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.وخارجیة

استخداموتم، )ACI-318(الأمریكيالخرسانةكودمتطلباتعلىالتصمیمفيالاعتمادوتم
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Abstract

Structural design of the building "hotel in Jericho""

Team:

Mohammad  Shalaldeh       Mohammad  Abdalgany

Mohammad Awawdeh         Mutasem sabaiha

Palestine Polytechnic University

٢٠١٦-٢٠١٥

Supervised by:

Eng.khalil karamah

The idea of the project is structural design of " hotel
in Jericho city " The project is consists of four floors
in which the convenience of tourists and hotel guests
are available, restaurant, theater and swimming
pools.

We were used ACI code and structural designing
programs such as, ATIR, AutoCAD, and we studied
old graduation projects, that include detailed
structural study.

Our project will include detailed structural study the
analysis of the construction elements and the expected
various loads and then the structural design of
elements and the preparation of shop drawings based
on the prepared design.
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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.
Cc = compression resultant of concrete section.
Cs= compression resultant of compression steel.
DL = dead loads.
d = distance from extreme compression fiber to
centroid of tension
reinforcement.
Ec = modulus of elasticity of concrete.
fc = compression strength of concrete .
fy = specified yield strength of non-prestressed
reinforcement.
h = overall thickness of member.
Ln = length of clear span in long direction of two- way
construction,
measured face-to-face of supports in slabs without beams
and face to
face of beam or other supports in other cases.
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Lw = length of wall.
M = bending moment.Mu = factored moment at
section.
Mn = nominal moment.
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Pu = factored axial load
S = Spacing of shear in direction parallel to
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Vc = nominal shear strength provided by concrete.
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Vs = nominal shear strength provided by shear
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.

4-3 Determination of Factored Load.

4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam .

4-7 Design of stair.

4-8 Design of column

4-9 Design of footing

4-10 shear wall design
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4.1 Introduction

The project consists of several structural elements that will be designed according

to the ACI code and by using the finite element method using much computer

software such as “ATIR” to find the internal forces, deflections and moments for the

all structural element in order to design it.

Materials properties:

- Compressive strength of concrete = 25 MPa (B300)

- Yield strength of steel fy = 400 MPa

- 4.2 Determination of one way ribbed Slab Thickness

- According to ACI-Code-318-05, the minimum thickness of nonprestressed

beams or one way slabs unless deflections are computed as follows:

- hmin for one-end continuous = L1/18.5

hmin.= 390 /18.5 = 21

- hmin for both-end continuous = L2/21

= 400/21 = 19 cm

- We selected h = 25cm

- ( 17cm cement block, 8cm topping)



٤٠

4.3Determination of factored Load of rib :

4.3.1 Determination of loads for rib first basement (R15 ) :

- Dead loads :

TYPE *b*h KN/m

Tiles 0.03*0.52*23 0.3588

Mortar 0.03*0.52*22 0.3432

Sand 17*0.07*0.52 0.6188

Block ( 0.50*0.20*0.06) 15*0.17*0.40 1.02

Rib 25*0.17*0.12 0.51

topping 25*0.08*0.52 1.24

plaster 22*0.02*0.52 0.2288

4.3196

4-2 loading of rib

- Live loads :

Nominal Total Live load =2.5 * 0.52 = 1.3 KN/m  of rib

4.3.2 Determination of factored loads  :

- factored dead load = 1.2 * dead load = 1.2 * 4.3196 = 5.2 KN/m

- factored live load = 1.6 * 1.3 = 2.08 KN/m

4.4 Design of topping :

- Determination of loads :
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Dead loads :

TYPE *b*h KN/m

Tiles 0.03*1*23 0.69

Mortar 0.03*1*22 0.66

Sand 17*0.07*1 1.19

Topping 0.08* 1*25 2

4.54

4-3 Loading of topping

Live load =2.5 KN/m2.

