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Summary

Engineering has traditionally been taught by specialists as a series of separate courses, and it has been assumed
that graduates will be able to design the knowledge and understanding gained from these project as required to
undertake real world design projects.

A final year course at Wolkite university of Civil Engineering, thesis that design different types of building. It
will develop various fundamental courses such as reinforcement concrete, structural design and foundation
engineering to name a few. This project is a structural design of a B+G+5 mixed use building. The proposed
building is located in Addis Ababa city. This report mainly focuses on the project of a B+G+5 mixed use (such

shop, cafeteria and residential on this project) design to be this building safe and economical.

On this project the analysis and designing set ups on chapter, each chapters will contains objective, general
introduction, design procedures, code provisions or requirements and design solution. Design of the project will
be well interpreted in this document able to perform design of roof, design of slab, design of frame structure and
design of foundation on its own chapter. The design philosophy adopt for the project will the limit state design
for all aspects or parts of the structure according to Ethiopian Building Code of Standards in European Norms
(ES EN).

Finally this document has discussion and conclusion by the person who did this project, also reference and

appendix.
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Yc -concrete factor of safety

ES -elastic modules of steel

fyd -design strength of steel

Wi -internal wind pressure

C(ze) -exposure coefficient

Cpi -internal wind pressure coefficient
p -density of air

gk -live load

Pd -Design Load

V —shear

Lx -shorter direction of slab

T -Vibration Period

Fb-base shear

V¢ -Shear Force resisted by a concrete
Qult -Ultimate net bearing capacity
NED -Axial force

S —Spacing

A -Reduction factor

deff -effective depth

As -Area of topping reinforcement
Si —slab with hole, |

Madj -Adjusted Moment

S400 -400MPa grade of steel

VED Shear force exerted by the external action
fck -compressive characteristic strength of concrete

fctm -tensile characteristic strength of concrete

ABBREVATION

Ys -steel factor of safety
fyk -characteristic strength of steel
We -external wind pressure
Whnet -net wind pressure
Cpe -external pressure coefficient
Vref -reference wind velocity
Gk - dead load
Wk -wind load
P -load
M -moment
Ly -longer direction of slab
g-Behavior factor
VRD,c -Ultimate Shear Force
bw -web width
fs -Factor of Safety
Ac -Area of concrete
Sd(T) -Design Spectrum at period T
| -importance factor
HCB -Hollow Concrete Block
Pi -interior Slab, i
@ -reinforcement steel diameter
C20/25 25MPa -grade of concrete
Fe430 275MPa yield strength of

XC -Exposure class



fcd -compressive design strength of concrete

K -is the factor to take into account for different structural systems

axs and ays -support bending moment coefficients for rectangular slabs supported on four sides in the X and Y
Mxs and Mys -supprot bending moments in the X and Y

axf and ayf -field bending moment coefficients for rectangular slabs supported on four sides in the X and Y
Mxf and Myf -field bending moments in the X and Y

K -The factor to take into account the different structural systems

po -the reference reinforcement ratio

p -the required tension reinforcement ratio

As,max -maximum required area of steel

AM -Support Moment difference between two adjacent slabs

C -Span Moment factors for adjustment

psd,s -ultimate limit state for single reinforcement

S -Site Coefficient for soil characteristic
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1 Introduction

1.1 General

Building structures are solids, which are composed of architectural and structural parts. The structural part of the
building supports the body of the building preventing it from any collapse or failure. Therefore, structural design
involves the determination of the different sections of the skeletal part of the building to make it stable and

sustainable throughout its design life.

A structural design is executed in such a way that the building will remain fit with appropriate degrees of
reliability and in an economic way. It should sustain all the actions and influences during execution and use.
Therefore, structural design focuses on structural safety and serviceability with due durability. It must also

optimize the cost expended in building the structure and maintenance.

This structural design is executed based on the Ethiopian Standard based on Euro Norms (ES EN 2015). This
code follows the Limit State design approach. Limit state is a state beyond which the structure no longer satisfies

the design performance requirements.
1.1. Background
General information about the project

+ This project is B+G+5 Mixed used building,
4+ The building allocated on Addis Ababa,

4+ The height of the building is +20.69 m.

4+ Type of roof is duo pitch.

4+ The total area of the building 1051.86 m?.

1.2. Objectives

The main objective of the project is to carry out a structural design and analysis of a B+G+5 mixed use building.
The prime objective of design is structural safety and serviceability. In case the structure fails, it must be in such

a way it will minimize risks and loss.

The other objective of thesis is to enable students to experience real life engineering problem solving, design,
teamwork, project execution and management. To satisfy program requirements, the projects must have certain
components such as problem definition, research, scheduling, solution analysis, design and communication of

results.
1.3.1 Specific objective
It needs specific tasks to accomplish the structural design and analysis of our building.

1



Roof design

Floor slab design

Building circulation design its stair case design

Lateral load analysis its wind load and earthquake load

Frame analysis using ETABS, SAP & frame element design

+ 4+ 4+ 4+ 4+

Foundation design
1.3. Building types

There are many types of buildings which can be classified based on their purpose: Residential buildings that
provide the facility for private houses, apartments, Educational building: buildings which function for learning
process. Institutional buildings which are built for the purpose of health, recoveries etc. Assembly buildings
which are used for accommodation of many peoples together egg. Recreation, cinema halls, conference halls.
Business building used for a business purpose like banks, private libraries etc. Industrial building are used for
fabricating or manufacturing purposes like brick industry, cement factory, steel industry etc. Storage building:
buildings which are used for storage purposes such as ware house. Hazard building are used for storing dangerous

materials or explosive materials such as gases, acids, explosives etc. This project used for mixed use building.
To design a given structure first analyze the structure.

Analysis of structure:-It is the analysis of a given structure by modelling of the loads and the structural frames
to obtain internal forces (i.e. axial, shear, torsional, or stresses), deflections, and verifies that no unstable failure

can occur.

Structural design:-Structural design can be defined as a mixture of art and science, combining the engineer’s
feeling for the behavior of a structure with a sound knowledge of the principles of statics, dynamics, mechanics
of material, and structural analysis, to design safe, economical and durable structure that will serve its intended
purpose. In other word structural design involves proportioning the dimension of the member, internal
reinforcement (number and sizes of reinforcing bars) of RC structures and selecting an appropriate section for

those of wood and steel structure elements to withstand an imposed load over it.

Once the structural form has been determined, the actual design begins with those elements that are subjected to
the primary loads the structure is intended to carry, and proceeds in sequence to the various supporting members
until it reaches to the foundation. The analysis and design of a building is starts at the building roof then
sequentially it ends at the foundation. Therefore, design of a building generally involves the design of the

following elements of the building according to their design steps;
4+ Design of roof

4 Design of floor slabs



4 Design of stair case
+ Design of beams, columns and shear wall
+ Design of footing

To analyze and design a structure, it is necessary to establish criteria for determining whether a given structure
is acceptable for use in a specified circumstance or for use directly as a design objective that must be met. Safety,

stability, strength, serviceability, economy and aesthetics.
1.4. Design criterion for building
The severe conditions, which can be expect to occur in the lifetime of the building, include

4+ Determined situation, which refer to the conditions of normal use;

+ Transient situations, which refer to temporary conditions applicable to the structural, e.g. during execution
or repair;

+ Seismic situations, which refer to exceptional conditions applicable to the structure when it is subjected to
seismic event;

4+ Accidental situation, which refer to exceptional conditions applicable to the structure or to its exposure, e.g.

to fire, explosion, impact
These and other considerations are included in this document.
1.5. Methodology

Overall framework of this project is illustrated in Figure 1. Next, the structural design of the building will be
conducted using Ethiopian building code 2015. This included analysis and design of roof, slab, staircase, beams,

columns and footing.

* Roof
« Slab
* Architectural :
Data drawing Analysis . .S;[:arg;:na:e
Collection [+ Building Code and Design
* Reference * Beam
+ Column
» Footing

Figure 1. 1- The overall framework of this Project



1.5.1.Study Area

The project allocated on Addis Ababa, the effect of study area on structural analysis | simply identified. The
earthquake is zone 2 on the new code describe on(ES EN 8. 2015 n.d.). The building is near to main asphalt

road it effect on the material selection and consideration.
1.5.2. Data Collections

The architectural drawing was received from the Civil Engineering Department B.Sc. thesis/project Coordinator.
The building used to carry out the structural design is limit state and building codes used on EN 1992 (Euro code
2, EC2) deals with the design of reinforced concrete structures —buildings, bridges and other civil engineering

works.
The ES EN codes serve at least four distinct functions;

+ Ensure adequate structural safety, by specifying certain essential minimum requirements for design.
4+ Render the task of the designer relatively simple; often, the results of sophisticated analyses are made

available in the form of a simple formula or chart.

+

Ensure a measure of consistency among different designers.

+

Have some legal validity, in that they protect the structural designer from any liability due to structural
failures that are caused by inadequate supervision and/or faulty material and construction



Table-1.1 EN ES determination

The first step in design is to select construction materials which are capable of resisting the applied load.

EN No Euro code | The structural Euro codes
EN 1990 | ESEN O | Basis of structural design
EN 1991 | ESEN1 | Actions on structures
Part 1-1 General actions — Densities, self-weight and imposed
loads
Part 1-2 General actions on structures exposed to fire
Part 1-3 General actions — Snow loads
Part 1-4 General actions — Wind loads
Part 1-5 General actions — Thermal actions
Part 1-6 Actions during execution
Part 1-7 Accidental actions from impact and explosions
Part 2 Traffic loads on bridges
Part 3 Actions induced by cranes and machinery
Part 4 Actions in silos and tanks
EN 1992 | ESEN 2 | Design of concrete structures
Part 1-1 General rules and rules for buildings
Part 1-2 General rules — structural fire design
Part 2 Reinforced and pre stresses concrete bridges
Part 3 Liquid retaining and containing structures
EN 1993 | ESEN 3 | Design of steel structures
EN 1994 | ESEN 4 | Design of composite steel and concrete structures
EN 1995 | ESEN5 | Design of timber structures
EN 1996 | ESEN 6 | Design of masonry structures
EN 1997 | ESEN 7 | Geotechnical design
EN 1998 | ESEN 8 | Design of structures for earthquake resistance
EN 1999 | ESEN9 | Design of aluminum alloy structures
Part 1-1 Densities, self-weight, impose loaded for buildings
Part 1-2 Actions on structures exposed to fire
Part 1-4 Wind actions
Part 4 Soils and tanks

1.6. Material Specification

Considering the availability in market we select concrete and steel reinforcement as follows.

Concrete

+ Class | workmanship and ordinary loading condition is used
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4+ Ordinary Reinforced concrete class C-25/30, which is C-25(super-structure) and C-30(sub-structure).
+ Unit weight of concrete, Y¢ = 25KN/m?
+ Partial safety factor for concrete yc= 1.5
+ Characteristics of compressive strength of concrete,
fck =0.8*25 =20Mpa
fcd =0.85 = %z 11.33Mpa
Where: fck - Characteristic of compressive strength of concrete.

yc- Partial Safety factor for ordinary loading=1.5.

fctk
fctd= Y_c

Where: fctd - Design of tensile strength of concrete.
fctk -Characteristic tensile strength of concrete.

yc- Partial Safety factor for ordinary loading=1.5.
Steel

+ S-400 deformed bars

+ Partial safety factor ys=1.15

+ Characteristic strength, fyk=400N/mm2
4+ Design strength,

— vk _ 400
fyd = v 115 347.83Mpa

Where: fyk- Grade of steel, S-400
vs - Reinforcing steel factor =1.15 Mpa for ordinary loading and class |

4+ Secant modulus of elasticity Ecm (GPa)=200 Gpa
4+ Modulus of elasticity (Es)= 200Gpa

Safety factors for load

+ 1.35 for dead load
+ 1.50 for live load

1.7. Geotechnical data

For a reason, a geotechnical report could not be found, the allowable bearing capacity of the site will be based
on recommendations of EBCS 7 and geotechnical report of a site next to our proposed project. The bearing
capacity is 300kpa.(ES EN 1997, Part 1. 2015)



1.8. Data Analysis and Design

The overall method to analyze and design a structure, it is necessary to establish criteria’s or requirements for
determining whether a given structure is acceptable for use in a specified circumstance or for use directly as a
design objective that must be met. The overall method depends up on(Kasahun , 2020)

+ Safety
+ Durability,
4+ Economy, and

4+ Aesthetics appearance.

Roof Design

Slab Design

Stair case

Frame
Analsysis

Design of
Columns and
Beams

Design of
Shear Wall

Design of

footing

Figure 1.2- Overall framework of design and analysis
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2. WIND LOAD ANALYSIS AND ROOF DESIGN

Wind as a moving air has an effect on building structures. We use the knowledge of fluid Mechanics to
understand the effect of wind on building structures. Wind actions fluctuate with Time, hence its effect on
different situations and structures should be carefully analyzed.

Wind act directly on the external surfaces of enclosed structures, through porosity of the external Surface and
internal surface through opening. Wind pressure act on areas of the surfaces producing forces perpendicular to

the surface of structure or on individual cladding components.

The effect of wind on structures is significant on light and dynamic structures. It does have considerable effect
on vertically standing walls, columns and beams etc. therefore; its effect can be easily studied on roof structures

such as truss and flat slabs.

Windstorm damage on buildings, bridges and other civil structures is a fact in the world. In the world history
there are many structures failed by wind, especially roofed structures are highly exposed to wind damage, so to
overcome these wind problem civil engineering experts studied wind effect on roof, building wall and bridge
structures. The best solution that experts decided was considering the wind effect on the structure during design.
Wind effect on structure is suction and push forward effect (pressure). This chapter focused on roof design to
resist wind load. Main points included in this chapter:

v" Detail introduction of the analysis of wind load based on ES EN 1991 2015
v Analysis and design of roof

2.1 WIND LOAD ANALYSIS
Wind load on the structure depends on many factors such as:

v wind velocity direction

The height of the structure
Topographic location of the structure
Shape of the structure

Terrain category

SRR NI NN

The roughness of the surrounding

Action of the wind loads on structures is represented either as a wind pressure or as a suction force. Wind pressure
on the structure may be external wind or internal wind Pressure. External wind pressure Wex is the wind pressure
acting on the external Surfaces of a structure and internal wind pressure is the wind pressure acting on the internal

surfaces of a structure.

Given formulas



WeX = qP(Z) % CPB. ettt e, ES EN 1991:2014, (5.1)
WIX = qP(Z) % CPoeueitiieii ettt ES EN 1991:2014, (5.2)
Where: qp(z)= peak mean wind pressure

Cpe = External wind pressure coefficient

Cpi = Internal wind pressure coefficient

q =is the air density.

gp(z) = (1 + 7lV(Z)) * % Pk V2(M) .o (ES EN 1991:2014 (4.8) n.d.)
IV(Z) = SV/VIN(Z) .ot ES EN 1991:2014(4.7)
SV = K% VD % KL oot ES EN 1991:2014(4.6)
Vb = Cdir * CSEas # VB, 0......veeeieeee e ES EN 1991:2014(4.1)
Vm(z) = Cr(z) * Co(Z) * VDo, ES EN1991:2014(4.3)
Kr = 0.19 * (ZZ—°)O'O7 ..................................................................... ES EN 1991:2014(4.5)
ou
Cr(z) = Kr * ln(%) ....................................................................... ES EN1991:2014(4.4)

Vdir = 1.0,Csea = 1.0

Vb0=25m/s

Kl=1.0

Zo = 0.3m,Zou = 0.05,Co(z) =1 terrain category IT

Takes into account the variation of mean wind velocity at the site of the structure due to:

v The height above ground level

v The roughness of the terrain depending on the wind direction

Cr(z) = Cr(zmin), for Z < Zmin
Z

KTIn (Z—),for Zmin < Z = 200m
0

Where: KT: is the terrain factor
Zo: is the roughness length

Zmin: is the minimum height



Note: Zo, Zmin depends on the terrain category. Recommended values are given in table ES EN

1991 table 4.1 depending on five representative terrain categories.

Figure 2. 1 Dou-pitch Roof Truss layouts

1191

1 .iSm

-

a5k )
LJ . 0L

Figure 2. 2 rear view of the roof
Take pitch angle from -45 10 75" ... (ESEN 1991-4 n.d.)
B = tan (pitch height/length of the pitch)
So we denote the angles as 3
B = tan'}(pitch height/length of the pitch)
B =tan’(1.25/11.91) =5.99°
B=5.99°
2.1.1 CASE1 WIND DIRECTION (6=0°)
Given Data:
Width of roof, d=23.82m

Cross wind dimension, b= 35.00m
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Height of the building at roof level, h=19.44m
e=min {b, 2h}
e=min {35m, 2*19.44m=38.88m, e=35m

£-10.995m and ==3.5m
4 10

|1
T

m_nsj_E. H J I l;:‘_::

|
T

2 < S 1
'__}-._Jl IE___;I

Figure 2. 3 analysis of external pressure coefficient Cpe in 0 degree
Area of zone:
Area of F=3.5*10.995=38.4825m?
Area of G=13.01*3.5=45.535m?
Area of H=8.41*35=294.35m?
Area of J=3.5*35=122.5m?
Area of 1=8.41*35=294.35m?

Know calculate external exposure coefficient depending on the area. Since all areas of the zones are greater than

10m?, Cpe = Cpe10 but the value should be read according to pitch angel.
For all of the zones pitch angle is given to be p=5.99°

Exposure coefficient for duo pitch roof of each zone for wind direction (e=0°). The pitch angle is between 5°and

15¢, so interpolation is needed to obtain exposure coefficient of each zone.

1. Calculation of external pressure coefficient
11



Table 2. 1 cpe values in 0 degree

zone for wind direction e=0°

Pitch F G H J I

angle

B cpel0 | cpel | cpel0 | cpel cpel0 | cpel | cpelO0 | cpel cpel0 | cpel

50 -1.7 -2.5 -1.2 -2 -0.6 -1.2 -0.3 -0.3

599 |-1.23 |-2.13 |-0.95 -1.18 -0.42 -0.7 | -0.28 -0.33 -0.62 -0.85

15¢ -0.9 -2 -0.8 -15 -0.3 -0.3 -0.4 -1 -15

2. Calculation of internal pressure coefficient
The internal pressure coefficient can be calculated by using three cases .......... (ES EN 1991:2014 7.29 n.d.)

1. If there is no opening we use worst condition use Cpi = —0.3 or 0.2
2. By using opening ratio if there is opening but not dominant area

3. By using dominant area
Since, we use opening ratio use the table read the value of Cpi................... (ES EN 1991:2014 7.29 n.d.)

The dominant area is <2 so we use opening ratio. See the following excel result

12



Table 2. 2 values for internal pressure coefficient

FLOOR ~ |width(cm) ~ [hieght(cm ~ Jarea(cm?) ~|Yarea ~|FLOOR?2 ~ |width(cm)3 - {hieght(cm)< - [area(cm?)t ~ | Yaread ~ [FLOORT ~ Jarea(cm2)é ~ [Yarea9 -
FRONT LEFT SIDE REAR SIDE
G 840 225/ 189000 G 495 180 89100 1ST 308320
1t 66 115 7590 Lt 495 180 89100 2ND 308320
2nd 840 225/ 189000 2nd 495 180 89100 552600{3RD 308320 1730440
3rd 240 225 54000| 547590|3rd 495 180 89100 4TH 308320
4th 240 225 54000 4th 495 180 89100 5TH 482220
5th 240 225 54000 5th 495 180 89100 G 14940
G 150 60 9000
Lt 150 60 9000
RIGHT SI0)area
314373
max.opning 1730440] 1474563
ratio 1.173527
pminant area,so Use opining ratio
ere cpe 1 -ve/) area of all opnings
owared rear U 0.46008|n=21.99 |d=35.2  |hd 1.6007|hd>1 cpiE0.15
pwared front N 0.82914|h=21.99 [d=352  |hd 1.6007|hd>1 CpiE-0.35
owared right U 0.8832(h=21.99 [d=24.85  |Wd 1.130059|hd>1 cpi-0.35
towared Ieft| N 0.82758(h=21.99 (d=24.85 |hd 1.130059|hd>1 cpi-0.35
The two comparative value of Cpi
v 015
v -0.35
4. Calculation of peak wind velocity
Take Vdir = 1,csea = 1,k1 = 1,Vbo = =2 and Zo = 0.3m................. ES EN 1991 table 4.1
Table 2. 3 calculation of peak wind velocity
Vdir | Csea | Vb0 VDb(re.wind velocity) KZ1(turb,factor) ov(sta.deva.turbul | p(air density)
1 1 25 25 1 5.38473328 1.25
Z0 Zouw | kr(trra,fact.) | cr(rough.) | co(orogra.) | Vm@@mean win Iv(turb.inten) OpzyPeak velo
0.3 0.05 | 0.21538 0.66565 1 16.641 0.323577 0.565

v Wi = gqp(z) * Cpi

13




v Net wind pressure =we-wi

Table 2. 4 calculation of net wind pressure

cpe -1.23| -0.95 -042[ -0.28] -0.62

cpil 0.15 0.15 0.15 0.15 0.15

cpi2 -0.35| -0.35| -0.35] -0.35] -0.35

qp(2) 0.565| 0.565| 0.565| 0.565| 0.565|suction
We -0.695| -0.5368| -0.2373| -0.0158| -0.3503| -0.7798
Wil 0.08475| 0.08475| 0.08475| 0.08475| 0.08475

Wi2 -0.1978| -0.1978| -0.1978| -0.1978| -0.1978|presure
Whetl -0.7798| -0.6216| -0.3221| -0.1006| -0.4351 0.182
Whnet2 -0.4972| -0.339| -0.0395| 0.182| -0.1525

v" Whnetl(suction) =-0.77975KN/m2

v' Whnet2(pressure)=0.182KN/m2

2.1.2 CASE 2 WIND DIRECTION (©6=90°)

Geometric Data:

Width of roof, d=23.82m

Cross wind dimension, b= 35m

Height of the building at roof level, h=21.99m

e=min {b, 2h}

e= {35, 2*21.99=43.98}, e=35m

e
2

e e
= 17.5m,1 = 8.75m andm = 3.5m
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Figure 2. 4 analysis of cpe in 90 degree
Avrea of zone
Area of F=8.75*3.5=30.625m?
Area of G=8.75*3.5=30.625m?
Area of H=14*17.5=245m?
Area of 1=17.5%6.32=110.6m?
Know calculate external exposure coefficient depending on zonal area F, G, H&I pitch angle f=5.99°

Table 2. 5 values of cpe in 90 degree

ZONE FOR WIND DIRECTION 6=90
Pitch F G H I
angle
Area 30.625 30.625 245 110.6
B Cpel0 | Cpel Cpel0 | Cpel Cpel0 | Cpel Cpel0 | Cpel
50 -1.6 -2.2 -1.3 -2.0 -0.7 -1.2 -0.6
5.99° -1.57 -2.18 -1.3 -2.0 -0.69 -1.2 -0.59
150 -1.3 -2.0 -1.3 -2.0 -0.6 -1.2 -0.5
Cpe -1.57 -1.3 -0.69 -0.59

15



1. Calculate the external pressure

Table 2. 6 Calculation of net wind pressure in 90 degree

Cpe -1.57 13  -069]  -0.59
Cpil 0.15 0.15 0.15 0.15
Cpi2 035 035  -035]  -0.35
e 0.565| 0565 0565 0565
we -0.88705] -0.7345] -0.38985] -0.33335
Wil 0.08475] 0.08475| 0.08475] 0.08475
Wi2 -0.19775] -0.19775| -0.19775] -0.19775
Whetl -0.9718] -0.81925] -0.4746| -0.4181
Whnet2 -0.6893] -053675] -0.1921] -0.1356

The critical value of the wind effect in the duo-pitched roof

Whet(Suction) =-0.9718KN/m?

Whnet(Pressure) = 0.182KN/m?

2.2 DESIGN AND ANALYSIS OF EGA SHEET

As determined in the above analysis of wind load for duo-pitch roof Wnet(Suction) =-0.9718KN/m? and

Whnet(Pressure) = 0.182KN/m?.

Selection EGA sheet

EGA sheet is the top cover of the roof and selected from the products catalogue of kality metal factory. Taking
a maximum wind surface load of 0.09718 KN/m? and purling spacing of 1.19469, the load carrying capacity of
EGA 500 having thickness of 30mm is 2.62KN/m? which is greater than the maximum wind surface load on the

roof. Therefor EGA 500 corrugated sheet is chosen as a roof cover for the building.

Height of Truss=1.25m

Spacing of Purlin =1.19469m, on both wing.

Type of EGA-Sheet selected EGA-500, t=40mm

16
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Figure 2. 5 EGA-500 Cross section

Cross section properties of EGA-500 are 0.4mm Thickness, 400mm? Area, 3.14Kg/m Weight, 74700 mm?*
moment of inertia, 3756mm? Section modulus, 160Mpa Allowable stress and 210000Mpa Modulus of Elasticity.

Dead Load
Weight of EGA=3.14Kg/m
Coating=0.70Kg/m
Total Load (TL) =weight of EGA + Coating
= 3.14+ 0.70=3.84 Kg/m
Effective Width of EGA (beff) =806mm=0.712m
Load on EGA Kilo Newton per Meter Square (KN/m?)
=TL* g/ (1000* beft)
= 3.84*9.81 / (1000*0.712)
DL/m=0.053KN/m?*1m

DL=0.053KN/m

Live Load
LLD=04AKN/M2 et ES EN1991-2015 table 6.10
L Gl . oot ES EN1991-2015 table 6.10

LLD/m=0.4*1=0.4KN/m

WL/m=-0.9718*1=-0.9718KN/m (suction)

WL/m=0.182*1=0.182KN/m (pressure)
2.2.1 LOAD COMBINATION

For analysis and design use the following load combination which is taken from manual EURO CODE 1990
section A2.1B.
17



Comb1: 1.35DL+ (-) 1.5WL
Comb2:1.35DL+ (-) 1.5WL+0.9LLD.
Comb3: 1.35DL+1.5LLD+ (-) 0.9WL
Comb4: 1.35DL + (-) 1.5WL+0.9LLC
Comb5: 1.35DL+1.5LLC+ (-) 0.9WLS

There is no compression effect of wind so having only suction effect thus combol, combo2, combo4 and combo
5 are used. Before combine, the loads arrange the load direction, dead load and live loads are the same in direction
with gravity but wind load is perpendicular with cover, thus divide the dead load and live load by cosine value.

Dead load=0.053KN/m/cos (5.99)
=0.0533KN/m
Live load=0.4/c0s5.99
=0.4022KN/m
Live load=1/c0s5.99 =1.005KN/m
Combo1; 1.35DL+ (-) 1.5WL
=1.35*0.0533+1.5*0.182=0.34495KN/m
Combo2: 1.35DL+ () 1.5WL+0.9LLD
=1.35*0.0533+1.5*-0.9718=-1.3857KN/m
Comb3: 1.35DL+1.5LLD+ (-) 0.9WL
combo1+0.9*0.4022 = 0.34495+0.9*0.4022)
=0.70693KN/m
Comb4: 1.35DL + (-) 1.5WL+0.9LLC
Combo02+0.9*0.4022= -1.3857+0.9*0.4022
=-1.0237KN/m
Combo5: 1.35DL+1.5LLC+ (-) 0.9WLS
=1.35*0.0533+1.5*0.4022+0.9*0.182=0.839KN/m
Combo 6 (1.35*0.0533+1.5*0.4022-0.9*0.9718) =-0.202KN/m

Combo4: combo1+0.9*%1.005
18



= 0.34495KN/m+0.9045KN/m

Combo5: Combo2+0.9*1.017
=-1.3857 KN/m+0.9045KN/m

Combo6 1.35*0.0533+1.5*1.005+0.9*-0.9718
=-0.8026KN/m+1.5075KN/m

Combo7: 1.35*0.0533+1.5*1.005+0.9*0.182
=0.2357KN/m+1.5075KN/m

2.2.2 CALCULATION OF MOMENT AND REACTION

Use RHS purlins as a support for the simplified construction first distribute the above combined load on the sheet
and analyze by taking 1m sheet strip.

COMNBOS —0. 839K N/

E E E £ [~

= T =

Figure 2. 6 analysis of EGA sheet for load combo5

Reaction R5 is the purlin and the load distributed on EGA sheet and to gate the maximum reaction apply the
load at 0.75m

Combo5= 0.839KN/m

R5*1m=1m*0.839KN/M*0.75m=0.629KN

wi2_0.839x1x1

Moment M:T =0.1049KNm

COMBO2=-1.3857KN/m

¥
\ -
3

S

Figure 2. 7 analysis of EGA sheet for load combo 2

Reaction R2 is the purlin and the load distributed on EGA sheet.
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Combo2=-1.3857KN/m

R2=1m*-1.3857*0.5m=-0.69285 KN/1m

wi2_—0.69285%1+1_

Moment M=? =-0.0866KNmM

C6=1.5255KIN

COMBO6=0.081KN/m

Figure 2. 8 analysis of EGA sheet for load combo 6
Reaction R6 is the purlin and the load is distributed on EGA sheet
Combo6= 0.081KN/m +1.5255KN

R6=1m*0.2357KN/m*0.5m+1.5075KN/m*0.5m=0.8716KN/1m sheet

12 I 0.2357%1x1 1.5075%1
Moment M=WT+%= 8* WL - > = 0.4063KNm

2.2.3 MOMENT FOR SERVICEABILITY

_wl2 + pl_0.0533KN/m+1m+1m  1.005KN=*1m
8 4 8

M = 0.258KNm

Reaction=shear=0.0533KN/m*0.5m + 1.005KN/m*0.5m=0.529KN

Check the load capacity of cover weather resist or not

RE

fy=400N/mm? for EGA Sheet ...........ccooimiiiiiiii e (kality EGA sheet company

n.d.)

Z = M/fy
Z=0.4063*10°Nmm/400N/mm?
Z=1015.75mm?3< 3756mm3...... ok

2.2.4 CHECK THE MOMENT CAPACITY
Mplrd = Wpl yfn—yo fy =400Mpa and ymo=1.0

=3756mm3*400N/mm2/1.0

1.5024KNm>0.4063KNm........ ok
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2.2.5 CHECK FOR DEFLECTION

The capacity of cover for deflection

Allowable Deflection Aall =L/200........................... Roof general ((ENV 1993-1.1-1992 Table 4.1) n.d.)
Allowable deflection=1195mm/200=5.975mm

Deflection=5wI*/ (384EI) + PL¥48EL...............ccccviveieiaiaiaenn., from basic structural analysis
=5*0.0533*1195*/ (384*210000*74700) +1.005*1195%/ (48*210000*74700)

=0.0902mm+0.23mm

=0.32mm<5.975mm............... ok

Therefore, EGA 500 with thickness 0.4mm is provided for roof cover

2.3 DESIGN OF PURLIN

Purlins are beams used on trusses to support the sloping roof system between adjacent trusses. RHS, Channels,
angle sections, and cold formed C- or Z-sections are widely used as purlins. They are placed in an inclined
position over the main rafters of the trusses. To avoid bending in the top chords of roof trusses, it is theoretically
desirable to place purlins only at panel points. From the above calculation the maximum load combination is
combo6 and the result is BM=0.4063KNm, R=0.8716KN then combo6=0.2357KN/m+1.5075KN/m.

Take purlin spacing=1.19469m and truss spacing=3.5m

0.8 716K N/ 1m

Figure 2. 9 analysis of purlin

wl2_0.8716%3.5%3.5
8 8

=

Figure 2. 10 SAP result for shear

Moment, MD= =1.3346KNmM

@

-2, @

Vd = 2.1KN
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Deflection =5WL*/384E1+PL3/48EI

Where: W=distributed un-factored load

P=concentrated un-factored load

L=length of the purlin

Deflection =5*0.2357*6/ (384*210000*43.55) +1.5075*6%/ (48*210000*43.55)
=7.41mm

2.3.1 SELECTION OF SECTION

In order to select a section from kality manual first calculate the plastic modulus

Mpl rd = Wol * 2 then Wply = P2
= * =
plLr plx 5 then Wply 5
1.3346 * 10°
Wply > ——Q3 = 5679.148mm3 = 5.679cm?

Select the section which have the plastic modulus greater than 5.679cm?.
v" Section index=RT53- 50x30x3mmRHS

Section properties are 3mm thickness, 3.3Kg/m weight per meter, 4.21cm? area, 12.83cm* Moment of Inertia,
1.72cm Radius of gyration, 6.57cm? Plastic modulus

2.3.2 CHECK THE CROSS SECTION
First check the class of the section ES EN 1993 2015 table 5.2

Vo Ct<B3E class 1
Vo C<B8E class2

Take the yield strength of the section fy =235N/mm?.................ccooeiiinnn. (ES EN 1993 n.d.)
B 23D et (ES EN 1993 n.d.)
£=,/235/235=1

v 33g=33
V' CEDBt e (EURO CODE 1993 n.d.)

c=50mm-3*3mm=41mm
c/t=41mm/3mm=13.667

13.667<33...cciiiiiiiiiiin. . class 1
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2.3.3 DESIGN CAPACITY OF THE SECTION

1) Moment capacity

Lo, (ES EN 1993 2015 n.d.)

MpL,Rd = WPl #fy/ymo......c.ovoiiiiiii e (ES EN 1993 2015 n.d.)

Mpl Rd = 6.357 x 252
= 0. *
pL 1.0

= 1.543KNm

MD=1.3346KNm
1.543KNm>1.233KNm
1.3346/1.543=0.865<1.0.......... ok!

2) Shear capacity

VolRd = e (ES EN 1993 2015 n.d.)
VpLRA = Av # fy/(\/3 % YIMO)......ooovieeiiie e (ES EN 1993 2015 n.d.)
Av =22 ES EN 1993 2015 n.d

VS ( .d.)
A 4.21cm? >0mm 2.63cm?

vV =4, cm®© * = 4. cm

(50mm + 30mm)
2.63cm? * 100 * 235N/mm?
Vpl,Rd = = 35.7KN
V3% 1.0

Vd = 2.1KN

Vd 21 00288 < 1.0.ceioeeeeeeeeeeee, OK, Since the purlin is act as a beam so the design is based

VpLRd = 35.7

on the bending or susceptible to bending instead of shear.

3) Check for deflection

SMAX = L/200. . ..ot (EURO CODE 1993 n.d.)
S22L/2500 e (EURO CODE 1993 n.d.)
OI=TMIM. . e assumption

O0=0. e initially (pre camber) in the unloaded state
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Figure 4.1 — Vertical deflections to be considered

Figure 2. 11 vertical deflection
émax = 62 + 61 — 6o
L=3500mm
L/200=30mm
L/250=24mm
Actual deflection from the above calculation is 7.4175mm
7.A41TMM<30MM. ..ottt OK! Safe.
2.4 TRUSS ANALYSIS AND DESIGN

Roof trusses are composed of tension and compression members joined together by welding or riveting. The
loads supported on the roofing elements are transferred from purlin. The shape of roof trusses are largely

determined largely by the area and space to be covered.
The load applied from the purlin to the truss is 2*one purlin support= 2*2.1KN=4.2KN.

The truss model

= r |

Figure 2. 12 truss layout
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Figure 2. 13 SAP 2000 result for roof analysis

Table 2. 7 tension and compression effect on the truss

Members Tension(KN) Cooperation(KN)
Top cord 45.9642 27.249
Bottom cord 26.694 38.932
Diagonal 40.524 25.595
Vertical 6.671 18.086

Among the above results 45.964KN and 38.932KN are the maximum compression and tension forces

respectively.

Selection of section from kality manual
For rafters

Npl, Rd = Afy/ymo

_ NpLRd _ 45.964 * 1000
oy 235

A=195.59mm?, Then select the section which have the area greater than 1.956 cm?.
Section index RT42 with Nominal size=b*h=20*40

Its properties are 3mm thickness, 2.36Kg/m Weight per meter, 3.01cm? Area, 5.21cm* Moment of inertia,

1.320cm Radius of gyration and 3.5cm? Plastic modulus.
For diagonal members

A=40.524*1000/235
25



A=172.44mm?, Then select the section which have the area greater than 1.724cm?.
Section index RT32 with Nominal size =b*h=20*30

Its properties are 2.5mm Thickness, 1.64Kg/m Weight per meter, 2.09cm? Area, 2.21cm* Moment of inertia,

1.03cm Radius of gyration and 1.92cm?® Plastic modulus.

2.4.1 CHECK SECTION CAPACITY IN TENSION FOR RAFTER

First identify the section class

BV 235 Y e, ES EN 1993 table 5.2
e=,235/fy=1

33e=33

C=b-3t =20mm-3*3mm=11mm

c/t=11/3=3.667

30667<33 oo CIASS L. ESEN1993 table 5.2
NED |
NpLRd — L0 el ES EN 1993 2015 section 6.5
235N
Afy  3.01cm? % 100 *
Npl, Rd = y = mm?2
ymo 1000 = 1.0
=70.7KN>45.964KN
45.964/70.7=0.65
NED
NpLRd = O OK!

2.4.2 CHECK SECTION CAPACITY IN COMPRESSION FOR RAFTER
First identify the section class

The buckling resistance of the compression member

Nb,Rd = XAfy/yml......cooiiiiii e (ES EN 1993 2015 section 6.47 n.d.)
1 .
X= P D PUEX<T.0 e e, (ES EN1993 section 6.49 n.d.)
_ Ler + 1
T ixAl

Lcr = KL, For welding=0.65
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Ler = 0.65 1 = 0.65m = 65cm
i=r=1.32cm

A1=93.3¢=93.3

A=65*1/ (1.32*93.3) =0.53

® = 0.5(1+x (A — 0.2) + A?)

Based on buckling curve, the curve is hot section and hot finished “a” curve see (EN 1993 table 6.2 n.d.) 0=0.21
see table 6.1

@ = 0.5(1 + 0.21(0.53 — 0.2) + 0.53%) = 0.675

X=1/(0.675+v0.675 — 0.53"2)=0.77

X=0.77<1........... ok!
S0, Nb,Rd = (1 * 3.5cm? * 'ile) /1=82.25KN>45.96KN
Nb,Rd > NED..............cooenn the section is adequate!
20mm W
40mm

J

Figure 2. 14 Sectional view of RT42

2.4.3 CHECK SECTION CAPACITY IN TENSION FOR VERTICAL AND DIAGONAL MEMBERS
First identify the section design class

BV 23 Y e, ES EN 1993 table 5.2
£ =/235/fy=1

33e=33

C=b-3t =20mm-3*2.5mm=12.5mm

c/t=12.5/3=4.1667

4.1667<33 .. classl. ..o, ESEN1993 table 5.2

NED = NpLRd S 1.0 (ES EN 1993 2015 section 6.5 n.d.)
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Afy  2.09cm? x 100 * 235N/mm?

= 49.115KN
ymo 1000 = 1.0

NpLRd =

49.115KN>40.524KN

40.524/49.115=0.82

NED =NpLRA<1.0............cceiinnii OK!

2.4.4 CHECK SECTION CAPACITY IN COMPRESSION FOR VERTICAL AND DIAGONAL MEMBERS
First identify the section class

The buckling resistance of the compression member

Nb,Rd = XAfy/yml......oooiiii e ES EN 1993 2015 section 6.47
1 .
X= m, DUE XL 0 e ES EN1993 section 6.49
_ Ler =1
T ixAl

Lcr = KL, For welding=0.65

Ler = 0.65 %1 = 0.65m = 65cm

i=r=1.03cm

A1=93.3e=93.3

A=65*1/(1.03*93.3) =0.676

® = 0.5(1+x (A — 0.2) + A?)

Depend on the buckling curve, the curve is hot section and hot finished “a” curve
0=0.21 see table 6.1

@ = 0.5(1 + 0.21(0.676 — 0.2) + 0.6762) = 0.7895

X=1/(0.7895++/0.7895 — 0.676"2)=0.73
X=0.73<1......0k!

Afy _ 2.09cm?x100%235N/mm?
ymo 1000%1.0

So, Nb,Rd = = 49.115KN>40.524KN

Nb,RAd > NED........ccooiiiii, the section is adequate!
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20mm w

30mm

Figure 2. 15 Sectional view of RT32
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3. SLAB DESIGN

Reinforced concrete slab is a broad flat plate usually horizontal with top and bottom Surfaces parallel or nearly
so. It is used to provide flat surfaces mainly for roofs and floors of buildings, parking lots, air fields, roadways
...etc. Reinforced concrete beams, masonry or reinforced concrete walls, structural steel members may support

it, directly by columns and continuously by the ground.

A slab is a member for which the minimum panel dimension is not less than 5 times the overall slab thickness.
The design include Solid slab and ribbed slab.

3.1 SOLID SLAB ANALYSIS AND DESIGN

Beam supported slabs may be classified as: - One-way slabs with Ly/Lx >2 and Two -way slabs Ly/Lx < 2. In
the case of one way slab the main reinforcement are provided only in one direction, but in the case of two way

slabs the main reinforcements are provided in both directions.
3.1.1 CLASSIFICATION OF PANELS
A slab subjected to dominantly uniformly distributed loads may be considered to be one-way spanning if either:

v’ It possesses two free (unsupported) and sensibly parallel edges, or
v’ It is the central part of a sensibly rectangular slab supported on four edges with a ratio of the longer to
shorter span greater than 2.

A0 J0n

it SR L -
P1 S4 P5 P7 P11
P2 PO
G100
S1g P4 P8
= P3 P6 P10 | p1o
7| P13 P14 P15 | pyg | P17 | PI8 \PIO
%% S2 P20 | P21 | P22 | P23 |3
I Ci C2 C3 C4 | C5 C6 |C7

If Ly/Lx >2 =one way

If Ly/Lx < 2=two way

Figure 3. 1 Layout of floor plan
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Table 3. 1 classification of panels

Panel Lx Ly Ly/Lx Panel type
P1 5 6 1.2 Two way
P2 5 6 1.2 Two way
P3 6 6 1.0 Two way
P4 5 6 1.2 Two way
P5 5 5 1.0 Two way
P6 5 6 1.2 Two way
P7 5 5 1.0 Two way
P8 5 6 1.2 Two way
P9 5 5 1.0 Two way
P10 5 6 1.2 Two way
P11 2.9 5 1.724 Two way
P12 2.9 6 2.069 One way
P13 5 6 1.2 Two way
P14 5 6 1.2 Two way
P15 5 5 1.0 Two way
P16 5 5 1.0 Two way
P17 5 5 1.0 Two way
P18 5 5 1.0 Two way
P19 2.9 5 1.724 Two way
P20 6 6 1.0 Two way
P21 5 6 1.2 Two way
P22 5 6 1.2 Two way
P23 5 6 1.2 Two way

C1 Cantilever | C5 Cantilever

C2 Cantilever | C6 Cantilever

C3 Cantilever | C7 Cantilever

C4 Cantilever
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3.1.2 DESIGN OF TWO WAY SLABS USING COEFFICIENT METHOD

Slabs with side ratio less than two are treated as two-way slabs and the analysis can be made by means of

coefficients provide that the following conditions are satisfied.

a. The slab is composed of rectangular panels, supported at all four edges by walls or beams and stiff enough to
be treated as an unyielding.

b. This method is intended for slab subjected to uniformly distributed load. If the Slab is subjected to concentrated
load in addition to uniformly distributed load treated as equivalent uniform load using approximate rules, provide
that the sum of non-uniform loads on a panel does not exceed 20 present of the total load.

Mi = ai(gd + qd)Lx?

axf x — shorter direction
axs y — longer direction
ayf f — filed(span
ays s — support

ai =

3.1.3 DEPTH DETERMINATION
The minimum depth required for the slab can be calculated from the minimum depth required for deflection.
D=effective depth (d) +®/2+cover

In order to determine the depth of the slab, first it is needed to find concrete cover and effective depth. Consider

one meter strip width, b=1000mm.
1) Concrete Cover Determination

Concrete cover is the distance between the surface of the reinforcement closest to the nearest concrete surface

(including links, stirrups and surface reinforcement where relevant) and the nearest concrete surface.

