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ملخص المشروع

لمكتبة عامة في مدینة دوراالتصمیم الإنشائي

:فریق العمل

حنین رسمي السویطي              لیلى رسمي قباجة

:إشراف

نصر عبوشي. د

م٢٠٠٨-جامعة بولیتكنك فلسطین

عمل یلزمتتلخص فكرة ھذا المشروع في التصمیم الإنشائي لمبنى مكتبة عامة في مدینة دورا بحیث

.زمة لھذا المبنىوالتفاصیل اللاالتصمیم الإنشائي

ھذا المشروع یتكون من أربعة طوابق من ضمنھا السطح لھذا المبنى وكل طابق تلیھ مرافقھ الخاصة 

المبنى صمم على أن یكون موقعھ بالقرب من مجموعة من المدارس ، حسب استخدامات الطابق

.وھناك مسجد بالقرب منھ أیضا، الثانویة والأساسیة

، من قبل طلبة الجامعة وتم اعتماده لنا من قبل المشرف لنصممھ إنشائیاتم تصمیم المبنى معماریا

ثم سنعمل على تحلیل الأوزان الراسیة نحیث سنقوم بالعمل على بعض التعدیلات المعماریة وم

وسنبین التصمیم الإنشائي لكل . والأفقیة ومن ثم نوزعھا على العناصر الإنشائیة الراسیة والأفقیة

.المتبع مع إرفاق جمیع المخططات اللازمةعنصر حسب الكود
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Abstract

Structural design for a public library in Dura city

Project team:

Haneen Rasmie Al-swaiti               Layla Rasmie Qabaja

Supervisor:

Dr. Nasr Abboushi

Palestine Polytechnic University-2008

The main idea of this project is to prepare the structural design for public

library in Dura city.

This project consist of 4 floors, its located near many schools and a mosque,

we need to take a look on the architectural design.

We will design the building to satisfy the ACI code 2005.

We will make the analysis for vertical and horizontal loads and the structural

design for each member in the project for the buildings.
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:المراجعالمصادر و

1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL

CONCRET (ACI 318M-05)    .

، عمان، مجلس البناء الوطني الأردني-"كود الأحمال والقوى " -الكود الأردني.٢

.م١٩٩٠، الأردن

لمبنى سكني وعمل الإنشائیةتصمیم العناصر "، رندة أبو شرخ  وسائدة كتلو .٣

، الخلیل ، مشروع تخرج جامعة بولیتكنك فلسطین ، " تصامیم مختلفة للبلاطات 

.٢٠٠٧، فلسطین 

، " لمبنى متعدد الطبقات التصمیم الإنشائي" ، تیسیر العویضات و سامي السعدة .٤

.٢٠٠٦. فلسطین ، الخلیل ، مشروع تخرج جامعة بولیتكنك فلسطین 

.تلخیص وملاحظات الدكتور المشرف .٥
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44--33 DDeessiiggnn ooff tthhee RRiibb ((RR11))

44--44 DDeessiiggnn ooff tthhee BBeeaamm ((BB11))

4-5 Design of Tow Way Solid Slab (Slab S)

4-6 (A) Design of Column (Column C4 in Building)

4-6 (B) Design of long Column (Column C19 in Building)

4-7 Design of Isolated Footing (Footing F2 IN BUILDING)

4-8 Design of Strip Footing (wall footing)

4-9 Design of Mat footing under stairs

4-10 Design of stairs

4-11 Design of Basement Wall

4-12 Design of Shear Wall
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Chapter Four

Structural Analysis and Design

4-1 Introduction

In this chapter, we will demonstrate the procedure for designing structural members of

our project, so we will discuss the steps that we followed to design the Ribs, beams, slabs,

columns, retaining wall, foundations, shear walls.

So, this chapter will contain a sample calculation related to one of the preceding

members contained in this project.

All of these members will be designed according to (ACI – Code_318M- 05).

4-2 Determination of the Thickness of the slab

There are two main types of loads acting on the structure:-

1- Dead loads: - which will be determined by weight calculations based on its density.

2- Live load: And its value will be taken from the Jordanian code.

The thickness of the slab will be determined according to (ACI – code_318M- 05), table 9.5 a

for one way ribbed slab & table 9.5 c for two way ribbed slab. So, according to this code, the

minimum thickness of the slab of non- pre-stressed beams or one way slabs is calculated as

follows :-

We will take the longed span available in our project, which is Rib number (R15).

See the following figure (4-1).
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FFiigg ((44--11)) tthhee wwiiddeesstt RRiibb

h min = Ln / 21                                                     For Interior span.

h min = Ln /18.5. For Exterior span.

h min = Ln /16. For simply supported beam.

h min = Ln /8. For cantilever.

Where: Ln is the clear span length from the face of support to the face of support.

 So for this simply supported: -

h min = 4.7/16 = 0.29 m = 29 cm

As we calculated the minimum thickness is 29 cm, we will take it as 32 cm.

With block size (24 cm*40cm*20cm), and the concrete Topping above the block will be equal

8cm.& the lengths span available in our project in two way ribbed slab is 10.59cm :

 So for this exterior span: -

h min = 10.59 / 33 = 0.32 m = 32 cm

These ensure that the thickness is 32cm.

A

A

1 2
1

0.5 4.7 0.5

5.2
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4-3 Design of the Rib (R1)

FFiigg ((44--22)) RRiibb ((RR11))

4-3-1 Load Determination

 Effective Flange width ( Eb ) according to ACI_05 code 8.10.2:

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

Eb = L / 4 = 4.42 / 4 = 1.105 m =110.5 cm.

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

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

 Eb = 52 cm.

1. Dead load:

Dead load of ribbed slab: -

 Topping = (0.08) * (0.52) * (24) = 0.9984 KN / m.

 Rib = (0.12) * (0.24) * (24) = 0.6912 KN / m

 Block = (0.24) * (0.40) * (10) = 0.96 KN / m

 Sand = (0.13) * (0.52) * (16.5) = 1.1154 KN / m

 Tile = (0.03) * (0.52) * (23) = 0.3588 KN / m

 Plaster = (0.02) * (0.52) * (22) = 0.2288 KN / m

 Partitions = (1.25) * (0.52) = 0.65 KN /m

Total Dead Load = 5.4316 KN /m

A

A

A
1

A

A

B
2

A

A

C
3

A

A

D E
4

0.5 3.92 0.50.5 3.97 0.50.5 3.97 0.50.5 3.44 0.5

4.42 4.47 4.47 3.94
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2. Live Load for commercial buildings is = 5 KN / m2 SO……:

For stories = 500 kg / m 2

= 5 *0.52 = 2.6 KN / m.

4-3-2 Design of Topping

 Live load = 5 KN / m 2 (For stories).

 Dead load = (5.4316 / 0.52) – (0.6912 / 0.52) = 9.11 KN / m 2

 uW = 1.2 (9.11) + 1.6 (5) = 18.932 KN / m 2

Assume slab is fixed at support point (ribs):

 






 


12

2LWu
Mu








 


12
4.0932.18 2

Mu = 0.252 KN.m, for 1 m wide strip.

 According to ACI_05 ( 22.5.1)

mKNcmKNSfM

cm
bh

S

cmKNMPaff

MPaf

rn

cr

y

.24.2.0.2247.106621.0

7.1066
6

8100
6

/21.01.22442.042.0

420

3
22

2












concreteplainfor

mKNMn

55.0
.232.124.255.0







252.0232.1 
 un MM

No structural reinforcement is necessary

Provide Shrinkage & Temperature Reinforcement:

 Referring to (ACI-7.12.2.1.b).

The steel used in our region has a yielding stress = 420 MPa.

ρ = 0.0018.
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 mcmdbAs 1/44.181000018.0min 2 

Use bars Φ 8

.1/51.2
4

8.08.05
20@8

88.2
5.0

44.1#

2 mcmA

cmuse

barsof

proides 











As = 2.51 cm2 /m > As min = 1.44 cm2 /m

4-3-3 Design of Negative and Positive Moment:

Design for 4.42 m, 4.47 m, 4.47m, and 3.94 m spans.

Support 1 support 2                     support 3

Fig (4-3) Moment envelop for rib (R1)

Using Atir software we found that the envelope of moment for this Rib (R1) is as follows:-

See fig (4-3).

Live load = 5.4316 KN/m.

Dead load = 2.6 KN / m.

-24.3
-21.1 -21.8

17.8
12.4 13.2 13.8

1.32 1.77
1.55

1.42
1.41

1.38

0.77 0.9
0.73

0.7
0.82

0.72

1.77 2.65 2.35 2.35 2.35 2.35 2.36 1.58
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4-3-3-1 Design of Negative Supports

 Design of Negative Moment for support1 :

 Negative  Mu max = - 24.3 KN.m

 d = h - Cover – (db /2) = 32 – 2 – (1.0) = 29 cm.

