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4.1 Introduction

In this chapter, we will show the procedure for designing the several structural

members of our project, so we will show steps ( step by step ) of beams, slabs , columns ,

stairs , basement wall & foundation .

This chapter will contain a sample calculation related to one of the preceding

members contained in this project.

All of these members will be designed according to (ACI – code-318 02) .
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4.2 Design of wood beams .

(4.2.1)Pos./BW1/: Rafter in Roof .

( 4.2.1.1) Material : Coniferous wood class II .

( 4.2.1.2) Section : selected     b/h = 8/20 cm .
Distance between the rafters is  60 cm .

Figure 4 - 1

( 4.2.1.3) Loading :

1. Dead Load:

Self weight of the Timber Beam . 6 kN/m3 * 0.08 m * 0.20 m = 0.096 kN/m

Roof tiles 0.55 kN/m2 * 0.60 m = 0.33 kN/m

Ceiling and Boarding 0.20 kN/m2 * 0.60 m = 0.12 kN/m

Heat insulation 1 kN/m3 * 0. 20 m * 0.60 m = 0.12 kN/m

Dead Load Total = 0.666 kN/m

2. Live  Load:

* Snow Load (So ):
According to the Jordan  code   h = 860    ( height above R.L. )
SL= (h – 400) / 400

=(860 – 400) / 400

= 1.15  kN/m2

= 1.15  kN/m2 * 0.6 m

= 0.69   kN/m
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* Wind Load (W):

According to the German code (DIN 1500-T4)

8 < h < 20 m   so q = 0.8 kN/m2

 = 15o so   CP = - 0.6

W = CP * q

W = - 0.6 * 0.8

= - .48 kN/m2

= - .48 kN/m2 * 0.6 m

= - .288 kN/m

( wind load acts suitable of the system )

This mean that effect of the wind load on the roof is tension or in the opposite direction

of the dead load , so we will check if the dead load > wind load  or not .

Dead Load Total = 0.666 kN/m

Wind Load = .288 kN/m

0. 666 kN/m > .288 kN/m     so the roof is save against uplift  by Wind Load

Wind Load  will be not used .

( 4.2.1.4) System :

S.L.
D.L.

3.62

1.04
3.50 1.00

0
.2

7

1
.2
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( 4.2.1.5) Design :

*** See STAAD Pro results in page ( - )

According to German code DIN1052

1) Allowable bending  stress for soft wood .

2/10 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 32.*08.*
12

1
= 5.33*10-5

My = 1.78 kN.m

maxZ = .1 m

So
MPaB 34.31.*

10*5.33

78.1
5-



3.34 MPa < 10 MPa so the taken dimension is suitable .



Chapter  Four …………………………………………………………………………

٥٢

2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

236
08.0*2.0

52.2
*5.1  kN/m2

=.236 N/mm2

0.236 N/mm2 < 0.9N/mm2 so the taken dimension is suitable .

3) Deflection .

* Deflection for span

Fmax
300

L
 where  L = 3.62 m

Fmax
300

62.3


So    Fmax  .012 m

We find the maximum deflection from for the span STAAD .Pro = . 436 cm

. 436 cm < 1.2 cm So its ok

* Deflection for cantilever

Fmax
150

L
 where  L = 1.04 m

Fmax
150

04.1


So  Fmax  .0069 m

We find the maximum deflection from for the cantilever STAAD .Pro = . 287 cm

. 287 cm < 0.69 cm So its ok
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Reaction Supports is :

Where   Case 1 : Dead load .

Case 2 : Live load .
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(4.2.2)Pos./BW2/: Rafter in Roof .

( 4.2.2.1) Material : Coniferous wood class II .

( 4.2.2.2) Section : selected     b/h = 8/20 cm .

Distance between the rafters is 60 cm .

Figure 4 - 2

( 4.2.2.3) Loading :

1. Dead Load:

Self weight of the Timber Beam . 6 kN/m3 * 0.08 m * 0.20 m = 0.096 kN/m

Roof tiles 0.55 kN/m2 * 0.60 m = 0.33 kN/m

Ceiling and Boarding 0.20 kN/m2 * 0.60 m = 0.12 kN/m

Heat insulation 1 kN/m3 * 0.02 m * 0.60 m = 0.12 kN/m

Dead Load Total = 0.666 kN/m

2. Live  Load:

* Snow Load (So ):
According to the Jordan  code   h = 860    ( height above R.L. )
SL= (h – 400) / 400

=(860 – 400) / 400

= 1.15  kN/m2

= 1.15  kN/m2 * 0.6 m

= 0.69   kN/m
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* Wind Load (W):

According to the German code (DIN 1500-T4)

8 < h < 20 m   so   q = 0.8 kN/m2

 = 15o so   CP = - 0.6

W = CP * q

W = - 0.6 * 0.8

= - .48 kN/m2

= - .48 kN/m2 * 0.6 m

= - .288 kN/m

( wind load acts suitable of the system )

This mean that effect of the wind load on the roof is tension or in the opposite direction

of the dead load , so we will check if the dead load > wind load  or not .

Dead Load Total = 0.666 kN/m

Wind Load = .288 kN/m

0.666 kN/m > .288 kN/m     so the roof is save against uplift  by Wind Load

Wind Load  will be not used .

( 4.2.2.4) System :

15o

3.5 m1 m1.04
m

3.62
m

.2
7

m
.9
4

m

D.L.

S.L.
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( 4.2.2.5) Design :

According to German code DIN1052

1) Allowable bending  stress for soft wood .

2/10 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N = zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 32.*08.*
12

1
= 5.33*10-5

My = 1.78 kN.m

maxZ = .1 m

So
MPaB 34.31.*

10*5.33

78.1
5-



3.34 MPa < 10 MPa so the taken dimension is suitable .
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2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

330
08.0*2.0

52.3
*5.1  kN/m2

=.33N/mm2

0 .33 N/mm2 < 0.9N/mm2 so the taken dimension is suitable .

3) Deflection .

* Deflection for span

Fmax
300

L
 where L = 4.66 m

Fmax
300

66.4


So    Fmax  .0155 m

We find the maximum deflection from for the span STAAD .Pro = .00436 m

.00436m <.0155m So its ok

* Deflection for cantilever

Fmax
150

L
 where  L = 1.04 m

Fmax
150

04.1


So  Fmax  .0069 m

We find the maximum deflection from for the cantilever STAAD .Pro = .00287 m

.00287m <.0069m So its ok

*See STAAD results in the appendix .
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Reaction Supports is :

Where   Case 1 : Dead load .

Case 2 : Live load .



Chapter  Four …………………………………………………………………………

٥٩

(4.2.3)Pos./BW3/: Rafter in Roof .

( 4.2.3.1) Material : Coniferous wood class II .

( 4.2.3.2) Section : selected     b/h = 8/20 cm .
Distance between the rafters is  120 cm .

Figure 4 - 3

( 4.2.3.3) Loading :

1. ***Dead Load for first span :

Self weight of the Timber Beam . 6 kN/m3 * 0.08 m * 0.20 m = 0.096 kN/m

Glass 25 kN/m3 *.033* 1.20 m = 0.99 kN/m

Dead Load Total = 1.086 kN/m

*** Dead Load for second  span

Self weight of the Timber Beam . 6 kN/m3 * 0.08 m * 0.20 m = 0.096 kN/m

Roof tiles 0.55 kN/m2 * 1.20 m = .66 kN/m

Ceiling and Boarding 0.20 kN/m2 * 1.20 m = 0.24

Heat insulation 1 kN/m3 * 0. 20 m * 1.20 m = 0. 24 kN/m

Dead Load Total = 1.236 kN/m

2. Live  Load:

* Snow Load (So ):
According to the Jordan  code h = 860    ( height above R.L. )
SL= (h – 400) / 400

=(860 – 400) / 400

= 1.15  kN/m2

= 1.15  kN/m2 * 1.20 m

= 1.38 kN/m
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* Wind Load (W):

According to the German code (DIN 1500-T4)

8 < h < 20 m   so   q = 0.8 kN/m2

 = 15o so   CP = - 0.6

W = CP * q

W = - 0.6 * 0.8

= - .48 kN/m2

= - .48 kN/m2 * 1.2 m

= - .576 kN/m

( wind load acts suitable of the system )

This mean that effect of the wind load on the roof is tension or in the opposite direction

of the dead load , so we will check if the dead load > wind load  or not .

Dead Load Total = 1.06 kN/m

Wind Load       = .576 kN/m

1.06 kN/m > .288 kN/m     so the roof is save against uplift  by Wind Load

Wind Load  will be not used .

( 4.2.3.4)  System :

S.L.
D.L.

0
.8
3

1
.7
7

3.103.50

3.61

3.21

1

2

3

15°
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( 4.2.3.5) Design :

***See STAAD Pro. results in pages (  _  ).

According to German code DIN1052 .

1) Allowable bending  stress for soft wood .

2/11 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 32.*08.*
12

1
= 5.33*10-5

My = 3.47 kN.m ( over the support ) .

maxZ = .1 m

So
MPaB 51.61.*

10*5.33

47.3
5-



6.51 MPa < 11 MPa so the taken dimension is suitable .
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2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

316
08.0*2.0

06.5
*5.1  kN/m2

=.316N/mm2

0 .316 N/mm2 < 0.9N/mm2 so the taken dimension is suitable .

3) Deflection .

* Deflection for the first span

Fmax
300

L
 where  L = 3.21 m

Fmax
300

21.3


So    Fmax  .011 m

We find the maximum deflection from for the span STAAD .Pro = . 23 cm

. 23 cm < 1.1 cm So its ok .

* Deflection for the second span

Fmax
300

L
 where  L = 3.61 m

Fmax
300

61.3


So    Fmax  .012 m

We find the maximum deflection from for the span STAAD .Pro = . 42 cm

. 42 cm < 1.2 cm So its ok .
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Reaction support :

Where   Case 1 : Dead load .

Case 2 : Live load .
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(4.2.4)Pos./BW4/: Rafter in Roof .

( 4.2.4.1) Material : Coniferous wood class II .

( 4.2.4.2) Section : selected     b/h = 14 / 24 cm .

Figure 4 - 4

( 4.2.4.3) Loading :

Dead Load:

Concentrated force from rafter (1)                                = 1.12 kN * 2 = 2.24 kN

Concentrated force from rafter (2)                                = 0.93 kN * 2 = 1.82 kN

Concentrated force from rafter (3)                                = 0.67 kN * 2 = 1.34 kN

Concentrated force from rafter (4) = 0.42 kN * 2 = .84 kN

Concentrated force from rafter (5)                                = 0.117 kN * 2 = .234kN

Concentrated force from rafter (6)                                = -0.4 kN ( Neglected )

Self weight of the Timber Beam 6 kN/m3 * 0.14 m * 0.24 m = 0.2 kN/m
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1. Live load :

Concentrated force from rafter (1)                                = 1.12 kN * 2 = 2.24 kN

Concentrated force from rafter (2) = 0.93 kN * 2 = 1.82 kN

Concentrated force from rafter (3)                                = 0.67 kN * 2 = 1.34 kN

Concentrated force from rafter (4)                                = 0.42 kN * 2 = .84 kN

Concentrated force from rafter (5)                                = 0.117 kN * 2 = .234kN

Concentrated force from rafter (6)                                = -0.4 kN ( Neglected )

( 4.2.4.4) System :

0
.2
7

1
.2
1

1.415.00

5.09

1.43

L.L.
D.L.

10.7°

1

2
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( 4.2.4.5) Design :

**See STAAD Pro. results in pages (  _  ).

According to German code DIN1052 .

1) Allowable bending  stress for soft wood .

2/10 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 324.*12.*
12

1
= 1.38*10-4

My = 7.26 kN.m

maxZ = .12 m

So
MPaB 31.612.*

10*1.38

26.7
4-



6.26 MPa < 10 MPa so the taken dimension is suitable .
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2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

4.321
12.0*24.0

17.6
*5.1  kN/m2

=.3214 N/mm2

0 .3214 N/mm2 < 0.9N/mm2 so the taken dimension is suitable

3) Deflection .

