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DEDICATION (الإهداء) 

 

اىحَذلله اىزٛ لا ٝشنش ٗلا ٝحَذ ػيٚ فضو ع٘آ، اىحَذلله اىزٛ أّؼٌ ػيْٞا  اىحَذ لله عثحأّ ٗاعغ اىفضو مشٌٝ اىؼطاٝا،

 ٍٗا صاه فئ اىحَذ ٍِ قثو ٍِٗ تؼذ حَذاً مثٞشاً طٞثاً ٍثاسماً فٞٔ.

 إىٚ ٍِ ستٞاّٜ صغٞشا...

 اىؼيٌ، إىٚ ٍِ تزه اىغاىٜ ٗ اىْفٞظ ٍِ أجيٜ ،،، أتٜ  ٘ا ىٜ ٍْاسجئإىٚ ٍِ أضا

 إىٚ ٍِ عٖشخ اىيٞاىٜ ٍِ أجو ساحرٜ، إىٚ اىقية اىذافئ اىحُْ٘ ،،، أٍٜ

 إىٚ مو ٍِ ػيَْٜ حشفاً ٗ ماُ ىٔ فضو إذَاً ٍغٞشذٜ إىٚ اىْجاح 

 زذٜ اىنشاًذإىٚ مو ٍِ ٍْحْٜ ٍِ ْٝاتٞغ اىؼيٌ ٗ اىَؼشفح ،،، أعا

 قصاسٙ جٖذٓ ٗماُ تَثاتح الاخ ٗ اىَؼيٌ ٗ اىؼِٞ اىغإشجإىٚ ٍِ ذؼة ٗ تزه 

 إىٚ ٍِ ماُ ىْا َّ٘رجاً ٝحرزٙ تٔ ) اىَْٖذط إتشإٌٞ ػشٍاُ (

 إىٚ مو ٍِ عاّذّٜ ٗماُ تَثاتح الاخ ٗ اىغْذ

 إىٚ مو ٍِ ٍْحْٜ اىطاقح ٗٗقف تجاّثٜ دٍٗاً ،،، أصذقائٜ ٗ اخ٘ذٜ

 ،،،، ػائيرٜ اىنشَٝح إىٚ ٍِ ٍْحّٜ٘ اىثقح، ٗماُ ىٌٖ الأثش اىطٞة 
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ABSTRACT: 

This complex was chosen to be built in the city of Haifa at Caramel Street-Palestine, due to 

its need in that area, which in turn brings economic and living benefit since it contains shops 

and apartments. 

Many important aspects of this project were covered, such as project description, hypothesis, 

goals, objectives, hypotheses and proof of results. 

The building is consisted of a basement as a parking, a ground floor which is for commercial 

use, five stories for residential use, a small roof that contain services for the building. The 

height of this building is mostly 27 meters, including the eight stories. The total area of the 

building is 6887 square meters. The site elevation is about 450 meters AMSL (above mean 

sea level). 

This project was designed in two steps: the first step was understanding the architectural 

drawings, estimating the expected loads, taking safety coefficients and modeling the structure 

with the computer program ETABS. The global structural codes such as ACI-318-19 and 

ASCE7-22 were used to make sure the work is correct according to the specifications and 

standards. The second step included the design of the structural elements such as slabs, 

beams, columns and walls using ETABS. 

At the end of this project all structural elements were designed based on the specifications 

and standards of the codes used in this project to have a safe and economical design, and 

professional structural drawings were be developed using AutoCAD. 
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1 INTRODUCTION 

1.1 General: - 

To design a project from structural aspect, a well knowledge of architectural drawings is 

needed, because the structural solutions depend mainly on the amount of information that is 

provided by the architects, and if any restriction, they may change the resultant solution, 

that’s why identifying the architectural drawings is considered to be the first step in the 

design method. 

Since, the architectural drawings have a huge impact on the resultant design, this chapter will 

mention general information about the project, which includes the location of the project, 

elevations, number of floors, floor heights, nature of soil and any restriction that may be due 

to the site geotechnical properties, which may lead to change something in the model. 

After gathering all the important information, the number of solutions will decrease, and the 

most suitable solution according to the site geometry properties will be chosen. 

So, this chapter will identify and illustrate some of the topics about the project, which 

include: - 

1) Project description: which will describe the project in general. 

2) Analysis and design principles: which will describe the assumptions about the 

structural elements. 

3) Codes and standards: which will mention the codes and standards which will be used 

and applied in this project. 

4) Materials: The materials which will be used in the project. 

5) Loads: This section will mention the loads which will be involved in the building. 

6) Load combinations: this section will describe the load combinations that will be used 

from the codes in this project. 

7) Geotechnical investigation: which will discuss the property of the soil such as the 

bearing capacity and the site class of the chosen location to build the project on. By 

knowing the soil type, it will be easier to decide the right foundation type to carry the 

structure on. 
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1.2 Project description: - 
 

   The project is a structural analysis and design of a commercial complex, called Al-Tajamo' 

Commercial Building, which is located in Haifa city, near Caramel Street, the land of the site 

is approximately square which is perfect for the building, and it has most services near it 

which make the site a perfect location for this type of buildings. The site elevation is about 

450 m AMSL (above mean sea level). Figures 1.2-1 and 1.2-2 show the building and it’s 

location respectively. 

 
Figure ‎1.2-1: Al-Tajamo' Commercial Building. 

 
Figure ‎1.2-2: Site location. 
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The building is consisted of eight stories, which are divided into basement, five stories and a 

roof, the basement will be used as a parking, the six middle stories are divided into two types: 

the ground floor will be for commercial use and the other five floors are residential, each 

floor is divided into four apartments, the roof will be used for services which will help in the 

management of the building. The building height will be around 72 m, the basement height is 

3.2 m, the ground floor is 4.2, the roof is 2.5 m and the rest of the floors will be 3.2 m. Figure 

1.2-3 shows the plan of the building. 

 

Figure ‎1.2-3: General outline of Al-Tajamo' Commercial Building. 
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The building includes interior walls which are 10 cm and 20 cm in thickness and are made of 

gypsum and wood, the staircase and elevator walls are 20 cm thick and will be constructed as 

shear wall, and the exterior walls are shear walls of 30 cm thick and made of three layers 20 

cm shear wall, 7 cm reinforced concrete and 3 cm stone, with some openings, which are 

windows for the building. Figures 1.2-4 and 1.2-5 illustrate the walls cross-section. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ‎1.2-4: Exterior walls cross-section.                          Figure ‎1.2-5: Interior walls cross-section. 

 

The building total area is around 6,886 square meters, the basement is 944 square meters, the 

roof is 264 square meters, the ground floor is 953 square meters and the rest of the floors are 

945 square meters. Table 1.2-1 summarize the floors characteristics. 

Table ‎1.2-1: Floors characteristics 

Floor Area (m
2
) Height (m) Use 

Basement 944 3.2 Garage 

Ground Floor 953 4.2 Commercial 

Floor 1-5 945 3.2 Apartments 

Roof 264 2.5 Services 
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Figures 1.2-6 to 1.2-9 show the different floors outlines and columns distribution. 

 

Figure ‎1.2-6: Basement outline and columns distribution. 

 

 
 

Figure ‎1.2-7: Ground floor outline and columns distributeon. 
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Figure ‎1.2-8: Residual floors outline and columns distribution. 

 

 

Figure ‎1.2-9: Roof outline and columns distribution. 
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1.3 Analysis and design principles: 

   The project was designed to be economical and safe, and the analysis and design 

assumptions were as follows: 

 The supports were assumed to be fixed, so the foundations can resist the applied 

moments. 

 The designed system was assumed to be a two-way flat plate. 

 All slabs were two-way flat plate, which means the reinforcement are in two 

directions for all slabs. 

 There will be beams around the ground floor slab. 

 A beam will be constructed above the basement garage door. 

 Partitions were not considered as structural elements, instead, they will be 

considered as a part of the superimposed dead load. 

 The method that was used in checking the design is the direct design method, which 

is a method used to calculate the real bending moment diagram, and depends on the 

coefficients from the ACI code. 

 Assuming the live load and dead load are distributed uniformly on the slabs. 

 The exterior walls are shear walls (20 cm) covered by stone (7 cm) and a reinforced 

concrete layer (3 cm) between them. 

 The interior walls are a mix of gypsum and wood for partitions and shear walls for 

staircases and openings. 

 The foundations were assumed to be mat foundation. 

 The building was represented as a three-dimensional model using ETABs. 
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1.4 Codes and standards: - 

During the design of this building, several codes were used to make sure the design is safe 

and stable, these codes have a main role in controlling the material used, the dimension, the 

sections forms, the reinforcement details of each member and so on. 

In this project four codes were used in the design phase, which are: - 

 ACI-318M-19: which was used in the design of structural elements (Static design). 

 ASCE-7-22 Minimum Design Loads and Associated Criteria for Buildings: which 

was used in the design of the earthquake in the building. 

 Jordan Loads and Forces Code ,2
nd

 Edition ,2006 : Which was used for the loads 

connected to the rain and snow. 

 AASHTO, 8
th

 Edition ,2017 : This code was used to identify some of the materials. 
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1.5 Materials: - 

In this project multiple materials were used, these materials are divided into two types, 

materials used in structural members which includes concrete and reinforcement steel, and 

materials that are used in non-structural members which includes tiles, plastering, stone, 

wood, sand and gravel …etc. 

1.5.1 Concrete: - 

The concrete is one of the main materials used in the construction phase, which is a mix of 

aggregate, water, sand and cement, which are mixed in specific ratios to result the needed. 

The concrete is known to be strong in compression which is important, but weak in tension 

which lead to use reinforcing steel to improve the tensile strength and give the structural 

element some ductility. 

The concrete that was used in this project reinforcing steel is 28 MPa (B350), properties of 

concrete are in table 1.5-1. 

 

Table ‎1.5-1: Concrete properties. 

Unit Weight, γc 25 KN/m
3
 

Modulus of Elasticity, Ec 4700 √  = 24780 MPa 

Poisons Ratio, v 0.2 

Compressive Strength, fc 28 MPa 

Flexure, fr 0.62 λ  √  = 3.28 MPa 

Tensile Strength, ft 0.33 λ √  = 1.75 MPa 

 

 

1.5.2 Reinforcing Steel: - 

Steel is a strong material against tension and have a high ductility compared to concrete, 

which is the reason why it’s used in the concrete as a reinforcement in tension zones. 

The steel that was used in this project is grade 60 with a yielding stress of 420 MPa and an 

ultimate stress of 620 MPa. 
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1.5.3 Other Material: - 

Different materials were used in the nonstructural members which are: - 

 Gypsum and Wood: the main elements for partitions, and will be used as a light wall 

to prevent injuries if the wall falls during earthquake. 

 Stone: stone is used as an outer cover for the external walls which gives the building 

aesthetic and isolation properties, such as temperature, sound, rain and fire. 

 Tiles: are slabs cover which makes the floor more leveled and smoother. 

 Other materials were used and all of their unit weight are in table 1.5-2. 

 

 

Table ‎1.5-2: Materials unit weight. 

Material Unit Weight KN/m
3
 

Gypsum 8.08 

Stone 26 

Tiles 27 

Cement Mortar 23 

Sand 17 

Aggregate filling 17 

Concrete 25 

Glass 26 

Wood 6.6 
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1.6 Loads: - 

Loads are a group of forces that affects the structure, which must be accurately calculated in 

order for the structure to be designed to bear these forces without failure. The nature of these 

loads varies mainly according to the architectural design of the building, the uses of the floors 

of the building, the location and environment in which the structure is located, as well as the 

properties of the materials used. 

The loads are classified in general into gravitational loads and lateral loads. This chapter 

discussed each type of these loads. 

1.6.1 Gravity loads: 

 Dead load (D): It is the self-weight of all structural elements of the structure (reinforced 

concrete elements with unit weight gamma (Ɣ) =25 KN/m3) and it will be calculated later 

using the ETABS program.  

These loads can be considered almost constant during the life of the structure. 

 Superimposed Load (SD): it is considered as dead load, it results from the own weight of 

the non-structural elements in structure, such as backfill, tiles, cement mortar and 

partitions. 

Using ASCE 7-22 Table C3-1. 

The superimposed dead loads are composed of filling (120mm), cement mortar (20mm), 

tiles (30mm), plaster (15mm), as shown in figure 1.6-1. 

 

Figure ‎1.6-1: Slab cross-section. 

 

 

Weight of non-structural elements (SD) = gamma * thickness 

SD = W Tile + W Mortar+ W aggregate + W plaster  
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SD= (0.03*27) + (0.02* 23) + (0.12* 17) + (0.015* 23) =   3.655 KN/m² 

 Load on Exterior walls: 

⟹Thickness of shear wall with stone cladding is 0.3m, as shown in figure 1.6-2. 

  

  

   

  

  

 

 

 

 

Figure ‎1.6-2: Exterior walls cross-section. 

 

⟹Load (KN/m
2
) for stone wall = unit weight * thickness  

 = ((0.03*ɣ) stone  ( ) + (0.07* ɣ) concrete  ( ))  

 = ((0.03*26) + (0.07*25)) = 2.53 KN/m
2 

=3 KN/m
2 

 

 Partitions that separate apartments that have thickness 10cm and 20 cm, partitions consist 

of wood and gypsum. 

Superimposed load from partitions: 

= ((Length of partitions x thickness x floor height x ɣ) wood  ( ) + (Length of gypsum x thickness 

x floor height x ɣ (gypsum  (( )/ Area 

1) Ground Floor = ((0.1 x (15.2/0.5) x 0.05 x4.20 x6.6) +(0.15 x (87.21/0.5) x 0.1x 

4.20 x 6.6) + (102.41 x 2x0.016 x 4.20 x8.08))/953 =0.193 KN/m
2
 

2) First and Other Story = ((0.1 x (155/0.5) x 0.05 x3.20 x6.6) +(0.15 x (51/0.5) x 

0.1x 3.20 x 6.6) + (206 x 2x0.016 x 3.20 x8.08))/945 =0.25 KN/m
2
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Note: 

 The weight of the insulating layer is very light so it is approximately added to the 

calculated values. 

 The thickness of the insulating layer is 18 mm. 

 The layer of wood used is a frame like a column, with a width of 0.1 m, and it is 

repeated every 0.5 m 

                  Table 1.6-1 shows the total super-dead loads (SD) at each floor. 

Table ‎1.6-1: Super imposed dead load at slab. 

Floor Total SD 

Ground Floor 3.85 ⟹ 4 KN/m
2
 

First Floor 3.91 ⟹ 4 KN/m
2
 

Second Floor 3.91 ⟹ 4 KN/m
2
 

Third Floor 3.91 ⟹ 4 KN/m
2
 

fourth floor 3.91 ⟹ 4 KN/m
2
 

Fifth Floor 3.91 ⟹ 4 KN/m
2
 

Roof Floor 2.5 KN/m
2
 

 

 

 

 Live Loads (L): The expected load that the structure will carry, such as furniture, people 

who use the structure, and vehicles. These loads differ from environmental loads, 

structural and non-structural loads. 

The value of live load cannot be accurately determined, but the value of the live loads on 

any part of the structure is determined according to the function of this part based on the 

code ASCE 7-22 ,Table 4.3-1standard for the minimum design loads. Table 1.6-2 

illustrate the live load in each floor. 
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Table ‎1.6-2:  Live load at each floor. 

Floor Uses for Live Load 

Basement 1 Garages for Passenger vehicles only 1.92 ⟹   3 KN/m
2 

Ground Floor Storage warehouses, Light 6 KN/m
2
 

First to Fifth Floors 1- Residential, Private rooms and 

corridors serving. 

2- Public rooms and corridors serving 

them. 

3- Balcony 

 

1.92 ⟹ 2 KN/m
2
 

4.79 ⟹ 5 KN/m
2
 

5 KN/m
2
 

Roof inactive 1 KN/m
2
 

 

 The average live loads on the first to fifth floor = ((Area of private rooms * live load) 

+ (Area of public rooms*live load)) / Total Area 

  

 Live load = ((116*2) + (108*3) / (224) = 2.5 KN/m
2
 → 3KN/m

2
   

  

 Live load on balcony = 5 KN/m
2
 

 Snow Loads: According to the Jordanian code, the snow load depends mainly on a group 

of factors such as the height of the building above sea level, the specific weight of snow, 

and its value ranges from (0.1-0.4) KN/m
3
, with average 0.25 KN/m

3
. 

From the Jordanian code, Table 3-5  

The height of Haifa above sea level is 450m, so ⟹ 500>h>250 

The value of the snow load (So) = (450-250)/800=0.25 KN/m
2
 

Table 1.6-3 shows the snow loads according to the height of the building above sea level. 
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Table ‎1.6-3: Snow loads. 

