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PhD .Maher Amro

This project represented in the structural design of  local hospital , proceeding from the
need for the existence of such projects in Palestine, This project will rely on the
analytical descriptive method in scientific research as a methodology to accomplish this
work, using all the available tools of scientific research .

Through brief initiation on some previous researches in the scope of service projects as
hospital’s projects, it was obvious that the importance of the project lies in the service
that will return them to individuals and society .

The project consists of integrated parts represented in the beginning, in the
architectural analysis for the project, and linking the needs of the architect with the
structural requirements, and methods of analysis, and then move to the design stage
which is divided into samples design and overall design using structural design
software's, and at the end; the analysis and presentation of results to check it and ensure
it’s logic..

For structural design of this project, Jordanian Construction Code was used for
determining live loads, where ACI_318- 02 code is to be used for structural analysis and
design for all structural elements, and some of computer softwares will be used, such as
Autocad2007, Atir 11.5, and Office2007, Staad-Pro2006, Safe 12.3 …etc.

The outputs of this structural  project are represented in calculations and drawings that
will be relied upon in executing using all its details, as the project moves from the
papers and drawings to the ground, as a services construction that represents a support
and compacting of  Palestinian society bricks .
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List of Abbreviations

 a =   depth of equivalent rectangular stress block, cm.
 ba = depth of equivalent rectangular stress block at balanced condition, cm.
 maxa =  depth of equivalent rectangular stress block at maximum ratio of tension –

reinforcement , cm
 cA = area of concrete section resisting shear transfer.
 gA = Gross area of section.
 VA = area of shear reinforcement within a distance (S).
 TA = area of one leg of a closed stirrup resisting tension within a (S).
 SA = area of tension reinforcement ,cm2

 SA' = area of reinforcement at compression side , cm2

 b = width of beam in rectangular beam section , cm
 eb = effective width of flange in T-section beam, cm.
 wb = width of web for T-section beam, cm.
 cC = compression force in equivalent concrete block.
 sC = compression force in compression reinforcement.
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 d = distance from extreme compression fiber to centroid of tension – side
reinforcement.

 'd = distance from extreme compression fiber to centroid of compression-side
reinforcement.

 sE = modulus of elasticity of reinforcement ,MPa
 cf ' = specified compressive strength of concrete.
 yf = specified tensile strength of reinforcement.
 nM = nominal bending moment.
 uM = factored (ultimate) bending moment.
 uR = coefficient of resistance.
 t = slab thickness in T-section beam, cm.
 1 = factor as defined by ACI 10.2.7.3.
 s' = strain in compression – side reinforcement.
 y = yield strain of reinforcement.
  = ratio of tension reinforcement.
 b = ratio of tension reinforcement at balanced condition.
 f = ratio of reinforcement equivalent to compression force in slab of T- section

beam.
 max = maximum ratio of tension reinforcement permitted by ACI 10.3.3.
 min = minimum ratio of tension reinforcement permitted by ACI 10.5.1.
 dreq ' = required ratio of tension reinforcement.
  = strength reduction factor.
 DL = dead load.
 h = overall thickness of member.
 I = moment of inertia of section resisting externally applied factored loads.
 Ln = length of clear span in long direction of two- way construction , measured

face – to – face of supports in slabs without beams and face to face of beam or
other supports in other cases .

 LL = Live Load.
 Ld = development length.
 Lw = length of wall.
 M = bending moment.
 Pn = nominal axial load.
 Pu = factored axial load.
 S = Spacing of shear or in direction parallel to longitudinal reinforcement.
 CV = nominal shear strength provided by concrete.
 nV = nominal shear stress.
 SV = nominal shear strength provided by shear reinforcement.
 uV = factored shear force at section.
 cW = weight of concrete .(Kg/m3)
 W = width of beam of rip.
 uW = factored load per unit area.
 d = flexural depth of the beam, cm.
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 L = beam clear span, from support face to other support face.
 N = number of stirrups required within a given segment of the beam.
 1N = number of legs for each stirrup.
 sbV = nominal shear strength provided by shear reinforcement at the section

where Vs is the max permitted by ACI 11.12.1. Locating of this section is needed
to define which maximums provisions applies.

 dsreqV ' = required nominal shear strength provided by shear reinforcement.
 udV = factor shear force at distance d from the face of the support.
 uV dreq ' = factored shear force at the mid- span of the beam, will not be zero if the

beam is partially loaded with superimposed loads.
 maxnV = reduced shear strength of the beam section located a long the beam span

where minimum shear reinforcement is required in accordance with.
 bX = the distance along the beam at which sbV occurs. For any beam section

within the distance bX , sbV is based on 11.5.4.3 , other wise is based on
11.5.4.1,

 maxX = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
 cE = modulus of elasticity of concrete ,MPa , see 8.5.1
 EI = flexural stiffness of compression number.
 sf = calculated stress in reinforcement at service load, MPa.
 gI = moment of inertia of gross concrete sectional about centroidal axis ,

neglecting reinforcement , mm4

 seI = moment of inertia of reinforcement about centroidal axis of member cross
section ,mm4

 k = effective length factor for compression member.
 1M = smaller factor end moment on a compression member .positive if member

is bent in single curvature, negative if bent in double curvature mm-n.
 2M = larger factored end moment on compression member ,always positive ,

mm-2
 bP = nominal axial load strength at balanced strain condition. See 10.3.2, N.
 cP = critical load, see Eq.(10-10),N.
 nP = nominal axial load strength at given eccentricity, N.
 oP = nominal axial load strength at zero eccentricity, N.
 uP = factored axial load at given eccentricity, N  nP .
 r = radius of gyration of cross section of a compression member ,mm
 ns = moment magnification factor for frames not braced against sides way, to

reflect of member curvature between ends of compression member.
 1:1 ribR .
 1:1 beamB
 R .W :Retaining wall.
 B.W: Basement wall.
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عليقل من ة
، يمكن 

.

:

:المیتة حمالالأ3.3.1

ة
.شطيب

ة
.

ة
 ،:-

)٣-١(

:الحیةحمالالأ3.3.2

، هي تلك 
.

(Material)رقم البند S. Weight (KN/m3)المادة النوعیةلكثافةا
1(Tile 24(البلاط 
2(Mortar 22(سمنتیة الأالمونة 
3(Sand) 18الرمل
4(Hollow Block) ١٠سمنتي المفرغالأالطوب 
5(Yetong Block) 5یتونغالأطوب 
6( Reinforced Concrete 25(الخرسانة المسلحة
7( Plaster 22(القصارة 
8(Backfill ) 20)الطمم (تربة الأ
9(Mild Steel ) 78.5)الھیكلي(الحدید المٌصنع

10(Ceiling ) KN/m² 0.10السقف المستعارة
11( Installation ) KN/m² 0.20التمدیدات
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 ،
 ، ،

.(KN/m2)5ملل

:الثلوج  أحمال3.3.3

هو بعين 
.

، كما 
)٣-٣ (

رقم البند)Snow Loads)(KN /m²(أحمال الثلوج )m(بالمتر ) h(ارتفاع المنشأ عن سطح البحر 

h>25001
500 > h > 2501000) /h-250(2

1500 > h > 500(h-400) / 4003

2500 > h > 1500(h – 812.5)/ 2504

)٣- ٣ (

:يؤخذ بعين 

H=850m

(h-400) / 4001500 > h > 500
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1.125KN/m2=400)/400-850(

:الریاح  أحمال3.3.4

 ، ،
سرعة

 ،
.

-:ة

q = 0.613(vz) 2

Vz = V. S1. S2. S3

-:حیث

)(q

)N/m². (

):(Vz)m/s.(

S1 : =٠.٩١٣.

S2 : =.1.02١٤.

S3 :=1١٥.

V :(50)35ث/م  .

