
Abstract:
This  project is a structural analysis and design of a new building for Nablus Municipality. The building is composed of a reinforced concrete structure with a steel dome and steel arches. 

The approach is to do a preliminary design using 1D and 2D models. The loads considered are gravity loads for the reinforced concrete parts and gravity and wind loads for the steel structure parts. A 3D analysis using SAP2000 is done and elements are designed accordingly.
The 3D analysis matches approximately the 1D analysis in most parts of  the project. Complete design is done for all structural parts, and few structural design details are provided.
Chapter1: Introduction

1.1 Project Description:
The project is structural analysis and design of a proposed new building for Nablus Municipality. First a preliminary analysis and design using 1D and 2D models are made, then the analysis and design are done using 3D model using SAP2000 program.

 The building is composed of 3 stories above the ground, and an underground parking. The area of each story is about 1580m2, and its height is 4m.

The project has 2 structural  joints which divide the building into three parts:  A,B, and C from left to right. It is composed of both reinforced concrete and steel parts. The large dome over part B is made of steel and the vault over the entrance is made of steel arches. The rest of the structure which includes the two domes over the stair roofs over part B, and the dome over minaret are made of reinforced concrete. All these descriptions are illustrated on fig.1.1.
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Fig. 1.1 3D view of municipality building
The architectural plans were designed in year 2007 by Haythem  Alsaadi, who is an architectural student at AN-Najah National University. 
1.2 Design Codes:

In this project, the American Concrete Institute (ACI) Code2005 is used in designing concrete parts, and the British Code (BS 5950) in designing steel parts. 

1.3 Materials
1. Concrete

· Concrete strength for all concrete parts is B350→f'c=280 Kg/cm²

· Modulus of elasticity equals 2.5*105 Kg/cm2.

· Unit weight is 2.5 ton/m3.

2. Steel:
· Modulus of elasticity equals 2.04*106 Kg/cm2.
· Steel yield strength:

· For steel reinforcement, is 4200 kg/cm2.

· For rolled steel, is 2750 kg/cm2.

3. The unit weights of the main materials used are shown in table1.1:

Table1.1. Density of the main materials used

	Density(ton/m3)
	Material

	2.5
	Reinforced concrete

	1.2
	Bricks

	1.5
	Filler

	2.7
	Masonry

	2.5
	Tiles

	2.3
	Mortar

	2.3
	plastering

	1.9
	Selected filler (compacted base coarse)

	0.04
	Polycarbonate


1.4 Loads:

1. Dead Loads:
Dead loads are composed of own weight of the slabs, beams, columns, walls, Domes, and superimposed dead loads from the partitions and tiles.
· The super imposed dead loads are composed of:

Bricks, mortar and filling as shown below
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Thus their weight is equal to

0.03*2.5+2.3*0.02+0.1*1.5 =0.27ton/m²

partitions: consist of bricks 10cm thickness and plastering 1.5cm from each side.

Using false ceiling height 0.45m under concrete slab, the partitions height will equal 4-0.45-0.25=3.3m.

Average distance between partitions= 6m

(0.1*1,2*3.4+.03*2.3*3.3)/6 =0.1 ton/m²

Total super imposed load on slab =0.27+0.1 =0.37ton/m2.

2. Live loads: 

For the municipality building the live loads will be taken as 400 kg/m2.

3. Wind load

The Assessment of wind load according to British Standard should be made as follows :

1. The basic wind speed V appropriate to the district where the structure is to be erected 

2. The basic wind speed is multiplied by factors S1, S2 , S3  to give the design wind speed Vs for the part under consideration 

Vs = V * S1 *S2 * S3 

3. The design wind speed is converted to dynamic pressure q using the relationships 

q = k Vs2
4. The dynamic pressure is then multiplied by an appropriate pressure coefficient Cp to give the pressure p exerted at any point on the surface of a building 

p = Cp*q

Cp = Cpe -Cpi
If the value of the pressure coefficient Cp is negative this indicates that p is a suction as distinct from a positive pressure  

· In Nablus the average basic wind speed is 80km/hr, at 10m above ground in an open situation.

· S1 is a topography factor, it will be taken 1 for level terrain.

· S3 is a factor that takes into account of the degree of security and the period of time in years during which there will be exposure to wind , normally wind loads on complete structure and buildings should be calculated at S3 = 1 with the following exceptions :

· Temporary structures.

· Structures where a shorter period of exposure to the wind may be expected

· Structures where a longer period of exposure to the wind may be required

· Structure where greater than normal safety is required

Since our building is not one of those exception then S3 = 1

· k = 0.613 in SI units (N/m2 and m/s) " British code page 145".

· S2 is a factor which accounts for ground roughness, building size and height above ground. This factor is taken from Table1.2.
Table1.2.  Ground Roughness, building size and height above ground, factor S2 

	H

(m)
	(1)open country with no obstructions
	(2) open country with scattered windbreaks
	(3)country with many windbreaks , small town , outskirts of large cities
	(4) surface with

large and frequent obstructions ,city centers

	
	Class*
	Class
	Class
	Class

	
	A
	B
	C
	A
	B
	C
	A
	B
	C
	A
	B
	C

	3 or less
	0.83
	0.78
	0.73
	0.72
	0.67
	0.63
	0.64
	0.6
	0.55
	0.56
	0.52
	0.47

	5
	0.88
	0.83
	0.78
	0.79
	0.74
	0.7
	0.7
	0.65
	0.6
	0.6
	0.55
	0.5

	10
	1
	0.95
	0.9
	0.93
	0.88
	0.83
	0.78
	0.74
	0.69
	0.67
	0.62
	0.58

	15
	1.03
	0.99
	0.94
	1
	0.95
	0.91
	0.88
	0.83
	0.78
	0.74
	0.69
	0.64

	20
	1.06
	1.01
	0.96
	1.03
	0.98
	0.94
	0.95
	0.9
	0.85
	0.79
	0.75
	0.7

	30
	1.09
	1.05
	1
	1.07
	1.03
	0.98
	1.01
	0.97
	0.92
	0.9
	0.85
	0.79

	40
	1.12
	1.08
	1.03
	1.1
	1.06
	1.01
	1.05
	1.01
	0.96
	0.97
	0.93
	0.89

	50
	1.14
	1.1
	1.06
	1.12
	1.08
	1.04
	1.08
	1.04
	1
	1.02
	0.98
	0.94

	60
	1.15
	1.12
	1.08
	1.14
	1.1
	1.06
	1.1
	1.06
	1.02
	1.05
	1.02
	0.98

	80
	1.18
	1.15
	1.11
	1.17
	1.13
	1.09
	1.13
	1.1
	1.06
	1.1
	1.07
	1.03

	100
	1.2
	1.17
	1.13
	1.19
	1.16
	1.12
	1.16
	1.12
	1.09
	1.13
	1.1
	1.07

	120
	1.22
	1.19
	1.15
	1.21
	1.18
	1.14
	1.18
	1.15
	1.11
	1.15
	1.13
	1.1

	140
	1.24
	1.2
	1.17
	1.22
	1.19
	1.16
	1.2
	1.17
	1.13
	1.17
	1.15
	1.12

	160
	1.25
	1.22
	1.19
	1.24
	1.21
	1.18
	1.21
	1.18
	1.15
	1.19
	1.17
	1.14

	180
	1.26
	1.23
	1.2
	1.25
	1.22
	1.19
	1.23
	1.2
	1.17
	1.2
	1.19
	1.16

	200
	1.27
	1.24
	1.21
	1.26
	1.24
	1.21
	1.24
	1.21
	1.18
	1.22
	1.21
	1.18


* Class A. All units of cladding, glazing and roofing and their immediate fixings and individual members of unclad structures, class B. All buildings and structures where neither the greatest horizontal dimension nor the greatest vertical dimension exceeds 50m, 
· This building will be considered case 4, classC.

· The  internal pressure coefficient  "Cpi"  will be taken -0.3, corresponding to case that all faces are impermeable.

· The external pressure coefficient " Cpe" will be taken from the table 1.3.
Table 1.3 Pressure coefficients Cpe for pitch roofs of rectangular clad buildings
	Pressure coefficients Cpe for pitch roofs 

	building height* ratio 
	roof angle
	wind angle α=0 degree
	wind angle α=90 degree

	
	
	Wind ward face
	Leeward face
	Wind ward face
	Leeward face

	 
	 
	 
	 
	 
	 

	h/w ≤ 0.5
	0
	-0.8
	-0.4
	-0.8
	-0.4

	 
	5
	-0.9
	-0.4
	-0.8
	-0.4

	 
	10
	-1.2
	-0.4
	-0.8
	-0.6

	 
	20
	-0.4
	-0.4
	-0.7
	-0.6

	 
	30
	0
	-0.4
	-0.7
	-0.6

	 
	45
	0.3
	-0.5
	-0.7
	-0.6

	 
	60
	0.7
	-0.6
	-0.7
	-0.6

	 
	 
	 
	 
	 
	 

	0.5 < h/w < 1.5
	0
	-0.8
	-0.6
	-1
	-0.6

	 
	5
	-0.9
	-0.6
	-0.9
	-0.6

	 
	10
	-1.1
	-0.6
	-0.8
	-0.6

	 
	20
	-0.7
	-0.5
	-0.8
	-0.6

	 
	30
	-0.2
	-0.5
	-0.8
	-0.8

	 
	45
	0.2
	-0.5
	-0.8
	-0.8

	 
	60
	0.6
	-0.5
	-0.8
	-0.8

	 
	 
	 
	 
	 
	 

	1.5 < h/w < b
	0
	-0.7
	-0.6
	-0.9
	-0.7

	 
	5
	-0.7
	-0.6
	-0.8
	-0.8

	 
	10
	-0.7
	-0.6
	-0.8
	-0.8

	 
	20
	-0.8
	-0.6
	-0.8
	-0.8

	 
	30
	-1
	-0.5
	-0.8
	-0.7

	 
	40
	-0.2
	-0.5
	-0.8
	-0.7

	 
	50
	0.2
	-0.5
	-0.8
	-0.7

	 
	60
	0.5
	-0.5
	-0.8
	-0.7


* h is building height, and w is building length 
Wind angle will be taken zero. Building height ratio (h/w)<0.5.
· For the steel dome: 

The dome will be divided into 4 areas, marked by points shown on Fig.1.1. Each area will take approximately the same wind load on these points. Table1.4 gives wind pressure values using the equation below:
P = (V *S1 *S2 *S3)² *k *(Cpe – Cpi )
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Fig.1.2 Steel Dome

Table 1.4. Wind pressure on the steel dome
	point no.
	elevation (m)
	S2
	angle of inclination
	Cpe

(win ward face)
	Pressure (N/m²)

at the wind ward face
	Cpe

(leeward face)
	Pressure (N/m²)

at the leeward face

	1
	17.32
	0.668
	70˚
	0.7
	135
	-0.6
	-66.1

	2
	19
	0.688
	60˚
	0.7
	143.3
	-0.6
	-43

	3
	20.25
	0.702
	40˚
	0.2
	74.57
	-0.433
	-19.8

	4
	20.91
	0.708
	10˚
	1.2
	-163.54
	-0.4
	-15.2


· For  Steel Arches: 

The arches will be divided into 5 areas marked by 5 points, as shown on Fig1.2. Table 1.5 gives wind pressure values calculated in a similar way as given previously.
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Fig.1.3. Steel Arches
Table 1.5. Wind pressure on the steel arches.
	point no.
	Elevation (m)
	S2
	Angle of Inclination
	Cpe at windward face
	pressure (N/m²) at windward face
	Cpe at leeward face
	pressure (N/m²) at leeward face

	1
	12
	0.645
	50˚
	0.433
	92.29
	-0.533
	-29.34

	2
	13
	0.668
	37.6˚
	0.355
	88.46
	-0.45
	-20.26

	3
	13.75
	0.688
	25˚
	-0.2
	14.33
	-0.4
	-14.33

	4
	14.21
	0.702
	18.06˚
	-0.555
	-38.03
	-0.4
	-14.91

	5
	14.37
	0.708
	0˚
	-0.8
	-75.86
	-0.4
	-15.17


1.5 Loads combinations:

For concrete structures:

Ultimate load=1.2*DL (Dead load)+1.6*LL(live load).

