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The Structural Design of a Residential Building in Hebron
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Mohammed Zaro Mohammed Elias Ewaiwi Majdi Ahmaro

Palestine Polytechnic University - 2010

SUPERVISOR:

DR.NASIR ABOUSHY.

Project Abstract

The main aim of this project is to prepare all of the structural design and executive details

of a multi-story building in Hebron city.
This building consists of 6 floors with basement floor and it contains unlimited activities.
This building is reinforced concrete structure, and it 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.

vii



daial) 48

vii
viii

AW LW W W NN

0 0 NN

O

11
11
12
13
14

16
16
17
17
17
18
18
18

by giaal) (i pgd

Lt 1) ol sinll dndin
Ol sl Asdia e 430
AN & 5 phia dadia andl Balgd
;\Jﬁ}(\
ol 5 KAl
Aol Gl g 5 pdall adle
QYN Gl ¢ 5yl padla
Gl ginall s
1 dadial) ; Js¥) S
danaall 1.1
&j).;':..d\ calal 21
g sl Al 3.1
g 9 rall Alha 2508 4]
alddl 5.1
g s il J 9 6.1
g soiall el al 701
5 g harall Ciagll 1 ALY Juadl)
daaia 1.2
g sl e 4ad 2.2
goosall dse32
daay) Ldlidl Can g 4.2
4l a1
¥ Gl 2
&l g &lEly SUl JsY) Gl shall 3
Glealsl aas 52
Al A jall dgal 1l 1
bl dgal sl 2
dpsiall dgaldll 3
48 il dgal N 4
15 ATy g gl ¢ Gl Juadl)
) edie 1.3
Sy aaaill Ga 2.3
sl 3 ALY jaliall il il 5ol 33
Jua¥i 133
Ll Jwa¥i 233
il Jla) 3.3.3
A Jla¥ 433
g

viii



19
19
19
19
20
20
21
21
22
23
24
25
26

Chapter 4
30
30
31
31
32
32
33
35
36
37
39
40
40
41
42
43
43
44
45
46
46
47
48
49
49
50
51
52
52
53
55

zal 2
Jovil 3
Ly paliall 4.3
el 1.4.3
Vaadl ilall 1,1.4.3
aa) gl slatYUI Cumall Ciltie 2.1.4.3
i) O cuaall Claie 3.1.4.3
sl 243
s2cY13.4.3
(=il Ol yas) Ablall ) 52al1 4.4.3
Glala¥l 5.4.3
zl Y 6.4.3
Al o))l 7.4.3
: Structural Design & Analysis29 28
4.1 Introduction
4.2 Determination of Slab thickness
4.3 Determination of factored load
4.3.1 Determination of dead load
4.3.2 Determination of factored dead & live loads
4.4 Design of topping
4.5 Design of rib 1
4.5.1 Design of negative moment of rib 1
4.5.2 Design of positive moment of rib 1
4.5.3 Design of shear of rib 1
4.6 Design of beam 3
4.6.1 Design of Span 1
4.6.1.1 Design of positive moment
4.6.1.2 Design of negative moment
4.6.1.3 Design of shear
4.6.2 Design of Span 2
4.6.2.1 Design of positive moment
4.6.2.2 Design of negative moment
4.6.2.3 Design of shear
4.6.3 Design of Span 3
4.6.3.1 Design of positive moment
4.6.3.2 Design of negative moment
4.6.3.3 Design of shear
4.6.4 Design of Span 4
4.6.4.1 Design of positive moment
4.6.4.2 Design of negative moment
4.6.4.3 Design of shear
4.6.5 Design of Span 5
4.6.5.1 Design of positive moment
4.6.5.2 Design of shear
4.7 Design of Column



55
55
56

56
57
58
58
58
59
59
60
60
61
62
62
62
63
63
64
64
66
66
66
68
68
68
69
70
70
71
71

4.7.1 Design of short column (C 19)
4.7.1.1 Design of longitudinal Reinforcement
4.7.1.2 Determining of pg

4.7.1.3 Check of As,...
4.7.1.4 Design of Tie Reinforcement
4.8 Design of one way solid slab
4.8.1 Check if it's one way
4.8.2 Determination of thickness
4.8.3 Load Calculation
4.8.4 Design for positive moment
4.8.5 Check of Strain
4.8.6 Shrinkage & Temperature Reinforcement in top layer
4.8.7 Development length of the bars
4.9 Design of Stairs
4.9.1 Determination of slab thickness
4.9.2 Load calculation
4.9.2.2 Total Load
4.9.2.3 Factored load
4.9.3 Design of shear
4.9.4 Design of Bending Moment
4.9.5 Check of yielding
4.9.6 Development length of the bars
4.9.7 Secondary reinforcement
4.10 Design of Basement wall
4.10.1 Load Calculation
4.10.2 Thickness Calculation
4.10.3 Wall Design
4.10.4 Design of Secondary Reinforcement
4.10.5 Check for Shear
4.11 Design of Isolated footing (F 08).
4.11.1 Load Calculation



71

72
72
73
74
74
76
78
78
78
78
79
80
82
84
84
86
86
86
86
86
86
87
88
89
89
89
90
90
90

4.11.2 Design of Footing Area

4.11.3 Determine the depth of footing based on shear strength
4.11.4 Check for one way shear strength

4.11.5 Check for two way shear action punching

4.11.6 Check transfer of load at base of column

4.11.7 Design of Bending Moment

4.11.8 Check for Strain

4.12 Design of combined footing

4.12.1 Load Calculation

4.12.2 Determination of the footing dimensions
4.12.3 Determination of the foundation depth
4.12.4 Check for one way shear action

4.12.5 Check for two way shear action

4.12.6 Design for Bending Moment

4.12.7 Check for Strain

4.12.8 Check transfer of load at base of column

4.13 Design of Strip Footing

4.13.1 Load Calculation

4.13.2 Determine the Footing Width

4.13.3 Determine of footing depth

4.13.4 Design of shear

4.13.5 Bearing pressure

4.13.6 Determine of Reinforcement for Moment Strength
4.13.7 Check of strain

4.13.8 Development length of main reinforcement
4.13.9 Design of Secondary Bottom Reinforcement
4.13.10 Design of dowels bars

4.14 Design of Mat Foundation

4.14.1 Load Calculation

4.14.2 Calculation of required area

Xi



91
91
92

92
93
93
94
94
95
95
96
99
99
101

103
103

105
106
107

4.14.3 Design of shear
4.14.4 Design of bending moment
4.14.4.1 Design in X-directions

4.14.4.1.1 Design of positive moment
4.14.4.1.2 Design of negative moment
4.14.4.2 Design in Y-directions:
4.14.4.2.1 Design of positive moment
4.14.4.2.2 Design of negative moment
4.15 Design of Shear wall
4.15.1 Load Calculation
4.15.2 Calculation of shear force on "shear walls”
4.15.3 Shear Wall Design Parameters
4.15.4 Design of Horizontal Reinforcement
4.15.5 Design of Vertical reinforcement

102 Slua gill g ilill) ; Qualdd) Juadl)
il 1.5

Chasill 2.5

104 Glaatall ¢ (i) Juadl)

Appendix A : Architectural Drawings 1.6
Appendix B :Structural Drawings 2.6
CA\JASU J.JLAAS\ 36
Jglaadl (ugd
201012009 sl sall d3all J3a £ 5 piiall i3l Jsaadl (1-1) Jsas
Loaiaall 3 all Lo gil) 43 U (1-3) Jsas
dall Jlaa¥l (2-3) Jsas
Table (4-1) : Shear Wall Loads.
JE) (g
el 5 Y dadad Jaladg (1-2) S
Bl 4503 ) 50 (2-2) JSS
A el 3da Ll (3-2) JSi
eaY) Gkl ik (4-2) S
&I Y Y1 e Gl sl il Labaid (5-2) S
A Al dgal 5l (6-2) US4
el dgal 5l (7-2) IS
Ty giall gal 5l (8-2) IS
4 il dgal 1) (9-2) Jsa
) gl oVl Caanl) 33850 (1-3) IS
Oalai¥) Q) Cuaall Baie (2-3) JS&
3y saanall 5 B ) suall JIS3) (3-3) S
saec Y1 JISaH 2a (4-3) J<i

Xii



24
25
26
27
30
33

34
34
34
35
39
39
39
54
57
58
61
62
67
70

77
85

92
93
95
98
102

Figure (4-1):
Figure (4-2):

Figure (4-3) :
Figure (4-4) :
Figure (4-5):
Figure (4-6):
Figure (4-7):
Figure (4-8):
Figure (4-9):

Figure (4-10) :
Figure (4-11) :
Figure (4-12) :
Figure (4-13) :
Figure (4-14) :
Figure (4-15) :
Figure (4-16) :

Figure (4-17) :
Figure (4-18) :

Figure (4-19) :
Figure (4-20) :
Figure (4-21) :
Figure (4-22) :
Figure (4-23) .

o=dll jlas (5-3) Js3
3l k) (6-3) JS&
o (7-3) Jsa
Basement Floor Slab
Rib 1 geometry.

