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[bookmark: _Toc486032897][bookmark: _Toc486064819]ABSTRACT
The objective of this senior project is to carry out a complete structural analysis and design of the buildings. It analyzes and design two different floor slab systems (ribbed and solid) and compares the outcomes based on different criteria.  
The structural design of this two commercial buildings involves design of floor slabs, stairs, beams, columns, foundation and analysis of frames. Building 1 has solid slab system and building 2 has a one way ribbed slab system. Live load and dead load analysis is made according to Eurocode-1, 2001. After the minimum depth of slab for serviceability limit state of deflection were determined, the slabs were designed for partition load, floor finish using self-weight load and live loads according to Eurocode-1, 2001. The solid slab is designed according to Eurocode. Stairs and landings were designed as one-way slab. For the analysis of frames, the restrained conditions at the foundation level are assumed fixed. Loads acting on beams from slab reactions and walls directly resting on beams were added to self-weight of beams to find total load acting on beams. These were inserted and analyzed using ETABS.2016.v16.0.3. To simplify the design procedure calculation is done using an Excel spread sheets. The size of the footing was determined from the bearing capacity of the soil; the thickness of the footing is determined from punching and wide beam shear. Finally the footing was designed for flexure using design tables. 
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ABBREVIATION  

S	soil factor
ag	Reference peak ground acceleration 
ag	design ground acceleration 
g	acceleration of gravity
q	Behavior factor design ground acceleration in the vertical direction
Sd (T)   design spectrum 
γI	importance factor 
dr	design interstorey drift
h	interstorey height
mi	mass of storyi
n	number of stories above the foundation or the top of a rigid basement
Fi 	Horizontal seismic force at story i
Fb	base shear force
H     	building height from the foundation or from the top of a rigid basement
H     	interstorey height
 T1       fundamental period of the building in the horizontal direction of interest
TC    corner period at the upper limit of constant acceleration region of the elastic 	spectrum
n	number of stories above the foundation or the top of a rigid basement
zi	height of mass mi above the level of application of the seismic action
 q	Behavior factor
Gd	Design value of a permanent action

 	Factor for combination value of a variable action

	Factor for frequent value of a variable action

	Factor for quasi-permanent value of a variable action
ψE,I 	combination coefficient for a variable action i, to be used when determining the
	effects of the design seismic action d displacement
qk	characteristic value of a uniformly distributed load, or line load_
ϕ 	Angle of repose (degrees)
co  	orography factor
Cseason   Seasonal factor
d	Effective depth of a cross-section
fcu	Compressive strength of concrete
fcd	Design value of concrete compressive strength
fck	Characteristic compressive cylinder strength of concrete 
fcm	Mean value of concrete cylinder compressive strength
fctk	Characteristic axial tensile strength of concrete
fctm	Mean value of axial tensile strength of concrete
fy	Yield strength of reinforcement
fyd	 Design yield strength of reinforcement
γc 	partial factor for concrete
[bookmark: _Toc486032902][bookmark: _Toc486064824]introduction
[bookmark: _Toc486032903][bookmark: _Toc486064825]General
	The project is a structural analysis and design of two buildings located in Holeta. It is mainly concerned with the analysis and design of the buildings with different floor slab systems and comparing the outcomes. The two floor slab systems are ribbed slab system and solid slab system. The project also deals with the comparison between the two floor slab systems in terms of their role resisting lateral forces, specifically earthquake. 
	In our structural design, our main aim is to ensure that our structure will perform during its design life and check that the structure is capable of caring loads applied on it. Design loads acting on individual elements are evaluated by using hand calculations and software as aids. We use this design loads to calculate internal forces and deflections at critical points along the elements. The objective of the design is structural safety, serviceability, and durability.















[bookmark: _Toc486032904][bookmark: _Toc486064826]General Description of the Building
	This paper outlines the static calculation on the structural design of B+G+6 commercial building, the construction is in Holeta. This building is architecturally designed to give service mainly for parking and shopping. The building has one main entrance at the front and a stairway is located on the back side of the building. Foundation of the building is laid on 500 m² plot area. From geotechnical data recommendation, the foundation can be isolated footing or mat foundation. 
[bookmark: _Toc486032905][bookmark: _Toc486064827]Basic Structural Component
A building consists of many structural components. Generally, structural components are divided into two categories.
1) Sub-structure -is the lower portion of the building, usually located below the ground level, which transmits loads of the super-structure to the supporting soil.

A) Foundation - is the part of the structure which is in direct contact with the ground, and transmits all dead, live and other loads to the soil beneath in a manner that these do not stress the soil beyond its safe allowable bearing capacity. The function of the foundation is, therefore, to spread the load from a building to the ground so that any movements that will occur do not cause damage to any part of the building. The foundation should be strong and this is influenced by the kind of materials used for its construction. It should be stable, and this is dependent on the way in which the foundation transmits the load to the ground and the way in which the soil reacts.
2) Superstructure- is that part of the structure which is above ground level, and which serves the purpose of its intended use. Superstructure contains many structural components. Such as- beam, column, slab, and staircase.

A) Beam - is a horizontal structure member used to carry a vertical load, shear load, and sometimes horizontal load. It is a major component of building structures.
 B) Column - is vertical structural member designed to transmit a compressive load. A column transmits the load from ceiling/roof slab and beam, including its own weight to the foundation. Hence it should be realized that the failure of a column results in the collapse of the entire structure. In other words, a column is a compression member.



C) Slab: - Slabs are the flooring systems of most structures. It is a two-dimensional structural member, also called a surface element which transfers the loads to the beams or column. The main functions of slabs are generally to carry gravity forces. The types of slab depend on support condition, arrangement, and load transfer mechanism. Depending on support condition slabs can be simply supported or continuous slabs. Depending on load transfer mechanism slabs can be one way or two ways. Slabs may also be classified as; solid slabs with uniform/variable thickness, flat slabs with a uniform thickness without edge beam and ribbed slab with ribs running in one direction.
D) Staircase: - Stairs are set of steps leading from one floor to another and are provided in buildings as a means of communication between floors.
[bookmark: _Toc486032906][bookmark: _Toc486064828]The Role of Slab in Resisting Lateral Force
Slabs are the flooring systems of most structures. The slab is a two-dimensional structural member, also called a surface element which transfers the loads to the beams or column. They can be classified based on support condition, arrangement, and load transfer mechanism.
There are three common types of lateral actions on a structure are the lateral earth pressures, wind forces, and seismic loads. 	
Slabs are designed to resist only the bending moment in two orthogonal directions as well as twisting moments, they generally to carry gravity forces such as loads from human weight, goods and furniture, vehicles and so on. Besides that, slabs also contribute to the lateral load resistance and stability by transmitting the forces to main framing systems that are, the floor beams, columns, and shear walls. This is based on the assumption that in-plane stiffness of slabs is so great that it act as a rigid diaphragm. 
	Depending on support condition slabs can be simply supported or continuous slabs. Depending on load transfer mechanism slabs can be one way or two ways. Slabs may also be classified as; solid slabs with uniform/variable thickness, flat slabs with a uniform thickness without edge beam and ribbed slabs.
	To accommodate large seismically induced deformation most structures need to be ductile, stiff and strong enough to absorb energy and dissipate it.





[bookmark: _Toc486032907][bookmark: _Toc486064829]Solid and ribbed slabs
I) Solid slab
 Solid slab is a customized reinforce concrete floor slab. They are often analyzed and designed as uniform plate elements which only possess in- plane stiffness to carry loads acting normal to the plane of the slab.
             They are laterally restrained at their perimeter supports is very sensitive to the in- plane stiffness of the surrounds and of the slab itself. Based on the assumption that in-plane stiffness of slabs solid slabs are so great that it act as a rigid diaphragm. Diaphragm is a structural element that transmits lateral loads to the vertical resisting elements of a structure such as shear walls or frames.
A solid slab supported on beams behaves differently when compared to slabs supported on walls or flat slabs, because of the influence of the following three factors:  
· Deflections in the supporting beams
·  Torsion in the supporting beams. 
· Displacements (primarily rotations) in the supporting columns
Deflections in the supporting beams become significant when they have relatively large span/depth ratios and their end connections are relatively flexible. These deflections, caused by relatively low flexural stiffness‘s of the beams, are enhanced with time, due to the long-term effects of creep and shrinkage. The support flexibility significantly influences the magnitudes and distributions of bending moment and shear forces in slabs the monolithic construction of beam and slab results in the twisting of the beam along with the bending of the slab. This results in torsion in the beam
          In general, it is observed that with an increase in beam torsional stiffness, there is a consequent decrease in a positive moment in interior slab panels, but a significant increase in the negative moment at the discontinuous edge of the exterior panel. The columns also influence the behavior of the beam-supported slabs, because they form part of an integral slab beam column system, which can sway and bend in a variety of ways. Two-way slab with beam supported has the following advantage it has frame action with columns to resist horizontal force, high Stiffness of the beam decreases the deflection of the slab and the depth of the slab, slabs supported by beam have higher shear capacity than other slab types these are some advantage of a beam supported slab. Disadvantages are Visibility of drop beams in ceilings, construction of Formwork, etc.    
	
II) Ribbed slab 
Are made up of wide band beams running between columns with narrow ribs spanning the orthogonal direction. Normally the ribs and the beams are the same depth. A thin topping slab completes the system. 
The main advantage of using hollow blocks is the reduction in weight by removing the part of the concrete below the neutral axis. 
Additional advantages are: 
      1. Ease of construction. 
 2. Hollow blocks make it possible to have a smooth ceiling which is often required for architectural considerations.
3. Provides good sound and temperature insulation properties. 


Diaphragm action of floor systems (slab)
      The desirable interaction within a building of all lateral force resisting vertical components of the structural system is an effective and relatively rigid interconnection of these components at suitable level; this is achieved with the use of floor systems, which generally possess large in-plane stiffness. Slabs spanning in one or two directions and monolithic with the supporting beams generally provide enough strength for diaphragm action unless penetration by large openings is excessive .vertical elements will thus contribute to the total lateral force resistance, in proportion to their own stiffness. 
      Another function of the floor system, acting as a diaphragm is to transmit inertia
forces generated by earthquake acceleration of the floor mass at a given level to all 
horizontal force resisting elements. 
[bookmark: _Toc486032908][bookmark: _Toc486064830]Design Criteria for Buildings
To analyze or design a structure, it is necessary to establish criteria for determining whether a given structure is acceptable for use in a specified circumstance. The most important criteria are; Safety, Serviceability, Efficiency, Construction, Costs etc.
Safety implies the likelihood of partial or total collapse of the structure is acceptably low not only under normally expected loads (service loads) but also under abnormal but probable overloads (such as due to an earthquake or extreme wind). Collapse may occur due to various possibilities such as exceeding the load bearing capacity, overturning, sliding, buckling, fatigue and fracture etc. 
Serviceability: The structure must be able to carry the design load safely without excessive material distress and with deformations within an acceptable range. This is achieved by using safety factors in the design of the element. By altering the size, shape, and choice of material, stresses in a structure can be maintained at safe levels and such that material distress (e.g. cracking)does not occur. This is basically a strength criterion and is of fundamental importance Associated with deformations including movements in structures and vibration. Control is achieved through stiffness of a structure and its damping characteristics. 

Constructions: Construction includes considerations such as the type of effort or human power required to construct a given facility, the type and extent of equipment required, and the total amount of time necessary to complete construction.
Costs: is an influential factor in the choice of most structures. The cost criterion cannot be separated from the criteria of efficiency and construction. The total cost of a structure depends primarily on the amount and cost of material used, cost of labor required to construct the facility, and the cost of equipment needed during construction. A highly efficient structure that is not difficult to construct will probably be an economical one.
Durability: The structure shall be designed such that deterioration over its design working life does not impair the performance of the structure below that intended, having due regards to its environment and the anticipated level of maintenance. 
[bookmark: _Toc486032909][bookmark: _Toc486064831]Design Philosophies
	Over the years, various design philosophies have evolved in different parts of the world, with regard to reinforced concrete, steel, and timber. Each design philosophy is built upon a few fundamental assumptions.

· Working Stress Method (WSM): - This was the traditional method of design philosophy. The conceptual basis of it is structural material behaves in a linear elastic manner and that adequate safety can be ensured by suitably restricting the stresses in the material induced by the expected ‘working loads' (service loads which mean un-factored loads) on the structure. As the specified permissible (allowable) stresses are kept well below the material strength (i.e., in the initial phase of the stress-strain curve), the assumption of linear elastic behavior is considered justifiable. The ratio of the strength of the material to the permissible stress is often referred to as the factor of safety. The main drawback of WSM are it does not provide a realistic measure of the actual factor of safety underlying a design since it provides large section and become uneconomical also it is not applicable semi-plastic or doesn't' account inelastic strain property of material. It has also been found to be unsafe when dealing with the stability of structures subject to overturning forces
· Ultimate Strength (Load) Method (USM):- With the growing realization of the shortcomings of WSM in reinforced concrete design, and with increased understanding of the behavior of reinforced concrete at ultimate loads, the ultimate load method of design (ULM) evolved in the 1950s and became an alternative to WSM. In this method, the non-linear stress−strain curves of concrete and steel are accounted and safety measure in the design is introduced by an appropriate choice of the load factor, defined as the ratio of the ultimate load (design load) to the working load. In this also it possible for different types of loads to be assigned different load factors under combined loading conditions, thereby avoiding the shortcoming of WSM. But the main shortcoming of this method is it does not apply factors of safety to material stresses, it cannot directly take account of the variability of materials, and also it cannot be used to calculate the deflections or cracking at working loads since excessive deformation& cracking formed in given section.

· Limit States Method (LSM): - The philosophy of the limit states method of design (LSM) represents a definite advancement over the traditional design philosophies. Unlike WSM, which based calculations on service load conditions alone, and unlike ULM, which based calculations on ultimate load conditions alone, LSM aims for a comprehensive and rational solution to the design problem, by considering safety at ultimate loads and serviceability at working loads. It uses a multiple safety factor format which attempts to provide adequate safety at ultimate loads as well as adequate serviceability at service loads, by considering all possible ‘limit states’

· Limit States: - A limit state is a state of impending failure, beyond which a structure ceases to perform its intended function satisfactorily, in terms of either safety or serviceability i.e., it either collapses or becomes unserviceable. There are three types of limit states.

1. Ultimate limit states :-(or ‘limit states of collapse'): - which deal with strength, overturning, sliding, buckling, fatigue fracture, etc. It concerns safety of people and the structure.
· Also, ultimate limit states shall be verified where they are relevant:
· Loss of equilibrium of the structure or any part of it, considered as a rigid body.
·  Failure by excessive deformation, transformation of the structure or any part of it into a mechanism, rupture, loss of stability of the structure or any part of it, including supports and foundations.
· Failure caused by fatigue or other time-dependent effect.
2. Serviceability limit states: - Which deal with discomfort to occupancy or malfunction, caused by excessive deflection, crack-width, vibration, leakage and loss of durability, etc. It concerns the functioning of the structure or structural members under normal use, the comfort of people and appearance of the construction work.





· The verification of serviceability limit states should be based on criteria concerning the following aspects:-
a) Deformations that affect
· The appearance,
· The comfort of users, or
· The functioning of the structure (including the functioning of machines or services), or that cause damage to finishes or non-structural members
b) Vibrations
· That cause discomfort to people, or
· That limit the functional effectiveness of the structure
c) Damage that is likely to adversely affect
· The appearance,
·  The durability, or
·  The functioning of the structure.
3. Special limit state: - This class of limit states involves damage or failure due to abnormal conditions or abnormal loadings and includes:
· Damage or collapse in extreme earthquakes,
· Structural effects of fire, explosions, or vehicular 
· Structural effects of corrosion or deterioration and collapse
· Long-term physical or chemical instability (normally not a problem with concrete structure.
[bookmark: _Toc454806251][bookmark: _Toc486032910][bookmark: _Toc486064832]Design Consideration and Material Property
· Concrete:- The  main  measure  of  structural  quality  of  concrete  is  its  Characteristic compressive cylinder strength , It is denoted by concrete strength classes which relate to the characteristic (5%) cylinder strength fck, or the cube strength fck,cube determined at 28 days by using Class I workmanship and ordinary loading condition with a maximum value of Cmax  in accordance with EN 206-1.
Note:  The recommended value of Cmax is C90/105
· The value of the design compressive strength is defined as



ForPersistent & Transient

ForAccidental state in euro code-1992, Table 2.1N

Where: is a Partial safety factor for aconcrete structure in persistent and transient
design situation, taken for  unfavorable design condition.  

Note:-0.8 is the coefficient taking to account long-term effects on the compressive strength and unfavourable effects resulting from the way the load is applied. This values lies between 0.8 and 1.0.

· Characteristic tensile strength: - refers to the axial tensile strength determined by tests in accordance with standard issued from the characteristic cylinder compressive strength with an empirical relation.







Where:=Characteristic axial tensile strength of concrete in MPa

=Design tensile strength of concrete in MPa

=Characteristic compressive cylinder strength of concrete at 28 days
· Deformation properties of concrete: - The values  of the  material properties required for the  calculation of  instantaneous and time-dependent deformations of concrete depend not only upon  the grades  of concrete  but also  upon the properties of  the aggregates  and other  parameters related to  the mix design and  the environment.
· Modulus of elasticity(Secant modulus of elasticity of concrete): - is controlled by the module of elasticity of its components or on the concrete grade and the actual properties of the aggregate used in the absence of more accurate data, an estimate of mean values of secant modulus Ecm can be obtained from concrete grade by the following equation




Where: fcm= Mean value of concrete cylinder compressive strength
fCK=Characteristic compressive cylinder strength of concrete at 28 days

Note:   The value ofare obtained from euro code -2 design of concrete structure Part – 1 Table 3.1 for each concrete grade. 

