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CHAPTER 4 : STRUCTURAL ANALYSIS
AND DESIGN

4.1 Introduction

4.2 Factored load

4.3 Determination of slab thickness
4.4 Design of topping

4.5 Design of one-way ribbed slab
4.6 Design of Beam B03

4.7 Design of Two-way ribbed slab
4.8 Design of column (C)

4.9 Design of shear wall

4.10 Design of 1solated footing (F1)
4.11 Design of stair.

1.1 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 compression 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, there are three types of slabs: solid slabs, one-way ribbed and



two way ribbed slab. They would be analyzed and designed by using finite element method of
design, with aid of a computer Programs called " ATTIR and Safe - Software" to find the internal
forces, deflections and moments for ribbed slabs.

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

NOTE:
*Concrete B300, {fc=24 MPa for rectangular and L section}.
*The specified yield strength of the reinforcement {fy = 420MPa}.

1.2 Factored load

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 factored loads
on which the structural analysis and design is based for our project members, is

determined as follows:

.- 1.2DL+ 1.6L ACI-318-14(9.2.1)



1.3 Determination of slab thickness

Determination of Thickness for One Way Ribbed Slab:
According to ACI-Code-318-08, the minimum thickness of no pre-stressed beams or one-way slabs
unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5
=500 /18.5=27.03 cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=550/21=26.19 cm
Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.

Load calculations:

One-way ribbed slab:

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

as in the following table:

Table (4 — 1) Calculation of the total dead load for one-way rib slab.

Parts of rib Den Calculation
RC. Rib 2.5 0.24*%0.12*25=0.72 KN/m
Top Slab 25 0.08*0.52*25 = 1.04 KN/m.
Plaster 22 0.02*0.52*22 = 0.228 KN/m.
Block 10 0.4%0.24*10=0.96 KN/m
Sand Fill 17 0.07*0.52*17=0.618 KN/m
Tile 23 0.03*0.52*23 = 0.358KN/m
Mortar 22 0.02*0.52%22 =0.228KN/m.
partition - 2*0.52 =1.04 KN/m




Nominal Total Dead load = 5.19 KN/m of rib
Nominal Total live load =3*0.52=1.56 KN/m of rib

1.4 Design of topping

The calculation of the total dead load for the topping is shown below:

Table (4 — 2) Calculation of the total dead load on topping

No. Material Calculation
1 Tile 0.03*23*1= 0.69 KN/m
2 mortar 0.02*22*1=0.44 KN/m
3 Coarse sand 0.07*17*1=1.19 KN/m
4 topping 0.08*25*1 = 2.0 KN/m
5 Interior partitions 2 *1 =2 KN/m
Sum 6.32 KN/m

W.,=12DL+16LL
=1.2%6.32+ 1.6 *3=12.38 KN/m®. (Total Factored Load)

Wy xI? 12.38%047
12 12

M, = 0.165 KN.m/m

2
OM,, = 0.55 * 0.42,/f¢ Sy, = 0.42 1+ V24 * 1000 *% 107 =121 KN.m > M, = 0.165

No Reinforcement is required by analysis. According to ACI 10.5.4, provide 4s,,;, for

shrinkage and temperature reinforcement.

Asin = 0.0018 =« 1000 = 80 = 144 mm?/m strip

Try bars ®8 with As = 50.27 mm?



144

n=——=2.87 bars

~ 5027

Select 5&8 / or ®8@200 mm in both directions

Material: -

1.5 Design of one way Ribbed slab

concrete B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section: -
b =14cm bf=54 cm
h=35cm Ti=8 cm
1
[ e e ﬂ —
, 08 , a3 06
] I
39

