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Abstract  

______________________________________________________________________________ 

     As all structural engineering projects our project aims to find a suitable structural system for 

the residential building that we work on to be adequate for human use, our project aims to keep 

the building standing while facing the seismic and lateral loads. 

Most of the buildings in our country are not designed to face seismic loads which is considered 

as a threat in our building's design and execution methods, in this project, we used ACI 318-19 

building code requirements for structural concrete using chapter 18 which includes the 

earthquake building requirements, we started with work on the analysis of architectural plans in 

terms of entrances, exits, number of floors of the building, locations of inclusions and others, 

then finding the suitable columns and shear walls arrange in accordance with the architectural 

design, decide the loads for the building and start modeling it on Etabs, after that we must check 

on all the requirements that the ACI 318-14 chapter 18 contains like the maximum story drift and 

maximum deflection, finally detailing all the structural members of the building achieving the 

requirements. 

As a result, we will have a design that satisfies all the ACI 318-14 requirements and the load 

provisions of the Jordinain code for buildings loads  which will achieve an allowable story drift, 

from our result the design will keep the building sustainable for human use after an extreme 

earthquake. 
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 الملخص
____________________________________________________________________________ 

لانشائية مشروعنا هذا يهدف الى إيجاد انسب نظام انشائي يناسب المبنى الذي بين أيدينا وهو مبنى كسائر المشاريع ا  

مستشفى، والذي يناسب الاستخدام البشري ويحقق متطمبات السلامة في المباني، يهدف مشروعنا هذا الى لمحفاظ عمى المبنى 

 .مواجها ضد الموجات الزلزالية والاحمال الافقية مثل الرياح

وهو ما يمثل كثغرة في أسموب التصميم في غالب المباني المستخدمة في بلادنا لا يتم تصميمها لمقاومة الموجات الزلزالية  

لتحقيق متطمبات التصميم الامن لممنشآت  ACI 318-14المتبع في البلاد، في هذا المشروع قمنا باستخدام الكود الأمريكي 

والذي يحتوي عمى متطمبات التصميم لمقاومة الزلازل، تم البدا بتحميل التصميم المعماري  81الخرسانية بحسب الفصل رقم 

الخاص بالمشفى من حيث المداخل والمخارج وعدد الطوابق والمواقع وباقي التفاصيل المعمارية، ومن ثم البدا بتوزيع الجدران 

معماري والانشائي، وبحسب الكود الأردني للأحمال وضع الحاممة والترتيب المناسب للأعمدة الذي يناسب كلا التصميمين ال

 .الاحمال المناسبة لكل عنصر انشائي

وكنتيجة نحصل عمى تصميم يوافق جميع متطمبات التصميمية لمزلازل والذي سيحافظ عمى المبنى مواجها لجميع الاحمال 

 الواقعة عميه.
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Chapter 1: Introduction 

______________________________________________________________________________ 

Background 

Site Description 

     Bethlehem is a Palestinian city, located in the West Bank in Palestine, about 10 km to the 

south of Jerusalem, with a population of approximately 30,000 inhabitants. Bethlehem is the 

center of culture and tourism in Palestine since it is identified by Christian tradition as the 

birthplace of Jesus. Bethlehem has many churches, most notably the Church of the Nativity, 

which is registered within the UNESCO World Heritage List. 

The Bethlehem Governorate covers an area of 575 square kilometers and includes five major 

cities, seventy villages, and three Palestinian refugee camps, As for the area of the city of 

Bethlehem, which is within the boundaries of the structural plan of the city; It is eight thousand 

acres, and the city is divided into many neighborhoods and commercial markets. 

Bethlehem population 

     According to the Palestinian Central Bureau of Statistics (PCBS), the total population of 

Bethlehem in 2007 was 25,266; of whom 12,753 are males and 12,513 are females. 5,211 

households are living in 6,709 housing units.  

Age Groups and Gender: 

     The General Census of Population and Housing carried out by PCBS in 2007 showed that the 

distribution of age groups in Bethlehem is as follows: 34.1 percent are less than 15 years, 56 

percent are between 15-64 years, 4.9 percent are 65 years and older, and 5 percent are unknown. 

Data also showed that the sex ratio of males to females in the city is 101.9:100, meaning that 

males constitute 50.5 percent of the population, and females constitute 49.5 percent of the 

population. 

Health Status 

     Medical services in Bethlehem city are considered rather well-developed because Bethlehem 

city is considered the vital center of the governorate. Moreover, the Ministry of Health and non-

governmental and private institutions, which work in the health sector, supervise this sector in 

the city, providing their services through hospitals, clinics, and primary health care centers. 
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There is also one governmental hospital in Bethlehem city run by the Ministry of Health; 

Muhammad Sa’ed Kamal Psychiatric Hospital, which contains 280 beds, in addition to two 

private hospitals, which are:  

1-  The Holy Family Hospital which contains 47 beds.  

2- Caritas Hospital for Children which contains 82 beds.  

The Palestinian Ministry of Health also provides the city and the surrounding towns and villages 

with primary health care services, such as medical examination and treatment, through 

Bethlehem Health Directorate in the city. In addition, there are many charitable societies, 

medical institutions, and private health clinics, which, upon their efforts, were able to perform 

multiple tasks in the areas of health care and social development.  

These institutions and societies include The Palestinian Red Crescent Society, the Red Cross 

International Committee, Ephetah School for hearing and cognitive rehabilitation for deaf 

children, and the House of Hope (Beit Al Amal) for the blind and the mentally disabled, and 

others.  

Moreover, located in Bethlehem city are several laboratories, radiology centers, dental clinics, 

physicians and specialized clinics, and pharmacies. It is also worth mentioning that all of these 

hospitals, clinics, and medical centers serve Bethlehem city and all cities and villages in 

Bethlehem governorate and the neighboring governorates. 

Palestine has been subjected to an average of one major earthquake every century over the past 

centuries. It is exposed to an average of 100 earthquakes each year, humans due to their 

weakness or their occurrence during the night may not feel many of these tremors. The areas 

most affected by the earthquake are the Jordan Valley and the mountainous heights, especially in 

the regions with intersecting faults. 

In the current time with the rise of population and the spread of new and fetal diseases the need 

of building new hospitals to improve health services in town, and that’s why we chose to work 

on a new hospital design that will serve the town and the whole governorate. 
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Area earthquake statistics: 

      According to the "Palestinian Encyclopedia" website, one of the most important earthquakes 

that struck Palestine was the earthquake of January 1, 1837, its center was the city of Safad, 

which caused nearly five thousand victims, and led to the destruction of the old city of Safad and 

the village of Jish, the number of villages in the Tiberias district that were destroyed due to The 

earthquake was over 17 villages. 

There are four seismic foci in Palestine: the Dead Sea focus, which represents the greatest 

concern, where the earthquake strength reaches 6.3 Richter, and the earthquake is repeated 

approximately every 100 years, which is particularly affected by the area extending from 

Jerusalem to Nablus approximately, and the Fara’a al-Karmel area, in which the strength of the 

earthquake may reach To 7 degrees Richter, an area close to Safed at the intersection of the 

northern Jordan Valley. Fourth: As for the most violent and difficult focus, the finger of Galilee 

region is located north of Lake Tiberias, in which 

an earthquake of up to 5 degrees Richter occurred, 

which is considered the worst in the history of the 

region. It is expected that the strength of 

earthquakes in our region will not exceed 7 

degrees, especially if the epicenter of the 

earthquake is in the Tiberias or the Galilee finger. 

As for the southern region of Palestine, the seismic 

strength in it is considered medium, where the 

seismic index reaches 0.15 according to the seismic 

map in Palestine, and since the south region is 

relatively far from the seismically active foci that 

were mentioned previously, the impact of the 

earthquakes on it will be relatively weak, otherwise 

the calculation of the control The intensity of 

earthquakes depends on the quality of the soil, the 

depth of the earthquake and the design of the 

buildings themselves. Most of the buildings are 

Figure 1:Seismic hazard map 
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resistant to weak and medium earthquakes.  

Aims and objectives: 

 

     The main aim of our project is to achieve the requirements for the structural seismic design of 

the building, especially in our country Because of the lack of structural designs that fulfill the 

requirements of seismic design, and through this goal, the following secondary objectives will be 

achieved: 

 

1. Correlate the theory that has been gained in the design courses with practical life. 

2. Increase the ability to choose a suitable structural system of elements that meets design 

requirements. 

3. Get experience in dealing with different problems encountered in the design process. 

4. Practice the structural analysis and design programs as well as theoretical knowledge 

 .الترجمة طىيلة جدًا ولا يمكه حفظها

As for the other goal, it depends on the type of building to be designed, as it is intended to design 

a hospital in the city of Bethlehem, due to the high population and the spread of new and fetal 

diseases. The need to build new hospitals to improve health services in the city, and for this 

reason we chose to work on designing a new hospital, and to provide medical services that serve 

the city and the whole governorate. 

Problem statement  

     As a result of the variety of construction systems and the need of making a balance between 

costs and safety in the design, it was necessary to find the most appropriate structural system that 

satisfies the strength and serviceability requirements for the chosen residential building. 

