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Structural Design of girls Elementary school in Hebron city
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Palestine Polytechnic University -2021
Supervisor

Eng . Muna Al shaer

Abstract

The idea of the project is summarized in the structural design work for girls Elementary school in
Hebron city that meets all services and comfort for users. The area of the land project is 4,675 square
meters , and the building area is 2,955 square meters, the percentage of building construction is
17.86%. The school has a basement floor with area 698 square meters and another three floors . The
architectural design of the project is characterized by being beautifully finished, providing comfort

and ease of access for users.

The objective of the project is to make the structural design of all the concrete elements that the
beams and columns where the American code will be building contains such as knots, foundations,
used in the structural analysis of concrete sections (ACI_318) and the Jordanian code to determine
the live loads on the building. Some software such as autocad2016, Atir will be used. It is expected
after the completion of the project to be able to present the design and structural analysis of all

concrete elements and to prepare the executive construction plans in details .
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As’= area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

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

fc’= compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete.

Xl



W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

ec = compression strain of concrete = 0.003.
s = strain of tension steel.

¢s= strain of compression steel.

p =ratio of steel area.

Xl
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Structural Analysis & Design

4.1 Introduction

4.2 Design method and requirements

4.3 the minimum thickness of structural member
4.4 Design of Topping

4.5 Design of RIB3

4.6 Design of Beam2

4.7 Design of column27

4.8 Design of single footing

4.9 Design of stair

4.10 Design of Basement wall

4.11 Design of shear wall
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4.1 Introductio

Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others. Reinforced concrete (RC), also called reinforced cement
concrete (RCC), is a composite material in which concrete's relatively low tensile
strength and ductility are counteracted by the inclusion of reinforcement having higher
tensile strength or ductility.

Reinforced concrete is logical union of two materials: plain concrete, which possesses
high compressive strength but little tensile strength, and steel bars embedded in the
concrete, which can provide the needed strength in tension. Concrete consists of a
cement and stone aggregate mixture that forms a rigid structure with the addition of
water. When steel that has a high tensile strength is embedded in concrete, the
composite material withstands compression, bending, and tensile stresses. Such a
material can be used for making any size and shape, for utilization in the construction.
The project consists of several structural elements that should be designed according
to the ACI code, using the finite element method by means of computer software such
as “ATIR”, “SAFE”, and “ETABS” for analysis and design.

4.2 Design method and requirements
ACI_code (318) is the code 1 use its requirements and assumptions to calculate the design

strength provided by a member.

4.2.1 Strength design method
In the strength design method (formerly called ultimate strength method), the service loads
are increased by factors to obtain the load at which failure is considered to be "imminent"This

load is called the factored load or factored service load. The structure or structural element is

then proportioned such that the strength is reached when the factored load is acting. The
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computation of this strength takes into account the nonlinear stress-strain behavior of

concrete. The strength design method is expressed by the following.
strength provided > strength required to carry factored loads

4.2.2 Factored loads:

The factored loads for members in this project are determined by:
Wu=12DL+16LL

Wu=14DL

NOTE:

fc'= 24 Mpa.

fy= 420 Mpa

concrete B300  will be used at design and calculations.

4.3 the minimum thickness of structural member:

— Minimum thickness of nonprestressed beams or one-way slabs unless

deflections are calculated according to table 4.1

Minimum thickness , h
Simply One end Both end

: i Cantilever
supported continuous continuous

MembenMembers not supporting or attached to partitions or other construction
likely to be damaged by large deflection

Solid one way

Slabs L/20 /24 ' Ia
Beams or ribbed
one way slabs| L/16 Lf18.5 /21 L/8

Table (4.1): Minimum thickness of structural members

4.3.1 Thickness of one way ribbed slab

For one end continuous :  1/18.5=5/18.5=0.27m
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For both end continuous:  1/21=4.05/21=0.214 m
Select h=28 cm
assume h = 28 cm

» with 20 cm block and 8 cm topping

»bw =120 mm

»h=280 mm »t = hf =80 mm

4.4 Design of Topping
bw =120 mm
h= 280 mm
t=hf=80 mm
4.4.1 Calculation of Dead load of topping
Topping in One way ribbed slab can be considered as a strip of 1 meter width and

span of hollow block length with both end fixed in the ribs.

wy, = 1.2D + 1.6L

40 cm |

wi?

wl?

wl?

74
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Fig (4.3 )Ztopping load and moment diagram

Parts of Rib Quality Density KN/m3 Calculation
Topping 25 25*0.08*1=2 KN/m.
Tiles 22 22*0.03*1=0.66 KN/m.
Mortars 23 23*0.03*1=0.69 KN/m.
Sand 17 17*0.07*1=1.19 KN/m.
Partition 1.5%1=1.5 KN/m.

Table (4-3): Dead load calculation for topping

- Total Dead Load = 2+0.66+0.69+1.19+1.5 =6.04 KN/m
- Live Load =5* 1 =5 KN/m.
-Wu=12DL+16LL=1.2%6.04 +1.6*5=15.248 KN/m.

_Wuxl? _ 15.284 %0.4?

- Mu =" —0.2033 KN. m
M, = 0422775,
Sm = P2 _ 1000:80% 1 heee66 667mm?

6

My = 0424V [cSm_ () 49%1%y/24 *1066666.667* 10°=2.2 KN. m

-g Mn = 0.55 * 2.2=1.207 KN. m

- 9 Mn> Mu > No reinforcement is required ,so shrinkage and temperature reinforcement must

be provided

p=0.0018

As = p* b *t = 0.0018 *1000*80 = 144mm?/1m.
»Use g 8 with As =50.27 mm?,

»number of bars =144/50.27 =2.86 =3
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Take 3 @ 8 with As =150.81 mm?/1m
»Spacing= 1000/3= 333.33 mm
Check for max. Spacing between bars

1- S=3h=3*80=240 mm ....... Control
2-  S=450mm.
3- S=380(280/fs)-2.5 concrete cover =

Fs = 2 fy = 2*420 =280 KN,

concrete cover =20 mm
S=380 (280/280) -2.5 * 20=330 mm

4- S=300(280/fs) = 300 (280/280) = 300 mm
Use S=200 mm< Smax =240 mm

» use 3 @ 8/20 cm in both direction

Check shear strength:

Vu =‘“:"l=—15'2‘*28 04 _ 30498 KN

_0.75

@ *Vc T* 24 *1*80=49 KN

B2V >V ceveienniennnns » No shear reinforcement is required
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4.5 Design of one way Rib slab (R3) at ground floor slab

t% I

1 z 3 4
1 2 3
A : A
IDSI 3T IU.SI 2.8 IU.EI 2.69 U.EI
L 42 L 3.31 L 349 o
I T T 1
52,
ZB'TT
12,
A-A

Fig (4.5):Geometry of Rib3.
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4.5.1 calculation of be effective ACI-318-14 (6.3.2)

1- beff << =2°=0.84m,
4 4
2- beff <bw+16 t;=1.2+16*0.8= 1.4m.
3- b eff < center to center spacing between adjacent beams =0.52m ...... control

4- b eff < bw+1/2 clear distance to the next beam web
=1.2+%*157=9.05m

4.5.2 rib load calculation

Tites F crrne

Adcrrtarr 2 om

Corearser Seerved fill 7 corn

R concrete Topping & cm
Corncrote blveh

R Concrere rib

Plersrer 2 cm

Fig (4.6):Typical Section at Ribbed Slab.

