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1. Introducere

Conceptia structurald este intotdeauna
definitd in primele faze ale unui proiect. Este
ugsor de inteles de ce un instrument de
optimizare in faza de predimensionare este
atractiv. Acesta este exact modul in care a fost
conceput programul de optimizare a structurilor
rigidizate LBR —5 [1-6]. LBR-5 este acronimul
In limba francezd pentru “Logiciel des
Bordages Raidis™, versiunea 5.0.

Fondul National de Cercetare Stiinifici

din Belgia (NFRS) al cirui obiectiv este
promovarea cercetéirii avansate si inovatoare
sponsorizeazi acest studiu.

LBR-5 este compus din trei module de
bazi: OPTI, CONSTRAINT si COST.
Utilizatorul — alege  restrictiile  relevante
(geometrice si structurale) in baze de date
externe. 1i sunt de asemenea propuse
utilizatorului seturi de restrictii normate.
Deoarece aceastd optimizare trateazi costurile
minime de constructie, utilizatorul trebuie s
defineascd costurile pe unitatea de material,
sudurd, decupaj i manoperd, printr-o functie
obiectiv explicitd (nu empiric). Utilizdnd toate
aceste date (restrictii, functia obiectiv si analize
parametrice) solutia optimi este determinati
prin utilizarea unui algoritm bazat pe liniarizare
convexd si abordare duald [6]. Indiferent de
numérul variabilelor de calcul si al restrictiilor,
numdrul de iteratii necesar unei reanaliziri
structurale complete este limitat la 10 sau 15.

Domeniul de aplicare a programului
LBR-5 cuprinde structuri hidrotehnice si
structuri  navale i priveste etapa de
predimensionare. Intr-adevir in timpul primei
faze a unui proiect, flexibilitatea, viteza de
modelare §i usurinta utilizdrii sunt de mare
ajutor proiectantilor. La acest nivel putini
parametri/dimensiuni au fost stabiliti definitiv,
iar o modelare grosiers cu elemente finite este

sti (Technical University of Civil

1. Introduction

Structural design is always defined
during the earliest phases of a project. It is thus
not difficult to understand why a preliminary
d651gn stage optimization tool is attractive. This
is precisely the way the LBR-5 optimization
software  for stiffened structures was
conceptualised [1-6]. “LBR-5” is the French
acronym of “Logiciel des Bordages Raidis”, i.e.
“Stiffened Panels Software”, version 5.0. The
National Fund for Scientific Research of
Belgium (NFSR), whose goal is to promote
applied, advanced and innovative researches,
sponsors this study.

LBR-5 is composed of three basic
modules: OPTI, CONSTRAINT and COST.
The wuser selects the relevant constraints

(geometrical and structural constraints) in

external databases. Standard constraint sets are
also proposed to users. Since the present
optimization deals with least construction costs,
unitary material, welding, cutting and labor
costs must be specified by the user to define an
explicit objective function (not empirical).
Using all these data (constraints, objective

.function and sensitivity analysis), the optimum

solution is found using an optimization
algorithm based on convex linearizations and a

dual approach [6]. Independent of the number
of design variables and constraints, the number
of iterations requiring a complete structural re— |

analysis is limited t010 or 15.
Application fields of LBR-5 molude

hydraulic structures and naval structures and

concern the preliminary design stage. It is
indeed during the first stages of the project that
flexibility, modelling speed and ease of use
provide precious help to designers. At this
moment, few parameters/dimensions have been
definitively fixed and a coarse modelling by
standard finite elements is often unusable.
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adesea nefolositoare. Modulul poate fi de
asemenea utilizat In stadiul final pentru o
verificare globald sau de detaliu. Totusi in acest
stadiu final al proiectarii, LBR-5 trebuie utilizat
in mod obligatoriu, in completarea celorlalte
analize specifice, pentru a obtine de exemplu
factori de concentriri de eforturi, rezistentd la
oboseald, zgomot si nivel de vibratii, etc.

2. LBR-5 si conceptul de
orientati pe modul”

»Optimizare

Un model de optimizare multi-scop
deschis utilizatorilor i compatibil cu diferite
regulamente si normative trebuie si contind
diverse metode de analizd pentru evaluarea
rezistentei, usor de perfectionat si completat de
citre utilizator. Utilizatorul trebuie sd fie
capabil si modifice restrictiile si sd adauge
limitari/impuneri suplimentare in concordantd
cu tipul structurii studiate (hidrotehnice, navale,
structuri  offshore, etc.), normatival sau
regulamentul in vigoare si cu experienta §i
capacitatea sa de analizd. Obiectivul este
crearea unei tehnici de optimizare orientatd
catre utilizator aflatd fintr-o permanentd
evolutie, astfel incit si se dezvolte odatd cu
utilizatorul si nevoile sale. Definim aceasta ca
,»Optimizare Orientatd pe Modul”.

