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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = area of non-prestressed compression reinforcement.
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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.

Cs = compression resultant of compression steel.

DL = dead loads.

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

fc¢= compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction, measured face-to-face
of supports in slabs without beams and face to face of beam or other supportsin other cases.
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 longitudinal 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.
Wc = weight of concrete. (Kg/m?d).
W = width of beam or rib.
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Wu = factored load per unit area.

® = strength reduction factor.

€c = compression strain of concrete = 0.003mm/mm.
€s = strain of tension stedl.

és= strain of compression steel.

p =ratio of sted area.
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CHAPTER

A

DESIGN OF STRUCTURAL MEMBERS

4.1 INTRODUCTION

4.2 FACTORED LOAD

4.3 DETERMINATION OF THICKNESS
4.4 DESIGN OF ONE-WAY RIBBED SLAB
4.5 DESIGN OF BEAM

4.6 DESIGN OF COLUMN

4.7 DESIGN OF STAIR CASE

4.8 DESIGN OF SHEAR WALL

4.9 DESIGN OF ISOLATED FOOTING
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4.1 Introduction:

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

info any form or shape.

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

components.

In this project, all of the design calculation for all structural members willdone upon the

structura system chosen in the previous chapter.

Therefore, in this project there are many type of slabs such as “one way ribbed slab”, they will
analyzed and designed by using finite element method of design, with aid of a computer
program caled "Beamed- Software” to find the internal forces, deflections and moments for
ribbed slabs. Then handle calculation will made to find the required steel for all members.

The design strength provided by a member is connections to other members, and its cross —
sections in terms of flexure, load, shear, and torsion taken as the nominal strength calculated in

accordance with the requirements and assumptions of ACI-318-11 code.
Materials properties.-
- Compressive strength of concrete = 24 M Pa.

- Yield strength of steel fy =420 M Pa.

4.2 Factored Loads:
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The factored loads on which the structural analysis and design based for our project members,

is determined as follows:
Qu=12DI +1.6LL ACI-318-11 (9.2)
DL: Dead Load.

LL: Live Load.

4.3 Deter mination of Thickness:

4.3.1 Determination of Thicknessfor One-Way Ribbed Slab:

According to ACI-Code-318-11, Table (7.3.1.1), the minimum thickness computed as follow of
non-re-stressed beams or one-way slabs (unless deflectionsare cal cul ated):-

hmin for one-end continuous = L/18.5
= 647/18.5=34.97 cm.
hmin for both-end continuous = L/21
=375/21 =17.85 cm.
The controller slab thicknessis 35 cm.
Select Slab thickness h= 35cm with block 27 cm & Topping 8cm.

4.4 Design Of OneWay Ribbed Slab:

4.4.1 Design of Topping:

1 Tiles 23 23x0.03=0.69 KN/m
2 Mortar 22 22x0.03=0.66 KN/m
3 Coarse Sand 17 17x0.07=1.19 KN/m
4 Topping 25 25x0.08=2 KN/m

5  Partition 15KN/m* | 2x1=2 KN/m
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6.54 KN/m

Table (4 - 1) Caculation of the total dead load for topping.

violkew Bock [ 27 em) =

Figure (4-1): Toping of dab

(Assume astripe 1 m long with 0.4 m width).

From Jordanian code LL =5 KN/m?.

Qu=12xDL+16xLL
= 1.2x6.54+1.6x5 = 15.85 KN/m.

(Total Factored Load) .Assume slab fixed at supported points (ribs):

%12
Iv|u=VVU |
12
* 2
Mu =%= 0.2113 KN.m

Mn=.42* A*Vf&*Sm
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E* Mn=0.55* 0.42* V24* 1000* 80?/6=1.207 KN.m

2*Mn (plane concrete) =1.207 KN.m> Mu max=0.2113KN.m.

No structural reinforcement needed. Therefore, shrinkage and temperature reinforcement
must provide.

