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The Structural Design of a Sport Building in Hebron
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SUPERVISOR:
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Project Abstract

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

of asport building in Hebron city.
This building consists of 3 floors within basement floor and it contains unlimited
activities. This building is reinforced concrete structure, and it will be designed according

to ACI code.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the building.
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Chapter 4 : Structural Design & Analysis
4.1 Introduction
29 4.2 Designof rib 1
4.2.1 Determination of Slab thickness
4.2.2 Determination of factored load
4.2.2.1 Determination of dead load
4.2.2.2 Determination of factored dead & live loads
4.2.3 Design of topping
4.2.4 Designof rib 1
4.2.4.1 Design of span 1&5
4242 Designof span2 & 4
4.2.4.3 Design of span 3
4.3 Design of rib 4
4.3.1 Determination of loads
4.3.2 Determination of factored Dead & Live Load
4.3.3 Design of topping
4.3.4 Design of rib 4
4.4 Design of Beam 4
4.4.1 Design of span 1
4.4.2 Design of span 2
4.4.3 Design of span 3
4.4.4 Design of span 4
4.4.5 Design of span 5
4.4.6 Design of span 6
4.4.7 Design of span 7
4.5 Design of beam 28
4.5.1 Determination of Loads
4.5.2 Design of Composite Beam
4.6.Design of short column (C47)
4.6.1 Design of Longitudinal Reinforcement
4.6.2 Check Slenderness effect
4.6.3 Design of tied Reinforcement
4.7 Design of Long Column (C6)
4.7.1 Design of Longitudinal Reinforcement
4.7.2 Check Slenderness effect
4.7.3 Design of tied Reinforcement
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Figure (4-1): Basement Floor Slab

Figure (4-2): One Way ribbed slab

Figure (4-3) : Geometry ,load & shear envelope
Figure (4-4) : Section of Rib 1

Figure (4-5): Geometry & Load of rib 4.

Figure (4-6): Moment Envelop of rib 4.

Figure (4-7): Section of rib 4.

Figure (4-8) : Geometry & Loads of Beam 4
Figure (4-9) : Moment & shear envelope.

Figure (4-10): Geometry of Composite Beam.
Figure (4-11): Loading & Moment/Shear Evelope.
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77 Figure (4-12): Compression & Tension In composite Beam.

79 Figure (4-13): Groove Weld In composite Beam.
81 Figure (4-14): Short Column Detail .

85 Figure (4-15): Long Column Detail.

90 Figure (4-16): Footing’s Detail.

91 Figure (4-17): Load on Basement Wall.

92 Figure (4-18): Loads& Shear/Moment envelope for basement wall.
96 Figure (4-19): Basement Wall section.

97 Figure (4-20): Stairs plan.

98 Figure (4-21): Loads on stairs.

99 Figure (4-22): Shear Envelope for stairs.

100 Figure (4-23): Moment Envelope for stairs.

101 Figure (4-24): Stair Section.

102 Figure (4-25): Shear/Moment on Shear Wall.
106 Figure (4-26): Shear Wall Section.

107 Figure (4-27): Dome Section.

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 oneleg of aclosed 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.

C; = compression resultant of compression steel.

DL = dead |oads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
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Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

Ld = Development Lengtth

LL =liveloads.

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 longitudina reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Y = weight of concrete. (Kg/md).

b = width of beam or rib.

gu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
&€, = strain of tension stee.

€ = strain of compression steel.

p =ratio of steel area.
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STRUCTURAL ANALYSIS & DESIGN Chapter Four

Chapter 4

Structural Analysis and Design

4.1 Introduction.

4.2 Design of Rib 1

4.3 Design of Rib 4

4.4 Design of Beam 4

4.5 Design of Beam 28

4.6 Design of Short Column (C47)
4.7 Design of Long Column (6)
4.8 Design of Isolated Footing (F7)
4.9 Design of Basement Wall

4.10 Design of Basement Footing
4.11 Design of Stairs

4.12 Design of Shear Wall

4.13 Design of Dome
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STRUCTURAL ANALYSIS & DESIGN Chapter Four

4.1 Introduction

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

4.2 Design of Rib 1:

4.2.1 Determination of Slab Thickness:

Y, i @ SR el i
@ 3 L] ;ll ] @5‘:{ sl L‘{%ll [ @ wm I B ] e Img:. s ? " @
T—| 1 | | 1
ﬂ =i :
%‘F A & L - & L il
] I I | i
- g I | LI 5
i ! ) 'JE'] ﬁ
- 1l | e ' o 2
iy . —fpiil e i' e e T e e oty i — T
o o ‘l [lll ‘l. "i,-. 1 _;i.. L ' 1 1 ':'. 1 L ;_. = @
@: { | ‘ I | | 1' i ' =S
dr r | _%
ik ) npe Sl 33 ne - b b L __'l_M_ Ln W
L@ -35'?5: G@ @ & & bt @

Figure (4-1): Basement Floor Slab.

According to ACI-Code-318-05, the minimum thickness of non-prestressed beams or

one way slabs unless deflections are computed, given in table (9.5-a), as follows:
hmin for one-end continuous = L/18.5
=520/18.5=28.1cm.
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hmin for both-end continuous = L/21
=520/21 =26 cm
The controller slab thickness is 32 cm.
Select Slab thickness h= 32 cm with block 24 cm & Topping 8cm.
4.2.2 Deter mination of factored L oad

4.2.2.1 Deter mination of Dead & Liveload

Ore vy nif sla =,
3
X,

Shrinkags & Temperatuer Bar's —,

Hellow Block i 24em )

Fig. (4-2) One way ribbed slab

Tiles - 0.03*0.52*22 = 0.343 KN/m
Mortar - 0.02*0.52*23 = 0.239 KN/m
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Sand Fill > 0.07*0.52*17 = 0.619 KN/m
Topping = 0.08*0.52*25 = 1.04 KN/m
Rib - 0.24*0.12*25 = 0.72 KN/m
Block - 0.24*0.40*9 = 0.864 KN/m
Plaster - 0.02*0.52*23 =0.239 KN/m
Partition—> 1.25*0.52 = 0.65 KN/m

Nominal Total Dead Load =
0.619+0.343+0.72+0.864 + 1.04 + 0.239 + 0.239 + 0.65 = 4.72 kN/m of rib

Total live load =5 kN/m?
Nominal Total live load =5 * 0.52 = 2.6 KN/m of rib
4.2.2.2 Determination of factored dead & liveload
Factored dead load = 1.2*Dead load = 1.2*4.72 = 5.67 KN/m.
Factored Liveload = 1.6*live load = 1.6*2.6 = 4.16 KN/m.
4.2.3 Design of Topping:
Dead load of topping = Wigpping + Whites + Wiand + Winortort Woartiones
=1.04+0.343 +0.619 + 0.239 + 0.65 = 2.89 kN/m
Total Dead Load = 2.89/0.52 = 5.56 KN/m?.
Live Load = 5 KN/m?. (for Stores)
qu=12DL+16LL
=1.2*556 +1.6*5=14.672 KN/m?. (Total Factored Load)

q,*I*
5 Mu=0 _14,672%0.42/12
12
— 0.196KN.m
2
> Mn=0.42 fc’*%

* 2
=0.42 \/Z_*M —2.2KN.m.
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f *Mn=0.55*%2.2=1.21KN.m
f *Mn=1.21> Mu=0.196KN.m

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

For the shrinkage and temperature reinforcement:

r =0.0018
As =1 *b*h=0.0018*100*8 =1.44cm’.

Use 198 at 25 cm c/cin both directions.
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4.2.4Designof Rib 1:
i e i ey
b T Code. ACI31802
Project foor r—
| Dgignid By WL
Geomeliry Unitsometercm
1 2 a F 8 1
1 2 3 4 5
A . A . A A . &
12 38 12 a 12 a 12 a i a9 1
5 5.2 52 \ 52 _ & .
=2
A
ﬂ 1
12,
A
Loading
Load tectors 1 30120180 000
= : - urtuccers 1 S0 1200 BAD
47028 ATIZE | 4720 ATizE
L
i i i i i I 1 1 ] A I 1 i i Il i
1 52 i 52 i 52 1 5 !
1
Maoment/Shear Envelope (Factoedl Units kN, meater
Mevmmngs;spans 1% 5 ;
201 e 247 i
LT -1 AL Al 40 Ats BT E .

15123 , I :
TR AR ol gy
Ly T Lo " s T iy

DE o74 DoE
. &
104 142 o 142
o HH
[ ] 1 28 28 28 28 28 20 | & _ 3
-1
'afu _IEE FT -8
¥l anz | ] 88 i
A3
(Y | i Ly ' i
I L} T I T T I L] T r T T ‘ T T i
| 1z | | -
505 [ 196 . 10 182 t o1&
@ 28 268 .

Figure (4-3) : Geometry, Load &Shear/Moment Envelop of rib 1.
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4.2.4.1Design Span 1&5

4.2.4.1.1 Design of Negative moment of rib 1:
Maximum negative moment is Mu= 13.1kN.m
Mn =13.1/0.9 =14.56 kN.m

m = fy - = 420 =20.6
0.85* fc 0.85*24

Mn _ 14.56*10°

Kn = 7= 5 = 1.55 MPa
b*d 0.12*(0.28)
1 2mKn
=—(1- |1-
p m( ty )

0= 1 1- \/1_ 2(20.6)(1.55)): 0.0038
20.6 420

As =0.0038 (12) (28) = 1.277 cm?

