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الحَمْـــدُ لِله الّذي أنْعَـــمَ عَليـْــنَا بِنِعَــمٍ كَثيـرَةِ وَ رَزَقَـنا مِنَ المَـعْرِفَةِ وَ العِــلْمِ لِتَــكونَ مِشـكـاةً تُـضيءُ الدَّرْب
وَ تُــعينُـــنَا عَلى نَوائِبِ الدَّهْــر, وَ الصَّــلاةُ وَ السَّــلامُ عَلى سَيِّدنـا مُـحَمّـدْ خَاتَم الأَنْبِياء وَ المُرسَلين.
نُهْـــدِي هَذا العَمَــل الى مَنْ سَهِرْنَ الَّليَــالِـي الطِّــوَال صَــاحِبـَـاتِ الحَنــانِ أًمَهَـاتًـنا الحَبِيبات
إِلى المـَــاسِ الّذي لا يَنكَـــسِر نَبعُ العَطـــاءِ المُتواصِـل الى الـوالِد حيَّاً وَ مَا بعْدَ الحَياة
إِلى صُناعِ المَجدِ وَ الكَرامةِ حَامِلي رَاياتِ الشَّرَفِ وَ البُطولَةِ شُهَدائِنا الأَبْرَارْ
إِلى قَنـَــادِيــلِ الَّدرْب وَ الشُّمـُــوعِ الّتـِـي لا تَنْطَــفِئ أَسَــاتِذَتـِـنَا الـكِرَامْ
إِلـــى العَــــــرِينِ الّـــذيِ جُمِــعْنـَـا تـَـحـتَ مظـــلّتـِــه قِسْـــمَ
 الهَـنْدَسَـــــــةُ المدنيَــــــــــــــــــــــــــــــــــــــــــــــــة
وَ الـى كُـــــلِّ مَنْ سَــــاهَمَ وَ دَعَــــمَ عَمَلَــــنَا هَـــذا
نَخُــصُ بِالـذَّكْـر الدُكتورْ محمود دويكات 
وَ إِلَيْكُمْ جَمِيـعَاً نُهْدِي هَذا العَمَل المُتَوَاضِع.



Abstract

Reinforced concrete structures are one of the most popular structural systems used in Palestine. This project is about the structural design of a new Multi-functional building in Nablus city, Sham building one.

This building consists of 15 Stores, with plan area 290.787m2. This project will be divided into two parts. The first part intends to prepare the basic information required to facilitate efficient modeling and structural design and analysis of the building under static loads. The design of concrete elements is controlled by ACI 318-19 code. The second phase will be redesign of building considering gravity as well as seismic loads. This design will be based on IBC - 19. Structural elements such as footings, stairs, columns, beams, slabs and shear walls will be completed and finalized in part two.

To make a mathematical model that represents the reality, 3-D structural model will be made using ETABS 2016 program. The analysis is verified using conceptual hand calculation for sample output from the program. Detailed design of all structural elements for gravity and seismic loads will be done and drawn using AutoCAD program.
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[bookmark: _Toc137148998][bookmark: _Toc137465118]CHAPTER ONE: INTRODUCTION

[bookmark: _Hlk116539442][bookmark: _Toc479449838][bookmark: _Toc481884498][bookmark: _Toc137148999][bookmark: _Toc137465119]1.1: Project description
[bookmark: _Toc477804828]
[bookmark: _Hlk116554946]This project is multifunctional building located in the north mountain, Beggar street, Nablus, Palestine. The proposed building will have 290.787m2 plan area and will consist of 15 stories (3 basements) and have a total area of 2810.5 m2. Each floor has its own function, such as:  warehouse, commercial, storage, and residential. The following table (Table1) illustrates the function of each floor.

[bookmark: _Toc124639565][bookmark: _Toc137153937]Table 1: The function and area of each floor
	Floor
	Function
	Area (m2)
	Height (m)
	Elevation(m)

	B3
	Storage
	142.00
	4.50
	-11.50

	B2
	Warehouse
	290.50
	4.00
	-6.75

	B1
	Garage
	362.50
	2.75
	-2.50

	G
	Commercial
	290.50
	4.50
	+0.50

	F1
	Residential
	290.50
	3.00
	+3.75

	F2
	Residential
	290.50
	3.00
	+7.00

	F3
	Residential
	290.50
	3.00
	+10.25

	F4
	Residential
	290.50
	3.00
	+13.50

	F5
	Residential
	290.50
	3.00
	+16.75

	F6
	Residential
	290.50
	3.00
	+20.00

	F7
	Residential
	290.50
	3.00
	+23.25

	F8
	Residential
	260.50
	3.00
	+26.50

	F9
	Residential
	260.50
	3.00
	+29.75

	F10
	Residential
	260.50
	3.00
	+33.00

	F11
	Residential
	260.50
	3.00
	+36.25
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[bookmark: _Toc123579282][bookmark: _Toc137151861][bookmark: _Toc137153851]Figure 1: Side view of the west side.

[image: ]
[bookmark: _Toc123579283][bookmark: _Toc137151862][bookmark: _Toc137153852]Figure 2: Side view of the south side.
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[bookmark: _Toc123579284][bookmark: _Toc137151863][bookmark: _Toc137153853]Figure 3: The plan view of the 3rd basement floor (B3).
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[bookmark: _Toc123579285][bookmark: _Toc137151864][bookmark: _Toc137153854]Figure 4: The plan view of the 2nd basement floor (B2).
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[bookmark: _Toc123579286][bookmark: _Toc137151865][bookmark: _Toc137153855]Figure 5: The plan view of the 1st basement floor (B1).
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[bookmark: _Toc123579287][bookmark: _Toc137151866][bookmark: _Toc137153856]Figure 6: The plan view of the ground floor (GF).
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[bookmark: _Toc123579288][bookmark: _Toc137151867][bookmark: _Toc137153857]Figure 7: The plan view of the floor (1-7).
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[bookmark: _Toc123579289][bookmark: _Toc137151868][bookmark: _Toc137153858]Figure 8: The plan view of the floor (8-11).
[bookmark: _Toc479449839][bookmark: _Toc481884499][bookmark: _Toc137149000][bookmark: _Toc137465120]1.2: Objective

This project will be divided into two parts. The first part intends to prepare the basic information required to facilitate efficient modeling and structural analysis and design of some structural elements of the building under static loads. Then, in the second part a complete design of the structural elements and seismic design will be considered.

A 3-D structural model will be made using ETABS 2016 program, in order to make a mathematical model that represents the reality. The analysis is verified using conceptual hand calculation for sample output from the program. Detailed design of all structural elements for gravity and seismic loads will be done and drawn using AutoCAD program.


[bookmark: _Toc479449840][bookmark: _Toc481884500][bookmark: _Toc137149001][bookmark: _Toc137465121]1.3: Design code and specifications 

The design of concrete elements is controlled by ACI 318-19 code. The second phase will be redesign of building considering gravity as well as seismic loads. This design will be based on IBC-18. Structural elements such as footings, stairs, columns, beams, slabs and shear walls will be completed and finalized in part two.



















[bookmark: _Toc479449841][bookmark: _Toc481884501][bookmark: _Toc137149002][bookmark: _Toc137465122]1.4: Soil properties 

[bookmark: _Toc479449842][bookmark: _Toc481884502][bookmark: _Toc137149003][bookmark: _Toc137465123]1.4.1: Site Description 

The site from geotechnical point of view can be described as follows:
1. Through excavation and careful inspection of the site, it was found that the main formation of the soil of the site consisted of white limestone (γ = 23.652), very hard to solid, over the entire depth excavated and the attached drilling records, noting that the drilling of boreholes was carried out from the foundation level after dredging and leveling the site.
2. Ground water table was not encountered during the time of investigation (MAY 2022).

[bookmark: _Toc479449843][bookmark: _Toc481884503][bookmark: _Toc137149004][bookmark: _Toc137465124]1.4.2: Geotechnical Conditions 

According to site description and laboratory test results the following geotechnical conditions prevail:
1. Type of Foundations
(Mat or raft footings) foundation is recommended to be used for this site. The allowable bearing is 470 KN/m2 (4.7 Kg/cm2). So that the depth of the foundation within the rocky layer is not less about 0.5 m.

2. Retaining Walls
For designing the retaining walls of the proposed building, the coefficient of the lateral earth pressure at rest (Ko) is equal to 0.5. It is recommended to drain the building and protect it from the effects of water and prevent the accumulation and penetration of water into an area incorporation. The excavation product from the surface layer can be used in backfilling works. In general, suitable silt materials are any gravel materials that do not contain organic materials. Roots of plants and the maximum size of the stones does not exceed 15 cm, and the plasticity coefficient is no more than 10.

3. Seismicity of the Site

[bookmark: _Toc124639566][bookmark: _Toc137153938]Table 2: The factors considered in seismic analysis
	seismic zone
	Soil section type
	seismic zone factor (Z)
	Acceleration-related seismic coefficient (Ca)
	Velocity related seismic coefficient (Cv)

	2B
	B
	0.20
	0.20
	0.20



[bookmark: _Toc479449844][bookmark: _Toc481884504][bookmark: _Toc137149005][bookmark: _Toc137465125]1.5: Materials used in the project

Reinforced concrete is one of the most widely used modern building materials. Fresh concrete can be molded into almost any shape, giving it an inherent advantage over other materials. It consists of two major types:
1. Concrete
It is formed through the solidification of a mixture of cement, powder, water and aggregate in fixed quantities, it is strong in compression but weak in tension.
2. Steel
Is a common reinforcing bar that is hot rolled and is used widely in the construction industry, especially for concrete reinforcement? Steel rebar is most commonly used as a tensioning devise to reinforce concrete and other masonry structures to help hold the concrete in a compressed state.
Concrete properties
· :  is the specified compressive strength of concrete using standard cylinders or standard cubes. Usually this is prescribed at the age of 28 days, and it’s measured in MPa.
· : The specific weight (also known as the unit weight) is the weight per unit volume of concrete, and it’s measured in KN/m2.  For concrete is 25KN/m3
· : Concrete modulus of elasticity, and it’s measured for light weight concrete according to this equation (ACI 318-19). 