Figure 4- 1 Rib geometry




Loading

Beadoed - Sarvce —

530

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

T

Figure 4- 2 Loads on rib R18

Moment/Shear Envelope (Factored) Units:kN,meter

_Moments: spans 110 1

Figure 4- 3 Moment envelop for rib R18

Rib: RENAL R3 Coda: ACI318
Project: 1 Page: 2
Designed by: Date: 2312/22

Moment/Shear Envelope (Factored) Units:kN,meter

-17.3
-12.1

121

173

Figure 4- 4 Shear envelop for rib R18



4.5.1 Design of flexure: -
Design of Positive moment of rib (RIB 18):
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320-20 - 10— =284 mm.
—Mumax = 16.8 KN.m
be < Distance center to center between ribs = 400mm............ Controlled.
< Span/4 =4000/4 = 1000 mm.
< (16* tr) + bw =(16* 80) +120 =1400 mm.
—bg= 520 mm.
— Myy = 085 f x by x tp + (d — Z)

0.08

=0.85* 24 % 0.52 x 0.08 * (0.284 — T) * 103 = 207.068 KN.m

GMnr= 0.9 * 207.068 = 186.36 KN.m
—>(1)Mnf:186.36> Mu max= 16.8 KN.m.

~ DESIGN AS RECTANGULAR SECTION.

1) Maximum positive moment Mu® = 16.8 KN.m

M, =Mu/d =16.8/ 0.9 =18.67 KN.m

0.85f; 0.85%24

M, _ 18.67x10°
bxd?  520% (284)2

_1 _ _2*Rprm .y 1 _ _2%0.445%20.58 _
p==(1 /1 i ) 20.58(1 \/1 — ) 0.00107

R, = 0.445 MPa




—As=p *b*d=0.00107 * 520 * 284=158.0176 mm?>.

= \/E * >1'4*bw*d

Aspin = 2557 bwrd = Zobyrd (ACI-10.5.1)
= 2% 1204284 > 24120« 284
4%x420 420
=99.38 mm><113.56 mm? ............. Larger value is control.

—Asmin = 113.56 mm><Asreq = 158.0176 mm?.
~As=158.0176 mm?>.
2 ®12 =226.2 mm>>Asreq = 158.0176 mm?*. OK.
~ Use 2 @12
— Check for strain:-(e; = 0.005)
Tension = Compression
As*fy=085*f.*b*a
226.2%420=0.85*24 * 120 * a
a=38.8 mm.
f. =24 MPa< 28 MPa— f3; = 0.85

a _388

c=— =45.66 mm.
B, 0.85

g, =% 0.003
C

_ 284-45.66

*0.003=0.0156>0.005 - ¢=0.9 ... OK!
45.66



4.5.2 Design of shear of rib (RIB 1):

1) Vu=12.1 KN.
I

Ve= Ty *d
6

=1.1%* ? *0.12* 0.284*10° =30.61 KN.

dVe=0.75*30.61=22.95 KN.

—Check for Cases: -

1- Case 1: Vu< %

12.1< 2%‘”41.47

~ Case (1) is NOT satisfied
2- Case 2: %<Vu <pV.
=
11.47<12.1<22.95
=~ Case (2) is satisfied — shear reinforcement is required.

Try 248: -

100.5%420%284

=22.95%10° — S =522.33 mm.

= Z;i*: 142mm. ... Control

- Use 208 @ 15 Cm



4.6 Design of Beam 43

Material: -
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section: -
B=60cm
h=32 cm

According to ACI-Code-318-08, the minimum thickness of no prestressed beams or one way

slabs unless deflections are computed as follow:
hmin for both-end cont. = L/21
=380/21 = 18.09 cm.

—Select Total depth of beam h=32cm



Beam: B2 Code: ACI318
Project: 1 Page: 5
Dasigned by: Date: 2312122

Geometry Units:meter.cm

1 2 3 4
]: A T A ipa A em: A
i % o e 0 M 0% 000 7 W
| 35 | 38 | as | 32 |
| I I T 1
2
80.
AA
Figure 4- 5 Beam 43 Geometry
Loading
load no. 1
o..a'ﬂ?-m Units:kN,meter
35.0
200 220 20
466 456 456 466
35 38 32
Live load - Service Load factors: 1.20,1.20/1.60,0.00