As,.. =%(bw)(d)z'—(bw)(d) .................... (ACI -10.5.1)

24 1.4
ASyiy = m(lz)(%) = 4—20(12)(28))

As,, =098<1.12............. thelarger iscontrol
As,;, =1.12cm’

1.277cm*> As,_ =1.12cm’
# of bars = As/ AS oy = 1.277/0.79 = 1.6 bars * Note Agp1o = 0.79 cm?

e Check for strain:-
Tension = compression
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As*f,=085*f *b*a

2*79*420=0.85*24*120*a
a=27.1mm
x=3:£=27.1mm
b, 0.85
280-27.1
e =—
27.1
e, =0.0233>0.005

X0.003

OK

4.2.4.1.2 Design of Positive moment of rib 1

Maximum positive moment is Mu=21.3 kN.m
Mp=21.3/0.9 =23.67 KN.m

fy 420

= - = =20.6
0.85* fc 0.85*24

* -3
Kn = an _ 23.67*10 =058 Mpa
b*d?  0.52*(0.28)

2mKn
fy

o= 1 1 2mKn,
m

0= 1 (1_\/1 2(206)(058)) 0.0014
20.6 420

As =0.0014 (52) (28) = 2.04cm?

As,. :—)(bw)*(d)z%(bw)*(d) .................... (ACI ~10.5.1)
A = 20226/ 12129)> 13 2)29)
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As,, =098<1.12............. thelarger iscontrol
As,;, =1.12cm’
2.04cm’>As . =1.12cm’

# of bars = As/ AS par = 2.04/1.13 = 1.8 bars * Note Agp1o = 1.13 cm?

4.2.4.1.3 Design of shear of rib 1

® Ve = CD*% bw * d

- 75+ Y24
6

=20.58 KN

120 * 280*1000

Dependsto ACI 13-08 code

1.1*® Vc=11*20.58=22.64 kN

® Vsmin =0.75 (%) *pw *d =0 .75*(%)*120*280*10'3

® Vsmin = 8.4 KN
Vu=21.0KN (From shear Envelope)
PVJ/2 <V;£11PV,

10.29<21.0<22.64
So categories (2) satisfy.

NO shear reinforcement required,
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4.2.4.2 Design Span 2& 4
4.2.4.2.1 Design of Negative moment of rib 1:

Maximum negative moment is Mu=10.5kN.m

Mn =10.5/0.9=11.67 kN.m
fy _ 420

= - = =20.6
0.85* fc 0.85*24
* -3
K, = an _ 11.67*10 _=1.24 Mpa
b*d 0.12*(0.28)
_ i(l . 2mKn)
m fy
p= i 1- Jl_w) = 0.00305
20.6 420

As=0.00305 (12) (28) = 1.03cm?

As, = L*l/(f)(b Xd)> f;‘(bw)(d) .................... (ACI -10.5.1)

A = @( 2)28)2 1 12)29)

As,, =098<112............. the larger is control
As,;, =1.12cm’

1.03cm*< As_ =1.12cm’
# of bars = As/ AS oy = 1.12/0.79 = 1.41 bars * Note Agp1g = 0.79 cm?2

e Check for strain:-

Tension = compression
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As*f,=085%f *h*a

2*79*420=0.85*24*120*a
a=27.1mm
x=i:£:27.1mm
b, 0.85
280-27.1
e =————
27.1
e, =0.0233>0.005

X0.003

OK

4.2.4.2.2 Design of Positive moment of rib 1
Maximum positive moment is Mu= 14.2 kN.m

Mn =14.2/0.9=15.78 kN.m

fy _ 420

= - = =20.6
0.85* fc 0.85*24

* -3
Kn = an _ 15.78*10 _=0.387 Mpa
b*d?  0.52*(0.28)

2mKn

_1
= E(l 1 fy )
0= _( \/ 2(20.6)(0.387) ) = 0.00003
20.6 420
As = 0.00093 (52) (28) = 1.35¢cm?
N 1.4
As . bw)(d [o10)(c ) P ACI —-10.5.1
0= 2ty P> o)) ( )
24 1.4
AS,i, 4(420)(12)(28) 12012)28)
As . =098<112............. thelarger iscontrol
As . =1.12cny

1.35cm’> As,,, =1.12cm?
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# of bars = As/ AS par = 1.35/0.79 = 1.71 bars * Note Agp1o = 0.79 cm?

4.2.4.2.3 Design of shear
f 1
dVc=o* % bw * d

= 0.75* @ 120 * 280*1000

=20.58 KN
Depends to ACI 13-08 code
1.1*d Vc=1.1%*20.58 =22.64 kN

® Vsmin = 0.75 (%) * bw * d =0 .75*(%)*120*280*10'3
® Vsmin = 8.4 KN

Vu=19.6 KN (From shear Envelope)
PVJ/2 <V;£11PV,

10.29<19.6 <£22.64

So categories (2) satisfy.

NO shear reinforcement required,

4.2.4.3 Design Span 3
4.2.4.3.1 Design of Negative moment of rib 1:
Maximum negative moment is Mu = 10.5kN.m

Mn =10.5/0.9 =11.67 KN.m

m = fy - = 420 =20.6
0.85*fc  0.85*24
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Mn _ 11.67*10°

Kn= 5= > =1.24 Mpa
b*d? 0.12*(0.28)
1 2mKn
=—(@1- [1-
P m( y )
0= 1 1- \/1‘ 2(20.6)(1.24))=0_00305
20.6 420

As = 0.00305 (12) (28) = 1.03 cm?

i 1.4
As,, = W(bw)(d)z Y ((SN0(s ) PO (ACI -10.5.2)
24 14

Ay = M(H)(ZS) 2 -5 12)28)

As .. =098<112............. thelarger iscontrol
As . =1.12cny

1.03cm?*< As,;, =1.12cm’
# of bars = As/ AS par = 1.12/0.79 = 1.41 bars * Note Ap1o = 0.79 cm?

e Check for strain:-

Tension = compression

As*f,=085*f.*b*a
2*79*420=0.85*24*120*a
a=27.1mm

a_21l o7 1mm

b, 0.85

280-27.1
e, =———
27.1
e, =0.0233>0.005

OK

X0.003
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4.2.4.3.2 Design of Positive moment of rib 1

Maximum positive moment is Mu= 16.4 KN.m
Mn =16.4/0.9=18.22 kN.m
fy _ 420

= - = =20.6
0.85*fc  0.85*24

*1N-3
Kn = an _ 18.22710 _=0.447 Mpa
b*d?  0.52*(0.28)

2mKn
fy

2(20.6)(0.447) . _
p= —( \/ 220 ) =0.0011

p=—@- 12T
m

As = 0.0011 (52) (28) = 1.6cm?

As,, :%(bw)(d)z%(bw)(d) .................... (ACI -10.5.2)
AS,, = )( 2)28)= (12)(28))

As .. =098<112............. the larger is control

(420

As . =1.12cny

1.6cm’> As,,, =1.12cm’
# of bars = As/ AS par = 1.6/1.13 = 1.4 bars * Note Agp12 = 1.13 cm?

4.2.4.3.3 Design of shear of rib 1

®Vc= CD*@ bw * d

= 0.75* 120 * 280*1000

v24
6
= 20.58 KN
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Depends to ACI 13-08 code
1.1*® Vc=11%*20.58=22.64 kN

® Vsmin = 0.75 (%) * hw * d =0 .75*(%)*120*280*10'3

® Vsmin = 8.4 KN

Vu =19.6 KN (From shear Envelope)
dV/2 <Vy<11dV,

10.29<19.6 <22.64

So categories (2) satisfy.

NO shear reinforcement required,

208325

25| (23

o e

OBESL=TT 168625

i ) 5] 14
e L” l_ll-u I 1” l'l.'\.- I
'l 1 "| kil |

Figure (4-4) : Section of rib 1.
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4.3 Design of rib 4:

4.3.1 Determination of L oads:

Tiles - 0.03*0.7*22 = 0.462 KN/m.
Mortar - 0.02*0.7*23 = 0.322 KN/m.
Sand Fill - 0.07*0.7*17 = 0.833 KN/m.
Topping = 0.1*0.7*25 = 1.75 KN/m.

Rib - 0.20*0.5*%25 = 2.5 KN/m.

Below Concrete - 0.2*0.7*25 = 1.75 KN/m
Block - Weight neglected.

Plaster - 0.02*0.7*23 = 0.322 KN/m.
Partition> 1.25*0.7 = 0.875 KN/m.

Nominal Total Dead Load :

=0.462 + 0.322 +0.833 + 1.75+ 2.5 + 1.75 + 0.322 + 0.875 = 8.814 kN/m of rib
Total liveload =5kN/m?

Nominal Total liveload =5* 0.7 =3.5kN/m of rib

4.3.2 Deter mination of factored dead & liveload
Factored dead load = 1.2*Dead load = 1.2*8.814 = 10.577 KN/m.
Factored Live load = 1.6*live load = 1.6*3.5 = 5.6 KN/m.

4.3.3 Design of Topping:

Dead load of topping = Wigpping + Whites + Wsand + Wmortort Wpartiones
=1.75+0.462 + 0.833 + 0.322 + 0.875 = 4.242 KN/m
Total Dead Load = 4.242/0.7 = 6.06 KN/m?.
Live Load = 5 KN/m?. (for Stores)
Qu=12DL+16LL
=1.2*6.06 + 1.6 *5=15.272 KN/m?. (Total Factored Load)
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q, *I’
> =15.272*.5° /12

9Mu:

=0.318KN.m

bh?