 

Refer to ASCE 7-77 section 7.3 the minimum value of snow load 

Pf = 0.7 Ce Ct Pg                          

Where Pf: is the flat roof snow load in KN/m
2 

                  
Ce; is the Exposure Factor determined from table 7.3-1 in ASCE 7-22 

            Ct: is the thermal factor determined from tables 7.3-2 in ASCE 7-22 

            Pg: is equal to the Jordanian code (0.25 KN/m
2
). 

 

Surface roughness category is (C); because the building is located in an open terrain with 

scattered obstructions that have heights generally less than 30 ft (9.1 m). This category 

includes flat, open country and grasslands, as shown in figure 1.6-3. 

 

Figure ‎1.6-3: Surface Roughness Categories. 
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 Exposure Factor (Ce): 

According to table 7.3-1 in ASCE 7-22⟹ Ce = 1.0  

Table 1.6-4 shows the exposure factor (Ce) values due to surface roughness category. 

 

Table ‎1.6-4: Exposure factor (Ce). 

 

 

 

 

 

 

 

 

 

The building is considered to be an unheated structure according to tables 7.3-2 in ASCE 7-

22  

So, according to tables 7.3-2 in ASCE 7-22⟹ Ct = 1.2 

The following table 1.6-5 shows the values of the Thermal factor (Ct) due to the thermal 

condition. 

Table ‎1.6-5: Thermal factor (Ct). 
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 Minimum snow loads for low-slope roof: 

Risk category is (III) so, according to table 7.3-4 in ASCE 7-22 ⟹ Pg = Pm, max = 1.68 

KN/m
2
, and the Jordanian code will be used to get Pg value. 

Table 1.6-6 shows the minimum snow loads for low-slope Roof Pm due to the risk category. 

 

Table ‎1.6-6: Minimum snow loads for low-slope roof (Pm). 

 

 

 

 

 

Note: But according to the Jordanian code The used value will be Pg = 0.25 KN/m
2
. 

⟹The snow load on the roof = 0.7*1.0*1.2*0.25 = 0.21 KN/m
2
 [According to the Jordanian 

code]. 

Note: The snow load will be ignored in the model, since the roof live load is 1.00 KN/m
2
 

which is higher than 0.21 KN/m
2
. 

 

1.6.2 Lateral loads: 

 Seismic loads: As a result of vibrations and movement in the layers of the earth, it 

produces horizontal and vertical seismic forces, affecting the building and generating 

large shear forces from it. 

The building is in Haifa City, Palestine, then, according to the seismic hazard map for 

Palestine with a probability of exceeding 2% within 50 years, the building will be under 

the following conditions: 

 Site class: The site class is determined and depends on the properties of the soil 

(soil profile), according to table 20.2-1 in ASCE 7-22, Site class of Haifa is ⟹ C 

Table 1.6-7 illustrate the types of soil at site due to three variables. 
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Table ‎1.6-7: Soil classification. 

 

 

 From Palestine’s seismic map: 

S1=0.13 

Ss=0.67 

Where: S1 = the mapped spectral response acceleration parameter at long period 

(1sec). 

SS = the mapped spectral response acceleration parameter at short period 

(0.2sec). 

 

 Site coefficients: These parameters (Fa and Fv), depend on spectral response 

acceleration parameter (S1&Ss) and soil classification. 

Where: Fa = short-period site coefficient (0.2s period) 

Fv = long-period site coefficient (1.0s period). 

Fa and Fv are defined according to Tables 11.4-1 and 11.4- 2 in ASCE 7-10 code. The 

values of Fa=1.132 and Fv =1.67, as shown in tables 1.6-8 and 1.6-9 respectively.  
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Table ‎1.6-8 & Table ‎1.6-9: Site coefficient (Fa & Fv). 

 

 

⟹Maximum considered earthquake spectral response acceleration parameters (SMS & 

SM1) 

 SMS= Fa * SS = 1.132 *0.67 =0.758 

SM1= Fv* S1= 1.67 *0.13=0.2171 

⟹Design spectral acceleration parameters (SDS & SD1) 

 SDS = SMS = 0.758 

 SD1= SM1= 0.2171 

 

 Risk category: According to table 1.5-1 in ASCE 7-22, risk category of the building is 

(III), as shown in table 1.6-10. 

 

 

 



  

 

33 
 

 

Table ‎1.6-10: Risk category of the building. 

 

 

 Seismic Importance factor (Ie): According to table 1.5-2 in ASCE 7-22, 

Importance factor of the building =1.25, as shown in table 1.6-11. 

 

Table ‎1.6-11: Seismic importance factors. 

 

 

 Seismic design category: Seismic design category depend on its risk category and the 

design spectral response acceleration parameters (SDS and SD1). 

According to table 11.6-1 & 11.6-2 in ASCE 7-22, where: SDS =0.758, SD1 =0.2171, Risk 

Category (III) ⟹   so, the Seismic Design Category is (D), as shown in the tables 1.6-12 

and 1.6-13 respectively. 
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Table ‎1.6-12 & Table ‎1.6-13: Seismic Design Category. 

 

 

  

 

 

 

 

 

 

 

 Type of lateral forces resisting systems: 

Choosing a lateral force resisting systems depends mainly on seismic design category 

and the height of the building according to the table 12.2-1 from ASCE 7-22, as 

shown in table 1.6-14. 

Table ‎1.6-14: Seismic force-resisting system. 

 

 

 

 

 

 

 

 

The proposed system is building frame system (Special reinforced concrete shear walls). 
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 Response modification coefficient (R): It is known as the reduction factor of the basic 

shear (V). 

 Vdesign =Vactual/R    

 

R is one of the seismic design criteria that must be considered in the non-linear 

performance of building structures during a strong earthquake. In fact, the response 

modulation factor (R) reflects the ability of the structure to dissipate energy through the 

inelastic behavior, response modification is affected by the height of structures and the 

factor R is a function of a ductility. 

From ASCE 7-22 table 12.2-1, R = 6  

 

 Over-Strength Factor (Ω): Over strength is a parameter used to quantify the difference 

between the required and the actual strength of material, which is depends on different 

factors which the most important of them is member ductility factor, which is increases as 

the ductility supply of the building increases. 

Over strength factor, which may be defined as the ratio of maximum base shear in actual 

behavior to first significant yield strength in structure. 

In Fact, the structures possess significant reserve strength (over strength) and capacity to 

dissipate energy (ductility). 

From ASCE 7-22 table 12.2-1, Ω = 2.5 

 

 Amplification factor for elastic deflection (Cd): is defined as the maximum nonlinear 

displacement during an earthquake (Dmax), divided by the elastic displacement (Ds) 

calculated using reduced seismic design forces. 

From ASCE 7-22 table 12.2-1, Cd = 5 

 

 Structural period (fundamental period): The time required for one cycle of free vibration.  

For seismic-resistant structures each structure has a unique natural or fundamental period 

of vibration. 

Depend on the structural height (hn) and building period coefficient (Ct), the approximate 

fundamental period (Ta), shall be determined from the following equation: 

 Ta=Ct hn
x
                            (ASCE 7-22 equation 12.8-8) 
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Where, the coefficients Ct and x are determined from table 12.8-2 from ASCE 7-22, as shown 

in table 1.6-15. 

Ct=0.0488 

X=0.75 

Ta=0.0488×27.25
0.75

=0.58 sec 

 

Table ‎1.6-15: Period parameters (Ct & X). 

 

 

The fundamental period (Ta), shall not exceed the product of the coefficient for upper limit on 

calculated period (Cu) from table 12.8-1 and the approximate fundamental period (Ta), as 

shown in table 1.6-16. 

SD1 =0.2171, by linear interpolation⟹ Cu=1.49 

So, the limitation of period ⟹ Ta× Cu= (0.58×1.49) =0.86 sec 

 

Table ‎1.6-16: Coefficient for upper limit on calculated period. 
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 Computing Seismic Base Shear (V): is measured value of the maximum expected lateral 

force on the base of the structure due to seismic activity. 

The seismic base shear in a given direction shall be determined in accordance with the 

following equation: 

                                            V= Cs×W                                (ASCE 7-22 Eq. 12.8-1)      

Where; 

    Cs = the seismic response coefficient. 

   W = the effective seismic weight.  

The seismic response coefficient (Cs), shall be determined in accordance with equation 12.8-2 

in ASCE 7-22 . 

                          Cs= (SDS /(R/Ie))                             (ASCE 7-22 Eq. 12.8-2)     

       

 Where, SDS =0.758, R=6, Ie=1.25 ⟹ Cs=0.158 

The value of Cs, shall not exceed the following: 

 

Where, T = the fundamental period of the structure (sec). 

       TL = long-period transition period (sec), can be determinate from Palestine map. 

              Long period of Haifa (TL) =8sec 

 

 

Figure 1.6-4 shows the long period as a contour map in Palestine.  
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Figure ‎1.6-4: Long-Period Transition Period Map. 

 

 Response spectrum curves (Horizontal and vertical): A response spectrum is a function 

of frequency or period, showing the peak response of a simple harmonic oscillator that 

is subjected to a transient even, response spectrum mainly depends on the period and 

acceleration. Figure 1.6-5 illustrate the response spectrum curve. 

 

 

Figure ‎1.6-5: Two-period design response spectrum. 

 

 For periods less than T0, the design spectral response acceleration (Sa) shall be taken: 

                                 Sa =SDS× (0.4+ (0.6×
 

  
))                          ( ASCE 7-22  equation 11.4-3)         
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 For periods greater than or equal to T0 and less than or equal to TS, the design spectral 

response acceleration, Sa, shall be taken equal to SDS. 

Sa= SDS 

 For periods greater than TS, and less than or equal to TL, the design spectral response 

acceleration, Sa, shall be taken: 

                            Sa =SD1/T                                                ( ASCE 7-22  equation 11.4-4)         

 For periods greater than TL, Sa shall be taken: 

                            Sa= (SD1×TL)/T
2
                                     ( ASCE 7-22  equation 11.4-5) 

Where: 

SDS = the design spectral response acceleration parameter at short period. 

SD1 = the design spectral response acceleration parameter at 1-s period. 

T = the fundamental period of the structure. 

T0 = 0.2×
   

   
 

Ts =
   

   
 

TL = long-period transition period. 

Table 1.6-17 shows the values of most of the needed seismic variables in this project. 

Table ‎1.6-17: Seismic variables. 

SD1 SDs To(sec) TS (sec) TL (sec) T (sec) 

0.2171 0.758 0.033 0.165 8 0.58 

 

Ts < T < TL     ⟹ Sa =SD1/T = 0.374 sec. 
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 Relations between response factor and over-strength, as shown in table 1.6-6. 

 

 

Figure ‎1.6-6: Response factor and over-strength. 

⟹ the curve, shows the relationship between response factor and over-strength: 

 Ω =Vy / Vs 

 R=VE/ Vs 

Where: 

R: Response factor. 

Ω: Over strength factor.  

Vy: Base shear after yielding. 

Vs: Design seismic force. 

VE: Elastic design base shear.  

Cd: Deflection amplification factor. 

 

 Irregular structure: When the center of mass doesn’t coincide with the center of stiffness, 

eccentricity develops in the structure. Eccentricity occurs due to the irregular arrangement 

of structural configuration which in turn induces torsion in the structure, different 

structural irregularities affect the seismic response of structures in different ways. 
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Structures shall be classified as having a structural irregularity based upon the criteria in 

this section, the irregularities are classified into two separate groups: 

 

 Horizontal Irregularity: Structures having one or more of the irregularity types listed in 

Table 1.6-18 refer to: 

1. Torsional Irregularity 

2. Extreme Torsional Irregularity 

3. Reentrant Corner Irregularity 

4. Diaphragm Discontinuity Irregularity 

5. Out-of-Plane Offset Irregularity 

6. Nonparallel System Irregularity 

According to ASCE 7-22 , table 12.3-1 . 

Table ‎1.6-18: Horizontal Structural Irregularities. 
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 Vertical Irregularity: Structures having one or more of the irregularity types listed in table 

1.6-19 shall be designated as having a vertical structural irregularity. 

1. Stiffness-Soft Story Irregularity 

2. Stiffness-Extreme Soft Story Irregularity 

3. Weight (Mass) Irregularity 

4. Vertical Geometric Irregularity 

5. In-Plane Discontinuity in Vertical Lateral Force-Resisting Element 

Irregularity 

6. Discontinuity in Lateral Strength–Weak Story Irregularity 

7. Discontinuity in Lateral Strength–Extreme Weak Story Irregularity 

 

According to ASCE 7-22 , table 12.3-2 . 

Table ‎1.6-19: Vertical structural irregularities. 
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 Soil pressure: The pressure which acts in the horizontal direction of the soil is known 

as lateral pressure. It is an important factor that is considered in the design of 

structures such as retaining walls, basements, tunnels and deep foundations. 

 

There are three categories of lateral earth pressure and each depends upon the 

movement experienced by the vertical wall on which the pressure is acting 

1. Active earth pressure. 

2. Passive earth pressure. 

3. Earth pressure at rest. 

Total lateral earth pressure profiles due to static and dynamic earth pressures:  

 

 Earth pressure at rest (Soil pressure): the lateral earth pressure exerted by the 

backfill on a retaining wall which is fixed in position and cannot move. 

 p0 = K0σz 

 

 Where: 

K0: coefficient of earth pressure at rest ⟹  K0 =1- sin Ø = 0.5 

Ø: effective soil stress friction angle, (30°) is the expected initial backfill friction 

angle.  

σz: the vertical stress due to the self-weight of the soil at depth z ⟹ σz = ɣ× z  

 z = height of the retaining wall= 3.2 m 

 Ɣ: The unit weight of soil, unit weight ranges are: 

o Ɣdry soil ⟹ (14 - 20) KN/m³⟹ (average 17 KN/m³) 

o Ɣsaturated soil ⟹ (18 – 23) KN/m³⟹ (average 20 KN/m³) 

o Ɣwater ⟹ (9.81) KN/m³ ⟹ (10 KN/m³) 

 

Soil pressure (Po) = 20*0.5 *3.2 =32 KN/m
2
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 Dynamic Earth Pressure: The dynamic lateral earth pressures measured directly by 

earth pressure cells during seismic shaking, which is assumed to be a uniform 

pressure. 

 

ΔP =    × kH ×Ɣtotal ×Zbasement floor, as defined in Section 8.6 ASCE 41-13 

 =    ×0.3032×20×3.2
 

 =7.762 KN/m
2
 

Where: 

ΔP: Earth pressure caused by seismic shaking 

KH: Horizontal seismic coefficient 

KH: assumed equal to SxS /2.5⟹ kH=0.758/2.5=0.3032 

Sxs = spectral response acceleration parameter = Fa*Ss 

Fa = short-period site coefficient (0.2s period) =1.132 

SS = the mapped spectral response acceleration parameter at short period (0.2sec)               

=0.67 

Ɣ: backfill soil unit weight. 

Assume the net surcharge load that should be applied is 10 KN/m
2
.  

Total soil pressure (at z = -3.2) ⟹ 10+32+7.762 = 49.762 KN/m
2
 

Total soil pressure (at z = 0) ⟹ 7.762+10 = 17.762 KN/m
2
 

Figure 1.6-7 illustrate the seismic stress distribution. 

 

Figure ‎1.6-7: Seismic stress distribution. 
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1.7 Load combinations: - 

When more than one load type is applied to the structure, a load combination is created, 

which is the algebraic sum of each of the load case, multiplied by a load factor in order to 

ensure the safety of the structure. 

According to ASCE 7-22: 

 Service load combinations: 

1) D 

2) D + L  

3) D + (0.6W or 0.7E)  

4) D + 0.75L + 0.75(0.7E) + 0.75S  

5) 0.6D + 0.7E 

 

 Ultimate load combinations: 

1) 1.4D 

2) 1.2D + 1.6L + 0.5(Lr or S or R) 

3) 1.2D + 1.0E + L + 0.2S 

4) 0.9D + 1.0E 

5) 0.9 D+ 1.0 W 

6) 1.2D+1.6 (Lr or S or R) + (L or 0.5W) 

7) 1.2 D+1.0 W+L +0.5 (Lr or S or R) 

 

Where: 

 D: Dead Load. 

 L: Live Load.  

 Lr: Roof Live Load. 

 S: Snow Load. 

 R: Rain Load.  

 W: Wind Load.  

 E: Earthquake Load. 
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 Direction of loading: Direction of loading procedures intend to address the occurrence of 

earthquake shaking along two principal axes of a building simultaneously.  

The directions of application of seismic forces used in the design shall be those which 

will produce the most critical load effects. 

 

 for Seismic Design Category (D), use one of the following procedures: 

1. Orthogonal Combination Procedure: This method is applied, if members and their 

foundations are designed for 100 percent of the forces for one direction plus 30 

percent of the forces for the perpendicular direction. 

2. Simultaneous Application of Orthogonal Ground Motion.  

 

There is a possibility that the earthquake will not hit the building exactly on the X or Y axes, 

so these equations can be used according to section 12.4.2 in ASCE 7-22 : 

→in X direction: Ex + 0.3 Ey. 

