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Chapter Four

Structural Analysis and Design

In this chapter we will explain the design of the structural element for this

project, the dead load is calculated based on type of used materials, but the live load

is chosen based on the values that are used in chapter three tables (2-3).

(4-1) Ground Floor Ribs Design .

(4-1-1) Load Calculation :

The main loads acting on the structure are dead and live loads. Dead Load

is calculated based on the density for each material used in the slab.

The overall depth of slab must satisfy the limitation of deflection required

in ACI Table (9.5.a).

Min h = L / 18.5 for one end continuous span

Min h =391 / 18.5       = 21.13 cm

Min h = L / 21 for interior span

Min h = 525 / 21       = 26.29 cm

Use an overall depth of 27 cm (20 cm block)
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Dead load : -

Figure (4-1): Cross section in the Slab

Coarse Sand Fill and Tile 0.13*0.52*2000   =135.2 kg/m  of rib

Concrete Rib 0.20*0.12*2500   = 60 kg/m  of rib

Block 0.20*0.40*900     = 72 kg/m  of rib

Topping 0.07*0.52*2500   = 91 kg/m.

Plaster 0.03*0.52*2200  = 34.32 Kg/m of rib

Partitions (100)(0.52)          = 52 Kg/m of rib

Nominal Total Dead Load = 444.52 Kg/m of rib

Factored Total Dead Load = 1.4*444.52 = 622.33  kg/m.

= 6.22  KN/m.

Live load = 2 KN/m2 .

Factored live load =2*1.7*0.52= 1.77  KN/m
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(4-1-2) Slab (Topping) Design :

Live load = 200 Kg/m 2 = 0.2 ton/m 2 .

Dead load = Nominal Total Dead load – Dead load of Rib.

Dead load = (6.22 /0.52) – (0.60/0.52) = 10.81  KN/ m 2

uW = 1.4 (10.81*100) + 1.7 (200) = 1853.4 Kg/ m 2

= 1.8534 ton/ m 2

Assume slab is fixed at support point (ribs)








 


12

2LWu
Mu








 


12

4.08534.1 2

Mu = 0.025 ton.m , for 1 m wide strip

Calculate modules of rapture of concrete according to ACI (9.5.2.3).

  sfMn

cmKgMPaMPaff

r

cr



 )/(3.38)(83.3307.0)(7.0 2

3
22

7.816
6

7100

6
cm

bh
s 


 …….. for a rectangular X-section

ΦMn = 0.65 (38.3)(816.7) = 20331.75 Kg.cm , (Φ = 0.65   for plain concrete)

= 0.203 ton.m

ΦMn = 0.203 ton.m > Mu = 0.025 ton.m

According to ACI (7.12.2.1), minimum reinforcement is required to prevent cracks

and minimizes temperature effects:

For  fy = 400 Mpa
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ρ = 0.002

)7)(100(002.0sA = 1.4 cm 2 /1m

Use Φ 8 @ 20 cm on center both ways

Provided sA = 2.5 cm 2 /1m

(4-1-3) Rib Design (R1) :

The length of spans are shown in figure (4-2) below .And the locations of Rib1

are shown in figure (4-3).

Figure (4-2): Rib (RG-1) Moment Values

 Using ACI coefficient we get the following moment values for positive

moment .

Wu = Dl + Ll = 6.22 +1.77 = 8 KN /m
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Span 3.91 m .

(1/14) *Wu *Ln 2 =(1/14)*8*(3.41) 2 = 6.64 KN.m

Span 3.71 m .

(1/16) *Wu *Ln 2 =(1/16)*8*(3.11) 2 = 4.84 KN.m

Span 3.92 m .

(1/14) *Wu *Ln 2 =(1/14)*8*(3.42) 2 = 6.68  KN.m

1- Design For Positive Moment :

 Design For (AB) and (CD) span.

Effective Flange width  ( Eb ) according to ACI code 8.10.2:

Eb for T- section is the smallest of the following:

Eb = L / 4  = 371 / 4 = 92.75 cm

Eb = wb + 16 t = 12  + 16 (7) = 124 cm

Eb = C/C = 52 cm……………….. Control

Mu = 6.64 KN.m

Mu = 6.68 KN.m

Select  Mu = 6.68 KN.m

Mn= 6.68 /0.9 = 7.42 KN.m

Mn= 0.742 ton.m
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Determine AS max :

€y = fy /E = 400/200000 =0.002

xb = (0.003*23.4) /(0.003+0.002) = 14.04 cm .

ab = β * xb = 0.85 *14.04 = 11.934 cm

C1b = 0.85*0.3*12*11.934 = 36.52 ton.

C2b = 2*(0.85*0.3*20*7) = 71.4 ton .

Cb = C1b+ C2b = 36.52 +71.4 = 107.92 ton = Tb.

Asb = Tb/Fy = 107.92/4 = 26.98 cm2.

As max = 0.75 *Asb = 20.24 cm2

Determine AS min :

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI-10.5.1)

A s min = )4.24)(12(
400

4.1
)4.24)(12(

)400(4

30


A s min = 0.96  0.98

As= 0.98 cm2

'85.0 fc

fy
m  7.15

)30(85.0

400


2
2

5

2
/61.2

)4.23)(52(

)10(742.0
cmKg

bd

Mn
Rn 

00066.0
400

261.0*7.15*2
11

7.15

12
11

1



















fy

mRn

m


A s = 0.00066(52)*23.4 = 0.8 cm 2 < A s min

Select  A s min = 0.98 cm 2
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Use 2 Φ 10 mm , A s = 1.57 cm 2

 Design For (BC) span .

Mu = 4.48 KN.m

Mn= 4.48 / 0.9 = 4.98 KN.m .

'85.0 fc

fy
m  7.15

)30(85.0

400


2
2

5

2
/75.1

)4.23)(52(

)10(498.0
cmKg

bd

Mn
Rn 

00044.0
400

175.0*7.15*2
11

7.15

12
11

1



















fy

mRn

m


A s = 0.00044*52*23.4= 0.53  cm 2 < A s min

Select  A s min = 0.98 cm 2

Use 2 Φ 10 mm , A s = 1.57 cm 2

2- Design For Negative Moment :

 Using ACI coefficient we get the following moment values for negative

moment .

Wu = Dl + Ll = 6.22 +1.77 = 8 KN /m

Negative Moment above column (A) :

(1/24) *Wu *Ln 2 =(1/24)*8*(3.41) 2 = 3.88 KN.m

Negative Moment at exterior face of  support (B) :

(1/10) *Wu *Ln 2 =(1/10)*8*(3.41) 2 = 9.30 KN.m

Negative Moment at exterior face of  support (C) :
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(1/10) *Wu *Ln 2 =(1/10)*8*(3.42) 2 = 9.63 KN.m

Negative Moment at other faces of interior  support  :

(1/11) *Wu *Ln 2 =(1/11)*8*(3.11) 2 = 7.03 KN.m

Negative Moment above column (D) :

(1/24) *Wu *Ln 2 =(1/24)*8*(3.42) 2 = 3.90 KN.m

At exterior supports :

(1/24) *Wu *Ln 2

Mu = 3.88 KN.m

Mu = 3.90 KN.m

Use   Mu = 3.90 KN.m

Mn = 3.90 /0.9 = 4.33 KN.m

Determine AS max :

AS max = ρ max * bw * d = 0.0244*12*23.4 = 6.85 cm 2

Determine AS min :

A s = ))((
4.1

))((
4

))((
)(2

dbf
fy

dbf
fy

cf
dbw

fy

cf






…….. (ACI-10.5.2)

A min = )4.23)(52(
400

4.1
)400*4/()4.23)(52(30)4.23)(12(

)400(2

30


A s = 25.414.492.1 

As min = 1.92 cm 2
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'85.0 fc

fy
m  7.15

)30(85.0

400


Rn = Mn / bw * d² = MPa
x

x
66.0

234.012.0

1033.4
2

3




0017.0
400

66.0*7.15*2
11

7.15

12
11

1



















fy

mRn

m


A s = 0.0017(12) (23.4)= 0.48 cm 2 < As min

Select A s min = 1.92 cm 2

Use 2Φ 12 mm  …… A s = 2.26 cm 2

At interior supports :

Mu = 9.30 KN.m

Mu = 9.63 KN.m

Use Mu = 9.63 KN.m

Mn = 9.63 /0.9 = 10.7 Kn.m

'85.0 fc

fy
m  7.15

)30(85.0

400


Rn = Mn / bw * d² = MPa
x

x
63.1

234.012.0

107.10
2

3




0042.0
400

63.1*7.15*2
11

7.15

12
11

1



















fy

mRn

m


A s = 0.0042(12) (23.4)= 1.18 cm 2 < As min

Select A s min = 1.92 cm 2

Use 2Φ 12 mm   ….. A s = 2.26 cm 2
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(4-1-4) Design of shear for T-section  for rib (G,1) :

Ф Vc =   Ф *
6

'fc
bw * d

=  ( 0.85 *
6

30
12* 23.4)*100/1000

= 21.78 kN

Ф Vs(min) = (0.85
3

1
* 12 * 23.4 )*100/1000

= 7.96 KN

Vu = (0.5583)* Wu*ln

Vu = 0.5583 * 8 *3.42 = 15.3 KN

0.5 Ф Vc < Vu < Ф Vc          ……………….According to category (2)

(Shear reinforcement is not required )

S =
bw

fyAv **3
=

12

400*01.1*3
= 101 cm .

