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Abstract

The end of studies project represents the last phase of my training, it allowed me to know the
used regulations in force. The complexity of calculations in civil engineering inevitably calls on
the services of digital tools such as AUTODESK ROBOT STRUCTURAL ANALYSIS, it saves
time, and gives precision, and reliability, the metal hangars Are a metal frame, sizing of the
secondary and main elements is done according to climatic forces, most often winds, so that we
rely on the following calculation rules: RNV99/2013 and C.C.M97, La Structure stability also
depends on the correct assembly so that the building can withstand the forces that affect it.

This study allowed me to conclusions that the modeling must be as close as possible to reality, to
approach the real behavior of the structure and obtain better results. In metallic structures, the

wind's effects on metallic structures are frequently the worst.
Résumé

Le projet de fin d'études représente la derniére phase de ma formation, il m'a permis de connaitre
les réglementations en vigueur utilisées. La complexité des calculs en génie civil fait
inévitablement appel aux services d'outils numériques tels que AUTODESK ROBOT
STRUCTURAL ANALYSIS, cela fait gagner du temps, et donne précision, et fiabilité, les hangars
métalliques sont a ossature métallique, le dimensionnement des €léments secondaires et principaux
se fait en fonction des forces climatiques, le plus souvent des vents, de sorte que I'on s'appuie sur
les régles de calcul suivantes : RNV99/2013 et C.C.M97, La stabilité de la structure dépend
également du bon assemblage pour que le Structure puisse résister aux forces qui I'affectent.

Cette étude m'a permis de conclure que la modélisation doit étre la plus proche possible de la
réalité, pour se rapprocher du comportement réel de la structure et obtenir de meilleurs résultats.
Dans les structures métalliques, les effets du vent sur les structures métalliques sont souvent les

pires.
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Notation and symbols
Sollicitations-Contraintes-Deformations :

Ea : Module d’élasticité longitudinale de I’acier (MPa).
v : Coefficient de poisson pour I’acier.

G : Module d’¢lasticité transversale de ’acier (MPa).
Fp : Effort de précontrainte dans un boulon (kN).

M;gq : Moment sollicitant maximum (KN.m).

M;q : Moment résistant (KN.m).

Ms: : Moment stabilisateur

M. : Moment critique élastique de déversement.

Nsq : Effort normal due aux charges verticales (KN).
N, : Effort normal pondéré (KN).

N.q4 : Effort normal résistant (KN).

Ny : Effort normal de plastification (KN).

Wiz : Module plastique de la section

Weyyz : Module élastique de la section.

Weer - Module élastique efficace de la section.

M,y : Moment résistant plastique de la section.

Me.iy.z : Moment résistant élastique de la section.

Vsq : Effort tranchant sollicitant (KN).

V p1 : Effort tranchant de plastification (KN).

V. : Effort tranchant de calcul ultime.

F : Fléche d’une poutre (mm).

Faam : Fléche admissible (mm).

fy : Contrainte limite d’élasticité d’un acier (MPa).

f. : Contrainte de rupture d’une piéce (MPa).

fup : Contrainte de rupture d’un boulon (MPa).

&y : Déformation correspondant a la contrainte limite d’élasticité (%).
¢ : allongement relatif (déformation %).

fyb : Résistance limite d’¢lasticité d’un boulon (MPa).

o : Contrainte normale (MPa).



T : Contrainte tangentielle ou de cisaillement (MPa).
Caractéristiques Géométriques

A : Section brute d’une piéce (cm?).

Ane: : Section nette d’une piéce (cm?).

Ay : Aire de cisaillement (cm?).

Iy : Moment d’inertie de flexion maximal (cm?).

a : Epaisseur utile (ou gorge) d’un cordon de soudure (mm).
b : Largeur d’une semelle d’une poutre (mm).

h : Hauteur d’une piéce en générale (mm).

A; : Section d’armature de béton (cm?).

L : Longueur, ou portée d’une poutre(m).

Lcr : Longueur critique (m).

t : Epaisseur d’une piéce ou d’une tole (mm).

t¢ : Epaisseur d’une semelle de poutre (mm).

tw : Epaisseur d’une ame de poutre (mm).

i: Rayon de giration d’une section (mm).

L¢ : Longueur de flambement (mm).

® : Diamétre d’une armature transversale.

G : Action permanente.

Q : Action d’exploitation.

e : L’excentricité de I’effort normal.

Coefficients et grandeurs sans dimensions

n : Nombre de connecteur répartir sur une longueur critique.
P : Nombre de plans de cisaillement ou de frottement.

n : Coefficient d’équivalence acier-béton.

Cpi : Coefficient de pression intérieur.

Cpe : Coefficient de pression extérieur.

K : Coefficient de flambement.

Ky, K : Coefficient de flambement-flexion.

Bwm : Facteur de moment uniforme équivalent (flambement).

1 : Elancement de 1’élément.

Xl



Ay @ Elancement géométrique pour le mode de flambement.

Aer - Elancement critique d’Euler.

u : Coefficient de frottement entre deux pieces en contact.

x : Coefficient de réduction de flambement.

Xy - Coefficient de réduction pour le mode de flambement considéré.
Aut : Elancement réduit pour le déversement.

xur - Coefficient de réduction pour le déversement.

arr : Facteur d’imperfection pour le déversement.

Qumy.z : Facteur de moment uniforme équivalent pour le flambement.
Quer : Facteur de moment uniforme équivalent pour le déversement.
y : Coefficient partiel de sécurité.

Y, : Coefficient de scellement relatif a une armature (psi).

X1
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General Introduction

General Introduction

The aim of civil engineering studies is to design structures that can withstand various natural
phenomena such as earthquakes and extreme winds. This involves creating structural systems
that effectively absorb forces and transfer them to the foundations. Current structures are
complex, with variable shapes, multiple curvatures, and large spans. Metal constructions have
become popular due to their advantages, including reliability, speedy execution, high steel
resistance, earthquake resistance due to steel's ductility, and the ability to create extensive
architectural structures. Metal constructions are also lightweight, requiring less significant

foundations and reducing costs by enabling more efficient site utilization.

However, metal constructions have their drawbacks. They are susceptible to elastic instability
due to the thinness of profiles, have poor fire resistance, and require regular maintenance of
protective coatings against corrosion for durability. When calculating a structure, it is crucial to
ensure elastic stability under all possible combinations of actions defined by regulations (CCM97
or EUROCOD 03). This stability can be assessed at both the overall structure level and the

individual element level (e.g., posts, beams).

The end-of-study project at hand involves a comprehensive technical study to dimension and
verify a steel construction shed for storage. The study will adhere to relevant regulations and
recommendations, including RPA99/2003, BAEL, CCM97, and RNVA2013.

At the beginning of the design, we must determine the nature of the floor to be built on and
identify all the forces affecting the structure so that we can design the elements of the structure to

resist those forces.
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Chapter One Project Presentation

I.1. Introduction

The steel structure is a branch of building construction, which remains to our day the
most suitable solution, for the construction of industrial structures, or buildings with large
spaces generally.

The study of a project is established by taking into consideration its functional aspects,
which obligate the civil engineer to be familiar with the mechanical properties and behavior
of the materials employed by considering the following parameters:

e Technical advantages
e Aesthetic benefits
e Cost effectiveness
This chapter is devoted to providing some reminders of calculations about the materials

used, loads and frameworks.

1.2. Introducing and implementing the project
The project of this study is “steel structure shed” which localed in “In-Amenas”, wilaya
of “Illizi”. The shed is on the ground floor only and the roof is composed of a double slope.
There are two entrances through gates on the main facade.
The structure has a surface area of 192.00 m?, and is 12.00 m width, and 16.00 m length
with a spacing between main frames of 4.00 m, which makes a total of five (05) main

frames.

1.3. Geometric characteristics of the structure
The structure has a rectangular plane characterized by the dimensions as follows:
Total height: H1=5.70 m.
Column height: H2=4.50 m.
Roof slope: 20%
Shed length: L1=16.00 m.
Shed width: L2=12.00 m.
Main facade cuttings: 2 doors (4.00x3.20 m)
Sidewall cuttings: 8 windows (2.00x0.80 m)

Etude et controle des batiments et routes 2023 3



Chapter One Project Presentation

1.4. Elements of the structure

Figure 1.4:1 View of the building elements
1.4.1. Cladding and Roofing:

The cover is made of ribbed sheet type sandwich panel 30mm thick, length 6 m and width
0.726 m, it will be arranged to use its maximum resistance module.

e Thickness: e = 30mm

e Self-weight: P = 0.20 KN/m2

e Failure stress: f, =400 N/mm?

e Elastic stress: f,, = 160 N/mm2

e Admissible deflection: &,,4,= 11200

e Modulus of resistance: w = 9.24 cm3/ml

e Moment of inertia: | = 27.21 cm4/ml

1.4.2. Columns and rafters:

Columns and rafters are steel profiles with a large section and they hold all the structure

together.

1.4.3. Purlins and girts

Purlins are metal profiles with a constant section and there roll to hold the roofing and the

cladding.
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1.4.4. Bracings
The bracings in (x) shape stabilize the shed in both directions, ensure the verticality of the

columns and take the forces due to the earthquake and the wind by transmitting it to the

foundations.

1.5. Soil
Bearing Capacity of Soil: 2.2 bars (gravelly sand).

1.6. Materials used
1.6.1. Concrete
For the construction of the infrastructure and the slabs, the type of cement used is the
CPA characterized by the dosage of 350Kg / m® whose characteristics are as follows:
Unit weight: ¥ concrete = 25 KN /m3
Compression strength: f.,g = 25 MPa
Tensile strength: f;,5 = 2.1 MPa

1.6.2. Steel
Table 1 Steel Mechanical properties
Steel grade S235
Tensile strength f,, 360 MPa
Yield strength £, 235 MPa
Elasticity modulus E 210000 MPa
Shear modulus G 81000 MPa
Unit weight yseee; 78.50 KN/m?®
Poisson’'s ratio u 0.3
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1.7. Loads

Dead loads (G): are the permanent loads of the structure. Dead loads in buildings consist
of the weight of the building itself, plus the weight of all fixed items like walls, roof, and
carpeting.

Live loads (Q): are the transient or temporary additional loads imposing additional force
on a structure and its foundation.

Climatic loads (S and W): are the different environmental construction loads taken into

inconsideration, such as seismic, snow, and wind loads.

1.8. Rules used

For the study of this project the technical frameworks used are:

Regles de conception et de calcul des structures en acier (CCM97), document technique
réglementaire D.T.R-B.C-2.44.

Regles parasismique algériennes (RPA99 version 2003) D.T.R-B.C-2.48.

Charges permanentes et surcharges d’exploitation D.T.R-B.C-22.

Regles neige et vent (RNVA2013) D.T.R-C2.47.

Eurocode 1, Eurocode 2 et Eurocode 3.

Regles de calcul des fondations superficielles D.T.R-B.C-2.33.

Regle de L’¢étude de I’infrastructure selon le «<BAEL91»
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Chapter Two Load Assessment

1.1 Introduction

In this chapter, we will define the different loads acting on our structure, which are summed
up in the action of permanent and operating loads And climatic effects. These have a great
influence on the stability of the structure. For this, an in-depth study must be developed to

determine of these different actions.

1.2. Permanent load
It includes not only the own weight of the main and secondary structural elements, but also
the weight of the elements incorporated into the load-bearing elements such as the roofing

and the cladding.
Metal Covers: G1 = 0,2 KN/mz

Dropped ceiling: G2 = 0,17 KN/m2

1.3. operating overload
Gutter: Q, =0.04 KN/,
Sand load: Q, = 0.4 kN/m2

Maintenance: Q; = 2 agents of 1 kN
maintenance loads which are defined as, point loads of 100 kg at 1/3 and 2/3 of the span of

a beam.

w
w|—
w

Figure 11.3:1 Point Live Loads of Beams

The operating costs are determined according to the regulatory technical document loads
and overloads (DTR B.C.22).
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1.4, Climatic load
Snow: neglected in zone D
11.4.1. Wind load

11.4.1.1. Calculating the dynamic coefficient

The dynamic coefficient: C; = 1 (Construction less than 15 m)

Gres = 0,58 kN/m? (Zone 1V) Table 2-2 of RNVA2013 (chapter Il-calculation bases)

11.4.1.2.  Site effect

The topography coefficient: C, = 1 (Site plat) (Chapitre 11 RNVA2013).

Land category: Il (Table 2-4 of RNVA2013 (chapiter 11- bases de calcul))

Table 2 Land property

KT ZO Zmin £
0.215 0.3 5 0.61

11.4.1.3. Determination of the roughness coefficient

C, = Kr X 1n( ) Chapitre 11 § 2. 4.5 RNV2013 P53.

Z
Zo
(Zmin=5m<Z=57m<200m)
5.7
C, = 0.215 X In (E) = 0.4417

11.4.1.4.  Wind exposure coefficient
(Formula 2.2 of RNVA2013 (chapiter I1- bases de calcul))
C.(2) = C3(2) X C3(2) X [1 + 71,(2)]

1

IU=QT(Z£0) (Z=5.7m>Zmin=5m)
1
Co= 12 % (04417)? X | 14 7| ———z= | | = 1x 0400 x 3.377 = 1.35
1x1n(35)

11.4.1.5. Calculating the pressure
qp(2) = qrer X Co(z) Chapitre 11 § 2. 3 p50 RNVA2013

qp = 0.58 x 1.35 = 0.783 kN /m?
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11.4.1.6.

Cpe = Cpe1o (5= 10 mz)
e = Min(b; 2h) = Min(12;2 X 5.7) = Min(12;11.4) =114 m

thereford =16m>e=114m

Determination of external pressure coefficient

Load Assessment

Table 3 The values of the surfaces of the wind zones of the walls in the

direction V1
Zone A B C
Geometric e/5 h 4e/5 h d-e h
dimension
(m) 2.28 4.5 9.12 4.5 4.6 45
Area (m2) 10.26 41.04 20.7

Table 4 The values of the surfaces of the wind zones of the roof in the direction V1

Zone F G H |
Geometric | €/4 e/10 b'-e/4 e/10 b/2 4e/10 b/2 d-(e/2)
dimension

(m) 285 | 1.14 3.15 1.14 6 4.56 6 10.3
Area (m?) 3.249 3.59 27.36 61.8

Figure 11.4:1 presentation of wind directions on the structure V1
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11.4.1.7. Determines the permeability index

Y. opening surfaces or C,, < 0

pe =
Mo = Y. surfaces of all openings

_ (32x45)+(2x08x4x2) 272
T (32x45x2)+(2x08%x4x%x2) 416

Figure 11.4:11 wind directions and legend for roofs V1.

11.4.1.8. Determination of internal pressure coefficient

The most unfavorable combination of external and internal pressure, considered to
act simultaneously. Should be considered simultaneously for each potential
combination of openings and other sources of air leakage.

Is the pressure coefficient Cy; a function of the permeability index and h/d ratio

(RNVA2013)

0.8
0.7
0.6 |— -
0,5 - e

0.4

0,35 —— | [ 1
0.3 1+ hid=0,25
= — 1 |

o1 —
o l‘“‘._-‘“-"‘-h.

C

-0,1
-0.2 ——
=03 "‘H‘
-0.4 —

-0.5

—
[nre=1,0 s

0,33 04 .5 06 0.7 0.8 0.9 1
J7;

Figure 11.4:111 Internal pressure coefficients applicable for openings
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(¢ =2 = 0.36) By interpolation

Cpi(D)=Cpi0:25)

h h 5.7
Cpi(5) = [ ¢ (2 0.25) ] + €,4(0.25) 5 Cri() = —0.03

Y. zone surface * Cpe zone

Cpemoyenne = Cpe average = Y surfaces of zones

VVj = (g X qp X (Cpe — Cpy)

Table 5 The values of C,, in the direction V1 and V3

Zone Erll(:(:’r\:?” E..r];a\é\ﬁ.“ Sidewall Roof
D E A B C F G H |
Cq 1
Qp kn/m; 0.783
Cpe -1 0.8 -0.5 -1.23 | -1.33 | -067 | -05
+0.8 0.3
Cpe average -0.74 -0.6
Cpi -0.03
Cpe—Cpi +0.83 -0.27 -0.71 -0.57
W kn/m? | +0.649 -0.211 -0.556 -0.446

Cpe = Cpe10 (S =10 mz)
e = Min(b; 2h) = Min(16;2 x 5.7) = Min(16;11.4) = 11.4m
thereford =12m>e=114m

_ (32x4.5x2)+(2x0.8x4) _ 35.2
T (3.2X4.5x2)+(2X0.8x4X2)  41.6

= 0.85

Up
By interpolation Cpi(%) = —0.28

Table 6 The values of the surfaces of the wind zones of the walls and the roof in the
direction V2

Zone A B C F G H J |

Area (m2) | 10.78 | 47.09 2.74 6.50 11.74 | 77.76 | 18.24 | 77.76

Etude et controle des batiments et routes 2023
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Figure 11.4:1V presentation of wind directions on the structure V2

Table 7 The values of Cp, in the direction V2 (variant 1)

Roof
I%nd Wa.!l En d W%," Sidewall ROOf . (Leeward
Zone Front Back (Slope in the wind) slope)
D E A B C F G H J I
Cq 1
Qp kn/m, 0.783
Cpe -1 -0.8 -05 | -0.76 | -0.7 | -0.26 | -04 | -0.83
+0.8 -0.3
Cpe average -0.82 -0.35 -0.75
Cpi -0.26
Cpe—Cpi +1.06 -0.04 -0.56 -0.09 -0.49
W; kn/m? | +0.830 -0.03 -0.438 -0.07 -0.384

Etude et controle des batiments et routes 2023
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Figure 11.4:V presentation of wind directions on the structure V2

Table 8 The values of Cp, in the direction V2 (variant 2)

End wall End Roof Roof
o " wall Sidewall . . (Leeward
Zone Front "Back" (Slope in the wind) slope)
D E A B C F G H J I
Cq 1
Qp kn/m, 0.783
Cpe -1 -0.8 -0.5 | +0.36 | +0.36 | +0.26 0 0
+0.8 -0.3
Cpe average -0.82 +0.28 0
Cpi -0.26
Cpe—Cpi +1.06 -0.04 -0.56 +0.54 +0.26
w; kn/m? | +0.830 -0.03 -0.438 +0.422 +0.204

Etude et controle des batiments et routes 2023
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11.4.2. Friction force
Wind friction effects on the surface can be overlooked. When the total area of all the
surfaces parallel to the wind (or weakly inclined in relation to the direction of the wind)
is less than or equal to 4 times the total area of all the external surfaces perpendicular to
the wind (in the sub -wind)
(According to RNVA 2013, chapter 2, article 3.6.3)
> In this case the direction of the wind it is perpendicular to the side wall (V2)

e Calculating surfaces parallel to wind:
The end walls surfaces:
((1244.5)+ (6% 1.2)) x2 = 122.4m?

