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Abstract

The idea of this project is the structural design of Ibn al-Haytham
Hospital in Bani Naim, which includes four departments: Department of
childbirth, women and radiology and dialysis and the Department of
Surgery, and Department of Internal Medicine and the intensive care
unit for children. The project will include the construction design with all
details necessary for the building which consists of five stories With a
total area equal to 7,100 square meters. .

The architectural design of the project based on multiple steric
blocs distributed consistently in terms of aesthetic and functional
purposes, as well as it has been designed in the form of distributing
blocks that provide comfort, ease and speed of access for users. The
importance of the project can be observed in the variety of the
structural elements of the building such as slaps, beams, columns,
foundation...etc.

The project - God willing - will be designed using ACI code and we
will use some of programs of structural design such as Autocad2010,
Office2007, Safe, Etabs, Atir...etc. And we will use the ACl| code to
determine the loads, and we will refer to several references and
graduation projects for data and design calculations. So the project will
include detailed structural study, analysis of the structural elements,
expected and calculated loads, the structural design of the elements
required and the preparation of construction plans.
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Chapter 4

4  Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Factored Load
4-3 Design of topping.

4-4 Design of Rib.

4-5 Design of Beam.

4-6 Design of Column.

4-7 Design of isolated Footing.

4-8 Design of Stair.

4-9 Design of Shear wall.

4-10 Design of Mat footing

4-11 Design of Strip footing.

4-12 Design of Combined footing.
4-13 Design of Water tank.

4-14 Design of two way ribbed slab .
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4.1 Introduction

The project consists of several structural elements that will be
designed according to the ACI code and by using the finite
element method using much computer software such as “ATIR”
to find the internal forces, deflections and moments for the all

structural element in order to design it.
4.2 Determination of factored Load

Determination of Dead load

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm
Concrete block

IR Concrete rib

Plaster 2 cm

Fig(4-2-1) section in rib slab

tabel(4-2-1)Calaculation of dead load :

KN/m / rib

Tiles 0.03%0.52%23 0.358

Mortar 0.02>%0.52%22 0343

Coarse Sand Fill 0.07x0.52%17 0.618
Topping 0.08x0.52%25 1.04
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Block 0.27%0.40=10 1.08
Concrete Rib 0.27%0.12%25 0.81
Plaster 0.03%0.52x%22 0.343
Partitions 1x0.52 0.52

Nominal Total Dead Load = 5.11 kN/m of rib

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

Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*5.11= 6.13KN/mof rib.

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

4.3 Design of Topping:

tabel(4-3-1)Calaculation of dead load of toping :

KN/m / rib

Tiles 1x0.03%23 0.69

Mortar 1x0.03% 22 0.66

Coarse Sand Fill 1x0.07%17 1.19
Topping 1x0.08% 25 2
Partitions 1x1 1

Used fy =420 MPa& fc' =24MPa

Dead load of topping =5.54 KN/m

Live Load = 5*1=5 KN/m.
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Wu=12DL+16LL

=1.2*554 +1.6*5=14.64 KN/m?. (Total Factored Load)

W, xI? 14.64x(0.4)?
12 12

Mu =0.195kN.m

w, x| 14.64x0.4

=2.92kN

Ve = o.75x\/ﬂx%xloooxsoxlo-6 — 48KN > 2.92kN x ®

No shear reinforcement is required.

Design of bending for Topping :
* 2
Mn = 0.42x \/ﬂxm x107° = 2.19kN.m .

¢xMn=0.55*2.19 =1.207kN.m.
¢ > Mn =1.204kN.m > Mu = 0.195kN.m.

No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided
p =0.0018

As_. = pxbxh=0.0018x1000x80 =144mm? /1m.

Use 1®8/30 cm , with As =167 mm?/1m in both directions.

As =167mm?/m> As_. =144mm? Ok

min
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4.4 Design of Rib (R2) at ground Floor:

=2 N
Llj N
% 2 Tg] M
== 8 Tp) é‘ \Q
s Ty b= b
2 & N e
> i ppe— | — -
o A Ribs = | 2 =
2
- D
\ h 72
_—fg@foejgl'— m |
i 2 ] B173¢80x32) t
Ip] 5 =
pas
Q
———°- =
B2(50x32) ~ :
‘(_g
'/ \ -4—"‘_‘ ‘X
o) f\)f,bj' T_ uv':
Xo B4 e
L. e
B172(50x38) [z BL72(o0x32) [

Figure (4-4-1): place of rib 2

Using "Atir" software for the following values of the envelope moment and shear

Figure (4-4-2): Rib 2 geometry.
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Lvauiny

Toad group no. 1
Dead/Live load - Service

Load factors: 1.20,1.20/1.60,0.00

5.212/6 5.212)6 5.2/2.4 5.2/2.6 5.212.4
36 3.8 45 55 a5
Figure (4-4-3) : loading of Rib 2
Moments: spans 1t0 5
25 28.2
-15.7 -16.3 15.3 14.4 -16.9 17.2
. 7.8 8.6 A 77
| ;,I | | 1 | | I1' | | I1'6 |
L A AN ‘ 193 LT : L
! 58l0.7 ' LSP\_/ " lobs " lok7 '
MPJ 0y 059 0.82 0.95 -
11.9 : 11.8
175 17.1
144 246 | 19 19 | 225 225 | 215 275 | 27 . 18 |
I T T T T T T T T T 1
Figure (4-4-4) : Moment Envelop of rib 2 .
Shear
23 226 -26.8 261 -30.2
-23. 21.3 -22,
-18.9 -18.9
A7 4.7
f T 1 1 1 —
- 11.6
: 17.5 19.4
21.6 23.5 25. 25.5
29.2 296

Figure (4-4-5) : Shear Envelop of rib 2.

o Effective Flange width ( b;)

For T- section is the smallest of the following: bE
=L/4=5540/4=138.5cm b
=b,+16t=12+ 16 (8) = 140 cmb,

Control
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bw=12cm, h =35cm

d =350—20—8—%=316mm

Check rectangular section or T-section

bw =12cm, h = 35cm

d =350—20—8—%=316mm

=175KN.mMu,_,

=0.85+ fc + bf +tf+ (d — ) Mn,

=0.85* 24 * 520 * 80 * (316 — 2) =234.22KN .m Mn,
= 0.9 * 234.22 = 210.79KN .m>>Mu,_,, Mn, ®
rectangular section

Design of Positive moment of rib 2:

Design of Span (1) :

Mu =175KN.m

17.5x10°
Kn="N 09 _g374mpa
bd 520x 316
| fc’ 1.4
As i, = bw)d ) > ——(bw)d
4(fy)( Xd) fy( Xd)
J24 1.4
AS i = ——— (120)(316)> ——(120)(316
i 4(420)( J316)= - (120)(316)

............. the larger is control As_;, =110.5<126.4

As_ . =126.4mm’
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_ fy 420
0.85* fc  0.85*24

=20.58m

2mKn

p= = (- 12K,
m

o 1 L \/1_2(20.58)(0.373)

= — ) = 0.000898
20.58 420

Areq=p*b*d=0.000898 *520* 316 = 147.7mm?

Use 2d10....... #ofbar=ﬂ =1.88
78.5

Note Aq>10 =78.5mm?2

157 mm?> As_. =147.7mm?

min
o Check for yielding

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

157*420=0.85*24*520*a
a==6.2mm

c= a = 2 =7.3mm

p, 0.85

&= 316x0.003 _ 0.003
7.3
£, =0.12>0.005

= Ok
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Design of Span (2) :

=175KN .m Mu
17.5x10°
_Mn _ 09

= 0.374 MPa Kn

bd® 520x316°

ps =V k)= 24 wa)

"Aty) fy
J24 1.4
As,, = 2420) ——"(120)316)> 120 ~(120)(316)

............. the larger is control As ;. =110.5<126.4
As, . =126mm’

fy _ 420

- _ = =20.58m
0.85* fc 0.85*24

2mKn
fy

p= =@ 12T,
m

1 \/1_2(20.58)(0.374)): 0.00089

P~ 2058 420
Areq=p * b * d = 0.00089 *520* 316 = 146.2mm?

Use 2D 10....... #ofbar—&—l%
78.5

Note Agip = 78.5mm?

157 mm?> As_. =150mm?

min

o Check for yielding
Tension = compression
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As*fy=085*f *b*a

157*420=0.85*24*520*a

a==6.2mm
= a = E =7.3mm
p, 085
€, = 316x0.003 _ 103
7.3

£, =0.12>0.005

= 0Ok

Design of Span (3) :

=11.8KN.m Mu
11.8x10°
_Mn _ 09

== = 0.252 MPa Kn
bd 520x316

I k)= 2 ow
e GUGIEE - COC)
As,. = @%120)(316) 420(120)(316)

............. the larger is control As .. =110.5<126.4
As_ . =126.4mm’

B fy 120

- = =20.58m
0.85* fc 0.85*24

1 2mKn
=_(1- [1-
p m( fy )
e 1 L \/ 2(20.58)(0.252) ) = 0.00061
20.58 420

Areq=p*b*d=0.00061 *520* 316 = 100.2mm?