→in Y direction: Ey + 0.3 Ex. 

 

The seismic load effect (E), shall be determined in accordance with the following: 

o For use in load combination 3 (1.2D + 1.0E + L + 0.2S) ⟹ Use, E = Eh + Ev 

 

o For use in load combination 4 (0.9D + 1.0E) ⟹ Use, E = Eh - Ev 

 

Where: 

Eh = effect of horizontal seismic forces as defined in Section 12.4.2.1 ASCE 7-22. 

                                                                   Eh = ρQE                        ( ASCE 7-22  equation 12.4-3) 

ρ = redundancy factor     ⟹   for seismic design category (D, E, F) ⟹ ρ=1.3 

    ⟹   another seismic design category ⟹ ρ=1 
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 Ev = effect of vertical seismic forces as defined in Section 12.4.2.2 ASCE 7-22. 

 

                                               Ev =0.2×SDS×D = 0.152×D                   ( ASCE 7-22  Eq. 12.4-4a) 

 

SDS = design spectral response acceleration parameter at short periods = 0.758 

Seismic Load Combinations ⟹ Basic Combinations for Strength Design: 

1. (1.2 + 0.2SDS)D + (ρQE )+ (L )+( 0.2×S) 

2. (0.9 – 0.2SDS)D + ρQE  

 

1.8 Geotechnical investigation: - 

   The soil is considered to be the main body that absorbs all the loads that comes from the 

building. So, in order to provide safety to the building, a well-known information about the 

soil in that site is needed concerned of the soil bearing capacity and the sound wave speed, 

and the occurrence of any settlement should be avoided, the seismic resisting system entirely 

depends on the site class and the properties of it. Therefore, a geotechnical investigation was 

done. 

According to the results obtained from the site investigation report, the bearing capacity of 

the soil is 200 KN/m
2
 (2000 PSF), and the sound wave speed is 570 m/s (1870 ft/s). 

According to the ASCE 7-22 the soil class is classified as class C, as shown in table 1.8-1. 

Table ‎1.8-1: Site classification. 
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2 PRELIMINARY DESIGN, PRELIMINARY DIMENSIONS 

OF STRUCTURAL ELEMENTS: - 

2.1 General: - 

This chapter will identify and illustrate some of the topics about the project, which includes: 

1) Lateral and gravity forces resisting systems. 

2) Slabs structural systems. 

3) Preliminary slab thickness and loads. 

4) Preliminary dimensions of beams. 

5) Preliminary dimensions of columns. 

6) Preliminary dimensions of walls. 

7) Preliminary assumption of staircase. 
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2.2 Lateral and gravity forces resisting systems: - 

 

   The gravity force resisting system in a building is responsible for resisting the gravity loads, 

which will include the dead loads and the live loads that are acting on the building, which 

may call static loads. 

Moment frames, shear walls and braced frames are lateral force-resisting systems found in 

structures. The three types of systems are often found in areas with high wind and/or seismic 

activity, like earthquakes and hurricanes. These vertical elements play the most role in 

keeping the structure from blowing over or collapsing. 

The gravity force resisting system is two-way flat plate solid slab with beams around the 

perimeter and the lateral force resisting system is building frame system. 

2.3 Slab structural system: - 

 

   The slab structural system used in this building is a two-way flat plate solid slab, which is 

a slab of uniform thickness directly supported on columns. 

Figures 2.3-1 to 2.3-5 show the slabs layout and beams for each floor category. 

 
Figure ‎2.3-1: Basement slab layout and beams distribution. 

 



  

 

50 
 

 
Figure ‎2.3-2: Ground slab layout and beams distribution. 

 

 

Figure ‎2.3-3: Typical (1
st
 – 4

th
) slab layout and beams distribution. 
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Figure ‎2.3-4: Typical (5
th

) slab layout and beams distribution. 

                                                               

 

 
Figure ‎2.3-5: Roof slab layout and beams distribution. 
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2.4 Preliminary slab thickness and loads: - 

   A slab is a flat, two-dimensional planar structural component of building having a very 

small thickness compared to its other two dimensions. Reinforced concrete slabs are used in 

roofs, floors, ceilings and as the decks of bridges. 

The slab used in this project is a two-way flat plate solid slab, the thickness will be taken 

according to the ACI 318-19 code. 

The largest span in the slab is 5.37 m, so according to table 2.4-1 which is taken from ACI 

318-19. 

 

 

The largest span is found in the panel between columns [3D,3E,4D,4E] according to ETABS 

gridlines, as shown in figure 2.4-1. 

 

Figure ‎2.4-1: Slab panel. 

 

 

  
  

    

  
 = 162.72 mm → Take t = 180 mm 
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As an example, for a frame strip, take a frame strip from the ground floor (Basement slab) in 

the Y-axis, as shown in figure 2.4-2. 

 

Figure ‎2.4-2: Frame strip. 

 

By combination [1.2 (D.D. + S.D.) + 1.6 L.L.] → 1.2 * (0.18 * 25 + 4) + 1.6 * 6  

→ Wu = 19.80 KN/m
2 

 

Mo = 
           

 
 = 

                                   

 
 = 318.10 KN.m 

 

By using the ACI 318-14 direct design method, distribution coefficients for end spans as 

shown in table 2.4-2. 

Table ‎2.4-1: Distribution coefficients for end spans. 
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Since, the span is interior, take the negative coefficients equal 0.65, and the positive 

coefficient equals 0.35. 

Mnegative = 0.65 * Mo → 0.65 * 318.10 = 206.77 KN.m 

Mpositive = 0.35 * Mo → 0.35 * 318.10 = 111.34 KN.m 

 

 

Table ‎2.4-2: Portion of interior negative Mu in column strip. 

 

By using table 2.4-3: 

Mcs = Mnegative * 0.75 = 206.77 * 0.75 = 158.08 KN.m 

Mms =Mnegative - Mcs = 206.77 – 158.08 = 48.69 KN.m 

 

 

Table ‎2.4-3: Portion of positive Mu in column strip. 

 

By using table 2.4-4: 

Mcs = Mpositive * 0.60 = 111.34 * 0.60 = 66.80 KN.m 

Mms =Mpositive - Mcs = 111.34 – 66.80 = 44.54 KN.m 
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2.5 Preliminary dimensions of beams: - 

   Concrete beam is a load-bearing unit that can be used to carry both horizontal and vertical 

loads. Known as reinforced concrete beams or reinforced cement concrete (RCC) beams. 

According to the ACI 318-19, the preliminary dimensions were be chosen according to table 

2.5-1. 

Table ‎2.5-1: Two-way beams depth. 

 

 

The longest spans are between columns [3D,3E or 4D,4E] according to ETABS gridlines, 

with length equal to 5.37 m, which has both ends continuous. 

 

  
  

    

  
             → Take: h = 300 mm 

And for the width let’s try   
 

  
  

    

  
             

→ Take: b = 300 mm [to fit with the column’s width] 
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2.6 Preliminary dimensions of columns: - 

   A reinforced concrete column is a structural member designed to carry compressive loads 

and moment, composed of concrete with an embedded steel to provide reinforcement.  

For design purposes, the columns are separated into two categories: short columns and 

slender columns. 

The initial dimensions of the column are determined by using the tributary area method, 

taking the column with the biggest tributary area, and support the most slabs. Which will be 

the column H-10 on the roof as shown in figure 2.6-1. 

 

Figure ‎2.6-1: Column tributary area. 

 

 

The tributary area = 
         

 
 
         

 
 = 24.12 m

2
 

D.L. = Thickness of slab * ɣ 

S.D. = 4.00 KN/m
2 
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The ultimate load on the ground floor = 1.2 (D.L.+S.D.) + 1.6 L.L. = 1.2 * (0.18 * 25 + 4) + 

1.6 * 6 = 19.80 KN/m
2
 

The ultimate load on the residential floors = 1.2 (D.L.+S.D.) + 1.6 L.L. = 1.2 * (0.18 * 25 + 

4) + 1.6 * 3 = 15.00 KN/m
2
 

The ultimate load on the roof = 1.2 (D.L.+S.D.) + 1.6 L.L. = 1.2 * (0.18 * 25 + 4) + 1.6 * 1.0 

= 11.80 KN/m
2
 

The ultimate axial load on the column = Area * ∑      = 24.12 * (19.80 * 1 + 15.00 * 6 + 

11.80 * 1) = 2932.99 KN 

To consider the eccentricity and the column reduction factor: - 

       

        
 = 5640.37KN = Pno 

Pno = 0.85 f’c AConc + Fy As → assuming ρ = 0.02 → As = 0.02 Ag 

5,640,370 = 0.85 * 28 * (Ag – 0.02Ag) + 420 * 0.02 * Ag → Ag = 177,795.04 mm
2
 

Use b = 300 mm & h = 700 mm→ Ag = 210,000.00 mm
2
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2.7 Preliminary dimensions of walls: - 

   A shear wall is a general term for a wall that is designed and constructed to resist racking 

from forces such as wind using masonry, concrete, cold-formed steel, or wood framing. Shear 

walls significantly reduce the sway of a structure to reduce damage to the structure and its 

contents. 

According to the ACI 318-19 the minimum thickness (t) required in the shear wall is shown 

in table 2.7-1. 

Table ‎2.7-1: Wall minimum thickness, (t). 

 

 

The type of the shear wall is bearing. Hence, the required thickness is the greater of 4 inches 

(101.6 mm) or  
        

  
 = 160.8 mm. 

→ Take: t = 200 mm 
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2.8 Assumptions of staircase: - 

   A staircase is a structural element, used for travelling from one story of a building to 

another. It is designed to cover a large vertical distance by using steps. 

The staircase in ETABS will be represented as a 20 cm slab with loads, which will work as a 

staircase till the other project which we will design it in details. 

Loads on staircase assumed slab: - 

1. Live load = 5 kN/m
2
 

2. Super imposed dead load = 4 kN/m
2
 

3. Dead load. 
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3 THREE-DIMENSIONAL ANALYSIS AND DESIGN 

3.1 General: - 

This chapter will identify and illustrate some of the topics about the project, which includes: - 

1) Structural modeling of the building: This section will illustrate and show the main 

points in structural modeling by using the software ETABS. 

2) Evaluation of the preliminary design: This section will introduce and evaluate the 

analysis and design results for the preliminary dimensions of the elements, which may 

lead for some changes in the elements. 

3) Verification of structural analysis: This section will make sure that all the internal 

forces in the structural members are nearly similar to the hand calculation. 

4) Deflection computations: This section will check the slab deflection according to the 

code. 

5) Verification of structural design. 

6) Design of slabs. 

7) Design of beams. 

8) Design of columns. 

9) Design of walls. 

10) Design of footings. 

11) Design of tie beams. 

12) Design of stairs. 

13) Design of diaphragms and collectors. 

14) Analysis and design of non-structural walls. 

15) Analysis and design of non-structural elements. 
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3.2 Structural modeling of the building: 

 

Structural modeling is one of the prime phases of the project. It is basically a mathematical or 

a wireframe representation of a 3D model. It helps to visualize each corner of a virtual 

building structure, helps in analyzing the building and designing it. 

The program which will be used in this project is ETABS, which can be defined as an 

engineering software product that is used in analysis and design of multi-story buildings.  

Several points will be shown in this section as pictures to describe what has been used in this 

software to make the model as it’s. This section is detailed for educational purposes. 

 

 

 

 Units: Figures 3.2-1 to 3.2-3 show the units used in modeling the building. 

 

 

Figure ‎3.2-1: Program units 1. 
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Figure ‎3.2-2: Program units 2. 

 

 

Figure ‎3.2-3: Program units 3. 
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 Gridlines: Figure 3.2-4 shows the gridlines used in modeling the building. 

 

Figure ‎3.2-4: Gridlines. 

 

 

 Materials: Figures 3.2-5 and 3.2-6 show the materials used in modeling the building. 

 

Figure ‎3.2-5: Concrete (Materials). 
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Figure ‎3.2-6: Steel Reinforcement (Materials). 

 

 Frame properties: Figures 3.2-7 to 3.2-10 show the frame properties used in modeling 

the building. 

 

Figure ‎3.2-7: Beam section (Frame properties). 
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Figure ‎3.2-8: Column section (Frame properties). 

 

 

Figure ‎3.2-9: Slab property (Frame properties). 
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Figure ‎3.2-10: Wall property (Frame properties). 

 

 

 Section modifiers: Figures 3.2-11 to 3.2-14 show the sections modifiers used in 

modeling the building. 

 

Figure ‎3.2-11: Beam modifiers. 
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Figure ‎3.2-12: Column modifiers. 

 

Figure ‎3.2-13: Slab modifiers. 
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Figure ‎3.2-14: Wall modifiers. 

 

 

 Load definitions: Figure 3.2-15 shows the load definitions used in modeling the 

building. 

 

Figure ‎3.2-15: Load definitions. 
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 Load combinations: Figures 3.2-16 and 3.2-17 show the load combinations used in 

modeling the building. 

 

Figure ‎3.2-16: Load combinations 1. 

 

 

Figure ‎3.2-17: Load combinations 2. 
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 Load cases: Figure 3.2-18 shows the load cases used in modeling the building. 

 

Figure ‎3.2-18: Load cases. 

 

 

 

 Loads assignments: Figures 3.2-19 to 3.2-23 show the load cases used in modeling the 

building. 

 

Figure ‎3.2-19: SD on walls. 

3 KN/m
2 
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Figure ‎3.2-20: SD on 1
st
 floor. 

 

 

Figure ‎3.2-21: LL on 1
st
 floor. 
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Figure ‎3.2-22: Roof load on the roof floor. 

 

 

 

Figure ‎3.2-23: Soil pressure on Basement. 
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 Masses: Figure 3.2-24 shows the masses used in modeling the building. 

 

Figure ‎3.2-24: Mass Source. 

 

 

 Functions: Figure 3.2-25 shows the function used in modeling the building. 

 

Figure ‎3.2-25: Response spectrum function. 
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 Supports: Figures 3.2-26 and 3.2-27 show the supports (Fixed) used in modeling the 

building. 

 

Figure ‎3.2-26: Supports layout. 

 

 

Figure ‎3.2-27: Supports 3D layout. 
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 Codes: Figures 3.2-28 to 3.2-30 show the codes used in modeling the building. 

 

Figure ‎3.2-28: Frame design code. 

 

 

Figure ‎3.2-29: Wall design code. 
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Figure ‎3.2-28: Slab design code. 
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3.3 Evaluation of the preliminary design: - 

   The model was made according to the figures in the last section, which shown every detail 

needed. The design check was made and some failures in the columns and beams were found. 

Hence, the dimension got changed to eliminate the failures. 

First: With shear walls around the building: 

 Beams: - 

Previous dimensions 300 mm depth * 300 mm width for all beams. 

 

Figure ‎3.3-1: Beams 30*30. 

Error: O/S #45 Shear stress due to shear force and torsion together exceeds maximum allowed. 
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            New dimensions 400 mm depth * 400 mm width for all beams. 

 

Figure ‎3.3-2: Beams new dimensions. 

Error: O/S #45 Shear stress due to shear force and torsion together exceeds maximum allowed. 

   Last new dimensions 400 mm depth * 400 mm width for all beams, and 500 mm depth * 

400 mm width for the beams that failed in figure 3.?? 

 

Figure ‎3.3-3: Beams 40*40 & 50*40. 
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Figure ‎3.3-4: Beams 40*40. 

 

 

Figure ‎3.3-5: Beams 50*40. 
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 Columns: - 

Previous dimensions 300 mm depth * 700 mm width for all columns. 

 

Figure ‎3.3-6: Columns previous dimensions. 

  Error: Warning #20 The δns factor exceeds the limit. 

 

  New dimensions 400 mm depth * 700 mm width for all columns. 

 

Figure ‎3.3-7: Columns 40*70. 
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Figure ‎3.3-8: Columns 40*70 detailed. 

 

Second: Without shear walls around the building: 

 Beams: - 

Previous dimensions 400 mm depth * 400 mm width for all beams, and some are 500 

mm depth * 400 mm width for all beams 

 

Figure ‎3.3-9: Beams 40*40 & 50*40. 

Error: O/S #45 Shear stress due to shear force and torsion together exceeds maximum allowed. 
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            New dimensions 550 mm depth * 400 mm width for all beams. 

 

Figure ‎3.3-10: Beams 55*40. 

 

 

Figure ‎3.3-11: Beams 55*40. 
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 Columns: - 

Previous dimensions 400 mm depth * 700 mm width for all columns. All passed. 

 

Figure ‎3.3-12: Columns 40*70. 

 

 

Figure ‎3.3-13: Columns 40*70 detailed. 
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3.4 Verification of structural analysis: - 

3.4.1 Compatibility of the structure: 

 

Compatibility is related to the shape of a structure, this includes deformations, 

location of reaction points and the way that a structure is allowed to bend and deform. 

This check is performed to make sure that all the structural elements are connected. 