Modelul de optimizare LBR-5 se
bazeazi pe acest nou concept si este compus din
mai multe module. Nici numérul si nici tipul
acestora nu este impus. La Inceput intregul
model este alcatuit din 3 module de baza (fig. 1)
ce formeazi scheletul acestuia §i anume: COST,
CONSTRAINT si OPTI.

In  jurul modulelor COST si
CONSTRAINT existd un numér mare de sub-
module. Fiecare dintre aceste sub-module este
specific unui anumit tip de restrictie. In
principiu este nevoie de cel putin un astfel de
sub-modul pentru fiecare tip de restrictie.
Deocamdatd doar un numér limitat de module
este disponibil (in general 1 sau 2 pentru fiecare
tip de restrictie). Depinde de utilizator s&
perfectioneze, si adapteze si sd adauge noi
module in functie de necesitatile sale specifice
(tip de structurd, normative, regulamente ce
trebuie respectate, nivel tehnic si stiintific,
echipament de calcul disponibil, etc.).

The module can also perform a general
verification or a refining  scantling.
Nevertheless, at the final design stage, LBR-5
must imperatively be used as a complement to
other specific analyses to obtain, for instance,
stress concentration factors, fatigue strength,
noise and vibration level, etc.

2. LBR-5 and the concept of “module-
oriented optimization”

A multi-purpose optimization model,
open to users and compatible with different
codes and regulations must contain various
analysis methods for strength assessment that
could be easily enriched and complemented by
users. The user must be able to modify
constraints and add complementary
limitations/impositions  according to the
structure type studied (hydraulic, naval,
offshore structures, etc), the code or the
regulation in force and to his experience and
ability in design analysis. The objective is to
create a user-oriented optimization technique, in
permanent evolution, i.e. that evolves with the
user and his individual needs. We define this as
“Module-Oriented Optimization”.

The LBR-5 optimization model is based
on this new concept and is composed of several
modules. Neither the module number nor their
type is imposed. At the start, the whole model is
made up of 3 basic modules (Fig. 1) and forms
the framework of the tool (COST,
CONSTRAINT and OPTI).

Around the COST and CONSTRAINT
modules there are a large number of sub-
modules. Each of these sub-modules is specific
to a type of constraint. In principle, it is
necessary to have at least one sub-module for
each constraint type. To date, only a limited
number of modules are available (in general 1
or 2 for each constraint type). It is up to the user
to complete, adapt and add new modules
according to his specific requirements (type of
structure, codes and regulations to be followed,
technical and scientific level, available
hardware, etc.). The objective is to enable the
user himself to build the tool he needs.
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Obiectivul este acela de a permite utilizatorului s
isi construiascé el insusi instrumentul de care are
nevoie. Figura 1 ilustreazi schema logicé generald
a procesului de optimizare a unei structuri.

In ceea ce priveste restrictiile constructive,
utilizatorul trebuie si aleagd mai intdi tipul de
restrictie (alunecare, flambaj, deflectie, ...) apoi
pentru fiecare tip de restrictie, va selecta metoda,
normativul sau regulamentul ce vor fi utilizate gi
in final punctele/ariile/panourile unde vor fi
aplicate aceste restrictii.

Figure 1 shows the general organisation flow
chart of a structure optimization process.

With regard to structural constraints, the
user must first choose the types of constraints
(vielding, buckling, deflection, etc.) then, for-each
type of constraint, select the method, the code or
the rules to use and finally the points/areas/panels
where these constraints will be applied.

" CONSTRAINTS |
Selection _J

Selection and
initialisation of
Design Variables

”” OBJECTIVE Fet.'
Selection

i
<$

Constraints v Obj eC’Five
Evaluation Function

f Structural Stress and Strength

,

] Analysi

Check of N
Objective level : )

Evaluation

Sensitivity
Analysis

( soLuTION
| The optimum solution |
' is found

. Convergence ?

Design Improvement
Search for a better set of design}
variables (CONLIN) '

Search for the
\ “Optimum solution”

Fig. 1 Schema logici generald a procesului de optimizare a unei structuri
General organisation flow chart of a structure optimization process

3. Scurti descriere a celor 3 module de baza:
OPTI, CONSTRAINT si COST

Problema ce trebuie rezolvatd poate fi
rezumati astfel:

= X;: i=1,N, cele N variabile de calcul
= F(X;): functia obiectiv de minimizat,

3. Short description of the 3 basic modules:
OPTI, CONSTRAINT and COST

The problems to be solved can be
summarised as follows:

" X;: i=1, N, the N design variables,
= F(X;):the objective function to minimize,
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= CiX)=CM;: j=1M cele M
structurale si geometrice,
Xi min € Xi € Xj max: limitele superioard §i
inferioard ale variabilelor de calcul Xi:
limite tehnologice (numite de asemenea si
limite laterale).

