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Abstract

Structural Design and Details of Typical School

Project Team
Bilal A.Ghannam Majdi Nael Khlawi

Fadi Sa'di Itmazeh
Palestine Polytechnic University-2013

Supervisor
Dr. Haitham Ayyad .

The main idea of this project is to prepare all structural design and executive
details for The Typical School In Abu-Romman , in Hebron city.
This building consists of three Stores and it contains all activities required for

any person.

This building is a reinforced concrete structure, and it was designed
according to the ACI-318-08.

The project contains the structural analysis for vertical and horizontal loads
and the structural design and details for each member in the project.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

fc = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to face of
beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

Xl



Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Woc = weight of concrete. (Kg/ms).

W = width of beam or rib.

Wou = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

&, = strain of tension steel.

& = strain of compression steel.

p =ratio of steel area .

Xl
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Chapter 4

Structural Analysis & Design

4 -1 Introduction.

4 -2 Factored Loads.

4 -3 Slabs Thickness calculation.

4 -4 LLoad Calculation.

4 -5 Design of Topping.

4 -6 Design of Rib ( R3).

4 -7 Design of Beam ( Beam 59-60-61-62-63 ).
4 -8 Design of Two Way Ribbed Slab ( R2)

4.8.1 : Check Slab Thickness .
4.8.2 : Resultant Moments On Slab .
4.8.3 : Flexure Design .
4.8.4 : Shear Design .
4 -9 Design of Stair case (SC4)

4.9.1 : Minimum Slab Thickness for deflection .
4.9.2 : Flight Dead load Calculations .

4.9.3 : Landing Dead load Calculations .

4.9.4 : Design of Slab S1 .
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4.9.5 : Design of Slab S2 .
4 -10 Design of Column ( C7) in Ground Floor .

4 -11 Design of Isolated Footing (F8).
4 -12 Design of Strip Footing ( SF1).

4.12.1 : Area of footing calculations .
4.12.2 : Depth of footing and Shear design .
4 -13 Design of Combined Footing (FC4).

4 -14 Design of Basement Wall (BW1).

4.14.1 : Design Of Shear .
4.14.2 : Design for Flexure .
4 -15 Design of Shear Wall .

4.15.1 : Design of shear .
4.15.2 : Design of the Horizontal reinforcement .
4.15.3 : Design for Vertical reinforcement .

4.15.4 : Design of bending moment .
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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 structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are three types of slabs: one way ribbed slab, two way ribbed slab, and
two way flat slab. They would be analyzed and designed by using finite element method of design, with
aid of a computer program called "ATIR- Software " to find the internal forces, deflections and moments
for ribbed slabs and by using the previous program and "STAAD PRO 2007", Etabs, and Safe programs
to find the internal forces, deflections and moments for One 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 nominal strength calculated in
accordance with the requirements and assumptions of ACI- code.

NOTE:
* *B300.. . fc'=30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa) .

® The specified yield strength of the reinforcement {fy = 412 N/mm?2 (MPa) , fy = 420 N/mm?2
(MPa) }
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4 -2 Factored Loads:-
ACI — 318 - 08 (9.2.1)

gu=12DL +1.6L

4 -3 Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.a):

For rib (R3), as shown in fig.

Geometry Units:meter,mm

1 2 3 4 5
1 2 3 4
_ Al Al Al Al ::|
‘ 0.8‘ 5.2 \ 0.8‘ 2.2 \ 0.8‘ 5.2 \ 0.8‘ 5.3 \0'6\
I | T 6 T ‘ T 3 T ‘ T 6. T ‘ T 6. {‘\
f 1 1 1 1
520
80
350
120
A-A

Fig. (4-1) : Spans Length of Rib (R3).

=> From ACI-318-08 table (9.5a)

Min h >:

L 800 e
185 185

L = w =0.162 m
185 185

L = @ =0.287 m
21 21
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For Rib (R3), will use thickness of slab 35 cm
4 -4 Load Calculation:-

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated

as follows:

% 4.4.1 Calculations of Dead load :-

Material Unit weight Thickness
(KN/m?) (cm)
Tile 23 3
Mortar 29 5
Sand 16 y
Topping slab 25 3
Hollow block 10 7
Rib o5 7
Plastering 29 3
partition 2KN/m?

Table (4-1) Calculation of the total load for (R3)

Tile = 23*0.03*0.52=0.358 KN/m
Mortar = 22*0.02*0.52= 0.229 KN/m
Sand = 16*0.07*0.52=0.582 KN/m
Topping = 25*0.08*0.52= 1.04 KN/m
Block = 10*0.27*0.4=1.08 KN/m
Rib = 25%0.27*0.12=0.810 KN/m
Plaster = 22*0.03*0.52=0.343 KN/m
Partition = 2*0.52=1.04 KN/m

=» Total dead load = 5.467 KN/m/rib
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« 4.4.2 Calculations of Live load:-
From Jordanian live loads Table live load for the schools is 5 KN/m2.

=>» Total live load = 5*0.52 = 2.6 KN/m/rib

4 -5 Design of Topping :-

« 4.,5.1 Calculation of Dead load
Tile = 22*0.03*1=0.66 KN/m
Mortar =22*0.02*1=0.44KN/m
Sand =16*0.07*1=1.12 KN/m
Topping = 25*0.08*1=2 KN/m
Partition= 2*1=2 KN/m

% 4 5.2 Calculation of live load
L.Ltota| = 5KN/m

= Wu=12D.L+1.6L.L=1.2%.22+ 1.6*5=15.464 KN/m

Check ®Mn > Mu

w, *1?  15.646*0.47
12 12

Mn=0.42,/fc'*s

b

6
2
Mn = 0.42./fc' *%

Mu = =0.206kN.m

* 2
=0.42+/24* %*103 = 2.19kN.m

@=0.55 for plain concrete
¢*Mn=0.55*2.19 =1.2kN.m.

#*Mn=1.2 > Mu =0.206KN.m.
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Shrinkage and temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-08 (7.12.2)

As = p*b*h=0.0018*1000*80 =144mm?*/1m.

A (¢ 8) =50.27mm?

So number of bars =144/50.27 = 2.86

Spacing= 1000/ (number of bars) =1000/2.86=349 mm
Check for max. Spacing

S=3h=3*80=240mm......... (Control)

S=450mm

S=380(280/f;)-2.5C, =380(280/.667*412)-2.5*20=337mm
S=300(280/fs) =300(280/0.667*412) =305.67mm

Then use @ 8 @ 20cm for practical purposes in both directions.

4 -6 Design of Rib ( R3):-

% Materials :-
Concrete B300, Fc' = 0.8*30 = 24 N/mm? =24Mpa
Reinforcement Steel, fy = 412 N/mm? = 412 MPa

% Design constant :-
_ b For T- section is the smallest of the following:

be=Ln/4=56/4=14m

by =bw+16tf=12+16(8) =14 m
b. = clc spacing between beams =0. 52 m
Control .......... 52 cm =520 mm
- Requirements For Slab Floor Accordingto  ACI- (318-08) .
DW = 10CM. ettt ACI(8.13.2)
Select bw=12cm
N 3 5 W o ACI(8.13.2)
Select h=32cm<3.5*12=42cm
tF>Ln/12250Mm oo ACI(8.13.6.1)

Select t;= 8cm = 80 mm
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s System :-
One -way ribbed slab :-

Geometry Units:meter,mm

1 2 3 4 5
1 2 3 4
0.8 5.2 0.8 2.2 0.8 5.2 0.8 5.3 0.6
[— — 3 — — —
1 1 1 1 1
520
80
350
120
A-A

< Loading :-
By using ATIR ( BEAMD ) Software we get the envelope moment and shear diagram as following:-

D.L totas = 1.2*5.467 =6.56 KN/m/rib L.L totar = 1.6*2.6=4.16 KN/m/rib

Loading
load group no. 1
Dead load - Service Units:kN,meter
5.46 5.46 5.46 5.46
6 3. 6 6
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
6 3. 6 6
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Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 4
-44.7
—1 (|
I I
33.7 315
2.4 | | 2.4
[ [ [ 1
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-38. -37.2
-33.8 -32.9
228 -26.
-16.6
-12.3
—1 | | | | | |
I I I I I I L]
22.6 21.8
26.9 26.1 30.2 259
' 35.3
39.6
Reactions
Factored
—1 [ - [ - 1 1 (|
(L 11 11 1 U
DeadR 16.26 36.56 23.01 46.78 15.16
LiveR  10.63 27.57 23.8 30.03 10.83
MaxR  26.89 64.12 46.81 76.81 26.
MinR  15.94 38.58 20.39 59.38 13.95
Service
DeadR 13.55 30.46 19.17 38.98 12.64
LiveR 6.64 17.23 14.88 18.77 6.77
MaxR  20.19 47.69 34.05 57.75 19.41
MinR  13.35 31.73 17.53 46.86 11.88

Fig.(4-2) Rib ( R3) Envelope
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Flexural Design : -
% Design for positive Moment for Rib (R3):-

Use Mu max. Positive for span =*Mu= 33.7 KN.m .
Determine whether the rib will act as rectangular or T-section:
assume a=t;=8cm =80 mm
d = h — cover—dia. of stirrups — db/2 = 350 — 20 —10 — 14/2 = 313 mm.
®.Mnf=0.9*0.85 f, *t:* b, *(d- t/2)
= 0.9* 0.85 (24) (80) (520)(313- 80/2)*10°®
= ®.Mnf =208.5 KN.m
®Mnf=208.5 KN.m > Mu = kKN.m
= Rectangular section

Design as a rectangular with b, = 52cm
As=p.be d

oty 412
0.85*fc  0.85*24

=20.196

_ Mu/¢ _ 33.7*107°/0.9

Rn = £ = ~=0.735 MPa
b*d?  0.52*(0.313)
x x>
po iy [p_2mRn)__ 1 1_\/1_2 20.196*0.735 | _, 415103
m fy 20.196 412

As = p.be.d = (1.817107°)* (520)* (313) = 295.79 mm?.
Then use 2® 14 , As=307.8 mm?

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

__Jfc 24 ~ ,
Asmin= S OW(A) = (120)319) =11.65mm
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a1 _14 _ :
AS min= ) (bw)(d) i (120)(313) =127.63mm (control)

For 2014 , As=307.8 mm? > 127.63 , OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
307.8*412 =0.85*24*520*a
a=11.954mm
a 11954
~ B 085
p=0.85..... f_<28MPa....... ACI-318M-08(10.2.7.3)

&, =(d—c)/cx0.003= 313-14.06 1 003 = 0.0637
14.06

=14.06mm

&, =0.0637 > 0.005

s Design for Positive Moment Mu =+ 22.4 KN.m :

oty 412
0.85*fc  0.85*24

=20.196

_ Mu/¢ _ 22.4*10°/0.9

Rn=——"= >-=0.488 MPa
b*d?  0.52*(0.313)
* x>
p-Lfy fp_2mRn)_ 1 1_\/1_2 20.196*0.488 ) _, 19g09+10-3
m fy 20.196 412

As = p.be.d = (1.198*1072)* (520)* (313) = 195.146 mm?.

Then use 2@ 12 , As=226.2 mm?

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

__Jfc 24 ~ ,
Asmin= S OWE) =0 (120)(313) =111.65mm
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a1 _14 _ :
AS min= ) (bw)(d) i (120)(313) =127.63mm (control)

For 2012 , As=226.2 mm? > 127.63 , OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
226.2*412 = 0.85*24*520*a

a==8.785mm
= ﬂil = % =10..mm
B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)
313-10.33

g, =(d—c)/cx0.003=>"""""°°,0.003=0.088
10.33
&, =0.088 > 0.005

s Design for Positive Moment Mu =+ 31.5 KN.m :

_ 412

- = =20.196
0.85* fc 0.85*24

* -3
RN = Mu/?: 31.5*10 /0'320.687 MPa
b*d?  0.52*(0.313)

* x*
ool j_2mRn) 1 1_\/1_2 20.196*0.687 | _; sg7 %103
m fy 20.196 412

As =p.be.d = (1.697*107%)* (520)* (313) = 276.14 mm?*.
Then use 2 14 , As=307.8 mm?

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )

__Jfc 24 ~ ,
Asmin= 3 (BR(d) =5 120)319) =111.65mm
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a1 _14 _ :
AS min= ) (bw)(d) i (120)(313) =127.63mm (control)

For 2®14 , As=307.8 mm?>127.63 , OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
307.8*%412 = 0.85*24*520*a

a=11.95mm
- a_ w =10..mm
Y 0.85

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

£ = (d—-c)/cx0003 = >23=1406 1 003 0.0637
14.06

&, =0.0637 > 0.005

+ Design for Negative Moment Mu = -26.4 KN.m :
% Design as a rectangular with b =12 cm = 120 mm

oy 412
0.85* fc  0.85*24

=20.196

_ Mu/¢ _ 26.4*10°/0.9
b*d? 0.12*(0.313)

ko *
p-Lfy_fp_2mRn)_ 1 1_\/1_2 20.196*2.495 ) _ o 1ouqq0
m fy 20.196 412

As = p.be .d = (6.48%107%)* (120)* (313) = 243.39 mm?.

