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(.4_10 ) Cmn-a:-f_% J_% qi-w—q—-m-—g-.d.xdj

ds  caleuls mrrwulalw dans M cas d' wn coque Pamo.bdm.ch. )JhPtqu

vent  ebw E:.%LCI:U.L; e uan cﬁuzma;. conatande oh—_btook%[m’“.
{ camibmh,atm de la coquL sonk

H -

a=b= HOom : :ﬁ-é?m, 4\,:0,64511\; V=02

E

n

3.10% kg [m* ;b - 336064,4979 Kg.m .

N ous pranons mz 12,3 & n- 4,2

._3 2_



Alors BTN wcﬂmuu\i'a Armn , BPmn k£ Cmn senk
A“ = L,697. o™ 2 .E:“ - - 2626945,8y7 Sy = GH8, 456
A, = -4,548.10" > By, = 4713344 070 i — A48 1BE
AEM = ..1"5&5 .10'5 33'\ = '\7354H|DTO C—s.‘ - - 216,152
Azs = 5043107 Byy = -31337,213 Cyy= 72,084
den ’,?cmcl&m W x93y =t D(x, 3) S<ront obtenues Par
o -3 h1
W (x,9) :h.eei.loaws.ﬂ_" Cos T2 A, 543.1b Ces __’f.Co.s?’E
ho Ho Lo 4o
- 4,549.10 cos 2T cos 53 5,0&15.16“&53’1.@5 3w Cm]
i 40 4o 4o
P (x,9) = - 2626945, 847 .Cos TX ps B3 | (7%344,010. Cos "X  cos 3T
4o uo Lo 40
v 473544,070 . Cos 2TX cos T3 _ 31337,275. Cos 20X cos XT3
Ho uo Ho Ho
f» rdations (2-42) b ( 2-149) du c,h,a‘;,;bu_ T nouws P%mw
d' obternin A moments b Jos ,Q,!FFOJ}: .
My = 43,770. cos °X . cos 12 10,596 . Cos "X Cog 213
4o Ho Lo Lo
~ 3u,316. cos 21X cos s (3,306, Cos VX  Cos 249 [CKg ml
uo ko ho 4O
My = 43,770, Cos 1¥ . cos T2 _ 34 @46 . Cos nx | By 22
4o ko ho 4o
m
~ 10,586 - Cos 21X < T2 L 4m,306-Cos 2UX cos 202 L¥g.m]
ko Ho ho LD
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Mxy

N x

= - 9,180 - sin

+ 9,082 - Sun

= 16204 , 323 -

- 4620u , 323 .

A063 , 088 -

9624, 745

16204 323 - Sin

207,265

Tx

AL ]

- 9624, 745 - Cos

Sin
Lo
AT x
ho

Son

4+ AT3Q ,171%6 - cos

— 4009 ,0€8

. Cos

+ AT29 ,736 . Cos

- 3207,265 - S(n

mXx

Stn

. Sin

mx

Ho
3Mx

4o

T

Ho
A=

Lo

T x

Lo

+ AT%9,736 . sin 21 |

—= . 8w > + 9,082 .
Lo Ho
X gin T2 _ g, &M
40 4o
Cos X  cps I3
ko 4o
coe 2R%  wos T2
4o Lo
Cos TX | cog T3
Ho L]e}
™
. Cos 5__;..( . Cos TE
4o ho
Tix Sin ma
ho Lo
sev. T sin 3
Lo uo

4O

. Cos

. Co

373
4o
3T

4o

ST

ko

Lo

s_‘-LT[:)

ko
AT

Ho

Cos

. Sin 33

4o

Sin 2 [, ]

4o

Poun mieux uvisuabiser  lgs vamwationr dr momends  of  dus .&Ws

ru,Pu’soninnb A dans lis tablreux

Tableau N°1

ek fucawwb gutoanks

[ vg.m ]

[ 4 ]

L]

pour les valeurs de Mx [Kg.m]

ccos 202 [ wg. ]