Literature Review 

     Seismic load is a big concern in structural engineering but still, there is no easy way to answer 

the question: “What is the requirement of a building structure to resist wind and earthquake 

forces to get reasonable serviceability at an optimum cost?” Few thumb rules and a huge amount 

of computer-aided rigorous analyses, are available. It is possible to analyze the structures to 
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appreciate the actual behavior of the structure under ultimate seismic and wind loads which is 

very likely to the actual behavior and design the building according to its behavior. 

There are several studies dealing with the seismic design of buildings and its importance, 

including:     

The theme was developed to mitigate the risks of earthquakes (Gioncu and Mazzolani  ،2003): It 

is an engineering seismology, developed to solve serious earthquake problems, and its purpose is 

to use the knowledge of seismology for the seismic design of buildings, by proposing seismic 

procedures, source function, and site characteristics, with the task of solving building weakness 

problems, and on the basis of which it performs seismic analysis of structures based on loads 

seismicity and the use of methodologies proposed by engineering seismology, which performs a 

complex examination of structures, including numerical analysis, structural formation and detail 

solutions, and an engineering look at the designed structure, in order to achieve the engineering 

requirements for earthquake resistance that structures are exposed to in order to avoid damages 

resulting from it. 

  Design & Analysis of Earthquake Resistant Structure: A Critical Review (Abhishek Kumar 

Singh, Dr. Rakesh Kumar Pandey Amity University Chhattisgarh, And Raipur 492001 

Department of Civil Engineering): the turf of seismic activity Engineering has existed in our 

nation for over 35 years now. Indian Earthquake  Engineers have made momentous  hand-outs to 

the  seismic safety of  a number  of important  structures  in  the  country.  However, as the 

recent earthquakes have shown, the performance of normal structures during past Indian 

earthquakes has been less satisfactory. This is mainly due to the lack of awareness amongst most 

practicing engineers of the special provisions that need to be followed in earthquake resistant 

design and thereafter in construction. 

 In addition, The International Journal of Steel Structures where this journal presents a study 

aims to suggest a design process of passive control structure, which includes design and 

placement of the damper for obtaining the seismic capability of the passive control structure as 

intended by the designer. In addition, dynamic response analysis was conducted on structures 

designed using the design process suggested in this study to confirm whether the seismic 

capability intended by the design has been achieved, verifying the validity of the design process. 
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 In the other hand, in our country, engineers do not take up seismic design so, our project aims to 

make a difference in the way of design in Palestine, when we chose to design our project as a 

seismic design we were intending to make this type of structural engineering a common way, 

designing our structures to stand against the seismic and wind loads will save many lives in a 

case where our country has faced an earthquake  reinforced Concrete structures are not perfectly 

elastic even at lower stress levels. At higher stress levels, it undergoes cracking, etc. The 

stiffness of Reinforced Concrete elements will decrease appreciably and deformations will 

increase drastically but it will not collapse immediately if the Reinforced Concrete structures are 

made sufficiently ductile. It is a bit difficult to understand the behavior of Reinforced Concrete 

structures under dynamic loads like those subjected to wind, seismic forces, etc. However, 

buildings should be designed to incorporate ductile detailing to sustain these loads undergoing 

larger deformations but no collapse 

In our project introduction, we will study the architectural design of the building, arrange the 

suitable columns distribution, and then select the required structural system according to ACI 

code seismic provisions. 

Methodology 

- The first step in our project is to study the project from an architect’s perspective. 

- The second step is to distribute the columns and shear walls satisfactory to the 

architectural plan making sure no columns will be an obstacle against human use. Then 

determine the suitable structure system. 

Architechtral 
Analysis 

Culomn 
Distribution 

Structural System 
Define 

Loads Analysis 
and Define 

Figure 2: Methodology 
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-  The third step is to calculate the loads starting with possible gravity loads which we 

include the self-weight of members, cladding, super dead and live loads finishing with 

the lateral loads (wind and earthquake) specified for the location of the building and soil 

properties. 

- Finally build a model in the etabs program to start designing the building 

Project scope  

This Project contains the following Chapters:  

CHAPTER 1: A general introduction: We talked about our objectives, problem and our 

methodology that we followed through this project.  

CHAPTER 2: An architectural description of the project: we talked about the floors plans, the 

site, and the elevations of this project.  

CHAPTER 3: A general description of the structural elements: we talked about the structure 

system in general and our system in particle.  

CHAPTER 4: Results and Recommendations. 
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Time Plan 

Programs used in the project  

There are several computer programs used in this project: 

1- Microsoft office: this set of programs including (word and excel) were used in various 

parts of the project such as text writing, formatting, fast calculations and project output  

2- AUTOCAD: for detailed drawings of structural members of various types and 

reinforcement (shear walls, frames, footings) 

Chapter 2: Architecture Description 

____________________________________________________________________________ 

2.1 Introduction  

  The process of bringing any building to light is integrative between several engineering  

Specializations and the design process of each one of these takes time through several stages 

until the whole building is implemented. 

The first step in this specific process starts of the architecture design stage, this stage defines the  

main shape of the building with pointing out the main function and requirements for which will 

be  

Figure 3:Time Plan 
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shaped out later, then a process of zoning takes place where the distribution of the facilities is  

determined, follows the deciding of each facility required space and dimensions with taking in  

consideration the studying of lighting, ventilation, movement, mobility and functional 

requirements, all of that to make sure the easiness and comfort of the users in the building. 

Still, the architectural study must continue to verify that the design is easy to handle and how it 

will function properly with each other and the movement between these different parts. Yet, it 

also should make sure is to give a clear view of the project so it will be possible to distribute 

columns and other structural elements without intersecting with the architectural design, which 

will eventually lead to a whole efficiency of the building to be built. 

2.2. General Identification of the project 

The proposed project is a hospital with 6 floors, The building is proposed is part of medical city 

with an area of 19801square meters land. This area is considered sufficient for the construction 

of such a project, The architect showed her proficiency in design as she was able to use the space 

to design a building that meets the standards and provides comfort for its residents taking into 

account the architectural beauty in the overall design. 

2.3. General Site description  

The proposed project is located in Bethlehem. In a midecal area with good infrastructure of 

roads, it is easily accessible location with available needed services such as electricity and 

communication links, besides it is located in near one of the most visited city by tourists, which 

show the sufficient need of this project. The project is built on contoured land, which made the 

architect choose the function of the building based on the specific characteristics of the site. 

2.4. Floors Description  
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2.4.1. Ground Floor 

The Ground floor has an Area of 4959m
2
, it composed of spaces that is management department 

which includes registration and accounting department, and medical spaces which includes labs 

department, dialysis department and emergency department. 

2.4.3. First Floor 

Figure 4:Ground floor plan 
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The first floor has an Area of 4720m2, it contains the administration department, care department  

and operating department.  

 

 

 

 

 

 

  

2.4.4. Second Floor 

The second floor has an Area of 3913m2, it contains of Nurses duty stations, offices. 

Figure 5:First floor plan 
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2.4.5. Third Floor 

The third floor has an Area of 3913m2, it contains of Nurses duty stations, offices. 

 

Figure 6:seconed floor plan 
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2.4.6. Fourth Floor 

The fourth floor has an Area of 3913m2, it contains of Nurses duty stations, offices. 

 

Figure 7:Third floor plan 
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2.5. Elevations Descriptions 

2.5.1 North Elevation  

Figure 8: Forth floor plan 

Figure 9:North Elevation 
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2.5.2 South Elevation  

2.5.3 East Elevation  

Figure 10:South Elevation 

Figure 11:East elevation 
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2.5.4 West Elevation 

 

2.6. Sections of the building: 

 The sections of the building are made in order to show extra and necessary details of the hospital  

to highlight the movement and the distribution of the spaces and masses along the height of the 

hospital.  

Figure 12: West Elevation 
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Chapter3: Structural Description 

______________________________________________________________________________ 

3.1 Introduction 

 

After completion of the architectural study of the building, a study of the structural elements was 

done to determine the optimal structural system for the building to make the best design of all 

structural elements. 

The knowledge of structural elements of any project is essential in the design of reinforced 

concrete structures. In this chapter, a study of the different structural elements such as columns, 

bridges, foundations, and other elements was conducted. Also, different loads were estimated in 

accordance with the requirements, standards, and standard specifications that will be mentioned 

later. 

 

Figure 14: Section A-A 

Figure 13: Section B-B 



33 

 

3.2 Aim of the Structural Design 

 

The main purpose of structural design is to make a safe, economic, and serviceable design, so in 

designing a structure the following objectives must be taken into consideration: 

3.2.1 Safety 

The structure should be able to carry all expected loads safely, without failure, that is, without 

breaking or collapsing under the loads. 

3.2.2 Durability 

The structure should last for a reasonable period of time. 

3.2.3 Stability 

 to prevent overturning, sliding, or buckling of the structure, or parts of it, under the action of 

loads. 

3.2.4 Strength 

to resist safely the stresses induced by the loads in the various structural members. 

