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The main aim of this project isto prepare al of the structural design and

executive details of amulti story building in Ramallacity.

This building consists of 17 floors and it contains unlimited activities,
This building is reinforced concrete structure, and it will be designed
according to ACl-code-2002.

The project contains the structural analysis for vertical and horizontal |oads

and the structural design and details for each member in the project.

Gl giaal) G gl
Agdageadll Sladall
£
i o siall Raiia
I z oAl g gase u i
il z ol g g s aull salgs
iv shan™|
v eSS
Vi § 9 el Auaia
Viii s paall g
Xiv Saldad) e
XV

it gom W g SIS g i



XViil

List of Abbreviations

A Jeadd)

-

dadiall
Aedidl (1-1)
Sl WS (=)
g ol o e 5k (3-1)
g oamall e owasgd (4-1)
Eoaall Jhghas (- )
e
Tasiad Sl (- )
A Juail
EJM éJLﬂ.di i gl

daaidl (1-2)

£ asial iy (2-2)

el i) Agaal s s (3-2)
pladl gisdl (4-2)

Bl plall i (5-2)

Seal 1 (6-2)

iy feanall ealiadl ()

is_all (8-2)



33

Sl Jacadll

LN A

faaiall (1-3)

A ppanaill s (2-3)

il e 3 Sl a1 (3-3)
Al Jlaal (1-3-3)
dual Jea¥l (2-3-3)
Al Jatl (3-3-3)
zld leal (--)
g Jaal (- - )
J 3 sl (6-3-3)

el G398 AALAT waliadl (4-3)
il iall (1-4-3)
z\N1 (2-4-3)
saeadl (3-4-3)
s3aetl (4-4-3)
il ) e (5-4-3)
il (6-4-3)
Aoyt sl (- - )
saaill Jal g (- - )

Lgal 2l ad ‘._’_1_1.1 =t el ;.'-u'n_’,,- (5_3)



TABLE OF CONTENTS

Structural Analysis and Design

Chapter Four

(4.2) Introduction
(4.2) Factored load
(4.3) Slabs thickness calculation
(4.3.1) ) Determinations of thickness for one way ribbed slab

(4.4) Load calculation
(4.5) Design of topping
(4.6) Design of rib (02)

(4.6.1) Design for positive moment for rib (02)

Page

47
48
48
48
48
51
52
53



(4.6.2) Design for negative moment for rib (02)
(4.6.3) Design for shear for rib (02)

(4.7) Design of beam (B04)

(4.7.1) Design for positive moment
(4.7.2) Design for negative moment
(4.7.3) Design shear of beam

(4.8) Design of oneway solid lab (stair slab)

(4.8.1) Determination of thickness

(4.8.2) Design for positive moment

(4.8.3) Check for yielding

(4.8.4) Development Length of the bars

(4.8.5) Shrinkage & Temperature Reinforcement

(4.9) Design stairs

(4.9.1) Determination of thickness and Dead load of Slab
(4.9.2) Design for positive moment

(4.9.3) Check for yielding

(4.9.4) Development length of the bars

(4.9.5) Shrinkage & Temperature Reinforcement

(4.9.6) Load calculation for(Wu3) ST 02

(4.9.7) Design for positive moment

(4.9.8) Check for yielding

(4.9.9) Development length of the bars

(4.9.10) Shrinkage & Temperature Reinforcement

(4.10)Design of column

(4.10.1) Design of Short column(C 20/ First Floor ):
(4.10.1.1) Design Of Longitudinal Reinforcement
(4.10.1.2) Design Of The Tie Reinforcement
(4.10.2) Design of long column(C 11*/ First Floor)
(4.10.2.1) Design Of Longitudinal Reinforcement
(4.10.2.2) Design of The Tie Reinforcement

(4.11) Design of Basement wall

(4.11.1) Load Calculation
(4.11.2) Thickness Calculation
(4.11.3) Wall Design

55
55
S7
58
59
60
62
62
62
62
63
63
64
64
65
67
67
67
68
69
70
71
71
72
72
72
73
74
74
76
77
77
77
78



(4.12) Design of strip footing

(4.12.1) Load Calculation
(4.12.2) Determine the footing width

(4.12.3) Determine reinforcement for moment strength

(4.12.4) Development length of main reinforcement

(4.12.5) Design of dowels bars

(4.12.6) Design for secondary reinforcement

(4.13) Design of Isolated footing

(4.13.1) Load Calculation

(4.13.2) Design of Footing Area

(4.13.3) Determine depth based on shear strength
(4.13.4) Check transfer of load at base of column
(4.13.5) Development Length

(4.13.6) Design for Bending Moment

(4.13.7) Development Length

(4.13.8) Shrinkage and Temperature Reinforcement

(4.13.9) Check for yielding

(4.14) Design of Ramp

(4.14.1) Determination of thickness

(4.14.2) Determination of Loads

(4.14.3) Design for positive moment

(4.14.4) Check for yielding

(4.14.5) Development length of the bars

(4.15.6) Shrinkage & Temperature Reinforcement

(4.15) Design of Two Way Solid Slab

(4.15.1) Determination of Thickness

(4.15.2) Determination of Loads

(4.15.3) Design of Shear

(4.15.4) Design of Reinforcement

(4.15.5) Check for yielding

(4.15.6) Development length of the bars

(4.15.7) Shrinkage & Temperature Reinforcement

(4.16) Design of Shear Wall

(4.16.1) Calculation of Loads

79
79
79
80
80
80
81
82
82
82
82
83
84
84
85
85
85
86
86
86
86
87
87
87
88
88
88
88
90
90
90
90
92
92



(4.16.2) Calculation of shear force on shear walls 92

(4.16.3) Design of shear wall 94
(4.16.3.1) Design of the Horizontal reinforcement 95
(4.16.3.2) Design of the Vertical reinforcement 96
(4.16.3.3) Design of moment 96
(4.17) Design of Mat Foundation 99
(4.17.1) Calculation Of The Required Area Of Footing 99
(4.17.2) Determination of Depth Of Footing 99
(4.17.3) Determination Of Bearing Pressure 100
(4.17.4) Design In X-direction 101
(4.17.4.1) Bending Moment At Section S-2 101
Slua il g
clalinuy) (1-5)
ilbsaa gl (2-5)
Johaadl (et

daddivaall 3 gull Ao il GUSH e (1.3) Jsas



sl jaalind Bl Saall s (2.3) Usan

adl mhas e gl s 2 g Jleal 4 oy (3.3) Jse

List of Tables

Table (4.1): calculation of the total dead load for oneway rib slab 44
Table (4.2): calculation of the total dead load for topping )
Table (4.3): Calculation of the total Fx 93
Table (4.4): Moment & Shear Values 9

G

g il AL ol ja fas (. )08

g sl Jajl Jeaadl s (L) 8S

8 Aall a3 all (1.2) Sl
S A el 3a (2.2) S50

S A AL (32) 080

Sl A gl 3a (4.2) S

a N ikl (5.2) 8



Ja¥1 ikl (6.2) sl

Sl 3ki(7.2) S

Sl skl (8.2) Jsal

a0 Bl (9.2) s

wmalall Gl (10.2) S

ool gkl (L) s

Al il (L) £a

Gelill Baldall (L )JSl

«f”f"‘m' I_a;unjl( . )Js..:.il

Siladl Bl (L )Jsa

e gl Bl (L) )
e Al Sl (L )Jsll
sde Sl Gkl L) Jsal
Alladll Agal (L) JS
Apgiad Agalgl (L )ds

