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Abstract

The Structural Design of Multi Story Building.

Work Team
Sami al saada Taysser iwedate

Palestine Polytechnic University – 2006

Supervisor:
Dr. Maher Amro

The purpose of this project is the structural design of commercial

and residential building.

The structural design of the building will be carried out according

to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the structural

members and all of the plans needed to complete the construction.
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Abstract

The Structural Design of Commercial and Residential
Building.

Work Team
Tayseer Al-iwidat Sami Al-saada

Palestine Polytechnic University – 2006

Supervisor:
Dr. Maher Amro

The purpose of this project is the structural design of commercial

and residential building.

The structural design of the building will be carried out according

to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the

structural members and all of the plans needed to complete the

construction.
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طابق المحلات الاول قبل التعديل
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)3-1 (١:

Quality Density

(KN/m³)
MaterialNO.

22Tiles1

20Sand2

25
Reinforced

concrete
3

10Block4

22Plaster5

1.0(KN/m2)Partition6

:ل(3-3-2)

.

:تشمل

.

.م ١٩٩٠، الطبعة الأولى ، كودة الأحمال والقوى الأردنیة ، حسن عكور ، داود جبحي _  ١



٢٧

(3-2)٢.

Live load

(KN/m²)

Type of

area
NO.

2.00Residential1

٢.٥٠Offices2

4.00Stories3

٤.٠٠Stairs٤

:ل(3-3-3-1)

 ،

.

.م ١٩٩٠، الطبعة الأولى ، كودة الأحمال والقوى الأردنیة ، حسن عكور ، داود جبحي _  ٢
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(3-3-3-2):

، ل،

:

q = 0.613 (Vz) ²……٣

:

q :

)N/m². (

Vz :.

V:(50)اسنة

35/.

S1 :

١٣ .

.م ١٩٩٠، الطبعة الأولى ، كودة الأحمال والقوى الأردنیة ، حسن عكور ، داود جبحي _  ٣

Vz = V . S1 . S2 . S3
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S2 : .

١٤.

S3 :١٥

:

S1=1.0.

S2=0.93.

S3=1.0.

V=35.0m/s.

Vz =35.0*1.0*0.93*1.0=32.6 m/s.

q =0.613*(32.6)²=0.65KN/m².

(3-3-3-3) :

.Roof، على  

التالي یبین قیمة أحمال الثلوج حسب الارتفاع عن ) ٣- ٣(الجدول رقم 

.البحرسطح 



٣٠

)h(

)()kN /m²(

h>2500

500 > h > 2501000) /h-250(

1500 > h > 500(h-400) / 400

2500 > h > 1500(h – 812.5)/ 250

)٩٥٠  (:

SL = (h-400) / 400

= (950 – 400)/ 400

= 1.38 kN /m²

(3-3-3-4):
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:

zz wzF ****** 

:

ZF:

:)٢٣ (

.=0.5

:)٢٤(0.08 =.

=١.٣. :

)١.٣٣=)٢٨. :

)١.٠=)٢٩. :

)١٠،.. ، ١،٢. ( z:

)٢٦(. z:

ZZzz QKGw **
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. ZG:

)٠.٠=)٢٢. ZK:

. ZQ:

zz wzF *3.1*1*33.1**08.0*5.0 

zz wzF **07. 

= 155.88 Kn. 1F

= 298.63 Kn. 2F

= 447.94 Kn. 3F

= 454.5Kn. 4F

= 568.13Kn. 5F

= 681.75Kn. 6F

= 795.38Kn. 7F

= 909.0 Kn. 8F

=1022.63Kn. 9F

=1136.25Kn. 10F

:للمبنى(3-4)
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(3-4-1):

،

:

١()One way ribbed slab.(

.) ١- ٣(شكل 

٢()One way solid slab(.

(3-2).

(3-4-2):
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(3-4-3):

:
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٢(.

.یبین شكل الجسر الخرساني)٣-٤(شكل رقم

(3-4-4):
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.تمثل الجدران المقاومة لقوى القص
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يمثل ضغط التربة  

.ي)٣-٧(

(3-4-7):

ع

)٣.٥(/²

، .

Isolated footingcombined footingStrip footing،Mat

foundation.
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)3-5(:

Auto cad (2004).

Micro soft office XP.

M-B soft ware.

Atir soft ware.

Proken soft ware.
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Chapter four

٤٢Structural Analysis and Design

٤٢Structural key planes)١-4(

٤٢(4-2)Design of slab

٤٢(4-2-1) limitation of deflection

٤٢(4-2-2) Design Rib (R2):

٤٤(4-2-3) Design of Topping:

٤٥(4-2-4)Design of positive moment

٤٧(4-2-5)Design of negative moment

٤٩(4-2-6) Shear Design of for rib2(R2):

٥٢(4-3) Design of beam(B2)

٥٢(4-3-1) limitation of deflection:

٥٣(4-3-2) Design of  positive moment

٥٦(4-3-3) Design of negative moment

٥٨(4-3-4) Shear Design of beam2(B2)

٦١(4-4) Design of columns:

٦٢(4-4-1) Design of the longitudinal reinforcement

٦٣(4-5) Design  of stairs:

٦٤(4-5-1)Slab thickness:

٦٥(4-6) Design of footing :

