
sTU

E

.
Auteur 0_ OrAGNE.
~~F " -

Génie CI \(.1 L -- --

Date _J~4 - - -

RËPUBLIOUE DU SÉNËGAL

----- - -

1

~COLE POLYTECH IQU E DE THIËS

,-.....Jt...Jl......a.......L~----I..J..;~.......--.. a u de co 0 S t[ U C t ...:...::oi0",,-,-0-..-__

- ---LphuseJL -)- - - -



Ecol~ R,1~hz.c.hni~ue. de. Thi~~

;; D<fp-agrc2.rtl<ZNr GŒ.NiQ. C,·vl'.

PROJET DE FIN

D'ETUD[~

Lr:\TERITE -MATERIRU
[:)E (ON::,TRUCT/ON

(Pha 5 c2- ~)

Ruh:z.UAS DjibRi/ DIAGNE
Abdoul- H- DIOUF

Ma. 19~4



A rncZ :S t":" /liftS

Il mer.:! f~~~~ ~f sa.U,llS

Il ma.. 5 Q "., , ':5

A ,.,cz~ {RO f ~StL(,/R S

A .... <t.~ t ~ iii! tZ. A.J/".s

A 111 ~6 fR(Jf~st:."A5

A mce.5 qm'~

bt o o «

",i)

,J._----------------------------....,.1,



R E.M ER CI E. r1 ENT.5

/lJou~ 1l.a-"'tLR.c..I'ON~ fous ccc ..... ;",' DAi! c.oNf~/'6ût

oc. f'd.I",bDlf.af,'oAi da C~ f.q0J'~f <zr r'r: fQRf,·Cf/.

(,'eÎ/ed.mo.iVr ;

_ MI! R 0 G é R L U pIE. Al NO fila d, il a.cf..",'f

d<1.- fROJ~t. f~{"'s~tLUI? d~ b~IoN <Lr da 5fAilAcfu~~s

a" ('Ee-ol«. fo!JhdNI'iutZ da Th/~~ r:" s'" ..J~QAu:le

d,sfoAs(bil,'f-: , ,~ fa.,Qf,Iv~NUL dt!. -'4.5 Id'~.s e r ., u $5/

~ON arf0R." .:suR 10. r: dtL te dOCtAn1«.Nfah'oN

MB N'Goras MA/..rffN r» \lITeH RU/DNS.,ble

4u. la bo_fo, 'Re. .dt!. br: f;,AJ fOUIl

d, 'stQ/II"/r" Z'/-r' J dlUS!'>I.' tOUR le.':>

lotes "Ù.. S <t.:'l5ec,S

-it--

:> ,
.50""" <Z.Jr..ttL;>ll tZA/Ctl J Sa

:5tZ"Q "( cc!:S r" ;.Ict$



~OMMRI"E.
0----

L'.ih... d<L f1'14fJ~ ~;">J~ ozJI-a rha'6t1. c2 r:: bu.f

d 7,·d(J.IJ"'·fQ~ (Il.!> fARA Mé:I1l.4.!> 1U" CDl'JrR;laAlr 1.,. (LQ':,,·sfa#cQ. aN c.o"'-

C.O"'f0p.I:(mtl",r d4:' / .. rQ·/J.,'ftt.S

1"",.;f'u/l...,cC R..fl./.Jif,·,,~ dtti cal<.l&,""~ t/',L"otn<l";.v~.4 ~uR.

a, ,...:"" ..~ 'd-f""R'·!-C5.
,

_ .b .. /'o,.d ".rfl. rif.. J" .du C4RAc!?lIl,f,/-'jU4> dtt.:. 1a!a~,fC5 Rtlu-

.Jft tf b1(1.,,"4-

_ <2./: "",fi. af'J Q!y",~ d .. I:?" ewe«: tiu,q 1.. .Q.c2~' SI""NCf! 44~

tif

, .;r"_'·... '"4;11:.'&,N _ «"Al.e _ dt1..f'J~,·I;e' ,$11!'c/'" _ eAOS'-ON _ tLP~·

l , , .1.' f / d u/ r , ,1 ~
4JJ ~" _ n....... c·é'J,;tt. _ ,"DaC4f~ ttla~nC//1t.!J'€. .k C.D"'fQoCf"::l~- huFtt.~~

/J.Atrl/.t~ c.1 .... tl.vf/L..r1.tz,~

EoJ6IJ.,·{-a UN'" /.tudo: ~taf,'.s/;'1'.ca a te~Rli' dtt. dchVJ/Jl,'.

!'Jt/-R le:. fP.O bAbd,'rc; QIJ", 1'.1. a./ln ON I t Cl t 6 'Qf!lNd,otZ tdl/if UN cIo~..1(l
,

f"; ~ (.1,..,<:1 ,Q.(l~"~f<JiAlca. ~rC'f~'

ë.(oJf'1J du Il.c~otrl,,"c2A1d.. f;o,.,s 04 :f./ f''f~:. <fu ..",f "," u;

:>
t!l.tt..:>,·-sf/AAJu< "dll su $ (Id .. jc,·... tt"'t , IJhu",,'d,,!,:/ el- /~fa"ssa",c,vr

a' v,::'a,oQ , /4 e.o"'rc!a.Jtt., (a jIùNUIo,.,:flll'c d I~. '/"'f«'& 4'''

SUI vU. ""A. <Z.ffccl..<r..r< /4. "':/<1"'.1«'.



-rABL.é MATIER?=;S

T N h~ 0 d v. c:.. {-.. 0 N _ __ _ _ _ _ ._ _ __ _

a _ Bv.'" __
.b - Obja.,h'fe _

___ 1

i
:3

.,14
.,,14
AL!
lb
1"
lb
1"1

1"1
Ig

cl, a (I-R.rL
LA

.1- .z
A- 5

C helfdll.t
.2.A
.2 . .2.
..2.3
.2·4

.J. 5

.J. r;

.2·1

-1 C"" f(""d;isl'~ h1u tZ. s d, 5 14f,z.'R,"fu ro ca /LS _ 4
{)4f'"AJ .. ,....0,.J ef: tJf4S J.fud,·~~ _.- - - - - 4
fhaw f:"J«'5 e]: fa,bf(l<f>$tL5 du ,..,,,,,;,tIl'·CI" _ _ _ _ !J
R.....:I:"R.<:I,f.'<!>{\I ~"..»;Ilc-:Z AO

1 • ,
~ P/l.oced"iUt (l.lI.fCl.R,·,., e lVf-altt. _

!:>tLf'oIfo ..frl' -r.... a(e _ _ _ _ _ _ _ -

lIb.s"",, rf-"ON d .. .:J/lOS ..JR<lI'iU laI- _ _ __
1jrc- 4 'e'd"'N 1;' l(oN - _ __ _ --

"TJf>lt. do. ",,JlaN.Jtt. _ _ __ _ _

J..4. '" MIl..",,:).. ave e: fll~",,,,,,,·l/a.Jf _
.2.4 .. .2- M.,' (dAl3 4 S<OAlS fA.J ,.,OU; II-:JtZ _ -
Fa!:,'" .::1.. C.""'f",,/rz.1? _
1"'1. J~ 4.1- f-(J.mf!to da, stld.":J~ --
Mtt S,"Rtt d~:. ..... ~':'tL~ volu ",,'i u IL 5. h.....·.,14 a.r

.,.' f';'far ~ctc.. _ _ _ __ 18
TJfe dtt fllc-A:>e a.r f-...... dtt Cha~t1,"4Nf- ~ , i
"!jf4 d«. .s",q-r'i"'j1Z - - _ __ _ _ _ _ Il
!jté'J.~ d«. ,.. «. 6U,qIZ" - 18

C~<:I,f,·11z.4 3 D05~.rS <LI- t:.a!qflld~(lsJ dteul,'tl~ .,ta-
3. A T.:.l.(tf,au dtl.5> d'·ffel2<ZloIh. rnt2:IClN..:Ja.S __ -.20
3'- 2- S'.J,.r'fUCl-;<!>N el-- ,"",hR;t d.rs f.tJR"'''' a.'ftlltl.$ - - .JO

'.fuel,':" _
3 . .2. -f T<LAJ4,uA {LN tL.... du rnd1..~tL _ _ _ 20
-5.~ . .2- !-lu .... ·"".. hi' - -- -- -- -- - - 2:!J
3 • .2. 3 Do ~-:Jc- ûJ Lt>UR. c~f"":Jtl do. c./,., «Nf - - .2 <.,-
3 • .2. 4 l2...if'orat e 'ic,· ",,1- bRu.t 2l-
3. .,2. 5 Rc.rrt>tr E..u le, aNt Vf24,' • _ .2~

5. ~. e h"f.c1I'J.,(.. CAle "'(",R. CtLAf-"'N$ fQ,Ra n ,z!q,«s _ 23

C~ ar'f-lU, 4 A"'e'~~L da. S /2 as fJ, ( I-.,.fs _
4. /l INP"ttNCç. d-.. 1.. fo.,'fltt. _

4-~ IN{(" <l..A/C(i. du. lJ;...",a.RS,·ON _

4. 3 J+rf.("«' ArC Q. d ... {~ .c.«R e, _

-4 .. 4 I;"f'u a.AFUl do. (... d"''''5,·I-«.' :'~C~(l __



A·1
A. i
4.,9
il. 10

INf.{fA"'AFC.~ do.- 1~'R.05"O;V _

kf("<LAJ~4 a4 IJ4N a R,j14 d4 comraef~a
<1..f-.da. la rd-/OFauR 4-N a a « _

HUm,'.J,'/-l _

R.yr.... r C.""'cf,.Jf! lat""R"'" + ~4/'la _
Rat/DAr c.... /e.t'ma.Nf _

M. du/Go .4 }e'/~~h'G/'fti' _

30

;

Ri{a.'R.<1..,.,ICfl. 6

Q. A"''''fl.l( fl.S _ _ _ _ _ - - - - 41
b _ e,,·bl'·o..J12etrh'4 _ __ _ _ _ _ _ _ _ ~3



iNTflODUCTION

Un. UQrn(l.A.1 arrroflVd,' dtL'5 d;~'r<VJft::'5

f hd 5 iL ~ dt!- ! ~ 'vo(uf,'ON da. ('h... 6,' fa! af"<;'Q' ',v <-ON de/l r

"L, f
"=> <1. le" <2.N .

, ,

"'-LON°""I U <L '5 -

dv RdCÜ,z •

~ailld "",'- (tLUll:S d<zf!""L<Z""'<l.N!~ (<L'-

r" fa Nafu,i?/E tZ.f /tl.-5 c..o"J<:J,'f,~N:5 SO<:/O-

.r.: fy'p<2 dlhablra..! k"'foIlOf',.q'Z1 NON

, 1 / h
.z.) CL5 c-o/Vsfl!tlch'oN5 JLAf<zrAltLm/ENr f;ftr.$ .:z."./ /e s e e

(,d4-~'~"1Ud. (btJlJc-o) tru Œ-N 1tr.~R.a. aIlJ'/<l.U6t2 :5'Zd<2~ "Hf

50(q.;! (a.dobtt) ~f""'tl.NI- b'~N ddt:'f!<r:;s au", GONd/Ii'oNS

1':./,'", ... fïl ", «~ fo c..P le!. ~ _

3) .DURaN! C<l.6 d<Z~Nt'<l.c.."?<2.$ dd~<'UJA.lf';S, dVeu fa, fro-

.Jr<c~ 5 o c» '", ( ,vNtL a6ff~4I,'OA/ vet.oCl5 UA/a f/U$ ..:;roNd<z

LIlL' 'L'<- L,II/II ~LL
~1""'1:)f'I;I(z. '" l),/c,'I<z a LOA.!:SIRUII(CZ tl.A! ouI! • L.-<L['<!-

<
jR05S, <Z.A<z

1\..1-, '1.':5~ ft '() Al

f"'J~ d<L~al"f/L~ J UNd. ""tt lt 'c.4. f " O N

1", Id.c:.J,NO(c:J/~ (UIII..0ftL<l.NAlCZ 1.... e, V<l.~'5

dt2!> ma.f"/R"OL<'I<. (OLau,/< J d<!-1> ra..LhN"i"<l~



rra ,d,}, '0 l'JlJ<Z- /I<t~ - en: Al "N ;;.1/(.4,"1 r.::1:5 d([, CtZ r:'
/<1.5 fCftZUlt5 CI"rf1c<r"ïU<1.5 tZ.t tZ~OAlom"lutZ5 d", NOS R.3,ÔN$,

CafaNda,v1 daA/~ la5 f"'..Y$ 0';- la~ fNc:I:5 ",aNiuaN!

0101'5 iua /"", ",L/;,v d'c.:.u.vll.<1. es]: d.~oNdèTN fa (2f :10US t.J.hl.'~<z~,

fAY!5 4f,'<:.C1,",.;6 :1oNI ddA/S Ca caS, oN fauf

(,INa f0(,l,'1U4 dtt. (:J tZ", <2. N f 7'", t<ZlI. ... e. f dcz

14- ""0"1J~ fO~'5'·')tt.. d4.:1 mafd~"4'i>" cl... Ci!)N5

,'tflroRf<&; (VJ r,'5QNI <:?ft<Z! au" .Rt2:J:5ou,<?C<z:5

"'df<1.~,'aux .r..f 5a.vo,R - -f,'It<Z , ...... ul,lsdN! ~5

<:.01'1 cavo,JI

da'frZ.NdA<Z.

hwc. f,'PN

,
d UN

Cdt:f", (

tll/55,' {'dldboRdkolJf OU-,'1u a
l ''"fl''ru t

da- Ma. te,'A' 'a <f ~ ,J,,-ca rA 1c:..J (,l t!

(.1.,'51,'1 ua ~

cl", 1>.. ... {,,,Ud.' _

-"
Ia.c.Lvo r"J'::Z~ <Ytll.°f R , '(l <Z :5 -

L'~f..)'Dll.qJ-, 0""; c/uNa. ~tL(lq.. tDU, tua ,'m/,I,'1"" e (::fu d,z

.Aa.!:> Yf1 ••}aA.,'aux ('(.J-d4.~ ~h""'1U.tL:5 1"" LONSo," "'(lrJf la

....o i sr a (0'55t{,(a- dtL A.<1.:S'50<..l!?CtZ.5 YIof"ONa!t!::5 Ra Jll.rt. 5 1-,/6

1UL /(1. C4f"f.,,/, l'lN~'d, /tZ-!J "'~<2.N:S da. I-lI.aA!~f'0"'lf m""'s

.,1.1,' d-N R.4-V<:JNC./'<r, <./-f,I,':5aN f Icr md.",mum da "",,;A/ d'~l/VIf<2

fi: '4~;-'"r - d:4,t2 lU" fVOR"S4-rJf r ';NV(2:5 f,'s:5<Z,'UZAlf l,umCl,',v

t't: va5f,'~'5t2ma,...;f a.'"

C ~5f darJ.:5 e4.1 ORdA.<2 d~d~; f"'LL l'E<:.o/<2.

Po.!.J 1-<7-c../'A/,'1",4 dd. Th,'([.s '" <LN ~~rli",.:5 d~5 IUch<2R.d.,.rs



1

.:3

b) . O~~c.!'/-:>
L 'f 1 /' - p - 1 'e rll.v<z.::;rlt. é.... f ."" tORTIL ~vR

l'a.fu./.z da. lA /.. r4Aihr. aN P.4,'~oAl dtl ~'" d'~f0/\.l,'6,'lfL.J SU~

("" 1"'''''6'' rD!4(,'f/ d(). (ap.I<,'ft,,'R<t Vl.af,'OA/4! d-rda 54:!> C4A.è7ck/.

R.,'6h'1U<Z:> Jdolo.c.4""1Ud':~ /t,}la~a:S5"'Nf<2s. 5<LlI!<f.",aNf "-<2.6

fROffl.":fa~ da 1..1..:1<21<,'/(2 , da r: /4 J";o~J"1t. d,t7rt~aNf<z

aufJ5; b,'.rAl 4(.1 N'V<TQlI R<1J,'Odd/ rua 50U~ /{~J;ONa/)v<:rr"aAl!

~t1.-lo'" 1es f~)(:.a;" f-<t; .

La.tta .J~Alcitt Wl ,<l,~ /,,lta.' aiNSI t' a- Ia-!'! COA/f.R4;Nf~.5 dt

nO(.l~ o",t <:>6Ijlf, ... l, .... Jtl Il rVof1{1t. a:h.. d<l aL <LI>! NO""-

0:>:54. Z M'S!AlLiAit da J)frJ:' da- (a~'"",'k a-t.: '101" c.o Ar :

Uf.N f/Ut.R su fi. /<Z.~ 06jlI<:'/~

" .14'" fil '<zAo ft!.!J rAd rf1 CZ<'fR<Z-S 1'" co N fA, ô (<ZN! Icr ,'1<2'5/5-

ra AI c e. a..r fa co on fOI< ra lt1 <LAI1 d<Z:$ f... h:.'"l.I f<Z15 ,

dtl/(2,<lm,'I\/tl-R, 1',;';(lu4-,vc<2 A.G' fdf.'V(2 da. C<7R k}l~ fhl/-

VlD>fldrV<Z~ (LI.<A/Z..J ,'mmaA.'5:0Al , "'-0::510"; "., ~f<:...) s o «

C <L ffa rt1 .; ,.,a fa"':1:'"'hz -



CHAPITRE i

CAP-,AC.TéiJ,ISTIQUéS .DéS

LA TER 1TES LoCALES

SOU6

,j .. i Î>ef..:.:'AI~i...:.~_'·_o..:.:AJ_....;aJ~...,;f-,,;J'tftZ ~ a./v d, d :s

IJ 1· / I J • " • 1 /. /. L' /-rr: d<t. '~t2.N'(L.,,-r c t v .. ~ ... ...r<L,(,'r"

..,,()/~ ~6,'dlA."l:$ Ao~tZ'd IR. "6 al foU5 I<c'~

"0" d6,'d(J4/~ aYéJAlI su!',' 14.:> troc.<Z~su:; d:"lk~4/'(J/t/ !oGdt,

])4'-'$ la. c..z.::I,tltZ da ca rr:J'q.f.J d"u", &ta:5 <1... 1..1,/.

R.,'ftZ o,vf ;1,,- 'afud,;..:S ~ I.e, (",f,',q,'k bl?utVtL al la !ql",,~/~

NOIJ~ NOU. S fR.0fO§ON5 da: f~~~<Z.AfI<zA' Id..uf'?s C.o-

(c1tt:.f~/R.I'~ f,'(u L~ .Ja~ fcl.chN' 'IU~S V,/ Yv ct. da Irz.u, r ch5:J'/C,../'ON.

Co"'ce.qNoIfAlf Id< I",fa'""ie !,R/,.(lI!tL. 'pNtZ 1'" L~ 1.0/1/ 5tZ ros''''/..

.: 5d:"O'R :.,'" 7"<51 UNa l...k~,1.. a'- t,RO f:,!a:"e Ou N(JN. L-'::.v

I~flu tZNL,a

da 1~"U

Ct-~5é1,'6 c.o"'rI1"..CL.Nfa,·Aas

d. 7~1I. /3 a f,'ON ) :-tZN '5" 1,,-/'-1,/

{<!vtZ-t'l ca fra ~1A.1·'107t(a.7 d<Z.5

OAI 1 dl,,? rzfFdu e ~ r~"/' C a

""u f'<Z."'dll!l~ ",a-;\I f JO"'f~'"tlJVJ ...A.

