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ABSTRACT

In this work, we present an in-depth study and analysis of a reinforced concrete building for
multiple uses (commercial and residential) consisting of ground floor plus six floors , located in the
wilaya of Bouira, Sour ElI Ghozlane city which is considered as a zone of medium seismic activity
according to the Algerian seismic hazard map and based on Algerian construction standards and
technical documents.

The dynamic study of the structure was determined by ETABS V 20.3 software which is based on
the finite elements method, and the forces resulting in the various structural elements were
calculated using spectral modal method.

The results of this study allowed us to determine the dimensions of structural elements and the
amount of reinforcement necessary for stability and resistance to earthquakes.

Keywords:

Building, reinforcement, reinforced concrete, spectral modal method, stability, finite elements
method, ETABS V 20.3.



RESUME

Dans ce travail, nous vous présentons une étude approfondie et une analyse d’un batiment en béton
armé a usages multiples (commercial et résidentiel) composé d’un rez-de-chaussée plus six étages,
situé dans la wilaya de Bouira, ville de Sour El Ghozlane qui est considérée comme une zone
d’activité sismique moyenne selon la carte de ’aléa sismique algérien et basée sur les normes de
construction algériennes et les documents techniques.

L’¢tude dynamique de la structure a été déterminée par le logiciel ETABS V 20.3 qui est basé sur la
methode des éléments finis, et les forces résultant des différents éléments structurels ont été
calculées a I’aide de la méthode modale spectrale.

Les résultats de cette étude nous ont permis de déterminer les dimensions des éléments structurels et
la quantité de ferraillage nécessaire pour la stabilité et la résistance aux seismes.

Mots clé :

Batiment, ferraillage, Béton armé, méthode modale spectrale, stabilité, méthode des éléments finis,
ETABS V 20.3.
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a: Length or Distance or Dimension.

b: Length.

b,: Rib width.

b;: Column width.

c: Coating.

d: Usable height.

e: Eccentricity or Spacing or Thickness.

eq: Additional eccentricity.

f: Arrow.

f.: Characteristic stress of concrete in compression.
fe: steel elastic limit.

f¢: Characteristic stress of concrete in tension.
g: Lap of the walk.

h: Height.

h.: Hollow body height.

hg: Slab height.

h.: Clear height.

hmoy: Average height.

h;: Total height.

h': Nodal zone height.



h1: Height of column.

i: radius of gyration.

I: length or distance.

Ly Buckling length.

L.: The small dimension of the slab panel.

L, The large dimension of the slab panel.

[": Nodal zone length.

ly: Free length.

Qser - Serviceability limit state linear load.

q,.. Resistance ultimate limit state linear load.

g, Bearing linear load.

s: Spacing.

t: Spacing or Period.

a : Angle, dimensionless coefficient.

y: Partial safety factor, ratio of moments.

B: Dimensionless coefficient, weighting coefficient.

€: Response factor.

n: Relative cracking coefficient, damping correction factor.
6: Angle, dimensionless coefficient, global coefficient depending on the type of construction.
A: Mechanical slenderness of a compressed element, dimensionless coefficient, aspect ratio.
u: Reduced moment.

v: Poisson coefficient.

p: Ratio of two dimensions.

o: Concrete or steel stress.

7. Tangential or shear stress.

1 Weighting coefficient

¢: Critical Dumping Percentage.

&: Reduction coefficient, spacing of traverse reinforcement.



GENERAL INTRODUCTION

Civil engineering is a professional engineering discipline that focuses on the design and
planning constructions of buildings. And it representing all techniques related to construction
in order to ensure the stability and resistance of buildings.

Civil engineers play a crucial role in the design of structures and systems especially in vertical
construction in order to withstand natural disasters such as flood and earthquakes.

Earthquakes pose significant dangers to both human life and constructions due to their sudden
and often violent nature. it is unfortunately certain that earthquakes will continue to surprise
humans

To produce resistant elements, it is necessary to follow various calculation methods according
to the different parameters, The calculation was carried out according to standards and
regulatory documents which are (RPA99V2003) and regulations (CBA93).

For this project, we calculated a building located in a zone of medium seismicity (l1a), with a
ground floor plus 6 floors (G + 6), it aims to size the structures in a resistant and economical
way.

e The first chapter: consists of the complete presentation of the building, the definition

of the different elements and the choice of materials to be used.

e The second chapter: presents the pre-dimensioning of the elements (Columns, beams
and walls...).

e The third chapter: Evaluation of the loads.
e The fourth chapter: Study of secondary elements (the parapet, the stairs, floors).
e The fifth chapter will deal with the dynamic study of the building.

e Chapter Six: calculation of reinforcements of structural elements, based on the results
of the ETABS 22 software.

e Chapter seven: the calculation and sizing of the infrastructure for determining the type
of foundations.



Chapter

Chapter |

Presentation and General Information
about the project:



CHAPTER I: Presentation and General Information about the project:

1.1 Introduction:

The construction of multi-storey buildings represents a harmonious combination of
engineering precision and architectural vision. Among the various building materials
available, reinforced concrete stands as a hallmark of structural strength and versatility.

In Algeria's dynamic landscape of urban development, the construction of multi-storey
buildings stands as an important demonstration of modern engineering ingenuity. The use of
reinforced concrete as a primary structural material in such constructions represents a
combination of tradition and innovation, ensuring the durability and stability of the structure.

The stability of the structure also depends on the resistance of different structural elements
(columns, beams, walls, etc.) to different pressures (pressure, bending, etc.), whose strength
depends on the type, dimensions and properties of the materials used.

Therefore, to calculate the structural components, we rely on known regulations and methods
(BAEL91, RPA99 modified in 2003, CBA93, DTR) which are based on knowledge of
materials (concrete and steel) and dimensions and reinforcement of structural resistant
elements.

1.2 Presentation of the Project:

In our project we are making a study and calculation of the resistant elements of a multi-use
building (G+6) consisting of:
e A ground floor for offices.

e From the 1st to the 6th floor for residential use.

The building will be located in BOUIRA commune of SOUR EL GHOZLANE classified
according to the Algerian seismic regulation (RPA 99 / version 2003) as a zone of medium
seismicity (Zone lla).

Figure 1.1 Plan of the structure
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1.2.1 Geotechnical characteristics of the site:

e Our building will be established on soil with admissible stress of: 2.2 bar.
e The site is considered S2 according to RPA99.VV2003.
e The group of use 1A.

1.2.2 Geometric data of the structure:

The geometric characteristics of the building are:
Table 1.1 Dimensions of the structure

Dimension

Length in plan

Width in plan
Ground floor height :
Current floor height _
Total height _
r _ — _ _ -+
=——-r—¢—n— 1—!—+—¥——4

HE R RN

ﬂ_'—l_l _+l_l—4_l-_l

1

+ + -—+—- 1r=
1 1 1 ! 1 !
N N AN !_!_!_!

Figure 1.2 Dimension plan
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1.2.3 The design of the building structure:
1.2.3.1 Bracing structure: (RPA99V2003 article 3.4)

This building is a mixed-bracing consists of walls (intended on the one hand to take back part
of the vertical loads and on the other hand have ensured the stability of the structures) and
gantries (intended primarily to take up loads and vertical loads) with justification of gantry-wall
interaction.

1.2.3.2 Slabs:

In our structure there are two types of slabs:

a-The floors are made of hollow block and a compression slab (20+5) cm, and girder made
of
cast-in-place concrete spaced 65 cm from hollow block.

b-The solid slabs are made of cast-in-place concrete.

e The terrace is inaccessible.

Compressing
slab

‘Welded mesh

Figure 1.3 Floor hollow block

Solid slab

Reinforcement of solid slab

Figure 1.4 Solid slab floor
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1.2.3.3 Beams:

They are horizontal structural element designed to support loads by resisting bending. Beams
are fundamental components of structures, providing support for floors, roofs, ceilings, and
other elements, they also made for transmitting the loads from slabs to columns.

Figure 1.5 Rectangular beam

1.2.3.4 Columns:

The columns are vertical constructive elements that links the stories and support compressive
loads in buildings and structures. They are designed to transfer the load from the beams, slabs,
and other structural elements above them to the foundation below. Columns are crucial
components in the structural system of a building, providing stability and strength to the overall
structure.

5

\\

LU0 000 N

i

Figure 1.6 Rectangular column



CHAPTER I: Presentation and General Information about the project:

1.2.3.5 Staircase:

A staircase is a structure that provides a means of vertical movement between different levels
of a building or structure.

1.2.3.6 Masonry:

 Exterior walls: They are made of double partitions of hollow bricks 10 cm + 10 cm spaced
with a 5 cm emptiness (10+5+10) cm for thermal and sound insulation.

Thermal and sound insulation

Hollow bricks

Coating

Figure 1.7 Exterior wall

« Interior walls: It is single partition made of 10 cm hollow bricks.
1.2.3.7 Coating:
The covering of the building composed of:

+ Tiling for floors and staircases and balconies.

+ Plaster coating for interior walls and ceilings.

» Mortar cement for plastering of exterior facades.

1.2.3.8 Parapet:

The terrace being inaccessible, the last level is surrounded by a reinforced concrete parapet of
height varying between 60 cm and 100 cm and 10 cm thick.

Concret

reinforced
chaining

Figure 1.8 Parapet
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1.2.3.9 Balconies:
The balconies are made of solid reinforced concrete slabs.
1.2.3.10 Foundations:

Foundations are the structural elements of a building or structure that transmit and distribute
the loads from the superstructure (above-ground parts) to the underlying soil or rock. The
primary function of a foundation is to provide a stable and level base for the construction
above it, ensuring that the building remains structurally sound and safe.

Large concrete footing

Foundation soil
“

Figure 1.9 Foundation

1.2.3.11 Type of formwork used:

The structural elements "Columns, Beams and Sails" are made by formwork metal or wooden
formwork, for hollow body floors and stairs, wooden formwork is used.

1.2.4 Rules and standards of calculation:

For calculation and verification, we use:
+ Algerian seismic rules (RPA99.VV2003).
* The BAEL91 rules.
+ Technical regulatory document (DTR-B.C).
+ CBA93.
+ Software: Finite element modelling of this project using ETABS version 2022.

1.3 Materials characteristics:

1.3.1 Introduction:

Reinforced concrete is a composite material made of concrete reinforced with embedded steel
bars or mesh, the combination of concrete's compressive strength and steel's tensile strength
creates a highly durable and versatile construction material widely used in various structural
applications.
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The characteristics of the materials used in construction will comply with the rules technologies
for the design and calculation of reinforced concrete structures already mentioned.

1.3.2 Concrete:

Concrete is a versatile construction material composed primarily of cement, water, and
aggregates (such as sand, gravel, or crushed stone). It is one of the most widely used
construction materials globally due to its durability, strength, and versatility. Here's an
overview of concrete:

The cement dosage varies between 300 and 400 kg/m3of concrete used.

1.3.2.1 Composition of the concrete:

It is made up of the following components:
v' Cement:

Cement is a binder, a powdery material, a chemical substance used for construction that sets,
hardens, and adheres to other materials to bind them together.
The cement used a CMEI 42.5, the dosage for the elements of the superstructure is 350 kg/m3.

v" Sand:

Sand is granular material consisting of small particles from the decay of other rocks whose size
is between 0 and 5mm.

-The sand dosage: 400 litre/m?3
-The weight is: Gs=ys X Vs
G4=1.6x400=640Kg/m3
ys: the density of sand equal 1.6 kg/l
v Gravel:

Gravel is a loose aggregation of small stones or pebbles typically derived from natural
sources, it is a common construction material used for various applications due to its
versatility, durability, and affordability, they consist of rock grains whose size is generally
between 7 and 25 to 30mm.They must be hard clean, and not frosty. They may be extracted
from the reverbed (rolled material) or

obtained by crushing hard rock.

-Aggregate dosing 7/25: 800 litres/m3.

-The weight._is: 6=y 4xVg=1.5%800=1200Kg/m?
yg: the density of gravel equal 1.5 kg/I.

+ The water dosage: is 175 liters/m3.

There are several preparation methods based on particle size, including the DREUX-GORISSE
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method, the obtained concrete will have a density with varies between (2400-2500) kg/m3.

1.3.2.2 The realization and benefits of concrete:

The realization of structural element in reinforced concrete, includes 4 steps:
- Execution of a formwork (mould) in wood or metal.
- Installation of reinforcements in the formwork.
- Placing and tightening concrete in the formwork.
- Stripping or demoulding after sufficient hardening of the concrete.
The main benefits of concrete are:
- Economics.
- Easy to shape.
- Weather resistance.
- Fire resistance.
On the other hand, the risk of cracking constitutes a handicap for reinforced concrete.

1.3.2.3 Mechanical characteristics:

+ Characteristic compressive strength f;: (BAEL 91 art A2.1.11).

The characteristic compressive strength of concrete at “d” days of age is determined at from
tests on 16cm x 32cm test pieces.

The 28" day maturity value is most often used: f,g.

For calculations in the implementation, the day-to-day values, defined from fc28, will be
adopted by:

[ ] For fCZBS 40 MPa:

_ ] P
fej= 2764053 X fc28 sij < 60days
fej =1.1X fc28 sij > 60days

e For f.g >40 MPa

_ j . .
fcj—meczg Sl]<28days

fej = feos sij > 28days
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<40 MPa

> 40MPa

d(days)

Figure 1.10 Evolution of the resistance f;as
a function of the age of the concrete

e Tensile strength: (CBA93 article A.1.2.12)

The tensile strength at age (d) days f; is defined by the following formula:
ftj =0.6+0.06f ; for f,; <60 MPa
With: f.2g =25 MPa and f,g= 2.1 MPa.

 i(Mpa)

Bl o e e e e e e e e e e e - — —

g2} — 1 1 L 1 1 1 .1 r r . 1

. S

f_i(Mpa)

Figure 1.11 Development of tensile strength f,;a function of that at compression f
< Limit state:

Limit state are known as situations where, if passed, the construction structure is considered
ineligible for one of the functions for which it is designed.

e Ultimate limit state U.L.S:

It corresponds to the ruin of the structure or one of these elements by loss of static
equilibrium, rupture, buckling, that is:
v"Ultimate limit state of static equilibrium without structural reversal.

10
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v"Ultimate limit state of strength for concrete or steel materials example:
(Not broken by crushing concrete).

v Ultimate limit state of shape stability.

e Service limit state S.L.S:

This is the condition that a structure must satisfy for its normal use and durability to be
ensured, exceeding it will imply a disorder in the functioning of the structure.

v Crack opening serviceability limit state.
v' Serviceability limit state of deformation.

v" Serviceability limit state with respect to the compression of the concrete.

1.3.2.4 Deformation and calculation limit stresses: (BAEL 91 art 4.1 .3)

e The instantaneous longitudinal deformation modulus E;:
Under normal stress with less than 24 hours of application time, we assume in the absence of
measurements, that at the age of “d” days, the instantaneous longitudinal deformation modulus
of concrete E; is equal to:
1

E;j = 11000(f;)?
where: E;; = 32164.20MPa.
e Deferred longitudinal deformation modulus E;:

Under stresses of long-term application, the deferred longitudinal deformation module that
calculates the finale deformation of the concrete is given by the formula:

1
Eyj = 3700(f ;)3
where: E,; = 10818.86 MPa.
e Modulus of elasticity E:

It is the ratio between the applied stresses and the relative strain:

Al
£=7

This module is not definable in that the elastic phase (one phase) in which there is
proportionality of stress and strain.
e Poisson’s ratio v: (BAEL 91 art 4.1 .3)

The Poisson ratio is the ratio of the relative lateral strain to the relative axial strain.

11
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v = 0.2 in the case of service limit state.
v = 0 in the case of ultimate limit state.

e U.L.S:

The ultimate stress of the concrete in compression &, is given by the following relationship:

_0.85X fra8

With:
Y- being the safety of concrete, which equals:

1.5 for normal combination
1.15 for accidental combination

Vb = {
fe2g - Characteristic concrete compressive strength at 28 days.

0.85: reduction coefficient which aims to cover the error made by neglecting the creep of the
concrete.

6 is a coefficient which takes account of the duration of application of the charges.

6 = 1if period >24h

6 = 0,9 if 1h < period < 24h

0 =0,85if period<1h

o,c (Mpa)

Fbu | — — — — — — —

ebc (%o)

2 35

Figure 1.12 Strain-stress diagram of concrete at ULS
e SL.S:
The limit stress of the concrete at the service limit state is:

GbC:0.6 xfCZB

12
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oLc (Mpa)

06Fc28 {— — — — — — — — — — —
|
1
|
1
|
|
1
|

ebc (%)

2%

Figure 1.13 Strain-stress diagram of concrete at SLS

e Rectangular diagram of concrete: (BAEL 91 art 5.11 .2)

When the section is partially compressed, a simplified rectangular diagram can be used:

0.85 foi i
3fcg 0.8 o 0.85 12
b G~
0y

2o 3,5%,
3 I
2y m
7 : Y 0.8Y
3
Ty -
7 0.2Y AN

Strain diagram Rectangle parabola Simplified rectangular

stress diagram stress diagram

Figure 1.14 Simplified rectangular diagram of concrete
e Allowable shear stress: (art 13.111 .2.1; BAEL 91)
T,=min (0,2 f.2g /Yy, 5SMPa) = Low injury cracking
T,=min (0,15f .28 /vp, 4MPa) = Injurious or highly injurious cracking

The ultimate shear stress in a concrete piece is defined in relation to the stress ultimate edge

_Tu
UT pxd

b: Piece width.
d: Useful height.

13
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1.3.3 Reinforcement steel:
1.3.3.1 Definition:

A steel is a metal alloy made mainly of iron and carbon.

The steel is intended to balance the tensile forces and possibly compressive forces when the
concrete cannot support it alone.
Are characterized by their elastic limits f, and their modulus of elasticity E.

1.3.3.2 Mechanical characteristics:

Example of steel:

Table 1.2 Characteristics of the steels used

Fe (MPa) Utilisation
Fe E400 Frame, stirrups pins, column, beam

Fe E235 AII reinforced concrete works

Fe E500 floors

e Longitudinal modulus of elasticity:

The value of the longitudinal modulus of elasticity of the steel is taken equal to:

E ;= 200000 MPa.

e Strain-stress diagram of steel: (BAEL91 art 4.11.2)

In the calculation of limit states, a safety coefficient y is introduced which has the following
values:

Ys =115 general cases
ys =1,00 cases of accidental combinations

14
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as

Stretches
Je r----- —

Sl

fe 10%s
Es

______ —fe

Shortening

Figure 1.15 Strain-stress diagram of steel
e Limit stresses: (BAEL91 art 5.1V.3.3)
» U.L.S:

o, =— —— Natural steels

o, =1.1x $—> Hardened steels

With y,: safety coefficient depends on type of situation.

¥s = 1.15 In current situation o, = 348 MPa
¥s = 1 In accidental situation o, = 400 MPa

» S.L.S:
The limit stresses of steel o are given according to the limit state of crack opening

- Minimally harmful cracking: no verification

- Detrimental cracking: o,=Mmin (;fe, 110,/nf; )
- Very detrimental cracking: o,=min (%fe, 90,/nf; )

n . Safety factor depends on adhesion:

n =1 For steel (RL)
n = 1.6 For steel (HA)

1.3.3.3 Actions (loads):

e Permanent load (Dead loads) G:

These are actions whose intensity is constant or slightly variable over time, for example the
self-

15
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weight of the structure, the weight of fixed equipment, the pushing forces of earth and liquids
or the deformations imposed on the structure.
e Operating load (live loads) Q:

These are those whose intensity frequently varies significantly over time, they correspond to
operation loads, loads applied during execution, climatic loads, and effects due to
temperature.

e Accidental charge E:

These are those coming from short-term phenomena (earthquakes, explosions, etc.) that rarely
occur, requiring dynamic action.

e Specific combination of calculation:
» FEundamental action combination: (CBA 99 article.3.3)
1.35Gmax + Gmin + Y1 Q1 + X 1,3y Qi for U.L.S

Gmax + Gmin + Ql + Z lI—’Oi Qi for S.L.S

Yq1= 1.5 general case.

Yq1= 1.35 for agricultural buildings with low human occupancy density.

Yo; : Weighting coefficient of the accompanying values, it is equal to 0.77 for the common
buildings.

The basic combinations can be interpreted as follows:
1.35G+ 1.5Q for U.L.S

G+ Q for S.L.S
» Accidental combination: (CBA 99 article.3.3.2.2)

{Gmax + Gmin + FA + l~p11 Q1 + lejzi Qi

FA: Nominal value of the accidental action.

,1: Frequent value of a variable action.

P,; Qi: Quasi-permanent value of another variable action.
In the case of horizontal forces (Earthquakes):

1.4 Conclusion:

Now we can begin the design of the elements in the next chapter, since the majority of
calculation principles have been defined, and the material base.

16
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I11.1. Introduction:

The advance dimension includes a combination of engineering expertise, mathematical
calculations and a deep understanding of the intended use of the building and environmental
context. Its primary objective is to determine the dimensions of various key structure
elements such as columns, beams, panels and foundations. These initial dimensions serve as a
starting point for further revised analysis and replication of design, allowing engineers and
architects to assess the feasibility and performance of the structure.

The dimensions are selected in accordance with the recommendations contained in the RPA99
version 2003, CBA93, BAEL91.

The results obtained are not definitive, they can be increased after verification and the economy
is taken in to consideration to avoid surplus steel and concrete.

11.2. Pre-sizing of elements:

11.2.1 The floors:
» Floor hollow body:

Hollow floor bodies are essential components in the design and construction of modern multi-
storey buildings. Its light nature, physical efficiency, thermal and acoustic benefits, flexibility
in service installation, speed of construction and fire resistance make it indispensable for
sustainable, practical and cost-effective structures. It has a very important role in the structure
of supporting vertical loads and then transferring them to bearing elements. It also acts as a
firewall in the event of a fire.

In our project we have a hollow body floor and solid slab in the balconies.

Compression slab

Hollow block

Rip

Figure 11.1 Floor hollow block

18
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The thickness of this floor is determined from the deflection condition:

According to the CBA93 (art B.6.8.4.2.4): h, > tma

22.5
h, : the height of the floor.
Lonax - the greatest span of the joists (measured between bare).

In our building block, L,,4,= 500-40 =460 cm

h, > % =20.44 cm, so h,= (20+5) cm

With:
- The height of hollow body: 20cm

- And the height of compressing slab is: 5 cm

JOR1LOO0RE000MN

Figure 11.2 Cross section of hollow body floor

11.2.1.1 Rib width:

The cross section of the ribs is assimilated to a (T) section with the following geometric
characteristic:
The width of compression table is equal to:
b = by + 2b,
With:

h h
;t SbOSj%ht=25cm

25 25
5 Sbog?ﬁ 8.33cm < by, <12.5cm

We adopt: by = 10 cm.
by = min (; )
e L: maximum span of the rib.
e L, : Distance between bare ribs (the slab available on the market has Ly= 55 cm)
Ly=65-10 =55cm
460 55

by =min (W; 7) =min (46 cm; 27.5cm), So:b;=27.5cm

19
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With that: b = by + 2b; = 10+55
So: b =65 cm.

:DDQ,JLQCID DQJ]Q(]C)DQJQ[]&

h

[™ |
|

hE | IS SA LS SIS LSS S |:];
h,

hy L= 65cm

Figure 11.3 The cross section of the rib

So, we take:
h=20cm
by =10 cm
b=65cm
- -
> Solid slab: bo

A solid slab, in the context of construction and architecture, refers to a type of floor system that
is made of solid concrete without any voids. It is a monolithic, continuous piece of concrete that
spans between supports such as beams, columns, or walls. Solid slabs are used in buildings and
other structures to provide a level surface for occupants and to transfer loads (such as from
furniture, equipment, or people) to the supporting elements beneath

They are totally reinforced concrete floors poured on the spot, they are thin plates whose thickness
is small in relation to the other dimensions, resting on 2,3 or 4 supports, consisting of beams,
girders or walls, thus constituting floors or roofs.

The thickness of the slabs depends more often on the conditions of use than on the strength checks,
so the thickness of the slabs will be deduced from the following conditions:

1-Fire resistance

e= 7 cm for an hour of firewalls.
e =11 cm for two hours of firewalls
We take, e= 11 cm

2-Sound insulation

20
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According to the (CBA93):
The floor thickness must be in the range
L/50<e<L/40

— 500/50 < e <500/40

10cm <e <12.5cm

To obtain good sound insulation
We limit our thickness: e = 15 cm

Solid slab

Figure 11.4 Solid slab

11.2.2 Beams:

The beams will be pre-dimensioned according to the empirical formulas given by the CBA93
and checked afterwards according to the RPA99 V 2003.

