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ABSTRACT

Hebron Youth Sports Club Center

This Center is located in the Hebron a area on a plot of 5300 square meters,
with an area of approximately 7138 square meters. It consists of 6 floors, 4
floors over the ground floor and one underground floors & roof.

The Center has a main entrance and an emergency entrance on the eastern
side.

The ground floor consists of GYM, Swimming Pool, a Volleyball Court, and a
Cafeteria, with an area of 1147 square meters. The first floor consists of a
Cooking Lab, Admin Room, an Embroidery Player, Secretary's Office
Manager Office, with an area of 1164 square meters. And the second floor
consists of the Rest Room, Staff room and Table Tennis Room, chess room,
Billiard room and its area is 1228 square meters. And the third floor is Public
Library, Convention Hall, Remote Meeting Room, and its area is 806 square
meters. As for the roof floor, it is for Multiple purposes, with an area of 776
square meters.

There 1s one underground floor that are used as a car park and
The area of each floor is 2017 square meters.
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chapter 4: Structural Design & Analysis

4.1 Introduction

4.2 Design method and requirements.
4.3 Factored loads

4.4 Determination of minimum thickness of
structural members
4.5 Design of one-way ribbed slab

4.6 Design of Beams

4.7 Design of two-way ribbed slab




4.8 Design of Column (C1) in ribbed
slab

4.9 Design of Isolated Footing (F1)

4.10 Design of Basement Wall

4.11 Design of Shear Wall

4.12 Design of Stairs
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = gross area of section.

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

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

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

fc' = compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or in direction parallel to longitudinal reinforcement.

Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.




Woc = weight of concrete. (Kg/m3).

W = width of beam or rib.
Wu = factored load per unit area.

O = strength reduction factor.
€. = compression strain of concrete = 0.003mm/mm.
€ = strain of tension steel.

€= strain of compression steel.

p = ratio of steel area.
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CHAPTER 4 LIVE LOADS

Table 4-1 (Continued)

Occupancy or Use Uniform psf (kN/m’

Office buildings
File and computer rooms shall be designed for heavier loads based
on anticipated occupancy
Lobbies and first-floor corridors 100 (4.79)
Offices 50 (2.40)
Corridors above first floor 80 (3.83)
Penal institutions
Cell blocks 40 (1.92)
Corridors 100 (4.79)

Recreational uses
Bowling alleys, poolrooms, and similar uses 75 (3.59)
Dance halls and ballrooms 100 (4.79)°
(Gymnasiums 100 (4.79)°)
Reviewing stands, grandstands, and bleachers 100 (4.79)**
Stadiums and arenas with fixed seats (fastened to the floor) 60 (2.87**
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Introduction

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

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

In this project, all of design calculation for all structural members would be made upon
the structural system which was chosen in the previous chapter.

So, in this project, there are many types of slabs such that “one-way ribbed slab”, They
would be analyzed and designed by using finite element method of design, with aid of a
computer program called "BeamD- Software” to find the internal forces, deflections and
moments for ribbed slabs, and then handle calculation would be made to find the required
steel for all members.

4.2 Design method and requirements

The design strength provided by a member, its connections to other members, and its
cross sections in terms of flexure, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI-318-14
code.

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI code (318_14).

Strength design method

In ultimate strength design method, the service loads are increased by factors to obtain
the load at which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element
is then proportioned such that the strength is reached when factored load is acting.

The computation of this strength takes into account the nonlinear stress-strain behavior of
concrete.

The strength design method is expressed by the following,

— Strength provided > Strength required to carry factored loads.

Material

Reinforced Concrete: B300, fc' = 24 N/mm? (Mpa)
Reinforcement Rebarrs: fy = 420 N/mm?(Mpa)
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Strength reduction factors (Q).

According to ACI a reduction factor for structural elements must be included in the calculation
of concrete sections, these factors are less than 1.0 for safety purposes, 0.9 for tension-controlled
sections, 0.75 (Spiral) or 0.65 (Stirrups) for compression-controlled sections, 0.75 in shear
calculation and 0.6 for plain concrete sections. The strength factor () changes with net tensile
strain of the cross section as illustrated in the following figure:

X.;s = 0.75 + (£, - 0.002)(50)

¢ = 0.70 + (£,-0.002) (200/3)

Compression Tension
controlled — Transition controlled

£ =0.005

LA
d 0.375

Fig. (4-1): Variation of @ factor with net tensile strain (ACI 318)

4.3 Factored loads

The factored loads used in the structural analysis and design according to ACI-318-11 (9.2) eq.
, 1s determined as follows:

Wu=1.2DL+1.6LL

Where;

Wau: Ultimate Load (kN).

DL: Dead Load (kN).

LL: Live Load (kN).

4.4 Determination of minimum thickness of structural members

Minimum thickness of non-prestressed beams or one-way ribbed slabs unless
deflectionsare calculated. (ACI 318M-11)

Simply One-end Two-ends
Supported continuous continuous

Span (L)/16 Span (L)/18.5 Span (L)/21 Span (L)/8

Cantilever

Table (4-1): Determination of minimum thickness of structural member
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For rib [4] basement floor:

2L1 = 2—71 = 33.33cm ...For two-end continuous. (For rib)

Select Slab thickness h=35c¢m but we run it on safe and Atir and the deflection was ok.

4.5 Design of one-way ribbed slab

One way ribbed slab Design procedure is explained in
the following steps :

Loads on Toppl
[ pping

I

4.5.1: Design of topping:

Topping in One-way ribbed slab can be considered as
a strip of 1-meter width and span of hollow block
length with both ends fixed in the ribs.

Figure (4- 2): System of topping

4.5.1.1: Calculation of Loads on Topping

Dead loads that act on Topping can be calculated as shown in the following table:
— Dead Load For 1m strip:

Table (4- 1): Dead Load Calculation for topping

Topping 0.08%25 x1=2

Sand 0.07x17x1 =1.19

Mortar 0.03x22x1 =0.66

Tile 0.03x23x1 =0.69

partitions 2.3*1=2.3
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Live Load For Im strip =4.79 x 1 =4.79 kN/m

Factored load (W,) = 1.2xDL+1.6xL

(Wy) =1.2%x6.84 + 1.6x4.79 = 15.8 kN/m. (Total Factored Load).