 MPa
bd

Mn
Rnreq 67.2

2901209.0
103.24

2

6

2 



 .

 59.20
2485.0

420
85.0








c

y

f

f
m

 









fy

mRn

m

2111


.0068.0
420

67.2*59.20*211
59.20

1











 238.229120068.0 cmdbA reqs  

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA

 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls

 22 16.138.2 cmcmA reqs 

 238.2 cmAselect reqs  → take bars Ф= 10mm    As= 0.785 cm2

 # of bars = bar03.3785.0
38.2

 …………. Use 4Φ10

 214.3785.04 cmA provids 

 Check yielding
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 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.0011.0

011.0003.
33.6

33.629003.0

33.6
85.0
28.5

85.0

38.5
124.285.0

88.131
85.0

85.0

88.1314214.3

































 Design of Negative Moment for support 2:

 Negative  Mu max = - 21.1KN.m

 d = h - Cover – (d/2) = 32 – 2 – (1.0) = 29 cm.

 MPa
bd

Mn
Rnreq 32.2

2901209.0
101.21

2

6

2 



 .

 59.20
2485.0

420
85.0








c

y

f

f
m

 









fy

mRn

m

2111


.00588.0
420

32.2*59.20*211
59.20

1











 2046.2291200588.0 cmdbA reqs  

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA

 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls
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 22 16.1046.2 cmcmA reqs 

 2046.2 cmAselect reqs 

 # of bars = bar61.2785.0
046.2

 …………. Use 3Φ10

 2355.2785.03 cmA provids 

 Check yielding

 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.00153.0

0153.0003.
75.4

57.429003.0

75.4
85.0
04.4

85.0

04.4
124.285.0

91.98
85.0

85.0

91.9842355.2

































 Design of Negative Moment for support 3:
 Negative  Mu max = - 21.8 KN.m

 d = h - Cover – (d/2) = 32 – 2 – (1.0) = 29 cm.

 MPa
bd

Mn
Rnreq 4.2

2901209.0
108.21

2

6

2 



 .

 59.20
2485.0

420
85.0








c

y

f

f
m

 









fy

mRn

m

2111


.0061.0
420

4.2*59.20*211
59.20

1











 212.229120061.0 cmdbA reqs  
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 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA

 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls

 22 16.112.2 cmcmA reqs 

 212.2 cmAselect reqs 

 # of bars = bar71.2785.0
12.2

 …………. Use 3Φ10

 2355.2785.03 cmA provids 

 Check yielding

 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.00153.0

0153.0003.
75.4

57.429003.0

75.4
85.0
04.4

85.0

04.4
124.285.0

91.98
85.0

85.0

91.9842355.2
































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4-3-3-2 Design of Positive Spans

 Design of Positive Moment for span 4.42m:

 Positive Mu max = 17.8 KN.m

 Effective Flange width ( Eb ) according to ACI_05 code 8.10.2:

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

Eb = L / 4 = 4.42 / 4 = 1.105 m =110.5 cm.

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

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

 Eb = 52 cm.

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

For   a = t = 8 cm

C = 0.85  tf c Eb = 0.85 (2.4) (8) (52) = 848.6 KN

 Mn = T or C (d – 0.5 a) = 848.6 ( 29 – 0.5 ( 8 ) ) / 100   = 212.15 KN.m

 ΦMn = 0.9( 212.15 ) = 190.935 KN.m

 Check ΦMn = 190.935 KN.m   > Mu = 17.8 KN.m

Design as a rectangular with   bE = 52 cm

 MPa
bd

Mn
Rn 452.0

2905209.0
108.17

2

6

2 





 









fy

mRn

m

2111


.0011.0
420

452.0*59.20*211
59.20

1











 266.129520011.0 cmdbA reqs  

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA
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 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls

 22 16.166.1 cmcmA reqs 

 266.1 cmAselect reqs 

 # of bars = bar47.113.1
66.1

 …………. Use 2Φ12

 226.2 cmA provids 

 Check yielding :

 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.0016.0

016.0003.
56.4

56.429003.0

56.4
85.0
88.3

85.0

88.3
124.285.0

92.94
85.0

85.0

92.944226.2

































 Design of Positive Moment for span 4.47m:

 Positive Mu max = 12.4 KN.m

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

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

Eb = L / 4 = 4.47 / 4 = 1.11 m =111 cm.

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

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

 Eb = 52 cm.

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

For   a = t = 8 cm
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C = 0.85  tf c Eb = 0.85 (2.4) (8) (52) = 848.6 KN

 Mn = T or C (d – 0.5 a)  = 848.6 ( 29 – 0.5 ( 8 ) ) / 100   = 212.15 KN.m

 ΦMn = 0.9( 212.15 ) = 190.935 KN.m

 Check ΦMn = 190.935 KN.m   > Mu = 12.4 KN.m

Design as a rectangular with   bE = 52 cm

 MPa
bd

Mn
Rn 315.0

2905209.0
104.12

2

6

2 





 









fy

mRn

m

2111


.00075.0
420

315.0*59.20*211
59.20

1











 214.1295200075.0 cmdbA reqs  

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA

 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls

 22 14.116.1 cmcmA reqs 

 216.1 cmAselect reqs 

 # of bars = bar03.1785.0
16.1

 …………. Use 2Φ10

 257.1 cmA provids 

 Check yielding :
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 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.0024.0

024.0003.
2.3

2.329003.0

2.3
85.0
69.2

85.0

69.2
124.285.0

94.56
85.0

85.0

94.564257.1

































 Design of Positive Moment for span 4.47m:

 Positive Mu max = 13.2 KN.m

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

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

Eb = L / 4 = 4.47 / 4 = 1.11 m =111 cm.

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

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

 Eb = 52 cm.

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

For   a = t = 8 cm

C = 0.85  tf c Eb = 0.85 (2.4) (8) (52) = 848.6 KN

 Mn = T or C (d – 0.5 a)  = 848.6 ( 29 – 0.5 ( 8 ) ) / 100   = 212.15 KN.m

 ΦMn = 0.9( 212.15 ) = 190.935 KN.m

 Check ΦMn = 190.935 KN.m   > Mu = 13.2 KN.m

Design as a rectangular with   bE = 52 cm
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 MPa
bd

Mn
Rn 335.0

2905209.0
102.13

2

6

2 





 









fy

mRn

m

2111


.0008.0
420

332.0*59.20*211
59.20

1











 22.129520008.0 cmdbA reqs  

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA

 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls

 22 16.12.1 cmcmA reqs 

 22.1 cmAselect reqs 

 # of bars = bar54.1785.0
2.1

 …………. Use 2Φ10

 257.1 cmA provids 

 Check yielding :

 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.0024.0

024.0003.
2.3

2.329003.0

2.3
85.0
69.2

85.0

69.2
124.285.0

94.56
85.0

85.0

94.564257.1
































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 Design of Positive Moment for span 3.94 m:

 Positive Mu max = 13.8 KN.m

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

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

Eb = L / 4 = 3.94 / 4 = 0.985 m =98.5 cm.

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

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

 Eb = 52 cm.

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

For   a = t = 8 cm

C = 0.85  tf c Eb = 0.85 (2.4) (8) (52) = 848.6 KN

 Mn = T or C (d – 0.5 a)  = 848.6 ( 29 – 0.5 ( 8 ) ) / 100   = 212.15 KN.m

 ΦMn = 0.9( 212.15 ) = 190.935 KN.m

 Check ΦMn = 190.935 KN.m   > Mu = 13.8 KN.m

Design as a rectangular with   bE = 52 cm

 MPa
bd

Mn
Rn 35.0

2905209.0
108.13

2

6

2 





 









fy

mRn

m

2111


.00086.0
420

35.0*59.20*211
59.20

1











 23.1295200086.0 cmdbA reqs  

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 



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 )29)(12(
420

4.1)29)(12(
)420(4

24
min sA

 22
min 16.1015.1 cmcmA s  …….. 1.16 cm2 controls

 22 16.13.1 cmcmA reqs 

 266.1 cmAselect reqs 

 # of bars = bar15.113.1
3.1

 …………. Use 2Φ12

 226.2 cmA provids 

 Check yielding :

 

ko
x

xd

cm
a

x

tableFrom

cm
bf

C
a

abfC

KNfAT

s

Ec

Ec

ys

.005.0016.0

016.0003.
56.4

56.429003.0

56.4
85.0
88.3

85.0

88.3
124.285.0

92.94
85.0

85.0

92.944226.2
































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4-3-4 Check of shear:

Fig (4-4) Shear Envelop For Rib (R1)

Using Atir software we found that the envelope of shear for this Rib ( R1 ) is as follows:-

See fig (4-4).