٦٥(4-6-1) Footing Area:

٦٦(4-6-2 Determination of  Depth :

٦٨(4-6-3) Design for Bending Moment:

٦٩(4-7) Design of strip footing :



٧٠(4-7-1) Determination of thickness:

٧٠(4-7-2) Design of bending moment::

٧١(4-8) Design of Mat foundation::

٧٣(4-8-1) Design for positive moment :

٧٣(4-8-2) Design for negative moment :

٧٣(4-8-3) Design for negative moment :

٧٤(4-9) Design of Retaining wall:

٧٥(4-10) Design of shear wall:

٧٦(4-10-1) Design of vertical Shear :

٧٦(4-10-2) Design of moment :
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Chapter Four

Structural Analysis and Design

Chapter four

Structural Analysis and Design

Structural key planes)١-4(

(4-2)Design of slab

(4-2-1) limitation of deflection:

(4-2-2) Design Rib (R2):

(4-2-3) Design of Topping:

(4-2-4)Design of positive moment

(4-2-5)Design of negative moment

(4-2-6) Shear Design of for rib2(R2):

(4-3) Design of beam(B2)

(4-3-1) limitation of deflection:

(4-3-2) Design of  positive moment

(4-3-3) Design of negative moment

(4-3-4) Shear Design of beam2(B2)

(4-4) Design of columns:

(4-4-1) Design of the longitudinal reinforcement

(4-5) Design  of stairs:

(4-5-1)Slab thickness:

(4-5-2)Design of Bending

(4-6) Design of footing :

(4-6-1) Footing Area:

(4-6-2) Determination of  Depth :

(4-6-3) Design Of Bending Moment:
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(4-7)Design of strip footing :

(4-7-1) Determination of thickness:

(4-7-2) Design of bending moment:

(4-8) Design of Mat foundation:

(4-8-1) Design of positive moment :

(4-8-2) Design of negative moment :

(4-8-3) Design for negative moment :

(4-9) Design of Retaining wall:

(4-10) Design of shear wall:

(4-10-1) Design of vertical Shear :

(4-10-2) Design of moment :
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Chapter Four

Structural Analysis and Design

(4-1) Structural Key Plans:

The plans showing beams arrangement & ribs distribution & the direction of

loading accomplished.

(4-2) Design of slab

(4-2-1) limitation of deflection:

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

calculated based on the density for each material used in the slab:

The overall depth must satisfy ACI Table 9.5.a

Min h = L / 21                         for interior span

Min h = 655 / 21       = 31.2cm

Use an overall depth of 32 cm (24 cm block)

(4-2-2) Design Rib (R2):

Using (m-b) software provided the envelope following moment values.
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Fig. (4-1): Spans Lengths of (R2)

Fig (4-2) envelope of (R2)

Dead load of ribbed slab: -

Coarse Sand Fill and Tile and mortar =2.0 *0.52=1.04 KN/m of rib

Concrete Rib 0.24 * 0.12 * 25 = 0.72KN/m of rib

Block 0.24*0.40 * 10 =0.96KN/m of rib

Topping 0.08*0.52*25 = 1.04KN/m of rib

Plaster 0.03*0.52*22 = 0.34KN/m of rib

Partitions (100)(0.52)  = 0.52KN/m of rib

Nominal Total Dead Load =

1.04+0.72+0.96+1.04+0.34+0.52 = 4.62 KN/m

Factored Total Dead Load = 1.4*4.62 = 6.50KN/m .
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Live Load:

 For residential =2.0KN/ m

Factored live load =2*1.7*0.52=3.4*0.52= 1.82KN/m.

(4-2-3) Design of Topping:

Live load = 200 Kg/m 2 = 0.2 ton/m 2 (For residential)

Dead load = 5.58/0.52 – (0.72/0.52) =9.35 Kn/ m 2

uW = 1.4 (935.0) + 1.7 (200) =1649.0Kg/ m 2

= 1.649 ton/ m 2

Assume slab is fixed at support point (ribs)








 


12

2LWu
Mu








 


12

4.0649.1 2

Mu = 0.022 ton.m, for 1 m wide strip

According to ACI (9.5.2.3)

  sfMn

cmKgMPaMPaff

r

cr



 )/(3.38)(83.3307.0)(7.0 2

3
22

7.1066
6

8100

6
cm

bh
s 


 …….. for a rectangular X-section

ΦMn = 0.65 (38.3)(1066.7) = 26555.5 Kg.cm , Φ = 0.65   for plain concrete

= 0.266 ton.m

ΦMn = 0.266 ton.m > Mu = 0.022ton.m

Reinforcement is not required for structural reasons.

Provide Shrinkage & Temperature Reinforcement:
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ρ = 0.0018

)8)(100(0018.0sA = 1.44 cm 2 /1m

Use Φ 8 @ 20 cm on center both ways

Provided sA = 2.5 cm 2 /1m

(4-2-4) Design of Positive Moment:

Design for 4.26 m ، 6.10m، 4.35m & 1.65 m spans,

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

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

Eb = L / 4  = 735 / 4 = 183.75 cm

Eb = wb + 16 t = 12  + 16 (8) = 140 cm

Eb = C/C spacing = 52 cm……………….. Control

 Eb = 52 cm.