· Reinforcement steel: - It is a high-strength and high-cost steel bar used in concrete construction (e.g., in a beam or wall) to provide additional strength. When reinforcing steel is used in concrete, the concrete is made to resist compression stress and the steel is made to resist tensile stress with or without additional compressive stress.
· Design yield strength of reinforcement


in MPa
	γs=1.15 for Persistent & Transient condition&1.0  for Accidental condition in 	euro code-1992, Table 2.1N.
	Where: γs -Partial safety factor for reinforcing steel
	fyk - the characteristic tensile strength of steel
















[bookmark: _Toc486032911][bookmark: _Toc486064833]Objective of the Project
	The main objective of this senior project is to carry out a complete structural analysis and design of the buildings based on the courses we have covered. It analyzes and design two different floor slab systems (ribbed and solid) and compares the outcomes based on different criteria. We also wish to increase our knowledge on analysis and design of a building.
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[bookmark: _Toc486032913][bookmark: _Toc486064835]Geometry
	The building has different geometrical and structural arrangements consisting 4 bays in the x-direction and 4 bays along the y direction. It consists of Beams and columns. Solid and ribbed slabs are adopted for the floor system. It has also a staircase and an elevator to provide a vertical circulation between floors. The building is regular in elevation having different story heights. 

[bookmark: _Toc486065149]Table 2‑1Story height
	Floor 
	Story height

	Basement to ground
	-1.52

	Ground to first 
	3.2

	First to second
	3.2

	Second to third
	3.2

	Third to fourth
	3.2

	Fourth to fifth
	3.2

	Fifth to six
	3.2

	Six to roof level
	3.2
















[bookmark: _Toc486032914][bookmark: _Toc486064836]Basement floor
The basement floor provides services for parking cars, energy room, janitor room, and store. The structural arrangement consists of ramp, lift, and staircase for vertical circulation.  Since the basement is located underground retaining wall is provided to support the soil and resist lateral earth pressure exerted by the soil.
[image: G:\base.PNG]

Figure 2.1 Basement floor slab





[bookmark: _Toc486032915][bookmark: _Toc486064837]Typical floor
The typical floors consist of six shopping centers with different plot areas. Structurally it has columns of different shapes.  Lift and stair case are present for vertical circulation.
[image: G:\ground.PNG]
[bookmark: _Toc486065206]Figure 2‑1Typical floor slab






[bookmark: _Toc486032916][bookmark: _Toc486064838]Design code and reference
EN 1990 Eurocode :  Basis of Structural Design 
EN 1991 Eurocode 1:  Actions on structures 
EN 1992 Eurocode 2:  Design of concrete structures 
EN 1997 Eurocode 7: Geotechnical design
EN 1998 Eurocode 8:   Design of structures for earthquake resistance
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[bookmark: _Toc486032918][bookmark: _Toc486064840]Concrete
Eurocode 2 prEN 1992-1-1 table 3.1

Table 2.1 Stress and deformation characteristics for concrete
	Strength classes for concrete

	fck (MPa)
	20
	25

	k,cube (MPa)
	25
	30

	Fcm (MPa)
	28
	33

	Fctm (MPa)
	2.2
	2.6

	fctk, 0,05(MPa)
	1.5
	1.8

	fctk,0,95 (MPa)
	2.9
	3.3

	Ecm (GPa )
	30
	31

	εc1 (‰)
	2.0
	2.1

	εcu1 (‰)
	3.5
	3.5

	εc2 (‰)
	2.0
	2.0

	εcu2 (‰)
	3.5
	3.

	n
	2.0
	2.0

	εc3 (‰)
	1.75
	1.75

	εcu3 (‰)
	3.5
	3.5



· For beam and slab elements concrete grade of C20/25 is used.
· For column and footing elements concrete grade of C25/30 is used. 
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	Product form
	Bars and de-coiled rods

	Class
	A
	B
	C

	Characteristic yield strength fyk    or f0,2k (MPa)
	
400 

	Minimum value of k = (ft/fy)k
	≥1.05
	≥1.08
	≥1.15
<1.35

	Characteristic strain at
Maximum force, εuk (%)
	≥2.5
	≥5.0
	≥7.5

	Bendability
	Bend/Rebend test

	Shear strength
	

	Maximum            nominal
deviation from       bar size (mm)
nominal mass       ≤ 8
(individual bar      >8
or wire) (%)
	


±6.0
±4.5



EurocodeprEN 1992-1-1 ANNEX C
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[bookmark: _Toc486032921][bookmark: _Toc486064843]Self-Weight
                 Self-weights are the weights of the structural members themselves, such as beams and columns, the weights of roof surfaces, floor slabs, ceilings, or permanent partitions, and so on. Self-weights associated with the structure can be determined if the materials and sizes of the various components are known. 
               Some of the standard material unit weights used for the purpose of determining the load on each floor are shown in the table below. 
	Table 3.1 self-weight
	Material type
	Unit weight(kN/m³)

	Reinforced concrete
	25

	Cement screed
	23

	Steel 
	78.5

	Marble/granite
	27

	Ceramic
	23

	HCB
	14

	PVC
	16

	Aluminum
	27

	Glass
	25











[bookmark: _Toc486032922][bookmark: _Toc486064844]Service Loading
[bookmark: _Ref486032344][bookmark: _Ref484702284][bookmark: _Toc486065150]Table 3‑1 service loading
	Story
	Live load(kN/m²)
	Dead load(kN/m²)

	Tanker
	Water Tanker- 2.75kN/m2
	Cement screed-0.69kN/m2
RC slab-4.5kN/m2
Plastering- 0.375kN/m2
Total- 5.56kN/m2

	Roof
	Maintenance-1kN/m2
	Water proofing -0.1kN/m2
RC slab – 3.75kN/m2
Cement Screed -0.69kN/m2
Ceiling Plastering -0.375kN/m2
Total- 4.915kN/m2

	Typical floor
	Shop-4kN/m2
Balcony-4kN/m2
Stairs-3kN/m2
	Floor finish-0.46kN/m2
Cement screed-0.69kN/m2
RC slab-4.5kN/m2
Plastering-0.375kN/m2
Partition-1.5kN/m2
Total-7.525kN/m2













[bookmark: _Toc486032923][bookmark: _Toc486064845]Concrete Exposure Classes for durability and cover to reinforcement



The nominal cover: - is defined as a minimum cover, plus an allowance in design for deviation,



 is an allowance which should be made in the design for deviations from the minimum cover.  It should be taken as 10 mm.

Should be set to satisfy the requirements below:
· Safe transmission of bond forces
· Durability
· Fire resistance


· Minimum cover, cmin,b, requirements with regard to bond should not be less than bar diameter according to Euro code prEN 1992-1-1 table 4.2 since aggregate size is less than 32.
· 
the minimum concrete cover for durability requirement depends on the structural class and the environmental exposure class of the structural member.
The concrete exposure classes related to environmental conditions considered for each component of the structure along with the class definition from EN 206-1 table 4.1.







Table 3.3 Exposure classes related to environmental conditions
	Class designation
	Description of the environment 
	Informative examples where exposure classes may occur 

	1. Corrosion induced by carbonation
	

	XC1 
	Dry or permanently wet 
	Concrete inside buildings with low air humidity  Concrete permanently submerged in water 

	XC2 
	Wet, rarely dry 
	Concrete surfaces subject to long-term water contact 
Many foundations 

	XC3 
	Moderate humidity 
	Concrete inside buildings with moderate or high air humidity 
External concrete sheltered from rain 

	XC4 
	Cyclic wet and dry 
	Concrete surfaces subject to water contact, not within exposure class XC2 



Our buildings are designed for service life of 50 years 
· 
Structural classifications and value of ,The recommended Structural Class (service life of 50 years) is 4 for the indicative concrete strengths given In
prEN 1992-1-1Annex E

Table 3.4:- Indicative strength classes
	
	Exposure Classes according to Table 4.1

	Corrosion

	
	Carbonation-induced corrosion

	
	XC1
	XC2
	XC3
	XC4

	Indicative Strength Class
	C20/25
	C25/30
	C30/37











Values of minimum cover, requirements with regard to durability for reinforcement steel prEN 1992-1-1 table4.4N



Table 3.5Cminrequirement for durability 
	
Environmental Requirement for  (mm) 
	

	Structural class 
	Exposure Class 
	

	
	XC0 
	XC1 
	XC2  

	 S4 
	10 
	15 
	25 



Table 3.6 Total Cnom value
	Structural members 
	Inductive strength class
	

	

	
=10 mm
	

	


	
Remark
Cnom

	Sub-structures 
· Foundation
	XC2
C25/30
	
25
	
-24

	
10
	

- 25

	
   35

	
35

	Super-structures 
· Beam
· Column
· Slab
	XC1
C20/25


	
15
	
- 20
- 20
- 10
	
10
	
20
20
15
	
   30
   30
   25
	
35
35
25

	Stirrups
	XC1
C20/25
	
 15
	
8

	
10
	
	
 25
	
_



Sample calculation – concrete cover for BEAM 
· The concrete cover for the longitudinal bars
Cmin,b = 20 mm = bar diameter 
Cmin,dur = 15 mm
ΔCdev = 10 mm.
Cmin= max { 20 mm, 15mm, 10mm}
Cnom = Cmin + ΔCdev = 20 + 10 = 30 mm.




· The concrete cover for the Stirrups
cmin,b = 8 mm
cmin,dur = 15 mm
Δcdev = 10 mm.
Cminmax{8,15,10}
Cnom = Cmin + Δcdev = 15 + 10 = 25 mm.
From longitudinal= 30-8= 22
From stirrups = 25 
        Stirrup governs = 25+8= 33mm
use = 35mm
[bookmark: _Toc477162601][bookmark: _Toc486032924][bookmark: _Toc486064846]Fire Resistance and Cover
The building is designed to have a 60 minutes fire rating. 
Column  
Minimum column dimensions and axis distances for columns with rectangular or circular section EN 1992-1-2:2004 (E) 
Table 3-7 Fire resistance of columns 
	Standard fire resistance 
	Minimum dimensions (mm) 
Column width bmin/axis distance a of the main bars 

	
	Column exposed on more than one side 
	Exposed on one side 

	
	μ fi = 0.2 
	μ fi = 0.5 
	μ fi = 0.7 
	μ fi = 0.7 

	1 
	2 
	3 
	4 
	5 

	R 60 
	200/25 
	200/36 
300/31 
	250/46 
350/40 
	155/25 

	
	Note: Table 5.2a is based on recommended value αcc =1 



· Use Column width bmin/axis distance a of the main bars= 350/40



Continuous beams 
Table 3-8 Minimum dimensions and axis distances for continuous beams made with reinforced and prestressed concrete 
	Standard fire resistance 
	Minimum dimensions (mm) 

	
	Possible combinations of a and bmin where a is the average axis distance and bmin is the width of 
beam 
	
Web thickness bw

	
	
	Class 
WA
	Class 
WB
	Class 
WC

	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 

	R 60 
	bmin= 120 a = 25 
	200 
12* 
	
	
	100 
	80 
	100 

	
	asd = a + 10mm =35mm




· use bmin=120 , a=25

Simply supported solid slabs 
Table 3-10 Fire resistance reinforced Slab 
	Standard fire resistance 
	Minimum dimensions (mm) 

	
	Slab thickness hs (mm) 
	One way 
	Axis distance-a 
Two way 
Ly/lx ≤ 1.5 
1.5 <ly/lx ≤ 2 

	1 
	2 
	3 
	4 
	5 

	REI 60 
	80 
	20 
	10* 
	15* 

	* Normally the cover required by EN 1992-1-1 will control 








Ribbed slabs 
Table 3-11 Fire resistance of reinforced Ribbed Slab 
	Standard 
fire resistance 
	Minimum dimensions (mm) 
	

	
	Possible combinations of width of ribs bmin and axis distance a 
	
Slab thickness hs and axis distance a in flange 

	1 
	2 
	3 
	4 
	5 

	REI 60 
	bmin	= 
100 a = 35 
	120 
25 
	≥200 
15* 
	hs = 80 a = 10* 

	asd = a + 10=20mm
	



With Durability and fire requirement we get the above values of cover for different structural elements. Finally, we compare the results and we get the following design cover values at table 2-13
Table 3-12Design cover values of structural elements 
[bookmark: _Toc486065151]Table 3‑2
	Structural element
	Durability
	Fire resistance for 60m
	Remark

	
	Cnom
	cnom= a -φlink -φbar/2
	the governing cover

	Column
	33
	      40-8-10=22
	33

	Beam
	33
	     25-8-10=7
	33

	solid slab
	25
	-
	25

	Ribbed slab
	25
	-
	25

	Footing
	35
	-
	35

	Note
Cnom=Cover Value
             a= axis distance a of the main bars
St-stirrup bar diameter
Ø-diameter of the main bar
	
	



h=26.08m 	
b=20.00m	



		
[bookmark: _Toc486032925][bookmark: _Toc486064847]Load Combination
eurocode 0 prEN 1990(ENG)

1. Ultimate limit state


		

· Combinations of actions for persistent or transient design situations (fundamental
Combinations)
2. Serviceability limit states

· characteristic combination

· 

· frequent combination 

· 


· quasi-permanent combination 

· 


· The partial factor of safety for a permanent load is 1.35 and for imposed load is 1.50.

[bookmark: _Toc486032926][bookmark: _Toc486064848]Preliminary design
[bookmark: _Toc486032927][bookmark: _Toc486064849]Slab depth determination
According to Eurocode 1992-1-1 to determine depth limits to span/depth ratio may be formulated, which will be adequate for avoiding deflection problems in normal circumstances. So that it is not necessary to calculate the deflections explicitly. 
Table 4.1 Basic ratios of span/effective depth for reinforced concrete members without axial compression
	Structural system
	K
	Concrete highly stressed ρ=1.5%
	Concrete lightly stressed ρ=0.5%

	Simply supported beam, one-or two-way spanning simply supported slab
	1.0
	14
	20

	End span of continues beam or one-way continuous slab or two-way spanning slab continuous over one long side
	1.3
	18
	26

	Interior span of beam or one-way or two-way spanning slab
	1.5
	20
	30

	Slab supported on columns without beams (flat slab) (based on longer span)
	1.2
	17
	24

	Cantilever
	0.4
	6
	8
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	Panel
	Ly (mm)
	Lx (mm)
	Span Ratio
	Type of supporting Condition

	P1
	7130
	5000
	1.43
	Two-way, End-Span 

	P2
	7500
	5000
	1.5
	Two-way, Interior Span

	P3
	7500
	5000
	1.5
	Two-way, Interior Span

	P4
	5800
	5000
	1.16
	Two-way, End-Span 

	P5
	7000
	5800
	1.21
	Two-way, Interior span

	P6
	5800
	5000
	1.16
	Two-way, End-Span 


















Assume the slab is lightly reinforced (ρ=0.5%) 







Sinceuse


,
· Slab system depth determination (typical floor)
	Panel 1,4 and 6 – End span of two way slab
From Table 4.1 
Use, K=1.3 


,


	

	
	Because we used S400 multiply the value by 
                                                                 310 / s = 500 /(fykAs,req/ As,prov)




· for Panel 1, 4, 6

	

	So,



Panel 2,3 and 5– Interior span 
K=1.5   




 , because we used S400 multiply the value by 



So,
Governing depth is 181.1mm
Using 

So, 

Use,
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→ End spans of continuous beam 
i.e. beam between axis AB, CD, 12 & 34. 
Assuming concrete is highly stressed (ρ=1.5%) 
K=1.3 








l/d=16.89
	Beam
	Length(mm)
	l/d
	Depth(mm)

	AB
	7130
	16.89
	422

	CD
	5800
	16.89
	343.4

	12
	5000
	16.89
	296.03

	34
	5000
	16.89
	296.03







Governing depth 
Assume ∅20 for flexure and ∅8 for shear. 
Cover= 35mm 
d=422mm
ℎ=422+cover+∅8+∅20/2
= 422+35+8+10
= 475mm 

∴ℎ=480
→ Interior spans of continuous beam 
K=1.5 
I.e. beam between axis 23 & BC 
l/d=20
	Beam
	Length(mm)
	l/d
	Depth(mm)

	BC
	7500
	20
	375

	23
	7000
	20
	350



Governing depth 
Assume ∅20 for flexure and ∅8 for shear. 
Cover= 35mm 
d= 375mm
ℎ=375+cover+∅8+∅20/2
= 375+35+8+10
= 428mm 
∴ℎ=420





[bookmark: _Toc486032929][bookmark: _Toc486064851]Analysis and design of slab system
Slabs are the flooring systems of most structures. The slab is a two-dimensional structural member, also called a surface element which transfers the loads to the beams or column. In this chapter we show the analysis and design of a solid slab for one building and a ribbed slab for another building. This will help us later in comparing the two buildings with different floor slab systems.
[bookmark: _Toc486032930][bookmark: _Toc486064852]Design of Solid Slab (Building 1)
· Material property

		C25/30           



		
		
· Depth determination
	H=180mm 
· Loading
· Permanent load
[image: C:\Users\NETSI\Desktop\AAU\5th\Thesis\Capture slab.PNG]

	Floor finish
	

	


	Cement screed
	

	


	RC slab
	

	


	Plastering
	

	


	Load from partition
	
	


	

	




· Variable Loading

For commercial (shop)  

· Design load for the slab


· Analysis

	


	

	








	P
	Type
	
	
	
	

	

	

	

	

	

	

	