T Tgpl 1 v ) oddo v | Y I P -
a8

Figure 4- 6 Loads on Beam 43



Moment/Shear Envelope (Factored) Units:kN,meter

_Moments: spans 1to 4

Figure 4- 7 Moment Envelop for Beam 43

4214
901 288 74

516 61, 612
101.7 828 B2.9

Figure 4- 8 Shear Envelop for Beam 43

4.6.1 Design of flexure: -

Design of Positive moment: -
—Mumax =53 KN.m
bw =60Cm. h=32Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=320 -40 - 10 — —=263mm
3 3
Cmax = ; *d= ; *263=112.71mm.

f; =24 MPa < 28 MPa—f1=0.85



amax = 1% Cmax = 0.85 * 112.71=95.8mm.
*Note:

Mymax =085 * f/ *b*a*(d-)
=0.85*24 * 1 *0.0958* (0.263 — 0.0958/2 ) * 10°
=420.37 KN.m

es=0.004

(1)=0.65+% *(0.004-0.002) = 0.82

—GMnmax = 0.82 * 420.37=344.7 KN.m

— Mu = 53 KN.m< ¢pMnmax 344.7 KN.m

~Singly reinforced concrete section.

1) Maximum positive moment Mu® =53 KN.m

Mn = Mu /d= 53/ 0.9 =58.9 KN.m .
—m=20.6

My _ 589x10°
bxd%?  1000% (263)2

1 2*%Rp*
p-ta- f1- )

L<1 — 1= M>=0.00207

20.6 420

R, =0.85 MPa

As=p *b *d =0.00207*1000*520=1076.4 mm?

= \/7 shxd > ﬂ>|<b>r<d
4 (1) fy



V24 1.4
* 1000 x 520 >

4 %420 2 220+ 1000%520

=1516.35mm?<1733.33mm? .... Larger value is CONTROL
As=1076.4 mm?
Use @20.... As=154mm?
#of bars= (1076.4/154) =7
= Use 7®14...As=1078 > 1076.4mm>
— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f/*b*a
1078* 420 = 0.85 * 24 * 1000* a
a=22.2 mm.

f! =24 MPa< 28 MPa— B, = 0.85

c=2=222_5612 mm.
B 085

g, = £ %0.003
c

_ 520-26.12

*0.003 =0.0567>0.005 - ¢=0.9 ... OK!
26.12

4.6.2 Design of shear: -

1) Vu=101.7 KN.
e
@ch@*g*b*d

=0.75* % *1000* 520 * 10-* = 318.43KN.



\— Check For Cases:-

1- Casel :
Vo< ¥
2
101.7 < 282 15921

=~ Case (1) is satisfied

Try 2010 =2 * 78.5 = 157 mm?.

2x78.5x  420%520%11.68 * 1073
S 180

— s = 1471.68mm

s<

N |

- % =260 mm ... CONTROL

< 600 mm.

= Use @10 @ 20Cm 2L.

4.7  Design of two way ribbed slab

1. Approximate method:

Approximate value of minimum(h) according to ACI
Minimum (h) > (Maximum clear perimeter/180)

Minimum (h) > (2*%6.40+2%6.40)/180=14.22 cm
Select (h=32c¢m) > minimum (h); 8cm Topping+24cm Block

2. accurate method:

All exterior and interior beams have a rectangular section of 60 width and 32cm

depth:



b * h3

[ for beam = 1

[ for beam = 60*—323
12

=163840 cm*

The moment of inertia for the ribbed slab:

Be =52cm was defined in one way ribbed slab

_40*8*4+35*12*17.5

YO T 0x8+ 3512

=12.17 cm

for il = 227 12:17%  40+4.17°  12+2283°
3 3 3

~87000 cm*

Slab section for exterior beam

Short direction: L=6.40 m =640cm

Irib * (%L + bw)