4.5.1.2: Analysis of topping

Vu

W, 1> 158+ 047

5= 1 = 0.21kN.m . control

4.5.1.3: Design Strength of topping

— Shear Design Strength:

For Plain concrete section one way shear is calculated using the following equation:
®. Ve=@ x 0.11 x A xVFc' x bw x h
®. Vc=0.55x0.11 x 1 xv24" x 1000 x 80 = 25.87 kN >Vu — SAFE

Moment Design Strength:

For Plain concrete section with“b=1m & h=8cm”

hZ

OMy, = 0.55 » 042 *[fc x b » —

@M,, = 0.55 * 0.42 /24 x 1000 * 80%2/6 = 1.2 KN.m

@M, (plane concrete ) = 1.2N.m > M, max = 0.155 KN.m

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

For the shrinkage and temperature reinforcement: -

Pmin = 0.0018

A; = p*b*h=0.0018 %1000 * 80 = 144 mm?.

144

2.87 — Spacing(S)=300mm
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Step (s) is the smallest of: -

280 280

(1)S <380 (=) ~2.5 x Ce<300 ()

=380x(%)—2.5><20§300x(%)

Iy Iy
280
g* 420

=380 x ( )= 2.5 x 20 = 330 mm

280
g* 420

S <300 x ( ) =300 mm.

(2) S<3xh=3%x80=240 mm controlled.

(3) S <450 mm.

S=200 mm < Smax = 240 mm - ok. Take
~Select mesh @8/20 cm in both directions.

4.5.2 Design of one way- ribbed slab (7)

Structural Analysis & Design

Rib (R7) is selected to be designed , the following figure shows its location in basement floor

Fig. (4-3) Spans of rib (R-basement floor) location
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4-5-2-1 Rib geometry

Figure (4- 4): geometry of rib (R7)

Requirements for Ribbed Slab (T-Beam Consideration According to ACI) are as follows:

e Bw>10cm — selectbw =14 cm
e h<35bw=23.5x%14=49cm — select h =35 cm

° thI;—ZZ 50 mm — select tf =8cm

4.5.2.2 Loads Calculation for Rib (R7)

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is
calculated as sown in the following table:
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— Dead loads:
Table (4- 2): Dead Load Calculation for rib (R7)
Quality Density Dead Load
(KN/m?) (KN/m)

No. Material

Topping 25 0.08%x25 x0.54 = 1.08
Rib 25 0.27x25%0.14 = 0.945
Sand 17 0.07x17x0.54 = 0.64
Mortar 22 0.03%x22x0.54 = 0.356
Block 12 0.27x12x0.4 = 1.296
Tile 23 0.03x23x0.54 = 0.3726
Plaster 22 0.03%x22x0.54 = 0.356
Forceling 1.25%0.54 = 0.675

partitions 2.3x0.54=1.24

3" =6.966 KN/m
Total Dead load = 6.966 kIN/m / Rib

1
2
3
4
5
6
7
8
9

Total live load = 4.79%x0.54=2.59 KN/m / Rib.
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Figure (4- 5): service load of rib (R7) — [kN]

— Factored Load (W,) = 1.2xD.L + 1.6XL.L

WuD = 1.2x 6.966 = 8.36 kN/m/rib
WuL = 1.6x2.59 = 4.14 kN/m/rib

4.5.2.3 Analysis

Figure (4-5) shows the shear and Moment envelope of the rib (R7) obtained from Atir

Moments: spans 1to 2

Figure (4- 5): Shear & Moment envelope of rib (R7) — [kN & KN.M]
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4.5.2.4 Design of flexure of rib: -

4.5.2.4.1 Design of Positive Moment — Bottom Reinforcement

Check for chosen effective flange width (be):
-According to (ACI 318-14) (be) is the smallest of:

be < center to center span + b,,= 400 +140 = 540 mm
Controlled.

be < Span clear /4 =3950/4 = 987.5 mm.

be < (16% tr) + bw = (16x 80) +140 =1420 mm.

— be = 540 mm.

Design of positive moment g, = 26.4 kN.m (SPAN 1)

1- Check if (a<t)or (a>t)
Assume a=t=8cm
O*Mn=0Q*CorT?*(d-"*)
C =(0.85*Fc’*t* be)
O*Mn=0Q*CorT?*(d-"*)
= 0.9*0.85%24*80*550(245 — 80/2) x 10~°
=222.1 kN.m > My max= 26.4KN.m.

~ a<t —» Compression zone is in the flange

2- Design as Rectangular Section with b=be

fy 420
m= = =20.6
0.85f, 0.85%24

My, 26.4%10°
R, = = =0.54 MPa
" b*d?  0.9¥540%3152

2xRp*xm

ng(l— 1-==)

<1 B \/1 B 2*0.54*20.6> — 0.0013
" 206 420

—>ASreq= p x b xd =0.0013 x 540 x 315 =221.1 mm>.

0.25/f! 1.4
(fy‘é—*bw*dzg*bw*d

ASmin =

= 025424 1404315 > 2% 4 140 % 315
420 420

=128.6 mm?< 147 mm? Larger value is control.
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—ASmin = 147 mm? < Aseq=221.1mm?,
As=221.1 mm?
Select 2 @14 with Asproy = 307.8mm?> Asreq = 221.1 mm?... OK.
~ Use 2 014
3- Check for strain:-(e; = 0.005)
Asxfy=0.85x f/ xbxa
307.8 x 420 =0.85 x 24 x 540 x a

a=11.73 mm

a 1173
c=—=——=13.8 mm
B1 085

d=315mm

315-13.8
E. = *0.003
S 13.8

= 0.065 > 0.005 (tension control section).
~ =009 ... OK.
2-Design of positive moment Az, =21.4 KN.m (SPAN 2)

1- Check if (a<t)or (a>t)
Assume a=t=8cm
@ Mu = 0.9*%0.85%24*80*540(315 — 80/2) * 10°°
@Mu =222. 1kNm>Mumax 21.4KN.m.

~ a<t —» Compression zone is in the flange

2- Design as Rectangular Section with b=bE
fy 420

= = = 2 .
m 0.85f, 0.85%24 0.6

My, 21.4%10°
R, = = =(0.443 MPa
" b*d?  0.9¥540%3152
2xRp*xm )
fy

p= ; 1-
<1 B \/1 B 2*0.443*20.6> — 0.00106
. 420

=p xbxd=0.00106 x 540 x 315 = 180.306 mm?>.

_0.25%/24

£ 140 * 315 > —2 % 140 * 315
420

=128.6 mm?< 147 mm? Larger value is control.

42
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—>ASmin= 147 mm? < Asreq- 180.306 mm?.

