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M.f(\l1I~):i •. 0695 .1135 _.09405 .09405 •. 0897 .08:H ..09/;05 .05405 -.~135 .O65~

0 .165 .. . . . . . .. ./ C5 0

C .14~5 .11':35 .603 .603 .559 .559 .603 ·603 .4.L~~ • 'T/;ol5

K 1;. sss 1.565 6./US G./J.t5 ".S18 4·918 G./us 6./.LUJ 1.965 4.5ot5

~ = KIL .566 .956 .306 .306 .498 ·498 .306 .306 .9% .565

~ (5co/o.."", .01% .0136 • 0/36 • 0/36

~S .566' .!.3156 .6116 .eoe ...f.~15 6 .56'6

oL -1 .157 .0$3<- •'31/; .609 .609 .3111 ..BJ .7'51 1

S' .566 .68~ .~O6 .~06 ·49B .498 .3Ob .306 .68J.- .566

of$'

0{., 0 .681 .306 .3r/; .605 .609 .3r/; .306 .661 0

•

TABLEAU 1



»MD'fflad, cL'fl<1=Jrem",l

&.. '1r-& rmo""en~ f<L'~re.",efl/, A (1t>fY"l'ni.t a<-<X ~'mi!dJ

-- ,d '.,A.Uf>It .J.a.M-e fAl.~ ~.i .A.Ut ~e1nQ.niFt~-

S?W'L ûu'~ .e; f~~~ (>714~&~ a-
L~

r": ,de GJ!.acu<z€ ./et ~"4-~ ~ rnf. i~ ~ jw,;ftin- (.1/. ~

.5) ·1 8U-.3 de .J.. A~ d....l.üe)..) 11IMU ~"';7IIHIf k rm~'1>1efl!.s

,Jff2.n~re77lefl! ~:ns .Pu -iallb .c: f. e·A P1l .-aMt-vnL .Jiu r
('f11 e"trn cler?Us ,4«. f --'.ol. a)

.1~f7''l!R: dl (TIOUJ l~'T1j (1lot..e J.~e .t: .1 ~ Â. ...Jl..~ ...e~

~E.

Jt ~"Sl-\A, ~ (T1'~""" 10"''' III aM,trP,J jordu?1$ . -Gu.< tes ,tVueIa-dJ

,Ao",é ~'IbU-!é, tU<. .1...tfuut..t_

.1\0

q('



J

C;'/CU/!d~5 moml1.nts d'anc.astramant pour diU'iro7lias positions da la chorall mobile ("PL),

Po5,t iOll
1

~~..."é" AB travail Be tt"OViŒ . .'l..avù DEc]) -btavù EF
dt! la clar- • ,

11~ge M~ Na.... Nec !1<.lJ McJ> M~~ M»f. «, /'1EF

.-1 -.0"8" •• 0145 _.08% - .oOOOZ~ -.0895 •. 00552 _.0896 -.006025 -.01"9 -.0,81

.3 -.1318 _.400~ -.IRB -.061025 -.165* - .0613 -.'/11.3 -.61025 -.100~ -.1318

.5 -.Og~ -.1846 -.1438 -.14'38 -.1353 -.1353 -.'11;38 -.11/38 -./81J((, -.09~

.1 -.04~ -.1881 -.061025 -./1'19 -.0613 - .165!f -.061025 -A~J -./881 -.0416

.9 -.00~95 -.Dfl'!! -.006025 -.0856 -.00552 -.0895 -.006025 -.09% -.0819 -.ooIfJ5

TABLEAU 2



A2.

<) riri /<-i/Il ho" olt {1I10711Uz!s:

J~-llk.
- 1-----:.:---1
r~~·~ ~, r

s>: 4. li' 1'\ 2\ ;;.., .
ilTIl_1 i1Tl~ "

, .EI!~ '<>'1';'& "- 1!r ..-, {1I1tJ71/e,,! (I<><>,'t,..;... ok,"'s (1JDt.-e <4.<)"'"

.t A" 1t'"' 'f"2t"'1IF ~ (nel.... 1·..,t..e) el e~..<.b -t. ~:~.rlU

.1GS cL/f';l-"f& euJ~ 4;YUW,

Cd", 11tr 4<.....1' 4 J r at!~' 0&. (iJ.f,-e -f"'t e., ~11J'111m

s-! )~ .la. r w.J Â ~,/ ...-lU, (llI"""e,,! .A7Ida<.'nz ms'" r&iL
cr'MI. .1.-tn571ef el r t :h ",'- Au -les 'Y/~ )e -4 rtre , ~tU's!O
kt4 '3 4,.L ~ Ao",1- (mo",tdes Jiu A&&'t:o?1S ob (ll7''111t/1lés~

ILII~ tL!tuufe el ",'- d~ ~ '1'ltM Bele,

~,",4A~: - :f_tn'm,/;; A ,du.. f'''! dt.-n! ~U1' 'W""- A'm/e,/ ..:f (71 ~é far

rnlU5t,u,re rd-'1!~ ..,.u... rmb""~"! fi"ifa;.... ,d;..et 'z..k!,

- ;fe 10.,l i&",t ?~t6r'r./ k A~ bf!&11IU ~ Â

~71 ~ rrn~i:n.-4 fUI-""" 'Y!~ B .). C (IJ~ ,II.e""ejJ"ent ,.Lw\. ie<JA:

f!471~ fi$ o/luiJ j) d E

_5:".. ladt:&.- mss~ / (IIm4 (WON~ .A.L"- (71ltJme.,f;

jaJ ,:t ..Jnv, 4-juh ~IJ~"" k k ;wué%h~~ L~";r: -fm.

- (],"".,,~ UI'1'I1tU> !~'T/ e& -r)(ri Pu-' 4f!tk7ls toi~??sfJ:'Je (-)

.ft.! rnlO'mettir "tIr el: ckib- toI.'.AAl- at/tU, d ~'...um c'é1>e c+) cee».

1tr a';rc.& /d:a~ 1Y'='.

".



....... .,
~

Distribution da Cro5' anagpli'fuont un maina·ni /mitait"1l. à gal/cha. da l'qlfui B

A B c D E F

oC. 0 .681 .306 .'314 .60' .609 .314 .306 .681 0

C .11,25 .lj~ .603 .6D.l .553 .559 .603 .603 .1;236 .'f/,l5

rnom.."t
u'l7ièaitt. AOoo

_(;81 -306 - _181..5

4H - 69 A-t2.q - (;2.~

-28.3 -AH -- -1.1 -21.1< - -3!3 -23.5 - ->142.

6.6 -- AO.9 At.'! --9' 8.9 2..6 ---- lj..~ 9.1

-4.5
..

--1.2-2 -- -4.~ - -'1.6 -4.'1 - -2.8

.-1.2 - 2. 3.3 - ,,1.9 .5 - .B A.~

_.8 -·4 _.8 0#- -.1.5 -.9 - -.5
-

m 285·4'- 211.f - .+t1.5 ,,106..9 27.2 -26 -,,12.3 A1.6

TABLEAU 3
..
)J



FEDcBA

ct 0 .681 .3'" .3'1li .6~ .609 .3T/i. .306 .661 0

C .?~25 • ~:z.~5 .603 .603 .5S!! .5S!! .603 .603 .42~ .?I/2S

mo'm~"t

uni.taire -..1000

681 ~06 - A8~.5

- 111.6 - -69 -..112..4 - _62.8

28.3 12.1 -- "f.'f 21·4 - ss.s 23.5 ~ 14.2.

.G.6 - -10.9 -A1.1 -- -9.9 -2..6 - - 4.3 -~.1

4·5 Z ....... A.Z 4.2 -- ".6 Ij..r --- 2.8

.1.~ - _2 -i5.~ - -.1.8 -.5 -- ·.3 -.1.3

.B .lI- .8 - ,j·4 .S - .5

l1l. T1l•.6 ·"28.3 #1.5 -,j~ -2?2 2.6 12.3 -"1.6

TABLEAU 4



..~

r

DiS! riPuliQTL de C"O S5 an ~&pfi9uont un marnant uniéoirq, â sauda da L'aepui C

TABl.éAu5

B c J) E f

IX 0 .681 .~06 .3'1" .G09 .609 .31-4 .306 .681 0

C .~~2S ·423$ .60,3 .603 .55~ .559 .603 .G03 .4235 :1425

momtt17é
lI"i,tairrz "/000

-225.5 - -314 -609 ..... -340.#

15~.6 69 ---. 41.6 ,,115.9 - 201.3 AZ'f.3 -. '1'6.8

-35.5 - -58.g -95.9 - -53.6 -Al;.Z - -23.5' - 52.?>

24.Z Ao.9 - 6.6 Z3.1 - Il.1·3 2.5. J,. --1> AS.3

-6.1- - -+/.1 -AM - -Ao/1 -2.8 - -4·1 -40·4

4·6 Z .--oP .!f.i 4·f+. --- 1.9 4.8 ........... 2.9

_1.3. --- -2.1 _3.4 --- -"., -.5 - -·S -.2
.'