For steel structures:

1. Ultimate load=1.4*DL+1.6*LL

2. Ultimate load=1.0*DL+1.4*WL(wind load)

3. Ultimate load=1.2*(DL+LL+WL)
Chapter2: Preliminary design:

This Chapter provides manual analysis and design.

2.1 Structural Systems
As stated before, this project is divided into 3 parts( part A, B, and C from left to right) by 2 structural joints as shown on Fig. 2.1.

The steel dome over part B is composed of hollow section steel members covered by Polycarbonate, and the cylindrical roof is composed of 3-hinged steel I-section arches covered by purlins and polycarbonate.
All floors, except roof #3, are one way ribbed slabs on main drop beams carried by columns, as shown on figures 2.1 through 2.6. Roof #3 is designed as one way solid slab on main dropped beams on columns as shown on Fig. 2.6.
Basement walls are used around the parking floor, and all the exterior walls are composed of concrete, masonry, and blocks.

2.2 Concrete Domes Analysis and Design :
There are 3 concrete domes, one on the minaret and two on the stair roofs.

These are the major equations of the domes :
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· For dead load

Meridian stress (C) =wR(K1)/d+W(K3)/R…….(a)
Hoop stress(ζ) =-wR(k2)/d-W(K3)/Rd …………….….(b)
Where,

w: uniformly distributed load per meter square on the area

W: concentrated load

R: radius of the dome 

d: thickness of the dome

K1,2,3: constants which depend on the semi central angle and the angle at which the stress is measured, are given in Table 2.1 

· For live and snow loads: 

Meridian stress(C) =-q*R/2d…………………….…(c)                    
Hoop stress (ζ) =-q*R*(cos 2φc)/2d……………….(d)
Where,

q: uniformly distributed load per square meter on horizontal projection.

Φc: the angle measured from the vertical to the point at which the stress is to be measured.
Table 2.1. K Factors

	φc
	k1
	k2
	k3

	0
	0.5
	0.5
	∞

	10
	0.505
	-0.48
	5.3

	20
	0.516
	-0.425
	1.37

	30
	0.537
	-0.33
	0.64

	40
	0.566
	-0.2
	0.38

	50
	0.608
	-0.034
	0.27

	51.48
	0.618
	0
	0.26

	60
	0.667
	0.167
	0.21

	70
	0.747
	0.402
	0.18

	80
	0.838
	0.68
	0.16

	90
	1
	1
	0.16
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1. Minaret Dome:

Concrete dome with ring beam below.

Dimensions:

Radius (R)=3 m, Rise = 2.22 m, Φc = 75° 

Thickness(d)= 10 cm (range  7.5cm –15cm).

Loads :

Dead load(w) =own weight=1*1*0.1*2.5=0.25 t/m²

Live and snow loads(q) =0.15 t/m² (on projected area).

Super imposed load, concentrated(W) =0.05 t.

Angle of super imposed load = 10 degree.

Applying Eqs. A to d, the stresses on the dome are given in Table 2.2.
Table2.2. Hoop and Meridian stresses for minaret dome
	Φc
	C dead (ton/m2)
	ζ dead (ton/m2)
	C live and snow (ton/m2)
	ζ live and snow (ton/m2)
	C total (ton/m2)
	ζ total (ton/m2)

	0
	4.50
	-4.50
	-2.25
	-2.25
	2.25
	-6.75

	10
	4.55
	4.32
	-2.25
	-0.92
	2.30
	3.40

	20
	4.10
	2.96
	-2.25
	1.50
	1.85
	4.46

	30
	4.13
	2.37
	-2.25
	2.14
	1.88
	4.51

	40
	4.31
	1.44
	-2.25
	0.25
	2.06
	1.69

	50
	4.61
	0.21
	-2.25
	-1.94
	2.36
	-1.73

	51.48
	4.68
	-0.04
	-2.25
	1.70
	2.43
	1.66

	60
	5.04
	-1.29
	-2.25
	-1.83
	2.79
	-3.12

	70
	5.63
	-3.05
	-2.25
	0.45
	3.38
	-2.60

	75
	6.59
	-4.58
	-2.25
	1.32
	4.34
	-3.26


All tension and compression stresses are much less than concrete capacity, where concrete compression capacity is 2800 ton/m2, and the tension concrete capacity is approximately equal to 280 ton/m2.
Thus only shrinkage steel is needed for both directions(meridian and hoop).

As =0.2%*10*100 =2 cm2 use 4 Ф 8mm/m.
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Domes on the stair roofs:

Concrete dome with ring beam below.
Dimensions:

Radius =1.8 m, Rise =0.85 m, Φc = 58°

Thickness 10 cm (range  7.5cm – 15cm).

Loads :

Dead load = only its own weight (w)=1*1*0.1*2.5=0.25 t/m².

Live and snow loads (q) =0.15 t/m² (on the projected area).

Applying Eqs. A to d, the stresses on the dome are given in table 2.2.

	Table2.3. Meridian and Hoop Stresses for domes over stair roofs
Φc
	C dead (ton/m2)
	ζ dead (ton/m2)
	C live and snow (ton/m2)
	ζ live and snow (ton/m2)
	C total (ton/m2)
	ζ total (ton/m2)

	0
	2.25
	-2.25
	-1.35
	-1.35
	-1.35
	-1.35

	10
	2.27
	2.16
	-1.35
	-0.55
	0.92
	1.61

	20
	2.32
	1.91
	-1.35
	0.90
	0.97
	2.81

	30
	2.42
	1.49
	-1.35
	1.29
	1.07
	2.77

	40
	2.55
	0.90
	-1.35
	0.15
	1.20
	1.05

	50
	2.74
	0.15
	-1.35
	-1.16
	1.39
	-1.01

	51.48
	2.78
	0.00
	-1.35
	1.02
	1.43
	1.02

	58
	3.00
	-0.75
	-1.35
	-1.10
	1.65
	-1.85


All tension and compression stresses are much less than concrete capacity, where concrete compression capacity is 2800 ton/m2, and the tension concrete capacity is approximately equal to 280 ton/m2.

Thus only shrinkage steel is needed for both directions(meridian and hoop).

As =0.2%*10*100 =2 cm2 use 4 Ф 8mm/m.
2.3 Slabs Analysis and Design
· Ribbed Slabs Analysis and Design:

Referring to Fig. 2.2 the thickness of slab, Hmin,,. is given using ACI Table 2.4. 
Table 2.4: minimum thickness of one way solid slabs and beams

	Member
	Minimum thickness, h

	
	One end continuous
	Two ends continuous
	simply supported
	Cantilever

	One way solid slab
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	Beams
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Hmin.= larger of ( 485/21= 23.1 cm, 360/18.5=19.5cm, 500/21=23.8 cm)= 23.8cm → 25cm.

Figure below shows a proposed section of the ribbed slab:
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Thus the own weight is calculated as:

Own weight= (0.08*.52+0.12*0.17)*2.5+0.4*0.17*1.2=0.2366 t/m/rib= 0.455t/m2.

Wu= 1.2*(0.455+0.27)+1.6*0.4= 1.51 t/m2=0.79t/m/rib.

Slab1 (S1) in parts A and C :
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Slab 1 load (in ton/m)
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Slab 1 reaction diagram (in ton)
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Slab 1 Shear force diagram (in ton)
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Slab 1 bending moment diagram (in ton.m)
Max. shear at distance d =20 cm from the face of column= 1.91-0.79*(0.15+0.2)=1.633 ton.

(Assumed columns dimensions are 30*70 cm.)

Nominal shear=1.633/0.75=2.178 ton

Vc= 0.53*
[image: image17.wmf]c

f

¢

*b*d*1.1=0.53*
[image: image18.wmf]280

*12*20*1.1*10-3=2.34ton>Vu→ no need for shear reinforcement.

Max. neg. moment= 1.34 ton.m/rib
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As =1.675 cm2 
  2 Ф12 /rib

So use 2Ф12 top steel for all spans except the exterior ends of the exterior spans 

Max. +ve moment= 0.99 ton.m/rib
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As= 0.00127*52*20= 1.32cm2
As min.= 
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 in both directions.

Slab2 (S2) in part B in the ground floor :
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Slab2  load diagram (in ton/m)
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Slab2 reaction diagram (in ton)
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Slab 1 Shear force diagram (in ton)
[image: image34.png]T S





Slab 1 bending moment diagram (in ton.m)
Max. shear at distance d =20 cm from the face of column= 1.93-0.79*(0.2+0.15)=1.653 ton.

(Assumed columns dimensions to be 30*70 cm.)

Nominal shear=1.653/0.75=2.2 ton

Vc= 0.53*
[image: image35.wmf]c

f

¢

*b*d*1.1=0.53*
[image: image36.wmf]280

*12*20*1.1*10-3=2.34ton>Vu→ no need for shear reinforcement.

Max. neg. moment= 1.34 ton.m/rib
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So use 2
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top steel for all spans.
Max. +ve moment= 1.02 ton.m/rib
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As= 0.0013*52*20= 1.36cm2
As min.= 
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Check if the compression depth smaller than flange thickness:
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=0.53cm<8cm ok.→the compression area within the flange.

shrinkage steel= 0.0018*b*H= 0.0018*100*8=1.44cm2/m →3Ф8/m in both directions.

Slab 3 (S3) in part B in the first floor :
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Slab3  load diagram
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Slab3 reaction diagram
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Slab3 Shear force diagram 
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Slab3  bending moment diagram

Max. shear at distance d =20 cm from the face of column= 2.32-0.79(0.2+0.15)=2 ton

(Assumed columns dimensions to be 30*70 cm.)

Ultimate shear=2/0.75=2.67 ton

Vc= 0.53*
[image: image54.wmf]c

f

¢

*b*d*1.1=0.53*
[image: image55.wmf]280

*12*20*1.1*10-3=2.34ton<Vu→ need for shear reinforcement.

Vs = Vu-Vn =2.67- 2.34 =0.33 ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(10, 60 cm)=10cm
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[image: image63.wmf]f

8mm stirrup/10 cm.
If Vn< Vc/2 ,no need for shear reinforcement.

Vc*0.75/2=.88 ton = 2.32-0.79*X1→X1=1.82m

So at distance 0 to 1.82m (measured from left end of span 4) use 1
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8mm stirrup/10 cm, otherwise no need for shear reinforcement.

Max. neg. moment at span 4= 1.73 ton.m /rib
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.

0

14

.

min

=

=

y

F

r

<.01→ok

As=
[image: image67.wmf]d

b

*

*

r

=
[image: image68.wmf]5

.

2

20

*

12

*

01

.

0

=

cm2→3
[image: image69.wmf]rib

/

12

f

top steel.

MD from for min.steel=
[image: image70.wmf]2

*

*

)

*

7

.

1

*

1

(

*

*

*

d

b

f

f

f

c

y

y

¢

-

r

r

f


MD min.=
[image: image71.wmf]m

ton

.

58

.

0

10

*

20

*

12

*

)

280

*

7

.

1

4200

*

0033

.

0

1

(

*

4200

*

0033

.

0

*

9

.

0

5

2

=

-

-


Max. neg. moment at span 2= 1.1 ton.m /rib
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So use 2
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top steel for all spans except span 4 .
Max. +ve moment at span 4= 1.68 ton.m/rib
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As= 0.0022*52*20= 2.26cm2
As min.= 
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Use 
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Max. +ve moment at span 1 and 2 = 0.71 ton.m/rib
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As= 0.0009*52*20= 0.945cm2
As min.= 
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For span 3 use min area of steel =.8 cm² , 2Ф10 / rib. 
Check if the compression depth smaller than flange thickness:
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=0.77cm<8cm ok.→the compression area within the flange.

shrinkage steel= 0.0018*b*H= 0.0018*100*8=1.44cm2/m →
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 in both directions.

