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Abstract

This work presents a structural study of a sports complex located in El Alia, Hadjira,
Wilaya of Touggourt, Algeria, carried out as part of a Master’s final year project. The com-
plex consists of two main structural systems: a steel structure forming the main sports hall
(30.40 m x 21.00 m, height 9.098 m) and two reinforced concrete blocks accommodating
changing rooms (Blocks A and B, height 3.23 m). The study covers the structural presenta-
tion of the project, seismic site classification according to RPA 2024 (Zone I, A = 0.07, soil
category S3), load evaluation for both structural systems using appropriate load trans-
fer methodology, and preliminary dimensioning of structural elements including beams,
slabs, and columns in conformity with BAEL91 and Algerian steel structure design rules.
Column cross-sections of 30 x 30 cm were adopted for the reinforced concrete blocks, and
40 x 70 cm for the sports hall columns, both verified under the governing combined load

cases.

Keywords: Sports hall, steel structure, reinforced concrete, RPA 2024, BAEL 91, load eval-

uation, preliminary dimensioning, Touggourt.
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Résumé

Ce travail présente une étude de structure d"un complexe sportif implanté a El Alia, Had-
jira, Wilaya de Touggourt, réalisé dans le cadre d'un projet de fin d’études Master. Le
complexe comprend deux systémes structuraux distincts : une structure métallique con-
stituant la salle omnisports principale (30,40 m x 21,00 m, hauteur 9,098 m) et deux blocs
en béton armé abritant les vestiaires (Blocs A et B, hauteur 3,23 m). L'étude couvre la
présentation du projet, le classement sismique du site selon RPA 2024 (Zone I, A = 0,07,
catégorie de sol S3), I'évaluation des charges pour les deux systémes structuraux selon
la méthode de descente des charges, et le prédimensionnement des éléments structuraux
(poutres, dalles et poteaux) conformément aux regles BAEL91 et aux régles de calcul des
structures métalliques. Des sections de poteaux de 30 x 30 cm ont été retenues pour les
blocs en béton armé, et de 40 x 70 cm pour les poteaux de la salle sportive, vérifiées sous

les combinaisons d’actions appropriées.

Mots clés: Salle de sport, structure métallique, béton armé, RPA 2024, BAEL91, descente

des charges, prédimensionnement, Touggourt.
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General Introduction

Project Background

The construction sector has undergone significant transformations in recent decades, driven
by the growing demand for sports facilities that have become an essential component of
modern communities” social and public health infrastructure. In Algeria, the develop-
ment of such facilities requires careful structural design that combines the use of modern
materials with strict safety requirements in accordance with national standards and reg-
ulations.

This work was carried out as part of a Master’s final year project in Civil Engineering,
assigned by the design office “El Binaa”. The project involves the structural study of a
sports complex intended to accommodate various sporting activities, located in El Alia,
Hadjira, Wilaya of Touggourt. The complex brings together two distinct structural sys-
tems: a reinforced concrete structure housing the changing rooms, and a steel structure

forming the main sports hall with a large unobstructed interior space.

Problem

The main challenge of this work lies in how to design a mixed structural facility—combining
a steel frame system and a reinforced concrete system—in full compliance with Algerian
design codes (RPA 2024, BAEL91), while ensuring the safe behavior of all structural el-
ements under permanent, live, wind, and seismic loads, and verifying the integrity of

foundations for a site located in a defined seismic zone.



Proposed Solutions

This study aims to carry out a comprehensive structural analysis and design of the sports

complex, covering the following objectives:

> Presenting the project and defining its structural systems;
> Evaluating all loads acting on the structure;
» Performing preliminary dimensioning of structural elements;

» Conducting a full seismic study for the reinforced concrete blocks in accordance with
RPA 2024;

» Calculating and verifying all structural elements including reinforced concrete columns,

beams, steel members, and connections;
» Designing and verifying the foundations;

» Using recognized engineering software for modeling, analysis, and verification pur-

poses.

Document Plan

This thesis is organized into two main parts comprising seven chapters.

Part I — Bibliographic Study
Part I contains one chapter:

> Chapter 1— Steel Hangars and Industrial Buildings: reviews the general concepts
related to steel hangars and industrial buildings, covering their historical develop-
ment, structural characteristics, main components, environmental and economic ad-

vantages, and various fields of application.

Part I — Practical Study

Part II constitutes the applied study and is organized into six chapters:

> Chapter 2 — Project Presentation: presents the project, defining its location (El Alia,
Hadjira, Wilaya of Touggourt), seismic site classification (Zone I according to RPA
2024), structural dimensions of all blocks, applicable regulations and standards, and
the software used.

» Chapter 3 — Load Evaluation: addresses the evaluation of permanent and live loads
for the reinforced concrete blocks (Blocks A and B) and the steel sports hall block,



using the appropriate load transfer methodology and establishing the governing

design load combinations.

Chapter 4 — Preliminary Dimensioning: covers the preliminary sizing of all struc-
tural elements including beams, hollow block slabs, and columns for the reinforced
concrete blocks and the sports hall block, in conformity with BAEL91 and Algerian

steel structure design rules.

Chapter 5 — Seismic Study: presents the seismic analysis of Blocks A and B in
accordance with RPA 2024, including quality factor calculation, global behavior fac-
tor, seismic force calculation by the equivalent static method, and verification of

dynamic behavior, overall stability, and P-A effects.

Chapter 6 — Calculation and Verification of Structural Elements: details the calcu-
lation and verification of all structural elements, covering reinforced concrete columns
and beams (BAEL91), as well as the dimensioning and verification of steel members

and connections under ultimate limit state (ULS) conditions.

Chapter 7 — Foundation Calculation and Verification: covers the design and ver-
ification of foundations for all blocks, including geotechnical parameters, footing
design for Blocks A and B (Footing S02), the sports hall block (Footing S01), and the

‘“"ia

construction joint footing (Footing SJ02).
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CHAPTER

1

Steel Hangars and Industrial

Buildings

1.1 Introduction

Steel hangars and industrial buildings play an important role in modern construction and
in many industrial sectors. Due to their structural strength, flexibility, and ability to cover
large spaces, these buildings are widely used for storage, production, logistics, and main-
tenance activities. Unlike traditional construction materials, steel allows the creation of
large spans with fewer structural supports, providing open interior spaces that are highly
suitable for industrial operations.

Over the years, the development of steel construction techniques has significantly im-
proved the efficiency and functionality of industrial buildings. Today, steel hangars rep-
resent one of the most practical solutions for large-scale buildings because they combine
structural reliability, rapid construction, and adaptability to different operational require-

ments.

1.2 Historical Development of Hangars

The concept of hangars first appeared at the end of the nineteenth century. At that time,
these structures were relatively small and mainly used in the agricultural sector. Farmers
used them to store tools, machinery, and harvested products. The early hangars were
simple structures constructed with locally available materials such as wood and stone.
Their main purpose was to provide protection against weather conditions rather than to
serve complex industrial functions.

Although the construction techniques were basic and did not require advanced archi-
tectural knowledge, these buildings were efficient and economical. As agriculture devel-
oped and mechanization increased, the need for larger storage spaces also grew. Hangars

gradually became an essential part of agricultural infrastructure.



During the twentieth century, especially after the Second World War, the role of hangars
expanded significantly. Industrial development and technological progress led to the in-
troduction of steel structures. Steel frames made it possible to construct larger and more
durable buildings capable of supporting heavy equipment and accommodating larger
working areas.

As a result, the use of hangars extended beyond agriculture and became common in
many industrial sectors, including manufacturing, transportation, and logistics. These
structures later evolved into large warehouses and industrial facilities designed to support

modern production and distribution systems.

1.3 Structural Characteristics of Steel Hangars

Steel hangars have several structural characteristics that distinguish them from traditional
buildings. One of the most important properties of steel is its high mechanical strength.
Steel can resist both tension and compression forces, which makes it suitable for large
structural elements such as beams, columns, and trusses. This strength allows engineers
to design lightweight structures capable of supporting significant loads [1].

Another characteristic is the relatively low weight of steel compared to other construc-
tion materials such as reinforced concrete. Because of this reduced weight, the loads trans-
ferred to the foundations are lower, which can reduce the overall construction cost.

Steel structures also allow large spans without intermediate columns. This is partic-
ularly beneficial for industrial buildings where large open spaces are required for ma-
chinery, storage systems, or transportation equipment. In addition, steel structures are
usually fabricated in factories and then transported to the construction site for assembly.
This prefabrication process improves construction quality and significantly reduces the

time required for installation [2, 3].

1.4 Main Structural Components of Steel Hangars

A typical steel hangar consists of several structural elements that ensure stability and load

transfer:

> Columns are vertical members that transmit loads from the roof and beams to the
foundations. They play a fundamental role in supporting the overall structure.

> Beams and roof trusses form the main framework of the roof. These elements are
responsible for carrying permanent loads such as the weight of the roof covering as

well as variable loads including snow and wind.



> Purlins are secondary structural elements placed on the main beams or trusses.
Their role is to support the roof cladding and distribute loads to the main structural

frame.

> Bracing systems are used to ensure the stability of the structure against horizontal
forces such as wind or seismic loads. They help maintain the structural integrity of
the building.

> Roof cladding and wall panels protect the building from environmental conditions

and contribute to thermal and weather insulation.

1.5 Advantages of Steel Industrial Buildings

Steel hangars offer several advantages that make them highly suitable for industrial ap-
plications. One major advantage is the speed of construction. Since many structural com-
ponents are prefabricated, the assembly process on site is relatively fast. This reduces
construction time and allows the building to become operational more quickly.

Another advantage is flexibility in design. Steel structures can easily be adapted to
meet the specific needs of different industries. They can be designed for storage facilities,
production halls, maintenance workshops, or logistics centers.

Steel buildings are also highly adaptable. If the operational requirements change, the
structure can often be extended or modified without major reconstruction. This flexibility
is particularly valuable for industries that may expand in the future.

Durability is another important benefit. Steel structures can resist harsh environmental
conditions and heavy loads, ensuring a long service life with relatively low maintenance

requirements.

1.6 Environmental and Energy Considerations

In recent years, environmental considerations have become increasingly important in con-
struction projects. Steel structures offer several environmental advantages compared to
other building systems.

Steel is a recyclable material. After a building reaches the end of its service life, the steel
elements can be dismantled and recycled without losing their original mechanical prop-
erties. This contributes to the reduction of construction waste and promotes sustainable
building practices.

Moreover, steel structures allow the integration of large openings and glazed surfaces,
which improves natural lighting inside the building. Increased natural light reduces the

need for artificial lighting and contributes to energy savings.



Proper insulation systems can also improve the thermal performance of steel build-
ings, reducing energy consumption for heating and cooling. As a result, modern steel
hangars can achieve high levels of energy efficiency while maintaining their structural

performance [4, 5].

1.7 Applications of Steel Hangars

Steel hangars are widely used in various industrial sectors due to their versatility. In
the aviation industry, hangars are essential for aircraft storage, maintenance, and repair.
These structures provide large unobstructed spaces that allow technicians to work effi-
ciently around aircraft. In the logistics sector, steel warehouses are commonly used for
storage and distribution of goods. Their flexible layout allows the installation of shelving
systems, loading docks, and efficient circulation areas for transportation equipment. In
manufacturing industries, steel buildings are used as production facilities where large ma-
chinery and assembly lines require spacious and adaptable working environments. Steel
hangars are also used for agricultural storage, industrial workshops, and sometimes sports
facilities where large, covered areas are required. A comparable structural configuration
— combining a steel-framed sports hall with reinforced concrete changing rooms — was
studied by Ouahmed and Mahmoudi for a sports complex in Tlemcen, confirming the

suitability of this hybrid approach for Algerian climatic and seismic conditions [1].

1.8 Conclusion

Steel hangars and industrial buildings represent an efficient and reliable solution for large-
scale construction projects. Their structural strength, flexibility, and rapid construction
make them particularly suitable for industrial and logistical applications.

The evolution of steel construction has transformed traditional storage structures into
modern industrial facilities capable of meeting complex operational requirements. In ad-
dition to their functional advantages, steel buildings also contribute to sustainable con-
struction through recyclability and improved energy performance.

For these reasons, steel structures continue to play a major role in the development of

modern industrial infrastructure.
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CHAPTER

2

Project Presentation

2.1 PROJECT PRESENTATION

As part of our final year project, we were assigned by the design office “El Binaa” to study
a sports hall intended to accommodate various sporting activities. Such facilities generally
require large, unobstructed interior spaces in order to ensure proper functionality and ease
of use.

The project consists of two main parts with different structural systems. The first part
corresponds to the main sports hall, which is designed using a steel structural system
with dimensions of 30.40 m x 21.00 m and a total height of 9.098 m. This structural solution
makes it possible to cover a large span without intermediate columns.

The second part is located at the front fagade of the building and consists of a rein-
forced concrete structure measuring 21.00 m x 10.60 m with a height of 3.23 m. This
section accommodates the auxiliary spaces required for the operation of the sports facil-
ity.

The main objective of this study is to analyze the structural behavior of the building,
determine the loads acting on the structure, and design the structural elements in accor-

dance with the applicable standards and regulations in civil engineering RPA24.

2.1.1 Project Objective

The project aims to construct a sports complex including a sports hall and changing
rooms, intended to accommodate various sporting activities. The main objective is to
provide a functional, safe, and suitable space for sports practice, while complying with

construction and safety standards.
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2.1.2 Project location

EL ALIA EL HADJIRA W. TOUGGOURT.

2.1.3 Site classification

According to the RPA 2024 (Algerian Seismic Regulations) [6], the Wilaya of Touggourt is
classified in Zone I, with a zone acceleration coefficient of A = 0.07, usage group 1B. In

accordance with the geotechnical report, the soil has been classified as category S3.

2.1.4 Structure dimensions

sone VI (0.300) Classification sismique des wilayas d’Algérie

||

Bl zoneV (0.25q)
B zonelV (0.209)
zone I (0.15g)
zone II  {0.10g)
zoneI (0.07g)

Figure 2.1: Seismic Zoning of Algeria

» Reinforced Concrete Section :

Block A: Girls” Sports Changing Room
Total building height : 3.23 m
Ground floor height : 3.23 m
Building length (X) : 14.05 m
Building width (Y) : 10.30 m

11



Figure 2.2: Floor shape block A (m)

e Building area : 90.425 m?

» Block B: Boys’ Sports Changing Room:
e Ground floor height: 3.23 m
e Total building height: 3.23 m
e Building length (X): 18.05 m
e Building width (Y) : 10.30 m
e Building area : 131.725 m?
> Steel Structure:
u Block : Sports Hall
e Ground floor height: 7.00 m (level of reinforced concrete columns)
Total building height: 9.098 m (ridge level)
Building length (X) : 30.00 m
Building width (Y) : 20.30 m
Building area : 609.00 m?
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Figure 2.3: 3D VIEW block A

Figure 2.4: Floor shape block B (m)
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Figure 2.5: 3D VIEW block B

S
8

20.30

Figure 2.6: Floor shape Sports Hall (m)
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Figure 2.7: 3D VIEW Sports Hall

2.1.5 Study Based on Regulations and Standards

This study is conducted based on the following regulations and standards:

> Permanent and live loads (DTR BJ:2®r determining the permanent loads and live

loads applied to the structure.

» Snow and wind rules (RNV 2013): For determining climatic loads, including the

effects of snow and wind.

> Design and Calculation Rules for Steel Structures (CCM97): For verification and

sizing of steel structural elements.

> Eurocode 3 - Design of Steel Structures, Part 1-8 (EN 1993-1-8): For verification and

sizing of steel connections and assemblies.

2.1.6 Software Used

> Robot Structural Analysis 2024: used for structural analysis and calculations.

> AutoCAD 2021: used for preparing technical drawings and plans.
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2.2 STRUCTURAL ELEMENTS

This section describes the structural elements of the sports complex, the materials used,
and the load transfer system. The project consists of reinforced concrete columns support-

ing a metallic roof structure.

2.2.1 Reinforced Concrete Sections

> Block A (Girls” Changing Room) and Block B (Boys” Changing Room) are built

with reinforced concrete columns, beams, and slabs.

» The RC structure provides stability for the low-rise auxiliary spaces, supporting

vertical loads from walls and roof, as well as lateral loads such as wind.

» The columns are designed to transfer the loads directly to the foundation.

2.2.2 Steel Structure (Sports Hall)

» The main sports hall uses a metallic roof supported by reinforced concrete columns.

> Steel trusses and beams cover the large span, creating a column-free interior ideal
for sporting activities.

» Roof loads, including snow and live loads, are transmitted from the metallic struc-
ture to the RC columns and then to the foundations.

> This combination ensures strength, durability, and flexibility while meeting all safety

and regulatory requirements.

2.3 CALCULATION HYPOTHESES

2.3.1 Concrete

The concrete will be prepared according to a mix design established by the laboratory
based on the assumptions of the design office (BET), with fc28= 25MPa for structural ele-

ments.
> fc28 = 25 MPa: compressive strength
> ft28 = 2,10 MPa: tensile strength

The same steel grade was adopted in a multi-storey steel-frame building study con-
ducted at the University of Ouargla under Eurocode 3, where the material properties were
verified to be consistent with Algerian standard practice [5].

Ultimate limit state:
. 0.85 x fc28

fbu QX’}/I;
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6 = 1 (normal situation)

0 = 0.85 (accidental situation)

v, = 1.5 (normal situation)

~v, = 1.20 (accidental situation)

fou = 14.17 MPa (normal situation)
fou = 20.83 MPa (accidental situation)

Service limit state:
fbs =0.6 x f628

fvs = 15 MPa

Longitudinal deformation modulus according to the CBA code (Article A.2.1.2.1 and
A2.1.2.2)

fe2s = 25 MPa

Ejss = 11000/ fo2s (Instantaneous modulus)

FEios = 32164.195 MPa

Eaps = 3700/ fu2s (Long-term modulus)

E g8 = 10818.865 MPa

2.3.2 Steel

Characteristic design strength

» High Bond Reinforcement Steel (FeE500)

Internal forces under fundamental load combinations:

. 500
0y = f— = —— = 434.78 MPa
vs  1.15
Internal forces under accidental actions:
JSZEZ@:5OOMPa
Vs 1

» The design codes used for structural calculations:
Algerian seismic design rules RPA 2024 (DTR BC 2.48)
Permanent loads & service loads (DTR BC 2.2)
BAEL 91 design rules, revised 1999 (DTU P18-702)
Design and calculation rules for reinforced concrete structures (CBA 93 — DTR
BC 2-41)

> Structural design combinations (superstructure):

17



Table 2.1: Structural design combinations

6 (C) ULS Linear Combination ULS permanent

7 (O) SLS Linear Combination SLS permanent

8 (O) G+psiQ Linear Combination ACC permanent
9 (C) (CQC) | Acc.Hor.G+psiQ+Ex+0.3Ey | Linear Combination ACC accidental
10 (C) (CQC) | Acc.Hor.G+psiQ+0.3Ex+Ey | Linear Combination ACC accidental
11 (C) (CQC) | Acc.Hor.G+psiQ+Ex-0.3Ey | Linear Combination ACC accidental
12 (C) (CQC) | Acc.Hor.G+psiQ-Ex+0.3Ey | Linear Combination ACC accidental
13 (C) (CQC) | Acc.Hor.G+psiQ-Ex-0.3Ey | Linear Combination ACC accidental
14 (C) (CQC) | Acc.Hor.G+psiQ+0.3Ex-Ey | Linear Combination ACC accidental
15 (C) (CQC) | Acc.Hor.G+psiQ-0.3Ex-Ey | Linear Combination ACC accidental
16 (C) (CQC) | Acc.Hor.G+psiQ-0.3Ex+Ey | Linear Combination ACC accidental

The application of loads on the finite element model is illustrated in Appendix A 7.7 for
each load case. The appendix figures are direct outputs extracted from Robot Structural

Analysis Professional 2024, presented in their original language (French) as generated by

the software
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CHAPTER

3

Load Evaluation

3.1 OBJECTIVE OF LOAD EVALUATION

This part of the study aims to identify and evaluate the various loads acting on the struc-
ture, whether permanent or variable, in accordance with the applicable standards, partic-
ularly RPA 24. It also includes an analysis of the load transfer path through the different
structural elements, starting from the steel roof, passing through the secondary and pri-
mary members, and reaching the reinforced concrete columns and foundations.

This work also includes a dedicated section for the study of reinforced concrete ele-
ments and another for the steel roof, with the objective of ensuring proper load distri-
bution and achieving the required safety and stability conditions in the final structural

design.

3.2 LOAD TRANSFER (BLOCK A AND BLOCK B)

Load transfer in Block A and Block B occurs through reinforced concrete elements, where
loads move from slabs to beams, then to columns, and finally to the foundations and soil.

This path ensures proper load distribution and structural stability.

3.2.1 Permanent and Live Loads for Accessible Terrace Slab (Hollow
Block System)

3.2.2 Live load

3.3 LOAD EVALUATION (BLOCK: SPORTS HALL)

The load evaluation of the sports hall is a fundamental step in the structural design pro-

cess. This section aims to identify and quantify all the loads acting on the steel roof and
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Table 3.1: Dead load contributions of the roof slab components

Reinforced concrete screed (5 cm) 1.25
Gravel 3/8 protective layer (3 cm) 0.51
Thermal insulation in fine sand (12 cm) 2.04
Bastard mortar (3 cm) 0.54
Ribbed slab with cast-in-place joists and concrete hol- 2.80

low blocks, spacing 60 cm center-to-center, with com-
pression topping slab (16+4)

Cement mortar plaster (2 cm) 0.36

Total G =17.50

Table 3.2: Live loads for structural elements

Inaccessible roof terrace 1.00
Parapet wall 2.00
Double-walled partition 2.80

the supporting reinforced concrete elements.

The sports hall is characterized by a large-span steel structure supported by reinforced
concrete columns, which requires careful assessment of both permanent loads (dead loads)
and variable loads (live loads, wind, etc.). These loads are transmitted from the roof cov-
ering to the secondary elements, then to the main structural system, and finally to the
foundations.

This analysis ensures the proper distribution of loads and guarantees the safety, sta-
bility, and serviceability of the structure in accordance with the applicable standards, par-
ticularly RNV 2013.

3.3.1 Structural elements of the structure

The sections of the structural elements are organized into distinct families. Each family
plays a well-defined role in the overall behavior of the structure and is governed by specific

regulatory parameters during the design process.

3.3.1.1 Structural Families

The steel structure in our project consists of 6 families — each one has a specific role:

20



Table 3.3: Classification of Structural Components of the Steel

Columns HEA400 | Self-stable frame structure
Beams IPE400 Self-stable frame structure
Purlins HEA140 | Frame bracing

Roof purlins IPE140 | Roof support
Cladding rail | UPN100 | Cladding support
Bracings CAE60x6 | Roof bracing

N O |~ | W [N |-

Columns HEA400: These are the backbone of the structure. They stand on the exist-
ing concrete columns and raise the roof to a height of 7 meters. The HEA400 section
means an H-shaped profile with a width of 40 cm — a heavy section because it car-
ries all roof loads.

Rafters IPE400: These are the inclined members forming the triangular shape of the
roof. They extend from the top of one column to the top of the opposite column
across a span of 20.30 m — therefore requiring a strong section.

Longitudinal beam HEA140 (Eave beam / Sabliere): It runs along the length of the
building at the top, connecting the frames together and distributing loads between
them. Without it, each frame would act independently.

Purlins IPE140: These are placed perpendicular to the rafters. They directly support
the sandwich panels. The smaller the spacing between them, the stronger the roof.
Wall girts UPN100 (Cladding rails): Similar to purlins but for vertical walls — they
support wall panels and distribute wind pressure to the columns.

Bracing CAE60x6: Steel bars arranged in an X-shape in the roof. Their sole role is

to prevent horizontal sway of the structure under wind or seismic effects.

The use of HEA and IPE profiles in steel industrial buildings is well established in

Algerian practice; similar section families were employed in a large-span hangar study

carried out at ENSTP, confirming their structural adequacy under comparable loading

conditions [3].

3.3.2 Structural Design

The structural behavior of a steel frame is governed primarily by the nature of the connec-

tions between its members and by the lateral stability system adopted to resist horizontal

actions. Accordingly, all connections were carefully defined and modeled within Robot

Structural Analysis, and an appropriate bracing system was selected and implemented.
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Furthermore, the influence of wall openings on wind pressure distribution was taken into
account in accordance with RNV 2013, to ensure both the accuracy and the safety of the

results obtained.

> Modeling of Connections in Robot Structural Analysis

Column Bases = Pinned Supports (Articulation): The steel columns are placed
on existing concrete columns. However, the connection is modeled as a pinned
support, meaning the column is free to rotate at its base and does not transfer
bending moments to the foundation. This assumption simplifies the analysis
and generally leads to safer design results.

- Column—Rafter Joint = Rigid Connection (Encastrement): At the junction be-
tween the column and the rafter, the connection is considered fully rigid. This
allows the transfer of bending moments between elements, enabling the frame
to behave as a rigid portal frame, which improves its resistance to horizontal
loads.

Haunches (Jarrets) at Connections: Triangular stiffening elements (haunches)
are introduced at the column-rafter connections. Their role is to reduce stress

concentrations at this critical zone and enhance structural performance.

> Structural Stability System The stability of the structure is ensured in two direc-

tions:

In the X Direction (Transverse — Portal Frame Direction): Stability is provided

by the rigid frames themselves. The rigid connections prevent lateral collapse.

In the Y Direction (Longitudinal — Along the Building): Stability is ensured by
X-bracing (contreventement) in the roof, which resists longitudinal forces and

transfers them to the columns.

3.3.2.1 Important Note (RNV 2013 — Wind Classification)

The building is considered enclosed since the openings (doors and windows) represent
less than 30% of each facade area, in accordance with RNV 2013 requirements. If this
percentage exceeds 30%, internal pressure coefficients will change, resulting in increased

wind loads on the structure.

3.3.3 Load Calculation

» Permanent Loads (()

Self-weight of all structural steel members constituting the frame.
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Roofing system composed of sandwich panels with a thickness of 40 mm and
a distributed load of 0.18 kN/m”.

» Live Loads (Q))

Maintenance load for inaccessible roofs equal to 1 kN, applied at one-third and

two-thirds of the span length of the roof purlins.

» Sand Load (D)

Location: Touggourt City.

Sand zone: Zone D.

Altitude: H = 80 m (average altitude of the municipality).

Roof slope: av = 7.85°.

Sand load: To be determined according to the applicable sand loading code.

Table 3.4: Sand Load Values by Wilaya

Ouargla | Ouargla / Touggourt 0.20 0.30 0.40

Ouargla | Rest of the Wilaya 0.25 0.30 0.50

» Wind Loads (1) Wind Loads (W)

Location: Touggourt City.

Wind zone: Zone III.

Reference pressure: g; = 50 kN/m”.
Terrain category: IL

Reference height: Z; = 9.098 m.

Peak pressure: g,.

Table 3.5: Sand Load Values by Wilaya

Roof 9.1 1.00 | 0.99 | 0.192 | 2.29 114.6

Aerodynamic Wind Pressure (WV,): Wind actions are evaluated for both the

roof surfaces and the vertical walls of the structure.

Wind parallel to the ridge (Gable End)

Pignon
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455191 | 1.82

» Wind Perpendicular to the Ridge Line (Long Span)

Longpan

154 1203 30|77 154 385 |77 | 154

Opening Surface Data

NB: S is the area of openings on the windward face.

Sy is the area of openings where C), < 0.

Direction V1 | 9.24 29.16 | Non-dominant face | 0.76
Direction V2 | 9.24 29.16 | Non-dominant face | 0.76
Direction V3 | 9.96 28.44 | Non-dominant face | 0.74
Direction V4 | 9.96 28.44 | Non-dominant face | 0.74

Totals 38.40

Data for C),

NB: If the sum of openings is equal to zero, the maximum values of the internal
pressure coefficient ), are adopted, namely 0.35, —0.5, and —0.3, or values
obtained by interpolation between —0.5 and —0.3. Otherwise, these data are

disregarded.

Value -0.18 -0.18 -0.14 -0.14
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Pressure Coefficient Cp;

‘0.6 T T T T T T ’
0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

Permeability Index pp

Figure 3.1: Variation of the Internal Pressure Coefficient (Cpi) as a Function of the Wall
Permeability Index (yp) — According to RNV 2013

Calculation of Aerodynamic Pressure W (Z;)
W =gy(Z) (Cpe — Cpi)  (daN/m?)  [7] (3.1)
Calculation of Peak Dynamic Pressure ¢,(Z.)