A al Aal (L )8l

A el dgal 59(22.2) s

Sl penall A =l sladly el A8 a(0 L) U84
Slac ¥l s2ie JRI( . )Jsal

aa) y oladils Laas 22l JSI( . )JSN
Calals anan B2l JSI( . )JS
oA QB2 )dsa

AN uall JS3( . )Jsal



List of Figures

apeadl aiia (K2 . ) UM

ll 5 gl A gliall jlaa aldafa( ) JSE

l-'l..il.l.-

3k il JEE( . ) 8

;l.:'._.‘]_".'_-'.uta"l _"_:'lj_‘.;:.ﬂl s JS...:( . )MI

Description
Figure (4.1): rib (02) in the 14™ floor
Figure (4.2): one way ribbed slab
Figure (4.3): Rib location
Figure (4.4): Spanslength of rib (02)
Figure (4.5): Moment diagram of rib (02)
Figure (4.6): Shear diagram of rib (02)
Figure (4.7): Rib section
Figure (4.8): Spans length of beam (B04)
Figure (4.9): Moment diagram of beam (B04)
Figure (4.10): Shear diagram of beam (B04)
Figure (4.11): Beam section

page
AN
44
52
52
53
53
56
57
57
57
61



Figure (4.12): Top view of the stair

Figure (4.13): Distribution Load of ST O1 of the stairs
Figure (4.14): Distribution Load of stairs

Figure (4.15): Moment diagram of stairs

Figure (4.16): Shear diagram of stairs

Figure (4.17): Distribution Load of ST 02 on the stairs
Figure (4.18): Distribution Load of stairs

Figure (4.19): Moment diagram of stairs

Figure (4.20): Shear diagram of stairs

Figure (4.21): Detail Of ST 01

Figure (4.22): Detail Of ST 02

Figure (4.23): Detail Of Column

Figure (4.24) Long column

Figure (4.25): Detail Of Column

Figure (4.26): Basement wall- Diagram

Figure (4.27): Footing (F1) Detail

Figure (4.28): Details of Two Solid Slab

Figure (4.29): Details of shear wall

Figure (4.30): Mat Foundation

Figure (4.31): Distribution Load of Mat Foundation

List of Abbreviations:

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

64
64
65
66
66
68
69
69
69
71
71
73
74
76
77
85
o1
08

100

101



h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.

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.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

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

Vn = nominal shear stress.
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Woc = weight of concrete. (Kg/m3).

Wu = factored load per unit area.

@ = strength reduction factor.
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Chapter Four

Structural Analysisand Design

4.1 Introduction:

Concrete is the only major building material that can be delivered to the job site
in a plastic state. This unique quality makes concrete desirable as a building material
because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When
concrete structure members must resist extreme tensile stresses, steel supplies the
necessary strength. Steel is embedded in the concrete in the form of a mesh, or
roughened or twisted bars. A bond forms between the steel and the concrete, and
stresses can be transferred between both components.

In this project, all of design calculation for all structura members would be

made upon the structural system which was chosen in the previous chapter.

S0, in this project, there are two types of slabs: Two way solid slab, one way
ribbed dlab. They would be analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIR- Soft ware " to find the interna
forces, deflections and moments for ribbed slabs and by using the previous program
and "STAAD PRO 2004" program to find the internal forces, deflections and moments
for two way solid slab, and then handle calculation would be made to find the required
steel for all members.

The design strength provided by a member, it is connections to other members,
and its cross — sections in terms of flexure, and load, shear, and torsion is taken as the
nomina strength calculated in accordance with the requirements and assumptions of
ACI-code.

NOTE:
fc'=30MPaFor circular section but for rectangular ( fc'=30*.8=24MPa)
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4.2 Factored loads:

The factored loads on which the structural analysis and deign is based for our
project members, is determined as follows:
qu=1.2D.L+1.6L.L

4.3 Slabs thickness calculation

4.3.1 Deter minations of thicknessfor oneway ribbed slab:-
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 Table (9.5.a):
For rib (R0O2) in the 14" floor as shown in figure (4.1).

Fig (4.1): rib (02) in the 14" floor.
Spans from left to right for one way rib dlab:

L/18.5 = 640/18.5 =34.6 cm.

L/18.5 = 650/18.5 =35.1cm.

L/18.5=680/185=36.7cm. (Control) ............................. ACI-318-02 (9.5.9)
L/21 = 680/21 = 32.4 cm.

4.4 |oad calculation:

One-way ribbed slab

For the one way ribbed dlab, the total dead load to be used in the analysis and design is
calculated as follows:
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Shrinkzge and Temperature Bars —,

One way rib slab —\

— Eatcnge block

Fig. (4.2) one way ribbed slab

Calculation of the total dead load for one way ribbed slab shown in the following table:

No Parts of Rib Calculation Result Unit
1 Rib 0.12*.29* 25 0.87 KN/m
2. Top Slab 0.08*0.62* 25 1.24 KN/m
3. Plaster 0.02*0.62* 22 0.2728 KN/m
4. Eitong Block 0.50.29*6 0.87 KN/m
5. Sand Fill 0.1¥*0.62*18 1.116 KN/m
6. Tile 0.03*0.62* 22 0.4278 KN/m
7. Partitions 1%0.62 0.62 KN/m
5.42 KN/m

Table (4.1): calculation of the total dead load for one-way rib slab
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Nomina Total Dead Load:

D.L .tota = 1.24+0.87+1.116+0.4278+0.2728+0.87+0.62 = 5.42 KN/m of rib.
L.L =5%0.62 = 3.1KN/m.

Factored D.L = 1.2¥5.42 = 6.5 KN/m.

Factored L.L =1.6*3.1 =5 KN/m.
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4.5 Design of Topping:

No Parts of Rib Calculation Result Unit

1. Topping 0.08*25 2 KN/m*

2. Plaster 0.02% 22 44 KN/m?

3. Eitong Block 0.29*6 1.74 KN/m?

4. Tiles + Sand 21 2 KN/m?

5. Partitions 1*1 1 KN/m?
7.18 KN/m?

Table (4.2): caculation of the total dead load for topping

qu = (1.2¥7.18+1.6%5) = 16.62 KN/m?.
For 1m strip qu = 16.62 KN/m.
Assume slab fixed at supported points (ribs):

q,*1? 2
Mu=—"—=16.62*0.5°/12
12
=0.35KN.m.
fc'=0.8* 30 = 24Mpa

2
Mn = 0.42,/ fc' * %

* 2
=042 24 * M =2.2KN.m.

f *Mn=0.55*2.2=1.21KN.m
f *Mn=1.21> Mu=0.35KN.m

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

For the shrinkage and temperature reinforcement:

r =0.0018

As =r *b*h=0.0018*100* 8 =1.44cm* /1Im

Use 1410/25 cm (49 10/1m), with As = 3.14cm?/1m both directions.
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4.6 Design of Rib (02):

: ——
Fig. (4.3) Rib location.
By using ATIR program we get the envelope moment diagram as the
Following values :-
= ' —— ==

Fig. (4.4) spans length of rib (02).
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Fig. (4.6)Shear diagram of rib (02) (KN).
4.6.1 Design for positive moment for rib (02):
This design for 6.5 m spans,