.9 ·li - .f .8 ...- 4.5 .5 ........... .S

-.2 --. -.3~ _.&09 -- -.3

m. "eH _18'.~ G011 -SM.g -1/i8.~ ,f1l0.9 66.~ -6/j,'f



FA B c 1 f.
.,

0( 0 .681 .306 .31* .609 .60g .?n* .306 .681 0

C .1425 .Jl2jJ .603 .603 .5M .5~3 .603 .603 .4235 .1/,25

mcmrznt
u71iloir4 -AOOO

12-z6.5 - 3f~ 609 - 34o.~

'/53.6 -69 -- - 41.6 -115. 'J -- -Z01.3 -12'1.3 --<>' -16.8

35.S --- 58/J 95.g - 53.6 AJi.2 ""'-- 23.5 52.3

-24.'L -.10.9 ...--... -6.6 -23.1 -- -41.3 -.J-3·4 - - -15.3

6.:; - -t1.1 -18.1 -... Ao.1 2.8 -- 4.1 AO./;

-4·(, -2.05 - -4.2 -"'f - -'14 -Ii. 8 - -2.'3

.1.3 -- 2.1 3.-,< -- 4.9 .5 -- .9 2.

-.9 '4 -- -.2 .8 --- - A.5 .:3 -,5

Z 4- ."'?If .605 - .3

m -., 83.3 186.6 '5"36/3 -1j1'1.2 1118.3 -140.9 -66,,, b/i.1
lA8LEAU6



'.7

,
1

,1) (J,./f;r.à."ts d';",/t.....,u )eJ(Ih~mUlf4 d;~,..~'1/71W db L.I

Une- fu la,~Mu" ~ (mtJ"'''"111.. fute el r- .k A~'1>1'1»~

Jo~ tLJ~ d ,;~k ;:k dare ttf;t=' aiL 4L -A'eu..J (n1UJ A_",(,f

(~~ (lnÎ7n< pie- .d/éwmÔ9tet- (/1bJ ~nér ~'.,.;,,/tu"a f11Ul ( t711o'1nellL brutr

'11lL! d: J 1!'ui i ~ a!!t,~?J- ot~?Z- (1no?11ent -,"11.k·rr! ~ ) 1r'{)
.["....;!.e.. U",,,,,,,,tJ'/1S .-& -ffi:.<.en6 rd '..<.~/!k.,u rm.;l f'DU~ &.0

CWuU 8 eL c """ a.;rt.'FnL ,des (l1I~'71Ie-d.J --"~ tir-: et tt dra&.

,deo~BdC.

j-.,1 ~J~
~1~.6728,3

(CI Id/UU f()
(IrIt~ t: 111,.6 " ,''''5

""()DD

E1l

(Cl f.i/CAU 3)
'lrl[J, ~ %85" c .286

.-1016 .

rmel,:: ~:: _ ,-142
o'f /)/)()

B c
40DIl

B~ -2,1 .-Hf; -106.92

c E
"DO{}

B 186.' 6D3.1 ·5~2.818

fi. les .. - lu "'lf'~!5 ~ .A, ..t ·.6'ilill /)f&"U4 ~ -r"'aJ lu fJ1:<kw.t

d~ ,."k .ralt";' i . ~~ bU"'tle 1D II.1' .JI. jf'~" laflbw â' .a'QfSr.A$ J '>16k<J

a.W1/S rmJj, ::~ " ,./o8S <XA<. -&,..... ch -;E.1" - ,.J'f -l'.... .l! '",,,,,,,,; B
.-I/)OD -lm fI .

- 1... rlff~'''u k 'V'a.f""'l 6t~~ ,;rJ~ el cIA~ ~ d'1'"" 'W'".

.zst la- 1~"e oL.. (irI/)'/''''..i -""m~ /1er f"t- .lu el) t",,_.
_JI""" k ,d:l:et.mi......L'o",-, k t1J7,iJ. o'!?1- "I!~ ek (m5m~ fiAU'·



AB

.i<u.res e-"- j) el eJ 17>01<6 ~t:J...! .la. s;"'e&..:e, .-(.. '!fe1 ,,&i ,""DUS V'=C-S ~"'_

f1u meJ. ~fl. 1'f~'" ....u1V~ed d Ja=J?Jl Je D 1 ~ ~e."j a.~

,.)41' ,k..s l . .h..ttea.a, c e-t 01e. r'''oI.-.. ~ vafû<r ;; kte cie .1~'

Atf." l'f -rrida 0(.. A-" 8,&"'. (0) .

-'DOl)

'4.

B co. Il E
000

1.1

(. ')

B c D

rtrI'J. '" (_1) ~ .4.1 =-.065
..4000

QF ''''OI-r ..l'fowd .Jo.,. -k U!fft~rzf. (/lz:J ,.,&.l (n,b/IS 4,1Jl)m" tunn J t»4US

Je~1-?ni..", ...&" Je. nk..eé& ,de- (/lM %nef ,d'4rarza ~?z. (Inutiy.k"t

.As a.!f«À..4 pl '.,;,,!ft.U'lUI!- r.-&~~ (/711"'''''''''' ,d/~6re.",aI

(tu"'",;e rie $tL~t'6Ùft- l....Wn e&a~) . .le rd lladAm!'li."at

a.f'{W-J'; au» uÂ~) if ~utb r.e .lb ~?zœ.,~ --fJ;j= ;d'.U.-

~C2 10•• -le! h".He.t bdrémAS 0..1.A.l'17 Aie«.f...I/W17l'l, .k",~'jd ~~

~r A h4vées ';'~71tédia..:res /th" f!&.d de .la. .-Jo'1lf"'aLt'trn. .fg 0/"",,,,,

k'tIUS ~ ~".J Jb ~k~ ,ok (Jhl1""en.i.t 4 ~nC4.d1'e'17le,d r: t'5

t4e!p,ù~ ,d'.ryf.u-?tee /lR4r41-
,,{"""'f&': - L f., rmetk.d ,AL'1fe ef""r ~~"'e .; .1 cl. Jtl j,...

v~ R:xir;""'e lit}) msu: aan"l5l<>""""t. (/no""e.. f 4« 1,,*1 $ ..

hA ),3
/78= (/l1&~,1'18A = .i85}«(-.~/'1iJ = !I.i.9~/O

.! - .s... -F'Y"n.i oti:l.- "";.,.,e~. ~ à: .1 de

ltt. --b-",v/e -i-n.b",,~ 8e J (/IrtWJ a.vuJ'17! CI""""t. (m~.",eni a<L 16L~8 :

Me = mU·MB!:. + nn"e·I'1.S = .?'f5(-.OIJ5Ç) + .-183(-.f!U(/-l5)=_6o.Tl</I-3

!lo.k '<$ lTt>"fe.u..s ',)."'rM 3.1.e rmdli!,~ r .J... ~~ ,de~ .Â-<L

'lI'W ,M4~~e-o,



" ".

L,~ v-ale_s A."t ~tk.uu ~ .la, rm~m", (~ &i JuAir,.t!.Jt

.J,.,); /l.ë""f1~ ,kvv .Ar k/taux '1 J (5,:J eL da .

5:... t...~ t cie eu AiJuftd.r, (}lTU-f AAI~1lS .k=e: .lu --f{j1lU 01~Itu-e.,'-e.
Â (l7Wme"l <U<-1< 1!ud B, C ,.J d f (('1 11'<'= 1;; -10 e.", a.~1]e.xe)

Ag



J
/

{

i
1

. Position : b4vac AB fr..."ù Be ~r4vlÎc CD 'f",,,vi2- DE l_veé EF

d. l4-
,

cho'Jo
mo~jl." mg •.285 m~b • .76

j
7l7b __ = .183 mbo'" -.183 ~ {l'Ib.f. '" -.06,- 'I1/~J = .065 j (l7Jb€ ~ .012 mh = -.0'12

1., f"Yav«

_.0'~9K .28,= (-.0896)(.T15)+(-.00602,)(.183) = {-.08'5X-·183) +(-.005,2)(-. 06~) = (..08%)(.06~)+ (- .e 06025)(.012)= -. 0143)(-.0<2)=

.1
./1.2465 - 65:/1 A6."/i -~.89 .018

__ ~oo4>1·ZI3"= (•.1'119)(.'115) + (•.061025)(.183)::: (-.{65~){-.18;)+ (-.0613){-.065) = (-. ImX 065) +(-.061025)(.012)= (-.1OOiJ){;·.01l)=

.3
.2.8.614 .138.3:; '3#.25 -12.29 1.2

_.181,6x .285= (-./~38)(.H5)+(-./438)(.183) = (-.13~3)(-.183) + (-. "53)(-.065) = (- .1~38)(. 065) +(-.1438)(.01Z) = (-.1846)(-.o1Z).
.5

-52.G11 -129.13 '33.55 -11.0t 2.22

_.188~~ .285 = (_.061025)(.T15) t (-.11?9;(.183) '" (.. .(613)f.183) + (-./654)(-.065) z: (-.o61025)(.065) +(-.rmJ)(.012)-:: "'.1881)r-012)=

.'f
_53.608 -16.19 21. ')1 .6.1 2.26

_.08f:Jx .z85= (:-.00602'5)(.:115)+ (-.08:J')G183) = (-.00552)C:.183) +c:-.08'5)(-.065) = (-.006025)(.065)-4- (-.08%)(.012) = (-.o8~.9)f..or.tr-
.9 _2.5.052 - 20.:; 6.83 . -1.41 1.0~

TABLEAU Cf



TABbRAU 8

P••i!i-o'l t.t"vée A8 tr"vti tJ Be. -l.r""éa. CD ~rtJVée DE bavU- EF

d. la d,.r

BQ. mo&'~
rnd. = .141SUt l.4. mcJ, = -.112 "'1", = .112 ; me<. = .603 771... " .~jr j med = -A1t1 / mc~" -.026 m<€ = .02.

travcl..