0p(Ze) = et X Ce(Z:)  (daN/m?) [7] (3.2)
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I 37.5
II 43.5
III 50.0
IV 57.5

Gres = 50 daN/m?

Calculation of Exposure Coefficient
Co(z) =C2x C2x [1+7L]  [7]

Calculation of Site Factors

C,: Roughness coefficient [7]
Cy: Topography coefficient [7]
Terrain category: 2 [7]

0.19 | 0.05 2 0.52

1. Roughness Coefficient (C))
The (C,) is calculated as:

K, In <i> e < 2 <200m,

20
CT(Z) N Zmin
K, In , 2 < Zmin-
20
The reference height is:
z2=H=91m

Since:

Zmin S z S 200

the roughness coefficient is calculated as:

Co(2) = K, x In (Z%)

(3.3)

(3.4)
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C, =0.99

For completeness, when:

z < Zmin

the expression becomes:

Z.
:K 1 min
C, - X n(ZO)

C, =0.00

Therefore, the adopted value is:
C, =0.99
. Topography Coefficient (C}) Site category:
Site = 1
Hence:

Ctzl

. Turbulence Intensity (/,)

According to RNV [7], the turbulence intensity is calculated as:

1
I,(2) = . for z > Zmin
Cr(2) *In (—)
0
1
IU<Z) = for z < Zmin
Ci(2) In ( Zmin
r ZO
For the considered structure:
I, =0.192

The exposure coefficient is therefore:

Co(2) = CEC?[1+ 171,

C.(z) =2.29
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The peak dynamic pressure is calculated as:
Qp(z) = Qref X Ce(z)

qp(2) = 114.6 daN/m”

Roof | 9.1 1.00 | 0.99 | 0.192 | 2.29 114.6

» Wind loads (W), (—W,)
Wind on the roof perpendicular to the ridge (¢ = 0°)
Roof 2V (0 = 0)
o = T7.85°

Table 3.6: Positive Pressure (+)

¥ 0.14 | -0.18 0.32 114.6 37.03
G 0.14 | -0.18 0.32 114.6 37.03
H 0.14 | -0.18 0.32 114.6 37.03
I -0.17 | -0.18 0.01 114.6 1.03
J -0.17 | -0.18 0.01 114.6 1.03

Table 3.7: External Pressure Coefficients (+) — Two Slopes

1

02| 0.14
G 0 |02/ 014
H 0 |02/ 014
I 06| 0 |-017
] 06| 0 |-0.17

» Wind on Roof Parallel to the Ridge Line (6 = 90°)
ROOFEF 2V, § = 90°
a = 7.85°

» Load cases and load combinations

» Simple cases

m ULS and SLS Load Combinations
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Table 3.8: Negative Pressure (-)

B -1.13 | -0.18 | -0.95 114.6 -108.67
G -091 | -0.18 | -0.73 114.6 -84.14
H -0.39 | -0.18 | -0.21 114.6 -23.56
I -0.46 | -0.18 | -0.28 114.6 -31.75
J -0.66 | -0.18 | -0.48 114.6 -54.80

Table 3.9: External Pressure Coefficients (-) — Two Slopes

-1.7 | -09 | -1.13
-1.2 1 -0.8 | -0.91
-0.6 | -0.3 | -0.39
-0.6 | -04 | -0.46
0.2 | -1.0 | -0.66

— —~ I O ™

Table 3.10: Negative Pressure (-)

¥ -1.39 | -0.14 | -1.2455 114.6 -142.78
G -1.30 | -0.14 | -1.16 114.6 -132.98
H -0.63 | -0.14 | -0.4885 114.6 -56.00
I -0.53 | -0.14 | -0.3885 114.6 -44.54

Table 3.11: External Pressure Coefficients (-) — Two Slopes

-1.6 | -1.3 | -1.39

-1.3 |1 -1.3 | -1.30
-0.7 | -0.6 | -0.63
-0.6 | -0.5 | -0.53

—~ T Q=

Table 3.12: 1* case (wind perpendicular to the long-span face) — List of defined cases

1 PP dead load
2 MAINTENANCE live load

3 CLADDING permanent
4 SAND snow load
5 W- wind load
6 W+ wind load
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Table 3.13: 2" case (Wind facing the gable) — List of defined cases

1 DL (Self-weight)  Dead load

2  CLADDING Permanent load
3  MAINTENANCE Live load

4  SAND Snow load

5 W Wind load

Table 3.14: 1% Case (Wind fronting the long-span wall)

6 (O) 1.35G+1.5Q Linear combination ULS Structural 1*1.35+2*1.50

Table 3.15: 2" case (Wind Facing Gable)

6 (C) 1.35G+1.5Q e ULS  Structural  1*1.35+2*1.50
combination

7 (C) 1.35G+1.55 Linear ULS  Structural  1*1.354+3*1.50
combination

8 (C) G+1.5WL Linear ULS Structural  1*1.00+4*1.50
combination

9 (C) 1.35G+1.5W+ Linear ULS Structural  1*1.35+5%1.50
combination

10 (Q) 135G+1.35Q+1.355  Linear ULS  Structural  (142+3)*1.35
combination

11(C) 1.35G+1.355+1.35WL, Linear ULS Structural ~ (1+3+4)*1.35
combination

12 (Q) 1.35G+1.355+1.35W+ Linear ULS  Structural  (143+5)*1.35
combination

13 (C) G+Q Linea.r ) SLS Structural (1+2)*1.00
combination

14 (C) G+S Lbysan SLS (143)*1.00
combination

15 (C) G+0.9Q+0.95 Linear SLS (143)*0.90+2*1.00
combination

16 (C) G+WL Linear SIS (1+4)*1.00
combination

17 (Q) G+W+ Linear SIS (145)*1.00
combination
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CHAPTER

Preliminary Dimensioning

4.1 Pre-dimensioning

This chapter aims to carry out the preliminary sizing of the different structural elements
of the building according to the applicable standards and regulations while respecting the
required resistance and stability conditions.

The preliminary dimensions of the different structural resisting elements were deter-
mined while respecting certain conditions, particularly the deflection condition for the
preliminary sizing of beams (load-bearing and non-load-bearing), and the buckling con-
dition for the preliminary sizing of columns according to (BAEL 91). These dimensions

must also satisfy the requirements imposed by the Algerian seismic code RPA 2024 [6].

4.2 Beam Pre-Dimensioning Calculation

Deflection criterion :

The beam height must satisfy the following dimensioning conditions:

Lop<l (4.1)
1 1

Where:
> L: Beam length.
> h: Beam height.

> b: Beam width.
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b > 20cm for zones I, II and III
b > 25cm for zones IV, V and VI

h > 30cm
h
b
\bmax < 1.5h + b,

IN

4.0

Formwork

Beams must satisfy structural limits. The height i in structures braced by shear walls.
According to the Algerian seismic code RPA 2024, the Wilaya of Touggourt is classified in

seismic Zone 1.

4.2.1 Block A
Main Beams (30 x 40)

Given L. = 580cm:

925 925
S5 <h< 10 = 35.00 < h <5250 = h=40.00cm

Verification of the conditions imposed by RPA 2024:

(

e b=30cm >20cm

e h=40cm >30cm = Conditions verified

h 40
S = =133<4
\ b 30 3=
Secondary Beams (30 x 30)
Given L. = 360cm:
360 360
T <h< 10 = 24.00 < h <36.00 = We take h = 30.00 cm

Verification of the conditions imposed by RPA 2024:

(

e b=30cm >20cm

e h=30cm>30cm = Conditions verified
h 30
—=—=1.00<4
b 30 -
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4.2.2 Block B
Main Beams (30 x 40)

Given L. = 580cm:

925 o985

1—5§h§1—0 = 38.66 < h <58.00 = h =40.00cm

Verification of the conditions imposed by RPA 2024:

(

e b=30cm >20cm

e h=40cm >30cm = Conditions verified

h 40
—=—=133<4
. b 30 -
Secondary Beams (30 x 30)
Given L. = 360cm:
% < h< % = 24.00 < h < 36.00 = We take h = 40.00 cm

Verification of the conditions imposed by RPA 2024:

(

e b=30cm >20cm

e h=30cm>30cm = Conditions verified
h 30
—=—=100<14

b 30 -

\

4.2.3 SPORT HALL BLOCK

Main Beams (X-direction — Y-direction) (30 x 40)

Given L. = 600cm:

600 600

15 <h< 10 = 40.00 < h <60.00 = We take h = 50.00 cm

Verification of the conditions imposed by RPA 2024:

;

e b=30cm > 20cm

e h=50cm>30cm = Conditions verified

h 50
—=—=166<4
b 30 -

\
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4.3 Preliminary Sizing of Slabs

In this project, two types of slabs were adopted according to the structural and architec-
tural requirements of the building, including hollow block slabs, which are widely used

due to their ability to reduce self-weight while maintaining the required strength.

4.3.1 Hollow Block Slab

Since the different floors are not heavily loaded, hollow block slabs were adopted (the
hollow blocks are used as permanent formwork), as they are economical and provide good
thermal and acoustic insulation. The hollow block slab consists of a compression slab and
hollow blocks. To determine the thickness of hollow block slabs, the following deflection

condition is used:

L L
— < h< —
25 7 T 20

> ht = h: Total height (thickness) of the slab.

> hy: Thickness of the compression slab.

» h,: Thickness of the hollow block.

> L: Largest span between the faces of supports of the joist.

4.3.2 Blocks A And B

Given Rib N1 L.« = 360cm:

%ghS% = 14.40 < h <18.00 = We take h = 20.00 cm = Slab 16 + 4

4.4 Preliminary Sizing of Columns

The column cross-section dimensions must satisfy the following conditions:

(

Min(b., h.) > 25 cm : in zones 111, and III

Min(b., hc) > 30 cm : in zones IV,V, and VI
Iy

Min(b., h.) > 20" in any zone

1<bc<1 ,

- < — < - :inany zone
{47 4 y

34



h¢

Section II-I1

I I Section I-I
N S ————1

| ]

!'i I

!{ |£ A

I 1 e
ecl
I = 1
— I Y

Figure 4.1: Formwork of the column

According to RPA2024, the Wilaya of Touggourt is classified in Zone I.

E

According to BAEL91 [8] rules: the theoretical value of the resistant axial force is:

Nres.th S (Br X op + A x Us)

Where:

» B,: Reduced cross-section of the column, obtained by subtracting 1 cm thickness

from its actual cross-section along its entire perimeter, such that:

» B, = (a —2)(b— 2), where a and b are dimensions in [cm].

e

y

Tlcm

Figure 4.2: Reduced Concrete Section
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Compressive strength of concrete: 0, = 14.17 MPa
0.85 0.85

2\ B
o2 (2)

A 2
s=1v0s(2)

With these corrections, the ultimate resistant axial force becomes:

For: A<h0:a=

With :

Nu = a[(By X fe25) /(0.9 X ) + (A-fe/7s)]
7: Concrete safety factor = 1.5
7s: Steel safety factor = 1.15
fe: Steel grade (yield strength; fe = 400 MPa)

A: Reinforcement area to be provided

vV v. v v Y

a: Coefficient depending on slenderness A

The general formula gives:

B, > b,
o oss(2) L

A 1
— =1% = — [BAEL91
B, / 100 [ ]

> o, : Steel stress ; o, = % = 348 MPa

> o, : Design compressive strength of concrete : g, = 285X/e2s — 14 17 MPa
g p g P

We take :

According to BAEL91 rules: for a rectangular column (a < b), it is preferable to take
A < 35.

35\ 2
—1402(22) =12
p=1v02(3)

By substituting these values into inequality (*), we obtain:

1,2N,

14,17 1\ 400
0 | == 1
{ 09 TS (100) 1,15} *10

We can determine a and b knowing that:

B, > = 0,0064N, = B, > 0,0064N,

By=(a—2)x(b—2) [cm?
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> A column cross-section of 30 x 30 cm? is adopted for Blocks A and B.

> For the sports hall block, a 40 x 70 cm? section is adopted, subject to verification of

the reduced axial force.
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CHAPTER

5

Seismic Study

5.1 INTRODUCTION

This chapter presents the seismic study of the proximity sports complex located in El Alia
El Hadjira, Wilaya of Touggourt, in accordance with the Algerian Seismic Regulations RPA
2024 (DTR BC 2.48). The study aims to verify the stability and resistance of the structure
against seismic actions prior to the dimensioning of structural elements.

The seismic analysis is performed using Autodesk Robot Structural Analysis Profes-
sional 2024, applying the Modal Response Spectrum Analysis (MRSA) method. This dy-
namic approach, required by RPA 2024 for structures in which the equivalent static method
is insufficient, provides a more accurate representation of the building’s seismic response
by combining the contributions of all significant vibration modes. According to RPA 2024,
the project site is classified in Seismic Zone I, corresponding to the lowest level of seismic
hazard, with a zone acceleration coefficient A = 0.07. The foundation soil is classified as
Category S3 (medium dense sand), as established by the geotechnical investigation report.
The structure is assigned to Usage Group 1B (sports and recreational facilities). These pa-
rameters govern the shape and ordinates of the design response spectrum applied in the
analysis.

The seismic study covers two reinforced concrete blocks: Block A (Girls” Locker Room,
14.05mx10.30m) and Block B (Boys” Locker Room, 18.45mx10.30m). Both blocks are single-
storey structures (RDC) with a floor height of 3.23m, founded on isolated footings an-
chored at 1.20m depth. The Sports Hall block is a mixed reinforced-concrete and steel
structure whose seismic behaviour is governed by the metal framework design and is
therefore treated separately within the steel structure chapter.

The following verifications are performed in accordance with RPA 2024 for each block:
1. Dynamic behaviour verification — ART. 4.3.3

2. Base shear force verification — ART. 4.3.5
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3. Inter-storey drift verification — ART. 5.10
4. Overall stability against overturning — ART. 5.5
5. P — A second-order effect verification — ART. 5.9

All results are presented and discussed in the sections that follow.

5.2 SEISMIC STUDY - BLOCK A

This section of the calculation report presents the seismic study of the building in accor-
dance with the requirements of DTR BC 2.48 (RPA 2024). The analysis was carried out
using Robot Structural Analysis software by applying a modal spectral analysis. All reg-
ulatory verifications according to RPA 2024 were performed to ensure compliance of the

structure with current standards.

Table 5.1: Seismic Calculation Parameters

I Group 1B S3

5.2.1 Quality Factor Calculation

The quality factor () is determined using the following expression:

6
Q=1+) P (5.1)
g=1

where P, represents the penalty associated with quality criterion ¢, depending on

whether the criterion is satisfied or not.

Table 5.2: Quality Factor Evaluation in the X Direction

Plan regularity 0.05  Not verified
Elevation regularity 0.20 Verified
Minimum conditions on number of stories ~ 0.20  Not verified
Minimum conditions on spans 0.10 Verified
Qrx =125 (5.2)
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Table 5.3: Quality Factor Evaluation in the Y Direction

Plan regularity 0.05  Not verified
Elevation regularity 0.20 Verified
Minimum conditions on number of stories ~ 0.20  Not verified
Minimum conditions on spans 0.10 Verified
Qpy =1.25 (5.3)

5.2.2 Global Behavior Factor of the Structure (R)

Table 5.4 presents the distribution of the base shear forces between columns and shear

walls.

Table 5.4: Distribution of Base Shear Forces

Floor 1 73.11 0.00 73.64 0.00

5.2.2.1 X Direction

> Percentage of base shear carried by frames: 100.00%.

> Percentage of base shear carried by shear walls: 0.00%.

Therefore, the adopted structural system is a Frame System. The behavior factor is
Rx = 5.5 corresponding to Category (a).
5.2.2.2 Y Direction

> Percentage of base shear carried by frames: 100.00%.

> Percentage of base shear carried by shear walls: 0.00%.

Therefore, the adopted structural system is a Frame System. The behavior factor is

Ry = 5.5 corresponding to Category (a).

5.2.3 Calculation of Seismic Force

The seismic actions are calculated using the Modal Response Spectrum Dynamic Analysis

Method. The seismic action is represented by the following design response spectrum:
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(AIS EJF% <2.5% - ;)} L 0<T<T,
5ulT) AIS (2.5%) , T\<T<T, 50
g AIS <2.5%) % T, <T <Ts, |
kAIS (2.5%) Tfj, T3 <T <4s.

Table 5.5: Values Characterizing the Design Response Spectrum

Zone acceleration coefficient A 0.07
Importance coefficient I 1.20
Site coefficient S 1.55
Lower period limit 7} (s) 0.10
Lower period limit 75 (s) 0.40

Beginning of constant spectral displacement branch 75 1.20

(s)

0.06 —— Spectra sens X |

o 0.5 1 1.5 2 25 3 35 4

Figure 5.1: Response spectrum in X direction
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0.06 Spactre sens Y

Figure 5.2: Response spectrum in Y direction

5.2.4 Verification of Dynamic Behavior

Table 5.6: Modal Analysis Results

(s) UX (%) UY (%) UX (%) UY (%) UX (kg)
1 0.241 2.25 85.97 2.25 85.97 110210.79
2 0.227 84.45 91.57 82.20 5.60 110210.79
3 0.206 96.18 96.44 11.73 4.86 110210.79
4 0.072 96.47 96.44 0.30 0.00 110210.79
5 0.057 96.47 96.44 0.00 0.00 110210.79
6 0.057 96.48 96.44 0.01 0.00 110210.79
7 0.053 96.48 96.45 0.00 0.01 110210.79
8 0.052 96.58 96.45 0.10 0.00 110210.79
9 0.050 96.58 96.45 0.00 0.00 110210.79

Table 5.7: Interpretation of the Dominant Modes

1 Translation in Y direction 0.241
2 Translation in X direction 0.227
3 Torsional mode 0.206

Verification According to RPA 2024, Article 4.3.3

According to Article 4.3.3 of RPA 2024, the number of retained modes in each excitation

direction shall be such that the sum of the effective modal masses reaches at least 90% of
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the total mass of the structure.

> X direction: cumulative mass participation = 96.58%.

> Y direction: cumulative mass participation = 96.45%.

The cumulative modal mass exceeds the minimum requirement of 90% in both direc-

tions. Therefore, the modal analysis satisfies the requirements of Article 4.3.3 of RPA 2024.

Verification ART 4.3.5 RPA 2024

The resultant of seismic forces at the base obtained by combining modal values must not
be less than 80% of the resultant of seismic forces determined by the equivalent static

method for a value of the fundamental period T,,.

5.2.5 Calculation of Seismic Force by the Equivalent Static Method

According to Article 4.2.3 of RPA 2024, the total seismic force V applied to the base of the
structure shall be calculated successively in two orthogonal horizontal directions accord-

ing to the following formula:

Sad
g

V=X

(To) - W

Where:
> S“dT(TO): Ordinate of the design spectrum for period 7
> \: Correction coefficient
A =0.85:if Ty < 2 T; and if the building has more than 2 levels
A = 1: otherwise — For our case, A = 1
> Tpy: Fundamental vibration period of the building
Estimation of the fundamental period:
> Empirical: Tempirical = C7 - h?f =0.12s
Analytical periods obtained by Robot software:
> Tanalyticalx = 0.2418

> Tanalytical—y =0.227s

Table 5.8: Value of the period 7} used for the calculation of the base shear force V.

Tcalc <13 Temp TO = Tcalc
Tcalc > 1.3 Temp TO =13 Temp
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5.2.5.1 Spectral Acceleration Values

According to Table 4.4 of RPA 2024, the spectral acceleration values corresponding to the

fundamental periods are:

(S_) _ 0074 5.5)
(S—> —0.074 (5.6)
97 1oy

5.2.5.2 Calculation of Total Seismic Weight

According to Article 4.2.3 of RPA 2024, the total seismic weight IV of the structure is equal

to the sum of the seismic weights calculated at each level:

W= W (5.7)
=1
where
W; = Weai + YW, (5.8)
with:

> We;: weight due to permanent loads and fixed equipment;
> Weq;: live load at level i;
> 1) live-load participation coefficient (Table 4.2 of RPA 2024);

> n: total number of levels.

For the studied structure:
W = 1081.17 kN (5.9)

5.2.5.3 Seismic Forces Computed by the Equivalent Static Method

The base shear forces obtained using the equivalent static method are:

Vy = 80.01 kN (5.10)
Vi = 80.01 kN (5.11)
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Table 5.9: Verification of Base Shear Force

X 80.01 64.01 73.11 Condition verified
Y 80.01 64.01 73.64 Condition verified

5.2.5.4 Verification of Inter-Story Drifts — RPA 2024 Article 5.10

Relative lateral displacements of one story with respect to the one below must not exceed

the limits prescribed by RPA 2024.
Ak < Ak

The allowable inter-story drift A, is determined according to the structural type using

Equations (5.11), (5.12), and (5.13) of RPA 2024.

Table 5.10: Inter-Story Drift Limits According to RPA 2024

Reinforced Concrete Buildings without Fragile or Ductile Elements Aj < 0.0150 hy,

Table 5.11: Verification of Inter-Story Drifts

Floor 1 3.23 46 Verified

5.2.6 Verification of Overall Stability — RPA 2024 Article 5.5

Verification of structural overturning is performed through application of the following

formula:

MomentStabilisant > 1.3 % Momentrenversant

Table 5.12: Stabilizing Moment Calculation

1081.17 0.0 9222.38 6800.56

Overturning Moment Calculation:
MRenversement : 1€ moment de renversement de la structure = > Fj, % H,

where:

> Fj: seismic force applied at level &;

> Hj: height of level k measured from the base.



Table 5.13: Overturning Moment Calculation

Floor 1 3.23 73.11 73.11 73.64 73.64 236.15 / 237.86

Table 5.14: Overall Stability Verification in the X Direction (Block A)

236.15 9222.38 Verified

Table 5.15: Overall Stability Verification in the Y Direction (Block A)

237.86 6800.56 Verified

5.2.7 Verification of P-A Effect — RPA 2024 Article 5.9

The effects of second order (or P-A effect) may be neglected in buildings if the following

condition is satisfied at all levels:

Py - Ay
0, = < 0.10
(’“ Vk-hk)_

where:
> P, : total weight of the structure and live loads, above level “k”.

n

Pe=> (Gi+v-Qi)

i=k
> V}, : storey shear force at level “k”: Vj, = ", F;
> Ay : relative displacement of level “k” with respect to level “k — 1”

> hy : height of level “k”.

Figure 5.3: Schematic representation of the second-order P-A effect on a multi-story build-
ing frame.

Verification of Verification of Second-Order Effects — RPA 2024 Article 5.9
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Table 5.16: Verification of the Stability Coefficient ©

1 323 1089.84 0.40 0.46 73.11 73.64 0.0185 0.0183

The stability coefficient © shall satisfy the following condition:

6 <0.10
For the studied structure:
0, = 0.0185 < 0.10, (5.12)
0, = 0.0183 < 0.10. (5.13)

Therefore, the stability condition is satisfied in both directions and second-order effects

may be neglected according to the provisions of RPA 2024.

5.3 SEISMIC STUDY - BLOCK B

This section of the calculation report presents the seismic analysis of Block B in accordance
with the requirements of DTR BC 2.48 (RPA 2024). The analysis was performed using
Robot Structural Analysis software through the Modal Response Spectrum Method. All
verifications required by RPA 2024 were carried out to assess the seismic behavior of the

structure and to ensure compliance with the applicable regulatory provisions.

5.3.1 Seismic Calculation Parameters

Table 5.17: Seismic Calculation Parameters

I Group 1B S3

5.3.2 Quality Factor Calculation
The quality factor (Q) is determined according to the following expression:
6

Q=1+ P, (5.14)

q=1
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where (P_q) represents the penalty associated with quality criterion (q), depending on
whether the corresponding requirement is satisfied or not. The values of these penalties
are determined according to the provisions of RPA 2024.

(P_q) is the penalty applied depending on whether quality criterion (q) is satisfied or

not.

5.3.2.1 Direction X

Table 5.18: Quality Factor Evaluation in the X Direction

Plan regularity 0.05  Not verified

Elevation regularity 0.20 Verified

Minimum conditions on number of stories ~ 0.20  Not verified

Minimum conditions on spans 0.10 Verified
Q;x =1.25

5.3.2.2 Direction Y

Table 5.19: Quality Factor Evaluation in the Y Direction

Plan regularity 0.05  Not verified

Elevation regularity 0.20 Verified

Minimum conditions on number of stories ~ 0.20  Not verified

Minimum conditions on spans 0.10 Verified
Qpy =1.25

5.3.3 Global Structural Behavior Factor (R)

The following table presents the distribution of shear forces in columns and shear walls

at the base level.

5.3.3.1 Direction X

> Percentage of base shear carried by frames: 100.00

> Percentage of base shear carried by shear walls: 0.00
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Table 5.20: Distribution of Base Shear Forces

Floor 1 99.12 0.00 96.43 0.00

» Structural system: Frame system.

Rx =5.5 (5.15)

The structure belongs to Category (a).

5.3.3.2 Direction' Y

> Percentage of base shear carried by frames: 100.00
> Percentage of base shear carried by shear walls: 0.00

> Structural system: Frame system.

Ry = 5.5 (5.16)

The structure belongs to Category (a).

5.3.4 Calculation of Seismic Force (RPA 2024 Art. 3.3.3)

Seismic actions are calculated using the modal spectral dynamic analysis method. The

seismic action is represented by the following design spectrum:

( 2 T Qr 2
A-T-5-|=4+—- 125" — = if0<T<T
S _3+T1 ( 5) R 3):| if0 < < 17
%(T):< | R
L 1 |
J A-I-S-_2.5%_-{ﬂ Ty < T < Ty
[ _Qr| [TxT; .
\AIS_QE)W_ T2 1fT3§T<4S

Values Characterizing the Design Response Spectrum:
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Table 5.21: Parameters of the Design Response Spectrum

Zone acceleration coefficient A 0.07
Importance coefficient 1 1.2
Site coefficient S 1.55
Lower period limit 73 (s) 0.1
Upper period limit 75 (s) 0.4

Start of constant spectral displacement branch 75 (s) 1.2

0.06 Spectre sens X

8.055

1 1.5

Figure 5.4: Response spectrum in X direction: obtained from Robot Structural Analysis

software.

5.3.5 Verification Against Algerian Seismic Code RPA 2024

5.3.5.1 Verification of Dynamic Behavior

Modal Analysis Results:

Interpretation:

Verification ART 4.3.3 RPA 2024

The number of modes to be retained in each excitation direction shall be such that the sum

of effective modal masses for retained modes equals at least 90% of the total structural

mass:

» Direction X: Cumulative mass = 96.74%

» Direction Y: Cumulative mass = 96.63%

[v'] Cumulative mass at the last mode exceeded 90% in both directions X and Y.
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0.06 Spactre sens 'Y

0.5 1 1.5 2 2.5 3 3.5

Figure 5.5: Response spectrum in Y direction: obtained from Robot Structural Analysis
software.

Table 5.22: Modal Analysis Results and Mass Participation Factors

1 0.247 0.64 86.81 0.64 86.81 151334.47
2 0.228 90.14 89.10 89.51 2.29 151334.47
3 0.212 96.42 96.63 6.28 7.53 151334.47
4 0.079 96.73 96.63 0.31 0.00 151334.47
8 0.062 96.73 96.63 0.00 0.00 151334.47
6 0.061 96.73 96.63 0.00 0.00 151334.47
7 0.059 96.73 96.63 0.00 0.00 151334.47
8 0.054 96.73 96.63 0.00 0.00 151334.47
9 0.052 96.74 96.63 0.00 0.00 151334.47

Table 5.23: Dynamic Behavior Interpretation of Primary Modes

1 Translation in Y direction 0.247
2 Translation in X direction 0.228
3 Torsion 0.212

Verification ART 4.3.5 RPA 2024

The resultant of seismic forces at the base obtained by combining modal values must not
be less than 80% of the resultant determined by the equivalent static method for period
T5.