 

3.2.5 Serviceability 

 

To ensure satisfactory performance under service load conditions - which implies providing 

adequate stiffness and reinforcements to contain deflections, crack-widths, and vibrations within 

acceptable limits, and also providing impermeability and durability (including corrosion-

resistance), etc. 

There are two other considerations that a sensible designer must bear in mind, economy and 

aesthetics. As any engineer can always design a massive structure, which has more than adequate 

stability, strength, and serviceability, affecting the ensuing cost of the structure may be 

exorbitant, and the end product, far from aesthetic. 

 

3.3 Scientific Tests 
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Before the structural study of any building, there is the work of geotechnical studies of the site, 

which means all work related to exploring the site and studying soil, rocks, and groundwater, 

then analyzing information and translating it to predict the way the soil behaves when building 

on it, and the most important thing is to obtaining soil durability (Bearing Capacity) required to 

design the building's foundations. 

 

3.4 Loads Acting on the Building 

 

Loads that act on the building must be calculated and selected carefully because any error in 

identifying and calculating loads reflects negatively on the structural design of various structural 

elements. The building is exposed to loads of live and dead loads, wind loads, snow loads, and 

loads of earthquakes. 

3.4.1 Dead loads 

Dead loads consist of the weight of all materials of construction incorporated into the building 

including but not limited to walls, floors, roofs, ceilings, stairways, built-in partitions, finishes, 

cladding and other similarly incorporated architectural and structural items, and fixed service 

equipment including the weight of cranes.as shown in the figure 

Figure 15: Dead loads 
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the table shows the calculated dead load 

 

 

3.4.2 Live load 

Live loads are those loads produced by the use and occupancy of the building (look figure) or 

other structure and do not include construction or environmental loads such as wind load, snow 

load, rain load, earthquake load, flood load, or dead load. 

The attached table shows the live loads according to Jordanian building loads code 

Figure 16: Live loads 

Table 1:Dead Load calculation 
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Table 2:Live Loads code table 

Type of 

building 

spaces Live load 

KN/m2 

Educational 

(Hospital) 

 رف المراجـل والمحركـات

 والمـــراوح وغــــرف

 المشـروبات والحمــامات
 والــشرفات والممـــرات

 وغرف الطعـام وردهـات

 Rooms of Matores) .الاستراحة والبلياردو

, fans , bathroom ,food, room 

2 

 هوراث والوذاخل الوعرضت لحركــت الوركبــاث 

 .والعرباث الوتحركت

5 

الوختبراث بوا فيها هـن أجهزة، والوطابخ  

 .وغرف الغسيل

3 

لووــراث والوــذاخل والأدراج و بـــسطاث  

 .الأدراج الثانىيـت

3 

 2 الوعــذاث قاعــاث. 

رف الأشـعت والعوليـاث والخذهاثغ   2 

غـرف تبـذيل الولابـس وغـــرف النـــىم في  

 .الوستشفياث

2 

 5.4 لوقصــــىراث 

 

 

3.4.3 Environmental Loads 

 

It is the third type of load that must be taken into account in the design , and these loads are: 

 
1. Wind Loads 

They are horizontal forces that affect the building and their effect appears in tall buildings. They are 

the forces that the wind affects buildings, installations, or parts of, and they are positive if they are 

caused by pressure and negative if they are caused by tension, and are measured in kilotons per 

square meter (KN / m2). Wind loads are determined depending on the height of the building above 

Figure 17:Wind loads 
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the ground, and the location in terms of surrounding buildings, whether high or low. As shown in 

the figure. 

2. Snow 

 

Snow loads (as figure) can be evaluated based on the following principles: 

•  Height of the facility above sea level. 

•  Slope of the roof exposed to snow. 

The following table shows the value of snow loads according to the height above sea level, 

according to the Jordanian code 

 

3. Seismic Loads 

 

One of the most important environmental loads that affect the building, which are horizontal and 

vertical forces that generate torque, and can be resisted by using shear walls designed with 

thicknesses and sufficient reinforcement to ensure the safety of the building when it is exposed to 

Figure 18: Snow loads 

Figure 19: Earthquake loads 
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such loads that must be observed in the design process to reduce Risks and maintenance of the 

building’s performance of its function during earthquakes as shown in the figure. 

 

4. Shrinkage and expansion loads 

 

As a result of the contraction and expansion of the concrete elements of the building due to the 

variation in temperature during the seasons of the year, stresses have generated that lead to 

cracks in the building, where they are avoided and prevented from appearing using the diameter 

8 mm reinforcement meshes and also using expansion joints. 
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3.5 Structural Elements of the Building 

 

All buildings usually consist of a set of structural elements that work together to maintain the 

continuity of the building and its suitability for human use, The most important of these slabs, 

beams, columns, and load-bearing walls, etc. are being defined.as shown in figure 

3.5.1 Slabs 

 
Structural elements are capable of delivering vertical forces due to the loads affecting the building's 

load-bearing structural elements such as beams, columns, and walls, without distortions. 

There are many different Structural systems of reinforced concrete slabs, including the following: 

 

3.5.1.1 Solid slab (two way without beams) 

Figure 20: Structural elements 
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Solid Slabs are fully customizable concrete slabs of varying width, length, and thickness. They can 

be used in a variety of applications such as bridges, piers, and building floors. It is known that solid 

slabs should be supported by drop beams as shown in figure. 

In our project we used this system in the basement slab, which is a two-way solid slab system with 

32cm  

thickness which is calculated according to ACI code from the following table: 

thickness is calculated as follows: 

We have in our slab the heights span length is 9m (ln): 

  
  

  
 
 

  
        

Figure 21: Solis Slab 

Table 3:Minimum thickness of slabs code table 
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32cm is selected  

3.5.1.2 Ribbed slab (one or two way) 

It’s the most common system used in Palestine. They are made up of wide band beams running 

between columns with narrow ribs spanning the orthogonal direction. Normally the ribs and the 

beams are the same depth. A thin topping slab completes the system. It can be designed to carry 

loads either in one direction only, or in two directions. 

Figures describe one-way 

and two-way ribbed 

slabs respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In our project, we used ripped slabs from both loading types in order to decrease the cost of the 

project, as a result of high spans in beams spans of the slab are high, we have to use the two 

types of ripped slabs in order to associate with the architectural needs the following plan is the 

ground floor plan which shows the used rippes: 

Figure 22:one way slab 

Figure 23:two-way span 
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any column in the middle to cover the architectural requirements of these spans as an example: 

 

 

 

 

 

 

 

 

Figure 24: Ground floor key plan 

Figure 25:Two-way span use in the project 
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On the other hand, a small length one-way ripped slab was necessarily needed to solve the 

problem of the small width paths as an example: 

 

 

3.5.2 Beams 

 

They are basic structural elements in transferring loads from slabs to the columns, and they are 

of two types, hidden inside the slab and Dropped Beams that emerge from the slab from the 

bottom as shown in figure 

This type of project requires to have high spans to achieve areas which is empty of columns, 

Figure 26:One-way spans use in the project 

Figure 27: Beams 
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The depth of the floor gives us control to use drop beams with high thickness without affecting 

the serviceability of the floor or causing a uncomfortable feeling that happens when the ceiling is 

a falling type  

In our project, the minimum span length was around= 3 m  and the maximum length is 9m as 

mentioned before. 

3.5.3 Columns 

 

Columns are the main member in transporting loads from slabs and beams to foundations, and as 

such, they are a necessary structural component for conveying loads and building stability. 

Therefore, they must be designed to be able to carry and distribute the loads on them. The figure 

below shows two types of columns. 

In column distribution we considered that the columns achieve a statically determined system, 

the dimensions of columns are initial dimensions the final dimension will be calculated in the 

next squall of the project, the distribution of columns in the final plans are distributed in a 

manner that suits the architectural design and the structural system requirements, column are 

distributed in a way that fits the frame structural system. 

3.5.4 Shear walls 

 

Figure 28:Columns 
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They are structural load-bearing elements that resist vertical and horizontal forces located on 

them and are mainly used to resist horizontal loads such as wind and earthquake forces. As 

shown in the figure below. 

These walls are armed with two layers of steel 

to increase their efficiency to resist the 

horizontal forces. The two directions are 

taken into consideration that the 

distance between the center of resistance 

formed by the shear walls in each direction 

and the center of gravity of the building 

is minimal. And that these walls are 

sufficient to prevent or reduce the generation 

of torque waves and their effects on the walls of the building resisting horizontal forces 

 

 

 

 

 

 

 

 

3.5.5 Basement walls  

A basement wall is a wall that is used on the floor and ceiling to provide support to the side walls 

as well as to the structure as shown in figure. It handles the pressure of the sidewalls and 

provides space for living inside the walls. Basement walls bear the load of the whole structure.  

Figure 29:Shear wall 
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3.5.6 Foundations 

 

Although the foundations are the first to start with the construction of the structure, their design 

takes place after the completion of the design of all structural elements in the building. 

Loads act on foundations came from the loads on the slabs 

which transferred to the beams, then to columns, and finally to 

foundations. And these loads are the design loads for the 

foundations. 