- For one meter strip :

qu= 1.2* DL + 1.6* LL

qu=1.2*4.54 + 1.6* 2.5 = 9.448 KN/m

mkN
lw

Mu u .125.0
12

)4.0(9.448

12

22









Mn = 0.42 'fc ×
6

2hb

= mkN.24.210
6

80*1000
2542.0 6

2

  .

..125.0.232.1

..232.124.2*55.0

mkNMumkNMn

mkNMn







No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided

0018.0

.1/1448010000018.0 2
min mmmhbAs  

Use  8  with AS =(  * 82)/4 =50.27 mm2
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n=
.
= 144 / 50.27 = 2.86 bars  3 bars

S = 1000 / 3 = 333.33 mm

check for s :

1. S  3h = 3* 80 = 240 mm            control
2. S  450 mm

3. S  300* ( ) – 2.5 * Cc = 300 *( ) – ( 2.5 * 20)  = 250 mm

 300 * ( ) =300 *( ) = 300mm

Use distance  S = 20 cm < S control = 240 mm      ok
Use  8   @ 20 cm in both directions .

4.5 Design of Rib first basement (R15 ) :

Figure (4-1 ): geometry of rib

A

A

1
1

A

A

2
2

A

A

3
3

A

A

4 5
4

0.6 3.2 0.80.8 3.2 0.80.8 3.2 0.80.8 2.95 0.6

3.9 4. 4. 3.65

12.

25.

8.

52.

A A
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4.5.1 Design of flexural :

4.5.1.1 Design of positive moment for rib    :

 Effective Flange width ( Eb )

( a) beff. bw+ 16 hf = 120 + ( 16*80)= 1400mm

Figure (4-2 ): loading of rib

Figure (4-3 ): moment envelope of rib

Figure (4-4):shear  envelope of rib

load group no. 1
Dead load - Service Units:kN,meter

4.30

3.9 4. 4. 3.65

4.30

3.9 4. 4. 3.65

4.30

3.9 4. 4. 3.65

4.30

3.9 4. 4. 3.65

Live load - Service Load factors: 1.20,1.20/1.60,0.00

1.30
3.9 4. 4. 3.65

1.30
3.9 4. 4. 3.65

1.30
3.9 4. 4. 3.65

1.30
3.9 4. 4. 3.65

Moments: spans 1 to 4

3.1

-12.4

-6.6-6.
-9.8

-4.5-4.6

-11.5

-5.5-5.8

2.9

9.2
5.6 5.9

7.9

1.02 1.35
1.09

1.05
1.2

1.03

0.72 0.85
0.65

0.63
0.8

0.7

1.56 2.34 2. 2. 2. 2. 2.19 1.46

Shear

7.8
11.4 10.2 11.9

-12.9
-10.1 -11.2

-7.

11.5

-17.3

15.8

-14.5

14.6

-15.6

16.4

-10.7
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(b) beff. center to center spacing between adjacent beams = 400 + 120 = 520

mm

( c) beff. L/ 4 = 4000 / 4 = 1000 mm

Take beff. = 520 mm           control

- From the geometry of T-section :

beff.= 520 mm bw = 120 mm   hf= 80 mm

h = 250 mm , h etolit block = 210 mm , h cement block =170 mm

 design rib (R15) against positive moment:

Assume Ø12

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

D=250-20-10-12/2=214mm

*the maximum positive moment in all span rib:

Mu=+9.2 KN.m

Check if a>hf or not.

Mnf =0.85×Fc’ × b× hf ×(d-hf/2)

= 0.85×25×520×80(214-40)=153.82KN.m>>9.32/0.9=10.22KN.m

A<hf

The section will be designed as rectangular section with be=520mm.