* Deflection for the first span

Fmax
300

L
 where  L = 5.09 m

Fmax
300

09.5


So    Fmax  .017 m

We find the maximum deflection from for the span STAAD .Pro = 1.3 cm

1.3 cm < 1.7 cm So its ok .

* Deflection for cantilever

Fmax
150

L
 where  L = 1.41 m

Fmax
150

41.1


So  Fmax  .0094 m

We find the maximum deflection from for the cantilever STAAD .Pro = 1.023  cm

.885 cm <.94 cm So its ok .
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Reaction support :

Where   Case 1 : Dead load .

Case 2 : Live load .
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(4.2.5)Pos./BW5/: Rafter in Roof .

( 4.2.5.1) Material : Coniferous wood class II .

( 4.2.5.2) Section : selected     b/h = 20 / 30 cm .

Figure 4 - 5

( 4.2.5.3) Loading :

1. Dead Load:

Self weight of the Timber Beam 13.6 kN/m3 * 0.20 m 0.30 m = 0.816 kN/m

Line load from the reaction support of (BW2) 1.115 / 0.6 = 1.86 kN/m

Line load from the reaction support of (BW3) 1.46 / 1.20 = 1.22 kN/m

Concentrated force from rafter (BW4)                    = 5.55 kN * 2 = 11.1 kN

2. Live  Load:

Line load from the reaction support of (BW2) 1.116 / 0.6 = 1.86 kN/m

Line load from the reaction support of (BW3) 1.91 / 1.20 = 1.6 kN/m

Concentrated force from rafter (BW4)                       = 5.15 kN * 2 = 10.3 kN
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( 4.2.5.4) System :

2.80 8.40 2.40
0.70 5.20 3.10 3.40 1.20

1 2 3 4

( 4.2.5.5) Design :

***See STAAD Pro. results in pages (  _  ).

According to German code DIN1052

1) Allowable bending  stress for soft wood

2/11 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 330.*20.*
12

1
= 4.5 *10-4

My = 19.26 kN.m ( over the support ) over column 4  .

maxZ = 0.15 m
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So
MPaB 42.615.0*

10*4.5

26.19
4-



6.42 MPa < 11 MPa so the taken dimension is suitable

2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

5.587
30.0*20.0

5.23
*5.1  kN/m2

= 0.587 N/mm2

0 .587 N/mm2 < 0.9 N/mm2 so the taken dimension is suitable

3) Deflection .

*** Deflection for cantilever #1

Fmax
150

L
 where  L = 0.7 m

Fmax
150

7.0


So  Fmax  .0047 m

We find the maximum deflection from for the cantilever STAAD .Pro = .12 cm

.12 cm <.47 cm So its ok

*** Deflection for the first span

Fmax
300

L
 where  L = 5.2 m

Fmax
300

2.5


So Fmax  .0173 m

We find the maximum deflection from for the span STAAD .Pro = 0.13 cm

0.13 cm < 1.73 cm So its ok
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*** Deflection for the second span

Fmax
300

L
 where  L = 3.1 m

Fmax
300

1.3


So    Fmax  .0103 m

We find the maximum deflection from for the span STAAD .Pro = 0.022 cm

0.022 cm < 1.03 cm So its ok

*** Deflection for the third span

Fmax
300

L
 where  L = 3.4 m

Fmax
300

4.3


So    Fmax  .0113 m

We find the maximum deflection from for the span STAAD .Pro = 0.05 cm

0. 05 cm < 1.13 cm So its ok .

*** Deflection for cantilever #2

Fmax
150

L
 where  L = 1.2 m

Fmax
150

2.1


So  Fmax  .008 m

We find the maximum deflection from for the cantilever STAAD .Pro = 0.43 cm

0.43 cm <.8 cm So its ok .
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Reaction Supports is :

Where   Case 1 : Dead load .

Case 2 : Live load .

Design of reaction – pressing : between the Beam and the steel column (head connection )

2
, /2 mmN

A

N
allB  

N = reaction support ( D.L +L.L )

= 60.313 kN = 60313 N

A = 20 cm x 20 cm = 400 cm2 = 4x104 mm2

2
4

/5.1
104

60313
mmN

xB 

2
,

2 /2/5.1 mmNmmN allB  

4mm

200mm

200mm

b / h / t = 200 / 200 / 4 mm

Steel plate
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(4.2.6)Pos./BW6/: wood beam.

( 4.2.6.1) Material : Coniferous wood class II .

( 4.2.6.2) Section : selected     b/h = 12 / 20 cm .

Figure 4 - 6

( 4.2.6.3) Loading :

1. Dead Load:

Self weight of the Timber Beam 3.4 kN/m3 * 0.20 m 0.12 m = 0.082 kN/m

Line load from the reaction support of (BW2) 2 / 0.6 = 3.33 kN/m

2. Live  Load:

Line load from the reaction support of (BW2) 2 / 0.6 = 3.33 kN/m

( 4.2.6.4) System :

L.L.

D.L.
4.3
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( 4.2.6.5) Design :

***See STAAD Pro. results in pages (  _  ).

According to German code DIN1052

1) Allowable bending  stress for soft wood

2/10 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 320.*12.*
12

1
= 8 *10-5

My = 3.34 kN.m

maxZ = 0.1 m

So
MPaB 43.51.0*

10*8

34.4
5-



5.425 MPa < 10 MPa so the taken dimension is suitable
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2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

5.337
12.0*20.0

1.8
*5.1  kN/m2

= 0.34N/mm2

0 .34 N/mm2 < 0.9 N/mm2 so the taken dimension is suitable

3) Deflection .

*** Deflection for the span

Fmax
300

L
 where  L = 3.4 m

Fmax
300

4.3


So    Fmax  .0113 m

We find the maximum deflection from for the span STAAD .Pro = 0.75 cm

0.75 cm < 1.13 cm So its ok

Reaction Supports is :

Where   Case 1 : Dead load .

Case 2 : Live load .
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(4.2.7)Pos./BW7/: wood beam.

( 4.2.7.1) Material : Coniferous wood class II .

( 4.2.7.2) Section : selected     b/h = 12 / 20 cm .

Figure 4 - 7

( 4.2.7.3) Loading :

1. Dead Load:

Self weight of the Timber Beam 1.5 kN/m3 * 0.20 m 0.12 m = 0.036 kN/m

Line load from the reaction support of (BW2) 2 / 0.6 = 3.33 kN/m

2. Live  Load:

Line load from the reaction support of (BW2) 2 / 0.6 = 3.33 kN/m

( 4.2.7.4) System :

L.L.

D.L.
1.5
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( 4.2.7.5) Design :

***See STAAD Pro. results in pages (  _  ).

According to German code DIN1052

1) Allowable bending  stress for soft wood

2/10 mMNB 

maxZ
I

M

A

N

y

y
B 

N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

A = .016 m2

Iy = 3**
12

1
hb

Iy = 320.*12.*
12

1
= 8 *10-5

My = .1 kN.m

maxZ = 0.1 m

So
MPaB 125.1.0*

10*8

1.
5-



.125 MPa < 10 MPa so the taken dimension is suitable
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2)Allowable  shear stress .

2/9.0 mmN

hb

Vz

*


But for timber
hb

Vz

*
5.1

25.16
12.0*20.0

26.
*5.1  kN/m2

= 0.016N/mm2

0 .016 N/mm2 < 0.9 N/mm2 so the taken dimension is suitable

3) Deflection .

*** Deflection for the span

Fmax
300

L
 where  L = 1.5 m

Fmax
300

5.1


So    Fmax  .005 m

We find the maximum deflection from for the span STAAD .Pro = 0.0015 cm

0.0015 cm < .5 cm So its ok

Reaction Supports is :

Where   Case 1 : Dead load .

Case 2 : Live load .
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4.3 Design of reinforcement  beams .

(4.3.1)Pos.B6  .

( 4.3.1.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.1.2)   Section : selected

Figure 4 - 8

( 4.3.1.3) Loading :

1. Dead Load:

Self weight of the concrete Beam 1.38 kN/m

Concentrated force from rafter ( BW4 )                                            = 2.072 kN

Linear varying load from the reaction support of (BW1) 2 / 0.6 = 3.33 kN/m

2. Live  Load:

Concentrated force from rafter ( BW4 ) = 1.37 kN

Linear varying load from the reaction support of (BW1) 2/ 0.6 = 3.33 kN/m
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( 4.3.1.4) System :

L .L .

D .L .

2 .8 03 .8 0

( 4.3.1.5) Design :

410

24




y

C

f

MPaf

mkNM u /3.3 ( See the STAAD results  in the appendix )

85.

















yy

wC

ff

Sf

600

600***85. 


= 







 420600

600

420

85.*30.*24*85.

= .0073

6.20
24*85.

420

85.0


C

y

f

f
m







 

2

*
1*

m
fK yn










 

2

6.20*0073.
1420*0073.nK
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2/84.2 cmkgK n 

Assuming 20 for main reinforcement .

d =  h – cover - db stirrups -( Db/2) = 300 – 40 – 10 –10 = 240 mm

b = 250 mm

h = 300 mm

*Design for positive moment:

The bending moment envelope for this beam is as shown below :-

Figure 4 - 9

*** Design of span(1) :-

2** dbR
Mu

Mn n




= 2
3

)24(.**84.2
9.

108
b

x




B = .05 m  we will take B = .25 m ,

Check if the beam is singly or doubly reinforced :

Determination of required steel :

6.20
24*85.

420

85.0


C

y

f

f
m

)/(77.
24209.

108 2
2

3

2
cmKg

xx

x

bd

Mn
Kn 
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y

n

f

Km

m

**2
11

1


= 









420

77.*6.20*2
11

6.20

1

= .00187

bdAS **

240*250*00187.SA

= 89.9mm2

Use 2 10 = 78.5 * 2 =157

Check of yielding :-

T = As provided x Fy 157 x 420 = 6.6 .

C = 0.85 bafc *'* 0.85 * .24 * 20 * a = 4.1 * a .

T = C

.61.1
1.4

6.6
cma 

.9.1
85.

61.1
cm

a
X 



24

003.0

9.1

003.0

24

003.0003.0 



 ss

X



OKs ..................005.035. 

Mn = (T) or (C) ..53.1
100

2

61.1
24

6.6
100

2
mton

a
d








 








 

*** Design of span(2) :-

= 2
3

)24(.**84.2
9.

102.3
b

x




B = . 22 m  we will take B = .25 m ,
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Check if the beam is singly or doubly reinforced :

Determination of required steel :

6.20
24*85.

420

85.0


C

y

f

f
m

)/(31.
24259.

102.3 2
2

3

2
cmKg

xx

x

bd

Mn
Kn 













y

n

f

Km

m

**2
11

1


= 









420

31.*6.20*2
11

6.20

1

= .001

bdAS **

240*250*00173.SA

= 48mm2

Use 2 10 = 78.5 * 2 =157

Check of yielding :-

T = As provided x Fy 157 x 420 = 66000 .

C = 0.85 bafc *'* 0.85 * .24 * 20 * a = 4.1 * a .

T = C

.61.1
1.4

6.6
cma 

.9.1
85.

61.1
cm

a
X 



24

003.0

9.1

003.0

24

003.0003.0 



 ss

X



OKs ..................005.035. 
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Mn = (T) or (C) ..53.1
100

2

61.1
24

6.6
100

2
mton

a
d








 








 

*Design for Negative moment:-

* Span (1) :-

Check the assumed beam width is correct or not

2** dbR
Mu

Mn n




= 2
3

)24(.**84.2
9.

104.10
b

x




B = .071 m  we will take B = .25 m ,

Check if the beam is singly or doubly reinforced :

Determination of required steel :

6.20
24*85.

420

85.0


C

y

f

f
m

)/(0.1
24259.

104.10 2
2

3

2
cmKg

xx

x

bd

Mn
Kn 













y

n

f

Km

m

**2
11

1


= 









420

0.1*6.20*2
11

6.20

1

= .0025

bdAS **

240*250*0025.SA

= 117.6 mm2

Use 2 10 = 78.5 * 2 =157
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Shear design of beam (6):

Figure 4-١٠

* Span (1) :

kNVu 3.14 …………………As shown in fig ( )

uV @ Critical point = 12.9 kN

kNdbV

kNdb
f

V

c

c
c

95.126.*3.*
3

75.0
**

3

75.0

78.430.*26.*
6

24
*75.0**

6

'
*75.0

min 


























kNVV cc 73.6min 

kNdbVc 55.926.*3.*
3

75.0
**24*

3

75.0
min 

7.1237.6
75.

