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ABSTRACT

“The Structural Design of “Green park residential complex ”
Palestine -Akka

Project team

Sharbel farhat Fadi sabbagh
Amir Zatout Amir gadban
:Supervisor

Dr . Belal Almasre

The idea of the project is to make the structural design and all the details
for a residential complex consisting of a building containing nine floors.
The project consists of nine floors with a total area of 5,500 square meters,
where each floor contains 4 residential apartments.

The architectural distribution of these facilities is characterized by
diversity and comprehensiveness, which made us more knowledgeable in
the structural design of the building, in addition to the project’s several
stages, represented by studying the construction plans, Then choose the
various structural elements, including columns, bridges, and nodes.

In a way that does not contradict the architectural design of the project.
This is followed by the structural design phase of the structural elements
using some structural design programs and presenting their results in the
form of implementation plans.

It is worth noting that the Jordanian code was used to determine live loads,
while in determining earthquake loads U.B.C- 97 was used. For structural
analysis and design of sections, the American code (ACI 318-19) was
used. It must be noted that some computer programs were relied upon,
such as: Autocad, Office2016, Atirl8, ETABS 18, and others.



List of abbreviations:

As: Area of non-prestressed tension reinforcement

Av: Area of shear reinforcement within a distance

At: Area of one leg of a close stirrup resisting tension within ~ a(s).

b: Width of compression face of member

bw: Web of width, or diameter of circular section

DL: Dead loads

LL: Live loads

d: Distance from extreme compression fiber to centroid of tension reinforcement
Fy: Specified yield strength of non-prestressed reinforcement

h: Overall thickness of member

I: Moment of inertia of section resisting externally applied factored loads
M: Bending moment

Mu: Factored moment at section

S: Spacing of shear in direction parallel to longitudinal reinforcement
\/c: Nominal shear strength provided by concrete

\/n: Nominal shear stress

\/s: Nominal shear strength provided by shear reinforcement

\/u: Factored shear force at section

W: Width of beam or rib

@: Strength reduction factor

P: Ratio between area of concrete to area of steel

Vi
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Chapter 4

Structural Analysis And Design

4.1 Introduction.
4.2 Design method and requirements.

4.3 Check of Minimum Thickness of Structural Member.

4.4 Design of One Solid Slab (s7).
4.5 Design of Beam (B13).

4.5. Design of Column

4.6. Design of Shear Wall

4.9. Design of Isolated Footing
4.10. Design of Stairs
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4.1 Introduction:

After finishing the structural planning of the building, in which the location of columns and beams was determined. A complete
design for all elements was done for flexure, shear, and deflection.

In this chapter, the analysis and design procedure for a sample of each structural element in the building are explained in detail.

The following General considerations are taken throughout the analysis and design processes of this project:

All members were designed according to ACI 318-19 Building code.

Gravity loads were estimated using the Jordanian code.

(ASCET-16) is used for the definition of lateral seismic loads.

The ultimate strength design method is used during the analysis and design of this project.
Working Stress Method is used for soil design.

The compressive strength of concrete for all elements is B300 which equals to Fc' =24 MPa.
Yleld strength of reinforcing rebars Fy =420 MPa

o wd e

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and assumptions of
ACI _ code (318_19).

v" 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.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

Y Code: ACI 2008

UBC
Material:

o concrete B300 Fc¢' =24 N/mm2

o Reinforcement Steel fy =420 N/mm2
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v" Factored loads:

The factored loads for members in our project are determined by:

Wy=12D.+16 L, ACI-code-318-19.
Minimum thickness ,h
Simply One end ends cantilever
supported continuous continuous
Both
member Members not supporting or attached to partitions or other construction
likely to be damaged by large deflections
Solid one-way | ¢/20 ¢ /24 ¢/28 ¢/10
slabs
Beams or ¢/16 ¢/18.5 ¢/21 (/8
ribbed one-way
slabs

4.3 Check of Minimum Thickness of Structural Member:

Check of Minimum Thickness of Structural Member. Minimum Thickness of Non-pre-stressed Beam or One-Way Slabs
Unless Deflections are calculated. (ACI 318M-19).