Mn =


Mu
=

9.0

2.9
= 10.22 KN .m

Rn =
2*db

Mn

Rn = 2

6

)214(*520

10*22.10
0.429 MPa
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m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)82.18)(429.0(2
1 ) = 0.00108

A req = ρ * b * d = 0.00108* 520* 214 = 120.18 mm²

 Check for As minimum :

       dbw
fy

dbw
fy

cf
As

4.1

4min 




       214120
400

4.1
214120

4004

25
min As

mm²88.89mm²25.80min As ………….the larger is control

2
min 88.89 mmAs 

A req> 2
min 88.89 mmAs 

So select As = 120.18

Assume  bar = 10 mm

As bar = 78.54 mm2

Number of  bars = 1.6  2  10  with As = 157 mm2 > As   ok

 Check for strain :

Tension = compression

As * fy = 0.85 * cf * b * a
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OK

mm
a

c

mma

a

s 005.0093.0003.0*
69.6

)69.6214(

69.6
85.0

68.5

68.5

*520*25*85.0400*157

1















 Design of Negative  moment for rib :

Mu = 6.6 KN .m

Mn =


Mu
=

9.0

6.6
= 7.33 KN.m

Rn =
2*db

Mn

Rn = 2

6

)214(*120

10*33.7
= 1.33MPa

m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
82.18

1
(1 -

400

)33.1)(82.18(2
1 ) = 0.00344

A req = ρ * b * d = 0.00344* 120*214 = 88.339 mm²

 Check for As minimum :


       dbw

fy
dbw

fy

cf
As

4.1

4min 




        214120
400

4.1
214120

4004

25
min As

 mm²88.89mm²25.80min As ………….the larger is control




2

min 88.89 mmAs 
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 A req> 2
min 88.89 mmAs 

 So select As = 120.18 mm2

Assume  bar = 10 mm

As bar = 78.54 mm2

Number of  bars = 1.6  2  10  with As = 157 mm2 > As       ok

 Check for strain :

Tension = compression

As * fy = 0.85 * cf * b * a

005.00192.0

003.0*
97.28

)97.28215(

97.28
85.0

63.24

63.24

*120*25*85.0400*157

1











s

s

mm
a

c

mma

a







Usually no reinforcement less than 2 Ф10 can be used so for all supports with
negative moments equal or less Mu=6.6 KN.m use 2 Ф10.

 Design of shear for Rib   :

Categories for shear design:

Vu = 12.9 KN

Use Ф8 with two legs

2mm100=052=Av 

1. VuVcItem 1.1:1
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db
6

'
1.1Vc1.1 w 

fc

= 3-10214120
6

25
75.01.1Vc1.1 

= 23.54KN

Since VuVc  Control

Select  8 @ 20 cm

4-6 Design of Beam

 design of beam:

Figure (4-5 ): Beam   geometry

Figure (4-6 ): loading of beam

A

A

1
1

A

A

2 3
2

0.6 11.4 0.60.6 11.4 0.6

12. 12.

80.

55.

A A

load group no.
1Dead load - Service Units:kN,mete

r

10.5

37.0

12. 12.
10.5

37.0

12. 12.

Live load - Service Load factors: 1.20,1.20/1.60,0.00

12.0
12. 12.

12.0
12. 12.
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Moments: spans 1 to 2

103.9

-1374.
-1205.7-1205.7

103.9

838.5 838.5

3.51 3.51

2.63 2.63

4.8 7.2 7.2 4.8

Figure (4-7 ):moment envelope of beam

Shear

297.6

512.2

-512.2

-297.6

357.9

-572.5

572.5

-357.9

Figure (4-8 ):shear envelope of beam

Reactions

Factored

DeadR
LiveR
Max R
Min R

257.09
100.8

357.89
242.69

Service
DeadR
LiveR
Max R
Min R

214.24
63.

277.24
205.24

856.98
288.

1144.98
1000.98

714.15
180.

894.15
804.15

257.09
100.8

357.89
242.69

214.24
63.