50



Areg<Asmin Areq= As ;. =126.4mm’

Use 2D 12....... #ofbar—%-lel

Note Agip = 78.5mm?

e Check for yielding
Tension = compression

As*fy=085*f *h*a

157*420=0.85*24*520*a
a=6.2mm
-2 E =7.3mm
p, 0.85

,, 3160003 o 0o,
7.3
¢, =0.12>0.005

= 0Ok

Design of Span (4) :

=8.2 KN .m Mu
8.2x10°
Mn 0.9
= = —~=—— =0.175 MPaKn
bd 520x 316
fc 14
As . = bw)d )>=—(bw)d
i OW)= 5 owo)
24 14
As = 120316 120)316
o = 230 1200816)2 150 (20)at6)

............. the larger is control As_;, =110.5<126.4
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As . =126mm’

_ fy 420
0.85* fc  0.85*24

=20.58m

2mKn
fy

p= (- 12T,
m

p

1 - \/1_2(20.58)(0.175)

-t ) = 0.00041
20.58 420

Areg=p *b * d=0.00041*520* 316 = 124.6mm?
Areg<Asmin Areq= As ,, =126.4mm’

Use 2d 10....... #ofbar=%=1.61
78.5

Note Agip = 78.5mm?

e Check for yielding

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

157*420=0.85*24*520*a
a=6.2mm

c= a = E =7.3mm

p, 0.85

,, 3160003 0o,
7.3
g, =0.12>0.005

= Ok
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Design of Span (5) :

= 11.9 KN .m Mu
11.9x10°
M
N___09 _4254MPa Kn

~ bdZ  520x316°

ps =V ) %(bw)(d)

V24 1.4
As. = m(lZO)(BlB) 2 s (120)316)

............. the larger is control As_;, =110.5<126.4
As . =126.4mm’

fy 420

= _ = =20.58m
0.85*fc'  0.85*24

2mKn
fy

p= = 12K,
m

P ) = 0.000611

_ 1 0 \/1_2(20.58)(0.254)
20.58 420

Areq=p*b*d=0.000611 *520* 316 = 100.39mm?

Areg<Asmin Areg= As_. =126.4mm’

min

Use 2D 10....... #ofbarz%zlﬁl
78.5

Note Apip = 78.5mm?2

o Check for yielding
Tension = compression
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As*fy=085*f *b*a

157*420=0.85*24*520*a

a==6.2mm
c= a = E =7.3mm
p, 085
€, = 316x0.003 _ 103
7.3

£, =0.12>0.005

= 0Ok

Design of Negative moment
Design of support (1) :

Mu =17.2KN .m

17.2x10°
Mn _ 09

Kn = 7= 00 2167
bd 120x 316

=1.59 mpa

ps =V k)= 24 wa)

min 4( fy) F
_ Joa 1.4
As. = m(lZO)(Bm) > m(120)(316)

............. the larger is control As .. =110.5<126.4
As,;, =126.4mm’

fy 420

= - = =20.58m
0.85*fc  0.85*24

2mKn
fy

1
p=—(1- [1-S2)
m
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oo 1 (1-\/1—2(20'58)(1'59))=0.0039

2058 420

Areq=p *b*d=0.0039* 120 * 316 = 147.8mm?

Use @ 10..... # of bar = 174ﬂ =1.88

Note Aq)]_o: 78.5mm?

e Check for yielding
Tension = compression

As*fy=085*f *b*a

157*420=0.85*24*120*a

a=26.9mm
c=2 -9 4 samm
p. 085
g, = 316x0008 4 g
3164

&, =0.026 > 0.005

= 0Ok
Design of support (2) :

= 15.3KN .m Mu
15.3x10°
_Mn _ 09

—= ——2_— =141 MPa Kn
bd® 120x316

4(ty)
As,. = %(120)(316) > % (120)316)

............. the larger is control As .. =110.5<126.4
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As . =126.4mm’

_ fy 420
0.85* fc  0.85*24

=20.58m

2mKn
fy

p= = 12K,
m

1 - \/1_2(20.58)(1.41)

P 2058 420

) =0.0035

Areq=p*b*d=0.0035* 120 * 316 =132.7mm?

Use @ 10.... # of bar = @ =1.69
78.5

Note Agio= 78.5mm?2

o Check for yielding
Tension = compression

As*fy=085*f *b*a

157*420=0.85*24*120*a

a=26.9mm
c=2 -9 41 samm
p. 085
g, = 316x0.003 _ 103
3164

&, =0.026 > 0.005

= Ok
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Design of support (3):

= 8.6KN .m Mu
8.6x10°
_Mn _ 09

=0.79mpa Kn

bd? 120x 3162

ps =V k)= 24 wa)

"Aty) fy
J24 1.4
As,, = 2420) ——"(120)316)> 120 ~(120)(316)

............. the larger is control As ;. =110.5<126.4
As . =126.4mm’

_ fy _ 420
0.85* fc  0.85*24

=20.58m

2mKn
fy

p= = - -2,
m

1 0 \/1_2(20.58)(0.79)

= ) =0.00193
20.58 420

p =
Areq=p*b*d=0.00193* 120 * 316 =73.18mm?

Areg<Asmin Areg= As_. =126.4mm*

min

Use @ 10.... # of bar = % =1.61
78.5

Note Agio= 78.5mm?2

o Check for yielding
Tension = compression
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As*fy=085*f *b*a

157*420=0.85*24*120*a

a=26.9mm
C :i:@:31.64mm
S, 0.85
£, = 316x0.003 _ 5 43
31.64

&, =0.026 > 0.005

= 0Ok
Design of support (4) :

=7.8KN.m Mu
7.8x10°
_Mn 09

=— 2 —0.72mpa Kn
bd? 120x316° P

™ A1)
J24 1.4
As., = m(lZO)(S%) > HO(120)(316)

............. the larger is control As .. =110.5<126.4
As_ . =150mm’

fy 420

= - = =20.58m
0.85*fc  0.85*24

2mKn
fy

p= = (- 12K,
m

oo 1 - \/1_2(20.58)(0.72)

= ) =0.00175
20.58 420

Areg=p*b*d=0.00175* 120 * 316 =66.36mm?

Areg<Asmin Areq= As . =126.4mm’
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Use @ 14.... # of bar = @ =16
78.5

Note Agio= 78.5mm?2

e Check for yielding

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

157*420=0.85*24*120*a

a=26.9mm
c:i:@:31.64mm
p, 0.85
¢ = 316x0.003 ~0.003
31.64

&, =0.026 > 0.005

= 0Ok

Design of shear for Rib (R2):
Categories for shear design:

Vu=26.1 KN

Use @8 with two legs

1. Regionl:
1.1dVe >Vu

1.10 Ve =1.1 ";C xb, xd

V24

1.1d Ve =1.1x0.75x x120x 316

=25.5KN

Since @ VVc <Vu Not control
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2. Regionll:
1
E(DVC <Vu <®dVc

® Ve =23.2 KN

1<I)VC = 22 =11.6KN
2 2

Not control

3. Regionlll :
ssPVe <Vu < dVe + DVs;,

23.2kN® Ve =0.75x% x120x 316 =

J24
6

DdVs

. min

ngbde
3

Vs, =0.75 (% )x120x 316 =9.4KN

dVs, . Z%X\/ﬁxbde

Vs, = 0.75><% x /24 x120% 316 =8.7 KN

DVC+DVs,, =9.4+23.2=32.6KN

VU =26.1KN<®Vc+dVs . =32.6 KN control

4. Region V:

fl
dxVc=0.75x% UGC xb,, xd

O xVec=0.75x \/2_4 x120x 316 =32.2kN

VU =3xDx Ve =23.2*3=69.6kN

DO x Ve +3xDxVe >Vumax = 26.1kN
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23.2+69.6 >Vu max = 26.1kN

All span is Region V.

82 xI1

Av=4%* =100.5mm?

Av Vs _100.5x420x 316

s fyxd (8.7/0.75) x 1000

%=ﬁ=158mm

2

82 xI1

Av=4%* =100.5mm?

Av Vs ~100.5x412x316

= =S
s fyxd 10.67 x1000

%=ﬁ=158mm

2

Use @8 with two legs @10 cm

115cm

=123mm
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4.5 Design of Beam :

The Load on this Beam 44 it is From Rib 24

The Reaction of this Rib that the dead load and live load on the Beam

Figure (4-5-1): place of beam 44

lope moment and shear diagram:

software for the following values of the enve

Using "Atir"

1.20/1

5313/30.3
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Figure (4-5-2) : Geometry And Loading of Beam 44.

Moments: spaps 1fo 5

-308.6 -295.3
-245.8 -257.3 -263.7 -256.2 .242.8 -254.4
-207.3 -198.3 -210.2 -215.4
: 02102 , 1. /248 ;
I I 1 I | 1
K X 'zﬁg H /% |
0.79,0.8 .84 .83 .95
19. | 0.7 0.97 0.89 175
74.8 64.5
1101
194.9
238.3
105, 195 | 285 255 | 225 225 | 285 | 285 | 195 105
I T 1 1 1 I 1 I T 1 1
Moment/Shear Envelope (Factored) Units:kN.meter
Shear
-359.1
-323.6 -308.6
-265.8 251.3 2363 -286.8
-193.5
-125.8
-53.5 /4
H t tt Ht it H
63.3
135.6
216.6 210.
4
a3 288.9 2386.6 282.3
325.7 AEaE
Reactions
Factored
[n NN L Jun Ll i)
IT T Tt T T ul
DeadR 64.85 346.71 348.03 386.49 378.23 54,78
LiveR 70.72 24479 264.49 281.04 26317 71.01
Max R 135.57 591.5 612.52 667.53 641.4 125.79
Min R 36.48 413.35 433.56 477.04 445.85 19.53
Service
DeadR  54.04 288.93 290.02 322.08 315.2 45,65
LiveR 44.2 152.99 165.3 175.65 164.48 44.38
Max R 98.24 441,92 455.33 497.73 479.68 90.03
Min R 36.31 330.58 343.48 378.67 357.45 23.62

Figure (4-5-3) : Moment And Shear Envelop of Beam 44.