2> Mn=0.42,/fc*—

* 2
=0.42 E*M —3.43KN.m.

f *Mn=0.55*3.43=1.9KN.m
f *Mn=19>Mu=0.318KN.m

No structural reinforcement
reinforcement must be provided.
For the shrinkage and temperature reinforcement:
r =0.0018

As =r *b*h=0.0018*100*10 = 1.8cm’.

Use 198 at 25cm c/cin both directions.

4.3.4 Design of rib4:

Geomelry

is needed. Therefore,

shrinkage and temperature

Units:meler cm

1 147
157

0. on,
e
T
A A
Loading
load group no. 1
_Deai/Lbvs load - Service Load factors. 120, 1.20/1.60,0.00
158800
8825
¥ i 0w sos 1
Figure (4-5) : Geometry & Load of rib 4
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Moment/Shear Envelope (Factored) Units:kN meter
~Moments.._spae 1t 1
k y
7.85 548.2 785
Shear_

T

Figure (4-6) : Shear/Moment Envelop of rib 4

4.3.4 .1 Design of Positive moment of rib 4

Maximum positive moment is Mu=546.2 kN.m

Mn =546.2 /0.9 = 606.9 kN.m

- = 420 _ 506
0.85* fc  0.85*24
* -3
K = an _ 606.9*10 - 199 Mpa
b*d? 0.7*(0.66)
1 2mKn
=—(1- |1-
P m( ty )
0= 1 1- \/1_ 2(20.6)(1.99) ) =0.005
20.6 420
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As = 0.005 (70) (66) = 23.1cm?

As, = Zl/f)(bw)(d) 1; ((SI1)) (<) P (ACI -10.5.1)
P = g 10160)2 22 (10166)

As,, =13.47<154............. the larger is control

As,;, =15.4cm?

23.1 cm®> As,, =15.4cm’

# of bars = As/ AS vy = 23.1/3.14 = 7.4 bars * Note Ao = 3.14 cm?

e Check for strain:-

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

8%314*420 = 0.85%24*700*a
a=73.88mm
x=2 1388 g6 9omm
b, 085
. _ 660-8692
*T T 86.92
e. =0.0198 > 0.005

X0.003

OK

46



STRUCTURAL ANALYSIS & DESIGN

Chapter Four

4.3.4 .2 Design of shear of rib 1

®Vc= CD*@ bw * d

= 075* % 700 * 660/1000

=257.2 KN

® Vsmin =0.75 (%) *bw *d=0 .75*(%)*700*660*10‘3
® Vsmin = 115.5 KN

Vu=1214 KN (From shear Envelope)

dVJ/2 =2V,

128.6 >121.4

So category (1) satisfy.

NO shear reinforcement required,

RLT I T
A L

| fifl

B 251= 17

ViRl g ] 0 | 30
A L] 3

| 1@ iE 75

Figure (4-7) : Section of rib 4
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4.4 Design of Beam 4 :

Geometry Units:mebercm

1 2 3 4 5
- 3 i
l: T A g A e A i
n L1 n Ll A 1T A
04 4% 05 51 L 81 g5 i@ 08
. 534 . 56 . 8 638
5 8 7 8
- L T
| A g | A L A :]
o= A 3 A = A
pe 48 o s 0 hihd oa
504 581 53 .
k=
120,
AA
Loading
oed group no. 1
ﬂ. nad - Service Load factors: 1.20,1.20/.60,0.00
L7920 7m0 41300 473780
b hl- -1 [ ! -i“l ! - i b ‘:" k- —— r t n:“ i ¥ i
T 534 hi 50 1 Y] i 830 i &
473280 47320 7m0
k3% 3.1 &3 % F b ¢ & 4 ¥ 3 & 4
i i “ 1 § L ¥ O H Ll = Il fm 3 L i
T 504 T 581 1 53 !

Figure (4-8) : Geometry & Loads of Beam 4
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Moment/Shear Envelope [Factored) Units:kN meter
_Momenis:. _spans_1be T
742 m-?‘_;ﬂ 2 ATE3
sesy Sram 2961 amsy ) _ﬁ'i"“_;. o 288 39253
152 1.55 .07 144 168
" s 148 M i a
" asd oa T T T LT T 7
5 0 0 145 1 s o8 108 851
1807
Zran 58 24 i 2487
214 . a3z 28 28 a3 23 118 390 | 262 782 | 36T . A3 210 3212
[ i e T LeOge AlalET 800
Project” fioor Page: 11
Dusignad by: Data: 1712000
Moment/Shear Envelope (Factored) Units:kN meler
B
3579 T 3524 3495
2608 - =330 -3m.7 | 2889 S M55 a0s 3 g
1826
I : | L : ] ; ; ';
1825 —_
245 roA i
AP P a7 e 3345 M aen e 58132 nss
[ (SR
Figure (4-9) : Moment & shear envelope
Check Doubly:-

Mumax :3592kNm

b, =120cm,h=32cm
d =320-40-10-10 = 260mm

C=3/7*d=3/7*260=111.4 mm
a=111.4*0.85 =94.4 mm

M=085=fc=h=a= nf-—%

00944
2

Mp,=0.85%24 %12 =%.0944 = 0.26 — =10% =491.7kN.m

250
@ = 0.65 1 0.004 —-0.002 =0.817
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® Mn =491.7*0.817=401.7kN.m

O My =401.7KN.m > Mymax = -359.2 kN.m
So it’s Singly

4.4.1 Design of Span 1

b, =120cm,h=32cm
d =320-40-10-10 = 260mm

4.4.1.1 Design of Positive moment
Mu=273.8 KN.m
_ Mu
Mn= ——= _ 2738 =304.2 KN.m
@ 0.9
Mn
b*d?
_304.2*%10°°
1.2*(0.26)°
m = fy - = 420 =20.6
0.85*fc  0.85*24

Kn =

= 3.75 Mpa

N L
p=— (-1 fy)

0= X (1- \/1——2(20'6)(3'75) ) = 0.00995
20.6 420

Areq=p*b*d=0.00995 * 120 * 26 =31.04cm?
As. = Z/(E)(b Nd)> 1; (1) () I (ACI -10.5.2)
J24
" 4(420)
As .. =91<104............. the larger is control
As . =10.4cny
31.04cm*> As . =10.4cn’

Use¢25>>#ofbar-w—63
491

e Check for yielding

——(120)(26)> 12‘:) (120)(26))
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Tension = compression
As*fy=085*f.*b*a

7*491*420=0.85*1200*24*a
a=>58.97mm
wo & 9897 _oagim
b, 085
B 260—-69.38

e =
° 69.38
e, =0.0103 > 0.005

X0.003

4.4.1.2 Design of Negative moment

b, =120cm h=32cm

d=320-40-10-10 = 260mm
Mu=-272.6 KN .m

Mu
Mn ———m =302.9 KN .m
() 0.9
Kn = M_nz
b*d
* -3
_ 302.9*10 =373 Mpa
1.2*(0.26)
_ fy _ 420 —206
0.85* fc 0.85*24
1 2mRn
==(1- -2+
—( Y

2(20.6)(3.73)
p= 206(1 J — SR 09 ) = 0.00989

420

Areq=p*b*d=0.00989* 120* 26 = 30.86cm? > As,;,

Use @ 25 >> # of bar = @—63
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Chapter Four

e Check for yielding

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

7*491*420=0.85*1200*24*a
a=58.97mm
x=2 29897 _ 69 38mm
b, 085
o - 260-69.38
N 69.38
e, =0.0103>0.005

X0.003

4.4.1.3 Design of shear

dVc= CD*@ bw *d

= 0.75* @ 1200 * 260/1000

=191 KN

® Vimin = 0.75 (%) *w * d =0 .75*(%)*1200*260*10'3.

@ Vgmin = 78 KN.

Vu =302.1 KN (From shear Envelope)
®VcsVusd Ve + P Vsmin

(191) < 302.1< (191+78)

So category (3) doesn't satisfy.

Try Category (4) :-

dVe +PVsyin<Vus (dVe+ o % .4/ fc' . by, .d)

(191+78) < 302.1 < (191+o.75*% *\[24 *1200*260)

269< 302.1 <573
So category (4) satisfy.
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Ve = ‘/E bw * d

Ve = g 1200 * 260 = 254.7

V5= (Vu/O.?S)'VC
V= (302.1/0.75)-254.7 = 148.1

Av B Vs

s F,=d
Av 1481
s 420 =260

Av
= =136=10"%

Try @ 10 = 79 mm?