277.25
205.25

Figure (4-9 ): load reactions
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Design of  beam :

b.=800mm           h= 550mm

- Assume  bar = 25 mm
- d=550-40-10-12.5=487.5mm
 Design of  Positive moments :
 Check singly or doubly section :

X = 3/7 *d = 3/7 * 487.5 = 208.9 mm

a= 208.9 * 0.85 = 177.56 mm

maxMn = 0.85 25 177.56 800 487.5 .
= 1203.544 KN .m

 maxMn = 0.82 * 1203.8= 987.11 KN .m>> maxMu = 838.5 KN .m

 Design the section as singly reinforced concrete section.

5.487

55,80




d

cmhcmb

Mu = 838.5

Mn =


Mu
=

9.0

5.838
= 931.67 KN .m

Kn =
2* db

Mn

Kn = 2

6

)5.487(*800

10*67.931
=4.9Mpa

m =
'*85.0 fc

fy
=

25*85.0

400
= 18.82

ρ =
m

1
(1 -

fy

mKn2
1 )

ρ =
82.18

1
(1 -

400

)9.4)(82.18(2
1 )= 0.0141



٥١

As req = ρ * b * d = 0.0141* 800 * 487.5 = 5499 mm²

 Check for As minimum :

        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       5.487800
400

4.1
5.487800

4004

25
min As

22
min 136575.1218 mmmmAs  ………….the larger is control

2
min 1365mmAs 

As req=5499 2cm > 2
min 1365mmAs 

Use Ф 25…… # of bar =
491

5499
= 12Ф 25

Then we select (12) bars Ф25 25890491*12 mmprovidedAs 

 Check for strain :
Tension = compression

As * fy = 0.85 * cf * b * a

 Check for strain :
Tension = compression

As * fy = 0.85 * cf * b * a

005.0006.0

003.0035.1635.487

035.163
85.0
58.138

1

58.138
*800*25*85.0400*5890

035.163









s

s

mmac

mma
a






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Check for spacing between the bar

S =
11

25*1210*240*2800 

S = 36.36 mm ≥ db = 25 mm

≥ 25 mm …………. OK

 Design of negative moments :
 Check singly or doubly section :

c = 3/7 *d = 3/7 * 487.5 = 208.9 mm

a= 208.9 * 0.85 = 177.56 mm

maxMn = 0.85 25 177.56 800 487.5 .
= 1203.544 KN .m

 maxMn = 0.82 * 1203.8= 987.11 KN .m< maxMu = -1205.7KN .m

 Design the section as doubly reinforced concrete section.

5.487

55,80




d

cmhcmb

Mu = 838.5

Mns = Mnc
Mu




= 54.1203
82.0

7.1205
 = 266.82KN .m

Mns= Cs(d-d')=As' (fs'-0.85Fc')(d-d')

D'= cover+ Ф stirrups + Ф bar/2=62.5mm

Fs' = 600*
)'(

c

dc 
=420>fy=400

Compression steal is yielded fs' =fy=400MPa

As' =
)')('85.0( ddfcfy

Mns


=

)5.625.487)(25*85.0400(

6^10*82.266


= 1657.58

T=Cc+Cs=0.85Fc' a b+As' (Fy-0.85Fc')
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=0.85*25*177.56*800 + 1657.58 (400-0.85*25)=3646.32

As=T/Fy=3646.32*10 /400=9115.8

As'=1657.58

As=9115.8

Take 4 Ф25 with As' =1963.49 >As' req=1657.58

Take 19 Ф25 with as=9326.6 >As req=9115.8

 Check for spacing between the bar

S =
13

25*1410*240*2800 

S = 26.9 mm ≥ db = 25 mm

≥ 25 mm …………. OK

 Check for strain :

ok
c

cdt

a

FcfyAsFyAs

s

mmdt

c

mm
bFc

a

004.00044.0

85.0

)'85.0('*

*003.0

52.5125.125.125.487

7.206

7.175
800*25*85.0

)25*85.0400(49.1963400*6.9326
'85.0















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 Design of shear

Vu= 512.2KN

Vc = 6

'fc

bw * d= √25/6)*800 *487.5*10-3   = 325 KN

Ф* Vc=  *0.75 *325 = 243.75 KN

Vs = vc = =
.. 325 357.93 KN

1. Item 1:

0.5 * Ф VcVuФ Vc ( not control )