The roof which is weakly tilted in relation to the direction of the wind:

( L5 ) 16 * 2 197.91 m?
—_— % * = .
sin(11.31) m

= the total surfaces in parallel with the wind:
197.91 + 122.= 320.31 m?
e Calculation of surfaces perpendicular to the wind (and downwind)
The surfaces of the two side walls:
(4.5 % 16) * 2 = 108 m?
Verification of the condition (article 2.6.3 RNVA2013):
The total surface area parallel to the wind < 4 x (the total area of surfaces perpendicular
to the wind) 320.31 <4 x108=432m? .................... Verified.
= S0, we must neglect the friction effect case of wind perpendicular to the side walls.
> In this case the direction of the wind it is perpendicular to the end wall (V1)
e Calculating surfaces parallel to wind:
The side walls surfaces:
(4.5 % 16) * 2 = 108 m?

The roof which is weakly tilted in relation to the direction of the wind:

( L5 ) 16 * 2 197.91 m?
—_— %k * =
sin(11.31) oL

= the total surfaces in parallel with the wind:
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197.91 + 108 = 305.31 m?

e Calculation of surfaces perpendicular to the wind (and downwind)

The surfaces of the two end walls:

((124+45)+ (6% 1.2)) *2 = 122.4m?

Verification of the condition (article 2.6.3 RNVA2013):

The total surface area parallel to the wind <4 X (the total area of surfaces perpendicular
to the wind) 305.31 <4 X 122 =489.6m? ..................... Verified.

= So we must neglect the friction effect case of wind perpendicular to the end walls.
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Chapter Three Secondary Elements

1.1 Introduction
The characteristics of our structure having been defined; we move on in this chapter to the

pre-sizing of the load-bearing elements of the building.

I11.2.  Permanent load
It includes not only the own weight of the main and secondary structural elements, but also
the weight of the elements incorporated into the load-bearing elements such as the roofing

and the cladding.

I11.3.  Calculation of roof purlin

v' Definition
The most stressed purlin is studied, which is the intermediate purlin with a span L=4m,

inclined at an angle o = 11.31° and in the center distance "e" equal to 1.5 m.

Calculation of the spacing between purlins
6
cos11.31° = o =>x=6.12

We take a spacing between purlins of 1.5m (4 times) and at both ends 0.06m.
- the profile estimated as purlin is: IPE120

- there is at 5 purlins
111.3.1. Determination of solicitations

Evaluation of loads and overloads

a) Permanent loads (G)

e Own weight of the cladding with attachment accessory ................ 20K g/m?
e Own weight of dropped celling................cooiiiiiiiiiiii .. 17 Kg/m?
e Dead weight of the estimated purlin (IPE120) ...................ooo.al. 10.4 Kg/m

L

Figure 111.3:1 Static diagram of permanent loads G on purlins.

Etude et controle des batiments et routes 2023
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b)

G = (Poover + Paroped setiing) * € + Ppuriine ;€ = 1.5
G =(0.2+0.17) % 1.5+ 0.104 = 0.659 kn/m

G = 0.659 kn/m

Exploitation overload (Q)

a. Maintenance agents

In the case of inaccessible roofs, only a maintenance load is considered in the
calculations which is equal to the weight of a worker and his assistant and which is
equivalent to two concentrated loads of 100 kg each located at 1/3 and 2/ 3 of purlin
scope.

The uniformly distributed load P due to the maintenance overloads is obtained by

equalizing the two maximum moments due to P and to the point loads P'.

100Kgl l100Kg
'TEEEEEEEEEEEERN

A ;5 I/3 173 A L A

P ——— —

d)

Figure 111.3:11 Static diagram of the equivalent beam.

M PL QeqL2 8 y P 8 9 1
= — = = _ - _—— - —_

max 3 8 Qeq 3L 3 4

Qeq = 0.667KN/m

b. Sand load

Q, = 0.4 KN/m?

Qr = (Q1 * &) + Qg = ((0.4) * 1.5) + 0.677 = 1.267 KN /m
Climatic load (Wind)

w = —0.446 KN/m

Climatic Load (Sand)

S = 0.2 KN/m?

$=02%15=03KN/m

Loads and overloads applied

G =0.659 KN/m
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Q =1.267 KN/m
W =-0.446 KN/m
> Breakdown of loads
e Along the Z-Z axis:
Gz7z =Gcosa =0.646 KN/m
Qzz=Qcosa =1242KN/m
Wy, =W = —0.446 KN /m
S;7z =Scosa =0.294 KN/m
e Along the Y-Y axis:
Gyy = Gsina = 0.137 KN/m
Qyy = Qsina = 0.264 KN/m
Wyy =0=0KN/m
S;7z =Ssina = 0.059 KN/m
» The combinations of actions
1. ULS (ELU)
e Along the Z-Z axis:
Comb 1=1.35G,+ 1.5Q, = 2.736 KN/m
Comb2=G,+ 1.5W, = —-0.357KN/m
Comb 3=1.35G, + 1.55, = 1.314 KN/m
e Along the Y-Y axis:
Comb 1 = 1.35Gy + 1.5Qy = 0.547 KN/m
Comb 2 =1.35G, = 0.174 KN/m
Comb 3 = 1.35G, + 1.55, = 0.263 KN /m
According to the two axes y and z, the maximum loads at ULS (ELU) /ml
returning to the most stressed purlin is:
Guz = 1.35G, + 1.5Q, = 2.74 KN/m | q,,;,, = 1.35Gy + 1.5Qy = 0.55 KN/m
2. SLS (ELS)
e Along the Z-Z axis:
Comb1=G,+ Q,=1.889 KN/m
Comb2=G,+ W, = —0.025 KN/m
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Comb3=G,+S, =094 KN/m
e Along the Y-Y axis:
Comb1=Gy + Qy = 0.378 KN/m
Comb 2 =Gy = 0.129 KN/m
Comb3=G, +S, =0.188 KN/m
According to the two axes y and z, the maximum loads at SLS (ELS) /ml

returning to the most stressed purlin is:

Guz =G, +Q, = 1.889KN/m | qup = Gy + Qy = 0.378 KN/m

111.3.2.Principle of pre-sizing

The purlins are subjected to deviated bending (biaxial bending).
They must meet the following two conditions:

Deflection condition (at the SLS).

Resistance condition (the ULS).

Generally, the purlins are pre-dimensioned by using the deflection condition, then the
resistance condition is checked.
111.3.6.1. Verification at SLS (Deflection)

. I 5xqzx1* ! 5Xqzx200x13
The deflection at the limit state F, = — 12— < — = [, > 212"
384XEXIy, 200 384XE

For axe Z-Z

1000 x 1.915 x 1072 x 4003

I, > = 152 cm*
y = 384 x 21000 cm

What gives us I, > 112.61 cm*

For axe Y-Y

I, >=29.98 cm*

What gives us I, = 29.98 cm* So we choose IPE120 with sag rods (bridges)
is done with service loads and overloads (unweighted) F < F,iowabie

For a beam on two supports uniformly loaded (axis Z-Z):

The unfavorable load combination
ULS

Quz = 1.35G, + 1.5Q, = 2.74 KN/m | qy, = 1.35Gy + 1.5Qy = 0.55 KN/m
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SLS
Gu, =G, + 0, =1.889 KN/m Quy = Gy + Qy = 0.38 KN/m

Table 9 Characteristics of the IPE 120

Profile | h(cm) | b (cm) (?r%) ty (cm) r (cm) P (Kg/m) | d(cm)
120 64 4.4 6.3 7 10.4 93.4

A i .
IPE120 (cm2) I, (cm4) | iy, (cm) | Wy, cm3) | I, (cm4) Wi, (€m3) | i, (cm)

13.2 318 4.9 60.7 27.7 13.6 1.45

111.3.6.2. Verification of the Deflection
a) Calculation of the deflection along the Z-Z axis:
5xq, X I* [
F = 4z <
384 X E X, 200

beam on 02 supports

F_5><1.92><10-2><4004_0943<F 400_2
Z7 384 x21000x318 ~ ~ ~ — alowrgg T
F,=0943 < Fijow =2 cooviiiiiiiiiiiiinan. Condition checked

b) Calculation of the deflection along the Y-Y axis:

5xq, %1, U,
E, = 3BEXE X1, < 500 beam on 03 supports
F_5x0.38x10‘2x2004_0135<F 200_1
YT 384 x21000x318 ~ T T lewapp T
F,=0135 <Fiow =1 oo Condition checked

So the deflection condition is checked for both axes.
111.3.6.3. Resistance condition (ULS)
In the condition of resistance to ULS, the following checks must be made:
a) Deviated bending verification:
According to Euro Code 3, the biaxial bending resistance of the profile is

verified if the following condition is met:
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(My.sd>“ N (MZ.sd>ﬁ <1
MPLY MPLZ

With: @ = 2 ... .. ... forprofilel.; f=5n21n=--=0= f=1
pl
» AxeZ-Z
q, X 12 274 x 47
Mysq =——=—5——="5472KN xm
» AxeY-Y
x1/2% 0.55 x 22
M, = Gy X /27 _ =0.275KN *m
8 8
Determination of the profile class: F, = 235 MPa
Web: £ =22 = 2123 <72¢
tw 4.4

inwhich e =,/235/235 =1 = & = 1 therefor = web is class 1

c _ (64—4.4)/2

Flange: — =473<9¢;e=1
tf 6.3

therefor = flange is class 1
So, the sectionisclass1 = Ymo = 1.1
Wyiy X f,  60.7 X 1076 x 235 x 10°

Mypra = = 12.968KN
plyrd Ymo 1.1 *m
W, X f, 13.6x 1076 x 235 x 103
Mpyrg = —22 Iy _ = 2.905 KN *m
Ymo 1.1

And the condition will be:

5.472 1% 10.2751 o o o
[ + [ = 0.273 < 1; So the biaxial bending is verified

12.968 2.905
b) Shear verification:

For the shear check, the following condition is used:
Visd S VplRa - vvvveeeeesonneeeeannnnn [EC .3 p158]

Vysa < ViplRdveoveereereeneaseenenneann [EC .3 p158]

Etude et controle des batiments et routes 2023 23



Chapter Three

Secondary Elements

V. sa

Figure 111.3:111 Shear representation of the purlin

qzxXl _ 2.74x4

Vzsa = 75— ==—=D5472KN
-4 3

VoLra = jgyxxyfo _Box 1(15 : 125;5 20 106.075 KN
So
Visa = 5472 <V pg = 106.075
Visa = 5472 < 0.5V, pq = 53.037 it's verified
v _ Ay XD _055+4 1.094 KN

ysd 2 2
So
V1094 <V = 6.31 x 107* x 235 x 103 7783

ysd = VplL,Rd \/§x 11
Vysa = 1.094 < 0.5V gq = 38.92 it's verified

So, the resistance of the purlins to shearing is checked.

Lateral-Torsional buckling verification

Lateral-Torsional buckling which is lateral buckling + cross-section rotation

The top flange which is compressed under the action of the downward loads is

susceptible to buckling. Since it is fixed to the roof, there is therefore no risk of

Bend-twist coupling, unlike the lower flange which is compressed under the

action of the uplift wind and which is itself likely to Lateral-Torsional buckling

as long as it is free throughout its range.

Etude et controle des batiments et routes 2023
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We recall the unfavorable load combination for the risk of overturning. This is
the first combination in which the wind acts alone and risks causing the purlin
to Lateral-Torsional buckling (bending upwards) and compressing the bottom
flange at mid-span (see figure)

According to Eurocode 3, the lateral torsional buckling resistance of the profile
is verified if the following condition is Satisfied:

M d_qZXZZ<Mde_XltX,BWXWplyxfy
ysd = 8 = -

VYm1
1
oL+ (¢12,T—71%T)0'5

For the calculation of X;, we have the formula: X;, =

B., = 1 for class sections (1) and (2)

M, r4: Lateral-Torsional buckling resistant moment.
M,s4: Soliciting moment

X;¢: Reduction coefficient for Bend-twist coupling.
Ym = 1.1

A7 o Itis the slenderness of variously 1, = aﬂ,/ﬁw
1

E 235
AM=m|==939; ande = |——=1 therefor = A, =939
E, Ey

For beams with a constant and doubly symmetrical section, the approximate
formula below can be used, which places it in safety.

And A, = i —5zs EC3 par 1-1
e |

[: lateral support length (distance between the girder and the gantry: L=4m).
C, = 1.132
400/1.24

Adr = —o75 = 140.836
1 (400/1.24
V1.132 [1 + %(—12/0.63 ) l
_ 140.836
Ir=—o-V1=15>>04
Lt 93.9 Vi >

There is a risk of Bend-twist coupling
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B 1
t — —
bur + (97 — Air)
With a;r = 0.21 for rolled profiles
¢.r = 0.5[1+0.21(1.5-0.2) + 1.5%] = 1.761

The reduction coefficient for Bend-twist coupling
1
Xu = 16T T (17612 = 1.52)0%
Xy BuWyiy fy 0373 x1%60.7 X 1073 x 235
Ym1 B 1.1
sa = 5.472 KN *m > Mypy = 4.831 KN *m

Xl and ¢)LT = 05[1 + CZLT(/TLT - 02) + /TLTZ]

0577

=0.373

=4.831 KN *m

M
y
Therefore: The Bend-twist coupling stability of the purlin is not checked, so we

upscale to IPE140 with sag rods.

Table 10 Characteristics of the IPE 140

Profile

h (cm)

b (cm)

t, (cm)

ty (cm)

r (cm)

P (Kg/m)

d (cm)

IPE140

140

73

4.7

6.9

7

12.9

112.2

(cm2)

I, (cm4)

i, (cm)

w

ply CM3)

I, (cm4)

W1, (cm3)

i, (cm)

16.4

541

5.74

88.3

44.9

19.3

1.65

400/1.65

0.2
1 (400/1.65)
v1.132 [1 t ﬁ( 14/0.69 ) l

- = 140.33

Ar =

/TLT = w
93.9
¢.r = 0.5[1+0.21(1.5 - 0.2) + 1.5%2] = 1.753
The reduction coefficient for Bend-twist coupling
1
X = 753 (17532 = 1.4942)05
Xt "By Wpiy - fy  0.375x1x88.3x 1073 x 235
Yo - 11
sa = 5.801 KN xm < Myp; = 7.07 KN * m Verified

V1= 1.494 >> 0.4

= 0.375

Mde = = 707 KN xm

My

The purlin stability to overturning is checked and we stick with IPE 140 section
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111.3.6.4. The Autodesk ROBOT analysis results

STEEL DESIGN

CODE: NF EN 1993-1:2005/NA:2007/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 268 Beamroof_268 POINT: 4 COORDINATE: x=0.50L=2.00m

BE SECTION PARAMETERS: IPE 140

h=14.0 cm gM0=1.00 gM1=1.00

b=7.3 cm Ay=11.16 cm2 Az=7.65 cm2 Ax=16.43 cm2
tw=0.5 cm ly=541.22 cm4 12=44.92 cm4 Ix=2.46 cm4
tf=0.7 cm Wply=88.34 cm3 Wplz=19.25 cm3

INTERNAL FORCES AND CAPACITIES:

N,Ed = 0.24 kN My,Ed = 4.99 KN*m Mz,Ed = -0.76 KN*m

Nc,Rd = 386.11 kN My,Ed,max = 4.99 KN*m Mz,Ed,max = -0.76 KN*m

Nb,Rd = 386.11 kN My,c,Rd = 20.76 KN*m Mz,c,Rd = 4.52 KN*m

MN,y,Rd = 20.76 kN*m MN,z,Rd = 4.52 kN*m
Mb,Rd = 9.13 KN*m
Class of section =1

b LI

! LATERAL BUCKLING PARAMETERS:
z=1.00 Mcr = 10.96 kN*m Curve,LT - XLT =0.44
Lcr,upp=4.00 m Lam_LT=1.38 fiLT =156 XLT,mod =0.44

VERIFICATION FORMULAS:

Section strength check:

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

My,Ed/MN,y,Rd =0.24 < 1.00 (6.2.9.1.(2))

Mz,Ed/MN,z,Rd =0.17 < 1.00 (6.2.9.1.(2))

(My,Ed/MN,y,Rd)* 2.00 + (Mz,Ed/MN,z,Rd)*1.00 = 0.23 < 1.00 (6.2.9.1.(6))

Global stability check of member:

My,Ed,max/Mb,Rd = 0.55<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) = 0.72 < 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) = 0.72 < 1.00
(6.3.3.(4)

LIMIT DISPLACEMENTS

=7 Deflections (LOCAL SYSTEM):
uy =0.9cm < uy max = L/200.00 =2.0 cm Verified
uz =0.5cm < uz max = L/200.00 = 2.0 cm Verified

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK 11
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I11.4.  The sag rods (bridges)

que = 0.56 KN/m

N~

l=—=2m
R = 0.554 % 2 =1.108 KN

I11.4.1. Tensile forces in the section of the L1 line coming from the eave strut:

R
Tl = — = 055 KN T4 T4
2 L4 a
Ly:T, =T, +R =166KN T3¢
L3
Ly:Ts =T, +R =277 KN -
LT, = 4 th o = 1.5 — 3690 L2
41y = m with a = atan (7) = 36. 114
L1
T, = 2308 KN .
Figure 111.4:1 Sag Rods

111.4.2.The sg rods sizing
The most stressed section if the one with the maximum effort N, i, = 2.286 The

condition of plastic resistance of the raw section imposes that:
fy Nesa * Ymo 2308 % 1.1

N,y <Ny =Ax22 —A4> — 0.108 cm?
tsd = fpl - =7 235 cm
>n*®2 . 4 %0.108 5> 0371

= - = .
=" = |7 314 = cm

Therefore, we choose a rod with circular cross section of @,

I11.5.  Calculation of purlin shoe

The purlin shoe is a fixing device for attaching purlins to crossbeams.
The main resistance effort of the purlin shoe is the overturning moment due to the loading
(especially under the action of wind uplift), The eccentricity "t" is limited by the following

condition:
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b b
2*<§)Sts3*(§); b=73cm ; h=140

&V Purlin

Figure 111.5:1 Provision of the purlin shoe on the purlin.

7.3cm <t <10.95cm,weadoptt=9
The dimensioning principle is to determine the overturning moment due to the loading
especially with the uplift wind force.
The most unfavorable combination:
a) Lifting force:
> G, —1.5W,
Guz = 1.65
b) Crawling following force:
> 135G, + 1.50,
Guy = 0.56

Purlin shoe forces

l 4
RZ=e*quzx§=1.5*1.67><§=5.01KN

l 4
Ry =e*qy; X~ =15%0.56 X =1661KN

e Calculation of the overturning moment
The force R risks causing the purlin shoe to bend. To prevent this risk, it is necessary to
check that the overturning moment M,. does not exceed the bending moment.

h Wy, X X M. I i
= Mr = Rz Xt+ Ry X =< ply—fy = Wply > —)/MO L ; Wply = —y..purém shoe
2 Ymo fy -
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14
M, =5.01 X9+ 1.661 x -5 = 56.72 KN * cm

e Sizing the purlin shoe
We take b=12cm

6 X M, X ¥Yumo 6 X 56.72x 1.1
=>e> 7 xb = 535 x 12 =13.82mm = 20mm
Y .

Note: The purlin shoe width (b) is taken after sizing the rafters (crosshead).