Material Quality Density calculation
(KN/m?)
Tiles 22 22*0.03*0.52=0.3432 KN/m
Mortar 23 23*0.03*0.52=0.3588 KN/m.
Coarse Sand Fill 17 17*0.07*0.52=0.6188 KN/m
Block 10 10*0.2*0.4 =0. 8 KN/m
Rib 25 25%0.2*0.12=0.6 KN/m
Topping 25 25*0.08*0.52=1.04 KN/m
Plaster 23 23*0.02*0.52 =0.2392 KN/m
Partition 1.5 *0.52 =0.78 KN/m

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

Total dead load =4.78 KN/m

Live load =5*0.52 = 2.6 KN/m

Dead load - Service Units:kN,meter
478 4.F8 4.F8
L
4.2 in 319
Fig (4.7):Dead load in the rib.
Live load - Service Load factors: 1.20,1.20/1.60,0.00
260 2.60 260
i L ¥
42 | in 3419

Fig (4.8):live load in the rib.

Check rectangular section or T-section:

Concrete B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Assume diameter of bar @12
d = depth - cover — diameter of stirrups —

=280 - 20 -10- (=) = 244 mm

diameter of bar
———)

2
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Max Mu =15.2 KN. m

omenfs: spans Tfo J

\\_/ DIIBBIDIEQ \\‘-4_;;/ L'Eioliz \_/
6. .
9.

II
3
1
152
| 156 25 | w0 o1m | owm 14|

1 1

Fig (4.9 ):Moment diagram of Rib
Mn= 0.85 *fc*br*tr*(d - =
0.08

=0.85 *24*0.52*0.08* (0.244 - T) =173.12KN. m

® * Mn¢=0.9*173.12 = 155.8 KN. m > Mu max

» design as a rectangular section

4.5.3 Design Rib (3) For Flexure

1- Design for positive moment

A) Spani;
Mu* =15.2KN. m

d =244mm
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Mn= 2= 22217 KN. m
RN= e = 202457 = 0.549MPa
m = O.Sf;,*fc = 0.:;52:)24- =20.59
p= (- [1-227
- 20?59 (1- \/1 B 2*20.3220.549)
= 0.00134

AS req = p*b*d =0.00134* 520*244 =170 mm?
Check of As min

~Large value of As min will be controlled

. 1
1- Asmin= oy */fc*bw *d

= — *\/24 *120 * 244 = 85.38 mm?

T 4420

2- As min= 22 *pw * d
fy

= = %120 *244= 97.6 mm’
> 97.6 mm? will be controlled
As min< As req
» Use 2 @ 12 with As =226 mm2 > Asreq= 170 mm?2.

Check for strain: ACI-318-14 (9.3.3)

Tension = compression
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As*fy=085*fc*b*a
226.2*420=0.85*24 *520 * a

a=8.9 mm

c= _ 89
BL  0.85

=10.53 mm x Note: fC' = 24 MPa< 28 MPa—>[31 = 0.85

€ =0.003 *(—) 0.003 *(222=22%3) - 0.066> 0.005 .... Ok ...... ®=0.9

10.53
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

= 0.9*0.85 *24 * 8.955 * 520 *(244- 8.955/2) =20.4 KN. m> Mu

b) Span2;

Mu*=4.7 KN. m

Mn= “%“ %7 252 KN. m

_ Mn _Mn _ 52%10° _
Rn= bxd2 bxd2 5202442 0.167Mpa

_ fy _ 420 _
M = C85+tc 085724 20.59

1 2mR
p=—(1- |1- Tyn)
2%20.59%0.167
=205 \/ —) 0.0004

AS req = p*b*d =0.0004* 520*244 =50.95 mm?

AS req < As min =113.6 mm?

> Use 2 @ 12 with As = 226.2mm2 > As req= 113.6 mm2.

Check for strain:
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Tension = compression
As*fy=085*fc*b*a

226.2*420=0.85*24*520 * a

a=8.9 ... c=2=22 -1053mm
B1  0.85

€ =0.003 *(dt ) = 0.003 *(222=1%5% — 0.066> 0.005 .... Ok

10.53
® =0.9
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)
= 0.9*0.85 *24 * 8.955 * 520 *(244- 8.955/2) =20.47 KN. m> Mu
c) Span3

Mu*=9.1 KN. m

Mn= M2 2_10 11 KN. m
o 0.9

_ Mn _Mn _ 10.11%10% _
Rn= bxd2 bxd2  520%2442 0.326 Mpa
=D *20_ - 2059
0.85*fc 0.85%24

1 2mR
p=—(1- [1- T;yn)

\/ 2%20.59+0. 326) 0.000788
= 2059

AS req = p*b*d =0.000788* 520*244 =99.45 mm?

AS req < Asmin=113.6 mm?

> Use 2 @ 12 with As = 226.2mm?2 > As req= 113.6 mm?2.
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Check for strain:
Tension = compression
As*fy=085*fc*b*a

226.2*420=0.85*24* 520 * a

a=8.9 mm
c=—= =22 -1053mm
B1  0.85
€ =0.003 *(“lt ) =0.003 *(*—2=%) = 0.066> 0.005 .... Ok ....... #=0.9

®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)
= 0.9%0.85 *24 * 8.955 * 520 *(244- 8.955/2) =20.47KN. m> Mu

Design of Negative moment
1) Mu =124 KN. m

Mn= == 22 =13.78 KN.
- O.Sf:*fc - 0.:52324 =20.59
p= = (1- [1-22
~ 2059 \/ %)
=0.001

AS req = p*b*d =0.001* 520*244 =136 mm?

AS req > As min
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» Use 2 @ 12 with As =226.2mm2 > As req= 116.45 mm2.