51



Calculation of Seismic Force — Equivalent Static Method (Block B)

According to Article 4.2.3 of RPA 2024, the total seismic force V' applied at the base of the

structure shall be calculated successively in two orthogonal horizontal directions using

the following formula:

Sad

V= (Ty) - W

For our case, A = 1.
Estimation of the fundamental period: Empirical: Tempiricas = Cr - hf’f =0.12s

Where:
» Empirical: Ty = Crp - h?\& =0.12s
> Tanalyticalx = 0.247's
> Tanalyticaly = 0.228 s
‘Case  Periodtouse
Teaieut < 1.3 Tempirique L0 = Tcalcul
Teateul 2 1.3 Tempirique 10 = 1.3 Tempirique

Table 5.24: Value for the period (7}) used to calculate the base shear force V

From Table 5.24 of RPA 2024:
> 2 (Ty,) = 0.074
> 2 (Ty,) = 0.074

For our case: W = 1484.59 kN
> V, =109.86 kN
> V, =109.86 kN

Verification of Base Shear Force — Block B

Table 5.25: Base Shear Force Verification Against Equivalent Static Method

X 109.86 87.89 103.25 Condition verified
Y 109.86 87.89 100.45 Condition verified

Verification of Inter-Story Drift — RPA 2024, Article 5.10

The relative lateral displacements of a story with respect to the story immediately below

shall not exceed the allowable limits specified in the following table:
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Table 5.26: Inter-Story Drift Limit According to Structure Type

RC Buildings without Fragile or Ductile Elements Aj; < 0.0150 x hy,

Table 5.27: Inter-Story Drift Calculations and Verification

Floor 1 3.23 4.85 0.42 0.48 [v'] Verified

Ak<Ak

Where: A, is determined according to the type of structure based on Equations (5.11),
(5.12), and (5.13) of RPA 2024.

Verification of Overall Stability — RPA 2024 Art. 5.5 (Block B)

The verification of the structure against overturning is carried out using the following

equation:
Momentstabilizing > 1.3 % Momentoverturning
Stabilizing Moment Calculation

Table 5.28: Stabilizing Moment Calculation Data

1484.59 0.00 7.28 5.93 10807.82 8803.62

Overturning Moment Calculation
Moverturning: the overturning moment of the structure = > Fy - Hy,

> Fj: seismic force applied at level &;

> Hj: height of level k measured from the base.
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Table 5.29: Overturning Moment Calculations per Story

Floor 1 3.23 103.25 10325 100.45  100.45 333.50 / 324.45

Summary Table — Block B:

Table 5.30: Overturning Stability Verification (X Direction)

333.50 10807.82 [v'] Verified

Table 5.31: Overturning Stability Verification (Y Direction)

324.45 8803.62 [v'] Verified

5.3.6 Verification of P-A Effect — RPA 2024 Article 5.9

The effects of second order (or P-A effect) may be neglected in buildings if the following

condition is satisfied at all levels:

0. = < 0.10
(’“ Vk-hk)_

where:
> P : total weight of the structure and live loads, above level “k”.

n

Po=> (Gi+v-Q)

i=k

> V}, : storey shear force at level “k”: Vj, = ", F,
> Ay : relative displacement of level “k” with respect to level “k — 1”7

> hy, : height of level “k”.

Table 5.32: Verification of the Stability Coefficient ©

1 3.23 1496.89 0.42 0.48 103.25 100.45 0.0188 0.0193

Verification of Verification of Second-Order Effects — RPA 2024 Article 5.9
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Figure 5.6: Schematic representation of the second-order P-A effect on a multi-story build-
ing frame.

The stability coefficient © shall satisfy the following condition:

6 <0.10
For the studied structure:
0, =0.0188 < 0.10, (5.17)
0, = 0.0193 < 0.10. (5.18)

Therefore, the stability condition is satisfied in both directions and second-order effects

may be neglected according to the provisions of RPA 2024.

54 CONCLUSION

This chapter has presented the complete seismic analysis of the reinforced concrete blocks
constituting the proximity sports complex at El Alia El Hadjira, Wilaya of Touggourt, in
full compliance with the Algerian Seismic Regulations RPA 2024 (DTR BC 2.48). The anal-
ysis was conducted using the Modal Response Spectrum Analysis method implemented
in Robot Structural Analysis Professional 2024.

The seismic context of the project is characterised by a low level of hazard: Seismic
Zone I(A = 0.07), Usage Group 1B, Site Category S3 (site coefficient S = 1.55, importance
coefficient / = 1.2). Under these conditions, the design response spectrum yields a nor-
malised spectral acceleration Sa/g = 0.074, which is among the lowest values applicable
under RPA 2024.

Both Block A and Block B adopt a pure frame structural system (Ossature portique)
with a behaviour factor R = 5.5 and a quality factor ) = 1.25, reflecting minor penalties
related to plan irregularity and the single-storey configuration. The seismic weight of
Block Ais W = 1081.17 kN, and that of Block Bis W = 1 484.59 kN.
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All five regulatory verifications required by RPA 2024 have been satisfied for both

blocks, as summarised in the Table 5.33.

Table 5.33: Summary of Regulatory Verifications and Compliance Under RPA 2024

Dynamic behaviour ART. 4.3.3 [v] Verified [v'] Verified
Base shear force ART. 435 [V] Verified [v'] Verified
Inter-story drifts ART.5.10 [v] Verified [v'] Verified
]
|

Overall stability ART. 5.5 [v'] Verified [v] Verified
P-A effect ART. 5.9 [v'] Verified [v'] Verified

The maximum inter-story drift recorded is Ak = 0.48 ecm (Block B, Y direction), well
below the allowable limit of 4.85 cm imposed by RPA 2024, confirming the high lateral
stiffness of the structure. The P — A stability index remains below 0.02 for both blocks,
indicating that second-order effects are negligible and do not require amplification of the
computed seismic forces.

It should be noted that the Sports Hall block, which incorporates a steel moment-
resisting frame (portal frames with HEA 400 columns and IPE 400 rafters) resting on re-
inforced concrete columns, is not subject to a conventional seismic analysis under RPA
2024 within this chapter. The seismic resistance of the steel superstructure is addressed
through the capacity design principles applied in the steel structure dimensioning chap-
ter, in accordance with CCM 97 and Eurocode 3.

In conclusion, both reinforced concrete blocks satisfy all seismic requirements of RPA
2024 with comfortable safety margins. The structural design is deemed adequate with re-
spect to seismic performance, and the selected structural system and member dimensions

may be retained for the final dimensioning presented in the following chapters.
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CHAPTER

Calculation and Verification of

Structural Elements

6.1 CALCULATION AND VERIFICATION OF
REINFORCED CONCRETE ELEMENTS

6.1.1 Calculation and verification of columns
6.1.1.1 RPA 2024 Requirements for Columns

Columns are the primary vertical load-bearing members of a reinforced concrete structure.
They transmit combined axial forces and bending moments from the floor slabs and beams
down to the foundations. In a seismic context, columns must also resist horizontal forces
generated by earthquake ground motion and must exhibit sufficient ductility to dissipate
seismic energy without premature failure.

The design of columns in this project is carried out in accordance with two comple-
mentary references: the French concrete design code BAEL 91 revised 99 (Béton Armé aux
Etats Limites), which governs the dimensioning of longitudinal and transverse reinforce-
ment under gravity load combinations at Ultimate and Serviceability Limit States; and the
Algerian Seismic Regulations RPA 2024 (DTR BC 2.48), which imposes additional detail-
ing requirements and checks specific to seismic zones, including minimum reinforcement
ratios, confinement of the concrete core, and control of the normalised axial force.

Three column types are addressed in this chapter: the 30 cmx30 cm section used in
Block A (Girls’ Locker Room) and Block B (Boys” Locker Room), and the 40 cmx70 cm sec-
tion used in the Sports Hall block. For each section, the following verifications and designs
are performed: (1) normalised axial force v — RPA 2024 Art.7.4.3; (2) shear stress — CBA
93 A.5.1.1 and RPA 2024 Eq.7.6; (3) longitudinal reinforcement — combined bending, gov-
erned by RPA 2024 Art.7.4.2 minimum; (4) transverse reinforcement — RPA 2024 Art.7.4.2
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with zone-dependent spacing limits.

The minimum reinforcement requirements imposed by RPA 2024 for seismic Zone I
are recalled below, prior to the detailed calculations.

Longitudinal reinforcement bars must be high-bond, straight and without hooks:

» Their minimum percentage shall be: 0.8% — Zone I
» Their maximum percentage shall be:
4% in the current zone
8% in the lap splice zone
» Minimum bar diameter is 12 mm
» Minimum lap splice length is:
50¢ in Zones I, I and III

> Spacing between vertical bars on one face of a column shall not exceed 20 cm in
Zones I, IT and III.

6.1.1.2 BLOCK A - GIRLS LOCKER ROOM:

Column 30 x 30

1. Material Properties:
> Concrete: f.93 = 25.00 MPa
> Steel: f. = 500 MPa

2. Cross-Section Dimensions

> b =30.00cm
> h =30.00cm
A
_Z
f As2
= Y
| As2
' I
b

Figure 6.1: Cross-Section Dimensions

3. Load Combinations
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Figure 6.2: Reinforcement Detail of Column.

» Ultimate Limit States (ULS): 1.35G + 1.5Q (7 = 1.5; v, = 1.15)
» Accidental Limit States (ALS): G+ YQ + E (v =1.2;v,=1)

4. Design Forces

Table 6.1: Load Cases for Column 30x30 (Block A)

N (kN) | My (kN.m) | Mz (kN.m)
ELU 198.78 10.52 0.04
(Nmax; Mycorr; Mzcorr)
ACC1 78.72 27.93 0.62
(Mymax; Ncorr; Mzcorr)
ACC2 102.17 9.40 15.37
(Mzmax; Ncorr; Mycorr)
ACC3 17.34 5.41 0.68
(Nmin; Mycorr; Mzcorr)

5. Verification of Reduced Axial Force
The design compressive axial force is limited by the condition of RPA 2024 Article

7.4.3:
Ny

v =
Bcfc28

<0.35

Where:
v: the reduced axial force.

Ny: design axial force acting on a cross-section.
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B.: column cross-sectional area.

F 8t characteristic compressive strength of concrete.

N, (KN)  136.76
B, (cm?)  900.00
Fios (MPa)  25.00
" 0.06

Condition Condition Verified

6. Verification of Shear Stresses Verification of ultimate shear stress limit per CBA93

AS5.1.1
Vi

b-d

Tou =

Where:
» V.. Shear force at the Ultimate Limit State.
» 7,: Shear stress in MPa.
> b: beam width, d: Effective depth i — (h/10).

The conventional design shear stress in concrete, 73, under seismic combination

shall not exceed the following limit value:
Tou < Tou = Pd X [es (RPA 2024 Eqn(7.6))

where: p, equals 0.075 if the geometric slenderness, in the direction considered, is
greater than or equal to 5; it equals 0.04, otherwise.

In the case of masonry infill, not extending over the full column height (e.g. transom
windows), the design height for the geometric slenderness shall equal the opening
height.

Where:
Ag: is the geometric slenderness ratio of the column.
a and b: dimensions of the column cross-section in the direction of deformation consid-
ered.

ly: buckling length of the column [y = 0.7L (general building case).

Calculation Results
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Figure 6.3: Influence of masonry infill and opening height ~ on columns.

Table 6.2: Shear Verification (Block A)

Ag 7.53 Ag 7.53
Pd 0.075 Pd 0.075
Thu (MPa) 1.88 Ty (MPa) 1.88
T, (kN) 9.02 T, (kN) 14.46
T=3 xjg)}.Qh (MPa) 0.11 T = % (MPa) 0.18
Condition Condition Verified v | Condition Condition Verified v/

7. Longitudinal Reinforcement Design

Table 6.3: Longitudinal Reinforcement Results — Combined Bending

0.08

1.34

2.83

Table 6.4: Reinforcement Conditions per RPA 2024 Art. 7.4.2

30.00

30.00 I

0.80

7.20
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Table 6.5: Additional Reinforcement Requirements

12 4 8 500 20
8 HA 12 9.04 Condition Verified Vv
| |

? ;

=

[}

q

As2 1

z.l.

N‘

Figure 6.4: Column cross-section reinforcement layout and longitudinal confinement
zones.

8. Transverse Reinforcement Design

According to RPA 2024 Article 7.4.2, column transverse reinforcement is calculated
using the formula:
At - Vu
13 e hl ' f e
A;: straight or equivalent cross-section of the transverse reinforcement links.

V,: design shear force at the ULS in kNN.

(6.1)

h,: total height of the gross section in the direction considered.
fe: yield strength of the transverse reinforcement steel.
t: spacing of transverse reinforcement.
pa: corrective coefficient accounting for the brittle shear failure mode:
" op,=25if A\, >5

" p, = 3.75 otherwise.

62



1-1

18 85 18 pos— 25 8
18 18 2T12 25 .
25

C‘ad-TSL=88cmT SV | el R

Cad-T8 L=116cm

] 1

) N V

Figure 6.5: Cross-Section Dimensions

Maximum Spacing

The maximum spacing is given by the following expression:

Nodal Zone  min(10¢;, 12.5 cm) min(by/3, 6¢;, 10 cm)

Current Zone 15¢, min(b./2, he/2,10¢;)

Where:
¢ the minimum diameter of longitudinal column reinforcement.

bp: minimum dimension of the concrete core (inside the confinement reinforce-

ment).

6.1.1.3 BLOCK B - BOYS LOCKER ROOM

Column 30 x 30

1. Material Properties:
» Concrete: f.o3 = 25.00 MPa
> Steel: f. = 500 MPa (FeE 500)
2. Cross-Section Dimensions:
> Section width (b): b = 30.00 cm
> Section height (h): h = 30.00 cm
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Table 6.6: Transverse Reinforcement Verification

Transverse Reinforcement 8.00
¢ (mm)
Number of Stirrups 2.00
At (cm2) 2.01
Fe (MPa) 500
Pa 25 2.5
Vi (KN) 9.02 14.46
Max. Spacing — RPA (cm) Current Zone 18.00
Nodal Zone 12.00
Spacing Chosen (cm) Current Zone 15.00
Nodal Zone 10.00
A
&
—he
. o ‘ I
b

Figure 6.6: Column local axes and longitudinal reinforcement layout.

3. Load Combinations

» Ultimate Limit States (ULS): 1.35G + 1.5Q ~, =15 ~,=1.15
» Accidental Limit States (ALS): G +yQ + FE v =12 ~,=1.0

4. Design Forces

5. Verification of Reduced Axial Force

The design compressive axial force is limited by the condition of RPA 2024 Article

7.4.3:

Where:

v: the reduced axial force.

(Y

BcchS

<0.35

Ng: design axial force acting on a cross-section.
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Table 6.7: Load Cases for Column 30x30 (Block B)

N (kN) | My (kN.m) | Mz (kN.m)
ELU 219.86 497 -0.20
(Nmax; Mycorr; Mzcorr)
ACC1 86.89 23.30 3.01
(Mymax; Ncorr; Mzcorr)
ACC2 104.28 9.51 16.50
(Mzmax; Ncorr; Mycorr)
ACC3 15.89 7.96 0.47
(Nmin; Mycorr; Mzcorr)

B,: column cross-sectional area.

F,o8: characteristic compressive strength of concrete.

Ny (KN) 153.47
B, (cm?) 900.00
Fs (MPa) 25.00
v 0.07

Condition Condition Verified

6. Verification of Shear Stresses Verification of ultimate shear stress limit per CBA93

A5.1.1

Tbu_b'd

Where:
» V.. Shear force at the Ultimate Limit State.
» 7,.: Shear stress in MPa.
> b: beam width, d: Effective depth h — (h/10).

The conventional design shear stress in concrete, 73, under seismic combination

shall not exceed the following limit value:
Tou < Tou = Pd X fe2s (RPA 2024 Eqn(7.6))

where: p, equals 0.075 if the geometric slenderness, in the direction considered, is
greater than or equal to 5; it equals 0.04, otherwise.
In the case of masonry infill, not extending over the full column height (e.g. transom

windows), the design height for the geometric slenderness shall equal the opening
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height.

Where:
Ag:

a and b:

ered.

is the geometric slenderness ratio of the column.

, TT TT
” : Ii. ‘_lhf - TfF“
T [
I I I T

dimensions of the column cross-section in the direction of deformation consid-

: buckling length of the column /; = 0.7L (general building case).

Figure 6.7: Influence of masonry infill and opening height / on columns.

Calculation Results

Table 6.8: Shear Verification (Sports Hall Block)

Ag 7.53 Ag 7.53
Pd 0.075 Pd 0.075
Thu (MPa) 1.88 Ty (MPa) 1.88
T, (kN) 9.60 T, (kN) 12.85
T=3 xjéj,gh (MPa) 0.12 = hx—(z)gb (MPa) 0.16
Condition Condition Verified v | Condition Condition Verified v/
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7. Longitudinal Reinforcement Design

Table 6.9: Longitudinal Reinforcement Results — Combined Bending

0.51 0.88 2.05

Table 6.10: Reinforcement Conditions per RPA 2024 Art. 7.4.2

30.00 30.00 I 0.80 7.20

Table 6.11: Additional Reinforcement Requirements

12 4 8 506 20

8 HA 12 9.04 Condition Verified Vv

8. Transverse Reinforcement Design

According to RPA 2024 Article 7.4.2, column transverse reinforcement is calculated

using the formula:

A v,
== (6.2)

P pahl—'fe

Ay: straight or equivalent cross-section of the transverse reinforcement links.
V.. design shear force at the ULS in kNN.
hy: total height of the gross section in the direction considered.
fe: yield strength of the transverse reinforcement steel.

t: spacing of transverse reinforcement.
pa: corrective coefficient accounting for the brittle shear failure mode:

" op,=25if N\, >5

® p, = 3.75 otherwise.

Maximum Spacing

The maximum spacing is given by the following expression:
Where:
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Figure 6.8: Column cross-section reinforcement layout and longitudinal confinement

zones.

Nodal Zone  min(10¢;, 12.5 cm)

Current Zone 15¢;

min(by/3, 6¢;, 10 cm)

min(b./2, h./2,10¢;)

¢ the minimum diameter of longitudinal column reinforcement.

bp: minimum dimension of the concrete core (inside the confinement reinforce-

ment).

Table 6.12: Transverse Reinforcement Verification

Transverse Reinforcement 8.00

¢ (mm)

Number of Stirrups 2.00

At (cm2) 2.01

Fe (MPa) 500

Pa 25 2.5

V., (kN) 9.02 14.46

Max. Spacing — RPA (cm) Current Zone 18.00
Nodal Zone 12.00

Spacing Chosen (cm) Current Zone 15.00
Nodal Zone 10.00
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6.1.1.4 SPORTS HALL BLOCK

Column 40 x 70

1. Material Properties:
» Concrete: f.03 = 25.00 MPa
> Steel: f. = 500 MPa (FeE 500)
2. Cross-Section Dimensions:
» Section width (b): b = 40.00 cm
> Section height (h): h = 70.00 cm

A
4

=
As2

As2
A
1

Figure 6.9: Column local axes and longitudinal reinforcement layout.

3. Load Combinations
» Ultimate Limit States (ULS): 1.35G' + 1.5Q v, =15 ~,=1.15
» Accidental Limit States (ALS): G+ vQ + F v, =12 ~,=1.0

4. Design Forces

Table 6.13: Load Cases for Column 40x70 (Sports Hall Block)

N (kN) | My (kN.m) | Mz (kN.m)
ELU 267.02 165.21 0.78
(Nmax; Mycorr; Mzcorr)
ACC1 183.03 96.80 0.09
(Mymax; Ncorr; Mzcorr)
ACC2 44.06 3.38 9.41
(Mzmax; Ncorr; Mycorr)
ACC3 43.69 3.34 941
(Nmin; Mycorr; Mzcorr)




5. Verification of Reduced Axial Force
The design compressive axial force is limited by the condition of RPA 2024 Article

7.4.3:
Ny

v =
Bcfc28

<0.35

Where:
v: the reduced axial force.
Ng: design axial force acting on a cross-section.
B.: column cross-sectional area.

Fo8: characteristic compressive strength of concrete.

Ny (KN)  185.43
B.(cm?)  2800.00
Fios (MPa) 25.00

" 0.03

Condition Condition Verified

6. Verification of Shear Stresses Verification of ultimate shear stress limit per CBA93

A5.1.1

Tbu_b'd

Where:
» V.. Shear force at the Ultimate Limit State.
» 73,: Shear stress in MPa.
> b: beam width, d: Effective depth h — (h/10).

The conventional design shear stress in concrete, 7, under seismic combination

shall not exceed the following limit value:
Tou < Tou = Pd X [es (RPA 2024 Eqn(7.6))

where: p, equals 0.075 if the geometric slenderness, in the direction considered, is
greater than or equal to 5; it equals 0.04, otherwise.

In the case of masonry infill, not extending over the full column height (e.g. transom
windows), the design height for the geometric slenderness shall equal the opening
height.

Where:
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Ag: is the geometric slenderness ratio of the column.

a and b: dimensions of the column cross-section in the direction of deformation consid-

ered.

ls: buckling length of the column [; = 0.7L (general building case).

L 1L 1L

., L

] 2 |
———_— — .

Figure 6.10: Influence of masonry infill and opening height & on columns.

Calculation Results

Table 6.14: Shear Verification (Block B)

Ag 12.25 Ag 7.00
Pd 0.075 Pd 0.075
Ty, (MPa) 1.88 Ty (MPa) 1.88
T, (kN) 7.49 T, (kN) 23.18
=3 Xjé’.g ; (MPa) 0.03 =7 XTE).Qb (MPa) 0.09
Condition Condition Verified v | Condition Condition Verified v/
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7. Longitudinal Reinforcement Design

Table 6.15: Longitudinal Reinforcement Results — Combined Bending

0.04 1.94 3.96

Table 6.16: Reinforcement Conditions per RPA 2024 Art. 7.4.2

40.00 70.00 I 0.80 22.40

Table 6.17: Additional Reinforcement Requirements

12 4 8 506 20

6 1l6+6 16 2412 Condition Verified Vv
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Figure 6.11: Column cross-section reinforcement layout and longitudinal confinement
zones.
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Figure 6.12: Reinforcement Detail of Column.

8. Transverse Reinforcement Design
According to RPA 2024 Article 7.4.2, column transverse reinforcement is calculated

using the formula:

=p v
t hy- fe
A;: straight or equivalent cross-section of the transverse reinforcement links.

V.: design shear force at the ULS in kN.

A v (6.3)

hi: total height of the gross section in the direction considered.
fe: yield strength of the transverse reinforcement steel.
t: spacing of transverse reinforcement.
pa: corrective coefficient accounting for the brittle shear failure mode:
pa=25if Ay > 5
pa = 3.75 otherwise.
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Maximum Spacing

The maximum spacing is given by the following expression:

Nodal Zone  min(10¢;, 12.5 cm) min(by/3, 6¢;, 10 cm)

Current Zone 15¢, min(b./2, h./2,10¢;)

Where:

¢: the minimum diameter of longitudinal column reinforcement.

bp: minimum dimension of the concrete core (inside the confinement reinforce-

ment).

Table 6.18: Transverse Reinforcement Verification

Transverse Reinforcement 8.00

¢ (mm)

Number of Stirrups 3.00

At (cm2) 3.01

Fe (MPa) 500

Pa 2.5 25

V., (kN) 7.49 23.18

Max. Spacing — RPA (cm) Current Zone 24.00
Nodal Zone 12.50

Spacing Chosen (cm) Current Zone 15.00
Nodal Zone 10.00

Conclusion and Results

This section has presented the complete design of the reinforced concrete columns for the

three structural blocks of the sports complex at El Alia El Hadjira, Wilaya of Touggourt.

The calculations were carried out in accordance with BAEL91 revised 99 for the dimen-

sioning of reinforcement under gravity load combinations, and with the Algerian Seismic
Regulations RPA 2024 (DTR BC 2.48) for the seismic detailing requirements and additional

verifications.

Two cross-sectional types were designed: the 30cm x 30cm section adopted for the

single-storey blocks (Block A — Girls” Locker Room, and Block B — Boys’ Locker Room),
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and the 40cm x 70cm section required by the greater load demands and height of the

Sports Hall block. The results of all verifications are summarised in the Table 6.19.

Table 6.19: Summary of Column Design and Verification Results

Section 30cm x 30cm | 30 cm x 30 cm | 40 cm x 70 cm —

B (cm?) 900 900 2800 -

Normalised axial force 0.06 0.07 0.03 <035 v

1%

Slenderness A, (Y-Y /| 7.53/7.53 7.53 / 7.53 700 /1225 |9 =5= pa=

7.2) 0.075

T limit (MPa) 1.88 1.88 1.88 R

Tmax applied (MPa) 0.18 0.16 0.09 <188V
Governed by

A; cale (cm?) 2.83 2.05 3.96 RPA

minimmum

Ag min RPA (cm?) 7.20 7.20 22.40 Art. 7.42

Adopted reinforcement S HA 12 S HA 12 6 HI—?A1T6+ 6 _

A provided (cm?) 9.04 9.04 24.12 > Agmin V'

Stirrups 2x¢8 / dlegs | 2x¢8 / 4legs | 3x¢8 / 6legs -

Ay provided (cm?) 2.01 2.01 3.01 Art. 7.42 v

Nodal spacing (cm) 10 10 10 < limit v/

Current spacing (cm) 15 15 15 < limit v/

All verifications Ve v v Compliant

The normalised axial force v remains well within the RPA 2024 limit of 0.35 for all
three column types (maximum value: 0.07 for Block B), confirming that the sections are
not overstressed under seismic loading. The shear stress verification is equally satisfactory,
with applied stresses not exceeding 10% of the allowable 73, = 1.88 MPa in any case.

In all three cases, the longitudinal reinforcement computed by combined bending anal-
ysis is smaller than the minimum area imposed by RPA 2024 Article 7.4.2 (0.8% of the gross
cross-sectional area for Seismic Zone I). The adopted reinforcement is therefore governed
by the RPA minimum rather than by strength demand, which is characteristic of low-
seismicity zones (Zone I, A = 0.07). The selected bars — 8 HA 12 for the 30 cm x 30 cm
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sections and 6 HA 16 + 6 HA 16 for the 40 cm x 70 cm section — provide adequate cover
to all RPA detailing rules regarding minimum bar diameter, maximum spacing, and lap
splice length.

Transverse reinforcement consists of closed stirrups of 8 mm, providing two-legged
confinement for the square sections and three-stirrup confinement for the rectangular sec-
tion. The chosen spacings — 10 cm in the nodal zone and 15 cm in the current zone —
satisfy the RPA 2024 limits in all cases and are more restrictive than the computed mini-
mum, ensuring adequate confinement of the concrete core under seismic reversals.

In conclusion, all column designs comply fully with the requirements of BAEL 91 and
RPA 2024. The adopted sections and reinforcement arrangements are retained for execu-

tion.

6.1.2 Calculation and verification of beams

Beams are the primary horizontal load-carrying members of a reinforced concrete struc-
ture. They receive loads from floor slabs and transfer them to the supporting columns
in the form of bending moments and shear forces. In seismic regions, beams must also
provide sufficient ductility to ensure adequate energy dissipation during earthquake ex-
citation and to prevent brittle failure mechanisms.

The design of beams in this project is carried out in accordance with two complemen-

tary standards:

» BAEL 91 Revised 99 (Béton Armé aux Etats Limites), which governs the design of
longitudinal and transverse reinforcement under gravity load combinations at the
Ultimate Limit State (ULS) and Serviceability Limit State (SLS);

> RPA 2024 (DTR BC 2.48), which introduces additional seismic detailing require-
ments, including minimum reinforcement ratios, maximum stirrup spacing in criti-

cal and current zones, and minimum lap splice lengths.

Three beam types are considered in the present project, corresponding to the different

structural blocks and functional requirements of the complex:

> PP 30x40 - Primary beam (Poutre Principale), with a cross-section of 30 x 40 cm, used
in Blocks A and B (locker rooms). This beam carries the highest loads and governs
the design of the reinforced concrete blocks.

> PS 30x30 — Secondary beam (Poutre Secondaire), with a cross-section of 30 x 30 cm,
used in Blocks A and B. These beams support lighter loads and transfer forces to the

primary beams.
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> PS 30x50 — Secondary beam (Poutre Secondaire), with a cross-section of 30 x 50 cm,
used in the Sports Hall block. The increased depth is required to accommodate the

longer spans and higher loads associated with the sports hall floor system.
For each beam type, the following verifications are performed:

1. Pre-dimensioning verification according to BAEL 91 and RPA 2024;

2. Design of longitudinal reinforcement under simple bending according to CBA 93;

3. Design and verification of transverse reinforcement spacing according to RPA 2024,
Article 7.5.2;

4. Verification of serviceability limit state stresses in concrete and reinforcement;

5. Verification of shear stresses according to CBA 93, Article A.5.

Pre-Dimensioning Requirements

The preliminary dimensions of the beam cross-section shall satisfy the following require-
ments.

