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Abstract

Structural Design and Details of a Multi story Building

Project Team
Islam Manasra

Khaled Al Najjar Nizar Sharaya

Palestine Polytechnic University-2023

Supervisor

Dr. Maher Amro .

The main idea of this project is to prepare all structural design and executive details for a multi

story building in the center of Hebron city.
This building consists of ten floors and it contains all activities required for any person.

This building is a reinforced concrete structure, and it was designed according to the ACl-code-05.

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

design and details for each member in the project.
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Chapter 4 : Structural Design & Analysis

4.1 Introduction

4.2 Determination of Slab thickness

4.3 Determination of factored load
4.3.1 Determination of dead load

4.3.2 Determination of factored dead & live loads

4.4 Design of topping
4.5 Design of rib 1
4.5.1 Design of negative moment of rib 1

4.5.2 Design of positive moment of rib 1

4.5.3 Design of shear of rib 1
4.6 Design of beam 3
4.6.1 Design of Span 1
4.6.1.1 Design of positive moment

4.6.1.2 Design of negative moment

4.6.1.3 Design of shear
4.6.2 Design of Span 2
4.6.2.1 Design of positive moment
4.6.2.2 Design of negative moment
4.6.2.3 Design of shear
4.6.2 Design of Span 3
4.6.3.1 Design of positive moment
4.6.3.2 Design of negative moment
4.6.3.3 Design of shear

4.7 Determination of Thickness:

4.8 load calculations for flat plate.

4.9 Check of Punching Shear



54 4.10 Design of flat plate on basement floor By SAFE

Program.
55 411 Design of Short Column (C21)
56 4.12 Design of Long Column (C16).

4.13 Design of Stairs .
4.14 Design of Isolated Footing.

58 4.15 Design of basement Wall.
59 4.16 Design of basement footing.
60 4.17 Design of Foundations By SAFE Program .
61 4.18 Design of shear wall by ETABS program.
62 4.19 Design of shear wall “ Manual Sample”.
63

4.20 Design of the Well By Sab Program.
64 4.21 Design of the Swimming pool by Sab program .
66 il 5.1
67 Clua il 5.2
68 Reference

List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.
e Ag=area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

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

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e (= compression resultant of compression steel.

e DL =dead loads.

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

e f.=compression strength of concrete.

e Fy = specified yield strength of non-prestressed reinforcement.

10



h = overall thickness of member.
Ln = e 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.

@ = strength reduction factor.
€. = compression strain of concrete = 0.003mm/mm.
&; = strain of tension steel.

&= strain of compression steel.
p = ratio of steel area.

KN= Kilo Newton

11
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Section | Activity D.Start Duration | D.Finish

1 Architectural study.

1.1 Search for architectural plans. 14/2/2023 | 11 days | 25/2/2023
1.2 Reading the architectural plans. 26/2/2023 | 15days | 10/3/2023
2 Structural study.

2.1 columns placing. 11/3/2023 | 30 days | 10/4/2023
2.2 slabs plans. 11/4/2023 | 10 days | 20/4/2023
3 structural design.

3.1 slabs design. 21/4/2023 | 20days | 10/5/2023
3.2 Beams design. 11/5/2023 | 21 days | 31/5/2023
3.3 columns design. 1/9/2023 20 days | 20/9/2023
3.4 walls design. 21/9/2023 | 15days | 5/10/2023
3.5 Foundations design. 6/10/2023 | 26 days | 31/10/2023
4 Finishing the project.

4.1 preparing the structural drawings. | 1/11/2023 | 15days | 15/11/2023
4.2 Editing the structural drawings. 16/11/2023 | 15 days | 30/11/2023
4.3 preparing the book of the project. | 1/12/2023 | 20 days | 20/12/2023

Architectural Structural Structural aﬁgu:mm?n d
Study Planning Study dgsign
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1.1 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 compression 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, there are three types of slabs: solid slabs, one-way ribbed and
two way ribbed slab. They would be analyzed and designed by using finite element method of
design, with aid of a computer Programs called " ATTIR and Safe - Software" to find the internal
forces, deflections and moments for ribbed slabs.

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

NOTE:
*Concrete B300, {fc=24 MPa for rectangular and L section}.
*The specified yield strength of the reinforcement {fy = 420MPa}.