4



5
Ta &I<i- a<lx d<L5 CA ~a ch/A.'5 l'ru iL.6 -::J~he-hN. '[ u.~S

'J·r \.zIZ ~ ]) C C
"0 .,JO u: a

or
L... rc. R,' hz

J.05 A3. g 5. 5 O. Dl 10 r.~ 4 . .2-
RO".J"

L- h/",,'~"
~.-lA. FK ~5. ~ 4.% 4. :JS 0.044

bR. U ",e

2 \~ 2
D"NS/ r,/ DorJv5,'f",! ])"/1.41</

V../ I p
a-N

'/ !
L f " Rd"-

ft oNNtZ~ %ru-fas
('J!c",j) (9j,.,~)

l-. ~a ;.., r..
3.3 .u, 3 11·1 A.55 .Â. go 53. of

R° ".5 e

1..-.(.-,,.',,,,,' r4
44 .24.4b' //. 1.2 51-.4(;AJ.54 A.41

bRv,va

I", d, 'ca ' 'f I.n -A. .J5el ':Y R.<Zj~ ,'C! Al -

5"", .. ,'b,'I,}./ dU R.tr-rn~ .I\/,'a..m CT/V f :'JI2.-N'S,'b("

GOA,/fr",.,., d-N f L )0% d.r. t. h<w/lEUR /..v//'~k



.A-rRL<e aN.a!J~cz. d46 p.a~ul;-Afs fa;;u.!cz.~ 7 ~# cOM-slafe

"'(ua (", ('" 1-er:~,1t2 bRUN"t2. ~cz."., 6!e :'!R.,z ,,: UN sl-«drz. 'N Iè~-

aL FR Ot.u.; !Jou s

meT Itr. ~ CO "'ffd. f-<Z-NU d l ? 1.
-:'y~/ari ON



b.,
::<::l

lA l..:\\ r~lJ\""'" ~3 i? (\
à' 3- Il , ~~ 3 ~ e- l\"-ll" o

ib ~ ~::-:-- f>

"}- tI
? ~ kil' l'

Il <:. ~ ~ no ~ . ... u:1:1"
~~ ~~ ;:-l1 }- z," ..

'"
..

t<...A .....
}

o

"
jtl

f'
~

Il'
l

1

'.

~",-u~
WÙl~t-.
>.... '-1 ~ c.,

~~cr~



Il.,,.,.. "N bo)_."o 0111 ob.s....? ..
t:- l.t~f t:4.. . Ït.N4. U~ TeNdU,q Rf{a"':J1l - C,j ':.;dllu "'"$6,, vol" .e/s i SF-"NCC R:'s.1sk-c.,i_4",'" \101 ... _(VIf.aJ

«.111 d ... o",t I-/"",:.J.tiC,-,.,.."," - V/l4.· ....t ll.N ...~,..,r "",... h,,-1-"'.;1. .....u. ('"""'0.1'11' (.,'..4JoI~ ...~.-
,a"".... ,." ...". (~~'r~2J ~.CI

c::I,',q ( ......) ...,'Je (It,,/..V <- MP..J (MI.)

9.5"7. 45:370 4, /Iv Mg 22.2b ';.5'4

,NA .2 .t/-,( i.ct 4D DA' .2..2 2 ç .2.2Ç .J. 4-1

'% -02.Ç~ IJAAo :l215 2,4-4

,bP '" .224K e. ()4

'3% 5;( 3.4-% 50 MI 15 2.2'0 .2. 13
1.. Df

Aû.5 2,3.2- A.5'K A ...
bR IC .U42 3.!H

bR It '<.24.2- 3. ?5 3. bb'

])A If 223.2- 3 .•U 3.23
g% ~.~3 ,144. r i.» 1.35 )D·~ A5:7ï., 3. 5 { 5"0 DR I!J .2.2 39 3.1&

D .!YI :20 .2..2~() 4.1(; 4.8)
J.)8 ZI .2:2 .2. 5 A..gr

:3. 410
J)R 5 .2..2. :., 4 ~43

~. bf. 4/:{. '4 A12·1 A.53 J. D1 AS: Aï. 3.8% 15 M.b .223'1- 5". g2- 5": 5"4
/)fI f 2.2 4- 3 5.3l

1~44 3. 5':;:
!>A ,14 Ûb{) .(3.4./

-14°1. .243 A.43 0.82- .)0% A5:'Z 40 DA 1:2. ~Z5S .13..24 ) 3. 0 1-
0

.DR 13 J:L5D .1.2.5"b

17. .21. A/4. 44 .JO. 3% )5. t 3.770
!JA.2. <2~ ,.(3. e:

2:30 ().'3Q 0·10 10 M3 .22.5"5 11'3. :;5 44. O!J
J)~ 4 2<'5r ...14· bD

ic.c; "'/J.gr; 4/0 6.1-r;; o.~o .-fl.b"/" n.«: - G5 bH ", .22(;3 -11. ft /1- st
J

.
00



d<fl /4-LA /4 I,·... J~ éuJ""':J5/bla. CLf d" d~Il</ "/4 j~A/(!,zm.z,Nf

1"" t!-~f r,'6/c-> N!J/tj~4t!~.

Lx. ~ç;V:5"b,,(,'h/ a<J Iv:t"l<3,v,'a.mtr.Alf f~f, e:1Ia. J ~/,-{t:! I,d~ a <.

lei r- t,-/,.fd.
7
d~~ 'Y,Il.~a)~; fl.A! ~trf ON a Si. Ob'2 et!

5" T. 4 ç 2 el4 fd.;qffZ!> R.~:!>ta~.),'va fi? ,zAo;! /" <J;/l la /ah~J~

1l.0u.JfZ al la I..)..~,k b~V/VfZ aloR5 jUfZ fOU/? /<Z. c;..I/e

J//VfZ~dI4""(r;..;/ ",klt~~" ~N:j /a t4~fo/\/. la:s 'paR)tr~ :50N!

J ~AY ( . / )crtZ A;.J.... ~$~e:u L-Q6 /7N GEt. e» _

J /ïIlZ$ 1", C/d~:5Jfé"'),'ON {,.UII'f~'/ dtr-~ Ekf~- UN,'s

ad"" rltZ~ élU~ laf<2.~:ff!-5 J NOU SaVON!:> d",,:s ;::,o~ Y/?4 Va. 1<Z.f.a

";01'1 ~6.!<z; -a vac: fRtZ~ ftZu da f/V<z~-

d _.2: PrV4Nf0(l~ al -p-/Üe-55<Z.~ du merltZ~/'dU

L.. La 1a.~,'ft2 t~,z.~<Z/\IIt2 usra: a:z,t2Jd/',v,z cohtl~'o~ waluu4;

~1l.5i'" 'f1. fla. (1..~t -:>4.~I.t!~ J rly a UN<2 /,'a"::'ON ~!Rt2 Itr.~ c/,if"r-
{24.AI f~~ ra Il. f, '<:,Gr !tl~. Ma. 'e tVII ftf.l<2 J:5<Z/\/ C fZ. d ~élU ~<2.1h

c.Ohd.~'ON tt.",f bA"~(L:Z 'A laf<z;',f,z S<2; da:lftZ •

IF 9. tg Z da :>0# fo"d~ rVR la. lafaA,'hr bRUNe

1( AO. ta 2 el.. :lM fO''d~ j>0UIi la: laftZ~,'k Rouya.

~6 YR4,A/ulaf:5 ~oNf {tf.l,a6It.rs _ &A I~~SQ" Los e:
Jd./4.~ 7 ON e< 4(/f-d./lm, !va ~ :

y S-3. Ob2~ (4"l.f.r!!r

~ 5l 4bZ d~ ftZ~f~~

<ZN fO' ~ fOU!?

aH fO''d~ f OUIi



AD.

La jfl.dtVu/orYJa'fA.('c ct!>! (VON dhr(<z~ al ON NO/IL /;:Ul~

f<LU da f'I-U:5-

LZ:5 50 15 r- V<1-N f fRi s~Nla,q r" f/~ dIES CaAo<:-

I-(l.A""!Jf"70u~ su:scafl,'6/~s d~"".!(,'OA4koN "G< "'''.YaN d r
fOAI:!> ou da. C.OUfURIZ1!l 3f1.e>NU /",,';zrzs j C /et~1 QNV:5, T:"

f )01>1 r" co R/?~4J( UNtE hN~uR fR.0f r": ou IROf r:
u: tZJJ f'N~!> ou Jf1.<ZV"a.R5. u; sol IROf t/QS;"iu~

rOUI'?Ra OtIN~" ~fRa. .""",//,'t),Il,/ ft:JR uN qI/OR! d.z r!ld 6hz

C4f(J.AfdoNI r-/UN sol ~of r" flas/'rut!- ftt ~IZRd ?<::J/i'

<:tttDR.! da. f'~J(z. 5 -

OR :sa/DAI filf<ZRbq~ , NOU.s Glvolll5:

_ UNI2. f'èlsf,'t:..la' a'/tr.vc~ fOUR 1.. '(;1;ft%~,f~ ~IlUNtr += 1:J.5'4 7 11

- UNa rlas/,'",'1/ m::.J<l.NN~ ru/( la /..Ii2~,I<z ROY(/. 7 L J.=/1·1 L Il

UII/a ama)/,'oRa/'-oN 5<LAI~)I'IJt2. da 1", JR.e>NU I.. R,'/tz,J ./crs

h, J Il''L 'l' 1:/--' C / r.?
.J~ ..... Jf4.~ 4d lartrR' fa' a ar.z. <-LJ/\/'5 ... r<Z<2 "'(/<(/,:5 ada"/I~/I/

da :'Ja6& da dUNct r: a..~f f',v j :50/1/ mod" IQ d" f:V<Z5Srz

M.F O. fiS

S4 cl.",'o,/I rua. 1", R.a.~,'~ f-e"VC<2 d:!.Jma./\/112. ,avtZ.t:. 1er "*,,,,,,!,,/.,.-'

du '5(1) 0111 a Œ,55aya' drz d'/!<2'Il/Yl,'NCZ.,i( Id- fOllRc<Z.Nfya o,,P'~:

m '" m d ~ :30. ~ la fP t< ( )tZ.~:5"" da da N 5,'/12' dt!, mak .

(I/",'R, Fi6 .2)



• • La~érite. brllne-

•__• Lt:ltlrit-e" rol.l~e.

;;;---t I,I~

~
'-..J

~
,J)

~W
r.:l

us

UJ

..,.;_._-
/' ......

./ <,

'" <,/ "-
/ "-

/ "-
/ ,

/ "-.' .-,
-;

"-,

"" "> , ,
<,

'.

soJO "e
%~Qble..

ç' 16 i . Co '" Il. ba do, Id d4.1J6,-I-~~ "4.~5US f-0thf/caNo

/0

I-"~Q ,Jt1- ~'" 6/(J.. f-0~R Id 1... f,/Il'/-<L 6lltNoIft. tfim:;' OR:,z

tt.r rou~ la l",f':R,·f<L. Ro '2f-Q a61d/'o~q~

-

!:J 'l ",!J " 1-'/ (lN VllttC ~0'I5,h!!,/."'IJ~

(4",3) C9/Û'" 3)

~"~'f~ b~<lNL bl(?uf~ A. 4,/ .,A. r.J
t: h!Il.t '/-L 11.0 u.J<L bll.UrL A.55 A. ro



da

a
a
N

• !O

'~---:I.... 
~

--It

__kG, .~,
<,

- - --.-_._----,-,- -- -'--'-_.. _-- - _.- -- - --'-' ,._._-------..--... . .
i .. -

-100 _



0.001
100

-- -------- - - _. _.-_.- -- ---- ----
DIMENSION DES PARTICULES - mm

•



CHAPITR[ 4

PRoCEDURE E.XPERIMENTA LE

off,·...,"'! da 5&61'1 :

ajoUfa.4 UNd Cq",réU",.V,z iU4A1h'f,,/ de ::JaLI", a~./d le. t.),z~'/d!

Rd.mtl;A /4. mo" la pt'< OC-~OR "'-AI 3 =u ch tZ.5

",," .2-5 C.'>ufs C./''''CU'N<2 de. /;",d<z d" mail f,zou

,
f R O O2 'du A tZ •

la doLAI ~d(z'

la f 0(.11( C~N0 4 dtZ ::>a 6/~

Gz (',,·ttl-te"?d.f d~'101R. (ftV~

v e « :su~ 1<L. fOVIl c.<r./\I 0<2 da

<1../ /U'f<!hA'

couR 6a

.2.2 Ab-:'0 R f-.;....h..:...:oN..:.....-.::...du:......y Il. ()~-::::J IlaN lA /",./

(NaRma A :;3. .2 . (.2 A)
fo.JtZ~ laJ t'fAf,·cule:.

la. jll.o;j:)<zvR N()m, '!Va.!<Z.

!"5~'" IIIf k. r.,."'''s 5 RI '"

dUj.tl.q"vu !af ... d<Z.%.R .... .':

IVaR. ae. faR f,A dtL I~ /II0RmtZ A 23.2 - /.2 R (q ma $:512

.,.,."·,.,;,'",,a!,z d" / 7q.'CÂd"v/'·lloN (UJ'·1l. la f-",6ftl"''' CI'. ""fR;~)

/14 -



)5

GIl.O~~<zr."'I. Norn,'lJal4. (>ft >ft) M.. ~"'<% m" N,' ", ... /a. (1)

el.. J AélN/A 'a l: dt:. 17
0 u:: A'lla ,.;

,14 el I1"\6'-M 2

20 3

J,f 4

40 5
5{' AD

SO Ag

f3.a,v 140/tt:R la~ fa,qf,'cCAItt:6 do- 1'cz.::"I.<lNf:/loN fOUIi. a.vhvaR

la fou!!J~"a~(2 djou (/.~ auf,q(/.~ <ZNdtu'f.15.

La.~ fiAit: 15tt:;h~"1 Cl' UNd htmf/;t<ah..R<L: de.- AID:r: 5!. jus

Îl) 1a' Ina "Sa CON6 f""N la .

_ Ld-~ f<tlfo,d,'.<l e;L la f-4"'f<z'p,a!o,ç,z am blàN!a f<ZNdaNf

A .: .3 ha"'I«t:6

{<L'R.al... s « da. Id t"a~fZ ftlAlc!o",f .24 ± 4 ht1. ...RdS.

_ RaJ,'f/.<ZR '~'daNlillollJ da.. I~'HJ -' (~Nv(JJafr~_R d4N~ UN

Il'''!J12. ",6~Ofl.(,aAlf ai IlL R.OUItt:Rju~cr"",' GeZ r:" /\/3 CAI't

r: da. fR"<::Œ~ vl~/'b/4!:J d 7
<ta u .

_ t:~~~4.R. /<1.:> J/(o~~4.~ r"::': UA/4 ",'- uAf,z <ZN



co'- cova f<zmtd"«41U'~,,

CON!:> !4N!a: -

ayaNt "::I()I·AI da- Af"<Z- f'<7~ /c;,'-;':5,z// lw:tto/<CZ/l fltZau G&/\//<ZlVt((Z

daAis i: fOR~ d<z::; r!l/;'cU/CZ5-

_ ])a.t-aR m,'AlaR (Ci ",<75:5a: da: 1~?JaNf;/loN .: ! ',/f~/ :5C1fuRtZ~

~(,Cr4-rfÙ'4((<Z"'~Nf :5~c. (A)-

_ Fa,'1<. a oS 4 ~hd ,,« ! J<Z ~1,,:; /\/h fi,;, /\1

A/!o ± 5 ~c. J'(,C5ï u 7",,~ m<:t::;5<z.

1 1:' / . (fl, ~
_ L4 Il crrll 0 ",:f"t; Q éU;E? et

/ f / _'- 3 1f<ZAI ad N /( ~ n.a u ~ a » •

11a.,St< J2 (2.,« .:54 m4 :J54 ( 1.3) -

If - B "1- (002

8

L,,::, :yI"N""IA.~~ Uf,'1"54.~ 50Nf dtl~ <y/,:VdRtE::. mt2J~/_

/,'1',(a.:5 da d, 'maAl ~;ON.5 ~ /;",N d"" 1< d~

.r; A5-1,..",

h = 3 0 4 ", ,,,

,J. 4· lJ.f-tP da mdIC':!:J~

~a.u.Y.. ,.,dl/'odo ONf:/,z 7 uf,'/"5<i'rz6

.2 _4 _ -1. Ma: 1", '0 <1. "'vac. FAt:!mou,' If"!3J.1Z

t.'j'ahl( 146 ré1llf"culfL:5 lI.a.raj\/ulZ-:S :SUR (<1. /q",/:S da .2'J,.",

R:~~ Li l'"a/l/h'fJ' da !afa/R'/a al cIa, ~o6h N'Z-C.<z~~q,Re

fOU R la mdla~tZ .

I;,,"'J<ZI? r-r:" 30..,1) aNv,'Ro/\/ fa:!> y"U):5 Y."i?"'1A.1U-



Il
)af~ ((<1 Q..~frzAlt-< Ià",,'~ =If: 4 )

L"-6 R.a.h·R'Z~ da. (/«au al I<t.~ r":"
L~6 m,::udtaN/R J,u"",'dt%~ rr':" I:J ht%.UR~::' r: 1<l.:5

(.I.,<2f" ~tZR

_ r1~'/4":JaR 1«.. :J.::r{,!fl.-J 1([.:> f""Rf,'cu/~ ~ Î"'~:>QN) la !d""!5

-:#=- 4 cd la la/aillia mou,.II(1'~ fU/~ b~~~tzR maNutZ.IIa".I2.v1

V<zR ~tZ-R la c.'maNt ~N~ la m Q'la~tZ f'" ~ .",.,,. la X fZ R.

'J<L1If. ::>t%R I~u da .J';~h"::lt2 fR<L'vue fÛI'~ ma I~ X <ZR

FfJ'oufeR da f(J.4u '5~<y d i.: JI.l:><r7a' avo,'R (7".(

f'·~5a.mtZ-A/f VOlA/lA <Z.fjou ulII m(/I0":.Y<Z DuvRer{,k .

.2- 4 - ~ M(/14-:JCl ~t1N6 l.R.t2'molAl'/&'J~

Ptr~fZR (a 1<lQlllf"h/ .,la kla;",-Ie ~f d~ 6a6(,. 1V'<f,;~~.so'A'~

rOUR. /<2 me! (aya_
,

~III fR.;/<f,v'Zl? UNlZ c~RJ",,:Ve t.l"'Nf,liz fUIS ",i k':JaR

"r: fa 1'/. fouf 1<1- c/""~Nf J fouh 1~au f.R'/vU.6

!'}j'OI...r<f.R fRc:..JR.t1 ~s'-v~m(Z.Nf .du 1"1t2'l.ylZ (4'fe~,'Id! - 5atk

.rrr: 6.VOIR I}af'·~'j<f.mt!::/l/J voulu a.jlou uN rn,z71"'Y I?

"'0 A/1·.:1 !>Ia .

1,1. ,
ur,"~t2 _

F;; CON drz com,qC?cfczA
-~ (

SlI,'N.d.R e: -:> S la#,A"",/.I. d" «vae: (Ir. ..... ,zJIa"'7 ~



I~

('4' ·~o'" da.

PR.O~toR.

.'- r..»;

])'/""0 uf"", (<1.:5 '::J /'·I..JeIA.<1.~ <::(rl/a .s -1.: 3 j~(J"l~ Sa/ON

(,zf, dO~JŒ5

Lrz.~ f(,.."OR eI... /,/:j / ... .c; bli<1. hurr"dd f(f1ll4,N'1 02/

.2_ 1- Mcr..:;uRa da /a med:5<z vo(umt'/-u,z

J)tL!<t-Rmt';iftLA la f0t'd~ da~ :y/''..vd,q<z~ "'V~Nr / ~:!>:;<:7r'

da co mrI? e: ~:5f ON.( rd) al- dfR.;'s fa. ""/{QNJ a ( P) .

TINUS

.2. &

OLS~N SUPEr< "C' '~fL..t.{)W GRovE. Pli. USR
(

a UN

J. )0

.2 - 9 ~f-rz..J.. ~"'R~'ia-:J<Z

L.. :sur{a raye d~~ ::;;(/Ald'/ù2.6 ~ ~51 fJ QU 50U f (Z

'3r-<z~ c14- m<Z5uR<2S

LoIZ-~ dd'5 <:Z'5:?u::u ~ d« ~""Î~t2 5'5t~1IIJ frz. '5 cha. ~d~ éJA/r



Suit la f"l «ss«
,

fReOSION

,,1 IrLS ~b"-a.""<ZNls

f?cJO mm.



CI-iRPITRE :3

o

bOSAGES ET PA P. FI M E TR. E :5 6: TU DI 6:S

3- 1- t:.!' (4-<H1 cI<Z..5 jff.~<zNf5 mri'/a~<zs

J;<I,..r~ (et C",dRlZ da NolRa ,/fu~ > rlu 5r"u-'i':S (l.:5Sql'5

'/: / 1 1/ >oAit a: a fi.da 1<5.c:s -

2

1'1. ~ d, If:l{tZ,..d~ mrlla~<z~ <zr /fZ.~ ca ,q.:;N;. f-<t.~1islï cr~~ 5 ar
lla' .5 G1 / fa/~ o bra. N(/ $ aV(2e C4:~ d<zRN( ·tZA':S.