2. Item 2 :

Vs min  bw d 800 487.5 130 KN CONTROL
Vs min 

'fc bw d √25 800 487.5 121.87 KN
Ф VcVuФ Vc  + Ф* Vs min       ( not control )

3. Item 4:

Vs =
'fc bw d √25 800 487.5 650 KN

Ф Vc  + Ф* Vs min VuФ Vc   +Ф  *  Vs (control)

…… use 4 leg Ф 10 for stirrups …… Av = 314.16 mm2

S= =
. .. = 171.15 mm

Select s = 20cm =
. 243.75 mm

 243.75 mm    ok
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4.7 Design of Stair :

 Limitation of deflection :

hmin= 5.98 / 24 = 24.9cm

select h = 25 cm

tan  = 18 /30

 = 30.96

Figure (4-10 ): stair layout
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 Design of flight :

 Flight Dead Load computation :-

4-4 loading of flight

 landing Dead Load computation :-

4-5 loading of landing

 Flight live Load computation :

Live = 2.5 KN/m2 * 1 = 2.5 KN/m

 Factored load :

Plastering ( 0.03*22*1)/(cos 30.96)= 0.77KN/m

Concrete slab (0.25*25*1)/(cos 30.96) = 7.29KN/m

mortar 22*(0.18+0.3)*1/0.3*0.02= 0.7KN/m

tiles 27*(.18+0.35)/0.3*0.03*1 = 1.43KN/m

triangle concrete 25/0.3*(0.18*0.3/2)*1=2.475 KN/m

 = 12.67 KN/m

Plastering ( 0.03*22*1)= 0.66 KN/m

Concrete slab (0.25*25*1)= 6.25KN/m

mortar 0.02*22*1= 0.44KN/m

tiles 0.03*22*1= 0.66KN/m

 = 8.01 KN/m
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Qu = 1.2 * DL + 1.6 * LL= 1.2 * 12.67 + 1.6 * 2.5 = 19.25 KN/m

 Flight Load computation :

Qu = 1.2 * DL + 1.6 * LL= 1.2 * 8.01 + 1.6 * 2.5 =13.61

 Design of shear force :

Max Vu = 24.52 KN/m

- d=250 -20 - 7 = 223 mm

Ø * Vc = 0.75*
6

'fc
bw * d = 0.75 *

√
* 223 * 1000 = 136.56 KN >>

2*Vu

- The thickness is adequate enough

19.2 KN/m

0.9872.10.3

Figure (4-11 ): flight system

٥٧

Qu = 1.2 * DL + 1.6 * LL= 1.2 * 12.67 + 1.6 * 2.5 = 19.25 KN/m

 Flight Load computation :

Qu = 1.2 * DL + 1.6 * LL= 1.2 * 8.01 + 1.6 * 2.5 =13.61

 Design of shear force :

Max Vu = 24.52 KN/m

- d=250 -20 - 7 = 223 mm

Ø * Vc = 0.75*
6

'fc
bw * d = 0.75 *

√
* 223 * 1000 = 136.56 KN >>

2*Vu

- The thickness is adequate enough

19.2 KN/m

0.9872.10.3

Figure (4-11 ): flight system

٥٧

Qu = 1.2 * DL + 1.6 * LL= 1.2 * 12.67 + 1.6 * 2.5 = 19.25 KN/m

 Flight Load computation :

Qu = 1.2 * DL + 1.6 * LL= 1.2 * 8.01 + 1.6 * 2.5 =13.61

 Design of shear force :

