. A L TP PP

REPUBLIQUE DU SENEGAL

ECOLE POLYTECHNIQUE DE THIES

.02 T4

PROJET DE FIN DETUDES
EN VUE DE L'OBTENTION DU DIPLOME D' INGENIEUR D_ii CONCEPTION

riTRe  LTUDE D'UNE _UNITE
SOLAIDE _DE__DESSALEMENT
4 CONDENSEUR N HATIERE

PLASTIQUE
AUTEWR . Momer AmaR
, DIRECTEWIR & Thomas AQUIN
pate : MAI 1987 ;. CO-DIRECTELR : “



PROJET DL FEIN DETUDES
—

——
—

con e ol otbtentenn —olea -0(—‘7‘763‘”"@ —al/,wg;m,w ol zcdwwptdw

-
—
————
—————ir

DL

——r————
R———

=
D'UNE UNITE SOLAIRE

DE  DE SSALLMENT
A CONDENSEUR

—
C

LK MATIERE PLASTIQUE

—_—

7D7’:r;mteur~ : Autewr : Mama AMAR -[nq.
omas AR ”
AQurk Ma: 1987 .







REMERCIEMENTS

Moo remmeceiome 'J{a. %M e CERER
_r,m,m, Ao  _docwmentalion rﬁ»u.)—pé -G -'gb@vv e bec ek

Cﬁa Aernercioments el /gaa.ﬁmmvt e Aowke
JLDW g » /l'nguf e Aecherehe <r 'ék ~dessate

Cé'»fw),tuj &&TMQQWM ,ot /t‘,&: Moe,:},_.
b  Aomidke denkt A a ﬁ‘f -714-&% Lt Ae —4%3,
e L daborabion de et 2lade .




SOMMAIRE

Mo oot e comentilloment £ tude Mhlrie oot
eccpiriment A e ke’ de dessodemmerd A oo _de
o, Hipnis e nivre Ml higur giiiad on b e
tidemend | A ane inbodiite A lbde A’ im parctolype
neakie & M e dewee ccre_ cbnaks o e Premion
cdedine & A Wé’w e Aean wvoa adalid & A ai_
de b e terne ot Ao secomol  detins & Ai o comcdemon

Aermice /Qm-w%dt 5 Mok ,a,&thmm ,CJ ;ﬁ«.a(d_ A ome o te”
~ /?onwo(zé el e ) '?«A« derrra A ,a/Z»n-%/Iw st Lman
«T—dtvg’a Atre «nj& A e T.r/»wwtm ol /C—v'n—7 /wuﬂt

( 5000 ) Aakitands.




TABLE DES MATIERES

INTRODUCTION

PREMIERE PARTIE : Btude M&WW
i -&. —d,m-ﬁ'ﬂm&vvt .

GENERALITES

2. @Maf-cda.m Srmmaines e Trwce,a(,e:a

CHAPITRE PREMIER : &£ con salen

1.4 @ iin oo e _anlets

12 Lomite oo Aﬂl&»&t‘e,)}'w A . patadl

13 Seloite mmomimels celo Aaiemge ...
CHAPITRE I : Biffremts ,[m“‘auj d Jesraloment

2.1 @m?w,tom

23 Behamg o Lena
24 Qmee
2.5 Quitdlebic eotaice
deuxicme PARTIE : Btade Ao rectatpe

CHAPITRE [l : Bltiode _lrewoliveaks

AT ELAR

.1 %ﬁw&. —oleo M;ua«ac

£.2 Bl de agrteme oliuolinad

Fa g
1

40

12
13

15
16

49

23




TABLE DES MATIERES ((suite)

TROISIEME. PARTIE @W 2 e 9

CHAPITRE ¥ : @imeriimmerment

2. Desigr v Lo _cdbonme
4. M

CHAPITRE ¥V . e .;’;mm,ca,“a

1, Belewl oo A ivvetisement amlinkl

2. & prsomment POy A

3. Moaikimamee ot /LBJ7'\MA/&.‘*\-

4. Ao ot Aare ol

s, Monin A’ vwne e

€. @Bkt tetus D‘l«. e Leon eswaton
&> Amntissmert

Boncliosin - quamd & N oupeck ':‘“”""‘:7“"

RECOMMANDATIONS ET CONCLUSIOM

23

33

38

43

45

47

48

So

52




ANNEXES

ANNEXE I %Wﬂfb‘ﬂ“ rat-)cm e

Aiffianten rille . du éfi:..'g.,e

ANNEXE I @ Vilesse cmamimale matanta_
mess Au nand . %p,.ea,éM mibionologiuns
ANNEXE I : Pomel th’rfu tr L
L

ANNEXE [V : Voniabin de Lo madiodin

glbede Frgotale & Pabean

ANNEXE ¥ : &£’ T1PE 80

ANNEXE 2-7 : .g.vww ~eacleiewred Iy

J&W

—

ANNEXE Vi : @alcls

ANNEXE Yl .3,74,&,“9

54

55

57

58

§9

61
62

¢4




INTRODUCTION

(ﬁa,- ,JMvW»oLL N e /]-nm -/eca Wa&o ,a[a_
M«'T»u Y deyéurjd ,mg'menvt& Aang _cexie .
J’LQZM oS ,&A Aessomces m,aLn,ﬂe- Lo LA _dorr _
M MWM ~On /[wa Mw&'wé) 4',[74.,,0(,@
%@,o&)&nm dane N qn Aes  ressorrces et
,alea/&am}m)mwm,acel@AWwM%
Aog e oncle e da ppudatin | don oo
,e/t e ./fW ~ co{&l -g zoL.«, ./tw/w - mmd&

Jcp"”)?”‘” : W odes & coles
M r?u.c. /éb wogaj ,«!’vvt Ot ,cmf‘r es A - 7«4&'_
-/éeo:v-&d /J,W . \}ﬁ _,&vga« | ’,W{. AL T&uzm
e /Wwé&nav&,m ,oto /&, .»cr.-a.g;t&} ,otu CAavoc ,o\/,.,'afm-w'_
,@éu) A'L),c; \/[JMM ,olw MW .
@ waaut /t'c.m.Mrr. Me e WC ~doana

Aes Mgw'rw —anides Sane fg/*.amfatu A TUNACRD VY LA
~dovces M%uoﬁu ow  soulerrained. Gt cawdie | ’M.
W-I/.Vt—/bg /f\'M T«WW Ae a2 M% -d e
MMW,&WMLM%,M_
Mj&manvt ./ét- /&»7 ,a[«_ md W a?—wc. e Aecou_
wn i e caplige Inis Aorkairn A’ o gonlonac.
Me ow MMCLJL, y cOEC  Leme cadduction _de ,Z/twna[c
Lo geiin -




PREMIERE  PARTIE

ETUDE BIBLIOGRAPHIQUE

SUR LE

DESSALEMENT




GENCRALITES

Z. Hlocurres Los mivicties , Aea daco, Ao ;tam?é)l%
manads ot e’ penples de diosec | Ao diesses | oA he
fﬂ-«'TuA W ¢ maiades , meriides toussalhi | aouent
fromadles, qualquefrd dumgocis , A foun o Lo
,o{:.fmrm‘ bork Aiels _aw ,udr_wt ea «/wwtu Ta«xu ondre

.ae,'ﬁ-wrvmc ,M‘:JEJLM Wﬁm,j{m mhﬁéMe,
T,vt; par oo _coibisatiin ,twlm-re et nokionalid

coonted pas enclin & diminswen L amprbamce omatrielle
,M&& A l’m T»M e Am-c:fvu . M’ TM o y-»
Wo A aclion awn Moo . choies Kerreslies R A a 7-.,”
-étwvt Tbﬂ/te-’) Aot Lo  meovng dlano —&q W —ecoriarmi _
,tTww\_wvt MW » ,m.:: R M?«,e’; e doumise ,oal.

o

JMZM X e ,Wam o Ak Moo S en Ik
1”"‘7“"

1. Les divers /Or‘l.ncfpe..s a/g/o/fccr.b/e.s

Separation  des sels

pour [

et de leau pure:

Boams Aa protigus , poun cobiaine £ emne oovce e £eane
e mer 5 —on .d%—bme fgm odowee o’ e ’T"W) /S

? ean ret . Lo ; -
/cvuT. TL«! ,Z«m,o&— ol e 5 Al 7.,1»&4»» Aes

/tw..«ze’ TL‘A WW\/&&; T’MW)M%),Q

e o Aibe Mol | Aame e cmatollaim. e A

-




Ao Mo sowmine , on rebirera Dot A ean drice e Tt

o’ pain oo amen .

Goms oo pracdells e diskilloabion on achone ele Aa o

A eace g’ A ok el comdemaen . Gors Lo prwedde ol

,mgéeam,m,«érm Ao enstonoe . de _glace Aeclicg

J’WWTJ&,,J; A 4W¢)47M’szmt cerdever
,ZMZ ,,t,jmzc*fw,wwmw

| /d'g@va ,&Lc zf’ Eorer ,plau.c.e . ‘% Cocrote cten —f\MC&G& Ll Lond

e ( hectrodiabpe | Shectro _ abinplion , an M procield o Lk
40 A hrs) f Lo drice cot oltomne directoment gnc
fww,&rmale @wwfw\‘ coppel & me eschia L
i mnpers Al v polramkt Miguide o & e ﬂémam

2. G/crssi/('fcahén sommaire doe divers f:mc.{de.s

a/e c/e&sa/emen t—

@WM,MLMJJ&%M,W,&
z&%vﬂ,m%m(wfm)w‘m—ﬂﬁméo&)h.am
‘&-‘TWZ& Lo Aowce 2ot tponce . @”7”'}@; Aistinguen

a) Les Tma-cejﬂ[&; ,7444. fovt Mvtwvv-&m A~ ,rJ-mgc_
NM'A‘TJ\M(MML’MM’MTM
) e procedes adidiant de mormbrome %u«
e Joudl Ao nadidie plastique (hbadiadue , eomoce

MWM ) /]v-po—ca. otc v o g g = o /La‘ru.744.x.)

<) Aes /fnocedoo ,a.zww s Aeo Alowsevo ,JWTM

4



Les besoins en eaw aw
Fencgel

T e vemine & A oppnbiamils’ e oomaidéron
Ao Aussoderment  come mmaw oventuel ,ac’a,,bram_
ek o cou Txtalrﬂ cdeo popudations , oo amdussbies
Lo de -rf,,a.gu'ouj/twu) o avers J"Zi mecessaine ~Ae
premdre - e A poilion A L e o |
rappok o Ao dewande  Aare %fmwxu villeo el prags

%—0 /Amwc.u - pgq,af'&q_?m TMAM Aanree /£o4«a_
Mﬂrwu Ao AL’ M)W M%/t /6{1- retdd 7uu~»m_

con gun Ao esbimalioa b perspeclived o 2 an 2ovo.
Gon —oidlewns, id et iompotont do motin _gue Aa
,Wmmz&«ww,cmwmhz/»wwmﬁffmg_
nendedian. de . Ww,xoa A7 oot oA
rtan  ode e

Ze eommemmadiin megenne Aol cackindes con_
ordncs et s L rdee de GO Adbies SR [four s A
mew AW%M,&Z%LM}QJ

Wjoo—&ha/ﬁé/gﬂw M,&Mmf,aa
/WW s ode toditiques prliies an

MANTE AL ,a&,‘, 7\,“3,4 W W At ’a&.ﬁywﬂ-
’ &-flwz'“/\z «&a -/g-c&rw\-a e  eaALl .

e /Z
Uone dtiude A B .C. £.0.M —elimat comrme




,W.o’m L _ovde - met |
. Aeso

esvvne 2 & 3 A
. envsson des cadiments 2 £ 4
. proprete’ /crvr-oﬂ«o% 20
3 »Md«aaae mateen  WC 10 < 20 .
i lmax. m lm?; 10 < 14

Ak 40;GOWMWMTWJ;1L».

c%, Aodlean .arvexe I m&bucr.q. Ao miveace ,a’-c_ Py o
casmareadion o diffrontes vidles e é’fi%ﬂl.