 Use Ф 8  stirrups @ 40 cm
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1):Ground Floor Ribs-Table (4

StirrupsReinforcementRib DimensionsSpan length
(m)Rib

No
Spacing

(cm)
Ф

(mm)
Negative Steel

( Interior  Support)
Negative Steel
(Exterior Support)

Positive SteelRib Depth
(cm)

Rib Width
(cm)

40Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.90Rib 1

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

٤٠Ф 8١٢Ф٢٢٧12٣.٩٢
٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.43Rib 2

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

٤٠Ф 8١٢Ф٢٢٧123.91

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.43Rib 3

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

١٠Ф 8١٦Ф١٤& ١Ф١١٠Ф٢٢٧125.55

١٠Ф ٨١٤Ф٢١٢Ф٢٢٧125.48

١٠Ф 8١٢Ф٢١٠Ф٢٢٧123.72

١٠Ф 8١٢Ф٢١٠Ф٢٢٧123.29

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.72Rib 4

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

١٠Ф 8١٦Ф١٤& ١Ф١١٠Ф٢٢٧125.55

١٠Ф ٨١٤Ф٢١٢Ф٢٢٧125.48

١٠Ф 8١٢Ф٢١٠Ф٢٢٧123.72

١٠Ф 8١٢Ф٢١٠Ф٢٢٧123.55
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StirrupsReinforcementRib DimensionsSpan length
(m)Rib

No
Spacing

(cm)
Ф

(mm)
Negative Steel

( Interior  Support)
Negative Steel
(Exterior Support)

Positive SteelRib
Depth
(cm)

Rib Width
(cm)

40Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.89Rib 5

40Ф 8١٢Ф٢١٠Ф٢٢٧123.71

١٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.85Rib 6

١٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٧٣

١٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٧٢
١٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.85Rib7

١٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٧٣
١٠Ф 8١٢Ф٢١٠Ф٢٢٧123.19

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.91Rib 8

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٩٣
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧121.59

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٧١
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.73
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:2):First , Second , Third &Fourth  Floors Ribs-Table (4

StirrupsReinforcementRib DimensionsSpan length
(m)Rib

No
Spacing

(cm)
Ф

(mm)
Negative Steel

( Interior  Support)
Negative Steel
(Exterior Support)

Positive SteelRib
Depth
(cm)

Rib Width
(cm)

40Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.90Rib 1
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

٤٠Ф 8١٢Ф٢٢٧12٣.٩٢
٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.43Rib 2
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

٤٠Ф 8١٢Ф٢٢٧123.91

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.43Rib 3
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

١٠Ф 8١٤Ф٢١٠Ф٢٢٧125.55

١٠Ф 8١٢Ф٢١٢Ф٢٢٧125.48

40Ф 8١٢Ф٢١٠Ф٢٢٧123.72

40Ф 8١٢Ф٢١٠Ф٢٢٧123.29

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.72Rib 4
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

١٠Ф 8١٤Ф٢١٠Ф٢٢٧125.55

١٠Ф 8١٢Ф٢١٢Ф٢٢٧125.48

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.72

40Ф 8١٢Ф٢١٠Ф٢٢٧123.55
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StirrupsReinforcementRib DimensionsSpan
length

(m)
Rib
No

Spacing
(cm)

Ф
(mm)

Negative Steel
( Interior
Support)

Negative Steel
(Exterior Support)

Positive SteelRib
Depth
(cm)

Rib Width
(cm)

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.89Rib 5
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧123.71

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.85Rib 6
٤٠Ф 8١٤Ф١٢& ١Ф١٢٧121.49Rib 7
٤٠Ф 8١٢Ф٢١٢Ф٢٢٧124.41

٤٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٧١Rib 8
٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.73

٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧12٣.٩١Rib9
٤٠Ф 8١٢Ф٢١٠Ф٢٢٧12٣.٩٣
٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.85Rib10
٤٠Ф 8١٢Ф٢١٢Ф٢١٠Ф٢٢٧123.72

٤٠Ф 8١٠Ф٢٢٧123.55
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(4-2) Beams Design :

Assume that:

 The beam is a middle beam

 1L is the rib length from one side

 2L is the rib length from the other side

Factored Total Dead Load = DL
LL







 

2
21

Factored live load = LL
LL







 

2
21

Self weight of beam = 4.15.2  HB

(4-2-1) Design Data :

 Section dimension :

Width (b) = 60 cm

Depth (h) =27 cm

d= h-Ct-d/2 = 27-2-(1.2/2)-1 = 23.4 cm
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 Loads Calculations :

Figure (4-3):Cross section in the Slab

Coarse Sand Fill and Tile 0.13*1*2000   =260  kg/m2

Concrete Rib 0.20*0.12*2500*2   = 120 kg/m2

Block ( 0.20*0.40*900)+(0.20*0.18*900)     = 104.4 kg/m2

Topping 0.07*1*2500   = 175  kg/m2.

Plaster 0.03*1*2200  = 66  Kg/m2

Partitions (100)(1)          = 100  Kg/m2

Dead Load = 825.4 kg/ m2

= 8.254 kN/m2

Nominal dead load = (dead load carried by the beam) + (self weight of beam)

 Self weight of beam =0.27*25*0.6 = 4.05  kN/m

 Dead load carried by beam for interior beam = 8.254 *(3.54 + 3.75)/2

= 30.08  kN/m

Factored Dead load =1.4 *(30.08 + 4.05) = 47.78 kN/m

Live load = 2 KN/m2 .

Factored live load =1.7* 2*(3.54 + 3.75)/2  = 12.32 kN/m
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 Dead load carried by beam for exterior beam = 8.254 *(3.89 + 3.75)/2

= 31.53 kN/m

Factored Dead load =1.4 *(31.53 + 4.05) = 49.81  kN/m

Live load = 2 KN/m2 .

Factored live load =1.7* 2*(3.89 + 3.75)/2  = 12.92 kN/m

 Material properties :

Concrete: fc = 30 Mpa                                  Reinforcement: fy = 400 Mpa

(4-2-2) Design of beam (B -G-12) :

Figure. (4-4): Beam Length
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Figure. (4-5):The design moment for the beam (B -G-12)

B = 60 cm H = 27 cm                                       D = 23.4 cm

(4.2.3): Design For Positive Moment :

1- Mu = 69 kN.m

Mn = 69 / 0.9 = 76.67  kN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 33.2
234600

1067.76
2

6

2



















y

n

f

mR

m

2
11

1

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= 0061.0
400

33.27.152
11

7.15

1








 


 min =
yf

f

4


≤

yf

4.1

 min =
400*4

30 ≤
400

4.1

  min = 0.0034≤ 0.0035  min = 0.0035

  max = 0.0244

  min  <  <  max

A s (req) = 0.0061  *60 *23.4 = 8.56 cm 2

Use 5 Φ 16 mm    ……. A s ( provide) = 10.05 cm 2

2- Mu = 15.8 kN.m

Mn = 15.8 / 0.9 = 17.56  kN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 53.0
234600

1056.17
2

6

2



















y

n

f

mR

m

2
11

1


= 0014.0
400

53.07.152
11

7.15

1








 
  min  > 

A s (req) =0.0035*60 *23.4 = 4.91 cm 2

Use 3 Φ 16 mm  ………A s ( provide) = 6.03 cm 2
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3- Mu = 50.9  kN.m

Mn = 50.9 / 0.9 = 56.56  kN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 72.1
234600

1056.56
2

6

2



















y

n

f

mR

m

2
11

1


= 0045.0
400

72.17.152
11

7.15

1








 
  min  > 

A s (req) =0.0045*60 *23.4 = 6.26 cm 2

Use 4 Φ 16 mm ……….A s ( provide) = 8.04 cm 2

(4-2-4): Design For Negative Moment :

1. Negative Moment above column (A) :

Mu = 60  KN.m

Mn = 60 / 0.9 = 66.67  kN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 03.2
234600

1067.66
2

6

2



















y

n

f

mR

m

2
11

1

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= 0053.0
400

03.27.152
11

7.15

1








 
  min  <  <  max

A s (req) = 0.0053*60 *23.4 = 7.43 cm 2

Use 4Φ 16 mm………… A s ( provide) = 8.04 cm 2

2. Negative Moment above column (B) :

Mu = 79.1 kN.m

Mn =79.1/0.9 = 87.89 KN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 68.2
234600

1089.87
2

6

2



















y

n

f

mR

m

2
11

1


= 0071.0
400

68.27.152
11

7.15

1








 
  min  <  <  ma

A s (req) = 0.0071*23.4*60 = 9.94 cm 2

Use 5 Φ16 mm…………A s ( provide) = 10.05 cm 2
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3. Negative Moment above column (C) :

Mu = 110 kN.m

Mn = 110/0.9 = 122.22 KN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 72.3
234600

1022.122
2
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2



















y

n

f

mR

m

2
11

1


= 010.0
400

72.37.152
11

7.15

1








 
  min  <  <  ma

A s (req) = 0.010 *23.4*60 = 14.18 cm 2

Use 8Φ16 mm……….. A s ( provide) = 16.08 cm 2

4. Negative Moment above column (D) :

Mu = 83.9 kN.m

Mn = 83.9/0.9 = 93.22 KN.m

c

y

f

f
m




85.0
=

30*85.0

400
= 15.7

Mpa
bd

M
R n

n 84.2
234600

1022.93
2
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

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




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
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

y
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f

mR
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1
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= 0075.0
400

84.27.152
11

7.15

1








 
  min  <  <  ma

A s (req) = 0.0075 *23.4*60 = 10.58 cm 2

Use 6Φ16 mm………A s ( provide) = 12.057 cm 2

(4-2-5): Design Shear For The Beam (B-G-12) :

Figure. (4-6):The shear envelop for the beam (B -G-12)

B = 60 cm H = 27 cm                                       D = 23.4 cm
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
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1. Design of shear above support A :

Category (2) no exception  min shear must be provided .

Vu =90.8 KN at critical section.

(ΦVc/2) <Vu< ΦVc

54.47 KN < 90.8 KN < 108.94

Min shear must be provided .

6.31
60

40079.0233







 









bw

Avfy
S cm .

60S cm.

7.11
2

4.23

2


d
S cm.      …………….. control.

Use S = 10 cm.

ΦVs = 71.125
1000

100

10

4.2340079.0285.085.0












S

Avfyd
KN .

Vu =90.8 KN < (ΦVc +ΦVs) =234.65 KN. OK

Complies with category (2).

Use 1Φ10 at 10 cm. at distance 0.7m from face of support A.

Use 1Φ10 at 40 cm at distance 0.7 m to 2.40 m from face of support A witch

complies with category (1): Vu < 0.5 ΦVc

where no shear reinforcement do not needed.

2. Design of  shear above support B left:

Category (2) no exception  min shear must be provided .

(ΦVc/2 )<Vu< ΦVc

108.94 KN < 99.6 KN < 108.94 KN.

6.31
60

40079.0233







 









bw

Avfy
S cm .

60S cm.

7.11
2

4.23

2


d
S cm.      …………….. control.
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Use S = 10 cm.

ΦVs = 71.125
1000

100

10

4.2340079.0285.085.0












S

Avfyd
KN .

