a3l Cpan ) Al Ay

Jasd (3

L o oSl g Aaig) A0S 8 4, jlancall g Aiall dtigd) 3 jila ) adia
Ophaald (L€l gy daala

el dudia pawdd Ausal) dwdigll B g gl A o

Caladd LIS 5, daala
Obaadd 1A
- Ol



AT £ g ke anl Balg
Cpbadd SSH 5 daals
cphads — Julal)

Ol LIS gy daalad auli dgale (ALY azaall)

Janll 3 50

Al liac ] apan 48 gay g - e Gpad Y clea g e
L ol 53S0 5 Ainnighl A0 8 4y jlaxall 5 Ainall Ainigl 5000 & 5 el 138 20385 o3 (diniaall

(Sl Aia Ganadd g ) K As Al s plall ldlatay A ) old 0

Al diall) o 5
5 S a3

73.9



Loy pwy ol ]l ... L adxa in 4!
R T SNV TN TR
podwd g Mo Jasd!l ade dhall Lo
L.Ll e LSy dob e s L Q_'Q‘.[ﬁ_c&s‘:_ﬂ (_Ll

LSS 53 dl---
ISR SOy
L
Sy Y P T T VN S S (Y
ol O L. s lasdl ookl ol
Dl o Al aee Bl e g A
DISY I LSl ied 1 aae Jlesdl JLeudt df
dl oo. gladdl Gl Lasl o Jb sewY ! 4 .o

b y< g :l_*bjlﬁ 0 Jol oo o O JS d)
Sleol S]] aan puax ]l Ol g lwi s ()

Sladl s L3unY ! Js J
oSl 4 dby g JS J

lde Udae i Lros oSl
S 3

Jeagall g S
10e JSI Gendl g Jo ol JSEIL Jaal) (39 58 aasiy

Lin 51 5600 il A0S 5 858 pall (bl U g onals A Ui
3 il g 25 e Jalal) Lgabla 281K, iy jlanall 5 dinall g



G 5 e jale Al HSAL Gadi s daalall s3] anea
4 sling A JUall g alae g dalal (aliall Guaall JUie DA (S

Al Jasll 13gn 7 5 oall g lise g IS J 6
peiacbue g JalSll agi slatl Lo (aailall g dxalal) 40K

&Madﬁjjcgﬂghﬁmw\dgeﬁwdﬁ

. - .

Caath QI g3 Aaalad gl el Glagf ganal ALESY) asanall

G A

- -

2008 - (o LS 5 daala



ALY ealiall (0 a5

Ae Gleginl L e 4l laydaddl) A ) Al dalall | yla tj).ﬁml\ 128 s o3
(el dial) - lagil 8 (34\4]\ Oandl Al 2a GJa’..a s - e S
e\.c_ I Al A g ald 5 Aalad) ElanY) Llall bl yall

MABJ&_!\‘)AA‘)JQA\MLJJ‘)JJW‘)”M‘JPMY‘DMLJJL)@)A”
Cldledll e aedl e (Bilda S (5 siag

(UBC-97) . m\ - il A3 SAIL sl e
Sy o ehlad st o Julaill dully sl
Fie Ay gualall el pall paamy de dlddie V) abwad)l L 2 : (ACI_2005)
L e s Autocade2006 , Atir , Microsoft Office 2007 , Staad-Pro
el aaal L aeaill aa®i e o8 g g adsh - Alpias
, ALy
Abstract

The Structural Design for Scientific Research Center
I n Palestine Polytechnic University

Project Team
Basam Nashwia Mohammed Amreya
Waed AL-Adra
Palestine Polytechnic University

Supervisor
Dr. Naser Aboshy

The aim of this project is to perform the structural design for all
structural elements such as ribs, beams, columns, and foundations and all
other structural elements.



This project has been selected because of the necessity for such project
In Palestine Polytechnic University, it was designed with a capacity that
will cover the shortage in capacity for the pre-built building in Scientific
Resear ch.

The project consists of three buildings with the same architectural design
guidance, but different on the ground and bypass the buildings around the
main building and connected with him through the corridors of glass, each
a three-storey building and each floor contains many of the different actors.

For structural design of this project, Jordanian Construction Code was
used for determining live loads, UBC-97 was used for seismic loads
determination, where ACI-05 code is to be used for structural analysis and
design for all structural elements, and some of computer software will be
used, such as Autocad2006, Staad-Pro, Atir, and Office2007....etc.

By the end of this project, the structural design for structural elements in
this building will be done.

Sl ginall (gt

dagalll cladall
i
i 2 A ¢ 5 i i 5305
i syl dsdia
iV ol 5 Sl dadia
v
Vi Abstract
Vii Gl giaall (e
X Jslanll s e
X e gas 5 JISEY) (g0 ygd
Xii List of Abbreviations

Vi



21
24

vii

(-)

(-)

g sl sl Gl (3-1)
(e gl (4-1)

(5-1)

g ol Chgina (- )

(2-1)

(2-2)

el L) aal s Sl (2-3)
(-)

Clealll Caa (2-5)

il ) i o i s (2-6)

(3-1)
S asaaill Caa (3-2)



L) Jlea¥) (3-4-1)
Lall Jla¥) (3-4-2)
L) Jlea (3-4-3)
it dusl (4-)

(4-)
(3-4-6)

30 aall 43 ) ALY (-)

31 (3-6-1)
(3-6-2)

33 (3-6-3)

34 (3-6-4)

35 (3-6-5)

36 (3-6-6)

Aaliial () )2 (3-6-6)

L2t 23 ) o guilal el 32 (3-7)
TABLE OF CONTENTS

Chapter Four

Structural Analysis and Design
Page

(4.1) Introduction

(4.2) Determination of thickness of ribbed slabs ( T section)
(4.2.1) Calculation of dead load and live load for Topping

(4.2.2) ) Design of topping
(4.2.3) limitation of spacing between bars

(4.3) calculation of width of rib
(4.3.1) Calculation of dead load and live load for Topping

(4.4) Design of ribs (R1) 43

(4.4.1) Design of negative moment 43

viii



(4.4.2) Design of Positive Moment
(4.4.3) Design of shear

(4.5) Design of Beam (1)

(4.5.1) Design of Positive Moment
(4.5.2) Design of negative moment

(4.5.3) Design of shear

(4.6) Design of column (C15)
(4.6.1) Design of Cross Sectional Area

(4.6.2) ) Design of reinforcement
(4.6.3 )Design Of The Tie Reinforcement

(4.7) Design of Stairs

(4.7.1) Design of the First Stair
(4.7.2) Design of positive moment
(4-7-3) Design of the Second Stair
(4-7-4) Design of the third Stair

(4.8) Design of Mat Foundation

(4.8.1) Load calculation
(4.8.2) Determination of Footing Depth

(4.8.3) Design in x- Direction
(4-8-4) Design in Y- Direction

(4.9) Design of combined footing

(4.9.1) Load calculation

(4.9.2) Determination the dimension of the combined
footing

(4.9.3) Determine the Required depth of the Combined

Footing
(4-9-4) Design in x- Direction

45
46

57

S7
59

69

76



(4.9.5) Design of Bending Moment about S3
(4.9.6) Design of Bottom Reinforcement at S3
(4-9-7) Design in y- Direction

(4.9.8) Design Of Top Reinforcement

(4.10) Design of Strip Footing (Under the Shear Wall):

(4.10.1) Load calculation
(4.10.2) Determination of Footing Depth

(4.10.3) Determination of Footing Width
(4-10-4) Check of Shear
(4.10.5) Design of Bending Moment

(4.10.6) Development Length of main
Reinforcement

(4.10.7) Design of Secondary Bottom
Reinforcement

(4.10. ) Design of Secondary Top & Bottom
Reinforcement For The Top Layer:

(4.10.9) Check Transfer of Load at Base of Column
(Design of Dowels):



(4.10.10) Development Length of Dowels

(4.1 ) Design of solid slab

(4.1 .1) calculation

(4.11.2) calculation of load

(4.11.3) internal forces & moment for 1m strip in Xx& y direction
(4-11-4) Design of shear

(4.11.5) design of x direction

(4.1 ) Design of Isolated footing (F5)

(4.1 .1) Determination of Loads & Area of footing
(4.1 .2) depth Determination by check of punching
(4.12.3) Determination of bearing pressure
(4.12.4) Design of Bending

Xi

89

91

91
91

91
92

04

94
95



(4.12.5) Design of Dowels

(4.1 ) Design of shear wall 08
(4.1 .1) Determination of location of shear centroied (So) 98
(4.1 .2) Part of Load of Each Shear wall 101

(4.13.3) Calculation of Floors Weight
(4.13.4) Calculation of Shear Force on Shear Walls
(4.13.5) Load Calculation of Wall (W1).

Jolaall ugd

Xii



ALY ealiall 3 deddiusal) o) sall dpe il ZEESI (- )
Aaliaall bl 3 4l (-)

G

Description

Cinall (A M)A giadl dgal 1) (-
(A )l) A siall dgal gl (-
Alledll dgal ol (-
48l dgal ol 2 -
dpall Al (-
(3-1
Cmalaily Cuasl) ¢l 338a)) 1 (3-
(3-
omalad (3-
(-
. :(3-6)
Aaaiiad) 3aee Y g 551 an 1(3-7)
o=l (5 8l daslaall Hlaa (i 1(3-8)
:(3-9)

NN N NN N
1

N N N N N N N N N N N

List of Figures

page

Xiii



Fig. (4.1): Section of topping

Fig. (4.2): Section of one-way ribbed slab
Fig. (4.3): moment in one-way ribbed slab
Fig. (4.4): Design of shear

Fig. (4.5): Design of Beam (1)

Fig. (4.6): Design of moment of Beam (1)
Fig. (4.7): Design of shear of Beam (1)
Fig. (4.8): Interaction Diagram.

Fig. (4.9): Reinforcement of Column.

Fig. (4.11): Cross Section for Rib where positive moment is applied
Fig. (4.12): Cross Section for Rib where negative moment is
applied.

Fig. (4.13): The Selected Beam

Fig. (4.14): Selected Beam Spans

Fig. (4.15): Moment Diagram for the Selected Beam

Fig. (4.16): Shear Diagram for the Selected Beam

Fig. (4.17): cross section for positive moment at span #1

Fig. (4.18): cross section for negative moment between span (#1) &
(#2)

Fig. (4.19): cross section for positive moment at span #2

Fig. (4.20): cross section for negative moment between span (#2) &
(#3).

Fig. (4.21) Column section

Fig. (4.22)Column ties

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

Xiv

42
43
46

49
52
55
56

56



As = area of nonprestressed tension reinforcement.
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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.
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d = distance from extreme compression fiber to cancroids of tension
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Chapter Four

Structural Analysis And Design

Chapter Four
Structural Analysis And Design

4.1 Introduction:

Concrete is reinforced to give it extra tensile strength; without reinforcement, many
concrete buildings would not have been possible.

In this project there are severa structura elements that will be designed
according to the ACI code, and by using many computer software such as "ATIR"
and "Prokon" .

To find the internal forces, deflections and moments in order to design the elements.
4.2 Deter mination of thickness of ribbed dabs ( T section ) :-

will be determinate according to the limitation of deflection
According to table valuein ACI-Code-318-05,

*Min h for one-end continuous = L/18.5
*Min h for both-end continuous = L/21
*Min h for ssimply support = L/16

The Lmax for one-end continuous= 5m

The Lmax for both -end continuous=4.97m

Min h for one-end continuous = L/18.5
=500/18.5=27cm

Min h for both-end continuous = L/21
=497/21 = 23.66 cm

Take h = 32cm. (24cm block+8 cm topping)
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(4.2.1) Calculation of dead load and live load for Topping:

Tilesand mortar = 2 KN/nv?
Topping = (0.08) (25) =2 kN/m?
Block  =(0.24) (9) = 2.16 kN/m?
Plaster = (0.02) (22) = 0.44Kn/m?
Partion =(1.25) KkN/m?2

o ~ w NP

Total dead load for one way rib = 7.85 kN/m2.
—>for one meter strip dead = 7.85 KN/m.
Total liveload for oneway rib =5 kN/ m

(4.2.2) Design of topping:-

q, =1.2(DL) + 1.6 (LL)

= 1.2(7.85) + 1.6 (5)
= 17.42 KN/m?
* LZ
My =&
12
* 2
My = 27427047 _ 5 onkNm
12
2 2
S = b*eh == (2.8) =1.066*103m3

* L2
Mn =0424fc' * %
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* 2
Mn = 042430 * Mﬂ.%m.m

f Mn =0.55* Mn
f Mn =0.55* (2.45) = 1.347 KN.m > 0.24 kN.m

No reinforcement is required.
Minimum reinforcement of Shrinkage& tempreture is required according to ACI cod:

As., =0.0018*b*d
=0.0018* 100 * 8 = 1.44 cm?
»>Select @ 8/25cm > As__ =1* (0.8%/4)*100/25=2 cm?/m>1.44 cm?/m

prov.

inbothdirections
(4.2.3) limitation of spacing between bars:-
Smax =5*t =5*8=40cm
Or S=45cm
->25cm<45 OK

(4.2.4) shear design:-

f Vc>Vu

d=8-2-0.4= 5.6 cm for topping.
(0.75)(1/6)(1000)(56) /30

=38.34 kN>3.5 kN=VU
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(4.3) calculation of width of rib

be= L/4= 5/4=1.25m
be= bw+16t=.12+16*.08=1.4 m
be=bw+.5Lc1+0.5Lc2=.12+0.5* .4+.5* .4=0.52 cm
take be = 0.52 which smaller one.

-,

(4.3.1) Calculation of dead load and liveload for Topping:

1. Tiles =(0.52) (2) = 1.04 kKN/m

2. Topping =(0.52) (0.08) (25) =1.04 KN/m
3. Block =(0.4)(0.24) (9) =0.864kN/m
4. Plaster =(0.52) (0.02) (22) =.228Kn/m
5. Partion =(1.25)(0.52) =0.65 kN/m
6. Rib = =0.12*0.24*25 =0.72kN/m

Total dead load for one way rib = 4.54 kN/m
Total liveload for one way rib = (5)* (0.52)= 2.6 KN/ m
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(4.4)Design of ribs (R1)

Load onrib

Total dead load for oneway rib = 4.54 kN/m

Total liveload for one way rib = (5)* (0.52)= 2.6 KN/ m

Moments: spans 1to 2

-30.6
-23.2 -23.4

2.04 3.06

(4.4.1) Design of negative moment

Support B :-

Mu = -23.4 KN.m

Mn = Mu/®=&9'4= 26 KN.m

Mn

Rn= a2 = 26/120(290) 2 = 2.57 Mpa
me_ Y _ 42 5,
0.85* fc  0.85*24
1 2mRn
preg=— (1~ |1~ )
m fy
r= 1 Q- \/1——2(20'2)(2'5) ) =0.0067
20.2 412
preg= 0.0067
ASeq. =p*b*d

AS eq. = 0.0067* 120 * 290 = 232.8 mm?

Asmin=(0.25ffy)+ b =d fc
As min =(0.25/fy)v/24 = 120 = 290
As min =103.4 mm?
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Not less than1.4* b* d/fy =1.4* 120* 290/412=118.25 mm?

= Asmin. = 118.25 mm?
= AS eq = 232.8 mm’

> Select 2 14 With As = 307.7 mm?

Check for Yielding:

T=C

= As* fy=0.85* fc'*a* b

(232.8)* 412=0.85* 24* 120* a

»a=37.5mm

X=al.85= 37.5/.85=44.2

&S= (d/x *.003)-.003 = ((290/44.2) *.003)-.003 =0.02

=0.02 > 0.005
=0k
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(4.4.2) Design of Positive Moment:

Thisdesign for 4.95 m, 4.96 m spans are as follows:-

Effective Flange width ( be ) according to ACI Code 8.10.2:

b For T- section isthe smallest of the following:

be =L /4=405/4=10lcm
be = b, +16t=12+16(8) =140 cm

be =b,, +.5L C1+5LC2=52cm............evneeen. Control

Span (1):
Mu=19.1 KN.m

Mn = Mu/@:%l: 21.2 KN.m

Check if a<t:

Assumea=t

C=085*fc'*t* be

C=085*24* 80* 520 = 849 KN.m
— t

Mn=C (d 2]

Mn=849* (29-8/2)= 212 KN

23.11<212

=>t<a

» Design of rectangular section with b = be:

Rn = Mn/bd? =19.1/520* 290°

Rn =0.44 MPa

m= fy - = 4z _ 20.2
0.85* fc  0.85* 24

1 2mRn
=—(1- 1-27
preq m( y )
Fo 1 a- \/1——2(20'2)('44) ) =0.001
20.2 412
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ASeg. =p*b*d
AS . =0.001* 520 * 290 = 161.6 mm?

Asmin=0.25 fc=h=d/ Fy
As min =(0.25/412)~/24 = 120 = 290
Asmin =103 mm?

Not less than1.4* b* d/fy =1.4* 120* 290/412 =121.8 mm?

> Select 20 12With As = 226 mm®
For al positive moment.

(4.4.3)Design of shear:
Shear
-30.5
-25.3
-19.3
-14.1
t t t t
13.6
19.8
25.
30.1
V,max = 25.3KN

0.50Ve = 0.5x 0.75x éq/ fc xbwxd

=0.5x0.75x% %Jﬂ x120x 290 =10.7KN

@*Vc= 0.75* %@ *120% 290=21.3KN

min@*Vs =0.75*bw*d/3 =0.75* 120*290/3 = 8.7 KN
*Min Shear reinforcement is required
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Select @8 with 2 legs

2

Av = n*DT*No of legs

82
Av = 3.14* " *2
Av = 100 mm?
@*V's= 0.75* Av* d*fy/s
S =.75*100* 412* 290/8700
S=1m

(S)s%:2—5:14.5 cm

(S)<60cm

We assume s=12.5cm.

From ACI cod 11.5.6

Avmin =(1/16fy)bw*st  fc

Avmin = (1/3)bw* g/fy.

>Avmin = (1/16* 412)* 120* 125* /30 =12.5mm?
> Avmin =(1/3)*120*125/412 = 12 mm?

SO use the smallest of the three limitations
(9)=14.5cm
Use 138 @100 mm
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(4.5) Design of Beam (1):

1 2
— A — A ——
LT | NP j |
A A
0.5 46 05 4.6 05
5.1 ‘ ‘ 5.1

Calculation of thickness and dimension:

Determination of beam width:

d=32-4-1-1=26cm

Fy _ 412

ey =— =
y ES 200010

= 0.002

Xh 26

0003 0005

»>Xb=155cm.

ap =P *X,=0.85*155=13.1cm
T=C »0.85xfc'*b*ap=pp* b*d*fy
_0.85xfc'xbxa _ 0.85xfc'x &
bxdxfy dxfy

DB5624413.1
=— =003
264412

but p max. =0.63* py
> P max. = 0.63 x 0.03 =0.0196

» P =0.5p max=0375 Pb

» p=0.375*0.03=0.011
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Moments: spans 1to 2

-225.