Effective flange width (b.) according to ACI-code 8.10.2:
b, for T-section is the smallest of the following:
b.=L/4=65/4=1625cm
b.=12+16t=12+ 16 (8) =140 cm
b.=C/Cspacing=62cm ................. control

>> use Mu max. Positive for al spans = 42.5 kN.m
Mn=425/0.9=47.2kN.m =4.72 ton.m

>> determine whether the rib will act as rectangular or T-section:
Fora=t==8cm

C=085 f, *t* b,

=0.85(24) (8) (62) = 1011.84 KN
d=h-cover—-®/2=37-2-12/2=34.4cm

Mn=Tor C(d-0.5a) =1011.84 (34.4- 0.5 (8))/100 = 308 KN.m
MnN guitable = 308 KN.m > Mn required = 47.2 KN.m

Design as arectangular with b, = 62 cm




Chapter Four

NA( 14
As., = bw)(d)>=—(bw)d ).......ccrvrrrnen. (ACI -10.5.1)
(i) )= owka)
24 14
As., =—F——-(12)34.4)> —(12)33.4
= o) 120344)2 15021834
As. =13<144.......... the larger is control
As,,, =Ll.44cm?
_ fy - 400 ~ 196
0.85* fc  0.85* 24
* 6
Rn = Mn2: 47.2*10 0643 Mpa
b*d® 620* (334.4)
1 2mRn
=—1- 1-——
p=-( ty )
p= i(l_ Jl_w):o_oomg
19.6 400

As=0.00163 (62) (34.4) = 3.41cm? > As,. =1.52cm?.

#of bars= AY ASpy =3.41/2.0=1.7 * Note Apis = 2.0 cm?

Select bottom bars 2 ® 16 mm. Total As= 4.00cm’.
e Check for yielding:

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

2% 2.0%10™ * 400 = 0.85* 24* 0.62* a
a=12.6mm
x=2 _126 44 80mm
b, 085
L _344-1482
*T 1482
e, =0.066 > 0.005

X0.003=0.066

Ok
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4.6.2 Design for negative moment for rib (02):

Maximum negative moment is Mu= 54.2 kN.m

Mn=54.2/0.9=60.22 kN.m

Design of T- section for negative moment as rectangular section with (b = by).

| fc' 14
As.. = bw)(d)>=—(bw)d)................. (ACI -10.5.7)
iy oK)= ow)
J24 14
As., =—F—(12)34.4)>—(12)33.4
= qa) (1218442 15124834
As. =13<144........... the larger is control
As . =1.44cm’
m = fy - = 400 =19.6
0.85* fc  0.85* 24
5
RN = Mn _ 60.22*10 - 4.24 Mpa
b*d? 12*(33.4)°
1 2mRn
=—=(1- 1-
p=( y )

o= 1 1- \/1_2(19.6)(4.24))= 0,012
19.6 400

As=0.012 (12) (33.4) = 4.95cm?
4.95cm’> As . =1.44cm’
# of bars = AY AS py = 4.95/2.54 = 2 bars

Select 2 d 18 mm .

e Check for yielding
Tension = compression
As* fy=0.85* f.*b* a

2% 254% 107 * 400 = 0.85* 24* 0.12* a
a=383mm
x=2 -8 _9765mm
b, 085
o _3#4-9765
*~ 9765
e, =0.0076 > 0.005

X0.003

Ok

* Note Agp1g = 2.54 cm?

Total AS provided = 5.08 cm?.
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4.6.3 Design shear for Rib (rib02):
N
bdVc= o * 5 bw * d

= 0.75* g 0.12 * 34.4*100/1000

= 2527 KN
® vamin = 0.75 (%) * pw * d =0 .75*(%)* 12*34.4/10 = 10.32 KN.

@ vsmin = 10.32
Vu=41KN (From shear Envelope)

dVec+PvsnminsVusd Ve + (D*@ bw* d

25.27< 41 < (25.27+10.32)

So categories (4) satisfy:

Minimum shear reinforcement required, so;

_ O Av* fy*d
dVs

_ 0.75*1.57* 400* 344

S

=157cm

10.32*10°
S=d/2=34.4/2=17.2 cm.
S<60cm.
UseS=10cm6

Fig(4.7) Rib section.
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4.7 Design of Beam (B04):

Fig. (4.8) spans length of Beam (04).

Fig. (4.9) Moment diagram of Beam (04) (kN.m).

Fig. (4.10)Shear diagram of Beam (04) (KN).
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4.7.1 Design for positive moment:

b, =60cm,b, =30cm,h=67cm, T, =37cm

d= 67—4—1—1—%:59.750m

Mu=269.2 KN .m

Mu
Mn= ——= % =299.11 KN .m

)
Assumethat T, =a

Mn, =0.85* f_*b, *h, (d - f, /2)

= 0.85*24*0.6*0.37 (0.5975-0.185) *10°
= 1868.13 KN.m

Mu
——< Mn,
()

>> Section behaves as a rectangular.

Rn = M_nz
b*d
* +6
Rn = M =1.39 Mpa
0.6* (597.5)
m = fy - = 400 =19.6
0.85* fc 0.85* 24
:i(l- 1_2mRn)
m fy
o= 1 1 \/1_ 2(19.6)(1.39) ) = 0.0036
19.6 400

Areg=p* b* d=0.0036* 60 * 59.75 = 12.906cm?

12,906

Use & 20 >> # of bar = =411

Then we select (5) bar ® 20 A, provided =5*3.14 = 15.7cm?
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e Check for yielding in bottom

Tension = Compression:

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

5% 314*10°° * 400 = 0.85* 24* 60* a
a=0.513m=51.3mm

x=2 913 _ 5 35mm
b, 085

o, - 59756036, (o
60.36

e, =0.027 > 0.005—— ok
And not least than 0.004 >>> singly reinforcement.

T > 24 (ow _
Asmm—4(fy)(b Xd)> fy(b ) (o) P (ACl —10.5.1)

o _ 4
o 4(400)
As . =10.97cm’ >12.54cm’......... the larger is control
As_ . =12.54cm’
AS,ires =12.906cm? > As ;. =12.54cm? —— ok

(600)(597.5) > il (600)(597 5)

4.7.2 Design for negative moment:

b, = 60cm,b, =30cm,h=67cm, T, =37cm

d=60- 4—1—1% =59.75cm

Mu=344.6 KN .m

Mu
Mn= ——= ﬂ =382.88 KN .m
(0] 0.9
Mu
—< Mn,
()]

>> Section behaves as arectangul ar.

Rn = ﬂ
b*d?
* +6
_ 382.88*10 _=35Mpa
300* (597.5)
fy - 400 =19.6

© 0.85* fc  0.85* 24
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1 2mRn
=—(1- 1——
p=— ( ty )
p= i (1- \/1——2(19'6)(3'5) ) = 0.0096
19.6 400
Areg=p* b* d=0.0096 *30*59.75 = 17.21cm?

Use ® 20 >># of bar = % =547
3.14

Then we select (6) bar ® 20 A, provided = 6* 3.14 = 18.84cm’

e Check for yielding in topping:

Tension = Compression

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

6* 314*10°° * 400 = 0.85* 24* 300* a

a=0.123m=123mm

a = E =144.8mm

b, 085

o - 597.5-144.8
s 144.8

e, = 0.0094 > 0.005—— ok

*0.003

And not least than 0.004 >>> singly reinforcement.