Rn

=2.49 MPa

Then use 2@ 14 , As=307.8 mm2

= Check Minimum Reinforcement Agsmin...(ACI- 318M-08 — (10.5.1) )
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fc’ _ 24
4(fy) (bw)(d) 4(412)

A's min= (120)(313) =111.65mm?

a1 _14 _ :
AS min= ) (bw)(d) i (120)(313) =127.63mm (control)

For 214, As=307.8 mm2 > 127.63 , OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
307.8*%412 =0.85*24*120*a
a=51.8mm

a _518 _&0.94mm

T B 085
B=0.85..... f.<28MPa........ ACI-318M-08(10.2.7.3)

£, =(d—c)/cx0.003=13=6094 4 603-0.0124
60.94

&, =0.0124 > 0.005

K/

% Design for Negative Moment Mu = -16.3 KN.m:
% Design as a rectangular with b=12 cm = 120 mm
_ fy _ 412

= - = =20.196
0.85* fc 0.85*24

_ Mu/¢ _ 16.3*10°/0.9

Rn= — %= > =154 MPa
b*d?  0.12%(0.313)
* *
po Xy [p_2mRn)__ 1 1_\/1_2 20.196*1.54 | _ 4 0oouqg s
m fy 20.196 412

As = p.be.d = (3.892*107%)* (120)* (313) = 146.19 mm°.

Then use 2 10, As=157 mm?2
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= Check Minimum Reinforcement Asmin...(ACI- 318M-08 — (10.5.1) )

\/_ _ 24
Asmin= (b w)(d) * 241 (120)(313) =111.65mm’

As min:(l'—4(bw)(d) 2%(120)(313):127.63mm2 (control)

For 210, As=157 mm2 > 127.63 , OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
157*412 =0.85*24*120* a
a=26.42mm

_ 2 _2642 4 hg6mm

B 085
B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

313-31.086
31.086

e, =(d—-c)/cx0.003= x 0.003 = 0.0272

g, =0.0272 > 0.005
s Design for Negative Moment Mu = -30.6 KN.m :

% Design as a rectangular with b=12 cm = 120 mm
fy _ 412

= - = =20.196
0.85* fc'  0.85%24
* -3
= Mu/g _ 306*10 /0.29:2.892 MPa
b*d®  0.12*(0.313)
* *
p-Lfq_fp_2mRn)_ 1 1_\/1_2 20.196*2.892 | __ (00103
m fy 20.196 412

As = p.be.d = (8.603*1072)* (120)* (313) = 146.19 mm?.

Then use 2@ 14 , As=307.8 mm2
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= Check Minimum Reinforcement Asmin...(ACI- 318M-08 — (10.5.1) )

\/_ _ 24
Asmin= (b w)(d) * 241 (120)(313) =111.65mm’

AS min = % (ow)(d) = % (120)(313) =127.63mm? (control)

For 214, As=307.8 mm2 > 127.63 , OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
307.8*%412 =0.85*24*120*a
a=51.8mm
a 518
~ B, 085

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

e, = (d—-c)/cx0003 =009 003-0.0124
60.944

g, =0.0124 > 0.005

S

=60.944mm

D)

»  Design Rib ( R3) For Shear :-

Vu (at Face of support) =35.3 KN (From Shear Envelope)
Factored shear forces at d=0.313 m = 313 mm from face of support
Vu =35.3-.313*10.72 = 31.94 KN

Determine shear strength provided by concrete (¢ Vc).

1.1Ve= 1.1* V' pw*d
6

= 1.1% % 0.12 * 0.313*10% = 33.73 KN

®Vc =0.75*33.73= 25.3 KN
Vs min=Maxof :1) 1 bw*d=0.333*120*313* 10° = 12.52 KN - Control
3

2) V' pw*d= %4*120*313* 10° =11.5 KN
16

Case Illis Valid :
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® (VC+ VSmin) >Vu> ® Ve
0.75(33.73+12.52)=34.68 KN >Vu=31.94 KN >0.75*33.73 =25.3 KN

- minimum shear reinforcement is required
Assume Stirrups 2-leg &8
Av * fyt *d

Vs
S =(100.48 * 412 *313)/(12.52*1000) = 1034.944 mm
Check For Spmax

S=

1) Spax < % = 313/2 = 156.5 mm - Control

2) Smax < 600 mm
S=1034.94 mm > Spax = 156.5 mm
So, Use 2-leg @8 @150 mm

4-7 Design of Beam (Beam 59-60-61-62-63):-

< Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 412 N/mm?
« Loading :-
=>» Reaction from Simply Supported Rib :
D.L =16.4/0.52 = 31.538 KN/m
L.L =7.8/0.52 =15 KN/m

= Reaction from Rib :
D.L =38.98/0.52 = 74.968 KN/m
L.L =18.678/0.52 = 36.09 KN/m
=> Reaction from two way ribbed Slab ( S1) :
D.L =10.62*7.1 = 75.402 KN/m
L.L =5*7.1 =35.5 KN/m

=>» Reaction from two way ribbed Slab ( S2) :
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D.L =11.83*7.57=89.553 KN/m
L.L =5*7.57 =37.85 KN/m
=> Beam Self weight = 25*%0.8 = 20 KN/m
= Beam Materials :
= 22*0.03*0.8=0.528 KN/m

Tile

Mortar =

22*0.02*0.8=0.352 KN/m

Sand =16*0.07*0.8=0.896 KN/m
Plastering = 22*0.02*0.8 =0.352 KN/m
Partition =2*0.8=1.6 KN/m

>'=3.728 KN/m

=» Total Dead load

Self weight + Materials = 20 + 3.728 = 23.728 KN/m
Assumed that h = 1000 mm to analyze the beam using ( Beam D ) Software to get Shear & Moment Envelope :

Geometry

Units:meter,mm

1 2 3 4 5 6
1 2 3 4 5
[ Al N Al N Al N Al . Al ]
L LI LI 1L
A Al A A A
OH3 7.35 0H3 7.7 0H3 7.7 OH3 7.7 0H3 7.7 OHS
\‘\ 765 T 8 I‘\ 8 I‘\ 8 I‘\ 8 I‘\
I I I I |
700
800
A-A
Loading
[oad group no. 1
Dead load - Service Units:kN,meter
5.4 75.4
74.9 54 75, ] 89.6 89.6
315
23 F 23-F ! \L23.7\L y y 23-F 23-F
7.65 71 0.90.9 7.1 8. 8.
T T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
55 $5.H
\L 3&-0 \L Ve oV i $5.p 35. 7.8 37
768 700 odg 29 280 2g0
I I
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Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 5
-1189.9
-1063.9 -1090.3 921 -906.
-800. -826. - -
800.3 826.3 581, 809.9 803.1
5275  -529.1
| 1 % 2.94 | % \8 | | % .52 | | % .05}
K 0 'Sii: 24 0 0 f
38 1.7 L v 1 3)\/ L3
3.9 i1 133 154 =3
417.8 385.6
612.3 588.4
899.3
306 459 | 44 | 38 | 36 |, 44 | 4 | a4 | a4 | 35 |
I I I I I I I I I I 1
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-853.9 -824.
-7109.7 -631.3 -655.8
359.7 -502.1
-3256 ' 237.4271.6
[ W W |J| 1 1
I UL UL I\I ULl U}
\ 429, c0.2 3492 315
. 588.3 ’ 547.1
>13.2 671.2 646.1 700.8
Reactions
Factored
[ 14 1T 14 14 |
L Ll Ll Ll Ll U}
DeadR 354.94 978.13 913.23 446.61 910.27 181.76
LiveR  218.29 546.97 556.86 262.25 446.38 89.81
MaxR  573.23 1525.09 1470.09 708.86 1356.64 271.57
MinR 329.26 1175.75 1059.24 494.11 1089.35 164.12
Service
DeadR 295.78 815.11 761.02 372.17 758.55 151.47
LiveR 136.43 341.85 348.04 163.91 278.99 56.13
MaxR  432.21 1156.96 1109.06 536.08 1037.54 207.6
MinR 279.73 938.62 852.28 401.86 870.48 140.44

~

Figure(4=3)~
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determination of Beam dimensions :

> mo_ By 412
0.85*fc  0.85*24

=20.196

B, = 0.85,Since fc' < 28 MPa

_085+fc’ « ff 600 _
pb = 7 * S00ify 0.02495

p =0.4* pb = 0.4%0.02495 = 9.981*10°

Rn = p*fy ( 1- ";m ) = 3.697 Mpa

Rn = Mu/ @
b*d?
d=640.003 mm
assume @ 20
=> h =640+ 20/2 + 10 + 40 = 700 mm
Take h =70 cm =700 mm

«+ Design Beam For Flexure :-
b =800 mm , h=700 mm

s Design for Positive Moment Mu = +899.3 KN.m :
o 412

= _ = =20.196
0.85*fc  0.85*24

_ Mu/g_ 899.3*10°/0.9

Rn= 7= -~ =3.049 MPa
b*d?  0.8*(0.640)
* *
po iy [p_2mRn)__ 1 1_\/1_2 20.196*3.049 | _ 4 ornun s
m fy 20.196 412

As =p.be.d = (8.0558*10°°)* (800)* (640) = 4124.57 mm?Z.
Then use 14® 20 , As=4396 mm?2

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )
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__fc _ 24 _ ,
Asmin= 3 (W) =7 (800)(640) =1522.01mm

=4 _14 _ 2
AS min= ) (bw)(d) e (800)(640) =1793.8mm (control)

For 14®20 , As=4396 mm?> > 1793 mm? , OK
=> Check for Spacing :
g = 800-2*40-2*10-14*20
- 13

=32.3mm

S>25mm
S>db
- OK

=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
4396*412 =0.85*24*120*a
a=110.977mm
a 110.977

"B 085
B=0.85..... f.<28MPa........ ACI-318M-08(10.2.7.3)

& =(d—-c)/cx0.003= 313-130.561 x0.003 =0.0117
130.561

=130.561mm

g, =0.0117 > 0.005
OK : Tension Controlled Section

s Design for Positive Moment Mu = +612.3 KN.m:
fy 412

- = =20.196
0.85* fc 0.85*24

m =

* -3
Rn = Mu/?: 612.3*10 /02'9:2.076 MPa
b*d?  0.8%(0.640)
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>* *
polfy [p_2mRn)_ 1 1_\/1_2 20.196*2.076 | _ . soenqg-s
20.196 412

As = p.be.d = (5.325*107°)* (800)* (640) = 2726.79 mm?.
Then use 9@ 20 , As=2826 mm?

= Check Minimum Reinforcement Asmin...(ACI- 318M-08 — (10.5.1) )

__fc _ 24 _ ,
Asmin= 3 (OW)(d) = (800)(640) =1522 01mm

A's min :ﬂ(bw)(d) :H(SOO)(MO) =1793.8mm’® (control)
(fy) 412
For 9®20 , As=2826 mm’ > 1793 mm* , OK
=>» Check for Spacing :

o _ 800-2*40-2*10-9*20
- 8

=65 mm

S>25mm
S>db
- OK

=>» Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
2826*412 =0.85*24*120*a

a=71.34mm

a _71.34 _ 23 93mm

"B, 085
p=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

& =(d—-c)/cx0.003= 313-7134 % 0.003 =0.0198
71.34

&, =0.0198 > 0.005
OK : Tension Controlled Section
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% Design for Positive Moment Mu = +417.8 Kn.m:

m = Ty - A2 =20.196

"~ 085*fc’  0.85*24

_ Mu/¢ _ 417.8*10°/0.9

RN = = = 1.4167 Mpa
b*d?  0.8%(0.640)° P
x> *
oLy fp_2mRn)_ 1 1_\/1_2 20.196*1.4167 | _ 5 csu1gs
m fy 20.196 412

As = p.be.d = (3.567*10°°)* (800)* (640) = 1826.336 mm?.

Then use 6@ 20 , As=1884 mm?