Use Mu max for all spans =13.53 kn/m

Mn = Mu/ 0.9 =15.03kn/m=1.5t/m.

Determine whether the rib will act as rectangular or T – section:

For   a = t = 8 cm

C = 0.85 fc t Eb = 0.85 (0.3) (8) (52) =106.8 ton

d= h - Cover - d/2 = 32-2-12/2 = 29.4 cm

Mn = T or C (d – 0.5 a)  = 106.8 (29.0 – 0.5 (8)) / 100   = 26.7 ton.m

Mn available  = 26.7 ton.m > Mn required =1.5 ton.m

Design as a rectangular with Eb = 52 cm
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Determine A s .max

Xb={0.003/(0.003+0.002)}*29=17.4 cm.

ab=ß1*Xb=0.85*17.4=14.8 cm.

 C1b=0.85*.3=*12*14.8=45.3 t.

 C2b=2*0.85*.3*20*8=40.8 t.

 Tb =86.1 t

 Asb=86.1/4=21.53cm²

 Asmax=0.75*21.53=16.14 cm²

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf



……….. (ACI-10.5.1)

 A s min = )0.29)(12(
400

4.1
)0.29)(12(

)400(4

30


A s min = 1.2  1.22

 A s min = 1.22 cm 2

'85.0 fc

fy
m  7.15

)30(85.0

400


2
2

5

2
/44.3

29*52

10*5.1
cmkg

bd

Mn
Rn 











fy

mRn

m

2
11

1


00087.0
400

344.0*7.15*2
11

7.15

1










A s = 0.00087 (52) (29.0) = 1.31cm² > Asmin =1.22cm²

Use2 Φ10.

At Mu=24.72kn.m

Mn=27.5 kn.m =2.75 t.m
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'85.0 fc

fy
m  7.15

)30(85.0

400


2
2

5

2
/3.6

29*52

10*75.2
cmkg

bd

Mn
Rn 











fy

mRn

m

2
11

1


001595.0
400

63.0*7.15*2
11

7.15

1










A s = .001595 *(52) (29.0) = 2.24cm²

Use2Φ12

(4-2-5) Design of Negative Moment:

Design of T-section for negative moment as rectangular section with (b=bw)

The minimum reinforcement is determined according to ACI (10-5.2) as follows:

b= bw =12 cm.

A s min = ))((
4

))((
)(2

dbf
fy

cf
dbw

fy

cf 



…….. (ACI-10.5.2)

A s min = )400*4/()0.29)(52(30)0.29)(12(
)400(2

30


A s min = 23.542.2 

 A s min = 2.42 cm 2

At Mu=21.7kn.m & Mu=31.8kn.
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Mn = Mu/ 0.9 =31.8/.9 =35.33kn .m.

m= 15.7
Rn = Mn / bw . d² = 35 kg/cm².











fy

mRn

m

2
11

1


0095.0
400

5.3*7.15*2
11

7.15

1










As =0.0095*12*29=3.3 cm²

Use 2Φ14

At Mu=36.151kn.m .

Mn = Mu/ 0.9 =36.15/.9 =40.2kn .m.

m= 15.7
Rn = Mn / bw . d² = 39.834 kg/cm².











fy

mRn

m

2
11

1


0109.0
400

98.3*7.15*2
11

7.15

1










As =0.0109*12*29=3.8 cm²

Use2 Φ16.

At Mu=6.2kn.m.

Mn = Mu/ 0.9 =6.90 kn.m

m= 15.7
Rn = Mn / bw . d² =6.84 kg/cm².
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fy

mRn

m

2
11

1


001734.0
400

684.0*7.15*2
11

7.15

1










As =0.001734*12*29=0.6033  cm² <Asmin=2.4cm²

 Use Asmin =2.4 cm²

 Use2 Φ14

(4-3-4) Shear Design of for rib2(R2):

Fig. (4-3): Shear envelope for rib2 (R2).

Region ( a)

maxuV = 1.067 ton .

cV = 0.85 bd
cf









 

6
=0.85 



















1000

10
)229)(12(

6

30
= 2.7 ton

Category (1):

uV ( cV5.0 )
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1.067 < (0.5*2.7)

 No shear reinforced is required.

Region (b).

maxuV =2.47 ton. > cV5.0

Category (2):

cV5.0 < uV ( cV )

 Mimum reinforcement is required.

S =
bw

fA yv3
=

12

))1((502.04003 stirrups
= 100 cm

S 2/d = 15.0 cm …………………. Controls

S 60 cm

sV =
S

dfA yv85.0
=

15

)29)(0.4)(2502(.85.0 
=6.60 ton

uV =6.6+2.7=9.30 ton>2.47 ton       OK

Use Φ 8 mm stirrups @ 15 cm.

Region (c).

maxuV = 3.16 ton maxuV at d  from face of support=2.5 ton.

Category (2):

cV5.0 < uV ( cV )

 Mimum reinforcement is required.

S =
bw

fA yv3
=

12

))1((502.04003 stirrups
= 100 cm

S 2/d = 15.0 cm    …………………. Controls

S 60 cm
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sV =
S

dfA yv85.0
=

15

)29)(0.4)(2502.0(85.0 
=6.60ton

uV =11.12+2.7=13.82 ton>2.5 ton       OK

Use Φ 8 mm stirrups @ 15 cm.