Hmin for (one end continuous) solid one-way slabs = | /24=5.74/24=0.239 m
Take h =25m

Load Calculation for topping:

Dead load form Th(i:(l::)ess U&'Si}?ﬁg;‘ t yx6 x 1 (Kn/m)

Tiles 0.03 23 0.03x24 x1= 0.69
Mortar 0.02 22 0.02x22 x1= 0.44

Sand 0.07 17 0.07x17 x1= 1.19

slab 0.25 25 0.25x25x1= 6.25
Plaster 0.02 22 0.02x22 x1= 0.44
Partition 1 1 15x1 x1= 1

)E Dead loads (KN/m 10.01

¥ Dead loads/m2 =10.01/1(KN/m2)=10.01(KN/m2)
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Live Load =2KN/m2 =2x1=2 KN/m

Factored Load W= 1.2 xDL+ 1.6xLL =15.212 KN/ m

Design of One-Way solid Slab

%+ Section

B=1000mm
h=250mm

d=250-20-10/2=225mm

slab S7 location:
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Load Calculation for slab 7:

Geometry

Units:meter,cm

1 2 3
1 2
TVt
100/25 100/25
1 g [
9.2§ 5.26 \ 0.7 3.6 92§
‘ | ‘ 5.74 [ | 4.07 [ | ‘
[ I 1
Loading
load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
.8/2. 3.8/2.0
6.25 6.25
5.74 4.07
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 2
-49.7
-32.3 -35.5
‘ 1.221.93 ‘
f T 1
N ‘ "T.08I1.36 —
4.3 : I ‘ 25
14.
\ 2.3 41"4 3.44 2.65 ‘ 1.42 |
I T T T 1
Moment/Shear Envelope (Factored) Units:kN,meter
Shear
-52.3
-43.8
-15.5 -20.6
t t t —
304 34.7
35.5 43.2
Reactions
Factored M —t H
MaxR 35.47 95.5 20.63
MinR 27.15 83.07 12.9
Service 55
MaxR 27.93 75.39 15.98
MinR 22.73 67.63 11.15




Check whether thickness is adequate for shear:
Vu max = 43.8 KN/1m strip

1 1
Ve= < Mfc'bwd = " 24 x 1000 x 225 x1073 = 183.7 kN

0.5Xx@Vec=05x 0.75x183.7 = 68.88kN > Vu = 43.8 kN

The thickness of the slab is adequate enough.

Flexure Design:

Design of s7 for positive and negative moments: (Mu=41.4KN.m)
Assume bar diameter @ 12 for main positive reinforcement
d=250-20- 12/ 2 = 224 mm

e (Max Positive Moment=41.4 KN.m)

M 6
Rn=—e =210 917 ypg
@bd?% 0.9x1000%x224
420
J =206

m= = =
0.85fcr 0.85%x24

1—vV1-2Rnm
fy

( )

1
m

p:

1 (1—\/1—2><0.917><20.6
"~ 206 420

)= 0.0022

As = pbd = 0. 0022x 1000 x 224 = 500.6 mm?
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As,=p x b x t=0.0018 x1000x224 = 403.2 mm2 / m< As =500.6 mm?