-171. -171.
| 1.49 | 1.49 ‘
I I ]
[l 1 ] i
112 | 1712
13: \ \ \
137.4
| 2.04 3.06 |

3.06

2.04

Max Dead reation = 19.5KN ==19.5/0.52 = 37.5 KN/m.+21 KN/m from the wall
Max Livereation =9 KN ==9/0.52 = 17 KN/m. thisforces are factored

Mymax. =171 KN.m ........ from thefig (4.6)
Mn = Mu/@z%: 190 KN.m
Rn= p*fy(l—O.é pm)
Rn = 0.011*400(1-(0.5*0.011*20.2)) = 3.9 Mpa
Rn = Mn/bd?
3.9= 171*10"6/b(260?)
»b=64.8cm
take b= 65 cm.

(4.5.1) Design of Positive Moment:-

A 'S min= Vre (bw)(d) > E(bw)(d)
4A(fy) fy

A s 1in=(650)(260)(0.25)v/24/412>1.4* 560* 260/412 not | ess than.

»A s min= 5.2cm?

42




Chapter Four

Structural Analysis And Design

Span (1):
Mu=137.4KN.m ......... from fig (4.6)

Mn = Mu/@z%: 152.6 KN.m

Rn= % = 152.6"6/650(260) 2 = 3.47Mpa

me fy _ 412 _
0.85* fc  0.85* 24

pReg=1Um (1- 1-=2mRn/Fy)

pReg= 1/20.2 (1- 1-—2=%20.2=35/412)

pReg=0.009

20.2

ASig. =p*b*d
AS eq = 0.009* 65 * 26 = 15.2 cm®> Asmin = 5.2 cm’
= AS = 15.2 cm?

> Select 40 25 With As = 19.62 cm?

Check of Strain:
Tension = Compression

= Asx Fy=0.85xfc' x b x a
1962 x 420 = 0.85 x 24 x650x a

» a=62 mm

X=al.85= 62/.85= 73
£S= (d/x *.003)-.003 = ((290/73) *.003)-.003 =0.009

=0.009 > 0.005 ok

(4.5.2) Design of negative moment
Mu=-171 KN.m

Mn = Mu/@z%: 190 KN.m

Rn= % = 190°6/650(260) 2 = 4.3 Mpa
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me fy _ 412

0.85* fc  0.85* 24
pReg=1Um (1- 1-—2mRn/Fy)
pReg=1/20.2(1- 1-—2=%20.2+4.3/412)
pReg=0.01

20.2

ASgq. =p*b*d
AS eq = 0.01* 65 * 26 = 16.9cm*>As min = 5.2cm”.
= AS = 16.9 cm?

> Select 40 25 With As = 19.62 cm?

Check AS reqc AS max

T=C

0.85*24* a* 650=1690* 412
=>a=52.5 mm

X=a/lB =52.5/0.85 =62 mm.

0.003
>

D003+ =5

=6.2/26 »es = 0.009 > 0.005 OK.
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(4.5.3) Design of shear

Shear
-220.5
-183.2
-137.9
-111.
t t
111.
137.9
183.2
220.5
V, =183 KN....covviiiienn AsshowninFig. (4.9)
oV, = 0'75(—?] bd

DV, = 0.75* 650* 260* v24/6=103 KN.

min® Vs min. = 0.75(:—13] bd

min. ® Vs min = 0.75*65*26/3 =42 KN

(DV, + @ Vspp) = 103+42 = 145 KN

® fc bw di3 = 0.75*v24* 650* 260/3=206 KN
VU e, < (OV, + O *prgr fel3)

183 < 103+206=309 KN

.. Category(4) Satisfy:

dVs=Vumax - dV,.

®Vs=183-103=80KN

Select Av @ 10 stirrups with 2Legs

= Av = 157 mm?

© oo PTAVEFY*
Sreq
ButS <% =>"=130mm& S<60cm

» Select ® 10 @ 14 cm.

45
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(4.6) Design of column (C15)

(4.6.1) Design of Cross Sectional Area:
The Max reaction = 483.4 KN.

own weight=14.4 KN.

= qu = 483.4+14.4= 498.8

=498.8*3 =1496 KN

Pu = 1496 KN

Pn req = 1496/0.65= 2302 KN

User =r g=15%

2302x10° =0.8Ag{0.85 fc' + I' g (fy - 0.85( fc'))}
Pn = 0.8 * Ag{0.85(24)+0.015(412-(0.85)(24))}

Ag = 1180 cn?

Try 40cm x 30cm => Ag = 1200cm? > AQ,e = 1180 cnv?
Lu=3.6m

Mi=My=1

K=1

r=0.3xh=0.3x0.3=0.09

Chick for Slenderness:

(_KL“] <(34-12) Mt
M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
r: radius of gyration=0.3 h = [LA

M: the smaller of end moment on the member.

M,: thelarger of end moment on the member .

:(K'“jz ( D35 j - 38.88> 22
r 0.3x0.30

<Long Column & Slenderness effect must be considered.
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(4-6-2) Design of reinforcement

0.4Eclq
El =
( (1+4q) ]
Where:

Ig: Gross moment of inertiaignoring steel.

Bd: (Factored axial dead load)/(Factored axial total load).
Ec= 4750 fc' = 4750 =24 =23227.5Mpa

go= 12D
1.2DC+1.6Lc

Bd = 329/483 = .68

| gbxh® _050x(0.30)°

- 3 d
51 ™ 1.35x10%m

= EI=0.4*23227.5* 1.35x 10° /(1+.68) =7.46 MN.m>,
_ m?xEl

p.=_1t7H
Critica (K XLU)Z

=56 MN

Cm= o.a+o.4(%} =1.0

2

ons = Cm >1
1-(Pu/0.75P,, )

1 _
ons = (1— (1632/0.75><193.4)j =1°8>1

€.in =15+(0.03xh)

_15+(0.03x300) _

min 1000 0.024m
€roq, = €X0ps = 0.024x1.58=0.038m
€-0938_ 0127
h~ 03
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From Interaction Diagram(Fig. 4-8):

L e Ty

®Pn _2302+103 145
Ag ~ 05%03 1000

fc'=30 Mpa=4.35Ks use4 Ksi
Fy =412Mpa=60.9 Ksl use 60 Ksi
d'=4+1+1=6cm
d=30-6=24cm

s

Fromchart r g<r;,

=r, =001

= 2 Psi

2302x10° =0.8120000{0.85 fc' + I'Q (fy - 0.85( fc'))}
Pn=0.8* 120000 {0.85(24)+ I J (412-(0.85)(24))}
5rg=001
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As:rQXth
As=.01*40*30=12 cn?¥*

Use @16 with As = 2.01cm?
NO of bar = (12/2.01) = 5.97 CM*

Check® P, >P,
As for 8016 =16.08 cm?

provided

@ Pn=0.65x0.8[ 0.85fC/(Ag-Ast) +fyx At |
@ Pn=0.65x0.8] 0.85fC'(150000-1608) +(420x1608) |

@dPn=2318.8 KN=>2302 KN
= OK.

4-6-3) Design Of The Tie Reinfor cement:

Use @ 10 ties.

Spacing < 16 = dy, (Longitudinal bar diameter)
=16 = 1.6=25.6 cm.
<48 = d (ties bar diameter) = 48 = 1.0=48cm.
< Least dimension=30cm.

Use" @ 10" ties @ 25 cm spacing.

<~Use 50cmx30cm with 8 @ 16 bars. with @ 10ties @

o e e e e e e o
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N ’
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4-7 Design of Stairs:
(4-7-1) Design of the First Stair:
7

P e e ]

u

B ettt — T

—— TS eee———

h =150/20 =7.5cm
h = 300/20 =15cm
Sdlect h=15cm

16
—tan™ (=)=28.8°
q (30)

_ (0.08m)(22kN / m3)
€0s28.8

(DL) H - plate = 0.04 * 22* % - 0.968 kN/m?.

= 0.753kN / nv*

(DL) Plaster

— plate = 0. —= =0. m?.
(DL) V - plate = 0,03 * 22* 8;(6) 0.363 KN/

(0.15m)(25kN / m?®)
€0s28.8

0.16m
2

(DL) Plate cover = = 4.28kN / nv

(DL) Stair = ( Y* 25kN / m® = 2.06 kN / m?
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(DL) H - mortar = 0.03 * 22 = 0.66 KN/m?
(DL) V - mortar = 0.03 * (0.165/0.3) * 22 = 0.363 KN/m?

Total dead load = 12.6 KN/m?

Tota liveload =5 kKN/m?

Wu = Factored dead load + Factored live load
Wu = (1.2x12.6) + (1.6x5)

Wu = 23.12 KN/m?,

for 1m of the stair slab

Wu = 23.12 kN/m.

4-7-1-2 Determination of L oadson landing:
Dead Loads Of Landing:

(DL) Concrete Plat = 0.15% 25 = 3.75 KN/m?
(DL) mortar = 0.02x 22 = 0.44 KN/m?

(DL) Tiles=0.03x 22 = 0.66 KN/m?

(DL) Plaster = 0.02x 22 = 0.44 KN/m®

Total Dead Loads of Landing = 5.3 KN/m?
Wu = Factored dead load + Factored live load
Wu = (1.2x5.3) + (1.6x5)

Wu = 14.3 KN/n’,

for 1m of the stair slab

Wu = 14.3 kKN/m.
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4-7-2 Desiﬁgn of positive moment;

s Inned - Sirx ke linHA B mein®,

L ar toRd

I—— )

\\ ar,. ses HE

From _

Moment Diagram(Fig4-12)
Mu =34.7KN.m

using @ 12bars
d=15-2-06=12.4cm.

fy

M= 0.85xfc ~ 02

Mn = Mu/@z%: 38.4 KN.m

Rn= % = 38.4%6/1000(124) 2 = 2.66 Mpa

pReg=1/m (1- 1 —2mRn/Fy)
pReg=1/20.2 (1- 1—2%20.2%2.66/412)
pReg=0.0069

ASg. =p*b*d
AS . = 0.0069* 100 * 12.4 = 8.36 cm/m

Check for minimum reinforcement:
A s min=(1000)(123)(0.25)v/24/412>1.4* 1000* 123/412 not less than.
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»A S min = 4.2cm°

For Shrinkage & Temperature :
As=0.0018xbxh
As=0.0018x100x15 = 2.7 cm’/m

> Select ® 14/15¢cm
With As :n*%* 100/15= 10.25 cm? >8.36 cm&/m.

4-7-2-1 Check of Strain:
Check ASieq< AS max

T=C

0.85* 24* a@* 1000=836* 412
=>a=16.88 mm

X=a/lB =16.88/0.85 =19.86 mm.

0.003
D003+ &5

=19.86/124 =»es = 0.015 = 0.005 OK.

4-7-2-2 Development Length of Bars:

fy

Ld= o d
2\/E v
For ®14 bars:

Ld= %* 1*1* 1* 1.4=58cm or Ld= 40é=56cm

UseLd =60 cm.

4-7-2-3 Lateral Reinforcement:
As=0.0018xbxh = 0.0018x100x 15 = 2.7 cm*/m
0.2xAs=0.2x8.68=1.7 cm?’m

— As= 2.7 cm?m,

- Select ® 8 with As= 0.5 cn?.
s=22+100= 18
27
Select S=15cm
As= ‘1’;55* 100 = 3.3
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4-7-3 Design of the Second Stair:

Total un Factored dead Loads of Landing = 5.3+19.3 = 24.6 KN/m.

Total un Factored live Loads of Landing = 5+8.7 = 13.7 kN/m.

Un Factored Loads of Stairs as Shown in the First Stairs (For 1m Strip)
=12.6 kN/m.

Mu =109 KN.m
using ® 20bars
d=15-2-1=12cm.

_ by
M= 0.85xfc

Mn = Mu/@z%: 121 KN.m

=20.2

Rn= % = 121 6/1000(120) 2 = 8.4 Mpa
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pReg=1Um (1- 1-=2mRn/Fy)
pReg=1/20.2(1- 1-—2=+20.2+8.4/412)
pReq=0.028

ASeq. =p*b*d
AS . =0.028* 100 * 12 = 34.67 cm’

Check for minimum reinforcement:

A s min=(1000)(120)(0.25)v24/412>1.4* 1000* 120/412 not |ess than.
»A S min = 4.2cm°

For Shrinkage & Temperature :

As=0.0018xbxh

As=0.0018x100x15 = 2.7 cm’/m

> Select ® 28/15cm

With As :n*g" 100/15= 41 cm? /m.

4-7-3-1 Check of Strain:
Check ASieq< AS max

T=C

0.85* 24* a* 1000=3467* 412
=>a=70 mm

X=a/lB =70/0.85 =82.37 mm.

0.003
D003+ &5

4-7-3-1-1 Recalculatefor stair:
Take h=20 cm =>d=20-2-1= 17 cm.

Mn=121 KN->Rn=4.18 - p=0.01
As= 0.01*100* 17= 19.54 cm? /m.

=82.37/120 =»es = 0.001 < 0.005 Not OK.

4-7-3-1-2 Check for minimum reinforcement:

>A S min = 7 sz& >A S for shrinka\;e: 3.5 sz

> Select ® 20/15¢cm
With As :n*%* 100/15= 20.9 cm? /m> 1954 cm? /m.  OK

4-7-3-1-3 Recalculate of Strain:
- &5 =0.008 < 0.005 OK.
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4-7-3-2 Development Length of Bars:
Ld= fy axpxyxd,

2
For ®20 bars:

Ld= %* 1*1*1*1.2=83 cm or Ld= 40®=80cm

UseLd =80 cm.

4-7-3-3 Lateral Reinforcement:
As=0.0018xbxh = 0.0018x100x20 = 3.5 cm*/m
0.2xAs=0.2x19.54=3.9 cm*m

— As=3.9cm¥m.

<o Select @ 10 with As= 0.785 cm?.

0.785
5=0788
2.7

Sdlect S=15cm

0.785
15

*100= 29

As= *100 = 5.2 cn'.
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4-7-4 Design of thethird Stair:

I wmzlunl - Saaviin: [ RRNTI R - [NTEHe B, By, IL W - BIE )]

N,

it R

oy

Mu =78.2 KN.m
using ® 20bars
d=15-2-1=12cm.

__fy
~ 0.85xfc¢’

Mn = Mu/@z%zz 86.85 KN.m

m =20.2

Rn= % = 86.85"6/1000(124) 2 = 6 Mpa

pReg=1/m (1- 1—2mRn/Fy)

pReg=1/20.2(1- 1-=2=+20.2+*6/412)
pReq=0.017

ASe. =p*b*d
AS eq. = 0.017* 100 * 12.4 = 21.4 cm’
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Check for minimum reinforcement:

A s min=(1000)(120)(0.25)v24/412>1.4* 1000* 120/412 not |ess than.
»A S min = 4.2cm°

For Shrinkage & Temperature :

As=0.0018xbxh

As=0.0018x100x15 = 2.7 cm’/m

> Select AS ;=214 CIM°
> Select ® 28/15cm

With As =n*$* 100/15= 41cm? /m >33.48 cm?/m

4-7-4-1 Check of Strain:
Ch&:k AS ra;]< AS max

T=C

0.85* 24* a* 1000=2140* 412
=>a=43.2 mm

X=alB =43.2/0.85 =50.8 mm.

2>

0.003
D003+ =5

4-7-4-1-1 Recalculatefor stair:
Take h=20 cm = d= 20-2-1= 17 cm.

Mn= 86.85 KN=>Rn=3 - p=0.007
Asreg= 0.007*100*17= 134 cm? /m.
4-7-4-1-2 Check for minimum reinforcement:

»A S min= 7 CM°& > A S tor srinkage = 3.5 M’

» Select ® 16/15cm

With As :n*#* 100/15= 13.4cm? /m= Asreq.  OK
4-7-4-1-3 Recalculate of Strain:

> es=0.012 < 0.005 OK.

=50.8/120 =»&es = 0.004 < 0.005 NOT OK.
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4-7-4-3 Development Length of Bars:
Ld= fy axpxyxd,

2
For ®16 bars:

Ld= %* 1*1*1*1.6=67 cm or Ld= 40®=64cm

UseLd=70cm.

4-7-4-4 L ateral Reinforcement:
As=0.0018xbxh = 0.0018x100x17 = 3.5 cm*/m
0.2xAs = 0.2x13.4=2.68 cm?/m

— As=3.5cm¥m.

o Select ® 8 with As=0.5 cn.
s=22+100= 18

27
Select S=15cm

As= ‘1’—55 100 = 3.3 cm?/m
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4-8 Design of Mat Foundation:

4-8-1 Load calculation :

" " ",

‘.r,# % 13{] & N\ﬁ‘
] prRwaaRgR)
b RX 4
I 1
(=1 F— e 1
| T = 1
N B =
1 b ™ 1
i g 4 i
| ERWalIR |

Dead Loads of Wall (1) per meter =H x (W) x yc
=16.5% 0.2 x 25=82.5KN / m.
qu from solid elevator dlap on each wall =21 KN/ m.
factored Load of wall =99 KN/ m.
Load of wall (3) from beam &ribs= 112 KN/ m.
Total Factored Loads of wall (1) = 21+99 = 120 KN/ m.
Tota Factored Loads of wall (2) = 21+99 = 120 KN/ m.
Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.
P total on sherewall = ((120x2.40% 2)+(120% 1.8)+(232x 1.8)) = 1209.6 KN.

_ Total Factored Load
Re1.4x Allowable Bearing Pressure

12096
=1.8n7
1.4=500

Use A=26x 24m,
A =2.6%24=6.24M > Agg=1.8 N7

Areg=
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T .

! \
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: 1
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:. 240 p }
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-----------------------

4-8-2 Determination of Footing Depth:

>(121*2|2.6*1) = 93 KN/ m?

% 1. T N

[ Usadlnad Factereed UnatgskcH. miter

Memant/Shasr Envelcon Fadoed UsiikN.oreer

431

.

4 4

LE 218

T
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Vu =93 KN...( From Fig. 4-24)
oV, =01 i xb, xd = 0.75x%@x1000xd = 684.65d

Let Vu =® Vc.

93x1000 = 684.65 d

= d=14cm

Assume ®10 for main reinforcement.
NReg=14+1+ 6+ 1 =22 cm.

take h=30cm & d= 22 cm.

4-8-3 Design in X- Direction.