Structura este modelatd cu panouri
rigidizate (plici plane si cilindrice). Pentru
fiecare panou pot fi asociate pand la 9 variabile
de calcul. Aceste 9 variabile sunt (fig. 2):
= Grosimea tébliel
= Pentru elemente longitudinale (rigidizéri,

contravantuiri, grinzi longitudinale, etc.)
= finiltimea si grosimea inimii profilelor,
= ]itimea guseelor,
= distanta intre elementele longitudinale.
. = Pentru elemente transversale (cadre,
rigidizdri transversale, etc...):
% = fniltimea si grosimea inimii profilelor
i3 ]

restrictii

Wa Uy e Wd W

ldtimea guseelor
= intervalul intre elementele transversale

(cadre)

Modulul OPTI contine algoritmul de
optimizare CONLIN, care permite rezolvarea
problemelor de optimizare cu restrictii
neliniare. Este deosebit de eficient deoarece
necesitd un numir redus de iteratii. In general,
chiar in prezenta a sute de variabile de calcul
(X;), sunt necesare mai putin de 15 variabile

se bazeazd pe liniarizarea convexd a functiilor
neliniare (restrictii si functii obiectiv) si pe o
abordare duald. Acest model utilizeazi ca date
de intrare rezultatele/datele de iesire ale
celorlalte doud module de baza si anume
CONSTRAINT pentru C(Xi) si COST pentru
functia obiectiv F(Xi).

Prin  alegerea  algoritmului  dual
CONLIN, prelucrarea restrictiilor laterale (Xi
min si Xi max) este foarte ugoard. In consecintd
le putem separa din alte restrictii (C; (X;) <
CM;), ceea ce este deosebit de atractiv.

Modulul COST: functia obiectiv a
programului LBR-5 poate fi costurile de
constructie (modulul COST) sau greutatea (ca in
aplicatia prezentatd in continuare). Pentru a lega
functia obiectiv (Euro) de variabilele de calcul
(X;) utilizatorul trebuie si specifice costul unitar
al materiei prime (Euro/Kg), rata productivitatii
pentru sudurd, decupaj, asamblare, etc. (om-
ora/unitatea de muncd = o-h/unitate) si
cheltuielile de manopera (Euro/o-h).

(incluzind o reanalizare a structurii). CONLIN-

= Cj(X;)<CM;: j=1M the M structural and
geometrical constraints,

B Ximin < Xi £ X max: Upper and lower bounds
of the X; design variables: technological
bounds (also called side constraints).

The structure is modelled with stiffened
panels (plates and cylindrical shells). For each
panel one can associate up to 9 design variables
(XI). These 9 design variables are respectively

(Figure 2):
= Plate thickness.
= For longitudinal members (stiffeners,

crossbars, longitudinals, girders, etc.):

= web height and thickness,

= flange width,

= spacing between longitudinal members.
®  For transverse members (frames, transverse

stiffeners, etc.):

= web height and thickness,

= flange width,

» gspacing between transverse members

(frames).

The OPTI module contains the mathematical
optimization algorithm (CONLIN) that allows
solving non-linear constrained optimization
problems. It is especially effective because it
only requires a reduced number of iterations. In
general, fewer than 15 iterations (including a
structure re-analysis) are necessary, even in the
presence of several hundred-design variables
(X;). CONLIN 1is based on a convex
linearization of the non-linear functions
(constraints and objective functions) and on a
dual approach. This module uses as inputs the
results/outputs of the two other basic modules,
i.e. CONSTRAINT for the C(XI) constraints
and COST for the F(X;) objective function.

Due to the choice of a dual algorithm
(CONLIN), the treatment of side constraints
(X min and X; may) is particularly easy. Thus we
can dissociate them from other constraints (C;
(X;) < CM;), which is particularly attractive.

The COST module: the objective function
of the LBR-5 software can be the construction
costs (COST module) or the weight (as in the
application presented further on). In order to link
the objective function (Euro) to the design
variables (Xi), the unit costs of raw materials
(Euro/Kg), the productivity rates for welding,
cutting, assembling, etc. (man-hours/unit of work
= m-h/unit) and labour costs (Euro/m-h) must be
specified by the user.
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Modulul CONSTRAINT il ajutdi pe
utilizator si selecteze restrictiile relevante dintr-
un grup de restrictii aflat intr-o banci de date pusa
la dispozitia sa. in fapt utilizatorul raméne
responsabil pentru alegerea sa. Totusi pentru a
usura aceastd selectie utilizatorului i sunt propuse
mai multe seturi coerente de restrictii. Aceste
seturi se bazeazi pe regulamente/normative
nationale  §i internationale = (Eurocoduri,
Recomandiri ECCS, Societiti de clasificare, etc.).