So, when the building undergoes a certain deformation, all the members close to each 

other which are connected will deform together. 

The check can be performed by running the model, then starting the animation to 

check if there is any disconnection. Figure 3.4-1 shows the structure under the 

deformation of its own weight. 

 

Figure ‎3.4-1: Structure in 3D view. 

 

According to figure 3.4-1, the structure is stable and compatible, and there is no discontinuity 

between continues members. 
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3.4.2 Gravity loads: - 

 

Gravity loads are the vertical forces that act on a structure. The weight of the 

structure, human occupancy and snow are all types of loads that needs to have a 

complete load path to the ground. 

Every gravity load will be calculated manually and compared to the ETABS results, 

the allowable difference between them can be within ± 5%. 

 

1) Dead load: a constant load in a structure that is due to the weight of the members 

and the supported structure. 

It can be calculated such as: 

Dead Load = ∑ (The volume of the element * ƔMaterial) 

 Columns: 

Since the columns have a single section and material, take the total length of 

all columns (1065.80 m). 

Columns D.L. = (Length * Width * Depth * Ɣ) 

→ Columns D.L. = (1065.80 * 0.70 * 0.40 * 25.00) = 7460.60 KN 

 

 Beams: 

Since the beams have a single section and material, take the total length of all 

beams (902.45 m). 

Beams D.L. = (Length * Width * Depth * Ɣ) 

→ Beams D.L. = (902.45 * 0.40 * 0.55 * 25.00) = 4963.48 KN 

 

 Walls: 

Since the walls have a single section and material, take the total area of the 

walls (3587.50 m
2
). 

Walls D.L. = (Area * Depth * Ɣ) 

→ Walls D.L. = (3587.50 * 0.20 * 25.00) = 17937.50 KN 

 Slabs: 

Since the slabs have different sections, take areas according to the depth of the 

slab. Table 3.4-1 shows the values of dead load on each slab. 
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Table ‎3.4-1: Slab dead load. 

Slab 
Area 

(m2) 
Depth D.D. 

Basement 891.39 0.22 4902.65 

Stairs 37.67 0.20 188.35 

Ground 879.60 0.21 4617.90 

Elec. Roof 8.03 0.21 42.16 

Balcony 5.41 0.21 28.40 

Stairs 37.67 0.20 188.35 

1st 879.60 0.21 4617.90 

Balcony 5.41 0.21 28.40 

Stairs 37.67 0.20 188.35 

2nd 879.60 0.21 4617.90 

Balcony 5.41 0.21 28.40 

Stairs 37.67 0.20 188.35 

3rd 879.60 0.21 4617.90 

Balcony 5.41 0.21 28.40 

Stairs 37.67 0.20 188.35 

4th 879.60 0.21 4617.90 

Balcony 5.41 0.21 28.40 

Stairs 37.67 0.20 188.35 

5th 883.36 0.18 3975.12 

Stairs 37.67 0.20 188.35 

Roof 258.93 0.18 1165.19 

Total 6730.45   34635.07 

 

Dead load = ∑ Dead loads = 64996.65 KN 

ETABS dead load = 65513.25 KN 

 

Difference % = 
              

      
    , as shown in table 3.4-2. 
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Table ‎3.4-2: Dead load error %. 

Results Manual ETABS Error% 

D.D. 64996.65 65513.25 0.79 

 

2) Super imposed dead load: the load of non-structural elements on the structure after 

the structural elements have been casted. 

It can be calculated such as: 

Super imposed dead load = ∑ (The areas subjected to S.D. * S.D. per meter 

square) 

 

The stone side area was measured by counting the shells of the shear wall, which 

had a S.D. on it, and multiply it by the average area of the shells (10346), shells 

area = 0.25 m
2
. 

 

3) Live load: the load of any moving or non-stationary elements. 

It can be calculated such as: 

Live Load = ∑ (The areas subjected to live loads * L.L. per meter square) 

 

Table 3.4-3 shows the numbers used in calculating L.L. and S.D., and the errors 

are shown in table 3.4-4. 
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Table ‎3.4-3 : Live and super imposed dead loads. 

Slab 
Area 

(m2) 

L.L. 

(KN/m2) 
L.L. (KN) S.D. (KN/m2) S.D. KN 

Basement 891.39 6.00 5348.34 4.00 3565.56 

Stairs 37.67 5.00 188.35 4.00 150.68 

Ground 879.60 3.00 2638.80 4.00 3518.40 

Elec. Roof 8.03 0.00 0.00 2.50 20.08 

Balcony 5.41 5.00 27.05 4.00 21.64 

Stairs 37.67 5.00 188.35 4.00 150.68 

1st 879.60 3.00 2638.80 4.00 3518.40 

Balcony 5.41 5.00 27.05 4.00 21.64 

Stairs 37.67 5.00 188.35 4.00 150.68 

2nd 879.60 3.00 2638.80 4.00 3518.40 

Balcony 5.41 5.00 27.05 4.00 21.64 

Stairs 37.67 5.00 188.35 4.00 150.68 

3rd 879.60 3.00 2638.80 4.00 3518.40 

Balcony 5.41 5.00 27.05 4.00 21.64 

Stairs 37.67 5.00 188.35 4.00 150.68 

4th 879.60 3.00 2638.80 4.00 3518.40 

Balcony 5.41 5.00 27.05 4.00 21.64 

Stairs 37.67 5.00 188.35 4.00 150.68 

5th 883.36 1.00 883.36 2.50 2208.40 

Stairs 37.67 5.00 188.35 4.00 150.68 

Roof 258.93 1.00 258.93 2.50 647.33 

Stone 2586.50 - - 3.00 7759.50 

       

 
Total 21138.33 

 
Total 32955.82 

 
 

Table ‎3.4-4: Live and super imposed dead errors %. 

 

 

Results Manual ETABS Error% 

S.D. 32955.82 33526.20 1.70 

L.L. 21138.33 21203.02 0.31 
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3.4.3 Soil loads: - 

It’s the summation of the lateral static earth pressure and the dynamic (seismic) earth 

pressure on the walls in the basements. 

The soil loads will be calculated manually and compared to the ETABS results, the 

allowable difference between them should be within ± 5%. Figure 3.4-2 shows the 

soil pressure values on the basement walls. 

 

 

 
Figure ‎3.4-2: Soil pressure. 

 

Taking 1 m length of the wall, the resultant force of the pressure: 

           

 
      = 108.03 KN/mlength 

Fx = ∑ (Resultant * The length alongside or parallel to the X-axis) 

Fy = ∑ (Resultant * The length alongside or parallel to the Y-axis) 

The differences are shown in table 3.4-5. 

 

                                              Table ‎3.4-5  : Soil loads differences %. 

 

 

 

 

Direction Manual ETABS %Difference 

X 1728.48 1728.91 0.03 

Y 2285.91 2286.56 0.03 
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3.4.4 Verification of internal forces: - 

 

Verification of internal forces are done to see if the local loads would transfer 

probably, and it can be an extra test to check the continuity. 

The live load will be used to check these members, Live load = 3.00 KN/m
2
 

 

1. Columns: taking a column sample on the fourth floor as shown in figure 3.4-3, and 

compare the results from manual calculations and ETABS. 

 

 
Figure ‎3.4-2: Column sample. 

 

Attribute area = 
      

 
 
   

 
 = 25.88 m

2
 

Axial force on the columns = 3.00 * 25.88 = 77.63 KN 
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ETABS result as shown in the figure 3.4-4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ‎3.4-3: ETABS Column. 

 

 The error in column results is shown in table 3.4-6. 

 

                                                              

Table ‎3.4-6: Column load error %. 

 

 

 

 

 

 

 

2. Slab: taking a frame strip sample in the X- direction on the fourth floor, and compare the 

results from manual calculations and ETABS. Figures 3.4-5 to 3.4-8 show the needed 

values to do manual calculations. 

Column Manual ETABS %Error 

D3 77.63 78.97 1.70 
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Figure ‎3.4-4: Frame strip sample. 

 

 

Figure ‎3.4-5: Strip left end. 
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Figure ‎3.4-6: Strip middle. 

 

 

Figure ‎3.4-7: Strip right end. 
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L1 = 5.00 m, Ln = 4.30 m, L2 = 
      

 
 = 4.83 m 

M0 = 
           

 
 = 33.46 KN.m [Considering the span as a simply supported for simplicity] 

METABS = 
           

 
       = 35.84 KN.m 

Error % = 
             

     
     = 7.11% 

Allowable difference should be within range ±10%. 

3. Beam: taking a beam on the fourth floor connecting the columns B and C, as shown in 

the figures 3.4-9 to 3.4-12. 

 

 

Figure ‎3.4-8: Beam sample. 
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Figure ‎3.4-9: Moment left end. 

 

 

Figure ‎3.4-10: Moment middle. 
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Figure ‎3.4-11: Moment right end. 

 

L1 = 5.00 m, Ln = 4.60 m, L2 = 2.50 m 

assuming the beam will take the half the right panel and nothing from the left. 

M0 = 
             

 
 = 19.84 KN.m [Considering the beam a simply supported for simplicity] 

METABS = 
           

 
      = 18.63 KN.m 

Difference % = 
             

     
     = 6.10% 

Allowable difference can be within range ±10%. 

 

4. Walls: taking an area in the basement next to the beam A 12-13, as shown in the figures 

3.4-13 and 3.4-14. 
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Figure ‎3.4-12: Shear wall sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ‎3.4-13: Shear wall panel sample. 
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Panel area = 5.28 * 5.02 = 26.51 m
2
 

Attribute area = 26.51 * X 

Since the shear wall will take more than half the loading area, then assuming the shear 

segment will take X = 65% of the panel area → Axial load = 0.65 * 26.51 * 6 = 

103.39  kN. 

 

ETABS result as shown in the figures 3.4-15 to 3.4-17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure ‎3.4-14: Left column from the shear wall segment. 
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Figure ‎3.4-15: Shear wall between the two columns. 

 

 

Figure ‎3.4-16:Right column from the shear wall segment. 
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Left column axial force = 19.8 kN 

Shear wall axial force = 64 kN 

Right column axial force = 18.96 kN 

Total axial force = 102.76 kN 

Difference % = 
               

      
 * 100 = 0.61% 

Allowable difference can be within range ±10%. 

3.4.5 Seismic forces: 

 

1.Analysis method:  

   Three basic methods are available for analyzing the responses of a structure subjected to 

seismic forces, which are: 

• Static analysis (Equivalent lateral force method). 

• Response spectrum analysis. 

• Time history analysis. 

The analysis methods used in this project are response spectrum analysis and equivalent 

lateral force method. 

 

 Check equilibrium: Base shear 

 From the equivalent force dohtfm: 

 

The equivalent static lateral force method is a simplified technique to substitute the effect of 

dynamic loading of an expected earthquake by a static force distributed laterally on a 

structure for design purposes. 
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From ETABS:  

Table ‎3.4-7: Base reaction by equivalent method.

 

 EQx= 15,577.27 KN  

 EQy= 13,892.8 KN  

From manual calculation:    

V=Cs*W                           (ASCE 7-22 equation 12.8-1) 

Where W= D+SD+0.3SL 

D: Dead load. 

SD: Superimposed Dead load. 

SL: Storage live load. 

Table ‎3.4-8: Total load from (D+SD+0.3SL).

 

W=101,716.1 KN  

Cs1= 
      

 
                           (ASCE 7-22 equation 12.8-3) 

T ≤ TL     Cs2 = 
      

   
            (ASCE 7-22 equation 12.8-4) 

Cs3 min = 0.044SDSIe ≥ 0.01    (ASCE 7-22 equation 12.8-6) 
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Table ‎3.4-9: Base shear. 

 

 

Vx=0.158*101,716.1 = 16,062.67 KN 

Vy=0.140*101,716.1 = 14,287.4 KN 

Difference percentage EQx = 
               

       
     = 3 % < 5% …………. OK 

Difference percentage EQy = 
               

       
     = 2.8 % < 5% …………OK 

 

 

 Check base shear by response spectrum curve (dynamic method): 

The dynamic seismic values should be equal or greater to the value of earthquakes in the 

static method, but the values were not equal on ETABS, so the value of the scale factor 

for each of the dynamic earthquake forces in X and Y directions must be changed until 

their values are equal or greater to the static results. 

Figures 3.4-18 to 3.4-21 show the scale factor for earthquake dynamic loads before and 

after the changes: - 
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Figure ‎3.4-17: Definition of EDx before modification. 

 
Figure ‎3.4-18: Definition of EDx after modification. 
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Figure ‎3.4-19: Definition of EDy before modification. 

 

Figure ‎3.4-20: Definition of EDy after modification. 
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 Check base shear from hto pohgfeho spectrum method: 

In X-direction: 

o From ETABS due to EQX ⟹ Fx = 15,576.606 KN 

o From ETABS due to EDX ⟹ Fx =15,576.58 KN  

o From manual ⟹ Vx = 16,062.67 KN 

            Difference percentage between (Manual Vx & EDX) = (16062.67-15576.58 /16062.67)  

            = 3 % < 5% ⟹ Ok 

 In Y-direction: 

o From ETABS due to EQy ⟹ Fy = 13,892.2149 KN 

o From ETABS due to EDy ⟹ Fy =13,892.19 KN  

o From manual ⟹ Vy= 14,287.4 KN 

Difference percentage between (Manual Vy & EDy) = (14287.4−13892.19/14287.4)  

= 2.7 % < 5% ⟹ Ok 

Table 3.4-10 htfhh the base shear value in X and Y directions, according to the dynamic and 

static dohtfmh after changing the scaling factor. 

Table ‎3.4-10: Base shear value Fx & Fy. 
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 Story forces 

The induced lateral seismic force at any level shall be determined from the following 

equations: 

 

 

(ASCE 7-22 equation 12.8-12) 

(ASCE 7-22 equation 12.8-13) 

 

 

Where: 

Cvx: vertical distribution factor 

V: total design lateral force or shear at the base of the structure (kN)  

Wi and Wx: the portion of the total effective seismic weight of the structure (W) located or 

assigned to Level i or x . 

hi and hx: the height (m) from the base to Level i or x  

k: an exponent related to the structure period as follows:  

 for structures having a period of 0.5 s or less, k = 1  

 for structures having a period of 2.5 s or more, k = 2 
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X direction (EQx)  

Tx= 0.275 sec ……………. K=1 

Table ‎3.4-11: Story forces in X direction. 

Manual 

Floor 

Height (m) 

hi Wi Wi*(hi
k
) Cvx Fx Vx 

Roof 26.6 2791.07 74242.46 0.0566 880.70 880.70 

5th 23.4 10367.5 242599.5 0.1848 2877.82 3758.51 

4th 20.2 13609.9 274920 0.2094 3261.22 7019.73 

3rd 17 13609.9 231368.3 0.1763 2744.59 9764.32 

2nd 13.8 13609.9 187816.6 0.1431 2227.96 11992.28 

1st 10.6 13609.9 144264.9 0.1099 1711.33 13703.61 

Ground 7.4 14391 106493.4 0.0811 1263.27 14966.88 

Basement 3.2 15925.2 50960.64 0.0388 604.52 15571.40 

  

97914.37 1312666 1 15571.40 

  

 

       

      Table ‎3.4-12: Story forces in X direction form ETABS. 

 



  

 

108 
 

For example; for the first floor: 

Difference % = 
               

       
     = 0.47% < 5% …………. OK 

 

Table ‎3.4-13: Difference percentage in each floor in X-direction. 

  

 

 

 

 

 

Floor Difference % 

Roof 4.66 

5th 0.35 

4th 0.51 

3rd 0.47 

2nd 0.47 

1st 0.47 

Ground 0.37 

Basement 0.57 
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Figure ‎3.4-21: Auto lateral load to stories in X-direction. 

Y direction (EQy) 

Tx= 0.322 sec ……………. K=1 

Table ‎3.4-14: Story forces in Y direction. 

Manual 

Floor 

Height (m) 

hi Wi Wi*(hi^k) Cvx Fy Vy 

Roof 26.6 2791.07 74242.46 0.0566 783.02 783.02 

5th 23.4 10367.5 242599.5 0.1848 2558.66 3341.68 

4th 20.2 13609.9 274920 0.2094 2899.54 6241.22 

3rd 17 13609.9 231368.3 0.1763 2440.20 8681.42 

2nd 13.8 13609.9 187816.6 0.1431 1980.87 10662.29 

1st 10.6 13609.9 144264.9 0.1099 1521.54 12183.83 

Ground 7.4 14391 106493.4 0.0811 1123.17 13307.00 

Basement 3.2 15925.2 50960.64 0.0388 537.47 13844.47 

  

97914.37 1312666 1 13844.47 
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Table ‎3.4-15: Story forces in Y direction form ETABS. 