(-.0'Q9)(-.ffZ)= (-.aag{)(+tZ) +(-.006025)(..03)" (-.08~5) (.3~t) +{,-.0055'2 )(.1~1) " (_.Og9,){-.1~1) + (-.006 OZ5)(-. 026) '" f>o,~g )(.026)=

.1 /1.61 -13.67 -36.3 ..j 2.8 -'4

(-.'OO~)(-.02). (_~m)(.+fZ)+(--061025)(. 603)" (-.16~~)(.m)+(-.06/3)(/~1)" (-..mg){-.141) + (-.061025)(-.026)-: (-.100~)(OU)"

.3 -/1.2 -56.12 -14·3 26.T -2.6

'.
~ (-.18~6){-.11;)= (- .1438)(.+fZ)+ (.11138 X. 603)" (-.1353)&39~) + (-.1353)(.141)" (-.1438 )(-.11(1) + (-.1438J(-.OU)= (-.1846)(016) :

.5
2MB -102.8 -12.8 24 -4.8

-
G

(-1881)(-.+12) " (-.061025)(.+12 )+f.m'JX60~ '" (-.0613)(.>91) +(16S4){.-1/(f) = (_.0610ZS)(-.1/f1) +f.-1H5) (,.026)= (-.1881)(.026)=

~ .1
21.06 ·,0(111.1 -J,1.~ 13.2 -4.9

~
< 1=

-

d.. ~ -.08~9)(-.1fl)" (_.o06025X.~2)+ (-.0896 )(.603)-: ~.ooSS2)(.3!R-) + (.IM" )(.141) == (-.D06025){:.1*1) of f· 0896)(-.026)= (-.08'19)(.026)
?) .9

9.811- -54..1 -1/f.8 3'.2. -2.3
~:
. """\.-



Ca/cul dl1 la lignq. dinf!vancll dl! momrznf a' t'appui J) (x/0-3)(PL)

l'osit,,,,, l.~av"t1 AB :[,rav'd. 8e -[ravia. e» 'l.ravù !JE flra ",ù:. OF

dola

charJt1
"'06,. 10 'I7I.L/, c • 02f 'TT2.J6 •.• 021 ; 'I1l.,,/c" - .11{ 8 77I.Jc :: .-fli 6 ; mJ/.:: .41< mJ.J :: .583 ; rm..JE:: .-10~ 1T1l.L€ :: _.'107-

su, 1"èro
V<Z4

,

. 1 (•.01"9)(.0Z1) (-.0856)(-.oH) ~ {-.006(25)(-.'QS)= (..08'5 )(.148) ~ r:.D05~Z)(. 41')= (••0856){. 5(13) .,. (-.006025)(.107) ~ (-.0149)(-.101)•

-,t, 3·3 - -15.5 -52.9 -1.6

• :3 (-.1001{ )(.027-):: (_,'n!1)(·.oH)~ (•. 06~02$)(.146). (0.1654)(. '118) ~ f·0613)( 1{ 11) : (•. IU9)(. 583) + (•.061025XIOr)~ (-. (OO~ )(-./01).

- l.T .--13.8 -5'0 -110.Z Ao.1

.:J ''... 184 6)(.021)= (-.11, 38)C- .021) + r-.'mX"1f8) e- (• .1353)(148) +- (-.1353)(.11 1,)= (-.143fJ)(583)'" (..11f38)(-f01). f·I8116 )(-.IO'J
-:J 25.Z -16. Ii -95.2 AQ.8 .

•1- (-.1881)(.011): (-.061025)(-.021)+- (..1179)(1118)= r:- .0613 )(11111) ~(-.16"1f)(' 1(11) = (-'06101.~)(. $'83)~ (-.111!!){ .(01)= 1,.• 1M1)(-.10{).;

-5'.1 27.3 -'18 - :)4·6 20.1

.9 {-.olm)(.027-). (-.006025) (-.OZt)+(-.08!1t)(148)= (..00552)(..{48)-Io (-.0895)(. 41tr (-.006025Je. 58.'3) ..(-.088~)(."O1)~ (:.0819)(-.101):

-2'4 43./f - 3i3.1 --13.1 9. If

-rABLEAl1 9



fos,'fian. t ...vù A.B irtnltZQ. Be -&avee CD t,f'Q"ci (Jo DE -t:yavé.e EF

dola eh
50 ",..Ji
le SlIr Je "'el r _.012 m"b•.012 J t1?6C. '::l .OG' m~c ~ _.0~6 J "'çJ: _.18-7 mG,J. = .181 j m~G = .728 mU" .212

tra"io.
.

.1 (-PI49)(~01Z)= (-.0896)(,0-12) + (-.006025)(.OU)= (.Ogg5)(-.006) -+ f.OO5Sz)(-.1fl7J= (;-.omtm) + (-.000025)(.U8). (-.01"9)(.2121
·Z -1.5 b.!J -21.1 -1f·05

i
(-.111:1)(.012) t (-.061025)(.oGt)= (-./651f)(-.06{)t (-.0613)(-.181). {-.1HJ)( 181) +(- .061025)(.1'28). (-.100lf)(.m):•3 (-.1DD~)(-.012)•

1·Z - b.l
. Z2.* -n,T -21. 3

. . 5 1r...18"~)(_Df2)- (-.1'138)(.0/2) t (-.1'138)(. oss) = 1/-.1~"..a)(-.o66)+ (-.1asa)(-18T)= (_.l'IaS)(.1lH) t (-.1438){.U.2J= (-.18/ib)(.m) •

Z.Z --11.Z "34.2 -1,51.6 -50.Z

.1 (•. ISg1)(,oa)= (-,06102 S)(.()/Z,}+ (-.ms)(.06')" (-.0613)(-.MG) t (-.165~)(-. (81)= (-.061025)(.18'1)04 (-.-Im)(.us)= r:. (881)ÇZi2)=

2., --12.5 "iS4.9 - -111 o.:! -51.2

.9 fIJ S1'J) (-.012J. (-.006025)(.OI2.)t (-.08%){.066)= (-.oossz){-.066)+ (.D6S5){-.18-7):::. (_.006025)(.181')1 (-.0896)(1'28)= (-.OS79X'mJ=

--t.OS -5.~ 17.1 -{j6.1i -23·9

TABLEAU 10
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L,

.A. ~ .. ;;/fJ~U -eL :i./t""'7IrA J'IL'" .le {I7I()""ené d: des!"'~ -<;"&wn~
.c>. ~ ~l,

,-- ~_i

Ur.e. r Wn'UIM .At ~#'TlJ!J ~ j.n/~nu rr: 110 (In"""e~ <U<JC-

1tU<4 .J.1-u'IIe f=l'l'<- C(J?L~) (T/.bUJ rlJt;fùJ .R.>t- ,je:L;.Ml aile r u.n:

r:-.J rd"'~ .;[ ?LtJ& -rJn -Je~ ,;: A. -<1w.fe ktJée "-d) 1l;,

(>tQUJ IUUa?7S .Q'>I- f7'tett".,l A",e ~e ..A-"'-t-a.<Ae <t .-IL"- f.ti.d ~c.m~;

1'11( = f1/(q -+ 1'1""1 ~:a. + M" 1""

•,
" .

K
5--~

"1.·1

f\1/(o ot le 'OIDfTle"f eU< fMmi 1< li est ejJ ,t :

~o(..Ji oc c A· ~

. (A.Ill)(.-t-p) M- oc >"'-~

(A-ri.)« A-i oc '" A"

/1... , d '1"" .JD""I:- "ft.! fbt/Ylllerdr !1e'J,ua.rdr

atL" 'Y't'1U4 m-» d 'II. oU la. -j-=ér:e ~'II.!..-=e

J& ~Dd ~tte1WJ J: ~~ dec :4J"-tlJ -d i:{!uu:a

du (mtn1ltAi t=X ~ 17/,-1 .J; '"

~-----Cc----___ M,
1,,,, 1'11( , {ID'Ment .... ftl/.-.J 1< (d: ott.. .,.{ .L~

"H) al.IL la );ra,V~ m..1} ""

.//.~., '1"' l'~ A, A."", .,h" r" du.. .t .se.. .f...~ .& f""" K, \1
le ..&.<ne frIJe" -Ué tnd.

,,'



<J."t (110"5 "A/D"5" 0( = ·1 J
,) oc < A-~=.7

~ e .3

r1~'1 e -65-"1)t /0.3 (laJ!.-l)

1'1., -;: -.A~. 61 • ",,0-
3
(W/~ a)

'1'61l; 1'1Jl = !'1I(D + lu; {U't M""1 + fHBC 1'1,,-
L~c LB,

= Mf(, -1- (A- ~) f'1.,_~ + (& f'1"

= .Or + (,,(- . .,)(-.065/1) +.3 (-.015&'1) = .0203 (rl..il.",,/~)
"

f....i.s ~ 1t~ ~ lti a<:Mi ~lte.w.J si -Mnt~~ ak..r.lu l-J&--

A1.t ..18.

j..J:;....l "/e U4 .A-v'U.~ , rn6US a,V.tU 1~d.lu ~"u d~:"!tlU"Z"'"

01.«. (i1WmeJ aas: ~,J, .A;....k..".,~eJ (Cf f:j -u ';.A8 .L.... a......e""")



,
i
1

Calcul da Laliqlllt Jinfluq.nc.a. du mornant a .3 dit La. troO/de AB C!<lo·3)(PL)
'='

fo.ibo?l d. -ir,,:d.. AB f-"wia Be. 'é.ravifZ cI>
~

la <.hOfJ<

Sm {" fT4tJU MK. MfO-. M" Mf( MK. M"_. M" MI: MK. M.... 1'1... Mf(

.1 10 0 _•. 25 66.~ 0 0 -(;5.11 -1% 0 0 Ab.t4 .5.02-

.