Rigidiziri secundare longitudinale
Secondary longitudinal stiffeners

The CONSTRAINT module helps the user to
select relevant constraints within constraint
groups at his disposal in a databank. In fact, the
user remains responsible for his choice.
However, in order to facilitate this selection,
several coherent constraint sets are proposed to
the user. These sets are based on national and
international rules/codes (Eurocodes, ECCS
Recommendations, Classification Societies,
etc.).

adre principale
Main frames

Rigidiziri transversale secundare
Secondary transversal stiffeners

Fig. 2 Panoul de bazi rigidizat (sau elementul de bazs), folosit pentru modelarea structurii
Basic stiffened panel (or basic element) used to model the structures

4. Descrierea ‘proiectului Portii de gardi
Blanc Pain

Exemplul de optimizare pe baza
greutitii minime se referd la Poarta de gardad
Blanc Pain (Belgia, Regiunea Valond, MET)
(fig. 3).

Aceasti poartd este o stavild pland de
sigurantd, de tip ridicdtor, conceputd pentru
protectia ascensorului de nave de 73 de m
inaltime de la Strepy §i a imprejurimilor
acestuia, in cazul unei goliri a canalului amonte
al ascensorului (Canalul Central intre Charleroi,
Bruxelles si Mons). Canalul se intinde pe o
lungime de 40 km si contine un volum de apa
de 6 milioane m’. Datoritd topografiei, in
amonte de ascensor pe o lungime de 5 km
canalul este construit deasupra nivelului mediu
al terenului.

Acesti 5 km de canal cuprind mai multe
structuri vulnerabile si anume: 2 tunele rutiere ce
subtraverseazi canalul, un pod canal de 500 m
lungime ce supratraverseazd o importantd
autostradi si bineinteles ascensorul de nave.

4. Blanc Pain flood control gate project
description

The least weight optimization example
concerns the optimization of Blanc Pain flood
control gate (Belgium, Région Wallonne, MET)
(fig 3).

This gate is a lifting emergency gate
designed to protect the 73m high shiplift
(Strépy) and its environment from an emptying
of the shiplift upstream canal (Canal du Centre-
between Charleroi, Brussels and Mons). The
canal is about 40 km long and contains six
millions m®. Due to its location, 5 km of the
canal (just upstream of the shiplift) are built
above the average soil level.

These 5 km of canal contain several
vulnerable structures, i.e. 2 road tunnels passing
under the canal, a 500m long canal-bridge
passing over important highways and of course
the 73m high shiplift.
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In cazul cedarii unui mal sau a unei
structuri se poate produce o inundatie majord.
Daci s-ar rupe un mal si nu ar exista poarta de
garda, apa continuti de cei 40 de km de canal ar
inunda toate orasele si satele aflate in
vecindtatea acestuia. Prezenta portii reduce
impactul inundatiilor prin micgorarea de 6 ori a
cantititii de apa ce se poate scurge din canal (in
aval). Necesitatea portii a fost demonstratd pe
baza unui studiu de inundabilitate.

Datorita faptului c& navigatia este
intreruptd in timpul noptii pe Canal du Centre,
poarta este Inchisd pe acest interval din motive
de siguranti. Deschiderea zilnicd permite o
verificare continui a eficientei sistemului.

This means that a major flood may occur
if a riverbank or a structure collapses. If a bank
breaks, without the Blanc Pain gate, the water
included in the 40km will flood the cities and
villages close to the canal. To reduce the flood
impact, the gate divides by 6 the amount of
water that may flow out of the canal
(downstream). A flood impact assessment was
performed to demonstrate the need of the gate.

For safety, the gate is closed each night,
as there is no navigation during the night on the
Canal du Centre. This daily closure allows
checking continuously the effectiveness of the
systeml.

Fig. 3 Vederi generale ale Portii Blanc Pain
General views of Blanc Pain gate

Descrierea stavilei:

— tip de stavila: stavild de tip ridicator (fig. 4),

— structurd: panouri rigidizate (structurd din
otel),

— latimea navigabild a canalului in dreptul

portii: 32.4 m,

— Indltimea liberd sub stavila deschisd: 7.0 m,
— adincimea canalului in dreptul portii: 4.05 m
— greutatea estimatdi a stavileli incluzind

echipamente diverse si rotile de ghidaj: 115

t din care 90 t structurd din otel.

Etangdrile laterale si inferioard sunt de
tip otel pe otel ne fiind impusd o etangare
perfectd. Piesele metalice fixe din radier si
peretii laterali au fost inglobate in beton.

Piesele inglobate au fost concepute astfel
incét in pozitia Inchisi a stavilei, partea mobild
preseazi partea fixd sub actiunea greutétii
proprii sau a presiunii hidrostatice.

Gate description:
type of gate: vertical lift gate (fig. 4),

— structure: stiffened shells/panels
structure),

— width of the navigable canal at the gate
location:32.4 m .