1. check for one value :

u maxV =26.4 kN At distance d from the face of interior support (2)

cV = 0.75 bd
cf










 

6
= 240.75 (0.12)(0.29)(1000) 21.31

6
KN

 
  

 

u maxV =26.4 kN > 0.5 cV = 10.655 KN

Category (2):

0.5 cV < Vu ≤ cV

Minimum reinforced is required.

S= 3 Av fy / bw = 3 * 420 * 0.35* 1 / 12 = 36.75 cm

S ≤ d/2 = 15 cm ……………Controls.

S ≤ 60 cm

sV = 0.85 Av fy d / S = 0.85* 42 *2* 0.35*29/ 15 = 48.3

Vu = 48.3+21.31=69.91 KN > 26.4 ………..OK

Use Ф 8 mm stirrups @ 15 cm.

16.8
24.6 23.5 23.9

-26.4
-23.2 -24.1

-14.5

19.5

-29.1

27.3

-25.9

26.2

-26.8

26.6

-17.2
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4-4 Design of the Beam (B1)

SPAN1                                 SPAN2                              SPAN3                             SPAN4

Fig (4-5) :Spans (1,2,3,4) in beam (B1)

Using Atir software we found that the envelope of moment for this beam (B1) as follows:-

See Fig. (4-6)

Fig (4-6) Moment Envelop For Beam (B1)

A

A

1
1

A

A

2
2

A

A

3
3

A

A

4 5
4

0.5 3.92 0.50.5 3.97 0.50.5 3.97 0.50.5 3.44 0.5

4.42 4.47 4.47 3.94

-10.8
-9.6

-10.3

10.7

5. 5.8
8.

0.95 1.18
0.92

0.88
1.02

0.93

1.77 2.65 2.46 2.01 2.23 2.24 2.36 1.58
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Check of b for beam when we assume it at first as 60 cm:

Mn = Mu / 0.9 = 10.8/0.9 =12 KN.m

max
2
1

 

b 0.85*24*0.85 (600/600+420) = 0.024

420

009.0024.075.0
2
1













fy

mRn

m

2111









 


420
59.20211

59.20
1009.0 Rn

Rn = 3.43
6

2 2

12 103.43 0.575
0.9 260

Mn
m

bd b


  

 

Assume b= 60 cm.

 Design of Negative Moment for support (1):

 Negative  Mu max = - 10.8 KN.m

 Mn = Mu / 0.9 = 12 KN.m

 d = h - Cover – (d/2) - db (stirrups) = 32 – 4 – (2.0/2) – 1.0 = 26 cm.


6

2 2

12 10 0.33
0.9 600 260req

Mn
Rn MPa

bd


  

 

 . 59.20
2485.0

420
85.0








c

y

f

f
m

1 0 .7 5
2

b   
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 









fy

mRn

m

2111


1 2 * 2 0 .5 9 * 0 .3 31 1 0 .0 0 0 7 9 2
2 0 .5 9 4 2 0


 

     
 

 20.000792 60 26 1.24s reqA b d cm       .

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls

 2 25.2 1.24s reqA cm cm 

 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54 = 3.38 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm

 Check yielding :

 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 
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 Design of Negative Moment for support (2) :

 Negative Mu max = -9.6 KN.m

 Mn = Mu / 0.9 = 10.67KN.m

 Design a rectangular beam section with   bE = 60 cm


6

2 2

10.67 10 0.292
0.9 600 260

Mn
Rn MPa

bd


  

 

 









fy

mRn

m

2111


1 2 * 2 0 .5 9 * 0 .2 9 21 1 0 .0 0 0 7 .
2 0 .5 9 4 2 0


 

     
 

 20.0007 60 26 1.09s reqA b d cm      

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls

 2 25.2 1.09s reqA cm cm 

 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54= 3.37 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm .

 Check yielding :
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 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 

 Design of Negative Moment for support ( 3 ):

 Negative  Mu max = - 10.3 KN.m

 Mn= Mu/0.9=11.4 KN.m

 d = h - Cover – (d/2) - db (stirrups) = 32 – 4 – (2.0/2) – 1.0 = 26 cm.


6

2 2

11.4 10 0.313
0.9 600 260req

Mn
Rn MPa

bd


  

 

 . 59.20
2485.0

420
85.0








c

y

f

f
m

 









fy

mRn

m

2111


1 2 * 2 0 .5 9 * 0 .3 1 31 1 0 .0 0 0 7 5 2 2 .
2 0 .5 9 4 2 0


 

     
 

 20.0007522 60 26 1.17s reqA b d cm       .

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls
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 2 25.2 1.17s reqA cm cm 

 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54= 3.37 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm .

 Check yielding :

 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 

 Design of Positive Moment for span 1 :
 Positive Mu max = 10.7 KN.m

 Mn = Mu / 0.9 = 11.88 KN.m

 Design a rectangular beam section with   bE = 60 cm


6

2 2

11.88 10 0.325
0.9 600 260

Mn
Rn MPa

bd


  

 

 









fy

mRn

m

2111



1 2 * 2 0 .5 9 * 0 .3 2 51 1 0 .0 0 0 7 8 2 .

2 0 .5 9 4 2 0


 
     

 
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 20.000782 60 26 1.22s reqA b d cm      

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls

 2 25.2 1.22s reqA cm cm 

 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54= 3.37 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm .

 Check yielding :

 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 
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 Design of Positive Moment for span 2 :

 Positive Mu max =5 KN.m

 Mn = Mu / 0.9 = 5.56 KN.m

 Design a rectangular beam section with   bE = 60 cm


6

2 2

5.56 10 0.152
0.9 600 260

Mn
Rn MPa

bd


  

 

 









fy

mRn

m

2111


1 2 * 2 0 .5 9 * 0 .1 5 21 1 0 .0 0 0 3 6 .
2 0 .5 9 4 2 0


 

     
 

 20.00036 60 26 0.57s reqA b d cm      

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 






 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls

 2 25.2 0.57s reqA cm cm 

 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54= 3.37 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm .

 Check yielding :
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 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 

 Design of Positive Moment for span 3 :

 Positive Mu max = 5.8 KN.m

 Mn = Mu / 0.9 = 6.44 KN.m

 Design a rectangular beam section with   bE = 60 cm


6

2 2

6.44 10 0.177
0.9 600 260

Mn
Rn MPa

bd


  

 

 









fy

mRn

m

2111


1 2 * 2 0 .5 9 * 0 .1 7 71 1 0 .0 0 0 4 2 .
2 0 .5 9 4 2 0


 

     
 

 20.00042 60 26 0.66s reqA b d cm      

 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls

 2 25.2 0.66s reqA cm cm 
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 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54= 3.37 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm .

 Check yielding :

 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 

 Design of Positive Moment for span 4 :

 Positive Mu max = 8 KN.m

 Mn = Mu / 0.9 = 8.89KN.m

 Design a rectangular beam section with   bE = 60 cm


6

2 2

8.89 10 0.244
0.9 600 260

Mn
Rn MPa

bd


  

 

 









fy

mRn

m

2111


1 2 * 2 0 .5 9 * 0 .2 4 41 1 0 .0 0 0 5 8 .
2 0 .5 9 4 2 0


 

     
 

 20.00058 60 26 0.911s reqA b d cm      
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 ))((4.1))((
)(4min dbw

fy
dbw

fy

cf
A s 




 m in
24 1.4(60)(26) (60)(26)

4(420) 420sA  

 2 2
m in 4 .5 5 5 .2sA cm cm  …….. 5.2 cm2 controls

 2 25.2 0.911s reqA cm cm 

 25 .2s reqse lec t A cm 

 # of bars = 5.2/1.54= 3.37 bar…………. Use 4Φ14

 26 .1 6s p ro v idA cm .

 Check yielding :

 

6.16 42 258.72

0.85
258.72 2.114

0.85 0.85 2.4 60
0.85

2.114 2.5
0.85

26 2.50.003 0.003 0.0282
2.5

0.0282 0.005 .

s y

c E

c E

s

T A f KN

C f b a

C
a cm

f b

From table

a
x cm

d x

x
o k







    

   

  
   



  

 
    

 
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4-4-1    Check for Shear:
See Fig. (4-7) for shear envelope for Beam (B1)

Fig (4-7) Shear Envelop For Beam (B1)

Using Atir software we found that the envelope of shear for this Beam ( B1 ) is as follows:-

See fig (4-7).