Check for strain:
Tension = compression
As*fy=085*fc*b*a

226.2*420=0.85*24*520* a

a=8.9mm
c=2="22 -10536 mm
B1  0.85

244-10.53

€ = 0.003 *(“=5) = 0.003 *(**22

) =0.066> 0.005 .... Ok

®=0.9
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

= 0.9%0.85 *24 * 8.955 * 520 *(244- 8.955/2) =20.4 KN. m> Mu

2) Mu = 6.6KN. m

Mn=22= %€ =7 33 KN. m
D 0.9
Rn= ;\222:;\222 = 1:.2303:2140:2 =0.236 Mpa
m = 0.82,*fc = 0.;:52:)24- =20.59
p= (- [1-22F

1 2%20.59%0.236
=L (1 [1 2200236
20.59 420

= 0.00056
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AS req = p*b*d =0.00056* 520*244 =72 mm?

AS req < As min =113.6 mm?

» Use2 @ 12 with As = 226.2mm?2 > As req= 113.6 mm?2.
Check for strain:
Tension = compression

As*fy=085*fc*b*a

226.2*420=0.85*24*520 * a

a=8.955mm
c=-2 =295 _ 1553 mm
B1  0.85

244—10.53) =0.066> 0.005 .... Ok
10.53

€ =0.003 *(<=5) = 0.003 *(
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)
= 0.9%0.85 *24 * 8.955 * 520 *(244- 8.955/2) =20.4 KN. m> Mu

4.5.4 Design of shear for Rib (R3) Vc

The shear provided by concrete for the ribs shall be permitted to be taken as 1.1 times than

that for beams .

Shear

-25.2

-19.8 1569

107
149 137

176 03 10,1
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Fig(4.10): shear diagram of Rib3

Vud = 19.8KN.
11*dVe=11*p * %_C*bw* d

=1.1*%0.75 *\/%_4 *0.12 * 0.244*10%® = 19.72 KN

Region 2

% <Vu < 1.1dvc

Vu < 1.10vc
19.8<23 KN

Region 2 is satisfied

Av b 120
2 >2-_"2 -0.095 ...control
S 3fy  3%420

> \/ﬁbw _ \24%120

= =0.087
16%fy  16%420

try 210 .2 legs

% =0.095 2785 =0.095 »s=1653.7mm
= 600 mm
> g = 2;ﬁzlzzmm ..... control

Uses=15cm » Use2 legs stirrups @ 10@ 15 cm

54



4.6 Design of Beam

1 2 3 4 5
A A T A T L A
14T 14T LT pPe.
A A A A A
?3; 15 D.5I 45 ID.5 34 P'?f 262 illl.?nl 2.28 1|'.|3i
LI 19 1 1 3 1 1 33 LIl 2092 III 2,58 1
T

Fig (4.12): the geometry of beam at the ground floor

4.6.1 Determine thickness of beam

»For one end continuous : 1/18.5=2.58/18.5=13.9 cm
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»For both end continuous 5/21 4.05 /21 “23.8 cm

= B =500mm

= h=280mm

= d=h- cover - d stirrups -~ db/2

= 280-40-10-18/2=221 mm

4.6.2 Determination of Loads

load group no. 1

Dead load - Service Units:
20.0
15.9 15.9 149 | 15-5 1 19.5 ' 19.5
5 355 095, T%ms 2] PR
T

Live load - Service

Load factors: 1.20,1.2001.60,0.00

(. loosl

e |

I 1 laod T 1 Tobhsd | 1da § { |
5

2M

L) 1da |

0.95 2.85
T

Fig (4.13): the dead &live load of beam
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-70.

lost 133 | 25
I T

Fig (4.14): the moment diagram for beam

4.6.3 Design of flexure
Design of Negative moment

1) Mu = 54.2 KN.m
C max :gd
:3*221 =94.7 mm

a=PBlxc

=0.85*94.7 =80.5 mm

CI>=O.65+23E (€s—0.002)

©=0.65+ 222 *(0.004-0.002) = 0.82

Mn max = 0.85* fc* b * amax *(d- (amax /2))
= 0.85 (24) (500) (80.5 ){(221-(80.5/2)}*10"° = 148.4 KN.m
®Mn = 0.82*148.4 = 121.69KN.m > Mu = 54.2 KN.m

»The section must be designed as singly section
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Mn _ Mn _ 54.2/0.9x10°

Rn= b+d2 bxd2  500%2212 246Mpa
_ fy _ 420 _
M = o85-fc 08524 20.59
1 2mR

p= (- 122

_ 1 _ _ 2%20.59%2.46

= 2089 (4 \/1 20 )
=0.0062

AS req = p*b*d =0.0062* 500*221 =685.1 mm?
Check of As min

Large value of As min will be controlled

1- Asmin= ﬁ *[fc *bw * d

=1 %\/24 *500 * 221= 322.2mm?

T 4%420

2- As min= =2 *pw * d
fy
= =2 *500*221= 368.33 mm?
420
As min= 368.33mm? will be controlled

As req =685.1 mm?2 > As min = 368.33 mm?
Select 3@ 18, As =763.4 mm?.

Check for strain:
Tension = compression
As*fy=085*fc*b*a

685.1 * 420 =0.85* 24 * 500 * a
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3)

a=28.2 mm

=282 —332mm
0.85

221-33.8

€ =0.003 *(—) 0.003 *(*=) = 0.0166 > 0.005 .... Ok ........ $=0.9
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

=0.9*0.85 *24* 28.2 * 500 *(221-( 28.2 /2)) = 55KN.m > Mu =54.2KN.m

Mu=49.4 KN.m

Mn _ Mn _ 49.4/0.9x10°

Rn= bedZ brdZ 5002212 2.24Mpa
_fy 420 _
M = o8sefc  085:24 20.59
1 2mR
p=—(@1- |1- T}lyn)
2%20.59%2.24.
= 2059 \/ —) 0.0056

AS req = p*b*d =0.0056* 500*221 =628mm?

As req =628 mmz2 > As min = 368.8 mm?