Region (d)

maxuV =2.8 ton at d from face of support= 2.2 ton.

Category (2):

cV5.0 < uV ( cV )

 Mimum reinforcement is required.

S =
bw

fA yv3
=

12

))1((502.04003 stirrups
= 100 cm

S 2/d = 15 cm    …………………. Controls

S 60 cm

sV =
S

dfA yv85.0
=

15

)29)(0.4)(2502.0(85.0 
=6.6 ton

uV =6.6+2.7=9.3 ton>2.2 ton       OK

Use Φ 8 mm stirrups @ 15 cm.

Region (e).

maxuV =2.28 ton at d from face of support.

Category (2):

cV5.0 < uV ( cV )

 Mimum reinforcement is required.

S =
bw

fA yv3
=

12

))1((502.04003 stirrups
= 100 cm

S 2/d = 15.0 cm    …………………. Controls

S 60 cm
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sV =
S

dfA yv85.0
=

15

)29)(0.4)(2502.0(85.0 
=6.6 ton

uV =6.6+2.7=9.30 ton>2.2 ton       OK

Use Φ 8 mm stirrups @ 15 cm.

 Note for all length of rib use minimum reinforcement.

 Use Φ 8 mm stirrups @ 15 cm.

(4-3) Design of beam:

(4-3-1) limitation of deflection:

H 10.10/21=0.48m use H=50cm

The section of beam is T section

BE =80 cm         bw=40 cm                   d =46cm

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

 Dl of B2 = 40 kn/m

Factored live load = LL
LL






 

2
21

 LL of B2 = 8.9 kn/m
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Fig (4-4) span length of b2

Fig(4-5)moment envelope for beam 2

(4-3-2) Design of positive moment:

Asmin= dbw
fy

dbw
fy

cf
*

4.1
*

)(4




46*40*
400

4.1
46*40

)400(4

30


44.63.6 

 Asmin =6.44 cm²

Determine A s .max :

Xb={0.003/(0.003+0.002)}*46=27.6 cm.

ab=ß1*Xb=0.85*27.6=23.5 cm.
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 Cb=0.85*0.3*80*235=479.4 t.

 Cb2=0.85*{(80-40)/2}*2=326.4t

 Tb =805.8 t

 Asb=805.8/4=201.45cm²

 Asmax=0.75*201.45=151.08 cm²

at Mumax=11٢.7 kn.m

Mn =Mu/0.9 = 125.23kn.m

m = 15.7

2

2

5

2
/4.7

46*80

10*523.12
cmkg

bd

Mn
Rn 













y

n

f

mR

m

2
11

1
 =0.00187

As=0.00187*80*46=6.9cm²

Use 2 Φ 25

At Mu =231.6kn.m

Mn =Mu/0.9 = 259.0 kn.m

m = 15.7

2
2

/3.15 cmkg
bd

Mn
Rn 













y

n

f

mR

m

2
11

1
 =0.00395

As=0.00395*80*46=14.53 cm²

Use 3 Φ 28

At Mumax=451.0 kn.m

Mn =Mu/0.9 = 501.1 kn.m

m = 15.7
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2
2

5

2
/6.29

46*80

10*11.50
cmkg

bd

Mn
Rn 













y

n

f

mR

m

2
11

1
 =0.007885

As=0.007885*80*46=29.03 cm²

Use 5Φ 28

At Mu =215.8 kn.m

Mn =Mu/0.9 = 239.8 kn.m

m = 15.7

2
2

/2.14 cmkg
bd

Mn
Rn 













y

n

f

mR

m

2
11

1
 =0.003655

As=0.003655*80*46=13.45 cm²

Use 3 Φ 25

At Mu =147.4 kn.m

Mn =Mu/0.9 = 143.8 kn.m

m = 15.7

2
2

/7.9 cmkg
bd

Mn
Rn 













y

n

f

mR

m

2
11

1
 =0.002473

As=0.002473*80*46=9.1 cm²

Use 2 Φ 25
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(4-3-3) Design of Negative moment:

b=bw=40 cm. d=46cm .

A s min = ))((
4

))((
)(2

dbf
fy

cf
dbw

fy

cf 



…….. (ACI-10.5.2)

A s min = )46)(80(
)400(4

30
)46)(40(

)400(2

30
 …….. (ACI-10.5.2)

A s min = 59.126.12  …….. (ACI-10.5.2)

 A s min = 59.12 cm²

At Mu =317.2kn.m

Mn =Mu/0.9 =352.47kn.m

c

y

f

f
m




85.0
= 15.7

2/64.41 cmkgRn 













y

n

f

mR

m

2
11

1
 = 












400

216.3*7.15*2
11

7.15

1

= 0.01143

As =0.01143*40*46 = 21.0cm²

Use 4 Φ 28.

At Mu =654.5kn.m

Mn =Mu/0.9 =727.22kn.m

c

y

f

f
m




85.0
= 15.7



-٥٧ -

2/92.85 cmkgRn 













y

n

f

mR

m

2
11

1
 =0.0273

As =0.027*40*46 =50.03 cm²

Use 8 Φ 28.