Support reaction from rib:

= A
DL=29.45.% o5z = 53.3 KN/m

= A
L L—15.98>i<0_52 =30.3 KN/m

Self weight of beam=0.5*0.8*25=10 kN/m
Nominal Total Dead Load = 10 +53.3 =65.3 kN/m

Nominal Total live load = 30.3 kKN/m
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Check single section or Doubly section
— _2
—0.85*fc*b*a*(d Z)Mnmax

bw =80cm, h = 35cm
d =350-40-12.5-8=289.5mm

X=3/7*d =3/7* 289.5=124.1 mm

a=124.1 *0.85=105.4 mm

=0.85* 24 x 0.8  0.1054 * (0.2895 — 0-1054)

*10°=407.3 KN.mMn_,

250
@ = 0.65 * 3

* (0.004 — 0.002) = 0.817

=0.817 *407.3=332.7 KN.m>>Mu,__, =3229 KN.mMn_,,

¢ Singly section

Design of Positive Moment :

Design of Span (1) and span (2)

-257.3
-216.9 -207.5
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bw = 80cm, h = 35cm
d =350-40-12.5-8=289.5mm

=775 KN .mMu
Mu
=——= E =86.1 KN.mMn
() 0.9

min 4( fy)
J24 1.4
As . = ﬁzo)(800)(289.5) > @(800)(289.5)

As_. =T772mm?
Kn = m
b*d?
* 6
kn= —201"10° e vina
800 * 289.5
fy 420

=20.58m

T 0.85* fc  0.85%24

1 2mKn

=_01- 1-

p m( y )

oo 1 0 \/1_2(20.58)(1.28)): 0.00315
20.58 420

Areq=p *b * d = 0.0064* 800 * 289.5 = 729.5 mm?
7295mm?< As . = 772mm’

Use 4 ® 18 >> # of bar = 2 =4
254.34
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e Check for yielding

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

981.36* 420 = 0.85* 24*800*a
a=25.2mm
_ 822 597mm
B, 0.85
. _2895-29.7
207
&, =0.0262 > 0.005

x0.003

d)*Mn:@*As*fy*(d—%)

=80.8 >77.5 singly reinforcement®*Mn =0.9*772*420*(289.5-12.6)

e Check for spacing between the bar

800-2*40-2*8-4*18
3

S=

S=222.67 mm >25mm

Design of span(2) and span (3) :

[ [
N o
. l

203.5

=203.5 KN.mMu

Mu
-__ = @ =226.1 KN.mMn
)] 0.9

As ..

*h

bw)(d > Fﬂ'(bw)(d)
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24 14
As .. =——-=(800)289.5)>——(800)289.5
= 2 CO0N2895)> 1 (00}

the larger is control As ;, = 675.36mm?* < 772mm?

As_ . =T772mm?
Kn = ﬂ
b*d?
* 6
Kn = M = 3.03 Mpa
800*289.5
fy 420

=20.58m

T 0.85* fc  0.85*24

2mKn
fy

1
p=—(- [L- )
m

1 L \/1_ 2(20.58)(3.03)

- ) =0.0078
20.58 420

p

Areq=p*b*d=0.0078 * 800 * 289.5=1817.6 mm?
1817.6mm?®> As . = 772mm’

Use 8 @ 18>> # of bar = % =8
254.34

e Check for yielding

Tension = compression

As*fy=085*f *b*a
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2289.06*420=0.85*24*800*a
a=>58.9mm

2 _ @ =69.3mm

X = =
p. 085
_289.5-69.3

gS
69.3
g, =0.0095 > 0.005

x0.003

®*Mn = O* As* fy *(d —g)

=225>203.5 singly reinforcement ®*Mn = 0.9*2289.06*420* (289.5—29.45)

e Check for spacing between the bar

S = 800-2*40-2*8-9*18
8

S=67.75 mm >25mm

Design of span(3) and span (4) :

N

113.6
=113.6 KN.mMu
Mu 1136

= ——= —— =126.22 KN.mMn
) 0.9

I s 14
A, = 4(fy)(bw)(d)_ Y (ow)d ).
As . = 4(4£2‘:)(800)(289.5)z i‘—z‘:)(soo)(zsg.s)

" )
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............. the larger is control As ;, = 675.36mm?* < 772mm?

As_ . =T772mm?
Kn = ﬂ
b*d?
* 6
Kn = M =1.88 Mpa
800*289.5
fy 420 =20.58m

T 0.85* fc  0.85*24

2mKn
fy

1
p=—(- [L- )
m

p

1 (1- Jl_w ) = 0.0047

2058 420
Areq=p * b * d = 0.0047* 800 * 289.5 =1091 mm?
1091 mm? > As... = 772mm?

1091
254.34

e Check for yielding

Use 5 @ 18>> # of bar =

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

1271.7*420=0.85*24*800*a
a=32.72mm
x=i:@=38.5mm

B, 0.85
_289.5-38.5

38.5
£, =0.0195 > 0.005

x0.003

g
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®*Mn = O* As* fy *(d —g)

=131.3>113.6 singly reinforcement ®*Mn = 0.9*1271.7*420*(289.5—-16.36)

e Check for spacing between the bar

_ 800-2*40-2*8-5*18
4

S

S=1535 mm >25mm

Design of span(4) and span (5) :

LY Z
:'I / P
249.2
=249.2 KN .m Mu
M
= T 2B2 68 KN.mMn
O 0.9
Jf 1.4
As. = bw)d )>=—(bw)d ).
2 )= o)
J24 1.4
As . =——-(800)289.5)> ——(800)289.5
= g (00)205)> L (p00(2s85)
............. the larger is control As ;, = 675.36mm?* < 772mm?
As_. =T772mm?
Kn = Mn
b*d?
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_276.8 *10°

Kn >
800*289.5

=4.13 Mpa

B fy 420
0.85* fc'  0.85*24

=20.58m

2mKn
fy

p=i(1- 1- )
m

, 1 a- \/1_2(20.58)(4.13)

= )=0.011
20.58 420

Areq=p*b*d=0.011* 800 * 289.5 =2570.9 mm?
1091 mm? > As . = 772mm?

Use 11 @ 18>> # of bar = w =11

254.34

o Check for yielding

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

2797.74*420=0.85*24*800*a
a=72mm
x:i:7—2:84.7mm
p, 0.85
. = 289.5-84.7
° 84.7
g, =0.0072 >0.005

x0.003

®*Mn=d* As* fy*(d —g)

=268.08>249.2  singly reinforcement ®@*Mn =0.9*2797.74*420* (289.5—36)
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e Check for spacing between the bar

_ 800-2*40-2*8-11*18
10

S

S=50.6 mm >25mm

Design of span(4) and span (5) :

~_

1 8.2
66.4

=66.4 KN .m Mu

Mu
= = 6(?—: =73.78 KN.m Mn

as.e = )= 4 (ow)d)

min 4( fy) E
_ Joa 1.4
As . = 2420) (800)(289.5)> 4—20(800)(289.5)

............. the larger is control As . = 675.36mm* < 772mm?

As . =T772mm’
Kn = an
b*d
73.78 *10°
Kn= — =11Mpa
800*289.5
fy 420 =20.58m

T 0.85* fc  0.85*24
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2mKn

p= = - 120N,
m

1 \/1_ 2(20.58)(1.1) ) = 0.0027

-~ (1-

P~ 2058 ¢ 420

Areq=p *b* d = 0.0027* 800 * 289.5 =624.08 mm?
624.08MM* < A, =772mm’

Use 4 @ 18>> # of bar = 2772 =4

54.34

e Check for yielding

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

1017.36*420=0.85*24*800*a
a=26.18mm
x:i:@:’go_Smm

B, 085

g, = 28957308 003
30.8

¢, =0.0252 > 0.005
®*Mn = * As* fy *(d —%)

=106.3>66.4  singly reinforcement®*Mn =0.9*1017.36*420*(289.5—-13.09)

e Check for spacing between the bar

_ 800-2*%40-2*8-4*18
3

S

S$=210.67 mm >25mm
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Design of Negative moment :

Design of support (1) :

=257.3
-216.9 ) -207.5

st

AN

~_~08l0s \

=216.9 KN.m Mu

Mu
e @ =241 KN .m Mn
() 0.9

fc' 1.4
o = iy PO )

14 (

As . = (800)(289.5)2—0 800)(289.5)

............. the larger is control As . = 675.36mm* < 772mm?
As . =T772mm’

Mn

Kn =
Y
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216.9 *10°
Kn=s ———

— =3.23 Mpa
800*289.5

B fy 420
0.85* fc'  0.85*24

=20.58m

2mKn
fy

p=i(1- 1- )
m

p

1 a- \/1_ 2(20.58)(3.23) J = 0.00843

2058 420
Areq=p *b*d=0.0027* 800 * 289.5 =1953.4 mm?