4.7.3 Design shear of Beam:

dVec=0p* @ bw * d

= 0.75* g 30 * 59.75*100/1000

=109.76 KN
® Vsmin=0.75 (%) * pw * d=0 .75*(%)*30*59.75/10 = 44.8 KN.

® Vsmin=44.8
Vu=253KN (From shear Envelope)

. 4 fc'
dVec+dVsminsVusod Ve + CD*T bw * d

154.56< 253 < 329.26
So categories (4) satisfy:
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Req. ®Vs=Vu- ® Vc

Reg. ®Vs=253-109.76

Reg. ®Vs=143.24KN

_ ©* Av* fy*d
dVs

_ 0.75*1.57* 400* 597.5
143.24*10°

S=d/2=59.75/2 = 29.87 cm.
S<60cm.
UseS=15cm

S

=19.62cm

@10@15cm

Fig (4.11) Beam section
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4.8 Design of One-way solid slab (stair slab):
4.8.1 Determination of thickness:

h=t =70 _35m
20 20
4.8.2 Design for positive moment:

d=35-2-1.2=31.8cm.
Mu=72.35KN.m
Mn = 72.35/0.9=80.4 KN.m

Rn = Mr21 = 80.4 > =0.79Mpa
bd?  (1000)(318)
m=__ =40 _ 196
0.85* fc'  0.85* 24
1 2mRn
=—(1- 1——
p m( ty )
_ 1 - \/1_ 2(19.6)(0.79) ) = 0002
19.6 400

Areg=p* b* d=0.002 *100* 31.8 = 6.4cm?
As... =0.0018xbxh

= (0.0018)(100)(35)

= 6.3cm?

As,, =6.4> As,, =6.3cm’
Thenweuse ® 12 @ 15 cm. AS,oicea = 7-53cm” > As, =6.3cm
4.8.3 Check for yielding:

Tension = Compression
A * fy=0.85* fc'*b*a
7.53*10°® * 400 = 0.85* 24*100* a
a=1.47cm
X= a = ﬂ =1.73cm
b, 0.85

31.8-1.73

e.=——"——

S

*0.003

e, =0.052 > 0.005—— ok
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4.8.4 Development length of the bars:

f
Ly=—F2

o]t

xa xbxgxd,

Use: L=
L, = 400 x1x1x1x1.2 = 48.99cm ¢
2\ 24

485 Shrinkage & Temperature Reinforcement:
As... =0.0018xbxh

As,. =(0.0018)(100)(35)= 6.3cm*
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(4-9) Design of Stairs:
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Fig (4.12) Top view of the Stair

(4.9.1) Determination of thickness and Dead load of Slab:

- L - @ = 24cm~ Takeit as=25cm
20 20

17
=tan (=) = 29.54°
q (30)

_[TTTTITTIITITT

O.a0 .0

Fig. (4.13): Distribution Load of ST 01 of the stairs.
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L oad calculation for (Wul) ST 01:

Vertical Tiles=0.03*22*(0.17/0.30)* 1m = 0.374 KN/m.
Horizonta Tiles = 0.04*22*(0.33/0.30) *1m =1 kN/ m.
Vertical mortar = 0.03*22*(0.17/0.30) *1m = 0.374 KN/ m..
Horizontal mortar = 0.03*22*1m = 0.7 kN/ m.
Plaster = (0.03*22)/ (Cos 29.54) *1m = 0.76 kN/ m.
Steps= (0.5* b*h)* 25=0.5*0.3*0.17* 25* Im = 0.638 KN/ m.
Slab=0.25 *25/ Cos 29.54 * 1m = 7.18kN/ m..
Total dead load = 0.374+1+0.374+0.7+0.76+0.638+7.18=11.1 kN/ m.
Factored dead load= 1.2*11.1 = 13.32 KN/ m.
Liveload =5 KN/ m.
Factored liveload = 1.6 * 5=8 KN/m.
Wul=13.32 + 8 =21.32 KN/m.

® & & & o o oo o

(4.9.2) Design for positive moment:
Cal culate the magnitude of support reaction in stairs:

Using ® 12 bars.

k4l na A -
! 1
Dead Load
=
-+ n 4 A 3 A 1
| |

Live Load

Fig .(4.14): Distribution Load of stairs.
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Moments Diagram:

Fig. (4.15): Moment diagram of stairs.

Shear Diagram:

Fig. (4.16): Shear diagram of stairs.

d=25-2-1.2=21.8cm.
Calculate the magnitude of the maximum moment by using the shear diagram.
Mu = 36.8 kN.m.
Mnreg=Mu/0.9=36.8/0.9=40.89 kN.m.

Mn
R =pa?
* 6
R, = 20890710" _ 5 negn /.
1000* 218
m=_ - 40 _.4¢
0.85* fc  0.85* 24
:l(l- 1_2rn_Rn)
m fy
o= 1 1- \/1_ 2(19.6)(0.86) ) = 0.0022
19.6 400

A's =rbd = 0.0022 * 100*21.8 = 4.2 cm?
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As_, =0.0018xbxd
As,;, =0.0018x100x 21.8 = 4cn?

(4.9.3) Check for yielding:

Tension = Compression
A * fy=0.85* fc' *b* a
7.5* 400=0.85* 24*100* a
a=147cm
x=2 L4 4 730m
b, 085
o _ 21.8-1.73
® 1.73
e, =0.041>0.005—— ok

*0.003

(4.9.4) Development length of the bars:

f
L, =——==xa xbxgxd,

ot

Useiveovvevnnnn.. L, =50cm.
400 1x1x1x1.2 = 48.99cm d
224

L, =

(4.9.5) Shrinkage & Temperature Reinfor cement:

As,, =0.0018xbxh
As,;, =0.0018x100x 25 = 4.5cm’
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I
-l

| | T

T

*® & & & oo o

Fig. (4.17): Distribution Load of ST 02 on the stairs.

(4.9.6) L oad calculation for (Wu3) ST 02:

Tiles = (0.03*22)* 1m =0 .66 KN/m.

Mortar = (0.03*22)* 1m = 0.66 KN/ m.

Plaster = (0.03*22)*1m = 0 .66 KN/ m.

Slab=0.25 *25* 1m = 6.25KN/ m.

Sand=0.05* 16* 1m=0.8 KN/ m.

Total dead load = 0.66+0.66+0.66+6.25+0.8= 9 KN/ m.

Factored dead load= 1.2*9 = 9 KN/ m.
Liveload =5 KN/ m.

Factored liveload = 1.6 * 5= 8 KN/m.
Wu3=9+8=17 KN/m.

L oad calculation for (Wu2) ST 02:

*

*
*
*
*
*
*
*

Wu2 =

Vertical Tiles=0.03*22*(0.17/0.30)* 1m = 0.374 KN/m.
Horizonta Tiles = 0.04*22*(0.33/0.30) *1m =1 KN/ m.
Vertical mortar = 0.03*22*(0.17/0.30) *1m = 0.374 KN/ m..
Horizontal mortar = 0.03*22*1m = 0.7 KN/ m.

Plaster = (0.03*22)/ (Cos 29.54) * 1m = 0.76 KN/ m.

Steps= (0.5* b*h)* 25=0.5*0.3*0.17* 25* 1m = 0.638 KN/ m.
Slab=0.25*25/ Cos 29.54 * 1m = 7.18KN/ m.

