.0012 x bx h =0.0012 x 1000 x 300 = 360mm?
~.Use®10/20cm
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Figure (4-42): Well
Reinforcement
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4.21 Design of the Swimming pool:

Dead load computation:

Select the thickness of the wall =30cm

Figure (4-43): swimming pool
in3D

Figure (4-44): Moment
diagram from SAP2000
program

o i
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ooty 420
0.85fc 0.85x24

_ Mn _156x107
bd? ~ 1x0.270

" :i(l— l_2><m><RnJ
m f

=20.6

=0.214Mpa

y

Lo 1 1_\/1_ 2%20.6x0.214 | _ o 1o0es

20.6 420
ASg., =T xbxd =0.00052 x1000 x 270 =149 mm°*
As_. (Horizantal ) = 0.002 x b x h = 0.002 x 1000 x 300 = 540 mm?
As.i, = Asy,
As_,, — Control
~.Use®12/20cm

Muy max =10.14KN.m

As_. (Vertical ) = 0.0012 x bx h = 0.0012 x 1000 x 300 = 360 mm?
~.Use®10/20cm
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Figure (4-45): swimming pool
Reinforcement
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (C)




TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

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

Member deflections.

Solid one-

way slabs £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

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

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700)

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