Slab 4 (S4) in part B in the second floor:
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Slab  load (ton/m)
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Slab reaction diagram (ton/m)
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Slab Shear force diagram (ton/m)
[image: image92.png]x

0.2
[





Slab bending moment diagram (ton.m)
Max. shear at distance d =20 cm from the face of column= 1.42-0.79*(0.2+0.15)= 1.143 ton

(Assumed columns dimensions to be 30*70 cm.)

Ultimate shear=1.243/0.75=1.524 ton

Vc= 0.53*
[image: image93.wmf]c

f

¢

*b*d*1.1=0.53*
[image: image94.wmf]280

*12*20*1.1*10-3=2.34ton>Vu→ no need for shear reinforcement.

Max. neg. moment= 1.05 ton.m/rib
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So use 2
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top steel for all spans except the end of the beams.

Max. +ve moment= 0.22 ton.m/rib
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As= 0.00028*52*20 =0.29 cm²

As min.= 
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 bottom steel, for all spans.

Check if the compression depth smaller than flange thickness:
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=0.53cm<8cm ok.→the compression area within the flange.

Shrinkage steel = 0.0018*b*H= 0.0018*100*8=1.44cm2/m →
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 in both directions.

2.4 Beams Analysis and Design:

· Main beams:

Beam 2 in part C (CM2):

Referring to Fig. 2.1, the thickness of the beam, Hmin., is given using ACI Table 2.4

Hmin.=max of (470-30/18.523.8 cm or 365-30/21=15.9 cm) =23.8 cm use H= 50 cm 

Width= 30cm

Ultimate load on all spans =
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Slab1 Reaction Diagram (in ton)
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Beam Load Diagram (in ton/m)
[image: image112.png]



Beam Reactions Diagram (in ton)
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Beam Shear Force Diagram (in ton)
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Beam Bending Moment Diagram (in ton.m)
· Flexure Design:

+ve moment on span 1 =13.28 ton.m
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+ve moment on span 3 =10.94 ton.m
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Span 2 will be reinforced with min. bottom steel reinforcement 

As min.=0.0033* 45*30 =4.45 cm² use 2
[image: image119.wmf]f
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-ve. Moment on span1 = 13.53 ton.m
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-ve. Moment on span2 = 10.75 ton.m
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Shear Design

Span1:

Shear Force at distance d=45 cm from the face of the right support = 19.45- 7.05*(0.15+0.45)=15.22 ton.

Vn= 
[image: image124.wmf]f
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Vc= 0.53*
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*b*d= Vc= 0.53*
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*30*45= 11.97 ton.

VS=Vn-VC= 20.29-11.97=8.32 ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(22.5, 60 cm)=22.5cm
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8mm stirrups→ AV=1cm2

S=
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8mm stirrup/20 cm c/c.
Shear Force at distance d=45 cm from the face of the left support of span1 = 13.69- 7.05*(0.15+0.45)=9.46 ton 

Vn= 
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Vc= 0.53*
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*b*d= Vc= 0.53*
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*30*45= 11.97 ton.

VS=Vn-VC= 12.61-11.97=0.64ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(22.5, 60 cm)=22.5cm
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[image: image143.wmf]025
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max. spacing =min. of(d/2, 60 cm)= min. of(22.5, 60 cm)=22.5cm


[image: image144.wmf]S

A

V

=0.025, Using 
[image: image145.wmf]f

8mm stirrups→ AV=1cm2

S=
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8mm stirrup/20 cm c/c.
If Vn< Vc/2 ,no need for shear reinforcement.

Vc*0.75/2=4.5 ton = 13.69-7.05*X1→X1=1.3m

-4.5=13.69-7.05*X2→X2=2.6m  

So at distance 1.3m to 2.6 m (measured from left end) use 1
[image: image148.wmf]f

8mm stirrup/40 cm.

Span2:

Use min. shear reinforcement at the ends(1
[image: image149.wmf]f

8mm stirrup/20 cm), and at distance 1.3m to 2.6m measured from left end use 1
[image: image150.wmf]f

8mm stirrup/40 cm.

Span3:

Use min. shear reinforcement at the ends(1
[image: image151.wmf]f

8mm stirrup/20 cm), and at distance 1.85m to 3.1m measured from left end use 1
[image: image152.wmf]f

8mm stirrup/40 cm.
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Beam 3 in part B in the ground floor (BM3) :

Hmin.=
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Slab 2 Load Diagram (in ton/m)
[image: image157.png]



Slab1 Reaction Diagram (in ton)
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Beam Load Diagram (in ton/m)
[image: image159.png]



Beam Reaction Diagram (in ton)
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Beam Shear Force Diagram (in ton)
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Beam Bending Moment Diagram (in ton.m)
· Flexure Design:

+ve moment on span1,5 =21.11 ton.m
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+ve moment on span 2,4 =1.88 ton.m
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+ve moment on span 3 =40 ton.m
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-ve. Moment on span1,5 = 20 ton.m
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-ve. Moment on span2,4 = 49.46 ton.m
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· Shear Design

Max. shear at distance d=65 cm from the face of the support  = 35.33- 6.96*(0.15+0.65)=29.76 ton.

Vn= 
[image: image172.wmf]f

u

V

=
[image: image173.wmf]75

.

0

76

.

29

= 39.68ton

Vc= 0.53*
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*b*d= Vc= 0.53*
[image: image175.wmf]280

*30*65= 17.29 ton.

VS=VN-VC= 29.76-17.29=12.47 ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(32.5, 60 cm)=32.5cm
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8mm stirrups→ AV=1cm2

S=
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=21.9cm<32.5cm ok. → use 1
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8mm stirrup/21 cm.
If Vn< Vc/2 ,no need for shear reinforcement.

Vc*0.75/2=6.48 ton = 35.33-6.96*X1→X1=4.145m

-6.48=35.33-6.96*X2→X2=6m 

So at distance 4.145m to 6m m (measured from left end) use 1
[image: image184.wmf]f

8mm stirrup/40 cm, and use 1
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8mm stirrup/21 cm for the other places.

F1 in roof #1:
The left circular part in part A will be analyzed and designed as a frame.
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Analysis of slab 1:

Wu= 1.2*0.455+1.6*0.2=0.866 ton/m2=0.45ton/m/rib
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Load assigned on slab 1
[image: image188.png]



Slab 1 reaction diagram

Beam F1:

Hmin.=
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Frame loads diagram
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Axial force diagram

[image: image193.png].86

Jbb

A3

.56

/g 0C

-3.4

7B

T

.70

s

-2.4

[mm}




Shear force diagram
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Bending moment diagram

a. Beam flexure design:

· +ve moment=49.82 ton.m
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· -ve moment on the left end=15.98ton.m


[image: image197.wmf]0034

.

0

)

280

*

65

*

30

98

.

15

*

10

*

61

.

2

1

1

(

*

4200

280

*

85

.

0

2

5

=

-

-

=

r

>0.0033ok.

As=0.0034*30*65=6.7 cm2→4
[image: image198.wmf]f

16

· -ve moment on the right end=42.72ton.m.
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b. Beam shear design:

· Shear force at d distance from face of left column= 23.62- 4.23*(0.2+0.65)=19.6ton.

Vn= 
[image: image201.wmf]f

u
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=
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=26.13 ton

Vc= 0.53*
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f

¢

*b*d= Vc= 0.53*
[image: image204.wmf]280

*30*65*10-3= 17.3 ton.

VS=VN-VC= 26.13-17.3=8.83 ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(32.5, 60 cm)=32.5cm
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[image: image210.wmf]S

A

V

=0.032, Using 
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8 mm stirrups→ AV=1cm2

S=
[image: image212.wmf]032

.

0

1

=31.25 cm<32.5cm →use S=30cm.

Use 1
[image: image213.wmf]f

8 mm stirrup/30cm.

→if Vc ≥Vn ≥Vc/2, use min. shear reinforcement.

Vc=17.3=23.62/0.75-4.23*X → X=3.36m

Min. shear reinforcement=0.025, Smax.= min. of(d/2, 60 cm)= min. of(32.5, 60 cm)=32.5cm

Using 
[image: image214.wmf]f

 8 stirrups →S =1/0.025=40cm>32.5cm → Use 1
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8 mm stirrup/30cm.

If Vn< Vc/2 ,no need for shear reinforcement.

Vc*/2= 8.65 ton = 23.62/0.75-4.23*X1→X1=5.4m

· Shear force at d distance from face of right column= 27.99- 4.23*(0.2+0.65)=24.4ton.

Vn= 
[image: image216.wmf]f

u

V

=
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=32.53 ton.

Vc= 0.53*
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*b*d= Vc= 0.53*
[image: image219.wmf]280

*30*65*10-3= 17.3 ton.

VS=VN-VC= 32.53-17.3=15.23 ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(32.5, 60 cm)=32.5cm
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8 mm stirrups→ AV=1cm2

S=
[image: image226.wmf]056

.

0

1

=17.9 cm<32.5cm →use S=18cm.

Use 1
[image: image227.wmf]f

8 mm stirrup/18cm.

→if Vc ≥Vn ≥Vc/2, use min. shear reinforcement.

Vc=17.3=27.99/0.75-4.23*X → X=4.73m

Min. shear reinforcement: 1
[image: image228.wmf]f

8/30cm.
If Vn< Vc/2 ,no need for shear reinforcement.

Vc*/2= 8.65 ton = 27.99/0.75-4.23*X1→X1=4.57m.

· Secondary beams:

Beam12

All the secondary beams are hidden, H=25cm, W=30cm.

Loads=own weight+ partitions weight

Loads=1.2*0.25*0.3*2.5+0.64=0.865ton/m.
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Beam load diagram

[image: image230.png]2.82









Beam shear force diagram

[image: image231.png]



Beam bending moment diagram

Flexure Design:

Max +ve moment on span4 =1.08 ton.m
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=0.0033

As=0.0033*30*20=1.98cm2→3
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Use 3
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10 bottom steel for all spans.

-ve. Moment on span1 = 1.49 ton.m
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Use 3
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10 top steel for all spans.

Use minimum bottom and top steel(3
[image: image239.wmf]f

10) for all the secondary beams.

Shear Design

Max. shear at distance d=20 cm from the face of the support  = 2.09- 0.87*(0.15+0.2)=1.8 ton.

Vn= 
[image: image240.wmf]f
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V
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= 2.4ton

Vc= 0.53*
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*b*d= Vc= 0.53*
[image: image243.wmf]280

*30*20= 5.32 ton.

Vn< Vc/2=2.66 ton →no need for shear reinforcement.

2.5 Columns analysis and design:

[image: image244.png]



B3 (in ground floor) Reaction Diagram

Design the worst column (has the max. axial load=62.06ton)

Assume column dimensions: 30cm*70cm.

Max. load on column= 62.06*4+1.2(0.3*0.65*4*2.5*4)=257.6ton

Check if 
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Pd=
[image: image249.wmf]f
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*0.85* (
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*(Ag-As)+fy*As)
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=0.01→ Pd=
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*0.85* (
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[image: image256.wmf]f

=0.65 for tied columns.


[image: image257.wmf]l

=0.8 for tied columns.

Pd =0.65*0.8 (0.85* 280*0.99*30*70+4200*0.01*30*70)=303.2 ton>257.6 ton.

As=0.01*30*70=19.5 cm2→8Ф18mm.
Chapter3: Analysis and Design Using Sap Program

This chapter provides analysis and design of 3D model for the building using sap program.
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Sap 3D Model
3.1 Input Data
3.1.1 Materials:
· Concrete: the same as in section1.3

· Steel: the same as in section1.3

· Polycarbonate: the same as in section 1.3

3.1.2 Sections: 

· Polycarbonate cover is presented as area section with 3cm thickness.

· Exterior walls thickness (concrete thickness)= 14cm.