Vu =127 KN < (ΦVc +ΦVs prvided) =234.65 KN. OK

Complies with category (2).

Use 1Φ10 at 11 cm at distance 0.72 from face of support B to the left .

Use 1Φ10 at 40 cm at distance 0.72 m to 2.740 m from face of support B to the left .

witch complies with category (1): Vu < 0.5 ΦVc

where no shear reinforcement do not needed.

3. Design of shear above support B right :

Category (2) no exception  min shear must be provided .

(ΦVc/2 )<Vu< ΦVc

108.94 KN < 63.9 KN < 108.94 KN.

6.31
60

40079.0233







 









bw

Avfy
S cm .

60S cm.

7.11
2

4.23

2


d
S cm.      ……………..  control.

Use S = 10 cm.

ΦVs = 71.125
1000

100

10

4.2340079.0285.085.0












S

Avfyd
KN .

Vu =63.9 KN < (ΦVc +ΦVs prvided) =234.65 KN. OK

Complies with category (2).

Use 1Φ10 at 10 cm at distance 0.60 m  from face of support B to the right .

Use 1Φ10 at 40 cm at distance 0.60 m to 1.29 m from face of support B to the right .

witch complies with category (1): Vu < 0.5 ΦVc

where no shear reinforcement do not needed.
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4. Design of shear above support C left :

Category (2) no exception  min shear must be provided .

(ΦVc/2 )<Vu< ΦVc

108.94 KN < 70.83 KN < 108.94 KN.

6.31
60

40079.0233







 









bw

Avfy
S cm .

60S cm.

7.11
2

4.23

2


d
S cm.      ……………..  control.

Use S = 10 cm.

ΦVs = 71.125
1000

100

10

4.2340079.0285.085.0












S

Avfyd
KN .

Vu =70.83 KN < (ΦVc +ΦVs prvided) =234.65 KN. OK

Complies with category (2).

Use 1Φ10 at 10 cm at distance 0.70 from face of support C to the left .

Use 1Φ10 at 40 cm at distance 0.72 m to 1.46 m from face of support C to the left .

witch complies with category (1): Vu < 0.5 ΦVc

where no shear reinforcement do not needed.

5. Design of shear above support C right :

Category (3) : shear reinforcement must be provided.

ΦVc<Vu<(ΦVc+ min ΦVs)

108.94 KN < 122.4 KN < (108.94 + 46.8 =155.74 KN)

6.31
60

40079.0233







 









bw

Avfy
S cm .

60S cm.

7.11
2

4.23

2


d
S cm.      …………….. control.

Use S = 10 cm.
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ΦVs = 71.125
1000

100

10

4.2340079.0285.085.0












S

Avfyd
KN .

Vu =122.4 KN < (ΦVc +ΦVs) =234.65 KN. OK

Complies with category (3).

Use 1Φ10 at 10 cm at distance 1.10 from face of support C to the right .

Use 1Φ10 at 40 cm at distance 1.10 m to 2.80 m from face of support C to the right .

witch complies with category (1): Vu < 0.5 ΦVc

where no shear reinforcement do not needed.

6. Design of shear above support D :

Category (3) : shear reinforcement must be provided.

ΦVc<Vu<(ΦVc+ min ΦVs)

108.94 KN < 117.61 KN < (108.94 + 46.8 =155.74 KN)

6.31
60

40079.0233







 
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
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



bw

Avfy
S cm .

60S cm.

7.11
2

4.23

2


d
S cm. …………….. control.

Use S = 10 cm.

ΦVs = 71.125
1000

100
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4.2340079.0285.085.0












S

Avfyd
KN .

Vu =117.61 KN < (ΦVc +ΦVs) =234.65 KN. OK

Complies with category (3).

Use 1Φ10 at 10 cm at distance 1.00m from face of support D to the left.

Use 1Φ10 at 40 cm at distance 1.00 m to 2.50 m from face of support C to the left.

witch complies with category (1): Vu < 0.5 ΦVc

where no shear reinforcement do not needed.

3.923.713.91

-4.15 KN.m -10.82  KN.m -10  KN.m -4.17 KN.m

7.15 KN.m5.53 KN.m7.11 KN.m
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 :3):Ground Floor Beams-Table (4

Beam
No.

Span
Length

(m)

Beam Dimensions Reinforcement Stirrup
Ф(mm)

Spacing
(cm)Beam Length

(cm)
Beam Depth (cm) Positive

Steel
Negative Steel

(Exterior support)
Negative Steel

(Interior support)
B (G,1) 4.4٠ 40 23.4 3Ф16 4Ф16 10 ١٠

2.46 40 23.4 2Ф16 5Ф16 10 ١٠
4.64 40 23.4 4Ф16 4Ф16 5Ф16 10 ١٠

B (G,2) 4.40 60 23.4 6Ф16 6Ф16 10 ١٠
2.52 60 23.4 3Ф16 8Ф16 10 ١٠
4.58 60 23.4 6Ф16 7Ф16 9Ф16 10 ١٠

B (G,3) 5.47 40 23.4 2Ф16 2Ф16 10 ١٠
B (G,4) 3.87 40 23.4 2Ф16 2Ф16 10 ١٠

3.72 40 23.4 2Ф16 2Ф16 10 ١٠
3.72 40 23.4 2Ф16 2Ф16 2Ф16 10 ١٠

B (G,5) 4.47 40 23.4 2Ф16 2Ф16 2Ф16 10 ١٠
B (G,6) 3.60 60 23.4 4Ф16 5Ф16 10 ١٠

3.32 60 23.4 3Ф16 6Ф16 10 ١٠
4.58 60 23.4 5Ф16 6Ф16 9Ф16 10 ١٠

B (G,7) 3.01 40 23.4 3Ф16 3Ф16 10 ١٠
B (G,8) 3.91 40 23.4 2Ф16 2Ф16 10 ١٠

3.71 40 23.4 2Ф16 2Ф16 10 ١٠
1.61 40 23.4 2Ф16 2Ф16 10 ١٠
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3.91 40 23.4 2Ф16 2Ф16 10 ١٠
3.93 40 23.4 2Ф16 2Ф16 10 ١٠
1.59 40 23.4 2Ф16 2Ф16 10 ١٠
3.71 40 23.4 2Ф16 2Ф16 10 ١٠
3.73 40 23.4 2Ф16 2Ф16 2Ф16 10 ١٠

B (G,9) 1.37 60 23.4 3Ф16 3Ф16 5Ф16 10 ١٠
4.58 60 23.4 4Ф16 5Ф16 10 ١٠

B (G,10) 3.01 40 23.4 3Ф16 3Ф16 10 ١٠

B (G,11) 3.60 60 23.4 3Ф16 4Ф16 10 ١٠
3.32 60 23.4 3Ф16 4Ф16 10 ١٠
4.58 60 23.4 5Ф16 5Ф16 8Ф16 10 ١٠

B (G,12) 3.89 60 23.4 4Ф16 4Ф16 10 ١٠
3.03 60 23.4 3Ф16 6Ф16 10 ١٠
4.58 60 23.4 5Ф16 6Ф16 8Ф16 10 ١٠

B (G,13) 3.96 40 23.4 2Ф16 3Ф16 10 ١٠
2.89 40 23.4 2Ф16 3Ф16 10 ١٠
4.65 40 23.4 3Ф16 3Ф16 4Ф16 10 ١٠

B (G,14) 3.91 40 23.4 2Ф16 2Ф16 10 ١٠
3.91 40 23.4 2Ф16 2Ф16 10 ١٠
3..71 40 23.4 2Ф16 2Ф16 10 ١٠
3.80 40 23.4 2Ф16 2Ф16 2Ф16 10 ١٠
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 :4): First , Second , Third &Fourth  Floors Beams-Table (4

Beam No. Span Length
(m)

Beam Dimensions Reinforcement Stirrup
Ф(mm)

Spacing
(cm)Beam Length (cm) Beam Depth (cm) Positive Steel Negative Steel

(Exterior support)
Negative Steel
(Interior support)

B (1,1) 1.5 40 23.4 10 ١٠
4.4٠ 40 23.4 ٢Ф16 2Ф16 10 ١٠
2.46 40 23.4 ٢Ф16 2Ф16 10 ١٠
4.64 40 23.4 3Ф16 3Ф16 4Ф16 10 ١٠

B (1,2) 1.50 60 23.4 3Ф16 10 ١٠
4.40 60 23.4 3Ф16 3Ф16 10 ١٠
2.52 60 23.4 3Ф16 3Ф16 10 ١٠
4.58 60 23.4 5Ф16 5Ф16 7Ф16 10 ١٠

B (1,3) 3.81 40 23.4 3Ф16 2Ф16 10 ١٠
3.55 40 23.4 3Ф16 2Ф16 2Ф16 10 ١٠

B (1,4) 3.87 40 23.4 2Ф16 2Ф16 10 ١٠
3.72 40 23.4 3Ф16 2Ф16 10 ١٠
3.72 40 23.4 3Ф16 3Ф16 5Ф16 10 ١٠

B (1,5) 3.72 30 23.4 2Ф16 2Ф16 10 ١٠
3.72 30 23.4 2Ф16 2Ф16 2Ф16 10 ١٠

B (1,6) 3.59 60 23.4 3Ф16 3Ф16 10 ١٠
3.33 60 23.4 3Ф16 3Ф16 10 ١٠
4.58 60 23.4 3Ф16 4Ф16 6Ф16 10 ١٠

B (1,7) 3.01 40 23.4 3Ф16 3Ф16 10 ١٠
B (1,8) 3.91 40 23.4 2Ф16 2Ф16 10 ١٠

3.71 40 23.4 2Ф16 2Ф16 10 ١٠
1.61 40 23.4 2Ф16 2Ф16 10 ١٠
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3.91 40 23.4 2Ф16 2Ф16 10 ١٠
3.93 40 23.4 2Ф16 2Ф16 10 ١٠
1.59 40 23.4 2Ф16 2Ф16 10 ١٠
3.71 40 23.4 2Ф16 2Ф16 10 ١٠
3.73 40 23.4 2Ф16 2Ф16 10 ١٠