4) Mu =344 KN.m

Mn _ Mn _ 34.4/0.9%10°

Rn= = =
bxd2 b=d?2 500%2212

=1.56Mpa

f 420
m=—'—= =20.59
0.85xfc 0.85+x24
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2mRn

fy

1
p= (- f1-

1 2%20.59%1.56
=L (1- |1 — 22059150
20.59 420

=0.0038
AS req = p*b*d =0.0038* 500*221 =429mm?
As req =429 mm? > As min = 368.8 mm?
Select 2 @ 18 , As =508 mm? .
Check for strain:
Tension = compression
As*fy=085*fc*b*a

508* 420 =0.85*24 * 500 * a

a=20.9 mm
c=222 -2458 mm
0.85

€= 0.003 *(*=) = 0.003 *(Z* 2% = 0.023> 0.005 ... Ok

2458

=09
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)
= 0.9%0.85 *24* 20.9 * 500 *(221-( 20.9 /2)) =40.3 KN.m > Mu =34.4 KN.m

5) Mu=26.5 KN.m

Mn _Mn _ 26.5/0.9¥10°

Rn= = = =1.2M
bxd2 b=d?2 500%2212 pa
fy 420

M = 85+t 08524 20.59
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_ 14 __2mRn
p= @ j1-=
_ 1 _ _ 2%20.59%1.2
"~ 2059 (1 \,1 420 )

=0.0029
AS req = p*b*d =0.0029* 500*221 =325.6mm?
As req =325.6 mm? <As min = 368.8 mm?
Select 2 @ 18 , As =508 mm? .
Check for strain:
Tension = compression
As*fy=085*fc*b*a

508* 420 =0.85*24 * 500 * a

a=20.9 mm
c=222 -2458 mm
0.85

€= 0.003 *(*=) = 0.003 *(Z* 2% = 0.023> 0.005 ... Ok

2458

=0.9
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

=0.9*0.85 *24* 20.9 * 500 *(221-( 20.9 /2)) =40.3 KN.m > Mu =26.2 KN.m
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Design of positive moment

1) Mu=11.3 KN.m

Mn _Mn _ 11.3/0.9%10°

Rn= 0= = 1399100 —0 514 Mpa
m = 0.8f:*fc = 0.;52324 =20.59
p=—(1- [1- 2’}’;‘“)

~ 2059 \/ W) =0.00123

AS req = p*b*d =0.00123* 500*221 =136.9 mm?

Asreq =136.9 mm?2<As min = 368.8 mm?
Select 2 4 18 , As =508 mm?.

Check for strain:

Tension = compression
As*fy=085*fc*b*a

508* 420 =0.85* 24 * 500 * a

a=20.9 mm
=299 _ 9458 mm
0.85

221-24.58

€= 0.003 *(-=) =0.003 *(Z ==

®=0.9

®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)
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= 0.9%0.85 *24* 20.9 * 500 *(221-( 20.9 /2)) =40.3 KN.m > Mu =11.3

2) Mu=51.9 KN.m

Mn _ Mn _ 51.9/0.9x10°

Rn= = =
bxd2 bxd2 500%2212

=2.36 Mpa

_fy 420 _
M = S8sefc  0.85:24 20.59

2mRn
- )

1
P ;(1_ fy

(1 2*20.59*2.36 )
20 59 420

=0.0059
AS req = p*b*d =0.0059* 500*221 =661 mm?
Asreq =661 mm?2>As min = 368.8 mm?
Select 3@ 18, As =763.4mm? .
Check for strain:
Tension = compression
As*fy=085*fc*b*a

763.4 *420=0.85*24*500 * a

a=31.4 mm
=31% —369 mm
0.85

221-36.9

€5=0.003 *("=5) = 0.003 *(*222) = 0.014> 0.005 .
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)
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= 0.9%0.85 *24* 31.4 * 500 *(221-( 31.4 /2)) =59.2 KN.m > Mu =51.9

3) Mu=32.7 KN.m

Rn= Mn _ Mn _ 32.7/0.9x10°
bxd? bxd? 500%2212

=1.48 Mpa

fy 420

m = 0.85xfc =~ 0.85+24 =20.59
1 2mRn

_ 1 |, 2:2059+148

= 2089 (4 \/1 20 )

=0.00368
AS req = p*b*d =0.00368* 500*221 =406.86 mm?
Asreq =406.86 mm?>As min =368.8 mm?
Select 2 4 18 , As =508 mm? .
Check for strain:
Tension = compression
As*fy=085*fc*b*a

508* 420 =0.85* 24 * 500 * a

a=20.9 mm

=22 =2458 mm
€ =0.003 *(?) = 0.003 *(Z—=22% = 0.023> 0.005 ... Ok
=0.9
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®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

=0.9*0.85 *24* 20.9 * 500 *(221-( 20.9/2)) =40.3 KN.m > Mu =32.7

4) Mu = 20.3 KN.m

Rn= Mn _ Mn _ 20.3/0.9x10°
" bxd? bxd?2  500%2212

=0.923 Mpa

fy 420

m= =
0.85xfc = 0.85%24

=20.59

S __2mRn
p=n@ 1=

1 2%20.59%0.923
S R P e
20.59 420

=0.00225
AS req = p*b*d =0.00225 * 500*221 =248.76 mm?
Asreq=248.76 mm?2<As min = 368.8 mm2
Select 2 4 18 , As =508 mm? .
Check for strain:
Tension = compression
As*fy=085*fc*b*a

508* 420 =0.85* 24 *500 * a

a=20.9 mm
=209 =24.58 mm
0.85
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s=0.003 *(?) = 0.003 *(2212;:58) =0.023> 0.005 .... Ok

®=0.9

®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

=0.9*0.85 *24* 20.9 * 500 *(221-( 20.9/2)) =40.3 KN.m > Mu =20.3
5)Mu=26 KN.m

Rn= Mn _ Mn _ 26/0.9x10°
bxd? bxd? 500+2212

=1.18 Mpa

_fy 420
T 0.85+fc  0.85+24

=20.59

2mRn
)

1

- 20?59 (1- \/1 B 2*20.45%)
=0.00289
AS req = p*b*d =0.00289 * 500*221 =320 mm?
Asreq =320 mm?2<As min =368.8 mm?
Select 2 @ 18 , As =508 mm? .
Check for strain:
Tension = compression
As*fy=085*fc*b*a

508* 420 =0.85* 24 *500 * a

a=20.9 mm
c=222 -2458 mm
0.85
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221-24.58
2458

€ =0.003 *(?) = 0.003 *( ) = 0.023> 0.005 .... Ok
=0.9
®.Mn = 0.9%0.85 *fc * a * b *(d- a/2)

= 0.9%0.85 *24* 20.9 * 500 *(221-( 20.9 /2)) =40.3 KN.m>Mu =26  KN.m
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4.6.4 Design of shear

Shear

-95.3 -96.4
-78.7 -B0.7

ir4

i T T Tt Tt f
l7/ 14.7 L/
55, 54.6

7.7 Tar 71.3 70.9
95.4 30.3

Fig(4.15): shear diagram for beam
OVe=c+ d*\[fc *bw* d =2* 0.75%V/24 *500* 221 = 67 KN
Check if the dimensions are big enough:
Vsmax = 2 * @*,[fc *bw* d = = * 0.75%24 *500* 221= 270.66 KN
Vumax =67+270.66 =337.66 KN> 78.7 KN (shear envelope), Dimension is big enough
1) Vu=78.8 KN
Region 3

dVe<Vu < dVe + ®dVsmin

OVs min 2 = \/fc *bw* d = 22 V24 *500% 221=25.3 KN

16

75 .