· Basement walls thickness=30cm

· Slabs:

· Ribbed slabs are presented as one way solid slabs in y-direction. The thickness is calculated to be equivalent to ribs moment of inertia.
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Ic=
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52*(Hequivalent)3/12=28,518.9→ Hequivalent= 18.74 cm
Set bending stiffness in Y-direction 1, and in X-direction 
[image: image261.wmf]9
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Using stiffness 0.35 Ig in x-direction, and 2.7*10-3 Ig in y-direction.

· For solid slabs: the slabs are presented as one way solid slabs in x-direction(direction1). Setting the stiffness in x-direction as 0.35Ig, and in 0.0027Y-direction.
3.1.3 Loads:
Own weight: will be calculated by the program.

Loads other than own weight:

· Loads on ground, first, and second floors:  
Live load= 400 Kg/m2.
The difference in weight between ribbed and equivalent solid slab will be added as super imposed dead load:

Ribbed slab weight= 0.455 ton/m2
Solid slab weight = 2.5*1*0.1874=0.47 ton/m2.

Total super imposed dead load =0.27+(0.455-0.47)=0.255 ton/m2.

Partitions loads are carried by secondary beams (0.6ton/m).
· Loads on part roof #1:
Snow and live loads=0.2 ton/m2.
· Loads on Roofs #2 and #3:

Snow and live loads (=0.4 ton/m2.

· Loads on concrete domes:
Snow and live loads= 0.15 ton/m2.
· Loads on steel domes, and steel arches:

Wind load: as calculated in section 1.4.
Live and snow loads: 0.15 ton/m2.

The difference in live loads on these roofs is related to water tanks which  exist on roofs #2 and #3.

· Dead loads on exterior walls from masonry and blocks= 0.06*2.7+0.1*1.2=0.282t/m2.
The wall cross section is shown on the following figure.
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· Lateral loads on basement walls:

The selected material used is compacted base coarse.

Soil pressure on basement wall= g *h*kº
Where,

 g is soil unit weight

h is basement wall height

 kº is coefficient of at rest lateral pressure=1-sinФ

Ф is the angle of soil internal friction

g =1900 kg/m3, h=4m, Ф=33°.

Soil pressure =
[image: image263.wmf]g

*h *(1-sin
[image: image264.wmf]f

)=1900*4*(1-sin33)=3460.74 kg/m2=3.46ton/m2.
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3.2 check model
3.2.1 Compatibility check
Compatibility was achieved as shown on fig.3.1.
[image: image266.png]



Fig3.1 Compatibility check
3.2.2 Equilibrium check

Live Load
Live load= area1*0.4+area2 *0.2 + area3*0.15

Area1= Ground, first, and second floors + second and third part roofs= 4475.46 m².

Area 2=part1 roof =197.564 m².

Area3= concrete domes, steel dome, and arcs =234.56 m².

Total Live load =1864.88 ton

Live load from SAP =1901.11 ton
[image: image267.png]Base Reactions.

Fie View Options Format
Uris: As Noted Bace Reactons
OutpuiCase | CaseType | GlobalfX| GlobalFY| GlobalFZ| GlobalX| Global¥| GlobaZ]  Globalx|
Teut Teut Ton Ton Ton|  Tonm|  Tonm|  Towm n
[3 live. LinStatic 000000002418 000000004538 1901.1055)  28914.63432| ‘57083.824/1.00000001179 0
| KV >
Recard [[[4]  T0[pI] of





% error =1.9% < 5% acceptable. 

Dead loads
· Slab load =slab area *thickness*unit weight =4708.3 * 0.1874*2.5 =2,205.85 t

· Super imposed load = partition loads +tiles load*area of slabs=length of secondary beams *0.64+4708.33*0.255=673.6*.64+1200.6=1631.7 t

· Beams load = length for each beam *area section *unit weight =
472 m*0.3*0.25*2.5 +1118.39m*0.3*0.45*2.5+ 165.71m*0.3*0.5*2.5=

824.67 ton
· Column loads (for simplifying all columns were put 30cm*70cm) = column section*unit weight*(no. of columns*columns height)=

0.3*0.7*2.5*(4*9.5+18*12+16*57+14*15.4+3*20.9+3*24.9)=797.5 t

· Wall loads =(area of wall –area of windows) (wall weight of concrete +weight of blocks and rock)=(3,274.6-823.9)(0.14*2.5+0.282) =1548.8t.

Shear wall load =shear wall area*width* unit weight =1133.34*0.2*2.5 =566.67 t

· Basement wall = length *width*height* unit weight =147.58*0.3*2.5*4 =442.74 t

· Domes and shells= weight of concrete domes+ weight of steel dome and arcs= 36.7*0.1*2.5+5 =14.17

Total load= 8002 ton. 

Sap result =8,326.6 ton.

[image: image268.png]Base Reactions

File View Options Format

Unis: As Noted Base Reactions
OulpuiCase | CaseType |  GlobalFX|  GlobalFY|  GlobalFZ| GlobalMX| GlobalMY| GlobaMZ|  GlobalX
Text Text Ton Ton Ton Ton-m| Ton-n| Ton-m| m|

» | DEAD LinStatic | 000000001063 000000001248 §326.6237 | 132480.2547 | _250338.172/1,00000003085 0





Error=4% < 5%ok.
3.2.3 Stress strain relationships
1. Slabs moments check:

· The moments obtained from manual calculations, as shown previously in preliminary design, at mid span of S1 in part C are:
Left negative moment= 1.32ton.m/rib

Right negative moment= 1.24ton.m/rib.

Positive moment= 0.26 ton.m/rib.

W*L2/8= (1.32+1.24)/2+0.26= 1.54 ton.m/rib.

· The moments obtained from SAP for this slab are shown on the following figure:

[image: image269.png]



Left negative moment= 2.2ton.m/m=1.14 ton.m/rib

Right negative moment= 1.96 ton.m/m= 1ton.m/rib.

Positive moment= 0.84 ton.m/m=0.44 ton.m/rib.

W*L2/8= (1.14+1)/2+0.44= 1.51ton.m/rib→ too close to manual calculation.
2. Beams moments check:

· The moments obtained from manual calculations, as shown previously in preliminary design, at mid span of CM2 are:

Left negative moment= 13.53 ton.m

Right negative moment= 10.75 ton.m.

Positive moment=-0.5 ton.m.

W*L2/8= (13.53+10.75)/2-0.6= 11.54 ton.m/m.

· The moments obtained from sap for this Beam are shown on the following figures:
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negative moment= 7.2 ton.m

 Right negative moment= 5.8 ton.m.

Positive moment= 2.98ton.m.

W*L2/8= (7.2+5.8)/2+2.98= 9.48→ close to manual calculation.
3.3 Check Deflection
3.3.1 Slab deflection
[image: image271.png]U1 = 0000002408

2 - 0000006345

U3 0009

1 --00007

2 - 000004361

.3 - -oooooon 153}





Max. live load deflection in slab= 0.0009m=0.9mm
Allowable deflection= 
[image: image272.wmf]360
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 (from ACI 2003 "section 9.5.3.2)

Allowable deflection= 
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=
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4850

=13.5mm>0.9mm ok.

3.3.2 Beam deflection
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Max. live load deflection in beams= 5.8 mm.
Max. allowable deflection= 
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=
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000

,

10

=27.8mm>5.8mm  ok.

3.4 Analysis and Design of Concrete Parts
3.4.1 Analysis and Design of Concrete Domes
Minaret dome:
· Meridian stresses(F22):

[image: image278.png]



Meridian stresses (in ton/m)
Max. meridian stress is 2.3ton/m(tension)=23ton/m2, and the minimum is -5.2ton/m=52ton/m2(compression)

Concrete capacity for compression= 280kg/cm2=2800t/m2>52 ton/m2.

Concrete capacity for tension= 0.1*2800=280ton/m2>23ton/m2>

Thus only shrinkage steel is required. As=0.0018*10*100=1.8 cm2→4Ф8/m.
· Hoop stresses(F11):

[image: image572.png]-




Hoop stresses (in ton/m)
Max. Hoop stress is 2.1 t/m (tension)=21 t/m2, and the minimum is -10 t/m (compression) = 100 t/m2.

Both tension and compression stresses are less than concrete capacity. Thus only shrinkage steel is required (4Ф8/m).
Concrete Domes on stair roofs:
· Meridian stresses(F22):

[image: image279.png]



Meridian stresses (in ton/m)
Max. meridian stress is 2.1 t/m (tension)=21t/m2, and the minimum is -6ton/m=60ton/m2(compression).

Both tension and compression stresses are less than concrete capacity. Thus only shrinkage steel is required(4Ф8/m).

· Hoop stresses(F11):
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Meridian stresses (in ton/m)
Max. Hoop stress is 1.9ton/m(tension)=19 ton/m2, and the minimum is -3.7t/m(compression)=37t/m2.

Both tension and compression stresses are less than concrete capacity. Thus only shrinkage steel is required (5Ф8/m).
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3.4.2    Analysis and Design of Slabs
check shear:

· Ribbed slabs:

Ground Floor:
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Shear force diagram

First Floor:
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Shear Force Diagram

Second Floor:
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Shear Force Diagram

Rood #1:
[image: image285.png]



Shear Force Diagram

Roof #2:
[image: image286.png]



Shear Force Diagram

For all ribbed floors the maximum shear force at distance d=0.2m from the face of beam is  2.7ton/m=1.4 ton/rib, except around the circular opening in part B in the first and second floors as shown on the previous figures.
· For the max. shear force (at distance d=0.2m from the face of beam)= 2.7ton/m=1.4 ton/rib:
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Vc=0.75*0.53*
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f

¢

*b*d*1.1=0.75*0.53*
[image: image289.wmf]280

*12*20*1.1*10-3= 1.76ton/rib>1.4 ok.

· Around the circular opening in  part B, the max. shear force= 4ton/m=2.08 ton/rib>
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Vc=1.76ton.
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Vc for ribs of 15cm width= 0.75*0.53*
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*b*d*1.1

=0.75*0.53*
[image: image293.wmf]280

*15*20*1.1*10-3 =2.2 ton/rib.>Vu.

So increase rib width to 15cm around the opening. 

· Solid Slabs:

Roof #3, and minaret roof:
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Shear Force Diagram
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Shear Force Diagram

· Maximum Shear force at distance(d=16cm)=9.4 ton/m.
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Vc=0.75*0.53*
[image: image297.wmf]c
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*b*d=.75*0.53*
[image: image298.wmf]280

*100*16*10-3= 10.64 ton/m>Vu→ok.
Flexure Analysis and Design:

· Ribbed slabs:

Ground floor:
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Bending moment diagram
First Floor:
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Bending moment diagram

Second Floor:
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Bending moment diagram

Roof #1:
[image: image302.png]28

0o

28

56




Bending moment diagram

Roof #2:
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Bending moment diagram

For all ribbed floors(except the cantilevers in the 1st floor), the max. –ve moment=2.33 ton.m/m, and the max. +ve moment=1.3ton.m/m, as shown on the previous figures.

For max. –ve moment=2.33 ton.m/m =1.04ton.m/rib.
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Asmin. = 0.0033*12*20= 0.8cm2→2Ф10/rib. 

So for all ribs, 2Ф10 top steel is needed.

For max. +ve moment=1.3ton.m/m =0.676ton.m/rib.
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As= 0.000865*52*12=0.54 cm2
Asmin. = 0.0033*12*20= 0.8cm2 >0.54 cm2→2Ф10/rib. 

So for all ribs, 2Ф10 bottom steel is needed.
Shrinkage steel=0.0018*b*h=0.0018*100*8=1.44cm2, 3Ф8/m.    

max. –ve moment at left cantilever= 4.65ton.m/m =2.42ton.m/rib.
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max. -ve moment at right cantilever =4ton.m/m =2.08 ton.m/rib.
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As= 0.013*12*20=3.1 cm2→3Ф12/rib.