Figure 30:Basement wall 



47 

 

There many types of foundations that can be used in each project depending on the type of loads 

and the nature of the soil in the site. A building foundation is shown in the figure 

 

3.5.6 Stairs 

 

Stairs must be provided in almost all buildings. It consists of rises, runs, and landings. The total 

steps and landings are called a staircase as shown in figure 3-15, There are different types of 

stairs, which depend mainly on the type and function of the building and the architectural 

requirements. 

Figure 31:Foundations 

Figure 32: Stairs 
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3.5.7 Frames 

 

Frame structures are constructions having a blend of columns, beams & slabs to bear the adjacent 

and gravity loads. These structures are generally used to overcome the large moments emerging 

owing to the applied loading. 

the structural frame must be able to withstand not only the gravity loads but also the loads 

imposed in a few vital cases during its life span such as the cases of earthquakes. 

The figure below shows the deformation of a frame due to seismic action: 

 

 

 

 

 

  

Figure 33:Frame deformation due to seismic loads 
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Chapter 4: Structural Analysis and Design 

______________________________________________________________________________ 

Introduction 

An adequate load-bearing system is based on a continuous load path throughout the structure. 

This means that the vertical loads must be carried by the slabs and transferred to the beams; 

the beams must transfer these loads to the columns which in their turn must transfer them to the 

foundation. Finally, the foundation must carry the loads to the ground. 

In this project we have a huge distance so we divided the building to units 

using expansion joints, for this reason modeling was divided as shown in 

Figure 34: Load transfer system 
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figure we have the hole building area divided with green thick lines showing 

the divided areas:  



51 

 

 As mentioned, modeling building was different we had five models that 

Figure 36: Ground floor Plan appearing expansion joints 

Figure 35: Etabs Models 
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makes unites combined to form one building, in the following figures Etabs 

and Safe models are shown   

Scope 

Chapter 18 contains the minimum requirements that must be satisfied for cast-in-place and 

precast concrete structures subject to design earthquake forces prescribed in a legally adopted 

general building code, such as the 2012 IBC. 

Since the design earthquake forces are considered less than those corresponding to linear 

response at the anticipated earthquake intensity, the integrity of the structure in the inelastic 

range of response should be maintained provided the applicable detailing requirements of 

Chapter 18 are satisfied. 

Section 18.1.1 requires that all structures be assigned to a Seismic Design Category (SDC) in 

accordance with the legally adopted general building code. In areas without such a code, the 

Figure 37:Safe Models 
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SDC is determined by the local authority having jurisdiction. SDCs in the 2014 ACI Code are 

adopted directly from ASCE/SEI 7-10 and are a function of the seismic risk level at the site, soil 

type, and occupancy or use of the structure. 

Before the 2008 Code, low, intermediate, and high seismic risk designations were used to define 

detailing requirements. A comparison of SDCs and seismic risk designations used in various 

codes, standards, and resource documents is given in TableR5.2.2 Shown below. 

The provisions in Chapter 18 relate detailing requirements to the type of structural framing and 

the SDC. As noted previously, the provisions in this chapter were revised and renumbered to 

present seismic requirements in order of increasing SDC. 

Traditionally, seismic risk levels have been classified as low, moderate, and high. 

Figure 38:Code Table 
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Table R5.2.2contains a summary of the seismic risk levels, seismic performance categories 

(SPC), and seismic design categories (SDC) specified in the IBC, the three prior model building 

codes now called legacy codes, as well as other resource documents. 

all structures must satisfy the applicable provisions of Chapter 18, except for those assigned to 

SDC A or exempted by the legally adopted building code. The design and detailing requirements 

of Chapters 1 through 19 and Chapter 22 are considered to provide adequate toughness for these 

structures subjected to low level earthquake intensities. The designer should be aware that the 

general requirements of the code include several provisions specifically intended to improve 

toughness, in order to increase resistance of concrete structures to earthquake and other 

catastrophic or abnormal loads. For example, when a beam is part of the seismic force-resisting 

system of a structure, a portion of the positive moment reinforcement must be anchored at 

supports to develop its yield strength* (see 12.11.2). 

In essence, design and detailing requirements should be compatible with the level of energy 

dissipation or toughness assumed in the computation of the design earthquake forces. To 

facilitate this compatibility, the code uses throughout Chapter18 the terms “ordinary,” 

“intermediate,” and “special” in the description of different types of structural systems. The 

degree of required detailing (and, thus, the degree of required toughness), which is directly 

related to the SDC, increases from ordinary to intermediate to special types of structural systems. 

The legally adopted building code (or the authority having jurisdiction in areas without a legally 

adopted building code) prescribes the type of seismic-force-resisting system that can be utilized 

as a function of SDC. There are essentially no restrictions on the type of seismic-force-resisting 

system that can be used for structures assigned to SDC A or B; as noted previously, only the 

requirements of 18.1.2 must be satisfied in addition to those in Chapters 1 to 19 and 22 for 

structures assigned to SDC B. 

The seismic-force-resisting systems that typically can be utilized in structures assigned to SDC C 

are ordinary cast-in-place structural walls, intermediate precast walls, intermediate moment 

frames, or any combination thereof. 
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Ordinary structural walls need not satisfy any provisions of Chapter 18 (18.2.1.7(b)). Walls 

proportioned by the general requirements of the code are considered to have sufficient toughness 

at anticipated drift levels. Intermediate precast walls must satisfy 18.4 in addition to the general 

requirements of the code. 

This section (18.2.1.7) includes certain reinforcing details, in addition to those contained in 

Chapters 1 through 19 and 22, that are applicable to reinforced concrete Shear walls required to 

resist earthquake effects. 

In this section, all members in this section are designed and detailed according to ACI 318-14, 

the assigned seismic load resisting system is building frame systems, all columns are assigned as 

a pin-pin supported, special shear walls are designed to resist seismic loads. 

 Design method and requirements. 

The design strength provided by a member is calculated in accordance with the requirements and 

assumptions of ACI-code (318-14). 

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. 
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Code 

ACI 318-14 

Material 

Concrete: B300 

𝑓𝑐′= 30 MPa (for circular sections) 

𝑓𝑐′= 30*0.8= 24MPa (for rectangular section) 

Reinforcement steel  

The specified yield strength of the reinforcement (𝑓𝑦= 420 N/mm² (MPa)). 

Load combinations 

𝑾𝒖=𝟏.𝟐 𝑫𝑳+𝟏.𝟔 𝑳𝑳  

Seismic load 

We refer to hazard tables for spectral accelerations seismic event: maximum considered 

earthquake at Al-Walaja 𝑆𝑠=0.35, 𝑆1=0.09, and has a A site class (hard rock). 
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From ASCE 7-16 Table 11.4-2 as shown in the figure below 𝐹𝑉=0.8. 

 

From ASCE 7-16 Table 11.4-1 as shown in the figure below 𝐹𝑎=0.8. 

Figure 39: Fv Code Table 

Figure 40:Fa Code Table 
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According to ASCE 7-16 (11.4.4) “The 𝑀𝐶𝐸𝑅 spectral response acceleration parameters for 

short periods (𝑆𝑀𝑆) and 1 s (𝑆𝑀1), adjusted for site class effects “. 

shall be determined using the following equations:  

𝑆𝑀𝑆=𝐹𝑎𝑆𝑆=0.8∗0.09=0.072 

𝑆𝑀1=𝐹𝑣𝑆1=0.8∗0.35=0.28 

According to ASCE 7-16 (11.4.5) the Design earthquake spectral response acceleration 

parameters at short periods, 𝑆𝐷𝑆 and at 1-s periods 𝑆𝐷1 , shall be determined using the following 

equations : 

𝑆𝐷𝑆=
 

 
 𝑆𝑀𝑆= 

 
       =0.1867  

𝑆𝐷1=
 

 
𝑆𝑀1=

 

 
      =0.08 
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The Risk Category of the structure is IV according to table 1604.5 shown below.  

 

Figure 41:Risk category Code table 
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 according to table 11.6-1 and 11.6-2 as shown in the figure below, the Seismic Design Category 

is D. 

For Design Spectral Acceleration curve according to ASCE 7-16 (11.4.6) shall be developed as 

follows: 

𝑇0 =0.2 
   

   
 =0.2 

    

      
 =0.0856 s 

 𝑇𝑠 = 
   

   
  =0.180.75=0.4284 𝑠 

Figure 42: Sesmic Category Code Table 
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The following is the Constructed Design Spectral Acceleration curve using etabs: 

Figure 43:Spectral Acceleration curve 
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According to Table 1.5-2 from ASCE7-16 importance factor using risk category Ie= 1.5 

 

Structural System Selection 

We chose SPECIAL SHEAR WALL system. With Response Modification Coefficient R= 6, and 

Over strength Factor, Ω0=2.5 , and Deflection amplification factor 𝐶𝑑= 5. 

Figure 44: Importance factor Code table 

Figure 45: Seismic coefficient Code table 
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One-Way rib design 

Check of Minimum Thickness of Structural Member. Minimum Thickness of Non-pre-stressed 

Beam or One-Way Slabs Unless Deflections are calculated. (ACI 318M-11). 