Bearing capacity for Section A-A.
2>(121*2|2.6* 1) = 93 KN/ m?

o g, = 167.7 KN/ m?< 1.4xB.C = 700 KN/ m?
< OK.

Section A-A:

By using atir software we found that the shear and the moment envelope

of thissection is asin figure(4-30).
4-8-3-1 Design of positive moment:

Bottom reinforcement (in X direction).

Mu =4 KN.m/ meter strip, (At the Face of Support).

Mn = Mu/@zig: 4.4 KN.m

Rn= % = 4.476/1000(220) 2 = 0.1 Mpa

pReg=1Um (1- 1-—2mRn/Fy)
pReg=1/20.2(1- 1-=2=+20.2+0.1/412)
pReq=0.00024

ASg. =p*b*d
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AS eq = 0.0024* 100 * 22 = 0.53 cm”

Check for minimum reinforcement:
A s min=(1000)( 20)(0.25)v/24/412>1.4*1000* 20/412 not less than.

»A s min= 7.5 cm?

For Shrinkage & Temperature :

As=0.0018xbxh

As=0.0018x100x15 = 2.7 cm’/m

1.3AS - = 1.3x0.53 = 0.7 cm?®

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x 30 =5.4cm’

= As= 5.4 cm’

< Select @ 12 with As = 1.13 cm? "For Bottom Reinforcement”

113 _
—axloo— 20.9cm

Sdlect S=20 cm

- As:%gxmo: 5,650 > AS e = 5.4 O
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4-8-3-2 Design of negative moment :-

Top reinforcement (in X direction).

Mu =42 KN.m per meter strip "At the Face of Support "
Mn = Mu/®=4—§=46.6 KN.m

Rn= % = 46.6/6/1000(220) 2 = 0.96 Mpa

pReg=1Um (1- 1-=2mRn/Fy)
pReg=1/20.2(1- 1-—2=+20.2+0.96/412)
pReg=0.0024

ASieq. =p*b*d
AS req, = 0.0024* 100 * 22 =53 cm’< A Spin = 7.5 cm?
1.3AS 1. = 1.3x5.3=6.9 cm’

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x 30 = 5.4 cm’

= As=6.9 cn’

< Select @ 12 with As = 1.13 cm? " For Top Reinforcement "

_113 _
S= ﬁsXIOO =154cm

Sdlect S=15 cm

N As,=%”><1oo=7.53cm2 > AS e = 7.330M2
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4-8-4 Design in Y- Direction
4-8-4-1 Load calculation :
Dead Loads of Wall (1) per meter =H x (W) x yc

=16.5% 0.2 x 25=82.5KN / m.
qu from solid elevator slap on each wall =21 KN/ m.
factored Load of wall =99 KN/ m.
Load of wall (3) from beam &ribs= 112 KN/ m.
Total Factored Loads of wall (2) = 21+99 = 120 KN/ m.
Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.

4-8-4-2 Eccentricity Calculations:
2My=0
My=121*1.1 + 232*1.1 = 388.3KN.

Pu= 1209 KN as cdculated before.

= My _3883 5 3om <“—; §_043m OK.

Pu 1208

4-8-4-3 Bearing Pressurefor Section B-B:

> gy =( Pu/A)+T—;*X.

but Iy-E

—(26*243/12) =2.99.
& Oma =( 1209/ 2.6*2.4) +5—*1.2 = 349 5 KN.
& Gin =( 1209/ 2.6%2.4) - 3883*12 38 KN.
> G = 349.5 KN<1.4°500 = 700 KN/ P OK.
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From atir software we found that the shear and the moment
envel ope asin thefol I owing Figure(4-25).

.!ga=l==é|

Bimiuile: ®Fs J Uy~ — T mm—m—m—m—m e m—_—————————————————— 1

____—~\

AN
poch A1

________________________________r_______

|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Slm:n 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Use the same values of d and h asin section B-B;
(d=22 cm & h=30 cm).

4-8-4-3 Design of positive moment:
Bottom reinforcement (in'Y direction).

Mu = 13.3 KN.m per meter strip "At the Face of Support "
fy

0.85xfc 202

m=

Mn = Mu/@z%: 14.7 KN.m

Rn= % = 14.7%6/1000(220) 2 = 0.3 Mpa

pReg=1/m (1- 1 —2mRn/Fy)
PReg= 1/20.2 (1- 1 —2+20.2 =0.3/412)
pReg=0.0007
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ASeg. =p*b*d
AS . =0.0007* 100* 22=1.6 cm’

Check for minimum reinforcement:
ASg. =p*b*d

AS req, = 1.6 cm?< A s i = 7.5
1.3AS 1. = 1.3x1.6 = 2.13 o’

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x 30 =5.4 cm’

= As= 5.4 cm’

< Select @ 12 with As = 1.13 cm” "For Bottom Reinforcement"

113 _
S= a><1OO =209cm

Sdlect S=20 cm

- As:%gxmo: 5,650 > AS e = 5.4 O

4-8-4-4 Design of negative moment :-
Top reinforcement (in'Y direction).
Mu = 68.9 KN.m per meter strip "At the Face of Support "

Mn = Mu/®=%'9= 765 KN.m

Rn= % = 76.5°6/1000(220) 2 = 1.6 Mpa

pReg=1Um (1- 1-—2mRn/Fy)
pReg=1/20.2(1- 1-—-2=%20.2+1.6/412)
pReg=0.004

ASg. =p*b*d
AS req, = 0.004* 100 * 22 = 8.8 cm?> A Spin= 7.5 cm?
1.3AS o = 1.3x8.8 = 11.44 cnv’

As For shrinkage and Temperature:
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As=0.0018 x b x h

As=0.0018 x100 x 30 = 5.4 cm’

= As=8.8cn’

< Select @ 14 with As = 1.13 cm? " For Top Reinforcement "

113
=="x100=154
=3 00=154cm

Select S=15cm
— As=(1.53/15)*100 = 10.2 cm*>8.8 cm’ OK.
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I 4-9 Design of Combined Footing (F5):

4-9-1 L oads Calculation:

Column C1(50cm™* 30cm)

Factored Load = 1000 KN

Column C1(50cm™* 30cm)

Factored Load = 1000 KN

Total Factored Load 1000+1000 = 2000 KN.

Soil weighting = 18 KN/m3

Allowable soil pressure = 500 KN/m?

Assume footing to be about 50 cm thick, in addition to about
15 cm of blinding concrete.

Footing weight = 1.2x25%0.5 = 15 kN/m?

Back Fill weight above the footing = 1.6 x (1.5-0.5) x18 = 28.8 kN/m*
Blinding concrete weight = 1.2x 0.15x 25 = 4.5 kN/m?

Pnet = 15+28.8+4.5 = 48.3 kKN/n’.

4-9-2 Determination the dimension of the combined footing :

Pu

s + Pret <1.4x Allowable Bearing Pressure
eg.

2000

+48.3 = 1.4 #500

Areqg

A req

_ 2000 _
651.7

3N’

UseL=25m B=15m,
A =25%x15=3.75m" > Ase=3M"
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4-9-3 Determinethe bearing pressureunder Combined Footing

6 bu = (PU/A) +Pnet +(Mx/1x) *Y + (My/ly)* X
= (2000/3)+48.3+0 = 715 KN/ m*<1.4 *500=718 KN/ m?

o e

b=
T
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4-9-3 Determinethe Required depth of the Combined Footing :
Assume H= 50cm

d=50-75-1-1=40.5cm
The punching shear strength is the smallest of:

:%(“B_ZJ\/Ebod
Ve [b/d j(bd

Control

c cMoY srrrrssss s

Where:

b,=a/b=50/30=16

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(500+405) + (300+405)} =3220 mm

a, =40 for interior column
f VC=0.75%2v24*3220* 405 = 1597.2 KN.

Vu critical= 715 *1.5% (1-.4) — 48.3*1.5% (1-.4) = 600

Check ®.Vc > Vu (Critical)

->1597.2>600 ok.

< OK. d" to satisfy punching shear

T

o C52 53 CS51 1
| I | | |
i 0.63 | 174 | 0.63 :
L ! ' | —~
by " i
b 1 I | i
1
SEE= = —d =3 s
| = | i
| < 1 | i
ol
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4-9-4 Design in X Direction:

MRX =X Mx +§

MaCSl +2
=718*0.38*0.19*1.5-48*0.38*0.19*1.5
= MCSl =127 KN.m

4.9.4-1 Design of Bottom reinfor cement

Mu =127 KN.m
Mn = Mu/@z%: 141 KN.m

Rn= % = 14176/1500(405) 2 = 0.9 Mpa

pReg=1Um (1- 1-—2mRn/Fy)
pReg=1/20.2(1- 1-=2=+20.2+0.9/412)
pReg=0.002

ASig. =p*b*d
AS eq = 0.002* 150 * 40.5 = 13 cm’
Check for minimum reinforcement:

Asmin=(0.25/fy)* b =d fc
As min =(0.25/fy)v24 = 1500 = 405
As min =18 cm?
Asmin = 1.4*b*d/fy
=20 cm?.
1.3AS 1. = 1.3x13 =17 oy’

As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x200 x 40.5=14.5 cm’
= Ase, = 17 Cn0.

o Select 209 12 with As= 22 cm”.> Ag,, = 17 cm”.
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Check of Strain:

Tension = Compression

A xfy =0.85%f 'xbxa
1700* 412= .85* 24* 1500* a
—2>a=23mm.

2>X=27 mm.

£s = .004 < 0.0050K

4-9-4-2 Development Length of main Reinforcement:
Ld= fy axpxyxd,

2t

For ®12 bars:
Ld =40 d =48cm

AvailableLd = 100-7.5= 92.5cm.
Ld= 48>92.5
= Ok.

4.9.5 Design of Bending Moment about S3

MatCS2+ O
= (715%1.25* 0.625)* 1.5- (48* 1.25*0.625)* 1.5- (1000* 0.55)) =

= Mcs =-350 KN.m +
no top reinforcement .

Design of shrinkage and temperature reinforcement:

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x150 x 40.5=10.5 cm’

o Select 150 12 with As= 17 cm®.> As,, = 14.5cn?’,
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4.9.6 Design of Bottom Reinforcement at S3

Mu =350 KN.m
_ 350 _
Mn = Mu/Q—?— 388 KN.m

Rn= % = 388"6/1500(405) 2 = 1.1 Mpa

pReg=1Um (1- 1-—2mRn/Fy)
pReg=1/20.2(1- 1-—2=%20.2=%11/412)
pReg=0.003

ASig. =p*b*d
AS eq = 0.003* 150 * 40.5 = 24 cm?
Check for minimum reinforcement:

Asmin=(0.25/fy)* b =d fc
As min =(0.25/fy)v24 = 1500 = 405
Asmin =18 cm?
Asmin = 1.4*b*d/fy
=20 cm?.
1.3AS . = 1.3x24 = 31 cn?®

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x150 x 40.5=10.5 cm’

= ASe, = 310N,

o Select 16 16 with As= 32 cm”> As,, = 31 cnv’.
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4.9. 7 Design in y- Direction

MRy =X My @ +
MRy = (715x0.62* .31)*2 - (48.3x0.62* .31)* 2 = 256 KN.m

4. .7-1 Design of Bottom Reinfor cement

Mu =256 KN.m
Mn = Mu/@:%: 284 KN.m

Rn= % = 28476/1500(405) 2 = .8 Mpa

pReg=1Um (1- 1-—2mRn/Fy)
pReg=1/20.2(1- 1—2=+20.2+.8/412)
pReq=0.002

ASeq. =p*b*d
AS req = 0.002* 200 * 40.5 = 16.2 cm’
Check for minimum reinforcement:

Asmin=(0.25/fy)* b =d fc
As min =(0.25/fy)v24 = 2000 = 405
As min =20 cm?
Asmin = 1.4*b*d/fy
= 23 cm?.
1.3AS o = 1.3x16.2 =21 e’

As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x200 x 40.5=14.5cm’
= ASe, = 21 00,

o Select 120 16 with As= 24 cm”> As,, = 21 cnv’.
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Check of Strain:

Tension = Compression

A xfy =0.85%f 'xbxa
2100* 412= .85* 24* 2000* a
—2>a=22mm.

2>X=25 mm.

£s = .004 < 0.0050K

4.9.7.2 Development length of main Reinfor cement:

L 2 xaxBx yxdh

2.fe"
Ld=40*1.6=64cm

4.9.8 Design Of Top Reinfor cement
As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x200 x 40.5 = 14.5 cn’

o Select 150 12 with As= 17 cn’.> As,, = 14.5 cnv’.
4.12.8.1 Check Transfer of Load at Base of Column (Design of Dowels)

®Pn =®(0.85fC’AQ)

®Pn = 0.65(0.85)(30)(600x 300) x 10

= ®Pn =2983.5 KN > 2850 KN

<-Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As = pminxAg

As=0.005 (50 x 30) = 7.5 cm’
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Use 6 ® 14 dowelswith A, =9.24 cm?
4-9-8-2 Development Length (L,) of Dowels:
Ldfor ® 14:

- Ky
Lo=—2Z=xd
d 4\/@ b

_ 420
4430

But Not Less Than 0.044 xFyxd, = 25.87 cm
Available embedment = 50-7.5-2-2 =54.5cm > 26.84 cm

Ld x1.4=26.84cm

= OK.
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4-10 Design of Strip Footing (Under the Shear Wall):

4-10-1 Load Calculations

Weight of wall (D.L.) = height x thickness of wall x1m wide x yc
Weight of wall (D.L.) =16.5% 0.2 x 25=82.5KN / m.

Total Dead Load = 38 KN/m.

Total Live Load = 22 KN/m.

Weight of concrete footing = 0.5%x25x1xbx =12.5bx KN

Weight of soil above footing =18x1x1xbx =18 bx KN

4-10-2 Determination of Footing Depth:

Assume footing thickness = 50 cm > h,, = 25cm.

4-10-3 Determination of Footing Width:
Allowable soil pressure = 500 KN/m?

E < 6 allowable
((38*1)+(22*1) +(12.5bx + 18bx )/1*bx ) < 500
60 + 30.5 bx = 500bx

—->bx =12.7 cm
->salect bx =60cm

4-10-4 Check of Shear

Pu total = (1.2*38*0.6) + (1.6*22*0.6) +(1.2*0.5* 25*0.6)
+(1.6*18*1*0.6)

- Pu total =75 KN.

Pu/Area =75/ 1*.6 =125 KN/m
125<1.4*500= 700 KN/m
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i

: -

! P=438 KN/m P=43.8 KMN/m
1

1

1

1

: | 0.20 m 020 m .20 m
I i ’

. 0.6 m

I [

- |

1

1

|. Pu roen =125 KMNAm

1 -

-------------------------------------------

Pu per 1m strip = (1.6* 18* 1)+ (1.2¥0.5* 25+ 1) = 43.8KN/m
Vu = (125*.2) - (43.8.2) = 16.3 KN.

dVe= 0.75><% fo xbxd

d=50-75-1-1=405cm

1
=0Vce= O.75x—\/§x1000><405 =277.3KN
6

< The Depth of Footing is Satisfied.

4-10-5 Design of Bending Moment
Mu = (125*0.2*.2/2)- (43.8*.2*.2/2)
=2 KN.m

Mn=2/9=22KN.m
Rn = Mn/bd? =2/1000* 4052

Rn = 0.01MPa

fy 412

m= = =20.2
0.85* fc  0.85* 24
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preq—— a-.1- 2m—)

fy

r :i(l_x/l_w):o_ooom
20.2 412

ASgq. =p*b*d
AS 1eq. = 0.00003 * 100 * 40.5 = .13 mm®

Asmin=0.25 fc=h=d/ Fy

As min =(0.25/412)~/24 = 405 = 1000
Asmin =12 mm?
Not less than1.4* b* d/fy =1.4* 405* 1000/412 =13.8 mm?

»A s in=13.5 cm?

1.3AS 1. = 1.3x0.75 = 0.98 cm” < A s i = 13.5 cm?/m.,

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x50 = 9 cm*/m

= AS g = 9 O

> Select 90 12 With As=10.17 cm” > AS ¢, = 9 Cn7’.
113 x100=11cm

Steq = 10.17
UseSg =10cm

So Select 12@10cm.

4-10-6 Development Length of main Reinfor cement:

fy
2+/fc’

Ld= xaxBxyxdb

420 Ix1x1x1.2 = 46
= x1x1x1x1.2 = 46 cm.
230

Or40*1.2=48
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AvallableLd=20-75=125cm
Available Ld =12.5 <Ld req =46 cm
Available Ld =12.5

Using Hook >16® =16x1.2=19.2cm
=Hook Length =20 cm > 19.2 cm.
So Ld Tota = 20+22.5=42.5cm

4-10-7 Design of Secondary Bottom Reinfor cement

AS hin For Shrinkage and Temperature is required
As=0.0018 x b x h

As=0.0018 x100 x50 = 9 cm*/m
= AS g = 9 O
> Sdlect 90 12 With As=10.17 cm” > AS 1, = 9 cm?®

1.13
Seq = 1017 x100=11cm

UseSg =10cm
So Sdlect @12@10cm.

4-10-8 Design of Secondary Top & Bottom Reinforcement For The
Top Layer:

AS hin For Shrinkage and Temperature is required
As=0.0018 x b x h

As=0.0018 x100 x50 = 9 cm*/m
= AS g = 9 O
> Sdlect 90 12 With As=10.17 cm” > AS 1, = 9 cm?®

1.13
Seq = 1017 x100=11cm

UseSg =10cm
So Sdlect @12@10cm.
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4-10-9 Check Transfer of Load at Base of Column (Design of
Dowels):

®Pn = ®x(0.85xfc'x Ag+Asg xfy) > Pu

Pu = (1.2*25*16.5*.2*1) = 99 KN.
0.65* ((.85* 24* 1000* 200) + (Asreq *412)) = 99000
2>Asreq=

0.65x[(0.85%30x1000x 300) + (As;eq X 420)] = 251.03x10°
= AS 1o = -62 CTP
S0 AS in, ISTrequired
Asmin =.0012*Ag
=.0012*100*20 =2.4 cm? /m

Use4 & 12 dowelswith As=4.52 cm?

4-10-10 Development Length of Dowels:

Ld.. =Y dp=22 vo-3834em

(red = 4k 4430
Ld)req = 0.044xTy xdb = 0.044x 420x 2 = 36.96 cm.

= Ldgq =38.34cm.
Nreq = LOieq+7.5+1.2+1.2
=38.34+75+1.2+1.2=48.24cm.
o Select hygq, =50 cm
= AvalableLd=50-7.5-1.2-1.2= 40.1cm.
AvalableLd=40.1cm> Ld(l)req =38.34cm.
»= 0k.80
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4-11 (Design of solid slap):

4-11-1:( calculation)

Area of solid dap 2.4*2.2

Lx/Ly = 2.4/22=11<2 > 2way solid sap.

hreg=L/20 = 11cm - take h= 15 cm.