CHAPITRE PREMIER

4.4

L7 EAU SALEE

La com[oo.sibén des eaux salees

g,r‘m e mer et -«&L Tzéu /ngnm /0(,64 - el
Awéc; @Zv —emardleie ,7«.’ e ceondient _a _7-.,.;.,‘, .T,».,a:
/tou.a ./&4 ,M e nUnd ./éa»vt ~Am Amaivie /fqu— - cendeng

i X elat _de _baces, 49 o 93 ceorpo wmphes emibomd

~ l’(jﬁ",t W 7 _ond /&)M ,alcjc&gu:.
/&o _cmcvmbca,tuww ,—al_cvvu:a M\—«,Lmon/tagg Lole TM-WLQ
Qggine ------- 85,8

Bblrne - ...

10,67

2,07

Pt _.

Frpprpor:

10
10

1,4 x 40

=\
Y



DBer comalgsss plis adeontes domard choe salevns Lgiia
end  diffoentes of mmedimment La priiomce e abiondin
Loraguns ; nongomiie obe.. D ouma Fagor plos grosidde
roe plos pondonde di ponk ol e prabipe s o |
ankbrcste o ok e _gs Lenn e mor ot e or
Ao A’ Uechigtos conbonont 359 de ook pan g , <o
weks Sort powr 8S) fomd Ao chlne ot o socdein.

/&o '\nvéwm.c MCA/&AFM Wutu en _ce ’TM - GO BNl

Ghlorne ol socivm ... 27,213 ;5[4
Glhnuwre de Mréwm ...... 3, 807
.f”ilf;.& e """’“Z’”‘““"’“ 1, 658
éﬁ/zfﬂz,, cde  eakeim .. ... 1, 260
\Cﬁlfwa e me 0o, 823
Gorkomote e caleiwm .. . . ... 0, 123
K S Mﬁpiwm ..... 0, 076

% P 7 /%fu.o cd’ eama eee  ovrk Ao torvoe  sovuben .
A airea ,4«,&-,)“ .lev-trwwvvt aed e  Aerraina Ww o Sa
»&f;vu , ol _de Aeriamo acm\Twﬂ-f:‘ e marnes ot oa/?«'z_d_

1.2 —[Jmife de salinité . pour une eau

Fof,’a, ble




gl peromnomes ol M&M cole ustadin mand;

ehdrre de voodiion .. ... 200 & 450 P}Dm
cehbrune  ole /f\ztm ... 235 a 600 "
cehbrwe oe calecwirn . . ... 150 & 350 "
cebdnere  ole szr\&omv . 200 & 750 )
A«wa& cde  _cakewirm . . . __ 250 4 Joo
A«waﬁc e MZ“:«M.- ... 400 a (oo »

T st oo g’ e eonn cdedinle o Ao Arseom
e ol o —conLenin TLM de 250 popom. e chlorures
me ,/..,&« de 250 ppm- e %ﬂt&a-) A e odek rone Tuism,
Lov wume _aalinite’ e s e 500 p.p.m (spomg /€ ) . CSZ~-0L
soles  towmee Amevne amimeralicdes e ol s Wum
ot Aederen 1000 p.p.mm Zes oo akomoitionodos OM.S
e 1965 Memibond & 500 p.p.m b Moo A e eoen
cdovce  om aels disiors , o8 ccdle (oo et deslinel cana s
o -dornecligues Blles  Alient  enlre _ astie g
4500 p.p.m .

1.3 Salinité maximale & exiger , selon /’u&agg

e e . / N 7’
Prevu 5 pour_une edu deminéralisée.

_MJA ,JMT-—M : M’a‘.’ 0)5-.2 /j
- ceertavne Aesrine amdusbris Py 1;/-! o M-G(JG:M\.‘
- MMZAZLW " :Ida,/‘e a fo«fd- aw dela”




CHAPITRE Ir

LES DIFFERENTS PROCEDES
DE DESSALEMCENT

Ao & Beune omckiclle , A eisde plusiouns  procdddea
e demntoment . Lo pruimcipome ook fadvontl  dons
ce proget. |

2.1) fa, /congé&xticm,

L dessademment o comagilabiion e gas emene
ol iow & des copplications  amduotiiclles  commercinieds
T ok ccepondamt L tjel A Lbdes is aclives ; e
drier em Lodroratovre gqu’ e wtotim, . pilites . Eattertion a
ol attivee par Lo Wﬁmm rxaieen e Aa W/&_
dotire de Ao chodewr Lotends oo 4m?;£wam ccompones o
ceelle de Ln vapoicatiin ;

~ cemgilabion Bo,cd//g o 0e
- vMM : 540 <t fg & doo'e

Geineipe  de dove de de mithode

Lo dompintine e congdabiom b fucoqe Comdipon
cdarcte de Ao pressiin . Blle ok dbormini, por Ao con.
ccentralim solive | wt vmace de 0C _poun A ) ecrnn frue
oo~ 2°C ,f,tw de bt de comgilatim
de L ean de e & dewsboment o engllaiom
oot Hrase o Lo jm;t e fwamn A ume masee




,-a(.www;)e e _gatine ge Aerale -4 La /w»?;ﬁwam o
A’WM%A&&)/& «rwvutv'e ,ca'maoee; MW

,al,rcau— -TW
L vchomo snwardt ke e cdrme -de zm?b

cde Aa ,gEMz ;

€ P“ﬁ
:L \A.VAJC
TTTryrToy
\ ’ . ’
\ evacuation 3|a.u \aw-
L= B ] <3
O c o Oatrﬁooq
©C > & a 2
o 0 o pO U wase aranulewse  de 3“‘-‘
o = < A 3
Co o @ 2o || f
e ATV, ‘ o atcension lente .
o
o
—y Ce o 0 oo bJ
’
\"n‘lnnnt
e " - .
le“ + can de mer - e\fac.ua."\nn Saumure

_Eu_'f,"l L avage de lo_glace

Dime e procddd dib de Bomnive , o okt b
domge e cnistonee ot de boumuice o boa A e colome
necovank _avrndltomiment 4 oo /’uwt»'e We e Aean
uune il e zgowa'g&) e Aunge  ailice & Lo parki
M,me ot swsceplible o’ cvncuner A emsemble du i
quide admis di Lo _edenme. Aar defliiomen  cle —clom.
ke | ccomme Aa anbewse .d’ ook e  Aoank e fns
e X o l.waal ke n daumave pungee oot cuf.

fmm&vvt M e e T-ow reen e ;M A e _

14



Mreoinernent _des cribrne ere Mo bas , o —crielaoe amom.
Sk | i contie - commomt . Fmdark Lo Duget s A

ke aupericnre ; s rackear Airige ba eniibas onie -
nererd _dbarrasies de Aoude liace e _saurmure Arere

Ao _ihentre de fam

2.2) L’ Uecliodialyse

A et podiodiiement  okirerromt o e beai
,tuwiwt e eovmoe  _ttwrniilies .

@MuT‘, e ce Tuuru.)aL:
|
C ol wme  _corihimaioon  de 4’4&7@,4%, et de Ao

aadgu Fos oo ccllade & Mscticdpe 5 disphnagme ;e

WM}MTWW&& et ) eaerganh cvwcime action

Laclectiive M,&W,du,d«m,w Lo compan.
Aot omodlique WTW\L/.«W«JI MM%A et e
piche L «MJZM?L celea procants ,A:J’,J‘% apparacsant
e | dectiocles . ,oéulam o o Hrans.
fwt A e ot (ael) & ./twarw ime membpame  amper
rodable an  _adrank (ean) orm e ‘djf,
’f«jt-mc e comcentrakion die  edale’, qui pacie du ceom_
pantiment  de ol ?ﬁnx: cemecendralion i cebi e

rrgtmns j(}.,a cconcendriation . g’é&a&w% A cme ot -
i | gokine aorme ,2’,;.\{{..,,““ A e
comaisle adoe em e ragradion oo Aons e colle oo
Aukiine & Fravers deo cmemdrance M'}&uﬂu; o

12




<—jf— Na" L
ﬂ\ A )ﬂ\
k?_’

p— S o a7
— .
— oun douws
Mtw\krahc,s / :
55_2_. - P'r‘l'nc'lF’e de [Ié[e‘:{:"o‘l‘-a\yﬁ
2.3) L dckamge o dons

55, MW; ’d-”:"”LMgc ,o(,,ounrw -2 7VLO‘M er
/MMJ%MJWWWW’WW
‘ ,oLc- .,41/64 CAATC - ,c,(/',taw-n-u MMMM M‘/&&J /épgazvvt ‘Zﬂ/
/f\n,,rlui,e/b-’ ) 4-.:1.0\4«2@, ceedaine  Lde zéwvw ATa —Aate Aes
A.&L /éée J,W.

’ %;MM)M Aenrin -o{p/-wm;a 'EWW o .a “Tegie de

’rwwv('\m awLwam des e ,W A _sicele Twm L adn_
crrrermert de Lleaw. ...

13



£. praciiki adiclloment oploges ook oo o
s Wu . g )o-gva/v\gw .d’ W) 7«.« ol
jm sole zgla-vrw ,d,',m 0,3 —a jJ5 824" 2 "N gia /JM-
- :}'umw e /ac,,u,wu ,cwtu.ovwrfww
%ww]w M%M‘ff—«—e e e e SO, H

— %éd»g[cfm Auz%[NTw___ CHQI\SO_;H

- ,CAA/LHV?A-?«,&- CoOH
Growpe camime ... ... ........ R.NHOH

- - QT e /T&wtmm e Q4 _ No#
Phase ;l Je:-m'ne’ra lication P/m.n 2 : Qc}efne’m tion
Eau Hek Na OH
Syl — 5 5
o coum| & L oo o~
R I | Es 08 £
61 i i
N 4 s d U v
Eaw Bow .
Id:.l&*\.'ﬂhl:lv ! ld&..'n'-r;\ihs L l
TR ur
Yo T - Na Ne cf
el™ 30, (o, H oK - c?
) ' OPL H% Nﬂ-}_ sO[‘
ef, Ca Ne Co,

.]:',-33 _ Uklrsation .discontinue des resines

14




2.4) ZL opmeote  inverse
Lo phomomine o’ comese ek commu depis Lrnglomps .
l/éw)frvvt «ahaméwtafwmmmujra& L’ eann et
oo ldechilts & Aeavers Moo amendrameo %J&a,mcéaf_
A eau pure mavs  conslifuet ,d‘u Lranrienes .,wnf»w»cl»w-ﬂ/@&a
’Iww'b .,tbu.a 'ébd'mf\,d —M fij)w ’rna'gcu—oéax/be ~OL '&4
‘endes clloid aleo 5 ceelle  Atoison 5 - -t Aad
ot v e

(ﬁw\m At CAASE M vav —tire Mb&rrwg’bme derrt .
WWG«& e ,a(m ,W\T—e/vtvvthi fﬂwﬁ/&) O _,Z’M

. deas ,cmzf\cw&;mwv& ceomlient e A eai pane  ob ol V.
Do colionk aime sctidin gadine | o comolali g

,ﬂ’wLW,GW,&%WW&M@
aadirle £ Gue Ao presorn di e de ccolle cden

uece Mﬁw %M el W collennd e
- centaine vmﬁmfe.r) ,Wc-’c /[m.m«m ,mrﬁ:?«,«.c 5 Le Jléﬂwf
,g\',,.em.-.'/lmuu; ./t(,owemﬂvt Aa ’W%vﬁ'l.ﬂ/?\—; AZM/V\'M,&
& —ﬂ,,-o'vv WLTM o Aa Mm M e TJLu..
S M/fu;u.ewwt a Aa T/mem Vmwf«.'cfm.c— — 7.«4 7:»0'%
Leans —cle mee, el de 25 tor. _ oalemwfﬂa
Sens .,d-enw We«we o thvu—ow ,&. rww.—n,g"ran» reAd —&

15




/GW ,djm /rw/L.b @’V IC-mgcn»t’ ’dm "f«-.«m-c—

Leanliinace -a(,’.ea,«, Tw o Jravers celle Aerniesie , vee

Jtrz}ot,de«mm.