3.14
min

min





S

c
u

S

V

V
V

V


kNVV cs 5.17min 

csuc VVVV   min So we Can solve it as Item 3
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(4.3.2)Pos.B1 .

( 4.3.2.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.2.2)   Section : selected

Figure 4 - 11

( 4.3.2.3) Loading :

Dead load :

* Self weight of the Beam = 1.83 kN/m

* line load from (BW2) = 3.33 kN/m

Live load :

* line load from (BW2)                                                            = 3.33 kN/m

( 4.3.2.4) Design :

According to Atir calculations
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(4.3.3)Pos.B2 .

( 4.3.3.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.3.2)   Section : selected

Figure 4 - 12

( 4.3.3.3) Loading :

Dead load :

* Self weight of the Beam = 1.83 kN/m

* line load from (BW2)                                                            = 3.33 kN/m

Live load :

* line load from (BW2) = 3.33 kN/m

( 4.3.3.4) Design :

According to Atir calculations
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(4.3.4)Pos.B3 .

( 4.3.4.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.4.2)   Section : selected

Figure 4 - 13

( 4.3.4.3) Loading :

Dead load :

* Self weight of the Beam = 1.83 kN/m

* Concentrated force from (BW2)                                           = 3.33 kN

Live load :

* Concentrated force from (BW2) = 3.33 kN

( 4.3.4.4) Design :

According to Atir calculations
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(4.3.5)Pos.B4 .

( 4.3.5.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.5.2)   Section : selected

Figure 4 - 14

( 4.3.5.3) Loading :

Dead load :

* Self weight of the Beam = 1.83 kN

* line load from (BW2) = 3.33 kN/m

Live load :

* line load from (BW2) = 3.33 kN/m

( 4.3.5.4) Design :

According to Atir calculations
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(4.3.6)Pos.B5 .

( 4.3.6.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.6.2)   Section : selected

Figure 4 - 15

( 4.3.6.3) Loading :

Dead load :

* Self weight of the Beam = 1.83 kN/m

* Concentrated force from (BW2)                                           = 3.33 kN

Live load :

* Concentrated force from (BW2)                                           = 3.33 kN

( 4.3.6.4) Design :

According to Atir calculations
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(4.3.7)Pos.B7 .

( 4.3.7.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.7.2)   Section : selected

Figure 4 - 16

( 4.3.7.3) Loading :

Dead load :

* Self weight of the Beam = 2.14 kN/m

* Concentrated force from (BW4) = 1.05 kN

* linear load from (BW2) = 3.33 kN/m

Live load :

* Concentrated force from (BW2)                                           = 0.68 kN

* linear load from (BW2) = 3.33 kN/m

( 4.3.7.4) Design :

According to Atir calculations
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(4.3.8)Pos.B8 .

( 4.3.8.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.8.2)   Section : selected

Figure 4 - 17

( 4.3.8.3) Loading :

Dead load :

* Self weight of the Beam = 1.83 kN

* Concentrated force from (BW4)                                           = 1.05 kN

* Concentrated force from (B6) = 2.67 kN

* line load from (BW3)                                                            = 4.70 kN/m

* line load from (BW2)                                                            = 3.33 kN/m
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Live load :

* Concentrated force from (BW4)                                           = 0.68 kN

* Concentrated force from (B6) = 0.55 kN

* line load from (BW3)                                                            = 3.94 kN/m

* line load from (BW2)                                                            = 3.33 kN/m

( 4.3.8.4) Design :

According to Atir calculations
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(4.3.9)Pos.B9 .

( 4.3.9.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.9.2)   Section : selected

Figure 4 - 18

( 4.3.9.3) Loading :

Dead load :

* Self weight of the Beam see safe output

* line load from slab (1) see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.5= 12.5 kN/m ( Height of the wall = 2.5 m)

Live load :

* line load from slab (1) see safe output

( 4.3.9.4) Design :

see safe output
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(4.3.10)Pos.B10 .

( 4.3.10.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.10.2)   Section : selected

Figure 4 - 19

( 4.3.10.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (1) see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.5 = 12.5 kN/m ( height of the wall = 2.5 m)

Live load :

* line load from slab (1) see safe output

( 4.3.10.4) Design :

see safe output
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.11)Pos.B(4.3.11

( 4.3.11.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.11.2)   Section : selected

Figure 4 - 20

( 4.3.11.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (1) see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.5 = 12.5 kN/m ( length of the wall = 2.25 m)

Live load :

* line load from slab (1) see safe output

( 4.3.11.4) Design :

see safe output
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(4.3.12)Pos.B12 .

( 4.3.12.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.12.2)   Section : selected

Figure 4 - 21

( 4.3.12.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (1) see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.5 = 12.5 kN/m ( height of the wall = 2.5m)

Live load :

* line load from slab (1) see safe output

( 4.3.12.4) Design :

see safe output
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(4.3.13)Pos.B14 .

( 4.3.13.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.13.2)   Section : selected

Figure 4 - 22

( 4.3.13.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (2)                                             see safe output

Live load :

* line load from slab (2)                                             see safe output

( 4.3.13.4) Design :

see safe output
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(4.3.14)Pos.B15 .

( 4.3.14.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.14.2)   Section : selected

Figure 4 - 23

( 4.3.15.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (2) see safe output

Live load :

* line load from slab (2) see safe output

( 4.3.14.4) Design :

see safe output
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(4.3.15)Pos.B16 .

( 4.3.15.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.15.2)   Section : selected

Figure 4 - 24

( 4.3.15.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (2) see safe output

* line load from slab (3)                                             see safe output

Live load :

* line load from slab (2) see safe output

* line load from slab (3) see safe output

( 4.3.15.4) Design :

see safe output
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(4.3.16)Pos.B17 .

( 4.3.16.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.16.2)   Section : selected

Figure 4 - 25

( 4.3.16.3) Loading :

Dead load :

* Self weight of the Beam see safe output

* line load from slab (2) see safe output

* line load from slab (3) see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.7 = 13.5 kN/m ( height of the wall = 2.7m)

Live load :

* line load from slab (2) see safe output

* line load from slab (3) see safe output

( 4.3.16.4) Design :

see safe output
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(4.3.17)Pos.B18 .

( 4.3.17.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.17.2)   Section : selected

Figure 4 - 26

( 4.3.17.3) Loading :

Dead load :

* Self weight of the Beam                                           see safe output

* line load from slab (3) see safe output

* line load from slab (4)                                             see safe output

Live load :

* line load from slab (3)                                             see safe output

* line load from slab (4)                                             see safe output

( 4.3.17.4) Design :

see safe output
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(4.3.18)Pos.B19 .

( 4.3.18.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.18.2)   Section : selected

Figure 4 - 27

( 4.3.18.3) Loading :

Dead load :

* Self weight of the Beam see safe output

* line load from slab (4)                                             see safe output

Live load :

* line load from slab (4)                                             see safe output

( 4.3.18.4) Design :

see safe output
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(4.3.19)Pos.B20 .

( 4.3.19.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.19.2)   Section : selected

Figure 4 - 28

( 4.3.19.3) Loading :

Dead load :

* Self weight of the Beam                                          see safe output

* line load from slab (3)                                             see safe output

Live load :

* line load from slab (3)                                             see safe output

( 4.3.19.4) Design :

see safe output
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(4.3.20)Pos.B21 .

( 4.3.20.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.20.2)   Section : selected

Figure 4 - 29

( 4.3.20.3) Loading :

Dead load :

* Self weight of the Beam                                          see safe output

* line load from slab (3)                                             see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.7 = 13.5 kN/m ( height of the wall = 2.7m)

Live load :

* line load from slab (3)                                             see safe output

( 4.3.20.4) Design :

see safe output
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(4.3.21)Pos.B22 .

( 4.3.21.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.21.2)   Section : selected

Figure 4 - 30

( 4.3.21.3) Loading :

Dead load :

* Self weight of the Beam                                          see safe output

* line load from slab (5) see safe output

* Self weight of the wall:

♦ Weight of block = 2/50.1 mkN

♦ Weight of stone = 2/30.1 mkN

♦ Weight of mortar = 2/76.1 mkN

♦ Weight of Plastering = 2/44.0 mkN

2/5 mkNWeight 
5 * 2.7 = 13.5 kN/m ( height of the wall = 2.7m)

Live load :

* line load from slab (3)                                             see safe output

( 4.3.21.4) Design :

see safe output
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(4.3.22)Pos.B23 .

( 4.3.22.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.22.2)   Section : selected

Figure 4 - 31

( 4.3.22.3) Loading :

Dead load :

* Self weight of the Beam                                          see safe output

* line load from slab (5) see safe output

Live load :

* line load from slab (5)                                             see safe output

( 4.3.22.4) Design :

see safe output



Chapter  Four …………………………………………………………………………

١١٠

(4.3.23)Pos.B24 .

( 4.3.23.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.23.2)   Section : selected

Figure 4 - 32

( 4.3.23.3) Loading :

Dead load :

* Self weight of the Beam                                          see safe output

* line load from slab (4) see safe output

* line load from slab (5)                                             see safe output

Live load :

* line load from slab (4)                                             see safe output

* line load from slab (5)                                             see safe output

( 4.3.23.4) Design :

see safe output
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(4.3.24)Pos.B25 .

( 4.3.24.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.3.24.2)   Section : selected

Figure 4 - 33

( 4.3.24.3) Loading :

Dead load :

* Self weight of the Beam                                          see safe output

* line load from slab (4) see safe output

* line load from slab (5) see safe output

Live load :

* line load from slab (4) see safe output

* line load from slab (5) see safe output

( 4.3.24.4) Design :

see safe output
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4.4 Design of reinforcement  columns .

Table ( 4-1 )

D.L L.L D.L L.L
Beam Beam Beam Beam

load from B1+B6 B1+B6 load from B1 B1
C1 6.87 3.41 C2 16.14 9.37

Load from S1 S1 Load from B9 B9
C14 49.42 5.93 C15 138.07 23.48

Load from _ _ Load from _ _
foundation ∑ 60 9.34 foundation ∑ 158 32.85

D.L L.L D.L L.L
Beam Beam Beam Beam

load from B2+B3 B2+B3 load from B3+B4 B3+B4
C3 3.59 1.66 C4 14.8 9.99

Load from S1 S1 Load from _ _
C16 167.71 39.1 on S1 ∑ 18.85 9.99

Load from _ _
B22 ∑ 175 40.76

D.L L.L D.L L.L
Beam Beam Beam Beam

load from B4+B5 B4+B5 load from B5 B5
C5 12.97 9.04 C6 3.41 1

Load from _ _ Load from S1 S1
on S1 ∑ 17.02 9.04 C17 204.83 43.73

Load from _ _
B22 ∑ 212.3 44.73

D.L L.L D.L L.L
Beam Beam Beam Beam

load from B6 B6 load from B8 B8
C8 16.63 8.91 C9 20.75 11.01

Load from S1 S1 Load from S1 S1
C18 180.188 30.15 C20 161.643 27.135

Load from _ _ Load from _ _
foundation ∑ 200.868 39.06 foundation ∑ 186.44 38.145
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D.L L.L D.L L.L
Beam Beam Beam Beam

load from B8 B8 load from B8 B8
C10 28.99 20.03 C11 30.68 19.95

Load from S1 S1 Load from S1 S1
C21 268.814 51.37 C22 192.48 37.49

Load from B17 B17 Load from S2+S3 S2+S3
Basement wall ∑ 301.854 71.4 C27 183.16 29.1

Load from _ _
foundation ∑ 375.64 66.58

D.L L.L D.L L.L
Beam Beam Beam Beam

load from B8 B8 load from B8+B7 B8+B7
C12 18.17 13.67 C13 22.14 10.36

Load from S1 S1 Load from S1+C.F1 S1+C.F1
C23 216.368 32.4 C13' 13.09 2.63

Load from S2+S3 S2+S3 Load from S3 S3
C28 201.953 22 C32 194.249 16.1

Load from _ _ Load from _ _
foundation ∑ 440.541 68.07 foundation ∑ 232 29.1

D.L L.L D.L L.L
Beam Beam Beam Beam

load from B7 B7 load from S2 S2
C7 18.62 10.17 C24 215.384 92.49

Load from S1+C.F1 S1+C.F1 Load from _ _
C7' 13.09 2.63 foundation ∑ 219.434 92.49

Load from S3 S3
C33 191.53 9.62

Load from _ _
foundation ∑ 225.5 22.42

D.L L.L D.L L.L
Beam Beam Beam Beam

load from S2+S3 S2+S3 load from S2 S2
C25 59.2 11.226 C26 289.7 130.15

Load from _ _ Load from _ _
foundation ∑ 63.25 11.226 foundation ∑
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D.L L.L D.L L.L
Beam Beam Beam Beam

load from S2 S2 load from S2+S3 S2+S3
C29 150.412 63.23 C30 162.4 22.265

Load from _ _ Load from _ _
W!?+foundation ∑ foundation ∑

D.L L.L D.L L.L
Beam Beam Beam Beam

load from S3 S3 load from S2 S2
C31 237.7 22.9 C34 31.98 11.05

Load from _ _ Load from _ _
foundation ∑ 24.175 22.9 W!?+foundation ∑ 34.78 11.05

D.L L.L D.L L.L
Beam Beam Beam Beam

load from S2 S2 load from S2 S2
C35 60.1 19.65 C36 55.35 15.97

Load from _ _ Load from _ _
foundation ∑ 64.15 19.65 foundation ∑ 59.4 15.97

D.L L.L
Beam Beam

load from S1 S1
C19 12.94 0.32

Load from _ _
foundation ∑ 16.99 0.032
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(4.4.1)Pos.: column 14.