	1
	*
	7.13
	5
	1.43
	0.075
	0.056
	0.045
	0.034
	30.30
	22.62
	18.18
	13.74

	2
	**
	7.50
	5
	1.5
	0.073
	0.055
	0.037
	0.028
	29.49
	22.22
	14.95
	11.31

	3
	**
	7.5
	5
	1.5
	0.073
	0.055
	0.037
	0.028
	29.49
	22.22
	14.95
	11.31

	4
	*
	5.80
	5
	1.16
	0.060
	0.045
	0.045
	0.034
	24.24
	18.18
	18.18
	13.74

	5
	**
	7
	5.8
	1.2
	0.056
	0.042
	0.037
	0.028
	30.44
	22.83
	20.11
	15.22

	6
	*
	5.80
	5
	1.16
	0.060
	0.045
	0.045
	0.034
	24.24
	18.18
	18.18
	13.74



“*” = Two adjacent edges discontinues
“**”= one long edge discontinues
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Adjust the unequal edge moment
Between Panel 1 and panel 2




Change  , use moment distribution	
	
	Member
	Stiffness
	
	D.F

	
Joint B
	BA
	

	

	


	
	BC
	

	

	






Stiffness=


	
	B
	

	D.F
	BA
	BC
	

	
	0.52
	 0.48
	

	
	18.18
	-14.95
	

	
	3.23
	

	
	-1.68
	-1.55
	

	
	16.5
	-16.5
	




Adjusted support moment is  
Span moment on panel 1


Span moment on panel 2

                




Between Panel 2 and panel 4


Change  , use moment distribution
	
	Member
	Stiffness
	
	D.F

	
Joint c
	CB
	

	

	


	
	DC
	

	

	




	
	B
	

	D.F
	CB
	DC
	

	
	0.44
	 0.56
	

	
	-14.95
	18.18
	

	
	                               3.23
	

	
	-1.42
	-1.81
	

	
	-16.37
	16.37
	




Adjusted support moment is  
Span moment on panel 2


Span moment on panel 4



Between Panel 3 and panel 6


Change  , use moment distribution
	
	Member
	Stiffness
	
	D.F

	
Joint B
	CB
	

	

	


	
	CD
	

	

	






	
	                                C
	

	D.F
	CB
	CD
	

	
	0.44
	 0.56
	

	
	-14.95
	18.18
	

	
	                               3.23
	

	
	-1.42
	-1.81
	

	
	-16.37
	16.37
	




Adjusted support moment is
Span moment on panel 3


Span moment on panel 6


Between Panel 4 and panel 5


Change  , use moment distribution
	
	Member
	Stiffness
	
	D.F

	
Joint B
	21
	

	

	0.58

	
	23
	

	

	0.42



	
	                                C
	

	D.F
	21
	23
	

	
	0.58
	 0.42
	

	
	-24.24
	20.11
	

	
	                               -4.13
	

	
	2.4
	1.73
	

	
	-21.84
	21.84
	




Adjusted support moment is  
Span moment on panel 4


Span moment on panel 5


Between Panel 5 and panel 6


Change  , use moment distribution 
	
	Member
	Stiffness
	
	D.F

	
Joint B
	32
	

	

	


	
	34
	

	

	




	
	                                C
	

	D.F
	32
	34
	

	
	0.42
	 0.58
	

	
	-20.11
	24.24
	

	
	4.13
	

	
	-1.73
	-2.4
	

	
	-21.84
	21.84
	




Adjusted support moment is  
Span moment on panel 5


Span moment on panel 6











The adjusted design moment is given below
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Design for flexure
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……………..along the longer direction

………… along the shorter direction















                                                   Use 








	Panel
	

	

	

	
	

	

	spacing
	Spacing provided

	P-1
	30.3
	150
	0.1188
	0.9366
	140.48
	620.086
	126.660
	


	
	16.5
	150
	0.0647
	0.9665
	144.98
	327.203
	240.034
	


	
	22.62
	140
	0.1018
	0.9462
	132.47
	490.936
	159.980
	


	
	15.42
	150
	0.0605
	0.9688
	145.32
	305.071
	257.448
	


	P-2
	29.49
	150
	0.1156
	0.9384
	140.76
	602.342
	130.391
	


	
	16.5
	150
	0.0647
	0.9665
	144.98
	327.203
	240.034
	


	
	22.22
	140
	0.1000
	0.9472
	132.61
	481.741
	163.033
	


	
	9.89
	150
	0.0388
	0.9802
	147.03
	193.384
	406.134
	


	P-3
	29.49
	150
	0.1156
	0.9384
	140.76
	602.342
	130.391
	


	
	16.37
	150
	0.0642
	0.9668
	145.02
	324.533
	242.009
	


	
	22.22
	140
	0.1000
	0.9472
	132.61
	481.741
	163.033
	


	
	9.89
	150
	0.0388
	0.9802
	147.03
	193.384
	406.134
	


	P-4
	21.84
	150
	0.0856
	0.9552
	143.27
	438.248
	179.213
	


	
	16.37
	150
	0.0642
	0.9668
	145.02
	324.533
	242.009
	


	
	20.58
	150
	0.0807
	0.9579
	143.68
	411.798
	190.724
	


	
	18.18
	140
	0.0818
	0.9573
	134.02
	390.012
	201.378
	


	P-5
	30.44
	150
	0.1194
	0.9362
	140.44
	623.160
	126.035
	


	
	21.84
	150
	0.0856
	0.9552
	143.27
	438.248
	179.213
	


	
	22.83
	140
	0.1028
	0.9457
	132.39
	495.771
	158.420
	


	
	13.49
	150
	0.0529
	0.9728
	145.92
	265.785
	295.501
	


	P-6
	21.84
	150
	0.0856
	0.9552
	143.27
	438.248
	179.213
	


	
	16.37
	150
	0.0642
	0.9668
	145.02
	324.533
	242.009
	


	
	20.58
	150
	0.0807
	0.9579
	143.68
	411.798
	190.724
	


	
	13.74
	140
	0.0619
	0.9681
	135.53
	291.473
	269.459
	














[bookmark: _Toc486032931][bookmark: _Toc486064853]Design of Ribbed Slab (Building 2)
Ribs are made up of wide band beams running between columns with narrow ribs spanning the orthogonal direction.

[image: C:\Users\USER\Desktop\New folder\RIB POTHOS\15.rib photo.PNG]
Figure typical rib slab arrangement
Ribbed slabs need not be treated as discrete elements for the purposes of analysis, provided that the flange or structural topping and transverse ribs have sufficient torsional stiffness. This may be assumed provided that:
Verifying if the general requirements for rib slab are met using Euro code 2.
1. The centers of the ribs should not exceed 1.5m
· This is satisfied in our case, as the center to center spacing between the ribs is 400mm. 
2. The depth of ribs excluding topping should not exceed four times their average width. 
· Also satisfied as 80 x 4 > 240 mm. 
3. The thickness of structural topping or flange should not be less than 50mm or one tenth of the clear distance between ribs. 
· 

Therefore, 60 mm satisfies this requirement. 
4. transverse ribs are provided at a clear spacing not exceeding 10 times the overall depth of the slab
· This requirement is not satisfied there are no transverse rib there is only main ribs  because it is not applicable in our country 


















· Loading
Dead load

	Material type
	A*unit weight
	

	Joist
	0.2m*0.08m*25kN/m3
	0.4kN/m

	Own weight of topping RC slab
	0.4m*0.045*23kN/m3
	0.6kN/m

	Floor finish
	0.4m*0.03m*27kN/m3
	0.414kN/m

	Cement screed
	0.4m*0.02m*23kN/m3
	0.184kN/m

	Plastering
	0.4m*0.02m*23kN/m3
	0.184kN/m

	Partition and fittings
	0.4m*1.5kN/m2
	0.6kN/m

	Ribbed block
	0.4m*2kN/m2
	0.8kN/m

	Total load 
	3.182kN/m



Live load
	    QK=4kN/m2*0.4m=1.6kN/m
· 	Design loads:- Gd=1.35*Gk=1.35*3.182kN/m=4.296kN/m
Qd=1.5*Qk=1.5*1.6kN/m=2.4kN/m
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Moment envelope analysis (for ribs)
i. Full design load
[image: C:\Users\Toshiba\Desktop\CAPTURES\Capture12.PNG]
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ii. Maximum span moment at 23
[image: C:\Users\Toshiba\Desktop\CAPTURES\Capture10.PNG]
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iii. Maximum span moment at (span 12 and 34)
[image: C:\Users\Toshiba\Desktop\CAPTURES\Capture11.PNG]
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iv. Maximum support moment at (at 2 and 2')
   [image: ]
           [image: ]

v. Only dead load acting
       [image: C:\Users\Toshiba\Desktop\CAPTURES\Capture14.PNG]          [image: ]

· Moment envelope diagram for the rib
[image: C:\Users\Toshiba\Desktop\CAPTURES\Captureenvelope.PNG]

· Maximum reaction envelope
[image: C:\Users\Toshiba\Desktop\CAPTURES\Capture.16PNG.PNG]

· Minimum reaction envelope
[image: C:\Users\Toshiba\Desktop\CAPTURES\Capture17.PNG]
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[image: C:\Users\Dell\Desktop\tttt\t-beam.PNG]
Cross section at span 1
hf= 60mm , bw=80mm , h=260mm , cover= 25mm


 Effective width computation 
[image: ]





1. For end span (sagging moment)





           Not okay
           beff=400
2. For interior sagging moment (+ve)
	beff=400
3. For support hogging moment (-ve)

	beff =400
4. For support hogging moment(-ve)
	beff =400
5. For end sagging moment
beff =400
Design of the T-section
1. Positive span moment 12 and 34
             Msd =14.56kNm     beff=400mm d=221   fcd=11.33 fyd=347.826mpa

	

	  , singly reinforced
            Kz=0.95     Z =Kzd =209.95

	
	bt=bw=80   fctm=2.2mpa  fyk=400

	  OK!

             Using ϕ12 as=113.1mm2 
              Use 2 ϕ12 bottom bars 
2. Negative moment on the rib support 2 and 3

          Msd =14.78kNm     beff=400mm   d=221   fcd=11.33 fyd=347.826mpa

          Using ϕ12 as=113.1mm2 
          Use 2 ϕ12 bars at the top
3. For span moment 22'
            Msd =2.4kNm   beff=400mm   d=221    fcd=11.33 fyd=347.826mpa

             Using ϕ12   as=113.1mm2 
	Use 2 ϕ12 bottom bars	
4. For span moment 2'3
            Msd =2.79kNmbeff=400mm d=221    fcd=11.33 fyd=347.826mpa

            Using ϕ12 as =113.1mm2
	Use 2 ϕ12 bottom bars






[bookmark: _Toc486032934][bookmark: _Toc486064856]Girder analysis and design
Girder analysis for girder on axis 1
Loading on girder on Axis 1
Girder width:-  W=300mm
Girder depth:-   D=400mm
· Self-weight: ......=0.3*0.4*25=3kN.m
· Design loads:  Gd=1.35*3=4.05kN.m

i. Full design load
[image: ]
[image: ]

ii. Maximum support moment at (B)
[image: ][image: ]



iii. Maximum span moment at (span AB and CD)

[image: ]
[image: ]

iv. Maximum span moment at (span BC)

[image: ]
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v. Maximum support moment at (C)
[image: ]
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Moment envelope
[image: ]
















[bookmark: _Toc486032935][bookmark: _Toc486064857]Girder design
1) +ve span moment at AB

    Msd=133.95 kN.m  b=300  D=400 fcd=11.33mpa      fyd=347.826mpa



Doubly reinforced
kz=0.814	

	

	
             M1=129.23*106

             As11= 

	
           Bottom As1= 1271.38+42.67=1314.05mm2

as=201.06   
use 7ϕ16

Top 

as  = 201.06  
use 1ϕ16





2) –ve moment on support B
        Msd =165.49kN.m  b=300  D=400 fcd=11.33mpa      fyd=347.826mpa



Doubly reinforced
     kz=0.814	

		

		
                 	  M1=129.23*106

                	   As11= 

		
                      Bottom As1= 1271.38+327.82=1599.2mm2

	as=201.06   
	use 8ϕ16

	Top 

	as= 201.06  
	use 2ϕ16





3) +ve span moment at BC 
	Msd=70.47kN.m   b=300  D=400 fcd=11.33mpa      fyd=347.826mpa



Singly reinforced








Using ϕ16 as=201.06 mm2
Use 4ϕ16 bar

4) +ve  moment at support C 

	Msd =115.1kNmb=300  D=400 fcd=11.33mpa      fyd=347.826mpa



Singly reinforced








Using ϕ16 as=201.06 mm2
Use 6ϕ16 bar












5) +ve span moment at CD
	Msd = 73.83 kN.m   b=300  D=400 fcd=11.33mpa      fyd=347.826mpa



Singly reinforced








Using ϕ16 as=201.06 mm2
Use 4ϕ16 bar

· The design of tanker and roof slab systems are included in the Appendix section. 












[bookmark: _Toc208803852]

[bookmark: _Toc486032936][bookmark: _Toc486064858]Stairs design
	Stair case is steps arranged in series and is an inclined structural system leading from one floor to another providing communication between floors. They should be provided with natural light and proper ventilation. Their location should be accessible for public buildings and centrally for easy access and privacy in residential buildings.

· Common Terms
· Tread
· Going
· Riser
· Rise
· Landing
· Flight

The available data we have are 

· Thickness of the marble = 20mm 
·  Thickness of plastering = 20mm 
· Thickness of cement screed = 30mm 
· Riser = 160mm 
· Tread = 300mm 
· Live load = 2kN/m2 
· Material: C-20/25, S-400
  Depth determination







       According to EC-2 table 7.4N take the value of K=1.0, concrete lightly stressed ρ=0.5% is    20 for simple supported slab of structural system.
[image: C:\Users\user\Desktop\stair 12.PNG]

Assume the soffit slab is lightly reinforced (ρ=0.5%) 







Sinceuse

	

	, Because we used S400 multiply the value by 



	

So,

Using 


So, 

Use,

 	  Slope length 


	Slop angle=
Loading
· Dead load at stair for 1m strip width
· Self-weight of the flight (Inclined slab) 

	

	
· 2cm plastering 

	
· Own weight due to step per unit run 

	

	

· 3cm cement screed on the tread


	
· 3cm cement screed on the riser

	
· 2cm marble floor tile for riser



· 2.0cm Marble tile on the tread 


· Total dead load on the steps DL=9.04kN/m








· Live load at stair
                Live load=2.0kN/m2

	    For 1m strip width

· Design load at stair

     Dead load=

     Live load

	

· Dead load on landing

· Self-weight of the flight (landing slab) 



· 2cm plastering 



· 3cm cement screed on the landing


	
· 2cm marble floor tile for landing



             Total dead load on landing DL=6.19KN /m
· Live load on landing 
                  Live Load=2.0kN/m2

                  For 1m strip width
· Design load at landing

     Dead load=

     Live load
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Factored loads
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Design moment

[image: C:\Users\Zenuu konjo\Desktop\stair final\moment.PNG]

Design for flexure











1) +ve span moment

	

	Singly reinforced
	Kz=0.934     Z =Kzd =130.76

	
	bt=1000 fctm=2.2mpa  fyk=400

	  OK!

	Using ϕ14 as=153.94mm2        
	So Use 4 ϕ14 


  Spacing 










So Useϕ14 c/c280
2) –ve moment on support A



Singly reinforced
Kz=0.863     Z =Kzd =120.82


bt=1000 fctm=2.2mpa  fyk=400

  OK!

Using ϕ14 as=153.94mm2        
	Use 8 ϕ14

	
	Useϕ14c/c120




3) –ve moment on support B



Singly reinforced
Kz=0.868     Z =Kzd =121.52


bt=1000 fctm=2.2mpa  fyk=400

  OK!

Using ϕ14 as=153.94mm2        
             So Use 8 ϕ14

	
	Useϕ14c/c120



[bookmark: _Toc486032937][bookmark: _Toc486064859]LATERAL load ANALYSIS
Lateral loads are modes of forces and they include: 
· Wind load 
· Earthquake 

For this project, both earthquake loads and wind loads are considered.
[bookmark: _Toc486032938][bookmark: _Toc486064860]Earthquake characteristics
               Earthquake is the shaking of the surface of the earth, resulting from the sudden release of energy in the earth's crust that creates seismic waves.  As experienced by structures, earthquakes consist of random horizontal and vertical movements of the earth's surface. As the ground moves, inertia tends to keep structures in place, resulting in the imposition of displacements and forces that can have catastrophic results.  A properly built structure does not necessarily have to be extremely strong or expensive. It has to be properly designed to withstand the seismic effects while sustaining an acceptable level of damage. The purpose of seismic design is to proportion structures so that they can withstand the displacements and the forces induced by the ground motion.  
                 Euro code 8 Part 1 PrEN 1998-1(12-2003) is used during assessment of the impact of an earthquake on the design and during analysis and design. 
· Spectra 1 is chosen
· Bedrock acceleration ratio for Holeta is 0.07m/s²










[bookmark: _Toc486032939][bookmark: _Toc486064861]Earthquake load calculation
1) Classify the soil type
The soil class is “B”:-from geotechnical data, using SPT adjusted value and   footing type.                                                          
Table: Measured and adjusted SPT N values
	BH-ID
	Depth(m)
	SPT N value for 300mm penetration
	Design N-value

	

BH-01
	3.0-3.45
	52
	

57

	
	5.0-5.45
	59
	

	
	7.0-7.45
	62
	

	
	9.00-9.45
	55
	

	
BH-02
	3.0-3.45
	56
	
59.75

	
	5.0-5.45
	61
	

	
	7.0-7.45
	59
	

	
	9.00-9.45
	63
	



Table: Ground types
	Ground type
	Description of stratigraphic profile 
	Parameters

	
	
	Vs,30(m/s)
	NSPT (blows/30cm)
	Cu(kPa)

	A
	Rock or other rock-like geological formation, including at most 5m of weaker material at the surface.

