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Introduction
Design a simple building accounting for 
several domains
 Hydraulic
 Energetic
 Geotechnic
 Structure



Introduction

Focus on frame structures 

Objectives 
 Design based on EuroCodes criteria (see first semester)
 Material up to the students (steel, RC, wood…)
 Own computational code development (MATLAB)

Results
 Propose an integrated design of a simple building 



Introduction

Focus on 2D frames : 
examples

Progressive collapse



Introduction : Limits states

• Ultimate (strength)
• Service (deformability)

EC criteria depends on:
- Geometry
- Material

INPUTS
• Geometry
• Material
• Loading
• Boundary conditions,etc.

FE model (Type of analysis)
• Linear elastic
• QS / Dynamic
• Small/large defo.
• etc.

SLS analysis
• Displacment field

(local/global)
• Modal analysis
• etc.

ULS analysis
• MNT maxima
• Cross section dimensions
• etc.



Introduction : Scope of the project
Main hypothesis
- 2D frames (post-beam structures)
- Linear elastic analysis (applied for steel, RC, wood, etc.)
- Quasi-static and dynamic loadings (Earthquakes, impacts)

Design tool
- Finite Element Analysis (home made MATLAB code)

Results
- Displacement field
- Internal efforts
- Cross-section definition



Outline
1. Introduction

2. FEA in quasi-static conditions
2.1. Theoretical aspects
2.2. Algorithmic aspects

3. FEA in dynamic conditions
3.1. Theoretical aspects
3.2. Algorithmic aspects

4. Projets aims



FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 3D

Displacement field
EB kinematic assumptions Strain tensor

Stress tensor

Distorsions 
due to torsion

3D

In the framework of EB beam theory

->We stay in 2D



FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Strain tensor

Stress tensor
In the framework of EB beam theory

2D
0

Calculated from cross 
section balance

Displacement field
EB kinematic assumptions

&
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Shape functions



FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Displacement field interpolation 
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Principle of Virtual Work

General from

For beams

Nolumic integration)

Clinic integrate)
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Behavior law (elastic linear material)

Elastic mat.



FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Strain matrix expression
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Integration over the potato
=

Matrix form
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Assembling step

--



FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Classical mechanical balance expression (in the global frame)

Valid for linear and non linear materials



FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Resolution

Here, linear case thus where C is constant

Global frame

thus

->Noteehiar



Rotationmatix reminder (for a classic 2D rector (
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Within FEM (beam FE)
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Thus
,
at the element scale within the localframe

fe = be ge
↓ ↓ ↳

modal faces modal displacements
diffres matrix
of the FE

It can be more to the globalfamethrough
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FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Elementary stifness matrix of EBFE in the local frame

Pit



Outline
1. Introduction

2. FEA in quasi-static conditions
2.1. Theoretical aspects
2.2. Algorithmic aspects

3. FEA in dynamic conditions
3.1. Theoretical aspects
3.2. Algorithmic aspects

4. Projets aims



How to do it in MATLAB ?

D:\Enseignements\ModulesOptionnels\M8
\CM\Poly\Figures\QS\CantileverBeam

D:\Enseignements\ModulesOptionnels\M8
\CM\Poly\Figures\QS\FrameStrExample

INPUTS (Geometry, 
Material, etc.)

FE data 
(E, I, Le, g, rho, etc.)

Meshing
(XY, TC, DOF)

Matrix Assembling
(M, K, C)

Loading and Boundary
conditions

Resolution

Post Processing

FEA in quasi-static conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Example of a 2D portal frame 
Loading : ponctual load
Boundary conditions : 
articulation the supports



&Before : Simple "By Hand" example

Example :

To do with ment Al Y

b ** = 10a-D F
L = 2 m 10

am
-> (

,y) = (X,y) no notation needed.
local global

-> Mesh : 2 EBFE modes Fe

-> Make the asembling of the system IKU = Far

-> Find U and flot the deformed stape .



Example :

To do with MEIAB Y Y
-

* ** = 10a

- 10
am

L = 2 m

Re = Pr ge

->S (%) #(X,) notation neded. Rq Ke= PJ ReP
local global

stiffnes matrix② within localframe
-> Mesh : 2 EFE Fe

-> Make the asembling of the system IKU = Far

-> Find U and flot the deformed stape.
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FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Principle of Virtual Work

Remainder : 



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Principle of Virtual Work
 Work of inertial forces

FE scale

19_(



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Principle of Virtual Work
 Work of inertial forces

FE scaleen
T

#



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Elementary mass matrix of EBFE (local frame) 

FE scale

Remainder : 

Me =(



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Elementary mass matrix of EBFE (local frame) 

Mass terms related to translations Mass terms related to rotations

·
-

v

by



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

System formulation
Summation over the FE

Assembling over the FE (global frame)

Final linear system



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Resolution through time 
 i is the time index : ti = i dt where dt is the timestep

Objective : find what’s happen at i+1

Equation to solve

where

Use of Taylor expansions

t

-
i



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Resolution through time 
 Newmark integration scheme familly allow to get velocities and 

accelerations at the next step all expressed as a function of Ui+1

 Displacement formulation

INTE

onnode
->MS
et more

into.
to



FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Resolution through time 
 Linear system to solve at each timestep

*h)F① EBFE↑

I Depal parMHet 1k UHile= /Felti++

F ↳ iti+1
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How to do it in MATLAB ?

D:\Enseignements\ModulesOptionnels\M8\
CM\Poly\Figures\Dyna\CantileverBeam

D:\Enseignements\ModulesOptionnels\M8\
CM\Poly\Figures\Dyna\FrameStrExample

INPUTS (Geometry, 
Material, etc.)

FE data 
(E, I, Le, g, rho, etc.)

Meshing
(XY, TC, DOF)

Matrix Assembling
(M, K, C)

Loading and Boundary
conditions

Resolution

Post Processing

FEA in dynamic conditions 
 Formulation of Euler-Bernoulli beam FE in 2D

Example of a 2D portal frame 
Loading : ponctual load –
Heavyside through time
Boundary conditions : articulation 
the supports
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Projets aims

Global project scale
• Design a building using the fundamental principles of structural design
• Propose 1/200 scale plans
• Develop the ability to implement calculation methods in algorithms
• Optimize solutions according to multiple criteria
• Collaborate to solve complex problems

Structure scale
• Design and sizing of a post-beam structure
• Development of the FE model in linear elasticity (2D) from Euler-Bernoulli type 

beam elements (under MATLAB).
• Maximum internal forces and displacements assessment and cross sections sizing

according to the material considered
• Analysis of the effect of different loading scenarii (dead weight, wind, operating 

load, etc.) on sizing



Quasi state cet> KU = #F

#
Contien bram

h Input=
L=2m # Linean electa mix

FE - ERFE
E= 20029 ;

mEFport = 10:
b = 0.1 ;

↓ I h = 0
.
1 ;

P=500 ;
F = [Fchtx ; Fchty] ;
Fchtx = 0 ; Filtry = -100000 ;