As =180.306 mm?*

Select 2 @14 with Asprov = 307.8mm?>Aseq = 180.306 mm? ... OK.
~ Use 2 @14

3- Check for strain:-(e; = 0.005)
Asxfy=0.85x f/ xbxa
307.8 x 420 =0.85 x 24 x 540 x a

a=11.7 mm < 80 mm =¥ rectangular section.

c=2=27-138mm * Note: f, = 24 MPa< 28 MPa—
B1 0.85

l%>::0.85

d=315 mm

315-13.8
g = *0.
s 13.8 003

=0.065 > 0.005 (tension control section).
~0=09.. OK.
4-5-3-4-1-2 Design of Negative moment for support (B)

(Compression zone in web = design as rectangular RC section)

Mu©=-38.3 KN.m

d=350—20—10—17°=315mm.

fy 420
m = 7 =
0.85f;  0.85x24

=20.6

M 38.3 ¥10°
R, =—02= =3.06 MPa
N pxd2  0.9¥140%3152

1 2xRy *
p=(l— [1-2m

_1 (. _ 2%3.06%20.6 | _
=700 <1 \/1 a0 ) 0.0079.

—ASreq = p X b xd =0.0079 x 140 x 315 = 348.39 mm?>.

ASpin = O'i;‘éﬁ*bw*dzlfi*bw*d
y y

_ 02528 404315 > 2% 4 140 % 315
420 420

43
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=128.6 mm®< 147 mm? Larger value is control.

—>ASmin = 147 mm? < ASreq - 348.39mm>.
As =348.39 mm*®
Select 2 @16 with Asprov =402.2 mm? > Aseq = 348.39 mm?... OK.
~ Use2@16
— Check for strain:-(g; = 0.005)

Asxfy=085x f/ xbxa
348.39 x420=0.85x24 x 540 x a

a=13.28 mm < 80 mm =» rectangular section.

c= Bi =22 =156 mm * Note: f/ = 24 MPa< 28 MPa— f; =0.85
0

d=315 mm

_ 315-156

£5 = T2 0.003

g =0.057 > 0.005 (tension control section).
~0=09.. OK.

4.6 Design of Beams:
4.6.1 Design of Beam (B3):

Beam (B3) is selected to be designed, the following figure shows :

BEAM(3) [80*35]

4.6.1.1 Load Calculation for beam

The following figure shows the geometry of beam and loads that act on it
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Figure: Beam B(3) Geometry and loads

Calculation of Loads that acts on beam B (3):

1. Own weight of the beam:
Weight = Sectional Area X Yconcrete

=0.8%0.35%25 = 6.72 KN/m

2. Reactions of ribs that acting on it.
The following table shows calculation of loads that act on B3 from ribs.
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Rib (R1)

Qu D (kN/m) | (19.16/0.54) = 35.48

Qu L (kN/m) (7.2/0.54) = 13.9

4.6.1.2 Design of beam (B3) for Flexure

The following figure shows moment envelope resulted from analysis of beam (B3) using

Atir 2018 Software

Moments: spans 1to 2
-347.9

241.2 /\ -241.2
/ \

/ \
/ N\

/1.891.89 .

Figure : moment for b(3)

4.6.1.2.1 Design of Negative Moment — Top Reinforcement

= Design of negative moment Mu- = 241.2 KN.m @ support (2)

1- Check whether the section will be act as singly or doubly reinforced section:
Maximum nominal moment strength from strain condition g = 0.004 .

d=350-40-10-20\2 =290 mm

M : :
Mn req = 7“ , Take @ = 0.9 for flexure as tension-controlled section.

Mn req = 222 ~ 268 kN.m

0.9

_ M,  268x10°
" bd? 800 x 2902

Rn = 3.98Mpa
_ Iy 420

m= - = = 20.6
0.85f/  0.85x24
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— L(l . \/1 . 2><20.6><3.98> — 0.0106
. 420

But: pmax = 0.85 * — % B1 x> = 0.85 * — + 0.85 * > = 0.01769
Fy 7 420 7

. preq < pmax ... Design the section as singly reinforced concrete section

2-Design the section as singly reinforced concrete section:
Assume rectangular & tension control section.

=p.b.d =0.0106x800%290 =2459.2 mm?
= Select 80320 with As = 2513.6 mm?.

3-Check for Ag, min: -
As (min) = 0.25 * — VFer bw *d=676.52
Not less than:
As (min) == * bw * d = 773.33 mm?

As =2513.6 mm?~ As, min = 773.33 mm? ...

4- Check Strain for @ and As, max

C=T

0.85*Fc’*a*b=As *Fy
Asfy _ 2513.6X420

0.85b f! ~ 0.85x800x24

= 64.68 mm

64.68

c=—=——=76.09mm
By 0.85

d—c 290 — 76.09
& = 0.003 <T) = 0.003 <W) = 0.0085 > 0.005

5- Check for spacing

800—2(40)—2(10)—8(20)
7

S=

=77.14 mm > 25 mm ... (OK)
> db=20mm ... (OK)
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4.6.1.2.2 Design of Positive Moment — Bottom Reinforcement

=Design of span [1 & 2] Max Mu+ = 216.1 kN.m

Since Mu =216.1 kN.m < max Mu @ support 1, which was designed as singly reinforced
section, then also this section must be designed as singly reinforced concrete section.

M,  2161x10°
" @bd? 0.9 x 800 x 2902

fy 420

Rn

= 3.56 Mpa

= 20.6

m= ;=
0.85f  0.85x24

p= l(l -1 _M> = L(l _\/1 _M> = 0.00938
m 420 20.6 420

As=p.b.d =0.00938%x800%290 = 2176.858 mm? > Asmin = 773.33 mm? ... (OK)
~ Select 7020 with As = 2199.4 mm?

Check Strain for @ and As, max

C=T

0.85*Fc'*a*b=As *Fy
Asfy _ 2199.4%X420

0.85b f! ~ 0.85x800x24

= 56.6mm

a _ 56.6

c=—=—"=6659mm
B; 0.85

—0003<d_c —0003(290_66'59 —=0.01 > 0.005
& = U c )_' 66.59 )_' >0
Check for spacing

5= SX-200-2A0TCY - 93,3 mm > 25 mm ... (OK)

> db=20mm ... (OK)
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4.6.1.3 Design Beam B (3) for Shear

The following figure shows shear force envelope resulted from analysis of beam (B3)

Figure: shear for beam (3) using Atir 2018 Software:
The following are steps of shear force design:

The maximum shear force at the distance d from the face of support, Vu =252.3 KN

I
ch_*bw*d
6
V24

6

¢V =0.75 * 189.42=142.07 KN

*800 * 290 *103 = 189.42 KN

Casel: V< %

142.07

2523 > = 71.035KN =~ Case (1) is NOT satisfied

Case2: % <Vu< V.