1. Check for one value:

u maxV =19 kN At support (2)

cV = 0.75 bd
cf










 

6
= 240.75 (0.6)(0.26)(1000) 95.53

6
KN

 
  

 

Category (1):

No shear reinforcement is required according to Category 1

Shear

12.3

-19.

16.8

-14.9

15.3

-16.4

17.3

-10.7

0.5 47.8 19c uV KN V KN   



62

4.5 Design of Tow Way Solid Slab (Slab S)
The slab would be analyzed and designed by using table of two way solid slab to find the

internal forces, deflections and moments, and then manual calculation will be made to find the

required steel for all members

4.5.1 Determination of Thickness:

Lx = 4.6 m.

Ly=5.88 m.

Ly/Lx = 1.28 < 2.

Two Way Solid Slab.

mmmm

hh

125200
min





4.5.2 Determination of Loads: Fig (4-8) tow way solid slab

mKNqudirectionYXInStripmFor

mKNqu

LLDLqu

mKNLL

mkNDL

/6.17&1
/6.175*6.18*2.1

*6.1*2.1
/5
/8









KN
KAx

lxqu
AxAy

stripmmKN
Kfy

lxqu
Muy

stripmmKN
Kfx

lxqu
Mux

KAyKAx

Kfy

Kfx

TableFrom

11.39
07.2

6.4*6.17*

1/.13
7.28

6.4*6.17*

1/.32.17
5.21

6.4*6.17*
07.2

7.28
5.21

22

22










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4.5.3 Design of Shear:

4.5.4 Design of Reinforcement:

d=20-2-1.0=17 cm.

Mux = 17.32 KN.m

Muy = 13KN.m

 In x-direction.

m = '*85.0 fc

fy =
24*85.0

420 = 2.59

Mnx = 17.32/0.9 = 19.24 KN.m.

Mpa
bd

Mn
Rn 665.0

)170)(1000(
10*24.19

2

6

2 

ρ =
m

1 (1 -
fy

mRn21 )

ρ =
59.20

1 (1 -
420

)665.0)(59.20(21  ) = 0.0016

A req = ρ * b * d = 0.0016 *100*17 = 2.74 cm²/1m

mcm

db
fy

fc
As

1/0.5

420
170*1000*2425.0**

'25.0

2

min





But not less than

Control
fy

dbw
As ..........0.566.5

420
170*1000*4.1**4.1 2

min 

1.3*As req= 1.3* 2.74 = 3.56cm2< As min        ……….Control

Then we use Ф 10 @ 20 cm. mcmAs provided 1/925.3785.*5 2 > 1.3*As req

quirediforcementShearNo

KNKN

dbfcVc

VnVc

ReRe
1.39103.104

17*1000*24*75.0*
6
1**'*75.0*

6
1*

*












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 In y-direction.

m = '*85.0 fc

fy =
24*85.0

420 = 20.59

Mnx = 13/0.9 = 14.44 KN.m.

Mpa
bd

Mn
Rn 5.0

)170)(1000(
10*44.14

2

6

2 

ρ =
m

1 (1 -
fy

mRn21 )

ρ =
59.20

1 (1 -
420

)5.0)(59.20(21  ) = 0.0012

A req = ρ * b * d = 0.0012*100*17 = 2.05 cm²/1m

2
min

0.25 ' 0.25 24 *1000*170* * 5.0 /1
420

fc
As b d cm m

fy
  

But not less than

Control
fy

dbw
As ..........0.566.5

400
170*1000*4.1**4.1 2

min 

1.3*As req= 1.3* 2.05= 2.665cm2…………………..Control

Then we use Ф10 @ 20cm. mcmAs provided /9.35*785.0 2 > 1.3*As req

4.5.5 Check for yielding:

Tension = Compression

ok

cm
a

x

cma

a

abfcfyA

s

s

s













005.005.0

003.0*
94.0

94.00.17

94.0
85.0
8.0

8.0
*100*24*85.0420*9.3

***85.0*

1

\






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4.5.6 Development length of the bars:

b
c

y
d d

f

f
L  

'2

Use… dL =60cm.

4.5.7 Shrinkage & Temperature Reinforcement:

hbAs  0018.0min

minAs = (0.0018) (100) (17) = 3.06cm2.

Then we use Ф 8 @ 15 cm. mcmAs provided /35.3 2 In both direction x&y

Fig. (4.9) Reinforcement of solid slab S

.0.604.1111
242

420
cmLd 
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4.6 Design of Column (Column C4 in Building)

(A)
1. Design of cross sectional area:

Designing the cross sectional area of the column will have the dimensions which are

(70cm x 70cm) cross sectional area column which is suitable for this interior column!

DL = 434.512 KN

LL = 208 KN

Pu = 1.2 DL + 1.6 LL

= 1.2(434.512) + 1.6(208)

= 854.2144 KN

Pn req = Pu/ Ф (where Ф = 0.65 -------- ACI 9.3.2.2)

= 854.2144/0.65 = 1314.176 KNfor five floors Pn req= 5 (1314.176) = 6570.88KN

Use g  = 1.5 % and Ag = 4900 cm².

Pn = 0.8 {0.85 fc (Ag – Ast) + fy Ast} ------- ACI Code 10.3.6.2

= 0.8 Ag {0.85 fc + g (fy – 0.85( fc ))}

= 0.8 (4900) {0.85 (2.4) + 0.015 (42.0 – 0.85(2.4))}

Pn available = 10346.448 KN >  Pn req = 6570.88 KN
 The dimension of the column is sufficient for carrying the loads (as assumed previously).

2. Design of reinforcement:

Using ρmin=0.015

Ast req = (0.015) (4900) = 73.5 cm²

 Use 24Φ20 with As = 75.36 cm²
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3. Slenderness effect:

 Check of slenderness ratio , Klu
r

Klu M1(  ) ( 34 - 12 )(  )             ....   ACI 10.12.2
r M2

40





Where:

Lu: Actual unsupported length.

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

r: radius of gyration I

A


I = bh³/12 = 70(70)³/12 = 2000833.33 4cm

A = 4900 4cm

r = 2000833.33
4900

= 20.21 cm².

Klu 1 3.55 m=
r 0.2021

 = 17.57 < 22

 NO NEED to evaluate Slenderness effect …. We have short column.

Calculation for factored moment….ACI 10.12.3.2

e min = 15 + 0.03(h) =15 + 0.03(650) = 34.5 mm

e used for the design = 34.5mm=3.45cm

The capacity (Pn) of the column

Cs = As (FY – 0.85×fc) = 5×3.14(42.0 – 0.85×2.4)

= 627.372 KN

Cc = 0.85×fc×b×a

= 0.85×2.4×70×a

= 0.85×2.4×70×0.85X = 121.38X
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Єs = 0.003( )d X
X

   
 

Єs = 0.003(64 )X
X

   
 

 Est =20000 KN/cm²

Fs = 0.003(64 ) EstX
X

   
 

Fs = 0.003(64 ) 20000X
X

   
 

= 6460 X

X

 
 
 

T = As × Fs = 60 (64 )5(3.14) X

X

  
 
 

= 60288 942X

X

 
 
 

M (+ Clockwise) = 0

60288 942 0.8532.45 121.38 31.55 627.372 24 0.0
2

X X
X

X

           
   

By trial and error the value of X = 37.72 cm

Then: Cs = 627.372 KN

Cc = 121.38(37.72) = 4578.45 KN

60288 942 37.72 656.3KN
37.72

T
    

 

Pn = Cs + Cc - T = 627.372+ 4578.45 -656.3= 4549.522 KN

Pn = 4549.522 KN

4549.522 0.0345
Mn Pn e

Mn

 
 

Check if:

Єs > (Fy / Es)

(FY / Es) = (420/200000) =0.0021

0.002523>0.0021

CORRECT…….

The column is sufficient for the applied load.
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4. Lateral Ties Selection:
For Φ 10 mm ties: according ACI 7.10.5.2

b

t

S 16 d = (16×2.0) = 32cm    ...use
48d = (48×1.0) = 48cm
smaller dimension of the column = 70cm







 UseΦ10 tie @ 35 cm.

4.6 Design of long Column (Column C19 in building)

(B)
Designing the cross sectional area of the column will have the dimensions which are

(30cm x 50cm) cross sectional area column which is suitable for this exterior column

5. Design of cross sectional area:

DL = 126.63 KN

LL = 62.75 KN

Pu = 1.2 DL + 1.6 LL

= 1.2(126.63) + 1.6(62.75)

= 252.356 KN

Pn req = Pu/ Ф (where Ф = 0.65 -------- ACI 9.3.2.2)

= 252.356/0.65 = 388.24*4=1552.96 KN

Use g  = 1.5 % and Ag = 1500 cm².