Is = br

87000 (%ﬂ + 60)
Is =
> 52

=647722.57cm*

Slab section for interior beam



]
{chl 1
<,
a © a
2 6.4 4
Corner
Panel
(IfE ¥
|
Figure 4- 9 Two way rib case
Ib
o=—
Is

a1=1080000/1214077.015=0.889
a2=1080000/647722.57=1.667
a3=1080000/663029.45 =1.628
a4=1080000/1214077.015=0.889

afm=(0.889+1.667+1.628+0.889)/4

= 1.268 <2.0 the minimum slab thickness will be :

fy
h In (08 + m)

~ 36 + 5p(afm — 0.2)

420
8400 (0.8 + T755)

T 36+5+1.06(1.268 — 0.2)
=199.07 mm>125mm
$=7.03/6.84=1.03

h

First trial thickness h=320mm >199.07 mm_ok
Take slab thickness hsiab 320mm ,80mm topping ,240mm concrete block



Load calculation:

Materi Quality
al Density
KN/ m3
Tiles 23
mortar 22
Sand 17
Reinforced Concrete 25
Topping
Reinforced Concrete Rib 25
Concrete Block 12
Plaster 22
For ceiling 1.25
Partitions 2 KN/ m2
Total Dead Load, KN
3.15 =11.65 KN/m?2

PL=" §52x052

Wp =1.2-11.65 = 13.98KN /m?

Live Load of slab:
LL =3 KN/m?
wL =163 =4.8KN/m?

w = 13.98 + 4.8= 18.78 KN/m?

Moments calculations:

21x0.03 x 0.52x 0.52 = 0.128
21 x0.02 x0.52 x0.52 =0.122
15% 0.07 X 0.52 x 0.52 = 0.306

25x0.08 x 0.52 x 0.52 = 0.583

24% 0.24 x 0.12 x (0.52 + 0.4) = 0.852
9x0.24%x 0.4 x 0.4 = 0.388
21 x0.02x 0.52 x 0.52 = 0.122
1.15 x 0.52%0.6%x 0.52 = 0.20
2% 0.52 % 0.52 = 0.583
3.15



Ma = Cawl? and Mp = Cpwl?

La/Lb=1

Design of bending moment:

Ma,pos ,DL=0.027%13.98*6.4?
=16.90 KN.m/m

Mb,pos ,DL=0.018* 13.98%6.42
=11.27 KN.m/m

Ma,pos,LL=0.032*4.8%6.4°
=11.84 KN.m/m

Mb,pos,LL=0.032%4.8%6.4°
=11.84 KN.m/m
Ma,pos =16.90+11.84=28.74 KN.m/m
Mb,pos =11.27+11.84=23.11 KN.m/m
Mb,neg =Ma.neg=0.05%*21.54*6.4>=44.11KN.m/m

Design of positive moments:-

Mu=28.74 KN.m
@Mn =Mu
Mn=28.74/0.9=31.9 KN.m
Assume bar diameter @18 for main reinforcement
d=320-20-8-18/2=283mm
Rn=Mn/(b*d?)
=31.9/(520*283?)
=0.603 Mpa
m=1y/(0.85 fc)
=(420/.85%24)



420

=0.00146

As=0.00146*520*283=246.77 mm?2

Check of As min:
As,min= 0.25*(Vfc!/ fy)*bw*d > 1.4/fy *bw*d
128.19<146.53 mm?

As min = 146.53 mm2 < As req = 246.77 mm2
~As=246.77 mm2 ....control

2d14=308 mm2 > Asreq = 246.77mm2 OK
~ Use 2 ®14

Check for strain:

(&5 >0.005)

Tension = Compression

As * fy=0.85 * fc' * bw * a

308 *420=10.85*24 * 520 * a

a=11.75 mm

fc' = 24 MPa< 28 MPa— [ = 0.85

c=a/p =11.75/0.85 = 13.82 mm

es=(d-c)/c * 0.003

~ =09 0.065 >0.005 Ok

Design of negative moments:-




Mu=49.8 KN.m

Mu
Mn=———
0

=49.8 /0.9=55.3 KN.m

Assume bar diameter @16 for main reinforcement

d=320-20-8-16/2=284 mm.

_MTL
bxd?