For the shrinkage and temperature reinforcement:-
p min=0.0018
As= p*b*h=0.0018* 1000* 80=144 mm?.
Number Of B8 = AS eq/Avar = 144/50.3 = 2.87 — Spacing(S) = 1/2.87 = 35cm = 350 mm.
S <380 (280/fs) — 2.5 x C< 300 (280/fs)

=380 x ( 280/(2/3f, ) ) - 2.5% 20 < 300 x ( 280/(2/3f,))

=380 x (280/ (2/3* 420)) — 2.5 x 20 = 330 mm < 300 x (280/ (2/3* 420))
=S< 300 mm.
< 3xh=3%x80=240 mm......controlled.

<450 mm.

4.4.2 Design of Ribs (Rib 1):
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Figure (4-2): Rib location

Table (4 - 2): Calculation of the total dead load for rib 8.

1 Tiles 23 0.03*23*0.55 = 0.3975 KN/m
2 Mortar 22 0.03*22*0.55 = 0.363 KN/m
3 Sand 17 0.07*17*0.55 = 0.6546 KN/m
4 Topping 25 0.08*25*0.55= 1.1 KN/m
5 Rib 25 0.27*25*0.15= 1.0125 KN/m
6 Block 10 0.27*10*0.4 = 1.08 KN/m
7 Plaster 22 0.03*22*0.55 = 0.363 KN/m
8 Partition 2*55=1.1 KN/m
6.1 KN/m
Concrete B300 Fc'=24 Mpa
Reinforcement Steel FY =420 Mpa
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Moments: spans 110 &

Figure (4-4): Moment and shear Envelop of rib 1.

Design Negative Moment of Rib 1:

d= h- cover — d girmups —0/2 = 350 — 20 — 10 — 12/2 = 314mm

My= -25.8 KN.m

Mn=25.8/0.9= 28.67 KN.m

420
m=—L_ -2 _ 1959
0.85f 0.85+24
* 6
Rn= 225719 _ 4 o3 MPa

 150* 3142

1 2%R*m
=t =

41



1 1. \/1_2(20.59)(1.93))= 0.0048

P~ 20509 420

As = 0.0048(150) (314) = 266.08 mm?2

Asmin = .0018* b* h= 0.0018* 150* 350 = 94.5 mm?
A= 266.08 MM? > ASmin = 94.5 mm?

# Of bars = Ag AS py = 266.08/113.04 =2bars
Select 2 d® 12mm.

As provided=226.2 mm?

* Note Ap1 = 113.04mm?

e Check for strain:-(es = 0.005) ACI-318-11 (10.3.5)

Asxf,=0.85xf'xbxa
226.2 x 420 =0.85% 24 x 150 x a

a=30.91 mm.

* Note: f. = 24 MPa< 28 MPa— [, = (.85

c=30.92/0.85 = 36.365 mm

d=350-20- 10-6 = 314mm

=% = 0,003* ((d-0)/c) = 0.003* ((314-36.365)/36.365)
=09.... OK.

M= - 43.9 KN.m
My = 43.9/ 0.9 = 48.78 kN.m

420
0.85f] 0.85+24

m = 20.59

42
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48.78*10°
Rn= ————-
150* 312

1 2%R*m
=t =

0= 1 1. \/1_ 2(20.59)(3.34)
20.59 420

= 3.34MPa.

) = 0.0087

As = 0.0087 (150) (312) = 409.06 mm?

Asmin = .0018* 150* 350=94.5

As= 409.06 mm?®>AS in = 94.5 mm?

# Of bars = Ag/ AS s = 409.06/200.96=2.03bars
Select 2 ® 16mm.

As provided=401.92 mm?

e Check for strain:-(es= 0.005)
Asxf,=0.85xf'xbxa
401.92 x 420 =0.85% 24 x 150 x a

a= 55.165mm.

c=55.165/0.85 = 64.9 mm

d=350-20-10-8=312mm

* Note Agp1; = 200.96 mm?

ACI-318-11 (10.3.5)

&
* =0.003*((d-c)/c) = 0.003* (312 - 64.9)/64.9) = 0.0114> 0.005

=0.9.... OK.

Design of Positive Moment of Rib 1:
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For main positive reinforcement Assume @ 14 bar diameter,stirrups ® 10

d= h- cover — d gimups —0b/2 = 350 - 20 - 10 - 7 = 313 mm

Assume rectangular & tension control section.