The dimensions of the beams must respect article 7.5.1 of the RPA 99 V 2003:

e h>30cm
e b>20cm
h
-<
S 4
According to CBA 93 rules we have
Lmax S h S Lmax
15 10

With:
- L: distance between post axis (larger range)
- h: beam height

21
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0.3h <b<0.7h

We have two types of beams:
11.2.2.1 Main beams:

o Receive the loads transmitted by the beams and distribute them to the columns on which

these beams rest.
o Connect the posts.

o Support the slab.
In our case we have L=5m

#60 _ 460
15 10

3066cm<h<46cm

We take h =35 cm

Now: 0.3x35<b<0.7x35
10.50 < b < 24.5

We take b =30 cm

Verification:

e h=35>30cm......... C.V
e b=30=>20cm......... C.V
e —=1667<4........ C.V

11.2.2.2 Secondary beams:

Connect the gantries together so as not tip over.

L=49m
450 _ 450
15 10

30cm<h<45cm

We take h =35 cm
0.3x35<b<0.7x35
10.05<b <245

We take b =30 cm

Verification:
e h=35>30cm................... cvVv
e h=30=>20cm.................. CcVv

22

35cm

Figure 11.5 Cross section of the
main beam

35cm

Figure 11.6 Cross section of the
secondary beam
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h
° ;:1.167S4 ................... CvV

11.2.3 The Columns:

The pre-dimensioning is calculated in accordance with the BAEL91 and RPA 99 V 2003 rules.
- min (b, h) > 25 cm in Zone | and Zone lla.
. he
- min (b, h) > 2
- 0.25<7<4

Our pre-sizing will apply to the column that supports more loads distributed over a surface.

y il

Figure 11.7 Representation of the column most used

11.2.4 Shear wall: (RPA99/ /2003 A 7.7.1)

Shear walls are armed concrete support elements and a structural component of a building
designed to resist side loads such as wind and earthquake forces. It is a vertical element that
provides resistance to horizontal forces operating in parallel to the wall level. Shearing walls are
essential in buildings to enhance their stability and reduce the risk of structural failure during
earthquakes, high winds or other side loads.

The thickness shall be determined by reference to the floor clearance height and the condition
stiffness of the ends.

23



CHAPTER II: Pre-dimensioning of the elements:

7 7

L7

Figure 11.8 Shear wall

According to RPA 2003 article (7.7.1) the minimum thickness «e» is 15 cm.

It must check the following conditions:

(e > :—g for the open sails.

! e>15cm

L=>4e

h.: floor clearance height.
e: thickness of sail.

he=h — min (h,,, h,)
h, = 306—-35=271cm
So: e > max (h,/20; 15cm)
e=> max (271/20 =13.55; 15cm) — e=15cm
L>4xe=60cm
We take : L =60 cm

11.2.5 Stairs:
In our building, the movement between the floors is through the stairs and the elevator.

Stairs are a series of steps or flights that are designed to provide a means of vertical movement
between different levels of a building or structure. They consist of a sequence of flat, horizontal
surfaces (steps) that are elevated at a consistent height from one another, allowing individuals to
ascend or descend from one level to another with ease.
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landing

nosing __A
--=""" slope/ pitch

Figure 11.9 The components of two-flight staircase

To size steps and counter steps, we generally use the formula of Blondel:

59 cm < 2h+g < 66 cm

h: Height of counter step 1l4ecm <h<20cm
g: Step tread with 22cm<g<33cm

) h=17cm
We take: {g — 30 cm
With that:

59 cm < 2h+g=64cm <66 cm - C.V

- Determination of number of steps:

h.: Floor height = 306 cm.
h: Height of counter step.
n: Number of risers.

N: number of steps in a flight.

25



CHAPTER II:

Pre-dimensioning of the elements:

- Inclination of the bench:
H=nXh=9Xx17 = 153 cm
Climbing height: H1 = H2 = 153 cm
Li=gn —1)=L1=30%x(9—-1)=240cm

tan (o) = L”—l = 22=0.6375

a = arctan(0, 6375) = 32.52 °

- Bench span:

_H _ 153 _
L= sin(a) ~ sin(32.52) 2.85m
Or:

L= (H)? + (L1)?

L=4(1.53)2 + (2.4)2=2.85m

- Bench thickness:

14.25cm<e <14.25cm
-  Wetakee =14 cm.

11.2.5.1 Study of landing beam : (According BAEL91)

L=2.70-0.40=2.3 m
L <h<t
15 10
15.33cm <h<23cm

We take h =40 cm

Now: 0.3 x35<b<0.7x35

10.5 <b <245

We take b =40 cm

We adopt a rectangular section (bxh) = (40x40) cm?

26
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Verification:
e h=40cm> 30 cm......... CvV
e b=40cm= 20 cm......... (6\Y
° E S Cv

b

40cm

Figure 11.11 Cross section of the landing beam bench

11.2.6 Parapet wall :

Parapet wall is an armed concrete element located on the edge of a roof, balcony, bridge or
similar structure. It is usually constructed above the roof line or on the edge of the structure to
prevent people from falling and to prevent the infiltration of rainwater between the slope and the
terrace floor. Parapet walls can serve functional and aesthetic purposes, providing security while
enhancing the building's architectural design. It can vary in height and design based on the
specific requirements of the structure and the applicable building laws.

Is subjected to its own weight (G) which gives a normal N force and an unweighted operating
load estimated at 1KN/ml causing a bending moment as well as a FP seismic force.

v' Calculation assumptions:

- The calculation will be done for a 1 ml strip.
- Cracking is considered harmful.
- The parapet wall will be calculated in compound bending

The surface of parapet wall:
S = (0,12 x0,6) + (0,18%0,05) + (X12012)

S =0,09 m?
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60 cm

Figure 11.12 Parapet wall schema
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CHAPTER III: Evaluation of the loads:

I111.1 Load assessment:

The assessment of the loads is overload consists of calculating successively for each supporting
element of the structure, the load that returns to it at each floor and this until the foundation.
Regulatory expenses are permanent expenses (G) and operating expenses (Q).

I11.1.1 Load assessment for inaccessible Terrace:

e Floor hollow block:

Table 111.1 Load assessment for inaccessible Terrace (Floor hollow block)

| Materials | Thickness(m) IVqumeweight(KN/m3) | Weight (KN/m?) \
Gravel protection I 0.04 I I 0.68 ’

| Slope shape I | ’l

I Thermal insulation

Permanent Ioad G

Operating load Q=1 KN/m?

e Solid slab floor:

Table 111.2 Load assessment for inaccessible Terrace (Solid slab floor)

Operating load Q=1 KN/m?
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111.1.2 Assessment of the load of common Floor:

e Floor hollow block:

Table 111.3 Assessment of the load of common Floor (Floor hollow block)

I Materials I Thickness(m) I Volume weight (KN/ m3 I Weight(KN/m?) ’
[ e | __
Bendlng mortar I
Bed sand I 0.02 0.34 ’
Hollow block slab I 0.20+0.05 I I 3.5 ’

Partition walls 0.1 | 75 | 0.75 |I

M

[H

Permanent load G 5.83

Operating load Q=1.5 KN/m?

e Solid slab floor:

Table 111.4 Assessment of the load of common Floor (Solid slab floor)

[ | 1 T

Operating load Q=1.5 KN/m?
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111.1.3 Assessment of the loads of Masonry:

e External wall:

Table 111.5 Assessment of the loads of Masonry (External wall)

| Materials Thlckness(m) Volumewelght (KN/ m3) Welght(KN/mz)
I Cement rendering I 0.02

Hollow block I 0.25 I 2 25

Permanent Ioad G I 2.93

e Interior wall:

Table 111.6 Assessment of the loads of Masonry (Interior wall)

| Materials IThickness(m) | Volume weight (KN/ m3) | Weight (KN/m?)
Permanent load G

111.1.4 Load assessment for balconies:

e Balcony terrace:

The balconies are full slab.

Table 111.7 Assessment of the loads of balconies

W Thlckness(m) Volumewelght (KN/ m?3) Welght (KN/mZ)

- e e

Operating load Q=3.5 KN/m?
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e Concentrated load (guardrail load)

Table 111.8 Assessment of the loads of balconies (guardrail load)

I Materials I surface | Vqume welght (KN/m3) | Weight (KN/m?)

Permanent load G | 1.54

111.1.5 Load assessment for the staircase:

e Landing

Table 111.9 Load assessment for the staircase (Landing)

—

Operating load Q=2.5 KN/m?

e Bench (e= 14 cm)

Table 111.10 Load assessment for the staircase (Bench)

Operating load Q=2.5 KN/m?
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111.1.6 Assessment loads for parapet wall:

S=0.09 m?

p= (2220 4+ 208 4 (0.17 + 0.12 + 0.12))=0885m

P: circumference.

Table 111.11 Assessment loads for parapet wall

Materials Surface Volume weight Weight (KN/m?)
(KN/m3)

Rendering | 0.018 I 20 0.36

Permanent load G

Operating load Q = 1 KN/m?

111.2 Lowering loads:

In order to ensure the strength and stability of the structure, a distribution of loads and overloads
for each element is necessary. The descent of the loads allows the evaluation of most of the loads
returning to each element of the structure.

The descent of load is done from the highest level (framework or roof terrace) to the lower level
and this to the lowest level (the foundations).

In order to calculate operational loads, we use the law of digression, and for permanent loads the
surface area of the most stressed columns must be calculated.

As it is rare for all the operating loads to act simultaneously, the law of degression is applied
for their determination, which consists in reducing the identical loads on each floor from 10%
to 0.5%.

Which give:

- In the terrace Q,

- Under the first floor from the top (i = 1) Qo+ Q:

- Under the second floor (i = 2): Qo + 0.95 X (Q1+ Q2)

- Under the third floor (i = 3): Qo+ 0.90 X (Q1+ Q2 + Q3)

- Under the fourth floor (i = 4): Qo+ 0.90 X (Q1 + Q2 + Q3+ Q+)

3+n

-Fornfloor(nZS):Qo+7x (Q1+ Q2+ Q2+ Q3+....... + Qn)
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111.2.1 Operating loads:

Table 111.12 Degression operating loads by level

| Story | Degression loads by level ‘ Operating Load KN/m?
r . [ . |
I 1+1.5 I 2.5
I 1+0.95x1.5%2 3.85

I 1+0.9x1.5%3 5.05
I 1+085x1.5x4 I 6.1
I 1+0.8x1.5%5 I 7

111.2.2 Application example of the loads descent:

For our project, the law of degression of charge is applied as follow:

111.2.2.1 Central column:

2.15 1.505

§0°¢C

[

) A

Figure 111.1 Central column

Srotar= (2.15+1.505+0.40) x (2.05+2.15+0.40)
Srotal= 18.653 m?

SFloor: STotal 'S(Jolumn 'Sbeam

Srioor=(2.15%2.05) + (1.505%2.05) + (1.505%2.15) + (2.15%2.15)
Skioor = 15.35 m?

Length of main beam:

Lypp=4.2m
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Length of secondary beam:

st: 3.65m
Table 111.13 Results of lowering loads from the central column

| Story | Element G (KN) I Q (KN)

N1-1 The terrace floor is inaccessible: 15.35%6.28 96.39 []15.35
Main beam: 0.3 x0.35x4.2x25 11.02
Secondary beam :0.3 x0.35%3.65x25 9.58
Overload: Q0 =1 x15.35

From N1-1

The current floor: 15.35 x 5.83

Main beam: 0.3 x0.35x4.2x25
Secondary beam :0.3 x0.35%3.65x25
Column: 0.4 x 0.4 x 3.06 x25
Overload: Q1 =1.5 x 15.35 =23.02

REEREE

Q0+Q1
38.37

N3-3 From N2-2
The current floor: 15.35 x 5.83
Main beam: 0.3 x0.35x4.2x25
Secondary beam :0.3 x0.35%3.65x25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q2 =1.5 x 15.35 =23.02

Q0+0.95(Q1+Q2) 59.08
N4-4 From N3-3

The current floor: 15.35 x 5.83
Main beam: 0.3 x0.35x4.2x25

Secondary beam :0.3 x0.35x3.65%25

Column: 0.40 x 0.40 x 3.06 %25

Overload: Q3 =1.5x 15.35 =23.02

Q0+0.9(Q1+Q2+Q3) 77.50
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N5-5 From N4-4 483.78
The current floor: 15.35 x 5.83 89.49
Main beam: 0.3 x0.35x4.2x25 11.02
Secondary beam :0.3 x0.35x3.65x25 9.58
Column: 0.40 x 0.40 x 3.06 x25 12.24
Overload: Q4 = 1.5 x 15.35 =23.02
Q0+0.85(Q1+Q2+Q3+Q4) 93.618

N6-6 From N5-5 606.11
The current floor: 15.35 x 5.83 89.49
Main beam: 0.3 x0.35x4.2x25 11.02
Secondary beam :0.3 x0.35x3.65x25 9.58
Column: 0.40 x 0.40 x 3.06 x25 12.24

Overload: Q5 =1.5 x 15.35 =23.02
Q0+0.80%(Q1+Q2+Q3+Q4+Q5) 107.43

N7-7 From N6-6
The current floor: 15.35 x 5.83
Main beam: 0.3 x0.35x4.2x25
Secondary beam :0.3 x0.35x3.65x25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q6 = 1.5 x 15.35 = 23.02
Q0+0.75(Q1+Q2+Q3+Q4+Q5+Q6) 118.94

NGF From N7-7
The current floor: 15.35 x 5.83
Main beam: 0.3 x0.35x4.2x25

Secondary beam :0.3 x0.35x3.65x25

Column: 0.40 x 0.40 x 3.06 x25

Overload: QGF = 1.5 x 15.35 = 23.02
Q0+0.71(Q1+Q2+Q3+Q4+Q5+Q6+QGF) 129.76

For the central column:
G=973.1 KN
Q=129.76 KN
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111.2.2.2 Corner column:
Sri0or=1.3%2

SFloor: 2.6 mZ

Length of main beam:
Lmb: 1.3m
Length of secondary beam:

st:2m

13

 —

Figure 111.2 Corner column

111.2.2.3 Edge column:

T

1.3 1.3

Figure 111.3 Edge column

Storar= (1.3+1.3+0.40) x (2.1+0.40)
Srotal =1.5 m?

Srioor=(1.3x2.1) x 2

SFioor = 5.46 m?

Length of main beam:

Lmb: 2.1m

Length of secondary beam:
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st =26m
Table 111.14 Results of lowering loads from the Corner column

| Story | Element ]G(KN IQ(KN ’

parapet wall: G = 4.1x2.61
The terrace floor is inaccessible: 2.6x6.28

Main beam: 0.3 x0.35%2 x25
Secondary beam :0.3 x0.35x1.3%25
Overload: Q0 =1 x2.6

N2-2 From N1-1
The current floor: 2.6 x 5.83
Main beam: 0.3 x0.35x2 x25
Secondary beam :0.3 x0.35x1.3%25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q1 =1.5x% 2.6=3.9

Q0+Q1

6.5

N3-3 From N2-2
The current floor: 2.6 x 5.83
Main beam: 0.3 x0.35x2 x25
Secondary beam :0.3 x0.35x1.3%25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q2=15x2.6=3.9

Q0+0.95(Q1+Q2) 10.01
N4-4 From N3-3

The current floor: 2.6 x 5.83
Main beam: 0.3 x0.35x2 x25

Secondary beam :0.3 x0.35x1.3%25

Column: 0.40 x 0.40 x 3.06 x25

Overload: Q3 =1.5x%2.6=3.9

Q0+0.9(Q1+Q2+Q3) 13.13

39



CHAPTER III: Evaluation of the loads:

N5-5 From N4-4 :
The current floor: 2.6 x 5.83 :
Main beam: 0.3 x0.35x2 x25 :
Secondary beam :0.3 x0.35x1.3x25 :
Column: 0.40 x 0.40 x 3.06 x25 :
Overload: Q4 =1.5x 2.6=3.9
Q0+0.85(Q1+Q2+Q3+Q4) 15.86
ITotaI | 179.98 | 15.86
N6-6 From N5-5 :
The current floor: 2.6 x 5.83 :
Main beam: 0.3 x0.35x2 x25 :
Secondary beam :0.3 x0.35x1.3x25 :
Column: 0.40 x 0.40 x 3.06 x25 .
Overload: Q5 =1.5x 2.6=3.9
Q0+0.80%(Q1+Q2+Q3+Q4+Q5) 18.2

iTotaI i 216.04 i 18.2

N7-7 From N6-6 :
The current floor: 2.6 x 5.83 :
Main beam: 0.3 x0.35x2 x25 :
Secondary beam :0.3 x0.35x1.3x25 :
Column: 0.40 x 0.40 x 3.06 x25 .
Overload: Q6 =1.5 x 2.6=3.9
Q0+0.75(Q1+Q2+Q3+Q4+Q5+Q6) 20.15

NGF From N7-7
The current floor: 2.6 x 5.83
Main beam: 0.3 x0.35x2 x25

Secondary beam :0.3 x0.35x1.3x25

Column: 0.40 x 0.40 x 3.06 x25

Overload: QGF =1.5x2.6=3.9
Q0+0.71(Q1+Q2+Q3+Q4+Q5+Q6+QGF) 21.98

For the Corner column:
G =288.16 KN
Q =21.98 KN
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Table 111.15 Results of lowering loads from the Edge column

5 46
Overload: Q0 =1 x 5.46

N2-2 From N1-1
The current floor: 5.46x 5.83
Main beam: 0.3 x0.35x2.1x25
Secondary beam :0.3 x0.35x2.6x25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q1 =1.5x5.46 =8.19

parapet WaII G =3x2.61 7 83
The terrace floor is inaccessible: 5.46x6.28 34.30
Main beam: 0.3 x0.35x2.1x25 551
Secondary beam :0.3 x0.35x2.6x25 6.82

Q0+Q1
13.65

N3-3 From N2-2

The current floor: 5.46x 5.83

Main beam: 0.3 x0.35%2.1x25

Secondary beam :0.3 x0.35x%2.6%25

Column: 0.40 x 0.40 x 3.06 x25

Overload: Q2 =1.5x5.46 =8.19

Q0+0.95(Q1+Q2) 21.02

N4-4 From N3-3
The current floor: 5.46x 5.83
Main beam: 0.3 x0.35x2.1x25

Secondary beam :0.3 x0.35x%2.6%25

Column: 0.40 x 0.40 x 3.06 x25

Overload: Q3 =1.5x5.46 =8.19

Q0+0.9(Q1+Q2+Q3) 27.60
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From N4-4
The current floor: 5.46x 5.83

Main beam: 0.3 x0.35x2.1x25
Secondary beam :0.3 x0.35x2.6x25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q4 =1.5x5.46 =8.19

Q0+0.85(Q1+Q2+Q3+Q4) 33.30

N6-6 From N5-5 280.11
The current floor: 5.46x 5.83 31.84
Main beam: 0.3 x0.35x2.1x25 551
Secondary beam :0.3 x0.35x2.6x25 6.82
Column: 0.40 x 0.40 x 3.06 x25 12.24

Overload: Q5 =1.5%x5.46=8.19
QO0+0. SOX(Q1+Q2+Q3+Q4+Q5) 38.22

N7-7 From N6-6
The current floor: 5.46x 5.83
Main beam: 0.3 x0.35x2.1x25
Secondary beam :0.3 x0.35x2.6x25
Column: 0.40 x 0.40 x 3.06 x25
Overload: Q6 =1.5x5.46 =8.19
Q0+0.75(Q1+Q2+Q3+Q4+Q5+Q6) 42.31

iTotaI | 392.93 i42.31 |

NGF From N7-7 .
The current floor: 5.46x 5.83 .
Main beam: 0.3 x0.35%2.1x25 .
Secondary beam :0.3 x0.35x2.6x25 :
Column: 0.40 x 0.40 x 3.06 x25 .
Overload: QGF =1.5 x 5.46 =8.19
Q0+0.71(Q1+Q2+Q3+Q4+Q5+Q6+QGF)

i Total | 449.34 | 46.16

For the edge column
(G=449.34 KN
Q=46.16 KN
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111.2.3 Verification of column section (40x40) (CBA art7.4.1):

Central column:

G=973.1 KN/ Q=129.76 KN
Where:

N, =1.35G + 1.5Q

N, =1.35x973.1+ 1.5%129.76
N, =1508.325 KN

We increase 10%
= N, =1.1x1508.325 =1659.16 KN
So: N, =1659.16 KN
Edge column:
G=449.34 KN / Q=46.16 KN
Where:

N, =1.35G + 1.5Q
N,, =1.35%449.34 + 1.5x46.16

N, = 675.85 KN
We increase 10%
= N, =1.1x675.85=743.43 KN
So: N, =743.43 KN

Corner column:

G=288.16 KN/ Q=21.98 KN
Where:

N, =1.35G + 1.5Q
N, =1.35x288.16 + 1.5x21.98

N, =421.99 KN
We increase 10%
= N, =1.1x421.99 =464.19 KN
So: N, =464.19 KN

According to the CBA93 (Art B.8.4.1) the ultimate acting normal force N,, of a column must
be at most equal to the following value:

_— B ¢ sXfe .
N,<N, = N, <ax( Orziyz: +4 ny 28) With:

« : Coefficient as a function of mechanical slenderness 4, who take values:

085
= T
14+0.2(30)

for 1 <50

a=060()? for 50 < 1< 70
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With:

Br: Reduced section of the column obtained by deducting from its real section 1 cm thickness
over its entire peripheral.

y,, . safety factor, in general case y,, = 1.5

fe2g - Compressive strength at 28 days f,,g = 25 MPa.

y, . safety coefficient of steel, in general case y, = 1.15

fe : Yield strength of steel f, = 400 MPa

Br=(a-2) (b-2) = Br=(40-2) (40-2) = 1444 cm ? = 0.1444 m ?
lr =0.7x3.06 =2.142 m =214.20 cm

l 1
_f 1 —_—
A ; and 1=

bxh3 _ 40x403

=213333.33cm *
12 12

) 1 213333.33
:L:\/;:: =11.54 cm

40%x40

I =

2.142

>A=——=1856<50................... C.V

T 11.54

0.85 0.85
= wse— — 0.804

1402(2)2  1+02(50) 2

A, : Compressed steel section (RPA99 V2003)
Zone lla = 0.8% Br

_ 0.8XBr _ 0.8x1444
100 100

Ag =1155cm?

_— 0.1444x25 11.55%10 ~4x25
N, <0.804 x (
0.9x1.5 1.15

We take (bxh) = (40x40) cm 2.

Table 111.16 Verification the section of all types column

|Co|umn G KN) |Q(KN) NU=1.35G+L 5Q(KN) [ L0%Nu(KN) | N, (KN)
|CentraIC 973.1 |129.76 1508.325 1659.16 2813

) =2.17 MN = 2170.14 KN = Verified condition

| Edge C 449.34| 46.16 675.85 743.43 2813
|CornerC 288.16| 21.98 421.99 464.19 2813
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CHAPTER IV: Study of secondary elements:

1VV.1. Introduction :

In the study of multi-story buildings, understanding the design, integration, and performance of
these secondary elements is crucial for achieving holistic solutions that meet the diverse needs
of occupants, comply with regulatory requirements, and contribute to sustainable building
practices.
Through meticulous analysis and innovative design approaches, architects, engineers, and
construction professionals continually advance the study and implementation of secondary
elements to create buildings that are not only structurally sound but also aesthetically pleasing,
environmentally responsible, and conducive to human well-being.
Secondary elements in construction refer to components and features that support or
complement the primary structural elements of a building. While primary elements such as
columns, beams and slabs provide main structural support and stability. secondary elements
achieve different functions related to aesthetics, comfort, safety and functionality. These (non-
structural) elements play critical roles in improving overall performance, users' safety and the
attractiveness of buildings.
In this section we discuss the calculation of the following non-structural (secondary elements):

- The parapet.

- Hollow body floors.

- The stairs and the landing beam.

- Machine slab.

- Balconies.
The calculation of secondary elements is typically conducted considering both permanent loads
and live loads (or overloads) that structures may experience during their service life.
The calculation and design of secondary elements, are often performed according to specific
regulations and standards. The BAEL 91 regulation, additionally adherence to the Algerian
systemic regulation RPA99/2003 is essential. RPA99/2003 focuses on seismic design and
detailing requirements to mitigate the effects of earthquakes on structures.

1VV.2 Study of the parapet :

The parapet is an essential secondary element in building design, particularly in structures with
elevated floors or roofs, it is made of reinforced concrete. It refers to a low protective wall or
barrier located at the edge of a platform, terrace, balcony, or roof. It is calculated as a console
restrained in the slab, stressed in compound bending.

1VV.2.1 Calculation principal :

- The calculation will be made for a strip of 1 linear meter.
- Cracking is considered harmful.