( 4.4.1.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.4.1.2)   Section : selected

SECTION

system

Figure 4 - 34

( 4.4.1.3) Loading :

Pu = 1.2 * D.L + 1.6 * L.L
= 1.2 * 56.3 + 1.6 * 9.34
= 82.5 kN

So 127
65.

5.82



up

Pn

( 4.4.1.4) Design :

Determination of( Agreq)

%1g

 )*()1(*)'*85.0(*8.0 gygcgn ffAP  

 )01.0*420()01.01(*)24*85.0(*8.0127.  gA
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Ag = 0.00651m2

Select 30 cm *20 cm  with Ag = 0.06m2

DiagramnInteractioFrom

Psi
A

P

g

n 86.133
1000

102

2.03.0

5.82*







g .01

126

`10*63.*2.*01. 24





Use

mAA gs



 

In 30 cm Direction

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

1
1234  ACI

M

M

r

klu

Lu: Actual unsupported (un braced) length.

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

R: radius of gyration = 0.3 h =

I

A

Lu = 2.70 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.

cmdirctioninColoumnlong

ACI
M

M

r

luk

30:

2230
3.0*3.0

70.2*1

)2.12.10(...............1234
*

2

1
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2
4

44
33

.3.2
82.01

10*5.4*15.23270*4.0
*

10*5.4
12

3.0*2.0

12

*

82.0
5.82

)56.67(.*2.1

15.2327024*4750'*4750

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

*
4.0

mMNIE

m
hb

I

Pu

LD

MpafcE

EqACI
IE

EI

g

d

c

d

gc

























.48.4
)25.2*1(

3.2*14.3

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

**

2

2

2

2

MNP

EqACI
LuK

IE
P

c

cr






102.1

10*45.5*75.0

74.78
1

1

)1210.(2002318...............0.1

*75.0
1

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

)1610.(2002318............4.06.0

3

2

1























ns

c

ns EqACI

P

Pu
Cm

ACItoAccordingCm

EqACI
M

M
Cm





082.0
30.0

0245.0

0245.002.1*024.0

024.024300*03.015*03.015

min

min






h

e

ee

mmmhe

ns

In 20 cm Direction

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

1
1234  ACI

M

M

r

klu

Lu: Actual unsupported (un braced) length.
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K: effective length factor (K= 1 for braced frame).

R: radius of gyration = 0.3 h =

I

A

Lu = 2.7 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.

cmdirctioninColoumnlong

ACI
M

M

r

luk

20:

2245
2.0*3.0

7.2*1

)2.12.10(...............1234
*

2

1







2
4

44
33

.26.1
48.01

10*2*15.23270*4.0
*

10*2
12

2.0*3.0

12

*

48.0
74.78

)1.38(.*2.1

15.2327024*4750'*4750

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

*
4.0

mMNIE

m
hb

I

Pu

LD

MpafcE

EqACI
IE

EI

g

d

c

d

gc

























.7.1
)7.2*1(

26.1*14.3

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

**

2

2

2

2

MNP

EqACI
LuK

IE
P

c

cr
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102.1

10*5.5*75.0

74.78
1

1

)1210.(2002318...............0.1

*75.0
1

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

)1610.(2002318............4.06.0

3

2

1























ns

c

ns EqACI

P

Pu
Cm

ACItoAccordingCm

EqACI
M

M
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0112.0
20.0

02415.0
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min

min






h

e

ee
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g

n 86.133
1000
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74.78*







g .01
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Design of the Reinforcement:

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

48dt (tie bar diameter).

Least dimension.

S

S

S





mmleastspacing

cmdspacing

cmdspacing

t

b

300.dim.

4814848

2.192.11616





cmUse 18@10
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(4.4.2)Pos. C1 , C2 , C3 , C8 , C9 , C10 , C11 , C12
(Cantilever columns ) to stabilize of the roof plan in y-direction .

( 4.4.2.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.2.2)   Section : selected

system

SECTION

Figure 4-٣٥
( 4.4.2.3) Loading :

Dead load :

* Self weight of the Beam = 3.4 kN

* See table ( 4-1 )

Live load :

* See table ( 4-1 )

* Hmax = 5.90 kN ( reaction support for wind load from BH8)

*** Nmax 11 = 1.2 D.L + 1.6 L.L = 1.2 * 30.68 + 1.6 * 19.95 = 68.74 kN "Control”

*** Nmax 11 = 1.4 D.L = 1.4 * 30.68 = 42.952 kN

*** Hmax 11 = 1.6 L.W = 1.6 * 5.90 = 9.44 kN

( 4.4.2.4) Design :

According to Atir
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(4.4.3)Pos. C7 , C13 .
(Cantilever columns ) to stabilize of the roof plan in X-direction .

( 4.4.3.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.3.2)   Section : selected

0.
33

2.
25

system

S E C T IO N

H

N

Figure 4-٣٦
( 4.4.3.3) Loading :

Dead load

* Self weight of the Column = 3.4 kN

* See table ( 4-1 )

Live load :

* See table ( 4-1 )

* Hmax = 3.18 kN ( reaction support for wind load from BH6)

*** Nmax 13 = 1.2 D.L + 1.6 L.L = 1.2 * 22.14 + 1.6 * 10.36 = 43.14 kN    "Control”

*** Nmax 13 = 1.4 D.L = 1.4 * 22.14 = 30.996 kN

*** Hmax 13 = 1.6 L.W = 1.6 * 3.18 = 5.088 kN

( 4.4.3.4) Design :

According to Atir
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(4.4.4)Pos. C4 , C5 , C6 ,C17, C14 , C15 , C16 , C17 , C18 , C19 , C20 ,
C20 , C21 , C22 , C23 .

(Pin column ) .

( 4.4.4.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.4.2)   Section : selected

SECTION

system

Figure 4 - 37

( 4.4.4.3) Loading :

Dead load :

* Self weight of the Column = 4.1 kN

* max. reaction support from (B10 to B12 ) see table ( 4-1 )

Live load :

* max. reaction support from ( B10 to B12 ) see table ( 4-1 )

( 4.4.4.4) Design :

According to Atir
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(4.4.5)Pos. C7’ , C13’ .
(Pin column ) .

( 4.4.5.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.5.2)   Section : selected

SECTION

system

Figure 4 - 38

( 4.4.5.3) Loading :

Dead load :

* Self weight of the Column = 4.1 kN

* max. reaction support from (B13) see table ( 4-1 )

Live load :

* max. reaction support from ( B13) see table ( 4-1 )

( 4.4.5.4) Design :

According to Atir
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(4.4.6)Pos. C24 , C25 , C26 , C27 , C28 , C29 , C30 , C31 .
(Pin column ) .

( 4.4.6.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.6.2)   Section : selected

system

SECTION

Figure 4 - 39

( 4.4.6.3) Loading :

Dead load :

* Self weight of the Column = 4.23 kN

* max. reaction support from (B14 to B22) see table ( 4-1 )

Live load :

* max. reaction support from ( B14 to B22) see table ( 4-1 )

( 4.4.6.4) Design :

According to Atir
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(4.4.7)Pos. C32 , C33 .
(Pin column ) .

( 4.4.7.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.7.2)   Section : selected

system

SECTION

Figure 4 - 40

( 4.4.7.3) Loading :

Dead load :

* Self weight of the Column = 4.23 kN

* max. reaction support from (B21) see table (4-1)

Live load :

* max. reaction support from ( B21) see table (4-1)

( 4.4.7.4) Design :

According to Atir
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(4.4.8)Pos. C34.
(Pin column ) .

( 4.4.8.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.8.2)   Section : selected

SECTION

Figure 4 - 41

( 4.4.8.3) Loading :

Dead load :

* Self weight of the Column = 2.8 kN

* max. reaction support from (B16 & B21) see table (4-1)

Live load :

* max. reaction support from (B16 & B21) see table (4-1)

( 4.4.8.4) Design :

According to Atir
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(4.4.9)Pos. C35 , C36 .
(Pin column ) .

( 4.4.9.1)  Material : reinforcement concrete .

Concrete (B300) ( MPafC 2430*8.  ) .

Steel (420) .

( 4.4.9.2)   Section : selected

system

SECTION

Figure 4 - 42

( 4.4.9.3) Loading :

Dead load :

* Self weight of the Column = 7.0 kN

* max. reaction support from (B14 & B15) see table (4-1)

Live load :

* max. reaction support from (B15 & B16) see table (4-1)

( 4.4.9.4) Design :

According to Atir
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4.5 Design of concrete columns with wind effect .

(4.5.1)Pos. BH8 :

(4.5.1.1) Some calculation :

The effect of wind load on the column

* horizontal load on the wall
q = 0.8 kN/m2

Wwall = q * Cp

= 0.8 * 0.8 = .64 kN/m2

* Horizontal load on the roof
Wroof = q * Cp * sin α

= 0.8 * 0.8 * sin 15
= .42 kN/m2

So the total wind load on the beam will be :

WL =  rroof
w hW

h
*

2
*Wwall 







=  21.1*42.
2

23.2
*.64 








= 1.222 kN/m
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(4.5.1.2)System :

Figure 4 - 43

Wwall

Wroof The Beam

0.71kN/m

0.51kN/m

A B C D E
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(4.5.1.3)Reaction Support :

Ah = 5.6 kN

Bh = 5.53 kN

Ch = 5.9 kN

Dh = 5.1 kN

Eh = 5.1 kN
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(4.5.2)Pos. BH6 :

(4.5.2.1)Some calculation :

The effect of wind load on the column

* horizontal load on the wall
q = 0.8 kN/m2

Ww = q * Cp

= 0.8 * 0.8 = .64 kN/m2

* Horizontal load on the roof
Wr = q * Cp * sin α

= 0.8 * 0.8 * sin 15
= .42 kN/m2

So the wind load on the beam will be :

WL,wall = mkN
hw /71.0

2

23.2
*.64

2
*Ww 















WL,roof = mkN
h

W r
r /39.0

2

21.1
*42.

2
* 

















Chapter  Four …………………………………………………………………………

١٣٢

(4.5.2.2)System :

Wroof

Wwall

hw

hr

Figure 4-٤٤

W roof

W wall The Beam

0.39kN/m

0.71kN/m

A B
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(4.5.2.3)The reaction support :
A = 3.181 kN

B = 3.181 kN
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4.6 Design of concrete frame .

(4.6.1)Pos. Fc concrete Frame.

( 4.6.1.1) Material : Concrete ( B300 ) , fc’ = 24 N/mm2 .
Reinforcement Steel fy = 420 N/mm2 .