71.03<252.3 <142.07 =~ Case (2) i1s NOT satisfied

Case3:

Check for section dimensions:

Vs Xy, - 22318942 =146.98 KN
¢ 0.75
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Vsmn- 2% *Jf *be*d — 2%075%24 *800*290 * 10° =
568.28 KN

_ VSmax

Vs’ — 568.28 /2 =284.14 KN

Vs < Vs max — the section is large enough
IfVs<Vs' =  Spax <d/2=290/2= 145 mm - control
600mm

Check for Vs min:

1
VSmin =75 * V24 % 800 % 290 x 1073 = 71.03 KN

or

1
VSmin = 3* 800 % 290 « 1073 = 77.33 KN ...control .

dVe< Vu<@lVc + Vspin)

142.07 KN <252.3 KN <0.75%(189.42 +77.33) = 200.06 KN ...Not OK

OWVec+Vspin) <Vy < 0(Vc +Vs)
0.75  (189.42 + 77.33) KN < 252.3 KN < 0.75 * (189.42 + 284.14) KN

200.06 < 252.3 < 355.17 ...OK — Try 4 legs @8

Ay, Vs _201.9%420%290

= — =167.311mm
S fytd 146.98+1000

Smax < d/2 =290/2= 145 mm - control or Spax <600mm
4 legs ®8 @ 75 mm
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4.7 Design of two-way ribbed slab: -

1. Approximate method:

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

Minimum (h) > (2*6.675+2*7.075)/180=15.277 cm

Select (h=32 c¢cm) > minimum (h): [8cm Topping+27cm Block]

S4cin

<=0

—

14cm

[Detail RY|

2-accurate method:
All exterior and interior beams have a rectangular section of 120 width and 35 cm
depth:

I for b bxh’
Oor beam = 12

120 = 353
12

[ for beam =

=428750cm*
The moment of inertia for the ribbed slab:

Be =52cm was defined in one-way ribbed slab

_40*8*4+35*14*17.5
Y T 40+8+35+14
=12.167cm

52 %12.1673 40+ 4.1673 14 % 22.8333
3 B 3 + 3

[ forrib =

=85806.73cm*
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-slab section for exterior beam:

Short direction: L=6.675m =667.5cm

Irib * (l + bw)
Is = 2
bf

85806.73 » 272 + 120)

Is =
S 54
=721014.88cm*

Long direction L=7.075m=707.5cm

85806.73 » (2> + 120)

Is =
S 54
=752795.15 cm*

-slab section for interior beam:

Short direction lrigh= 6.675m lie=5.73m

Iright = Ileft
§ + - + bW)

bf

85806.73 + 272 +273 4 120)

2
54

Irib * (
Is =

Is =

=1176267.257 cm*
Long direction lighe= 7.075m lie =3.6m

Iright = Ileft
§ + - + bW)

bf

85806.73 + (0> + 350 4 120)

2
Is =
S 54

Irib * (

Is

=1038817.58cm*
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_Ib

Is
a1=428750/1038817.58=0.41
02=428750/721014.88=0.59
a3=428750/752795.15 =0.57
a4=428750/1176267.257 =0.36

o

afm = (0.41+0.59+0.57+0.36)/4
= (0.483 < 2.0 the minimum slab thickness will be:

fy
In (08 + m)

b = 2 T 5B(afm — 0.2)

420
. 7075*(0.8+Too)

 36+5%1.06(0.483—0.2)

=207.533mm>125mm
- NOTE: B= Long direction / Short direction

- PB=7.075/6.675=1.06

— First trial thickness h=350mm >207.533mm ok
— Take slab thickness hgap = 350mm [80mm topping ,270mm concrete block]
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3. Load calculation:

Structural Analysis & Design

Material

Quality Density
(KN /m?)

Dead Load
(KN)

Topping

25 0.08%25 x0.54%x0.54 = 0.58

Rib

25 0.27x25x0.14 x (0.54+0.4) = 0.89

Sand

17 0.07%17x0.54%0.54 = 0.35

Mortar

22 0.03%22x0.54%0.54 = 0.19

Block

12 0.27x12x%0.4x0.4 = 0.52

Tile

23 0.03%23x%0.54x0.54 = 0.2

Plaster

22 0.03%22x0.54%0.54 = 0.19

Forecalling

1.25%0.54%0.54 =0.36

partitions

2.3%0.54x0.54=0.67

e dead load of slab:
o DL=12.9 KN/m?

e Live load of slab:
o LL=4.79 KN/m?

— W=1.2%12.9 +1.6%4.79 =23.144 KN/m?
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4. Design of bending moment:

10w o A |

1[5 ]
==
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O
1HO0Oatot]
]
I
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[ o o ) [ [
=] [ ] (oS ] ] [

[
[]
[]
[
[]

Lfinai el Tonnl s e oo
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T T 1 o 5 e o
51 ) 6 6 5 6 e O e e

| e = ) e

6.675

= Ma, rib = Ca*w*La? *bf.
= Mb, rib = Cb*w*La? *bf.
o Note: Ratio m=La/Lb=6.675/7.075=0.94

© Ma, pos, DL=0.0306*15.48%6.675> *0.54=11. 4 KN.m/rib
- Mb, pos, DL=0.0236*15.48*7.075% *0.54 = 9.87 KN.m/rib
- Ma, pos, LL=0.0358 * 7.7 * 6.675% *0.54 =6. 60 KN.m/rib
© Mb, pos, LL=0.0284* 7.7 * 7.075%*0.54 =5. 88 KN.m/rib

Ma, pos =11. 4 + 6. 60 =18 KN.m/ rib
Mb, pos =9.87 + 5. 88 =15.75 KN.m/ rib

Ma, neg = 0.056*23.144*6.675%*0.54=31. 18KN.m/m
Mb, neg =0.044*23.144*7.705%*0.54=27. 52KN.m/m

55
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Design of negative moments: -

Mu = 31. I8KN.m

Mu
an_
o

=31.18/0.9 = 34. 64KN.m

- Assume bar diameter @16 for main reinforcement

o d=350-20-8-16/2=314 mm.
bxd?