Rib Section

loading of Rib 1

Moment Envelop of rib 1.
Shear Envelop of rib 1.

Beam 3 Geometry.

Moment Envelop for Beam 3.
Shear EnvelopFor Beam 3.
Detailing of Beam 3.
Detailing of Column 109.
One Way solid slab plan.
Solid Slab Details.

Stairs plan.

Detailing of Stairs.
Basement Wall & Strip footing Details.

Detailing of isolated Footing (F08).
Detailing of Combined Footing.

Bending moment in X-direction
Bending Moment in Y-direction.
Shear Wall

Shear & Moment Diagrams.

Shear wall Detail.

Xiii



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 f. = 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.

¢ Mn = nominal moment.

Xiv



¢ Pn = nominal axial load.

¢ Pu = factored axial load

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

¢ \/n = nominal shear stress.

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

e \Wc = weight of concrete. (Kg/md).

o W = width of beam or rib.

e \Wu = factored load per unit area.

e ® = strength reduction factor.

e £. = compression strain of concrete = 0.003mm/mm.

e & = strain of tension steel.

e &= strain of compression steel.

e 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 1.

4.6 Design of Beam 3.

4.7 Design of Column.

4.8 Design of One way solid slab .
4.9 Design of Stairs.

4.10 Design of Basement wall.

4.11 Design of Isolated footing (F 08).
4.12 Design of combined footing.

4.13 Design of Strip Footing.
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4.14 Design of Mat Foundation.

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

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

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

all structural element in order to design it.

4.2 Determination of Slab Thickness

Il
':—+ B !é B(r * BE * B6 él— ''''' ©
=== 2
o | L o
g k=4
—_— — IZ]’ 2 PoS
a L L o .
"RMI Pt B b
i) = R3 B2 o
= w L — I O
X » B2 3
l—-—-—-g'-—@
L - ——
B2 /. § ®
........... 7_'5:#_-.—_-.—_-3.4
‘‘‘‘‘‘‘‘‘‘ ! Y
--------- 5
B e A I DA N R
T hivand N ] E S
vsol13s]1as] 198 5&&) oL lo 305 l7d 20 [os120  se0 | ses | 20

bod oo &b b &

Figure (4-1): Basement Floor Slab.

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:
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hmin for one-end continuous = L/18.5

=405 /18.5=22 cm.
hmin for both-end continuous = L/21

=420/21=20cm
hmin for Cantilever = L/8

=145/8 = 18.125 cm.
hmin for Simply supported = L/16
=280/16 = 17.5cm
The controller slab thickness is 22 cm.
Select Slab thickness h=25cm with block 17cm & Topping 8cm.
4.3 Determination of factored Load

4.3.1 Determination of Dead load

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

Rib 0.17*0.12*25= 0.51 KN/m.
Block = 0.17*0.40*9= 0.612 KN/m.
Topping =0.08*0.52*25= 1.04 KN/m.
Plaster  0.02*0.52*23= 0.239KN/m.
Mortar = 0.02*0.52*23 = 0.239 KN/m.

Partition —=>1.25*%0.52 =0.65 KN/m.
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Nominal Total Dead Load =

0.619 + 0.343 +0.51 + 0.612 + 1.04 + 0.239 + 0.239 + 0.65 = 4.25 KN/m of rib
Nominal Total live load =5 * 0.52 = 2.6 kN/m of rib

Total Dead Lad (service) = 4.25/0.52 = 8.17 kN/m?

Total live load =5 kN/m?

4.3.2 Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*%4.25 = 5.1 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 + Whitest Waang+ 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)

q, *1”
s Mu=—= =13.172*%0.4% /12
12

=0.172KN.m.
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2
2> Mn=0.42,/ fc' *%

* 2
=042 \20 *M — 2KN.m.

N @*Mn =0.55*2 =1.1KN.m.
#*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:
L = 0.0018

As = p*b*h=0.0018*100*8 =1.44cm?,

Use 1D10/25 cm in both directions.

4.5 Design of Rib 1

1 2 3 4 5
1 2 3 4
E A A A A ::l
L L L
A A A A
D5 33 0.5 37 o5 45 05 3.15 0.5
T T T T
38 . 42 5. 365
T

Figure (4-2): Rib 1 geometry.
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52.

|
25. ‘ \
12,
AA

Figure (4-3) : Rib Section

load group no. 1

Dead load - Service Units: ki, mete:
4325 425 405 4325
3 ! ! &
38 42 365

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

[ b |

338 42

CHERNEINNENCZE

| 3.65

Figure (4-4) : loading of Rib 1

187 19
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-1386 ~ 13, -136 /1 -1441
-106 ;, -109 VA AN

A

} 3/214! \:\\HH___; _,--"// 13 'I;;gﬁ_;s\ - I }

) 1.
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T e T T
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Figure (4-5) : Moment Envelop of rib 1.
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Figure (4-6) : Shear Envelop of rib 1.

4.5.1 Design of Negative moment of rib 1
Maximum negative moments MU = 14.1kN.m
Mn=14.1/0.9 =15.61 kN.m

N fy 412

= - = =24.235
0.85* fc 0.85*20

15.61x107
0.12x (0.216)°

Mn
Kn = =
b*d?

= 2.8Mpa

2mKn

1
p=—@- [1-500)
m

) = 0.0075

1 2x2.8x24.235
p a-,1-

~ 24.235 412

As = 0.0075 (12) (21.6) = 1.94cm?

:—(bw)(d)z'—fy(bw)(d) .................... (ACI —10.5.1)

14
A, =——(12)21.6)> m(12)(21.6))
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As., =0.703<0.88............. the larger is control
As . =0.88cm?

1.94cm®> As . = 0.88cm’

# of bars = As/ AS ,;r = 1.94/1.13 = 2 bars

Select 2 @ 12mm .

Check of Strain

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

2*113*412 =0.85*20*0.12*a
a=45.64mm
x= & 4564 oo somm
B, 0.85
_ 216-53.69

% = 5369
¢, =0.0091> 0.005.......OK

X0.003

4.5.2 Design of Positive moment of rib 1
Maximum positive moment is MU = 13.8kN.m

Mn =13.8/0.9 = 15.33 KN.m

= fy - = 412 =24.235
0.85*fc  0.85%20

36
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Mn _ 1533*10°

Kn = 5= >
b*d 0.52*(0.216)

=0.63Mpa

2mKn
fy

1
p=—(- -0
m

N 1 (1- \/1— 2(24.235)(0.63) ) = 0.0016<0.0018

~ 24.235 412

As = 0.0018 (52) (21.6) = 2.02cm?

As,. = %(bw)(d)z %(bw)(d) .................... (ACI -10.5.1)
A, = %(12)(21.6) > %(12)(21.6))

As.,. =0.703<0.88............. the larger is control

As . =0.88cm?

min
2.02cm?> As; =0.88cm’

# of bars = As/ As ,; = 2.02/1.13 = 1.79 bars * Note Ag; = 1.13 cm?

Select 2 D 12 mm .