— air clearance under the raised gate: 7.0 m

— canal water depth at the gate location: 4.05 m

— estimated weight of the gate, including
various equipment and guide rollers: 115 t
including 90 t for the steel structure.

The side and lower seals (contact) are
built steel on steel, as a perfect watertight sealing
is not required.

The steel parts fixed on the floor and on
the sidewalls are cast within the concrete. The
design of these parts is such that in closed
position, the weight of the gate and/or the water
pressure tends to press the mobile parts against
the fixed parts.

(steel
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La partea de jos stavila se termini cu o
prelungire a tabliei din amonte astfel ncéat in
caz de necesitate aceasta si poati penetra
depunerile de aluviuni.

The lower edge of the gate ends with the
downstream side plate to ease, if necessary, the
gate penetration in the sediment (soil).

Fig. 4 Stavila de tip urcitor
The Blanc Pain lifting gate

5. Design aspects

5. Aspecte de calcul

Pentru simularea curgerii hidraulice in
canal si in dreptul portii in cazul unui accident
au fost realizate modele numerice si fizice. A
fost construit un model fizic al stavilei la scara
1/10. Prin simuléri numerice a fost determinati
o vitezd maxima de curgere in dreptul portii de
2 m/s. Astfel de viteze apar in cazul unei goliri
rapide a canalului cauzatdi de exemplu de
ruperea unui mal.

Incéredri de calcul:

—  Incarcari normate;
— greutatea proprie;
— vant;
—  z#padi;
— presiunea hidrostatici;
— Cutremur cu  acceleratia
orizontald de 0.2 g;
~ Inchiderea de urgentd a stavilei ntr-un
curent cu viteza de 2 m/s, corespunzitoare
unei goliri a canalului cauzati de cedarea
podului canal situat la 2 km in aval (la Sart);
— Efectul temperaturii: s-a considerat o
diferentd de temperatura de 30° C intre cele
doud fete ale stavilei (c#ldurd solard).
Suplimentar s-a considerat o dilatare termicé
uniformé ntre sezonul rece si cel cald.

maximai

Numerical and physical models (scale
model) have been carried out to simulate the
hydraulic flow in the canal and at the gate
location when an accident occurs in the
downstream part of the canal. A 1/10 scale model
of the gate was built. Using numerical
simulations, a maximum water flow velocity of 2
m/s was determined at the gate location. Such a
speed occurs in case of a quick emptying of the
canal caused, for instance, by a breaking bank.

Design loads:

Standard loads;

deadweight;

—  wind;

-  Snow;

water pressure;

— Earthquake with an 0.2g ground horizontal
accelerations;

— Emergency closing of the gate in a 2 m/s
water current corresponding to a canal
emptying caused by the collapse of the
canal-bridge located 2 km downstream (at
Sart);

— Temperature effects: a difference of 30°C
was considered between the two sides of
the gates (due to the sun). In addition a
uniform dilation was considered between
cold season and hot season (thermal
dilation of 40°C).

|
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Un punct important al calcului de
dimensionare a stavilei priveste tolerantele
admisibile intre roti si cdile de rulare. De
exemplu, sigeata maximd orizontalda de la
partea de jos a stavilei este de 43 mm. Stavila
nu este foarte rigidd iar presiunea hidrostaticd
poate induce o sigeati relativ mare. O astfel de
sigeati are efecte semnificative la nivel
mecanic datoriti tolerantei admisibile intre roti
si gina de rulare.

Calculul a fost efectuat folosind
normativele de calcul europene, Eurocod (II
pentru beton si III pentru otel). Presiunca
hidrostatici a fost consideratd ca incércare
permanent’ (si nu ca sarcind mobild). In aceste
conditii factorul de sigurantd partial aplicat
pentru presiunea hidrostatic a fost 1.35 (in loc
de 1.50 corespunzitor unei sarcini mobile). La
incarcarea din vant, factorul de sigurant partial
a fost de 1.50. Pentru cazurile de incércare
exceptionald, toti factorii considerati au fost 1,0.
Otelul AE355 folosit pentru stavild are un
efort de curgere de 35 N/mm?. Acest aliaj AE35
permite reducerea greutatii portii i a costului, dar
asa cum s-a mentionat mai sus, deformabilitatea
stavilei devine o restrictie activd ce trebuie luatd
in considerare in etapa de dimensionare.
Analiza structurald a fost
utilizdnd doud abordari:

efectuatd

fost modelatd utilizind programul de calcul LBR-
5, care asigurd o dimensionare a stavilei pe baza
greutitii minime sau a costului minim de
constructie. Pentru Poarta Blanc Pain autoritatea
publicd a regiunii Valone, (MET, Ministere de
I’Equipement et du Transport) a decis si
minimizeze greutatea.