4-11-2:( calculation of load)
Dead load = 0.15*25= 3.75 KN/ m?
Liveload =10 KN/ m?

qu =1.2D+1.6L=20.5 KN/ m?

4-11-3 (internal forces & moment for Im strip inx& y direction by using

table 6.6.

Kfx: moment paremeter in x direction.
Kfy: moment paremeter iny direction
KAX: support reaction in x direction.

Kay: support reaction iny direction.

by using Lx/Ly =1.1
D Kfx=224 &Kfy=27.9 & KAx=Kay= 2.09.
Mfx=qu*Ix? /Kfx = 4.43 KN.m/m
Mfy = qu*IX? /Kfy =3.56 KN.m/m
Ay = AX = qu*IX/KAx =21.6 KN /m.

By using table 6.9 - dx=1.34 & dy=1.34.
to prevent the rotation of edge we increased filed moment Mfx &
Mfy.
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Mfy become = dy*Mfx = 6 KN.m/m
Mfx become = dx*Mfx = 4.6 KN.m/m

4-11-4 ( Designe of shere)
D =15-2-1=12cm

V,max = 21.6KN
dVe >V,

dVe= 0.75x% fc xbwxd

=0.75x %@ x1000x120 = 73.5KN >V,

OK no shear isrequired.

4-11-5(desgne of x direction)
Mu =6 KN.m/ym

Mn = Mu/Q:%: 6.7 KN.m/m

Rn= % = 6.7/120(290) 2 =.57 Mpa
me_ Y _ 42 .,
0.85* fc _ 0.85" 24
1 2mRn
reg=—@1-_ [1-——
preq m( y )
r :i(l_ 1_M):0_0012
202° 412
preg= 0.0012
ASg. =p*b*d

AS eq = 0.0012* 100 * 120 = 1.44cm? /m

Asmin=(0.25/fy)=b=d fc
As min =(0.25/fy)v24 = 100 = 120
=3.56cm? /m
Not less thanl.4* b* d/fy =1.4* 120* 290/412=4 cm?/m
1.3*Asreg=1.87cm? /m
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Asfor shrinkage& temp = .0018**12*100 = 2.16 cm > /m.
>Asreq=216cm? /m

> Select ® 8/15cm With As=3.34cm? /m

4-11-6( designein y direction)

Mu =4.8 KN.m/m

Mn = Mw@=5.3 KN.m/m

Rn= % = 5.3/120(290) 2 =.36 Mpa
me_ Y _ 42 .,
0.85* fc  0.85" 24
1 2mRn
reg=—@1-_ [1-———
preq m( fy )
ro 1 \/1——2(20'2)('36)) — 0.0012
20.2 412
preg= 0.0012
ASgq. =p*b*d

AS eq = 0.001* 100* 120=1.2cm?* /m

Asmin =(0.25/fy)* b =d fc
As min =(0.25/fy)v24 = 100 = 120

=356cm? /m
Not less thanl.4* b* d/fy =1.4* 120* 290/412=4 cm?/m

1.3*Asreg=1.88cm? /m
Asfor shrinkage&temp = .0018**12*100 = 2.16 cm > /m.
>Asreq=2.16cm? /m

> Select ® 8/15cm With As=3.34cm? /m
Ok.

- Select ® 8/15cm 1N both direction with

Top reinforcement take as shrinkage & tempreture ¢
@ 8/15cm With As=3.34cm? /m

(4.12) Design of Isolated footing (F5):

(4.12.1) Determination of Loads & Area of footing:
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Total factored load for column C5= 2500 KN
Allowable soil pressure = 500 KN/m?2
Determination of required area of footing:

_ total load
o 14s 0.

_ 2500
1.4x500

a=b=+375=1.89m
select1.95x1.95=3.803m" > A,

= 3.75m’

// | '::A
/
|
E ‘ E by
b
a3 T P e
E i ]
Il —L2%
E_ (TR
E'-. ) ] ELTE R
S ' — —— I D b
ks ST . =
E;\ e e e e ] A
E_ | & |
\ =i b
\ = =
N =4 R e
N~ e e —

(4.12.2) depth Deter mination by check of punching:

Pumax = 2500KN
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d=55-7-1-1=46cm
b, = Perimeter of critical section taken at
(d/2) from theloaded area

b, =364cm
Bc = proportion of column dimensions

Bc= 0 =125
40

=40......... interior column

The punching shear strength is the smallest of:

DV, =0.75x 4 f. x b°3d =0.75x~/24 x&?)o%xloooz 2050.7KN.....controls

®V, =0.75x £1+ bi}/ f. x

C

0o d _ 75, (142 |22 384x046 1100 2666KN
6 1.25 6

b,d
12

OV, =0.75x| 25 421/ x
b, /d

(o]

= 0.75x [%+ 2]\@ x wxlooo = 3617KN

Where:
q)VC 2 Vuofitical
s _R_ 200 e i oo
A  1.95x1.95 :.:’ i
: !
| r
i |
1
1
1
1
1
1
1
1
1
1
i
: L= 95 m
i
1\
“., Pu s = {57 4 KNm2

___________________________________

Vucriticaj =S (A_ Acritical )

e e e
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= 657.4x ((1.95x1.95) — (0.5 + 0.46) x (0.4 + 0.46)) = 1957.3KN

Ucritical

®Ve = 2050.7KN >V, =1957.3KN .. the selected depth is OK

(4.12.3)Deter mination of bearing pressure :

Resultant moment around x - axis: -
Mg, =0
Mg, =0

P, 2500

u

A 1095x1.95
657.4KN / m? <1.3* 1.4*500=900

=657.4KN / m?

(4. 2.4)Design of Bending:

e designin plain concrete:

0.725 1 .95- 337 KN.m

D M s =657x0.725x%

S SSCT
s, = 0.42x./fc' = 0.42x+/24 = 2.06Mpa

3

f xMn=0.55xs ; x%

1.95x 0.55°
—_—X

=0.55x 2.06 x 10° = 61KN.m

f xMn=61< Mu =337KN.m

=> not satisfied ............. Design in reinforced concrete

e Designin reinforced Concrete

Mu=337kN.m

fy 412

m= - = =20.1
0.85x fc  0.85x24
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_Mn=09  0337-09

- = =0.907N/m?
R, bxd?  1.95x(0.46)>
, =i(1_ 1- 2mRn)
m fy
A i \/1_ 2(20.1)(0.907)):(1002
20.1 412

As = (0.002) (1950) (460) =1794 mm?
According to ACI-code (10.5.1):

As,, = 0.25@(1950)(460) > 1% 1950)(460)
(412) 412

As_ = 26.08cm* < 30.4cm’

1.3x As,, =1.3x17.94=23.3cm’........... controls

As.. = 23.3cm?

2
AS., < ASin = AS = AS,;,23.3cm
Sdect 14 & 14/15 cm in both directions.

(4.12.5) Design of Dowels:

f xP, =f x(0.85x fc'xAg) > pu
=0.65x0.85x 24 x 0.5x 0.4x1000 = 2652 > Pu = 2500KN

= As = 0.005x 500 x 400 = 1000mm?
— Select7 ¢ 16

4-13 Design of shear wall :
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By analysis and calculation the magnitude of earthquake force is
greater than wind force, so that the design used isto be resist earthquake

force.
” = - Vv - \~
7’ \\

I,' B 5
/ 1 \
! \
! 1
! ¥ Direction w3 :
H 1
! 1
! 1
H 1
! 1
! 1
H 1
! 1
! 1
H 1
! 1
! 1
H 1
! 1
! 1
H 1
! 1
! 1
H 1
! - 1
1 Tl
1 A :
1 | !
! T 1
H 1
! 1
1 1,

1 e 1
1 - 1
: Wiy !
- 1
: e w o ,
1 { ¥ I ]
! ;j-u..l |-'-h'--:3 i
: Ly 1 v LT} H
L Ll 1
1 -
i Am, | :
: 1% T o " ’|
4 - 1
\ . N C S | L ;
N -"l. Diredlion
\, "
N Es

’
-’
P

~
~,
____________________________________________________________________________________

4-13-1 Determination of location of shear centroid (So):

—_ZXX|X _bxh3
= L, L=
V—ZXX'V | _bxh®
S, Y 12

[wal X hxX v Y Ly |
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| 1 1.6 | 7.25| 11600 | 0009 | 163 | 0147 |
| 2 Joo0128]1025] 0131 | 46208 | 1815 | 84.031 ||
BE 16 |1325| 21200 | 0009 | 163 | 0.147 ||
| 4 | 0171 | 935] 1599 | 00044 | 1525 | 0.067 ||
| 5 | 00045 | 552 | 0.025 0.2 28.05 | 5.610 ||
| 6 | 00045 | 938 0.042 02 | 2805 | 5610 |
| 7 Joo0053| 117 0006 | 03244 | 255 | 0.827 |
| 8 ] 00053 532 0028 | 03244 @ 255 | 0827 ||
| 9 100047 | 935] 0044 | 02348 | 255 | 059 ||
| 10 | 0492 |1325] 6519 | 00061 | 1.35 | 0.008 |
| 11 | 10049 | 28.85] 2899.137 | 0.0358 | 10.35 | 0.371 |
|| > | 106.165 2969.712 | 6.0755 99.812 ||
Ae—— e ) O e E— |
XZZ“'XXX
> Ix
< _ 2969.712
X="—""""=27.973m
106.165
v = 2lyxY
>y
o _ 99.812
Y =272 =16.428m
6.0755
e =13.473m.
e =2.328m.
< 1. Part of Trandation to FRx & Fry:
_FRxxly,
Qxi S,
FRyxI .
= Xi
Qvi ST

<=1.2 Part of rotation:

due to My= O
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Qd =" 10
MXm X1y X X
Yi =
Qi lw
Dueto My, = qy
Qui= Qui= WXl Y
W
Qvi= MYl XXy
I\

=73 Ix x X*Zm +> 1y x Y*Zm

[Warr s [ em ootm b | W | vem | Woem | vxvm |
| 1 | 16 |-2072] -33152 | 686909 | 0.009 | 013 | -0001 | 0000 |
| 2 | oo128 | -17.72| 0207 | 4019 | 46298 +172 | 7963 | 13697
| 3 | o171 |-1862| 3184 | 50286 | 00044 | -118 | 0005 | 0.006
| 4 | 16 [-1082] 17312 | 187.316 | 0009 | -013 | 0001 | 0000
| 5 | 00045 | 2245 0101 | 2268 | 02 | +1162| 2324 | 27.005
| 6 | 00045 | -186 | 0084 | 1557 | 02 | +1162] 2324 | 27.005
| 7 | 00053 | -268 | -0.142 3807 | 03244 | -1388 | -4503 | 62497
| 8 | 00053 | -2267| -0.120 2724 | 0.3244 | -13.88 | -4503 62.497
| 9 | 00047 | -1862| -0088 | 1630 | 02348 | -1388 | -3259 | 45235
| 10 | 0492 | -1472| 7242 | 106606 | 0.0061 | -15.08 | -0.092 1.387
| 11 | 10049 | +088 | eg431 | 77819 | 00358 | -608 | -0218 1323

> | 106.165 1530072 | 6.0755 240.671

=73 Ix x X*Zm +> 1y x Y*Zm
lw = 1530.072 + 240.671 = 1770.743 m°

Torques dueto gy -

MX, =

FRx x g

=1 x(-2.328) = -2.328 KN.m
MY m=FRy x &
=1x (-13.473) = -13.473KN.m
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4-13-2 Part of Load of Each Shear wall:
4-13-2-1 Loadsin X-direction:
FRx=1KN, MXy,= 1.989 KN.m

Part of translation = FRyxly,

2N,
I— | i
| 1 [ 0009 ]| 0009 0.001 1
| 2 [46298] 46298 0.762 |
| 3 | 00044| 0.0044 0.001 |
| 4 | 0009 | 0.009 0.001 |
| 5 0.2 0.2 0.033 1
| 6 | 02 0.2 0.033 [
| 7 03244]| 03244 0.053 |
| 8 [03244] 03244 0.053 1
| 9 102348 0.2348 0.039 I
| 10 |o0.0061| 0.0061 0.001 |
| 11 |0.0358| 0.0358 0.006 |
IR 1.000 |
L I ) s
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Part of rotation : Qx dueto Mxt:

T Y (M w) xhyx YR, |

| 1 | 0009 | -013 0.000 I
| 2 |46208] +1.72 0.010 |
| 3 [o0o0044] -118 0.000 I
| 4 Jo0044| -118 0.000 |
| 5 | 0009 | -013 0.000 I
| 6 02 |+11.62 0.003 I
| 7 103244] -1388 -0.006 I
| 8 J03244] -1388 -0.006 |
| 9 |02348] -1388 -0.004 I
| 10 |0.0061] -15.08 0.000 I
| 11 [o.0358] -6.08 0.000 I
| = |eo7s 0.000 |
L e Ol |

Part of rotation Qy dueto Mx; :

[Wall 1 X | (M 1) xbxX |

1 16 |-20.72 -0.044 Il
| 2 | 00128 | -17.72 0.000 |
I 3 0.171 | -18.62 -0.004 |
| 2 16 |-10.82 -0.023 1
| 5 | 00045 | -22.45 0.000 Il
| 6 | 00045 | -186 0.000 I
| 7 [ 00053 -2638 0.000 1
| 8 | 00053 |-2267 0.000 Il
| 9 | 00047 | -18.62 0.000 1
| 10 | 0492 |-1472 -0.010 |
| 11 | 10049 | +0.88 0.116 |
| > |106165 0.000 |
L e e e

Part at Each Wall Dueto gy:
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Qx; = Part of Trandation + Part of Rotation

For wall No. 1 =
For wall No. 2 =
For wall No. 3=
For wall No. 4 =
For wall No. 5 =
For wall No. 6 =
For wall No. 7 =
For wall No. 8 =
For wall No. 9 =

For wall No. 10 = Qx]_o
For wall No. 11 = Qx4

Qx1
Qxz2 =
Qxs =
Qxa =
Qxs =
Qxe =
Qx7 =
Qxs =
Qxo

> Qx = 1KN. =OK.

+0.001 +0.000
+0.762 +0.010
+0.001  +0.000
+0.001 +0.000
+0.014 +0.000
+0.033 +0.003
+0.033 +0.003

+0.053 -0.006
+0.053 -0.006
+0.039 -0.004

+0.006  +0.000

4-13-2-2 Loadsin Y-direction :

gy = FRy = 1KN.
[Wall b FRyx b (FRy <b0/Sh |
1 16 16 0015 ||
| 2 | 00128 ] 00128 o000 |
| 3 0171 | o017 0002 |
| 4 1.6 1.6 0015 ||
| 5 | 00045 | 0.0045 0000 |
| 6 | 00045 | 0.0045 0000 |
| 7 | 00053 ] 0.0053 0000 |
| 8 | 00053 | 0.0053 0000 ||
I 9 | 00047 | 0.0047 0000 |
| 10 | 0492 | 0492 0005 ||
| 11 | 10049 | 100.49 0947 |
| 5 | 106165 1000 |
L e O

Part of rotation : Qx dueto Myt:
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-0.044

+0.000
-0.031

-0.004

+0.000
+0.000
+0.000
+0.000
+0.000
+0.000
+0.116

-0.043
0.772
-0.030
-0.003
0.014
0.036
0.036
0.047
0.047
0.035
0.122
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I

|

0.009 | -0.13 0.000 I

| 2 46208 +172 0.061 I
| 3 00044 -118 0.000 I
| 4 | 0009 | -013 0.000 I
| 5 02 | +11.62 0.018 I
| 6 | 02 |+1162 0.018 I
| 7 |03244] -1388 -0.034 I
| 8 |0.3244] -13.88 -0.034 I
| o [02348] -1388 -0.025 I
| 10 Jo0.0061] -15.08 -0.001 |
| 11 00358 -6.08 -0.002 I
| 5 [6075 0.000 |
L |

Part of rotation Qy dueto My;:

[Wall b X | (My/1w) <o X |

1 1.6 |-2072 -0.252 Il
| 2 | 00128 |-17.72 -0.002 |
| 3 | 0171 |-1862 -0.024 |
| 4 16 |-10.82 -0.132 |
| 5 | 00045 | -22.45 -0.001 I
| 6 | 00045 ] -186 -0.001 |
| 7 | 00053 | -26.8 -0.001 |
| 8 | 00053 | -2267 -0.001 I
| 9 | 00047 | -1862 -0.001 |
| 10 | 0492 |-1472 -0.055 |
| 11 | 10049 | +0.88 0.673 [
| 5 |106165 0.001 |
-___.___________________________________________||

ForwalNo.1= Qvi = 40015 +0.000 -0.252

97
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Forwal No.2= Qv2 = +0000 +0.061 -0002 =
Forwal No.3= Qvs = 40015 +0.000 -0179 =
ForwallNo.4= Qvs = +0002 +0.000 -0024 =
Forwall No.5= Qvs = +0000 +0.000 +0.000 =
ForwallNo.6= Qve = +0.002 +0.000 -0022 =
ForwalNo.7=Qy7 = +0000 +0.018 -0001 =
Forwall No.8= Qve = 10000 -0.034 -0001 =
Forwall No.9= Qvs = 10000 -0.034 -0001 =

For wall No. 10 = Qy1o
For wall No. 11 = Q11

> Qy = 1.001 KN.
= OK.

+0.000 -0.025 -0.001 =
+0.947 -0.002 +0.673 =

4-13-3 Calculation of Floors Weight:-

Total Weight of the Ground Floor = 10574 KN.
Total Weight of the First Floor =10574 KN .
Total Weight of the Second Floor = 10141 KN .

Total Weight of All Floors= 31289 KN

4-13-4 Calculation of Shear Forceon Shear Walls:

From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55

=1

Ca=0.24

Cv=0.24

hn=15.75m

Ct =0.0488

Where:
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0.059
-0.164
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0.000
-0.020
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Z : seismic zone factor asgiven in Table 16-1.

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

16-P.

| - importance factor given in Table 16-K.

Ca : saelsmic coefficient, as set forth in Table 16-Q.

Ct : numerical coefficient given in Section 1630.2.2.

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

hi, hn, hx : height in feet (m) above the baseto Level i, nor X,
respectively.