Concrete compressive strength () varies with its structural element. The following tables; Table 3 illustrates the structural element with its compressive strength and Table 4 illustrates the material with its unit weight.
[bookmark: _Toc124639567][bookmark: _Toc137153939]Table 3: Structural elements compressive strength
	Structural element
	Compressive strength(fc’) (MPa)

	Slab, beam
	28

	Column, shear wall
	28



[bookmark: _Toc124639568][bookmark: _Toc137153940]Table 4: Materials unit weight
	material
	γ (KN/m3)

	Plain concrete
	23

	Reinforced concrete
	25

	Tiles
	26

	Filling material
	14


Reinforcement Steel properties
Yield strength (Fy): defined as the stress at which a material begins to deform plastically. Before yield point the material will deform elastically and will return to its original shape when the applied stress is removed. Once the yield point is passed, some fraction of the deformation will be permanent and non-reversible.
· Fy is 420Mpa for the steel.
· Modulus of elasticity (E): it’s usually taken 2105 MPa.


[bookmark: _Toc479449845][bookmark: _Toc481884505][bookmark: _Toc137149006][bookmark: _Toc137465126]1.6: Load combinations and types
[bookmark: _Toc479449846][bookmark: _Toc481884506]
[bookmark: _Toc137149007][bookmark: _Toc137465127]1.6.1: Loads 
Loads are divided into two categories; gravity loads and lateral loads.

1.6.1.1: Gravity loads

a) Dead loads
Are those that are constant in magnitude and fixed in location throughout the lifetime of the structure. It consists of the weight of all materials of construction incorporated into the building including, but not limited to, walls, floors, roofs, ceilings, stairways, built-in partitions, finishes, cladding, and other similarly incorporated architectural and structural items. Usually, the major part of the dead load is the self-weight of the structure.

b) Live load
A load produced by the use and occupancy of the building or other structure that does not include construction or environmental loads, such as wind load, snow load, rain load, earthquake load, flood load, or dead load.

[bookmark: _Toc124639569][bookmark: _Toc137153941]Table 5: Minimum uniformly distributed live loads (from ASCE7_16)
	Floor
	Function
	uniform live load (KN/m2)

	B3
	Storage
	6

	B2
	warehouse
	6

	B1
	Garage
	1.92

	G
	Commercial
	2.5

	F1-F11
	Residential
	2.5



c) Super imposed dead load
Permanent load resulted from weight of the non-structural elements in structure (plastering, tiling, insulation, filling, etc.).

[image: ]
[bookmark: _Toc123579290][bookmark: _Toc137151869][bookmark: _Toc137153859]Figure 9: Side cross-section of slab.

The existing superimposed dead load = weight of tiles + weight of mortar + weight of filling + weight of plaster + weight of partitions.

W superimposed = (0.015*26) + (0.02*23) + (0.05*14) + (0.015*23) + (0.17*3) = 2.68 KN/m2

Assuming interior partitions are hollow block with a thickness of 100 mm having 1 KN/m2, then
W superimposed = 2.68 +1 = 3.68 KN/m2








d) External walls loads
It has been calculated based on the thickness and unit weight for each layer. Which is shown in the (Table 4) above and Cross section in the wall is shown below in (Figure 10).

[image: ]
[bookmark: _Toc123579291][bookmark: _Toc137151870][bookmark: _Toc137153860]Figure 10: Typical wall section.

	W wall
	= Σ (thickness of layer × unit weight for each layer)

	
	= (0.05*26) + (0.085*25) + (0.1*12) + (0.015*23)

	
	= 4.97 KN/m2.

	
On average the elevation of store is 4.5m, assume 20% opening in the wall then: 

	W wall
	= (4.97*4.5) *0.8= 17.90 KN/m.















1.6.1.2: Lateral loads  

Lateral load: Seismic loads are indirect dynamic loads that affect the structure through ground motion producing forces in two components, vertical and horizontal. Horizontal components are considered as the most dangerous on the building, because it produces high shear forces. The seismic forces differ according to the nature and geology of the region, seismic region and type of structural system. In graduation project 1, lateral load will not be considered in design, but only for period check.

Seismic loads and wind loads will be discussed in this part of this project.

Spectral acceleration SDs and SD1 will be determined as follows:

· Selection of risk category:
According to table 1.5-1 in IBC 2018, risk category of the building is (II). See figure 11 below
[image: ]
[bookmark: _Toc137151871][bookmark: _Toc137153861]Figure 11: Risk category




· Determine the importance factor Ie:
According to table 1.5-2 in IBC 2018, importance factor Ie = 1.00. See figure 12 below:
[image: ]
Figure 12: Importance factor
· Determine mapped acceleration parameters Ss and S1:
These parameters depend on the location of the building and seismic zone factor (Z):
 Zone factor (Z) for Nablus = 0.2. See figure 12 below:
[image: ]
[bookmark: _Toc137151872][bookmark: _Toc137153862]Figure 12: Zone factor.

Ss = Mapped 5% damped, spectral response acceleration parameter 
At 0.2 sec≈ (2.5Z) *1.5
Ss = 2.5 *0.2 *1.5 = 0.75

S1 = Mapped 5% damped spectral response acceleration parameter 
At 1sec≈ (1.25Z) *1.5
S1 = (1.25 *0.2) *1.5 = 0.375

These values are based on 2% chance of exceedance in 50 years

· Site classification: 
This classification depends on soil profile. See figure 13 below
[image: ]
[bookmark: _Toc137151873][bookmark: _Toc137153863]Figure 13: site classification





· Determine site coefficients.
These coefficients depend on the soil profile and the mapped spectral acceleration.
 Fa = short-period site coefficient (at 0.2 s-period) = 0.90
 Fv = long-period site coefficient (at 1.0 s-period) = 0.80
The values of these coefficients are determined according to Table 11.4-1 and Table 11.4-
2 in IBC 2018 code. See figures 14 and figure 15 below.
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[bookmark: _Toc137151874][bookmark: _Toc137153864]Figure 14: Site Coefficient Fa
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[bookmark: _Toc137151875][bookmark: _Toc137153865]Figure 15: Site Coefficient Fv


· Determination the maximum considered earthquake Spectral Response Acceleration Parameters SMS and SM1.
These parameters depending on both site class and site coefficients and calculated as Follow:

SMS=Fa * Ss = 0.90 * 0.75 = 0.675
SM1=Fv *S1=0.80 * 0.375 = 0.30

· Determine design spectral acceleration SDS&SD1:
SDS =2 SMS /3 →= 2*0.675/3 =0.45
SD1 =2 SM1 /3 → =2*0.300/3 =0.20

· Determine design category:
Design category depends on the design spectral acceleration and seismic design category. See 
Figure 16 below. Now choose the value of D because is more dangerous than C.

[image: ]
[bookmark: _Toc137151876][bookmark: _Toc137153866]Figure 16: Design category.







[bookmark: _Toc479449847][bookmark: _Toc481884507][bookmark: _Toc137149008][bookmark: _Toc137465128]1.6.2: Load combination 

The Ultimate load combinations according to ACI-318-19  for latral load are :
· U = 1.4D                                                                                              
· U = 1.2D + 1.6L	                
· [bookmark: _Hlk137137432]U = 1.29D + L + Ex	                
· U = 1.29D + L - Ex	                
· U = 1.29D + L + Ey	                
· U = 1.29D + L - Ey
· U = 0.9D + 1.0Ex                                                                                         
· [bookmark: _Hlk116709407]U = 0.9D - 1.0Ex  
· U = 0.9D + 1.0Ey                                                                                         
· U = 0.9D - 1.0Ey                                                                                                                                                                               
 For gravity:
The following load combinations are used according to ASCE_7-10 code:
· 1.4 D 
· 1.2 D + 1.6 L
Where:
· D = Dead Load.
· E = Earthquake Load.
· L = Live Load.


[bookmark: _Toc479449848][bookmark: _Toc481884508][bookmark: _Toc137149009][bookmark: _Toc137465129]1.7: Computer programs 

1. ETABS 2016: is used to analyze and design the structural elements.
2. AutoCAD: is used for plans and draw structural detailing.
3. Other programs such as Excel and word.






[bookmark: _Hlk122795778][bookmark: _Toc137149010][bookmark: _Toc137465130]CHAPTER TWO: PRELIMINARY DESIGN

[image: ]











[bookmark: _Toc137149011][bookmark: _Toc137465131][bookmark: _Toc481884510]2.1: Introduction

Preliminary Design is the first phase of the design process. In this stage of the project a preliminary dimension was selected in order to build the 3-D model. To check the validity of 3D model, three verification checks will be made which are compatibility, equilibrium and stress-strain relationships. After studying the 3D model and results, a change of these dimensions could be occurred to get the most suitable dimension that will achieve the strength needs.
The objective of the design phases (preliminary and detailed) is to create a design that will correctly and completely implement the requirements.