Pn = 0.8 {0.85 fc (Ag – Ast) + fy Ast} ------- ACI Code 10.3.6.2

= 0.8 Ag {0.85 fc + ρ g (fy – 0.85( fc ))}

= 0.8 (1500) {0.85 (2.4) + 0.015 (42.0 – 0.85(2.4))}

Pn available = 3167.28 KN >  Pn req = 1552.96 KN
 The dimension of the column is sufficient for carrying the loads (as assumed previously).
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6. Design of reinforcement:

Using ρmin=0.015

Ast req = (0.015) (1500) = 22.5 cm²

 Use 8Φ20 with As = 25.12 cm²

7. Slenderness effect:

 Check of slenderness ratio , Klu
r

Klu M1(  ) ( 34 - 12 )(  )             ....   ACI 10.12.2
r M2

40





Where:

Lu: Actual unsupported length.

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

r: radius of gyration I

A


I = bh³/12 = 30(50)³/12 = 312500 4cm

A = 1500 4cm

r = 312500
1500

= 14.43 cm².

Klu 1 3.55 m=
r 0.1443

 = 24.60 > 22

 Slenderness effect must be considered

1
)75./(1

1 










PcPu

Cm


1 1
1 (1009.424 / .75 )Pc

 
   



71

Determination of Pc:
2 EI

Pc
k lu

 


215000 240Ec 2323.8 KN/cm
100

 

Est =20000 KN/cm²
3

330 50I 312500 cm
12gross


 

Is = 2(18(3.14) (14.6)2) = 3300.8 4cm

EI larger of:
0.2(Ec Ig) + Es Is = 0.2(2323.8) (312500) + (20000) (3300.8) =211252860 KN.cm²

0.4 Ec Ig = 0.4(2323.8) (312500) = 290475000 KN.cm²
2

2

290475000 22748.5KN
355

Pc
 

 

11 1.06
1 (1009.424 / .75(22748.5)


 

   

e min = 15 - 0.03(h) =15 – 0.03(250) = 22.5 mm

e used for the design = 22.5(1.06) =23.85 mm = 2.85 cm

The capacity (Pn) of the column

Cs = As (fy – 0.85×fc) = 5×3.14(42.0 – 0.85×2.4)

= 627.372 KN

Cc = 0.85×fc×b×a

= 0.85×2.4×30×a

= 0.85×2.4×30×0.85X = 52.02X

Єs = 







X
X

003.0)32(
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= 20000003.0)32( 







X
X

Fs = 20000003.0)32( 







X
X = 






 

X

X3260

T = As × Fs = 60 (32 )5(3.14) X

X

  
 
 

= 30144 942X

X

 
 
 

M (+ Clockwise) = 0

30144 942 0.8523.36 52.02 22.64 627.372 18.46 0.0
2

X X
X

X

           
   

By trial and error the value of X = 42.8 cm

Then:

Cs = 627.372 KN

Cc = 52.02(42.8) = 2226.456 KN

30144 942 42.8 237.7 KN
42.8

T
     

 

The tension force is in the opposite direction

Pn = Cs + Cs + T = 627.327+ 2226.456 +237.7 = 3091.43 KN

Pn = 3091.43 KN > Pn =1552.96 KN

The column is sufficient for the applied load.

8. Lateral Ties Selection:
For Φ 10 mm ties: according ACI 7.10.5.2

b

t

S 16 d = (16×2.0) = 32cm    ...use
48d = (48×1.0) = 48cm
smaller dimension of the column = 30cm







 UseΦ10 tie @ 25 cm.
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4.7 Design of Isolated Footing (Footing F2 IN BUILDING)

 Total factored load = 830.02 KN.

 Soil weighting = 18 KN/m³.

 Allowable soil pressure = 400 KN/m²

 Column dimensions = 60 cm x 30 cm.

1. Bearing pressure design:

Estimate footing to be about 30 cm thick in addition to about 10 cm of blinding concrete and

let the base elevation to be 70 cm.

 Footing Weight = 0.4 m (24KN/m³) = 9.6 KN/m².

 Overburden Weight = 0.3 m (18 KN/m³) = 5.4 KN/m².

P net = 400 – 9.6 – 5.4 = 385 KN/m³.

Required area (A) = Total Weight / Net Soil Pressure

= 830.02 KN / 1.4 (385) KN/m²

= 1.539 m 2

Use   ……    L = 1.40 m, B = 1.10 m, A = 1.54 m².

2. Thickness of the footing design:

Pu = 830.02 KN.

P net (factored) = 830.02 KN / 1.54 m² = 538.974 KN/m².=539 KN/m².
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 One way shear:

/
c c w u

1(ΦV  = Φ f  b d )  V
6



10.75( )( 24 10)(110)(d) 5.39(110)(40 - d)
6

 

673.6 d = 23716 - 592.9 d

 d = 18.73 cm

Total depth h =18.73 cm + 8 cm (cover) + 2 cm ( Φ of reinforcing bars) = 28.72 cm

Minimum h (practically executed) = 40.0 cm.

 d = 40.0 - 8 - 2 =30.0 cm

 Two way shear:

 u netV =P × (B)×(A) - (a+d)(b+d)

 uV = 5.39 (140×110) - (90×60) 10/1000

uV = 539KN

The punching shear strength is the smallest of:

dbfV oc
c

c













21

6
1

dbf
db

V oc
o

s
c










 2

/12
1 

dbfV occ


3
1

Where:

longside of the column
short side of the columnc 

= 60/30 = 2
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ob = Perimeter of critical section taken at (d/2) from the loaded area

 = 2 (60+30) + (30+30)

= 300.0 cm.

sα = 30 (for exterior column)

dbfV oc
c

c













21

6
1

= 0.333 c of b d

dbf
db

V oc
o

s
c










 2

/12
1 

= 0.417 c of b d

dbfV occ


3
1

= dbf oc
33.0 ...  use

cV = 0.33( 24)(3000)(300)/1000 =1469.69 KN

cΦV = 0.75 1469.69 = 1102.27 KN

 Use 40 cm as a total depth in addition to 10 cm as a blinding concrete

3. Dowels design:

ΦPn=Φ(0.85fc )Ag > Pu

24ΦPn=0.65(0.85× )(60×30) = 2386.8 KN
10

>830.02 KN

Dowels are not required for load transfer.

 Use the minimum dowels area,

As min = 0.005 x (60 x 30) = 9.0 cm2

Use 6 Φ 14    dowels with sA = 9.24 cm 2

c uΦV = 1102.27 > V = 539
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The Φ 14 dowels must be developed above and below the base of the column (to face of

footing), as below:

 Development Length ( dL ):

Ld for Φ 14:

dL = b
420 ×d

4 24
= 420 ×1.4

4 24
= 30 cm ≥ 0.044 (db) (FY) = 25.87 cm


dL = 30cm

Available embedment = 40 – 8(cover) – 2(1.4) (footing bars) = 30 cm
 OK

4. Design of Bending Moment:

The critical section for moment is at the face of the column, the design of the bending moment

will depend on the larger value of 60 cm (since the column is not square, the other value is

less; 30 cm).

Mu = net
L a L aP ×W× - ×0.5 -
2 2 2 2

    
    
    

= 140 30 140 305.39 110 0.5 /10000
2 2 2 2

            
    

=  { 5.39×110×55 ×0.5(55)} /10000

=89.68KN.m

Mn = Mu 89.68= =99.64
Φ 0.9

KN.m
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Required Rn =
4

2 2

Mn 99.64×10=
bd 110×30

= 10.06 2Kg/cm

y

c

f
m =

0.85f 

420   =   = 20.58
0.85(24)

y

1 2mRnRequired = 1  - 1-
m f


 
 
 
 

1 2(20.58)(10.06)                   = 1  - 1-
20.58 4200

 
  
 

                   = 0.00245

SRequired A = 0.00245 110 40
                     = 10.812 cm²

 

S1.3 (Required A ) = 1.3(10.812)
                              = 14.06 cm²

c
S w w

y y

f 1.4Minimum A  =  b d   b d
4f f




S
24 1.4Minimum A =  (110)(30)   (110)(30)

4(420) 420


SMinimum A = 9.62 cm² 11.0cm²

S minimum A = 11.0cm²

S S

S

1.3 (Required A ) = 14.06cm² > minimum A = 11.0cm²
A = 11.0cm² =As select

S

S

for shrinkage and temperatureA = 0.002(110)(40)

                                 = 8.80 cm² < A select

S A  provid = 11cm²

 Use 5Φ 18 sA = 12.7 cm 2 (In each way)
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4.8 Design of Strip Footing (wall footing)

1. Calculation of load:
 Dead load:

Service Dead load = 125.928 KN/m

 Live load:

Service Live load = 5 KN/m

Total Service load (Pn) = 125.928 + 5 =130.928 KN/m

Total Factored load (Pu) = 1.2(130.928) + 1.6(5) =165 KN/m

2. Design of footing width:
Estimate footing to be about 40cm thick in addition to 10 cm of blinding concrete and let the

base elevation to be 80 cm.