Vz = V. S1. S2. S3

Vz = 35*0.9*1.02*1= 32.13 m/s.

=
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q = 0.613 (32.13)² = 632.82 N/m² = 0.63282 KN/m²

:والاھتزازاتلناتجة من الزلازل اأحمال3.3.5

الأ
من ببعين لكن بالمقابل فإ، 
.، عالية من 

، نتيجة تنشأ
نه 

بأقلبعين يتوجب 
.

، حركة بإ
.

:للمبنى ةالإنشائیالعناصر والمكونات 3.4

ة
تساعد على . 

.، عليه

:ساسات الأ3.4.1

، من 
نككل 

.
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نه يصمم بعد إ
 ،

٢سم/كغم٤للموقع
ت

ن 
.خر

:نوعين تقسم 

:

.قريبة 

:

.مل تح

نه إبما 
خريظهر يتوقع 

.
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)٣-٤ (

:عمدة الأ3.4.2

يعد 
.عنل، بشكل مباشر 

.، غلب 

:تنقسم 









.

يأخذكما يتم تصنيف 
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: العقدات 3.4.3

 ،
.تنقل 
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:نوعين

One Way Solid Slabs

)٣-٦ (

35

ة) ٣-٥(

: العقدات 3.4.3

 ،
.تنقل 

:

 :
:نوعين

One Way Solid Slabs

)٣-٦ (

35

ة) ٣-٥(

: العقدات 3.4.3

 ،
.تنقل 

:

 :
:نوعين

One Way Solid Slabs

)٣-٦ (
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Tow Way Solid Slabs.

)٣-٧ (

Ribbed Slabs

:-

.One Way Rib Slabsع-أ

 ، ،

 ،

.

)٣-٨ (
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Tow Way Solid Slabs.

)٣-٧ (

Ribbed Slabs

:-

.One Way Rib Slabsع-أ

 ، ،

 ،

.

)٣-٨ (
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الإنشائيو التصمیم التحلیل 

Structural Analysis and Design

(4.1) Introduction
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(4.2) Slab thickness calculation

(4.3) Load calculation

(4.4) Design of beam (B23)

(4.5) Design of shear for beam (B23)

(4.6) Design of shear for rib (R01)

(4.7) Design of flexure for rib ( R01)

(4.8) Design of One-Way Solid Slab

(4.9) Design of long Column .

(4.10) Design of short Column .

(4.11) Design of Isolated footing

(4.12) Design of Basement Wall .

(4.13) Design of solid slab of stairs .

(4.14) Design of Stairs .

(4.15) Design of Shear Wall

4.1 Introduction:
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The project consists of several structural elements that had designed according to the ACI code,

and by using the finite element method using many computer software such as "ATIR" and to find the

internal forces, deflections and moments for all the structural element in order to design the elements.

Concrete is the only major building material that can be delivered to the job site in a plastic
state. This unique quality makes concrete desirable as a building material because it can be molded to
virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is embedded in
the concrete in the form of a mesh, or roughened or twisted bars. A bond forms between the steel and
the concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members had been made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are Three types of slabs : One way solid slab, one way ribbed slab,
and two way ribbed slab, They had been analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIR- Software " to find the internal forces, deflections
and moments for the structural elements of the building, and by using the previous program and
"STAAD PRO 2007", Etabs9.7, Safe12.3 programs to find the internal forces, deflections and
moments, and then handle calculation had been made to find the required steel for all members.

The design strength provided by a member, it is connections to other members, and its cross –
sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in
accordance with the requirements and assumptions of ACI-318-02 (9.5.a) - code.

.

4.2 Slabs thickness calculation:-

Determine The Required Depth Of The Joist (Rib) Based On The Deflection Criteria
From Table 9.5(A) ,The Minimum  Required Thickness Of Joist Is , For Fy =420 N/Mm2 Grad 60.
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 L/18.5 = 5.11/18.5 =0.276 m   , for one end continues .
 L/21 = 6.435/21 = 0.307 m      ,  for two end continues .
 L/18.5 = 5.89/18.5 = 0.138m  ,  for one end continues .

(Control)…………….. ACI-318-02 (9.5.a) .
Select h = 35 cm

4.3 Load Calculation:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:

LLLDqu .6.1.2.1  .

 First: One - way ribbed slab :-
For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated

as follows:

( Tiles , mortar , sand , slab , partition )

Nominal Total Dead Load:

D.L. total = 0.3744 + 0.2288 + 0.936 + 1.04 + 0.81 + 1.08 + 0.2288 + 0.78 = 5.478KN/m of rib

* Total dead load = 5.478/ 0.52 = 10.53 KN/m2 * Live load = 5 * 0.52 = 2.6 KN/m of rib .

* Factored dead Load = 1.2* 10.53 = 12.64KN/m * Factored live Load = 1.6 * 2.6 = 4.16 KN/m.

 Second: Two-way ribbed slab :-
For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated

as follows:

( Tiles , mortar , sand , slab , partition )

 (0.52*0.52) units

Nominal Total Dead Load:

* D.L. total = 0.1947 + 0.119 + 0.487 + 0.5408 + 0.7452 + 0.402 + 0.119 = 3.043 KN/unit

* Dead load total = 3.043/(0.52*0.52) = 14.95 KN/ m2. * Live load = 5 KN/m2.

* Factored dead Load = 1.2* 13.05 = 17.94 KN/m2. * Factored live Load = 1.6 * 5 =8 KN/m2.

Wu = 17.94 + 8 = 25.94 KN/m2

4.4 Design Of flexure for beam ( B23 ) :-

B23 Code: ACI318-02
Project: 1     Beam 23 Part B Page: 43
Designed by: Date: 5/18/11
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M o m e n t / S h e a r   E n v e l o p e  (Factored)     Units:kN,meter

Fig. (4.1) Envelope moment diagram of Beam

mmdC 3.124290*
7

3
*

7

3
max 

mmCa 66.1053.12485.085.0 maxmax 

mkNcfMn .36.511)
2

7.105
290(7.105100085.0max 

Ф maxMn = 0.9 511.36 = 460 mkN.
.........................................................................................................

 For the moments ( -193.3 , -192.2 , +183.8 , -171.4 ) .........

Mu = 193.3 mkN.

mkNMn .214
9.0

3.193


Moments: spans 1 to 4

-1.5

-224.5
-182.9-193.3 -199.8

-171.4-160.1
-220.3

-177.6-190.2

30.423.7

182.8

18.3

219.3

0.84
0.79

0.81

0.94 0.74
0.6

0.96
1.04

0.63

0.63 1.46 2.27 2.27 1.5 1.5 2.47 1.65
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Kn =
2db

Mn


=

2

6

)290(1000

10214




= 2.544 Mpa

ρ =
m

1
(1 -

fy

mKn2
1 )

ρ =
6.20

1
(1 -

420

)544.2)(6.20(2
1 ) = 0.0065

As = 0.0065* (1000) (290) = 1883 2mm > 2
min 7.966 mmAs  .

        )1.5.10(
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       2901000
420

4.1
2901000

4204

24
min As

.arg7.9667.845min controlisestlTheAs 

2
min 7.966 mmAs 

# Of bars = 36.9
201

1883


bar

req

As

As
Note AФ16 = 201 mm²

Select top bars 10 Ф 16 mm. Total As= 2010 2mm

*Check for yielding:

Tension = compression

As * fy = 0.85 * cf * b * a

Ok

mm
a

x

mma

a

s

s











 

005.0014.0

014.0003.0
69.48

69.48290

69.48
85.0

4.41

4.41

0.12485.04201020110

1

6







 For the moments ( 23.7 , 18.3 ) .........