Nominal cover

The nominal concrete cover is the distance b/n the surface of reinforcement closest to the nearest concrete surface

(including links and stirrups).
Cnom = Cmin + ACdevV.......ooiiiiii e, (ESEN 1992: 2015 111111 4.4.12 n.d.)
Where: - Cmin-minimum cover
ACdev-allowance in design for deviation
i.  Minimum cover

Cmin Shall provide in order to ensure
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v" The safe transmission of bond force
v The protection of the steel against corrosion (durability)
v" An adequate fire resistance (see EN 1992-1-2)

The greater value for Cmin satisfying the requirements for both bond and environmental conditions shall be

used.
Cmin, b
Cmin = max {Cmin, dur + ACdur,y — ACdur, st — ACdur,add............c..c.ccoieiiiiinn, Eqn(4.2)
10mm
Where: - Cmin, b-minimum cover due to bond requirement.......................... ES EN Art. 4.4.1.2 (3)
Cmin, dur-minimum cover due to environmental conditions................ ESEN Art4.4.1.2 (5)
ACdur, y-additive safety element...............ccooviiiiiiiiiiiiieene, ESEN Art 4.4.1.2 (6)
ACdur, st-reduction of minimum cover for use of stainless steel............. ESEN Art4.4.1.2 (7)
ACdur, add-reduction of minimum cover for use of additional protection......ES EN Art 4.4.1.2
But; the recommended value of ACdur, st, ACdur,y and ACdur, add is zero.................. Art. 44.1.2

v" Cover Design for Bond
Assume @10 longitudinal bar and @20 nominal maximum aggregate size;
Therefore; Cmin, b=10mm.
v Cover Design for Corrosion/Durability
The building is found on dry or permanently wet area so the condition of exposure is given to be XC1
Member with slab geometry and XC1...reduced by 1..........cooiiiiiiiiiiiiiiiiiiene. (ESEN1992 n.d.)

Here connect XC1 and member with slab geometry we get reduced class by1. The recommended Structural Class
(design working life of 50 years) is S4 for the indicative concrete strengths but based on the above table the

exposure class is reduce byland the structural class would be S3.

Therefore the value of minimum cover required for durability of reinforcement steel is determined using ES EN
1992:2015 table 4.4N.
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Table 3. 2 structural class to find depth of the slab

environmental requirement

exposure class according to table 4.1

Structural | X0 | XC1 | XC2/XC3 | XC4 | XD1/XS1

class
S1 10 10 10 15 20
S2 10 10 15 20 25

Sl Oty | 20 25 30

S4 10 |15 25 30 35

Here connect S3 and XC1 then get 10mm
S0, Cmin. dur =10mm.
Cmin,b = 10mm

Cmin = max{Cmin.dur = 10mm
10mm

Cmin =10mm

ACdev (Allowance in Design for Variation

The value of ACdev the recommended value is 10mm.

Therefore, Cnom=Cmin + ACdev =10mm+10mm =20mm is the cover
v Cover Design for Fire

For the slab to sustain fire incident for 60 minutes the required cover and minimum height of the section can be
determined form Table 5.8 Of EN 1992-1-2 REI60

Cfire = 20mm
hs = 80mm
The cover is safe for the fire resistant.
v’ Effective Depth Determination: Serviceability requirement

From ES EN 1992:2015; section 7.4.2 and 7.4.3
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%zK [11+1.5,/fck "7" +3.2,/ fck(%o-l) Y2 ¥ FI*F2*F3 ... if p< po Art.7.4.2 (7.16a)

Where; I/d- is the limit span/depth
K is the factor to take into account the deference structural systems
po - is the reference reinforcement ratio = 10-3Vfck

p -is the required tension reinforcement ratio at the mid span to resist the moment due to the design loads (at the

support for cantilever)

fck — in MPa

_500_ 500

- 5S - As,req
fyk*As,prov

F2=0.8, for flanged section where the ratio of the flange breath to the rib breadth exceeds 3.
Otherwise; F2=1 for other cases.

F3 = 7/leff for beam and slabs, other than flat slab with a span exceeding 7m which support partitions liable to
be damaged by excessive deflections(leff in meters, see Art. 5.3.2.2(1)). Or F3 = 7/leff for flat slabs where the
greater span exceeds 8.5m and which support partition liable to be damaged by excessive deflections otherwise;
F3=1 for both cases.

Then in this case the lengths are below 7m so F2=F3=1
Let’s assume p = po and equation 7.16a as N

As,req = As, prov

Lk *N*F1*F2*F3

Where: N= 11+1.5,/fck ”70 + 3.2@(%0-1) 32

~ 500
~ fyk * Areq/Aprov

F1

F1=500/400=1.25....since Areq = Aprov
N=11+1.5*20"0.5=17.708
F2=1 and F3=1 (because span of beam<7m)

The value of K is 1.5 for interior span, 1.3 for end span and 0.4 for cantilever. Using table 7.4N of
ESEN1992:2015.
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Table 3. 3 depth determination

Panel | Support Lx | Ly | fyk | fck po p N K F1 F2 |F3 | D
condition

P1 2 5 |6 |400 |20 |0.0045 |0.0045 |17.7 |15 |125 |1 1 | 150.66

P2 2 5 |6 |400 |20 |0.0045 | 0.0045 | 17.7 |13 [ 125 |1 1 |173.84

P3 4 6 |6 |400 |20 |0.0045 [0.0045 |17.7 |15 |125 |1 1 |180.79

The reset of all panel depth are in the appendix part
Sample calculation

For panell
lk*N*F1*F2*F3
d=I/k*N*F1=5000/1.5%17.7*1.25

d=150.66mm

For panel2

Lk *N*F1*F2*F3

d=6000/17.17*1.5*1.25

d=180.79mm

From the table maximum of all is 180.79mm, so d=180.79mm

The concrete cover =20mm

The diameter of the bar =10mm

Depth of the slab=d + Cc +2* @/2...... since take effective depth between the two bars.
D=180.79+20+10=210.79mm

Thus, Provide D=220mm

36



3.1.4 SLAB DEAD LOAD AND DESIGN LOAD CALCULATION

Slab Own weight

Marbile Ties
—— Cement Screed
R.C Sloak
I—— Ceiling Plaster

Figure 3. 2 slab sectional view

GK of slab=0.22m*25KN/m3=5.5KN/m?

GK of cement screed =23KN/m3*0.03m=0.69KN/m?
GK of marble=0.03m*27KN/m?*=0.81KN/m?

GK of plastering =23KN/m3*0.02m=0.46KN/m?
GK=5.5+0.69+0.46+0.81=7.46 KN/m?

PVC TILES
I——  cement screed

RC Slab

I Ceiling Plaster

Figure 3. 3 slab section for PVC tiles floor finish

220 mm RC Slab = 0.22*25=5.5KN/m?
20mm Ceiling Plaster = 0.02*23=0.46KN/m?
30mm Cement Screed = 0.03*23=0.69KN/m?
2mm PVC Tiles = 0.02*16=0.32KN/m?

Total load GK =6.97KN/m?

10mmCeramic finishing = 0.01*23=0.23KN/m?
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Sample calculation

Panel 1

o
g

we

Marble flooring lobby

Partitions load (i.e. from HCB and plastering)

Only around the edge of the cantilever panels

Live load of lobby is category C1 which is 2-3KN /m? for floors......................... (ESEN 1 Table 6.1 n.d.)
Take the average value 2.5KN/m?

Design load DL=1.35GK+1.5gk

DL=1.35*7.46+1.5*2.5=13.821KN/m?

Panel2

Live load of shop is category D which is 4-5 KN /m? for floors........................... (ESEN 1 Table 6.1 n.d.)
Take the average value 4.5KN/m?

Design load DL=1.35GK+1.5gk

DL=1.35*7.46+1.5*4.5=16.821KN/m2

For other panels the load is calculated by using excel software.

Table 3. 4 design load determination

Panel | Lx(m) | Ly(m) | Area(m?) | Wt. of | Wt. of | Wt. of | GK Qk | DL
slab marble | plaster

P1 5 6 30 55 0.81 1.15 7.461 | 25 13.821

P2 5 6 30 55 0.81 1.15 7.461 | 4.5 16.821

The rest results are in the appendix part

From the above weight of plastering includes both weight of celling plaster and weight of cement screed since

they have the same unit weight=23 KN/m?,
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3.1.5 DESIGN MOMENT
Coefficient method

Support condition for panlel

WG=XT
77777777

Figure 3. 4 shows the type of slab and its support condition
Ly/Ix=5/6=1.2
Using the ratio read the following values from...................coooiiiiiiiii i EBCS 2 1995
axs = 0.063, axf = 0.047, ays = 0.047 and ayf = 0.036
DL=13.84KN/m?
Mxs = axs * DL * Lx? = 0.063 * 13.84 * 52 = 21.798KNm/m
Mxf = axf * DL * Lx? = 0.047 * 13.84 x 52 = 16.262KNm/m
Mys = ays * DL * Lx? = 0.047 * 13.84 * 52 = 16.262KNm/m
Myf = ayf * DL * Lx? = 0.036 * 13.84 * 52 = 12.456KNm/m

The rest moment is calculated by using excel software.
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13.821 axs 0.063 Mxs
13.821 axf 0.047 Mxf
13.821 ays 0.047 Mys
13.821 ayf 0.036 Myf
16.821 axs 0.063 Mxs
16.821 oaxf 0.047 Mxf
16.821 ays 0.047 Mys
16.821 ayf 0.036 Myf
14.946 oaxs 0.032 Mxs
14.946 oaxf 0.024 Mxf
14.946 ays 0.032 Mys
14.946 ayf 0.024 Myf
16.821 axs 0.039 Mxs
16.821 axf 0.03 Mxf
16.821 ays 0.039 Mys
16.821 ayf 0.03 Myf
16.821 axs 0.042 Mxs
16.821 axf 0.032 Mxf
16.821 ays 0.032 Mys
16.821 ayf 0.024 Myf
16.038 axs 0.087 Mxs
16.038 axf 0.065 Mxf
16.038 ays 0.047 Mys
16.038 ayf 0.036 Myf
13.038 axs 0.048 Mxs
13.038 axf 0.036 Mxf
13.038 ays 0.039 Mys
13.038 ayf 0.029 Myf
14.659 axs 0.042 Mxs
14.659 axf 0.032 Mxf
14.659 ays 0.032 Mys
14.659 ayf 0.024 Myf
14.659 axs 0.032 Mxs
14.659 axf 0.024 Mxf
14.659 ays 0.032 Mys
14.66 oayf 0.024 Myf
14.695 axs 0.032 Mxs
14.659 axf 0.024 Mxf
14.659 ays 0.032 Mys
14.659 ayf 0.024 Myf

coficents Md=ai*DL*Lx2

21.7681
16.2397

16.2397
12.4389

26.4931
19.7647
19.7647
15.1389
17.2178
12.9133
17.2178
12.9133
16.4005
12.6158
16.4005
12.6158
21.1945
16.1482
16.1482
12.1111
20.2319
15.1158

10.9299
8.37184
18.7747

14.081
15.2545
11.3431
18.4703
14.0726
14.0726
10.5545
11.7272

8.7954
11.7272

8.7957

16.9286
12.6654
16.8872
12.6654



The moment for cantilever slab is calculated as follows by using the formula, Md = W12 /2

For panel C1

Md = 12.321 * 1.52/2 = 13.861KNm/m

It is similar for all cantilevers

One way slab Panel 12

For analysis let’s assume that the slab is a Im wide beam spanning in the major axis given in the figure.
Pd = 21.321KN/m? * 1m = 21.321KN/m

a. To determine maximum span (positive) moment

@‘,\16.82
el
N

1 Loading condition (KN/m)

]

By

L

i

-pa.g7
—45.‘?15.5:%

~ SFD (KN)

o\
o

N
D e /b

MD (KN/m)

{34.84

Figure 3. 5 Loading condition for maximum span moment

b. To determine maximum support (negative) moment and shear at interior support

W

921.3?

- — Loading condition (KN/m)

%
Eéq? C Sl a7
.
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iqq.aq
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MD (KN/m)
Figure 3. 6 Loading condition for maximum support moment and maximum shear

From analysis it was determined that:

Maximum span moment = 6.39kN-m/m

Maximum support moment = 50.26kNm/m

Maximum shear force at the interior support = 17.08KN/m

Maximum shear force at the exterior support = 48.72kN/m

3.1.6 SLAB DESIGN WITH STRIP METHOD

Slab with corner opening, for panel S2, S3, S4

95

Figure 3. 7 Panel layout for S-2

Moment without opening [basic case]

Design Load = 16.821KN/m?
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Figure 3. 8 load distribution on strip

Since the slab is rectangular $=0.26, thus the width of strong band along the free edge pb/2 = 0.65m

In the main slab portion (-026)0'5_1 g5m
In the X-direction
AN A
16.821KN/m 2 8 ATKN/m™) 16.821KN/m"2
1.5m 3m Lsm B

Cantilever moment

_ Sxwxa?_5%16.82+62
T 64 64

Mx =47.309KN-m/m

Field and support moments will be calculated using the ratio of two
Mxf=1/3 *47.309=15.769KN-m/m
Mxs=2/3 * 47.309=31.529 KN-m/m

8.41KN/m"2 8.41KN/m"2

i 1.5m 3m 1.5m E

Cantilever moment

_wx*a?_8.41%6°

Mx= =4.73KN-m/m
64 64

Mxf=1/3*4.73=1.5767TKN-m/m
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Mxs=2/3*4.73=3.153KN-m/m

8 41KN/m"2

RRSN NP AP ER TSy Y

wka?_8.41%62

Mxf= =12.615KN-m/m
24 24

Mxs=2 228416 oo 53k N-m/m
12 12

In the y-direction

Middle strip

Cantilever moment
My=16.82*1.85%+8.41*(3.15+0.65/2)*0.65=76.56KN-m/m
Myf=1/3*76.56=25.52KN-m/m

Mys=2/3*76.56=51.04KN-m/m

Edge strip

8 41KN/m”"2 8.41KN/m"2
/wsrr‘ LAAN M|
4 1.85m 2.5m 0.65m

7
Cantilever moment
My=8.41+22=26.28KN-m/m
Mys=1/3*26.28=8.76 KN-m/m

Mxs=2/3*26.28=17.52KN-m/m

In order to support the slab strip cut by the hole an arrangement of strong band provided as shown in
the sketch
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Figure 3. 9 layout for strong band

-

%5ﬂlflll

'y 150cm

W

8.76-8.41*1.5*0.5+w*0.6*4.25=0, w=0.96KN-m

Cantilever moment

wi?_8.41%1.52
Mx =——=
2 2

=9.46KN-m

Mxf =1/3*9.46=3.15KN-m
Mxs =2/3*9.46=6.3KN-m
Strip B-B

16

S2EIN/m"2

,g%ﬂ i H I

51.04-16.82*0.652*0.5+w*0.3* 0.5, w=-315.58KN-m

45




% 2
Cantilever moment =w:3.55KN—m

Mys=2/3*3.55=2.369KN-m

Myf=1/3*3.55=1.183KN-m

Strip C-C
_ 8.41KN/m2
51.04 KN-

XA 0.65m
51.04-8.41*0.65%*0.5+w*0.3* 0.5, w=-328.42KN-m
Cantilever moment =242%5 =1 77KN-m
Mys=2/3*1.77=1.184KN-m
Myf =1/3*1.77=0.59KN-m
Strip D-D

1.5m
8 41K N/m2 _
l /> 31.520KN-m
(AR
—06m 205 o

31.529-16.82*1.52 -8.41*0.55*%1.775+w*0.6*1.75=0, w=13.83KN-m
Cantilever moment=16.82*1.52*0.5=18.92KN-m
Mxs=2/3*18.92=12.61KN-m

Mxf=1/3*18.92=6.306KN-m

Strip E-E
1.5m
8 41K N/m'2
l /> 1.5767KN-m
W 0.6m Z
-_—F 2 [Em -

1.5767-8.41*1.52*0.5+w*0.6*1.75=0, w=7.509KN-m
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Cantilever moment=8.41*1.52%0.5=9.46KN-m
Mxs=2/3*9.46=3.15KN-m

Mxf=1/3*9.46=6.307KN-m

Strip F-F

8.41KN/m"2 8.41KN/m"2
711??1:?‘ yYyvvy
] 1.85m 2.5m 0.65m

=
Cantilever moment my:8.41*2'752=26.28KN-m/m

Mys=1/3*26.28=8.76KN-m/m

Myf=2/3*26.28=17.52KN-m/m

Strip G-G

Cantilever moment
My=16.82*1.85%+8.41*(3.15+0.65/2)*0.65=76.56KN-m/m
Myf=1/3*76.56=25.52KN-m/m
Mys=2/3*76.56=51.04KN-m/m

Strip H-H

Mxf=1/3*9.46=3.15KN-m

Mxs=2/3*9.46=6.3KN-m

Strip I-1

22 24K N/m”™2
12m 3 i 1 m

Cantilever Moment

0.65m 0.65

M=17.78*%5116.82*1.2*1.25+22.24*3.15*3.425+15.919*0.65*4.675-31.529=285.77KN-m
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Mxf=1/3*285.77=95.257KN-m

Mxs=2/3*285.77=190.5KN-m

3.1.7 MOMENT ADJUSTMENT

Redistribution of support and span moment obtained from a linear analysis may be reduced if % > 20% in

order to maintain equilibrium. Usually it is the maximum support moment reduced, so economizing in

reinforcing steel and reduced congestion else take average of the two-support moment.

As per EBCS 2, 1995, A. 3.3.3 if the support moment is decreased, the span moments Mxf and Myf are then

increased to allow the changes of support moment. This increment is calculated as being equal to the change of

the support moment multiplied by the factors given in table A.2. If the support moment is increased, no

adjustment shall be made to the span moment.

3.1.8 SUPPORT MOMENT ADJUSTMENT

If M'AT:IM <20% .eieiiiinnn take the average of the two support moment
If 22 >20% ............ use nominal moment adjustment
M,max
Table 3. 6-sample support moment adjustment
axis panel unadjested moment adjested moment
AM AM/Mmax |Mavy df Mys
onaxis2 | B/npl &s4 16.24| 3.63 |0.2235222 0.5 14.425
12.61 0.5 14.425
B/nS1 & p3 17.21] 1217 0.0660444| 17.8185 17.82
18.427
B/npl3 & pl4 15.25| 1.18 0.077377 14.66 14.66
14.07
B/ns2 & p20 16.24] 0.64 0.0379147| 16.56 16.56
16.88
BnCl & C2 13.86 0 13.86 13.86
The reset are in the appendix part
Sample calculation
Between panel pl and s4 MArilWax =0.22>202............ use nominal moment adjustment

)

Therefore, calculate the distribution factor (DF) and stiffness factor (K)

K=1/L....interior slab and K=0.75/L.....end span
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K1=1/6 and K2=1/6

K1
K1+K2'

DF1= K1=2" 011 andk2 = 22«12
12 12

Df = 0.5 for both And AM=3.63

Madiested = FEM + Df * AM

16.24 — 0.5 * 3.63 = 14.425

Madjested = {12.61 + 0.5 % 3.63 = 14.425

AM 1217

=——=20.066<20%............... take the average of the two support moment
M,max 18.427
Mavg = 2222 = 17.82........ M adjusted.

3.1.9 FILED MOMENT ADJUSTMENT

Span moment adjustment is calculated for panels whose support moment are lowered during support moment

adjustment, because as Msup decreases Mspan increases. According to EBCS-2-1995:
AMxf = CxAMxs + Cx"AMys
AMyf = CyAMys + Cy"AMxs

Table 3. 7 adjusted filed moment

panke {Mmaxsip (Madjsup (Lx Ly JLylx |Cx  (Cy  [AM (M Myt [CxAM (CYAM [Mfad]  (Myfad]
ul 760 1549 5 6 12 03M) 0364 627 162 1243| 215688 2.26208| 18.35688] 14.71228
0 1976 1376 5 5 1 038 028 6 1976 154 228 168|204 168

The reset are in the appendix part

Sample calculation for panel 1:- Casel, % = g =12

AV

N i
Ly

Cx=0.338, Cy=0.172 and AM = 16.23 — 14.42=1.58
Mxf, adj = 16.23 + 1.58  0.338 = 16.76KN-m
Myf,adj = 12.43 + 1.58 * 0.172 = 12.7KN-m

Case2, Cx=0.344 and Cy =0.364
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Ly
by . AM=21.76-15.49=6.27

Mxf,adj = 16.23 + 6.27 * 0.344 =18.35KN-m
Myf, adj = 12.43 + 6.27 * 0.364 =14.71KN-m
Hence take the maximum of two cases.

3.1.10 REINFORCEMENT

The total depth for two-way panels and cantilevers is 220mm. From this the effective depth of slabs are measured

from compression face of the slab to center of reinforcement on the tension side and can be calculated as follows.

For shorter, dx = D — cover —g = 220mm — 20mm — 5mm = 195mm

For longer, dy = D — cover — @ —g = 220mm — 20mm — 10mm — S5mm = 185mm

Where: D-total depth of the slab,
dx-effective depth of main reinforcement,
dy-effective depth of transverse reinforcement, and
@ is bar diameter.
Fetm(MPa) = 2.2, i ES EN 1992 table 3 for C20/25
Sample calculation panel 1
Main reinforcement flexural design
Mxsd = 15.49KNm,dx = 195mm and b = 1m

Msd 15.49

~fedvbrd?  1133+1000x1952 ~ 2039

usd

usd = 0.0359 < pus* = 0.295(For 0% moment redistribution) design as singly reinforced section
Using psd = 0.0359 read Kz from the general design chart No.1a. (EBCS 2).

Kz = 0.976

z=Kz+xd=0.976 * 195 = 190.32mm

MED 15.49

= = 233.99mm?
fyd+z  347.83 * 190.32 fm

Ast, calc =
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The area of reinforcement should not be taken less than the minimum area of reinforcement given by ES EN
1992-1-1:2015, Expression 9.1N in order to control shrinkage, and cracking. And should not be taken greater
than the maximum area of reinforcement provided by the code because if it is greater than the maximum value

the ductility will be altered, and there will be congestion of reinforcement bar.

fctmsbtxd _ 2.2¥1000%195 _ 2
Ast, min = max{ 0.26 « = — = 026 = 27742mm” o BN 1992: 2015 Art. 9.2.1.1. (1),
0.0013 * bt * d = 0.0013 * 1000 * 195 = 253.5mm?

Ast,min = 277.42mm? < Ast, calc = 233.99mm?, provied Ast = 277.42mm?

Ast,max = 0.04Ac = 0.04 = 1000 = 220 = 8800mm?........ ES EN 1992-1-1:2015 section 9.2.1.1(3)

Ast, prov = 277.42mm? < Ast,max = 8800mm? ... ............0k
. btxast
Spacing of the bar, S = Astprov

_ 1000 * 78.5

57742 = 282.96mm, provid S = 270mm

The spacing of the reinforcement bar should not exceed the maximum spacing (Sax) given ES EN
1992-1-1:2015 section 9.3.1

3h =3 %220 = 660mm

400mm , take S=400mm

Smax = min{

Sprov = 270mm < Smax = 400mm ... ... ... .o e e e .. OK
Provide principal reinforcement bar @10mm c/c 270mm

For the rest panels are designed by using excel
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Table 3. 8 slab filed reinforcement

panel location

short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
p10 longspan

MED fid  fyd
1835 1133 478
1471 1133 3478
204 1133 3478
1682 1133 478
1291 1133 3478
1291 1133 3478
1787 1133 3478
1299 1133 478
1261 1133 478
1261 1133 478
1787 1133 3478
1299 1133 478
126 1133 3478
1261 1133 3478
1787 1133 3478
1299 1133 478
1392 1133 478
1357 1133 478
16,14 1133 3478
1211 1133 3478

b

a
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185

usd Kz

Ascalc  Aspro

0.0426 09776 276.741 276.741

0.0379 0.978 233.741

264.55

0.0512 0.9589 338873 338.873
0.0434 0976 267817 267.817

0.03 0.9797 194.262
0.0333 0.9785 205.034
0.0415 0.9689 271.922
0.0335 09784 206.326
0.0293 09799 189.728
0.0325 09781 200.352
0.0415 0.9689 271.922
0.0335 0.9784 206.326
0.0293 0.9799 189.728
0.0325 0.9781 200352
0.0415 0.9689 271.922
0.0335 09781 206.389
0.0323 09784 209.759
0.035 0.9768 215.891
0.0375 09754 243.96
0.0312 0.9786 192.309
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211.42
264.55
211.42
264.55
211.42
264.55
211.42
264.55
211.42
264.55
211.42
264.55
211.42
264.55
211.42
264.55

Scalc Sprovieded
284 (310C/C280mm
297 @10C/C290mm
232 (310C/C230mm
293 @10C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 (310C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 (310C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 @10C/C290mm



pll
p12

pl3
pl4
p15
n16
pl7
p18
p19
n20
p21
P22

P23

short span
long span
short span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span

17.28
8.86
6.39

15.38

12.73

14.46

10.75
8.79
8.79
8.79
8.79
8.79
8.79

10.68

11.86

1511
8.37

13.19

13.05

15.55

14.82

15.55

14.82

15.55

14.82

11.33 347.8
11.33 347.8
11.33 347.8
11.33 347.8
11.33 34738
1133 347.8
11.33 347.8
1133 347.8
11.33 347.8
11.33 34738
1133 347.8
1133 347.8
11.33 347.8
11.33 347.8
11.33 34738
1133 347.8
1133 347.8
11.33 347.8
1133 347.8
11.33 34738
1133 347.8
11.33 347.8
1133 347.8
1133 347.8
11.33 347.8

1000 195
1000 185
1000 195
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185
1000 195
1000 185

Support reinforcement in the appendix part

0.0401
0.0228
0.0148
0.0357
0.0328
0.0336
0.0277
0.0204
0.0227
0.0204
0.0227
0.0204
0.0227
0.0248
0.0306
0.0351
0.0216
0.0306
0.0337
0.0361
0.0382
0.0361
0.0382
0.0361
0.0382
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0.9699
0.9828
0.9889
0.9765
0.9783

0.978
0.9787
0.9876
0.9829
0.9876
0.9829
0.9876
0.9829
0.9819
0.9789
0.9767
0.9865
0.9789

0.977
0.9749
0.9719
0.9749
0.9719
0.9749
0.9719

262.673
140.097

95.268
232.211
202.217
217.986
170.695
131.222
138.976
131.222
138.976
131.222
138.976
160.362
188.281
228.088
131.853
198.657
207.576
235.163
236.967
235.163
236.967
235.163
236.967

277.42
264.55
217.42
217.42
264.55
277.42
264.55
217.42
264.55
211.42
264.55
211.42
264.55
217.42
264.55
277.42
264.55
217.42
264.55
211.42
264.55
211.42
264.55
217.42
264.55

283 @10C/C280mm
297 310C/C290mm
283 @10C/C280mm
283 310C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 310C/C290mm
283 @10C/C280mm
297 310C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 310C/C280mm
297 @10C/C290mm
283 310C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 310C/C290mm
283 @10C/C280mm
297 310C/C290mm
283 @10C/C280mm
297 @10C/C290mm
283 310C/C280mm
297 @10C/C290mm
283 @10C/C280mm
297 310C/C290mm



Slab design for 3" floor
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Figure 3. 10 slab layout from 3rd floor
Sample calculation

For panell
lk*N*F1*F2*F3
d=l/k*N*F1=5000/1.3%17.7%1.25

d=173.83mm

For panel2

lk*N*F1*F2*F3

d=5000/17.17*1.5*1.25

d=150.659mm

From the table maximum of all is 173.83mm, so d=173.83mm

Concrete cover =20mm and diameter of the bar =10mm

Depth of the slab=d + Cc +2* @/2...since take effective depth between the two bars.
D=173.83+20+10=203.83mm. Thus, Provide D=210mm

Load calculation

2cm thick PVC tile = 0.02m* 16KN/m®= 0.32 KN/m?, Plastering = 0.02m * 23KN/m = 0.46KN/m?

3cm cement screed = 0.03m * 23KN/m®= 0.69KN/m?, GK of slab=0.21m*25KN/m3=5.25KN/m?
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GK of marble=0.03m*27KN/m?*=0.81KN/m?
GKslab=0.32+0.69+0.46+5.25=6.72KN/m?
GK=5.25+0.69+0.46+0.81=7.21KN/m?

Sample calculation

For panell- Design load DL=1.35GK+1.5qk
DL=1.35*7.21+1.5%2.5=13.48KN/m?

Mxs = axs * DL * Lx? = 0.063 * 13.48 * 52 = 21.231KNm/m
Mxf = axf * DL * Lx? = 0.047 * 13.48 * 52 = 15.839KNm/m
Mys = ays * DL * Lx? = 0.047 * 13.48 * 52 = 15.839KNm/m
Myf = ayf * DL * Lx? = 0.036 * 13.48 * 52 = 12.132KNm/m
For Panel6

Design load DL=1.35GK+1.5gk
DL=1.35%6.72+1.5*3=12.9KN/m?

Mxs = axs * DL * Lx? = 0.063 * 12.9 * 52 = 20.317KNm/m
Mxf = axf * DL * Lx? = 0.047 % 12.9 x 52 = 15.157KNm/m
Mys = ays * DL * Lx? = 0.047 * 12.9 * 52 = 15.157KNm/m
Myf = ayf = DL * Lx? = 0.036 * 12.9 * 52 = 11.61KNm/m
The moment for cantilever slab is calculated as follows by using the formula, Md = WL?/2
For panel C1, Md = 14.6085 * 1.5%/2 = 16.434KNm/m

It is similar for all cantilevers

The reset excel values are in the appendix part including support reinforcement
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Table 3. 9 3rd floor slab moment

pael  swpportcondtinLx - Ly L@ Lylx DL coficents ~ Md=or*DL*Lx2

we 56 B L B8Bm  008Ms 0%

/ 56 B 12034%ud  00MTWE 1581
s 5 B uneBn Mg 5681

i 56 5 1 BB 0N 120
56 5 10 DBos  O0BMs 1946

ﬂ 5 6 5 10 DBed  0MIME 150

5 6 5 10 DBas  0MIMg M50

) 56 5 10 DBa M 01
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13.4835
13.4835
13.4835
13.4835
12.358
12.358
12.358
12.358
12.358
12.358
12.358
12.358
12.358
12.358
12.358
12.358
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
12.822
13.483
13.483
13.483
13.483
12.822
12.822
12.822
12.822
14.23
14.23
14.23
14.23
16.48
16.48
16.48
16.48

oxs
axf
ays
ayf
axs
oxf
ays
ayf
oxs
oxf
ays
ayf
oxs
oxf
ays
ayf
axs
oxf
ays
ayf

oxSs

ays
ayf
axs
oxf
oys
ayf
XS
axf
oys
ayf
xS
oxf
ays
ayf
axs
oxf
oys
ayf
xS
oxf
oys
ayf
XS
oxf
oys

ayf

Table 3. 10 3rd floor slab reinforcement
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0.032
0.024
0.032
0.024
0.039
0.03
0.039
0.03
0.042
0.032
0.032
0.024
0.087
0.065
0.047
0.036
0.048
0.036
0.039
0.029
0.042
0.032
0.032
0.024
0.032
0.024
0.032
0.024
0.032
0.024
0.032
0.024
0.032
0.024
0.032
0.024
0.056
0.042
0.039
0.03
0.042
0.032
0.032
0.024
0.042
0.032
0.032
0.024

Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf

Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf
Mxs
Mxf
Mys
Myf

15.533
11.6497
15.533
11.6497
12.0491
9.2685
12.0491
9.2685
12.9759
90.8864
9.8864
7.4148
9.04198
6.7555
4.88475
3.74151
15.3864
11.5398
12.5015
9.29595
13.4631
10.2576
10.2576
7.6932
10.2576
7.6932
10.2576
7.6932
14.7709
11.0782
14.7709
11.0782
15.5324
11.6493
15.5324
11.6493
17.9508
13.4631
12.5015
9.6165
14.9415
11.384
11.384
8.538
17.304
13.184
13.184
9.888



panel
pl
p2
p3
p4
p5
p6
p7
p8
P9

p10

pll
pl2

p13
pla
p15
p16
pl7
p18
p19
p20
p21
P22
P23
s2

s3

location
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span
short span
long span

MED
17.902
14.313
15.862

12.11
11.649
11.649

8.574

6.746
12.049
12.049
11.833

8.766
12.049
12.049
10.043

7.494
12.049
12.049

13.9
10.244

7.17

3.848

6.39
12.302

7.519

9.915

7.519

7.693

7.693

7.693

7.693

7.693

7.693

9.623

7.022

7.693

7.693
11.078
11.078
10.078

7.977
10.078

7.977
10.073

7.599
15.532
15.532
13.872

9.825

fcd
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33

fyd
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83

b
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

d
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
185
175
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usd
0.04617
0.04125
0.04091
0.0349
0.03004
0.03357
0.02211
0.01944
0.03107
0.03473
0.03052
0.02526
0.03107
0.03473
0.0259
0.0216
0.03107
0.03473
0.03585
0.02952
0.01849
0.01109
0.01648
0.03173
0.02167
0.02557
0.02167
0.01984
0.02217
0.01984
0.02217
0.01984
0.02217
0.02482
0.02024
0.01984
0.02217
0.02857
0.03193
0.02599
0.02299
0.02599
0.02299
0.02598
0.0219
0.04005
0.04476
0.03577
0.02832

Kz
0.9776
0.978
0.9589
0.976
0.9797
0.9785
0.9689
0.9784
0.9799
0.9781
0.9689
0.9784
0.9799
0.9781
0.9689
0.9781
0.9784
0.9768
0.9754
0.9786
0.9699
0.9828
0.9889
0.9765
0.9783
0.978
0.9787
0.9876
0.9829
0.9876
0.9829
0.9876
0.9829
0.9819
0.9789
0.9767
0.9865
0.9789
0.977
0.9749
0.9719
0.9749
0.9719
0.9749
0.9719
0.9749
0.9719
0.9749
0.9719

Ascalc
284.58
240.43
257.07
203.84
184.78
195.58
137.52
113.27
191.09
202.38
189.79
147.19
191.09
202.38
161.08
125.87
191.38
202.65
221.46
171.97
114.88
64.323
100.42
195.78
126.26
157.55
126.21
121.05
128.58
121.05
128.58
121.05
128.58
152.3
117.85
122.4
128.11
175.87
186.28
160.65
134.84
160.65
134.84
160.57
128.45
247.59
262.54
221.13
166.08

Aspro
284.58
255
260
203.84
189.79
203.84
134.84
134.84
203.84
203.84
189.79
147.19
203.84
203.84
189.79
134.84
203.84
203.84
221.46
189.79
134.84
134.84
134.84
203.84
134.84
189.79
134.84
134.84
134.84
134.84
134.84
134.84
134.84
189.79
134.84
134.84
134.84
189.79
189.79
189.79
134.84
189.79
134.84
189.79
128.45
247.58
262.54
221.12
189.79

Scalc
275.8
307.8
301.9
385.1
413.6
385.1
582.2
582.2
385.1
385.1
413.6
533.3
385.1
385.1
413.6
582.2
385.1
385.1
354.5
413.6
582.2
582.2
582.2
385.1
582.2
413.6
582.2
582.2
582.2
582.2
582.2
582.2
582.2
413.6
582.2
582.2
582.2
413.6
413.6
413.6
582.2
413.6
582.2
413.6
611.1
317.1
299
355
413.6

Sprovieded
@10C/C270mm
@10C/C300mm
@10C/C300mm
@10C/C380mm
@10C/C400mm
@10C/C380mm
@10C/C400mm
@10C/C400mm
@10C/C380mm
@10C/C380mm
@10C/C400mm
@10C/C400mm
@10C/C380mm
@10C/C380mm
@10C/C400mm
@10C/C400mm
@10C/C380mm
@10C/C380mm
@10C/C350mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C380mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C400mm
@10C/C310mm
@10C/C290mm
@10C/C350mm
@10C/C400mm



3.2 RIBBED SLAB DESIGN

Ribbed floor is formed using temporary or permanent shuttering while the hollow block floor is generally
constructed with blocks made of clay tile or with concrete containing a light weight aggregate. If the block is
suitably manufactured and have adequate strength they can be considered to contribute to the strength of slab in
the design calculation, but in many designs such allowance is not made.

The principal advantages of these floors is reduction in weight achieved by removing the concrete part below
the neutral axis and in these case the hollow block floor replacing it with a lighter form of construction. Ribbed
and hollow block floors are economical for buildings where there are long spans over about 5m and light or
moderate live loads such as hospital, apartment buildings, hotel, schools, shopping etc.

According to ES EN 1992 Art 5.3.1(6), ribbed or waffle slab need not to be treated as discrete element for the
purpose of analysis, provided that the flange or structural topping and transverse ribs have sufficient torsional

stiffness. This may be assumed that;

1. The ribs spacing does not exceeding 1500mm.

2. The depth of the ribs below the flange does not exceed 4 times its width.

3. The depth of the flange is at least 1/10 of the clear distance between ribs or 50mm which is greater.
4. Transverse ribs are provided at clear spacing not exceeding 10 times the overall depth of the slab.

The minimum flange thickness of 50mm may be reduced to 40mm where permanent blocks are incorporated

between the ribs.
Take the design cover from the above calculation in solid slab design which is Cover=20mm

Verify the general requirement for the ribbed slab

v Take ribs spacing = 400mm <1.5m............ ok!

v Ribs width = 80mm > 70mm..................... ok!

v" Depth of the ribs = 200mm < (4*80) = 320mm

v" Depth of flange (topping thickness) = 1—10*320mm = 32mm<50mm, take 60mm
v Depth =200 + 60 + 30 = 290mm
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200

«—A00mm

Figure 3. 11 layout of HCB for ribbed slab

The bottom dimension may vary 40mm/30mm provided depth DP =290mm, the required depth for serviceability

Dc=155mm. safe!

3.2.1 DETERMINATION OF DESIGN LOAD

[ - - - H
Pl <4 P5 P7 P11

% P2 PO

1 = I - = e e H

al P4 PS5

% 3| P3 Pé P10 |p1
1 I - = e e H
4| P13 P14 P15 | p1g | PU7 P18 |P19
JI] 2 - = e

3 s2 P20 | p21 | P22 | P2 | gq

T | ¢ | <3 C4 1 Ccs | _Ca lc1 |

Figure 3. 12 slab layout from 4th -5th floor
Load calculation

v" 2cm thick PVC tile = 0.02m* 0.4m * 16KN/m?= 0.128 KN/m

3cm cement screed = 0.03m * 0.4m * 23KN/m?3= 0.276KN/m

Flange or topping = 0.06m * 0.4m *25KN/m3= 0.6KN/m

Ribs = 0.15m * 0.08m * 25KN/m3=0.3KN/m

Plastering = 0.02m * 0.4m * 23KN/m = 0.184KN/m

HCB = (0.03m * 0.4m + 0.02m * 3 * 0.19m + 0.32m * 0.02m)14KN/m®= 0.43 KN/m

N X XX

Dead load = 0.128+0.276+0.6+0.3+0.184+0.43=1.918KN/m
For all panels without partition load DL=1.918KN/m

This is common for all panel, the difference is the presence of the partition load.
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Partition load for cantilevers Panel C1

L=6m, h=3.36m, t=6mm
A=0.006*3.36=0.02016m?

Dead load =A*Unit weight=0.02016*22KN/m?=0.4422KN/m
Load =0.4422KN/m

The slab area =6m*2.15m=12.9m?

Distributed load=DL*spacing of rib*length/A slab
Load=0.4422*0.4*6/12.9=0.0825KN/m

Total dead load

For panelC1-8 DL=0.0825+1.918=2KN/m

Live load

v' Live loads for floors of cafeteria (under category C1) = 2.5KN/m? ...ES EN 1991 table 6.1, so
distributing the live loads over the rib length 2.5KN/m?*0.4m=1KN/m

v Live load for Rooms in residential buildings and houses; bedrooms, kitchens and toilets. =1.75KN/m2,
distributing the live loads over the rib length 1.75KN/m?*0.4m=0.7KN/m

v Live load for corridor=4KN/m2, Live load of corridor over the rib length 4*0.4=1.6KN/m

Design load PD=1.35DDL+1.5LL

Pd for cafeteria=1.35*1.918+1.5*1=4.0893KN/m
Pd for corridor= 1.35%1.918+1.5*1.6=4.989KN/m
Pd for bedrooms=1.35*1.918+1.5*0.7=3.64KN/m
Pd for cantilever=1.35*2+1.5*1=4.2KN/m

Therefore design the span and field moment by taking section.
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Table 3. 11 sample design load for ribbed slab

panel - |DL - |LL - |Pd -
P1 1.918 1.6 4.9893
P2 1.918 0.7 3.6393
P3 1.918 1.6 4.9893
P4 1.918 1.6 4.9893
P5 1.918 0.7 3.6393

The reset are in the appendix part
The arrangements of the ribs shown above is selected in the following reasons
1) The ribs have shorter span length which will reduce the span and support moment

2) Wall loads will be acting transversely to the ribs which will reduce wall load effect on a single rib. Analysis
of the ribs is performed by SAP. Live load was alternatively loaded on the spans in order to obtain maximum

spans and support moments.
3.2.2 ANALYSIS AND DESIGN OF RIBS (JOISTS)

Calculate the maximum moment and shear force for rib reinforcement design

Case 1 Full design load

i} C ] £ F G H I
A o) < o) < 5 5D

14. &
12,92,
11 4@

%
.
!
:
)Y
.

=

E

=

e
:
=

€

Support moment=20.68KNm
Field moment=14.7KNm

Maximum shear =19.4KN



Case2

14,35

& B C 0 E F G H 1
Al ETT T T II - -
A D D o) D) D o SR
5 A A AN B,
QD (e O B ) B ) L D) N D =D

WWW

Support moment=16.55KNm
Field moment=16.37KNm
Maximum shear =18.71
Case 3

Support moment=21.38KNm
Field moment=14.48KNm
Maximum shear =17.04KN
Cased

Support moment=20.5KNm
Field moment=14.72KNm
Maximum shear =19.37KN
Case5

Support moment=20.96KNm
Field moment=14.56KNm
The maximum shear=19.4KN
Case6 Only dead load acting

Support moment=11.38KNm
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Field moment=8.06KNm
The maximum shear=10.68KN

Among the above analysis the maximum design loads are 21.38KNm

for the support moment, 16.37KNm for

filed moment and 19.4KN for shear. The reset diagrams are in the appendix part.

3.2.3 REINFORCEMENT DESIGN
Material properties

fcd = 11.33Mpa, fyd = 347.83Mpa
be = 400mm and bw = 80mm

Rib dimension

| —

Figure 3. 13 flanged section of the ribbed slab

Cross section at span

v" hf = 60mm

bw = 80mm
D =290mm

v
v
v" Concrete cover = 20mm

Take @6 bar for stirrup and @12mm bar for longitudinal reinforcement
Note:-Mid span section is designed as a T-beam

Assuming the NA fall in the flange

Effective depth of ribs, deff = D — Cc — @stirrup —g

12mm
deff = 290mm — 20mm — 6mm — —— = 258mm

Effective flange width computation
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1. Pin T beams the effective flange width, over which uniform conditions of stress can be assumed based
on the web and flange dimensions, the type of loading, the span, the support conditions and the transverse
reinforcement.

2. The effective width of flange should be based on the distance 10 between points of zero moment

lo =
lb =0.85 \9.1%(/, + /2,{ b =0.7 I J b =015 L+ |

B L] il l, il E .