So: we adopt a 25 mm thick purlin shoe

I11.6.  Calculation of the girt
111.6.1. Definition

Cladding stringers are made up of beams (IPE, UAP, UPE) or thin folded sections. Being
arranged horizontally, they are carried either by the portal posts or by the intermediate posts.
The between axes of the rails is determined by the allowable span of the cladding trays.

111.6.2. Determination of loads and overloads

a) permanent loads

e Own weight of the cover attachment accessory ... ................. 20.0 kg/m?

e Dead weight of the estimated girt (UPN140) ........................ 16 Kg/m

e Dead weight of the window and window jamb and headers........ 250 kg/m
Window jamb is an UPN80 with weightof............................ 8.64 kg/m

G = [(Peover) X ] + Pyirt + Pyindaow
e: spacing between the girts e= 1.125 m
G = (0.2) * 1.125 4+ 0.16 + 0.26 = 0.635 K/m
b) Climatic wind loads
The cladding rails are calculated with the value obtained: W=0.827KN/m?2 (chapter 1)
From where: W = 0.827 * e = 0.846 * 1.125 = 0.952 KN/m
W =0.952 KN/m
1) Loads applied in the ULS (ELU):
quy = 1.35G = 0.857 KN /m
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Quz = 1.5W = 1428 KN/m

2) Loads applied in the SLS (ELS):
Quy = G = 0.635 KN/m
qu, =W = 0.952 KN/m

111.6.3.Pre dimensioning

Verification at the serviceability limit state is carried out with the service loads and

overloads (unweighted): f < fauowanie

5% qy x1* l 5x 200 x gz x I3
fz = < =1, 2
384 X E X1, 200 384 X E

L 5x 200 X 0.952 x 1072 x 4003
y = 384 x 2.1 X 105> x 101

I; = 50.39 cm*
Which gives us I,, > 75.54 cm* So we adopt a UPN 140

= 75.54 cm*

Table 11 Characteristics of the UPN 140

. tw
Profile | h(cm) | b(cm) (cm) ty (cm) r (cm) P (Kg/m) | d(cm)
14 6 0.7 1 1 16 8.2
UPN140 (CQZ) I, (cmd) | iy, (cm) | Wy, cm3) | I, (cmd) | Wy, (cm3) | i, (cm)
20 605 5.45 103 62.7 28.3 1.75

Verification of the Deflection
a) Calculation of the deflection along the Z-Z axis:
5xq, X I* [
F = qz -
384 X E X, — 200

beam on 02 supports

F_5x0.952x1o-2x4004_025<F 400_2
Z7  384x%21000x 318 7 — allowogg
F, =025 <Fiow =2 coviiiiiiiiiiiiiiieannn. Condition checked

b) Calculation of the deflection along the Y-Y axis:
5xq, X [*
E, = Iy < :
Y 384 xExI,” 200

beam on 02 supports
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F_5x0.635x1o—2><4004_1608<F 400_2
YT 384x21000x318 = tallow 500
F,=1.608 <Fgijow =1 .ccooiiiiiii. Condition checked

So, the deflection condition is checked for both axes.

111.6.4.Resistance condition ULS (ELU):

In the condition of resistance to ULS, the following checks must be made
For this verification, the following condition is used: ............. [EC.3 p163]

a) Bi-axial bending verification:

(My.sd)“ s (Mz.sd)’g <1
MPLY MPLZ -

Witha =2; B =1 for class 1 sections

gy 1? 1428+42

qy 1> 0.857 x 42
Mysa =3 8 -

8 8

= 2.855 KN/m Moy = =1.72KN/m

Determination of the profile class: F, = 235 MPa

e =./235/235 = 1
e Web

ti = % = 11.71 < 72¢ therefor the web is class 1

e Flange

ti = W = 4.33 < 9¢ therefor the flange class is 1
f .

So, the section class is 1 and y,,,o = 1.1
Wpiy " fy 103 %23.5-1072

Mpiyra = = 22.01 KN
phyrd VmO 1.1 *m
Wp - f,  28.3-23.5-1072
Mpizra = ——= = = 6.05 KN
P Yo 1.1 *m
[2'8552+[1'721—03<1S the bi ial bending i ified
22 01 cos] =Y o the bi — axial bending is verifie

b) Shear verification:
For the shear check, the following condition is used:
std < Vplzrd ............................. [EC 3 p158]
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Visa S Vplyrd-eeeoeeeneeeieeinaninain [EC .3 p158]
Vyoa = qyz- l _ 1.4228 * 4 — 2,855 KN V., = qzz- l _ 0.8527 * 4
Vptyra = 2ot = 222230 — 164,694 KN
Ve = Avz"Fy _104+235 128277 KN
V3 ¥me V311
Visa = 1715 KN < Vg = 128.277 KN
Vya = 2.855 < Vyiyrg = 164.694 KN
And
Vysa = 1.385 KN < 0.5V,,q = 64.14 KN
Vysa = 2.855 < 0.5V, = 82.35 KN
So, the shear resistance of the Girts is checked.
c) Lateral-Torsional buckling verification:
- Calculation of reduced slenderness:
Air = Az 210.25
i)
In the case of beams subjected to the end moment
C; =188—-140yp +052y%? <27 ; ¢ = IA\:[I—Z =0
SoC, =1.88
400/1.75
Ar = —o75 = 85.68

1 (400/1.75 '
v1.88 Il +ﬁ(—14/1 ) l

E
£=1;Al=n\]:=93.9e=93.9
Fy

1 85.68
7 939
Ay = 0.912 > 0.4 there is a risk of spillage

V1 =10.912
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B 1
t — —
bur + (Pfr — Air)
arr = 0.21 for rolled profiles

¢r = 0.5[1+0.21(0.912 — 0.2) + 0.9122] = 0.991
1

X

0.5’

Secondary Elements

and ¢LT = 05[1 + OlLT(/TLT - 02) + A_LTZ]

X, = =0.726
7 0.991 + (0.9912 — 0.9122)05
q, * 1> 1.428 42
Mysq =—o—= - = 4.064 KN/m
X, % By, * *F,  0.726 %1% 103 % 235 x 1073 KN
Mypg = — Bu* Woy * by _ = 15.67—
Ymi 1.1 m
Mysq = 4.064 KN/m < My.q = 15.67 KN /m

Therefore: the UPN 140 profile torsional lateral torsional stability is verified,

I11.7.  Calculation of Columns (Potelets)

111.7.1. Introduction:

The columns are most often | or H sections intended to stiffen the fence (Cover) and

resist the horizontal forces of the wind, their characteristics vary according to the nature

of the cover (in masonry or corrugated iron) and the height. construction.
They are considered articulated in both ends.

We have

Every end wall has two posts

The columns are made of S235 steel

I111.7.2.Calculation of loads and overloads:

a) Permanent loads G:
Dead weight of a girt (UPN140): 0.16 KN/m.
Dead weight of the cover: 0.2 KN/m?
Dead weight of the door: 0.26 KN/m?

Thedistancee:l—1+l—2=f+f=4
2 2 2 2

e: The actual distance carried by the post
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G= dead weight of the post + dead weight of the girts + dead weight of the cover +
dead weight of the door + dropped ceiling
b) Climatic overload W
The most unfavorable wind load on the gable is:
W=0.827 KN/m?
V=W%*e=3.308 KN/m

111.7.3.The pre-sizing of the column:

load along the Z-Z axis

5% qy x1* l 5x 200 x gz x I3
fz = < :Iyz
384 X E X1, 200 384 X E

LS 5% 200 % 3.308 x 1072 x 5303
y = 384 x 2.1 x 105 x 101

What gives us I, > 620.798 so we take for an IPE220

=610.72 cm*

Table 12 Characteristics of the IPE 220

Profile | h(cm) | b (cm) ((t:vr‘;]) ty (cm) r (cm) P (Kg/m) d (cm)
22 11 0.59 0.92 1.2 26.2 17.76
IPE220 (CI’I?;Z) I, (cmd) | iy, (cm) | Wy, cm3) | I, (cm4) | Wy, (cm3) | i, (cm)
33.4 2772 9.11 285 205 58.1 2.48

I11.7.4. Verification of section resistance:
If: Vsq < 0.5V 1rq. — There is no interaction between the bending moment and the shear

force.
Qzsa = 1.5V = 1.5 % 3.308 = 4.962 KN /m

Qusa x| 4.962%53 sz% 15.9 * &\/_5
I R Voo = ——¥2 = 3 —196.115 KN
Ymo 11
Visa  13.15
= = 0.067 < 0.5
Vpizra  196.115

The effect of the shear force on the resisting moment can be neglected.
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111.7.5. Incidence of normal effort:

If Ngg <min (0.25NpIRd; 0.54,,F, /¥mo)): There is no interaction between the resistant

moment and the normal force.
Girt weight: (0.16*4*5) = 3.2 KN

Cover weight and accessories: (0.2) *((6 x4.5%0.2) + (6*21-2

Door weight: 0.26 * (3.2 *4) = 1.66 KN

Post weight: 0.262 * 5.38 = 1.41 KN

Dropped ceiling 0.17*2*3.8 = 1.292 KN
G=166+612+ 129+ 3.2+ 141 =13.68KN
Ngg = 1.35G = 1.35 * 13.68 = 18.468 KN

AxF, B 33.4%23.5
Ym1 1.1

Npira = = 713.55 KN 0.25N,pq = 178.39 KN

Ay, =A—-2bx*ty =334—-2x11%0.92 = 20.42 cm?
0.54, F, 23.5

wly
=0.5%20.42 *
Ymo 11

Nsq = 18.468 KN < min(178.39;218.123) = 178.39 KN

The effect of the axial force on the moment of resistance can be neglected.

= 218.123 KN

Section Classification

e=./235/235 =1

e Web

% = % = 30.1 < 72¢ and 33¢ ; therefor the web is class 1
e Flange

ﬁ = % = 5.98 < 10¢ therefor the flange class is 1

So, the section class is 1 and y,,,o = 1.1

E 23.
y -2
= 285%10
” * * 11

mo

Merq = Mpiyra = W, = 60.886 KN *m

ply *

Q,eql> 4.962 x5.32
Mysd = =
8 8

Mysq = 16.932 KN * m < M.q = 60.886 KN + m

=16.932 KN *m
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So, the bending condition is checked.

111.7.6. Verification of the element for instabilities:

Compound bending with risk of buckling:
Nsd + KyMysd

XminNpira ~ Mpira

<1

Compound bending with risk of Bend-twist coupling:
Nsd KyMysd

<1
X:Npira  Mpira

111.7.6.1. Buckling in relation to the axis Y-Y

E\%® 21000\%°
AM=n|—= = n( ) =939; B4 =1 For sections of classes 1,2, 3.
E, 23.5

Lo 530 oo s Ay 58178
Y i, 911 T Y a4 939

« : imperfection factor corresponding to the appropriate buckling curve, given by
table 5.5.1 of Eurocode 3.

2

Buckling curve = =22 =2 > 1.2: t; = 9.2mm < 40 mm
b 110

Buckling axis Y-Y — buckling curve a,, = 0.21

¢y = 0.5[1+ay(1, - 0.2) + 4,°| = 0.5(1 +0.21(0.62 — 0.2) + 0.62%) = 0.736

1 1

Xy = — 2 = 2 2705
¢y + (¢y2 _ /1y )0.5 0.736 + (0.736% — 0.622)

y

= (0.882

111.7.6.2. Buckling in relation to the axis Z-Z
_Hz>_ 45363 ; 1, = Ay 25363
i, 2.48 RN 93.9

a : imperfection factor corresponding to the appropriate buckling curve, given by

table 5.5.1 of Eurocode 3.

VA

= 0.483

Buckling axis Y-Y — buckling curve a,, = 0.34

b, =05 [1 +a,(1, - 0.2) + /TZZ] = 0.5(1 + 0.34(0.48 — 0.2) + 0.482) = 0.665

1 1
X, = =
z b, + (p,° — 122)0.5 0.665 + (0.665% — 0.4832)0>

= 0.892
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Xmin = min(X,; X,) = 0.882

Calculation of reduced slenderness with respect to lateral buckling A,

/i, ~ 530/9.11 ~ana
0.25 25 '
l/LZ 2 1 530/9.11)2
\/71 Il *20 h/tfs l V1132 Il + ﬁ( 22/0.92
Mir - os 13437

ALTZ 105_14‘31>04‘

7% T 939
Ayr = 1.444 > 0.4 there is a risk of Bend-twist coupling

« : imperfection factor corresponding to the appropriate buckling curve, given by table
5.5.1 of Eurocode 3.

a;r = 0.21 for rolled sections.
ur =051+ ayr(Zir — 0.2) + Ay | = 0.5(1 + 0.21(1431 — 0.2) + 1.431?)

= 1.653

1 1
X,y = = = 0.403
T b+ (Brp? — Ap0)0s 1653 + (16532 — 1.4312)05

Calculation of the K coefficients:

_ Wiy — W, 285 — 252
wy = 1 (2Buy — 4) + 22— = 0.62% (2% 1.3 — 4) + ——— = —0.736
Wery 252

K —1_ (" Nyg . (—0.736 18.468 ) 017
= —_ | — % ———— = e * = .
Y x, A*F, 0.882  33.4 %235

Buy- is an equivalent uniform moment factor for buckling.
Simply supported beam with uniformly distributed load: £, = 1.3 Table 4
tir = 0.154; By — 0.15 = 0.15 * 0.483 = 1.3 — 0.15 = —0.056

wr N (—0.056 14.43 )
Kip=1- (=T —1- = 1.001
& <x2 e Fy> 0.892 334235

N.

plRd = 71354‘5 KN M

piyra = 60.89 KN -m | Mysq = 1693 KN-m | Ng; = 18.47 KN

a) Buckling verification

Nsd KyMysd <1

XmmN lRd Mled
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18.468

1.017 = 17.447

0.879 x 713.545 * 60.886

b) Lateral-Torsional buckling verification

N K,+M
sd LT ™ ysd <1
X;Npira  XirMpira

18.468

1.001 = 16.932

0.892 x 713.545 * 0.397 * 60.886

So, the section IPE220 is suitable as a post.

111.7.7. Autodesk ROBOT analysis result
STEEL DESIGN

=0309<1........

=0717<1........

Secondary Elements

e e veTif IO

e e veTiflEd

CODE: NF EN 1993-1:2005/NA:2007/AC:2009, Eurocode 3: Design of steel structures.

ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 91 Posts_91 POINT: 1

COORDINATE: x=0.00L=0.00m

Z

S

SECTION PARAMETERS: IPE 220
h=22.0cm gM0=1.00 gM1=1.00
b=11.0cm Ay=22.89 cm2 Az=15.88 cm2 Ax=33.37 cm2
tw=0.6 cm ly=2771.84 cm4 1z=204.89 cm4 I1Xx=8.86 cm4
tf=0.9 cm Wply=285.43 cm3 Wplz=58.11 cm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 22.74 KN My,Ed = 14.54 KN*m Mz,Ed = 0.07 kN*m Vy,Ed = 0.02 kN

Nc,Rd = 784.21 kN
Nb,Rd = 236.91 kN

My,Ed,max = 14.54 kN*m
My,c,Rd = 67.08 KN*m
MN,y,Rd = 67.08 kKN*m
Mb,Rd = 45.75 KN*m

Mz,Ed,max = -0.07 kN*m
Mz,c,Rd = 13.66 kN*m
MN,z,Rd = 13.66 kN*m

Vy,T,Rd = 310.40 kN
Vz,Ed =-10.41 kN
Vz,T,Rd = 215.39 kN
Tt,Ed = 0.00 KN*m
Class of section =1

AL (g

' £ LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr = 62.98 KN*m Curve,LT - XLT =0.61
Lcr,upp=5.38 m Lam_LT =1.03 fi,LT=1.15 XLT,mod = 0.68
BUCKLING PARAMETERS:

[ [
=1 Abouty axis: =1 About z axis:
Ly =5.38m Lam_y =0.44 Lz=5.38m Lam_z=1.62
Ler,y=3.77m Xy =0.94 Lcr,z=3.77m Xz=0.30
Lamy =41.32 kyy =0.96 Lamz = 151.99 kyz =0.81
Torsional buckling: Flexural-torsional buckling
Curve,T=b alfa, T=0.34 Curve, TF=b alfa, TF=0.34
Lt=5.38 m fi,7=1.02 Ncr,y=4050.67 kN fi,TF=0.64
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Ncr,T=984.95 kN X, T=0.67 Ncr, TF=4050.67 kN X, TF=0.91
Lam_T=0.89 Nb,T,Rd=522.39 kN Lam_TF=0.44 Nb,TF,Rd=713.53 kN

LIMIT DISPLACEMENTS

=i

Deflections (LOCAL SYSTEM): Not analyzed

r Displacements (GLOBAL SYSTEM):

vx =0.6 cm < vx max = L/150.00 = 3.6 cm Verified
vy =0.3cm < vy max =L/150.00 =3.6 cm Verified
Section OK !

111.8. Horizontal braces

111.8.1.Charges to consider

F—(thlxb)+Ffr—(O462><
r 278 g\ 2

><16)+0—2081<N
8 g -
F—(thsz)+Ffr—(0462x5'3x16)+0—497KN
2= 2 4 4 —\ 2 7 4) 4 7
111.8.2.Calculation of reactions

RA=RB=F1+F2=705KN

4.4
tan 6 =7 = 1.1 -6 =47.73°

o R—F, 7.05—208 4.97
47 cos@® ~ cos47.73  0.67

=742 KN

Neg = 15F, = 1.5%x 7.42 = 11.13KN

Afy o NsaXyMy 1113x11_

Neg < Npp pg = = =
Sd = TPLRA T M, -5 235 x 101

For practical reasons, we choose an insulated angle iron of 70 x 70 x 7 With a 10 mm
bolt and 11 mm holes
Aper = 9.4 —0.5%1 = 8.75 cm?

X A, .. X 0.7 X 8.75 x 360 x 1071
Nyga = £ y’;&t fu o — 1764 KN
2 .
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Nsq = 1113 KN < Nygq = 176.4 KN

111.8.3. Verification of resistance to ULS (ELU)

Deviated Compound Bending Verification

(MY,Sd )a 4 ( My sq >ﬁ <1
Mpyy ra Myzra) ~—

a=2etf=1

Qsq = quz = 1.89 KN /m
Ngg = Guy = 0.38 KN /m

111.8.4. Verification of resistance section
Vzsa < 0.5Vpyra

v _ Apizfy 7.62x235x 107" 118.44
PLRE™ By M, V3 x 1.1 1.90

Aprz = A— (2b x t7) + [ (& + 27)t/]

=179 KN

Secondary Elements

> ApLy = 164 — (2 X 7.3 X 0.69) + [(0.47 + 2 X 0.7)0.69] = 5.04 cm?

