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ھداءالإ

......ھذهنھدي باكورة أعمالنابكل فخر واعتزاز 

اللواتي ضبطن دقات عقاربنا كما ضبطن دقات قلوبناإلى 

اتالحبیبھاتناأم

...أھل العرق والصبر.......إلى أھل الكدح

العظامآبائنا

شقیقاتنا وأشقائنا......إلى قرائن المحبة في ھذا الكوكب 

زملائنا الأعزاء.... إلى منظومة الصبر والصمود في ھذه المرحلة الشاقة

إلى عروبتنا الخالدة

إلى سوریا الأم .... إلى فلسطین الوجع

فریق العمل

بسم االله الرحمن الرحیم

)النُّورِإِلَىالظُّلُمَاتِمِّنَیُخْرِجُھُمآمَنُواالَّذِینَوَلِيُّاللَّھُ: (قال تعالى 

الشكر والتقدیر
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:یتقدم فریق العمل بالشكر الجزیل والعمیق لكل من

ودائرة الھندسة المدنیة والمعماریة بكافة طاقمھا العامل ، وكلیة الھندسة،بیتنا الثاني جامعة بولیتكنك فلسطین الموقرة
.على تخریج أجیال الغد

والذي بذل كل جھد مستطاع للخروج بھذا العمل )  محمد مزھر(مھندسالبالجامعة ونخص بالذكر ةجمیع الأساتذ
.بالشكل اللائق

.عبتھمكل ما في جتوانوا عن تقدیم یلمالذین ن، إلى زملائي المخلصی

.لمكتبة الجامعة والقائمین علیھا لتعاونھم الكامل ومساعدتھم

بالمؤسسة التعلیمیة وعلى رأسھا رابطة بدایةً، كما ونتقدم بخالص الشكر إلى كل من ساھم في إتمام ھذا البحث
.ا العملوكل من ساھم في إنجاح ھذالمبانيالجامعیین مروراً بالكادر التعلیمي ونخص بالذكر أساتذة قسم 

فریق العمل

في" –كلية"

-

 .



V

للمبنى
في 

على .بعس.

 ..

ETABSنشائي للمبنى ب 2016 ،SAFE 14 ،
BEAMDAutoCAD 2015

:

ACI – 318M -11 Code *.
UBC (1997) *.

.للأحمال*

The Structural Design of

" Faculty Of Medicine - Palestine Polytechnic University " that
proposed to be established in Hebron city

Working team :

Qassam Al-Bakri                      Rawan Salama                     Sundos Karajeh

Tasneem Sioury              Shayma'a Hassoneh
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Palestine Polytechnic University

Supervisor:

Eng. Mohammed Mezher

Project Abstract

The idea of this project is the structural design of a new faculty of Palestine Polytechnic
University, which was selected after a study of different architectural projects. The idea
has been proposed as a result of the urgent need for the establishment of a new building for
the college, better for the spatial and inclusiveness. the proposed site is in Hebron City.

The facility consists of six floors, in addition to basement and roof floors. Basement floor
includes Parking>The ground floor also includes reception hall, laboratories, drawing
rooms, classrooms, video -conference room and theater. The other five floors are
functionally the same but with different architectural design. The roof floor is a dependent
floor for library and the offices of its stuff.

The structural design will be done by using several programs such as: ETABS 2016,

SAFE١٤, BEAMD also Structural details will be completed by using : AutoCAD 20١٥ and

according to the requirements of:

*ACI 318M – 11 Code for design of concrete elements.

* UBC (1997) to define the wind and earthquakes loads.

* Jordanian Code for loads, for dead and live loads calculation.
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List of abbreviation:

D : Dead load.

L : live load.

Wu: factored total load.

Ln: clear length of member.

δ: thickness of a layer.
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γ: unit weight of material.

Mn: nominal bending moment strength of the section.

Mu: ultimate factored bending moment strength of the section.

: compression strength of concrete.

fy: specified yield strength of non-prestressed reinforcement.

ρ: ratio of steel area.ɛs: strain of tension steel.

: strength reduction factor.

Vn: nominal shear strength.

Vu: factored shear force of the section.

Vc: nominal shear strength provided by concrete.

Vs: nominal shear strength provided by shear reinforcement.

As: area of steel.

Av: area of shear reinforcement.

b: width of compression face of member.

bw: web width.

d: distance from extreme compression fibers to centroid of tension reinforcement.

h: over all thickness of member.

Pn: nominal axial load.

Pu: factored axial load.

S: spacing between bars.
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.

(Material). Weight (KN/m3)ة

1(Tile)23

2(Mortar)22سمنتية

3(Sand)17

4(Hollow Block)٢٧(١٥

(

6( Reinforced Concrete)25

7( Plaster)22

)١- ٣ :(
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 ) (:-

)٢- ٣ (.

)h ()m(So)Snow Loads)(KN /m²(

h>25001

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

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

2500 > h > 1500(h – 812.5)/ 2504

)٢- ٣ :(

)٣- ٣ :(

* :

Sd = µi So

µi= 0.8 .... α° = 0° (flat roof)

h=913(reduce level) + 30 (building height) = 943 m … 1500 > h > 500

So = (h-400) / 400 = (943-400) / 400 = 1.36 KN /m²

Sd = 0.8 * 1.36 = 1.09 KN /m²
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ل

UBC). منخ 1997):

P=Ce*Cq*qs*Iw

Ce:Combined height.

Cq: Pressure coefficient of structure.