= Check Minimum Reinforcement Asmin...(ACI- 318M-08 — (10.5.1) )

© buya) =2

4(fy) 4(412)

ASmin= (800)(640) = 1522.01mm’

n=t4 _14 _ 2
AS min= ) (bw)(d) e (800)(640) =1793.8mm (control)

For 6020, As=1884 mm?> 1793 mm? , OK
=> Check for Spacing :
S = 800—2*40—-2*10—-6*20
- 5

=116 mm

S>25mm
S>db
- OK
= Check for Tension steel yielding:-

Tension = compression
As*fy=085*f . *b*a
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1884*412 =0.85*24*120*a
a=47.56mm
_a _47.56

= =55.95mm
yon 0.85

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

g =(d—-c)/cx0.003= S13-5995 ) 003 =0.0313
55.95

&, =0.0313 > 0.005
OK : Tension Controlled Section

% Design for Positive Moment Mu = +385.6 KN.m:
oo 412
0.85* fc  0.85*24

20.196

* -3
_ Mu/g_ 3856%10°/08_ .\ o

Rn = >
b*d?  0.8*(0.640)

1 2mRn 1 2*20.196*1.307
p=—|1- 1— == |1- [1—
m fy 20.196 412

As = p.be.d = (3.282*10°°)* (800)* (640) = 1680.56 mm? < As min

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 - (10.5.1) )

__fc _ 24 _ ,
Asmin= 2 e (oW)(d) =0 (800)(640) ~1522.01mm

1.4 .
As min=——(bw)(d) _14 (800)(640) =1793.8mm’* (control)
(fy) 412
1680.56 mm?< As min, So use Asmin = 1793.8 mm?

Use 6020 , As=1884 mm?® > As req = 1793.8 mm® , OK
= Check for Spacing :

_ 800-2%40-2*10-6*20
- 5

S

=116 mm
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S>25mm
S>db
-OK

=>» Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
1884*412 = 0.85*24*120*a

a=47.56mm

_a 4756
B 085

B=0.85..... f_<28MPa ....... ACI-318M-08(10.2.7.3)

& =(d—-c)/cx0.003= 313-55.95 x0.003 = 0.0313
55.95

=55.95mm

&, =0.0313 > 0.005
OK : Tension Controlled Section

s Design for Positive Moment Mu = +588.4 KN.m :

oty 412
0.85* fc'  0.85*24

=20.196

_ Mulg _ 588.4*10°/0.9

Rn=——"= -—=1.995 MPa
b*d®  0.8*(0.640)
x> *
polfy jp_2mRn)__ 1 1—\/1—2 20.196*1.995
m fy 20.196

As = p.be.d = (5.106*107°)* (800)* (640) = 2614.22 mm?.

Then use 9@ 20, As=2826 mm?

=> Check Minimum Reinforcement A gmin...(ACI- 318M-08 — (10.5.1) )
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__fc _ 24 _ ,
Asmin= 3 (W) =7 (800)(640) =1522.01mm

=4 _14 _ 2
AS min= ) (bw)(d) e (800)(640) =1793.8mm (control)

For 9920 , As=2826 mm? > 1793 mm? , OK
=> Check for Spacing :
S = 800—2*40-2*10-9*20
- 8

=65 mm

S>25mm
S>db
-OK
=> Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
2826*412 =0.85*24*120*a
a=71.34mm

_a _7134 osg3mm
5, 085

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

g, =(d —c)/Cx0.00B:wa.OOC%: 0.0198
83.93

&, =0.0198 > 0.005
OK : Tension Controlled Section

% Design for Negative Moment Mu = -1090.3 KN.m :

fy - 42 =20.196

" 085*fc’  0.85%24

_ Mu/¢ _ 1090.3*10°/0.9

Rn= %= -~ =3.39 MPa
b*d?  0.8*(0.640)
* *
po Ly fp_2mRn)_ 1 1_\/1_2 20.196*3.39 ) _ g jsawqgd
m fy 20.196 412
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As = p.be.d = (9.056*107)* (800)* (640) = 4636.86 mm?.

Then use 15® 20 , As=4710 mm?

= Check Minimum Reinforcement Asmin...(ACI- 318M-08 — (10.5.1) )

\/_ _ 24
Asmin= (b w)(d) = 21 (800)(640) = 1522.01mm’

1.4
As min =—— (bw)(d =" (800)(640) =1793.8mm?
min = (fy)( w)(d) 412( )(640)
For 15®20 , As=4710 mm? > 1793 mm? , OK
=> Check for Spacing :
800-2*40-2*10-15*20

S= =28.57 mm
14

S>25mm
S>db
- OK

=>» Check for Tension steel yielding:-

Tension = compression

As*fy=085*f *b*a

4710*412 =0.85*24*120*a

a=118.9mm

c—2 _ 1189 _ 139 887mm
B 0.85

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

&, =(d—c)/cx0.003= 313-139887 ) 003=0.0107

139.887
&, =0.0107 > 0.005

OK : Tension Controlled Section
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% Design for Negative Moment Mu = - 826.3 KN.m :

Ty - A2 =20.196

"~ 085*fc’  0.85*24

_ Mu/¢ _ 826.3*107°/0.9

Rn = o= >— =2.86 MPa
b*d®  0.8%(0.640)
x> *
p-Lfy_fp_2mRn)_ 1 1_\/1_2 20.196%2.86 | _ - 5,y
m fy 20.196 412

As =p.be.d = (7.345*107°)* (800)* (640) = 3760.87 mm®.

Then use 12d® 20 , As=3768 mm?

= Check Minimum Reinforcement Asmin...(ACI- 318M-08 — (10.5.1) )

__fc _ 24 _ ,
Asmin= 3 (W) =7 (800)(640) =1522.01mm

n=t _14 _ 2
AS min= ) (bw)(d) i (800)(640) =1793.8mm (control)

For 12®20 , As=3768 mm?> 1793 mm? , OK
=> Check for Spacing :

. 800—2*40—2*10—12*20
- 11

=41.82 mm

S>25mm
S>db
-OK
=> Check for Tension steel yielding:-

Tension = compression
As*fy=085*f . *b*a
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3768*412 =0.85*24*120*a
a=95.12mm
_a 9512

=—=111.91mm
yon 0.85

B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

e, =(d—c)/cx0.003=""1191 () h03-0.0141
111,91

&, =0.0141>0.005
OK : Tension Controlled Section

% Design for Negative Moment Mu =-529.1 KN.m:

Ty - 42 =20.196

T 085*fc  0.85%24

_ Mu/g_ 529.1%10°/0.9

Rn=——"= —=1.794 MPa
b*d®  0.8*(0.640)
* £
p-lfy [p_2mRn)_ 1 1_\/1_2 20.196*1.794 | _ , cor g3
m fy 20.196 412

As = p.be .d = (4.565*10°)* (800)* (640) = 2337.298 mm?.

Then use 8® 20, As=2512 mm?

= Check Minimum Reinforcement Agsmin...(ACI- 318M-08 — (10.5.1) )

I ) =28

4(fy) 4(412)

ASmin=

(800)(640) = 1522.01mm’

n=at _14 _ 2
AS min= ) (bw)(d) = e (800)(640) =1793.8mm (control)

For 8®20 , As=2512 mm* > 1793 mm* , OK
= Check for Spacing :

g - 800-2*40-2*10-8*20
- 7

=77.14 mm
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S>25mm
S>db
-OK
=>» Check for Tension steel yielding:-

Tension = compression
As*fy=085*f *b*a
2512*412 = 0.85*24*120*a
a =63.415mm

_a _ 63415
B 085

B=0.85..... f_<28MPa ....... ACI-318M-08(10.2.7.3)

£, =(d—c)/cx0.003=SL3=74006 1 10300227
74,606

&, =0.0227 > 0.005
OK : Tension Controlled Section

= 74.606mm

K/

% Design for Negative Moment Mu =-809.9 KN.m:
oy 412
0.85* fc'  0.85*24

=20.196

_ Mu/g_ 809.9%107°/0.9

Rn = = >— = 2.746 MPa
b*d*  0.8*(0.640)
* x>
poLfy fp_2mRn)_ 1 1_\/1_2 20.196*2.746 | _ 10-uqg2
m fy 20.196 412

As = p.be.d = (7.187*1073)* (800)* (640) = 3679.88 mm?.

Then use 12 20 , As=2512 mm?

= Check Minimum Reinforcement Agsmin...(ACI- 318M-08 — (10.5.1) )

F (bw)(d) = Ja4
(fy) 4(412)

ASmin=

(800)(640) =1522.01mm?
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A’ min :ﬂ(bw)(d) :%(800)(640) =1793.8mm? (control)

(fy)

For 12®20 , As=3768 mm’ > 1793 mm? , OK
=> Check for Spacing :
_ 800-2*40-2*10-12*20
- 11

S =41.82 mm

S>25mm
S>db
- OK

=> Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
3768*412 = 0.85*24*120*a

a=95.12mm

a _912 111 91mm

~ B 085
p=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)

£, =(d—c)/cx0.003= B9 4 03— 0.0141
111,91

&, =0.0141>0.005
OK : Tension Controlled Section

Design Beam for shear:

Vu at face of support = 826.5 KN

Ve = —V;C* bw * d = 418.046 KN
4 fc!
VSmin = Max of 1) F*bw*d =156.77 KN
2) %*bw*d =170.67 KN - Control

Vs' = —V;:C *hw*d = 836.09 KN
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vs= YU _ve= 8255 418046 = 683.96 KN
p 0.75

Case 4 is Valid

O (VSmintVec)<Vu<d (Vc+Vs')
0.75 (170.67 + 418.046 ) < Vu = 826.5 < 0.75 (418.046 + 836.09)
441 KN < 826.5 KN <940.567 KN - Ok

Use Stirrups @10 4-Leg , Av = 314 mm?

Av* fyt *d _ 314*412*640

S= =121.05 mm
Vs 683.96*1000
S < Smax=1) d/2 = 320 mm - Control
2) 600 mm

Take S =100 mm
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4 -8 Two Way Ribbed Slab ( R2 ):-

16.80
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14 10 e 10 14
Section B-B
( Two WAy Ribbed Slab - RZ )

Figure (4-4) : Plan and Section in Two Way Ribbed Slab ( R2)

4.8.1 : Check Slab Thickness :

o _ I'beam
17 Tslab 1

liip = 128504.24 cm*

40%8+36+40+14%20

408 + 40%14 =25.818cm

Yc=

Slab section for exterior beams
short direction L =14.2 m

s = Lip * (L/2 + bw / bf ) = 1879969.437 cm*
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short direction L = 15.2 m

ls = lip * (L/2 + bw / bf ) = 1998954.844 cm”

bh3 _ 80x703
12 12

I, = = 2286666.667 cm*

_ I beam
" Islab1

o
oy =03 = 1.14393

o= o4 = 1.21633

2+%xX1+4+2x2
Olfm = Olfm = T =1.1803 <2

So the minimum slab thickness will be :

B =15.2/14.2 = 1.0704

420
In 08+ £y 15200 (0.8+ 1w

T 36+5+Bx(atm—0.2) 3645¢1.0704+(1.18—0.2)

=405.37 mm

Take h =400 mm =40 cm

4.8.2 : Resultant Moments On Slab :

The panel is free edges ( Simply Supported )

Service Live Load =5 KN / m?

Service Dead Load =10.567 KN / m?

Wd = 1.2*10.567 = 12.68 KN / m?

W, =1.6*5=8KN/m?

W, = 1.2D+1.6L = 20.68 KN / m?

Lo/Lp = 14.2/15.2=0.93

There is no any negative moment since all edges are free

Positive moment from dead and live load :
Ca pos/ai=0.042 Cb posai=0.0314

Ca. pos/||:0.042 Cb p05/||:0.0314
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Masve oL = 0.042%12.68*14.2%*0.54 = 58 KN.m/m
Mpsve oL = 0.0314*12.68*15.2°*0.54 = 49.7 KN.m/m

Masve LL = 0.042*%8%14.22*0.54 = 36.6KN.m/m
Mpxve L = 0.0314*8*15.2%*0.54 = 31.3 KN.m/m

Ma=36.6 + 58 =94.6 KN.m/m
Mb =31.34 + 49.7 = 81.04 KN.m/m

4.8.3 : Flexure Design :

Short direction :

Postive Moment = 94.6 KN.m
Assume ®20

d =400 - 20 - 10 -20/2 = 360 mm

- W 40 56
0.85* fc 0.85*24

* 6
= Mn _ (946/0.9)*10

= _Mn_ = 1.502 MPa
b*d?  540*(360)>

B 2mRn

y )

p=1@- 1
m

p=_L (1- \/1——2(1'502)(20'6) ) = 0.00379

20.6 420

As =0.00379*540*360 = 736.9 mm?

Asmin - Tfy)(bw)(d)
=149.8 mm?
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Asmin = %(bw)(d)

= 171.26 mm’
As min =171.26 -Control
As > As min
Use 2 ®22 with As = 759.88 > As req
Check Strain

Tension = Compression
A x fy=0.85xf xbxa

759.88x 420 =0.85x24x520x a
a=28.419mm

. _ 28419
0.85

=33.4mm

360-33.4

& x0.003 = 0.029 > 0.005...0k
33.4

Negative Reinforcement As = ( 1/3) *As pos = (1/3)*736.9 = 245.63 mm?