T=C,(h,)" - (UBC)
T =0.0488(15.75)** =0.386
Cv.l 0.24x1
V.=—"W=—"—""T_""_"W=0.113W
L' RT 5.5%x0.386 0.113
_25Cal,,, _25%x0.24x1,,, _
Vi= R W = EE W=0.109W control

V, =0.11Cal.W =0.11x0.24x1x W = 0.026 W

V =0.109W =0.109%x31289=3410.5 control

Ft =0.07xTxV =0.07x0.386%3410.5=92.15KN

I 2 31289 235516.6 I|

_ (3318.35)x115607.4

Fo= amsee oY

4-13-5 Load Calculation of Wall (W1).
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10141 | 34105 | 11.4 | 92.15 | 331835 115607.4 | 1628.87 ||
| FirstFloor(2) | 10574 | 34105 | 7.58 | 9215 |3318.35|80150.92 | 2758.17 |
| Ground Floor(3) | 10574 | 34105 | 3.76 | 9215 |3318.35|39758.24 | 3318.35 |
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Part of load for wall (W1), dueto(qy) = 0.237

Load of Wall (W1):-

|second Floor(1) | 1628.87 | 386.04 147468
| First Floor(2) 2758.16 | 653.68 3971.75
| Ground Floor(3) | 3318.35 | 786.45 692880
L

FVu=Fxx0.237

T VUu=1628.87%x0.237 = 386.042 KN

<Mu =Vuxh

Mu =386.042%x3.82 = 1474.68 KN.m.

7 Mu
]

1

1

1

1

1

i

i 1474.68 KNn

: &

i ,

i 3971.75 KN.m _
|

]

\6928.8 KN

______________________________________________________________

386,04 KN

267.64 KN

TE6.45 KN

4-13-5-1 Design of Reinforcement:-
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Internal Forces And Moments:
Vu= 786.45 KN

Mu = 3971.75 KN.m
Pu=1.2x11.4x0.3x4x25 = 410.4 KN

4-13-5-2 Design in plain Concr ete: -

dVn>Vu

®Vn=0.55x0.11fc xbxh

Whereb=Ly=>

(Lw: - isthe length of shear wall in the direction of action).

®Vn =0.55x0.11/30%4000x300=397.65 KN < Vu = 786.45 KN
< Reinforcement must be provided.

4-13-5-3 Design of Reinforced Concrete: -

4-13-5-3-1 Design of the Horizontal reinforcement:
Vu =786.45 KN.

d=0.8xLw =0.8x4000=3200 mm = 3.2 m

DdVe= o.75x%mx300x3200 = 657.27KN.

®Vs min =O.75(%]bxd

OVs min = 0.75@ 300 3200 = 240 KN.

oV, + ®VS i, = 657.27 + 240 = 897.27 KN

®Vc=657.27 KN < V|;=786.45KN < ®Vc+dVsmin =897.27KN
» Category (3) Satisfy

OV, +DdVs > VU

=Req®PVs=Vu- dVc.

Req® Vs=786.45-657.27 = 129.18 KN
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A dVs
V_lreg = —M—
Sreg, 0.75x Fyxd
3
A, = 129.18x10°  _ 0.128mm
Sreq. 0.75x 420%x 3200
Av | in=0.0025%h
Sreq.
Av | in = 0.0025%300 = 0.75mm
Sreq.
AV min. > ( AV Jreq.
Sreq. Sreq.
QV min.=0.75mm=0.075¢cm............ Controlled
reg.

Select 2012 As= 2x7[1.2]" =2.26cm?

ButA—SV = 0.075cm
AV _ 2.26

=S=5075 0o75_ oL3em
< Select S=30cm
-S,., < L?W .......... (ACI-318-11.10.9.3).
:>300m<4—g0=800m .......... Ok
S, <3xh (ACI-318-11.10.9.3).
=30cm<3x30=90cm  .......... Ok
=S, <45em e, (ACI-318-11.10.9.3).
—=30cm<45cm 0 Ll Ok

Av _226

So2¥Y =""=0.075cm
S 30

(MJ = 0.0753cm > [ Ay ]mm_:o.o75 cm
S Sreq.

wUse 2012 @ 30cm C/C for thereinforcement in two layer.
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4-13-5-3-2 Design of Vertical Reinfor cement.

"Minimum Vertical Reinforcement"

A, = 0.0025+[o.5(2.5-h—W) x[(A"'h)-O.OOZS].Slxh
L., S,.h
h_W:%=2_85>25
w 40
= Avn = 0.0025xS xh
_L, _400_
S_L—? 3 133.33cm

S =3xh=3x30=90cm

Select 2012 As= 2x;[1.2] =2.26 cm?

_ Av _ 2.26 _
= 5= 5.0025xh ~ 0.0025x30 S0 13¢m
But Av = 0.0025x S;xh
5= AV ____ 22 _3543¢

0.0025xh = 0.0025x30
> Select SS30ecm < § =90ecm< S =133.33cm

wUse 2012 @ 30cm C/C for thereinforcement in two layer.

4-13-5-3-2 Design of Moment:-

Design of light L oaded shear wall:

( Uniform Distributed vertical reinforcement will be neglected)
d=0.8xL,, = 0.8x4.0 = 3.2 m = 3200 mm

Mu = 3971.75 KN.m

_ Mu _3971.75
® 0.9
6
_ Mr: _ 4413.06><1£) —1.44MPa
bd®  300(3200)

Mn =4413.06 KN.m
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m=_1Y - 40 _i547
0.85fc  0.85x 30

1 2XmXRn
Preg = —| 1- \/1—
m( Fy

1 2X16.47X1.44
P = 1-, |1- =0.0035
16.47 420

Asiq. =pxbxd
AS eq = 0.0035x30x 320 = 33.6 cm’

Cy=h=30cm
Area of Boundary = C,, x h = 30x30 = 900 cm?
ASq, 33.6
- ==>2=-0.037
Areaof Boundary 900 0.03

As,
But =t <8%
“ Areact Boundary °

ASg, _
Areaof Boundary 0.037<0.08

- Safe
So Design as light Loaded shear wall:

< Select 14918

=A(14918) = 35.56 cm’” > AS . = 33.6 cm’
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Chapter Four
Structural Analysis And Design

4.1 Introduction:

Concrete is reinforced to give it extra tensile strength; without reinforcement, many
concrete buildings would not have been possible.

In this project there are severa structural elements that will be designed
according to the ACI code, and by using many computer software such as "ATIR"
and "Prokon" .

To find the internal forces, deflections and moments in order to design the elements.
4.2 Deter mination of thickness of ribbed dabs ( T section ) :-

will be determinate according to the limitation of deflection
According to table valuein ACI-Code-318-05,

*Min h for one-end continuous = L/18.5
*Min h for both-end continuous = L/21
*Min h for simply support = L/16

The Lmax for one-end continuous= 5m

The Lmax for both -end continuous=4.97m

Min h for one-end continuous = L/18.5
=500/18.5=27cm

Min h for both-end continuous = L/21
=497/21 = 23.66 cm

Take h = 32cm. (24cm block+8 cm topping)
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(4.2.1) Calculation of dead load and live load for Topping:

Tilesand mortar = 2 KN/n?
Topping = (0.08) (25) =2 kN/m?
Block  =(0.24) (9) = 2.16 kN/m?
Plaster = (0.02) (22) = .44Kn/m?
Partion =(1.25) KkN/m?2

o ~ w DN PP

Total dead load for one way rib = 7.85 kN/m2.
-—>for one meter strip dead = 7.85 kN/m.
Total liveload for oneway rib =5 kN/ m

(4.2.2) Design of topping:-

q, =1.2(DL) + 1.6 (LL)

= 1.2(7.85) + 1.6 (5)
= 17.42 KN/m?
* 2
MU - qu L
12
2
My = 27427047 _ o onkNm

= 1.066* 103 m3

* L2 * 2
o _ b*h :1(c6>.8)

6

2
Mn =042fc' * %

33



Chapter Four

Structural Analysis And Design

* 2
Mn = 042430 * Mﬂ.%m.m

f Mn =0.55* Mn
f Mn =0.55* (2.45) = 1.347 KN.m > 0.24 kN.m

No reinforcement is required.
Minimum reinforcement of Shrinkage& tempretureis required according to ACI cod:

As., =0.0018*b*d
=0.0018* 100 * 8 = 1.44 cm?
»>Select @ 8/25cm > As__ =1* (0.8%/4)*100/25=2 cm?/m>1.44 cm?/m

prov.

inbothdirections
(4.2.3) limitation of spacing between bars:-
Smax =5*t =5*8=40cm
Or S=45cm
2>25cm<45 OK

(4.2.4) shear design:-

f Vc>Vu

d=8-2-0.4= 5.6 cm for topping.
(0.75)(1/6)(1000)(56) /30

=38.34 kN>3.5 kN=VU
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(4.3) calculation of width of rib

be= L/4= 5/4=1.25m
be= bw+16t=.12+16*.08=1.4 m
be=bw+.5Lc1+0.5Lc2=.12+0.5* .4+.5* .4=0.52 cm
take be = 0.52 which smaller one.

o

o

(4.3.1) Calculation of dead load and liveload for Topping:

1. Tiles =(0.52) (2) = 1.04 kKN/m
2. Topping =(0.52) (0.08) (25) =1.04 kN/m
3. Block =(0.4)(0.24) (9) =0.864kN/m
4. Plaster =(0.52)(0.02) (22) =.228Kn/m
5. Partion =(1.25)(0.52) =0.65 kN/m
6. Rib = =0.12*0.24*25 =0.72kN/m

Total dead load for one way rib = 4.54 kN/m
Total liveload for one way rib = (5)* (0.52)= 2.6 KN/ m
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(4.4)Design of ribs (R1)

Load onrib

Total dead load for oneway rib = 4.54 kN/m

Total liveload for one way rib = (5)* (0.52)= 2.6 KN/ m

Moments: spans 1to 2

-30.6
-23.2 -23.4

2.04 3.06

(4.4.1) Design of negative moment

Support B :-

Mu = -23.4 KN.m

Mn = Mu/®=&9'4= 26 KN.m

Mn

Rn= e 26/120(290) 2 = 2.57 Mpa
m=_ ¥ _ 42 5,
0.85* fc  0.85*24
1 2mRn
preg=— (1~ |1~ )
m fy
r= 1 a- \/1——2(20'2)(2'5) ) = 0.0067
20.2 412
preg= 0.0067
ASg. =p*b*d

AS g, =0.0067% 120 * 290 = 232.8 mm?

Asmin =(0.25/fy)= b = d,/fe

Asmin =(0.25/fy)y/24 * 120 = 290
Asmin =103.4 mm?
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Not |ess thanl.4* b* d/fy =1.4* 120* 290/412=118.25 mm?

= Asmin. = 118.25 mm?
= AS eq = 232.8 mm’

> Select 2 14 With As = 307.7 mm?

Check for Yielding:

T=C

= As* fy=0.85* fc'*a* b

(232.8)* 412=0.85* 24* 120* a

»a=37.5mm

X=al.85= 37.5/.85=44.2

&S= (d/x *.003)-.003 = ((290/44.2) *.003)-.003 =0.02

=0.02 > 0.005
=0k
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(4.4.2) Design of Positive Moment:

Thisdesign for 4.95 m, 4.96 m spans are as follows:-

Effective Flange width ( be ) according to ACI Code 8.10.2:

b For T- section isthe smallest of the following:

be =L /4=405/4=10lcm
be = b, +16t=12+16(8) =140 cm

be =b,, +.5L C1+5LC2=52cm............evneeen. Control

Span (1):
Mu=19.1 KN.m

Mn = Mu/@:%l: 21.2 KN.m

Check if a<t:

Assumea=t

C=085*fc'*t* be

C=085*24* 80* 520 = 849 KN.m
— t

Mn=C (d 2]

Mn=849* (29-8/2)= 212 KN

23.11<212

=>t<a

» Design of rectangular section with b = be:

Rn = Mn/bd? =19.1/520* 290°

Rn =0.44 MPa

m= fy - = 4z _ 20.2
0.85* fc  0.85* 24

1 2mRn
=—(1- 1-27
preq m( y )
Fo 1 a- \/1——2(20'2)('44) ) =0.001
20.2 412
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ASeg. =p*b*d
AS . =0.001* 520 * 290 = 161.6 mm?

Asmin=0.25,/fc=b=d/ Fy

Asmin =(0.25/412)+/24 = 120 = 290
Asmin =103 mm?
Not less thanl.4* b* d/fy =1.4* 120*290/412 =121.8 mm?

> Select 20 12With As = 226 mm®
For al positive moment.

(4.4.3)Design of shear:
Shear
-30.5
-25.3
-19.3
-14.1
t t t t
13.6
19.8
25.
30.1
V,max = 25.3KN

0.50Ve = 0.5x 0.75x éq/ fc xbwxd

=0.5x0.75x% %Jﬂ x120x 290 =10.7KN

@*Vc= 0.75* %@ *120% 290=21.3KN

min@*Vs =0.75*bw*d/3 =0.75* 120*290/3 = 8.7 KN
*Min Shear reinforcement is required
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Select @8 with 2 legs

2

Av = n*DT*No of legs

2
Av =3.14* %*2

Av = 100 mm?

@*V's= 0.75* Av* d*fy/s

S =.75*100* 412* 290/8700
S=1m

(S)s%:2—5:14.5 cm

(S)<60cm

We assume s=12.5cm.
From ACI cod 11.5.6

Avmin =(1/16fy)bw*s* ,/fe

Avmin = (1/3)bw* s/fy.

>Avmin = (1/16*412)* 120* 125* /30 =12.5mm?
> Avmin =(1/3)*120*125/412 = 12 mm?

SO use the smallest of the three limitations
(9)=14.5cm
Use 138 @100 mm
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(4.5) Design of Beam (1):

1 2
LT | NP J ISP |
A A
0.5 46 05 4.6 05
5.1 ‘ ‘ 5.1

Calculation of thickness and dimension:
Determination of beam width:
d=32-4-1-1=26cm

202
ZU Uy

ey == =——=0.002

i i
T ER TR 2

>Xb=155cm.

ap =P *Xp=0.85*15.5=13.1cm
T=C »0.85xfc'* b* ap=pp* b* d* fy
= 0.85xfc'xbxa _ 0.85xfc'x &
bxdxfy dxfy

_ LEs 413 .
=—-=10.04
Ze+412

» P max. = 0.63 x 0.03 =0.0196

» P =0.5p max=0375 Po

» p=0.3750.03 = 0.011
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Moments: spans 1to 2

-225.

-171. -171.
| 1.49 | 1.49 ‘
I I ]
[ Il | i
| 112 | 1712
13: \
137.4
| 2.04 3.06 |

3.06

2.04

Max Dead reation = 19.5KN ==19.5/0.52 = 37.5 KN/m.+21 KN/m from the wall
Max Livereation =9 KN ==9/0.52 = 17 KN/m. thisforces are factored

Mymax. =171 KN.m ........ from thefig (4.6)
Mn = Mu/@z%: 190 KN.m
Rn= p*fy(l—O.é pm)
Rn = 0.011*400(1-(0.5*0.011*20.2)) = 3.9 Mpa
Rn = Mn/bd?
3.9= 171*10"6/b(260?)
»b=64.8cm
take b= 65 cm.

(4.5.1) Design of Positive Moment:-

A 'S min= Vre (bw)(d) > E(bw)(d)
4A(fy) fy

A s min=(650)(260)(0.25)y 24/412>1.4* 560* 260/412 not |ess than.

>A S min— 520m2
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Span (1):
Mu=137.4KN.m ......... fromfig (4.6)

Mn = Mu/@z%: 152.6 KN.m

Rn= % = 152.6"6/650(260) 2 = 3.47Mpa

Mz fy _ 42
0.85* fc  0.85* 24

pReg=1/m (1- y1— 2mRn/Fy)

pReg= 1/20.2(1- /1 =2+ 20.2+3.5/412)

pReg=0.009

20.2

ASe. =p*b*d
AS 1eq. = 0.009* 65 * 26 = 15.2 cm*> Asmin' = 5.2 cm’
= AS = 15.2 cm°

> Select 40 25 With As = 19.62 cm?

Check of Strain:
Tension = Compression

= Asx Fy=085xfc'xbxa
1962 x 420 =0.85 x 24 x650% a

» a=62 mm

X=al.85= 62/.85 = 73
£S= (d/x *.003)-.003 = ((290/73) *.003)-.003 =0.009

=0.009 > 0.005 ok

(4.5.2) Design of negative moment
Mu=-171 KN.m

Mn = Mu/QZ%: 190 KN.m

Rn= % = 190°6/650(260) 2 = 4.3 Mpa
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Mz fy _ 412 _
0.85* fc  0.85*24

pReg= 1/m (1- J1—2mRn/[Fy)

pReg= 1/202 (1- /1 =2+ 202+ 4.3/412)

pReg=0.01

20.2

ASieg. =p*b*d
AS req. = 0.01* 65* 26 = 16.9cm*>As min = 5.2cn?’.
= AS = 16.9 cm®

> Select 40 25 With As = 19.62 cm?

Check AS eqc AS max

T=C

0.85* 24* a* 650=1690* 412
=2>a=52.5mm

X=a/lB =52.5/0.85 =62 mm.

LS - 6.2/26 D= = U.00Y = 0,005 OK.
WA ez
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(4.5.3) Design of shear

Shear
-220.5
-183.2
-137.9
-111.
t t
111.
137.9
183.2
220.5
V, =183 KN....covviiiienn AsshowninFig. (4.9)
oV, = 0'75(—?] bd

®V,_ = 0.75*650* 260* +/ 24/6=103 KN.

min® Vs min. = 0.75(:—13] bd

min. @ Vs min = 0.75*65*26/3 =42

KN

(OV, + @ VS i) = 103+42 = 145 KN

@ ,/fecbw d/3 = 0.75%y/24* 650* 260/3=206 KN

VU max, < (DV, + @ *pyx g/ Fel3)

183 < 103+206=309 KN
.. Category(4) Satisfy:
dVs=Vumax - dV,.
®Vs=183-103=80KN

Select Av @ 10 stirrups with 2Legs

AV = 157 mm?
O*Av*Fy*d

@ * Vs=
S Seq

iRl

= Sieq =0.75* 157*412* 260/80"3=157 mm

ButS < §=T=1aumm& S <60 cm

» Sdlect 20 10 @ 14 cm.
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(4.6) Design of column (C15)

(4.6.1) Design of Cross Sectional Area:
The Max reaction = 483.4 KN.

own weight=14.4 KN.

= qu = 483.4+14.4= 498.8

=498.8*3 =1496 KN

Pu = 1496 KN

Pn req = 1496/0.65= 2302 KN

User =r g=15%

2302x10° =0.8Ag{0.85 fc' + I' g (fy - 0.85( fc'))}
Pn = 0.8 * Ag{0.85(24)+0.015(412-(0.85)(24))}

Ag = 1180 cn?