- The parapet will be calculated in compound bending.
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1V.2.2 Assessment of loads for the parapet :
1V.2.2.1 Calculation principal : (RPA 99 V 2003 art 6.2.3)

As we found in the last chapter:
G =2,61 KN/ml Q=1KN/ml

The horizontal design force F, acting on the non-structural elements are calculated according
to the formula of the seismic force:

F, =4AC,W,

With:

A: Zone acceleration coefficient obtained in (RPA99V2003 the table 4.1) for the appropriate
zone and usage group.

Cp: Horizontal force factor varying between 0.3 and 0.8.

W,,: Weight of the considered elements.

Therefore:

A =0.25 (usage 1A, zone 1l a).

C,=08

W,=2.61 KN

F,=4x0.25x0.8x2.61 = 2.08 KN

Q=1< F,=2.08

(So, the parapet to be stable vis-a-vis the seismic action, so it is necessary to use
Q=F,=2.08KN)

The parapet is calculated in relation to the most unfavorable solicitations.

1VV.2.2.2 Solicitations :

- Normal effort :

The gross-up coefficients are not taken into account because the parapet weight is a
stabilizing weight « Favorable Effect G,;,;,,»

- Bending moment :

The moment of the permanent load is zero - Mg =0 KN.m
- The moment of reversal due to horizontal force :

Mg=F, x h = 2.08x0.6= 1.25 KN.m

1VV.2.3 Combination of loads :
eU.L.S
Nu = NG + 15NQ
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So:N,=(1x261)+0 - N, =261 KN

M, = 1.35M; +15M,
WithMg; =0 and Mgy =1.25KN.m '
M, =15x125 - M, =1875KN.m
T,=15Q=15x1.875=2.81 KN

H = 6l0cm
e SL.S:
NS = NG + NQ: Wp -
So: N,=261KN ]~

MS:MG +MQ With: MG =0
So:M,=0+1.25
M, =1.25KN.m

Figure 1V.1 Action on the parapet

1V.2.4 Reinforcement calculation :

1VV.2.4.1 Eccentricity calculation :

Eccentricity is determined by evaluating the distance between the center of gravity of the
cross-section of the element and the action line of the applied load. This distance is often
expressed in terms of moments, which are calculated by multiplying the eccentricity by the
applied force.

According to the (CBA93 art A.4.3.5).

The sections subjected to a normal compressive force must be justified with respect to the
ultimate state of shape stability by replacing the real eccentricity: e1= I:—“ (in compound

bending) by a total eccentricity calculated:
€=eq + €. + e,

with:

e, : eccentricity (so-called first order), of the resultant of the normal stresses, before
application of the additional eccentricity.

e, : eccentricity due to second order effects, related to the deformation of the structure.

e, : additional eccentricity translating the initial geometrical imperfections (after execution).

» U.L.S:
M, — 1875 _
e == =0.71

€, =max(2;—0;2cm)=max(%=0.24cm;2cm)

L: real length of the parapet.
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e, =2cm

ez = 04 (2 + a)

With:

Ly : buckling length of the parapet.

h= 10 cm: Total height of the section in the direction of buckling.

a: the ratio of the first order moment, due to the permanent and quasi-permanent loads, at the
total first-order moment, these moments being taken before application of the coefficients:

|=10x [1-55555] =0

a =10 x [1 15Ms

@ : is the ratio of the final deformation due to creep to the instantaneous deformation under
the load considered,; this ratio is generally taken equal to 2.

Lf: 2xL=2x0.6=1.2 m

3x1.22

€= (2 + 0) = 0.00432 m

e:el+ea + e,

e=0.71+0.02+0.00432
e=0.734m

1VV.2.4.2 Filling coefficient :

2.61x10%
~ 1000x100x14.2

So:

_ 1+/9-129
$= 4(3+v/9-129)

§=0.166
So:

=0.01838 <2/3 ............... CV

eyc =0.1x0.166=0.0167 m

So: €=0.734> eye=0.0167 ....coevevrenn... C.V

The section is partially compressed and the ULS may not be reached (low effort), the center of
pressure is outside the section.
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1VV.2.4.3 Reinforcement section :

h = 10cm I ‘ As

b = 100 cm

Figure 1V.2 Reinforcement section (Parapet)

The fictional moment :

My =M4N, x (d-3)
d=h-(1+2)
With: o= =1
d =10-(1+0.5) =8.5 cm
M, = 1,875 +2.61(0.085- %1 ) =1.97 KN.m

—_ Muf
M= SdZon
1,97 x10~3 )
- =
1x(0.0852)x 14,2 0,019<0,186 > Pivot A

A’ =0 (Compressed steel not required).

o, =12 =22 =400 MPa
Vs 1
. - Mu
Single frame section: Ag= Gl (=)

a=1251-1-2p)=125(1- I -2 x 0,019) = 0.023

Z =dx(1-0.4a) = 0.085x (1—0.4x0.023) =0,08m = 8.4 cm

As a result:
_ 1,97 x10
sf ™ 0.08+400
Ag= 0,615 cm?
With:
Ny
As:Asf - G_s
3
A4,=61.5 - 221% - 0 5497 cm?

A=0.5497 cm?
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1VV.2.4.4 Non-fragility condition : (CBA93 art. A.4.2)

We have: Agemin 2 0,235128 x bd
With: ’
ft28 =0,6 +0,06 f 28 = 2,1 MPa
So:
At min 2 0.23%25 X 0.085x1

Agt min = 1,O3x1()—4 m?
So:
Agtmin = 1,03 cm?>A,, =0,5497 cm?

Ag =max (Ag min » As ) =1, 03cm2
We take: 4T8 = 2,01 cm? /ml.

We adopt a spacing of main reinforcement S, =25 cm.

1VV.2.4.5 Distribution armature :

AS
4, =%
So:
A= 2'7(31 =0.50 cm?
We take 4T6 = 1.13 cm?2 /m s = 64—" =15cm

We adopt a spacing of armature S = 15 cm
IVV.2.4.6 Verification of the shear condition (CBA 93 art A.5.1):

It must be checked that: Ty < T,
Tymar =V max = 2.81 KN

T, = min (0.15x fyﬁ -4 MPa) =min (2.5; 4 MPa) = 2.5 MPa
b

— Vmax 2.81 10_3 - = _
Tu—mzﬁ—ooss MPaS'l'u—2.5 MPa ............. CV

So: Transverse reinforcement is not required.

Verification at SLS :

Since cracking is harmful, the stress of the steels must be checked, as well as in the concrete.
-The maximum compressive stress of concrete must not exceed the permissible limit:

Ope < T =0.6X fopg = 15 MPa

-The stress in tensioned steels does not exceed the permissible limit:

o, < @, =min (2/3fe ;110,/n X f;2g ) = 201.63 MPa (Harmful cracking)
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ZXNg

0'5215>< I} ><(d'yser)

We solve the equation of the third degree:
z3+pxz+q=0
With:

o = Mser _ 125

= = =0.478 m
Nger 2.61

c= g — e=0.05-0.478 =- 0.428 m

c: The distance from the center of pressure and the most compressed fiber in the section.

p=—3c2 - 904; x =L +904, x £*
p=—3(—0.428)? + 90(2.01 x 10~*) x 2222 = .0 54 m?

(d—c)?

n2
q=-2¢3 —90A;><%—90As><T

2
(0.085+0.428) =0.152 m2

q=-2(—0.428)3-90(2.01 x 10~%) x
So, the equation is:
z3-0.54x z +0.152 =0
S0:z2=-0.848m
0< yser < d
Yser=2Z +C=-0.848-0.428=-1.276 m < 0
So:
y=-D+VDZ + E
With:
D= (A,+4,)
D:%(0,5497 +0)=0,082cm  (4,’=0)

E=?(Au. d+4,’. d)= % x (0,5497 x8.5+0) =1.4 cm?

So: y=-0.082 +v0.0822 + 1.4 =1.1cm
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Calculation of moment of inertia :
1= 2 y;3+ 15 Au (d- y1)*+15 4, (y;-d) 2

So: I= 1‘;—0 1.13+ 15 x 0.5497 (8.5-1.1) 2+ 0 = 495.89 cm

. _ Mg, _ 1.25x10? _
With: oy = — XY= o580 x1.1=2.77 MPa
Opc =2.77MPa <oy ....... CcvV

4T6 4T8
. e v _Re !
: [ [ [ L_J ;
i i
Coup A-A

Figure 1V.3 Reinforcement scheme of parapet

1VV.3 Dimensioning of hollow body floors :

111.3.1 Definition :

The floor is the horizontal surface of the building or structure that provides a level space for
walking, working or accommodating various activities. In this case they are made of concrete
and it can be cast in place or prefabricated.

Floor type choice :

Floors play a crucial role in the overall structural integrity of a building, as they distribute
loads from occupants, furniture, and equipment to the underlying structural elements, such as
beams, columns, and foundations. Additionally, floors often incorporate elements such as
insulation, finishes, and utility conduits (e.g., electrical wiring, plumbing) to meet the
functional and aesthetic requirements of the building.

The studied structure consists of a floor with hollow body...
The hollow-body floor consists of the hollow-bodies as well as a compression slab and
supports beams.

In our project we adopted a hollow slab with 20+5 = 25 cm
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111.3.2 Calculation of load-bearing elements of the hollow-body floor :

111.3.2.1 The compression slab :

According to CBA93, compression slab has a thickness of 5 cm. It is equipped with a bar
grid whose grid size cannot be larger than:

- 20 cm for the reinforcement perpendicular to the ribs.

- 33 cm for reinforcement parallel to the ribs.
When the spacing “L” between rib axes is between 50 and 80 cm, the section A of the
Reinforcements perpendicular to the ribs must be at least equal to:

A>0.02xx220 = &L
- fe Fe

In our case L = 65 cm; Fe = 400 MPa; ep=5 cm.

Reinforcement perpendicular to the ribs :

_ 4xL _ 4x65

= =0.65cm/ml — We choose 5T6 = 1.41 cm?
Fe 400

A

Reinforcement parallel to the ribs :

A= % =07lcm/ml -  we choose 5T6 = 1.41 cm?

Spacing between reinforcements:
According to the RPA99 V 2003: s 06 ep20cm

’;—: >0.003 by w

S, < A - 920cm

0.003 bg
b

111.3.2.2 Study of girder : %
5 @6 ep=20cm

Calculation method :

Figure 1V.4 Arrangement of the
There are several methods that can be used in the compression slab reinforcement

calculation of this element in which cite as an example
the flat-rate method, the method of Caquot, ...

e Flat-rate method :

The flat-rate method applies to beams, joists and slab supporting and moderate operating load
(Q<2xG or Q< 5000 N/cm?).
This method to bending elements that meet the following conditions:

- The moment of inertia of the transvers sections are the same in the deferent spans in
continuity.

- The successive spans are in a ratio between 0.8 and 1.25.

- The cracking dose not compromise the strength of the reinforced concrete or that of
its coatings.
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In one of these three additional conditions is not satisfied, the calculation method for floors
with a relatively hight operating load can be applied (A. CAQUOT method)

Application of the method :

According to:

L9
G + Qp
a : itis the ratio between operating load and overloads

_ gxI1?

M, = 5
M, : it is the maximum value of the bending moment in span.
M, and M, : are the absolute values if the moments on the left (w) and the right (e) supports
in the considered span.
M,: the maximum moment in the span considered.

» Moment on supports :

- 0.6MO for a two-span beam.

- 0.5MO for the supports adjacent to the edge support of a beam with more than to spans.
- 0.4M0 for other intermediate supports of a beam with more than 3 spans.

> Shearing force :

. Vw = =2 x
) Ve = 2 x Me+Mt
b
With:
a: Abscissa of the left support of the maximum moment, a = Me+LMt
1+ Mw+Mt
b: Abscissa of the right support of the maximum moment, b = waMt
Me+Mt
e Moment on span :
The values M;, M,, and M,must verify the following conditions:
M: > Max [1.05Mo, (1 +0.3¢) Mo] — =
In an intermediate span: M, > =% Mo
In a side span: M, > 22223% g

Verification of the application of the flat-rate method

e First condition :

Moderate overload floor (Q <Min (2G, 5 KN/m?)).
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Inaccessible terrace floor :
Q = 1KN/m?, G = 6.28 KN/m? = Q =1KN/m?<Min (12.56; 5 KN/m?)....... CV

Common floor :

Q = 1.5 KN/m?, G = 5.83 KN/m? = Q =1.5KN/m?<Min (11.66; 5 KN/m?)....... CV

e Seconde condition :

The ratio between two successive spans: 0.8 <Ln/Ln+1 <1.25

34/34=1=08<1<125............. C.V
34/34=1=08<1<125............. C.V
3.4/49=0.69=0.8<0.69<1.25............. CN.V

Condition is not checked so we switch to the Caquot method.

e Caquot method: (B.A.E.L91/99 art B.6.2)

Application and principle of the method:

The Caquot method is based on the assumption that the load transmitted to a column from a
slab is proportional to the column's relative stiffness compared to the stiffness of all the
columns supporting the slab. It involves calculating the share of load carried by each column
based on their relative stiffness.

The method applies mainly to beams - building floors this means for high operating loads:
g > 2g or q > 5KN/m?

It may also apply where one of the three conditions of the flat-rate method is not validated
(Variable inertia; length dieresis between spans greater than 25%; harmful or very harmful
cracking).

In this case, the reduced caquot which consists in taking g' = 2/3g for the calculation of the
moments on support.

Application of the method:

e Moment in support:

3 3
qw XLy +qeXLe

Mq== 8.5x (L, +L,)

With:
q,, and q. : loading to the left and the right of the support considered respectively.

L,, and L, : Fictitious lengths to the left and the right of the support considered respectively.
- L'=L for aside span.

- L'=0.8L for an intermediate span.
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® Shearing force:

Ve =Vw+q.L
With:
M, : moment on the right support of the considered span.
M,, : moment on the left support of the considered span.
L: length of span.

¢ Moment on span:

\ L
Xo=-—= %= (My —Me)lgxL

M, = M- V% o~ 224
With:

M, : moment on the left support of the considered span.

1, : Shearing force on the left support of the considered span.
X, . Abscissa at the point of the moment is maximum.

Calculation of stresses:

Application of Caguot method calculation:

The girders are prefabricated elements, their calculation is associated with that of a
continuous beam semi-recessed to the edge beams.
Taking into account the example of the common floor girder.

A B C D
A A A A A A A A A
3.4 3.4 3.4 4.9 3.61 3.5 3.4 35

Figure 1V.5 Type of girder

e Calculation of loads and overloads:

The combinations of actions and the calculation of the loads returning to the girder are given
in the following table:
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Q, = (135G + 1.5Q) xb

e SLS:

Qser =(G+Q) xb

Table 1V.1 Loads and overloads

Designation | G(KN/m?) | &’ Q(KN/mZ)I uLS | SLS

I du | qu’ | Oser !qser’ |
Terrace floor I 6.28 I4.19 I 1 I 6.48 I 4.65 I 4.73 I 3.37 |
Common floor I 5.83 3.89 I 1.5 I 6.6 I 4.87 I 4.44 3.50

a- Moment in the supports :

Moment in supports A, I :
The moment at the edge supports is equal to zero.
ULS: M=0 KN.m

SLS: M=0 KN.m

Moment in support B :

ULS:
4.87><(43+2.723)
M= —————— 2 =717 KN.m
8.5x(4+2.72)
SLS:
3.50x(43+2.723)
= —— 2 =.515KN.m

8.5%(4+2.72)
Moment in support C :
ULS:

_ 4.87><(2.72 1272 3)

M=— =-4.24 KN.m
8.5%(2.72+2.72)

_ 3.50><(2.72 42,72 3)

M= — =-3.04 KN.m
8.5%(2.72+2.72)
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Moment in support D :
ULS:

4.87x(2.72 4392 3)

M=— = -6.93 KN.m

8.5%(2.72+3.92)

SLS:

3.50x(2.72 4392 3)

M= — =-4.98 KN.m
8.5%(2.72+3.92)

Moment in support E :
ULS:

4.87><(3.92 42,89 3)

M=— = -7.09 KN.m
8.5%(3.92+2.89)

3.50><(3.92 42,89 3)

M=— =-5.10 KN.m
8.5%(3.92+2.89)

Moment in support F :
ULS:

4.87><(2.89 ‘2.8 3)

M=— = -4.64 KN.m
8.5%(2.89+2.8)

SLS:

3.50><(2.89 *y28 3)
M=— =-3.33 KN.m

8.5%(2.89+2.8)

Moment in support G :
ULS:

4.87x(2.8 42,72 3)

M=— = -4.37 KN.m

8.5%(2.8+2.72)

SLS:

3.50x(2.8 342,72 3)

M=— =-3.14 KN.m

8.5%(2.8+2.72)

Moment in support H :
ULS:

4.87><(2.72 *i28 3)

M=— = -4.37 KN.m
8.5%(2.72+2.8)

3.50><(2.72 ‘2.8 3)

M=— =-3.14 KN.m
8.5%(2.72+2.8)
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b- Shear forces on spans :

Shear force on span A-B :

ULS :
Vy =22 —6.6x>=—9.11KN
V, = — 9.11 + 6.6x3.4 = 13.33 KN
SLS :
v, = % —4.44x22= — 6.03 KN

V, = —6.03 +4.44x3.4 =9.07 KN

Shear force on span B-C :

ULS :
[y = 20 6.6 x2m = — 12.08 KN
3.4 2
V, = — 12.08 + 6.6x3.4 = 10.36 KN
SLS:
y, = 2430 a4 %32 = _ 817 KN
3.4 2

V, = —8.17+ 4.44x3.4 = 6.93 KN

Shear force on span C-D :

ULS:
- p = 22241698 66 %3t = — 10.43 KN
3.4 2
V, = — 10.43 + 6.6x3.4 = 12.01 KN
SLS:
- o= 304498 4 a4 %32 = — 6.98 KN
3.4 2

V, = — 6.98+ 4.44x3.4 = 8.12 KN
Shear force on span D-E :
ULS:

v =M—6.6x§:—16.14KN

w 4.9

V, = — 16.14 + 6.6x4.9 = 16.2 KN
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Y, = R8BS0 4 4y x? = —10.85 KN

4.9

V, = — 10.85+ 4.44x4.9 = 10.90 KN

Shear force on span E-F :

ULS :
W, = % —66 x% =— 12,59 KN
V, = — 12.59 + 6.6x3.61 = 11.24 KN
SLS:
W, = % —4.44 x% = — 8,50 KN

V, = — 8.50+ 4.44x3.61 = 7.53 KN

Shear force on span F-G :

ULS :
Gy =22 66 x> = — 1163 KN
V, = — 11.63 + 6.6x3.5 = 11.47 KN
SLS:
Gy = =220 - 444 x22 = — 782 KN

V, = —7.82+ 4.44x3.5=7.72 KN

Shear force on span G-H :
ULS:

v =M—6.6x%:—11.22KN

w 3.4

V, =—11.22 +6.6%x3.4 = 11.22 KN
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_ —3.14+3.14

v, = — 444 x22 = — 755 KN
3.4 2

V, = — 7.55+ 4.44x3.4 = 7.55 KN

Shear force on span H-I :

ULS :
v, =237 _66x%2=—12.80 KN
3.5 2
V, = — 12.80 + 6.6x3.5 = 10.3 KN
SLS:

Gy =" —4.44 x37'5 = — 8.67 KN

V, = — 8.67+ 4.44x3.5 = 6.87 KN

c- Moments on spans :

Moment on span A-B :

ULS :
Xp= ===138m
M, = 0+9.11x 1.38 — 2382X66 = 5 58 KNm
SLS:
xg= 22=136m
4.44
1.36%%x4.44

M, = 0+6.03x 1.36 — — - 4.09 KN.m

Moment on span B-C :
ULS :

12.08
6.6

=1.83m

1.832%6.6

M, = -7.17+12.08x 1.83 - =="°2 = 388 KN.m

Xo =
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xp= 22 =1.84m

4.44
1.84°x4.44

M, =-5.15+8.17x 1.84 —— = 2.37 KN.m
Moment on span C-D :

ULS :
X = 12“;3 =158 m
M, = -4.24 +10.43x 1.58 - 222 X%¢ = 4, 00 KN.m
SLS :
Xo= 2 =157m
4.44

1.57%x4.44

M, =-3.04 +6.98 x 1.57 — — = 2.45 KN.m

Moment on span D-E :

ULS :
X = - =2.44m
M, = -6.93 +16.14 x 2,44 — 2466 _ 15 g9 KN.m
SLS:
Xo = —=2 = 2.44m
4.44

2.44%x4.44

M, =-4.98 +10.85% 2.44 — — = 8.28 KN.m
Moment on span E-F :

ULS :
Xp= - =1.90m
M, =-7.00 +12.59x 1.9~ 22X¢° = 4,92 KN.m
SLS :
Xp= 2—-=191m
M, = -5.10 +8.50 x 1.91 — 22244 _ 3 o4 KN.m
Moment on span F-G :
ULS :
Xo= - =176m
2
M, =-4.64 +11.63 x 1.76 - 222X°® — 5 61 KN.m
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7.82
xp= 222 =176 m
4.44

1.76%x4.44

M, =-3.33+7.82x 1.76 — —Y = 3.56 KN.m

Moment on span G-H :

ULS :
Xp= =17 m
M, = -4.37+11.22 x 1.7 - 272¢€ = 5 17KN.m
SLS:
Xo= —=17m
4.44
1.72X4.44

M, =-3.14+7.55 x 1.7 —— = 3.28 KN.m

Moment on span H-1 :

ULS :
Xo= =-=1.94m
M, = -4.37+12.80 x 1.94 — 224X66 = g 04 KN.m
SLS:
xo = 222 =1.95m
4.44
1.95%x4.44

M, =-3.14 +8.67 x 1.95 —— = 5.32 KN.m

e Calculation of reinforcement :
The girder will be reinforced according to the maximum stresses, for this we distinguish:

Table 1V.2 The maximum stresses in the grider

girders
My, (KN.m) f M, (KN.m) [} V(KN) [ M (KN.m) [} M, (KN.m) [I V(KN)

The girder reinforcement is done at the ULS for a section in T in simple bending.
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v The moment of the table M, :

The geometric characteristics of the girder are:

b=65cm by=10cm h=20 cm hy=4cm d=0.9xh =18 cm
Mtab = fbc xb XHo de
)
ap= d

Ho=1.14ay-0.57a*-0.07

o= 0.222 - ay <0.259 Pivot A
1o=1.14%0.222-0.57x 0.2222-0.07 =0.155
M, 45 = 0.155%0.65x0.182x14.2=0.04635 MN.m
M,qp=46. 35KN.m

So, the neutral axis is in the compression table therefore the calculation is done as a
rectangular section (b=65xh=20) subjected at bending moment.

- My
K " bd2f
A= Jbc

_ 12.80x1073
K= 0 esx0182x142

p= 0,036 < p=0,186 = pivot (A)
a=125x(1-vV1-2x0.042) = 0.053
B =(1-0.40)

B =(1-0.4% 0.053) - B =0.98

12.80x10%
S 0.98x18x348x10

We take: 3T10 = A= 2.36 cm?
On support :

_ 717x1073
0.10x0.182x14.2

p= 0,155 < p=0,186 = pivot (A)
a=125x(1-v1-2x0.155) = 0.211
B = (1-0.40)

B =(1-0.4x 0.211) >f =0.915

7.17x10%
$= =1.25 cm?
0.915X18x348x10

=0.042 <p; = 0.392 (A,=0)

=2.08 cm?

=0.155 <u; = 0.392 (A s =0)
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We take: 2T10 =A4,= 1.57 cm?

e Condition of non-fragility :

On span :
As minS As
0.23xb x d xf; 0.23x0.65 x 0.18 x2.1
Ag min = 128 — =1.41 cm?<A=236 cm?.................. CcVv
fo 400
On support :
0.23xbg X d X 0.23x0.1 x 0.18 x2.1
Ag iy = 2220 " =0.22 cm?< A= 1.57 cmP....occve cv
e

Transverse reinforcement :

be < min{d)z,% ;?—8}

pe=min{10;55 = 5.71; 20 = 10}=5.71 mm
We take: ¢p,= 8mm

We choose: 2HA8=1.01 cm?

Spacing between reinforcement :

Nodal zone :

St =min (h/4; 12¢,)
S =min (24& = 50 mm; 12x8=120 mm) =50 mm=5 cm
Wetake: S; =5cm
Current zone :

S <h/2=200/2=100 mm =10cm
We take: S; = 10 cm

o Verification of the shear force:

T — . (0.2x
The tangent stress: T =t<f, = m|n{ﬂ-

=t < e, 5MPa}
T, =16.14 KN

_ Ty _ 16.14x103
" bd~ 100x180

T, = min{%; 5 Mpa}= min{3.33; 5MPa} = 3.33 MPa

Yb
t =089<7T,=3.33-C.V
It's checked, so there's no danger of rupture.