[bookmark: _Toc137149012][bookmark: _Toc137465132]2.2: Structural system 
The term structural system or structural frame in structural engineering refers resisting Sub-system of a structure. The structural system transfers load through interconnected structural components or members. 
The structural carrying system is assumed to be slab-beam-column system, where the gravity loads transfer from the slab to the main beams then to the columns and shear walls, down to the footings. Each element passes the load to another one until reaching the soil and the soil itself spreads it through it. Therefore, the safe structural system is the one that can provide safe path for loads. In this chapter, preliminary dimensions for some elements will be discussed.
 This project consists of one block that are shown in figure and the structural slab system used for whole project is two-way ribbed slab.

The structural system consists of main structural elements as follows:
· Slabs.
· Beams.
· Columns.
· Shear walls.
· Footings (Graduation Project II).









[bookmark: _Toc481884512][bookmark: _Toc137149013][bookmark: _Toc137465133]2.3: Manually preliminary design

The main objective in this section is determining the preliminary dimensions of the structural elements based on ACI Code.

[bookmark: _Toc137149014][bookmark: _Toc137465134][bookmark: _Toc481884513]2.3.1: Slab 
Determine the slab structural system and slab thickness. When the slab is supported on all the sides and the length-to-width ratio is less than two, it is considered to be a two-way slab, the possible transfer of loads in this system is in both sides with angle equals 45̊ as shown in the figure below.

[image: ]
[bookmark: _Toc123579292][bookmark: _Toc137151877][bookmark: _Toc137153867]Figure 17: The distribution of load in two-way slab.

2.3.1.1: Structural slab system
There are different types of slabs such as: ribbed, waffle and solid slab. In our project, two-way ribbed slab has been selected due to several reasons: 
· Economic reasons.
· Seismic reasons.

[image: ]
[bookmark: _Toc123579293][bookmark: _Toc137151878][bookmark: _Toc137153868]Figure 18: Critical panel for the slab thickness.
[bookmark: _Hlk121768835]The ratio of the longer to the shorter side of   of the critical panel is which less than 2 is so it’s preferable to design the slab as two-way slab.

2.3.1.2: Slab thickness
[bookmark: _Hlk121769412]The minimum thickness of the slab was calculated using “Direct Design Method ".

Check the validity of ACI Coefficients requirements:
1. There are two or more spans in each direction. (OK)
2. Spans are approximately equal. (OK)
3. Loads are uniformly distributed.
4. Panels are rectangular with L/B less than two. (OK)
5. Successive spans length C/C of supports in each direction does not differ by more than 1/3.
6. All loads are gravity with WL/WD Less than two. (OK)

To find an initial thickness of two-way waffle slab, take the critical panel as seen in figure 2.3:
Length (L) = 6.30 m
Thickness will be assumed as:
Thickness =  =  = 0.21954 m
Take thickness = 250 mm for (B3-F11) slab.
This thickness will be checked later according to deflection and strength. 

[bookmark: _Hlk121770453]2.3.1.3: Check slab thickness for one way shear for B2 

	Slab Thickness
	= 250 mm

	Live Load
	= 1.92 

	Superimposed dead load
	= 3.68 

	Dead Load
	= 
	= 4.45 KN/m2

	
	= 
	= 12.82 KN/m2

	
	= 
	= 20.83 KN

	
	= 
	= 7.051 KN/m2

	
	= 
	= 14.13 KN



Since ΦVc ˃Vu, Slab thickness is adequate for resisting shear (OK). So, use h = 250 mm and there is no need for shear reinforcement.

[bookmark: _Toc137149015][bookmark: _Toc137465135]2.3.2: Beam Thickness:
Minimum thickness of beam was calculated according to minimum deflection provided by ACI318-19 and these dimensions were taken as a preliminary dimension.

[image: ]
[bookmark: _Toc123579294][bookmark: _Toc137151879][bookmark: _Toc137153869]Figure 19: ACI minimum dimensions.

Beams have been distributed according to figure 20 below:

[image: ]
[bookmark: _Toc123579295][bookmark: _Toc137151880][bookmark: _Toc137153870]Figure 20: Beams Layout.




Beams have been divided into four beams:

[bookmark: _Toc124639570][bookmark: _Toc137153942]Table 6: Beams Dimension.
	Beam name
	Dimensions (mm)

	B1
	700×250

	B2
	450×250

	B3
	300×250

	B4
	250×250



In Our Project All Beam are Hidden (h=250). The depth of beams was taken equal to depth of slab. The width of beams was assumed and checked according to deflection and shear resistance. 

[bookmark: _Toc481884514][bookmark: _Toc137149016][bookmark: _Toc137465136]2.3.3: Columns
Determine the position and the dimension of columns; In general, the positions of the columns were as it was in the original architectural drawings which shown in the appendix, and we determine the preliminary dimension of columns depending on ultimate axial load in each column.

[image: ]
[bookmark: _Toc123579296][bookmark: _Toc137151881][bookmark: _Toc137153871]Figure 21: Columns Layout.
Columns have been divided into two groups.
 
[bookmark: _Toc124639571][bookmark: _Toc137153943]Table 7: Columns Dimension.
	Column
	Dimension (mm)

	C1
	800*300

	C2
	1000*400



For Column 7:
[image: ]
[bookmark: _Toc123579297][bookmark: _Toc137151882][bookmark: _Toc137153872]Figure 22: Column 7 Tributary Area.

Axial load calculations

	Slab Thickness
	= 250 mm

	Live Load
	= 1.92 

	Superimposed dead load
	= 3.68 

	Dead Load
	= 
	= 4.45 KN/m2

	
	= 
	= 12.82 KN/m2




To find initial dimensions of the column, take column C7 as an example which is shown in figure 16 above:

Load = Tributary area x Ultimate load for the slab x Number of stories
         = (4.49*4.75) *12.82*15 = 4101.27 KN.

Assume 1% steel ratio, the column is short, and no moment.



For columns:  and 
)


Take Column 1000*400
These dimensions will be checked later


For Column 11:
[image: ]
[bookmark: _Toc123579298][bookmark: _Toc137151883][bookmark: _Toc137153873]Figure 23: Column 11 Tributary Area.


Axial load calculations 

	Slab Thickness
	= 250 mm

	Live Load
	= 1.92 

	Superimposed dead load
	= 3.68 

	Dead Load
	= 
	= 4.45 KN/m2

	
	= 
	= 12.82 KN/m2



To find initial dimensions of the column, take column C11 as an example which is shown in figure 17 above:

Load = Tributary area x Ultimate load for the slab x Number of stories
         = (2.08*4.75) *12.82*15 = 1899.92 KN.

Assume 1% steel ratio, the column is short, and no moment.


For columns:  and 



Take Column 800*300
These dimensions will be checked later.


















[bookmark: _Toc137149017][bookmark: _Toc137465137]2.3.4: Shear wall Dimensions
Shear walls have been distributed according to figure 24 bellow:

[image: ]
[bookmark: _Toc123579299][bookmark: _Toc137151884][bookmark: _Toc137153874]Figure 24: Shear walls layout.
Thickness of Shear walls have been assumed: 
Wall 1 = 200 mm.
These thicknesses have been assumed and will be checked later for capacity. 


[bookmark: _Toc137149019][bookmark: _Toc137465138]CHAPTER THREE: 3D ETABS MODLING

3D models as built up according to preliminary dimensions which were previously calculated and after that we made the required checks which will be explain later.

[image: ][image: ]


[bookmark: _Toc481884521][bookmark: _Toc137149020][bookmark: _Toc137465139]3.1: Define materials

[image: ]Two materials have been defined in ETABS 2016:[bookmark: _Toc123579300][bookmark: _Toc137151885][bookmark: _Toc137153875]Figure 25: Material (Concrete) Properties.






[image: ] [bookmark: _Toc123579301][bookmark: _Toc137151886][bookmark: _Toc137153876]Figure 26: Material (Steel) Properties.







[bookmark: _Toc137149021][bookmark: _Toc137465140]3.2: Define Sections
[image: ]
	[bookmark: _Toc123579302][bookmark: _Toc137151887][bookmark: _Toc137153877]Figure 27: Slab Section.

	[image: ]
[bookmark: _Toc123579303][bookmark: _Toc137151888][bookmark: _Toc137153878]Figure 28: Wall Section.



[image: ]
[bookmark: _Toc123579304][bookmark: _Toc137151889][bookmark: _Toc137153879]Figure 29: Sample of Beam Section.

[image: ]
[bookmark: _Toc123579305][bookmark: _Toc137151890][bookmark: _Toc137153880]Figure 30: Sample of Column Section.


















[bookmark: _Toc137149022][bookmark: _Toc137465141]3.3: Modifier’s for Structural Elements

[image: ]
[bookmark: _Toc123579306][bookmark: _Toc137151891][bookmark: _Toc137153881]Figure 31:Two-way waffle slab modifiers

[image: ]
[bookmark: _Toc123579307][bookmark: _Toc137151892][bookmark: _Toc137153882]Figure 32: wall modifiers
[image: ]
[bookmark: _Toc123579308][bookmark: _Toc137151893][bookmark: _Toc137153883]Figure 33: sample of beam modifiers

[image: ]
[bookmark: _Toc123579309][bookmark: _Toc137151894][bookmark: _Toc137153884]Figure 34: sample of column modifiers


3.4 [bookmark: _Toc137149023][bookmark: _Toc137465142]Define Load Patterns
[image: ]
[bookmark: _Toc123579310][bookmark: _Toc137151895][bookmark: _Toc137153885]Figure 35: Load Patterns

[bookmark: _Toc137149024][bookmark: _Toc137465143]3.5 Load Combination
· 1.4 (D + SD)
[image: ]
[bookmark: _Toc123579311][bookmark: _Toc137151896][bookmark: _Toc137153886]Figure 36: Load Combination one


· 1.2 (D + SD) + 1.6 L
[image: ]
[bookmark: _Toc123579312][bookmark: _Toc137151897][bookmark: _Toc137153887]Figure 37: Load Combination two

[image: ]
[bookmark: _Toc123579313][bookmark: _Toc137151898][bookmark: _Toc137153888]Figure 38: Load Combination three

[image: ]
[bookmark: _Toc123579314][bookmark: _Toc137151899][bookmark: _Toc137153889]Figure 39: Load Combination four
[bookmark: _Toc137149025][bookmark: _Toc137465144]CHAPTER FOUR: ANALYSIS CHECKS:

[bookmark: _Toc137149026][bookmark: _Toc137465145]4.1 Compatibility check:  

This check has been done visually in order to ensure that the structure behaves as a unit. 