. t- f / • 1. ?L;
IN/(ZR: dd:~ fd/lQJ1')<Zf,llfa> (Z1"d,éz5

<ZLI(/ du me!1er ~<2 (T. é)

5d';j"J,·r~af'ON a.t

5 . .2- 1 kNtZ-UR <ZN

E.lIiL- R4-f"~a'5tZNft2. ICl 1Ué/N'!,'!,! fofa~ d~(/ (tü:Ju 'V;"u/iz:: + <2.<lW

ab~oR. 6([.; + d!.au C-ON'taNtN. d""N':5 !cr mal.e;ldu a"- 1~6f .if4)URtZl)

~uR 1tZ.. ",a!c/t<lou ~ltc. (lc;hz~/f<2 + 5ab/,z -t- C<;""'1."f)

Cet rCl.R.dm/fAa ,,'.. r" !al/amaN't d<t. -::.:jN',fc4!,'CJN f?Ré1-

h1u<Z. rou,," (a- CAlcul da e4é?U da Jdcha.J1a - ~d-f<ZtVd:,fIIm<ZNt

.d" !Jfo a0 l'flAI'/ivau / il (etuf VLiI<,q" LOrV51'da~c:>6Ia(r}<Zft/1 ,/

CCiU6« 44- IJab6oRtlro/'/ ma,6 oN' (Y12<ZNdRé/ 50lN dd- /.r

""e:II'",raAlI'A Itr- ilu~ fR.a":, fO~:S/ u: dt< I..r RzNtZuR <Z:N (lAu "'i l , '

>na/a (T. 6, 0) d,/fa.R.m/N4.:e r-: 1)et.:ss",,' /{o""fc/l_

~O'



UN a!<;.ap.f aN flu~ Ou a.N

hlll4VII a..N ~u off,'"""", Id

mo/IV.!>

uoo

~ 10

T4-N4.UR. ~ tl.aU ~.
Il,

FI G 5"

/..

EN c-o"/fll. rnl·}-tl.~ ..o ae: NDfiÔl.t:I d./f/.J/·f"ON da fa. ~uÇl aN tl.QU ~

If fa .. d'Ad. O-AI r'... e do c:41f... faN~uA.. 4.N tZ4u Dikt>'lQ/q ('V;'u~

c..OrJ~,·.d4~41l f~(Jl650Aff"o/IJ du ,":/~",.:JQ. (4.41.) _ /))DU'

Id /a1Ja. ... /J. tZ.A.I Ulu 0fJ,·m.a./~

T. c . 0 = ,AoZ + 4. 4 X - {4. 4Z
L' Q..~f"... ah;"N d",- "",/'.50~rf'ON de.( ""';{,,,":.J<2. /",kA,f<l.

u.:: - ~abl", <r.~,f r~IZ.'SfL.Nf6:; tZ.N CNlo,ItZlCtZ. '(ro..1' Sb)



('7~ )~Ru.f

(EJ u M, '~tt:-:Z f'" .e

L' i, .... ,'d..f/' dÛ /<1- Il.q!t0R.f (V.JfR.a- /~e(U I<d~/lz,.,aAl;- uhi:..

,::>t;.~ {'OUR. l' 0Jdll. '" {"rf/a"" [e E.I..) ,,-'~Û_ ..< - d. A <>: 1'e.au C"'N'fa..

NU" d"'/O/5 la ","'/'/"lIOU oc. 1~'Ia:f N&/u/lfL/ /(.,:5 I~qu CV""·

f<Z.~ h,fr.Jq. yY/OIN~ (eetu qt~DI? b<L~ .d !<Z F"'c!:5

~':/fl.laU'f. 'S,US (/"'/"-'R,id -1- :5aS/tt -1- om<ZN!.).

DIt;. do NIJ(Z lr 1u c:uvl ,'hr. ' ck 1:",,-, dz.:J; <:h,;"7<Z

3.2,.3 Do,j~j.tZ a.N ,POURC<2-Nf":}(2 d q c/maAir (cl)
C7~~f UN l'ou//, caNfJ ",- i0,.,d<zII(~1 r: (LXfJle';"~ I~ ft:Jtcl~

,la 0''''''-1111 LJ, 'I,'s a" /",1( RO//"RI au /",'0'6 du m~'/"'A/;Je

la f-e:,'fa - ~& 6/a_

ci = [C/(L-f-SV 1- A002

5. .2. 4 R,4.t/:OR..t &""!-CA-:7'IIzA,/f bRu!

Il 4-,?RJ'm~ t: 1U4J11f,'fd' iD/dia d~au

'/<1. c./""<ZN/ lA ft'/"~ (2:"

5 . ..2.5 R"'tfORf Eau /-û'm<z..vt v e a»

(~:5f 1.,. R4tto~f tZ/l/!t€d'. / ~"LI de< y",'cl:J<Z

(E/C)v~,'

(El) d /(2



23

a-~t blQN CIJIIINLt ,U4- 14 1'l<2-5/5ta N C r? cl ~N m<L' /.UV;1<J -:

biION dtZt 4-N .d ~1I If fa", t da ~ON .R4//0Rf <Z&U je/maN/.

Ca Rdt!ol<f CCi ,<lac. fé/I'?/':5AjLttZ do,'{ dftR<2 ,..,d,;"ltZNu ",,' 1.. V4

/d-U~ U7N~f4Nle du tJlR,cf ,.."'tv,'",,lIm N;C<f? ~:54,A"" fOUI'? la

.:!"''':ja, ElaNI dOAf,.,.e~ 1U<2 1.: ("ul ma: SUA'<Zt'? folo:tn eA//"

J C/v~c (1<<Z:'5f(;tV I<z~ 7u4'AI),la; da Ct""'uv/- al d~" m,/h...v-

.Ja~ , 1" tRo/'/a';,,(i' du md/~o/f,'eN

,.,l. cafta- vA!euA <:.DN 66# f(Z -:54

cl", Ri!ORf <Z4ulû'ma/\/f

Rdmœ~~ ~ UAi fR06k~a

d~ c.oRRat:./,~# /OU/I f-fZNI:.e c.omtf<z c:k (JAu ..., cJ,f4; des y.t?4

Ne.I()1. f.:,.( reA/d-uR ŒA/' fZ411 ft,fd(~ mOu.J~ 1~{~0'l/'~N)1"'" <LIIez

"aR/a 5 "'/ON 14 m.:rhz'R,'au_

3.2." ~ ~OAl c:I~ caIClI/fl.R <JlR.fa/~~ l-aR.""JTla'f.R<Z~

f~uR 14-~ d'{f~aN;:5 (d.Rd m<z'f~<26./ !d 1>1<z'f~od<z da

c"" le lA 1 <l.~t a K( 0 5 a ':z <ZN a. AI NQ:. >( IL. (p~e. -S-1)



CI-iA PtTR E 4

ANAL~5[ RESULTATS

Ca. fr~ fa~ f,"tt c.o,vs fdu ~ 1'c.'r~ da. d,f/d,"/I~"'.z.

dL!> ~d!l"/f;.t,, da. t'6-.Nsc.mbl,z das c..;Ni rher5f2".

0", .a .l'.... bolld ~A/""!J~~' -«: .Id. d-"vqA~ ~f",b,l,":Sa/Vf~

(f4:11~) Co,miL"/!- ).J f ~<..I,d" d", /',mm<Z1Il 5;1>'" «r d.z /"" cvA<r" é.N 

SlJif-a. «IJIL ifud'~ '/«6 ./:~/I/<l~ a :'hr.' f,h SuA 1t!.5 r-:::
f'""x. f 4 A .a ",, : lR. iL ::> ru," yu/daN!- fa ~t1~'Sf"'NC~ r<LNC.UR <ZN

(l.4U, RaifoRt é4u/o"mvvf v/la, » Ri/b lil f c..,"ma.Alf/~,I(!:J~f:s .J

hurn,"d,1c.'" " "" ah"

4 - -1. IN {lUd..NC<2. da fa f-a,/!a

L<t.s c.oa Il btt.!> é 3> é"f c..OMf411./cz.:!> ",' é ob ~,. A,)., 1, 4, ~ "

c.olnfQI{t1-~~ ",' .Ar:,;,fi, 3f, 4fi, 5"fi, b~ f4'",oiJ"'tZAit da. la d,m,!vu-

h"o", j~ l{<t.s,"t5r"AlCd. tu. fROVOïUC. '"'1 fR(L>!!Jt!.Ale.~ da. r":
LiLL'" r:' :s ~'" fl,"ï U t/.rfl rff~ /4. {.a,; t: il. /7"'Jouf dt2. r'//~

d,"m'Nu (/. 1.. dC.N6,-f/ :,a.·chc. ;, a.N (/.fF~f t?,z/.",,;' c,fc.J dca lei jer/Ilt

/l.<1..Nd la c.omrd"cf-:;r d,ff"c.'/~

E,.., e« va,.JchtL , ~4. ff4- <:-ornrall.t:l,"SON rnoAlf,<{(L UN<t. Na. fft!.

"''"'.J",gNfa f,"ON da /"" f/~4 rIa "f,t' a. : u aa. {D'"S le; coha.'6'-oN

du :>01 a.OtrlfUIZ .> liL!> hru",..,,,j,"II,z s da r'"//<t. <l.NfR.«. ~{I(o'"6cz.,vf la:s
P .J

f":5~(,/f{cz.!> 4-f fR.IL!>4,v hz./l/f alo~5 UNa. R.4..g,~fa,vL<2 5« ff "~)<:>,vf<l

.24



,

,

24

ZO

~
1: 12.

Ô
~
, t \0

8

•

.25

0'. dl! CIMENT

B.45 -,. d'eau

Cvre: 18 jours

LEGENDE

a- c- 1 avec poIlle
0.17 '1.(r,in)

t_P__ .
- • ..:.:-:::::::::-- 1

---:::;.. ;---1 E4,

o . •
'0 Zo

,
40

1 • 1 1 1.

60 80 100 120

dd forMCltio/1

1 1. 1 • 1

140 160 180 Zoo

E: ,,10 ~



;;

rou,ll rr:": VN" IlU,rU1Hl. r: !aAtf~.

(Vo ..,.. FI6 (; «t: h:,b./a.4<4. A- -1 )

4 - .J, T,J..pu rz.NC-a. d ~ (','mm fl./? 5/0/\/

L""'''''fLQ.~f'ON da.:;, i:c.f,aNfdloNS CQU~~ UNq. 6"'~5tZ /R;'5

$a.N~,'b1rr. da.. /... /?,!Sf!:, f;.,vc.e. .: 1.. CO"'fRtZ.~5"()N 6,fr,/la dot5 :JI-

/f~d,qa5 Crr..ffa. J,.,,;~::>a. d4 1~lldu da.. 4C ..L 58t ru! 0 -:z,>( -

rr ;
_ /'Lde< <:it'mlNufZ fa coh<z;"o..v flNf/lC /,z5 (<1,Jl/;~u~s : tVo/

f'tll.tloNf /<1',,/1 CO/"/SI'oN ~ dlrt: c:rfaNutZ. Ia..~ /f;"/~OAf5 ",.,a'CCNlj"'fU

fZ/o,/lllrz. ~Rf.'c.,jC!>.

i: flltZ.'stZ.Na d~d'v dé1p~ /<lS fORc.S ~ /~:'/'é1I1ff,/loA/

t%AlfRo/..vM d<rs fl?ct.~Sl;NS ;,vR~sf,'c..,à.IItl.s ..vc,</ "".~!J<t4

~/ / ~',.vJ, c.t1 ~S VI da.", (ou flNCO*Œ. fotNtZ-UR aN <:7/~) a...f rf/a. v;'

L :J » 1 J e
Gi f4-JIIfa dct. R.ct.51'sfaAlctL 066(1..1l vee: lORS!'" iRC.5 11n"'tZ/l:5Il:W

5r' ma;,vlfttValllt, r )<!t:j,~Nh/lcN tL~t 0/05: g.r-: a" /~/".R

Cl(R"Z'O /""r>7<f-1{5(~N dt!. 7-j~u!l.5 .J ON o/:,j,'czNt UN.r-: 0'<1' Rct~/5-

6toJc tZ da. 1ftr: du ~([.:Jh 'S ~'f/,'r Il- fé1R l'<tlfl ba',v,;r
1u €. da. /'" cu s c . (\lo';(.l f-...blcz.au /1-.z)

CtZ-r 4-((d ,,:a ra s :fe? e:fu./, -/ (OV. Po i., fR./-s déJ~<:1fs
,

........ , ~ <7N rdUr fll:'</'!Ja.11l ["Il 1. (<LI(. f.. drr. R<L6,~/a-vCL ~tZ.I?a,.f



4_3 IN-f-!tAfl.AlCfl. d~ /'" c.up'~

Le b... /- «'5~4",A4./ da. la ~A<Z. q.~r dfL f<l.Rm<1./fRfL uw«

~dtl.4.I&f;()lV <-O"'f/;r~ du cl·mfZAJf. éJla. rR.,.,d ~",4"'Œ.AI)- da

"', Al' "'" ~aR. 14.~ f::'SUR.fZ~ ..Itz RtZ6~.q ..f ar è:>,'-v'5" d~j,foJ/~

dQ~ ...J,":V~ de R.tZ.'~,·~fdNC~ R~I.sf,'vtt.mtZA/f ';"'tDRt"'Nfs ..

/...z. h.b!tL4U 'sul'va",f ,'/lu6.f~fl. /~~f!UfLAlCf1. du mDd~ (J.f ./"

•

MoJa T"""'f'!> R:'~,'" "'"ca Auro'"!t!:t4... tl.Nt lJ,c.cro l '''sez mtJNI

da dC1 "" ':J 4.AI'"0:- pa, N...ftolll' • ., r: ""/,rR.r." c.......efa',.,~f.1"~J
J mo.l.. d .. tumf~cd(J.~u.R.a. '5achd.Jt2 (Mf..)

c",qe ~'" e~"Ja

Il ... :>01...'-/ AS . D.40g - - "T.C:= .2(.'ï.
d 1. c := 0

R (~,.,j,rc Ag- 0.4'1.9 /1.44 . /

d - L..I-.. Ifl fa /(0'1"
bR. ... fà

AIA f>bk) .U . 0.35'5" -14.ji:
T.c ; ..2U;ï.

J - 1. c = 0

~(~,.bR.e .2K" D. 'Sa {; 4-..2. 51 sel L-f...~,i~ flou-d
r bRl."fe

.L ( - ).1.<1
é. .-,'''' f.'

COffR.":) tt
'c:.

J - "/. 546111. : 2()-30L• •
FI r :,.,6R.fL .lg . ..2.0K5 351 :t c "" ci:0
(J".",brfl hu- .2K· 3.b55 -J.Nt L,f...~Ja bJltJ~

d 6M:'/'O'{C~·
".,,'d ...

1

A ':mtn ,2J • 3...23
%"r,,, ': /. 31'

d - Hu...'d;/it': 101-

d ..../"t!. hu. .U· 4.U 4JZ T.C=/L~%

d T.t:! ~ 3. S%
lrI ..da.. 1.':6/" : 3()~

L..ktl. t: bRulV~
e:J",:/(oq,:a



Ru Q.~t:i~d .:id t:4 f",bltl4G1 J /"5 CONclu. ~'·ON~ 101' e e d~q

JtZAd' ~oNf 1uq. /,,:; COAJd;f,'Oll/5 d .. cu,qtl. ONt UNL /'"t-(!UaNcrz

NOr",,'tHL ~uR la ,u::;,~f"'AlC4.,

>r)t!Z-AJf de /a ~/!>/~fa;v<::tZ da /~Rd"llZ d'IZ -lot f"'''' ;</'ï0;f! QG(

~a'cf,y'" du sok,/.

/" ~ < (.
L-o""ralftZ .. a

~"",,'da d':Ym4Aff~

C4-f a.lftl.t 
r: {oRf5 lPl"',~

cuRtl.

~ t .
Qmtl.IIO-

LI _ LI 1!ofpu tl. N c. a- dt!Z- /'" /a.N~' 'fa" 5CZ"C/',z

L:. d<LAI~,l-a~ !>';'cl.a .. UlVa /'.tv{ludll/ce a:5~<2Z AJ,,/fa. Sul'('

r.. R':5,é.r.:UVCtl. «-N c.o"'tRtZ:.!!>S"ON.:, <2.N ~ffzj-. ~ffL ..ILRN,""R",

6«-... I.. "',..,,,f (CL co,..,fll.~/#: da. c<L/la """AI~,'At .... r:": il'? C4.h,'

da.!!> r":": <Z.:rIQCL~ 5U"V«Nf~:

...J R Cf NU 10 ,.., a rn, ~
i: "loc/a. da. C-O"'t<U-~tZ Yc!/I//Ra4.ma,vf uh/'~,/ a v e«: "'''5

~("""dR.L5 a :I-,-~ la. f'lONNJL mONua.1 - LQS V4RI:"I,'ON.'§



,
ObfoU.VIt~:. r""~ uf'l "':"'(1 mJla~" af It/s "",â",o eO/\/cf,'J,â/OJs ../a

CUIQ.<l' ~oAlt fLCA ' ....tD,Ql-aAJI-~s l'Lff,r 5",<1 k R.tZ.'6/~ f""AJ ce (%5 f

alo ~~ f"ML .

.J4 4./'J Ct 'trl4A1t/lat-fR.·h + s-r6l, ~DNt t'da..r/-.'; .... <Z:5 fOUR d4'" ,.,,J/"'::.JtZ~

~. ~JL,d'·nd-R.ItAJffS, 1.. 64"'(0 "l45uAlIt dd. I~ ...a1l6L volultf"'(ua a /«/4)-

!lac:. !JO f 4 4 "' 4 t r" .14 c.DNNaf'fll.e. d<l flOAJ t4.IZ'Go';'~ 1<::(

R.4'~/;;b.lVe« dt /#f r:': OIV ft-ut s'..ffaNc/IIlf/. <:>.. f""lt}; ~

dd."J R.d$ullàt~ do. f Ju fil d (}'!> m'; /41V.;I/7' - & alfrl'" /..; 4A./.

$,·fq.' =,~c/'e es]: fNC/,"é1N e::I~uftfJtZS retllla,..;tll.t~ /jOR/âNfs

L Il / Il ~1. C.
.5 ... 5 CLffi'lOfas ~d Va,(l14,q e:1 uN m .. lf~tI: P fJlV autllle

.-
(a&soRff.bAJ,I-eN'acUI oAl ~u, tZNtI-A..:J,(z a.r modo ~ C07dGf~

.'. Je) _ UAffl V .. Alan'ON Ou I..I.I'Je W\4U""'I'1sC ~I'JNeU:'5a.IV<=1Z

.le ce» d4AlN,',z,IlS ra.u ~ "4-NdJlla, Jf,'{f'c:/la (~'',.;f«,Qfll(z''l·af('oN

d<1 1.. d4I'JS''f/ ,5//c/'e _

Mod.. ,d" ~.~~e 0J{,,,JAU Mau, volu JO'r: 1<.:5, '5 f"'l1/Goa

c.u,Q,lZ. e"""4",f
..: /'tr.I"_r :!tille ) (Mf.. )(1a!J/. 1

.. J)A s .2~ 81- .2. :)-1..
~01

:s -ll
.2~ e5 J . .2 {'rJ f Ml 9

Il l;h~ -c
~v

~A AD .2.-1 :}-., .2. 44-.. .j Eet
• ::l

.M::'J lb .2~K4- 3. eco .. ...c
I~

l>O Il
.2,( (8 g.35"l ~ hR '1



4- 5 :IrJf!I.iILNC-tl- da.. 1'tlRO~"O/I/

CeT ~~5a, tr.~t <:-DN~U fOu~ 'S'·........ IC.R 1'6.fft de 1.., j'RI.

c-'f,'faf,oN =>u,q /e5 bR01~f.S <f..N l.af~R,'f« :sf«6,It~/L~.

UA! jf.f d'uNe v,·ftz,s5tL JtI- 1. 43,.,~ c. ~~)- ...'- di,;,ztt. UNiL ;oIU.S

S,'ON d4 2l. c kw/",l (.~f 'ït/''rutJ: f4.N d.a lllt 33 htul?a.s S"R

UN fRoU d 4 -dcm a""<?NJ~ ..5u.« la bRljUtl-.