Max Vu = 24.52 KN/m

- d=250 -20 - 7 = 223 mm

Ø * Vc = 0.75*
6

'fc
bw * d = 0.75 *

√
* 223 * 1000 = 136.56 KN >>

2*Vu

- The thickness is adequate enough

19.2 KN/m

0.9872.10.3

Figure (4-11 ): flight system



٥٨

 Design of moment diagram :

Max Mu =   22.5 KN.m

Kn =
2*db

Mn

Kn = 2

6

)223(*1000

9.0/10*5.22
= 0.5MPa , m= 20.6

९=
m

1
(1 -

fy

mKn2
1 )

९=
6.20

1
(1 -

420

)5.0)(6.20(2
1 ) = 0.00121

As req = Ø* b * d = 0.00121* 100 *22.3 = 2.7 cm²/m.

As min = 0.0018 * b * h = 0.0018*100 * 25 = 4.5 cm2/m

As req< As min

select Ø8@10 cm

Tension = compression

As * fy = 0.85 * cf * b * a

Ok ( = 0.9 )

 Design of Landing :
 Design of shear force :

Max Vu = 13.5 KN/m

005.005.0

003.089.10223

89.10
85.01

26.9
*1000*24*85.0420*450

89.10

26.9










s

s

mmax

mma
a






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Ø* Vc = 0.75*
6
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bw * d = 0.75 *

√
* 223 * 1000 = 136.65 KN >> 2 Vu

- The thickness is adequate enough
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Max Mu =  91.6 KN.m

Kn =
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Mn
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)223(*1000

9.0/10*6.91
= 2.04MPa

९=
m

1
(1 -

fy

mKn2
1 )

९ =
6.20

1
(1 -

420

)04.2)(6.20(2
1 ) = 0.00513

22.1 kN/m
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1.9 2.1 1.98

Figure (4-12 ): landing system

٥٩

Ø* Vc = 0.75*
6

'fc
bw * d = 0.75 *

√
* 223 * 1000 = 136.65 KN >> 2 Vu

- The thickness is adequate enough

 Design of moment diagram :

 Design of landing:

Max Mu =  91.6 KN.m

Kn =
2*db

Mn

Kn = 2

6

)223(*1000

9.0/10*6.91
= 2.04MPa

९=
m

1
(1 -

fy

mKn2
1 )

९ =
6.20

1
(1 -

420

)04.2)(6.20(2
1 ) = 0.00513

22.1 kN/m

19.2 kN/m

1.9 2.1 1.98

Figure (4-12 ): landing system

٥٩

Ø* Vc = 0.75*
6

'fc
bw * d = 0.75 *

√
* 223 * 1000 = 136.65 KN >> 2 Vu

- The thickness is adequate enough

 Design of moment diagram :

 Design of landing:

Max Mu =  91.6 KN.m

Kn =
2*db

Mn

Kn = 2

6

)223(*1000

9.0/10*6.91
= 2.04MPa

९=
m

1
(1 -

fy

mKn2
1 )

९ =
6.20

1
(1 -

420

)04.2)(6.20(2
1 ) = 0.00513

22.1 kN/m

19.2 kN/m

1.9 2.1 1.98

Figure (4-12 ): landing system



٦٠

As req = Ø * b * d = 0.00513* 100 *22.3 = 11.44 cm²/m.

As min = 0.0018 * b * h = 0.0018*100 * 25 = 4.5 cm2/m

As req> As min

select Ø14@10 cm

** shrinkage and temperature reinforcement :

As = 0.0018 * b * h = 0.0018*100 * 25 = 4.5 cm2/m

select Ø8@10 cm

Figure (4-13 ): stair reinforcement
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4.8 Design of Column :

Design of Longitudinal Reinforcement :

Select column (C30) for design

Pu = 2385 KN

Pn = 2385/(0.65) = 3670 KN

Assume %5.1g

 
 

21738

)24*85.0420(*015.024*85.0*8.01000*3670

)'85.0('*85.0*8.0

cmAg

Ag

fcfygfcAgPn




 