[image: ][image: ]



[bookmark: _Toc123579315][bookmark: _Toc137151900][bookmark: _Toc137153890]Figure 40: Compatibility check



[bookmark: _Toc137149027][bookmark: _Toc137465146]4.2 Equilibrium check:
4.2.1 Dead load: 
The total dead load from ETABS were compared to hand calculated values as shown below:
4.2.1.1 Beams weight: 

[bookmark: _Toc124639572][bookmark: _Toc137153944]Table 8: Beams dead load
	Table  :Sections(mm)
	Total length(m)
	Width(m)
	depth(m)
	Weight (KN)

	700*250
	2316.40
	0.7
	0.25
	10134.26

	450*250
	494.6
	0.45
	0.25
	1391.06

	300*450
	250.2
	0.3
	0.25
	469.12

	250*250
	97.48
	0.25
	0.25
	152.31

	
	
	
	Total
	12146.75






4.2.1.2 Columns weight: 

[bookmark: _Toc124639573][bookmark: _Toc137153945]Table 9 : Columns dead load
	Section(mm)
	Width(m)
	Depth(m)s
	Total height(m)
	Weight (KN)

	800*300
	0.8
	0.3
	518.25
	3109.5

	1000*400
	1
	0.4
	283.5
	2835

	
	
	
	Total
	5944.5









4.2.1.3 Slab Weight: 

[bookmark: _Toc124639574][bookmark: _Toc137153946]Table 10: slab dead load
	Story
	Slab self-weight (KN/m2)
	Slab Area(m2)
	Weight (KN)

	B3
	3.004
	132
	396.528

	B2
	3.004
	261.44
	785.365

	B1
	3.004
	331.29
	995.195

	G
	3.004
	213.18
	640.392

	1
	3.004
	246.03
	739.074

	2
	3.004
	246.03
	739.074

	3
	3.004
	246.03
	739.074

	4
	3.004
	246.03
	739.074

	5
	3.004
	246.03
	739.074

	6
	3.004
	246.03
	739.074

	7
	3.004
	246.03
	739.074

	8
	3.004
	210.31
	631.771

	9
	3.004
	210.31
	631.771

	10
	3.004
	210.31
	631.771

	11
	3.004
	240.52
	722.522

	
	
	Total
	10608.836









4.2.1.4 Shear wall weight:

[bookmark: _Toc124639575][bookmark: _Toc137153947]Table 11: shear wall dead load
	Wall section (mm)
	Story
	Length (m)
	Hight (m)
	Thickness (m)
	Weight (KN)

	Wall 200
	B3
	43.26
	4.5
	0.2
	973.35

	Wall 200
	B2
	43.6
	4
	0.2
	872

	Wall 200
	B1
	27.85
	2.75
	0.2
	382.93

	Wall 200
	G
	7
	4.5
	0.2
	157.5

	Wall 200
	F1 – F11
	77
	3
	0.2
	1155

	
	
	
	
	Total
	3540.78







Total dead load = 12146.75 + 5944.5 + 10608.836 + 3540.78 = 32240.86 KN. 
From ETABS → total dead = 32649.38 KN. See Figure 41 below:
















[bookmark: _Toc137149028][bookmark: _Toc137465147]4.2.2 Super imposed dead load:

SD load on slab = load * total area for slab 
                           = 3.68 KN/m2 *3531.57 m2 = 12996.18 KN 
From ETABS → total SD= 12979.15 KN. See figure 41 below:
































[bookmark: _Toc137149029][bookmark: _Toc137465148]4.2.3 Live load: 

[bookmark: _Toc124639576][bookmark: _Toc137153948][bookmark: _Hlk136801390]Table 12: live loads
	Story
	Live load (KN/m2)
	Slab Area (m2)
	Live load on slab (KN)

	B3
	6
	132
	792

	B2
	6
	261.44
	1568.64

	B1
	1.92
	331.29
	636.07

	G – F11
	2.5
	2806.84
	7017.1

	
	
	Total
	10013.81



[bookmark: _Hlk123916358]From ETABS → 9993.34 KN. See figure 41 below:

4.2.4 Soil load:
Manual calculations:




 See figure 41 below:

[bookmark: _Toc137149030]

[image: ]
[bookmark: _Toc123579316][bookmark: _Toc137151901][bookmark: _Toc137153891]Figure 41: Equilibrium check.
[bookmark: _Toc137149031][bookmark: _Toc137465149]4.3 Stress -strain check:
This check is done in order to ensure that the program calculates the internal forces correctly.
In this check, beam has been selected. See figure 42 below:
[image: ]
[bookmark: _Toc123579317][bookmark: _Toc137151902][bookmark: _Toc137153892]Figure 42: Selected beam  for equilibrium check

· Manual calculations: 
From live load =1.92 KN/m2 
 





· ETABS results:
Top negative moment = 8.746 KN.m/m. See figure 43 below:
[image: ]
[bookmark: _Toc123579318][bookmark: _Toc137151903][bookmark: _Toc137153893]Figure 43:  Top negative moment
Bottom negative moment = 7.411 KN.m/m. See figure 44 below:
[image: ]
[bookmark: _Toc123579319][bookmark: _Toc137151904][bookmark: _Toc137153894]Figure 44: Bottom negative moment
Positive moment = 10.6262 KN.m/m. See figure 45 below:
[image: ]
[bookmark: _Toc123579320][bookmark: _Toc137151905][bookmark: _Toc137153895]Figure 45: Positive moment.



M (ETABS) = M Positive + (M top + M bottom)/2 
                   = 10.6262 + (7411+8.746)/2
                   = 18.695 KN.m/m.











[bookmark: _Toc137149032][bookmark: _Toc137465150]4.4 Deflection check:
This check is done in order to ensure that the deflection of structural elements is not effecting 
The partitions, since excessive deflection will make cracks in partitions. Panel of auditorium 
Have been selected, since it has the maximum load and will has maximum deflection. See 
Figure 46 below:

[image: ]
[bookmark: _Toc123579321][bookmark: _Toc137151906][bookmark: _Toc137153896]Figure 46 : Critical panel for deflection check.

Allowable deflection according to ACI 318-19:
[image: ]
[bookmark: _Toc123579322][bookmark: _Toc137151907][bookmark: _Toc137153897]Figure 47: Maximum allowable deflection (ACI318-19)


For long term deflection →allowable deflection =L/240 = (6.30/240) *1000= 26.25mm.
Total deflection = deflection in the middle of slab – average deflection of corners.
Deflection values from ETABS are shown in figure 48 below: 
[image: ]
[bookmark: _Toc123579323][bookmark: _Toc137151908][bookmark: _Toc137153898][bookmark: _Hlk136788671]Figure 48: ETABS Deflection values

Total deflection = 41.1-(20.7+18.01+13.33+20.88)/4
                          = 41.1-17.9 = 23 < 26.25mm → OK.












[bookmark: _Toc137149033][bookmark: _Toc137465151]4.4 Latral check :
Due to the Torsion in first mode ,Shear walls were added to the building in order to adjust the Torsion value. See Figure 49 below:

[image: ]

[bookmark: _Toc137153899][bookmark: _Hlk136789427]Figure 49: Shear walls to prevent Torsion 



[bookmark: _Toc137149034][bookmark: _Hlk136791011][bookmark: _Toc137465152]4.4.1 Period check:
The approximate fundamental period (Ta) in seconds shall be determined from the following 
equations:
          Ta = Ct * hnx

 Where hn is the structural height and the coefficient Ct and x are determined from Table 
[bookmark: _Hlk136789983]12-8-2 in ASCE 7-10. See figure 50 below:

[image: ]

[bookmark: _Toc137153900][bookmark: _Hlk136790405]Figure 50: ASCE values for Ct and X.
· Ta=Ct* Hn^x
                    =0.0466*48.75^0.9=1.54 s.

· Tu= Ta *Cu =1.54*1.5=2.31s.

· T from Etabs in X direction =2.708 . See figure 51 below:
[image: ]

[bookmark: _Toc137153901][bookmark: _Hlk136790857]Figure 51: T from Etabs in X direction.
· T Etabs >Tupper ------Take Tupper.












· [bookmark: _Hlk136791894]T from Etabs in Y direction =1.356. See figure 52 below:
[image: ]
[bookmark: _Toc137153902][bookmark: _Hlk136791922]Figure 52: T from Etabs in Y direction.

· T Etabs <Tupper ------Take T Etabs.








[bookmark: _Hlk136793107][bookmark: _Toc137149035][bookmark: _Toc137465153]4.4.2 Base shear check:
Seismic base shear in the fundamental direction has been calculated as follows:
V = Cs * W such that:
       V: seismic base shear.
       Cs: seismic response coefficient.
       W: effective weight.