	>800
	-
	-

	B
	Deposits of very dense sand, gravel, or very stiff clay, at least several tens of meters in thickness, characterized by a gradual increase of mechanical properties with depth.

	360-800
	>50
	>250

	C
	Deep deposits of dense or medium-dense sand, gravel or stiff clay with thickness from several tens to many hundreds of meter. 

	180-360
	15-50
	70-250

	D
	Deposits of loose-to-medium cohesion less soil (with or without some soft cohesive layers), or o predominantly soft-to-firm cohesive soil.

	<180
	<15
	<70

	E
	A soil profile consisting of a surface alluvium layer with vs. values of type C or D and thickness varying between about 5m and 20m, underlain by stiffer material with vs.>800m/s.

	
	
	

	S1
	Deposits consisting, or containing a layer at least 10m thick, of soft clays/silts with a high plasticity index (PI>40) and high water content.

	<100(indicative)
	-
	10-20

	S2
	Deposits of liquefiable soils, of sensitive clays, or any other soil profile not included in types A-E or S1. 
	
	
	



2) Identify spectrum type and soil factor 
         Design spectrum is type 1 recommended 
	Ground type
	S
	TB(S)
	TC(S)
	TD(S)

	A
	1.0
	0.15
	0.4
	2.0

	B
	1.2
	0.15
	0.5
	2.0

	C
	1.15
	0.2
	0.6
	2.0

	D
	1.35
	0.2
	0.8
	2.0

	E
	1.4
	0.15
	0.5
	2.0


TB is the lower limit of the period of the constant spectral acceleration branch;
TC is the upper limit of the period of the constant spectral acceleration branch;
TD is the value defining the beginning of the constant displacement response range
Of the spectrum
Sis the soil factor




                     Sd (T1)=ordinate of design spectrum is the vibration period of a linear single-degree-of-freedom system;    
Ct is, 0.075 for moment resistant frames.
H is the height of the building, in m, from the foundation or from the top of a rigid
Basement=26.08m

Sec 
From design spectrum table T1=T is between TB(S) =0.15and TD(S)    =2 since



   
q is the behavior factor;
β is the lower bound factor for the horizontal design spectrum =0.2



: Bed rock acceleration ratio =0.07

=bed rock acceleration  


ag=          

             γI importance factor for class II=1


            


        =

Therefore









For solid slab( Building 1)

mis the total mass of the building, above the foundation or above the top of a rigid basement.

Table Values of ϕ

	Type of variable
action

	Story
	ϕ

	Categories A-C* 


	Roof
Story  with correlated occupancies
Independently occupied story 

	1.0
0.8
0.5

	Categories D-F*
and Archives
	
	1.0





- Recommended values of _ factors for buildings
	
Action
	

	

	


	
Category A : domestic, residential areas
	
0.7
	0.5
	0.3

	Category B : office areas
	0.7
	0.5
	0.3

	Category C : congregation areas
	0.7
	0.7
	0.6

	Category D : shopping areas
	0.7
	0.7
	0.6

	Category E : storage areas
	1.0
	0.9
	0.8

	Category H : roofs
	0
	0
	0
















Dead load for ground floor

	type
	Gk(kN/m2)
	Area(m2)
	Gki(KN)

	floor finish 
	0.46
	303.24
	139.4904

	cement screed
	0.69
	303.24
	209.2356

	Rc slab
	4.5
	303.24
	1364.58

	plastering 
	0.375
	303.24
	113.715

	 
	 
	unit weight(kN/m3)
	 

	 
	l=140.12m
	14
	1412.46

	Wall
	w=0.2m
	 
	 

	 
	H=3.6
	 
	 

	 
	v=100.89m3
	 
	 

	  Beam
	l=140.12m
	 
	 

	 
	w=0.35m
	25
	551.75

	 
	D=0.45m
	 
	 

	 
	v=22.07m3
	 
	 

	column
	H=3.6m
	25
	518.4

	 
	w=0.6m
	 
	 

	 
	D=0.6m
	 
	 

	 
	1.296m3
	 
	 

	
	
	Total(Gki)
	4309.631







 Is the combination coefficient for variable action i


=1                    for   shopping 

=0.6
















Dead load for 1st -5th floor

	type
	GK(kN/m2)
	Area(m2)
	Gki(KN)

	
	
	
	

	floor finish
	0.46
	303.24
	139.4904

	cement screed
	0.69
	303.24
	209.2356

	Rc slab
	4.5
	303.24
	1364.58

	plastering 
	0.375
	303.24
	113.715

	 
	 
	unit weight(KN/m3)
	 

	 
	l=140.12m
	14
	1255.52

	Wall
	w=0.2m
	 
	 

	 
	H=3.2
	 
	 

	 
	v=89.68m3
	 
	 

	  Beam
	l=140.12m
	 
	 

	 
	w=0.35m
	25
	551.75

	 
	D=0.45m
	 
	 

	 
	v=22.07m3
	 
	 

	column
	H=3.2m
	25
	204.8

	 
	w=0.4m
	 
	 

	 
	D=0.4m
	 
	 

	 
	0.512
	 
	 

	
	
	Total(Gki)
	3839.091




=1                    for   shopping 

=0.6












        T1<2Tc
(0.866<2*0.8)







Fi=the horizontal forces 

	story 
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	[image: ]
	[image: ]
	[image: ]
	[image: ]
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	Tanker
	24.8
	440.5
	10924.648
	0.0335
	1757.8
	58.9

	Roof
	22.8
	2031.1
	46309.878
	0.1419
	1757.8
	249.5

	S-6
	19.6
	3841.5
	75293.4
	0.2308
	1757.8
	405.6

	S-5
	16.4
	3841.5
	63000.6
	0.1931
	1757.8
	339.4

	S-4
	13.2
	3841.5
	50707.8
	0.1554
	1757.8
	273.2

	S-3
	10
	3841.5
	38415
	0.1177
	1757.8
	206.9

	S-2
	6.8
	3841.5
	26122.2
	0.0801
	1757.8
	140.7

	s-1
	3.6
	4312.0
	15523.3116
	0.0476
	1757.8
	83.6

	
	
	[image: ]
	 



	326296.8376
	
	
	





For ribbed slab (Building 2)


mis the total mass of the building, above the foundation or above the top of a rigid
basement.  
	· dead load for  ground floor
	
	

	Type
	GK(KN/m2)
	Area(m2)
	Gki(KN)

	floor finish 
	0.69
	301.75
	208.2075

	cement screed(for ribbed)
	0.46
	301.75
	138.805

	
	
	 
	 

	ribbed block slab
	3.36
	301.75
	1013.88

	topping 
	1.5
	301.75
	452.625

	plastering
	0.46
	301.75
	138.805

	 
	 
	unit weight(KN/m3)
	 

	wall
	l=140.12m
	14
	1412.46

	 
	w=0.2m
	 
	 

	 
	H=3.6m
	 
	 

	 
	V=100.89m3
	 
	 

	  Beam
	l=63.2
	 
	 

	 
	w=0.3m
	25
	189.6

	
	D=0.4m
	 
	

	
	V=7.584m3
	 
	 

	girder
	l=76.92
	 
	 

	 
	w=0.5m
	25
	384.6

	 
	D=0.4m
	 
	 

	 
	V=15.384m3
	 
	 

	column
	H=3.6m
	25
	230.4

	 
	w=0.4m
	 
	 

	 
	D=0.4m
	 
	 

	 
	v=0.576m3
	 
	 

	
	
	Total(Gki)
	4169.383



Is the combination coefficient for variable action i



=1                    for   shopping 

=0.6








	· dead load for cantilever slab

	
	

	Type
	GK(KN/m2)
	Area(m2)
	Gki(KN)

	floor finish 
	0.46
	21.2
	9.752

	cement screed
	0.69
	
	

	
	
	21.2
	14.628

	Rc slab 
	3.75
	
	

	
	
	21.2
	79.5

	Plastering
	0.345
	21.2
	7.314

	
	
	Total(Gki)
	111.194







	· dead load for   1st - 5th floor

	
	

	Type
	GK(KN/m2)
	Area(m2)
	Gki(KN)

	floor finish
	0.69
	301.75
	208.2075

	cement screed
	0.46
	301.75
	138.805

	
	
	 
	 

	ribbed block slab
	3.36
	301.75
	1013.88

	topping 
	1.5
	301.75
	452.625

	Plastering
	0.46
	301.75
	138.805

	 
	 
	unit weight(KN/m3)
	 

	Wall
	l=140.12m
	14
	106.176

	 
	w=0.2m
	 
	 

	 
	H=3.2m
	 
	 

	 
	V=89.68m3
	 
	 

	  Beam
	l=63.2
	 
	 

	 
	w=0.3m
	25
	189.6

	
	D=0.4m
	 
	

	
	V=7.584m3
	 
	 

	Girder
	l=76.92
	 
	 

	 
	w=0.5m
	25
	384.6

	 
	D=0.4m
	 
	 

	 
	V=15.384m3
	 
	 

	Column
	H=3.2m
	25
	204.8

	 
	w=0.4m
	 
	 

	 
	D=0.4m
	 
	 

	 
	v=0.512m3
	 
	 

	
	
	Total(Gki)
	2837.499




	
=1                    for   shopping 

=0.6









Dead load for cantilever slab 
	
	

	Type
	GK(KN/m2)
	Area(m2)
	Gki(KN)

	floor finish
	0.46
	21.2
	9.752

	cement screed
	0.69
	 
	 

	
	
	21.2
	14.628

	Rc slab 
	3.75
	 
	 

	
	
	21.2
	79.5

	plastering
	0.345
	21.2
	7.314

	
	
	Total(Gki)
	111.194















	· dead load for roof slab
	
	

	Type
	GK(KN/m2)
	Area(m2)
	Gki(KN)

	cement screed& water  proof
	0.69
	340.62
	235.0278

	RC slab
	3.75
	340.62
	1277.325

	Plastering
	0.375
	340.62
	127.7325

	 
	 
	unit weight (KN/m3)
	 

	  Beam
	l=142.12m
	 
	 

	 
	w=0.25m
	25
	266.475

	 
	D=0.3m
	 
	 

	Column
	H=1.5
	 
	 

	 
	w=0.25m
	25
	93.75

	 
	D=0.25m
	 
	 

	 
	v=0.9375m
	 
	 

	
	total
	
	2000.31





=1                    for   roof 

=0                 






	· dead load for tanker slab

	
	

	type
	GK(KN/m2)
	Area(m2)
	Gki(KN)

	cement screed
	0.69
	63.46
	43.7874

	Rc slab
	3.75
	63.46
	237.975

	 
	 
	unit weight(KN/m3)
	 

	  Beam
	l=31.06m
	 
	 

	 
	w=0.25m
	25
	48.5

	 
	D=0.25m
	 
	 

	 
	v=1.94
	 
	 

	
	
	Total(Gki)
	330.2624











(0.866<2*0.8)









Fi=the horizontal forces 

	story
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	Tanker
	24.8
	330.54
	8197.392
	0.0316
	1757.8
	55.6

	Roof
	22.8
	2000.31
	45607.07
	0.1760
	1757.8
	309.4

	S-6
	19.6
	2949.64
	57812.94
	0.2231
	1757.8
	392.2

	S-5
	16.4
	2949.64
	48374.1
	0.1867
	1757.8
	328.2

	S-4
	13.2
	2949.64
	38935.25
	0.1503
	1757.8
	264.1

	S-3
	10
	2949.64
	29496.4
	0.1138
	1757.8
	200.1

	S-2
	6.8
	2949.64
	20057.55
	0.0774
	1757.8
	136.1

	S-1
	3.6
	2949.64
	10618.7
	0.0410
	1757.8
	72.0

	
	
	[image: ] 
	259099.4
	
	
	


Structural design and analysis of buildings with two different slab systems and comparing of their role in resisting seismic force


BSc Thesis	Page 1

· The center of mass at each floor of the building above rigid basement is as follows at the following table.
For solid slab (building 1)
Ground floor

	 
	member
	thickness
	length
	width
	unit weight
	weight
	xi
	yi
	wxi
	wyi

	 
	 
	(m)
	(m)
	(m)
	(KN/m3)
	(KN)
	(m)
	(m)
	(KNm)
	(KNm)

	 
	P1
	0.02
	4.7
	6.83
	23
	14.77
	2.65
	16.915
	39.13
	249.77

	 
	P2
	0.02
	4.7
	7.2
	23
	15.57
	2.55
	9.8
	39.69
	nd 

	 
	P3
	0.02
	4.7
	7.2
	23
	15.57
	14.55
	9.8
	226.49
	152.55

	floor finsh 
	P4
	0.02
	4.7
	5.5
	23
	11.89
	2.55
	2.95
	30.32
	35.08

	(ceramic)
	P5
	0.02
	6.7
	5.5
	23
	16.95
	8.75
	2.95
	148.32
	50.01

	 
	P6
	0.02
	4.7
	5.5
	23
	11.89
	8.55
	2.95
	101.67
	35.08

	 
	PA
	0.02
	4.7
	6.83
	23
	14.77
	7.55
	16.915
	111.49
	249.77

	 
	PA'
	0.02
	2
	6.83
	23
	6.28
	8.55
	16.915
	53.72
	106.29

	 
	PB
	0.02
	4.7
	6.83
	23
	14.77
	14.55
	16.915
	214.85
	249.77

	 
	CA1
	0.02
	1.4
	7.2
	23
	4.64
	5.9
	9.8
	27.36
	45.44

	 
	CA2
	0.02
	1.4
	7.2
	23
	4.64
	9.7
	9.8
	44.98
	45.44

	 
	P1
	0.03
	4.7
	6.83
	23
	22.15
	2.65
	16.915
	58.70
	374.66

	 
	P2
	0.03
	4.7
	7.2
	23
	23.35
	2.55
	9.8
	59.54
	228.83

	 
	P3
	0.03
	4.7
	7.2
	23
	23.35
	14.55
	9.8
	339.74
	228.83

	 
	P4
	0.03
	4.7
	5.5
	23
	17.84
	2.55
	2.95
	45.48
	52.62

	cement screed 
	P5
	0.03
	6.7
	5.5
	23
	25.43
	8.75
	2.95
	222.48
	75.01

	 
	P6
	0.03
	4.7
	5.5
	23
	17.84
	8.55
	2.95
	152.50
	52.62

	 
	PA
	0.03
	4.7
	6.83
	23
	22.15
	7.55
	16.915
	167.23
	374.66

	 
	PA'
	0.03
	2
	6.83
	23
	9.43
	8.55
	16.915
	80.59
	159.43

	 
	PB
	0.03
	4.7
	6.83
	23
	22.15
	14.55
	16.915
	322.28
	374.66

	 
	CA1
	0.03
	1.4
	7.2
	23
	6.96
	5.9
	9.8
	41.04
	68.16

	 
	CA2
	0.03
	1.4
	7.2
	23
	6.96
	9.7
	9.8
	67.47
	68.16

	 
	P1
	0.18
	4.7
	6.83
	25
	144.45
	2.65
	16.915
	382.80
	2443.45

	 
	P2
	0.18
	4.7
	7.2
	25
	152.28
	2.55
	9.8
	388.31
	1492.34

	 
	P3
	0.18
	4.7
	7.2
	25
	152.28
	14.55
	9.8
	2215.67
	1492.34

	 
	P4
	0.18
	4.7
	5.5
	25
	116.33
	2.55
	2.95
	296.63
	343.16

	RC slab
	P5
	0.18
	6.7
	5.5
	25
	165.83
	8.75
	2.95
	1450.97
	489.18

	 
	P6
	0.18
	4.7
	5.5
	25
	116.33
	8.55
	2.95
	994.58
	343.16

	 
	PA
	0.18
	4.7
	6.83
	25
	144.45
	7.55
	16.915
	1090.63
	2443.45

	 
	PA'
	0.18
	2
	6.83
	25
	61.47
	8.55
	16.915
	525.57
	1039.77

	 
	PB
	0.18
	4.7
	6.83
	25
	144.45
	14.55
	16.915
	2101.81
	2443.45

	 
	CA1
	0.18
	1.4
	7.2
	25
	45.36
	5.9
	9.8
	267.62
	444.53

	 
	CA2
	0.18
	1.4
	7.2
	25
	45.36
	9.7
	9.8
	439.99
	444.53

	 
	P1
	0.015
	4.7
	6.83
	23
	11.07
	2.65
	16.915
	29.35
	187.33

	 
	P2
	0.015
	4.7
	7.2
	23
	11.67
	2.55
	9.8
	29.77
	114.41

	 
	P3
	0.015
	4.7
	7.2
	23
	11.67
	14.55
	9.8
	169.87
	114.41

	 
	P4
	0.015
	4.7
	5.5
	23
	8.92
	2.55
	2.95
	22.74
	26.31

	plastering 
	P5
	0.015
	6.7
	5.5
	23
	12.71
	8.75
	2.95
	111.24
	37.50

	 
	P6
	0.015
	4.7
	5.5
	23
	8.92
	8.55
	2.95
	76.25
	26.31

	 
	PA
	0.015
	4.7
	6.83
	23
	11.07
	7.55
	16.915
	83.62
	187.33

	 
	PA'
	0.015
	2
	6.83
	23
	4.71
	8.55
	16.915
	40.29
	79.72

	 
	PB
	0.015
	4.7
	6.83
	23
	11.07
	14.55
	16.915
	161.14
	187.33

	 
	CA1
	0.015
	1.4
	7.2
	23
	3.48
	5.9
	9.8
	20.52
	34.08

	 
	CA2
	0.015
	1.4
	7.2
	23
	3.48
	9.7
	9.8
	33.73
	34.08

	Beam
	 
	depth(m)
	length(m)
	width(m)
	unit weight
	weight(KN)
	xi(m)
	YI(m)
	wxi(KNm)
	wyi(KNm)