· Solid slab design:
Roof #3, and minerate roof
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Bending moment diagram
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Bending moment diagram

max. +ve moment=2.32 ton.m/m
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Asmin. = 0.0018*b*h=0.0018*100*20= 3.6 cm2/m<3.91cm2. 
Use 4Ф12/m bottom steel.

Spacing=100/4=25 cm 

Max. spacing= min. of(45cm, 3*h)=min. of(45cm, 60cm)=45cm>25cm ok.

max. -ve moment=3 ton.m/m
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As=ρ*b*d=0.0032*100*16=5.1 cm2 > As minimum
Use 5Ф12/m top steel over the interior beams, and 4Ф12/m top steel over the exterior beams.
Spacing=100/4=25 cm 

Max. spacing= min. of(45cm, 3*h)=min. of(45cm, 60cm)=45cm>25cm ok.

Shrinkage steel is required in other direction, 3.6 cm2/m→4Ф12/m.

Spacing=100/4=25 cm 

Max. spacing= min. of(45cm, 5*h)=min. of(45cm, 100cm)=45cm>25cm ok.

3.4.3 Analysis and Design of Beams
The following code is used for beams' names:

	First digit: "structure part"
	Second digit
	Beam number

	A
	M: Main
	1,2,3, …

	B
	S: Secondary
	

	C

F : frame
	B : Boundary
	


Analysis and design output was taken from SAP. Verification for minimum steel was used as explained in chapter2.
Following tables and succeeding figures present a summary of output results and typical details of beams.
1. Boundary beams: All boundary beams dimensions are 25*40cm

· Parts A and C.
	Part A, C
	Floor GF
	
	Beam

no 1


	Beam type boundary


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ12
	
	left
	0
	0.022
	0.044
	20

	span1
	top
	3φ18
	span 1
	middle
	2φ12
	span 1
	middle
	0
	0.023
	0.046
	20

	
	top
	3φ18
	
	bottom
	2φ12
	
	right
	0
	0.025
	0.05
	20

	span 2
	bottom
	2φ14
	
	top
	2φ12
	
	left
	0.0018
	0.02
	0.0418
	20

	
	top
	3φ14
	span 2
	middle
	2φ12
	span 2
	middle
	0.0017
	0.021
	0.0437
	20

	span 3
	bottom
	2φ14
	
	bottom
	2φ12
	
	right
	0.0209
	0.022
	0.0649
	20

	
	top
	2φ14
	
	top
	2φ12
	
	left
	0.0209
	0
	0.025
	20

	span4
	bottom
	2φ14
	span 3
	middle
	2φ12
	span 3
	middle
	0.0209
	0
	0.025
	20

	
	top
	2φ14
	
	bottom
	2φ12
	
	right
	0.0209
	0.011
	0.0429
	20

	span5
	bottom
	2φ14
	
	top
	2φ12
	
	left
	0.0209
	0
	0.025
	20

	
	top
	3φ14
	span 4
	middle
	2φ12
	span 4
	middle
	0.0209
	0
	0.025
	20

	span 6
	bottom
	2φ14
	
	bottom
	2φ12
	
	right
	0.0209
	0
	0.025
	20

	
	top
	2φ14
	
	top
	2φ12
	
	left
	0.0209
	0.014
	0.0489
	20

	
	
	
	span 5
	middle
	2φ12
	span 5
	middle
	0.0209
	0.01
	0.0409
	20

	
	
	
	
	bottom
	2φ12
	
	right
	0.0209
	0
	0.025
	20

	
	
	
	
	top
	2φ12
	
	left
	0.0209
	0.023
	0.0669
	20

	
	
	
	span 6
	middle
	2φ12
	span 6
	middle
	0.0209
	0.024
	0.0689
	20

	 
	 
	 
	 
	bottom
	2φ12
	 
	right
	0.0209
	0.025
	0.0709
	20
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	Part A, C
	Floors P, 1, 2

	Beam

no 2
	
	Beam type boundary
	
	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ14
	
	top
	2φ12
	
	left
	0
	0.027
	0.054
	20

	span1
	bottom
	2φ14
	span 1
	middle
	2φ12
	span 1
	middle
	0
	0.027
	0.054
	20

	
	top
	3φ14
	
	bottom
	2φ12
	
	right
	0
	0.025
	0.05
	20

	span 2
	bottom
	2φ14
	
	top
	2φ12
	
	left
	0.0209
	0
	0.025
	20

	
	top
	3φ14
	span 2
	middle
	2φ12
	span 2
	middle
	0.0209
	0
	0.025
	20

	span 3
	bottom
	2φ14
	
	bottom
	2φ12
	
	right
	0.0209
	0.013
	0.0469
	20

	
	top
	3φ14
	
	top
	2φ12
	
	left
	0.0209
	0
	0.025
	20

	span4
	bottom
	2φ14
	span 3
	middle
	2φ12
	span 3
	middle
	
	0
	0.025
	20

	
	top
	3φ14
	
	bottom
	2φ12
	
	right
	0.0209
	0
	0.025
	20

	span5
	bottom
	2φ14
	
	top
	2φ12
	
	left
	0.0209
	0.015
	0.0509
	20

	
	top
	3φ14
	span 4
	middle
	2φ12
	span 4
	middle
	0.0003
	0.01
	0.0203
	20

	
	
	
	
	bottom
	2φ12
	
	right
	0.0209
	0
	0.025
	20

	
	
	
	
	top
	2φ12
	
	left
	0
	0.024
	0.048
	20

	
	
	
	span 5
	middle
	2φ12
	span 5
	middle
	0
	0.025
	0.05
	20

	
	
	
	
	bottom
	2φ12
	
	right
	0
	0.025
	0.05
	20


	Part C
	Floors 1, 2, GF
	
	Beam

no 3
	
	Beam type boundary


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ12
	
	left
	0.0007
	0.017
	0.0347
	20

	span1
	top
	2φ14
	span 1
	middle
	2φ12
	span 1
	middle
	0.0005
	0.017
	0.0345
	20

	
	top
	2φ14
	
	bottom
	2φ12
	
	right
	0
	0.019
	0.038
	20


All the other boundary beams are numbered 4. Their steel reinforcement, at all spans, are 2φ14 for flexure top and bottom, 3 layers for torsion 2φ12 top, middle and bottom, and 1φ10 stirrup/20 cm  for shear and torsion.
· Part B:
All boundary beams in this part have the same steel reinforcement at all spans: 2φ14  top and bottom steel, 3 layers 2φ12 top, middle and bottom torsion steel, and 1φ10/20 cm stirrups for shear and torsion reinforcement.
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2. Secondary Beams  :
All secondary beams dimensions are 30cm*25cm.
· Part B:
	Part B
	Floors 1, 2
	
	Beam no 1
	
	Beam type secondary


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	2φ14
	
	top
	2φ12
	
	left
	0
	0
	0.025
	12

	span1
	bottom
	2φ14
	span 1
	middle
	2φ12
	span 1
	middle
	0
	0
	0.025
	12

	
	top
	3φ18
	
	bottom
	2φ12
	
	right
	0
	0
	0.025
	12

	span 2
	bottom
	2φ14
	
	top
	2φ12
	
	left
	0.0038
	0.053
	0.1098
	12

	
	top
	2φ14
	span 2
	middle
	2φ12
	span 2
	middle
	0
	0.055
	0.11
	12

	span 3
	bottom
	2φ14
	
	bottom
	2φ12
	
	right
	0.0061
	0.053
	0.1121
	12

	
	top
	2φ14
	
	top
	2φ12
	
	left
	0
	0
	0.025
	12

	span4
	bottom
	2φ14
	span 3
	middle
	2φ12
	span 3
	middle
	0
	0
	0.025
	12

	
	top
	3φ18
	
	bottom
	2φ12
	
	right
	0
	0
	0.025
	12

	span5
	bottom
	2φ14
	
	top
	2φ12
	
	left
	0
	0.111
	0.222
	7

	
	top
	2φ14
	span 4
	middle
	2φ12
	span 4
	middle
	0
	0.111
	0.222
	7

	
	
	
	
	bottom
	2φ12
	
	right
	0
	0.111
	0.222
	7

	
	
	
	
	top
	2φ12
	
	left
	0
	0.046
	0.092
	12

	
	
	
	span 5
	middle
	2φ12
	span 5
	middle
	0
	0.046
	0.092
	12

	
	
	
	
	bottom
	2φ12
	
	right
	0
	0.046
	0.092
	12
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	Part  B
	3rd roof
	
	Beam

no 2
	
	Beam type secondary


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ14
	
	top
	2φ14
	
	left
	0.025
	0.043
	0.111
	12

	span1
	bottom
	2φ14
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0.043
	0.086
	12

	
	top
	2φ14
	
	bottom
	2φ14
	
	right
	0
	0.043
	0.086
	12


· For parts A and C all the secondary beams are numbered 1, they have the same cross section as part B. Their steel reinforcement, at all spans, are 3Ф14 for flexure top and 2Ф14 for flexure bottom, 3 layers for torsion 2φ12 top, middle and bottom, and 1Ф10 stirrup/12 cm  for shear and torsion.
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Main Beams  :
· Part C
	Part C
	Floor s 1, 2, P, GF
	
	Beam no 1
	
	Beam type main beam
	
	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	5φ16
	
	top
	2φ12
	
	left
	0.0256
	0.07
	0.1656
	9

	span1
	bottom
	2φ18
	span 1
	middle
	2φ12
	span 1
	middle
	0
	0
	0.025
	20

	
	top
	5φ16
	
	bottom
	2φ12
	
	right
	0.0298
	0.077
	0.1838
	9

	span 2
	bottom
	2φ16
	
	top
	2φ12
	
	left
	0.0251
	0.043
	0.1111
	14

	
	top
	3φ18
	span 2
	middle
	2φ12
	span 2
	middle
	0.0027
	0.013
	0.0287
	20

	span 3
	bottom
	2φ18
	
	bottom
	2φ12
	
	right
	0.0251
	0.043
	0.1111
	14

	
	top
	5φ16
	
	top
	2φ12
	
	left
	0.0097
	0.055
	0.1197
	13

	
	
	
	span 3
	middle
	2φ12
	span 3
	middle
	0
	0
	0.025
	20

	
	
	
	
	bottom
	2φ12
	
	right
	0.0186
	0.045
	0.1086
	14


	Part C
	Floor1, P, GF
	
	Beam no 2
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0.0256
	0.07
	0.1656
	9

	span1
	bottom
	2φ16
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	20

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0.0298
	0.077
	0.1838
	9

	span 2
	bottom
	2φ16
	
	top
	2φ14
	
	left
	0.0303
	0.06
	0.1503
	10

	
	top
	3φ18
	span 2
	middle
	2φ14
	span 2
	middle
	0.0048
	0.017
	0.0388
	20

	span 3
	bottom
	2φ16
	
	bottom
	2φ14
	
	right
	0.0174
	0.059
	0.1354
	12

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0.0097
	0.055
	0.1197
	13

	
	
	
	span 3
	middle
	2φ14
	span 3
	middle
	0
	0
	0.025
	20

	
	
	
	
	bottom
	2φ14
	
	right
	0.0186
	0.045
	0.1086
	14
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· Part A:
	Part A
	Floors GF, 2, 1
	
	Beam

no 1
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	5φ20
	
	top
	3φ12
	
	left
	0.087
	0.018
	0.123
	13

	span1
	bottom
	4φ18
	span 1
	middle
	3φ12
	span 1
	middle
	0.004
	0.023
	0.05
	20

	
	top
	6φ20
	
	bottom
	3φ12
	
	right
	0.088
	0.019
	0.126
	12

	span 2
	bottom
	2φ18
	
	top
	3φ12
	
	left
	0.05
	0.018
	0.086
	18

	
	top
	3φ20
	span 2
	middle
	3φ12
	span 2
	middle
	0
	0
	0.025
	20

	
	