Lewn

Phenomene de /otmose E‘Twc/.-'ém DJMo+l'7uz Otrmose nverse

JOI‘C | S—S""

Eﬂ 4 . _ Pr/ncr'/ac de  ['osmose inverse

2.5) Ha dutllotion daice
& e plus dade omtiqule | amw o adilied Lo ccha-
waa&ce coidodliver Ne _cel rar cevo -

T\—nw%\,w\b .d,e, l’m fd—ef mer .ow des doamared.

celle

peithode . Ha band e furent Lo Bgpptiorns , Ao

Midocens Lo Grecs ok Ao Toomains . L sl avmei o
/t(/w M Jﬁ lcﬁb‘-— A aen  covrvnerce —erntende |

16




DustilloLewns e . petites dvmensions

o omk oppelis & nepencdre auc  Lewina con ca potable
A dividus iodes u e pebls groupe Fumaina ot & de
prcio e folle ampotonce  aniboie (e o
acomodebomne de b ow de ababin Aldphonique | Cndi
merie ot phormacie Ao pilihs pote cto... Bo Mo

§

L3

domidient & 3 15 Ao fpon poremme cef pran goun Lo
%MALAMMW atw,tszm,am%m?m
Loke s encrre  coppelis  didilloteuwns i /fml‘(/caof Lope acter
lls)) cow bottes  chavcles (hat Lfowes)

40° A 45" 40°
s

*\ gertt
— 1
7;VP¢. Jerrs a odewble f‘""h' Ty,n- ferre a4 w4ne Pe.J‘l-
f’j 5 _ Petits  distillateurs

Dokdllotewns & /gmmdu ~Ameraions
@M“ La ,mexr/t«-m A o AdistMalewe _de fgf%ﬂ‘-oé& rﬂLf;rnon-

MTW TW(:) S Ao dirmeraione  d an ap.
pored de petites dimension , ok cchercher & conolicine
wone cappaned cdenici mmai AAW Aara cebtavmes ponlics,
ik femenn e coppel & e diposilids complitiment
%M airee comgaloi e A emengie cboriewne mon dolai.

17



Badon /

g *
o e

e
‘ asphalte

Fig 6  Bromds  FritSlatewns

oorverie e frctionmerment don nitnllationa
e didllation adaire.

@am» an  chasets %w' el W—e} -9y .&(C(A,E) La 2"’&-_
rta .,wvtv)ue/wvo i " 'vnb!-agﬂ. cnchinse Py ,W -de —301.»#:66

A:Ue,aw- /TVLan\-d\mzt e la., ,anaLWasz\, —_ A ,c,n-vtac,t ,aLr.
Lo 'T\.o‘n,o—\, aebairemend fpnd& — b La R Ao A
,gaﬁze »r»wo £ €A M&,c /Qv\fb"'*v&‘ 'Glafvu -ze .—C/LMM . &
Lo o @, . £ . .
macs recuedlon e ckerment ’gqm “ﬁwwdc Lo Aravers

A ,iuLa/wgm ) Al Gre et b cae -790144, rolre

hade .

18



DEUXIEME PARTIE

ETUDE
DU

PROTOTYPE




CHAPITRE I
ETUDE STRUCTURA ILLE
T calle garti , avant oo procdden & Llude
M .oayt;’m abiucliunad | mowe TMZWW, des Aot

O.1) LElude dee materiowoe
Blle cera ~iidide .en PYC fu‘gAlou cdan et Ao acks.
PNV PN » le?:‘-ovvte A zCMa—oto’u;vtdcr.;u frm’cw?«.m

,d, AA ,:J\_amwh’ ’df. ~Ca frn-wtvlum. -
as

20

1ns |

Fig 7 —Caracteristiques
Coidinant Lo porkis Rachunie , movs —anens :
L amgment A et T = ZAdPL ST,

.| 2x13.5x0.95 x40 1'0‘4: 20" 3272 mem?

I
97“:_ S = 3i32 = 327. 2%3, ant 327,2/0.03[

= 9348 mwm’/ o de Largeun
gu Mgr;u,oa.m m’..&;.’a e l«»&ﬂatavu Py o 7M .
,Cw-fcatw Ao ,wwvgu ,W_A%waan o 4-{.

Ao Aenibes _d' dastiele” . du anaterian codiliant Lo couverTung .




o A 50°C

(2 ART"C

@) _A_68'C
Fu

™\ I o
N Jy S
2 kel L = 90 e
=N
i = 9 41,55 AN
42.€ ~
ro.
— - £A
FA
Chgf) |}
— Y
L =
— T
50 LL = 36 ihaidd L‘F = 133 man
JL = 3.2M ,E{ - '(_mm
12.0 . ¢ % e =€ = 0.95 e
" eA
€A Le 3Omm Lo 45w,
M~ —
| \____J
> ca
§_ ~Courbes Contraintes - D:Bpo"ma.ttO‘nS

21




cj[ﬁm _eornabatorns & 2444& ,tu'&.e) ,7,«&) LE e J:wn/f\pjwatw-.e

redatliirerment A)agowc)e_) Aea ,oﬁl%ﬂm-m,&m ol 7\—&@ ,?n.am,aﬁe‘;

TM

rﬂru-¢
amdre

At Aot Ar&«w@l«d‘n @M\Tv&« Ao o nfa.ut
"o Tw»wa'rw - M’ A Aere ,d,..'p%/ume oe 10

Aea WW&) moe mdxj!mw ae WW Ae

GO.C L J ,Mt'w:u,uw e .;&, Aderre Aavt A2 /f&mf;._‘,_

e

de SOC L& j,-ﬁafrf’w Jém La ,co-wvét(ﬂ)fm_

cembiande  de suplioe daotigae 5, .

5 - («fz.sﬁafxs,%’x 4) /11.55 x 0.95 )omem"

v = 44.7 MPx

%,n,?‘,,;,wt e ,?;vev;&v»,xm wlidivatinn

,&/étcl,?‘,&atév«fwv/&xmwﬁwlu'

. -~ ﬁ

2{0»7'%9@(7 ol /"*‘-JW"-’J»& A e frnn,to,u.aw Y o

e~ Llcowrd  -a > eeote levm.c?—vu .de bces ,of.'&q
WW ,ob. —ce Ma/t WP ./6-0—04&50147\' %«W

/luamw

dormen - olas m««ﬁf»& m&wtf reledis am petLon

22




I2. ELtude du systeme structural

@um%u}w,co&tc%au)wmmm&;u)sz
offpt de peide e e covenbins Aok A paiiaeir, 2t
Mgmpvw‘: " OJ 95 mn M % m)g&'azj.

: Ade 1951 &£ 1982 mowe owvre 7‘VIAA Arrie Tnm e
ﬂl’fcfb&v\x—!— 7_—. 0.37 KN/M.Z

G «
P = Cf 7¢CC,

‘Jﬂbu- Aoviawn.  .est  du -/%fu. D‘faosdﬁén A: et o doa

otstacteo "’““T"“‘is dome Co dit he 3 1 (R P143 curc)

Ce = (E/Jo)mg = (3/40)"'" = 0.7 = Ce=4 .
CAPM CAATETVO Aevelevnenl ,mt'y)we,u/\, =) C3= 2.5
4 7.8
I = ._.5"._3‘ = 13 L] i .
d Vgce” = 5.8Vozres - 3.5 5 0.467 (,Qef Fig 814 cwic &)

Ces| —cakeds MM\-W mows  ont  dee TMM

;ot’wﬂmxm A tobloan BI4 P A7 cwBe 80

23




f.lﬂ _9 ._.B_e’)mrtdho'n et Conf:mr'n"‘cs

- - ~1{/
» T
-~
'~
<
& >
B AN Yk,
WV o % M \
3 N ’
£ e ¢ ()
> ~.% F
> . Q
ol
7
Yg =z 0.74 KNIM'L ”
Nows —anveono : fe = 0.37x2.5x4%x 0.8 = 074 KN/m?.

@/» —aTT\MDﬂvlﬂ\.tutctvu , o 7‘\0\-'5 M —olare —Og-a_?«.e. 2@1&
La ool due - vent - Grre 4 exerce (‘W‘w JtﬂMew'-g?

amnexe I ok M;?).

_Eg 10 wNumerotation des ~rubrure .

24



%‘o\. ,MW ,&:. "r'r\—&rrvg’w\/w @- @ ’atu. od'o'k;w»

(hdo)'f’ag‘. 24 , meorea 'msy,wu W'&d rescilbals
,ar«’olﬁa e 7v1.e}u,—~t¢ comane sl :
194
| T ® @
Rl G SN
e CME J'm D

Fl\g 11 _Membrane

C/ﬁ-w: /}'wwv-rm ,A—éo‘u ,mvn.au;ag /@c ,W LA

25




. .110

. 5700
‘ ! bGo
,IIIIJJIIIIIJ‘.IIIIIJ

Tﬂo .

260

= _ 5Ho _
N Y N Af0
'T\\

- Brigues en qeobeton
440 x 140 x 230

[

Eype

1
9

6200

L1

Voir

E_____l détail A \

Fage Sulvanfe

.
¥O

140
L1 1 -
| ]
— . 1 ‘i
] R détail : .8
| | Fage svte )
L .
| 1 1 |
_ I [ T TJT71 T T T T 1
1 450

53_4_2_ _Plan ﬁndaﬁ:én et q¢r (it de brigues

26




Poutre de cha n'naj e
=

S
I L | ll]

—

8x 120
=
e

AN
\ Sermaelle flante

__Elevation

Fig 13

1 L&b /ruulw. (-C-:anu ’}M’wm v U) )
) Ll'ﬁa.l"uru #6 Noyees dant

fe morher & d\-?u.-. Ik,

Type

N [T
dbarre o armnture $8Type, I

Ehagae  centee ‘E't .

Fg15 _Déetail 4
Yue en p/an.