	 
	12
	0.45
	4.6
	0.35
	25
	18.11
	2.5
	20.58
	45.281
	372.76

	 
	23
	0.45
	6.6
	0.35
	25
	25.99
	8.7
	20.58
	226.091
	534.82

	onaxis A
	34
	0.45
	4.6
	0.35
	25
	18.11
	14.7
	20.58
	266.254
	372.76

	 
	AB
	0.45
	6.73
	0.35
	25
	26.50
	0.15
	17.1
	3.975
	453.14

	 
	BC
	0.45
	7.1
	0.35
	25
	27.96
	0.15
	9.75
	4.193
	272.57

	on axis 1
	CD
	0.45
	5.4
	0.35
	25
	21.26
	0.15
	3.1
	3.189
	65.91

	wall
	 
	hight (m)
	length(m)
	width(m)
	unit weight
	weight(KN)
	xi(m)
	YI(m)
	wxi(KNm)
	wyi(KNm)

	 
	12
	3.6
	4.6
	0.2
	25
	82.80
	2.5
	20.58
	207.000
	1704.02

	onaxis A
	23
	3.6
	6.6
	0.2
	25
	118.80
	8.7
	20.58
	1033.560
	2444.90

	 
	34
	3.6
	4.6
	0.2
	25
	82.80
	14.7
	20.58
	1217.160
	1704.02

	 
	AB
	3.6
	6.73
	0.2
	25
	121.14
	0.15
	17.1
	18.171
	2071.49

	 
	BC
	3.6
	7.1
	0.2
	25
	127.80
	0.15
	9.75
	19.170
	1246.05

	onaxis 1
	CD
	3.6
	5.4
	0.2
	25
	97.20
	0.15
	3.1
	14.580
	301.32

	 
	 
	width(m)
	hight(m)
	length(m)
	unit weight
	weight(KN/m)
	xi(m)
	YI(m)
	wxi(KNm)
	wyi(KNm)

	 
	1
	0.6
	3.6
	0.6
	25
	32.40
	0.2
	20.63
	6.480
	668.41

	 
	2
	0.6
	3.6
	0.6
	25
	32.40
	5.2
	20.63
	168.480
	668.41

	 
	3
	0.6
	3.6
	0.6
	25
	32.40
	12.2
	20.63
	395.280
	668.41

	Column(axis A)
	4
	0.6
	3.6
	0.6
	25
	32.40
	0.2
	20.63
	6.480
	668.41

	
	
	
	
	
	total
	2614.76
	
	
	17163.526
	31942.43



For ribbed slab (building 2)
Ground floor
	 
	member
	thickness
	length
	width
	unit weight
	weight
	xi
	yi
	wxi
	wyi

	 
	 
	(m)
	(m)
	(m)
	(KN/m3)
	(KN)
	(m)
	(m)
	(KNm)
	(KNm)

	 
	P1
	0.03
	4.65
	7.03
	23
	22.56
	2.625
	16.745
	59.21
	377.70

	 
	P2
	0.03
	4.65
	7.3
	23
	23.42
	2.625
	9.75
	61.48
	228.36

	 
	P3
	0.03
	4.65
	7.3
	23
	23.42
	14.625
	9.75
	342.55
	228.36

	floor finish 
	P4
	0.03
	4.65
	5.7
	23
	18.29
	2.625
	3.05
	48.01
	55.78

	(ceramic)
	P5
	0.03
	6.5
	5.7
	23
	25.56
	8.55
	3.05
	218.58
	77.97

	 
	P6
	0.03
	4.65
	5.7
	23
	18.29
	14.625
	3.05
	267.47
	55.78

	 
	PA
	0.03
	6.5
	7.03
	23
	31.53
	8.55
	16.745
	269.58
	527.96

	 
	PB
	0.03
	4.65
	7.03
	23
	22.56
	14.625
	16.745
	329.88
	377.70

	 
	CA1
	0.02
	1.4
	7.3
	23
	4.70
	5.9
	9.75
	27.74
	45.84

	 
	CA2
	0.02
	1.4
	7.3
	23
	4.70
	11
	9.75
	51.71
	45.84

	 
	P1
	0.02
	4.65
	7.03
	23
	15.04
	2.625
	16.745
	39.47
	251.80

	 
	P2
	0.02
	4.65
	7.3
	23
	15.61
	2.625
	9.75
	40.99
	152.24

	 
	P3
	0.02
	4.65
	7.3
	23
	15.61
	14.625
	9.75
	228.36
	152.24

	 
	P4
	0.02
	4.65
	5.7
	23
	12.19
	2.625
	3.05
	32.00
	37.19

	cement screed 
	P5
	0.02
	6.5
	5.7
	23
	17.04
	8.55
	3.05
	145.72
	51.98

	 
	P6
	0.02
	4.65
	5.7
	23
	12.19
	14.625
	3.05
	178.31
	37.19

	 
	PA
	0.02
	6.5
	7.03
	23
	21.02
	8.55
	16.745
	179.72
	351.97

	 
	PB
	0.02
	4.65
	7.03
	23
	15.04
	14.625
	16.745
	219.92
	251.80

	 
	CA1
	0.03
	1.4
	7.3
	23
	7.05
	5.9
	9.75
	41.61
	68.76

	 
	CA2
	0.03
	1.4
	7.3
	23
	7.05
	11
	9.75
	77.57
	68.76

	 
	P1
	0.24
	4.65
	7.03
	14
	109.84
	2.625
	16.745
	288.32
	1839.22

	 
	P2
	0.24
	4.65
	7.3
	14
	114.06
	2.625
	9.75
	299.39
	1112.04

	 
	P3
	0.24
	4.65
	7.3
	14
	114.06
	14.625
	9.75
	1668.06
	1112.04

	ribbed block
	P4
	0.24
	4.65
	5.7
	14
	89.06
	2.625
	3.05
	233.77
	271.62

	 
	P5
	0.24
	6.5
	5.7
	14
	124.49
	8.55
	3.05
	1064.37
	379.69

	 
	P6
	0.24
	4.65
	5.7
	14
	89.06
	14.625
	3.05
	1302.46
	271.62

	 
	PA
	0.24
	6.5
	7.03
	14
	153.54
	8.55
	16.745
	1312.73
	2570.95

	 
	PB
	0.24
	4.65
	7.03
	14
	109.84
	14.625
	16.745
	1606.36
	1839.22

	rc slab 
	CA1
	0.15
	1.4
	7.3
	25
	38.33
	5.9
	9.75
	226.12
	373.67

	
	CA2
	0.15
	1.4
	7.3
	25
	38.33
	11
	9.75
	421.58
	373.67

	 
	P1
	0.06
	4.65
	7.03
	25
	49.03
	2.625
	16.745
	128.71
	821.08

	topping
	P2
	0.06
	4.65
	7.3
	25
	50.92
	2.625
	9.75
	133.66
	496.45

	 
	P3
	0.06
	4.65
	7.3
	25
	50.92
	14.625
	9.75
	744.67
	496.45

	 
	P4
	0.06
	4.65
	5.7
	25
	39.76
	2.625
	3.05
	104.36
	121.26

	 
	P5
	0.06
	6.5
	5.7
	25
	55.58
	8.55
	3.05
	475.17
	169.50

	 
	P6
	0.06
	4.65
	5.7
	25
	39.76
	14.625
	3.05
	581.45
	121.26

	 
	PA
	0.06
	6.5
	7.03
	25
	68.54
	8.55
	16.745
	586.04
	1147.74

	 
	PB
	0.06
	4.65
	7.03
	25
	49.03
	14.625
	16.745
	717.13
	821.08

	 
	P1
	0.02
	4.7
	6.83
	23
	14.77
	2.65
	16.915
	39.13
	249.77

	 
	P2
	0.02
	4.7
	7.2
	23
	15.57
	2.55
	9.8
	39.69
	152.55

	 
	P3
	0.02
	4.7
	7.2
	23
	15.57
	14.55
	9.8
	226.49
	152.55

	 
	P4
	0.02
	4.7
	5.5
	23
	11.89
	2.55
	2.95
	30.32
	35.08

	plastering 
	P5
	0.02
	6.7
	5.5
	23
	16.95
	8.75
	2.95
	148.32
	50.01

	 
	P6
	0.02
	4.7
	5.5
	23
	11.89
	8.55
	2.95
	101.67
	35.08

	 
	PA
	0.02
	4.7
	6.83
	23
	14.77
	7.55
	16.915
	111.49
	249.77

	 
	PB
	0.02
	4.7
	6.83
	23
	14.77
	14.55
	16.915
	214.85
	249.77



[bookmark: _Toc486032940][bookmark: _Toc486064862]Wind characteristics
· Basic wind velocity 
	The basic wind velocity shall be calculated 


	

	Where: is Vref =22 m/s

	=1 

	=1 
	Vb=22m/s 
· Mean wind
Variation with height: -The mean wind velocity vm(z) at a height z above the terrain depends on the terrain roughness and orography and on the basic wind velocity, vb.

	Where (z) is the roughness factor 
	co (z) is the orography factor, taken as 1,0 
· Terrain roughness 
	   The roughness factor, cr(z), accounts for the variability of the mean wind   	    velocity at the site of the structure due to
· The height above ground level
· The ground roughness of the terrain upwind of the structure in the wind direction
	



            	        for 

	


·  Terrain category 
                The terrain roughness to be used for a given wind direction depends on the
                ground roughness and the distance with uniform terrain roughness in an
                angular sector around the wind direction.






Table 3-5 Terrain categories and terrain parameters Terrain category
	
	Terrain category 

	Z0
	Z min 


	IV
	Area in which at least 15 % of the surface is covered with buildings and their average height exceeds 15 m
	1
	10



· Terrain orography 
                          The effect of orography is neglected because the average slope of the upwind terrain is less than 3°. 
· Basic velocity pressure 
The values for ρ may be given in the National Annex. The recommended value is 0.94kg/m3.


· Wind turbulence 
The turbulence intensity Iv(z) at height z is defined as the standard deviation of the turbulence divided by the mean wind velocity.
· Peak pressure 
The peak velocity pressure qp(z) at height z, which includes mean and short-term velocity fluctuations, should be determined.





· Exposure factor Ce(z)
[image: E:\ruth\wind.PNG]
Figure Illustrations of the exposure factor ce(z)
ce(z)=1.75
· Internal pressure
	The internal pressure coefficient, cpi, depends on the size and distribution of the openings in the building envelope. When at least two sides of the buildings (facades or roof) the total area of openings on each side is more than 30 % of the area. Where it is not possible, or not considered justified, to estimate μ for a particular case then cpi should be taken as the +0.2 and -0.3. (Eurocode Page 53 prEN 1991-1-4:2004 -7.4) In this case, cpi is unfavorable when cpi is taken to + 0.2.
· For walls and roofs with an impermeable inside skin and an impermeable more rigid, outside skin, the wind force on the outside skin may be calculated from 


	

· Wind loads 


Where: cpe -External pressure coefficients
cpi - Internal pressure coefficients
qp- Peak pressure
                  s- Width spacing
· Vertical walls of rectangular plan buildings 
	A building, whose height h is greater than b, but less than 2b, may be 	considered to be two parts. Comprising: a lower part extending upwards 	from the ground by a height equal to b and an upper part consisting of the 	remainder.	
[bookmark: _Toc486032941][bookmark: _Toc486064863]Wind load analysis
On roof 
From the elevation view 

     Height of the parapet  

     Cross wind dimension 
[image: ]
H=22.58m                                
Slope 


         Therefore, flat roof is used. 

From equation 5.1 of Eurocode prEN 1991-1-4:2004

External wind pressure 

Internal wind pressure 

Where the external pressure coefficient is obtained from table 7.2- flat roofs
On Euro code prEN 1991-1-4:2004 
· Basic wind velocity is calculated from equation 4.1 Eurocode prEN 1991-1-4:2004


· Peak velocity pressure at height (z) Is calculated  as:-

	

	
    	 For terrain category, assume category III and building height =22.58 


	Exposure factor,  is read from fig.4.2 Eurocode prEN 1991-1-4:2004

	

	The roof should be divided in zones shown in figure below (according to figure 	7.6 of Eurocode prEN 1991-1-4:2004
[image: ]
External Pressure Coefficient (Cpe)
	ZONE
	AREA
	Cpe,10
	Cpe,1
	Cpe
	We(-VE)
	We(+VE)
	Load

	F
	10.85
	-1.6
	-2.2
	-1.6
	-1.084
	-
	11.76

	G
	10.415
	-1.1
	-1.8
	-1.1
	-0.745
	-
	7.759

	H
	173.56
	-0.7
	-1.2
	-0.7
	-0.474
	-
	82.26

	I
	145.5
	+0.2
	+0.2
	+0.2
	
	0.316
	45.98



Since Area> 10m2---------------------------- Cpe= Cpe (10)








Maximum External Pressure
We (-ve) = -1.084
We (+ve) = 0.136
Internal Wind Pressure
Wi= 0.75*We Therefore Wi (-ve)=0.75*-1.084= -0.813
Wi (+ve) =0.75*0.136= 0.102
Net Critical Pressure
Net Critical Pressure =Wexternal-Winternal
Wnegative=-1.084-0.102=-1.186
Wpositive= 0.136+0.813=0.949 

WIND LOAD ACTING ON WALLS

 Height of the building without the Parapet= 22.58m 
 b= 20.83 

Since b< H<2b the building must be considered as to parts

[image: ]


Plan view
	
[image: ]

[image: ]
Since e=min of b=20.83 or 2h=45.16
Take e=20.83, Therefore e=20.83>d=17.4

Using Table 7.1(Recommended values of external pressure coefficients for vertical wall of rectangular plan buildings, according to Eurocode prEN 1991-1-4:2004
	ZONE
	AREA
	Cpe,10
	Cpe,1
	Cpe
	We(-VE)
	We(+VE)
	Load

	A
	94.07
	-1.2
	-1.4
	-1.2
	-0.813
	-
	76.42

	B
	298.8
	-0.8
	-1.1
	-0.8
	-0.5421
	-
	161.97





Since Area> 10m2---------------------------- Cpe= Cpe (10)


Maximum External Pressure
We (-ve) = -0.813
Internal Wind Pressure
WI= 0.75*We 
Therefore Wi (-ve) =0.75*-0.813= -0.609



[bookmark: _Toc486032942][bookmark: _Toc486064864]Frame Analysis
[bookmark: _Toc486032943][bookmark: _Toc486064865]Introduction
	When to design any given structure the first and necessary task is to analyze it.. To perform the analysis process the loads on each element of the structure have to be known. Often, it is the anticipation of the various loads that will be imposed on the structure that provides the basic type of the structure that is to be designed. For examples, high-rise structures are subjected to high lateral loadings caused by wind, and earthquakes. In our case the loads on the structure are gravity loads (dead load, live load), and lateral loads. Structural analysis is to determine the internal forces (axial, shear, flexural or stresses) , deflections of a given structure subjected to a certain load and verify that no unstable failure can occur. Thus the basic structural requirements are strength (i.e. stresses should not exceed critical values) and stiffness (i.e. deflections should be controlled). 
[bookmark: _Toc486032944][bookmark: _Toc486064866]Analysis
· Gravity loads:- on the frame includes the dead load of each frame element and the load transferred from slab onto the respective beams.
· Lateral loads:-are mainly of wind and earth quake forces. Therefore, the frame is analyzed for earthquake forces at each story. Wind analysis is also computed. 
· Load combination 	

· According Euocode-2001 we have 64 load combinations when considering earthquake loads and these combos are included in the Appendix section.The analysis is performed using ETABS 16.0.3.The load imposed on the frame includes the dead load (self-weight of each structural elements), and lateral loads. The self-weight of the frame skeletal will be determined by ETABS by defining the material property and cross-section of each element. Finally, we can display the analysis result in either tabular or graphical form. 





[bookmark: _Toc486032945][bookmark: _Toc486064867]Geometric imperfections
	The unfavorable effects of possible deviations in the geometry of the structure and the position of loads shall be taken into account in the analysis of members and structures. Imperfections shall be taken into account in ultimate limit states in persistent and accidental design situations.
Imperfections need not be considered for serviceability limit states.

	Imperfections, as per Eurocode 2, part 1 section 5.2, may be represented by an inclination, , given by:





For structures, the effect of the inclination  may be represented by transverse forces
Effect on floor diaphragm


Effect on roof diaphragm,


Where Na and Nb are longitudinal forces contributing to Hi
	Hi is the transverse force
The values are tabulated as follows.

	Story
	Load Case/Combo
	Location
	P
	Load contribute to Hi


	[image: ]
	Hi

	Tanker Slab
	Service Load
	Bottom
	1185.9279
	1185.9279
	0.0054
	6.404011

	Roof Level
	Service Load
	Bottom
	4656.3729
	3470.445
	0.004
	13.88178

	6th FL
	Service Load
	Bottom
	11122.6474
	6466.2745
	0.004
	25.8651

	5th FL
	Service Load
	Bottom
	17606.877
	6484.2296
	0.004
	25.93692

	4th FL
	Service Load
	Bottom
	24125.6666
	6518.7896
	0.004
	26.07516

	3rd FL
	Service Load
	Bottom
	30659.2724
	6533.6058
	0.004
	26.13442

	2nd FL
	Service Load
	Bottom
	37192.8783
	6533.6059
	0.004
	26.13442

	1st FL
	Service Load
	Bottom
	43794.4701
	6601.5918
	0.0038
	25.08605

	Ground FL
	Service Load
	Bottom
	50482.0772
	6687.6071
	0.004
	26.75043

	Basement FL
	Service Load
	Bottom
	51529.7582
	1047.681
	0.00436
	4.567889




















[bookmark: _Toc486032946][bookmark: _Toc486064868]BEAM DESIGN
[bookmark: _Toc486032947][bookmark: _Toc486064869]Analysis and design of beam
[bookmark: _Toc486032948][bookmark: _Toc486064870]For solid slab(building 1)
· Ground floor beam on Axis 1
	The beam is designed from the maximum moment envelope by varying the load.
[image: ]
1. Positive span moment AB 



	

	

	

	, singly reinforced

	

	

	  OK!