Select @10/15cm with As = 526.7 mm2 / m

Check for strain

_ _Asfy
A= 0.85f¢'h
526.7x420
=—— —  =10.8mm
0.85x24x1000
a 10.8
c=—=—= 1276 mm
B1 0.85

225-12.76

et=0.003(=")=0.003(=_2"2) =0,049 >0.005- OK

Beam Design

Figure shows the location of Beam 13
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Material

- concrete B300 Fc' =24 N/mm2
- Reinforcement Steel fy = 420 N/mm2

Section

- B=700mm
- h=250mm
d=250-40-10-12/2= 194 mm

Load Calculation for Beam6

Self-weight of beam =25x0.7x0.25=4.375 KN/m

Beam moments from atir analysis:

Geometry Units:meter,cm

1 2 3
T TVt VT
70/25 70/25 70/25
1t 141 11
9.2§ 2.54 \ 0.6 ‘ 4.03 9 2§ 1.11 l0 3‘
‘ | ‘ 2.96 ’ | ‘ 4.46 ’ | " 138 | ‘
[ I I 1
Loading
load group no. 1
Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
4210/13.0Q 42.0/13.0 42.0/13.0
2.96 4.46 1.38
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 3

-108.5
-69.6 -63.3
| 1'3210'93 | |
f T 1 f
9. 1 i 1
40.7
77.7
1.04 ‘ 1.92 2.23 ‘ 2.23 [ 1.38
I T T T T 1
Shear
-159.7
-142. -
-107.1 1373
-0.8
L t t —— 38; :
53.8 .
126.5 122.9
161.4
Moment/Shear Envelope (Factored) Units:kN,meter
Reactions
Factored = —t — —
MaxR 76.19 303.46 282.62 0.78
MinR 4141 251.36 205.47 -38.07
Service
MaxR 57.78 234.34 217.42 -2.74
MinR 36.04 201.77 169.21 -27.02

heck whether the section will be act as singly or doubly reinforced section:

c= gd = ; x104 = 83.143 m

c =% = a=0.85x83.143=70.67mm
@Mn, = 00.85 XfC’XaXbx(d—% )
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=0.9 x 0.85 x 24 x 70.67 x 700 x (194-70.67/2) x 10 °=144.1 KN. m

Mu =875 KN. m<@Mnmax=129.69 KN. m

Design the section as singly reinforced concrete section.

Design of Beam 13 for NEGATIVE moments:

Assume bar diameter @ 18 for main reinforcement

d=250-40-10- 18 /2 = 191 mm

e Span 2 (Max negative Moment=87.5 KN.m)

Mn 87.5x10°
Rn= 5= > =3.8 MPa
@bd?  0.9x700x191
420
m=—1Y =206
0.85fcr 0.85%24
_1 (1—\/1—2an)
P~ fy
1 1-v/1-2%3.8%X20.6
= ( )=0.01
20.6 420

As = pbd = 0.01x 700 x 191 = 1337 mm?
for As, min

) 0.25Vfc’ 1.4
As,min = - bwd > o bwd
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0.25v24

As,min =
420

700x191= 389.9mm2 < % x700%x191=445.67mm? . control
As,min =445.67Tmm2 < As ,req=1337mm? — OK
Use 6018 with

As = 1526 mm2 > As,req = 1337mm? - OK

Check for strain

_ Asfy
A= ——F7r
0.85fc'b
1526x420
=——— = 44.88mm
0.85%x24x700
a 44.88
C=—= = 52.8mm
g1 0.85

et == 0.003(=5) = 0.003(——=") =0.0078>0.005 - OK
Check for bar placement:
5 = 700-40x2-10X2-6X18 _ o0 ) oe

5

Design of Beam 13 for positive moments:

Assume bar diameter @ 18 for main reinforcement

d=250-40-10- 18 /2 = 191 mm

¢ Span 2 (Max negative Moment= 77.7 KN.m)
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Mn _ 77.7x10°

Rn=—— = ~=3.38 MPa
@bd2 ~ 0.9x700x191
420
m=—2Y_ = =20.6
0.85fcr  0.85x24
_ 1 ,1-V1-2Rnm
= —F )
y
1 1—-4/1-2%3.38%20.6
o L (AnIo2X338x206y 5 gogg
20.6 420

As = pbd =0.0088x% 700 x 191 = 1176.6 mm?

for As, min
Asmin = 222 b > 2 pwd
fy fy
As,min = O'ff“ 700x191= 389.9mm2 < =+ x700x191=445.67mm” . control