X(m)
Y(m) -20 -15 -10 -5 0 5 10 15 20
-20 0 0 0 0 (0] 0] (0] 0 0
=15 0 29.43 22.7¢ .44 -40.56 L. 22.76 29.u% 0
-10 0 38,03 6. 24 2.83 | -46.%0 2.89 26. 24 %8.0% 0 o
-5 0 28.%% 25.27 -2.3%5 -A8. 44 ~2.35 .5.27 2. B.33 Of i
— =
0 0 24,09 AT.u% | =5.30 - 48.3Y -5.30 AT. 45 24.09 0
L 0 28.3% 28.27 ~2.%% —AB .4t ~2.%% 25.17 28.33 0]
10 0 32.0% 36.2u 2.83 -46.80 2.89 B6.2Y4 %8.0% ;_
15 0 29.43% 28.76 L.A4 - AD.E6 H.-M 28.16 19.43 0
kﬁzo-—ﬁ_ 0 0 0 _0-— 0 0 7; 7 70 7 0




Tableau N22 pour les valeurs de My [Kgm]
X(m)
Y (m) -20 -15 -10 -5 0 5 10 15 20
-20 0 0 0} 0 0 0 0 0 0
=48 0 24,43 38.03 28.33 24.09 28.33 38.03 29.43 0
-10 0 28.76 368,24 25.127 A7 45 25.27 6. 24 28.76 0
=5 0 L.Ad Z.89 -2.3% ~-5.3%0 ~2.3§ 2. 89 L. A 0
0 0 -A0.56 -16.86 —18.44 -18.34 ~A8.u1 ~-16-80 | -40.56 0
5 0 .M 2.£9 -2.3% -5.30 - 2.3% 2 .89 K.Ad 0
10 0 28.76 236,24 25.27 AT.4s 25.27 36.24 28.76 0
| I S g ]
15 0 29.43 28.03 2g. 3% 24.09 28.3% $8.03 29. 43 0
20 0 0 0 0 0 0] 0 0 0
Tableau N =23 pour les valeurs de Mxy [Kg-m]
Sim) 0 15
Y(m) -2 - -10 =5 0 5 10 15 20
-20 - 36.22 -23.74 | —o.22 .60 0 —-a.60 ©.22 2% .7y 35.22
~-15 ~2%.74 | —45.56 | —0.42 6.34 0 —6.34 o.l2 15.56 23.74
1 m‘_—“i_ - ]
-10 -0.22 | -o0.2 ©.06 o.M 0 - o.M - 0.06 O.12 ©.22
T S I I
-5 9.60 6.31° o.M -2.50 0 2.50 - O.M - 6.24 - 2.60
0 0 0 0 0 0 o | o o | O
— S — | I . S—— |
5 -9.80 —~6.31 - 0. 44 2.50 0 -2.50 o.Ah | 6.24 g.60
|
I . ] g
10 0.22 o.12 -0.06 |-©.M 0 | o.q 6.06 |-o0.2 |~-o0.22
e e _ —— ,I, IS S, DT
15 23,74 A5.56 O.h2 - 6.3 0 L 6.3 —0.42 -15.56 |-23.74
- - — — — - =
20 36.22 2%5. T4 ©.22 -9a.60 J 0 i 9.60 i—o.zz -23.74 |-236.22