	Using ϕ20
	Use 4 ϕ20

2. Negative support moment on axis B




	

	 Singly reinforced 


	Using ϕ20
	Use 7 ϕ20
3. Positive span moment BC 




	

	Singly reinforced 


	Using ϕ20
              Use 4ϕ20
4. Negative support moment on axis C






	Singly reinforced 


	Using ϕ20
            Use 4ϕ20




5. Negative span moment on axis CD






	Singly reinforced 


	Using ϕ20
	Use 2ϕ20
· Ground floor beam on Axis 2
1. positive span moment AB 



	

	

	

	, doubly reinforced

	, doubly reinforced

	

	

	


	 135.77

	


	


	
Bottom   Use 9ϕ20

	

	 Ok! 


	
	Top    use 1ϕ20
2. negative support moment on axis B





	 Doubly reinforced 
	Bottom    use 12ϕ20
	Top  use 3ϕ20
3. positive span moment BC 



	

	Singly reinforced 
              Use 4ϕ20
4. negative support moment on axis C





	Singly reinforced 
             Use 8ϕ20


5. negative support moment on axis CD



	

	Singly reinforced 
	Use 5ϕ20

[bookmark: _Toc486032949][bookmark: _Toc486064871]For ribbed slab(building 2)
· Ground floor beam on Axis A
Loading on beam A
Beam width:-  W=300mm
Beam depth:-  D=300mm
· Self-weight: ......=0.3*0.3*25=2.25kN.m
· Design loads:  Gd=1.35*2.25=3.0375kN.m
· Partition load:      =10.584kN.m
[image: ]
[image: ]










i. Span moment(12&34)
Msd=20.64kN/m     bw=300    D=300   fcd=11.33mpa      fyd=347.826mpa



Singly reinforced








Using ϕ12as=113.04mm2
Use 3ϕ12 bottom bar
ii. Support moment (1and2)
Msd=50.56kN/mbw=300    D=300   fcd=11.33mpa      fyd=347.826mpa



Singly reinforced








Using ϕ12as=113.04mm2
Use 7ϕ12 bottom bar
iii. Span moment (23)
Msd=32.87kN.mbw=300    D=300   fcd=11.33mpa      fyd=347.826mpa



Singly reinforced








Using ϕ12as=113.04mm2
Use 4ϕ12 bottom bar
[bookmark: _Toc486032950][bookmark: _Toc486064872]Anchorage and development length
	According to Eurocode 2 Part 1,1 - prEN 1992-1-1-2002 part 8.4 reinforcing bar shall be anchored so that the bond force are safely transmitted to the concrete avoiding longitudinal cracking or transverse reinforcement shall be provide if necessary.
· The design anchorage length, lbd is 




· The required anchorage length, lb,req, is 








· 


For 20 diameter bars...

Table required anchorage length
	Ø 
	Ø8 
	Ø10 
	Ø12 
	Ø14 
	Ø16 
	Ø20 
	Ø24 

	lb,req 
	519.15 
	648.94 
	778.72 
	908.51 
	1038.30 
	1297.87 
	1557.45 



· The minimum anchorage length, lbd,min is 
· For tension reinforcement
lbd,min= max ......for

lbd,min= 389.36mm400mm

· For compression reinforcement
lbd,min= max ......for 

lbd,min= 778.72mm780mm





Table Minimum anchorage length

	Ø 
	lbd,min 

	Tension(mm) 
	Compression(mm)

	8 
	160 
	320 

	10 
	200 
	390 

	12 
	240 
	470 

	14 
	280 
	550 

	16 
	320 
	630 

	20 
	400 
	780 

	24 
	470 
	935 




For bent or hooked bars,  

Table  Influence factor coefficient

	Coefficients 
	α1 
	α2 
	α3 
	α4 
	α5 

	In Tension 
	1.0 
	0.70 
	0.7 
	0.7 
	0.7 

	In Compression 
	1.0 
	1.00 
	1.0 
	0.7 
	- 



· 
α1For tension barsα1=0.7 if Cd
α1=1.0
· α2For tension bars


α2= 0.7
· The design anchorage length, lbd for tension reinforcement for Ø20 

ok!
· The design anchorage length, lbd for compression reinforcement for Ø20 

ok!






Table Design Anchorage length
	Ø 
	lbd
	lbd Provide

	Tension(mm) 
	Compression(mm) 
	Tension(mm) 
	Compression(mm) 

	8 
	124.65 
	363.41 
	160 
	370 

	10 
	155.81 
	454.26 
	200 
	460 

	12 
	186.97 
	545.10 
	240 
	550 

	14 
	218.13 
	635.96 
	280 
	640 

	16 
	249.30 
	726.81 
	320 
	730 

	20 
	311.62 
	908.51 
	400 
	910 

	24 
	373.94 
	1090.22 
	470 
	1100 



Lap length
According to Eurocode 2 Part 1, 1 - prEN 1992-1-1-2002 part 8.7 Force are transmitted from one bar to another by:-
· Lapping of bars , with or without bends or hooks; 
· Weddings 
· Mechanical devices assuming load transfer in tension - compression only. 
· The design lap length is; 





· The minimum lap length is; 
lo,min= max,  

lbd,min= 545.12mm550mm

	Ø 
	lo,min 

	12 
	330 

	14 
	390 

	16 
	440 

	20 
	550 

	24 
	660 




· Assume 50% of the bar lapped at one point α6 =1.4 



· The design lap length, lo for Ø20 bars. 

Ok!
	Ø 
	lo 
	lo Provide 

	12 
	534.20 
	540 

	14 
	623.24 
	630 

	16 
	712.27 
	720 

	20 
	890.33 
	900 

	24 
	1068.41 
	1070 

















[bookmark: _Toc486032951][bookmark: _Toc486064873]COLUMN DESIGN
[bookmark: _Toc486032952][bookmark: _Toc486064874]Introduction
	Column is a vertical structural member supporting axial compressive load with or without moment. The cross-sectional dimensions of column are generally considerably less than its height. It supports vertical loads from the floors and roof and transmit this load to foundation.
[bookmark: _Toc486032953][bookmark: _Toc486064875]Classification of Columns 
Based on lateral Reinforcement 
i. Tied columns: where the main longitudinal bars are enclosed within closely spaced lateral ties,
ii. Spiral columns: where the main longitudinal bars are enclosed within closely spaced and continuously wound spiral reinforcement.
Based on nature of Loading 
· Columns with axial loading (applied concentrically)
· Columns with uniaxial eccentric loading
· Columns with biaxial eccentric loading
Based on Slenderness Ratio
                   Slenderness’ is a geometrical property of a compression member which is related to the ratio of its ‘effective length’ to its lateral dimension. Also it provides a measure of the vulnerability to failure of the column by elastic instability (buckling) in the plane in which the slenderness ratio is computed. 
          Generally depending on whether slenderness effects are considered insignificant or not: 
i. Short columns    is column   with low slenderness ratios, i.e. it is  relatively short and stocky columns, invariably fail under ultimate loads with the material (concrete, steel; reaching its ultimate strength, and not by buckling
ii. Slender (long) columns   is  Columns with very high slenderness ratios in danger of buckling accompanied with large lateral deflection under relatively low compressive loads, and thereby failing suddenly. Here columns buckle and the additional moments caused by deflection must be taken into account in design.
Design codes attempt to preclude such failure by specifying ‘slenderness limits’ to columns. 
               Stability effects must be considered in the design of compression members. 
[bookmark: _Toc486032954][bookmark: _Toc486064876]Analysis and design Procedures
 	The internal forces and moments may generally be determined by elastic global analysis using    either: -First-order theory, using the initial geometry of the structure, or Second-order theory taking   in to account the influence of the deformation of the structure.
· First-order theory maybe used for the global analysis in the following cases: 
(a) Non-sway frames 
(b) Braced frames 
(c) Design methods which make indirect allowances for second-order effects. 

· Second-order theory maybe used for the global analysis in all cases. 
	Design for structural stability taking account of second-order effects shall ensure that, for the most Unfavorable combinations of actions at the ultimate limit state ,loss of static equilibrium (locally or for the structure as a whole) does not occur or the resistance of individual cross-sections subjected to bending and longitudinal force is not exceeded. 
	This thesis project was conduct the axial load and moment from etabs output in three combinations listed above to help us to find the maximum effect of of axial force plus moment.  
· Material property

	



	
	
	𝐸𝑐𝑚= 31 𝐺𝑝𝑎
	𝐸𝑠= 200 𝐺𝑝𝑎
	𝜖𝑦𝑑= 1.74‰
· Check slenderness limit 
In the x   direction


𝑡𝑎𝑘𝑒𝐴=0.7 𝐵=1.1 𝐶=1.7−𝑟𝑚𝑤ℎ𝑒𝑟𝑒

𝐶=1.7-(-0.221) =1.921








	

	

	Beam at top and bottom

	

	
Effective length
       For braced member

	

	





	

	ThereforeSlender column
In the y Directions  





𝐶=1.7-0.495=1.205




	

	

	Bottom


		

 Effective length
       For braced member

	

	




	

	

	Therefore it is short column 





· Accidental eccentricity 
In the X direction    


 



      	  In the Y direction 
· Equivalent first order eccentricity 
	 In the X direction 

	

	

	

	

	
 	In the Y direction 

	

	

	

	

	 Because of short

	

	

	

	

	

	

	




       	Using read the mechanical steel ratio from biaxial interaction chart for 	

	

	
Check with maximum and minimum reinforcement limit





Therefore 
· The above is a sample calculation and the rest of the calculations is included in the Appendix section.


[bookmark: _Toc486032955][bookmark: _Toc486064877]Analysis and design of foundation
[bookmark: _Toc486032956][bookmark: _Toc486064878]Introduction
Foundations are sub-structural elements of building and other structures used
·  to distribute the load of the structure over a large bearing area so as to bring intensity of loading within the safe bearing capacity of the soil lying underneath
·  to load the bearing surface at a uniform rate so as to prevent unequal settlement
· to prevent the lateral movement of the supporting material, to secure a level and firm bed for building operations and to increase the stability of the structure as a whole.
[bookmark: _Toc486032957][bookmark: _Toc486064879]Types of Foundations
Can be broadly classified into the following two categories:
1. Shallow foundations
2. Deep foundations
Shallow foundations: are foundations provided immediately beneath the lowest part of the structure, near to the ground level to distribute the structural loads over a considerable base area at the foundation bed. Since spread foundations (shallow foundations) are constructed in open excavations they are termed as open foundations.
 Shallow foundations are further classified into the following types: - 
a. Spread or Isolated footings 
b. Combined footing 
c. Cantilever footing 
d. Continuous or wall footing
 e. Raft foundation


[bookmark: _Toc454806296]Spread or Isolated Footings: -They are used to support individual column. Isolated footings can be stepped type, simple type or slope type, having projections in the base concrete. To support heavy loads, reinforcement is also provided at the base. The reinforcement provided is in the form of steel bars and is placed in both directions.
[image: ]
[bookmark: _Toc454806348]Figure. Single isolated footing

Deep Foundations: When the upper ground stratum at a site is weak and unable to carry the load even by a raft foundation, then eventually shallow foundation has to be ruled out, and a deep foundation, taken to an available firm stratum, is adopted. Deep foundation may be in the form of Piles or Well (i.e., Caissons). A pile is relatively a small diameter shaft, which is used to transmit the loads to deeper soil layers capable of supporting the loads. A well on the other hand is a large diameter circular body, usually, sunk into the ground, by removing the ground soil and it is usually adopted for structures across rivers streams, where heavy scouring is involved, such as for supporting the piers of a road or a railway bridge, or some monumental building.
[bookmark: _Toc454806297][bookmark: _Toc486032958][bookmark: _Toc486064880]Selection of Foundation Type:
In selecting the foundation type the following points must be considered 
a. Function of the structure 
b. Loads it must carry 
c. Subsurface conditions 
d. Cost of foundation in comparison with the cost of the superstructure.
For our case we are going to design single isolated footing by assuming the building load is small and the subsurface soil condition of the site is good.


	The design of shallow foundations is based on the assumption that they are rigid so that the variation of pressure under the foundations will be linear. The distribution of pressure will be uniform if the centroid of the foundation coincides with the resultant of the applied loads. 
The requirements in design of foundations are:
 1. The pressure on the soil should not exceed the bearing capacity of the soil. 
2. The settlement of the structure should be within the permissible limits. Further there should be no differential settlement.
Proportioning of shallow foundations depends on:
1. Soil strength parameters (: is the angle of internal friction and C is cohesion.
Depth of footing: The depth of embedment must be at least large enough to accommodate the required footing thickness. This depth is measured from the lowest adjacent ground surface to the bottom of the footing.
The required area of the footing and subsequently the proportions will be determined using presumptive allowable soil pressure and/or the soil strength parameters
2. Structural Considerations:
The last stage in the design of foundations is the structural design. One should check the adequacy of the thickness of the footing and provide the necessary reinforcement to withstand punching shear, diagonal tension (wide beam shear) and bending moment.





	Story
	Joint Label
	Load Case/Combo
	FZ
	MX
	MY
	Ex
	Ey
	L
	Stress (+,+)
	Stress (+,-)
	Stress (-,+)
	Stress (-,-)
	Avg

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BASE
	1
	Service Load
	1237.965
	2.9191
	-0.8796
	-0.00071
	0.002358
	2
	311.02088
	306.64223
	312.340275
	307.96163
	309.4913

	BASE
	2
	Service Load
	2547.184
	-1.3758
	-5.3527
	-0.0021
	-0.00054
	33
	2.3378884
	2.3383478
	2.33967573
	2.3401351
	2.339012

	BASE
	3
	Service Load
	2742.481
	-1.1762
	-6.3085
	-0.0023
	-0.00043
	3
	303.05683
	303.57959
	305.860611
	306.38337
	304.7201

	BASE
	4
	Service Load
	1247.706
	-4.6359
	-1.6064
	-0.00129
	-0.00372
	2
	307.24485
	314.1987
	309.65445
	316.6083
	311.9266

	BASE
	5
	Service Load
	2597.503
	4.1047
	-0.7882
	-0.0003
	0.00158
	3
	289.34847
	287.52416
	289.698778
	287.87447
	288.6115

	BASE
	6
	Service Load
	5437.399
	2.5311
	-0.2823
	-5.2E-05
	0.000465
	3.5
	444.18402
	443.47561
	444.263034
	443.55462
	443.8693

	BASE
	7
	Service Load
	5175.538
	-8.1964
	1.4002
	0.000271
	-0.00158
	3.5
	421.54179
	423.83582
	421.149893
	423.44393
	422.4929

	BASE
	8
	Service Load
	1883.953
	-2.0358
	2.7357
	0.001452
	-0.00108
	2.5
	301.70118
	303.26467
	299.60016
	301.16365
	301.4324

	BASE
	9
	Service Load
	2596.526
	4.0491
	0.4226
	0.000163
	0.001559
	3
	289.49654
	287.69694
	289.308722
	287.50912
	288.5028

	BASE
	10
	Service Load
	5431.105
	2.4049
	-0.5922
	-0.00011
	0.000443
	3.5
	443.6092
	442.93611
	443.774946
	443.10185
	443.3555

	BASE
	11
	Service Load
	5516.038
	-6.3749
	-2.976
	-0.00054
	-0.00116
	3.5
	448.98026
	450.76449
	449.813193
	451.59742
	450.2888

	BASE
	12
	Service Load
	2115.234
	-2.1949
	-3.7376
	-0.00177
	-0.00104
	3
	233.70767
	234.68318
	235.368822
	236.34433
	235.026

	BASE
	13
	Service Load
	1247.064
	2.75
	0.5148
	0.000413
	0.002205
	2
	314.21463
	310.08963
	313.442425
	309.31743
	311.766

	BASE
	14
	Service Load
	2637.19
	-1.2809
	4.9335
	0.001871
	-0.00049
	3
	293.83279
	294.40208
	291.640122
	292.20941
	293.0211

	BASE
	15
	Service Load
	2973.384
	-0.4641
	3.1397
	0.001056
	-0.00016
	3
	330.97056
	331.17682
	329.575133
	329.7814
	330.376

	BASE
	16
	Service Load
	1524.911
	-5.0792
	1.394
	0.000914
	-0.00333
	2.5
	242.57066
	246.47148
	241.500067
	245.40089
	243.9858

	BASE
	37
	Service Load
	3073.512
	-0.1021
	-2.7442
	-0.00089
	-3.3E-05
	3
	340.86877
	340.91414
	342.088411
	342.13379
	341.5013

	BASE
	72
	Service Load
	3026.752
	-0.2911
	1.6375
	0.000541
	-9.6E-05
	3
	336.60498
	336.73436
	335.8772
	336.00658
	336.3058



	Story
	Joint Label
	Load Case/Combo
	FZ
	MX
	MY
	Ex
	Ey
	L
	Stress (+,+)
	Stress (+,-)
	Stress (-,+)
	Stress (-,-)
	Avg