.3 Z.fo 0 -28.62 20~.4 0 0 --138.3'/ -MS 0 0 '34.25 Ao·3

.5 150 0 -52.G.f -Ia4.Z 0 0 -1ZQ.13 -38.1 0 0 335' Ao.1

.r SO 0 -53.61 '13.9 0 0 -'70.19 -zas 0 0 21.'}1 6.•

.9 30 0 -25.05 22.5 0 0 ·20.1 -6.2 0 0 6.83 2.05

-t.a"<.e JE 1:f"...... [F

.1 0 0 -5.89 ~-1. 6 0 a .018 .00S

.3 0 0 -12.2~ .3.'1 0 0 ·H .%
MI< = MI(o + .r M._1 .,. .3M"

.5 0 0 -1.j,()1 -3.3 0 0 2.Z2 .61

.1 0 0 -6.1 .1.8 0 0 /'...26 .68

.9 0 0 -1.41 -,44 0 0 01.06 ·32

TABLEAu 11



TABLEAU.-12

f•• ili.n da travalt AB g:r41/ cl" Be. f-ra 'l,itt Cd>
la charJ~

S1I1 Id /-rt,v/e Mf•. M••, Mn MI( MI(. M•.• 1'1. Mil: /'1,>(, 1'1._, Mn MK

.-1 50 0 -4·25 41·9 0 0 -.Hl -32.6 0 0 As,t* 8·4
A
.3 A5~ ·0 -28.62 .135.1 0 0 -A38.~ '.9.2 0 0 34·25 A't.1Z

.5 250 0 - 52-6Z 22~.T 0 0 .A2~.'3 -CH 0 0 33.55 AC.3

.1 .A50 0 -53.• 1 123.2 0 0 -'1Ô.-tS - 38.1 0 0 21.l7 10.g8

.S 50 0 -25.0~ 37.5 0 0 -20.1 -Ao.,! 0 0 G.83 3. ~

[t"Qvk ])E ![.av<2ct EF

.-1 0 0 -5.8j -2.g 0 0 .of8 .oos

.3 0 0 • -12.29 -6Af. 0 D. A.2 .6

MI( =MI<" + .51'1•.• +.5M....•
.5 0 0 - -1f. Oi' -5.13 0 0 2.f2 ,(A1

.

.1 0 0 ·6.1 -3.05 0 0 2.2• AA3.

~K .9 0 0 -,(.1,.'1 ..,,~ 0 0 A.06 .53..
-



fa.diaTL J~ !lravilt AB ~tav,,- e BC [ravie cj)

z" da'J~
~l/r /a +t~hI'C. MI<. M•., Mn Mf( MK• Mn., Mn !'1K NI<. Mn·{ Mn MI:

.1 30 0 - ~.25 27 0 0 - (;5.11 -45.6 0 0 A6.14 A1.'1

.3 90 0 - 28.62 ~o 0 0 -A3Hl • !lb.9 a a 3~.25" 24

.5 -1~0 0 - 52 .61 -+13.2 0 0 _-129.-13 -90.11 0 0 ·M.55 23.5
..

.1 210 0 - 53.61 A'12.5 0 0 ~1bA' - 53.3 a 0 2-1·91 A5:~

.1 :ra 0 -25.0~ 52.5 0 0 -20.1 -A4.5 () 0 6.83 *-.8

:c..r(Jvri.~ Dt Kra I/â..r.z. EF

.1 0 0 - 5.gg - 4.1 0 0 .o-jf{ . O'-1L

.3 0 0 - 12.29 -e.c 0 0 -1.2 .Sll-

.5 .1(01
Mf( ::: MKo + .3Mn•• + .rM'l.

0 0 -1.8 0 0 2.22. A.55

.1 0 0 - (;·1 -4.3 0 0 2.26 A.58

.9 0 0 -1.41 -1.01 0 0 .-1·06 •r4....
c

TABLEAU 13



Ca/cul de la Liqne Jlol!lIrLncrz du moment ci .:3 dq 10 Cr(JvieBC (xlo· 3){fL )
.... ;

f..L&itmJ. tr.ava4t AB ![~Qvie Be t~avdl2 cD
la "'~a'J"
~•• i.4l'4v;' 1'11<,. M n_, 1'1., MI( M/(Q f'1.,.i 1'1., MI( MI(" 1'1.,..., M11 Ml(

A 0 '1#.25' A.67 -ES 1-0 - 65.1'1 "-1~"f 20.3 0 -16.14 ~3b.3 .g

.~ " - 2 Il.6-1 ./1.2. - -16.1 Z~o -138'~1 - 5"6·"{-Z 96.1 0 34· Z5 -r Il.3 A.'1

.s a - 52...1 2.0.68 -30.62 ASa -~2~J:l3 - -102..8 28.8 0 "33.55 ""{-2.. li 1·6

.1 0 -53.&-1 2:f.06 -31.2 90 - '16.1.9 -.(-14.1 l.~ 0 21.~t - 1/1. '1 AA

.~ 0 -2.5.05 3.84 - -14.. 3D -Zo.7 -54-1 -.9 0 6.83 o-1u.1f .3
1

tYdVaa DE
~ f..yavda ~F

.~ 0 -5.81 -IZ.8 -.3 0 .018 -·4 -.-1
1

·3 a - -12.29 2 .. '1 -.& 0 A.2 -2.• ..A

-·11.01
M K = MI(. +.fM...,. +.3M..

.5 0 lu - .5" 0 2.22 -4.8 A
.

·1 0 -6.1 .-13.2- '.3 0 2.2(; '4~ .11

.3 0 - -1.47 '3.2 -·1 0 -1.06 -2.3 .05

TABLEAU Ait



1

1

i
1 1

.1

Ca/cul da La /i,gTl<1. d ';77tLuanca. du moman! q' .5 da 20 travie Be 6· 10-3 )(PL)

Posi/io" d. iravalZ' AB tra"'~a Bv -fre,,'lia cD --
la eha'J4;

SDr1.4 travcld Mit" M"'1 M., Mk MKo M n_1 Mn MK MKo Mil_of /'1" Ml(

,1 0 -4.25 0;'1 - -1.3 60 - 65".'11 -"3·6.. ,10.6 0 A6·'14 -~6.3 -9.8

.3 0 -28.61 "".2 -8.1 A57J -,138.13 -S6.1! 52'> 0 '5~.25 -'1'1.3 -Zo

.5 0 -52.61 20.68 -.J6 250 _AZq.13 -,101..'8 A3~ 0 '53.sS -'1l.8 -~(

.1 0 -53.61 2.1.06 - '6·3 ASo -1'6.19 --114.1 5/j.J 0 2'l.g:; -/j'l.1 -AM

.9 0 -25.oS 9.84 _7.(, 50 -20.7 - 51;.7 A2.3 o 6.83 -.{4.8 -'1

-l,..a\l Q.cZ .DE ~a",ùl Er

.1 0 -S.M ,(2.8 3.5 0 .0'18 -.~ -.2

3 0 -A2.2.9 Zb.:; 1.2 0 A.2 -2.6 -:1
MI( =MKo + .SM"'1 + .5M",

.5 0 .11.01 2/j 6.5 0 2.22- - 4·8 . ".2~
.

.1 0 -6.1 A!.Z '5.6 0 2.26 -4·9 -A,'32

.9 0 --1·41 3.2 .9 0 A.06 -2.'3 -.~

TABLEAU 15
cP
D

-~



Calcul da /a liqni d'''n(LUf271C-<L du mome n]: a~

Pa,if,'an Jq l-y"""eta AB t.rdVU Be. ~Yal/'é", c.J
La <ho~q.

I&ur labr~v'o. MI(. M"_1 1'1" - MI( Mit, M... Mn MK MKa Mn.1 M" MI(

.~ 0 - Ii·25 A.'~ -·1 30 -.5.11 -.H.6~ 6.'35 0 A6.1" -36.3 - 20.q

.3 0 ·28.61 A{.2 -.:; 90 - -138-3;' -5'-~2. 8.'18 0 34.25 -14.3 -41.1

.5 1) - 52.'" 20.68 -A.31 {50 -.AZQ.{3 -.,102.8 39.3 0 33.55 -12.8 -IjO.:!