Mu =29.7 kn.m
. 420
m=—2_=_20__9549
085 f  0.85+24
* 6
Rn= 22719 5 bompa
150% 313

A 1 1. \/1_ 2(2.02)(20.59)

~ 2059 420
As = 0.00507 (150) (313) =238.25mm?

Asmin=0.0018* 150* 350 = 94.5
As_. =94.5mm’
As=238.25 mm*> As,,, = 125.6mm’

# of bars = AS/ AS g = 238.25/153.86= 2 bars

As providing =307.72 mm?
Select 2 ® 14 mm.

e Check for strain:-(es= 0.005)
Asxf,=0.85xf'xbxa
307.72x 420=0.85% 24 x 150 x a

A=42.236 mm

) = 0.00507
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bl
313-49.69
e ="

° 49.69
e, = 0.0159 > 0.0050K

a _ 42.236 _ 49.69mm

X0.003

=0.9.... OK.

My=42.9 kN.m. d=312, ®=16

= 420

.= =20.59
0.85f 085+24

m=

* 6
< 429710

= 15073127 =2.94MPa

1 1- \/1_ 2(2.94)(20.59)

- ) = 0.0076
20,59 420

P
As = 0.0076(150) (312) =355.68mm?
As_. =94.5mm’

As=355.68 mm*> As,, . = 125.6mm’

# of bars = AS AS pyr =355.68/200.96 = 2 bars

As providing =401.92 mm?
Select 2 ® 16mm.

e Check for strain:-(es= 0.005)

Asxf,=0.85xf'xbxa
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401.92x 420=0.85x 24 x 150 x a
a=55.165 mm

a 55165
b, 085

312-64.9
e =—— "

S

e, = 0.0114 > 0.0050K

=64.9mm

X0.003

=0.9.... OK.

4.4.3 Design for shear for rib 1:

V=40 KN

Jie

dVe=d* 6 *pw*rd

N

= 0.75* 6 *0.15*0.312*1000
=28.66 KN

1.1* ® Vc=1.1*23.074 = 31.52 KN.

Check for Vu:-

1) Vus ® Vo2
40 <14.33 ( X )

2) dVc2sVu<sd Ve
14.33<40<2866 ( X )
3) Vu=40 < 1.1* ® Vc=31.52 (X)

4) ®VcsVusP Ve + @ Vsmin
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Vsnin:—'\’lg:*bw*d OR  Vsmin=13*bw* d

Vsmin= 14.33 KN OR Vsmin=15.6 KN
® Vsmin =0.75*15.6 = 11.7 KN
28.66<40< 28.66+11.7

23.047<43.5< 40.36 .... (0k)

So Case (4) satisfy

Vs = (Vu-(dVc))/d =27.24 KN.

Take Av =2 ® 10 = 2 * 78.5=157 mm~.
Av/ s=1/3 (by/fy)

201.06/ s= 1/3 (150/420)~> s= 105 mm

S<d/4=78.5mm

S < 300 mm.

Use @ 8 @10cm c/c.
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-4.5 Design of Beam 16::

(SE.09)SES

2
0y
O
(3
g

B16(30*35) B16(80*35)  B16(80%35)

e —

Figure (4-5): Beam 16 location
4.5.1 Load calculationsfor Beam 16:
The distributed Dead and Live loads acting upon the Beam B-7 can be defined from the support

reactions of therib R-3 and R-4
By using ATIR program we get the envel ope moment and shear diagram as the follows: -

Gecmelry Units:meter,cm

EB cc Do

1 =
=,
i, ST
2
E 3
=,
£ 3

4.63 4.85
4.83 3. 5.05

p—_
i
T

ra

ta
=
+ ha

4=
di

35

el.
AR

Figure (4.6) Geometry of Beam B-16
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MomentiShesr Envelope (Fadord) Units: kM mater

Moments: spans Tio 3

1838
-168.8  -159.4

®E.2
A43. 1524

Momant/EShaar Envaelopa ([Fecorad) Lnis: kM onetar

Shear

4573 7 470.7 179

’ — e A .

\/ 1247
172 21648 143. L/

Figure (4.7) Moment and Shear envelop for Beam B-16

Assume bar diameter 20 for main reinforcement.