4.5.3 Design of shear of rib 1

OVe= @ * —Vgcbw*d

J20

= 0.75* 5 0.12 * 0.216*1000
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=14.49 KN
@ vsmin = 0.75 (%) *bw *d=0 .75*(%)*120*216*10'3= 6.48 KN.

@ Vsmin = 6.48

Vu=20.1KN (From shear Envelope)
O Ve <Vus® Ve + @ Vsmin

14.49 <20.1 < (14.49+6.48)

So categories (3) satisfy.

Minimum shear reinforcement required, so;

_O*Av* fy*d
DVs

S

_ 0.75*1.58*412*216

3 =16.27cm
6.48*10

S=d/2=21.6/2=10.8 cm.

S <60 cm.

Use S=10cm

Then use 2 bars @ 10 @ 10 cm.
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4.6 Design of Beam 3 :

1 2 3 4 5 (]
1 - 3 4 5
|:: A et A - A - A iy A :I
A - A = A =3 A e A
02 335 03 3.35 03 3.25 03 3.45 D 2_5 2.86 02
36 ; 3.65 : 3.55 ; 373 : 3.08
25,
B0.
AA

Figure (4-7) : Beam 3 Geometry.

-143.1
s S 1. 1236 -123.2
111.8 , -114.4 i _538'7 962 -96. -99.8 -100.2
fosay. . /a2 ./ 42 L/ 1Az
1.39 1.36 118
[ PR i 44 414 nj
" Y L LB T N
0.610.7 . . 0.49 . 057 1055
14.1 0.52 7 0.55 0.63 11.9
70.6 74. 776 78.5
109.5
144 216 | 183 18 | 177 177 | 187 187 | 18 123 |
Figure (4-8) : Moment Envelop for Beam 3.
1823 -21.5'6 -183.2 =180, -183.5
NV -150. 508 627 4 1239
956
L L1 i |
It L 1L T T Ll n
= 118. = I— t
146.3 1853 - 151.7 - 158.3 7 1sa7
188.5 184.9 191.5 180.4

Figure (4-9) : Shear Envelop for Beam 3.
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4.6.1 Design of Span 1
4.6.1.1 Design of Positive moment

b,, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=109.5 KN .m

M
Mn = —u: % =121.67 KN.m
@ 0.9
fc’ ,
AS i =—(bw)(d)zﬁ(bw)(d) .................... (ACI —10.5.1)
4(fy fy
J20 1.4
As..., =——=(80)19.0)> —(80)19.0
= 7 g 0090)2 22 (60290)
As.. =412<516............. the larger is control
As . =5.16cm?
Mn
Kn =
b*d?
121.67*10°°
n=_—————— =421Mpa
0.8*(0.19)
= fy M2 _ 24.235

m=s——=—:=
0.85*fc  0.85*20

1 2mRn
=—01- 1-
P m(1 1/ y )

40



. 1 - \/1_2(24.235)(4.21)

- ) =0.012
24.235 412

Areq=p*b*d=0.012* 80 * 19 = 18.24cm?

18.24cm’> As . =5.16cm’

Use @ 20>> # of bar = % =58

Then we select (6) bars @20

Check for Strain

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

6%314*412 = 0.85*800*20*a
a=57.07mm
x= & 50T ot amm
B, 085
190-67.14

£, =———"="X0.003
67.14

&, =0.0055 > 0.005

4.6.1.2 Design of Negative moment

b, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=114.4 KN .m

Mu
Mn= — = % =127.11 KN.m

41



Mn

Kn= ——
b*d?
127.11*10°
n=-—""— " =440Mpa
0.8*(0.19)
Wy 412

m = - = =24.235
0.85*fc  0.85*20

1 2mRn
=~ (1- 1-
p m(1 1/ y )

, 1 - \/1_2(24.235)(4.40)
412

= )=0.013
24.235

Areq=p*b*d=0.013*80* 19 =19.76cm?

Use @ 20>> # of bar = % =6.3
3.14

Then we select (7) bars @20

4.6.1.3 Design of shear

<DVc=<I>*—VngW*d

J20

= 0.75* === 800 * 190/1000
= 84.97 KN
. 1 1 3
P vsmin = 0.75 (3) * bw * d =0.75+(-1)*800*190*107 = 38 KN.

®d Vsmin = 38 KN.
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Vu =182.3 KN (From shear Envelope)
J fc!
O Vec+odvsmin<Vu<d Vc+ P * wa*d

(84.97 + 38)<182.3 < (84.97+169.94)

So categories (4) satisfy.

Minimum shear reinforcement required, so;
S=d/2=21/2=10.5cm.

S <60 cm.

Use S=10cm

Then use 2 bars @ 10 @ 10 cm.

4.6.2 Design of Span 2
4.6.2.1 Design of Positive moment

b, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=70.6 KN.m

Mu
Mn= — = M =78.44 KN .m
)] 0.9

_ 78.44*10°°

n= ————— =272Mpa
0.8*(0.19)
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oty 41
0.85*fc  0.85%20

1 2mRn
=~ (1- 1-
p m(1 1/ y )

o 1 - \/1_ 2(24.235)(2.72)
24.235 412

=24.235

) = 0.0072

Areq=p*b*d=0.0072* 80 * 19 = 10.944cm?

10.944cm’> As . =5.16cm?

Use @ 18>> # of bar = 10.944 _

Then we select (5) bars @18.

4.6.2.2 Design of Negative moment

b, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=288.9 KN .m

M
Mn = u :88.9
d

—— =98.78KN .m
0.9
Mn
Kn =
b*d?
98.78*10°°
n=——— =3.42Mpa
0.8*(0.19)
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oty 41
0.85*fc  0.85%20

1 2mRn
=~ (1- 1-
p m(1 1/ y )

_ 1 - \/1_2(24.235)(3.42)
24.235 412

=24.235

N ) = 0.0094

Areq=p*b*d=0.0094 * 80 * 19 = 14.29cm?

Use @ 18>> # of bar = % =5.63
2.54

Then we select (6) bars @18

4.6.2.3 Design of shear

d)Vc=cD*—VngW*d

J20

= 075 == 800 190/1000
= 84.97 KN
. 1 1 3
@ Vsmin = 0.75 (5) * hw * d =0 .75*(5)*800*190*10 = 38 KN.

®d Vvsmin = 38 KN.

Vu =165.3 KN (From shear Envelope)
y fc!
O Vc+Ddvsmin<Vu<dVe+D* wa*d

(84.97 + 38) <138.1 < (84.97+169.94)
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So categories (4) satisfy.

Minimum shear reinforcement required, so;
S=d/2=21/2=10.5cm.

S <60 cm.

Use S=10cm

Then use 2 bars @ 10 @ 10 cm.

4.6.3 Design of Span 3
4.6.3.1 Design of Positive moment

b, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=74 KN.m

Mu 74
Mn= —— = — =8222KN.m
(0] 0.9

Mn
Kn = >
b*d
82.22*10°°
n=————— =2.85Mpa
0.8*(0.19)
m = fy 412 =24.235

T 085+ fc  0.85%20

1 2mRn
- —(1- N1-
p m(1 ,/ y )
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o 1 - \/1_2(24.235)(2.85)
24.235 412

) = 0.0076

Areq=p*b*d=0.0076 * 80 * 19 = 11.55cm?

11.55cm°> As . =5.16cm’

Use @ 18 >># of bar = E =454

Then we select (5) bars @ 18

4.6.3.2 Design of Negative moment

b, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=96.2 KN .m

Mu
Mn = 96.2

— = =106.89 KN .m
(0)) 9
Mn
Kn = >
b*d
106.89*10°°
n=———— =3.7Mpa
0.8*(0.19)
m = fy 412 =24.235

T 085+ fc  0.85%20

1 2mRn
- —(1- N1-
p m(1 1/ y )
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; 1 - \/1_2(24.235)(3.7)

- )=0.01
24.235 412

Areq=p*b*d=0.01*80*19 = 15.2cm?