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BASE
	1
	ULS EVLOP
	6869.827
	16.7981
	-5.2349
	-0.00076
	0.002445
	2
	1717.4566
	1717.4566
	1717.45663
	1717.4566
	1717.457

	BASE
	2
	ULS EVLOP
	14184.04
	-7.4616
	-30.3948
	-0.00214
	-0.00053
	33
	13.024827
	13.024827
	13.0248268
	13.024827
	13.02483

	BASE
	3
	ULS EVLOP
	15251.41
	-6.665
	-35.7924
	-0.00235
	-0.00044
	3
	1694.6006
	1694.6006
	1694.60062
	1694.6006
	1694.601

	BASE
	4
	ULS EVLOP
	6913.773
	-26.6055
	-9.3285
	-0.00135
	-0.00385
	2
	1728.4431
	1728.4431
	1728.44313
	1728.4431
	1728.443

	BASE
	5
	ULS EVLOP
	14448.84
	23.5026
	-4.7613
	-0.00033
	0.001627
	3
	1605.4267
	1605.4267
	1605.42673
	1605.4267
	1605.427

	BASE
	6
	ULS EVLOP
	30336.45
	14.5123
	-1.9009
	-6.3E-05
	0.000478
	3.5
	2476.4451
	2476.4451
	2476.44509
	2476.4451
	2476.445

	BASE
	7
	ULS EVLOP
	28812.58
	-46.7621
	7.5567
	0.000262
	-0.00162
	3.5
	2352.0474
	2352.0474
	2352.04744
	2352.0474
	2352.047

	BASE
	8
	ULS EVLOP
	10408.7
	-11.4647
	15.0416
	0.001445
	-0.0011
	2.5
	1665.3926
	1665.3926
	1665.39261
	1665.3926
	1665.393

	BASE
	9
	ULS EVLOP
	14443.07
	23.1854
	2.6641
	0.000184
	0.001605
	3
	1604.7852
	1604.7852
	1604.78517
	1604.7852
	1604.785

	BASE
	10
	ULS EVLOP
	30302.95
	13.7953
	-3.1026
	-0.0001
	0.000455
	3.5
	2473.7106
	2473.7106
	2473.71058
	2473.7106
	2473.711

	BASE
	11
	ULS EVLOP
	30755.51
	-36.5038
	-16.549
	-0.00054
	-0.00119
	3.5
	2510.6543
	2510.6543
	2510.65428
	2510.6543
	2510.654

	BASE
	12
	ULS EVLOP
	11730.73
	-12.3611
	-20.8332
	-0.00178
	-0.00105
	3
	1303.414
	1303.414
	1303.41396
	1303.414
	1303.414

	BASE
	13
	ULS EVLOP
	6921.763
	15.8283
	3.1491
	0.000455
	0.002287
	2
	1730.4408
	1730.4408
	1730.4408
	1730.4408
	1730.441

	BASE
	14
	ULS EVLOP
	14714.56
	-6.8623
	27.9973
	0.001903
	-0.00047
	3
	1634.9512
	1634.9512
	1634.95122
	1634.9512
	1634.951

	BASE
	15
	ULS EVLOP
	16646.67
	-2.6875
	18.0195
	0.001082
	-0.00016
	3
	1849.6303
	1849.6303
	1849.63033
	1849.6303
	1849.63

	BASE
	16
	ULS EVLOP
	8521.797
	-29.1983
	8.2318
	0.000966
	-0.00343
	2.5
	1363.4876
	1363.4876
	1363.48757
	1363.4876
	1363.488

	BASE
	37
	ULS EVLOP
	17070.48
	-0.5977
	-16.245
	-0.00095
	-3.5E-05
	3
	1896.7196
	1896.7196
	1896.71959
	1896.7196
	1896.72

	BASE
	72
	ULS EVLOP
	16826.91
	-1.669
	9.9684
	0.000592
	-9.9E-05
	3
	1869.6562
	1869.6562
	1869.65624
	1869.6562
	1869.656



[bookmark: _Toc486032959][bookmark: _Toc486064881]Design of Footing Pad
	The footing for a single column may be made square in plan, but where there is a large moment acting about one axis it may be more economical to have a rectangular base.  
	The safe bearing pressure value is a serviceability value as it is used to control settlement of the foundation.
	Design Information The stress distribution (contact pressure distribution) is assumed to be linear & assuming square footing and from the allowable bearing capacity of the soil,
· Depth of foundation = 2.5m
· Allowable bearing capacity = 300kPa
Consider a SQUARE footing pad under column on axis 
From frame analysis using ETABS we have the following foundation column axial forces
Axial load, P = 1237.965 kN…….. For the serviceability limit state
Axial load, P = 6869.827 kN……...For the ultimate limit state
 Area proportioning 
For the serviceability limit state 
	P/A ≤ σallowable

	
	A = 1237.965/300 = 4.13m2
	Provide a 3m X 3m square footing.  A = 9m2
For the ultimate limit state

	Ultimate Earth pressure, where:  	Pu is the ultimate gravity load and A 	is the pad area 

	

· Wide Shear 
	The vertical shear force is the sum of the loads acting outside the section considered. Shear stress is checked at a distance d from the face of the column shown in the figure below
[image: ]
Figure Critical section for checking beam shear at d from the face of the column.
· The shear stress is


Where ℓ is the length L or width B of the base as the pad is square.
	It is normal practice to make the base sufficiently deep so that shear reinforcement is not required. The depth of the base is often controlled by the design for shear. If the shear stress calculation indicates the need for shear reinforcement, the solution is to increase the depth of the footing until no shear reinforcement is required. Rules for members not requiring shear reinforcement are covered in clause 6.2.2 of the Eurocode.From equations (6.2a), (6.2b) and (6.3N) of the Eurocode 2,


Data used for calculation
Axial load……. 6869.827 kN (ULS)
Cover…………35
Column dimension…600mm X 600mm
Pad dimension 3m X 3m
Bar diameter 24mm

	Assuming a 600 mm thick footing, the average effective depth will be 
	D = 600 – 35– 12 = 553mm


		

	Vertical shear, 

	

	

	…OK!!! No need of shear reinforcement. 
· Punching shear
	The two checks on the shear stress are:
· First at the perimeter of the column.

	
	u0 = perimeter of the column = 2 (c1 + c2), c1 and c2 are side dimensions of the 	column.
	u0 = 4*0.6 = 2.4m 

	


	>….depth is adequate
· Second at the perimeter u1 at 2d from the column face:
[image: ]
	Figure perimeters for rectangular columns.
	u1 = 2(b + h) + 4π d

	

	Area within the perimeter,

				

	Therefore the punching force 

	

	


	<….OK!!! …..Depth is adequate
· Reinforcement
	Bending moment, M at the face of column due to bearing pressure qu

	

	



	From design chart,   

	

	


		


	>……. OK!!!

	


		

[bookmark: _Toc486032960][bookmark: _Toc486064882]COMPARISONS AND conclusion
The main aim of the project is comparing the two different slab systems in relations with lateral forces; this chapters comprises the criteria for the comparing process and shows all results used for the conclusions. This conclusions include which slab system has a better role under seismic force. 
The no-collapse requirement (ultimate limit state) under the seismic design situation is considered to have been met if the following conditions regarding resistance, ductility, equilibrium, foundation stability and seismic joints are met.
Resistance condition
The following relation shall be satisfied for all structural elements including connections and the relevant non-structural elements:
Ed ≤ Rd
Where   Ed is the design value of the action effect, due to the seismic including, second            effects redistribution of bending moments 
Rd is the corresponding design resistance of the element, calculated in accordance with the rules specific to the material used (in terms of the characteristic values of material properties fk and partial factor γM) and in accordance with the mechanical models which relate to the specific type of structural system, as

Second-order effects (P-Δ effects) need not be taken into account if the
Following condition is fulfilled in all stories:

 , where θ is the inter story drift sensitivity coefficient;





   Ptot   is the total gravity load at and above the story considered in the seismic design
Situation;
dr     is the design inter storey drift, evaluated as the difference of the average lateral
Displacements ds at the top and bottom of the storey under consideration 
  Vtot   is the total seismic storey shear; and h is the inter storey height.
If 0.1 <θ ≤ 0.2, the second-order effects may approximately be taken into account by multiplying the relevant seismic action effects by a factor equal to 1/ (1 - θ).
The value of the coefficient θ shall not exceed 0.3.









	Story
	Load Case/Combo
	Solid
	Ribbed

	
	
	Drx
	Dry
	Ѳx
	Ѳy
	Drx
	Dry
	ϴx
	ϴy

	Water Tanker Slab
	Comb1-2
	0.002096
	0.001923
	-0.03599
	0.118281
	0.003297
	0.002322
	-0.05693
	0.14363

	Water Tanker Slab
	Comb1-10
	0.002084
	0.001857
	-0.03578
	0.114222
	0.0033
	0.002234
	-0.05698
	0.138186

	Water Tanker Slab
	Comb1-15
	0.002271
	0.001778
	0.038993
	0.109362
	0.003795
	0.002374
	0.065529
	0.146846

	Roof Level
	Comb1-2
	0.004366
	0.001239
	-0.0791
	0.079296
	0.006368
	0.002224
	-0.11573
	0.142849

	Roof Level
	Comb1-10
	0.004552
	0.001389
	-0.08246
	0.088896
	0.006041
	0.001973
	-0.10979
	0.126727

	Roof Level
	Comb1-15
	0.004155
	0.001132
	0.075273
	0.072448
	0.00632
	0.002237
	0.114862
	0.143684

	Ground Floor Level
	Comb1-2
	0.008013
	0.002143
	-0.20744
	0.200109
	0.012556
	0.004189
	-0.31815
	0.383012

	Ground Floor Level
	Comb1-10
	0.00764
	0.001836
	-0.19779
	0.171442
	0.011968
	0.003747
	-0.30325
	0.342599

	Ground Floor Level
	Comb1-15
	0.00809
	0.002252
	0.209437
	0.210287
	0.012657
	0.004327
	0.320706
	0.39563

	Basement Floor Level
	Comb1-2
	0.004544
	0.00136
	-0.11936
	0.129001
	0.005333
	0.001947
	-0.13758
	0.181503

	Basement Floor Level
	Comb1-10
	0.004324
	0.001183
	-0.11358
	0.112212
	0.005079
	0.001764
	-0.13103
	0.164443

	Basement Floor Level
	Comb1-15
	0.004623
	0.001452
	0.121434
	0.137727
	0.005355
	0.001976
	0.138145
	0.184206

	Water Tanker Slab
	Comb1-34
	0.000732
	0.001097
	0.045024
	-0.01884
	0.001381
	0.002068
	0.085423
	-0.03571

	Water Tanker Slab
	Comb1-40
	0.000796
	0.001154
	0.048961
	-0.01981
	0.0014
	0.001994
	0.086598
	-0.03443

	Water Tanker Slab
	Comb1-60
	0.000988
	0.001374
	0.060771
	-0.02359
	0.001526
	0.002007
	0.094392
	-0.03466

	Roof Level
	Comb1-34
	0.001201
	0.003468
	0.076864
	-0.06283
	0.00188
	0.004974
	0.120753
	-0.0904

	Roof Level
	Comb1-40
	0.001239
	0.003494
	0.079296
	-0.0633
	0.001624
	0.004785
	0.10431
	-0.08696

	Roof Level
	Comb1-60
	0.001653
	0.003828
	0.105792
	-0.06935
	0.002199
	0.00531
	0.141243
	-0.09651

	Ground Floor Level
	Comb1-34
	0.002592
	0.006478
	0.242036
	-0.1677
	0.004187
	0.009658
	0.382829
	-0.24472

	Ground Floor Level
	Comb1-40
	0.002149
	0.006113
	0.200669
	-0.15826
	0.003483
	0.009129
	0.31846
	-0.23131

	Ground Floor Level
	Comb1-60
	0.002742
	0.006615
	0.256042
	-0.17125
	0.003344
	0.009114
	0.305751
	-0.23093

	Basement Floor Level
	Comb1-34
	0.001439
	0.003954
	0.136494
	-0.10386
	0.001818
	0.004009
	0.169477
	-0.10342

	Basement Floor Level
	Comb1-40
	0.001177
	0.003745
	0.111643
	-0.09837
	0.001514
	0.00379
	0.141138
	-0.09777

	Basement Floor Level
	Comb1-60
	0.001561
	0.00408
	0.148066
	-0.10717
	0.001209
	0.003596
	0.112705
	-0.09277



During the analysis and design of the buildings of two different flooring systems namely ribbed and solid slabs the ѳ of each floor was calculated according to the formula given above using the drift, total gravity load and storey shear brought from the Etabs model output.
	The comparison between the floor systems in resisting lateral load was based on the interstorey drift sensitivity coefficient (ѳ), the interstorey drift sensitivity coefficient (ѳ) of building with ribbed slab system is relatively greater than the solids interstorey drift. The value of the coefficient θ for the building with ribbed slab system is greater than 0.3 for some stories of the building which indicates that the building system has failed in resisting the seismic force. In case of building with solid slab system the interstorey drift sensitivity coefficient (ѳ) is found to be less than 0.1 but in some stories the value is in between 0.1-0.2, for this particular case second-order effects (P-Δ effects) was considered during analysis and design. 
It was concluded that the building with ribbed slab is more sensitive to earthquake than the one with solid slab. From this we can see that the solid slab system is more advantageous than the ribbed slab system based on the assumption that in-plane stiffness of slabs solid slabs are so great that it act as a rigid diaphragm. Diaphragm is a structural element that transmits lateral loads to the vertical resisting elements of a structure such as frames.

Although the requirements for the analysis of a ribbed slab is need not be treated as discrete elements for the purposes of analysis, provided that the flange or structural topping and transverse ribs have sufficient torsional stiffness but for this senior project the ribbed slab system is designed as discrete element. Because of this reason that the ribbed slab was analyzed as a discrete element it has lost its ability of resistance. 
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Design of tanker slab (for building 1 and 2)
Roof slab

	panel
	Moment, KNm
	d, mm
	μsd
	Z/d=kz
	Z, mm
	As(mm2)
	Spacing
	Spacing provided