= 34.64*106/ (140*314?
=2.51 Mpa

__ Iy
0.85 f!

=420/ (0.85%24)
=20.58

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

=1 - [1- 22200y _ g go64
420

As = 0.0064*140*314=281.34mm?
Check of As min:
As, min= 0.25*(\fc'/ fy) * bw*d __ As, min= 1.4/ fy *bw*d
128mm?__ 146.53mm? control
—As min = 146.53 mm? < Asreq =281.34 mm? . As=281.34 mm? ..... control
2016 =402 mm? > As, req = 281.34 mm? .... OK
< Use2 @16
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Check for strain: (gs > 0.005)
Tension = Compression

Asfy _ 402x420
0.85b f/  0.85X140x24

= 59.11mm

a 59.11
C=— = ——

= 69.55 mm
By 0.85

d—c 314 — 69.55
g, = 0.003 <T) =0 <—

6955 ) = 0.01 > 0.005

b =0.9

Design of positive moments: -

Mu = 15.75.m

_ Mu

Mn

=15.75/0.9=17. 5KN.m
- Assume bar diameter @16 for main reinforcement

o d=350-20-8-16/2=314 mm.
bxd?

= 17.5%10% (540*314?
=0.33Mpa
= fy
0.85 f!
=420/ (0.85*24)
=20.58

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

= L1 — 1203208y _ 9008
20.6 420

As =0.0008*540*314 = 135.65 mm?
Check of As, min:

As, min= 0.25*(\fc'/ fy) * bw*d __ As, min= 1.4/ fy *bw*d

128mm?__ 146.53mm? control
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—As min = 146.53 mm® > As req = 135.65 mm?> - As=146.53 mm? ..... control
2012 =262.2 mm? > As, req = 146.53 mm? .... OK
< Use2 @12

Check for strain: (gs > 0.005)

Tension = Compression

Asfy _ 262.22x420
0.85b f  0.85X540x24

=10mm

c=—= 0 11.76 mm
B; 0.5

d—c 314 -11.76
& = 0.003 <T) = 0.003 (W) = 0.077 > 0.005

b =0.9

Design of shear:

Wa=0.55
The total load on the panel being = (6.675*7.075%23.144 = 1093 KN)

The load per rib at the face of long beam is (0.55%1093*.54 / (2*7.705) =21.06KN)
Vud =Vu, face -Wu * bf * d =21.06-23.144*0.54*0.314 = 17.14 KN

V24

6

$bVe = 0.75 * 35.9= 27 KN

* 140 * 314 *10° = 35.9 KN

Casel: Vu< (pVc)2
17.14<27/2=13.5 -~ Case (1) is Not satisfied

Case2: % <Vu< V.

13.5<17.14 <27 -~ Case (2) is satisfied
~no shear reinforcement is required

Use ¢8/15cm for montage.
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4.8: Design of Column (C1) in ribbed slab

4.8.1 Calculation of Loads act on Column (C1)

Loads acting on columns are obtained from support reaction when analyzing the supported
beams.

Material:

Concrete B300 Fc'=24Mpa
Reinforcement Steel Fy =420Mpa

@ steel = 12 mm @ stirrup = 10 mm

Cover = 40 mm

Loads acting on column (C1) are as follows:

Dead Load = 1000 kN

Live Load =300 kN

Factored loads (Pu) = 1.4 DL = 1.4 x 1000 = 1400 kN.

OR(Pw)=12DL+1.6 LL=1.2x 1000+ 1.6 x 300 = 1680 kN << Cont.

Calculation of Required Dimension of Column (C2)
Total load Pu =1680 kN
Pn= 1680/ (0.65) = 2585 kN
Assume pg = 1.0 %
Pn = 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}
2585 % 1073 = 0.8 * Ag[0.85 * 24 + 0.01 * (420 — 0.85 * 24)]
Ag = 1325 cm?
~Select 45*45cm with Ag =2025 cm?

e Check Slenderness Effect:

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

slenderness effect shall not be considered.
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Lu: Actual unsupported (unbraced) length = 3.2 m
K: effective length factor (K= 1 for braced frame).

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

System about X Svystem about Y

1%3.2 1+32
= ————- =237 ~ AT 03%045
03 =045 3 0.

A <34-12(1) =22 <40 A <34-12(1) =22 <40
A=23.7> 22 - long about X . A=123.7>22 - longaboutY.

=237

Bresler equation:

1 1 1 1

Pn Pn, + P_ny + Po
Pny = Pn For short column without any eccentricity = Po
11,1 1 1
Pn Po Pn, Po Pn,
Nominal axial strength column Pn = Pny in e, direction (long)

Minimum Eccentricity (min e):

min e =15+ 0.03h
h in the direction of ey = 450 mm

mine = 154+ 0.03 X 450 = 28.5 mm
Magnification Factor (8,;):

Cm

Pu
1-G7axp)

Ops =

>10and <14

=06+04 (—1)>O4
=0. 4 x .
cm 5) 2

cm=0.6+04=x(1)=1.0

2 X (Ex1)

Por = e x L2
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3
1.2xPp _ bh* , E. = 4700 x Vic

dns = 4 oxpp+16xPy ° 8 12

~1.2x1000
1680

3
0.4 x 4700 X V24 x 0.45 % % ,
Exl= 15071 = 18.4 kN/m

12 X 18.4 * 1000

Pcr = A X322 = 17734.45 KN

1.0
Ops = =1145>10 and <14

1~ (473 x1?§934.45)

ey = 8y X mine = 1.145 X 28.5 = 32.6 mm

Interaction Diagram:

ey =32.6 mm , h =450 mm

ey 326 _ 0.072
h 450

d—d 450—2x(40+10+%)
Y=—"n ~ 450

= 0.75

From Charts:
Form Diagram A-9b (y = 0.75)

@xPn Pu  1680x 103 145
=— X
Ag  Ag ’ 450x450 ~ 1000

= 1.2 Ksi

pg = minpg = 0.01
Select the reinforcement

Select, pg = 0.01

ASpeq = p X Ag=0.01 X 45 X 45 = 20.25 cm? — select 180 12
With Aspyoy = 20.358 cm?®
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Check spacing between the bars:

_ 450—2%40-2%10—6%12
5

S = 55.6 mm

S=55.6mm >40mm
>1.5db=18 mm

Design of the Stirrups:
b=45cm, h=45cm

a) Lap splice at the foot of column:
Try 100% - lap splice (18 @ 12 with 18 § 12)
p=AS(36%1.131)/(45%45) =2.01% <8% ... OK

Closely spaced stirrups: S smallest of
1- 48*dbs. =48*10 =480 mm
2- 16*db.=16*12 =192 mm ...control — Selected S=15cm
3- The least dimension of the column =450 mm
b) At end support and below:
X=max (Ldc OR b) + cover — (h slab or beam)
Ldc = (0.24*420*12)/ (1*v/24) = 246.9mm > 200 mm ... OK
— b>Ldc —45cm>246.9 cm
X=(45)+2-35=12cm
X>0.5h— 12cm>(0.5%35)=17.5 cm ... not OK
X<2hcolumn —-12cm <70 cm ... OK — Selected X =45 cm
e =8 cm — control  #NO of Stirrups = 45/8 +1 =7
— Selected 7 $10/8 cm
c¢) along lap splice or above:
Fy =420Mpa, Fc = 24Mpa.
Lsc=0.071 *420*12 = 357.84 mm > 300 mm
Selected Lsc = 100 cm with e = 10 cm  — Selected 10 $10/10 cm
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@@10 L=0.59m

section F—F

Figure: section for Colum.