=55.3*10%/(520%284%
=1.04 Mpa

m=420/(0.85%24)=20.58

1 1 1 2*R,*m
p_m( fy )

2%1.04%20.58

(1
=0.0025
As=0.0025*120%284=109.9 mm?
As,min= 0.25*(Vfc!/ fy)*bw*d > 1.4/fy *bw*d
128.19<146.53 mm?
As min = 146.53 mm2 < As req = 109.9mm?2
~ As =146.53 mm?2 control
2012 =226.2 mm2 > Asreq = 146.53mm2 OK
« Use 2 @12

Check for strain: (£>0.005)
Tension = Compression

As * fy=0.85 * fc' *bw * a
226.2 *420=0.85*24 * 520 * a
a=8.624m

fc'= 24 MPa< 28 MPa— = 0.85



c=a/f = 8.624/0.85 =10.15 mm
es =(d-c)/c * 0.003
Ok 0.089 >0.005

¢ =0.9

Desion of shear:

Wu=0.5
The total load on the panel being =(6.4*%6.4%21.54=882.27 KN
The load per rib at the face of short beam is (0.5%882.27*0.52)/(2*6.40)=19.77KN
Vud =Vuface-(Wu*bf*d)=19.77-(21.54*0.52*0.284)=16.13 KN
The maximum shear force at the distance d from the face of support, Vu = 16.13 KN
Ve =1.1(Vfc' /6 * bw * d)
= 1.1(N24/6 * 120 * 284) = 39.35 KN
Ve =0.75 * 39.35=29.5 KN

Casel: Vu< (¢Vc)/2

32.82<29.5/2=14.75 ~ Case (1) is not satisfied
Case2: Vu< (¢Ve)

29.5/2=14.75<16.13 <29.5 OK

=~ Case (2) is satisfied

=~ shear reinforcement is required

Vsmin = —/f{ * bu* d=—vZ& * 120 ¥0.284 * 10° =13.42 KN.

>

W

*bw*d= § *120 * 0.284* 10° = 14.61 KN .... CONTROL.
“VSmin=16.13 KN.

Try 2d8: -

100.5%420+284
S

=16.13*10° — S = 819.6mm.

S §§= 2;;4= 142 mm. ... Control



<600 mm. = Use 208 @ 15 Cm

4.8  Design of column (C5)

Calculation of Loads act on Column (C5)

Loads acting on columns are obtained from support reaction when analyzing the
system on etabs

Dead Load = 1000 KN (service)
Live Load = 350 KN (service)

Loads acting on column (C9) are as follows:

Factored loads (Pu) = 1350 KN

Calculation of Required Dimension of Column (C9)
Total load Pu = 1350KN

Pn = 1350 /(0.65) = 2076.92 KN

pg =2.0%

Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
2076.92 x 1073 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85  24)]
Ag = 1830.6 cm?

~Select 30*65cm with Ag = 1950 cm?.

e Check Slenderness Effect :

For braced system if A < 34 — 12 % < 40 , then column is classified as short

column and slenderness effect shall not be considered.



Klu
A= —
r

Lu: Actual unsupported (unbraced) length = 3.05 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = \/% 0.3h

System about X System about Y
1= 3.05
= — =175 _1%3.05
0.3 % 0.65 A= 033065 - 170

1< 34—12(1) =22 <40
A=17.5 <22 . Shortabout X and Y .

A <34-12(1) =22 <40

~ Column is Short , So Slenderness effect will not be considered.

Calculation of Required Reinforcement Ratio

Since Column is short and slenderness effect will not be considered, then Design
Strength of column can be calculated using the following equation :

¢Pn = 0.65 * 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}

Where , Pu= 1350 KN

1350 * 103 = 0.65 * 0.8 * 650 * 300{0.85 = 24 + p(420 — 0.85 = 24)}

= pg =0.0257 > ppip = 0.01 & < prex = 0.08

As req = 0.0102 *650 *300 =1802mm?