Iw: Importance factor.

P: Design wind pressure.

120 Km/h

.

٣(:-

لى

.ة ،،

.(UBC 1997)
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Live load 5 KN/m .Partitions 2.3 KN/m .
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 ،،
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)١-٦-٣1-(Ribbed Slabs:-

:-

١(One Way Ribbed Slabs)(،

.في 

٢()Tow Way Ribbed Slabs(

.

(ACI 318M-11)

.

According to ACI-Code-318M-11, the minimum thickness of non prestressed beams or one way
slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs): 6.4 ,
18.5 640018.5 345.96 .

The maximum span length for both end continuous (for ribs): 6.9 ,
21 690021 328.57 .
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Chapter 4 - Structural Analysis & Design

4-1 Introduction.

4-2 Factored load.

4-3Slabs Thickness Calculation.

4-4load Calculations.

4-5 Design of Topping.

4-6 Design of Rib (R1).

4-7 Design of Beam (B1).

4-8 Design of Solid Slab.

4-9 Design of column.

4-10 Design of Stair.

4-11 Design of Basement Wall.

4-12 Design of Shear Wall.

4-13 Design of Footing.
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(4.1)Introduction:-

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 would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are two types of slabs “one way ribbed slab” and “two way ribbed
slab”,. The one way ribbed slab would be 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 it , and then handle calculation would be made to find the required steel for all
members.

The design strength provided by a member, its 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-318M-11code.

NOTE: )(/24' 2 MPammNfc  For concrete slab.

)(/24' 2 MPammNfc  Forbeams.

)(/24' 2 MPammNfc  For column and footing.

)(/420 2 MPammNfy  For flexural Reinforcement Steel.

)(/420 2 MPammNfyt  For shear Reinforcement Steel.
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(4 .2) Factored Loads:

The factored loads on which the structural analysis and design is based for our project members,
is determined as follows: 1.4 .1.2 . 1.6 . ( )

(4.3) Slabs Thickness Calculation:

Figure (4-1): Basement Floor #1 Slab.

(4.3.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318M-11, the minimum thickness of nonprestressedbeams or one way
slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs): 2.95 ,18.5 29518.5 15.94 .
The maximum span length for both end continuous (for ribs): 6.1 ,21 61021 29.048 .
The minimum ribbed slab thickness will be 29.048 .
Take slab thickness 330 29.048 .33 25 8
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(4.4)Load Calculations:

(4.4.1) 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:

Fig. (4-2) One way ribbed slab

Calculation of the total dead load for one way ribbed slab is shown in the following table:

Table (4 – 1) Calculation of the total dead load for one way rib slab.

Dead load from /
Tiles 0.03 23 0.52 0.359
Mortar 0.03 22 0.52 0.343
Coarse Sand 0.07 17 0.52 0.619
Topping 0.08 25 0.52 1.04
RC Rib 0.25 25 0.12 0.75
Hollow Block 0.25 10 0.4 1.0
Plaster 0.03 22 0.52 0.343
Interior

Partitions

2.3 0.52 1.196
5.65

/ 5.65 / ./ 5 0.52 2.6 / .
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(4.5)Design of Topping:

Dead load Calculations:

Table (4 – 2) Calculation of the total dead load for Topping.

Dead Load from: 1 /
Tiles 0.03 23 0.69
Mortar 0.03 22 0.66
Coarse Sand 0.07 17 1.69
Topping 0.08 25 2
Interior Partitions 2.3 1 2.37.34
Live load Calculations: 5 1 5 / .
Total Factored load: 1.4 7.34 10.276 ⁄1.2 7.34 1.6 5 16.81 ⁄ , so 16.81 ⁄

2 16.81 0.42 3.362
ф 0.75 16 √24 1000 80 11000 48.99ф 48.99 3.362

NO shear reinforcement is required.

12 16.81 0.412 0.224 .ф 0.55 0.42 √24 1000 80 /6 1.21 .ф 1.21 . 0.224 .
NO reinforcement is required by analysis.According to ACI 10.5, provided , for slabs as shrinkage

and temperature reinforcement.

According to ACI 7.12.2.1, 0.0018.0.0018 1000 80 144 / .
Try bars 8 50.27
Bar number . 2.87
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Try3 8⁄ 150.8 ⁄ 8@300 in both directions.

Step is smallest of:

1. 3 3 80 240
2. 450
3. 380 2. 5 380 2.5 20 330

300 280 300 280420 300
Take 8@200 in both directions. 200 240

(4.6)Design of Rib (Rib1)

Material:-
Concrete 300 24 N mm⁄
Reinforcement Steel 420 N mm⁄
Reinforcement Steel of shear 420 N mm⁄

Section:- 12 52 33 8

Figure (4-3) : Rib 1 Geometry

Loading :-
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Figure (4-4): loading of Rib (1)



48

2017/2018Chapter Four

Figure (4-5): Moment & Shear Envelope of rib (1)

(4.6.1) Design of flexure of rib(Rib1):

(4.6.1.1) Design of Positive moments of rib (Rib1). 520 … .
4 61004 1525 .16 16 80 120 1400 ..

Assume bar diameter for main positive reinforcement.330 – 20– 8 – 295 . … 0.85 0.85 24 520 80295 10 135.252 . … ф 0.9 135.252 121.73 .
1) Positive moment of first span Mu (+) = 33.3KN.mф 121.73 . 33.3 .