Mu = 23.7 mkN.

mkNMn .33.26
9.0

7.23

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Kn =
2db

Mn


=

2

6

)290(1000

1033.26




= 0.313 Mpa

ρ =
m

1
(1 -

fy

mKn2
1 )

ρ =
6.20

1
(1 -

420

)313.0)(6.20(2
1 ) = 0.00075

As = 0.00075*(1000) (290) = 218 2mm < 2
min 7.966 mmAs  .

        )1.5.10(
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       2901000
420

4.1
2901000

4204

24
min As

.arg7.9667.845min controlisestlTheAs 

2
min 7.966 mmAs 

# Of bars = 6.8
113

7.966


bar

req

As

As
Note AФ12 = 113 mm²

Select bottom bars 9 Ф 12 mm. Total As= 1017 2mm

*Check for yielding:

Tension = compression

As * fy = 0.85 * cf * b *

Ok

mm
a

x

mma

a

s

s

 









 

005.003.0

03.0003.0
6.24

6.24290

6.24
85.0

9.20

9.20

0.12485.0420101139

1

6







 For the moment ( 219.3 kN.m ) ……………..

Mu = 219.3 mkN.

mkNMn .6.243
9.0

3.219

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Kn =
2db

Mn


=

2

6

)290(1000

106.243




= 2.9Mpa

ρ =
m

1
(1 -

fy

mKn2
1 )

ρ =
6.20

1
(1 -

420

)9.2)(6.20(2
1 ) = 0.00748

As = 0.00748 (1000) (290) = 2169.6 2mm > 2
min 7.966 mmAs  .

# Of bars = 79.10
201

6.2169


bar

req

As

As
Note AФ16 = 201 mm²

Select bottom bars 11 Ф 16 mm. Total As= 2211 2mm

*Check for yielding:

Tension = compression

As * fy = 0.85 * cf * b * a

KO

mm
a

x

mma

a

s

s

.

005.00132.0

0132.0003.0
6.53

6.53290

6.53
85.0

5.45

5.45

0.12485.04201020111

1

6











 







4.5 Design of shear for Beam :



Chapter Four – Structural Analysis And Design

٤٨

Fig. (4.2) Envelope Shear diagram of Beam (B23)

*ACI – 318 – Categories for shear design:

*Use Ф10 with two legs

* mm2158=792=Av 

 Item (1) Vc
2

1
Vu

db
6

'

2

1
Vc

2

1
w 

fc

= 2901000
6

24
75.0

2

1
Vc

2

1


= 88.8kN

 Item (2) VcVuVc 
2

1

KN6.17728.88Vc 

 Item (3) minVsVcVuVc 

dbw'
16

0.75
dbw)

3

1
(0.75min  fcVs

kNVs

kNkNVs

Vs

5.72

6.665.72

100.29100024
16

0.75
100.291)

3

1
(0.75

min

min

33
min






kNVsVc 2505.726.177min 

 Item (4) dbwfcVcVuVsVc  '
min 3

1

shear

18.8

277.4

172.3

286.5

-194.
-262.8

-185.7 -187.8

83.

-6.2

-258.2

341.6

-327.

236.5

-249.9

350.7

-252.
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KNdbw
fc

2.3552901000
3

24
75.0

3

'


VudbwfcVc  78.5322.3556.177
3

1 '

 Values of Vud  are ( 18.8 , -194 , 277 , -262 , 172.3 , -185 , 286.5 , -187 KN) respectively …. So :-

1. Vu = 18.8 kN are within item 1 , and no shear reinforcement is required

2. Vu = 172.3 , -194 , -185 , -187 KN. Are within items 2 and 3 , so that min shear reinforcement

is required for beams :-

Use2Ф10 with two legs.
2mm158=972=Av 

cmcm
d

S

m
Vs

dfyAv
S

req

req

req

605.14
2

29

2

66.0
8.21

29.0104201015875.0

.

36

.

.














Then Select ok...............
2

d
<12.5cm=S

Then use 2Ф 10 @ 12.5 cm.

3.Vu = 262 , 286.5 , 277 kN are within item 4 , so

.reqVs = 145.2 kN

kNVcVuVs

VuVcVs

req

req

9.1086.1775.286.

.





.5.14
2

29

2

................4.14
109.108

29042015875.0
3

.
.

cm
d

S

controlnotcm
Vs

dfyAv
S

req
req














Select  Ф 10 @ 12.5 cm  c /c …………………………….( using stirrups  10... 2 leg )

4.6 Design of Rib( R01 ) for flexure :-

4.6.1 Design of Positive Moment for Rib (R01):
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Effective flange width ( Eb ) according to ACI-code 8.10.2:

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

Eb = L / 4 = 3.35 / 4 = 83.8 cm

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

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

Mu Positive for all spans = (18.1 , 19.9 , 38.1 , 19 , 26) kN.m

For Mu ( 18.1 , 19.9 , 19 ) kN.m .

mknMn .11.22
9.0

9.19


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

For a = t = 8cm

C = 0.85 cf * t * Eb

= 0.85 (24) (8) (52) = 848.64 KN

cmd

serhd

5.31
2

14
8.0235

2
cov






Mn = T or C (d – 0.5a) = 848.6 (0.315 – 0.5 (0.08)) = 233.36 KN.m

Mn available = 233.36 KN.m > Mn required = 22.11 KN.m

Design as a rectangular with Eb = 52 cm

Moments: spans 1 to 5

7.

-29.8

-12.5-14.6

-51.6

-27.6-30.8

-50.5

-30.1-26.7
-34.9

-16.1-16.9

5.6
18.1 19.9

38.1

19.
26.

1.79 1.48
2.87

1.75
1.72

1.65

0.67 0.9
1.26

1.21
1.16

1.25
1.04

0.79

1.74 2.61 3.05 3.05 3.88 3.88 3.05 3.05 3.12 2.08
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m =
'85.0 fc

fy


=

2485.0

420


= 20.6

Kn =
2db

Mn


=

2

6

)315(520

1011.22




= 0.428 Mpa

ρ =
m

1
(1 -

fy

mKn2
1 )

ρ =
6.20

1
(1 -

420

)428.0)(6.20(2
1 ) = 0.00103

As = 0.00103 (520) (315) = 168.9 2mm > 2
min 16.1 cmAs  .

        )1.5.10(
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       31512
420

4.1
315120

4204

24
min As

.arg1262.110min controlisestlTheAs 

2
min .126 mmAs 

# Of bars = 5.1
113

9.168


bar

req

As

As
Note AФ12 = 113 mm²

Select bottom bars 2 Ф 12 mm. Total As= 226 2mm

Check for yielding:

Tension = compression

As * fy = 0.85 * cf * b * a

Ok

mm
a

x

mma

a

s

s











 

005.0087.0

087.0003.0
5.10

5.10315

5.10
85.0
95.8

95.8

52.02485.0420101132

1

6







For positive moments in spans 3 & 5

Span 3 with Mu 38.1 , select 2 Ф16 .
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Span 5 with Mu 26 , select 2 Ф 12 .

4.6.2 Design of negative moment for rib (R01):

Negative moments over all supports is Mu= (- 14.6 , -30.8 , -30.1 , -16.9 ) kN.m

For ( -30.1 , 30.8 ) moments :

Mn = 30.8 / 0.9 = 34.22 kN.m

d = h – cover – Фs – Ф/2 = 35 – 2 –١– 2/2 = 29 cm

m =
'85.0 fc

fy


=

2485.0

420


= 20.6

kn = 2db

Mn


=

2

6

)315(120

1022.34




= 2.87 Mpa

ρ =
m

1
(1 -

fy

mKn2
1 )

ρ =
6.20

1
(1 -

420

)87.2)(6.20(2
1 ) = 0.0074

Asreq. = 0.0074 (120) (315) = 280 2mm

        )1.5.10(....................
4.1

25.0min 


 ACIdbw
fy

dbw
fy

cf
As

       315120
420

4.1
315120

420

24
25.0min As

22
min 0.1262.110 mmmmAs  ………….the larger is control

2
min 0.126 mmAs 

2
. 280mmAs req  > 2

min 0.126 mmAs  ……………..controls

No. of bars = As/ As bar = 280 /154  = 1.82 bars              * Note AФ14 = 154 mm²

Select 2 Ф 14 mm …………………………………….   Total As provided = 308 mm².