B (1,9) 1.37 60 23.4 3Ф16 3Ф16 10 ١٠
4.58 60 23.4 5Ф16 5Ф16 5Ф16 10 ١٠

B (1,10) 3.01 40 23.4 3Ф16 3Ф16 10 ١٠
B (1,11) 3.60 60 23.4 3Ф16 4Ф16 10 ١٠

3.32 60 23.4 3Ф16 4Ф16 10 ١٠
4.58 60 23.4 5Ф16 5Ф16 8Ф16 10 ١٠

B(1,12) 3.89 60 23.4 4Ф16 4Ф16 10 ١٠
3.03 60 23.4 3Ф16 6Ф16 10 ١٠
4.58 60 23.4 5Ф16 6Ф16 8Ф16 10 ١٠

B (1,13) 3.96 40 23.4 ٢Ф16 3Ф16 10 ١٠
2.89 40 23.4 ٢Ф16 3Ф16 10 ١٠
4.65 40 23.4 ٣Ф16 ٣Ф16 4Ф16 10 ١٠

B (1,14) 3.91 40 23.4 2Ф16 2Ф16 10 ١٠
3.71 40 23.4 2Ф16 2Ф16 10 ١٠
3.80 40 23.4 2Ф16 2Ф16 2Ф16 10 ١٠

B (1,15) 5.47 40 23.4 2Ф16 2Ф16 2Ф16 10 ١٠
B (1,16) 5.47 40 23.4 2 Ф16 2 Ф16 2 Ф16 10 ١٠
B (1,17) 3.38 40 23.4 3 Ф16 2 Ф16 4 Ф16 10 ١٠
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(4-3)Column Design (C1):

The column is an internal column:
From analyses
The total load = 124.57 ton.
The maximum moment is = +3.79 ton.m.

ton. 178
7.0
57.124



Pu Pn req =

t.m.41.5
7.0

79.3



Mu Mn req =

cmm
Pn

Mn

Pu

Mu 303.0
178

41.5
 The eccentricity =

Assume ρ = 2 % = ρg = (Ast / Ag)  .
Let Pb = Pn = 178 t.

dd 6.0
002.003.0

003.0



Xb =

Pb = Cc + Cs – T
Assume compression steel yield, and symmetrical column As = As' .

β1 = 0.85 for fc' = 30 Mpa.

assume  Xb = 0.8 d

b*d = 1025 cm2 .
Try Ag = 25 * 40 = 1000 cm2,and ρ = ρg =0.02 % .





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

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
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

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


































12
*

18.13

'

2
h

e

fyg

h

e

fc
AgPn







075.0
40
3















h

e

d = 40 – 4cm (cover) – 1cm (stirrup) – 0.5*2.0(bar) = 34 cm.
d' = 4cm (cover) + 1cm (stirrup) + 0.50 (2.0) (bars) = 6 cm.

)*1(*'**85.0 XbbfcPb 

)*85.0(**30.0*85.0178 Xbb

Xbb *217.0178 

7.0
40

634'






 






 

h

dd

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85.0
40
34















h

d ξ=

ξ2 = 0.72.

   
267

1075.0
70.0
2

4*02.0

18.1075.0
72.0
3

30.01000 
















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
















 PnPn ton.

Pn (req) < < Pn (available ).
It is more economics to use smaller ρ.
Try minimum ρ = 1%.

   
234

1075.0
70.0
2

4*01.0

18.1075.0
72.0
3

30.01000 




































 PnPn ton.

Pn (req) = 178 ton < Pn(available) =234 ton       ok .
Use column with dimension 25 cm * 40 cm .
As req = 0.01 * 25 *40 = 10 cm2 .
Use #Φ16 = ( 10 / 2.01) = 4.97 bars

 Use 6Φ16 bars .

Check Assumption :

Xb = (0.003/(0.003+0.002) 34.2 = 20.52cm .

єs' =   002.000215.0003.0*
52.20

8.552.20







 

y

 Compression steal  yield and assumption is correct..

.ab = β1*Xb = 0.85*20.52 = 17.44 cm .
Cc = 0.85* fc' * b*ab = 0.85*0.30*25*17.44 = 111.18 ton .
As =As' = (Ast/2) = ( 6*2.01 /2) = 6.03 cm2.
T = As * fy = 6.03 * 4 = 24.12 ton.
Cs = As' (fy – 0.85 fc') = 6.03 ( 4 – 0.85 * 0.30 ) = 22.58 ton .

Pb = Cc + Cs – T
Pb = 111.18 + 22.58 – 24.12 = 109.64 ton .
∑M @ centered = 0

+109.64*(eb) – 22.58 (14.2) – 24.12(14.2) -111.18 ((40/2)-(17.44/2)) = 0
eb = (1917.3/109.64) = 17.49 cm.
e(req) = 3cm < eb = 17.49 cm

its clear that the column is compression controlled .
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Check slenderness effect:

Determine K:
ΨB = 1 for fixed member .

ΨA =






































beams
L

EI

column
L

EI

35.0

70.0

Ec = 








1000
30015000 = 259.8 ton /cm2.

Ig (beam) =
 

















12

*
3

hb
=

 

















12

27*60
3

= 98415 cm4.

Es = 2000 ton/cm2.
Ise = 2 ( 3*2.01)*(14.2)2 = 2432 cm4.

Ig =
 

















12

*
3

hb
=

 

















12

40*25
3

= 133333 cm4.

EI  larger of
0.2 Ec Ig + Es Is
0.2 * 259.8 * 133333 + 2000* 2432 = 11791983 ton.cm2

0.4 Ec Ig
0.4 * 259.8 * 133333 = 13855965  ton.cm2 control .

ΨA =






































beams
L

EI

column
L

EI

35.0

70.0
=

































 


















 

246
984158.259

464
984158.25935.0

300
13855965

350
1385596570.0

= 1.08.

K the smaller of the two following expression:
K = 0.7 + 0.05 (ψA + ψB ) ≤ 1.0    ……………ACI .R10.12.1 (A)
K = 0.85 + 0.05 ψ min ≤ 1.0           ……………ACI .R10.12.1 (B)
K = 0.7 + 0.05 (1.08 + 1.0 )  = 0.804 control
K = 0.85 + 0.05 (1.0) = 0.90 .

Check slenderness effect:

40.................
2
11234*


















M

M

r

LuK
ACI……..10.12.2

Lu : Actual unsupported length.
K : effective length factor .
r : radius of gyration = 0.3 h .
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40...................
79.3
9.11234

4.0*3.0
5.3*804.0


















23.45 ≤ 27.98 control

2278.28*









r

LuK

 Slenderness effect must be provided

δs =

Pc

Pu
cm

75.0
1

Cm = 0.6 + 0.4 







2
1

Mns

Mns

Cm = 0.6 +0.4 







79.3
9.1 = 0.80.

Pc=
 































2

2

LuK

EI

EI = 745.0
57.124
85.92

loadtotal
loaddead

1

13855965

















d

d




EI = 7940381
745.01

13855965
















ton. cm2.

Pc=
 

































2

2

350804.0

794038114.3
989.7.

δs = 961.0

7.98975.0
57.1241

80.0

75.0
1









Pc

Pu
cm ≥ 1.0 controle

that mean ther no  slenderness  effect.
determine minimum eccentricity = 15 + 0.03 h .

= 15 + 0.03*300 = 24 mm .< e =30 mm

Use column with dimension 25 cm * 40 cm .
As req = 0.01 * 25 *40 = 10 cm2 .
Use #Φ16 = ( 10 / 2.01) = 4.98 bars
.ρ = 6*2.01/1000 = 0.012
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Use 6Φ16 bars .

Figure (4-7):Inter action diagram.

Draw inter action diagram:

> Pn (req) = 178 ton. ok

cm52.202.34
002.003.0

003.0



Xb =

a = 0.85 * 20.52 = 17.44cm.
Cc = 0.85*0.30*25*17.44 = 111.18ton .
As =As' =Ast/2 = 12.06/2 = 6.03 cm2

T = As *fy = 6.03 *4 = 24.12 ton.

> 0.002 0215.0003.0
52.20

8.552.20


.s'=є

Compression steel yield.
Cs = As' (fy – 0.85 fc') = 6.03 (4 – 0.85*0.30) = 22.58 ton.
∑M at center = 0
Pb = Cc + Cs – T
Pb = 111.18 + 22.58 – 24.12 = 109.64 ton .
∑M @ centered = 0

+109.64*(eb) – 22.58 (14.2) – 24.12(14.2) -111.18 ((40/2)-(17.44/2)) =
0

eb = (1917.3/109.64) = 17.49 cm.
e(req) = 3cm < eb = 17.49 cm

its clear that the column is compression controlled .
Mp = Pb *eb = 109.64* 0.1749 = 19.18 t.m .
Mo = Cc (d – a/2) + Cs (d – d' ) .
T = Cc + Cs

      03.6*30.0*85.02000*003.0*8.5







 

X

X 24.12 = (0.85)(0.3)(25)(0.85X)+

X = 5.32 cm < d'.

  '085'85.0 fcfygfcAgP  

   .9.299'30.085.04012.030.085.01000 tonP 

  tonPPn 24094.2998.08.0max  
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We neglected the force from the steel because the steal work in tension .
T = Cc
24.12 = 0.85*0.30*30*.085*X
X = 4.45 cm .
Cc = 24.12 t
Mo = Cc (d-a/2) = 24.12 (34.20-0.85*4.45/2)(1/100) = 7.79 t.m.

Figure (4-8):Inter action diagram.

Selected ties:

- (48) Tie – bar diameter = 48 (1.0) = 48 cm .

- (16) Longitudinal – bar diameter = 16 (1.6) = 25.6 cm.

- least column dimension = 25 cm  …………..control  .

Use 1Φ10 at 25 cm c/c spacing.
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(4-4)Column Design (C2):

The column is an external column:
From analyses
The total load = 72.5 ton.
The maximum moment is = -6.0 ton.m.

ton. 104
7.0
5.72



Pu Pn req =

t.m.57.8
7.0
0.6



Mu Mn req =

cmm
Pn

Mn

Pu

Mu 24.80824.0
104

57.8
 The eccentricity =

Assume ρ =1 % = ρg = (Ast / Ag)  .
Let Pb = Pn = 104 t.

dd 6.0
002.003.0

003.0



Xb =

Pb = Cc + Cs – T
Assume compression steel yield, and symmetrical column As = As' .

β1 = 0.85 for fc' = 30 Mpa.