4.9 Design of Isolated Footing (F1)

Loads that act on footing (F1) are:

- PD=1000 kN, PL =300 kN — Pu(factored) = 1.2 * 1000 + 1.6*300 = 1680 kN
— Pu(service) = 1000 + 300 = 1300 kN
The following parameters are used in design:
Y concrete = 25 kN/m?
Y soit = 18 kKN/m?
Tallow = 400 kN/m?
clear cover =10cm

4-12-1: Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing pressure.
Assume h = 50cm

O b(allow)net = 400 — 25*0.5 —-18*0.7 = 375kN/m?
o bu(allow . net) = 1.4* 375 = 525kN/1’1’12

o=/ Areq

- 1300/, =375kN/m? — a=1.86m — Select a=1.9m

Bearing Pressure cbu = Pu/A= 1990 _ 465.4 kN/m? <525 kN/m> .... (SAFE)

1.9+1.9
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4-12-2: Determination of footing depth (h)

To determine depth of footing both of one- way and two-way shear must be designed.

4-12-3: Design of one-way shear

d=h—cover — @ =500—100— 12 =390 mm
Vu at distance d from the face of column:
Vu=FRB=0bu x0335xb
=465.4 x 0.335x 1.9=296.2 kN
@*Ve=075*=*VFc *b*d
=0.75 * = * /24 * 1900 * 390 =453.77 kKN >Vu

~h=50 cm is correct vV

4-12-4: Design of Punching (two-way shear)

d =390 mm

b, =4 x 840= 3360 mm
Bc=1

as = 40 (interior column)

Vu = 1680 — (465.4*0.84*0.84) = 1351.6 kN

OxVc is the smallest of:

L Ve=(2+2)x ™ xb, xd
Bc 12

=(2+3) x Y2% 3360 x 390
1 12
— 3209.8 kN

+2)x 2 x b, xd
12

=(M+z)><E x 3360 X 390
3360 12

= 3553.7 kN

2. Vc= (“be d

o

3. Ve=4x" xb, xd

—4 x % x 3360 x 390= 2139.87 kN .. <cont.
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- ©xVe=0.75%2139.87=1604.9 kN > Vu =1351.6 kN

~h=50 cm is correct vV

4-12-5Design of Reinforcement

Mu = 465.4*0.725%1.9*(0.725/2) = 232.4 kN.m

_ Fy 420
0.85%Fc’ 0.85%24

= 20.6

Mn = 232.4 /0.9=258.2 kN.m

Mn/® 258.2 ¥10°
Rn= /0 _ =0.89 MPa
bxd?2 1900%3902

~Lx (- f1- =)
= L (1n 122080208 _ 00217
20.6 420

As,req=p*b*d = 0.00217 * 1900 * 390 = 1607.97 mm?

As (min) = 0.0018*b*h = 0.0018*1900 * 500 = 1710 mm?
As, req < As (min), As =1710 mm? ...control

Select for both directions: 17012 with As = 1922.7 mm? > Asreq

Check maximum step (S) is the smallest of:
3h =3 x 500 = 1500 mm
450 mm — control

S=(1900 - 100*2 — 17*12)/ 16 =93.5mm < 450 mm - OK

4-12-6: Design the Connection between Column & Footing

— Design of bearing pressure at section of column:
@ x Pnb=0.65%x0.85% fc'x Al >Pu
=0.65 % 0.85 x 24 x 450 x 450 = 2685.15 > Pu = 1680 kN

— —>No need Dowels.
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Design of Dowels:

Load transfer in column: -

Asmin =0.005 x A1 =0.005 x 45 x 45 = 10.125 cm?

~ Use P12 with As = 1.131cm?

Design of Compression lap splice between steel of column and dowels (Lsc):
Lscreq =0.071 x fy x db =0.071 x 420 x 12 = 375.84mm >300mm
=~ Select Lsc = 0.5m = 500mm > Lscreq = 375.84mm

Design of compression development length (Ldc):

Ldc=0.24x fy/ Vfc"x db = 0.24 x 420/ V24 x 12 = 247mm
Ldc=247mm >0.043 x fy xdb =0.043 x 420 x 12 = 216.72mm
Available Ldc =500 - 100 - 12 - 12 =376 mm > Lcd = 247mm

Design of tension development length (Ldt):

LdT req = (9/10) * (Fy /ANfc) * (1¥1*0.8/ ((ktr+cb)/ db))) * db > 300mm

Ktr=0, Ye=1, Ys=0.8, Pt=1, fc=24 Mpa, ty=420Mpa, db = 12 mm
cb Smallest of:
- Cover+Dbar/2=100+12/2 =106 mm
- ar/2
ar = (S + D bar)=(93.5+12)=105.5 mm
105.5/2 =52.75 mm.... is control
((ktr+cb)/ db)) = (52.75 +0)/12=4.39> 2.5 .... Selected 2.5
LdT, req = 296.3 mm > 300 mm.... select LdT, req =300mm
LdT ava = ((1900-450) /2)-100 = 625 mm > 300 mm
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FOOTING — (1.9%1.9)m
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Sech’on AQA

4.10 Design of Basement Wall: -

Material:
concrete B300 Fc' = 24 N/ mm@2@
Reinforcement Steel fy = 420 N/ mmA2Q
y@soild = 18 KN/ m@A3E , @BAsoild = 30. 0EoM
Cover = 2cm , Wall Hight =2.85m

4.10.1. System and loads:
ko, =1—-sin@=1-sin30=0.5

For (1m) strip

s =k Xy xh=0.5x 18 x 3.025 = 27.225 KN/m?