Use @ 18 >> # of bar = E =5.98
2.54

Then we select (6) bars @ 18.

4.6.3.3 Design of shear

d)Vc=cD*—VngW*d

J20

= 075 == 800 190/1000
= 84.97 KN
. 1 1 3
@ Vsmin = 0.75 (5) * hw * d =0 .75*(5)*800*190*10 = 38 KN.

®d Vvsmin = 38 KN.

Vu =156.8 KN (From shear Envelope)
Jfc!
O Vec+DdVsmin<Vu<dVe+d* wa*d

(84.97 + 38) < 156.8 <(84.97+169.94)
So categories (4) satisfy.
Minimum shear reinforcement required, so;

S=d/2=21/2=10.5cm.
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S <60 cm.
Use S=10cm

Then use 2 bars @ 10 @ 10 cm.

4.6.4 Design of Span 4
4.6.4.1 Design of Positive moment

b, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=77.6 KN.m

Mu 77.6

Mn= ——= —— =86.22KN.m
(0)) 0.9
Mn
Kn = >
b*d
* -3
0.8*(0.19)
m = fy 412 =24.235

T 085+ fc  0.85%20

p:l(l_ 1_2mRn
m fy

N ) = 0.008

_ 1 i \/1_2(24.235)(2.99)
24.235

412

Areqg=p*b*d=0.008*80 * 19 = 12.16cm?
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12.16em°> As . =5.16cm’

Use @ 18 >> # of bar = 122—16 =479

Then we select (5) bars @ 18

4.6.4.2 Design of Negative moment

b,, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=100.2 KN .m

Mu
Mn = _ 100.2

— =% =111.33KN.m
@ 0.9
Mn
Kn = >
b*d
111.33*10°°
n= 3807 5 eempa
0.8*(0.19)
m = fy 42 24.235

T 085+ fc  0.85%20

2mRn
fy

1
p=—@0- [1- )
m

; 1 - \/1_2(24.235)(3.85)

= )=0.012
24.235 412

Areg=p*b*d=0.012*80* 19 = 18.24cm?
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Use @ 18 >> # of bar = % =7.18
2.54

Then we select (8) bars @ 18

4.6.4.3 Design of shear

dDVc-(D*—VéCbW*d

J20

= 0.75* ry 800 * 190/1000
=84.97 KN
@ vsmin = 0.75 (%) *bw *d=0 .75*(%)*800"‘190*10'3 =38 KN.

® Vsmin = 38 KN.

Vu=162.7 KN (From shear Envelope)
f 1
DOVc+DdVsmin<Vu<dVec+d* —“SCbW*d

(84.97 + 38) <162.7 < (84.97+169.94)

So categories (4) satisfy.

Minimum shear reinforcement required, so;
S=d/2=21/2=10.5cm.

S <60 cm.

Use S=10cm

Then use 2 bars @ 10 @ 10 cm.
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4.6.5 Design of Span 5
4.6.5.1 Design of Positive moment

b,, =80cm, h = 25cm
d =250-40-10-10=19cm

Mu=78.5KN.m

Mu
Mn= — = E =87.22KN .m
o 0.9
Kn = Mn
b*d?
* -3
n= %102 = 3.02Mpa
0.8*(0.19)
m = fy 412 =24.235

T 085+ fc  0.85%20

1 2mRn

p=—(@1- [1- )
m fy

oo 1 - \/1_ 2(24.235)(3.02) J = 0.008
24.235 412

Areq=p*b*d=0.008*80* 19 =12.16cm?
12.16cm°> As . =5.16cm’

Use ®@ 18 >> # of bar = @ =4.79
2.54

Then we select (5) bars @ 18
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4.6.5.2 Design of shear

chc=c1>*—Véwa*d

J20

= 0.75* = 800 190/1000
= 84.97 KN
® Vsmin = 0.75 (%) * bw * d =0 .75*(%)*800*190*10'3 = 38 KN.

® Vvsmin = 38 KN.

Vu =159.7 KN (From shear Envelope)

A fc!
dVet+Ddvsmin<Vus<d Ve +o* wa*d

(84.97 + 38) <159.7 < (84.97+169.94)

So categories (4) satisfy.

Minimum shear reinforcement required, so;
S=d/2=21/2=10.5cm.

S <60 cm.

Use S=10cm

Then use 2 bars @ 10 @ 10 cm.
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4812 TR 6020 T.B.
7020 T8, &0 4pi2 T, i 20 & 4912 L=350 T8, _
250 225 300 !
20 400 400 450 330
6020 L=450 BE. 4320 BB 4820 B.B. 4820 BB 4820 L=400 BB
Beam 3
4 NE— { R &
80 " 80 i
120 120

c-C

1:20

Figure (4-10) : Detailing of Beam 3.
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4.7 Design of Column
4.7.1 Design of Short Column (C19)
4.7.1.1 Design of Longitudinal Reinforcement

Select column (C19) in the Basement Floor for design.

p, = 2184.1kN
=288 a360.15KkN
T 065

Assumin g...0g = 0.0035
Pn =0.8* Ag *[0.85* fc'+pg(fy —0.85* fc')]

3360.15 = 0.8* Ag *[0.85* 24 + 0.035* (412 — 0.85* 24)]
Ag ., =1231.51cm?.
Use 30 cmx50 cm = Ag =1500 cm? >1231.51 cm?..ok

Check if the column is short or long

(k'L“ ] < (34—1Z(ﬂj) <40
r M

2

L, : Actualun sup ported (unbraced )length

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

R:radius of gyration = /LA

I: Moment of inertia

A: Cross sectional area of the column
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bh* .
| =——....for rectangular section

A=b*h

3 2
I’:\/I: bh =\/E=0.3*h
A \12*b*h 12

r=0.3*0.5=0.15m?
k=1.0

Lu=275m

kL, 1*2.75

= =18.33< 22
r 0.15

.. Short Column

4.7.1.2 Determining of g

Pn=0.8* Ag *[0.85* fc'+,0g(fy —0.85* fc')]
3360.15=0.8*150*[0.85*24 + pg(412 —0.85* 24)]
g =0.019

As =0.019*50*30 = 2850mm’

4.7.1.3 Check of As;,

As . =0.01*30*50 =15cm?

2850mm?> 1500 mm?

Select 8425 with ASprov.=39.25cm?.
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4.7.1.4 Design of Tie Reinforcement

Spacing <16xd, (Longitudinal.bar.diameter) =16 x 2.5 = 40cm.
Spacing < 48xd, (tie.bar.diameter) = 48x1.0 = 48cm.

Spacing < Least.dimension = 60cm

Use ¢10 @ 25cm c/c spacing.

Figure (4-11) : Detailing of Column 109.

57



4.8 Design of One way solid slab

9.20

3.30

—

Figure (4-12) : One Way solid slab plan.

4.8.1 Check if it's one way

ﬂ = % =2.79> 2.0 ....One way
Lx 3.3

4.8.2 Determination of thickness

_ L 33-2%02
20 20
Select h =15cm

h =14.5¢cm
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4.8.3 Load Calculation

D.L =10KN /m?
L.L =5KN /m?
From Ater we get
V, =30.6KN

M, =25.6KN.m

4.8.4 Design for positive moment

d =150-20-12=118mm

Mn—m—@:28.44KN.m

09 09
Kn= Mr; = 28.44 > =2.04Mpa
bd?  (1)(0.118)

oy 4
0.85% fc'  0.85*20

1 2mKn
Pza(l—wfl— fy )

1 1_\/1_2><2.04><24.24
24.24 412

=24.24

p } =0.0053

As, = pxbxd
=0.0051x1000x118 = 625.4mm’

AS., 6254
Asgle 113

use 6¢12/m

=5.53

#of bars =

Usegl2@20cmc/c
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As_,, =0.0018xbxh =0.0018x1000x150 = 270mm?