Try 40cm x 30cm => Ag = 1200cm? > AQ,e = 1180 cnv?
Lu=3.6m

Mi=My=1

K=1

r=0.3xh=0.3x0.3=0.09

Chick for Slenderness:

(_KL“] <(34-12) Mt
M2

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
r: radius of gyration=0.3 h = [LA

M: the smaller of end moment on the member.

M,: thelarger of end moment on the member .

:(K'“jz ( D35 j - 38.88> 22
r 0.3x0.30

<Long Column & Slenderness effect must be considered.
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(4-6-2) Design of reinforcement

0.4Eclq
El =
( (1+4q) ]
Where:

Ig: Gross moment of inertiaignoring steel.

Bd: (Factored axial dead load)/(Factored axial total load).
Ec= 4750,/ fc" = 4750 % /24=23227.5Mpa

Ba= 1.2D.
1.2D. +1.6LL

Bd = 329/483 = .68

s bxh® _ 0.50%(0.30)°

- 3 m4
51 > 1.35x103m

S E1=0.4*23227.5* 1.35x 10° /(1+.68) =7.46 MN.m2.

2
p = TUxEl
Critica (K xLu)Z

=5.6 MN

Cm= o.a+o.4(%} =1.0

2

ons = Cm >1
1-(Pu/0.75P,,.,)

1 _
ons = (1— (1632/0.75><193.4)j =1°8>1

e . =15+(0.03xh)

_15+(0.03x300) _

- 0.024m
1000

€req, = €%3ps = 0.024x1.58=0.038m

e_0.038

= =P8 _127

h- 03 °
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From Interaction Diagram(Fig. 4-8):

e e e e T

dPn 2302=103 145
— #
Ag 05=03 1000

fc'=30 Mpa=4.35Ks use4 Ksi
Fy = 412Mpa=60.9 Ksl use 60 Ksi
d'=4+1+1=6cm
d=30-6=24cm

s

Fromchart r g<r ..

=r, =001

= 2 Psi

2302x10° =0.8120000{0.85 fc' + I § (fy - 0.85( fc'))}
Pn = 0.8* 120000 {0.85(24)+ I § (412-(0.85)(24))}
5Trg=001
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As:rQXth
As=.01*40*30=12 cn?¥*

Use @16 with As = 2.01cm?
NO of bar = (12/2.01) = 5.97 CM*

Check® P, >P,
As for 8016 =16.08 cm?

provided

@ Pn=0.65x0.8[ 0.85fC/(Ag-Ast) +fyx At |
@ Pn=0.65x0.8] 0.85fC'(150000-1608) +(420x1608) |

@®Pn=2318.8 KN>2302 KN
= OK.

4-6-3) Design Of The Tie Reinfor cement:

Use @ 10 ties.

Spacing < 16 = dy, (Longitudinal bar diameter)
=16 = 1.6=25.6 cm.
<48 = d (ties bar diameter) = 48 = 1.0=48cm.
< Least dimension=30cm.

Use" @ 10" ties @ 25 cm spacing.

<~Use 50cmx30cm with 8 @ 16 bars. with @ 10ties @

L4
[ ]
[ L] L] L] | 1
[ | | |
1 [ 1 | =]
I |
I '|| I !
| a riL u [ i
1 I 1
I I
1 [
I I
: L] [ ] [ | :
I I
[l [
I I
| I
i ]
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4-7 Design of Stairs:
(4-7-1) Design of the First Stair:

™
*

“
~N

---------------------------

h =150/20 =7.5cm
h = 300/20 =15cm
Sdlect h=15cm

16
=tan™ (>2) =288
q S

_ (0.08m)(22kN / m3)
€0s28.8

(DL) H - plate = 0.04 * 22* % - 0.968 kN/m?.

(DL) Plaster = 0.753kN / n?

— plate = 0. —= =0, m-.
(DL) V - plate = 0,03 * 22* 8';6) 0.363 KN/

_ (0.15m)(25kN / m°)
€0s28.8

(OL) Star = (@)* 5KN /1 = 2.06kN / m’

= 4.28kN /v

(DL) Plate cover
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(DL) H - mortar = 0.03 * 22 = 0.66 KN/m?
(DL) V - mortar = 0.03 * (0.165/0.3) * 22 = 0.363 KN/m’

Total dead load = 12.6 KN/m?

Tota liveload =5 kKN/m?

Wu = Factored dead load + Factored live load
Wu = (1.2x12.6) + (1.6x5)

Wu = 23.12 KN/m?,

for 1m of the stair slab

Wu = 23.12 kN/m.

4-7-1-2 Determination of L oadson landing:
Dead Loads Of Landing:

(DL) Concrete Plat = 0.15% 25 = 3.75 KN/m?
(DL) mortar = 0.02x 22 = 0.44 KN/m?

(DL) Tiles=0.03x 22 = 0.66 KN/m?

(DL) Plaster = 0.02x 22 = 0.44 KN/m®

Total Dead Loads of Landing = 5.3 KN/m?
Wu = Factored dead load + Factored live load
Wu = (1.2x5.3) + (1.6x5)

Wu = 14.3 KN/n’,

for 1m of the stair slab

Wu = 14.3 kKN/m.
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4-7-2 Deg%r‘l of posmve moment:

Lirsit e Bt

_,.i.'inhtd Setvice Lwast] Tt 1.0 500160 0,00

LY

N ¥ .
-\1
s s Y s | s |

‘. =
i

“, an A WLE

rom (B2 Monent & sha e o the First |

Moment Diagram(Fig4-12)
Mu =34.7KN.m

using @ 12bars
d=15-2-06=12.4cm.

Mn = Mulﬁz%: 38.4 KN.m

Rn= % = 38.4%6/1000(124) 2 = 2.66 Mpa

pReg= 1/m (1- /1 — 2mRn/Fy)
pReg= 1/20.2 (1- J1 — 2+ 20.2 = 2.66/412)
pReg=0.0069

ASeq. =p*b*d
AS . = 0.0069* 100 * 12.4 = 8.36 cm?/m

Check for minimum reinforcement:
A s min=(1000)(123)(0.25)+/24/412>1.4* 1000* 123/412 not less than.
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»A S min = 4.2cm°

For Shrinkage & Temperature :
As=0.0018xbxh
As=0.0018x100x15 = 2.7 cm’/m

> Select ® 14/15_cm
With As =m* %* 100/15= 10.25 cm? >8.36 cm?/m.

4-7-2-1 Check of Strain:
CheCk AS reg< AS max

T=C

0.85*24* a* 1000=836* 412
=>a=16.88 mm

X=a/B =16.88/0.85 = 19.86 mm.

> " - 1086/124 s = 0015 > 0.005  OK.

WRES 2

4-7-2-2 Development Length of Bars:

fy

Ld= o d
2\/E v
For ®14 bars:

Ld= %* 1*1* 1*1.4=58cm or Ld= 40=56cm

Use Ld =60 cm.

4-7-2-3 Lateral Reinforcement:
As=0.0018xbxh = 0.0018x 100x 15 = 2.7 cm*/m
0.2xAs=0.2x8.68=1.7 cm’/m

= As= 2.7 cm?m.

o Select ® 8 with As= 0.5 cn?.
S=2%100= 18
&:7
Select S=15cm
As= 2100=33
15
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4-7-3 Design of the Second Stair:

g — ——

Total un Factored dead Loads of Landing = 5.3+19.3 = 24.6 KN/m.

Total un Factored live Loads of Landing = 5+8.7 = 13.7 kN/m.

Un Factored Loads of Stairs as Shown in the First Stairs (For 1m Strip)
=12.6 kN/m.

Mu =109 KN.m
using ® 20bars
d=15-2-1=12cm.

Mn = Mu/@z%: 121 KN.m

Rn= % = 121 6/1000(120) 2 = 8.4 Mpa
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pReg=1Um(1- /1 — 2mRn/Fy)
pReg=1/20.2 (1- /[T =2+ 202 +8.4/412)
pReg=0.028

ASig. =p*b*d
AS eq = 0.028* 100 * 12 = 34.67 cm’
Check for minimum reinforcement:

A s in=(1000)(120)(0.25)+,/24/412>1.4* 1000* 120/412 not less than.
»A S min = 4.2cm°

For Shrinkage & Temperature :

As=0.0018xbxh

As=0.0018x100x15 = 2.7 cm’/m

> Select ® 28/15_cm
With As =r* ii *100/15= 41 cm? /m.

4-7-3-1 Check of Strain:
Check ASeq< AS max

T=C

0.85* 24* a* 1000=3467* 412
=>a=70 mm

X=a/lB =70/0.85 =82.37 mm.

>~ =8237/120 D=5 = 0.001 < 0.005  Not OK.

WRES 2

4-7-3-1-1 Recalculatefor stair:
Take h=20 cm = d= 20-2-1= 17 cm.

Mn= 121 KN=>Rn=4.18 = p=0.01
As= 0.01* 100* 17= 19.54 cm? /m.
4-7-3-1-2 Check for minimum reinforcement:

>A S min = 7 sz& >A S for shrinkaje: 3.5 sz

> Select ® 20/15cm
With As =m* %ﬁ 100/15= 20.9 cm? /m> 19.54 cm? /m.  OK

4-7-3-1-3 Recalculate of Strain:
> = = 0008 = 0.005 OK.
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4-7-3-2 Development Length of Bars:
Ld= fy axpxyxd,

2
For ®20 bars:

Ld= %* 1*1*1*1.2=83 cm or Ld= 406=80cm

UseLd =80 cm.

4-7-3-3 Lateral Reinforcement:
As=0.0018xbxh = 0.0018x 100x 20 = 3.5 cm*/m
0.2xAs=0.2x19.54=3.9 cm*m

= As=3.9cm¥m.

<o Select @ 10 with As= 0.785 cm?.

I b

S—*100=29

2.7

Sdlect S=15cm

u.

As=

j::'* 100 = 5.2 cm?.

1
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4-7-4 Design of thethird Stair:

T g T B

]

| Line b} - Smrwiew

Losd factors: 1.70,1 28160000 |

16

[
v
- ¥

&
" agens 4 te 3
o

1 -
"

i | r ",-"u"ﬁ' 14 I [T |
Sl

%
LY
L]

argy s 4

Mu =78.2 KN.m
using ® 20bars
d=15-2-1=12cm.

__fy
~ 0.85xfc¢’

Mn = Mu/@z%zz 86.85 KN.m

Rn= % = 86.85"6/1000(124) 2 = 6 Mpa

m =20.2

pReg= Um (1- /1 — 2mRn/Fy)

pReg=1/20.2 (1- /1 -2+ 20.2+6/412)
pReg=0.017

ASg. =p*b*d
AS eq. = 0.017* 100 * 12.4 = 21.4 cm’
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Check for minimum reinforcement:

A s min=(1000)(120)(0.25)+/24/412>1.4* 1000* 120/412 not less than.
»A S min = 4.2cm°

For Shrinkage & Temperature :

As=0.0018xbxh

As=0.0018x100x15 = 2.7 cm’/m

> Sdect As g =21.4 CM°
> Select ® 28/15cm

With As =m** (28] ‘3*100/15— 41cm? /m >33.48 cm /m

4-7-4-1 Check of Strain:
Ch&k AS ra;]< AS max

T=C

0.85* 24* a* 1000=2140* 412

=2 a=43.2 mm

X=alB =43.2/0.85 =50.8 mm.

S Y - 508/120 des = 0004 < 0.005 NOT OK.

WA ez

4-7-4-1-1 Recalculatefor stair:
Take h=20 cm =>d=20-2-1= 17 cm.

Mn= 86.85 KN=>Rn=3 - p=0.007
Asreg= 0.007*100*17= 134 cm? /m.
4-7-4-1-2 Check for minimum reinforcement:

>A S min = 7 sz& >A S for shrinkaje: 3.5 sz
» Select ® 16/15cm
With As=m* £82%100/15= 134 cm? /m= Asreq.  OK

4-7-4-1-3 Recal culate of Strain:
2> = =10.012 < 0.005 OK.
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4-7-4-3 Development Length of Bars:

fy
Ld= axBxvyxd
2.ff, Pxy=dy
For @16 bars:

4714

Ld= ﬁ* 1*1*1*1.6=67 cm or Ld= 40d=64cm
UseLd=70cm.

4-7-4-4 L ateral Reinforcement:
As=0.0018xbxh = 0.0018x100x17 = 3.5 cm*/m
0.2xAs=0.2x13.4=2.68 cm*m

= As=3.5cm?/m.

o Select ® 8 with As=0.5 cn.
S=—2100= 18

204
Select S=15cm

As= %* 100 = 3.3 cm¥m
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4-8 Design of Mat Foundation:

4-8-1 Load calculation :

" " ",

‘F,J‘ ~ 1.:3{1 + \‘l"
) PRwal R |
B :
e |3 5 |
i1 z 2
| Bewanst |

---------------------

Dead Loads of Wall (1) per meter =H x (W) x yc
=16.5% 0.2 x 25=82.5KN / m.
qu from solid elevator dlap on each wall =21 KN/ m.
factored Load of wall =99 KN/ m.
Load of wall (3) from beam &ribs= 112 KN/ m.
Total Factored Loads of wall (1) = 21+99 = 120 KN/ m.
Tota Factored Loads of wall (2) = 21+99 = 120 KN/ m.
Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.
P total on sherewall = ((120x2.40% 2)+(120% 1.8)+(232x 1.8)) = 1209.6 KN.

_ Total Factored Load
Re1.4x Allowable Bearing Pressure

=1.8m?

120%6
Areg=

T 1.8%a00

Use A=26x24m,
TA =2.6%24=6.24M > Age,=1.8 N7’

. o
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4-8-2 Deter mination of Footing Depth:

>(121*2[2.6*1) = 93 KN/ m?

e e .

! Bead loed - Factored

g

Momant/ Sheaar Envelooe Fadoed UsikNmee

)

218

.F'F

-

93
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Vu =93 KN...( From Fig. 4-24)
oV, =01 i xb, xd = 0.75x%@x1000xd = 684.65d

Let Vu=® Vc.

93x1000 = 684.65 d

= d=14cm

Assume ®10 for main reinforcement.
NReg=14+1+ 6+ 1 =22 cm.

take h=30 cm & d= 22 cm.

4-8-3 Design in X- Direction.

Bearing capacity for Section A-A.
2>(121*2|2.6*1) = 93 KN/ m?

o g, = 167.7 KN/ m?< 1.4xB.C = 700 KN/ m?
< OK.

Section A-A:

By using atir software we found that the shear and the moment envelope

of thissection isasin figure(4-24).
4-8-3-1 Design of positive moment:
Bottom reinforcement (in X direction).

Mu =4 KN.m/ meter strip, (At the Face of Support).

Mn = Mu/@zig: 4.4 KN.m

Rn= % = 4.46/1000(220) 2 = 0.1 Mpa

pReg=1Um (1- /1 = 2mRn/Fy)
pReg=1/20.2 (1- /J1 =2+« 20.2+0.1/412)
pReg=0.00024
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ASeg. =p*b*d
AS eq. = 0.0024* 100 * 22 =0.53 cm’

Check for minimum reinforcement:
A s min=(1000)( 20)(0.25)/24/412>1.4*1000* 20/412 not less than.

»A s min= 7.5 cm?

For Shrinkage & Temperature :

As=0.0018xbxh

As=0.0018x100x15 = 2.7 cm’/m

1.3AS 1. = 1.3x0.53 = 0.7 cn?

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x 30 = 5.4 cm’

= As= 5.4 cm’

< Select @ 12 with As = 1.13 cm” "For Bottom Reinforcement"

113 _
S= a><1OO =209cm

Sdlect S=20 cm

- As=%”xloo= 5.650m? > ASr = 5.4 Cm?

4-8-3-2 Design of negative moment :-
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Top reinforcement (in X direction).

Mu =42 KN.m per meter strip "At the Face of Support "
Mn = Mu/®:4—:: 46.6 KN.m

Rn= % = 46.6°6/1000(220) 2 = 0.96 Mpa

pReg=1Um (1- /1 = 2mRn/Fy)
pReg=1/20.2 (1- /1 — 2+ 20.2 = 0.96/412)
pReq=0.0024

ASgq. =p*b*d
AS req, = 0.0024* 100 * 22 =53 cm?< A Spin= 7.5 cm?
1.3AS 1. = 1.3x5.3=6.9 cm’

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x 30 =5.4 cm’

= As= 6.9 cm’

< Select @ 12 with As = 1.13 cm? " For Top Reinforcement "

_113 _
S= ﬁsXIOO =154cm

Sdlect S=15cm

— As:%)’me: 7.53¢cm? > ASreg = 7.33Ccm°

4-8-4 Designin Y- Direction
4-8-4-1 Load calculation :
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Dead Loads of Wall (1) per meter =H x (W) x yc

=16.5% 0.2 x 25=82.5KN / m.
qu from solid elevator dlap on each wall =21 KN/ m.
factored Load of wall =99 KN/ m.
Load of wall (3) from beam &ribs= 112 KN/ m.
Total Factored Loads of wall (2) = 21+99 = 120 KN/ m.
Total Factored Loads of wall (3) = 21+99+112 = 232 KN/ m.

4-8-4-2 Eccentricity Calculations:
> My=0

My=121*1.1 + 232*1.1 = 388.3KN.
Pu= 1209 KN as calculated before.

ey = =222 203om <Z= 2= 043m  OK.

Fu 1ZUH

4-8-4-3 Bearing Pressurefor Section B-B:

< g, =( Pu/ A) +’;’j"'*x.
bh3

but Iy——

—(26*243/12) =2.99,
@omax—(1209/26*24)+3953*12 349.5 KN.
 Opin =( 1209/ 2.6*2.4) - =-*12= 38 KN.

T Omax = 349.5 KN<1. 4*500 700 KN/ m*  OK.

From atir software we found that the shear and the moment
envelope as in the following Figure(4-25).
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10T

s a1

7" FiB 8 Sher & oment Enveopeot Mat Fooing Selion 8811
e

the same values of d and h asin section B-B;

(d=22 cm & h=30 cm).

4-8-4-3 Design of positive moment:

Bottom reinforcement (in'Y direction).