Selected dropped beam
b, =80cm, h =35cm
18

d :350—20—10—?:311mm

4.5.2 Design of shear for Beam
ACI - 318 — Categories for shear design:
Vu critical=239.42 KN

Ve=-vVich,, d
Ve = ;‘_x/ﬁasoo £311

V= 203.14KN.
® Vc=0.75*203.14=152.36 KN

1 —
= i,
Vs min 16 fc bv. d
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= 1\/ﬂ 800 =311
V:-;,:mn T 16

Vemin = 76.18 KN

Wl

b,, d

V:-;,:mn

1
Vemin = 3" 800 =311 = 82.93 KN ... control..

O(Ve + Vominy <Vy =30 =v,
0.75(203.14+82.93) < 239.42<3* 0.75*203.14
214.55 < 239.4 <457.06

S0, shear reinforcement are required.

Use 2 leg @ 10.

Av = 157 mm2.

Vs=Vn-Vu=="2_20314= 116.09KN

= Aufyd  157%420+311 176.65

= V.  11609=+1000  'ooemm

d

Stnax = E OF Siax = 600 mm
d 311

Smax = 5 = - = 155.5 mm ... control

4+ Select @10 @ 15cm (4 Legs)
150 mm < S max =155.5 mm
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4.5.3 Design of Beam of negative moment :
use ®18 area= 254.34 , d=350-20-10-18/2= 311 mm
Mu =-143 KN.m at support (1).

Mn= Mu/0.9
=143/0.9 = 158.89 KN.m

Mn 6
Kn > == M:ZOSMpa
bxd 800x (311)
me_ Y ___ 40 556
0.85fc’  0.85x 24

24

As min =—Y22_ (800)(311) = 725.49mm?
4(420)

A's min :% (800)(311) = 829.33mm? ~ control

1

p :ﬁ (1 - \/]__M ) =0.0052
420

As=p* b*d=0.0052(800) (311) = 1282.5 mm? >As min =829.33mm?

As, )
#of bars= —— = 1282.5_ 5.04 *Note Ap1g= 254.34 mm2
As, 25434
+ Sdlect 6018

* Check strain for the magnitude of under strength factor ®:
Tension = Compression
A x fy=0.85x f_'xbxa

1526.04x 420 = 0.85x 24x 800x a
a=39.27mm
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_a 3927
085 085

290-46.2
g =———

S

=46.2 mm

x0.003=0.0158
e, =0..0158 > 0.005
v Ok

Check for bar distance:

~ 800-2x20-2x10-6x18
5

S =126.4mm> 25mm

v Ok

Mu =-168.9 KN.m at support (2).

Mn= Mu/0.9
=168.9/0.9 = 187.76KN.m
B fy 420

=20.6

m= _ =
0.85* fc  0.85*24

Mn 187 .67 *10°

Kn = > = > = 2.4Mpa
bd (800 )(311)
A's min 4 (800)(311) = 725.49mm?
4(420)

A's min :% (800)(311) = 829.33mm? ~ control

(. f_2mn )_ 1 1_\/1_2 20.6*2.4 | _ 4 10616
fy 20.6 420

A s =0.00616 (800) (311) =1532.1 mm?> A S min = 829.33 mm?
# of bars= As/ Aspy = 1532.1 /254.34 =6.024 * Note Ag1g = 254.34 mm?
+ Sdlect bar 70 18

Total AS (providg= 1780.38 mm?> 2204 mm’
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* Check strain for the magnitude of under strength factor ®:
Tension = Compression
A x fy=0.85x f xbxa

1780.38x 420= 0.85x 24x 800x a
a=45.82mm

_a _45.82
085 085

311-53.9
e.=—— —"°%

S

e, =0.0143> 0.005
v ok

=53.9mm

x0.003=0.0143

Check for bar distance:

_ 800-2x20-2x10-7*18
6

S

=102.33mm> 25mm

v Ok

Mu =-159.4 KN.m at support (3).