At Mu =642.2kn.m

Mn =Mu/0.9 =713.55kn.m

c

y

f

f
m




85.0
= 15.7

2/3.84 cmkgRn 

= 











4000

3.84*7.15*2
11

7.15

1

= 0.0266

As =0.0266*40*46 = 44.12 cm²

Use 8 Φ 28.

At Mu =317.2 kn.m

Mn =Mu/0.9 =352.44kn.m

c

y

f

f
m




85.0
= 15.7

2/64.41 cmkgRn 













y

n

f

mR

m

2
11

1
 =0.0114

As =0.0114*40*46 =20.9cm²

Use 4 Φ 28.
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(4-3-4) Shear Design of beam2(B2)

Fig. (4-6): Shear envelope for beam 2.

Region (a)

maxuV = 21.01 ton at d from face of support

cV = 0.85 bd
cf









 

6
=0.85 



















1000

10
)46)(40(

6

30
= 14.3 ton

Category (4):

cV < uV ( cV + cV2 )

3.14 < 01.21 (42.9)

sV = 21.01-14.3=6.71ton.

S =
Vs

dfA yv




=

71.6

44679.0285.0 
= 36.80 cm

S 2/d = 23 cm    …………………. Controls

S 60 cm

Use1 Φ 10 mm stirrups @ 20 cm

a b c d e
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sV =
S

dfA yv85.0
=

20

)46)(0.4(279.085.0 
=12.35 ton .

uV = sV + cV

uV = 35.12 + 3.14 = 26.6 ton

Region (b)

maxuV =31.33 ton. at d face of support.

Category (4):

cV < uV ( cV + cV2 )

3.14 < 33.31 (42.9)

sV = 31.33-14.3 =17.03 ton.

S =
Vs

dfA yv




=

03.17

44679.0285.0 
= 14.50 cm

= 14.50 cm …………………. Controls

S 2/d = 23 cm

S 60 cm

Use1 Φ 10 mm stirrups @ 10 cm

sV =
S

dfA yv85.0
=

10

)46)(0.4(279.085.0 
=24.7 ton .

uV = sV + cV

=24.7+14.3=39 ton

Region (c)

maxuV =36.73 ton. at d face of support

Category (4):

cV < uV ( cV + cV2 )

3.14 < 73.36 (42.9)
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sV = 36.73 -14.3 =22.43 ton.

S =
Vs

dfA yv




=

43.22

44679.0285.0 
= 11.0 cm

= 11.0 cm …………………. Controls

S 2/d = 23 cm

S 60

cm Use1 Φ 10 mm stirrups @ 10 cm

sV =
S

dfA yv85.0
=

15

)46)(0.4(279.085.0 
=24.7 ton .

uV = sV + cV

=24.7+14.3=39.0 ton

Region (d)

maxuV =31.98ton. at d face of support

Category (4):

cV < uV ( cV + cV2 )

3.14 < 98.31 (42.9)

sV = 31.98 -14.3 =17.68 ton.

S =
Vs

dfA yv




=

68.17

44679.0285.0 
= 13.97 cm

= 13.97 cm …………………. Controls

S 2/d = 23 cm

S 60 cm

Use1 Φ 10 mm stirrups @ 10 cm

sV =
S

dfA yv85.0
=

15

)46)(0.4(279.085.0 
=16.47 ton .

uV = sV + cV
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=16.47+14.3=30.77 ton

Region (e)

maxuV = 19.93 ton at d from face of support.

Category (4):

cV < uV ( cV + cV2 )

3.14 < 93.19 (42.9)

sV = 19.93-14.3=5.63 ton.

S =
Vs

dfA yv




=

63.5

44679.0285.0 
= 43.89 cm

S 2/d = 23 cm    …………………. Controls

S 60 cm

Use1 Φ 10 mm stirrups @ 20 cm

sV =
S

dfA yv85.0
=

20

)46)(0.4(279.085.0 
=12.35 ton .

uV = sV + cV

uV = 35.12 + 3.14 = 26.6 ton

(4-4) Design of columns:

Column (C1) :

 Total load on column = 62.196 ton

(4-4-1) Design of the longitudinal reinforcement:

Pu =62.196 ton.
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Type of column: "tied column".

Assume g

= 0.02.




pu
pn

tonpn 85.88
7.0

196.62


  cfFygcfAgPn  *85.0*85.080.0
max



  3.0*85.0402.03.0*85.080.085.88  Ag

265.336 cmAg 

Use 30 cm * 20cm.

Ag= 600 cm2

Determination of required g :

  cfFygcfAgPn  *85.0*85.080.0
max



  3.0*85.043.0*85.0600*80.085.88  g

g = - 0.01866

Required As = ρg * Ag= 0.01* 600 = 6.0 cm2.

Use " 4 Ø14 " – Ast = 4*1.54= 6.16 cm2.

(4-4-2) Design of the tie reinforcement:

Use Ø 10 ties.

Spacing ≤ 16*db (Longitudinal bar diameter) = 16 * 1.6= 25.6cm

48*dt (ties bar diameter) = 48* 1.0 = 38.4 cm.

Least dimension = 20 cm

Use " Ø 10" ties @ 20 cm spacing.