=0.89 MPa
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o Verification S.L.S:
If the following conditions apply, the SLS check will not be necessary:

-The cracking is little harmful........................... ... CV
-The stress applied is at simple bending ..................... CV
-The steel used are of a grade of FeE400................... C.V
-The section is rectangular ...............ccooeeiiininn..n. C.V

o Verification of maximum concrete :

e Onspan:
_ 6-1  fe28
5:ﬂ - 12.80 — 1.78
Mg 717
5-1 fc28 1.78-1 +£=0.64
2 100 2 100
0.053<0.64 ...................... CVv
e On support :
6-1 fczs
a=0.211 <— 5 100
_My _ 717
S—Ms T15 =1.39
5-1 fczg 1.39-1 +£:0.445
2 100 2 100
0.211<0.445 ............ciiiinn. CV

All conditions are checked so there is no verification at SLS.

o Arrow check : (CBA93 B.6.8.4.2.4)

I the conditions mentioned below are verified, it is not necessary to verify the arrow.

h 1 0.20

ZZE:>449_0045>__0044 ...................... CvV
s 36 236 6 _

ESE:% 18—0.002 5—0 0009 ..o CV
h_ 1 M 0.20 8.28
ZZI—S(M—O)=>449—OO45_ 15(1332) 0041 ............ CV

All conditions are checked, so checking the arrow is not necessary.
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1HA 10 2HA 10

2HA 8 2HA 8
\\ |
3HA 10 3HA10 | I

On span On support

Figure IV.6 Reinforcement of the girder

1VV.4 Staircase dimensioning :

A staircase is a structure comprising a series of steps or flights that allow people to ascend or
descend between different levels within a building or structure. It is made of: The landing, a
bench and the flight.

e The landing: the horizontal part of a staircase, stopping the rest of the steps to the right
of a floor

e The bench: it is the slab of the lower solid part of the flight of a staircase.
e The flight: the succession of steps and counter steps.

Dimensioning a staircase involves determining the dimensions of each component of the
staircase, including the width, height, depth of treads, and rise of steps.
IVV.4.1 Calculation hypothesis :

e The stairs are sheltered from bad weather, so cracking will be considered as not very
harmful, which leads to a reinforcement calculation at U.L.S followed by a stress check at S.L.S.

o The flight-landing assembly will be considered as a simply bent beam of unit width, and
bi-articulated at its to ends for the calculation of the moment of the isostatic span. This moment
will be broken down into the span and on the supports by continuity coefficients which consider
the embedding effect at the ends of this beam.

1VV.4.2 Evaluation of loads and over loads for 1 ml :

According to the evaluation of the loads of the elements previously estimated, the stairs support
the above loads:
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Table 1V.3 Evaluation of loads of staircase

| Element iG (KN/m?) | Q(KN/m?) | Nu=1.35G+1.5Q (KN/ml ) | Nser=G+Q (KN/ml ) ’

[ Fign | sis | uns [ e |

Landing I 5.31 10.92 7.81

1VV.4.3 Calculation of the staircase :

1V.4.3.1 Calculation of the equivalent load :

ULS:
_ 2QyiXLy
Qu eq— Z—L
14.75 X2.4+10.92x1.2
Queq= — =13.47 KN/ml
u eq XL
MO = —Q ;X
My= =222 221,82 KN.m
S.LS:
_ 20 xL;
Qs eq— yL;
_ 10.65x2.4+7.81x1.2
Qs eq= 2 29.70 KN/m
se LZ
MO = —Q ;X
9.70 x12.96

M= =222 =15 71 KN.m

1VV.4.3.2 Isostatic moment of the console :
ULS:

The moment in spans: M,,,= 0.85M,, = 0.85x21.82=18.55 KN.m
The moment in supports: M g,p,=-0.3xM,, = -0.3x21.82 = -6.55 KN.m

The shear force: T,, = Queqxg = 13.47X% =24.25 KN

S.LS:

The moment in spans: M g,q,= 0.85M g, = 0.85%15.71=13.35 KN.m
The moment in supports: Msum,- -0.3xM,, =-0.3x15.71 = -4.71 KN.m

The shear force: T = Qseer = 9.70x? =17.46 KN
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1VV.4.4 Reinforcement :

1VV.4.4.1 Longitudinal reinforcement :
UL.S:

The calculation of reinforcement is done in simple bending, the cracking considered as being
not very harmful.

fe26=25MPa.
b= 100 cm.
d=h(1+2) With: @=2t=-15

=h-(1+3) With: ==L
d=15-(1+=2)=1325cm
Steel: FeE400 type.
o, = 348 MPa.

> Inspan :
M,y span= 18.55 KN.m

_ My span __ 1855)(103 _ .
Hu = b.d2.fp,  100x13.252x14.2 0.074 - pIVotA

p=0.074< pu,=0.392 ... CcV

That is mean we are in pivot A, so:
A’= 0 no compressed reinforcement

a=1.25% (1-J1 = 2p) = 1.25x (1-VI — 2 X 0.07 )= 0.09
B = (1-0.40) = (1-0.4% 0.09) = 0.964
B =0.964

Au - My span
p.d.og

_ 1855x103
U™ 0.964x13.25 x348
A,=4.17 cm?

=4.17 cm?

1VV.4.4.2 Non-fragile condition :

_ ft28 _ 21
Apin = 0_23xbxdxf— = 0.23X100X13.25Xm

Apin= 1.6 cm?

A = Max (Au' Amin)

A= Max (4.17 , 1.6) = 4.17 cm?

With that we adopt: SHA12 = 5.65 cm?
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1VV.4.4.3 Distribution reinforcement :

Adist: Z
A gist= 22 =1.412 cm?

So, we adopt 5SHA8= 2.51 cm?

» On support :

M, gup =6.55 KN.m

_ Muyspan _ 6.55x103

= = =0.026
Hu b.d2.fp, 100x13.252x14.2

nu=0.026 < yu;=0.259 ...... A’= 0 no compressed reinforcement

a=125x (1-/T— 2p) = 1.25x (1-V1 — 2 X 0.026 ) = 0.032
B = (1-0.40) = (1-0.4x0.031) = 0.9872

~ B=0.9872
_ Muspan
Ay = B.d.og
3
A, =—20  _ 1 44 cm?

~ 0.9872x13.25 x348

» Non-fragile condition :

Apin= 1.6 cm?

A = Max (4y, Apmin) = Max (1.41; 1. 6) = 1.6 cm?
A =1.6 cm?

With that we adopt: 4HA12 = 4.52 cm?

> Distribution reinforcement:

4
Agise=

Agisr= =113 cm?
So, we adopt: 5HA8= 2.51 cm?
» Spacing: (CBA93 article A.5.1.2.2)

S; <min(3xh ; 33cm)
S; <min(39.75cm ; 33cm)
S;<33cm
So, we take §; = 20cm
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Table 1V.4 Main reinforcements of staircase

Element Apin || Aadopt || chois Agis chois
(cmz) (cmz) (cmz) (cm) (cmz) (cm)

Span 4 17 5 65 5HA12 1 412 5HA8

IV.4.4.5 Verification of the shear force: (harmful cracking)

T =% <7, = min{"2L2 ; 5MPq)

bd™— Yb
T,= 17.46 KN
_Tu _ 1746
T=%d 1x1325
7=1.318 MPa
= _ i f02Xfco8 — i —
T, = mm{y— ; 5MPa}— min{3.33 ; 5MPa}= 3.33 MPa
b
T =1.318 MPa<T,=3.33 MPa........ CV

1VV.4.5 Verification S.L.S:

If the following conditions apply, the SLS check will not be necessary:

-The cracking is little harmful...................o (OAY
-The stress applied is at simple bending ...................... CVv
-The steel used are of a grade of FeE400...................... CV
-The section is rectangular ..................coooiiiieennn.. CV

1VV.4.5.1 Verification of maximum concrete:

e On span:

= 0-1 fers
a=0.102 < > 100
With: &="u

1855
6= 335 & 39

6-1 1.39- 1
01 Las =0.445
2 100 2

0.102<0.445 ...........c.oeiinii CV

e On support:

6-1 fczs
a=0.047 <— 100

_My _ 655

M; 4. 471 =139
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With:

6-1 foog _ 139-1 25 _

=2 0" "2z 100 0.445
0.047<0.445 ..., CV

All conditions are checked so there is no verification at SLS.
IV.4.5.2 Verification of deflection calculation condition : CBA 93 (art B.6.5.1)

h M,
-> il
¢ [ max (16 10My )

15 18.55
360 = MaX (E 10x21. 82)
0.042 > max (0.0625:0.085)

0.0378>0.085 ...l CNV

bd=f,

565  _
Toox1325 00043<— 0.0105 .......... CVv

We must check the arrow:

With:

According to the RDM the arrow is calculated by the relation:

E: Modulus of deferred deformation E,, j=1.08x 10*

b.n3 100 153
12

4-8El

=28125 cm*

f _ 5%10.65%3.6* ~ 0.08 cm
348x1.08x104x28125 )

1 _ 360
faa = 500 500 =0.72cm

f=0,08cm < f,q =0.72cm - CV

I: Moment of inertia I=

So:

1VV.4.5.3 Load assessment :

The self-weight of the landing beam:

Gianding beam =25x0.40x0.40=4 KN/ml
Walls placed on the landing beam:
he
Gwallz(_ - h) XGwall
3.06

Guwan= (3= — 0. 40) x2.93

Gwau: 3.31 KN/m
1VV.4.5.4 Landing and bench reaction :

Pew XL _ 1347 x 3.6
2

_ Pes XL _970x36
T2

=24.25 KN/m

U.L.S: R, =

S.LS: Ry =17.5 KN/m
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1VV.4.5.5 Action combination :

U.L.S

4, = 135Gy +R,
qu = 1.35x% (Gwau + Glanding beam)+ Ru = 1.35x% (331+4)+2425 =34.12 KN/m

g, = 34.12 KN/m
S.L.S

qs:GT +Rs

qs = Gwall + Glanding beam+Rs =24.81 KN/m
qs=24.81 KN/m

1VV.3.5.6 Stresses on the landing beam :

> lIsostatic moment :
ULS :

_ 34.12x3.6%

M, = 55.28 KN.m

SLS:

2
M, = —24'81;3'6 = 40.2 KN.m

» Bending moment :
ULS:

M,= 0.85M= 0.85x55.28 = 46.98 KN.m
M = 0.3M = 0.3x55.28 = 16.58 KN.m

SLS:

M,=0.85M = 0.85x40.2 = 34.17 KN.m
M= 0.3M= 0.3x40.2 = 12.06 KN.m

> Shear force :

_ 3412x 3.6

T, = 2! = 61.42 KN
2 2
1V.3.5.7 Reinforcement :
» UL.S:

The landing beam works in simple bending, therefore:
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0.85 Xf 28

fou= —— ==14.16 MPa
With:
o, =348 MPa,d=09h=0.9x%x40=36cm,b=40cm
M, . - M, _ DA —
Hy = m ; Au = m, Amin = 0.23xbxdxf;28 ;A = Max (Au' Amin)
e Onspan:

_ 4698 x103
P = fox36zx142

p= 0,063 < u=0,186 = pivot (A)
a=125x(1-v1-2x0.063) = 0.081
B = (1-0.4a) > B =0.9676

46.98x103
s=——=3.88 cm?
0.9676Xx36X348

> Condition of non-fragility : (CBA93 art A.4.2)

As minS As

0.23xb x d x
A i = 222 fi28 1 74 cm?

= 0.063 <p; = 0.392 (4, = 0)

Ag min =1.74 cm?<A;, =3.88 cm? > C.V
We choose 3T14 = 4.62cm?

e Insupport:

_ 1658 x103 _ _ o
o= o= 0.022 < py = 0.392 (4} = 0)

p= 0,022 < pu=0,186 = pivot (A)
a=125x(1-v1-2x0.022) =0.028
B = (1-0.40) > B=0.9888

16.58x103
s=——=1.34 cm?
0.9888x36Xx348

» Condition of non-fraqility :
A =Max (A, Apmin)

A i = w =1.74 em?<1.34 cm@.....oo.. CNV
- Ag = Ag min= 174 cm?

We choose: 3T14 = 4.62 cm?
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> Distribution reinforcement :

4, =282 -1.155cm?
4

we choose: 4T8=2.01cm?

» Spacing :
-In the nodal zone:
e<min (h/4;12¢)
e<min (10; 16.8) =10 cm
we take e =6 cm
-Outside the nodal zone:
e<(h/2) =20 cm

we take e =15 cm

> Verification of the shear force :

The tangent stress: T=—<7,= min{&‘h28 ; 5MPa}

T=61.42 KN
_ Ty _ 6142x1073
" bd  04x036

T, = min{‘”;ﬂ ; 5Mpa}: min{3.33 ; 5SMPa)}= 3.33 Mpa
b

=0.43 MPa

Tt =0.43<7,=3.33........ CV
» Verification S.L.S :

If the following conditions apply, the SLS check will not be necessary:

-The cracking is little harmful..................... CV
-The stress applied is at simple bending ..................... CV
-The steel used are of a grade of FeE400..................... CVv
-The section is rectangular ..................cooiieinnnn, CV

> Verification of maximum concrete :

e Onspan:

- 91  fe2s
a=0.081 < RARTT)

Mg 3417 = 1376

-1 1.376-1 25
01 s _ 137671, 25 _ 438
2 100 2 100

0.081<0.438 ................c... CVv

_M, _ 4698
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e On support :

a=0.028<=1 L
- 2 100

§=t= 020 =1 374
M, 12.06

81 feas 137471 .25 _y poq
2 100 2 100
0.028<0.437 ...t CVv

All conditions are checked so there is no verification at SLS.

» Verification of deflection calculation condition: CBA 93 (art B.6.5.1)

1. M,

h )
72 max (5 10M0)
1. 4698
360 = Max (3] 10><55.28)
0.11 > max (0.0625;0.085)
0.11>0.085  ......o.ll CvV
A A2
bd=f,
2 = 0.0032< 7= = 0.0105 .......... cv
40x36 400

All conditions are checked, so checking the arrow is not necessary.

» Calculation of the landing beam in the torsion :

The bending moment inside the beam at the landing and bench causes a torsional moment at the

landing beam.

Tu: Tmazxxb — 61.42x0.4 =123 KN.m

Calculation of the shear stress:

Tur= 2x02xbg
With:
T, : Tortional moment
£: Area section
b,: Wall thickness

bo=¢ = 6.67 cm
Q = (b-by)x(h-bg) = 1110.89 cm?
12.3x 1073

TuT™ 570.0750x0.05 0.83 MPa

7,7=0.83 MPa< 1,=3.33 MPa—C.V
Calculation of torsional balanced reinforcements:
__BXTy
T_2><.Qxas
pu=2x[(b—bo) + (h—bo)] =133.32 cm

-3 -2
Ap=r2Z T 20 =212 em? we take : 2HA12 = 2.26 cm?
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4HA12
L sHAIL2 \
SHAS
4HAI12 :
T
Figure 1V.7 Reinforcement of the staircase
3JHA10
I
DoubleCadT8 — 2HAI2

l || JHAILOD

Figure 1V.8 Reinforcement of the landing beam

78



CHAPTER IV: Study of secondary elements:

1.5 Study of Machine slab :

The machine slab, will carry an elevator which is a vertical transportation device typically found
in buildings, used to move people or goods between different floors or levels. It consists of a
car (or cabin) that moves within a shaft, guided by rails or a track, and is propelled by a system
of cables, pulleys, and a motor.

— Control System

- Geared Machine (Hoisting Sheave)

_— Motor
. . Governor
S

Eaiilnent . = Elevator Machine Room
uipment <l

Restraints, Typical

_— Cab Roller Guides

—— Elevator Guiderail

— Car Safely Device

- Traveling Cable

Counterweight Roller Guides

-~ Counteraweight

T Counterweight Guiderail

Shaft Deors

- Compensation Ropes

~ Governor Tension Sheave

l 1

~= Counterweight Buffer

R
S
0

Car Bufier

Figure 1V.9 Schema of an elevator
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1V.5.1 Study of the Elevator :

e The length of the cabin: ly =1.8 m

e The width of the cabin: Ix =1.5m

e The depth of the cabin: h=2.2m

e The thickness of the peripheral wall: e= 15 cm
e The total lifting height: H = 21.42 m

e The thickness of the machine slab: e= 0.25m

e The estimated lifting speed is: 0.63 m/s
IVV.5.1.1 Loads estimate :

In our cabin we have an estimated surface of 2.7 m?2.
Qcapin =6 KN (08 people).
Qterrasse =15KN /mz

e Dead load :
The mass of the empty cabin is 1.3 KN /m? so:
Geavin = [((2%2.2) +(1.8x2.2) +(1.8x2)) x2] x2= 31.12 KN
eavies = (3%21.42) x0.007 =0.45 KN
The mass of counterweight is:

Q " »
Ycounterweight = Ycabin +; =31.12+"« 6 » /2 =34.12KN

e Motor mass + Winch + accessories gmotor = 12 KN

e Total mass:

G=Yg;=31.12+0.45+34.12 + 12 + 6.25 =84.94 KN
Estimated thickness check;

L L 1.

<e< <e<02003 <e <0045
50 40 50 40

The national elevator company (E.N.A) advocates that the thickness of the slab machine is;

e>25cm
The mass of the machine slab;
Imachine slab = 0.25 x 25 = 6.25 KN/m?
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Table 1V.5 Load assessment of the machine slab

I Thermal insulation I 0.04 I 0.16

I Machine slab I 0.25 I I 6.65
Plaster I 0.02 I I 0.36
Permanent load G I 9.11

Operating load Q=1.5 KN/m?

1VV.5.1.2 Calculation of the moments :

ULS : q,=1,35G +1 5Q

q.,= (1,35 x84.94) +(1 5 x6) =123.67 KN
SLS: gs= G+Q =90.94 KN

According to the revised BAEL91 99 the load on an impact is;
ULS:

a — qu _ 12367

=30.92 KN

SLS:

a _ ds _ 90.94

qg=7= ——2273 KN
1IV5.1.3 Studv of the slab :

e Calculation of the moments under the load of the machines:
Moments caused on the slab by the machine:

m _

Mx = (Ml +v|\/|2) qu
M;" = (VM1 + M2) xqP
According to Pigeaud we will look for the moments:

Lx

=0.8

Ly 18

The slab works in two directions:
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e Direction X :
U=U'+ht+kx hr
U=0.15+0.25 + 1.5x0.17 = 0.655 m

e DirectionY :
V =v'+ ht + kx hr
V =0.2+0.25 + 1.5x0.17 = 0.705 m
The surface load:

ULS :
p—_ qu _3092_
9%~ 91sx020 003 1030.66 KN
SLS:
qP = a¢  _ 2273 _ 157 66 KN

s~ 0.15x0.20  0.03

According to Pigeaud’s table we find:

M1 =0.0525

M2=0.0358

Moments caused on the slab by the machine
ULS:

M;” =0.0525 x 1030.66 = 54.11 KN.m

M;” =0.0358 x 1030.66 = 36.90 KN.m

SLS:

M;” =( 0.0525+0.2x0.0358) x757.66 =45.20 KN.m
MZL =(0.2x0.0525+0.0358) x757.66 = 35.08 KN.m
Moments in the slab:

ULS:

q,=1,35G +1 ,5Q

q,=1,35%9.11 +1 ,5x1.5 = 14.55 KN

SLS:

qs= G+Q

q,=9.11+1.5=10.61 KN

Stresses calculations :
Lx _ 1.5

04<p=p=1-=08<I
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The slab carries in both directions therefore, the moments are calculated as follows:
M=, qul
d _
M3 = py My
ULS :

M ¢ =0.0565x14.55x1.52 = 1.85 KN.m

M =0595x185=11KNm

SLS:

M ¢ =0.0632x10.61x1.52 = 1.51 KN.m

M% =0.710x1.51 = 1.07 KN.m

1y and p,, taken from the table of plain slabs.

1V.5.1.4 Total moments :

These are the moments due to concentrated loads and the moments due to distributed loads:
ULS:

My=M&+MT

M,=1.85+54.11 =55.96 KN.m

My =M§+ M7 =1.1+36.90 =38 KN.m

SLS:

My=M{+MT

M,=1.51+45.20 =46.71 KN.m

My =M + M7’ =107 +35.08 = 36.15 KN.m

e Moments on span :
ULS:

M; =0.75xM, = 0.75%55.96 = 41.97 KN.m
M; =0.75 x M,,= 0.75x38 = 28.5 KN.m
SLS:

M; =0.75xM, = 0.75x46.71 = 35.03 KN.m
M; =0.75 x M,,=0.75%36.15 = 27.11 KN.m

e Moments in support :
LS :

C

M7 =0.5xM, =0.5x55.96 = 27.98 KN.m
M; =0.5x M,=0.5x38 =19 KN.m
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(%2}

LS:

M;‘ =0.5%xM, = 0.5%46.71 = 23.35 KN.m
M; =0.5 x M,,=0.5%36.15 = 18.07 KN.m

1VV.5.2 Calculation of reinforcement direction X-X :

e Onspan:
— My
b =vazr,,

4197 x1073
U 1x0.1352x14.2

=0.162 <y, =0.392 (4, = 0)

p= 0,162 < u=0,186 = pivot (A)
a=125%(1-vV1-2x0.162 ) = 0.222
B=(1-0.40) - B =0.9112

41.97x103
g=— =98 cm?
0.9112x13.5%348

e Insupport:

—_— Mu
H=ra Fou

_27.98 x1073
U 1x0.1352x14.2

=0.108 < g, =0.392 (4, = 0)

p= 0,108 < u=0,186 = pivot (A)
a=125%x(1-v1-2x%0.108) = 0.143
= (1-0.4a) » B = 0.9428
§ =220 = 6,32 cm?
¢ Non-fragile condition X-X:

3-p _3-08

— — — 2
Axsmin—T— =1l1lcm

e Longitudinal reinforcement X-X :

Span :

A =Max (As; Ay smin) = 9.8 cm?
We take 5T16 = 10.05 cm?
Spacing: e =20 cm

Support :

Al =Max (As; Ay smin) = 6.32 cm?
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We take 5T14 =7.69 cm?
Spacing: e =20 cm
1VV.5.3 Calculation of reinforcement direction Y-Y :

e Onspan:
—_ My
B= b.d2.fpy

28.5x1073
Hu 1x0.1352%14.2

=0.11 <y, =0.392 (4, = 0)

p=0,11 < p=0,186 = pivot (A)
a=125x(1-v1-2x0.11) = 0.146
B=(1-0.40) > B = 0.9416

28.5x103
s———————=6.44 cm?
0.9416%13.5%348

e Insupport:

- My
H b.d2.fpy

19 x1073
Hu 1x0.1352%14.2

=0.073 <y, =0.392 (4, = 0)

p= 0,073 < pu=0,186 = pivot (A)
a=125x(1-vV1-2x0.073) = 0.095
B= (1-0.4a) - B = 0.962

=2 = 4 00em?