Total dead load = 0.374+1+0.374+0.7+0.76+0.638+7.18=11.1 KN/ m.
Factored dead load=1.2*11.1 = 13.32 KN/ m.
Liveload =5 KN/ m.

Factored liveload = 1.6 * 5= 8 KN/m.

13.32 + 8 = 21.32 KN/m.
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(4.9.7) Design for positive moment:

Calculate the magnitude of support reaction in stairs:

Using ® 14 bars.

Dead Load

Live Load

Fig. (4.18): Distribution Load of stairs.

Fig. (4.19): Moment diagram of stairs.

Fig. (4.20): Shear diagram of stairs.
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d=25-2-1.2=21.8 cm.
Calculate the magnitude of the maximum moment by using the shear diagram.
Mu =121.5 kN.m.
Mnreg=Mu/0.9=1215/0.9=135KkN.m.

Mn
*hd?
* 6
R1=]'35—102=2_84Nlmm2.
1000* 218
m=_—1 - %0 _494
0.85* fc'  0.85* 24
1 2mRn
- —@1- 1-==
p m( y )
0= 1 - \/1_2(19.6)(2.84))= 0.0077
19.6 400

A's =rbd = 0.0077 * 100*21.8 = 16.7 cm?

As... =0.0018xbxd
As,,. =0.0018x100x 21.8 = 4cnm’?

(4.9.8) Check for yielding:

Tension = Compression
A * fy=0.85* fc' *b*a
16.9* 400 = 0.85* 24*100* a
a=3.31cm
x=i=ﬁ=3.89cm
b, 085

o - 21.8-3.89

® 3.89
e, =0.013> 0.005—— ok

*0.003
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(4.9.9) Development length of the bars:
f

L, =—2—=xa xbxgxd,
2\ fe
Usei.oooiinn L, =50cm.
L, = 400 x1x1x1x1.2 = 48.99cm ¢
2V/24

(4.9.10) Shrinkage & Temperature Reinforcement:

As,;, =0.0018xbx h

As . =0.0018x100x 25 = 4.5cm’

Fig. (4.22): Detail of ST 02.
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(4.10)Design of column:

4.10.1 Design of Short column(C 20/ First Floor):
4.10.1.1 Design Of Longitudinal Reinfor cement:
Select column (C 20) for design First floor.

p, = 6000KN

Prreq = 8000 o = 9230.77KN

User =rg=15%

P.=0.8Ag{0.85 fc + pg (fy - 0.85 fc)}

9230.77x10*° = 0.8Ag{0.85* 24(1— 0.015) + 400* 0.015}
Ag = 3425.3cn?.

Use60cmx 60cm = Ag = 3600cm’

9230.77x10" = 0.8x 3600x{0.85* 24(1-r g) + 400* r g}
rg=0.03069>r,;, =001
Ao = 0.03069% 3600 = 110.5cm’

Use 18 ® 28 Agprovide=110.78 cm?

(k"‘UJs (34—12[%}) <40, ACI.10-12-2
r

2

L, : Actualunsup ported (unbraced)length
K : effectivel engthfactor (K =1forbracedframe)

R:radiusofgyration =0.3h= \/%

Kb, _ KL 1g75034-10 ML 5
r 0.3(h) M2

- Short........ Column
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4.10.1.2 Design of the Tie Reinfor cement:

Sacing < 16x d, (Longitudinal bar.diameter) =16x 2.5=40cm
Spacing < 48x d, (tiebar .diameter) = 48x1.0 = 48cm.
Soacing < Least.dimension = 60cm

Fig.(4.23): Detail Of Column.
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4.10.2 Design of long column(C 11*/ First Floor):
4.10.2.1 Design Of Longitudinal Reinfor cement:

Select column (C37) for design.

Pu =5900 KN

Pn = 5900/(0.70) = 8429 KN
rg=23.5%
Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc')}
Pn=0.8* Ag[0.85* 24(1-0.035) + 0.035* 400]

Ag = 3127.78cm?

Try h= 65cm with Ag = 3316cm?
Lu=15.5m

M1&M2 =1

K=1

i

Fig(4.24) Long coloumn.
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Check for dlenderness

@<34—12ﬂ ............... ACl —(10.12.2)
r M2
1*19
0.3* 0.65
-.long Coloumn

=97>22

E.l
El =04—2% ... ACI —(7.12.3)
1+ b,

4750,/ fc'

° 1000

o _12DL _1.2(4620)
‘" Pu 5900

- pr* _3.14X0.325"
94 4

|, =8.76X10°m"*

~ 0.4*2327*8.76X10°°

B 1+ 0.94

5 _ p?El  3.14%*4.20X10°°

=23.27t / cm?

=0.94

El = 4.20X10"° MN.m?

e —— =1.6X10"°MN.
(KL) (0.85*19)
Cm=0.6+ O.4{ﬂ} =1
M2
Cm
d, = 21 e ACI (10.12.3)
1-(Pu/0.75P,
d,= L >16
1-(5.900/0.75* 3.44)
€nn =15+0.030 ..o ACI(10-12.3.2)
e - (15+0.03%650) _ ) 1ose
1000
€nn = €*d, =0.0345* 1.6 = 0.0522
e_0052 . o
h 065

From Interaction Diagram
fP *107°

n _ 5900 120 , 145 _ 258
A, p(0.65°/4 1000
r,=0035

2
A =r * A=0.035* @:116.10 cm?

# Of bars=116.63/4.9=24f 25
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Check —fP, > P,

tP, = 0.7]0.8* {0.85* fc'(A, A+ f,Aq ]
= 0.7]0.8* {0.85* 24(331662.5 - 11610) * 10"°) + 400 * 11610 * 10°° |

=6.25>590 Ok

Use 24f 25 Asprovided = 122.5 cm?

4.10.2.2 Design of The Tie Reinforcement:

Sracing <16 x d,, (Longitudinal bar.diameter) =16 x 2.5=40cm
Sracing < 48 x d, (tiebar.diameter) = 48x1.0=48cm.
Spoacing < Least.dimension = 70cm

Use @ 10 ties@ 35cm spacing.

Fig.(4.25): Detail Of Column
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4.11 Design of Basement wall:

Fig.(4.26): Basement wall- Diagram

4.11.1 Load Calculation:

K_l—smcD_

= : =03
1+sin®d

4.11.2 Thickness Calculation:
M max = 1751 KN.m
Mu= 175*1.6 = 280.16 KN.m
Assume r =0.5r max =0.01
m= 0.8F5yfc' B o.;o*? 22~
Rn=r * fy(1-0.5mr ) = 3.93Mpa

280.16, .
Mn 0.9 10
bd 1000* 3.93

h =281.44+30+10 = 285.44mm
select h=30cm
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4.11.3 Wall Design:

Mu= 280.16 KN.m

e (280.19/0.9)%10°
1000* (300)2

poLly_ pZRrm 1 1—\/1—M — 0.0096
m fy 196 400

A.req = 0.0096* 100* 30 = 28.8cm” /1m

=3.5Mpa

Use ® 18@ 8cm . Main reinforcement

Asreq = 28.8/5 = 5.76 cm?