· Base shear V =Cs*W (In X-direction )
· W=Dead +super dead+0.25*live load 
    =35512.41+12977+0.25*9991.95
[bookmark: _Hlk136792291]    =50987 Kn.           See figure 53 below:
[image: ]
[bookmark: _Toc137153903][bookmark: _Hlk136792323]Figure 53: Effective weight from Etabs.
· [bookmark: _Hlk136792772]Cs=SDS*I/R=0.45*1/8=0.056
· Cs min=0.044*SDs*I=0.044*0.45*1=0.0198
  Take Cs=0.0198
· V=0.0198*50987.39=1009Kn.

· [bookmark: _Hlk136794079][bookmark: _Hlk136793939]A load pattern has been defined as an earthquake in x-direction. See figure 54 below:
[image: ]
[bookmark: _Toc137153904]Figure 54: Load puttern an earthquake in x-direction.
· Base shear from Etabs in X direction = 993.3074 Kn.
See figure 55 below:
[image: ]
[bookmark: _Toc137153905][bookmark: _Hlk136794208]Figure 55: Base shear in X and Y direction.
· [bookmark: _Hlk136792919]% Erorr =(1009-993)/1009 *100% = 1.58 % < 5% → OK.


· Base shear V =Cs*W (In Y-direction )
· W=50987 Kn. See figure 53.
· Cs=SDS*I/R=0.45*1/8=0.056
· Cs min=0.044*SDs*I=0.044*0.45*1=0.0198
  Take Cs=0.0198

· V=0.0198*50987.39=1009Kn.




· [bookmark: _Hlk136794408]A load pattern has been defined as an earthquake in Y-direction. See figure 56 below:
[image: ]
[bookmark: _Toc137153906]Figure 56: Load puttern an earthquake in Y-direction.

· Base shear from Etabs in Y direction = 991.7654 Kn.  See figure 55.
· % Erorr =(1009-991)/1009 *100% = 1.78 % < 5% → OK. 








[bookmark: _Toc137149040][bookmark: _Hlk136796806][bookmark: _Toc137465154]4.4.3 Response Spectrom:
· [bookmark: _Hlk136794548][bookmark: _Hlk136794802]Define the function Response Spectrom. See figure 57 below:
[image: ]
[bookmark: _Toc137153907][bookmark: _Hlk136795357]Figure 57: function Response Spectrom.







· [bookmark: _Hlk136795396]Define load case in both directions (Ex and Ey initial) 
[bookmark: _Hlk136796261]       Factor=9810/R = 9810/8 =1226.25. See figure 58 below:
[image: ]



[image: ]
[bookmark: _Toc137153908][bookmark: _Hlk136796399]Figure 58: Ex and Ey initial.
· Check base shear from response compared to ELF:
· V(EX)= 369.33              V(ELF-X) =993    
modified factor=993/369.33=2.688         
 Total factor=2.688*1226.25 =3296.16.
[bookmark: _Hlk136796587]→ 0.3Ey must be added to Ex =0.3*1581.86 =474.56. See figure 59 below:
[image: ]
[bookmark: _Toc137153909][bookmark: _Hlk136796651]Figure 59: Ex with modifiers (final )

· V(EY)= 763.635            V(ELF-Y) =991   
 modified factor=991/763.635=1.29
Total factor=1.29*1226.25=1581.86.
→ 0.3Ex must be added to Ey = 0.3*3296.16=988. See figure 60 below:

[image: ]
[bookmark: _Toc137153910][bookmark: _Hlk136800080]Figure 60: Ey with modifiers (final )




[bookmark: _Toc137149041][bookmark: _Hlk136800572][bookmark: _Toc137465155]4.4.4 Drift check:
Story drift can be defined as the relative displacement between adjacent story displacements
Such that:
𝜕𝑥 =𝐶𝑑 ∗ 𝜕𝑥𝑒/𝐼𝑒
𝜕𝑥: 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑛 𝑒𝑙𝑎𝑠𝑡𝑖𝑐 𝑑𝑟𝑖𝑓𝑡.
Cd: the deflection amplification factor = 5.5
𝜕xe: is the elastic drift of the story and computed from ETABS.
· Drift in x-direction:
The allowable drift = 0.02 hx. See figure 61 below:
[image: ]
[bookmark: _Toc137153911]Figure 61: The allowable drift value.
	Drift in X-Direction

	Story
	Delta(elastic)
	H
	Drift
	allowable
	 

	15
	0.001561
	3
	0.0085855
	0.06
	OK

	14
	0.001697
	3
	0.0093335
	0.06
	OK

	13
	0.001802
	3
	0.009911
	0.06
	OK

	12
	0.0105454
	3
	0.0579997
	0.06
	OK

	11
	0.001948
	3
	0.010714
	0.06
	OK

	10
	0.002008
	3
	0.011044
	0.06
	OK

	9
	0.00205
	3
	0.011275
	0.06
	OK

	8
	0.00206
	3
	0.01133
	0.06
	OK

	7
	0.002032
	3
	0.011176
	0.06
	OK

	6
	0.001934
	3
	0.010637
	0.06
	OK

	5
	0.001771
	3
	0.0097405
	0.06
	OK

	4
	0.001249
	4.5
	0.0068695
	0.09
	OK

	3
	0.000272
	2.75
	0.001496
	0.055
	OK

	2
	8.70E-05
	4
	0.0004785
	0.08
	OK

	1
	2.10E-05
	4.5
	0.0001155
	0.09
	OK


[bookmark: _Toc137153949][bookmark: _Hlk136801808]Table 13: Drift in X-Direction.

· Drift in y-direction:
	Drift in Y-Direction

	Story
	Delta(elastic)
	H
	Drift
	allowable
	 

	15
	0.000579
	3
	0.0031845
	0.06
	OK

	14
	0.000585
	3
	0.0032175
	0.06
	OK

	13
	0.000587
	3
	0.0032285
	0.06
	OK

	12
	0.003981
	3
	0.0218955
	0.06
	OK

	11
	0.000571
	3
	0.0031405
	0.06
	OK

	10
	0.000558
	3
	0.003069
	0.06
	OK

	9
	0.000536
	3
	0.002948
	0.06
	OK

	8
	0.000506
	3
	0.002783
	0.06
	OK

	7
	0.000468
	3
	0.002574
	0.06
	OK

	6
	0.00042
	3
	0.00231
	0.06
	OK

	5
	0.00036
	3
	0.00198
	0.06
	OK

	4
	0.000264
	4.5
	0.001452
	0.09
	OK

	3
	0.000243
	2.75
	0.0013365
	0.055
	OK

	2
	6.50E-05
	4
	0.0003575
	0.08
	OK

	1
	1.10E-05
	4.5
	0.0000605
	0.09
	OK


[bookmark: _Toc137153950]Table 14: Drift in Y-Direction.














[bookmark: _Toc137149048][bookmark: _Hlk136964579][bookmark: _Toc137465156]4.4.5 P-Delta check :
P-Delta effects on story shears and moments and can be ignored if its value is less than 0.1 m.
𝜃 =𝑃𝑥∗ ∆∗𝐼𝑒 / 𝑉𝑥∗ℎ𝑥∗𝐶𝑑
such that:
Px: The total vertical design load at and above level X (From ETABS).
∆ : The story drift.
Ie: Importance factor = 1.25.
Vx: The seismic shear force acting between level X and X-1.
hx: Story height below level x.

· P-delta In X-Direction:
	P-Delta in X-Direction

	Story
	Delta(elastic)
	H
	P
	V
	Theta
	

	15
	0.001561
	3
	3630.8094
	260.3228
	0.007257264
	OK

	14
	0.001697
	3
	6956.9113
	409.0381
	0.009620847
	OK

	13
	0.001802
	3
	10283.013
	490.003
	0.012605358
	OK

	12
	0.0105454
	3
	13652.49
	536.0515
	0.089525583
	OK

	11
	0.001948
	3
	17471.52
	577.9581
	0.019629174
	OK

	10
	0.002008
	3
	21290.55
	629.437
	0.022640034
	OK

	9
	0.00205
	3
	25109.58
	677.5426
	0.025324183
	OK

	8
	0.00206
	3
	28928.61
	721.0305
	0.027549892
	OK

	7
	0.002032
	3
	32747.64
	766.185
	0.028950016
	OK

	6
	0.001934
	3
	36566.67
	827.5974
	0.028484035
	OK

	5
	0.001771
	3
	40385.7
	903.9142
	0.026375319
	OK

	4
	0.001249
	4.5
	44158.367
	972.6869
	0.01260056
	OK

	3
	0.000272
	2.75
	48984.728
	995.69
	0.004866007
	OK

	2
	8.70E-05
	4
	54108.254
	1348.8225
	0.000872505
	OK

	1
	2.10E-05
	4.5
	58853.95
	1420.52
	0.000193346
	OK


[bookmark: _Toc137153951]Table 15: P-Delta in x-direction.