6.1.2.1 BAEL 91 Requirements

The beam depth must satisfy:

and the beam width must satisfy:

w| >
VAN
S
IN
oS

where:

> Lmax is the maximum beam span;
> his the beam depth;
> bis the beam width.

6.1.2.2 RPA 2024 Requirements

The minimum geometric requirements imposed by RPA 2024 are:

b>20cm

h > 30 cm
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Longitudinal Reinforcement Requirements
According to RPA 2024, the total longitudinal reinforcement ratio shall satisfy the follow-
ing limits:

» Minimum reinforcement ratio:

Pmin = 0.5%

applicable over the entire beam length.
The maximum reinforcement ratio is limited to:

> 4% in the current zone;

> 6% in the lap splice zone.

Lap Splice Requirements

The minimum lap splice length prescribed by RPA 2024 is:

L, =50

for seismic Zones I, II, and III,

where:

> L, is the lap splice length;

> ¢ is the diameter of the reinforcing bar.

6.1.2.3 BLOCK A-B - Most critically loaded primary beam is in the Boys
Locker Room block.

Beam Design: PP 30X40

1. Material Properties

» Concrete: Fc28 = 25 MPa
> Steel: FeE 500 MPa
2. Cross-Section Dimensions
» b=30cm
» h=40cm

3. Load Combinations
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Figure 6.13: Beam cross-section layout and reinforcement nomenclature (SECONDARY
BEAM DESIGN: PS 30x40).

» Ultimate Limit States: 1.35G + 1.5Q ; v, = 1.5; v, = 1.15
» Accidental Limit States: G+ vQ + E ;v =12;v, =1

4. Design Forces

Figure 6.14: ELU (SECONDARY BEAM DESIGN: PS 30x30)

Figure 6.15: ELS (SECONDARY BEAM DESIGN: PS 30x40)
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Figure 6.16: ELA (SECONDARY BEAM DESIGN: PS 30x40)

Bending Moment Table

Table 6.20: Design bending moments at supports and spans under different limit states.

ELU ELS ELA (min) ELA (max)

Support -84.1 -61.57 22.61 -60.85
Span 54.14 39.64 36.97 -21.28
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Shear Force Table

Table 6.21: Design shear forces at supports under ELU and ELA limit states.

ELU ELA

Support 111.12  76.92

5. Longitudinal Reinforcement Design — Simple Bending

Reinforcement is calculated according to CBA93; results are given below:
Table 6.22: Calculated and minimum required reinforcement areas at supports and spans.

Support 1.6 7.33 6 1.3
Span 4.56 1.5 6 1.3

Table 6.23: Longitudinal reinforcement selection and actual steel areas at supports and

spans.

Support | 3HA 14 4.62cm? | 3HA 14+3HA 12 8.01 cm?

Span |3HA14 462cm?|  3HA14 4.62 cm?

The minimum lap splice length is: (L, = 50 x ¢)

6. Transverse Reinforcement Design
The maximum diameter of transverse reinforcement is limited by the following con-
dition:

Maximum Diameter = min [%; 3—};; qbl,mm}

Table 6.24: Transverse reinforcement diameter selection and calculated steel area.

11.43 8 4 2.01

Transverse Reinforcement Area Calculation per CBA93

The web reinforcement area with its spacing is determined by the following formu-

las:
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> CBA93 A5.1.2.3
At > ’Ys(Tu - O3ft]k)

6.4
boS: — 0.9f.(cos o + sin «) (6.4)
> CBA93 A5.1.2.2
S, < Min (0.9 : 40cm : X e . (6.5)
t = . ) ) 04 % b/ ; .

Maximum Spacing per RPA 2024 : The maximum spacing of transverse reinforce-

ment is determined as follows:

» In critical zones:

h
S = Min (Z ; 249, ; 17.5cm ; 6Q>l,mm) (6.6)
» Qutside critical zones: h
S, S 5
L " (6.7)
s’ = min (Z : 12¢l>

*if compressed reinforcement is required
Where:
h: beam height.
¢;: diameter of confinement reinforcement.

¢i: minimum diameter of longitudinal reinforcement bars.

Table 6.25: Maximum and selected spacing for nodal and current zones.

Maximum Selected Maximum Selected
Spacing (cm) Spacing (cm) Spacing (cm) Spacing (cm)

7.2 7 14.4 14

Minimum Transverse Reinforcement Verification — RPA 2024 Art. 7.5.2

The minimum transverse reinforcement quantity is given by:

A, =0.003-5-b (6.8)
A/s (RPA) = 0.09 cm? /cm
A;/s (zone nodale) = 0.29 cm?/em ... Condition Verified
A;/s (zone courante) = 0.14 cm?/cm ......oiiiiiii . Condition Verified v
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7. Serviceability Limit State Stress Verification

» Concrete Compression Limit State — CBA93 Art. A.5.4.2 The allowable com-

pressive stress in concrete is:

Oadm — 0.6 - fcgg (69)

The compressive stress in concrete is calculated by the following formula:

_ Mser'Y

; (6.10)

Obe

Table 6.26: Concrete serviceability compressive stress verification.

8.34 15.00 Condition Verified

» Crack Width Limit State - CBA93 Art. A.5.4.3
Cracking: Non-prejudicial The tensile stress in the steel is calculated by the

following formula:

(d—vy) (6.11)

Table 6.27: Steel serviceability tensile stress verification.

263.26 267 Condition Verified

8. Shear Stress Verification — CBA93 Article A.5

» Verification of Ultimate Shear Stress Limit — CBA93 Article A.5.1.21 7, < Tadm

0.13 3.33 Condition Verified Vv

> Verification of Compressive Stress — CBA93 Article A.5.1.313

V, <0.267-b-a- fus (6.12)

111.12 720.90 Condition Verified
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> Verification of Bottom Support Reinforcement — CBA93 Article A.5.1.312

V,
Ay > —+ 6.13
12 (6.13)
Table 6.28: Support reinforcement verification under ultimate shear force.
4.62 3.19 Condition Verified v
> Verification of Average Compressive Stress — CBA93 Article A.5.1.322
Oy < L3+ Jeos (6.14)
o
247 21.68 Condition Verified
- Cpffrage = -1-1- | —e=2- |
31144+3T12 3114
| | CADRE T8 | CADRE T8 — < 0p
\ E R EPINGLES T8 EPINGLES T8 5 5
N B il
w1y 9ll4 g ¢ 9T14 .
—

Figure 6.17: Reinforcement Detail of Beams.

6.1.24 BLOCK A-B - Most critically loaded secondary beam is in the
Boys Locker Room block.

Beam Design: PS 30X30
1. Material Properties

> Concrete: Fc28 = 25 MPa
> Steel: FeE 500 MPa

2. Cross-Section Dimensions
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Figure 6.18: Reinforcement Detail of Beams.
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Figure 6.19: Beam cross-section layout and reinforcement nomenclature (SECONDARY

BEAM DESIGN: PS 30x30).

> b =30cm

> h=30cm
3. Load Combinations

» Ultimate Limit States: 1.35G + 1.5Q ; v, = 1.5; v, = 1.15
» Accidental Limit States: G+ yQ + E ;v =12;v, =1

4. Design Forces

Figure 6.20: ELU (SECONDARY BEAM DESIGN: PS 30x30)
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Figure 6.21: ELS (SECONDARY BEAM DESIGN: PS 30x30)
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Figure 6.22: ELA (SECONDARY BEAM DESIGN: PS 30x30)

Bending Moment Table

Table 6.29: Design bending moments at supports and spans under different limit states.

ELU ELS ELA (min) ELA (max)

Support -6.56 -4.86 8.27 -11.04
Span 6.53 4.84 6.25 -3.34
Shear Force Table

Table 6.30: Design shear forces at supports under ELU and ELA limit states.

ELU ELA

Support 10.96 11.57
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5. Longitudinal Reinforcement Design — Simple Bending
Reinforcement is calculated according to CBA93; results are given below:

Table 6.31: Calculated and minimum required reinforcement areas at supports and spans.

Support 0.62 0.83 4.5 0.78
Span 0.56 0.25 4.5 0.78

Table 6.32: Longitudinal reinforcement selection and actual steel areas at supports and

spans.

Support ‘ 3HA 12 3.39 cm? ‘ 3HA 12 3.39 cm?

Span | 3HA12 339cm? |3HA12 3.39cm?

The minimum lap splice length is: (L, = 50 x ¢)

6. Transverse Reinforcement Design
The maximum diameter of transverse reinforcement is limited by the following con-
dition:

Maximum Diameter = min [%; 2&; ¢} min |

Table 6.33: Transverse reinforcement diameter selection and calculated steel area.

8.57 8 4 2.01

Transverse Reinforcement Area Calculation per CBA93

The web reinforcement area with its spacing is determined by the following formu-

las:

» CBA93 A5.1.2.3

At /ys(Tu - O-Sftjk)
> Nl
boS; ~ 0.9f.(cos a + sin «) (6.15)
> CBA93 A5.1.2.2
At X fe

< Min ( 0.9d ; ; ; :
S; < Min (0 9d ; 40cm ; %l ,) (6.16)

Maximum Spacing per RPA 2024 : The maximum spacing of transverse reinforce-

ment is determined as follows:
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» In critical zones:

h
S = Min (Z ; 249, ; 17.5cm 6®l,min) (6.17)
» Qutside critical zones: h
SI S 5
h * (6.18)
s’ = min <— : 12¢l>
4
*if compressed reinforcement is required

Where:
h: beam height.
¢;: diameter of confinement reinforcement.

¢;: minimum diameter of longitudinal reinforcement bars.

Table 6.34: Maximum and selected spacing for nodal and current zones.

Maximum Selected Maximum Selected
Spacing (cm) Spacing (cm) Spacing (cm) Spacing (cm)

7.2 7 14.4 14

Minimum Transverse Reinforcement Verification — RPA 2024 Art. 7.5.2

The minimum transverse reinforcement quantity is given by:

A, =0.003-5-b (6.19)
A;/s (RPA) = 0.09 cm? /em
A;/s (zonenodale) = 0.29 cm?/em ..o, Condition Verified v
A;/s (zone courante) = 0.14 cm?/cm ......oiiii i, Condition Verified v

7. Serviceability Limit State Stress Verification

» Concrete Compression Limit State — CBA93 Art. A.5.4.2 The allowable com-

pressive stress in concrete is:

Oadm = 0.6 - chS (620)

The compressive stress in concrete is calculated by the following formula:

_Mser'Y
I

Ope (621)
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Table 6.35: Concrete serviceability compressive stress verification.

1.43 15.00 Condition Verified

> Crack Width Limit State - CBA93 Art. A.5.4.3
Cracking: Non-prejudicial The tensile stress in the steel is calculated by the

following formula:

Mser
) (6.22)

Table 6.36: Steel serviceability tensile stress verification.

58.61 267 Condition Verified

8. Shear Stress Verification — CBA93 Article A.5

» Verification of Ultimate Shear Stress Limit — CBA93 Article A.5.1.21 7, < Tadm

0.14 3.33 Condition Verified

> Verification of Compressive Stress — CBA93 Article A.5.1.313

V, < 0.267 -b-a- fus (6.23)

11.57 520.65 Condition Verified
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> Verification of Bottom Support Reinforcement — CBA93 Article A.5.1.312

14
Ay > —-
A

(6.24)

Table 6.37: Support reinforcement verification under ultimate shear force.

3.39 0.27 Condition Verified

> Verification of Average Compressive Stress — CBA93 Article A.5.1.322

1.3- f028
T

0.26 21.68 Condition Verified

Omb < (625)

6.1.2.5 Sports Hall Block.
Beam Design: PP 30X50

1. Material Properties

> Concrete: Fc28 = 25 MPa
> Steel: FeE 500 MPa

2. Cross-Section Dimensions
> b =30cm

> h =50cm
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Figure 6.23: Beam cross-section layout and reinforcement nomenclature (BEAM DESIGN:
PS 30x50).

3. Load Combinations

» Ultimate Limit States: 1.35G + 1.5Q ; v, = 1.5; v, = 1.15
» Accidental Limit States: G +¢Q + E ;v =12;v, =1

4. Design Forces

| -1491
J-14.91 |

-14.84 | ' .15.08

-22.06 [ 7.73 | / 7.73
| 6.01 2.87 i 741 743 /W
\ FSS T I I 20.36
ﬁ-\\ : 27 47 27 75 7 47 ! 30. 31|

'

Figure 6.24: ELU (BEAM DESIGN: PS 30x50)

|

- -11.07 -11.15
(244 | | -41.01 _-11.0
1606 | —— -11.08 ] e
‘\Lﬂ ) O . 549 5.51 573
T—— o] 991 | l + | : :
' 5.73 lk —L-zs.:n _
1463 h ﬁas_ lzo.ss‘.l 20 s h | 22 82
e =y

Figure 6.25: ELS (BEAM DESIGN: PS 30x50)
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Figure 6.26: ELA (BEAM DESIGN: PS 30x50)

Bending Moment Table

Table 6.38: Design bending moments at supports and spans under different limit states.

ELU ELS ELA (min) ELA (max)

Support -59.83 -44.32 10.31 -44.34
Span 30.81 22.82 22.81 -3.65
Shear Force Table

Table 6.39: Design shear forces at supports under ELU and ELA limit states.

ELU ELA

Support 57.86 42.86
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5. Longitudinal Reinforcement Design — Simple Bending
Reinforcement is calculated according to CBA93; results are given below:

Table 6.40: Calculated and minimum required reinforcement areas at supports and spans.

Support 0.46 3.17 7.5 1.3
Span 1.6 0.16 7.5 1.3

Table 6.41: Longitudinal reinforcement selection and actual steel areas at supports and

spans.

Support | 3HA 14 4.62cm? | 3HA 14 4.62 cm?

Span | 3HA14 4.62cm? |3HA14 4.62 cm?

The minimum lap splice length is: (L, = 50 x ¢)

6. Transverse Reinforcement Design
The maximum diameter of transverse reinforcement is limited by the following con-
dition:

Maximum Diameter = min [%; 2&; ¢} min |

Table 6.42: Transverse reinforcement diameter selection and calculated steel area.

14 8 4 2.01

Transverse Reinforcement Area Calculation per CBA93

The web reinforcement area with its spacing is determined by the following formu-

las:

» CBA93 A5.1.2.3

At /ys(Tu - O-Sftjk)
> 2
boS; ~ 0.9f.(cos a + sin «) (6.26)
> CBA93 A5.1.2.2
At X fe

< 1 X . . . .
S; < Min (0 9d ; 40cm ; WA ) (6.27)

Maximum Spacing per RPA 2024 : The maximum spacing of transverse reinforce-

ment is determined as follows:
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» In critical zones:

h
S = Min (Z ; 249, ; 17.5cm 6®l,min) (6.28)
» Qutside critical zones: h
SI S 5
h * (6.29)
s’ = min <— : 12¢l>
4
*if compressed reinforcement is required

Where:
h: beam height.
¢;: diameter of confinement reinforcement.

¢;: minimum diameter of longitudinal reinforcement bars.

Table 6.43: Maximum and selected spacing for nodal and current zones.

Maximum Selected Maximum Selected
Spacing (cm) Spacing (cm) Spacing (cm) Spacing (cm)

8.4 7 16.8 15

Minimum Transverse Reinforcement Verification — RPA 2024 Art. 7.5.2

The minimum transverse reinforcement quantity is given by:

A, =0.003-5-b (6.30)
A;/s (RPA) = 0.09 cm? /em
A;/s (zonenodale) = 0.29 cm?/em ..o, Condition Verified v
A;/s (zone courante) = 0.14 cm?/cm ......oiiii i, Condition Verified v

7. Serviceability Limit State Stress Verification

» Concrete Compression Limit State — CBA93 Art. A.5.4.2 The allowable com-

pressive stress in concrete is:
Oadm — 06 . f628 (631)

The compressive stress in concrete is calculated by the following formula:

_Mser'Y
I

Ope (632)
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Table 6.44: Concrete serviceability compressive stress verification.

521 15 Condition Verified

> Crack Width Limit State - CBA93 Art. A.5.4.3
Cracking: Non-prejudicial The tensile stress in the steel is calculated by the

following formula:

Ver gy (639)

Ost =

Table 6.45: Steel serviceability tensile stress verification.

233.87 500 Condition Verified

8. Shear Stress Verification — CBA93 Article A.5

» Verification of Ultimate Shear Stress Limit — CBA93 Article A.5.1.21 7, < Tadm

0.43 3.33 Condition Verified

> Verification of Compressive Stress — CBA93 Article A.5.1.313

V, <0.267-b-a- fus (6.34)

57.86 923.18 Condition Verified
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> Verification of Bottom Support Reinforcement — CBA93 Article A.5.1.312

V,
Ag > —
' fe/’ys

(6.35)

Table 6.46: Support reinforcement verification under ultimate shear force.

4.62 1.33 Condition Verified

> Verification of Average Compressive Stress — CBA93 Article A.5.1.322

1.3- f028
T

1.29 21.68 Condition Verified

Ty < (6.36)

Conclusion and Results

This chapter has presented the complete design of the reinforced concrete beams for all
structural blocks of the proximity sports complex at El Alia El Hadjira, Wilaya of Toug-
gourt. The calculations were carried out in accordance with BAEL 91 revised 99 for the
dimensioning of longitudinal and transverse reinforcement under gravity load combina-
tions, and with the Algerian Seismic Regulations RPA 2024 (DTR BC 2.48) for the seismic
detailing requirements.

Three beam cross-sections were designed to accommodate the varying load levels and
span conditions across the three structural blocks. In all cases, the longitudinal reinforce-
ment computed from bending analysis is smaller than the minimum area imposed by
RPA 2024 (0.5% of the gross cross-sectional area). The adopted reinforcement is therefore
governed by the RPA 2024 minimum rather than by strength demand, which is character-
istic of low-seismicity zones (Zone I, A = 0.07 g). The summary of results is presented in
the table below.
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Table 6.47: Comprehensive summary of beam design parameters and compliance verifi-

cations.
Parameter PP 30 x 40 PS 30 x 30 PS 30 x 50
Block A & B (locker A & B (locker Sports Hall

Section b x h

Steel grade

M,, support (ELU)
V. support (ELU)

As1 support
Aso support
A, span (both faces)

Stirrups ¢,
Nodal spacing

Current spacing

rooms)
30 cm x 40 cm
FeE 400

—84.10 kN - m
111.12 kN

3 HA 14 — 4.62 cm?

3HA 14 + 3HA 12
— 8.01 cm?

3HA 14 — 4.62 cm?
»8 mm — 4 legs

Tem<72cm V
14 cm < 14.4 cm

rooms)
30 cm x 30 cm
FeE 500

—6.56 kN - m
10.96 kN

3 HA 12 — 3.39 cm?
3 HA 12 — 3.39 cm?
3 HA 12 — 3.39 cm?

$8 mm — 4 legs
Tem<72cm V
14cm < 14.4 cm

30 cm x 50 cm
FeE 500

—59.83 kN - m
57.86 kN

3 HA 14 — 4.62 cm?
3HA 14 — 4.62 cm?
3 HA 14 — 4.62 cm?

$8 mm — 4 legs
Tecm < 84cm V
15cm < 16.8 cm

v v v
Ty (MPa) 1.03<333 v 0.14<333 v 0.43<333 Vv
ope ELS (MPa) 834<15.0 143 <150 v 521 <150 V
All checks v Compliant v Compliant v Compliant

All shear stress verifications are satisfied with comfortable margins. The maximum

shear stress ratio is recorded for the PP 30 x 40 beam (7, = 1.03 MPa versus Tagm =
3.33 MPa), which remains well within the allowable limit. The serviceability limit state
verifications confirm that concrete compressive stresses and steel tensile stresses are within
the CBA 93 limits under the quasi-permanent load combination.

The transverse reinforcement (stirrups ¢8 mm, 4 legs) is uniform across all three beam
types. The selected spacings — 7 cm in the nodal zone and 14 cm or 15 ¢cm in the current
zone — satisfy the RPA 2024 limits in all cases and also verify the minimum transverse
reinforcement condition A; > 0.003 - s - b per RPA 2024 Art. 7.5.2.

In conclusion, all beam designs comply fully with the requirements of BAEL 91 re-
vised 99 and RPA 2024. The adopted sections and reinforcement arrangements are re-
tained for the structural execution drawings.

All verifications are COMPLIANT with BAEL 91 revised 99 and RPA 2024.
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6.2 Dimensioning and Verification of Steel Members and

Connections

This chapter presents the regulatory verification of all steel members and connections of
the sports hall structure. The analysis was carried out using Robot Structural Analysis
Professional 2024, in accordance with Eurocode 3 (EN 1993-1-1 and EN 1993-1-8). The

verification covers two main aspects :

> Cross-section resistance and overall member stability under Ultimate Limit State
(ULS) loading;
> Connection resistance: rigid rafter-to-column frame joint, ridge joint, bracing gusset

plate, and pinned column base.

6.2.1 Member Verification — Cross-Section and Stability (ULS)
6.2.1.1 Applicable Standards and Verification Methodology

All member verifications comply with Eurocode 3 (NF EN 1993-1-1:2005/NA:2013/ A1:2014).

Two levels of verification are performed:

> Cross-section resistance (Clause 6.2): verification against axial force, bending mo-

ment, and shear force;

> Overall member stability (Clause 6.3): verification against flexural buckling, lateral-
torsional buckling, and combined bending-compression interaction (interaction for-
mulae 6.3.3).

Note: Robot Structural Analysis performs these checks automatically for each defined load combi-
nation, and retains the critical (maximum) utilisation ratio across all combinations.
6.2.1.2 Material Properties and Load Combinations

The steel grade used is E24 (equivalent to S235), with a yield strength f, = 235 MPa and
an elastic modulus £ = 210, 000 MPa.
The governing ULS load combination applied is:

1.35-G+135-Q+1.35-8 (6.37)

where GG denotes permanent loads, () imposed (live) loads, and S sand loads in accordance
with RNV 2013 (Touggourt region, Zone III).
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6.2.1.3 Verification Results — Summary Table

The Table 6.48 summarises the verification results for all member families. The utilisation

ratio must be strictly less than 1.00 for the member to be compliant.

Table 6.48: Summary of structural steel member verifications and utilisation ratios.

Columns HEA 400 1.35G + 1.35Q + 1.355 0.25 OK VvV
Rafters IPE 400 1.35G + 1.35Q) + 1.358 0.44 OK V
Purlins IPE 140 1.35G + 1.35Q) + 1.358 0.44 OK Vv
Eave beams HEA 140 1.35G + 1.35Q) + 1.35S 0.10 OK Vv
Wall girts UPN 100 1.35G + 1.35Q) + 1.35S 0.10 OK Vv
Bracing bars CAE 60x6 1.35G + 1.35Q) 4+ 1.355 0.10 OK Vv

Overall result: All members exhibit a utilisation ratio below 1.00. The steel structure

tully complies with the requirements of Eurocode 3 at the Ultimate Limit State.

6.2.1.4 Commentary on Results

The columns (HEA 400) and rafters (IPE 400) show the highest utilisation ratios (0.25 and
0.44 respectively), indicating that the design of the rigid portal frames is governed by
bending and lateral-torsional buckling rather than by axial compression alone.

The bracing bars (CAE 60x6) exhibit a very low utilisation ratio (0.10), confirming that
these tension-only members are more than adequate to resist the horizontal forces induced
by wind and seismic actions. Full detailed verification outputs from Robot Structural

Analysis are provided in Appendix C.

6.2.2 Connection Verification

All connections were verified in accordance with Eurocode 3, Part 1-8 (NF EN 1993-1-
8:2005/NA:2007 / AC:2009), using the connection design module integrated in Robot Struc-

tural Analysis. Four representative connections were studied.

6.2.2.1 Summary Table of Connections

Overall result: All four connections satisfy the normative requirements. The highest utili-
sation ratio is recorded for the column base (0.95), which requires special attention during

construction.
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Table 6.49: Summary of structural steel connection verifications and utilisation ratios.

Rafter-to- . EC3 EN 1993-1-8 HEA 400 / IPE400 0.38 Satisfactory v
Column (Rigid)

iEfCtler')to‘Rafter EC3EN1993-1-8 IPE400 /IPE400 006 Satisfactory v
e

i — EC3EN1993-1-8  CAE 60x6 0.09 Satisfactory
Bracing

Column Base  pc31.g, CEB HEA 400 095 Satisfactory
(Pinned)

6.2.2.2 Rafter-to-Column Rigid Connection (Connection No. 2)

This connection is the most heavily loaded joint in the structure. It ensures the rigidity of
the portal frame and the transfer of bending moments between the IPE 400 rafter and the
HEA 400 column. The joint is realised by means of a bolted end plate with column web

stiffeners.

Column section HEA 400 — Steel E24 (S235)
Rafter section IPE 400 — Steel E24 (5235)
Number of bolts 6 rows x 2 =12 bolts

Bolt grade HR 10.9

Bolt diameter ¢ 18 mm

End plate thickness e, = 15 mm — Steel E24
Web weld size a, = 7 mm

Flange weld size ay =10 mm

Design moment resistance M;rq = 449 kN - m

Verification ratio 0.38 < 1.00

Interpretation: A utilisation ratio of 0.38 indicates satisfactory resistance with a significant
reserve capacity. The connection is therefore well suited to the actions transmitted by the

rigid portal frame.

6.2.2.3 Rafter-to-Rafter Connection at Ridge (Connection No. 3)

This connection is located at the ridge, at the junction of two opposing rafter segments. It
primarily resists shear force and a low bending moment. The joint is achieved by a bolted

end plate without column web stiffeners.
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The verification ratio obtained is 0.06, confirming that this connection is very gener-
ously proportioned. This low utilisation is explained by the symmetry of the applied

forces at this point, which largely counterbalance each other.

6.2.2.4 Gusset Plate Connection — Bracing System (Connection No. 4)

This connection links the bracing bars (CAE 60x6) to the main structure. The joint is re-
alised by grade 8.8 bolts of diameter 14 mm, connected through a gusset plate welded to
the structural members.

The utilisation ratio is 0.09, confirming that the bolts and gusset plate comfortably
resist the tensile forces generated by wind and seismic actions. This low ratio is consistent
with the low seismic hazard of the site (Zone I, A = 0.07g).

6.2.2.5 Pinned Column Base (Connection No. 5)

The column base is modelled as a pin (hinge), consistent with the structural assumptions
adopted in the Robot model. It transfers axial force and shear force from the HEA 400
column to the reinforced concrete foundation, with no bending moment transmitted. The
connection consists of a base plate anchored to the concrete column head by hooked an-
chor bolts.

Column section HEA 400 — Steel E24 (S235)
Base plate dimensions L = 700 mm — B = 400 mm

Base plate thickness t, = 20 mm

Anchor bolts 4 x ¢ 20 mm — Grade 8.8
Concrete class C25/30 — fo = 25 MPa
Grouting mortar ty =30 mm — fu, , = 12 MPa
Axial force Nggq = 73.78 kN

Shear force Viq = 174.67 kN

Verification ratio 0.95 < 1.00

Warning: Robot Structural Analysis reports two technical remarks for this connection:

The bend radius of the anchor bolt is below the minimum specified value: 75 mm <
90 mm (CEB).

The length of segment L, of the hooked anchor bolt is insufficient: 60 mm < 150 mm.

These points must be corrected when preparing the detailed construction drawings.
Despite these remarks, the overall utilisation ratio is 0.95 < 1.00: the connection is sat-

isfactory with respect to the applicable standard. It is, however, the most critically loaded
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connection in the structure, owing to the high shear force transferred by the rigid portal
frames under wind loading.

The detailed calculations and verifications of the steel structural members and con-
nections are provided in Appendix B 7.7, which contains direct output sheets extracted
from Robot Structural Analysis Professional 2024 (Steel Structure Calculation — Calcul
des Structures Acier), reproduced in their original French interface as generated by the

software.
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CHAPTER

7

Foundation Calculation and

Verification

7.1 Introduction

The footing system consists of isolated reinforced concrete footings (semelles isolées) de-
signed per BAEL 91 revised 99, based on reactions extracted from Robot Structural Analy-
sis Professional 2024. Three footing types are addressed: S02 for Bloc A and B, S01 for the
Sports Hall, and SJ02 at the construction joint between Blocs A and B.