Use 20cm*30cm with 4 Ø 16 bars. with Ø 8 ties @ 20cm spacing.
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(4-5) Design of stairs:

(4-5-1)Slab thickness:

h  L/20 =300 / 20 = 15cm.

 use h = 15.0 cm

θ = tan-1(15.0 / 30) = 26.56°

Cos θ =0.89

Figure (4-٧) Stair

Dead Loads:

 Tiles and mortar =0.1*2.2=0.22t/m²

 Steps=(100/30)*(0.5*b*h)*2.5=(100/30)*0.5*0.3*0.15*2.5=0.188t/m²

 Slab=0.17*2.5=0.43t/m²

Total Dead Loads= 0.838*1.5=1.26 t/m.

 Ultimate dead load=1.26*1.4=1.76 t/m.
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Live load:

 Ultimate live load= 1.7* 0.5*1.5 = ١.28 t/m.

 Wu=1.٢٨+1.76=3.04 t/m

(4-5-2)Design of Bending:

 Mu=Wul²/8  (simple supported beam).

 Mu =3.04*3²/8

 =3.42 t.m

./5.16
4.12*150

10*8.3 2
2

5

2

cmkgR

db

Mu
R

n

n








0043.0
4000

5.16*7.15*2
11

7.15

1

2
11

1































y

n

f

mR

m

ρmin. =0.0035 < ρreq= 0.0043 < ρmax=0.0244

Required As= 0.0043*150*12.4= 8 cm2

 Use 1Φ 12@20cm

(150/20)*1.14=8.55cm²>8 cm²

In the other direction provide shrinkage and temperature reinforcement:
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As=ρ (b) (H)

=0.0018 (150)(15)

= 3.85 cm²

Use Φ10 @ 30 cm .

(4-4-3)Design of shear:

Vu =4.73 ton at face of support..

tonVc

dbf
Vc wc

43.14
1000

10

6

4.12*150*30*85.0

6

**


















Vu = 4.73 t  < ØVc = 14.43 t

According to category (1)

uV ( cV5.0 )

 No shear Reinforcement is Required.

(4-6) Design of footing:

Footing (#3) carrying column (#3) (50*30).

(4-6-1) Footing Area:
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Total Factored load    = 276.98 t

Total service load = 216.0 t

Column = 50x30 cm2.

Estimate footing to be about 60 cm thick, in addition to about (10cm) of

blinding concrete .


SERVICE

required

P
As 

cmAsrequired 2.6
35

216
 ²

 Try 2.5*2.5

(4-6-2) Determination of Depth :

Area

P
P u

net  = 2/05.45
25.6

98.276
mt

uc VV 

 )110(*250*504.4 d 250*)()10(30
6

1
85.0 d

=  (4.504)(250)(110 - d) = 7.76 d

d= 40.5 cm

Use d = 50 cm

Total depth of footing = 50 + 8 + 2

So select   h= 60 cm

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

Check the depth for two way shear action, using critical section B-B-B-B with

d =50cm.
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 ))((Aeff dbdaPV netu 

Vu= Pnet * Aeff. = 45.04* (2.5*2.5 – (1.0*0.8) = 245.5 t

db
fc

Vc **
3

'



The punching shear strength is the smallest of:

dbfV oc
c

c













2

1
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

Where:

c = a / b =50  / 30 = 1.67.

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

= 2(80+100)  =3600 mm

s = 40              For interior column

tVc 34.279)50)(360(3033.0 

uc VV  279.34 t > 245.5 t OK

 No punching shear failure.
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Fig. (4-8): Two way shear area

Check transfer of load at base of column:

)85.0( AgcfPn 

tonPn 75.267)3050)(3.0)(85.0(7.0 

Pu=281.5 t

tontonPn 98.27675.267 

 Dowels are required for load transfer.

excess pu=276.98-267.75 = 9.25ton.

 
20.8

3.*85.4*7.0

25.9
cmrequiredAs 




cmdewels 5.730*50*005.0min  ²

use 4 Φ 16 .

ld = ldb*factor.

db
db

ld 26.18
4004

*400


not less than:

cmldb

dbdb

3.296.1*26.18

6.17*400*044.0




 available length = 60-8-2*1.6=45.6 > 29.3…. ok

(4-6-3) Design Of Bending Moment:

Area = cm75.21.1*5.2  ²

Mu = 13.685.*1.1*75.2*04.45  ton.m

Rn =
2

5

2 50*250*9.0

1013.68 


bd

Mn
= 12.12 2/ cmKg
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003.0
4000

12.12*7.15*2
11

7.15

12
11

1



















fy

mRn

m


 = 0.003 > 002.0min 

Req. sA = 0.003 (250) (50) = 37.5 cm 2

Use 15 Φ 18.

For other direction:

Area = m25.15.0*5.2  ²

Mu = 3.5625.1*04.45  ton.m

Rn =
2

5

2 50*250*9.0

1030.56 


bd

Mn
= 10.01 2/ cmKg

00255.0
4000

01.10*7.15*2
11

7.15

12
11

1



















fy

mRn

m


 = 0.00255 > 002.0min 

Req. sA = 0.00255 (250) (50) = 31.92 cm 2

Use 16 Φ 16.