Assume b = 0.8 xb

b*d = 599 cm2 .
Try Ag = 20 * 40 = 800 cm2,and ρ = ρg =0.01 % .







































































12
*

18.13

'

2
h

e

fyg

h

e

fc
AgPn







206.0
40
24.8















h

e

d = 40 – 4cm (cover) – 1cm (stirrup) – 0.5*2.0(bar) = 34 cm.
d' = 4cm (cover) + 1cm (stirrup) + 0.50 (2.0) (bars) = 6 cm.

85.0
40
34















h

d ξ=

ξ2 = 0.723.

)*1(*'**85.0 XbbfcPb 

)*85.0(**30.0*85.0104 Xbb

Xbb *217.0104 

7.0
40

634'






 






 

h

dd

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   
138

1206.0
7.0

2
4*01.0

18.1206.0
723.0
3

30.0800 




































 PnPn cm2.

Pn (req) = 104 < Pn (available ) = 138 ton   ok.

Use column with dimension 20 cm * 40 cm .
As req = 0.01 * 20 *40 = 8 cm2 .
Use #Φ16 = ( 8 / 2.01) = 3.98 bars

 Use 4Φ16 bars .

Check assumption :

Xb = (0.003/(0.003+0.002) 34.2 = 20.52cm .

єs' =   002.000215.0003.0*
52.20

8.552.20







 

y

 Compression steal yield  assumption is correct..

.ab = β1*Xb = 0.85*20.52 = 17.44 cm .
Cc = 0.85* fc' * b*ab = 0.85*0.30*20*17.44 = 88.94 ton .
As =As' = (Ast/2) = ( 4*2.01 /2) = 4.02 cm2.
T = As * fy = 4.02 * 4 = 16.08 ton.
Cs = As' (fy – 0.85 fc') = 4.02 ( 4 – 0.85 * 0.30 ) = 15.05 ton .

Pb = Cc + Cs – T
Pb = 88.94 + 15.05 – 16.08 = 87.91 ton .
∑M @ centered = 0

+87.91*(eb) – 15.05 (14.20) – 16.08(14.20) -88.94(11.28) = 0
eb = (1445.3/87.91) = 16.44 cm.
e(req) = 8.24cm < eb = 16.44 cm

its clear that the column is compression controlled .

Check slenderness effect:

Determine K:
ΨB = 1 for fixed member .

ΨA =






































beams
L

EI

column
L

EI

35.0

70.0
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Ec = 








1000
30015000 = 259.8 ton /cm2.

Ig (beam) =
 

















12

*
3

hb
=

 

















12

27*60
3

= 98415 cm4.

Es = 2000 ton/cm2.
Ise = 2 ( 2*2.01)*(14.20)2 = 1621 cm4.

Ig =
 

















12

*
3

hb
=

 

















12

40*20
3

= 106667cm4.

EI  larger of
0.2 Ec Ig + Es Is
0.2 * 259.8 * 106667 + 2000* 1621 = 8784400 ton.cm2 .

0.4 Ec Ig
0.4 * 259.8 * 106667 = 11084834  ton.cm2 control.

ΨA =






































beams
L

EI

column
L

EI

35.0

70.0
=

































 















 

464
984158.25935.0

300
11084834

350
1108483470.0

= 2.91

K the smaller of the two following expression:
K = 0.7 + 0.05 (ψA + ψB ) ≤ 1.0    ……………ACI .R10.12.1 (A)
K = 0.85 + 0.05 ψ min ≤ 1.0           ……………ACI .R10.12.1 (B)
K = 0.7 + 0.05 (2.91 + 1.0 )  = 0.90
K = 0.85 + 0.05 (1.0) = 0.90 control.
K= 0.90 .

Check slenderness effect:

40.................
2
11234*


















M

M

r

LuK
ACI……..10.12.2

Lu : Actual unsupported length.
K : effective length factor .
r : radius of gyration = 0.3 h .

40...................
6
9.21234

4.0*3.0
5.3*9.0


















26.25 ≤ 28.20 control.



٦٦

222.28*









r

LuK

 Slenderness effect must be provided

δs =

Pc

Pu
cm

75.0
1

Cm = 0.6 + 0.4 







2
1

Mns

Mns

Cm = 0.6 +0.4 







0.6
9.2 = 0.79.

Pc=
 































2

2

LuK

EI

EI = 75.0
5.72
31.54

loadtotal
loaddead

1

11084834

















d

d




EI = 6334191
75.01

11084834
















ton. cm2.

Pc=
 

































2

2

35090.0

633419114.3
630.

δs = 







63075.0
5.721

79.0

75.0
1

Pc

Pu
cm 0.93 ≤ 1.0 control.

That main no effective length factor applied.
determine minimum eccentricity = 15 + 0.03 h .

= 15 + 0.03*300 = 24 mm .< e =82.40 mm .

Use ρmin = 0.01
Use column with dimension 20 cm * 40 cm .
As req = 0.01 * 20 *40 = 8 cm2 .
Use #Φ14 = ( 8 / 2.01) = 3.98 bars

 Use 4Φ16 bars .
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Draw inter action diagram:

> Pn (req) = 104 ton. ok

cm52.202.34
002.003.0

003.0



Xb =

a = 0.85 * 20.52 = 17.44cm.
Cc = 0.85*0.30*17.44*20 = 88.94 ton .
As =As' =Ast/2 = 8.04/2 = 4.02 cm2

T = As *fy = 4.02 *4 = 16.08 ton.

> 0.002 00215.0003.0
52.20

8.552.20


.s'=є

Compression steel  yield assumption is correct.
Cs = As' (fy – 0.85 fc') = 4.02 (4 – 0.85*0.30) = 15.05 ton.
Pb = Cc + Cs - T.

= 88.94 +15.05 – 16.08 = 87.91 ton.
∑M at center = 0
87.91 *(eb) – 15.05 (14.2) – 16.08 (14.2) – 88.94(11.28) = 0
eb = 16.44 cm.
Mp = Pb *eb = 88.94 * 0.1644 = 14.62 t.m .
Mo = Cc (d – a/2) + Cs (d – d' ) .
T = Cc + Cs

      02.4*30.0*85.02000*003.0*7.5







 

X

X 16.08 = (0.85)(0.3)(20)(0.85X)+

X = 4.93  cm < d'.
We neglected the force from the compression steel because the steal work in tension .

T = Cc
16.08 = 0.85*0.30*20*0.85*X
X = 3.71 cm .
Cc = 16.08 t
Mo = Cc (d-a/2) = 16.08 (34.20- 0.85*3.71/2)(1/100) = 5.25 t.m.

  '085'85.0 fcfygfcAgP  

   .23430.085.0401005.030.085.0800 tonP 

  tonPPn 1872348.08.0max  
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Figure (4-9 ):Inter action diagram.

Selected ties:

- (48) Tie – bar diameter = 48 (1.0) = 48 cm .

- (16) Longitudinal – bar diameter = 16 (1.4) = 22.4 cm.

- least column dimension = 20 cm ………….control  .

Use 1Φ10 at 20 cm c/c spacing.
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5):Columns Tables :-Table (4

Column no. b(cm) h(cm) no. of bars ties spacing
C1 25 40 6Φ16 1Φ10 25
C2 20 40 4Φ16 1Φ10 20
C3 55 20 8Φ14 1Φ10 20
C4 20 25 4Φ14 1Φ10 20
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4.5 Design of footing :

Footing (F5)

4.5.1 Footing Area:

Estimate the allowable soil presser is 350 KN/ m² ,and the overburden soil is 1.50m.

Dead load =607.07 KN .
Live load = 129.32 KN .
Total load =736.39 KN.

Dead load factored =1.4 * 607.07 = 849.90 KN.
Live load factored = 1.7 * 129.32 = 219.84 KN.
Total load factored =1069.74 KN.

Column= 40 cm x 25 cm

Estimate footing to be about 40 cm thick, in addition to about (10 cm)  of  blinding

concrete .

Allowable soil pressure = 350 KN/m²

Assume footing depth 1.50 m and footing thickness 0.50m

0.5 * 25 =12.5 KN/ m².

1.50 * 1 8= 27 KN/m².

Net soil pressure =350 KN/m² -12.5 KN/m²-27 KN/m² =310.5 KN/m².

Area (A) = Total Weight / Soil Pressure

= 736.39 KN / 310.5 kN/m²

= 2.37 m 2

Use: L = 1.55 m, W = 1.55 m, A = 2.40 m 2
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4.5.2 Determine depth based on shear strength:

dbfV cc *
6
1  = 71.1202)10()()155(30

6
185.0  d d .

Area

P
P u

net  = 2/73.445
40.2

74.1069
mKN

Vu = (Pnet) (one way shear area)

=  (4.4573 kg/ m 2 )(155)(65 - d) = 44907.30 –690.88d.

uc VV  44907.30 –690.88d. = 1202.71 d

= (1893.59) d = 44907.30.

d = 23.72 cm

Total depth of footing = 23.72+ 8+1.6 = 33.32 cm.

Select .. h= 35 cm  so d = 25.4 cm

4.5.3 Check this depth for two way shear action (punching):

Determine Vu for punching shear:

 ))(( dbdaAreaPVu net  .

= 4.4573 [(155*155)-(25+25.4)(40+25.4)] *(10/1000)= 1040 KN

The punching shear strength is the smallest of:

dbfV oc
c

c













21

6
1 = dbf oc

375.0

dbf
db

V oc
o

s
c










 2

/12
1 

= dbf oc
53.0

dbfV occ


3
1 = dbf oc

33.0 …………..Control

Where:

c = a / b = 40 / 25 =1.60 .

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

= 2{(25.4+40)+(25.4+25)} =231.60 cm

s = 40……….. For interior column
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.81.903
1000
100)4.25)(60.231(3033.0*85.0 KNVc 







VuVc  ΦVc = 903.81 KN < Vu 1040 KN not  ok

determined d depend on two way shear

ΦVc = Vu

           






1000

125401551554573.4
100

122540230*33.0*85.0 dddd

76.2500.035.155770.342  ddd cm

H = 25.76+8 cm+1.6 = 35.36 cm

Use: H = 40 cm and so d = 40 – 8 -1.6 +1.6/2 = 29.60 cm.