479%10"°
—  =136=10""

S=23cm
S<d/i2=26/2=13cm.
S<60cm.
UseS=10cm

4.4.2 Design of Span 2:-

b, =120cm,h =32cm

d =320-40-10-10 = 260mm
4.4.2.1 Design of Positive moment
Mu=169.7 KN .m

Mu
Mn= ——= @ =188.56 KN .m
) 0.9
Kn = ﬂ
b*d?
* -3
n= M =2.32 Mpa
1.2*(0.26)
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m = fy - = 420 = 206
0.85* fc 0.85*24
2mKn
fy

o=t (1- \/1——2(20'6)(2'32) ) = 0.00564
20.6 420

Areq=p*b*d=0.00564 * 120 * 26 =17.6cm?

p=—@- 1-20
m

ps, =V (bwyd)> %(bw)(d) .................... (ACI ~10.5.1)

min 4( fy)(
V24 14
As., =—F—=(120)(26)> —(120)(26
As., =9.1<104............. the larger is control
As . =10.4cn’

17.6cm*> As,;, =10.4cn’

Use & 25 >> # of bar = @ =56
3.14

e Check for yielding

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

6*314*420=0.85*1200*24*a
a=32.32mm
X= a_ —32'32 =38mm
b, 0.85

260-38

e, =
38

e, =0.0175>0.005

X0.003
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4.4.2.2 Design of Negative moment

b, =120cm h=32cm

d=320-40-10-10 = 260mm
Mu=-295.1 KN.m

Mu
Mn= ——= % =327.9 KN .m
) 0.9
Kn = ﬂ
b*d?
* -3
n= —327'9 10 > =4.04Mpa
1.2*(0.26)
m = fy - = 420 =20.6
0.85* fc 0.85*24
1 2mKn
p=— (- [1-=)
m fy

0= i(l- \/1_ 2(20.6)(4.04)):0'011
20.6 420

Areq=p*b*d=0.011* 120* 26 = 34.32cm? > As,,

Use @ 25 >> # of bar = ﬁ =6.9
491

e Check for yielding

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

7%491*420 = 0.85*1200* 24* a
a=>58.97mMm
x= & 9897 _ 9 38mm
b, 085
_ 260-69.38

e
° 69.38
e, =0.0103>0.005

X0.003
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4.4.2.3 Design of shear

dVc= CD*@ bw *d

= 0.75* @ 1200 * 260/1000

=191 KN
® Vsmin = 0.75 (%) * bw * d =0 .75*(%)*1200*260*10'3.

® Vsmin =78 KN.

Vu =274.2 KN (From shear Envelope)
dVcsVusd Ve + d Vsmin

(191) < 274.2< (191+78)

So category (3) doesn't satisfy.

Try Category (4) :-

D VE + B Vs < VU < (O Ve & % Jic by d)

(191+78) < 274.2 < (191+o.75*% * /24 *1200*260)

269< 274.2 <573
So category (4) satisfy.

Ve = @ bw * d

N

Ve = ry 1200 * 260 = 254.7

Vs: (Vu/O.?S)‘VC
V= (274.2/0.75)-254.7 = 110.9

Av B Vs

s Fy=d
Av 1109

s 420 =260
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Av
= =102=10"%

Try @ 10 = 79 mm?
4%79=10"°
————=102%10""
S=31cm
S<d/i2=26/2=13cm.
S<60cm.

Use S=10cm

4.4.3 Design of Span 3

b, =120cm h=32cm
d=320-40-10-10 = 260mm
4.4.3.1 Design of Positive moment
Mu=275.8 KN.m

Mu 27538

Mn= ——= —— =306.4 KN.m
d 0.9

_ Mn

~ b*d?

= 306.4*10°
1.2*(0.26)?

m = fy - = 420 = 206
0.85* fc 0.85*24

2mKn
fy

0= 1 1- \/1_ 2(20.6)(3.78)): 001
20.6 420

Areg=p*b*d=0.01*120 * 26 =31.2cm?

As,;, = Jte (ow)d)> %(bw)(d) .................... (ACI -10.5.1)

Kn

= 3.78 Mpa

B LA
m

1.4
As,, = (120)(26)2m(120)(26))
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As., =9.1<104............. the larger is control
As . =10.4cm’
31.2cm’> As . =10.4cm’

Use @ 25 >> # of bar = E =6.35
491

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

7*491*420=0.85*1200*24*a
a=>58.97mm
x=2 -89 _ 69 38mm
b, 0.85
o _ 260-69.38
° 69.38
e, =0.0082 > 0.005

X0.003

4.4.3.2 Design of Negative moment
b, =120cm,h=32cm
d=320-40-10-10=260mm
Mu=-359.2 KN .m

Mu  359.2

Mn= —= === =396.9 KN.m
@ 0.9
Kn = M_nz
b*d
* -3
n= 32097107 ~ = 4.89Mpa
1.2*(0.26)
m=_ - 40 _5g
0.85* fc  0.85*24
1 2mKn
p=—@1- 1= )
m fy
0= 1 1- \/1‘ 2(20.6)(4.89) ) =0.013
20.6 420

Areq=p*b*d=0.013* 120* 26 = 40.56cm? > As,
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Use & 25 >> # of bar = @ =8.3
491

e Check for yielding
Tension = compression

As*fy=085*f *b*a

9*491*420=0.85*1200*24*a

a=75.82mm

a._ —75'82 =89.2mm

b, 0.85
260-89.2

e, =————

89.2
e, =0.0057 > 0.005

X0.003

4.4.3.3 Design of shear

®Vc= CD*@ bw * d

= 075* % 1200 * 260/1000

=191 KN

® Vsmin = 0.75 (%) * pw * d =0 .75*(%)*1200*260*10‘3.
® Vsmin =78 KN.

Vu =333.9 KN (From shear Envelope)
®Vc<sVus®d Ve + P Vsmin

(191) < 333.9< (191+78)

So category (3) doesn't satisfy.
Try Category (4) :-

dVe +DVsyin<Vus (P Vet d % .+ fc' . by .d)
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101+78) < 333.9 < (191+0.75* L * /24 *1200*260
3

269< 333.9 <573
So category (4) satisfy.

Ve = @ bw *d

Ve = g 1200 * 260 = 254.7

V5= (Vu/O.?S)'VC
V= (333.9/0.75)-254.7 = 190.5
Av Vs

s F,=d
Av 1905
s 420 =260

Av
3 =174=10"%

Try ® 10 = 79 mm?

4%79%10° ;
—————=102%10"

S=31cm
S<d/f2=26/2=13cm.
S<60cm.

Use S=10cm

4.4.4 Design of Span 4

b, =120cm,h=32cm
d=320-40-10-10=260mm
4.4.4.1 Design of Positive moment
Mu =256 KN .m
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Mu
Mn= ——= % =284.44 KN .m

Kn=——
b*d?

_ 284.44*10°°
1.2*(0.26)2

m = fy - = 420 =20.6
0.85*fc  0.85*24

2mKn
fy

p= i(l_ \/1 M) 0.00923
20.6 420

Areq=p*b*d=0.00923 * 120 * 26 =28.79cm?

= 3.51 Mpa

p=—@- 1-20
m

As,, = L*l/(g)(b Xd)> 1;(bw)(d) .................... (ACI -10.5.1)

V24 1.4
i 4(420)(120)(26) 420(120)(26))

As .. =91<104............. thelarger iscontrol
As . =10.4cn’
28.79cm*> As,,, =10.4cm’

Use @ 25 >> # of bar = @ =5.86
491

e Check for yielding
Tension = compression

As*fy=085*f *b*a
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6%491%420 = 0.85%1200* 24*a
a=50.54mm
x=2 2924 _5q 46mm
b, 0.85
_ 260-59.46

e, == >2"2%0.003
59.46

e, =0.01>0.005
4.4.4.2 Design of Negative moment
b, =120cm h=32cm
d=320-40-10-10=260mm
Mu=-251.8 KN.m

= =22 =279.78 KN.m
@
Kn = M_nz
b*d
* -3
_ 279.78 102 - 3.45Mpa
1.2*(0.26)
m=__¥ =420 _,44
0.85* fc  0.85*24
= l(l - 1_m)
m fy
0= 1 1- \/1‘ 2(20.6)(3.45)):0'0091
20.6 420

Areq=p*b*d=0.0091* 120* 26 = 28.39cm? > As_ ;|

Use @ 25 >> # of bar = @ =5.78

o Check for yielding

Tension = compression
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As*fy=085*f.*b*a
6*491*420=0.85*1200*24*a
a=50.5mm
X:E:%:SQAmm
b, 0.85
260-59.4
e =———
59.4
e, =0.01>0.005

X0.003

4.4.4.3 Design of shear
f )
OVe= o * —V6° bw * d
J24

= 0.75* Y 1200 * 260/1000

=191 KN

® Vsmin = 0.75 (%) * hw * d =0 .75*(%)*1200*260*10"3.

® Vsmin =78 KN.

Vu = 326.7 KN (From shear Envelope)
®VcsVusd Ve + P Vsmin

(191) < 326.7< (191+78)

So category (3) doesn't satisfy.

Try Category (4) :-

dVe +PVsyin<Vus (dVet+ o % .4/ fc' . by, .d)

(191+78) < 326.7 < (191+o.75*% * 24 *1200*260)

269< 326.7 <573
So category (4) satisfy.

Ve = % bw *d
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Ve = g 1200 * 260 = 254.7

V= (V. /0.75)-V,

V= (326.7/0.75)-254.7 = 180.9
Av Vs

S " Fped

Av 180.9

s 420+260

Av
= =166=10"*%

Try @ 10 = 79 mm?

479+10"°
—  =166=%10""

S=19cm
S<d/2=26/2=13cm.
S<60cm.

Use S=10cm

4.4.5 Design of Span 5

b, =120cm,h=32cm
d =320-40-10-10 = 260mm

4.4.5.1 Design of Positive moment

Mu=148.6 KN.m

Mu
Mn= ——= @ =165.1 KN .m
) 0.9
Kn = ﬂ
b*d?
* -3
_1651%10° ) 0

n s
1.2%(0.26)°
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m = fy - = 420 =20.6
0.85*fc  0.85*24

2mKn
fy

o=t (1- \/1——2(20'6)(2'0) ) = 0.0051
20.6 420

p=—@- 1-20
m

Areq=p*b*d=0.0051*120 * 26 =15.91cm?