» = "

Figure 3. 14 Definition of lo, for calculation of effective flange width

According to (ES EN 1992:2015 Article 5.3.2.1 n.d.) the effective flange width beff for a T or L beam is

determined as;

beff = Y beff,i + bw < b

Where:beff,i = 0.2bi + 0.1lo < 0.2lo and beff,i < bi
A, for end span (sagging moment)

lo =0.8511 = 0.85 * 6000 = 5100mm

400—-80
2

bl=b2= =160mm

beff, 1 = beff, 2=0.2b2 + 0.1l0<0.2lo = 0.2*160 +0.1*5100 <0.2*5100
=542mm<1020mm............ ok

beff = beff,1 + bw + beff,2 < b

beff = 542 4+ 80 + 1020 = 1642mm < 400mm ... ... ... .... not ok, thus beff = 400mm

B, for interior sagging moment

lo=0.711 = 0.7 * 6000 = 4200mm

400—-80
2

bl=b2= =160mm

beff, 1 = beff,2=0.2b2 + 0.110<0.2lo = 0.2*160 +0.1*4200 <0.2*4200
=452mm<840mm............ ok
beff = beff,1 + bw + beff,2 < b

beff = 452 + 80 + 840 = 1372mm < 400mm ... ... ... ... not ok, thus beff = 400mm
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Assume the neutral axis depth is within the flange. Then adopting rectangular stress relationship for concrete in
compression will simplify the procedure. It is possible to determine reinforcement ratio using the formula derived

from rectangular stress block.

_ ] . 4Md _ fed o __ 2Md
p=0.5(C1 m» orp = fyd (1 (1 fcd*beff*dz))

_ fyd _ 347.833
0.8fcd 0.8+11.33

11.33 2%21.38%10°
P - o - )

clear length

=b2=160mm

=38.37, bl=

347.83 11.33%400%2582
p=0.00239671
Design reinforcement for section between axis 1 and C
Kx =p*m = 0.00239671 * 38.37 = 0.09196
X=Kx*d=m=+*p=*d=0.09196 x 258 = 23.726mm
Neutral axis depth=x=23.726mm<hf=60mm.................. ok

Hence the assumption is correct the neutral axis is under the flange.

fctm

As, min = 0.26 * K

* bt * d but not less than 0.0013 * bt * d....ES EN 1992: 2015 Art.9.2.1.1 (1)

ftm = 2.2Kpa from table 3.1 for C20 concrete grade

bt = bw = 80mm and d = 258mm

— 2 _ _ )
34783 * 80 * 258 = 33.942mm*, As = 0.0013 %« 80 * 258 = 26.832mm

As, min = 0.26 *

Use As, min = 33.942mm?

As,calcu =px*b+*d =0.00239671 = 400 * 258 = 247.34mm?
As,max = 0.04 x Ac, Ac = Acb + Acf = bw = (deff — hf) + beff * hf
Ac=80*198 +400*60=39,840mm?

As, max = 0.04 * A39840 = 159.6mm?

As, min < Ast, calcu < Ast, max

Ast, max = 0.04Ac......

But Ast, min < Ast, calcu < Ast, max.......take the minimum reinforcement Ast, calcu = 247.34mm?
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Now Determine No. of bar using @12mm reinforcement

_As,prov _247.34mm?_247.34mm?

d2 - 122
as e 2
4 4

n=2.18 use 3012
As=3*113.04=339.12mm?3< As, max ....... ok

As 339.12
pprov = — x

= ———=0.00328 = 0.3289
b 400 * 258 %

But for simplified construction use 2@14mm
Transverse reinforcement at topping

Secondary reinforcement is required for temperature and shrinkage.

A52=0.12%Atopping=—2*1000*60=72mm2

0.1
100

b*as_1000%3.14%32

E 2 =392.5mm

Spacing(S) =
Smax =§*rib spacing=200mm, Take S=200mm

Provide #6 ¢/c200mm
Spacing of bars according to EN 1992-1-1-2004

The clear distance (horizontal and vertical) between individual parallel bars or horizontal layers of parallel bars

should be the maximum of the following

v' K1*Diameter of longitudinal bar
v’ dg+k2
v 20mm
Where: dg is the maximum aggregate size
The recommended values for k1 and K2 are 1 and 5 mm respectively. Assume 20mm aggregate size.
1* 14mm = 14mm

S=max{ 20+ 5 =25mm
20mm

Therefore; clear spacing between bars is 25mm for maximum aggregate size
Reinforcement for the span moment is 2@14mm c/c25mm.

Check Depth for Deflection: Serviceability Requirement
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p = 0.328%

fck®S_ 2005
=——=—=0.447% p = po
1000 1000

k1415 ek 22 +3.2Fek (% — 1)°7] *F1*F2*F3

1 0.447 0447  _\ap
d_k[11+1.5\/ﬁ—0328 +3.2\/ﬁ(—&328 1)*4]

500

1=——————=17138
400%247.34/339.12

%=11.3*20.22*1*1.7168*0.8=31.384

d=6000/31.384=191.18mm<258mm........... ok

Shear design

The design value of the shear resistance is

VRd, ¢ = [CRd, ck(100 * p1 * fck)'/3 + klocp]bw * d > [Vmin + klocp]bw * d
Where:- fck = 20Mpa

CRd,c =0.18/yc = 0.18/1.5 = 0.12

K=1+ /¥=1+ /%1.88@ ........... ok (Take k=1.88)

__ Asl

Pl =aea = 0.02
= 2720 = 0.01198 < 0.02 ........... ok
80%258

Vmin=0.035k¥?*fck/

Vmin =0.035*1.88%2*20Y2=0.04

ocp = ?=0
Ast -is the area of the tensile reinforcement
NED is the axial force in the cross-section due to loading

Ac is the area of concrete cross-section [mm?]
1
VRd, c = [0.12 + 1.87(100 * 0.02 * 20)3 + 0] « 400 * 258 = 79.199KN

VRd, c(min) = [Vmin + klocp]bw * d
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= (0.04+0)*400*258=4.128KN
Vd = 19.4KN > VRd, c = 79.199KN

The concrete section can resist the coming shear alone, thus the section does not require design for shear

reinforcement.
3.3 LOAD TRANSFER
3.3.1 FOR SOLID SLAB

Load transfer calculation for ground floor

Forslab1: 2 =8-12
Lx 5

LS LLLL L,

4

e B

Type 4 based on support condition
Based on the Ly/Lx ratio read the value of Bvx and Bvy from table A-3 EBCS-2-1995

Table 3. 12 load transfer coefficient

Ly/Lx Bvxc Bvxd Bvyc Bvyd

1.2 0.47 0.31 0.4 0.26

Dead load and live load from previse load calculation

Design load =LL +DL=13.821KN/m?

Vxc =Bvxc*pd*1x.......... for x direction continuous slab
Vxd = Bvxd * pd * Ix........... for x direction dis-continuous slab
Vyc=fBvyc*pd*1Ix........... for y direction continuous slab
Vyd = Bvyd s pd*Ix ........... for y direction dis-continuous slab

For x direction
Vxc = Bvxc * pd * Ix = 0.47 * 13.821 * 5 = 32.479KN/m
Vyd = Bvyd * pd * Ix = 0.31 * 13.821 % 5 = 21.422KN/m
For y direction

Vyc = Bvyc * pd * Ix = 0.4 * 13.821 x5 = 27.64KN/m
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Vyd = Bvyd * pd * Ix = 0.26 * 13.821 * 5 = 17.96KN/m
The rest are calculated by excel software

Table 3. 13 load transfer from slab to beam by using coefficient method

load transfer
panel type ly/Ix Bxc Pxd Pyc Pyd Lx DL Vxc Vxd Vyc Wy

P1 4 1.2 047 031 04 026 5 13.821 325 2142 276 18
P2 4 12 047 031 04 026 5 16.821 39,5 26.07 33.6 219
P3 1 1 0.33 0.3 6 14.946 29.6 0 29.6 0
P4 1 1.2 0.39 0.3 5 16.821 32.8 0 278 0
PS 3 1 036 024 04 5 16.821 30.3 20.19 30.3 0
P6 1 1.2 0.39 0.3 5 16.821 328 0 27.8 0
P7 3 1 036 024 04 5 16.821 30.3 20.19 30.3 0
P8 1 1.2 0.39 0.3 5 16.821 32.8 0 278 0
P9 3 1 036 024 04 5 16.821 30.3 20.19 30.3 0
P10 1 1.2 0.39 0.3 5 16.821 328 0 27.8 0
P11 4 1724 057 038 04 026 3 16.821 27.8 1854 195 127
P13 2 1.2 042 04 024 5 13.038 274 0 235 156
P14 1 1.2 0.39 0.3 5 14.659 28.6 0 242 0
P15 1 1 0.33 0.3 5 14659 24.2 0 242 0
P16 1 1 0.33 0.3 5 14659 24.2 0 242 0
P17 1 1 0.33 0.3 5 14.659 2472 0 242 0
P18 1 1 0.33 0.3 5 14.659 242 0 242 0
P19 1 1.24 0.48 0.3 3 13.038 18.1 0 125 0
P20 1 1 0.33 0.3 6 15.321 30.3 0 303 0
P21 1 1.2 0.39 0.3 5 14.659 28.6 0 242 0
P22 4 1.2 047 031 04 026 5 14.659 344 2272 293 19.1
P23 1 1.2 0.39 0.3 5 14659 28.6 0 242 0

Load calculation for cantilever

For cantileverl

Vxc = pd * Ix, Lx=1.5m pd =12.321KN/m?

Vxc = pd * Ix = 12.321 * 1.5 = 18.48KN/m Similar for all cantilevers

Table 3. 14 Load transfer for 3rd floor solid slab
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load transfer

panel Lx DL V/xc panel Lx DL Vxc

C1 1.5 14.6085 21.9128 C4 15 14.6085 21.9128
C2 1.5 14.6085 21.9128 C5 1.5 14.6085 21.9128
C3 1.5 14.6085 21.9128 C6 1.5 14.6085 21.9128
C7 1.5 14.6085 21.9128

load transfer
panel  type ly/Ix Bxc  pxd Byc Byd Lx DL Vxc Vxd Vyc Vyd

P1 4 1.2 0.47 0.31 0.4 0.26 5 13.4835 31.6862 20.8994 26.967 17.5286
P2 4 1.2 0.47 0.31 0.4 0.26 5 12.3585 29.0425 19.1557 24.717 16.0661
P3 1 1 0.33 0.33 6 13.4835 26.6973 0 26.6973 0
P4 1 1.2 0.39 0.33 5 12.3585 24.0991 0 20.3915 0
P5 3 1 0.36 0.24 0.36 5 12.3585 22.2453 14.8302 22.2453 0
P6 1 1.2 0.39 0.33 5 14.2335 27.7553 0 23.4853 0
P7 3 1 0.36 0.24 0.36 5 12.3585 22.2453 14.8302 22.2453 0
P8 1 1.2 0.39 0.33 5 12.3585 24.0991 0 20.3915 0
P9 3 1 0.36 0.24 0.36 5 12.3585 22.2453 14.8302 22.2453 0
P10 1 1.2 0.39 0.33 5 16.4835 32.1428 0 27.1978 0
P11 4 1.724 0.57 0.38 0.4 0.26 2.9 12.3585 20.4286 13.6191 14.3359 9.31831
P13 2 1.2 0.42 0.36 0.24 5 12.822 26.9262 0 23.0796 15.3864
P14 1 1.2 0.39 0.33 5 12.822 25.0029 0 21.1563 0
P15 1 1 0.33 0.33 5 12.822 21.1563 0 21.1563 0
P16 1 1 0.33 0.33 5 12.822 21.1563 0 21.1563 0
P17 1 1 0.33 0.33 5 12.822 21.1563 0 21.1563 0
P18 1 1 0.33 0.33 5 12.822 21.1563 0 21.1563 0
P19 1 1.724 0.48 0.33 2.9 16.4835 22.945 0 15.7747 0
P20 1 1 0.33 0.33 6 12.822 25.3876 0 25.3876 0
P21 1 1.2 0.39 0.33 5 12.822 25.0029 0 21.1563 0
P22 4 1.2 0.47 0.31 0.4 0.26 5 12.822 30.1317 19.8741 25.644 16.6686
P23 1 1.2 0.39 0.33 5 12.822 25.0029 0 21.1563 0
s2 2 1 0.33 0.33 6 13.4835 26.6973 0 26.6973 0
s3 2 1.2 0.42 0.36 0.24 5 12.822  26.9262 0 23.0796

3.3.2 Load transfer for ribbed slab to the Main beam

The joist transfer the load to the main beam in the form of uniformly distributed load within the effective joist
width, from SAP analysis the reaction force for un-factored dead and live load is computed in the form of
concentrated load so this load should be distributed through effective width in order to do this the reaction force
should be divided by effective width (beff=0.4m).
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Table 3. 15 load transfer for ribbed slab

live load transfer for the ribbed slab
between A-B,B-C,C-D, E-F,F-G and G-H

L I .
wwwwwwww

reaction(KN) 2.4 5.46 5.06 5.13 5.27 4.54 0.9
distributed 6 17.75 13.65 12.65 12.825 13.175 11.35 2.25

live load transfer for the ribbed slab
between A-B,B-C,C-D, E-F,F-G and G-H

reaction(KN) 4.53 13.31 10.24 9.49 9.62 9.9 8.51 1.7
distributed  11.325 33.275 25.6 23.725 24.05 24.75 21.275 4.25

live load transfer for the ribbed slab
between A-B,B-C,C-D, E-F,F-G and G-H

W
reaction(KN) 3.12 9.17 7.06 6.54 6.63 6.85 5.86 1.17
distributed 7.8 22.925 17.65 16.35 16.575 17.125 14.65 2.925

dead load transfer for the ribbed slab
between A-B,B-C,C-D, E-F,F-G and G-H

i b=,
v I W @LV D
reaction(KN) 5.28 15.51 11.94 11.05 11.2 11.53 9.92 1.97
distributed 13.2 38.775 29.85 27.625 28 28.825 24.8 4.925

dead load transfer for the ribbed slab
between 1-2, 2-3,3-4,4-5 and 5-6

2 WWWM

reaction(KN) 4.18 14.38 11.96 12.49 12.27
distributed 10.45 35.95 29.9 31.225 30.675 O

ER
8.7 1%,

)
=
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live load transfer for the ribbed slab
between 1-2, 2-3,3-4,4-5 and 5-6

)
f,
I 3 =] z 7
7 jW ?,W P;WW ,?-jjf
|
|
reaction(KN) 1.59 9.41 9.32 6.97 7.37 0
distributed  3.975 23.525 23.3 17.425 18.425 0

3.3 STAIR CASE DESIGN AND ANALYSIS

Functionally, the staircase is an important component of a building. It consists of a flight of steps, usually with
one or more intermediate landings (The horizontal top portion of a step where the foot rests) is termed tread and
the vertical projection of the step (i.e. The vertical distance between two neighboring steps) is called riser. The
width of the stair is generally around 1.1-1.6m, and in any case, should normally not be less than 850mm; large
stair widths are encountered in entrances to public buildings. The horizontal projection (plan) of an inclined

flight of steps between the first and last risers are termed going.
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Figure 3. 15 plane view of stair one

1/2
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Figure 3. 16 Sectional view of stair one
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3.3.1 GEOMETRICAL CONFIGURATIONS

A wide variety of staircases is met with in practice. But in this design the stair type is half turn type
Stair geometric data

Height = 3.20m

Height of flight one=1.50m

Height of flight two=1.70m

Number of going from plan view =19with 30cm width

Number of riser = number of going+2 =21(Total) with 15cm height

foor height _320cm

Height of riser = =15cm or 150mm

number of riser 21

3.3.2 DEPTH FOR DEFLECTION

Let us take one meter strip width, b=1000mm
D=effective depth (d) + g + cover

In order to determine the stair depth, first calculate the concrete cover and effective depth.
A, Concrete cover determination

Nominal concrete cover is the distance b/n the surface of reinforcement closest to the nearest concrete surface

(including links and stirrups)
Cnom = Cmin + ACdeV........cooveiiiniiiii e, (ESEN 1992: 2015 (11111 4.4.12 n.d.)
Cmin = max{Cmin, b; Cmin, dur + ACdury — Cdur, st — Cdur, add; 10mm}
Assume @12 longitudinal bar, ®20 nominal bar and maximum aggregate size;
Therefore;Cmin,b = 12mm
Cover design for corrosion or durability
The condition of exposure is given to be XC1, Environmental requirement for Cmin, dur = XC1 vs S3
Cmin, dur = 10mm
Cmin,b = 12mm

Cmin = max{Cmin, dur = 10mm Thus, Cmin =12mm
10mm

ACdev-allowance in Design for Variation
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Note: The recommended value of ACdev for use from National Annex is 10 mm.

Cnom = Cmin + ACdev = 1Zmm + 10mm = 22mm

Ccover = 22mm

B, Effective depth determination for serviceability requirement

According to ES EN 1992:2015; the limit state of deformation may be checked by either:

v by limiting the span/depth ratio, according to 7.4.2 or

v by comparing a calculated deflection, according to 7.4.3, with a limit value

é:k [11+1.5 fck%o +3.2+/fck % — 1)¥2] *F1*F2*F3......... if p<po Art.7.4.2 (7.16a)

Initially take po = p and Asreq = Asprov

éZK*N*Fl*FZ*FB where: N=17.7082, K=1.5, F1=1.25 and F2=F3=1.

%=1.5*17.7082*1.25*1*1=33.203

For flight 1 d1=3580/33.203=107.82mm~110mm

For fight 2 d2=3920/33.203=118.06mm~120mm, take the maximum d value for design.

Plongtudnal

D=d+ cover + =120mm+22mm+6mm=146.06mm, Use D=150mm

d=150-28=122mm
3.3.3 DETERMINATION OF LOADS

Material data unit weight based on (ES EN1991-1-:2001 (tableA2) n.d.)

v Unit weight of marble=27KN/m3

v Unit weight of cement screed=23KN/m3
v Unit weight of concrete=25KN/m3

v Unit weight of plastering=23KN/m3

Live load

Live load (LL) =2KN/m?for category A from..................ocoeveeinnn... (ES-EN-1991-2015 table 6.2 n.d.)
One meter strip live load =2KN/m?*1m=2KN/m

Use 2cm plaster, 3cm marble and 3cm cement screed for finishing

Calculation of dead load using 1m width for Flight 2
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Dead load of landing

DL for concrete slab=tslab * yc * Lw = 0.150 * 25 * 1 = 3.75KN/m
DL for plastering=tp * yp * Lw = 0.02 * 23 * 1 = 0.46KN/m

DL for cement screed=tcs * ycs * Lw = 0.03 * 23 * 1 = 0.69KN/m
DL for marble=tm * ym * Lw = 0.03 * 27 * 1 = 0.81KN/m

Total dead load= 3.75+0.46+0.69+0.81=5.71KN/m

Stair from B to G floor

Flight dead load

ong ) e i ~ 2cm plastreing

concrete
L P

3 om cament sreed
concrere

Figure 3. 17 flight and thread details
tanf = 1.7/3.15 = 0.5396, since the projected length=3.15m
0=28.35°
Step dead load
DL for concrete slab=1/2 * h * Lw * yc = 0.5 * 0.15 * 1 * 25 = 1.875KN/m
DL for cement screed=tcs * yc * Lw = 0.03 * 23 * 1 = 0.69KN/m
DL for marble=tm * ym * Lw = 0.03 * 27 * 1 = 0.81KN/m
Total dead load =1.875+0.69+0.81=3.375KN/m

Riser dead load

no of riser(h*txy) " _11(0.15%0.03%23)

projected lengh 3.15 * 1=0.361KN/m

DL for cement screed=

no of riser(hxtxy) * _11(0.15%0.03%27)

DL for marble=
0 arble projected lengh 3.15

* 1=0.424KN/m

Total dead load=0.361+0.4243=0.785KN/m

76



Waist dead load

tsxLinclinedxyc " _0.15%3.58%25

projected length w 3.15 * 1=4.262KN/m

DL for concrete=

tp*Linclinedx*yp " _0.02%3.58%23

. * 1=0.523KN/m
projected length 3.15

DL for plastering =

Total dead load=4.262+0.523= 4.785KN/m
DLflight=4.785+0.785+3.375=8.945KN/m

Design load for flight 2
Pd=1.35DL+1.5LL=1.35*8.945+1.5*2=15.075KN/m
Design load for landing
Pd=1.35DL+1.5LL=1.35*5.71+1.5*2=10.71KN/m
Calculation of dead load for flight one

Riser dead load

fri hxt 10(0.15%0.03%23
DL for cement screed=n2 2t Hserety) ., -1000.15-008+23) , 4 36KN/m
projected lengh
_no of riser(h*txy) _10(0.15%0.03%27) _
DL for marble= orojected lengh * lw= 5 * 1=0.42KN/m

Total dead load=0.36+0.42=0.78KN/m

Waist dead load

tsxLinclinedx*yc " _0.15%3.24%25

projected length * 1=4.189KN/m

DL for concrete=

tp*Linclined*yp _0.02%3.24%23
projected length

DL for plastering = * 1=0.514KN/m

Total dead load=4.189+0.514=4.7KN/m
DLflight=4.7+0.78+3.375=8.855KN/m

Design load for flight 1
Pd=1.35DL+1.5LL=1.35*8.855+1.5%2=14.95KN/m
Stair from G to 2" floor

Design load for landing

Pd=1.35DL+1.5LL=1.35*5.71+1.5*2=10.1KN/m
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For flight

Riser dead load

no of riser (hx*txy) " l‘/\,_10(0.15>|s0.03>|s23)

projected lengh 3.3

DL for cement screed= x 1.7=0.313KN/m

no of riser(h*txy) " _10(0.15%0.03%27)

projected lengh * 1.7=0.368KN/m

DL for marble=

Total dead load=0.313+0.368=0.68KN/m

Waist dead load

ts*xLinclinedx*yc _0.15%3.69%25

projected length * 1=4.163KN/m

DL for concrete=

_tp+Linclined*yp * _0.02%3.69%23

DL for plastering = projected length * 1=0.514KN/m

Total dead load=4.163+0.514=4.677KN/m
DLflight=4.677+0.68+3.375=8.732KN/m
Pd=1.35DL+1.5LL=1.35*8.732+1.5*2=14.788KN/m

Stair from 2" to 5™ floor

H=0.16m, projected length=3.5m and inclined length=3.92m

Step dead load

DL for concrete slab=2 + h + Lw * yc = 0.5 + 0.16 + 1 * 25 = 2KN/m
DL for cement screed=tcs * yc * Lw = 0.03 * 23 * 1 = 0.69KN/m
DL for marble=tm * ym * Lw = 0.03 * 27 * 1 = 0.81KN/m

Total dead load =2+0.69+0.81=3.5KN/m

Riser dead load

f riser(h*t 11(0.16%0.03%23
DL for cement screed=n2 ot riserety) ., -11(016:0.08+23) | 1-0.347KN/m
projected lengh 3.5
_no of riser(hxtxy) _11(0.16%0.03%27) _
DL for marble= brojected lengh * Jlw= - * 1=0.407KN/m

Total dead load=0.347+0.407=0.754KN/m

Waist dead load

tsxLinclinedxyc " _0.15%3.92%25

projected length * 1=4,2KN/m

DL for concrete=
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tp*Linclinedx*yp " _0.02%3.92%23
projected length -

* 1=0.515KN/m

DL for plastering =

Total dead load=4.2+0.515= 4.715KN/m
DLflight=4.715+0.754+3.5=8.969KN/m

Design load for flight 2

Pd =1.35DL+1.5LL=1.35*8.969+1.5*2=15.11KN/m
3.3.4 DETERMINATION OF MOMENT

Based on end connection the stair in this building have two cases and use the maximum design load Pd
=15.11KN/m for flight and 10.1KN/m.

Case 1) between the basement and intermediate landing

175cm
30 cm
75cm
- = S
o = = o
" ¥ y
AN b

1

55,74

Figure 3. 18 Moment and shear for flight 1 for B to G

Case 2) between 1%, 2", 31, 4t 5t to intermediate landing
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Figure 3. 19 Moment and shear for flight 2 for B to G

3.3.5 DESIGN OF STAIRCASE FOR FLEXURE

TT*1
4

2
Using reinforcement @ 12 then as = 2 =113.04mm?

Flight 1, Design for main reinforcement bar (principal reinforcement)

MD=55.74KN-m
_fedf 2D Y epp |oqp__4MD
P=td fedsbxaz| °° P72 C2#b * d2
11.33 2 % 55.74 * 106Nmm

p= - |1-
347.83 11.3322N 4 1000mm * (122mm)?
mm
0=0.0136

Ast, cal= pbd=0.0136*1000mm*122mm=1659.2mm?
Check for minimum and maximum reinforcement area
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Minimum requirement

fctms*b+d

Ast, min = max{0.26 * K 0.0013*b*d}...ceeeeiiiiiiie ES EN 1992:0215art9.2.1.1 (1)
) 2.2Mpa * 1000mm * 122mm
Ast, min = max{0.26 * ,0.0013 « 1000mm * 122mm
400Mpa

Ast, min = max{174.46mm?, 158.6mm?}

Ast, min = 174.46mm?

Maximum requirement

Ast,max = 0.04Ac =04 +b=xd

Ast, max = 0.04 * 1000mm * 122mm = 4880mm?

Ast, min < Ast, cal < Ast,max................. ok! Because According to ES EN 1992-1-1:2015 section 9.2
Sections containing less reinforcement than Ast,min should be considered as unreinforced and the cross-

sectional area of tension or compression reinforcement should not exceed Ast, max outside lap locations.
Therefore provided Ast, provided = 1659.2mm?
Flight 1, Secondary transvers reinforcement

According to ES EN 1992-1-1:2015 section 9.3.1.1 Secondary transverse reinforcement of not less than 20% of
the principal reinforcement should be provided in one way slabs. In areas near supports transverse reinforcement
to principal top bars is not necessary where there is no transverse bending moment. Staircase is treated as one-

way slab. Therefore, secondary transverse reinforcement for staircase is Ast = 20%Ast, provided.
Where, Ast is area of Secondary transverse reinforcement in mm? and
Ast, pro -is area of principal reinforcement provided in mm?
Ast = 0.2 * 1659.2mm? = 331.84mm?
Check for minimum and maximum reinforcement area
Minimum requirement

Ast = 331.84mm? > Ast,min = 174.46mm? ... .......ok. Therefore, secondary reinforcement should be

provided.
Calculation of spacing

Spacing for principal reinforcement
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_ Dbtxas __1000mm+*113.04mm?
- Ast,provided - 1659.2mm?2

= 68.12mm, Use @12c/c60mm

Spacing for secondary reinforcement

_ Dbtxas __1000mm=*113.04mm?
- Ast,provided - 331.84mm?

= 340.6mm, Use @12c/c335mm

Check for maximum spacing
According to ES EN 1992-1-1:2015 section 9.3.1.1 the spacing of bars should not exceed Smax, slab.
For principal reinforcement

3h or3ts

Smagx, slab = min{400mm

Smax, slab = min {3 *150 = 450mm’ take 400mm
400mm
Sprovided = 60mm < Smax = 400mm ... ... ... ... ... ok

For secondary reinforcement

Smax, slab = min {3.5h or33.5ts

450mm
Smax, slab = min {3'5 *150 = 525mm, take 450mm
450mm
Sprovided = 335mm < Smax = 450mm ... ... ... ... ... 0Ok

Therefore, provide @12 c/c 60mm for principal reinforcement bar and provide @12 c/c 335mm for secondary

reinforcement bar.

Flight 2, Design for main reinforcement bar.

MD=33.3KN/m
_fedfy, ]y 2MD Y FCTC I (L
T fedsb+dz| > P72 C2+b *d?
1133 2 =333 % 105Nmm 0.00723
p= - 1= e
347.83 11.33 2204 1000mm * (122mm)>2

Ast, cal= pbd=0.00723*1000mm*122mm=882.77mm?
Check for minimum and maximum reinforcement area

Minimum requirement
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fctm=b*d

Ast, min=max{0.26 * R 0.0013*b*d} ..o, ES EN 1992:0215 art 9.2.1.1 (1)
) 2.2Mpa * 1000mm * 122mm
Ast, min = max{0.26 * ,0.0013 « 1000mm * 122mm
400Mpa

Ast, min = max{174.46mm?, 158.6mm?}

Ast, min = 174.46mm?

Maximum requirement

Ast,max = 0.04Ac=0.4+«bx*d

Ast, max = 0.04 * 1000mm * 122mm = 4880mm?

Ast, min < Ast, cal < Ast,max................. ok! Therefore, provided Ast, provided = 882.77mm?
Flight 1, Secondary transvers reinforcement

Ast = 20%Ast, provid = 0.2 * 882.77 = 176.55mm?

Check for minimum and maximum reinforcement area

Minimum requirement

Ast = 176.55mm? > Ast,min = 174.46mm? ... .......ok. Therefore, secondary reinforcement should be

provided.
Spacing for principal reinforcement

_ btras  _ 1000mmx113.04mm?
- Ast,provided - 882.77mm?

= 128.05mm, Use @12c/c125mm

Spacing for secondary reinforcement

_ btras  _ 1000mmx113.04mm?
- Ast,provided - 176.55mm?

= 640.25mm, Use @12c/c630mm

Check for maximum spacing

For principal reinforcement

Sprovided = 125mm < Smax = 400mm ... ... ... ... ... 0k
For secondary reinforcement
Sprovided = 630mm < Smax = 450mm.... ... ... ... ... not ok, take the limiting value 450mm.

Therefore, provide @12 c/c 125mm for principal reinforcement bar and provide @12 c/c 450mm for secondary

reinforcement bar.
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3.3.6 DESIGN OF STAIRCASE FOR SHEAR

According to ES EN 1992-1-1:2015 section 6.2.1 for member’s subject to predominantly uniformly distributed
loading the design shear force need not to be checked at a distance less than d from the face of the support. Any
shear reinforcement required should continue to the support. In addition, it should be verified that shear at the
support does not exceed VRd, max.

Check if the VRd, max greater than Vd at the support

ocw * bw * z * v1 * fcd
(cotB + sinB)

VRd, max =

Where: acw -is a coefficient taking account of the state of the stress in the compression chord
bw-1m width of the slab to be analysis, in mm

v1-is a strength reduction factor for concrete cracked in shear

0-is the angle between the concrete compression strut and the beam axis perpendicular to shear force

Z-is the inner lever arm for a member with constant depth corresponding to the bending moment in the element

under consideration. In shear analysis of reinforced concrete without axial force in mm.
acw=1, for non-pre-stressed structures

Z=0.9d =0.9*122mm = 109.8mm

1=06 (1 ka) 06 (1 20) 0.552
= * - = * —_ | =
vi=E 250) 250)

bw = 1000mm and 6 = 28.35°
At support Vd = 38.26KN for flightland Vd = 45.95KN for flight2.

1+¥1000mm+109.8mm+0.552+11.33N/mm?
VRd, max = : /MM _94,95KN
(cot28.35°+sin28.35°)

VRd, max = 294.95KN > Vd = 38.26KN ... ... ... e ss v e oo 0K
VRd, max = 294.95KN > Vd = 45.95KN ... ... ... s vs vev s e 0K

According to ES EN 1992-1-1:2015 in regions of the member where VRd,c = VEd no calculated shear

reinforcement is necessary.

Check VRd, c is greater than VEd at d distance from the face of support
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1
CRd * k(100 * p1 * fck)s + k1 * ch] *bw * d
(Vmin + k1 * ocp) * bw x d

VRd, c = max{[ ....... ES EN 1992-1-1:2015 section 6.2.2

equation (6.2.a and 6.2.b)

g 018_018 _
oy 15 7

K=1+ /% = 2.28 > 2.0, take K=2

S
< 0.02
bw * d

pl =

As _ 1501.145
bwxd ~ 1000%122

For flightl, p1 = = 0.0123 < 0.02

As 88277
bwxd ~ 1000%122

For flight2, p1 = = 0.00723 < 0.02

ocp = NA—E:l <0.2fcd=0...................because NEd=0
3 3
vmin = 0.035 * kz * fck®> = 0.035 * 22 * 20°5 = 0.443

1
0.12 * 2(100 % 0.0123 * 20)3 + 2 * 0] * 1000 * 122 = 85.156KN

VRd, c = max{[
(0.443 + 2% 0) * 1000 * 122 = 54.046KN

VRd, ¢ = 85.156KN

For flight1 VRd, ¢ = 85.156KN> Vd =33.26KN............. ok
1
VRd.c = max{[o.u % 2(100 * 0.00723  20)3 + 2 * 0] +1000 * 122 = 71.33KN
(0.443 + 2 + 0) * 1000 * 122 = 54.046KN

For flight2 VRd, ¢ = 71.33KN> Vd =45.95KN............. ok

Therefore, no need of shear reinforcement and minimum reinforcement is required for the staircase according
B0 (ES EN 1992-1-1:2015 section 6.2.1. n.d.)

3.3.7 DESIGN OF STAIR 2
Use D=150mm, d=150-28=122mm
Design load with similar step

Step dead load=3.375KN/m
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Riser dead load =0.785KN/m

Waist dead load

tsxLinclined*yc W_0.15*3.58*25
projected length 3.15

DL for concrete= x 1=4.262KN/m

tp*Linclinedx*yp " _0.02%3.58%23

. * 1=0.5228KN/m
projected length 3.15

DL for plastering =

Total dead load=4.262+0.5228= 4.783KN/m
DLflight=4.783+0.785+3.375=8.943KN/m

Design load for landing, pd =10.1KN/m

Design load for flight

pd =1.35DL+1.5LL=1.35*8.943+1.5*2=15.07KN/m

v" Determination of moment

N )
-
N
=0
MD=62.47KN/m
1133 2+ 62:47 x 10°Nmm 0.01599
p= - 1= -
347.83 11.33228 4 1000mm * (122mm)?

Ast, cal= pbd=0.01599*1000mm*122mm=1951.08mm?

Check for minimum and maximum reinforcement area

Ast, min = 174.46mm? and Ast, max = 4880mm?

Ast, min < Ast, cal < Ast, max......ok! Therefore, provided Ast, provided = 1951.08mm?
Secondary transvers reinforcement

Ast = 20%Ast, provid = 0.2 * 1951.08 = 390.22mm?



Ast = 390.22mm? > Ast,min = 174.46mm? ... ... ....ok.Therefore, secondary reinforcement

provided.

Spacing for principal reinforcement

_ Dbtxas _1000mm=*113.04mm?
- Ast,provided - 1951.08mm?2

= 57.9mm, Use @12c/c55mm

Spacing for secondary reinforcement

btras __1000mm=*113.04mm?

= Astprovided PTTEy— = 289.68mm, Use @12¢/c280mm

Check for maximum spacing

For principal reinforcement

Sprovided = 55mm < Smax = 400mm.... ... ... ......0k
For secondary reinforcement

Sprovided = 280mm < Smax = 450mm. ... ... ... ... ... ok.
Shear design

Check if theVRd, max greater than Vd at the support

VRd, max = 294.95KN > Vd = 38.33KN ... ... ok

1951.08

=—————=10.01599
1000 = 122

pl

1
[0.12 % 2(100 % 0.01599 = 20)5 + 2 * 0] +1000 * 122 = 92.94KN
(0.443 + 2 % 0) * 1000 = 122 = 54.046KN

VRd, c = max

VRd, ¢ = 92.94KN> Vd =38.33KN............. ok, Therefore, no need of shear reinforcement.
3.3.8 DESIGN STAIR 3

Which is one flight stair without landing from Ground floor to 1% floor

Calculation of dead load using 1.4m Flight width

Height of flight=3m

Number of going from plan view =14with 30cm width

Number of riser = number of going+2 =16(Total)

300cm
= 18.75~19cm

hight of riser =

87

should be



3 o .

tand = 368’ 0 = 39.18° then inclined length = c0s3918° — 4.747m

1 -33203,d =27 — 142.969

d 33.203

D=d+ cover + 22n8tdnal_; 15 969mm+22mm+6mm=170.9mm, Use D=180mm, d=180-28=152mm

Step dead load

DL for concrete slab=1/2 * h * Lw * yc = 0.5 * 0.19 * 1 * 25 = 2.375KN/m
DL for cement screed=tcs * yc * Lw = 0.03 * 23 * 1 = 0.69KN/m

DL for marble=tm * ym * Lw = 0.03 * 27 * 1 = 0.81KN/m

Total dead load =2.375+0.69+0.81= 2.4487KN/m

Riser dead load

DL for cement screed="20rHsertey) ., -16(019+0.08+23) , 4_0 57K N/m
projected lengh 3.68
DL for marble:no of riser(h*txy) * :16(0.19*0.03*27) + 1=0.669KN/m

projected lengh 3.68

Total dead load=0.669+0.57=1.239KN/m

Waist dead load

ts*Linclined 0.18%x4.747%25
DL for concrete=————o 2y =222 4 125 805KN/m
projected length 3.68
. tp*Linclined 0.02%4.747%23
DL for plastering =————o VB =" 22 4 120.592KN/m
projected length 3.68

Total dead load=5.805+0.592= 6.398KN/m
DLflight=6.398+1.239+2.4487=10.08KN/m

Pd=1.35DL+1.5LL=1.35*10.08+1.5*2=16.61KN/m




MD=47.71KNm

= 0.00661

p

1133 2% 47.71 + 105Nmm
347.83 11.332N 4 1000mm * (152mm)?2

mm?
Ast, cal = pbd=0.00661*1000mm*152mm=1004.87mm?

Check for minimum and maximum reinforcement area

fctmxbx*d
fyk ’

Ast, min=max{0.26 x 0.0013%b*dY....veeeeeeeeeeeeeee . ES EN 1992:0215 art 9.2.1.1 (1)

) 2.2Mpa * 1000mm * 152mm
Ast, min = max{0.26 * ,0.0013 * 1000mm * 152mm
400Mpa

Ast, min = max{217.36mm?, 197.6mm?}

Ast,min = 197.6mm?

Ast,max = 0.04Ac = 0.4 *b *d = 0.04 * 1000 = 152 = 6080mm?

Ast, min < Ast, cal < Ast, max......ok! Therefore, provided Ast, provided = 1004.87mm?
Secondary transvers reinforcement

Ast = 20%Ast, provid = 0.2 * 1004.87 = 200.974mm?

Ast = 200.974mm? > Ast,min = 197.6mm? ... .......ok. Therefore, secondary reinforcement should be

provided.

Spacing for principal reinforcement

btras _1000mmx*113.04mm?

= Tstprovided — 00187 = 112.49mm, Use @12c¢/c110mm

Spacing for secondary reinforcement

_ Dbtsas _1000mmx*113.04mm?
" Astprovided 200.974mm?2

= 562.46mm, Use @12c/c560mm

Check for maximum spacing
For principal reinforcement

3hor3ts_ . {3 * 180 = 540mm
= min

400mm 400mm  ake 400mm

Smax, slab = min{
Sprovided = 110mm < Smax = 400mm ... ... ... ... ... 0k
For secondary reinforcement
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. (3.5hor3.5ts__. (3.5%180 = 630mm
Smax, slab = mln{ AS0mm { 450mm , take 450mm
Sprovided = 560mm < Smax = 450mm ... ... ... ... ... not ok, use @12c/c450mm

Shear design
Check if theVRd, max greater than Vd at the support

VRd, max = 294.95KN > Vd = 40.2KN ... ... ok

1004.87

=— =10.00661
1000 * 152

pl

1
0.12 * 2(100 % 0.00661 * 20)3 + 2 * 0] * 1000 * 152 = 86.262KN
(0443 4+ 2+0) * 1000 * 152 = 67.336KN

VRd, c = max [

VRd, c = 92.94KN>Vd =40.2KN............. ok, Therefore, no need of shear reinforcement.
3.3.9 STAIR DESIGN FOR BASEMENT
This is another straight stair with intermediate landing and designed with 5.5m width.

Projected length L1=0.9m and L2=1.8m, height of stair hf1 =0.83m and hf2=1.2m with 5.5m width.

203cm
12

Number of going =10, height of riser = =16.9~17cm

0.83 1.2
= 1) = ° = 1) = °
01 = tan ( 09 ) 42.68°,02 = tan (1.8) 33.69

then inclined length, 11 = 054768 =1.22mand 12 = 20533.69° = 2.16m

L _33203,d=-22 _ 6505mm

d 33.203

D=d+ cover + 2ongtdnal_ge o m+22mm+6mm=93.05mm. Use D=130mm, d=130-28=102mm

Dead load of landing

DL for concrete slab =tslab * yc * Lw = 0.130 * 25 * 5.5 = 17.875KN/m
DL for plastering =tp * yp * Lw = 0.02 * 23 * 5.5 = 2.53KN/m

DL for cement screed=tcs * ycs * Lw = 0.03 * 23 * 5.5 = 3.795KN/m
DL for marble=tm * ym * Lw = 0.03 * 27 * 5.5 = 4.455KN/m

Total dead load = 17.875+2.53+3.795+4.455=28.655KN/m

Pd =1.35*28.655+1.5%11=55.18KN/m
90



Step dead load
DL for concrete slab% *h*Lw*yc=05%0.17*5.5% 25 = 11.687KN/m

DL for cement screed=tcs * yc * Lw = 0.03 * 23 * 5.5 = 3.795KN/m
DL for marble=tm * ym * Lw = 0.03 * 27 * 5.5 = 4.455KN/m
Total dead load =11.687+3.795+4.455=19.937KN/m

Riser dead load for flightl

no of riser (h*txy) " _4(0.17%0.03%23)
projected lengh - 0.9

DL for cement screed= x 5.5=2.867KN/m

no of riser(hxtxy) 4(0.15%0.03%27)

* lw= * 5.5=2.97KN/m

DL for marble=———
projected lengh 0.9

Total dead load=2.867+2.97=5.837KN/m

Waist dead load

tsxLinclinedxyc _0.13%1.22%25

projected length * 5.5=24.23KN/m

DL for concrete=

tp*Linclinedx*yp " _0.02%1.22%23

projected length * 5.5=3.43KN/m

DL for plastering =

Total dead load=24.23+3.43= 27.66KN/m
DL ighu=19.937+5.837+27.66=53.434KN/m
Pd for f1=1.35DL+1.5LL=1.35*53.434+1.5(2*5.5)=88.63KN/m

Riser dead load for flight2

no of riser(hxt+y) £l _8(0.17%0.03%23)

. * 5.5=2.867KN/m
projected lengh 1.8

DL for cement screed=

no of riser(hxtxy) " _8(0.15%0.03%27)

DL for marble=———
projected lengh 1.8

* 5.5=2.97KN/m

Total dead load=2.867+2.97=5.837KN/m

Waist dead load

tsxLinclinedxyc _0.13%2.16%25 "

projected length 5.5=21.45KN/m

DL for concrete=

tp*Linclined*yp _0.02%2.16%23

projected length * 5.5=3.036KN/m

DL for plastering =

Total dead load=21.45+3.036= 24.486KN/m
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DL for flight2=24.486+5.837+19.937=50.26 KN/m
Pd=1.35*50.26+1.5*11=84.35KN/m

Moment Analysis by using SAP 2000

:W

L)

5a
554@1\7
151,34,

135. 24
|

MD=135.24KNm

11.33 2 % 135.24 * 10°Nmm 0.007706
p = — — = .
347.83 11.33 204 5500mm * (102mm)>2
Ast, cal = pbd=0.007706*5500mm*102mm=4323.28mm?
Check for minimum and maximum reinforcement area
. fctmxb*d .
Ast, min =max{0.26 * K 0.0013*b*d} ..., ES EN 1992:0215 art 9.2.1.1 (1)
i 2.2Mpa * 5500mm * 102mm
Ast, min = max{0.26 * ,0.0013 * 5500mm * 102mm

400Mpa
Ast, min = max{802.23mm?, 729.3mm?}
Ast, min = 802.23mm?
Ast,max = 0.04Ac = 0.4 xb = d = 0.04 x 5500 * 102 = 22440mm?
Ast,min < Ast,cal < Ast,max................. ok! Therefore, provided Ast, provided = 4323.28mm?
Secondary transvers reinforcement
Ast = 20%Ast, provid = 0.2 * 4323.28 = 864.656mm?