Apoi in faza de detaliu, o companie de
consultanti a efectuat pentru constructor o analizd
cu elemente finite utilizind un program comercial
de calcul. Fetele laterale au fost modelate cu
elemente de tip placd iar grinzile cu elemente tip
bard. S-au efectuat analize pseudo-statice, modale
si de flambayj.

6. Optimizarea structurali a stavilei

Structura: stavilei a fost modelatd cu
LBR-5 astfel: 22 de panouri si 153 variabile de
calcul, 594 de restrictii constructive (3 cazuri de
incircare 8~11 restrictii pe panou), si 187
restrictii geometrice (figurile 5 §i 6).

Mai intdi in stadiul preliminar, structura a

A key point concerning the gate design
concerns the admissible tolerances between the
wheels and the rails. The gate is not so stiff and
the water pressure may induce relatively high
deflection. For instance, the maximum
horizontal deflection at the bottom of the gate is
43 mm. Such a deflection has significant effects
at the mechanical level due to the allowable
tolerance between the wheels and the rails.

The design was performed using European
Eurocodes (II for Concrete and III for Steel).
The hydrostatic pressure was considered as a
permanent load (and not as a moving load).
Therefore, the partial safety factor used for the
hydrostatic pressure was 1.35 (instead of 1.50
for a moving load). For wind, the considered
partial safety factor was 1.50. For exceptional
loading cases, all the considered factors were
taken as 1,00.

The AE355 steel used for the gate has a yield
stress of 355 N/mm®. This AE355 alloy has
allowed reducing the gate weight and its cost
but as mentioned above, the deformability of
the gate has become an active constraint to be
considered at the design stage.

The structral analysis was performed using two
approaches.

First at the preliminary design stage, the
structure was modeled using the LBRS software
that provides automatically the gate scantlings
corresponding to the least weight or the least
construction cost. For the Blanc Pain gate, the
public authority of the Walloon Region (MET,
Ministére de 1’Equipement et du Transport)
decided to minimize the weight.

Then, at the detailled stage, an
enginering consulting company performed for
the buider a finite element analysis using a
commercial FE package. The side plates were
modelled using shell elements and the girders
using beam elements. Pseudo static analysis,
eigen value analysis and buckling analysis were
performed.

6. Structural optimization of the gate

The structure was modeled, using LBR-
5 software, with 22 panels and 153 design
variables, 594 structural constraints (3 load
cases; 8~11 constraints per panel) and 187
geometrical constraints (fig. 5 and 6).
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I
#

Stiffened panels

- With frame spacing of 1.62 m:
- panelslto6

- panels 11 and 13

- panels 14 t0 22

- With frame spacing of 3.24 m:
- panels 8 and 10

Frame element (beams)

(beam = plate + % TE shape profile)

- Spacing = 1.62 m: panel n°® 12

- Spacing = 3.24 m: panels n°7 and 9

Fig. 5 Modelarea structurii (3D) cu programul LBR-5
Structure modeling (3D) using the LBR-5 sofiware

Criterii de verificare impuse:

La curgere: o(von Mises) < 1.0 ¢ de curgere

La flambajul panourilor o(efectiv) <1.0

o(flambayj)

Pentru panourile rigidizate (comprimate

axial): o(efectiv) < 0.8 o (rezistenta ultima)
Evaluarea greutdtii:

Pasul 1: 45.00 t — greutatea structurii fara

normarea grosimii tdbliei si dimensionarea

rigidizarilor, fard luarea In considerare a

consolidérii marginii de jos a stavilei

Pasul 2: 45.50 t cu grosimi standard ale

tdbliei (6, 8, 10,...mm) si rigidizari montate

Pasul 3: 51.80 t cu rigidizari cu profile

tipizate T precum % IPE 160, 200, 270 si

450.

Pasul 4: 55.00 t. Calcul final incluzénd si

consolidarea de la partea de jos a stavilei

(incércéri accidentale sub stavild induse de

un obstacol).

Aceastd greutate de 55.00 t, corespunde unei

deschideri de 32.40 m dar nu include:

94

cei doi suporti de capat (cadre rigide),
partea mecanic: roti, cabluri, sine,
greutatea sudurii si a vopselei de protectie;
elemente aditionale, de acces in interiorul
structurii (pasarele, etc.)

Constraint acceptance criteria:
Against yielding the criteria is: o(von
Mises) < 1.0 Yield Stress.
For plate buckling: o(effective) < 1.0
o(buckling) .
For stiffened panel (axially compressed):
o(effective) < 0.8 o(ultimate strength).
Weight assessment:
Step 1: 45.00 t: weight of the structure
without standardization of the plate thickness
and stiffener sizes, and without considering
strengthening at the bottom edge of the gate.
Step 2: 47.50 t: with standard plate thickness
(6, 8, 10, ... mm) and built up stiffeners
Step 3: 51.80 t: with prefabricated stiffeners,
using “T” profiles like ¥ IPE 160, 200, 270 et
450.