®Vs min > 2 *bw* d = OT 500* 221 = 27.6 KN .... Control

wils

®dVe + OVsmin=67 +27.6=94.6 KN>Vu=78.8 KN....... satisfied.

Minimum shear reinforcement required, so;

A b 500
P> 2= 20— 03968 ...control
S 3fy 3420
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> Jfecbw _ +/24%500
T 16%fy 16%420

=0.364

try @10 .2 legs

Av 157

5 =0.3964 - 5 =0.3968 *s=395.66mm

< 600 mm

d _ 221
2_
2

= T=110.5 mm ..... control

Uses=11.05cm » Use 2 legs stirrups g 10@ 12 cm
2) Vu=66.4 KN
Region 3

dVe<Vu < dVe + ®dVsmin

. [0)] _ 075 —
®Vs min = — \/fc *bw* d = == V24 *500* 221=25.3 KN

16

Vs min > g *w* d = % *500* 221 = 27.6 KN .... Control

OVe + OVsmin=67 +27 .6 =94.6 KN >Vu =66.4 KN....... satisfied.

Minimum shear reinforcement required, so;

A b 500
2 >2%- > _ (3968 ...control
S 3fy  3%420

> Jfcbw _ +24%500
= 16xfy 16420

=0.364

try @10 .2 legs

Av 157

5 =0.3964 ~ S =0.3968 »s=395.66mm

<600mm
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3)

4)

d _ 221
===
2

Uses=11.05cm » Use 2 legs stirrups g 10@ 12 cm

Vu=72.7 KN
Region 3

OdVe<Vu > OdVe + OdVsmin

®Vs min >@/16 Vfc *bw* d = 0.75/16 V24 *500* 221=25.3 KN
®Vs min >@/3 *bw* d =0.75/3 *500* 221 =27.6 KN .... Control

= 72110.5 mm.....C

ontrol

OdVe + OVsmin=67 +27.6=94.6 KN >Vu =727 KN....... satisfied.

Minimum shear reinforcement required, so;
Av/S  >bw/(3ty )=500/(3*420 ) = 0.3968 ...control
>(Vfe bw)/(16*fy) = (V24*500)/(16*420) =0.364
try 210 .2 legs
Av/S =0.3964 ~(157)/S =0.3968 »s=395.66mm
<600 mm
>d/2 =221/2=110.5 mm
Uses=11.05cm * Use 2 legs stirrups ¢ 10@ 12 cm
Vu=55 KN
Region 3
®dVe<Vu > ®dVe + dVsmin
®Vs min >@/16 \fc *bw* d = 0.75/16 V24 *500* 221=25.3 KN
®Vs min >@/3 *bw* d =0.75/3 *500* 221 =27.6 KN .... Control

..... control

OdVe + OVsmin=67 +27 .6=94.6 KN>Vu=55 KN....... satisfied.

Minimum shear reinforcement required, so;
AV/S  >bw/(3fy )= 500/(3*420 ) = 0.3968 ...control
>(Vfe bw)/(16*fy) = (N24*500)/(16*420) =0.364
try @10 .2 legs
AvV/S =0.3964 ~(157)/S =0.3968 »s=395.66mm
<600 mm
>d/2 =221/2=110.5 mm
Uses=11.05cm *> Use 2 legs stirrups o 10@ 12 cm
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5) Vu=54.6 KN
Region 3
®dVe<Vu > OVec + dVsmin
®Vs min >@/16 \fc *bw* d = 0.75/16 V24 *500% 221=25.3 KN
®Vs min >@/3 *bw* d =0.75/3 *500* 221 =27.6 KN .... Control
®Ve + OdVsmin=67+27.6=94.6 KN>Vu=54.6 KN....... satisfied.
Minimum shear reinforcement required, so;
Av/S  >bw/(3fy )= 500/(3*420 ) = 0.3968 ...control
>(Vfe bw)/(16*fy) = (V24*500)/(16*420) =0.364
try 210 .2 legs
Av/S =0.3964 ~(157)/S =0.3968 »>s=395.66mm
<600 mm
>d/2 =221/2=110.5 mm ..... control
Uses=11.05cm *> Use 2 legs stirrups 0 10@ 12 cm
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4.7 Design of column27

Fc'=24 Mpa Reinforcement Steel fy=420 N/mm?
®Steel =20mm @ Stirrups= 10mm

Cover = 40mm

1) Service Load.

Dead Load = 877.19 KN

Live Load = 467.55 KN

e Factored Load.

Pu=1.2 x877.19+ 1.6x467.55 = 1800.708 KN

_pu_ 1800.708_

=2770.32 kN... use =0.65 for tied column
0 0.65

Pn

2) Dimensions of Column
Assume rectangular section

Use minimum pg =1%

¢ * Pn = 0.65x0.8xAg {0.85 fc'(1- pg) + pg * fy}
2770.32*10° = 0.65x0.8xAg {0.85 *24(1— 0.01) + 0.01 * 420}
Ag= 218376.16mm?

Use rectangular column 550*500 with Ag provided 275000mm?> 218376.16mm?
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550 : K— : X

500

Classification of Column Section.

Check Slenderness Parameter.