 Check for strain

Tension = compression
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As × fy = 0.85 × cf × b × a

005.00748.0

003.0
14.12

14.12315

14.12
85.0

3.10

3.10

1202485.04201135

1













s

s

mm
a

c

mma

a







 O.K

 For the moment -14.6 on the second support .. ρ = 0.0031 , selecting 2 Ф 10 , with As = 158 mm2 .

 For the moment -16.9 on the fifth support .. ρ = 0.0039 , selecting 2 Ф 10 , with As = 158 mm2 .

4.7 Design of shear for rib (R01):

ACI – 318 – Categories for shear design:
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Values of Vu = ( 12 , -20.3 , 22.2 , -28.0 , 33.3 , -33.0 , 27.3 , -23.3 , 24.7 , -17.6 ) kN

Use Ф 8 with two legs

mm2100=502=Av 

1.
Vc

2

1
Vu

db
6

'

2

1
Vc

2

1
w 

fc

= 315120
6

24
75.0

2

1
Vc

2

1


= 1١.٥٧ kN

controlnot…………Vc
2

1
>Vu 

2. VcVuVc 
2

1

KN15.23257.11Vc 

KN46.25257.111.1Vc1.1 

For Vu = 12 , 20.3 , 17.6 , 22.2 , 23.3 , 24.7 kN ……. controll…………Vc*1.1Vu 

Minimum shear reinforcement is required

00073.0.09520

120
420

24

16

1

420

120

3

1

bw
'

16

1bw

3

1

.

.

.







req

req

req

S

Av

S

Av

fyt

fc

fytS

Av

Shear

12.
22.2

33.3
27.3 24.7

-20.3
-28. -33.

-23.3
-17.6

19.7

-30.2

32.1

-37.8

43.2

-42.8

37.2

-33.1

34.6

-23.7
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cmmmS
S

S

Av

req
req

req

1051050.09520
50*2

.09520

.
.

.





cm
d

S req 75.15
2

5.31

2.  , Then Select ok...............
2

d
<12.5cm=S

Select  Ф8 @ 1٥ cm c/c.

 Item (3) minVsVcVuVc 

dbw'
16

0.75
dbw)

3

1
(0.75min  fcVs

kNVs

kNkNVs

Vs

68.8

68.845.9

100.3150.1224
16

0.75
100.3150.12)

3

1
(0.75

min

min

33
min






kNVsVc 14.3468.846.251.1 min  ……………… control

For Vu = -28.0 , 33.3 , - 33.0 , 27.3 kN.

Min. shear reinforcement is required :

00073.0.09520

120
420

24

16

1

420

120

3

1

bw
'

16

1bw

3

1

.

.

.







req

req

req

S

Av

S

Av

fyt

fc

fytS

Av

cmmmS
S

S

Av

req
req

req

1051050.09520
50*2

.09520

.
.

.





cm
d

S req 75.15
2

5.31

2. 

Then Select ok...............
2

d
<12.5cm=S

Select Ф8 @ 1٥ cm c/c.
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4.8 Design of One way solid slab :-
( part C )

Figure(4-3) : One way solid slab of First Floor.

 Material :-
concrete    B300 Fc' = 24 N/mm2

Reinforcement Steel           fy = 420 N/mm2

 Section :-

 L/20 = 4.9/20 = 0.245 m              , for simply supported .
(Control) …………….. ACI-318-02 (9.5.a)

 Select h = 25cm
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 System :-

M o m e n t / S h e a r   E n v e l o p e  (Factored) Units:kN,meter

Figure(4-4) :
For 1m strip width at the face of the inner beam
and 2.1 m strip width at face of the outer beam

Moments: spans 1 to 1

23.6 23.6

95.3. 3.

Shear

50.2

-50.2

63.3

-63.3
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Figure(4-5) : Spans , Length of Solid Slab (S1)
Two sections diagonal had been made
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 Loading :-

 Live Load :-
L.L =5 KN/m2*1m =5 KN/m

 Dead Load :-
Weight Of Solid =0.25*25=6.25 KN /m2

Weight Of Plastering =0.02*22 = 0.44 KN /m2

Tiles = 0.03 *23 = 0.69 KN /m2

Mortar = 0.02 *22 = 0.44 KN /m2

Sand = 0.1 * 16 = 1.6 KN /m2

Partitions = 1.5 KN /m2

D.L= 10.92 KN/m2

d= 250-20-12=218 mm .

 Design :-

It considered to be simply supported solid structure :

a) Design of shear:-

Vu =50.2 KN

Ф Vc =  Ф *
6

'fc bw * d

= 0.75 *
6

24 * 1 * 0.218*103 = 144.2 KN

Ф Vc =  Ф *
6

'fc bw * d
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= 0.75 *
6

24 * 2.1 * 0.218*103 = 280.3 KN

Ф Vc= 144.2 > Vu=50.2 kN .
No shear reinforcements is required

b) Design of moment:-
For 1m strip :-

Mu= 95 KN.m

m =
'*85.0 fc

fy =
24*85.0

420 = 20.6

Rn =
2*

/

db

Mu  =
2

3

)218.0(*1

9.0/10*95 

= 2.22 N/mm2

ρ =
m

1 (1 -
fy

mRn2
1 )

ρ =
6.20

1 (1 -
420

)22.2)(6.20(2
1 ) = 0.00561

ρ=0.00561

Asreq = 0.00561 (1000) (218) = 1223.6 2mm /m.

Asreq =1223.6 2mm /m
# of bars = As/ As bar = 1223.6/201 = 6.1

 Note AФ16 = 201 mm²

 Select bottom Diagonal bars Ф 16 @ 15 cm c/c .
For 2.1m strip :-

Mu= 95 KN.m

m =
'*85.0 fc

fy =
24*85.0

420 = 20.6

Rn =
2*

/

db

Mu  =
2

3

)218.0(*1.2

9.0/10*95 

= 1.06 N/mm2

ρ =
m

1 (1 -
fy

mRn2
1 )

ρ =
6.20

1 (1 -
420

)06.1)(6.20(2
1 ) = 0.00259

ρ=0.00259

Asreq = 0.00259 *(2100)* (218) = 1184.4 2mm /2.1m.

Asreq =1184.4 2mm /m
# of bars = As/ As bar = 1184.4/201 = 5.9

 Note AФ16 = 201 mm²
Spacing = 2.1/5.9 = 0.356
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 Select bottom Diagonal bars Ф 16 @ 30 cm c/c .

c) Design of Top reinforcement .

No negative moments , so we use min. reinforcement for shrinkage and temperature effect
purpose :-

As = 0.0018 * 1000*250 = 450 mm / m
Use Ф12 .
 Select Diagonal Top bars Ф 12@15cm spacing at the inner face and Ф 12@15cm at

the outer face ( like shown in the sections provided in the previous papers ) .

d) In the other direction:-
Top and bottom :-

Shrinkage & temperature reinforcement

As = 0.0018 (1000) (250) = 450 2mm /m.

 use Ф 12@25cm. in bottom & top

4.9 Design of long column C22A :-
4.9.1 Load Calculation:

KN

RlRlRlRdRdRdPu

64.1550

)62.9762.9779.92(*6.1)875.163676.28176.28103.235(*2.1

)321(*6.1))25*75.3*6.0*3.0()25*4*6.0*3.0*2(321(*2.1






where :

Rd1,2,3 are service  dead loads from Atir program .

Rl1,2,3 are service live loads from Atir program .