1953.4 mm’> As .. =772mm’

1953.4 _ 8
54.34

Use 9 @ 18>> # of bar =

e Check for yielding
Tension = compression

As*fy=085*f *b*a

2289.06*420=0.85*24*800*a
a=>58.9mm
x=i:@:69.3mm

B, 0.85

¢ = 289.5-69.3 «0.003
69.3

¢, =0.00953 > 0.005
®*Mn =d* As* fy*(d —g)

=227.84>216.9 singly reinforcement ®*Mn =0.9*2289.06*420*(289.5— 26.18)
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e Check for spacing between the bar

_ 800-2*40-2*8-9*18
8

S

S=67.75mm >25mm

Design of support (2) :

-268.9
-219.5 (-225.1

1.?

£

=225.1 KN.mMu

Mu
= = 225.1 =250.11 KN.mMn
) 0.9

ns.y =V i) 14 bwd).

min 4( fy) W
J24 1.4
As . = 2420) (800)(289.5)> 4—20(800)(289.5)

............. the larger is control As,; = 675.36mm* < 772mm’

As_. =T772mm?
Kn = Mn
b*d?
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250.11 *10°
Kn= ——-— "~ =373 Mpa
800*289.5

B fy 420
0.85* fc'  0.85*24

=20.58m

2mKn
fy

p=i(1- 1- )
m

, 1 a- \/1_2(20.58)(3.73)

- ) = 0.00988
20.58 420

Areq=p*b*d=0.00988* 800 * 289.5 =2289.99 mm?

2289.99 mm*> As . = 772mm?

Use 10 @ 18>> # of bar = 2289.99 =10

e Check for yielding

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

2543.4*420=0.85*24*800*a
a=65.45mm

g = 28957717 6003
77

¢, =0.00828 > 0.005
®*Mn =d* As* fy*(d —g)

=246.86>225.1  singly reinforcement ®*Mn = 0.9*2543.4*420%*(289.5—-32.725)
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e Check for spacing between the bar

_ 800-2*%40-2*8-10*18
9

S

S=5822mm >25mm

Design of support (3) :

-322.9
-275.9) -268.

=275.9 KN.mMu

Mu
= = 2759 =306.55 KN .m Mn
L)} 0.9

ns.e = 1 o))z 4 (ow)d)

min

4(fy) fy
V24 1.4
As . = 2420) (800)(289.5)> 4—20(800)(289.5)

............. the larger is control As . = 675.36mm* < 772mm?

As . =T772mm’
Mn
Kn= ——
b*d?

306.55 *10°
Kn= ——"— ~—

— =4.57 Mpa
800*289.5
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fy 420

= - = =20.58m
0.85*fc  0.85*24

pzi(l- 1_2mKn
m fy

)

1 L \/1_2(20.58)(4.57)

= ) =0.0124
20.58 420

p

Areq=p*b*d=0.0124* 800 * 289.5 =2893.1 mm?
2893.1 mm’> As . =772mm’

Use 12 @ 18>> # of bar = 2893.1 =12

Then we select (12) bars ®18 A, provided =12*254.34 = 3052.08mm?

e Check for yielding

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

3052.08*420=0.85*24*800*a
a=78.55mm
x:i:@:9z.4mm
B, 0.85
~289.5-78.55

&£
) 78.55
&, =0.00805>0.005

x0.003

®*Mn=d* As* fy *(d —g)

=288.68>275.9  singly reinforcement ®* Mn = 0.9*3052.08*420* (289.5—39.275)

e Check for spacing between the bar

_ 800-2*%40-2*8-12*18
11

S
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S=4436mm >25mm

Design of support (4) :

-309,2
-254.2 (-266.3

/243 |
I/ 0.“ \I

=266.3 KN.mMu

Mu
= = 266.3 =295.89 KN .m Mn
()] 0.9

I vd)s 24 (ow
Asmin = 7, OWNA) = =~ (bwkd)

4(1y)
J24 1.4
ASuy = 2420) (800)(289.5)> 220 " (800)(289.5)

............. the larger is control As . = 675.36mm* < 772mm?

As_ . =T772mm?
Mn
Kn= ——
b*d?
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29589 *10°

Kn >
800*289.5

=4.41 Mpa

B fy 420
0.85* fc'  0.85*24

=20.58m

2mKn
fy

p=i(1- 1- )
m

p

1 a- \/1_ 2(20.58)(4.41) = 00118

2058 420
Areq=p * b * d=0.0119* 800 * 289.5 =2775.85 mm>

2775.85 mm*> As . = 772mm?

Use 11 @ 18>> # of bar = 2775.85 =11

e Check for yielding

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

2797.74*420=0.85*24*800*a
a=72mm
x=i:£=84.7mm

B, 0.85

g, = 28957847 003
84.7

£, =0.00725> 0.005
®*Mn = O* As* fy *(d ‘%)

=268.08>266.3  singly reinforcement ®*Mn = 0.9*2797.74*420*(289.5—36)
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e Check for spacing between the bar

_ 800-2*40-2*8-11*18
10

S

S=50.6mm >25mm

Design of shear

Limitation for region IV

Vu=357 KN
d= 350-40-8-12.5=289.5mm

1. Regionl:
1.1dVe >Vu

[

Vc= ——bw*d
6

V24

Ve= e *800 *289.5%10° =189.1 KN

® V¢ =0.75*189.1 =141.8KN
1.1® Ve=1.1*0.75 * 189.1 = 156 KN
1.1®d Ve < Vu
155.98<357KN
Not control
2. Regionll:

%@Vc <Vu £ dVc
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70.9KN<357KN>141.8KN

Not control

3. Regionlll :
dVe <Vu < dVe + DVs,;,

@ Ve=141.8KN

DdVs

min

ngbde
3

Vs, =0.75 (% )x800x 289.5*10 = 57.9KN

DVs i, Z%X\/f_(l'xbde

DVs,, = 0.75x% « 724 %800 289.5*10" = 70.9 KN

DVC +DVs,, =141.8+70.9=212.7KN

WU =357KN> ®dVe +dVs . =212.7 KN
Not control

4. RegionV:
dNVC+Vs . ) <Vu < D(Ve+DVs))

_1,

Vs’ 24*800%289.5*10° =378.2KN

Vs = V—U—Vc = 3£—189.1: 286.9KN
0.75

¢

(141.8+77.2)KN <357KN < (141.8+378.2)KN

219KN < 357KN <520KN

control
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Use 2 leg ¢8

* 2
Av= 2 ”48 = 100.5 mm?

Av Vs

s fy*d

100.5%420%289.5

Zg6orior . LAdmm > % = 144.7mm ,, S=12cm

Sreg=

Use 4 leg p8@12cm

4.6 Design of Column (C106):

3 /\ »
SN of,\ ' o ,(<

Fig.(4-6-1) :Place Of Column (C106) within the Ground floor.

Load Calculation for Column

C106 60cm* 60 cm 24Mpa 420Mpa




e Load Calculation:

Pu =4822.67 KN
Usep = pg = 2%

Pu =0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}

4822.67*10° = 0.65*0.8*[0.85* 24 * (Ag — 0.02Ag) + 0.02 Ag * 420
Ag =326654.176mm’

Ag =600*a

326654.176/600 = a

a=>544.42mm

Use 600 x 600mm with Ag = 360000mm?

4822.67 0.02 360000 mm? 544.42 326654.176 mm*

e Selecting longitudinal bars:
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Pu =0.65*0.8*{0.85* fc'(Ag — Ast) + Ast( fy)}
4822.67 *10° = 0.65*0.8*[0.85*24* (360000 — Ast) + Ast *420]
Ast = 4830.74mm?

Take 22® 18 As,provided = 5595 mm®> As,req = 4830.74 mm’

Ast
A - Ag =Lg":’=o,0155
360000
() Ast, required 29
0.65 4830.74 mm? 0.0155

e Design of Ties:
- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 * ds =48 * 10 = 480mm
2.16 * db =16 * 18 = 288 mm - control

3. the least dimension of the column = 600 mm

Use ties 10 @ 200mm

ds(mm) db(mm) S(mm)

®10 18 200

e Check for code requirements:
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_600-40*2-10*2-8*18

1. Clear Spacing Z =50.9mm >
40mm>1.5db=1.5*18 =27 mm - OK
2.0.01< pg =0.0155<0.08 - OK
3. Number of bars 22>4 for rectangular section — OK
4. Minimum tie diameter ds =®10 for db = ®18 bars — OK
5. Arrangement of ties 50.9 mm<150mm — OK
Clear Spacing | No. of bars A9 ds (mm) db (mm)
50.9 mm 22 0.0155 ®10 ®18

Check Slenderness Effect:

KU g4 oML ACI —(10.12.2)
M2

r

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

|
R: radius of gyration =0.3 h = \/;
Lu=3.35m
M1/M2 =1 (Braced frame with M,min)
K=1 , According to ACI 318-02 The effective length factor, k, shall be
permitted to be taken as 1.0.

K 34 1oML oo a0 ACI —(10.12.2)
r M2
*
Klu _ 1%3.35 1941 -22<40....
r 0.3*0.600
.....Short
column.