Assume square  column

Use 60*30cm with Ag = 1800cm² is convenient #

 Check Slenderness Effect :

)2.12.10(...............
2

1
1234  ACI

M

M

r

klu

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration = 0.3 h =
I

A

Lu = 3.95 m

M1&M2 =1

K=1 , According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be

permitted to be taken as 1.0.
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Coloumnlong

ACI
M

M

r

klu







2288.43
3.0*3.0

95.3*1

)2.12.10(...............
2

1
1234

Slenderness is consider

2
6

4
33

.23.7
72.01

00135.0*10*.23025*4.0

00135.0
12

3.0*6.0

12

*

72.0
2385

1431*2.1

2302524*4700'4700

)]1510.(2002318......[..........
1

4.0

mMNEI

m
hb

I

MpafcE

EqACI
IE

EI

g

d

c

d

gc





















.62.4
)95.3*0.1(

32.7*14.3

)1310.(2002318................
)(

2

2

2

2

MNP

EqACI
KLu

EI
P

c

cr






12.3
)10*62.4*75.0/2385(1

1

)1210.(2002318...............0.1
75.0/(1

)4.6.10.10(2002318.......1

)1610.(2002318............
2

1
4.06.0

3

)





















ns

c
ns EqACI

PPu

Cm

ACItoAccordingCm

EqACI
M

M
Cm





take it 1.4

126.0
3.0

0378.0

0378.04.1*027.0

027.027400*03.015*03.015

min

min






h

e

ee

mmmhe

ns
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025.0

25.1921
1000

145
*

6.0*3.0

2385





g

g

n psi
A

P

DiagramnInteractioFrom





As= ρ * Ag = 0.025*600*300 = 45cm2

Use Ф 22 # 453.8 11.84
Use 14 Φ 22 with As = 53.2 cm² >Asreq = 45 cm²



Design of the Tie Reinforcement :

For Φ 10 mm ties :

16 db (longitudonal bar diameter).......................ACI - 7.10.5.2

48dt (tie bar diameter).

Least dimension.

S

S

S





16S  2.2 = 35.2 cm

48S  1 = 48 cm

40S

Use  Φ10 @20
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4.9 Design of Isolated foundation (F3):

factored load = 1360 KN
Allowable soil Pressure = 150 KN/m2
assume h =0.45 m
Footing weight =(25*0.45) =11.25 KN/m2

Allowable soil Pressure net = 150 – 11.25 = 138.75 KN/m2

 allow. net

1.4 * net   = 1.4 * 138.75 = 194.25 KN/m2

- assume rectangular footing a=3.1m

194.25 = . >> b=2 m

Select  b= 3m with As = 9.3 m2

. =146.23 194.25 …. ( ok )

 Design against sliding :
Hor. Force = 0.0 ( not required to check)

 Design of  reinforcement concrete :

 Check for  one way shear :
Cover = 75 mm , Ф =20mm , thickness = 450 mm
d= 450 – 75 – 20 = 355 mm
Ƃu = 1360/9.3=146.23 kn/ m2

Vu = 0.945 * 146.23* 3 = 414.6 KN

Ф* Vc= 0.75*
6

'fc
bw * d = 0.75 *

√
* 3000* 355 = 652.2 kn >> Vu

So  h is correct.
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 Check for two way shear action (punching):
d= 461 mm

Vu = (3.1*3*- 0.655*0.855 )* 146.23 = 1278 KN

The punching shear strength is the smallest value of the following equations:

dbfV oc
c

c















2
1

6

1
..

dbf
db

V oc
o

s
c










 2

/12

1
..




dbfV occ


3

1
.. 

Where:

67.1
3.

5.

)(

)(


bWidthColumn

aLengthColumn
C

ob = Perimeter of critical section taken at (d/2) from the loaded area

mmbo 3020

s = 40              for interior column

KNdbfV oc
c

C 1443355*3020*24*
67.1

2
1*

6

75.02
1

6

1
.. 