Design as rectangular section. /ф 33.3/ 0.9 37 .– – / 2330 – 20– 8 – 142 295 .
= . = . 20.6
= = 0.817

= 1 1
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= . 1 1 . . 0.002 0.85 0.01769
* Note: = 24MPa< 28 MPa→ = 0.85 0.002 520 295 306.8 .

. …………(ACI-10.5.1)√244 420 120 295 103.231.4420 120 295 118103.23 118 … … … … . ., 306.8 118 . …
306.8 .2 14 307.88 306.8 . …

Check for strain: - ( . )330 – 20– 8 – 102 295 .
Tension = Compression 0.85307.88 420 0.85 24 52012.2 .

=
.. 14.35 mm. * Note: = 24MPa< 28 MPa→ = 0.85

0.003 0.003 295 14.3514.35 0.0587 0.005 ф 0.9 . . . … .
(4.6.1.2) Design of Negative moment of rib (Rib1):

1) Negative moment at support (2) Mu (-) =29.2KN.m./ф 29.2/ 0.9 32.44 .– – / 2330 – 20– 8 – 142 295 .
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= . = . 20.6
= =

. 3.1
= 1 1
= . 1 1 . . 0.00804 0.85 0.017690.00804 120 295 284.9 .

. …………(ACI-10.5.1)√244 420 120 295 103.231.4420 120 295 118103.23 118 … … … … . ., 284.9 118 . …284.9 .2 14 307.88 284.9 . …
Check for strain:-( . ) 330 – 20– 8 – 142 295 .

0.85307.88 420 0.85 24 12052.82 .
=

.. = 62.14 . * Note: = 24MPa< 28 MPa→ = 0.850.003
= 0.003 .. = 0.011 0.005 ф 0.9 . . . … .
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(4.6.2)Design of shear of rib (1):

1) Design of shear at support (1) & (7) :

Critical section at distance 295 from the face of support420
, . .

1.1 61.1 √246 120 295 10 31.8 .ф 0.75 31.8 23.8512 ф 0.5 23.85 11.92
ф 23.85 19.5 12 ф 11.92 & .

2) Design of shear at support (2) :

Critical section at distance 295 from the face of support420
, . .ф 1.1 61.1 √246 120 295 10 31.8 .ф 0.75 31.8 23.85. ф . . . . . . .

Check for section dimensions:V / ф 25.6/0.75 – 31.8 2.33 .V , 23 √24 . 120 .295. 10 115.612.33 , 115.61 – the section is large enough.
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Check for , :

, 116 116 √24 120 295 10 10.8 .
, 13 13 120 315 10 11.8 –

, 11.8 V 2.33V 11.8
Find the maximum stirrup spacing V , 3600 , 2952 147.5

1 2 8 2 50.27 100.54100.54 420 29511.8 10 1160.671160.67 147.51 2 8 @ 135 147.52
3) Design of shear at support (3) :

Critical section at distance 295 from the face of support420
, . .

ф 1.1 61.1 √246 120 295 10 31.8 .ф 0.75 31.8 23.85. ф . . . . . . .
Check for section dimensions:V / ф 27.6/0.75 – 31.8 5 .
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V , 23 √24 . 120 .295. 10 115.615 , 115.61 – the section is large enough.
Check for , :

, 116 116 √24 120 295 10 10.8 .
, 13 13 120 315 10 11.8 –

, 11.8 V 5V 11.8
Find the maximum stirrup spacing V , 3600 , 2952 147.5

1 2 8 2 50.27 100.54100.54 420 29511.8 10 1160.671160.67 147.51 2 8 @ 135 147.53
4) Design of shear at support (4) :

Critical section at distance 295 from the face of support420
, . .ф 1.1 61.1 √246 120 295 10 31.8 .ф 0.75 31.8 23.85
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. ф . . . . . . .
Check for section dimensions:V / ф 28.2/0.75 – 31.8 5.8 .V , 23 √24 . 120 .295. 10 115.615.8 , 115.61 – the section is large enough.
Check for , :

, 116 116 √24 120 295 10 10.8 .
, 13 13 120 315 10 11.8 –

, 11.8 V 5.8V 11.8
Find the maximum stirrup spacing V , 3600 , 2952 147.5

1 2 8 2 50.27 100.54100.54 420 29511.8 10 1160.671160.67 147.51 2 8 @ 135 147.54
5) Design of shear at support (5) :

Critical section at distance 295 from the face of support420
, . .



55

2017/2018Chapter Four

ф 1.1 61.1 √246 120 295 10 31.8 .ф 0.75 31.8 23.85. ф . . . . . . .
Check for section dimensions:V / ф 27.6/0.75 – 31.8 5 .V , 23 √24 . 120 .295. 10 115.615 , 115.61 – the section is large enough.
Check for , :

, 116 116 √24 120 295 10 10.8 .
, 13 13 120 315 10 11.8 –

, 11.8 V 5V 11.8
Find the maximum stirrup spacing V , 3600 , 2952 147.5

1 2 8 2 50.27 100.54100.54 420 29511.8 10 1160.671160.67 147.51 2 8 @ 135 147.55
6) Design of shear at support (6) :
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Critical section at distance 295 from the face of support420
, . .