As,min =445.67mm2 < As ,req=1176.6mm? — OK
Use 5¢18 with
As =1270 mm2 > As,req = 1337mm? - OK

Check for strain

a= Asfy

T 0.85fc’b

_ 1270x420
 0.85x24x700

= 37.35mm
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a 37.35
c=—= = 43.94 mm
B1 0.85

et == 0.003( ££) = 0.003( 222222y = 0.02> 0.005 - OK
c 43.94
Check for bar placement:
- - -5
5 = 700-40x2-10X2-5X18 _ oo g op

4

Shear Design of beam 13:

Vu max =137.3 kN

%4 37.3
vn=2maex 1373 _ 183 kN
[0) 0.75

1 1
Ve=11x ¢ Mfc 'bwd =1.1 x p V24 x 700 x 191 x107° = 120.1 kN

vV
Vs :7” — Ve =183 —120.1 = 62.9 kN

Vsmax = 2/3Vfc 'bwd =2/3 V24 x 700 x 191 = 436.67 kN

Vs =62.9 kN < Vs max =436.67 kN - the section is large enough
Find the maximum stirrups spacing:

If Vs< Vs'= 1/3 Vfc 'bwd then s max < d/2 of s max <600 mm
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Vs'=1/3Vfc' =1/3~24 x 700 x 191 = 218.3 kN

Vs =62.9 kN <Vs'=218.3 kN then smax < 191/2 = 95.5mm

Check for Vs min:

Vomin = 12\ fC by d=2-\2% £ 700 191 = 40.94 kN
Vgmin = 3bwd = 3 700191 = 44.6 KN .......control

Vgmin = 44.6 KN < vg = 62.9 KN

case Il
2 V< Vi< (8 Ve + Vemin

90 kN < 137.3 kN <0.75x (120.1 + 62.9) =137.4 kN

Compute the stirrups spacing required to resist the shear forces:

Use4dleg @ 10.
A, =318 mm?

_Avxd=xfy
$= vs

_ 318+¥191%420

= 29105 =405.56 mm

d 191

Smax = 2= 3 = 95.5 mm or Smax < 600mm

:Design of Column

Column Reaction
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Calculation of Loads act on Column (C3)

Loads acting on columns are obtained from support reaction when analyzing the supported beams.
Total load Pu =3150 kN
Pn =3150/(0.65) = 4846 kN

Assume pg = 2.0 %
Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
4846 * 1073 = 0.8 * Ag[0.85 * 24 + 0.02 = (420 — 0.85 * 24)]

Ag = 0.17 m?

~Select 85*25cm with Ag = 2125 cm?.
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e Check Slenderness Effect :

For braced system if A < 34 — 12 % < 40, then column is classified as short column and slenderness effect shall not

be considered.

Klu
A= —
T

Where :
Lu: Actual unsupported (unbraced) length =2.90 m

K: effective length factor (K= 1 for braced frame).
R: radius of gyration — for rectangular section = J% 0.3h

System about X System about Y

1%2.9
b /1 = —
1%2.9 0.3 % 0.85
= 03%025 866 A< 34-12(1) =22 <40
~ Shortabout Y. 1 =11.37 <40

=11.37

_

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

A = 38.66 < 40 - Short about X . A =11.37 < 40 - Short abouty .

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

Calculation of Required Reinforcement Ratio

Since Column is short and slenderness effect will not be considered, then Design Strength of column can be calculated

using the following equation :
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¢Pn = 0.65 * 0.8 = Ag{0.85 = fc' + pg(fy — 0.85fc")}
Where , Pu =3150 KN

3150 % 103 = 0.65 * 0.8 * 850 * 250{0.85 * 24 + pg(420 — 0.85 * 24)}
= pg = 0.021 > P = 0.01 &< prgy = 0.08

As req = 0.021 *850 *250 =4462.5 mm?