As iy =270mm* < As . = 625.4mm’

# of bars = @ =2.39
113

Usegl2@40cmc/c

4.8.5 Check of Strain

Tension =Compression

A x fy =0.85x fc' xbxa
678x412 =0.85*20*1000*a
a=16.43mm
c= 2 1043 16 a0mm
B, 085
| 118-19.33

%= 1933
¢, =0.015>0.005 .......ok

*0.003

4.8.6 Shrinkage & Temperature Reinforcement in top layer
As... =0.0018xbxh

As . =0.0018x1000x150 = 270

# of bars= @ =2.39
113

Usegl2@40cmc/c
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4.8.7 Development length of the bars

f
L, =——==xaxfxyxd,
2,/
412
L, = x1Ix1x1x1.2=55.27cm.
2420
Use L, =60cm.
S1 S1
* @12 @40 T.B
w ] 930 - p
4¢ . m}4c
m ~m
= =
oo o
3 NI
o &
| =)
0 930
ple @40 B.B.
‘:‘F‘
S1 Gl

Figure (4-13) : Solid Slab Details.
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4.9 Design of Stairs

A

Figure (4-14) : Stairs plan.
4.9.1 Determination of Slab thickness

_span
min 20

h :2:0.16m
20

min

Use h,,, =16cm

4.9.2 Load calculation
4.9.2.1 Dead Load

Tiles  (0:15+030)x0.03x22 _ oo

0.3
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_ (0.15+0.3)x0.02x23

Morter = =0.69 KN/m
0.3
Stair - 0.5x0.3x0.15x24 _18KN/m
0.3

Concret = M =429 KN/m

cos 26.57
Plaster = 202%23*1_ 1 kN/m

cos 26.57

4.9.2.2 Total Load

D.L,, =828 KN/m
L, =4KN/m

4.9.2.3 Factored load

g, =12D.L+16LL=12x828+1.6x4=16.34KN/m

For one meter Strip, qu =16.34 KN/m.
From ater We get

Mu =28.6 KN/M

Vu =30.2 KN/M

h =16cm

Assuming @ 14 for main reinforcement
So, d =160-20-7 =133 mm..

Take d =13.3 cm

63



4.9.3 Design of shear

Vu =30.2 KN.

¢ f."xb, xd
c=—"———+—
a 6

_ 0.75%+/20x1000x0.133
6

=81.45KN

@vc

Vu =30.2 KN< @.Vc =81.45 KN.

No shear Reinforcement is required (h=16 cm is OK).

4.9.4 Design of Bending Moment

Mu =28.6 KN.m.
Mn,, =m=@=31.78 KN..m
09 09
d=13.3cm.
K - an
b-d
-3
Kn =M=1_8Mpa .
1x0.1332
mo_ v
0.85x fc'
m =2 _onp3
0.85x 20

p=£[1— /1_ 2mKnJ
m f,
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b L 1_\/1_2><24.23><1.8 — 0.0046
24.23 412

As req =0.0046 x1000x133 =611.8 mm*

As min 2 \/f_C,
4(1y)

z%(bw)(d)

(bw)(d)

Spin = V20

™ 4(412)
360.9<451.94

so As,. =451.94mm’

1.4
(1000)(133) < (1000)(133)

As min =451.94<As req =611.8

As =611.8mm°.......... Control.

# Of Bars = w =397
154

Usegld @ 20cm.
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4.9.5 Check of Strain

Tension =Compression

A *fy=0.85*fc' *b*a
611.8x412=0.85*20*1000*a
a=14.8mm

c=2_148 17 41mm

S, 0.85
, _183-17.41
° 17.41
g, =.02>0.005—— o0k

*0.003

4.9.6 Development length of the bars

f
L, =——=—=xaxfBxyxd,
2 fe

L, = 412 x1x1x1x1.3=59.9 mm

d_ZX@

L, =60cm

4.9.7 Secondary reinforcement

As =%>< AS,., =%>< 611=122.2mm’
ASprinage = 0-0018 xbx h = 0.0018 x1000x 160 = 288mm?
Use¢10 @ 20 cm.
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A-A

Figure (4-15) : Detailing of Stairs.
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4.10 Design of Basement wall
4.10.1 Load Calculation

q, =yxhxK,

Yeon =17 Kn/m?®

6 =30°

K=0.5

0, =17x2.75x0.5=23.375 Kn/m2
q, =PxK,

g, =5x0.5=2.5Kn/m’

4,10.2 Thickness Calculation
Assume p =0.01
Mu =16.4 KN.m

Mn =16.4/0.9 =18.22 KN.m

me_Y___ 42 5,
0.85fc'  0.85x 24
Kn=px—  _001x 412
1-0.5mp 1-05x20.2x0.01

6
Kn = Mrzl :d:wfwzmmm
hd 1000x 4.58

h=64+30+10=104 mm

select h=30cm

68

=4.58Mpa



4.10.3 Wall Design

d =300-30-12 =258 mm
Mnx 18.22x10°°

Kn= = =0.27Mpa
b*d?  1x0.2582 P

1 2mKn
p=—(- fi- 5 )

\/1_ 2x20.2x0.27
412

1
p=l-

) =0.00066 < 0.0018
20.2

As,., =0.0018x1000x 258 = 464.4mm’ /m

_025Jfc’ . _0.25,/24x1000x258
412

As =766.95mm? /m

min

s :l.4xbW><d2 _ 1.4*1000*258

- =876.7mm?/m
fy 412

As i, =876.7mm?/m > As,, =464.4mm*/m

#of bar in on meter = @ =5.69

Select ®14@18cm clc

AS min = 0.0012xb xh

0.0012 x1000x 300

= 360 mm% m
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4.10.4 Design of Secondary Reinforcement
Select the greater of

AS, o e = 0.002*1000* 300 = 600mm? /m

#of bar in on meter = @ =53
113

Select #12@18cm with As=678mm?*/m

4.10.5 Check for Shear
#xVc >Vn
$xVec :%ﬁxbxd :%MXNOOXOQSB

¢Vc =157.99 >>Vu =18.5 kN
.. No Shear Reiforcement Required

10cm Asfolt
15cm Compacted Bese coarse
10025 Compacted Selected Fill
+0.25,
s 1esso XD
Ground Floor
b.30
#12018
s14018 ||
Basement Floor
$12020
. 5
-------- > =
Sz A
\/\\/\-\'4 IR ‘I ;
1=

20 20

0.4

0.10 0.48 0.10

Figure (4-16) : Basement Wall & Strip footing Details.
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4.11 Design of Isolated footing (F 08).

Once the ultimate column or load is determined, the proper footing can be designed .The

following subsections describe the analysis and design of footing F 08

4.11.1 Load Calculation

From Column:

Factored load =877 Kn

Soil weight =17 KN/m®

Column geometry 20x50 cm
Allowable soil pressure =400 KN/m?

Pu =877 Kn

Where :

Pu :Factored load from the column

4.11.2 Design of Footing Area

To determine the required footing area, the total service load will be used
Allowable soil pressure =400 KN/m?
Area = Total service load / Soil Pressure

=877 KN /1.4* 400 KN/m?
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= 157m°

Try 1.40m *1.2m Area =1.68 m® > Required Area =1.57 m?