ф 1.1 61.1 √246 120 295 10 31.8 .ф 0.75 31.8 23.85. ф . . . . . . .
Check for section dimensions:V / ф 32.2/0.75 – 31.8 11.13 .V , 23 √24 . 120 .295. 10 115.6111.13 , 115.61 – the section is large enough.
Check for , :

, 116 116 √24 120 295 10 10.8 .
, 13 13 120 315 10 11.8 –

, 11.8 V 11.13V 11.8
Find the maximum stirrup spacing , V 4600 , 2952 147.5

1 2 8 2 50.27 100.54100.54 420 29511.8 10 1160.671021.06 147.51 2 8 @ 135 147.5
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6
(4.7) Design of Beam (B1.):

Material:- 300 24 /420 /
Section:- 80 .53 .
According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way slabs

unless deflections are computed as follow:

The maximum span length for one end continuous (for beam): 6.75 ,18.5 675018.5 364.86 .
The maximum span length for both end continuous (for beam): 6.35 ,21 635021 302.30 .

36.486 .. .
Loads on beam : (SERVICE)

load from rib1 + self weight =

((29.43/0.52) D + (15.08/0.52) L)+ 10.1) KN/m =( 56.6 D +29 L + 10.1) KN/m
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Figure (4-6):Beam Geometry.

Figure (4-7): Loading of Beam .
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Figure (4-8): Moment& Shear Envelope for Beam

(4.7.1) Design of flexure:

(4.7.1.1) Design of Positive moment:80 . , 53 . , 10 .
Assume bar diameter 25 for main positive reinforcement.– – / 2 530 – 40 – 10 – 252467.5 .

Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition 0.00437 37 467.5 200.36 .1 0.85 200.36 170.306 .: 24 28 1 0.85
, 0.85 20.85 24 800 170.306 467.5 – 170.3062 10 1062.7 .
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ф 0.65
3

250 0.002 .ф 0.65
3

250 0.004 0.002 0.816 .

. .508.2 . Ф 0.816 1062.7 867.16 . .
/ф 508.2/ 0.9 564.67 . .530 – 40 – 10 – 252 467.5 .

= . = . 20.6
= =

. . 3.23
= 1 1
= . 1 1 . . 0.00842 0.85 0.01769

, 0.00842 800 467.5 3149.08
, . ………… (ACI-10.5.1)

= √ 800 467.5 . 800 467.51090.61 1246.67 … … ., 1246.67 , 3149.08 … .3149.08, 3436.12 , 3149.08 … . OK
Check for bar placement:800 40 2 10 2 7 256 87.5 25 … .
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Check for strain: ( . )

d 530 – 40 – 10 – 467.5
Tension = Compression 0.853436.12 467.5 0.85 24 80098.43 .

=
.. 115.8 * Note: = 24MPa< 28 MPa→ = 0.85

0.003
= 0.003 .. 0.0092 0.005 ф 0.9 . . . … .

. .530– 40 – 10 – 252 467.5 .202.5 . Ф 0.816 1062.7 867.16 . ./ф 202.5/ 0.9 225 . .
= . = . 20.6
= = . 1.29

= 1 1
= . 1 1 . . 0.00318 0.85 0.01769

, 0.00318 800 467.5 1189.32
, . …………(ACI-10.5.1)

=√ 800 467.5 . 800 467.5 1090.611246.67 … … ., 124667 , 1189.32 ….1246.67
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, 1256.64 , 1246.67 … . OK
Check for bar placement:800 40 2 10 2 4 203 206.67 25 … .
Check for strain: ( . )

d 530 – 40 – 10 – 470
Tension = Compression 0.851256.64 420 0.85 24 80032.34 .

=
.. 38.05 * Note: = 24MPa< 28 MPa→ = 0.85

0.003
= 0.003 .. 0.034 0.005 ф 0.9 . . . … .

. .530– 40 – 10 – 252 467.5 .. . Ф 0.816 1062.7 867.16 . ./ф 494.7/ 0.9 549.67 . .
= . = . 20.6
= =

. . 3.14
= 1 1
= . 1 1 . . 0.0082 0.85 0.01769

, 0.0082 800 467.5 3066.8
, . …………(ACI-10.5.1)

=√ 800 467.5 . 800 467.5 1090.611246.67 … … .
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, 1246.67 , 3066.8 … .3066.8, 3436.12 , 3066.8 … . OK
Check for bar placement:800 40 2 10 2 7 256 87.5 25 … .
Check for strain: ( . )

d 530 – 40 – 10 – 467.5
Tension = Compression 0.853436.12 467.5 0.85 24 80098.43 .

=
.. 115.8 * Note: = 24MPa< 28 MPa→ = 0.85

0.003
= 0.003 .. 0.0092 0.005 ф 0.9 . . . … .

(4.7.1.2) Design of negative moment:

.481 . Ф 0.816 1062.7 867.16 . .– – 2530– 40 – 10 – 252 467.5 ./ф / 0.9 534.44 . .
= . = . 20.6
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= =
. . 3.05

= 1 1
= . 1 1 . . 0.0079 0.85 0.01769

, 0.0079 800 467.5 2954.6
, . …………(ACI-10.5.1)

= √ 800 467.5 . 800 467.51090.61 1246.67 … … ., 1246.67 , 2954.6 … .2954.6, 3141.59 , 2954.6 … . OK
Check for bar placement:800 40 2 10 2 10 209 55.56 25 … .
Check for strain: ( . )

d 530 – 40 – 10 – 470
Tension = Compression 0.853141.59 420 0.85 24 80080.85 .