.1 0 - 53.61 21.06 - 01.34 E-to -1'6.19 -A-/4•., ..10".3 0 2'1.9? -41.1 -26.8

.~ 0 -25".05 9./14 -.'3 10 -eo.s ~54a 2.5.5 0 6.83 -A1r8 -8.3

Zn:v ~Q DE ![.ovia FF

.~ 0 -6.89 Al.S :;.z. 0 .018 -." -.3

.3 0 -AZ,Z9 - 26." .A5-- -- 0- A.t -Z.6 -A.5

.5 -A~.O" Zif "3.5 0 Z.ZZ • Ii· 8 . 2':1
M" '" MI(" t .3M•.• + .1M",

0
-

.r ,0 -6.~ ,,13.2 'f. " 0 2.2(; -4.9 -2.8

.9 0 ·-1.47 3.2 .,.8 0 A.06 -2.3 -.1·3

TABLEAU 16



.'

Calcul de la liq1/e (j~'71fll1anCfl du mom4.71f à .3 de la travŒa clJ (x lo~)(PL)

POlib:on dœ 'l..ravdfl AB travie Be travi" cJ)

Id eht1rJ'"
~1Jt la lrd Vq(f MK. Mo.• - M~ f1K MK. Mn-. 1'1" M( MI( Mn ., 1'1., MI(

•

.1 0 ,,1.61- -.1/ A.OS' a -(3.&i' 3·3 ·8.6 'fO . - 3&-3 ·A:5.5' ,,".03

.3 0 A~.2. -2.1 1.03 0 "36.12 //3.8 -30.6' 210 -~.3 -50 A43

.5 0 20.68 -5 A3 0 -Ao2..8 25.2 -6H //50 -'fZ.S - t6.1J =16.12.

.1 0 21·06 -5.1 A3.Z 0 -A14-1 2'1.5 - 'f1.~ gO -4'·7 -'1-8 33.2.

.9 0 9.8~ -2'4 e.z 0 -5/f·1 A3.Q -3~.3 30 .A~.B -38.1 8.2

..['rav;tt ?JE travilt EF

.1 0 42.8 . -52.3 -6.9 0 -.(; A.6 .2

.~ me .26.'1 -110.2 - ;/1,'4 0 -Z.6 AO.7 A·4

- 99.2 -A3 .A9.8 2..6
MI<, = MK• +.?'M"' f +.3M..

.5 0 24 0 -4.8

;:f 0 43.2 -:54·6 -'1.1t,- a -4·9 20.1 2.6

.9 0 3.2- -·H.~ -A.'f 0 -2.3 !J.4 1.2
..

TABLEAU 11'



'~

J

Pos,'tiD" do; !(:r"vrùz AB !Lrd vdrz Be (r-"VŒI2. cl)

t" <-ha,!} ..
5ur la 6-a.",{ 1'11(, 1'1,., 1'1... Mit 1'1/(0 Mh . , 1'1" MI<. Mt<. M".• Mn Mk
,

.1 0 -1.61 -.1( .61, 0 -13.61 :5.3 -5.2 Sa -:16.3 - '1$.5 2q.1

.3 0 ·M.2 ·2:1 4·26 a -S6.72 13.8 -21.t1~ 1:Jo - '111.3 -6'0 S1-8S

.s 0 20.68 -S T.BI( 0 -102.8 25.2 -38·6 2So -rl.8 -:rc: tr -115".9

.T- a 21.0. - S.1 :;.98 0 -k/1t.1 2'/.9 -"3.1 150 - 'd·t- -T8 8'1.15

.9 0 3.84 - 2.4 3.tz 0 - 61(.1 -13./j -20.6s SO -A".8 - 38.1 23S,f"

t.>4V ~cz DE o"'vâcz EF'

.1 0 -/2.a -::iZS -20.0' 0 -./j 4.6 .Ô

.3 • 0 20.7 --/-10,2 -/1'1.'15 0 -2.6 A03 4·0(;

'. MK ", MK,,+ .5Mn •• +.5M,.
S lJ 24 -:19.2 -31., a -4·8 "e.e '1'.5

..

.r 0 -13.2 -51(.6 -20:1 ~D -1;.9 20.1 r.b

.9 0 ~.2 -13.1 -4·9i' 0 -2.3 9." 3.55

TABLEAU -18



r
•

\

g". le. ~t ,.lM (I1lfY11le"irJ r les .kgM .arUf-l/me'me,d,he~

iMites/ .il I$t (1l.e<W"'Uf.e rLe ~f..... .k ~f<u oLu -7"eJ~ 'A..,/&etzœ

'i. .f~" .4«r- .A'Ile die .M-'fli.f'/,~ 71tr~ --<L'I.e

JM.~ de r& / A rrnomed rolo;l 4«4 :

Z
M = i S:ry

S:r J;",..} s: Mu!.(to4J. "'" la ~ne ,eL';.,,!~en#- ,.k (In&?rr.e'd au ~z

t'-fF~...k d: 1a. .-tra:..-,k X y ~éa .

;t,~'J«e k ~91t5 ,eL 'ùr./f!.eVld Md lte'~lLt~ r J"" (1r1e:

-~je ;cie &/AS5 el: ra Ju ep"/l-u"enir I,J '.i.../t...e...ee (7TUk ..J~ co..~

.-k~ de. 1'1teJ "" ~:"!&enâ fetA/lle...l AlIZ ~fb.t~ adimenL-
, ..

av-e<. -U... e. ruc,,",, <tUu.e..

a.) 4cu:.e 4 ,. l k (1)1fY1neJ <uuc~

"'/vou.! AtttH>ft.f ~~ -,"?le .h-a".d-. ~ .-l"';j~ L ~t ck.;eé.

d 'À'1l' ~~ --""1"-17>lé'TTIe.J JzJf'"'t'e) le rmD""~...1 ,.)I.e.n.~..""en.f

-d~ ;j'1t.~ (1.). Zr 41>!e~eJ: Jet- ~F ~.Ia ~"e. .c ',<,"'/!f.enœ

teL ftnDme.J ,d'.l.~e'f7le.,j u.é iL/.- ei aUe olt- .e. ~71e of ~...!&
. ePLa olu.. (rtIo'>neni M Ae-la fh2.iljLol-.

«J .i: i1 -1 tru.. je! ftJ1J.brer ~ -c:"e·dû CO?/Jb.nk.

v-~t!e 1#1<4' j=bed ~ -Ù!/tA6:e fJ"~/& ( fi 141ft.; /'C.A)



o
- J ='l. ..-e .--6rtM'/e =&bn.'- x Y.J ~ au44 :

% .-/'

5x y = (TT/zr'iF r: L"r

-r-, -#""IP!t-: do.~~ .fa 1.."Jne ,d, '.i..f&.e..u du '117~

J 1, 'at/''"' B r: la ÂaHée -48 o-k rJ: -éMa :

S:B = {m6/J' j48~ '" ..t1J5}(,-165x8~= 3.01 ?71.1 (rrl-aJlet:uJ1~

_fl11<t~ .Irane ;'.,/;f/I..me'Laire X1 Y1 8->t eWIa:

Z ( • ~
SX, Y1 = fmz;c., + (In:z1-,) Jx.,r., t;., Y1

.Exe'mpfe: ;:f"" ~a.u de -t. -l,';'e (01 '...'o,/&e.nGB k t?>Ib",t4é

et l'~ B ~ la ..l.a.va Be ok -reJ ..Je<a."

5:t:. :: (mS8 + (lnse) 'jet:. .tte. .
:: (.115+.18~)x.o~qx.u"'= ~3,T6m-/' (1 r-.1f<'<UI. .A9)

~ lu ~/=IM tcfes .1fj"l?& ,d '.i'll/tua ,;" ~~ r tkre

-ét.."u ok~.4~ -jzMse..fk e!A.11J ~ .lal!te4IL A9.

3S



!L't ,,1\/ Œet CL> <ft/,,,-nt LQ "31J<1J, Apfll; 8 4pr" c A fl'ui P Apfui E
M.l (m)

AB .165 - 8~ .112 X .165)(8~= l- l-8 .28~-" .16~x = .0Z'1 x.-I65)( B = .01Z<·-165"B =
3.01 ,,{.18 .285 .13.

-
BC .094 20 (. 'f1~'t .183))(. 091p, z.l= (.-I12+.603)".oS" X2/= (.02;4 .11{8))(·og" X20~= (.0-12 -+.066)(.09~ XlO~

33.76' 26.88 6.58 2.93

Cl) .OB AD (.-183 +. 065') X.09)< AO~s: (.391 -+ .14-1)x .09)< AO~= (.146+.411)X.09" AO"= (.066+ .18; ) •• O!! )( AO~=

2.23 4.84 5.085 2.28

DE .094 20 [, OIS t .012)" •o'Hf "zl" {.14f +.026))(.094)( 20';, (.58H.10r)Jt.091j)( 20./1" (.18;-+ .'128))(.094 X 20b:

2.85 6.28 25.91+ 34."

~

• OZ6 x .165)(8"" :AO;)< .165><81.", .212)( .1&5-< 8,1,::fF .16'5 s (. 012}(.16S) 8 =
-+ ",13 .2? A.13 2.81'

TABLEAU 13



j
L.[~ ..te ".,.""•..J .i:..ll?l /,'i~t

~~ .iL l« ~t'4.VŒ t.></.&.1I

]
L. l ~~~•r::":
lwmvd.at"" d. la tt-""tIe .v.ieune.

S; =(MI(.l.r)/.t-

Mk ~l.h lm_.ni "'" r'vd 1(

~ J!... ~t. AAlifalAe (/,ft ën:

ce ln..,} .