	
	
	bottom
	3φ12
	
	right
	0.05
	0.018
	0.086
	18


	Part A
	Floor 2,3,4
	
	Beam

no 2
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3Ф18
	
	top
	2φ16
	
	left
	0
	0.097
	0.194
	8

	span1
	bottom
	3Ф16
	span 1
	middle
	2φ16
	span 1
	middle
	0.0047
	0.023
	0.0507
	20

	
	top
	4Ф20
	
	bottom
	2φ16
	
	right
	0
	0.103
	0.206
	8

	span 2
	bottom
	2Ф16
	
	top
	2φ16
	
	left
	0.0189
	0.07
	0.1589
	10

	
	top
	2Ф20
	span 2
	middle
	2φ16
	span 2
	middle
	0
	0
	0.025
	20

	
	
	
	
	bottom
	2φ16
	
	right
	0.0231
	0.053
	0.1291
	12
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· Part B:

	Part B
	Floors P, GF
	
	Beam

no 1
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	5φ16
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0.011
	0.0471
	32

	
	top
	5φ16
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0
	0.025
	32

	span 3
	bottom
	3φ18
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32

	
	top
	5φ16
	
	top
	2φ14
	
	left
	0.0251
	0.016
	0.0571
	27

	span4
	bottom
	3φ18
	span 3
	middle
	2φ14
	span 3
	middle
	0
	0
	0.025
	32

	
	top
	5φ16
	
	bottom
	2φ14
	
	right
	0.0251
	0.016
	0.0571
	27

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	
	top
	3φ18
	span 4
	middle
	2φ14
	span 4
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32

	
	
	
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32


[image: image579.png]



[image: image329]
	Part B
	Floors P, GF
	
	Beam

no 2
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsional steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ16
	
	left
	0.002
	0.034
	0.07
	22

	span1
	bottom
	3φ18
	span 1
	middle
	2φ16
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	6φ16
	
	bottom
	2φ16
	
	right
	0.021
	0.037
	0.095
	17

	span 2
	bottom
	3φ18
	
	top
	2φ16
	
	left
	0.0391
	0.029
	0.0971
	16

	
	top
	5φ16
	span 2
	middle
	2φ16
	span 2
	middle
	0
	0.018
	0.036
	32

	span 3
	bottom
	3φ18
	
	bottom
	2φ16
	
	right
	0.025
	0.04
	0.105
	15

	
	top
	5φ16
	
	top
	2φ16
	
	left
	0.03
	0.073
	0.176
	9

	span4
	bottom
	3φ18
	span 3
	middle
	2φ16
	span 3
	middle
	0
	0.014
	0.028
	32

	
	top
	6φ16
	
	bottom
	2φ16
	
	right
	0.03
	0.037
	0.104
	15

	span5
	bottom
	3φ18
	
	top
	2φ16
	
	left
	0.0251
	0.04
	0.1051
	15

	
	top
	3φ18
	span 4
	middle
	2φ16
	span 4
	middle
	0
	0.018
	0.036
	32

	
	
	
	
	bottom
	2φ16
	
	right
	0.039
	0.029
	0.097
	16

	
	
	
	
	top
	2φ16
	
	left
	0.025
	0.038
	0.101
	16

	
	
	
	span 5
	middle
	2φ16
	span 5
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ16
	
	right
	0.0251
	0.037
	0.0991
	16


	Part B
	Floor P
	
	Beam

no 3
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ20
	
	top
	2φ14
	
	left
	0.0251
	0.015
	0.0551
	28

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	3φ20
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0274
	0.019
	0.0654
	24

	
	top
	7φ20
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0
	0.025
	32

	span 3
	bottom
	5φ18
	
	bottom
	2φ14
	
	right
	0.0363
	0.025
	0.0863
	18

	
	top
	7φ20
	
	top
	2φ14
	
	left
	0.0594
	0.042
	0.1434
	11

	span4
	bottom
	3φ18
	span 3
	middle
	2φ14
	span 3
	middle
	0
	0
	0.025
	32

	
	top
	3φ20
	
	bottom
	2φ14
	
	right
	0.0645
	0.048
	0.1605
	10

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0415
	0.027
	0.0955
	16

	
	top
	3φ20
	span 4
	middle
	2φ14
	span 4
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0265
	0.018
	0.0625
	25

	
	
	
	
	top
	2φ14
	
	left
	0.0251
	0.014
	0.0531
	30

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0.016
	0.0571
	27

	Part B

	Floor P
	
	Beam

no 4
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0
	0.018
	0.036
	32

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0
	0.017
	0.034
	32

	
	top
	9φ20
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0
	0.025
	32

	span 3
	bottom
	5φ20
	
	bottom
	2φ14
	
	right
	0
	0.018
	0.036
	32

	
	top
	7φ20
	
	top
	2φ14
	
	left
	0.0998
	0.023
	0.1458
	11

	span4
	bottom
	3φ18
	span 3
	middle
	2φ14
	span 3
	middle
	0
	0
	0.025
	32

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0.0844
	0.036
	0.1564
	10

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.072
	0.021
	0.114
	14

	
	top
	3φ18
	span 4
	middle
	2φ14
	span 4
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0
	0.021
	0.042
	32

	
	
	
	
	top
	2φ14
	
	left
	0
	0.014
	0.028
	32

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0
	0.014
	0.028
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32


	Part B
	Floor P
	
	Beam

no 5
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0.015
	0.0551
	28

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.0251
	32

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0
	0.02
	0.04
	32

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0
	0.042
	0.084
	19

	
	top
	8φ18
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0.014
	0.028
	32

	span 3
	bottom
	5φ18
	
	bottom
	2φ14
	
	right
	0.0244
	0.025
	0.0744
	21

	
	top
	8φ18
	
	top
	2φ16
	
	left
	0.0622
	0.057
	0.1762
	9

	span4
	bottom
	3φ18
	span 3
	middle
	2φ14
	span 3
	middle
	0
	0.011
	0.022
	32

	
	top
	3φ18
	
	bottom
	2φ16
	
	right
	0.0671
	0.058
	0.1831
	9

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0346
	0.024
	0.0826
	19

	
	top
	3φ18
	span 4
	middle
	2φ14
	span 4
	middle
	0
	0.013
	0.026
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0
	0.087
	0.174
	9

	
	
	
	
	top
	2φ14
	
	left
	0
	0
	0.025
	32

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0
	0.024
	0.048
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0
	0.021
	0.042
	32


	Part B
	Floor GF
	
	Beam

no 6
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ20
	
	top
	2φ14
	
	left
	0.0262
	0.017
	0.0602
	26

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	3φ20
	
	bottom
	2φ14
	
	right
	0.0251
	0.015
	0.0551
	28

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0272
	0.02
	0.0672
	23

	
	top
	6φ20
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0
	0.025
	32

	span 3
	bottom
	3φ18
	
	bottom
	2φ14
	
	right
	0.034
	0.026
	0.086
	18

	
	top
	6φ20
	
	top
	2φ14
	
	left
	0.0481
	0.016
	0.0801
	20

	span4
	bottom
	3φ18
	span 3
	middle
	2φ14
	span 3
	middle
	0.0033
	0.013
	0.0293
	32

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0.0545
	0.022
	0.0985
	16

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0382
	0.025
	0.0882
	18

	
	top
	3φ20
	span 4
	middle
	2φ14
	span 4
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0.015
	0.0551
	28

	
	
	
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0256
	0.018
	0.0616
	25


	Part B
	Floor GF
	
	Beam

no 7
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0.0033
	0.015
	0.0333
	30

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0
	0.021
	0.042
	24

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.003
	0.018
	0.039
	26

	
	top
	8φ18
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0
	0.025
	32

	span 3
	bottom
	3φ18
	
	bottom
	2φ14
	
	right
	0.0018
	0.026
	0.0538
	19

	
	top
	6φ18
	
	top
	2φ14
	
	left
	0.064
	0
	0.064
	16

	span4
	bottom
	3φ18
	span 3
	middle
	2φ14
	span 3
	middle
	0.0251
	0.02
	0.0651
	15

	
	top
	3φ18
	
	bottom
	2φ14
	
	right
	0.0424
	0.024
	0.0904
	11

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0283
	0.015
	0.0583
	17

	
	top
	3φ18
	span 4
	middle
	2φ14
	span 4
	middle
	0
	0
	0.025
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.003
	0.024
	0.051
	20

	
	
	
	
	top
	2φ14
	
	left
	0.001
	0.016
	0.033
	30

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0.0015
	0.026
	0.0535
	19

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32


	Part B
	Floor 1
	
	Beam

no 8
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ20
	
	top
	2φ14
	
	left
	0.0251
	0.15
	0.3251
	10

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	3φ20
	
	bottom
	2φ14
	
	right
	0.0251
	0.016
	0.0571
	27

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0
	0.0251
	32

	
	top
	5φ20
	span 2
	middle
	2φ14
	span 2
	middle
	0.0251
	0.018
	0.0611
	26

	span 3
	bottom
	3φ18
	
	bottom
	2φ14
	
	right
	0.0251
	0.018
	0.0611
	26

	
	top
	5φ20
	
	top
	0
	
	left
	0.0374
	0.026
	0.0894
	18

	span4
	bottom
	3φ18
	span 3
	middle
	0
	span 3
	middle
	0
	0
	0.025
	32

	
	top
	3φ20
	
	bottom
	0
	
	right
	0.0426
	0.032
	0.1066
	15

	span5
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0.013
	0.0511
	31

	
	top
	3φ20
	span 4
	middle
	2φ14
	span 4
	middle
	0.0251
	0.02
	0.0651
	24

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0
	0.0251
	32

	
	
	
	
	top
	2φ14
	
	left
	0.0251
	0.017
	0.0591
	27

	
	
	
	span 5
	middle
	2φ14
	span 5
	middle
	0.0251
	0
	0.0251
	32

	
	
	
	
	bottom
	2φ14
	
	right
	0.0251
	0.016
	0.0571
	27


	Part B
	Floor GF, 1
	
	Beam

no 9
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	

	
	top
	4φ18
	
	top
	2φ14
	
	left
	0
	0.033
	0.066
	24

	span1
	bottom
	4φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0
	0.025
	32

	
	top
	4φ18
	
	bottom
	2φ14
	
	right
	0
	0.03
	0.06
	26


	Part B
	Floors  1,2
	
	Beam no 10
	
	Beam type main beam


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	

	
	top
	3φ18
	
	top
	2φ14
	
	left
	0
	0.038
	0.076
	21

	span1
	bottom
	3φ18
	span 1
	middle
	2φ14
	span 1
	middle
	0
	0.032
	0.064
	25

	
	top
	5φ18
	
	bottom
	2φ14
	
	right
	0.0251
	0.041
	0.1071
	15

	span 2
	bottom
	3φ18
	
	top
	2φ14
	
	left
	0.0251
	0.027
	0.0791
	20

	
	top
	3φ18
	span 2
	middle
	2φ14
	span 2
	middle
	0
	0.031
	0.062
	25


· All other main beams in this part are numbered 11. They have the same cross section. Their steel reinforcement, at all spans, are 3Ф18 for flexure top and bottom, 3 layers for torsion 2Ф12 top, middle and bottom, and 1Ф10 stirrup/10 cm for shear and torsion near the support and 1Ф10 stirrup /20 cm for shear and torsion at the middle of the span.
· Frames:
	Frames
	
	
	Beam no 1
	
	Beam type main


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	3φ18
	
	left
	3φ18
	
	left
	0
	0.122
	0.244
	6

	span1
	bottom
	3φ18
	span 1
	middle
	3φ18
	span 1
	middle
	0
	0.057
	0.114
	14

	
	top
	3φ18
	
	right
	3φ18
	
	right
	0
	0.098
	0.196
	8


	Frames
	
	
	Beam no 2
	
	Beam type main


	
	
	
	
	

	
	
	
	
	
	
	
	stirrups (2leg 1φ 10mm)
	

	
	flexure steel
	
	torsion steel
	
	
	
	
	shear
	torsion
	total A/s
	spacing

	
	top
	4φ20
	
	left
	3φ12
	
	left
	0
	0.062
	0.124
	13

	span1
	bottom
	3φ22
	span 1
	middle
	3φ12
	span 1
	middle
	0
	0.022
	0.044
	32

	
	top
	6φ22
	
	right
	3φ12
	
	right
	0
	0.029
	0.058
	27
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· Ring beam design :