Use ® 14 >> #of bar = —= =12

~ Use 12 O 14 with As = 1848 mm? >AS yeq = 1802mm?

e Check spacing between the bars :

_ 600—2%40-2%10—6*14
5

S =70mm




S=76mm >40mm
>1.5db=37.5mm

Determination of Stirrups Spacing

According to ACI :

Spacing < 16 X d,,(Longitudinal. bar. diameter) = 16 X 1.8 = 28.8 cm.
Spacing < 48 X d(tie. bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 40 cm

~ Select © 10/20cm

Column (C9) Section is shown in figure(4-11) where bars arrangement and stirrups

detailing appear :



4.9 Design of Isolated Footing (F1)

Loads that act on footing F5 are :

PD =1000 kN, PL=350kN
Pu=1.2*1000 + 1.6*350= 1760 kN

The following parameters are used in design :
- Y concrete = 25 kN/ 1’Il3
- ¥ soil = 18 KN/m?
- Oallow = 500 kN/m?
- clear cover =5 cm

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing pressure .

— Assume h = 50cm

— Ob(allowynet = 500 —25%0.50 — 0.25*18 - 5 =465.75 kKN/m?

P, 1000+350
= = 2.89 m?
da.net 465.75

l=vVA=+289=140m
Select]l = 1.45m

H A:
—
—

Determination of footing depth (h)
To determine depth of footing both of one and two
way shear must be designed.

Py 1760
— qu=7=5=6089KN/m2

Design of one way shear

d=h-cover —@®=500-50-16= 434mm

— Vu at distance d from the face of column
l
V= qubG—35—d)

145 0.6
= 1048 KN

0 Ve = 0.75*%* f *b*d
= 075 * % * /28 * 1450 * 434 =1402.5 kN >Vu

~h=75cm is correct v

Figure 4- 10 One way shear



Design of Punching (two way shear) c +d

— d=434 mm
b, =4(0.6+0.434) = 5136 mm B
— Bc=1 redoo) .
— as = 40 (interior column) c,+d E J ; C;
A e :
Vu =597.3(1.45%1.45-(0.6+0.434)(0.6+0.434)) = 4560 \“m_bo
kN
e G, -
@V is the smallest of Figure 4- 11 Two way Shear (Punching)

1. Vc=%(1+§)x,/fc X b, xd
=%(1+§)X‘V28><5136><434><10—3 — 9294.6KN < cont.

2. Vc=1—12(°<5b><d+2)><\/ﬁ X b, X d

i 40 X 434 3 _
L (422454 1 2) x V2B x 5136 x 434 x 107* = 113504 KN

3. Ve=1x[fc xb,xd

X V28 x 5136 X 434 x 1073 = 6196.4 kN

W

— OVc=0.75x6196.4 =4647.3 kKN >Vu=4560 kN

~h=50cm is correct v’

Design of Reinforcement

Mu = 597.3 #1.25%1.45%(1.25/2) = 1446.6 kN.m

Fy 420
m= - =
0.85+Fc’  0.85x28

=17.64

— Mn=1446.6/0.9 =1607.3 kN.m



Mn 1607.3 ¥10°
— Rn = = =1.1 MPa
bxd? 1450%4342

— p=* (- 1T
=1t *(1- 1_w): 0.0026
17.64 420

— Asreq=p* b xd = 0.0026 * 1450 * 434 = 2258.6 mm?

— As (min) = 0.0018*b*h = 0.0018*1450 * 500 = 1305 mm?

— Asreq > As (min)

Select for both directions: 22012 with As = 2486 mm? > Asreq ... (0k)

38 30T, _H]) 00 -

Figure 4- 12 Foundation F1 Reinforcement



410  Design of Stairs

Figure 4- 13 Stair

Design of flight

The structural system of the flight is shown in figure (4-22) and the following steps explain the
design procedure of the flight :

1. Determination of flight thickness :
Limitation of deflection: h > minimum h

h (min) = L/20 =250/20 = 12.5cm
~ Select h = 15 cm, but shear and deflection must be checked