Use ® 20 >> #of bar = 4‘;‘35 = 14.2

~ Use 160 20 with As = 5024 mm?2 >AS req = 4462.5 mm?2

Check spacing between the bars :

_ 850—2%40—2+10—8+%20

S = 84.3mm

>1.5db=30 mm

4-7-3Determination of Stirrups Spacing

According to ACI :

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

S < Least dimension.
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Spacing < 16 x dy,(Longitudinal. bar. diameter) = 16 X 2 = 32cm.
Spacing < 48 X d;(tie. bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 60 cm

~ Select @ 10/20cm

Column (C3) Section is shown in figure where bars arrangmenet and stirrups detailing appear :

17 77

1910 L=208

171210 L=37

Figure : section for Column.
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Design Shear wall (W1)

AL
L "’}\‘l=

WS W

e—— W
V= R
1}‘=—£ _

i

Lw=39m ,t=30cm, fc’ =24 MPa & fy = 420 MPa

Lw =<hw — d =0.8*Lw =3.12 m

Mul = 604 — 235x3.12/2 =237.4 KNm

Design of Horizontal Reinforcement :

Vu max = 235 kN
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- Shear Strength of Concrete is the smallest of :

1- Ve = =x\/fc" x bx d = = x V24 x 300 x 3120 = 764.2 kN control

Jfc xbxd Nuxd 3120
2—Vc= f = /24 x 300x

2 + T lw = 725.05

Mul Lw 10 2374 3.9

—_— = 2 =

; L 7, 2Nu
3 _Ve= (szc + w(\/fc +wah) >xw _ <x/ﬁ 3.9(\/ﬁ+0)>x30091c(3)120 — 1673kN

Vu 2 235 2

Ve= — @Vc>Vu=235
Horizontal reinforcement is not ired

Avh
Tmin = 0.0025 x 300 = 0.75

Avh : For 2 layers of Horizontal Reinforcement Select @10 :
Avh = 2 *79 = 158 mm?

Avh _ 75 S 158 1067
— = 0. - = —= .
s "4 =575 mm

Smax= Lw/5 = 3900/5 = 780mm
= 3h = 600 mm << control

~ Select 10 @ 150mm at each .

S=150 mm <Smax =780 mm .. (ok)
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(1.2) Design of uniform distributed vertical reinforcement

hw Avh
Avv = [ 0.0025 + 0.5 (2.5——) x (——0.0025) xhxs
Lw sxh

Avv
== (0.0025+0.5 (2.5—

28.8 2x79
)= (

39 150x300—0.0025)>x300=0.009

AVh _ 0.009 5 s O _g777
—=0. RN = —_—
s "4 = 5009 mm

~ Select 10@ 150mm at each side

S=150 mm <Smax =740mm .. (ok)

Part of moment that resisted through (Awv):

Asv = 2x79x3900/150=4108 mm?

Z
Muv = 0.9 <0.5.X'ASU X Fyx lw x (1 - 2xlw ))

z 1 1
w 5 + 085xBLx fcx wxh - 5 + 0:85x0.85x24x3900x300 = 0073
Asvx fy 4108x420

0.073
Muv = 0.9 <O.5x4108x 420 x 3900 x (1 — T)) = 2917.5kNm > Mu = 237.4 kNm
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Boundary element is not required

31051 5cm

51 0O 20Ccrm
S8/ S 02X 1 00cm

Design of Isolated Footing (F4)

Loads that act on footing F4 are :

- PD=1200 kN, PL =127 kN — Pu=1.2* 1200 + 1.6*127 = 1643 kN

The following parameters are used in design :

- VY concrete = 25 kN/m3

- Y soil = 18 kN/m3

- Oallow — 450 kN/I’n2

clear cover =7.5cm

:Determination of footing dimension (a)

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

— Assume h = 45cm

— Oh(allowyet = 450 — 25%0.45 = 438.75 kN/m?
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— O bu(allow . net) = 1.4* 438.75 = 614.25kN/m?