KNp

KNp

reqn

u

6.2385
65.0

64.1550

64.1550





%5.1 gUse 

 
 

8.1129

)24*85.0420(*015.024*85.0*8.06.2385

)'85.0('*85.0*8.0

2cmAg

Ag

fcfygfcAgPn




 

1129.8cm²=Agreq>1500cm²=Ag withcm5030Use 
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4.9.2 Check Slenderness Effect:

 In 50cm-Dirction

Lu: Actual unsupported (unbraced) length.

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

R: radius of gyration = 0.3 h =

Lu = 3.65 m
M1/M2 =1
K=1 , According to ACI 318-2002 (10.10.6.3) The effective
length factor, k, shall be permitted to be taken as 1.0.

2
6

4
33

.52.17
66.01

003125.01015.232704.0

003125.0
12

5.03.0

12

66.0
64.1550

)4.851(*2.12.1

15.23270244750'4750

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

4.0

mMNEI

m
hb

I

Pu

DL

MpafcE

EqACI
IE

EI

g

d

c

d

gc




























.98.12
)65.30.1(

52.1714.3

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

2

2

2

2

MNP

EqACI
KLu

EI
P

c

cr










118.1

1098.1275.0

64.1550
1

1

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

75.0
1

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

)1610.(2002318............
2

1
4.06.0

3























ns

c

ns EqACI

P

Pu
Cm

ACItoAccordingCm

EqACI
M

M
Cm





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

1
1234  ACI

M

M

r

klu

I

A

Columnlong
r

Lk

k

mr

h
h

hb

bh

A

I
r

hbA

tiongularrecfor
bh

I

u




















2233.24
15.0

65.31.

0.1

15.05.03.0

3.0
1212

sectan....
12

2

23

3
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006.0

5.1
1000

145

3.0*5.0

6.1550

119.0
3.0

0356.0

0356.018.103.0

03.03050003.01503.015

min

min










g

g

n
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Ksi
A

P

DiagramnInteractioFrom

h

e

ee

mmmhe







1410

`150030050001.0

`900300500006.0
2

minmin

2







use

mmAA

mmAA

gs

gs







 In 30cm-Dirction

Lu: Actual unsupported (un braced) length.

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

R: radius of gyration = 0.3 h =

Lu = 3.65 m
M1/M2 =1
K=1 , According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

dirctioncminColoumnlong

ACI
M

M

r

klu
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2256.40
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2
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
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
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)2.12.10(...............
2

1
1234  ACI

M

M
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2
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


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2

2

2

2
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EqACI
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P

c
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




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
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1
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4.9.3 Design of the Tie Reinforcement:
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cmleastspacing

cmdspacing

cmdspacing

t

b

25.dim.

480.14848

2.352.21616





cmUse 20@10

Fig . (4-6.a) Details of Column .(Col-22A)

4.10.Design of Short Column :-
 Pos. (C07 Part D ) : Column in First Floor .

 Loading :-

Pu = 1.2*3363.65 + 1.6*1346.2= 6190.3 KN
Pu = 6190.3 KN
Pn = 4366 /(0.65) =9523.5 KN

015.0g

 
 

22

3

45104510.0

420*015.0)015.01(28*85.0*8.010*5.9523

)'85.0('*85.0*8.0

cmmAg

Ag

fcfygfcAgPn










Try 70*70 cm with Ag = 4900cm2

 
 

015.0

420*)1(24*85.04510.0*8.010*95235

)'85.0('*85.0*8.0
3







g

gg

fcfygfcAgPn






Lu = 3.65 m
M1&M2 =1
K=1

Coloumnshort

ACI
M

M

r

klu







2238.17
7.0*3.0

65.3*1

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

1
1234

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

48dt (tie bar diameter).

Least dimension.

S

S

S




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25.734900*015.0* cmAA gs   2
.

2
Pr 5.73762220 cmAscmAsSelect reqovided  

Fig . (4-6.b) Details of Column .(Col-22A)

4.11 Design of Isolated Footing (F01):

Fig. (4-7) Geometry of Footing (F01)

Once the ultimate column or load is determined, the proper footing can be designed. The following

subsections describe the analysis and design of footing (F01) :

4.11.1 Load Calculation:

From Column 27 Part B :

Factored Load = 2433.7 kN.
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4.11 Design of Isolated Footing (F01):

Fig. (4-7) Geometry of Footing (F01)

Once the ultimate column or load is determined, the proper footing can be designed. The following

subsections describe the analysis and design of footing (F01) :

4.11.1 Load Calculation:

From Column 27 Part B :

Factored Load = 2433.7 kN.
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4.11 Design of Isolated Footing (F01):

Fig. (4-7) Geometry of Footing (F01)

Once the ultimate column or load is determined, the proper footing can be designed. The following

subsections describe the analysis and design of footing (F01) :

4.11.1 Load Calculation:

From Column 27 Part B :

Factored Load = 2433.7 kN.
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Soil Weight = 18 kN/m3.

Soil Depth = 0.2  m.

Column geometry 6030 cm.

Allowable Soil Pressure = 400 kN/m2.

4.11.2 Design of Footing Area:

Assume footing to be about (75 cm) thick.

2
.

.

.

/4.373

2475.0182.05400

)(

mkNq

q

q

serviceForce
A

netall

netall

netall







2

2

2

/0.460
29.5

7.2433)(

3.2216.291.4

91.4

91.4

4.373

2.1833

mkN
A

FactoredForce
q

mmWL

mLWA

mA

A

u 









Where :

A: Area of footing.

W: Width of footing.

L: Lenth of footing.

4.11.3 Determine the Depth of Footing Based on Shear Strength:

Assume h = 75 cm ………d = 750-75-20 = 655 mm

 Check For One Way Action:-
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For X - direction

KOVV

kNV

V

dLcfV

kNV

V

Wqd
aL

V

uc

c

c

c

u

u

uu

.........

5.922

10655.03.224
6

75.0
6

75.0

3.206

3.2460)655.0
2

)6.03.2(
(

)
2

)(
(

3




















For Y- direction

Surely it will be satisfied since 0.3< 0.6 ...

 Check for Two Way Action :-

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

dbfV oc
c

c ...
4

2
12

1













dbf
b

d
V oc

o

s
c ..2

.

12

1 












dbfV occ ..
3

1 

Where:

2
30

60

)(

)(


bWidthColumn

aLengthColumn
C

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

= 2{(a+d) + (b+d)} = 2{(0.60+0.655) + (0.30+0.655)} = 4.42 m.

s = 40              for interior column
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dbfdbfV ococc ..33.0...
2

4
2

12

1
 






 

dbfdbfV ococc ..66.0..2
42.4

655.040

12

1 





 




ControldbfdbfV ococc ............333.0..
3

1 

Vu = 460* ( ( 2.3*2.3)-( 0.955*1.255) ) = 1882.32 kN

..........