L ~J",e.Nl-dlf, 0/'.1 de fllOf/'.lda.l.Ill ob5cz.~ I/tL~ /\/e~1 jua

d~ d.,.,,,., _ OAI fC-U r dONc. ~~tL 1w~ I~$ :::;/''-'vdlu:!> Ret-;,S.

f-~I- bl~N Q' (7qRRO~~<r.. 5e.<...IIL Kl ,:z. llJ f c.... f<z-~f N,),:-Vf~R~

t" ~ /4$ t RO C et.. :5~u ~ Riftllïh'f d' ~ hUIT/' 'd,f~,I,b;ll/. dt! SS(~Q/;D"/

l'ORet d~ IJ",k/f·~..,I.·ON da c:::,:z.~ bA'1Uil.s .:

4-b

/'.bf'o..J~..rr: N· A.f)
1 ) J

<rtl. 1It.Na.~( éz cl... <:.0 mfd c.~tt

da /'" ra.N4tJR tZAI <r.cu~

UA/a fI.. 5 JIl.41\1ch a!N4~("" 4'ot. '-C""f"" e-f:;lt2 c:!,;", ....vue:

la reAJ(!.uK, aN tZQU o(fo·.,.,altt <Z/- COIlJe/ut'f .... UN,:z. flu5J/<4Nd~

,1) e 1 d) t 1 /" . f.
J4AJ~,'r... :>a Co'>'" Ou "''''il. f U ~ J/èell\lèrt!. Ra. 51.!! aNé:tt

(VOl'/? h:.bfet&iU P - 3)

Ct!-ptl-Aldetl'lr) dtl- f{u
a
", Ç,Rh,.s ~~y,'tt:5 d,:z. COfl?!etc..f~4

{(J..tIY4-Nf fAodu"R..e. dil..!l rh4~O"':'.llJt1-6 t:111J"'e.x,~ Nu,'6,.U/L$ ,;

J L.I /. 1
(4 1"''''/''14 elu """"ra.p",'dl.< ao ...m «: faR tZlf12.7 a. I~ OR.I'fj .1<1..::$

7
~R.4-.Jahs •

b't1uÔ?4- idR.;- .. 1.. !a1\l4.U.-<l ŒN 4-QU ID/;"/e du ""tL)k~~ dOl'/

:,ou. ",a;AIfizllJ'.JiL /4- r: fR.~ /00:1, 'bilL d'II- 1rf,;"Uf/7 ( Fi G 5')



U,J tL~.c.t eN rlu.$ ou V\I '"0 /N~ rI< Rdtf011. f ",Co (a hz/l/4-"~ <LAI ~q

0fl-,'".",Itt d,'rn;",Utt 1", dttllls,-f/ _ U/oJtZ. ftzlll~,q, ttIII ttdU 1"" f?x.c-r<d<2

l'of{;'l'f\uI'I'/ F4Uf 4,'""',,,UtZA cO/\l'!!,,'d/a"'b/~eNt I~(ft ~'/frU(2 .:k

(1au.Jmtt-Ntt:,f"~1II dt/. la fl1.tl5~"OIll d<2 e:omf"ul-:J<Z ~UR 1.:. 1<~;"/~trN'ce.

($ 1"" r-" ~'~'f/'1t14R (.R Id fi; rua 1." fU'"dh/.du m!t':jll

t!..,sr f?tlle- ,U4- (~".Jm4AJ!dholll da l ',z'NtZAJIŒ cid. {O"'rC~fZ CK,;'.z

flu'S Olllt!.. ~JR.tt)è1/;cw dtt::' !alih'c.aks 11.1 7ttJ/tt Nt!.. COAlm,but:.

4~ IUlI( UJ",!,Ut,'o,v (lffe-/"VIZ (VO"R Ft 6 - =f )
) /

.b Qr~ttf> "'~ {;0"11.6tt5, (tl.!> l'l4maI'l1u~::> SUr'VON!tr!> :xl ""'.,.r-
r-' :

* ~1·""'N ...f,'eJN ,,14 le. .Re~/5/-aN'C If, d4 1bRdllJZ dtt. 7'Ol.' (oRSive

1.. fal\/'U~ a./II fZdu /"?" d-z Ib% .::- .2J'X
li- t: modull1. d#: .YOlllI.!G ta ~::lt!.. dtt 4 5 t.f nr.. aC- 1001116

lt R"j"" 4N fah'o/\l .Id t. r(--Ytl t!.,5!,1 u e c::I (4 ~~, (u4;V'd (",

L ?<1",,,, !J 54- d4-~ R.,z'fJulf4f6 du h:. f,/<z<?~ )" mO/..Jf~ 12 1t1~

l'huf'l''d,i,/ (RYf0fl.f u,u dJ~j':lR4fa/;t:JN Still maj,4~<2" :7<Z~V <zsr

aN """.J~NtVtt da (0% (.o/\lh:!.<2 :i[ fOUR k u 0/11 <../:5u<z-/

(1/",'11. I4b!La. (..1 ft - 5)

L. ,,,';l'''''J4 ()6t-~(,I I!.~f otlvA.a6!a. ~ maNI;"'(,!e :, fouf4{>,'5 f~

f"~~me/llf obl-aNu tl/II m0..J~III(l 5"0 ...", I/...~f l~flZ.'I1.'iz<-(1? a' CllJu,'

3'lIJiRJaI(J.,"~'\/f YI~; dtV4C /(1;. b,;foAf (gD ...",)



o

',;'
, 1

i
vI

, \»

lU-C
;; o~-51

0

....~
/. "- u- 1.-1"0/°-

L " IP-"-'"

6% dq. CIMENT
0-/. tH PI\IL LE

~. 19Jou" da", 1air

llGENDE_0_ 16'% Ju",

e__ 19% d'&4Iu

)l-Il-il Z2'- d'uu

tao

FIlS 1
t ll.8 4.3: Courbe~ co"lrainre- déFormarion

Inflvence. de JOleneur en eau et dv compacfa,ge



LL g CI'maNr

33

L'add,'/"oN du c;,'rnl&Nf f~RmfZf ('obftZNf,ON

d
, L.J. _LJ • L, JI, .» C
u"" W1ald-l4.lau dU.,. c;aA4Q7r.t:I",6niUtl.S Qm(Z.lloR.IZ.IZ.S. ;JON

c!.f(el- fRiN~~al ,,~t UN~ 1:V:5CN~/'b,'/'~4'/;OIll 0" I~cn/_

LoR151e.tt!- la. Rer/OR! c,'maN~//ahL~'fe+ 5a6ftt r:"' da. 0 .:

4% 1 oN O!:,;5eRVtl. UN fa/'d hOIl,'ZONf",,! -

R ïRnR .da.. 4t ' b R~:s,'.sfQ'lIIce. <U\I CO""~~tl..:5SlâN 0r:J'

ma.A1h ~ fNcf,ON du rOUR.CJr.N~a. dz. C/'",vvf.

(\fO"R rt6-g)

L ~lIIa !J~IZ. d4 C4-!f~ couRb.r- trlolII!R.fl. U!\/(l. N<t14

d,'m,'Nt...l /;'0111 "Id. t:. (tM/fa- OC fe1Rh'R cI~ /1..t ~ o'",fZ/l/f ..

Cee,' ~ 'tt~r(,rU/l. rA. la f''! 1u './" oz. NI'VfZdU' ~ la J:!<z~/~k!\/

CIL N ~~f t(L/5 a56U/l~ !RI:Vc;/d~mttNIr.t:l k rk 1I"41S

r'uf:f r" 1d-~JRaN,'/af~ .. éN~ ~f 1 1", ~rc;lf~'" ./a.6...JR4

N,,(a!-:s a ~/?' fola Ia..m a.Nf rf\o6,"I,'~~ : 1er -r-: .:If%. I?r!·

cJ, ..,.Jf,'IIDN 61- r>' au ,.."'Vtl.4G1 dd:5JRalllu~f:, m;m~S.

( VOl 'It t, le. 6/<l. q.,u (;)

A- r-': da- CA- !J'·Vfl.au dONc. .J uNa. a::.J",CZ'N/Q/;'oN

.lu. f OU Il CA.N t:~ ,. da. C./"lfUVf /VIZ- j tfI /l ,::uv/if/!~s G(/1/ •.:r~uv

~e.J6:} ~,.tf,q.J dd 1l../~'·6f<::tNCd..

ûf~dtlfNf ~r~J1e.tas R~6~,q,II<r.S sOll/fere.llo~k~
7 .

11L ~Nf efU.,.. Il.~S'" fQNCL.f> :

{tZ. c,'", (lNf oRd,/va".q~ C.PR 3.2 5 uf,1,~<t.l' r~a.l:JtZttJhz.



•

34-

lb

I~

"~t.
'-' Il-

..
\J

Î
~

~
.'0 le

VI
'1:1
~

!

•

•

10 IL I~ " '8 eo u: .L~ Z,

Dib ,da. C.I'MIf"'''' : C/L+S

R';~I'~ r<2NC<z. ~<l.R61A 5 pouR C<Z./\/-
1



2'. b%

35

Mo.det. da. RIA f-'u R IL c!~ 6 ~ /,'N"{,U.$.
• J

C.Orn fR' me-S

01 f' N d R.U Mo d. da

RupfuR.ft o6~(J.R.Vfl

.DA g
JHI'!J Rur-: da i: t::' fQ.
[)TUO

.Ml 14 R"r''''!l ~ .Id- k rf~
bAI5
hA Ib- R"ff... ~. d", f... f.t r" 4.r
Ml It ",,411".~ .:Jill"N"!" hs

bR If R",fu.tlG. '*'- t.. rI«
DR 19
M 20 Ru,tu 1Il4 .rd /.r /.3!"Œ
bR ~f or 1"4/;"L5 .:J1l..-v,,/..~

.DA 5 R"tfù R.r.. dd la t'M.
{)Il (" ...t: liN f4.U tel.. .:lA'" Ne--

.fJR 1- l .. f5

M A..f R"rt"tI2.~ d<r5

Mf 1.2- ..1A4 11/" /"15
MU3

/)ft ~ RutfuA., dtr 5

.M13 yJ24NU /.15
JI1 4

I>IH Ruf'ultle de$ JR."'IfU!4~



d~~ rrr": ffuc.fua..,f-as .. UI'Ja. da.'fadlaN(;(i C24

N,' v « au du e.-,'," tZ.lVf s e R.,fftZ"l c~/(2. 06/,j"'/-o, Ra 101 tZAJr

su « f4 Q.q;''S,'SfaNCofZ. <LN ';D""tP.a.~5,DN s,,,~huf fDUI'?

Ill!:> do s4jlZ.~ 0';- la R.,zS,SfQN<:.t2. IZ.~ f <Z~s 4.Nf-Q lia m«;vf

, 1. ... L_
a~ S u "'a~ falll Q ra ra ..

L'al\la.0J-!>fl. d<f..5 ~c/sulkf$ Obr.ZA/U5 SuR

l 'c/h,,::lt2. du ~'mIZNf (du c..,6cl:.5 dt2. ""ORJ.,é2A) ftl.R""cz./-

ca. f/l...l\/ d.::uJ l

Na,,! leLS

do. c,'"" <lNf) OffR.,',Q4/·f

a'/, v«~ 'S,' f 'hu.

d't:tffil."'<2.R T" fa. (;,;"'ez.AlT uAt-',(Z.1 d"',v.
,

R.a'S~/fel~ a» co ""fhr.$ .

("O"R ~bl<L <:foU ~ - 6')

~/'·AJdll.fI DII -1 (.2("," %

",,' .-:1: h,,'

•

.

CDU -'l. 6a. au

A_fJ (.<.affollf E:. a{,l

Co,',., Cll"ol/"

Cll.
L

cON f,qô IL e:t~.s cz"d-;a./f« ".., eNf f",raRa Mez fl'tQ

,
R-tl. ~, ':s /-aN < a. CZl"ol Co"'," fll.tJ. S5,''''N .

a HeLI"oI !-,'V4", cl:.l\lr de! f 501\1 at.

NolCl,., ... " x •

•



I! t. •

)( É. bi/ .... f-

l'
C

li .É:. VRd,
C-

Il,

"çf •
1:

•
V 12.

ti
\l
~

1!
VI 10

Yl
'tj

ct

~

O.! 1.0 I . ./.. I.X ~.O loI- l.~ ~.&

ée<l'" IC,·rn<.,.;r: é./c..

V<t.R 5U 5 é:at.< /C,·",a,Nr



38

~ v Ile. " d ~N'4 t '" .e r
of Rd..':.,'s/-.:H.IGiJ V<LR.5U !> f 6,quf d'e.uhu fd..er

fll:S<LAlfdAlf UA/a. a//...e« Jd,vt2'Ii!~/t2. S<L_I:Jab/a ./ a//<L

D6!o.NUél- av a c: /4. f:,lfo N (VOI'1l t='IG '3)
,

La. dl(ftL/l.fZA/crz- <ZNflèfi /cL5 d<LUx cou~6~ S

~ 7~?/1·11A.~ r" /40 /-au~ d7a6so~/f.·ON Î~'~ CVV cOiPh

d"'N~ !ct Il.",/!o,q.f f 6/l1A1.

Ca..r«.NdaNf l<t~ R.i7D....-s ~ o6hul/"'~ .. v e c

, 1 f 1 ,1' ~ ,
No5 ""~'aN..:J~:;' ::iOA./ (lU S (~..r<t."ft~ i"Œ. Clt-uy' y<2Il/t!.KQ.

Itt.'" eNr 06hz.NU~ é7Vtl-c. /a: 6,z"/o/l/ (O. q - Q. 8) - Creer'

~

S ~~~ (=>,,'v" r"'A. /0 r" r:
r'" da f~~ - PouA RtlN c:I~a

i",.,,,,!,'h:: d~ou A/tt:~c.:.sa"~cz

I~ fi" 5 YIl4,vdtz. fl6 51,c,~ ..

avaC. 1...

c
Q cac.< 5 <Z

LLIO Modula. .> ;/ 1. 'h.:1a c:z a ~nc, ce

G "''''.-
:7

Na

r:f~ u s) ~ff0A.t 'DA,d-Ke4,'tvf~- do.~Rmet;''oN c.~uvS~A/f

f f
I L ...< 1 111 L , ."cru,' ju~ " ,'e, ,cL {IZ.~"'& "l04... I<I....eI <.Iq~r,~,'hr. - ~

a(fzt CIZ. d« /l. NI do A. vc::;121 ~

Il dd-f4.N d

'" (J.AJr J da. OS



d-ô~dyat6 .
LII- ,"od" I~ c4/cullI-' (L~r

33

E. = .::1 () <::j,~ tJ1J f« do Wl 01 'Nfè

Lié

,
~ .Mod ... (~ cl'a' (a :J, 'e. , . ra

P... Il c..a.N- Modu 1'1 Mod~ ~tt (0"""41. ONj

f."'JO d .. d ~I..sf;c"". .IlL (.2Ftf) !.J"rn,d;f-: R4..:> ,.~ ktN~:U
é L<11-,'"" Il.5e ..... a",r

(MP..) c,« R Il (Mf4)

CI ..2000 A (~'" b~1l :17- J. Dg 0.0044,.
~% 3(bT Cha", btzo h"I'l''d. ~% 3, cc 0.00.2 r
'% .2133 chal'lb/1. hlJ"""'" 3.51 ';.40 O.OOJ.J, "

KI. 3000 A /~"" 6Ae AD% 3. 2~ 0.0049

8% 506'~ CA"I'I 61i~ hU1l'l,'4 ,.)01 4. '64 él. 00.:24
'0

~.,% 5"150 ch4",b!-e hum,'dJ 3.4z 5',54 O. 00.2 f

A4% 805'5 d",., w() h"",,,d. AO% /f3.07 0.00.2 8

~7,.2 X 3222 cJ...,,,,6fe hU/f'I,4 AO.3L ...44.03 O.oo2G
,0

.2'-' o~ =f000 Oot:J"'Wo hUM,;h AJ.Ci A? ri 0.003.2
0

L()1J.6i'-'~rJ C.()lI/!;(,J/~ la. f",,6(,z.C1W J Iet.~ .a.1I-""<1R1U~5 SU"V~N

ft.~ ~c1. da!.J':3 c-Nf :

_ 'II- rnodulq. dl/(Q6h'c.d,/ qu..Jf1lc1.Nf<t. a;"",,, /4 ,Qcr.~/S/qNaz;

<t.I'J a..f(4-f- UN ,.,.,,,,,f..~,~u flu1J Ra.j,,~tONt a ,J,V<Z d<tcl,j,'hr'tlv5

f" blf;. .

54.ufa.m<%/l/r /4- 7j/,',vdRa.. du dD:54.:Ja. d~ .Lb'.6Z d<1 c,',r,(l,/\/r

<1 UN modula. mo,',vd-Q,c1.. 1(,(<% CAu,.. rOUA /q.~ dO::!><:ty<%S d ..

If. 17., ef /4%. CO"Jmct /A1.1'·r~: (.~J."A1:j III r"iIlA.J 1(.:> fh<t.



4 0 -

4 - ~ .du /lA ît" ~f )

r'" Y~t:)Ne/fOIA~ CJ:1 ::/ivd~ •.
Eu au momruvf da, I~~t:)-ol.hma.

ul\f4 R.~/·~/èlNce flus jl?euvale

".0 d", la

0/11 au Ra ..f f" ava,'t<

r"1l (.o/IJs,z·1" ~Nf UN

La. d4.rll1l? a hON

j<l1l?fl N f val?,'<z da: O. 00.2 a~ 0.005 al0125 'lutz. C4.!k

du 6; frw va~l(z yd/l/d/,(lt:)!a.maNI a&. tJ.603 e;rt O. OO! _



•
CI-lAPITRE 5

::>TATt::jTI QUE

La le hL'R"/w. 6 bt 61"I'5a~ ru,' «s]: LiN<l 11'I0 ss«

d / L" 1 ,l,. t-: L 1) fi
tA ,IU..,4z ae ma!7J' Il'4U-. na.rct.Roytl.N4S 1t.:'1 SOUlfll'SfZ a l'N

TI Li ~

a..vCtt d'uN .JIl.dAld N"'" 1)/~tZ. d(t faR<:Im;'/-,tU~ 1',,,, fcuva..vf

f"ll.fl. Vt1A,aA oS.:! R..a!s(':.fQA/CI1.. fk'ivû(eJ!tZ.WlfLNf.J oAl f'~uf <:It,qcz

1CL O Itl.':> e(,'rr'IUNC~$ d<l ll.a'1>/5 rdA/Ca. fROV((z.I\//\/<%Nf:

l( dt.t> VdR(&.f,'DN~ d'ClS f<:ll'ld""dhu.5 (ut' c.e>NfR~_

/d-Alf lta R.dfJ,:,faiVUl C VIZO".) ""'~R,'s:;~m<lNi, VdR.t'a-I,ON$
Co

If- dt/.::. vdR,è::fh'ONfJ l:Vh,flZ.dNftts d(,/~ ·ctssa~~ : CDfd-
Jt... cie'!> t:..J/"tVd~4S J "'dU"""',':''' I«.L~Nt'1Uo. d~sSQ""" crr.:

,
ét/.ftVVddllJf .) ~fl.IoN /tZ S t2'1.'jIl.NCfl.5 Sf<l.lc.'f'~tts ~ ON do,'f

rouVIIJ,"R uf""·1>fl.R colill.d.. c f 4 1l1 C2 N f le.:. l2,ls",(faf$ cl., 5

t: J'A" .ofIL el ~ c..ONN4, Rel.

l'a.Nsa ...bl<1 d('5 R.a.'sul!àf>:, d.cr.s c./1>J1

"'ILl- dfl. .JQRt:1Nf,·,q c, r- bd {,//,';c.~

, , L
/la. 6' :; ret Nca e

4A -

Sf4f,S/''!Ûtl. f,'k su.q

fI, a Sil S fl.r 1'.,,' f ae :

.1

(Nd, 'it.< <laS fOUR 1<l5



4.2 -

fil. D '04 6,'I;I-(l~ =''' R Q A/ f, .(/. s 120 U '1

{tL~ f.l<l.'S'":5faNCtl5 tJ. 5" J dO nI?

tsr-
<le>.

I... f-/R.I·~C

t'1l.6..';I.;i.
!J......,}••

L. tall' .,.,,,
l'ouJ4 f..r

bftuwtr.

A. A4-5 D. K4 3

)",(45 O.f43

A. 4.43· O. 6'1.z.

".1.443 O.(IJ.

0.5

J. 0

Q.5

.-J. 0

0.5

A.O

Sb. g ï.