27



SEX330d TP GoIzmjuesedd 9 614 S AN s ()
Bon & Tu
ST et @
A T o2 P 2o0yng 433 uwowyassy ©) mipmewan @)
Smapa ) ! P ] ogs g e _@
i EA A A s PN A R A N e \\\\\_E .“ﬂzwsl_
i nuuti‘.\vwﬂ..-..o_ g —
@_M__M P 0 -:»\%.‘th\ou‘
@x@ anog . A N 220 *
wppeswayseD P 792l Y =S TR
_0. -
.«S\dﬂ FEY=1"
U3 [vuw \FIL -
-.\Ow_\ Q_m 2] 15wop
wivq SudjAyjehiy
558 3 amdwn sp weprarle Cung ans veRwArn  (v)
1 008z ] ﬁ
! ER Ao IAN cor G asat
\k.\.”\\\\\\\\\\\\\ sy P LS L sl r VAN Y, s g / c s 2L IP_M\
== |
2 I T 1 s‘e\aL..
o 1.1
° -2 , P S e )
e w4 » arrbwrysg
2 ”
- gos 5
R pimicti 4 b > MOETRY 7 4 F
raans) - N h\hl\%._\,uvm_ \ ookr O
YT
. o O o v
o/ 4
\\\%

suosrw gy 93

oAt

3! Susp wIreg

> o o G
_NO o ©
Tnbyvgoangrqd M ITeT a2 vajeded

28



IROISIEME  PARTIE

CONCEPTION
D'UNE UNITE

A GRANDES DIMENSIONS

14



W@;W,@Mwﬂwﬁe&fw
WMWMWWM,&Mde_
rrend | o WWM?LW_W L Aea m%d;&,
Aﬂwﬁaﬁc A&j,eazu-f'ﬂ/v Mnﬁzzw’d'«&amo'_
Yoo cde M sconkn e Aﬁ{‘gb&qwm_
e Ao cobiile o co QLMW,TM' et oerend &
Do howe Ao errewns onwent gramelioies sur et
wrahion dus Aesoine en car. . &,%,Mw
ﬂmé:/@a,&m,&&i/a&,&ﬁnemwafoﬁj
W'MTWW,&W,&&M,M&M
Mm e ceakibae | debibor e Lean wans xai.
”"‘*tf“’”" %eéﬂ?wmwa&
&E;’-e,m gt W Lo magﬂgmﬂv{‘ ) fm% ces
ncels . Clet L um ,AMT&«MWM
WMWWWAW@WW
vt _de dvelappement . ogid_gwc, e clilihidim
Mmt/f»m,ole,w&ﬁnpm@w,m,at//ze/m«ufﬁm’%
e porend s fain Lo gemclarme WMW
contre ce ,T,,V/A.ﬁﬁ. ol ) dams  aime  he
e gf@mé@cp,m,m,o A e amces de peno_
e dleac ;i cammendes  tlacendt  onfligels aue
abitonts dane e ,WWZ@M "‘“‘7‘“”2”
Ao W e M(’ bok almrodonmd overd e

30



ookt dene on guune gorte ;Lo lndbok e s
f}t oo cottorddie @ Mo chores aentieiond —olams
L e .
ot 4 fain L elcadin Ao Hnia beo Fabibonts 7
Beffcile rrain pa Mnfmﬂ& K Fadhait pout it
s armden, b dinie A ime giniiatiin . Uone o
Medions et de  _commencer Aprwrcchalerent &

A eeste |

VU et ,«,ﬁ;w&“’e sen 1957 sun b reseone
A ohimerkaliin  em oo A e docakite iopicade,
a parms A elionen e eun 40 000 watineds o
/aﬁww«fa e ohasse , 2000 MM@M e ;&WQ‘,
| notalles . @tm%ﬁ;&mrt@@&/&/w&w,m,déf
pored de hasnn poik atewcn 0,25 & o Mbis fom
ok cemuien 0,5 & 45m3/&,m. Deveno g /A
th %W Jote de A crole  Au msbie_ cube
o foen G rovemant cav ccow e Lo Aocodits
Mw.;mﬂéc plivs Fonk , ot pown e i mocldis clans
mos _evebuolioma , cocbmetlone poun Ao flis ime
mgonree cde  _cenherent 0,5'%3/5‘ T“‘”W o
coppaned F cst dove armisemtle gue Lnortfinn.
e A antrelions oo aente actinedi ok capparels oo
amotadlotiins  _inkercewnes - de woogers  Elaik wepion_

oalle A e 7‘,«/\/& W Loe A ole _ole

31



M,c: cncdmellic e Ale Alall’

QA%W Aerclance & mamenen deo pro.
Aomes de derwing & couoe -de  eonermemations  punement
wurdoimes e A on Lstimme ,44425,:250£7w,w_
ook ,eeTMa;%,mwéﬁszgom’ poar FabLard ot pon
o, rvadevn snms communs mresine oo Ao lina o

mou’owﬁ—u'}nmm,w,wm,a(« W/MA
m %‘rw \% et J&ILIM AT\A',M /C(A/taw ,g.m ,a’,;fa_

‘V‘Vb(-dcj TMI /&- .TWAAMJ ¥ /d’-eau— > Aj A’agég&,,dw —tre
' g ~dles

77'\&»«4./\« ./t(/rv\Tn e _ae Ta,a-w Ae fa Aare
%/wm A i Ao e cenls’ _de ,aLWaéMw-&wt —er—

crmacderank ~Gps e Aresrine el de 40 {/Z-ul,ot»/nw
ot e ille e 5000 Rabibords | on  awna Lo
Hresorna e o doverant & 4ox 5000 = 200 ooo 4£/jeur.
& RN X posank  deswaber 44 [Jnt ot par goun,
P R M/\,fa.cc Aecpanon S .de 200000 /4 ankt
S= 50000 . Mus prumems aime cckangle e 23m
_dle /efwg et 215 e _de .e:wac.

32



DIMENSIONNEMENT

&,@M ot

CHAPITRE IV

7‘!/'4:4/'\/{:'« Loy € M

Fig 47

r3
E Elavation

e 5000 e~ 3 |
. Tt
|
| 1
| ® N
: i vue de destus
1 ]
g.v MOLed IM:
crca - - 1,5 Zone @
'.Cfcg = —.?,)O Lone © C,C,Jvn- -d.u, ./td‘l:t)
cfc2 = — 2,0 Zone (5
Py = -1, 5 Zove © (enm oo f’aama-v{’)_
G & _dene
R'-‘— 7%6—9; = ‘7@(%(:2) = 0}3?% x 4 x("iIS')_—-o_,fffg

|

= |

0,37 KN/t

Fig 18

T oo~

NI
!

_G/')mje ment




Gor Lo itk | mows whdisons cles pmilreo IPE 8O
W o _de  _cobmmes en 8.A ,coTuaoéfu cole
3)5 e, g‘)-’wrm‘/a’ ,alc. rdMﬂ/&’/rW\/t fWT\MG 45 ~CErve _

/m/ﬂbTvavvoqu,dcme%%wf&

W W e .«rz«b/m_ -erbq ,a()w ,ajvm
e -A'fmﬁw can mivear  d ,cmfwvtm.,é‘

%m,wtu) e pomotha de jﬁm dler operations
A entredion Aouk  _en WVC,M neske  de Alanide
e .fm de A enee itlee . Ho ek Lrgue
wero  dama Mo dioeckiin  Ext - oot ol air i ccou

zrw\-a. e ,We «&:'V\Zocm o _dewx fﬁMM ol

par L omilice  —de Ao Lo ceompantimenti - Gl a
e adople dane Mo svueis e me oot cdepasien,
powr —des niglen o ’ rdre Mra A ,&7“% i
He 7ww., e ,&W

'mem oo Ao cendranbe  de flewim gui oleworce
|4e Aobune e depase pos Lo Ainile astiue
Calew! de 5’:‘,’3;.;-\,

2
Qﬁil___ | 0,555 x (2,5) = 0,286 KN = 286 458 Nmm .
13 12 :
S—fL - M
‘ S

(9% ,Mu)t)m?.,éa. 7-..4:_?; 20 , Aronwve ~Fue
S = 934§ mj/m e —éa/vgawv

34



—_— —— -

334¢

@w —avonk Abalo-rwm\t Hrouvé '7"«- e ccobante oo '&_
rade »’fwtzra 5‘«. = 44. 7 MPx ( GD’ rtagl— -2-1)

@.v AN ’dl"\-f— A fa r/t&u/v ,OLG— ALM/ Le” zﬁéc :

44.
3 7 = 1,5 ~Ce ’74—«; v o r&&(,b]\rtﬂ/&{‘
0. ¢

£ bk s e W ponte de 0,03 (pente
,acaw(fae) Aans ,&. ~Anecio E-@) ~Ce ,ar-.«_' TM&%\-@
A ,a(fvm'/waae /&»JN&,.A«/»J

o% ,abx,wg._ Wm—é derna  .asene 7—-4/» e 7..9,‘,_
Ae Ao Y dame Ao _diecbin N_S

234~ ri‘:'-__
N [‘_’-:_.f:——”—'.w — 4
0o E =" —--""—— — — - ——7}
5 ﬁj—i—g— _j)m.'na:jq_ lonﬁi'\'uc\inal

Soo0 ™

Ll ~

ﬂj_zﬁ —\’Dmi“ast +ransversal

35



\
225

234
- -
%«éeﬂ Poulre IPE 80 Trdious
a Colonne ow 3.4 J &M.ILA ailranes

Mason nerie

Fig 2l - fespertalerr Bomerale

Wn'ff'caélbn du  deversement
@4, M rﬂrvur »&. WM Tm,ut %e. cevile’
a A K ,a,_ﬁp P /WVT/'—MMV\— Lest Wc’e /(a.f;»aﬁmMJ_)
e’ ookt .a Ao e e MM .lﬂ.wt&icu.ux Y ot Au%mxm. -
et @Jéof-eia pry A /vawozw:o /r.a-vw vacncre Aa fd%n/ma.lwn

36



t%-a TW Ade _celte ’é‘r«a'c"m Lt ol - &
'e‘)mme Y Bﬁgz 59)

dl(pn.&- e TPE 80 st %M%T‘W ’dﬂv@eu)
et Te o

EE—W\. —addreet G o aome ,o&w?:, g ) 2.
_,W%M,Vt ,A’MM o mamend | w aet ;ng

g

—A .'1)0 )-Lr ’rn'mueﬂvt W%pﬂw Y M '7""’" 2’ ’ > ;

. -
M. - Lﬁ[/ggéjf(%Jaéa ‘ (fmff,) . f/tl'_E.[J

<

ow G= 77000 Mia ot £ = 200 000 M .

oa owims el i cloner Wﬁu‘a L memend
Jlchissmmt  constomd ot acckion avee symibai dndle . b
—ela ,lfa..z W ,a’w./ew,mob‘b)m e relenine
iz ponks Ao owppok dakood . Anvet Dhe olea conolifiims
,,,U_WWA.,;V\&, o f?&a«woﬁmm @»Wm
l%aﬁowwmt e Ao ek A pplication e harger eut
otie’ oun eondie de Movsion de ta cection

Avee o Fgpthiie e

M, - 43 e\ * '
4 £ EI?GJ'#-(L LG,

o Aa veraren M\/}-\o@tfoei '

M.u.: _é.. E:’L+ %L
(2%

37




Frane b cas

by = _1492°° 140000 be

- 440 000 X 4€ x 5.2
Ld/AE Ld

3500 x 80

§= 119.¢ Mfa

1 700 ocoo I /b2 }/44‘
sz = asrve rt = A = 72 = a2 = 43,279

CL/Q- ')2

0 = 24.47 MR,

Me = _30_1000_ \/449.524. 94.47° 5 2.44 KNm

W sﬂ#: . 8x98x 2,44 1.43 KN /m

{ L (3‘5)2

'%L rerrent Mf = -Z,; FQ = 232« 103 X 230 ~» 5.336 KNm.