 

For example: 

Difference percentage= 
               

       
     = 0.47 % < 5% …………. OK 

 

Table ‎3.4-16: Difference percentage in each floor in Y-direction 

Floor Difference % 

Roof 4.66 

5th 0.35 

4th 0.51 

3rd 0.47 

2nd 0.47 

1st 0.47 

Ground 0.37 

Basement 0.57 
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Figure ‎3.4-22: Auto lateral load to stories in Y-direction. 

 Period check: 

The periods from ETABS can be taken if they are less than the limits from the ASCE 7-

22 

The limitation of period ⟹ Ta× Cu= (0.58×1.4829) =0.86 sec 

From ETABS: 

Tx =0.276 sec   ⟹ TX< Ta ⟹ ok 

Ty = 0.322 sec   ⟹ TY< Ta ⟹ ok 

 

Table ‎3.4-17: Time period. 

 



  

 

112 
 

 Type of lateral force structural system: - 

To determine the resistance of the system, the horizontal forces should be inserted, 

then the readings of the horizontal forces from walls and columns will be compared 

with the reading from walls only, the percentage of them must be greater than 98%. 

 

X direction (EQx): 

 
Figure ‎3.4-23: Total vertical reactions in X direction. 

Total Vx = 15571.43 KN 

 
Figure ‎3.4-24: Wall vertical reactions in X direction. 

From only walls ⟹Vx=15488.4 

Percentage of load resisting by walls = 
       

       
     = 99.4 %  
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So, the system is shear wall resisting system in the x direction (EQx). 

 

Y-direction (EQy) : 

 
Figure ‎3.4-25: Total vertical reactions in Y direction. 

Total Vy= 13844.5 KN 

Figure ‎3.4-26: Wall vertical reactions in Y direction. 

From only walls ⟹ Vy=13760.5 KN  

Percentage of load resisting by walls = 
       

       
     = 99.3 %  

So, the system is shear wall resisting system in the y direction (EQy). 
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 Check mass participation ratio for modal analysis: 

Number of modes in 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. 

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. 

 

Table ‎3.4-18: Mass participation ratio. 

 

 

⟹The structure needed 12 modes in each direction X and Y, to collect mass participation 

ratio more than 90%. 

 

 Check horizontal irregularity: 

Accidental Torsion Irregularities: where diaphragms are not flexible, accidental torsion 

shall be applied to all structures for determination if a horizontal irregularity exists. 

Torsional Irregularity: the maximum story drift including accidental torsion at one end of 

the structure transverse to an axis is more than 1.2 times the average of the story drifts at 

the two ends of the structure. 
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Torsional Irregularity Ratio (TIR): A Torsional Irregularity Ratio shall be calculated for 

each story and for each accidental torsion case:  

TIR= Δmax /Δavg 

where Δmax is the maximum story drift at the building’s edge subjected to lateral forces 

using the equivalent lateral force procedure with the application of accidental torsion and 

Ax = 1.0; and Δavg is the average of the story drifts at the two opposing edges of the 

building. 

Amplification factor of Accidental Torsion (Ax) = (Δmax /1.2Δavg)
 2 

Where: 

 Δmax is the maximum displacement at level x, computed assuming Ax = 1 

 Δavg is the average of the displacements at the extreme points of the structure at level 

x, computed assuming Ax = 1.  

 For the purpose of computing Δmax and Δavg, it shall be permitted to assume the 

diaphragm is rigid. 

 The torsional amplification factor (Ax), shall not be less than 1 and is not required to 

exceed 3.0 

 In X-direction: 

Table ‎3.4-19: Diaphragm maximum and average drift according to EQx. 
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The max ratio between Δmax and Δavg = 1.402 → Ax = (1.402/1.2)
2
 = 1.365 

Then, the eccentricity in X direction = 0.05 *1.365 = 0.068  

 

 

 

Figure ‎3.4-27: Eccentricities ratio in X direction for equivalent analysis. 

 

 

Figure ‎3.4-28: Eccentricities ratio in X direction for response spectrum analysis. 
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    In Y-direction: 

Table ‎3.4-20:  Diaphragm maximum and average drift according to EQy. 

 

The max ratio between Δmax and Δavg = 1.594→ Ax = (1.594/1.2)
2
 = 1.764 

Then, the eccentricity in Y direction = 0.05 *1.764 = 0.088  

 

Figure ‎3.4-29: Eccentricities ratio in Y direction for equivalent analysis. 
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Figure ‎3.4-30: Eccentricities ratio in Y direction for response spectrum analysis. 

 

 Vertical Irregularity: 

1. Stiffness–Soft Story Irregularity: is defined to exist where there is a story in which the 

lateral stiffness is less than 70% of that in the story above or, where there are at least 

three stories above, less than 80% of the average stiffness of the three stories above. 

2. Stiffness–Extreme Soft Story Irregularity: is defined to exist where there is a story in 

which the lateral stiffness is less than 60% of that in the story above or, where there 

are at least three stories above, less than 70% of the average stiffness of the three 

stories above. 

In X-direction: 

Table ‎3.4-21:  Story stiffness according to EQx. 
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In Y-direction: 

Table ‎3.4-22: Story stiffness according to EQy. 

 

 

3. Weight (Mass) Irregularity: is defined to exist where the effective mass of any story is 

more than 150% of the effective mass of an adjacent story. A roof that is lighter than 

the floor below need not be considered. 

Table ‎3.4-23:  story weight check. 

 

 

 Check type of diaphragm (slab) rigid or flexible : 

Diaphragms of concrete slabs or concrete-filled metal deck with span-to-depth ratios 

of 3 or less in structures that do not have a Type 2, 3, 4, or 5 horizontal structural 
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irregularity are permitted to be idealized as rigid, and if the ratio 
    

    
 is less than 2, 

then the diaphragm (slab) is classified as rigid. 

Table ‎3.4-24: Story maximum over average drift according to EQx. 

 

Table ‎3.4-25: Story maximum over average drift according to EQy 

 

 

In each x and y direction, the ratio is less than 2, so the diaphragm is defined as rigid. 
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As the diaphragm is rigid, the lateral forces in the floor are transferred to the vertical 

elements based on their stiffnesses. 

 

 P-Delta Effects: P-delta effects on story shears and moments, the resulting member forces 

and moments, and the story drifts induced by these effects are not required to be 

considered where the stability coefficient θ, as determined by the following equation is 

equal to or less than 0.1: 

 

                                       θ= 
       

      
                                      (ASCE 7-22 equation 12.8-18) 

Where: 

 θ: Stability coefficient 

 Px = Total vertical design load at and above level x (where computing Px, no 

individual load factor need exceed 1.0) 

 Vx∕Δxe = Story stiffness at level x, calculated as the ratio of the seismic design 

shear, Vx, divided by the corresponding elastic story drift, Δxe  

 hsx = Story height below level x  

The stability coefficient (θ) shall not exceed θmax, determined as follows:  

                       θmax = (0.5 / β*Cd) ≤ 0.25                         (ASCE 7-22 equation 12.8-18) 

 

Where: 

Cd: Deflection amplification factor. 

β: is the ratio of shear demand to design shear capacity for the story between levels 

(x) and (x – 1). 

The value of β is permitted to be conservatively taken as 1.0, and shall not be taken 

less than (1.25/Ω0). 

θmax = (0.5 / 1*5) =0.1 ≤ 0.25 

The stability coefficient (θ) ⟹   0.1 < θ < θmax 

In X-direction: 

Px represented this load combination (p-delta in x): D+SD+L+ Lstorge +Lroof +EQx 
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Table ‎3.4-26: Effect of p-delta in X direction 

 

 

All values of θ in X direction are less than 0.1 → neglect effect of P-delta. 

 

In Y-direction: 

Py represented this load combination (p-delta in y): D+SD+L+ Lstorge +Lroof +EQ 

Table ‎3.4-27: Effect of p-delta in Y direction. 

 

 

All values of θ in X direction are less than 0.1 → neglect effect of P-delta 
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 Story drift (Δ): is the lateral displacement of a floor relative to the floor below, and the 

story drift ratio is the story drift divided by the story height. 

The design story drift (Δ) shall not exceed the allowable story drift Δa as obtained from 

Table 12.12-1 in ASCE7-22 as shown in table 3.4-28. 

 

Table ‎3.4-28: Allowable story drift Δa. 

 

In this project, ∆a = 0.015 hsx, where hsx is the story height below level x. 

 

In X-direction: 

Table ‎3.4-29:  Story drift in X direction according to equivalent method (EQx). 

 

 All values of drift ratio in x direction less than 0.015 → story drift ok 
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In Y-direction: 

Table ‎3.4-30:  Story drift in Y direction according to equivalent method (EQy). 

 

 All values of drift ratio in y direction are less than 0.015 → story drift ok 

3.5 Deflection computations: - 

 

   The deflection is the degree to which a part of a structural element is displaced under a load 

(because it deforms). It may refer to an angle or a distance. 

It’s a serviceability requirement that must meet the limits according to ACI 318-19. In this 

project every span between columns in the slab should not exceed the limit of the permitted 

vertical deflection. 

In deflection computations third of the live loads (Roof, storage and live in typical) are 

considered as sustained loads, the rest of it is considered non-sustained. 

 

Table ‎3.5-1: Deflection limitations.

 

 

 



  

 

125 
 

 

The structure is considered to be attached to nonstructural elements (Stone and gypsum 

partations) which are unlikely to be damaged by lagre deflections. So, according to table 3.5-

1, the deflection limitation should be used is L/240. 

The deflection which will be computed be the long-term deflection (Time dependant 

deflection due to sustained loads and immediate deflection due to unsustained loads). 

The long-term deflection load combination used is: 
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Figure ‎3.5-1: ζ values (ACI 318-22 fig. R24.2.4.1). 

The structure is expected to exist for more than 60 months, therefore δ will equal 2. 

By taking ρ equal to zero as a worst case, the multiplier for the additional deflection due to 

the long-term effect will equal δ which is 2. So, the resultant load combination will be: 

ΔLT = ΔL + λ∞ ΔD + λt ΔLS → ΔLT = ΔL + 2 ΔD + 2 ΔLS 

ΔL = 2/3 Live loads (Roof + Storage + Typical) 

ΔLS = 1/3 Live loads (Roof + Storage + Typical) 

ΔD = Dead loads + Super imposed dead loads 

ΔLT = 2 (D.D. + S.D.) + 1.333 L.L. (Roof, storage and live load in typical) 
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Figure ‎3.5-2: Long-term deflection. 

 

The relative deflection will be compared with the required limitation which is L/240. 

Long-term deflections in basement slab (since it has the highest deflection values) according 

to ETABS, two samples were taken A and B because they have the maximum values, as 

shown in figure 3.5-3 to 3.5-8. 

 

Figure ‎3.5-3: Long-term deflection A.1. 
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Figure ‎3.5-4 :Long-term deflection A.2. 

 

Figure ‎3.5-5: Long-term deflection A.3. 

 

The relative deflection =       
           

 
 = 8.42 mm, The limitation = 

    

   
 = 20.83 mm 

8.42 < 20.83 OK. 
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Figure ‎3.5-6: Long-term deflection B.1. 

 

 

Figure ‎3.5-7: Long-term deflection B.2. 
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Figure ‎3.5-8: Long-term deflection B.3. 

 

The relative deflection =       
           

 
 = 7.23 mm, The limitation = 

    

   
 = 22.29 mm 

8.42 < 22.29 OK. 
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3.6 Verification of structural design: 

Before obtaining the steel reinforcement results from the used program (ETABS), some 

checks must be made to various samples of the structural elements such as; beams, columns 

and walls, to make sure the program calculations and methods are according to the used code 

(ACI318-19). 

The combinations used in these samples will be included in the ultimate envelopes (gravity 

and seismic), as shown in figures 3.6-1 and 3.6-2. 

 

Figure ‎3.6-1:Ultimate Envelope (Gravity). 

 

Figure ‎3.6-2:Ultimate Envelope (Seismic). 
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3.6.1 Beams: - 

 

The 2
nd

 model will be used for these checks (The gravity model). 

Beam B13 from the first floor will be taken as a sample, as shown in figure 4.6-3. 

 

 

Figure ‎3.6-3:Beam B13. 

 

 

bw = 400 mm, h = 550 mm, d = 490 mm 

The top-left of the beam 13 will be taken to do the checks (I-end). 

Figure 3.6-4 shows the design data for the beam. 
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Figure ‎3.6-4:Beam B13 design sheet. 
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 Flexural steel: The longitudinal steel that resist the moment M3-3. Table 3.6-1 shows 

the ultimate moment and steel rebar results on I-end on beam B13. 

 

 

Table ‎3.6-1:Ultimate moment and steel rebar results on I-end on beam B13. 

 

Pu = 1.87 kN (Tension) 

Mu = 109.31 kN.m 

ρ = 
        

  
 (  √  

       

         
 ) 

ρ = 0.00309 → As required = ρ bw d → As required = 605.64 mm
2
 

As Total = As required + 
  

      
 

  = 0.9 → As Total = 608.11 

As ETABS = 609.00 mm
2
  

Diff % = 0.15 % 

As minimum = Max of ( 
   

  
 , 
     √   

  
) bw d   653.33 … 643.51 (without any approximation) 

As ETABS minimum = 644.00 mm
2
  

Diff % = 0.08 % 

As minimum > As Total required; take As minimum 
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 Shear steel: The transverse longitudinal steel that resist the shear forces. Table 3.6-2 

shows the ultimate shear and steel transverse results on I-end on beam B13. 

 

 

Table ‎3.6-2:Ultimate shear and steel transverse results on I-end on beam B13. 

 

 

Vu = 148.45 kN 

Φ Vc ETABS = 129.18 kN 

Φ Vs ETABS = 19.27 kN 

Vu by end moment = Vp = 0 

 

Vc = 
 

 
    √    * bw *d → Vc = 172.86 

Vs = 
  

 
    

Φ = 0.75 

Vs = 25.07 kN 

Vs ETABS = 25.69 kN 

Diff % = 2.47 

  

 
  

  

     
 → 

  

 
 = 124.83 mm

2
 /m 

  

 
 ETABS = 126.75 mm

2
 /m 

Diff % = 1.54 % 
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 Torsion steel: The transverse and longitudinal steel that resist the torsion forces. Table 

3.6-3 shows the ultimate torsion acting on I-end of beam B13. 

 

Table ‎3.6-3:Ultimate torsion and steel transverse results on J-end on beam B13. 

 

 

Figure 3.6-5 describe the details needed for measuring the parameter needed in torsion 

calculations. 

 

Figure ‎3.6-5:Beam transverse detailing. 

 

Assuming Φ 10 is used in transverse steel: 

x = bw – 2*(clear cover + 
  

 
)   x = 400 – 2*(40+5)   x = 310 mm 

y = h – 2*(clear cover + 
  

 
)   y = 550 – 2*(40+5)   y = 

460 mm 

 

Acp = bw * h = 220000 mm
2 

Aoh = x * y = 142600 mm
2
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Ao = 0.85 Aoh = 121210 mm
2
 

Pcp = 2*bw + 2*h = 1900 mm 

Ph = 2*x + 2*y = 1540 mm 

Figure 3.6-6 shows the axial compression acting on beam B13. 

 

Figure ‎3.6-6:Axial compression force on beam B13. 

 

Table 3.6-4 shows the equation needed to calculate threshold torsion for solid cross sections, 

according to ACI 318-19. 

 

Table ‎3.6-4:Threshold torsion for solid cross sections Tth. 
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Φ Tth = 8.4 kN.m 

Φ Tth ETABS = 8.38 kN.m 

Diff % = 0.24 % 

Tu = 14.43 kN.m > Φ Tth → Then needed to design for torsion. 

  

 
  

  

          
 → 

  

 
 = 188.97 mm

2
 /m 

  

 
 ETABS = 190.71 mm

2
 /m 

Diff % = 0.92 % 

 

 

Figure ‎3.6-7:Shear plus torsion transverse reinforcement in beam B13. 

 

 
    

 
  

  

 
   

  

 
 

  

 
 = 124.83 mm

2
 /m 

  

 
 = 188.97 mm

2
 /m 

    

 
 = 502.77 mm

2
 /m 

    

 
 ETABS = 508.16 mm

2
 /m 

Diff % = 1.07 % 

  

 
 minimum = Max of ( 

      √      

   
 , 
       

   
)   333.33 mm

2
 /m 

    

 
 = 502.77 > 333.33 mm

2
 /m → then use the steel measured. 
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For the longitudinal steel to resist torsion: 

Al = 
  

 
    

   

  
 

  

 
 = 188.97 mm

2
 /m 

Al = 291.01 mm
2
 

Al minimum = 
 √   

     
     – 

  

 
    

   

  
 = 863.88 mm

2
/m 

Al minimum > Al required ; take Al minimum 

Al ETABS = 874.00 mm
2
 

Diff % = 1.17 % 

 

Figure 3.6-8 shows the total longitudinal steel at I-end in beam B13. 

 

Figure ‎3.6-8:The total longitudinal steel at I-end in beam B13. 