 Footing weight = 0.5(24)=12 KN/m2

 Assume soil pressure = 400 KN/m2

 Net soil pressure = 400-(12)=388 KN/m2

 Footing width = total weight / net soil pressure

 = 165 KN/m / 1.4(400) KN/m2 =0.295

Use ………… 70 cm width strip footing

P net = Pu / area = 165 / 0.7*1 = 236 KN/m2

The shear strength of concrete,

VuVc

dbcfVcVu






6
1
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  
cmdmd

dd

7.12127.0

2/3.011180100024
6
175.0





Total thickness = 12.7+8+1.6=22.6cm

………….Select thickness of strip footing = 40 cm

3. Determination reinforcement for moment strength:
Mu = (pent) (footing width – wall width)/2* (footing width – wall width)/4

=165(0.4/2)*(0.4/2) =3.3 KN.m

 MPa
db

Mu
Rnreq 04.0

30410009.0
103.3

** 2

6

2 






.

 59.20
2485.0

420
85.0








c

y

f

f
m

 









fy

mRn

m

2111


.0018.0min000095.0
420

04.0*59.20*211
59.20

1









 

 2472.54.301000018.0 cmdbA reqs  

Use …………  12@15 cm

4. Developments length of main reinforcement

barsfor

d
f

f
L

c

y
d

14
2 '



 

Available Ld =30  Required Ld =60 cm

.0.604.1111
242

420
cmLd 
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so standard hook of ( 20 cm ) must be used to provide Ld .

5. Design of dowels bars:
As min req = 0.00095*100*30.4 = 2.888 cm2

Use …………  12@25 cm

barsfor

d
f

f
L

c

y
d

14
2 '



 

6. Design for secondary reinforcement:

As min = 0.0018*100*30 = 5.4 cm2

Use …………  12@20 cm

OK

cmLd



 .3044.512.1111
242

420
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4-9 Design of Mat footing under stairs:

Load calculation:

Fig.(4-10) Dimention of mat footing under stair

Total (D.L) of the Wall = Wall Height * (W) * (γc).

= (17.49)* 0.2 * 24 =83.952KN / m.

Slab Weight (D.L) / m on the wall = 27.72 KN / m.

Slab Weight (L.L) / m on the wall = 43.5 KN / m

Total Dead load = 111.672 KN/m.

Total live load = 43.5KN/m.

Dead load factored =1.2 * 111.672 = 134 KN/m.

Live load factored = 1.6 * 43.5 = 69.6 KN/m.

Total load factored =204 KN/m.

.

PRu = 204*(2*2.1+2*1.75) = 1570.3KN.
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Fig.(4-11) Sections of mat footing under stair

Required area = P / 1.4*Allowable soil pressure = 1570.8 / 1.4*400 = 2.805 m2.

Select A provided = 2.35*3.1 = 7.285m2 > Area req ……………………OK.
Total Factored load for one meter strip=
1.2*DL + 1.6* LL = 1.2*111.672+ 1.6*43.5 = 204 KN\m.

A- Design in X- Direction.

Check of Bearing capacity for  Section a-a.
σ1= (2*204)/(1*2.35) = 174 KN/ m2.

(σ1 = 174KN/ m2) < (1.4*B.C = 560 KN/ m2)…….OK.

Section A-A
From atir software we found that the shear
Envelope is as shown in the figure .:.
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Fig.(4-12) Shear envelope of mat footing under stair
Section A-A

Estimation of footing depth:

Vu =135 KN.

dbfV wcc


6
1 = 10.75 24 (1000) ( ) 612.4

6
d d   

Let Vu = Φ Vc.

135*103 = 612.4 d

So, d = 0.22m = 22cm.

Assume Φ10 for main reinforcement.

h req = 22+1+ 6 + 1 =30 cm.

Select h = 40cm.

d req = 40-6-1-1 = 32>22cm………………………………O.K.

Design of reinforcement:-

By using Atir software we found that the moment envelope of this section is as the following

figure,
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Fig.(4-13) Moment diag. of mat footing under stair
Section A-A

1- Design of positive moment:

Bottom reinforcement (in X direction).

Mu = 13.8KN.m/ 1 meter strip, (At the face of support).
Mn req = Mu / 0.9 = 13.8/ 0.9 = 15.33 KN.m.

Rn =
6

2 2

15.33 10
1000*320

Mn

bd


 = 0.15MPa

1 2 1 2 * 2 0 .5 9 * 0 .1 51 1 1 1 0 .0 0 0 3 6
2 0 .5 9 4 2 0

m R n

m f y


   
            

   

 Req =0.00036.

reqsA = 0.00036*(100)*(32) = 1.152 cm 2 .

fy

dbw
dbw

f

fc
A

y
s

**4.1**
*4

'
min 

min min
24 1.4*100*32*100*32 9.33 10.67

4*420 420s sA A    
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Select 2
min 10.67 .sA cm

1.3* As req =1.3*1.152 = 1.4976 minsA .

As used must be > As required for shrinkage & temperature reinforcement.

As shrinkage = 0.0018*100*40 = 7.2 cm 2 .

1.4976< 7.2, So use As = 7.2 cm 2 ...

So, use Φ12 @12.5 cm for bottom reinforcement in X direction.

As provided = 9.04 > 7.2 …………………..OK.

2-Design of negative moment:-

Top reinforcement (in X direction).

Mu = 38.2KN.m/ 1 meter strip, (At the face of support).
Mn req = Mu / 0.9 = 38.2/ 0.9 = 42.44 KN.m.

Rn =
6

2 2

42.44 10
1000*320

Mn

bd


 = 0.414MPa

1 2 1 2 * 2 0 .5 9 * 0 .4 1 41 1 1 1 0 .0 0 1
2 0 .5 9 4 2 0

m R n

m f y


   
            

   

 req =0.001.

reqsA = 0.001*(100)*(32) = 3.2 cm
2

.

fy

dbw
dbw

f

fc
A

y
s

**4.1**
*4

'
min 

2
min min

24 1.4*100*32*100*32 9.33 10.67
4*420 420s sA A cm    

Select 2
min 10.67 .sA cm

1.3* As req =1.3*3.2 = 4.16 minsA . =10.67 cm 2 .

So, use As min = 4.16 cm 2 .

As used must be > As required for shrinkage & temperature reinforcement.

As shrinkage = 0.0018*100*40 = 7.2 cm 2 .

7.2 > 4.16, so use As = 7.2 cm 2 .
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So, use Φ12 @ 12.5cm for Top reinforcement in X direction.

As provided = 9.04 > 7.2…………………..OK.

B- Design in Y- Direction.

Check of bearing capacity for

σ1 = (2*204)/ (1*3.1) = 131.6KN/ m2.

(σ1 =131.6) < (1.4*B.C = 560)…….OK.

From Atir software we found that the shear
Envelope is as Figure.

Fig.(4-14) Shear envelope of mat footing under stair
Section B-B

Because the shear action is the same we use the depth of mat = 40 cm.

Design of reinforcement:-

By using Atir software we found that the moment envelope of this section is as the following
figure,
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Fig.(4-15) Moment diag. of mat footing under stair
Section B-B

3- Design of positive moment:

Bottom reinforcement (in Y direction).

Mu = 10.528KN.m/ 1 meter strip, (At the face of support).
Mn req = Mu / 0.9 = 10.528/ 0.9 = 11.7 KN.m.

Rn =
6

2 2

11.7 10
1000*320

Mn

bd


 = 0.1143MPa

1 2 1 2 * 2 0 .5 9 * 0 .1 1 4 31 1 1 1 0 .0 0 0 2 7 3
2 0 .5 9 4 2 0

m R n

m f y


   
            

   

reqsA = 0.000273*(100)*(32) = 0.8736 cm 2 .

fy

dbw
dbw

f

fc
A

y
s

**4.1**
*4

'
min 

2
min min

24 1.4*100*32*100*32 9.33 10.67
4*420 420s sA A cm    

Select 2
min 10.67 .sA cm
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1.3* As req =1.3*0.8736 = 1.136 minsA .

As used must be > As required for shrinkage & temperature reinforcement.

As shrinkage = 0.0018*100*40 = 7.2 cm 2 .

7.2 > 1.136, so use As = 7.2 cm 2 .

So, useΦ12 @ 12.5cm for bottom reinforcement in Y direction.

As provided = 9.04 > 7.2…………………..OK.