For the design of the reinforced concréte membre, factored load must be used :
Pu =877 KN

Pu 877

O-Actual =
AProvided

=522.02KN /m? <1.4*400 = 560KN /m”.....OK

4.11.3 Determine the depth of footing based on shear strength
Assume h= 50 cm ... ..d =500-80-16 =404 mm

4.11.4 Check for one way shear strength

Critical Section at E+d

% +d= % +0.404 = 0.654m

L oundation a
Vu = 0*(F—2dt - (E + d))* BFoundation
1.4
Vu =522.02 x (7 —0.654) x1.2 = 28.81KN
pNC = ¢.(%><,/ fc'xb, xd)

VG = 0.75x % x~24 x1200 x 404 = 296.88Kn

gVc =296.88KN >Vu =28.81KN
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4.11.5 Check for two way shear action punching

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

V. =¢.1(1+3}/ f.'b,d
6 B
1| « !
V. =g~ % 42/t bd
¢ C ¢ 12(b0 /d + j C [0}
¢'\/C :¢'% V fC’bOd

Where:

5 - Column Length (a) 50
© " Column Width (o) 20

b, = Perimeter of critical section taken at d/2from the loaded area
b, = 4d +2a+2b = (4x0.404)+(2x0.5)+(2x0.2)=3.016m

a, =30 foredge column

6

c

PV = ¢%(1+ ﬂi}l f, b,d = %*(u ;5) 24 x 3016 x 404 =1343.08Kn

% L2yt bd= 0'75*(0'3 O'4O4+2j* 24*3016* 404 = 761.15Kn
b, /d 12 3.016

1
AR —¢-E(

AV, :,,5%,/ £ b,d = Of x /24 x 3016 x 404 = 1492Kn
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¢V, =761.15Kn ..... Control
Vu. = Pu—FR,
FR, =o,, xarea of critical section

Vu, =877— [((0.5 +0.404)x (0.5+0.404)) [x522.02 = 450Kn

¢V =761.15Kn >Vu. =450Kn........ satisfied

4.11.6 Check transfer of load at base of column

#.Pn = .(0.85 fc'Ag)
0.65x[0.85 x 24 x (200 x 500)]

1000
But Pu =877 < ¢.Pn=1326

¢.Pn = =1326Kn

.. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:

As . =0.005x Ag = 0.005x 200x 500 = 500mm?

Select 814

4.11.7 Design of Bending Moment

e At 60 cm Direction.
0.45

Mu =522.02x (1.4x 0.45) x —— = 74AKn.m

Try to design it by Plain concrete

¢ Mn=——=—=82.22Kn.m

Mu 74
09 09
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Using Reinforced Concrete .

_ Mn _ 82.22x10°

Kn = =
bd? 1.4x0.4042

=0.36Mpa

m = fy 412
0.85x fc©  0.85x24

pzl[l— 1_2><m>< Kn]
m \/ fy

oo L[l_ \/1_%} —0.0008 < 0.0018

=201

20.1
Asmin
As,. =0.0018xbxh =0.0018x1400x 0.5 =1260 mm?
. As =1260mm?

Select 8416 @15cm---c/c

e At 30 cm Direction:-

2
05 =78.303Kn.m

Mu =522.02x (0.5x1.2) x

Mn =@ =87KN.m
0.9

S_Mn_ 87x10°
bd?  1.2x0.4047

=0.44Mpa

fy 412

m= - = =20.1
0.85*fc  0.85*24
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o=t |1- \/1—% =0.0011< 0.0018
20.1 412

As,. . =0.0018xbxh =0.0018x1200x 0.5 = 1080 mm?
As =1080mm?

Select 6416@20cmc/c

4.11.8 Check of Strain

Tension =Compression

Asx fy =0.85x fc'xbxa
1260x 412 =0.85x24x1.4*a
a=18.18mm
c=2 1818 513
pl 0.85
. = 404 -21.39
? 21.39

£, =0.054>0.005 ... oK

*0.003
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ISOLATED FOOTING F8
140 /140 cm

t 0.3€
3 L o
=3 t I

<t |
a ol o a
S g

3 ‘ @
= |

t 0.38

|
045 __ 050 _ 0.4S
1.40

© ®
o 1e4 0
10816 L=2.

Bottom reinforcment

4

10616
\ /

L

1.40

SECTION a-a

Figure (4-17) : Detailing of isolated Footing (FO08).
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4.12 Design of combined footing
Footing for the column C15 & C16:
4.12.1 Load Calculation
C15:45x20 ...... Pu =1107.26 Kn,

C2:45x20 ...... Pu =1136.06Kn..

4.12.2 Determination of the footing dimensions
Allowable soil pressure =400 KN/m2
Pu =1107.26+1136.06 = 2243.32Kn

Distance between the two columns is 1.35 m center to center

FR Position at thecenter between the twocoulumn
P.. 2243.32
Areq. = =
q 400
. select Ag =2.6x2.2=5.72m? > 5.608m?

=5.608m?

204332
5.72

=392.19Kn/m? <1.4x 400 =560KN /m?.....0K

4.12.3 Determination of the foundation depth

Selecth =50 cm ....d =500—-80—-16 =40.4 cm

78



4.12.4 Check for one way shear action

e For Col. 15

0.404

V, =1107.26—[(04+0.45+ =

)x392.19x2.2]
V, =-199.57 Kn

pVe = g = Te b, *d)

PVC = 0.75*%*\@*2200*0.404 =544.27Kn

¢NC =544.27Kn >Vu =199.57Kn ... Safe

e For Col. 16

0.404

V, =1136.06-[(0.4+0.45+ =

)x392.19x2.2]
V, =228.4 Kn

pe = g = Te b, *d)

PVC = 0.75*%*\@*2200*0.404 =544.27Kn

¢NVC =544.27Kn >Vu =228.4Kn .. Safe
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4.12.5 Check for two way shear action

e For Col. 15

The punching shear strength is the smallest value of the following equations:
oV, =g 21+2 |/t b.d
6\ A
1| o '
V. =¢—| ——+2f, bd
PV ¢12(b0/d+ J o Do
oV, =¢.%w/ f.'b,d

Column Length (a
5. = gth (@ _05_,
Column Width (b) T 02

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

b, = 2x (0.45+0.404) + 2 (0.2+0.404) = 2.916mm

0.404

b, =2x(0.40+0.45+———) + 2x (0.2 +0.404) = 2.708mm

a,=20 ... .for corner
AYA :¢.1 142 Jf. b.d :Ex(l+ij* 24 *2708*0.404 =1265.5Kn
6\ A, 6 2.25
*
PN, = +2 W f, b d _075 ( 20 0'404}‘ 24*2708*0.404 =1358.74Kn
b /d 2.708
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PV =¢%\/ fc'bod =O'—3?5* 24 *2708*0.404 =1339.91Kn

¢V, =1265.5Kn ..... Control
Vu. =Pu-FR,

FR, =q, *area of critical section
Vu. =1107.26 —392.19[(0.45+ 0.404)(0.2 + 0.404)] = 905KN

¢Nc =1295Kn >Vu, =905Kn........ satisfied

e For Col. 16

1, 2\ [
¢VC =¢E[1+ ﬂ—CJ\/?bod
AV, =¢.é[ % +2J\/f7bod

b, /d

oV, :¢.%Hbod

Column Length (a
Be = _g ()zgzz.zs
Column Width (b) 0.2

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

b, = 2x(0.45+0.404) + 2x (0.2+0.404) = 2.916 mm

b, =2x(0.40+0.45+ 0'204) +2x%(0.2+0.404) =2.708mm
a.=20 ... for corner

S
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oV =g 2142t byd =Ex[l+ij* 24*2708*0.404 =1265.5Kn
6l B 6 2.25

c

! *
e =g % 42|t bd :0'75*(20 0'404j* 24*2708*0.404 = 1358.74Kn
12{ b, /d 12 2708

AN =¢-%\/ fc'bod =0'—;5* 24 *2708*0.404 =1339.91Kn

¢V, =1265.5Kn ..... Control
Vu. =Pu-FR,

FR, =q, *area of critical section
Vu, =1136.06 —392.19[(0.45 + 0.404)(0.2 + 0.404)] = 933.76KN

$Nc =1295Kn >Vu, =933.76Kn........ satisfied

4.12.6 Design for Bending Moment

e Bottom reinforcement
At section A-A

Mu =392.19*%1*0.5*1=196.09Kn..m
d =500—-80-16 =404 mm

Mn = % =217.88KN.m

G Mn _ 217.88x10°°
bd* 2.6x(0.404)*

=1.335Mpa

fy 412

m= - = = 20.1
0.85*fc 0.85*24
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e L 1_\/1_2><2o.1><1.335 00033
20.1 412

ASReq. =p*b*d =0.0033*1000*0.404 =1333.2 mm?
As_.. =0.0018*b*h =0.0018*100%*0.404 = 727.2mm?
- As =1333.2mm?........ control

Select 6 ¢18/m...Asprovided =1526mm? >1333.2mm? .. .ok

Tension =Compression

As* fy =0.85* fc*b*a
1526*412 =0.85*24*1000* a
a=30.82mm

~30.82

c=—7-=36.26
0.85

. _404-36.26
* T 36.26

& =0.0304>0.0056 ... OK

*0.003 =0.0304
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At section B-B

As .. =0.0018*b*h =0.0018*1000*0.404 = 727.2mm’

Select4¢16...As provided = 804mm2 > 727.2mm? .. .ok?