Ast = 864.656mm? > Ast,min = 802.23mm? ... .......ok. Therefore, secondary reinforcement should be

provided.

Spacing for principal reinforcement
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_ Dbtxas __ 5500mm+*113.04mm?
- Ast,provided - 4323.28mm?

= 143.8mm, Use @12c/c140mm

Spacing for secondary reinforcement

_ Dbtxas __ 5500mm=*113.04mm?
- Ast,provided - 864.656mm?2

= 719.03mm, Use @12c/c710mm

Check for maximum spacing
For principal reinforcement

3hor3ts_ . {3 *130 = 390mm ., 0 390mm

Smazx, slab = min{400mm— 400mm

Sprovided = 140mm < Smax = 390mm.... ... ...... ... 0K

For secondary reinforcement

_ . (3.5hor3.5ts___. (3.5%130 = 455mm
Smax, slab = mln{ AS0mm - mln{ 450mm , take 450mm
Sprovided = 710mm < Smax = 450mm. ... ... ... ... ... not ok, use @12c/c450mm

Shear design

1= 4323.28 0.0077
PX = 5500102
1
VRd, ¢ = max [0.12 * 2(100 % 0.0077 * 20)3 + 2 = 0] * 55000 * 102 = 335.07KN
(0.443 4+ 2% 0) * 5500 * 102 = 248.5KN
VRd, c = 335.07KN>Vd =154.4KN............. ok, Therefore, no need of shear reinforcement.
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4.0 DESIGN FOR EARTHQUAKE RESISTANCE

If resources were unlimited, seismic protection would be achieved by simply providing as much earthquake
resistance as possible to structures. In practice, it is not feasible to reduce seismic vulnerability to an absolute
minimum because the costs would be prohibitive and certainly not justified since they would be for protection
against a loading case that may not even occur during the useful life of the structure. Therefore Seismic design
seeks to balance the investment in provision of seismic resistance against the level of damage, loss or disruption
that earthquake loading could impose. For this reason, quantitative assessment and characterization of the
expected levels of ground shaking constitute an indispensable first step of seismic design, and this process is

seismic hazard analysis.

4.1 EARTH QUAKE ANALYSIS

There are three methods of earthquake analysis. (ES EN 1998-1:2015 section 4.3.3 n.d.)
Selecting an appropriate type of analysis method for this building

A. Check to use lateral force method of analysis

4Tc

Requirements:T1 = {ZSeC Where T1 is fundamental period of vibration

Then according to (ES EN 1998-1:2015 section 4.3.3.2.2 n.d.)Expression 4.6 for buildings with heights of up to

40 m the value of T1 (s) may be approximated by the following expression
T1 = CtH3/*

Where; Ct is 0.085 for moment resistant space steel frames, 0.075 for moment resistant space concrete frames
and for eccentrically braced steel frames and 0.050 for all other structures; H is the height of the building in m,

from the foundation or from the top of a rigid basement.

Then, Ct=0.075 for moment resistant space concrete frames and H=23.93m

3
T1 = 0.075 = (23.93)* = 0.81sec
There is no soil data thus assume the site to be ground type A and type 1 spectrum

ACCOrdingto ...o.oviviiiiiiii ES EN 1998-1:2015 section 3.2.2.2 table 3.2 Tc = 0.25

T1 = 0.81sec < {4 *025 _ {1sec

2sec 2sec
B. Check the criteria for regularity in elevation
According to ES EN 1998-1:2015 section 4.2.3.3 the criteria for regularity in elevation: in this building no set

backs are present because the building satisfy all above criteria. It is also regular in elevation.
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4.1.1 DESIGN SPECTRUM FOR ELASTIC ANALYSIS
ACCOTAING T0. ...t iei ettt e ES EN 1998-1:2015 section 3.2.2.5

The design spectrum for elastic analysis of the seismic action SA(T) is defined by the following expressions

0 <T < Te: SA(T).S. E+l(§_§)]

TB < T < Tc:Sd(T) = ag. s.n.%s

—a s [
TB < T < Tc: SA(T) = g T
= B.ag
2.5 [Tc.TD
To< T:Sd = {ag.s.?[ T2 ]
> B.ag

Where: T is the vibration period of a linear single-degree-of-freedom system

Tc is the upper limit of the period of the constant spectral acceleration branch

To is the value defining the beginning of constant displacement response range of the spectrum
Tgis the lower limit of the period of the constant spectral acceleration branch

ag -is the design ground acceleration on type A ground (ag = y1.agR)

B-is the lower bound factor for the horizontal design spectrum and S is the soil factor.

Values of the periods Tg, Tc and Tp and of the soil factor S describing the shape of the elastic response spectrum
depend upon the ground type, taken from ES EN 1998-1:2015 table 3.2.

Table 4. 1 Type 1 elastic response spectra for ground type A

S TB TC TD

1 0.05 0.25 1.2

For Tc <T:<Tp

s 2 1
Sd(T1) = max &> 11
B.ag
The design ground acceleration, ag = ylagR But, agR = ao from national annex of Ethiopia

From zonation map Ethiopia for Addis Ababa (zone 3).
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9.81m
52

ao = ? =0.1-ao0o=0.1g=0.1# = 0.981m/s>

y1 is importance factor and According to ES EN 1998-1:2015 section 4.2.5 table 4.3 for importance class Il and
Ordinary buildings, not belonging in the other categories shall be by definition equal to 1.0
ag =1%0.981 =0.981m/s?

According to ES EN 1998-1:2015 section 5.3.3, the behavior factor g of 1.5 may be used in deriving the seismic
action for DCM regardless of the structural system and the regularity in elevation.

0.981m

e Lo [P = 0mys? :
Sd(T) = max 0.581m , then SA(T) = 0.41m/s

0.2 * = 0.196m/s?

)
The correction factor A

A =0.85if T1 < 2Tc otherwise A = 1,thus T1 = 0.81 secand 2TC = 0.5sec
0.81sec < 0.5sec................notokso,A =1

4.1.2 DETERMINATION OF CENTER OF MASS

Centre of mass is a point on a floor level where the whole mass and its inertial effects can be replaced using

lumped equivalent mass. Total weight of the building, that acts in the direction of gravity.

Xm = 2%y o ZW—V\'XI Center of mass from ETABS

Twi’ X

Table 4. 2 Center of mass of the Building

Story Diaphragm [MassX [MassY |[XCM [YCM  |CumMassX |CumMassY|XCCM |YCCM
ROOF D1 139.147| 139.147| 16.257| 10.873| 139.1469| 139.1469| 16.257| 10.873
5TH D1 6112.84| 6112.84| 18.08| 12.055| 6251.9896] 6251.99| 18.039| 12.029
4TH D1 6137.27| 6137.27| 18.075| 12.04| 12389.26| 12389.26| 18.057| 12.034
3RD D1 1673.16| 1673.16| 17.948| 11.74| 14062.418| 14062.42| 18.044| 11.999
2ND D1 1580.68| 1580.68| 17.928| 11.732| 15643.099| 15643.1] 18.032| 11.972
1ST D1 1625.56| 1625.56| 18.105| 11.392| 17268.656| 17268.66| 18.039| 11.917
GROUND (D1 1657.35| 1657.35| 18.173| 11.385| 18926.011| 18926.01| 18.051| 11.871
BASEMEN]D1 530.437| 530.437| 17.657| 10.963| 19456.447| 19456.45| 18.04| 11.846

4.1.3 STORY SHEAR DETERMINATION

The base shear force shall be distributed over the height of a structure concentrated at each floor level as Fi =

zimi

re T ES-EN 1998-1-2015
Yzjmj
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Table 4. 3 Story Shear

Story Loc P MX MY

ROOF |Top 966.68| 10826.8| -16868.601
ROOF [Bottom | 1543.32| 16688.2 -24778
5TH Top 18643.2| 219648| -334691.47
5TH Bottom | 19539.5| 229527 -350064.24
4TH Top 36639.3| 432487 -659977.8
4TH Bottom | 37801.2| 443101 -677888.34
3RD Top 54346.5( 640271 -979438.4
3RD Bottom | 55363.6| 650496( -995572.57
2ND Top 71966.8| 843833 -1300450.6
2ND Bottom | 73032.3| 855969 -1319666.1
1ST Top 90280.3| 1050162 -1640078.3
1ST Bottom | 91640.7| 1065800 -1665346.2
GROUNITop 109106| 1263579| -1990822.2
GROUNI Bottom 110299| 1275399| -2009771.8
BASEMHETop 114770( 1324982 -2090703.6
BASEMHEBottom 115662| 1334690( -2106086.8
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5.0 FRAME ANALYSIS

5.1 ANALYSIS OF 3D FRAME

Modeling for 3D frame analysis using ETABS V 2017

Figure 5. 1 building 3d model

General procedure of Modeling of frame

Step 1: plot grid coordinates

Plot grid coordinates that represent the span structural design

Step 2: Define Material
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Concrete C-25 is defined
Material type =concrete
Symmetry type=Isotropic
Modulus of Elasticity=30000MPa
possion's ratio =0.2
Shear Modulus 11.67MPa
Coefficient of Thermal Expansion =0.0000099/c
Unit Weight =20KN/m?
Step 3 Define Frame section
For this project three types of frame sections are define
Beam grid beam 200mmx300mm Solid slab beam 300mmx400mm
Ribbed slab beam 400mmx300mm top tie beam 200mmx300mm
Column C 500X500 for basement and ground floor central columns
C400x400 for 1%, 2"@ and 3™ floor central columns and G-1% edge columns
C350x350 for 1%, 2"@ and 3™ floor edge columns
C300x300 for 4™ and 5™ floor
Slab section as shell element with thickness of 220mm
Slab section as shell element with thickness of 210mm
Slab section as shell element with thickness of 290mm
For roof structure GEA500 with 0.4mm thickness
For truss -50mmx30mmx3mm RHS purlin - 20mmx30mmx2.5mmRHS diagonal members
-20mmx40mmx3mm RHS top and bottom members
150mm shear wall depth and 150mm for stair landing
Diaphragm for each floor level
Step 4) Draw the different structural members

Using the grid system draw the structural member with their defined frame, section properties it includes

assignment of the restraints (Fixed -joint)
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Step 5) Assignment of loads

The loads which comes from the slab as factored live, dead load and the wall which rest on the beam should be

assigned as a dead load

Earth quick load is assigned on the User loads with the respected direction
The Load combination

Combo 1=1.35(SW+FF+WL+PL) +1.5LL =1.35DL+1.5LL
Combo 2= 0.75*Combo 1+QXP

Combo 3= 0.75*Combo 1-QXP

Combo 4=0.75* Combo 1+QXN

Combo 5=0.75* Combo 1-QXN

Combo 6=0.75* Combo 1+QYP

Combo 7=0.75* Combo 1-QYP

Combo 8=0.75* Combo 1+QYN

Combo 9=0.75* Combo 1-QYN

Step 6) Analysis

After checking for errors the analysis result output is generated
5.2 DESIGN AND ANALYSIS OF BEAM

A beam is a member for which the span is not less than 3 times the overall section depth otherwise it should be
considered as a deep beam (ES-EN-1992-2015-Art 5.3.31.2)

It is a structural member that supports applied loads which comes from the slab, partition wall and for design
use the maximum bending moment and shear force. In this project, different section of the beam is considered

by different elevation of the building, based on the functional use of the building and based on the slab types.
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Figure 5. 2 beam result
Determine material design values (specifications)
1. Concrete cover determination

The nominal concrete cover is the distance between the surfaces of reinforcement closest to the nearest concrete

surface.

Cnom = Cmin 4+ ACdev........ccooviiiiiiii e ES EN 1992:2015 Art 4.4.12(1)
Where; Cmin—minimum cover and ACdev is allowance in design for deviation

Minimum cover, shall provide in order to ensure

v' Safe transmission of bond force
v Corrosion resistance/ durability
v Fire resistance
Cmin, b

Cmin = max{Cmin, dur + ACdur,y — ACdur, st — ACdur,add...........cccoceveveieninen.. Eqn(4.2)
10mm

Table 4.2: minimum cover,Cmin, b requirements with regard to bond.
101



Assume @20 longitudinal bar and ®20 nominal maximum aggregate size;
Therefore; Cmin, b =20mm
Cover design for corrosion/durability

v Dry or permanent wet condition=xc1

Exposure class to determine Cmin. dur

Member with slab reduced by 1

Strength class C25

The recommended structural class (design working life of 50 years) is S4 but reduced by 1 so S3.

N N N NN

Environmental requirement for Cmin. dur(mm)

Cmin,b = 20mm
Cmin = max{Cmin.dur = 10mm
10mm

Therefore; Cmin =20mm
ACdev(Allowance in design for variation)
The value of ACdev for use in a country may be found in its National Annex. The recommended value is 10mm.
Then; Cnom = Cmin +ACdev = 20mm + 10mm=30mm
2. Effective depth determination: serviceability requirement
According to ES EN 1992:2015; the limit state of deformation may be checked by either:

v By limiting the span/depth ratio, according to 7.4.2 or

v" By comparing a calculated deflection, according to 7.4.3, with a limit value

500 500
Fl= 35 :f o Asreq
YR s prov

F2=0.8, for flanged section where the ratio of the flange breath to the rib breadth exceeds 3.
Otherwise; F2=1 for other cases.

F3 = 7/leff For beam, F3=1 for both cases.

Then in this case the lengths are below 7m so F2=F3=1

Let’s assume p = po and equation 7.16a as N

As,req = As, prov

lksN*F1*F2*F3
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Where: N= 11+1.5 fck%o +3.2,/ fck(%o—l) 312

500

F1 =
fyk * Areq/Aprov

F1=500/400=1.25....since Areq = Aprov
N=11+1.5*20"0.5=17.708
F2=1 and F3=1 (because span of beam<7m)

The value of K is 1.5 for interior span, 1.3 for end span and 0.4 for cantilever. Using table 7.4N of
ESEN1992:2015.

%21.3 *17.708* 1.25 * 1 * 1=28.7755, where L=6m=6000mm

_ 6000mm

m
= 256.51mm ... ... take D = 300mm

@ 20m
D= d+cc+ﬂ+5= 208.51mm + 30mm + 8mm +

v % 9 9 ® o oF
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Figure 5. 3 5th floor beam shear force diagram
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Figure 5. 4 5th floor beam moment diagram
5.2.1 FLEXURAL DESIGN OF THE BEAM
Let’s take one axis 2 for the beam design
Step 1) Determine material design value/specification
For concrete C25 Grade of concrete for the beam
For steel

Let’s Use 400MPa steel Grade which is specified in the code in the range of 400-600 according to ES-EN-1992-
2015-Art-3.2.2.3

Step 2) Computing the effective depth with cc =30mm for beam

@l
d=D—(?+(Z)s+cc)

20
d= 300—<7+8+30) = 252mm

step3) Check the depth of flexure
Mrd = 0.8kx(1 — 0.4Kx)fcd * b * d?
= 0.8 % 0.448(1 — 0.4 * 0.448)11.33 * 400 * 2522

=84.66KNmM>25.34KNm ...ok for span
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Step 4) Designing the beam as double reinforcement beam using design charts

Msd,s 25.34 % 10°
fed b *d?2  11.33 x 400 * 2522

usd,s = = 0.088

usd = 0.088 < pus=0.295 (for zero moment redistribution), so it should be design as double reinforcement
Using Msd, s = psd,s * fcd * b * d2 = 0.295 * 11.33 * 400 * 2522 = 84.9KNm
Kz=0.8—Z7=Kz*d=0.8*252=201.6mm

Kx=0.448—X=Kx*d=0.448*252=112.896mm

Esl

€cus €u3=0.0035
Check whether the top reinforcement is yield

For triangle similarity the strain in the top reinforcement become
d
esl = £u3(; -1

=0.0035(252/112.896-1)

=0.0043
fyd 347.83

d=12"= = 0.00174
& = T T 300000

Hence €s1>€yd(0.0043>0.00174) the top reinforcement is yielded
So Asl=area of steel on the top which is equivalent to the moment resist by the concrete only

Msd, s 84.9 x 10°

= = = 1210.73mm?
fyd«Z  347.83 * 201.6 m

Asl

Check the bottom reinforcement, using triangular similarity

_ eu3 _ 0.0035
T Xx(X—d2) 112.896

£s2 (112.89 — 68) = 0.00139
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€s2<€yd (0.00139<0.00174) the bottom reinforcement is not yielded

So As2 =Area of steel on the top which is equivalent to the bottom compression reinforcement

Asy = Msd — Msd, s

S4 = Fyd« (d - d2)
Ly = B9 —254)+ 10° 929.67mm?

54734783252 —68) o o mm

fctmx*btxd _ 2.2x400%252 _ 2
Ast, min = max{ 0.26 x =5 — = 026+ H4414mm™ oo pn1992: 2015 Art. 9.2.1.1.
0.0013 * bt * d = 0.0013 * 400 * 252 = 131.04mm?

1).

Ast,max = 0.04Ac = 0.04 = 400 * 252 = 4032mm?........ ES EN 1992-1-1:2015 section 9.2.1.1(3)
Ast,min = 144.14mm? < Ast, calc = 1210.73mm? < Ast, max = 4032mm? ..... ok

Now determine No. of bar using @20mm tension reinforcement.

So the total area of reinforcement at the bottom (mid span) be come

AST = As1+As2=1210.73+929.67=2140.4mm?

Ast,cal  2140.4mm?
= = 6.8~7

# b = =
of bar as 314mm?

Provide 7bars @ tension zone
Now determine No. of bar using @20mm compression reinforcement.
At the Top As2 =929.67mm?

Ast,cal 929.67mm? 203
T 314mm? 7

#of bar =

Provide 3bars @ compression zone
For tension Ast, pro = 7 * 314 = 2198mm? < As, max

_ 298mme _ o e 18Y%
PPTO = 200 +252 ~ = 4o

Design for support Moment
v" check the depth of flexure
Assuming the neutral axis depth within the flange

o=K1+k2xu/d.... K1+k2kx,max................ fck<50MPa
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K1=0.44 K2
k2=1.25(0.6+0.0014/€cu2)
0=is the ratio of redistributed moment to the elastic bending moment
d=1 for zero moment redistribution
Mrd = 0.8kx(1 — 0.4Kx)fcd * b * d?
= 0.8 % 0.448(1 — 0.4 * 0.448)11.33 = 400 * 2522
=84.66KNmM>59.69KNm

v" Check the neutral axis depth

fcd 2MED
p 1- 1

~ fyd " Fed+b+d?

1133 2 % 84.66
P =34783 11.33 » 400 * 2522
p =0.0116

Computing the area of steel required
As,cal = p*b*d=0.0116*400*252=1176.7mm?

Ast,cal 1176.7mm?
= =3.7~4

#of bar = =
of bar as 314mm?

Provide use @ 4bars
5.2.2 CHECK THE DEPTH FOR DEFLECTION (SERVICEABILITY REQUIREMENT)

According to ES-EN-1992-2015 the limit state of the deformation may be checked by either by limiting the span/
depth ratio Art 7.4.2

By comparing a calculated deflection

gzK [11+1.5,/fck "7" +3.2,/ fck(%-l) Y2 *FI*F2*F3 ... if p< po Art.7.4.2 (7.16a)
1 , .
gzK [11+1.5,/fck p‘i‘;_ +—[fck 5_01 FF1¥F2¥F3....... if p>po Art.7.4.2 (7.16b)

L/d=is the limit span /depth

K=is the factor to take into account the different structural system
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po=is the reference ratio=103v/fck

p=is the required tension reinforcement ratio at the mid span to resist the moment due to the design loads (at the

support for cantilevers)

p'=is the required compression reinforcement ratio at the mid span to resist the moment due to design loads at
support for cantilever fck in MPa

F1=the factor to account for the steel Grade other than fyk=400MPa
F2=to account the beam type whether it is rectangular and T -section beams

F2=0.8,for flanged sections where the ratio of the flange breadth to the flange breadth to the rib breadth
exceeds 3,otherwise F2=1

F3=7/leff for beams and slabs ,other than flat slabs, with span exceeding 7m which support part ions liable to be
damaged by excessive deflection for illustration let's see one for L=6m

p=0.0116
p0=103v20=0.00447
p'=0.00422

500 500

F1= =
fyk » Areq/Aprov 400 * 2140.4/2198

= 1.283

K for End support of a continuous span from ES-EN-1992-2015 Table 7.4N K=1.3

Hence p>po

l_ po 1 P .
E_K [11+1.5\/fck — +E,/fck p—o] *FI¥F2*F3 ... if p>po

p

6000

SES13[11+1.5V20 2 420 o] *1.283%1%1

0.0117-0.00422 0.00447

% = 25.62 - d = 234.19mm<252mm.......... ok safe.

5.2.3 SHEAR DESIGN FOR THE BEAM

Vsd for the design of shear, the shear force which found d distance from the face of the columns is used, but for
this design use the shear force at the support hence it is greater than that of the shear at d distance from the face
of the columns. Vsd=72.29KN

The design value of the shear resistance is given ES-EN-1992-2015 section 6.2.2 as follows

VRd, ¢ = [CRd, ck(100 * p1 * fck)'/3 + klocp|bw * d > [Vmin + klocp]bw * d

108



Where:- fck = 20Mpa

CRd,c = 0.18/yc = 0.18/1.5 = 0.12

K=1+ /%zh /%=1.89<2 ........... ok (Take k=1.89)

Asl
o
= 2104 502<0.02........... ok
400%252

Vmin=0.035k¥?*fck/2

Vmin =0.035*1.89%2*20v2=0.4

K1=0.15
ocp = %=0

Ast -is the area of the tensile reinforcement
NED is the axial force in the cross-section due to loading

Ac is the area of concrete cross-section [mm2]
1
VRd, c = [0.12 + 1.89(100  0.02 * 20)3 + 0] « 400 * 252 = 78.185KN

VRd, c(min) = [Vmin + klocp]bw * d
= (0.4+0)*400*252=40.32KN
Vsd = 72.29KN > VRd, c = 79.199KN

The concrete section can resist the coming shear alone, thus the section does not require design for shear

reinforcement.
Spacing of stirrup is the spacing of the shear reinforcement measured along the longitudinal axis of the member.
S1, max=0.75d(1+cota) , considering a=90°

S1,max=0.75*252=189mm, Bw is the breadth of the web of the member

V20 V20
= 0.08 = 0.08 *x —— = 0.00089
pw ik * 200
Thus Smax = ——% — = 2% 92% ___ _ 280.8mm
pwxbwxsina 0.00089%400%sin90

Sca=189mm <Smax=280mm
109



Use 2-leg stirrup @8-c/c-180mm

5.2.4 DESIGN FOR OTHER SECTION OF THE BEAM

Table 5. 1 beam reinforcement

beamonaxis Ato H

story beam ID |b(mm) |d(mm) [fcd moment(K psds Kz Asmin  |Asmax |As,cal [Asprov. [Nreg.  |Npro.
BASpan 400 252| 11.33] 29.18] 0.10139] 0.951| 144.14] 4032] 350.06| 350.056| 1.11483|2@20mm
supp 400 252| 11.33] 160.22| 0.55671] 0.946] 144.14] 4032]1932.2| 1932.2| 6.15359|7@20mm
BB,span 400 252| 11.33] 20.76| 0.07213 0.94] 144.14]  4032|251.96] 251.96] 0.80242(2@16mm
supp 400 252| 11.33] 40.83| 0.14187| 0.961| 144.14] 4032|484.72| 484.72| 1.54369|2@20mm
BC,span 400 252| 11.33] 20.76] 0.07213] 0.974] 144.14] 4032 243.16] 243.16| 0.77441|2@16mm
supp 400 252| 11.33] 40.83| 0.14187| 0.949] 144.14] 4032]490.85] 490.85| 1.56321|2@20mm
BD,span 400 252| 11.33] 21.46| 0.07457| 0.968| 144.14] 4032 252.92| 252.92| 0.80548|2@16mm
S 400 252| 11.33] 31.32| 0.10883| 0.9776 | 144.14] 4032] 3655 365.5| 1.16403|2@20mm
BE,span 400 252| 11.33] 22.06| 0.07665| 0.978 | 144.14] 4032 257.34| 257.34| 0.81954|2@16mm
supp 400 252| 11.33] 31.82]| 0.11056) 0.9589 | 144.14| 4032 378.58| 378.58| 1.20567|2820mm
BF,span 400 252| 11.33] 21.86] 0.07596] 0.976 | 144.14] 4032 255.52| 255.52| 0.81377|2@16mm
supp 400 252| 11.33] 32.04{ 0.11133] 0.9797 | 144.14] 4032]373.11] 373.11| 1.18823|2@20mm
BGspan 400 252| 11.33] 20.19] 0.07015] 0.9785 | 144.14] 4032] 2354| 235.4| 0.74968|2@16mm
supp 400 252| 11.33] 27.36 0.09507| 0.9689 | 144.14] 4032] 322.16] 322.16| 1.02598|2@20mm
BH,Span 400 252| 11.33] 22.61| 0.07856) 0.9784 | 144.14| 4032) 263.64| 263.64| 0.83963|2@16mm
supp 400 252| 11.33] 28.12| 0.09771| 0.9799 | 144.14] 4032]327.39] 327.39| 1.04264|2@20mm
BASpan 400 252| 11.33] 26.96| 0.09368) 0.951| 144.14| 4032 323.42| 323.42[ 1.03001|2@20mm
supp 400 252| 11.33] 49.27| 0.1712] 0.946] 144.14] 4032]594.19] 594.19| 1.89232|2@20mm
BB,span 400 252| 11.33] 24.72| 0.08589 0.94] 144.14] 4032/ 300.02] 300.02] 0.95548|2@16mm
supp 400 252| 11.33] 49.27| 0.1712| 0.961| 144.14] 4032|584.91| 584.91| 1.86278|2@20mm
BC,span 400 252| 11.33] 21.54{ 0.07484| 0.974| 144.14] 4032] 252.3| 252.3| 0.80351|2@16mm
supp 400 252| 11.33| 46.31] 0.16091) 0.949| 144.14| 4032 556.73| 556.73| 1.77301|2820mm
BD,span 400 252| 11.33] 19.85{ 0.06897| 0.968| 144.14] 4032] 233.95] 233.95| 0.74505|2@16mm
an [SUeP 400 252 11.33 31.4] 0.1091) 0.9776 | 144.14]  4032|366.44] 366.44] 1.167(2@20mm
BE,span 400 252| 11.33] 20.29] 0.0705] 0.978 | 144.14] 4032]236.69| 236.36| 0.75378|2@16mm
supp 400 252| 11.33] 32.29] 0.1122] 0.9589 | 144.14] 4032 384.17| 384.17| 1.22348|2@20mm
BF,span 400 252| 11.33] 20.05] 0.06967| 0.976 | 144.14] 4032 234.37| 234.37| 0.74639|2@16mm
supp 400 252 1133 32.3] 0.11223] 0.9797 | 144.14] 4032/ 376.13] 376.13] 1.19788|2@20mm
BGspan 400 252| 11.33] 18.22| 0.06331| 0.9785 | 144.14] 4032 212.43| 212.43| 0.67654|2@16mm
supp 400 252| 11.33] 37.74{ 0.13113] 0.9689 | 144.14] 4032 444.38| 444.38| 1.41523|2@20mm
BH,Span 400 252| 11.33] 20.07| 0.06974| 0.9784 | 144.14] 4032 234.03| 234.03| 0.7453|2@16mm
supp 400 252| 11.33] 36.05] 0.12526] 0.9799 | 144.14] 4032 419.72| 419.72| 1.33668|2@20mm
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BASpan |  300]  252] 11.33] 57.44] 0.26611] 0951 144.14] 4032[689.07] 689.07] 2.19451]3@20mm|
supp 300]  252| 11.33] 14457] 0.66977] 0568 144.14]  4032] 2003.8] 2903.8] 9.24768[10@20mn
BBspan |  300]  252] 11.33] 5292 0.24517] 0.94] 144.14] 4032]642.28] 642.28] 2.04548]30520mm
supp 300  252] 11.33] 85.72] 0.39713] 0.876] 144.14] 4032|1116.4] 1116.4] 3.55534]4@20mm
BCspan|  300]  252] 11.33] 5945| 0.27542] 0974] 144.14]  4032]696.35] 696.35 2.21766[3@20mm
supp 300]  252] 11.33] 104.47] 0.48300] 0.879] 144.14] 4032[ 13559 1355.9] 4.31823[5@20mm
BDspan| 300  252] 11.33] 54.82] 0.25397] 0.968] 144.14] 4032[646.09] 646.00] 2.05763[3@20mm
ST 300]  252] 11.33] 82.03] 0.38003] 0.896 | 144.14] 4032 1044.5] 1044.5] 3.32635[4@20mm
BE,span 300]  252] 11.33] 5654] 0.26194] 0978 | 144.14] 4032 659.55] 659.55] 2.10049]320mm
supp 300] 252] 11.33] 83.47] 03867 0896 | 144.14] 4032[ 1062.8] 1062.8] 3.38474]4@20mm
BF span 300  252] 11.33] 55.13) 0.25541] 0.976 | 144.14] 4032|644.42] 644.42] 2.0523[3@20mm
supp 300  252] 11.33] 84.96] 0.39361] 0.895 | 144.14] 4032] 1083]  1083[ 3.44901[4@20mm
BGspan 300  252] 11.33] 48.03] 0.22252] 0.9785 | 144.14] 4032] 560]  560| 1.78342]2@20mm
supp 300  252] 11.33] 73.81] 0.34195| 0.865 | 144.14] 4032]973.49] 973.49] 3.10029]4@20mm
BHSpan|  300]  252] 11.33] 4147] 019212 09784 | 144.14]  4032]483.56] 48356  1.54|2@20mm
supp 300  252] 11.33] 60.04 0.27816] 09799 | 144.14]  4032[699.02] 699.02] 2.22619[3@20mm
BASpan |  300]  252] 11.33] 48.95| 0.22678] 0951 144.14] 4032]587.23] 587.23| 1.87014]2@520mm
supp 300  252] 11.33] 1236] 057262] 0.656] 144.14] 4032| 2149.5] 2149.5| 6.84569|7@20mm
BBspan | 300  252] 1133 4595| 021288 0.94] 144.14] 4032[557.69] 557.69] 1.77607|2@20mm
supp 300]  252] 11.33] 77.28] 0.35803] 0.776] 144.14] 4032[1136.2] 1136.2] 3.61833[4@20mm
BCspan| 300  252] 11.33] 5353 0248 0974] 144.14] 4032] 627]  627] 1.99683[2@20mm
supp 300]  252] 11.33] 98.43] 0.45601] 0.7658] 144.14]  4032[ 1466.4] 1466.4] 4.66998]520mm
BDspan | 300]  252] 11.33] 58.26] 0.26991] 0968] 144.14] 4032| 686.64] 686.64] 2.18674|320mm
ong [0 300  252] 11.33] 89.84 0.41621] 0.789 | 144.14] 4032 1209] 1209 4.1371]5@20mm
BE span 300 252] 11.33] 583 0.27000] 0.978 | 144.14]  4032|680.08] 680.08| 2.16587[3@20mm
supp 300  252] 11.33] 90.27] 0.41821] 0.776 | 144.14] 4032]1327.1] 1327.1] 4.22654]5@20mm
BF span 300  252] 11.33] 58.29] 0.27005| 0.976 | 144.14] 4032|681.36] 681.36] 2.16994[3@20mm
supp 300  252] 11.33] 912 0.42252 0.768 | 144.14]  4032| 1354.8] 1354.8] 4.31456/5@20mm
BGspan 300  252] 11.33] 50.99] 0.23623] 0.9785 | 144.14]  4032[ 59451 594.51| 1.89333[2@20mm
supp 300l  252] 11.33] 78.73 0.36474| 0.896 | 144.14] 4032[1002.5] 1002.5| 3.19253[4@20mm
BHSpan| 300  252] 11.33] 43.73] 0.20259 0.9784 | 144.14]  4032[509.91] 509.91| 1.62392|2@20mm
supp 300] 252 11.33] 58.07] 0.26903] 0.9799 | 144.14] 4032 676.09] 676.09] 2.15314]320mm
BASpan | 300]  252] 11.33]  525] 0.24322] 0951 144.14] 4032[620.81] 629.81] 2.00577[3@20mm
supp 300]  252] 11.33] 107.42] 0.49766] 0.786] 144.14] 4032 1559.2] 1559.2] 4.96553[5@20mm
BBspan |  300]  252] 11.33] 4925 0.22817] 0.94] 144.14] 4032]597.74] 597.74] 1.90362]22920mm
supp 300  252] 1133  79.7] 0.36924] 0.961] 144.14] 4032[ 946.17] 946.17| 3.01327]4@20mm
BCspan|  300]  252] 11.33] 56.67] 0.26254] 0974] 144.14] 4032]663.78] 663.78] 2.11396|320mm
supp 300  252] 11.33] 99.67] 0.46176] 07569 144.14]  4032] 1502.3] 1502.3| 4.78441]5@20mm
BDspan| 300]  252] 11.33] 6151] 0.28497] 0968] 144.14]  4032] 724.94] 724.94] 2.30873|320mm
L[S 300  252] 11.33]  96.9] 0.44892| 0.769 | 144.14] 4032|1437.6] 1437.6| 4.578265@20mm
BE span 300  252] 11.33] 61.17] 0.28330] 0.978 | 144.14] 4032| 71356 713.56] 2.27249]3@20mm
supp 300  252] 11.33] 96.76] 0.44827 0.785 | 144.14]  4032| 1406.2] 1406.2] 4.47846]5@20mm
BF span 300  252] 11.33] 61.23 0.28367| 0.976 | 144.14] 4032[ 715.73] 715.73| 2.279383@20mm
supp 300  252] 11.33] 97.39| 045110 0.775 | 144.14] 4032|1433.7] 1433.7| 4.56578[5@20mm
BGspan 300  252] 11.33] 53.11] 0.24605| 0.9785 | 144.14]  4032[619.22] 619.22] 1.97205]2@20mm
supp 300]  252] 11.33] 84.19] 0.30004] 0.9689 | 144.14] 4032[991.32] 991.32] 3.15707]4@20mm
BHSpan|  300]  252] 11.33] 43.44] 020125 09784 | 144.14]  4032[50653] 506.53] 1.61316[2@20mm
supp 300 252| 11.33] 6057] 0.28061| 09799 | 144.14]  4032] 705.19] 705.19] 2.24584]3@20mm




BASpan 300  252] 11.33| 52.85| 0.24485 0.951| 144.14] 4032|634.01] 634.01| 2.01914|3@20mm
supp 300  252| 11.33] 95.84] 044401 0.946] 144.14| 4032|11558| 1155.8| 3.680944@20mm
BB,span 300 252| 1133 49.23] 022807 094 14414 4032 5975 597.5] 1.90285/2020mm
supp 300 252| 11.33] 789 0.36553] 0.961] 144.14| 4032(936.67| 936.67 2.98302|3@20mm
BC,span 300  252] 1133 5943] 0.27533] 0974] 144.14| 403269.11] 696.11] 2.216923@20mm
supp 300[ 52| 1133 112.09] 05193] 0949 144.14] 4032 1347.5] 1347.5| 4.29144|5020mm
BD,span 300 52| 11.33] 60.16] 0.27871] 0.968| 144.14] 4032 709.03] 709.03| 2.25806(3@20mm
Graound supp 300 52| 11.33] 9535 0.44174] 0.9776 | 144.14]  4032) 1112.7] 1112.7| 3.54374|4@20mm
BE,span 300 25| 11.33] 60.69] 0.28117] 0.978 | 144.14] 4032| 707.96] 707.96| 2.25466(3@20mm
supp 300  252] 1133 96.67| 0.44786] 0.7445 | 144.14] 4032| 1481.4| 1481.4| 4.71769|5020mm
BF,span 3000  252] 11.33] 608 0.28168] 0.976 | 144.14] 4032 710.7| 710.7| 2.26338|3@20mm
supp 3000  252] 1133 97.18] 0.45022) 0.765 | 144.14] 4032| 1449.3] 14493 4.61549|5020mm
BGspan 300  252] 11.33| 52.83| 0.24475] 0.9785 | 144.14]  4032|615.96] 615.96| 1.96165|2020mm
supp 3000  252] 11.33| 8359| 0.38726] 0.856 | 144.14] 4032|1114.1] 11141 3548/4@20mm
BHSpan| 300  252| 1133] 42.84| 0.19847) 0.9784 | 144.14|  4032|499.53| 499.53| 1.59087|20320mm
supp 300  252] 1133  59.3] 0.27473] 0.9799 | 144.14| 4032 690.41] 690.14] 2.19875[3@20mm
BASpan 2000 252] 1133 2324 01615 0951 144.14| 4032 278.8| 278.8] 0.88789|2@16mm
supp 2000 252] 1133 36.71| 0.25511] 0.946) 144.14|  4032|442.72| 442.27] 140993|2020mm
BB span 2000 252] 1133 17.83]0.12391] 0.94] 14414| 4032 2164| 216.4] 0.68917|2@16mm
supp 2000 252] 1133 19.29] 0.13405 0961) 144.14| 4032| 229| 144.14] 0.72931|2@16mm
BC,span 200 252 11.33] 3949 0.27443] 0974 144.14| 4032|462.95| 462.55| 14731/2020mm
supp 2000  252| 11.33] 6548| 0.45504] 0.765] 144.14| 4032(976.52 976.52| 3.10993|4@20mm
BD,span 2000 252 1133 17.66) 0.12272] 0.968] 144.14| 4032(208.14| 208.14] 0.66285/2@16mm
geid beam supp 2000  252| 11.33] 18.06] 0.1255 0.9776 | 144.14| 4032(210.76] 210.76] 0.67121|2@16mm
BE,span 2000 252| 1133 17.64) 012259 0.978 | 144.14| 4032|205.77| 205.77] 0.65533|2@16mm
supp 2000 252| 1133 18.14] 0.12606] 0.9589 | 144.14| 4032(215.82| 215.82| 0.68733|2@16mm
BF,span 2000 252 1133 17.66 0.12272| 0.976 | 144.14| 4032|206.43 206.43| 0.65742|2016mm
supp 2000 252] 1133 27.36] 0.19013] 0.9797 | 144.14| 4032|318.61 318.61] 1.01467|2@16mm
BGspan 2000 252] 1133 17.85] 0.12404] 0.9785 | 144.14| 4032 208.12] 208.12| 0.6628|2@16mm
supp 2000 252] 1133 18.78| 0.13051] 0.9689 | 144.14| 4032 221.13| 221.13] 0.70424[2@16mm
BHSpan|  200]  252| 11.33] 23.04 0.16011| 0.9784 | 144.14] 4032| 268.66] 268.66| 0.85562316mm
supp 2000 252 1133 35| 0.24322| 0.9799 | 144.14|  4032(407.49] 407.49] 1.29774/2020mm
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beamonaxs Ato H

beam D [o(mm) - jamm) [od (moment(KNm) fusds|Kz ~ |Asmin |Asmex |Ascal |Asprov. Nreg.  (Npro.

Blopan| 400 252 1L 20320 01 091 14414] 4032 243767)  24376] 1.21301{2@20mm
supp 0y, 2 1R 2466) 0.1 0946 144.14] 4032 297.395] 297.395] 1.4798712@20mm
Blspan | 400 252 1133 2008 0.1 094 10414 4032 350511 35051 1.7441812020mm
supp 0, 2 13 1376] 0 0961 14414] 4032 163353 163.35| 0.81286[20)16mm
Bspan | 400 252 1L 78 O 0.974f 144141  4032( 913625  91.36| 0.45463(20316mm
supp 0, 2 1R 22| 01 0949 14414)  4032] 267.122] 267.122] 1.329232@20mm
Bhspan | 40| 252 1133 0341 0] 0968 144141 4032 110.079 144.14] 054777120 16mm
supp n, 2 U3 2L78) 0110978 | 14414] 4032 254173 254.17) 1.2647912@20mm
Bospan | 400 252 1L 1032 0[0978| 4414|4032 120385 144.14] 0.5990520)16mm
supp 0, 2 1R 1937) 0110959 | 144.14] 4032 230456 23045| 1.1467820/20mm
Bospan | 400 252 1133 1382 0[0976| 14414] 4032 161544 16154| 0.80386|20116mm
supp o, 2 13 1778 0.0 098 | 144141 4032) 207.048( 207,048 1.0302912020mm
Bispan | 400 252 L33 2550 0)0979| L4414 4032 207312 144.14) 014795 (2@ 16mm

The reset are in the appendix part
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5.3 ANALYSIS AND DESIGN OF COLUMN
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Figure 5. 5 axial force result

114



;

g

g

Figure 5. 6 moment resu



Axis 3and C
Analysis and design of column according to ES EN 1992 2015.

A column is a vertical structural member transmitting axial compression loads with or without moments. The
cross sectional dimensions of a column are generally considerably less than its height. Column support mainly
vertical loads from the floors and roof and transmit these loads to the foundation they may also have to resist
bending forces due to some eccentricity or due to the continuity of the structure.

The strength of column depends on many factors including the following;

v' Strength of the material
v’ Shape & size of the cross section

v Length

v" The degree of positional & directional restraint at its end

Short/Slender Columns

Columns are broadly categorized into two as short and long (slender) columns based on the slenderness ratio of

the column.

Short columns: are columns whose strength is governed by the strength of the materials and the geometry of the
cross section. In short columns, second-order is very small and so negligible. In these cases, it is not necessary
to consider slenderness effects and compression members can be designed based on forces determined from first-

order analysis.

Long column (slender): are column whose cross-sectional dimension is small compared to its length. In
reinforced concrete buildings concrete beams ,floors and columns are cast monolithically causing some
moments in the columns due to end restraint ,Moreover, perfect vertical alignment of columns in a multistory
building it not possible causing loads to be eccentric relative to the center of the columns. The eccentric loads
will be cause moments in columns therefore a column subjected to pure axial loads does not exist in concrete

buildings however it can be assumed that axially loaded columns are those with relatively small eccentricity.

For different combination of the load the governing load case pattern is not easily identified so the design of the
column is done by all possible combination of the load cases in this case in this sample calculation We take the

column between storyl-story2 on axis 3D whose cross-sectional dimension 500mmx500mm .
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Table 5. 2 Internal forces on the column

Story Column |P Myy Mxx

GROUND |[C2 -2894.55 -14.54 10.01
GROUND |[C3 -2784.9 -16.473 -8.344
GROUND ([C4 -2549.97 14.216 -3.162
GROUND ([C4 -2534.85 -15.564 2.341
GROUND |[C5 -2578.69 14.12 -2.842
GROUND |[C5 -2571.13 -0.598 -0.668
GROUND |[C5 -2563.57 -15.107 1.774
GROUND |C7 -2460.11 12.354 0.145
GROUND |C7 -2452.55 0.909 -2.465
GROUND |C7 -2444.99 -10.92 -4.098
GROUND [C10 -2146.59 8.54 -32.723
GROUND ([C10 -2139.03 -1.333 7.22
GROUND |C11 -4330.26 10.514 -9.848
GROUND |C11 -4318.45 -3.773 1.817
GROUND |C11 -4306.63 -17.965 13.436
GROUND ([C12 -4125.08 9.043 5.624

Column Design for Typical section

Step 1:- Determine material design value /specification/.
Fcd=11.33Mpa, for steel fyd=347.83Mpa
Step2:-Concrete cover determination

The nominal concrete cover is the distance between the surfaces of reinforcement closest to the nearest concrete

surface.