 

𝐻𝑚𝑖  for (one end continuous) ribbed one-way slabs = l /21 

                                                                                      = 6180/21=294.285 mm  

Take h = 32m 

 24 cm block + 8 cm topping = 32cm >hmin=29.43cm  

 

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. 

 

Table 4: Minimum Thickness 

Figure 46: Topping System 
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Load Calculation for topping: 

Table 5: Topping Load calculation 

Material Density W 

Tiles 22 22×0.03×1 0.66 

Sand 16 17×0.07×1 1.12 

Mortar 22 22×0.02×1 0.44 

RC 

Topping 
25 25×0.08×1 2 

Partitions 2 2×1 2 

Total Dead Load, KN/m 6.22 

 

Live Load =2KN/m2 =5×1=5KN/m     

 Factored Load 𝑊𝑢= 1.2 ×6.22+ 1.6×5 =15.464 KN/ 𝑚 

 𝑊𝑢= 1.4×6.22=8.708 KN/ 𝑚 

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

𝑀  = 0.42 𝜆 √𝑓𝑐′ 𝑆𝑚  

𝑆𝑚 =
   

 
=
    ∗   

 
= 1066666.67 × 10−6 𝑚𝑚 3 
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𝑀  = 0.42 × 1 × √24 ∗ 1066666.67 × 10−6 = 2.19 𝐾𝑁. 𝑚  

∅𝑀  = 0.55 × 2.19 = 1.21 𝐾𝑁. 𝑚 

𝑀𝑢 = 
    

 
 = 
      ∗     

 
=1. 24 𝐾𝑁. 𝑚 ∅𝑀  ≫ 𝑀𝑢 

 No reinforcement is required by analysis. According to ACI 10.5.4, provide 𝐴𝑠𝑚𝑖  for slabs a 

shrinkage and temperature reinforcement.  

𝜌𝑠 𝑟𝑖 𝑘𝑎𝑔𝑒 = 0.0018 

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

Step (s) is the smallest of:  

1. 3h=3×80=240 𝑚𝑚 – control 

 2. 450 𝑚𝑚 

3. 𝑠 = = 380 × (
   

  
) − 2.5 × c  = 380 × (

   

(
 

 
)    

) − 2.5 ∗ 20 = 330 𝑚𝑚  

4. 𝑠 ≤ 300 × (
   

(
 

 
)    

) = 300 𝑚𝑚 

Take ø 8 @ 200 𝑚𝑚 in both direction, 𝑠 = 200 𝑚𝑚. 

Design of One-Way Rib Slab 

 Material  

 concrete B300 𝐹𝑐′ = 24 N/mm2  
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 Reinforcement Steel 𝑓𝑦 = 420 N/mm2  

 Section  

 B=520mm 

 Bw=120mm 

t= 8mm 

h=320mm 

d=320-20-10-16/2=282mm 
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 Rib 14 from (c 69-c75), as shown in Ground floor plan: 

Load Calculation for Rib14: 

 

Dead load: 

Table 6: Rib DL 

calculations 

 

 

Material Density W 

Tiles 22 22×0.03×0.52 0.343 

Sand 16 17×0.07×0.52 0.619 

Mortar 22 22×0.02×0.52 0.343 

RC Rib  25 25×0.24×0.12 0.72 

Hollow 

Block  
10 10×0.24×0.4 0.96 

Plaster 22 22×0.02×0.52 0.343 

 Topping 25 25×0.08×0.52 1.04 

Partitions 2 2×0.52 1.04 

Total Dead Load, KN/m 5.408 

Figure 48:Rib Postion 

Figure 47:Rib 14 
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Live Load = 5KN/m2=5×0.52=2.6 KN/m 

 

 

Effective Flange Width (b𝑒): (ACI-318-14 (8.12.2)) 𝑏𝑒 For T- section is the smallest of the 

following: 

𝑏𝑒 ≤ L / 4 = 4100/ 4 =102.5 cm  

𝑏𝑒 ≤ 𝑏𝑤 + 16 t = 12 + 16 (8) = 140 cm  

𝑏𝑒 ≤ Center to center spacing between adjacent beams = 52 cm. Control 

 

Figure 49: Rib dimensions 
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Flexure Design: 

Design of Rib 14 for positive moments: 

Assume bar diameter ∅ 14 for main positive reinforcement 

 d= 320-20-10- 14/ 2 = 283 mm  

Figure 50:Rib moments 

Figure 51:Rib loads 
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 Span 2 (Max Positive Moment= 30.5 KN.m )  

Check if a >  𝑓  

𝑀  𝑓 = 0.85 × 𝑓𝑐 ′𝑏 𝑓  𝑑   
  

 
  = 0.85 × 24 ×520 ×80 ×       

  

 
   × 10

−6
 = 206.22𝐾𝑁. 𝑚  

𝑀  𝑓 = 206.22 𝐾𝑁. 𝑚 ≫∅   =   
    

   
  = 33.9𝐾𝑁. 𝑚   → 𝑎 <  𝑓 The section will be designed as 

rectangular section with b = 520 mm  

𝑅  = 
  

∅   
 = 

        

            
 0.814 𝑀𝑃𝑎  

𝑚 = 
  

       
 = 

   

       
 = 20.6  

𝜌 = 
 

 
  
  √      

  
  

=  
 

    
  
  √              

   
 = 0.1978 

𝐴𝑠 = 𝜌𝑏𝑑 = 0. 001978× 520 × 283 = 291.14 𝑚𝑚2 
 

for 𝐴𝑠,𝑚𝑖   

𝐴𝑠,𝑚𝑖   
    √    

    
 bwd     

   

    
 bwd 

𝐴𝑠,𝑚𝑖     
    √  

     
 ×120×283     𝑚𝑚      

   

   
 ×120×283=113.2mm

2
  . control  

𝐴𝑠,𝑚𝑖  =1.132cm2 < 𝐴𝑠 ,req=2.9114cm
2
 – OK  



71 

 

Use 2∅14 with  

𝐴𝑠 = 3.079 𝑐𝑚2 > 𝐴𝑠, = 2.9114𝑐𝑚2
 - OK  

Check for strain 

𝑎= 
    

    𝑓𝑐 𝑏
  

=
         

            
=12.19 mm   

c= 
 

  
 
     

    
        𝑚𝑚 

𝜀𝑡 ==        
   

 
   =        

         

     
    = 0.0562 > 0.005 - OK 

 

 

Design of Rib 14 for negative moments: 

Assume bar diameter ∅ 14 for main positive reinforcement 

 d= 320-20-10- 14/ 2 = 283 mm  

 (Max Negative Moment= 35 KN.m )  

𝑅  = 
  

∅   
 = 

      

            
 =4.05 𝑀𝑃𝑎  

𝑚 = 
  

       
 = 

   

       
 = 20.6  

𝜌 = 
 

 
  
  √      
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=  
 

    
  
  √             

   
 = 0.01086 

𝐴𝑠 = 𝜌𝑏𝑑 = 0. 01086× 120 × 283 = 368.7 𝑚𝑚2 
 

for 𝐴𝑠,𝑚𝑖   

𝐴𝑠,  
    √    

    
 bwd     

   

    
 bwd 

 𝐴𝑠,   
    √  

     
 ×120×283     𝑚𝑚      

   

   
 ×120×283=113.2mm

2
  . control  

𝐴𝑠,=1.132cm2 < 𝐴𝑠 ,req=3.687cm
2
 – OK  

Use 2∅16 with 𝐴𝑠 = 4.042 𝑐𝑚2 > 𝐴𝑠, = 3.687𝑐𝑚2
 - OK  

Check for strain 

𝑎= 
    

    𝑓𝑐 𝑏
  

=
         

            
=68.98 mm   

c= 
 

  
 
     

    
       𝑚𝑚 

𝜀𝑡 ==        
   

 
   =        

        

    
    = 0.00747 > 0.005  - OK 

Shear Design: 

 Vu at distance d from support = 29.2 KN  

Shear strength, provided by concrete for the joists may be taken 10% greater than for beams.  
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This is mainly due to the interaction between the slab and closely spaced ribs. (ACI, 8.13.8).  