~: A41e "f«Age- ~1: -tfAoeé .4-M. .A"e J;"'«Q'éi ~J-,..,..- ~r 'f'-e

~~""-!' ~~ Aim,&, f'U7UJ a.uA41I4~

!P-1x Q X' ~

1.. l~iL"J .....11• .ALu/U"-~!..4",} (Mu.J~:

_Jo..... ..-l-l'" 1~"J /(.v1tk./rn~N .1-..1.la. .-1oya.vée ..t,,,,l-rêm• .A8 :

5:8 = 5: -5:8 " (a./4.IJ)

S~" 0 - 5:c " (a./~B)

s:V = 0 ~ S~" (a./1..8)

.i>a""pk: i.. .A.«</aP ole 1. .-f~"le d~"'llue>ue ,dl i>1I.tn71""j

et .oAB r: ~l.. ,1.av6 04/3 cL~ ..4e-ut:



38

5::B~ 5:·~'.SA~ ('''/~8) ~ (Md"8)~ - S:e(-3f::)
",(.~h8)1 _ 3.01x.3 " b.U-.9 = 5.B:t.",!l (11,,/'10=-&)

_f...... At!. ftM.J: ~..Ju..,,~~ k J... kvée .i.,tet.?'I~Be r

5,,~ = 0 - s:S (~c -.t)14" + 5:8 ( .t/4c)

S~, = s~ - 5;, (L8c -J.)/~c - S;c (JILsJ

S~.!l = 0 of 5~ ('-6" -JJ/Lsc - S~J ( -tIfs,)

.Ex""l!~ ~ la. 4ce. .:1.. .la .-.!Z.j"e ~~(tue"t:e ok /Jr1"""erz.l

,i .'38e 1=1.'.la Ji"",,,œ Be ok. jnJ Alf/l4 :

S~""s" x: (M,ds.) LH S:c (Lse - .3 La..)liec _ s:c (~)
~ ~c

= (.M)I..l<J).u 33.1&;< .1 - .U.8fJx.3
e.

:: Jl1,. - .l3.0 - 8.D6 = Â().3'f (if ktftalt ol-V

Jt "-ft ~t"';"Ji f='L .bu.! .lu «'chu ~~ .i..iu.u:'&;.,w /.t....IüJ.

'tu ./LÙ" t1.J4 .-4-.1 ~ 'LIJUJtM ",,:us Â4 --ta~ ,J.()~ .M ,oU d es,

j('1TI~: _fc,l<.. Ju ..1"a,~ (M,t4~.vd~ 4~ .Û"':u""é

~ 11.."".1/ ru k .Aa~l'- .uc.f;U11fe U~n4ni .te fMi ~'11Ie:..I.;..:'

he- f-tud.:é.J lu ~aa:4 ~Q!éùotne'fli en~..t ..la ""/{e~ffla €'1L

);..4 .-ReJ ""ea" ~eN1'1es .lllL ~~fJe8' ,

_J~ fi......k~ Jm.k,.?11~ ~_..i ..le~

..i.Ju'tT/~ ~tdi.é.l k ~/",d A!;"~'e..,L e-n /4<-"ad .J!:" cI<#~

Mn""- -"""tre 5; d .1. U<.'VJu! du d~ -.tt-e.r .-fet?11&d.

(J



Calcul Jas Sur acas Jas liqYJ<Zs d'in ua nee Jas moments a" • 1 B et .5(A8
, t
e.n m

'lr"v,z<l (X y) lO.ju~" •3 d« /0 fravŒ.d. AB (1< •• •3AB) .5 de la frav,za. AB (« <Î .SAB)
Cm)

M K four

S: Il B K MI( four
0

5~ (1-.~
13 K

UTle c-ha'JtZ 5.'1' (h3) S~y ~.3 Sxy un oZ e-htZ'Je 51(" 5xy x·5 s..y
QIJ fQi"'~ 1< <lu.fOi'/ltt< .

AB 8 .21 .21 xi'x 1: 0 3.01 li .3= 5.82 .25 1 4
0 3.01".5': 6.5.25.8~_:

2

b'.tZ . 9 8 .1.5

Be 20 0 0 0 il3.16 x."3< /10.13 0 0 0 53.i'6x.5"= A6.88
Ao.1~ A6.88

CD .10 0 0 0 +2.23x.3= .61 0 0 0 l.Z3x.5 :: ",.12

.61 A.12

nf 20 0 0 0 2.89".3: .8'1 0 0 o 2..8~ x.s:: A'!l4
.81 .A. 41;--

:

EF li 0 0 0 +.13".'5 : .04- 0 0 0 .13)1.5 .. .06
.04 .0.

TABLEAU 20 <
l



'(.yovaefxr) Lo~5"'" .=! de /0 fTQlIa,z. AB (1( 4- .'fAB) .3 do la frallie Be (ke,' .j8c;
lm)

MI( pour

S~
A

~yH)
1< MI( rr:

S~ 5~y (.{-.3)
c K,

un. oho'5a S"Y (.1-.1) S"Y uno elr"'),, S"y' ·3 S'Y
au foi..t K .111 Fo,,,f 1<

AB 8 .21
,.

3.01"'7 = 4.6'1 0 3.0ix.7 : Â.1B".3: A.J6.21.B"ia 0 0
l

6.'12. 2.11 2.11 .35'

Be 20 0 0 0 13.'11> • .'1= 23.c3 .Il( .21 ;21. zef"t= 33.Tbx.:h U.lj8" .3~ .AD.51

23.63 42 23.63 3·0.

CD AD 0 0 0 2.73"''1: ,1.56 0 0 [2.'23 x.1: 4. 84•.3: .~1

.lSt; A.56 ..1·45"

DE 20 0 0 0 2.83 x •1 = 2.02 0 0 2.89" .=r~ C.28".3= A
2.02 1 '.2. 02 ./.88

EF ..10 0 0 0 .~3".'1: •0.9 0 0 .13 x ,'1= .21)1.3 " • 01

.03 1 .09 .0B
!
1

TABLEAU 21



,
1

Co/cut Jas 5ur{acas da.sl!9nas dfl1fluanCfl das mam anis a< .5(BC) ei .1C8C) (a" ml)

t..<lv.ta (XY) L..~u ... .5 J", 1<1 fr<lv';" Be (1< d .SBC) .7 cll10 la frav.i1Z- Be ( 1< a' .'18C)
(.")

MI< four
0 B C >( MK r-:

S~
8 C c,1<

una eha'). 51<,. s., (,,-.~ 5. y )( · -5 Sxy li 11 lZ c.lt a 'Je S'Y (~-.r) S,yX.T ~'Y

~u foin~ 1< au roin/: K

AB 8 0 0 3.O'1x.5= -I.-I8}(.5 ""- . 91 0 0 ~.01)(.3 c A.-I8 x .1:: .01-
.-1.5 • ~j ·B .83

Be l • 26.88 x , 1-Za .250 .2:5"0.20.1: 33.16x , 5: 26.88 x, 5"= A9.G8 .2:1 .l?~"ZOXt: 33.Ux.3= A~.o5z
50 A6.SB A3·~4 42 Ao.~3 A8.82

eD .10 0 0 l.23' .Se 4.8~ x,s: A.3 0 0 2.23x .3= 4.84".'1= 2.'fZ
-l. ~2 2,42 .61 3.39

DE 20 0 0 2.89;< .5: b.28 ".5: ,1.1 0 0 2..89.( .i;:: 6.28;<.1: 3.53
A·1(4 3."1( .81 N--

EF 8 0 0 .13;<.5 = .H".5~ .0'1 0 0 •..13".3= .f:; xa = .A5
.06 -. _" '3 .04 .-19

TABLEAu 22



Calcul dfJ.s S urfacas das lignfl.s d ;'n(Lufl,ncQ, d~ mom arlts â .3 (c.lJ) a.t .5 (cD) [en m')

L.."ù (Xy) (D"~UW' .?> .1", {" fr",,"'''' cD (1< ".3Cb) .5 de La trav~<t. CD (1< <i" .sco
Lm)

MI< four

5~
At D K 1'11< four

0 0 1> 1<
un D dars" Sxy (~-.3) SXl X.3 s., un e </''''J~ SK S''l (4-.S) s., X.5 5)(1
"v foirot 1( 'lU foi."t 1(

AB 8 0 o ~.'8,,· ;>" .285 )(.3= .'15 0 0 ~.18x.5= .285".5 ·45
.83 .08 .58 .~li

Be 20 0 0 ~6.8B K.f = S.58 x ,3= ,)6.85 0 0 c!6.8Sx.6 = G.5(1)( .5 AD.-15

A8.8~ ,1.91 /13. 4~ 3.2Q

:l. •C]) AD .2' • 21)(..10 "1: 4· 84:<.?-= S.08x.3: 5.59 .25 .2Sx.(o,,~'C 4. 84" .5: 5.08" .5"~ ~.54•
;10.5 3.33 .1.52 -12.5 2.4 2 2.51;

..

DE 20 0 0 6.28 )(.1: 25.3~ }(.3 ~ 3.38 0 0 6.28"·5": 25..91/)(.5= 9.83

IH 'f.?8 aA4- A2.9?

LEF
8 0 0 .Ux"'/= 01.13 x·3 = • ..15' 0 0 .n x·5 = 4.13)( ·5= .43

.-19 .34 .~3 ./S6

TABLEAU 23



1- ~. )
)

..