4.5.4 Check transfer of load at base of column:

)85.0( AgcfPn 

KNPn 2412)3040)(30.0)(85.0(7.0  .

since PuPn  , the area of dowels is controlled by minimum reinforcement .

min dowels =  min *Ag =0.005*25*40 = 5 cm 2 .

No of bars Φ14 is 4 Φ14.

Determine Ld

Category A item 2     ………………..ACI (12.3.2).

Ld  = 









 db

cf

fy


'4
= 








 4.1111

304
400 = 25.56 cm.

Available Ld = 40-8-(1.6+1.6/2) = 29.60cm >25.56cm  OK .

4.5.5 Design for Bending Moment:

The critical section of moment is at the face of column and the large value is at face

of 25 cm since the column is not square

Mu = 





 














 

22
5.0

22
aLaL

WPnet
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= mKN...95.145
10000

1
2
25

2
1555.0

2
25

2
1551554573.4 













 














 

Mn = mKN
Mu .17.162

9.0
95.145




Rn = 2

4

2 60.29155
1017.162





bd

Mn = 11.94 2/ cmKg

c

y

f

f
m




85.0
=

30*85.0
400 = 15.7













y

n

f

mR

m

2
111

 = 






 


4000
94.117.15211

7.15
1



 = 0.00306 > 002.0min 

Req. sA = 0.00306 (155) (29.6) = 14.04cm2. 2

No of bars Φ 12 is =14.04/1.13 = 12.42 .

Use: 13 Φ 12 in each way    As =14.69 cm2.

4.5.6 Development Length ( dL ):

Category A item 2     ………………..ACI (12.3.2).

Ld for Φ 12:

Ld  = 









 db

cf

fy


'2
= 








 2.1111

302
400 = 43.82 cm.

Available embedment = (155 – 40 )/2 - 8  = 49.5cm > 43.82 cm  OK
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4.6 Design of strip footing :

Dead load = ( height ) * ( thickness of wall )*(1m wide)*  ( γc)

=16.5*0.25*25

=103.13 KN/m .

Total live load = (live load for one meter run) (no. of  floors)

= (3.9) * (5 )= 19.5  kN .

Total load = 122.63KN/m.

Total load factored =1.4* 103.13 +1.7 *19.5=177.53 KN/m .

4.6.1 determine the footing width :

Allowable soil pressure = 350 KN/m²

Assume footing depth is 1.50m and footing thickness is 0.25 m.

0.25 * 25 =6.25 KN/ m².

1.50 * 18 = 27 KN/m².

Net soil presser = 350 KN/m² -6.25 KN/m²-27 KN/m² =316.75 KN/m².

Width of footing ==
75.316
63.122 *100 = 38.71 cm

So select 40  cm width strip footing .

Determined of the contact pressure :

Area

P
P u

net  = 2/83.443
1*4.0

53.177
mkN

dbfV wcc


6
1 = dd 59.77)100(

1000
10)100(30

6
185.0 

Vu = (Pnet) ((
2
bww  ) – d)

= 44.38* ((
2

25.04.0  ) – d ) =44.38 (0.075 - d )

Vu = ΦVc

44.38 (0.075 - d )  = 77.59d

d = 2.72 cm .. Thin  h = (2.72 +8(cover) + 0.5 +1 ) = 12.22 cm   so select h = 25 cm

d =25-8-.5-1 =15.50 cm .
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4.6.2 determine reinforcement for moment strength :

Mu  = (Pnet) (
2
bww  ) (

4
bww  )

= 443.83 * 0.075 * 0.0375 = 1.25 kN.m .

Mu = 1.25 kN .m

Mn =


recMu =
9.0

25.1 = 1.39 kN .m

ρmax = 0.0244

m = '*85.0 fc

fy =
30*85.0

400 = 15.7

Rn = 2* db

Mn

Rn = 2

4

)5.15(*40
1039.1  = 1.45

ρ =
m

1 (1 -
fy

mRn21 )

ρ =
7.15

1 (1 -
4000

)45.1)(7.15(21 ) = 0.00036 ≤ ρmin = 0.002 .

Areq = ρ * b * d = 0.002 * 100* 15.50  = 3.10 cm²

# Of bar =
79.0
10.3 = 3.92 bar /m .

Spacing of bars = 100/3.92 =25.48 cm

Use 1Φ10 at 25 cm.

4.6.3 design of longitudinal bars :

As = ρ * b * h

= 0.002 * 40 * 25

= 2 cm²

No of Φ10 = 2/.79 =2.53 bars.

select 4Φ10 ……..(2 ) down and (2 ) up .
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Figure(4-10):strip footing shape.

4.6.4 design of dowels bars :

As min (req) = 0.0015 * 100 * 25 = 3.75 cm 2 .

# of Φ 10 = 3.75/0.79 = 4.75 bar /m

Use 1Φ 10 at 20 cm .

Ld  = 









 db

cf

fy


'4
= 








 8.0111

304
400 = 14.60.cm.

Ld available = 25 -8 -1.5 =15.50 cm > 14.60 cm  ok .
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4.7  Design of combined  footing (CF2) :

4.7.1 Determine length of footing :

ACI  …….15.2.2 )٨٤٠.٨* ٤.٧٨() /(١٣١٥.٦+ ((474.8*0.2)X from property line = (
X = 3.127m.
Length of footing = 2*3.127 = 6.254 m
Use L = 6.25 m.

:4.7.2 Determine width of footing

Allowable soil pressure = 350 KN/m²

Assumed footing depth 1.50 m and footing thickness is 0.50 m .

0.5 * 25 =12.5 KN/ m².

1.50 * 1.8 = 27 KN/m².

Net soil presser = 350 KN/m² -12.5 KN/m²-27 KN/m² =310.5 KN/m².

Footing width =  (474.8+840.8) / (310.5*6.25 ) = 0.68 m
Use width = 70 cm .

4.7.3 Determine depth based one way shear strength:

Figure(4-11):Combined footing shape
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Net soil under factored load = (689.80+1221.40)/(0.70*6.25) = 436.85 KN/m2

Net upward uniform pressure = (0.70*436.85) = 305.80 KN/m2

Vu = 771.92 – (0.2 + d)(305.80) = 710.76 – 305.80 d .

dbfV cc *
6
1  = 16.543)10()()70(30

6
185.0  d d .

VcΦ=Vu
710.76 – 305.80 d = 543.16 d
.d = 0.84 m .
H = 84 + 8 + 2*1.6 = 95.20 cm
Use h = 100 cm .
Its not economy to use these deep of footing .

oting based of moment strength:4.7.4 Determine the depth of fo

= 0.0244 b 75.0 Max
Use ρ = 0.5 ρ max = 0.0122

m = '*85.0 fc

fy =
30*85.0

400 = 15.7

Rn = 0.0122×400 ( 1 – 0.5 *0.0122* 15.7 ) = 4.413Mpa .

700*413.4*9.0
624.642 E =

bRn

Mu


required d =

D = 480.6 mm = 48.1cm .
total h = 48.1 +8+1.6 = 57.66 cm
use total h = 60 cm
d = 60 -8 -1.6 = 50.4cm.

4.7.5 Main longitudinal reinforcement at middle of span :

c

y

f

f
m




85.0
=

30*85.0
400 = 15.7

Mpa
bd

M
R n

n 01.4
5047009.0
1024.642

2

6

2 


















y

n

f

mR

m

2
111



ρ = 011.0
400

01.47.15211
7.15

1







 








  mfyRn 

2
11
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As req = 0.011*70*50.4 = 38.80cm2 .

No . of Φ18 bars = 15.27 bars

 Use 16 Φ 18

4.7.6 There no are longitudinal reinforcement at face of column A.

4.7.7 Main longitudinal reinforcement at at face of column B.

Mu =(0.50)(1.27)(305.80)(1.27) =246.61 KN.m

Mpa
bd

M
R n

n 54.1
5047009.0
1061.246

2

6

2 


















y

n

f

mR

m

2
111



ρ = 004.0
400

54.17.15211
7.15

1







 


As req = 0.004*70*50.4 = 14.11cm2 .

No . of Φ18 bars = 14.11/2.54=5.56 bars

 Use 6 Φ 18

reinforcement:4.7.8 Shear

The usual approach is to consider the footing as abeam and to provide shear
reinforcement on the assumption that the shear (including cracking) effect is uniform
across the width .This approach seems appropriate in this case with the large distance
between columns and the relatively narrow footing width.
The maximum shear to be provided for is at critical section a distance d from the face
of column .
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4.7.9 Design of shear reinforcement at left of column B .

Vu = 556.30 KN at critical section (at distance d from face of column B).

ΦVs min = 0.33Mp*b*d =0.33 *70*50.4*(100/1000) = 116.42 KN.

dbfV cc *
6
1  = KN75.273)

1000
100()4.50()70(30

6
185.0  .

ΦVs min +  ΦVc  < Vu < ΦVc + dbfV cc *
3
1  category 4 .

ΦVs = Vu – ΦVc
ΦVs = 556.30 – 273.75 = 282.55 KN.

Use 2Φ 12 stirrups.

Select S = d/2 = 50.4/2 =25.2 cm
ΦVn = ΦVs + ΦVc = 309.92 + 273.75 =583.57 KN > Vu = 556.30 KN. OK
Use 2Φ 12 stirrups at 25 cm c/c spacing at distance 1.4m from face of column B .

4.7.10 Design of shear reinforcement at left of column A .

Vu = 413.80 KN at critical section (at distance d from face of column A).
ΦVs min = 0.33Mp*b*d =0.33 *70*50.4*(100/1000) = 116.42 KN.

dbfV cc *
6
1  = KN75.273)

1000
100()4.50()70(30

6
185.0  .

ΦVs min +  ΦVc  < Vu < ΦVc + dbfV cc *
3
1  category 4 .

ΦVs = Vu – ΦVc
ΦVs = 413.80 – 273.75 = 140.05 KN.
Use 2Φ 12 stirrups.