𝑉𝑐 = 1.1 ×  
 

 
   𝜆√𝑓𝑐 ′𝑏𝑤𝑑 = 1.1 × 

 

 
   √24 × 120 × 283 ×10−3

 = 30.5𝐾𝑁 

 ∅𝑉𝑐 = 0.75 × 30.5 = 22.88 𝐾𝑁 

 𝑉𝑠, = 
 

  
 √𝑓𝑐 ′𝑏𝑤𝑑 =  

 

  
 √24 × 120 × 283 × 10

−3
 = 10.4 𝐾𝑁  

𝑉𝑠, =
 

 
  𝑏𝑤𝑑 = 

 

 
   × 120×283×10

−3
 = 11.32 𝐾𝑁 − 𝐶𝑜 𝑡𝑟𝑜   

∅(𝑉𝑐 + 𝑉𝑠,𝑚𝑖 ) = 0.75 × (30.5 + 11.32) = 31.37 KN 

 ∅(𝑉𝑐 + 𝑉𝑠,𝑚𝑖 ) > 𝑽𝒖 > ∅𝑉𝑐 

 Use stirrups U-shape (2legs stirrups) ∅10 with 𝐴𝑣 = 2 × 78.57 = 157.14 𝑚𝑚2  

𝑉𝑆,𝑚𝑖  = 
    i 

 
 𝑓𝑦𝑡𝑑  

11.32 = 
       

 
 ×420 ×283= 1649.97𝐾𝑁 

→ 𝑆 = 1649.97 𝑚𝑚 𝑠 ≤ 600𝑚𝑚 ≤
 

 
 = 
   

 
= 141.5𝑚  

Take U-shape (2legs stirrups) ∅10 @150mm along 1.5 m from each side of the face of support 

Comparing reinforcement between Hand calculation with reinforcement BeamD and Safe 

programs  
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Hand calculations: 

- Top reinforcement:  

Use 2∅16 with 𝐴𝑠 = 4.042 𝑐𝑚2 > 𝐴𝑠, = 3.687𝑐𝑚2
 - OK  

- Bottom reinforcement:  

Use 2∅14 with  

𝐴𝑠 = 3.079 𝑐𝑚2 > 𝐴𝑠, = 2.9114𝑐𝑚2
 - OK  

BeamD program: 

 

Design of two-way ribbed slab 

Figure 52: Rib Detail 
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rib location  

rib dimensions 

Figure 53:Rib Position 

Figure 54:Rib dimensions 
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Loads Calculation 

Table 7:Two-way rib load calculations 

Material Density W 

Tiles 22 22×0.03×0.55 0.19965 

Sand 16 17×0.07×0.55 0.3388 

Mortar 22 22×0.02×0.55 0.1331 

RC Rib  25 25×0.27×0.15×(.55+.4) 0.961875 

Hollow 

Block  
10 10×0.27×0.4 0.81675 

Plaster 22 22×0.02×0.55 0.1331 

 Topping 25 25×0.08×0.52 0.605 

Partitions 2 2×0.52 0.605 

Total Dead Load, KN/m
2
 3.793275 

Total Dead Load, KN/m 12.53975 

 

Total dead load= 1.2 × 12.54= 15.048KN/m 

Live load= 1.6 × 2 = 3.2 KN/m 

Total service loads= 18.24 KN/m 

Moments calculations 
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m = 
  

  
  

    

    
            

Negative moments: 

Ca=0.091 

Ma, neg= CaWLa
2
bf = 0.091× 18.24×8.45

2
×0.55= 65.184kN.m  

Positive moments: 

For dead loads: 

Ca,dead= 0.051 

Ma,Pos, dead= CaWLa
2
bf= 0.051× 15.048×8.45

2
×0.55= 30.14kN.m 

Cb,dead= 0.009 

Mb,Pos, dead= CbWLb
2
bf= 0.009× 15.048×12.1

2
×0.55= 10.905kN.m 

Figure 55:Rib Case 
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For live loads: 

Ca,live= 0.06 

Ma,Pos, live= CaWLa
2
bf= 0.06× 3.2×8.45

2
×0.55= 7.54kN.m 

Cb,live= 0.013 

Mb,Pos, live= CbWLb
2
bf= 0.013× 3.2 ×12.1

2
×0.55= 7.99kN.m 

Ma,Pos= Ma,Pos, live+ Ma,Pos, dead = 30.14 + 7.54 = 37.68 kN.m 

Mb,Pos= Mb,Pos, live+ Mb,Pos, dead = 10.905 + 7.99 = 18.895kN.m 

In Short Direction: 

Design for negative moments: Mu= 65.184kN.m 

Assume bar diameter ø 14 for main reinforcement 

d =h- cover  
  

 
           

  

 
     𝑚𝑚 

Rn 
  

∅   
 

          

            
      𝑀 𝑎 

m 
  

      
  

   

       
        

ρ 
 

 
(  √  

    

   
)  

 

      
(  √  

              

   
)            

As,req = ρbd =          ×150×313 = 641.2mm
2 
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Check for As,min 

As,min = 0.25
√  

 

  
𝑏 𝑑  

   

  
𝑏 𝑑 

As,min = 0.25
√  

 

  
𝑏 𝑑= 0.25

√  

   
          136.908 mm

2 
   - control 

As,min = 
   

  
𝑏 𝑑= 

   

   
         156.5 mm

2 

𝐴s =641.2 𝑚𝑚2
 > 𝐴𝑠, 𝑚𝑖 =136.908 𝑚𝑚2

   - OK 

Use 2 ø 22 with 𝐴s =760.26 mm
2
 

Step= 
                  

 
    𝑚𝑚 

Check for strain: 

𝑎  
𝐴    

    𝑏 𝑓  
 

          

           
        𝑚𝑚 

𝑐  
𝑎

  
 
      

    
        𝑚𝑚 

𝜀       (
𝑑  𝑐

𝑐
)       (

          

      
)                

 

Design for positive moments: Mu= 36.45 kN.m 

Assume bar diameter ø 14 for main reinforcement 
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d =h- cover  
  

 
           

  

 
     𝑚𝑚 

Rn 
  

∅   
 

         

            
     𝑀 𝑎 

m 
  

      
  

   

       
        

ρ 
 

 
(  √  

    

   
)  

 

      
(  √  

             

   
)          

As,req = ρbd = 0.00227×550×283 = 353.32mm
2 

Check for As,min 

As,min = 0.25
√  

 

  
𝑏 𝑑  

   

  
𝑏 𝑑 

As,min = 0.25
√  

 

  
𝑏 𝑑= 0.25

√  

   
          123.78 mm

2 
   - control 

As,min = 
   

  
𝑏 𝑑= 

   

   
         141.5 mm

2 

𝐴s =353.32  𝑚2
 > 𝐴𝑠, 𝑚𝑖 =123.78 𝑚𝑚2

   - OK 

Use 2 ø 16 with 𝐴s =402.12 mm
2
 

Step= 
                  

 
    𝑚𝑚 

Check for strain: 

𝑎  
𝐴    

    𝑏 𝑓  
 

          

           
       𝑚𝑚 
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𝑐  
𝑎

  
 
     

    
       𝑚𝑚 

𝜀       (
𝑑  𝑐

𝑐
)       (

         

     
)               

In Long Direction: 

Design for positive moments: Mu= 17.44 kN.m 

Assume bar diameter ø 14 for main reinforcement 

d =h- cover  
  

 
           

  

 
     𝑚𝑚 

Rn 
  

∅   
 

         

            
     𝑀 𝑎 

m 
  

      
  

   

       
        

ρ 
 

 
(  √  

    

   
)  

 

      
(  √  

             

   
)          

As,req = ρbd = 0.00107×550×283 = 166.54 mm
2 

Check for As,min 

As,min = 0.25
√  

 

  
𝑏 𝑑  

   

  
𝑏 𝑑 

As,min = 0.25
√  

 

  
𝑏 𝑑= 0.25

√  

   
          123.78 mm

2 
   - control 

As,min = 
   

  
𝑏 𝑑= 

   

   
         141.5 mm

2 
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𝐴s =166.54  𝑚2
 > 𝐴𝑠, 𝑚𝑖 =123.78 𝑚𝑚2

   - OK 

Use 2 ø 12 with 𝐴s =226.19 mm
2
 

Step= 
                  

 
    𝑚𝑚 

Check for strain: 

𝑎  
𝐴    

    𝑏 𝑓  
 

          

           
      𝑚𝑚 

𝑐  
𝑎

  
 
    

    
       𝑚𝑚 

𝜀       (
𝑑  𝑐

𝑐
)       (

        

    
)               

Shear Design 

Maximum shear coefficient will be in the Short direction for the slab with boundary conditions as in 

case 6. Wa= 0.91 

The total load on the panel being = 12.1   6.45                𝐾𝑁 

The load per rib at face of the long beam = 0.91                              𝐾𝑁 

The shear critical section is at d distance from the beam face: 

Vu,d=  Vu,face – wubfd = 35.18 – 16.635                   𝐾𝑁 

The shear strength of one rib in the slab is  

Vc= 1.1
 

 
√𝑓

𝑐
 𝑏𝑤𝑑      

 

 
  √                      𝐾𝑁 

ɸ=0.75 – for shear 
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  Vc=                  𝐾𝑁  

 

Vu,d=         𝐾𝑁     Vc       𝐾𝑁   Section needs Shear design 

Vs,min= 
 

  
√𝑓

𝑐
 𝑏𝑤𝑑  

 

 
𝑏𝑤𝑑 

Vs,min= 
 

  
√𝑓

𝑐
 𝑏𝑤𝑑  

 

  
  √                       𝐾𝑁 

Vs,min= 
 

 
𝑏𝑤𝑑 = 

 

 
                    𝐾𝑁  𝑐𝑜 𝑡𝑟𝑜  

  (Vc + Vs,min)        𝐾𝑁 >Vu,d=         𝐾𝑁     Vc       𝐾𝑁  

    i    i i      i           

Use 2ø10 for stirrups 𝐴v,2 ø10 =157.07 mm
2  

      