Mu = 13.3 KN.m per meter strip "At the Face of Support "

m—L—zoz
~ 0.85xf¢ T
Mn:MUIQ:%:M?KNm

Rn= % = 14.7%6/1000(220) 2 = 0.3 Mpa

pReg= 1/m (1- /1 — 2mRn/Fy)
pReg= 1/20.2 (1- /[T =2+ 20.2+0.3/412)
pReg=0.0007

66



Chapter Four

Structural Analysis And Design

ASeg. =p*b*d
AS . =0.0007* 100* 22=1.6 cm’

Check for minimum reinforcement:
ASg. =p*b*d

AS req, = 1.6 cm?< A s i = 7.5
1.3AS 1. = 1.3x1.6 = 2.13 o’

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x 30 =5.4 cm’

= As= 5.4 cm’

< Select @ 12 with As = 1.13 cm” "For Bottom Reinforcement"

113 _
S= a><1OO =209cm

Sdlect S=20 cm

- As:%gxmo: 5,650 > AS e = 5.4 O

4-8-4-4 Design of negative moment :-
Top reinforcement (in'Y direction).
Mu = 68.9 KN.m per meter strip "At the Face of Support "

Mn = Mu/®=%'9= 765 KN.m

Rn= % = 76.5°6/1000(220) 2 = 1.6 Mpa

pReg= 1/m (1- J1—2mRn/[Fy)
pReg= 1/20.2 (1- [T — 2+ 20.2+ 1.6/412)
pReg=0.004

ASeq. =p*b*d
AS req, = 0.004* 100 * 22 = 8.8 cm?> A Spin = 7.5 cm?
1.3AS 1. = 1.3x8.8 = 11.44 cn?

As For shrinkage and Temperature:
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As=0.0018 x b x h

As=0.0018 x100 x 30 = 5.4 cm’

= As=8.8cn’

< Select @ 14 with As = 1.13 cm? " For Top Reinforcement "

113
=="x100=154
=3 00=154cm

Select S=15cm
— As=(1.53/15)*100 = 10.2 cm*>8.8 cm’ OK.
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I 4-9 Design of Combined Footing (F5):

4-9-1 L oads Calculation:

Column C1(50cm™* 30cm)

Factored Load = 1000 KN

Column C1(50cm™* 30cm)

Factored Load = 1000 KN

Total Factored Load 1000+1000 = 2000 KN.

Soil weighting = 18 KN/m3

Allowable soil pressure = 500 KN/m?

Assume footing to be about 50 cm thick, in addition to about
15 cm of blinding concrete.

Footing weight = 1.2x25%0.5 = 15 kN/m?

Back Fill weight above the footing = 1.6 x (1.5-0.5) x18 = 28.8 kN/m*
Blinding concrete weight = 1.2x 0.15x 25 = 4.5 kN/m?

Pnet = 15+28.8+4.5 = 48.3 kKN/n’.

4-9-2 Determination the dimension of the combined footing :

Pu

s + Pret <1.4x Allowable Bearing Pressure
eg.

SWE 4483 < 1.4= 500

AT Tey

Asreq="2L =3 m?

==

UseL=25m B=15m,
A =25%x15=3.75m" > Ase=3M"

69



Chapter Four
Structural Analysis And Design
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4-9-3 Determinethe bearing pressureunder Combined Footing
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6 bu = (PU/A) +Pnet =(Mx/Ix)*Y + (My/Iy)=X
= (2000/3)+48.3+0 = 715 KN/ m*<1.4 *500=718 KN/ m?
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4-9-3 Determinethe Required depth of the Combined Footing :
Assume H= 50cm

d=50-75-1-1=40.5cm
The punching shear strength is the smallest of:

:%(“B_ZJ\/Ebod
Ve [b/d j(bd

Control

c cMoY srrrrssss s

Where:

b.=a/b=50/30=16

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(500+405) + (300+405)} =3220 mm

a, =40 for interior column
f VC=0.75*2v24*3220* 405 = 1597.2 KN.

Vu critical= 715 *1.5%(1-.4) — 48.3*1.5*(1-.4) = 600

Check ®.VVc>Vu (Critical)

- 1597.2>600 ok.

< OK. d" to satisfy punching shear

... . g

F CR® 53 C51 \
! l | | 3
i 0.63 | 174 | 0.63 '
- ’ : ' csa |
- i 1
] | |
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4-9-4 Design in X Direction:

MRX =X Mx +§

MaCSl +2
=718*0.38*0.19*1.5-48*0.38*0.19*1.5
= MCSl =127 KN.m

4.9.4-1 Design of Bottom reinfor cement

Mu =127 KN.m
Mn = Mu/@z%: 141 KN.m

Rn= % = 14176/1500(405) 2 = 0.9 Mpa

pReg=1Um (1- /1 = 2mRn/Fy)
pReg=1/20.2 (1- /1 =2+« 20.2+0.9/412)
pReg=0.002

ASeq. =p*b*d
AS eq = 0.002* 150 * 40.5 = 13 cm?
Check for minimum reinforcement:

Asmin =(0.25/fy)= b = d./fc
Asmin =(0.25/fy)y/24 = 1500 = 405
Asmin =18 cm?
Asmin = 1.4*b*d/fy
=20 cm?.
1.3AS 1. = 1.3x13 =17 c?

As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x200 x 40.5 = 14.5 cm?
= ASe = 17 cm’

o Select 209 12 with As= 22 cm”> Ag,, = 17 cm”.
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Check of Strain:

Tension = Compression

A xfy =0.85%f 'xbxa
1700* 412= .85* 24* 1500* a
—2>a=23mm.

2>X=27 mm.

w5 = .004 < 0.0050K

4-9-4-2 Development Length of main Reinforcement:
Ld= fy axpxyxd,

2t

For ®12 bars:
Ld =40 d =48cm

AvailableLd = 100-7.5= 92.5cm.
Ld= 48>92.5
= Ok.

4.9.5 Design of Bending Moment about S3

MatCS2+ O
= (715%1.25* 0.625)* 1.5- (48* 1.25*0.625)* 1.5- (1000* 0.55)) =

= Mcs =-350 KN.m +
no top reinforcement .

Design of shrinkage and temperature reinforcement:

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x150 x 40.5=10.5 cm’

o Select 150 12 with As= 17 cm®.> As,, = 14.5cn?’,
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4.9.6 Design of Bottom Reinforcement at S3

Mu =350 KN.m
Mn = Mu/QZ%: 388 KN.m

Rn= % = 388"6/1500(405) 2 = 1.1 Mpa

pReg=1/m (1- /1= 2mRn/Fy)
pReg= /202 (1- /T -2+ 202+ 1.1/412)
pReg=0.003

ASe. =p*b*d
AS eq = 0.003* 150 * 40.5 = 24 cm?
Check for minimum reinforcement:

Asmin =(0.25/fy)= b = d,/fe
Asmin =(0.25/fy)y/24 = 1500 = 405
Asmin =18 cm?
Asmin = 1.4*b*d/fy
=20 cm?
1.3AS 1. = 1.3x24 = 31 cm?

As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x150 x 40.5 = 10.5 cm?
= ASe = 31cm’

o Select 16® 16 with As= 32 cm®.> As,, = 31 cnt’.

4.9. 7 Design in y- Direction
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MRy == My @ +
=>MRy = (715x0.62*.31)*2 - (48.3x0.62*.31)*2 = 256 KN.m

4. .7-1 Design of Bottom Reinfor cement

Mu =256 KN.m
Mn = Mu/@z%: 284 KN.m

Rn= % = 2846/1500(405) 2 = .8 Mpa

pReg= 1/m (1- J1—2mRn/[Fy)
pReg= 1/20.2 (1- ,/T— 2+ 20.2 » .8/412)
pReq=0.002

ASeq. =p*b*d
AS req = 0.002* 200 * 40.5 = 16.2 cm’
Check for minimum reinforcement:

Asmin =(0.25/fy)= b = d.[f¢
Asmin =(0.25/fy)y 24 = 2000 = 405
Asmin =20 cm?
Asmin = 1.4*b*d/fy
= 23 cm?.
1.3AS o = 1.3x16.2 =21 e’

As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x200 x 40.5 = 14.5 cn’
= ASe = 21 cm’

o Select 120 16 with As = 24 cm®.> As,, = 21 cnt’,
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Check of Strain:

Tension = Compression

A xfy =0.85%f 'xbxa
2100* 412= .85* 24* 2000* a
—2>a=22mm.

2>X=25 mm.

w5 = .004 < 0.0050K

4.9.7.2 Development length of main Reinfor cement:

Ld =% xaxBx yxdh

20"
Ld=40*1.6=64cm

4.9.8 Design Of Top Reinfor cement
As For shrinkage and Temperature:
As=0.0018 x b x h

As=0.0018 x200 x 40.5 = 14.5 cn’

o Select 150 12 with As= 17 cn’.> As,, = 14.5 cnv’.
4.12.8.1 Check Transfer of Load at Base of Column (Design of Dowels)

®Pn =®(0.85fC’AQ)

®Pn = 0.65(0.85)(30)(600x 300) x 10

= ®Pn =2983.5 KN > 2850 KN

<-Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As = pminxAg

As=0.005 (50 x 30) = 7.5 cm’
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Use 6 ® 14 dowelswith A, =9.24 cm?
4-9-8-2 Development Length (L,) of Dowels:
Ldfor ® 14:

- Ky
Lo=—2Z=xd
d 4\/@ b

_ 420
4430

But Not Less Than 0.044 xFyxd, = 25.87 cm
Available embedment = 50-7.5-2-2 =54.5cm > 26.84 cm

Ld x1.4=26.84cm
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4-10 Design of Strip Footing (Under the Shear Wall):

4-10-1 Load Calculations

Weight of wall (D.L.) = height x thickness of wall x1m wide x yc
Weight of wall (D.L.) =16.5% 0.2 x 25=82.5KN / m.

Total Dead Load = 38 KN/m.

Total Live Load = 22 KN/m.

Weight of concrete footing = 0.5%x25x1xbx =12.5bx KN

Weight of soil above footing =18x1x1xbx =18 bx KN

4-10-2 Determination of Footing Depth:

Assume footing thickness = 50 cm > h,, = 25cm.

4-10-3 Determination of Footing Width:
Allowable soil pressure = 500 KN/m?

i = O allowable

((38*1)+(22*1) +(12.5bx + 18bx )/1*bx ) = 500
60 + 30.5 bx = 500bx

2>bx =12.7 cm

—>select bx =60 cm

4-10-4 Check of Shear

Pu total = (1.2*38%0.6) + (1.6* 22*0.6) +(1.2*0.5* 25* 0.6)
+(1.6* 18*1*0.6)

- Pu total = 75 KN.

Pu/Area =75/ 1*.6 =125 KN/m
125<1.4*500= 700 KN/m
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i

: -

! P=438 KN/m P=43.8 KMN/m
1

1

1

1

: | 0.20 m 020 m .20 m
I i ’

. 0.6 m

I [

- |

1

1

|. Pu roen =125 KMNAm

1 -

-------------------------------------------

Pu per 1m strip = (1.6* 18* 1)+ (1.2¥0.5* 25+ 1) = 43.8KN/m
Vu = (125*.2) - (43.8.2) = 16.3 KN.

dVe= 0.75><% fo xbxd

d=50-75-1-1=405cm

1
=0Vce= O.75x—\/§x1000><405 =277.3KN
6

< The Depth of Footing is Satisfied.

4-10-5 Design of Bending Moment
Mu = (125*0.2*.2/2)- (43.8*.2*.2/2)
=2 KN.m

Mn=2/9=22KN.m
Rn = Mn/bd? =2/1000* 4052

Rn = 0.01MPa

fy 412

m= = =20.2
0.85* fc  0.85* 24

79



Chapter Four

Structural Analysis And Design

preq—— a-.1- 2m—)

fy

r :i(l_x/l_w):o_ooom
20.2 412

ASgq. =p*b*d
AS 1eq. = 0.00003 * 100 * 40.5 = .13 mm®

Asmin=0.25,/fc*b+d/ Fy

Asmin =(0.25/412)+/24 = 405 = 100U
Asmin =12 mm?
Not less than1.4* b* d/fy =1.4* 405* 1000/412 =13.8 mm?

»A s in=13.5 cm?

1.3AS 1. = 1.3x0.75 = 0.98 cm” < A s i = 13.5 cm?/m.,

As For shrinkage and Temperature:

As=0.0018 x b x h

As=0.0018 x100 x50 = 9 cm*/m

= AS g = 9 O

> Select 90 12 With As=10.17 cm” > AS o, = 9 Cn7’.
113 x100=11cm

Steq = 10.17
UseSg =10cm

So Select 12@10 cm.

4-10-6 Development Length of main Reinfor cement:

fy
2+/fc’

Ld= xaxBxyxdb

420 Ix1x1x1.2 = 46
= x1x1x1x1.2 = 46 cm.
230

Or40*1.2=48
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AvallableLd=20-75=125cm
Available Ld =12.5 <Ld req =46 cm
Available Ld =12.5

Using Hook >16® =16x1.2=19.2cm
=Hook Length =20 cm > 19.2 cm.
So Ld Tota = 20+22.5=42.5cm

4-10-7 Design of Secondary Bottom Reinfor cement

AS hin For Shrinkage and Temperature is required
As=0.0018 x b x h

As=0.0018 x100 x50 = 9 cm*/m
= AS g = 9 O
> Sdlect 90 12 With As=10.17 cm” > AS 1, = 9 cm?®

1.13
Seq = 1017 x100=11cm

UseSg =10cm
So Sdlect @12@10cm.

4-10-8 Design of Secondary Top & Bottom Reinforcement For The
Top Layer:

AS hin For Shrinkage and Temperature is required
As=0.0018 x b x h

As=0.0018 x100 x50 = 9 cm*/m
= AS g = 9 O
> Sdlect 90 12 With As=10.17 cm” > AS 1, = 9 cm?®

1.13
Seq = 1017 x100=11cm

UseSg =10cm
So Sdlect @12@10cm.
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4-10-9 Check Transfer of Load at Base of Column (Design of
Dowels):

®Pn = ®x(0.85xfc'x Ag+Asg xfy) > Pu

Pu = (1.2*25*16.5*.2*1) = 99 KN.
0.65* ((.85* 24* 1000* 200) + (Asreq *412)) = 99000
2>Asreq=

0.65x[(0.85%30x1000x 300) + (As;eq X 420)] = 251.03x10°
= AS 1o = -62 CTP
S0 AS in, ISTrequired
Asmin =.0012*Ag
=.0012*100*20 =2.4 cm? /m

Use4 & 12 dowelswith As=4.52 cm?

4-10-10 Development Length of Dowels:

Ld.. =Y dp=22 vo-3834em

(red = 4k 4430
Ld)req = 0.044xTy xdb = 0.044x 420x 2 = 36.96 cm.

= Ldgq =38.34cm.
Nreq = LOieq+7.5+1.2+1.2
=38.34+75+1.2+1.2=48.24cm.
o Select hygq, =50 cm
= AvalableLd=50-7.5-1.2-1.2= 40.1cm.
AvalableLd=40.1cm> Ld(l)req =38.34cm.
»= 0k.80
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4-11 (Design of solid slap):

4-11-1:( calculation)

Areaof solid dlap 2.4*2.2

Lx/Ly = 2.4/22=11<2 - 2way solid dlap.

hreq=L/20=11cm - take h= 15 cm.

4-11-2:( calculation of load)
Dead load = 0.15*25= 3.75 KN/ m?
Liveload =10 KN/ m?

qu =1.2D+1.6L=20.5 KN/ m?

4-11-3 (internal forces & moment for Im strip inx& y direction by using
table 6.6.

Kfx: moment paremeter in x direction.

Kfy: moment paremeter iny direction

KAX: support reaction in x direction.

Kay: support reaction iny direction.

by using Lx/Ly =1.1
D Kfx=224 &Kfy=27.9 & KAx=Kay= 2.09.
Mfx= qu*Ix? /Kfx = 4.43 KN.m/m
Mfy = qu*IX? /Kfy =3.56 KN.m/m
Ay = AX = qu*IX/KAx =21.6 KN /m.

By using table 6.9 - dx=1.34 & dy=1.34.
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to prevent the rotation of edge we increased filed moment Mfx &
Mfy.

Mfy become = dy*Mfx = 6 KN.m/m

Mfx become = dx* Mfx = 4.6 KN.m/m

4-11-4 ( Designe of shere)
D =15-2-1=12cm

V,max = 21.6KN
dVe >V,

dVc = 0.75x% fc xbwxd
=0.75x %@ x1000x120 = 73.5KN >V,

OK no shear isrequired.

4-11-5(desgne of x direction)
Mu =6 KN.m/m

Mn = Mu/Q:%: 6.7 KN.m/m

Mn

Rn= od? =6.7/120(290) 2 =.57 Mpa
me_ Y _ A2 5,
0.85* fc  0.85* 24
1 2mRn
reg=—@1-_ [1-——
preq m( y )
r :i(l_ /1_M):o_0012
20.2 412
preg= 0.0012
ASieq. =p*b*d

ASeq = 0.0012* 100 * 120 = 1.44cm? /m

Asmin =(0.25/fy)= b = d/fe
Asmin =(0.25/fy)y/24 = 100 = 120
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=3.56cm? /m
Not less than1.4* b* d/fy =1.4* 120* 290/412=4 cm?*/m

1.3*Asreq=1.87cm? /m
Asfor shrinkage& temp = .0018**12*100 = 2.16 cm > /m.
>Asreq=2.16cm? /m

> Select ® 8/15cm With As=3.34cm? /m

4-11-6( designein y direction)

Mu =4.8 KN.m/m
Mn = Mu/@= 5.3 KN.m/m

Rn= % = 5.3/120(290) 2 =.36 Mpa
me_ Y _ A2 .,
0.85* fc _ 0.85* 24
preqzi(l— 1- 2mRn)
m fy
r :i(l_ Jl_w) — 0.0012
202 412
preg= 0.0012
ASeq. =p*b*d

ASeq = 0.001* 100 * 120 =1.2cm? /m

Asmin =(0.25/fy)= b = d/fe
Asmin =(0.25/fy)y/24 = 100 = 120
=3.56cm? /m
Not less than1.4* b* d/fy =1.4* 120* 290/412=4 cm?*/m

1.3*Asreq=1.88cm? /m
Asfor shrinkage& temp = .0018**12*100 = 2.16 cm > /m.
>Asreq=2.16cm? /m

> Select ® 8/15cm With As=3.34cm? /m
Ok.

- Select ® 8/15cm 1N both direction with

Top reinforcement take as shrinkage & tempreture ¢
@ 8/15cm With As=3.34cm? /m
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(4.12) Design of Isolated footing (F5):

(4.12.1) Determination of Loads & Area of footing:

Total factored load for column C5= 2500 KN
Allowable soil pressure = 500 KN/m?2
Determination of required area of footing:

_ total load
o 14s 0.

