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عقدات المشروع في عمل  التصمیم الإنشائي لجمیع العناصر الإنشائیة التي یحتویھا المشروع، من لخیص ھدف یمكن ت

.جدران وغیرھا من العناصر الإنشائیةوجسور وأعمدة وأساسات و

اري التوزیع المعم، وھو عبارة عن مؤسسة معقدة ذات مرافق متعددة، طوابق ذات تنوع خدماتي عشرة یتكون المشروع من 

. لھذه المرافق یتسم بالتعقید وعدم التماثل بین الطوابق وھذا أدى إلى صعوبة في التصمیم الإنشائي للمشروع 

تتوفر فیھ كافة المتطلبات التي تعمل على توفیر جو ملائم لفندق سیاحيتتلخص فكرة ھذا المشروع في التصمیم الإنشائي 

تتمثل عدة مراحلویتكون المشروع من .لتي تحتوي على جمیع متطلبات الزوارعن طریق توفیر الشقق والاجنحة ا، للزوار

تم اختیار العناصر الانشائیة المختلفة من اعمدة وجسور وعقدات بشكل لا یتناقضقد و،للمخططاتالتدقیق المعماريببدایةً 

باقي میم تصو، ض العناصر الانشائیةالانشائي لبعمرحلة التصمیم تم البدء بوبعد ذلك .مع المتطلبات المعماریة للمشروع

.الانشائیة وعرض نتائجھا على شكل مخططات تنفیذیةةرامج التصمیمیالبمساعدة بعض بالعناصر

-U.B.Cولتحدید أحمال الزلازل تم استخدام ،ومن الجدیر بالذكر انھ تم استخدام الكود الأردني لتحدید الأحمال الحیة  97) (

-ACI_318)نشائي وتصمیم المقاطع فقد تم استخدام الكود الأمریكي ،أما بالنسبة للتحلیل الإ ولا بد من الإشارة إلى انھ ،(08

,Autocad2010:تم الاعتماد على بعض البرامج الحاسوبیة مثل  Office2010,Atir12,وEtabs وsafe

.غیرھاو

.فیقوواالله ولي الت
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Palestine Polytechnic University -2013

Supervisor

Dr. Nafez Naser Al-Deen

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian live
loads, seismic loads and to determine the use of( UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code
(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2010, Atir12.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.
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List of Abbreviations

 Ac = area of concrete section resisting shear transfer.

 As = area of non-prestressed tension reinforcement.

 Asٓ= area of non-prestressed compression reinforcement.

 Ag = gross area of section.

 Av = area of shear reinforcement within a distance (S).

 At = area of one leg of a closed stirrup resisting tension within a (S).

 b = width of compression face of member.

 bw = web width, or diameter of circular section.

 Cc = compression resultant of concrete section.

 Cs = compression resultant of compression steel.

 DL = dead loads.

 d = distance from extreme compression fiber to centroid of tension

reinforcement.

 Ec = modulus of elasticity of concrete.

 fcٓ= compression strength of concrete .

 fy = specified yield strength of non-prestressed reinforcement.

 h = overall thickness of member.

 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 loads.

 Lw = length of wall.

 M = bending moment.

 Mu = factored moment at section.

 Mn = nominal moment.

 Pn = nominal axial load.

 Pu = factored axial load



X

 S = Spacing of shear in direction parallel to longitudinal reinforcement.

 Vc = nominal shear strength provided by concrete.

 Vn = nominal shear stress.

 Vs = nominal shear strength provided by shear reinforcement.

 Vu = factored shear force at section.

 Wc = weight of concrete.

 W = width of beam or rib.

 Wu = factored load per unit area.

 Φ = strength reduction factor.

 εc = compression strain of concrete = 0.003.

 εs = strain of tension steel.

 έs = strain of compression steel.

 ρ = ratio of steel area .
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KN/m3MaterialNo.

22Tile1

17Sand2

25Reinforced Concrete3
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22Plaster5
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Chapter 4

Structural Analysis And Design

4.1 Introduction.

4.2 Design method and requirements.

4.3 Comparison Between the thickness of one way Rib slab and Two Rib slab

4.4 Design of topping.

4.5 Design of one way Rib slab.

4.6 Design of two way Rib slab.

4.7 Design of Beam.

4.8 Design of Column.

4.9 Design of Stair.

4.10 Design of Basement wall.

4.11 Design of Isolated footing.
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4.1 Introduction:
Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels, and

others. Reinforced concrete is logical union of two materials: plain concrete, which possesses high
compressive strength but little tensile strength, and steel bars embedded in the concrete, which can provide
the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently
admixtures.

Understanding of reinforced concrete behavior is still far from complete, building codes and specifications
that give design procedures are continually changing to reflect latest knowledge.

Structural concrete can be classified into:

 Lightweight concrete with unit weight from about 1350 to 1850 kg/m3.
 Normal weight concrete with unit weight from about 1800 to 2400 kg/m3.
 Heavyweight concrete with unit weight from about 3200 to 5600 kg/m3.

4.2 Design method and requirements:

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI_code (318_08).

 Strength design method:
In ultimate strength design method, the service loads are increased by factors to obtain the load at which
failure is considered to be occurring.
This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of this
strength takes into account the nonlinear stress-strain behavior of concrete.
The strength design method is expressed by the following,

Strength provided ≥ strength required to carry factored loads.

NOTE:

The statically calculation and the key plans dependent on the architectural plans.

 Code : ACI 2008
UBC

 Material :

Concrete: B300…. )(/30' 2 MPammNfc  For circular section

but for rectangular section ( MPafc 248.0*30'  ) .