K Lu

M1
- = 34_12E5 40

Where:

Lu: Actual unsupported (Unbraced) length. K: effective length factor. According to ACI 318
(10.10.6.3) The effective length factor K, shall be permitted to be taken as 1.0

R: radius of gyration = 0.3 h ( For rectangular section).
Lu=3.64m M1/M2 =1

K=1 for pinned release columns in braced frame

e System about X-AxXis

kxlx _ 1x3.64

Rx  0.3%0.55

=22.06

System is braced :  22.06< 34-12*(% )<40 —System is SHORT about X

e System about y-Axis
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kyl 1%3.64
Ly 0% _ 94267
Ry  0.3%0.5

System is braced :  24.267 <’ 34-12*(% )<40 —System is LONG abouty

Bressler equation

1 _ 1 + 1 1
pn pnx pn0 pnO
pn

= pnx inexdirection (long)

Minimum Eccentricity (min e)
min e = 15+0.03h
h in the direction of ex = 500 mm
min e = 15+0.03*500= 30mm
Factored Load
Column weight = 3.64 *0.55*0.5*25 = 25.025 KN
Pu=1.2 *(877.19+25.025 )+ 1.6x467.55 = 1830.738 KN

Muy = min e* Pu = 0.03 *1830.738 =54.922 KN.m
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Magnification Factor §

§ =—— >1land < 14.
_(0.75*Pcr)
Where:

Cm = 0.6+0.4*(-) > 0.4

Cm = 0.6+0.4%() =1

2
*(Ex*I 0.4*Ec*I
por =20 g e
(k*Lu)? I1+Bd
1.2%Pd _1.2%902.215

=0.6

T 1.2#Pd+1.6+PL _ 1800.708

Ig = 24 = %00 572916666 7mm*

Ec=4750*,/fc =4750*V/24 = 23270.152

E*| _0 4%23270.152%5729166667 = 333296 KN/m2

I+0.6

?#(33329.6) _
(1%3.64)2

Pcr = = 24827.16kN

§=————— =11>1and <14.

~(G75vza8z716

Design of Moment Mny.

Mny = § * Mu =1.1 *54.922= 60.4142KN.m
ex=¢ *mine=1.1*0.03 =0.033 m

Interaction Diagram

ex =0.033 h=05m

ex 0.033
h 0.5

——=0.066
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d-d' _ 500-2+(40+10+2)

Y=——= — =0.76

ZPR_PY - 22072 %145 =0. 965 ki
Ag Ag 500%550 )

Form Diagram y=0.75
pg = min pg = 0.01
Form Diagram y=0.9
pg = min pg = 0.01

use 12 @20 with As provided= 37699.1> As req =2750 mm?

120920 55

Fig (4.15): reinforcement of column
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4.8 Design of single footing

Concrete R=300 fc'= 24 N/mm?

Reinforcement Steel FY=420 N/mm?2

assume Service surcharge5 KN/m?

Soil density Ysoit= 17 KN/m? Y concrete =25 KN/m?3

Service dead load=1142.53 KN Service live load=563 KN
Allowable soil Pressure = 400 KN/mz2.

» Assume footing to be about (60 cm) thick.

Net soil pressure(o allow)=400 - 5 - 1*17 - 0.5*25 = 365.5 kN/m 2
Required sizes of footing:

Determine the factored load

Pu =1.2*dead +1.6*live

=1.2*1142.53+1.6*563=2271.836 kN

__pu_ _2271.836 =6.512 m?
q allow 365.5
» 1=v6.517 =2.49 m »select1=2.4m

pu _ 2271.836
A 2.4%2.4

Determine qu= =394.4< 1.4+ o allow

< 1.4 % 365.5 = 511.7 kN/m 2

» selected dimensions are ok

» Determine the Depth of footing according to shear design
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- Assume h =60 cm
- Assume cover 75 mm, and steel bars of g 16
»d= 600-75- 16 =509 mm

Check for one way shear strength At distance from the face of support

Vu =q*b(; - -d)
=394.4%2.4 (% - 22-0.509) =417.43 kN
o*\e = g*(é * [Fc™* bu*d)

= 0*( *V24* 2.4%0.509)

= 0.75*(= *VZ&* 2.4*0.509)

=748.1kN » o*Ve> Vu
» h =60cm is ok

—Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:
1 2 <
1- o*Vc= ﬂ*g *(1+E),/fc bod
1 <
2- 0*Vc=o *— *(b‘;;d+2) Jfe bod

3- o*Vc=9¢ *l,/ fc bod

l l th 0.5
N ,[)) _column leng (a)
column width (b) “o. 55

—=0.9

d
— bo = Perimeter of critical section taken at (E) from the loaded area

bo= 2*(d+a)+ 2%(d+b) =2*(50.9 +50 )+2*(50.9+55) =413.6cm

- as = 40 for interior column

g *Vc= ﬂ*%*(l+2/Bc)\/Fbod = 0.75*%*(1+2/o.9)m *4136*509=4154 kN

* —_ *1 * * * * *
B *Ve=p *— (bo/ +2) \/fc bed=0.75 (4136/ T3 —+2) V24 *4136*509=4462.26 kN
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R 1 _
o*VC=p *E,/fc bod=0.75 *§m *4136*509=2578.36 kKN

9>V c=2578.3 = control

Vuc = Pu - Fr

Frb= o allow*area of critical section

Vuc=2271.83-(394.4*(.5+.509)(.55+.509)) =1850.4 KN

g*Vc > Vuc - satisfied

240*240*60
c6

2.60

2

0.95

—A——

0.50

_/_

095

P

60

Fig (4.16): isolated footing
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Design for Bending Moment:

Design for flexure in long direction:
Take steel bars ofe 16

b=2.4m h=60 cm d=50.9cm

Mu = 394.4%0.93 * 2.4* % = 409.33 KN.m

_ Mu _ 409.33x10% _
Rn = @xb+d"2  0.9%2400%5092 0.73144 MPA
m=—2LY 129 20,58

T0.85+fc  0.85%24

p=—(1-1 )= 0.00177

_ Zr;;ln ) - 2(:58(1_\/1 _ 2*20.52;3.73144

As= pxbxd=0.00177 * 2400 * 509 = 2167mm?

Asmin = 0.0018 bh = 0.0018 * 2400 * 600 = 2592 mm?
Asmin > As

Select Asmin = 2592 mm?

Take 13016 with As = 2613 mm? > Asmin

Design for flexure in short direction

Take steel bars ofe 16

b=2.4m h=60 cm d=50.9cm

Mu = 394.4%0.95 * 2.4% "Zﬂ = 427.135 KN.m

_ Mu _ 427.135+10° _
m=—L"_ = 22 —5058

T0.85+fc  0.85%24
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_ l ) _ZmRn - 1 . _2*20.58*0.763 —
p= (11— )= J1 S )=0.00185

As= pxb+d=0.00185 * 2400 + 509 = 2263. 15mm?

Asmin = 0.0018 bh = 0.0018 x 2400 * 600 = 2592 mm?
Asmin > As

Select Asmin = 2592 mm?