( 4.6.1.2) Section : selected

6 .6 0  m

2.7
0 m

D .L .  &  L .L

H

F 1 F 2

Figure 4 - 45

( 4.6.1.3) Loading :

*** Vertical load :

1. F1,D.L = 22.5 kN ( from column Pos. C13 )

2. F1,L.L = 10.4 kN ( from column Pos. C13 )

3. F2,D.L = 19 kN ( from column Pos. C7 )

4. F4,L.L = 10.2 kN ( from column Pos. C7 )

5. QD.L = 26 kN/m ( from slab Pos. S1 )

6. QL.L = 5 kN/m ( from slab Pos. S1 )
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*** Horizontal  load :

From Wind load by C7 = Wwall = q * Cp

= 0.5 *( 0.8 + 0.5 ) = .2 kN/m2

( 4.6.1.4) Design :

See Sap 2000  Results

We selected ( b X h)  : Beam section : 300 X 600 mm

Column section : 300 X <300 mm

1.50 m3Ø12

4Ø20 1.50 m

A A

4Ø141.50 m

1.50 m

3Ø12

5Ø14

8Ø20

5Ø14

8Ø20

3Ø123Ø12

4Ø18Ø10 @ 30

Ø8 @ 20

5Ø145Ø14

B

B

Ø8/18

4Ø12

Ø8/18

60

60

Ø8/18

60

60

60

60

Ø8/18

60

60
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4.7 Design of steel  columns .

(4.7.1)Pos./ Cs1 , Cs2 , Cs3 , Cs4 , Cs5 , Cs6 , Cs7 ,Cs8 , Cs9 /: Steel column .

( 4.7.1.1) Material : Steel A36 .

( 4.7.1.2) Section : assumed b/h = 100 * 100 mm = 3.94 * 3.94 in .

Thickness 4mm = .1575 in .

Length 3.45 m = 11.32 ft .

b

h

Figure 4 - 46

( 4.7.1.3) Loading :

1. Dead Load:

* From beam (BW5) Dead load reaction = 33.04 kN = 7427.4Ibf

* Self weight of the column =    h * b * L * 
= ( 0.1*0.1 - .092*.092) * 3.45 * 420
=1.14 kN = 256.3 Ibf

….. So The total Dead load = 34.18 kN = 7683.7 Ibf

2. Live  Load:

* From beam (BW5) Live load reaction = 27.28 kN = 6132.54  Ibf

A = (.1*.1 –(.092*.092)) = 1.536*10-3 m2

= 1.536*10-3 m2 * (39.37)2

= 2.38 in2

*** Factored load ( Pu) :

Pu = (1.2 * D.L) + (1.6 * L.L)

= (1.2 * 7683.7) + (1.6 * 6132.54 )

= 19032.5 Ibf
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Ag

pu = 19032.5 Ibf / 2.38 in2 = 8996.8 Ibf / in2  8 Ksi

( 4.7.1.4)  System :

( 4.7.1.5)   Design :

* effective length :

About ( x-x ) :-
32.1132.11*1*  ftLk xx

About ( y-y ) :-
32.1132.11*1*  ftLk yy

* Critical stress :-

Select
r

Lk * “ middle value “ (100)

r

Lk *
= 100 critF = 22 ksi (from chart () )

* reqAg
:

PuPn * where 85.

AgFPn crit *

PuAgFcrit **

85.*22

8
Ag Ag = .43 in2
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* Select profile :
Structural tubing ( Square )

Ag = 1.27 in2 the nominal size 2 X 2 in   with a thickness 3/16 in

xr .726 in

yr .726 in

* Check PuPn * :

186
726.

12*32.11*1*


y

yy

r

Lk

186
726.

32.11*12*1*


x

xx

r

Lk


r

Lk *
186

Fcrit = 8 ksi .

1.27 * .85 * 8 = 8.64   > 8  ……….. OK

So we will take the size of our column 100 X 120 X 5 mm

4mm

200mm

200mm

b / h / t = 200 / 200 / 4 mm

Steel plate at foot
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4.8 Design of steel Frame .

(4.8.1)Pos. Fs Steel Frame  .

( 4.8.1.1) Material : Meld steel A36 ( tube sections ) .

( 4.8.1.2) Section : selected

W.L.

4.30 4.30
5
.3

0

D.L.

H

Figure 4 - 47

( 4.8.1.3) Loading :

1. ***Dead Load for first span :

Self weight of the steel fram .

Glass (1) 25 kN/m3 *.018 * 4.3 = 1.935 kN/m

Glass (2) 25 kN/m3 *.018 * 3.775 = 1.7 kN/m

Line load from the reaction support of (BW3) 1.57 / 1.20 = 1.31 kN/m
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H = N * 

01.
100

1


N = 8.6 m * 3.3 m * ( .8 + 1.15 )
= 55.34 kN

So…   H = 55.34 * .01 = .5534 kN

2. Live  Load:

Line load from the reaction support of (BW3) 1.5 / 1.20 = 1.25 kN/m

* Wind Load (W):

According to the German code (DIN 1500-T4)

0 < h < 8 m   so q = 0.5 kN/m2

W = ( CP + Cs )* q

W = ( .8 + 0.5 ) * .5

= 0.65 kN/m2

Wi = 0.65 kN/m2 *
2

be
where be = is the distance between Cs5 & Cs6

= 0.65 kN/m2 * 3.25/2 m = 1.056 kN/m .

R = Wi * h

= 1.056 * 5.3 = 5.6  kN .
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( 4.8.1.4) Design :

See Sap 2000  Results

We selected ( b X h X t )  : Beam section : 120 X 180 X 5 mm

Column section : 100 X 120 X 5 mm

Foot under the columns :

Selected : foot 200 X 200 X10 mm , 4 Bolts .

4mm

200mm

200mm

b / h / t = 200 / 200 / 4 mm
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4.9 Design of steel  columns .

(2.9.1)Base plate under column (Cs1 , Cs2 , Cs3 , Cs4 , fs ).

( 4.9.1.1)  Material : Steel (A36) .

( 4.9.1.2)   Section : selected

4mm

200mm

200mm

b / h / t = 200 / 200 / 4 mm/ 4 Bolts

100 x 100 x4 mm

d

bf

Figure 4 - 48

( 4.9.1.3) Loading :

1. Dead Load :
Concentrated force from steel column ( Cs1 ) = 33.036 kN

2. Live Load :
Concentrated force from steel column (Cs1 )                             = 27.277 kN
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( 4.9.1.4) System :

The nominal bearing strength (fp) of concrete under the base plate

fp =
1

2

A

A
fc'.85

Where A1 = Area of the base plate .

A2 = Area of the supporting concrete that is geometrically similar to and

concentric with the loaded area .

Pu = 1.2 * D.L + 1.6 * L.L

= 1.2 * 33 + 1.6 * 27.28

= 83.25 kN

But for solid slab
1

2

A

A
= 1

So fp = 24*.85 = 20.4 N/mm2

* Stress under the plate

cp
u

pu Qf
A

P
*

1



Where  Qc = 0.6  , is the strength reduction factor .

cc

u

p

u

Qf

p

f

P
A

'**85.1 

223
1 6810*8.6

1000*6.0*24*85.

25.83
cmmA  

The length N in the direction of d .

dAN  1

)8.095.0(*5.0 fbd 

mm5.7

)100*8.0100*95.0(*5.0
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mmmmN

N

dN

10096.89

5.782

5.76800






mmbmm
mm

mm
B

N

A
B

f 1006.75
96.89

6800 2

1





But the column dimensions is 100 mm X 100 mm X 4 mm

So we will take the plate’s dimensions 200 mm X 200 mm

* Determine The thickness of the base – plate

The thickness of the base plate ( tp ) is the largest of :

*
NBfu

P
mt u

p ***9.0

*2
*

*
NBfu

P
nt u

p ***9.0

*2
*

*
NBfu

P
fnt u

p ***9.0

*2
*'* 1

Where : ♣
2

)*95.0( dN
m




♣
2

)*8.0( fbB
n




♣
4

*
'

fbd
n 

♣ 1
)11(

)2(
1 




x

x
f

♣ 























)'**85.0*(
*

)(

)**4(

1
2 Af

P

bd

bd
x

c

u

f

f



So … 55.52
2

)100*95.0200(



m

60
2

)100*8.0200(



n
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25
4

100*100
' n

4
2

10*7.1
)200*200*24*85.0*6(.

25.83
*

)100100(

)100*100*4( 

















x

013.
)10*7.111(

)10*7.12(
4

4

1 







f

Now    * mmt p 59.
200*200*36*9.0

25.83*2
*2.52 

* mmt p 68.
200*200*36*9.0

25.83*2
*60 

* mmt p 0037.
200*200*36*9.0

25.83*2
*013.*25 

* Determine The size of the fillet weld

The maximum size of fillet weld is depend on the thickness of pieces

♦ tat  max

"

,
4

1
( t = amax )

♦
"

max

"

16

1
,

4

1
 tat

t = 4 mm = .16 “ < .25 “ , So   amax = .16”
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4.10 Design of glass .

(4.10.1)Pos . Glass (G١ ).

( 4.10.1.1) Material : Overhead Safe Glass according to the German Code
(Verglasungsrichthinie des (DIBT)) .
( VSG , E = 70,000 N/mm2 )

( 4. 10.1.2) Section : selected    * External glass – plate 2*10  = 20 mm .
* Internal glass – plate 2*7.5  = 15 mm .

7.5 mm

10 mm

10 mm

10 mm

7.5 mm
space

PVB-folie

Figure 4 - 49

( 4. 10.1.3) Loading :

1. Dead Load

Self weight of the Glass . 25 kN/m3 * 0.045 m = 1.125 kN/m2

2. Live  Load:

* Wind Load (W):

According to the German code (DIN 1500-T4)

0 < h < 8 m   so   q = 0.5 kN/m2

W = CP * q

W = - 0.6 * 0.8

= - .48 kN/m2

= - .48 kN/m2 * 0.6 m

= - .288 kN/m

( wind load acts suitable of the system )
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This mean that effect of the wind load on the glass is tension or in the opposite direction

of the dead load , so we will check if the dead load > wind load  or not .

* Snow Load (So ):
According to the Jordan  code   h = 860    ( height above R.L. )
SL= (h – 400) / 400

=(860 – 400) / 400

= 1.15  kN/m2

( 4.10.1.4)  System :

15°

8,6

3,3

S.L+ D.L

system for one plate

D.L

S.L

1.20

( 4.10.1.5)   Design :

***See STAAD Pro. results in pages (  _  ).

According to German code DIN1052 .

1) Allowable bending  stress for Safe Glass .

2/20.1 cmkNB 

maxZ
I

M

A

N

y

y
B 
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N: Direct load.

A: Section area .

My: Max moment about y-y axis .

IY : Moment of inertia about y-y axis.

Zmax : Stress in point .

N  zero .

Iy = 3**
12

1
hb

Iy1 = 301.*1*
12

1
= 8.33*10-8

My = 2**
8

1
lq

= 22.1*)15.15(.*
8

1
 *1 m4

= .297 kN.m/m.

maxZ = .٠05 m

So
MPaB 913.8005.*

2*10*8.33

297.
8-


for the top plates(10,10)

8.91 MPa < 12 MPa so the taken dimension is suitable .

3) Deflection .

* Deflection for the first span

Fmax
200

L
 where  L = 1.20 m

Fmax
200

2.1


So    Fmax  .006 m
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2**
8

1
LqM o

mmkN /.225.0

2.1*25.1*
8

1 2





* E = 7000 2/ cmkN

* I = 2*1000*)1(*
12

1 3

= 8.33 cm4

Defl. = dxMM
IE

l

o **
*

1
1

0


=
4.2

*
*

*

1 1MM

IE
o

=
4.2

5.22*30
*

33.8*7000

1

= 0.48 cm

We find the maximum deflection = 0.48 cm

. 48 cm < 0.6 cm So its ok .

*** Notes :

1) For the bottom part of glass(7.5mm,7.5mm) we make check that if that happen

any crash for the top plat (10mm,10mm), the bottom plate can carry the weight of  the

broken  glass & snow load  for a specified period of  time .