1.1 Factored load

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use. The factored loads
on which the structural analysis and design is based for our project members, is

determined as follows:

q.-1.2DL+ 1.6L ACI-318-14(9.2.1)
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1.2 Determination of slab thickness

Determination of Thickness for One Way Ribbed Slab:
According to ACI-Code-318-08, the minimum thickness of no pre-stressed beams or one-way slabs
unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5
=695 /18.5=37.56 cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=600/21 =28.57 cm

Select Slab thickness h=35¢m with block 27 cm & Topping 8cm.

Load calculations:

One-way ribbed slab:

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is

calculated as in the following table:

Table (4 — 1) Calculation of the total dead load for one-way rib slab.

Parts of rib Den Calculation
RC. Rib 25 0.27*0.14*25= 0.945 KN/m
Top Slab 25 0.08*0.54*25 = 1.08 KN/m.
Plaster 22 0.02*0.54*22 = 0.238 KN/m.
Block 10 0.4*%0.27*10=1.08 KN/m
Sand Fill 17 0.07*0.54*17= 0.643 KN/m
Tile 23 0.03*0.54*23 = 0.373KN/m
Mortar 22 0.02*0.54*22 =0.238KN/m.
partition - 2*0.54 =1.08 KN/m

Nominal Total Dead load = 5.68 KN/m of rib

Nominal Total live load =5*%0.54=2.7 KN/m of rib
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1.3 Design of topping

The calculation of the total dead load for the topping is shown below:

Table (4 — 2) Calculation of the total dead load on topping

No. Material Calculation
1 Tile 0.03*¥23*1= 0.69 KN/m
2 mortar 0.02*22*1=0.44 KN/m
3 Coarse sand 0.07*17*1=1.19 KN/m
4 topping 0.08*25*1 = 2.0 KN/m
5 Interior partitions 2 *1 =2 KN/m
Sum 6.32 KN/m

W.=12DL+1.6 LL

=12%6.32+1.6 *5=15.58 KN/m?. (Total Factored Load)

2
®M,, = 0.55 * 0.421,/f¢ S, = 0.42 % 1 % /24 x 1000 * % 107 = 1.21 KN.m » M, = 0.208

No Reinforcement is required by analysis. According to ACI 10.5.4, provide As,,;, for

shrinkage and temperature reinforcement.

Aspin = 0.0018 * 1000 * 80 = 144 mm?/m strip

Try bars ®8 with As = 50.27 mm?

_ 1M e
N =507 2o/ Pams

Select 508 / or ®8@200 mm in both directions
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1.1 Design of one way Ribbed slab

Material: -

concrete B300 Fc' =24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section: -

b=12cm bf=52 cm

h =35cm TF=8 cm

Figure 4- 2 Rib geometry

Rib:9G Code: ACI318
Project: Page: 63
Designed by: Date: 18/05/23
Geometry Units:meter,cm
1 2
rq—r A — A 1—4—|-
L A
| 0.5 | 3.32 ‘ 0.8 ; 3.7 } 0.8
. 3.97 , 4.5
"~ 52, ‘
35.
12,
AA

Figure 4- 3 Loads on rib R18
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load group no. 1

Dead load - Service Units:kN,meter
5.63 5.
3.97 4.5
Live load - Service Load factors: 1.20,1.20/1.60,0.00
260 2.é0
3.97 45
Figure 4- 4 Moment envelop for rib R18
_Moments: spans 1fo 2 Load pattemn: xo0XX

182
| 119 2.78 [ 27 1. 18 !
4.5.1 Design of flexure: -
Design of Positive moment of rib (RIB 18):
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350-20-10-==314 mm.
—Muymax = 18.2 KN.m
be < Distance center to center between ribs = 520 mm............ Controlled.

< Span/4 =4500/4 = 1125 mm.

< (16* t) + by, =(16* 80) +120 =1400 mm.

41




—bg= 520 mm.

— My = 0.85 f x by » ty x (d — %)

_ 0.08 3

= 0.85 * 24 % 0.52 * 0.08 (0.314 - T) «103 = 23253 KN.m

bManr= 0.9 * 232.53 =209.27 KN.m
—>(1)Mnf :21732> Mu max— 182 KNm

-~ DESIGN AS RECTANGULAR SECTION.