As = 245.63 mm? > As min

Use 2 ®14 with As = 307.72 mm?® > As req

Check Strain

Tension = Compression
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A x fy=085x f xbxa

a=44.39mm

c= ﬁ =52.22mm

0.85

~360-52.22

& x0.003 =0.01768 > 0.005...0k
52.22

Long direction :

Positive Moment = 81.04 KN.m
Assume ®20

d =400 -20 - 10 -20/2 =360 mm

fy 420

T 085%fc  085%24

Mn _ (81.04/0.9)*10°

Rn=_MN - ~~—=1.2866 MPa
b*d? 540 * (360)
1 2mRn

p=—(1- 1- )
m

N \/1‘ 2(1.2866)(20.6)):0_003228
20.6 420

As =0.003228*540*360 = 627.552 mm?

ns =V ua)

Smin
4(fy)
=149.8 mm?

Asmin = %(bw)(d)

=171.26 mm?
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As min =171.26 -Control

As > As min

Use 2 ®20 with As = 628 mm? > As req
Check Strain

Tension = Compression
A x fy=0.85xf xbxa

628x420=0.85%x24%x540%x a
a=23.487mm

23.487
CcC=

=27.63mm
0.85

~ 360-27.63

& % 0.003 = 0.036 > 0.005...0k
27.63

Negative Reinforcement As = ( 1/3) *As pos = (1/3)*627.552 = 209.184 mm?
As = 209.184 mm?> As min
Use 2 ®12 with As = 226.08 mm?® > As req

Check Strain

Tension = Compression
A x fy=0.85xf xbxa

a=32.6mm

c= £ =38.37mm
0.8

alo
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~ 360-38.37

& % 0.003 = 0.025 > 0.005...0k
38.37

4.8.4 : Shear Design :

Wa =0.57

Wb =0.43

Total Load on the panel = 15.2*14.2*20.68 = 4463.57 KN

Load on long beam = [ (4463.57*0.57*0.54 )/(2*15.2) ] = 45.19 KN - Control

Load on long beam = [ ( 4463.57*0.43*0.54 )/(2*14.2) ] = 36.49 KN
Vu @ d = 45.19 - ( 0.36*20.68*.54) = 41.17 KN

f 1
SVC =4 —V6C* bw * d = 33.95 KN
Vsmin = Max of 1) —"1': *bw*d = 15.43 KN
2) %*bw*d =16.8 KN - Control
#pVc=33.95<Vu=41.17< ¢(Vc+ Vs min) = 46.55 KN

Case IlI
Use Stirrups @10 2-Leg , Av = 157 mm?
Av* fyt *d _ 157*412*360

S= =1386.08 mm
Vs 16.8*1000
S < Smax=1) d/2 = 360/2 = 180 mm - Control
2) 600 mm

Use Stirrups @10 2-Leg @ 175 mm
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4 -9 Design Of Staircase (SC 4) :-

BEAM
D

Figure (4-5) : Plan of Staircase ( SC4)

4.9.1 : Minimum Slab Thickness for deflection :
for simply supported one way solid slab :

Nmin = 6.15/20 = 0.3075 m = 30.75 cm

for both end continues one way solid slab :

Nmin = 6.15/28=0.2196 m = 21.96 cm

Take h=25cm

4.9.2 : Flight Dead load Calculations :

The stair slope by 6 = tan™! (%) = 29.54

For Flight :
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Dead Load for flight:

0.17 + 0.30

Tiles = 27 (T) *0.03x1=1269KN/m

0.17 + 0.3
Mortar = 22 (T) *x0.03*%1=0689KN/m
o 25 70.17 x 0.3
stair stips = —(—) *1=2125KN/m
0.3 2
lab = (25 * 0.25 * 1) — 7 18KN
S =\"cos2954 ) T /m
Plast —22(0'03*1)—0758KN
aster = c0s29.54) /m

Total Dead load =12.013 KN /m
Live load for flight:
Live load for stairs =5 KN/ m?

4.9.3 : Landing Dead load Calculations :
Dead Load for landing :

Tiles = 22*0.03*1=0.66 KN/m

Mortar = 22*0.02*1=0.44KN/m

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

Plaster = 22*0.03*1=0.66KN/m

Total dead load= 8.01KN/m.

Live load :

Live load for stairs =5 KN/ m?

4.9.4 : Design of Slab S1 :
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Geometry Units:meter,cm
1 2
1
A
E.15 A
I I
25,
100.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
12.0
b boab | , , !
1.65 | 4.5
I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
.00 5.00
1.65 A 4.5
I
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Moment/Shear Envelope (Factored) Units kM. meter

Moments: spans 1to 1

Shear

-66.8

Figure (4-6) : Geometry and Envelope diagrams of Slab S1in (SC4)
Check for Shear Strength :

= Assume @ 14 for main reinforcement:-

So, d = 250-20-7 = 223 mm..
Take d=223 mm
= \Vu=558 KN.

Wc:cﬁﬁgbw*d

_ 0.75*+/24*1000*223*10°°
6

LI Yo =136.6KN

= (1/2)*@Ve = (1/2)*136.6 = 68.3KN

* Vu=46.88 KN< @.Vc=136.6KN .

75



Structural Analysis & Design Chapter 4

So, the thickness is adequate enough.

Design of Flexure :
Mu =99.5 Kn.m
Mn = 99.5/0.9 = 110.555 Kn.m

d =223 mm.
R — Mn
b-d?

*1N6
R ~110.55*10

J=o o =2.223MPa .
1000* 223
__ b
0.85x fc'
m =29 _50588
0.85x 24
1 ZmRn * *
p——(l— h J 1 Ll_\/l_z 20.588 2.223]:0_005617
m f, 20.588 420
As req = 0.005617*1000%223= 1252.65 mm*/m ........ control

Asmin=0.0018*250*1000=450mm?
n=1252.65/153.9 = 8.1415 bar

$=1000/8.1415= 122.827 mm Take it $=120 mm
Check for spacing

3h=3*250=750mm

S=450
280

s =380 (m) —2.5%20 =330mm
280

Use @ 14@ 12 cm
Temperature and Shrinkage Reinforcement
As = 0.0018*1000*250 = 450 mm® / m
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n=450/153.9=2.924
Step = 1000 / 2.924 = 342 > Smax = 300
So, Use @ 14@ 30 cm

4.9.5 : Design of Slab S2 :

Geometry Units:meter,cm
1 2
1
A —
p I |
A
0.6 2.43 0.2
I i f !
2.83
| |
I 1
25.
100.
A-A
Loading

load group no. 1

Dead load - Service Units:kN,meter

12.0
, A P A O A

1.2 , 1.63 |

T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00
k ¥

1.2 ) 1.63

T
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MomentiShear Envelope (Factored) Units: kM, meter
Moments: spans 1ito 1
I I 1 |
[ T ! 1
1.27 16.5 1.66
f T 1
Shear
9.3 208
I /T
T T |
20.5

Figure (4-7) : Geometry and Envelope diagrams of Slab S2 in (SC4)

Check for Shear Strength :

= Assume @ 14 for main reinforcement:-

So, d = 250-20-7 = 223 mm..
Take d= 223 mm
= Vu=27.21 KN.

L] WC:@
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_ 0.75*+/24*1000*223*10°
6

=136.6KN

Yo

= (1/2)*¢Vc =(1/2)*136.6 = 68.3KN
= Vu=27.2 KN< @.Vc=136.6KN .
So, the thickness is adequate enough.
Design of Flexure :

Mu = 16.5 Kn.m
Mn = 16.5/0.9 = 18.333 Kn.m

d =223 mm.
N
b-d?
* 6
R, = 203310 _; 35gMmpa
1000223
mo-—
0.85x fc'
m =i=20.588
0.85x 24

1 2mR, * *
pollis hi- _ 1 1—\/1—2 20.588*0.368 | _ | (ooaca
m f, 20.588 420

As req = 0.008858*1000*223= 197.54 mm?/m
Amin=0.0018*250*1000=450mm?..... control
Use @ 14@ 30 cm

Check for spacing

3h=3*250=750mm
S=450
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280
s =380 (m) —2.5%20 =330mm
280
5 = 300 (g7 gzg) = 300mm

Temperature and Shrinkage Reinforcement
As = 0.0018*1000%250 = 450 mm?/ m
n=450/153.9 = 2.924

Step = 1000 / 2.924 = 342 > Smax = 300
So, Use @ 14@ 30 cm

AlZBES

\{é]EEE5

Bleeis

Section A-£4
Scole 1:20

BEE2S cm #

|
T

Beels

Figure (4-8) : Reinforcement Of (SC4)

4 -10 Design Of Column ( C 7 ) in Ground Floor :-

60
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Figure (4-9) : Geometry Of Column ( C7)

Check for Slenderness :
Assume : b= 600 mm , h =600 mm

Ku _gq_pp ML ACI —(10.12.2)

r M2

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

R: radius of gyration = \/'L: ~03h . For rectangular section

Iy =rxy=0.3*0.6 = 0.18

Lu=31 m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

Klu g4 oML ACI —(10.12.2)
r M2
1X3§'31 —17.22<22

So, Short Column in both direction

Total Factored Load on Column C7 :

Pu =4235Kn

¢Pn=Pu

¢ Pn =0.65*0.8 [ 0.85*fc'(Ag-As) + As*fy ]

¢ Pn = 0.65*0.8 [ 0.85%24(600%-As) + As*420 ]
(4235/1000 ) = 0.65*0.8 [ 0.85*24(600%-As) + As*420 |
As = 2002.579 mm?

As 2002579

p=—= =0.0057 < 0.001
Ac 600*600
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So, Take p=0.001

As = 0.001 * 600 = 3600 mm?
Use @ 16 , with As = 201.0 mm?
n = 3600/201 = 17.9 bars,

Use 18 @ 16

AS prov = 18*%201 = 3617.28 > As

Design For Ties :
Use @ 10
Spacing : 1) 48*ds;= 48*10 = 480 mm
2) 16*d, = 256 mm - Control
3) Least Dimension of Column = 600 mm
So,Use ®10 @ 20 cm

Check For Code Requirements :
1) Clear Spacing between longitudinal bars
spacing = (600 - 2*40 - 2*10 - 6*16 ) / 5 =80.8 mm > 40mm
> 1.5*db =24 mm - OK
2) Number of bars : 18 > 4
3) Minimumds : ® 10 for @ 16 Bars - OK
4) Spacing Of Ties : S=200 mm - O

&0 60

18916 4
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Figure (4-10) : Details Of Column ( C7)

4 -11 Design Of Isolated Footing ( F8) :-

Figure (4-11) : Plan of Footing ( F8)

Gaitow = 400 Kn / m?

Soil Density = 18 KN / m®

Max Factored Load ( Pu) =3732.45 KN
Max Service Load (P ) = 2800.5 KN
Weight of footing calculations :

Soil and surcharge floor load :

weight of footing ( Assume hg=50 cm)
Wiooting = 0.5*25 = 12.5 KN / m?

Wil = 1*18 = 18 KN/m?

Woayreh = 5 KN/m?

Qanet= 400 - 5 -18-12.5 = 364.5 KN/m?
g=P/A, A=P/q

A =2800.5/364.5 = 7.683 m?
ar-(7.683)%°=27718 m

Assume Square footing , where is b=a=2.7718 m

Takeb=a=2.8m
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Depth of footing and Shear Design :

One Way Shear

Pu =3732.45 KN
qu=Pu/A=3732.45/2.8%2.8 =476.08 KN/m?

N

N

Inclined crack

Critical section for i

one-way shear Tributary area for

one-way shear

Column

One-way shear.