Reinforcement steel : The specified yield strength of the reinforcement {fy = 420 N/mm² (MPa)}

Mild steel :    A-36

Connection Type : Weld , Bolts
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 Factored loads:

The factored loads for members in our project are determined by:
Wu = 1.2 DL + 1.6 LL ACI-code-318-08(9.2.1).

4.3 Comparison between the thickness of one way rib slab and two way rib slab :

*Check Thickness of one way rib slab
The structure may be exposed to different loads such as dead and live loads. The value of the load depends

on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

The minimum required thickness of the joist is:

 for exterior span: L2/18.5 = 5150/18.5 = 278.38 mm

Fig 4.1: one way Rib slab-exterior plan (R 15-part A)
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 for interior span: L1/21 = 5250/21 = 250 mm

Fig 4.2: One Way Rib slab-interior span (R11-part A)

 for cantilever span: L/8 =2245/8 = 280.625 mm … (control)

Fig 4.3: One Way Rib slab-cantilever (R19-part B)
Assume thickness is 32 cm.

Fig 4.4: One Way Rib slab section
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*Check Thickness of two way rib slab:

Fig 4.4: Two way Rib slab (R6-part B)

 Statically system for (R6-part B) :

Rib slab (R6-part B) :

Yc = = 10.55 cm

Irib =52 .
- 40 .

+ 12 .
= 59609 cm4

Rectangular Beam (B35-part B):

Ib(100) = 100 =273066.67 cm4

Ib(80) = 80 =218453.33 cm4
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External:

Long direction L = 680 cm

Is = 59609 518712.9327 cm4

Internal :

In short direction L = 680 cm

Is = 59609 954317.1635 cm4

In long direction L = 745 cm

Is = 59609 894135 cm4

Is = 59609 894135 cm4

α 1 =
.. = 0.421

α2 =
.

= 0.305

α3=
.. = 0.286

α4=
.

= 0.305

αfm = = 0.329<2 β =
. . = 1.096

h=
.. . . = 223.25>hmin =125

The thickness of two way rib slab is smaller than in one way rib slab SO ,

Take the slab thickness = 32 cm, 24 cm for concrete block , 8 cm, for topping.
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4.4 Design of topping:

 Statically system for topping :

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Fig 4.5: topping load.

 Load calculations:
Dead load calculations:

Dead load from: δ×γ×1 KN/m

Tiles 0.03×23×1 0.69
Mortar 0.03×22×1 0.66

Coarse sand 0.07×16×1 1.12
Topping 0.08×25×1 2

Interior partitions 1.5×1 1.5
∑ 5.97

Live load :

LL =5 KN/m2 LL =5 KN/m2 × 1m= 5KN/m

Factored load :

WU = 1.2 ×5.97 + 1.6×5 =15.164 KN/m.

Check the strength condition for plain concrete, øMn ≥ Mu, where ø =0.55.

Mn = 0.42 λ Sm (ACI 22.5.1, equation 22-2)S . 1066666.67 .

øMn =0.55×0.42×1×√24 ×1066666.67 ×10 =1.232 KN.m

Mu = 0.202 . (negative moment).
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Mu = 0.101 . (positive moment).

øMn>> Mu = 0.202 .
No reinforcement is required by analysis. According ACI 10.5.4, provide As,min for slabs as shrinkage and
temperature reinforcement.

ρshrinkage = 0.0018 ACI 7.12.2.1

As = ρ×b×htopping =0.0018 ×1000×80 = 144 mm2/m.

Step (s) is the smallest of:

1. 3h = 250 mm. control ACI 10.5.4
2. 450mm.

3. S =380 2.5 380 2.5 .20 330 but

S≤ 300 300 300 ACI 10.6.4

Take ø8 @ 250 mm in both direction

4.5 Design of one way Rib (R2-Part A)  :-

Fig 4.6: one way rib slab(R2-part A).
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Fig 4.7 : Rib geometry

.

Fig 4.8 : loading of Rib

Fig 4.9 : Moment Envelop of rib

Figure 4.10 : Shear Envelop of rib.
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4.5.1 Design of flexure

4.5.1.1 Design of Positive moment of rib

Assume bars diameter of 12 mm

d= 320-20-8-(12/2)= 286 mm.

b eff <= 520 mm.       (Control)

<= 5250 \4 = 1312.5mm.

<= 16 * 80 +120 = 1400mm.

beff = 520 mm.

5.169.187

*

..9.1871000*)2\08.0286.0(*52.0*08.0*24*85.0*9.0*





MuMn

mKNMnf




→ Rectangular section.

Mu max= 16.5 .m

Maximum  positive  moments Mu= 16.5 kN .m

Mn = 16.5  / 0.9 = 18.33kN.m

m =
'*85.0 fc

fy
=

24*85.0

420
= 20.6

Rn =
2* db

Mn
=

2)286(*520

6^10*33.18
= 0.43 Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
6.20

1
(1 -

420

)6.20)(43..0(2
1 ) = 0.0013

As = 0.0013 (520) (286) =193.336 2mm

        )1.5.10......(..........
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       )286120
420

4.1
286120

4204

24
min As
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4.11408.100min As

2
min 4.114 mmAs 

Use 22.226 mmAs 

# of bars = As/ As bar = 226.2/113.1 = 2 bars * Note AФ12= 113.1mm²

Select 2 Ф 12 mm .