 
 

 

 
   

  

 
 =
 

 
   

   

   
       

      

 
 

      

 
       𝑆         𝑚𝑚 

𝑆    
𝑑

 
         𝑎 𝑑          𝑚𝑚 𝑆    

   

 
       𝑚𝑚      𝑚𝑚     

Use 2ø10 @ 135cm c/c for all the distance 

Note that the shear force at any distance     Vc 

 

 

Beam Design  
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Figure shows the location of Beam 59in reference to the Ground floor 

Material 

-  concrete B300 𝐹𝑐′ = 24 N/mm2 

-  Reinforcement Steel 𝑓𝑦 = 420 N/mm2 

Section 

-  B = 600 mm  

- h= 700 mm  

- d=700-40-10-16/2= 642 mm 

Load Calculation for Beam59 

 Self-weight of beam =25×0.6×0.7=10.5 KN/m 

 𝑤𝐷𝐿, f𝑟𝑜𝑚 𝑟𝑖𝑏16+rib17 = 85.98 /0.52 = 531561𝐾𝑁/𝑚  

Figure 56:Beam Position 
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𝑤𝐿𝐿, f𝑟𝑜𝑚 𝑟𝑖𝑏16+rib17 = 26.28 /0.52 = 15515 𝐾𝑁/𝑚  

. Flexure Design for beam 45 as part of intermediate moment resisting frame: 

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

𝑐 = 
 

 
𝑑 = 

 

 
 ×642 = 275.143 𝑚 

c = 
 

 
  =   a=0.85×275.143=233.87mm 

∅𝑀 ,𝑎𝑥 = ∅0.85 ×𝑓𝑐 ′ × 𝑎 × 𝑏 × (𝑑 − 
 

 
  )  

= 0.8 × 0.85 × 24 × 233.87 × 600 × (642 – 233.87/ 2) × 10
−6

 = 1202.43 𝐾𝑁. 𝑚 

 𝑀𝑢 = 977.3𝐾𝑁. 𝑚<∅𝑀 ,m𝑎𝑥 1202.43 𝐾𝑁. 𝑚  

Design the section as singly reinforced concrete section. 

Figure 57:Beam moments 
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Design of Beam 59 for positive moments: 

Assume bar diameter ∅ 16 for main positive reinforcement 

 d= 7000-40-10- 16 /2 = 642 mm  

 Span 3 (Max Positive Moment= 713.4 KN.m ) 

𝑅  = 
  

∅   
 = 

         

            
 =3.2 𝑀𝑃𝑎  

𝑚 = 
  

       
 = 

   

       
 = 20.6  

𝜌 = 
 

 
  
  √      

  
  

=  
 

    
  
  √            

   
 = 0.0083345 

𝐴𝑠 = 𝜌𝑏𝑑 = 0.0083345× 600 × 642 = 1455.91 𝑚𝑚2 
 

for 𝐴𝑠,𝑚𝑖   

𝐴𝑠,𝑚𝑖   
    √    

    
 bwd     

   

    
 bwd 

 𝐴𝑠,𝑚𝑖   
    √  

     
 ×600×642         𝑚𝑚      

   

   
 ×600×642=12484mm

2
  . control  

𝐴𝑠,𝑚𝑖  =1.248cm2 < 𝐴𝑠 ,req=1.455cm
2
 – OK  

Use 8∅16 with  
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𝐴𝑠 = 1.6088 𝑐𝑚2 > 𝐴𝑠,r𝑒𝑞 = 1.455𝑐𝑚2
 - OK  

Check for strain 

𝑎= 
    

    𝑓𝑐 𝑏
  

=
          

            
=55.20 mm   

c= 
 

  
 

     

    
        𝑚𝑚 

𝜀𝑡 ==        
   

 
   =        

         

     
    = 0.02665 > 0.005  - OK 

Check for bar placement:  

sb  
                  

 
 =63.43mm > 25mm  

Design of Beam 59 for negative moments: 

Assume bar diameter ∅ 16 for main positive reinforcement 

 d= 7000-40-10- 16 /2 = 642 mm  

 Span 3 (Max Positive Moment= 977.3 KN.m ) 

𝑅  = 
  

∅   
 = 

         

            
 =4.39 𝑀𝑃𝑎  

𝑚 = 
  

       
 = 

   

       
 = 20.6  
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𝜌 = 
 

 
  
  √      

  
  

=  
 

    
  
  √             

   
 = 0.011914 

𝐴𝑠 = 𝜌𝑏𝑑 = 0.01191× 600 × 642 = 4589.47 𝑚𝑚2 
 

for 𝐴𝑠,𝑚𝑖   

𝐴𝑠,   
    √    

    
 bwd     

   

    
 bwd 

 𝐴𝑠,m𝑖    
    √  

     
 ×600×642         𝑚𝑚      

   

   
 ×600×642=12484mm

2
  . control  

𝐴𝑠,m𝑖 =1.248cm
2
 < 𝐴𝑠 ,req=4.589cm

2
 – OK  

Use 23∅16 with  

𝐴𝑠 = 4.6253 𝑐𝑚2
 > 𝐴𝑠,r𝑒𝑞 = 4.525𝑐𝑚2

 - OK  

Check for strain: 

𝑎= 
    

    𝑓𝑐 𝑏
  

=
          

            
=158.71 mm   

c=
 

  
 

      

    
       𝑚𝑚 

𝜀𝑡 ==        
   

 
   =        

          

      
    = 0.00731 > 0.005 - OK 
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sb  
                   

  
 =13.3mm < 25mm     Two layers  

Shear Design of beam 45 : 

𝑉u max =585.7kN 

d=700-40-10-16-(25/2)=621.5mm 

Vn=
     

∅
 =
     

    
= 780.93kN 

𝑉𝑐 =   
 

 
   𝜆√𝑓𝑐 ′𝑏𝑤𝑑 =  

 

 
   √24 × 600 × 621.5 ×10−3

 = 304.5k𝑁 

 ∅𝑉𝑐 = 0.75 × 30.5 = 228.4 k𝑁 

 𝑉𝑠 = Vn-Vc =780.93 - 304.5= 476.433kN 

𝑉𝑠, max =
 

 
  √𝑓𝑐 𝑏𝑤𝑑 = 

 

 
   × √24×600×621.5×10

−3
 = 1217.886 kN 

𝑉𝑠, max =1217.886 kN> 𝑉𝑠= 476.433kN → The section is enough 

Use stirrups (4legs stirrups) ∅10 with 𝐴𝑣 = 4 × 78.57 = 314.29 𝑚𝑚2
  

  

 
 = 

  

   
  → s=

     

  
   

s=
                 

       
 = 306.82mm 

Note that 4 legs are required for lateral support of the longitudinal bars. 18.4.2.4 Maximum 

allowable hoop spacing (smax) within a distance of 2h = 2*70 = 140 cm. 
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 from the face of the support is the smallest of the following: 

 smax = d/4=155.37mm (governs) 

 = 8*(diameter of smallest longitudinal bar) = 8*16 = 128mm 

= 24*the diameter of the hoop bar= 24*10=240 mm  

= 300 mm . 

 Therefore, hoops must be spaced at 12 cm. on center with the first one located at 5 cm. from the 

face of the support. ten hoops are to be placed at this spacing. Where hoops are no longer 

required, stirrups with seismic hooks at both ends may be used. Take 2U-shape (4legs stirrups) 

∅10 @125mm. 
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Column Design 

Columns loads are taken from safe and  attire then designed using spcolumn, results are shown 

below  

Material Properties 

f'c = 24 MPa 

fy = 420 MPa 

Ec = 23025.2 MPa 

Es = 199955 MPa 

Ultimate strain = 0.003 mm/mm 

Beta1 = 0.85 

Section 

Rectangular: Width = 550 mm, Depth = 500 mm 

Gross section area, Ag = 275000 mm^2 

Ix = 5.72917e+009 mm^4 Iy = 6.93229e+009 mm^4 

rx = 144.338 mm ry = 158.771 mm 

Loads 

Dead load= 2155.10 KN 
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Live load= 520.00 KN 

Reinforcement 

Bar selection: Minimum area of steel 

Asmin = 0.01 * Ag = 2750 mm^2, Asmax = 0.08 * Ag = 22000 mm^2 

Confinement: Tied; #8 ties with #20 bars, #10 with larger bars. 

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.65 

Layout: Rectangular 

Pattern: All Sides Equal (Cover to transverse reinforcement) 

Total steel area: As = 3048 mm^2 at rho = 1.11% 

Minimum clear spacing = 111 mm 

12 #18 Cover = 40 mm 

Results summary 

 

Figure 58:spcolumn results 
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Interaction diagram: 

  

Figure 59: Column interaction diagram 
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Shear Wall Design 

In the beginning of shear walls seismic analysis, building units are modeled and analyzed 

statically to compute building irregularities, the figure below shows units numbers: 

Unit 5 is a two-story building, which has a short shear walls, the seismic effect doesn’t appear in 

short wall so there is no need to analyze building in static or dynamic analysis, shear walls in 

unit 5 are designed only resisting gravity loads.      