1) Maximum positive moment Mue =182 KN.m

M, =Mu /$ =18.2/ 0.9 =20.2 KN.m

R. = Mp _ 26.44%10°
M pxd2 540+ (314)2

1 2«Rpxm 1 2%0.379%20.58 | __
p=1(1- /1—7)—m<1—\/1—T>—0.00089

—As=p * b *d = 0.00089* 520 * 314=146.7 mm”>.

=0.379 MPa

fe
Asmin = 35 * bwxd = %‘**bw*d ............ (ACI-10.5.1)
V24

¥120%314 > ~24120+314
420

4420
=109.87 mm?<125.6 mm?* ............. Larger value is control.
—>ASmin = 125.6 mm*<Aseq = 146.7 mm?.
« As = 146.7 mm”.
2 ®10=157 mm*>Aseq = 146.7 mm?. OK.
~ Use 2 @10
— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f.*b*a

157*%420=0.85*24 * 120 * a
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a=26.9 mm.

f! = 24 MPa< 28 MPa— B, = 0.85

a _ 269

= —=—"=31.69 mm.

B, 0.85
g, = 3% 0.003
C

314-31.69
31.69

*0.003 =0.0268 > 0.005 - ¢$=0.9 ... OK!

Maximum negative moment MU©® = 14,5KN.m

M, =Mu/d =14.5/0.9 =16.11KN.m

0.85f,  0.85%24

_ M, _ 16.11%10° _
R, b 120% (310)° 1.36 MPa

=11 [{_ZBum,_ _1 [y 2+0.369x20.58 ) _
p=—@1 /1 3 ) 20.58(1 \/1 e re— >0.0033

—As=p *b*d=0.0033* 120 * 314= 124.3mm>.

fC’ 1.4
Asmin = rfy)*bw*d = E*bw*d ............ (ACI-IOSI)
V24

%120+ 314 > ~24120+314
4%420 420

=109.88 mm?<125.6 mm? ............. Larger value is control.
—ASmin = 125.6mm? > Asreq = 124.3 mm?.
~ As=124.3 mm?,
2 ®10 =157 mm*>Asreq = 124.3 mm?. OK.
~ Use 2 @10
4.5.2 Design of shear of rib (RIB 1):

1) Vu = 22.3 KN.

Vc: \/E*bw*d

6

=1.1%* g *0.12*% 0.314 *10° =33.84 KN.
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¢Ve=0.75 * 33.84=25.38 KN.

—Check for Cases: -

1-Case 1: Vy< ‘%V

25.38

223 < ——=12.69

~ Case (1) is NOT satisfied
2- Case 2: Le<v, < V.
12.69<22.3 <25.38

=~ Case (2) is satisfied — shear reinforcement is required.

Try 2d8: -

100.5%420%314

=29.61*%10° — S = 447.62 mm.

= 157mm. ... Control

=~ Use 208 @ 15 Cm

1.1 Design of Beam 3

Material: -

concrete B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section: -

B=80cm

h=90 cm "choose h=90, for deflection requirments L./240"
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According to ACI-Code-318-08, the minimum thickness of no prestressed beams or one way

slabs unless deflections are computed as follow:
hmin for both-end cont. = L/21
=788/21 =37.52 cm.

— Select Total depth of beam h=90cm. ( 35c¢m slab and 55 cm drop)

Figure 4- 6 Beam 43 Geometry

*** For demonstration purposes anly ***

B3 Code: ACI318
Project: Khalid Al-Najjar Page: 49
Designed by: Date: 07/05/23

Geometry Units:meter,cm

1 2 3 4
1 1 1
| 8090 80/90 80/90 80/90 |
Ll 1L 1L
| 132 025 5.53 025 7.63 025 132
I Yorh L LI 1
. 145 5.78 ; 7.88 145
Loading

Figure 4- 7 Loads on Beam 3

Loading
load p no. 1
load - Service Load factors: 1.20,1.20/1.60,0.00
L 1/31.4
. m— o s
180 18.0 140 180
145 5.78 7.88 145

Figure 4- 8 Moment Envelop for Beam 3
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Moment/Shear Envelope (Factored) Units:kN,meter