Short column in both direction
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3.35 1.0 1.0 18.61

[OFELI

@el0 L=228 @o10 L=172
%) )\O 009 5 lw @e10,L=178
oo T2
" o
52
| 3el0 1
0
g | p L4
//@MO 27
2 . 52 se
52 52
QoOboodoo sp
fe se 24

Fig. (4-6-2):Section of Column (C106)

4.7 Design of isolated footing (F 9):

e Design of Isolated footing (Under ColumnC106):

24 Mpa 420Mpa

e Load Calculation:-

- From column (C202): (DL &LL)
* Service dead load ( DL) = 2547.91 KN
* Service live load (LL) = 1062 KN
* Service Surcharge = 5 KN/m?
* Column dimensions =60 cm™*60 cm

* Allowable soil pressure = 480 KN/ m?
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* Soil density = 18 KN/m3

* Soil weight =0.1*¥18= 1.8 KN/ m?

DL(KN)

LL(KN)

Service

Surcharge

Column
dimensions

all. soil

pressure

Soil density

Soil weight

2547.91

1062

5 KN/m?

(60*60) cm

480 KN/ m?

1.8 KN/m3

10.8 KN/ m

e Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume

Wiooing = 0.25%90 = 22.5 KN/m?

- Total Surcharge load foundation:

WT = Soil weight +w;,,,+Surcharge load =1.8+22.5 + 5 = 29.3 KN/m?

- Net soil pressure Gner ;

O = 480 —29.3 = 450.7 KN/m?

- Required sizes of footing:

A,required =

qnet

450.7

P, _ 25479141062 _ g

Try 2.85 *2.85 Area=8.122 m2

hfooting = 90 Cm)

h

footing

Wfooting

soil

WT

qnet

A,required
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90cm

22.5 KN/m? 1.8 KN/m? | 29.3 KN/m{ 450.7KN/m?

8.122m?

Depth of footing and shear design:

Pu =1.2DL+ 1.6LL=1.2*%2547.91+ 1.6*1062 = 4756.692 KN

= 4756692 _ oo5 655 KN/m?
8.122
Try area Pu qu
2.85%2.85 m 4756.692 KN 585.655 KN/m?

Determine the Depth of Footing Based on Shear Strength:-

Check for One Way Shear Strength

Fig. (4-7-2) : One way shear strength

Vu =(l—g—dj*qu*b =(&—%—dj*585.655*2.85
2 2 2 2
AVC = %\/ﬂ*zss*d *10°
Let,gVc =Vu
d =0.55m
h =550+ 75+ 20 = 645mm
Try h=750 mm......
d =750 - 75 — 20= 655 mm
(0] d (mm) h (mm) Try h(mm) Try d (mm)
0.75 655 645 750 655

Check for Two Way shear Action (Punching).
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- The punching shear strength is the smallest value of the

following equations:

1(, 2\[.7
oV, = ¢.E(1+ ;J\/T b,d

1 a '
V. =g | % 12|t b,d
¢ Cc ¢12[b0/d+ j [+ o]
v =¢.%,/fc'bod

Where:

_ Column Length (a) 600

. = _ = 1.00
Column Width (b) 600

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(0.6+0.655)+2(0.6+0.655)=5.02 m.
a. =40....... for interior column

A =¢%[1+ ﬂij\/ fcrbod =0'—675*(1+%j* 24*5,02*0.655*10° = 6040.6kN

12\ b 12 5.02

0

r *
PN = ¢_1(an + ZJ\/1T b,d = 0.75 *(40 0.655 + 2)* 24 *5,02*0.655*10° = 5254.46kN

oV = ¢%\/T b,d = O'—f* 24%5.02*0.655*10° = 4027.08kN

Be b, (M) & ¢V. (KN)

1.00 5.02 40 4027.08

VU = ((2.85*2.85) — ((0.6+0.655) * (0.6 + 0.655)) *585.655 = 3834.56kN
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Vu=3834.56KN < ®Vc =4027.08...... OK

h (mm) d (mm) b, (m) Vu (KN) oV (KN)

750 655 5.02 3834.56 4027.08

Design for Bending Moment of long & short directions.

h (mm) d (mm) b(m)

750 655 2.85

d = 750-75-20/2 = 665 mm
Mu =585.655%2.85%0.6*%0.6/2 = 146.54 KN.m

_ fy 420

m = - = =20.58
0.85*fc  0.85*24

_ Mu/g _ 146.54*10°/0.9

Rn = = =0.133 Mpa
h*d?2 2850* (655)° P
_ i (1 . 2mRn )
m fy
o= L (1- \/1— 2(2058)(0133) ) _ 5 0003177
20.58 420

As,eq= 0.0003177 (2850) (655) = 593.76 mm’

Asin =0.0018*b*h == 0.0018 (2850) (750) = 3847.5mm’

Asieq= 593.76 mm’ < Ay = 3847.5mm’..... NOT OK

As= Asin, = 3847.5mm’

Take 28 ® 14 , As,provided = 43.08 cm? > As,required = 38.475cm?
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_2850—75*2-28*14
27

S = 85.5 mm< Smax=450mm

- Step(S) is smallest of:

1.3h =3*750=2250 mm
2. 450 mm - control

Take 28 ® 14 , As,provided = 43.08 cm? > As,required = 59.94cm?

_2850-75*2-28*14
27

S = 85.5 mm< Smax=450mm — OK

146.54 20.58| 0.133Mpa | 0.0003177 | 593.76 3847.5 4308 |85.5

- Check strain
Tension = Compression
A, x fy=0.85x f 'xbxa

4308x 420 =0.85x24x2850x a
a=31.12mm

c= M =36.61mm

0.85

. 655 —36.61
) 36.61
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4308 31.12 36.61 0.05067

e Development length of flexural reinforcement:

Ld for ® 18:
L9, v wryerys _ 9 420 1*1*1 18 = 555.54mm
710" e (k+c)x 10 Y22~ 25 °

db

Available length = ((2850-600)\2)-75=1050mm

1050mm> 555.54 mm ............... ok
Load transfer at the column-foundation interface (Dowels
design ):

- In footing :

®Pnb = ®(0.85fc'A, x \/%)

A, =0.6 ¥*0.6= 0.36 m?

A, =2.85%2.85 =8.1225 m?

A _ 8IS oo o Ay
A 0.36 A

®Pn.b =0.65x(0.85x%24x0.36x 2) x1000 = 9547.2KN
®Pn =9547.2 > Pu = 4822.67 KN........... ok

The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 600 * 600 = 1800 mm?2

Use 8® 18, As,provided = 2034.72mm? > As, required = 1800 mm?
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- In column:

®dPn,b = ®(0.85 fc'Al)

®Pn,b =0.65(0.85x 24 x0.6x0.6x1000) = 4773.6 KN

®Pn.b=4773.6KN < P, =4822.67KN

The Dowels are needed for column

- Development of dowels in footing:

_ 025y, , _025*420

SN TN 7

Ld(l) *18=378 mm

Ld(2)req = 0.043 xfy xdb = 0.043 x420%18 = 325.08 mm

Ld(2)reqg =200 mm

=>Ld(1)reg=378 mm ............. Control
Available Ld =750-75-2*14= 647 mm .
AvailableLd =647 mm > Ld required= 378 mm

- Lap splice of dowels in column :

Ls =0.071fy.db

=0.071 * 420 * 18 = 536.76 mm.

Use 1000 mm
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@28r14.L=3.23
B

a2s

{28e14,L=3.25

22918
T o\\ 153

| @

0o

2,85
_’;;,.

=)
A7
r \%% 1
H
)5

275

025 0.2s

275

0,25

0,25

B¢

Fig. (4-7-1) : Detail of Isolated Footing (F9)

@ 22 @18.L=190

ﬂ_ﬂ,___d-«@eerma

WABAS VAR | AR VASDSAS

~33 -

165

0,75

| o2s.
=

F 7 )|

- I 23014

0.1

3
<

L—@13210
Sectlon A-A

Fig. (4-7-2): Section in footing (F9)
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4.8 Design of Stair:

EBE AM
SHEAR WaLL
2
+ =
S i 0
e =) o
0 =
Lamnding -
. Laondling .
A FAN

Fig. (4-8-1): Direction of Loading of stair
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ACm Tile

2Cm Morter

0,23
£
I x”( Ay
~ S S S
. o - R
/ .
[ 1
— s
- {__-'
L i
S
=L, &
3Cm Marter
2Cm Tile
= tan~t (1) = 205
=tan " (—) = 29.
30
4.5
Rnin = 20 = 22.5cm ....select h = 25cm

Load

Dead load for 1 Meter Strip.