 Chick for strain :
Tension = compression
As * fy = 0.85 * 'fc * b * a

005.0078.0

003.0
45.10

45.10286

54.10
85.0

96.8

96.8

*24*520*85.0420*2.226

1













s

s

mm
a

c

mma

a







OK

4.5.1.2 Design of Negative moment of rib:

Maximum negative moment Mu= -12.2 kN.m

Mn= 12.2/ 0.9 = 13.56 kN.m

m =
'*85.0 fc

fy
=

24*85.0

420
= 20.6

Rn =
2* db

Mn
=

2)286(*120

6^10*56.13
= 1.38 MPa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
6.20

1
(1 -

420

)6.20)(38.1(2
1 ) =0.0034

As = 0.0034 (120) (286) = 116.7 2mm

       dbw
fy

dbw
fy

cf
As

4.1

4min 
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       )286120
420

4.1
286120

4204

24
min As

4.11408.100min As

2
min 4.114 mmAs 

116.7 2mm > 2
min 4.114 mmAs 

Use 22.226 mmAs 

# of bars = As / As bar = 226.2/113.1 = 2 bars * Note AФ12= 113.1 mm²

Select 2 Ф 12 mm

 Chick for strain :
Tension = compression
As * fy = 0.85 * 'fc * b * a

005.0016.0

003.0
66.45

66.45286

66.45
85.0

81.38

81.38

*24*120*85.0420*2.226

1













s

s

mm
a

c

mma

a







OK
we used --2 Ф 14

4.5.2 Design of shear of rib

1) Vud max = 22.7 KN

Ф Vc =  Ф *
6

'fc
bw * d

= 0.75 *
6

24
120*0.286

= 21 KN

1.1 * Ф Vc = 1.1*21 = 23.1 KN.
Ф Vnmax = 5 Ф Vc = 115.5 > Vu = 22.7         The Section is large Enough

Ф Vc > Vud no stirrups are required



Chapter 4 structural analysis and design

-٤٦ -

4.6 Design of two way Rib slab Pos. (R 5-Part B)

Fig. 4.11: Two way ribbed slab (R5-part B)

 Statically system and Dimensions.
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 Load calculations:
Dead load calculations:

Fig. 4.12: Two way rib slab section

Dead load from: W = γ×V KN

Tiles 0.03×23×0.522 0.187
Mortar 0.03×22×0.522 0.178

Coarse sand 0.07×16×0.522 0.303
Topping 0.08×25×0.522 0.541

Interior partitions 1.5×0.522 0.406
RC rib 0.24×25×0.12×(0.52+0.4) 0.662

Hollow Block 0.24×10×0.4×0.4 0.384
Plaster 0.03×22×0.522 0.178

∑ 2.839

Nominal Total Dead Load = 2.839 KN/Rib

DL= 2.839/(0.522) = 10.499 KN/m2

Nominal Total live load = 5 KN/m2

Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2*10.499 = 12.599 KN/m2.

Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m2.

W = 12.599 + 8 = 20.599 KN/m2

 Flexural Design for (R 520) :

Moments calculations :-

Ma = Ca wla
2brib and     Mb = Cb wlb

2 brib

Table (4.2)Calcula on of two way dead load (R 520)
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La/Lb = 6.8/7.45 = 0.913 ………..Case 9

The moment calculation will be done for the slab middle strip.

*Negative moments at continuous edge:

Ca,neg (la/lb=0.90) = 0.068 Ca,neg (la/lb=0.95) = 0.065

Ca,neg (la/lb=0.913) = 0.0672

Ma-ve=Ca*W*La
2*brib=0.0672*20.599*6.8 2*0.52= 33.28 KN.m/Rib

Cb,neg (la/lb=0.90) = 0.025 Cb,neg (la/lb=0.95) = 0.029

Cb,neg (la/lb=0.913) = 0.026

Mb-ve=Cb*W*Lb
2*brib=0.026*20.599*7.45 2*0.52= 15.46 KN.m/Rib

*Positive moments :

Ca,D (la/lb=0.90) = 0.026 Ca,D(la/lb=0.95) = 0.024

Ca,D(la/lb=0.913) = 0.02548

Ma+ve,D=Ca*W*La
2*brib=0.02548*12.599*6.8 2*0.52= 7.72KN.m/Rib

Ca,L(la/lb=0.90) = 0.036 Ca,L (la/lb=0.95) = 0.032

Ca,L (la/lb=0.913) = 0.03496

Ma+ve,L=Ca*W*La
2*brib=0.03496*8*6.8 2*0.52= 6.72 KN.m/Rib

Ma+ve = Ma+ve,L + Ma+ve,D = 14.44 KN.m/Rib

Cb,D (la/lb=0.90) = 0.015 Cb,D (la/lb=0.95) = 0.017

Cb,D (la/lb=0.913) = 0.01552

Mb+ve,D=Cb*W*Lb
2*brib=0.01552*12.599*7.45 2*0.52= 5.64 KN.m/Rib

Cb,L(la/lb=0.90) = 0.022 Cb,L (la/lb=0.95) = 0.025

Cb,L (la/lb=0.913) = 0.02278

Mb+ve,L=Cb*W*Lb
2*brib=0.02278*8*7.45 2*0.52= 5.26 KN.m/Rib

Mb+ve = Mb+ve,L + Mb+ve,D = 10.9 KN.m/Rib

*Negative moments at Discontinuous edge (1/3 * positive moments):

KN.m/Rib3.63=
3

9.10
, negbM
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Design for Negative and Positive moment:

* Short direction

d = 320 – 20 – 8 –
2

14 = 285 mm

Positive Moment:
Midspan: (Mu = +14.44 KN.m/Rib )

Rn
.. 1.65 .

m . . 20.6
ρ 1 1 . . . 1 1 . . 0.0041
As = ρ.b.d = 0.0041 ×120×285 = 140.22 mm2. Control.