25.35420.472375.0

75.0........0.4723

10655.042.424333.0..
3

1 3

OKVuVc

kNVc

kNVc

dbfV occ












4.11.4 Design for Bending Moment:

At X- Direction

mkNMu .2.382
2

85.0
85.03.2460 

Using Reinforced Concrete.

mkNMn .67.424
9.0

3822


Kn = Mpa
bd

Mn
43.0

)655.0(3.2

67.424
22





6.20
2485.0

420

85.0 '








fc

fy
m










 


yf

Knm

m

2
11

1

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22

2

2
.)(min

2
.Re

3105.33021813

..................3105min

310575023000018.00018.0

3.15606552300001036.0

001036.0
420

43.06.202
11

6.20

1

mmAsreqmmwithAsselect

controlmmAsreqAs

mmhbAs

mmdbAs

Shrinkage

q
















 








At Y- Direction

mkNMu .0.1058
2

0.1
0.13.2460 

Using Reinforced Concrete.

mkNMn .56.1175
9.0

1058


Kn = Mpa
bd

Mn
19.1

)655.0(3.2

1756.1
22





6.20
2485.0

420

85.0 '








fc

fy
m










 


yf

Knm

m

2
11

1


22

2

2
.)(min

2
.Re

8.4409.45721818

..................8.4409

310575023000018.00018.0

8.4409655230000293.0

00293.0
420

19.16.202
11

6.20

1

mmAsreqmmwithAsselect

controlmmAsreqAs

mmhbAs

mmdbAs

Shrinkage

q
















 








4.11.5 Check for Strain:

At X- Direction

Tension = Compression
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OK

mm
a

x

mma

a

abfcfyAs

s

s

..........005.0056.0

003.0
33

33655

1.33
85.0

1.28

1

1.28

23002485.04203140

'85.0





















At Y- Direction

Tension = Compression

OK

mm
a

x

mma

a

abfcfyAs

s

s

..........005.00378.0

003.0
2.48

2.48655

2.48
85.0

93.40

1

93.40

23002485.04204572

'85.0





















4.11.6 Check transfer of load at base of column:

)85.0( AgcfPn 

kNPn 8.238610*)6.0*3.0)(24)(85.0(65.0 3  > 2433.7KN.

Since Pn <Pu.
 Dowels are required for load transfer.

2174
420

67.3)65.0/433.2()/(
mm

fy

PnbPu
As 









As min = 0.005* )6.0*3.0( = 900 mm2 ….. controll

1

2
1 ***85.0* A

AAcfPnb footing  

1

2
A

A =
3.0*6.0

6.4
= 5.05 > 2.0  …….. using

1

2
A

A = 2.0 .

0.2*3.0*6.0*24*85.0*65.0footingPnb = 4.77 > Pu =2.433   …………. O.K

Use 8 Φ 16   dowels As Provided = 1608cm2
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4.11.7 Development Length (Ld):-

Ldb=
bd

fc

fy


'4

Ldb= mm8.38516
244

420
 control

But not less than:
Ldb = 0.04(fy) bd =0.04(420)*18 =325.08 mm

Available Ld =h-cover-db=75-7.5-1.8=65.7 cm
65.7 > 38.6 ……. OK

Ls = 0.071*fy *db = 0.071 * 420 * 18 = 53.7 m ……… use lap splices length 60 cm

.

4.12 Design of Basement wall:
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4.12.1 LOAD CALCULATION:

θ = 30ο γ = 20KN/m3 Fig . (4-8) Loads On the Basement wall .(Col-22A)

kο = 1-sin30ο = 0.5

q1=20*0.5*4 = 40 KN/m2

q1=5*0.5 = 2.5 KN/m2

factor  load:

qu=1.6 *40 +1.6*2.5 =68 KN/m2

Assume h =30 cm

mx

xx

246.2

0
8*2

))
4

468
(44(

34.49










Mu= 1.32246.2*43.49
2
246.2(*4 2



mKN.62.68

4.12.2 Check thickness due to shear :

d= 300 – 20 - 14/2   = 273 mm
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vu@d = 50 KN

6

10*0273.0*1*2475.0 3

Vc

167 KN
Vc > Vu …..

4.12.3 DESIGN OF FLEXURE :

Kn = 023.1
273.0*1
9.0
62.68

2 

M =20.6

As = 0.0025 *1000*273 =682.53mm2

FOR VERTICAL

As min =0.0012 * 1000 *273 =327.6 mm2 Use  14 @ 20 cm  c/c by one layer

For horizontal

As min =0.002*1000 *300 = 600 mm
2 Use  10 @ 20 cm  c/c  by two layer

4.13  Design of one Way Solid Slab for stairs :

0025.0

420

6.20*023.1*21
1

6.20

1










 




Chapter Four – Structural Analysis And Design

٧٥

4.13.1  Determination of Loads:

hmin for one way solid slab = L/20

hmin = 4/20 = 0.2 m .

Take h=hmin =20 cm .

mKNqudirectionXinStripmFor

mKNqu

mKNqu

mKNLL

mkN

mkN

mkNLD

/221

/22

/2210*6.15*2.1

/10..

/5D.L

/10=L.LTANKFrom

/525*20.0.

2

2

2

2

2

2













Fig . (4-9). moment and shear diagram from Atir (BEAMD)

4.13.2  Design of Shear:
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d = 20 – 2 – 0.12/2 =17.4 cm

4.13.3  Design of Reinforcement:

d=20-2-1.2/2=17.4cm.

Mu = 48.5 KN.m

Mpa
db

Mnx
Kn

mKNMnx

fc

fy
m

78.1
174*1000

10*89.53

*

.89.53
9.0

5.48

6.20
24*85.0

420

*85.0

2

6

2

'







mmmAs

fy

mkn

m

req /4.737174*100*00424.0

00424.0)
420

78.1*6.20*2
11(*

6.20

1

)
2

11(
1

2









)

mcmAs /132.34.17*100*0018.0 2
min 

Asreg > Asmin

Select Ф 12@15cm with AS prov. = 7.91 mm²/m > 737.4 mm²/m.
4.13.4 Design of Top Reinforcement

Use  for shrinkage  and  temperature Ф 8@25cm c/c .

4.14 Design of Stairs :

4.14.1 Determination of Slab Thickness:

quirediforcementShearNo

KNVuVc

dbfcVc

VnVc

ReRe

0.4455.106.

5.1061000*174.0*1*24*75.0*
6

1
**'*75.0*

6

1
*

*














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- L = 3.6+0.75 = 4.35 m.

- hreq = L/ 20.

-hreq = 435 / 20 = 21.75 cm ………….take h= 25 cm.

 Use h = 20cm.

-θ = tan-1(191 / 330) = 30o

-Cos θ = 0.866

The stairs at section (A-A) will be carried on the shear wall.

4.14.2 Load Calculations at section (A-A):

Dead Load:

slab = 0.25*25*1/cos30 = 7.22 KN/m2.

plastering = 0.02*22*1/cos30 = 0.51 KN/ m2.

stair = (0.17*0.3)*25*1 = 2.125 KN/ m2.

2*0.3

tiles = (0.33+0.17)*0.03*27/0.3 = 1.35 KN/ m2.

mortar = (0.17+0.3)*.02*22/0.3=0.69 KN/ m2.

Total dead load = 7.22+0.51+2.125+1.35+0.69

= 11.9 KN/ m2.

Live load:

Fig.(4-10) Structural system of stairs at section (A-A)
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Fig.(4-30) Shear diagram of stairs at section (A-A)

Live load for stairs =5 KN/ m2.

Factored load

qu =1.2*11.9+ 1.6*5 = 22.28 KN/ m.

For one meter Strip, qu = 22.28 KN/ m .

Load on landing :-

Dead Load:

 Tiles = 0.03*27= 0.81 KN/m2

 Slab = 0.25*25 = 6.25 KN/m².

 Plaster = 0.02*22 = 0.44 KN/m².

 Mortar = 0.02*22=0.44 KN/m².

Total dead load = 0.81+6.25+0.44+0.44

= 7.94 KN/m².

Live load:

Live load for stairs =5 KN/ m2.

Factored load

qu =1.2*7.94+ 1.6*5 = 17.53 KN/ m2.

For one meter Strip, qu = 17.53 KN/ m .

4.14.3 Design of Shear :

 Assume Ø 14 for main reinforcement:-

So, d = 200-20-14 = 166 mm..

Take d= 166 mm

Fig.(4-11) Shear envelope of stairs
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Fig.(4-12) Moment diagram of stairs at section A-A)

 Vu = 50.6 KN .


6

**' dbf
Vc wc

 

 KNVc 66.101
6

166*1000*24*75.0


 Vu = 53.6  KN  < Ø.Vc = 101.66  KN .