Mu < _TZMF ~D Mr = ¢M4|- = 0.9 x 2.494 = 2. 19¢ kA/M_

Lt ¢

Mf" w, _ asx3,8x 3 . 2.41 KNm < M, oK

8 ] =

i reormemAd m?&bé .«e,yt /W ,%o&.&rm«—ﬂ/t

Aea /rum,t.u IPE 8o eal .'v-\z/éum T i da Y @ M&_
%J‘- U9 /,'\Wrwe/t ~de ,-cc-n,ogouu ,7«.2. zgc ,d.wc—am,
~eat ,a,or,ar/tﬂM. JGM AOTTVA A -olf:trmm\-u—vé ,é[mL?u

38



4. Dimensionnement de /a_/oouﬁne

de ceinture

@m mora  Ae /La—-wva/u?‘v'dm L Ao M‘z\-;v\n.a. e
/r.a.?c 36 ) M AT e N A "%f“ 1 ot

e macs  Aa 'diﬁ'alxcm.ca ~lan~a «f;.—aTT\,oéfM reaide

La

AP

7

fﬁw- -—

L)
-l

a.) %*m.&_m.&m ol arm.a(.d Teopae oA A —/’wwbu
_M’ A _enbere  de f&.ﬂw .

{ - 4—;" .Pd'l,&" = .-1_ x S00C pod 3-ZOM .
1€
L) = *—/2 = \330/2 o~ 1460 o .

g'wb T/‘MTW = 0.32x 0.76 x 24 = 4. SKN/M. )
b) Bhax -de f

S = o.asi{c' E:‘ x( €oo = 0.0271 .
J

Coo+ﬁ

C) gﬁé&wh'mwtww cbes  odirmenetone AV S I

c/”

Mow K  ame Koo #f (1. osth)
. ’ . {2

Qf’:ubm PPy ,Am'a'w ,e.cmam.c.c/«.e,

f= 0375 f = 00102 = K. = 3.318 MR .

%m b= 0.50’ Me = 050/3/{14.

+2.3os KN | Mgy = 4.4 K25
| | 1346 KN fm — ﬁ?@&

(o
3/ M
CJ: . N = 135 2mm ~ '_’50 v,

39



b= 05d = 75mm , .~ pown e waiore dloche pra
e A oman aira ime epadsent i, e
250 e (let & dinn L7 cpaisseus _dia Arigues  dond
ot _a(,.;,rmm). Fone b= 150 amm |

d) eﬁl(‘,ul ,0(—1 l’m ,CLD.WQ

f= A [bd o Ag = pbd = 414.75 mmm? . O o Mesnn
cde 3 Barnes B 10 . HMoadbowncioomert leo diimensiins oo

m@Tﬂw& e moree /&er//w Mors vt o
Irine il st Mo A lnlen A7 dibiotiin A e Anne
g ?WMJTM,«. ccas 7@.—_24;4)%« —Sormes
ceondrainls de A Z{m. Movo nlliverone —ohome  ime e
b Aane A Ainmibio  AF amm
Gefferclorr. Aobale = d + G Pacin + Plbiin + Pectectiin = 240mm

4

|

¢15

&

150

210

Fig23  _Putn

2. \-Desgn de la colonne
‘% A’ag&t ctwntoul  dame cdle Ta’b&é e /M
te'  d’ . A e cssnire Ao
ﬁa—ozufm e s PSS ’?M 4 ]a;n. o~ 9. 712 i{/A/ﬁnAnnc '

G TPE 80 , Ao mement o imerlie  In st
4

; 804 em® | ant 80.4 x 16% mm

lﬂ-‘lzﬂ—

40



cay o.s £ I 0.5 x sooo V3o x 80.4 «10% 3 274 mc
: e"q _ = . x
L. (3500 - 1Se)
eI *
Eorne : 8 _ 5000 Vo x _15° = 1.285¢cx109
L. 12( 1000 ~§0 )
9
%0&"7\”\,@ ,wafmm ({i = 1256 > 40 - .3 84 .
3.274 x 10°¢ . 2 Kx2
8 = (o]
. [ 9
%GCOM\,L amberiewe cfi = 1-25€ x 10 = 132
2% 3.274%16°¢
% = ©
K'eu. 2 x d000 .~ §O
7 ( ) = 40.89
0.3x 4150

40. 89 > 322 : _dene  mows AT aame  colonme

Homncae |
Rabcd _cln fa,oteovb _de %_oya‘balcm
£ . O04E I 0.4 x Sooo V3o « 150 f12 4.62x 10"

1+ Ay 1+ Ay 1+ By

g’ ——&’sﬂ&gc _P‘u.-= 3-772 kﬂj .

EI . ©4&%  4caxt” 2.34 x 10"
< <2

1

a% 'T““’L' M-% _R_ _ k*Er £tx 2.3 x 40"

- (i’(&)a (2x 925)%

R - ccec kN

41




Z A .71

1~

Ea;Mf Aea —colonneo eacterievreo ),@e v ol 7hn4 zéﬁ&ﬂkv
»a{;w@ ,&Aﬂzwz.?ﬁ,%f,?umac k"“ﬁ’”””“t‘)j‘
/OKM?; ,oulZTue B demerine ce G enbiaine  aeme ’“ﬁ?~
mentalien _du fzatouad ~de 4~v77&talbkn,.

4

S&Qad{ = — = j 0:»2
1 <x 3-7"2

0.7x 2x666

~DéhmanL~alLb» 4&.-29,a~7naiLna

3
P 9.712 x 10 0.43 My = O

L — —_

49 (750)2

e e A%l o digrarmnes ol nbenactin
_oleo  _colmme e e /,-wmw/v\—ta-(eﬂ A aien rescpars
domesne  enlativernent W& . howe opterems —pour
me  _celonmne  Ldle A50x 450 _avec —time. Hanrne

vdk ti&vaéau. 5%meu,

.4__’150___ ——T

3
v

_F'f;?_z.ﬂ —Co/onne

492




3. Design _de la Df‘onda,u;w
«z-okuga mmadeo Tww(_,,‘_,_,{, -o’wu,ngl: ey Ao Moors
~carmpante LWW—@M ot ceds des IPE .
£ ealond mons  deme o age pondiccs Ao
TN fron . M doimensconmerment ek conc D’“&
comee Ao ponamitice  swcnnks
- Bhargee mordis TN /.
o 210 KN/mE & 4,25 m
¢ fo= 20MPE 4= door
B eotimant ,e’éfw;«m Ae Mo _semelle & 'a.zsm
ceb en  _coniderant _de poids  umibaes s 24 K [
ok 46 KN/l pon Ao Bk ot T,M.,& ol _de
frdativn  teepadiverimt s mos oo ma dngess
oo somelle neguise  de b ,ot.,fmc pon
b= FKNa' /169KNm % = 0.037m = 37mm.
Moaie e e o ,dé: 150 e dle Lange ; comple
Aene e _colfe  _consideralim  pratiguee e ok oo
dre b= F00men . -

mur
f L
| 450mm
f— t————
£
H |
o ~
S
I ‘ 450mem
X
.;ondo.'h;n
U 111

F£(925 _ Fondation

43



4. Bosin
N 2 dcffecke e dadiin aom mivillomek plan cgoct
des ondadodiiva Ao aneine e 2 som o’ cammplibude . O
comsbils prokiquiment  gue Mo scand  dame Lo plamiibe
i el ook Fba o omdme rdre de gramdewn que

e grdedess Aoan disinde cdon L ouunage . Fos
SONTNA _ . Waa ’twm“f »Ol-«—’»a Mwﬂt N alrrd ,ca:c,u.«toum
qm%ewmé,dciow—d’f%amm,,c]mém_
nexa Ao %ot cdee tolorances owmn La zf\lwfc' e oA
|

fdt_ 'n,(t/.'u -&W) ,€¢ Tn,o't:aw\’aa ,crv\aax. vezo JM_MM
,ﬂdwm,dmeWuluW

chdowns v b aot om Mmdw

Ao couwche _W Nt ’fao—wvvm ,crmattz e M'g'eofﬂ-)
puis con appliquera M,tmxjef;nx e Armssin -
&

[

G ,c,orua‘m _’d,,tww" Aa.ﬁrje, AT AT ,cimeMM e |

do&-nrv.

L .. e e ___] LA"‘-A rl'l.n- S-.ln:
10en I = ==
— -—— —= {LAM‘ 4 Litume ( BHM)
40¢s 1 Beten malgn ne ar-;’(_-. fo‘a
El'g 26 —Bassin

- . F]

44



CHAPITRE V
ETUDE ECONOM{QUE ,

g—ﬁo«’wo& »émww,-«u e dessallormerl aonk Ml
cornplecces - s apieinlivbes mecomminank gt A ek e
A rmament ,,Lﬁtwu A olimen Lot e comparen L price
e movient deac Jmﬂnw'&.mw@ Cen.
Aains eoliment qoo | mine o adibiank Seo ooelbode. de
cadeck momadil o 47 OSW (Office {in&*%é») o pnd
M&M&wtmufmlﬂm /M.«w( s
e gramden prieambions .
Mottode ovomslioct AJ’OJW

P Aactiimation du pric o teviont d Fian emihi
 Homnbisomend i kil e 20
e Gaee A’ okrit e L cangenk 35 47 (4 Aoux pou.
vand e omcindre a2l o lagll A ASL cemand por
Ao fonvorne 7\,.1&5. .

e85 ,L.,e';w? Uechiiun (»M»ﬂtwﬁ
OOSSFF/KW-H)

. Roitibibin de A onnin dlewne i 12. 50 FF [Hiomma
e Blager cammisllie A enbidliin o 3 e cenpital
. Bhlagpe ammicdls A mveinamen s 4] e capibd

%AM%WT“,M ;330




cqpimge (15) na womple ome b Ao malina ol Lo La

irde _de e proboble des mckoione  hidiis . Facien

for ememple prnd  duner  30ams e Ko anibione ot cor_

An«%l:«t#‘a’f%w LA camnlih sue dS5ans ou L20ana .
1) Galed -de L’ nirebisverent ivitial 1

% pirimitee  Aotak _comsdibid o Lo rmune ot e 11538

Mo caveme _olene  Ave el seiiands

— \ékitw ’FLC— ?’c\al,a,o&m —a Tasieon .o(.. 7000 FCFA/m!

ank 4 845 960 FCFA 4 460 G8E FCFA  puovn 4o poteaucc |
_ J"{auzu : 498 FCEA [on®  aat 1 777 429 FcFA
_ \7{94:«/» GooF/‘ﬁ.J ,W-«W,?m,w

povwoms bencficion A’ wme smmeratin Ao kace ; ceda

denod _done moue ot en Adalbe sedorment S53FCAL

mave Lenomk comple o ‘fwt gl ek ,gM’)W

v pals | pan i ol weenils  Geof/Bg ) ek am

ek de 37 423 000 FCFA

T Bouverliwe : 2000 Fcri fort sik cun _cond Adok

e 403 950 ocoo FCFA .

L iivrestisscmment cinitind  AotaL 4 deve done o

149¢ 456 077 FCFA .

2) Galek _dw paioment amwuek : PA
‘77““’““ ceadcoden T‘.,& fm,,z. —ssante :

PA = r 1

.t J
(14-;50)‘_1‘

46



o e Aawee o ankerct e l’,w?wt roest pric Eza.ﬁ
& 3 —cmfwm s s Aef«u por L7OSW.
@ _avra  comit e T.mme,wt canmel  _ele 4,38’%
ow 3,827 _scimnt gl il w48 w20 ams
reapactivernent . K et T omdon gue co poementd b
urement  venliel maismm £ avme  conwddin fon soucs
_de Tnécwt@.
3) Gt e bi maintinance ot de Ao nepa.
rotion ommelle AR ((on i de Ourareotinomont )
g’O.S.Y\/’W e pramc 17/ pon metie cao.
4) %fw\gp A’ appunamen ok oce ommiel offeddi
th;mm’a(i?:wmfbu 2dinda madis poun e rac
arna de prodence  Apremons A owrtentoge —emie “por
L2OSW ok A4 _de b diwesbisemendt  _inikial
f 50 Moain e ommnelle (Lur)
W: Fera [lomme [hewre : _salacee oatedue o de MO .
L: demme bne fan :© mace Lcciire -ammuelle |
G habibanls prsont e mbme foine oo Hrcuad
oma et ety . Ao Ak R
talin A e mochinerie  (aworie ) mntomatisle st cots
y _enkon 500 000 FCFA fan, | CAPua —adepletons

_celte edewn W ol Aa..vtv:w , Ao ,7«, ) M
A’ WV@MQL% dewoe oo & aisen  cdle 757) 8. FH
/Iuvu 36% ,M . %Wn—c mootie -—6, Ao .,cdwo«fq,tc)

47



6’(4""4 -&4 —oﬂivfwbl, Tm)ce}ol—mf/: 'ru!ﬁz Mfuf.'c ,cmVr\.ch’: 90
WMM cer gl jﬂm afuc Aot dower  _ouiniers

Wo«l.