93. g%

"16.4%

R.Ya ...d c.oN~"dfZ. Àa"' ~N5 No/-iz a 4,va !J$tZ 6fc:"'~ is),juu

tt>u.~ {L!:> R./sulbt.fs ~QN5 CD;v~.,·d~'Rdf,·ON cdcr4 fJ<:lRCNtJQ'!1tU

r I(I,~ d"f(fl~Q IVc,'~Nf (Vo.·c. h:.bI~(JéH R.? AJ .c.r 11-9)

Itt:.!> fIl.Dba6f"/,·f-tl~ ci": dtL6Su5 rOUR.Il<:t'<lN! âfA4 GI~W1(lNftl.~S ;

raA. ax."'''' fla. f4.!> ddGl"di1/ONS ,.... ""e~"~ > c::,,"' .... cz: 0,,", la

""'01 "! . .VG h 'lN v'KaN.

E..., C<t- 1lAl' (..01\1 c .. ItlN4 i'J" :. h5~ ( fhQ~tl 'SI.) et' b7.. , 114

fRr:>b4b,·{;f-t.' d 'ob f4 "" 'il, A.O MPa S4H4;f f'~,,':. d4 /007., "'';'''fZ

5" 0,., 4>dma.!f"",'t "..,11. 5afIolR-af,'tJN d4:' a.'<./'dAJf,"/IDN S •



COlVeL u 51 ON

4~

ev R éCO nf1 A"'.D~TI 0/1/5

"

(a.f> f ..bI«~ d0 5"::JcL5 ~ l'ev;, .... f da. ,JI, d, .... ,·Nu a /et

da. J'oRd,lUI. df/. 3'~ _C-V R4V"N~!}tZ~,'1 a~mlZ.AJ!rJ

la r r r/0 1;/; (;1'.l 4. .

e., Ia.~ {Mj-~ dO.s~4S 7 ('«-(ft d4 1.. r": III ~ IdS :4'

ti~... d,'a.~. Ma,'.s 011I r-' a'ju.'h f,'I-Il~", ~7aHtZNd~tL ./ avo'R

U/Jo. I~f(u tllVCg ",,:>,',./ dlll.a ~ulQ 1.. ~76"sfe.,>/c.~.

L:,. .$etfuR~h't!J'" dtr.:. d~l.al ..d·,'//oNS e4VdN f hu/~ cauSe.

UNa &"','.s.sa. do. 1~.<zd.Qa de 66~ .

5<L",(af"l ttNf :s, uNa 1·""mc2.~I5"OI\l d4 fjouRS «.~I' uf.:I,·:s~;

CD"'''' IZ c.uA.tl ~U!f/eJ"'c2.NIà"Ra. tOUA. /cs dcA..lllh'IIDNs

reN.I<tINr .2iJDUA.5 a' 1'a'R • 011I o6stt.tlll~ feJU,Q /tl:i

d D 5 6YC.5

3°10 (r- Rafr.<zf S tZ\:;.1.""jtl • eqfR)dU a

SI' ma.,'", ( a /Vd""r •
1~ "" ft ,tl. :,,.,, '" 1Jq.'c.I.o",f..'(/ON es]:

"f "r'"
, f JOUR.S • 1J • "M,'aN! Ultl/ r,"a/ do «:It<f°:><t- " ":,, tl ~ 0(1/

Fil. 11. ...r" ....
da .U .,;'0 U Il.!> .;

!...A.~ 'D",d.f'·ON5

1] .
a, Il. •

fO .... t:l fa ~ r"61q!>

If L</. ~~cIt~<2 ;.

do S&.J<l!!.

(10", bita. o(ft:l.Q.



i

•

44-

do ('oltclR.G d 4 .20Z r..... R.""fr~t a .. Stl.~dI:J~ QU 50(<<''/,

~ /..G. :}e:c.~JtI. d.,.N:5 1.. d.",,"b/t.tI. h... m,ela aU:JW1<2NIa (",

lZ.a'5'·:5"'eJ,.,.~a d.r. ~ (ç.~~,'~ bfl.UlVfs "'''''fl'/''o.e(J~ de 1~R.dJllfJ. da

:JO~ r" 1ù:J!!Dll.f .,." ~ .::.u,ea. 0< /~",b.e.~.

L',fl-..dtt. "').. r" a.!f,/ f,·hz. î":" /d::5 f~fs dO:5".:J~s matS

oN fO"'ARt:ltl'/ fŒA/:5t1.Jl t'" e4ff~ ,t11l0,f Mo,'NdAll ,,/ oz IVIÎlttt11G1.

_ L'liJ{'.. (J.Nc.a dtZ k. d(l.IV~"f4~ s~C.~he Nd 511 r S4,'f r.s
~flNf.:~ ";V<2<: la. r'lolVlV"'jt2 _Nu~j ull'/,'$/

f1:".,~ ave:«.. de! r"blu dDS;yJtl.S ('i,;) , NO~ ::i/,;.,dAfJ.$

, • L f • l'
RA :5'5 (41\1 .". aARD :5~Il.

UN ,,- hum,'d,'/-«" de. ~ .: "(01,, GI/o.. UN -:I(fa"S~4#1ll./II;

dd. 40 -:If 50 ,....' OflZ.<lAJt dtZ$ me.'Ia"!:/Il:5 oClvR.:t6Itrs.

PoUIJ (tl."!:J f,'/,ltZ5 do S~tt:5 d, c.,'meAJ! Cc..;"'cNI/!A4tl,'.

là +64b1~ dd 0 .: 410 ,I
J
"' uy m IZN fa h D4 dtZ ~$I'slblVt::fJ.

asl AJ&!:)~t116/"

Ru de!':" da -: la ..e45fS!dNCCl\l auy",tl.AJhz hu~ ScWS/'

b/L-Wle.Nf ""vele. /4 c:lD :'~t<. ~ GI;"~AJf.

+-lfRA<'!' /4 df/v.fl.lorrJ.",tr./ld de. la ,1«,'1V4 c.arCt~'" o'd-s

JIl4",ulaf!1 (&1."5 ""L /47.) ,1.. 1lJ1.~~>f·Sf"'NC4. ut c.o",I-~:'ltld. et.5.

$<ùllf.'rr.I/(J.",,~t r-IJ. Ga:. dŒIlIV"fJ.;lS. (jAJd. a':..:JmaNfalioN du

~'".~",r Nil. JQAQAJf,'f r'''!> UN .r- subsIàNh'(i/ d~ ll.a'stf,folllc tZ.

_ La-~ ll.aPjDllfs €a.. Vila,' OI:.~N~ ~ al/Cie. NOS. m ~k":Ju
1J c.o'"""'tUt

,( .) ~ ~ 1 - : ...~ e1l4f> 1.... 4 C4,Uy.. Jtl.NfZR.4/omCN e.tl-"/,~(J~ al(4c 10 ~Iw,

,"od.. (tit. 4}t1It:>~f,c.,f.,/ -:l'':J,,"o.Alk a1/4C- le. A... 'tifs;""",c::.a



0,00.2 ".. 0,005' .

•

•

I L. J ~ L ">t. >L J,' f
jU" :JU"e><2N/ lott ~Q"":'/e:uvt:11 a «.171 a.'uo,a.q ~1lJ,';U~,.,tZlII ""V/le

1", l.fo.'R,"fq bR,Uf\J~ fOUR. dos ./DSé:lr~ r"6/as (br d'~ C,Po60

U. '1",,' s 'a1t/"ïua,f !,~A la. fe..'f 1u 'e' I~'k.t bl2u.f~;'" laf<s'R'~

hJi:ullf~ tl..'f.""f WlO,'Wfô dO'l/$Q. q.r faA CON~q'iLl(VV)- :s"~ctll;'610

cid fUJ;!.f\J"R, mO'~ da. RctS,·s.fCON' C4 .

C4·r·AI ",.. ",f "'''«'C 1'.....d/,oAQ/.olV 5".J.Ja<'lU~ (701 da khi

RI'if - 36l da 506/, ) ~ ON COIV.!> J",)" rfl 10 10 f.:t.~,~ bRe.uw .::16 "

v,'a""f r':" dfl/f,/f;.# T" 1.. l... ro.'If,,'I-, R0u.JtZ. s; C.DN6';·'1",QNr

DI' do "lU> :!> ·4~h,Nd.e.a ",,,<tc le:. l",h'IQ.,'/a ROt./.J<Z 0<' c/<l.5 Ri&'$ k;v_

D)aufR<z rail" ! ~AI((" a,1/CfJ d&~ d,'vaRs tQ~Q,..tL'/;el!.s

~f-u d, ~~ titi. VRQ ;/-RfZ ,Llu.';' .~; avac (a 5 do 5":.:Y<Z:' f,qls.
"'OU~ R<Lcommc",,,doNS Ul'\ltt /wm/c;/,h' ~ 5Jq' A"c::lZ,

54u la. ....-.J f la t:~(CCA/ c:Icl CA ta/lamtZ(fN.~ f ..r ,'""f«.<1. vaN,il l'a6soR!"

1-.'0'" _ G.Hrt CARe:.cI"a.:e'6f,';uQ. do. 4 !..!a'R,·hz, 4':>1 veU:1,:"6,6 a.f

uN fd.U d(f'c,'!a. 0" "'Q"~"~(J.R. C. ~:.f fOUR.iUOI' Il/OU:' ll.acoPl-

""''''lIJdONS d .. ",'~IZA SGl~ la. c.h",,,,,l,ézAl c:::fc.:50 t'lff,u'tSSttlftt1"t1'h

/~ 40 _< ...../'1 _ _ " 1/ J /,,( / J
<:Xl _.J v ,n .., é:lV"~ UN tA..zmo ..., f l "'!..:7 Q ou IR. e QI /0 C>/tr t::Tt75

..:JJIl.OS .JR.aNulof.s (J~N",I.. fs 5ut'R,'aCl~5 Q<' s: ....).

_ L},z"p!o,'fA'ON d&~ ~''Su.lf..fs ~ t:":" ..";'af,,,((,'R

(<< 50 C oU A ba. 5 ;



é bA/u.t e]: e vila, dl<."""1
C-

d ' o u h14. f"'''~' t:V(1./l5U:> c:
{.,+ S

IJ~~flo"f-... /;,o", da C4.~ ,:,o"R6a'!:>} NOCJ~ Rczco"',.,o......,do..v.s

d.. 'C"'J!!i"d..·R~Ae Id f/"~ r": el.. ~ d'etUI< Rcs,sf...""cc$o d'~~4'.

1 ~

"""Naa~ ",,' ("'Jef,R d~ ~~ d~,qA/,é1.ecr.s,

C
t..+5

,'f\JrrtIQ. I(L N' '1<

if t1~f r'... s fw'/œ.
d .. f ..f 71' 9- Ia.~

"rr:": /",' eo",l(l.a· .&s,sr.."'Cc>

Rârt~h. Z b/l",f a./- ~ Vllâ,' l'Nf

vaR/à

-Du i:' da. k f~/Q6/·I.'hz.' dt1s .JRQ/Vuf.:,fs :J /'~atf:Jl'a e/:

/4 moda. da. co""tado.:J1J do,'vaAJf ;'hu bt'~N CPAJf~~!Œi.

Q., ..",f .,.' 1.. ".,/H,DeU ~ Mdla~tZ 7 JVOIJS ~aco"'h14A/

deJlv5 ~ tll(;7",OCJ'//'J~ !M'at:-(/~ d«:;, .J~NtllâI-S 5Urf.2,e,a.u~s

.i s-...,.,.

L4. t'": '-4.Nl-a.J0 m"!J""""'"I rr-« 14 h:.P't/'S .2tJO ((5"%)
f'·lt!.' P"A. CAlQ.f"",;"s auhr.Ul:1.5 (G~Sd!ON Jcz...", r1,'c:./'a 1) N~

fas :'1-,,' UN Fc:.f'l(""Q fl:1..It ON d '/ I'le:tN f /OUIl Nos Cls,sa,!s .

RlA <.DIV/Il.dU 'R.O} ON R.«.",o A! t t.t fZ /,.1 tZ ( cz.5 Ic.hz.JR/ ffZ S aya Nt

ra 5541\11

/Ji:;.'5 / '5 h::t '"c 4'::' •



RNNEXES



L'<5ra. d<L~ ~Ula5 <zr r... M<LQu't

<ZN a.N"'a./(~

•

•

•

r'j fi-;f

F'j A· 2

Fj R-,3

P.J fI- q

F.''.J fi - '5

Foj R- c

Frj fJ-1

T.:, f:,fLa ..

T.,.I:./cau

T",61,,/#t.(

-,..'"rz. /#..,

1/-4
fj-2
A-=5
A-4 :

A-'S

11-7

fI- K

H-/O

11- 1.2

,
COUR), .. CONf,la,".,/-c- dtz.fRmal,·""" d ..

C:J '....,.dR~ ./)Il -1 - _ - - - - 4'3
Cou "lb.... c.DNf,., ...,,,,,t.. -dtl'fRmoef.·O/'l dcs. <:='1-
I;udl{~j J)A'<- oos . .lJR4 ?6

Co .. ,q bd-s <:'-oNhza,''''/-t>: - e!0'(t>Am<:tJ, 0'" .dt2:.
cy1,' Ar dll «.~ .!JfJ 1>•../JA <; - ./)~ 7 _ - - 51
Cc!> U AI b~ C-"foIfll.Q ""Jf~ - de'{oIl m "'" f, ~""" d'e s.
c.:J tr »r .dll a s A li t. .bn!J. .b,1 40 _ - - '5.2
Cr)/..Rb~s e-cN t,q4,·,.,/-tL'- d.:fR,.. .. h{;/'/ 445
ey/;..rd-'l.a=> M4-f. M,«· IJ/}.(J __ - -S-:3
CouRbt!.1> '''Nftlla.f·'''~ . d'ot~A,.,ql,.'W ~.s
'..JI,·Ale/AOS .MILl ../JII 1'5'. ~R 16· 011 Ir-54
c"... Pob<L~ GDtJ f lU',;"t<L • d~'[~Am .,,1,t,AI cil->

":::1';AI ,ellU. s LJfl 1(. J),q..I!J - 'lJR.2o - 11/ :lI_____ '5'5"