Table(4-8-1): Dead load of stair

KN/m
Slab 0.25*25* 1 7.18
c0s 29.5
Horizontal mortar 0.03*22*1 0.66
Horizontal tile 0.04*23*33 1.012
30
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Vertical mortar 0.03*0. 17*22*?13 0.374
Vertical tile 0.03*0. 17*23*?13 0.391
Plaster 0.03*22*C05129.5 0.75

Three Tringles 0.217 £ 25 %1 2.125

Z =121

Live load =5 KN/m

qu=1.2*DL+1.6*LL

qu=1.2*12.1+1.6*5=22.52 KN/m

Design of flight

# Ol5f

22.92KN/ M

WILI L))

3./

'OI4'
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1-Design of shear

qu=22.52 KN/m

MRA=0 (’+

3.6
22.52 % 3.6 * (7 + 0.4) =By*4.5 ....By=37.16 KN

Ay=37.16 KN
Vu = 37.16 * cos 29.5 = 32.34 KN

A B

V\. —-37.16 KN
?/’Tbb‘ ks
£

-

b
3716 KN AR

A
0.5 3.7 0.4

s
7

dOVc=P-> fc xbxd
6 d=250-20-16/2 = 222 mm

®Vc=0.75x x1000x222=135.9 > Vu =32.34KN h =25cm ok

J24
6

No shear reinforcement is required

2-Design of dending moment

M1=37.17*0.4=14.86 KN.m

M2 = Mityq, = 37.16  2.05 — 22.52 * 1.65 + = = 41.43 KN.m
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M1=14.86 Kh.m

M1=14.86 KM.m

A
0.2 =/ 0.4
41.43x10°
Kn= M o 09 0934 mpa
bd? 1000 222
m = fy - = 420 =20.58
0.85* fc  0.85*24
o= L. p_2mKn, b=t (- \/1— 2(20.58)(0.934) y _ ; 500075
m fy 20.2 420

Asreq=p *b *d=0.002275 *100* 22.2 = 5.05cm?/m
As min=0.0018* b * h=0.0018 *100* 25 = 4.5 cm?/m - control
Use @ 12/20cm As=5.65 cm2/m > Asreq

Check for strain

Tension = compression

As*fy=085*f *b*a
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565*420 =0.85*24*1000* a

a=11.63mm
X = % =13.68
0.85
¢ = 222 % 0.003 _0.003
13.68
&, =0.036 > 0.005
¢ =0.90k

Secondary reinforcement
As min=0.0018* b * h=0.0018 *100* 25= 4.5 cm?/m

Select @ 12/20cm

Design of Landing

1-Design of shear
DL=0.03*23+0.02*22+0.07*16+0.02*22+0.25*25=8.94 KN/m
LL=5 KN/m

qu,=1.2*8.94+1.6*5+(Ay=37.16)

gu,= 55.88 KN/m

qu2=55.88KN /m
PP A A A A A A R A

Landing

4.6

MRA=0 C T+

55.88 % 4.6+ =- — 4.6 * By = 0 ... By=128 KN

Ay=128KN

102



N V24
6

C bxd.n ®Vc=0.75x x1000x 222 =135.9 > Vu =128KN

dVe=>

h=25 cm ok

No shear reinforcement is required

2-Design of dending moment
55.88+%4.62
mu max = — s - 147 KN/m

quZ=55.88KN /m
VELLL L PP

Landing

MuMax=14/7 KN.m

4.6
147 x10°

Mn 0.9
Kn= -~ = > =3.048 mpa

bd? 1000x 222
m = fy = 420 =20.58

0.85*fc 0.85*24
=L p-20y L p= Tl \/1— AZ09E099) ) = 00079

m fy 20.2 420

Asreq=p *b*d=0.0079 *100* 22.2 = 18.54 cm?m
As min=0.0018* b * h= 0.0018 *100* 25 = 4.5 cm?/m
Use @ 16/10cm As=20.1 cm?/m> Asreq

Check for strain

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

2010*420 = 0.85*24*1000* a

a=41.38mm
0.85
¢ = 222 % 0.003 ~0.003
48.88
&, =0.0106 > 0.005
¢ =0.90k

Secondary reinforcement
As min=0.0018* b * h=0.0018 *100* 25 =4.5 cm#m

Select @ 12/20cm

O 20cn L=025 é

B Eeticn

éBIEEEDm 5:2

Ee16810cm, L=525

@wleeeicm =270

Ddizecicm L=E70

20 (PplreE0cm,L=280

Fig. (4-8-2): Details of Stair
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4.9 Design of a shear wall (W1):

To design shear walls we use ( CSI ETABS) Software , and this

Is @ manual example of shear wall design :

@

5

Fig. (4-9-1) Location of the Shear wall

2134.65 kN.m

43.8 kN

212.4kN

Fig. (4-9-2) Shear and Moment Diagrams of Shear wall
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Fc = 24MPa

Fy = 420 MPa

t= 30 cm .shear wall thickness
Lw = 6.28 m .shear wall width

Hw for one wall = 4.0 m story height

4 .15.1: Design of shear

D Fx=Vu =412.4+143.8 =556.2KN

Design of the Horizontal reinforcement:

The critical Section is the smaller of:

M = % = 3.14m....contorl
2 2
hw 8.0 _ 4.0m

2 2

storyheight = 4.0m
d =0.8xIw =0.8x6280 = 5024mm

5 !
DVmax = Q)g fe'hd

= 0.75% 0.83 * V24 x 300 x 5024 = 4596.3 KN >V,

1 1
Ve = Z/f'hd = g‘/24 «300 * 5024 + 1073 = 1230.6 KN
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N,d
V. =0.27y/f. hd + ﬁ = 0.27V24 * 300 * 5024 4+ 0 = 1993.6 KN

w

2134.65 — 484.4
= + 2134.65 = 2547.2 KN.m

Mu

4.0
M, I, 25472 628 L4450 (s ,
7 T2 ssez =1L (+ve value)
Ly (01y/F +0.2 l’vvv—l;l)
V. =[0.05/f. + TR hd
Ve 2
6.28(0.1v/24 + 0
= (0.05v24 + ( ) 300 * 5024
1.44
= 435.3 Control
Vs =Vn —Vc
= (412.4/0.75) — 435.3=114.564KN
As Vi 114564 «10° _ 0.0542mm?
S " fd a20-5024  O>ammt/mm
_ A 0054z 0.00018 < 0.0025
P=svn ™ "300 '
Use $12 As=113.1 mm?
p =221 = 00025 = S = 301.6mm take it 250 mm

5%300

Max. Spacing

Ly 6280
5 = 5 = mm
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3h =3 %300 =900mm

Use $¢10@200mm in tow layer

Design of bending moment :

6280 ,
A = ( 500 ) x2x113.1 = 7102.68mm

A\ £, 7102.68 \ 420
wo (Ar) o (L0268 9420 o
L,h) .~ \6280 %300/ 24
P,
a=——=0
lwhfc
C w+a 0.066 +0
l, 2w+0.858, 2x0.066+ 0.85 % 0.85
P, c
OM,, = 0 |0.545:f, L, (1 + —=)(1 ——
Astfy lw

= 0.9[0.5 * 7102.68 * 420 * 6280(1 + 0)(1 — 0.077)]
= 1296.86 KN.m > Mu

— use $12@200 mm for vertical reinforcement
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4.10 Design of Mat foundation (Mat2):

e Design of Mat footing (Under shear wall ):

2 3
¥ % Rt 7
5 P 2
=] \) ¥i)
8 g 8
® e b
: (=3
i R @
=i 1§ %
5
"
—_— o Ringg
= i 1
A 1
. y i
A 2 y A
0 - o
=3 . ¥
S g ®
§ £ S 3
¥ M &
B o °
e = ’é‘
b3 g
& [ ]
4
2 £
[t oo B O . | 155035 oo B T

Fig. (4-10-1) place of mat footing in ground fllor

e Location of Mat footing in basement floor (Under shear wall):

!

f

c

fy

24 Mpa

420Mpa

e Load is subjected from shear wall came from Etabs 2015

Analysis :-
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FIG(4-10-30) Life load from shear wall to mat footing :
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After anlysis by safe program we check for :

1-one way shear :

Fig. (4-10-4) maximum shear value
h =700mm

d =700-75-10-20\2 =605mm

V, =38.807kn

N, = 0.75x%,/ fc' b,.d = 0.75x%ﬂ x1000x 0.605x10°

=370.5kn
N, >>V,

So No Shear Reinforcement

2-one way shear (punching shear):

(=)

Fig. (4-10-5) punching shear value
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punching shear value < 1.00 ....... safe against punching

3-desgin of bending moment :

Fig. (4-10-6) maximum moment value

M, max = 98.844knm

M = M, _98.844
09 09
Mn  109.82x10°

“b*d? 1000 x 6052

=109.82kn.m

Kn

= 0.3Mpa

f
me_—y 40 5458
0.85f,  0.85(24)

1 / 2mKn
P=E(1— 1- fy )

e L(l—\/l— 2x 20.58><O.3) _ 0.0000719
20.58 420
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A S req) = 0.0000719 (1000) (605) = 435.36 mm "’

As min for shrinkage and temperature:
A's min =0.0018*b*h
=0.0018*1000*605=1089 mm

As,, =1089mm?

Select 12 @ 10 cm c/c with As proy. 1130.4 mm?/m. top and bottom

both direction .

in

—(Dol2e10 ,L=3.45

Tand B
: £
: o P3|
WV R g
NN Ve s T
: @E: /X\ ] >r——@) ¢12e10 ,L=4.65
[ - Tand B
<M = (3 ©12@10 U HooK
1| K =T R
7 - V

Fig. (4-10-1) ditael of mat foot
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4.11 Design of Strip footing.

Fig. (4-11-1) location of Strip footing .