Figure (4-12) : Tributary Area of one way shear

Vu at distance d from the face of support :

| a
Vu=q,, xbl———=-d |=¢VC
qult (2 2 j ¢V
* [ * *A *10-3
Vu:476.08x2.8(§—@—d)=0'75 247287d”10
2 2 6
d=0.4811m

Assume cover = 75 mm and db=14 mm
h=481.1+75+ 14 =570.1 mm

Take h =650 mm

new d =650 - 75 - 14 = 561 mm

Two Way Shear
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—

Inclined crack

Tributary area for
two-way shear

Critical section
for two-way shear ™

Two-wav shear.
Figure (4-13) : Tributary Area of two way shear

Let Vu= ¢Vc ,where ¢ =0.75

Vu = 476.08*(2.8*2.8 - (0.6 + .561 )% = 3090.734 KN
According to ACI, Vc shall be the smallest of :

v, =%[1+ﬂ£j\/ff’ .= 051, b,d
v, zé(bj{;d +2j\/f7bod = 0.585\/1‘7b0d

V., :%\/ fclbod .....Control

Where:
fB.=alb=600/600=1

b0 = Perimeter of critical section taken at (d/2) from the loaded area
=4 (0.6+0.561) = 4.644 m

o =40 for interior column

M. =0.75x0.33+/24 x 4.644x 0,561 = 3187.6KN

Ve =3187.6 KN < Vu =3090.734 KN
The Thickness is adequate enough
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Design For Flexure First Direction :

Mu =wl?/2 =476.08*1.1> *2.8/2 = 806.477 KN.m
Mn = 806.447/0.9 = 896.085 KN.m

d= 650-75-14/2 = 568 mm

Mn

R =——"
" b-d’

R - 896.085*10°

= . —0.99196MPa .
1000*568
_ b
0.85x fc'
m = _ 420 =20.588
0.85x 24

1 ZmRn * *
p=—|1- 1- _ 1 1_\/1_2 20.588*0.9919 | _ o 105405
m f, 20.588 420

As = 0.002422*2800*568 = 3852.28 mm?

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm?
As > As min - OK

n = 3852.28/153.86 =25.03 bar

take 26 @ 14

Step S= (2800-75*2-26*14)/25 = 91.44 mm

Smax =450 mm or 3*h = 3*650 = 1950 mm

S max = 450 is control

S =91.44 <Smax - OK

Design For Flexure Second Direction :

Mu =wl?/2 =476.08*1.1> *2.8/2 = 806.477 KN.m
Mn = 806.447/0.9 = 896.085 KN.m

d= 650-75--14-14/2 = 554 mm
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_ Mn
" b-d?

R ~896.085*10°
" 1000*554°
__
0.85x fc'

420
m =— ——
0.85x 24

1 ZmRn * *
p=—l1- 1- _ 1 1_\/1_2 20.588*1.042 ) _ 1 1ooeag
m f, 20.588 420

As = 0.002549*2800*554 = 3954.95 mm?

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm?
As > As min - OK

n = 3954.95/153.86 =25.7 bar

take 26 @ 14

R

=1.042MPa .

=20.588

Step S= (2800-75*2-26*14)/25 = 91.44 mm
Smax =450 mm or 3*h = 3*650 = 1950 mm
S max = 450 is control

S =91.44 <Smax - OK
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g8@25cm
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Figure (4-14) : Reinforcement Detail Of Footing (F8)

4 -12 Design Of Strip Footing ( SF1) :-

0.10
0.10

SF1

010
a0
0.30

010
010

W30

910 0.50

050 00

0.1

Figure (4-15) : Geometry Of Footing ( SF1)

fc' =24 MPa
fy = 420 MPa
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Service LL =150 KN /m

Service DL =322 KN /m

Gaitow = 400 Kn / m?

Soil Density = 18 KN / m®

4.12.1 : Area of footing calculations :

Galtownet = 400 - 0.4%25 - 0.4*18 = 382.8 KN / m®
A = (Pn/ Qaiiownet) = (150+322)/382.8 = 1.233 m?
A=Db*L,AssumeL=1m

Sob=1.233, Takeb=1.3m

4.12.2 : Depth of footing and Shear design :
Pu=12*322+1.6*150=581 KN/m
qu=(581/1.3*1) = 447 KN / m?

One Way Shear

b a
V“:q“*l(E_E_d)

_ 0.65*y/24*h*d*10°
- 6

_ 0.65*/24*1000*d *10°°
6

Yo

QVc
#Nec =Vu

13 3 0.65*+/24*1000*d *10°3

447%1 (=2 -2 d) =
&9 6

d=0.228

Assume cover = 75 mm and db=20 mm
h =228 +75 + 20/2

h =313 mm, Take h=350 mm
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4.12.3 : Design For Flexure :

Mu = 447*1* (0.5) (0.5/2) = 55.85 KN.m
Mn = 447/0.9 = 496.66 KN.m

__Mn
" b.d?

*1N6
R _ 496.66*10

R

J=2 2~ —1.19MPa .
1000*228
__ Wy
0.85x fc'
m = _420 =20.588
0.85x 24

1 ZmRn * *
p="—{1- [1- 1 1_\/1_ 2720.5887119 1 _ ( go292
m f, 20.588 420

As = 0.00292*1000*228 = 666 mm*/ m

As min = 0.0018*b*h = 0.0018*1000*350 = 630 mm?/m
As > As min - OK

for ® 16

n=666/154 =4.32 Bar/ m, Take 5 ® 16 /m

S =1000/5 = 200 mm

Use ®16/20 cm
Check For Spacing :
Smax = 450 mm - Control

and 3*h = 3*350= 1050 mm
S =200 mm < Smax = 450 mm - OK
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Temperature and Shrinkage

As = 0.0018 * 1000 * 350 = 630 mm?*/m
n =630/154 =4 Bars/ m

S=1000/4 =250 mm

S =250 mm < Smax =450 mm

So, Use ®16/25 cm

a %Ll ° ° . -J‘}

o \39 o o =" * 2 o o I

Lehehe | | phehe el
OQOQOQ( ! i % QO(C P 14@20cm

Section A-A

Figure (4-16) : Reinforcement Detail Of Footing ( SF1)
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4 -13 Design Of Combined Footing ( FC4 ) :-

7.30

21 710 o1

0.1 1.70 0.70 24 0.60 170 0.1

Q.65 0.65
T.B 27¢16 L=7.65
n D
[{e] [{e)
2 =) o
by
u
o Cc44 ¥
i —— C46 -
- uy
gl g e © rT d =
3 = < 5 1+
o My B
< o =
) o
=
& @ 0 %
@ <] -
S B.B 2025 L=7.65 P
0.65 0.65

Figure (4-17) : Plan of Combined Footing ( FC4)

The service load on column C44 = 4617.404 KN and Factored load = 6155 KN
The service load on column C46 = 4702.175 KN and Factored load = 6368 KN

qa||0W= 400 KN/m2
Soil Density = 18 KN / m®

Wooii = 18*1 = 18 KN / m?

Wiooting= 25 * 0.7 = 17.5 KN / m?
Wsurcharg =5KN/m?

Gallownet = 400-5-18-17.5 = 359.5 KN / m?

Because the loads in columns are similar the resultant of soil pressure is at the center of the
footing base .
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A =P/ Qaitow,net , Where P=4702.175 + 4617.404 = 9319.579 KN

A =9319.579/ 369.5 = 25.222 m?
Assume b=4m, so L=25.222/4=6.31m
Takeb=4mand L = 7.10 m, depth = 0.80 m ( For Safety Conditions )

Depth of Footing and Shear Design ( One way & Two way ) :

Figure (4-18) : Combined Footing Punching Factor

Using CSI SAFE Software , the punching factor is less than 1, so the footing depth is adequate
enough of one way and two shear .
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Design Of Flexure :
The resultant moment diagram in both short and long direction as following :

1396 KN.m
23313 KN.m 2502.72 KN.m
2.05 , 3.00 , 2.05
Id [d Id 7
7.10m
4 7

4500.86 KN.m
2.00

7
4.00m

7

Figure (4-19) : Combined Footing Moment Diagram

For Long Direction ( 7.10 m)
For Mu = 1396 KN.m
Use 27®16 TOP BARS

OMn (27 ®16) = As*fy(d-a/2 ) = 1406 KN.m
®Mn = 1406 KN.m > Mu = 1396 KN.m - OK
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For Mu = 2502.7 KN.m
Use 20025 BOTTOM BARS

®Mn (20 B25) = As*fy(d-a/2 ) = 2504.2 KN.m
®Mn = 2504.2 KN.m > Mu = 2502.7 KN.m - OK

For Short Direction (4.00 m)
For Mu = 4500.86 KN.m
Use 3625 BOTOM BARS

®Mn (36 25 ) = As*fy(d-a/2 ) = 4502.5 KN.m
®Mn = 4502.5 KN.m > Mu = 4500.86 KN.m - OK
and for TOP BARS in short direction use reinforcement of 48d16 .

AE@25cm AB@25¢m AE@25cm

48¢16 L=4.55

cccccccccccccccccccccccccccccccc

- 27616 L=7.65
20925 1=7.65

0.80

36#25 L=4.55

01
¢
.

Figure (4-20) : Combined Footing Reinforcement Details
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4 -14 Design Basement Wall ( BW1) :-

\
-

NS N N

0.20

D

320

!
AN WIS,

|
*» [ ] [ ] I ] ] T‘F §

NN NI I ]
N GNIIS
7 \//\/
NC— NS
N N
NN N

Figure (4-21) : Geometry Of Basement Wall ( BW1)

Fc’=24 MPa, Fy=420 MPa , Y's=18KN/m?, qall=400 KN/m?, ¢=35 , surcharge = 7 KN/m?
Consider at rest pressure
C,=1-sin¢ =1 —sin35 = 0.4264
W,=C,*h*y=0.4264 3.9 x 18 = 29.933 KN /m?
Wy, = Cy x P = 0.4264 x 7 = 2.985 KN /m?
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Loadjng
load group no. 1
Deadload - Service Units:kN,meter
3.9 i
Live load - Service Load factors: 1.20,1.20/1.60,000
-‘_'_'_"—-—-_
'_‘—‘—'—-—-—._.________
[ ——
29.9 _-_‘_‘_'_'_""—‘—'--—-—._..___‘_
) -‘_‘_-I_‘_T_'_'T_‘_‘-w—-—-—-_._
| I K ﬁ,'}éﬁ W W W k] k] v
: |
|
MomentiShear Envelope (Factored) Units: kM, meter
Moments: spans 1to0 1
-167.7

Shear

112.

Figure (4-22) : Loading and Envelope of Basement Wall (BW1)
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4.14.1 : Design Of Shear :
Check for wall thickness
d = 350-75-20/2 = 265 mm

0.75
oV, = %/F* bxd= T\/2_* 1000 * 265 * 1073 = 162.278 KN

Vu (At face of support ) = 112 KN
dV. > Vu at face of support , So $V. will be greater than Vud - OK
The thickness of Wall is Adequate Enough

4.14.2 : Design for Flexure :
Mu = -157.7 KN.m

note : the thickness of the wall is greater than 250 mm , so we must place the reinforcement bars into

two layers
Mn = 175.222
R = Mn
b-d?
* 6
R, = M = 2.4952MPa .
1000* 265
_ Wy
0.85x fc'
m = _ 420 =20.588
0.85x 24

1 2mR, * *
o=t 1o _ 1 1_\/1_2 20.588%2.495 | _ o oo<oc
m f, 20.588 420

As req = 0.006357*1000*265= 1684.61 mm*m ........... control
As min ( for bars < 16 =0.0012*1000*350 = 420 mm2/m

ASmin=\/W(bW)(d) _ Y2 (1000)(265) = 772.76mm? /m
4A(1y) 4(420)
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A’ min :ﬂ(bw)(d) :%(1000)(265) =883.33mm* /m (control)

(fy)
As = 1684.61 mm?/m > As min
Use ®16/12 cm

Temperature and Shrinkage :

As min ( Horizontal ) : 0.002 *b*h ( for db <= ®16)

As min = 0.002*1000*350 = 700 mm?/m ( for both sides )
As for each side = 0.5*700 = 350 mm?/m

Use ®12/25¢cm
Check for step
Smax =450 mm , 3*h = 3*350 = 1050 mm

note : all steps are less than Smax , So its OK

—d . .S
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e g \/ ’ g ’ I 16310 S-hook/m2
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M
2@ %50
G612 e by
N A
SN
\\‘*( o
\Q‘
pé 126 2em
gt
} (R 2en #
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N g,
/ !
K fa o -
P
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Figure (4-23) : Reinforcement Detail of Basement Wall (BW1)

4 -15 : Design of shear wall :-

To design shear walls we use (CSI ETABS) Software , and this is a manual example of shear

wall design :

264.3

4,00
1221.15 584.8
4,00
2309.6 737.08
4,00

3991

341

Figure (4-24) Shear and Moment Diagrams of Shearwall

Fc = 24MPa

Fy = 420 MPa

t=25 cm .shear wall thickness
Lw = 5.4 m .shear wall width

Hw for one wall = 4 m story height

4 .15.1: Design of shear
> Fx=Vu =737.08KN

4.15.2: Design of the Horizontal reinforcement:

The critical Section is the smaller of:
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— =———=27m...... control
2 2
hw _16 _ g,

2 2

storyheight = 4m
d =0.8xlw=0.8x5.4=4.32m

5 !
Q)Vnmax = (Z)g f;‘ hd
= 0.75 x 0.83 * V24 x 250 * 4320 = 3306.8KN >V,

1 1
Vv, = g\/th = gx/ﬁ % 250 % 4320 * 1073 = 881.8KN ....cont

N,d
V. =0.27/f.'hd + 41; = 0.27V24 x 250 * 4320 + 0 = 1428.5KN

3991 - 2309.6 M, L 23096

2 = = M, = 2856.1KN.m
L _28561 54 _ _
2 737.08 2
N,
1, (0.1/f." + 02—~
V.= 0.05\/f+ ( T lwh)

M,
Vu

5.4(0.1v24 + 0)
1.17

250 % 4320

lw

Vi
= 2706.5KN

hd = lo.oa/ﬂ +

Vs =Vn —-Vc
=(737.08/0.75) —881.8 =100.9KN

_ V1009 * 103

=—=—"—+=0.0556mm?
f,d ~ 420 = 4320 mm”fmim

Ag
S

A, 0.0556

p= S h- 250 0.00022 < 0.0025

Use $10 As=78.5 mm?