4-Design of negative moment:-

Top reinforcement ( in Y direction).

Mu =76.66KN.m/ 1 meter strip, (At the face of support).

Mn req = Mu / 0.9 = 76.66/ 0.9 = 85.2KN.m.

Rn =
6

2 2

85.2 10
1000*320

Mn

bd


 = 0.832 MPa

1 2 1 2 * 2 0 .5 9 * 0 .8 3 21 1 1 1 0 .0 0 2 .
2 0 .5 9 4 2 0

m R n

m f y


   
            

   

 req=0.002.

reqsA = 0.002*(100)*(32) = 6.47cm 2.

fy

dbw
dbw

f

fc
A

y
s

**4.1**
*4

'
min 

2
min min

24 1.4*100*32*100*32 9.33 10.67
4*420 420s sA A cm    

Select 2
min 10.67 .sA cm

1.3* 8.414Asreq  . So, use As req = 8.414 cm 2.

As used must be > As required for shrinkage & temperature reinforcement.

As shrinkage = 0.0018*100*40 = 7.2 cm 2 .

8.414 >.7.2 So use As = 8.414cm 2 ..

So , use Φ12 @ 12.5 cm for Top reinforcement in Y direction.

As provided = 9.04 > 8.414 …………………..OK.
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(4-10) Design of stairs:

Fig. (4-16): Stair no.1

(4-10-1) Dead Load: For system (1):

Material Dead Load

Plate couver
2/31.4

54.29cos
)25)(15.0(

mkN

H – plate 0.04 * 22*33/30= 0.968 kN/m2.

V – plate 0.03 * 22*17/30 = 0.374kN/m2.

Plaster
2/758.0

54.29cos
)22)(03.0(

mkN

Stairs 2/125.225*)
2
17.0( mkN

H – mortar 0.03 * 22 = 0.66 KN/m2

V – mortar 0.03 * (0.17/0.33) * 22 = 0.34 KN/m2

Table (4-1) dead load of system (1) of stair.
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Total Dead load=9.535 KN/m2 =9.535 KN/m for 1m strip

StripmFor

mKNqu

LlDlqu

mKNLl

mkNDl

1
/44.195*6.1535.9*2.1

*6.1*2.1
/5

/535.9







(4-10-2) Design for positive moment:

Fig. (4-17): structural system (1) of stairs

Maximum moment stair:

Mu = mKN
qL .065.14

8
4.2*535.19

8

22



 Design of shear:

cV =0.75 bd
cf










 
6

h=15 cm.

d=h-c-d/2

=15-2-1=12 cm

cV =0.75 )120)(1000(
6
25











= 75 KN >> Vu=23.44 KN….......... OK

 No shear reinforcement required
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 Design of Bending moment :-

Design of main reinforcement:-

Mu =14.065kN.m

Mn = 14.065/0.9 = 15.628 kN.m

Mpa
bd

Mn
Rn 085.1

)120)(1000(
10*628.15

2

6

2 

m = Fy/.85 cf 

=420/25*.85=20.59

ρ =
m

1 (1 -
fy

mRn21 )

ρ =
59.20

1 (1 -
420

)085.1)(59.20(21 ) = 0.00265

As req = ρ * b * d = 0.00265 *100*12= 3.18cm²/1m

mcm

db
fy

fc
As

1/5.3

420
120*1000*2425.0**

'25.0

2

min





But not less than

Control
fy

dbw
As ..........5.34

420
120*1000*4.1**4.1 2

min 

As req. = 3.18cm²/1m< As min=4 cm²/1m …………… As = 4 cm²/1m

Use Φ12 @15cm , AS = 7.5 cm2 /m

 Design of secondary reinforcement:

As=0.0018*15*100=2.7 2cm /m>.2*10.2=2.04 2cm /m

As req =2.7 2cm /m

Select Φ8 @15cm , AS = 3.35 cm2 /m
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Fig. (4-18): Reinforcement of system (1) of stair

(4-10-3) Dead Load: For system (2):
Material Dead Load

Plate couver
2/75.5

54.29cos
)25)(2.0(

mkN

H – plate 0.04 * 22*33/30= 0.968 kN/m2.

V – plate 0.03 * 22*17/30 = 0.374kN/m2.

Plaster
2/758.0

54.29cos
)22)(03.0(

mkN

Stairs 2/125.225*)
2
17.0( mkN

H – mortar 0.03 * 22 = 0.66 KN/m2

V – mortar 0.03 * (0.17/0.33) * 22 = 0.34 KN/m2

Table (4-2) dead load of system (2) of stair.
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Total Dead load=10.97 KN/m2 =10.97 KN/m for 1m strip

StripmFor

mKNqu

LlDlqu

mKNLl

mkNDl

1
/164.215*6.197.10*2.1

*6.1*2.1
/5

/97.10







(4-10-4) Design for positive moment:

Fig. (4-19): structural system (2) for stairs

Maximum moment stair:

Mu = mKN .25.111

Vu =94.1

cV =0.75 bd
cf










 
6

h=20cm.

d=h-c-d/2

=20-2-1=17 cm

cV =0.75 )170)(1000(
6
25









106.25 KN > Vu=106.25 KN….......... OK

 No shear reinforcement required
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 Design of Bending moment :-

Design of main reinforcement:-

Mu =111.25kN.m

Mn = 111.25/0.9 = 123.6kN.m

Mpa
bd

Mn
Rn 27.4

)170)(1000(
10*6.123

2

6

2 

m = Fy/.85 cf  =420/25*.85=20.59

ρ =
m

1 (1 -
fy

mRn21 )

ρ =
59.20

1 (1 -
420

)27.4)(59.20(21 ) = 0.011

As req = ρ * b * d = 0.011 *100*17= 19.65cm²/1m

mcm

db
fy

fc
As

1/96.4

420
170*1000*2425.0**

'25.0

2

min





But not less than

Control
fy

dbw
As ..........5.367.5

420
170*1000*4.1**4.1 2

min 

As req. = 19.65cm²/1m> As min=4 cm²/1m …………… As = 19.65 cm²/1m

Use Φ20 @10cm , AS = 20.92cm2 /m > As req. = 19.65cm²/1m

 Design of secondary reinforcement:

As=0.0018*15*100=2.7 2cm /m>.2*10.2=2.04 2cm /m

As req =2.7 2cm /m

Select Φ8 @15cm , AS = 3.35 cm2 /m
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Fig. (4-20): Reinforcement of system (2) of stair
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4-11 Design of Basement Wall

Case A: design against Earth load

soilγ =18 KN/m³ (Unit weight of the soil)

θ = 30° (Assumption)

H = 3.30 m   (Height of retaining wall)

οK 0.5

1. Calculation of loads:
 Deal load calculation

ο οe = γ × H × K

= 18 3.30 0.5  = 29.7 KN/m2

ο οE = 0.5 × H × e

= 0.5 × 3.30 × 29.7 =49 KN/m

 Live load calculation

οp οe = p × K

= 5×0.5 = 2.5 KN/m2

οp οpE  =  H × e Fig. (4-21): loads on abasement wall

= 3.30 × 2.5 = 8.25 KN/m (for 1m strip)

2. Thickness of the retaining wall:

Mb (positive clockwise)
Ax 3.30-49 1.1+8.25 1.65=0.0  


Ax = 20.46KN
Bx = 36.795 KN
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Determination of zero shear point:

Fig. (4-22): zero shear point of the wall

29.7 9
3.3

Z
Z x

x
  

20.46 0.5 9x x x   
220.46 4.5x x 

24.5 20.46 0.0x x  

A

CABB
x





2

42

21 1 4 4.5 20.46 2.024
2 4.5

x m
     

 


Z = 9 × 2.024 = 18.22 KN/m²

29
.7

  

sh e a r 29. 7

3. 3

1 .2 7 6x = 2. 0 2 4

20 .4 6
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Mx (positive clockwise)
120.46 × 2.024 - 0.5 × 18.22 × 2.024× 2.024 × - 2.5 × 2.024 × 2.024 × 0.5 = 23.85
3

KN.m

Mu = 1.6 × Mx = 1.6 × 23.85 = 38.16 KN.m

Use,

ρ = 0.5(ρmax)

ρ max = 0.01935

ρ = 0.009675

Use ρ  0.01

m = 20.59

Mu = 38.16 KN.m

Mn = Mu /0.9=42.4 KN.m

yRn = ρ (f (1- 0.5 ρ m) = 3.77 MPa

6

req
Mn 42.4 10d = 106.0 mm

Rn×b 3.77 1000


 


If Φ20 bars are used:

h = (106.55+70+20) = 196mm
Use h = 250 mm=25 cm.