Vysa = %l = 2222 = 3.78 KN < 0.5 Vpy zq = 89.5 Verified

111.8.5. Verification of the section at normal effort

0.54,, fy>

Ng; <min|( 0.25 N, ;
sd ( PL.Rd VM,

Afy 164 x 235 X 1071

N, = = 350.3 KN

0.54,f, 0.5X 6.33x235x 107"
YM; 1.1

Ay, =A—(2bxt;) =164 — (2% 7.3 x0.69) = 6.33 cm?

= 67.6 KN

Ngg = 3.70 KN < min(87.6 ; 67.6) Verified

Etude et controle des batiments et routes 2023

41



Chapter Three Secondary Elements

111.8.6. Autodesk ROBOT analysis result
STEEL DESIGN

CODE: NF EN 1993-1:2005/NA:2007/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 290 Simple bar_290  POINT: 2 COORDINATE: x=0.17L=1.01m

z

J& ?
—
—

SECTION PARAMETERS: CAE 100x7

h=10.0 cm gM0=1.00 gM1=1.00
b=10.0 cm Ay=7.00 cm2 Az=7.00 cm2 Ax=13.66 cm2
tw=0.7 cm ly=128.20 cm4 12=128.20 cm4 Ix=2.21 cm4
tf=0.7 cm Wely=17.54 cm3 Welz=17.54 cm3

Weff,y=17.54 cm3 Aeff=13.66 cm2

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types; they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed = 17.45 kN My,Ed = 0.36 KN*m
Nc,Rd = 321.01 kN My,Ed,max = 0.65 kN*m
Nb,Rd = 61.20 kN My,c,Rd = 4.12 kN*m Vz,Ed = 0.28 kN

Vz,c,Rd = 94.97 kN
Class of section = 4

BUCKLING PARAMETERS:

1 - |
1o | [ama| Abouty axis: 10 | [mm] About z axis:

Ly =6.06 m Lam_y=2.11 Lz=6.06 m Lam_z =211
Lcr,y =6.06 m Xy =0.19 Lcr,z=6.06 m Xz =0.19
Lamy = 197.97 kyy = 1.06 Lamz = 197.97 kzy =1.06

VERIFICATION FORMULAS:

Section strength check:

My,Ed/My,c,Rd =0.09 < 1.00 (6.2.5.(1))

N,Ed/Nc,Rd + My,Ed/My,c,Rd = 0.14 < 1.00 (6.2.1(7))

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

Global stability check of member:

Lambda,y = 197.97 < Lambda,max = 210.00 Lambda,z = 197.97 < Lambda,max = 210.00 STABLE
N,Ed/(Xmin*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) = 0.45 < 1.00 (6.3.3.(4))
N,Ed/(Xmin*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) = 0.45 < 1.00 (6.3.3.(4))

Section OK 11
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111.9. Vertical braces

111.9.1. Tractive effort in the mowed diagonal

Ncosa =R —F;

4.5
tana = il 1.125; a = tan"11.125 = 48.39°

y_R-F_oe9-208_ . .
" cosa  cos4839

111.9.2. Diagonal section

Ngg = N = 11.45 KN

Afy o NsaXyM, _1145x 11

Ngq < Npppa = VM, - 3 = e X101~ 0.54 cm?
-1
Ny = B x ,;1/,1:2 X fu _ 07X 8.751>.<ZZ;60 x 107 _ 64 KN
Nsg = 1145 KN < Nypq = 176.4 KN
111.9.3. Verification of resistance to ULS (ELU)
Qsqa = quz = 0.38KN/m
Nga = quy = 0.107 KN/m
> Verification of resistance section
Vz.sa < 0.5 VpLra
Aprzfy 5.04x235x 107! 11844 6234 KN

v, = = =
PLRE ™ 3y M, V3 x 1.1 1.90
Aprz = A— (2b x t7) + [ (& + 27)1;]

> ApLy =164 — (2 X 7.3 X 0.69) + [(0.47 + 2 X 0.7)0.69] = 5.04 cm?

gzl _ 0.38x4

Vzsa =7,

> Verification of the section at normal effort

0.54,, fy>

NSd < min (025 NPL,Rd ; )/Ml
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ve_Afy _164x235x1070
PL,Rd - yMl - 1.1 - "

— 0.25 Np pq = 0.25 X 350 = 87.6 KN

0.54,f, 0.5x6.33x235x107"
YM, 1.1

Ay =A—-(2bxt;) =16.4—(2x7.3x0.69) = 6.33 cm?

= 67.6 KN

Nsg = 1.35G = 1.35 % 0.38 = 0.51 KN < min(87.6; 67.6) Verified

» Deviated Compound Bending Verification

Mysa \* ([ Mzsa \’
+ <1
MNY,Rd MNZ,Rd

a=2etf=1
y _qzl2_0.38x42_021KN
vsd = Tgm = P = 0. .m
qyl2 0.107 x 42
MZSd = = =0.76 KN.m
’ 8 8

WpLy X f 83.3 x 235 x 10_3

Myy ra = MpLy ra = VM, A 11 =17.80KN.m
Wprz X f,  19.2x235x 1073

Myzra = Mprzra = VM, L = 11 =410KN.m

a B 2 1
(M) n (@) = (ﬂ) + (%) = 0.0009 4+ 0.126 = 0.13 < 1 verified

My Rd MNZRd 17.80 4.10

After calculating in ROBOT, ROBOT suggests an insulated angle iron of
100 x 100 x 7

So, we take an insulated angle iron of 100 x 100 x 7 With a 10 mm bolt and 11 mm

holes
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111.9.4. Autodesk ROBOT analysis result
STEEL DESIGN

CODE: NF EN 1993-1:2005/NA:2007/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:
MEMBER: 284 sidebracing_284 POINT: 2 COORDINATE: x=0.17L=1.00m

LOADS:
Governing Load Case: 16 ULS/105/ 1*1.35 + 2*1.35 + 3*1.35 + 4*1.35 + 5*%1.35 + 6*1.35 + 7*1.05 + 8*1.05 +
9*1.05 + 14*1.50

MATERIAL:
ACIER  fy =235.00 MPa

F4

=
—
—

SECTION PARAMETERS: CAE 100x7

h=10.0 cm gM0=1.00 gM1=1.00
b=10.0 cm Ay=7.00 cm2 Az=7.00 cm2 Ax=13.66 cm2
tw=0.7 cm ly=128.20 cm4 12=128.20 cm4 IXx=2.21 cm4
tf=0.7 cm Wely=17.54 cm3 Welz=17.54 cm3

Weff,y=17.54 cm3 Aeff=13.66 cm2

Attention: Section of the 4 class! The program does not perform a full analysis of the 4 class for these section
types; they are treated as the 3 class sections.

INTERNAL FORCES AND CAPACITIES:

N,Ed = 13.75 kN My,Ed = 0.24 KN*m
Nc,Rd = 321.01 kN My,Ed,max = 0.43 KN*m
Nb,Rd = 62.01 kN My,c,Rd = 4.12 KN*m Vz,Ed =0.19 kN

Vz,c,Rd =94.97 kN
Class of section = 4

BUCKLING PARAMETERS:

=] R
i About y axis: About z axis:

Ly =6.02m Lam_y =2.09 Lz=6.02m Lam_z=2.09
Ler,y =6.02m Xy =0.19 Lcr,z=6.02 m Xz=0.19
Lamy = 196.53 kyy =1.04 Lamz = 196.53 kzy =1.04

VERIFICATION FORMULAS:

Section strength check:

My,Ed/My,c,Rd =0.06 < 1.00 (6.2.5.(1))

N,Ed/Nc,Rd + My,Ed/My,c,Rd = 0.10 < 1.00 (6.2.1(7))

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

Global stability check of member:

Lambda,y = 196.53 < Lambda,max = 210.00 Lambda,z = 196.53 < Lambda,max =210.00 STABLE
N,Ed/(Xmin*N,Rk/gM1) + kyy*My,Ed,max/(XLT*My,Rk/gM1) = 0.33 < 1.00 (6.3.3.(4))
N,Ed/(Xmin*N,Rk/gM1) + kzy*My,Ed,max/(XLT*My,Rk/gM1) = 0.33 < 1.00 (6.3.3.(4))

Section OK 11
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1V.1. The Rafters

IV.1.1. Introduction
Rafters are an essential part on metal roofs. they help to support the purlin and roof deck. The
rafters are a series of metal beams that serve as sloped structural pieces, and there is two types,

to know what system we use a single beam or truss system we must check the following

condition
h _ 1.2 — o1
[ 12

So we choose a single beam system

Table 13 Characteristic of Section IPE 300

t
Profile | h(cm) | b(cm) ( w) ty (cm) r (cm) P (Kg/m) d (cm)
cm
30 15 0.71 1.27 15 42.2 24.86
A -
IPE300 (cm2) I, (cmd) | iy, (cm) | Wy, cm3) | I, (cmd) | Wy, (cm3) | i, (cm)
cm
53.8 8356 125 628 604 125 3.35
IV.1.2. Loads
a) Dead load
Rafters weight: 42.2 kg/m
Purlin weight: 12.9 kg/m
Dropped Ceiling: 17 kg /m?
Cover weight: 20 kg /m?
b) Live load
Sand load: 20 kg/m?
Maintenance agents: 66.7 kg/m
c) Liveload
Wind load: 0.446 KN /m?
IV.1.3. Verification of deflection at SLS
q=qu;*5=189%x5=945KN/m
_5ql4< _ l _612_2
I = 38451 < Jeam =505 =200 = 2™
47
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I 5ql3 _ 5x200x9.45 X 1072 x 6123

= = 1343.09 cm*
Y 7 2 X 384E 2 X 384 x 21000 cm

1VV.1.4. Verification of resistance to ULS

Deviated bending verification

(M) N <Mz,m>”’ <
MPL,Y MPL,Z -

a = 2 (For profilesin | Shape) et § = 1

1> 137 x 42

— 27.4KN.
8 8 m

M Y,sd =

qyl2 2.75 x 42
MZ,Sd: 3 = 8

=55KN.m

For y M, we must determine the class of the profile

Web: ti =286 _ 3501 < 72cete = 35 _9q So: the class of the Web is 1

w 7.1 235

b-t 150-7.1
Flange: —= =
th 2x12.7

=563<9¢cete = /% = 1 So: the class of the Flange is 1

So, the class sectionis 1 - yM, = 1.1

Wpy X f, 628 X 235 x 1073

Mo o = = 134.16 KN.

PLY = UM, 11 m

Wprz X fy 125 x235x 1073

Mo, = = = 26.7 KN.

PLZ YM, 1.1 "

B 2 1
My ¢4 * My ¢4 ( 27.4 ) ( 5.5 )
: + === = +|=—=) =0.042 +0.206 =0.248 < 1

(MPL,Y> Mp; 7 134.16 26.7
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IV.1.5. Shear verification
Vzsa < Vprra and Vysq < Vpp pra

Apzfy 12.03x235x 1071 282.76

Vo oy = = = = 135.53 KN
PLRE™ ByM, V3 x 1.1 1.90

Aprz = A—(2b X t7) + [(ty + 27)tf]

- Appz = 16.4 — (2 X 12 X 0.98) + [(0.62 + 2 X 1.5)0.98] = 12.03 cm?

q,l 13.7x4

VZ,Sd - 7 - T - 27.4‘ KN < VPL,Rd == 135.53 KN
gyl 2.75x4

VY,Sd = 7 = T = 38 KN < VPL,Rd = 13553 KN

IV.1.6. Spill verification

My sq < Mp ra

The sectionclass 1 —» yM; = 1.1 B, = 1class 1
M _XltxﬁwXWPLYXfy
b,Rd VM1
1
Xie

= —
b + ((l)LTZ — Ay )05
Ar = A_1Vﬁw

Alan=93.3eets= 2% — 1donc A, = 93.3
fy f

y

l

i
A = 5.0.25

1
\/C_l 1+m

< 3‘|N~'| ~

¢, = 1.132
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00
B 3.35 _
Apr = T 91.35
1[335
v1.132 |1 +ﬁ 30
127
9135
A = mﬁ =0.98 > 0.4

There is a risk of spillage
by = 0.5 [1 + ayr (T — 0.2) + EZ] With @, = 0.21 for rolled profiles

d.r = 0.5[1 + 0.21(0.98 — 0.2) + 0.982] = 1.06

1
X, = = 0.68
71,06 + (1.062 — 0.982)05
0.68 X 1x 628 x 235 x 1073
My pg = =91.25KN.m
’ 1.1
Therefor

Mygq =274 KN *m < My pq = 91.25 KN *+m
The stability of the rafters to overturning is checked, an IPE 300 is adopted.

1VV.1.7. The results of Autodesk ROBOT

The most effective combination “16 ULS /7”

STEEL DESIGN

CODE: NF EN 1993-1:2005/NA:2007/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 38 rafter_38 POINT: 7 COORDINATE: x=0.01L=0.06
m

LOADS:

Governing Load Case: 16 ULS/7/ 1*1.35 + 2*1.35 + 3*1.35 + 4*1.35 + 5*1.35 + 6*1.35 + 7*1.50 + 8*1.50 +
9*1.50 + 15*0.90

MATERIAL:
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ACIER  fy =235.00 MPa

Z

SE SECTION PARAMETERS: IPE 300

h=57.1cm gMO0=1.00 gM1=1.00
b=15.0 cm Ay=32.10 cm2 Az=38.99 cm2 Ax=88.31 cm2
tw=0.7 cm ly=35682.49 cm4 12=905.49 cm4 I1X=29.11 cm4
tf=1.1 cm Wely=1244.91 cm3 Welz=120.73 cm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 57.68 kN My,Ed = 27.55 KN*m Mz,Ed = -10.29 KN*m Vy,Ed = 0.30 kN
Nc,Rd = 2075.32 kN My,el,Rd = 292,55 kN*m Mz,el,Rd =28.37 kN*m  Vy,T,Rd = 242.69 kN
Nb,Rd = 2046.98 kN My,c,Rd = 292,55 KN*m  Mz,c,Rd = 28.37 kN*m Vz,Ed = 9.68 kN
Vz,T,Rd = 389.65 kN
Mb,Rd =292.55 KN*m Tt,Ed = 2.05 KN*m
Class of section = 3
Al T
LATERAL BUCKLING PARAMETERS:
z=1.00 Mcr = 616431.98 kN*m  Curve LT -d XLT =1.00
Lcr,upp=0.06 m Lam_LT =0.02 fi,LT =0.43 XLT,mod = 1.00
BUCKLING PARAMETERS:
[ ] [e== ]
85 | == Abouty axis: — About z axis:
Ly=6.12m Lam_y =0.24 Lz=6.12m Lam_z =0.02
Ler,y=3.06 m Xy =0.99 Ler,z=0.06 m Xz =1.00
Lamy = 22.39 kzy =1.00 Lamz =1.79 kzz=1.00
Torsional buckling: Flexural-torsional buckling
Curve, T=c alfa, 7=0.49 Curve, TF=c alfa, TF=0.49
Lt=3.06 m fi,T=1.12 Ncr,y=3823118.01 kN fi,TF=1.12
Ncr,T=2366.00 kN X,T=0.58 Ncr, TF=2366.00 kN X, TF=0.58
Lam_T=0.94 Nb,T,Rd=1198.59 kN Lam_TF=0.94 Nb,TF,Rd=1198.59 kN

VERIFICATION FORMULAS:

Section strength check:

N,Ed/Nc,Rd + My,Ed/My,c,Rd + Mz,Ed/Mz,c,Rd =0.48 < 1.00 (6.2.1(7))

sqrt(Sig,x,Ed"2 + 3*(Tau,ty,Ed)"2)/(fy/gM0) = 0.99 < 1.00 (6.2.1.(5))

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

Vz,Ed/Vz,T,Rd=0.02<1.00 (6.2.6-7)

Tau,ty,Ed/(fy/(sqrt(3)*gM0)) = 0.86 < 1.00 (6.2.6)

Tau,tz,Ed/(fy/(sqrt(3)*gM0)) = 0.57 < 1.00 (6.2.6)

Global stability check of member:

Lambda,y = 22.39 < Lambda,max = 210.00 Lambda,z = 1.79 < Lambda,max =210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) =0.05 < 1.00 (6.3.1)

My,Ed/Mb,Rd = 0.09 < 1.00 (6.3.2.1.(1))

N,Ed/(Xmin*N,Rk/gM1) + kyy*My,Ed/(XLT*My,Rk/gM1) + kyz*Mz,Ed/(Mz,Rk/gM1) = 0.50 < 1.00 (6.3.3.(4))
N,Ed/(Xmin*N,Rk/gM1) + kzy*My,Ed/(XLT*My,Rk/gM1) + kzz*Mz,Ed/(Mz,Rk/gM1) = 0.50 < 1.00 (6.3.3.(4))

LIMIT DISPLACEMENTS

=i

Deflections (LOCAL SYSTEM):
uy =0.1cm < uy max =L/200.00 =3.1cm Verified
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Governing Load Case: 19 SLS/7/ 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*1.00 + 8*1.00 +
9*1.00 + 15*0.60

uz=0.5cm < uz max =L/200.00 =3.1cm Verified

Governing Load Case: 19 SLS/91/ 1*1.00 + 2*1.00 + 3*1.00 + 4*1.00 + 5*1.00 + 6*1.00 + 7*0.70 + 9*0.70 +
14*1.00

F_ Displacements (GLOBAL SYSTEM): Not analyzed

Section OK 1!