As . = Jfe (ow)(d)=> %(bw)(d) .................... (ACI -10.5.2)

4(1y)

= %(120)(26) > %(120)(26))

As., =9.1<104............. the larger is control

As,;, =10.4cm?
15.91cm*> As,,, =10.4cm’

Use @ 20 >> # of bar = % =51
3.14

e Check for yielding
Tension = compression
As*fy=085*f.*b*a
6*314*420=0.85*1200*24*a
a=232.32mm

& _3232 48 0omm

b, 0.85

~ 260-38.02

e
ST 3802
e, =0.0187 > 0.005

X0.003

4.45.2 Design of Negative moment
b, =120cm,h=32cm

d=320-40-10-10=260mm
Mu=-253.6 KN.m
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Mu
Mn= — = 2538 _oe1 78 KN.m
0 0.9
Kn = M_nz
b*d
* -3
- 28178 102 - 3.47Mpa
1.2*(0.26)
m=__¥ =420 _,44
0.85* fc  0.85*24
1 2mKn
p=—(@1- J1- )
m
0= 1 1- \/1‘ 2(20'6)(3'47))=o.0091
20.6 420

A g =p * b * d = 0.0091* 120* 26 = 28.4cm2 > As,

Use @ 25 >> # of bar = ﬁ =58
491

e Check for yielding
Tension = compression
As*fy=085*f.*b*a
6*491*420=0.85*1200*24*a
a=>50.5mm
a _305_ 59.4mm
b, 0.85

260—-59.4

e, =———
59.4

e, =0.01>0.005

4.4.5.3 Design of shear

X0.003

®Vc= CD*@ bw * d

= 0.75* @ 1200 * 260/1000

=191 KN
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® Vsmin = 0.75 (%) * pw * d =0 .75*(%)*1200*260*10‘3.

® Vsmin =78 KN.

Vu =253.4 KN (From shear Envelope)
®Vc<sVusd Ve + P Vsmin

(191) < 253.4< (191+78)

So category (3) satisfy.
v .1 bw
Cmin= S=2

1 fc
= — %
16 F,

Av - 1 12 p
= min=-=+—=95=10""
3 3 420

= bw

1 J2a
- QY
=16 420
So ‘“? min= 95=10""*

*12=87+10"

Try @ 10 = 79 mm?

479 =10"°
—  =95=10"%

S=33cm
S<d/i2=26/2=13cm.
S<60cm.
UseS=10cm

4.4.6 Design of Span 6

b, =120cm,h=32cm
d=320-40-10-10=260mm
4.4.6.1 Design of Positive moment

Mu=208.9 KN .m

Mu
Mn= = 2089 531 kN m
) 0.9
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_ Mn

" b*d?

| 2321%10°
1.2*(0.26)°

m = fy - = 420 =20.6
0.85* fc 0.85*24

2mKn
fy

0= 1 - \/1_ 2(20.6)(2.86)): 0.0074
20.6 420

Areq=p*b*d=0.0074 * 120 * 26 =23.1cm?

Kn

= 2.86 Mpa

-La- h- )
m

As . = %(bw)(d) > %(bw)(d) .................... (ACI -10.5.2)

V24 14
n =—F7—=120)(26)> —(120)26
As., =9.1<104............. the larger is control
As . =10.4cn’

23.1cm’> As_ . =10.4cm’

Use & 20 >> # of bar = E =7.53
3.14

e Check for yielding
Tension = compression

As*fy=085*f *b*a

8*314*420=0.85*1200*24*a
a=43.1mm
x=£=ﬂ=50.7mm
b, 0.85
o 260-50.7
° 50.7
e, =0.012 > 0.005

X0.003
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4.4.6.2 Design of Negative moment

b, =120cm h=32cm
d=320-40-10-10 = 260mm
Mu=-332.5 KN .m

Mu
Mn= = 3325 _a69 5 kN .m
0 0.9
Kn = M_nz
b*d
* -3
_ 369.5*10 . = 45Mpa
1.2*(0.26)
oty o420 o
0.85* fc  0.85*24
1 2mRn
=—(1- 1-=—
P m( fy )
L J 2(20.6)(4.5) )= 0.012
206 420

A g =p * b* d = 0.012% 120* 26 = 37.44cm2 > As,

Use¢25>>#ofbar—ﬁ—76
491

e Check for yielding
Tension = compression

As*fy=085*f *b*a

8*491*420=0.85*1200*24*a
a=67.4mm
X:E=E:79.3mm
b, 0.85

260-79.3

e =—————
79.3

e, =0.0068 > 0.005

X0.003
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4.4.6.3 Design of shear

dVc= CD*@ bw *d

Nen

= 0.75* Y 1200 * 260/1000

=191 KN

® Vsmin = 0.75 (%) * bw * d =0 .75*(%)*1200*260*10'3.

® Vsmin =78 KN.

Vu =307.4 KN (From shear Envelope)
dVcsVusd Ve + d Vsmin

(191) < 307.4< (191+78)

So category (3) doesn't satisfy.

Try Category 4:-

Ve = @ bw *d

Nen

Ve = Y 1200 * 260 = 254.7

V= (V4/0.75)-V,
V= (307.4/0.75)-254.7 = 155.17

Av B Vs

s Fy,=d
Av 15517
s 420260
Av

— =142» 10-#

Try @ 10 = 79 mm?

4+79=10"" 4
—=142+10"

S=22cm
S<d/l2=26/2=13cm.
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S<60cm.
Use S=10cm

4.4.7 Design of Span 7

b, =120cm h=32cm
d=320-40-10-10=260mm
4.4.7.1 Design of Positive moment
Mu=256.7 KN .m

Mu
Mn= —= - 267 =285.2 KN.m
@ 0.9
Kn = ﬂ
b*d?
* -3
_ 285.2*10 =35 Mpa
1.2*(0.26)
_ fy . 420 _ 206
0.85*fc  0.85*24
1 2mKn
=—(@1- 1-
p=— )
p= —( \/ _ 220035 ) =0.0092
20.6 420
Areqg=p*b*d=0.0092 * 120 * 26 =28.7cm?
NI .
As, =" (bowd)z 22 (ow)d oo (ACI ~10.5.1)
4(ty) fy
A = 2 (20)26)= 12 12026
4(420)
As., =9.1<104............. thelarger iscontrol
As . =10.4cm’

28.7cm’> As_ . =10.4cm’
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Use @ 25 >> # of bar = E =58

9

o Check for yielding

|

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

6*491*420=0.85*1200*24*a
a=>50.5mm
x:izﬂ:59.4mm
b, 0.85

260-59.1

e, =———
59.1

e, =0.010>0.005

X0.003

4.4.7.3 Design of shear

fl
o Ve = CD*—“C bw *d

Nen

= 0.75* e 1200 * 260/1000
=191 KN
@ Vsmin = 0.75 (%) * hw * d =0 .75*(%)*1200*260*10‘3.

@ vsmin = 78 KN.

Vu=319.1 KN (From shear Envelope)
dVecsVusod Ve + P vsmin

(191) < 319.1< (191+78)

So category (3) doesn't satisfy.

Try Category 4:-

Ve = —“fC bw *d
6

Nen

Ve = T 1200 * 260 = 254.7

Vo= (V/0.75)-V,
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V.= (319.1/0.75)-254.7 = 170.77
Av Vs

s Fped

Av_ 170.77

s 420+ 260

A
?“ = 156+ 10~

Try ® 10 = 79 mm?

44+794+107" s
——————=156+10

S=20cm
S<d/l2=26/2=13cm.
S<60cm.

Use S=10cm
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4.5 Design of Beam 28:

4.5.1 Determination of L oads:
Tiles - 0.03*0.65*22 = 0.429 KN/ m.
Mortar - 0.02*0.65*23 = 0.299 KN/m.

Sand Fill = 0.07*0.65*17 = 0.7735 K N/m.
Topping > 0.1%0.65*25 = 1.625 K N/m.

Rib - 0.3*0.15*25 = 1.125 KN/m.

Block - weight neglected.

Below concrete = 0.1*0.65*0.25 = 1.625 KN/m.

Plaster - 0.02*0.65*23 = 0.299 KN/m.

Partition-> 1.25*%0.65 = 0.8125 KN/m.

Nominal Total Dead Load =

0.429+0.299+0.72+0.7735+ 1.625 + 1.125 + 1.625 + 0.299+0.8125

=6.988 kN/m of rib

Use 7.0 kN/m of rib

7/0.65 = 10.8 kN/m

Total live load =5 kN/m?
Calculations of Dead load for beam 28 :-
DL; =10.8 * 4.2 =45.36 kN/m

DL, = Weight of Concrete Beam = 1.5* 0.5*25 =18 .75 kN/m

DL3 = Tiles, Mortar, sand & plaster=6.03 KN/m (Above the Beam)
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DL, = Weight of Steel = 335 Ib/ft = 335 * 4.448/0.3048 = 4.9 kN/m = 5 kN/m
Total Dead Load = 45.36+18.75+6.03+5 = 75.14 kN/m

Total Live Load =5 *5.7 = 28.5 kN/m

-
N
|
o) e |
O W24x335 >
(“Y-Jxl |
L\D‘\
34,341

Figure (4-10) : Geometry of Composite Beam
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4.5.2 Design Beam 28:

Loading
oad group e, 1
_Dead kzad - Beivice Uirits kM metes
17 17. 17 7.
TG

I 5.2 Y 5.2 . =2 . 53 i3

Live load - Sanice Load faetore: | 20,1, 204162000
-1
| 28, T

Moment/iShear Envalopae (Factored)  UnitekN meter

_Momenks: spans 1o 1

1

kR I e

Figure (4-11) : Loading & Moment/Shear Evelope

Select W24*335  (A572 Grade 50)

A=98.4in> =0.0635m?
tw=1.38 in = 35.052 mm

Fy =50 ksi = 50 * 1000/145 = 345 MPa

Select a=500 mm
d=699/2 +500 = 849.5 mm
Mn:As*Fy *(d_a/2)