7.2 Design Basis
7.2.1 Geotechnical Parameters

Table 7.1: Geotechnical engineering properties and site classification.

Site category (RPA 2024) S3 — Medium dense sand
Chemical aggressiveness XAl (NA 16002 / NA 778)

Recommended cement HTS — High sulfate resistance
Substructure concrete C30/37, fos =30 MPa, E/C < 0.50
Foundation type Isolated (Semelles isolées)
Anchorage depth Dy 1.20m

Allowable soil pressure os,; 1.50 bar = 150 kPa

Soil unit weight v, 18.00 kN/m?
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7.2.2 Materials and Load Combinations

Table 7.2: Material strengths and design load combinations.

Concrete: f.g 30 MPa

Steel: f. 500 MPa — FeE 500

ULS (ELU) 1.35G 4+ 1.5Q (v = 1.50, 7, = 1.15)
SLS (ELS) G+Q

Accidental (Seismic) G+ ¢Q + E (v = 1.20, v, = 1.00)

7.3 Design Methodology

The structural design of the isolated footings follows a rigorous verification path, com-
prising geometric sizing, soil pressure distribution checks, punching shear verification,

and reinforcement calculation:

> Pre-dimensioning: The base area of the footing is initially determined using the

serviceability vertical load:

N ser
Ax B> (7.1)

Osol

> Soil stress verification: Under eccentric loading, the edge pressures are calculated

using the Navier formula. The maximum pressure om,x must satisfy:

Tmax = % (1 n %) < 1.3304y (at ULS/ELU), and < o, (at SLS/ELS)  (7.2)

» Punching shear resistance: The concrete section must resist punching without shear

reinforcement, satisfying the following limit:

f028
Yo

P, <0.045-U.-h- (7.3)

> Reinforcement calculation: The required steel area is determined using the strut-

and-tie method or standard bending theory:

M,

- e (7.4)
fe
0.9-d- L

S

The eccentricity condition e < A/6 ensures a fully compressive (trapezoidal) stress

diagram, preventing any soil-footing detachment. All footings satisfy this condition.
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7.4 Footing S02 — Bloc A (Girls” Locker Room) & Bloc B
(Boys” Locker Room)

7.4.0.1 Node Layout and Governing Reactions

Node designation is retrieved directly from the Robot Structural Analysis model (Bloc
A). The governing vertical reaction Fzmax = 198.78 kN occurs at node 13 under the ULS

combination (Case 06).

=
[Tel
=

& 1 5 11 19
e

3 7 13 21

9 15 23

o 17 2
(=]

Figure 7.1: Bloc A node layout (Robot RSA 2024).

7.4.1 Foundation Reactions — CAS 06 ELU (excerpt)

7.4.2 Design Results — Footing S02

Punching shear verification:
U.=2(0.30 +0.30) +2(0.30 + 0.30) = 240 m = P, = 198.78 kN < capacity (7.5)

Note: The same footing configuration (S02) is adopted for all structural columns in Bloc A and
Bloc B.
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Table 7.3: Bloc A reactions CAS 06 ELU (governing node highlighted).

1/ 6(C) 7.29 -1.74 137.02 1.85 8.83 -0.01
7/ 6(C) -3.60 -0.15 159.91 0.17 -2.92 -0.01
13/ 6(C) 8.88 0.07 198.78 -0.04 10.52 -0.01 < MAX
17/ 6(C) 11.85 1.53 77.32 -1.61 13.67 -0.01
21/ 6(C) -13.46 0.19 120.21 -0.13 -13.53 -0.01
25/ 6(C) -9.51 1.30 74.32 -1.33 -9.33 -0.01

Table 7.4: Input parameters and geometric design for Footing S02.

Input N (ELU / ELS) 198.78 kN / 145.68 kKN
Moments My, M, (ELU) 10.52kN-m / — 0.04 kN -m
Column section a x b 0.30 m x 0.30 m

Adopted dimensions A x B x H 1.20m x 1.20m x 0.30 m
Eccentricity e, 0.053m < A/6=0200m Vv

Table 7.5: Soil stress verification — S02

ELU — Sens X Trapezoidal 1.86 <2.00 OK
ELS —Sens X Trapezoidal 1.44 <1.50 OK
ELU —Sens Y Trapezoidal 1.68 <2.00 OK
ELS —SensY Trapezoidal 1.31 <1.50 OK

Table 7.6: Reinforcement —S02 | Same footing adopted for all columns in Bloc A and Bloc

B.
Al X 2.57 cm? 8HA 12—9.04cm? e=15cm
AJY 2.31 cm? 8HA 12—9.04cm? e=15cm
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7.5 Footing S01 — Sports Hall Block

7.5.0.1 Node Layout and Governing Reactions

The governing vertical reaction Fz max = 267.02 kN occurs at node 332 under the ULS com-

bination (Case 22). Large bending moments My = +165 kN - m arise from the structural

steel portal frames.

333

337

340

Figure 7.2: Sports Hall node layout (Robot RSA 2024)

7.5.1 Foundation Reactions — CAS 06 ELU (excerpt)

399

361

7.5.2 Design Results — Footing S01

Punching shear verification:

U.=2(0.70 + 0.65) + 2(0.40 + 0.65) = 4.80 m = P, = 267.02 kN < capacity

330

331

339

(7.6)
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Table 7.7: Sports Hall isolated footing nodal reactions under CAS 06 ELU (governing node
highlighted).

329/ 22(C) 4.51 -9.70 234.56 11.36 5.39 8.80
331/ 22(C) -39.73 0.69 266.87 -0.78 -165.19 -7.70
332/ 22(C) 39.71 0.69 267.02 -0.78 165.21 7.70 < MAX
334/ 22(C) -44.90 -0.09 264.44 0.11 -186.50 0.65
337/ 22(C) 39.71 -0.69 267.02 0.78 165.21 -7.70
340/ 22(C) 4.51 9.70 234.56 -11.36 5.39 -8.80

Table 7.8: Sports Hall reactions CAS 06 ELU (governing node highlighted).

Input N (ELU / ELS) 267.02 kN /196.10 kN

Moments M,, M, (ELU) 165.21 kN-m / — 0.78 kN - m

Column section a x b 0.70 m x 0.40 m

Eccentricity e, 165.21/267.02 = 0.619 m — governs footing length A

Adopted dimensions A x B x H 3.00m x 1.90 m x 0.65 m

Table 7.9: Soil stress verification — S01.

ELU —Sens X Trapezoidal 1.14 <2.00 OK
ELS —Sens X  Trapezoidal 0.93 <1.50 OK
ELU —Sens Y Trapezoidal 0.85 <2.00 OK
ELS —SensY Trapezoidal 0.73 <1.50 OK

Table 7.10: Reinforcement selection and bar spacing for Footing S01.

A X 7.35 cm? HA 14 —10.28 cm? e =15cm
AJY 3.59 cm? HA 14 —10.28 cm? e =15cm
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7.6 Footing SJ02 — Construction Joint (Bloc A / Bloc B)

A single shared footing receives the combined reactions of two adjacent columns at the
construction joint separating Bloc A and Bloc B.
A single shared footing receives the combined reactions of two adjacent columns at the

construction joint separating Bloc A and Bloc B.

Table 7.11: Input parameters and geometric design for Joint Footing SJ02.

Input N (ELU / ELS) 208.40 kN / 153.08 kN

Moments M,, M, (ELU) —1353kN-m / —0.13kN-m

Column section (each) 0.30 m x 0.30 m

Eccentricity e, 13.53/208.40 = 0.065 m < B/6 =0.167Tm

Adopted dimensions A x B x H 1.50m x 1.00 m x 0.35 m

Table 7.12: Soil stress verification under joint loading — SJ02.

ELU —Sens X Trapezoidal 1.88 <2.00 OK
ELS —Sens X Trapezoidal 1.46 <1.50 OK
ELU —Sens Y Trapezoidal 1.70 <2.00 OK
ELS —SensY Trapezoidal 1.33 <1.50 OK

Punching shear verification:

U, = 2(0.30 + 0.35) + 2(0.30 + 0.35) = 2.60 m => P, = 20840 kN < capacity  (7.7)

Table 7.13: Reinforcement selection and bar spacing for Footing SJ02.

AJX 3.09 cm? HA 12 — 7.54 cm? e=15cm
AJY 1.63 cm? HA 12 — 7.54 cm? e=15cm

7.7 Conclusion

This chapter presents the complete isolated footing design for the sports complex at E1 Alia

El Hadjira (Wilaya of Touggourt), in accordance with BAEL 91 revised 99. All reactions
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were extracted from Robot RSA 2024 and the governing load combination for each footing
type was identified. The soil aggressiveness (XA1) requires C30/37 concrete with HTS

cement and E/C < 0.50. The results are summarised below.

Table 7.14: Summary of footing design results and compliance verifications.

Column section 30 x 30 cm 40 x 70 cm 30 x 30 cm

N (ELU) 198.78 kN 267.02 kN 208.40 kN
Footing A x B x H 1.20x1.20x0.30m 3.00 x 1.90 x 0.65m  1.50 x 1.00 x 0.35 m
omax ELU (bar) 1.86 < 2.00 v 114 < 2.00 v 1.88<2.00 v
Punching check v Verified v Verified v Verified
Steel X HA12—e=15cm HA14—e=15cm HA12—e=15cm
Steel Y HA12 —e=15cn HA14—e=15cm HA12—e=15cm
All checks v Compliant v Compliant v Compliant

All soil bearing stress, punching, and flexural reinforcement verifications are satisfied
for both ULS and SLS. The adopted reinforcement exceeds the computed demand in all
cases. The footing dimensions and steel layouts defined in this chapter are retained for
the structural drawings and bill of quantities.

All verifications COMPLIANT with BAEL 91 revised 99 and RPA 2024.
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General Conclusion

Synthesis

This work presented a structural study of a sports complex comprising a steel sports hall
and two reinforced concrete blocks dedicated to changing rooms, located in El Alia, Had-
jira, Wilaya of Touggourt. The study was carried out in fulfillment of the requirements for
the Master’s degree in Civil Engineering.

The following tasks were successfully completed throughout this study:

> Seismic site classification: The Wilaya of Touggourt was classified in Seismic Zone
I according to the provisions of RPA 2024, with a zone acceleration coefficient (A
= 0.07) and a soil category (S3). This classification corresponds to a relatively low
seismicity environment while still imposing specific structural design requirements

that must be respected.

> Load evaluation: Permanent and live loads were determined for both the reinforced
concrete and steel structural systems using the load transfer method. Appropriate
design load combinations at the Ultimate Limit State (ULS) and Serviceability Limit
State (SLS) were established for subsequent structural verification.

> Preliminary dimensioning of structural elements: Initial dimensions were deter-
mined for slabs, beams, and columns of Blocks A and B, as well as for the steel sports
hall structure, in accordance with the applicable technical regulations, namely BAEL
91 Revised 99 for reinforced concrete structures and CCM9provisions for steel struc-
tures.

» Column design and verification: Reinforced concrete columns were designed and
verified according to BAEL 91 requirements while considering the seismic provi-
sions of RPA 2024 for Seismic Zone 1. A cross-section of 30 x 30 cm was adopted
for the columns of Blocks A and B, whereas a cross-section of 40 x 70 cm was re-

tained for the sports hall columns. All sections were verified under the governing
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load combinations.

Perspectives

This work opens the way for several future developments. A complete seismic analysis
and three-dimensional structural modeling of the facility using specialized software such
as SAP2000 or Robot Structural Analysis is recommended as a direct continuation of the
present study. Such an analysis would allow a more comprehensive evaluation of the
dynamic behavior of the structure under seismic loading.

Subsequent work should include the detailed design of all structural elements, includ-
ing reinforcement detailing for reinforced concrete members, design of steel connections,
and foundation sizing. Furthermore, the preparation of complete execution drawings and
a comparative economic study assessing alternative structural solutions would provide
valuable extensions to the project.

This project has constituted a rich scientific and practical experience, enabling the ap-
plication of theoretical knowledge to real-world structural engineering challenges. It has
also contributed to the development of professional skills in the analysis and design of

structures in accordance with Algerian standards and regulations.
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Appendix A (Architectural plans for
the project)
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Numérotation des nceuds et de barres de la structure



Application des différents cas de charges

1 - Charges permanentes G




2 - Charges d'exploitation Q

Fz=100 | FZ=100 -
! g

rzcson [rase 7 g
=i

Fze100 | F2=100

¥ | Fz-1.00 |
2100

;

FZ=100 - FZ=100 ¥
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3 - Charge de sable D

p2=-0.20 pZ=-0.20




4 - Charge de vent

Vent W1

Vent W2

' pZ(loc)=0.23



Vent W(+)
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CALCUL DES STRUCTURES ACIER

NORME: NF EN 1993-1-1:2005/NA:2013/A1:2014, Eurocode 3: Design of steel structures.
TYPE D'ANALYSE: Dimensionnement des familles

FAMILLE: 3 POTEAUX
PIECE: 6 PoteauCMO01 6 POINT: 7 COORDONNEE: x-=1.00L=0.70

m

CHARGEMENTS:
Cas de charge décisif: 11 1.35G+1.35Q+1.35S (1+2+3+4)*1.35
MATERIAU:

ACIER E24  fy=235.00 MPa

Z
E PARAMETRES DE LA SECTION: POTEAUX HEA400

h=39.0 cm gM0=1.10 gM1=1.10

b=30.0 cm Ay=126.20 cm2 Az=57.33 cm2 Ax=158.98 cm2

tw=I.1 cm [y=45069.40 cm4 17=8563.83 cm4 1x=189.76 cm4

t=1.9 cm Wply=2561.80 cm3 Wplz=872.86 cm3

EFFORTS INTERNES ET RESISTANCES ULTIMES:

N.Ed =73.78 kN My,Ed =-122.27 kN*m  MzEd = 0.04 kN*m Vy,Ed =-0.06 kN

Ne¢,Rd =3396.39 kN My, Ed.max =-122.27 kN*m Mz.Ed,max = 0.04 kN*m
Vy.c,Rd =1556.59 kN

Nb,Rd = 3396.39 kN My,c,Rd = 54729 kN*m Mz,c,Rd=186.47 kN*m Vz,Ed=-174.67 kN

MN,y,Rd =547.29 kN*m MN,zRd = 186.47 kN*m Vzc,Rd=707.13 kN
Mb,Rd = 547.29 kN*m

Classe de la section = 1

Ak LE .

PARAMETRES DE DEVERSEMENT:
z=0.00 Mcr = 120089.66 kN*m  Courbe,LT - XLT = 1.00
Ler,Jow=0.70 m Lam LT =0.07 fi,LT = 0.46 XLT,mod = 1.00

PARAMETRES DE FLAMBEMENT:

oI: eny: 119 en z.

Ly=0.70m Lam y=10.03 Lz=0.70 m Lam z=0.10
Ler,y =049 m Xy =1.00 Ler,z=0.70 m Xz=1.00
Lamy =2.91 kyy =0.79 Lamz =9.54 kyz =0.54

FORMULES DE VERIFICATION:
Contrale de la résistance de la section:
N,Ed/Nc,Rd=0.02<1.00 (6.2.4.(1))

My, Ed/MN.y,Rd =022 <1.00 (6.2.9.1.(2))
Mz Ed/MN,z,Rd = 0.00 < 1.00 (6.2.9.1.(2))
(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.05 < 1.00 (6.2.9.1.(6))
Vy,Ed/Vy,c,Rd=0.00 < 1.00 (6.2.6.(1))

Vz,Ed/Vz,c,LRd=0.25<1.00 (6.2.6.(1))



CALCUL DES STRUCTURES ACIER

NORME: NF EN 1993-1-1:2005/NA:2013/A1:2014, Eurocode 3: Design of steel structures.
TYPE D'ANALYSE: Dimensionnement des familles

FAMILLE: 1 TRAVERSSES
PIECE: 8 TRAVERSES CM0I_8 POINT: | COORDONNEE: x=0.00L=0.00
m

CHARGEMENTS:

Cas de charge décisif: 11 1.35G+1.35Q+1.35S (1+2+3+4)*1.35
MATERIAU:

ACIER E24  {y=235.00 MPa

[
% PARAMETRES DE LA SECTION: TRVERSSE IPE4(

h=40.0 cm gM0=1.10 gM1=1.10

b=18.0 cm Ay=55.99 cm2 Az=42.69 cm2 Ax=84.46 cm2

tw=0.9 cm [y=23128.40 cm4 [z=1317.82 cm4 [x=51.33 cm4

tf=1.4 cm Wply=1307.15 cm3 Wplz=229.00 cm3

EFFORTS INTERNES ET RESISTANCES ULTIMES:

N,Ed = 182.80 kN My,Ed =-12227kN*m  MzEd = 0.02 kN*m Vy,Ed=0.73 kN

Ne,Rd = 1804.37 kN My, Ed.max =-122.27 kN*m Mz.Ed.max = 1.31 kN*m
Vy,T,Rd = 690.24 kN

Nb,Rd =703.41 kN My,c,Rd=279.25 kN*m Mz,c,Rd=48.92kN*m  VzEd=46.90 kN
MN,y,Rd =279.25 kN*m MN,zZRd=4892kN*m  VzT,Rd=526.37 kN
Mb,Rd = 204.45 kN*m Tt,Ed = -0.01 kN*m

Classe de la section = |

,LrL. LI PARAMETRES DE DEVERSEMENT:
z=1.00 Mecr = 406.55 kKN*m Courbe,LT - XLT=0.70
Ler,Jow=5.12 m Lam LT =0.87 fi,L T =0.98 XLT,mod =0.73

PARAMETRES DE FLAMBEMENT:

1 L| &
6s | || en y: 05 | [aiie] en z:

Ly=1025m Lam_y = 0.33 Lz=10.25m Lam z=1.38




Ler,y=5.12m Xy=0.97 Ler,z=5.12m Xz=0.39
Lamy = 30.96 kyy=1.18 Lamz = 129.69 kyz=1.35

FORMULES DE VERIFICATION:
Contrile de la résistance de la section:

N.Ed/Nc.Rd=0.10<1.00 (6.2.4.(1))

My, Ed/MN,y,Rd=0.44 < 1.00 (6.2.9.1.(2))

Mz Ed/MN,z,Rd = 0.00 < 1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)" 2.00 + (Mz,Ed/MN,zRd)*1.00 =0.19 < 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,T,Rd=0.00 < 1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd =0.09 < .00 (6.2.6-7)

Tau,ty, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Contrale de la stabilité globale de la barre:

Lambda,y = 30.96 < Lambda,max = 210.00 Lambda,z = 129.69 < Lambda,max = 210.00 STABLE
My, Ed,max/Mb.Rd =0.60 < 1.00 (6.3.2.1.(1))

N.Ed/(Xy*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) + kyz*Mz,Ed,max/(Mz,Rk/gM1) = 0.85 < 1.00
(6.3.3.(4))

N,Ed/(Xz*N,Rk/gM1) + kzy*My.Ed,max/(XLT*My,Rk/gM1) + kzz*Mz,Ed,max/(Mz,Rk/gM1) = 0.66 < 1.00
(6.3.3.(4))

Profil correct !!!

CALCUL DES STRUCTURES ACIER
NORME: NF EN 1993-1-1:2005/NA:2013/A1:2014, Eurocode 3: Design of steel structures.
TYPE D'ANALYSE: Dimensionnement des familles

FAMILLE: 2 PANNES
PIECE: 48 POINT: 4 COORDONNEE: x = 0501 =3.00

m

CHARGEMENTS:
Cas de charge décisif: 11 1.35G+1.35Q+1.358 (1+2+3+4)*1.35

MATERIAU:
ACIER E24  fy=235.00 MPa

(4
% PARAMETRES DE LA SECTION: PANNES

h=14.0 cm gMO0=1.10 eM1=1.10

b=7.3 cm Ay=11.16 cm2 Az=7.65 cm2 Ax=16.43 cm2
tw=0.5 cm [y=541.22 cm4 [7=44.92 ¢cm4 1x=2.46 cm4

tf=0.7 cm Wply=88.34 cm3 Wplz=19.25 cm3

EFFORTS INTERNES ET RESISTANCES ULTIMES:

N.Ed=0.25kN My, Ed = 6.58 kKN*m Mz,Ed = 0.92 kN*m Vy,Ed =-0.00 kN
Nc,Rd = 351.00 kN My, Ed.max =6.58 kN*m MzEd.max =0.92 kN*m Vy,c,Rd=137.61 kN
Nb,Rd = 351.00 kN My.c,Rd=18.87 kN*m  Mz.c,Rd=4.11 kN*m Vz,Ed =0.00 kN

MN,y.Rd = 18.87 kN*m  MN.,zRd=4.11 kN*m Vz,c,Rd=94.31 kN
Mb,Rd = 12.80 kN*m
Classe de la section = 1




FORMULES DE VERIFICATION:

Contrile de la résistance de la section:

N.Ed/Ne,Rd=0.00 < 1.00 (6.2.4.(1))

My, Ed/MN,y,Rd=0.35<1.00 (6.2.9.1.(2))

Mz Ed/MN,z,Rd=0.22 < 1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.35< 1.00 (6.2.9.1.(6))

Vy,Ed/Vy,c,Rd = 0.00 < 1.00 (6.2.6.(1))

Vz,Ed/Vz,c,Rd=0.00 < 1.00 (6.2.6.(1))

Contrale de la stabilité globale de la barre:

My, Ed,max/Mb,Rd =0.51 < 1.00 (6.3.2.1.(1))

N.Ed/(Xy*N,Rk/gM1) + kyy*My.Ed.max/(XLT*My,Rk/gM1) + kyz*Mz Ed.max/(Mz,Rk/gM1) = 0.74 < 1.00
(6.3.3.(4)

N,Ed/(Xz*N,Rk/gM1) + kzy*My.Ed,max/(XLT*My,Rk/gM1) + kzz*Mz Ed,max/(MzRk/gM1) = 0.74 < 1.00

(6.3.3.(4))

Profil correct !!!



CALCUL DES STRUCTURES ACIER

NORME: NF EN 1993-1-1:2005/NA:2013/A1:2014, Eurocode 3: Design of steel structures.

TYPE D'ANALYSE: Dimensionnement des familles

FAMILLE: 5 SABLIERES

6.00

PIECE: 107 POINT: 7 COORDONNEE: x-1.00L
m

CHARGEMENTS:

Cas de charge décisif: 8 1.35G+1.58 (1+2)*1.35+4*1.50

MATERIAU:

ACIER E24  fy=235.00 MPa

e o s S
E‘ PARAMETRES DE LA SECTION: SABLIERE

h=13.3 cm eM0=1.10 eMI1=1.10

b=14.0 cm Ay=26.36 cm2 Az=10.13 cm2 Ax=31.42 cm2
tw=0.6 cm ly=1033.13 cm4 1z=389.32 cm4 [x=8.16 cm4

t£=0.9 cm Wply=173.50 cm3 Wplz=84.85 cm3

EFFORTS INTERNES ET RESISTANCES ULTIMES:

N,Ed=1.16 kN My, Ed = -1.24 kN*m Mz,Ed = -0.03 kN*m Vy,Ed=0.01 kN
Nc,Rd=671.25 kN My,Ed,max =-1.24 kN*m Mz Edmax=0.04 kN*m Vy,T,Rd=325.10 kN
Nb,Rd = 155.25 kN My,c,Rd=37.07kN*m  Mz,c,Rd=18.13 kN*m Vz,Ed=-1.21 kN

MN,y,Rd =37.07kN*m  MN,zRd = 18.13 kN*m

Vz,T,Rd=124.91 kN
Tt,Ed = -0.00 kN*m
Classe de la section = |

X

PARAMETRES DE DEVERSEMENT:

PARAMETRES DE FLAMBEMENT:

‘Iﬁ eny: 1]"

MRl en z:

Ly=6.00 m Lam y=1.11 Lz=6.00m
Ler,y =6.00 m Xy =0.53 Ler,z=6.00 m
Lamy = 104.63 kyy = 1.00 Lamz = 170.45

FORMULES DE VERIFICATION:
Contrale de la résistance de la section:
N,Ed/Nc,Rd=0.00<1.00 (6.2.4.(1))

My, Ed/MN,y,Rd = 0.03 < 1.00 (6.2.9.1.(2))
Mz Ed/MN,z,Rd = 0.00 < 1.00 (6.2.9.1.(2))
(My,Ed/MN,y,Rd)" 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.00 < 1.00 (6.2.9.1.(6))
Vy,Ed/'Vy,T,Rd=0.00< 1.00 (6.2.6-7)

Vz,Ed/Vz,T,Rd=0.01 <1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Tau,tz, Ed/(fy/(sqrt(3)*gM0)) = 0.00 < 1.00 (6.2.6)

Contréle de la stabilité globale de la barre:
Lambda,y = 104.63 < Lambda,max = 210.00

(6.3.3.(4))

N.Ed/(Xz*N,Rk/gM1) + kzy*My. Ed,max/(XLT*My, Rk/gM1) + kzz*Mz,Ed, max/(Mz Rk/gM1) = 0.03 < 1.00

Lambda,z = 170.45 < Lambda,max = 210.00 STABLE
NLEd/(Xy*N,Rk/gM 1) + kyy*My,Ed, max/(XLT*My,Rk/gM1) + kyz*Mz Ed max/(Mz,Rk/gM1) = 0.04 < 1.00



(6.3.3.(4))

Profil correct !l!