_ 2500
1.4x500

a=b=43.75=1.89m
select1.95x1.95 = 3.803m? > Aq,

= 3.75m’

\

o
hY

i
L =y
- ¥
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(4.12.2) depth Deter mination by check of punching:

Pumax = 2500KN

d=55-7-1-1=46cm
b, = Perimeter of critical section taken at
(d/2) from theloaded area

b, =364cm
Bc = proportion of column dimensions

Bc —5—0—125
40

a,=40.... interior column

The punching shear strength is the smallest of:

OV, =0.75x+ f, bCI—075 V24 % &3046 %1000 = 2050.7KN.....controls

DV, _075><[1+—}/ bd_o75 ( Ton j«/_ &6046 %1000 = 2666KN

J bd

= 0.75x (% + 2}@ x wxlooo = 3617KN

DV, 075><(

Where:
q)vc - Ucritical
R B0 gz aknm? e e i
A 1.95x1.95 ,;’ e

: '

1 1

i .

1

1

1

1

1

1

1

1

i

i

1

i

: L=l 95 m
I

1‘

‘\._ Pu e =i 7 4 KNmd

e

e e
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Vucriticaj =s (A- Acritical )
=657.4%((1.95%x1.95) — (0.5+ 0.46) x (0.4 + 0.46)) =1957.3KN

Ucritical

®Ve = 2050.7KN >V, =1957.3KN . the selected depth is OK

(4.12.3)Deter mination of bearing pressure :

Resultant moment around x - axis: -
Mg, =0
Mg, =0

s _P__ 2500
A 195x195

657.4KN / m* <1.3* 1.4*500=900

=657.4KN / m?

(4. 2.4)Design of Bending:

e design in plain concr ete:

0.725 1 .95- 337 KN.m

D M s =657x0.725x%

S SSCT
s, = 0.42x./fc' = 0.42x+/24 = 2.06Mpa

3

f xMn=0.55xs ; x%

1.95x 0.55°
—_—X

=0.55x 2.06 x 10° = 61KN.m

f xMn=61< Mu =337KN.m

=> not satisfied ............. Design in reinforced concrete

e Designin reinforced Concrete

Mu =337kN.m
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m= fy - = 412 =201
0.85x fc  0.85x24

_ Mn=09  0337+09

- = =0.907N/m?
i bxd®  1.95x(0.46)*
; :1(1— 1- 2mRn)
m fy
o La \/1_ 2(20.9(0.907) _ 4 50
20.1 412

As = (0.002) (1950) (460) =1794 mm?
According to ACI-code (10.5.1):

2

14

As .. =0.25-—=(1950)460)> —— (1950 460
1o =025, 20 1950)460)> 1 150160
As . =26.08cm” < 30.4cm’

1.3x As,, =1.3x17.94=23.3cm’........... controls

As.. = 23.3cm?

2
As, < As;, = As, = As,;,23.3cm
Sdect 14 & 14/15 cm in both directions.

(4.12.5) Design of Dowels:

f xP, =f x(0.85x fc'xAg) > pu
=0.65x0.85x 24x 0.5x 0.4x 1000 = 2652 > Pu = 2500KN

= As = 0.005x 500 x 400 = 1000mm?
— Select7 @ 16
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4-13 Design of shear wall :
By analysis and calculation the magnitude of earthquake force is
greater than wind force , so that the design used isto be resist earthquake

force.

4-13-1 Determination of location of shear centroid (So):

—_ZXX|X _b><h3
= L, L=
V:Zxx|y | _bxh?

i, Y12
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| 10 | 0492 [1325] 6519 | 00061 | 1.35 | 0.008 ||
| 11 | 10049 | 28.85| 2899.137 | 0.0358 | 1035 | 0371 |

|! > 106.165 2969.712 | 6.0755 99.812 I|

Y: Z'XXX
>lx
< _ 2969.712
X==—"—"—""_""—"=2797
106.165 2/ 03M
v =2 lyxY
>y
<o _ 99.812
Y="—"-=16.42
60755  Lo-A28m
e, =13.473 m.
e =2.328m.
< 1. Part of Trandation to FRx & Fry:
FRxxl,,
QXi - Yi
2l
FRy x1_.
QYi: Xl
2Ix

<=1.2 Part of rotation:
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due to My= qx
MXmXIY me*
lw

Qui=-

MX Xy XXy
lw

Qvi=

Dueto My, = gy

My, xI,xY’
Qxi= Qiz-—Ym X n
lw
QYi:MmeIXXXm*
lw

=5 Iy x X*Zm +> 1y x Y*Zm

1.6 -20.72 | -33.152 686.909 | 0.009 | -0.13 -0.001 0.000 I

1
2 | 00128 | -17.72 | 0227 | 4019 | 46298 | +172 | 7963 | 13697 |
3 | 0171 | -1862 | 3184 | 59286 | 00044 | -118 | -0005 | 0006 |
4 16 -10.82 | -17.312 187.316 0.009 -0.13 -0.001 0.000
| 5 | 00045 | -2245| 0101 | 2268 | 02 | +1162| 2324 | 27.005
6
7
8

0.0045 | -186 -0.084 1.557 0.2 +11.62 | 2.324 27.005

|
0.0053 | -26.8 -0.142 3.807 0.3244 | -13.88 | -4.503 62.497 |
00053 | -2267 | 0120 | 2724 | 03244 | -1388 | -4503 | 62.497 |
| 9 | 00047 |-1862| 0088 | 1630 | 02348 | -1388 | 3250 | 45235 |
| 10 | 0492 |-1472| .7242 | 106.606 | 0.0061 | -15.08 | -0.092 1387 |
|| 11 | 10049 | +0.88 | 88431 77819 | 00358 | -6.08 | -0218 1.323 ||
| > | 106165 1530.072 | 6.0755 240671 |

lw=73 Ix x X% +3 1y x Y2,
lo = 1530.072 + 240.671 = 1770.743 m°
Torques due to gy -
MXn=FRX x g

=1 x(-2.328) = -2.328 KN.m
MY = FRy x &
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=1x (-13.473) = -13.473KN.m

4-13-2 Part of Load of Each Shear wall:
4-13-2-1 Loadsin X- direction :
FRx=1KN, MXx,= 1.989 KN.m

Part of translation = FRyxly,

2N,
[Wall T b PR, (FRod/sh |
| 1 | 0009 | 0009 0.001 1
| 2 |46208] 46298 0.762 |
| 3 [00044] 0.0044 0.001 1
| 4 | 0009 0009 0.001 [
| 5 0.2 0.2 0.033 1
| 6 0.2 0.2 0.033 |
| 7 03244] 03244 0.053 1
| 8 03244 03244 0.053 Il
| 9 |02348] 02348 0.039 1
| 10 |0.0061| 0.0061 0.001 |
| 11 [00358] 00358 0.006 1
I 5 | 6.0755 1.000 !
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Part of rotation : Qx dueto Mxt:

I
| 1 | 0009 | -013 0.000 ll
| 2 [46208] +1.72 0.010 I
| 3 |00044] -118 0.000 |
| 4 Jooo44] -118 0.000 I
| 5 | 0009 | -013 0.000 I
| 6 02 | +11.62 0.003 I
| 7 Jo3244] -1388 -0.006 I
| 8 |03244] -1388 -0.006 I
| 9 102348 -13.88 -0.004 I
| 10 Jo0.0061] -15.08 0.000 |
| 11 |0.0358] -6.08 0.000 I
I > | 60755 0.000 ||

Part of rotation Qy dueto Mx; :

! 16 |-20.72 -0.044 |
| 2 [o0o0128]-17.72 0.000 1
| 3 | 0171 | -1862 -0.004 [
| 4 16 | -10.82 -0.023 |
|l 5 | 00045 | -22.45 0.000 |
| 6 | 00045 | -186 0.000 1
| 7 | 00053 -2638 0.000 I
| 8 | 00053 | -22.67 0.000 1
| 9 | 00047 | -1862 0.000 [
| 10 | 0492 [-1472 -0.010 1
| 11 | 10049 | +0.88 0.116 [
I 5 | 106.165 0.000 !
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Part at Each Wall Dueto gy:

Qx; = Part of Trandation + Part of Rotation

Forwal No.1= Qx1 = +0.001 +0.000
Forwal No.2= Qx> = +0762 +0.010
Forwal No.3= Qxz = +0.001 +0.000
Forwal No.4= Qxa = +0.001 +0.000
Forwal No.5= Qxs = +0.014 +0.000
Forwal No.6= Qxs = +0.033 +0.003
Forwal No.7= Qxz = +0.033 +0.003
Forwal No.8= Qxs = +0.053 -0.006
Forwal No.9= Qxe = +0.053 -0.006
For wall No. 10 = Qx10 = +0.039 -0.004
Forwal No. 11 = Qx4 = +0.006 +0.000
> Qx = 1KN. =OK.
4-13-2-2 Loadsin Y-direction :
g, = FRy = 1KN.
| 1 1.6 1.6 0015 |
| 2 | 00128 | 00128 0000 ||
| 3 | 071 | oim 0.02 |
| 4 | 16 16 0015 |
| 5 | 00045 | 0.0045 0000 |
| 6 | 00045 | 0.0045 0000 |
| 7 ] 00053 00053 0000 |
| 8 | 00053 | 0.0053 0000 ||
| 9 | 00047 | 0.0047 0000 |
| 10 | 0492 | 0492 0005 ||
| 11 | 100.49 | 100.49 0947 |
S | 106.165 1.000 !
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0.047
0.035
0.122



Chapter Four

Structural Analysis And Design

Part of rotation : Qyx dueto Myt:

T Y% [ (My/ 1) xbx Y|

| 1 ] 0009 | -013 0.000
| 2 |46208] +1.72 0.061
| 3 [o0o0044] -118 0.000
| 4 | 0009 -013 0.000
l 5 02 |+1162 0.018
| 6 02 |+1162 0.018
| 7 103244] -1388 -0.034
| 8 J03244] -1388 -0.034
| 9 |02348] -1388 -0.025
| 10 |0.0061]| -15.08 -0.001
| 11 [o.0358] -6.08 -0.002
| 5 |60 0.000
L ) el |

Part of rotation Qy dueto My;:

! 16 |-20.72 -0.252
| 2 [o0o0128]-17.72 -0.002
| 3 | 0171 | -1862 -0.024
| 4 16 |-10.82 -0.132
| 5 | 00045 | -22.45 -0.001
| 6 | 00045 | -186 -0.001
| 7 | 00053 -2638 -0.001
| 8 | 00053 | -22.67 -0.001
I 9 | 00047 | -18.62 -0.001
| 10 | 0492 [-1472 -0.055
| 11 | 10049 | +0.88 0.673
I S | 106.165 0.001
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ForwallNo.1= Qvi = 40015 +0.000 -0252 =
Forwal No.2= Qv2 = 40000 +0.061 -0.002 =
ForwallNo.3= Qvs = +0015 +0.000 -0179 =
ForwallNo.4= Qvs = 40002 +0.000 -0024 =
ForwallNo.5= Qvs = 40000 +0.000 +0.000 =
Forwal No.6= Qve = +0002 +0.000 -0.022 =
Forwall No.7= Qyz = +0000 +0.018 -0001 =
ForwallNo.8= Qve = 10000 -0.034 -0001 =

For wall No. 9= Qyg
For wall No. 10 = Qv
For wall No. 11 = QYll

5 Qy = 1.001 KN.
= OK.

+0.000 -0.034 -0.001 =
+0.000 -0.025 -0.001 =
+0.947 -0.002 +0.673 =

4-13-3 Calculation of Floors Weight:-

Total Weight of the Ground Floor = 10574 KN.
Total Weight of the First Floor =10574 KN .
Total Weight of the Second Floor = 10141 KN .

Total Weight of All Floors= 31289 KN

4-13-4 Calculation of Shear Forceon Shear Walls:

From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=55

=1

Ca=0.24

Cv=0.24

hn=15.75m

Ct = 0.0488
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0.059
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Where:

Z : seismic zone factor asgiven in Table 16-1.

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

16-P.

| - importance factor given in Table 16-K.

Ca : selsmic coefficient, as set forth in Table 16-Q.

Ct : numerical coefficient given in Section 1630.2.2.

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

hi, hn, hx : height in feet (m) above the baseto Level i, nor X,
respectively.

T=C,(h,)" e (UBC)
T =0.0488(15.75)** =0.386
Cv.l 0.24x1
V=2 W == W =0.113W
1*RT VW E5x0386 " O
_25Cal,,, _25x0.24x1,, _
Vi= R W = EE W=0.109W control

V,;=0.11Cal.W =0.11x0.24x1xW = 0.026 W
V =0.109W =0.109%x31289=3410.5 control

Ft =0.07xTxV =0.07x0.386x3410.5=92.15KN

I second Floor(1) | 10141 | 34105 | 114 | 9215 | 331835 115607.4 | 1628.87 ||

| FirstFloor(2) | 10574 | 34105 | 7.58 | 9215 |3318.35|80150.92 | 2758.17 |

| Ground Floor(3) | 10574 | 34105 | 3.76 | 9215 | 331835 |39758.24 | 3318.35 |

I 2 31289 235516.6 I|

_ (3318.35)x115607.4

Fo= amsee oY
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4-13-5 Load Calculation of Wall (W1).
Part of load for wall (W1), dueto(qy) = 0.237
Load of Wall (W1):-

%I_!!;II
Second Floor(1)

1628.87 | 386.04 | 147468 |
| First Floor(2) 2758.16 | 653.68 3971.75 |
| Ground Floor(3) | 3318.35 | 786.45 6928.80 ||
- |

FVu=Fxx0.237
< VUu=1628.87x0.237 = 386.042 KN
=Mu =Vuxh

<" Mu =386.042x3.82 = 1474.68 KN.m.

e =

p Mu Vi X

I
: 186.04 KN 186.04 KN
[ ] | -
1
E H Socond Floo

i =y ” s

; 1474.68 KN.in 26764 KN 267.64 KN
] I -
: FJ
: 1 First Floe
! 3971.75 KN.m 786.45 KN " | 13277KN
[ ; r :

: N

: 1""': I k

__________________________________________________________________

100

l-.n______________________l-r.



Chapter Four

Structural Analysis And Design

4-13-5-1 Design of Reinforcement:-
Internal Forces And Moments:
Vu= 786.45KN

Mu = 3971.75 KN.m
Pu=1.2x11.4x0.3x4x25 = 410.4 KN

4-13-5-2 Design in plain Concr ete: -

dVn=Vu

®Vn=0.55x0.11fc xbxh

Whereb=Ly=

(Lw: - isthe length of shear wall in the direction of action).

®Vn =0.55x0.11/30x4000x 300=397.65 KN < Vu=786.45 KN
< Reinforcement must be provided.

4-13-5-3 Design of Reinforced Concrete: -

4-13-5-3-1 Design of the Horizontal reinfor cement:
Vu =786.45 KN.

d=0.8xLw =0.8x4000 = 3200 mm =3.2m

DdVe= o.75x%mx300x3200 = 657.27KN.

®Vs min =O.75(%]bxd
OVs min = 0.75@ 300 3200 = 240 KN.

oV, + ®VS i, =657.27 + 240 = 897.27 KN
®Vc=657.27 KN < V|;=786.45KN < ®Vc+dVsmin =897.27KN

» Category (3) Satisfy

DV, +PVs > Vu
=Reg®Vs=Vu- dVc.
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Req®Vs=786.45-657.27 = 129.18 KN

A, _ dVs
reg = ——
Sreq ) © 0.75xFyxd

A, ) _ 12918x10°
req

= =0.128mm
Sreq. 0.75x 420%x 3200

Ay
Sreq.

min. = 0.0025% h

Ay
Sreq.

AV min. > AV reg.
Sreq. Sreq.

min. = 0.0025%300=0.75mm

QV min.=0.75mm=0.075¢cm............ Controlled
req.

Select 2012 As= 2x7[1.2]" =2.26cm?

ButA—SV = 0.075cm
_ Av _ 226 _
=S=0078 " 0075 So-L3em
o Select S=30cm
S, < L?w .......... (ACI-318-11.10.9.3).
:>30cm<4_g°:80cm .......... Ok
-S,_,<3xh . (ACI-318-11.10.9.3).
=30cm<3x30=90cm  .......... Ok
-S,., <45ecm (ACI-318-11.10.9.3).
=30cm<45cm Ll Ok
SoAv =226 _40750m
s 30
(MJ =0.0753¢cm > [ Ay ]min.:0.075 cm
S Sreq.
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wUse 2012 @ 30cm C/C for thereinforcement in two layer.

4-13-5-3-2 Design of Vertical Reinfor cement.

"Minimum Vertical Reinforcement"

A =|0.0025+[0.5(2.5- My |w[(ArDy . 0.0025].8, % h
L, S, .h
h, 114
W T = . > /.
L.~ 40 2.85>25
= Avn = 0.0025xS, xh
_ L, _400_
Sl—? 3 133.33cm

S =3xh=3x30=90cm
Select 2012 As= 2x7[1.2]" =2.26cm?

Av _ 226

= 5= 5.0025xh ~ 0.0025x30 S0 13¢m
But Av = 0.0025xS;xh
=AY _ 226 _3593¢m

0.0025xh ~ 0.0025x30
> Seect SS30cm < § =90em< S =133.33cm

wUse 2012 @ 30cm C/C for thereinforcement in two layer.

4-13-5-3-2 Design of Moment: -

Design of light L oaded shear wall:

( Uniform Distributed vertical reinforcement will be neglected)
d=0.8xL,, = 0.8x4.0 = 3.2 m = 3200 mm

Mu = 3971.75 KN.m

_Mu _3971.75

Mn= =09

=4413.06 KN.m
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_Mn _ 41306x10° _,

Rn=—7== . 44 MPa
bd®  300(3200)
m=_1Y - 40 _1547
0.85fc  0.85x30
1 2XmMXRn
preq. = — - 1-—
m Fy
1 2X16.47 X 1.44
e 1- 1- =0.0035
16.47 420

AsS . =pxbxd
AS eq = 0.0035x30x 320 = 33.6 cm’

Cy=h=30cm

Areaof Boundary = C,, x h = 30x30 = 900 cm?
ASg, _336_

Areaof Boundary ~ 900 =00s7

AsreOI
: <8%
But Areaof Boundary 8%

AS, _
Areaof Boundary 0037008

- Sdfe
So Design as light Loaded shear wall:

- Select 14918

=As(14018) = 35.56 ¢’ > AS . = 33.6 cm’
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€312 E250mim (Hormwenial) —
l'l
ST

201 2 0 250mm (Vertieal)
’

~—— @12 @) 150mm (T2)
: ©12 @ 150mm (T2}

P e e e ittt

‘.L L - 1 - @16 Gt 150mmm (B1)
" €6 1 50mm (B
L]
LY
S Details of Shear Wall(1) -
. o o o i S o I ] . S B B S . 0, 0 . B Bt oo ot o s o s, -
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