G) Bok Aotak fur.a e Jl’m ..d-ale,e_ (5)

oo et et elimd L IS FCRA J3785,44 ank G 6 Ferp fud

% -/ga. wf-mz cle ~Ceo —OLLW fﬁ.obw Mot 7\:1/-_

AMORTISSEMENT SUR 15ans

o Investissement (T) 148 45¢ 077

¢ Paiement annuel (PX) 17 344 05¢

o Mainfenance et m’Pamb;m (MR) 1 484 5684 .

e laxe annuel (TA) 1 464 561

« Man clceuvre (Lw) 7 S0 o oo

. Coilt total frve () 6792 093
TOoTAL

183 d61 848 FcrA
& welume  totad _ol?eme it e Mm\r 15 ame
deta -de 1029 4085 an. |

L ot cdu mite ke A ean _desocdel texa abns

/0(.6 j 78 FC'FA . %— -w@t -@.’Vt .—acce/vta.é{c. ,cmj—wm::; At

e _lsss  _cheo ,W:mu eaiotant ,74»\.' W catler
W M’a? 2SS0 FCFA . M cante LA fa»wabcowb

48



W%MW,@,&'WmW&%L&
350JM /am- %w Tul,e/wa/n/é .3653&%4 T\.wx, e ) O aura
i cod  ole 1c 1 FCFA//YVLS , S amehuant ']’Lm 'zie’o&a,n.._.
” ,
,3%,_0(,«, zakale,%acg_w«ﬁz WW uﬁ"?&cfn@w%_
e w@'ﬂ/vv el 7%0#}1.‘_ e Tﬂm\obce 3655'/w~ ~Carn
/ ) : A ' e
L ,f/l'\-v.ﬁuf Ae 4 Ll /,m <t par Jovn <ot A’(?a
ale ndin et e melee erre )
nows .eo&/mm eme  _olternax M’J 6«8’/%2714,4_5611,1.
Conclusion :  Amorfisiement 15 ans = 161 FCFA/m3

AMORTISSCMENT SUR — 20ans

. Jrwestisscment Imitid (7)) 148 456 077
s Locoment  Ammel  (PA) 17 344 056
e Mocnteramce & Bparabin  (IB) 1 434 561
e Joxes  Mumaik  (7A) 1484 561
Mo o Goorre  (Lu) 10 000 000
e Goat hutut fn (s) | 9 056 124
TOTAL 187 825379 FcrA |

ik o~ —conk  de 437 FCFA /’w\,3 ,.olmwée.: O e

rassnmant _sur 3@53’ Jom 424 FCFA /m3
Conclusion : Amortissemment sur 20ans = 4124 FcFA /m3

dﬁw —crmetatou acned -«Tuc e pry s -»wvc,éu.onv(}' ,&
ok A O -c),wlvvwaeu/u e hadewr molie conk acofera

49



Gmelwon ,.7Mam/t oy «E’au?wot ficmmw

C@mww,ala,&,mm,&w,h
revient  du  anebre  cnbe o can dessaler Adpendd —essem.
Hicllemend do Aa copoclke do qrodiction ot doe oo Lo
boille de X inkoallotion Gl WM%W A termmi _
mante awn Mo <otk de A cnnectivitment nilial

Co ek depamd , ontne MM%JW),&/%{“,&&
procede , e Ao —capacile oo produckion b dos frads o
#MW B 27 cchanchuns | Lo comporaison
de ,abﬁ’wv& prie oo meriomt Mwéfﬂmd«fw e
wldes sk on chose Facle. &W,Wzﬂw
e A rstallabion et grande , plas o prim e neviont
o milie oube _dewnole b Aas. Gépumdamt M imieitivoe.
mmenks oo sk A kot phas leves . Gleak dine
ﬂM’JH@MW i nechencher .dams cclle divpa
,u;t;’,at’,;wf&mw MJ’W
Gor oillewns , Lo comrsommoalion & Zergic i e
-vaﬂ(.uoa;vw Aeance ~vanie elen b procdedd
ém&mmwaq)mwdﬁﬁu@w
MW < panti de L Znengie cconmrentimmelle
MW concvmamnend de Ao Apicae WW s
ek de clte e _eplle dewnitin . Bellh conacoleratim
de 'L’”;'Tf&""‘“ detirvrnimante  di _catilh _do «é’,a,nw/«?me
i cchias di il ek i ean _dessalee mons .a

50



i;ﬁ'«f TM & Ao miceqate’ A’ recouns o ,:ﬂ\,e/.ﬁ‘,u

%c e onrd ,adtt —OL’ M ,fbﬁu,, Ww —C’«, J
W At 4.1“4'[",“&',.1 t b ,ﬂt}m e |
frwawww\zt 5, —Aeme Aimirunlion ol —comd A me_
Hre ewde ’a’,e«wxﬁ) et _ne ) bt e _

fubiire | Alfrmises o ’ZWW@“ 5 e

_/tu'p 4,-4”"“" LAt ,al.(/wwnmfz—d

51



CONCLUSIONM
&

RECOMMANDATIONS
K appanat Inii melterment g’ A ol ewnts pos e
,A;ﬁcaw Aechmiques  poun L tbendiin o eanm desootee
,;Wml’mduww,du reaoe  daumbdries
& b e prscdd Aepomchia i ok, e Lo malive
e ) rerngie o dipenibl o & erien , e Lo guadlle’
,tukwrw Aan W&e MJNM pour asnen ek
coplrbation . K et doe baods ge L oo oo s,
rssrinse inipiiontle pive Aogonn S omolibisde o
FAD ,z:m,[n?ﬁ;e_ i i e ek eate
Mfwtw fntwwtwm e ek e
L dberrimont Lmﬁum,wt e 7&@4; ”&7"’””“‘
E dwsedovnent _die conioe e ~viemolra e

Aave AOnrent //'wo)mmz% ,27,,,‘7‘,&., 4,,eaM.n_= W:—Z-
Sonont Ao Aduces oo e ditance ijé&,du
/ujgu'rrw /)f/vv vole Ao %W ,7~u- ~Aars /&o‘/'u/-
‘ fa(«waéorfr)e)eo y
—a 'T{aw ,aufvfuj/ A _cea ./CGMTAM TWA— fwlw on ok

,Wv%c,mﬂvt —a /e/tu W%@‘vv\faﬂ dwvw fh’l.rwu "(,

T



el | _onkok ,MQJ«‘:QL.

Gornone mons A gvone ik Aankit | Lo itudes concor
monkt Ao dessadernent M,xl&f‘;wu,at
M.%MT“J;,w prggel emotitue s
z]mm&:e _eliccle r&tmu?wtﬁw'd}%
,oocf\amw&{ ngzl’Mc W,a?mf:
i de  Amicucc  —conmaibie '&%"’“”W"“fw‘
w)iam» ,r/a'tw"rwm\,.

Ume moswrille phase e ool duroik e, aomo ol
cowte | A7 2bde ol Aradkoment i L eau  diormlie .
I i

S3



Ar;nexc Z
Tabkaw 1 _Consommation d'ean de diffrentes villes du Sergad

Pvru lation Pofu lation Centommabim Conso{nm~t|;n Congommalbim
Vl‘ ”CS o 4976 P lam 2000 | menguslls ean journal\'t;o Uuhoire J‘ro'ufl-
a— g4 e Lo B0
Hbt) | Ced | Ty | Ty | & freers)
dakar | 798.792| 4 340w | 427 000 | 345000 144
Ru fisque J0. 000 300 oo 3600 49000 52
Thia 147.335 | 2¢¢ ooo 7400 23000 4
St Lowe 8&.404| 495000 6000 44000 )
.tau.aa. 52.400 | 401585 | 3300 (oo €9
Kadack | 406 .899 390000 Goov 27000 57
Zigukee | 72.777 | M6000 | 2400 | 12328 33
Tamba | 34.700 | 80480 934 | €970 27
dwebel | 50.648 | doooorv | 2200 Gooo 43
quam 47.351 34000 840 2400 46
Minc Joud | 37.663| 80200 | 4000 5280 50
@Mﬂ e Aakleci 5 A? estionclion de Ao conwsrmmal
p) ,0(.;

54



Annexe I

Tableau 2

Yitesse maximale instantanée du venld en m/s . Expjm'faﬁbn

mdldorelogiqus

| 3

[3

M

A

M

3 I A S o N >

41951 45 | 1% 46 | 15 | 46 | 47 | 24 4% 13 |44 |42 |aa
18452 16 A2 (A4 ] 44 | 44 | 24 | 20 18 24 | 23 [4¢ A6
1953 44 ; 44 | 4S A2 | aa | 43 | 20 46 A9 | 42 | _ a1
1954 45 13 16 43 12 | ¢ 14 1o 17 | 46 | 43 | 4¢
19558 44 4; A4 ;3: 4; A4 | 4% Qo 21 AC | AS | 48
1956 | 0| 49 | 2| 20| 46| 47| 26| 23| 23| 45| 48/ 2D
4057 | 84| 4¢ | 22| 24| 18| 19| a4 | 26| 2W| 27 46 ¢
1958 a3 a2 | a8 | aa| 43| 45| 20| 25| 23! as| 416 13
jas9 2o A3 | AC AC a4 12| 23 14 2c 15| A4 13
19¢c0 A0 | 46 45 1 2 | 43| 42| 24| 23 23 | 24| 42|45
}456'! AS | 44 A | 12 | v | 25| 28| a1 | 1€ | 43 | m [ 13
19¢2 A1 42 |14 A4 | 42 | 20 34 4o Jo 29 | 48 |24
1963 s 24 17| 46 | 14 | 4§ 30 23 4 | 14 3 12
1964 | 4 A | a0 | 40| & | m 7 18 | 43 | 46 | 13| 9 | 13
1365 41 1o 9 A4 g Ao | 45 -19 1€ 20 g9 44
1866 | 4, 40 | A0 9 | 40| 46| 9 | 26 | 43| a2 | 11 | 42
1967 |42 | 44 42| 12 | 24| 1¢ ! 2¢ | 22| 42 |45 g | 11
1968 | 14 g 9 o | 41 | 42 48 | 43 | 21 | 49| u | g
129 1 40 | 9 |41 13 |40 | 9| 20|21 |12 | 2 | 42| 43
97 | 44 | 40 |12 a1 | a1 | as | 42| 2¢ | eo } 12 | 11 | 43
497 ", A3 AL A4 [ g |13 | 28| 4R | 18 | 18 | 41 | 43
92 |42 | 12 12| a4 | g2 | 21| g | 19| 16 |44 9 |4e
4973 9 44 | 41| a3 a0 | At | 46 | 44 | 47 | 10 | 40 | g4
1974 42 | 43 | 13 A3 | 44| 40 [ 43 | 47 | 18 21| 12 | 15
197§ 42 Ay A% AS | M | ar | 93 | 42 19 Ay | 12| ¢
197 | 43 AL | A3 | A2 | A4 | A3 | AC | 17 | 17 | 16 | 10 | 12
4 | A1 | 43 | | a4 | 42 | a4k | 14 | 45 | 1€ | 1e | 9 | 40
1975 14 a4 |Ado | 4o | Ao | d2 |16 | AS | A& | 1T | 1|13
1923 | g2 |40 |4 | 20| 23|48 | 28 |10 | 41 |12 | 40| 24
4880 | 44 143 | 14| 92 | 12| 40 | 10 | 48| 22 |42 14 | 13
493 | 13 44 ;4 Ao | ae | as | eS| 17| 24 | 14 |40 | 1
1382 | 42 | 1o A3 42 |44 g | 47| 45 | 48 13 |12 |14