117906 _ o as0s 50
00 ‘% 0T

Asreq=0.06334 <0.0635

T=C
345*0.0635=0.85*24*15*a

d=27.52 in =699 mm
tr=2.48 in = 62.992 mm
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a=715.75 mm > 500 mm
Cc=085*f.*bg*t
Cc=0.85* 24 * 1500 * 500

Cc= 15300 kN
As=Fy—Cc
Cs= —
63500 = 345 — 15300000
G5 = > = 3303.75 kN
130
¥y ‘ i E(:
S
| ! S I_!"E
o 3,509 E EL i
o R A A | =
oA W24x335 " 4
),
e
L
34 341

Figure (4-12) : Compression & Tension In composite Beam

Mp=Cc*d; + Cs*d,
= 15300*0.77535+3303.75*0.44476
M= 13332.2 kN.m
®Mn=13332.2 *0.9 = 11999 kN
®M;=11999kN > M_=11790.6kN
Ok
Connector design
Select MC =10* 41.1

d=10in =254 mm
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A=12.1in°
t,= 0.796 in = 20.22 mm
tr= 0.575 in = 14.605 mm

On= 03 tf +05tw Lc fc=Ec
Ec= 4750* V24 = 23270 MPa

Assume L¢c =300 mm

Qn= 0.3 14.605 + 0.5 * 20.22 300 V24 = 23270
Qn = 1108193.7 N = 1662.3kN
Crnax = 0.85-f*bg*t;
= 0.85*24*1500*500
Crax = 15300 kN

Tmax = As*Fy

= 63500* 345 = 21907.5 kN
N:Total number of shear connectorsrequired between Zero & Maximum Bending
M oment

N . E'II'.H'J'.I.' TII’!"I
~on %" On

r 15300
N miaa -

. Whichever is smaller

Use 18 channel profile per half span

Then we calculate the distance between Channel profiles:
S=(26-0.5)/(2*18) =0.71 m

Qn for onechannel =15300/18 =850k N

Welding Calculation ( Channel Profile with I-Section )
Type of welding isfillet welding.

Select a=7mm

amin = 6 mm

amax = t—1.5875 = 14.605 — 1.5875 = 13.0175 mm

amin = 6 <a =7 <amax = 13.0175
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te=0.707 * a

te =0.707 * 7 = 4.949 mm
Shear Action :-
®R=0.75*t.* 0.6 * Fyy
Fuw = 70 ksi = 483 MPa
®Rpw=0.75 * 4.949* 0.6 *483
®Rp,=1.07 KN/mm

Q. =850kN
__on _ 80 =794.4 mm
T ®oRnw 107

Perimeter Of channel= 2*bf + 2* Lc

=2*109.75 + 2*300 =819.5 mm

The Welding is for all Perimeter

Groove Weld
a="7mm

Figure (4-13) : Groove Weld In composite Beam
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4.6 Design of Short Column (C47) :-
4.6.1 Design of longitudinal Reinforcement :

Py =3125 KN

P g = 2 = 5125 _ 4807 7kN.
0.65 0.65

Assumer , =0.015

Pomao = 0.8xAg{0.85 fc +r (f, —0.85f,)}
4807.7*1000 = 0.8 x Ag{0.85x 24 +0.015(420 — 0.85x 24)}
Ag = 2276.9 cm?

X =+2276.9 =47.7 mm

4.6.2 Check Slenderness Effect :

(K_'Uj <(34-12 (ﬂj T R ACI 10-12-2
" M 2

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

I
R: radius of gyration =0.3 h = \/;

K=1
Lu=3.0m

r=03h=03x05=0.15

ﬂ:lo
M2

% <34-12x1<40............... ACI —(10.12.2)

20<22<40

. ShortColoumn
.. Slenderness effect must not be considered

Pomag = 0-8xAg{0.85 fc +r1 (f, —0.85f,)}
4807.8x1000= 0.8x 250x1000{0.85x 24+ r ,(420—0.85x 24)}
r,=0.0091
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A =0.0091x 2500

A =22.75cm’

Check As min :

r=r ,in=1%

As min= T min X Ag

A min=0.01x (50x50)

A min= 25 cm’

D A min=25 cm?> A, oq=22.75 cm’

Use ®25 > #of bar = — =796

4.6.3 Design of the Tie Reinfor cement:
For ® 10 mm ties :

S <16 db (longitudonal bar diameter)....................... ACI-7.105.2
S <48dt (tie bar diameter).

S < Least dimension.

S<16 x2.0=32cm

S<48 x1.0=48cm

S<50

4.9.4 Short Column Detail:

510025
1 e

L3

" S ____---"'_F“\'\I Lo

in

ol
»

Figure (4-14) : Short Column Detail
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4.7 Design of Long Column (C6) :

4.7.1 Design of Longitudinal Reinforcement :
Select column (C6) for design

Pu = 1500 KN

Pn = 1500/(0.65) = 2307.7 KN

rg=2%

Pn =0.8* Ag{0.85* fc'+r g(fy—0.85fc’)}

2.3077 = 0.8* Ag[0.85* 24 + 0.02* (420 — 0.85* 24)|
Ag = 0.0102m?

4.7.2 Check Slenderness Effect :

@<34—12ﬂ ............... ACI —(10.12.2)
r M2

Lu: Actual unsupported (unbraced) length.

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

/ I
R: radius of gyration=0.3 h = K

Lu=3.0m
M1&M?2 =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 M1

— <34 -12—— ACl -(10.12.2)
r M 2
*

ﬂ =25 > 22

0.3*0.4

. long Coloumn
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=
El =04—% . [ACI318-2002 (Eq. 10-15)]
1+b,
E, = 4750,/ fc' = 4750*+/24 = 23270.15Mpa
b, - 1.2DL _1.2(1080) _, oe,
Pu 1500
* 3 * 3
- b*h® _03%04° _ o s
12 12
* *1N6 *
£y  0:4*23270.15*10° *0.0016 _ o o\ 2
1+0.864
2
p=PE ACI 318 — 2002(Eq, 10—13)
(KLu)
2 %
_ 314°%8 oo
(1.0*3)?
M1
Cm=06+04 —= | ..c........ ACI 318 — 2002(Eq.10 —16)
Cm=1.... According to ACI 318 —2002(10.10.6.4)
Cm
d. = >1.0 oo, ACI 318 — 2002(Eq. 10 —12)
1-(Pu/0.75P,

1
d =
™ 1-(1500/0.75*8.76*10°)

=15+ 0.03*h =15+ 0.03*400 = 27mm = 0.027 m
=e,, xd, =0.027 *1.296 = 0.0350
~0.0350

=1.296>1

D

= 0.087

>|o @
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In The Other Direction

E.l
El =04—9% .. [ACI318—-2002 (Eqg. 10-15)]
1+b,

E, = 4750,/ fc' = 4750*+/24 = 23270.15Mpa
_1.2DL  1.2(1080)

b, =0.864
Pu 1500
* 3 * 3
|- b*h® _0.4*0.3° _ oot
12 1
* *106 *
£y - 0:3%23270.15%10°*0.0009 _ 5 oo -2
1+0.864
2
p=PE ACI 318— 2002(Eq. 10—13)
(KLu)
2 %
p 3.14°*337 40
(1.0*3)?
M1
Cm=0.6+0.4 IVE Y R ACI 318 — 2002(Eq.10 - 16)
Cm=1.... According to ACI 318 —2002(10.10.6.4)
d, = cm >1.0 e, ACI 318 — 2002(Eq. 10 —12)
1-(Pu/0.75P,

1
d =
" 1—(1500/0.75*3.7*103)

. =15+0.03*h =15+ 0.03*300 = 24mm = 0.024m
=e, xd_=0.024*218 = 0.0523
~0.0523

=218>1

D

=0.174

>|o ©@

From Interaction Diagram

fP,_ 1500 , 145 _ oo og
A, 03*04 1000
r, =0.0165

A= p * Ag = 0.0165*40*30 = 19.8 cm”
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Use® 16 == #af bar =$=9.98

4.7.3 Design of the Tie Reinfor cement :

S <16 db (longitudonal bar diameter)....................... ACI-7.105.2
S <48dt (tie bar diameter).

S < Least dimension.

Sracing <16 x d, (Longitudinal bar.diameter) =16 x1.6 = 25.6cm
Soacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 30cm

. Use If 10@ 25cm

Detail of column 6:-

@1 0@ 20

|
-

. 7
2= °
&
108 16
. A0 ;
&1 020 D1 @220
| =128 L=88
o 10 7
A et 10
10 10
o2 o
o o
) A 12

Figure (4-15) : Long Column Detail
85



STRUCTURAL ANALYSIS & DESIGN Chapter Four

4.8 Design of Isolated Footing (F7) :

4.8.1 Determination of L oads:

Total factored load = 3800 KN.

Total services load = 2750 KN

Column Dimensions = 60*30 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/mz2.
Assume footing to be about (70 cm) thick.
Footing weight = 1.2%(25%0.7) = 21 KN/m2.
Soil weight above the footing = 1.6%(0.6) *18 = 17.28 KN/m2.
live load =5 kN/m?

Qattow =400-5-17.28-21=356.72 kN/m?