Cnom = Cmin 4+ ACdevV.......cooiiiiiiii e ES EN 1992:2015 Art 4.4.12(1)
Where; Cmin—minimum cover and

ACdev is allowance in design for deviation

Minimum cover, shall provide in order to ensure

v' Safe transmission of bond force
v' Corrosion resistance/ durability
v" Fire resistance
Cmin, b

Cmin = max{Cmin, dur + ACdur,y — ACdur, st — ACdur, add............... Eqn(4.2)
10mm
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But the recommended value of ACdur y = ACdur, st=ACdur,add = 0

According to Art 4.4.1.2 (6, 7and8)

v

In order to transmit bond force safely and to ensure adequate compaction of the concrete ,the

minimum cover should not be less than Cmin,b

According to table 4.2 ,for separated arrangement of bars ,Cmin, b=diameter of bar ,Assume

@20 longitudinal bars and Cmin, b =20mm

On class designation,Xc1,concret inside building with low air humidity concrete permanently

submerged in water

On exposure class to XCL1 is reduced by 1 according to table for exposure class that determines

Cmin, dur.

The recommended structural class(design working life of 50yr) is S4 for indicative concrete
strength given in Annex E and the recommended modifications to the structural class is given
table 4.3N but based on above table the exposure class is reduced by land the structural class
would be S3.

v' For structural class S3,and exposure class Xc1,Cmin,dur(mm)=10

Then, dur (mm) =10

Cmin,b = 20mm
Cmin = max{Cmin.dur = 10mm
10mm

Therefore; Cmin =20mm

ACdev(Allowance in design for variation)

The value of ACdevfor use in a country may be found in its National Annex. The recommended value is 10mm.

Then; Cnom= Cmin +ACdev=20mm + 10mm=30mm

Interior column design, Consider story 1 column 3D, Column size 500x500

Analyze one column by using 9 combination and to get the maximum value by using Combo 1 and

Table 5. 3 the geometry of the columns and the beam
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X-sectional area data
element depth(mm) |width(mm) [length(mm)
column 500 500 3000
beam
B1(X-X) 400 300 5000
B2(X-X) 400 300 5000
B3(Y-Y) 400 300 6000
B4(Y-Y) 400 300 5000
bott.beam
B1(>X-X) 400 300 5000
B2(X-X) 400 300 5000
B3(Y-Y) 400 300 6000
B4(Y-Y) 400 300 5000

The moment and axial force from the modeling and analysis are the following

design action reinforcement data concrete data

Ned(KN) fyk(Mpa) 1422 fck(Mpa) 25
ms .

M(X-X)KN-m 5.7 VES(Gpa) =51 [yme 1.5

M(X-X)KN-m| -8.38 main bar(mm) 20| [ECM(Gpa) 31

M(Y-Y)KN-m 6.85| [Tie@(mm) g| [Cover(mm) 30

M(Y-Y)KN-m|  -11.9|[fyd(Mpa) 347.3| |[fcd(Mpa 11.33

Design constants

5.3.1 DETERMINATION OF EFFECTIVE DEPTH

Lo=f*L, Where:

v" Lo is the effective length of a column

v’ fis a factor accounts for supporting conditions (simply supported or fixed support

f=10.5 <1+ ki )+ 1+ k2
e 0.45 + +k1 ( 0.45+k2)

v K1&K2 are the relative flexibilities of rotational restraints at both ends 1 and 2

. coumn stif fness
ki=—-—

beam stif fness
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Figure 5. 7 2D and 3D column View

Axis x-x, Ic = 22 = 500 « Sﬂ = 5208 10°mm* Ib = blhz =300 ﬂ = 1.6 * 10°mm*
Axis y-y, Ic =2~ =500 ﬂ =5.208 * 10°mm* Ib =22 =400 * ﬁ =9 % 10%mm?*
5.208+10%%31 5.208+109%31
k1(k2)x = 300 = 1.356, k2(k1)y = 300 = 0.263
o = s ey ey = ey
1.356 0.263 _
f=0. 5\/ t oas+L 356) + (14 Tasr026) 70883

There for calculate the effective length by substituting the values
Lox=fx*L=0.883*3000mm=2649.38mm, Loy=fy*L.=0.883*3000mm=2649.38mm
Minimum reinforcement provided

According to ES EN 1992, article 9.5.2.2

The minimum reinforcement provided should be

0.1 * NEd _0.1%2439.70
Ast, min = max fyd ~  347.83
0.002 * Ac, Ac = 500 * 500,= 0.002 * 500 * 500 = 500mm?

= 701.4mm?

Maximum reinforcement=0.04Ac=0.04*500*500=10000mm>..................... ES EN 1992, article 9.5.2
d’=30+10+8=48mm

d=500-48=452mm

5.3.2 DESIGN EFFECTS

The effect of imperfection may be taken as according to ES EN 1992 article 5.2.
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lo _ 2649.38

— = = 6.62
_ 400 400
el =maxq R _400 _ 333, take 20mm
30 30
20mm

Action effects calculated without consideration of the effect of structural deformation but including geometric

imperfection.

Mo

First order
mMmomen
"stocky” colurmns

First order moment along x-x

. Mx — xtop .
Mol = +Ned*
0 min {Mx ~ xhottom ed*eix
5.7+ 2439.7 * 0.02 = 48.794KNm

8.38 + 2439.7 x 0.02 = 57.174KNm’ take 48.79KNm

Mol = min{
5.7 + 2439.7 * 0.02 = 48.794KNm

8.38 + 2439.7  0.02 = 57.174KNm ' 12K€ 57-17KNm

Mo2 = max{

0.4Mol + Mo2

= *, * -
0.4M02 =0.4*48.79+0.6*57.17=53.82KNm

Moe = max{

First order long y-y

My — ytop

Mol = min {My ” ybottom+Ned*eiy
(685 +2439.7 % 0.02 = 55.644KNm
Mol = mm{11.9 +2439.7 % 0.02 = 60.694KNm ' AK€ 55-64KNm
(685 +2439.7 + 0.02 = 55.644KNm
Moz = rrlln{11.9 + 24397 % 0.02 = 60.694KNm * K€ 60.-694KNm
Moe = max{o'“g ‘M? 02_() 4%55 64+0.6*60.694=58.67TKNm

5.3.3 CHECKING FOR SLENDERNESS
The slenderness effect is neglected if the slenderness A (A=lefi)....ES EN 1992 article 5.8.3.1

20ABC
Vvn

Alim =
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1 NEd

Where:- A :m, B=+v14+2w,C = 1.7—rmandn :AC*de
rm =MoL _356% _ 6916 and rm = 222 = 287° _ 985 ., ¢ = 1.7 — 0.85 = 0.784, A=0.7, since Peff is
Mo2 60 69 Mo?2 57.17
not known
B=1.1, since w is not known, Asfyd/(Acfcd) and n = __2%97__ —0.861
500%x500%11.33
20*0 7x1.1x0. 85 20*0 7x1.1x0. 916
\f \/ S00%+500 _ 44433 ) = 284238 _ 19354
12%x500%500 144.33

Alimx = 14.1, Alimx = 15.215 < A = 18.356 Since the column will be categorized under slender column.
Second order eccentricity, €2 computation

Determine Kr

kr=(nu-n)/(nu-nbal)< 1.0, where n=NED/(Ac*fcd0), nu=1+ ®

nbal=0.4, Ac = the area of concrete

So n=NED/(Ac*fcd)=2439.7*1073/(500"2*11.33)=0.86

h|
=22 = 0.09,

_ MEdx _ 57.17 — 0.0403
KX = v hZ«fcd  500%5002 1133

_ MEdy 60.694 o042
W = v hZ«fed  500+5002 1133
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Vsd = NEd _ _24397:107 _ 0.86, From column chart ®=0.15

fcd+bxh 11.33%500%500
Kr=(1.15-0.86) / (1.15— 0.4)=0.386<l1....... ok!

For members with constant symmetrical cross sections (incl. reinforcement), the following may be used % =

krxky
ro

Where: kr is a correction factor depending on axial load
v is a factor for taking account of creep take y=0
ky=1+py =1

1/ro=¢yd/(0.45d) d is the effective depth
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&yd = fyd/ES= 347.83/200000= 0.00174

1/r0=0.00174/(0.45*452)= 8.554*10"-6

1
o= 0.386 * 8.554 « 107© = 3.3 %107

e2x = e2y = 1+ 1 = 3341076 £ 24238 _( g747
r c 10
M2=Ned*e2=0.8747*2439.7=2.134
Mo2 = 57.17

MEdx = max Moe + M2 = 53.82 + 2.134 = 55.954 , take 57.17
Mol + 0.5M2 = 48.79 + 0.5 * 2.134 = 49.857

Mo2 = 60.694
MEdy = max{ Moe+ M2 =58.62+2.134 = 60.75 , take 60.75
Mol + 0.5M2 = 55.64 + 0.5 * 2.134 = 56.7

Hence the eccentricity value is small so the change in the design moment is negligible so take ©=0.16

Astot = AT _ 3 16 % 500 * 500 * 2 = 1302.935mm?
fyd 347.83
Asmin = 701.4mm? < AStot = 1302.935mm? < Asmax = 10000mm?......... ok
2
Use® 20, as = i * dr = 314mm thus,no = 13:’235 =414 =5

Therefore provide 5¢20 bars

Table 5. 4 column design exl sample

AXsis y-y axis x-X axis y- Ved Yed,x Yed,y w
y
128.207 288.707 | 0.65815 | 0.067993282 0.15311 0.45
128.207 288.707 | 0.65815 | 0.067993282 0.15311 0.45
Remark|Not slender [Not slender 128.207 288.707 | 0.65815 0.067993282 0.15311 0.45
Reinforcement Tie reinforcement
calculation
w= @[mm]=
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As,tot= Spacing=
AXSIS X-X | AXsis y-y axis x-x axis Ved Yed,x Yed,y
y-y
121.22 289.82| 0.63034| 0.064287798 0.15370 04
121.22 289.82| 0.63034| 0.064287798 0.15370 0.4
Remark| Not Not 121.22 289.82| 0.63034| 0.064287798 0.15370 04
slender slender
Reinforcement Tie reinforcement
calculation
w= B[mm]=
As,tot= Spacing=
AXsis X-X | AXxsis y-y axis x-x axis Ved Yed,x Yed,y
y-y
128.058 175.408| 0.69191] 0.090393882 0.12382 0.4
128.058 175.408| 0.69191] 0.090393882 0.12382 0.4
Remark| Not Not 128.058 175.408| 0.69191] 0.090393882 0.12382 0.4
slender slender
Reinforcement Tie reinforcement
calculation
w= B[mm]=
As,tot= Spacing=




6. FOUNDATION ANALYSES AND DESIGN

6.1 INTRODUCTION

A building is generally, composed of a super structure above the ground and sub structure which forms the
foundation below ground .among the substructure elements footing is one of them reinforced concrete footings
are structural members used to support columns and walls and transmit and distribute their load to the soil .the
design is based on the assumption that the footing is rigid ,so that the variation of the soil pressure under the
footing is rigid so that the variation of the soil pressure under the footing is linear uniform soil pressure is
achieved when the column load coincides with the centric of the footing .Although this assumption is acceptable

for rigid ,such an assumption is becomes relatively more flexibility the proper design of footings requires that
v The load capacity of the soil is not exceeded
v' Excessive settlement, differential settlement or rotations are avoided
v Adequate safety against sliding and /or over turning is maintained

the most common types of footings used in buildings are the single footing and wall footing when a
column loads is transmitted to the soil by the footing .the soil becomes compressed .the amount of
settlement depends on many factor such as the type of footing .if different footing of the same structure
have different settlement new stress develop in the structure .excessive differential settlement may lead

to the damage of nonstructural members in the building or even failure of the affected parts.
Foundation footing for structure is selected depending on the following criteria

v" Function of the structure

v" Amount of load it carry

v" Subsurface condition

v Cost of foundation in comparison with cost of the superstructure.

For our purpose we select a square isolated footing for simplicity of analysis if the bearing failure
mode of the two square footing overlaps. Design axial loads and bending moments are obtained from
3D frame analysis using ETABS 2013.

6.2 DESIGN OF ISOLATED FOOTING

An isolated footing is a footing that carries a single column. The function of an isolated footing is to spread the

column load laterally to the soil so that the stress intensity is reduced to a value that the soil can safely carry.
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The approximate contact pressure under a given symmetrical foundation can be obtained from the flexural

formula, provided that the considered load lies within the kern of the footing. Analysis output from ETABS 2013
Design of isolated footing which have axial force

Table 6. 1 axial load and moments

support reaction at the base
Story Point FZ MX MY
BASE 1 1728 6 8
BASE 2 3037 4 0
BASE 3 2920 3 -1
BASE 4 2663 3 1
BASE 5 2691 3 1
BASE 7 2573 4 2
BASE 8 2021 5 -3
BASE 9 1276 8 0
BASE 10 2274 1 4
BASE 11 4498 -2 1
BASE 12 4288 -1 2
BASE 13 3909 -1 3
BASE 14 3928 -1 3
Axial load 4333.9KN ex =my/p 0.04
MX 175.44KNm ey =mx/p 0.05
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MY 162.06KNm Qult=kpa 400

The reset value are tabulated in the appendix part
Use square isolated footing footing A = LXL or BXxB

Using the general formula for rigid footing stress distribution; the stress due vertical loading on the

soil Use ultimate bearing capacity qult=400 Kpa

p bex 6ey
=—(1+t—+—
o= p 5

_p(1+6ex+6ey)_ 4333.97 1_|_6>|<0.05 +6*0.04 < 400
oA = 578 )7 B ¢ B B )

B p(1 6ex 6ey) 433397 1 6 *x0.05 6x0.04 -0
o = B B/ B ¢ B B )
Table 6. 2 footing check
B 3.85 3.6
Footing dimension 3.6x3.6m
Area of footing 12.96
Qmax 384.5667<400 | .....OK
Qmin = P/A(1-(6ex/B)-6ey/B | 284.245>0 ......0K
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A
W,

A= p <1 6ex 4 6ey) _ 4333.97( 6 * 0.04 N 6 * 0.05) — 339.98KN /mA2
T3 B ' B/ 36x36 3.6 36 )~ S3998KN/m

B = p (1 N 6ex N 6ey) _ 4333.97( 6 * 0.04 N 6 * 0.0S) — 384.57KN /mA2
=3 B ' B/ 36x36 3.6 36 )~ 38427KN/m

p(l 6ex 6ey)_4333.97( 6+0.04 6%0.05
a

= _ A
B B 3.6x3.6 3.6 3.6 ) 284.25KN/m"2

p (1 6ex 6ey) _ 4333.97( 6x0.04 6x*0.05

"B B /) 3.6x36 3.6 3.6

= 228.83KN/m"2
=g ) 8.83KN/m

128



A=339.98KN/m2 T =384 STKN/m2

328.83KN/m2

C' D =328.83KN/m2

C=284.25KN/m2

Figure 6. 1 stress distribution for isolated footing

339.97+384.57+284.25+328.84
oavg = = 334.41KN/mz

4
T

Figure 6. 2 average stress distribution for isolated footing

o avg = 334.41KN/m2=1203.88KN/m

Moment at face of column=1203.88*1.525"2/2=1398.86KNm
6.2.1 DEPTH DETERMINATION

The requirements for the determination of footing depth are:
a. Punching shear resistance requirement

b. Wide beam shear resistance requirement

c. Bending moment resistance

Check for punching shear
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The critical section for punching shear is located at a distance 2d from the face of the column

A ]
4 ]

=
o

W,

| .,.,.:: /
/// /////////////

Figure 6. 3 punching shear resistance layout

Perimeter=4*col.dim+4*2”7r =4 % (600 + md) = 4 * (600 + ™ * 650) = 10569.2mm
A effective=(3.6*3.6)-((4d+c)*c+(4d*c)+m(2d)?

=3.6x3.6-(4*0.650+0.600)*0.6+(4*0.65%0.6)+m(2*0.65)"2=3.6 1m?
VRd=(CRd,ck(100p1*fck)" g +klocp)ud>Vmin.......mpa
VRD,C=0.12, d=0.65m
k1=1+(,/200/d<2=1.63
dbott=0.65m , diop=0.64m

MED=1354.36KNm

Mid=135436x10%6 __ 1 Haq

11.33x3600x6502

Kz=from the table =0.83 or KZ=0.999exp(-0.66*0.133)=0.8287=0.83
Z=d*kz=0.83*650=539.5mm

_MEd _ 1398.86 _ ,
As_fydz =3a783xsa0s | o4.45mm
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Ast Ast 7454.45
x] = x1= = =0.004
p dx*bwp dx*bw 650x3600 0.0048

_ Ast . 832557 _
pyl dxxbw pxl 640x3600_0'00485

p=y/px1x pyl=v/0.0048x0.0085 =0.004.....<0.002....0K

—NED " 5ep 22332 -334 41, KN/m2=0.334Mpa

oCP ,
AC 12.96

VRd,C=CRd,CK(100p1*fck)" => Vmin

Vmin=0.035*KA>*fck"-=0.035*0.15">*20"-=0.33Mpa

VRd=0.12x1.63(100x0.0048x20)" +-+1.63x0.334=0.96Mpa
Punching check

4333.9
VED, (P-contact pressure)=4333.9/(ud)-334.33 =———=—————_=098.13KN/m?
ud 10.56x0.5

Applied shear=998.13-334.33=663.8KN/m2=0.664Mpa<0.96Mpa........ ok!

Wide beam shear

Wide beam shear is must be resisted d distance from face of column. See the following.

4+

.6m

Figure 6. 4 wide beam shear resistance layout
VRD,C=[CRd,C*K(100*p1*fck)* al+k1 *ocp]bw*d<[Vmin+k1* ocp]bw*d
VRD,C=(CRd,ck(100p1*fck)* 3l+cscp*k1)bw*d>Vmin*bwd
VRd,c=0.96mpa*3600 mm*500mm=1728KN

Vmin=0.035xK">xfck"-=0.035x0.15">x200.5x3600x500=0.47x5500x230mpa=586.32KN

VEd=334.33%(3600*(3600-650)) =3731.122KN

Vacting=4333.9-3731.122=602.78KN

131



Vacting is less than the resistance of the concrete ...... OK!
Therefore the dimensions that we applied are enough
D=650+50+10=710mm

The dimension is LxBxD=3.6x3.6x0.71m

6.2.2 REINFORCEMENT DESIGN

MED=1353.36KNm

Fcd=11.33Mpa

Fyd=347.83mpa

_ MED _ 1354.36
fcebd”2  11.33x1000x6502

usd

Kz=0.83—2z=Kz*d=0.83*650=539.5mm

MED _ 135436

S= = = 8325.57mm?
zZfyd 539.5x347.83
0.26fctmbd
Asmin:max{ fyk  =4111.2mm?
0.0013bd

AS provided=8325.57mm?2

Use 24mm dia,as=452.45mm2

bas_1000x452.45

—= =50mm
As 8325.57 50

Spacing=

Provide 18924 c/c 50mm

Since our footing is square footing the transverse bar is also the same with this

Provide both sides 18224 c/c 50mm.

Development length= Id= @fyd/(4fbd),fyd=347.83,fbd=2*fctd =2.33

1d=474.31mm

Available length=3650mm>475mm

Design of isolated footing which have axial force 3000-4000KN

Table 6. 3 wide beam and punching shear check for isolated footing
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load= 3641.94KN

Mx 137.76KNm

My 161.02KNM
ex=my/p 0.05

ey=mx/p 0.04

qult=kpa 400Kpa
gmax=p/A(1+(6e/B) B13-9.1B-2.4

B 3.14 3.3m
ANSWER -0.014856=0 B=3.3m
footing dimention =3.3x3.3m

area of footing = 10.89m2

gmax= 389.1546206<400 .....0K!
gmin=p/A(1-(6ex/B)-6ey/B) 279.7048835>0 .....0KI

CRD,ck 0.12

D 550mm

Fck 20Mpa

k1 1.603022689
di 550mm

Bar dia. 20

d2 540
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Hc 600

Bc 600

B 1000

Fyd 347.83
ga(stress in one corner) 328.3492111

gb(stress) 389.1546206
gc(strees) 279.7048835
gd(stress) 340.510293
Q avrage(stress) 334.4297521
contact pressure 1103.618182
dist.at face of column 1.35

MED 1005.672068
usd 0.293427693
Kz 0.821664314
Z 451.9153729
AS 6397.823226
Fctm 2.2

Asmin 3478.710865
Asprov 6397.823226
px1 0.011632406
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py2 0.011847821
pl 0.011739619
Ac 10.89

ocp 334.4297521
punching check

Perimeter 9312.4

A effective 4088180
shear resistance at 2d 1367.209024
app. Shear 2274.730976
shear resistance 2748621.158
VERD,c,VED ...OK!

wide beam shear

d distance from face of column

dis.from face 0.8

VRD,c 1415299.989
shear app 882.8945455
VED 2759.045455
VRD,c,VED ..ok

A effective 2640000

Reinforcement design
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MED=80KNm

Using excel

Use@24c/c 60mm.....for longitudinal
Transverse bar d=526mm

Provide @24c/c 50mm

Design of footing (Axial force between 2000KN-3000KN)
P=2520.38KN

Mx=167.6KNm

My=173.6KNm

Dimension of footing=3x3m

Contact pressure=840.13KN/m
MED=840.18KNm

Fcd=11.33Mpa

Fyd=347.83Mpa

b=1m, d=550

Concrete cover =50mm

Depth of footing=610mm

250d=0.262

AS=6775mm?2

Provide 220 c/c70mm.

For transverse side d=526mm
Provide @20 c/c50mm.

Design of footing for axial force 1000KN-2000KN

P=1987.38KN

Mx=149.29KNm
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My=159.81KNm

Dimention of footing=2.7x2.7m

Contact pressure=737.1KN/m
MED=405.76 KNm
Fcd=11.33Mpa
Fyd=347.83Mpa

b=1m, d=400mm

Concrete cover =50mm
Depth of footing=460mm
@sd=0.222

AS=3896.3mm?2

Provide @20 c¢/c80mm

For transverse side d=376mm

Provide @20 c/c70mm

Foundation reinforcement detail
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forn T

Figure 6. 5 reinforcement detail
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7 SHEAR WALL

7.1 DESIGN OF SHEAR WALL

A reinforced concrete wall is a vertical load bearing member whose greatest lateral dimension is more than four
times its least lateral dimension, and in which the reinforcement is taken in to account when considering its
strength A reinforced wall shall be considered as either short or slender and as either braced or un braced as
follows; Short or Slender Walls. A wall may be considered short when the ratio of its effective height to its
thickness does not exceed 7. It shall otherwise be considered slender. Braced or un-braced Walls: A wall may
be considered as braced if, at right Angles to the plane of the wall, lateral stability to the structure as a whole is
provided by walls or Other suitable bracing designed to resist all lateral forces in that direction.

It shall otherwise be considered as un-braced .The shear wall is subjected to both flexure and axial load, so we
designed as column load bearing member resist lateral and axial load. From ETABS 2013 modeling analysis

we get the maximum axial load and moments from Envelope.
Wall A

Axial load, P=2980.77KN

Shear force=60.15KN

Given parameters

C25

S-400 class B

Step 1) Determine material design Constant

< CC*ka_ 0.85 % 20

fcd = =
cd yc 1.5

= 11.33Mpa

d= 100 _ 347.8M
fyd = 715 = 347:8Mpa
Step 2) Determination of effective depth and length
Wall B=2.7m

Im wallc
WallA =2.7m

0.4m
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1

£

g

The total depth of the shear wall is given 150mm from the architectural drawing using @10mm bar and the clear

Fig 3D layout of shear wall

cover 20mm
Effective depth of the wall become d=t-cover-@/2 =150-20-10/2 =125mm
The effective height L of reinforced concrete wall in the non-sway mode shall be determined as from
Le=BL, where L-the store height of the wall
B-the coefficient defined below S =1.0 Wall with two edge restrained

So Le=1*3=3m
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Step 3 Design the Shear wall

Hence the wall loads are vary from floor to floor we consider the wall result which found on the ground to base
and provided this for the rest of the floor. The effect of imperfection may be taken as according to ES EN
1992:Art5.2.7

Lo
400
€i= max h
30

20mm
3000mm
400 7.5mm
gi=max{ 150 =max{ S5mm take ei=20mm
30 20mm
20mm

Hence the shear wall is subjected to the pure axial load and so let's reduce the capacity by 20%
NED=0.8x(fcdxAc+Asxfyd)

As=(NED/0.8)-fcdxAc
For wall A
As=1.25x(2980.77x10°)-11.33x2700x150
As=3541.44mm?2

Asr in the rows become AS/2=3541.44/2 mm2 =1770.22mm2
Using @10 bars
Spacing becomes

S=asxb/Asr

=78.5x2700/1770.22=119.7mm

Use @10 bar c/c 120mm on the two face and the reinforcement for the transverse direction becomes

Spacing =2xspacing of the main bar
=2x120=240
Use @10 bar c/c 240mm on the two face of the wall

Step 4) Check for shear resistance of the wall
VRD,c = (CRD,c*K(100**fck)us+K1*dcp)bw*d (Vmin+K1*dcp)bw*d
where
CRD,c=0.18/Yc = 0.18/1.5=0.12
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K = (1+V200/d) 2.0 d in mm

= (1+V200/2175) < 2.0 = 2.06 <2.0
K1=0.15
o=Asl/bwd< 2.0
Asl=is the area of the tensile reinforcement ,which extends (Ibd+d) beyond the section considered
bw=is the smallest width of the cross section in the tensile area (mm)
0=3541.44/(175x2700)< 0.02
=0.00749 0.02.......ccecevrrnnes Not Ok
0=0.00749
Vmin = 0.035XK32xfckY2
= 0.035x2.0%2x20v2
=0.443
dcp = NED/AC 0.2fcd
NED = the axial force in the cross section in the tensile area (mm)
AC=is the area of the concrete cross section (mm:)
NED-= 2980.77s0 8cp=2980.77/(2700X200)=0.055
50, VRD,¢ = (CRD,c*K(100*¢*fck)us+K1*dcp)bw*d (Vmin+K1*dcp)bw*d

= 0.55%2.0x(100x0.00978x20)13+0.15x0.012)2300x175 (0.433+0.15x0.012)2300x175

= 341.738KN 175.007KN
VRD,c=341.738KN>122.763KN.......c.cccvrrrrirriririireree e OK!

Therefore no need of shear Reinforcement
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CONCLUSION

In this final year project which required a lot struggle to fruit out the final design of this B+G +5 mixed use
building. And each important part of the building was carefully analyzed and designed for the appropriate

loading conditions as much as possible to get the final design result.

In the design of this building, we have tried to satisfy the most basic requirements of design of a structure in
accordance with revised Ethiopian building code standard derived from the European building code standard.

The design of reinforced concrete members was made economical, safe and serviceable as much as possible.
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RECOMMENDATION

In fact this project is the final qualification method so same qualifiers are not the part of this. Because they face
deferent challenges like communications, coordination, economical and personal skills or try to pass with the
shadow of other group members. If possible the institute should try to solve such problem for the future.

Since structural analysis and design procedures are bulky and complex to handle and having repetitive works
throughout the entire project structures. So to solve such problems and finish the project according to the
schedule structural design and analysis software’s like ETABS and SAP and others are mandatory. This implies
the institute/department should give short lectures about the software’s and how to use them for student who

are taking/learning structural analysis and design project.
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APPENDIX

Table A. 1 depth determination for G and 1st floor solid slab

panel | Support Lx | Ly | Fyk |Fck | po P N K |F1 F2 | F3 | d(mm)
condition
P1 2 5 6 400 | 20 0.0045 | 0.0047 |17.7 |15 125 |1 1 150.66
P2 2 5 6 400 | 20 0.0045 | 0.0047 |17.7 |13 |125 |1 1 173.84
P3 4 6 6 400 | 20 0.0045 | 0.0047 | 17.7 | 15125 |1 1 180.79
P4 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 |15 |125 |1 1 150.66
P5 3 5 5 400 | 20 0.0045 | 0.0047 | 17.7 |13 |125 |1 1 173.84
P6 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 |15 |125 |1 1 150.66
P7 3 5 5 400 |20 0.0045 | 0.0047 | 17.7 |13 |125 |1 1 173.84
P8 4 5 6 400 |20 0.0045 | 0.0047 | 17.7 |15|125 |1 1 150.66
P9 3 5 5 400 |20 0.0045 | 0.0047 | 17.7 |13 |125 |1 1 173.84
P10 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 |15 |125 |1 1 150.66
P11 2 29 |5 400 | 20 0.0045 | 0.0047 | 17.7 |13 |125 |1 1 100.82
P12 3 29 |6 400 | 20 0.0045 | 0.0047 | 17.7 |13 |125 |1 1 100.82
P13 3 5 6 400 | 20 0.0045 | 0.0047 | 17.7 |13 |125 |1 1 173.84
P14 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 |15|125 |1 1 150.66
P15 4 5 5 400 | 20 0.0045 | 0.0047 | 17.7 |15 |125 |1 1 150.66
P16 4 5 5 400 | 20 0.0045 | 0.0047 | 17.7 |15 |125 |1 1 150.66
P17 4 5 5 400 | 20 0.0045 | 0.0047 | 17.7 |15|125 |1 1 150.66
P18 4 5 5 400 | 20 0.0045 | 0.0047 | 17.7 | 15125 |1 1 150.66
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P19 2 29 |5 400 |20 |0.0045 | 0.0047 |17.7 | 1.3 |1.25 100.82
P20 4 6 6 400 | 20 0.0045 | 0.0047 | 17.7 | 1.5 | 1.25 180.79
P21 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 | 1.5 | 1.25 150.66
p22 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 | 1.5 | 1.25 150.66
P23 4 5 6 400 | 20 0.0045 | 0.0047 | 17.7 | 1.5 | 1.25 150.66
C1 2 15 |6 400 |20 |0.0045 | 0.0047 |17.7 | 0.4 |1.25 169.49
C2 3 15 |6 400 |20 0.0045 | 0.0047 | 17.7 |04 | 1.25 169.49
C3 3 15 |5 400 |20 0.0045 | 0.0047 | 17.7 |04 | 1.25 169.49
C4 3 15 |5 400 | 20 0.0045 | 0.0047 | 17.7 | 0.4 | 1.25 169.49
C5 3 15 |5 400 | 20 0.0045 | 0.0047 | 17.7 | 0.4 | 1.25 169.49
C6 3 15 |5 400 | 20 0.0045 | 0.0047 | 17.7 | 0.4 | 1.25 169.49
C7 2 15 (29 |400 |20 0.0045 | 0.0047 | 17.7 | 0.4 | 1.25 169.49
Table A. 2 slab design load
panel Lx(m) | Ly(m) | Area(m2) | wt.of wt.Of wt.of GK gk DL
slab marble plaster

P1 5 6 30 55 0.81 1.15 7.46 2.5 13.821
P2 5 6 30 55 0.81 1.15 7.46 45 16.821
P3 6 6 36 55 0.81 1.15 7.46 3.25 14.946
P4 5 6 30 5.5 0.81 1.15 7.46 4.5 16.821
P5 5 5 25 5.5 0.81 1.15 7.46 4.5 16.821
P6 5 6 30 5.5 0.81 1.15 7.46 4.5 16.821
P7 5 5 25 5.5 0.81 1.15 7.46 4.5 16.821
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P8 5 30 55 0.81 1.15 7.46 45 16.821
P9 5 25 5.5 0.81 1.15 7.46 4.5 16.821
P10 5 30 5.5 0.81 1.15 7.46 4.5 16.821
P11 2.9 14.5 5.5 0.23 1.15 6.88 4.5 16.038
P12 2.9 17.4 5.5 0.81 1.15 7.46 7.5 21.321
P13 5 30 55 0.23 1.15 6.88 2.5 13.038
P14 5 30 55 0.32 1.15 6.97 3.5 14.659
P15 5 25 55 0.32 1.15 6.97 3.5 14.659
P16 5 25 5.5 0.32 1.15 6.97 3.5 14.659
P17 5 25 5.5 0.32 1.15 6.97 3.5 14.659
P18 5 25 5.5 0.32 1.15 6.97 3.5 14.659
P19 2.9 14.5 5.5 0.23 1.15 6.88 2.5 13.038
P20 6 36 55 0.81 1.15 7.46 3.5 15.321
P21 5 30 55 0.32 1.15 6.97 3.5 14.659
P22 5 30 55 0.32 1.15 6.97 3.5 14.659
P23 5 30 55 0.32 1.15 6.97 3.5 14.659
C1 1.5 9 5.5 0.81 1.15 7.46 15 12.321
C2 1.5 9 5.5 0.81 1.15 7.46 15 12.321
C3 1.5 7.5 5.5 0.81 1.15 7.46 15 12.321
C4 1.5 7.5 55 0.81 1.15 7.46 15 12.321
C5 1.5 7.5 55 0.81 1.15 7.46 15 12.321
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C6 1.5 5 7.5 55 0.81 1.15 7.46 15 12.321
Cc7 15 2.9 4.35 55 0.81 1.15 7.46 1.5 12.321
Table A. 3 adjusted support moment
axis panel unadjested moment adjested moment

AM AM/Mma>Mavg df ~ Mys
on axis 2 16.24 05 14.425
Binpl & s4 1261 363  0.22352 0.5 14.425
17.21 ’
B/nS1 & p3 18.427 1.217 0.06604 17.82 17.82
15.25
3/npl3 & pls 1407 118 0.07738 14.66 14.66
16.24
B/ns2 & p20 1688 0.64  0.03791 16.56 16.56
BnCl1&C2 13.86 0 0 13.86 13.86
on axis 3 6.3 0.5 13.5684
B/np2 & s4 19.76 13.46  0.68117 0.5 13.5684
17.21" .
B/n p3& P4 16.14 1.07  0.06217 16.68
11.72
3/npl4 & pi- 14.07 235 0.16702 129
14.07
3/n p20 & p21 16.88 2.81  0.16647 15.48
B/nC2 & C3 13.86 0 0 13.86 13.86
on axis 4 19.76
B/n p2 & p5 16.4 3.36  0.17004 18.08
on axis6 6.3" g 0.5 10.185
B/np23 & s3 14.07 7.77  0.55224 0.5 10.185
on axis 7 16.4 0.6 12.9476
B/np9 & p11 10.92 548  0.33415 0.4 12.9476
16.147 . 0.6 37.6356
3/n p10 & piz 50.26 34.12  0.67887 0.4 37.6356
11.72
3/n p18 & pi¢ 1092 0.8  0.06826 11.32
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axis panel unadjested moment adjested moment

AM AM/Mmax Mavg df Mxs
axis D 21.768 0.55 15.4936
B/npl & S1 10.36 11.408 0.524072 0.45" 15.4936
51.04 0.54 32.7718
B/n S4 & p3 17.21 33.83 0.662813 0.46° 32.7718
26.49 0.54 23.628
B/np2 & P4 2119 53 0.200076 0.46 23.628
16.4 0.54 18.9866
B/np5 & p6 2119 4.79 0.22 0.46 18.9866
B/n p7 &p8 4.79 0.22 18.98
B/n p9 & p10 with similar moment  4.79 0.22 18.98
20.23 0.55 12.618
B/npll &pl2 6.39 13.84 0.684132 0.45 12.618
axis ¢ 10.36 0.54 14.9014
B/nsl & p13 18.77 8.41  0.448055 0.46 14.9014
17.21
B/np3 & pl4 18.47 1.26  0.068219 17.84
21.19
B/np4 & P15 11.72 9.47  0.446909
B/n p6 & pl6 9.47 0.44
B/n p8 &pl7 9.47 0.44
B/n p10 & pl: with similar moment 9.47 0.44
41.51
B/npl2 &pl9 20.23 21.28 0.512648
axis B 18.77
B/npl3 & S2 51 32.23 0.631961 0.54
18.47
B/n pl4 & p2( 16.92 1.55 0.08392 17.695
11.77 0.46 14.852
3/npl5 & P21 1847 6.7 0.36275 0.54 14.852
B/npl6 & p22 6.75 0.36 14.85
B/npl7 &p23 6.75 0.36 14.85
11.72 0.46 29.7888
B/npl8 & s3 51 39.28 0.770196 0.54 29.7888
axis A 51.04 0.8 21.296
B/ns2&C1 13.86 37.18 0.728448 02" 21.296
16.92 0.16 16.088
B/n p20&C2 11.72 5.2 0.307329 0.84" 16.088
18.47 0.16 17.7324
B/nP21&C3 13.86 4.61  0.249594 0.84 17.7324
B/nP22&C4 4.61 0.29 17.73
B/n P23&C5 4.61 0.29 17.73
51.04 0.8 21.296
B/ns3&C6 13.86 37.18 0.728448 0.2 21.296
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Table A. 4 Adjusted filed moment

panke Mmax,sup Madj,sup Lx Ly LyllxCx Cy AM  Mxf Myf CxAMCYAM Mxfadj Myfad]

panel
St

2

2176 1549 5 6 12 034 036 6.27 162 124 216 2282 18357 14.71
1976 1376 5 5 1 038 028 6 198 151 228 168 2204 16.82
2119 1607 5 6 12 034 017 512 161 121 1.73 0.881 17.871 12.99
2119 1607 5 6 12 034 017 512 161 121 173 0881 17871 12.99
2119 1607 5 6 12 034 017 512 161 121 1.73 0.881 17.871 12.99
164 1294 5 5 1 038 028 346 126 126 131 0969 13925 13.58
2023 1261 3 5 172 029 007 7.62 151 83 217 0564 17.282 8.864
1875 149 5 6 12 033 036 385 141 113 129 1401 15386 12.73
1407 129 5 6 12 034 017 117 141 106 04 0201 14465 10.75
1172 1133 5 6 12 034 036 039 106 11.7 013 0.142 10.684 11.86
1688 1548 6 6 1 038 028 14 127 127 053 0392 13192 13.05
1847 1407 5 6 12 034 017 44 141 141 149 0.757 15557 14.83
1847 1407 5 6 12 034 017 44 141 141 149 0.757 15557 14.83
1847 1407 5 6 12 034 017 44 141 141 149 0.7/57 15557 14.83

strip
|-
GG

B-B
F-F
GG
|-l

A-A
B-B

AA
stripl
strip2
strip5
Strip6

Table A. 5 Reinforcement for G and 1st solid slab

MDfeld fd  fyd b d psd Kz Ascac  Aspro  Scakc  Sprovieded
2552 1133 34783 1000 185 0065812 09565 414.626 414.62 189.33 @10C/C185mn
.25 1133 34783 1000 195 0221088 087 1614.15 1614.15 48.6324 @10C/C45mm

MD support
2369 1133 34783 1000 185 0.006109 09989 36.8557 264.55 296.73 @L0C/C2%5mn
1752 1133 34783 1000 195 0040666 0.9698 266.349 277.42 282.964 @10C/C280mn
504 1133 34783 1000 185 0.131625 0.9299 852.974 852.97 92.0314 @10C/CI0mm
1905 1133 34783 1000 195 0442177 06789 4137.02 4137.01 189751 @10C/CL5mm

MD filed
923 1133 34783 1000 185 0.023803 0.9789 146529 264.55 296.73 @10C/C290mn
1801 1133 34783 1000 195 0041804 09689 274052 277.42 282.964 @10C/C280mn

MD support
1842 1133 34783 1000 185 0.047502 09659 296.359 296.359 264.881 @10C/C260mn
1005 1133 34783 1000 195 002356 09789 152871 277.42 282.964 @10C/C280mn
1937 1133 34783 1000 195 0.0449% 09679 295051 295.05 266.057 @10C/C260mn
1192 1133 34783 1000 195 027668 0.8352 2104.19 2104.18 37.3067 @L0C/C35mm
46.78 1133 34783 1000 195 0108583 0.9465 728.682 728.68 107.729 @10C/CLO5MN
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npd &PLH
np6 & plb
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B
B
B
B
B
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B
B
B
B
B
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nsl&pl3
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npll &pl2

= X N XN X I

B
B
B
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B
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1784
16.07
16.07
16.07
16.07
3001
1549
Al
2362
18.98
1898
1898
1261

149
1784
16.07
1607
1607
16.07
3001
1549
3211
2362
1898
1898
1898
1261

1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133

1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133
1133

34783
34783
34783
34783
34783
34783
34783
34783
34783
34783
34783
34783
34783
34783

34183
34183
347.83
34183
34183
347.83
34183
34183
34183
347.83
34183
34183
34183
341.83

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

19 0.03458
19 004141
19 00373
19 00373
19 00373
19 00373
19 (.06966
19 (0.0359%
19 0.07606
19 (0.05483
19 0.04406
19 0.04406
19 (0.04406
19 002921

195 003458
195 004141
195 0.0373
19 003713
19 003713
195 0.0373
195 0.06966
195 0.0359
195 0.07606
195 0.05483
195 0.04406
195 0.04406
195 0.04406
195 002927

152

09772 2048
0.9683 27163
09758 2428
09758 2428

21742 282.964 @10C/C280mm
21742 282,964 B10CIC280mm
21742 282.964 @10C/C280mm
21742 282,964 B10CIC280mm
09758 2428 21742 262.964 @10C/C280mm
09758 2428 21742 262.964 @10CIC280mm
09515 465 465003 168,816 @10C/C160mm
0.9763 23392 21742 262.964 GL0CIC280mm
0.9488 50921 509.214 154.159 @10C/CL50mm
0.9586 363.28 363279 216,087 @10C/C210mm
0.961 29119 291.186 269,587 @10C/C265mm
0.96L 291.19 291.186 269,587 @10CIC265mm
0.96L 29119 291.186 269,587 @LOCIC265mm

/

0.97% 189.79  277.42 262.964 GL0CIC280mm

09772 2248
09683 271.63
09758 2428
09758 2428
09758 2428

21742 282.964 @10C/C280mm
21742 282.964 @10C/C280mm
21742 282,964 @10C/C280mm
21742 282,964 @10C/C280mm
21742 282.964 @10C/C280mm
09758 2428 27742 282964 @10C/C280mm
09515 465 465003 168.816 #10C/CL60mm
09763 23392 27742 282,964 @10C/C280mm
09488 509.21 509.214 154.159 @10C/CL50mm
09586 363.28 363.279 216,087 @10C/C2L0mm
0961 29119 291.186 269.587 @10C/C265mm
0961 291.19 291186 269.587 @10C/C265mm
0961 291.19 291186 269.587 @10C/C265mm
0979 189.79 27742 282964 @10C/C280mm



location
Binpl & s4
B/nS1&p3
Bnpl3 & pl4
Bins2 & p20
onaxis2 BnC1 & C2
Binp2 & s4
Binp3& P4
Binpl4 & p15
B/ p20 & p21
onaxis 3 BinC2 & C3
Binp2 & p5
Binp4 & p6
B/np15& p16
Binp21& p22
onaxis4 BinC3 & C4
Bnp7 &p9
B/np8 & p10
Binpl7 &pl8
B/np23& pS3
onaxis 6 BinC5 & C6
Bnp9 & pll
B/np10& p12
B/np18& p19
onaxis 7 BinC6 & C7
Binp5 & p7
B/np6 & p8
Binpl16 & p17
Bin p22& p23
onaxis 5 BnC4 & C5
Bins2&C1
B/ p20&C2
BinP21&C3
Bin P22&C4
B/nP23&C5
onaxis A Bins3&C6
Bnpl3 & S1
Binpl4 & p20
Bnpl5 & P21
Binpl6 & p22
Bnpl7 &p23
onaxis B Binp18 &s3

axis

MED
14.42
17.87
14.66
16.56
13.86
13.56
16.68

12.9
15.48
13.86
18.08
16.14
1172
14.07
13.86

164
16.14
1172
10.16
13.86
12.94
31.63
11.32
13.86

16.4
16.14
11.72
14.07

13.6
21.29
16.08
11.73
17.73
17.73
21.29
33.59
17.69
14.85
14.85
14.85
29.78

fod

11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
1133
11.33
1133
1133
1133
1133
1133
1133
1133
1133
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
1133
1133

fyd
341.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
34783
347.83
34783
34783
34783
34783
34783
34783
34783
34783
341.83
341.83
341.83
341.83
347.83
341.83
341.83
341.83
347.83
341.83
341.83
347.83
341.83
347.83
347.83
347.83
347.83
347.83
347.83
347.83
34783
34783

b

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
195
195
195
195
195
195
195
195
195
195
195
195
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uisd
0.03719
0.04608
0.03781
0.04271
0.03574
0.03497
0.04302
0.03327
0.03992
0.03574
0.04663
0.04162
0.03022
0.03628
0.03574
0.04229
0.04162
0.03022
0.0262
0.03574
0.03337
0.09704
0.02919
0.03574
0.04229
0.04162
0.03022
0.03628
0.03507
0.04942
0.03732
0.04115
0.04115
0.04115
0.04942
0.07797
0.04106
0.03447
0.03447
0.03447
0.06912

Kz

Ascalc  Aspro

0.9699 231.05 264.55
0.9598 289.34 289.338
0.9697 234.94  264.55
0.9677 265.94 265.938
097 222.05 264.55
0.9748 216.17 264.55
0.9599 270.04 270.042
0.9785 204.88  264.55
0.9689 248.29  264.55
0.97 222.05 26455
0.9597 292.77 292.768
0.9688 2589 264.55
0.9789 186.06 264.55
0.9759 224.05 264.55
09764 2206 264.55
0.9678 263.34 264.55
0.9685 258.98 264.55
0.9789 186.06 264.55
0.9798 16115 264.55
09764 2206 264.55
0.9781 20559 264.55
0.9399 622.18 622.177
0.9797 17956 264.55
09764 2206 264.55
0.9678 263.34 264.55
0.9685 258.98 264.55
0.9789 186.06 264.55
0.9759 224.05 264.55
0.9769 216.35 264.55
0.9589 327.34 327.341
09757 242.98 271.42
0.9687 269.85 277.42
0.9687 269.85 277.42
0.9687 269.85 277.42
0.9589 327.34 327.341
0.9499 521.35 521.351
0.9688 269.21 277.42
09771 22407 277.42
09771 22407 277.42
0.9771 22407 277.42
0.9523 461.05 461.051

Scale

Sprovieded
296.73 @10C/C290mm
271.309 @10C/C270mm
296.73 @10C/C290mm
295.182 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
290.696 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
268.13 @10C/C260mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
126.17 @10C/C120mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
296.73 @10C/C290mm
239.811 @10C/C235mm
282.964 @10C/C280mm
282.964 @10C/C280mm
282.964 @10C/C280mm
282.964 @10C/C280mm
239.811 @10C/C235mm
150,57 @10C/C150mm
282.964 @10C/C280mm
282.964 @10C/C280mm
282.964 @10C/C280mm
282.964 @10C/C280mm
170.263 @10C/C170mm



panel
P1
P2
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P21
P22
P23
S3
Cl
C2
C3
C4
C5
C6
C7

support con.
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Table A. 6 slab depth for 3rd floor

fyk
400

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

fek
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

po=p
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
0.0045
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N
17.7
17.7
17.7
17.7
177
177
17.7
17.7
17.7
177
177
17.7
17.7
17.7
177
177
17.7
17.7
17.7
17.7
177
177
17.7
17.7
17.7
177
177
17.7
17.7

K
13
13
15
13
15
13
15
13
15
13
13
13
15
15
15
15
15
13
15
15
15
15
13
0.4
0.4
0.4
0.4
0.4
0.4

F1
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25
1.25

n
NS

[T TG TN TN T T T N T TN TR T TG TN T T T T G T T T TN N T T Y T N T G SN

n
w

[N TN HE TN TN SN SN TN S SN N SEEN ) S SN SN TG N SR S N SEEN Y S SE ) SR S S SR S

D
173.837
173.837
150.659
173.837
150.659
173.837
150.659
173.837
150.659
100.826
100.826
173.837
150.659
150.659
150.659
150.659
150.659
100.826
150.659
150.659
150.659
150.659
52.1512
169.492
169.492
169.492
169.492
169.492
169.492



panle
P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11

P12
P13
P14
P15
P16
P17
P18
P19
P21
P22
P23
s2
S3
C1
C2
C3
C4
C5
C6
C7

N N —
© -(DU'IU'I(J'IU'IU'IU'IU'I@U'IU'IX
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Table A. 7 design load for 3rd floor sab

area
30
25
36
30
25
30
25
30
25
30

14.5

17.4
30
30
25
25
25
25

14.5
30
30
30
36
30

7.5
7.5
7.5
7.5
4.35

wt. ofslab  wt. of pvc wt.pla.t&part.