1V.2. The Columns

IVV.2.1. Charges to consider
Hpyse = 4.5 m (Column Height)

epost = 4.0 m (The distance between the Columns)
action of the wind (W)
W =0.846 x 4.0 =3.38 KN/m

Permanent loads (G)

B B
G = (PCladding X €post X E) + (PDropped ceiling X epost X E) + (PPost X HPost)
+ (Prafter * Lrafter) + (Pputlin * purlin * ePost)

1VV.2.2. Column pre-sizing

_Swit 1450
f2 = 38451 <200 ~ 200~ 22> M

S5Wi* 5 % 0.0338 x 450*

I > = = 381.95 cm*
Y 7 225 x 384E _ 2.25 x 384 x 21000 cm

So, we chose section HEA180

Table 14 Characteristic of HEA 180

t

Profile | h(cm) | b(cm) (w) tp (cm) | r(cm) | P (Kg/m) | d(cm)
cm

HEA180 17.1 18 0.6 0.95 15 35.5 12.2
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A
(cm2) I, (cmd) | iy, (cm) | Wy, cm3) | I, (cmd) | Wy, (cm3) | i, (cm)
45.3 2510 7.45 324.9 924.6 156.5 4,52

12 12
G = (0.2 X 4.0 X 7) + (0.17 X 4.0 X 7) + (0.355 x 4.5) + (0422 * 6.12)

+ (2.74 %5« 4)
-G =6786KN
B=12m

1VV.2.3. Verification of resistance section

Vzsa < 0.5Vppra

Apizfy 1452x235x 1071  341.22

Ve = _ - = 17.09 KN
PLRE™ 3y M, V3 x 1.1 1.90

Aprz =A—(2b x t7) + [(ty + 27)¢;]
- Appz =453 — (2 x 18 % 0.95) + [(0.6 + 2 X 1.5)0.95] = 14.52 cm?

q,l 3.38x 4.5
VZ,Sd = 7 = T = 76 KN < 05 VPL,Rd = 8955 KN

1VV.2.4. Verification of the section at normal force

O.SAny>
Ngg < min [ 0.25 Np pg ; ———2
Sd ( PL,Rd )/M1

N _Af, 453x235x107% 06777 KN
PLRA = M, — 1.1 -

— 0.25 Npy gg = 0.25 X 967.77 = 241.94 KN

0.54yf, 0.5x11.1x235x107*
YM;, 1.1

= 118.57 KN

Ay, =A—(2bxt;)=453— (2% 18 % 0.95) = 11.1 cm?
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Ngg = 1.35G = 1.35 X 67.86 = 101.79K N < min(967.77 ; 118.57)

1V.2.5. Checking the resistance element

Compound bending verification with risk of buckling

Nsq Ky X My sq <

Xmin X Npp ra Mpy ra

Compound bending verification with risk of overturning

Nsq Kir X My sq <1
Xz X Nppra  Xpr X Mpppa

Ky=1-classl; K, =1 —class 1
Xmin = min(Xy; Xz)

1

Xy = OE Ty ==2JB., pw = 1class 1
—2 . -
by + (dv" =3 ) T

The class section 1 - yM; = 1.1

Alan=93.3sete= 2% = 1donc A, = 93.3
fy f;

y

ly 450 — 6040
T Ay 933 V1 =0.65

y =T
Ly

by = 0.5 [1 +ay(Zy — 0.2) + )Tyz] With @, = 0.21

dy = 0.5[1 + 0.21(0.65 — 0.2) + 0.652] = 0.76

1
Xy = =1.
Y'70.76 + (0.76% — 0.392)05 05
1 A
Xz = p— Ay = —Zw/
bz + (b — /122)0'5 7Tk P

Bw =1 —class 1
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The class section1 - yM; = 1.1

Al=nF=93.3eet5= 22 = 1donc 4, = 93.3
Iy f

y

l, 450 9956
Z—E—m—99.56 Azzﬁﬁsz

bz =05[1+az(2;—0.2) +7; | with a; =021
by = 0.5[1 + 0.21(1.07 — 0.2) + 1.07%] = 1.16

1
X, = = 0.62
27116 + (1.16% — 1.072)05

Xomin = min(1.05; 0.62) = 0.62
1 -— /1LT
— Air =——+/
c1>LT + (Cl)LTZ - ALTZ)O'S o ’11 ﬁw

Xie =

A, =93.3; C, = 1.132

.L 50
— L _ 4.52 _
Ar = . I\ 2 025 — 450 oz5 = /420
11, Viiazli+ L[ 452
‘/C—11+ﬁ EZ 1.132 1+20< 17
tr 0.95

__  74.20 , . .
T = m\ﬂ = 0.8 > 0.4 There is arisk of spillage

b = 0.5 [1 + (T — 0.2) + A_LTZ] with ;7 = 0.21
¢,r = 0.5[1 + 0.21(0.8 — 0.2) + 0.8%] = 0.88

1
7 0.88 + (0.882 — 0.82)05

[? 3.38 x 4.5
My sq = qZ'SBd = 3 =855KN.m
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Wpery X fy 6941 X 235 X 1073

M = = 69.41 KN.
PL,Rd VM, 11 m

Buckling check

101.79 1 x 8.55

062x967.77 + 6041 0169+ 0.123=029<1

Spill verification

101.79 1 x 8.55

596777 T 08 goar = 0169 +0.154 =032 <1

Section HEA180 is verified

1VV.2.6. The results of Autodesk ROBOT

The most effective combination “16 ULS /105>
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STEEL DESIGN

CODE: NF EN 1993-1:2005/NA:2007/AC:2009, Eurocode 3: Design of steel structures.
ANALYSIS TYPE: Member Verification

CODE GROUP:

MEMBER: 40 i},’%”-n POINT: 7 COORDINATE: x=1.00L=4.50m

LOADS:
Governing Load Case:
9*1.05 + 14*1.50

16 ULS /105/ 1*1.35 + 2*1.35 + 3*1.35 + 4*1.35 + 5*1.35 + 6*1.35 + 7*1.05 + 8*1.05 +

MATERIAL.:
ACIER  fy =235.00 MPa
SE SECTION PARAMETERS: HEA 180
h=17.1cm gM0=1.00 gM1=1.00
b=18.0 cm Ay=37.93 cm2 Az=14.47 cm2 Ax=45.25 cm2
tw=0.6 cm ly=2510.29 cm4 12=924.61 cm4 Ix=14.86 cm4
tf=0.9 cm Wply=324.85 cm3 Wplz=156.49 cm3
INTERNAL FORCES AND CAPACITIES:
N,Ed = 43.17 kN My,Ed = -58.29 KN*m Mz,Ed = -0.00 KN*m Vy,Ed = 0.00 kN

Nc,Rd = 1063.38 kN My,Ed,max = -58.29 KN*m
Vy,T,Rd = 514.61 kN
My,c,Rd = 76.34 KN*m
MN,y,Rd = 76.34 kKN*m

Mb,Rd = 76.34 kN*m

Mz,Ed,max = -0.00 kN*m

Nb,Rd = 742.80 kN Mz,c,Rd = 36.78 kN*m

MN,z,Rd = 36.78 kN*m

Vz,Ed =-22.21 kN
Vz,T,Rd = 196.32 kN
Tt,Ed = -0.00 KN*m
Class of section =1

! o0

-+ [E LATERAL BUCKLING PARAMETERS:
z=0.00 Mcr = 825.93 kKN*m Curve,LT - XLT =1.00
Ler,low=2.25m Lam_LT =0.30 fi,LT =0.55 XLT,mod = 1.00
BUCKLING PARAMETERS:
Bl= . = .

About y axis: e/ About z axis:
Ly=450m Lam_y =0.68 Lz=4.50m Lam_z=0.74
Lery =476 m Xy =0.79 Lcr,z=3.15m Xz=0.70
Lamy = 63.91 kyy =0.63 Lamz = 69.69 kyz =0.59
Torsional buckling: Flexural-torsional buckling
Curve, T=c alfa, T=0.49 Curve, TF=c alfa, TF=0.49
Lt=2.25m fi, T=0.68 Ncr,y=2295.96 kN fi,TF=0.85
Ncr,T=4832.77 kN X,T=0.86 Ncr, TF=2295.96 kN X, TF=0.74
Lam_T=0.47 Nb,T,Rd=914.63 kN Lam_TF=0.68 Nb,TF,Rd=783.38 kN

VERIFICATION FORMULAS:
Section strength check:
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N,Ed/Nc,Rd = 0.04 < 1.00 (6.2.4.(1))

My,Ed/MN,y,Rd = 0.76 < 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 = 0.58 < 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=0.11<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)

Global stability check of member:

Lambda,y = 63.91 < Lambda,max = 210.00 Lambda,z = 69.69 < Lambda,max = 210.00 STABLE
N,Ed/Min(Nb,Rd,Nb,T,Rd,Nb,TF,Rd) = 0.06 < 1.00 (6.3.1)

My,Ed,max/Mb,Rd =0.76 < 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) = 0.53 < 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) = 0.31 < 1.00
(6.3.3.(4)

Section OK 11
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Chapter Five Assembly Study

V.1. Introduction

Assemblies play a crucial role in uniting and joining multiple parts together in a
construction. They ensure the transmission and distribution of stresses between the parts
without creating additional unwanted stresses, especially torsional stresses. In metal
construction, the design and calculation of assemblies are as important as sizing
individual parts to ensure overall safety. Since frames typically lack significant
redundancies, assemblies become critical points for handling the stresses present in
different structural components. If an assembly fails, it jeopardizes the overall

functioning of the entire structure.

V.1.1.Column-Rafter connection
V.1.1.1. Soliciting Efforts
Vea = 37.52 KN
Nog = 69.31 KN
My, = 61.85 KN xm

V.1.1.2. Endplate
The plate thickness ¢,

We take t,, equal to t¢ of the column, So t,, = 9 mm

V.1.1.3.  Welding of the end plate

Figure V.1.1:1 Different welding areas

e Welding the “web”
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We must fulfill the following condition

2 2
_fu (L) +3*(L>
ﬁu*yma \/f*a3*l3 2*“3*13

e Welding the “flange”

We must fulfill the following condition

_f <L) '3 (L)
Bu*Yma \/—*Zal \/—*Z(al)’

zal=2*a1*l1+4*a1*l1 Z(al)’:%
fy fu Bu Yma
235 360 1.25 0.8

Finding the welding thickness of the web a;

fu ” -3
12 S (274.62) » 360+ 10
IS Pu*Yma _ : 1.25+08 _ 4 ¢amm
PTINZ 3xV? 69.312 3+ 37.52° '
2 4 2 4
as; most be greater than 1.68 mm
Finding the welding thickness of the flange a; & a,
We spouse a; = a, and we get:
N = Msq 61.85* 1073 — 10764 KN
~ h, 300 77
hy : the rafter height
N2 n 3% N'2 69.312 n 3 x 107.64%
2 (2/%) 2 (2/4)
(fu/ By * Yma)) [ (360 % 1073/(1.25 * 0.8))
=a, = = 0.91
M TR T T A, 2%150 + 4 * 71.45 mm

as; most be greater than 0.91 mm

Sowetake a; = a, = az; = 5mm
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Checking the web welding

360 x 1071 69.31 2 37.52 2
= ) +3+( )

1.25% 0.8 V2 % 0.5 * 27.46 2 % 0.5 * 27.64

36 KN/cm? > 4.28 KN /cm? verified

Checking the flange welding

Zal =2%0.5%154+8%0.5*7.145 = 43.58 cm?

4358
z(al) = == 2179 om?

360 * 1071 69.31 \? 107.64 \2

= ( ) +3+(F179)
1.25%0.8 V2 * 43.58 V2 % 21.79
36 KN/cm? = 6.15 KN /cm? verified

The rafter welding to the end plate is secure

V.1.1.4. Calculation of bolts:

e Resistance of the assembly to the shear force V4

Vsd FP
SEKE=kyxm*xux——_ ; F;g=0'7*fub*AS

=2*n )/ms

Vi

Ag: resistant section of the bolts A, = 84.3 mm?

F;: slip resistance.

K,: coefficient depending on the size of the drill holes K, = 1
m : friction interface number m = 1

u = coefficient of friction of parts u = 0.3

E,: allowable prestressing force in the bolts

Yms: partial safety factor y,,,, = 1.25

fup = 800 N /mm?

0.7 * 800 x 1073 x 84.3
So,F,=1%1%0.3%* 175 =11.33 KN

. Vsa 37.52
n _

= =1.66 =2
T 2xF 2%11.33
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Figure V.1.1:11 View of the overall assembly

For a design purpose we take 7 bolts in line

e Arrangement of bolts
2.2+dy < P; < min (12t,, 150 mm)
do=0+2=12+2=14mm

2.2%10 < P, < min(12 % 9,150)

22mm < P; < min (108 mm , 150 mm)

For a design purpose we choose P; = 50 mm

2.2 %10 < P, < min (14 * 9,120 mm)

22mm < P, < min (126 mm,120mm)

For a design purpose we choose P, = 70 mm
e Resistance of the connection to bending moment

We must fulfill the following condition

Ny * Y df Mgq * dy
MstMrd=Tl =>N1=SZT
L

N; : The internal effort of the most loaded bolt

d, =536.3mm d, = 486.3 mm

Assembly Study

tp=9mm

d; = 436.3mm

d, = 386.3mm ds = 2433 mm

d¢ = 160.3 mm

d, =77.3mm
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_ 63.2 * 103 x 536.3
"~ 536.32 + 486.32 + 436.3% + 386.32 + 243.32 + 160.32 + 77.32
N, = 34.75 KN

Ny

n : number of bolts par row
Ny <n*E, =nx (0.7 * f, * As)
N, =34.75KN < nx*F, =7 % (0.7 800 * 1073 * 36.6) = 330.46 KN verified
e Verification of resistance of the assembly to shear force by bolt
We must fulfill the following condition
V, <FE
_ Vg 3752
Y7 2%n 27
Vi =2.68KN < F, =11.33 KN verified

The assembly resists perfectly, so we adopt 6 class bolts

= 2.68 KN

e Resistance of the column web in the tension zone "unstiffened web"

We must fulfill the following condition

bess Mg,
‘ yooee Ymo " h- tf

b =trg+ 2ty +5* (tr¢ +1¢)

bess =12.7+ (2%9) + 5% (9.5 + 15) = 153.2mm
tep : the flange thickness of the rafter

t, : the plate thicknesses

tc : the flange thickness of the post (column)

r¢ : the radios between the flange and the web of the post

15
F, =235%1073 %6 x

=196.37 KN
1.1

P 61.85 * 103
’ 300 —12.7
F; =196.37 KN < F, = 215.28 KN Not verified

= 215.28 KN

We most add stiffeners to increase the column web resistance.

¢ Resistance of the column web in the compression zone "unstiffened web"
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1.25 4+ 0.5 * Ymo * O'n> . beff
Ymo

fy

o, : normal compressive stress in the column web due to compressive force and

Fczfy*twc*<

bending moment.
Vea N Msq 3674 63.2 % 10

=4 "W, T 453 ' 3249

= 19.86 KN /cm?

F,=235+1071 0.6+ 1.25 + (0-5 11+ 19.86) 153.2 % 101
= * * (.6 * . "
‘ 235 %1071 1.1

F. =336.77 KN > F, = 215.28 KN verified
the compression zone of the column web is stable but we’ll add stiffeners for a

security major

e \Web resistance in the sheared zone

. _058xf,xhcxtyc 0.58%235x107° %1526
T Ymo B 1.1
I, =113 KN < FE, = 274.54 KN Not verified

We most add the diagonal stiffeners.

=113 KN

V.1.2. Assembly stability

V.1.2.1. Positioning the bolt holes

N = 35.28 KN from ROBOT calculation software

We take type 8.8 bolts

t = max(7,7,10) - t = 10 mm we take a bolt with a diameter of @10
d, : bolt hole diameter dy = d + 2mm = 12 mm

e, =2 12dy —» e, =2144mm - e, =50mm

p1 = 2.2dy - p; = 264mm - p; = 60 mm

V.1.2.2. Calculation of the number of bolts

Shear strength of a bolt

fup : Bolt tensile strength value - f,,, = 800 N /mm?
Ym1 : Partial safety factor - y,,; = 1.25

So,
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0.9 * fup * As  0.9%800 * 107> * 58

= = 3341 KN
v.RD Ymi 1.25
__N 3528 _

" Foxp 3341

So, we take 2 bolts
V.1.2.3. Diametric pressure check
We must fulfill the following condition
fup *2.5xdxt*a

Fb,Rd = 2 Fv,Rd = 33.4‘1 KN
Ymi

4= min €1 _(3*p1/d0)_1_fu_b
3xdy’ 4 " fu

; 1) =min(1.38; 3.5;2.2;1)

a=1

7 _800%107%%25%10* 101
bR = 1.25

Fyra = 160 KN > F, ng = 33.41 KN Verified

=160 KN

V.1.3.Bracing assembly
V.1.3.1. Positioning the bolt holes
N = 15.95 KN from ROBOT calculation software
We take type 8.8 bolts
t = max(7,7,10) - t = 10 mm we take a bolt with a diameter of @10
do : bolt hole diameter dy = d + 2 mm = 12 mm
e, =2 12dy —» e, =2144mm - e, =50mm
p1 = 2.2dy - p; = 264mm - p; = 60mm
V.1.3.2.  Calculation of the number of bolts
Shear strength of a bolt
fup : Bolt tensile strength value - f,,, = 800 N/mm?
Ym1 + Partial safety factor - y,,; = 1.25
So,

0.9 * fup * As  0.9%800 107> * 58

= 3341 KN
Ymi 1.25

Fv,RD =
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N 1595 0
F,pp 3341

n =

So, for design purpose we take 2 bolts
V.1.3.3. Diametric pressure check
We must fulfill the following condition
fup *2.5xdxtxa

Fpra = > F,pq = 3341 KN
Ym1

e 3 * dog)—1
a = min <3 *1d0 ; ( P1{L o) ; ];tl—ub ;1) =min(1.38; 3.5;2.2;1)

a=1
8001073 %25%x10*10*1
Fppa = = — 160 KN

Fyra = 160 KN = F, pq = 33.41 KN Verified
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Chapter Six Foundation Calculation

VI.1. The Column bases

VI.1.1. Efforts soliciting
Ngq = 53.79 KN
Mgy = 47.13 KN *m

Vg = 24.02 KN

VI.1.2. Dimensioning of the base plate

a. Weld beads
e Flange HEA 180

as = 0.7 xt; = 0.7 9.5 = 6.65 = We take a; = 8 mm

e Web HEA 180
ag =0.7xt, =07%6 =42 = Wetake a;g = 8 mm

b. Plate surface

o= < fup = 142 MPa

h,*b

p

55.55% 103
we take h, = b, and we get — h,, > = 62.55mm

p

142

So, for design purpose we take h,, = 360 mm and b, = 330 mm
c. Plate thickness

N fy (t>2:t 3 % 0 * u?

Thyab, o3 \u “ 5

5955 10T_ ) 7 MPa s w=90
7=7360%330 @ w=oumm
,_ [3ro47e002

For design purpose we take t = 25 mm

d. Verification of the compressive stress on the foundation
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VI.1.3.

Vi.1.4.

Foundation Calculation

_ N _ 55.55x10%
"~ hp*b,  360%330

o = 0.47 MPa < f,;, = 14.2 MPa Verified

Anchor Rod Dimension

The anchor rods are dimensioned for simple traction, under a tensile force N;
N, 1 @?