_Moments: spans 110 4

7438
-681.3 -673.7
1345 0. /\ 18002
- g . f | 1. N - N .
L A. ' 3'34! N u ' Q?TK |
I | T T 1
i~ 14 0.44
2784
601.
146 | 231 347 | 4.33 : 3.55 | 145 |
Figure 4- 9 Shear Envelop for Beam 3
-507.7
422.9
2227 3749 __— 904.1
-T46 __— .
r  — ' 674
204.8 2016
3376 448.3
567.1

4.6.1 Design of flexure: -

Design of Positive moment: -
—Mumax =601 KN.m
bw=80Cm. h=90 Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=900 — 40 — 10 — 22 =840mm
Crnax = 2 * d = 2 *840=360mm.
f; =24 MPa <28 MPa—f1=0.85
amax = 1% Cmax = 0.85 * 360= 306mm.
*Note:
Mpymax =0.85%* f/ *b*a* (d-%)

=0.85*24 * 1 *(.306* (0.840 — 0.306/2 ) * 10°
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=4288.5822 KN.m

es=0.004

250
$=0.65+ 3 *(0.004-0.002) = 0.82

—(GMnmax = 0.82 * 4288.5822=3516.6 KN.m
b Mu = 8363 KNm< q)Mnmax 35166 KNm

~Singly reinforced concrete section.

1) Maximum positive moment MU® =600 KN.m

Mn = Mu /¢= 600/ 0.9 =667.78 KN.m .
—m=20.58

_ M, _ 667.78x10°5 _
Rn =7 = To0o- 610)? 0.946 MPa

1 2%Rp*
p=—1- /1—Tm)

= (1 - \/ 1- —2*0'946*20'58>=0.002308

20.6 420

As=p *b *d =0.002308*1000*840=1938.8 mm?

| 1A bed > 1.4 b d
S = ————%x P * = — %P *
A fy
V24 1.4
>
%420 * 1000 * 840 > 220 * 1000 * 840

=2449.5mm?<2800mm? .... Larger value is CONTROL
As= 2800 mm?
Use ©20.... As=314.16mm?
Hof bars= (4487.4/314.16) =9
~ Use 9 ®20...As=2827.744 > 2800mm°

— Check for strain:-(g; > 0.005)
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Tension = Compression
As*fy=085*f/*b*a
2827.744* 420 = 0.85 * 24 * 1000* a
a=>58.22 mm.

£/ = 24 MPa< 28 MPa— g, = 0.85

2 _3822_ 68 5 mm.
B1 085

Cc =

g, = 2% 0.003
c

840—-68.5
68.5

*0.003 =0.0338>0.005 - ¢$=0.9... OK!

4.6.2 Design of shear: -

1) Vu =448.3 KN.
fe
q)szq)*g*b*d

=0.75* % *1000* 840 * 10-* = 514.4KN.

\— Check For Cases:-
1- Casel :

Vo < %.

514.4

448.3 < ——=1257.2

=~ Case (1) is NOT satisfied

Case 2 :

Peav, <pVe
257.2 <448.3<514.4

~ Case (2) is satisfied

=~ Use @10 @ 20Cm 2L.
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Design of Column (C8)

:Material
Concrete B450 Fc¢' = 36Mpa
Reinforcement Steel Fy = 420Mpa
stirrup = 10 mm
:Loads acting on column (C8) are as follows
. Dead Load = 2000 kN

.Live Load =1500 kN

Factored loads (Pu) =1.4 DL =1.4 x 2000 = 2800 kN
OR
{(Pu)=12DL+1.6 LL=1.2 x 2000+ 1.6 x 1500 = 4800 kN ..... Cont
sCalculation of Required Dimension of Column (C6)
.Total load Pu =4800 KN
Pn 4800 / (0.65) = 7384.653 kN
% Assume pg =2.0

Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
7384.653 + 1073 = 0.8 * Ag[0.85 * 36 + 0.02 * (420 — 0.85 * 36)]
Ag = 2404.6 cm?