5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25

5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
5.25
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0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81
0.81

0.81
0.32
0.32
0.32
0.32
0.32
0.32
0.81
0.32
0.32
0.32
0.81
0.32
0.81
0.81
0.81
0.81
0.81
0.81
0.81

1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15

1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15
1.15

GK
7.21
7.21
7.21
7.21
7.21
7.21
7.21
7.21
7.21
7.21
7.21

7.21
6.72
6.72
6.72
6.72
6.72
6.72
7.21
6.72
6.72
6.72
7.21
6.72
7.21
7.21
7.21
7.21
7.21
7.21
7.21

QK
2.5
1.75
2.5
1.75
1.75

1.75
1.75
1.75
4.5

1.75

2.5
2.5
2.5
2.5
2.5
2.5
2.5
4.5
2.5
2.5
2.5
2.5
2.5
3.25
3.25
3.25
3.25
3.25
3.25
3.25

DL
13.4835
12.3585
13.4835
12.3585
12.3585
14.2335
12.3585
12.3585
12.3585
16.4835
12.3585

13.4835
12.822
12.822
12.822
12.822
12.822
12.822

16.4835
12.822
12.822
12.822

13.4835
12.822

14.6085

14.6085

14.6085

14.6085

14.6085

14.6085

14.6085



Table A. 8 moment adjustment for 3rd floor slab

panke  [MmaxsugMadj,sup|Lx Ly LylLx  |Cx Cy M [MxF [Myf |CxAM [CYAM [Mxfadj [Myfad)
pl 21236 1525 5 6 12| 0344] 0364] 5986] 15.843] 12135 2.05918| 2.1789| 17.9022| 14.3139
p2 19.463| 15.93 5 5 1 038 028 3533 1452 11.122] 1.34254] 0.98924| 15.8625| 12.1112
pd 12,049  15.93 5 6 12| 0338 0172 -3881] 9.886] 7.414| -1.3118| -0.6675| 8.57422| 6.74647
po 14941 1361 5 6 12| 0338 0172 1331] 11.384] 8.538| 0.44988| 0.22893| 11.8339| 8.76693
p8 12.976| 1251 5 6 12| 0338 0172 0466] 9.886] 7.414| 0.15751] 0.08015] 10.0435] 7.49415
pll 9.041]  7.583 9 5| 172414 0.285 0074 1458 6.755] 3.741| 0.41553| 0.10789] 7.17053| 3.84889
pl3 15.356 13.07 5 6 12| 0334 0364] 2286] 11539 9.296( 0.76352| 0.8321| 12.3025] 10.1281
pld 13.386( 14.397 5 6 12| 0338 0172] -1011] 10.257) 7.693| -0.3417| -0.1739| 9.91528| 7.51911
p18 13.386] 15.228 5 6 12| 0344] 0364 -1842| 10.257] 7.693| -0.6336| -0.6705] 9.62335( 7.02251
p2l 13.386] 1173 5 6 12 0338 0172| 1656] 10.257] 7.693| 055973 0.28483| 10.8167| 7.97783
p22 13.386] 1173 5 6 12 0338 0172| 1656] 10.257] 7.693| 055973 0.28483| 10.8167| 7.97783
p23 13.386] 1393 5 6 12 0338 0172 -0544] 10.257] 7.693| -0.1839| -0.0936] 10.0731| 7.59943
s3 1795 1673 5 6 12| 0338 0172 122 1346] 9.616| 0.41236| 0.20984| 13.8724| 9.82584
axis panel jested moment adjested moment
AM AM/Mmax| Mavg df Mys
onaxis2| B/npl &s4 15.84 3.23 0.203914 0.5 14.225
12.61 0.5 14.225
B/n S1 & p3 17.21 1.68 0.097618 | 16.37 16.37
15.53
B/npl3 & pld| 125 2.25 0.18 11.375 11.375
10.25
B/ns2 & p20 | 15.53 0.76 [0.051456 | 15.15 15.15
14.77
B/hCl&C2| 16.434 0 0 16.434 16.434
onaxis 3| B/np3& P4 | 15533 | 5.647 |0.363549 0.5 12.7095
9.886 0.5 12.7095
B/n p20 & p21| 14.77 4.513 [0.439992 0.5 12.5135
10.257 0.5 12.5135
BnC2&C3 | 16.434 0 0 16.434 16.434
onaxis 4| B/np2 & p5 14.52 248 10.170799| 13.28 13.28
12.04
onaxis 5| B/np6&p8 11.384 | 1.498 |[0.131588| 10.635 10.635
9.886
onaxis6 | B/np8 & p10 | 9.8864 | 3.2936 | 0.249894 0.5 11.5332
13.18 0.5 11.5332
onaxis7| B/np9 & pll| 12.04 7.156 |[0.594352 0.63 7.53172
4.884 0.37 7.53172
B/npl0 & p12| 13.8 36.46 |[0.725428 0.63 36.7698
50.26 0.37 36.7698
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axis panel unadjested moment adjested moment

AM  AM/Mmax Mavg df Mxs
axis D 21.236 0.55 15.2542
B/npl & S1 10.36 10.876 0.512149 0.45 15.2542
12 ’ 0.54 13.7982
B/n S4 & p3 15.33 333 02775 0.46 13.7982
19.46 0.54 15.9311
B/np2 & P4 12.925 6.535 0.335817 0.46 15.9311
12.049 0.54 13.61068
B/np5 & p6 14.941 2892 022 0.46 13.61068
12.049 0.926
B/np7 &p8 12.975 0.071368 12.512 12512
12.049 5.255 0.303687 0.54 14.8867
B/n p9 &p10 17.304 0.46 14.8867
9.0419 0.55 7.583355
B/npll &p12 6.39 2.6519 0.29329 0.45 7.583355
axis ¢ 10.36 [ 0.54 13.07404
B/nsl & pl13 15.386 5.026 0.326661 0.46 13.07404
15.33
B/np3 & pl4 13.463 1.867 0.138676 14.3965
12.975 0.54
B/np4 & P15 10.257 2.718  0.20948 0.46
14.941 4684  0.3135 0.54
B/np6 & p16 10.257 0.46
12.975 2.718  0.20948 0.54
B/n p8 &p17 10.257 0.46
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17.304 3.844 0.222145 0.54

B/n p10 & p18 13.46 0.46
15 0.54
B/n p12 &p19 10.257 4743  0.3162 0.46
axis B 15.386 [
B/npl3 & S2 15.5324 0.1464 0.009425 15.4592
13.463
B/n pl4 & p20 14.77 1.307 0.097081 14.1165
10.257 0.46 11.73176
B/n p15 & P21 13.463 3.206 0.238134 054 ~ 11.73176
B/n p16 & p22 10.257 3.206 0.238134 0.46 11.73176
simar p17-18 13.463 0.54 11.73176
13.46 0.46 15.5254
B/n pl8 & s3 17.95 449  0.250139 0.54 15.5254
axis A 15.5324 0.8 16.25368
B/ns2&C1 16.434 0.9016 0.058046 0.2 16.25368
14.77 0.16 15.03624
B/n p20&C2 16.434 1.664 0.112661 0.84 15.03624
13.463 0.16 13.93836
B/n P21&C3 16.434 2.971 0.220679 0.84 13.93836
B/n P22&C4 2971  0.2207 13.93
B/n P23&C5 2971  0.2207 13.93
17.95 0.8 16.7372
B/n s3&C6 16.434 1.516  0.084457 0.2 16.7372

Table A. 9 support reinforcement for 3rd floor slab

axis location MED fcd fyd b d psd Kz  Ascalc Aspro  Scalc Sprovieded

onaxis2 Bhpl&s4 14225 11.33 34783 1000 175  0.041 0.9699 240.946 244.707 320.792 @10C/C310mm
BnS1&p3 1637 11.33 347.83 1000 175 0.04718 0.9598 280.197 280.197 280.16 @10C/C270mm
Binpl3&pld 11.375 11.33 347.83 1000 175 0.03278 0.9697 192.712 197.655 397.157 @10C/C390mm
Bins2&p20 1515 11.33 347.83 1000 175 0.04366 0.9677 257.198 280.197 280.16 @10C/C270mm
BhCl&C2 16434 1133 347.83 1000 175 0.04736 0.97 278.334 280.197 280.16 @10C/C270mm

onaxis3 Bnp2&s4 1452 1133 347.83 1000 175 0.04185 0.9748 244.707 244.707 320.792 @10C/C310mm
Bhp3&P4 12709 1133 347.83 1000 175 0.03663 0.9599 217.511 217.511 360.901 @10C/C350mm
Binpld &pl5 10.257 11.33  347.83 1000 175 0.02956 0.9785 172.208 197.655 397.157 @10C/C390mm
Bnp20 &p21 12513 11.33 347.83 1000 175 0.03606 0.9689 212.167 244.707 320.792 @10C/C310mm
BhC2&C3 16434 1133 347.83 1000 175 0.04736 0.97 278.334 280.197 280.16 @10C/C270mm

onaxis4 Bnp2&p5 13434 1133 34783 1000 175 0.03872 0.9597 229.967 244.707 320.792 @10C/C310mm
Bnpd&p6 9.886 1133 347.83 1000 175 0.02849 0.9688 167.641 197.655 397.157 @10C/C390mm
Binpl5&pl6 10.257 11.33 347.83 1000 175 0.02956 0.9789 172.138 197.655 397.157 @10C/C390mm
Binp21&p22 10.257 11.33 347.83 1000 175  0.02956 0.9759 172.667 197.655 397.157 @10C/C390mm
BhC3&C4 16434 1133 347.83 1000 175 0.04736 0.9764 276.51 280.197 280.16 @10C/C270mm

onaxis6 Bnp7&p9 12.049 1133 347.83 1000 175  0.03473 0.9678 204.532 244.707 320.792 @10C/C310mm
Bnhp8&pl0 11533 1133 347.83 1000 175 0.03324 0.9685 195.631 197.655 397.157 @10C/C390mm
Binpl7 &pl8 10.257 11.33 347.83 1000 175 0.02956 0.9789 172.138 197.655 397.157 @10C/C390mm
Bnp23&S3 10.257 11.33 347.83 1000 175 0.02956 0.9798 171.98 197.655 397.157 @10C/C390mm
BhC5&C6 16434 1133 347.83 1000 175 0.04736 0.9764 276.51 280.197 280.16 @10C/C270mm

onaxis7 Bmp9&pll 75317 11.33 347.83 1000 175 0.02171 0.9781 126.504 126.504 620.534 @10C/C400mm
Binpl0&pl2 36.769 11.33 347.83 1000 175 0.10597 0.9399 642.68 642.068 122.261 @10C/C120mm
Binpl8&pl9 10.257 11.33 347.83 1000 175  0.02956 0.9797 171.998 197.655 397.157 @10C/C390mm
BhC6&C7 16434 1133 347.83 1000 175 0.04736 0.9764 276.51 280.197 280.16 @10C/C270mm
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onaxis5 Binp5 &p7
B/np6 & p8
Bnpl6 & pl7
Binp22& p23
BinC4 & C5
Bns2&C1
Bin p20&C2
BnP21&C3
BinP22&C4
Bin P23&C5
B/n s3&C6
Bnpl3 &St
Binpl4 & p20
Bnpl5 & P21
Binpl6 & p22
Bnpl7 &p23
Bnpl8 &s3
Binsl &pl3
B/ p3 & pl4
Binp4 & P15
B/np6 & pl6
Binp8 &pl7
Bnpl0 & pl8
Binpl2 &p19
Binpl &S1
Bin S4 & p3
Binp2 &P4
B/np5 & pbé
Binp7 &p8
B/np9 & pl0
Binpll &pl2

on axis A

onaxis B

onaxis C

onaxis D

12.049
10.635
10.257
10.257
16.434
16.253
15.036
13.938
13.93
13.93
16.737
15.459
14117
11.731
11.731
11.731
15.525
13.074
14.397
11.507
12.411
11.507
15.228
12.438
15.254
13.798
15.931
13.61
12,512
14.886
7583

11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33
11.33

347.83
341.83
347.83
341.83
341.83
347.83
347.83
347.83
341.83
347.83
341.83
341.83
347.83
341.83
347.83
341.83
347.83
341.83
341.83
347.83
341.83
347.83
341.83
347.83
341.83
341.83
347.83
347.83
347.83
341.83
347.83

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

175
175
175
175
175
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185
185

0.03473
0.03065
0.02956
0.02956
0.04736
0.04191
0.03878
0.03594
0.03592
0.03592
0.04316
0.03987
0.03641
0.03025
0.03025
0.03025
0.04004
0.03372
0.03713
0.02967
0.03201
0.02967
0.03927
0.03208
0.03934
0.03558
0.04108
0.0351
0.03227
0.03839
0.01956

0.9678
0.9685
0.9789
09759
0.9769
0.9589
0.9757
0.9687
0.9687
0.9687
0.9589
0.9499
0.9688
09771
09771
09771
0.9523
09772
0.9683
0.9758
09758
0.9758
09758
0.9515
0.9763
0.9488
0.9586
0.961
0.961
0.961
0.9796

Table A. 10 Ribbed slab design load

panel DL LL Pd
P1 1.918 1.6 4.9893
P2 1.918 0.7 3.6393
P3 1.918 1.6 4.9893
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204.532
180.398
172.138
172.667
216.368
263.403
239.484
2236
223412
223472
211.247
252.909
226.449
186.577
186.577
186.577
253.349
207.915
231.059
183.258
197.655
183.258
242,518
203.144
242.807
225.997
258.266
220.088
202.332
240.722
120.297

244,707
197.655
197.655
197.655
280.197
280.197
244,707
244,707
244,707
244,707
280.197
280.197
244,707
197.655
197.655
197.655
280.197
244,707
244,707
197.655
197.655
197.655
244,707
244,707
244,707
244,707
280.197
244,707
244,707
240.722
120.297

320.792 @10C/C310mm
397.157 @10C/C390mm
397.157 @10C/C390mm
397.157 @10C/C390mm
280.16  @10C/C270mm
280.16 @10C/C270mm
320.792 @10C/C310mm
320.792 @10C/C310mm
320.792 @10C/C310mm
320.792 @10C/C310mm
280.16 @10C/C270mm
280.16  @10C/C270mm
320.792 @10C/C310mm
397.157 @10C/C390mm
397.157 @10C/C390mm
397.157 @10C/C390mm
280.16  @10C/C270mm
320.792 @10C/C310mm
320.792 @10C/C310mm
397.157 @10C/C390mm
397.157 @10C/C390mm
397.157 @10C/C390mm
320.792 @10C/C310mm
320.792 @10C/C310mm
320.792 @10C/C310mm
320.792 @10C/C310mm
280.16 @10C/C270mm
320.792 @10C/C310mm
320.792 @10C/C310mm
326.102 @10C/C320mm
652.552 @10C/C400mm



P4 1.918 1.6 4.9893
P5 1.918 0.7 3.6393
P6 1.918 1.6 4.9893
P7 1.918 0.7 3.6393
P8 1.918 1.6 4.9893
P9 1.918 0.7 3.6393
P10 1.918 1.6 4.9893
P11 1.918 0.7 3.6393
P12 1.918 1.6 4.9893
P13 1.918 1 4.0893
P14 1.918 1 4.0893
P15 1.918 1 4.0893
P16 1.918 1 4.0893
P17 1.918 1 4.0893
P18 1.918 1 4.0893
P19 1.918 1 4.0893
P20 1.918 1 4.0893
P21 1.918 1 4.0893
P22 1.918 1 4.0893
P23 1.918 1 4.0893
C1 2 1 4.2
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C2 2
C3 2
C4 2
C5 2
Cé6 2
Cc7 2

1 4.2
1 4.2
1 4.2
1 4.2
1 4.2
1 4.2

Ribbed slab analysis along x-axis
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Table A. 11 mass calculation for each floor

Weight calculation for roof
description [mwt  [length  |area volume weight  |xi yi WIKI Wiyl
Truss KNm'3 |m m'2 m'3 KN m m KNm  |KNm
1 770 23810 0.00301] 0.00000903| 0.0006953| 11905 0.4] 00082777/ 0.00027812
) 770 23810 000301 0.00000903| 0.0006953| 11905 6.2] 0.0082777 0.00431092
3 770 2381} 000301 0.00000903| 0.0006953| 11905 12{ 0.0082777| 0.00834372
4 770 23810 000301 0.00000903| 0.0006953| 11905 17.8] 0.0082777 0.01237652
5 770 23810 000301 0.00000903| 0.0006953| 11905 23.6 00082777 0.01640932
0 770 23810 000301 0.00000903| 0.0006953| 11905 29.41 0.0082777 0.02044211
1 770 23810 000301] 0.00000903| 0.0006953| 11905 35.2{ 0.0082777| 0.02447491
sum 0.0048672 0.0579437 0.08663563
puriine
pl 7 35| 0.00421| 0.00001263| 0.0009725 0.45 17.5/0.0004376{ 0.01701893
p2 71 35| 000421 0.00001263| 0.0009725|  0.9095 17.5]0.0008845 0.01701893
p3 71 35| 000421 0.00001263| 0.0009725|  1.9095 17.5] 0.001857]0.01701893
pd 71 35| 000421 0.00001263| 0.0009725|  2.9095 17.5]0.00282951 0.01701893
ps 71 35| 000421 0.00001263| 0.0009725|  3.9095 17.5] 0.0038020.01701893
pb 71 351 000421 0.00001263| 0.0009725|  4.9095 17.5]0.0047745] 0.01701893
p7 71 35| 000421 0.00001263| 0.0009725|  5.9095 17.5] 0.005747]0.01701893
p8 71 351 000421 0.00001263| 0.0009725|  6.9095 17.5]0.0067196 0.01701893
p9 71 35| 000421 0.00001263| 0.0009725|  7.9095 17.5] 0.00769211 0.01701893
pl0 71 35| 000421 0.00001263| 0.0009725|  8.9095 17.5]0.0086646 0.01701893
pll 71 35| 000421 0.00001263| 0.0009725|  9.9095 17.5]0.0096371 0.01701893
pl2 7 35| 000421 0.00001263| 0.0009725|  10.9095 17.5]0.0106096| 0.01701893
pl3 71 35| 000421 0.00001263| 0.0009725|  11.9095 17.5] 0.0115821 0.01701893
sum 00126426 00752373 0.22124603
EGA Sheet
EGA 71 0| 420534 0.1682) 12.9514) 59735 17.6] 71365188| 22794464
sum 12,9514 77.36519] 2279446
Toptie Beam
Beams  |[mwt length(m) | width(m) | height(m) |vohme(m3)| weightKN)|  Xi Yi wiXi Wi
Bl 25 35 04 0.3 42 105 2361 175  247905) 18375
B2 25 35 0.2 03 21 525 8361 175| 4389525 91875
B3 25 35 0.2 0.3 21 525 13.361 175 7014525) 91875
B4 25 35 0.2 03 21 525 19361 175| 10164525 91875
BS 25 35 0.3 0.3 3.15 1875 24.361 175/1918.42875]  1378.125
sum 34125 1323.19125| 5971.875
overall weight 354.21891 wverall moment 4400.68962| 6200.12748
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mass calculation for 5th floor

ribbed slab length,ly width,Ix  depth(m) volume un.wt(KN/mweight(KN)  center of mass moment
Xi Vi Wikxi Wity

pl 6 5 0.29 8.7 14 121.8 2.5 3 3045 3654
p2 5 5 0.29 7.25 14 1015 2.5 145 253.75 1471.75
p3 6 6 0.29 10.44 14 146.16 8 9 1169.28 1315.44
p4 5 6 0.29 8.7 14 121.8 8 145 9744 1766.1
p5 5 5 0.29 7.25 14 1015 2.5 19.5 253.75 1979.25
p6 5 6 0.29 8.7 14 121.8 8 195 9744 23751
p7 5 5 0.29 7.25 14 1015 2.5 245 253.75 2486.75
p8 5 6 0.29 8.7 14 121.8 8 245 9744 2984.1
p9 5 5 0.29 7.25 14 1015 2.5 295 253.75 2994.25
p10 5 6 0.29 8.7 14 121.8 8 295 9744 3593.1
pll 2.9 5 0.29 4.205 14 58.87 25 3345 147.175 1969.2
pl2 29 6 0.29 5.046 14 70.644 8 3345 565.152 2363.04
pl3 6 5 0.29 8.7 14 121.8 13.5 3 16443 3654
pl4 6 5 0.29 8.7 14 121.8 135 9 16443 1096.2
p15 5 5 0.29 7.25 14 1015 135 145 1370.25 1471.75
pl6 5 5 0.29 7.25 14 1015 135 19.5 1370.25 1979.25
pl7 5 5 0.29 7.25 14 1015 135 24.5 1370.25 2486.75
pl8 5 5 0.29 7.25 14 1015 135 29.5 1370.25 2994.25
pl9 29 5 0.29 4.205 14 58.87 135 3345 794.745 1969.2
p20 6 6 0.29 10.44 14 146.16 19 9 2777.04 1315.44
p21 5 6 0.29 8.7 14 121.8 19 145 23142 1766.1
p22 5 6 0.29 8.7 14 121.8 19 195 23142 2375.1
p23 5 6 0.29 8.7 14 121.8 19 245 23142 2984.1
S1 6 6 0.29 10.44 14 146.16 8 3 1169.28 438.48
S2 6 6 0.29 10.44 14 146.16 19 3 2777.04 438.48
S3 5 6 0.29 8.7 14 121.8 19 295 23142 3593.1
S4 6 5 0.29 8.7 14 121.8 2.5 9 3045 1096.2
Cl 6 15 0.29 2.61 14 36.54  22.75 3 831.285 109.62
C2 6 15 0.29 2.61 14 36.54  22.75 9 831.285 328.86
C3 5 15 0.29 2.175 14 3045  22.75 145 692.738 441.525
C4 5 15 0.29 2.175 14 3045  22.75 19.5 692.738 593.775
C5 5 15 0.29 2.175 14 3045  22.75 245 692.738 746.025
C6 5 15 0.29 2.175 14 3045  22.75 29.5 692.738 898.275
C7 29 15 0.29 1.2615 14 17.661  22.75  33.45 401.788 590.76

sum 3259.165 37783 55742.1

for beams

BX1 24.35 04 0.3 2.922 25 73.05 12.175 0 889.384 0
BX2 24.35 04 0.3 2.922 25 73.05 12.175 6 889.384 4383
BX3 24.35 04 0.3 2.922 25 73.05 12.175 12 889.384  876.6
BX4 24.35 04 0.3 2.922 25 73.05 12.175 17 889.384 1241.85
BX5 24.35 04 0.3 2.922 25 73.05 12.175 22 889.384 1607.1
BX6 24.35 04 0.3 2.922 25 73.05 12.175 27 889.384 1972.35
BX7 24.35 04 0.3 2.922 25 73.05 12.175 32 889.384 2337.6
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BX8

BYD
BYC
BYB
BYA

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10
C11
C12
C13
C14
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40

24.35
35.25
35.25
35.25
35.25

3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36
3.36

0.4
04
0.4
0.4
04

0.3
04
0.4
0.4
04
0.4
0.4
04
0.3
0.4
0.4
04
0.4
0.4
04
04
0.4
0.4
04
0.4
0.4
04
04
0.4
0.4
04
0.4
0.4
04
04
0.4
0.4
04
0.4
0.4
0.4
04
0.4
0.4
04

0.3
0.3
0.3
0.3
0.3

04
0.3
0.3
0.3
0.3
0.3
0.3
0.3
04
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

2.922
4.23
4.23
4.23
4.23

for columns
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032
0.4032

sum

sum
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25
25
25
25
25

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

73.05
105.75
105.75
105.75
105.75
1007.4

10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
10.08
403.2

12.175
5

11

16

22

U1 O1 01 O1 O1 U1 O1 01 ©O O O O O O O O

N RN NONNONNNONNRERRRRRERRRRRR R R R RE R
WWWWWWWWNNNNNNNANPRPPR R R PR R

34.9
17.625
17.625
17.625
17.625

12
17
22
27
32
34.9

12
17
22
27
32
34.9

12
17
22
27
32
34.9

12
17
22
27
32
34.9

12
17
22
27
32
34.9

889.384
528.75
1163.25
1692
2326.5
12825.6

O O O O o o o

0

50.4
504
504
50.4
504
504
504
50.4
110.88
110.88
110.88
110.88
110.88
110.88
110.88
110.88
171.36
171.36
171.36
171.36
171.36
171.36
171.36
171.36
231.84
231.84
231.84
231.84
231.84
231.84
231.84
231.84
4515.84

2549.45
1863.84
1863.84
1863.84
1863.84
18478.6

0

60.48
120.96
171.36
221.76
272.16
322.56
351.792
0

60.48
120.96
171.36
221.76
272.16
322.56
351.792
0

60.48
120.96
171.36
221.76
272.16
322.56
351.792
0

60.48
120.96
171.36
221.76
272.16
322.56
351.792
0

60.48
120.96
171.36
221.76
272.16
322.56
351.792
7605.36



flight 1,1 3.089
flight1,2 3.089
landing 1,1 0.75
landing 1,2 1.83
flight 2,1 3.089
flight2,2 3.089
landing 2,1 1.78
landing 2,2 1.72
P1,PW1 2.05
PW1 1.7
S4,PW1 1.95
PW3 4.6
PW5 4.6
PWD 8.5
P7,PW6 4.6
PWD 35
P9,PW7 4.6
PWD 35
P11,PW8 4.6
PW1 1.2
PW1 0.404
WX 55
WCDY 9.25

5.509

5.385
WCDX1 3.45
X2 3.45
X2 3.6
CY1 5.7
CY2 3.7
CY3 4.7
Cy4 4.7
CY5 4.7
CY6 4.7
CY7 2.6
WBC1 4.6
WBC2 3.699
WBC4 4.6
WBC5 4.6
WBC6 4.6
WBC7 4.6
WBC8 1.65
WBA1 5.6
WBA2 4.1
WBA4 4.1
WBAS5 4.1
WBAG6 4.1
WBA7 5.6

1.7

1.7
3.75
3.75
1.25
1.25
3.05
3.05

0.2
0.2
0.2
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.1
0.2
0.1
0.15
0.15
0.15
0.15
0.15
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.15
0.15
0.15
0.15
0.2
0.2
0.2
0.15
0.15
0.15
0.15
0.2

for stiars

0.15 0.787695
0.15 0.787695
0.15 0.421875
0.15 1.029375
0.15 0.5791875
0.15 0.5791875
0.15 0.81435
0.15 0.7869
for walls
3.07 1.2587
3.07 1.0438
3.07 1.1973
3.07 2.8244
3.07 2.1183
3.07 3.91425
3.07 2.1183
3.07 1.61175
3.07 2.1183
3.07 1.61175
3.07 2.8244
3.07 0.3684
3.07 0.248056
3.07 1.6885
3.07 4.259625
3.07  2.5368945
3.07  2.4797925
3.07 1.588725
3.07 1.588725
3.07 2.2104
3.07 2.62485
3.07 1.70385
3.07 2.16435
3.07 2.16435
3.07 2.16435
3.07 2.16435
3.07 1.1973
3.07 2.8244
3.07 1.7033895
3.07 2.1183
3.07 2.1183
3.07 2.1183
3.07 2.8244
3.07 1.0131
3.07 3.4384
3.07 1.88805
3.07 1.88805
3.07 1.88805
3.07 1.88805
3.07 3.4384

sum
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25
25
25
25
25
25
25
25

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

19.692375
19.692375
10.546875
25.734375
14.479688
14.479688
20.35875
19.6725
144.65663

17.6218
14.6132
16.7622
39.5416
29.6562
54.7995
29.6562
22.5645
29.6562
22.5645
39.5416
5.1576
3.472784
23.639
59.63475
35.516523
34.717095
22.24215
22.24215
30.9456
36.7479
23.8539
30.3009
30.3009
30.3009
30.3009
16.7622
39.5416
23.847453
29.6562
29.6562
29.6562
39.5416
14.1834
48.1376
26.4327
26.4327
26.4327
26.4327
48.1376

3.2145
3.2145
4.745
0.835
19.3245
19.3245
16.89
21.38

0.575
4.425
-0.2
2.5

2.5
5.125
2.5
5.125
25
5.125
25
-0.1
2.125
4.325
7.275
7.275
7.275
9.104
9.104
9
10.875
10.875
10.875
10.875
10.875
10.875
10.875
13.5
13.9505
135
135
135
135
14.975
19
18.25
18.25
18.25
18.25
19

10.975
8.975
9.975
9.975

34.225

32.625

33.525

33.525

-0.2
-0.2
6.975
12
22.075
415.6
26.925
23.9
32.075
28.9
34.975
33.45
33.45
33.45
17.525
25.8045
32.1575
22.075
28.484
34.15
3

8
14.35
19.35
24.35
29.35
33.3

6.075
16.925
22.075
27.075
32.075
34.975

6.075
16.925
22.075
27.075
32.075

63.3011
63.3011
50.0449
21.4882
279.813
279.813
343.859
420.598
1522.22

10.1325
64.6634
-3.3524

98.854
74.1405
280.847
74.1405
115.643
74.1405
115.643

98.854
-0.5158
7.37967
102.239
433.843
258.383
252.567
202.493
202.493

278.51
399.633
259.411
329.522
329.522
329.522
329.522
182.289
533.812
332.684
400.359
400.359
400.359
533.812
212.396
914.614
482.397
482.397
482.397
482.397
914.614

216.124
176.739
105.205

256.7
495.567

472.4
682.527
659.521
3064.78

-3.5244
-2.9226
116.916
474.499
654.661
22774.7
798.493
539.292
951.223
652.114
1382.97
172.522
116.165
790.725
1045.1
916.486
1116.41
490.995
633.545
1056.79
110.244
190.831
434.818
586.322
737.827
889.331
558.181
0
144.873
501.931
654.661
802.942
1268.3
496.064
0
160.579
447.373
583.502
715.665
1544.01



WBAS 5.6 0.2 3.07 3.4384 14
wB 3.55 0.15 3.07 1.634775 14
W7-8 5.496 0.15 3.07 2.530908 14
sum
Imposed load
panle Ly(m) Lx(m) area(m2) load weight
pl 6 5 30 4 120
p2 5 5 25 35 87.5
p3 6 6 36 4 144
p4 5 6 30 4 120
p5 5 5 25 35 87.5
p6 5 6 30 4 120
p7 5 5 25 35 87.5
p8 5 6 30 4 120
p9 5 5 25 35 87.5
p10 5 6 30 4 120
pll 2.9 5 145 1.75 25.375
pl2 2.9 6 174 7.5 130.5
p13 6 5 30 35 105
pl4 6 5 30 35 105
p15 5 5 25 35 87.5
pl6 5 5 25 35 87.5
pl7 5 5 25 35 87.5
p18 5 5 25 35 87.5
p19 2.9 5 14.5 1.75 25.375
p20 6 6 36 35 126
p21 5 6 30 35 105
p22 5 6 30 35 105
p23 5 6 30 35 105
S1 6 6 36 4 144
S2 6 6 36 35 126
S3 5 6 30 35 105
S4 6 5 30 4 120
C1 6 15 9 4 36
C2 6 15 9 4 36
C3 5 15 7.5 4 30
C4 5 15 7.5 1.75 13.125
C5 5 15 7.5 1.75 13.125
C6 5 15 7.5 1.75 13.125
C7 2.9 15 4.35 1.75 7.6125
sum 2920.2375
SHEAR WALL
CDYW1 2.9 0.15 3.07 1.33545 25
CDYW?2 2.9 0.15 3.07 1.33545 25
CDXwW1 2.4 0.15 3.07 1.1052 25
CDXW?2 0.85 0.15 3.07 0.391425 25
CDXW3 0.25 0.15 3.07 0.115125 25
sum

overall weight
167

48.1376 19 34.975 914.614 1683.61
22.88685 15.875 7.975 363.329 182.523
35.432712  12.825 33.45 454.425 1185.22
1267.6586 13205.5 48555.9

center of mass moment

Xi Yi Wixi wiyi

2.5 3 300 360
2.5 145 218.75 1268.75
8 9 1152 1296

8 145 960 1740
2.5 19.5 218.75 1706.25
8 19.5 960 2340
2.5 245 218.75 2143.75
8 24.5 960 2940
2.5 29.5 218.75 2581.25
8 29.5 960 3540
25 3345 63.4375 848.794
8 3345 1044 4365.23
135 3 14175 315
135 9 14175 945
135 145 1181.25 1268.75
135 19.5 1181.25 1706.25
135 245 1181.25 2143.75
135 29.5 1181.25 2581.25
135  33.45 342563 848.794
19 9 2394 1134
19 145 1995 1522.5
19 19.5 1995 2047.5
19 245 1995 25725
8 3 1152 432
19 3 2394 378
19 29.5 1995 3097.5
2.5 9 300 1080
22.75 3 819 108
22.75 9 819 324
22.75 145 682.5 435
22.75 19.5 298.594 255.938
22.75 245 298.594 321.563
22.75 29.5 298.594 387.188
22.75  33.45 173.184 254.638
32786.5 49289.1

33.38625  7.175 1.65 239.546 55.0873
33.38625  9.725 1.65 324.681 55.0873

27.63 8.45 0.275 233.474 7.59825

9.785625  7.675  3.025 75.1047 29.6015
2.878125 9525  3.025 27.4141 8.70633
107.06625 900.22 156.081
9109.3839  overall moment 103539 182892



sum
Columns
sum
Beams
sum
stairs
sum

panle

pl
p2
p3
p4
p5
p6
p7
p8
p9
p10
pll
p12
p13
pl4
p15
pl6
pl7
pl8
p19
p20
p21
p22
p23
S2
S3
C1
C2
C3
C4
C5
C6
C7

mass calculation for 3rd and4th floor
ribbed slab weight

Ly(m)

NN

N

N
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3259.17
weight
403.
weight
1007.
weight

144.657

2

4
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Wi*Xi
37783

Wi*Xi
4515.84

Wi*Xi
12825.6

Wi*Xi
1522.22

Imposed load
area(m2) load
30 4
25 1.75
36 4
30 4
25 1.75
30 4
25 1.75
30 4
25 1.75
30 4
145 1.75
17.4 4
30 1.75
30 25
25 2.5
25 2.5
25 2.5
25 25
14.5 1.75
36 25
30 2.5
30 25
30 2.5
36 1.75
30 2.5
9 4
9 2.5
7.5 4
7.5 2.5
7.5 2.5
7.5 2.5
4.35 2.5
sum

Wi*Yi
557421
Wi*Yi
7605.36
WirYi
18478.6
Wi*Yi
3064.78

weight

120
43.75
144
120
43.75
120
43.75
120
43.75
120
25.375
69.6
52.5
75
62.5
62.5
62.5
62.5
25.375
90

75

75

75

63

75

36
22.5
30
18.75
18.75
18.75
10.875
2025.48

168

center of mass

Xi Yi
2.5 3
2.5 145
8 9
8 145
2.5 19.5
8 19.5
2.5 24.5
8 245
2.5 29.5
8 29.5
25 33.45
8 3345
135 3
135 9
135 145
135 19.5
135 245
135 29.5
135  33.45
19 9
19 145
19 195
19 245
19 3
19 29.5
22.75 3
22.75 9
22.75 145
22.75 19.5
22.75 245
22.75 29.5
22.75  33.45

moment

Wixi
300
109.375
1152
960
109.375
960
109.375
960
109.375
960
63.4375
556.8
708.75
1012.5
843.75
843.75
843.75
843.75
342.563
1710
1425
1425
1425
1197
1425
819
511.875
682.5
426.563
426.563
426.563
247.406
23936

wiyi
360
634.375
1296
1740
853.125
2340
1071.88
2940
1290.63
3540
848.794
2328.12
157.5
675
906.25
1218.75
1531.25
1843.75
848.794
810
1087.5
1462.5
1837.5
189
2212.5
108
202.5
435
365.625
459.375
553.125
363.769
36510.6



walls
Y1iwi
X1wi
Y1W2
X1W?2
X3w1
Y1iWw1l
Diw1
3-4XW1
4W1
DW3
Dw4
DW5
DW6
5w1
6W1
TW1
8W1
4-5XW1
5-6XW1
6-7XW1
7-8XW1
D2W?2
D3W3
D4W4
Yiw2
Y1W3
Y1iw4
Y1W5
1DW1
1DW?2
1XW3
1XW4
2XW3
2XW4
TXW3
TXW4
8XW4
8XW3
BCXW1
BCYW1
BCYW2
Cywi
CYWs3
Cyw4
CYW5
CYW6
CYw7

length,ly width,Ix depth(m) volume

1.025
0.85
1.025
0.85
4.6
0.75
0.7
3.85
4.6
3.8
3.8
3.8
3.8
4.6
4.6
4.6
4.6
3.85
3.85
3.85
4.25
0.7
0.7
0.7
0.65
0.7
0.6
0.804
1.25
0.9
4.6
5.6
4.6
3.563
4.6
5.6
5.6
1.65
3.55
0.846
1.1
5.7
4.7
4.7
4.7
4.7
2.6

0.2
0.2
0.2
0.2
0.2
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.2
0.2
0.201
0.1
0.15
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.15
0.15
0.15
0.2
0.2
0.2
0.2
0.2
0.2

3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07
3.07

0.62935
0.5219
0.62935
0.5219
2.8244
0.4605
0.32235
1.77293
2.1183
1.7499
1.7499
1.7499
1.7499
2.1183
2.1183
2.1183
2.8244
1.77293
1.77293
1.77293
1.95713
0.32235
0.32235
0.32235
0.3991
0.4298
0.3684
0.49612
0.38375
0.41445
2.8244
3.4384
2.8244
2.18768
2.8244
3.4384
3.4384
1.0131
1.63478
0.38958
0.50655
3.4998
2.8858
2.8858
2.8858
2.8858
1.5964

un.wt(KN weight

(=N

©

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

8.8109
7.3066
8.8109
7.3066
39.5416
6.447
4.5129
24.821
29.6562
24.4986
24.4986
24.4986
24.4986
29.6562
29.6562
29.6562
39.5416
24.821
24.821
24.821
27.3998
45129
4.5129
4.5129
5.5874
6.0172
5.1576
6.94574
5.3725
5.8023
39.5416
48.1376
39.5416
30.6275
39.5416
48.1376
48.1376
14.1834
22.8869
5.45416
7.0917
48.9972
40.4012
40.4012
40.4012
40.4012
22.3496

Xi
0
0.575
0
4.275
2.5
-0.1
3.775
1.925
2.5
5.125
5.125
5.125
5.125
2.5
2.5
2.5
2.5
1.925
1.925
1.925
2.125
3.775
3.775
3.775
-0.1
-0.1
-0.1
-0.1
1.625
14.225
135
19
135
17.9815
135
19
19
14.975
12.775
12.625
13.625
10.9
10.9
10.9
10.9
10.9
10.9

yi
0.7125
-0.1
0.7125
-0.1
6.075
13.3275
12,5
13.625
17.05
14.05
19.95
24.05
29.95
22.05
27.05
32.075
34.975
20.375
23.475
30.425
33.375
21.65
22.175
31.65
20.575
23.3
30.6
33.45
33.45
33.6