2577 b

With N, = 55.55 KN

0> 2% N, 0> 2% 55.55 12.22
- =12.
= |n+F, = (3142351073 i

So, We choose @ = 18 mm

Verification of the anchor rod

7 % g, 0 N
Na=0.1*<1+ )* s*x(l; +35%1, +6.4%1) > —
1000 1 6 6

(1+3)

ge = 3.5KN/m3 ‘ r=@x3=54mm

ly =0+20=360mm ‘ l,=0+2=36mm

d, : the smallest distance from the axis of the rod to the exterior wall of the concrete
block

d, =130mm
N, = 0.1*(1+7 35())* 1072 0, (360 + 3.5 36 + 6.4  54)
1000 18 \?
(1+130)
N, = 39.84 KN
6 6

N, = 39.84 KN > 9.18 KN Verified

So, the anchor rod @ = 18 mm is secure

Stress verification in steel

We must fulfill the following conditions
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N L—h+§ f 2% N *xL <f
Oq = % 7 =Jy ) Op = N~ — Jub
" o (-
I //*N” |

Figure V1.1.4:1 presentation of column plate

M2 e L "y 997.25
=N " 55sg m —e+7—u— .Zomm
h=h,—u=320mm ‘ Ay =nxA; =4 %192 = 768 mm?

h' : the length of the compression tringle gy,

L
h’3+3(L—h)h’2+90*Ar*b—*h’—90*Ar*L=0

14
After solving the quadratic equation, we find A’ = 136.5 mm
55.55 997.25—320+ %65 KN KN
Oq = 768 * 1365 = 0.19 o <fy= 0.235mm2

SZO—T

o, = 0.19 KN/mm? < f,, = 0.235 KN /mm? Verified

2 % 55.55 % 997.25

136.5

330 * 136.5 * (320 - T)

op = 8.96 Mpa < f,, = 14.2 MPa Verified

op = = 8.96 Mpa < f,, = 14.2 Mpa
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VI1.1.5. Checking the studs
We must fulfill the following condition
N' <N,
From previous calculation N, = 39.84 KN
N' = V_z2at_ 11.12 KN
2 2 T
N’ =11.12KN < N, = 39.84 KN Verified
VI1.1.6. BAEL equilibrium condition

N
ZSFAZH*TSU*Q’*Ll

With :

Ly =200 =360mm

‘ Tsy = 0.6 % S?+ f; = 0.6 1%2.1 =126

pS =1 ‘
F, =314 x1.26 * 18 * 360 = 25.64 KN

N_55.5_1389N
4 4 T

N

i 13.89 KN < F, = 25.64 KN Not Verified

V1.2 Calculation of foundations

VI1.2.1. Parameters to consider

ftj =0.06* F.,5+ 0.6 =2.1 MPa

The allowable stress of our site soil ag,;; = 2.2 bar

The anchorage depth D = 2.0 m
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V1.2.2. Charge to consider

Table 15 The loads on foundation

Effort ULS SLS
Ngq(KN) 54.8 38.84
Sole
Mgz (KN *m) 51.51 35.55
M, (KN) Osoil = 2.2 bar = 0.22 MPa

V1.2.3. Dimensioning of the Column pad footing
h & b : the dimensions of the post plate
H & B : the dimensions of pad footing
h; = d + c;with ¢ = 10 cm (Concrete of cleanliness)

a. Determination of A and B
Wetakea = 0.66m ; b =0.49m

s s .
O-SOile*B_)A*BZO-soil_)A*BZO.22*10_3

AxB> = 0.25 m?

0.22 + 1073
So, we choose a pad footingwith A =22m&B =14m
b. Determination
hy=d+0.1m

B—b 1.5 —-0.49
TSdSA—a ﬁTSdS2.2—0.66

025m<d<154m
Wetaked = 1.1m
h,=114+01=12m

c. Overturning stability check
M, B

= —< —
07N, =12
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VI1.2.4.

VI1.2.5.

Foundation Calculation

—35'55—092 >1'4—035 t verified
_38.84_ m 4 = V. m notverire

Triangle diagram

€o

2*xN
. =——<< .
We must check: o, 3*@_60)*}3 < Ospil
2 * 38.84 <
0, = = Ogpil
3 (% ~092)+14

o, = 85.91 KN/m? < ay,;; = 220 KN/m? Verified

Reinforcement calculation

The calculation is done at the ELU and the verification at the ELS: For (A’), we will

use the “console” method.

_B+035%xb—3x¢
%a = 3%x(0.5«xB —e¢p)

*0'2

_ 1.4+0.35%0.49 —3%0.92

_ 85.91 = 156.2 KN /m?
%a 3%(05+1.4—092) /m

2

B 04 + 2 %0,
M, =B*(E*O.35*0.4> *(—)

6

1.4 2 /156.2 + 2 % 85.91
Md=1-4*<7*0.35*0.4> *( e

>=0.74KN*m

, My 0.74

T Zxop,  0.9%1.1%25%103

* 10™* = 0.297 cm? So, for design purpose we choose

A = 9T10 = 7.07 cm? with spacing e = 16 cm

Reinforcement verification

M, B
€y = <-

N, ~ 4
_ 47.62
~ 55.55

Triangle diagram

1.4
€ =0.86m > 7= 0.35m not verified
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_ 2%55.55 _ 2 < o 2 -
0, —3*(12;4—0.86)*1.4 168.22 KN /m* < 0,,;; = 220 KN /m* Verified
B+035%b—3x¢g
= k
%a 3x(0.5«xB —e¢p) %
1.4+ 0.35+0.49 — 3 x0.86 .
04 = * 168.22 = 505.47 KN/m

3% (0.5%1.4—0.86)

2

B 04 + 2 %0,
M, =B*(E*O.35*0.4) *(—)

6

1.4 2 /505.47 + 2 % 168.22
Md=1.4*(7*0.35*0.4) *( G

>=1.89KN*m

oMy 1.89
 Zx0p, 09%1.1x%25%103

!

*10* = 0.76 cm? < 7.07 cm? Verified

e=60+6=12cm So,wetakee = 16 cm

: spacing between steel bars
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GENERAL CONCLUSION

This modest work gave me an opportunity to apply and deepen all my knowledge acquired

during the course of my master's degree in civil engineering.

The design of a metal structure is based on the dimensioning at the ultimate limit states, taking
into account the harshest surrounding actions such as operating overloads, snow, wind and

earthquake.

This experience also allowed me to better understand the field of structural steel construction
which allowed me on the one hand to assimilate the different techniques and calculation software
as well as the regulations governing, the principles of design and calculation of works in this
field, and developed the ideas thanks to the reading of the various bibliographical references and
especially with the help of the team of professors of the department of civil engineering (Faculty

of science and technology of the center of Ouargla university).

At the end of this project which constitutes for me the first experience in this vast field, it

acquired us very important magnitudes to take the first step in my future professional life.
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Appendix 1

Column-Rafter Connection

APPENDICES

Autodesk Robot Structural Analysis Professional 2020

Design of fixed beam-to-column connection
NF EN 1993-1-8:2005/NA:2007/AC:2009

Ratio
0.59

4 4 40

General

Connection no.: 7

Connection name: Frame knee

Structure node: 38
Structure bars: 39, 42
Results

Beam resistances

COMPRESSION

Ap = 53.81 [cm? Area

Neb,Rrd = Ab fyb / ymo

Nebrd = 1264.54 [kN]  Design compressive resistance of the section
SHEAR

Aw = 46.98 [cm?  Shear area

Veb,rd = Aw (fyo / V3) / )

Etude et controle des batiments et routes 2023
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VebRd =

637.41

Vb1,ed / Vebrd < 1,0

[kN] Design sectional resistance for shear

Column resistances

WEB PANEL - SHEAR

Mb1,Ed =

Mbz2 Ed
Vei1Ed =
Ve2Ed =

Z=

pr,Ed

pr,Ed

Avs =

Mpl,fc,Rd =
Mpl,stu,Rd =
Mopl,sti,Rd =

Vup,rd = 0.9 (Avs*fywetAvp*fya ) / (\/3 ymo) + Min(4 Mpiferd / ds , (2 Mpife,Rd + Mplstu,rd + Mpisti,Rd) / ds)

pr,Rd =

58.22

0.00

-22.18

0.00

515

124.06

14.47

9.60

24.07

590

0.95

1.06

1.06 [kN*m] Plastic resistance of the lower transverse stiffener for bending

300.39

[kN*m] Bending moment (right beam)
[kN*m] Bending moment (left beam)

[kN] Shear force (lower column)

[kN] Shear force (upper column)

[mm] Leverarm
(Mb1Ed - Mb2,Ed) / Z - (Ver,Ed - Ve2,Ed) 1 2

[KN]  Shear force acting on the web panel

[cm?] Shear area of the column web

[cm?] Area of the web stiffening plate

[cm?] Shear area

[mm] Distance between the centroids of stiffeners

0.07 < 1.00

verified

[kN*m] Plastic resistance of the column flange for bending

[kN*m] Plastic resistance of the upper transverse stiffener for bending

[KN]  Resistance of the column web panel for shear

Vwp.ed / Vwp,rd 1,0

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:
twe =
Deft.cwe =
Avc =

w=

Geomed =151.02 [MPa]

kwe =

Etude et controle des batiments et routes 2023
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168

24.07

0.81

1.00

[mm] Effective thickness of the column web

[mm] Effective width of the web for compression

[cm?] Shear area

Reduction factor for interaction with shear

0.41 < 1.00

Maximum compressive stress in web

verified

Reduction factor conditioned by compressive stresses

APPENDICES

EN1993-1-1:[6.2.6.(2)]

(0.07)

[5.3.(3)]
[5.3.(3)]
[5.3.(3)]
[5.3.3)]

[6.2.5]

[5.3.(3)]

EN1993-1-1:[6.2.6.(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)]

[6.2.6.1]

(0.41)

[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)]



twe = 9 [mm]

As = 17.40 [cm?

Effective thickness of the column web

Area of the web stiffener

Fewe,rdl = @ Kwe Deff.cwe twe fyc / Ymo + As fys / Ym0

Fewe,Rrd1 = 697.43 [kN]

Column web resistance

Buckling:

dwe = 122 [mm] Height of compressed web

Ap = 0.50 Plate slenderness of an element

p= 1.00 Reduction factor for element buckling
As = 2.31 Stiffener slenderness

As = 1.00 Buckling coefficient of the stiffener

FewcRd2 = ® Kwe P beff,c,wc twe fyc / ym1 + As As fys / M1

Fewerdz = 697.43  [KN]

Final resistance:

Column web resistance

Fe.we,RdJlow = Min (Fc,wc,Rdl ) Fc,wc,RdZ)

Fewerd = 697.43  [KN]

WEB - TRANSVERSE COMPRESSION - LEVEL OF THE BEAM TOP FLANGE

Bearing:

twe = 9 [mm]
Deft,cwe = 166 [mm]
Avc = 24.07 [cmz]
o= 0.82

Goomed =151.02 [MPa]
Kwe = 1.00

As = 17.40 [cm?

Column web resistance

Effective thickness of the column web

Effective width of the web for compression

Shear area

Reduction factor for interaction with shear

Maximum compressive stress in web

Reduction factor conditioned by compressive stresses

Area of the web stiffener

FeweRrdl = @ Kwe Deff.cwe twe fye / ymo + As fys / ymo

Fewcrdr = 694.97

[kN] Column web resistance

Buckling:
dwe = 122 [mm] Height of compressed web
Ap = 0.49 Plate slenderness of an element

Etude et controle des batiments et routes 2023
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[6.2.6.2.(6)]

EN1993-1-1:[6.2.4]

[6.2.6.2.(1)]

[6.2.6.2.(1)]
[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]

[6.2.6.2.(1)]

[6.2.6.2.(1)]

[6.2.6.2.(1)]



dwe = 122 [mm] Height of compressed web

p= 1.00 Reduction factor for element buckling
As = 2.31 Stiffener slenderness

xs = 1.00 Buckling coefficient of the stiffener

FeweRrd2 = ® Kwe p Deffewe twe fye / yme + As xs fys / yma
FeweRrd2z = 694.97 [kN] Column web resistance
Final resistance:

Fewe,Rrd,upp = Min (Fewe,Rd1 , Fewe,Rd2)

Fecwe,Rdupp = 694 .97 [kN]  Column web resistance

CONNECTION RESISTANCE FOR COMPRESSION

Njrd = Min ( Ncb,rd2 Fewb,Rd,low , 2 Fewe,Rd,low , 2 Fewe,Rd,upp )

Njrd = 942.94 [KN]  Connection resistance for compression

Nb1,ed / Njrd < 1,0 0.02 < 1.00

CONNECTION RESISTANCE FOR BENDING

Fird = 48.38 [kN] Bolt resistance for tension

Bp,rd = 89.17 [KN]  Punching shear resistance of a bolt
Fiicra — column flange resistance due to bending

Ftwerd  — column web resistance due to tension

Fieprd — resistance of the front plate due to bending

Ftword  — resistance of the web in tension

Ftfcrd = Min (Fr,1fcRd , FT2fc,Rd , FT,3.c,Rd)

Ftwe,rd = © Defftwe twe fye / ymo

Ftep,rd = Min (Fr,1.epRd , FT,2.epRd , FT.3.ep.Rd)

Ftwb,Rd = Deff.twb twb fyb / ymo

Additional reduction of the bolt row resistance
Ftard = Fu,rd ha/ha

59.71 [kN]

Fta,rd = Reduced bolt row resistance

Fard = Fr2,rd ha/h2

Etude et controle des batiments et routes 2023

APPENDICES

[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]

verified (0.02)

[Table 3.4]

[Table 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)]

[6.2.7.2.(9)]



Fia,rd = 31.26 [KN]  Reduced bolt row resistance
Additional reduction of the bolt row resistance

Fis,rd = Ft,rd hs/ha

Fisrd = 37.84 [kN]  Reduced bolt row resistance
Fis,rd = Frzrd hs/hz

Fisrd = 19.81 [kN] Reduced bolt row resistance
Additional reduction of the bolt row resistance

Fts,rd = Ft1,rd he/ha

Fisrd = 25.15 [kN] Reduced bolt row resistance
Fis,rd = Fr2,rd he/h2

Fierd = 13.17 [kN] Reduced bolt row resistance
Additional reduction of the bolt row resistance

Ft7,rd = Ft,rd h7/h1

Ft7rd = 12.45 [KN]  Reduced bolt row resistance
Fi7,rd = Fi2,rd h7/h2

Fizrd = 6.52 [kN] Reduced bolt row resistance

CONNECTION RESISTANCE FOR BENDING Mjrd

Mijrd = Y hj FiRrd
Mijrd = 98.93 [kN*m] Connection resistance for bending
Mb1.ed / MjRrd £ 1,0 0.59 < 1.00 verified

CONNECTION RESISTANCE FOR SHEAR

ov = 0.60 Coefficient for calculation of Fyrd
Bur = 0.88 Reduction factor for long connections
Fvrd = 38.38 [kN]  Shear resistance of a single bolt

Ftramax = 48.38 [KN]  Tensile resistance of a single bolt
FbRrdint= 78.84 [kN] Bearing resistance of an intermediate bolt
FbRrdext= 78.84 [kN] Bearing resistance of an outermost bolt
Firan  — Bolt row resistance for simple tension

Fyean — Force due to axial force in a bolt row

Etude et controle des batiments et routes 2023

APPENDICES

[6.2.7.2.(9)]FRA

[6.2.7.2.(9)]

[6.2.7.2.(9)]FRA

[6.2.7.2.(9)]

[6.2.7.2.(9)]FRA

[6.2.7.2.(9)]

[6.2.7.2.(9)]FRA

[6.2]

(0.59)

[Table 3.4]

[3.8]
[Table 3.4]
[Table 3.4]
[Table 3.4]

[Table 3.4]



Firdan  — Bolt row resistance for simple tension
Firam — Bolt row resistance for simple bending
Fieam — Force due to moment in a bolt row
Fiea  — Maximum tensile force in a bolt row
Fyirda — Reduced bolt row resistance

Ft.ed,N = Njed Ft,ra,N / NjRd

Ft.edm = Mjed Ft,rd,m / MjRd

Ft,ed = FyedN + Fi,edm

Fyj,rd = Min (nh Fved (1 - Fyed/ (1.4 nh Ftrd,max), Nh Fy,rd , Nh FbRrd))

APPENDICES

VjRd = Nh 3 1" FyjRrd [Table 3.4]
ViRrd = 474.12 [KN]  Connection resistance for shear [Table 3.4]
Vb1,ed / Vjrd < 1,0 0.09 < 1.00 verified (0.09)
WELD RESISTANCE
Aw = 93.63 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 39.58 [cm?] Area of horizontal welds [4.5.3.2(2)]
Awz = 54.05 [cm? Area of vertical welds [4.5.3.2(2)]
lwy = 39366.74 [cm?® Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
oimax=Timax = ~34.76 [MPa] Normal stressin a weld [4.5.3.2(6)]
G1=TL = -33.03 [MPa] Stressin a vertical weld [4.5.3.2(5)]
= 7.83 [MPa] Tangent stress [4.5.3.2(5)]
Buw = 0.80 Correlation coefficient [4.5.3.2(7)]
V[o1max® + 3*(timad)] < ful (Bw*ymz) 69.52 < 365.00 verified (0.19)
\[o12 + 3*(t2+112)] < ful (Buw*ym2) 67.44 < 365.00 verified (0.18)
o1 < 0.9%fulym2 34.76 < 262.80 verified (0.13)
Connection conforms to the code Ratio| 0.59
Etude et controle des batiments et routes 2023 6
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Appendix 2

Rafter-Rafter Connection

ﬂ Autodesk Robot Structural Analysis Professional 2020 o

Design of fixed beam-to-beam connection

NF EN 1993-1-8:2005/NA:2007/AC:2009 %ﬁgig

G256

General
Connection no.: 28

Connection name: Beam-Beam

Structure node: 41
Structure bars: 41, 42
Geometry

LEFT SIDE

BEAM

Section: IPE 300

Bar no.: 41

Etude et controle des batiments et routes 2023 7



o= -168.7 [Deg] Inclination angle

hpr = 300 [mm] Height of beam section

bt = 150 [mm]  Width of beam section

twol = 7 [mm]  Thickness of the web of beam section
trol = 11 [mm] Thickness of the flange of beam section
Mol = 15 [mm] Radius of beam section fillet

Al = 53.81 [cm?] Cross-sectional area of a beam

Ixol = 8356.11 [cm?* Moment of inertia of the beam section
Material: ACIER

fyb = 235.00 [MPa] Resistance

RIGHT SIDE

BEAM

Section: IPE 300

Bar no.: 42

o= -11.3 [Deg] Inclination angle

hor = 300 [mm] Height of beam section

bror = 150 [mm]  Width of beam section

twor = 7 [mm]  Thickness of the web of beam section
tror = 11 [mm] Thickness of the flange of beam section
Mor = 15 [mm] Radius of beam section fillet

Aor = 53.81 [cm?] Cross-sectional area of a beam

Ixor = 8356.11 [cm? Moment of inertia of the beam section
Material: ACIER

fyb = 235.00 [MPa] Resistance

BOLTS

The shear plane passes through the UNTHREADED portion of the bolt.

d= 12 [mm] Bolt diameter
Class= 8.8 Bolt class

Fira = 48.38 [kN] Tensile resistance of a bolt

Etude et controle des batiments et routes 2023
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APPENDICES

d= 12 [mm] Bolt diameter

Nh = 2 Number of bolt columns

ny = 7 Number of bolt rows

hi= 74 [mm] Distance between first bolt and upper edge of front plate

Horizontal spacing ei= 70 [mm]

Vertical spacing pi = 83;83;143;50;50;50 [mm]
PLATE

hpr = 625 [mm] Plate height

bpr = 180 [mm] Plate width

tor = 10 [mm] Plate thickness

Material: ACIER

fypr = 235.00 [MPa] Resistance

LOWER STIFFENER

Wrd = 150  [mm] Plate width

tird = 11 [mm] Flange thickness
hra = 300  [mm] Plate height

twrd = 7 [mm]  Web thickness
lra = 612 [mm] Plate length

od = 16.7 [Deg] Inclination angle

Material: ACIER

fybu = 235.00 [MPa] Resistance

FILLET WELDS

aw = 5 [mm] Web weld
ar = 8 [mm] Flange weld
ard = 5 [mm] Horizontal weld

MATERIAL FACTORS

Mo = 1.00 Partial safety factor [2.2]
M1 = 1.00 Partial safety factor [2.2]
Etude et controle des batiments et routes 2023 9