Load Calculation :

H (slab) = 0.35m
H (3x) =0.1m
Weight of wall (D.L.) = height* Thickness * 1m wide * vy,

From plaster D.L =0.3*25* 23 =5.52 KN/m2

D.L =25.13+5.52=30.65kn/m

Total W=30.65 =30.65 KN/m

Allowable soil pressure = 480 KN/m?

Assume footing thickness is 0.25 m.

114
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A= 50 5 10am2
gall 480

= B =1.3m

Take B=130cm .

Pu=1.4*30.65=42.91 KN/m

qu = Pu_4291_ 33.00Km2
A 1x1.3

Assume h=35cm

h =350mm
d =350-75-10 = 265mm

V, =1x(0.65-0.15—0.265)x 42.91=10.08kn

N, = 0.75x%1/ fc' b,.d = 0.75x%@ x1300% 0.265x10°
=211kn
N, >>V,

So No Shear Reinforcement

O'SSJ =2.02kn/m

M, =33.00><0.35><1><(

M, = M, :&:2.24kn/m
09 09

6
_ Mn _ 202x10° o e
b*d? 1300 x 265

Kn

f
__h 420 55
0.85f,  0.85(24)

1 2mKn
pza(l—wfl— )

1 2x20.58x0.0246
p=— (- [1-
20.58 420

) =0.0000586
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A S req) = 0.0000586 (1300) (265) = 20.19 mm"

As min for shrinkage and temperature:
A's min =0.0018*b*h

=0.0018*1300*350=819 mm"
AS,, =819mm’

819
00.96

=4.075

#of bar =
2

Select 16 @ 20 cm c/c with As poy. 1004.8 mm?/m.

4.12 Design of combined footing (combo 4 ):

e Design of combined footing (Under Colums c12,c13 ):

e Fig. (4-12-1) Location of combined footing in basement floor

(Under Columns c12,c13 ):
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24 Mpa 420Mpa

Load Calculation:-

- From column (C12,13): (DL &LL)

* Service dead load ( DLC12) 362 KN

* Service live load (LL C12) = 142 KN
* Column dimensions =40 cmm*40 cm
* Service dead load ( DL C13) =294.3 KN

* Service live load (LL C13) = 165.5 KN

* Column dimensions =50 cm*60 cm

* Allowable soil pressure =480 KN/ m?
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P,, =362 KN P,p =294.3KN
P,, =142 KN P, =165.5KN

|

! !
N : o 40 x40 cm . : +50 x 60cm
| i
co!l13 co}l12
i i
L 1.14m o
NN/ / N NANNANN A N N N NN\ A N NN AN
oy
P = 938 KN
P=362+142+294.3+165.5=963.8 KN
> moment abut ¢13 = 0.00
(294.3+4165.5)*1.14 -963.8*X=0.0 .... X=0.54 m
! ! !
! ! !
e { o 40 X 49 CM : . : o] 50 X 60 cm
04 m | i I 0.3m
| | [
coil12 i co:{13
! | !
| m I I
< 0.54 . |
0871 114m | Lig 08m |
| | |
P 274 m 5

- Required sizes of footing:

A,required = Po _ 9638 2.002m?

et 480
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Try 2.74*1.3 Area =3.562>2.002 ... m2... ok

e Depth of footing and shear design:
Pul =1.2DL1+ 1.6LL 1=1.2*362 + 1.6*142 = 661.6 KN

Pu2 =1.2DL2+1.6LL2=1.2*294.3 + 1.6*165.5=617.96 KN

-~

y = 661.6+617.96 = 359.25 KN/m?
3.562
P,, = 6616 KN P,, = 617.96 KN
I
4 @ '
: 04X 04cm : : 05X0.6 cM
04m| | i i 0.3Mm
| | |
cof i co{ 2
| ! |
L. 054 M R !
< > I
< 0.8 ‘m:i: 114 M : >l 0.8 M >
I i i
= 274 M =
TTTTTTTITIrrIrreInTerIreesne ey’

27435925 = 984.345 KN /m

Fig. (4-12-2) : combined Footing
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787.5
125.4

shear
5
787
M max=345.1
/J’\
315
i5

fig (4-12-3) shear and moment diagram for combined foot :

1.14+125.4
X = —=048m
125.4+169.5

e Check for one Way shear Action (Punching).
Assume h =70 cm and steel bar & 20:
davg= 700-75-20=605 mm

PNC = ¢%\/ fc'*bw*d =¢gVc = 0.75%\@*2740*605 =1015.12KN

At Colum 1 p1u=661.6KN :
Vu=661.6-359.25*1.3*%(0.4+0.4+0.605)=5.4 KN
At Colum 2 p1lu=617.97 KN :

Vu=617.97 -359.25*1.3*(0.3+0.5+0.605)=38.2 KN
#VC =1015.12 KN > Vu Max= 38.2 KN

The thickness h= 70 cm is a adequate enough.

e Check for Two Way shear Action (Punching).
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- The punching shear strength is the smallest value of the

following equations:

1 2 '
¢'\/c = ¢E{1+ EJ\/?bod

v :¢.$( s +2j1/ f'b,d

b, /d
SV, = ¢.%,/ f.'b.d
Where:

At Colum 1: plu =661.6 KN

d 0.605

—= — = 0.3025m > 0.3m
2 2

Vu = 661.6 - 359.25 (o.4+o.4+$)* (0.4+0.605) = 263.55 KN

Column Length (a) 400

. = _ = =1.00
Column Width (b) 400

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(0.4+0.605)+2(0.4+0.605)= 4.02 m.

a. = 30

s = Ve

for edge column

A =¢%(1+ ﬁij\/ . b,d =%*(1+ ﬁ)* 24*4.02*0.605*10° = 4468.05kN

b 12 4.02

0

d , . *0,
AV, =¢.112(a5 +2}/ f b,d =075*(30 0605+2j* 24%4.02*0.605*10° = 3362.15kN

oV, :¢,%\/f7 b,d :%* 24*4.02%0.605*10° = 2978.7kN
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¢V, =2978.7 >Vu=263.55 KN

The thickness h=70 cm is a adequate enough.

At Colum 2 : p2u =617.96 KN

d 0.605

> = 0.3025m > 0.3 m

Vu = 617.96 - 359.25 (o.5+o.3+°'62ﬁ)* (0.6+0.605) = 140.7 KN

Column Length (a) 600

_ - 1.2
Pe Column Width (b) 500

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(0.5+0.605)+2(0.6+0.605)= 4.62 m.

a, = 30.......for edge column

S

AVA =¢%[1+ ﬁi]\/ f. b,d =O'—675*(1+ %)* 24*4.62*0.605*10° = 5134.9kN

d , | *0,
Ve =¢.112(0;5 +2}/ f. b,d =°1;5*(304%§05+2j* 24*4,62*0.605*10° = 5669.35kN

oV, = ¢%JT b,d = %* 24*4,62*0.605*10° = 3423.3kN

@V =3423.3>Vu=140.7 KN

The thickness h=70 cm is a adequate enough.
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Design the flexural reinforcement in the longitudinal direction :

Design of negative moment :

Mu =-345.1 KN.m

Take steel bar ® 20 :
_ 20 _
d=700-75-20- > 595 mm

y - 40 _5ps8

0.85* fc  0.85*24

* 6
RA = Mu/? _ 345.1*10 /0é9 - 0.39 Mpa
b*d?  2740*(595)

2mRn

Y )

:1(1- 1-—
m

o= 1 1- \/1— 2(20'58)(0'39))=0.00095
20.58 420

As,eq= 0.00095 (2740) (595) = 1549.5 mm’

Asmin =0.0018*b*h == 0.0018 (2740) (700) = 3452.4mm?

Aseq= 1549.5mm’ < Asyin = 3452.4mm?..... NOT OK

As= Asin = 3452.4mm?

Take 18 16 , As,provided 36.1728 cm? > As,required 34.524cm?

_2740-75%2-18*16
17

S =135.4 mm < Smax=450mm... ok

- Step(S) is smallest of:

1.3h =3*700=2100 mm
2. 450 mm — control

Design of positive moment :
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As min will control the design so :
As= Aspmin = 3452.4mm’
Take 18® 16 , As,provided 36.1728 cm? > As,required 34.524cm?

e Design the flexural reinforcement in the transvers direction:

e The factored load from Colum 1is: 661.6 KN

From C1 = @ =2415KN \'m
2.74

Mmax= # *(2'—274 — 0?4)2=165.3 KN.m

d=700-75-20= 615 mm

_ fy 420

m = - = =20.58
0.85*fc  0.85*24

_ Mu/¢ _ 165.3*10°/0.9

Rn = = —=0.48Mpa
b*d 1000 * (615)
1 2mRn
= — 1 - 1_
p= ( Y )
p= —1 (1- \/1——2(20'58)(0'48) ) =0.000117
20.58 420

As,eq= 0.000117(1000) (615) = 719.72 mm?

Asin =0.0018*b*h == 0.0018 (1000) (700) = 1260 mm’
ASieq= 719.72mm* < ASpyin = 1260mm?..... NOT OK
As= Aspi, = 1260 mm?
Take 17® 10 , As,provided 13.34cm? > As,required 12.6cm?