=
.. 95.12 * Note: = 24MPa< 28 MPa→ = 0.85

0.003
= 0.003 .. 0.0118 0.005 ф 0.9 . . . … . . .507.7 . Ф 0.816 1062.7 867.16 . .– – 2530– 40 – 10 – 252 467.5 .
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ф . / 0.9 564.11 . .
= . = . 20.6
= =

. . 3.22
= 1 1
= . 1 1 . . 0.0084 0.85 0.01769

, 0.0084 800 467.5 3141.6
, . …………(ACI-10.5.1)

= √ 800 467.5 . 800 467.51090.61 1246.67 … … ., 1246.67 , 3141.6 … .3141.6, 3141.6 , 3033.6 … . OK
Check for bar placement:800 40 2 10 2 10 209 55.56 25 … .
Check for strain: ( . )

d 530 – 40 – 10 – 470
Tension = Compression 0.853141.59 420 0.85 24 80080.85 .

=
.. 95.12 * Note: = 24MPa< 28 MPa→ = 0.85

0.003
= 0.003 .. 0.0118 0.005 ф 0.9 . . . … .
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(4.7.2) Design of Beam(3) for shear

1) Design of shear at support (1)& (4): 420
Critical section at distance 467.5 from the face of support. , 282.2

6√246 800 467.5 10 305.37 .ф 0.75 305.37 29912 ф ф149.5 282.2 299 KN. . . . …
Case ..2, :

, 116 116 √24 800 467.5 10 114.51 .
, 13 13 800 467.5 10 124.67 –

, 124.67 ..600 , 467.52 233.752 10 4 78.54 314.16314.16 420 467.5124.67 10 494.8100 494.84 10 @100 233.75
2) Design of shear at support (2): 420

Critical section at distance 467.5 from the face of support. , 422.8
6√246 800 467.5 10 305.37 .ф 0.75 305.37 299
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422.8 ф 299 . . . . . .
Check for section dimensions:

ф 422.80.75 – 305.37 258.36 .
, 23 √24 800 467.5 10 1221.5

, – the section is large enough.
Find the maximum stirrup spacing

If 600 .13 13 √24 800 467.5 10 610.74 .258.36 610.74600 , 467.52 233.75
Check for , :

, 116 116 √24 800 467.5 10 114.51 .
, 13 13 800 467.5 10 124.67 –

, 124.67 258.36 610.74 44 10 2 78.54 314.16314.16 420 467.5258.36 10 238.76100 238.764 10 @ 100 238.76
3) Design of shear at support (3): 420

Critical section at distance 467.5 from the face of support. , 428.3
6√246 800 467.5 10 305.37 .ф 0.75 305.37 299
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428.3 ф 299 . . . . . .
Check for section dimensions:

ф 428.30.75 – 305.37 265.7 .
, 23 √24 800 467.5 10 1221.5

, – the section is large enough.
Find the maximum stirrup spacing

If 600 .13 13 √24 800 467.5 10 610.74 .265.7 610.74600 , 467.52 233.75
Check for , :

, 116 116 √24 800 467.5 10 114.51 .
, 13 13 800 467.5 10 124.67 –

, 124.67 265.7 610.74 44 10 4 78.54 314.16314.16 420 467.5265.7 10 232.16100 232.164 10 @ 100 232.16
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(4.٨)Design of Solid slab

Figure (4-9) :Solid Geometry

Figure (4-10): loading of Solid
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Figure (4-11): Moment & Shear Envelope of Solid

 Material:-

 concrete    B300 Fc’ = 24 Mpa

 Reinforcement Steel Fy = 420 Mpa

 Slab Thickness Calculation:-

The overall depth must sa sfy ACI Table (9.5.a):

Min H  (deflection requirement):-

-For simply supported :-
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1625.0
20

25.3

20


L

For One way solid slab, will use thickness of slab 20 cm.d h cover db2 200 20 122 174 mm
 Load Calculation:-

For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:-

-Load Calculation For the Horizontal Slab:- (For one Meter Strip)

Table (4 – 3) Calculation of the total dead load for one way solid slab.

Dead load from /
Tiles 0.03 23 0.69
Mortar 0.03 22 0.66
Coarse Sand 0.07 17 1.19
RC solid 0.25 25 6.25
Plaster 0.03 22 0.66
Interior

Partitions

2.3 2.3
11.75

Live load =5 KN/m

 Design of Positive Moment :

Design of Positive Moment Mu=63.1 KN.m)
Assume bar diameter Ф12 for main reinforcement

d=250-20-6= 224

m =
'*85.0 fc

fy =
24*85.0

420 = 20.59

Rn =
2*

/
db

Mu 

Rn =
2

6

)224(*1000
9.0/10*1.63 = 1.39 (Mpa)
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ρ  =
m

1 (1 -
fy

Rnm *2
1  )

ρ =
59.20

1 (1 -
420

)39.1)(59.20(2
1 ) = 0.00344

As=ρ * b * d = 0.00344* 1000 *224= 770.56
Check for As min:-

A s min = hb **min = 2360200*1000*0018.0 mm

Asreq= 770.56 mm2 >Asmin= 360 mm2 OK

Use ø 12/10cm , As,provided= 11.3 cm2>As,required= 7.7cm2 ….  Ok

 Design of Negative Moment :

Design of Positive Moment Mu= 67.5 KN.m)
Assume bar diameter Ф12 for main reinforcement

d=250-20-6= 224

m =
'*85.0 fc

fy =
24*85.0

420 = 20.59

Rn =
2*

/
db

Mu 

Rn =
2

6

)224(*1000
9.0/10*5.67 = 1.٥ (Mpa)