¢ Non-fragile condition Y-Y :
Ay smin = p X b xh=0.0008 x 100 x25 = 2 cm?

e Longitudinal reinforcement Y-Y :

Span :

A’ =Max (As; Ay smin) = 6.44 cm?
We take 5T14 = 7.69 cm?
Spacing: e =20 cm

Support :

A$ =Max (As; Ay smin) = 4.02 cm?
We take 5T12 =5.65 cm?
Spacing: e =20 cm
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Checking the shear force :
_ QuXLyXLy _ 123.67 x1.5x1.8

P = =69.56 KN
2XLy+Ly 2x1.5+1.8
T, = qu:Lx _ 123.6;X1.5 — 61.83 KN

According to CBA93:

T, = 0.07xL28 = 0.07x2 = 1.16 MPa
¥b 15
7 =Tmar - 956 X907 _ ) 515 Mpa <7, = 116 MPa............ cv
b.d 1x0.135

So, the transverse reinforcements are not required.
IV.5.4 Verification S.L.S :
If the following conditions apply, the SLS check will not be necessary:

-The cracking is little harmful......................... CV
-The stress applied is at simple bending ..................... CV
-The steel used are of a grade of FeE400..................... CV
-The section is rectangular ...................cooeeiinnnns CV

> Verification of maximum concrete :

e Onspan X-X:
- 01  fe2s
a=0.222 < 5 +100
:ﬁﬁi: 41.97 ::LZ
Ms;  35.03

-1 .JCﬁ — 12-1 +£ =0.35
2 100 2 100
0.222<0.35 .o, CV

e On support X-X :

- 01  fe2s
a=0.143 <— +7

M, _ 27.98
6=—= =12
Ms 2335

-1 1.2-1 25
8L yfas 1271, 28 _ 35
2 100 2 100

0.143<0.35 ..o, CV
All conditions are checked so there is no verification at SLS.

e Onspan Y-Y:
a=0.146 <1 +Lez8
2 100
_My _ 285 _
St = =105
B s - 10870, 28— 275
2 100 2 100
0.146 <0.275 ..o (AY
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e On support Y-Y :

a=0.095 <=1 L8

2 100

s=Mu-1 105
M, 18.07

-1 1.05-1 25
01 s _ L0571, 25 _ 975
2 100 2 100

0.095<0.275 ..o CV

All conditions are checked so there is no verification at SLS
¢ Verification of deflection calculation condition: CBA 93 (art B.6.5.1)

X-X direction :

1. M,

16’ 10M0)
41.97

10x55.96

h

YanX(

0.25
1

.5

) - 0.166 > 0.075

1
> max (1—6;

A2
bxd ~ f,
10.05

100x13.5
Y-Y direction :

=0.007<+2 =0.0105......... cVv
400

h 1
n > max (—;
285
10x38

5 1
—— > max (—;
1.8 — a (16’

) > 0.138 > 0.075

A <42

— 42
= 0.0057< === 0.0105......... cv

So, checking the arrow is not necessary.
1.6 Study of balconies :

The balcony is a solid slab considered embedded in the beams, it is calculated as a console
and scrap in simple bending. The balcony is subject to a permanent load G (weight

own), and an operating charge Q
IV.6.1 Load assessment :

KN
G 527 x1= 527—
ml

KN
Q = 350x1= 350—
ml

e Wall on balcony: G = 1.54 KN/m2

P =1.54x1.20=1.85 KN/ml
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1VV.6.2 Load combinations :

e ULS:
q,=135G+15Q
P,=135xP
gy = (135G +1.5Q) x Im = (1.35 x 5.27 + 1.5 x 3.5) x 1m = 12.36 KN/ml
Pu=1.35P x 1m = 1.35 x 1.85 = 2.50 KN

e SLS:
;=G +Q
Ps:P
g, = (G + Q) x Im = (5,27+ 3,5) x 1Im = 8.77 kN/ml
Ps=Px1m=185x%x1m=1.85KN

Figure 1V.10 Dimensions of the balcony

I1VV.6.3 Embedding moment:

e ULS:

M,=Pux L +% =250 x 1.2+ 2212 = 19 g KN.m
e SLS:

Mg =Psx L +%- _185><12+877X'12 = 8.53 KN.m
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1VV.6.4 Calculation of reinforcement :

The calculation is done in simple bending at the ULS, for a strip of 1ml

d=0.9h=09x15=13.5cm

M, =11.9 KN.m
M, _ 119x103  _
P = b.d?.fp, 100x13.52x14.2 0.046
nu=0.046 < yu;=0.391 ...... A’= 0 no compressed reinforcement

a=1.25% (1-J1 — 2p) = 1.25% (1-vI — 2 x 0.046 ) = 0.058
B = (1-0.4a) = (1-0.4x0.058) = 0.9768

- P=0.9768
A, = 0.8a><l;><d><fbc _ 0.8x0.058x;:80.135x14.2 — 2556 cm?
» Non-fragile condition :
Ag i = 230X 128 _ 1 630 e2< 256 cm?.......... cv

fe
A = Max (A, Apin) = Max (2.56 ;1.63) = 2.56 cm?

With that we adopt: 4HA12 = 4.52 cm?

» Distribution reinforcement :

A
Adist: 4
Agise= % =1.13 cm?
So, we adopt: 2HA12 = 2.26 cm?

IV.6.5 Verification S.L.S : (CBA93)
The calculation is made according to the rules of C.B.A 93 and B.A.E.L 91, the cracking is
considered detrimental.

e Calculation of the position of the neutral axis :

A’= 0 no compressed reinforcement
bxy2+30xA4x y-30xdxA= 0
100xy2+30%4.52x y-30%13.5%x4.52= 0
100y2+135.6 y- 1830.6 =0

The solution will be done as follows:
A = b?%- dxaxc

A =135.62- 4x100x1830.6
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A>0 so the equation admits two solutions:

We take y = 3.65 cm
e Calculate the moment of inertia :
=224 [A%(d - 9)HAX(Y - 4)7]

3
_ 1x0.03653

I + 15 [4.52x107*(0.135 - 0.0365)?] =8.2 x10~°m*
e Checking of stresses :
Stresses in concrete: g3, = 0,6%f.,g = 15MPa

M _ 8531073 _
Ope = % Xy = P X 0.0365=3.80<0p ........ Cv

Stresses in steel: 6, = min [§ fe» max (0,5%f, ;110,/nf;;) = 201.63 MPa

M
I

8.531073
8.2 X105

 (d - y) = 15x

O=1 x (0.135 — 0.0365) = 153.70 MPa < G, ....CV

e Checking the shear force :

T, = min (#2228 4ppa} = 2.5 MPa
Vb

The tangent stress: T :Z—"‘i

T,=q.L+P=1236x1.2+2.50

T, =17.332 KN

_ Tu _ 17332x107% _ =
== = 018 MPa<T, = 25.....C.V

So transverse reinforcements are not necessary.

¢ Verification of deflection calculation condition : CBA 93 (art B.6.5.1)

; = max (16’ 10M )
0.1 1. 119
S max (o ) 5 01252 0.0 e, cv
A _sz
bxd ~ fe
452 0.003<2%=0.0105.......... cv
100x13.5 400

All conditions are checked, so checking the arrow is not necessary.
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| - -
!
—] | v . 1 0.15n
] [ ] [ I | _0 .
:
.]
| 1.20m
i: >

Figure 1V.11 Reinforcement of the balcony

91



Chapter

Chapter V

Dynamic analysis:



CHAPTER V: Dynamic analysis:

V.1. Introduction :

An earthquake, is a geological phenomenon characterized by the sudden and violent tremor of
the soil, usually caused by the movement of the tectonic plates of the Earth’s crust. This
movement releases a large amount of energy in the form of seismic waves that propagate
through the earth. Earthquakes can vary in intensity, ranging from minor tremors to major
events that can cause significant damage to buildings, infrastructure and people.

The seismic analysis enables us to determine the least favorable characteristic parameters of
the seismic response and the design of the structural components, aiming to achieve a
satisfactory level of safety for the entire structure and ensure the well-being of the occupants.

In order to validate our recommendations about the pre-dimensioning of the elements
(Chapter 11),

we will proceed to do the seismic investigation of the structure using a well-defined
calculation approach in the RPA.

V.2 Calculation methods :

The dynamic analysis will be by those methods submitted from the Algerian seismic
standards RPA99 V 2003.

- The static equivalent method.

- The response spectrum method.

- The time history method.
V.3 Modulization :

ETABS (Extended Three-dimensional Analysis of Building Systems) is a software package
used for the structural analysis and design of buildings. It's particularly popular in the field of
civil engineering and structural design. ETABS allows engineers to model and analyse
building structures, considering various factors such as loads, materials, and design codes.

So, we will model the structure in this programme.

This model should accurately mirror the behaviour and parameters of the original system.

Analysis and Design of
Building Systems

!/_ a2 »:"
;‘\\c f I )'; m
Sz |

Figure V.1 Programme of modulization
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V.3.1 Modeling approach on the ETABS software :

+* New Model: definitionofa = .

new model.

(B8 Haelr & a

G Dee Do St Awion Aosh Sy Duisn Splim Toss

Figure V.2 Defining a new model

+¢ Grid definition and story levels:

Definition of the horizontal grid
(Custom grid spacing then Story

dimensions) and specification of the

number and height of the floors

Thene here we can edit the stories
dimensions in both directions

A New Model Quick Templates

Grid Dimensians (Pan)

Story Dimensions

@ Uniform Grid Spacing @
Murber of Gad Lines in X Drection [
Number of Gnd Lines in Y Direction [
Spacing of Grids in X Direction - m
Spacing of Grds in ¥ Direction [ m
Speciy Gid Labelng Options. (Gid Labels

O Custom Grid Spacing

Add Structural Objects

Simple Story Data
Number of Stonies

Typical Story Height
Bottom Story Height

O Ccustom Story Data

Specdy Custom Story Deta

-
O]
-
Blank Grid Only Steel Deck Staggered Truss Flat Siab Fiat Siab with Waffle St Two Way or
Perimeter Beams Riboed Siab
oK Cancel
Figure V.3 Set up grid lines and define story levels
3 Grid system Data
Gnd System Name Cick to Modfy/Show
@ ] Reference Point
Reference Planes..
Options.
Bubble Si 1250 mm
Gnd Color
Rectangular Grids
(®) Display Grid Data as Ordinates ©) Display Grid Data as Spacing Quick Start New Rectangular Gnds...
X Gnd Data ¥ Grid Data
Grid ID X Ordinate {m) Visble Bubble Loc Gnd ID Y Ordinate: fm) Visible Bubble Loc
0 Yes End Add 1 0 Yes Start Add
B 8 Yes End 2 8 Yes Start
Delete Delete
C 16 Yes End 3 1% Yes Stant
D x4 Yes End 4 4 Yes Stant
Sont Sot
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+* Define materials :

E ETABS Ultimate 20.3.0 - (Untitled)
File Edit View Define|Draw Select Assign  Analyze Displ

& H 2|£ Material Propertis. ]
FWE Section Properties , ﬁ

Model  Display
! Spring Properties 3
& Model fs2  Spring Frop
\ : ;rqn:;re E Diaphragms...

A

E Material Property Data x
General Data
Material Name: 25
Material Type Concrate ~
Directional Symmetry Type Isotropic ~
Materiel Display Color [ Change...
-
Material Weight and Mass
(@) Specify Weight Density O Specily Mass Denstty
Weight per Unit Volume kN/m?
Mass per Unit Volume 254929 kg/m*
Mechanical Property Data
Moduus of Blasticky, E MPa
Poisson’s Ratio. U
Coefficient of Themal Expansion, A o T
Shear Modulus, G [13401.75 MPa
Figure V.5 Define materials
°, - H .
** Define the sections (Column, beams...) :
Define | Draw Select Assign Analyze Display Design Options Tools Help Td This Property
= chinage
Mateial Propetie.. o ad e nd D6 4§ 8 [choage ]
poteau 40
[ Section Properties ’ J #  Frame Sections.. e ;

- utr palber 40°40
@ Tendon Sections.. poutr pa

-

Spring Properties
Diaphragms.. & Slab Sections..
@ Deck Sections...

U Wall Sections...

Pier Labels...

g = = |\~

Spandrel Labels...

Figure V.6 Define the sections
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+» Definition of loads and load cases :

In this step we give a name for each type of load and its designation.

(f.-i] Shell Uniform Load Sets...

Load Cases...

Load Combinations...

+E
ﬁ Auto Construction Sequence Case...

t!  Walking Vibrations...

ﬂ Define Load Patterns

Loads
Self Weight Auto
Load Type Muttiplier Lateral Load
G Dead
]
[e] Live 0
Ex Seismic 0 None
Seismic 0 User Coefficient
E Seismic 0 None
Wy Seismic 0 User Coefficient

Figure V. 7 Definition of loads

+* Load combinations: Following the definition of the different combinations proposed
by the regulations in force with the option «Load Combinations»

I3 Load Combinations >

Combinations Click to:

0.8Gp-EX ' Add New Comibo—
0.8Gp+Ey

0.8Gp-EX
0.8Gp-Ey
ELS

ELU
GpQpEx
GpQp-Ex
GpQpEy
GpGp-Ey

Add Default Design Combos. ..

Figure V. 8 Definition of the different combinations

The combinations of actions to be considered for the determination of stresses and calculation
deformations are:

e SLS=G+Q
e ULS=135G+150Q
e G+Q+E
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e 08G+E
e 08G-E

+¢ Diaphragms :

To consider the hypothesis of rigid floors in their plans, it is necessary to define a diaphragm
grouping all the nodes of the same floor and this for all levels.

%

Figure V.9 Definitions of diaphragms

We first review the model to confirm our structure before modelling the masses and loads,
specifying load combinations, and beginning the analysis.

The adopted model is recessed at the base, it comprises only the elements (columns, beams,
floor, and sails), the rest of the elements is introduced as a load.

i

-

./.'.‘ "-,‘..

LA |

~
>
>
L
P
/

1 /,q‘

Figure V.10 Structure modulization
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V.4 Classification criteria by RPA99V2003 :

RPA Classification Criteria 99 Version 2003 it is set of classifications necessary for the
definition of the seismic situation studied and the choice of method and parameters for
calculating seismic forces.

V.4.1 Classification of seismic zones : (RPA99V2003 art 3.1)

According to the Algerian regulation on earthquakes, there are 4 zones with variable
earthquakes on the map of seismic zones and their timing, which determines this distribution
by State and municipalities, namely:

- Zone 0 : Negligible seismicity

- Zone | : Low seismicity

- Zone llaand Ilb: Medium seismicity
- Zone I11: High seismicity

Our building is located in the wilaya of BOUIRA so in zone Ila (Medium seismicity).
‘-“LGE' soo - - X ‘ A ﬁ

Ei zone |l

% ( , D zonell b
é"“"‘ve‘ |:| zonell a

I—_—I zone |

D zone 0

TUNISIE

ELOVED

Figure V.11 Classification of seismic zones

V.4.2 Classification of structures according to their importance : (RPA99V2003 art 3.2)

The minimum level of seismic protection granted to a structure depends on its intended
purpose and
importance in relation to the protection objectives set by the community.

According to RPA99/2003 the Structures are classified into four groups:
e Group 1A: Vital structures.

e Group 1B: Structures of great importance.
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e Group 2: Current or medium-sized structures.
e Group 3: Minor Structures

Our building is classified in Group 1A (Works of vital importance).
V.4.3 Site classification :(RPAV2003 art 3.3)

The sites are classified into four (04) categories according to the mechanical properties of the
soils
that are:

Category S1: rocky site.

Category S2: closed site.

Category S3: furniture site.

Category S4: very furniture site.
According to the geotechnical ratio on our building, we are in category S2 (closed site).

V.4.4 Classification of bracing systems : (RPA99V2003 art 3.4)

The purpose of the classification of structural systems is reflected in the rules and methods of

calculation, by assigning for each of the categories of this classification, a numerical value of

the coefficient of behaviour R this coefficient is given according to the (table 4.3

RPAV2003).

In our case, the structure is mixed supported by walls and porticoes with reinforced concrete
So: R=5

V.5 Static equivalent method : (RPA99V2003 art 4.2)

A fictional static force system is used to substitute the real dynamic forces that arise in the
structure, and its effects are compared to those of seismic activity.

The ground can move in any direction in the horizontal plane.

The equivalent horizontal seismic forces shall be considered to be applied successively in two
orthogonal directions selected by the projector. In the general case, these two directions are
the main axes of the horizontal plane of the structure.

The equivalent static method may be used under the following conditions:

e The building studied, meets the conditions of regularity in plan and elevation with a
height not exceeding 65 m in zones (I and lla) and 30 m in zones (I1b and I11).

In this study, our building is located in zone llaand heighth =21.42m<65m ......... CVv
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» Regularity in plan : (RPA99V2003 art 3.5.1.a)

Every building needs to be categorized based on whether it is a typical building or not, based
on its plan configuration and elevation:
al- The building must have a substantially symmetrical configuration with respect to two
orthogonal directions for both the distribution of stiffness and that of masses:

Because of the distancing of the periods (mode 1 = 0.701s, mode 2 = 0.54 s), we can say that
this condition is not satisfied

a2- At each level and for each direction of calculation, the distance between the centre of
gravity
of the masses and the centre of stiffness does not exceed 15% of the size of the building
measured perpendicular to the direction of the seismic action considered:
Table V.1 Centers of mass and rigidit
TABLE: Centers Of Mass and Rigidity

[[story [ xem [ vem [ xcr [[25%y [ 1ssux | verification |

m X

[ storys [ 8.8306 || 8.0662 || 12.4815 0.8622 v

[ storys [ 6.8306 | 8.0662 [ o.848 || 71724 || 10174 08938 1005 [asas [ ov [ ov ]
v

[ story3 [ 8.8306 || 8.0662 || 6.6087 || 7.1229 || 2.2219 || 0.9433 || 1.905 || 4.425 || cv

[ story2 | 8.8306 || 8.0662 || 6.7599 || 7.0528 || 2.0707 || 1.0134 || 1.905 || 4.425 |
[story1 [14.5576 || 6.8998 || 14.063 | 6.0758 || 0.4946 || 0.824 || 1.905 || 4425 | cv |

This standard meets all conditions in both directions

| I om0 m | m | m o]~
[Story [ 2166 | 68157 | 1es634]] 7.2795 || o068 ] oese [ toos e | & | o |
.
.

[ storya [ 8.8306 || 8.0662 || 7.8094
[aaas ][ v ]
[ o]

[ ]

a3- The shape of the building must be compact with a length/width ratio of the floor less
than

or equal 4:

length _ 295
=22 o032<4 C.V
width 12.7

The sum of the dimensions of the re-entrant or projecting parts of the building in one direction
data must not exceed 25% of the total size of the building in this direction:

1.2+1.7
12.7

% <0.25 = —0.23<025 0o CV

So, the building classified non-regular in plan.
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» Regularity in elevation : (RPA99V2003 art 3.5.1.b)

bl- The bracing system must not have a discontinuous vertical load-bearing element,
whose charge is not transferred directly to the foundation.

b2- Both the stiffness and the mass of the different levels remain constant or decrease
gradually and without sudden loading from the base to the top of the building.

b3. The mass-to-stiffness ratio of two successive levels shall not vary by more than 25%
in each calculation direction. The variation in mass and stiffness from one floor to another
are negligible.

b4- In the case of elevation stalls, the variation in the dimensions in the plan of the
building

between two successive levels does not exceed 20% in both directions of calculation and
does

not is carried out only in the direction of a decrease with height. The largest lateral
dimension

of the building does not exceed 1.5 times its smallest dimension.

— No elevation stalls in both directions.

All the criteria of regularity in elevation (b1 to b 4) are respected, so the structure is classified
regular in elevation.

- So, the equivalent static method is not applicable, we must calculate the force total
seismic

applied to the base of the structure by the equivalent static method for compared with that

given by the dynamic method.

V.5.1 Calculation of seismic force : (RPA99V2003 art 4.2.3)

With this method, the effective seismic intensity is reported as times the maximum shear force
at
the base of the structure.

A: Acceleration coefficient of the zone.
D: Average dynamic amplification bill.
Q: quality factor.
R: coefficient of overall behavior of the structure.
W: Total weight of the structure.
» Acceleration coefficient of the zone (A):

The acceleration coefficient in zone lla is given by Table (4.1) of RPA99/Version 2003
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depending on the seismic zone and the building's use group.
Table V.2 Acceleration coefficient of the zone (A)

For a use group Al in zone Ila we have: A =0.25

» Average dynamic amplification bill (D) :

Depends on site category, depreciation correction factor (n) period fundamental of the
structure(T):

2.51 ifO<T<T,

2
p=]250(Z) if T,<T<3s
25 (%) (2) 7> 35

n: The damping correction factor: given by the formula:

— 7
=@

= 0.7

& : Percentage of critical depreciation that depends on several parameters, taken from the table
4.2 of the RPA99V2003:

Table V.3 Value of f

Wm reinforced concrete/ masonry

We have the structure is mixed supported by walls and porticoes with reinforced concrete

s0: §=10%
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S0: 1= /(2+10 =0.764 >0.7

So: n=0.764

T,: Characteristic period, associated with the site category and given by the table [4.7] of
RPA99/Version 2003.

Table V.4 value of T1 and T2

We have for site 2 -» T, =0.40 s
T: the fundamental period of the structure: According to the RPA99/V2003 art 4.2.4

> Formulal:
3

T= CTh}ZV
hy: Height measured in meters from the base of the structure to the last level:
hy =21.42m

Cr: Coefficient, function of bracing system,
Our structure is braced by reinforced concrete walls (Case 4), so: €y = 0.050

3
SO, T=Ty_, =Ty_, = 0.05 X 21.42%=0.4978 5
> Formula 2:
hy
D,

T,, = 0.09 x
"y

D, . Dimension of the building in the direction considered (x and y)

3
Ts=min (T =Crh? ; T,, = 0. ng\/ﬁ)
e Direction x-x

21.42 _
T, 009><\/_7 = T,=0541s

e Direction y-y

T, —009xj£:>T 0.355 s
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So:
Tx—emp =Min (T; T, ) =min (0.4978 s,0.541 s )

Ty _emp = 04978 s

Ty—emp =min (T, T, ) =min (0.4978 s,0.355s )
Ty_emp =0.355s

We note that: T, = 0.4s < T,_, = 0.4978 < 3s so we have:

D, =257 (2 )2—25><O764( )Z=1.65

0.4978
—>D,=1.65

And:0<T,_, =0.3555s <T,=040s
S0, we have:

D, =2.5n=2.5x%0.764 =191

- D, =191

» Quality factor (Q)
According to the RPA99/VV2003 page (42) the value of Q is determined by the formula:

Q=1+3P,

P, : is the penalty to be taken according to whether the quality criterion

q is met or not.

Its value is given according to the RPA in Table [4.4]

Table V.5 Value of Pq for the direction x-x

Quantity criterion q Not observed
1- Minimum condition on queues bracing I:||I|

-
——
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Table V.6 Value of Pq for the direction y-y

So > Q,=Q,=12
» Total weight of the structure (W) :
Total weight of the structure equal to the sum of the weights calculated at each level (i).
W=3W;
With:
W; = Wei +Wy;
And: =1,23...... n
We;: Weight due to permanent loads.
Wy Operating expenses.
B: Weighting coefficient depending on the nature and duration of the operating load as given
in table 4.5 RPA99/VV2003.

Residential buildings, offices or similar buildings so: g = 0.2
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Table V.7 Mass summary by story

Table V.7 Mass Summary by Stor

Stor IDiaphrang Mass I pois
[ o T o |
| 203566.8 || 2879.89
| 319000.71 || 3138.22 ‘

H

il

Story7 D1
Stor 1
Story5 |
Stor

]
|
:

{

D
D1
21677.8

The total weight W=W, =W, = 21677.8 KN

!

—
w
—
=)
<
w

—
w
=
=)
<
=

So:

e Seismic force for the direction x

AXDgXxQ

Vi = Cp X Wy = 222

X Wy

_ 0.25X1.65x1.2
5

v, X 21677.8

- V, =2146.1 KN

e Seismic force for the direction y

_ _ AxDyxQ
Vy =Cy X Wy = x Wy
V. = 0.25X1.91x1.2 X 21677.8

y 5

~ V, =2484.27TKN
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V.6 Response spectrum method : (RPA99V2003 art 4.3)

The dynamic study consists of determining the vibration characteristics, which can develop in
a given construction, with a view to estimating the seismic load of worst-case calculation.

The method of spectral modal analysis may be used in all cases, and in particular, in cases
where the equivalent static method is not permitted.

This method looks for up to forces generated in the structure by seismic forces represented by
the spectrum of design responses for each vibrational mode, these efforts are then combined
to produce a frame response.

V.6.1 Modeling :

For structures non-regular in plan, subject to torsion and having rigid floors, they are
represented by a three-dimensional model, embedded at the base and where the masses are
concentrated at the centre of gravity of the floors with three (03) DDL (2 translations
horizontal and vertical axis rotation).

V/.6.2 Calculated response spectrum :

The seismic action is represented by the following calculation spectrum:

(1.25 xAx(1+1><(2.5><n)><9—1) 0<T<T,
T R
s 2.5 x 1 X (1.25 xA)x% T,<T<T,
_a:< )
9 |25%xnx(1.25 xA)x%x(%)i T,<T<3s
2 5
(25 X1 X (125 X A) X2 X (2)7 x (2)s T > 3s

A: Acceleration coefficient of the zone.

Q: Quality factor.

R: Coefficient of overall behavior of the structure.

n: The damping correction factor.

T;, T, : Characteristic periods associated with the site category.