—2*78'5—00025=>s—251
P=S5%250 - coimm
Max. Spacing
l, 5.42
A
c c 085m

3h =3 %250 =0.75m
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Use $10@250mm in tow layer

4.15.3 : Design for Vertical reinforcement :-

h,_16_,g4
L, 54

W

Select @ 10 @250mm. In tow layer

4.15.4 : Design of bending moment :

(5400) 2 % 78.5 = 3391.2mm?
= * * o = .
A 3391.2 \ 420
W=( “)f—y,z( ) = 0.044
L,h/) f. 5400 * 250/ 24
B,
a=——=0
Ly hf.
C w+a 0.044+0

1, 2w+ 0856, 2x0.044 + 0.85 x 0.85

B, c
oM, =0 lO.SAstfylW(l + m)(l — El

= 0.9[0.5  3391.2 * 420 * 5400(1 + 0)(1 — 0.054)] = 3274.2KN.m < Mu

Try $12@250 mm
5400 5
L= (ﬁ) ¥ 2% 113.1 = 4885.9mm
A 4885.9 420
W=( “)f—y,=( ) = 0.063
L,h) .~ \5400 % 250/ 24
P,
x=—""=0
Ly hfe
c w+a 0.063 +0

— = = 0.074
I, 2w+0.858, 2x%0.063+ 0.85x0.85
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B, c
oM, =@ 0.5A5tfylw(1 +—)1 ——
Agtfy lw

= 0.9[0.5 * 4885.9 * 420 * 5400(1 + 0)(1 — 0.074)] = 4617.5KN.m > Mu

— use $12@250 mm for vertical reinforcement
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4 -8 Two Way Ribbed Slab ( R2 ):-
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2p8@25 (Both Dir)
/ R—Leg #8@15

14 10 e 10 14
Section B-B
( Two WAy Ribbed Slab - RZ )

Figure (4-4) : Plan and Section in Two Way Ribbed Slab ( R2)

4.8.1 : Check Slab Thickness :

o _ I'beam
17 Tslab 1

liip = 128504.24 cm*

40%8+36+40+14%20

408 + 40%14 =25.818cm

Yc=

Slab section for exterior beams
short direction L =14.2 m

s = Lip * (L/2 + bw / bf ) = 1879969.437 cm*
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short direction L = 15.2 m

ls = lip * (L/2 + bw / bf ) = 1998954.844 cm”

bh3 _ 80x703
12 12

I, = = 2286666.667 cm*

_ I beam
" Islab1

o
oy =03 = 1.14393

o= o4 = 1.21633

2+%xX1+4+2x2
Olfm = Olfm = T =1.1803 <2

So the minimum slab thickness will be :

B =15.2/14.2 = 1.0704

420
In 08+ £y 15200 (0.8+ 1w

T 36+5+Bx(atm—0.2) 3645¢1.0704+(1.18—0.2)

=405.37 mm

Take h =400 mm =40 cm

4.8.2 : Resultant Moments On Slab :

The panel is free edges ( Simply Supported )

Service Live Load =5 KN / m?

Service Dead Load =10.567 KN / m?

Wd = 1.2*10.567 = 12.68 KN / m?

W, =1.6*5=8KN/m?

W, = 1.2D+1.6L = 20.68 KN / m?

Lo/Lp = 14.2/15.2=0.93

There is no any negative moment since all edges are free

Positive moment from dead and live load :
Ca pos/ai=0.042 Cb posai=0.0314

Ca. pos/||:0.042 Cb p05/||:0.0314
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Masve oL = 0.042%12.68*14.2%*0.54 = 58 KN.m/m
Mpsve oL = 0.0314*12.68*15.2°*0.54 = 49.7 KN.m/m

Masve LL = 0.042*%8%14.22*0.54 = 36.6KN.m/m
Mpxve L = 0.0314*8*15.2%*0.54 = 31.3 KN.m/m

Ma=36.6 + 58 =94.6 KN.m/m
Mb =31.34 + 49.7 = 81.04 KN.m/m

4.8.3 : Flexure Design :

Short direction :

Postive Moment = 94.6 KN.m
Assume ®20

d =400 - 20 - 10 -20/2 = 360 mm

- W 40 56
0.85* fc 0.85*24

* 6
= Mn _ (946/0.9)*10

= _Mn_ = 1.502 MPa
b*d?  540*(360)>

B 2mRn

y )

p=1@- 1
m

p=_L (1- \/1——2(1'502)(20'6) ) = 0.00379

20.6 420

As =0.00379*540*360 = 736.9 mm?

Asmin - Tfy)(bw)(d)
=149.8 mm?
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Asmin = %(bw)(d)

= 171.26 mm’
As min =171.26 -Control
As > As min
Use 2 ®22 with As = 759.88 > As req
Check Strain

Tension = Compression
A x fy=0.85xf xbxa

759.88x 420 =0.85x24x520x a
a=28.419mm

. _ 28419
0.85

=33.4mm

360-33.4

& x0.003 = 0.029 > 0.005...0k
33.4

Negative Reinforcement As = ( 1/3) *As pos = (1/3)*736.9 = 245.63 mm?

As = 245.63 mm? > As min

Use 2 ®14 with As = 307.72 mm?® > As req

Check Strain

Tension = Compression
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A x fy=085x f xbxa

a=44.39mm

c= ﬁ =52.22mm

0.85

~360-52.22

& x0.003 =0.01768 > 0.005...0k
52.22

Long direction :

Positive Moment = 81.04 KN.m
Assume ®20

d =400 -20 - 10 -20/2 =360 mm

fy 420

T 085%fc  085%24

Mn _ (81.04/0.9)*10°

Rn=_MN - ~~—=1.2866 MPa
b*d? 540 * (360)
1 2mRn

p=—(1- 1- )
m

N \/1‘ 2(1.2866)(20.6)):0_003228
20.6 420

As =0.003228*540*360 = 627.552 mm?

ns =V ua)

Smin
4(fy)
=149.8 mm?

Asmin = %(bw)(d)

=171.26 mm?
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As min =171.26 -Control

As > As min

Use 2 ®20 with As = 628 mm? > As req
Check Strain

Tension = Compression
A x fy=0.85xf xbxa

628x420=0.85%x24%x540%x a
a=23.487mm

23.487
CcC=

=27.63mm
0.85

~ 360-27.63

& % 0.003 = 0.036 > 0.005...0k
27.63

Negative Reinforcement As = ( 1/3) *As pos = (1/3)*627.552 = 209.184 mm?
As = 209.184 mm?> As min
Use 2 ®12 with As = 226.08 mm?® > As req

Check Strain

Tension = Compression
A x fy=0.85xf xbxa

a=32.6mm

c= £ =38.37mm
0.8

alo
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~ 360-38.37

& % 0.003 = 0.025 > 0.005...0k
38.37

4.8.4 : Shear Design :

Wa =0.57

Wb =0.43

Total Load on the panel = 15.2*14.2*20.68 = 4463.57 KN

Load on long beam = [ (4463.57*0.57*0.54 )/(2*15.2) ] = 45.19 KN - Control

Load on long beam = [ ( 4463.57*0.43*0.54 )/(2*14.2) ] = 36.49 KN
Vu @ d = 45.19 - ( 0.36*20.68*.54) = 41.17 KN

f 1
SVC =4 —V6C* bw * d = 33.95 KN
Vsmin = Max of 1) —"1': *bw*d = 15.43 KN
2) %*bw*d =16.8 KN - Control
#pVc=33.95<Vu=41.17< ¢(Vc+ Vs min) = 46.55 KN

Case IlI
Use Stirrups @10 2-Leg , Av = 157 mm?
Av* fyt *d _ 157*412*360

S= =1386.08 mm
Vs 16.8*1000
S < Smax=1) d/2 = 360/2 = 180 mm - Control
2) 600 mm

Use Stirrups @10 2-Leg @ 175 mm
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4 -9 Design Of Staircase (SC 4) :-

n
vy

BEAM
D

Figure (4-5) : Plan of Staircase ( SC4)

4.9.1 : Minimum Slab Thickness for deflection :
for simply supported one way solid slab :

Nmin = 6.15/20 = 0.3075 m = 30.75 cm

for both end continues one way solid slab :

Nmin = 6.15/28=0.2196 m = 21.96 cm

Take h=25cm

4.9.2 : Flight Dead load Calculations :

The stair slope by 6 = tan™? (%) = 29.54
For Flight :
Dead Load for flight:
Tiles = 27 (%) «0.03 %1 = 1.269KN /m
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0.17 + 0.3

Mortar = 22 (T) *0.03x1=0.689 KN/m
25 70.17 x 0.3

stair stips = —(—) *1=2125KN/m
0.3 2

lab = (25*0.25*1) — 718KN
SY = \Tos2954 ) T /m
Plast —22(0'03*1)—07581{N
aster = cos29.54/) /m

Total Dead load =12.013 KN /m
Live load for flight:

Live load for stairs =5 KN/ m?

4.9.3 : Landing Dead load Calculations :
Dead Load for landing :

Tiles = 22*0.03*1=0.66 KN/m

Mortar = 22*0.02*1=0.44KN/m

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

Plaster = 22*0.03*1=0.66KN/m

Total dead load= 8.01KN/m.

Live load :

Live load for stairs =5 KN/ m?

4.9.4 : Design of Slab S1
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Geometry Units:meter,cm
1 2
1
A
E.15 A
I I
25,
100.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
12.0
b boab | , , !
1.65 | 4.5
I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
.00 5.00
1.65 A 4.5
I
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Moment/Shear Envelope (Factored) Units kM. meter

Moments: spans 1to 1

Shear

-66.8

Figure (4-6) : Geometry and Envelope diagrams of Slab S1in (SC4)
Check for Shear Strength :

= Assume @ 14 for main reinforcement:-

So, d = 250-20-7 = 223 mm..
Take d=223 mm
= \Vu=558 KN.

Wc:cﬁﬁgbw*d

_ 0.75*+/24*1000*223*10°°
6

LI Yo =136.6KN

= (1/2)*@Ve = (1/2)*136.6 = 68.3KN

* Vu=46.88 KN< @.Vc=136.6KN .
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So, the thickness is adequate enough.

Design of Flexure :
Mu =99.5 Kn.m
Mn = 99.5/0.9 = 110.555 Kn.m

d =223 mm.
R — Mn
b-d?

*1N6
R ~110.55*10

J=o o =2.223MPa .
1000* 223
__ b
0.85x fc'
m =29 _50588
0.85x 24
1 ZmRn * *
p——(l— h J 1 Ll_\/l_z 20.588 2.223]:0_005617
m f, 20.588 420
As req = 0.005617*1000%223= 1252.65 mm*/m ........ control

Asmin=0.0018*250*1000=450mm?
n=1252.65/153.9 = 8.1415 bar

$=1000/8.1415= 122.827 mm Take it $=120 mm
Check for spacing

3h=3*250=750mm

S=450
280

s =380 (m) —2.5%20 =330mm
280

Use @ 14@ 12 cm
Temperature and Shrinkage Reinforcement
As = 0.0018*1000*250 = 450 mm® / m
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n=450/153.9 = 2.924
Step = 1000 / 2.924 = 342 > Smax = 300
So, Use @ 14@ 30 cm

4.9.5 : Design of Slab S2 :

Geometry Units:meter,cm
1 2
1
A —
p I |
A
0.6 2.43 0.2
I i f !
2.83
| |
I 1
25.
100.
A-A
Loading

load group no. 1

Dead load - Service Units:kN,meter

12.0
, A P A O A

1.2 , 1.63 |

T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00
k ¥

1.2 ) 1.63

T
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MomentiShear Envelope (Factored) Units: kM, meter
Moments: spans 1ito 1
I I 1 |
[ T ! 1
1.27 16.5 1.66
f T 1
Shear
9.3 208
I /T
T T |
20.5

Figure (4-7) : Geometry and Envelope diagrams of Slab S2 in (SC4)

Check for Shear Strength :

= Assume @ 14 for main reinforcement:-

So, d = 250-20-7 = 223 mm..
Take d=223 mm
= \Vu=27.21 KN.