Use ® 12@ 8cm . Secondary reinforcement
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4.12 Design of strip footing:

4.12.1 Load Calculation:
Weight of wall=height * thickness of wall * 1m wide *yconcrete
=24*14.51*0.3
=104.4KN/m.
From beam D = 34 KN/m
L =37 KN/m
Wu = 1.2(104.4+34)+1.6(37)= 225.3 KN/m

4.12.2Deter mine the footing width:
Assume soil pressure = 500 KN/m?
Assume footing thicknessis 0.4 m
Net soil pressure =500-(6.25).
=493.75KN/m2
P net = 500/1.5 = 333 KN/m®

he (DL+LL) 104.4+34+37

Footing widt =0.527m
Jail net 333
So select 100 ¢ m width strip footing.
P net = ﬂ = 2253 =225.3 KN/m?
area 1x1
1

Vu=Vc= E fcbwd fVc=Wu

1 10 2254(1-0.3
0.75* = /24* (100)* — *100d = =227 =— = _(

6 (100) 100 1 [ 2 j

d=0.162 m=d =16.2cm
Total thickness=16.2+8+1.6 =25.8cm
So Select strip thickness as 40 cm
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4.12.3 Deter minereinforcement for moment strength:

footing width—wall Width) “ footing width —wall width

Mu = (Pnet
(Pnet) ( 5 2
= 225.4(0.7/2)* (0.7/4)
=13.81 KN.m.
: M, *10°
Requwed Rn = W
* 6
Required Rn = 1381710 >=0.16
0.9*1000* 304
m = fy = 400 =19.6
0.85* fc 0.85* 24
1 2mRn
p=—(1- 1-=22)
m fy

p = i(1 - Jl—w ) = 0.0.0004< pmin = 0.0018 .
19.6 4000

Areq=p* b* d=0.0018* 100 * 30.4 = 5.472 cn?

Use T 14 @20 cm As provided = 7.7 cm?

4.12.4 Development length of main reinfor cement:

_ fy
I'd_z\/f_c'

For f14 bars

ab.g.d,

Ld = ﬂ1* 1*1*1.4

2\/24

Ld =57.15> 30cm

Available Ld =30 < Required Ld =57.15 cm.
So astandard hook of (20 cm ) must be used to provide Ld.

4.12.5Design of dowelsbars:
As Min = 0.0012 * 100 * 30.4 = 3.648 cm’

Use T 12@25 cm
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fy
Ld = abgd
2,/ fc' 9%

For f 14 bars

Ld = ﬂ1* 1*1*1.2

2\/24
Ld = 48.99 > 30cm

OK
4.12.6 Design for secondary reinforcement:

Asmin = 0.0018 * 100* 30 = 5.4 cm?
Use f 12@25 cm
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4.13 Design of | solated footing:

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 1) :

4.13.1 L oad Calculation:

Factored load = 850 KN

Soil weight = 18 KN/m?

Column geometry 25* 30 cm
Allowable soil pressure = 500 KN/m?

4.13.2 Design of Footing Area:

Allowable soil pressure = 5.0 kg/cm?

Area(A) = Total Weight / Soil Pressure
= 850 kN / 500 KN/m?

=17m’

Try 1.40*1.40 Area= 1.96m?
Select Foot Geometry 1.40*1.40

For the design of the reinforced concrete member factored load must be used :
Pu =850 KN
Pnet (factored) = Pu/ Area = 850/1.96 = 433.7 KN/m?

4.13.3Deter mine depth based on shear strength:
Using critical section for one-way shear action and letting Vn=Vc¢

Vu =0V, = @%\/ft'bwd = O.75x%@x(1400)x (d)

Vu=P,(one way shear)

2,.4-9% 03
2 2

Vu = 433.7*1.40* 0.255
Vu =154.831 KN/ m?,
433.7*10"°

= = 505.87mm = 50.6cm
M 0.75V24* 1400
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h req=50.6+7+1=58.6cm

Salect h=60cm
d =52cm

Select Height of Foot 60 cm

Check this depth for two way shear action ( punching ), using critical section
with d=52 cm.
The punching shear strength is the smallest of:

V, =%(l+ bij\/ fc,bod =0. fcl bd..... Control
=2 s o)/t b,d =058, byd
12| b, /d
v, =%\/ t 'b.d =033 . bd
Where:

b.=a/b=30/25=12
b, = Perimeter of critical section taken at (d/2) from the |oaded area

a, =40 For interior column
1 2
V, = s 1+ E) * \[24* 3180* 520 = 1352.41KN

DV, >V,
0.75*1352.41> V.
1014.3>V,,

Vs =Pu-(s,, *areaof critical section)
= 850 [500* (0.77* 0.82) | = 534.3KN
1014.3>534.3........ satisfied

4.13.4 Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)
®Pn=0.7(0.85)(24)(250 x 300) =1071kN > Pu =850KN.
Since ®Pn>Pu.

.. Dowels are not required for load transfer.



Chapter Four

But use the minimum reinforcement of dowels;
As= 0.005* (25*30) = 3.75 cm?
Use4 ® 12 dowels A, Provided = 4.52 cm?

4.13.5 Development Length (L, ):
400

4430

But not less than:
Ldb = 0.044(400) d=21.12 cm

Ldb=

xd,=21.9 cm

Available Ld =52-8-2=42 cm

42>219 - OK

4.13.6 Design for Bending Moment:
At section A-A

Mu = 500*(0.575/2)*1.40

Mu = 201.25KN.m

Try to design it by Plain concrete

f Mn>Mu

* 2
f Mn=055* 042+ 24+ 1400 (600)"

f Mn=951 KN.m
201.25>951 .. Not Satisfied

Using Reinforced Concrete.

201.25

Mn =223.611KN.m

q= Mn_ 233.611x10°
bd?  1400x 520

m = v - = 400 =19.6
0.85* fc  0.85* 24

, =11_ 1_2><m><Rn
m fy

1 \/ 2x19.6x0.59
r=——|1- [1- 2222000
19.6 400

=0.59Mpa.
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r =0.002> r . =0.0018
Reg. A, =0.002 (140) (52) = 14.56cm”?

Use13® 12 A, provided = 14.49 cm®

4.13.7 Development Length (L, ):
Category (A), item 2 applies,

Ld{ y

2,/fc
400
Ld=
[2@
Available Ld =1.90m
190>
OK.

axbxgxde

x1Ix1x1x 2J= cm

4.13.8 Shrinkage and Temperatur e Reinfor cement:
As=0.0018* 120 * 52

=11.232cm?> — 10f12

4.13.9 Check for yielding:

Tension = Compression

As* fy=0.85* fc*b* a

14.56*10°° * 400 = 0.85* 24* 1.40* a

a=0.23

o 520-0.23
° 0.23

e, =6.8>0.005

*0.003

— i L
=

e 1,40 S

g T r

1. 30D

Fig.(4.27): Footing (F1) Detall.




Chapter Four

4.14 Design of Ramp:

Lx=7.40m Ly=46m
X_74 05 - OneWay Solid Sab
Ly 46

4.14.1 Deter mination of thickness:

L 740

=—=——=37cm
20 20

4.14.2 Deter mination of L oads:
DL =1*24*0.37 = 8.8 KN/m.
LL =5*1 =5KN/m.
qu=12DL +16LL
=1.2* 88+ 1.6 5=18.66 KN/m.

_qu*L’

Mu = =127.73KN.m

Mn =Mn/0.9 = 127.73/0.9 = 142 KN.m

4.14.3 Design for positive moment:

d=37-2-1.2=33.8cm.
Mu = 127.73 KN.m
Mn = 72.35/0.9 = 142 KN.m

Mn 804

=—= > =1.23Mpa
bd (1000)(339)
m = fy - = 400 =19.6
0.85* fc 0.85* 24
1 2mRn
=—(1- 1——
p m( ty )

p= i(l - Jl_w) =0.00317
19.6 400

Areg=p* b* d=0.00317 *100*33.8 = 10.79 cm?
_ 025/ fc
min fy
=10.4cm?