2) PVB-folie : Poly-Vinyl-Butyral –folie .
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4.11 Design of slabs .

(4.11.1)Pos.S1: Solid Slab .

( 4.11.1.1)  Material : reinforcement concrete .
Concrete (B300) .
Steel ( fy =420)

( 4.11.1.2) Section : selected

Figure 4 - 50

Some calculations:

The thickness of the slab
20

nL
 for simply supported

m33.
20

6.6


( 4.11.1.3) Loading :

1. Dead Load :

Weight of slab 2/25.825*33. mkN

Weight tiles + mortar + sand = 2/2 mkN

Weight of Plastering 22*02. = 2/44. mkN

  2/69.10 mkNLD

There will be a concentrated force causes by the steel columns

* Concentrated force from Cs1 = 33 kN

* Concentrated force from Cs2 = 31.24 kN

* Concentrated force from Cs3 = 16.1 kN
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* Concentrated force from Cs4 = 30.5 kN

* Concentrated force from C4 = 10.4 kN

* Concentrated force from C5 = 9.48 kN

There will be a distributed  force causes by the stair = 32.8  kN/m

2. Live  Load :

From live load table we find the the live load for slabe  is 2.9 kN/m2 included Partion
for normal area , and live load for Balcony’s area is 5 kN/m2

There will be a concentrated force causes by the steel column

* Concentrated force from Cs1 = 27.3  kN

* Concentrated force from Cs2 = 12.17 kN

* Concentrated force from Cs3 = 11.27 kN

* Concentrated force from Cs4 = 10.5 kN

* Concentrated force from C4 = 6.67 kN

* Concentrated force from C5 = 5.71 kN

There will be a distributed  force causes by the stair = 11.7 kN/m

Deflection in the slab :

Figure 4 - 51

( 4. 11.1.4) Design :

See Safe output
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(4.11.2)Pos.S2: Solid Slab .

( 4.11.2.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( fy =420)

( 4. 11.2.2) Section : selected

Figure 4 - 52

( 4. 11.2.3) Loading :

1. Dead Load :

Weight of slab 2/25.825*33. mkN

Weight tiles + mortar + sand = 2/2 mkN

Weight of Plastering 22*02. = 2/44. mkN

  2/69.10 mkNLD
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There will be a concentrated force causes by the steel column

* Concentrated force from Cs5 = 16 kN

* Concentrated force from Cs6 = 12 kN

* Concentrated force from Cs7 = 16 kN

* Concentrated force from Cs8 = 12 kN

* Concentrated force from Cs9 = 16 kN

2. Live  Load :
From live load table we take the the live load for slabe  is 5.0 kN/m2

There will be a concentrated force causes by the steel column

* Concentrated force from Cs5 = 5.5 kN

* Concentrated force from Cs6 = 2.7 kN

* Concentrated force from Cs7 = 5.4 kN

* Concentrated force from Cs8 = 2.7 kN

* Concentrated force from Cs9 = 5.5 kN
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Deflection in the slab :

Figure 4 - 53

( 4. 11.2.4) Design :

See Safe output
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(4.11.3)Pos.S3: Solid Slab .

( 4.11.3.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( fy =420)

( 4.11.3.2) Section : selected

Figure 4 - 54

( 4.11.3.3) Loading :

1. Dead Load :

Weight of slab 2/25.825*33. mkN

Weight tiles + mortar + sand = 2/2 mkN

Weight of Plastering 22*02. = 2/44. mkN

  2/69.10 mkNLD
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There will be a concentrated force causes by the concrete column

* Concentrated force from C16 = 177 kN

* Concentrated force from C17 =204 kN

There will be a distributed  force causes by the stair = 23.87  kN/m

2. Live  Load :
From live load table we take the the live load for slabe  is 2.9 kN/m2 included Partion

There will be a concentrated force causes by the concrete column

* Concentrated force from C16 = 15 kN

* Concentrated force from C17 =15.5  kN

There will be a distributed  force causes by the stair = 11.7 kN/m
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Deflection in the slab :

Figure 4 - 55
( 4.11.3.4) Design :

See Safe output
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(4.11.4)Pos.S4 & S5 : Solid Slabs .

( 4.11.4.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( fy =420)

( 4.11.4.2) Section : selected

Figure 4 - 56

Some calculation :

wayTow

Ly

Ly

mLx

mLy









205.1
6.7
0.8

6.7
0.8
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From Table (9-5)C ((in ACI318-2008 code)), the minimum thickness of the tow way

solid slab is to be determined by the following equation:

cmhSelect

mh

mLn

inthanlessNot

Ln
h

33

23.0
33

6.7
6.72.02.00.8

5
33min









4.8.2 Determination of Loads:

( 4.11.4.3) Loading :

1. Dead Load :

Weight of slab 2/25.825*33. mkN

Weight of soil 2/70.218*15. mkN

  2/95.10 mkNLD

2. Live  Load :
From live load table we find the the live load for slabe  is 2.9 kN/m2

( 4.11.4.4) Design :

mkNPu

Pu

LLLDPu

/78.17
9.2*6.195.10*2.1

.6.1.2.1
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mKN
KAx

lxqu
Ax

mKN
KAy

lxqu
Ay

stripmmKN
Kfy

lxqu
Muy

stripmmKN
Kfx

lxqu
Mux

KAy

KAx

Kfy

Kfx

then
Lx

Ly
TableFrom

y

x

y

x

/78.52
56.2

6.7*78.17*

/3.58
44.2

0.8*78.17*

1/.34.2715.1*
2.43

6.7*78.17**

1/.62.44145.1*
2.29

0.8*78.17**

15.1
145.1

44.2
56.2
2.43
2.29

:1.1....

22

22

























4.8.3 Design of Shear:

6.177290*1000*24
6
175..

**'
6
175..





Vc

dbfVc wc





1306.177.  VuVc

quirediforcementShearNo ReRe

4.8.4 Design of Reinforcement:

d=33-3-1.0=29 cm.

Mux = 44.62 KN.m

Muy = 27.34 KN.m

In x-direction.

Mpa
db

Mnx
Rn

mKNMnx

fc

fy
m

59.0
290*1000
10*6.49

*

.6.49
9.0
62.44

6.20
24*85.0

420
*85.0

2

6

2

'
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mcmAs

fy

mRn

m

req /06.429*100*0014.0

0014.0)
420

59.0*6.20*211(*
6.20

1

)211(1

2









(

mcmdb
fy

fc
As /45.8

420
290*1000*2425.0**

'25.0 2
min 

But not less than

mcmAs

mcm
fy

dbw
As

req /3.506.4*3.1*3.1

/8.2
420

290*1000*4.1**4.1

2
.

2
22

min





mcmAscmSelect

mcmAs

ovided

Shrinkage

/28.6
18

1304.1*10018@12

/94.533*100*0018.0

2
Pr

2







In y-direction.

mcmAscmSelect ovided /28.618@12 2
Pr 

4.8.5 Check for Strain:

Tension  =Compression

yieldsSteel

cm
a

x

cma

a

abfcfyA

s

s

s













005.0054.0

003.0*
52.1

52.10.29

52.1
85.0
29.1

29.1
*100*24*85.04210*28.6

*'**85.0*

1







4.8.6 Development length of the bars:

b
c

y
d d

f

f
L  

'2

44.51

2.1111
242

420





d

d

L

L
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4.8.7 Shrinkage & Temperature Reinforcement in Top :

mcmhbAsShrinkage /94.533*100*0018.0**0018.0 2
228.618@12 cmAscmSelect provided 

Deflection in the slab :

Figure 4 - 57

( 4.6.4.4) Design :

See Safe output
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B
ea

m
24

Ø12@18cm c/c T.B (Variable )

Ø12@18cm c/c T.B (L= 3m ) Ø12@18cm c/c T.B (L= 2m )

Ø12@18cm c/c T.B (Variable )

Ø12@18cm c/c T.B (Variable )

Top - Reinforcement
Basic Mesh # in both Direction Ø 12 / 18 cm

B
ea

m
24

Basic Mesh # in both Direction Ø 12 / 18 cm

Ø12@18cm c/c B.B (Variable )

Ø12@18cm c/c B.B (Variable )

Ø12@18cm c/c B.B (Variable )



١٦٥

(4.11.5)Pos.S6: Solid Slabs .

( 4.11.5.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( fy =420)

( 4.11.5.2) Section : selected

Figure 4 - 58
( 4.11.5.3) Loading :

1. Dead Load :

Weight of slab 2/25.825*33. mkN

Weight tiles + mortar + sand = 2/2 mkN

Weight of Plastering 22*02. = 2/44. mkN

  2/69.10 mkNLD
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2. Live  Load :
From live load table we take the the live load for slabe  is 5 kN/m2

Deflection in the slab :

Figure 4 - 59
( 4.11.5.4) Design :

See Safe output
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4.12 Design of reinforcement stairs.

(4.12.1)Pos./St4/: Stair  .

( 4.12.1.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.12.1.2) Section : selected

Figure 4 - 60
Some calculations:

The slope angle is ko.54.29
70.2
53.1tan 01  

Determination of thickness :

24
L

h 

mmmmh 1302.129
24

3100


mmhuse 150

( 4.12.1.3) Loading :

* For Flight
1. Dead Load :

Weight of flight 2/3.454.29cos/2515.0. mkNe 

Weight of riser 2/9.123165.0
2
1

mkN

Weight of tike                                         =
2/44.0 mkN

Weight of Plastering                               =
2/4.0 mkN

Weight of Mortar                                      =
2/4.0 mkN
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  2/45.7 mkNLD

2. Live  Load :
From live load table we find the the live load for stair is 3.5 kN/m2

So
2

2

/5.3.

/45.7

mkNLL

mkNLD








2
1 /95.105.39.124.131.4 mkNq 

2
1 /54.146.15.345.72.1 mkNq 

* For Landing

1. Dead Load :

Weight of landing 2/3.454.29cos/2515.0. mkNe 

Weight of tike                                         =
2/44.0 mkN

Weight of Plastering                              =
2/4.0 mkN

Weight of Mortar                                   =
2/4.0 mkN

  2/55.5 mkNLD

2. Live  Load :
From live load table we find the the live load for stair is 3.5 kN/m2

So
2

2

/5.3.

/55.5

mkNLL

mkNLD








2
2 /05.95.324.131.4 mkNq 

2
2 /26.126.15.355.52.1 mkNq 
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( 4. 12.1.4) System :
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( 4. 12.1.5) Design :

Internal force :

Shear envelope:

Moment envelope:

*See the STAAD results  in the appendix
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*Design for positive moment:

mmCoverusemmuse 2012

mm

Cover
db

ed

12420
2

12150

2





MPaffdmmNM Cyu 24,420,124,/103.25 6 

07786.0
1241000249.0

103.25

..
2

6

2






dbf

M
k

C

u
u

082.)
18.1

0786.*18.1*211)
85./1

)85./1(211( 






k

w

00035.04.1
min 

yf
w

00472.0



y

C

f

f
w

0182.0
420600

600
420
2485.085.075.0

max

max


























maxmin  

228.585124100000472.0.. mmdbAS   / m

mm

mm

h

mm

S s 4501503
450
3
150











ccmmmmuse

mmSuse

\150@126
150






١٧٢

* Design for Temperature and Shrinkage steel:

mmuse 10

mmd 113
2

101220150 

24.20311310000018.0 mm

dbAS



 

=2.034cm2/m

cm20/10

Figure 4 - 61
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(4.12.2)Pos./St1/: Stair  .

( 4.12.2.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.12.2.2) Section : selected

St
1

St
2

A A

Figure 4 - 62

Determination of thickness :
mmhuse 150

( 4.12.2.3) Loading :

* For Flight
1. Dead Load :

Weight of flight 2/3.454.29cos/2515.0. mkNe 

Weight of riser 2/9.123165.0
2
1

mkN

Weight of tike                                         =
2/44.0 mkN

Weight of Plastering                               =
2/4.0 mkN

Weight of Mortar                                      =
2/4.0 mkN

  2/45.7 mkNLD

2. Live  Load :
From live load table we find the the live load for stair is 3.5 kN/m2

( 4.12.2.4) Design :
According to STAAD Pro.
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(4.12.3)Pos./St2/: Stair  .