Iwf/u 4-.AJGte da I~ ;D~' r,t.. - Go
l'''flu4NCO ,do 1', '", ,., tLl2 ':>t l>/\/ __ - 60
.T"'flutZ./'/ca. dlL 'r;»: dei o:>'"l!"'..cf."j~
C.::>~f· RcDc.I"R d .. Pl'; IA":Je laléA,ft, - , ..."__ - .sA
~~~, ~f..src IZ Il.N ccmf4«:>5' 'ON ,zr hUff7t 'd,-1.'

f""'11 JI' b':h.N u!>"d _ - - 6.l-
R.1I.'1>,'sf.,.~1Z éJV c.DmtRIZSSfON d' UJOUIQS
.:!uA c.ub .. :. d., moAf,''''1Q G3

S.:J/'fI6oltL5 Je:. r,.... m; fR.~5 4. ff/RIZ"'C,otvl
lu f/""4to/~'I/:S~tl. ~'''Nd(;!J~ s~h'sf,!4~

~_cf:Il,$f'·7Wfl.5 .ItL~ tt!cM-v/.,IDi'J,s d,
"dN"'!J~fi. f>j...f.~!'7"~ fP'oZ 1.,. l.. fét'l,1ft

ROt"}" _ _ _ _ __ '5
C., ..<:iC7c.Â.,'5f,·;a,) d~::> de.t. ..lVh'f/pA/5 da

l'aN..c!J'''' 51-...f,':s/'·1"('" fOUR. 14 f...,4,~,:ft2
b,Hrto/tZ. _ _ _ _ _ _ bb

Co,.,fA .....A/1u - d~'fA'"af,·t!)N f""',q Irz.s
~ I,'N d,o. 0 ./)ft t{ _ /)Il.1. ~I/ 3 _ .1)/1 4 _ - ''f
eo""/-A.... ,·"'f4 - dé(otO. ....",I;·t!)"" ttn~,q I~) ~

If'Nd~(,. 1J~ S". /)11 r, MI '1 _ J R ! _ IJ"~. IJIJ ,(0

- - - - r;g
CoNI-~afiJf.. -4'':(0/1'''4<1-'0/\/ f"UA k> ';:J/.iv
dll.U fJI/ ",1,1_ ~Il 1-<- ~A /3 - - - _ b~



-';'bl4.~'" R-14

--r;,. bl4..". CA A- 15
"/4r
T:aE.l4-au A-lb

/"11,14- .- H- /"7

T.abltZ""" fi-Ii

T.; b/44.., R- lfi

~blu:>~ PI . .20

7a{,/t.-o w '1- .2(

• T.;M~u 11- .2<'-

-r;:.6(~.., fI·.23

TA "(Qau A-.2,q

C.oNfR.a"N/" - d"y;.,q ,...,qI,ON f~ulf 1~,5

c:J liN dluS bA 14- .M~ I~- ,/)11 16 - /)~ 17

--------"fO
CON t,(q,'lVt" - dt/f0ll. 17I4f,'o", POuR las
ey 1;" d Il./I. ~ .DR I( _ .DR '13- /)R .JI> - !JR 21

------t1
r1"594. vol...-, '1" Il de. 50 ""tL/d"::J o~

__ 12,-
é5~""; dez.. d"lVs;f{ 0//.',.".14 /":". /'"
I.. /u'j?,·rc. bRCAIVCl - 1'4
C~~..,.- d'Il 441V'S'-,J-b l>ff.·,.. ../~ {,:JUil 1..
lal-«'tfl, 'h~ 1l0~ 4 - _ - - r'T
btUJ,3iW f,''/ONN:Œ e t: (1,.'\1 VRac. roUIl

'"' 1".~1l.' h 6RenviL bR"ra. :t5
ÔLNS,'h/ t,1o",,,.:. <LI" eN v,Il''l(.. fOUR /«
ralrLll"h!. Il.tJu.J<L &zUhl 16
T4.NtluA. G.A/ e.:rCA l'Vd/'' RtZ.I/", da s /.;f,,~,'.

~ 6A"''''a. ttr ROu,3a - - - r'
7;.$ r ,,['-«6 .30R. fA'"", ..{" ~ 1.ht'.-l'"hz S

Rou:Jt1. tJ.r 6RuN~ - _ - rf
I)AUI!.:t '5« jR.e:lNU Il> m~h, '7"« dtl5 k~~,:'

/u.o;, 6,aUA/(2, ~f .Q()uqtl _ - _ - gO
RW"'!.J$Œ .J~4AJ.. t:".:!Jl'1u/Z 4u sail,
de. d'1.A,."iZ _ gA
f""'A(,.(2,AIlêl44 da> q:!>s~,:s t""L",~,d",.1i!.5·r'''/ ... 1:... Atl.tI.$t~rqlVca sf",c'fà<J 1.1I.$1u..~

1.. "'OYQ"''''ç. dJ.t 4 5 S C CA.fl? te,/s,'s-
r<:tN1C4 "(';C'f''''tZ t21



DAI

.Je. b1. .do ?,· <L"'t

H. 5l ~1q; ..
•

li j ...... A~ ~ù "J~/1.
J..",:. 1.. ...h.. ,.,,/:,Q.ft

h... ..,. 'da.

0 4" W Ij.(; '60 4,0 .«le <ID J", J.o ~co ••c ~Io

J)~f0/l,'" a~"D'" é ... 10 5

1

F,', R·A COU~ b(l. cOI\lr,~a ,'", 1-4- - d ttf!. R ·,.I<:t f, '0 1\1



50

'.
12

n· .27. da CI'",,~,","

15". t7. .d '<z-au

.28 jo ..,.... d .. oIt5 la
...~ D ... blt4. h......,' dt2.

410/NO <.I.e 1.10 = J.O "00 ••0

f>ct0R,mah'ON é. .. I05

CON rR,O;I<Jf4 ~ b4pA. rnQ,!,'Of\/

lU; .60

4

o ~c

6

'4 Ql\ù

OA~

?
t
'J Il,

~

J!.
~ 10
,
Il

~
':2
c

\J ~



1!

lb

14

--...
~r I.
V

•
b

../!. 10

.~-
Il

~
~
0

\J

9. C'Z~/<Z. c,'",lLlJf

~'f)1 e1'œ a «
•

19j~"1l.S dL e,uJUZ

d"4J:> 1... ..1. ..... 6t:l.(Z
hu"",'de.

G oz.e 16e zee ./.4~ zse 3W

.J)/t{o R. '" "" fo,'o rJ

DA5"

;:'0 A-.3 Cou~blt.~



52

•

,~

d'cel ..
16

.2gJDU~S d4- GUAl.p

der A/S /4. cio .. "" b/L4

h" ... ,'dtL

i4

..--,.
Q! IL
I:

V

la
•

-:! \0

.<
\1

~
~

~0

<J

6

_~__.------- DA 9

160 so «0_ <-la ,U' llO ~oo "a

Da.'(OA ."c<:l h 'ON [ ... 10 s

COl./(.\./:.a.s CoNtR.a.,·I'Jra. - d~{P1Q. ""'a.r'·ON

'lN

F0 1/- 4

o



I~

14

---..,
"l.!.
r
\.)

- 6

~
.<.
G
~.....
1
0

\J

o

,141. .d~ c,''''tzNr

A 5". "'% .d'do4 LI

.lCjOUR!> .J, c-uK.fl.

.,/...1116 I~ Go"4,., 6R.tl
hw .... ".Je

so ~e ao ~'-O

J),:{OA.'" qt'·lPN
~10

53



16·

'4

'"":'\

Ql! '". .s
6

J!. 10

~-
Il

~
~

~

0
\J

r- <J,,/
b /" .dt:. C'·.... 4-Nt

15"70 ~'tL.a"

C",Jl.1/. " JeJ;'dS daNS / ...

cJ.d"'t,R.tl. h"M' 'dtL (0"'''
f>4 lb ...t DA '7-

.2KJ~dS ..; ('.... ,.~
rOlAA. Di:/ Iq J .MI 15

•

o

___---DA /1'

lU) 11>0 00 2.~0 aD lU: 3'0 "'0 ,"0

Pti{OIl.. ... .q/-,·ON ,f~/o5

Co " A.b((':5 Coo.Jrf.Z.""',,,r<Z. - dd~R.maf"()'"

( IrJf-lu. 4.'1/ ~'" da- (... CoU ss.)



55

15.1"1. el' (f.a~

C.... «« Ji j""012~ ..1"'-./$
(... .J; .. ", bl'La. ),"'"' dar: bR eo «r fJl't .2-1

, p • • {I
~JGUIt.s otA (:uA

f"""" .AA u &f MI, (,g

10

~coI~ 160 /.DO Z.G l&O st» j~O

7
bafotl...... r.'o'" ë ; (0 '5

COl.lr.l.ba:. CO-.Jh~.d"Nhl. - ,d(/fE",WJat,'ON

( r",[.!u <Z. N c.. q. 4." !"" c." l'{~ )

o



·

E'5 h'", a f, '0111 da. 1)atsol<III i!J1II d~

'YY'IlilaN-::J1J lai/Ill/e bflUAfa. - '506/Q

l") <:lib ~oRff;'ON da.5 YR.aNul..f~ SU.t~'~/~UR.S .... 5:..

<2~f 9. ~ ~

L' ,,"~'5oRrffD'" du. .JR.QNu/~f fAl A X

.Da. t: cou..:zbtL J~aAJulom,f f,Q('rua. clu mrik,~(i

1.. f1-R,'/-n bt~I.III/a.- ~~6I<2 ON h'R.<1:

'JOZ ('3, CJ - .2 . 2) + 50Z)C ~

~ 4.4X



/
---;;. LI " d'a650Rff,'ON du ma!/Q~L /'" rdR,la - :sabla : 4.41dur'Js

J)Q.N 5/f-/ aN VRac. du ml/",Nj a (af/R,'f~- ~l./cr : A.~~/"",/

j) ""'!i'''?! aN vRac. du Co,'m (lNI : -I.I!.}/-:.", .J

c.'...<1,./t

60"<LNt- ItL~ cy/"Nd",,~ s .DR ! _ /)PI g_ .!JIt -10

POI'd~ dtt C,l''''tZNf fT/"S daN~ la m_}I",~~ : .2.4 4;-
Po,' el!> cle, 'af~~./~ ~ 5",61~ m'~ d.",,!> la. ,n,! /"'::.Ja : 40 ~

d 7 , c. .2·4 O.O( b'X"'u - :: -
L+ 5 40

"/<:>"'6 'a ,.,.,/1"5a: .)('. 1.21:7
:: .2b. 1.2 (0.3 = J. (g5 I;J~J

-A.55 .AD '
t; vo(umcr,d

l •
OIA

D ( ( J "oluma da CI .... ew]:* 06~<l. 'Z'" 'Vo umlZ \..v~QC: : _
-- \/.'.'00 <la 1",/41l.'f4 +~.,6/~

6"," 14- ':::! L'", .IR. e j) R ...,

Po,'d!> da. L:.rtl.!l,'fa +1 ~Ql.l(l.

- 3 3
5. o. ID '"

6. 55 ~
V _ (.95 ID 3
~- =

-A,,I( 10 6
<1.'" V Jl,.. c

Soi~

J
, ,
0"

L... do !>"':..J~ aN volu", .. e 5f "/OR!>
_.3 J _.2 3 L

5.gj.JD rn .dtL o'maNf fOUI/. ..1. ç;gS ...tD ,." ~ kkll,r~ ~5attÇ7

50,1: ,..1 c.' .....eNtfo14A ..-1.'85 IO-l.'= .2.Sç; L:.11UI1'f~ ~5dt~
5'. g9 10- 3

..1/-2. ic



5K-

*" .bo~~~ <Lili e,''''fllllf/-M3 der mdkN:J..!.

So,alllf (~~ cy/'ArdR<Z.5 .bR! _ .!Jfl!!L ..lh9 ,,(0

La W'I.~:S<Z. YDI"""1~4 h",,,,,,'4~ "'':..!fe.N1'ftl tl.:./:

f = j (J.2.2' or .22.2(; -+- .2.2,(1j) _ .2.2.2.2 b/",3
l ... c.o""f os' f,'cN d .. m':k "'!;la. e ,,; :

Po,'d~ dz. laf<!.~,/-<Z. -i- .,S,fbk - 40 k.f
Po,'d~ dd. Col '".,cr."vl = 2. 4 ':1
f", 'd~ dl<.

} s: 1~!7Il!4u ""
:So,f 4K.19 !J d<L mi /.. 'j<Z.

I....t. fOU RC ,r...d '::':J"Z. fON d<e'R"'! .1"

lÛ·. .2.4 = 4. ~8 t
4(. f<J

*

d
, ,
Ou

d" CI-'" <eN! rnt~ deMIS la "".Jk":Jt:l :

~ bAUf _ s-: ,3,1 = D.-;Ç
G .(".<J5

50;f la. ":J1"Nd~a ~fI,(

fo,'d:. dc- 1:.:..., hlàk du M/I.aNj/J

Po . .1:.

Raffo~t c:::t Vil'"

.soo'f tOlJjoull:' (a

4. fo,'d~ ·cla-.(~Q.u. .af,,,o4bilt

7J (,oN d R e .N} -1

d.:!>r: .H:. l,z ,,4,41 = /l'!J
e



J , c. 17
ou ea o d4~:d':JQ : €I...

Ch. == 5".3-1-,;/,45" = 4.IÇ ~

0.. "M,'~ r .cIo Il!!>

é vR.a,' _ 4, lb := D. b0
c. b.:J5

6: "- == 4, 1(; kJ
Pol'dt> da Lar41l,'h _ e..'.... dNf- ~a51(l 33. D1 ~

J' 1
éJI ou

•
h= 41, (; %

*
Ta.IIla.UR Il./'I a.a GI

-If. .li 'J
1-,8Q kJ

6. 95~

1(l. r"d'" do 1~"''' ir: la; : 5": ~I~
,ofLU.." ..2, .rl. of ./7.,. 1-, rfi

+--'--------''-------'=--'-------''---_---:....
~f,.M + 1.,rQ +- b. ~5

5: 34

4~. Ji + 1.8q. + b. S5

da

---------TE

Cyl"/'Ie/Ra bR-1

ftb~r.l.r""c'" d" 646/a. dt
Ta.,oV"u Q. fûV o.",,, iliA!'" IQ. a/I"" do. la !c.f';//:ll hz .bRUN<!. ~ ..2 . .2i:

Po ",)6 de- i: f4-~ / '!?Z

TE 'T' 5 ;::



i

•

•

:Idd.;Jf;(.~.. r. 'D"/ NulM #LI. <10 roda T~.Ui( 1. d~ R~'s,"f..IV~' !Jc<,., '$5" -

J4 /.r .c<&l'c_a oN
f",;{/~ '" (',..,eNA/a """IoIt ......1''' e:4",.A'.ï/." c","~Nf

<2,"''' nllo) 1L"~'51.r",r«

A~ - 2P1l - 3~ 110 C% 1'% 0.57- A.50 -4 ~. 5"~ . 'Pli

Â • .2.3. )0 '10 /fi% 0 02.03 3'5 ÏoLI. 5. b'

.lde:wAI- G"f.'"w tJU"'''JZD "1. dt/. I....,.v~ 1lA.7~;$ f.,,.,<o H"'(rtJ<~tI._

d .. d4 (..
c.,'md.lolf

tI.JoI CUJ:l.a. M".JC2:NA/tl. ,...Nt ....~
1~'<Jl 4 AI f; If0 Al R.a'fa,ll.ltJo'<t 4..au (Mf..) Il.L6t51• ..,u

s», :roZ ,,11 (;1- (6'% ff Â.Ç( -
J'3 )4 C% /b1- B O.f3 - 5'oZ

,L J. ~. AD ct 1'% c .2.03 -4· s, c
A1 . .2I.31 AD (;1. 1'% D .,,(,41 -3D%

4I.5I.CI --10 (1. /G(. é .2.33 AJ%

N.B CUIl<t H .2 (jou,q~ d"'NS I;J.. ,·~

c .... 'l ... S .2 f .,J" U 45 ""'''''':5 1b,:q tU1:S .s ah.. A"/';''''
dVd"""!- ftl.~f

CuRtL C .28 jDUAl$ cI.. ...,s I~'R
Cu Il <1 ~ .2( jo ,,/2 :s d a Al'6 1/a, 'Il - 'fjDURS

.d'aN!> 1'..,:,,-,. AJou", da ""'" 1:;,., .'?

Cu,ll,tt. E »tJ~u-'!::l da".,s / ~'R. l-..J'OUNS
daNS /{"u. tJ'"uRS ,d",vs I~, '1'{



•

bA
Idb/a. aU. A-3: I,,;{J/J,4..,vL€ d<t- 1JtZ.:'~~j.td. d", c..0iP'u~

1 I.J·"'~I<·f,~ N~ 0/0 d.. T.-.Jc. .... 1. .1.. PItUS, '"", R,,~,~kN~" f},c.rtJf "'s,. -

1 h
cIo (.. tL,.J

s.{//I.
JL (1'1II.) ".."..!I/l.NNt;. ... ",,,,1 ,./"

I~ dt • .,f:,(." l1.(l«,'I(""'c"
cf_ouf

'-"'"f'" < f":J" /ù2.S1 5,...."'e;~«-"u (NP.. )

A- .z.. '/2.: bï. - .to 0 0.9 T -

5'"-( A2 G% - 20 A. '5 A. .24 .2.}. II.

3 - 4 Al '7- - 20 3.0 A. '15 go %
1(- 15 AZ b'ï. 0 0 O.4=(f --
'1- AZ 'ï. - 0 ).5 O. sc A fI.
20 A~ t% - 0 3.0 A.Ob'4 ,1.2-2 %

Td.~l~ ...u (1-4: E.$5é:l'· <:/(2 comf-~cfd.;:J~ dl.< m,i.l.::,lIfJ~
laf-d,tl.'·!-Œ -+- .5é:T6/tZ.

1< 1 • t. J

(' i AD -12 A4" Il <z<>u '!J.... "t;.

Ylr+T(~) s»(4
T (.,) 5'S.2( ~~2Ç; 5'S<?( 'S':)-< C S"s-.z('

VI, 4-3 ~K 4530 4"0 4b44 45"39

P (fJl...~ .2.0,"' J./33 .2..20 t .2.uc .2.13't

f.tl ('/cJ) A.~()b ).~37 Â. ~(;8 A."3 ,,/. 1'41

<:.cps,,(. 1'1~ .A 2- 3 4 5
"'r ~ .. {~} :f4( ·1.K -5"4'. tc '5"3. ~2 f.33.2/ 621.5"J

Vif) + T (,1 5'03.bb -50/. ,~ 5fK.~O S",o.q ~3.o1

V/VI 37.(;Z, 4:Ç. 1t ~4. ~,2; '::12·53 "1t.4b

TaA~ ~5'.Io s4. S'o -5b·1S 5'"3.45' ~5". '1-3
Vis 441· fb' 4Q7· (9 ~3':;. (5 5'01·.23 4i'r· 34

W'Yo t. f 40.1 42.2, 44.3 Ab. 1

VJT : ro"d~ da '~'c.~e>Nf,·!/DN h" Il'I, "de.

T' f<,,'ds Ad- (<4 /2:illttZ.

VI): fO'~" .,{-. ,)~c.k",.);"'I/DA/ 54<:" h
W 'p..,'4':> eI~ /~ .. '" .d...,.,s l'II.' c /, . ", f .'(/DN U"'1I'4fl

\/J'



l>O:la.1~ au l:>o~",:J a d~ Po,'d!> (~) AJa .ou Af(a ,......"'tt",t R"fr ttt 12..!>, !, /;."',.

.... s .la. 6.:toN
1

" h '
, ~CU> r 1-1" ..,"d..I-:

#~G (Je. ÂO(-f/~q. 44/2/Kq 1'1"1<1 ~it.lI4tl.' C"'".) C (MP..)G

c.,'", • >JI- : 3bO ~/",J .2 .i:
é,au " Aga A.34

A~.2:J.2 H' 0.5'1- .25.7 '3·.zl
p,"~IUl.'. -AA,(4 1.43

- -
'" d
~

-o s.. !>ftI ~ bOo 4.14
t .2264111..'
\ III

'<:: Il: C'·""4Nt '. }n ;,/",3 2·1"\J
~

-..l
,Il é4 ... : .201 -A.49
\c)"I

P"""t ~a '. ..I2U s.sc -13. j40 13.1.20 3E • gO 0.-53 34.3 f.1!,
"l "<)

d
~ S",b'lL ; 5'4. T 4.0'
~ <,

1.43 t 'JI,.3~.. i [. ..... <l'''f: 444 AJ/,,/ 3. , l?
~ ~
~ " 6. .... " 2 01 !.4K
~ <l... A3. gg5 )3. }421 3g • 11- 0.45 35'.3 9..2Z
~ Po 'eJ'lA t! : 12'lg ~.~3 d
~ ~ s ..bi... : 433 3. (0
E - :HU i.s1",3i
"l ~.

~ 317 p.~!,":''\ ..{: C.f·rnLItJ~ ~ .2. lb
~ é...u ~ .201.4- -1.,A9 30 ~X- A3. g05 .13. G24 3K . 0,53 33. !

\)"1
P. ·... ,V1.4 : A:z.fg 1,31 d
'5.. bl« : 4~O, 6' :>,Og

.230 k~/",3

(~/a..:tu R- 5 '. R~~16".:tNetIS o..N <=-0'" f-,Q,t1. '5 -:>, 'oN A650Rff,DN.r- .:J!l.oNcda! : O. 3~

c'\ c.! Au",,'d,' hl.? du bi:. /-oN U SLI <t. r A~~DRff, 'ON .JR.4NlJ 1... t f Iv : Atte f- 6IJR

',' '. .



.If CA·....."r/.J.5 e .. bl,~ A ~,·.... tt,.J!/ 3 '!>abla. 5 A c"''''tZAff / 3. 5 5 .. 6Itl.5
(iL'" po,' d$ ) (<<1'/ P'N'ds) (<ZN f")Ids)

s.; 0.5 ~:: o.c Ë.. -=- D. t ~=0.5 ë ..o. c ~ '" O'r 5. = 0.5 é '" O. " t:. = (J. T-c, c, c. c, c, c, c. c. c,
.

Cuba.. ..J. Ag. gg 23.60 23. ct .Â~ .00 ,2,2. 'LI Ag. 52 A3.{'(; At. 20 AR. go
(MP.: )

Cufid. .2 Ag, Go 2t3. GO 23. ,(,2, .Ai. tO :2.2.5(; .20.40 A4. gg Ai. 95 Il 14
(MP..)

C... b/l. :3
A '3. eo .24.40 .2..4.32 At. '30 ..2.2,56 A9. so Al. q5 .a.sz A1·44

(Mf..)

RtL!>1~faN ce
Ag, sc .23. 8r .21. {-1 AS. .20 22.53 Ag. 94 A3. S3 Ag. ct jf. 03

MO~It.NN~

(Me.)

746ftL""'" Rb: RJ..f,l'e,ra/llc..a. aN c-omf-R<l..p~/ON ,a< .2fd 't) U ,q 5 '5u,6l cubtL.5

dfl. moRh'a.r.I, (C,I',.."tLNf ± 5abltl da du «s )

• .- .-



(;1-

~61a.."u A-f: 5:!fll'\bol<Z..5 da.s ,e4IlQ",,~1-P..1Z5

c.r'""", f- ftZ.:, tlGA""", f:ffo lV 5 da.

cl.'ff-(,;UN-
f 1éZ lVa ( 'I 5 fl

A
tH
132
83
C1
CL
c,3

C4
CS"

~A

.0.2.
1>3

b4
~1

ez
e3
é.4
ê.5
€6"

t:"1

F2

F3

6

HA
H.2.

Hl

H4
H5"

.

61.. &4> c.,·",tL »r
•aï. da. <:A'mtZ"'/-

.z0% da- s"bl..
~

307., d,. 5a~/e

\J':~1l a f",,1'01 mLCa ;'"'t: e,

P:lol'ol"'~<C ,.".. "" u« 1
PIt<t5S,'ON A. 5" ,.,~

PIl«SS,'oN 3.0 nPa
i'R4.)S'·ON 3,5 nt?:.

5Q.',,~~.tl ca.. so/tr,'/
5~lc~a.J~ o.~ ('o""blZe.
SIl..~~a.J12 e,:,' f J.. ,~

5L~J.~G davs (... "/'<6'" bRt1 hum,'dit

3J·.... RS d ... CUAtrZ

A4 JOURS dt> c.....At<2

2' j"ull~ da.. c aae:
.li J '" uA.~ da. CulQ.~

go JOUR5 de C-U.teL

,;f,( t J~UIlS da. CU~t2

.U J~u1l5 dfL c."/U. d I~,'.tl. /1.,"5 ~aft.lR.",,/;l:J/\/

;'8 J;'lAll.~ a~ rJatlL 71Jo",oli!s d"""'5 /'a.QU_ ,(J~u.te

di fJ..,~

.2K J~UIlS ..... f 1aA2 . 1:J'oURS dcuvs /:rou .. ~J~IJI'lS
.,,;" I?C2l~

a: 5" 7. da. fa/Ife.

Abo;. dJuq

A'% d1rZat-(

.2..2r.. d1tt.tW

A5:8 10 d/~at-(

A 5". 3% .J'tAU



•

Ca,.a.c.f<Z.'RI·~f"1(i.iZS d4-:5 U~dNf,'/loN5

U~""'5<z~ d.",,/6 f:,,/a.!Js<z sf-'Ch~/"i..!!....!:...
.>

î" ...,t 1... /..fa..Il,'fq Ro~~

Ielc. iJ r'f·, ... t".'" Nu ... :'r~ d.
de IJ': <-~ 4iJf.'/. AI {A ,,;r:1I. "oro

7
R.~,:s h.NC~

Cr1Pa)

1f.C "
ir. c , /~

3V. (; _ (ç'

AP. c. 19
2P. '- ,q
3\1. c . rg
-If. " . .22
se, c , 22-
3". b . ..22
~. C. lb
A. L re
4 _ c . (b

2. b. 1'0
5. c. lb"
C.ç. "

"IL c. .c
.:JL C lb
3LL .c
4L L ,Ç'

5Lb·/b
cr , C /b
A~. b. lb
2PI1 . {;' . "

J~- L lb
4f11t - L 'b
5Pq _ L lb

.b'P&. " . "
API! 1:. b. lb
.2PI'}L b _ lb

3PA L b'- lb
SPAT. C lb
l;;~L L lb

.J~

~

3~

)0

"

..

"
"

1\

"..
,.

"
"

"
"
\'

"
"
"
"
"
l'

,\

",.

"
"

"
"
Il

AI
"
1/

A. 53
~.'9

J.31
O. ~2
O, fi
A. 04
o. bb
0.'1
O, t9
2.0&

-1.53
.2.12
A,O
.LHr
.2.M
-1. H
A.4S
.A. 41
J.4.2
.2.0g
}.67
A.A~

.A. cc
/1'.31
A.,3
.A. 3g
A.(;<]

o. 45'
o.4-K
o.{;g

0.16
o. (;9

A. b2
A,7<J
0.0

fi. 81. Cl. ~2. E'4 . H"
11.8/'- C2 • .b2. é 4 • H1
il. B.f. a. sr. 64-. H1
ILf2A.U.A2. e«, H2
A. 8". U. ob 2. E 4. H.z

A. 81. C1. D2- ea: 1-(.2
(LBf. cr . o~. ~q_ff3

A. M. <.J. .03. e4. 143
~. (31. c-t: f) L EL!. ff 3
~.M. J)3. é4. fi1
fi. 81. D3. e». H-1
R. (j!. p3. e:«, 14-1

A.64. !>1. E4· H-1

ILM. 03.1:4· H1
IL 8-1. ob 3. e«, H-1

IUH. F.2. ff-1

IL 64. F.2 . 1-1/
q _84. ri: Hf

tL 8A. F?>. H..f
IL 84. F3. H1
A.8/L FJ.H4

A. 13-1. D3. €LI. 6-. H!
H. M. M· C4. 6.HA
H. M. .b3. C4. 6- H1
il. BA. [)3. e«. G. Hf
tL /3-1. 03. ea, "- f{1
IL 8-1. /)3. E4. G. fl1
.4.64. F.2. G. H4
{1. 8-1. F.2. G _ H-1
fL 84. N. 60. HA

A. 8A. FJ. 6-. Ho{
A. d·L F3. G. H1
A- 81- !)3. e«. ff1
A _ (U. J) 3 . ~4· H-1

IL e«. F1



~
Tablaau A __9: CaR..adtZ.'fll·~h'

1
l< 4~ dt::; ~;;'aAFf;'/(oN5 uf.'I,·~~

cl""'$, l'aN''!.J~4 sk..f,·sf.·1ufI:. f-DU!il la lak~"frt:-

bR u /\IL

Id4Jh'f·... J-..", N
dt> r),{c:h...,hïloAi

€.A
{;,2.

E3

E4
é.5
H-1
Hl
H3
1-14
t.b
Cf
A
.1
3
4
5

'"J-