4.12.7 Check of Strain

Tension =Compression

As* fy =0.85* fc*b*a
804*412 =0.85*24*1000*a
a=16.24mm

o 16.24

———=19.1mm
0.85

420-19.1
19.1

¢, =0.06 > 0.005

*0.003=0.06

€

4.12.8 Check transfer of load at base of column

$.Pn = 4.(0.85 fc'Ag)
¢.Pn = 0.65*[0.85* 24* (450 * 200)]/1000 = 1193.4KN
But Pu =1107.26 < ¢.Pn =1193.4KN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
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As,_. =0.005* Ag = 0.005*450* 200 = 450mm?*

Use the column bars as a dowels

forcol.15
As=6x154=924> As .
-.Use 6¢14 for dowels
for co.16
As=6x154=924> As_.
-.Use 6¢14 for dowels

033
|@
g ¥
P )
g == &
& PSIE:
| b
4 o
033
_0'0,0“! 8% 843 _0e9
0]
e o
& 2.44 b
I3
D1492S L=3

Bottom reinforcment

COMBINED FOOTING CF1

—
5

230/260 cm

=3
1w
@

214

o
w
@

0.20

244 |§
3 14012 L=650

Top reinforcment

%) 129)2 L=28

— -
e

COL 15 COL 16

6225

(96825

6@25” (56825

12@12:;‘“

)14925 (114825

(M4ae12

Figure (4-18) : Detailing of Combined Footing.
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4.13 Design of Strip Footing

4,13.1 Load Calculation

Weight of wall (D.L) = height<Thickness x 1m wide x vy,

=16.05 x0.20x24 =77.04 KN/m

Total W =77.04 KN/m

4.13.2 Determine the Footing Width

Allowable soil pressure =400 KN/m?

Footing width = Wiota

_77.04

allowable soil Pressure 400

Select 50 cm.

4.13.3 Determine of footing depth
Assume h footing =40 M

4.13.4 Design of shear

q, =1.2xD
q, =1.2x77.04 =92.45 Kn

h =40cm

footing

d =400-70-10=320cm
4.13.5 Bearing pressure

pu 9245

= aren " 05+ =184.9Kn\m?

p net

86
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V. =V, :%ﬁbwd

oV, =V

C u

0.75*%@*1ooo*d _ 1245-9 x(05-025

2 9

(

d =10.2 cm.
Total thickness =10.2+7+2 =19.2 cm .
= Selecth =30cm.

4.13.6 Determine of Reinforcement for Moment Strength

footing width —wall width ) footing width —wall width
2 4

M U :Pnet(

= 184.9x0.15x 0.075

= Mu=2.08 KN.m
d =30-7-2 =21 cm

Mn=2% _231kN.m
0.9
-3
o M _23L0° oo
bd?  1x0.21

m= fy - = 412 =20.2
0.85*fc  0.85*24

p=1[1_ /1_2xmenJ
m f,
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T 202 412
ASnq = p*b*d =0.0018*1000* 210 = 378mm’
Check As_..

0.25%/fc'*b*d _ 0.25%y/24*1000*210

, 1(1_J1_M]=o.oom<o.om

ASmin = 62426mm2
Fy 412
*h* * *
As.. _L14%*b*d _1.4*1000%210 __ opo
Fy 410
As . < As

req min

As . =0.0018*b*h =0.0018*1000*300 = 540mm?
- As = 713.59mm’

Select ¢ 14 @ 20cm

4.13.7 Check of strain

Tension =Compression

As* fy =0.85* fc*b*a
770*412 =0.85*24*1000*a

a=15.55mm
_ 2 _1555 16 00mm
Bl 085
g, = 21071829, 603 - 0.031
18.29
g, =0.031>0.005 ... oK
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4.13.8 Development length of main reinforcement

For @14 bars db=1.4 cm:

Ld:—) a.f.rd
2,/ fc' 7

412
Ld =——1*1*1*1.4
2+/24
Ld =58.86 > 30cm

Available Ld =35-7 = 28cm <58.6cm

0.24* l‘y"‘l.4*0.7”‘i =19.2cm

Jic

So a standard hook of 25 cm must be used to provide Ld.

4.13.9 Design of Secondary Bottom Reinforcement
Asnin for shrinkage & temperature

Asmin=0.0018 xb xh

ASmin =0.0018 x1000x300

As=540 mm?

Select 5412 with ASprov.=5.65 cm?.

4.13.10 Design of dowels bars

A, i = 0.0012 %1000 x 210 = 2520mm*

Use longitudinal shear wall bars

Use @ 12@30 cm
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fy
Ld=—=—=—apyd
2Jte P

For ¢14 bars

Ld = M2 gsqwg%1
2424

Ld =50.45> 30cm

Available Ld=30-7 =23cm <48cm

0.24* fy"‘1.4”‘0.7”‘i =19.2cm

Jic

So a standard hook of 20 cm must be used to provide Ld.

4.14 Design of Mat Foundation
4.14.1 Load Calculation
Pu =19.8 kn/m

4.14.2 Calculation of required area

A =10x10=100m?
Assume h =30 cm
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4.14.3 Design of shear
d =300—-80—-12=208mm
pNC = 0.75*%*1/ fc' *bw>d

pNC = 0.75*%* 24 *1000*0.208 =127.37KN

Pu,.. =19.8KN/m =19.8x1=19.8KN
#pNc =127.37KN > Pu =19.8KN........... OK

4.14.4 Design of bending moment

By using the StaadPro.2007 software to analyze the foundation, the moment result is as
in the following chart:

h =30cm

d =20.8cm
Area =10x10
fy =412Mpa
fc' = 24Mpa
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4.14.4.1 Design in X-directions

b [lacal)

kMmAm
<=-2.45

-1.96

-1.48

3 &3

-

-0.523
-0.043
0.432
0.318

Lo o A
e R PR v R U« N
RS = =]

428
476
»=524

EEOOOOS OO NNENENNN

Figure (4-19) : Bending moment in X-direction
4.14.4.1.1 Design of positive moment

+ve Muy, =5.24KN.m

Mn=MU_3-24 _ 5 goKNm
4 09
-3
kn=MN _582x10 7 _ 4 1330pa
bd?  1x0.208
fy 42 202

m= = =
0.85fc’ 0.85x24

polfy fp_2mKn)_ 1 1_\/1_2><20.2><0.133 _ 00032 < 0.0018
m fy 20.2 412

As . = pxbxd=0.0018x1000x 208 =374.4 mm?*
Shrinkage & temperature
As =0.0018 xbx h =0.0018 x1000x 300 = 540 mm?

As =540 mm?Z.......... Control
Select 5412 @ 20cm
As =565mm® > As, . =540mm’

req
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4.14.4.1.2 Design of negative moment

—ve Mu =-2.45KN.m

Mn=MU _ 2495 _ 5 72kNm
4 09
-3
kn=MN _272x10 ° _ 4 he3mpa
bd?  1x0.208
m=— __202
0.85fc"

pzi 1 |p_2mKn)_ 1 1_\/1_
m fy 20.2

2x20.2x0.063

412

As. = pxbxd=0.0018x1000x 208 = 374.4 mm?

req

Shrinkage & temperature

As =0.0018 x b x h = 0.0018*1000* 300 = 540mm?