Ld :category a item 2 applies :

db
cf

Fy
ld ***

2





cmld 3.586.1*1*1*1
302

400


available length =1.25-8-25=92 cm > 58.43 cm (for both side)

(4-7) Design of strip footing :

Dead load = (no. of  floors) (Hf) (W) ( γc)
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= 1 * 3.25 * 0.3 * 25 = 21.75 kN/m.

= 1 * 5.0 * 0.3 * 25  = 37.5 kN/m.

= 1* 25 * 3.25 * 0.3 =24.4 kN/m.

Total dead load = 53.74 + 83.62 = 137.36 kN/m.

Total live load = 23.5 kN/m.

qu = 1.4 (137.36) + 1.7 (23.5)

= 23.23 t/m.

(4-7-1) Determination of thickness:

minimum width =
net

LLDL




mm 1/46.0
35

1.16


try b= 50 cm.

Area

P
P u

net  = 2/45.46
0.1*5.0

23.23
mt

Determined of thickness of footing :

dbfV wcc


6

1
= dd 96.387)()500(30

6

1
85.0 

Vu = (Pnet) (
2

bww 
)

= 464.5 * (
2

3.05.0 
) = 46.45 kN.

uc VV 

387.96d = 46.45

d = 12 cm  …. Then  h = (12 + 8+ 0.6 +1.2 ) = 21.8 cm, so select h = 30 cm .

(4-7-2) Design of bending moment:
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Mu  = (Pnet) ( area ) ( arm )

= 46.45 * 0.1 * 1.0 * 0.05 = 0. 233 t.m .

Mn =


recMu
=

9.0

233.0
= 0.26 t .m

ρmax = 0.0244

m =
'*85.0 fc

fy
=

30*85.0

400
= 15.7

Rn =
2* db

Mn

Rn =
2)8.21(*100

526.0 E
= 0.6 kg/cm²

ρ  =
m

1
(1 -

fy

mRn2
1 )

ρ  =
7.15

1
(1 -

4000

)6.0)(7.15(2
1 ) = 0.00015 ≤ ρmin = 0.0018

Areq = ρ *  b * h = 0.0018 *100  * 30 = 5.4 cm²

# Of bar =
13.1

4.5
= 4.8 -----select (5) bar Ф 12

Use1 Ф 12 @ 20 cm .

Other direction

=0.0018*50*30=2.7cm²

Use1 Ф 12 @ 20 cm.

Dowels = 0.0015*100*30 = 4.5 cm²

Use4 Ф 12.

(4-8) Design of Mat foundation:



-٧٢ -

 In the short direction:

 
mknFrdl /08.3

2*2.22*8.2

20.0*25*8.2*2.2





 
mknFrll /16.6

2*2.22*8.2

10*8.2*2.2





  mknwallDL /5.899.17*2.0*25 

  mknbaseDL /5.2750.0*2.2*25 

knFRFACTORED 6.178

2/4.162
1*2.2

2*6.178
mkn

(4-8-1) Design of positive moment :

Rn =
2** db

Mn



Rn =
2

5

)8.40(*100*9.0

10*0812.0
= 0.054 kg/cm²

ρ  =
m

1
(1 -

fy

mRn2
1 )

ρ  =
7.15

1
(1 -

4000

)054.0)(7.15(2
1 ) = 0.0000135 ≤ ρmin = 0.0018

Areq = ρ *  b * h = 0.0018 *100  * 50 = 7.2 cm²

# Of bar =
54.1

12.7
= 4.62 -----select (5) bar Ф 14

use 1 Ф 14 @ 20 cm .

2 .2 0

0.
50
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Fig(4-9): M Env

(4-8-2) Design of negative moment:

Rn =
2** db

Mn



Rn =
2

5

)8.40(*100*9.0

10*04.8
= 5.36kg/cm²

ρ  =
m

1
(1 -

fy

mRn2
1 )

ρ  =
7.15

1
(1 -

4000

)36.5)(7.15(2
1 ) = 0.00135 ≤ ρmin = 0.0018

Areq = ρ * b * d*1.33 = 0.00135 *100  * 40.8*1.33 = 7.33 cm²

# Of bar =
54.1

33..7
= 4.76 -----select (5) bar Ф 14

Use 1 Ф 14 @ 20 cm .

 In the long direction:

(4-8-3) Design of positive moment :

Rn =
2** db

Mn



Rn =
2

5

)8.40(*100*9.0

10*31.11
= 7.55kg/cm² Fig (4-10): M Env

ρ  =
m

1
(1 -

fy

mRn2
1 )

2.8

0.
50
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ρ  =
7.15

1
(1 -

4000

)55.7)(7.15(2
1 ) = 0.00192  > ρmin = 0.0018

Areq = ρ * b * d= 0.0019 *100  * 40.8 = 7.75 cm²

# of bar =
54.1

75.7
= 5.03-----select (6) bar Ф 14

Use 1 Ф 14 @ 15 cm.

Dowels = 0.0015*100*20 = 3.0 cm² use4 Ф 12.

(4-9) Design of Retaining wall:

 The axial compression forces are small and cab be neglected.