Angle (a): tan(a) =16/30 — a=28.1°

. 2.4 .
2. Loads calculation : 40cm, m pA0em

Figure 4- 14 Structural System of flight



Figure (4-23) shows a section in the flight in which the -

layers carried by the flight appear.
Table(4- 1): Calculation of Dead Loads that act on Flight

Flight Dead Loads

Flight = (0.15 * 25*1)/ cos(28.1) =4.25 KN/m
Plaster = (0.03 * 22*1)/ cos(28.1) =0.75 kP
Hor.Mortar =0.03*22*1 =0.66 kN/m

16 cm

— 3cm Plaster

Ver.Mortar = 0.03*22*(%) =0.352 kN/m

Hor.Tiles = 0.04*23*(2) = 1 kN/m

30cm

Ver.Tiles = 0.03*23*(%) = 0.368 kN/m

Triangle =0.5*0.16*25 =2 kN/m
Sum=9.4 kN/m

Factored Load
qu=1.2*9.4 +1.6*2 = 14.6 KN/m
Vu=14.6*2.4/2 = 17.52 KN

3. Analysis :
The following figures show shear and moment Diagrams resulted from analysis of
the flight :

qul-14.6kN/m

No Load

Moment Diagram

&
)

17.52

=P
WP
N2
//’

Figure 4- 15 Anlaysis of flight




4. Design :
- Design of Shear Force :

d=150-20-(12/2) = 124 mm
OxVe =0.75 *%* Fc' *bw *d
=075 * %* 24 * 1000 * 124

=759 kN > Vumax =15.32 kN
~ No Shear Reinforcement is Required$

- Design of Bending Moment :

Fy 420

= = 20.6
0.85%Fc’ 0.85%24

_)m_

Mu/@ _ 17.410%/0.9
bxd? 1000x1242

R Zl*(l- ’1_2*Rn*m)zi*(1_ ’1_%):00031
m Fy 19.6 400

— Asreq=p*bxd= 0.0031* 1000 * 124 = 384.4 mm?

— Rn = =1.26 MPa

— As min=0.0018 *1000*16.7 = 300.6 mm?
=~ Select ©@12/20 with As = 565 mm? > As req .... For Main Reinforcement

For secondary Reinforcement select @10 /20 with As=395 mm? = As min

— Check Spacing :

20cm < Smax=3*15=45cm ... 0k
< 45cm

— Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24%a*1000 = 300.6 *420

a=589mm — c=a/f=5.89/0.85=6.18 mm

£ = 0.003xd —~0.003 = 0.003x124 0.003
c 6.18

~ & = 0.057>0.005 ....0=0.9 (OK)



Design of Landing

The structural system of the landing is shown in figure (4-25) and the following steps explain

the design procedure of it :

2.50

Figure 4- 16 Structural System of landing

e Determination of Landing thickness :
Limitation of deflection:

h > minimum h
h (min) = L/20 =250/20=12.5 cm

~ Select h =15 cm , but shear and deflection must be checked

e Loads calculation :

Figure (4-26) shows a section in the landing in which the layers carried by the landing
appear.

Table(4- 2):Calculation of Dead Loads that act on Landing

r 7cm Snad r 2cm Mortar ’— 4cm Tiles
AT RSO SRR NS T N SRR P AN S O R A IO S B MR SO

3cm Plaster

Figure 4- 17 Section in the landing

Landing Dead Loads
Tiles =0.03*23*1=0.7 KN/m
Mortar = 0.03*22*1=0.4 KN/m
Sand = 0.07*16*1=1.1 KN/m

Slab = 0.15*%25*1=3.75 kN/m
Plaster = 0.02*22*1=0.4 kN/m




Sum = 6.35 kN/m

Factored Loads :
qu =1.2*6.35+1.6*2 =10.82 KN/m

The landing carries ( dead load & live load of landing + support reaction resulted
from the flight)
qu = 10.82 + Support reaction of flight = 10.82 + 17.52 = 28.34 kN/m

— Analysis :

qu =28.34 kN
2.85 !
| d=150-20-(12/2) = 124mm
40.38kN 40.38kN
Vumax=40.38 — (28.34*0.124) = 36.87 kN
40.38kN 35 g7kN
" 2
0.124m Mu max = w: 28.77 KN.m