As =540mm?Z.......... Control
Select 5412 @ 20cm
As =565mm? > As___ = 540mm?

req

4.14.4.2 Design in Y-directions:

J =0.00015 < 0.0018

b [lozal)
kMrmdm
<=-5.43

-4.88
-4.28

-3.68
-3.08
-2.48
-1.88
-1.29
0687
-0.088
0.51
1.1
1.71
2.3

EENOO0EOfSE S NN
m oo

>=41

Figure (4-20) : Bending Moment in Y-direction.
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4.14.4.2.1 Design of positive moment

+ve Mu=-—-4.1KN.m

Mn:w:£:4.56KN.m
¢ 09
-3
kn=-MN _456x10°_ 4 105Mmpa
bd?  1x0.208
m=— __202
0.85 fc'

p:i 1. Jp_2mKn)_ 1 1_\/1_2><2o.2><o.105 — 0.00026 < 0.0018
m fy 20.2 412

AS,., = pxbxd =0.0018x1000 x 208 = 374.4mm?
Shrinkage & temperature

As = 0.0018 x b x h =0.0018 x1000 x 300 = 540mm?
As =540mm?.......... Control

Select 5412 @ 20cm

As =565mm? > As, , =540mm?

4.14.4.2.2 Design of negative moment

—ve Mu =-5.48KN.m
_ m ~5.48

Mn =——=6.09KN.m
¢ 0.9
* -3
kn=Mn _080970°_ 41 410Mpa
b.d? 1x0.208
¥ 502
0.85fc’
pzi 1 fp_2mKn)_ 1 1_\/1_2><2o.2><o.141 — 0.00034 < 0.0018
m fy 20.2 412

As,., = pxbxd =0.0018x1000x 208 = 374.4mm?
Shrinkage & temperature

As =0.0018x b x h =0.0018 x1000 x 300 = 540mm?*
As =540mm°.......... Control
Select 5412 @ 20cm = As =565mm?® > As,, =540mm?
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4.15 Design of Shear wall

3.30

Figure (4-21) : Shear Wall.

4.15.1 Load Calculation

W gasementrioor = Wi * Wsairs +0-5 (Wyppercorumns awatis ¥ Wiowercomsawas ) = 4797.07 KN
W Giound fioor = Waiar + Wogais + 0.5 (Woppercorums awaits + W iowerconmsgwans ) = 5187.22KN
W, Ground fioor = Waiar + Wogais + 0.5 (Woppercorms awats + W iowercotumsgwans ) = 3789.5KN
Wit oor = Waia ¥ Woais 0.5 (W, ppercorums awats ¥ Wiowerconmsawans ) = 4723.65 KN
W seond rioor = Wi ¥ Wi + 0.5 (Wiyppercorumns awatis ¥ Woiowercomsawans ) = 4723.65KN

W Thired Floor = Wslab + Wstairs + 05 (Wuppercolumns &walls + Wlowercolumns&walls) = 472365KN

W Fourth Floor = Wslab + Wstairs + 05 (Wuppercolumns &walls + Wlowercolumns&walls) = 36718KN

+W +W

Ground First Second

WTotaI =W +W

W,,, = 31612.54KN

+ WThird

Basement

95



4.15.2 Calculation of shear force on "shear walls”

From Uniform Building Code 1997)UBC(, the total design base shear in a given direction

shall be determined from the following formula:

vewo (Eq.30—4)

R.T

The total design base shear need not exceed the following :

W (Eq.30-5)

The total design base shear shall not be less than the following :

V=0.11CalW............... (Eq.30-5)

H Building = 21m
Z=03

R=55

=1

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.
| = 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.
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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 .

3

T =C,(h,)* (UBS)

T =0.0488*(21)** =0.48

v, = (CVX ' )xw _ [Mj x 31612.54 = 2873.87kN

RxT 5.5%x0.48
Not Exceed
Vv, = (2-5%&) xW = (%j x31612.54 = 3448.64kN

And Not Less than
V, =0.11xCax | xW =0.11x0.24 x1x 31612.54 = 347.49kN

V =2873.87 kN ----Control

Ft=0.07x T XV =0.07 x 0.48 x 2873.87 =96.56 kN

S B S VYA =(2873'87‘96'56jxwi xh, =0.00418xW, xh,
WxH)., 663863.34

Table (4-1) : Shear Wall Loads.

w \% H Ft .
Floor (Kn) (Kn) (Kn) (Kn) (W.H) Fxi FX
7 3671.8 | 2873.87 21 96.56 77107.8 322.31  418.87
6 4723.65 | 2873.87 18 96.56 85025.7 355.4 774.27
5 4723.65 | 2873.87 15 96.56 70854.75 296.17  1070.44
4 4732.65 | 2873.87 12 96.56 56791.8 237.39  1307.83
3 5187.22 | 2873.87 9 96.56 46684.98 195.14  1502.97
2 3785.5 | 2873.87 6 96.56 22713 94.94 1597.91
1 4797.07 | 2873.87 3 96.56 14391.21 60.16 1658.07
> 31612.54 373569.24
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For shear wall in theater

Wall take percentage force from total horizontal = 43.25%

for 7th floor F, = 43.25

for 6th floor F, = 43.25
100

for 5th floor F, = 43.25

for 4th floor F, = 43.25
100

for 3rd floor F, = 43.25
100

o x418.87 =181.16 Kn

x 774.27 = 334.87 Kn

o x1070.44 = 462.97 Kn

x1307.83 = 565.64 Kn

%x1502.97 = 650.03 Kn

43.25

for 2nd floor F, = 1

for 1st floor F, = 43.25

181.16

o x1597.91=691.1 Kn

5 x1658.07 = 717.12 Kn

334.87

565.64

1544.64

650,03

691.1

T17.12

Figure (4-22) :

2194.67

2885.77

3602.89

98

M
(KN.m)

9662.49

16246.5

24903.81

35711.88

Shear & Moment Diagrams.



4.15.3 Shear Wall Design Parameters

fc' =24 Mpa

fy =412 Mpa

h = 20cm shear wall thickness
Iw =19.5m shear wall width
hw = 21m building height

4.15.4 Design of Horizontal Reinforcement

Critical Section

I% = 19_5 =9.75m........ control
h—W = 2—1 =10.5m
2 2

d =0.8xIw=0.8x19.5=15.6m
V, =2194.67 Kn
M, =9662.49 Kn.m
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’

fc

VCl= 6

V, = :4 x200x15600 = 2547.47 Kn ... control

N fc'xbxd N, xd
Ve = +
4 4xL,
Assume N, =0.0

24 x200x15600 N N, xd

xbxd

V., = =3821.20 Kn
4 4xL,
2xN
I |+ fc"+ u
fc’ W( I, xh J hxd
V., = + X
2 M, |, 10
V, 2

MU IW
—X)=—-ve
V 2

.V =Will not apply

An_ Ve
S, Fy x d
v Ve oy 219467 op0 4737876 Kn

T g 075
A, 378.76x10°

= =0.06 mm
S, 412 x15600

M =0.0025xb =0.0025% 200 = 0.5 mm
S,

<I =@:3900mm

) __W
5
S, <3xh =3x200 =600 mm
_2xA,  2x79x10°°

2 0.0005 0.0005

=0.316m

~Usegl0@30cm c/c  For thereinforcement in two layers (horizental)
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4.15.5 Design of Vertical reinforcement

A.= {0.0025 + O.5£2.5 - h—WJ(SA’h - 0.00ZSH xS, xh

I, ,xh
A= 0.0025+O.5[2.5— 21 j{ 2x79 —0.0025) xS, xh
v 19.5 A 30x 200

A, =0.0194xS, xh

_ 2x79x10°°

' 0.000316x0.20

Slzli:@:%OOmm
3 3

S, =3xh =3x200 =600 mm

=0.25m=250mm ... control

- UseglO@25cm  c/c  For thereinforcement in two layers (Vertical )
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010030,

Shear Wall Detail

#10030

#10025

R R R R RS
ORI ez o

0,10 0.50 0.19

Figure (4-23) : Shear wall Detail.
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JAppendix B : Structural Drawings 2.6
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6.1 Appendix A: Architectural Drawings
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6.2 Appendix B: Structural Drawings
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1. American Concrete Institute (A.C.1), Building code Requirement for structural
concrete (ACI-318M-05).
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