 

 

As flexural = 608.11 mm
2
 

Al = 863.88 mm
2
  

Total As = As flexural +  
  

 
 = 1040.05 mm

2
 

As ETABS = 1046.00 mm
2
 

Diff % = 0.57 % ✓ 
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3.6.2 Columns:- 

Use the following column for the check, which is located on the basement floor, as shown in 

figure 3.6-9.  

This column has a length of 3.20 m and the dimensions for the cross-section are 700 mm by 

400 mm. 

 

Figure ‎3.6-9:The column selected for the design check. 

The internal forces are as follows : 

Pu = 786.12kN 

Mu2 = 126.41 kN.m 

Mu3 = 33.48 kN.m 

Table 3.6-5 shows the values of Pu‚ Mu2 and Mu3 for the design. 

Figures 3.6-10 and 3.6-11 show the Interaction diagrams for this column. 
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Table ‎3.6-5:The value of Pu‚ Mu2 and Mu3 for the design. 

 

 

 

 

Figure ‎3.6-10:Interaction diagram (P and M3). 

 

 

Figure ‎3.6-11:Interaction diagram (P and M2). 
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 Dimensional limits: 

Columns shall satisfy the following: 

a) Shortest cross-sectional dimension should be at least 300mm. 

400mm > 300 mm OK 

 

b) The ratio of the shortest cross-sectional dimension to the perpendicular dimension shall 

be at least 0.4. 

→ 
   

   
 = 0.57 > 0.4 OK 

 

 Minimum flexural strength of columns: 

This equation must be achieved: 

 

∑Mnc ≥ (6/5) ∑Mnb                                (ACI318-19 equation 18.7.3.2) 

      Figure 3.6-12 illustrate the chosen column. 

 

 

Figure ‎3.6-12:The column selected for the design check. 
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ƩMB: Beam flexural. 

As = 644 mm
2
 

Mn = As * Fy ( d - 
     

         
 ) 

Mn = 644 * 420 * (490 - 
       

          
 ) 

Mn = 128.69 KN.m 

Direction 1 → 128.69 + 128.69 = 257.38 KN.m 

Direction 2 → 128.69 + 128.69 = 257.38 KN.m 

Basement floor → Pu = 262.83 kN from Figure 3.6-14, Mn = 460 kN.m                                      

Ground floor → Pu = 146.8 kN from Figure 3.6-13, Mn = 352 kN.m                                      

 ƩMc = 352 + 460 = 812 kN.m 

   

      
 = 3.154 ≥ 1.2     OK 

 

Capacity ratio = 
   

     
 = 0.380  

Capacity ratio ETABS =0.386 

Diff % = 1.57 % OK 

Figures 3.6-13 and 3.6-14 show the Interaction diagrams for this column. 
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Figure ‎3.6-13:Interaction diagram (P-M) for column in the ground floor. 

 

 

Figure ‎3.6-14:Interaction diagram (P-M) for column in the basement floor. 
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 Shear Design: 

Table 3.6-6 shows the results of shear design. 

 

Table ‎3.6-6:Result of shear design. 

 

 

ƩMPr : Beam Flexure. 

As = 644 mm
2
 

MPr = As * 1.25 * Fy (d - 
           

         
 ) 

MPr = 644 * 1.25 * 420 * (490 - 
            

          
 ) 

MPr = 159.6 KN.m 

Direction 1 → ƩMPr = 319.3 KN.m 

Direction 2 → ƩMPr = 319.3 KN.m 

 

Ve = 
      

        
 = 

     

   
 = 99.78 KN. 

Maximum ultimate shear force is 244.30 KN‚ which is larger than Ve = 99.78 KN‚ So the 

value 244.30 is used for shear design for 
  

 
 . 

Figures 3.6-15 and 3.6-16 show the values of shear and axial loads on the column. 
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Figure ‎3.6-15:The value of shear force Vu2. 

Check if Vc = 0:  

→ Vu >Ve ‚ So this point is not achieved. 

→ Pu = 786.12 KN > 
          

     
 ‚ So this point is not achieved. 

So Vc is not equal to zero. 

 

Figure ‎3.6-16:The value of axial force Pu. 
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 ≤ 0.05 Fc’ → 

           

           
 = 0.4679 < 1.4 

Use 0.4679. 

Vc = (0.17 * 1 *√   -0.4679) * 400 * 640 /1000 

Vc = 110.50 KN. 

VcMax = 0.42*1*√   * 400 * 640/1000 = 568.90 KN. 

At the bottom, Pu = 786.12 kN (Tension) from Figure 3.6-14 → Mn = 75 kN.m 

At the top, Pu = 628.87 kN (Compression) from Figure 3.6-14 → Mn = 470 kN.m 

Ve = 
      

   
 =170.31 > 110.5 So, use reduction factor        

  

 
 = 

     

   
   = 407.17 kN  

Vs=
  

 
 -Vc =407.17-110.5= 296.67 KN  

 
  

 
 =1103.68 mm

2
/m 

 
  

 
 min =0.062*√   *700*1000/420 = 546 mm

2
/m 

 
  

 
 min= 0.35*700*1000/420 = 583.33 mm

2
/m 

(
  

 
)    

  

 
     so, take (

  

 
) = 1103.68 mm

2
/m 

 
  

 
  Etabs =1118.8 mm

2
/m  

Diff % =1.37 < 10% …. OK 

 

3.6.3 Walls: - 

The 1
st
 model will be used for these checks (Full seismic model with shear 

modifiers on the columns). 

 

1) Pier wall: 

The bottom of the wall at elevation Elev. E1 will be taken as a sample, as shown in 

figure 3.6-17. 
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Figure ‎3.6-17:Wall of elevation Elev. E1. 

 

lw = 7830.50 mm, hw = 3200 mm, bw = 300 mm. 

The bottom-left of it will be taken. 

Figure 3.6-18 shows the pier wall design sheet that will be used in the checks. 

 

Figure ‎3.6-18:Pier wall design sheet. 
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 Flexural check:  The longitudinal steel that resist the moment M3-3 and Pu. Table 

3.6-7 shows the ultimate forces and stresses results on Elev. E1 wall. 

 

Table ‎3.6-7:ultimate forces result on Elev. E1 wall. 

 

 

Figure 3.6-19 shows the distribution of the vertical rebar along the cross-section of the 

wall. 

 

Figure ‎3.6-19:Wall of elevation Elev. E1. 

 

 

 

As ETABS = 10514 mm
2
; this steel is distributed all over the gross area using two 

meshes. 

To get the steel for every meter of the wall for one mesh, by using Φ14, the steel 

used will be 1Φ14/ 200mm. 

Spacing between bars = 
      
     

          

 = 229.30 mm → use 200 mm. 
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The interaction diagram for this pier wall is shown in figure 3.6-20. 

 

Figure ‎3.6-20:Interaction diagram of pier wall. 

 

 

Point (7007.49 kN.m , 7179.26 kN) 

The point that represents the ultimate loads on this wall for flexural falls inside the 

curve. ✓ 

 

 Shear strength check: The transverse longitudinal reinforcement steel that resist 

the shear force. Table 3.6-8 shows the ultimate shear and steel transverse results on 

Elev. E1 wall. 

 

Table ‎3.6-8:Ultimate shear and steel transverse results on Elev.1 wall. 
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Vu = 2783.01 kN 

Φ Vn ETABS = 2783.01 kN 

Φ Vc ETABS = 1238.61 kN 

 

Φ Vn = Φ (αc λ √    + ρt fyt) Acv 

Φ = 0.60 

αc = 0.25; since hw\lw ≤ 1.5 

λ = 1.0; since the concrete used is a normal weight 

Av horizontal = 782.65 mm
2
 /m 

ρt = 
             

    
 = 

      

         
 = 0.0026 

Acv = lw * bw = 2349150 mm
2
 

Φ Vn = 0.6 * (0.25 * 1 * √   + 0.0026 * 420) * 2349150 = 3403.74 kN 

Vn = 5672.90 kN 

Vn max = 0.66√    Acv = 8204.15 kN > 5672.90 ✓ 

Φ Vn Diff % = 18.24 % 

 

Φ Vc = Φ αc λ √    Acv → Φ Vc = 1864.58 kN 

Diff % = 33.57 % 

 

Note: the differences in values were high; because ETABS takes the full height of the 

wall since the pier is assigned for the whole wall, so the αc will be taken as 0.17 by the 

ETABS. 

If you take αc = 0.17, the difference in Φ Vn will be 0.86%, and the difference in Φ Vc 

will be 2.30%. 
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 Boundary element check: Check if there is a need to use a boundary element for the 

wall. Table 3.6-9 shows the ultimate forces and stresses results on Elev. E1 wall. 

 

Table ‎3.6-9;Ultimate forces and stresses results on Elev. E1 wall. 

 

 

σu = 
  

 
 

    

  
 

    

  
 

Pu = Nu = 7179.26 kN 

Mu 2-2 = 48.56 kN.m 

Mu 3-3 = 10372.86 kN.m 

 

X = 3915.25 mm 

Y = 150.00 mm 

A = 2349150.00 mm
2

 

Ix = 1.20 x10
13

 mm
4

 

Iy = 1.76 x10
10

 mm
4

 

 

σu = 
           

          
 

                

         
 

                    

         
 = 6.85 MPa 

σu ETABS = 6.44 MPa 

Stress Diff % = 5.99 % 

Note: the difference in stress value is due the Mu 2-2 which the ETABS didn’t 

consider in the calculations. Hand calculation difference for the stress without 

taking the Mu 2-2 equals 0.00%. 

 

 

σ limit = 0.2 f’c = 5.60 MPa 

σu > σ limit → Boundary element is needed. 
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Cdepth = (
    

          
 lw 

α = 
  

        
 = 0.1092 

ω = ρl 
  

   
 = 0.0675 

ρl = 0.0045 

β1 = 0.85; since f’c = 28 MPa 

cdepth = 1613.59 mm 

cdepth ETABS = 1562.80 mm 

Diff % = 3.15 % 

 

2) Spandrel wall: 

The spandrel at the middle bottom of the wall in elevation A, that is going through the 

first-floor slab, will be taken as a sample, figure 3.6-21 shows the chosen spandrel. 

 

 

Figure ‎3.6-21:Wall of elevation A. 

 

 

bw = 300 mm, hw = 2200 mm, d = 1980 mm, Ln = 2400 mm 

The top-right will be taken of it. 

 

Figure 3.6-22 shows the spandrel design sheet that will be used in the checks. 
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Figure ‎3.6-22:Spandrel wall design sheet. 

 

Flexural strength check: The longitudinal steel that resist the moment M3-3. Table 3.6-10 

shows the ultimate forces and stresses results on the spandrel. 
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Table ‎3.6-10:Ultimate forces and stresses results on the spandrel. 

 

Pu = 43.30 kN (Tension) 

Vu 2-2 = 1009.04 kN 

Vu 3-3 = 10.97 kN 

Torsion = 18.08 kN 

Mu 2-2 = 2.20 kN.m 

Mu 3-3 = 1112.08 kN.m 

 

ρ = 
        

  
 * (1 - √  

       

      
 ) 

ρ = 0.0039 → As = ρ b d → As flexural = 1544.4 mm
2
 

As total = As flexural + 
  

      
  

  = 0.90 → As total = 1601.68 mm
2
 

As ETABS = 1599.00 mm
2
 

Diff % = 0.17 % 

 

Ln/h = 1.09 < 2 

Vu = 1009.04 > [0.33 λ √    Acw ]= 768.33 

So, it shall be reinforced with two intersecting groups of diagonally bars symmetrical 

about the midspan of this spandrel. 
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 Shear strength check: The transverse longitudinal reinforcement steel that resist the 

shear force. Table 3.6-11 shows the ultimate shear and steel transverse results on the 

spandrel. 

Table ‎3.6-11:Ultimate shear and steel transverse results on the spandrel. 

 

Pu = 43.30 kN (Tension) 

Vu = 1009.04 kN 

Φ Vn ETABS = 1009.04 kN 

Φ Vc ETABS = 204.90 kN 

Φ Vs ETABS = 804.14 kN 

 

Vc = αc λ √    Acv 

αc = 0.17 (1+
  

       
) > 0; since there is tension on the spandrel 

αc = 0.165 

λ = 1; since the concrete is normal weight. 

Acv = d * bw = 396000 mm
2
 

Vc = 345.75 kN 

Φ Vc = 207.45 kN 

Diff % = 1.23 % 

Vs = 
  

 
 – Vc ETABS → 

       

   
 – 341.50 = 1340.23 kN 

  

 
  

  

     
 → 

  

 
 = 1611.63 mm

2
 /m 

 
  

 
 ETABS = 1611.64 mm

2
 /m 
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Diff % = 0.00 % 

Table 3.6-12 shows the ultimate shear and diagonal reinforcement steel results on the 

spandrel. 

Table ‎3.6-12:Ultimate shear and diagonal reinforcement steel results on the spandrel. 

 

Vu = 1009.04 kN 

Avd = 
  

                 
 

sinα = 
      

√            
 → 

        

√                 
 = 0.591 

Avd = 
           

                     
 = 2391.24 mm

2
 

Avd ETABS = 2390.00 mm
2
 

Diff % = 0.05 % 

 

3.6.4 Footing: - 

The allowable stress on the soil is q = 200 kN/m
2
 

Figure 3.6-23 shows the mat foundation. 
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Figure ‎3.6-23:Mat Foundation Layout. 

The foundation thickness is 800 mm. 

 

 Check foundation for soil pressure, figure 3.6-24 shows the soil pressure on the mat 

foundation. 



  

 

159 
 

 

Figure ‎3.6-24:Soil Pressure on the mat foundation. 

 

The soil pressure on the foundation is less than 200 kN/m
2
, so it’s OK. 

 

 Check the wide beam shear using no stirrups for it, taking bw = 1000 mm. 

  Vc = 0.75 * 0.66 λs λ ρ
1/3

 √    bw d 

  Vc = 0.75 * 0.66 * 1 * 1 * 0.002
1/3

 * √   * 1000 * (800-50) = 247.50 kN 

Figures 3.6-25 and 3.6-26 show the shear on the foundation using a section cuts. 
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Figure ‎3.6-25:Wide beam shear check V13. 

 

 

Figure ‎3.6-26:Wide beam shear check V23. 

 

By V13 = 
               

 
 ÷ 13.30 (the length of the section cut, since we took the bw = 1000mm) 

→ V13 = 224.25 kN <   Vc = 247.50 
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By V23 = 
               

 
 ÷ 15.00 (the length of the section cut, since we took the bw = 1000mm) 

→ V23 = 155.00 kN <   Vc = 247.50 

 

The shears V13 and V23 are less than Φ  Vc = 247.50. 

 

 Check for punching: 

Figure 3.6-36 shows the punching shear on the foundation. 

 

Figure ‎3.6-27:Punching on the mat foundation. 

 

 

The punching values are less than 0.9, so it’s OK. 

 

Using the ACI 318-19 formulas to compute the shear-moment transfer (punching 

shear) stresses using the following column loads at the connection with slab for this 

column. 

Figure 3.6-28 shows the data sheet for punching shear design for column in ground 

floor. 
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Figure ‎3.6-28:Data sheet for punching shear design for column in ground story. 

 

Pu = 2946.21 KN  

Mx = 19.68 KN.m 

My = 31.58 KN.m 
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The punching shear stress resistance of the slab (  Vc) should be larger than Vu → 

Demand/Capacity ratios for punching shear < 0.9  

Vc shall be calculated in accordance with Table 22.6.5.2 in ACI 318-19. As shown in 

table 3.6-13. 

Table ‎3.6-13:Vc formulas for two-way slab. 

 

b0: the perimeter length of the critical zone = 2 (700+744) +2(400+744) =5176 mm.  

d: the effective depth of the slab = 744 mm. 

Ƀ = ratio of 
         

          
 of column = 

   

   
 = 1.75 

ἀs: factor describes the location of the column= 40 for interior column 

λs: factor used to modify shear strength on the effects of member depth  

for (Foundations) → λs =1  

→  *Vc =0.75 * 0.33 * 1 * 1 * √   = 1.31 MPa 

 

→ Vu = 
  

 
 + (ɣv1*Mux*Y'/ 𝐽cx) + (ɣv2*M𝑢y*X' / 𝐽cy) = 0.77 Mpa 

Where: 

Jcx = 135983721.1 cm
4  

Jcy = 96718555.6 cm
4 

X' = (700/2) +(744/2) = 722 mm 

Y' = (400/2) +(744/2) = 572 mm 
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ɣx = 1- (1 / (1 + (2 /3) * (bx/𝑏y) ^0.5)) = 0.43  

ɣy = 1- (1 / (1 + (2 /3) * (by/𝑏x) ^0.5)) = 0.37  

bx = 700 + 744 = 1444 mm, by = 400 + 744= 1144 mm 

bo = 1444*2 + 1144*2 = 5176 mm 

 

D/C ratio for punching by hand = 0.77/1.31 = 0.59 < 0.9 → Ok for punching shear. 