Select 50*50cm with Ag = 2500 cm?
sCheck Slenderness Effect
For braced system if A <34-12 M1/M2 <40, then column is classified as
.short column and slenderness effect shall not be considered

= Klu/r

49



Lu: Actual unsupported (unbraced) length = 3.50m
K: effective length factor (K= 1 for braced frame)

R: radius of gyration — for rectangular section =\(I/A) 0.3 h

System about X System about Y

A= (1*3.15)/ (0.3%0.50) =21 A= (1*3.15)/ (0.3%0.50) =21
A <34-12(1) =22 <40 A<34-12(1) =22 <40

A=21<22 A=21>22

~ 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 :

¢Pn = 0.65 * 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}

Where , Pu = 4800 KN

4800 * 10° = 0.65 * 0.8 * 500 * 500{0.85 * 36 + p(420 — 0.85 * 36)}

= pg =0.015> ppip = 0.01 & < ppgx = 0.08

As req = 0.015 *500*500 =3763.7 mm?

3763.7
254.5

Use ® 18 >> # of bar = =18

~ Use 20 O 18with As = 5090mm? >As req = 3763.7mm?

e Check spacing between the bars :

_ 500—2%40—-2+%10—6%18
5

S = 58.4 mm

S=58.4mm >40mm
>1.5db =48 mm
Determination of Stirrups Spacing

According to ACI :
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0.50

Spacing < 16 X d,,(Longitudinal. bar. diameter) = 16 X 3.2 = 51.2 cm.
Spacing < 48 X d.(tie.bar.diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 40 cm

~ Select 200 18cm

Column (C5) Section is shown in figure(4-11) where bars arrangement and stirrups

detailing appear :

Section S-S

0.50 0.42 )
b . \ i ] Mﬂ 1
3 3
| d - -
Q »10/20cm 0.10
20618 o0 »10/20cm
L=126

Figure 4- 11 Column C5 detailing

4.7 Design of Isolated Footing  (F3)

Loads that act on footing F5 are :

- PD=1600 kN, PL =500kN
- Pu=1.2%*1600+ 1.6*500=2720 kN

The following parameters are used in design :
= VY concrete = 25 kN/ m3
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- 'Y soil = 18 kN/m3
- Oallow = 500 kN/l’l’l2
- clear cover =5 cm

Determination of footing dimension (a)

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

— Assume h =55 cm
— Ob(allowynet = 500 —25%0.75 — 0.25*18 - 5 =471.75 kN/m?
- 4= Pn_ _ 1600+500 _ 445 m?

danet 471.75

— l=vVA=+V445=211m
— Selectl = 2.15m

Determination of footing depth (h)
To determine depth of footing both of one and two
way shear must be designed.

Py 2720
Qu =" = Je225

Design of one way shear

d=h—cover — @ =550—-50—-14= 486mm

—

= 588.43 KN /m?

— Vu at distance d from the face of column
l
Vu = qub(g_%_ d)
2.51 045
= 588.43 * 2.15 (T - T - 0.486)
= 688.23 KN

@Vc=0.75*§* f’ *b*d
= 0.75*§* 28 * 2150 * 486 =691.1 kN >Vu

~h =55 cm is correct v

Design of Punching (two way shear)

d =486 mm

b, =4(0.45+0.684) = 4536mm
Bec=1

as = 40 (interior column)

AN

Vu = 588.43(2.15%2.15-(0.45+0.486)(0.45+0.486)) =
2204.5 kN

OV is the smallest of :

. Vc=%(1+§)x\/ﬁ X b, x d
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Figure 4- 1 One way shear

c,+d

Figure 4- 2 Two way Shear (Punching)



= %(1 + %) % 28 X 4536 X 486 X 10~3 = 5832.5KN

2. Vc=i(°(5Xd+2)x\/ﬁ X b, x d

12\ b,
_ 1 (40x486 L
= 12( e 2) % V28 x 4536 X 486 x 102 = 6110.3 KN

3. Vc=§>< fc Xby xd

4, ==x+/28 x 4536 x 486 x 10~3 = 3888.4 kN < cont.

W |-

— Ve =0.75x3888.4 =2916.3 kN> Vu=2204.5 kN

~h=55cm is correct v

Design of Reinforcement

Mu = 588.43 *0.85%2.15*(0.85/2) = 475.026 kN.m

Fy 420
m= - =
0.85+Fc’  0.85%28

=17.64

— Mn=475.026/0.9 =507.81 kN.m

Mn 507.81 *10°

— Rn = bxd2 - 21504862 =0.99 MPa
_ 1 _ __ 2*Rmxm
- p= (- (1=
1, (1- \/1 B 2*0.99*17.64): 0.00241
17.64 420 )

— Asreq=p*bxd = 0.00241 = 2150 * 486 = 2518.209 mm?
— As (min) = 0.0018*b*h = 0.0018*2150 * 550 = 2128.5 mm?