For the rest of units, the calculated irregularities are shown in tables below: 

 

  

Unit 1 Unit 2 

Unit 3 
Unit 4 

Unit 5 

Figure 60:Units Plan 
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Table 8: Unite 1 Irregularities 
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Table 9: Unite 2 Irregularities 
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Table 10: Unite 3 Irregularities 
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Table 11: Unite 4 Irregularities 
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Building irregularities shows that the static analysis cannot be used to any unit of building, 

dynamic analysis shall be done to unites and designed based on the results, taking unit 2 as 

example, all the results bellow are Etabs 18 Dynamic analysis results, As calculated and 

mentioned before the seismic loads are assigned to all units using etabs. 

-  Modal Response Spectrum Analysis 

12.9.1.1 Number of Modes. An analysis shall be conducted to determine the natural modes of 

vibration for the structure. The analysis shall include a sufficient number of modes to obtain a 

combined modal mass participation of 100% of the structure’s mass. For this purpose, it shall be 

permitted to represent all modes with periods less than 0.05 s in a single rigid body mode that 

has a period of 0.05 s. 

Alternatively, the analysis shall be permitted to include a minimum number of modes to obtain a 

combined modal mass participation of at least 90% of the actual mass in each orthogonal 

horizontal direction of response considered in the model. 

In all units, modes number is 15 for less, the minimum modal mass participations has reached to 

98% of the actual mass, which is accepted.   

Figure 61:Code Table 
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- Scaling Design Values of Combined Response 

12.9.1.4 Scaling Design Values of Combined Response. A base shear (V) shall be calculated 

in each of the two orthogonal horizontal directions using the calculated fundamental period 

of the structure T in each direction and the procedures of Section 12.8. 12.9.1.4.1 Scaling of 

Forces. Where the calculated fundamental period exceeds CuTa in a given direction, CuTa 

shall be used in lieu of T in that direction. Where the combined response for the modal base 

shear (Vt) is less than 100% of the calculated base shear (V) using the equivalent lateral force 

procedure, the forces hall be multiplied by V∕Vt where 

V = the equivalent lateral force procedure base shear, calculated in accordance with this 

section and Section 12.8, 

Vt = the base shear from the required modal combination. 

- Modification of Response for Design 

12.9.2.5.1 Determination of Maximum Elastic and Inelastic Base Shear. For each ground 

motion analyzed, a maximum elastic base shear, designated as VEX and VEY in the X and Y 

directions, respectively, shall be determined. The mathematical model used for computing 

the maximum elastic base shear shall not include accidental torsion. For each ground motion 

analyzed, a maximum inelastic base shear, designated as VIX and VIY in the X and Y 

directions, respectively, shall be determined as follows: 
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application in unit 2: 

 

Unit 2 dynamic analysis results (Etabs Report): 

This calculation presents the automatically generated lateral seismic loads for load pattern EQX 

according to ASCE 7-16, as calculated by ETABS. 

Direction and Eccentricity 

Direction = X 

Structural Period 

Period Calculation Method = Program Calculated 

Coefficient, Ct [ASCE Table 12.8-2] 

 

Ct         

Coefficient, x [ASCE Table 12.8-2] x       

Structure Height Above Base, hn h           

Long-Period Transition Period, TL 

[ASCE 11.4.5] 
TL        

 

Factors and Coefficients 

Table 12:Scale Factor 
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Response Modification Factor, R [ASCE 

Table 12.2-1] 

 

R    

System Overstrength Factor, Ω0 [ASCE 

Table 12.2-1] 
Ω      

Deflection Amplification Factor, Cd 

[ASCE Table 12.2-1] 
C    

Importance Factor, I [ASCE Table 1.5-2] I      

 

Ss and S1 Source = 0.75 

Mapped MCE Spectral Response 

Acceleration, Ss [ASCE 11.4.2] 

 

S      g 

Mapped MCE Spectral Response 

Acceleration, S1 [ASCE 11.4.2] 
S      g 

Site Class [ASCE Table 20.3-1] = A - 

Hard Rock 
 

Site Coefficient, Fa [ASCE Table 11.4-

1] 
F      

Site Coefficient, Fv [ASCE Table 11.4-

2] 
Fv      

 

Seismic Response 

MCE Spectral Response Acceleration, 

SMS [ASCE 11.4.4, Eq. 11.4-1] 
S   F S  S       g 

MCE Spectral Response Acceleration, 

SM1 [ASCE 11.4.4, Eq. 11.4-2] 
S   FvS  S        g 

Design Spectral Response Acceleration, 

SDS [ASCE 11.4.5, Eq. 11.4-3] 
SD  

 

 
S   SD          g 

Design Spectral Response Acceleration, 

SD1 [ASCE 11.4.5, Eq. 11.4-4] 
SD  

 

 
S   SD       g 
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Equivalent Lateral Forces 

Seismic Response Coefficient, CS 

[ASCE 12.8.1.1, Eq. 12.8-2] 

C  
SD 

 
R
I  

 

 

[ASCE 12.8.1.1, Eq. 12.8-3] C    x  
SD 

T 
R
I  

 

[ASCE 12.8.1.1, Eq. 12.8-5] 

C   i 

   x      SD I      

         

[ASCE 12.8.1.1, Eq. 12.8-6] 

C   i     
S 

 
R
I  
   S 

    g 

 C   i  C  C    x 

Calculated Base Shear 

Table 13: Base shear in x-direction 

Directio

n 

Period 

Used  

 (sec) 

Cs 
W  

 (kN) 

V  

 (kN) 

X 0.687 
0.01747

5 

63124.7

567 

1103.11

64 
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Applied Story Forces 

Direction and Eccentricity 

Direction = Y 

Structural Period 

Period Calculation Method = Program Calculated 

Coefficient, Ct [ASCE Table 12.8-2] 

 

Ct         

Coefficient, x [ASCE Table 12.8-2] x       

Structure Height Above Base, hn h           

Long-Period Transition Period, TL 

[ASCE 11.4.5] 
TL        

 

Figure 62: Story Forces 
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Factors and Coefficients 

Response Modification Factor, R [ASCE 

Table 12.2-1] 

 

R    

System Overstrength Factor, Ω0 [ASCE 

Table 12.2-1] 
Ω      

Deflection Amplification Factor, Cd 

[ASCE Table 12.2-1] 
C    

Importance Factor, I [ASCE Table 1.5-2] I      

 

Ss and S1 Source = 0.75 

Mapped MCE Spectral Response 

Acceleration, Ss [ASCE 11.4.2] 

 

S      g 

Mapped MCE Spectral Response 

Acceleration, S1 [ASCE 11.4.2] 
S      g 

Site Class [ASCE Table 20.3-1] = A - 

Hard Rock 
 

Site Coefficient, Fa [ASCE Table 11.4-1] F      

Site Coefficient, Fv [ASCE Table 11.4-2] Fv      

Seismic Response 

MCE Spectral Response Acceleration, 

SMS [ASCE 11.4.4, Eq. 11.4-1] 
S   F S  S       g 

MCE Spectral Response Acceleration, 

SM1 [ASCE 11.4.4, Eq. 11.4-2] 
S   FvS  S        g 

Design Spectral Response Acceleration, 

SDS [ASCE 11.4.5, Eq. 11.4-3] 
SD  

 

 
S   SD          g 

Design Spectral Response Acceleration, 

SD1 [ASCE 11.4.5, Eq. 11.4-4] 
SD  

 

 
S   SD       g 
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Equivalent Lateral Forces 

Seismic Response Coefficient, CS 

[ASCE 12.8.1.1, Eq. 12.8-2] 

C  
SD 

 
R
I  

 

 

[ASCE 12.8.1.1, Eq. 12.8-3] C    x  
SD 

T 
R
I  

 

[ASCE 12.8.1.1, Eq. 12.8-5] 

C   i 

   x      SD I      

         

[ASCE 12.8.1.1, Eq. 12.8-6] 

C   i     
S 

 
R
I  
   S 

    g 

 C   i  C  C    x 

 

Calculated Base Shear 

Table 14: Base shear Y-dir 

Directio

n 

Period 

Used  

 (sec) 

Cs 
W  

 (kN) 

V  

 (kN) 

Y 0.417 
0.02874

7 

63124.7

567 

1814.63

32 
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Applied Story Forces 

Figure 63:Story Forces Y-dir 
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Chapter 5: Conclusion and Recommendation 

4.1 Conclusion 

In the end of the final stages of our project, we were able to understand the behavior of the 

building in the action of seismic loads and we were able to manage how to determine the 

percentage of seismic loads that will be resisted by the various structure components. More 

importantly, we were able to implement the provisions of chapter 18 in ACI318-14 to translate 

the dual system (intermediate moment frames and special shear walls) into a constructible 

project which can be implemented easily in our country (Palestine). 

4.2 Recommendation 

Based on the personal experience in analyzing, designing and detailing The Seismic Design of 

Bethlehem General Hospital, we recommend to use the very exact seismic factors for Site of the 

building in the analysis stage, besides to use the dynamic analysis response spectra method 

because it is more conservative in designing structures in term of seismic design 
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