· P-delta In Y-Direction:
	P-Delta in Y-Direction

	Story
	Delta(elastic)
	H
	P
	V
	Theta
	

	15
	0.000579
	3
	3630.8094
	208.7228
	0.003357306
	OK

	14
	0.000585
	3
	6956.9113
	356.9285
	0.003800755
	OK

	13
	0.000587
	3
	10283.0132
	445.5816
	0.004515543
	OK

	12
	0.003981
	3
	13652.4901
	491.5601
	0.036855828
	OK

	11
	0.000571
	3
	17471.5201
	521.6355
	0.006374974
	OK

	10
	0.000558
	3
	21290.5501
	553.349
	0.0071565
	OK

	9
	0.000536
	3
	25109.5801
	595.7701
	0.007530161
	OK

	8
	0.000506
	3
	28928.6101
	649.4521
	0.007512936
	OK

	7
	0.000468
	3
	32747.6401
	713.9394
	0.007155554
	OK

	6
	0.00042
	3
	36566.6701
	788.7751
	0.006490233
	OK

	5
	0.00036
	3
	40385.7001
	868.4401
	0.005580447
	OK

	4
	0.000264
	4.5
	44158.3665
	936.9396
	0.002764985
	OK

	3
	0.000243
	2.75
	48984.7283
	987.2354
	0.004384434
	OK

	2
	6.50E-05
	4
	54108.2544
	1003.1682
	0.000876482
	OK

	1
	1.10E-05
	4.5
	58853.95
	1120.25
	0.000128422
	OK


[bookmark: _Toc137153952]Table 16: P-Delta in Y-direction.















[bookmark: _Toc137149057][bookmark: _Hlk136961964][bookmark: _Toc137465157]CHAPTER FIVE: DESIGN
This chapter will include: design checks, design of slab, design of a beam, and design of a 
Column, design of a shear wall.
[bookmark: _Toc137149058][bookmark: _Toc137465158]5.1 Shear strength check for slab:


         
The max shear value from ETABS on the critical panel shown in figure 62 below was less than 138.90 KN→OK
Vu from ETABS = 38.016 KN 
[image: ]
[bookmark: _Toc123579324][bookmark: _Toc137151909][bookmark: _Toc137153912]Figure 62: Shear check on slab.

· Hand calculation 
Wu = 1.2D+1.6L
       = 1.2(3.68+3.15) + 1.6(1.92) = 11.268 KN/m2

       
[bookmark: _Toc137149059][bookmark: _Toc137465159][bookmark: _Hlk137136388]5.2 Design check for beam:
Beam has been selected in fourd story. See figure 63 below:

[image: ]
[bookmark: _Toc123579325][bookmark: _Toc137153913]Figure 63: selected beam for design check.

Beam dimensions = 700 X 250mm.
Effective depth     = 215 mm.












[bookmark: _Toc137149060][bookmark: _Toc137465160]5.2.1 Flexural design:
For negative and positive moments from ETABS, See figure below 64:

[image: ]
[bookmark: _Toc123579326][bookmark: _Toc137153914]Figure 64: moment in beam.
5.2.1.1 For positive moment = 20.444 KN.m
Where: f’c = 28 MPa, Fy = 420 MPa.
[bookmark: _Hlk122905303]

[bookmark: _Hlk122904500]

 𝜌𝑚𝑖𝑛=1.4/420 =0.0033 
0.0033 > 0.00168 →Take ρ = 0.0033
→ As = ρ *b*d =0.0033*700* 215 = 501 mm2
→ Use 4∅14
[bookmark: _Hlk137039103]→As from Etabs =494mm2
[bookmark: _Hlk137038343]%Error =(501-494)/501=1.39% < 5% → OK.
5.2.1.2 For negative moment = 43.7448 KN.m 
Where: f’c = 28 MPa, Fy = 420 MPa.



𝜌𝑚𝑖𝑛=0.0033 
0.0033 < 0.00369 →Take ρ = 0.00369 
[bookmark: _Hlk137132969]→ As = ρ *b*d =0.00369*700* 215 = 555 mm2
→ Use 4∅14
→ As from Etabs =581mm2
→%Error =(I581-555)/581=4% < 5% → OK.

For reinforcement from ETABS, See figure 65 below:

[image: ]
[bookmark: _Toc123579327][bookmark: _Toc137153915][bookmark: _Hlk137075130]Figure 65: Reinforcement for beam from Etabs.
[bookmark: _Toc137149061][bookmark: _Toc137465161]5.2.2 Design beam for shear 
First, we will make sure to calculate the strength of the shear :

· [bookmark: _Hlk137041493] 
→As =569 mm2  from Etabs .
[bookmark: _Hlk137041201]

[bookmark: _Hlk137041276]
→As =398mm2  from Etabs .




·  
· 


.

                          =(1.38*21.9)+9.15+(2*3.15) =46 Kn.

→ Vg= 1.2D+1.6L = (12*20.9)+(1.6*9.15) =39 Kn.

→ The value of shear design = the max value of (V1,V factored ,Vg) = 61 Kn.






→The value of V from load case (Dead , Live .E, 1.2D+1.6L). See the figure 66 below:

[image: ]

[image: ]

[image: ]

[image: ]
[bookmark: _Toc137153916]Figure 66: The value of shear for load case.
[bookmark: _Hlk137146256]→The summary shear details from Etabs . See the figure 67 below:

[image: ]
[bookmark: _Toc137153917]Figure 67: The summary shear details from Etabs.
→ Calculate of Av /s :



[bookmark: _Hlk137133968]→∅Vc =99.546 KN.


[bookmark: _Hlk137059719]Assume Av = 2 * 78.5 = 157 mm2
→ Take S = 270mm
→Smax = d/2 = 107.5 mm

[bookmark: _Hlk137075538]→ on the side beam : 
S max = min (d/4,6db,150mm)
            = min (215/4,6*10,150)
Take S= 60mm.
→ at the middle beam :
S = d/2=215/2 =107.5mm. → Take S=100mm. See the figure 68 below:
[image: ]
[bookmark: _Toc137153918]Figure 68: Design of stirrups for beam in latral load.







[bookmark: _Toc137149062][bookmark: _Toc137465162]5.3 Design check for column:
Column at grid (5G) has been selected. See figure 69 below:
[image: ]
[bookmark: _Toc123579329][bookmark: _Toc137153919]Figure 69: Selected column for design.

Axial load from ETABS = 4475.81 KN. See figure 70 below.
[bookmark: _Hlk136969540]Ultimate moment M3 from ETABS = 101.108 KN.m. See figure 71 below.
[image: ]
[bookmark: _Toc123579330][bookmark: _Toc137153920]Figure 70: axial load in column.
[image: ]
[bookmark: _Toc123579331][bookmark: _Toc137153921]Figure 71: moment 3 in column
Interaction diagram for the selected column has been drawn and the point has been projected 
On the diagram. See figure 72 below:
[image: ]
[bookmark: _Toc123579332][bookmark: _Toc137153922]Figure 72: P-M3 interaction diagram
𝜌 𝐹𝑟𝑜𝑚 𝐸𝑇𝐴𝐵𝑆 = 0.01. See figure 73 below.

[image: ]
[bookmark: _Toc123579333][bookmark: _Toc137153923]Figure 73: Rebar percentage for column.
➔ As = 0.01 * 1000 * 400 =4000 mm2
➔ Use 16∅18. 

Shear design for the column:
Use Av /s min =
Assume Av = 2 * 78.5 = 157 mm2
→ S=270mm.

On the side column:
S max = min (b/4, 6db, h/4, Sₒ)
            = min (1000/4, 6*18, 400/4, 100)mm.
Take S= 100mm.

 at the middle column:
S =6db=6*18=108mm. → Take S=100mm.

→ Distance between reinforcement bars 
= (1000-80-10-18)/6=148mm < 150mm.


[image: ]
[bookmark: _Toc123579334][bookmark: _Toc137153924]Figure 74: Cross section for column.




[bookmark: _Toc137149063][bookmark: _Hlk137135707][bookmark: _Toc137465163]5.4 Design of slab: 
Minimum steel for slab has been computed = 0.0033*bw*d

Where: b is the width of web = 150 mm
 D is the effective depth         = 210 mm
As min = 0.0033*150*210    =103.95 mm2

→For positive moment 
[bookmark: _Hlk122987012]Let a =  = =3.34 mm

∅Mn =∅*As *Fy (d- )
         = 0.9*103.95*420*(210- ) * /0.55
         = 14.88 KN.m/m.
→For negative moment 
Let a =  =12.22 mm.

∅Mn =∅*As *Fy (d- a/2)
[bookmark: _Hlk122988851]         = 0.9*103.95*420*(210- )* /0.55
          = 14.56 KN.m/m 
The moment of slab has been shown between the ranges of minimum moment as shown in figure 75 below:

[image: ]
[bookmark: _Toc123579335][bookmark: _Toc137153925]Figure 75: The range of minimum moment
In x direction, all reinforcement are minimum. See figure 76 below:

[image: ]
[bookmark: _Toc123579336][bookmark: _Toc137153926]Figure 76: minimum moment in x direction.
[bookmark: _Hlk137147029]In y-direction, reinforcements for all slab are minimum except the following panels. See 
Figures 77 below:

[image: ]
[bookmark: _Toc123579337][bookmark: _Toc137153927][bookmark: _Hlk137146834]Figure 77: Moment in y-direction for slab
For minimum moment → reinforcement = 103.95 mm2/m.

[bookmark: _Hlk122989052]→ Take 2∅10 for positive moment and negative moment.

For panels in figures above for M11, maximum moment = 35kN.m/m

→For positive moment 

∅Mn =∅*As *Fy (d- a/2)
[bookmark: _Hlk122989200]35*0.9 = 0.9*As*420*(210- )* /0.55
As = 220mm2 → Take 2∅12.

→ For negative moment

∅Mn =∅*As *Fy (d- a/2)
35*0.9 = 0.9*As*420*(210- )* /0.55
As= 225 mm2 → Take 2∅12.





















[bookmark: _Toc137149064][bookmark: _Toc137465164]5.5 Design of shear wall:
Sear wall has been selected in figure 78 below:

[image: ]
[bookmark: _Toc137153928]Figure 78: Area of steel from Etabs

Area of steel from Etabs =9795 mm2 along the wall.
                                          = 9795/3=3265 mm2/m→6∅25/m.