Take 13016 with As = 2613 mm? > Asmin

_ 2400—-2%75-13%16
12

S =170mm

Step is the smallest of:

3*h =3*600 =1800mm
450 mm — control

S=170mm < S max=450 mm —-ok

4.7.1 Design of Connection Between Column and Footing
The factored load at the base of the column is
Pu =1.2*dead +1.6*live =1.2*1142.53+1.6*563=2271.836 kN

The allowable bearing on the base of the column is @*(0.85*fc’ *Al)
Section10.14.1)

»When the contact supporting surface on the footing is wider on all sides than the loaded area, the

maximum bearing load on the top of the footing may be taken as
R A2
@« Pn= @*(0.85*fc’*Al) \/;

> 2

l
:bl:b
=N
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where :
@ : 0.65 for bearing according to ACI Code Section 9.3.2.4
Al: is the area of the contact surface between the column and the footing
AZ2: is the area of the contact surface between the column and the footing
Design of bearing pressure at section of column
@ = Pn = 0.65 x 0.85 x fc' x Al =0.65 * 0.85 *24 * 500*550=4290 kN

@ * Pn > Pu —the maximum load that can be transferred by bearing is 4290 kN , and

dowels are NOT needed
Asmin = 0.005 * A1 = 0.005 * 50 *55 = 13.75 cm?
_ Select 99914 with As = 9 *1.54 = 13.86 cm2 > Asreq = 13.75 cm?
Lap splice of dowels in column in compression(Lsc)
Lsc req = 0.071 * fy* dB =0.071 * 420 * 14 = 417.5 mm
Select Lsc = 1m > Lsc req

Design of compression development length (Ldc)

— fy - 420 -
1-Ldc=0.24 * ﬁ* db =0.24 * ﬁ* 14 =288 mm

2-0.043 * fy *db = 0.043 * 420 * 14 = 252.8 mm
—Ldc=288 mm - control
Available Ldc =600 -75 -16 -16 =493 mm > Ldc = 288 mm —ok

Required length of hook> 16*db >16*1.6 = 25.6cm — Use Hooks=30 cm
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e. Design of tension development length (Ldt)

because the X direction and y direction are the same so the development length is the same

Ldt req = i* fy *wt*ws*(ue * db 2 300 mm

10 A /_C ktr+cb
s db

ktr+cb

Where 0 <25

Ktr =0

ktr+ch ktr+ch
fr+ch 083 ~ 5 187> 2.5 — select <L =

— =2,
db 16 db S

Cb= 75+ % =83

Ldt req= — *—=2 *12*%8 x 16 = 395 05 mm > 300 mm ....... ok
10 1x/24 25

Ldt available =950 — 75 =875mm > Ldt req —not required hook

240=240=60

e

. o
g5 H

T ;

LN ]
[ |
‘—-i_._.

13216243
=]

=]
0
m

A6 L =2 55 o= —

-
1%_.

(1] 0.93
-~ 2 80 -
2 o R Cos o =]
9@ 14
/ / 1.00
Lsc=1m
A4 13@1s
| iy

| AR R e STl DY el Tl | d

Fig (4.17): detailing of footing
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(9-4) DESIGN OF STAIRS

Concrete B300 fc’=24N/mm?2 . Reinforcement Steel fy=420 N/mm2 .

Wall thickness=20 cm Cover = 20mm

Live load =5 KN/m

Y 258 e sdsala

| 1 1.77
1.60 r
n:tﬂ | I
1.60 }
1010.3-5
9-4-1 Design of Flight
Structural System.
—<= =
e I — | : :
+ ) *
“+ 5 s00 . | -
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Limitation of deflection

L= (1.83+3+1.77 )=6.6 m

l

Fig (4.19):structural system of flight

hmin=— = 66 =0.33 m— select h =25 cm

20 20

rise

_ -1 rise 165 o
0 = tan (run)-tan (z=) =288

300

9-4-1-A :Flight Dead Load computation

Material Quality Density KN/m?3 W (KN/m)
Tiles 22 22+(22222%)%0,03*1=1.883
mortar 23 3*(—° 165+93)+0.02+1=1.023
Stair steps 25 (° 165:03) 41-2.0625
Reinforced concrete slab 25 M=5_7

c0s28.8
Plaster 22 22x0.02x1_

c0s28.8 =0.753

Total dead load =11.4215 KN/m
Dead Load = 11.42 kN/m Live Load =5 kN/m
Total factored Load : w = 1.2 * Dead Load + 1.6 *Live Load
w=1.2*%11.42 +1.6 *5=21.704 kN/m

9-4-1-b- Landing Dead Load computation
Material Quality Density KN/m?3 y.h.1 (KN/m)
Tiles 22 22*0.03 *1=0.81
mortar 23 23*0.02 *1=0.44
Reinforced concrete slab 25 25*0.25 *1=6.25
Plaster 22 22*0.02 *1=0.66

Total dead load= 8.16 (KN/m)
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Dead Load =8.16 kN/m Live Load =5 kN/m

Total factored Load : w = 1.2 * Dead Load + 1.6 *Live Load

w=1.2*8.16 +1.6 *5=17.792 kN/m

for two direction

for one direction w=9.646 kN/m

21.0

Fig (4.20) load on flight

Check for shear strenght:

Assume @ 14for main reinforcement:
D=h-20-22 =250-20-= = 223 mm
Assume beam width 30 cm

Internal force for left side =55 kN

Vu =55-9.646 *(0.15+0.273 )=45.6 KN

#*Ve = g*(z */fc* bu*d)

=0.75 *(% *\/24* 1000*223 )=136.55 KN

@ *Vc> Vu — The thickness of the slab is adequate enough

Design of Bending Moment

Mu =55 *2%- 0,64 *1.83*(“) -21.7%> + 2= 114.48 kN.m
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Mu 114,48

Mn= o o9 =127.2 KN. m
m= O.Bf:*fc = 0.:52:)24 =20.59
p= (- [1-720

2*20.59*2.557)
20 59 420

=0.00652
AS req = p*b*d =0.00652* 1000*223 =1453.96 mm?
AS min = p*b*d =0.0018* 1000*300 =540 mm?
Take 1014 /m strip with As = 1540 mm? > AS req =1453.96 mm? or
Or g16/12cm
Check for spacing:

3*h = 3* 250=750 mm
450 mm

280 280

S=380*%(>2)- 2.5 *Cc=380*(;,)- 2.5 *20=330mm — control

S=100 mm < 330mm ok

Secondary Reinforcement

For shrinkage & Temperature As, provide equal:

As min =0.0018 * B * h =0.0018*1000*250 =450 mm 2
Use ® 10 @ 15cm

4.9.2 - Design of landing

Mu = 19.28*(3;) 9.64*1.8 *(18“’2) ~19.28 * ( 0 * (—) = 18.86 kN.m
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Mu 18.86
o