CALCUL DES STRUCTURES ACIER

NORME: NF EN 1993-1-1:2005/NA:2013/A1.:2014, Eurocode 3. Design of steel structures.
TYPE D'ANALYSE: Dimensionnement des familles

FAMILLE: 4 CNTRV

PIECE: 172 CVT HZ 172 POINT: COORDONNEE: x =0.00L =0.00
m
CHARGEMENTS:
Cas de charge décisif: 11 1.35G+1.35Q+1.35S (1+2+3+4)*1.35
MATERIAU:
ACIER E24 fy =235.00 MPa
Z
]L :
— | PARAMETRES DE LA SECTION: CNTRV HRZ
h=6.0 cm eM0=1.10 eMI1=1.10
b=6.0 cm Ay=3.60 cm2 Az=3.60 cm2 Ax=6.91 cm2
tw=0.6 cm [y=22.79 cm4 1z=22.79 cm4 1x=0.82 cm4
tf=0.6 cm Wely=5.29 cm3 Welz=5.29 cm3

EFFORTS INTERNES ET RESISTANCES ULTIMES:

N.Ed =1.51 kN
Nc,Rd = 147.62 kN
Nb,Rd =32.60 kN

Classe de la section = 3

X PARAMETRES DE DEVERSEMENT:

PARAMETRES DE FLAMBEMENT:

11' eny:

Ly=33Im Lam y=1.94
Ler,y=331m Xy =0.22
Lamy = 182.29

J" en z:

Lz=331m Lam z=1.94
Ler,z=331m Xz=10.22
Lamz = 182.29

FORMULES DE VERIFICATION:
Contrile de la résistance de la section:
NL,Ed/Nc,Rd=0.01 < 1.00 (6.2.4.(1))
Contrile de la stabilité globale de la barre:
Lambda,y = 182.29 < Lambda,max = 210.00
N.Ed/Nb,Rd =0.05 < 1.00 (6.3.1.1.(1))

Lambda,z = 182.29 < Lambda,max = 210.00 STABLE

Profil correct !!!
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Assemblage N°:

2

Nom de I'assemblage: Angle

de portique

Noeud de la structure: 2

Barres de la structure: 1, 3

GEOMETRIE

POTEAU

Profilé: HEA 400

Barre N°: 1

o= -90,0 [Deg] Angle dinclinaison

he = 380 [mm] Hauteur de la section du poteau

brc = 300 [mm] Largeur de la section du poteau

twe = 11 [mm] Epaisseur de I'ame de la section du poteau

tre = 19 [mm] Epaisseur de l'aile de la section du poteau

e = 27 [mm] Rayon de congé de la section du poteau
= 158,98 [cm?] Aire de la section du poteau

le = 45069,40 [em* Moment d'inertie de la section du poteau



Matériau: ACIER E24

fyo = 235,00 [MPa] Résistance

POUTRE

Profilé: IPE 400

Barre N°: 3

o= 7,8 [Deg] Angle d'inclinaison

he = 400 [mm] Hauteur de la section de la poutre

br = 180 [mm] Largeur de la section de la poutre

twb = & [mm] Epaisseur de I'ame de la section de la poutre
tn = 14 [mm] Epaisseur de l'aile de la section de la poutre
rp = 21 [mm] Rayon de congé de la section de la poutre
= 21 [mm] Rayon de congé de la section de la poutre
Ap = 84,46 [cm?] Aire de la section de la poutre

I = 23128,40 [ecm* Moment d'inertie de la poutre

Matériau: ACIER E24

fyo = 235,00 [MPa] Résistance

BOULONS

Le plan de cisaillement passe par la partie NON FILETEE du boulon

d= 20 [mm] Diamétre du boulon

Classe=HR 10.9 Classe du boulon

Fird = 176,40 [kN] Résistance du boulon a la traction

Nh = 2 Nombre de colonnes des boulons

ny = 6 Nombre de rangéss des boulons

hy = 63 [mm] Pince premier boulon-extrémité supérieure de la platine d'about
Ecartemente;= 50 [mm]

Entraxe pi = 100;100;140;100;100 [mm]

PLATINE

hp = 655 [mm] Hauteur de la platine

bp = 150 [mm]  Largeur de la platine

tp = 20 [mm] Epaisseur de la platine

Matériau: ACIER EZ24

fyp = 235,00 [MPa] Resistance

JARRET INFERIEUR

Wq = 150 [mm]  Largeur de la platine

ta = 12 [mm] Epaisseur de l'aile

ha = 251 [mm] Hauteur de la platine

twa = 10 [mm] Epaisseur de I'ame

la = 1900 [mm] Longueur de la platine

o= 15,2 [Deg] Angle d'inclinaison

Matériau: ACIER E24

fybu = 235,00 [MPa] Résistance

RAIDISSEUR POTEAU

Supérieur

hsu = 352 [mm] Hauteur du raidisseur

bsu = 144 [mm]  Largeur du raidisseur

thu = 8 [mm] Epaisseur du raidisseur



[mm]  Soudure ame
ar= 10 [mm] Soudure semelle
as = ' [mm]  Soudure du raidisseur
arg = [mm]  Soudure horizontale

COEFFICIENTS DE MATERIAU

Yo = 1,00 Coefficient de sécurité partiel
M1 = 1,00 Coefficient de sécurité partie
M2 = 1,25 Coefficient de sécurité partie!
Ym3 = 1,10 Coefficient de sécurité partiel
EFFORTS

Etat limite: ultime
Cas: 11: 1.35G+1.350+1.355 (1+243+4)*1.35

Mb1,ed = 72,05 [kN*m] Moment fléchissant dans la poutre droite

Vb1,Ed = 41,72 [kN] Effort tranchant dans la poutre droite
Np1ea= -102,21 [kN] Effort axial dans la poutre droite

Me1Ed = 72,05 [kN*m] Moment fléchissant dans le poteau inférieur
Verea= 102,93 [kN] Effort tranchant dans le poteau inférieur
Netga= -42,89 [kN] Effort axial dans le poteau inférieur
RESULTATS

RESISTANCES DE LA POUTRE

COMPRESSION

Ap = 84,46 [cm?] Aire de la section

Nebrd = Ab fyb / ymo

Nebra=1984,81  [kN] Reésistance de calcul de la section a la compression
CISAILLEMENT

Ay = 67,7 [cmZ]  Aire de la section au cisaillement

Vevrd = Avs (fyo / V3) / ymo

Vepra = 919,77 [kN]  Résistance de calcul de la section au cisaillement
Vb1ed /! Verra £ 1,0 0,05 < 1,00 verifié
FLEXION - MOMENT PLASTIQUE (SANS RENFORTS)

Wop = 1307,15 [cmi] Facteur plastique de la section

Ms.pi.rd = Wpin fys / ynmo

Mbpire =307,18 [kN*m] Résistance plastique de la section a la flexion (sans renforts)
FLEXION AU CONTACT DE LA PLAQUE AVEC L'ELEMENT ASSEMBLE

Wi = 1909,49 [cm3]  Facteur plastique de la section

Mecb,Rd = Wi fyb / ymo

EN1993-1-1:[6.2.4]
EN1993-1-1:[6.2.4]
EN1993-1-1:[6.2.6.(3)]

EN1993-1-1:[6.2.6.(2)]
(0,05)

EN1993-1-1:[6.2.5.(2)]
EN1993-1-1:[6.2.5.(2)]

EN1993-1-1:[6.2.5]



Y= 15,2
beftewb = 295

Aw= 42,69
m = 0,83
GeomfEd =63, 74
kwe = 1,00

[Deg] Angle d'inclinaison du renfort
[mm] Largeur efficace de I'dme a la compression
[cm?] Aire de la section au cisaillement
Coefficient reducteur pour I'interaction avec le cisaillement
[MPa] Contrainte de compression maximale dans I'ame
Coefficient réeducteur dii aux contraintes de compression

FewbRd1 = [0 Kwe Defrcwb twb fyb / ymo] cos(y) / sin(y - B)

Fewbrdt =3735, 28 [kN]

Flambement:

dub = 331
)\.p= 1,13
p= 0,73

Resistance de I'ame de la poutre

[mm] Hauteur de 'dme comprimée
Elancement de plaque
Coefficient réducteur pour le flambement de I'élément

Fewbraz = [@ kwe p Defreuwb two fyn / ymi] cos(y) / sin(y - B)

Fewbra2=2715,52  [KN]

Résistance de I'ame de la poutre

Résistance de l'aile du renfort
Fewb ras = by tb fyb / (0.8%ymo)

Fewbrds = 634,50 [kN]

Résistance de l'aile du renfort

Resistance finale:
Fewb.Rdlow = Min (Fcwb.rd1 , FowbRrd2 , Fowb.Rds)

FewbRdlow = 634,

50 [kN] Reésistance de I'ame de la poutre

RESISTANCES DU POTEAU

PANNEAU D'AME EN CISAILLEMENT
Mp1.gq = 72,05 [kN*m] Moment fléchissant dans la poutre droite
Mbz,eq = 0,00 [kN*m] Moment fléchissant dans la poutre gauche

Vetga= 102,93 [kN]

Effort tranchant dans le poteau inférieur

Ve2Ed = 0,00 [kN] Effort tranchant dans le poteau supérieur
z= 536 [mm] Bras de levier

VwpEd = (Mb1gd - Moz gd) / Z - (Ve1ed - Vezed) 1 2

Viwp Ed = 83,07 [kN] Panneau d'ame en cisaillement

Ay = 57,33 [cm?] Aire de cisaillement de I'dme du poteau

Ac= 57,33
ds = 047
MpifcRd = 6,36
Mpl,stu.Rd = 1,13
Mpistga = 1,13

[cm2] Aire de la section au cisaillement

[mm] Distance entre les centres de gravités des raidisseurs
[kN*m] Resistance plastique de I'aile du poteau en flexion
[kKN*m] Résistance plastique du raidisseur transversal supérieur en flexion
[KN*m] Résistance plastique du raidisseur transversal inférieur en flexion

Vwpra = 0.9 ( Avs™fywe ) / (N3 ymo) + Min(4 Mpisera / ds , (2 MpiseRd + Mpisturd + Mpist.Ra) / ds)

Vworda = 723,22  [kN]
pr,Ed / pr,Rd < 1,0
AME EN COMPRESSION TRANSVERSALE - NIVEAU DE L'AILE INFERIEURE DE LA POUTRE

Résistance du panneau d'ame au cisaillement
G, 11k < 204 verifié

Pression diametrale:

twe = 11
beftcwe = 311

[mm] Epaisseur efficace de 'ame du poteau
[mm] Largeur efficace de I'ame a la compression

[6.2.6.2.(1)]

EN1993-1-1:[6.2.6.(3)]

[6.2.6.2.(1)]
[6.2.6.2.(2)]
[6.2.6.2.(2)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]
[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.7.(1)]

[6.2.6.2.(1)]

[5.3.(3)]

EN1993-1-1:[6.2.6.(3)]
EN1993-1-1:[6.2.6.(3)]

[6.2.6.1.(4)]
[6.2.6.1.(4)]
[6.2.6.1.(4)
[6.2.6.1.(4)

P i=—1

[6.2.6.1]
(0,11)

[6.2.6.2.(8)]
[6.2.6.2.(1)]



Uwe — L2720 [LLLLI Y] mduLleul ue 1 dilie cuinpriniee

Ap = 0,86 Elancement de plaque

p= 0,89 Coefficient reducteur pour le flambement de I'élement
As = 3,38 Elancement du raidisseur

As = 1,00 Coefficient de flambement du raidisseur

Fc.wc,RdE = o Kwe P beﬂ.c,wc twe fyc / M1+ Asg Ys fys / VM1
Fewerdz =1052, 59 [kN] Résistance de I'ame du poteau
Résistance finale:

Fc:wc,Rd,Icw = Min (Fc,wc,RcH f Fc,wc,RdZ)
Fewerd = 1052,59  [kN]  Résistance de I'ame du poteau

AME EN TRACTION TRANSVERSALE - NIVEAU DE L'AILE INFERIEURE DE LA POUTRE
Pression diamétrale:

twe = 11 [mm] Epaisseur efficace de '&me du poteau

beficwe = 312 [mm] Largeur efficace de I'ame a la compression

A= 57,33 [cm?] Aire de la section au cisaillement

w= 0,83 Coefficient réducteur pour l'interaction avec le cisaillement

GeomEd =26, 52 [MPa] Contrainte de compression maximale dans I'dme
kwe = 1,00 Coefficient réducteur di aux contraintes de compression
As = 19,862 Aire de la section du raidisseur renforgant I'ame

Fewerd1 = ® Kwe Detiewe twe fye / ymo + As fys /o

[cm?]

19.£.0.£.01]]
[6.2.6.2.(1)]
[6.2.6.2.(1)]
EN1993-1-1:[6.3.1.2]
EN1993-1-1:[6.3.1.2]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(6)]
[6.2.6.2.(1)]
EN1993-1-1:[6.2.6.(3)]
[6.2.6.2.(1)]
[6.2.6.2.(2)]
[6.2.6.2.(2)]
EN1993-1-1:[6.2.4]

Fewcrdt =1127,01 [kN] Resistance de I'ame du poteau [6.2.6.2.(1)]
Flambement:
dwe = 288 [mm] Hauteur de I'ame comprimée [6.2.6.2.(1)]
hp= 0,86 Elancement de plaque [6.2.6.2.(1)]
p= 0,89 Coefficient réducteur pour le flambement de I'élément [6.2.6.2.(1)]
hs = 3,38 Elancement du raidisseur EN1993-1-1:[6.3.1.2]
s = 1,00 Coefficient de flambement du raidisseur EN1993-1-1:[6.3.1.2]
Fewerdz = ® Kue p Defrewe twe fye / ymt + As s fys £yt
FeweRrdz =1053, 35 [kN] Resistance de I'ame du poteau [6.2.6.2.(1)]
Resistance finale:
Fc.wc.Rd.upp = Min (Fc.wc.Rd‘I , Fc.wc.Rdz)
Fewerdupp =1053,35  [kN]  Résistance de 'ame du poteau [6.2.6.2.(1)]
PARAMETRES GEOMETRIQUES DE L'ASSEMBLAGE
LONGUEURS EFFICACES ET PARAMETRES - SEMELLE DU POTEAU

Nr m Mx e ex P |eff,cp leff,nc leff,1 leff,2 |eff,cp,g lett ne,g leff,1 ] |eff,2,g

1 -2 - 125 - 100 -13 =17 =17 =17 93 -41 -41 -41

2 -2 - 125 - 100 -13 148 -13 148 200 100 100 100

3 -2 - 125 - 120 -13 148 -13 148 240 120 120 120

4 -2 - 125 - 120 -13 148 -13 148 240 120 120 120

5 -2 - 125 - 100 -13 148 -13 148 200 100 100 100

6 -2 - 125 - 100 -13 =17 =17 =17 93 -41 -41 -41

LONGUEURS EFFICACES ET PARAMETRES - PLATINE D'ABOUT



Nr m My e ex P leff,c P leff,ne lefi A lefr,2 |aff,cp,g leff,rn:,g leff,1 .4 |eff,2,g

1 |13 = 50 — 100 80 102 380 102 140 95 85 85
2 13 - 50 - 100 80 114 80 114 200 100 100 100
3 |13 = 50 = 120 80 114 80 114 240 120 120 120
4 13 - 50 - 120 80 114 80 114 240 120 120 120
5 |13 - 50 = 100 80 114 80 114 200 100 100 100
6 13 - 50 - 100 80 114 80 114 140 107 107 107

m — Distance du boulon de I'adme

My — Distance du boulon de l'aile de la poutre

e — Pince entre le boulon et le bord extérieur

ex — Pince entre |le boulon et le bord extérieur horizontal

p — Entraxe des boulons

lercp — Longueur effective pour une seule ligne de boulons dans les mécanismes circulaires

letne  — Longueur effective pour une seule ligne de boulons dans les mécanismes non circulaires

lefr 1 — Longueur effective pour une seule ligne de boulons pour le mode 1

lerz ~ — Longueur effective pour une seule ligne de boulons pour le mode 2

lercpg — Longueur effective pour un groupe de boulons dans les mécanismes circulaires
lefincg — Longueur effective pour un groupe de boulons dans les mécanismes non circulaires
ler1.g — Longueur effective pour un groupe de boulons pour le mode 1

ler2g — Longueur effective pour un groupe de boulons pour le mode 2

RESISTANCE DE L'ASSEMBLAGE A LA COMPRESSION

Njrd = Min ( Neo Rd2 FewbRdlow , 2 FeweRdlow , 2 FeweRd.upp )
Njrg= 1269,00 [kN] Résistance de I'assemblage & la compression [6.2]

No1ed / Njra = 1,0 0,08 < 1,00 verifié (0,08)

RESISTANCE DE L'ASSEMBLAGE A LA FLEXION

Fira= 176,40 [kN] Résistance du boulon a la traction [Tableau 3.4]
Bpra=313,73 [kN] Reésistance du boulon au cisaillement au poingonnement [Tableau 3.4]
Fiere — résistance de la semelle du poteau a la flexion

Fiwerd — résistance de I'dme du poteau a la traction

Fieprd — résistance de la platine flechie a la flexion

Fiwbra — résistance de I'ame a la traction

Ftrore = Min (Fr,15cRd , FT2crd , FT31cRd) [6.2.6.4] , [Tab.6.2]
FtwcRd = @ Defftwe twe fye / Ym0 [6.2.6.3.(1)]
Ftep.rd = Min (Fr1.ep.rd , FrzepRa, FT3.epRa) [6.2.6.5] , [Tab.6.2]
Ftuwb,Rd = Defrtwb twb fyb / ynmo [6.2.6.8.(1)]
RESISTANCE DE LA RANGEE DE BOULONS N° 1

Ft1,Rd,comp - Formule Ft1,Rd,.comp Composant

Ft1.Rd = Min (Ft1.Rd.comp) 162,29 Résistance d'une rangée de boulon
Fircra() = 346,82 346,82 Aile du poteau - traction

Ftepra1) = 352,80 352,80 Platine d'about - traction

Ftwbrd(1) = 162,29 162,29 Ame de la poutre - traction

Bp.rd = 627,46 627,456 Boulons au cisaillement/poingonnement
Vwpra/p = 723,22 723,22 Panneau d'ame - compression

Fewerd = 1052,59 1052,59 Ame du poteau - compression

Feibra = 699,23 689,23 Aile de la poutre - compression

Fewb,ra = 634,50 634,50 Ame de la poutre - compression

RESISTANCE DE LA RANGEE DE BOULONS N° 2
Fi2,Rd,comp - Formule Fi2,Rd,comp Composant



Fi2,rd,comp - Formule

Frzra = Min (Fi2 Rrd.comp)

Ftep.ra2) = 352,80

FtuwbRde) = 162,29

Bpra = 627,46

Vwo.rd/P - ¥1' Fura = 723,22 - 162,29

Fewcrd - 217 Fyra = 1052,59 - 162,29

Ferd - Y11 Fyra = 699,23 - 162,29

FewbRrd - 21" Fyra = 634,50 - 162,29

FtweRrde + 1y - 21! Fjrd = 151,95 - 162,29
FiepRra2+1) - 21! Fijra = 705,60 - 162,29
Ftwbrd@ + 1) - 21" Fyjra = 394,97 - 162,29
RESISTANCE DE LA RANGEE DE BOULONS N° 3
Ft:’.,Rd.comp - Formule

Fiz.rd = Min (Ft3,Rd.comp)

Ftep.Rro3) = 352,80

Ftuwb,rd3) = 162,29

Bpra = 627,46

Vwp.ra/B - 312 Fira = 723,22 - 324,58

Fc.wc.Rd - 212 th.Rd = 1052,59 - 324,58

FemRrd - Y12 Fijra = 699,23 - 324,58

Fewbra - ¥ 12 Fgra = 634,50 - 324,58

FtweRda +2) - 222 Fyra = 512,44 - 162,29
FiwcRdiz+2+1) - 22" Fjra = 431,43 - 324,58
Ftepraia +2) - 2 22 Fyra = 705,60 - 162,29
Ftwb.rd@ + 2) - 2 2° Fijra = 444,62 - 162,29
FiepRda+2+1) - 22! Fyra = 1058,40 - 324,58
Ftubrd@+2+1)- 22! Fijra = 637,49 - 324,58
RESISTANCE DE LA RANGEE DE BOULONS N° 4
Ft4,Rd,comp - FOormule

Fisrd = Min (Fi4 Rd.comp)

Fteprag = 352,80

Frwb.ra@) = 162,29

Bpra = 627,46

Vwp.Rd/PB - Y13 Fird = 723,22 - 431,43

FewcRrd - 31° Fijra = 1052,59 - 431,43

FcmRrd - Y1 Fjra = 699,23 - 431,43

FewbRd - 313 Fyrd = 634,50 - 431,43

FtweRdgs +3) - 3 3° Fijra = 549,29 - 106,85
FtweRd4 +3+2) - 33° Fyra = 705,21 - 269,14
FtwcRda +3+2+1) - 33! Fjrd = 647,24 - 431,43
Ftep.raa+3) - 333 Fira = 705,60 - 106,85
FtubRd4 +3) - ¥3° Fira = 485,04 - 106,85
FtepRdia+3+2) - 3% Fjra = 1058,40 - 269,14
FtuwbRd@+3+2) - 332 Fjrd = 687,14 - 269,14
FtepRraa+3+2+1) - 23" Fyra = 1411,20 - 431,43
Ftwb,Rd(d4 +3+2+1) - 33! Fijrd = 880,01 - 431,43

Réduction supplémentaire de la résistance d'une rangée de boulons

Fi4,rd = Fiz,rd ha/hz
Ftard = 82,07 [kN]

RESISTANCE DE LA RANGEE DE BOULONS N° 5§

Fu,Rd,comp
162,29
352,80
162,258
627,46
560,93
890, 30
536,94
472,21
-10, 34
543,31
232,68

FtB.Rd.comp
106,85
352,80
162,29
627,46
398, 64
728,01
374,065
309,92
350,15
106,85
543,31
282,33
733,82
312,91

FM,Rd,comp
162,29
352,80
162,29
627,46
291,79
621,16
267,80
203,07
442,44
136,07
215,81
588,75
378,19
789,26
418,00
979,717
448,58

Resistance réeduite d'une rangee de boulon

Composant

Resistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Panneau d'ame - compression
Ame du poteau - compression

Aile de la poutre - compression
Ame de la poutre - compression
Ame du poteau - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Panneau d'ame - compression
Ame du poteau - compression

Aile de la poutre - compression
Ame de la poutre - compression
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Panneau d'ame - compression
Ame du poteau - compression

Aile de la poutre - compression
Ame de la poutre - compression
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe

[6.2.7.2.(9)]FRA



F15,Rd,comp - Formule

Fis,rda = Min (Fi5.Rd.comp)

FtepRras) = 352,80

Fwb.ras) = 162,29

Bpra = 627,46

Vwp Rd/P - ¥ 1% Fira = 723,22 - 513,51

Fewerd - 21% Fijra = 1052,59 - 513,51

Femprd - Y1* Fyra = 699,23 - 513,51

Fewbrd - 3 1* Fjra = 634,50 - 513,51

FiweRdes +4) - »4% Fjra = 512,44 - 82,07

FtweRd(s +4+3) - 24° Fyra = 705,21 - 188,93
FiweRd(s+4+3+2) - 242 Fyra = 819,45 - 351,22
FiuwcRrds+4+3+2+1)- 24" Fyra = 777,34 - 513,51
Ftep.ras+a) - Ya* Fyra = 705,60 - 82,07

Frwb.rds + 4) - 2 4% Fijra = 444,62 - 82,07
FiepRdis+4+3) - 24% Fyrda = 1058,40 - 188,93
Ftub,rds +4+3) - 34° Fira = 687,14 - 188,93
FrepRas +4+3+2) - 24° Fyra = 1411,20 - 351,22
Ftwb,Rd(5 + 4 +3+2) - ¥ 42 Fijrd = 889,24 - 351,22
FtepRas+4+3+2+1) - 34! Fjrd = 1764,00 - 513,51
FtwbRrds+4+3+2+1) - 24" Fyre = 1082,11 - 513,51

Réduction supplémentaire de la résistance d'une rangée de boulons

Fis,rd = Fi2,rd hs/h2

Fis.ra = 48, 65 [kN] Résistance réduite d'une rangée de boulon
RESISTANCE DE LA RANGEE DE BOULONS N° 6

Fi6,Rd,comp - Formule

Fis.rd = Min (Fis Rd,comp)

Ftfe.Rae) = 346,82

Ftep.Rrais) = 352,80

Ftuwb,rds) = 162,29

Bpra = 627,46

VwpRa/B - ¥1° Fira = 723,22 - 562,16

Fewerd - 21° Fira = 1052,59 - 562,16

FeRrd - 219 Fjra = 699,23 - 562,16

Fewb,rd - 2 15 Fira = 634,50 - 562,16

FtweRrd +5) - 25° Fiira = 151,95 - 48,65
FiweRde+5+4) - 25° Fyra = 431,43 - 130,72
FiwcRd+5+4+3) - 2 5° Fijra = 647,24 - 237,58
Ftucrds+5+a+3+2) - 252 Fyra = 777,34 - 399,87
FtweRdE+5+4+3+2+1) - 25 Fyra = 729,27 - 562,16
Ftep,Rrdi6 +5) - 2 5° Fij,ra = 705,60 - 48,65

FiwbRrd(E + 5) - 25° Fijrd = 417,96 - 48,65

Ftep.raie +5+4) - 25 Fyra = 1058,40 - 130,72
Fiwb,rd(e + 5+ 4) - 2 5% Fyra = 660,48 - 130,72
FiepRa+5+4+3) - 25° Fira = 1411,20 - 237,58
Ft.wb.Rd(a +5+4+3) - 253 th.Rd = 903,00 - 237,58
FtepRa6+5+4+3+2) - 952 Fira = 1764,00 - 399,87
FiubRds+5+a+3+2) - 252 Fijra = 1105,10 - 399,87
FtepRa(6 +5+4+3+2+1) = 25 Fire = 2116,80 - 562,16
FiwbRd@+5+4+3+2+1) - 25 Fjrd = 1297,97 - 562,16

Réduction supplémentaire de la résistance d'une rangée de boulons

FtS,Rd,comp
120,99
352,80
162,259
627,46
209,71
539,09
185,73
120,95
430, 36
516,28
468,23
263,83
623,53
362,55
869,47
498,21
1059, 98
538,02
1250,49
568, 60

Ftﬁ,Rd,comp
72,34
346,82
352,80
162,29
627,46
161,06
490,44
137,08
72,34
103,30
300,71
409, 67
377,47
167,11
656,95
369, 31
927,68
529,76
1173,62
665,43
1364,13
705,24
1554, 64
735,82

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Panneau d'ame - compression
Ame du poteau - compression

Aile de la poutre - compression
Ame de la poutre - compression
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe

[6.2.7.2.(9)FRA

Composant

Résistance d'une rangée de boulon
Aile du poteau - traction

Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Panneau d'ame - compression
Ame du poteau - compression

Aile de la poutre - compression
Ame de la poutre - compression
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Ame du poteau - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe



Fts.rd = Fiz,ra hs/hz

Fisrd = 15,23 [kN] Résistance réduite d'une rangée de boulon

TABLEAU RECAPITULATIF DES EFFORTS

Nr hj Fy,Rrd FtfcRd FtweRd FtepRd Ftwb,Rd FtRrd
1 586 162,29 346,82 = 352,80 162,29 352,80
2 48¢ 162,29 = = 352,80 162,79 352,80
3 386 106,85 - - 352,80 162,29 352,80
4 246 82,07 B = 352,80 162,29 352,80
5 14¢ 48,65 = = 352,80 162,29 352,80
6 46 1923 346,82 = 352,80 162,29 352,80

RESISTANCE DE L'ASSE
Mijrd = > hjFiRrd

MBLAGE A LA FLEXION M;rd

Mjrd = 242,96 [kN*m] Résistance de 'assemblage a la flexion

Mb1,gd / Mjra = 1,0

0,30 < 1,00 vérifié

VERIFICATION DE L'INTERACTION M+N

Mb1,gd / Mjrd + Nb1.ga / NjRrd
Mb1,ed / Mjrd + Nb1ea / Njrd

<1
0,38 < 1,00 vérifié

RESISTANCE DE L'ASSEMBLAGE AU CISAILLEMENT

= 0,60
BLr= 0,9%4

Furd = 141,75 [kN]
Firamax =176,40 [kN]
Fbraint= 164,42 [kN]
Fordexd = 135,78 [kN]

Coefficient pour le calcul de Fyrd

Coefficient réducteur pour les assemblages longs
Résistance d'un boulon au cisaillement

Résistance d'un boulon & la traction

Resistance du boulon interieur en pression diametrale
Resistance du boulon de rive en pression diamétrale

Nr Ft,RrdN Fyean F,ram Fredam Fy.Ed
1 352,80 -17,15 162,29 48,13 30,98

2 352,80 -17,15 162,29 48,13 30,98

3 352,80 -17,15 106,85 31,69 14,54

4 352,80 -17,15 82,07 24,34 1,18

5 352,80 -17,15 48,65 14,43 -2,72

6 352,80 o T 5 15;23 4,52 -12,64

Firan — Résistance d'une rangée de boulons & la traction pure
Fiean — Effort dans une rangée de boulons di & I'effort axial
Fyram — Résistance d'une rangée de boulons a la flexion pure
Fyeam - Effort dans une rangée de boulons dd au moment

Fyes  — Effort de traction

maximal dans la rangée de boulons

Fyrd — Reésistance réduite d'une rangée de boulon

Fijedn = Njed Fyran/ Njrd
Fi.eam = Mjgd Fram / MjRrd
Fijea = Fyean + Fjeam

Fvird = Min (nn Fveda / (1 - Fiea / (1.4 N FiRdmax) ), Nh Fyrd , Nh Fbrd)

VjRd = nh X 1" Fyj.rd
Vira= 1652,96  [kN]

Voied !/ Vira= 1,0

Résistance de I'assemblage au cisaillement
0,03 < 1,00 verifié

RESISTANCE DES SOUDURES

Ay = 125,26
Awy= 45,08

[cm?] Aire de toutes les soudures
[cm?] Aire des soudures horizontales

[6.2.7.2.(9)]FRA

Bp,rd
627,46
627,46
627,46
627,46
627,46
627,46

6.2]
(0,30)

[6.2.5.1.(3)]
(0,38)

[Tableau 3.4]

[3.8]
[Tableau 3.4]
[Tableau 3.4]
[Tableau 3.4]
[Tableau 3.4]

FujRd
265,72
265, T2
235,15
279, 37
283,50
283,50

[Tableau 3.4]
[Tableau 3.4]
(0,03)

[4.5.3.2(2)]
[4.5.3.2(2)]



oL < 0.9%fu/yme 43,16 < 262,80 verifié (U,18)
RIGIDITE DE L'ASSEMBLAGE
fwash = 4 [mm]  Epaisseur de la plaquette [6.2.6.3.(2)]
hread = 14  [mm] Hauteur de la téte du boulon [6.2.6.3.(2)]
haut = 20 [mm] Hauteur de I'écrou du boulon [6.2.6.3.(2)]
Ly = 64 [mm] Longueur du boulon [6.2.6.3.(2)]
kig = 6 [mm] Coefficient de rigidité des boulons [6.3.2.(1)]
RIGIDITES DES RANGEES DE BOULONS

Nr hj ks ks ks Kerr, Kertj h; kefij h?