Check for As,min .

As,min =0.25 . . .
As,min =0.25 √ 120 285 99.73
As,min =

. 120 285 114
As,required = 140.22 mm2.

Use 2ø10Bottom, As,provided = 157.08 mm2>  As,required = 140.22 mm2.         Ok

Check spacing :
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S 40 10 25
Check for strain:

a =
.. .. 26.95

c
.. 31.71

0.003 0.003 285 26.9526.95 0.0287 0.005 0
Negative Moment:
Continuous edge : (Mu = - 33.28 KN.m/Rib )

Rn
.. 3.794 .

m . . 20.6
ρ 1 1 . . . 1 1 . . 0.01
As = ρ.b.d = 0.01 ×120×285 = 342 mm2. Control.

Use 2ø16Top , As,provided = 402.12 mm2>  As,required = 342 mm2.         Ok

Check spacing :

S 28 16 25
Check for strain:

a =
.. .. 68.99

c
.. 81.165

0.003 0.003 285 81.16581.165 0.0075 0.005 0
* Long direction

d = 320 – 20 – 8 –
2

14 = 285 mm

Positive Moment:
Midspan: (Mu = +10.9 KN.m/Rib )
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Rn
.. 1.24 .

m . . 20.6
ρ 1 1 . . . 1 1 . . 0.003
As = ρ.b.d = 0.003 ×120×285 = 102.6 mm2.

Check for As,min .

As,min =0.25 . . .
As,min =0.25 √ 120 285 99.73
As,min =

. 120 285 114 .
As,required = 114 mm2.

Use 2ø 10Bottom, As,provided = 157.08 mm2>  As,required = 114 mm2.         Ok

Check spacing :

S 40 10 25
Check for strain:

a =
.. .. 26.95

c
.. 31.71

0.003 0.003 285 31.7131.71 0.024 0.005 0
Negative Moment :
Continuous edge : (Mu = - 15.46 KN.m/Rib )

Rn
.. 1.76 .

m . . 20.6
ρ 1 1 . . . 1 1 . . 0.0044
As = ρ.b.d = 0.0044 ×120×285 = 150.48 mm2. .
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Check for As,min .

As,min =0.25 . . .
As,min =0.25 √ 120 285 99.73
As,min =

. 120 285 114
As,required = 150.48 mm2.

Use 2ø 10Top, As,provided = 157.08 mm2>  As,required = 150.48 mm2.         Ok

Check spacing :

S 40 10 25
Check for strain:

a =
.. .. 26.95

c
.. 31.71

0.003 0.003 285 31.7131.71 0.024 0.005 0
 Shear Design for (R 5-part B):

Wa (la/lb=0.90) = 0.75 Wa (la/lb=0.95) = 0.71

Wa (la/lb=0.913) = 0.7396

 The total load on the panel being ( 6.8×7.45×20.599 = 1043.55 KN)
 The load per rib at face of the long beam is (0.7396×1043.55×0.52/(2×7.45)=26.94KN)

Vud = 26.94 – 20.599×0.52×0.285 = 23.89 KN

Vc =
. . √24 120 285 10 30.72

ø Vc =0.75×30.72 =23.04 KN.

0.5 ø Vc =0.5×0.75×30.72 =11.52 KN

Vs,min = 120 285 10 11.4 Control

Vs,min = √24 120 285 10 10.47
ø Vc< Vu<ø ( Vc + Vs,min )
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Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) ø10Av = 2 × 78.5 = 157.08 mm2.

2 600 2 2842 142 .3 157.08 420 3120 1649.34 14216 157.08 420 16120 √24 1795.57 142
Use 2-Leg ø10 @ 140 mm , and 2-Legø 10 @ 200 mm in the middle space.

4.7 Design of Beam G2-Part A:

Fig 4.13 : Beam Plan

Determination of Dead load of beam:-

Type ᵧb h
KN/m

Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*1*16 1.12

Reinforcement concrete 25* 1*0.60 15
Plaster 0.02*1*22 0.44

Partitions 2.38*1 2.38
From rib 14 27.78/.52=53.42

Sum 73.49
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Determination of live load of beam:-

Nominal  live load : 5*1 =5 kN /m

From rib = 14.38/0.52= 27.65 KN/m

Determination   of factored dead & live load:-

Factored dead load = 1.2*Dead load = 1.2*70.15= 73.49 KN/m.

Factored Live load = 1.6*live load = 1.6*32.65= 52.24 KN/m

Fig 4.14 : Beam  Geometry

Fig 4.15 : Moment Envelop for Beam
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Fig 4.16 : Shear Envelop for Beam

4.7.1 Design of flexure

4.7.1.1 Design of  positive  moment

1) Maximum  positive  moment Mu = 892.2KN.m

bw =100 cm   h= 60 cm

d= 600 -40-10-9 =541 mm

1) Mu = 892.2 KN .m

C max= 3/7 d= 3*541 /7=231.86 mm       a=0.85 C= 0.85*231.86= 197.1 mm

Ф Mn max = Ф 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*197.1*1000*(541-197.1/2)*10^-6=1458.8 KN.m > Mu =892.2 KN.m ok

Design as singly

Mn= Mu/0.9= 892.2 /0.9 = 991.33 KN m

Assume bars of Ф18

Rn =
2*db

Mn
=

2)541(*1000

6^10*33.991
= 3.39 Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
6.20

1
(1 -

420

)6.20)(39.3(2
1 ) = 0.0089

As = 0.0089 (1000) (541) = 4814.9 2mm
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        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       )5411000
420

4.1
5411000

4204

24
min As

2
min 33.1803 mmAs 

4814.9 2mm > 2
min 33.1803 mmAs  OK

# of bars = As/ As bar = 4814.9/254.47= 19 bars * Note AФ18=254.47mm²

Select 19 Ф 18mm with As = 4834.9>As req ok.