] WC:@

_ 0.75*+/24*1000*223*10°°
B 6

LI Yo =136.6KN

= (U/2)*Vc = (1/2)*136.6 = 68.3KN
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= Vu=27.2 KN< @.Vc=136.6KN .
So, the thickness is adequate enough.
Design of Flexure :

Mu = 16.5 Kn.m
Mn = 16.5/0.9 = 18.333 Kn.m

d =223 mm.
R, —_Mn
b-d?
* 6
R, = 2033710 _; 35gmpa
1000*223
__ v
0.85x fc'
m ——220 50588
0.85x 24

1 2mR, * *
p==|1- - _ 1 1_\/1_2 20.588*0.368
m f, 20.588

As req = 0.008858*1000*223= 197.54 mm?/m
Amin=0.0018*250*1000=450mm?..... control
Use @ 14@ 30 cm

Check for spacing
3h=3*250=750mm

S=450
380 (—280 ) 2.5 %20 =330
= —_ * =
S 0.667 «420) = mm
s =300 (m) = 300mm

Temperature and Shrinkage Reinforcement
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As = 0.0018*1000*250 = 450 mm?/ m
n=450/153.9=2.924
Step = 1000/ 2.924 = 342 > Smax = 300
So, Use @ 14@ 30 cm
I A128F5
]
\{é]E@ES
Section A-A o
Scale 120
AT
wf | / 128

Figure (4-8) : Reinforcement Of (SC4)

4 -10 Design Of Column ( C 7 ) in Ground Floor :-

60

Figure (4-9) : Geometry Of Column ( C7)

Check for Slenderness :
Assume : b= 600 mm , h = 600 mm
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MU gy oML ACI —(10.12.2)
M2

r

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

R: radius of gyration = \/,IA: ~03h ... For rectangular section

rk =Ix=0.3*0.6 = 0.18

Lu=31 m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

Klu g4 oML ACI —(10.12.2)
r M2

1331 179522

0.18

So, Short Column in both direction

Total Factored Load on Column C7 :

Pu =4235Kn

¢Pn="Pu

¢ Pn = 0.65*0.8 [ 0.85*fc'(Ag-As) + As*fy ]

¢ Pn = 0.65*0.8 [ 0.85%24(600%-As) + As*420 ]
(4235/1000 ) = 0.65*0.8 [ 0.85*24(600%-As) + As*420 |
As =2002.579 mm?

As 2002579
P = Ac~ 600%600

So, Take p=0.001

As = 0.001 * 600 = 3600 mm?
Use @ 16 , with As = 201.0 mm?
n =3600/201 = 17.9 bars,

=0.0057 < 0.001
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Use 18 @ 16

AS prov = 18%201 = 3617.28 > As

Design For Ties :

Use @ 10
Spacing : 1) 48*ds= 48*10 = 480 mm
2) 16*d, = 256 mm - Control
3) Least Dimension of Column = 600 mm
So,Use ®10 @ 20 cm

Check For Code Requirements :

1) Clear Spacing between longitudinal bars
spacing = (600 - 2*40 - 2*10 - 6*16 ) / 5 =80.8 mm > 40mm

2) Number of bars : 18 > 4

> 1.5*db =24 mm - OK
3) Minimumds: ® 10 for @ 16 Bars - OK

4) Spacing Of Ties : S=200 mm - O

18016 &

60
T~

Figure (4-10) : Details Of Column ( C7)
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4 -11 Design Of Isolated Footing ( F8) :-

Figure (4-11) : Plan of Footing ( F8)

Gattow = 400 Kn / m?

Soil Density = 18 KN / m®

Max Factored Load ( Pu) = 3732.45 KN
Max Service Load (P ) = 2800.5 KN
Weight of footing calculations :

Soil and surcharge floor load :

weight of footing ( Assume hg=50 cm)
Wooting = 0.5*25 = 12.5 KN / m?

Wit = 1*18 = 18 KN/m?

Woureh = 5 KN/m?

Qanet= 400 - 5 -18-12.5 = 364.5 KN/m?
gq=P/A, A =Plq

A =2800.5/364.5 = 7.683 m?
ar-(7.683)%°=27718 m

Assume Square footing , where is b=a=2.7718 m

Takeb=a=28m
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Depth of footing and Shear Design :

One Way Shear

Pu =3732.45 KN

qu = Pu/A = 3732.45 / 2.8%2.8 = 476.08 KN/m?

l— N

Inclined crack

Critical section for i

one-way shear Tributary area for

one-way shear

One-way shear.

Figure (4-12) : Tributary Area of one way shear

Vu at distance d from the face of support :

| a
Vu =qun><b(§—§—dj=¢vc

0.75*/24*2.8*%d *102
6

Vu =476.08 x 2.8(% _06_ d} =

2
d=0.4811m
Assume cover = 75 mm and db=14 mm
h=481.1+75+ 14 =570.1 mm
Take h = 650 mm
new d =650 - 75 - 14 =561 mm
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Two Way Shear

Tributary area for
two-way shear

Critical section - /
for two-way shear ™

Two-wav shear.

Figure (4-13) : Tributary Area of two way shear

Let Vu= ¢Vc ,where ¢ =0.75

Vu = 476.08*( 2.8*2.8 - (0.6 + .561 )% = 3090.734 KN
According to ACI, Vc shall be the smallest of :

v, =%[1+ﬂi}/ff’ .= 051, b,d
v, =$(bj{;d +2j\/fT’bod = 0.585\/1‘7b0d

V, =%\/ fclbod .....Control

Where:
p.=alb=600/600=1

b0 = Perimeter of critical section taken at (d/2) from the loaded area
=4 (0.6+0.561) = 4.644 m

s =40 for interior column

M. =0.75%0.33v/24 x 4.644x 0,561 = 3187.6KN

Ve =3187.6 KN < Vu =3090.734 KN
The Thickness is adequate enough

85



Structural Analysis & Design

Chapter 4

Design For Flexure First Direction :
Mu = wl*/2 = 476.08*1.1% *2.8/2 = 806.477 KN.m
Mn = 806.447/0.9 = 896.085 KN.m
d= 650-75-14/2 = 568 mm
_ _Mn
" b.d?
R — 896.085*10°
" 1000*568
_ Wy
0.85x fc'

420
m =————
0.85x 24

1 ZmRn * *
p=—|1- 1- _ 1 1_\/1_2 20.588*0.9919 | _ o 105405
m f, 20.588 420

As = 0.002422*2800*568 = 3852.28 mm?

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm?
As > As min - OK

n = 3852.28/153.86 =25.03 bar

take 26 @ 14

R

=0.99196MPa .

=20.588

Step S=(2800-75*2-26*14)/25 = 91.44 mm

Smax = 450 mm or 3*h = 3*650 = 1950 mm

S max =450 is control

S=91.44<Smax - OK

Design For Flexure Second Direction :

Mu =wl?/2 =476.08*1.1> *2.8/2 = 806.477 KN.m
Mn = 806.447/0.9 = 896.085 KN.m

d= 650-75--14-14/2 = 554 mm
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_ Mn
" b-d?

R ~896.085*10°
" 1000*554°
__
0.85x fc'

420
m =— ——
0.85x 24

1 ZmRn * *
p=—l1- 1- _ 1 1_\/1_2 20.588*1.042 ) _ 1 1ooeag
m f, 20.588 420

As = 0.002549*2800*554 = 3954.95 mm?

As min = 0.0018*b*h = 0.0018*2800*650 = 3276 mm?
As > As min - OK

n = 3954.95/153.86 =25.7 bar

take 26 @ 14

R

=1.042MPa .

=20.588

Step S= (2800-75*2-26*14)/25 = 91.44 mm
Smax =450 mm or 3*h = 3*650 = 1950 mm
S max = 450 is control

S =91.44 <Smax - OK
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g8@25cm

A A e

rv o T e T AN AN % Cr
il
%% e ;Q%%Q%Q‘? g
26614 1=5.20 2
o

26814 L=3.20 s A A

N S

Figure (4-14) : Reinforcement Detail Of Footing (F8)

4 -12 Design Of Strip Footing ( SF1) :-

0.10
0.10

SF1

010
a0
0.30

010
010

W30

910 0.50

050 00

0.1

Figure (4-15) : Geometry Of Footing ( SF1)

fc' =24 MPa
fy = 420 MPa
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Service LL =150 KN /m

Service DL =322 KN /m

Gaitow = 400 Kn / m?

Soil Density = 18 KN / m®

4.12.1 : Area of footing calculations :

Galtownet = 400 - 0.4%25 - 0.4*18 = 382.8 KN / m®
A = (Pn/ Qaiiownet) = (150+322)/382.8 = 1.233 m?
A=Db*L,AssumeL=1m

Sob=1.233, Takeb=1.3m

4.12.2 : Depth of footing and Shear design :
Pu=12*322+1.6*150=581 KN/m
qu=(581/1.3*1) = 447 KN / m?

One Way Shear

b a
V“:q“*l(E_E_d)

_ 0.65*y/24*h*d*10°
- 6

_ 0.65*/24*1000*d *10°°
6

Yo

QVc
#Nec =Vu

13 3 0.65*+/24*1000*d *10°3

447%1 (=2 -2 d) =
&9 6

d=0.228

Assume cover = 75 mm and db=20 mm
h =228 +75 + 20/2

h =313 mm, Take h=350 mm
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4.12.3 : Design For Flexure :

Mu = 447*1* (0.5) (0.5/2) = 55.85 KN.m
Mn = 447/0.9 = 496.66 KN.m

__Mn
" b.d?

*1N6
R _ 496.66*10

R

J=2 2~ —1.19MPa .
1000*228
__ Wy
0.85x fc'
m = _420 =20.588
0.85x 24

1 ZmRn * *
p="—{1- [1- 1 1_\/1_ 2720.5887119 1 _ ( go292
m f, 20.588 420

As = 0.00292*1000*228 = 666 mm?*/ m

As min = 0.0018*b*h = 0.0018*1000*350 = 630 mm?/m
As > As min - OK

for ® 16

n=666/154 =4.32 Bar/ m, Take 5 ® 16 /m

S =1000/5 = 200 mm

Use ®16/20 cm
Check For Spacing :
Smax = 450 mm - Control

and 3*h = 3*350= 1050 mm
S =200 mm < Smax = 450 mm - OK
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Temperature and Shrinkage

As = 0.0018 * 1000 * 350 = 630 mm?*/m
n =630/154 =4 Bars/ m

S=1000/4 =250 mm

S =250 mm < Smax =450 mm

So, Use ®16/25 cm

a %Ll ° ° . -J‘}

o \39 o o =" * 2 o o I

Lehehe | | phehe el
OQOQOQ( ! i % QO(C P 14@20cm

Section A-A

Figure (4-16) : Reinforcement Detail Of Footing ( SF1)

91



Structural Analysis & Design Chapter 4

4 -13 Design Of Combined Footing ( FC4 ) :-

7.30

21 710 o1

0.1 1.70 0.70 24 0.60 170 0.1

0.1
0.1
2

0.1

Q.65 0.65
T.B 27¢16 L=7.65
n D
[{e] [{e)
2 =) o
by
u
o Cc44 ¥
i —— C46 -
- uy
gl g e © rT d =
3 = < 5 1+
o My B
< o =
) o
=
& @ 0 %
@ <] -
S B.B 2025 L=7.65 P
0.65 0.65

Figure (4-17) : Plan of Combined Footing (FC4)

The service load on column C44 = 4617.404 KN and Factored load = 6155 KN
The service load on column C46 = 4702.175 KN and Factored load = 6368 KN

qa"ow: 400 KN/m2
Soil Density = 18 KN / m®

Weoii = 18*1 = 18 KN / m?
Wiooting= 25 * 0.7 = 17.5 KN / m?
Wsurcharg =5KN/m?

Gatlow,net = 400-5-18-17.5 = 359.5 KN / m?
Because the loads in columns are similar the resultant of soil pressure is at the center of the
footing base .