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4.14.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Mu = 62.4 KN.m.

Mn req = Mu / 0.9 = 62.4 / 0.9 = 69.33 KN.m.

d = 166 mm.

2db

Mn
kn 


.52.2
166.0*1

10*33.69
2

3

MPakn 


'85.0 fc

fy
m




588.20
2485.0

420



m













y

n

f

mk

m

2
11

1
 .0064.0

420
52.2*588.20*2

11
588.20
1











As req = 0.0064*1000*166 = 1066.54 mm2.
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A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf




A s min = )166)(1000(
420

4.1
)166)(1000(

)420(4
24



A s min = 484 ≤ 553.3

١.٠١Aالمقطع s min = 553.3 mm 2 ……….Control.

Use 1Φ 14@ 15 cm. ………….. with As =(100 / 15)*154 = 1078 mm².

As provided=1078  > As req.…………………..OK.

Check for strain:

Tension = Compression

ok

mm
a

x

mma

a

abfcfyA

s

s

s













005.0016.0

003.0*
1.26

1.26166

1.26
85.0

2.22

2.22

*1000*24*85.0420*1078

***85.0*

1

\







4.14.4.1 Development length of the bars:

b
c

y
d d

f

f
L  

'2

mmLd 60014111
242

420


Ld available  >  Ld req = 60cm

4.14.4.2 Secondary reinforcement:

2

2

36020010000018.00018.0

6.2151078
5

1

5

1

mmhbAs

mmAsAs

Shrinkage

req





Use Φ10 @ 20 cm …………….. With As = (1000 / 200)* 79 = 395 mm².



Chapter Four – Structural Analysis And Design

٨١

4.14.5  Stairs at section (A-A) Details:-

Fig.(4-12) Section A-A of stairs

Design of landing:-

Dead load = 17.53 KN/ m .

Live load = 5.0 KN/ m .

 Vu = 78  KN .


6

**' dbf
Vc wc

 

 KNVc 66.101
6

166*1000*24*75.0


 Vu = 78  KN  < Ø.Vc = 101.66  KN .

>>>>No shear Reinforcement is required. So the depth of the stair is OK.

Design of moment :-
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Mu = 100.5 KN.m.

Mn req = Mu / 0.9 = 64.3/ 0.9 = 71.4 KN.m.

d = 166 mm.

2db

Mn
kn 


.6.2
166.0*1

10*4.71
2

3

MPakn 


'85.0 fc

fy
m




588.20
2485.0

420



m













y

n

f

mk

m

2
11

1
 .0066.0

420

6.2*588.20*2
11

588.20

1










As req = 0.0066*1000*166 = 1095 mm2.

A s min = ))((
4.1

))((
)(4

dbw
fy

dbw
fy

cf




A s min = )166)(1000(
420

4.1
)166)(1000(

)420(4
24



A s min = 484 ≤ 553.3

A s min = 553.3 mm
2 ……….Control.

Use 1Φ 14@ 12.5cm. ………….. with As =(100 / 12.5)*154 = 1230 mm².

As provided=1230 > As req.…………………..OK.

Check for strain:

Tension = Compression
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ok

mm
a

x

mma

a

abfcfyA

s

s

s

 











005.0014.0

003.0*
7.29

7.29166

7.29
85.0

3.25

3.25

*1000*24*85.0420*1230

***85.0*

1

\







For shrinkage and temperature use Φ 10@ 20 cm .

4.15 Design of shear wall :-

Fig.(4.13) Moment and Shear Diagrams
Fc = 24 MPa

Fy = 420 MPa

t=25 cm .shear wall thickness

Lw = 5.50 m .shear wall width

Hw for one wall = 4 m story height

Design of the Horizontal reinforcement:

Internal forces & moments:
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  KNVuFx 48.948

Design it by using Reinforced concrete:

KNVuVn

KNVu

93.31275.0/

74.234




Design of shear

mlwd

m
hw

controlm
lw

4.45.58.08.0

75.8
2

5.17

2

75.2
2

5.5

2





 

10

2

2

2

2.1347
4.54

32.40

4

10*4.425.024

0

44

15.89810*4.425.0
6

24

6

3

3

2

2

3

1

1

dh

l

V

M

hl

N
cfl

cf
V

KNV

NAssume

L

dNdbcf
V

KNV

db
cf

w

u

u

w

u
w

c

c

u

w

u
c

c

CV





































































KNV

applyWillV

l

V

M

c

c

w

u

u

6.103010
10

4.425.0

2

5.5

74.234

5.1559
45.08.4

02
245.5

2

24

0894.3
2

3

3

3











































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layerincccmuse

cmcmcmselectedS

cmSreqcmSSelect

mmS
S

mm
S

Av

cmAsselect

mmhS

mm
Lw

S

mmh
S

Avh

m
dFy

Vs

S

Av

KN

VcVnVs

KNdhfcVc

mLwd

2)/(25@102

11075252

2.25252

8.2522625.0
2

158

178.0625.0
2

2158102

750250*3*32

11005/5500000
5

2

625.0250*0025.0*0025.0
2

0000423.0
4400*420

19.78

*2

19.7874.23493.312

1

15.8984400*250*24
6

1
**'*

6

1

4.45.5*8.0*8.0





 


 





  




























select 2Ф 10 / 25cm  In tow layer

)(layersin twoentreinforcem the/20@12 horizentalForcccmUse
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Design of bending moment:

Mn = 10780.4 KN.m
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Fig.(4.14): Section in shear wall
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Fig.(4.15): Details of shear wall
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المصادر والمراجع

1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI

318M-08) AND COMMENTARY CODE (ACI 318M-02).

ي .٢ وطني الأردن اء ال ودات البن وى ، ك ال والق ودة الأحم ي ، ك وطني الأردن اء ال س البن ان، مجل ، الأردن، عم

.م١٩٩٠

3-Uniform building Code (UBC), (1997).

.تلخیص وملاحظات الدكتور المشرف-٤
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الملاحق

A 1)الملحق
ویضم ھذا الملحق جمیع المخططات والرسومات المعماریة الخاصة بالمشروع

B 2)الملحق
وغیرھاویشمل ھذا الملحق جمیع المخططات الإنشائیة من أعمدة وعقدات

C قحالمل (3
.وھو عبارة عن أجزاء من الكودات التي تم استخدامھا في تصمیم المشروع
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 (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
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الأحمال الحیة للأرضیات و العقدات

نــوع المبــنى
)الاشغال(الاستعمال 

الحمـل 
الموزع

الحمل المركز 
البدیل

٢KNم/KNخــاصعــام

المباني
السكنیة

والخاصة

المنــازل والبیــوت 
والشــقق السكنیـة 

والأبنیة ذات الطــابق 
.الواحــد

ك    ي ذل ا ف رف بم ع الغ جمی
رف  ـخ غ وم والمطابـ الن

ابھ   ا ش یل وم رف الغس وغ
ذلك

2.0001.400

الفنــادق والموتیـلات 
والمستشفیات

2.0001.800غـرف النـوم

منـازل الطلبـة ومـا
شابھھــا

2.0001.800غرف وقاعات النوم

المباني
العامة

ع      ات التجم ة وقاع ات العام القاع
ات    ائس وقاع اجد والكن والمس
ینما     ارح ودور الس دریس والمس الت

دارس   ي الم ع ف ات التجم وقاع
درجات    وادي والم ات والن والكلی
یة  ات الریاض قوفة والقاع المس

المغلقة

مقاعد ثابتة
4.000-

مقاعد غیر ثابتة
5.0003.600

-6.000مستودعات الكتبالمكتبات

مستودع كتبمن دون غرف المطالعة في المكتبات
مع مستودع كتب

2.500
4.000

4.500
4.500
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الثاني الثاني الفصل الفصل 

الوصف المعماري

.مقدمة ال2.1

.نبذة عن المشروع 2.2

.موقع المشروع 2.3

.الموقعأھمیة2.4

.التعدیلات التي جرت على المخططات المعماریة2.5

.تقسیمات المشروع 2.6

.عناصر الحركة في المبنى   2.8

.الواجھات 2.9

الثانيالفصل 

.مقدمة ال2.1
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فهي ، 
لكي ، 

.