Select S = d/2 = 50.4/2 =25.2 cm
ΦVn = ΦVs + ΦVc = 309.92 + 273.75 =583.57 KN > Vu = 413.80 KN. OK
Use 2Φ 12 stirrups at 25 cm c/c spacing at distance 1 m from face of column B .

cm
Vs

dfyAv
S 41.27

55.282
4.5040)13.1(485.0











cm
Vs

dfyAv
S 30.55

05.140
4.5040)13.1(485.0










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way action.-4.7.11 Check shear strength based on tow

Check punching shear under column A
. Vu = 689.80 - 436.85 ((0.4+.504)*(0.20+0.504)) = 411.78 KN.
The punching shear strength is the smallest of:

dbfV oc
c

c













21

6
1 = dbf oc

333.0

dbf
db

V oc
o

s
c










 2

/12
1 

= dbf oc
56.0

dbfV occ


3
1 = dbf oc

33.0 …………..Control

Where:

c = a / b = 40 / 20 =2.0 .

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

= 2{(50.4+40)+(50.4+20)} =321.60 cm

s = 30            For edge column

.23.2490
1000
100)4.50)(60.321(3033.085.0 KNVc 







VuVc  22490.23 KN > 411.78KN ….. OK

Check punching shear under column B.
Vu = 1221.14 - 436.85 ((0.4+.504)*(0.25+0.504)) = 923.37 KN.

The punching shear strength is the smallest of:

dbfV oc
c

c













21

6
1 = dbf oc

5.0

dbf
db

V oc
o

s
c










 2

/12
1 

= dbf oc
55.0

dbfV occ


3
1 = dbf oc

33.0 …………..Control
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Where:

c = a / b = 40 / 25 =1.60 .

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

= 2{(50.4+40)+(50.4+25)} =331.60 cm

s = 40              For interior column

.70.2567
1000
100)4.50)(60.331(3033.085.0 KNVc 







VuVc  2567.70 KN > 903.631KN   …… OK

6):Footing Table:-Table(4

spacing
(cm)

Stirrup
(mm)Steel under columnSteel middle

spanDepth (m)Width(m)Length (m)combine
Footing No

201Φ124Φ1810Φ180.60.46.1CF1

252Φ126Φ1816Φ180.60.76.25CF2

202Φ1210Φ1813Φ180.60.76.1CF3

**************************3Φ180.60.33.35CF4

252Φ105Φ1817Φ180.60.65.3CF5

********************3Φ180.60.33.35CF6

202Φ1212Φ189Φ180.60.556.95CF7

202Φ126Φ1817Φ180.60.76.3CF8

252Φ104Φ1812Φ180.60.456.1CF9

As
width

As lengthDepth
(cm)

Width (m)Length
(cm)

Pu
(KN)

Name

7Φ127Φ1225115115595.6F1
7Φ127Φ1225115115586.2F2
4Φ124Φ12259090354.2F3
7Φ127Φ1225110110570.5F4

13Φ1213Φ12401551551069.74F5
10Φ1210Φ1230130130728.05F6
11Φ1211Φ1230135135806.57F7
14Φ1214Φ12401601601168.09F8
10Φ1210Φ1230125125714.57F9
6Φ126Φ1225100100412.61F10
6Φ126Φ1225100100430.9F11
4Φ124Φ12259090313.12F12
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6):Footing Table:-Table(4

As
width

As
length

Depth
(cm)

Width
(m)

Length
(cm)

Pu
(KN)

Name

7Φ127Φ1225115115595.6F1
7Φ127Φ1225115115586.2F2
4Φ124Φ12259090354.2F3
7Φ127Φ1225110110570.5F4

13Φ1213Φ12401551551069.74F5
10Φ1210Φ1230130130728.05F6
11Φ1211Φ1230135135806.57F7
14Φ1214Φ12401601601168.09F8
10Φ1210Φ1230125125714.57F9
6Φ126Φ1225100100412.61F10
6Φ126Φ1225100100430.9F11
4Φ124Φ1225٩٠٩٠313.12F12

spacing
(cm)

Stirrup
(mm)Steel under columnSteel middle

spanDepth (m)Width(m)Length (m)combine
Footing No

201Φ124Φ1810Φ180.60.46.1CF1

252Φ126Φ1816Φ180.60.76.25CF2

202Φ1210Φ1813Φ180.60.76.1CF3

**************************3Φ180.60.33.35CF4

252Φ105Φ1817Φ180.60.65.3CF5

********************3Φ180.60.33.35CF6

202Φ1212Φ189Φ180.60.556.95CF7

202Φ126Φ1817Φ180.60.76.3CF8

252Φ104Φ1812Φ180.60.456.1CF9
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(4. 10) Retaining Wall Design :

(4.10.1) Wall design :( Soil  behind the wall )

1- Loads Calculation :

γsoil = 1.8 ton /m3 (Unit weight of soil )

Ф = 30° (For granulated fill )

H= 3.37 m (Height of retaining wall)

Ka= (1-sin30) /(1+sin30)

Ka= 0.33

σv = γ * H= 1.8 *3.37 = 6.07 ton/m2

σh= σv * Ka = 6.07 *0.33 = 2.0 ton/m2

Figure (4-16): Retaining wall shape.

2- Determine thickness of retaining wall :

Try ρ= 0.5 *ρmax = 0.0122

Use ρ= 0.01

m = 15.7

Mu = 1.53 ton.m

Mn =1.70 ton.m

Rn= ρ Fy(1-0.5 ρ m) = 3.69 MPa

Figure (4-17 ): Retaining wall moment.

Use h =25 cm

.5.0
1*1000*69.3

.10*7.1
cm

m

mKN
dreq

bRn

Mu
dreq





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3- Determine steel area (As) :

 Design For positive moment :

If use Ф 20

d= 25-(2-7cover) =16 cm

Mu = 1.47 ton.m

Mn =1.63 ton.m

.64.0
160*1000

10*3.16
2

6

2

MPaR

db

Mu
R

n

n






0016.0
400

64.0*7.15*2
11

7.15

1

2
11

1


























y

n

f

mR

m

ρmin =0.0035 > ρreq= 0.0016

Select  min = 0.0035

Required As= 0.0035 *100 *16 = 5.60 cm2 /m

 Use 1Ø12@20 cm

As (provided) = (100/20)*1.13 = 5.65 cm2.

 Design For negative moment :

Mu = 1.53 ton.m

Mn= 1.70 ton .m

.66.0
160*1000

10*17
2

6

2

MPaR

db

Mu
R

n

n





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0019.0
400

66.0*7.15*2
11

7.15

1

2
11

1


























y

n

f

mR

m

ρmin =0.0035 > ρreq= 0.0019

Select  min = 0.0035

Required As= 0.0035 *100 *16 = 5.60 cm2 /m

 Use 1Ø12@20 cm

As (provided) = (100/20)*1.13 = 5.65 cm2 /m

 In the other direction (Horizontal )provide shrinkage and temperature

reinforcement

ρ = 0.002

As = ρ* b*H

As = 0.002*100*25 = 5 cm2 /m

 Use 1Ø10 @15 cm

As (provided) = (100/15)*0.78 = 5.23 cm2 /m    (in two layers)
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(4.10.2) Wall design: (Water Front the wall)

1- Loads Calculation :

γwater =0.998

H= 3.37 m (Height of retaining wall)

Ph = γ * H= 0.998*3.37 = 3.36 ton/m2

Figure( 4-18 ): Retaining wall shape.

2- Determine thickness of retaining wall :

Try ρ= 0.5 *ρmax = 0.0122

Use ρ= 0.01

m = 15.7

Mu = 2.56 ton.m

Mn =2.84 ton.m

Rn= ρ Fy(1-0.5 ρ m) = 3.69 MPa

Use h =25 cm                                                        Figure ( 4-19): Retaining wall momen.

.8.8088.0
1*1000*69.3

.10*84.2
cm

m

mKN
dreq

bRn

Mu
dreq





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3- Determine steel area (As) :

 Design For positive moment :

If use Ф 20

d= 25-(2-7cover) =16 cm

Mu=2.47 ton.m

Mn=2.74 ton.m

.1.1
160*1000

10*4.27
2

6

2

MPaR

db

Mu
R

n

n






0027.0
400

1.1*7.15*2
11

7.15

1

2
11

1


























y

n

f

mR

m

ρmin =0.0035 > ρreq= 0.0027

Select  min = 0.0035

Required As= 0.0035 *100 *16 = 5.60 cm2 /m

 Use 1Ø12@20 cm

As (provided) = (100/20)*1.13 = 5.65 cm2.

 Design For negative moment :

Mu = 2.56 ton.m

Mn =2.84 ton.m

.11.1
160*1000

10*4.28
2

6

2

MPaR

db

Mu
R

n

n





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0028.0
400

11.1*7.15*2
11

7.15

1

2
11

1


























y

n

f

mR

m

ρmin =0.0035 > ρreq= 0.0028

Select  min = 0.0035

Required As= 0.0035 *100 *16 = 5.60 cm2 /m

 Use 1Ø12@20 cm

As (provided) = (100/20)*1.13 = 5.65 cm2 /m

 In the other direction (Horizontal )provide shrinkage and temperature

reinforcement

ρ = 0.002

As = ρ* b*H

As = 0.002*100*25 = 5 cm2 /m

 Use 2Ø10 @30 cm

Use 1Ø10 @30 cm ………… (in two layers)
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(4.10.3) Base Design :

Design as strip footing

Dead load = ( high of building ) * ( thickness of wall )*(1m wide)*  ( γc)

=20*0.25*25

=125 KN/m .

Total live load = (live load for one meter run) (no. of  floors)

= (3.9) * (5 )= 19.5  kN .

Total load = 144.5 KN/m.

Total load factored =1.4* 125 +1.7 *19.5=208.15 KN/m .

1- determine the footing width :

Allowable soil pressure = 350 KN/m²

Assume footing depth is 3.50 m and footing thickness is 0.25 m.

0.25 * 25 =6.25 KN/ m².

1.50 * 18 = 63 KN/m².

3.25*9.998=32.44 KN/m².

Net soil pressure =350 KN/m²-6.25 KN/m²-63 KN/m²-32.44 KN/m²

=248.32 KN/m².

Width of footing ==
32.248

5.144
*100 = 58.2 cm

So select 60 cm width strip footing .