Step 4: 55.00 t: final design including the

bottom edge strengthening (accidental load
under the gate induced by an obstacle)
This weight of 55.00 t corresponds to a span

of 32.4 m but does not include:

the two end-supports (stiff frames),

the mechanical parts: wheels, cables, rails,
weight of the welds and the painting,
additional pieces to access inside the
structure (walkway, etc.).
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in figura 7 sunt prezentate dia grame  de Some deflection and stress diagrams are

deformatii si eforturi. Solutia optimad este presented %n Figure 7. The optimum solution 15

prezentat in urmitoarele trei H ouri (fig. 8, 9 si presented in the next three figures (fig. 8, 9 and
n 10).

10).

Fig. 6 Cazuri de incarcare: a - cazul 1 de incércare (presiune normala, 4.3 m); b - cazul 2 de Incércare (exceptionald,
fncarcari concentrate); ¢ - cazul 3 de incircare (presiune exceptionald, 5.7 m)
Load cases: a - Load case 1 (normal pressure, 4.3 m); b - Load case 2 (exceptional; concentrate load); ¢ - Load
case 3 (exceptional pressure, 5.7 m)

a) 42 mm (load case 1) b) 198 N/mm? (Load case 2) ¢) 135 N/mm?* (Load case 3)

Fig. 7 Diagrame de eforturi §i deformatii: a - deplasri transversale; b — eforturi longitudinale; ¢ - eforturi combinate
(von Mises)

Stress and deflection diagrams: a - transverse displacements; b - longitudinal stresses; ¢ - combined stresses
(von Mises)
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10 mm 1,2m
10 mm 15m
20m
12 mm
1,0 m
Fig. 8 Grosimea t#bliei
Plate Thickness
% IPE 200
’ “ (spacing 1620 mm) T \
/ % IPE 200 \ )
i (spacing 3240 mm) }
% IPE 270 g
(spacing 1620 mm) ; % IPE 450
\ & (spacing 1620 mm)

¥ IPE 450
(spacing 1620 mm)

Fig. 9 Dimensionarea cadrelor (IPE este un profil T tipizat)
Frame sizing (IPE is a standard Te profile)
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% IPE 200
T (Spac. 610 mm)

¥ IPE 160
(Spac. 610 mm)

T ¥ IPE 200
(Spac. 500 mm)

¥ 1PE 160
(Spac. 500 mm)

% ¥ IPE 270

T (Spac. 534 mm)

(Spac..534 mm) §

% IPE 200 ‘

¥ IPE 200
(Spac. 400 mm)

Fig. 10 Rigidiziri longitudinale (IPE este un profil T tipizat)
Longitudinal stiffeners (IPE is a standard Te profile)

7. Remareci finale

In aceasts lucrare este prezentat modelul
de optimizare multi-scop LBR-5. Cele trei
module de bazi sunt COST, CONSTRAINT si
OPTIL Este prezentat procesul de optimizare
generald cu accent pe modulul OPTIL Ca o
aplicatie a modelului de optimizare pe baza
greutdtii minime, este prezentati analiza de
optimizare a unei structuri hidrotehnice (poartd
de gardd).

Pe baza experientei céstigate in urma
acestui studiu se pot desprinde urmétoarele
concluzii:

Optimizarea trebuie aplicatd Incd din
primele faze ale procesului de conceptie.
Modificarile din aceastd etapa pot fi facute faré
a avea un impact negativ asupra altor pérti din
proiect  (fundatii, mecanisme, pile...).
Beneficiarul poate efectua optimizéri chiar si in
etapa de predimensionare pentru o mai bund
definire a specificatiilor din caietul de sarcini.

Utilizarea unor instrumente precum
LBR-5 ar putea permite reducerea cu 5 péni la
10% a greutatii (costului) In comparatie cu un
calcul obisnuit de optimizare pe baza greuttii
minime sau a costului minim.

Obiectivul optimizarii trebuie definit cu
claritate incé de la inceputul studiului.

7. Concluding remarks

The multi purpose LBR-5 optimization
model is presented in this paper. The COST,
CONSTRAINT and OPTI modules are the 3
basic modules. The global optimization process
is presented including an emphasis on the OPTI
module.

The optimum analysis of a hydraulic
engineering structure (flood control gate) is
presented as an application of the LBR-5 least
weight optimization model.

The experiences gained from the Blanc Pain
project are:

Optimisation must be used at the earliest
stages of the design procedure. It is at these
stages that changes can be done without having
negative impact on the other aspects
(foundation, mechanical elements, piers, ...).
The project owner can even perform
optimisation at the concept stage (draft) in order
to better define the tender
specifications/requirements.

Using tools like LBR-5 may usually save 5
to 10% of the weight (cost) compared to a
standard design performed with least weight
(cost) optimisation.