Mu = 36.6kn.m

Rn =
2** db

Mn



Rn =
2

5

)24(*100*9.0

10*636.3
= 7.0 kg/cm²

ρ  =
m

1
(1 -

fy

mRn2
1 )

ρ  =
7.15

1
(1 -

4000

)36.5)(7.15(2
1 ) = 0.001774 ≤ ρmin = 0.002

Areq = ρ *  b * d = 0.002 * 100  * 24 = 4.8cm²

# Of bar =
4.80

1.13
= 5.0 -----select (5) bar Ф 12

use 1 Ф 12 @ 20 cm .

In the other direction :

Asreq=0.002*100*30=6.0cm²
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# Of bar =
13.1

0.6
= 5.30 -----select (6) bar Ф 12

use 1 Ф 12 @15  cm .

(4-10 ) Design of shear wall :

Depending on the stiffnesses and eccentricities the part of lood acts on ends of

the wall are determined by using (m-b) soft ware

Vu=1704.1 KN

Mu=44369.9 KN.m

For wall 33.93m* 3.50 m.

  dhVc .*30
6

1


d=0.8 Lw=0.8*3.5 = 2.8m

  tonVc 24.102350*8.0*40*30
6

1


ton
Vu

Vn 4.200
85.0


Vs=200.49 –102.24 = 98.25ton

 
cm

dFy

vs

S

hAv
088.0

*

*

2











 Compare with  minimum reinforcement.

 
001.040.0*0025.0

*

2


S

hAv

S2 =3*h=3*0.4= 1200 mm

S2 =Lw/5=3.5/5= 700 mm

S2 =  ً٤٥٠ mm ……. control
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Try Φ12

mS 256.0
00088.0

10*226

00088.0

10*2*1304.1
2

66




 Use Φ12 @ 200 mm  c/c

(4-10-1) Design of vertical Shear:

S2 =3*h=3*0.4 = 1200 mm

S2 =Lw/3=3.5/3= 1166.67 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*0.40*45 =0.045 >0.0025

 Use Φ 12 @300 mm c/c

(4-10-2) Design of moment :

 For basement floor :

X X

350

4
0

Figure (4-11): Detailing of shear wall
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Use Φ 32

22 0938.093800
06.0

804*2
5.3

*2
mmm

S

As
LwAst 

FyAst

hLwFcBLw

Z

*

****85.0
2

1

1


36.0

400*0938.0

40.0*5.3*30*85.0*85.0
2

1





Lw

Z





  )1(****5.09.0

Lw

Z
LwfyAstMu

  mMNMu .820.37)36.01(*50.3*400*0938.0*5.09.0 

Mu = 44.3699 –37.820- 2.10 =4.45MN.m

)(

9.0/

XLwFy

Mu
tAs




200386262.0
)3.05.3(400

9.0/45.4
mtAs 




Ast=3862.62 +1608 =5740.62 mm2

 Use 6Φ36 @ 60mm c/c
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:

:Scale

S1Structural key planes 1To fit

S2Structural key planes 2To fit

S3Structural key planes 3To fit

Structural key planes 4   S4To fit

A0To fit

A1To fit

A2.To fit

A3.To fit

A4.To fit

A5.To fit

A6.To fit

A7A-A.To fit

A8B-B.To fit

A9.To fit

A10.To fit

A11.To fit
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A12.To fit
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.                                       ) : ١- ٣(شكل 

.) : ٢- ٣(شكل 



مراحل أنجاز المشروعشكل یبین 



)٢٦:  )٣- ١

)٢٧:  )٣- ٢

)٣٠:  )٣- ٣



٦) ١- ١(شكل 

١٠يل) :٢- ١(شكل 

١١) :٢- ٢(شكل

١٢): ٢- ٣(شكل 

١٣) : ٢- ٤(شكل 

١٤): 5-2(شكل 

١٥): 6-2(شكل 

١٦) :٢- ٧(شكل 

١٧) :٢- ٨(شكل 

١٨) : ٢- ٩(شكل 

١٩) : ٢- ١٠(شكل 

٢٠) : ٢- ٤(شكل 

٣٣) : ٣- ١(شكل 

٣٤) : ٣- ٢(شكل 

٣٤) : ٣- ٣(شكل 



٣٤) : ٣- ٤(شكل 

٣٥) : ٣- ٥(شكل 

٣٦) : ٣- ٦(شكل 

٣٧) : ٣- ٧(شكل 

٣٨) : ٣- ٨(شكل 

٤٣Fig (4-1) span length of R2
٤٣Fig (4-2) envelop M of R2
٤٩Fig (4-3 ) envelop S of R2
٥٣Fig (4-4)span length of B2
٥٣Fig (4-5) envelop M of B2
٥٦Fig (4-6 ) envelop S of B2
٦٣Fig (4-7) stair
٦٧Fig (4-8) Two way shear area
٧٢Fig (4-9) envelope M

٧٣Fig (4-10) envelope M

٧٦Fig(4-11)Detailing of shear wall
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)5-1 (:

١-

.

٢-

.

٣-.

٤- ،

)Shear Wall (.

٥- ")3.5 kg/cm2( ،

 ،

.
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(5-2):

١-

.ممكنة

٢-

.

حتى " " ، " "-٣

."

٤-)3.5 kg/cm2 (

.

٥- "

 "."
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL

CONCRETE (ACI 318M-99) AND COMMENTARY CODE

(ACI 318M-99).

٢. ، ،

 ، ، ،١٩٩٠.

٣..
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