4.8.2 Deter mination of Footing Area

2750

. . z
=3me72 LM

L=278m

determinate q, = 3800/7.84 = 484.7KN/m
4.8.3 Deter mination the depth of footing based on shear strength:
Assumeh=70cm ..... d = 700-75-20 = 605 mm

*Check for one way shear strength

Critical Section at i;+d

g+d :0—'; +0.605=0.905m

VU =S *(wn_ (g + d)j * BFoundaIi ol
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Vu = 484.7*(% —0.905)*2.8 = 671.8KN
f Ve =f .(%* fc'*b, *d)

fVc= 0.75*%*@*2800*605 =1383.1KN

f Vc=1383.1KN >Vu =671.8KN
. Safe

4.8.4 Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

f.\/C:f%[1+b%J\/fT,bod
fV, =f _[b " erd
fV, =f —\/7bd

Where:

B Column Length (a) 60
¢ Column Width (b) 50

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

b, =2(d +al) + 2(d + a2) = 2(60+60.5) + 2(50+ 60.5) = 4.62m

as - 40 for interior column

fV, =f %(nbi}/ £ b.d =0'T75*(1+ %j* 24 % 4620* 605 = 4564Kn

C

*
fV, =f _[b 4 J\/ bd—075 ( 04%'2605+2j* 24 *4620*605 = 6195Kn

fV, =f —\l bd—O—;S* 24 *4620*605 = 3423Kn
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f V. =3423Kn .... Control
Vu =484.7*{(2.8*2.8) - (0.5+0.605) * (0.6 + 0.605)} = 3154.7kN
f Vc=3423Kn >Vu, =3154.7Kn........ satisfied

4.8.5 Design of Bending Moment:
Mu=484.7*2.8*1.15° / 2 =897.5kN.m
Mu =897.5 Kn.m

Using Reinforced Concrete.

Mn= % =997.2KN.m
0.9

qo Mn_ 997.2x10°
bd®>  2800x 605

o fy 40
0.85* fc  0.85*24

o L[y [ 2xmxKn
m fy

1 (1_\/1_ 2x20.6x 0.973J 000237

=0.973Mpa

20.6

" =206 420

AS,, =T *b*d =0.00237*280*60.5 = 40.15 cm?’
ASgyinage = 0-0018*b*h = 0.0018* 280 * 70 = 35.28cm’
ASgp. =40.15> Asq .. = 35.28cm’

Select 16f 18....AS,, g = 40.64cm’ > 40.15cm’.....0k
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Check of strain:
A * fy=0.85* fc' *b*a
4064*420=0.85*24*2800*a

a=29.88mm
x=2 -2988 a5 15mm
b, 0.85
e, = 005=35.15 . 003 = 0.049
35.15

e, =0.049 > 0.005—> ok

4.8.6 Development Length of main Reinfor cement for M1 :
0.24fy ,  0.24*420
\/E db= Ta
Ld(yreq = 0.044 xfy xdb = 0.044 x420 x1.8 = 33.3cm
Ld@yreq = 33.3cm < Ld1yreq=37.04cm=>control
Available Ld = (700 — 75— 2*18) = 589 mm.
Available Ld = 58.9 cm > Ld(1)eq=37.04cm
Using hook >16*f

Ld(l)req: 18: 37.04Cm .

Required length of hook >16*f >16*1.8 = 28.8 cm
Use Hooksel. = 30 cm > Hookreq = 28.8cm

_9 Kb,
Itd-;'f._-ql _E#ﬂ E#_@"‘l‘cb *db

id. =i* 420 #1#1430,8
T10 1sv24 25

Ld avaitaple = 1150-75=1075mm

Ld avaitable= 1075 mm > ld,.., = 444.4mm

=18 = 444 4 mm
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4.8.7 Check transfer of load at base of column:

f.Pn=f.(0.85fc’'Ag)
f .Pn=0.65*[0.85*24*(600*500)]/1000 = 3978Kn
But Pu=3800<f.Pn=3978Kn

Dowelsarenot required for load transfer.
But use the minimum reinforcement of dowels:
As_. =0.005* Ag = 0.005*60*50 = 15cm’
Use the column bars as a dowels
Sdect 12020

2 2
ASp, igeg = 37.68Cm” > Asp, . =15cm
L2 S T = !:
| ——— -
) 2]
r
18F 10 LeS2a I .
"L :
16818 LEATD _‘~L\‘ T — | -, e T J
H A RSN R AL DA L P e R LT P i ol L s
e, (11 i pn L]
_E g _ i3
J:ry S0
‘F_F
m f_,,""
oy
| . :
" ‘ \ N
i l i A -
i
"
h lﬂ"l! hn—!Eﬂ El
o Tt Y
w oW
o o [ Wi ",

Figure (4-16) : Footing’s Detail
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4.9 Design of Basement Wall:-
f =30

Soil density = 18 Kg/cm3

ko= 1-sinf

Ko=1-sin30=0.5

Whin= 0.5*5 = 2.5 kN/m

Wax= 0.5*5+18*3.85*0.5 = 37.15 KN/m

Wmin(factored) :1.6*2.5: 4kN/m
Wmax(factored) =1.6*37.15=59.44kN/m

o)

.00 I
385

‘ 51?%{@
F'l
)
G
i

Figure (4-17) : Load on Basement Wall

h

-
=

KN/m
A
Ny

3465 KN/m
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LT BLIELE T A JNT1 LT ML DPLLTE S | T | L R A

569
bos” 3.8 i}
Memenl/Shear Envelope (Faclored) Unikzs kN meler
Mements;  spars 113 1
— |
6 .4
271 el 18
Shear
-BOG
1.3
: :
TR L

Figure (4-18) : Loads & Shear/Moment envelope for basement wall

Assume h =250 mm
d=250-20-14/2 =223 mm
Vug=61.3 kN

w:=g fced=b

075 —
@Ve = T\/24 +0.223+1 = 136.56 kN

OVe > Vu

For Horizontal Reinforcement, Use ASmin
ASnin=0.002 *b * h
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Asmin= 0.002 * 1000 * 250 = 500mm?®/m = 50 cm*/m
Use f 8

50/0.51=9.8

Use f 8at 20cm clc

Design for Bending M oment:-

MuUmax = 62.7 KN/m

Mn= E =69.67KN.m
0.9

Mn 69.67
Kn = > = >
bd 1*0.223

=1.4Mpa

o fy 40
0.85* fc  0.85*24

, :l 1- 1_2xmen
m fy

= L[l—\/l—wj —0.00335

20.6

20.6 420
ASp., =T *b*d =0.00335*223*1000 = 747.1 mm’
ASgyinage =0.0012*b*h =0.0012* 250 *1000 = 300mm’
ASp.q = T47.1> ASqyiyaee = 300mm’

Usef 14
No.=747/154 =485 |, Use 5 bars
Use f 14 at 20 cm

2/3 * 747.1 = 498.1 mm?
Usef 12

No.=498.1/113=4.4 , Use 5 Bars
Use f 12 at 20 cm c/c
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4.10 Design of Basement Footing:-

Total factored load = 32.4 KN.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/mz2.
Assume footing to be about (30 cm) thick.
Footing weight = 1.2%(25%0.3) = 9 KN/m2.

Soil weight above the footing = 1.6 (3.7) x18 = 106.56 KN/m2.

live load =5 kN/m?

Gattow =400-5-9-106.56=279.44 kN/m?
Assumeb=1m,h=30cm
d=300-75-20 =205 mm

Quir = 32.4/1 *1 = 30 kN/m?

4.10.1 Check of One Way Shear:-

Vu = 1*(0.375-0.205)*32.4 = 5.508 kN
OVe=2 fcxd=b

075 —
@Ve = T\/24 *0.205*1 = 1255 kN

OVe > Vu

4.10.2 Design of Bending Moment:-

Mu = 324+0.375%/2 = 2.278 kN/m
2278

Mn =2.53KN.m
0.9
n= MA__ 253 4 o6Mpa
bd®  1*0.205
fy 420

20.6

m= - = =
0.85*fc  0.85*24

, :1{1_ /1_M]
m fy
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Lo 1 1_\/1_2><20.6x0.06 — 0.000144
20.6 420

ASq,, =T *b*d =0.000144*205*1000 = 29.52 mm?’
ASqyyage = 0-0018*b*h = 0.0018*300*1000 = 540mm?

ASpeq = 29.52 < ASgyinage = 540mm’

Use Agmin
Usef 12
No.=540/113=4.778 , Use 5 bars

Use Using hook >16*f

Required length of hook >16*f >16*1.2 = 19.2 cm
Use Hooksel. = 20 cm > Hookreq = 19.2cm

f 12at20cmcl/c

In the other Direction:-

Asmin = 0.0018 * b * h

Agmin = 0.0018 * 1000* 30 = 540 mm?

Use f 12
No. =540/113 =4.778 , Use 5 bars

Use 5f 12

ldy g = 1o % 30— = 400 = db

10 A 1, Rtrrl-ilrlril

9 420 1+1=08
10 1=v24 25

It{-‘f'."l'-_'q' =

Ld available = 500'(250/2)'75: 300mm

Ld available— 300 mm > id'."n’:'ql = 296.3mm
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Figure (4-19) Basement Wall section
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4.11 Design of Stairs :
4.11.1 Deter mination of Slab Thickness:

-L; =2.1+0.75 +0.575 = 3.425 m.

-L,=1.8+0.9 +0.9 = 3.60 m.

- hreg = L/ 20.

-hreq=360/20=18.0cm ............. take h=20 cm.
= Useh =20cm.