Mn= Mu/0.9
=159.4/09=177.11 KN.m
fy 420

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

Mn 177 .11*10°

Kn = = > = 2.9Mpa
bd (800 )(311)
A's min _ V24 (800)(311) = 725.52mm?
4(420)

A's min :% (800)(311) = 829.33mm? ~ control
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oA f_2mkn | _ 1 1_\/1_2 20.6* 2.9
m fy 20.6 420

A s = 0.0075 (800) (311) =1866 mm?>A s min = 829.33 mm?
Use As= 1866 mm?
# of bars = As/ Aspa = 1866/254.34 =7.36 * Note Aeig = 314 mm?
4 Select bar 8 18
* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85x f 'xbxa

2037.74x 420=0.85x 24x 800x a
a=52.36mm

~ 311-61.605

e
* " 61605
e, =0.012> 0.005

x0.003=0.012

v Ok
Check for bar distance:

~ 800-2x20-2x10-8x18
7

S = 85.143mm> 25mm

v Ok
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4.5.4 Design of positive moment

use ®18 area= 254.34 , d=350-20-10-18/2= 311 mm
TakeMu = 178.7 KN.mat span (1).

Mn= Mu/0.9
=178.7/0.9 =195.56 KN.m

Mn 6
Kn > == m:253|\/|pa
bxd 800x (311)
me_ Y ___ 40 556
0.85fc’  0.85x 24
J2

Asmin =—Y22_(800)(311) = 725.52mm?
4(420)

A's min :% (800)(311) = 829.33mm? ~ control

1
p= 20.6 1- \/1_% ) =0.0065

420
As =p* b*d=0.0065(800) (311) = 1605.42 mm? >As min =829.33mn»

# of bars= et = 1605'42: 6.312 *Note Agp1s= 254.34 mm?
As, 25434
+« Select 7018

* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85x f_'xbxa
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1885x 420 = 0.85x 24x 800x a
a=4582mm

. a _45.82
085 085

o _ 311-53.9
s 53.9
e, =0..0143> 0.005

v Ok
Check for bar distance:

3 800-2x20-2x10-7x18
6

=53.9mm

x0.003=0.0143

S =102.3mm> 25mm

v Ok

Take Mu = 190.8 KN.mat span (2).
Mn=Mu/0.9

=190.8/0.9=212 KN.m

Mn 6
Kn > == ﬂ =274 |\/|pa
bxd 800x (311)2
M fy _ 420 206
0.85fc" 0.85x24
Asmin = V2% (800)(311) = 725.52mm?
4(420)

A's min :% (800)(311) = 829.33mm? ~ control

1
p=206 (1- Jl_w
420

As =p* b*d= 0.00703(800) (311) = 1749.9 mm? >As min =829.33mm?

) =0.00703
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AS 17499
As, 25434

# of bars= =6.88*Note Ap1s= 254.34 mm?

4+ Sdect 7018

Total AS (providg = 1780.38 mm?

* Check strain for the magnitude of under strength factor ®:
Tension = Compression
A x fy=0.85x f 'xbxa

1885x 420 = 0.85x 24x 800x a
a=45.82mm

_oa 45.82
085 085
_ 311-539

eS
53.9
e, =0..0143> 0.005

=53.9mm

x0.003=0.0143

v Ok
Check for bar distance:

3 800-2x20-2x10-7x18
6

S =102.3mm> 25mm

v Ok
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(4.6)Design of column (C1):

Fig(4-8) :Column section and reinforcement.

4.7.1 Dimension of column:
Pu =800 KN

Pn =800/ (0.65) = 1230.8 KN
Assume rg=135%

Pn =0.8* Ag{0.85* fc'+r g(fy—0.85fc")}
12307 = 0.8* Ag[0.85* 24+ 0.01* (420 — 0.85* 24)]
Ag = 630.6cm?

Assume rectangular column

Use 20* 35cm with Ag = 700cm?2 >Agreq = 630.6 cm=.

(4.4.1) Check the slender ness effect:
K= 0.77

.IL'T]

I =1 brecedframewithM min
M3

ki, M,
<34-=12 — =40
r M2

= 0.3h =03 x0.35=0.105

| = |

Ny =
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’x= -=03h=03x%x02=0.06

| ==

L,=3.65m

My 0775365 26.767 < 40 So the column is short at y axis

ry 0105 y

ki, 077 %365 . .
= =468 =40 =22 So the column is long at x axis

rx 0.06
Check for the X-axis "short column”

pr,hax = @+ 0.8 0.85fc Ag — Ast + Ast+ fy

@ = 0.65 its tide

1230.7*10"3 =0.65* 0.8 (0.85* 24(350* 200-Ast) + Ast * 420)
Ast=1221.57 mm?

p = Ast\Ag = 1221.57\(200 + 350) = 0.017 = 0.01 ok

Use 8916 with As= 1607.68 mm*>Ast=1221.57 mm ,,,OK.