*b*d
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But not less than

* hw* d 2 * *
As,, =2 owrd" 14710007338 ) 9. 1041....... Control
fy 400

Asreq=11.9 cm¥1m

4.14.4 Check for yielding:

Tension = Compression
A * fy=0.85* fc' *b* a
12.3*10°° * 400=0.85* 24* 100* a
a=241cm

a_241_;e3m
b, 0.85
.- 33.8-283, ) 11

2.83

e, =0.033> 0.005—> ok

4.14.5 Development length of the bars:

fy
L, = —xa xbxgxd,
2y fe

400

L =
¢ 224

Useioovvvennnn.n. L, =60cm.
x1x1x 1x1.4=5715cm. d

4.14.6 Shrinkage & Temperature Reinforcement:

As,, =0.0018xbxh

As,. = (0.0018) (100) (37) = 6.66cm™
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4.15 Design of Two Way Solid Slab:

4.15.1 Deter mination of Thickness:
Lx =6.8m.

Lx=6.8 m.

Lx/Lx =1.0< 2.

.. Two Way Solid Slab.

h>h min
200 mm>125 mm

. . f d . /////-
4.15.2 Deter mination of L oads: ,//://

DI =5kN /m
LI =5KN/m

qu=1.2* DI +1.6* LI
qU=12*5+1.6*5=14KN/m?
For Im Strip In X & Y direction qu=14KN/m

From Table

Kfx =427

Kfy =29.4

KAX = KAy =1.96

* 2 * 2
Mux=unf|X _14768° 15 167KN.m/Am strip
X .
* 2 * 2
Muy = X 14768 6 N m/am strip
Kfy 40.2
* *
py= A= QX 14768 g kN /m
KAX 196

4.15.3 Design of Shear:
f *Vc>Vn

f *w::%* 0.75* .[fc'*b* d =%* 0.75* \/24 * 1000 * 17

104.103 >> 48.6
.. No Shear Reiforcement Required
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4.15.4 Design of Reinforcement:

d=20-2-1.0=17 cm.
Mux = 15.167 KN.m
Muy = 16.1 KN.m
In x-direction.

m = fy - = 400 =19.6
0.85* fc  0.85* 24

Mnx = 15.167/0.9 = 17 KN/m.
Mn 17*10°

Rn=——7r-= > =0.588Mpa
bd (1000)(170)
1 2mRn
=—(1- 1——
p m( ty )

0= 1 1- \/1_ 2(19.6)(0.588)): 0.0015
19.6 400

Areq=p* b* d=0.0015*100*17 = 2.55 cm?/1m

_025Jfc 4 0.25/24*1000*170
min fy 400
=5.2cm? /1m

But not less than

_14*bw*d’®  1.4*1000*170
mn fy 400

1.3*Asreg=1.3* 5.95=7.735 cm?
Thenweuse ® 14 @ 15 cm. As

As

=10.77cm?

provided

In y-direction.

m = fy - = 400 =19.6
0.85* fc 0.85* 24
Mnx = 16.1/0.9 = 18 KN/m.

* 6
Mn __18"10° _ ) 623mpa

Rn= =
bd? (1000)(170)>

_ 1, [ 2mRn
= s =T

=595>52......... Control
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0= 1 1- \/1_ 2(19.6)(0.623)): 0.0016
19.6 400

Areg=p* b* d=0.0016 *100*17 = 2.72 cm3/1m
As. = 0.25 fc' b*d = 0.25v24*1000* 170
min fy 400

=5.2cm? /1m

But not less than

_14*bw*d® 1.4*1000*170
min fy 400

1.3*Asreg= 1.3* 5.95 = 7.735 cm?

4.15.5 Check for yielding:

As =595>52........ Control

Tension = Compression
A * fy=085* fc' *b*a
10.77*107° * 400=0.85* 24* 100* a
a=211cm
X= a_ 211 =2.48cm
b, 0.85
o — 17.0-2.48
° 2.48
e, =0.018 > 0.005—— ok

*0.003

4.15.6 Development length of the bars:

f

L, =—2=xa xbxgxd,
2y f.
Useloooiiene L, =60cm.
L, = 400 1x1x1x1.4=5715cm ‘
2424

4.15.7 Shrinkage & Temperature Reinfor cement:

As... =0.0018xbxh
As,. = (0.0018) (100) (17) = 3.6cm*
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Fig.(4.28): Details of Two Solid Slab
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4.16 Design of Shear Wall:
4.16.1 Calculation of L oads:

W

for one floor

=DI* Area+LI* Area* 0.25
14 1o g 910 = 874" 707.6+5* 707.6* 0.25 = 7069.43KN
et ooy = 8- 74% 574+ 5% 0.25% 574 = 5734.26KN
; =9.29*1655+5* 0.25* 1655 =17443.7KN
or 8 to 5 floor
=0.32*1937 +5* 0.25*1937 = 20474KN

for 4 to 1 floor
=3017*5+5*0.25* 3017 =18856.25KN

-

for Ato C floor

4.16.2 Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):

Z=0.3 zone"3"

R=5.5
=1
Ca=0.3
Cv=03
hn=27.6
Ct =0.02

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 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 baseto level i, n or X, respectively.
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T=C.(hf* Ea- 30-8(UBC)

T =0.0488(66.23)*'* =1.133

V, = C;V_I_I W = 5.50;311133 *W=0.048MW ... Control

v, = 2.5Fcia.| W 2.5;2.*3* LW — 01361

V, =0.11Ca.l W = 0.11* 0.3* 1* W = 0.033W

V =0.0481*W = 0.0481* 256390.4 =12332.378 KN ...Control

F, =0.07*T*V =0.07*1.133*12332.378 = 975.5KN

Floor |W(KN) [V(KN) [HM) |Ft(KN) | (V-Ft) |(W*H) [Fx
14 | 7069.43 |12332.4 | 8568 |9755 |11357 |605709 | 740+Ft
13 [ 7069.43 [123324 8092 |9755 [11357 |572058.3 | 699
12 | 7069.43 |123324 |76.16 |9755 |11357 |538407.8 | 658
11 | 7069.43 | 123324 |71.4 9755 | 11357 |504757.3 | 617
10 | 7069.43 |123324 | 6664 |9755 |11357 |4711068.8]|576
9+ |7069.43 |12332.4 [61.88 |9755 | 11357 | 437456.33| 535
O- |573426 |123324 |57.12 |9755 | 11357 | 3275416 | 400
8 174437 | 123324 | 5236 |9755 |11357 |913352.13|101.6
7 17443.7 | 12332.4 | 47.6 9755 [ 11357 |830320.12| 1015
6 17443.7 | 123324 | 4284 |9755 | 11357 | 747288.11] 913
5 174437 | 123324 [ 3808 |9755 |11357 |664256.1 |812
4 | 20474 123324 3332 |9755 |11357 |682193.7 |834
3 | 20474 | 123324 | 2856 |9755 |11357 |584737.49|715
2 20474 | 123324 | 23.8 9755 | 11357 |487281.2 | 595
1 20474 | 123324 [19.04 |9755 | 11357 |389825 | 476
A | 18856.25|12332.4 | 1428 |9755 |11357 |269268 | 329
B 18856.25 | 12332.4 | 9.52 9755 | 11357 |179512 | 219
C | 18856.25| 123324 | 4.76 975.5 | 11357 | 89756 110