— Asreq > As (min)

Select for both directions: 18014with As =2770.2 mm? > Asreq ... (0k)
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4.8 Design of Stairs

Figure 4- 4 Stair

Design of flight
The structural system of the flight is shown in figure (4-22) and the following steps explain

the design procedure of the flight :

1. Determination of flight thickness :
Limitation of deflection: h > minimum h

h (min) = L/20 =330/20 = 16.5cm
~ Select h = 20 cm, but shear and deflection must be checked

Angle (a): tan(a) =15.91/30 — a=27.91°

e Load calculation:

Table 4. 1: Load calculation for the flight
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=27%((0.1591+0.35)/0.3)*0.03* 1=1.451
22 =22*((0.1591+0.3)/0.3)*0.02*1=0.7064
25 =(25/0.3)*((0.01591*0.3)/2)*1=1.99

25 (25*0.2*1)/(cos 27.91)=5.6

22 (22*0.03*1)/(cos 27.91)=0.75

10.5 KN/m

Live load= 5 KN/m?
Wu=1.2*10.5+ 1.6*5=20.6 KN/m

e Analysis.

The following figures show shear and moment Diagrams resulted from analysis of the
flight:

20.6 KN

%o.eooo r——— 3.30 ,[J’o_sooo%

Figure 4. 1: Load distribution for flight.

e Design.

Design for shear:
R=W*L/2=(20.6*3.30)/2=33.99 KN

d=200-20-(14/2) = 173 mm

@Ve =075 * = *VFc’ * bw *d
=0.75 * =*JZ& * 1000 * 0.173
= 105.94 KN
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0.5* @Vc=0.5%105.94= 52.97 KN
0.5 @Vc =79.455 > Vu max = 33.99 kN
=~ No Shear Reinforcement is Required

Design of bending moment:
Mu= 33.99 (0.6+1.65)- 20.6*(1.65%/2) = 48.43 KN/m

Fy 420
0.85+Fc’  0.85%24

= 20.59

m=

Mu/@ _ 48.43+10%/0.9
bx*d?2 1000%1732

N f _2Rmem. 1 o _ 2#1.79%20.59 | _
- a- /1 Fy ) 20.59 a \/1 420 )=0.0044

As,req=p*b=*d = 0.0044 » 1000 * 173 = 768.4 mm?

Rn = =1.79 MPa

As min = 0.0018 *1000*200 = 360 mm?
As, req >As, min

Select 5014 with As= 769.7 mm? >As, req
For secondary Reinforcement select @10 /20 with as=395 mm?2 >As min
Check Strain:
C=T
0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 769.6 *420
a=15.84 mm
c=a/f =15.84/0.85 = 18.64 mm
es =((d-c)/c) * 0.003
=((173-18.64)/18.64) *0.003
=0.0248 >0.005
Check spacing:
S=20cm < 3h = 3*200= 600 mm

=450 mm

280
0.67%420

= 380%(

)-2.5%20=33.37 mm

4.11.2: The landing.

e Determination the thickness:

Limitation of deflection: h > minimum h
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h (min) = L/20 = 325/20 = 16.5 cm

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

d=200-20-(14/2) = 173 mm

e Load calculation:

Table 4. 2: Load calculation for the landing

22*0.03*1=0.66
22 22*0.02=0.44
25 25%0.20*1=5
22 22*0.02=0.66

6.76 KN/m

Live load= 5 KN/m?
Wu=1.2*%6.76+ 1.6*5=16.112 KN/m

e Analysis.

The following figures show shear and moment Diagrams resulted from analysis of the

landing:
23.4 234
16.1 16.1 16.1
145 I 145
Figure 4. 2: Load distribution for flight.
e Design.