[bookmark: _Toc137149067][bookmark: _Toc137465165]CHAPTER SIX: DESIGN OF FOOTHING

The foundations of the building transfer the weight of the building to the ground.  While 'foundation' is a general word, normally, every building has a number of individual foundations, commonly called footings.  Usually each column of the building will have its own footing.

All foundations are divided into two categories: shallow foundations and deep foundations. The words shallow and deep refer to the depth of soil in which the foundation is made. There are several kinds of shallow footings: isolated footings, combined footings and mat foundations. A pile is basically a long cylinder of a strong material such as concrete that is pushed into the ground so that structures can be supported on top of it.

There are many factors taking into consideration in the selection of footing:

· Design load: The magnitude of the design load dictates the required size of the foundation from a structural standpoint. 
· Subsurface formations: The depth and strength of subsurface formations determine the type of foundation chosen. 
· Economic considerations: Consider economics in the final selection by Compare the foundation types. 

· Isolated footing (Single footing) is used to support the load on a single column. It is usually either square or rectangle in plan. It represents the simplest, most economical type, and most widely used footing. Whenever possible, square footings are provided so as to reduce the bending moment and shear force the three critical sections.
· A basement wall (Wall footing) is thus one kind of retaining wall. But the term usually refers to a cantilever retaining wall, which is a freestanding structure without lateral support at its top. These are cantilevered from a footing and rise above the grade on one side to retain a higher level grade on the opposite side. The walls must resist the lateral pressures generated by loose soils or, in some cases, water pressure. A retaining wall is a structure designed and constructed to resist the lateral pressure of soil when there is a desired change in ground elevation that exceeds the repose of the soil.
· A mat foundation spreads out under the footprint of the building and declines the contact pressure compared to conventional strip or trench footing. It is a suitable solution for low bearing capacity soil, spread footing cover about 70% of the structure, high structure loads, soft pockets or cavities of in the soil to unknown extent raft, and highly compressible soil that extends to a great depth.


This project is a design for some types of footing, which the Mat foundation and Wall Footing 

[bookmark: _Hlk136964966][bookmark: _Toc137465166][bookmark: _Hlk137146956] 6.1 Load combinations:
[image: ]
[bookmark: _Toc137153929][bookmark: _Hlk137147060]Figure 79: Load combination for footing












[bookmark: _Hlk136969134][bookmark: _Toc137465167]6.2 Mat Foundation and Wall footing :
Mat foundation Layout (AutoCAD drawing): See Figures 80 below:

[image: ]
[bookmark: _Toc137153930]Figure 80: Layout for strips of footing 

Allowable bearing capacity of soil = 470 Kn/m2

All dimensions were assumed and checked on Etabs.

	Strip name
	Thickness(m)

	1
	0.45

	2
	0.77

	3
	0.45

	4
	0.6

	5
	0.35





[bookmark: _Hlk136970715][bookmark: _Hlk136969751][bookmark: _Toc137465168]6.3 Mat Foundation and Wall footing checks :
[bookmark: _Hlk137147200]6.3.1 Check soil pressure :
[bookmark: _Hlk136969986][bookmark: _Hlk137133441]The pressure must be less than q allowable =470 kn/m2. → Ok. See figure 81 below.

[image: ]

[image: ]

[image: ]
[bookmark: _Toc137153931]Figure 81: Check soil pressure from Etabs
6.3.2 Check Punching shear :
Check punching shear for mat foundation (less than (1) to get a high factor of safety ). OK
See figure 82 below.

[image: ]
[image: ]
[bookmark: _Toc137153932][bookmark: _Hlk137147521]Figure 82: Check punching shear from Etabs




















[bookmark: _Toc137465169]6.4 Design for Mat Foundation and Wall footing  :
[bookmark: _Hlk137134186]Sample calculation:
· Strip 1: (h=450mm)
· [bookmark: _Hlk137133477]Area of steel (Top in X direction) from Etabs for (Strip1) =Area of steel min 
[bookmark: _Hlk137133998]As min = ρ *b*h =0.0018*1000*450=810mm2. →(4∅16/m).
See figure 83 below.
[image: ]
[bookmark: _Toc137153933][bookmark: _Hlk137147820]Figure 83: As Top in X direction









· [bookmark: _Hlk137133693]Area of steel (Bottom in X direction) from Etabs for (Strip1) =Area of steel min 
As min = ρ *b*h =0.0018*1000*450=810mm2. →(4∅16/m).
 See figure 84 below.
[image: ]
[bookmark: _Toc137153934]Figure 84: As Bottom in X direction














· [bookmark: _Hlk137133847]Area of steel (Top in Y direction) from Etabs for (Strip1) =Area of steel min 
As min = ρ *b*h =0.0018*1000*450=810mm2. →(4∅16/m).
 See figure 85 below.
[image: ]
[bookmark: _Toc137153935]Figure 85: As Top in Y direction











· Area of steel (Bottom in Y direction) from Etabs for (Strip1) =Area of steel min 
As min = ρ *b*h =0.0018*1000*450=810mm2. →(4∅16/m).
[bookmark: _Hlk137148208]See figure 86 below.
[image: ]
[bookmark: _Toc137153936]Figure 86: As Bottom in Y direction


→ All stirps the As min > As from Etabs → Take As min.









Table of steel reinforcing  for all stirps: See Table 17 below:

	Stirps
	Direction(x)
Top (As min)
	Direction(x)
Bottom (As min)
	Direction(y)
Top (As min)
	Direction(y)
Bottom (As min)

	2
	1386 mm2
(6∅18/m)

	1386 mm2
(6∅18/m)

	1386 mm2
(6∅18/m)

	1386 mm2
(6∅18/m)


	3
	810 mm2
(4∅16/m)

	810 mm2
(4∅16/m)

	810 mm2
(4∅16/m)

	810 mm2
(4∅16/m)


	4
	1080 mm2
(6∅16/m)

	1080 mm2
(6∅16/m)

	1080 mm2
(6∅16/m)

	1080 mm2
(6∅16/m)


	5
	630 mm2
(4∅14/m)

	630 mm2
(4∅14/m)

	630 mm2
(4∅14/m)

	630 mm2
(4∅14/m)



[bookmark: _Toc137153953]Table 17: As for all strips





















[bookmark: _Toc137465170]REFERENCES:
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1 Risk Category of Buildings and Other Structures for Flood, Wind, Snow, Earthquake,
and Ice Loads

Use or Occupancy of Buildings and Structures. Risk Category
Buildings and other structures that represent a low risk to human life in the event of failure 1
Buildings and other structures, the failure of which could pose a substantial risk to human life. m

Buildings and other structures, not included in Risk Category IV, with potential to cause a substantial
economic impact and/or mass disruption of day-to-day civilian life in the event of failure.

Buildings and other structures not included in Risk Category IV (including, but not limited to, facilities that
manufacture, process, handle, store, use, or dispose of such substances as hazardous fuels, hazardous
chemicals, hazardous waste, or explosives) containing toxic or explosive substances where their quantity
exceeds a threshold quantity established by the authority having jurisdiction and is sufficient to pose a threat
to the public if released.

Buildings and other structures designated as essential facilities. v
Buildings and other structures, the failure of which could pose a substantial hazard to the community.

Buildings and other structures (including, but not limited to, facilities that manufacture, process, handle, store,
use, or dispose of such substances as hazardous fuels, hazardous chemicals, or hazardous waste) containing
sufficient quantities of highly toxic substances where the quantity exceeds a threshold quantity established by
the authority having jurisdiction to be dangerous to the public if released and is sufficient to pose a threat to
the public if released.”

Buildings and other structures required to maintain the functionality of other Risk Category IV structures.

“Buildings and other structures containing toxic, highly toxic, or explosive substances shall be eligible for classification to a lower Risk Category
if it can be demonstrated to the satisfaction of the authority having jurisdiction by a hazard assessment as deseribed in Section 1.5.2 that a
release of the substances is commensurate with the risk associated with that Risk Category.
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Table 1.5-2 Importance Factors by Risk Category of Buildings and
Other Structures for Snow, Ice, and Earthquake Loads

Risk Snow Ice Importance  Ice Importance Seismic
Category from  Importance Factor— Factor—Wind,  Importance
Table 1.5-1 Factor, I, Thickness, /; I Factor, I,
1 0.80 0.80 1.00 00

i 1.00 1.00 1.00

1 1.10 L15 1.00 1.25
v 1.20 125 1.00 150

Note: The component importance factor. 7., applicable to earthquake loads, is
not included in this table because it depends on the importance of the
individual component rather than that of the building as a whole, or its
occupancy. Refer to Section 13.1.3.
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Table 1 - Soil classification on site

Type of | Description | Shear wave velocity in| Resistance in the Undrained
soil at upper 30 m of soil |Standard Penetration [shear strength
site profile Test (SPT) ™ (kPa)®
(m/s)
Ve N
Hard rock > 1500

c Very dense soil or 360 - 760 > 50 > 100
soft rock

D SUIF soil 180 - 360 15-50 50 - 100

E Soft clay (see also <180 <15 <50
clause 202.2.1)

F For classification conditions, see clause 202.2.1.C (in this case, a specific site response
analysis shall be carried out as specified in clause 202.2.2).

Note

(a)
soil.