9294826.3

Table(4.3) Calculation of the total Fx.
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Vu = Fx* 30%
Vu,,=17155%0.3=515

Floor Fx Vu Mu
14 1715.5 515 2451
13 2414.5 124 5898
12 3072.5 922 10286
11 3690 1107 15556
10 4266 1280 21648
o+ 4801 1440 28503
o- 5201 1560 35928

8 6316.5 1895 44949
7 73315 2200 55421
6 8244.5 2473 67192
5 9057 2717 80125
4 9871 2967 94248
3 10606 3182 109394
2 11201 3360 125388
1 11677 3503 142062
A 12006 3602 159208
B 12225 3668 176667
C 123345 3700 194279

Table (4.4) Moment & Shear Vaues

4.16.3 Design of shear wall:

Fc =24 MPa
Fy = 400 MPa

t=30 cm .shear wall thickness

Lw =7 m .shear wall width
hw=85.68m.story height
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4.16.3.1 Design of the Horizontal reinfor cement:

- internal forces & moments:

> Fx=Vu=40815KN

Mu =194279KN.m
Pu =7*24* 0.3* 80.6 = 4062.24KN

w of wall

Design it by using plain concrete

f *Vn>Wu

0.55* +/24 * 7000* 300* .11= 622.42
622.42 < 40815KN

Plain concrete not Satisfied

Check of eccentricity e = 194279/4062.24 = 47.8>>1.17=(7/6)
Design it by using Reinfor ced concrete
Mu =194279KN.m

Pu = 4062.24KN

Vu = 40815KN

Design of shear

d=7-0.8=6.2m

f *w:%* fc'*b*d =%\/2_* 300* 6200 = 1139KN

%f *Vc =569.5KN < 40815KN

.. We have Shear Reinf orcement
f *Vc+f *Vs>Vu=1139+f *Vs=40815
f *Vs=39676KN

f *Vs=0.75* Fy* d*(ﬂj =39676
S )i

* +3
( ﬂj 3%676"107"  _ 51 33mm=2133cm ... Control
req

S ) T 0.75* 400* 6200
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<

(—j =0.0025* h=0.0025* 30 = 0.075cm
s )

_LW_ 520 124em
5 5

S,in =3*h=3*30=90cm
S,in = 450mm=45cm

(&j_ 20F 25
S

U)

=2.178>2.133 Satisfied

4.16.3.2 Design of the Vertical reinforcement:

r .., =0.0025+ 05(2.5- ?—W)(r , —0.0025)
w

=(2*0.785* @)/100* 30=348*10"°

I win = 0.0025+ 0.5(2.5 - ﬁ)(3.48* 107° - 0.0025)
M i3 74%107°

As, =T *b*h=0.00374* 30*100=30cm* At 2-side

Select d 16 @ 10cm. As = 20.8cm?

provided

4.16.3.3 Design of moment:

d=620 cm.
Mu = 194279 KN.m

As= ( LW)* 2%113= 0.352m°
S

m=__¥ - 40 _.96
0.85* fc  0.85* 24
* 6
_(194279/09)*10°
300* 6200°
2(19.6)(9.8)
1- 1-22ON%9) 5041 oy
p= 196( \/ 200 ) Pmin

As,, =0.041* 30* 620= 762.6cm”
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Design of heavy loaded shear wall:
As,,f 16/10cm The horizontal reinforcement ()

As, =19*1.6* 790 _ 0900m?
10
z 1
w ,, 085%b, * fe*Lw* h
As* fy
= 1 =0.025
,, 0.85%.85* 24*6200* 300
2090* 400

M1=f (0.5% fy* As* Lw* (1—5))
Lw

M1=0.9* 0.5* 2090* 400* 6200* (1— 0.025) = 2274.172KN.m
M2=Mu - M1=194279 — 2274.172 =192005KN.m

__ M2/f _ (192005/09) _ 88.9cm* .. Control
Fy(Lw—Cw)  400(6200 — 200)

As—ueavy
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Fig.(4.29): Details of shear wall
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4.17 Design of Mat Foundation:
4.17.1 Calculation Of The Required Area Of Footing ( Approximate Solution ):

A - Total Factored Load ~ 607X6.0 5.9
* 1.4XAllowable Bearing Pressure 1.4X500
A oices =5.3X3.3=175m.>52m*  Ok..

4.17.2 Deter mination of Depth Of Footing:

PUmax=607 kN.
Select h =50 cm. d=50-7-1-1=41cm.

A—f Vc=0.75/24 *bo*%=2230 KN ...Control

B—f Vc=0.75(1+ Bi)\/z_* b, * % =10033 KN

C

1 a.*d
C—fNe=* 078 = —+2 J24*b,* d =3174 KN
0

Check f VC2>VU_;jica
Vuc=Vu—(s , * Ayijea ) ¥ 1.4=607 — (500* 1.51* 0.71) = 70.95 KN

f Vc=2230 KN >70.95 KN ...0K
Where:

b, : 4440 mm.
d =410 mm
B.=10
a =40.
A gitica = (1.1+0.41)* (0.3+0.41) = 1.51*0.71 = 107.21 mm.
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4.17.3 Deter mination Of Bearing Pressure:

183

sS4 —s1

e

um
=

S 2

S 3

Fig.(4.30): Mat Foundation
** Resultant moment:

X-axis

MRx =607 *1.7 - 607 *1.7=10.0

Y-axis
MRy =607 *1.7 — 607 *1.7 = 0.0

** Resultant Force at 1m Strip:
Pur = 607*4.0+607 =849.8 KN.

sl=s2=s3=s 4=8fL'2=160.33 KN /m?

Ckeck S .., =160.33 KN /m? <1.3*1.4* 500
160.33 KN <910 KN

Assumption  of Bearing At Punching Design Control .
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4.17.4 Design In X-direction:

4.17.4.1 Bending Moment At Section S-2:

S 4 53
0.8 19 . #3408
S 4 S3
)T\. .r‘\ )[ .T. .1 M .[, T "i"\n .T, - ,.'I"\, 5‘-\ M _,-1\ O . Y '?‘\ A ,.-"‘. A A 4'\.
: T 160.33KN

Fig.(4.31): Distribution Load of Mat Foundation

Section S-3
M= 160.33*0.8*0.4 = 51.30 KN.m

Section S-4
M= 160.33*0.8*0.4 = 51.30 KN.m

4.17.4.1 Bending Moment at Section S-2:

Mu =51.30 KN.m
d=41cm.

Fy = 420 Mpa.

fc' =24 Mpa
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Mn  57.0*10°
Rn = = =
b.d? 1000 * 410°*

m = fy =19.6
0.85 fc'
r = 0.000816
As., =T *b*d =0.000816 *100 * 41 = 3.345 cm?
* *
As,. - 0.25+/24 *1000 * 410 ~11.95 cm?
420
As, = M =13.67 cm?
420
13As,, =13*3.345=435 .. Control

Svrinkage & temperatur e = 0.0018 *b* h =0.0018 *100*50 =9 cm?
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE
(ACI-318-02) AND COMMENTARY CODE (ACI -318-02).
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Uniform Building Code (UBC-97) .
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