 Chick for strain
Tension = compression
As * fy = 0.85 * 'fc * b * a

005.0011.0

003.0
11.117

11.117541

11.117
85.0

54.99

54.99

*24*1000*85.0420*9.4834

1













s

s

mm
a

c

ma

a







ok

Check for bars  placement:

S = (1000 - 40*2 - 2*10 -19*18 )  / 18  = 31mm >25 mm    Ok

4.7.1.2 Design of  Negative  moment

Assume bars of  Ф 18

bw =100 cm   h= 60cm

d= 600 -40-10-9 =541 mm

1) Mu = -880.6 KN .m

Ф Mn max = Ф 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*197.1*1000*(541-197.1 /2)*10^-6=1458.8KN.m > Mu =880.6 KN.m ok

Design as singly
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Mn= Mu/0.9= 880.6/0.9 = 978.44 KN m

Rn = 2*db

Mn
=

2)541(*1000

6^10*44.978
= 3.34 Mpa

ρ =
m

1
(1 -

fy

mRn2
1 )

ρ =
6.20

1
(1 -

420

)6.20)(34.3(2
1 ) =0.0087

As = 0.0087 (1000) (541) =4706.7 2mm

        )1.5.10(....................
4.1

4min 


 ACIdbw
fy

dbw
fy

cf
As

       )5411000
420

4.1
5411000

4204

24
min As

2
min 33.1803 mmAs 

4706.7 2mm > 2
min 33.1803 mmAs  OK

# of bars = As/ As bar = 4706.7 /254.47 = 19 bars                                * Note AФ25=254.47mm²

Select 19 Ф 18 mm with As=4834.93  >As req ok.

 Check for strain:
Tension = compression
As * fy = 0.85 * 'fc * b * a

005.0011.0

003.0
1.117

1.117541

1.117
85.0

54.99

54.99

*24*1000*85.0420*93.4834

1













s

s

mm
a

c

mma

a







ok

check for bars  spacing:

S = (1000 - 40*2 - 2*10 -19*18)  / 18  = 31 mm > 25 mm    Ok
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4.7.2 Design of shear

1) Vu = 589.2 KN

Ф Vc =  Ф *
6

'fc
bw * d

= 0.75 *
6

24
1000* 541*10^-3 = 331.3KN

Vs =Vn – Vc =589.2/.75 – 331.3/.75 = 344.27KN

Vs max=(2/3) *
1

'fc
bw * d =1766.9 kN

 The dimension is big enough.

Check  for  items:-

1/ Vu ≤ Ф Vc/2 => 589.2  > 165.65 not ok

2/ Ф Vc/2 ≤ Vu ≤ Ф Vc => 165.56 <589.2< 331.3    not ok

Ф Vsmin ≥ 0.75 (
3

1
) * bw * d

= 0 .75*(
3

1
)*1000 *541 *10^-3= 135.25 KN. (control)

≥ 0.75 (
16

24
* bw * d

= 0.75 *
16

24
* 1000 * 541 * 10^-3 = 124.23 KN.

Ф Vsmin = 135.25  KN

3/ Ф Vc ≤ Vu ≤ Ф Vc + Ф Vsmin

331.3  <589.2> 466.55     => not ok

Vs' ( =662.6= Ф
3

'fc
* bw * d)

4/ Ф Vc + Ф Vsmin≤ Vu < Ф Vc +Vs'

331.3 ≤ 589.2 ≤ 993.9 ok             S max =d/2 =541/2 =270.5mm < 600   ok

So item (4) satisfy
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Take Av = 4Ф 10 = 4* 78.5 =314 mm2

Av/ s =  Vs/fy * d

157/ s = 314 /541*420  s = 243.77 mm

S=243.77 < d/2 =270.5  mm ≤ 600 mm.

Select  S= 20cm

Use Ф 10 (4legs) @ 14 cm for

4.8 Design of Column (C4 third basement floor )-Part B:

Fig 4.17 : Place Of Column (C4) in the third basement floor

Load Calculation for Column

Column Column Dimensions 'fc fy

Col. C197 70cm* 65cm 27 Mpa 400Mpa
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 Load Calculation:

 
 

mma

a

aAg

mmAg

AgAgAg

fyAstAstAgfcPu

gUse

KNPu

701

700/432032

*700

432032

400*02.0)02.0(*27*85.0*8.0*65.010*6850

)()('*85.0*8.0*65.0

%2

6850

2

3















525000mm²=Ag withm700750Use m

Pu(KN) g providedAg, a( mm ) Ag ,required

6850 0.02 525000 2mm 712.3 432032
2mm

 Selecting longitudinal bars:

 
 

2

3

6.8737

400*)525000(*27*85.0*8.0*65.010*6850

)()('*85.0*8.0*65.0

mmAst

AstAst

fyAstAstAgfcPu







Take 18Ф 25 As,provided = 8834.4 2mm > As,req = 8737.6 2mm

g = Ag

Ast

= 017.0
525000

4.8834


Ф requiredAst , g

0.65 8737.6 2mm 017.0
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 Design of Ties:

- Use ties Ф10 with spacing of ties shall not exceed the smallest of

1. 48 * ds = 48 * 10 = 480mm

2. 16 * db = 16 * 25 = 400 mm - control

3. the least dimension of the column = 700 mm

Use es Ф10 @ 200mm

ds(mm) db(mm) S(mm)

Ф10 Ф25 200

 Check for code requirements:

1. Clear Spacing =
5

25*62*102*40750 
=100 mm > 40mm>1.5db=1.5*25=37.5mm - OK

2. 0.01< g = 0.017 <0.08 - OK

3. Number of bars 18>4 for rectangular section – OK

4. Minimum tie diameter ds =Ф10 for db = Ф25 bars – OK

5. Arrangement of ties 100 mm<150mm – OK

Clear Spacing No. of bars g ds (mm) db (mm)

100 mm 18 0.017 Ф10 Ф25

 Check Slenderness Effect:

Lu: Actual unsupported (un braced) length.

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

R: radius of gyration = 0.3 h =

Lu = 3.5 m

M1/M2 =1   (Braced frame with M,min)

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

1
1234  ACI

M

M

r

klu

I

A
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K=1 , According to ACI 318-02 The effective length factor, k, shall be permitted to be taken as

1.0.

ok
r

klu

ACI
M

M

r

klu

......402255.15
750.0*3.0

5.3*1

)2.12.10(...............4022
2

1
1234





Short column in both direction

Lu (m) M1/M2 K
r

klu

3.5 1.0 1.0 15.55

Fig 4.18: Section of Column (C4)
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4.9 Design of Stairs-Part A:
4.9.1 Determination of Slab Thickness:

L = 4.45 m.
hreq = L/ 20
hreq = L/ 18
hreq =445 / 18 = 24.7 cm
hreq =445 / 20 = 22.25cm ………….take h= 25 cm.
 Use h = 25cm.
α= tan-1(rise/run) = tan-1(150/300)=26.57
Cos α = 0.89

Fig 4.19: Stairs plan

4.9.2 Load Calculations:

4.9.2.1 Load on Stringer:
Dead Load:

Tiles = 0.03*27*((0.35+0.15)/0.30)   = 1.35 KN/m.
mortar = 0.02*22 *((0.15+0.30)/0.3) = 0.66 KN/ m.
Plaster = (0.03*22)/ (Cos 26.57)  = 0.738 KN/ m.
Steps = ((0.15*0.3)/2) * 25/0.3   = 1.88 KN / m.
Slab =25 *0.25/ Cos 26.57 = 6.99 KN/ m.
Total dead load = 11.62 KN/ m.

Live load:
Live load for stairs =5 KN/ m2.

Factored load for flight :
qu =1.2*11.62 + 1.6*5 = 21.94 KN/ m2.

For one meter Strip, qu = 21.94 KN/ m .
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4.9.2.2 Load on landing :
Dead Load:

Tiles = 0.03*22    = 0.66 kN/m2

Mortar =0.02*22 = 0.44 kN/m2

Slab = 0.25*25     = 6.25 KN/m².
Plaster = 0.03*22 = 0.66 KN/m².

Total dead load     = 8.01 KN/m.
Live load:

Live load for stairs = 5 KN/ m2.
Factored load for landing :

qu =1.2*8.01+ 1.6 *5 = 17.612 KN/ m2.
For one meter Strip, qu = 17.612 KN/ m .
4.9.3  Design of Shear :
 Assume Ø 14 for main reinforcement:-
So, d = 250-20 -14/2 = 294 mm = 22.3 cm

Vu = 38.16KN .

6

**' dbf
Vc wc

 

KNVc 56.136
6

223*1000*24*75.0


Vu = 38.16 KN  < Vc = 136.56 KN . 38.16 < .5 Vc = 68.28
>>>>No shear Reinforcement is required. So the depth of the stair is OK.

4.9.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Mu = 46.37 kN.m
Mn = Mu / 0.9 = 46.37/ 0.9 = 51.5 KN.m.

d = 22.3 cm.

2db

Mn
K n 


.04.1
223*1000

10*5.51
2

6

MPaK n 

'85.0 fc

fy
m




588.20
2485.0

420



m













y

n

f

mK

m

2
11

1
 3-10*71.1

420

04.1*588.20*2
11

588.20

1










reqAs = -310*.711 *1000*223 = 224.71  mm2.
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minAs = 2450250*1000*0018.0**0018.0 mmhb 

minAs = 450 mm2 > reqAs = 224.71 mm2

Use
Use Φ 14 >>> 450/153.9 = 3
Use 1Φ 14 @ 20 cm c/c ………….. with As =(100 / 20)*153.9 = 7.69 cm².

As provided = 7.69 >  As req=4.5cm2.…………………..OK.

Check for strain:

Tension = Compression

ok

mm
a

x

mma

a

abfcfyA

s

s

s













005.0034.0

003.0*
6.18

6.18223

6.18
85.0

8.15

8.15

*1000*24*85.0420*5.769

***85.0*

1

\







4.9.5 Secondary reinforcement:

25.4251000018.00018.0 cmhbAsShrinkage 

Use Φ14 @ 20 cm …………….. With As = (100 / 20)*153.9= 7.69 cm².

4.9.6  Stairs at section (A-A) Details:

Figure (4-18) : Stair Section
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- Design for landing (S2):

Load For Landing = =
.. 34.07 /

Vu = 62.9KN/m

- Check for shear strength (S2):

Assume Ø 14 for main reinforcement:-

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm

mKNVc /56.136
6

223*1000*24*75.0


Vu = 62.9 KN /m < 0.5* Vc = 68.28 KN/m .

>> Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 38.3 kN.m/m

Mn = Mu / 0.9 = 38.3/ 0.9 = 42.56 KN.m/m

d = h – 20 – db/2 = 250 – 20 – 14/2 = 223 mm

2db

Mn
Rn 


.86.0
223*1000

10*56.42
2

6

MPaRn 

'85.0 fc

fy
m




6.20
2485.0

420



m
















y

n

f

mR

m

2
11

1
 0021.0

420

86.0*6.20*2
11

6.20

1
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reqAs = 0.0021*1000*223 = 468.3 mm2./m> minAs = 2450mm /m…. OK

minAs = 2450250*1000*0018.0**0018.0 mmhb  /m

Use Φ 14@ 25 cm c/c

reqAs =615.6 mm2

- Step ( s) is the smallest of  :-

1. 3*h = 3* 250 = 750 mm

2. 450 mm

≤ 380 ( ) – 2.5 * Cc

≤ 380 * ( ) – 2.5* 20  = 380 * ( ) – 2.5 * 20 = 330mm

≤  300 ( )  = 300 * ( ) =  300 * ( ) = 300 mm  (control)

- Check for strain:

Tension = Compression

ok

mm
a

c

ma

a

abfcfyA

s

s

s













005.0042.0

003.0*
94.14

94.14223

94.14
85.0

7.12

7.12

*1000*24*85.0420*6.615

***85.0*

1

\







 Temperature & Shrinkage reinforcement:
245025010000018.00018.0 mmhbAsShrinkage  /m

Use Φ 14 @ 25 cm c/c, As prov = 6a5.6 mm2/m strip

- Step ( s) is the smallest of  :-

1. 5*h = 5* 250 = 1250 mm

2. 450 mm – control
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Part B-Design of basement wall4.10

Fig 4.20: Load on Basement Wall

 Loading :

 Self weight of earth :

2
1

3
soil

01

KN/m96.305.044.318

5.0

30

/18

:










q

K

mKn

thatAssume

Khq







 Load from live load:

2
2

02

KN/m5.25.05 



q

KPq

 Normal Load :
Is very small , it will be  neglected ( safe side ) .

Wmin= 2.5*1= 2.5 kN/m
Wmax= 2.5*1 + 30.96*1= 33.46 kN/m
Wmin(factored) =1.6*2.5= 4 kN/m
Wmax(factored) = 1.6*33.46= 53.5 kN/m
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Fig 4.21: Loads & Shear/Moment envelope for basement wall
 Design :

Thickness Calculation :
Assume ρ  =0.01
Mu  = 72.4kN.m
Mn =72.4 /0.9  =80.44 kN.m

mmh

mmd
bd

Mn
K

MpamfyK

fc

Fy
m

n

n

173720146

146
77.310009.0

104.72

77.3)01.0588.205.01(42001.0)5.01(

588.20
2485.0

420
'85.0

6

2


















mmhselect 300
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Design of the Vertical reinforcement:

Mpa
db

Mn
Kn

mmd

08.1
27310009.0

104.72

*

2732/1420300

2

6

2









.00264)
420

08.1588.202
11(

588.20

1

)
2

11(
1











fy

mKn

m

mmmAs req /6.7212731000.00264 2

mmmAs /360300*1000*0012.0 2
min 

mmmAsmmmAs /6.721/360 2
req

2
min 

5
154

6.721
# meteroninbarof

c/c@20cm21Select 

Design of the Horizontal  reinforcement:

Select the greater of:

8
5.78

600
#

/600300*1000*002.0 2





meteroninbarof

mmmAshorezantal

layerIn tow,c/c@25cm12Select 

Check for Shear :

Vu= mKN .3.84)273.015.0(
2

)45.53(
5.96 




quirediforcementShearNo

kNVuVc

dbfcVc

VuVc

ReRe

3.84167.

273100024
6

75.0
'

6

75.0
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4.11 Design of  isolated footing-Part B

 Design of Isolated foo ng (Under ColumnC7):


cf
fy

27 Mpa 400Mpa

 Load Calculation:-
- From column (C202):

* factored load ( Pu) = 11450 KN

* Service Surcharge = 5 KN/m²

* Column dimensions =95 cm*95 cm

* Allowable soil pressure = 400  KN/ m²

* Soil density = 18 KN/m3

* Soil weight = 0.6*18= 10.8 KN/ m²

Pu(KN) Service

Surcharge

Column
dimensions

all. soil

pressure

Soil density Soil weight

11450 5 KN/m² (95*95) cm 400  KN/ m² 18 KN/m3 10.8 KN/ m²

 Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume footingh = 125cm)

footingw = 1.25*25 = 31.25 KN/m²

- Total Surcharge load foundation:

WT = Soil weight + footingw +Surcharge load =10.8+31.25 + 5 = 47.1 KN/m²

- Net soil pressure netq :

netq = 400 – 47.1 = 352.9 KN/m²
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- Required sizes of footing:

A,required =
net

n

q

p
=

9.352

11450 = 32.45m²

Try 5.7*5.7 Area = 32.49 m2

footingh footingw soilw WT netq A,required

125cm 31.25 KN/m² 10.8 KN/m² 47.1 KN/m² 352.9KN/m² 3.23m²

 Depth of footing and shear design:
Pu = 11450 kN

qu =
49.32

11450 = 352.5 KN/m²

Try area Pu qu

5.7*5.7 m 11450 KN 352.5KN/m²

Fig 4.22 : Isolated Footing
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 Determine the Depth of Footing Based on Shear Strength:-
 Check for One Way Shear Strength

Fig 4.23: One way shear strength

mmh

md

VuVcLet

dVc

dbqud
al

Vu

915.2020.0075.082.2

82.2

,

10**7.5*27
6

75.0

7.5*352.5*
2

95.0

2

7.5
**

22

3














 






 





Try  h = 400 mm

d =400 – 75 – 20= 305 mm

Ф d (mm) h (mm) Try h(mm) Try d (mm)

0.75 260 355 400 305
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 Check for Two Way shear Action (Punching).