 














KNdbf
b

d
V oc

o

s
C 2200355*3020*24*2

3020

355*40
*

12

75.0
2

*

12

1
.. 






 














KNdbfV ocC 1313355*3020*24*
3

75.0

3

1
.. 

satisfiedKNVuKNVc

ControlKNVC

........12781313.

....1313.









 Design of Bending Moment:

mkNMu .9.3702/3.1*3*3.1*3.146 

 
Mpa

db

Mn
Kn 1.1

3553000

109.0/9.370

* 2

6

2






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6.20
2485.0

420

'85.0





fc

Fy
m

-31096.2)
420

1.16.202
11(

6.20

1

)
2

11(
1











fy

mKn

m

2-3 65.2835530001069.2 cmAs req 

2
min 3.24450*3000*0018.0 cmAs 

minAsAsreq 

12.9
14.3

65.28
# barof

Select 11 Ф20 254.34 cmprovidedAs 

 Check for strain :

As * fy = 0.85 * cf * b * a

005.0024.0

003.084.39355

84.39
85.01

86.33
*2100*24*85.0420*3454

84.39

86.33










s

s

mmax

mma
a







Ok ( = 0.9 )

Figure (4-14 ): founda on reinforcement
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4.10Design of shear wall (sh16) :

hw = 4.2 m , Lw = 2 m

d 0.8*Lw= 0.8 *2 = 1.6 m … control

Control section from base

Lw / 2 = 1 m …… control

822

724

410.6

175.4

39.6

Figure (4-15 ): Shear force & moment on the wall from ETABS
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Design horizontal reinforcement :

 

 

 
KNV

dh

l

V

M

hl

N
cfl

cf
V

mkNMu

KNV

KNN

L

dNdbcf
V

KNV

db
cf

c

w

u

u

w

u
w

c

c

u

w

u
c

c

CV

75.127
10

1600200

2

2
35.7

0.0242

2

24

10

2

1

2

2

.7241*2.4/)6.4108.821(8.8211

3920.0
4

160020024

0.0

44

3.2611600200
6

24

6

3

3

2

2

1

1































































































So thickness of wall is safe.

 Design for horizontal reinforcement :
hsAvh **0025.0.min 

vhA = 2 Ф10 = 158 mm2

5.0
79*2








s

S = 316 mm

Smax ≤  Lw/5 =2000 /5 = 400mm

≤ 450mm

≤ 3 * h = 3*200= 600 mm
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Take s = 300 mm < s max

Select Ф10 -30 cm

 Design of Vertical reinforcement:-

hs
hS

A

l

h
Avv vh

w

w **0025.0
*

*5.25.00025.0
2 






























Avh = 2 Ф10 = 158 mm2

200**0025.0
200*300

79*2
*

2

7.14
5.25.00025.0 sAvv















 






 

hsAvv **0025.0

43.0







s

Avv

Avv = 2 Ф14 = 308 mm2

S=716.3mm

Smax ≤  Lw/3 =2000 /3 = 666.7 mm

≤ 450mm

≤ 3 * h = 3*200= 600 mm

Take s = 250 mm < s max

Select Ф14 -25 cm
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Design of bending moment:

mm
Lw

C 2.476
2.4

2000

600*007.0









mmelementboundaryoflength

LCelementboundaryoflength w

2.27620001.02.476

1.0




0.2

C
Cw  = mm7.410

0.2

2.476


mmelementboundaryTheSelect 500

Avs= vAs
s

Lw


1
224642000

250

154*2
mm

115.0
)4202464/(20020002485.085.02

1

)*/(****85.02

1









Lw

Z

FyAshLwfcLw

Z



















Lw

Z
LwAsFyMuv 15.09.0

mKNMuv .3.824)115.0(1(*20002464*5.0*420*9.0 

MuMuv 

So Boundary is not required .
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