Determined of the contact pressure :

Area

P
P u

net  = 2/9.346
6.0*1

15.208
mkN

dbfV wcc


6

1
= dd 59.77)100(

1000

10
)100(30

6

1
85.0 

Vu = (Pnet) ((
2

bww 
) – d)
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= 24.845* ((
2

25.060.0 
) – d ) =24.845*(0.175 - d )

Vu = ΦVc

24.845*(0.175 - d )= 77.59d

 d = 4.2 cm  …. Thin   h = (15.16+8 + 0.5 +1 ) = 24.66 cm

so select h = 25 cm      d =25-8-0.5-1 =15.50 cm

2- determine reinforcement for moment strength :

Mu  = (Pnet) (
2

bww 
) (

4

bww 
)

= 248.45 * 0.175 * 0.0875 = 3.80 kN.m .

Mu = 3.08 kN .m

Mn =


recMu
=

9.0

08.3
= 4.23 kN .m

ρmax = 0.0244

m =
'*85.0 fc

fy
=

30*85.0

400
= 15.7

Rn =
2* db

Mn

Rn =
2

4

)5.15(*60

10*23.4
= 2.93 Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
7.15

1
(1 -

4000

93.2)7.15(2
1 ) = 0.0007  ρmin = 0.002. ……… control

Areq = ρ * b * d = 0.002 * 100* 15.50  = 3.1 cm²\m

 Use 1Φ10 at 20 cm.

 As prov =(100/20)*0.79 =3.95 cm²\m
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3- design of longitudinal bars  :

As = ρ * b * h

= 0.002* 60* 15.5

= 1.86 cm²

 select 4Φ8 ……..(2) down and (2 ) up .

4- design of dowels bars  :

As min req = 0.0015 * 100 * 25 = 3.75 cm 2 .

# of Φ 10 = 3.75/0.79 = 4.75 bar /m

Use 1Φ10 at 20 cm .

Ld  = 









 db

cf

fy


'4
= 








 8.0111

304

400
= 14.60.cm.

Ld available = 25 -8 -1.5 =15.50 cm > 14.60 cm ok .
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(4.11) Design shear walls:

(4.11.1) Design Seismic Base Shear:

Table (4-7 ):Design Seismic Forces.

Floor Level Height (hx)

(m)

Story weight (Wx)

(ton)

Wx * hx

(ton-m)

5 16.50 228.10 3763.65

4 13.25 228.10 3022.325

3 10 228.10 2281

2 6.75 228.10 1539.68

1 3.50 219.10 766.85

1131.5 11373.50

V= ZICW / Rw

Where: I= occupancy importance coefficient , equal to 1.25 for essential and hazardous

facilities, and 1.0 for all other cases.

Z=seismic zone factor indicative of the effective peak ground acceleration

Z=0.2.

C= 1.25*S/(T2/3) < 2.75

S= site response coefficient, S=1.0

T= 0.03*(hex(in ft)) 3/4 → h= 0.03*(16.50 /0.3048 ) 3/4  = 0.60 sec

C=1.25*1/(0.60)2/3 = 1.76  <2.75
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W=Total seismic dead load weight of the building which includes the weights of all

permanent structural and nonstructural components, minimum of 0.25 of floor live  load

must be included.

Rw= system quality factor, it idealizes the inelastic behavior of the structures under

the spectral representation of major seismic ground motion (CZ).

Rw=8  (for concrete and masonry shear wall in building frame systems (h<200 ft).

Now : V= (0.2*1*1.76*1131.5)/8 = 49.786 ton

Ft= 0.07*V*T = 0.07*0.60*49.786 =2.09 ton Kips

(4.11.2) Lateral force distribution of design base shear(V):

The seismic lateral force Fx at all floors levels in transverse direction is given by :

.

F5 = 15.78 +Ft =17.87 ton







n

i

HiWi

hxWxFtV
Fx

1
*

**)(

tonF 22.3
50.11373

85.766)09.279.49(1 




tonF 57.9
50.11373

2281)09.279.49(3 




tonF 46.6
50.11373

68.1539)09.279.49(2 




tonF 68.12
50.11373

325.3022)09.279.49(4 




tonF 78.15
50.11373

65.3763)09.279.49(5 



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Use Factor load =1.4.

F1= 3.22*1.4=4.547 ton

F2= 6.46*1.4=9.044 ton

F3= 9.57*1.4=13.398 ton

F4= 12.68*1.4=17.752 ton

F5= 17.87*1.4=25.018 ton

Figure (4-20): Modeling multistory structures

Vu=697 KN

Mu=8583.62 KN.m
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(4.11.3) Design of shear wall :

For wall 5.79 * 3.30 m.

The forces in the walls due to direct shear are computed from.




Rx

VxRx
Fvx




Ry

VyRy
Fvy

Rx= 1/∆

AG

Ph

Et

LhP 2.1)/(4
3



G=0.4 E For concrete


Et

LhP

Et

LhP )/(3)/(4
3



Rx=1/(0.13/Et) = 7.69Et

EtEtEtRx 38.1569.769.7 

KN
Et

Et

Rx

VxRx
Fvx 5.34850.0*697

38.15
69.7*697 



  dhVc .*30
6
1


d=0.8 Lw=0.8*5.79=4.63 m

  KNVc 65.105663.4*25.0*30
6
1



Vs=(348.5/0.85) –1056.65 = -646.65 KN

EtEtEt

13.0)79.5/25.0(*1*3)79.5/25.0(*14
3


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 Provide minimum reinforcement.

 
 25.0*0025.0*

2S

hAv 0.000625

S2 =3*h=3*0.25 = 750 mm

S2 =Lw/5=5.79/5=1158 mm

S2 = 18   ً=٤٥٠ mm ……. control

Try Φ12

mS 362.0
000625.0

10*226
000625.0

10*2*1304.12
66




 Use Φ12 @ 300 mm  c/c

(4.11.4) Design of vertical Shear :

S2 =3*h=3*0.25 = 750 mm

S2 =Lw/3=5.79/3= 1930 mm

S2 = 18   ً=٤٥٠ mm ……. control

Avn=[ 0.0025+0.5(2.5- hw/Lw){(Av*h/S2h) – 0.0025)]S2*h

Avn= 0.0025*h*S2

Avn= 0.0025*0.25*45 =0.028 >0.0025

 Use Φ 12 @300 mm c/c
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(4.11.5) Design of moment :

 For First floor :

Figure(4-21): Detailing of shear wall

Use Φ 12

22 004362.04362
30.0
113*279.5*2

mmm
S

As
LwAst 

FyAst

hLwFcBLw

Z

*
****85.0

2

1
1



05.0

400*004362.0
25.0*79.5*30*85.0*85.02

1





Lw

Z





  )1(****5.09.0

Lw

Z
LwfyAstMu

  mMNMu .31877.4)05.01(*79.5*400*004362.0*5.09.0 

Mu=8.58362-4.31877=4.26485  MN.m

)(
9.0/
XLwFy

Mu
tAs




2002198.0
)4.079.5(400

9.0/26485.4
mtAs 




Ast=2198+226=2424 mm2

 Use 10Φ18
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 For Second floor :

Mu=6.14412-4.31877= 1.82535 MN

)(
9.0/
XLwFy

Mu
tAs




2000941.0
)4.079.5(400

9.0/82535.1
mtAs 




Ast=941+226=1167 mm2

 Use 6Φ16

 For Third floor :

Mu=4.02665-4.31877= -0.29212 MN

Use minimum

)(
9.0/
XLwFy

Mu
tAs




2000151.0
)4.079.5(400

9.0/29212.0
mtAs 




Ast=151+226=377 mm2

Ast=3.77 cm2

 Use 4Φ12

 Reinforcement for third and fourth and fifth floors is the same.

(4.11.6) Shear Wall Base Design :
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Service loads on the base:

DL=333.1 ton

LL=68.9 ton

qall

LLDL
Areq




249.11
35

9.681.333
mAreq 




By adding 20 cm around wall sides:

Use:

A=(5.79+0.20)*(3.50+0.40)=23.361 m2

Wu=1.4 DL+1.7 LL

Wu=1.4*333.1+1.7*68.9=583.47 ton

Aprov

Wu
qnet 

2\98.24
361.23
47.583

mtonqnet 

For 1m strip: Figure(4-22): Section in shear wall base.

q(net)=24.98*1=24.98 ton\m

Depth calculation to satisfy shear strength:

Vu=41.1 ton

ΦVc=Vu

dbwcfVc ***
6
1* 

ddcmVc 59.77*)100(*30*
6
1*85.0 

77.59d=41.1 ton

d=0.53 m

 Use  H=55 cm

Design for bending moment:
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Mu= 32.42 ton.m

Mn= 32.42/0.9 = 36.02 ton.m

m = 15.7

./63.1
470*1000
10*2.360 2

2

6

2

mmNR

db

Mu
R

n

n








0042.0
400

63.1*7.15*211
7.15

1

2
111


























y

n

f

mR

m

ρmin =0.0035 < ρreq= 0.0042 < ρ max =0.0244

 = 0.0042

Required As= 0.0042*100*47= 19.82 cm2

 Use 1Ø20@15 cm

As (provided) = (100/15)*3.14 = 20.93 cm2.

(use similar steel for the other face)

In the other direction provide shrinkage and temperature reinforcement .
002.0

mcmAs

hbAs

/1155*100*0020.0
**

2

 

 Use 1Ø16@15 cm …………(In two layers).

As (provided) = (100/15)*2.00 = 13.3 cm2.

Figure(4-23): Detailed Section for shear wall base.
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(Referances)

1. Chu-Kia Wang, Charles G.Salmon,Reinforced Concrete Design,

Addison-Wesley,1998.

2. BUILDING CODE REQUIREMENTS FOR STRUCTURAL

CONCRETE (ACI 318M-99) AND COMMENTARY CODE

(ACI 318M-99).

وى ، كودات البناء الوطني الأردني.٣ ي    ، كودة الأحمال والق وطني الأردن اء ال س البن ، مجل

.م١٩٩٠، الأردن، عمان

٤..

.تلخیص وملاحظات الدكتور المشرف ھیثم عیاد.٥

.ملخص الدكتور جمال زلاطیمو .٦
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Appendix (A)

Shear & Bending Moment Diagrams for beam (B G-12)

12)-G-loading Cases For Beam (B
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Case 1 :

shear & Bending Moment Diagram

Case 2:
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ٍshear & Bending Moment Diagram

Case 3:
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ٍshear & Bending Moment Diagram

Case 4:
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shear & Bending Moment Diagram

Case 5:
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ٍshear & Bending Moment Diagram

Case 6:
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shear & Bending Moment Diagram

Envelope
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