Objective of the optimisation must be clearly
defined at the beginning of the study.
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— Greutatea minimé sau pretul minim conduc
in mod decisiv la conceptii foarte diferite.
Greutatea minimd conduce la cresterea
numdrului  de  rigidizdri, Incircarea
manoperei si de aici costuri mai mari
pentru confectii metalice.

— In schimb costul minim de constructie
conduce la reducerea numarului de suduri,
asambldri, etc. i de aceea la grosimi mai
mari ale tibliei §i o greutate mai mare.

Deoarece contractul intre beneficiar
(organizatie locald sau federald, regiune,
orag...) si contractor (constructor, companie
privatd...) este stabilit in mod obisnuit in
termeni de cost unitar (€/kg pentru structuri din
otel, €/m3 pentru beton, ...), interesele celor
doud pérti vor fi opuse:

— Pentru beneficiari solutia optimd se
bazeazid adesea pe minimizarea greutitii
atét timp cét el pliteste pe kg de material si
apoi pe nminimizarea costurilor de
exploatare.

— Dimpotrivdi pentru constructor
optimé este cea cu preturi de productie
minime (pentru . a reduce propriile
cheltuieli) simultan cu cresterea greutitii
(pentru sporirea beneficiului propriu).

Pentru a evita un astfel de conflict este
necesard includerea in caietul de sarcini al
beneficiarul a unor prevederi care si specifice
clar (suplimentar fatd de cele obisnuite) ca:

— solutia adoptatd si dimensionarea ei si fie
optimizate pentru a reduce costul global
suportat de beneficiar;

— solutia s& prevadi reducerea costurilor de
exploatare;

In concluzie solutia propusi de
contractor trebuie si fie cea mai ieftind cu
luarea in considerare a costurilor de productie
suportate de proprietar si a costurilor de
exploatare.

Costul minim al structurii conduce
adesea la o crestere a intervalului de dispunere a
cadrelor si rigidizarilor. Limita superioari a
acestor intervale este restrictionati de criterii de
rezistentd dar §i din consideratii estetice.

Spatierea excesivd poate conduce la
voalédri ale tdbliei inacceptabile din punct de
vedere estetic.

solutia -

— Least weight and least cost drive
definitively to very different designs. Least
weight usually increases the number of
stiffeners, induces higher labour load and
therefore higher manufacturing costs.

— On the contrary least construction cost
leads to a reduced number of welds,
connections, etc. and therefore to thicker
plates and bigger weight.

As the contract between the project owner
(federal or local public organization, regiomn,
cities,..) and the contractor (builder, private
company,...) are usually defined in terms of
unitary cost (€/kg for steel structures, €/m> for
concrete, ...), clients and contractors have
opposite interest.

— For the owners the optimum design is often
a least weight design as they pay per kg of
material and latter on it will be a least
operational cost.

— On the contrary the optimum design for the
builder is in fact the one with the least
production cost (to reduce his own cost)
simultaneously with the weight increase (to
increase his revenue).

To avoid such conflict, it is necessary to
include in the owner’s “work content”, clear
statements that specify (in addition to what is
usually done):

— the design and associated scantling (sizing)
should be optimised to reduce the global
cost supported by the owner,

— the design has also to minimize the
operational cost (to reduce them),

In conclusion, the solution proposed by the
contractor has to be the cheapest one taking into
consideration the construction cost supported by
the owner and the operational cost.

The least cost structure often leads to an
increase of the frame and stiffener spacing.
Spacing upper bounds come from the strength

considerations but also from aesthetical
constraints.
Excessive spacing can lead to plate

deflections that could be unacceptable for
esthetic considerations.
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Optimisation du dimensionnement de la Porte de garde du Blanc Pain

Résumé

Le modéle LBR-5 est un outil intégré d’analyse et d’optimisation des structures orthotropes hydrauliques et navales.
Cet outil a la particularité de permettre dés le stade de I’avant-projet I’optimisation du dimensionnement, c’est-a-dire
lors de la phase initiale de la conception.

Le dimensionnement optimum obtenu correspond soit au minimum du cofit de construction, soit au poids minimum,
qui est défini comme étant la fonction objectif F(XI).

LBR-5 est congu selon le concept de I’Optimisation Orientée Modules. Ainsi le modele LBR-5 est bisé sur les 3
modules de base suivants: OPTI — module contenant I’algorithme mathématique d’optimisation; RESTRI — module des
restrictions et COUT — module de la fonction objectif cofit de construction.

L’exemple présenté est consacré 4 I’optimisation d’une porte de garde située sur le Canal du Centre, Belgique. I s’agit

de la porte levante du Blanc-Pain. Pour cette porte, la conception et le dimensionnement de la structure ont été
optimisés de fagon & atteindre le poids minimum.
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