ρ  =
m

1 (1 -
fy

Rnm *2
1  )

ρ =
59.20

1 (1 -
420

)5.1)(59.20(2
1 ) = 0.003٦٩

As=ρ * b * d = 0.003٦٩* 1000 *224= ٨٢٦.٥٦
Check for As min:-

A s min = hb **min = 2360200*1000*0018.0 mm

Asreq= ٨٢٦.٥٦ mm2 >Asmin= 360 mm2 OK

Use ø 12/10cm , As,provided= 11.3 cm2>As,required= ٨.٢٦ cm2 ….  Ok
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 Shear Design:-

Check  Whether Thickness Is Adequate For Shear:-

max,uV = ٦٩.٧ KN/ 1m strip

d = h – 20 – db = 2٥0 – 20 – (12 /2) = ٢٢٤ mm

ΦVc= dbwcf ****
6

1 

= 224*1000*24*75.0*
6

1 = ١٣٧.١٧ KN / 1 m strip

ΦVc= ١٣٧.١٧ KN> max,uV = ٦٩.٧ KN/ 1m strip

The thickness of the slab is adequate enough.

(4.9) Design of Column (Group 4):

Figure (4-12): Location of Column

 Material :-

 concrete    B350                Fc' = 24 MPa

 Reinforcement Steel        Fy = 420 MPa

(4.9.1) Load Calculation:-

Service Load:-

Dead Load = 1630.36KN
Live Load = 359.769 KN

Factored Load:-

PU = 1.2 × 1630.36+ 1.6×359.769 =2532.1 KN
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(4.9.2) Dimensions of Column:-

01.0gAssume 
}*)1({0.85Ag0.8 x0.65=Pn* ' Fyggfc  

}420*01.0)01.01(24*{0.85Ag0.8 x0.65=1000*2532.1 
Ag= 999224.96 mm2
Assume Rectangular Section
Try h = 600mm

b = 300 mm

Ag=180000 mm2

Selecting Longitudinal Bars:
}420*)180000(24*{0.851800000.8 x0.65=1000*2532.1 AstAst 

Ast=2996.55mm2

Use 10 ø 20 , Ast(prov) =3141.59mm2 >  Ast=2996.55mm2

g = Ast/Ag = 0.0105

(4.9.3) Design of the tie reinforcement :

S ≤16  db (longitudinal bar diameter)

S≤ 48dt (tie bar diameter).

S ≤ Least dimension.

spacing ≤16×db=16×2.0  =44.8cm ….

spacing ≤48×dt=48×1.0 = 48  cm

spacing ≤ least.dim  = 30 cm control

Use ø 10@20 cm

Figure (4-13): Detailing of Column
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(4-10) Design of stair

Figure (4-14): Stair

Assume that the hight of stair = 15cm
Thickness:

hmin =
.

= 31.3 cm … "as simple supported on way solid slab "

hmin =
.

= 22.3cm … "as both end  continuous beam fixed "
 Take a value for h greater than the bigger of them

Take hmin=25cm
*  Loads  : tan tan 150300 26.6
Table(4-4): Dead load of stair

Load of the stair:

DL from Δ δ×γ×1 KN/m
Tites 23 23

. .. ·0.03 · 1 1.15

Mortar 22 22
. .. ·0.03 · 1 0.99

Stair steps 25 250.3 0.15 0.32 · 1 1.875

Reinforce
con.

25 25 0.25 1cos 26.6 7.0

plaster 22 22 0.03 1cos 26.6 0.74

Σ=11.755 kN/m
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Table(4-5): Dead load of Landing
Load of the landing:

DL from δ×γ×1 KN/m
Tites 0.03×23×

1
0.69

Mortar 0.03×22×
1

0.66

C solid slab 0.25×25×
1

6.25

Plaster 0.03×22×
1

0.66

Σ=8.26

Live load 5kN/m2 LL=5*1=5kN/m
Total factored load W= 1.2D +1.6L
For flight (stairs) … W= 1.2 (11.755)+1.6(5) =22.12 kN/m
For landing … W= 1.2 (8.26)+1.6(5) =18 kN/m

Fig.(4-15): Loading of slab 1
The reaction at each end:
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 49.7
RA=30.2 KN

Check for shear strength:
Assume Ø14 to be use for main reinforcement

d=250-20-14/2=223 mm

Take the maximum shear as the support reaction Vu=33.18 kN, Vu=30.2

ØVc= 0.75 · √24 · 1000 · 0.223 136.56
ØVc>Vu the thickness is enough "one of exceptions"
And ØVc/2 = 136.56/2 =68.3>Vu ok

No shear reinforcement is required

 Determining the max bending moment and As

Mu at the middle
Mu=84.23 kN.m

Rn = Ф =
.. =1.8 Mpa

m = . = . = 20.58

ρ = 1 1 = . 1 1 . .
= 0.0045

As= ρbd = 0. 0045 ×١٠٠٠× 223 =1003.5 mm2

Asmin= ρbd = 0. 0018 ×١٠٠٠× 200=360 mm2

Asmin=360 mm2<As=1003.5 mm2

Use Ø 14 n  =
.

= 6.52 mm2

Take 7 Ø14

S= . = 153.4mm

Take 7Ø14 or Ø14 @150mm

1- 3h=3 × 250 =750mm.
2- 450mm.