A =P/ Gaitownet , Where P=4702.175 + 4617.404 = 9319.579 KN
A =9319.579/369.5 = 25.222 m?
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Assume b=4m, so L=25.222/4=6.31m
Takeb=4mand L = 7.10 m, depth = 0.80 m ( For Safety Conditions )

Depth of Footing and Shear Design ( One way & Two way ) :

Figure (4-18) : Combined Footing Punching Factor

Using CSI SAFE Software , the punching factor is less than 1, so the footing depth is adequate

enough of one way and two shear .
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Design Of Flexure :
The resultant moment diagram in both short and long direction as following :

1396 KN.m
23313 KN.m 2502.72 KN.m
, 2.05 , 3.00 , 2.05 ,
7/ 7 7 7
7.10m
I 7
4500.86 KN.m
2.00
I L4
4.00m
Id 7

Figure (4-19) : Combined Footing Moment Diagram

For Long Direction ( 7.10 m)
For Mu = 1396 KN.m
Use 27®16 TOP BARS

OMn (27 ®16) = As*fy(d-a/2 ) = 1406 KN.m
®Mn = 1406 KN.m > Mu = 1396 KN.m - OK

For Mu = 2502.7 KN.m
Use 20025 BOTTOM BARS

®Mn (20 B25) = As*fy(d-a/2 ) = 2504.2 KN.m
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®Mn =2504.2 KN.m > Mu = 2502.7 KN.m - OK

For Short Direction (4.00 m)
For Mu = 4500.86 KN.m
Use 3625 BOTOM BARS

®Mn (36 @25 ) = As*fy(d-a/2 ) = 4502.5 KN.m
OMn =4502.5 KN.m > Mu = 4500.86 KN.m - OK
and for TOP BARS in short direction use reinforcement of 48d16 .

#8@25cm #8@25¢m #E@25cm

48616 L=4.55

- 27418 L=7.65

080

209825 L=7.65

36#25 L=4.55

01
]

Figure (4-20) : Combined Footing Reinforcement Details
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4 -14 Design Basement Wall ( BW1) :-

\
-

NS N N

0.20

D

320

!
AN WIS,

|
*» [ ] [ ] I ] ] T‘F §
NN SIS
o N
\] R -'l\\/\\
T\//\ NN N //\/

Figure (4-21) : Geometry Of Basement Wall (BW1)

Fc’=24 MPa, Fy=420 MPa , Y's=18KN/m?, qall=400 KN/m?, ¢=35 , surcharge = 7 KN/m?
Consider at rest pressure
C, =1-sin¢ =1—sin35 = 0.4264
W,=C,*h*y=0.4264 3.9 x 18 = 29.933 KN /m?
Wy, = Cy x P = 0.4264 * 7 = 2,985 KN /m?
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Loadjng
load group no. 1
Deadload - Service Units:kN,meter
3.9 i
Live load - Service Load factors: 1.20,1.20/1.60,000
-‘_'_'_"—-—-_
'_‘—‘—'—-—-—._.________
[ ——
29.9 _-_‘_‘_'_'_""—‘—'--—-—._..___‘_
) -‘_‘_-I_‘_T_'_'T_‘_‘-w—-—-—-_._
| I K ﬁ,'}éﬁ W W W k] k] v
: |
|
MomentiShear Envelope (Factored) Units: kM, meter
Moments: spans 1to0 1
-167.7

Shear

112.

Figure (4-22) : Loading and Envelope of Basement Wall (BW1)
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4.14.1 : Design Of Shear :
Check for wall thickness
d = 350-75-20/2 = 265 mm

0.75
A =% £l xbxd :T‘/Z_* 1000 * 265 x 1073 = 162.278 KN

Vu (At face of support ) = 112 KN
éV. > Vu at face of support, So ¢V, will be greater than Vud - OK
The thickness of Wall is Adequate Enough

4.14.2 : Design for Flexure :
Mu =-157.7 KN.m

note : the thickness of the wall is greater than 250 mm , so we must place the reinforcement bars into

two layers
Mn = 175.222
R = Mn_
b-d?
*1N6
R, = 22210 _; s95oMmPa .
1000* 265
b
0.85x fc'
m = _ 420 =20.588
0.85x24
1 ZmRn * *
p="|1- [1- _ 1 1_J1_2 20.588%2.495 ) _ o oo
m f, 20.588 420
As req = 0.006357*1000*265= 1684.61 mm*m ........... control
As min ( for bars < 16 =0.0012*1000*350 = 420 mm2/m
f !
Asmin=Y"C_(bw)(d) = V24 000)(265) = 772.76mm? /m
4(fy) 4(420)

nel4 _14 _ :
AS min= ) (bw)(d) 220 (1000)(265) =883.33mm* /m (control)
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As = 1684.61 mm?/m > As min
Use ®16/12 cm

Temperature and Shrinkage :

As min ( Horizontal ) : 0.002 *b*h ( for db <= ®16)

As min = 0.002*1000*350 = 700 mm?/m ( for both sides )
As for each side = 0.5*700 = 350 mm?/m

Use ®12/25¢cm
Check for step
Smax =450 mm , 3*h = 3*350 = 1050 mm

note : all steps are less than Smax , So its OK

s
Y
S
i
_ —a 8
N \/ FIEA i
A P ; s 16310 S-hook/m2
L
O2025an
N o
GL6@12 e o
\ AN / N <
SN K
N .
\.\\
\‘
g O12¢25an
N
. OB@25om #
- /
X
R .
S . | .
r =
N S0 > P
\/// . \///\/ -
“ 9 - N
AL . }Tl'l—-/>
\1 = ‘//-.'¥ _i\—i/:\':‘%rm 20k
; N AN
>/'>//.\ 4//. >// <
(i("jl/l

Figure (4-23) : Reinforcement Detail of Basement Wall ( BW1)
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4 -15 : Design of shear wall :-

To design shear walls we use ( CSI ETABS) Software , and this is a manual example of shear

wall design :

264.3

584.8

1221.15

737.08

2309.6

3991

2,40

Figure (4-24) Shear and Moment Diagrams of Shearwall

Fc = 24MPa

Fy = 420 MPa

t=25 cm .shear wall thickness
Lw = 5.4 m .shear wall width

Hw for one wall = 4 m story height

4 .15.1: Design of shear
D Fx=Vu =737.08KN

4.15.2: Design of the Horizontal reinforcement:

The critical Section is the smaller of;
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— =———=27m...... control
2 2
hw _16 _ g,

2 2

storyheight = 4m
d =0.8xlw=0.8x5.4=4.32m

5 !
Q)Vnmax = (Z)g f;‘ hd
= 0.75 x 0.83 * V24 x 250 * 4320 = 3306.8KN >V,

1 1
Vv, = g\/th = gx/ﬁ % 250 % 4320 * 1073 = 881.8KN ....cont

N,d
V. =0.27/f.'hd + 41; = 0.27V24 x 250 * 4320 + 0 = 1428.5KN

3991 - 2309.6 M, L 23096

= M, = 2856.1KN.m

4 4 -2,
l, 28561 54 17
2 73708 2
N.
1, (0.1/f" + 02—~
V.= 0.05\/f+ ( T lwh)

M,
Vu

5.4(0.1v24 + 0)
1.17

250 % 4320

lw

Vi
= 2706.5KN

hd = lo.oa/ﬂ +

Vs =Vn —-Vc
=(737.08/0.75) —881.8 =100.9KN

_ V1009 * 103

=—=—"—+=0.0556mm?
f,d ~ 420 = 4320 mm”fmim

Ag
S

A, 0.0556

p= S h- 250 0.00022 < 0.0025

Use $10 As=78.5 mm?

—2*78'5—00025=>s—251
P=S5%250 - coimm
Max. Spacing
l, 5.42
A
c c 085m

3h =3 %250 =0.75m
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Use $10@250mm in tow layer

4.15.3 : Design for Vertical reinforcement :-

h,_16_,g4
L, 54

W

Select @ 10 @250mm. In tow layer

4.15.4 : Design of bending moment :

(5400) 2 % 78.5 = 3391.2mm?
= * * o = .
A 3391.2 \ 420
W=( “)f—y,z( ) = 0.044
L,h/) f. 5400 * 250/ 24
B,
a=——=0
Ly hf.
C w+a 0.044+0

1, 2w+ 0856, 2x0.044 + 0.85 x 0.85

B, c
oM, =0 lO.SAstfylW(l + m)(l — El

= 0.9[0.5  3391.2 * 420 * 5400(1 + 0)(1 — 0.054)] = 3274.2KN.m < Mu

Try $12@250 mm
5400 5
L= (ﬁ) ¥ 2% 113.1 = 4885.9mm
A 4885.9 420
W=( “)f—y,=( ) = 0.063
L,h) .~ \5400 % 250/ 24
P,
x=—""=0
Ly hfe
c w+a 0.063 +0

— = = 0.074
I, 2w+0.858, 2x%0.063+ 0.85x0.85
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B, c
oM, =@ 0.5A5tfylw(1 +—)1 ——
Agtfy lw

= 0.9[0.5 * 4885.9 * 420 * 5400(1 + 0)(1 — 0.074)] = 4617.5KN.m > Mu

— use $12@250 mm for vertical reinforcement
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Appendix A : Architectural Drawings 5.1
Appendix B : Structural Drawings 5.2
Appendix C 5.3

il 5.4

Cluagill 5.5

&lally silaadl 5.6
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Appendix A : Architectural Drawings 5.1
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Appendix B : Structural Drawings 5.2
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Appendix C : 5.3
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported | continuous | continuous | Cantilever

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

Member deflections.

Solid one-

way slabs £/20 £/24 £/28 £M10
Beams or

ribbed one-

way slabs £/M16 £M18.5 £r21 L/

Motes:
WValues given shall be used directly for members with normalweight concrete

Ldensirg w, = 2320 k%-'ma} and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Iiﬁhmreight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by {1.65 - D.ﬁcﬁwc} but not

less than 1.09.
b} For f, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

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

107




Gadkall owadl) Juadll
(1) dsa
UY) 2 gSU L8 g cilaBal) g cibuda S Aal) JlaaY)
3o deall [ el il g 5
Jaadll Jsal
< (Y1) Jlexina!
oS Ze/ds uala 6\—“'
IS b Ly Copall pen | gl s 5Ll
a5 a sl o i
c=aslse L e e s
<> Gl el A W
Al gl Akl
1.800 2.000 psll o ye LS gall g (3oLl ialall
Glbadiall
1.800 2.000 |psillleliycn e La g dnthall J jlia
paaill el 5 dalal) e al)
ets g Cleld g (uilisll 5 aaluddl 5
s el Laisadl 93 9 7 Jbusall 5 G il
- 4.000 ol b il SlelEs |y
Q\é‘)&d\j dé‘}.\”} u_aLdSl\} )
Ll )l el 5 46 i) | Adlad)
2aladl
Al e aclia
3.600 5.000
- 5.000 - 2k gl
4.500 2500 | S g siae 5o (e
LAl 8 Aallaall s je
4.500 4.000 | Sgasiee s

108




sl Oualil) Juadl)

sl 5.4
4 yaall 55 i) el gl i (5 90 S asanatl] e 1506 (5 & of L aeae ol allla JS e a1
s snall dpaanail) gl ) aladid

danadal) (g sl il g a8 gall Aaada 5 inally dnmall dpadal) Jal gall ¢ Sliie V) Gans Wa2AT aay i el sal) 0 2
sl e

(s ¢siall A gl B pkaill IS (pe Adbiaal) AELESY) jealiadl (p day Sl AES ¢ ALY aranail) < shd aal (0.3
JuQY\WMDM\UJJH\ hi@cwﬂ\%bﬁjdﬁd&wﬁw\ Y 4.‘7_);3(:.1

. 400 KN/mM? (& 5l Jasd 5 5y Aalal) daill 4

5 aS Lial) (S5 5 dagalal 1 yLas <l ial) & 4 (Two-Way Ribbed Slab) cilaie aUas aladiul &5 381 5

. G shll e s ¢ 32l A (Two-Way Ribbed Slab) cilaie aUas aladiul

© Al g_g.u\al\ @\).3 6
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ALY yealiall dliadall Cile gu )l Jead Sl 5 : AUTOCAD 2013/2007 (a
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ALY paliall (oaxdd ALy Jidladll o) o lld s :STAAD PRO (c

ALY pealiall ALY Jilall s et :ATIR (d
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s )T IR e e sall Ao 5 Jand s 85 Ak i g & sall G ALeld Cilasla 853 (e Als jall 02 B0V el
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OS85 Gy cdalusall Ll A0 Ol paad) e (San 538 HST e J peanll A jall 02 (8 SLESY) udigall Jsla s
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Ay

: a2l ally siladd) 2 5.6

1. American Concrete Institute (A.C.1), Building Code Requirement For Structural
Concrete (ACI-318M-08).
22006 <Y1 (olae N1 kgl el udaa oo sl g Jleal¥l o o N1 gl bl iy €2
g 5 pba ¢« "ad paall 5 Al byl sgnal S apenalll "l ) s -al e sl see — ale a3
22012 ¢ Cplands ¢ QAR ¢ plands G g Anala ¢ s IS A cilatlaial YlaSid o S
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