0.124m

-36.87kN _40.38kN

Figure 4- 18 Analysis of landing

Shear Force Design :

d=124mm & Vu max=36.87 kN
@xVe=0.75 * %*\/2_4 * 1000 * 124=75.9kN > Vu max = 36.87 kN

= No Shear Reinforcement is Required #

— Bending Moment Design : (Mu max = 28.77 kN.m)
- m =206
~ Rp = 28.77 ¥109/0.9
1000%1242

_L* _ _2*2.08*20.6 _
p=s—*( /1 ZE) = 0.00523

Asreq = 0.00523 * 1000 * 124 = 649.1 mm?

=2.08 MPa



- Asmin=0.0018 *1000*150 = 270 mm?

m+x14% 100

=~ Select @12/15¢m with As = s T 753 mm? > As req .... For Main Reinforcement
- Check Spacing :
I5cm < Smax=3*15=45cm... ok
<45cm
- Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85%24*a*1000 = 753 *420

a=155mm — c=a/f=155/0.85=18.24 mm
_0.003+(124-18.24)
s 18.24

- & = 0.0174 > 0.005 ....0=0.9 (OK)

The following figure shows section A-A of the stairs in which reinforcement detailing appears .

10,/B0em L=1.%0m

AL B0oTs, —

1500 B

Figure 4- 19 Stair reinforcement



411  Design of shear wall

Analysis and design were done using ETABS program in which the seismic loads were taken
into account. The following is a sample calculation for one of the walls, S.W12.

The following data that used in design:
- Shear Wall thickness =h =25 cm

- Shear Wall length Lw = 6.0m
- Building height Hw=18.9 m
- Critical section shear :

Lw/2=6/2=3 ..... control
hw/2=18.9/2=9.5
story height=3.15

— d =0.8*Lw =0.8%6.0 =4.8 m

4.11.1 Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :

I- Ve=</fc'xbxd

= §\/24 X 250 X 4800 = 979.8 kN « Controlled

Nuxd
4Lw

2- Ve=027/fc x hxd+

=0.27v24 x 250 x 4800 + 0 = 1587.3 KN

tw(0.1/fc’+0.2-N%
3 Ve = |0.05 « JFE + OOy

Vu 2




Where:
- Mul=920.5 kN.m

Mul Lw 920.5 6

- — - —= ——--= —1.77 < 0 - This equation is not applicable.
vu 2 7503 2

~Vc= 979.8 kN - @Vc = 734.85 < Vumax! = 750.3 kN —»Horizontal Reinforcement is
Required.

S Vs= 2 _ye= 1% _9798 = 20.6kN
(0] 0.75

Avh Vs 20.6%103
—_—= = = 0.0102
s fy=d 420%4800

Avh
but (%) min = 0.0025 = h = 0.0025 * 250 = 0.625 « Controlled.

— Avh : For 2 layers of Horizontal Reinforcement

Select @10 :
Avh =2 *79 = 158 mm?

Avh _ o625 S s 158 _ 508
—= 0. - = —_—= .
s "9 = 5625 mm

Smax= Lw/3 = 6000/3 = 2000 mm
=3h =3*250 =750mm
= 45cm « Controlled.

~Select 310 @ 200 mm at each side.

4.7.2 Design of Vertical Reinforcement




Avh

— Avv =[0.0025 +0.5 (2.5-‘;—::)( —0.0025)] * h * Sver

Shorxh
hw 28
— =—=4,667 > 2.50
lw 6
Avv 2x79
— == =[0.0025 +0.5 (0) (500~ — 0.0025)] * 250
AVV: 0.5
Sver

Smax= Lw/3 = 6000/3 = 2000 mm
=3h =3*250 =750mm

= 45cm « Controlled.

Select @12 :
Avv =2 *113 =226 mm?

AV 05 s 226 _ 459
—_—— . - —_ ——
S req 05 mm

~Select @12 @ 150 mm at each side.