i
j

/0

AA
A.t
,(3
~4

/5"
,(b
IT
A(

"f9
.20
;21/

J.:l
NH'
..!J FI!j
J)A,/0

Mlf
JA 15
.Ml lb
MIt

1J ....... ~Qo tlq.

t... Il.d{« IZ""'~Q

,.
"
"
"

u

"
"
"

Al

"
ft

•
"
"
"
",.
..
"
"
l,

,.

"
1.

•
•

"
1/

",.
"
"
fi

(l4S(-sf••IC.(l

( MP..)

0.102
o. rb"D
0·124
O.5'q..9
O,~DD

,A. 245
/.3/3
.A. esc
.A. 404
o. '3,4
c:l.4/('

A. tJ.29
6.105
,(. tu
A.HI
,(.2~o

.A.1ft
{J. ~rr
0.5.21

O.53.Q
D.4-5'3
O.13b

",4. 4-20
O.~:J"

D.4FT
D. 5.3 2
D. '1-24
D.5"b6
(J. 300
5.4/9
A.O'4
0,549
0.4'5'8
.2.5"1
.2 ...2'
,2, '14
.2.04
.2. 13
3.gC
3.35

ÇJ. B-I· ~ s, t:4 .
fi. B.f. B. Gt+

s, B,(. .b3. t:4

If -13". ~ 3 . e ~
fi· 8"· .H· e: If
FI _84. ~ a. E.4
Il.8-(. /H. 13.4
fi. (3,.0(. D1.é4
4.84.~3.€4

Il.6'''. D3 _él;

IL B/f. ~3. 6:'''

fL62.t:.J· ss.c«
JI_ 8.2. L.2. • .Dl.· t'3
fi. B.2.. c.",.~3. es

f.l.. 8.2. ~4. JJ 3 _ t:. !>

Il. /3.2 . C3. .03. 6:' 3
Il. B2.C.'LP3.é:3

1/. BoZ. O. D3. c3
IL 132. O. D3- E:3

IJ .B.<. c..J • .03 _ e 3
Il. B2.C<· J>L E3
Il. B.2. C.4 • ./)3. f:.1

A. 82. c 3 . .D 3 • c1
{L 132. ut. ll3. 6:3
(J. 8.2. . c '!J . D3. C 1
Il . 82 . ~2. D 3 • e 3
R_B.2.c.:2. D3. ~3
IL 132. e.a _D3. c 3
iLBl.c.3.1>3.é3
IL 13.2. c~_ 1l3- t:3
n_ 8.2. '-5. 1)3. (;3
11. e:.Lc.2. J3. é2
fi. 132. C-l • .Ll3. é:2
A_ 83. (.2. .D4. E4. H4
IL 13.L C2. ~4. E4. HIf
fL B3. Cl _ b4. é a . H4
R. 83- c.e . P2. e:«. H 5'
A _ 83 _ G2 _ D2 _ éq - H {;

fi. 133. C-.2.. M- tA. H5
A. 83 - (..}. JJ4. [;4 - H'5



•

T.al,(a ..... Pt- AD : Co,J~R.d,·/l/f4. - dr/{Ep.",af,D,v t-tHfR

/4..J §J-I,·/l/4R.fZ.S 1JF1-:!• .DR). .bR 3 _.M 4

C:J r;"ulu .bR i c.y ','N dlC~ 1M2 C.J I,#.d.ed. 1M3 '::J1,;Vd-'l<Z .M 4

«: e V ~ U €.. V t.
(r1P.) .. 1/01 (r1P..) .,.,10 5 ( "P.. ) 't. 105 (Mf..) .,. ,,(05'

O. 5"<;" 3.4 o. lB 0 0·.2/3 0 O. .283 0
,JI. 415 Ar D.N1 .b.f 0.5'" 0 0.5"'6' 0
.2. e2.9 34. .z, ,,1.415 ,15.4 /' "32- c,« Ji. csr As. t
A. .24q. ses A. flK" 12. .z, ,2.2'4 .2J. .2- .2. f30 2~Jf

5: '51 JIU ,2. !i4T :21-4 s. 3iJ6' 35.~ 3. '3'..2- 37·&
r°74 90. c 3. /13 34. .2- 4.5.2, 4~.' 5.0'3 ~"• .$
t.4fR Aoj 3.bl! 4.2., 5·(5"9 C3.~ &•.2.25 (;5'
~.~d3 .A30 4.:U4 4~. , C.t9.( ve.e i. 3q- 1K.C
"loi. 31K A,O 4.t1D 5'tJ J. 9) 3 !J4 (.4(9 .1.2.3
A.2. ~3~ Al" s.nc 6(;., <).056 AN 9.(;21 AO!!
,.14. 141 ,,1'5 5". '4.2- '13.5 ..ID. Ail ,,130 10 .1' .3 Aa/)
A'i. 5"{;,.2- .22() 6. S'Dg B.t AI. ~/g »sz: 1/. fiCf A'!itJ
,1(;. ~1" .25.3 l' D'71f eo. b /.2.450 A1( ..13.01" ,114-

17. u» 308 7.640 ~t. '5 A3. 512 .2.1' A4.rqf 20g
f . .2D (' ,loT· t Aa.?~.t .2co 14.'oA ':1.50
K.71.2- A.(!). C
e. BK A24.g
~. so« fi35

A(J.410 ,14-4.3

AI.03b' A5Ç.b
AA.60.2., A'~.f

)J. (bK .oe.e
1 ..12.1 33 Isl ...2.-

A3.2j1 21-2-
/3. g65 241
~ 3.92.2- .25'4. '7



Tow ... dG cl, GA.J"... <l,."
l.ab!a. du A - ,.(/( ; Cd",r,t,a ,·",f4. - .dtLfo,q tnaf'-ON fOUI'? 1« s CY/"/V - bR!J· (.7:;. ~2/ f.w / .... "

dR.a~ 1>A s . /)A b- hR? DRl- ./)A9. 1JR 10 s» e.e. ID: 3..2. RN/,."

G:J 1,·~.Ju. .!JII s ~ l,'"""14 (1. »»c 011"Nd.~ 1J~ r Cy (,'N'c/'(fl !JR tf ~ (, 'IV"dJilI2 IJfl 9 St /, "Nc:IA.. fi. .<1-9 /0

a Cf'1P..) s Cfcnf.) é
o-CMf.,) ~ (0 s: <JU1fi.) e Q(Mfc} E

rfMfl.}
~

~ los ,. IDs .,.,OS .. (D S 'j(.ID'S

0.1f3 0 D.1/3 0 0.113 0 O.ûC 0 O, 113 0 ~.1I3 0
o.~" .Ao.oZ o.scc 3. If- 0.,"6' 1D.5 ô.31fO 3. Cf 0.22C AO.3 (). .:2~(; 0
0.14g ,nA 0.149 ~.i D.84-9 .71·4 0.453 5".4 O. ~4D a«. 5" O, 1140 ~. If
4. -132- .20.5 A.,H2 10. .2- A.IM 34.Z D. 'S'H' c.r 0-45"'3 27.4- c) .4~3 6.f
,,1.415 .n·3 A.415 n· A.415 41 O. ''1.1 10.3 D. ~(;.( 30.K (J. fi'( ID. 3
A. C~8 30·1 ,f. Ç9f 21>. e A.''3g, 4~ o.t!J2 /1.-1 0."19 n.b o. '19 A3.}
A.~KA 31· c J. ~K" .23.~ A.q!J 5'.( O.~5 20·5 0.1-'9.2 41 o. "t9.J Ir
J ..2b~ al ).2(4 :11· q. .2.2(4- ?f A.tJ19 .21.4 D.905 46' 0.905 -a.t
.2.54r 41.~ .1-.'5'4r 34.2 02.5',4) 6'1 . '5" A. (32 32.5 . ,1.0,(9 '5"4., A.o"/9 24-
:2. gao 5"4. t .2.V.30 n.' a.no ",g A. .245 3]-." A.-f3.Z -61. 5' A.-'3.J .2~Jf

3. rr.3 ç;r. 5 3."3 44.4- 3.1/3 Tl·' A. 35l AI A . .245 ~I. t Â.24 5 "30.8
5. ?;~b ~,. 8 3.39' 5A.3 3. 39' ('5 4.411 4," "- 351 ":tf. (' Â. J'5'f 3t1
'J.618 K.2- 3.'1r /il' 3·(U 9.2- ,(.5'(?- 5'''' ,.(.4-,.( ee A."'1 41
3.1b:1- 19 3.96.2- G5 3.9'-21 .,9 d. ('fJI sr /I.5N- .,9 /1. f'J'4 411-
4.244- " 4.244 1-5" A.24q ,(d9 ,,1. RII 6'~ Â.b9t AO'3 /(.{'I ~'"
4· 5':l'f A!C 4. ?2}- f,'}; 4·521- A-IC A.4Z'f ~I. e J. fil A.23 A.811 5'4.7-
4. flo A30 4. no ~~T 4.f'IO ,130 ;.031 se. (; d. ~24 A sb'. K A. ~.24 61
!".092 "'''5'4 -5:093 ,ff)' $: ()93 441.{; .2./~O 8~ .2.o3"f A(;4- ;.0 ~1 72
5': 3 't" Afs 5'. 37G' .,,23 s: Hf; 464 ';.2'4- A03 .2. IS"O .:J4~· T .:J.I5"o 7(. c
:5'":433 .225: b « (;79 d~T s: (''5"5 dft! J.31r .AZD .2 .2.'4 .1~3 ; ..2e/J. "';.3

s.8lf 4~!. .3 ~ n.L .232 ,2·490 A'of ;.Or A-13ep 5'. ~?-€ 2'73 1.5'/3 Jor .2.1/45 A*'1.(

• • .'



•

•

C.!J' ..",.du.. M )A (.3','",dIt0- M 1.2- 01 ,,',,, dR.<1- M 13

(J ~ fT é U E.
(",Pa) 1. /0 '5 Ln"" ) ~ {OS (11f..) v-fD'!i

o.2K3 0 D.2i3 0 0.2.(3 0

O.S'b'" 0 o.~~6 11.4 ().~' 0

.,).432- ,)Ô. ?, .4o,.{32 34-.l ,.{.-I32- 3. q

J. .2,"4 2~. 4 ,2.2(If .,,.{. 3 2·,2("4 Al Â

3. 31S- 3'7.( 1. 3~s" ("5 3. 395' .2'1- 4

4.5:.2} 5"A. 3 A.52? :,e. C 4.5';7- 4,.{

~'5"9 -0" "- '5' 9.2. !. $". r;'5'J 5"4·7

Ç;.19.( t,<.f ".1~'" )O~.q -O' ':fLJÂ 71.8

1. t).U 'H.I 7- 'J2<- /1.2(. 5 1'2.2 ':12.3

1.0S-4 Â.23.1 e.os« A41 "3.054 Il b. 2

AD. 1(( 'st-l. c ,.(0. le' 11'10. :1 ;II). lib ,,140. J

AA. 31f ,.{'O.9 M.31g ~1J4. '3 .tU. '!JI (. 4rP. '1

.A.:l. 4-4~ .20-S: 4 ,.(.2. 4l(-j .2lg./ AJ.5b1 .1.2~.Â

Ag. 411 it« 3 ~~. 24.<r .2~4



•

1-0

Tâ.6/~au A- '3 : Co'" fA.:lI·AJfI! - 0::I1~.R. ma h fUV !-o v.R.

(~~ :.JI/Nd/ut.~ .M 14 - .NI 15"- os«, M t7

-r:. " '" eÙ ""ja~4'"e-vf : l>IJ 14· Ml 15 : 3.2kNjn.1J

hA Ib- .MI Il- : 32 kN!...."

L) ','IU/fla M {4- Cs {:"u/Ile .b~ 15' CJ"'/'OJdRJl ~R lb . 0J1,~dA4 J)f} (1-

(J €. (J e Cl ~ (î é.
(r1P.) " lOs (r1P..) 'f. I() 1i (MP.. ) y./D5 (M,q,) Y.I05

O. "3 0 D./, ~ 0 o .11 '3 0 f). "3 0

O.U' A·11 D.J.2( ,,)·1 o.1.2( 0 O.lX D

0.340 ~.-1 0.340 S.A 0.:!.40 0 l). il4-0 3.4-
0.4'5"3 f.S (J.45'3 ,,/.l. D-45"3 ",1.7- 0.45'3 8.(;
c.scc ;'1,,1. 'Jb {)."'b{; 41·~ O.S-U '3. If- O.Ç6"b ,-"
O.qg A~ 4- o, ''H .2,<. .z. 6.q·g f'.A O. G1-!3 AS: 4-
0:=1-92 22.2- o·19~ 2"1. -1 O.~2 b.8 0·19<.. If.1
0.905" 3'<.5 D. ~MS- ~4 . .2- D. ~O5' A.3 0.905 ~<.l-

..-t.oll- 42· r Â.40~ 3!1.3 ..J.OI:<- A.// A.OI.2- .2~.G

A.,( 3-2. 'S'"b'. tf A." 3~ 4' 1.132- A3·1 "/. A 3.2 .2.'3.1
,,1•.245 (;(;.7- A.24-fJ s-:J ,,4.245 (fA .;f. .24!J 3b'
/I.H·g 13·1 ,;(.3'Sc 6"3.2- A. ~5"8 .2JJ.5 A. 3~ 4-.J. ~
1.41-1 AOO.g 4. 4~-f ~o.3 AJ01 24 ",f. 411 S~

A.S'H· ,,125 A.U4- ~4 A.~ff? .21·4 A.5'8Q 6'~ . .2-
A.b'1f A:'-S. r; A.[~K AIt. 'J

A. '''f JD.S A. 63! %.'3
A_f,(,,( .A'J(. e A.r-U .14f. r- .!.lll 34. Z Â. fil nJ.
A,fJ24 .l~!- 1 rf.924- .{(79-1 ,,1.124- 4/. Â·'.J.l.4 ,(O(j. g
J. .037- 3'''·4 2.031 251.",1 2.031- 44-.4- 2.03? AM.

2. 12P 41-C,9 .2 . 15" 44-.4- 2ASo 1.21.4
2.2b4 47-.j .J.';(4 ".(3('. s
J. H'T- 9.3 2.3Ff A4f.'T
.2·4(1 ~.I .2J(~ A65: l
.2.603 ss.s .t.6'03 "7-9.5"
2.1'1& 63. .# ;;. l' (;' A'33. J,

';.g2B 68.4- 2. t2..'3 .2.13 . ..,.
;. ;)4-3 Tt. r .2·Q43 :U4..l
t. O~6 11. C ~.05" .254. r
3.C'n A/.2.(Z, 3. (bq .2{.5.1-1

~·135 123"/ 3.284 31!1·1
~.K4'l ,(36. t 3.35 3'"4
3. q{;, "'1-.6"



..

..

11

--r:;a bI C1-a <.( A- 14 : Co AI hz a ,'N le - dl.(.pR. ,., .. f,'I!JN
r-

0 U R /c.~
-

9/; ,'" dllll..!> ./JI; Id'. hl) IfJ_ /J~.2(). M.21

7:,â ~ d~ c./'''f~~m(vJf : 3-2.. kA.!/ WI" •

C:JI. ",<!lAd. .AR li C.J 1..",dlll4. .bR 19 ~''''Ullll.d M.20 CyI.i./JIIl.Il .bR .21

V é. <r e v ~ cr e
("P..) ..,.roS' (I1P.) " ro S- el"1?.. ) ... 105' (l'1p. J ... 105"

0.11 ~ 0 0.113 0 0.113 0 0./13 <:)

c.zzc 0 o.:1.2r; 0 0.,224 0 O. ~4-0 0

O.•Hfl:l ?,.q 0.540 3.4- O. 34-0 0 0.5bb (;.1

0·453 b.f 0.4-5"3 C. f O.t;"f'fJ b.g O.1'iJ,.2 IO.~

D.5{;(; 10. ~ (l.5b' AIJ.3 O·90~ ~(J. 3 A.D(2 A~. ~

O.q'3 '3., 6.~T'3 ,13.1- A. 0'2- A3.7- ,A.24f 10.!

0·19.2 '" 1,;( 0.'19<' ..2<l.5 ~.IU. A3. f A.4ll ,23.9

O.90S .20.5 o.ee-s :23.9 ,do ~~<f .2o.-S A. Çt)f 21.4-

-1.0/~ 23.~ ,A. 0 1-<- 21.4- A.471 .20.5 A. fi( 30.~

A."sz J.1·4 A. ,(3.2 :2=(·4 ~.~iq. .23.9 2. .0:31- 34·.2

A. .24'!i 3D.' A. .24~ 34-. .2 A. t Il .:r~. q. ,2·J{;4 41.

A. 357 n' A.$5K A.' . .:; .031· '3l).R J..4~O 47.1

.A.4tf 4 4 . 4- A·trl A.t. 9 2.2~q. 34·,2 J.1'b 5"4.'1

A.!i(q. 1)4. 3 A.S!4 :)4'1 2.4~() ;?7. c J..<34-3 br. '5'

A.,69( .(;/.5 A..Ç''fJ8 (;4.9 ~."o3 41 3.o~C 64.'3

-1. f,(.l =M. t J. r " "15'. 2 2.11b 44.4- 'Ubg b'f .4

A.!1JA S2.,1 A.~24 !5'.5 J.94-3 47'~ ~.:U2 TI. d'

.1..0~7- 9~. 3 2.037- 'fJ1>. r 3.05'6 0/.3 3. '5"08' CJ.

1.1150 AO 6' 2./~0 ./D~ 3.21'.2. 'fit. ;f 3. '22 is.«
.l.2(;q A20 .2. ,Z(q ,1"~. r 3.-ro~ o. 'S ~.~35 sr. "
J.·31? ,AB. 3 .2. rn- A3b. f 3·135 6~.tf 3.~;f.f .,S: 1-
.2.4<:'0 A5'"3.9 :;.4'9fJ ASIJ.4 s.eee 16. .2- '3. ':1(;1 II:>:}. (;

;.{03 A6"~. s .2. bOa /1'1-4.4- 3. ~bl =1i.b 4.o't4 AO~.l'f

2.~1Ç; A". :S .2.1-" ,1.,t.3 4. oH.. K'5.5' 4. rfg Ifb . .2
2.&19 au. f J·f,2Q 2J.~.4 4. ff~ '12. '3 4.300 Il 3..1
.2.~q3 .24!3. c ;.943 2'13. S 4.301 ~.A 4.4ft{ A2'3. ~

3.05"6 ae« , .3.(J~b 33/. b 4.5'"2 } A"'. r 4.51'T AJ(.f

~.I''3 3:5".2. 1 trf 4~f.1 .4. c« 0 ~21.q 4. (40 »a.t
3. .2'1' 4f:1.11 4.'1-5"tf I(bo.1- 4.-1 $"11 A}D. e

4.1b5 211.1 4.g5"S .24'3. C



..

.'

T.::lbla-a(.( R-I5": Ma6:S,z "olu",,~u.~ 4<t::!>

", t! Iq~tZ.~

Ide..,f; {r'~f.~J M..6"t vol« ..,'- 11.~~""o/,,,.. ,'_ , 'r; ~ (OOr,1. < ".,"'.. ~ .......l1J 1"" .. (4f.. r s«
(''';.'.,,,l','/lOAl P (AsI' ..J) ~ ~/:-i) P •

J)AA J,.2' 3
. - .'

b fl.2 .225t- 223' J9?:
.,DFI .3 ..1255 ,2.234 ~'r.

..bft 4- 2:1.5" .213' !J~%
JA 5 .2.234 ' .2.208 0K. g 1.
MG' .2..2. 3 4 ,2.20' jl.9%

.Mf 224-3 U18 JI. fr.
jA 8 .221. c .2rg1 .18%

.oR !J J2.2.~ 2.1 ~-5 ~"'%
Ml AD .22/5 <'F11 ~8.3%

bR .fi{ 2.z~O U3(,' 9r.~1o

l~ f2 ;,2,55 ..2.230 !38.~%

.M "'3 2.1.50 .2.2.21 g,%

.DA "1- .22- 4f .2. 0'<' 4- '01-
JA 115 .2:2 '0 .2..003 g~%

.Ml 16' .l.l 42- .2. l f q. ~t 7"
.!lA 11 .2...2.4.2 2-1 Kr 9"f 1-
M li ob.2.-sz- ,2.02.1- 3.<1.
M ,q "L23~ .2.03.2,. :11%

.bR '<'0 22.30 .2.-1 K5 ~8%
.b.Q .lI .lZ.z5 .2.11K qg%



•

..

E: II ~fff12/« do. Ga le.. tA 1

l''tt:ls::;e$ 'tD{U",I'1tA~~ JIl..... ,·da. f e.f 5; d,z 4
>t E. ssa,' PRO e..fo~

A~u b7. d'tLAL< e:./olJftl."'e.

4388
.2.1.24

=

"
VI-Ir =---:..--

.. " ee' 0" .2.0'"

'li! foUA las '§;J I.Nd~tZ.s

50'''' /4. cy{,',..;dQ e

~,'.d~ ~f";.!> 1'1'I.,1 14j4

Po, '4:. ... \{ CA Nt Rc.st :

!Jf1.b

1.2.1!1 k:J
A.2. 033 fJ.y

3
0.Do5"4 ,.,

1.. ,., .. !>S<L vol" ",,'r 4



E. ~::la.' da. d<Ulfj,.f,/ t!Jfl,'ff14/tZ f-0t.l~

1... /'" ré2-~' 'h~ bRu N~

Po .. R. c4. '" /-'"~ a d~ Sd6lQ

..202- 3DZ 40Z 5aZ

~;,I~ moula (~) ss» 552C 5"5.2.f 5"~.•U;

PDI'd~ nlO «t, G ~5"63. [ '353q Q.,o1 94~{;
+ (..f<!L~,·r~ 9)

~,'d~ l... h'I/.,·r-a 3gTl,5 4 0 0 g 3115 3140

\/.0 {loi .. tL ",oula .,21.24 .2.(-24 21.24 .21-21-
(~,.,3)

.DtLfJf"N~/~ V ~. 'l"J A. %9 A. fT ~·g4

-r.:;bllZaC4 A- '1 : E: !l~ .. ; do. dfl.Alo."f,/ 0r-f.", .. IfJ.

1... hz-~. 'hz Rou=1E..

pDU~ /q
1

Po.. R. Co... '>lr....J t2 d~ S<461 a

AÇ,:" % .20ï. 301. 40% 5~~

POld., _~ (,) 552( ,'5"~b 5"S-.2b ,:5""'?( '5"5".2('

Po,'d~ l\'1o .... (a. 94/5 '410' '1 <]5'.24 945{; ~451
+ {al'dt,'fe (3)

7.
3144,4-p",'d~ dit t; /?r1C' 'fq 3889 B~9K 3930 39.2g

(~)

Vo(u," e d.. "''' ... (/1. .21.2.'/ 21-24- .2,1 .24 .2..1.2..4- .2.1.21-
(c.", s )

.btLlII:>,'f-q' (J/cm 3) .A. K3 .-l, re -".n ,A. g5 -". rs



•

..

DVJ5,.fa' f-,'IONtJa:tt ar daA/5,l/ ttN IIR4.c.

Po ,'d6 du (PlO v.11Z 55.2-6' éf-

Vo,l u ", ~ du, ,"0 ulf<- r , :21 oZ 4 ,C", 3

~ .

hlZN5"hz' t-:'/OA/Ntte d,zN v!rac t-DU~ Iq
. 1..f~~dtt bRuMa. b fi u hl-

J) <1.'" 5" fa' /ZN f) Il. IV 6" ft/

Vil <1':: i,"lo AI JJ:a

Po;d~ '"0 ,,(a g5.2g.5 g543 j{ K5: 5 g.2Ao
-t- (ara'/2;/-a (9)

Po,'d~
,

3011-I,,:r/ra R {'fi2 300.2,5 3b'SJ,5 3b~4
(.,.)

)aN$,i,/ (.?/o..~ A·44 ,/1,42 A.-:;-.2 .A. 13

-r;.b1tt.au: (1-I,9" '/)4N 5"~' !-,/oNN/1Z d- aN VRet'-

FUll /... 1..h:R,f..1Z ROUJ,IZ bJfU~

1

J) a.N <:>Ja' tN .!J a.N s, /,/

VRa.c. F';o Il/IVIl;

POI'd~ ",ou(L Cc) 8fKO. 5 K8r9 q323 :3 3 {;4.5
+ (.. hA";" a

fo! '<15 l"Ik~,f, G) 3:254.5 3353 3~O3 30g,5

1J'lIll,:,,'fi (#L~ ~. 5"3 .-J, 5"8 ~, ft] .J. 0-1



•

.. -,ab {<tau 11- .2D .

L:d';Il" ~4. ft 0 ':..J t1. L..c ~d'",.-r... bllUAltL

E.~~" -#.( &'$4,'4t 2 6"",'1F ( ~"4:.2-

Po :.eI~ 1..ktIl."!'' btl ... r-d
49f.91 5"(;0. .2(' 31/.01 HO. 40+ LO'O)rd,.J..AJt w- (1-)

fo'dlS l... t...'i1..-ft!. !ld.:!)"
4t.32. 90 S"S3.5! 3(4.53 312.15"+ <'DNttl.",~",t 'iJ~ (~l

fo,'JI> dtJ. I~.." < (9) (;'.04 ~. çg b.54 1-35

po, 'dl> du (ONrtl./\/o",f 55. Dg 53,bb ',.f.t3 5"5': 04
(g)

e,»; dtJ. /ahr""','k 5~d,tZ
4-3". o 4-'9'3. '32- 31.2. l 311.11

w~ (~)

-;;'A/~U ..c. tZ,.J e, .. U ,,1.3110 ,/,3470 2. O;}1 .2.311

\



•
Tf

-r<Z. N ~ L.I Il a.1J <2. 4 '" !Jet 1,-, Il. <Z. IfIl c/tL.:s

la{-;p.d7t~ RouqtL di 6A"'I\/~
-./

Po"J~ .:1.. ('c... .. .; ('J... r lI/.. f"R.~1 = (fo,d~ e/4 ,.G.;~:",fa. ..

('tif../- tJtIlfu/l.o./ +- GONhll/"'lI'vV- (Po,ds da /..;~,·k 5~:~~ .... c.oNhtMaAl~
VJ", =:: 380. ,,10...; - 3 p. '15 d == »:s 5 ci

Po ,'d!> "J.,.. fah.R,'ta. 6~"-~a. v./$ -:::: (fo.'.J$ dQ I.. f/tfl,ic.

~;.~ -+ c.o N f l1.Net N t) - fo,'d~ d .. C.",,,,f~N,,,,,,d- _ .0 JO t ':

-::::

'T. E == \;t/w 'f. /00t
w~

..

1.35
3/?- U

lC. (00 r
b

= ..2.3-1 l



•

..

p.;.1~ ft,,'''~ ~I'd:s a'll.e~ fo,'d!> ï~ lb/dl!> ~

-r': (~) (9)
."

c
-;;c.4a .J " (,l c -<::

é{f~ Il,,,,,, «.Il. 5/~N ar.~ }-
fa",,5a.J~ L....r<>ytl CIVe"" r (,)

..
,. rn tri df3' "o,.J stl!d.-..f~ ~

~ Il 4.1.2 5 ..2.& 40.2 .z. 32. 7-3. 5 35(;.2.5 3.2<.1. 5 10,"'!
~ ~

.e ..
~ 3(b'j .I~ %.J - 3=(11. 5 4 0 3 q. sc 3:J.,

~ ~ ,g3g.5" '400.5 59.201.5 /)?iK. -6" ~.837.~ -~
;,, .... -J4

1
,

1

e.«:fld. d<t. calcu!

Soif fa la 14'111./1,;. blll,lll/<1..

,
.. 7' 1Md ~~<! &Id. ( ~~6.vvf,'/IDN co ( ... !.;; 5S5 :

M .~~l2. d4- 1~d,"'Nf,'I/ON .:;< e~~f S<t.c:: ;

..

1) <
er Ou

,9;';/.5- 53!I. 5 - g. SBZ
5Bfl'. '5



•

e /vlut
c.. --

,
RtI-~, '-5t""I\IC<Z. '{~R5U~

J=
-./. .(31 :l:.

41.55 e

* F;,.,e-f,·t>N r: ~s ""'.N.fJ. J -=- -1.2. es .::r.--f.6r

Q"'~(' '-'IV ~"d..ff'c."«.N1 ..1" C"RIla.%/'ON ;<J = O. !J5"('

01\1 fil. <LN.:! /d.. m'IV'",,~'" d'a.s .2 \f4/a <..I/lS ~Oli If Q/,.s

R(/..~I·'5t,uvC4 v/l.R.6t.4S s: •vR a,
C

bl A.Çg L (J. (0""
" f (,' - I·rtf :x.

tZ.XfONe.l\lh~lre. J = 4.0 e

""N e-o"ff'C-t4NI- da. c()'lIla'./akoN R<= D.95J

J = 1. 4' X -1.15

..

..... e e, "'IV' coa.f(~I(zlllf dt.. colllu~.kf. 0/\/ R,<=: 0·96..2
.-

UNcL ve;.!c. UAl. &o1lJA/a.4 d4. :. ..,/la,· J ON fllJl.Nr:I Itl RI/N'':..

d~:. .2 V4t;/tZ..,,QS h2o""a.-:z.s



--r:;1"'I1':!:I bI4",~~. fOt' dfJ % % 14-M/S ])ld..:hla fo"d!> % 010

N~ (.....) /«J.f.",,, ;UfcWu Po.':>fJd"/" N" e", '") Q.4r4NIJ Rflf"QAlu PossdNI
(~)

4.5 38.4 (;54 '3. 3 '30·l A.5 38....1 0 0 Aoo
~
~ A 25. 4 142f 2~. b 10· Cf ~ A .25. 4 0 0 --/00
~~~ ? Cl