2. E TUDE DE CHARGEMENT

J.1 'J:'/r-'nib;o" ..

'J';'t..c/e Je- ~.",e..,j ~e d: ;''''''4/'''l1li- .s; ~e;"'.Je.,.

etv~e4' .4<t4~'t&.o ,de- .-Jtl.fù;~t ~ ~V14Je. 1'__ au ".- rliJ<?JllR..

h1l.l rcLeux ~c1iR.d:

- d. ~4ge feA-m ... .,.,e-..le e 1~ ~.la d.-lle- d 01", -li!ufM rr
la- da«.SfU

_cl..~ vive 6U AWL~e : ~ mt4a'Ù" ...... k 04""';";' r1Ja.,.}

juWel-~ A, r-'.
i",-~ ~e...,,-n12- (Je- UA ~~ "k '7flAne..l..> /?l.4UJ ... tk.v dL!etmt.7wL s:
rmDme..:k r- ~-t O~ .

.t•.t- .lf.J.e, ",lu (lMme~ ..

<1.) M."" •.J:. UW.S:' jM.1...~1e.:
U

louA" ~ ~f""l ~t:4 (inU"1te~ ~ife~ -fv'- A ~aArJe4) .-te

u-de ca.~?1. du. tettL (~(; (18) ~ A'/Jjr~ ç{e«P< ",!fe,,'h46'tIllIl

i) cf7 ,de ~rz.

:le 5,6 M?8 A.<CC'7711>la.~ ~e anr':../eÂa .le ~~ M. S sso- ?r

('1 f~uAe 5) =me ~ta....L .z, f~ ;-,.a...de~e r1J-a,J;
ra~ Â ~. ~ j'4"UI"-t-e e()?I~iJa tL .f".,üneL ..te ~_:m

A4h- Jk pd id ck ku"e,. a re&e r-tth .if~~ ca:...

l • ~ .1L'
illt9'7Tte<u. rma.",:mum a. ..a?t- -jui?l-C <1U'nne.

, .E,,"-""-t1.: j Mo .11/':' 8} fILbItJ ,,"VQJr,/) ~"é1

_ ~,"'- (/ntmle ..l rneJ...L/ (f'1; ) Je.- .J'fIG. S M. ""' -tuF- la ,Mu4-

43



Id..~ ,Ag .JM....ue d; .U,9""- oIu 1~ A ) .le <4?>ZÙ>'" .se der&.

~ of... A a: F (A:- F)

- vl-'-?t- (lHo?71ed 1IJh!'! (!'1:) ..u A.f.t) 5 b.m- ~r A ~~

kdeLbL .-&e ~ve J: .-1 'atjuU ù , .-1.. '4:>ru~ te oie}fasad de A d: F.

fou.r U4 oIua. (17tbm~ ~ J1,.'trI~?tU4 .Q9l. a(~;lù"'714rd .kr
o&dJ df!.! t-kÔ"'3 r .erroÎ14 du.. Ul-"'Um. r .1k trl.~1Z2L~ ciel 1,j",'Y
d'..v"fe...e..a~ d; 1~ -('-·ft~.

-~ .Je4 f7'1h'l~ (1)ej~f el fNtHf ~ aH1<if a'''h' 'F~

~ A-~7It~ l1~,,-4nJ~4-t.ef de k (tnt-m.e fJ'>t4.n<'er...

!! ~,dt~ .-4",,1 Ae;'u7zA.f iJ du; .le kfP."'LL 4 .

-,-
. /•
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FIGURE 5

CAMION MS 2.5033
(cana S6 M18)

50KN

w:: ChmJe comblneé des 2 prern/(ns essIeux



N0t1ENT5 DUS A LA SURCHARGE

(DEPLACEMENT DU CAM/ON 115 250-11)
f'DsifiOll e]: !'10",4111 Pos' fioll el Morne"t

Poin/s satU du <amùm ":J"'r( (k~'1lI) s ~"S clu f-O"l/dT] fDs;"! (k.,."V
(ml r "" )

21.9 38
B A .... ~ A1r6.5 4 ... F .112.5

.AS 50.(

C F.."A 33l.5 A .. F 212S

52.2 AS
D A~ F B85 F.."A 2ZT.5

li3.8 21.9
E F_A 1150 1".... A ""'01'.5

21.9
350

Ao.8
.3A8 A_F A... F 33g

22.5 A2.3

.5.% A...,F 5f1.5 A ...,,1" 286.5'

22.2 9.6
.t'AB . A'J F us. yS A ... "

2:r1.tJ-

9./; .A&.2

.3BC A., F 31 A ... F 510

38. 4 ..A3.S

.5BC A~F 60 F~ A 183 ..,S

38. !t .AB
.=tBt A ~ F .-fU.·U F...,A 5Jd.rS

.AS 39.6
. ~cJl F-<> A 5r1.5 .4..,,, 331.Sf

26.1 111. 1
.5~ A .... 1" 345 A ... F 366.25'

I;G

•

;, .. c.

folJ' to ,;,....cI,-o?JJ nous 717a,,!ùJrlI'2.01JS A.... F (A <lUJ F)~f vice",.q"

TA 61 tA Il 24



f
r

i0 ,t,4'~"

~ ~tU..de a.&~ve CbMiù tt ~..w>te ~ ~e .m>tifn-

'1n4- tUU1rz/l4.J~ ci '.A-Lne ~e cbn~6-.

~ .1,5W = fi., ('u.l., mom••/s 1kN)