Witxi

0
4.2013
0
31.2357
98.854
-0.6447
17.0362
47.7803
74.1405
125.555
125.555
125.555
125.555
74.1405
74.1405
74.1405
98.854
47.7803
47.7803
47.7803
58.2245
17.0362
17.0362
17.0362
-0.5587
-0.6017
-0.5158
-0.6946
8.73031
82.5377
533.812
914.614
533.812
550.729
533.812
914.614
914.614
212.396
292.38
68.8588
96.6244
534.069
440.373
440.373
440.373
440.373
243.611

Wiryi
6.27777
-0.7307
6.27777
-0.7307
240.215
85.9224
56.4113
338.185
505.638
344.205
488.747
589.191
733.733
653.919

802.2
951.223
1382.97
505.727
582.672
755.177
914.467
97.7043
100.074
142.833
114.961
140.201
157.823
232.335

179.71
194.957
0

0
237.25
183.765
1268.3
1544.01
1683.61
496.064
765.565
182.294
237.927
149.441
587.837
789.843
991.849
1193.86
772.179



CDW3
CDW4
CDWS5
CDW6
CD1
CD2
CD3
CD4
3-4XW1
4-5XW1
5-6XW1
6-7XW1
3-4YW1
4-5YW1
5-6YW1
6-7YW1
7-8YW1
8XW1
8XW2

CDYw1
CDYW?2
CDXwW1
CDXW2
CDXW3

pl
p2
p3
pd
p5
p6
p/
p8
P9
pl0
pll
pl2

3.45
3.45
3.45
3.45
0.9
0.9
0.9
0.9
2.3
2.3
2.3
2.3
2.1
2.1
2.1
3.15
2.85
0.775
0.625

29
29
24
0.85
0.25

© O© o1 o1 O1 O1 O1 O1 O1 & U1 O

NN

0.15 3.07 1.58873
0.15 3.07 1.58873
0.15 3.07 1.58873
0.15 3.07 1.58873
0.15 3.07 0.41445
0.15 3.07 0.41445
0.15 3.07 0.41445
0.15 3.07 0.41445
0.15 3.07 1.05915
0.15 3.07 1.05915
0.15 3.07 1.05915
0.15 3.07 1.05915
0.15 3.07 0.96705
0.15 3.07 0.96705
0.15 3.07 0.96705
0.15 3.07 1.45058
0.15 3.07 1.31243
0.2 3.07 0.47585
0.2 3.07 0.38375
SHEAR WALL
0.15 3.07 1.33545
0.15 3.07 1.33545
0.15 3.07 1.1052
0.15 3.07 0.39143
0.15 3.07 0.11513

over all

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

25
25
25
25
25

sum

mass calculation for 2nd floor
solid slab length,ly width,Ix depth(m) volume — un.wit(KN weight(K!  center of mass

S O1 O O1 OO O1 O O1 OO O O1 O1

0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22

6.6
55
792
6.6
5.5
6.6
5.5
6.6
5.5
6.6
3.19
3.828

25
25
25
25
25
25
25
25
25
25
25
25

170

22.2422
22.2422
22.2422
22.2422
5.8023
5.8023
5.8023
5.8023
14.8281
14.8281
14.8281
14.8281
13.5387
13.5387
13.5387
20.3081
18.374
6.6619
5.3725

33.3863
33.3863

27.63
9.78563
2.87813
1460.12
8300.02

165
137.5
198
165
137.5
165
137.5
165
137.5
165
79.75
95.7

9.075
9.075
9.075
9.075
9.425
9.425
9.425
9.425
8.37
8.37
8.37
8.37
7.275
7.275
7.275
7.275
7.275
7.5875
10.4875

7.175
9.725

8.45
7.675
9.525

2.5
2.5
8
8
2.5
8
2.5
8
2.5
8
2.5
8

11.925
16.925
21.925
26.925
12.45
17.45
22.45
27.45
13.675
18.675
23.675
28.675
13.05
18.05
23.05
28.575
33.425
34.975
34.975

1.65
1.65
0.275
3.025
3.025

3
14.5
9
14.5
19.5
19.5
24.5
24.5
29.5
29.5
33.45
33.45

201.848
201.848
201.848
201.848
54.6867
54.6867
54.6867
54.6867
124111
124111
124.111
124.111

98.494

98.494

98.494
147.741

133.67
50.5472
56.3441

239.546
324.681
233.474
75.1047
27.4141
12649.7
93232.4

265.238
376.448
487.659
598.87
72.2386
101.25
130.262
159.273
202.774
276.915
351.055
425.196
176.68
244.374
312.067
580.303
614.149
233
187.903

55.0873
55.0873
7.59825
29.6015
8.70633
28337.8

149739

moment

Wi*xi

412.5
343.75
1584
1320
343.75
1320
343.75
1320
343.75
1320
199.375
765.6

Wity

495
1993.75
1782
2392.5
2681.25
32175
3368.75
4042.5
4056.25
4867.5
2667.64
3201.17



p13
pla
p15
pl6
pl7
p18
p19
p20
p21
p22
p23
Spl
sp2
sp3
S2
S3
S4
C1l
C2
C3
C4
C5
C6
Cc7

BX1
BX2
BX3
BX4
BX5
BX6
BX7
BX8
BY1
BYD
BYC
BYB
BYA
BY2

walls

1XW1
1XW1,2
1XW3
1XW4

)
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1.15

3.28

© oo oo o o

24.35
24.35
24.35
24.35
24.35
24.35
24.35
24.35
35.25
35.25
35.25
35.25
35.25
35.25

0.85
0.85
4.6
5.6
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0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.2
0.4
0.4
0.4
0.4
0.4

0.2
0.2
0.2
0.2

0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

3.14
3.14
3.14
3.14

6.6
6.6
5.5
5.5
5.5
5.5
3.19
7.92
6.6
6.6
6.6
2.574
1.8502
1.518
7.92
6.6
3.608
1.98
1.98
1.65
1.65
1.65
1.65
0.957

for beams
2.922
2.922
2.922
2.922
2.922
2.922
2.922
2.922
2.115
4.23
4.23
4.23
4.23
4.23

length,ly width,Ix depth(m) volume

0.5338
0.5338
2.8888
3.5168

25 165
25 165
25 1375
25 1375
25 1375
25 1375
25 79.75
25 198
25 165
25 165
25 165
25 64.35
25 46.255
25 3795
25 198
25 165
25 90.2
25 49.5
25 49.5
25 4125
25 4125
25 4125
25 41.25
25 23.925
sum 4290.88
25 73.05
25 73.05
25 73.05
25 73.05
25  73.05
25  73.05
25 73.05
25 73.05
25 52875
25 105.75
25 105.75
25 105.75
25 105.75
25 105.75
sum 1166.03
un.wit(KN weight
14 7.4732
14 7.4732
14 40.4432
14 49.2352

171

13.5
13.5
13.5
13.5
13.5
13.5
13.5
19

19

19

19
5.975
8.55
10.425
19

19
2.5
22.75
22.75
22.75
22.75
22.75
22.75
22.75

12.175
12.175
12.175
12.175
12.175
12.175
12.175
12.175

11
16
22
23.3

0.575
4.425
13.5
19

3

9
14.5
19.5
24.5
29.5
33.45
9
14.5
19.5
24.5
3
4.55
3

3
29.5
7.64

14.5
195
24.5
29.5
33.45

0

6

12

17

22

27

32
34.9
17.625
17.625
17.625
17.625
17.625
17.625

-0.2
-0.2
0
0

2227.5
2227.5
1856.25
1856.25
1856.25
1856.25
1076.63
3762
3135
3135
3135
384.491
395.48
395.629
3762
3135
225.5
1126.13
1126.13
938.438
938.438
938.438
938.438
544.294
50588.5

889.384
889.384
889.384
889.384
889.384
889.384
889.384
889.384
0
528.75
1163.25
1692
2326.5
2463.98
15289.5

Wirxi

4.29709
33.0689
545.983
935.469

495
1485
1993.75
2681.25
3368.75
4056.25
2667.64
1782
2392.5
3217.5
4042.5
193.05
210.46
113.85
594
4867.5
689.128
148.5
445.5
598.125
804.375
1010.63
1216.88
800.291
74640.2

0

438.3
876.6
1241.85
1607.1
1972.35
2337.6
2549.45
931.922
1863.84
1863.84
1863.84
1863.84
1863.84
21274.4

Wityi

-1.4946
-1.4946
0
0



CYw?2
CYWwW3
CYw4
CYW5
CYW6
Cywyv
3XW1
3XW?2
3XW3
3XW4
4XW1
4XW?2
5XwW1
SXW2
5XW3
SXW4
6XW1
6XW2
TXW1
TXW3
TXWA4
8XW1
8XwW2,1
8XW2,2
8XW3
8XW4
DYWs3
DYW4
DYWS5
DYW6
CD3
CD4
CD5
CD6
CD7
CDY3
CDY4
CDY5
CDY®6
D1Y3
D1Y4
D1Y5
D1Y6
D1Y7,1
D1Y7,2
3-4XW1
3-4XW2
4-5XW1
4-5XW2

5.7
4.7
4.7
4.7
4.7
2.6
4.6
3.6
4.6
5.6
4.6
3.6
4.6
3.6
4.6
5.6
4.6
3.6
4.6
4.6
5.6
4.6
0.78

0.625

1.65
5.6
3.8
3.8
3.8
3.8
2.1
21
2.1
3.3

2.85
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9

1.25

1.05

2.25

2.15

2.25

2.15

0.2

0.2

0.2

0.2

0.2

0.2

0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

0.2

0.2

0.2

0.2

0.2

0.2

0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14

3.5796
2.9516
2.9516
2.9516
2.9516
1.6328
2.8888
1.6956
2.1666
2.6376
2.1666
1.6956
2.1666
1.6956
2.1666
2.6376
2.1666
1.6956
2.1666
2.8888
3.5168
2.8888
0.48984
0.3925
1.0362
3.5168
1.7898
1.7898
1.7898
1.7898
0.9891
0.9891
0.9891
1.5543
1.34235
0.4239
0.4239
0.4239
0.4239
0.4239
0.4239
0.4239
0.4239
0.58875
0.49455
1.05975
1.01265
1.05975
1.01265
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14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

50.1144
41.3224
41.3224
41.3224
41.3224
22.8592
40.4432
23.7384
30.3324
36.9264
30.3324
23.7384
30.3324
23.7384
30.3324
36.9264
30.3324
23.7384
30.3324
40.4432
49.2352
40.4432
6.85776
5.495
14.5068
49.2352
25.0572
25.0572
25.0572
25.0572
13.8474
13.8474
13.8474
21.7602
18.7929
5.9346
5.9346
5.9346
5.9346
5.9346
5.9346
5.9346
5.9346
8.2425
6.9237
14.8365
14.1771
14.8365
14.1771

10.9
10.9
10.9
10.9
10.9
10.9

2.5

135
19
2.5

2.5

13.5
19
2.5

9

2.5
135
19
2.5
8.365
10.4875
14.975
19
5.125
5.125
5.125
5.125
7.275
7.275
7.275
7.275
7.275
9.425
9.425
9.425
9.425
2.175
2.175
2.175
2.175
1.624
4.325
1.125
8.425
1.125
8.425

8.95
14.55
19.55
24.55
29.55
34.55

12.075
12.075
12.075
12.075
17.05
16.925
22.05
21.925
22.075
22.075
27.05
26.925
32.075
32.075
32.075
34.975
34.975
34.975
34.975
34.975
14.95
19.05
24.95
29.05
13.05
18.05
23.05
28.65
33.425
16.4
21.4
26.4
27.45
12.6
21.5
22.55
31.55
33.45
33.525
13.825

15.85
20.275
20.175

546.247
450.414
450.414
450.414
450.414
249.165
101.108
213.646
409.487
701.602

75.831
213.646

75.831
213.646
409.487
701.602

75.831
213.646

75.831
545.983
935.469
101.108
57.3652
57.6288
217.239
935.469
128.418
128.418
128.418
128.418

100.74

100.74

100.74
158.305
136.718
55.9336
55.9336
55.9336
55.9336
12.9078
12.9078
12.9078
12.9078
13.3858

29.945
16.6911
119.442
16.6911
119.442

448.524
601.241
807.853
1014.46
1221.08
789.785
488.352
286.641
366.264
445.886
517.167
401.772
668.829
520.464
669.588
815.15
820.491
639.156
972.912
1297.22
1579.22
1414.5
239.85
192.188
507.375
1722
374.605
477.34
625.177
727.912
180.709
249.946
319.183
623.43
628.153
97.3274
127
156.673
162.905
74.776
127.594
133.825
187.237
275.712
232.117
205.115
224.707
300.81
286.023



5-6XW1 2.25 0.15 3.14 1.05975 14

5-6XW2 2.15 0.15 3.14 1.01265 14
6-7XW1 2.25 0.15 3.14 1.05975 14
6-7XW2 2.15 0.15 3.14 1.01265 14
7-8XW1 4.25 0.1 3.14 1.3345 14
7-8XW2 3.55 0.15 3.14 1.67205 14
1YW1,1 1.025 0.2 3.14 0.6437 14
1YW1,2 1.025 0.2 3.14 0.6437 14
1YW2 1.95 0.2 3.14 1.2246 14
1YW3 0.95 0.2 3.14 0.5966 14
1YW4 0.85 0.2 3.14 0.5338 14
1YW5 0.9 0.2 3.14 0.5652 14
1YW6 0.8 0.2 3.14 0.5024 14
1YW7 0.804 0.2 3.14 0.50491 14
BCYW1 0.846 0.15 3.14 0.39847 14
BCYW2 11 0.15 3.14 0.5181 14

SUM

SHEAR WALL

CDYW1 2.9 0.15 3.07 1.33545 25
CDYW2 2.9 0.15 3.07 1.33545 25
CDXWwW1 2.4 0.15 3.07 1.1052 25
CDXW2 0.85 0.15 3.07 0.39143 25
CDXW3 0.25 0.15 3.07 0.11513 25

sum

for stiars

flight 1,1 3.089 1.7 0.15 0.7877 25
flight1,2 3.089 1.7 0.15 0.7877 25
landing 1, 0.75 3.75 0.15 0.42188 25
landing 1,: 1.83 3.75 0.15 1.02938 25
flight 2,1 3.089 1.25 0.15 0.57919 25
flight2,2 3.089 1.25 0.15 0.57919 25
landing 2, 1.78 3.05 0.15 0.81435 25
landing 2,: 1.72 3.05 0.15 0.7869 25

sum

Imposed load

panle Ly(m) Lx(m)  area(m2) load weight

pl 6 5 30 25 75
p2 5 5 25 45 1125
p3 6 6 36  3.25 117
p4 5 6 30 45 135
p5 5 5 25 45 1125
p6 5 6 30 4.5 135
p7 5 5 25 45 1125
P8 5 6 30 4.5 135
po 5 5 25 45 1125
p10 5 6 30 4.5 135
p1l 2.9 5 145 45  65.25
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14.8365
14.1771
14.8365
141771
18.683
23.4087
9.0118
9.0118
17.1444
8.3524
7.4732
7.9128
7.0336
7.06877
5.57852
7.2534
1429.3

33.3863
33.3863

27.63
9.78563
2.87813
107.066

19.6924
19.6924
10.5469
25.7344
14.4797
14.4797
20.3588
19.6725
144.657

1.125
8.425
1.125
8.425
2.125
12.775

-0.2
-0.2
-0.2
-0.2
-0.2
-0.2
12.625
15.55

7.175
9.725

8.45
7.675
9.525

3.2145
3.2145
4.745
0.835
19.3245
19.3245
16.89
21.38

center of mass

Xi
2.5
2.5

8
8
2.5
8
2.5
8
2.5
8
2.5

Yi
3
14.5
9
14.5
19.5
19.5
24.5
245
29.5
29.5
33.45

23.775
25.175
30.325
28.825
33.5
33.45
0.7125
5.3375
7.175
13.425
20.625
23.4
30.65
33.45
33.375
33.502

1.65
1.65
0.275
3.025
3.025

10.975
8.975
9.975
9.975

34.225

32.625

33.525

33.525

16.6911
119.442
16.6911
119.442
39.7014
299.046
0

0
-3.4289
-1.6705
-1.4946
-1.5826
-1.4067
-1.4138
70.4289
112.79
12932.5

239.546
324.681
233.474
75.1047
27.4141

900.22

63.3011
63.3011
50.0449
21.4882
279.813
279.813
343.859
420.598
1522.22

moment

WiXi
187.5
281.25
936
1080
281.25
1080
281.25
1080
281.25
1080
163.125

wiyi
225
1631.25
1053
1957.5
2193.75
2632.5
2756.25
3307.5
3318.75
3982.5
2182.61

352.738
356.908
449.917
408.655
625.881
783.021
6.42091
48.1005
123.011
112.131
154.135

185.16

215.58

236.45
186.183
243.003
30730.5

55.0873
55.0873
7.59825
29.6015
8.70633
156.081

216.124
176.739
105.205

256.7
495.567

472.4
682.527
659.521
3064.78



pl2 2.9 6 17.4 75 1305 8
pl3 6 5 30 25 75 135
pla 6 5 30 35 105 135
p15 5 5 25 35 87.5 135
pl6 5 5 25 35 87.5 135
pl7 5 5 25 3.5 87.5 135
pl8 5 5 25 35 87.5 13.5
pl19 2.9 5 14.5 25  36.25 13.5
p20 6 6 36 35 126 19
p21 5 6 30 35 105 19
p22 5 6 30 35 105 19
p23 5 6 30 35 105 19
Spl 1.95 6 11.7 25 2925 5975
sp2 2.9 2.9 8.41 2.5 21.025 8.55
sp3 1.15 6 6.9 25 17.25 10.425
S4 3.28 5 16.4 25 41 25
C1 6 15 9 15 135 2275
C7 2.9 15 4.35 15 6.525 2275
SUM 2513.55
for columns
column length,ly width,Ix depth(m) volume  un.wt(KN weight(K"
Xi
Cl 3.14 0.3 0.4 0.3768 25 9.42
C2 3.14 0.4 0.3 0.3768 25 9.42
C3 3.14 0.4 0.3 0.3768 25 9.42
C4 3.14 0.4 0.3 0.3768 25 9.42
C5 3.14 0.4 0.3 0.3768 25 9.42
C6 3.14 0.4 0.3 0.3768 25 9.42
Cc7 3.14 0.4 0.3 0.3768 25 9.42
C8 3.14 0.4 0.3 0.3768 25 9.42
C9 3.14 0.3 0.4 0.3768 25 9.42
C10 3.14 0.4 0.3 0.3768 25 9.42
Cl1 3.14 0.4 0.3 0.3768 25 9.42
C12 3.14 0.4 0.3 0.3768 25 9.42
C13 3.14 0.4 0.3 0.3768 25 9.42
Cl4 3.14 0.4 0.3 0.3768 25 9.42
C15 3.14 0.4 0.3 0.3768 25 9.42
C16 3.14 0.4 0.3 0.3768 25 9.42
C17 3.14 0.4 0.3 0.3768 25 9.42
C18 3.14 0.4 0.3 0.3768 25 9.42
C19 3.14 0.4 0.3 0.3768 25 9.42
C20 3.14 0.4 0.3 0.3768 25 9.42
c21 3.14 0.4 0.3 0.3768 25 9.42
C22 3.14 0.4 0.3 0.3768 25 9.42
C23 3.14 0.4 0.3 0.3768 25 9.42

174

33.45 1044

3 10125

9 14175

145 1181.25

19.5 1181.25

245 1181.25

295 1181.25

33.45 489.375

9 2394

14.5 1995

19.5 1995

245 1995

3 174.769

455 179.764

3 179.831

7.64 1025

3 307.125

33.45 148.444

24891.4
center of mass

yi

0 0

0 6

0 12

0 17

0 22

0 27

0 32

0 34.9

5 0

5 6

5 12

5 17

5 22

5 27

5 32

5 34.9

11 0

11 6

11 12

11 17

11 22

11 27

11 32

4365.23
225

945
1268.75
1706.25
2143.75
2581.25
1212.56
1134
1522.5
2047.5
2572.5
87.75
95.6638
51.75
313.24
40.5
218.261
47772.1

moment

Wi*xi

O O O O o o

0

0

47.1
47.1
47.1
47.1
47.1
47.1
47.1
47.1
103.62
103.62
103.62
103.62
103.62
103.62
103.62

Wityi

0
56.52
113.04
160.14
207.24
254.34
301.44
328.758
0
56.52
113.04
160.14
207.24
254.34
301.44
328.758
0
56.52
113.04
160.14
207.24
254.34
301.44



C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40

3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14
3.14

0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
0.4 0.3 0.3768 25
sum

overall weight 10028.3

mass calculation for 1st floor

9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
9.42
376.8

11
17
17
17
17
17
17
17
17
23
23
23
23
23
23
23
23

overall moment

34.9
0

6

12
17
22
27
32
34.9
0

6

12
17
22
27
32
34.9

110345

solid slab length,ly width,Ix depth(m) volume  un.wt(KN weight(K  center of mass

N N

o1 O1 O1 O1 O1 & U1 O O1 & O1 & U1 O O O1 Ol

0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22

6.6
5.5
1.92
6.6
5.5
6.6
5.5
6.6
5.5
6.6
3.19
3.828
6.6
6.6
5.5
5.5
5.5
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25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

165
1375
198
165
1375
165
1375
165
1375
165
79.75
95.7
165
165
1375
1375
1375

2.5
2.5
8
8
2.5
8
2.5
8
2.5
8
2.5

13.5
13.5
13.5
13.5
13.5

3
14.5
9
14.5
19.5
19.5
24.5
24.5
29.5
29.5
33.45
33.45
3

9
14.5
19.5
24.5

103.62
160.14
160.14
160.14
160.14
160.14
160.14
160.14
160.14
216.66
216.66
216.66
216.66
216.66
216.66
216.66
216.66
4220.16
184745

328.758
0

56.52
113.04
160.14
207.24
254.34
301.44
328.758
0

56.52
113.04
160.14
207.24
254.34
301.44
328.758
7107.39

moment

Wirxi

412.5
343.75
1584
1320
343.75
1320
343.75
1320
343.75
1320
199.375
765.6
22275
22215
1856.25
1856.25
1856.25

Wity

495
1993.75
1782
2392.5
2681.25
3217.5
3368.75
4042.5
4056.25
4867.5
2667.64
3201.17
495
1485
1993.75
2681.25
3368.75



pl7
p18
p19
p20
p21
p22
p23
Spl
sp2
sp3
SP2,1
SP2,2
SP3,1
SP3,2
S4
C1
C7

walls
1IXW1
1XW1,2
1XW3
1XW4
CYW2
CYws
CYW4
CYWS5
CYW6
CcYw?
3XW1
3XW2,1
CYws
CYw4
4XW1
4XW?2
5XW1
5XW?2
5XW3
5XW4
6XW1
6XW?2
7XW1
TXW3
TXWA4
8XW1

N
Ul 0Ol o © O a

1.95

2.9
1.15
4.52
1.48
4.52
1.48
3.28

2.9

& B~ n
g o Ul ulo oo oo oo o

ol
oo

0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22
0.22

5.5

5.5
3.19
7.92
6.6

6.6

6.6
2.574
1.8502
1.518
4.4748
1.9536
4.4748
1.9536
3.608
1.98
0.957

for beams

length,ly width,Ix depth(m) volume

0.85
0.85
4.6
5.6
5.7
4.7
4.7
4.7
4.7
2.6
4.6
3.6
5.7
6.05
4.6
3.6
4.6
3.6
4.6
5.6
4.6
3.6
4.6
4.6
5.6
4.6

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.15
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.2
0.2

2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78

0.4726
0.4726
2.5576
3.1136
3.1692
2.6132
2.6132
2.6132
2.6132
1.4456
2.5576
1.5012
3.1692
2.52285
1.9182
1.5012
1.9182
1.5012
1.9182
2.3352
1.9182
1.5012
1.9182
2.5576
3.1136
2.5576

sum

sum
un.wt(KN weight
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25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

137.5
137.5
79.75
198
165
165
165
64.35
46.255
37.95
111.87
48.84
111.87
48.84
90.2
49.5
23.925
4034.8

1166.03

6.6164

6.6164
35.8064
43.5904
44.3688
36.5848
36.5848
36.5848
36.5848
20.2384
35.8064
21.0168
44.3688
35.3199
26.8548
21.0168
26.8548
21.0168
26.8548
32.6928
26.8548
21.0168
26.8548
35.8064
43.5904
35.8064

135
135
13.5
19

19

19

19
5.975
8.55
10.425
18.26
21.26
18.26
21.26
2.5
22.75
22.75

0.575
4.425
135
19
10.9
10.9
10.9
10.9
10.9
10.9
2.5

4.9
8.375
2.5

2.5

135
19
2.5

2.5
13.5
19
2.5

245
29.5
33.45

145
19.5
245

4.55

3.675

29.325

33.45

-0.2
-0.2

0

0

8.95
14.55
19.55
24.55
29.55
34.55
12.075
12.075
3
3.175
17.05
16.925
22.05
21.925
22.075
22.075
27.05
26.925
32.075
32.075
32.075
34.975

1856.25
1856.25
1076.63
3762
3135
3135
3135
384.491
395.48
395.629
2042.75
1038.34
2042.75
1038.34
225.5
1126.13
544.294
44973.8

15289.5

Wi*xi

3.80443
29.2776
483.386
828.218
483.62
398.774
398.774
398.774
398.774
220.599
89.516
189.151
217.407
295.804
67.137
189.151
67.137
189.151
362.54
621.163
67.137
189.151
67.137
483.386
828.218
89.516

3368.75
4056.25
2667.64
1782
2392.5
3217.5
4042.5
193.05
210.46
113.85
335.61
146.52
411.122
146.52
2645.12
148.5
800.291
68099

21274.4

Wityi

-1.3233
-1.3233
0

0
397.101
532.309
715.233
898.157
1081.08
699.237
432.362
253.778
133.106
112.141
457.874
355.709
592.148
460.793
592.82
721.694
726.422
565.877
861.368
1148.49
1398.16
1252.33



8XW2,1
8XW2,2
8XW3
8XW4
DYW3
DYW4
DYW5
DYW6
CD3
CD4
CD5
CD6
CD7
CDY3
CDY4
CDY5
CDY6
D1Y3
D1Y4
D1Y5
D1Y6
D1Y7,1
D1Y7,2
3-4XW1
3-4XW2
4-5XW1
4-5XW2
5-6XW1
5-6XW?2
6-7XW1
6-7XW2
7-8XW1
7-8XW?2
1YW1,1
1YW1,2
1YW2
1YW3
1Yw4
1YWS
1YW6
1YW7
BCYW1
BCYW2
2XW?2
1-2Xw1
1-2XW2

0.78
0.625
1.65
5.6
3.8
3.8
3.8
3.8
2.1
2.1
2.1
3.3
2.85
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
1.25
1.05
2.25
2.15
2.25
2.15
2.25
2.15
2.25
2.15
4.25
3.55
1.025
1.025
1.95
0.95
0.85
0.9
0.8
0.804
0.846
11
2.2
2.6
1.2

0.2

0.2

0.2

0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

0.1
0.15

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2
0.15
0.15
0.15
0.15
0.15

2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78

0.43368
0.3475
0.9174
3.1136
1.5846
1.5846
1.5846
1.5846
0.8757
0.8757
0.8757
1.3761

1.18845
0.3753
0.3753
0.3753
0.3753
0.3753
0.3753
0.3753
0.3753

0.52125

0.43785

0.93825

0.89655

0.93825

0.89655

0.93825

0.89655

0.93825

0.89655
1.1815

1.48035
0.5699
0.5699
1.0842
0.5282
0.4726
0.5004
0.4448

0.44702

0.35278
0.4587
0.9174
1.0842
0.5004
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14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

6.07152
4.865
12.8436
43.5904
22.1844
22.1844
22.1844
22.1844
12.2598
12.2598
12.2598
19.2654
16.6383
5.2542
5.2542
5.2542
5.2542
5.2542
5.2542
5.2542
5.2542
7.2975
6.1299
13.1355
12.5517
13.1355
12.5517
13.1355
12.5517
13.1355
12.5517
16.541
20.7249
7.9786
7.9786
15.1788
7.3948
6.6164
7.0056
6.2272
6.25834
4.93895
6.4218
12.8436
15.1788
7.0056

8.365
10.4875
14.975
19
5.125
5.125
5.125
5.125
7.275
7.275
7.275
7.275
7.275
9.425
9.425
9.425
9.425
2.175
2.175
2.175
2.175
1.624
4.325
1.125
8.425
1.125
8.425
1.125
8.425
1.125
8.425
2.125
12.775
0

0
-0.2
-0.2
-0.2
-0.2
-0.2
-0.2
12.625
15.55
12.3
12.5
11.8

34.975
34.975
34.975
34.975
14.95
19.05
24.95
29.05
13.05
18.05
23.05
28.65
33.425
16.4
21.4
26.4
27.45
12.6
21.5
22.55
31.55
33.45
33.525
13.825
15.85
20.275
20.175
23.775
25.175
30.325
28.825
33.5
33.45
0.7125
5.3375
7.175
13.425
20.625
23.4
30.65
33.45
33.375
33.502
6.075
3.575
1.575

50.7883
51.0217
192.333
828.218
113.695
113.695
113.695
113.695
89.19
89.19
89.19
140.156
121.044
49.5208
49.5208
49.5208
49.5208
11.4279
11.4279
11.4279
11.4279
11.8511
26.5118
14.7774
105.748
14.7774
105.748
14.7774
105.748
14.7774
105.748
35.1496
264.761
0

0
-3.0358
-1.479
-1.3233
-1.4011
-1.2454
-1.2517
62.3542
99.859
157.976
189.735
82.6661

212.351
170.153
449.205
1524.57
331.657
422.613
553.501
644.457

159.99
221.289
282.588
551.954
556.135
86.1689

112.44
138.711
144.228
66.2029
112.965
118.482

165.77
244.101
205.505
181.598
198.944
266.322
253.231
312.297
315.989
398.334
361.803
554.124
693.248
5.68475
42.5858
108.908
99.2752
136.463
163.931
190.864
209.341
164.837
215.143
78.0249
54.2642
11.0338



CBW1 1.4 0.15 2.78 0.5838 14 8.1732 12.075 0.85 98.6914 6.94722
CBW?2 1.4 0.15 2.78 0.5838 14 8.1732 13.175 0.85 107.682 6.94722
SUM 1336.95 11616 26890.7
shear wall sum 107.066 900.22 156.081
stairs sum 114.657 1522.22  3064.78
Imposed load
panle Ly(m) Lx(m) area(m2) load weight center of mass moment
Xi Yi WiXi wiyi
pl 6 5 30 2.5 75 2.5 3 1875 225
p2 5 5 25 45 1125 2.5 145 281.25 1631.25
p3 6 6 36 3.25 117 8 9 936 1053
p4 5 6 30 4.5 135 8 14.5 1080 1957.5
p5 5 5 25 45 1125 2.5 19.5 281.25 2193.75
p6 5 6 30 4.5 135 8 19.5 1080 2632.5
p7 5 5 25 4.5 112.5 2.5 245 281.25 2756.25
p8 5 6 30 4.5 135 8 24.5 1080 3307.5
p9 5 5 25 45 1125 2.5 29.5 281.25 3318.75
pl0 5 6 30 4.5 135 8 29.5 1080 3982.5
pll 2.9 5 14.5 45  65.25 25 3345 163.125 2182.61
pl2 2.9 6 17.4 75 1305 8 3345 1044 4365.23
pl3 6 5 30 25 75 135 3 10125 225
pla 6 5 30 35 105 135 9 14175 945
p15 5 5 25 3.5 87.5 13.5 145 1181.25 1268.75
pl6 5 5 25 35 87.5 13.5 19.5 1181.25 1706.25
pl7 5 5 25 35 87.5 135 24.5 1181.25 2143.75
pl8 5 5 25 3.5 87.5 135 29.5 1181.25 2581.25
pl19 2.9 5 14.5 25  36.25 135  33.45 489.375 1212.56
p20 6 6 36 3.5 126 19 9 2394 1134
p21 5 6 30 35 105 19 14.5 1995 15225
p22 5 6 30 3.5 105 19 19.5 1995 20475
p23 5 6 30 3.5 105 19 24.5 1995 25725
Spl 1.95 6 11.7 25 2925 5975 3 174769  87.75
sp2 2.9 2.9 8.41 25 21.025 8.55 455 179.764 95.6638
sp3 1.15 6 6.9 25 17.25 10.425 3 179.831  51.75
S4 3.28 5 16.4 2.5 41 2.5 764 1025 313.24
Cl 6 15 9 15 135 2275 3 307.125 40.5
C7 2.9 1.5 4.35 15 6.525 22.75 33.45 148.444 218.261
SUM 2513.55 24891.4 A7772.1
for columns
column length,ly width,Ix depth(m) volume  un.wt(KN weight(K! center of mass moment
Xi yi Wikxi Wity
C1l 2.78 0.3 0.4 0.3336 25 8.34 0 0 0 0
C2 2.78 0.4 0.3 0.3336 25 8.34 0 6 0 50.04
C3 2.78 0.4 0.3 0.3336 25 8.34 0 12 0 100.08
C4 2.78 0.4 0.3 0.3336 25 8.34 0 17 0 141.78
C5 2.78 0.4 0.3 0.3336 25 8.34 0 22 0 183.48
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C6

C7

C8

C9

C10
Cl1
C12
C13
Cl4
C15
C16
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40

2.78
2.78
2.18
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.18
2.78
2.78
2.78
2.18
2.78
2.78
2.18
2.78
2.78
2.78
2.78
2.18
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78

0.4
0.4
0.4
0.3
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

0.3
0.3
0.3
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336
0.3336

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
sum

overall weight
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8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
8.34
333.6
9606.65

o1 O1 O1 O1 O1 O1 O1 O1 ©O O O

11
11
11
11
11
11
11
11
17
17
17
17
17
17
17
17
23
23
23
23
23
23
23
23

wW N
NN

34.9

12
17
22
21
32
34.9

12
17
22
21
32
34.9

12
17
22
21
32
34.9

12
17
22
21
32
34.9

0

0

0

417
417
41.7
417
417
41.7
41.7
417
91.74
91.74
91.74
91.74
91.74
91.74
91.74
91.74
141.78
141.78
141.78
141.78
141.78
141.78
141.78
141.78
191.82
191.82
191.82
191.82
191.82
191.82
191.82
191.82
3736.32
102929

225.18
266.88
291.066
0

50.04
100.08
141.78
183.48
225.18
266.88
291.066
0

50.04
100.08
141.78
183.48
225.18
266.88
291.066
0

50.04
100.08
141.78
183.48
225.18
266.88
291.066
0

50.04
100.08
141.78
183.48
225.18
266.88
291.066
6292.53
173550



mass calculation for ground floor

solid slab length,ly width,Ix depth(m) volume  un.wt(KN weight(KI  center of mass moment
Xi yi Wikxi Wity

pl 6 5 0.22 6.6 25 165 2.5 3 4125 495
p2 5 5 0.22 55 25 1375 2.5 145 343.75 1993.75
p3 6 6 0.22 7.92 25 198 8 9 1584 1782
p4 5 6 0.22 6.6 25 165 8 14.5 1320 23925
p5 5 5 0.22 55 25 1375 2.5 19.5 343.75 2681.25
p6 5 6 0.22 6.6 25 165 8 19.5 1320 32175
p7 5 5 0.22 55 25 1375 2.5 245 343.75 3368.75
p8 5 6 0.22 6.6 25 165 8 24.5 1320 40425
p9 5 5 0.22 55 25 1375 2.5 29.5 343.75 4056.25
pl0 5 6 0.22 6.6 25 165 8 29.5 1320 4867.5
pll 2.9 5 0.22 3.19 25  79.75 25 3345 199.375 2667.64
pl2 2.9 6 022  3.828 25 95.7 8 3345 765.6 3201.17
p13 6 5 0.22 6.6 25 165 135 3 22275 495
pl4 6 5 0.22 6.6 25 165 135 9 22275 1485
p15 5 5 0.22 55 25 1375 135 145 1856.25 1993.75
pl6 5 5 0.22 55 25 1375 135 19.5 1856.25 2681.25
pl7 5 5 0.22 55 25 1375 135 245 1856.25 3368.75
pl8 5 5 0.22 55 25 1375 135 29.5 1856.25 4056.25
p19 2.9 5 0.22 3.19 25  79.75 135 33.45 1076.63 2667.64
p20 6 6 0.22 7.92 25 198 19 9 3762 1782
p21 5 6 0.22 6.6 25 165 19 14.5 3135 2392.5
p22 5 6 0.22 6.6 25 165 19 19.5 3135 3217.5
p23 5 6 0.22 6.6 25 165 19 24.5 3135 4042.5
Spl 1.95 6 022 2574 25 6435 50975 3 384491 193.05
sp2 2.9 2.9 0.22 1.8502 25 46.255 8.55 455 39548 210.46
sp3 1.15 6 022 1518 25 3795 10.425 3 395.629 113.85
SP2,1 4.52 4.5 0.22 4.4748 25 111.87 18.26 3 2042.75 335.61
SP2,2 1.48 6 0.22 1.9536 25 48.84  21.26 3 1038.34 146.52
SP3,1 4.52 4.5 0.22 4.4748 25 111.87 1826  3.675 2042.75 411.122
SP3,2 1.48 6 0.22 1.9536 25 4884  21.26 3 1038.34 146.52
S4 3.28 5 0.22  3.608 25 90.2 25 29.325 2255 2645.12
C1 6 15 0.22 1.98 25 495 2275 3 1126.13 1485
C2 6 15 0.22 1.98 25 495 2275 9 1126.13 4455
C3 5 15 0.22 1.65 25 4125 2275 145 938.438 598.125
C4 5 15 0.22 1.65 25 4125 2275 19.5 938.438 804.375
C5 5 15 0.22 1.65 25 4125 2275 245 938.438 1010.63
C6 5 15 0.22 1.65 25 4125 2275 29.5 938.438 1216.88
C7 2.9 15 0.22  0.957 25 23925 2275  33.45 544.294 800.291
sum 4249.3 49853.7 721745
for beams sum 1166.03 15289.5 21274.4
shear wall sum 107.066 900.22 156.081
column sum 333.6 3736.3 6292.5

180



walls
1XW1
1XW1,2
1XW3
1XW4
1XW5
CYw1i
CYW2
CYW3
Cyw4
CYW5
CYW6
CYwrv
3XW1
3XW2,1
3XW2,2
CYW3
Cyw4
4XW1
4XW?2
5XW1
5XW2
5XW3
5XwW4
6XW1
B6XW2
6-7XW1
6-7XW2
7XW1
TXW2
TXW3
TXWA4
8XW1
8XW2
8XW3
8XW4
8XW5
DYWs3
DYW4
DYWS5
DYW6
CD3
CD4
CD5
CD6
CD7
D1Y7,1

0.85
0.85
4.6
5.6
1.3
5.7
5.7
4.7
4.7
4.7
4.7
2.6
4.6
1.07
1.53
5.7
6.05
4.6
3.6
4.6
3.6
4.6
5.6
4.6
3.6
4.6
3.6
4.2
3.6
4.6
5.6
4.6
3.59
1.65
5.6
1.3
2.32
1.56
2.04
191
0.52
1.55
2.17
191
1.72
1.25

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.15
0.15
0.2
0.15
0.15
0.15
0.15
0.15
0.2
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78
2.78

length,ly width,Ix depth(m) volume

0.4726
0.4726
2.5576
3.1136
0.7228
3.1692
3.1692
2.6132
2.6132
2.6132
2.6132
1.4456
2.5576
0.44619
0.63801
3.1692
2.52285
1.9182
1.5012
1.9182
1.5012
2.5576
3.1136
1.9182
1.5012
1.9182
1.5012
1.7514
1.5012
2.5576
3.1136
2.5576
1.99604
0.9174
3.1136
0.7228
0.96744
0.65052
0.85068
0.79647
0.21684
0.64635
0.90489
0.79647
0.71724
0.52125

181

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

un.wit(KN weight

6.6164

6.6164
35.8064
43.5904
10.1192
44.3688
44.3688
36.5848
36.5848
36.5848
36.5848
20.2384
35.8064
6.24666
8.93214
44.3688
35.3199
26.8548
21.0168
26.8548
21.0168
35.8064
43.5904
26.8548
21.0168
26.8548
21.0168
24.5196
21.0168
35.8064
43.5904
35.8064
27.9446
12.8436
43.5904
10.1192
13.5442
9.10728
11.9095
11.1506
3.03576

9.0489
12.6685
11.1506
10.0414

7.2975

0.575
4.425
13.5
19
22.85
10.9
10.9
10.9
10.9
10.9
10.9
10.9
2.5
6.735
10.035
4.9
8.375
2.5

9

2.5

9
13.5
19
2.5

9

2.5

9

2.3

9
13.5
19
2.5
8.995
14.975
19
22.85
5.125
5.125
5.125
5.125
7.275
7.275
7.275
7.275
7.8
1.624

-0.2
-0.2

Wi*xi

3.80443
29.2776
483.386
828.218
231.224

483.62

483.62
398.774
398.774
398.774
398.774
220.599

89.516
42.0713

89.634
217.407
295.804

67.137
189.151

67.137
189.151
483.386
828.218

67.137
189.151

67.137
189.151
56.3951
189.151
483.386
828.218

89.516
251.361
192.333
828.218
231.224
69.4138
46.6748
61.0363
57.1467
22.0852
65.8307

92.163
81.1205
78.3226
11.8511

Wityi

-1.3233
-1.3233

0

0

0

0
397.101
532.309
715.233
898.157
1081.08
699.237
432.362
75.4284
113.885
133.106
112.141
427.663
334.693
517.626
404.573
790.426
962.258
686.812
537.505
769.256
602.026
786.466
674.114
1148.49
1398.16
1252.33
977.361
449.205
1524.57
353.919
202.485
173.494
297.143
323.924
39.6167
163.333
292.008
319.464
329.959
244.101



D1Y7,2 1.05 0.15 2.78 0.43785 14
7-8XW1 4.25 0.1 2.78 1.1815 14
7-8XW?2 3.55 0.15 2.78 1.48035 14
1YW1 1.025 0.2 2.78 0.5699 14
1YW7 0.804 0.2 2.78 0.44702 14
BCYW1 0.846 0.15 2.78 0.35278 14
BCYW?2 1.1 0.15 2.78 0.4587 14
2XW?2 2.2 0.15 2.78 0.9174 14
1-2XW1 2.6 0.15 2.78 1.0842 14
1-2XW?2 1.2 0.15 2.78 0.5004 14
CBW1 14 0.15 2.78 0.5838 14
CBW?2 14 0.15 2.78 0.5838 14
SUM
Imposed load

panle Ly(m) Lx(m) area(m2) load weight

pl 6 5 30 2.5 75
p2 5 5 25 45 1125
p3 6 6 36 3.5 117
pd 5 6 30 4.5 135
p5 5 5 25 45 1125
p6 5 6 30 4.5 135
p7 5 5 25 45 1125
p8 5 6 30 4.5 135
P9 5 5 25 45 1125
p10 5 6 30 4.5 135
pll 2.9 5 145 45 6525
p12 2.9 6 174 75 1305
p13 6 5 30 2.5 75
p14 6 5 30 35 105
p15 5 5 25 35 875
p16 5 5 25 35 875
p17 5 5 25 35 875
p18 5 5 25 35 875
p19 2.9 5 145 25  36.25
p20 6 6 36 35 126
p21 5 6 30 35 105
p22 5 6 30 35 105
p23 5 6 30 35 105
Spl 1.95 6 117 25  29.25
sp2 2.9 29 841 25 21.025
sp3 1.15 6 6.9 25  17.25
sS4 3.28 5 164 2.5 41
c1 6 15 9 25 225
c2 6 15 9 25 225
Cc3 5 15 75 25  18.75
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6.1299  4.325