There are 6 ring beams in the building. The following tables present a summary of the design output.
	Ring beam no.
	Depth
	width
	min As
	Av/s min
	Smax

	RB1
	50
	25
	3.7
	0.0208
	22

	RB2
	50
	25
	3.7
	0.0208
	22

	RB3
	50
	25
	3.7
	0.0208
	22

	RB4
	60
	30
	5.44
	0.025
	30

	RB5
	50
	25
	3.7
	0.0208
	22


	Ring beam no.
	top steel
	bottom steel
	S for shear and torsion
	torsion steel for one layer

	RB1
	3Ф16
	2Ф16
	22
	2Ф12

	RB2
	2Ф16
	4Ф16
	15
	2Ф14

	RB3
	2Ф16
	2Ф16
	18
	2Ф12

	RB4
	5Ф16
	3Ф16
	12
	2Ф14

	RB5
	2Ф16
	2Ф16
	10/4 legs
	3Ф16


The top and bottom steel will be continuous on the whole span. The stirrups used for all ring beams ,except Beam 5, are 10mm diameter.
The figure below shows a cross section in RB1 
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3.4.4 Columns Analysis and Design
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Fig.3.2 Typical column cross section*
*long direction is direction1, short direction is direction2.
Table3.1 columns Design

	Column No.
	Dimension

(cm)
	Longitudinal reinforcement

(cm2)
	Splicing 1 Distance
	Shear reinforcing2
(cm2/cm)

	
	
	Area of steel (cm2)
	# of Bars
	
	

	C1
	20*40
	8
	6 Ф14
	30 cm
	1Ф8/20cm

	C2
	20*50
	10
	6 Ф16
	35 cm
	
   
1Ф8/20cm

	C3
	30*50
	15
	6 Ф18
	35 cm
	1Ф8/30cm

	C4
	30*60
	22.43
	6 Ф22
	45 cm
	1Ф8/30cm


1. splicing distance=max. of 
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Smax.=min. of( d/2, 60 cm)

2. If Ф*Vc>Vu: No need for shear reinforcing

Smax.=min. of (16*db, 48 ds, least column dimensions)
· Check column 2 design (circled one on fig. 2.2 ):
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part1:

PU=118 ton

Check if 
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In direction1:
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[image: image349.wmf]
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Since the As is not known yet so the Is, we will take the second value then a check will be made.
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From the interaction diagram fig 3.3, the required steel ratio can be determined. 
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Fig. 3.3. column interaction diagram
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[image: image398.wmf]
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Since the As is not known yet so the Is, we will take the second value then a check will be made.
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From the interaction diagramfig.3.3, the required steel ratio can be determined.
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Fig. 3.4. column interaction diagram
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[image: image430.wmf]
EI is the larger of:
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Since the As is not known yet so the Is, we will take the second value then a check will be made.
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From the interaction diagramfig.3.4  and fig.3.5, the required steel ratio can be determined.
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Fig.3.5 column interaction diagram
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Fig.3.6 column interaction diagram

 Where,
g =42/50=0.84
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3.4.5  Analysis and Design of Basement Wall 
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3.4.1 Check shear:

Ultimate shear force= 1.6*0.5*3.46*4= 11ton/m.

Vn= 
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*100*25*10-3= 22.2 ton/m > Vn.

3.4.2 Flexure Design:

The moment will be like the figure below:
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Depending on the wall dimensions, the basement wall will behave either one way  or two ways.

· Moments in direction 

Max. -ve moment=3ton.m/m2, max. +ve moment=1.56ton.m/m2.

As shrinkage= 0.0018*100*30=5.4cm2
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As=.0013*100*25=3.2cm2< As shrinkage.

· Moments in Z direction are:

Max. positive moment= 3.7ton.m/m2, max. negative moment= 4.45ton.m/m2.
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As=0.0019*100*25=4.78cm2< As shrinkage.

So shrinkage steel is required for both x and z directions( negative and positive moments)
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3.4.6.1  Analysis and Design of Stair cases
The staircases will be analyzed as 3D model on SAP program to find the moment, then area of steel will be calculated manually. The architectural design shows 3 flights and 4 landings, which will be presented as area sections.
Dimensions:

Floor elevation is 4 m, the going of the stair is 30cm as standards.
Flights and landings thickness will be taken as simply supported solid slab, ln/20 = 245/20=12.25 cm. Thus 15 cm thickness is suitable.
The rise of the stair = 4-0.15*3= 3.55  

For 0.17 m raise, no. of stairs = 3.55/0.17 =20.88 not good

For 0.16 m raise, no. of stairs = 3.55/0.16 = 22 stairs these 22 will be divided as 7,8, and 7 stairs in the flights.

Plans and sections of the stairs:
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· Loads on the staircase:
Loads on the landings: live load = 0.4 t/m2, Dead loads: own weight ( calculated by SAP ), super imposed dead load from tiles = 0.27 t/m2
Loads on the flights: live load = 0.4 t/m2, Dead loads: Own weight of the flight slab (calculated by SAP), Weight of the stairs = 2.5 *(no.of stairs-1)*0.3*0.16/2, Super imposed loads from tiles =(0.16+.3)*.27 *(no. of stairs -1)
The rise of the stair = 4-0.15*3= 3.55  

for 0.17 m raise no. of stairs = 3.55/0.17 =20.88 not good

for 0.16 m raise no. of stairs = 3.55/0.16 = 22 stairs these 22 will be divided 7,8,7 in the flights.

For  8 stairs flight, weight of stairs =2.5*7*0.3*0.16/2=0.42 t/m =0.17 t/m2, 
Super imposed loads from tiles=(0.16+0.3)*0.27*7=0.87 t/m=0.35 t/m2, total loads on flight = 0.52 t/m2  
For the 7 stairs flight =2.5*6*0.3*0.16/2=0.36 t/m =0.17 t/m2, Super imposed loads from tiles=(0.16+0.3)*0.27*6=0.75 t/m =0.351 t/m2.
Total loads on  flight= 0.52 t/m2  
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· Design for flexure :

Since no modifiers were added in the definition of the slabs, the slab will be designed as two way slabs.
Design for M11:
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Maximum –ve and +ve moments = 0.311ton.m/m.
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As=0.00057*100*12=0.7 cm2/m.

As min.= 0.0018*100*15 =2.7 cm2/m>0.7 cm2/m→ 3φ12/m top and bottom steel is required.


Design for M22 :

[image: image583.png]6412 torsionall
steel

1410mm / 12|
o stirups

2414 bottom
steel

30

25

Beam 1 ARC
secondary at
mid span



[image: image468.png]12 SAP2000 - stairs

Ele Edit Vew Defne Draw Selert Assign Analyze Disply Design Options Help

D || /@ > PPRAA|M 3dy v v O S E| % HlEsSzs A4S
() 2 Resultant M22 Diagram (COMB1) ]





Maximum –ve and +ve moments is 0.4 ton.m/m.
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As=0.00074*100*12=0.9 cm2/m→3Ф12/m top and bottom steel is required.
· Check shear:
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Maximum shear force (V13 and V23)= 1.369 ton.
Nominal shear force=1.369/0.75=1.825 ton

Vc= 0.53*
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*b*d=0.53*
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*100*12*10-3=10.64 ton>Vn, no need for shear reinforcement.

· Design of the stairs :

The stairs are designed as load carried by the flights and it is not a structural element.  1Ф10 will be provided at the tip of each stair and stirrups of 4φ8/m to keep the tips of concrete from breaking

Anchor leg length=12 db = 13cm
 Use a development length of ln/3 for the top steel = 1.57/3 = 0.53 m for the longest landing
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3.4.7  Analysis and Design of Footings 
There are four types of footings that were used in this project: Single, combined, wall, and strap footings. Single footings are used for interior columns where there is enough spacing between columns. Combined footings also are used for interior columns but where there is not enough spacing to have single footings. Strap footings are used for columns near the construction joint in part A, because part A and part B are at different levels. And wall footings are used under exterior, bearing, and basement walls.

· Single Footings:
All single footings are connected with ground beams in order to take the moments, so these footings will be designed only for axial force from columns.
Footing no.1 (F1)

F1 is a single footing under the two columns at the structural joint, which is between part B and C.

Ultimate load(Pu.)=172t, Service load(Ps.)=136.96 t, soil bearing capacity(BC)= 2.75 kg/cm2 =27.5 t/m2.

Columns dimensions (20cm*40cm).
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Footing  Area(A) = Ps./B.C.=136.96/27.5 =4.98 m2 
→Footing dimensions : 2.2* 2.3 m

Area = 2.2*2.3 = 5.06 m2 

Ultimate pressure (qu) = 171.91/5.06 = 33.97 t/m2
l=(2.3-0.2*2-0.1)/2=0.9m
Footing depth is determined through shear criteria:

Wide beam shear 
→ultimate shear force at distance d from face column( Vu) = 33.97 *(0.9-d)


ФVc= 0.75*0.53*2800.5 *100*d/10

Vu= ФVc --------    d=0.3 m

Use H= 45 cm d= 38 cm

Check Punching shear   

Vu = 33.97*(2.3*2.2 – 0.88*0.78) =  148.7 ton

 ФVc= 0.75*1.06*2800.5 *(88+78)*2*28 /1000 =168 ton>148.7    ok.

Flexural design:

Mu = qu*l2/2= qu* (0.9)2/2 = 13.75 tom.m/m

ρmin.=14/fy=14/4200=0.0033

[image: image481.wmf]m

cm

As

/

54

.

12

38

*

100

*

0033

.

0

min

0033

.

0

0026

.

0

280

*

38

*

100

75

.

13

*

10

*

61

.

2

1

1

(

*

4200

280

*

85

.

0

2

2

5

=

=

<

=

-

-

=

r


 Use  4Ф20/m bottom steel  in both directions.

Dowels reinforcement:

Bearing capacity of concrete is, Pc=Ф*0.85*
[image: image482.wmf]c

f

¢

*A=0.7*0.85*280*20*40*2*10-3=266.56 t
Pu=172 t<Pc → use min. area of dowels, 0.5% of column area

Area of dowel=0.5%*20*40*2=8cm2 →8Ф12

Dowels splicing distance =  max. of 
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Dowels splicing distance =  max. of 
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The table shown below, represents the dimensions and reinforcement for all single footings.
	Footing No.
	Footing dimensions
	Longitudinal Reinforcement
	Dowels Reinforcement

	
	Length

(m)
	Width (m)
	Depth (m)
	Area of steel (cm2)
	# of bars in each direction
	# of bars
	Splicing distance

	1
	2.3
	2.2
	0.45
	12.54
	5Ф18/m
	8Ф12
	23cm

	2
	2.7
	2
	0.45
	12.54
	5Ф18/m
	8Ф12
	23cm

	3
	1.8
	1.6
	0.4
	10.98
	5Ф18/m
	4Ф12
	23cm

	4
	2.1
	1.8
	0.4
	10.98
	5Ф18/m
	4Ф12
	23cm

	5
	1.7
	1.4
	0.3
	7.59
	5Ф14/m
	4Ф12
	23cm

	6
	2.4
	2.2
	0.5
	14.19
	6Ф18/m
	4Ф12
	23cm

	7
	2
	1.7
	0.35
	9.24
	6Ф14/m
	4Ф12
	23cm


Ground beams design:

SAP results for flexure, shear, and torsion reinforcements were the minimum for all tie beams.

Dimensions (width*depth): 30cm*50cm.

Flexure design

As = 0.0033*30*45 =4.455 cm2   use 4Ф12  for top and bottom steel since there is a possibility to have an upward or downward pressure due to soil pressure.
Shear design:

max. spacing =min. of(d/2, 60 cm)= min. of(22.5, 60 cm)=22.5cm
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 S = 40 >22.5, 1Ф8 / 20 cm
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·  Combined Footing (F8):
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Columns dimensions (30cm*50cm)
Footing Area (A)= Ps./B.C.=(120+144.4)/27.5=9.6 m2.