— Obu= Pu/Areq < 0 bu(allow . net)

1643/ 42 = 614.25— a=1.63m — Select a=1.7m

— Bearing Pressure obu = PY/,= =*>- = 568.5 kN/m? < 614.25 kN/m? ... (SAFE)

1.7%1.7

: Determination of footing depth (h)

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

: Design of one way shear \J\

0.725
— d=h—-cover —®=450—-75—-14 =361 mm "0.364 0.361 |

h - 0.45

— Vu at distance d from the face of column :
a- 1.7

A, @ bu 563.5kN/m*

Vu=FRB =0cbu x0.164x b

568.5 x 0.364 x 1.7 = 351.8 kN

FRB

— @*Vc= 0.75*%*\/Fc’*b*d
— = o.75*§*\/ﬂ * 1700 * 361 =375.8 kN >Vu

~h =45cm is correct v/
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: Design of Punching (two way shear)

— d =361 mm

— b, =2 x1011+2x611= 3424 mm

— Bc=1

— as = 40 (interior column)

Vu = 1643 — (568.5 *1.011*0.611) = 1291.8 kN

@x\c is the smallest of :

T xboxd=(242)x 2 x 3424 x 361 = 6055.4

1

1- Vc=(2+%)><

2-Ve = (221 2) x T by xd = (2304 2) x 2% x 3424 x 361=3137.4
bo 12 3424 12

3—Vc=4x% xboxd =4 x 2 x 3424 x 361=2018.5 kN .. <cont.

— @xVc=0.75 % 2018.5 =1513.87 kN > Vu =1291.8 kN

— ~h=45cm is correct v
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4-12-5Design of Reinforcement

Mu = 568.5 *0.525*1.7*(0.525/2) = 133.2kN.m

0.65
S m=—2_=_"2_-206 \I\
0.85%Fc 0.85%24
. 0525 |
— Mn =133.2/0.9= 148 KN.m
|
_ Mn/@ _ 148%10°% _ —_ a=1.7m
— kn = F = 170003612 =0.74 MPa
A
G bu: 568.5
FRB
1 2xKN*
- p=or (1 1-=05)

= 1o« (1_ ’1 __ 2x0.74 %20.6 ) — 0.0018
20.6 420

— Asreq=p*b*d = 0.0018 x 1700 = 361 = 1104.65 mm?
— As (min) = 0.0018*b*h = 0.0018*1700 * 450= 1377 mm?
— Asreq < As (min)

=~ Select for both directions: 1014 with As = 1540 mm? > Asreq ... (0k)

Design the Connection between Column & Footing

— Design of bearing pressure at section of column :

@ x Pnb=0.65%x0.85% fc'x Al > Pu
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=0.65 x 0.85 x 24 x 650 x 250 = 2154.7 kN > Pu = 1643 kN

=~ Dowels are required to transfer the load between column and footing

— Design of Dowels :

- As min for dowels = 0.005 x A1 = 0.005 x 600 x 250 = 812.5 mm?

. Select 100814which is just like the reinforcement of column.

— Check Compression lap splice between steel of column and dowels (Lsc) :

Lscreq =0.071 x fy x db =0.071 x 420 x 14 = 417.5 mm >300mm

~ Select Lsc =80 cm > Lsc req = 417.5cm

— Design of compression development length (Ldc) :

; de:0.24X%de:O.24><j§_—Z x 14 = 288 mm .. < cont.

- Ldc =0.043 x fy xdb =0.043 x 420 x 14 = 252.84 mm

~ Ldc req = 288 mm

- Available Ldc =650 — 50 — 14 — 14 =572 mm > Ldc req = 288 mm .. ok

— Check tension development length using simplified method ( Ldt) :

Since we have a footing , it must satisfy two conditions to be considered under category A , otherwise it will considered

as category B :
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1- Clear lateral spacing =1700_(2*795)_(10*14) =156.66 mm > 2db =28mm v’

2- Clearcover=75mm>1db=14 mm v
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- Design of Stairs :

The following figure shows a top view of the stairs :

Design of flight

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

Determination of flight thickness :

Limitation of deflection: h > minimum h

h (min) = L/28 =492/28 =17.57cm

~ Select h = 20cm, but shear and deflection must be checked

Angle (a): tan(a) =17/28 — o=31.2°
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Loads calculation :

Figure shows a section in the flight in which the layers carried by the flight appear.