16.541  2.125

20.7249 12.775

7.9786 0

6.25834 -0.2

493895 12.625

6.4218  15.55

12.8436 12.3

15.1788 12,5

7.0056 11.8

8.1732 12.075

8.1732 13.175

1234.18

center of mass
Xi Yi

2.5 3

2.5 14.5

8 9

8 14.5

2.5 19.5

8 19.5

2.5 24.5

8 24.5

2.5 29.5

8 29.5

25 3345

8 3345

135 3

135 9

13.5 14.5

13.5 19.5

135 24.5

135 29.5

135 3345

19 9

19 14.5

19 19.5

19 24.5

5.975 3

8.55 4.55

10.425 3

2.5 7.64

22.75 3

22.75 9

22.75 14.5

33.525
33.5
33.45
5.3375
33.45
33.375
33.502
6.075
3.575
1.575
0.85
0.85

26.5118
35.1496
264.761
0
-1.2517
62.3542
99.859
157.976
189.735
82.6661
98.6914
107.682
12289.6

moment

wixi
187.5
281.25
936
1080
281.25
1080
281.25
1080
281.25
1080
163.125
1044
1012.5
14175
1181.25
1181.25
1181.25
1181.25
489.375
2394
1995
1995
1995
174.769
179.764
179.831
102.5
511.875
511.875
426.563

wiyi
225
1631.25
1053
1957.5
2193.75
2632.5
2756.25
3307.5
3318.75
3982.5
2182.61
4365.23
225
945
1268.75
1706.25
2143.75
2581.25
1212.56
1134
1522.5
2047.5
2572.5
87.75
95.6638
51.75
313.24
67.5
202.5
271.875

205.505
554.124
693.248
42.5858
209.341
164.837
215.143
78.0249
54.2642
11.0338
6.94722
6.94722
24412.4



C4
C5
Cé
C7

flight 1,1
flight1,2
landing 1,
landing 1,:
flight 2,1
flight2,2
landing 2,
landing 2,:
flight1
flight1

© o1 o1 o

3.089
3.089
0.75
1.83
3.089
3.089
1.78
1.72
4.242
4.242

1.5
15
1.5
1.5

1.7
1.7
3.75
3.75
1.25
1.25
3.05
3.05
1.4
1.4

mass calculation for Basement floor

75 25
75 25
75 25
4.35 25
SUM
for stiars
0.15 0.7877
0.15 0.7877
0.15 0.42188
0.15 1.02938
0.15 0.57919
0.15 0.57919
0.15 0.81435
0.15 0.7869
0.15 0.89082
0.15 0.89082

18.75
18.75
18.75
10.875
2624.4

25
25
25
25
25
25
25
25
25
25

SUM

OVER ALL WEIGHT

22.75
22.75
22.75
22.75

19.6924
19.6924
10.5469
25.7344
14.4797
14.4797
20.3588
19.6725
22.2705
22.2705
189.198
9903.77

19.5
24.5
29.5
33.45

3.2145
3.2145
4.745
0.835
19.3245
19.3245
16.89
21.38
18.441
18.441

426.563
426.563
426.563
247.406
27413.3

10.975
8.975
9.975
9.975

34.225

32.625

33.525

33.525

0.85
31.25

solid slab length,ly width,Ix depth(m) volume  un.wit(KN weight(K!  center of mass

pl
p2
p3
p4
pS
p6
p7
p8
p9
pl0
pll
pl2
pl3
pl4
pl5
pl6
pl7
pl8
pl9
p20
p21

NN

N
Ul OO © U1 U1 U1 U1 OO O O © U1l o1 U1 U1 U1 U1 U1 O U1 o™

S O U1 O1 O1 U1 O1 O1 O1 OO O1 OO O1 OO U1 OO U1 O O U1 O1

0.22 6.6
0.22 5.5
0.22 7.92
0.22 6.6
0.22 5.5
0.22 6.6
0.22 5.5
0.22 6.6
0.22 5.5
0.22 6.6
0.22 3.19
0.22  3.828
0.22 6.6
0.22 6.6
0.22 5.5
0.22 5.5
0.22 5.5
0.22 5.5
0.22 3.19
0.22 7.92
0.22 6.6

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
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Xl

165
1375
198
165
137.5
165
137.5
165
137.5
165
79.75
95.7
165
165
137.5
137.5
137.5
137.5
79.75
198
165

2.5
2.5
8

8
2.5
8
2.5
8
2.5
8
2.5
8
135
135
135
135
135
135
135
19
19

3
14.5
9
14.5
19.5
19.5
24.5
24.5
29.5
29.5
33.45
33.45
3

9
145
19.5
24.5
29.5
33.45
9
145

365.625
459.375
553.125
363.769
49797.1

63.3011
63.3011
50.0449
21.4882
279.813
279.813
343.859
420.598
410.69
410.69
2343.6
111826

216.124
176.739
105.205
256.7
495.567
472.4
682.527
659.521
18.9299
695.953
3779.67
177887

moment

Wi*xi

412.5
343.75
1584
1320
343.75
1320
343.75
1320
343.75
1320
199.375
765.6
2227.5
2227.5
1856.25
1856.25
1856.25
1856.25
1076.63
3762
3135

Wityi

495
1993.75
1782
2392.5
2681.25
3217.5
3368.75
4042.5
4056.25
4867.5
2667.64
3201.17
495
1485
1993.75
2681.25
3368.75
4056.25
2667.64
1782
2392.5



p22 5 6 0.22 6.6 25
p23 5 6 0.22 6.6 25
Spl 1.95 6 022 2574 25
sp2 2.9 2.9 0.22 1.8502 25
sp3 1.15 6 0.22 1518 25
SP2,1 4.52 4.5 0.22 4.4748 25
SP2,2 1.48 6 0.22 1.9536 25
SP3,1 4.52 4.5 0.22 4.4748 25
SP3,2 1.48 6 0.22 1.9536 25
S4 3.28 5 022  3.608 25
pl 6 7.64 0.22 10.0848 25
p2 6 7.64 0.22 10.0848 25
p3 5 7.64 022  8.404 25
p4 5 764 0.22  8.404 25
p5 5 7.64 022  8.404 25
p6 5 764 0.22  8.404 25
p7 29 764 0.22 4.87432 25
sum
Imposed load

panle Ly(m) Lx(m) area(m2) load weight

pl 6 5 30 75 225
p2 5 5 25 75 1875
p3 6 6 36 75 270
p4 5 6 30 75 225
p5 5 5 25 75 1875
p6 5 6 30 75 225
p7 5 5 25 75 1875
P8 5 6 30 75 225
P9 5 5 25 75 1875
p10 5 6 30 75 225
pll 2.9 5 145 45 6525
pl12 2.9 6  17.4 75 1305
p13 6 5 30 75 225
pl4 6 5 30 75 225
p15 5 5 25 75 1875
p16 5 5 25 75 1875
p17 5 5 25 75 1875
p18 5 5 25 75 1875
p19 2.9 5 145 75 108.75
p20 6 6 36 75 270
p21 5 6 30 75 225
p22 5 6 30 75 225
p23 5 6 30 75 225
Sp1 1.95 6 117 25  29.25
sp2 29 29 841 25 21.025
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165

165
64.35
46.255
37.95
111.87
48.84
111.87
48.84
90.2
252.12
252.12
210.1
210.1
210.1
210.1
121.858
5427.87

19

19
5.975
8.55
10.425
18.26
21.26
18.26
21.26
2.5
22.75
22.75
22.75
22.75
22.75
22.75
22.75

center of mass

Xi
2.5
2.5

8
8
2.5
8
2.5
8
2.5
8
2.5

13.5
13.5
13.5
13.5
13.5
13.5
13.5
19
19
19
19
5.975
8.55

Yi

14.5

14.5
19.5
19.5
245
24.5
29.5
29.5
33.45
33.45

14.5
19.5
245
29.5
33.45

14.5
19.5
245

4.55

19.5
245

4.55

3.675

29.325

14.5
19.5
245
29.5
33.45

3135
3135
384.491
395.48
395.629
2042.75
1038.34
2042.75
1038.34
225.5
5735.73
5735.73
4779.78
4779.78
4779.78
4779.78
2772.27
76666.2

moment

wiXi
562.5
468.75
2160
1800
468.75
1800
468.75
1800
468.75
1800
163.125
1044
3037.5
3037.5
2531.25
2531.25
2531.25
2531.25
1468.13
5130
4275
4275
4275
174.769
179.764

wiyi
675
2718.75
2430
3262.5
3656.25
4387.5
4593.75
5512.5
5531.25
6637.5
2182.61
4365.23
675
2025
2718.75
3656.25
4593.75
5531.25
3637.69
2430
3262.5
4387.5
5512.5
87.75
95.6638

3217.5
4042.5
193.05
210.46
113.85
335.61
146.52
411.122
146.52
2645.12
756.36
2269.08
3046.45
4096.95
5147.45
6197.95
4076.15
92740.6



sp3 1.15 6 6.9 25 17.25 10.425 3 179.831  51.75

S4 3.28 5 16.4 2.5 41 2.5 7.64 1025 313.24
SUM 4703.03 49264.6 84931.4
SHEAR WALL
CDYW1 29 015 2.98 1.2963 25 32.4075 7.175 1.65 232.524 53.4724
CDYW2 29 015 2.98 1.2963 25 324075 9.725 1.65 315.163 53.4724
CDXW1 24 0.15 298 1.0728 25  26.82 8.45 0.275 226.629 7.3755
CDXW2 085 0.15 2.98 0.37995 25 9.49875  7.675  3.025 72.9029 28.7337
CDXW3 025 0.15 2.98 0.11175 25 2.79375  9.525  3.025 26.6105 8.45109
sum 103.928 873.829 151.505
for stiars
flight 1,1  3.089 1.7 0.15 0.7877 25 19.6924 3.2145 10.975 63.3011 216.124
flight1,2 3.089 1.7 0.15 0.7877 25 19.6924 3.2145 8.975 63.3011 176.739
landing 1, 0.75 3.75 0.15 0.42188 25 10.5469  4.745  9.975 50.0449 105.205
landing 1, 1.83 3.75 0.15 1.02938 25 257344  0.835 9.975 21.4882  256.7
flight2 4.54 55 0.15 3.7455 25 93.6375  27.29 3.1 2555.37 290.276
flight3 4.13 6.2 0.15 3.8409 25 96.0225 27.1  30.45 2602.21 2923.89
SUM 265.326 5355.71 3968.93
for beams
BX1 24.35 0.4 0.2 1948 25 48.7 12.175 0 592.923 0
BX2 24.35 0.4 0.2 1948 25 48.7 12.175 6 592923 2922
BX3 24.35 0.4 0.2 1948 25 48.7 12.175 12 592.923  584.4
BX4 24.35 0.4 0.2 1948 25 48.7 12.175 17 592.923  827.9
BX5 24.35 0.4 0.2 1948 25 48.7 12.175 22 592923 10714
BX6 24.35 0.4 0.2 1948 25 48.7 12.175 27 592.923 13149
BX7 24.35 0.4 0.2 1948 25 48.7 12.175 32 592923 15584
BX8 24.35 0.4 0.2 1948 25 48.7 12.175 34.9 592.923 1699.63
BY1 35.25 0.2 0.2 1.41 25 3525 0 17.625 0 621.281
BYD 35.25 0.4 0.2 2.82 25 70.5 5 17.625 3525 1242.56
BYC 35.25 0.4 0.2 2.82 25 70.5 11 17.625 7755 1242.56
BYB 35.25 0.4 0.2 2.82 25 70.5 16 17.625 1128 1242.56
BYA 35.25 0.4 0.2 2.82 25 70.5 22 17.625 1551 1242.56
BY2 35.25 0.4 0.2 2.82 25 70.5 23.3 17.625 1642.65 1242.56
sum 777.35 10193 14182.9
for columns
column  length,ly width,Ix depth(m) volume  un.wt(KN weight(KI center of mass moment
Xi yi Wirxi  Wityi

C1 2.98 0.3 0.4 0.3576 25 8.94 0 0 0 0
C2 2.98 0.4 0.3 0.3576 25 8.94 0 6 0 5364
C3 2.98 0.4 0.3 0.3576 25 8.94 0 12 0 107.28
C4 2.98 0.4 0.3 0.3576 25 8.94 0 17 0 151.98
C5 2.98 0.4 0.3 0.3576 25 8.94 0 22 0 196.68
C6 2.98 0.4 0.3 0.3576 25 8.94 0 27 0 241.38
Cc7 2.98 0.4 0.3 0.3576 25 8.94 0 32 0 286.08
C8 2.98 0.4 0.3 0.3576 25 8.94 0 34.9 0 312.006
C9 2.98 0.3 0.4 0.3576 25 8.94 5 0 44.7 0
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C10
Cl1
C12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
C21
C22
C23
C24
C25
C26
Cc27
C28
C29
C30
C31l
C32
C33
C34
C35
C36
C37
C38
C39
C40

walls
1IXW1

1XW1,2

1IXW3
1XW4
1IXW5
3XW1
TXW1
8XW1
8XW2
8XW3
8XW4

2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98

0.85
0.85
4.6
5.6
7.44
4.6
4.6
4.6
5.6
4.6
5.6

0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

0.2
0.2
0.2
0.2
0.5
0.2
0.15
0.2
0.2
0.2
0.2

0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98
2.98

0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576
0.3576

length,ly width,Ix depth(m) volume

0.5066
0.5066
2.7416
3.3376
11.0856
2.7416
2.0562
2.7416
3.3376
2.7416
3.3376
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25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94
25 8.94

357.6

un.wi(KN weight

14 7.0924
14 7.0924
14 38.3824
14 46.7264
14 155.198
14 38.3824
14 28.7868
14 38.3824
14 46.7264
14 38.3824
14 46.7264

o1 01 O1 O1 O1 O1 O1

11
11
11
11
11
11
11
11
17
17
17
17
17
17
17
17
23
23
23
23
23
23
23
23

0.575
4.425
13.5
19
25.72
2.5
2.5
2.5

8
13.5
19

12
17
22
27
32
34.9

12
17
22
27
32
34.9

12
17
22
27
32
34.9

12
17
22
27
32
34.9

-0.2
-0.2

0

0

0
12.075
32.075
34.975
34.975
34.975
34.975

44.7
44.7
44.7
447
44.7
44.7
44.7
98.34
98.34
98.34
98.34
98.34
98.34
98.34
98.34
151.98
151.98
151.98
151.98
151.98
151.98
151.98
151.98
205.62
205.62
205.62
205.62
205.62
205.62
205.62
205.62
4005.12

Wi*xi

4.07813
31.3839
518.162
887.802
3991.7
95.956
71.967
95.956
373.811
518.162
887.802

53.64
107.28
151.98
196.68
241.38
286.08

312.006
0

53.64
107.28
151.98
196.68
241.38
286.08

312.006
0

53.64
107.28
151.98
196.68
241.38
286.08

312.006
0

53.64
107.28
151.98
196.68
241.38
286.08

312.006
6745.23

Wityi

-1.4185
-1.4185

0

0

0
463.467
923.337
1342.42
1634.26
1342.42
1634.26



8XW5 7.44 0.5 2.98 11.0856 14 155.198 25.72 34975 3991.7 5428.06
D1Y7/,1 1.25 0.15 2.98 0.55875 14 7.8225 1.624 33.45 12.7037 261.663
D1Y7,2 1.05 0.15 2.98 0.46935 14 6.5709 4325 33.525 28.4191 220.289
7-8XW1 4.25 0.1 298 1.2665 14 17731  2.125 33.5 37.6784 593.989
1Ywi 1.025 0.2 2.98 0.6109 14 8.5526 0 5.3375 0 45.6495
1YW7 0.804 0.2 2.98 0.47918 14 6.70858 0.2 3345 -1.3417 224.402
BW1 56 0.15 2.98 2.5032 14 35.0448 16.125 2.95 565.097 103.382
2W3 3.7 015 2.98 1.6539 14 23.1546 13.05 6.075 302.168 140.664
2W2 1.15 0.15 2.98 0.51405 14 7.1967 10.225 6.075 73.5863 43.72
CcDwy 29 0.15 298 1.2963 14 18.1482 9.725 455 176.491 82.5743
SUM 778.007 12663.3 14481.7
OVER ALLWEIGHT ~ 12413.11 159021.8 217202.3
Table A. 12 beam reinforcement
beamonaxis Ato H

beam D |b(mm)  |d(mm) |fcd moment(KNm) [usds|Kz ~ [As,min  |Asmax |As,cal. |Asprov. [Nreg.  |Npro.
B1,Span 400 252 1133 2032 0.1 0.951| 144.14| 4032| 243.767| 243.76 1.21301{2@20mm
supp 4000 252 1133 24.66| 0.1| 0946 144.14| 4032| 297.395] 297.395| 1.47987|2@20mm
B2,span 4000  252| 1133 2883 0.1| 094 14414| 4032| 350.511| 350.51| 1.74418|2@320mm
supp 400 252 1133 13.76] 0| 0.961) 144.14|  4032| 163.353| 163.35 0.81286(2@16mm
B3,span 4000 252 1133 78] 0] 0974 14414)  4032] 913625  91.36| 0.45463|2316mm
supp 400  252| 1133 2222 0.1] 0949 144.14|  4032| 267.122| 267.122| 1.32923|2@20mm
B4,span 4000 252 1133 9.34| 0| 0968 144.14| 4032| 110.079| 144.14] 0.54777|2@16mm
supp 4000 252 1133 21.78| 0110978 | 144.14|  4032| 254.173| 254.17) 1.26479(2@320mm
B5,span 4000  252| 1133 1032 0{0978| 144.14] 4032 120.385| 144.14| 0.59905(2@16mm
supp 400 252 1133 19.37) 0.1{0959| 144.14]  4032| 230.456 230.45| 1.14678|2@20mm
B6,span 4000 252 1133 1382) 0[0976| 144.14] 4032 161.544| 161.54| 0.80386(2@16mm
supp 400  252| 1133 17.78] 0.1 098 | 144.14]  4032| 207.048| 207.048| 1.03029(2@20mm
B7span 400 252 1133 255 0]0979| 144.14] 4032| 29.7312| 144.14] 0.14795]2@316mm
supp 4000 252 1133 964 0[0969 | 144.14] 4032| 113509| 144.14] 0.56483|2@16mm
B1,Span 400  252| 1133 18.71) 0.1{0978| 144.14]  4032| 218.167| 218.167| 1.08563|2@20mm
supp 400 252 1133 33.09 0.1 098 | 144.14| 4032| 385.254| 385.25| 1.91707|2@20mm
B2,span 4000  252| 1133 137] 0[0.978| 144.14] 4032| 159.797| 159.79| 0.79517|2@16mm
supp 400 252 1133 2192 0110969 | 144.14| 4032| 258.104| 258.103| 1.284352@20mm
B3,span 4000 252 1133 8.08| 0[0978| 144.14] 4032| 94.2166| 144.14] 0.46883|2@316mm
supp 400  252| 1133 2224) 0.1] 098 | 144.14] 4032| 258.932| 258.93| 1.28847|2@20mm
B4,span 400  252| 1133 942 0[0978| 144.14] 4032| 109.875| 144.14] 0.54675(2@16mm
supp 4000 252 1133 21.78| 0.1/0.969 | 144.14|  4032| 256.455| 256.4551| 1.27615[2@320mm
B5,span 400  252| 1133 10.34)  0{0.978| 144.14] 4032 120.606| 144.14| 0.600152@16mm
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supp 400 252| 1133 19.09] 0.1) 0.978 | 144.14]  4032| 222.598| 222.5983| 1.10767|2@20mm
B6,span 400 252 1133 1339] 0[0977| 144.14] 4032| 156.389] 156.3894| 0.77821|2@16mm
supp 400 252| 1133 1L7] 010975 144.14]  4032| 136.847| 144.14| 0.68097|2@16mm
B7span 400 252 1133 235 0]0979| 14414] 4032] 27.3965 144.14| 0.13633|2016mm
supp 400 252 1133 12.87| 0] 097 | 144.14]  4032| 151.385| 151.3854| 0.75331|2@16mm
BL,Span 400 252 1133 50 02| 0.983 | 144.14] 4032| 580.413| 580.4132| 2.8882(3@20mm
supp 400 252 1133 77.27) 0310989 | 144.14|  4032| 891.438| 891.4376| 4.4359/5@20mm
B2,span 400 252| 1133 40) 0110977 | 144.14]  4032| 467.326] 467.3262| 2.32547|3@20mm
supp 400 252 1133 735 0310978 | 144.14] 4032| 857.132| 857.132| 4.26519(5@20mm
B3 span 400 252| 1133 2412 0110978 | 144.14|  4032| 281.366| 281.3655| 1.40011|2@20mm
supp 400 252 1133 5442\ 02{ 0979 | 144.14] 4032| 634.368] 634.3682| 3.15669|4@20mm
B4,span 400 252| 1133 2723 0110988 | 144.14|  4032| 314.557| 314.5567| 1.56527|2@20mm
supp 400 252 1133 53.38| 0.2/ 0983 | 144.14] 4032| 619.586] 619.5861| 3.08313|4@20mm
B5,span 400 252| 1133 2866 0.1/0.988 | 144.14|  4032| 331.076| 331.0759| 1.64747|2@20mm
supp 400 252 1133 5245/ 02/ 0983 | 144.14] 4032| 608.791] 608.7915| 3.02942|4@20mm
B6,span 400 252 1133 3391 0.1{0.988 | 144.14] 4032| 391.723| 391.7231| 1.94926|2020mm
supp 400 252| 1133 48.91] 0.2/ 0.983 | 144.14]  4032| 567.702| 567.7024| 2.824953@20mm
B7span 400 252 1133 541 0] 0982 | 144.14] 4032] 62.8583| 144.14| 0.31279(2@16mm
supp 400 252| 1133 18.02| 0.1) 0.979| 144.14]  4032| 210.014| 210.0143| 1.04506|2@20mm
BL,Span 400 252 1133 4437) 0210977 | 14414  4032| 518.275| 518.2755|  2.579(3@20mm
supp 400 252| 1133 68.08| 0.2 0.987 | 144.14|  4032| 787.327| 787.3265| 3.91783|4@20mm
B2,span 400 252 1133 3495 0.1]0.979 | 144.14)  4032| 407.325| 407.3252| 2.0269(3@20mm
supp 400 252 1133 4767| 02[0.977 | 144.14]  4032| 556.651| 556.651| 2.76996(3@20mm
B3,span 400 252 1133 2147) 0110975 | 144.14] 4032| 251.249] 251.249| 1.25024|2@20mm
supp 400 252 1133 479] 0210972 | 144.14)  4032| 562.272| 562.2719| 2.79793|3@20mm
B4,span 400 252| 1133 24741 0.110.975| 144.14|  4032| 289.516| 289.5157| 1.44066|2@20mm
supp 400 252 1133 46.3] 0210972 | 144.14)  4032| 543.49| 543.4903| 2.70447(3@20mm
B5,span 400 252| 1133 243] 0.1/0.975 | 144.14]  4032| 284.367| 284.3666| 1.41504|2¢20mm
supp 400 252 1133 44.08] 0.2]10.972 | 14414  4032| 517.431| 571431 2.5748|3@20mm
B6,span 400 252| 1133 3058] 0.1)0.975| 144.14|  4032| 357.857| 357.8573| 1.78074|2@20mm
supp 400 252 1133 71 0[0972| 144.14] 4032 B83.343] 144.14| 0.41472|2@16mm
B/span 400 252| 1133 219 0[0.975| 144.14] 4032| 25.6281| 144.14] 0.12753]2@16mm
supp 400 252 1133 1382| 0[0972| 144.14] 4032| 162.225] 162.2254| 0.80725|2@16mm
B1,Span 400 252 1133 30.84| 0.1/0.978 | 144.14] 4032| 359.903| 359.9031| 1.79092|2@20mm
supp 400 252| 1133 6731 0.2/0.978 | 144.14|  4032| 785.187| 785.1871| 3.90718|4@20mm
B2,span 400 252 1133 4463] 0.2]0.959 | 144.14)  4032] 530.99| 530.9896| 2.64226(3@20mm
supp 400 252| 1133 52.33| 0.2/0.976 | 144.14|  4032| 611.693|61106925| 3.04385/4@20mm
B3,span 400 252 1133 2331] 0.1] 098 | 144.14] 4032| 271.445] 271.4448| 1.35074|2@20mm
supp 400 252| 1133 48771 0.2[0.979 | 144.14]  4032| 568.623| 568.6229| 2.82953|3@20mm
B4,span 400 252 1133 26.37| 0.1/0.969 | 144.14]  4032| 310.501] 310.5014| 1.54509|2@20mm
supp 400 252 1133 52.33| 0.2/0.978 | 144.14|  4032| 610.192| 610.1923| 3.03639|4@20mm
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B5,span 400 252 1133 30.388| 0.1] 0.98 | 144.14] 4032| 353.796| 353.7959| 1.76053|2320mm
supp 400 252 1133 39.83| 0.1/ 0.978 | 144.14]  4032| 464.579| 464.5789| 2.3118|3@20mm
B6,span 400 252 1133 208] 0.1/ 0969 | 144.14]  4032| 244.916| 244.9158| 1.21873|2@20mm
supp 400 252 1133 913 0[0978| 144.14] 4032| 106.46| 144.14] 0.52976|2@16mm
B7span 400 252 1133 598| 0] 098 | 144.14] 4032] 69.6229| 144.14] 0.34645|2@16mm
supp 400 252 1133 18.19] 0.1/ 0978 | 144.14]  4032| 212.169| 212.169| 1.05578|2@20mm
B1,Span 400 252 1133 50.71) 0.2/ 0969 | 144.14] 4032] 597.1] 597.1] 2.97124|3@20mm
supp 400 252 1133 64.48| 0.2/ 0978 | 144.14]  4032| 752.098| 752.0976| 3.74252|4@20mm
B2,span 400 252 1133 3459 0110978 | 144.14] 4032| 403.336| 403.3356| 2.00704|3@20mm
supp 400 252 1133 54.14] 0.2/ 0977 | 144.14]  4032| 632.332| 632.3318| 3.14656|4@20mm
B3,span 400 252 1133 2003] 0.1{0975| 144.14]  4032| 234.278| 234.2775| 1.16579|2@20mm
supp 400 252 1133 40.53| 0.110.979 | 144.14]  4032| 472.502| 472.5022| 2.35123|3@20mm
B4,span 400 252 1133 22.08| 0.1| 097 | 144.14] 4032| 259.719| 259.7195| 1.29239|2@20mm
supp 400 252 1133 40.67| 0.1/ 0.983 | 144.14] 4032| 472.108| 472.1081| 2.34926|3@20mm
B5,span 400 252 1133 2287) 0.1/0989 | 144.14]  4032| 263.843| 263.8434| 1.31291|2@20mm
supp 400 252 1133 359] 0.1/0977 | 144.14]  4032| 419.425| 419.4253| 2.08711|3@20mm
B6,span 400 252 1133 30.34| 0.1/ 0978 | 144.14] 4032| 353.815| 353.8148| 1.76062|2@20mm
supp 400 252 1133 10.8] 0[0978 | 144.14| 4032] 125.985| 144.14| 0.62691|2@16mm
B7span 400 252 1133 8.98] 0[0979| 144.14] 4032| 104.679| 144.14] 0.52089|2@16mm
supp 400 252 1133 10{ 0]0.988 | 144.14| 4032| 115518 144.14| 0.57483|2@16mm
GBLSpal 400 252 1133 229] 0.1/0983 | 144.14] 4032| 265.802| 265.8022| 1.32266|2@20mm
supp 400 252 1133 37.16| 0.1/ 0988 | 144.14]  4032| 429.267| 429.2665| 2.13608|3@20mm
GB2,span 400 252 1133 22.29| 0.1/0983 | 144.14]  4032| 258.722| 258.7219| 1.28743|2@20mm
supp 400 252 1133 24.96| 0.1/ 0988 | 144.14]  4032| 288.334| 288.334| 1.43478|2@20mm
GB3,span 400 252 1133 152] 0.1/0.983 | 144.14|  4032| 176.428| 176.4277| 0.87792|2@16mm
supp 400 252 1133 24.92| 0110982 | 144.14] 4032| 289.543| 289.5431| 1.4408|2@20mm
GB4,span 400 252 1133 15.44] 0110979 | 144.14]  4032| 179.946| 179.9457| 0.89543|2@16mm
supp 400 252 1133 24.36| 0.1/ 0977 | 144.14]  4032| 284.543| 284.5434| 1.41592|2@20mm
GB5,span 400 252 1133 15.33] 0.1/ 0.987 | 144.14|  4032| 177.287| 177.2872| 0.8822|2@16mm
supp 400 252 1133 23.73] 0.1/0979 | 144.14]  4032| 276.562| 276.5616] 1.3762|2@20mm
GB6,span 400 252 1133 15.99] 0.1/ 0977 | 144.14]  4032| 186.718| 186.7181| 0.92913|2@16mm
supp 400 252 1133 8.03| 0[0975| 144.14] 4032| 93.9697| 144.14] 0.4676|2@16mm
GB7span 400 252 1133 452 0]0972| 144.14] 4032 53.0578] 144.14| 0.26402({216mm
supp 400 252 1133 8.03 0]0975| 144.14] 4032] 93.9697| 144.14] 0.4676(2@16mm
Table A. 13 design of column
16.220 44,502 45.672| 0.54811| 0.023601184 0.02422 0
16.204
16.65 49.98194519 50.9017351| 0.54811 0.026507418 0.02700 0
16.870
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Not slender |Not 49.98194519 50.9017351| 0.54811| 0.026507418 0.02700
slender
Combo 2=minimum
AXSis X-X axis X-x axis y-y Ved Yed,x Yed,y w
61.7838 62.3338| 0.70171| 0.032766412 0.03306
65.02116562 65.04715697| 0.70171| 0.034483316 0.03450
Slender Slender 65.02116562 65.04715697| 0.70171| 0.034483316 0.03450
R einforcement calculation
Combo 3
AXSiS X-X axis X-x axis y-y Ved Yed,x Yedy w
228.7476 140.4376| 0.34941] 0.12131397 0.07448 0.2
228.7476 140.4376| 0.34941) 0.12131397 0.07448 0.2
Remark| Not Not 228.7476 140.4376| 0.34941] 0.12131397 0.07448 0.2
slender slender
Reinforcement calculation Tie reinforcement

As,tot=

Remark

Eadge column 1b

A[mm]=

Spacing=

AXSIS X-X

AXsis y-y

axis x-x

axis

Ved Yed,x

Yed,y
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133.9928 290.4428| 0.77724| 0.071061723 0.15403 0.35
133.9928 290.4428) 0.77724) 0.071061723 0.15403 0.35]
Remark| Not Not 133.9928 290.4428| 0.77724) 0.071061723 0.15403 0.35]
slender slender
Reinforcement Tie reinforcement
calculation
w= g[mm]=
As,tot= Spacing=
Remark
1c
axis x-x axis y-y Ved Yed,x Yed,y w
128.207 288.707| 0.65815| 0.067993282 0.15311 0.45
128.207 288.707| 0.65815| 0.067993282 0.15311 0.45
Remark|Not slender |Not slender 128.207 288.707| 0.65815| 0.067993282 0.15311 0.45
Reinforcement Tie reinforcement
calculation
w= J[mm]=
As,tot= Spacing=
1d
AXsis X-x | AXxsis y-y axis X-x axis Ved Yed,x Yedy
yy
121.22 289.82| 0.63034| 0.064287798 0.15370 0.4
121.22 289.82| 0.63034| 0.064287798 0.15370 04
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Remark| Not Not 121.22 289.82| 0.63034| 0.064287798 0.15370 0.4
slender slender
Reinforcement Tie reinforcement
calculation
w= [mm]=
As,tot= Spacing=
3a
axis X-x axis Ved Yed,x Yed,y
y-y
116.8868 305.1268| 0.86072| 0.061989729 0.16182 0.45
119.1441261 305.1268[ 0.86072| 0.063186879 0.16182 0.45]
Remark| Not Not 119.1441261 305.1268[ 0.86072| 0.063186879 0.16182 0.45)
slender slender
Reinforcement Tie reinforcement
calculation
w= B[mm]=
As,tot= Spacing=
Story 2
Eage
2a
AXsis X-x| AXxsis y- axis x-x axis Ved Yed,x Yed,y
y-y
132.068 244568 0.87022] 0.070040925 0.12970 0.4
140.0853125 244568 0.87022 0.074292825 0.12970 0.4
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Remark| Slender | Not 140.0853125 244568 0.87022 0.074292825 0.12970 0.4
slender
Reinforcement Tie reinforcement
calculation
w= [mm]=
As,tot= Spacing=
3a
axis x-x axi Ved Yed,x Yed,y o Kr | 1/rx lry e2x | e2y
S
y-
y
132.068 2445| 1.052| 0.093224 0.17264 0.| 0.40( 3.49029| 3.49029| 31439 3.358
08 586
68 96 471 5 64 E-06 E-06
141.3435 2445| 1.052| 0.099771 0.17264 0.| 0.40( 3.49029| 3.49029| 31439 3.358
08 586
348 68 96 907 5 64 E-06 E-06
Rema| Slend| Slend 141.3435 2445| 1.052| 0.099771 0.17264 0.| 0.40( 3.49029| 3.49029| 31439 3.358
08 586
rk| er er 348 68 96 907 5 64 E-06 E-06
Reinforcement Tie reinforcement
calculation
1b
AXsis X-X axis x-x axis y-y Ved Yed,x Yed,y w
101.56 222.03| 0.88518| 0.071689412 0.15673 0.5
101.56 222.03| 0.88518| 0.071689412 0.15673 0.5
Remark|Not slender 101.56 222.03| 0.88518| 0.071689412 0.15673 0.5
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Reinforcement
calculation

Tie reinforcement

w= J[mm]=
As,tot= Spacing=
Corner
la
axis x-x axis Ved Yed,x Yed,y
yy
132.986 224.056| 0.74569| 0.093872471 0.15816 05
142.5341487 224.056/ 0.74569] 0.10061234 0.15816 0.5
Remark| Not Not 142.5341487| 224,056 0.74569 0.10061234 0.15816 05
slender slender
Reinforcement Tie reinforcement
calculation
w= G[mm]=
As,tot= Spacing=
Remark
Interior
3e
axis X-x axis y-y Ved Yed,x Yed,y
107.748 237.148| 0.92535| 0.057143059 0.12577 0.35
107.748 237.148| 0.92535| 0.057143059 0.12577 0.35
Remark|Slender Not slender] 107.748 237.148| 0.92535| 0.057143059 0.12577 0.35
Reinforcement Tie reinforcement
calculation
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3d

3c

2b

As,tot=

195

[mm]=

Spacing=

w= @[mm]=
As,tot= Spacing=
check slenderness Design moment,MEd
axis x-x axis Ved Yed,x Yedy w Kr 1rx 1Ury e2,x ey
¥y
115.782 209.222f  0.73275 0.06140381, 0.11096 0.1] 0.52465 4.05529E-| 4.05529E- 4.07661) 4.0676199
06 06
119.6068518 209.2221  0.73275 0.063432281 0.11096| 0.35| 0.64974]  5.0222E- 5.0222E-| 5.048604)  5.0374705
06 06
Remark| Slender| Not 122.0485983 209.222)  0.73275 0.064727236 0.11096 0.1 0.52465 4.05529E-| 4.05529E-| 4.07661]  4.0676199
slender 06 06
Reinforcement Tie reinforcement
calculation
w=
As, tot=
Remark| Ok!
axis x-x axis Ved Yed,x Yedy w
y-y
115.658 220.088) 0.78111 0.061338047 0.11672 0.3
115.658 220.088) 0.78111 0.061338047 0.11672 0.3
Remark| Not Not 115.658 220.088) 0.78111 0.061338047 0.11672 0.3
slender slender
Reinforcement Tie reinforcement
calculation




AXSiS X-X axis X-x axis Ved Yed,x Yed,y
y-y
100.14 239.59| 0.78989| 0.053108234 0.12706 0.3
100.14 239.59| 0.78989| 0.053108234 0.12706 0.3
Remark| Not Not 100.14 239.59| 0.78989| 0.053108234 0.12706 0.3
slender slender
Reinforcement Tie reinforcement
calculation
w= Z[mm]=
As,tot= Spacing=
3aand 2c
AXSIS X-X axis x-x axis Ved Yed,x Yed,y
y-y
105.368 253.048] 0.92535 0.05588085 0.13420 0.45
113.5569116 253.048| 0.92535/ 0.060223757 0.13420 0.45
Remark| Not Not 113.5569116 253.048| 0.92535/ 0.060223757 0.13420 0.45
slender slender
Reinforcement Tie reinforcement
calculation
w= g[mm]=
As,tot= Spacing=
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Story 3

Interior
axis X-x axis y-y Ved Yed,x Yedy w Kr 1/rx 1Ury e2,x ey

75.51 128.81]  0.66373 0.040045963 0.06831 0.1y 0.62324) 4.81735E-| 4.81735E- 3.78675  3.7789615|

06, 06
83.08674895 137.3690269|  0.66373 0.044064215 0.07285 0.1y 0.62324) 4.81735E-| 4.81735E- 3.78675  3.7789615|

06, 06
Remark| Slender| Slender 83.08674895 137.3690269|  0.66373 0.044064215 0.07285| 0.1 0.62324 4.81735E-| 4.81735E- 3.78675  3.7789615|

06 06

Reinforcement calculation Tie reinforcement

w=
As,tot=
Remark|
3e
axis x-x axis y-y Ved Yed,x Yed,y w Kr 1/rx 1ry e2,x e2,y
98.776| 157.276| 0.74491 0.05238485 0.08341 0.3| 0.61677 4.76733E-06| 4.76733E-06| 3.747432 | 3.7397242
108.3461907 164.3465078( 0.74491| 0.057460304| 0.08716 0.3| 0.61677 4.76733E-06|  4.76733E-06( 3.747432 | 3.7397242
Remark|Slender Slender 108.3461907 164.3465078( 0.74491 0.057460304 0.08716 0.3| 0.61677 4.76733E-06| 4.76733E-06| 3.747432 | 3.7397242
Reinforcement calculation Tie reinforcement
w=
As,tot=
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Amin=

Remark Not slender Slender

AXSisS X-X  AXsisy-y

axis x-x

axis y-y

98.774

104.8351141

104.8351141

Ved Yed,x Yedy

160.074 0.90131 0.069722824

166.874471 0.90131 0.074001257

166.874471 0.90131 0.074001257

0.11299

0.11779

0.11779

Reinforcement calculation

Tie reinforcement

w=
As,tot=
3e, 3b,3c, 3d, 2b,2c
AXsisS X-X  AXSis y-y axis x-X axis Ved Yed,x Yed,y w
y-y

109.432 199.632 0.79645 0.077246118 0.14092 0.4

114.9631605 199.632 0.79645 0.081150466 0.14092 0.4

Remark Not Not 114.9631605 199.632 0.79645 0.081150466 0.14092 0.4

slender slender
Reinforcement Tie reinforcement
calculation
w= [mm]=
As,tot= Spacing=
Corner 1a
axis x-x axis Ved Yed,x Yed,y w
y-y

79.579 114.379| 0.61022| 0.056173412 0.08074 0.35]

81.21511729 114.379| 0.61022| 0.057328318 0.08074 0.35)

Remark| Slender | Not 81.21511729 114.379| 0.61022| 0.057328318 0.08074 0.35]

slender
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Reinforcement

calculation

Story 4

Corner 1a 4f

Ea

Tie reinforcement

g[mm]=

Spacing=

AXsis X-X | AXsis y-y axis x-x axis y-| Ved Yed,x Yed,y w
y
116.628 179.718| 0.4902| 0.082325647 0.12686 0.35]
116.628 179.718] 0.4902| 0.082325647 0.12686 0.35
Remark| Not Not 116.628 179.718| 0.4902| 0.082325647 0.12686 0.35]
slender slender
Reinforcement Tie reinforcement
calculation
w= [mm]=
dge
AXsis y-y axis x-X axis Ved Yed,x Yed,y w
y-y
128.058 175.408| 0.69191] 0.090393882 0.12382 0.4
128.058 175.408] 0.69191] 0.090393882 0.12382 0.4
Remark| Not Not 128.058 175.408| 0.69191] 0.090393882 0.12382 0.4
slender slender
Reinforcement Tie reinforcement
calculation
w= [mm]=
As,tot= Spacing=
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Interior

Eadge

200

axis x-x axis Ved Yed,x Yed,y w
y-y
128.172 247.772] 0.74598 0.090474353 0.17490 0.5
128.172 247.772| 0.74598| 0.090474353 0.17490 0.5
Remark| Not Not 128.172 247.772] 0.74598 0.090474353 0.17490 0.5
slender slender
Reinforcement Tie reinforcement
calculation
w= @[mm]=
As,tot= Spacing=
Story 5
axis x-X axis y-y Ved Yed,x Yed,y w
90.6 147.7) 0.64924| 0.087726943 0.14302 0.3
96.42353344 147.7| 0.64924| 0.093365803 0.14302 0.3
Remark|Slender Not slender| 96.42353344 147.7) 0.64924| 0.093365803 0.14302 0.3
Reinforcement Tie reinforcement
calculation
w= B[mm]=
As,tot= Spacing=




Corner

Interior

201

axis x-x axis Ved Yed,x Yed,y w
y-y
103.336 114.936) 0.44523 0.100059066 0.11129 0.2
103.336 114.936| 0.44523 0.100059066 0.11129 0.2
Remark| Not Not 103.336 114.936) 0.44523 0.100059066 0.11129 0.2
slender slender
Reinforcement Tie reinforcement
calculation
w= Z[mm]=
As,tot= Spacing=
AXsis X-x| AXsis y- axis X-x axis Ved Yed,x Yedy w
y-y
106.234 162.834 0.69791] 0.102865166 0.15767 0.55]
110.6338898, 162.834/ 0.69791] 0.107125529 0.15767 0.55
Remark| Slender | Not 110.6338898 162.834 0.69791] 0.107125529 0.15767 0.55]
slender
Reinforcement Tie reinforcement
calculation
w= @[mm]=
As,tot= Spacing=




Table A. 14 foundation reaction and moment

support reaction at the base

Story Point Fz MX MY
BASE 1 1728 6 8
BASE 2 3037 4 0
BASE 3 2920 3 -1
BASE 4 2663 3 1
BASE 5 2691 3 1
BASE 7 2573 4 2
BASE 8 2021 5 -3
BASE 9 1276 8 0
BASE 10 2274 1 4
BASE 11 4498 -2 1
BASE 12 4288 -1 2
BASE 13 3909 -1 3
BASE 14 3928 -1 3
BASE 15 3749 -3 4
BASE 16 2822 -3 2
BASE 17 1530 2 1
BASE 18 1605 -4 1
BASE 19 1672 2 1
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BASE 20 1039 -8 -1
BASE 21 3757 1 -1
BASE 22 4231 -2 3
BASE 23 3908 -2 3
BASE 24 3929 -2 3
BASE 25 3967 -2 3
BASE 26 3304 -3 2
BASE 27 2885 -1 4
BASE 28 3813 12 -1
BASE 29 4136 -3 3
BASE 30 4174 -3 3
BASE 31 4203 -3 3
BASE 32 3485 -2 2
BASE 33 1347 -8 6
BASE 34 513 4 6
BASE 35 1567 -6 7
BASE 36 2057 -2 0
BASE 37 2143 -1 0
BASE 38 2339 -1 2
BASE 39 2323 -1 1
BASE 41 2333 -1 1
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BASE 42 1835 -3 -2
BASE 63 440 0 0
BASE 64 1040 0 0
BASE 65 462 0 0
BASE 66 1122 0 0
BASE 67 90 0 0
BASE 68 37 0 0
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