D/C ratio for punching from ETABS = 0.59 < 0.9 → Ok for punching shear. 

Diff % = 0.00%  

 

3.7 Design of Slabs: - 

 Check punching shear: 

 Demand/Capacity ratios for punching shear in slab should be less than 0.9  

1) From ETABS: all slabs have ratios less than 0.9 for punching shear. OK 

Figure 3.7-1 shows the demand/capacity ratios for punching shear in slab in ground 

floor. 

 

Figure ‎3.7-1:Demand/Capacity ratios for punching shear in slab in ground floor. 
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2) Manual check: 

A certain column in ground floor will be taken as a sample, as shown in figure 3.7-2. 

 

Figure ‎3.7-2:The column selected for the punching check. 

 

Thickness of slab =210 mm 

Column dimension =700*400 mm  

 

Use the ACI 318-19 formulas to compute the shear-moment transfer (punching shear) 

stresses using the following column loads at the connection with slab for this column. 

 

Figure 3.7-3 shows the data sheet for punching shear design for column in ground 

floor. 
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Figure ‎3.7-3:Data sheet for punching shear design for column in ground story. 

 

Pu=420.79 KN 

Mx=16.12 KN.m 

My=4 KN.m 

The punching shear stress resistance of the slab (Vc) should larger than Vu → 

Demand/Capacity ratios for punching shear < 0.9  
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According to ACI 318-19, for non-prestressed slabs where ∆x / hxx < 0.005 → no need 

shear reinforcement. 

Figure 3.7-4 shows the criteria of the ACI code concerning the shear reinforcement 

for slabs. 

 

Figure ‎3.7-4:Criteria of the ACI code concerning the shear reinforcement for slabs. 

 

All values ∆x / hxx in our project were less than 0.005, then Vc shall be calculated in 

accordance with Table 22.6.5.2 in ACI 318-19. As shown in table 3.7-1. 

 

Table ‎3.7-1:Vc formulas for two-way slab. 

 

b0: the perimeter length of the critical zone = 2 (700+164) +2(400+164)   =2856mm.  

d: the effective depth of the slab = 164 mm. 

Ƀ = ratio of 
         

          
 of column = 

   

   
=1.75 
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ἀs: factor describes the location of the column= 40 for interior column 

λs: factor used to modify shear strength on the effects of member depth  

for (d < 250mm) → λs =1  

→   *Vc =0.75*0.33*1*1*√   =1.31 MPa 

 

→Vu = 
  

 
 + (ɣv1*Mux*Y'/ 𝐽cx) + (ɣv2*M𝑢y*X' / 𝐽cy) =0.984 Mpa 

Where: 

Jcx =2785486.2 cm
4  

Jcy =5278837.2 cm
4 

X' = (700/2) +(164/2) = 432 mm 

Y' = (400/2) +(164/2) = 282mm 

ɣx = 1- (1 / (1 + (2 /3) * (bx/𝑏y) ^0.5)) = 0.45  

ɣy = 1- (1 / (1 + (2 /3) * (by/𝑏x) ^0.5)) = 0.35  

bx = 700+164 = 864mm, by=400+164=564mm 

 

D/C ratio for punching by hand = 0.984/1.31 =0.75 < 0.9 → Ok for punching shear. 

D/C ratio for punching from ETABS =0.74 < 0.9 → Ok for punching shear. 

Diff % = ((0.75 -0.74)/0.74) *100% =1.35%  

 Wide beam shear: 

According to ACI 318-19, the shear strength capacity of the slab is given by: 

 *Vc =0.75*0.66*(( λs * λ * ρw
 1/3

*√    +
  

    
)) bw*d  

The ground slab with thickness 210 mm, will be taken as a sample. 

Let ρw = 0.0018
 

 
 =0.0018*

   

   
=0.0021 

Nu : axial force = 200 KN/m 

Ag = 1000*210 =210000 mm
2 



  

 

169 
 

 *Vc=

    ((             
 
  √   )      

    

        
 )         

    
 = 39KN 

From ETABS, figures 3.7-5 to 3.7-8 show the ultimate shear and axial force in the slab. 

 

Figure ‎3.7-5:Ultimate shear force in the slab in x-direction, V13. 

 

 

Figure ‎3.7-6:Ultimate shear force in the slab in y-direction, V23. 
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Figure ‎3.7-7:Axial force in the slab in X-direction, F11. 

 

 

Figure ‎3.7-8:Axial force in the slab in Y-direction, F22. 

 

Vu <  *Vc 

All values of Vu less than  *Vc → The slab needs no shear reinforcement. 

Table 3.7-2, shows the ultimate shear forces and shear strength capacity for each slab. 
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Table ‎3.7-2:Shear strength capacity and ultimate shear forces. 

No. of floor Nu max  *Vc 

 

Vu max OK/Not ok 

Basement 

(h=220mm) 

140 KN 48.5 KN 15 KN OK 

Ground  

(h=210mm) 

200 KN 39 KN 12 KN OK 

 

First floor 

(h=210mm) 

80 KN 52 KN 15 KN OK 

2
nd 

floor 

(h=210mm) 

75 KN 52.34 KN 20 KN OK 

3
rd 

floor 

(h=210mm) 

110 KN 48.6 KN 20 KN OK 

4
th 

floor 

(h=210mm) 

80 KN 52 KN 15 KN OK 

5
th 

floor 

(h=180mm) 

90 KN 41.5 KN 15 KN OK 

Roof
 
floor 

(h=180mm) 

160 KN 34 KN 20 KN OK 

 

 Design of slabs for flexure: 

Maximum bending moment (M11) in ground floor = 23 KN.m/m, as shown in figure 3.7-9. 
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Figure ‎3.7-9:Max ultimate bending moment M11 in ground floor. 

 

 

Bottom steel:  

ρ =0.0019, b = 1000, h=210, clear cover = 30  

As = ρ b d = 0.0019 × 1000 ×180= 342 mm
2
.  

As min= ρ min × b × d = 0.0018 × 1000 ×210 = 378 mm
2
.  

As < As min → Use As min 

378 mm
2
 →1  12 / 250 mm. 

 

Reinforcement for the slabs is shown in Table 3.7-3. 
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Table ‎3.7-3:Reinforcement for the slabs. 

No. Floor Bottom steel 

in direction 1 

Top steel in 

direction 1 

Bottom steel 

in direction 2 

Top steel in 

direction 2 

Basement   12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

Ground   12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

1
st   12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

2
nd   12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

3
rd   12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

4
th   12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

  12 / 250 

mm. 

5
th   10 / 200 

mm. 

  10 / 200 

mm. 

  10 / 200 

mm. 

  10 / 200 

mm. 

Roof   10 / 200 

mm. 

  10 / 200 

mm. 

  10 / 200 

mm. 

  10 / 200 

mm. 

 

 Note: Additional top reinforcement is used around columns and illustrated in detailed 

slab reinforcement drawings. 

 

 Detailing and requirements: 

 The development length in tension,  d is given by: 

 Ld ≥ (0.48*Fy*db/√    ) ≥ 300mm → for db < 20mm  

Ld ≥ (0.59*Fy*db/√    ) ≥ 300mm → for db > 20mm  
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 In tension splicing, use 1.3*Ld: 

o Ls (Ø12) = 1.3 *(0.48 420 *12 / √28) = 594.34 mm 

o Ls (Ø10) = 1.3 *(0.48 420 *10 / √28) = 495.28 mm 

3.8 Design of Beams: - 
 

In this section, a sample frame as shown in Figure 3.8.1 in the basement, will be designed and 

detailed according to ACI 318-19 special moment frame requirements. Design results will be 

taken from ETABS after it was checked previously in section 3.6.1, the higher design result 

from the two models (full model and frames only model) will be used. 

 

 

Figure ‎3.8-1:The beams selected for the design. 

 

The frame includes B7 and B8 is taken as a sample for special beam details. Figures 3.8.2, 

3.8.3 and 3.8.4 show the total longitudinal reinforcement, the shear plus torsion 

reinforcement and the torsional longitudinal reinforcement respectively. 
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Figure ‎3.8-2:Total longitudinal reinforcement for beam B7 & B8 in ETABS. 

 

 

Figure ‎3.8-3:Shear plus torsion reinforcement for beam B7 & B8 in ETABS. 
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Figure ‎3.8-4:Torsional longitudinal reinforcement for beam B7 & B8 in ETABS. 

 

 Longitudinal reinforcement: 

 

Beam width, b= 400mm.  

Beam thickness, h= 550mm. 

 

Bottom Steel in the first and second spans: As = 644 mm → use 6Ø12.  

Top Steel in the first and second spans: As = 644 mm → use 6Ø12.  

 

 Development Lengths: Ldt = (0.48 420 *12)/√28 = 457 mm. 

Splice length, Ls = 1.3* Ldt = 594 mm.  

 Ls in top steel =1.3*1.3* Ldt= 772.33 mm. 

 

 Transverse reinforcement: the transverse longitudinal steel that resist the shear forces. 

 

Assume stirrup Ø12: 

 Av = 2*113 = 226 mm
2
 

 S = 226/1.085 = 208 mm 
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Hoops and stirrups: 

 In distance 2h= 2(0.55) =1.1m:  

spacing shall be the minimum of:  

1. d/ 4 = 490/ 4 = 122mm  

2. 150mm  

3. 6*db = 6(12) = 72mm → take s = 70mm. 

 At splicing zones: 

 spacing shall be the minimum of:  

1. d/ 4 = 490/ 4 = 122mm 

2. 100mm → take s = 100mm.  

 In other places: s = d/2 = 490 /2 = 200mm. 

 

 At middle we put one-third of torsional reinforcement. 

As middle = 453/3 = 151 mm
2
 → use 2 Ø10 

 

Figure ‎3.8-5:Longitudinal section of beams, B7 & B8. 

 

Figure ‎3.8-6:Cross section of beam. 
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3.9 Design of Column: 

In this section, a sample column as shown in Figure 3.9.1 in the basement, will be designed 

and detailed according to ACI 318-19 special moment frame requirements. Design results 

will be taken from ETABS after it was checked previously in section 3.6.2, the higher design 

result from the two models (full model and frames only model) will be used. 

 

 

Figure ‎3.9-1:The column selected for the design. 

 

 Longitudinal reinforcement: 

 

 

Figure ‎3.9-2:Longitudinal reinforcement for columns of special moment frames. 

 

longitudinal reinforcement As = 11954 mm
2
 → 26Ø25 



  

 

179 
 

Steel ratio =  
   

    

 
 

       
 = 0.045 < 0.06      OK. 

 

 Transverse reinforcement: 

Transverse reinforcement is required in columns to confine the core concrete, provide 

lateral support to longitudinal reinforcement. 

 

Pu = 4061.92 ˃ 2352 KN 

hx = (
                

 
) = 63.44 mm 

hx =63.44< 200  → Ok.  

Smax = min : 

 0.25 * 400 = 100 mm 

 6 * 25 = 150 mm 

 So = 100 + (
         

 
) = 195.52 mm ˃ 150 mm , so So =150 mm. 

Smax = 100 mm 

 

Kf = 
  

   
 + 0.6 = 0.75 < 1 , so Kf = 1 

Kn = 
  

    
 = 1.0833 

Ach = (700 – 80) (400 –80)= 198.4*10
3
 mm

2
 

Ag = 700 * 400 = 280000 mm
2 

 

From figure 3.9.3, Pu = 4062.92 ˃ 2352 kN ➔   ℎ/  𝑏  = maximum of (a), (b), and (c): 

a) 0.3 (
      

          
 - 1 ) 

  

   
 = 8.22*10

-3
 

b) 0.09 * 
  

   
 = 6 * 10

-3
 

c) 0.2 * 1 * 1.0833* 
        

             
 = 0.01056 

largest value for 
   

   
 = 0.01056 
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Figure ‎3.9-3:Transverse reinforcement for columns of special moment frames. 

For long direction: 

Ash  =    *( 400 – 40*2) * 0.01056 = 337.96 mm
2
 

      
 

 
    

 → 2.99 = 3 Leg, . 

For short direction  

Ash = 100 * (700 – 40*2 )* 0.01056= 654.72 mm
2
 

 

Figure ‎3.9-4:Cross section for column C45 in basement. 

 

3.10 Design of Walls: 

In this section, a wall samples (pier and spandrel) as shown in Figure 3.10.1 in the 1
st
 floor 

on the southern elevation, will be designed and detailed according to ACI 318-19. Design 

results will be taken from ETABS after it was checked previously in section 3.6.4, the first 

model (walls carrying more than 98% of the seismic forces) will be used. 



  

 

181 
 

 Pier Sample:  

 

 

Figure ‎3.10-1:The Pier wall selected for the design. 
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Figure 3.10.2 shows the pier design details sheet. 

 

 

Figure ‎3.10-2:Pier design details sheet. 

 

 Longitudinal and transverse reinforcements: 

Wall length, L = 2120 mm.  

Wall thickness, b = 200 mm. 

 

On both faces of the wall, the steel will be distributed. 

 

Vertical steel in each face: As = 1050 mm
2
 → use 1Ø12 / 300 mm. 

Horizontal steel in each face: As = 769.92 mm
2
 / m → use 1Ø12 / 300 mm. 
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Splice length for the vertical steel: Ls =     
                

√  
 

→ 1.3 * (0.48 * 420 * 10) / √   = 500 mm. 

 

 Boundary element reinforcement: 

 

At the bottom from right or left of the pier wall the length of the boundary element equals 

266 mm → take 300 mm. 

Smax = min of [ 
 

 
 * least boundary element dimension,6 * db] → Smax = 66 mm 

hx = 133.33 mm 

Ash ≥ 0.09 s bc 
   

  
  

→ Ash Y = 0.09 * 60 * 160 * 
  

   
 = 57.60 mm

2
 → Y legs Ø 10 / 60 mm 

→ Ash X = 0.09 * 60 * 280 * 
  

   
 = 100.80 mm

2
 → X legs Ø 10 / 60 mm 

 

Then in Y direction use 2 legs to close the hoop, and X direction use 3 legs according to 

hx. Figure 3.10-3 shows the elevation section of this pier, and figure 3.10-4 shows the 

cross-section of it. 

 

 

Figure ‎3.10-3:Pier elevation section of the wall. 
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Figure ‎3.10-4:Cross-section of the pier. 

 

 Spandrel sample: 

 

Figure ‎3.10-5:The spandrel wall selected for the design. 
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Figure 3.10.6 shows the pier design details sheet. 

 

 

Figure ‎3.10-6:Pier design details sheet. 

 

 Longitudinal and transverse reinforcements: 

 

Wall height, h = 2200 mm. 

Wall effective depth, d = 1980 mm. 

Wall thickness, b = 200 mm. 

 

On both faces of the wall, the shear steel will be distributed. 
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Horizontal Top steel: As = 1389 mm
2
 → use 6Ø18. 

Horizontal Bottom steel: As = 1395 mm
2
 → use 6Ø18. 

Horizontal middle steel: As = 500 mm
2
 / m → use 1Ø10 / 300 mm. 

Vertical steel: As = 1527.17 mm
2
 / m → use 1Ø14 / 200 mm. 

 

 Diagonal reinforcement: 

 

The diagonal will be distributed into two groups, that intersect at the middle, and will 

have a development length. 

 

Diagonal steel group 1: As = 2053 mm
2
 → use 6Ø22. 

Diagonal steel group 2: As = 2053 mm
2
 → use 6Ø22. 

 

 

Smax = 6 * db → Smax = 132 mm. 

hx = 350 mm 

Ash ≥ 0.3 s bc (
  

   
 - 1) 

   

  
  

→ Ash Y = 0.3 * 100 * 150 * (
       

       
 - 1) 

  

   
  = 278 mm

2
 → Y legs Ø 10 / 100 mm 

→ Ash X = 0.3 * 100 * 100 * (
       

       
 - 1) 

  

   
  = 155 mm

2
 → X legs Ø 10 / 100 mm 

 

Development length for diagonal: Ldt = 
                

√  
 

→ (0.59 * 420 * 22) / √28 = 1100 mm. 

 

Then in Y direction use 3 legs to satisfy the needed area of steel, and X direction use 2 

legs to close the hoop. Figure 3.10-7 shows the elevation section of this spandrel, and 

figure 3.10-8 shows the cross-section of it. 
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Figure ‎3.10-7:Spandrel elevation section of the wall. 

 

 

Figure ‎3.10-8:Cross-section of the spandrel. 
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3.11 Design of footing: - 

In this project, the design of a footing must be computerized in a three-dimensional 

(ETABS) model in order to obtain the results of the design from the computer 

program after performing verifications and checks. 

 

3.11.1 Footing design verification 

 Moment in direction 1 = 132 KN.m, as shown in Figure 3.11-1. 

 

Figure ‎3.11-1:Moment in direction 1. 