3- S = 380( )-2.5Cc = 380( )-2.5 · 20 =330mm  but

S ≤ 300( ) = 380( ) = 380mm. …. Is control OK

Temp. and shr reinforcement
As,min = ρminbt = 0.0018×1000×250= 450mm2

Try bar Ø14 with As=153.94
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# of bars n = Ø =2.9 bars s=1/2.9=0.34m

Take 3Ø14/m with As = 461.7 mm2/m strip
Or Ø14 @ 300mm in both directions.

 Design of Landing:
The reaction at each end:

 87.5
RA=87.5 KN

Check for shear strength:
Assume Ø14 to be use for main reinforcement

d=250-20-14/2=223 mm

 Determining the max bending moment and As

Mu at the middle
Mu=89.39 kN.m

Rn = Ф =
.. =2 Mpa

m = . = . = 20.58

ρ = 1 1 = . 1 1 .
= 0.00502

As= ρbd = 0. 00502 ×١٠٠٠× 223 =1119.5 mm2

Asmin= ρbd = 0. 0018 ×١٠٠٠× 200=360 mm2

Asmin=360 mm2<As=1119.5 mm2

Use Ø 14 n  =
.

= 7.3

Take 8 Ø14

S= . = 137mm

Take 7Ø14 or Ø14 @120mm

4- 3h=3 × 250 =750mm.
5- 450mm.

6- S = 380( )-2.5Cc = 380( )-2.5 · 20 =330mm  but

S ≤ 300( ) = 380( ) = 380mm. …. Is control OK

Temp. and shr reinforcement
As,min = ρminbt = 0.0018×1000×250= 450mm2

Try bar Ø14 with As=153.94

# of bars n = Ø = 2.9 bars s=1/2.9=0.34m
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Take 3Ø14/m with As = 461.7 mm2/m strip
Or Ø14 @ 300mm in both directions.

Figure (4-16): Detailing of Stair

(4.11) Design of Basement wall:

Figure (4-17): Geometry of basement.

Material:-

Concrete    B350                Fc' = 24 MPa

Reinforcement Steel         fy = 420 MPa

∅=35° γ=(19.0 KN)⁄m^3

*Soil at rest:
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Ko=1-sin∅
=1-sin35

=0.426

4.11.1) Load on basement wall:

For 1m length of wall:

Weight of backfill:

e=Ko*γ*h

= 0.426×19.0×3.5 = 28.35KN/m

q1 (Factored) = 1.6×e

q1 (Factored) = 1.6 ×28.35= 45.372 KN/m

Load from live load:

LL=5 KN/m2

q2=Ko×LL

= 0.426 * 5 =2.13 KN/m

q2 (Factored) = 1.6 *2.13 =3.408 KN/m

4.10.2) Design of the shear force:

Assume Ø 12 for main reinforcement

Assume h = 300 mm,

d=300-20-12=268 mm

By using ATIR program, we get the envelope moment and shear force diagram

Figure (4.18) shear of basement
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Max Vu = 84.5 KN.

6

**' dbf
Vc wc

 

KNVc 27.177
6

26810002875.0





Vu = 84.5 KN > = 177.27 KN.

No shear Reinforcement is required.

4.10.3) Design of bending moment:

By using ATIR program, we get the envelope moment and moment force diagram

Figure (4.11) moment of basement

Mu max =74 KN.m

Mn=Mu/0.9=74/0.9=82.23 KN.m

Rn=(Mn×〖10〗̂ 6)/(b×d^2 )=(82.23×〖10〗̂ 6)/(1000×〖268〗̂ 2 )=1.14 Mpa

m=Fy/(0.85×fc')=420/(0.85×24)=20.58

ρ=1/m×(1-√(1-(2×Rn×m)/Fy))

=1/20.58×(1-c(1-(2×1.14×20.58)/420))

=2.79×〖10〗̂ (-3)

Asreq=ρ×b×d=2.79×〖10〗̂ (-3)×1000×268=7.47 cm^2/mAsmin 0.0012 b h 0.0012 1000 300 3.60 cm /m
minAs = 3.6 cm /m ≤ reqAs = 7.47cm /m

Use Φ 14@ 15 cm

As provided =10.26 cm^2/m >As req =7.47 cm^2/m.
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Step(s) is the smallest of :

3h = 3*200 = 600mm .

450mm

S= 380(280/fs)- 2.5cc = 380(280/280)- 2.5*20 = 330mm .

S= 150mm < Smax

Select ∅14@150cm/m in both direction.

With as =10.26 cm2/m

4.10.4) Design of the horizontal reinforcement:

As(min) =0.0012*b*h=0.002*1000*300=360cm^2/m

Select∅12@20cm/m, in two layer.

Figure (4.19): Reinforcement for basement wall.
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)٤.١٢( Design of a shear wall :

To design shear walls we use  ( CSI ETABS)Software , and this is a manual example of

shear wall  design :

Fig. (4-20) Location of the Shear wall

Fig. (4-21) Shear and Moment Diagrams of Shear wall

Fc = ٢٤MPa

Fy = 420 MPa

t=٣٠ cm .shear wall thickness

Lw = ٥.٩٥ m .shear wall width

Hw for 0ne wall = 3 ٥. m story height

Hw for 0ne wall = ٤.٥ m story height

Design of shear

  KNVuFx 735.796809.144651
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Design of the Horizontal reinforcement:

The critical Section is the smaller of:

mmlwd

mtstoryheigh

m
hw

contorlm
lw

476059508.08.0

5.3

4
2

8

2

....98.2
2

95.5

2








560.75 0.83 √24 300 4760 10^_3 4354.8516 16 √24 300 4760 10 1166
0.27 4 0.27√24 300 4760 0 1888.9

2140.63 1321.173.5 2140.63 2374.76 .
2 2374.76796.735 5.952 0.0056 0

0.05 0.1 0.2 0.05√24 5.95 0.1√24 00.0056 300 4760
743.65

KN

VcVnVs

7.31865.743)75.0/735.796( 


318.7 10420 4760 0.16 /0.16300 0.0053 0.0025
Use ϕ١٠ As=٧٨.٥٤mm2 2 78.54300 0.0053 100
Max. Spacing

5 59505 11903 3 300 900
450 mm……………cont.