535




Arnexe XL (..hu'i‘* J

(D

J{F(M|A|M|l3|T]|A]ls]|o]|n]D
Moycnn-l
mensue lles 6.2 €y CBGS]| 59| §1]1 47| 44 441 4.4 S4] ¢.o
(b)

4950 | 4954 AGS2 A853 | 49854 | 41955 185¢ 4987 | 1958 | 1959 |19¢e

Moyennes
Anmnue f(-{

S

57| 5.8 6.5 s. 5.3 5.3 .9 ¢.5 ) 5.9 |¢.4

49¢y | 19¢2 | 2963 | 1664 | 4965 | 196¢ | 1967 | 1968 | 1963|4970

5% | 5.8 4.9 4.4 4.6 47 | 40| 4.0 4.1 4.¢

AV

Tableaw 3 Vi tessen mtfgw Aeo Arends

rl v
Frcods 4950 1670 . Bobservations

56




LS

: I anadiadior| Bnde den-
Tambecounda |_yiut kw/l | crtolicr o tae
Faranin x 140, 8 260, 9 —T
Fvriin x 144,4 243,85
Ao s « 187,7 |  305,9
Soanid 190,2 287,38
Aoas 149, 0 294,2
e 172,2 20,2
ga.ﬂu 1§9,7 231,0
Sorik 153,2 | 223,14
AN 465, 4 249,3
Qeletre 165, 9 2460, ¥
Arvendr 444,3 2726

e, 732,48 | 2545

Coteu | 29413 | 3160,

% lonnes 83
Tableaw 4

Annexe I

Fncdiadion | Dunis divive
Ziguincher | gt (bwjt)| eatem (&)
Fnrmarion x109,5 | 263,56
7 AP x407, 4 251.0
choars x148,1 270,5
Sk £ 140,39 2178,4
Alas €2, 293,3
St 438,4 247,4
W 1g,¢ 189, 4
Apsk xx 105,9 166 , 8
Goponhre Jug,8 202,S
Oct sbra 138,§ 235,7
Aovermbre 124,9 255,1
Secembre 445, 3 252,5
Gostanx 1552,4-| 2905,L
4.3 ?.49¢

< d-ﬂl’\!’c; &3

xx Valer eshmda

Jwnecoadny| Dumd d ‘isal
Lougo- Al (laft| Lok (4)
—
;L-M‘e_r 158,22 269,89
lj"”m;;. 151,3 223,7
Aloare 184, 7 2635,7
ik 18,0 278, %
Moas 2054 | 2958
_}.;. 190, § 264, 1
Stk 43,4 244,8
Sk 175, 2 e51,4
Lotem e 470,4 233,94
Cots brn 169,4 2548
Avermbire 138,4 224,§
Becembre 1354 218,38
Getase 2058, og‘ 303 2)33

_vbonne’c-l JI'(POHI.LICI fur /e S(”ﬂt_’,n_[ (Vc/ourf Je 82 & 83)




o0 © N N & 0 & «- | V!
A | Q25|28 G|e|S|¢|@ 2o <
|l g ¢ =~ »| < 19
NBYEAR: g ) P 3
ol Q[ T|R|E| QNN J|Y 3|2 a o
W M
ool zlalg 3|82l SImlS @
T 0| &+ 78676422 1
Ol || ¢| vl wvw| x = |
> | 9 ~ N S e )
Ml Q|8 DI RIRIT I G s QG
~ | 0| 0| | w| | ¥ ™| | ln
~N Sl e | 0| S Nn| o ® ™ ~y .
A372456_ﬁ7754m¢.5€5
Ol | o | | v | = M| un o o
4 o 4:5-54 Ny .
Pl SIS S IR0 |36 Oy
o ol 0 (H| N = O cl
4@7 ) N S| .
JCSZ4“17:&8..:/,6%269G
.1.3.....2%0245.18 o)
o | o O o N o O
IS B3 RB IR 2|8 || RGOS NN
29| =l o Ml a9 9 | plwn | T
2l 6| @m| | u T | N -  © o
4253578%983@.3537
ol o M ow N | Y1 gl wv
Ol wn | ™ o wsa ~ | 9 v
M4G24$8%96€M244Q
~|l@o|l o| ol | 2/ | 0| & = | ®© <
Ol Y L a © v <~ |
F4wm%%78876#22 W
0 | O | o |~ T e vy
(o] < < T | m (%)) .
J4m.oﬁw.am7ﬂ65%ﬁ414
=
SL{ALLL{Ltf;LA-LLtLInu;M.
NI RGN R R I e o T SR
. i
I o2 | o | [ S~ o L Y A
Al Sl ol o2 =] 22| T v TT Gt

» <$.~§ \’-\N!l.lnh Y PR Aahfon!eha \..\J.Sf.l..s\fﬂ .
Jableaw 5 Vavcation de Lo radiabin _gldale hoigmbsde (w/mY

£ Feban (olown wmogenme sun 74-75-76.77.78.79 .81)

Labaxa Hﬂ.

56




Anncxe __V:

Fq27 _rpeso

sy Wi wpy [ T e ir

e=®) | (ewd

(= | e ] ()] ()| @md) | mt) | D @] (ome)
80.4 | 20.0 | 3.24 [g4s | 3.69 | 105 | 23.2 | 582 |0.es8 [omp]| 220
4 b a e r F & ¢ o h u

(e ) | (amome) | () | ) | Gron) | (o) (kg/r) | Comee ) | omvee) | erm®)| Gutfom)

8o 46 3.3 $.2 5 7.64 | C.o 69.¢ S9.¢ | 264 o324

Tableow. e -.Carmwe’ri.tbt‘a]m de IPE SO

F: aecbiom o’ cocun

G:  prde  pav midis _comand

Fo: et oo 4’ Gome Fa = ca.:(ac+2r,)a_

u: Mm i M pon mbu canant

T: oot A metie  (andice x e g suivamt Laxs )
Wi ik ok e hastique "

R i "

Wel : modede o #ox[n\- lastique v

53



Annexe I (ounts)

J = 3’:( boocle)e' s (k. 2e)e 2 _:‘-(0,494'4.942’1) [(m %j:*fr:') - rjf
o Ko poabiolles o dodle T

Co : faobuw A 7@.@&“4% ( par »r.«77wv¢' cann comdia

eb® 2
Cm = 32 (f.-e,) TWM-‘&-'MT

ir i e e gnkion ko e Lose sy e
acckicn  om T fvmie Ao b semmidle ceomprimie oo st
g e mvecordoment of A e b Ao le panti
,«mTa.v‘rnd e A e

e0



Annexe VL : Pressions exterieurss
Amgle of Pressron  extoriewre R
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Annewe V_I? - Ga/cu[s

A
550 o
. (19

i 140
€o
—fs —

%
140

2 1
Bata EY 150
3 > »—
1
Z 4 500 L

fg 22 - Femalle  flacte
Fomells _de Jw%%w 350 e ek A L(me 170 onmn .
Q. « I. = 8915 £ et
Yy = 204,22 e
Aie = 586,500 e’
Oude e Mo _aemelie 586,500 x 170 32 o 2.4 kN .

—_—
4000

4,8;(.290-201) +3.36 (220-201) = 1€0+64 = dKNmm
q./“amowt e rerwerement : 0.36x1.2 = 432 KNm
Ve o b mwn: T4 %7 = S8

Ak e Adtl LA50 KN m
GG dro fkm nrendecodes
A §%x-290 + 3.36%x .220+ 2-4x.201
7.¢
Mook e edomcornenk ol cchongps enticales

- 230

7¢(230-201) = 220 KN.mm

A = 350- 220 = 730 KN wmm |
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Annexe VI (fuiks )
Sentil
G tiliont e Kamde Ao 460 mmen o~ e :
7.6 - -35 (.230 - 40%) = 4.305 = -fmtm e accunile’

o mepveverend = ’."73;:){ = 1. >1.%5 ok
7259”/400): 1500 = 0.048 ;N;_,;_ - 044 ME = 4‘3/(:%. 4301)1.*

NA . @o—w.. —cleo risena A e _/fr\,ajn-ﬂrwt ) Moo
cAvrne  eoneund oo sernedle . erntinane ot  rew

3



Lﬂhbg

Annexe Vi

_Probles Name: DESAL

NODE COORDINATES:
NODE 8 X COORD.
1 =2, 90000E+03
2 ~2.80000E+03
3 =2,5T4600€+03
4 =2, 27400E+03
3 ~2.00000E+03
b -1.70200E403
7 -1, J4300E+03
8 -9.33000E+02
9 =b.02000E+02
10 -2.00000E402
1 2.00000E+02
12 6.02000E+02
13 9.33000E402

14 1. 34900E+03
- 13 1,70200E+403
18 2.00000E+03
17 2.30000E+403
18 2.70000E+03
17 2,90000E+03

InPuUT

Dimaensions

Sechon
E

Iner-t:;.-

Ll e

R

Forces exberiewres . ...

Y COORD.
1,09400E+03
1.33000E+03
1,72500E+03
2, 10600E+03
2, 36800E+03
2.59100E+03
2, 79100E+03
2.95000E+03
3.04100E+03
3. 09400E+03
3, 09400E 403
3.04100E+03
2,95000E+03
2,79100E+03
2.59100E+03
2. 36800E+03
2.07800E+03
1.52200E+03
1,09400E+03

CALCUL REACTIDNS

1 COORD.
0.00000E+00
0.00000E+00
0.00000£+00
0.00000E+00
0.00000E+09
0.00000E+00
0.00000E+00
0.00000E +00
0.00000E400
0.00000E+00
0.00000E400
0.00000E+00
0,00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000F+00
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Annexe ﬂ (Ju.w-)

P e e

 WATERIAL' PROPERTIES:

| NAT # AREA 3 6 B 1y Il
; 1 6.54000E+02  2.00000E405  0.00000E+00  0,00000E+00  0.00000E400  1.57000E+05 -
f
iPROBLEH GEOMETRY;
; ELENENT § AT § NDDE #1  NODE 42 NCDE #3  NODE 84  ANGLE OF ROLL
P 1 1 2 0 0 0,00000E+00
L2 1 2 3 0 0 0.00000E+00
v 1 3 4 0 0 0.00000E+00
) 1 [l 5 0 0 0.00000E+00
y L] 1 5 6 0 0 0.00000E+00
4 1 b 7 0 0 0.00000E+00
P 1 7 8 0 0 0.00000E+00
. 8 1 8 9 0 0 0. 00000E+00
9 1 9 10 0 0 0.00000E+00
Lo 10 1 10 11 0 0 0.00000E+00
L 1 1 12 0 0 0.00000E+00
P12 -1, 12 13 0 0 0.00000E+00
L1 1 13 14 0 0 0.00000E+00
T 1 14 15 0 0 0.00000E+00
13 1 15 16 0 0 0. 00000E+00
(16 1 1é 17 0 0 0.00000E+00
17 1 17 18 0 0 0. 00000E+00
18 1 18 19 0 0 0. 00000E+00