T: Period calculated.
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Coefficient d'accélération de zone

Zone sismique
| Zone 112 v

Importance de l'ouvrage
[1A v

Site
| site 2 v

Taux damortissement critique

[ Vailes ou murs (10%) v

Systeme de contreventement
[4a v |

Facteur de qualite

Obsevé  Non obsevé
Critere 1 (®) ®)
Critere2 (@) @
Critere3 () (=)
Critére 4 ®)
crittre 5 () Ol
Critere 6 (o)

[ calcuate |
A= 025
Ti= 0.15
= 0.40
(%)= 10.00
R= 5.00
Q= 1.20
n= 0.764

Facteur d'amplification dynamique

Données
Cocfficient Cy-

Hauteur hy

2142

Longueur de l'ouvrage

2950

Calculate D |

T= | 0.355 D= 1.909

Spectre de réponse Calcul d'une accélération

| Générer spectre | Valeur de la période

Nom du fichier

spectre xx-xx

= 0312 S,= 3066

Calculate |

@&

| Créer fichier texte |

Représentation du spectre de réponse

T(s)

Figure V.12 Response spectrum parameters direction X

Coefficient d'accélération de zone

Zone sismique
| Zone 112 v |

Importance de l'ouvrage
[1A v |
Site
| site 2 |
Taux d'amortissement critique

| Voiles ou murs (10%) v

Systéme de contreventement
|4a A

Facteur de qualité

Obsevé  Non obsevé
Critere 1 )
Critére 2 (o) O
Ciittre3 () )
Ciittre 4 (®) ®)
Critere 5 O
Critere6 ) (s

[ calcuate |
A= 025
T= 015
T= 0.40
E(%)= 10.00
R= 500
Q= 1.20
n= 0764

Facteur d'amplification dynamique

Données
Coefficient Cp
(4 M
Hauteur hy

21.42

Longueur de I'ouvrage

| calculate D

T= | 0.498 D= 1650

Spectre de réponse Calcul d'une accélération

Valeur d iode

| Genérer spectre |

Nom du fichier

(
specire yy-yy

= 0312| S,= 3086

Calculate |

o |2

| Creer fichier texte |

Représentation du spectre de réponse

25

05

Figure V.13 Response spectrum parameters direction y

Représentation du spectre de réponse

T(s)

Figure V.14 Response spectrum direction x and y
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V.6.3 Number of modes to consider : (RPA99V2003 art 4.3.4)

According to RPA99/version 2003 (article 4.3.4. a) for structures represented by planar
models in two orthogonal directions, the number of modes of vibration to be retained in each
of the two directions the excitation shall be such that:

The sum of the effective modal masses for the selected modes is equal to at least 90% of the
total structural mass.

Or that all modes with an effective modal mass greater than 5% of the total structural mass is
used to determine the total response of structure.

The minimum number of modes to remember is three (03) in each direction considered.

Table V.8 Number of modes

TABLE: Modal Participating Mass Ratios

@ Mode X SumUX I SumUY
[ Modal |
[ odal |
[ vodal |
[ vodal |
[modar |
[viocal |
[ vodal |
[ vodal |
[modar |
[vocal 10
[ modal |
[ vodal |
[vodar |

(=

ARG

Cc
<

RAIERSRARARN S

ke
N

fRERARAANRARANE

Period

sec
0.701
0.54
0.3
0.22
0.19
0.184
0.164
0.134
0.12
0.12
0.11
0.11
0.095

0.7452
0.0012
0.0003
0.00004731
0.1333
0.0042
0.0001
0.0003
0.0003
0.0036
0.0007
0.0001
0.0433

0.0028

0.0009
0.7221
0.0066
0.0197
0.0004
0.0366
0.0007
0.0034
0.0081
0.0177
0.0059
0.000001839
0.0054

0.0746

0.0001
0.0108
0.6988
0.0003

0.7452
0.7464
0.7467
0.7467

0.88
0.8842
0.8843
0.8846
0.8849
0.8886
0.8892
0.8893
0.9327

0.0009
0.7231
0.7296
0.7493
0.7497
0.7863
0.7871
0.7905
0.7985
0.8163
0.8222
0.8222
0.8276
0.9022

L]
T

0.0039
0.0202
0.0004
0.0002
0.0106
0.0018
0.0008
0.0124

5
7

L
T

11
12
13

ERREERARRARRRANT

AEARAAAARRRRERNA
HEARAAARRERRERNA

+ The sum of the effective modal masses:

e Direction X : Mode 13 = sum x = 0.9327

e Direction Y : Mode 14 — sum y = 0.9022

+ Behavior checks for the first three modes:
Model: Ux = 0.7452; Uy = 0.0009; Rz = 0.0001

So, this mode is translation in X-X.
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Mode2: Ux = 0.0012; Uy =0.7221; Rz =0.0108
So, this mode is translation in Y-Y.
Mode3: Ux = 0.0003; Uy = 0.0066; Rz = 0.6988

So, this mode is rotation.

Story4

Story3

story2

Figure V.16 View mode 2 Translation in direction y-y
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ON

\/
A

\ )

> :E _"‘ !__,

(V.

‘;g | I
A

Figure V.17 View mode 3 Rotation

V.6.4 Justification for estimating the fundamental period : (RPAV2003 art 4.2.4)

'TAnalytical =< Temp - T :TAnalytical
'Temp < TAnalytical <13 Temp - T= Temp
'TAna]ytical > 1.3 Temp - T=1.3 Temp

Table V.9 Verification of the fundamental period

| 0.4978 0.701 0.64714 0.6471

2

V.6.5 Effects of accidental torsion:

The effects of inadvertent vertical axis torsion should be considered when analysis using
plane models is conducted in both orthogonal directions, as stated in paragraph (4.2.7
of Version 2003 (RPA99).

Within the case of a three-dimensional investigation, in expansion to the calculated
hypothetical whimsy, an additional coincidental flightiness rise to £0.05 L (L being connected
at the level of the floor considered and concurring to each course).
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V.6.6 The arrangement of the walls :

The choice of positioning of the Walls must be symmetry as far as possible and satisfy a
certain
number of conditions:

- The number should be large enough to ensure that the is stiff enough while being
inexpensive,
and that the is easy to handle.

- The position of these walls must avoid damaging torsional forces for the structure.

1)

Figure V.18 The arrangement of the sails in 3D

X

(o

=

Figure V.19 The arrangement of the sails in plan
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V.6.7 Results of dynamic analysis by ETABS :

» Verification of resultant of seismic computing forces : (RPA99V2003 art 4.3.6)

The resultant of seismic forces at base V; obtained by combining modal values does not

shall not be less than 80 % of the resultant seismic forces determined by the method
equivalent

static V for a value of the fundamental period given by the formula appropriate empirical.

If V; <0.80V, it will be necessary to increase all the parameters of the response (forces,

displacements, moments,...) in the report r = Ofv

t

According to ETABS:

Table V.10 seismic computing forces

TABLE: Base Reactions

MI Step Type | -E

i I | 1821.7858 i 159.1504 i
_I Max | 148.2992 1919.7165 E

> Vpy=yFx 2+ Fy 2=,/(1821.7858) 2 + (159.1504) 2 =1828.72 KN

0.8 Vgry = 0.8 x 2146.1 = 1716.88 KN
We need to check that: Vp, > 0.8 Vgr,

= 1828.72 >1716.88........... Ccv

> Vpy=yFx 2 + Fy 2 =/(148.2992) 2 + (1919.7165) 2 =1925.44 KN
0.8 Vsry = 0.8 X 2484.27= 1987.416 KN
= Vpy > 0.8 Ve cvovennn CNV

So according to RPA If Vt < 0.80 V, it will be necessary to increase all the response
parameters (forces, displacements, moments...) in the ratio 0.8 V/Vt

_1987.416
T 1925.44

=1.03

So, we will go to load cases and multiply Ey in this coefficient.
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Table V.11 seismic computing forces
TABLE: Base Reactions

I Output Case I Step Type i i :II
I;IQ:::
[ o |

[ va [isnn7ssaf1sosoa | o |
[ & I wo Jsras0s]fooseeans] o |

> Vpy=yFy 2 + Fy 2 =/(157.3303) 2 + (2036.6225) 2 =2042.69 KN

0.8 Vsry = 0.8 X 2484.27=1987.416 KN

= 204269 > 1987416 ........... (@AY
V.7 Requirements common to methods "'static'’ and '"dynamic"" :

V.7.1 Justification of the choice of shear walls :

Shear walls system consisting of load-bearing reinforced concrete walls, (the System 2), this
system stipulates that shear walls take more than 20% of the stresses due to vertical loads.

According to ETABS: after draw a section cut, we get:
Pr = 21075.7318 KN
Pyan=5567.5735 KN

Pwall — 5567.5735
Pt 21075.7318

=026=26%>20%............ CvV

So, the shear walls system is justified.

V.7.2 Verification of renversement stability : (RPA99V2003 art 4.4.1)

It is not necessary to do this check in static equivalent method because this method is not
applicable so we will do this check just in the dynamic method.

The inversion moment which will be caused by the seismic activity should be calculated by
connection to soil-foundation contact level.

It must be verified that: —=Stbitity > 9 5

Renversement

Table V.12 The moments of renversement
TABLE: Base Reactions

Output m
Case Case Type I kN-m m

| Ex |LinRespSpec | 1692.4116 || 27422.5851
| Ey | LinRespSpec | 31424.0202 | 1566.0961
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e The moment of renversement in the direction X is equal to: My = 27422.5851 KN.m

e The moment of renversement in the direction Y is equal to: Mx = 31424.0202 KN.m

TableV.13 The moments of stabilit

TABLE: Base Reactions
I aOutput Case I Case Type I MX I My

O o [ o]

i Combination i 168349.2064 -359965.9769

e The moment of stability in the direction X is equal to: Mx= 168349.2064
e The moment of stability in the direction Y is equal to: My= 359965.9769

Direction x:
M ili 168349.2064
xSablity = =6.13>15 oo, Ccv
M x Renversement 27422.5851
Direction y:
M ili 359965.9769
Y Stabllty = =1145>15.......... cV

My Renversement 31424.0202

V.7.3 Calculation of displacements : (RPA99V2003 art.4.4.3)

The horizontal displacement at each level "k" of the structure is calculated as follows:
Ok = R X 6

d.1: Displacement due to seismic forces Fi (including torsional effect).

R: Coefficient of overall behavior of the structure.

The relative displacement at level "k" from level "k-1" is equal to:

Ak=6k - 5k—1
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e Under forceE, :

Table V.14 Maximum Story Displacement under force Ex

TABLE: Story Response

[ TABEStoyResone |
NI Elevation I S [ &[5, -0 [ k=3, — &, Ja-o.ommil k< |

[ [ o T om [ o | |
T T :EEED
[sonsl sosfa60e2 ][ s [ sost [ isais [ 306 | cv |
[sons|  sosf1saso [ s | 7105 | 1506 | 06 | ov |
[sona]l  sosf0sr [ s | o213 | 1620 | s06 | o |
stonal a6 7160 [ 5 | ssees | 1601 06 | ov |
[sonal sl o6 [ s | 1omss [ 153 ][ 306 |
[sonil sosl 128 W s 0 64 W s T 306 ]

e Under forceE, :

[ o |
[ o |

Table V.15 Maximum Story Displacement under force E
TABLE: Story Response

HI EIevatlonI 6, dy Izl_é‘k eka __Ak O —0r_1 -A =0.01hk

[ T o T o om ]
[ston7 ]| 3oel 13.366][ 5 | -mm_
[stovs]]  3.06][ 13076

[sons[ sosf tosof s T sorel 11se T soeffov |
[sonal  sos oeul s T seaa waeos T soeffov ]
[sons]  sosf eecsf s | sazos 1600 [ soeffov |
[sona  sosf serf s | wassf  wssss [ soelfov |
[sonil  sosf oml s T el 3ss T soefov |
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Story Response - Maximum Story Displacement

Summary Description

This is story response output for a specified range of stories and a selected load case or load combination.

Input Data

Name
Display Type
Load Case

Output Type

Plot

Story7

Story6

Storys —

Storyd —

Story3

Story2

Story1 —

Base

StoryRespl
Max story displ
Ey

Not Applicable

Story Range
Top Story

Bottom Story

All Stories
Story7

Base

Maximum Story Displacement

0.0

1.5 30

45

T T T
6.0 7.5 9.0

Displacement, mm

117
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10.5

T
12.0

T
135

15.0
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Tabulated Plot Coordinates

Story Response - Maximum Story Displacement

Summary Description

This is story response output for a specified range of stories and a selected load case or load combination.

Input Data
Name StoryResp3
Display Type Max story displ Story Range All Stories
Load Case Ex Top Story Story7
Output Type Not Applicable Bottom Story Base
Plot
Maximum Story Displacement
Story7T -

StoryG

Story5 -

Story4 -

Story3 -

Story2

Story1

Base T T T T T T T T T
0.0 2.0 40 6.0 3.0 10.0 12.0 14.0 16.0 18.0 20.0

Displacement, mm

Tabulated Plot Coordinates
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V.7.4 Verification of the effect P — A : (RPA99V2003 art 5.9)

The second order effect P — A can be neglected in the case of building if the following
condition is satisfied for each level.

Py AK
vk.hk

P.: Total weight of structure and associated operating costs above level k

Pk: Z?:k(w(;i + B in)

0=

<0.1

Vi.: Shear force of each story.
Ak : Relative displacement of story k compared to story k-1.
hy: Story height k.

e Direction X

Table V.16 The effect P — A in direction X

! TABLE: Mass Summary by Story

[o<01]
[
[ o ]

vV

@m Ak shear x hy )
1147
13.115 || 899.5228 || 3060
1202.6288 || 3060
3060
Story3 16.01 (§1633.8853 1 3060
13.435 || 1764.1018 || 3060

[stoal[ s317s | 64 Jreor7sss][ soc0 ]

e Direction Y
Table V.17 The effect P — A in direction y
TABLE: Mass Summary by Story

512.8407

3060 0.021

C
0015 | ov |
0013 | o |
0011 | ov |
0010 | o |
cv
v

L
[HE

0.0078 -
(00035 [ cv_|

BERERERNE

i
IIII!IIDH

QaRdRcaant
]

[o<o1]
[ ]
0.0027 | v |
0.0059 || ov |
0.0087 || ov |
00092 | ov |

cv

cv

v

w

Story

[

2879.89
[storys [ 3113.30
[storys [ 3138.22
3138.22
3138.22
3138.22

Py sheary
488.5165
961.9409
1359.1067
1655.7041
1863.8
1990.8976

3060
3060
3060
3060
3060
3060

5.62
11.54
16.09

13.385

T
|

00088 || ov |
00068 || v |

RERRERANS
LN
L
IIII!IIUI
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Summary Description

Story Response - Story Shears

This is story response output for a specified range of stories and a selected load case or load combination.

Input Data

Name
Display Type
Load Case

Output Type

Plot

Story7

Story6

Storys —

Storyd —

Story3

Story2

Story1 —

Base #

StoryResp3
Story shears
Ex

Not Applicable

Story Range

Top Story

Bottom Story

Story Shears

All Stories

Story7

Base

0.00

T T
020 0.40

T
0.60

T
0.80

T
1.00

Force, kN
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T
1.20

T
1.40

T
1.60

1.80

1
200 E+3
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Summary Description

Story Response - Story Shears

This is story response output for a specified range of stories and a selected load case or load combination.

Input Data

Name
Display Type
Load Case

Output Type

Plot

Story7

Story6

Storys —

Storyd —

Story3

Story2

Story1 —

Base #

StoryResp4
Story shears
Ey

Not Applicable

Story Range

Top Story

Bottom Story

Story Shears

All Stories
Story7

Base

0.00

T T
0.25 0.50

T
0.73

T
1.00

T
1.25

Force, kN

121

T
1.50

T
1.75

T
2.00

T
225

1
250 E+3
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V.7.5 Verification of reduced normal effort N :

To limit the risk of rupture of vertical elements (column) under the action of the earthquake,
the following condition must be met:
Ng
vV=——o——
Bc X fc28

With:

< 0.30

Ng4: The normal effort exerted on a section of concrete.
B.: The area of the gross section.
fe2s: The characteristic strength of concrete.

If the condition is not verified on one of the elements of a floor, it means that the element in
question does not withstand the earthquake stress and must change the pre-defined pre-design.

Example of the calculation: for the columns of ground floor with the section (40x40)

Story Column P

kN
Story c21 -1184.6752
Story1 c21 -1184.6752
Story1 c21 -1182.2272
Story1 g -1182.2272
Story C15 -1173.832
Stnru 18 1173 /2D

Figure V.20 Element forces for columns

_ 1184.6762x1073

=0.29616 <030 ............... Ccv
0.40X0.40X25

V.8 Conclusion :

Now after the arrangement of the shear walls and on the increase of the dimensions of the
structural elements we are able to meet all the conditions required by RPA99V2003. This
allows us to continue with the calculation of structural elements.
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CHAPTER VI: Reinforcement of structural elements:

V1.1 Introduction :

The structure withstands gravity and seismic loads thanks to its main supporting elements,
which consist of all stiffening elements: columns - beams and walls, these elements must be
large enough, armed (remains) and well organized to receive all the various requests and
forward them to the foundation.

Calculation of the beams :

They are horizontal structural elements that are designed to withstand and transfer loads applied
perpendicular to their longitudinal axis. They play a crucial role in supporting the weight of
floors, roofs, or other structural components in buildings

The beams are solicited in simple bending, sound a sharp force and a bending moment
considering the cracking as being harmful, this allows the determination of the longitudinal
reinforcements, the sharp force makes it possible to determine the transverse reinforcements.

V1.2 Reinforcements of the beams :

There are two types of beams, main and secondary. After determination of the stresses (M, N,
T) reinforcement shall be carried out in accordance with the requirements given by the
RPA/2003 and those given by the CBA93.

VI1.2.1 Combination of reinforcement of beams :

Using the civil engineering software ETABS, the internal forces of each section of the elements
for the different calculation combinations are determined:

» Combinations given by the CBA93 art 6.1.2:

{ULS = 1.35G + 1.5Q
SLS=G+Q

» Combinations given by the RPA99V2003:
G+Q+E

(This combination gives a maximum negative moment in absolute value on the supports)

{0.86 +E
0.8G-E

(This combination gives a minimum negative or positive moment in absolute value on the
supports)

With:
G: permanent loads. Q: Operating loads. E: Seismic loads

V1.2.2 Various regulatory recommendation and requirements for beams :

e Longitudinal reinforcements :

- The minimum reinforcement according to CBA93 (condition of non-fragility):
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_ 0.23xbxdXf¢28

Amin fe

Percentage of steels according to (RPA 99V2003 art 7.5.2):
- The minimum total percentage of longitudinal steels along the entire length of the beam
is 0.5% in any section, that is mean:
Arpamin =0.005xX b X h
- The maximum total percentage of longitudinal steels is:
- 4% of the concrete section in the running area.
- 6% of the concrete section in the covering area.
- The minimum overlap length is 40x@ (zone Ila)
- The anchoring of the upper and lower longitudinal reinforcements in the columns of
angle and angle shall be made with 90° hooks.
- The node frames, arranged as transverse reinforcement for the columns, are made up of
two superimposed U forming a square or rectangle.
e Transverse reinforcements : (RPA99V2003 art 7.5.2.2)
v The minimum quantity of transverse reinforcement is given by:
A, =0.003 xS, xb
v The maximum spacing between the transverse reinforcements is given as follows:

S: = min (h/4;12x@;).in the nodal zone.
S: < h/2: outside the nodal zone.

v The value of the diameter @, is the smallest diameter used.
v" The first transverse reinforcements must be placed not more than 5 cm from the bare of
support or embedding.

e Verification of shear stresses :

The shear stress is given by:

Va _
T, =—=<T
U pxd — ¥

-T,=min (0.2f.,5/Yp;5 MPa) minimally detrimental cracking.
-T,= min (0.15f,,5/yp;4 MPa) detrimental or very detrimental cracking. (2.2MPa)

VI1.2.3 Calculation of main beams : (30 X 35) cm?

The beams are calculated in simple bending by considering the combinations above with:
ULS:

1.35G + 1.5Q
The Poisson's coefficient is: v = 0 for: 0.8G + E
G+Q+E
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Mechanical Property Data
Modulus of Basticity, E 32164 .2 MPa

Poisson’s Ratio, U
Coefficient of Thermal Expansion, A C 1/C
Shear Modulus, G 16082.1 MPa

FigureVI.1 The Poisson's coefficient at ULS

SLS:

The Poisson coefficient is: v = 0.2 for: G+Q

Mechanical Property Data
Modulus of Basticity, E 32164.2 MPa
Poisson's Ratio, U

Coefficient of Thermal Expansion, A ( 1/C

FigureVI.2 The Poisson's coefficient at SLS

The maximum stresses used From ETABS are:

Table VI.1 Maximum loads for main beams

Mspan (KNm) Msupport (KNm) V(KNm)

G+Q=xE 82.7419 -111.4879 137.7172
0.8G+E 76.6446 -100.8512 129.3995

V1.2.3.1 Longitudinal reinforcements :

ULS:
(h=35 cm, b=30 cm, d=0.9xh= 31.5 cm, f,.= 14.2 MPa, o, = 348 MPa)

On Span :
Mspan = 39.5581 KN.m

_ Mspun
u bXdZbeC
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_39.5581x1073
T 0.30%0.315%2x14.2

u =10.093 <0.186 — Pivot A

=0.093 < ;= 0391 — A, =

0

a, =1.25 x(1-/1-2pn)

a,=1.25 x (1-Vv1 — 2 x 0.093)=0.122
B =08 X a,=0.0976

Ag= B xbxdx L

4
A;=0.0976x0.3%0.315% 14'3?:810 =3.76 cm?
On support :
Mgupport = 51.5369 KN.m
_ Mspan
” - bXdZbec

__ 51.5369x1073
"~ 0.30x0.3152x14.2

u=0.122 <0.186 — Pivot A

=0122<p;=0391 - A, =0

a, =1.25 x(1-,/1—2p)

@,=1.25 X (1-V1 -2 x0.122) =0.163
p =08 X a,=0.1304
A= XbxdX %

A=0.1304x0.3x0.315x 222

348

=5.03 cm?

A=5.03 cm?

Calculation of reinforcement on the upper layer of the support :

G+Q+E

(h=35 cm, b=30 cm, d=0.9%Xh=31.5 cm, f;.= 18.48 MPa, g, =400 MPa)

Msupport = 111.4879 KN.m

Msupp

= pxaz Xfbe

_ 111.4879x1073
K= S 30x03152x18.48

1 = 0.203>0.186 = Pivot B

a, =1.25 x(1-/1-2p)
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@,=1.25 X (1-V1— 2 x 0.203) = 0.287
B = 0.8x0.287=0.2296

18.48x10%
400

Ag=0.2296%0.3%x0.315X% =10.02 cm?

Ag=10.02 cm?
Calculation of reinforcement on the lower layer of the support :

0.8G+E

Msupport = 100.8512 KN.m

— Msupp
” bxd? bec

__100.8512x1073
T 0.30%0.315%x18.48

p = 0.183 < 0.186 — Pivot A

a, =1.25 x(1-,/1-2p)

a,=1.25 X (1-/1—2 % 0.183) = 0.255
B =0.8 X a,=0.204

=0.183 <p; =0391 - A, =0

4
Ag=0.204X0.3X0.315X =22 =8 91 cm?

A==8.91 cm?

V1.2.3.2 Verification required :

» Condition of non-fragility:(CBA93)

_0,23xXbXdXfg _ 0,23%0,3%(0,9%0,35)x2,1

Asmin = 7 = 200 =1,14 X 107* m? = 1,14 cm?

So0: Ag min = 1,14 cm?
» Minimum section of steels (RPA99V2003) :
A minrpa = 0,5% Db X h

As minrpa = 1= X 30 X 35 = 5.25 cm?

So: Ag minrpa = 5.25 cm?

On span:
As=max (As , As min> As minrpa) = mMax (3.76; 1.14; 5.25) = 5.25 cm?
So, we take:

Ag span = 3HA16= 6.03 cm?
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Reinforcement on upper laver supports :

Ag=max (A, As min> As minrpa) = max (10.02; 1.14; 5.25) = 10.02 cm?

So, we take:
As sup = 3HA16+3HA14=10,65 cm?
Reinforcement on lower layer supports :

AS = max (AS , AS mins AS min RPA) = max (891, 1.14 5 525) =8.91 sz

So, we take:
Ag sup = 3HA16+2HA14=9,11 cm?
» The maximum percentage of steels (RPA99/2003 a.7.5.2.1)

As < A max
As yax= 0.04Xbxh — In the current zone.
As max= 0.06Xbxh — In the overlap area.
— In the current zone :

As max=0.04x30%35

AS Max: 42 sz
As Max=42 cm?® = Aggyp=10.65 cm? —» CV
As max=42 cm® = Aggpan=6.03 cm?® - CV

— In the overlap area :

Ay yax=0.06X30%35
A yax= 63 cm?

As max=63 cm® = Aggyp=10.65 cm?® - CV

As max= 63 cm? > Ag span = 6.03 cm? - CV

- overlap length
In (Zone 1la)
L=40x0

L1=40x1.6 =64 cm
L2=40x1.4 =56 cm.

- Nodal zone length
L'=2Xh=2%35=70 cm
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V1.2.3.3 Transverse reinforcements :

(h b
@i < min {ﬁ; Dy 1—0}

. (350 300 )
B < min{Z2; 16,22} = min{10; 16; 30} = 10 mm

We take:
D¢ = 8 mm.
Calculation of spacing :

- CBA:
S < min (0.9d ; 40)= min (31.5; 40)
S=20cm

- RPA:

In the nodal zone :

S¢ < min (h/4;12x@,)= min (8.75;19.2) =8.75 cm
S.=8cm.

Outside the nodal zone :

h

St

IN

2
35

St .
Se=17.5cm

IN

We choose: ;=15 cm

Minimum cross-section of transverse steels :

In the nodal zone:

A, = 0.003 X 8 X 30=0.72 cm?