Use ϕ 1٠@ ٢٠٠mm in tow layer
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Design of bending moment :5950300 2 254.5 10095.1710095.175950 300 42024 0.099
0

2 0.85 0.099 02 0.099 0.85 0.85 0.12
0.5 1 10.9 0.5 10095.17 420 5950 1 0 1 0.12 9990.22 .

→ use ϕ 16@1500 mm for vertical reinforcement

4.1٣ Design of Footing (isolated):

 Material :-

 concrete    B350                Fc' = 24 MPa

 Reinforcement Steel         Fy = 420 MPa

 Load Calculations :-
Total Factored  load = 1000 KN

Column Dimensions (a*b) = 40*70 cm

Soil density = 18 Kg/cm3

Allowable Bearing Capacity = 400 KN/m2

Assume h = 45cm

allownetq  = 400 – 25*0.45 – 19*0.45 – 5 = 364.85 KN/m2

 Area of Footing :-

allownetq 

625 156.25364.85 2.14
Assume  the area = 1.65 * 1.35 = 2.23 m2
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 Bearing Pressure :-

qu = 1000 / 1.65*1.35 = 448.93 KN/m2

 Design of Footing :-

 Design of One Way Shear Strength :-

Critical Section at Distance (d)From The Face of Column
Assume h = 50cm , bar diameter ø 14 for main reinforcement  and 7.5 cm Cover

mmh

md

VuVcLet

dVc

dbqud
al

Vu

2891475200

2.0

,

10**35.1*24
6

75.0

35.1*448.93*
2

70.0

2

65.1
**

22

3














 






 





Try h = 450 mm ….. d = 450 – 75 – 14 =361 mm

 Design of Two Way Shear Strength :-

  KNVu

tioncriticalofareaqFR

FRPuVu

ub

b

5.637})361.07.0(*)361.04.0()35.1*65.1{(*93.448

sec*







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:-

75.1
40

70

)(

)(


bWidthColumn

aLengthColumn
C
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ob = Perimeter of critical section taken at (d/2) from the loaded area
cmbo 4.364)401.36(*2)701.36(*2 

s = 40  for interior column

KNdbfV oc
c

C 21.1726361*3644*24*
75.1

2
1*

6

75.02
1

6

1
.. 






 














KNdbf
db

V oc
o

s
C 7.2401361*3644*24*2

3644

361*40
*

12

75.0
2

/12

1
.. 






 














KNdbfV ocC 13.1611361*3644*24*
3

75.0

3

1
..  

ФVc = 1611.13 KN > Vu = 637. KN

 Design of Bending Moment :-
Deasign of short direction:

Mu = 448.93* 1.35*0.475*0.475/2= 68.37KN.m

Rn
.. 0.43

m . . 20.59
ρ 1 1 . . . 1 1 . . 0.00103
As,req = ρ.b.d = 0.00103×1350×361 = 502 mm2

As,min = 0.0018*1350*450 = 1093.5 mm2

As,req< As,min = 1093.5 mm2 ……… is control

Check for Spacing :-
S = 3h = 3*45 = 135 cm

S = 380*( ) – 2.5*75 = 192.5 cm

S = 45 cm ……… is control

Use 86ø14, As,provided= 1231.5 mm2>As,required= 1093.5 mm2…  Ok
And In Another Direction Use 10ø14

Fig. (4-21) Detailing of Footing.



88

/٢٠١٨ الفصل الخامس2017

-

١- ٥

٢- ٥

٣- ٥

٤- ٥



89

/٢٠١٨ الفصل الخامس2017

)١- ٥(:-

،،
-:تتمثل فيما يلي

١(.
٢(.
٣(، ، ،

.

)٢- ٥ (: -

مبنى )١

.

٢(.

٣(.

٤(

.



90

/٢٠١٨ الفصل الخامس2017

)٣- ٥ (:-

، مجلس البناء الوطني الأردني، عمان، كود الأحمال والقوىكودات البناء الوطني الأردني، .١

.م١٩٩٠الأردن، 

. ملاحظات الأستاذ المشرف.٢

3. ACI Committee 318 (2008),ACI 318-08: Building Code Requirements for

Structural Concrete and Commentary, American Concrete Institute, ISBN 0-

87031-264-2.

4. D. Fanella, I. Alsamsam, “The Design of Concrete Floor Systems”, PCA

ProfessionalDevelopment Series, 2005.

5. Nawy, Edward, Prestressed Concrete Fifth Edition Upgrade: ACI, AASHTO, IBC Codes

Version (5th Edition),2009.



91

/٢٠١٨ الفصل الخامس2017

Attachments

Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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MINIMUM THICKNESS OF NONPRESTRESSED BEAMS ORONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED.
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