h 3.025
0 =€ X5 = 27225 X ——— = 41.177 KN/m

67
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Factored loads (qu) = 1.6 X E = 1.6 X (27.225) = 43.56 KN/m

ZMRAZO

qu; XL 2XL
+< > X 3 )—Bny=0

4356 x 3.025 2 x 3.025
+< > X = )—Byx3.025. =0

By =44KN - Ay=22KN

4.10.2. Design of Shear Force:

Assume (h) of the wall = 20cm — assume @20 Steel

Effective d:

d=200-20-20 =160 mm

Maximum shear value (Vu) at distance d from the face of support

Vipayx = By — (d X qu) = 44 — (0.16 X 43.56) = 37 kN

1
@xVez0.75xgx\/ﬁx1000><160=98kN>Vu=37kN
~h=20cm; is Ok

4.10.3. Design of Bending Moment:

Mup,.x at Vu=10
X —

0
2

Vu=0 - Ay — quq) X
43.56
Quw) = 37525 * X

43.56
2 x3.025

72x%2-22=0

Xx2=0

- x=1.75m
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43.56

qQu) = m X 1.75 = 25.2 KN/m

— Section at (x) = 1.75m

1
Mu,.x = 22 X 1.75 — 25.2 X 1.75 X 0.5 X 3 X 1.75 = 25.64 KN.m

4.10.4. Design of Flexure:

_ Fy 420
"~ 0.85x For 0.85 x 24

M _ Mu  25.64 _ 2848 KN
n= 2~ o9 28 .m

_ Mn _ 2848x10°
" bxd2 1000 x 1602

= 20.58

m

Kn = 1.11 MPa

Fy = 20.58

420

1 2 X Kn X m 1 2% 1.11 x 20.58
preq:BX 1- 1—— 1 1-

=272 %1073
ASreq = Preq X b x d = 0.00272 x 100 X 16 = 4.35 cm?

—Check for As min:
Aspin = 0.0012 X b x h = 0.0012 x 100 X 20 = 2.4 cm?

ASpeq = 4.35 cm? > Asp;, = 2.4 cm?®

- Select 5016/m ,with As = 10.05 cm? - (tension face)

- 016/20cm

— Desgin of compression face :

As = Aspi, = 0.0012 X b x h =0.0012 X 100 X 20 = 2.4 cm?

- Select 5010/m ,with As = 3.95 cm? — (Compression face)
- 010/20 cm
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— Desgin of Horizontal Reinforcement :
As = Aspin
According to ACI:  Asp,i, for two layers = 0.002 X b X h

For one layer; Asp,;, = 0.001 X 100 x 20 = 2.4 cm?/m

=~ Select 10/25 cm

0.15 068

0.100.50

\ /
\/

v
218@15

0.90
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4.11: Design of Shear Wall

Analysis and design were done using ETABS program in which the seismic loads were
taken into account. The following is a sample calculation for one of the walls, S.W1.[For
detailed information see appendix C]

7 V4

:0000000000%‘4] !0@4500000000:

Figure: shear wall

The following data that used in design:

Shear Wall thickness =h =20 cm

Shear Wall length Lw =1.6 m for all floor
Building height Hw=21m

Critical section shear: Lw < hw — d =0.8*Lw =1.28m

4-10-1 Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

Critical section for shear:

1.6

- = 0.8m __ control
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- Shear Strength of Concrete is the smallest of:
I- Ve=2/fc’x b xd

1

=-124 x 200 x 1280 = 209.02KN

"6

fc'xbxd n Nuxd
4 4Lw

2- Vc=

=w +0 = 313.53KN

0.1xy/fc! +20%

3- Ve= lo.os x Jfc' + i Mm_L_wLW"')l X hxd

Vu 2

Where:
- Mul=400 kN.m

Mul _w_ 2 _1°_ 453<0 - This equation is applicable.
Vu 2 75 2

1.6(0.1 x V24 + 0)

153 X 200 X 1280 = 107KN <« Controlled

Ve = [0.05 X 24 +

~ Vec= 107 kN - @Vc < Vumax! = 90 kN —»Horizontal Reinforcement is Required.

S Vs=2_vye=2_107 =13kN
[0] 0.75

Avh Vs 13%103
—= = = 0.0000242 mz/m
s fy*d 420%1280

— Avh_ 00000242 _) (0121 < 0.0025

— e
Pt = 1 0.2

take py = 0.0025 « Controlled
maximum spacing is the least of:

Lw 1600
= = = = = 320 mm « Controlled, 3h =3 %200 =600mm, 450mm

— Avh: For 2 layers of Horizontal Reinforcement
Select @10 :
Avh =2 *79 = 158 mm?
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Avh 158 158
=— > = 0.0025 - Sreq = ————
hxs 200xs 200x0.0025

~Select @10 @ 200 mm at each side.

Pt = 316 mm.

4-10-2 Design of Vertical Reinforcement

— pp = [0.0025 +0.5 (.52

hw _ 21 31955250
w 16 '

p. = 0.0025

maximum spacing is the least of:

Lw 1600
= 3 = 3 =533 mm, 3h =3 %200 = 600mm, 450mm <« Controlled

Select @10 :
~Select @10 @ 200 mm at each side.

4-9-3Design of Bending Moment

Moment diagram were obtained from ETABS
Max Mu =650 kN.m
Part of Moment that resisted through Avv:

—
—

Muv =0.9 [ 0.5XAsvXfyXLw (l-ﬁ)]

Try @16 @ 100
Where:

Asv =2x201.1 *% = 6435.2mm>

Asv 6435.2 420
w = (—) x LY = 4352 120 _ 35
Lwx*h fc 1600x200 24

< _ ( w+a ) _ ( 0.35+0 ) =0.24

Lw 2w+0.8561 2X0.35+0.85%0.85

s~ Muv =0.9[0.5¥6435.2*¥420*1600 (1- 0.24)] = 1479 kN.m
Muv = 1479kN.m > Mu =650 kN.m

So, Boundary Element is not required. #
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4.12: Design of Stairs:

The following figure shows a top view of the stairs:

Figure: Stairs Top View

4-13-1 Design of flight & Landing

The structural system of the flight is shown in figure and the following steps explain the

design procedure of the flight:

4-13-1-1: Determination of flight thickness:
Minimum of deflection for a simply supported one-way solid slab:

h (min) = L/20 = 510/20 = 25.5cm
Minimum of deflection for a simply supported one-end continuous solid slab:
h (min) = L/20 = 510/24 = 21.25cm

~ Select h =25 cm, but shear and deflection must be checked
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Angle (a): tan(a) =16/30 — a=28°

4-13-1-2: Loads calculation:
Figure shows a section in the flight in which the layers carried by the flight appear.