(4.4.5) Design the stirrups:
The spacing of ties shall not exceed the smallest of:

- 16xd,=16%x16 =256 mm

- 48xds =48 x10 =480 mm

- Least diminution of the column =200 mm control.
Use ¢ 10@200mm.

(4.4.6) Check for code requirements:

350=-20XZ=10x2=~B+16

= =241 mm <40mm

clear spacing between longitudinal bars =

- grossreinforcement ratio = 0.0156 0.01 < 0.017<0.04 o
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Fig(4-9) :Stair Case

4-7-1 Structural system and minimum thickness:

L 560
1. hmi“ :El :E =20cm.

Takehy,, =20 cm

4-7-2 Loads and Reactions calculations:

The applied live loads are based on the plan area (horizontal projection), while the dead load is

based on the sloped length. To transform the dead load into horizontal projection the figure below
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explains howfigure (4-30). 8 = tan™! — =

o SO0 1N
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|
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Figure (4-10): Transformation of dead load into horizontal projection.

e Flight Dead Load computation::

Dead Load Form Unit weighty (‘f_’;} = (E}
" m
[ 0.170 + 0.35
Tiles 23 23 x 217 35 0.03x1=119
03
0.170+0.3
Mortar 22 sux 217 x 0.02 x 1= 0,689
03
Stair steps 25 25 0.170x0.3
X %T=2
03 > 1=2125
Reinforced concrete | 25 2axBE1 _ g 47
coy 2953
(solid dab)
Plaster 22 22x0.03x1
cos29.53 o Eaha
Tota Dead loads kN/m 10.52

Table (4-3)DeadlL oad calculations on flight.

¢ Landing Dead Load computation:
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Dead Load Form Unit weighty (23) S % (E}
e m

Tiles 23 23003 x1=069
Mortar 22 22x003x1=0.66
Reinforced concrete | 25 25x0.2x1=5
(solid dlab)

plaster 22 22x0.03x1=066

Tota Dead loads kN/m 7.01

Table (4-4) Dead Load calculations on Landing.

kN

o liveload:l; =5 — .
m

o Total Factored Load:w =1.2 D; + 1.6 L,

Forflighew=1.2 10.52 +1.6 5 =20.6 ¥

m

Forlanding:W=1.2 7.01 +1.6 5 =16.412 %

4-7-3 Design of flight:

Because the load on the landing is carried into two directions, only half the load will be considered in

16412 kN
=82 — .asshownin figure (4-31).

m

each direction
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£.2 KNim

8.2 KNim
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o

' 4—9.5.._.].._——_35.:;_.1‘—1.:“1

fig (4-11) : load of flight

(4.7.4) Design of Shear :
=  Assume @ 10 for main reinforcement:-
So, d = 200-20 -10\2 = 175 mm

Shear
Support reaction at B& A = 32.54

Vu=3254 KN.

ff. *b,*d
fve=-Y°c W —

_ 0.75* \/24*1000* 173
6

fVc =106KN

Vu=32.72 KN<0.5fVc =53 KN.

No shear Reinforcement is required. So the depth of the stair is OK.
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(4.7.5) Design of Bending Moment :

The Following figure shows the Moment Envel ope acting on the stair
Mu =51.79 kN.m
Mn =Mu/0.9=51.79/ 0.9 =57.75KN.m.

d=173mm.

* 6
« _57.75*10

L= 2~ —1.93MPa .
1000* 173

__ Ty
0.85x fc'

420
m=————
0.85x 24

c_Afg 2K, | 10 1_\/1_2 2059*3.95 | _ 0 1076
m f, 20.59 420

AS,,= 0.0076*1000* 173 =1314.35 mm?