"! ~ 3/4 A~.A 53' 3,.3 (2·1 ~ Cl 3/4 A&.A 233.15 2.34 9r. b~
E Ç) 'fi

Cl

I..! N- 3(3 s.s: A560.' 5"-:J. 5 40.5 ~ ~ 3/g g.52 181.2.05 LI.Ob 1L~4
'-J .. \~

~ 4.1-b' 14.21 11· r 20.3 -.....J .. 4 4.1(; .2.:51)".8 f 4(;'·79 5"3 .•2-1
"'~
"

~
Il'l AD 2.00 '139 ~O . .z, <:J.R ~

, \l

.2.00 .:wç;. ".2- (;1. ~b 3~.O4... AD-:::
~

"l

~
...c. -

<:t ~ 20 O.g4 Aff) 9.2.9 1.1 0 ....:: 20 O. ~4 8b2. H'f te;;. 5'3 23.4)
-o et. ::l

"< 40 0.4.2 ,f27- 5 ~4.T 5.3 0.4.2- ~69. (;5 g2.2.9 0.11.0 < 40
~ -c ~\l 0

- ~ 60 0.250 A,fO ~Ç. 3 1.]- .~ -c bO 0.250 W.lf g".,*9 43.9
... Cl: "
~ \! ~ "

IJ A40 0.105 430 ~g.A ,4. ~ ~ \1 A40 0./05 710. b1 93. c» G. tHJ
-J --J

.200 O.OT'/- 4f ~F.g 4·2-
1

100 o. 01'1- 237- .s 15. "3 7 4.03

.. •



•

..

~Utl-4u f:l-.23 Ç}AI&.!:J~tL .JR.a.AJIJ/DA?éfRI1U e

el" 5~ 61a clll: d" Ne

c
Po.:/!> PD,'Jf> of eu •• %-ra.....:!> b,:'",..~ •

IJ!. ( 111111) /bfa.,., .. bf. .... 'Anf fds;d"t
(~) <»--; 'j"1 Q... fè.",u

Ce

~ q 4.'fb 0 0 0 )00

<::>
<V) g .2.36 D D 0 .100

.::l ..
~

lÇ ()~ ." J.." y D D AoO
~~J

30 A.?' A.5b se. 5"1'1 -< 0.60 0.005
~.~ ;,

~

0.11" f3,q~ .~ 5"0 O.~o 4(. tir 49.13
~vi

')DO 2).15'0 140. 21 f~O. ot; O. ":{3 3Ç c
l'J ~~ ~

,200 0. 014 ~2. 2.4- ,2(2. .21 -1 5".Cj

10
\

M. F _ 0. 0 0 5 + O. nI; -1- o. 673 -c IOC} -::: O. ~5

,)00



·...

...

Pou Ac::..,z,N f-=:i(L. .,d'tl.S;Sd,·:S '''''~It~Itz.UIl.S

c:i. 1... Il.d.e,·s reJAlG<Z Sf-le,r;'de 1~lls1~

la mo.) Q foJtVf2 d4'r-4 S~4 la l2.é~l~h..u:rz

2.f~e'·{!.·tL~ . fs

d'essais
1

Résistance % lRésistance % d'essais
moy~nne inférieurs moy~nne inférieurs

X à fs X à fs

f: + 0,100 46,0 J: + 1,60 5,5
J: -1- 0,20" 42,1 J: + 1,70 4,5[,' + 0,100 18,2 J: + 1,80 3,6
i.: + O,~O" 34,5' [,' + 1.90 2,9
i: -t- 0,500 30,9 J: + 2,00 2,3[,' + O,W" 27,4 i,' + 2,10 I,U
f: -1- 0,70" 24,2 f: + 2,20 1,4
f: -1- O,RO" 21,2 Jo' + 2,30 1,1
f: -t- 0,90" 18,4 i,' -1- 2,40 0,8
Jo' + " 15,9 f: + 2,50 0,6
f: -1- 1,10" 1:J,6 [,' + 2,60 0,~5
f.' -1- 1,20n llt 5 i.' + 2,70 0,35
t: -1- ',:JO" 9,7 f: + 2,80 0,25
r: -1- I,~[}o 8.1 i.' + 2,90 0,19
f: -1- l,50" 6,7 f.' + 3,00 0,13

1
i

E'I. 4 ....r-...:..f_4_.=.d:...c4_....;.... _

So;1- t, faf-41L,'ht 11..0':34

el- {~Ilt- tJfa (f =
DAI CAu:{a fA lJZ1,12<~ t:';"

t = xv

..,

POUR UAFd 1l.<z'S,'Sf",N('Œ $fa·clffr.~ /s = 0.5" nl?:t .1 "N houa.

t _ .A. 443 - o. 5 = A. 54.,(
..-J. 443,42. 4f-

e

ON fll.trUA14 ..~ f"'R"'''~ d ... /à5!uu. fI-24 (<l. t""Ilt:«Nhya d~s-

• ( f"". ' 0:
.=;0" 's ,'Nf Il, 0. loi 'l. :, « J~ ~od- b <o? f

o

..J~: f... f'hb<:>.f:,,'{''f/: (0010 - -»: - 93. KX



,

1... GR.,ESILLO/V :UaN r1,'ch4..! Eh..d.. .sUIC 1.. ~hrb,'1.·5af,'oN

«f- /"" C.O"'r-~t.iS~"ON .:::f«1!> f41C~L~ rO"R I~utlt uf-:/,'5af;oN

daN'!> la c.oI'J-;.hz. r..C.r,6N ~",...,,,,I«~.do. 1'.T",ss/j'I-... /- Tc..cJ,,,,,'-

1"ti. .Jo.< g;." .... c.Alf; «r d4~ ht.ava<lJ'. P... M,ë. $ N D 4 9 1'16<'/97C

,.t'

2. _ AD A lJ A SoC 0 61 r1

4 - U Ne;ô C O

j("~f-DRJ faC.J.J>/'·11/.c- SUR. f~1!> J/-u.du
de!> m é1r~'d"" loc....u.~ No,,&mbll.a 19ft

L'heabl'/-",I- euR.{ a u S(f.~~~

/'1"N"5h:~Q: ~J« l)éd~tl-'31l1e ""VII!
s"!~Il.'C."'~

\/«R.6 /,LAlO. trI(f...,·(f«u/ttZ. /,LAt/saI/oN

...
el...!!> R.o.!>SOu'l.ClC~ {",,,,,{es ....... c..OAJ5(-R.Uoc..f"'ON - CellJhq,tL

do. r:..._f-.·~N ".J~I'c.O{1Z. a~ N....NI·~ 5<1N~ .. 1 19'Tf

5'. b acY FU 5 • C. e. Q. c. E:. Q Nota. SUR. /'I/.I-:'I!. ~di't!)1\1 de h

f-&AR.L ~,.... b,·f,'s~Q. daN~ Id ~"'6 1-,.", Cha,,", _ M,'N'5f';~e
D J -. LdtL!> 1ïz.. v..., .. ,u6/''c6 .da , Ul2b..IV'~"'a. Vdtr::> fA.4~r"l<!J'"

( Stt.",.,c34 1)

6. Lé: C.RA Te:« Re:; CO AI~ tR. ut'll.G:. ~N fa.. fl.~
E:d,'h'oN~ é1//a.l'aiV.... f,'v'l 4f 'dJII. ((;Je. .

1. LBrP . C6f-e J'I\lo,'R.a. r(,CO.,.,. et"'de..(-,·ONS pouR. J.. COI'I-

~f'!:-'o'" «t- "<L'tec. .... f'·oN &z. b,;;f-,·..... «AJrs tic.o"". ml', u a..!>

a.N !J,{obè. roN

g. AITC-"J P,'cLUCl. Cf"l ... d"

E:~~4,'$ c.r c...tJtQô/~
Fe c.... / If ,de:. SGI'a;IIJ'tl-~

.sh4R bR.cokt..

J"OLlcomR G~ . /1>L1LlrJ

44. =- b: ro N S

~_ tHI A r1 ËI-h41.J·. !HRGNE M"' .... "'do u

I..a /--,.'~, '1-0. m ""f'/A.' ·au. da. CONS rR LA cli '0 N

AD· .50lJMA G:'ll.d~a _ ,bIA", Ttz Ou ..,q~

L..hl.l1.c°h,. rrodr<2;·tIt'a .... da. CA"'~ ,.lIlucf,·~MJ t-h4~f II s: . Po T
1'1..... 19 Ji



84

4-1. F'RLL G UéTTé= IbRa h,·..... - q
rn.-fdAldU do. eOH~"Ilu. cJ;'<!)N f-&o~« UT _ C' P. r

-3:.,;'" 1'!3!,z"

li

.....

aoc s e """"",,,,,,./0'-1

de CDAJ:s/1tU .:.h·eJ/IJ p~a~~ IV'. C. F.
r Ma,' 1~!3

13 - NolZ. Mt: R-C-NOt:< Cr:t/\/ 3 - A.2 3-.2" , "1 n _l~ {/

{;S!J4.·~ COiJC-tLll. IVQ",t f(f.. J,;toAi