Design for shear:

Wr=34.004/1.3=26.16 KN
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R= (16.112%3)/2+ 23.44%1.45= 58.16
OVe =0.75 *%* Fc' *bw *d
=0.75 * %*m * 1000 * 0.173

=105.94 KN
0.5% @Vc=0.5%105.94= 79.455KN
0.5 @Vc =79.455> Vumax = 58.16 KN
=~ No Shear Reinforcement is Required

Design of bending moment:

Mu= 58.156 *1.5- (16.112%1.50%)/2- 23.44*1.45%(1.45/2) +0. 5) = 42.8 KN/m

F 420
m=—>—= = 20.59
0.85xFc 0.85%24
M 42.8 «10%/0.
Rn= MW/2 _ /99 _ | 6 MPa

bxd? 10001732

:l* _ _2*Rn*m _ 1, _ _2*1.6*20.59 _
- a \/1 Fy ) 20.59 a \Il 420 }=0.004

As,req=p*bx*d = 0.004 * 1000 x 173 = 692 mm?

As min = 0.0018 *1000*200 = 360 mm?
As, req >As, min

Select 5014 with As= 769.7 mm? >As, req
For secondary Reinforcement select @10 /20 with as=395 mm2 >As min
Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 769.6 *420
a=15.84 mm
c=a/f =15.84/0.85 = 18.64 mm
€s =((d-c)/c) * 0.003

=((173-18.64)/18.64) *0.003

=0.0248 >0.005
Check spacing:
S=20cm < 3h = 3*200= 600 mm

=450 mm

280
0.67%420

= 380%(

)- 2.5%20=33.37 mm
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H=35cm [

#10/20cm, L=150m

#14/20em

iz -10,_{m:m

2, #10/20em, L=2.10m
145em, T

®10/20cm, L=1.30m

‘ S #10/20em, L=220m

120cm, B

* ~@14/20cm, L=1.50m

70cm, B

T N

Figure 4. 3: Stair reinforcement.
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4.10 Design of Shear Wall (SW,13)

Fig 4.21:Shear Wall.

......

- -y

S m---

Fig 4.22: Shear Diagram of Shear Wall.
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Fig 4.23: Moment Diagram of Shear Wall.

v" Material and Sections:- (From Shear Wall 16)

— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

—  Shear Wall Thickness h =25cm

=  Shear Wall Width Lw=45m

=  Shear Wall Height Hw =3.50 m
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v" Design of Horizontal Reinforcement:-

Vu = 788

The critical Section is the smaller of:

lw 4.5
- = > = 2.25m....Control
hw _ 13.85 B

storyheigh(Hw) = 3.50m.

d=08X%xLw=08x45=3.6m

5 !
OVrimax = O/ f:'hd
= 0.75 * 0.833 /24 * 250 * 3600 = 2755.6 KN >V, = 788KN

is the smallest of : V.

1— V, = =/f'hd = 224 x 250 » 3600 = 734.8KN ....... Control

6
N,d
2— V. =027y/f'hd + 4“

by (0.1 +0.27%)

= 0.27V24 % 250 * 3600 + 0 = 1190.45KN

Ly

3 Ih
3— V. =0.05/f + L hd
v, 2
45(0.1v24+0
= lo.osdﬁ+ ( e ) 250 * 3600 = 3990 KN
= M, = 1815 KN.m
M, 1 1815 4.5
— - =—————=0.05
V, 2 788 2
Ve =734.8KN

Vu =788 KN > % *(0.75*734.8 = 275.55 KN Needs reinforcement

@ * vc + Ovs = vu
@ * vS=VU-Q * vc
Vs=vu/@ — vc
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V/s=788/0.75-734.8= 315.8 KN

Ayp _ vs 3158
sn fyd  420%3600

- Maximum spacing is the least of:

M:“S%:QOOmm

3*h = 3*250 = 750 mm
450 mm ....... Control
Take p =0.0025

Try 10 (Ag = 78.5 mm?) two layers

__ App __ 2%78.5
p ==
hSp 2008y

=0.0025

Sp==314mm

— use @10@200 mm in tow layer

v" Design of Bending Moment:-

= 0.000209mm?/ m

4500
Ay = < ) x2 % 113.1 = 4071.6 mm?

250
B <Ast)fy B < 4071.6 )420
Y=L T 4500« 250/ 24
B
a=——=0
Lyhfe
C W+ a 0.063 + 0

I, 2w+0858 2+0.06+ 085 *0.85

Py

OM,, = @ |0.545.f, L, (1 + ™

= 0.9[0.5 * 4071.6 420 * 4500(1 + 0)(1 — 0.0742)] = 3205KN = 2999 KN.m

Use . 12@15

)1 -1

= 0.063

= 0.0742
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