Outside the nodal zone:

A = 0.003 X 15 x 30 =1.35 cm?

For the both zones: A;=4T8 =2.01 cm?

VI1.2.3.4 Verification of shear force : (C.B.A 93 A.5.1.2.1)

Tu=Ty
Minimally harmful cracking so:

7.< (02x 22 5 MPa)

Yb
7,<(3.33; 5 MPa)
7,=3.33 MPa.
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Tu™

_137.7172%x1073
u 0.3x0.315

V1.2.3.5 Service limit status check :

=l46MPa<T, ...t Cv

- As cracking is not harmful (little-harmful) ......................... Cv
- The steel used is of grade FEE400...........c.cccovvveecviiennennnee. Cv
- The section is rectangular (30X35) ..ccceevvvveeeiieeeiieeeieeee, Cv
- Simple bending..........cocvvieeiiieeiiieeeeee e CV

If the following condition is met, the limitation of stresses in concrete will be unnecessary:

It must be verified that:

Y-1 | fc2s
a < 2 + 100
M,

With: y =

ser

On span :
a=0.122

-1
< 14 + fcos
2 100
395581

T 287211
a=0122<

a
=137

L3771 L 25 435, . cv
2 100

On the upper layer of the support :

a=0.287
2 100
— 111.4879 _ 297
37.4546
a=0287 <2211 2 _ 1035 CcV
2 100

On the lower laver of the support :

a=0.255
y-1 + Jeas
2 100

_100.8512
T 37.4546

a <

=2.69

2.69-1
2

a =0.255 <

+22 =1.095.......... Ccv
100

All conditions are verified so there is not verification at SLS.
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> Arrow verification :

It is not necessary to check the arrow of the three condition listed below are verified
simultaneously.

o N>l L0 0071 =00625 i cV
L 16 5 16
Agspan _ 4.2 6.03 4,2

° “oxd < E m < E — 0,00638 < 0,0105 ..oiiiii e, CV
523(&£Ja1§ziﬂﬂiaop72QM6 ...................................... cv
1 10 MO 5 10X62.79

So, the arrow verification is not necessary.

V1.2.3.6 Shema Reinforcement:

3HA16 3HA1A
e — 2
frame+1lert 8
n frame+1ert 8 ph
l . 2HA14
R S YT C T 3hate
— 30 — — 30 —4
Figure V1.3 Reinforcement on support-Main beam- Figure VI.4 Reinforcement on span -Main beam
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V1.2.4 Calculation of secondary beams: (30 x 35) cm?

The beams are calculated in simple bending by considering the combinations above with:

ULS:

135G + 1.5Q
The Poisson's coefficient is: v = 0 for: 0.8G + E
G+Q+E
Mechanical Property Data
Modulus of Blasticity, E 32164.2 MPa
Poisson's Ratio, U
Coefficient of Thermal Expansion, A C 1/C
Shear Modulus, G 16082.1 MPa

FigureVL5 The Poisson's coefficient at ULS
SLS:

The Poisson coefficient is: v = 0.2 for: G+Q
Mechanical Property Data
Modulus of Blasticity, E 32164.2 MPa

Poisson’s Ratio, U
Coefficient of Thermal Expansion, A ( 1/C

Shear Modulus, G 13401.75 MPa
FigureV1.6 The Poisson's coefficient at SLS

The maximum stresses used From ETABS are:

Table V1.2 Maximum loads for secondary beams

| 96.412 144.2308

0.8G+E | 93.5545 -89.6821 133.8859
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VI1.2.4.1 Longitudinal reinforcements :
ULS :
(h=35 cm, b=30 cm, d=0.9xh=31.5 cm, f;,.= 14.2 MPa, g, = 348 MPa)

On Span :
Mspan =42.6974 KN.m

. Mgan
Il bXdZbeC

_ 42.6974x1073
 0.30%0.3152x14.2

i =0.101 < 0.186 - Pivot A
a, =1.25 x1-,/1-2p)

a,=1.25 x (11 —2 x 0.101)=0.133

B=0.8X a,=0.1064

=0.101 <y =0391 - A4, =0

A= B Xbxdx %

Ag=0.1064 X0.3X0.315x —2
348

A=4.1 cm?

On support :

Msupport = 62.8443 KN.m

_ Mgyan
” bXdZbec

_ 62.8443x1073
T 0.30%0.3152x14.2

p = 0.148 < 0.186 — Pivot A

a, =1.25 x(1-,/1-2p)
a,=1.25 x (1-/1 =2 x 0.148) = 0.201
B =0.8 X a,=0.1608

= 0148 <p; =0391 — A, =0

A= B xbxdx L=
A,=0.1608 X0.3%0.315% —2
348

A=6.2 cm?
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Calculation of reinforcement on the upper layer of the support :

G+Q+E
(h=35 cm, b=30 cm, d=0.9xh=31.5 cm, f;,.= 18.48 MPa, o, =400 MPa)
Mgupport = -93.8938 KN.m

_ Mgpan
Il bXdZbeC

_93.8938x1073
0.30%0.315°x18.48

u=0.171 <0.186 = Pivot A

=0171 <y, =0391 > A, =0

a, =1.25 x(1-/1-2p)
@,=1.25 X (1-V1—2 x 0.171) = 0.236
B =08 X a,=0.189

A= B Xbxdx %

18.48

Ag=0.189 x0.3X0.315X ——
400

A= 8.24 cm?

Calculation of reinforcement on the lower layer of the support :
0.8G+ E

Msupport = 89.6821 KN.m

_ Mgpan
H=
bxd bec

__ 89.6821x1073
0.30%0.315°x18.48

u=0.163 <0.186 - Pivot A

=0.163 <y =0391 - A, =0

a, =1.25 x(1-,/1-2p)
a,=1.25 x (1-/1 =2 % 0.163) = 0.223
B =08 X a,=0.1784
A= B xbxdx ’;L
18.48

Ag=0.1784 x0.3X0.315X ——
400

A="1.79 cm?
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V1.2.4.2 Verification required :

» Condition of non-fragility :(CBA93)

0,23xbxdx 0,23%0,3%(0,9%0,35)%2,1 _
Ay = Jezs =1,14 x 104 m? = 1,14 cm?
smin fe 400

So: Ag min = 1,14 cm?
> Minimum section of steels (RPA99V2003) :
As minrpa = 0,5% b X h

A minrea = 1o X 30 X 35 = 5.25 cm?
So:
On span:

As=max (As, As min> As minrpa) = Max (4.1; 1.14; 5.25) = 5.25 cm?
So, we take:

Ag span = 3HA16=6,03cm?

Reinforcement on upper laver supports :

As=max (As , As min> As minrpa) = Max (8.24; 1.14; 5.25) = 8.24 ¢m?

So, we take:
As sup = 3HA16+2HA14=9,11 cm?

Reinforcement on lower layer supports :

As=max (As , As min> As minrpa) = max (7.79; 1.14 ; 5.25) = 7.79 cm?
So, we take:
As sup = 3HA16+2HA14=9,11 cm?

» The maximum percentage of steels (RPA99/2003 a.7.5.2.1)

As = As Max
Ag max= 0.04Xbxh — In the current zone.
As max=0.06Xbxh — In the overlap area.

— In the current zone :

As max=0.04x30%x35
As max=42 cm? = Aggyp=9.11 cm?* - CV

As Max=42 cm® = Aggpan=06.03 cm® » CV
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— In the overlap area :

Ag max= 0.06X30%35

As yax= 63 cm?
As Max=63 cm® = Aggyp=9.11 cm? » CV
As Max=63 cm® = Aggpan=06.03 cm?® » CV

> The minimum overlap length :

In (Zone Ila)
L=40x¢

L1=40%x1.6 = 64 cm
1L.2=40x1.4 =56 cm.
> Nodal zone length

L'=2xh=70 cm
V1.2.4.3 Transverse reinforcements :

be < mi h_@_b
tr_mmiﬁ, L }

10
. 350 300 .
B < min{=2;16;22) = min{10; 16; 30} = 10 mm
We take:
D = 8 mm.

Calculation of spacing :
CBA
S¢ < min (0.9d ; 40)= min (31.5; 40)
S:=20 cm
RPA

In the nodal zone :

S¢ < min (h/4;12x@;)= min (8.75;19.2) = 8.75 cm
S=8cm.

Qutside the nodal zone :

St

IA

St
Se=17.5cm

IA

We choose: §;=15 cm
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Minimum cross-section of transverse steels :

At=0'003 XStXb

In the nodal zone :

A; = 0.003 X 8 x 30=0.72 cm?

Outside the nodal zone :

A, = 0.003 x 15 X 30 = 1.35 cm?

For the both zones: A;=4T8 =2.01 cm?

VI1.2.4.4 Verification of shear force : (C.B.A 93 A.5.1.2.1)

Ty <Ty
Minimally harmful cracking so:
7= (02x 2, 5 MPa)
b
7,=3.33 MPa.
=7
U pxd
-3
Ty= oA | 04 MPA < Ty oo, CV
0.3x0.315
VI1.2.4.5 Service limit status check :
- As cracking is not harmful (little-harmful) .......................... Cv
- The steel used is of grade FEE400...........cccevvvverecieennnennne. Cv
- The section is rectangular (30X35) ..cccevvcvveeeciieeriieeeieeee Cv
- Simple bending........cccoveviriiiniiniiic Cv

As the condition below is verified, stress limitation in concrete will be unnecessary.
It must be verified that:

y;1+ff£

a
< 2 100

With: y = -

ser

On span :
a=0.133

2 100
2.69
=27 — 138

"~ 30.9137
1.38-1 . 25

a=0133<——+—=044.......... CvV
2 100
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On the upper layer of the support :

a=0.236
2 100
— 93.8938 =206
45.5737
a=0236<22711 25 _078. . CcV
2 100

On the lower laver of the support :

a=0.223
a < y-1 + Jeas
2 100
— 89.6821 _ 198
45.5737
a=0223<281 12 074, ... cv
2 100

All conditions are verified so there is not verification at SLS.

Arrow verification :
It is not necessary to check the arrow of the three condition listed below are verified

simultaneously.
o 2>l L5 007122 =0.0625 oo &Y
L~ 16 4.9 16
As span 4,2 4.1 4,2
[ ] W S E - m S E g 0,004‘3 S 0,0105 ................................... CV
D> L (Muser) |, 035 5 BT, 0,071 2 0,053 oo cv
1 =15\ M, 4.9 14.02

So, the arrow verification is not necessary.
V1.2.4.6 Shema Reinforcement :

3HA16 IHA16

frame+lert8

\ frame + 1 ert 8 o
_.'i._i_.— 2 Hﬂ 1 4 | ] | -
“ L e e i 1 1
_ 3HA16 | 3HA16
} - 30 - — 30 . |
Figure V1.7 Reinforcement on support Figure V1.8 Reinforcement on span
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V1.3 Reinforcements of the columns :

Columns are vertical structural element that transmits, through compression, the weight of the
structure above to other structural elements below. Columns are typically cylindrical in shape,
though they can also be square, rectangular, or other geometric shapes. They serve to support
the load-bearing capacity of a building or structure and are often arranged in rows or groups
to form colonnades or other architectural features.

The reinforcement of the columns is calculated in compound bending as a function of the
normal force (N) and of the bending moment (M) in both directions, given by the most
unfavorable combinations.

VI1.3.1 Combination of loads :

» Combinations given by the CBA93 art 6.1.2:

{ULS = 1.35G + 1.5Q
SLS =G+ Q

» Combinations given by the RPA99V2003:
0.8G +E
{G +QtE
The steel section will be calculated for different combinations of internal forces:

Nmax = Mcorrespondant
Nmin = Mcorrespondant

Mmax = Ncorrespondant

With:

Npax : maximum normal effort
Nphin : minimum normal effort
Nmax : maximum moment

V1.3.2 Various regulatory recommendation and requirements for columns :

V1.3.2.1 Longitudinal reinforcements : (RPA99V2003 art.7.4.2.1)

Longitudinal reinforcements must be high adhesion, straight and devoid of brackets:
- The minimum percentage is: 0.8 % (Zone Ila).
- The maximum percentage and 4% in running area.
- The maximum percentage and 6% in covering area.
- The minimum diameter is 12mm.
- The minimum overlap length is 40x@ (zone Ila).
- The distance between the vertical bars in one face of the post must not exceed25cm.
- Overlay junctions should be made, if possible, outside nodal areas (critical areas).
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VI1.3.2.2 Transverse reinforcements : (RPA99V2003 art 7.4.2.2)

v' The transverse reinforcements of the columns are calculated using the formula:
Ar _ paVu
t hf,
V,: Is the shear effort of calculation.
h : Total height of gross section.

fe: Yield stress of transverse reinforcing steel.

o O O O

pa: Is a correction coefficient that takes into account the brittle mode of fracture by sharp
force.

It is taken equal to 2,50 if the geometric slenderness A, in the direction considered, and is

greater than or equal to 5 and 3,75 otherwise.

o t: is the spacing of transverse reinforcements.

V1.3.3 Solicitations in the column :

Calculation of Solicitations according to the worst combinations are extracted directly of the
ETABS22 software, and the results are summarized in the following tables for each column:

V1.3.3.1 Column (40x40) :

Table 1V.3 Solicitations in the column 40x40 from Etabs2022

K E :l:l:l-

| D -52 935 -502 488

.I | 1036.414 21. 06

-423.1 36.03
-333 774 37 12
-604.655 51.23

-105.4449

-109.9161
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Calculation of longitudinal reinforcements :
h=0.40m; b=0.40m ;d=09%xh=0.36 m ; L=3.06 m
< ULS:

Casn’'1l:

N, = —1446.4604 KN
M, = —0.195 KN.m
M, = —0.4281KN.m

Calculation of eccentricity : CBA93

e=e;t+e,te,

With
— My
e = N
e, = max {Zcm, ZLR}
312
— f
€2 = Toooon (2 +a®)

Li= 0.7L = 0.7x3.06=2.142 m

My 10x(1-—22 ) = 6.96

u
1.5XMger 1.5%0.4281

a=10x(1-

M. 0.195
e, =u__91% __013cm
Ny 1446.4604

e, = max {ZCm; %} =max{2cm; 1.224 cm} = e, =2 cm

312
— f : —
€ = oo 2+ a®) with@ =2
2
e,= —2 (9 4 6.96 x 2) =0.10cm
10000x0.40
So:

e=0.013+0.10+2==2.112 cm

Calculation of the maximum centered compressive force supported by the concrete :

Refill coefficient w :

g =M _ 1446.4604x10~3
"~ bxhxfp.  0,40X0,40%14,2

= 0,637 < 0,81

And we calculate the relative eccentricity ey :
eNC = E X h

2
v < -
3
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_ 1+/9-12v  1+,/9-12x0637 0.129
&= 4X(3+/9-12w) 4x(3+/9-12x 0637)

enyc = € X h =0.13x0.40=0.052 m=5.2 cm
So:
e =0.0211 < ey, =0,052m

So, the section is entirey compressed, does not reach the minimum reinforcement percentage.
A= (4% The perimeter; 0.2%< A/B < 5%)
A=4x0.40X4=6.4 cm?

0.2%< % = 0.004 = 0.4% < 5% ....ovvvvnn... cvV
So:

As = 6.4cm?

Cas n’'2:

Ny = —14.246 KN
Mo = 0.411 KN.m
M., = 23.12 KN.m

Calculation of eccentricity : CBA93

e=e;+e,te,

Li= 0.7L = 0.7x3.06=2.142 m

a=10X(1—=2—) = 10X(1—22) = 9.88
1.5XMgey 1.5%23.12

o, = Mu_ 041 _ 5 eesm

17 N, 14246

e, = max {ZCm; ﬁ} =max{2cm; 1.224 cm} = e, =2 cm

250
=Y (2 4 ap) with @ = 2
e, = 10000h( + a@) with @ =
2
o= —21 (51988 x2) =747 cm
10000x0.40
So:

e =eq+eyte, =12.355 cm
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Calculation of the maximum centered compressive force supported by the concrete :

Refill coefficient w:

Ny 14.246 x1073
l.IJ —_— —_—
bxhxfyc 0,40%x0,40%x14,2

= 0.0062 < 0,81

And we calculate the relative eccentricity ey :

enc = §xh

2
vy < -
3

_ 1+,/9-12v  1+,/9-12 X 0.0062 —0.166
§= 4X(3+9-12w) 4x(3+/9-12 x 0.0062)

enc = £xh =0.166x0.40=0.0664 m

So:
e=12355cm <eyc=6.64cm .................. CNV

So, the section is partially compressed.

The fictional moment:

h
Mpiceip=My+N, X((d+e)-7)

Mpicei= 14246 X((0.36+0.1235) - 22) = 4.04 KN.m

One calculated the reinforcement of section subjected to simple bending under My; ;¢
So:

Mfictif
U=

bXdZbec

_ 4.04x1073
K= o 4ox0362x142

a, = 1.25 x(1 - /T—2x)

a,=1.25 X (1-V/1 =2 x 0.0054) = 0.0067

=0.0054 < 0.186 — Pivot A

p=0.8 X a,=0.0053

f
ASfiCtif: 'B XbXdX O'LSC
A =0.0053 X0.40X0.36X =2 =311 cm?
s fictif— Y- xX0. xX0. X%— . cm
So:
Nu 14.246%x 1073
AS: ASfiCtif - a: 3.20 - T = 3.10 sz

So: Ag = 3.10 cm?
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Casn’3:

Ny = —146.725 KN
Mo = —29.464 KN.m
M., = 9.54 KN.m

Calculation of eccentricity : CBA93

My, 29.464
@=10X(1-—) = 10X(1-700 ) = 305
e, = u_ 2% _ (2008 m=20.08 cm
Ny 146725
e, = max {Zcm; %} =max{2cm;1.224 cm} = e, =2 cm
2
o= —2 (5 _30.5x% 2) =-0.2026 m = -20.26 cm
10000x%0.40
So:

e =20.08+2-20.26=1.82 cm

Calculation of the maximum centered compressive force supported by the concrete:

Refill coefficient w :

o = N _ 146.725x1073
" bxhxfpe  0,40X0,40%14,2

= 0.064 < 0,81

And we calculate the relative eccentricity ey :

eyc = §xh

2
y < -
3

_ 1+/9-12v _ 1+,/9-12x 0.064 — 0.165
§= 4x(3+/9-12w) 4x(3+,/9-12x 0.064)
enc = § X h =0.165%0.40=0.066= 6.6 cm
So:

e=182cm <eyc=66cm ........ooeiiiiinn. Cv

So, the section is entirey compressed, does not reach the minimum reinforcement percentage.
A= (4% The perimeter; 0.2%< A/B < 5%)
A=4%0.40X4=6.4 cm?

02%< 2% = 0.004 = 0.4% < 5% ..ooovoovo.. cV
1600

So:

Ag = 6.4cm?

The other accidental cases are summarized in the following tables:
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Tuble V4 The other accidental cases t)fu)lumn 45%x45

section

0013 | 010 2.112 | 0.637 |0129| 5.2 | Entirely
compressed

I
o
=
>

D
1
EE]
E
Il

2.885 7 47 12.355 | 0.0062 || 0.166 § 6.64 partially
compressed
20.08 1.82 [ 0.064 JO.165[f 6.6 Entirely
20 26 compressed
1 25 || 6.28 0.673 ally
compressed
4.61 0.25 1581 7.11 Entirely
compressed
102.23 |f 0.0205 [J 0.166 [} 7.47 Partially
compressed
-1.72 | 0.527 || 0.14 Entirely
compressed

Eli
EI
S

=)

12

=

| 4.96 | Parti

=)

EI
DOAL

6.07 [§ 0.2797 |§ 0.16 |§ 7.2 Entirely
compressed

95.14 § 0.016 [J0.166[§ 7.84 Entirely
compressed

EILIEIEID

T
T
T
T
™

I
i 3.10

2.585 | ‘

Comb

s

44.04 0 0054 0.054 | 0.053
Ui 341.133 | 0.463 i i 0.17 0.044
T =
Iﬂljlj-
B L[
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V1.3.4 Verification required :

» Condition of non-fragility :(CBA93)

As = As min
0,23XbXxXdx 0,23%0,40%0.36%2,1
Asmin = Jizs = = 1.74 cm?
fe 400

Ag = 6.4 cm? = 2.2 cm?
» Minimum section of steels (RPA99V2003 art .7.4.2.1):

As minrpa = 0,8% b X h
As minrpa = 1oe X 40 X 40 = 12.8 cm?

So: Ag min = 12.8 cm?
Agmin = 12.8cm? > A= 6.4 cm?

So: A;=12.8 cm?

We take: Ag = 4016 + 4914 = 14.19 cm?

> Maximum percentage of longitudinal steels :

In running area :

Asmax = As

As max =4% X b X h ==X 40 X 40

= Ag ax = 64 cm?

Agmax=64cm? > A;=17.09cm? ................ CVv

In covering area:

AS max 2 AS

As maxrpa= 6% X b X h=—=X 40 X 40

= As maxrpa = 90 cm?
Ag max=96cm? > A =17.09cm? ................ Ccv

The minimum diameter :

Dpmin = 12mm > 12mm .......... CvV

The minimum lap length for zone Ila is :

Ligp = 400 = 40 x 12 = 480mm

- The maximum distance between two vertical bars in one side of the column must not
exceed 25 cm.
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Verification of SLS

- The concrete stress:
Opc < Opc

With: 3, = 0.6f.,5 = 15 MPa

- The steel stress:

os < 05

With:
7 = minf2 x £, ;110 /T6 X f;; }= min{Z x 400 ; 110vT6 x 2.1}
= o0, =201.6 MPa
Calculation of the position of the neutral axis :

Mo _ 5123 _
N,  —604.655 o

e =

. h )
We compared with S to know the type of section

b9 _51m>e=-0.08m
4 4

So, the section is Entirely compressed then, there is to check that the concrete compression
condition.

e The area of the homogeneous section :
S=bxh+15x (Ag +A%)
S=bxh+15x (A +A%) = 0.40x0.40+15%(17.09x107%) = 0.1856 m? = 1856 cm?

e The position of the center of gravity :

_ A5(Gma)-as (a5)

bXxh+15% (Ag +AL)

Xg

p— _4 -
Xo — 17.09x107*(0.36-0.2) _ -0.00147 m

0.1856

e Calculation the moment if inertia :

__ bxh®
3

h 2
I +bxh><x62+15><[AS.(d—E+xG)]

_0,40x0.403

2
I +0.40 x 0.40 X 0.001472 + 15 [17.09 % 1074 x (0,36 — 02—4 — 0.00147) J

1=277x10"% m*
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V1.3.5 Transversal reinforcement :

L
_=f
Ay =7
2,142 _
ﬂ.g = 0’W—535>5 :>pa—2.5

Spacing between the reinforcement in the nodal zone :

t < min{100;; 15cm} = min{10 X 2; 15cm} = 15cm

So,t=10cm

Spacing between the reinforcement current zone :

t' < Min (2;2;109) = t' <10 X 2 =20 cm
t'=15cm

Quantity of reinforcement :

A paVu
t hf,
In the nodal zone:

1% 2.5%50.2287x1073x0.1

A, =01 x t= =0.78 cm?
hf. 0.40x400

In the current zone:

v 2.5%50.2287x1073x0.15
Ay =P p'= =1.18 cm?

h fe 0.40x400
Minimum section of the transverse reinforcement :
At min = (0.3% Xt X b)
In nodal zone:

Apmin = 03% X t X b=0.3% x 10 X 40 = 1.2 cm?

In current zone:

Apmin == 03% Xt Xb=0.3%x 15X 40 = 1.8 cm?
We chose 4T8 =2.01 cm?
V1.3.6 Verification the shear force :(CBA93 art 5.1.2.1)

We must check: T, < Ty
To= (0.2% % 5 MPa) = (0.2x 2,5 MPa) = 3.33 MPa
b .
=Y
T = bxa
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_50.2287x1073

T,= =035MPa<Ty cvveeeeereeen, cV
0.40x%0.36

Buckling verification :

We must check the following formula : A <50
L
r==Z
i
|
‘= B
b x h3
12
Q= f 2.77x1073 = 0,13
\I 0.16
A= =2 1646<50........... cv
i 0 13

V1.3.7 Shema Reinforcement :

2Hﬂ16

40 cm

'\ .
/

2Hﬂ16
40 cm

Figure IV.9 Reinforcement of the column
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V1.4 Reinforcements of the walls :

VI1.4.1 Introduction :

Walls are bracing elements specially designed to resist lateral forces, such as those caused by
wind or seismic activity. They are often strategically placed throughout a building to enhance
its overall structural stability.

The reinforcement of the walls will be carried out in accordance with the BAEL91 regulation
and the verification according to the Algerian seismic regulation RPA99/version 2003.

The reinforcement of the walls consists of determining the arrangements of the reinforcement
which are:

- Vertical reinforcement.
- Horizontal reinforcement.
- Transverse reinforcements.