3. Wall Reinforcement:

 Main reinforcement

d = 250- (70 +20) = 160 mm
6

2
2 2

42.4 10 1.66 /
* 1000*160
Mn

Rn N mm
b d


  











Fy

mRn

m

2111


1 2 20.59 1.661 1 0.00413
20.59 420


  

     
 
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2
sreqA = 0.00413×100×16=6.6cm /m

c'

y y

2 2

f ×b×d 1.4×b×dAs min  =
4×f f

24×1000×160 1.4×1000×160            =
4×420 420

            = 466.6mm 533.0 mm







2 As min = 5.33cm /m

2 21.3 6.6 / min 5.33 /As req cm m As cm m   

25.33 /As selected cm m

Check shrinkage and temperature reinforcement,

As shrinkage = 0.0018 x 100 x 25 = 4.5 cm² /m
2 25.33 / 4.5 /As req cm m As shrinkage cm m  

2Asselected = 5.33cm /m

 Use 5 Φ12 @ 20 cm......... As prove. = 5.65 cm² /m

 Secondary Reinforcement
The required secondary reinforcement is equal to shrinkage and temperature reinforcement.

Asshrinkage = 0.0018 x 100 x 25 = 4.5 cm² /m.

Use Φ12 @ 25 cm......... As prove. = 4.52 cm² /m
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(4-12) Design of shear wall:

4-12-1-Calculation of Floors Weight:-

For the Basement Floor:-

Total weight of the Basement Floor = 4471 KN.

For the Ground Floor:-

Total weight of Ground Floor = 4068.95 KN.

For the first Floor:-

Total weight of first Floor =4118.11 KN.

For the second Floor:-

Total weight of second Floor = 3617.71 KN.

For the final (roof ) Floor:-

Total weight of final Floor = 1278 KN

W (Total) for all Floors = 4471+ 4118.11+ 4068.95 + 3617.71 + 1278= 17553.77 KN.

4.12.2Calculation of shear force on "shear walls":

From Uniform Building Code 1997(UBC):
Z=0.3    zone"3"

R=5.5

I=1

Ca=0.24

CV=0.24

hn =19m

Ct=0.0488          Where:

Z = seismic zone factor as given in Table 16-I.
R = numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set forth in Table 16-N or
16-P.



101

I = importance factor given in Table 16-K.
Ca = seismic coefficient, as set forth in Table 16-Q.
Ct = numerical coefficient given in Section 1630.2.2.
Cv = seismic coefficient, as set forth in Table 16-R.
hi, hn, hx = height in feet (m) above the base to Level i, n or x, respectively.

Eq…30-8   (UBC)   4/3
hC nt

T 

  444.0190488.0 4/3 T

KNW
TR

ICv
V 19.172577.17553

444.05.5
124.0

.
.







KNVTFt 62.5319.1725444.007.007.0 

4.12.3 Load Calculation of Wall (SW12).

  hwhwFF i

n

i ixxtxi
V  


1

/

hw i

n

i i 1
= [ ( 3.64 * 3693.03 ) + ( 7.54 * 3264 ) + ( 11.44 * 3313.15 ) + ( 15.34 *

3084.19 ) + ( 19 * 131.04 ) ] = 123298.55 KN

KNF Basment
24.18255.123298/64.3*03.3693*)62.5319.1725( 

KNFGround
65.33355.123298/54.7*3264*)62.5319.1725( 

KNF First
85.51355.123298/44.11*15.3313*)62.5319.1725( 

KNF Second
4.64155.123298/34.15*19.3084*)62.5319.1725( 

Ratio calculation of each wall:
No. of wall Ratio calculation

1 0.04

2 0.04

3 0.19

4 -0.08

5 0.12

6 0.00

7 -0.00
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8 0.00

9 -0.00

10 -0.46

11 0.11

12 0.26

13 -0.02

14 -0.03

Ratio calculation for wall no. 12 in X direction:
Fx1 = 182.24 * 0.26 = 47.38 KN @ Basement floor.

Fx2 = 333.65 * 0.26 = 86.75 KN @ Ground floor.

Fx3 = 513.85 * 0.26 = 133.6 KN @ First floor.

Fx4 = 641.4 * 0.26 = 166.76 KN @ Second floor.

Fig. (4-23) moment and shear diagram of the shear wall (no. 12)

4-12-4-Design of Reinforcement:-

-Internal Forces:-

Mu = 3447 KN.m.

3
.6

4
3
.9

0
3
.9

0
3
.9

0

47.38 KN

134.13 KN

267.73 KN

434.79 KN

184.78 KN.m

707.89 KN.m

1752.04 KN.m

3447.7KN.m

5030.33KN.m
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Vu = 434.79 KN.

1- Design of shear:-

Vu =434.79KN.

d = 0.8*LW = 0.8*610 = 488cm = 4880 mm.

.67.5974880*200*24
6
1*75.0 KNVc 

( Vc = 597.67KN)> (Vu = 434.79 KN)> ( KNVc 84.2985.0  ).

Minimum shear reinforcement is required.

Vs min = .33.3254880*200*
3
1**)(*

3
1

KNdbMpa 

Assume Φ 10 for shear Reinforcement.

cmreq
S

AV 0158.0
4880*420
33.325



The required spacing is the smaller of the following:

cm
S

AV 05.020*0025.0min 

req
S

AV min
S

AV

min
S

AV = 0.05 cm is controlled

S max = cm
Lw 122

5
610

5


S max = 3*h = 3*20 = 60 cm

S max = 45 cm   ….. control

Select 2Φ10 /20cm:

cm
S

AV 0785.0
20

785.0*2
 req

S

AV = 0.05cm.

S req =
Vsreq

dfyAv


 *** = mm83.741

10*33.325
4880*420*5.78*2*75.0

3  = 74.183cm
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Select, S = 20 cm.

So, use Φ10@35cm.

-S used < Lw/5…………………………………………… (ACI-318-11.10.9.3).

20 < (610/5 =122 cm)……………………………………….…….OK.

-S used < 3*h ……………………………………............. (ACI-318-11.10.9.3).

20 < (3*20= 60cm) ………………………………………………OK.

-S used < 45cm……………………………………............. (ACI-318-11.10.9.3).

20 < 45cm……………………………………............................O.K.

So, Use Horizontal Reinforcement = Φ10@35cm.

2- Design of Vertical Reinforcement.

-Minimum Vertical Reinforcement:-

)0025.0)(5.2(5.00025.0min  h
Lw

hw
 …………...….. (ACI-318-11.10.9.4).

h Horizontal reinforcement ratio.

.10*925.3
20*100

)
20

100*)785.0(*2(
3h

  )0025.010*925.3)(
610
205.2(5.00025.0 3

min 0.004258

As req= 0.004258*4880*20 = 4.16 cm2 (For Both Faces. <

As req= 0.01*4880*20 = 9.76 cm2 (For Both Faces).

As req= h/2 =20/2=10 cm2…………….Control.

Use Φ10@35...........As provided = 15.7 cm2 > As req=10 cm2 ………………..OK.

)4.8.11318..(..........).........*0025.0min(  ACIh
s

Av
req

s

Av
.

.................................05.0446.020*0025.0
35

785.0*2
KOcmcm 
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 Design of Moment:-

Mu = 3447.7KN.m

Design as light loaded shear wall.

(uniform distribution vertical reinforcement will neglected)

Rn= MPa
bd

M u 8.0
4880*200*9.0
10*7.3447

2

6

2 


ρ =
m

1
(1 -

fy

mRn21 )

ρ =
59.20

1
(1 -

420
8.0*59.20*21 ) = 0.001944

As req = 0.001944*20*488 = 18.97 cm2

Ag boundary = Cw *h=25*20=500 cm2

08.0
boundry

boundry

Ag

As )318.(.................... ACI

038.0
500

97.18
 <0.08 ………… ok

 297.1848820001944.0 cmdbA reqs  

 ))((4.1))((
)(4min db

fy
db

fy

cf
A s 




 )488)(20(
420

4.1)488)(20(
)420(4

24
min sA

 22
min 53.3246.28 cmcmA s  …….. 32.53 cm2 controls

 22 53.3266.2497.18*3.1 cmcmA reqs 

 266.24 cmAselect reqs  → take bars Ф= 25mm    As= 3.14 cm2

 # of bars = bar85.714.3
66.24

 …………. Use 8Φ20

213.2514.38 cmA provids  > 266.24 cmA reqs 



106

Fig. (4-24) reinforcement of shear wall no. 12
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النتائج١.٥

التوصیات٢.٥
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project
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Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)
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Table (4-1) Minimum thickness for two way slab without interior beams

Table (4-2) Minimum thickness of one slab



١١٦

Table (A2) maximum reinforcement ratio
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