( 4.12.3.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.12.3.2) Section : selected

St
1

St
2

A A

Figure 4 - 63

Determination of thickness :
mmeuse 150

* For Flight
1. Dead Load :

Weight of flight 2/3.454.29cos/2515.0. mkNe 

Weight of riser 2/9.123165.0
2
1

mkN

Weight of tike                                         =
2/44.0 mkN

Weight of Plastering                               =
2/4.0 mkN

Weight of Mortar                                      =
2/4.0 mkN

  2/45.7 mkNLD

2. Live Load :
From live load table we find the the live load for stair is 3.5 kN/m2

( 4.12.3.4) Design :
According to STAAD Pro.
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(4.12.4)Pos./St3/: Stair  .

( 4.12.4.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.12.4.2) Section : selected

St4
A

A

Figure 4 - 64

Determination of thickness :
mmeuse 150

* For Flight
1. Dead Load :

Weight of flight 2/3.454.29cos/2515.0. mkNe 

Weight of riser 2/9.123165.0
2
1

mkN

Weight of tike                                         =
2/44.0 mkN

Weight of Plastering                               =
2/4.0 mkN

Weight of Mortar                                      =
2/4.0 mkN

  2/45.7 mkNLD

2. Live  Load :
From live load table we find the the live load for stair is 3.5 kN/m2

( 4.12.4.4) Design :
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According to STAAD Pro.

(4.12.5)Pos./St6/: Stair  .

( 4.12.5.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420) 6

( 4.12.5.2) Section : selected

St6

Figure 4 - 65
Determination of thickness :

mmeuse 150

* For Flight
1. Dead Load :

Weight of flight 2/3.454.29cos/2515.0. mkNe 

Weight of riser 2/9.123165.0
2
1

mkN

Weight of tike                                         =
2/44.0 mkN

Weight of Plastering                               =
2/4.0 mkN

Weight of Mortar                                      =
2/4.0 mkN

  2/45.7 mkNLD

2. Live  Load :
From live load table we find the the live load for stair is 3.5 kN/m2

( 4.12.4.4) Design :
According to STAAD Pro.
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4.13 Design of steel stairs.

(4.13.1)Pos./St5/: Stair  .

( 4.13.1.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420) 6

( 4.13.1.2) Section : selected

St5

Figure 4 - 66

1. Dead Load :

Self weight

2. Live Load :
From live load table we find the the live load for stair is 2.5 kN/m2

( 4.13.1.4) Design :
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(4.13.2)Pos./St9/: Stair  .

( 4.13.2.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420) 6

( 4.13.2.2) Section : selected

Figure 4 - 67

1. Dead Load :

Self weight

2. Live  Load :
From live load table we find the the live load for stair is 2.5 kN/m2

( 4.13.2.4) Design :
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4.14 Design of Basement walls.

(4.14.1)Pos.W1: Basement wall.

( 4.14.1.1) Material : reinforcement concrete .
Concrete (b300) .
Steel (420 ) .

( 4.14.1.2) Section : selected :

Figure 4 - 68

( 4.14.1.3) Loading :

*Self weight of earth :
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2
1

3
soil

01

KN/m2.255.08.218
5.0

30

/18

:










q

K

mKn

thatAssume

Khq







*Load from live load (cars , people ) :

2
2

02

KN/m5.25.05 



q

KPq

* Normal Load :

Is very small , it will be  neglected ( safe side ) .

( 4.14.1.5) Design :

Thickness Calculation :
Assume ρ  =0.01

Mu  =37.3kN.m             (from Atir output )

Mn =37.3/0.9  =41.4 kN.m

mmh

mmd
bd

Mn
K

Mpa
m

fy
K

fc

Fy
m

n

n

139103099

99
7.410009.0

104.41

7.4
01.06.205.01

42001.0
5.01

6.20
2485.0

420
'85.0

6

2

























mmhselect 200

Wall Design :

Mpa
db

Mnx
Kn

mmd

5.1
1581000
103.37

*

1581230200

2

6

2 
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0037.0)
420

5.16.20211(
6.20
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)211(1











fy

mKn

m

mmmAs req /58715810000037.0 2

mmmdb
fy

fc
As /461

420
15810002425.0'25.0 2

min 




But not less than

mmm
fy

dbw
As /527

420
158*1000*4.14.1 2

2

min 




mmmAsmmmAs req /587/527 22
min 

4
154
587# meteroninbarof

c/c@20cm41Select 

As min = 0.0012×b ×h

 = 0.0012 ×1000× 200

 = 240 mm2/ m
oKAsAsreq ............min

Design of Secondary Reinforcement:

54.3
113
400#

/400200*1000*002.0 2





meteroninbarof

mmmAshorizontal

c/c@15cm01Select 

Check for Shear :

quirediforcementShearNo

kNVuVc

dbfcVc

VnVc

ReRe
3.5697.

158100024
6
75.0'

6
75.0
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Ø 10/15 , horizontal

Ø 10/15 , Vertical

Ø 14/20 , Vertical

Ø 10/15 , Vertical

Ø 10/15 , horizontal
60 cm

60 cm

60
 c

m

60
 c

m

Inner side

Outer side
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(4.14.2)Pos.W2: Basement wall.

( 4.14.2.1) Material : reinforcement concrete .
Concrete (b300) .
Steel (420 ) .

( 4.14.2.2) Section : selected :

Figure 4 - 69

( 4.14.2.3) Loading :

*Self weight of earth :

2
1

3
soil

01

KN/m2.435.08.418
5.0

30

/18

:










q

K

mKn

thatAssume

Khq







*Load from live load (cars , people ) :
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2
2

02

KN/m5.25.05 



q

KPq

* Normal Load :

Is very small , it will be  neglected ( safe side ) .

( 4.14.2.5) Design :

Thickness Calculation :
Assume ρ  =0.01

Mu  =58.2  kN.m

Mn =58.2 /0.9  =64.67  kN.m

mmh

mmd
bd

Mn
K

Mpa
m

fy
K

fc

Fy
m

n

n

6.17310306.123

6.123
7.410009.0

1067.64

7.4
01.06.205.01

42001.0
5.01

6.20
2485.0

420
'85.0

6

2

























mmhselect 200

Wall Design :

Mpa
db

Mnx
Kn

mmd

33.2
1581000
102.58

*

1581230200

2

6

2 
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m

mmmAs req /9481581000006.0 2

mmmdb
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As /461

420
15810002425.0'25.0 2

min 
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But not less than

mmm
fy

dbw
As /527

420
158*1000*4.14.1 2

2

min 




mmmAsmmmAs req /948/527 22
min 

7
154
948# meteroninbarof

c/c@15cm41Select 

As min = 0.0012×b ×h

 = 0.0012 ×1000× 200

 = 240 mm2/ m
oKAsAsreq ............min

Design of Secondary Reinforcement:
Select the greater of:

54.3
113
400#

/400200*1000*002.0 2





meteroninbarof

mmmAshorizontal

c/c@15cm01Select 

Check for Shear :

quirediforcementShearNo

kNVuVc

dbfcVc

VnVc

ReRe
3.565.63.

7.103100024
6
75.0'

6
75.0
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Ø 10/15 , horizontal

Ø 10/15 , Vertical

Ø 14/15 , Vertical

Ø 10/15 , Vertical

Ø 10/15 , horizontal
60 cm

60 cm

60
 c

m

60
 c

m

Inner side

Outer side
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4.15 Design of foundations.

(4.15.1)Pos.F01: isolated footing .

( 4.15.1.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.15.1.2) Section : selected

AA

0.
20

m

0.
20

m

Figure 4 - 70

( 4.15.1.3) Loading :

Pu = 1.2 * D.L + 1.6 * L.L
= 1.2 * 265 + 1.6 * 45
= 390 kN

So 600
65.

390



up

Pn

( 4.15.1.5) Design :

Load Calculation:
From Column:
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Dl = 232 kN

Ll = 29.1  kN

Factored load  =326.2 kN

Assume :

Soil weight  =18 KN/m3

Soil depth  =0.60 m

Column geometry 30×30 cm

Allowable soil pressure =400 KN/m2

   
   

kNloadService

Pu

SwCwPuPu

kNSw

kNCw

Pu

T

T

31124.3067.191.29232
1.38624.302.167.192.12.326

2.12.1
24.3060.0*8.2*18

67.1974.83.03.025
2.326










Where :

Cw :Column leg weight

Sw :Soil weight

Pu :Factored load from the column

PuT :Total load on foundation

Design of Footing Area:

To determine the required footing area, the total service load will be used

Allowable soil pressure  =400 KN/m²

Area = Total service load / Soil Pressure

= 311 KN  /400 KN/m²

= .77 m2

Try 0.90  *0.90m   Area  =0.81  m2 > Required Area  =.77 m2

For the design of the reinforced concrète membre, factored load must be used :

Pu  =454.2 KN

OKmKNmKN
A

Pu

ovided
Actual ....../700400*4.1/4.315

44.1
2.454 22

Pr
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Determine the depth of footing based on shear strength:
Assume h = 50 cm … ..d  =50-7.5-1.2  =41.3 cm

Check for one way shear strength

kNVc

dbfcVc

kNVu

Bd
a

XVu

mX

atSectionCritical

w

Foundation

5.303413120024
6
175.0.

)'
6
1.(.

32.519.0)713.0
2
9.0(4.315

*)
2

(*

30.0413.
2

3.090.0













 












kNVukNVc 32.515.303. 

ok

Check for two way shear action punching

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

dbfV oc
c

c















21
6
1..

dbf
db

V oc
o

s
c










 2

/12
1..




dbfV occ


3
1.. 

Where:

5.1
20
30

)(
)(


bWidthColumn

aLengthColumn
C

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

      mbadbo 65.22.023.02413.04224 
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s  = 40 for interior column

kNdbfV oc
c

C 1590420265024
5.1

21*
6
75.021

6
1.. 






 














Kndbf
db

V oc
o

s
C 4320420*3480*24*

48.3
42.0*40*

12
75.02

/12
1.. 





















kNdbfV ocC 14.1363420265024
3
75.0

3
1..  

       kNVu

tioncriticalofareaFR

FRPuVu

ControlkNV

C

bub

bC

C

4.2264.315413.03.0413.06.02.12.1

sec

.....1590.













satisfiedVuKnVc C .......4.2261590. 

Check transfer of load at base of column:

6.795.390

6.795
1000

)]200300(2485.0[65.0.

)85.0.(.










PnPuBut

kNPn

AgcfPn







 Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
2

min 300200300005.0005.0 mAgAs 

124Select

Design of Bending Moment:

♠ At 20 cm Direction.

mkNMu .31.4725.0)2.15(.4.315 

Try to design it by Plain concrete

kN
Mu

Mn 6.52
9.0
31.47

9.0


Using Reinforced Concrete .
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Kn  = Mpa
bd

Mn 257.0
4131200
106.52

2

6

2 





1.20
2485.0

410
85.0 ' 
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fy
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yf

Knm

m

2111


2

2
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2
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108050012000018.00018.0

310420120000067.0

00062.0
420

257.1.20211
1.20

1

mmAs

mmhbAs

AsCheck

mmdbAs

Shrinkage

q














 






cccmSelect /...15@12

♠ At 30 cm Direction:-

mkNMu .32.38225.0)2.145.0(4.315 

mkNMn .6.42
9.0
32.38


Mpa
bd

Mn
Kn 21.0

4131200
106.42

2

6
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Knm

m

2111


2

2

min

2
.Re
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108050012000018.00018.0

42242020000005.0

0005.0
420

21.01.20211
1.20

1

mmAs

mmhbAs

AsCheck

mmdbAs

Shrinkage

q














 






cccmSelect /15@12
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Check for Strain :
Tension  =Compression

OK

a
c

mma

a

abfcfyAs

s

s

..........005.0053.0

003.0*
4.22

4.22420

4.22
1

19
*12002485.04201080

'85.0


















AA

0.
20

m

0.
20

m

6Ų12 (1.12 m)

6Ų12 (L=1.12 m )
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(4.15.2)Pos.Str1 : strip footing .