-6 = tan™ (106 / 210) = 26.7°

-Cos 68 =10.89

= R,

L L L L LY T

A

o

0 (| (o

A L

S

i

Figure (4-20) : Stairs plan
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4.11.2 Load Calculations at section (A-A):

Diead Toad

Live Load

Figure (4-21) : Loads on stairs

4.11.2.1 Load on Stringer:

Dead Load:
Tiles = 0.03*22*((0.33+0.15)/0.30) = 1.056 K N/m.
mortar = ((0.15+0.33)/0.3)*0.02*22= 0.704 KN/ m.
Plaster = (0.03*22)/ (Cos 26.7) = 0.49 KN/ m.
Steps = ((0.15+0.3)/2) * 25/0.3=1.875 KN/ m.
Slab = 0.20 *25/ Cos 26.7 =5.6 KN/ m.

Total dead load = 1.056 + 0.704+ 0.49+ 1.875+ 5.6

=9.725 KN/ m.

Liveload:
Live load for stairs =5 KN/ m%.

Factored load
qu =1.2%9.725+ 1.6*5 = 19.67 KN/ m?.

For one meter Strip, g, = 19.67 KN/ m .

4.11.2.2 Load on landing :-

Dead L oad:

» Tiles& Mortar =2 kN/m?

= Slab =0.20*25=5 KN/m2,
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» Plaster =0.03*22 = 0.66 KN/m2.
Total dead load = 2.0 + 5.0 + 0.66
=7.66 KN/m2,

Liveload:

Live load for stairs =5 KN/ m%.
Factored load

Qu =1.2*7.66+ 1.6*5 = 18.256 KN/ m%.
For one meter Strip, gy = 18.256 KN/ m.
4.11.3 Design of Shear :
= Assume @ 12 for main reinforcement:-
So, d = 200-20 -12 = 168 mm = 16.8 cm
Taked=16.8cm

=332
287

Figure (4-22) : Shear Envelope

Vu=28.7 KN.

_0.75*+/24*1000* 220
6

Vu=287 KN < @.Vc=1029 KN.
>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

fVc =102.9KN

4.11.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair
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Figure (4-23) : Moment Envelope

Mu =30.9 kN.m
Mn req = Mu/0.9=30.9/0.9 = 34.3 KN.m.
d=16.8cm.

Mn

K o=—"
" p-d?

* 6
R, = 43310 1 5ompa .
1000*168

oy
0.85x fc'

m = ﬂ =20.59
0.85x24

* *
S P L P 1_\/1_2 20.59*1.22 ) _ ) 10o
m f, | 2059 420

AS req = 0.003*100*16.8 = 5.04 cm*
A's min=0.0018*b*h = 0.0018*1000* 20 = 3.6cm’

Asmin=360 < Aspq= 504
Use ® 12 >>>504/113 = 4.46
Useldl12@20cmc/C .cuvvnnn.....

As provided =5.65 > ASTEQ.....cvviviieieinannnn
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Check for strain:

Tension = Compression

A * fy=0.85* fc' *b*a
565*420 =0.85*24*1000 * a
a=11.6mm=1.16cm
X = a._ —1'16 =13.7mm

b, 0.85

16.8-1.37
e =——

1.37

e, =0.0338 > 0.005—— ok

*0.003

4.11.5 Secondary reinfor cement:

ASgyinage = 0.0018xbx h =0.0018x100x 20 = 3.6cm’

Use ®10>>> 3.6/0.79 = 4.56

Use @10 @ 20Ccm ...cvvvneenn, With As = (100 / 20)*0.79 = 3.95 cm2,

4.11.6 Stairsat section (A-A) Details:-

e
nes
Bl i i
%55. s e I-‘mww{
T & | PR
%,, I i iy S ¢
ey pﬁk?‘.ﬁ&_ -, it o
o i s
—Af;_ %g,_r.ﬂ:--‘_‘_; ...... 'E o
-:a!'-ﬂ::l:--\-"“h\.._\_wf T ¥ __.-' ¥ F F
v {mﬁ:ﬁ T A S e
E| P = A =
L
PIERED L EES w"‘tf’ﬂg T
.
i D L=85 T
i I S T T
e o ey )
i & s N 7]
h"'\--h_h‘_h e Fm \-p:.zm.n A Ly [F
- L
/’ .
ST AT e RS =N
.
b
i S L=2E5 |7 is

Figure (4-24) : Stair Section
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4.12 Design of Shear Wall:-

Z=30
R=55

I =1.0
Ca=0.24
Ct =0.0488
Cv=0.24

Where:

Z = seismic zone factor as given in Table 16-1.

R = numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set forth in Table 16-N or

16-p.

| = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the base to Level i, n or X, respectively.

Design of Wall 1:
By Using Software (Etabs 9.5), We Get the shear wall Analysis Results as shown in the
following Diagram:-

Vu Dhagram Mu Diagram

433 KN >
5 =
e 433N n
= &

SR 667.05 KNm
5 6RO kN 5
o m

BO0 4128 65 KN.m
= g
& BO0 kN g

GEE8.65 kKNm

P L i H |

Figure (4-25) : Shear/Moment on Shear Wall
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Fc =24 MPa
fy =420 MPa.

h=20 cm. Shear wall thickness.

Lw= 5.7 m. shear wall width

H»=10.67m. Building height

Ny=456.74 kN

Lw/2 =5.7/2=285m .............. (control)
hw/2 = 10.67/2 =5.335 m
d=08*Ilw=08*57=456m

fc'

V01: XbXd
\VAE @x0.2x4.56 — 744.6kN
v E*b*d+m, *d

== 4 41,
. V24 0.2+ 4.56 045674456 o

o T 4 4=57 '

[ F 2= Nu
. f. !w fo t+ L, * h b=d
= E ]
@< 27T M, |, 10
V. 2
Mu = 4128.65 + 800 (3.25 — 2.85) = 4408.65 kN.m
— =  2=0.45674

v,= Y24 7 V24t 5707 02:456 1337.4kN

a= 3 7T 40865 57 T

~800 2

v Vu v

s=—=—V¥c

@
Vs =220 _ 7446 = 3221 kN
075 CoTe
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Auv. h _ Vs 0.3221

> = Fy.d = 120 = 456 = 0.0001682
Av. h
= = 0.0025 = b = 0.0025 # 0.2 = 0.0005
2 min

S <(lw/5)=5700/5 = 1140 mm
S, <3*b=3*200=600mm

Av. h
= 0.0005
5z min
Try 10
2+79%107°
——— =0.0005
5
S=0316m

Use 10 @ 30cmc/c

Design of Vertical Shear Reinforcement :-

hw "qvh
A, = 00025405 25——2 = —0.0025 =s=h
G s, = h
10.67 2%79
A,. = 00025+05 25— * —0.0025 =s5=h

57 300 =200
Ayn =0.002542 =5 = h
Use ® 10 @ 30 cm clc
S < Lw/3=5700/3 =1900mm
< 450mm
< 3*h=3*200 =600 mm
> by
~ 600 = (5,~h,,
Assume Sn/hw = 0.007

5.7
20—
600 = 0.007

boundary element length=C - 0.1 * |,
=1.357-0.1*5.7=0.787m

C

= 1.357
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>1.352/2=0.6785m
The boundary element length = 80 cm
Ast =5.7/0.3 * 2 * 79 = 3002 mm*

z 1
l, ,,085=f=f =l =h
2+ == f—%—ﬂ 3
z 1
l, . ,085=f=f =l =h
2+ == Hi%—ﬂ s
‘= ! = 0.0566
L "~ ,,085:085%24+57+02"

3002 = 10-© = 420

M, = 0.9%(0.5 *Ast*F,*I,* (1-Z/l,))

My, = 0.9%(0.5 *3002*10%%420%5.7* (1-0.0566))
M, = 3.05 MN.m

M, = 6688.65 — 3050 = 3638.65

M,
@

e . Z
Ast 420+ (57-08) 1964.5 mm

As= 1964.5 + 8*79 = 2596.5 mm?
Use ® 20
Use 10D 20 ....oovveiernnenn.., A, = 3140 mm?
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210 0t 5620
5620 . |
'/ /r'l'/r.“}] /r L] v L2 w ¥ T 13£It:1m :I[: ¥ L] ¥ L3 \Ll'\"\!-\l!\ \\1-
\\\\\: 50 ol ;f/f7?
5320 Wem cfe 5620

¢ et X oen e @ lt 20 er cic

Ir{ 472 om ch

Figure (4-26) : Shear Wall Section
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4.13 Design of Dome:

The Analysis & Design was done by Using Software (Sap2000), The Results as the
following :-
Loads = Dead + Wind + Snow

After Design We get the profile as Horizontal is HSS 5X2 ?i_ X0.125
as Vertical HSS6 X 2 X 0.125

Groove Weld
HSS 5X 2-1/2 X 0.125 A I HSS 6 X 2.5 X 0,125
AN
Fillet weldin /)\/ P L3 NN
Pl A B N N
N / {. / \ ‘\\\ ‘\\
A NN N

Beam 3

The Dome

Figure (4-27) : Dome Section
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4.8 Design of Isolated footing (F7)
4.8.1 Determination of Loads
4.8.2 Determination of Footing area
4.8.3 Determination the depth of footing based on shear strength
4.8.4 Check for two way shear action (punching)
4.8.5 Design of Bending Moment
4.8.6 Development Length of main Reinforcement for M1
4.8.7 Check transfer of load at base of column
4.9 Design of Longitudinal Reinforcement
4.10 Design of Basement Footing

4.10.1 Check of One Way Shear
4.10.2 Design of Bending Moment
4.11 Design of Stairs

4.11.1 Determination of Slab Thickness
4.11.2 Load Calculations at section (A-A)
4.11.3 Design of Shear

4.11.4 Design of Bending moment

4.12 Design of Shear Wall
4.13 Design of the Dome
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ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
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 £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

b} For £, 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
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