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

dbfV oc
c

c















2
1

6

1
..

dbf
db

V oc
o

s
c










 2

/12

1
..




dbfV occ


3

1
.. 

Where:

00.1
950

950

)(

)(


bWidthColumn

aLengthColumn
C

ob = Perimeter of cri cal sec on taken at (d/2) from the loaded area

ob =2(0.95+1.155)+2(0.95+1.155)= 8.42 m.

s = 40…….for interior column

kNdbfV oc
c

C 1895010*155.1*42.8*27*
00.1

2
1*

6

75.02
1

6

1
.. 3 






 














kNdbf
b

d
V oc

o

s
C 2.2364610*155.1*42.8*27*2

42.8

155.1*40
*

12

75.0
2

12

1
.. 3 






 














kNdbfV ocC 1263410*155.1*42.8*27*
3

75.0

3

1
.. 3 

C
ob (m) s

CV. (KN)

1.00 8.42 40 12634

kNVu 8.98905.523*))155.195.0(*)155.195.0(()7.5*7.5(( 
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Vu=9890.8KN < ФVc =12634…… OK
H = 1.25m …..

 Design for Bending Moment of  long & short directions.
h (m) d (m) b(m)

1.25 1.155 5.7

d = 1.25-0.075-0.020 = 1.155 mm

Mu =352.5*5.7*1.25*1.25/2 = 1569.7 KN.m

m =
'*85.0 fc

fy =
27*85.0

400 = 17.43

Rn =
2*

/

db

Mu  =
2

6

)155.1(*5700

9.0/10*7.1569 = 0.226 Mpa

ρ =
m

1 (1 -
fy

mRn2
1 )

ρ =
43.17

1 (1 -
400

)226.0)(43.17(2
1 ) = 0.000577

Asreq= 0.000577 (5700) (1155) = 3798.7 2mm

Asmin =0.0018*b*h == 0.0018 (5700) (1250) = 12825 2mm

Asreq= 3798.7 2mm < Asmin = 12825 2mm ….. OK

As= Asmin = 12825 2mm

Take 51 Ф 20 ,  As,provided = 12979.5 cm²   > As,required = 12825cm²

S=
50

20*512*755700  = 90.6 mm< Smax=450mm

- Step(S) is smallest of:

1. 3h = 3*1250 =3750 mm
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2. 450 mm - control

S = 90.3 mm < S,max = 450 mm – OK

Mu(KN.m) m Rn ρ Asreq( 2mm ) Asmin( 2mm ) Asprov( 2mm )S(mm)

1569.7 17.43 0.226Mpa 0.000577 3798.7 12825 12980 90

- Check strain

Tension = Compression

abffyA cs  '85.0

mma

a

38.19

18002785.04002001




mmc 8.22
85.0

38.19


oks ...005.0065.00003.0
8.22

8.22515





As( 2mm ) a (mm) c (mm) s

2001 19.38 22.8 0.065

 Development length of  flexural reinforcement:
Ld for Φ 25:

dL = mmdb

db

ck

set

cf

fy

tr

82.69225
5.2

1*1*1

27

400

10

9**

10

9









 






Available length = ((1800-600)\2)-75=525mm

692.82mm> 525mm ……………ok



Chapter 4 structural analysis and design

-٧٧ -

 Load transfer at the column-foundation interface (Dowels design ):
- In footing :

)85.0(.
1

2
1 A

A
AcfbPn 

A1 = 0.95 *0.95= 0.9025 m2

A2 = 5.7*5.7 = 32.5 m2

20.6
9025.0

5.32

1

2 
A

A
……………. 2

1

2 
A

A

okPuPn

KNbPn

...........KN1145026926

269261000)29025.02785.0(65.0.




The Dowels are not needed for footing

As,min = 0.005 * Ac =  0.005 * 950 * 950 = 4512.5 mm2

Use 18Ф 25  ,  As,provided = 8835.7mm²  > As, required = 4512.5 mm²

Fig 4.24 : Details of footing (F4)
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الخامسالفصل 

الملحقات

٥

١.٥Appendix A: Architectural Drawings.

٢.٥Appendix S : Structural Drawings.

3.5_Appendix c

.المصادر و المراجع4.5
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(A)PPENDIXA
RCHITECTURALA

RAWINGSD
This appendix is an attachment with this project
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)S(PPENDIXA
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RAWINGSD
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Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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المصادر والمراجع٣.٥

1. American Concrete Institute (A.C.I),

2. Building code Requirement for structural concrete (ACI-318M-08).

3. Uniform Building Code ( UBC).

، مجلس البناء الوطني الأردني، عمان، الأردن، كود الأحمال والقوىكودات البناء الوطني الأردني، .٤

.م2006

، "التصمیم الإنشائي لمعھد الدراسات المالیة و المصرفیة" ، نوح زیدات-عمر أبو عرام–إبراھیم عابد.٥

مشروع تخرج استكمالاً لمتطلبات درجة البكالوریوس ، جامعة بولیتكنك فلسطین ، الخلیل ، فلسطین ، 

.م٢٠١٢
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