V1.4.2 Combination :

1.35G6 + 1.5Q
G+0Q
0.8G +E
G+Q+E

V1.4.3 Calculation principle :
Wall mesh :

Before start the calculation of solicitation we must do the mesh walls by ETABS 22.

The first thing we should do is a convergence study, which includes multiple tests with
different sized elements. We then select a point on top of the building and compare the
displacement between them in each test.

When the difference between the last and the previous tests reach a non-significant value, the
mesh before the last one is retained to calculate the solicitations.

The mesh with the size 0.25 m is considered.
VI1.4.4 Calculation method :

We have two methods for the calculation of the reinforcement of walls:
» Simplified method :

The dimensioning of the sails according to this method is carried out from the diagram of
stresses generated by loads applied to sails.

The principle is based on the linear distribution of stresses due to vertical loads and moments,
the stress diagram is divided into bands for which the average stress (for the compressed part)
and the maximum stress (for the tensioned part) are taken for the calculation of the
reinforcement.
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» Compound bending method

Following this method, and as the veil works in its plan, the sizing of the wall is based on the
principle of considering the wall as a reinforced concrete section subjected to bending with
compression, admitting the parabolic-linear distribution of compressive stresses in the section.

- We will use the stress method

N M
0'1‘2 :ZiTY

With:

N: normal effort applied.

M: bending moment applied.

A: the section of the wall

Y distance between the centre of gravity of the wall and the farthest vibration
I: moment of inertia.

There are 3 cases :

15¢ case:

If: (o01and a,) > 0 The section of the wall is fully compressed "no zone tense".

The current area is armed with the minimum required by the RPA99 (version 2003)
Apin =0,15%Xax L

24 case:

If: (o1and 0,) < 0 The section of the wall is fully stretched " no compressed zone ".

The volume of tensile stresses is calculated, hence the cross-section of the vertical
reinforcements.

Ay =Fi/fe
we compare 4, by the minimum section required by the RPA99 v2003

- IfA, <Apim =0,15xax L. We scrap with the minimum cross-section.

- IfA, > Ay, Onscrap with 4,,.
374 case:

If: (o1and 0,)= 0 is of different sign, the section of the wall is partially compressed, so we
calculate the volume of stresses the tense zone.

> Vertical reinforcements :

They are arranged on two parallel layers used to meet the bending stresses, the R.P.A99 (2003
version) requires a minimum percentage equal to 0.15% of the section of concrete.
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The reinforcement will be arranged symmetrically in the sail due to the change of direction of
earthquake with the diameter of the bars which must not exceed 1/10 of the thickness of the
wall.

> Horizontal reinforcements :

Horizontal reinforcements parallel to the faces of the wall are distributed uniformly over the
entire length of the wall or wall element limited by openings, horizontal bars must be arranged
outwards.

The minimum percentage of horizontal reinforcements given as follows:
Overall in the wall section 0.15%.
In current zone 0.10%.

> Transverse reinforcements :

Transverse reinforcements perpendicular to the faces of the wall shall be provided with a
density of at least 4/m?, where the vertical reinforcements have a diameter less than or equal to
12 mm.

The transverse reinforcements must hold all bars with a spacing not more than 15 times the
diameter of the vertical steels.

The transverse reinforcements may be pins with a diameter of 6 mm when the longitudinal bars
have a diameter less than or equal to 20 mm, and 8 mm otherwise.

V1.4.5 Walls reinforcement :

The different solicitations are obtained from ETABS software:

Table 1V.6 The different solicitations of wall

| Comb | N (KN) M (KN.m) V(KN)
| 0.8G+E, | 1090.7437 565.47

-157.8
| 0.8G-E, | 1095.38 607.86
| 0.8G+E, | 921.589 2377.7462 o

| 0.8G-E, | 927.8062 2921 .1973

G+Q+E, | 1402.8772 632 4821

| G+Q-E, | 1419.2854 694 8336
| +Q+ |
G+Q+E, 1244.6463 2792.028 380325

G+Q-E, | 1248.7767 3149 0654

-205.744
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Ny = 1419.2854 > M.y, = 694.8336, V= -205.744
Nppin = 921.589 = My, = 2377.7462, V= -345.596
Mgy = 3149.0654 5 Ny, = 1248.7767, V=-380.325

> Example calculation :

We took the wall at the level of the ground floor: rectangular wall with two columns at the ends
(40x40) cm?, with the following characteristics:

Length: 5 m

Thickness: 0.15 m

Section: A= (4.51) x0.15=0.75 m?
Moment of inertia:

3 3
[ = 8L _ 0I5 _ 45605 mt
12 12

5
y—5—5—2.5m

Y: The distance between the center of gravity of the wall and the furthest fiber.

Checking the resistance of the wall under the combination G+Q=xE

Buckling verification :

For reinforced concrete case:

A= L2 260012 _ o 06 < g
e 0.15

Coefficient a:
50< A <80

a =0.6(50/1)?=a = 0.6(50/60.06)% = 0.4158
Reduced section:

Br=L X (e—0,02)=5x (0, 15— 0, 02) = 0.65 m?
Minimum section of steels

Ag i = 0,23 X A X Tezs _ g 05 em?
e
N, < N, = a x 228 _ 0 416% (2222 = 5,007 MN= 5007 KN
0.9%1.5 0.9x1.5
So
N, =1419.2854 KN < N, = 5007 KN «..ovveeeeeenn.. cv

Vertical reinforcement combination 0,8G+E
Determination of stresses :
N M
01 = — + — Y
A1
o = 921.589 x107% | 2377.7462x1073
1= 0.75 1.5625

X 2.5=5.03 MPa >0
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N M

o, =——-=-Y
274
921.589 x10™3  2377.7462x1073
5 = - X 25=-257MPa <0
0.75 1.5625

(o1 > 0, 0, < 0), so the section is partially compressed

Length of the compressed zone

_ |o,|
LC =Lx |o1+03|
L,= 5x—22_—169
5.034+2.57
L, =1.69m

Length of the tense zone

Lr=L-L,
Lr=5-1.69=331m
Width of vertical strip d

. (he 2 - (3.06 2 ]
d < min {7;—LT} = min {T;— X 3.31} = min{1.53; 2.20}

3 3
d=153m
Calculation of o5,
o, = tng(a) X (Ly — d)
With:
, 257 _

tng(xza———— 0.77
Ly 331

o) = 0.77 x (3.31 — 1.53) = 1.3706 MPa
_ex d3 _0,15x 1.533

I = = 0.047 m*
1 1 0.047 m
,_d_153_

Yo T T

A'=exd=0,15x% 1.53 = 0.2259 m?

So:

!

9
N'==x (0, +03) = x (—2.57 + 1.3706) = — 0.13 KN

o 0,047
M = Z—y,(Uz +0;) =

X (=2.57 4+ 1.3706) = —0.037KN.m

2 X 0.765
The eccentricity
eg =2 =—"=0.28m
We take:c = ¢’ = 0.05 m

e, =2—ey—c' =22_0.28-0.05=0435m
2 2

e, =Z+e,—c =24028—0.05=273m
2 2
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The reinforcement A :

Will be:
_ N'xe;, 0.13 x 2.73 _ a2 2
A1 = o T enfe (04351 273) x 400 -0 107m=280cm
N' X eq 0.13 x 0.435

=4.46 X 107*m? = 4.46 cm?

A = =
27 (e;+e)f.  (0.445 + 2.475) x 400
As = Ag + Ag, = 2.8cm? + 4.46 cm? = 7.26 cm?

Forl ml :

Ag = % = 1.453 cm?/ml

For the stretched length RPA

A min = 0,2%. e. Ly = % x 15 x 331 = 9.93 cm?
Overall, in the wall section RPA :(art.7.7.4.3):

— 0,15% section du voile

Asmin = 252.€.L = 22X 15 X 500 = 11.25 cm?
For 1 ml
Agmin = =22 =225 cm? /ml

In the current zone :
Ag min = 0,10%. S of wall

0,10 ,
AS min = W X 7500 =7.5cm

For 1ml =22 = 1.5 cm?/ml

Reinforcement choice :

e In the currant zone
As = Max{Ag ; Asminrpa }
As = Max{1.453cm? ;1.5 cm?} - A; = 1.5 cm?/ml
We choose 4HA12 = 4.52 cm?

In this zone we take the spacing as follow

S, <min(1,5.e;30cm)
S; = min(1,5 x 15;30cm) = min(22.5;30cm) = 22.5cm
We take: S; = 20cm
e In the stretched zone or the end zone

A; = Max{Ag; Asminrpa } = Max{1.453 cm?;2.25 cm?} = 2.25cm?/ml
A = 2.25 cm?/ml
We take 4HA12 = 4.52 cm?
Spacing :

S;<2=2=10cm - S, =10cm
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End area length :

L 500

—==—=50cm

10 10

Horizontal reinforcement :

The reinforcement will be done for a strip of 1m.
The shear stress in concrete is limited as follows:
T, < Ty

E: 0.2% fC28 =5 MPa

S 1.4XTmax
u e XL
_380.325 x1073

u oions 0.7 MPa< T .ocovviiiieen, CvV

Calculation of transversal reinforcement : CBA93 (art.5.1.2.3)

At > )/X(T _0-3ft28XK)
e xSt 0.9 Xfe

K=0

Spacing :
St <min (15¢,30cm)
St <min (225 cm ,30cm) =30 cm

We take St =20 cm

_ eXSexT 15 X20%0.71
T 0.9x400

=0.6 cm?

Calculation of the horizontal reinforcement :

We do the calculation for a band of Im:

According to RPA99/2003:

Agmin =0.10% X e X L =0.10% X15 X500 = 7.5 cm?
For 1ml Ag pmin 27?5 =1.5cm?

As = Max{A; ; Apin } = As = Max{0.6 ;1.5 }=1.5 cm?

We take: :3HA14=4,62 cm?
The same approach is used for other walls.
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V1.4.6 Shema of reinforcement :

CIVH T
'gl swel

CIVH TV

|

"

-
FPIVHE

]
(ILVYH TV

uld

L N B

Figure IV.10 Reinforcement of the wall
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CHAPTER VII: Calculation of the infrastructure

VII.1 Introduction:

The foundation of a given structure is the element that acts as the interface between the structure
and the ground, ensuring that the loads of the structure (self-weight, weather and service
overloads) are well transferred and distributed to the ground. The type of foundation is
determined by examining the soil to ensure the structure is strong. Depends on the bearing
capacity of the soil: either the existing soil has sufficient properties to support the plant, or it
has poorer properties and needs to be reinforced or other solutions considered.

VI11.2 Foundation choice:
In the case of foundations, we distinguish:

e Superficial foundations (Strip foundation, long strip foundation, rafts).
e Deep foundation (Pier, piled).
e Surface foundations or rafts (Flat slab raft, finned rafts...).

The choice of the type of the foundation depends on several parameters that are:

o

The type of the structure.

o The characteristics of the soil.

o The economic aspect.

o The realization method.
With admissible stress of: 2.2 bar it is necessary to project a priori, superficial foundations of
type:

e |solated footing.

e Strip (continuous) footing under walls.
According to RPA99/2003 (Article 10.2), the choice of footing is made according to the
following conditions:

o210t _ 50 05 = Isolated footing.
Sbuilding

. Y. footing
Shuilding

<50 % = Strip footing.

V11.3 Study of isolated footing:

Determination of footing dimensions:

—_ Mser Nser
- X A2 So-adm

€o

Nser

“No Lift” Stability Condition:

A

eofg
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M
N

- |

e=-<

Stiffness condition: (art 15.11.2 BAEL91/99; P227)

A—a B-b
d > max (T,T)
h=d+5cm

Punching condition:

c>1.44 /i
Opc

Reinforcement:(BAEL91/99 art 15.VII; P250 /251)

Nu 660
oy = 2u (14880
17 4B ( B )
Ny 6eg
=2(1-—
02~ 1B ( B
o1+307
O' =
moy 4

NTotal = Nser + Pfooting

— NiotarX(A— a)
8xhXag

A,

A. = NiotarX(B—b)
y 8xhxag

Calculation of the free height:
h' =60 + 6cm
VI11.3.1 Calculation example:

The footing is pre-sized at ULS and reinforced at SLS.
Either a footing insulated under the most solicited column.
For the square footing given a=b so S=A4?

For the rectangular footing on A/B = a/b therefore where A = % x B

ULS:

N, =1503.325 KN

M,, = 0.5933 KN.m

SLS:

N, =1102.86 KN

Mg =0.428 KN.m

Determination of footing dimensions:

Consider a rectangular footing AxB located under a square column:
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A a A
—=—->5-=-=1->A=B
B b B

Mger _ 0428

ep=——=——"-=0.0004
Nger 1102.86

Nser

42 — aadm

A2 >Mser 4> /“;’jfﬁ S A>2238Wetake A=B=2.3m

Oadm

“No Lift” Stability Condition:
e < % = 0.0004 <0.38 ........ cV

Stiffness condition: (art 15.11.2 BAEL91/99; P227)

To satisfy the condition of the stiffness of the footing, the height of the footing must be:

d > max (A_“ B_b)

2.3-0.40 2.3—0.40)
4’ 4

d>max (0.475;0.475) - d=50cm

h=d+5cm =50 +5=55cm

Reinforcement:(BAEL91/99 art 15.VII; P250 /251)

d > max (

01 = 7% (142 = 208.69 KN/m?

o, = ﬂ (1 - 22) = 208.26 KN /m?

Gmoy = 22 = 208.37 KN /m?

Omoy = 208.37 KN/m? < 6 44, = 220 KN /m?
h

Pomoy = 5

With: e= 25 =27.5cm
Ry = 41.25 cm
Pfooting = 25%2.3x2.3x 0.41 =54.22 KN

NTotal = Nser + Pfooting

Nryoar = 1157.08 KN

NtotalX(A a) 1157.08x(2.3— 0.40)
8xhXag 8x0.55%2.2

We take: 15HA14 = 23.08 cm?
Calculation of the free height:
h' =60 +6cm=144cm= h' =15cm

A=A, =22.71 cm?
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Calculation of the reinforcement spacing:
S; <min (20cm; 15@) = min (20cm;21cm)
So,8;=20cm

15T14

AN

s

15T14

~

Figure VI11.1 Reinforcement of isolated footing

V11.4 Study of Strip footing under walls:

When the columns and possibly the walls in a given direction, are close to each other, a
continuous footing is made under this line of columns and walls.

The footing, which can be more or less rigid, is often associated with a central beam of rigidity
(beam release), likely to distribute the point pressures introduced by the columns, and the
linearly distributed pressures produced by the walls.

Transversely, the footing acts as a trapezoidal footing under column, for a width a one will have
a reinforcement section calculated according to the method of the connecting rods if it is
applicable.

Longitudinally the footing acts as a continuous inverted beam with the columns and sails as
supports, hence the upper reinforcement to resume the positive moment in span, and the lower
reinforcements to take the negative moments in support.

VI11.4.1 Calculation example :

Dimensioning (SLS):

- Length: L=3.35m

- Width: B=15m

- The height: h

The total height of the sole (h;) is determined by the following equation:
h; > max ('%; d)

With: d' is the reinforcement coating - d’' =5 cm
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1.5-0.40,

h; > max (———; 0.05) - h; > 0.275

We take ht =50cm

h

h,=2=2%-1666cm
3 3

P
We take h, =20cm

Reinforcement (ULS):

At the third condition the maximum values between the stresses of the wall and the stresses in
the column was taken as normal stress and moment in relation to the longitudinal axis of the
footing.

These same efforts will be used for the calculation of the reinforcement transversal.

N, =1571.01 KN

M, =15.05 KN.m

o Main reinforcement:

A = Nu(B-b) _ 1571.01x(1.5-0.40)
s 8.d.og 8x0.40x348x103

We take: 8HA16 = 16.08 cm?
Calculation of the reinforcement spacing:

= 15.15 cm?

1HA16

S¢ = 100>< =125cm = §;=15cm

o Distribution reinforcement:

Ay = A<z = 16.08 x = = 6.03 cm?

We take: 6HA12 = 6.78 cm?
Reinforcement spacing:

S¢< min (20cm; 15@) = min (20cm;18cm)
So, S; =15cm

1=0.40
¢ o h=0.50 m

d' =0.05m

A, =6HAI2 B=15m " T A, =8HAILG

Figure VI1.2 Reinforcement of Strip footing
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VI1.5 Study of the Sill:

A sill is a structural element having the shape of a horizontal rectangular bi-directional
reinforced concrete beam with the role of support of significant loads and transfer them to the
supports, cross-connection between the columns at the level of the foundations.

VI11.5.1 Dimensions of the Sill:(RPA99V2003 art 10-1-1)

The minimum cross-section dimensions of the sills are:

(25x30) cm? — category sites S2, S3.

(30x30) cm? — category sites S4.

In our case we have closed site S2, so we take the section:(25x30) cm?
VI11.5.2 Reinforcement of the Sill:

o Longitudinal reinforcement:

A=06%xbxh
A=0.6% x30 x 25 =45 cm?
We take: 6HA12 = 6.78 cm?

o Transversal reinforcement:
We take: 2HAS8 = 8 cm?
The spacing is like this:

S; <min (20cm; 15@) = min (20;15x1.2)
S; <min (20cm; 18 cm)
So, §; =15¢cm

3HA12

N\

30 cm

»
¥

25 cm

Figure VI11.3 Reinforcement of sill
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GENERAL CONCLUSION

The end of study project is an opportunity for the us to apply the knowledge acquired during our
studies, and gain a comprehensive view of the engineer's responsibilities in construction, also
allowed us to acquire knowledge on the methods of calculation and structural studies; the
application of regulations such as : RPA99V2003 and CBA93 and BAEL91, the practice of
software As : ETABS22 and AutoCAD, MATLAB...

On the other hand, through this work we were able to learn a lot of important information about
calculation methods and knowing the regulatory standards texts, the testing of reinforced concrete
structures.

This study allowed us to make some conclusions, the most important ones are:

e Exact consideration of the loads and overloads acting on the building for the proper conduct
of the study.

e Proper sizing of the secondary elements ensures stability and good performance, preventing
the occurrence of parasitic modes during an earthquake

e The good distribution of the rigidity in plan and in elevation by the installation of the walls
which represent a keystone of the earthquake resistance.

Finally, the work we have presented allowed us to give a review of the knowledge we gained during
our studies. This is not an end in itself, but a concrete step towards accumulation, experiments, gain
knowledge and develop the creative thinking of the engineer.
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ANNEXE:

Reinforcement section

Non cm? @ on mm

1 020 | 028 | 050 | 0.79 1.13 1.54 | 2.01 3.14 4.91 8.04 | 12.57

2 039 | 057 1.01 1.57 | 226 | 308 | 402 | 6.28 | 982 | 1608 | 25.13

3 0.59 | 0.85 1.51 236 | 3.39 | 462 | 603 | 942 | 1473 | 24.13 | 3770

4 0.79 1,13 | 2.01 3.14 4.52 6.16 | 8.04 | 12.57 | 19.64 | 32.17 | 5027

3 0.95 1.41 2.51 3.93 | 5.65 70 | 1005 | 1571 | 24.54 | 40.21 | 62.83

6 i.18 170 | 3.02 | 471 6.79 924 | 1206 | 1885 | 29.45 | 4825 | 7540

T 1.37 198 | 352 | 5.50 792 | 1078 | 14.07 | 21.99 | 34.36 | 56.30 | 87.96

8 1.57 226 4.02 6.28 905 | 12,31 | 16.08 | 25.13 | 3927 | 64.34 | 100.53

9 1.77 2.54 4.52 707 | 1018 | 13.85 | 1810 | 2827 | 44.18 | 72.38 | 113.10

10 | 1.96 | 2.83 | 503 |7.85 11.31 | 1539 | 20.11 | 31.42 | 49.04 | 80.42 | 125.66

1| 216 | 3.11 533 | 864 | 1244 1693 | 2212 | 34.56 | 54.00 | 8847 | 138.23

12 | 236 | 339 | 6.03 | 942 | 1357 | 1847 | 24.13 | 37.70 | 58.91 | 96.51 | 150.80

13 | 255 | 3.68 | 653 | 1021 | 14.70 | 20.01 | 26.14 | 40.84 | 63.81 | 104.55| 163.36

14 | 275 | 3.96 704 | 11.00 | 1583 | 21.55 | 28.15 | 43.98 | 68.72 | 112.59] 175.93

15 | 295 | 424 754 | 11.78 | 16.96 | 23.09 | 30.16 | 47.12 | 73.63 | 120.64| 188.50

16 | 314 452 | B.04 | 1257 | 18.10 | 24.63 | 32.17 | 50.27 | 78.54 | 128.68| 201.06

17 | 334 | 4.81 855 | 1335 | 19.23 | 26.17 | 34.18 | 5341 | B3.45 | 136.72| 213.63

18 | 353 | 509 | .05 | 14.14 | 20.36 | 27.71 | 36.19 | 56.55 | 88.36 | 144.76| 226.20

19 | 373 | 537 | 955 | 1492 | 21.49 | 29.25 | 3820 | 59.69 | 93.27 | 152.81|238.76

20 | 393 | 565 | 10.05| 1571 | 22,62 | 03.79 | 40.2] | 62.83 | 98.17 | 160.85| 251.33




Flow chart 1: Simple traction
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Flow chart 2: Simple bending of a rectangular section

at the ULS
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Flow chart 3: Calculating a rectangular section at
the ULS in compound flexion:
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Flow chart 4: Calculating a rectangular section to the SLS
in simple flexion:
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Flow chart 5: Checking the shear stress
to the ULS:
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Flow chart 6: Check the constraint at ULS.
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= =0 v =020 p= p=0 v =0,20
—,55 Hx Hy i \ my | 75| M Hy M Hy
Y i e o .
040 | 0,1094 | 0250 o,mans 070 | 0,0683 | 0436 | 00743 0,585
041 | 0,1078 | 02s0 | 0.1100 | 0,301 o071 | 00670 | 0450 | 00731 | 0596
042 | 01062 | 0250 | 0.1086 | 0309 072 | p06ss | 0464 | 00719 | 0.608
043 | 0,1047 1 0250 | 0.1072 0317 | 073 | 00646 | 0479 | 0,708 0,620
044 | 01032 | 0250 | 01059 | 0325 074 | 00634 | 0494 | 0,0696 0,632
045 10,1017 | 0250 | 0.1046 6333 | 075 | 0,0622 | 0,509 | 0.0685 0,644
046 | 0,1002 | 0250 | 0.1032 | §2a1 | 076 | 0.0610 | 0,525 | 00674 0657
047 | 00988 | 0250 | 01019 | 0349 077 | 00598 | 0542 | 00663 0.670
048 | 00974 | 0250 | 0,1006 | 0357 678 | 00587 | 0.559 | 0.0652 0,683
049 | 00960 | 0250 | 00993 | 0365 079 | 00576 | 0577 | 00642 0,696
0.50 | 0,0946 | 0,250 | 00981 | 0.373 0.80 | 00565 | 0595 | 00632 0,710
osi 00932 | 0250 | 00969 | 0382 081 | 00ss3 | 0613 | 00621 0723
052 | 00918 | 0.250 | 00957 | 0391 } 082 00542 | 0631 | 00610 } 0737
053 | 00905 | 0.250 | 00945 | 0400 0.83 | 00531 | 0649 | 00600 | 0750
0.54 | 00892 | 0250 { 00933 0410 | 084 | 0.0520 0.667 | 00589 | 0,764
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056 | 0,0855 | 0253 | 00909 | 0431 086 | 00498 | 0693 | 00569 0,791
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0.59 | 00825 | 0292 | 00873 | 0465 0.89 | 0,0468 | 0759 | 00539 0,832
| 060 | 00812 | 0305 | 00861 | 0476 0.90 | 00458 | 0,778 | 0.0529 0,846
061 | 00798 | 0317 | 00849 | 0487 | 091 00448 | 0,798 | 0,0519 | 0861
062 | 00795 | 0,330 | 00837 || 0497 092 | 0.0438 | 0819 | 00510 0,875
063 | 00772 ; ©343 | 00825 0508 | 093 | 00428 | 0841 00500 | 0.891
064 | 00759 | 0356 | 00813 | 0519 094 | 00419 | 0864 | 00491 0,906
065 | 00746 | 0,369 | 0,0801 l 0530 | 0,95 | 0.0410 | 0,888 0,0483 | 0923
066 | 0,0733 | 0,382 | 00789 0.96 | 0,0401 | 0911 | 00475 0,939
067 | 00720 | 0,395 | 00777 097 | 0,0393 | 0934 | 00467 0,954
068 | 80707 | 0408 | 00766 | 098 | 0.0385 | 0.956 | 00459 0,970
069 | 00695 | 0422 | 00754 099 | 00377 | 0978 | 00451 0.985
L _l Ll.go 00368 | 1,000 | 00442 | 1000
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