Somme -6, 30 =276,35

1 586 =0 11198 277 -0 -2,29 -134,25

2 486 -0 8795 277 -0 -1,47 -71,50

3 386 -0 B795 277 -0 =, 17 -45,08

4 2456 -0 8795 277 -0 -0,74 -18,29

5 146 -0 B795 277 -0 -0, 44 -6,43

6 46 -0 11198 277 -0 -0,18 -0,81
ke = 1/ (23° (1/ kij)) [6.3.3.1.(2)]
Zeq = ¥ Kettj 2 / 3 Kerrj hy
Zeq = 439 [mm] Bras de levier équivalent [6.3.3.1.(3)]
keq = 2 Kefij hj [ Zeq
keq = -1 [mm] Coefficient de rigidité équivalent du systéme de boulons [6.3.3.1.(1)]
Avc= 57,33 [cm?] Aire de la section au cisaillement EN1993-1-1:[6.2.6.(3)]
p= 1,00 Paramétre de transformation [5.3.(7)]
z= 439 [mm] Bras de levier [6.2.5]
ki = 5 [mm] Coefficient de rigidité du panneau d'ame du poteau en cisaillement [6.3.2.(1)]
kz = ] Coefficient de rigidité du panneau d'ame du poteau en compression [6.3.2.(1)]
Siini =Eze?/ Yi(1/ k1 + 1/ k2 + 1/ keq) [6.3.1.(4)]
Sjini = e Rigidité en rotation initiale [6.3.1.(4)]
p= 1,00 Coefficient de rigidité de I'assemblage [6.3.1.(6)]
Sj = Siini / 1 [6.3.1.(4)]
Sj= ) Rigidité en rotation finale [6.3.1.(4)]
Classification de I'assemblage par rigidité.
Siig = 118510,82 [kN*m] Rigidité de I'assemblage rigide [6.2.2.5]
Sjpin = 2370,22 [kN*m] Rigidité de l'assemblage articulé [6.2.2.5]

Sjini > Sjrig RIGIDE

COMPOSANT LE PLUS FAIBLE:

AME DE LA POUTRE OU AILE DE LA CONTREPLAQUE EN COMPRESSION

REMARQUES
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GENERAL
Assemblage N°: 3
Nom de I'assemblage: Poutre - poutre
Noeud de la structure: 5
Barres de la structure: 3, 4
GEOMETRIE
GAUCHE
POUTRE
Profilé: IPE 400
Barre N°: 3
o= -172,2 [Deg] Angle d'inclinaison
hoi = 400 [mm] Hauteur de la section de la poutre
broi = 180  [mm] Largeur de la section de la poutre
twol = 9 [mm] Epaisseur de |I'ame de la section de la poutre
tm = 14 [mm] Epaisseur de l'aile de |la section de |a poutre

Mol = 21 [mm] Rayon de congé de la section de la poutre



a = -172,2 [Deg] Angle d'inclinaison

Apl = 84,46 [cm?2] Aire de la section de la poutre

Ixp1 = 23128,40 [ecm* Moment d'inertie de la poutre

Matériau: ACIER E24

fio = 235,00 [MPa] Résistance

DROITE

POUTRE

Profilé: IPE 400

Barre N°: 4

o= -7,8 [Deg] Angle d'inclinaison

hpr = 400 [mm] Hauteur de la section de la poutre

bror = 180 [mm] Largeur de la section de la poutre

twor = S [mm] Epaisseur de I'ame de la section de la poutre
tior = 14  [mm] Epaisseur de l'aile de la section de |la poutre
Mor = 21 [mm] Rayon de congé de la section de la poutre
Apr = 84,46 [cm? Aire de la section de la poutre

Ixor = 23128,40 [cm?] Moment d'inertie de la poutre

Matériau: ACIER E24

fip = 235,00 [MPa] Résistance

BOULONS

Le plan de cisaillement passe par la partie NON FILETEE du boulon

d= 20 [mm] Diamétre du boulon

Classe =HR 10.9 Classe du boulon

Fira = 176,40 [kN] Resistance du boulon a la traction

Nh = 2 Nombre de colonnes des boulons

ny = 6 Nombre de rangéss des boulons

hy = 60 [mm] Pince premier boulon-extrémité supérieure de la platine d'about
Ecartemente;= 80 [mm]

Entraxe pi = 70;70;70;120;120 [mm]

PLATINE

hpr = 624  [mm] Hauteur de la platine

bpr = 150 [mm] Largeur de la platine

tor = 30 [mm] Epaisseur de la platine

Matériau: ACTER E24

fyor = 235,00 [MPa] Résistance

JARRET INFERIEUR

Wrd = 150  [mm] Largeur de la platine
tia = 14 [mm]  Epaisseur de l'aile

hrg = 180 [mm] Hauteur de la platine
twra = 8 [mm] Epaisseur de I'ame

lg = 850  [mm] Longueur de la platine
ad = 4,3 [Deg] Angle d'inclinaison
Matériau: ACIER E24

fybu = 235,00 [MPa] Reésistance

SOUDURES D'ANGLE




aw = 7 [mm] Soudure ame
ar= 10 [mm]  Soudure semelle
arg = 5 [mm]  Soudure horizontale

COEFFICIENTS DE MATERIAU

Yo = 1,00 Coefficient de sécurité partiel [2.2]
M1 = 1,00 Coefficient de sécurité partiel [2.2]
M2 = 1,25 Coefficient de sécurité partiel [2.2]
YM3 = 1,10 Coefficient de sécurité partiel [2.2]
EFFORTS

Etat limite: ultime

Cas: 11: 1.35G+1.350Q+1.358 (1+2+3+4)*1.35

Mb1,Ed = 2,19 [kN*m] Moment fléchissant dans la poutre droite

No1ga = -100,27 [kN] Effort axial dans la poutre droite

RESULTATS

RESISTANCES DE LA POUTRE

COMPRESSION

Ap = 84,46 [cm?]  Aire de la section EN1993-1-1:[6.2.4]
Neb.rd = Ap fyb / ymo

Nebra=1984,81  [kN] Résistance de calcul de la section a la compression EN1993-1-1:[6.2.4]
FLEXION - MOMENT PLASTIQUE (SANS RENFORTS)

Wob = 1307,15 [em3  Facteur plastique de la section EN1993-1-1:[6.2.5.(2)]
Mb.pi.ra = Wpin fyo / ymo

Mbpira =307,18 [KN*m] Résistance plastique de la section a la flexion (sans renforts) EN1993-1-1:[6.2.5.(2)]
FLEXION AU CONTACT DE LA PLAQUE AVEC L'ELEMENT ASSEMBLE

Wei = 1627,42 [em3]  Facteur élastique de la section EN1993-1-1:[6.2.5]
Meb rd = Wer b [ yvio

Mewra= 382,44 [kN*m] Reésistance de calcul de la section a la flexion EN1993-1-1:[6.2.5]
FLEXION AVEC EFFORT AXIAL AU CONTACT DE LA PLAQUE AVEC L'ELEMENT ASSEMBLE

n= 0,05 Rapport de I'effort axial a la résistance de la section EN1993-1-1:[6.2.9.1.(5)]
Mnb,Rd = Meb,rd (1 - N)

Mnora =363, 12 [kN*m] Resistance reduite (effort axial) de la section a la flexion EN1993-1-1:[6.2.9.2.(1)]
AILE ET AME EN COMPRESSION

Mewra= 382,44 [kKN*m] Résistance de calcul de la section a la flexion EN1993-1-1:[6.2.5]
he = 570 [mm] Distance entre les centres de gravité des ailes [6.2.6.7.(1)]
FeibRrd = Mobrd / hi

Fempa= 671,02 [kN] Résistance de l'aile et de I'ame comprimées [6.2.6.7.(1)]
AME OU AILE DU RENFORT EN COMPRESSION - NIVEAU DE L'AILE INFERIEURE DE LA POUTRE

Pression diamétrale:

p= 7,8 [Deg] Angle entre la platine d'about et la poutre

y = 4,3 [Deg] Angle d'inclinaison du renfort

beficwb = 267 [mm] Largeur efficace de I'ame a la compression [6.2.6.2.(1)]
Ap= 42,69 [cm?] Aire de la section au cisaillement EN1993-1-1:[6.2.6.(3)]
w= 0,85 Coefficient réducteur pour l'interaction avec le cisaillement [6.2.6.2.(1)]
oeomed = 13,44 [MPa] Contrainte de compression maximale dans I'ame [6.2.6.2.(2)]
kwe = 1,00 Coefficient réducteur di aux contraintes de compression [6.2.6.2.(2)]

Fewb.rd1 = [@ Kwe Defewb twb fyo / ymo] cos(y) / sin(y - p)



FewbRdlow = Lb4Ll, bY |KIN] Resistance de I'ame de la poutre

PARAMETRES GEOMETRIQUES DE L'ASSEMBLAGE

LONGUEURS EFFICACES ET PARAMETRES - PLATINE D'ABOUT

Nr m My e ex P |aff‘cp leff,n: lets1 leff,z |eff,cp,g leff,rn:,g
1 28 - 35 = 70 175 201 175 201 157 159
2 28 - 35 - 70 175 155 1585 155 140 70
3 28 - 35 - 70 175 155 155 155 140 70
4 28 = 35 - 95 175 1585 155 155 190 95
5 |28 - 35 - 120 175 158 155 155 240 120
6 28 - 35 - 120 TS 155 155 155 207 137

m — Distance du boulon de I'adme

mx — Distance du boulon de l'aile de la poutre

e — Pince entre le boulon et le bord extérieur

€x — Pince entre le boulon et |le bord extérieur horizontal

P — Entraxe des boulons

lerep  — Longueur effective pour une seule ligne de boulons dans les mécanismes circulaires

lefne  — Longueur effective pour une seule ligne de boulons dans les mécanismes non circulaires

lefr 1 — Longueur effective pour une seule ligne de boulons pour le mode 1

lerz  — Longueur effective pour une seule ligne de boulons pour le mode 2

lercpg — Longueur effective pour un groupe de boulons dans les mécanismes circulaires

lefincg — Longueur effective pour un groupe de boulons dans les mécanismes non circulaires

ler19 — Longueur effective pour un groupe de boulons pour le mode 1

ler2g — Longueur effective pour un groupe de boulons pour le mode 2

RESISTANCE DE L'ASSEMBLAGE A LA COMPRESSION

Njrd = Min ( Neos ra2 FeuwbRd,low )
Njre= 1984,81  [kN]

No1ed / Njra = 1,0 0,05 < 1,00

RESISTANCE DE L'ASSEMBLAGE A LA FLEXION

Résistance de I'assemblage a la compression
vérifié

Fira= 176,40 [kN] Resistance du boulon a la traction
Bpra = 495,37 [kN] Résistance du boulon au cisaillement au poingonnement
Fiera — résistance de la semelle du poteau a la flexion

Fiwerd — résistance de I'ame du poteau a la traction
Fieprd — résistance de la platine flechie a la flexion
Fiwbrd — résistance de I'dme a la traction

Fifera = Min (Fr1fcrd » Fr2fRrd , FT.3/c.Rd)
Ftwerd = @ beffwe twe fye / ymo

Ftepra = Min (Fr.1.epRd , FT2.epRd , FT.3.ep.Ra)
Ftwb,Rd = Defrtwb twb Ty / Ym0

[6.2.6.2.(1)]
|eff,1 4 |eff,2,g
157 159
70 70
70 70
95 95
120 120
137 137
[6.2]
(0,05)

[Tableau 3.4]
[Tableau 3.4]

[6.2.6.4] , [Tab.6.2]
[6.2.6.3.(1)]
[6.2.6.5] , [Tab.6.2]
[6.2.6.8.(1)]



RESISTANCE DE LA RANGEE DE BOULONS N° 1
Ft1,Rd,comp - Formule

Ft1.rd = Min (Ft1.Rd.comp)

Fteprain) = 352,80

Ftwb,rd1) = 352,76

Bpra = 990,73

Femprd = 671,02

Fc:wb:Rd = 1641.68

RESISTANCE DE LA RANGEE DE BOULONS N° 2

Fi2,Rd,comp - Formule

Fizrd = Min (Ft2rd,comp)

Ftep.Rra2) = 352,80

Ftwb,rd2) = 313,00

Bprd = 990,73

FemRd = ¥1' Fyra = 671,02 - 352,76

FewbRd - 31" Fjra = 1641,68 - 352,76
Ftep.ra2+1) - 31! Fira = 705,60 - 352,76
FtuwbRd2+ 1) = 11 Fijra = 462,82 - 352,76
RESISTANCE DE LA RANGEE DE BOULONS N° 3
Ft3,rd,comp - Formule

Fia,ra = Min (Fi3Rra.comp)

Ftep.raa) = 352,80

Ftuwb,rdz) = 313,00

Bp.rd = 990,73

FemRra - Y12 Fyra = 671,02 - 462,82

Fewbrd - 312 Fira = 1641,68 - 462,82
Fieprdia +2) - > 22 Fijrd = 628,86 - 110,06
Frwb,ra@ + 2) - Y22 Fyra = 282,94 - 110,06
FtepRraz+2+1) - 22" Fyrd = 10568,40 - 462,82
Ftubrd@+2+1) - 22! Fijra = 604,29 - 462,82
RESISTANCE DE LA RANGEE DE BOULONS N° 4
Ft4,Rd,comp - Formule

Ft4,rd = Min (Fta,Rd,comp)

Ftep.raia) = 352,80

FtuwbRra4) = 313,00

Bpra = 990,73

Febrd - 313 Fyjra = 671,02 - 604,29

Fewbrd - 213 Fyra = 1641,68 - 604,29
Ftep,Rdia +3)- 2 3° Fyjra = 671,15 - 141,47
FiubRd@ +3) - 23° Fijra = 333,47 - 141,47
Ftep.Rawa +3+2) - Y32 Fjra = 985,58 - 251,53
FiubRd@4+3+2) - 232 Fyra = 474,94 - 251,53
FtepRdia+3+2+ 1) - 23" Fyra = 1411,20 - 604,29
Ft.wb.Rd(4 +3+2+1) " 231 th.Rd =796,29 - 604,29
RESISTANCE DE LA RANGEE DE BOULONS N° 5
FtS,Rd,comp - Formule

Ft5,rd = Min (Fis.rd.comp)

Ftep.rais) = 352,80

Ftuwb,rd(5) = 313,00

Bpra = 990,73

Ft1 ,Rd,comp
352,76
352,80
352,76
990,73
671,02
1641,68

Fﬂ,Rd,comp
110,06
352,80
313,00
990,73
318,26
1288, 92
352,84
110,06

FtS.Rd,comp
141,47
352,80
313,00
990,73
208,20
1178,86
518,80
172,88
595,58
141,47

FM,Rd,comp
66,73
352,80
313,00
920,73
66,73
1037,39
529,08
192,00
734,06
223,41
806,91
162,00

Fts.Rd,comp
0,00
352,80
313,00
990,73

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Aile de la poutre - compression

Ame de la poutre - compression

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Aile de la poutre - compression

Ame de la poutre - compression

Platine d'about - traction - groupe

Ame de la poutre - traction - groupe

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Aile de la poutre - compression
Ame de la poutre - compression
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement
Aile de la poutre - compression
Ame de la poutre - compression
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe
Platine d'about - traction - groupe
Ame de la poutre - traction - groupe

Composant

Résistance d'une rangée de boulon
Platine d'about - traction

Ame de la poutre - traction

Boulons au cisaillement/poingonnement



FiepRais+a+3+2+1) - 24! Fyra = 1764,00 - 671,02 1092, 98 Platine d'about - traction - groupe
Fiubrds+a+3+2+1)- 24! Fyre = 1038,81 - 671,02 367,79 Ame de la poutre - traction - groupe

Les autres boulons sont inactifs (ils ne transférent pas de charges) car la résistance d’'un des composants de
l'assemblage s'est épuisée ou ces boulons sont situés au-dessous du centre de rotation.

TABLEAU RECAPITULATIF DES EFFORTS

Nr hj Fijrd FtfcRd FtwcRrd FtepRra Ftwb,Rd Fird Bp,rd
L\ 537 352,76 = - 352,80 352,76 352,80 990,73
2 467 110,06 - - 352,80 313,00 352,80 980,73
3397 141,47 = = 352,80 313,00 352,80 980,73
4 327 66,73 - = 352,80 313,00 352,80 980,73
5 207 = = = 352,80 313,00 352,80 980, 73
6 87 = = = 352,80 313,00 352,80 990, 7
RESISTANCE DE L'ASSEMBLAGE A LA FLEXION M;rq4

Mijra = 2 h; FijRra

Mijrd = 318,65 [kN*m] Reésistance de 'assemblage a la flexion

Mb1,gd / Mjra £ 1,0 0,01 < 1,00 verifié (0,

VERIFICATION DE L'INTERACTION M+N

(6.2]
01)

Mbi.ed / Mjrd + Nb1ga/ Njra <1 [6.2.5.1.(3)]

Mb1,ed / MjRrd + Nb1,Ed / NjRd 0,06 < 1,00 veérifié (o,

RESISTANCE DES SOUDURES

06)

Aw = 145,49 [cm?] Aire de toutes les soudures [4.6.3.2(2)]
Awy = 75,48 [cm?] Aire des soudures horizontales [4.5.3.2(2)]
Awz = 70,01 [cm?] Aire des soudures verticales [4.5.3.2(2)]
lwy = 62660, 64 [cmf Moment d'inertie du systéme de soudures par rapport a I'axe horiz. [4.5.3.2(5)]
O max=T.max = -9,07 [MPa] Contrainte normale dans la soudure [4.5.3.2(6)]
GI=T), = -8, 78 [MPa] Contraintes dans la soudure verticale [4.5.3.2(5)]
= 0,00 [MPa] Ceontrainte tangentielle [4.5.3.2(5)]
Pw = 0,80 Coefficient de corrélation [4.5.3.2(7)]
V[omad + 3*(Timax®)] £ ful(Bwymz) 18,14 < 385,00 vérifié (0,05)
V6.2 + 3*(t12+1i2)] < ful (Puymz) 17,56 < 365,00 vérifié (0,05)
oL < 0.9*fu/ymz 89,07 = 262,30 verifié (0,03)

RIGIDITE DE L'ASSEMBLAGE

twash = 4 [mm] Epaisseur de la plaquette [6.2.6.3.(2)]
hhead = 14 [mm] Hauteur de la téte du boulon [6.2.6.3.(2)]
haut = 20 [mm] Hauteur de I'écrou du boulon [6.2.6.3.(2)]
Ly = 68 [mm] Longueur du boulon [6.2.6.3.(2)]
kio = 6 [mm] Coefficient de rigidité des boulons [6.3.2.(1)]

RIGIDITES DES RANGEES DE BOULONS



Nr hj ks k4 ks Kot ket hj Ketrj hi?

Somme 104,49 4244,15

1 537 o0 o0 178 5 28,86 1549,26

2 467 o0 o0 79 3} 23,34 1089,56

3 (1397 o o0 19 3 19,84 187286

4 327 o0 o0 108 5 1e,90 552,30

5 207 o0 o 136 ) 10,91 225,64

6 a7 sl ) 156 5 4,62 40,12
kej = 1/ (335 (11 kij)) [6.3.3.1.(2)]
Zeq = Y ketrj N2 1 3 Keftj hyj
Zeq = 406  [mm] Bras de levier équivalent [6.3.3.1.(3)]
keq = Z keﬂ'}j hj J'r Zeq
keq = 26 [mm] Coefficient de rigidité équivalent du systéme de boulons [6.3.3.1.(1)]
Sj,in: =E Zeq2 keq [631 (4)]
Sjm= 891270,35 [kN*'m] Rigidité en rotation initiale [6.3.1.(4)]
u= 1,00 Coefficient de rigidité de I'assemblage [6.3.1.(6)]
Sj=8jimi/ 1 [6.3.1.(4)]
§j=  891270,55 [kN*m] Rigidité en rotation finale [6.3.1.(4)]
Classification de I'assemblage par rigidité.
Sjig= 118510,82 [kN*m] Rigidité de I'assemblage rigide [6.2.2.5]
Sjpin = 2370,22 [kN*m] Rigidite de I'assemblage articulé [6.2.2.5]
Sjini = Sjrig RIGIDE
COMPOSANT LE PLUS FAIBLE:
POUTRE EN COMPRESSION
REMARQUES
Boulon face a la semelle ou trop proche de la semelle. 6 [mm] < 10 [mm]

Epaisseur de |'ame de la contreplaque inférieure a I'épaisseur de I'ame de la poutre & [mm] < 9 [mm]

Assemblage satisfaisant vis a vis de la Norme Ratio 0,06
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GENERAL
Assemblage N”: 4
Nom de I'assemblage: Gousset - contreventement
Noeud de la structure: 42
Barres de la structure: 139, 141, 140, 142,
GEOMETRIE
BARRES
Barre 1 Barre 2-4 Barre 3
Barre N°: 139 141 140
Profilé: CAE 60x6 CAE b0x6 CAE 60x6
h 60 60 &0 mm
by &0 60 60 mm
Ty 9] 6 () mm
ts 4] 4 6 Bl
r 8 8 g mm
A 6,91 6,91 6,91 cm?Z
Matériau: ACIER EZ4 ACIER EZ24 ACIER EZ4
£y 235,00 235,00 235,00 MPa
£y 365,00 365,00 365,00 MPa
Angle a 30,0 40,0 90,0 Deqg



1

Barre 2-4
Q,00

Barre 3
0,00

Barre 1
0,00

Le plan de cisaillement passe par la partie NON FILETEE du boulon

Longueur
BOULONS
Barre 1
Classe = B.8
d= 14
do = 15
As = 1,15
Ay = 1,54
fp = 550, 00
fub = 800,00
n= 3

Espacement des boulons 60; 60
50 [mm] Distance du centre de gravité du premier boulon de I'extrémité de la barre
30 [mm] Distance de I'axe des boulons du bord de la barre

178 [mm] Distance de |'extrémité de la barre du point d'intersection des axes des barres

Classe du boulon

Diameétre du boulon

Diameétre du trou de boulon

Aire de la section efficace du boulon
Aire de la section du boulon

Limite de plasticité

Reésistance du boulon a la traction
Nombre de colonnes des boulons
[mm]

Le plan de cisaillement passe par la partie NON FILETEE du boulon

[mm]

Classe du boulon

Diameétre du boulon

Diameétre du trou de boulon

Aire de la section efficace du boulon
Aire de la section du boulon

Limite de plasticité

Reésistance du boulon a la traction
Nombre de colonnes des boulons

[mm]
Distance de I'axe des boulons du bord de |la barre

Le plan de cisaillement passe par la partie NON FILETEE du boulon

e1=

ez =

e =

Barre 2-4

Classe = B.8
d= 14
do = 15
As = 1,15
A, = 1,54
fyb = 550,00
fup = 800,00
n= 1
Espacement des boulons
e = 30
Barre 3

Classe = B.8
d= 14
dg = 15
As = 1,15
A, = 1,54
fip = 550,00
fub = 800,00
n= 3

Espacement des boulons 60; 60
50 [mm] Distance du centre de gravité du premier boulon de |'extrémité de la barre
30 [mm] Distance de I'axe des boulons du bord de la barre

170 [mm] Distance de I'extrémité de la barre du point d'intersection des axes des barres

€1 =
ez =
eC=

GOUSSET

lp = 200
hy = 787
tp = 10
Parametres

hy = ]
V1

1l
o

Classe du boulon

Diameétre du boulon

Diameétre du trou de boulon

Aire de la section efficace du boulon
Aire de la section du boulon

Limite de plasticité

Reésistance du boulon a la traction
Nombre de colonnes des boulons
[mm ]

Longueur de la platine
Hauteur de la platine
Epaisseur de la platine

Grugeage
Grugeage



h1= 0 [mm] Grugeage

hy = 0 [mm] Grugeage

vz = 0 [mm] Grugeage

hs = 0  [mm] Grugeage

Va = 0 [mm] Grugeage

hs = 0 [mm] Grugeage

Vs = 0  [mm] Grugeage

Centre de gravité de la tole par rapport au centre de gravité des barres  (0;-1)

ev= 394 [mm] Distance verticale de I'extrémité du gousset du point d'intersection des axes des barres
eq= 100 [mm] Distance horizontale de l'extrémité du gousset du point d'intersection des axes des barres
Matériau: ACIER E24

fy = 235,00 [MPa] Résistance

COEFFICIENTS DE MATERIAU

MO = 1,00 Coefficient de sécurité partiel [2.2]
Mz = 1,25 Coefficient de sécurité partiel [2.2]
EFFORTS

Cas: 11: 1.35G+1.35Q0+1.358 (1+2+43+4)*1.35

Nb1,Ed = -1,38 [kN] Effort axial

Nbzgd = 0,73 [kN] Effort axial

NbaEd = -0,79 [kN] Effort axial

Nbd,Ed = 0,40 [kN] Effort axial

RESULTATS

BARRE 1

RESISTANCE DES BOULONS

Fvrd = 59,11 [kN] Resistance de la tige d'un boulon au cisaillement Fure= 0.6"fup" A miymz
Pression du boulon sur la barre

Direction x

kax = 2,50 Coefficient pour le calcul de Fy rd kix=min[2.8"(e2/dp)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 verifié

Obx = 1,00 Coefficient dépendant de I'espacement des boulons anx=min[e+/(3*dg), p1/(3*do)-0.25, fub/fu, 1]
apx > 0.0 1,00 > 0,00 verifié

Foraix =61,32 [kN] Résistance de calcul & I'état limite de plastification de la paroi du trou  Fb ratx=kx*obx* fu*d*tifyme
Direction z

kiz = 2,50 Coefficient pour le calcul de Furd k1z=min[2.8%(e1/do)-1.7, 1.4*(p4/do)-1.7, 2.5]
kiz > 0.0 2,50 > 0,00 veérifié

bz = 0,67 Coefficient pour le calcul de Fy rd apz=min[e2/(3*do), fun/fu, 1]
abz > 0.0 0,67 > 0,00 veérifié

Foratz= 40,88 [kN] Résistance d'un boulon en pression diamétrale Fb rd12=K1z" oz fu" d*tifymez
Pression du boulon sur la platine

Direction x

kix = 2,50 Coefficient pour le calcul de Fp rd k1=min[2.8%(e2/do)-1.7, 2.5]
kix>0.0 2,50 > 0,00 vérifié

by = 1,00 Coefficient dépendant de I'espacement des boulons asx=min[e1/(3*da), p1/(3*do)-0.25, fu/fu, 1]

anx > 0.0 1,00 > 0,00 verifié



Forazx =102, 20 [kN] Reésistance de calcul a I'état limite de plastification de la paroi du trou  Fp raox=k1*ap™fu*d*tifyame
Direction z

kiz = 2,30 Coefficient pour le calcul de Fy rd k1z=min[2.8%(e1/do)-1.7, 1.4*(p+/do)-1.7, 2.5]
kiz > 0.0 2,50 > 0,00 verifié
bz = 1,00 Coefficient pour le calcul de Fp rd abz=min[ez2/(3*do), fun/fu, 1]
apz > 0.0 1,00 > 0,00 verifié
Forazz= 102,20 [kN] Résistance d'un boulon en pression diamétrale Fb razz=K1z" ooz fu* d*tifynez

VERIFICATION DE L'ASSEMBLAGE POUR LES EFFORTS AGISSANT SUR LES BOULONS

cisaillement des boulons

e= 13 [mm] Excentricité de l'effort axial par rapport a I'axe des boulons

Mo= -0,02 [kN*m] Moment fléchissant réel Mo=Nb1ed*e
Fnsa= —-0,46 [kN] Force résultante dans le boulon due a l'influence de I'effort axial Frnsd = Npi.ga/n
Fuse = —0,15  [kN] Effort composant dans le boulon di & l'influence du moment Fmsa=Mo*Xmax/Zx2
Fxea = -0,46 [kN] Effort de calcul total dans le boulon sur la direction x Fyxed = Fnsad
Fzea= -0,15 [kN] Effort de calcul total dans le boulon sur la direction z Fzgd = Fmsd
Fea= 0,48 [kN] Effort tranchant résultant dans le boulon Fed = V( Fxgd? + F2gd? )
Frax= 61,32 [kN] Résistance résultante de calcul du boulon sur la direction x Frax=min(Ford1x, Foraz2x)
Fraz= 40,88 [kN] Résistance résultante de calcul du boulon sur la direction z Frdz=mMin(Ford1z, Fora2z)
|FxEgd| = Frox |-0,46| < 61,32 verifie (0,01)
|FzEd| < Fraz |-0,15| < 40,88 vérifié (0,00)
Fed < Furd 0,48 < 59,11 vérifié (0,01)