Flight Dead Loads

(0.25 * 25+ 1)

Reinforced Concrete Solid slab = ( cos (28)

)=7.07 kN/m

Plaster = (%) =0.78 kN/m

Mortar = 0.03*23*(==222) *1= 1,06 KN/m

Horizontal Tiles = 0.04*24*(2)*1 = 1.06 kN/m

Vertical Tiles = 0.03*24*(=-2)*1 = 0.38 kN/m

Stair Steps =0.5*0.16*25 =2 kN/m 30cm

Sum =12.35 kN/m Figure: Section of The Flight

« Live Load LL =5 kN/m

Factored Loads:
for ﬂight qu=1.2*12.35+1.6*5=22.82 kN/m
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on Landing

Table: Calculation of Dead Loads that act

Landing Dead Loads

Tiles = 0.03*24*1=0.72 kN/m
Mortar = 0.03*23*1=0.69 kN/m
Slab = 0.25*25*1=6.52 kN/m

Plaster = 0.03*23*1=0.69 kN/m

Sum = 8.89 kN/m

Factored Loads:
qu=1.2*8.89 +1.6*5=18.67 kN/m

4-13-1-3Analysis:

% The following figures show shear and moment Diagrams resulted from analysis

of the flight:

22.82kN/m
18.67kN/m[TTTTTTTTTTTTTT

Ra=52kN

Rb=46.3kN

% The following figures show shear and moment Diagrams resulted from analysis

of the Landing:

18.67kN/m
Innm

Ra=33.6kN

‘ Rb=33.6kN

3.60
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4-13-1-4 Design of the flight:
- Design of Shear Force:

d=250-20-(12/2) = 224 mm

@xVe=0.75 * =*JFc’ * bw *d
=0.75 *=*\/24 * 1000 * 224
— 1372 kN

@xVc
— > Vu max

1372 _ 68.6kN> 52 kN

~ No Shear Reinforcement is Required$

- Design of Bending Moment:
Location of maximum positive moment at distance X from support B from
condition of zero shear force.

— V (x)=0-----46.3 - 22.82*X= 0-----X=2.1m

22.82%2.1%

— Mupae= 463 *(0.5+2.1) - (2225) =70.06 KN.m

Fy 420
0.85%Fc’ 0.85%24

= 20.6

Mu/@ _ 70.06 ¥10°/0.9
bxd? 1000%2242

kn =

=1.3 Mpa

Z*KN*m)_ 1 . (1 1 2%1.3%20.6
Fy 20.6 420

_p:%*(l_ 1_

) = 0.0032

-As,req=p*b*d = 0.0032 % 1000 * 224 = 780.8 mm?
-As min = 0.0018 *1000*250 = 450 mm?
=~ Select @10/10 with As= 785mm? > As. req .... For Main Reinforcement

For secondary Reinforcement select @10 /15 with As=523.3 mm? > As min

- Step (S) is the smallest of:
o 3h=3x%x250=750mm

o 450 mm — control
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280 280

o <380 ()-25%Ces380 ()

=380 * (222 )—2.5% 20 < 380 * (=)
3y 3y
2280
3* 420

)—25%20 <380 * (-
3

420

=380 * (

330 — control < 380 ok

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

Asfy _ 785%x420
0.85b f/  0.85X1000x24

= 16.16mm

a 16.16
c=—=—"7-=19mm
By 0.85

d—c 244 — 19
& =0.003(——) =0.003{—————) = 0.035 > 0.005
c 19

b =0.9

4-13-1-5 Design of the landing:

The structural system of the landing is shown in figure and the following steps explain the

design procedure of it:

e Determination of Landing thickness:

Limitation of deflection: 3.60
h > minimum h

Figure: Structural system of landing
h (min) = L/20 = 360/20 = 18 cm

~ Select h =25 cm, but shear and deflection must be checked
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The landing carries (dead load & live load of landing + support reaction resulted
from the flight):

(Dead load & live load of landing) =18.67kN/m

(Support reaction resulted from the flight) =27.24 kN/m

The reaction at each end

20.4kN/m_ 27.24kN/m
d=250-20(12/2) = 224mm (I

18.67kN/m

Vu, max= 79.9 kN

Ra=79.
Mupax = 79.9%1.8-18. 67* 8 270451, 7*(1 7+0. D) T

T Rb=79.9kN

3.60
=69. 58 kN.m 1.70 1.70

Analysis:
shear force

d=224mm & Vu max=79.9 kN

OxVe=0.75* %* 24 *1000 * 224=137.17kN > Vu max = 79.9 kN

~No Shear Reinforcement is Required#

- Bending Moment Design: (Mu max ~ 69. 58 kN.m)

Fy 420
-m = - = = 20.6
0.85%Fc 0.85%24

69.58 ¥10°/0.9

kn= =227 /7°27

1000%2242

1 (1_ ’ 2x%1. 54*206) 0.0038
206

As, req = 0.0038 * 1000 * 224 = 851.2 mm?

=1.54 MPa

As min=0.0018 *1000*250 = 450 mm?

= Select @12 /10cm with As = 1131 mm? > As req .... For Main Reinforcement
- Step (S) is the smallest of:
o 3h=3x250=750mm

o 450 mm — control
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280 280

o <380 ()-25%Ces380 ()

=380 % (3-)—2.5%20 <380 * (1)
37y 37y

280
2420

)—25%20 <380 * (-
3

420

=380 * (

330 — control < 380 ok

Check for strain: (gs > 0.005)

Tension = Compression

Asfy _ 1131x420
0.85b f/  0.85X1000x24

= 23.28mm

a 23.28
c=—=—"o=27.38mm
By 0.85

Structural Analysis & Design

d—c 244 — 27.38
& = 0.003 (T) = 0.003 (—) = 0.0237 > 0.005

27.38
$=0.9

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

—

staris details staris details

;(:’; SCALE 1:25 ' SCALE 1:25

Rlesive ot Unerty

ngincering College

(il Department

Bulding Engineering
The Craduation, Project

Hetron Toulh pers
(lub Center

N

section A—A

staris details
SCALE 1:25

section B—B

Figure: Reinforcement Details of Stairs
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1. ACI-31816 > American Code ©’
2. ACI-318 14 American Code ©’
3. Reinforced concrete I, II, III > DR. Nasser Abboshi’’
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