Mo = 1.00 Partial safety factor
M2 = 1.25 Partial safety factor
™3 = 1.10 Partial safety factor
Loads

Ultimate limit state

APPENDICES

[2.2]
[2.2]

[2.2]

Cas 16: ULS /43/ 1*1.35 + 2*1.35 + 3*1.35 + 4*%1.35 + 5*1.35 + 6*1.35 + 7*1.50 +

e: 9*1.50 + 15*0.90

Mbied = =53.59 [kN*m] Bending moment in the right beam
Vb1Ed = -2.17 [KN]  Shear force in the right beam
Nbred = —21.22 [kN]  Axial force in the right beam
Results

BEAM RESISTANCES

COMPRESSION

Ap = 53.81 [cm?] Area

Neb,Rrd = Ab fyb / ymo

Nebrd = 1264.54 [kN]  Design compressive resistance of the section

SHEAR

Awp = 46.98 [cm?  Shear area

VebRrd = Avb (fyb / \/3) / ymo

Vebrd = 637.41 [kN] Design sectional resistance for shear

Vb1,ed / Vebrd < 1,0 0.00 < 1.00 verified
BENDING - PLASTIC MOMENT (WITHOUT BRACKETS)

Wi = 628.36 [cmd] Plastic section modulus

Mb,pl,Rd = Woib fyb / ymo

Mbpi,rd =147.66 [KN*m] Plastic resistance of the section for bending (without stiffeners)
BENDING ON THE CONTACT SURFACE WITH PLATE OR CONNECTED ELEMENT
Wp= 1372.44  [cm®] Plastic section modulus

Mecb,rd = Woi fyb / ymo

Mewra = 322.52 [kN*m] Design resistance of the section for bending

Etude et controle des batiments et routes 2023
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(0.00)
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FLANGE AND WEB - COMPRESSION

Mebrd = 322.52 [kN*m] Design resistance of the section for bending

ht = 595 [mm] Distance between the centroids of flanges
Feb,Rd = Mcbrd / ht

Fciord = 542.15 [kN] Resistance of the compressed flange and web

WEB OR BRACKET FLANGE - COMPRESSION - LEVEL OF THE BEAM BOTTOM FLANGE

Bearing:

B= 11.3 [Deg] Angle between the front plate and the beam
y= 16.7 [Deg] Inclination angle of the bracket plate

beficwb = 174 [mm] Effective width of the web for compression
Aw= 25.68 [cm?] Shear area

®= 0.88 Reduction factor for interaction with shear

Geomed = 0.00 [MPa] Maximum compressive stress in web

Kwe = 1.00 Reduction factor conditioned by compressive stresses

Fewb,rd1 = [0 Kwe Defr.cwb two fyb / ymo] cos(y) / sin(y - B)

Fcwbrar = 518.96  [kN]  Beam web resistance

Buckling:

dwb = 249  [mm] Height of compressed web

Ap = 0.91 Plate slenderness of an element

p= 0.86 Reduction factor for element buckling

Fewb,Rrd2 = [0 Kwe p Deft.cwb twb fyb / ym1] cos(y) / sin(y - B)

Fewbra2 = 443.88 [kKN]  Beam web resistance

Resistance of the bracket flange
Fecwb,rds = bb to fyb / (0.8*ymo)
Fewbraz = 471.47 [kN]  Resistance of the bracket flange
Final resistance:

Fecwb,Rd,jow = Min (Fewb,Rd1 , Fewb,Rd2 , Fewb,Rd3)

FewbRdjow = 443.88

[kN]  Beam web resistance

GEOMETRICAL PARAMETERS OF A CONNECTION

Etude et controle des batiments et routes 2023
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EN1993-1-1:[6.2.5]

[6.2.6.7.(1)]

[6.2.6.7.(1)]

[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)]
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EFFECTIVE LENGTHS AND PARAMETERS - FRONT PLATE

Nr m mx e ex p leff.cp leff,nc leff,1
1 26 - 55 - 50 162 172 162
2 26 - 55 - 50 162 172 162
3 26 - 55 - 50 162 172 162
4 26 - 55 - 97 162 172 162
5 26 - 55 - 113 162 172 162
6 26 - 55 - 83 162 172 162
7 26 - 55 - 83 162 172 162

m — Bolt distance from the web

mx — Bolt distance from the beam flange

e — Bolt distance from the outer edge

ex — Bolt distance from the horizontal outer edge

p — Distance between bolts

leiicp  — Effective length for a single bolt in the circular failure mode

leinc  — Effective length for a single bolt in the non-circular failure mode

leia  — Effective length for a single bolt for mode 1

leiz  — Effective length for a single bolt for mode 2

leiicp.g — Effective length for a group of bolts in the circular failure mode

lefincg — Effective length for a group of bolts in the non-circular failure mode

leii1g — Effective length for a group of bolts for mode 1

lefie,g — Effective length for a group of bolts for mode 2

CONNECTION RESISTANCE FOR COMPRESSION

Nj,rd = Min ( Ncb,rd2 Fe,wb,Rd,low )
NjRrd = 887.76 [kN] Connection resistance for compression

Nb1,ed / Njrd < 1,0 0.02 < 1.00

CONNECTION RESISTANCE FOR BENDING

CONNECTION RESISTANCE FOR BENDING Mjrd

Mijrd = Y hj FtjRrd

Etude et controle des batiments et routes 2023

|eff,cp,g

leff 2
172 131
172 100
172 100
172 193
172 226
172 166
172 164

verified

|eff,nc,g

111

50

50

97

113

83

127

|eff,l,g

111

50

50

97

113

83

127

APPENDICES

|eff,2,g

111
50
50
97
113
83

127

6.2]

(0.02)
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Mjra = 109.48 [kN*m] Connection resistance for bending

Mbz,ed / Mjrd < 1,0 0.49 < 1.00 verified

CONNECTION RESISTANCE FOR SHEAR

Oy = 0.60 Coefficient for calculation of Fvrd
Bur = 0.88 Reduction factor for long connections
Fvrd = 38.38 [kN] Shear resistance of a single bolt

Firdmax = 48.38 [kN]  Tensile resistance of a single bolt

Fbraint= 87.60 [kN]  Bearing resistance of an intermediate bolt
FbRrdext= 87.60 [kN] Bearing resistance of an outermost bolt
Nr Ftj,Rd.N Fij,ed,N Ftj,rd,m Ftj,ed,m Fij,ed
1 96.77 -3.03 88.55 43.34 40.31
2 96.77 -3.03 51.54 25.23 22.20
3 96.77 -3.03 39.57 19.37 16.34
4 96.77 -3.03 40.52 19.83 16.80
5 96.77 -3.03 24.75 12.12 9.08
6 96.77 -3.03 15.60 7.64 4.61
7 96.77 -3.03 6.45 3.16 0.13

FyraN — Bolt row resistance for simple tension
Fyean — Force due to axial force in a bolt row
Firam — Bolt row resistance for simple bending
Fyeam — Force due to moment in a bolt row
Fiea  — Maximum tensile force in a bolt row
Fyra  — Reduced bolt row resistance

Fi,ed,N = NjEd Firan / NjRd

Fi,edm = Mjed Ft,rdM / MjRrd

Fi.ed = FiedN + Fiedm

Fyvird = Min (Nh Fved (1 - Fyed/ (1.4 nh Ftrd,max), Nh Fyrd , Nh FbRrd))
ViRrd = Nh Y 1" Fyj,rd

VjRd = 475.31 [kN] Connection resistance for shear

Etude et controle des batiments et routes 2023
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64.

67.

67.

71.

74.

76.

APPENDICES

92

18

50

24

61

15

69

[6.2]

(0.49)

[Table 3.4]

[3.8]
[Table 3.4]
[Table 3.4]
[Table 3.4]

[Table 3.4]

ij,Rd

[Table 3.4]

[Table 3.4]
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Vbied/ Vird 1,0 0.00 < 1.00 verified (0.00)
WELD RESISTANCE

Aw = 117.56 [cm?] Area of all welds [4.5.3.2(2)]
Awy = 63.33 [cm?] Area of horizontal welds [4.5.3.2(2)]
Awz = 54.24 [cm?] Area of vertical welds [4.5.3.2(2)]
lwy = 54216.21 [cm?* Moment of inertia of the weld arrangement with respect to the hor. axis [4.5.3.2(5)]
Gimax=Timax = —21.88 [MPa] Normal stress in a weld [4.5.3.2(6)]
GL=TL = -19.90 [MPa] Stressin a vertical weld [4.5.3.2(5)]
= -0.40 [MPa] Tangent stress [4.5.3.2(5)]
Bw = 0.80 Correlation coefficient [4.5.3.2(7)]
V[oimax® + 3*(timax®)] < ful(Bu*ym2) 43.77 < 365.00 verified (0.12)
V[o12 + 3*(t2+112)] < ful (Butym2) 39.81 < 365.00 verified (0.11)
oL < 0.9*fulym2 21.88 < 262.80 verified (0.08)
Connection conforms to the code Ratio | 0.49

Etude et controle des batiments et routes 2023
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Appendix 3

Column base

Autodesk Robot Structural Analysis Professional 2020
Fixed column base design

Eurocode 3: NF EN 1993-1-8:2005/NA:2007/AC:2009 + CEB

Ratio
Design Guide: Design of fastenings in concrete i
1l P
/| et 150
—% 7* e*‘

¥

—

GENERAL

Connection no.: 14

Connection name: Fixed column base

Structure node: 37

Structure bars: 39

GEOMETRY

COLUMN

Section: HEA 180

Bar no.. 39

Lc = 4.50 [m] Column length

o= 0.0 [Deg] Inclination angle

he = 171 [mm] Height of column section

Etude et controle des batiments et routes 2023 15
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Le = 4.50 [m] Column length

bre = 180 [mm]  Width of column section

twe = 6 [mm] Thickness of the web of column section
te = 10 [mm] Thickness of the flange of column section
= 15 [mm] Radius of column section fillet

Ac= 45.25 [cm?] Cross-sectional area of a column

lyc = 2510.29 [ecm?% Moment of inertia of the column section

Material: ACIER
fye = 235.00 [MPa] Resistance

fuec = 365.00 [MPa] Yield strength of a material

COLUMN BASE

lpa = 360 [mm] Length
bpd = 330 [mm]  Width
tpd = 25 [mm]  Thickness

Material: ACIER E24

fypd = 235.00 [MPa] Resistance

fupa = 365.00 [MPa] Yield strength of a material
ANCHORAGE

The shear plane passes through the UNTHREADED portion of the bolt.
Class = 8.8 Anchor class

fyb = 550.00 [MPa] Yield strength of the anchor material
fub = 800.00 [MPa] Tensile strength of the anchor material
d= 18  [mm] Bolt diameter

As = 1.92 [cm? Effective section area of a bolt

A= 2.54  [cm?]  Area of bolt section

nH = 3 Number of bolt columns

nv = 4 Number of bolt rows

Horizontal spacing eni= 140 [mm]

Vertical spacing evi = 75;75 [mm]
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Anchor dimensions

L= 60 [mm]

L2= 350 [mm]

Ls= 100 [mm]

Ls= 80  [mm]

STIFFENER

Is = 350  [mm] Length

Ws = 320  [mm]  Width

hs = 171 [mm] Height

ts = 10 [mm] Thickness

di= 20 [mm] Cut

dz = 20 [mm] Cut

LOADS

Case: 16: ULS /142/ 1*1.35 + 2*1.35 + 3*1.35 + 4*1.35 + 5*1.35 + 6*1.35 + 7*1.05 +
9*1.05 + 15*1.50

Njea = -54.82  [kN]  Axial force

VijEedy = 0.00 [kN] Shear force

Vjgdz= —22.59 [kN] Shear force

Mjedy =  43.94 [kN*m] Bending moment

Mjesz=  —-0.00 [kN*m] Bending moment

RESULTS

CONNECTION CAPACITY CHECK

Njed / Njrd < 1,0 (6.24) 0.02 < 1.00 verified (0.02)
ey = 802 [mm] Axial force eccentricity [6.2.8.3]
Zey = 90 [mm] Leverarm FcRrdy [6.2.8.1.(2)]
Zty = 140 [mm] Lever arm FrRrdy [6.2.8.1.(3)]
MjRrdy = 55.24 [kN*m] Connection resistance for bending [6.2.8.3]
Miedy / Mjrdy < 1,0 (6.23) 0.80 < 1.00 verified (0.80)
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ez = 0 [mm] Axial force eccentricity [6.2.8.3]
Zcz = 83 [mm] Leverarm FcRrd,_z [6.2.8.1.(2)]
Ztz = 113 [mm] Leverarm FrRrdz [6.2.8.1.(3)]
Mijrdz = 0.00 [kN*m] Connection resistance for bending [6.2.8.3]
Mied.z / Mjrdz < 1,0 (6.23) 0.04 < 1.00 verified (0.04)
Miedy / Mjrdy + Mjedz / Mjraz < 1,0 0.83 < 1.00 verified (0.83)
SHEAR

SHEAR CHECK

VjRdy = Np*min(F1vb,Rdy, F2,vb,Rd, Fv,Rd,cp, FvRdcy) + FfRd
Vjrdy = 206.31 [KN]  Connection resistance for shear CEB [9.3.1]

Vjedy !/ Virdy < 1,0 0.00 < 1.00 verified (0.00)

VjRd,z = N*Min(F1ybRd,z, F2vb,Rd, Fv.Rd,cp, FvRdcz) + FfRd

Virdz= 206.31 [kN]  Connection resistance for shear CEB [9.3.1]
Vigdz / Virdz < 1,0 0.11 < 1.00 verified (0.11)
Vigdy / Virdy + Vjgdz / Virdz < 1,0 0.11 < 1.00 verified (0.11)

STIFFENER CHECK

Stiffener parallel to the web (along the extension of the column web)

M1 = 9.24 [kN*m] Bending moment acting on a stiffener

Q= 169.61 [kN] Shear force acting on a stiffener

Zs = 29 [mm] Location of the neutral axis (from the plate base)

Is = 1819.98 [cm?% Moment of inertia of a stiffener

od = 2.20 [MPa] Normal stress on the contact surface between stiffener and plate  EN 1993-1-1:[6.2.1.(5)]
og = 84.65 [MPa] Normal stress in upper fibers EN 1993-1-1:[6.2.1.(5)]
T= 99.19 [MPa] Tangent stress in a stiffener EN 1993-1-1:[6.2.1.(5)]
6z = 171.81 [MPa] Equivalent stress on the contact surface between stiffener and plate EN 1993-1-1:[6.2.1.(5)]
max (cg, t/(0.58), 6z ) / (fyp/ymo) 1.0 (6.1) 0.73 < 1.00 verified (0.73)

Stiffener perpendicular to the web (along the extension of the column flanges)
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M1 = 1.73 [KN*m] Bending moment acting on a stiffener

Q1= 46.07 [kN] Shear force acting on a stiffener

Zs = 39 [mm] Location of the neutral axis (from the plate base)

Is = 1630.18 [cm?* Moment of inertia of a stiffener

Gd = 1.54 [MPa] Normal stress on the contact surface between stiffener and plate EN 1993-1-1:[6.2.1.(5)]
og = 16.59 [MPa] Normal stress in upper fibers EN 1993-1-1:[6.2.1.(5)]
T= 26.94 [MPa] Tangent stress in a stiffener EN 1993-1-1:[6.2.1.(5)]
6z = 46.69 [MPa] Equivalent stress on the contact surface between stiffener and plate EN 1993-1-1:[6.2.1.(5)]
max (og, T/ (0.58), 62) / (fyo/ymo) 1.0 (6.1)  0.20 < 1.00 verified (0.20)

WELDS BETWEEN THE COLUMN AND THE BASE PLATE

oL = 25.64 [MPa] Normal stress in a weld [4.5.3.(7)]
= 25.64 [MPa] Perpendicular tangent stress [4.5.3.(7)]
T = 0.00 [MPa] Tangent stress parallel to Vjedy [4.5.3.(7)]
T = -4.27 [MPa] Tangent stress parallel to Vjed. [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
o1/ (0.9%ufymz)) < 1.0 (4.1) 0.10 < 1.00 verified (0.10)
V(012 + 3.0 (tyi? + 112)) / (ful (Bw*ym2))) < 1.0 (4.1)0.15 < 1.00 verified (0.15)
V(012 + 3.0 (ta? + 1:2)) / (fl (Bw*yz2))) < 1.0 (4.1)0.13 < 1.00 verified (0.13)

VERTICAL WELDS OF STIFFENERS

Stiffener parallel to the web (along the extension of the column web)

oL= 83.82 [MPa] Normal stress in a weld [4.5.3.(7)]
TL= 83.82 [MPa] Perpendicular tangent stress [4.5.3.(7)]
w= 61.99 [MPa] Parallel tangent stress [4.5.3.(7)]
oz = 199.08 [MPa] Total equivalent stress [4.5.3.(7)]
Bw = 0.85 Resistance-dependent coefficient [4.5.3.(7)]
max (o1, T * V3, oz) / (ful(Bw*ym2)) < 1.0 (4.1) 0.58 < 1.00 verified (0.58)

Stiffener perpendicular to the web (along the extension of the column flanges)
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oL= 15.67 [MPa] Normal stress in a weld

TL= 15.67 [MPa] Perpendicular tangent stress

= 16.84 [MPa] Parallel tangent stress

6z = 42.81 [MPa] Total equivalent stress

Bw = 0.85 Resistance-dependent coefficient

max (o1, T * V3, 6z) / (fu/(Bw*ym2)) < 1.0 (4.1) 0.12 < 1.00 verified

TRANSVERSAL WELDS OF STIFFENERS

Stiffener parallel to the web (along the extension of the column web)

oL= 83.75 [MPa] Normal stress in a weld

TL= 83.75 [MPa] Perpendicular tangent stress

= 80.85 [MPa] Parallel tangent stress

Gz = 218.33 [MPa] Total equivalent stress

Bw = 0.85 Resistance-dependent coefficient

max (o1, ™ * V3, 62) / (fl(Bw*ymz)) < 1.0 (4.1) 0.64 < 1.00 verified

Stiffener perpendicular to the web (along the extension of the column flanges)

oL = 29.09 [MPa] Normal stress in a weld

TL= 29.09 [MPa] Perpendicular tangent stress

= 17.18 [MPa] Parallel tangent stress

6z = 65.35 [MPa] Total equivalent stress

Bw = 0.85 Resistance-dependent coefficient

max (o1, ™ * V3, c7) / (ful(Bw*ym2)) 1.0 (4.1) 0.19 < 1.00 verified

Connection conforms to the code |Ratio|0.83

Etude et controle des batiments et routes 2023
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[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]

(0.12)

[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]

(0.64)

[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]
[4.5.3.(7)]

(0.19)
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1 Spread

APPENDICES

Foundation

footing: Foundation37 Number of

identical elements: 1

1.1 Basic data

1.1.1  Assumptions

Geotechnic calculations accordingto : DTU 13.12

Concrete calculations according to : BAEL 91 mod. 99
Foundation with lean concrete
Shape selection : without limits