No | Parts of Flight | Calculation
1 Tiles 23*0.03*1*((0.3+0.17)/0.28 ) = 1.16 KN/m
2 | Mortar 22*0.03*1*((0.3+0.17)/0.28 ) = 0.598KN/m
3 Stair 25*0.5*%0.2*1 = 2.5KN/m
4 R.C 25*0.2*1 / c0s31.2° = 5.845 KN/m
5 Plaster 22*0.02*1 / c0s301.2° = 0.514 KN/m

Sum =10.617 KN/m

Landing dead load computation

c Parts of Landing Calculation

1 Tiles 23*0.03*1= 0.69KN/m
2 Mortar 22*0.03*1= 0.66KN/m
4 R.C 25*0.20*%1=5 KN/m

5 Plaster 22*0.02*1= 0.44KN/m

Sum = 6.8 KN/m

Live Load For Landing For 1m Strip =5*1 =5 KN/m

Factored Loads:

For flight w= 1.2 *10.617 + 1.6*5 = 20.74 KN/m
For Landing w=1.2 *6.8 + 1.6*5 = 16.16 kKN/m

79



BOSKN/m 20.74 kN/m | 8.08 kN/m
F ¥ v+ 5 3 ¢ + v v v v T ¥ v ¥ ¥

& g, =35.82kN

Ry = 35.82kN &
—— 120 —sje— 257 — le—— 1.0 —>

4.92 ~

Design of Shear:- (Vu=33.21KN)
Assume bar diameter g 14 for main reinforcement
d =h- cover - db/2 =200-20-14/2 =173 mm

1 7 _1 —
VC—g,/fc *bw*d—6* 24 % 1000 * 173 =

141.25 kN

No shear reinforcement are required... ©* V.-0.75* 141.25 = 105.94Kn> Vu = 33.12KN
Design of Bending Moment: -

Fy 420
— m= - = = 20.6
0.85+Fc’  0.85%24

Mu/@ _ 53.62%10°/0.9
bxd2 = 1000%1732

S opela(qe [q o BENemy o L g |1 20199206, g 40
m Fy 20.6 420
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— Asreq=p*b*d = 0.00499 x 1000 * 173 = 864.4 mm?

— As min =0.0018 *1000*173 = 311.4 mm?

- Select @14/15 with As = 1026.6mm? > As min .... For Main Reinforcement

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

— Check Spacing :

20cm > Smin=25+1.0=3.5cm or 2*(1.0)= 2.0 cm ... ok

20cm < Smax=3*25=75cm ...ok

— Check Strain:
C=T

0.85*fc’ *a*b = As*fy

0.85*24*3*1000 = 1026.6 *420

a=21.13mm - X=a/p=21.13/0.85=24.86 mm

0.003*d 0.003%173
€ = -0.003 =—— -0.02
X 24.86

~ & = 0.02>0.005 ... »=0.9 (OK)

-Design of landing

20.74 kN/m
2.08 kN/m / 8.08 kN/m

t
o | ] ] P I VI
R =10.154 4 1.0 0.2 1.0 A g — 10.154kN

2.2

F'

.
-

Loads on landing.
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Mu =10.154 x (2.2/2) — 8.08 x 1 x (1+0.2)/2 — 20.74 x0.2/2x0.2/4 = 6.2177kNm <Mu = 53.62 kN/m

- Select @14/15 with As = 1026.6mm? > As min .... For Main Reinforcement

Reinforcement Details
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