Mn= —209 KN. M

D= 250-20-14-12—4 =209 mm

RO= 4 707 = 1opn 3097 = 0-47Mp2
m= o.sf:*fc - 0.:&3»?24 =20.59
p= (- [1-220

=L L. \/ 2*20‘.}5290*0.47)
=0.00113

AS req = p*b*d =0.00113 * 1000*209 =271.7 mm?

control

AS min = p*b*d =0.0018* 1000*250=450 mm?
Take 3¢14 /m strip with As = 462 mm? > As min =450 mm? or

Check for spacing:

3*h = 3* 250 =750 mm
450 mm
S= 380*(

280 280

) 2.5*Cc= 380*( ) 2.5 *20=330mm — control

S=300 mm < 330mm ok
Secondary Reinforcement
For shrinkage & Temperature As, provide equal:

As min =0.0018 * B * h =0.0018*1000*250 =450 mm 2
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*1ano

fig (4.21): z o) s
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10.4 - Design of Basement Wall

concrete B300 fc’=24N/mm2 . Reinforcement Steel fy=420 N/mm?2 .
Wall thickness=30 cm,  Cover = 20mm. ysoil=17 KN/m3,

Wall Height =3.64 m @ SOil =30

—Self-weight of earth
ko=1-sin@®=1-sin30=0.5

eo=koxyxh =05x17x3.64=30.94 kN/m2

Eo=eox>=30.94 x222=56.3 kN/m

kox1=05%x5=2.5 kN/m?2

2.5%x3.64=9.1 /m

System and Loads:

For (1m) strip

factored loads qu=1.6 xE=1.6x25=4kN/m

90



535

Sk

9 1k

Skt 2
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Moments: __spans 1 to_1

1.09)

3.3

Shear

432 496

35.2

10-4-a Design of Shear Force
D=300-20-20 =260 mm
Vumax =48.2 KN
#*Vc = g*(z *\/fc* bu*d)
=0.75 *(% *v/24* 1000*260 )=159.22 KN> Vumax =48.2 KN h=30cm is ok

10-4-b Design of Bending Moment

Positive Moment

Mu =31.3 kN.m

Mu _ 313

Mn= 2= 212234779 KN. M

e et 1
m= O.Bf;,*fc = 0.:52:)24 =20.59

p= (- (1=
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1 2%20.59%0.514
=L (1- [1 - Z20s205
20.59 420

=0.00124

AS req = p*b*d =0.00124 * 1000*%260 =322.9 mm?
As min = 0.0012*1000*300= 360 mm?

select  10/20 with As =395 mm?

Bending Negative Moment

Mu =44.8 kN.m

_ Mu_ 44.8

Mn=——=—=49.78 KN. M
(o] 0.9

_ Mn _Mn _ 49.78 %10°% _

Rn= b+d2 bxdZ  1000+2602 0.736 Mpa
f 420
4 =20.59

m= =
0.85xfc  0.85+24

2mRn.

fy

1
p=—(@1- J1-

1 2420.59%0.736
" 2059 (1- \/1 - 420 )
=0.00178

AS req = p*b*d =0.00178 * 1000*260 =464.37 mm?

As min = 0.0012*1000*300= 360 mm?

select  10/15 with As =526.67 mm?
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Design of Horizontal Reinforcement.

As = As min

=0.002 *b*h = 0.002 *1000*300 =600 mm? for two layer
for one layer As =300 mm?

select ¢ 10/25 with As =316 mm?

s — — 1020
L3
- -3
5] el
= B
= =
Air side Earth Side
1625
L
@16/25 |
1 ——— o=
T —
| I

fig (4.23): basement wall reinforcement
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11.4 - DESIGN OF SHEAR WALL

39 45KN < F
g
E
v7
BIKN 3
585KN
T
D5.20KN i
§
) A g7
Wu

A

e 4BKN

Figure (4.24): shear and moment for the shear wall

Shear wall thickness h = 20cm. Building height, hw = 14.56 m
Check max shear strength permitted

@Vn, max =0.75 *0.83*,/fc *h*d

Let that d=0.8 Lw =0.8 x9.8 =7 .84m

Ord =0.8 Lw=0.8 x6.23 = 4.984 m for fourth floor

@Vn, max =0.75 *0.83*/24 *200*7840 =4782 KN > Vu = 214.23 KN
for fourth floor

@Vn, max =0.75 *0.83*v24 *200*4984 =3040 KN > Vu=214.23 KN

Calculate shear strength provided by concrete:

Critical section for concrete is the smallest of:

w28 =49m....... control
2 2
OR Z—ZW :14'256 =7.28m
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VC is the smallest of
—1* *h* —l-k * * —
V=2 [fe*h*d= —*\/24*200*7840= 1280.266 KN

NU.d

VC=0.27 *\/fe*h*d + =—==0.27 *\/24*200*7840 + 0=2074 KN

Ve =(0.05 */fe+ = 1M_ﬁ—f+° 2 @y4710

vu 2

Mu at critical section =1199.9 KN.m

1199.9

1423 3.15=245 > 00k

9.8 (0.1¥V24+0.2 *0

Ve =(0.05 *v24+ vr

)*300*7840=518.51 KN cont

Determine required horizontal reinforcement;
Vu =214. KN.

gVc =0.75x518.51 = 388.88 KN.

Vu < gVc — no need reinforcement

We need ¢ 10@20 for temperature and shrinkage

Determine required vertical reinforcement

> hw 14- 54_1 48
w 9.8

pv min > 0.0025 + 0.5 (2.5-2) (pt - 0.0025)>0.0025
for this wall 2= 1.48 < 2.5

Take pv=0.0025

Max spacing is the least of

13—”” =28 _326m

3h =3 %300 =900mm

450mm cont.
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Use ¢ 10@150mm

Design for flexure (uniformly distributed flexure reinforcement):
Check moment strength based on required vertical reinforcement for shear, The

uniformly distributed vertical reinforcement ¢ 10@150mm

Ast = 9800*2*78 5= 10257.3 mm2

L ASt \, fy 10257.3 |, 420
W_(W)(f_c) (9800*300)(_) =0.06
_ bu _ pu _
- lwhfc_ lwhfc_

c_ wta _ 0.06 +0
Iw 2w+0.858  2%0.06+0.85%0.85

=0.0712

0 = Mn = 0{0.5 Astfy w (1 +-2) (1- <))

Astfy lw

0.9{0.5 * 10257.3 * 420 * 9800(1 + 0)(1 — 0.0712)} >Mu
select p10@15
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L=aE2

2102q
L=A.16]

1215

L=d.64

@120
L=878

G0 E

L=4.64

S0

L=9.7§

@10/20

L=a78

E12/20

L=1E4

Fig (4.25):shear wall reinforcement
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