	P1
	15
	120
	0.092
	0.952
	114.21
	377.609
	207.993
	 use ∅10 c/c200

	
	8.18
	120
	0.050
	0.974
	116.91
	201.153
	390.447
	 use ∅10 c/c400

	
	11.2
	110
	0.082
	0.957
	105.31
	305.770
	256.859
	 use ∅10 c/c250

	
	7.62
	120
	0.047
	0.976
	117.13
	187.036
	419.918
	 use ∅10 c/c400

	P2
	15
	120
	0.092
	0.952
	114.21
	377.609
	207.993
	 use ∅10 c/c200

	
	8.18
	120
	0.050
	0.974
	116.91
	201.153
	390.447
	 use ∅10 c/c400

	
	11.2
	120
	0.069
	0.964
	115.73
	278.233
	282.281
	 use ∅10 c/c250

	
	7.62
	110
	0.056
	0.971
	106.85
	205.023
	383.078
	 use ∅10 c/c400

	P3
	14.2
	120
	0.087
	0.954
	114.53
	356.457
	220.335
	 use ∅10 c/c200

	
	8.3
	120
	0.051
	0.974
	116.87
	204.186
	384.649
	 use ∅10 c/c400

	
	11.4
	120
	0.070
	0.964
	115.65
	283.395
	277.139
	 use ∅10 c/c250

	
	4.82
	110
	0.035
	0.982
	108.03
	128.273
	612.288
	 use ∅10 c/c450

	P4
	14.2
	120
	0.087
	0.954
	114.53
	356.457
	220.335
	 use ∅10 c/c200

	
	13.97
	120
	0.086
	0.955
	114.62
	350.399
	224.144
	 use ∅10 c/c200

	
	10.11
	120
	0.062
	0.968
	116.16
	250.226
	313.876
	 use ∅10 c/c300

	
	7.98
	110
	0.058
	0.970
	106.70
	215.018
	365.271
	 use ∅10 c/c300

	P5
	14.2
	120
	0.087
	0.954
	114.53
	356.457
	220.335
	 use ∅10 c/c200

	
	8.3
	120
	0.051
	0.974
	116.87
	204.186
	384.649
	 use ∅10 c/c400

	
	11.4
	110
	0.083
	0.957
	105.22
	311.490
	252.142
	 use ∅10 c/c250

	
	4.82
	120
	0.030
	0.985
	118.20
	117.237
	669.925
	 use ∅10 c/c450

	P6
	11.15
	120
	0.068
	0.965
	115.75
	276.943
	283.595
	 use ∅10 c/c250

	
	8.3
	120
	0.051
	0.974
	116.87
	204.186
	384.649
	 use ∅10 c/c400

	
	9.85
	120
	0.060
	0.969
	116.26
	243.576
	322.444
	 use ∅10 c/c300

	
	7.5
	110
	0.055
	0.972
	106.90
	201.698
	389.393
	 use ∅10 c/c400

	P7
	13.97
	120
	0.086
	0.955
	114.62
	350.399
	224.144
	 use ∅10 c/c200

	
	11.5
	120
	0.070
	0.963
	115.61
	285.979
	274.635
	 use ∅10 c/c250

	
	12.4
	110
	0.090
	0.953
	104.78
	340.240
	230.836
	 use ∅10 c/c200

	
	6.35
	120
	0.039
	0.980
	117.62
	155.216
	506.003
	 use ∅10 c/c450

	P8
	11.15
	120
	0.068
	0.965
	115.75
	276.943
	283.595
	 use ∅10 c/c250

	
	8.3
	120
	0.051
	0.974
	116.87
	204.186
	384.649
	 use ∅10 c/c400

	
	9.85
	120
	0.060
	0.969
	116.26
	243.576
	322.444
	 use ∅10 c/c300

	
	7.5
	110
	0.055
	0.972
	106.90
	201.698
	389.393
	 use ∅10 c/c300



Load combination
1. DL+0.6LL+EQX1+0.3EQY1+IMPX
2. DL+0.6LL+EQX1+0.3EQY1-IMPX
3. DL+0.6LL+EQX1-0.3EQY1+IMPX
4. DL+0.6LL+EQX1-0.3EQY1-IMPX
5. DL+0.6LL-EQX1+0.3EQY1+IMPX
6. DL+0.6LL-EQX1+0.3EQY1-IMPX
7. DL+0.6LL-EQX1-0.3EQY1+IMPX
8. DL+0.6LL-EQX1-0.3EQY1-IMPX
9. DL+0.6LL+EQX1+0.3EQY2+IMPX
10. DL+0.6LL+EQX1+0.3EQY2-IMPX
11. DL+0.6LL+EQX1-0.3EQY2+IMPX
12. DL+0.6LL+EQX1-0.3EQY2-IMPX
13. DL+0.6LL-EQX1+0.3EQY2+IMPX
14. DL+0.6LL-EQX1+0.3EQY2-IMPX
15. DL+0.6LL-EQX1-0.3EQY2+IMPX
16. DL+0.6LL-EQX1-0.3EQY2-IMPX
17. DL+0.6LL+EQX2+0.3EQY1+IMPX
18. DL+0.6LL+EQX2+0.3EQY1-IMPX
19. DL+0.6LL+EQX2-0.3EQY1+IMPX
20. DL+0.6LL+EQX2-0.3EQY1-IMPX
21. DL+0.6LL-EQX2+0.3EQY1+IMPX
22. DL+0.6LL-EQX2+0.3EQY1-IMPX
23. DL+0.6LL-EQX2-0.3EQY1+IMPX
24. DL+0.6LL-EQX2-0.3EQY1-IMPX
25. DL+0.6LL+EQX2+0.3EQY2+IMPX
26. DL+0.6LL+EQX2+0.3EQY2-IMPX
27. DL+0.6LL+EQX2-0.3EQY2+IMPX
28. DL+0.6LL+EQX2-0.3EQY2-IMPX
29. DL+0.6LL-EQX2+0.3EQY2+IMPX
30. DL+0.6LL-EQX2+0.3EQY2-IMPX
31. DL+0.6LL-EQX2-0.3EQY2+IMPX
32. DL+0.6LL-EQX2-0.3EQY2-IMPX
33. DL+0.6LL+EQY1+0.3EQX1+IMPY
34. DL+0.6LL+EQY1+0.3EQX1-IMPY
35. DL+0.6LL+EQY1-0.3EQX1+IMPY
36. DL+0.6LL+EQY1-0.3EQX1-IMPY
37. DL+0.6LL-EQY1+0.3EQX1+IMPY
38. DL+0.6LL-EQY1+0.3EQX1-IMPY
39. DL+0.6LL+EQY1+0.3EQX2+IMPY
40. DL+0.6LL+EQY1+0.3EQX2-IMPY
41. DL+0.6LL+EQY1-0.3EQX2+IMPY
42. DL+0.6LL+EQY1-0.3EQX2-IMPY
43. DL+0.6LL-EQY1+0.3EQX2+IMPY
44. DL+0.6LL-EQY1+0.3EQX2-IMPY
45. DL+0.6LL-EQY1-0.3EQX2+IMPY
46. DL+0.6LL-EQY1-0.3EQX2-IMPY
47. DL+0.6LL+EQY2+0.3EQX1+IMPY
48. DL+0.6LL+EQY2+0.3EQX1-IMPY
49. DL+0.6LL-EQY2+0.3EQX1+IMPY
50. DL+0.6LL-EQY2+0.3EQX1-IMPY
51. DL+0.6LL-EQY2-0.3EQX1+IMPY
52. DL+0.6LL-EQY2-0.3EQX1-IMPY
53. DL+0.6LL+EQY2+0.3EQX2+IMPY
54. DL+0.6LL+EQY2+0.3EQX2-IMPY
55. DL+0.6LL-EQY2+0.3EQX2+IMPY
56. DL+0.6LL-EQY2+0.3EQX2-IMPY
57. DL+0.6LL+EQY2-0.3EQX2+IMPY
58. DL+0.6LL+EQY2-0.3EQX2-IMPY
59. DL+0.6LL-EQY2-0.3EQX2+IMPY
60. DL+0.6LL-EQY2-0.3EQX2-IMPY
61. DL+0.6LL+EQY2-0.3EQX1+IMPY
62. DL+0.6LL+EQY2-0.3EQX1-IMPY
63. DL+0.6LL-EQY1-0.3EQX1+IMPY
64. DL+0.6LL-EQY1-0.3EQX1-IMPY
65. 1.35DL+1.5LL+IMPX
66. 1.35DL+1.5LL-IMPX
67. 1.35DL+1.5LL+IMPY
68. 1.35DL+1.5LL-IMPY
69. SLS= DL+LL
70. Envelope=(ULS+SLS+EQ1,2,3.....64)
71. EQX=(EQ1,2.....31)
72. EQY=(EQ32,33....64)





	STOREY
	COLUMN ID
	B(mm)
	H(mm)
	AREA(mm2)
	COMB
	P(kN)
	M2-2(kNm)
	M3-3(kNm)
	I(mm4)
	i(mm)

	
	
	
	
	
	
	
	TOP
	BOT
	TOP
	BOT
	
	

	Water Tanker Slab
	C7
	350
	350
	122500
	ENV-X Max
	133.6924
	67.6586
	-34.593
	61.3314
	-41.0038
	1250520833
	101.0363

	Water Tanker Slab
	C7
	350
	350
	122500
	ENEV-Y Max
	132.2548
	78.5853
	-24.1074
	54.5868
	-51.9291
	1250520833
	101.0363

	Water Tanker Slab
	C7
	350
	350
	122500
	ULS EVLOP
	870.8077
	389.3014
	-251.797
	327.2554
	-349.459
	1250520833
	101.0363

	Roof
	C7
	350
	350
	122500
	ENV-X Max
	560.0178
	-14.9103
	67.4113
	68.8657
	34.0067
	1250520833
	101.0363

	Roof
	C7
	350
	350
	122500
	ENEV-Y Max
	556.1758
	9.8069
	103.2906
	31.1548
	4.03
	1250520833
	101.0363

	Roof
	C7
	350
	350
	122500
	ULS EVLOP
	3343.3
	-199.072
	284.6228
	75.4467
	-55.5783
	1250520833
	101.0363

	Ground Floor
	C7
	600
	600
	360000
	ENV-X Max
	3974.348
	68.3105
	145.1334
	310.8947
	428.4017
	10800000000
	173.2051

	Ground Floor
	C7
	600
	600
	360000
	ENEV-Y Max
	3773.989
	317.9779
	374.113
	99.5877
	127.4962
	10800000000
	173.2051

	Ground Floor
	C7
	600
	600
	360000
	ULS EVLOP
	28411.89
	-382.414
	171.5971
	26.1373
	-27.6544
	10800000000
	173.2051

	Basement Floor
	C7
	600
	600
	360000
	ENV-X Max
	3993.006
	54.1868
	207.2924
	193.7196
	766.9873
	10800000000
	173.2051

	Basement Floor
	C7
	600
	600
	360000
	ENEV-Y Max
	3772.195
	136.7915
	679.9432
	62.4591
	237.4184
	10800000000
	173.2051

	Basement Floor
	C7
	600
	600
	360000
	ULS EVLOP
	28812.58
	62.996
	-46.7621
	26.3839
	-7.5567
	10800000000
	173.2051








	STOREY
	COLUMN ID
	K1X
	K2X
	K1Y
	K2Y
	LOx(mm)
	LOy(mm)
	λx
	λy

	
	
	
	
	
	
	
	
	
	

	Water Tanker Slab
	C7
	3.24209
	1.36776
	1.39316
	1.39316
	1798.093
	1735.891
	17.79650164
	17.18087

	Water Tanker Slab
	C7
	3.24209
	1.36776
	1.39316
	1.39316
	1798.093
	1735.891
	17.79650164
	17.18087

	Water Tanker Slab
	C7
	3.24209
	1.36776
	1.39316
	1.39316
	1798.093
	1735.891
	17.79650164
	17.18087

	Roof
	C7
	0.356186761
	0.35618676
	0.446373
	0.171407
	2265.624
	2174.692
	22.42386634
	21.52386

	Roof
	C7
	0.356186761
	0.35618676
	0.446373
	0.171407
	2265.624
	2174.692
	22.42386634
	21.52386

	Roof
	C7
	0.356186761
	0.35618676
	0.446373
	0.171407
	2265.624
	2174.692
	22.42386634
	21.52386

	Ground floor
	C7
	1.18125
	3.07617188
	0.611413
	2.751359
	2847.441
	2706.727
	16.43970817
	15.6273

	Ground floor
	C7
	1.18125
	3.07617188
	0.611413
	2.751359
	2847.441
	2706.727
	16.43970817
	15.6273

	Ground floor
	C7
	1.18125
	3.07617188
	0.611413
	2.751359
	2847.441
	2706.727
	16.43970817
	15.6273

	Basement floor
	C7
	3.076171875
	
	2.751359
	
	2182.218
	2174.01
	12.59904146
	12.55165

	Basement 
	C7
	3.076171875
	
	2.751359
	
	2182.218
	2174.01
	12.59904146
	12.55165

	Basement 
	C7
	3.076171875
	
	2.751359
	
	2182.218
	2174.01
	12.59904146
	12.55165









	STOREY
	COLUMN ID
	M01x
	M02x
	M01y
	M02y
	rmx
	rmy
	n
	λlimx
	λylimy
	slenderness

	
	
	
	
	
	
	
	
	
	
	
	x-dir
	y-dir

	Water Tanker Slab
	C7
	-34.593
	67.6586
	-41.0038
	61.3314
	-0.511287553
	-0.66856
	0.077038
	122.6915
	131.4177
	short
	short

	Water Tanker Slab
	C7
	-24.1074
	78.5853
	-51.9291
	54.5868
	-0.306767296
	-0.95131
	0.076209
	111.9474
	147.9033
	short
	short

	Water Tanker Slab
	C7
	-251.7978
	389.3014
	327.2554
	-349.4593
	-0.646793975
	-0.93646
	0.501786
	51.01953
	57.31694
	short
	short

	Roof
	C7
	-14.9103
	67.4113
	34.0067
	68.8657
	-0.221183985
	0.493812
	0.322699
	52.08236
	32.69917
	short
	short

	Roof
	C7
	9.8069
	103.2906
	4.03
	31.1548
	0.094944748
	0.129354
	0.320485
	43.66229
	42.72626
	short
	short

	Roof
	C7
	-199.0718
	284.6228
	-55.5783
	75.4467
	-0.699423237
	-0.73666
	1.926511
	26.62207
	27.03518
	short
	short

	Ground Floor
	C7
	68.3105
	145.1334
	310.8947
	428.4017
	0.470673877
	0.725708
	0.779284
	21.44569
	16.99659
	short
	short

	Ground Floor
	C7
	317.9779
	374.113
	99.5877
	127.4962
	0.849951485
	0.781103
	0.739998
	15.21771
	16.45024
	slender
	short

	Ground Floor
	C7
	171.5971
	-382.413
	26.1373
	-27.6544
	-0.448720875
	-0.94514
	5.570959
	14.0196
	17.25856
	slender
	short

	Basement Floor
	C7
	54.1868
	207.2924
	193.7196
	766.9873
	0.261402734
	0.252572
	0.782942
	25.03773
	25.19143
	short
	short

	Basement Floor
	C7
	136.7915
	679.9432
	62.4591
	237.4184
	0.201180775
	0.263076
	0.739646
	26.83849
	25.73016
	short
	short

	Basement Floor
	C7
	-46.7621
	62.996
	-7.5567
	26.3839
	-0.742302686
	-0.28641
	5.649526
	15.82392
	12.87017
	short
	short








	STOREY
	COLUMN ID
	COMB
	M01x
	M02x

	Water Tanker Slab
	C7
	ENV-X Max
	-34.593
	67.6586

	Water Tanker Slab
	C7
	ENEV-Y Max
	-24.1074
	78.5853

	Water Tanker Slab
	C7
	ULS EVLOP
	-251.7978
	389.3014

	Roof
	C7
	ENV-X Max
	-14.9103
	67.4113

	Roof
	C7
	ENEV-Y Max
	9.8069
	103.2906

	Roof
	C7
	ULS EVLOP
	-199.0718
	284.6228

	Ground Floor
	C7
	ENV-X Max
	68.3105
	145.1334

	Ground Floor
	C7
	ENEV-Y Max
	317.9779
	374.113

	Ground Floor
	C7
	ULS EVLOP
	171.5971
	-382.413

	Basement Floor
	C7
	ENV-X Max
	54.1868
	207.2924

	Basement Floor
	C7
	ENEV-Y Max
	136.7915
	679.9432

	Basement Floor
	C7
	ULS EVLOP
	-46.7621
	62.996



	STOREY
	COLUMN ID
	M01y
	M02y
	eix
	eox
	eiy
	eoy

	Water Tanker Slab
	C7
	-41.0038
	61.3314
	4.495232
	202.4307
	4.339727715
	183.5000344

	Water Tanker Slab
	C7
	-51.9291
	54.5868
	4.495232
	283.6057
	4.339727715
	165.0958604

	Water Tanker Slab
	C7
	327.2554
	-349.459
	4.495232
	178.8231
	4.339727715
	-90.4601785

	Roof
	C7
	34.0067
	68.8657
	5.664061
	61.57422
	5.436729016
	98.07206128

	Roof
	C7
	4.03
	31.1548
	5.664061
	118.4825
	5.436729016
	36.50802498

	Roof
	C7
	-55.5783
	75.4467
	5.664061
	34.05292
	5.436729016
	9.026614963

	Ground Floor
	C7
	310.8947
	428.4017
	7.118602
	28.78567
	6.766817639
	95.96515916

	Ground Floor
	C7
	99.5877
	127.4962
	7.118602
	93.17964
	6.766817639
	30.82488785

	Ground Floor
	C7
	26.1373
	-27.6544
	7.118602
	-5.38386
	6.766817639
	-0.21602645

	Basement Floor
	C7
	193.7196
	766.9873
	5.455545
	36.57649
	5.435024396
	134.6554867

	Basement Floor
	C7
	62.4591
	237.4184
	5.455545
	122.6561
	5.435024396
	44.3865424

	Basement Floor
	C7
	-7.5567
	26.3839
	5.455545
	0.874562
	5.435024396
	0.444516231



	STOREY
	COLUMN ID
	MoEDx(kNm)
	MoEDy(kNm)
	MDx(kNm)
	MDy(kNm)
	Vsd

	Water Tanker Slab
	C7
	24.19364
	20.39732
	27.6644183
	25.11275
	0.07704

	Water Tanker Slab
	C7
	26.37954
	11.98044
	38.102736
	22.40867
	0.07621

	Water Tanker Slab
	C7
	364.483
	-78.77342
	364.483
	78.77342
	0.50181

	Roof
	C7
	54.04946
	54.9221
	54.04946
	57.96677
	0.32271

	Roof
	C7
	63.58636
	20.30488
	69.0473337
	23.32866
	0.32050

	Roof
	C7
	148.54236
	23.0367
	148.54236
	48.3553
	1.92660

	Ground Floor
	C7
	211.43792
	381.3989
	211.43792
	408.2926
	0.77932

	Ground Floor
	C7
	264.30288
	116.3328
	378.52449
	141.8707
	0.74003

	Ground Floor
	C7
	-218.99342
	-6.13772
	218.99342
	186.1204
	5.57122

	Basement Floor
	C7
	201.86328
	537.68022
	201.86328
	559.3823
	0.78298

	Basement Floor
	C7
	432.94956
	167.43468
	483.261898
	187.9367
	0.73968

	Basement Floor
	C7
	34.77492
	12.80766
	182.386733
	169.4047
	5.64979








	STOREY
	COLUMN ID
	μsd,x
	μsd,y
	ω
	d
	As,t(mm2)
	As,min(mm2)
	As,provided(mm2)
	no. of bar

	Water Tanker Slab
	C7
	0.046
	0.041
	0.2
	297
	846.7518
	245
	847
	4

	Water Tanker Slab
	C7
	0.063
	0.037
	0.2
	297
	812.8799
	245
	813
	4

	Water Tanker Slab
	C7
	0.6
	0.13
	0.2
	297
	812.8799
	250.3544
	813
	4

	Roof
	C7
	0.089
	0.095
	0.3
	297
	1219.32
	245
	1219
	4

	Roof
	C7
	0.114
	0.038
	0.3
	297
	1219.32
	245
	1219
	4

	Roof
	C7
	0.245
	0.08
	0.3
	297
	1219.32
	961.1879
	1219
	4

	Ground Floor
	C7
	0.069
	0.133
	0.3
	547
	3849.743
	1142.612
	3850
	14

	Ground Floor
	C7
	0.124
	0.046
	0.3
	547
	3849.743
	1085.01
	3850
	14

	Ground Floor
	C7
	0.072
	0.061
	0.3
	547
	3849.743
	8168.327
	8168
	26

	Basement Floor
	C7
	0.066
	0.183
	0.6
	547
	7699.485
	1147.976
	7699
	26

	Basement Floor
	C7
	0.158
	0.061
	0.6
	547
	7699.485
	1084.494
	7699
	26

	Basement Floor
	C7
	0.06
	0.055
	0.6
	547
	7699.485
	8283.524
	8284
	28
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