( 4.15.2.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.15.2.1) Section : selected

Figure 4 - 71

( 4.15.2.1) Loading :

Weight of wall (D.L) = height×Thickness × 1m wide × γc

 =2.8 ×0.2×25 =14 KN/m

load from reaction supportfrom (S2) D = 140 kN/m

L = 50 kN/m

D.L total = 14+140 = 154 KN/m

Total Load (D.L + L.L ) =154 + 50= 204 KN/m

Pu = 1.2*154 + 1.6*50= 270
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( 4.15.2.3) Design :

Determine the Footing Width :

Allowable soil pressure  =400 KN/m²

cm51.0
400
204

pressuresoil
= widthFooting 

allowable

totalW

Select 0.80 m

The main reinforcement needs an enough

Distance to anchorage development length due

to the following Equation   :

0.24 0.24 400 1.2 23.51
' 24b

fy
L d cm

fc

 
   

L=23.51 from each side, we have L =43 cm

So select 80 cm width of strip footing

Determined of footing depth:

Assume h footing  =40 cm

Design of shear:

kNq

lDq

u

u

270506.11582.1
6.12.1




cmh footing 40
cmd 321740 

Bearing pressure:

2\270
1*1

270net mkN
Area

pu
P 

dbfVV wccn 
6
1

uc VV 

)
2

25.01(*
1

270*1000*24
6
1*75.0 dd 




 d  =19 cm .

 Total thickness  =19+7+2 =28 cm .

 Select h= 40 cm
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Determine of Reinforcement for Moment Strength:

Mu =Pnet( 2
widthwallwidthfooting 

×)
4

widthwallwidthfooting 
)

 = 270×1× 0.4 × 0.2

 Mu = 21.6 KN.m

d =30-7-2 =21 cm

mkNMn .24
9.0
6.21


Kn  = Mpa
bd

Mn 544.
2101000
1024

2

6

2 





1.20
24*85.0
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*85.0 ' 
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fy
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m

2111
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mmmdbAs
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/5540300*1000*0018.0**0018.0
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420

210*1000*4.1**4.1
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420
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0013.0
420
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2

2
min

min

2
min

2
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OkmmmmmmAsSelect ovided ...../700/770....20@14 22
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Check of strain

Tension  =Compression

OK

mm
a

C

mma

a

abfcfyAs

s

s

..........005.0032.0

032.0003.0*
2.18

2.18210

2.18
85.0
5.15

1

5.15
*1000*24*85.0410*770

*'**85.0*




















Development length of main reinforcement:

For Φ14 bars db=1.4 cm:

58.6cm28cm7-35Ld
306.58

4.1*1*1*1
242

410

...
'2








Available

cmLd

Ld

da
fc

fy
Ld b

10.24 * *1.4 * 0.7 * 19.2
'

fy cm
fc


So a standard hook of 25 cm must be used to provide  Ld .

Design of Secondary Bottom Reinforcement:

Asmin for shrinkage & temperature

Asmin =0.0018 ×b ×h

Asmin =0.0018 ×1000×300

As=540 mm2/m

cm².5.65=prov.AS with125Select 

Design of dowels bars:
2

min 252021010000012.0 mmAs 

Use longitudinal shear wall bars

Use  12@15 cm
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barsFor

da
fc

fy
Ld b

14

...
'2





cmLd

Ld

304.51

2.1*1*1*1
242

420





cm4.5123cm7-30Ld Available
10.24 * *1.4 * 0.7 * 19.2

'
fy cm

fc


So a standard hook of 20 cm must be used to provide  Ld .
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(4.15.3)Pos.Str2 : strip footing .

( 4.15.3.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.15.3.2)   Section : selected -

Figure 4 - 72
( 4.15.3.3) Loading :

*** concentrated force from (C25) D.L = 63.25 kN
L.L = 11.226 kN

*** concentrated force from (C27) D.L = 375.64 kN
L.L = 66.58 kN

*** concentrated force from (C28) D.L = 440.54 kN
L.L = 22.0 kN

*** concentrated force from (C30) D.L = 162.4 kN
L.L = 22.27 kN

*** Wall self weight 20.25 kN/m
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( 4.15.3.4) Design

According to  STADD Pro. Out put :
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4.16 Design of pool.

(4.16.1)Pos. Wpool: Wall of the Pool .

( 4.16.1.1) Material : Concrete ( B300 ) , fc’ = 24 N/mm2 .
Reinforcement Steel fy = 420 N/mm2 .

( 4.16.1.2) Section : selected

18 kN/m

2

30cm

30cm

1.8m

30cm

18 kN/m

2

SpaceSpace

Figure 4 - 73

( 4.16.1.2) System :

18 kN/m2

N
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( 4.16.1.3) Loading :

*** Vertical load , N : from the reaction  support of (S7) Dead Load = 16
kN/m

*** Vertical load , N : from the reaction  support of (S7) Live Load = 2.5
kN/m

*** N : Ignored (safe side )

*** Horizontal  load : from water pressure
W = 2/188.1*10* mkNhw 

( 4.16.1.3) Design :

See Safe  Results

Ø 10/20

Ø 10/20

60 cm

60 cm
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(4.16.2)Pos. Mat : floor foundation under Pool walls .

( 4.16.2.1) Material : Concrete ( B300 ) , fc’ = 24 N/mm2 .
Reinforcement Steel fy = 420 N/mm2 .

( 4.16.2.2) Section : selected

18 kN/m

2

30cm

30cm

1.8m

30cm

18 kN/m

2

SpaceSpace

Figure 4 - 74

( 4.16.2.3) System : ( Section 1-1 )

218 kN/m

F1 F4F2 F3

W . finishing L.LL.L
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( 4.16.2.4) Loading :

*** self weight 7.5 kN/m2

*** F1: Reaction support basement wall                              D.L = 81 kN/m
L.L = 62.5 kN/m

*** F2: Reaction support from pool wall D.L = 16 kN/m
L.L = 2.5 kN/m

*** F3: Reaction support from pool wall D.L = 16 kN/m
L.L = 2.5 kN/m

*** F4: Reaction support from wall D.L = 16 kN/m
L.L = 2.5 kN/m

*** W. finishing : 2.2 kN/m2

*** Live Load : 2 kN/m2

*** water pressure : W = 2/188.1*10* mkNhw 
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4.17 Design of elevator .

(4.17.1)Pos. elevator mat .

( 4.17.1.1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( 420)

( 4.17.1.2) Section :

22 kN/m

20cm

30cm

2.00m

Figure 4 - 75

( 4.17.1.3) System :

22 kN/m

30cm

2.00m

F2F1
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( 4.17.1.3) Loading :

*** F1: Reaction support shear wall                              D.L = 305.26 kN/m
L.L = 50.34 kN/m

*** F2: Reaction support shear wall                              D.L = 60 kN/m

*** Reaction support from (S0) D.L = 7 kN/m
L.L = 1.85 kN/m

*** Live Load : 2 kN/m
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4.18 Design of wind band .

(4.18.1)Stability of the roof – construction .

( 4.18.1.1) Loading :

1) Wind Direction on the Gable wall

Wtotal

A2

A1

b

S

hd/2

hd

W1

L

Rafter

Wind-band

Figure 4 - 76

Area  A1 = A – A2

A = 0.5 * b * hd

A2 = 0.5 * b *
2
dh

A1 = 0.5 * b * hb - 0.5 * b *
2
dh

A1 = .25 * b * hd

A1 = 2 m2
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Because mh 8 : q = 0.8 kN/m2

Cp = 0.8
Cs = 0.5

Wq = 0.8 (0.8 + 0.5 ) = 1.04 kN/m2

Wtotal = 1.04 * A1 = 1.04 * 2 = 2.08 kN

Wind Pro one Wind – band

W1 = kN
Wtotal 52.0

4


26.0
2
52.0

2
1 

W
FH w

5.16cos
26.0

cos



wF

T = 0.27                            where  5.16
8.10
2.3tan 1  

L

S

Where  : T = Tension force in Wind – band

H11=  Force  to the Angle

( 4.18.1.2) System :

Figure 4 - 77
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( 4.18.1.3) Design :

According to (BMF-Company) s tables we selected :

BMF 40X20 with 13 nails .

2

1

5

3

5

4

1

2

3

4
5

Figure 4 - 78

1) Rafter 8 / 20 cm
    Mortice 2.5 cm.
2) Extra wood piece 12 / 16 cm.
3) Wall plate - wood 12 / 12 cm ,
    bolted at distance = 80 cm .
4) Wind - band
    type BMF 40 x 20 mm with 13 nails ,
    nailed at every Rafter with 2 nails
    in every Rafter .
5) Angle L
    type BMF 10.5 x 10.5 x 9 cm
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Figure 4 - 79
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4.19 Design of Shear wall .

(4.19.1)Pos. Shear ( Rigid Box ).

( 4-2-1) Material : reinforcement concrete .
Concrete (b300) .
Steel ( )

( 4-2-2) Section : selected

Note : System for the shear walls

Basement 1

Level of foundation

Roof

Basement and Level of foundation both are considered as Rigid Box , due to enough walls
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( 4-2-2) Design :

Calculate load from Earthquake

D.L=1.2 kN/m2 ( for the roof )

W for floor=D.L *area

W =221.63*1.20 = 265.956 kN

D.L=10.69 kN/m2 ( for the first floor )

W for floor=D.L *area

W =175.16*10.69 = 1872.46 kN

Wtotal = 2138.416

WICa

W
R

ICa

W
TR

ICv
V

..11.0

.5.2

.
.







4
3

)(hnCtT 

From Uniform Building Code )UBC (1997:

Z=0.3

R=5.5

I=1

Ca  =0.24

Cv  =0.24

hn= 6.35m

Ct  =0.0488

Where:

Z = Seismic zone factor as given in table 16-I.debends on the zone number which is equal

to 3 for Jerusalem according to Appendix chapter 16 in UBC.

R = numerical coefficient representative of the inherent over strength and global ductility

capacity of lateral force resisting systems, as set in Table 16-N depends on the basic

structural system .
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I =importance factor given in table 16-K.depends on occupancy category

Ca = seismic coefficient, as set forth in Table 16-Q.debends on soil profile type and the

seismic zone factor.

The soil profile type is considered to be SC which represent Very Dense Soil and Soft

Rock in Table 16-J.

Ct  =numerical coefficient given in section 1630.2.2. From Uniform Building Code )

Cv = seismic coefficient, as set forth in Table 16-R .depends on soil profile type and the

seismic zone factor.

195.0)35.6(0488.0 4
3
T

033.013.011.0

11.0
5.5

124.05.2

2274.0
192.05.5

124.0














W

controlWW

WWV

23.235416.213811.0 V

KN

VTFt

2.323.235195.007.0

**07.0









hiwi

hxwxFtV
Fx

.
.).(

232
7.2*416.2138

7.2*2138.416*)2.323.235(



Fx

mkNHFxMu baseat .45.6267.2*232* 
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Section :

t=25 cm .shear wall thickness

Lw = 2.7  m .shear wall width

hw=6.35m.story height

4.16.3.1 Design of the Horizontal reinforcement:

Critical Section
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Design of Vertical reinforcement:
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4.12.6 Design of Moment:

Mu = 626.45 kN.m
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mC 64.0
007.0*600

7.2
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Select Cw = 0. 32m > 0.005 m
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Select 6Φ12 with As = 6× 113.04 = 678.24 mm2. > Ast = 588.35 mm2.

& As = 6× 113.04 = 678.35 mm2. <  Ast max = 6400 mm2.
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4.20 Design of Retaining  wall .

(4.20 .1)Pos. Retaining  wall .

( 4.20.1.1)  Material : reinforcement concrete .
Concrete (b300) .
Steel ( )

( 4.20.1.2)   Section : selected

0.
50

0.50 0.30 1.20
2.00

12
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0

( 4.14.1.3) Loading :

*Self weight of earth :
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( 4.14.1.5) Design :

See Prokon output

Ø14/10 cm

Ø14/10 cm Ø14/10 cmØ14/10 cm

Ø14/15 cm30 cm

30 cm

30 cm 30 cm

Ø14/15 cm

Ø14/15 cm4Ø14

Ø14/15 cm
Ø14/15 cm

20 cm
10 cm

15
0 

cm

190 cm

4 S - Hook Ø 6/ m2

4 S - Hook Ø 6/ m

70 cm

15
0 

cm
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