VERIFICATION DE LA SECTION DE LA POUTRE AFFAIBLIE PAR LES TROUS

Ps = 0,62 Coefficient de réduction [Tableau 3.8]
Anet = 6,01 [cm?] Aire de |la section nette Anet = A - do*tt
Nuyrga= 108,81 [kN]  Résistance de calcul de la section nette Nurd = (P3*Anet fur)iymz
Nord = 146,15  [kN] Résistance de calcul plastique de la section brute Nolrd = (0.9"A™y1 )y
INb1,Ed| = NuRrd |-1,38| < 108,81 verifié (0,01}
|Nb1 .£d] < Npl,Rd |-1,38| < 146,15 verifié (0,01)

VERIFICATION DE LA BARRE POUR LE CISAILLEMENT DE BLOC

Ant = 1,35 [emZ] Aire nette de la zone de la section en traction

nv = 7,85 [cm?] Aire de la zone de la section en traction
Veirg =127, 57 [kN] Resistance de calcul de la section affaiblie par les trous Vegrg=0.5"f,"Anlymz + (1h|’3)*fy*Am,f-,;MO
INo1,Ed| S Verra [=1.38] % 127,51 vérifié (0,01)
BARRE 2-4

RESISTANCE DES BOULONS

Fvrd = 59,11 [kN]  Résistance de la tige d'un boulon au cisaillement FuRra= 0.6"fun* A miymz
Pression du boulon sur la barre

Direction x

kix = 2,50 Coefficient pour le calcul de Fb rd kix=min[2.8*(e2/do)-1.7, 2.5]
kix=>0.0 2,50 > 0,00 verifie

Abx = 0,89 Coefficient dépendant de I'espacement des boulons asx=min[e1/(3*do), fun/fu, 1]
abx > 0.0 0,8% > 0,00 verifié

Fordix =54, 51 [kN] Résistance de calcul a I'état limite de plastification de la paroi du trou  Fp ra1x=k1x* ot fu*d ™ tilyme
Direction z

kiz = 2,50 Coefficient pour le calcul de Fp rd k1z=min[2.8"(e+/dp)-1.7, 2.5]

kiz > 0.0 2,50 > 0,00 verifié



Forazx =3, 64 [kN] Résistance de calcul a I'état limite de plastification de la paroi du trou Fb,razx=k1* o fu* d*tilyme
Direction z

kiz = 0,08 Coefficient pour le calcul de Fp rd kiz=min[2.8(e1/dp)-1.7, 2.5]
kiz > 0.0 0,08 > 0,00 verifié
bz = 0,25 Coefficient pour le calcul de Fos rd abz=min[e2/(3*do), fub/fu, 1]
anz > 0.0 0,25 > 0,00 verifié
FbRrdzz = 0,80 [kN] Resistance d'un boulon en pression diamétrale Fo,razz=k1z" ooz fu " d*tifyme

VERIFICATION DE L'ASSEMBLAGE POUR LES EFFORTS AGISSANT SUR LES BOULONS

cisaillement des boulons

e= 13 [mm] Excentricité de I'effort axial par rapport a I'axe des boulons

Mo= 0,00 [kN*m] Moment fléchissant réel Mo=Nbz ed*e
Fnsa= 0,32 [kN] Force résultante dans le boulon due a I'influence de I'effort axial Fnsd = Np2ga/n
Fusa = 0,00 [kN] Effort composant dans le boulon di a l'influence du moment Fmsa=Mo*Xmax/Zx2
Fxed= 0,32 [kN] Effort de calcul total dans le boulon sur la direction x FxEd = Fnsd
Fzeq= 0,00 [kN] Effort de calcul total dans le boulon sur la direction z Fzgd = Fmsd
Fea= 0,32 [kN] Effort tranchant résultant dans le boulon Fea = V( Fxed? + F2e62)
Frax= 3,64 [kN] Résistance résultante de calcul du boulon sur la direction x Frax=min(Fpra1x, Ford2x)
Fraz= 0,80 [kN] Reésistance résultante de calcul du boulon sur la direction z Frdz=mMin(Ford1z, Forazz)
|FxEd| = Frax |10,32| < 3,64 verifié (0,09)
|FzEed| = Froz |0,00| < 0,80 verifié (0,00)
Fed < Fyra Oro2 = 50731 vérifié (0,01)

VERIFICATION DE LA SECTION DE LA POUTRE AFFAIBLIE PAR LES TROUS

Nurd = 78,84 [kN] Résistance de calcul de la section nette Nurd = [2%(e2-0.5"do)*tr2*fu2)/yme
Ngrde= 146,15 [kN] Résistance de calcul plastique de la section brute NplRrd = (0.9"A*fy2)/ym2
INb2 Ed| < NuRrd |8, 32| < 78,84 veérifié (0,00)
|[Nb2,£d| £ NpiRa |0,32| < 146,15 veérifié (0,00)

VERIFICATION DE LA BARRE POUR LE CISAILLEMENT DE BLOC

Ant = 1,35 [cm?] Aire nette de la zone de la section en traction

Anv = 1,95 [cm?] Aire de la zone de la section en traction

Veiird = 46,17 [kN] Résistance de calcul de la section affaiblie par les trous Verrg=0.5"fu*Anymz + (11’\!3)*1:5;*%\;!?[\40
INbz Ed] = Verrd [0;32] < 46,17 verifié (0,01)
BARRE 3

RESISTANCE DES BOULONS

Fura = 59,11 [kN] Résistance de la tige d'un boulon au cisaillement Fure= 0.6"fun* Ay m/iymz

Pression du boulon sur la barre

Direction x
kix = 2,50 Coefficient pour le calcul de Fb rd k1x=min[2.8*(e2/do)-1.7, 2.5]



FbRrdiz =  4U,BY [KN] Resistance d'un boulon en pression diametrale Fb.rd1z=K1z" obz T d™tilymz
Pression du boulon sur la platine

Direction x

kix = 2,50 Coefficient pour le calcul de Fs rd ki=min[2.8"(e2/do)-1.7, 2.5]
kix > 0.0 2,50 > 0,00 veérifié

by = 1,00 Coefficient dépendant de I'espacement des boulons anx=min[e1/(3*da), p1/(3*do)-0.25, fun/fu, 1]
abx > 0.0 1,00 > 0,00 verifié

Forazx =102,20 [kN] Résistance de calcul & I'état limite de plastification de la paroi du trou  Fp raz«=k1*an*fu*d*tilyme
Direction z

kiz = 2,50 Coefficient pour le calcul de Fyrad kiz=min[2.8%(e1/dg)-1.7, 1.4%(p4/dp)-1.7, 2.5]
ki > 0.0 2,50 > 0,00 vérifié
bz = 1,00 Coefficient pour le calcul de Fp ra abz=min[e2/(3*do), fub/fu, 1]
abz > 0.0 1,00 > 0,00 verifié
Forazz = 102,20 [kN] Résistance d'un boulon en pression diamétrale Fo.razz=k1z* o " fu*d*tifyae

VERIFICATION DE L'ASSEMBLAGE POUR LES EFFORTS AGISSANT SUR LES BOULONS

cisaillement des boulons

e= 13 [mm] Excentricité de l'effort axial par rapport a I'axe des boulons

Mo= -0,01 [kN*m] Moment fléchissant réel Mo=Nb3 cd*e
Fnse= -0,26  [kN] Force résultante dans le boulon due a I'influence de I'effort axial Fnsd = Np3,gda/n
Fumsa = -0,09 [kN] Effort composant dans le boulon d( 2 l'influence du moment Fumsd=Mo*Xmax/Zx2
Fxea = 0,26 [kN] Effort de calcul total dans le boulon sur la direction x Fxed = Fnsd
Fzea= -0,09 [kN] Effort de calcul total dans le boulon sur la direction z Fzgd = Fmsd
Fea= 0,28 [kN] Effort tranchant résultant dans le boulon Fed = V( Fxed? + Fz£ed? )
Frax= 61,32 [kN] Résistance résultante de calcul du boulon sur la direction x Frdx=min(Ford1x, Fora2x)
Fraz= 40,88 [kN] Résistance résultante de calcul du boulon sur la direction z Fraz=min(Fprd1z, Forazz)
|FxEd| < Frox =726 < Bl; 37 verifié (0,00)
|Fzgd| = Froz |-0,09| < 40,88 verifie (0,00}
Fea < Fyra 0;28 = 50,41 vérifié (0,00)

VERIFICATION DE LA SECTION DE LA POUTRE AFFAIBLIE PAR LES TROUS

Ba= 0,62 Coefficient de reduction [Tableau 3.8]
Anet = 6,01 [cm?] Aire de la section nette Anet = A - do*tia
Nurg= 108,81 [kN] Reésistance de calcul de la section nette Nurd = (Pa*Anet fuz)iymz
Nora = 146,15 [kN] Résistance de calcul plastique de la section brute Nolrd = (0.9*A*fy3)yme2
|[Nb3Ed] = Nurd |-0,79| < 108,81 verifié (0,01)
|[Nb3,ed| £ NpiRd |-0,79| < 146,15 verifié (0,01)

VERIFICATION DE LA BARRE POUR LE CISAILLEMENT DE BLOC

Ant = 1,35 [em?] Aire nette de la zone de la section en traction
nv = 7,85 [cm?] Aire de la zone de la section en traction
Vefird = 127,57 [kN] Résistance de calcul de la section affaiblie par les trous Vemrg=0.5"F,*Andymz + (1/V3)" " Avulymo

[Nb3 £d| = Verra =07 74| < 127,57 verifié (0,01)



REMARQUES

Entraxe des boulons sur la barre 2 trop faible C [mm] < 33 [mm]
Boulon hors de la platine pour la barre 2
Boulon hors de la platine pour la barre 4

Assemblage satisfaisant vis a vis de la Norme Ratio 0,09

Robot Structural Analysis Professional 2024

Calcul du Pied de Poteau articulé

Eurocode 3: NF EN 1993-1-8:2005/NA:2007/AC:2009 + CEB Ratio
. . . . . 0,95

Design Guide: Design of fastenings in concrete

e

+— -o—;;r
MED
GENERAL
Assemblage N°: 6

Nom de 'assemblage: FPied de poteau articulé
Noeud de la structure: 13
Barres de la structure: 11

GEOMETRIE

POTEAU

Profilé: HEA 400

Barre N°: 11

Lc= 0,70 [m] Longueur du poteau

a= 0,0 [Deg] Angledinclinaison

he = 390 [mm] Hauteur de la section du poteau
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PLATINE DE PRESCELLEMENT

lpa = 390 [mm] Longueur

bpd = 300 [mm]  Largeur

tpa = 25 [mm] Epaisseur

Matériau: ACIER E24

fypd = 235,00 [MPa] Résistance

fupd = 365,00 [MPa] Reésistance ultime du matériau
ANCRAGE

Le plan de cisaillement passe par la partie NON FILETEE du boulon
Classe =HR 10.9 Classe de tiges d'ancrage

fyo = 500,00 [MPa] Limite de plasticité du matériau du boulon
fup = 1000,00 [MPa] Reésistance du matériau du boulon a la traction
d= 30 [mm] Diameétre du boulon

As = 5,61 [cm?]  Aire de la section efficace du boulon
Ay = 7,07  [em?  Aire de la section du boulon

n= 2 Nombre de rangéss des boulons

ey = 104 [mm] Entraxe

Dimensions des tiges d'ancrage

L1= 94 [mm]

Lo = 920 [mm]

Ls= 150 [mm]

La= 60  [mm]

Platine

hvd = 60 [mm Longueur

Dwg = 60 [mm] Largeur

twa = 10 [mm Epaisseur

BECHE

Profilé: HEA 160

Iy = 160 [mm] Longueur

Matériau: ACIER E24

fow = 235,00 [MPa] Résistance

COEFFICIENTS DE MATERIAU

Mo = 1,00 Coefficient de sécurité partiel
Yz = 1,25 Coefficient de sécurité partiel
vc = 1,50 Coefficient de sécurité partiel

SEMELLE ISOLEE
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SOUDURES

ap = 7 [mm] Plague principale du pied de poteau

aw = 4  [mm] Béche

EFFORTS

Cas: 5: W

NjEd = 27,75 [kN] Effort axial

ViEdy = 0,04 [kN] Effort tranchant

Vigdz= —67,64 [kN] Effort tranchant

RESULTATS

ZONE TENDUE

RUPTURE DU BOULON D'ANCRAGE

Ap = 5,61 [cm?] Aire de section efficace du boulon [Tableau 3.4]
fub = 1000,00 [MPa] Reésistance du matériau du boulon a la traction [Tableau 3.4]
Beta = 0,85 Coefficient de réduction de la résistance du boulon [3.6.1.(3)]
Firdst = beta*0.9*fup*Aplymz

Firdst = 343,33 [kN] Résistance du boulon a la rupture [Tableau 3.4]
YMs = 1,20 Coefficient de sécurité partiel CEB [3.2.3.2]
fyo = 900,00 [MPa] Limite de plasticité du matériau du boulon CEB [9.2.2]
Ftras2 = fyo"Anlyms

Ftras2 = 420,75  [kN]  Résistance du boulon a la rupture CEB [9.2.2]

Firds = min(Firds1,Firas2)

Firas = 343,33 [kN] Résistance du boulon a la rupture
ARRACHEMENT DU BOULON D'ANCRAGE DU BETON

fox = 25,00 [MPa] Reésistance caractéristique du béton a la compression
fota = 0.770.3*fa3hyc

faa = 1,20 [MPa] Résistance de calcul a la traction

n= 1,00 Coef. dependant des conditions du bétonnage et de I'adhérence
2= 1,00 Coef. dépendant du diamétre du boulon d'ancrage

foa = 2.25*n1*ﬂ2*fc1d

foa = 2,69 [MPa] Adhérence de calcul admissible

hef = 890 [mm]  Longueur effective du boulon d'ancrage

Firdp = n*d*her*foa

Ftrdp= 225,91 [kN] Resistance de calc. pour le soulévement
ARRACHEMENT DU CONE DE BETON

hei = 233 [mm] Longueur effective du boulon d'ancrage

Nrk® = 7.5[NO-5/mmO-S]* e 0-5* hef! 5

EN 1992-1:[3.1.2]
EN 1992-1:[8.4.2.(2)]
EN 1992-1:[8.4.2.(2)]
EN 1992-1:[8.4.2.(2)]

EN 1992-1:[8.4.2.(2)]
EN 1992-1:[8.4.2.(2)]

EN 1992-1:8.4.2.(2)]

CEB [9.2.4]



Nrk® = 133,656 [kN] Résistance caractéristique du boulon d'ancrage

SN = 700  [mm] Largeur critique du cone de béton

CorN = 350 [mm] Distance critiqgue du bord de la fondation

Acno = 4900,00  [em?]  Aire de surface maximale du cone

Acn = 1400,00  [em?]  Aire de surface réelle du céne

wan = Acn/Acno

wan= 0,29 Coef. dépendant de I'entraxe et de la pince des boulons d'ancrage
c= 148 [mm] Pince minimale boulon d'ancrage-extrémité

wsn = 0.7+ 0.3%c/caen = 1.0

wsn = 0,83 Coef. dépendant du pince boulon d'ancrage-extrémité de la fondation

ween =1, 00
WreN = 0.5 + hefmm]/200 < 1.0

Yren = 1,00 Coef. dépendant de la densité du ferraillage dans |la fondation
Yuern =1, 00 Coef. dependant du degre de fissuration du béton
me= 2,16 Coefficient de sécurité partiel

Ftrd.c = NRrc wan ys N e N Wre N WuerN/YMe

Coef. dépendant de la répartition des efforts de traction dans les boulons d'ancrage

CEB [9.2.4]
CEB [9.2.4]
CEB [9.2.4]
CEB [9.2.4]
CEB [9.2.4]

CEB [9.2.4]
CEB [9.2.4]

CEB [9.2.4]
CEB [9.2.4]

CEB [9.2.4]
CEB [9.2.4]
CEB [3.2.3.1]

Firac = 14,62 [kN] Résistance de calcul du boulon d'ancrage a I'arrachement du céne de béton EN 1992-1:[8.4.2.(2)]

FENDAGE DU BETON

her = 890 [mm] Longueur effective du boulon d'ancrage

Nrk® = 7.5[NO-5/mmO-5]fu0-5*het' 8

Ngrk0 = 995,67 [kN] Résistance de calc. pour le soulévement

SarN = 1780 [mm] Largeur critique du cone de béton

CorN = 890 [mm] Distance critique du bord de la fondation

Acno = 31684,00  [ecm?]  Aire de surface maximale du cone

Acn = 1400,00 [em2] Aire de surface réelle du cone

WAN = AcN/Acno

wan = 0,04 Coef. dépendant de I'entraxe et de la pince des boulons d'ancrage
c= 148 [mm] Pince minimale boulon d'ancrage-extrémité

wsn = 0.7 + 0.3*clcan < 1.0

wsn= 0,75 Coef. dépendant du pince boulon d'ancrage-extrémité de la fondation
Ween =1, 00 Coef. dépendant de la répartition des efforts de traction dans les boulons d'ancrage
yreN = 0.5 + hedfmm]/200 = 1.0

Wren = 1,00 Coef. dépendant de la densité du ferraillage dans la fondation

wuern =1, 00 Coef. dépendant du degré de fissuration du béton

whn = (h/(2%her))?? < 1.2

WhN = 1,20 Coef. dépendant de la hauteur de la fondation

TMsp = 2,16 Coefficient de sécurité partiel

Ftrd.sp = NRk.cO* WA N Ws N  Weo N Vire N Wucr N Wh N/ M.sp

Firdsp =18,33 [kN] Résistance de calcul du boulon d'ancrage au fendage du béton
RESISTANCE DU BOULON D'ANCRAGE A LA TRACTION

Fird = min(Firds, Firdp, FtRdc, FiRdsp)

Ftra = 14,62 [kN] Résistance du boulon d'ancrage a traction

FLEXION DE LA PLAQUE DE BASE

lefr1 = 242  [mm] Longueur effective pour une seule ligne de boulons pour le mode 1
lefi2 = 275 [mm] Longueur effective pour une seule ligne de boulons pour le mode 2
m = 39 [mm] Pince boulon-bord de renforcement

Mpira= 8,90 [kN*m] Résistance plastique de la dalle pour le mode 1

Mpzre = 10,09 [KN*m] Résistance plastique de la dalle pour le mode 2
Frira= 922,84 [KN] Résistance de la dalle pour le mode 1

Frara= 221,32 [kN] Résistance de la dalle pour le mode 2

Frara= 29,24 [kN] Résistance de la dalle pour le mode 3

Ftpird = mMin(Fr1rd, Fr2rd , FTaRrd)

FiplRd = 29,24 [kN] Reésistance de la dalle pour le mode a la traction

CEB [9.2.5]

CEB [9.2.5]
CEB [9.2.5]
CEB [9.2.5]
CEB [9.2.5]
CEB [9.2.5]

CEB [9.2.5]
CEB [9.2.5]

CEB [9.2.5]
CEB [9.2.5]

CEB [9.2.5]
CEB [9.2.5]

CEB [9.2.5]
CEB [3.2.3.1]

CEB [9.2.5]

[6.2.6.5]
[6.2.6.5]
[6.2.6.5]
(6.2.4]
[6.2.4]
(6.2.4]
[6.2.4]
[6.2.4]

[6.2.4]



RESISTANCE DE L'AME DU POTEAU A LA TRACTION

twe = 11 [mm] Epaisseur efficace de I'ame du poteau [6.2.6.3.(8)]
beriwe = 242 [mm] Largeur efficace de I'ame a la traction [6.2.6.3.(2)]
Av= 57,33 [cm? Aire de la section au cisaillement EN1993-1-1:[6.2.6.(3)]
o= 0,88 Coefficient réeducteur pour l'interaction avec le cisaillement [6.2.6.3.(4)]
Ft,wc. Rd = M beﬁ,t:wc twe fyc / MO

Fiwerd = 553,60 [kN] Resistance de I'ame du poteau [6.2.6.3.(1)]
RESISTANCES DE SEMELLE DANS LA ZONE TENDUE

NjRro = 29,24 [kN]  Résistance de la semelle a la traction axiale [6.2.8.3]
CONTROLE DE LA RESISTANCE DE L'ASSEMBLAGE

Njed/ Njrd = 1,0 (6.24) 8,95 < 1,80 verifié (0,95)

CISAILLEMENT

PRESSION DU BOULON D'ANCRAGE SUR LA PLAQUE D'ASSISE
Cisaillement par I'effort VjEedy

aay =0,83 Coef. d'emplacement des boulons en direction du cisaillement
apy =0, 83 Coef. pour les calculs de la resistance F1 b Rrd
kiy=2,50 Coef. d'emplacement des boulons perpendiculairement & la direction du cisaillement

F1ubRrdy = K1y oy fup*d™tp / ymz
Fiuwray =456,25 [kN] Résistance du boulon d'ancrage a la pression sur la plaque d'assise

Cisaillement par I'effort Vjeqz

tdz=0,79 Coef. d'emplacement des boulons en direction du cisaillement
apz=0,79 Coef. pour les calculs de la résistance F1,ubrd
kiz=2,50 Coef. d'emplacement des boulons perpendiculairement a la direction du cisaillement

FiubRrdz = K1z* 0wz fup*d*tp / ymz
Fiuwrdz=433,44 [kN] Resistance du boulon d'ancrage a la pression sur la plaque d'assise

CISAILLEMENT DU BOULON D'ANCRAGE

ap = 0,25 Coef. pour les calculs de la résistance F2brd
Ay = 7,07  [ecm?]  Aire de la section du boulon

fup = 1000,00 [MPa] Résistance du matériau du boulon a la traction
M2 = 1,25 Ccefficient de sécurité partiel

F2.ubrd = o fub*Avslymz
F2ubrd =140, 24 [kKN] Résistance du boulon au cisaillement - sans bras de levier
am= 2,00 Coef. dépendant de I'ancrage du boulon dans la fondation
Mrks= 3,46 [KN*m] Résistance caractéristique de I'ancrage a la flexion
[mm] Longueur du bras de levier

Coefficient de sécurité partiel

lsm = 58
s = 1,20
Fyvrdsm = am*Mris/ (lsm*“{ Ms)

Fvrasm =100,30 [kN] Résistance du boulon au cisaillement - avec bras de levier
RUPTURE DU BETON PAR EFFET DE LEVIER

NRkc = 31,58 [kN] Resistance de calc. pour le soulévement

kz = 2,00 Coef. dépendant de la longueur de I'ancrage
YMc = 2,16 Coefficient de sécurité partie

Fv.rdep = Ka*Nrk,o/yme

Fvrdep= 29,24 [kN] Reésistance du béton a l'effet de levier

ECRASEMENT DU BORD DU BETON
Cisaillement par I'effort Vjeqy

Vrkey?=63,26 [kN] Résistance caractéristique du boulon d'ancrage
yavy= 0,70 Coef. dépendant de I'entraxe et de la pince des boulons d'ancrage
yhvy= 1,00 Coef. dépendant de I'épaisseur de la fondation

[Tableau 3.4]
[Tableau 3.4]
[Tableau 3.4]

[6.2.2.(7)]

[Tableau 3.4]
[Tableau 3.4]
[Tableau 3.4]

[6.2.2.(7)]

[6.2.2.(7)]
[6.2.2.(7)]
[6.2.2.(7)]
6.2.2.(7)]

6.2.2.(7)]
CEB[9.3.2.2]
CEB [9.3.2.2]
CEB[9.3.2.2]
CEB [3.2.3.2]

CEB [9.3.1]
CEB [9.2.4]
CEB [9.3.3]
CEB [3.2.3.1]

CEB [9.3.1]

CEB [9.3.4.(a)]

CEB [9.3.4]

CEB [9.3.4.(c)]



VreezV =60/, 8U0  |KN| Resistance caractéristique du boulon d'ancrage

CEB |9.3.4.(a)]

wavz= 0,64 Coef. dépendant de I'entraxe et de la pince des boulons d'ancrage CEB [9.3.4]
yhyvz= 1,00 Coef. dependant de |'épaisseur de la fondation CEB [9.3.4.(c)]
wsvz= 0,89 Coef. d'influence des bords paralléles a I'effort de cisaillement CEB [9.3.4.(d)]
Weevz= 1,00 Coef. d'irrégularité de la répartition de l'effort tranchant sur le boulon d'ancrage CEB [9.3.4.(e)]
Wevz= 1,00 Coef. dependant de l'angle d'action de I'effort tranchant CEB [9.3.4.(T)]
Yuervz= 1,00 Coef. dépendant du mode de ferraillage du bord de la fondation CEB [9.3.4.(9)]
Yie = 2,16 Coefficient de sécurité partiel CEB [3.2.3.1]
FV.Rd.C‘Z = VRK.C.ZO*wA.V.Z*\Uh.V.Z*‘-PS.V.Z*‘-PBG.V,Z*WG‘V.Z*‘FUCT.V‘Z!YMG

Fyvracz= 17,80 [kN] Résistance du béton pour |'écrasement du bord CEB [9.3.1]
GLISSEMENT DE LA SEMELLE

Cra = Q,30 Coef. de frottement entre la plaque d'assise et le béton [6.2.2.(6)]
Neea= 0,0 [kN]  Effort de compression [6.2.2.(6)]
Fird = Crd*Nc.Ed

Fird = 0,00 [kN]  Reésistance au glissement [6.2.2.(6)]
CONTACT DE LA CALE D'ARRET AVEC BETON

Fv,F{d:wg_y = 1.4*|w*bwy*fck){"{c

Fvrdwgy =373,33 [kN] Résistance au contact de la cale d'arrét avec béton

Fv.Rd.wg.z - 1.4*|w*bwz*fck){'fc

Fvrdwgz =205,33  [kKN] Résistance au contact de la cale d'arrét avec béton

CONTROLE DU CISAILLEMENT

Virdy = ne*min(F1v Ray, F2vbrd, Fvrdsm, Fvrdep, Furdey) + Fvrawgy + Fird

Virdy= 410,53 [kN] Resistance de 'assemblage au cisaillement CEB [9.3.1]
Viedy ! Viray= 1,0 0,00 < 1,00 verifié (0, 00)
Virdz = no*min(F1vo.Rdz, F2vbRd, FvRdsm, FvRdep, FuRdez) + Fvrawgz + FiRrd

Virdz= 240,94 [kN] Résistance de 'assemblage au cisaillement CEB [9.3.1]
VjEdz ! Virdz< 1,0 0,28 < 1,00 verifié (0,28)
Vijedy ! Virdy + Vjedz/ Vjrdz£1,0 Op2d =< 1,00 verifié (0,28)
SOUDURES ENTRE LE POTEAU ET LA PLAQUE D'ASSISE

gL = 1,49 [MPa] Contrainte normale dans la soudure [4.5.3.(7)]
L= 1,49 [MPa] Contrainte tengentielle perpendiculaire [4.5.3.(7)]
Ty = 0,01 [MPa] Contrainte tengentielle paralléle a Vjgqy [4.5.3.(7)]
o = -13,73 [MPa] Contrainte tengentielle paralléle a Vjgqz [4.5.3.(7)]
Pw = 0,85 Coefficient dépendant de la résistance [4.5.3.(7)]
o/ (0.9%ulym2)) £ 1.0 (4.1) 0,01 < 1,00 vérifié (0,01)
V(612 + 3.0 (tyi? + 1:2) / (F/(Bw™ym2))) < 1.0 (4.1) 0,01 < 1,00 verifié (0,01)
V(612 + 3.0 (tz + ©2)) [ (Ful(Bw*ymz2))) € 1.0 (4.1)0,07 < 1,00 veérifié (0,07)

COMPOSANT LE PLUS FAIBLE:

FONDATION A 'ARRACHEMENT DU CONE DE BETON



REMARQUES

Rayon de courbure de I'ancrage trop faible. 75 [mm] < 90 [mm]
Segment L4 du boulon d'ancrage a crosse trop court. 60 [mm] < 150 [mm]

Assemblage satisfaisant vis a vis de la Norme Ratio 0, 95
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