In case of incompatibility between the N test and s,, the site soil shall be classified according to softer
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Table 11.4-1 Short-Period Site Coefficient, F,

Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral

Response Acceleration Parameter at Short Period

Site
Class S5<025 S5=05 |S5=075| Ss=10 Sg=125 Ss>15
A 08 08 08 08 08 08
09 09 09 09 09
c 13 13 12 12 12
D 16 14 11 010
E 24 17 S See  See
Section  Section  Section
1148 1148 11438
F See  See  See  Se  See  See
Section  Section  Section  Section  Section  Section
1148 1148 1148 1148 1148 1148

Note: Use straight-line interpolation for intermediate values of S,
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Table 11.4-2 Long-Period Site Coefficient, F,

Mapped Risk-Targeted Maximum Considered Earthquake (MCEg) Spectral
Response Acceleration Parameter at 1-s Period

Site
Class. $;<01  §,=02 $,=03 S,=04 S$,=05 S,>06
A 038 038 038 038 038 038
B 08 08 !M 08 08
c s s - - s 14
D 24 22¢ 20° 1.9° 18 17°
E 42 See See See See See
Section  Section  Section Section  Section
1148 1148 1148 1148 1148
F See See See See See See

Section  Section  Section  Section  Section  Section
1148 11.4.8 1148 11.4.8 1148 11.4.8

Note: Use straight-line interpolation for intermediate values of S;.
“Also, see requirements for site-specific ground motions in Section 11.4.8.
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Table 11.6-1 Scismic Design Category Based on
Short Period Response Acceleration Parameter

Risk Category

Value of Sps 1or II or I v
Sps < 0.167 A A
B c

D

D

0.167 = Sps < 0.33
=> 0.33 < S, < 0.50
0.50 = S,

Table 11.6-2 Scismic Design Category Based on
1-S Period Response Acceleration Parameter

Risk Category

Value of Sy, I or I or TIT

Spi < 0.067 A
B

0.067 = Sy, < 0.13
0.133 = Sp, < 0.20

C— > o=0=s.

vony|?





image20.PNG




image21.PNG
@





image22.png




image23.PNG
Minimum thickness. A

One ond_ | Both ends
continuous_|_continuous

'“W.:'a....,.«.,.:..r"‘-“"'

o





image24.PNG
Y P
g & g
H g £ H
H g H H
[ 1 [i [
B17002s0 | e1700250 p el Bi7002s0 || e17002s0 |
H H g H H
o 5| s 3| 5 e 5| simewm 8
i § g H H
H # H 2 H
mruous0 5| e2e0u0  Gpownws]  e20a0 | meewo 3





image25.PNG
L

L.

L

L.

L.

L,




image26.PNG
L

20

L

" L. L,

449

; m l”s
475

L L L.





image27.PNG
L L S

208

m

L L L L

L

L,

L.




image28.png
=
&l
;

[




image29.png
!!Wmmmmmmmwu





image30.png




image31.png
[l Material Property Data

—
atn
S
O s e
G ]
s m—

Material Weight and Mass
@© Specty Weight Densty O Specfy Mass Densty.

Weight per Unt Volume:
Mass per Unt Volume: 5525 73

[E—
o
Wocharca Popety et
Nodsof Basicty. E [oss—Jwea
Fossns . U
Cosficen of Tremal pansion, A
Shear Modls, G WRB e

|43 Material Property Design Data

Material Name and Type:

Material Name [Concrete

Material Type. |Concrete, Isotropic.

Design Propetties for Concrete Materials

Speched Concrte CompressveSrengh fo. [8__|WPa
[ Lightweight Concrete.
Shear Strngih Reducton Factor




image32.png
R Material Property Data

General Data
Material Name
Material Type.
Drectional Symmetry Type.
Material Dispay Color
Material Notes

Material Weight and Mass
@© Specty Weight Densty
Weight per Unt Volume:
Mass per Unit Volume

Mechanical Property Data
Modius of Blasicty. E
Coeficiet of Themal Expansion. A

|43 Material Property Design Data

Material Name and Type:
Material Name

Material Type.

Design Propettiesfor Rebar Materials
Mirimum Yield Sirength, Fy.
Mirimum Tensle Strengih, Fu
Expected Yield Strength, Fye.
Expected Tensle Strengh, Fue




image33.PNG
|43 Slab Property Data

General Data

Property Name:

bt e — P
Hetons 22Dt
Modeling Type ShelThin v
Vi, Gty o Spcte)
e Gt ]
et s

s

oo
vt [ —
s o [E—
Stem Widht Top [ Jmm
Sem Wikt Bt E—
Spacing of Ribs et arc Parlelo S T-is ® Jm
Spacing of Ribs et arc Parlelo S 2Ais ® Jm





image34.PNG
143 Wall Property Data

General Data
Property Name:
Property Type:
Wall Material
Notional Size Data
Modeing Type
Modfiers (Curenty User Specfied)

Property Notes:

Propety Data

Modfy/Show Notonal Size.

£

L
'l

]




image35.PNG
{43 Frame Section Property Data.

General Data
Propery Name
Materal s v
Notona Sze Data Modey/Show Nt Sz
Display Color [ e
Notes Modey/Show Notes.

Shape
Secton Shape: Concete Recangule v

Section Propety Source:

Soure: User Defned Propety Hodiies
Secton Dinensons Gty User Specied
Destn E—
widhn [E— TR

oK




image36.PNG
{43 Frame Section Property Data

General Data
Property Name
Material
Notional Size Data
Display Color
Notes

Shape
Section Shape

Section Propety Source:
Source: User Defined

Section Dimensions

Depth
Widh

Propety Modfiers

Modfy/Show Modifers.
‘Curently User Specfied

Reinforcement
Modfy/Show Rebar.

oK




image37.PNG
|43 Property/Stiffness Modification Factors

Propety/Stiness Modiersfor Analysis:
Membrane 11 Direction

Membrane 122 Direction
Membrane 112 Direction
Bending m1 Direction
Bending m22 Directon
Bending m12 Direction
‘Shear v13 Direction
Shear v23 Direction
Mass.

Weight

:





image38.PNG
43 Property/Stiffness Modification Factors

Propety/Stiness Modiersfor Analysis:
Membrane 11 Direction

Membrane 122 Direction
Membrane 112 Direction
Bending m1 Direction

Bending m22 Directon

Bending m12 Direction
‘Shear v13 Direction
Shear v23 Direction
Mass.

Weight

:




image39.PNG
[ Property/Stiffness Modification Factors

Propety/Stiness Modiersfor Analysis:

Crosssecton (aia) Area
Stearhreain 2drection
Stearfreain 3drection
Torsond Constrt
[I—
Mot of et abot 30t
Vs
Weigt

o] [e=]




image40.PNG
14 Property/Stiffness Modification Factors

Propety/Stiness Modiersfor Analysis:

Crosssecton (aia) Area
Stearhreain 2drection
Stearfreain 3drection
Torsond Constrt
[I—
Moment of Inetia about 3245
Vs
Weigt




image41.PNG
efine Load Paterns

Qo To:

Lot
s o
Lont e 4 e ot ——
oess Dest B0
E— —
= o
B Seoes o
=~





image42.PNG




image43.PNG




image44.PNG
1206 '





image45.PNG
B Losd Combinaton Dta-





image46.png




image47.png




image48.jpg
Output
Case

Live

Case
Type

Linstate
Linstate
Linstate
Lnstatic

S
KN KN
32087 EX
08414 00425
02815 00187

R T





image49.png




image50.png
143 Section Cut Forces

Section Cutting Line.
Start Paint

P h—
< | ——

Gobal Z (1125 11.25
Integrated Forces
Right Side:
1 2
Force. 35574 7715
Moment 7497 12759
Save Right Side Cut

Ce— 5
o e
e O —
N —

Objects o inciude

o —
PP —"

z .
- i«
e i
[ Auto Refresh Resuts
E o





image51.png
&

3 Section Cut Forces.

C— >
Satfort o e O —

R — - —
O —
PN —

Gobl Z 1125 125 n Beams
Wals = =
Integrated Forces
Roht Sice Left Sce
1 2 z 1 2 z
Force 50229 0 20228 50225 55914 04587 N
Moment 21748 EGE 50166 30018 36132 Khim
Save Right Sde Cut Save Left Sde Gt

[] Auto Refresh Resuts




image52.png
{3 Section Cut Forces.

Tansparency < >

Section Cutting Line Load Case: Resultant Force Location and Angle

= e — [ o —
Gl X mm
e T —

PN —
PP —"

Integrated Forces,

Lot e
! > 2

Force o 757 152 o

Momert o122 [os7 o K

Save Left Side Cut

[] Auto Refresh Resuts





image53.png




image54.PNG
Member Condiion Defcton o be consdered Fiion
T o | N appring o s o o e ety o | s e o o s o - S, R | 1807
[ ——
e plsin s ey 0
A R —————
Roofor | Supporigorstaciedto | deoions | gttt cmn, hih e sumof e e
oo | et comens. [ttty b et | epeden detion d ol st o
et || it defactiondo oy aiors e ond | (240°





image55.png




image56.png




image57.png
Table 12.8-2 Values of Approximate Period Parameters C, and x

Structure Type [

Moment-resisting frame systems in which the frames resist 100% of the required seismic force
and are not enclosed or adjoined by components that are more rigid and will prevent the frames
from deflecting where subjected to seismic forces:

Steel moment-resisting frames 0.028 (0.0724)°

Concrete moment-resisting frames 0.016 (0.0466)"
Steel eccentrically braced frames in accordance with Table 12.2-1 lines BI or DI 0.03 (00731
Steel buckling-restrained braced frames 0.03 (00731
Al other structural systems 0.02 (0.0488)"

08
09

075
075
075

“Metric equivalents arc shown in parcnheses.
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