.65W= F,; -f"" la cisnil(omon' IbN) 0
_ q" .05 W kil/th

r-r-T,J 1
'--'L--''----i----'-LL--'----L-'---'---'------I_'--'--.i..-J

fiGURE 6

o*.. J.ur tu trTl/l7tte~.hrif (t114/"ùnum) uIk ~L A/"ifrmc .uta;

~~~ .la ..i.~ a;-' du ~/~ .,k 1"Cl·"~/&.ena

.L''touk...i .M-"t. ~me,.i~. 1,., 1&a ..14 tdie ~e~ j ?WIJJ

~JH16 ka:- c~Je& ~..lMU 1den.tr (.MW d:a.e.u.e) ,;, eeJat1tt

~ .Ja,flf .Jiu ktléM..J.UcdW mI eJW cuw...l ...ut!. (1II.8meJ f11r4;Umum._

(..tt..e, :Â-Mlu· mL rm.,J~ 't<""-'l4~ ~e) .

.E...,,"/,f., .. il1UA- A..".<fet-. A (MlmI.etti ~tto/ (111.4,"-71<""" au t~?r.t

8 ~ d/k (T17éJf~dB j ('!4IU (1lntJ .A€fMk~ a< .la .1'j...e ,.L'-'-~/e.e"ce ~

r?1l'~e,.j ti ~ "'/fU<- B (et f;1IM ~) rd ,?W.4~,

. zS- '" Z 5 (~ ..f .ft" (T170'1'14"j mfJ4) :0 S~ + 511~ + 5:.
::; 3.01+ ~".'f6+2.83::: 39,6bm~

t.m;e,.~m.e~ ~ ef....Jt4 (.o~relJJ:

·3
,l. •.l~ )l .J.~OQ ~8 ':: • If~ '11l.

-3= (;)(.l.5)( /0 )(.uJ" :3?1l.

)-1 -=

'J'L -e CX J.5x 10-3Le c.

g~ .le tmM1/2-,,1 rn.frhI f71Iau11Lu/m.. ...Jeu ;

l'7à ::: 1t 5-+ ~ (ft f;J '" .Oow.::!S-+ ."5'w{;.. +;;~J
= .O$x.2S0x 39.66 +.qS)(JSO (.'f~+3) == 883.'8f.N.m

. ~.d-~ l()1rutmda~ qu,,,

•• - ·3
""."~x03Ôx.IQ ~8 :::



• ZUT les (In.-metzh fOStfif (1rt<uu?mJ.m, Â cf4A.cJ' A1z.trme .46 ;w.'

;J

~~ k ..&<vée<J a;a,.,J;~~a!4 dé L.I .e";jen.otu..,J .a.n. ~-

mut,,); réi/. 1 7L -tk ~ .t.. ~Je -a~i.7lIi!, f1UuJ .~-;J.u~ 1u une
,;w.&, ck.g" ~,J.>..ée d: A'" .R.-ndMié .a -1 '.ane rA ~ kveéJ tri! t.&e.

~ h jzkJTq,d {hIb"menL.

1", ;,.epuntuzl~e J!.2.em.;& Fe"f~~vu .& f"l.I1!Ied

r1 11;' ) (h~u.r~ ..e"',Mo ~;a.,J ~rj a 1..1iJUrf!. 1:

LS+ & B· .z,
z '" 5cJl + SE"F ::: ol,J.3 +.13:; ,J.361>1

'DTJ..",~ie ecrn.sr...da...A et 1. ~nd.ud .nI ..ut ff!a&e~ -la ~e ~U~~:

-3 -3J-: .A. 4 X .l5xIO "kJ) ::: A.~ ,,~5x"O x -'0 = .3S",

'J 'ni.Je. rrn.b?nen1 ri1{ rfna:i1Wl7lu.7>I M~ -<l/'-fa. r

Mt + &: +
"8 ::: 1i.5 + 'M':!:: .05W~5 + • Il 5 W;j

=- • 0 S'X J,!)D )( J-.3( +-. '1 ~ 'I<.J.:JO X • 3:):::. 68. fi ln..",

:f.II., ~ A a~ el: 1oi~ .i.tdvtm.~'reJ ~) .k~~ t'lnA.'d1I11tfR

ro/ el fhirit/ 8...6 ile.· ~tc«.ee:. tic .la an-l__ rnzatuMe .:Iu~~
Âmrl -tiu...1i4 (ob"", .le.-!:a.ffku../.5.

i-",,'P: .cl"'.;f A~we 04 ~ ..r,e. t?U de ~ .; ft.!, ~'Ita.4"e , IL

e~J€/1TIe..f fn4~ r" .d.<.t-t ......ne ~wr de 3m..

48



.(, ,

MOMENT5 DUS A LA SURCHARGE

(CHARGE UNiFORf1E + CHARGE 5 CONCENTRÉES)

Mo."""f ·3
MO"'l.,,1

Po,,,t, iS- ";f1 !;!.~/Dl I,y,/!!"~O-3 " ôJdfif ff/ -:J/J5'/0 f(JO;f,!
(,.,,1) (l'If•.,,) (711~) ( ... l (/Z".",)

5 33.66 2,'Z51.8 6l.ec 883.915 2.36 A.4l.c~ 68.8'5

C 31.99 1i·6 tee 3.054.p 1/t1i.1I 7.116 ,,1.05,* ,,152.7:>

D '31.31 3. 35kb ~.564E 141.5 7.71 4.1J.. 458.25

E 40.2 6.05~E 2.25~F 8~3.4 2.4 1 A.IlSk} lo.J

.3A8 -11 A.14Je .-15'lDf 241.56 6.53 8.-1 t..s 26 ;j.87S

.
.5A8 -18.32 2.8~41t •241/l( 402.25 7.68 8.95~ 291.315

•j'AB 25.65 3.88Lse .3S~ 558.225 6.26 G. !!LA8 233.05 .

.'38C 4.9 1.31..48 .1 I.tE 53.11 ,,10."3 3.85lac 346.315

.5BC 2.28 •~ l",p, .8kD 65.1f 21.38 5.'35/e, 568.15

.TBC 2.54- A.1/.~p .-1/.1'1' 86. .f8 ,,16.58 Il.3lsc 41+11

.3CD 20.23 2.'J~ .6 ~E 446.15 6.49 5.1~D 242.

.5C)) 19.;38 A.75~c -i,Ul E 440.55 8.42 l'le» 302.125

l'1h,,.lif) = (O.4'i1~)-P-t- 'UlzS- ) 1'1(,,",;1./) =- 'J.i' + "W"zs·

P: .1l5W /. '" ~ .05V1!W/.,,; w" SO+UD:: kN
TA8lEAIJ 25



1) !I.",-,:,!11~~ -# i..A~fI' -f~'!!la_u..t,

cl.. '7 f:1/IIA.fU.Je .u! ~/e ~ k M el,.h AJ~
J'~fafl. (~).~ ua Mu ,k9nJ~~ A-~~ ~ira

fe..1R ~f1Ze Â-. kk 1..~ A f8J d -r~~ fi r7ll1"'f

elf.l 1" A ~ rJnd~ ~ ~~ d- ~ L~t6, ~~~

-"Ill rftÙlu Ail -;tut'l; .d ..!:'d ~ i: ~tt ~ L~

,./. la ~t& ,JUL (/)L~ ~JhUd~ . -1," ~ (I\4Il4 af4.U ""7'" ~ Ivrz.

~ A" Ikrr~~ " 7'«' kllL~ ,.6 ~~~ 4~_

~ , .1k. ~w.t ~~ pk :3 m .JtJ\<t PtlS~~,

i) 1t'ftt~PfL A la lu7e r&de ~+1YAtl:
.#.4: El '..~ ~I (/l4UJ ,A~ lb,' lF'1Jt ,.Je. ,U11I!"a ~ ~

~w"" ~m.~ 'f'4 r-. fhN8 dù'l$ ~. J'Il e/(d a_ u..e

~ ,de /ad, ~ .2.tJe11t. ,a.1lt.C "M4t.~~~ cJ '/,em. l1IU(

I~, (1I#Ud ,4f-lJlm4 (t~~ (~~ -Je.uJ ...t-M~ • ..,.va.... A"-J

~ d:,; ~1é ,.k~ d'a..hr ,dJ,?nt~ k)~ ... ~A-.d '7W

r~ ,eI'~~ ,d:fId k h.~ A ?e.A (~::.5,J a. a.6 J a.c.J-,J

<t = .:1 J 0/ 11 11). flJMM J-~ .urad1 l1JIN<J alllmd ,.~' À ~

~ ~~ da ?Jll e1rt ~ ,J.AlA'p.:ru.'l>ZIe"-, ;k ...Ife" /Z41<

p,IJJ • (1)
'f/l<iJ·

t:1IL~ A1/.t d'cr .AtUf- P =~ -- ~eat.

~~ ~ 3J1U7l fhN ~ J.Jit. ~~ ,e. },"l1U<d. ~ -r'
RIo r: Je J,.~ )~f-.M (5~") .

'~'" J 5]) = rm4J&'- wt.~ (t,-~",J tU/fe~)~ (~se.,r )( ~-Y
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~ ~ 02500 {(.6~+.~S)dJ:: .J9Û ~/m

• '['11.......<>1</ J-<."" ~ e, -iJ...if"""" '10.(;. eu aui."..:e,...) L ~"adJe.ur ~ t...

~ff,. -4-u' k6e- .la. ~t(.~ 01... frJ -i ee ,?,'dItz Mt 44< ,..Iw-4

4fllUd)hÎl 34+:1 -: 51~"'-

~fG :>J S'fI; ~ .tStJT) [(-!PI t.M)" ~J:: J,~(J ta lm

f_ ".&1Wtm{ ,..k'n~ ~ ".,..Are j/c1(M../'ifl.. .Iè&! ~17L~e -"?ttr' ..1.!lZSff/...

e-l ~200 ~/m .

•~v"",J Ji/11 e

~D:J'l~ ' (~ l·~.. v:
1(", ~----:Il'------- ~

-----~~--J----~ .

t(;.....<4Ifl4.7t!: j{ 1'..1 tNn<J a...NlfII:

.1.... la. .1"4'1~ Ae (.;."l t"4"~ El') .. L = Sm j <t ="m

M}l~ = if.<,,,,1L (3"t/-AO'''~8+AO)(tI)-= ,(.533 '11 J
60. 8~ ~J 1'1". -:. M" fi 4. e • 'fltL

t ( t 1.\ n L f!!' !!Mx =- , .. ,," 3"~ -8I'li}l8 +&,,8.J -= 3.". q~
:z. AVSI. T

_f.,.., 1.. Â:'AV~ B~ (l.cl hlt.vÛ D~) : t s ëo m J' a:: ~m.

M",= 'fr""l. (?,"'/- Â~"yx.te+A6)iJ.i):: .1..16'f1 }
(0)lJo~ <)"'7:"'7 fi 1J.=.3''b.

l- ( .z, oZ' 1 • -- ~
M~:: '1.."9 l. 3x~ - B"~ x,u +- GxoU.J = G.031.z,

A2-Jf.lo

_?"""'"' .i... .1:....""~ cD: t." A6'nt. ; a.= ~ ""
J .

M'Xi -:~ ('3,,/'- AO".fxA~ + AD)( AD~)" •.f505~ j
6~, Id' ., M"1 ~ f1x A"I.·1.z. :: ,.j~1t

M,,~= ~t (3'.-f t_8''''''.o4D +6)(Ao')::: .1I36~1. ~ •
A2. ••o~ r

.1v.'l"u,..s A rm~~.,1 .th1 B ok. .t k ~e ~ .. 1'1))(6} SAflS k.,ifl. ","'pk. tkg...s~eIJ

rJ 'r .la. --'~'>le ~'4ena ~ fnwme...1 4'- ..f~·8/ ('IIUJ~:



y
}

~I

SB e i5~y= _3.01-3'.U+.2.2,-2.a9t- . ..,!J =-'1.'../' (C"JtAI'!"" ZLIt

rrnl1<llt-J rn~.J.I)

CI~ le ftMm.crJ MD(8)""~"

"'~(4) '" 'jf'SB:: O/U5 x (- 37. .,) :' -..(09-fO.l,.5 fJ· rn ("""'IC<zi ~..i.I')

.lvu..,~ s: ~e .-a+1U t11t41U'~ Â--'!ft~ ft: t~ tc!nlJ;re!..
!J6 = (fwr1~'trt!L'1nul Je !a.-;J~t)...r: (.f?x 3).~500:: AoUSt<l·m.

. l~"..,., 44U' mk -%flI ,.L '.c:"rt-Ult!c ,k f1rl61tIeni à. 1~'IJ, .la 4iafee

~nia ta"- An.~ d '.ait (11In.t ( Cf fJ;Z) .
1...... .la .lraVtL C~: ao1 <'4W'?"lt: r~Jenl ,t oJ•.l! 11L.t

[~ 1 eAMf!4Ul. ~-L;; r./f1 '" ,,(o~....o/.

. t"'""w~ Je. (1)I,D11I,cn-é e",jc.,d.,.:1411. .4J~e.J..
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