X=
[image: image492.wmf]4
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Let L1=1m → L=2*(1.46+1)=4.9m

L2=4.9-1-2.65=1.25m.

Footing width(B)=area/L=9.6/4.9=2m.

Ultimate pressure(qu)=Pu/L=
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Shear Force Diagram
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Bending Moment Diagram

Ultimate shear force at distance d from the face of the wall(Vu)=

98.57-65.65*(d+0.25)

ФVc=Ф*0.53*
[image: image496.wmf]c
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*b*d=0.75*0.53*
[image: image497.wmf]280

*200*d/10=133*d.

98.57-65.65*(d+0.25)= 133*d

d=42cm → H=50cm, d=43cm.

· Flexure design for long direction:

Ultimate -ve moment = 16.1 ton.m.


[image: image498.wmf]0012

.

0

280

*

43

*

200

1

.

16

*

10

*

61

.

2

1

1

(

*

4200

280

*

85

.

0

2

5

=

-

-

=

r

<ρmin.=0.0033

→As=0.0033*b*d=0.0033*200*43=28.38 cm2 →12Ф18 top steel.

Ultimate +ve moment at right end= 54.87 ton.m.
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>ρmin.=0.0033

→As=0.004*b*d=0.004*200*43=34.4 cm2 →14Ф18 bottom steel.

Ultimate +ve moment at left end= 34.33ton.m.
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<ρmin.=0.0033

→As=0.0033*b*d=0.0033*200*43=28.38 cm2 →12Ф18 bottom steel.

· Flexure design for short direction:

Both columns are treated as isolated columns.

The band width should not be longer than the width of the column plus the effective depth(d) on each side of the column.


Left column:

Band width=50+64=114cm

Ultimate pressure(qu)=Pu/B= 152/2=68.65 ton/m.

L=(2-0.5)/2=0.75m

Ultimate moment = qu*0.752 /2=19.31ton.m.
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<ρmin.=0.0033

→As=0.0033*b*d=0.0033*114*43=16.2 cm2 →7Ф18 bottom steel.

Dowels reinforcement:

Bearing capacity of concrete is, Pc=Ф*0.85*
[image: image502.wmf]c
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*A=0.7*0.85*280*30*50*10-3=249.9 t

Pu=152 t<Pc → only  min. area of dowels is required, 0.5% of column area

Area of dowel=0.5%*30*50*2=7.5cm2 →7Ф12

Dowel splicing distance =  max. of 
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Dowel splicing distance =  max. of 
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Right column:

Band width=50+64=114cm

Ultimate pressure(qu)=Pu/B= 184.4/2=92.2 ton/m.

L=(2-0.5)/2=0.75m

Ultimate moment = qu*0.752 /2=25.93ton.m.
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>ρmin.=0.0033

→As=0.00335*b*d=0.0033*114*43=16.42 cm2 →7Ф18 bottom steel.

Dowels reinforcement:

Bearing capacity of concrete is, Pc=Ф*0.85*
[image: image507.wmf]c

f

¢

*A=0.7*0.85*280*30*50*10-3=249.9 t

Pu=184.4 t<Pc → only  min. area of dowels is required, 0.5% of column area

Area of dowel=0.5%*30*50*2=7.5cm2 →7Ф12

Dowel splicing distance =  max. of 
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Dowel splicing distance =  max. of 
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· Strap Footing (F9):
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Own weight of the strap =  B*H*L*2.5 t/m3=0.6*0.3*2.73*2.5 = 1.23 ton

Area of the Footing = (Ps1+Ps2+ strap weight)/B.C. =(92.64+45.32+1.23)/ 27.5 =5.06 m2

Interior footing dimensions: 1.8m*2.1m

Exterior footing dimensions: 1.3m*1.4m

Total area of the two footings = 1.3*1.4+1.8*2.1 = 5.6 m2 > 5.06 m2 ok
Check that the centroid of the area consides with the centroid of the loads 

Area centroid at distance x1 from the edge of the exterior footing

5.6 *x1 =1.3*1.4*0.2 + 2.1*1.8*4.73

x1 = 3.26 m

Load centroid at distance x2 from the edge of the exterior footing

139.19*x2 =45.32 *0.2+ 92.64*4.73+1.23*((4.53/2)+0.2)

x2 = 3.23 m

x1-x2 =3.26-3.23 =0.03 m <.0.05 m   ok

Calculate the ultimate pressure under the two footings: 

qu = (Pu1+Pu2+ 1.4*weight if strap)/ total area

 = (118.4+55.7+1.4*1.23)/5.6 = 31.4 t/m2 

Design of the interior footing :

The interior footing will be designed as single footing, its design will be as footing no.4(F4) since it has approximately the same load and same column dimensions, it will be conservative since the punching shear capacity will be increased.
Design of exterior footing :

The exterior footing will be designed as a wall footing with length(L)=1.4m and width(B)=1.3m

 Ws = Ps/L = 45.32 /1.4 = 32.37 t/m

B = Ws /BC = 32.37/27.5 = 1.2 m< width used= 1.3 m ok.
qu = 31.4 t/m2   

The wide beam shear is used to find the depth

Vu = 31.4*(0.275-d)

ФVc = 0.75*0.53*2802*100 *d/10

 d=16 cm ------- use H=30 cm -----d=23 cm

· Design for flexure:

Steel in direction perpendicular on strap direction:
Mu = 31.4 *0.52/2 =3.925 ton.m/m 
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Use 5Ф14 /m 

Steel in direction parallel with dtrap direction :

Use shrinkage steel =0.0018* 130*30 = 7.02 cm2
Use 5Ф14 /m

Strap design :

Let strap dimensions 30cm*60cm
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Loads on strap
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Shear Force diagram(ton)
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Bending moment diagram (ton.m)
Flexure Design:

+ve moment =22.1 ton.m
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Shear Design

Shear Force at distance d from face of column=39.4ton.m
Vn= 
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Vc= 0.53*
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*30*55/1000= 14.63 ton.

VS=VN-VC= 28.9-14.63=14.27ton
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VS<2* VC→ max. spacing =min. of(d/2, 60 cm)= min. of(27.5, 60 cm)=27.5cm
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10mm stirrup/22 cm.
· Wall footings:

· Footing #10:

Max. service and ultimate loads are 34.7 ton/m, 44.32ton/m respectively.
Footing width (B)=Ps/B.C=34.7/27.5= 1.3m.

Ultimate pressure(qu)= 44.32/1.3=34.1 ton/m2.

[image: image532.png]}#

typical cross section of wall footing  structural model





l= (1.3-0.25)=0.525m.

Ultimate shear force at distance d from the face of the wall(Vu)= 34.1(l-d)= 34.1(0.525-d)
ФVc=Ф*0.53*
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*b*d=0.75*0.53*
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*100*d/10=66.514d.

34.1(0.525-d)= 66.514d→d=18cm, H=30cm, d=23cm.

Ultimate moment at face of wall (Mu)= qu*l2/2= 34.1*0.5252/2=4.7 ton.m.
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<ρmin.=0.0033
→As=0.0033*b*d=0.0033*100*23=7.59 cm2 →7Ф12/m

In other direction, shrinkage area of steel is required= 0.0018*b*h=0.0018*130*30=7.02cm2→7Ф12.
Dowels reinforcement:

Bearing capacity of concrete is, Pc=Ф*0.85*
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*A=0.7*0.85*280*25*100*10-3=416.5 t/m

Pu=44.32 ton/m<Pc → only  min. area of dowels is required, 0.5% of column area

Area of dowel=0.5%*25*100=12.5cm2 /m→12Ф12/m.
Dowel splicing distance =  max. of 
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Dowel splicing distance =  max. of 
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The table shown below, represents the dimensions and reinforcement for all wall footings.
	Footing No.
	Footing dimensions
	Reinforcement in short direction
	Shrinkage steel in long direction
	Dowels Reinforcement

	
	Width (m)
	Depth (m)
	Area of steel (cm2)
	# of bars
	Area of steel (cm2/m)
	# of bars
	# of bars
	Splicing distance

	10
	1.3
	0.3
	7.59
	7Ф12/m 
	7.02
	7Ф12/m
	12Ф12/m
	23cm

	11
	2.7
	0.5
	16.86
	9Ф16/m
	9
	8Ф12/m
	12Ф12/m
	23cm


3.5 Analysis and Design of Steel Parts
3.5.1 Steel Dome:
This dome consists of meridian and hoop steel members as shown on fig.3. 6, covered by blue carbonate which is presented as area section with low modulus of elasticity (assumed 0.01of concrete modulus of elasticity ).

Meridian bars are to take meridian stresses and hoop bars are to take hoop stresses. Meridian members are square hollow sections(SHCF 40*40*2), and hoop bars are square hollow sections(SHCF 30*30*2).

Joints between meridian and hoop steels are welded joints,  and base plates are used to join meridian steel bars with concrete ring beam.

[image: image541.png]



Fig.3.6 Steel Dome

· Welded joints:

Max. hoop tension is 0.6 ton, and max. compression is 0.34 ton.

P ŵ = (0.7*S*Pw)

Where, P ŵ: weld capacity in N/mm.


  Pw: weld strength =215 N/mm2.


 S: weld leg length.

Using 4mm weld leg length, the weld capacity is 0.7*4*215= 602N/mm.

Weld length= (PU/ P ŵ)= (0.6*104/600)= 10mm
Min. weld length= max.
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Where, t is the thickness of the thinner plate


  TW is the minimum width of the two plates.

→ Min. weld length= max.
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30/4+2*S=7.5+2*3=13.5mm.
So use 14mm weld length on each side, for all welded joints.
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· Base plates:

Max. compression meridian force= 0.9 ton, M=0 
Base plate area=(Fy/concrete bearing capacity)

Concrete bearing capacity=0.4*
[image: image545.wmf]c

f
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 =112 kg/cm2.

→area= 0.9*103/112= 8 cm2.

Let use square plate, plate length=110mm .
Pressure under the base plate(w)= 
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a=b=110-40=70 mm.

Pyp(plate design strength)=275N/mm2→ tmin≥4.8mm.

tmin ≥arc thickness(=2mm)

→plate thickness=5mm.
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3.5.2 Steel Arches
The model used for these arcs is 3hinged arcs, covered with purlins, and blue carbonate.
[image: image549.png]



Arcs sections are UB 127*76*13. Bolts used for the upper joints (hinged joint), and base plates are used to join arcs with concrete beams.
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· Design of bolted joints:
Axial force= 3.4 ton.

Bearing capacity of the Gusset plate and web is 460N/mm2.

The joint consists of two plates, one on each web face, 12mm bolt diameter, and 2.5mm Gusset plate thickness.

→plate bearing capacity=460*12*5=27.6 KN.
   Web bearing capacity=460*12*4.2=23.2 KN.

   Bolt Double shear capacity=63.2 KN.

No. of bolts=
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Min. edge distance=2*db=2*1.2=2.4cm→2.5cm.
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· Base plate design:

Max. axial force=4.23 ton, at 50°inclination angle.

Fy=4.23*sin50=3.24ton, Fx=2.72ton.

Max. moment=0.25ton.m.

Base plate area=(Fy/concrete bearing capacity)

Concrete bearing capacity=0.4*
[image: image554.wmf]c

f
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 =112 kg/cm2=11.2 N/mm2.
→area= 3.24*103/112= 29 cm2.

Let use rectangular plate, plate length=200mm, plate width=150mm.

Pressure under the base plate(w)= 
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=3.58 N/mm2, -1.42 N/mm2 <11.2N/mm2.ok.
Moment (M)= 
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Design of bolts:
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Using 12mm bolt diameter, Ps= 31.8KN, and Pt= 37.9KN
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.

Fs=2.72/no. of bolts(n).

Ft=1.42*42.6*200/n=12./n.
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