=20.59

As,,, =0.0018* b* h = 0.0018* 1000* 20 = 360mm
As,;, = 360mms AS,, = 1314.35cm’

Use8 ® 12/ 1Im
As provided =1608 > Asreq

5 - Secondary reinforcement:

ASsyinkage= 0.0018<bx h = 0,0018<1000x 200= 36amm

Use ®12 @ 20 cm
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(4.7.6) Design of landing
WR = 25.42

WL =16.41

R =7513

(4.7.7) Design of Shear :

= Assume @ 14 for main reinforcement:-
So, d =200-20 -7 = 173 mm.

Support reaction at B&A = 75.133

Vu =75.133

ff. *b,*d
fve=-Y°c W —

_ 0.75*+/24*1000* 173
6

=106KN

fVc

Vu=519KN <fVc =106 KN .

No shear Reinforcement isrequired. So the depth of the stair is OK.

(4.7.8) Design of Bending Moment :
Mu =(1.25*0.5* 1.25* 16.1)+(27.1* 1.2* 0.65)-(51.9* 1.25)=57.95 kN.m

Mu = 64.39.

=Mu/09=731/09= KN.m.
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d=172mm.

K - Mn
b-d?

K — 64.39* 10°
" 1000*172*

__fy
0.85x fc'

=2.17MPa .

420
m=———
0.85x 24

r:l L 1_2mKn _ 1 1_J1_2 20.59* 2.17 _ 0.0055
m f, 20.59 420

AS, = 0.0055" 1000* 172 =944.76 mm.

= 20.59

As,, =0.0018* b* h = 0.0018* 1000* 200 = 360mm2
As,;, = 360mm2< AS, = 944.2mm2

Use @ 14\10cm
10.27Cmm> AST8Q....wvvneeeeeeeenn, OK.

Cheek spacing:

3h =2* 200=600mm
=450
=380(280\(2\3)* 420)-2.5* 20=330

= 300(280\(2\3)* 420=300........control
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4-8 |Design of Shear Wall case.:. SW 1

4-8-1 plan and materials of Shear wall:

The following figuredemonstrate the location of shear wall that we consider to design it on

key plan figure (4-34), with materialsof f.» = 24 Mpa , f, = 420 Mpa .and height

of h, =12 m andthicknessh = 300 mmwithwidth L,, =5.8m

Figure (4-12): location of shear wall on key plan.

4-8-2 Elevation and inter nal Forces:

Thefollowing figure demonstrate the elevation and internal for ces shear force of shear

wall that we consider to design figure (4-35):
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530.8

204.8
1350

2555.6

301.4

Shear YWall Shear Force Be nding Moment
Elevation Diagram Diagram

Figure (4-13): Elevation and internal forces of shear wall.

4-8-3 Design:

e Moment M, at critical section, ( 2.)isthe smallest of:
L 5.8

2= E"' =—-=2.9m —Controlled
h 12

zZ, = ?w' — ? =6m

M,, = 2555.6 kNat critical section 2,

Design as arectangular section with L, 580 cm , b = 30cm.

e Calculation of effective depth (d) , the smallest of :
d=08x1L,=08x5800=4640mm — controlled
d=08xh,=08x12000=9600mm
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e Design of shear force (Horizontal reinforcement A..;) :
maxV, =382 kN

Shear strength of concreteV ¢ isthe smallest of :

L Ve=z fhd=-v24+300+4640+1073 = 11366 kN —

Controlled
£’ Nyd
2. V., =025 f./bd +;ﬁ;
o 0% 103 x 4640
=0.25V24 %300+ 4640+ =1704.8 kn ...

4 % 5800

So thikness of wall is safe

Design for horizontal reinforcement :
A, min.=0.0025* s* h

h =2 ® 10 =158 mm?

2*79
&
S=210mm
Smax <L,,/5=5800 /5= 1160 mm

j: 0.75

<450 mm
< 3* h=3*300=900 mm
Take s= 200 mm < s max

Sdlect 10/20 cm
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e Design for Vertical reinforcement:
A, min.=0.0015* s* h

Ay =2 ® 10 =158 mm?