 

  

 = 
          

   
 (1 – √  

            

            
 )= 0.0006 

As = ρ b h = 0.0006 × 1000 × 750 = 450 mm
2
/ m 

As min= ρmin × b × h = 0.0018 × 1000 × 800 = 1440 mm
2
 

As < As min, use As min = 1440 mm
2
. 
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 Area of steel (As) in direction 1 and in bottom face = 1440 mm
2
/m at the same point, 

as shown in figure 3.11.2. 

 

Figure ‎3.11-2:Area of steel in direction 1. 

3.11.2 Flexural Design: 

 

For mat foundation: 

By using finite element method, reinforcement for both X and Y directions, have a 

minimum reinforcement with additional steel in some areas. 

 Minimum area of steel = 0.0018 * 1000 * 800 = 1440 mm
2
   

 1440mm
2 

→ Use  20 / 200mm. 

 

X-direction: 

Top reinforcement =  20 / 200mm 

Bottom reinforcement =  20 / 200mm 

      Y-direction: 

Top reinforcement =  20 / 200mm 

Bottom reinforcement =   20 / 200mm 



  

 

190 
 

As an example of using finite element method, reinforcement for both X and Y directions are 

shown in Figures 3.11.3, 3.11.4, 3.11.5 and 3.11.6. 

 

 

Figure ‎3.11-3:Bottom steel in direction 1. 

 

 

Figure ‎3.11-4:Top steel in direction 1. 
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Figure ‎3.11-5:Top steel in direction 2. 

 

 

Figure ‎3.11-6:Bottom steel in direction 2. 

 

 Note: Additional top and bottom reinforcement are used around some areas and 

illustrated in detailed mat reinforcement drawings. 

 

 The development length in tension,  d is given by: 

Ld ≥ (0.48*Fy*db/√    ) ≥ 300mm → for db < 20mm  

Ld ≥ (0.59*Fy*db/√    ) ≥ 300mm → for db ≥ 20mm  
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 For top bars and d ≥ 300mm, increase these values by 30%. 

 In tension splicing, use 1.3*Ld: 

 

o Ls top bar (Ø 20) = 1.3*1.3 *(0.59 420 *20 / √28) = 1600 mm 

o Ls bottom bar (Ø 20) = 1.3*(0.59 420 *20 / √28) = 1250 mm. 

 

 

 

Figure ‎3.11-7:Footing details in x-direction. 

 

 

 

Figure ‎3.11-8:Footing details in y-direction. 
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Figure ‎3.11-9:Cross section in mat foundation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

194 
 

3.12 Design of Stairs :- 

In this section, a staircase as shown in Figure 3.12.1 in the 3
rd

 and 4
th

 floors, will be designed 

and detailed, the staircases were modeled in special models to simplify the process and to 

make it clearer. 

 

  

Figure ‎3.12-1:The staircase selected for the design. 

 

The wall has been represented as fix supports, as shown in figure 3.12.1. 

Figure 3.12.2 shows the layout of the staircase. 

 

The design 

Sample 
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Figure ‎3.12-2:Staircase layout. 

 

Analysis checks: - 

 Compatibility check is shown in figure 3.12.3. 

 

 

Figure ‎3.12-3:Compatibility check. 
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 Equilibrium check is shown in tables 3.12.1 and 3.12.2, which represent ETABS 

results and manual calculation respectively. 

Table ‎3.12-1:Manual calculation. 

 

 

Table ‎3.12-2:Manual calculation. 

 

 

 Internal forces check: the loads are too small, so after doing the checks the 

internal forces were too close. 

 Deflection check: the allowable deflection is L/240 = 13.08 mm 

The highest deflection in this staircase is shown in figure 3.12.4, which is 3.341 

mm < 13.08 mm. OK 

 

 

Figure ‎3.12-4:Staircase deflection. 

Area D.L. S.D. L.L.

m2 kN kN kN

Middle Landings 8.58 42.90 34.32 42.90

Story Landings 7.80 39.00 31.20 39.00

Flights 23.24 87.14 92.94 116.18

Totals 39.62 169.04 158.46 198.08

Part
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 Design: 

Thickness, h = 200 mm.  

Effective depth, d = 160 mm. 

 

Flexural: 

By using the shrinkage steel (As = 0.0018 b h) which is 360 mm
2
, which can resist an 

ultimate moment equal to (Ø Mn = 21.34 kN.m) which is larger than the values on figure 

3.12.5. 

 

Figure ‎3.12-5:Ultimate moment values. 

 

  

Top and bottom Steel: As = 360 mm → use 1Ø12 / 250 mm.  

Development Lengths: Ldt = (0.48 420 *12)/√   = 457 mm ≈ 500 mm. 

 

Shear: 

ØVc = 54.92 kN (without shear reinforcement) 

Figure 3.13.6 shows the shear values. 
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Figure ‎3.12-6:Shear values. 

 

 

Figure ‎3.12-7:Staircase detailing. 
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3.13 Diaphragms and Collectors: 

The slab system in a structural building act as a deep beam in the horizontal direction, 

transmitting lateral loads to the vertically resisting elements of a structure (such as shear 

walls or frames). 

  

 

3.12.1 Design of Diaphragms: 

In this section, the ground story will be designed and detailed for diaphragm as shown in 

Figure 3.13-1, A model consisting ground story only can be analyzed with uniformly 

distributed load (Diaphragm Forces will be discussed later  ( , then take the maximum shears 

and moments in the slab   

    

Figure ‎3.13-1:The ground story selected for the collector’s design. 

 

 Diaphragm Design Forces:  

The diaphragm forces can be computed in accordance with ASCE 7-22 Equation (12.10-

1) as follows:  

Fpx =∑     
 
       *Wpx             (ASCE 7-22 Eq. 12.10-1) 
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Where: 

Fpx = Diaphragm design force at level x .  

Fi = Design force applied to level i .  

Wi = Weight tributary to level i . 

Wpx = Weight tributary to the diaphragm at level x. 

 

The force shall not be less than: 

 Fpx = 0.2SDSIeWpx                        (ASCE 7-22 Eq. 12.10-2) 

 

And the force shall not exceed: 

Fpx =0.4SDSIeWpx                          (ASCE 7-22 Eq. 12.10-3) 

 

The story horizontal forces were computed from the load case Ed; dynamic seismic force 

in X and Y-direction and the story weights were computed from the load combination: 

1.0 DEAD + 1.0 SD + 0.3 Storage live. Table 3.13-1 shows the story horizontal seismic 

forces in X and Y-direction and the story weights: 

 

Table ‎3.13-1:The story weight and seismic force. 

 

 

For ground story: 

= ((Fground + F1st + F2nd+F3rd+F4th+F5th+Froof)/ (Wground + W1st + W2nd +W3rd+W4th+W5th 

+Wroof)) *Wground 
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in X-direction: 

 Fground = 
                                               

                                                                  
 *16310.18 

=2868.128 KN 

 Fminimum= 0.2SDSIeWground =0.2*0.758*1.25*16310.18=3090.78 KN 

 Fmaximum= 0.4SDSIeWground =0.4*0.758*1.25*16310.18=6181.56 KN 

 

Fx ground < Fminimum → Take Fminimum =3090.78 KN 

 

in Y-direction: 

 Fground = 
                                                   

                                                                  
 *16310.18 

=2564.4 KN 

 Fminimum= 0.2SDSIeWground =0.2*0.758*1.25*16310.18=3090.78 KN 

 Fmaximum= 0.4SDSIeWground =0.4*0.758*1.25*16310.18=6181.56 KN 

 

Fy ground < Fminimum  → Take Fminimum =3090.78 KN 

 

The force Fp can be applied at the slab as uniformly distributed load in X and Y-direction that 

equals FP / A slab. 

Fx= 3090.78/928.98= 3.3 KN/m
2
 

Fy= 3090.78/928.98= 3.3 KN/m
2
 

 

The direction local axis 2 will be designed for diaphragm by the force FY in the positive 

direction. The moments and shear forces in the diaphragm can be obtained by doing section 

cuts in Y-direction along the slab and take the maximum values. 

 

For shear design:  

Figure 3.13-2 shows the maximum shear force by applying FY in positive direction. 
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Figure ‎3.13-2:Maximum shear force in Y-direction. 

 

 The maximum shear force in y-direction (Vu) = 565 kN. 

 The shear strength of the diaphragms is given by assuming there is no shear reinforcement: 

 Vn=  Acv (0.17*λ√   +ρt Fy) 

0.6*35400*210*0.17*1*√   /1000 =4012.377KN 

 

→ Vn =4012.377 KN >> Vu=565KN → there is no need for shear reinforcement. 

 

For flexural design: 

Figure 3.13-2 shows the maximum bending moment by applying FY in positive direction. 
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Figure ‎3.13-3:Maximum bending moment in Y-direction. 

 

 The maximum binding moment in y-direction (Mu) = 3822.37 kN. 

 F= 
  

 
 = 

       

            
 =111.115 KN 

 As=
  

    
 = 

            

       
 =294 mm

2
 

 

This area of steel can be provided in the beams in x-direction. take B25 and B26 as a sample 

in the X- direction on the ground floor as shown below in figure 3.13-4. 

 

Figure ‎3.13-4:Beams sample.  
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Figures 3.13-5 and 3.13-6 show the beams in the X-direction before and after adding the 

diaphragm steel, respectively. 

 

 

 

Figure ‎3.13-5:Beams detailing before adding the diaphragm steel. 

 

 

Figure ‎3.13-6:Beams detailing after adding the diaphragm steel. 
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3.13.2 Design of Collectors: 

In this section, the ground story will be designed and detailed for collectors, the story was 

modeled in special model to simplify the process and to make it clearer, and to be able to 

enter the needed loads. 

 

The loads used in the design of collector are obtained by multiplying the overstrength factor 

(Ω = 2.5) with the forces calculated in the diaphragm section (from the normal equation). 

Fx = 
                                               

                                                                  
 * 16310.18 = 2868.13 

kN 

Fx per m
2
 = (2868.13/928.98) * 2.5 = 7.72 kN/m

2
 

Fy = 
                                                   

                                                                  
 * 16310.18 = 2564.4 

kN 

Fy per m
2
 = (2564.4/928.98) * 2.5 = 6.90 kN/m

2 

 

The direction local axis 2 will be designed for collectors by the force FY in the positive 

direction. 

Figure 3.13-7 shows the F22 by applying the FY in positive direction. 

 

Figure ‎3.13-7:F22 by +FY. 
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The highest internal axial force (tension) F22 value on this area is 111.64 kN, as shown in 

figure 3.13-8. 

 

Figure ‎3.13-8:Highest value of F22. 

 

As = 
     

    
 = 

           

       
 = 295.34 mm

2
 / m for 5.00 m 

Note: in the slab the steel used is 1Ø12 / 250 mm and the needed steel was smaller, then use 

steel of length 5.00 m, 1Ø14 / 250 mm spread along 3.50 m.  

By adding the As to the top mesh on the slabs on AutoCAD, the result is as shown in figure 

3.13-9 

 

 

Figure ‎3.13-9:Collector Drawing. 
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3.14 Non-structural elements: - 

The elements of this project are mainly divided into two types, structural and non-structural 

elements, the structural elements play an important role in carrying different types of loads of 

the structure and transfer it to the base, these elements must be designed carefully according 

to the specified codes, because any failure that occurs in any of them means that there will be 

a change in the path of loads in the system, and thus cause other structural elements to hold 

additional loads that may exceed its design limits, these element are beams, columns, walls, 

slabs and footings, and all of them had been designed in detail in the previous sections, the 

non-structural elements work as decorative objects which do not help in carrying any load 

from the structure. 

Non-structural elements were considered as additional loads applied to the structural 

elements during the modeling process. 

These elements must be designed to be able to hold its position in the structure when it 

deforms due to vertical or lateral loads. 

 

 

Examples on the non-structural elements:  

1- Stones 

2- Gypsum and wood partitions 

3- Aluminum and glass curtains 

4- Doors and windows 
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3.14.1 Stones: - 

Stones work as an insulating layer and aesthetic view to the building which cover the exposed 

part of the shear walls, these stones are brittle and may fall off of the structure during an 

earthquake, and cause damage to the nearby areas, so the connections between them must be 

designed to make sure they stay in their position during any event. 

Generally, the stones are subjected to the same types of loads that affect the structural 

elements, vertical and lateral loads. 

 

The dimensions of the stone unit that will be used in calculation are 80cm * 25cm * 3cm 

 Vertical loads: mainly composed of its own weight and the vertical component of the 

earthquake. 

Fv = volume * γstone + 0.2 * SDS * volume * γstone 

Fv = (0.8 * 0.25 * 0.03) * 26 + 0.2 * 0.758 * (0.8 * 0.25 * 0.03) * 26 

Fv = 0.18 kN 

 

 Lateral loads: due to the horizontal component of the earthquake and it’s calculated 

according to the following equation: 

Fh = 0.4 * SDS * Ip * Wp * 
  

  
 * 

   

   
 

SDS: Spectral acceleration, short period = 0.758 

Ip: Component Importance Factor and its equal 1.5 if any of the following condition apply:  

 

1- The component is required to function for life-safety purposes after an earthquake, 

including fire protection sprinkler systems and egress stairways. 

2- The component conveys, supports, or otherwise contains toxic, highly toxic, or 

explosive substances where the quantity of the material exceeds a threshold quantity 

established by the Authority Having Jurisdiction and is sufficient to pose a threat to 

the public if released. 
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3- The component is in or supported by a Risk Category IV structure or permanently 

connected by mechanical or electrical systems to a Risk Category IV structure, and 

the component is required for the continued operation of a structure designated an 

Essential Facility, or its failure would impair the continued operation of a structure 

designated an Essential Facility. 

4- The component conveys, supports, or otherwise contains hazardous substances and is 

attached to a structure or portion thereof classified by the Authority Having 

Jurisdiction as a hazardous occupancy. 

 

Since the stone does not fall in any of the 4 conditions, Ip will be equal 1 

Wp: weight of the stone unit sample = 0.8 * 0.25 * 0.03 * 26 = 0.156 kN 

Hf: Factor for force amplification as a function of height in the structure. 

Hf = 1+2.5 * 
 

 
  

Where: 

h: height of the building from the base. 

z: height of the stone unit sample, assume the sample is the last unit at the top (z = h). 

Hf = 1 + 2.5 * 
    

    
 = 3.5 

Rμ: Structure ductility reduction factor. 

Rμ = √
     

      
  ≥ 1.3 

Where: 

            R: Response modification factor = 6 

            Ie: Importance Factor = 1.25 

            Ωo: Overstrength factor = 2.5 

Rμ = √
     

        
 = 1.453  

CAR: Component resonance ductility factor that converts the peak floor or ground 

acceleration into the peak component acceleration. 

Rpo: Component strength factor. 

Both Rμ and Rpo are determined according to table 3.14-1, since the stone is considered as an 

architectural component. 
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Table ‎3.14-1:Coefficients for Architectural Component. 

 

 

Since the stone sample is located above the grade plane, CAR = 2.8 & Rpo = 1.5 

 

So, Fh = 0.4 * 0.758 * 1 * 0.156 * 
   

     
 * 

   

   
 = 0.213 kN 

Fh, max = 1.6 * SDS * Ip * Wp 

Fh, max = 1.6 * 0.758 * 1 * 0.156 = 0.189 kN 

Fh, min = 0.3 * SDS * Ip * Wp 

Fh, min = 0.3 * 0.758 * 1 * 0.156 = 0.035 kN 

Since Fh ≥ Fh, max    →   Fh = Fh, max = 0.189 kN 

 

 

The stones are attached to a 7 cm layer of concrete cement which act as an adhesive layer 

between the shear walls and the stone, but in order to make sure that the stone is fixed to the 

wall, each stone unit will be supported by 4 hooks engraved inside of it and the hooks are 

attached to the steel mesh inside the concrete cement layer, Figure 3.14-1 illustrate the 

connection. 
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Figure ‎3.14-1:Connection parts 

 

The vertical load will be distributed between the two bottom legs of each unit, but the lateral 

load will be distributed between the four legs. 

So, every leg will be subjected to a vertical load (compression) equal to 0.18/2 = 0.09 kN. 

And a horizontal load (shear) equal to 0.189/4 = 0.047 kN. 
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3.14.2 Others: - 

Gypsum and wood partitions have been discussed in the introduction chapter, and they have 

been used instead of the traditional brick wall because of their light weight, so during the 

earthquake even if they fall, they won't cause any severe damage to the people inside the 

building. 

 

Aluminum and glass curtain have been used as an exterior wall to cover the sides of service 

room at the roof, they were used instead of gypsum and wood because they can resist 

rainwater, unlike gypsum because it can function better only while its dry. 

 

Doors will be composed of lightweight wood to prevent any injures if they fall during an 

earthquake. 

 

Windows will be composed of laminated glass which is a type of glass that performs very 

well in seismic applications because the plastic interlayer holds most of the glass fragments 

following cracking, which significantly reduces the potential of glass falling to the ground. 
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