' NODE LDADS:

; NODE 4 FX FY F1 Mt Ny i
2 5.750006401 -2.73000E401  0,00000E400  0,00000E400  0,00000E+00  0,00000E+00
3 2260006400  -1.50000E+401  0.00000E400  0,00000E#00  0.00000E+00  0.00000E+00
& -1,32000E401  1.22000E401  0,00000E+00  0.00000E+00  0.00000E400  0,00000E+00
S -2.90000E401  3.80000E+01  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00
6  -3,29000E+01  5.00000E401  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00
7 -3.13000E401  6.48000E+01  0.00000E+00  0.00000E+00  0.00000E+00  0.00000E+00
B -2.38000E+0!  7.9%000E401  0,00000E+00  0,00000E+00  0,00000E+00  0,00000E+00
9 -1.75000E+01  B.B3000E+01  0.00000E+00  0.00000E+00  0.00000Es00  0.00000E+00
10 -6,00000E400  9,28000E401  0.00000E+00  0,00000E+00  0.00000E+00  0.00000E+00
{1 S.60000E400  8.4BOOOE+01  0,00000E400  0.00000E+00  0.00000E+00  0.00000E+00

12 1.40000E401  7.06000E+01  0,00000E400  0.00000E+00  0,00000E+00  1,20000E+01 w8 —--
13 1.84000E+401  5.70000E¢01  0.00000E+00  0,00000E+00  0.00000E+00  0.00000E+0O.
{8 1.96000E+01  4,05000E+01  0.00000E+00  0.00000E+00  0,00000E+00  0,00000E+00
15 2,00000E+01  3.00000E+01  0.00000E400  0.00000E+00  0.00000E+00  0.00000E+00
16 2.13000E¢01  2.52000E401  0.00000E+00  0.00000E400  0,00000E+00  0,00000E+00
17 2.00000E+01  1.BI000E+01  0.00000E+00  0.00000E+00  0.00000E#00  0.00000E+00
18 4.70000E401  2.65000E401  0,00000E+00  0.00000E+00  0.00000E+00  0.00000E+00
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Annexe i ‘ ( swnkz)

NODE RESTRAINTS:
NODE ¥ X
1
19 l

ELEMENT FORTES:
ELEM & NODE §  FX

1 1 -8.b3549E+02
2 4.b3649E+02
22 -4.77813E+02
3 4,77813E+02

3 3 -4,B1832E402
- & 4,B1832E+02

4 4 -4.75109E402
5 4.75109E+02

5 5 -4,63874E402
b 4,65874E402

& b -4,35503E+02
7 4.95503E+02

7. 7 -4,45340E402
B 4.45350E+02

8 8 -4.37404E¢02
' 9 4.37604F+02
9 9 -4,34B4SE+02
10,  4,34B45E+02

10 10 =4,36219E+02
1 4362196402

11 11 -482121E+02
12 4,82121E+02

12 12 -4,50165E+02
13 4.50165E+02

13 13 -4,40352E+02

14 4,560352E402
1 14 -A.49578E+02
15  4,6957BE+02
15 15 -A.75453E402
16 4754836402
16 16 -4.78541E402
17 4.78541E+02
17 17 -A.756b3E+02
18 4,75645E+02
18 18 -4.62626E402
19 4.42626E402

FY
1,93830E+02
~1,93B30E+02
7.729226+01
-1, 729226401
-2,39621E401
2.39821€+01
-7, 18378E401
7. 183786401
-8, 385376401
8. 38537E+01
-8, 24474E+01
8. 24474E401
-7,06283€+01
7042836401
~4;31510E401
4.31510E+01
~5.50822+00
6.50822€400
2.95092E+01
-2.95092E+01
5.90314E401
-5.90314E+01
7.63488E+01
~7.434BBE+01
7,79702E401
-1, 79702E+01
5.0B449E+01
-5, 0BASIE+01
3.68591E401
-3, 68S91E+01
9, T8195E400

=9.75194E+00

-4, B4717E+01
4.86717E401
-8, 13983E+01
8.13983E+01

F1
0.00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00

0. 00000E+00
0, 00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0,00000E +00
0.00000E+00
0.00000E 400
0.00000E+00
0, 00000E +00
0. 00000E +00
0, 00000E+00
0.00000E +00
0. 00000E +00
0.00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0. 00000E+00
0.,00000E+00
0, 00000E+00
0.00000E+00

RY

X
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+C0
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0.00000E+0C
0.00000E+00

0.00000E400 -

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E +00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00

(Sy.sb‘;v\c lncn.\ )

RT VALUE
0
0

MY
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0.00000E+00
0. 00000E+00
0. 00000E+00
0.00000€+00
0, 00000E+00
0.00000E+00
0. 00000E +00
0.00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0. 00000E +00
0. 00000E+00
0. 00000E+00
0. 00000E +00
0. 00000E+00
0. 00000E+00
0. 00000E+00
0.00000E+00
0, 00000E+00
0. 00000E+00
0,00000E+00
0.00000E+00
0. 00000E+00

" 0,00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0. 00000E+00
0.00000E+00

N
5.250006-02
4,93204E+04

-4.93243E+04
8. 44238E+04

-8, M241E+04
7.27745E+04

-1.27746E+04
4.55427E404

-4, 55429404
1433246404

21, 43325E404

-1.91210E+04
1,91211E+04

-4.92574E+04
4.925756+04

-5, 49036E+04
5.49052E+04

-5, THATE+04
6, TSAITE+04

-5.57400E+04
S.S7399E+04

-3.18038E+0
3.1817BE+04

-4, 128506403
4,129B1E+03
2,91500E+04

-2,91500E+04
5. 383776404

-5.38377€+04
6.75637E+04

~b. 75637E+04
7.14383E+04

-7. 163836404
3.8307E+04

-3, B3067E+404
0,00000E400
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Vi

Ann exe

NODE DISPLACEMENTS:
NODE # X

1 0,00000E+00
2 3.85490E-01
3 B.09503E-01
4 7.80902E-01
5 5.05234E-01
6 1,50844E-01
7 -2.001496-01
B -4,39119E-01
9 -5.22614E-01
10 -5,29814E-01

12 -3.99362E-01
13 -7.57430E-01
14 -1,03907E+00
15 ~1.32098E+00
16 -1.49272E+00
17 -1.47532E+00
18 -B.15934E-01
19 0.00000E+00

. |NODE RERCTIDNS:

NODE & X
{ -3.60443E402
19 2.70288E+02

i1 -5.28482E-01

(f’ \Stcxftczﬂ)

Y
0.00000E+00
-1.b375BE-01
-4.02304€-~01
-3, TT34BE-04
~8.70817E-02
3.88731E-01
1.08110E+00
1.61017E+00
1,93706E+00
2.00199E+00
1,73218E+00
1. 1B407E+00
5.49411E-01
-1, 36055€-01
-6, 36577€-01
-8, 4B344E-01
-8,52538E-04
-3.81229E-01
0. 00000E+00

Y

-3.50198E+02
-3.84178E+02

5[0 Lﬂl

‘§:,!»t§!:v1e

I
0. 00000E+00
0.00000E+00
0, 00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0, 00000 +00
0. 00000E+00
0.00000E+00
0.00000E+00
0, 00000E+00
0. 00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00

1
0.00000E+00
0.00000E+00

»

RX
0.00000E+00
0.00000E+00
0.00000E +00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00
0.00000E+00
0. 00000E+00
0.00000E +00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

MX
0.00000E+00
0.00000E+00

RY
0.00000E+00
0.00000E+00
0, 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E +0
0.00000E+#00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000€+00
0. 00000€+00
0.00000E+00
0,00000E+00
0. 00000E+00
0.00000E+00

"y
0. 00000E+00
0..00000E+00

RL (1)

-1.71250E-03
-1.51263E-03
-3.45528E-04
b.71443E-04
'1.38569E-03
1. 74034E-03
1.70962E~03
1.2449%€-03
5.85815€-04
-2, 69368E-04
-1.05462E-03
~1,41987€-03

-1.B2TA0E-03

~1,65T36E-03
-1,121226-03
-4,01704-04
5, 23175E-04
1.72230E-03
2,00937E-03

n

0.00000E+00
0.00000E+00

67



1.

2.

BIBLIOGRAPH IE

TR . Vadlawk |t priblene o .deceloment da
Lean do men b des ctonice avsmibies . Ediliine
Eypotles | 4370 . |

Cpid Gomerra , Lo o i mamdle b b dewa_
L....,.J:' Ao oo . Bollickin Homns -%';.«.a«.w Rnia 19¢c .
TR, Vllank | Arccrmssement ot ootiin  olte reverin.
e tonr . Bdibion  Epelles , 1977
Comike' awsvce’ dAu Gode mabiinad o Lol t . Coud
mabinal i medoches i Bamacla | Lipplelet
A o mabiind A Aidimerd . Ofoara 190 .
€. Ercvensaum ,  Futdlatis  abbiple. affets : echnig,
conplag  phetithomique . Cadorache | acptombre 4.
Ficond b Bealion |, Gabouk .one sbats dinitoss oo
~eharpomtos A accer . TCCA , —acit 4981

NMee €L+ Bhomes M..g Zawand | %’?"’““’“""3 camdl
comemic  evadualion of oclon ~ditill atiin jn. amadl
ccaommmumitics . Bluebec , 1966 .

P

$G. Gulbork , JA. Bibleng , 4.0.6. Lf | Tetan
duskc llatiin 7MJM wakor Ao offen of anbine
rmkor  aumited  shakes  dopantment o A
dnkeriar , Jammarg 1970 .

B. Qoo , Fihllebow ovlavie CELER em snnia

68



dol

11 .

12.

13 .

14 ,

415 .

416 .

17.

18 .

19,

o CANRA  .da Meg . grzecatuw : Glaoles

,buﬁm:.rm A CURA }J&t 83 .
CEA \%«v-»rwwmd. mevense otmoss Aeoakina -

BIBLIOSRAPHIE (Sudte)

Beoote lgtechmiqn Chis , mote A cours e
biton anmi T ot I .

8.9 Bl ot JF Fallen, weoter deoalivabio .
Tdomd Wikors Branck ... Oftowa 2H?Z .

Hooreran . Modiamed | fislde Asct of difluent
' W? Moatorniats f”wv“’*’“‘w
e ditller .

wat NRC |, Faire
G M. Cowari ot BA . oo Bl | dodle b filr
/w«mfrm’« ']M'{_ Octotra 4 .

g.ge Bland , At | Mesks ot Douglos , Arlar oM for ]
e camdein o sl sndadon  USA
b.A . Bl | M covlspmok af dioolinatin
im Srobralio CSIRO | gullt 84 .
29?9‘.1., st G Tk , S aimple ;e At
nake  cenibercen p&» ecrnomic  envolbualin o e
wedinadiin  projuchi . Aol | 28 dicembre §3.
%%’,% wt Sovomit | srtor —.driven cose |
Uonivenscle e :f'al/u?)dﬂ.?i.
Buimni ot Gang Sldiis o varinua  Aroigna o
adan _didilleliim. e . Now Sl 15 gusn 84 .

63



20 .

i 8IBLIOGRAPHIE (Suits)
&, Bhotain , 200w’ /,,L.Z ortan
| . Ata
» wraden
olsenLinatin Mank . Toralia waoudils IS

70