(2* 79
S

S=350 mm
Smax <L,/5=5800/5 = 1160 mm

j =045

<450 mm
< 3* h=3*300=900 mm
Take s= 200 mm < s max

Select ®10/20 cm

e Design of bending moment:

Mu = 2550+ 301.4* (4— 2.9) = 2881KN.m

csf W }_5890_1a909mm
0.007*600) 42

length of boundary element=C-0.1xL,
length of boundary element=1380.9—0.1x5800=800.9mm

_ C 13809

w=—== =690.45mm
20 20

Select the boundary element = 700mm
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*
avs= W s, ——> = 2779 5800 = 4582mm?
sl 200

z 1
Lw 2+0.85*b* fc* Lw* h/(As* Fy)
Z ! 0.0637

LW 2+0.85x 0.85x 24~ 5800x 300/(4582x 420)

Muv = 0.9x Fy x 0.5x Asx wa[l_(l_iD
W

Muv = 0.9* 420* 0.5* 4582x 5800* (1- (0.0637/ 2)) = 55.188.03KN.m
Muv > Mu

So, Boundary is not required.

“ Saction A-A |

Figure (4-20): Detailing of shear wall
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4.9 DESIGN OF ISOLATED FOUNDATION (F5):

49.1DETERMINATION OF FOOTING DIMENTIONS:

Factored load = 3338 KN

Soil density = 18 KN/m3

Allowable soil Pressure = 400 KN/m2
Assumeh=0.65m

Footing weight = (25¥0.65) = 16.25 KN/m?
Allowable soil Pressure net = 400 — 16.25 = 383.75 KN/m?
0=0allow. net

=14* Qe =14* 383.75=537.25 KN/m?
Assume square footing

537.25 = 3338/a*a

a= 2.49 m,area= 6.21 m’

3338/ 6.21 =537.5

537.25 <5375 .... (Ok)

Take Square Footing with b=2.6m.
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4.11.2 Design against sliding:

Horizontal Force = 0.0 (not required to check)

4.11.3 Design of reinforcement concrete:

¢ Check for oneway shear:

Cover = 75 mm, ® =16 mm, thickness = 750 mm
d=650- 75 - 16 = 559 mm

Vu=0.287* 537.5* 2.6 = 401.08 KN

[

— V24
®*Vec=075¢ 6 bw*d =0.75* =

* 2600* 559 = 890.02 >Vu

So his correct.

¢ Check for two way shear (punching):
d= 559 mm
Vu= 3338-(537.5*0.863? = 2937.68 KN

The punching shear strength is the smallest value of the following equations:
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v =f 142 |t b.d

6" b,

1( a '
v =f 22 ol/f bd
g2
fV_f—\/ £ b,d

B Column Length (a) _ 50
¢ Column Width (b) 35

Where: b =1.42

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

b, = 2(d +al) + 2(d + a2) = 2(559+ 500) + 2(559+ 350) = 3936mm

As = 40 for interior column

fV, =t %(u bi}l f 'bd = 0'675* (1+ 1312} J/24* 3936* 559 = 3245.05KN

* *
fVv, =f —[a d. j\/ bd_075 (429§§9+2j*@*3936*559:5174.5KN

O

f\, =f —\/ bd—o—f*«/_él*3936*559 2.694.7KN

f V. =3245.05KN .... Control
Vu = 2937.68 KN
f Vc=3245.05KN >Vu = 2937.68KN........ satisfied
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+ Design of Bending M oment:-
Mu = 707.08 KN.m

d =650—-75-16=559 mm

6
Mn _ (707.08/0.9)x10° _ 0.981Mpa

Rn= 2 2
b*d 2600x 559

me Fy 420
0.85fc' 0.85x24

Ly 2R,
m fy

1 2x 20.59 x 0.981
r=——oHo(1- \/1—
20.59 420

=20.59

)=2.359x10°°

AS,., = 2.359 x 107 x 2600 x 559 = 3560 .44 mm>
As,. =0.0018* 2600* 750 = 3510mm?’

AS,o, =3560mm” > As, ;. = 3510mm’

#0f bar — 3560.44 _
200.96

18bars

Select 18 @ 16A4 0 = 3617.28mm’
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+» Check for strain :-

As* fy=085* lex h* g

3617.28* 420=0.85* 24* 2600* a
a= 28.644 mm.

a 28644

-8 _ 8643 7mm
X“p, 085 MM

_559-33.7
S 33.7

e = 0.0468 > 0.005

x0.003

EE =0.9.... OK.

Sectdon I-I

Figure (4-14): Detailing of isolated foundation.
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