_1000-75-17*10
16

S =47.2 mm < Smax=450mm... ok
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e The factored load from Colum 1is: 617.97 KN

617.97

From C1 = 2 =2255KN \m

225.5 4, 274

Mmax= === * (=2 %)2=120.7 KN.m
2 2 2

d=700-75-20= 615 mm

fy 420

- = =20.58
0.85*fc  0.85*24

* 6
Rn = l\/lu/?= 120.7*10 /02'9=0.35Mpa
b*d?  1000*(615)

2mRn

5 )

p:i(l_ 1-—
m

1 . :
p= ——(1- Jl_w ) = 0.0000855
20.58 420

As,eq= 0.08551000) (615) 523.5 mm?

Asmin =0.0018*b*h == 0.0018 (1000) (700) = 1260 mm?
Asieq= 523.5mm*< As i, = 1260mm?...... NOT OK
As= As.,, = 1260 mm?
Take 17® 10 , As,provided 13.34cm? > As,required 12.6cm?

_1000-75-17*10
16

S =47.2 mm < Smax=450mm... ok
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_//_ rﬁmms Jlﬁ

2 Enests
-
N T ¥
g M \ \é?mm@f \/x \&/
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; ] >S@eice 15 cn
N T e
S N/ F Jl
2,74
: AI "D pl0e 20 cn
Tond B
Section A-A

Fig. (4-12-4) detil of combined footing

4-13 Design of water tank:

fc =24 MPa, fy=420Mpa, qall=480KN/m”

By using stad pro software to design :

MY focal)
bn/in

B

TR T
§ivzgdey;

5674

76

EEEOODEDOENENEEE

]

Fig (4-13-1):water tank
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e Tank wall:

'%L

§E28 57

A8 =

EEE I T LT E R
-.:135.'):‘3‘.; SR

EEDDOooDooDoNEEEEEN TS
HEEEEL Y '4%\:-‘. 4 2~

Fig (4-13-2): water tank wall moment value

Mu =16.8 KN.m

Take steel bar @ 20 :
_ 20 _
d=300-40-20- 5 - 230 mm

_ fy 420

m = .= =20.58
0.85* fc  0.85*24

_ Mu/¢ _ 16.8*10°/0.9

Rn = = =0.35 Mpa
b*d?  1000*(230)° P
1 2mRn
= 1 - 1_
p= ( Y )

p= 1 (1- Jl_w ) = 0.000084
20.58 420

As,.q= 0.000084(1000) (230) = 195 mm?

e For vertical reinforcement :
As i, =0.00125*b*h = 0.0018 (1000) (300) = 375 mm?
ASreq= 195 mm? < Asin = 375mm?..... NOT OK

As= Aspin = 375 mm’
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Take ®14@20 cm , As,provided 769.3 mm ° > As,required 375 mm °

e For Horizontal reinforcement :
Asnin =0.0012*b*h = 0.0012 (1000) (300) = 360 mm?
Asieq= 156.3mm*< As o = 360mm* ... NOT OK

As= As,, = 360mm’

Take ®14@20 cm , As,provided 769.3 mm 2 > As,required 360 mm 2

e Tank foundation "mat":

0

L EEEE
:'&.:5‘3‘

Max mu=65.73 KN.m

Fig (4-13-3):water tank footing moment value

Mu =65.73 KN.m
Take steel bar ® 20 :

d=700-75-20- 2_20 =595 mm
- fy 420

= - = =20.58
0.85*fc  0.85*24
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Rn = Mu/¢ _ 65.73*10°/0.9

- 0.206 Mpa
b*d?  1000* (595)° P

2mRn)
fy

p:i(l- 1-—
m

1
o= (1- \/1_ 2(20.58)(0.206) ) = 0.000049
20.58 420

As,c= 0.000049(1000) (595) = 293.74 mm®

e For foundations :

As.in =0.0018*b*h = 0.0018 (1000) (700) = 1260 mm’

ASreq= 293.74mm*< Aspin = 1260mm*..... NOT OK
As=As.i, = 1260 mm’

Take ®14@10 cm , As,provided 1538.6 mm ? > As,required

1260 mm ’for top and bottom reinforcement
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4-14 two way ribbed slab :

Fig. (4-14-1): Two waye rib slab in ground floor.

Determination of Thickness for Two Way Rib Slab
(TW3):
- DAY
Ty

40*8*4+35*12*17.5 \— Q

Y = 10%8 < 3541 =11.66cm
: I

| _52x(11.66)° (40)x3.66° +12><(23.34)3
w12 12 12

Fig (4-14-2) Two-way rib section
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l,,, =19420.55cm*
1 1
Iy = Ebh3 = 5*80*(52)3 =937386.6cm* =1,,,

1

-, "80*(52)° =937386.60m" = 1,

1
I, =—bh®=
b3~ 15

short direction 8.6 m =860 cm

The exterior beam :(beam 1)

Long direction 8.7 m =870 cm

|, = (19420.55x (22 4 50)) /52 = 202982.09cm" = 1,
2

I = (19420.55x (22 4 80)) /52 = 204476cm* = I, o, = 1> — L180498 _ g8
2 |, 202982.09
_ 1, _ 28583333 0,

oy =—
I 204476

AL 0.88+0.88+1.307 +01.397 _ .,

" 4 4
a<2——————— 1.134<2

According to ACl-code:

n _ In(0.8+ fy/1400)
" 36+58(ay, —0.2)

h,, = 265.2mm > 125mm

First trial thickness h=320mm>265.2mm -ok

Take slab thickness h=320, 80mm — topping , 240mm concrete block.
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Load Calculation:-

Determination of Dead load:-

No. Parts of Calculation
slab
1 Tiles 23*0.03*0.52*0.52 =0.187KN/Rib.
2 Mortar 22*0.03*0.52*0.52 = 0.178 KN/Rib.
3 Plaster 22*0.02*0.52*0.52= 0.119 KN/Rib.
4 Sand 17*.07*0.52*.52= 0.322KN/Rib.
5 Topping 25%.08*%0.52*0.52 = 0.541 KN/Rib.
6 Block 10*0.27*0.4*0.4 = 0.437KN/Rib.
7 Rib (0.52+0.4)*0.27*25%0.12= 0.745
KN/Rib.
8 Partions 22*0.02*0.52*0.52 = 0.27 KN/Rib.
2.799 KN/Rib

Table (4-14-1) Calculation of two-way dead load.

Total Dead Load = 2.799 KN/Rib.
2.799/(0.52%) = 10.35 KN/m?
Nominal Total live load = 5 KN/m?

Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2%¥10.35 = 12.42 KN/m?.
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Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m>.

Flexural Design: -
Design for Positive moment:

d=320-20-8- 2 =285 mm

Ca pos/d|=0.04 Cb pos/dl=0-033

Ca p05/||=0.04 Cb pos/"=0.033

Ma+ve= ( Ca 4*Wgy*La’*0.52)+(Ca ;, *W ,*La’*0.52)

= (0.04*8%9.35%%0.52)+(0.04*12.421%9.35°*0.52)=
37.12KN.m/Rib

m._ Y __ 40 _y4
0.85* fc' 0.85*24

* 6
RN = _ (41.2470.9*10 - 3.623Mpa
b* d2 120*(308)
1 2mRn
=—(1- 1-
p=— ( Y )

p= L (1- \/1 w) 0.0096
420

As = 0.0096*120*308 = 354.8 MM’

E

© (ow)d)> Wﬂwad)

As

min

N

N—"

"4ty
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As... =123.2>107.77
As .. =123.2 mm?
As= 354.8mm? > ASmin =123.2mm? OK

As =354.8 mm?

Select 2 bars ® 16

Check strain

Tension = Compression
A x fy=0.85xf /xbxa

354.8x420=0.85x24x520x a
a=14.04mm

. _14.04
0.85

=16.52

~285-16.52

& x0.003 = 0.049 > 0.005...0k
16.52

&, =(d _¢)/cx0.003= 281652 6032 0.1392
16.52

&,=0.1392>0.005=¢=0.9

Design Discontinuous edge

As=1 As, .= 1*402.12=134.04 mm?> As,, =123.2 mm?

3 "3
Select As=134.04mm?
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Select 2 bars & 12.

Used As=157 mm?

Design for shear:

The shear in the slab calculated by using tributary area for shear :

Vud = wu x bf (In/2 - d)
Vud = 21.3x 0.52x (9.8/2 — 0.304) = 50.9KN

VC:%\/f_bede

Ve = %\/ﬂ %120 % 304*107 -3 =32.7KN
Ve =0.75%32.7 = 24.52

Yo < Vud

Vs min =1bw><d Zixq/fC'XbWXd
3 16
Vs min :%x120x304x10’\—3=12.16

> %x 24 x120x 304 x10"-3=11.17

case3
Ve =24.52 <Vu =50.9 < g(Vc +Vs min) = 33.64

Case 4:-

1
QVs' =§*0.75\/fc’*bw*d

1
QVs' = 3 *0.75vV24 % 0.12 x.304 « 1000 = 44.72KN
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$Vs'+$bVc=44.72+24.52=69.24 KN

DVC+DVS | =33.64<dVs'+dpVc=69.24

.. Case #4

Vs=(Vu/d)-Vc=(50.9/0.75)-32.7=35.16 KN
Use 2-leg ¢$8 As=100.53mm?’

_Avxfyt+d
B Vs

S

s=(100.53*420*304)/(28.6* [10] 73)=448.8 mm

Check for max. spacing

Smax=d/2=304/2=150.9......control
Smax=600mm

Use 2-leg $8@100mm
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