 ،
كما ، م تلك ي

، ها حديثا نشؤي
 ،

 " ".

بل ، 

فالمب، 
 ،

.

جل تمر عملية
ففي ، ، 

 ،
تحديد تمكن من ن، له 

 ،
.
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 ،

.لكي يتم نقلها 

 ،
.

.نبذة عن المشروع 2.2

، كما ، 
يقع ، لل

.

، بوليتكنك فلسطين 
.نانتقل، 

موقع المشروع2.3
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 ، ،
.

لذلك فإ
 ،

 ،
.

 ،
 ،

مع حاجة 

 ،
 ،

)٢-٢() ٢-١(
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)٢-١( :

)٢-٢ (
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-:الموقعأھمیة2.4

 ،:

١-

.للمستشفى 
.لمنطقة -٢
٣-.
٤-

.

.التعدیلات التي جرت على المخططات المعماریة2.5

لأ
 ،

 ،
على 

.

:
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) ٢-٣(ل 

) ٢-٤(كل 
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.تقسیمات المشروع 2.6

تقسيماته
خرلآ٦٨٠٠٢

.

:الأرضيالطابق 2.6.1

)٢-٥ (

١٢٦٠٢
: هي فيه ، ٣.٧٤

.
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 .
 .

 .
:

:
 ،.

:
.

 :.

 :  .

:ل والطابق الأ2.6.2

)٢-٦ (
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عن متر ٢٠٠٠٢٠.٥
.

:

:.

.Xأشعةب: 

حيث : 
.

ت: 
.

ت: 
.ت

.افيتريا

:الطابق الثاني 2.6.3

)٢-٧ (
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٢٢٠٠٢٤.٥٠.

:

بالإضافة:
.

 :
.

 :.

 : ،
.

 :.

:الطابق الثالث 2.6.4

)٢-٨ (
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١٠٠٠٢
. بالإضافة

. على قسم 

.العناصر المعماریة ذات الطابع الوظیفي  2.7

 ، ،
كذلك فإ، 

.

:
، يهد

:

:

موقعها، تتوفر فيها 
 ،،

.

:

بالنسبة للمستشفى بشكل 
،

X ،
.
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:

 ،
، ها

.حركة 

ما سلف ، ية

.

.عناصر الحركة في المبنى   2.8

ممن صياغةيمكن 
 ،:

:

ة
، ستخدمها، 

ة لجميع ئيمر، 

.عليها 

)٢-٩ (
.

20

:

 ،
، ها

.حركة 

ما سلف ، ية

.

.عناصر الحركة في المبنى   2.8

ممن صياغةيمكن 
 ،:

:

ة
، ستخدمها، 

ة لجميع ئيمر، 

.عليها 

)٢-٩ (
.

20

:

 ،
، ها

.حركة 

ما سلف ، ية

.

.عناصر الحركة في المبنى   2.8

ممن صياغةيمكن 
 ،:

:

ة
، ستخدمها، 

ة لجميع ئيمر، 

.عليها 

)٢-٩ (
.
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:

ة
 ،

لما توفر من ، 
كما . بعناية 

.

شكل توضيحي لمصعد كهربائي) ٢-١٠(

:

كما ، 
ركة

.

 ،
ناما

.
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.الواجھات 2.9

 ،
،المسة 

 ،
.

)الواجھة الرئیسیة ( الواجھة الشمالیة الشرقیة 2.9.1

)٢-١١ (

تمتلك 
، تمتلك 

 ،
 ،

.



23

 ،
من 

فضلا ، 

.

الغربیةالواجھة الشمالیة 2.9.2

)٢-١٢ (

خل مد، 
.كما

من ذلك يظهر فيها ك، 
، مكشوفة  على هيئة 

ضم ت، حمن 
كما ، 

.
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:ةالشرقییةالجنوبالواجھة 2.9.3

)٢-١٣ (

ن، 
.

متتديلحظ 
ر، 

حيث ،
ما

.

حصتها من تأخذ
، فإ، تعلوها 

.
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:الغربیة الجنوبیةالواجھة 2.9.4

)٢-١٤(

من بقية 

 ، ،
 ،.

مستطيلة تحتل جز، 
كما ، بشكل جلي 

.
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الخامسالخامسالفصل الفصل 

النتائج والتوصیات

النتائج١- ٥
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تلاك       .١ تطیع ام ى یس دوي حت كل ی میم بش یجب على كل طالب أو مصمم إنشائي أن یكون قادراً على التص

. الخبرة والمعرفة في استخدام البرامج التصمیمیة المحوسبة

أثیر       من العوامل التي یجب أخذھا بعین الاعتبار،.٢ ع وت ة الموق المبنى وطبیع ة ب ة المحیط العوامل الطبیعی

.القوى الطبیعیة على الموقع

.یجب اختیار النظام الإنشائي الأنسب من حیث الأمان والتكلفة الاقتصادیة.٣

على المھندس المصمم أن یكون ملماً بطرق تنفیذ العناصر الإنشائیة حتى یتمكن من تصمیم المنشأ .٤

.فیذبطریقة قابلة للتن

٥.4/٢ .

٦.(One-Way Ribbed Slab)

.( Two-Way Ribbed Slab )

( Solid Slab )C

.

.الأحمال الحیة المستخدمة في المشروع تم الحصول علیھا  من الكود الأردني.٧
:برامج الحاسوب المستخدمة .٨

:سیتم استخدمھا في ھذا المشروع وھيھناك عدة برامج حاسوب

a(AUTOCAD .و ذلك لعمل الرسومات المفصلة للعناصر الإنشائیة: 2007

b(Safe : لبعض العناصر الإنشائیةالإنشائیةوالتصامیموذلك لإجراء التحالیل.

c(ATIR :للتصمیم والتحلیل الإنشائي للعناصر الإنشائیة.

d()Office مختلفة من المشروع مثل الكتابة النصوص والتنسیق تم استخدامھ في أجزاء ) : 2007

.وإخراج المشروع

من الصفات التي یجب أن یتصف بھا المصمم ھي الحس الھندسي الذي یقوم من خلالھ بتجاوز أیة .٩

.مشكلة ممكن أن تعترضھ في المشروع وبشكل مقنع ومدروس

التوصیات٢- ٥
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والإنشائي خلال عملیة التصمیم حتى ینتج مبنى یجب أن یكون ھنالك تنسیق بین المصمم المعماري.١
.متكاملاً إنشائیاً ومعماریاً

.یوصى بتنفیذ المشروع حسب المخططات المرفقة بالمشروع بأقل تغییرات ممكنة.٢

ینصح بوجود مھندس مشرف للإشراف على التنفیذ وأن یلتزم بالمخططات والشروط لضمان التنفیذ .٣
.الأفضل للمشروع

میم      إذا تبین .٤ ادة تص ب إع ھ یج ا؛ فإن أن قوة تحمل التربة أقل من القوة التي تم تصمیم المشروع بناءً علیھ
.الأساسات وفقاً للقیمة الجدیدة

.بعد المراجعة الشاملة للمخططات التنفیذیة فإن ھذا المشروع یعتبر جاھزاً للتنفیذ إنشائیاً ومعماریاً.٥

دیلات       یجب استكمال التصمیم الكھربائي و المیكا.٦ ال أي تع ذ لإدخ ي التنفی رة ف ل المباش نیكي للمشروع قب
.محتملة علیھ من الناحیة الإنشائیة
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