1.1.2 Geometry:

A
B
hl
h2

bl
cl
c2

=2.30(m)
=1.40 (m)
=0.50 (m)
=0.50 (m)

il

=36.0 (cm)
=33.0 (cm)
=5.0 (cm)
=3.0 (cm)

Etude et controle des batiments et routes 2023 21



APPENDICES

' &
H =0.10 (m)
di =0.10 (m)
d2 =0.10 (m)
d3 =0.10 (m)
d4 =0.10 (m)
Materials
e Concrete
MPa

e |ean concrete
MPa

¢ Longitudinal reinforcement

= 400.00 MPa

e Transversal reinforcement

= 400.00 MPa

e Additional reinforcement:

= 400.00 MPa

1.1.4 Loads:

Foundation loads:

Case

DL1

1

11

111
1111
11111
111111
1111111
2
WIND1
WIND2
WIND3
WIND4
WIND5
WINDG6

Nature

dead load(Structural)
dead load(Structural)
dead load(Structural)
dead load(Structural)
dead load(Structural)
dead load(Structural)
live load(Category A)
live load(Category A)
live load(Category A)
wind
wind
wind
wind
wind
wind

Backfill loads:

Case

Nature Q1

Etude et controle des batiments et routes 2023

: BETONZ25; Characteristic strength = 25.00

Unit weight = 2501.36 (kG/m3)

: BETONZ20; Characteristic strength = 20.00

Unit weight = 2501.36 (kG/m3)

:type  HA 400 Characteristic strength
:type  HA 400 Characteristic strength
‘type  HA 400 Characteristic strength

N Fx Fy Mx My

(kN) (kN) (kN) (kN*m)  (kN*m)

10.49  1.99 -0.00  0.00 3.58

4.16 1.71 -0.00  0.00 2.91

0.37 0.15 -0.00  0.00 0.26

8.49 1.90 -0.00  0.00 3.44

0.27 001  -0.00 0.00 -0.00

0.00 0.00 0.00 0.00 0.00

9.78 4.03 -0.00  0.00 6.85

0.00 -0.00  0.00 -0.00  -0.00

0.98 0.40 -0.00  0.00 0.69

-10.77  1.95 0.15 021  -1.43

-10.77  1.95 015 021 -1.43

-434  -1529 -0.00  0.00 -22.53

581  1.73 0.00 -0.00  6.55

8.12 978  -0.00 0.00 -12.90

7.62 6.78 0.00 -0.00  14.85
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(kN/m2)
1.3 RC design
1.3.1 Assumptions
e Cracking : limited
e EXxposure : mild

¢ Include element sensitivity condition for fragile failure : yes

1.3.2 Analysis of punching and shear

Shear
Design combination ULS:
1.35DL1+1.351+1.3511+1.35111+1.351111+1.3511111+1.00111111+1.002+1.80WIND6
Load factors: 1.00 * Foundation weight
1.00 * Soil weight
Design load:
Nr =129.15 (kN) Mx = 0.00 (kN*m) My = 72.43 (KN*m)
Length of critical circumference: 1.40 (m)
Shear force: 36.93 (kN)
Section effective height heff = 0.44 (m)
Shear area: A=0.62 (m2)
Shear stress: 0.06 (MPa)
Admissible shear stress: 1.17 (MPa)
Safety factor: 19.46 > 1

1.3.3 Required reinforcement

Spread footing:

bottom:
ULS:
1.35DL1+1.351+1.3511+1.35111+1.351111+1.3511111+1.00111111+1.002+1.80WIND6
My = 36.60 (KN*m) A, =4.84 (cm2/m)
ULS:
1.35DL1+1.351+1.3511+1.35111+1.351111+1.3511111+1.50111111+1.501111111+1.502+1.20WIND5
Mx =5.22 (kN*m) A,y = 4.84 (cm2/m)
A min =4.40 (cm2/m)
top:
A';, = 0.00 (cm2/m)
A's,=0.00 (cm2/m)
A min =0.00 (cm2/m)
Maximum code-specified spacing emax = 0.25 (m)
Column pier:
Longitudinal reinforcement A =10.00 (cm2) A, =10.00(cm2)
A =2 * (Asx + Asy)
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Asx =4.63(cm2) Asy =0.37 (cm2)
Splice reinforcement (foundation to lean concrete): A =2.91 (cm2)

1.3.4 Provided reinforcement

2.3.1 Spread footing:

Bottom:
Along X axis:

9 HA 400 10 I =2.20 (m) e = 1*-0.59 + 8+0.15
Along Y axis:

15 HA 400 10 I =1.30 (m) e = 1*-1.05 + 14%0.15
Top:
2.3.2 Pier
Longitudinal reinforcement
Along Y axis:

12 HA 400 12 I =1.08 (m) e = 1*-0.25 + 5*0.10
Transversal reinforcement

6 HA 400 10 | =2.46 (m) e = 1*0.18 + 3*0.20 + 2*0.09

Splice reinforcement
12 HA 400 12 I =0.68 (m) ey =0.65 e, = 1*-0.66 + 1*0.66 + 1*0.65

2 Material survey:

e Concrete volume =1.80 (m3)
e Lean concrete volume =0.40 (m3)
e Formwork =4.95 (m2)
e Steel HA 400
e Total weight =52.06 (kG)
o Density = 28.85 (kG/m3)
e Average diameter =10.6 (mm)
e Survey according to diameters:

Diameter  Length Weight
(m) (kG)

10 54.03 33.33

12 21.09 18.73
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Appendix 5

Reinforcement table

rn
=
o8
(=]
o]
=
(==

14 16 20 25 a1

[
=

% (mm)

1 |00 |0 |0s0|om | 115|154 | 200 | 304 | 2o | Bd | o
r |o3e|os7| o | 157 | 226 | 508 | 202 | 528 | es2 | 1508 'j '
3 (o050 | 085|151 | 236 | 330 | 46 | 603 |04 [ 1473 | 2413 [ 37.7
g |o7e| vz |am | 314 | 452 | 616 | mos [1257] 1082 | 3217 ;':'
5 |oee|1a |25 |38 | 585 | 7 | 10es | 15| 2as2| 2om E:

] 118 | 170 | 302 | 471 | 670 | ©24 | 1206 | IBES | 2045 | 28235

e
L

T 137 | 188 | 352 | 550 | 792 | 10,78 | 14,07 | 2199 | 3434 | 5630

'ﬂ'ﬂ::

8 157 | 225 | 402 | 628 | 905 | 1232 | 1608 | 2513 | 3927 | 6434 | 100.33
2 L77 | 254 | 452 | 707 | 1L18 | 13,85 | 1810 | ZB27 | 4418 | 7238 | 115,10
10 186 | 2,83 | 303 | 7.85 | 1131 | 1539 | 20,11 | 3142 | 4900 | BO42 | 12565
11 216 | 311 | 553 | B4 | 1244 1693 | 2212 | 3456 | 34.00 | 8847 | 13813
12 236 | 339 | 603 | 942 | 15357 1847 | 2413 | 37,70 | 3891 | 9451 | 150.80
13 255 | 368 | 633 | 1021 | 1470 20001 | 26,14 | 4084 | 6381 | 10455 | 163,36
14 275 | 306 | 704 | 1100 1538 | 2055 | 2815 | 4398 | 6872 | 11259 | 173.93
15 205 |44 | 754 | 1L7B | 1&®G | 2309 | 30,16 | 4712 | 7363 | 120054 | 1B2.50
16 314 | 452 | 804 | 1257 | 1810 24,63 | 3117 | 3027 | 7854 | 128.68 | 20106
17 334 | 481 | 835 | 15 3418 | 5341 | 8345 | 13672 | 215,83
18 353 | 509 | 905 | 1404 | 2036 27.71 | 3619 | 3655 | 88346 | 14476 | 124,20
19 373 | 537 | 935 | 1492 | 2149 2025 | 3820 | 3969 | 8327 | 15181 | 13874
p. 303 | 565 | 1005 | 1571 | 22,62 | 30,70 | 40,21 | 6283 | 9817 | 160,85 | 251,33
Section en cm® de N armatores de diametre $ (mm)

[
L]

Lt
Laa
LN
bt
=
b
Laa
)
L=
[

]

3,
3,

Etude et controle des batiments et routes 2023 25



Appendix 6

APPENDICES

Fitae

Tableau 5.5.3 Choix de la courbe de flambement correspondant & une section
Type de Section limites axe de courbe de
flambement flambement
h/b>12:
t < 40 mm y-y a
z-2 b
40 mm < tf < 100 mm ¥-y b
z-2 c
h/b=1.2:
t =< 100 mm y-y b
z-2 c
t > 100 mm y-y d
z-2z d
Sections en I soudées
z tl
==% ::_‘E,=_¥|-L % =40 mm y-y b
t 1:, z-2 c
¥ ey, ) see—ceee—m—
t > 40 mm y-y c
z-2 d
—r— =
Sections creuses laminées a chaud quel qu'il soit a
formées a froid quel qu'il soit b
| I -enutil'tsamfyb')
7 formées a froid quel qu'il soit c
-enutlbamfya*)
d’une maniére générale | quel qu'il soit b
Caissons soudés (sauf ci-dessous)
z N Soudures épaisses et
7
" B b/t <30 ¥~y c
) 4 y
ll l h/tw<3° zZ-2 c
I 2l '
b
Sections en U, L, T et sections pleines
quel qu'il soit c

*) Voir 5.5.1.4 (4) et figure 5.5.2

Etude et controle des batiments et routes 2023
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Appendix 7
Désignation . . Dimensions de construction
Designation Dimensions Dimensions for detailing surface
: Abmessungen . Oberfliche
Bezeichnung Konstruktionsmale
G h b tw t r A h; d @ Prmin Prmax A Ac
kg/m mm mm mm mm mm mm? mm mm mm mm m#/m m?/t
x10?
IPE AA 140* 10,1 136,6 73 3.8 5.2 7.0 12,8 126,2 112,2 & - - 0,546 54,26
IPEA140- 10,5 1374 73 3.8 5,6 7,0 134 126,2 112,2 - - - 0,547 52,05
IPE 140 12,9 140 73 47 6,9 7.0 16,4 126,2 112,2 - - - 0,551 42,70
IPE AA 220" 21,2 2164 110 4,7 74 12,0 27,0 201,6 1776 M12 60 62 0843 39,78
IPEA 220- 22,2 217 110 50 7.7 12,0 28,3 201,6 1776 M2 60 62 0,843 38,02
IPE 220 26,2 220 110 5,9 9,2 12,0 334 2016 1776 M12 60 62 0,848 3236
IPEO 220+ 29,4 222 112 6,6 10,2 12,0 37,4 201,6 1776 M 10 58 66 0,858 29,24
IPEA 300- 36,5 297 150 6,1 9,2 15,0 46,5 2786 248,6 M16 72 86 1,156 31,65
IPE 300 42,2 300 150 751 10,7 15,0 53,8 278,6 2486 M16 72 86 1,160 27,46
IPE O 300+ 493 304 152 8,0 12,7 15,0 62,8 2786 248,6 M16 74 88 1,174 23,81
o . Valeurs statiques / Section properties / Statische Kennwerte Classification
Désignation . EN 1993-1-1: 2005 b -
Designation axe fort y-y axe faible z-z & & &
Bezeichnung strong axis y-y weak axis z-z Pure Pure TO9R
starke Achse y-y schwache Achse z-z bending y -y compression 1 ; iy
G b Wi Wae b A L Wa Wat  bos L b s 8 5
n 1 o 1w nw o ° © ¢
m 1w Y m n v - - Z
kg/m  mm* mm*  mm* mm mm* mm* mm* mm*  mm mm mm* mm* N ™ ¥ & m < =z =z W
wv vy wv v wv v w w
x10* x10°  x10*  x10 x10? x10* x10° x10° x10 x10*  x10°
IPEAA 140 10,1 407 59,7 676 564 614 338 927 145 163 224 119 146 1 1 - 1 2 - ¥
IPE A 140 105 435 633 716 570 621 364 100 155 1,65 232 136 158 1 1 1 1 2 3 ¥ v
IPE 140 129 541 773 883 574 764 449 123 193 165 267 245 198 1 1 1 1 21 [
IPEAA 220 21,2 2219 205 230 9,07 128 165 299 465 247 336 502 179 1 1 - 2 4 - ¥
IPEA 220 22,2 2317 214 240 9,05 136 171 31,2 485 2,46 345 569 18,7 1 1 1 2 4 4 v v v
IPE 220 262 2772 252 285 911 159 205 373 581 248 384 907 227 1 1 1 1 2 4 ¥ + ¢
IPEO 220 29,4 3134 282 321 916 17,7 240 428 669 253 411 123 26,8 1 1 1 1 2 2 v vV
IPE A 300 365 7173 483 542 12,4 223 519 692 107 334 421 134 107 1 1 1 3 4 4 v v v
IPE 300 42,2 8356 557 628 125 257 604 805 125 335 46,1 201 126 1 1 1 2z ) i
IPE O 300 49,3 9994 658 744 126 291 746 981 153 345 510 31,1 158 1 1 1 1 3 vV
Des!gnat!on Dimensions Dmenﬂops de constrggtlon Surface
Designation Dimensions for detailing .
h Abmessungen ) Oberflache
Bezeichnung KonstruktionsmaBe
[ h b tw t r A hy d @ Prmin Prax A As
kg/m mm mm mm mm mm mm? mm mm mm mm m?/m m?/t
x10?
HE 180 AA* 28,7 167 180 5 5 15 36,5 152 122 M24 84 92 1,018 35,51
HE 180 A 35,5 171 180 6 95 15 453 152 122 M 24 86 92 1,024 28,83
HE 180 B 51,2 180 180 85 14 15 653 152 122 M 24 88 92 1,037 20,25
HE 180 C* 69,8 190 183 11,5 19 15 89,0 152 122 M 27 92 96 1,063 15,22
HE180M 88,9 200 186 14,5 24 15 1133 152 122 M24 94 98 1,089 12,25
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R Valeurs statiques / Section properties / Statische Kennwerte Classification
Désignation . EN1993-1-1:2005 % %
Designation axe fort y-y axe faible z-z 8 8 é
Bezeichnung strong axis y-y weak axis z-2 Pure Pure MR
starke Achse y-y schwache Achse z-z bendingy-y  compression E E FY
G I, W Wt b A L We Wt ks b g8 8
LLgeBLgcs <z
kg/m mm?* mm? mm' mm omm? omm¢ mmd o omm' ommo Mmoo omm omme N oM S N o ¢ o=z oz @
LT Y B 7S B 7 BV B T
x10¢ x10° x10°  x10 x10* x10* x10° x10° x10 x10¢  x10°
HE 180 AA 287 1967 2356 2582 734 12,16 7300 81,11 1236 447 3757 833 4636 2 3 3 2 3 3 v v
HE180A 355 2510 2936 3249 745 1447 9246 1027 1565 4,52 4257 1480 6021 1 2 3 1 2 3 v v v
HE180B 512 3831 4257 4814 766 2024 1363 151,4 2310 457 5407 4216 9375 1 1 1 1 1 1 v ¥
HE180C 698 5543 5835 6750 7,89 2730 1944 2125 3249 468 6707 1021 1419 1 1 - 1 1 - ¥
HE 180 M 889 7483 7483 8834 B13 3465 2580 2774 4252 477 8007 2033 1993 1 1 1 1 1 1 ¥ ¥ ¢
Désignation . Dimensions de construction
Designation Dimensions Dimensions for detailing surface
Bezeichnung Abmessungen KonstruktionsmaRe Oberfiache
G h b tu t r n A d @ ©min Crax A As
kg/m mm mm mm mm mm mm mm? mm mm mm mi/m mé/t
x10%
UPN 80* 8,64 80 45 6,0 8,0 8,0 4,0 11,0 a7 - - - 0,312 37,10
UPN 140 16,0 140 60 70 10,0 10,0 50 204 98 M12 33 3. 0489 3054
A Valeurs statiques / Section properties / Statische Kennwerte Classification
Désignation . EN1993-1-1:2005 I I
Designation axe fort y-y axe faible z-z 25
Bezeichnung strong axis y-y weak axis z-z Pure Pue | 0AQ
starke Achse y-y schwache Achse z-z bendingy-y  compression E z 4
G o Wey Wam o Az b Wa W ks kb ¥ Ya 288
I R
kg/m mm* mm* mm* mm mm’ mm* mm* mm® mm mm mm* mm® mm  mm IR I B JF z«
x10¢  x10° x10° x10 x10¢ x10° x10° x10° x10 x10¢ x10° x10 x10
UPN 80 8,64 106 265 323 3,70 490 194 636 119 133 194 220 018 145 267 1 1 1 1 0¥
UPN 140 16,0 605 864 103 545 104 627 148 283 175 239 568 180 1,75 337 1 1 1 |
gi:g::ﬂﬁ: Dimensions Pﬁ;fé?;nief::;s Surface
Bezeichnung Abmessungen Lage der Achsen Oberflache
G h=b t f r A Z=Y, v Uy U A Ac
kg/m mm mm mm mm mm? mm mm mm mm m*/m mift
%10? x10 %10 x10 x10
L100x100x7" 10,7 100 7 12 6,0 137 2,69 7.07 38 3,57 0,390 36,33
Désignation Dimensians Dimensions de construction
Designation Abmessungen Dimensions for detailing
Bezeichnung 9 KonstruktionsmaBe
G h=b t f [ A @ Enia B A
kg/m mm mm mm mm mm? mm mm mm?
x10° x10?
L100x 100% 7* 10,7 100 7 12 60 137 M27 47 bl 11,6
- ) Valeurs statiques / Section properties / Statische Kennwerte Classification
Deésignation EN1993-1-1:2005 F 3
Designation axe y-y [ axe z-z axe u-u axe v-v 2 8 &5
Bezeichnung axis y-y / axis z-z axis u-u axis v-v Pure N o8 g
Achse y-y [ Achse z-z Achse u-u Achse v-v compression ooTow
G b=l WamWa =i I i L i L . .88 =
S = =
kg/m mm* mm? mm mm* mm mm* mm mm* E E g z ¢
x10* x10* x10 x10* x10 x10* x10 x10%
L100x100x7 10,7 1282 17,54 3,06 2037 3,86 52,72 1,96 -75,48 3 3 v
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Appendix 8

PLAN COFFRAGE ET FERRAILLGE SEMELLES
D2
ASSEMHLACE THAVERSE
[PE 300 ET 'OTELET
1FL 3400
ASSAMBLAGE TRAVERS IPE 300
| POTCAL HEA 150
Fr2 .
ﬁ TE 5000 COUrE 1-1
I 3
L 220 l et
terplal FI'2 ep=1mm PL1
Ferplat FP3 ep=10mm
" chute TPE. 304
e Oty

PLAN ASSAMBLAGE POTEALL- TRAVERSE et POTELLET - TRAVERSE

|
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PLAN DE REPERAGE PIGNON et LONG-PAN

For more Calculation information or project drawings, visit the link below.

https://mirakski.github.io/PFE/

or scan the code below
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