Tableau NZ24 pour les valeurs de Nx [Kg-]
oy 0 5
Yim1] =2 -15 -10 0 5 10 15 20
-20 0 0 0 0 0 0 0 0 0
F— i
-15 0 T637.82 12096.43 A3470.46 | A30T4.08 AB470.46 A2096.4%| 1637.82 0
-10 0 8823.45 | AWBAT.47 | 46414.66 | 46275.69| A6AM .66 | AuBIT.uT| €813.48 0
-5 0 4647.4S | 8209.99 | 40306.23 A0966.80| A0%06.23| 22008.89 | 4647.4T 0
0 0 A899 43 | L4B0.33 6530.41 725318 | 6338.44 | 4A80.35 | 4899.43 0
5 0 H6AT.us | 2209.99 | 10306.23) 40966.80 | A03D6.23 | 8200.9g | U6{T.4S 0
S - e S ,{,,
10 0 8823.U5 | A4BAT.47 | 416444.66 | 16275, 69| A6414.66 | 44B4T7.47| 2e23.45| O
15 0 7657.82 | 42096.4%| 4%470.16 | 43074.08 | 43470.46 @ A2096.43| 7637.82| O
- .
20 0 0 0 0 0 0 0 0 0
Tableau N°5 pour les valeurs de Ny [Kg.]
' T
X{m) | {
-20 1 -10 -5 { 0 ! 5 10 15 20
Yim) | | !
o | | | | |
-20 0 0 0 0 i 0 | 0 0 ; 0 0
1 e R e |
-15 0 7637.82 | B8213.45| MBIT.u5 | 1839.4% | H6I1.45 B¥13.u5 | 7637.82 0]
e S i ——
“10 0 llzoqs.ua AWBIT.47 | 8209.99 HAR0.53 | 8103.98 | 4u3i7.47 | 42086.4% O
-5 0 | 1347046 | 16444.66 | 40206.25  6238.44 | waos.u} 16444 .66 | 4347046 O
. i O | S i B I
0 0 A3074.08 | 16275.69 | 40966 .80 7155-18: 10966.30 16275.69 | {5014.08 O
- = “Iff x {i —i ===
5 0 AB470.46 | ABIMM. 66 | A0%06.13| 6338.44 | A0306.13 AGAIA .66 | 4n470.46 0
10 0 A2096.43 | 44317.47 | £209.99 | 4480.33  $209.93  Aun4T.u7| 120a6.4% O
15 0 7637.82 | B223.45 | 4H4T.45 | 4899 .83 | 464T.45 BEL3. 4% | T631.82 0]
b—— - - ..'__ —e S— 4 I S IR
20 o | o 0 0 0 0 o | o 0

~ 35—




Tableau N°6 pour les valeurs de Txy[Kg-]

X(m) | f | | i

Y(m) 20 -15 -10 -5 0 [ - & 10 15 20
-20 24358.59 | A9827.40 | 40222.04 | 2858.06 0 !—2.258.06‘-4012.8.04 ~A3€27.40|-24%58.53
-15 49827.40 | 16353.34 | 8827.05 | 2846.42 0 |-2846.12 |-8B87.85 -46355.9 -43g17.10
— - e e te— L f—

-10 10228.04 | £227.85 | 5764.76 | 2558.27 0 ‘-zsss.u -5764.76 |- 88871.85| -40218.04
- . B l\ oo Wisiniidans ‘Tt i

|

-5 2258.06 | 2846.42 | 255%.27| 4530.45 0 |-4590.15 |~ 255%-17 |-2846.42 |- 2858.06
- = e, o N

0 0 0] (0] 0 0 0 0 0 0
| 1 o I‘_____________* +—

5 -2258.06 |~ L846.12 (- 2558.27 |- 1590.15 0 4590.(s | 1553.17 | 2846.42 | 2858 .06
. - B N | SO 4|__ e — fomry

10 -40228.04 |- 2€87.85 |- BT6H.T6 |- 1558.27 0 2558.27 | 5764.76| 2887.85/ Ap228.04
P R 1 IR NGNS R ——"

15 -49827.40 |- 16353.94 |- 8827.85 |-2846.12 0 ‘ 1.846.&:.,‘ 8E7.85| 416555.94 A38171. 40

) o SR R AR G—
20 =143%58. 569 -(9827.40| - AD228.04 (- 2858.06 0 r2858.06 A0228.04 | A9817.10| L4358.59
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Graphe N°% pour les valeurs de Nx [Kg]
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2 - Calculs et resultats numeriques d une coque spherique

a. Methode de serie double en sinus

Sodk  wme coqar sP?wuqm. en PunIn. douce , d' .e?au'.ssmn. conatanle
L, do  dimension (axb) sun M Pfa.n, ; af?maz'e pun  don conboun

acd , o soumie a  mm cﬁ.aazam um«fnm 4y -

e ans de  coordonmses sonk Pm suoank la ‘%.aguu (FC%NE'\‘* )

f'gﬁqmﬁom d' ﬁ:qui,ﬁbu poun WL coque e Pu\ll doure &' Lout

L t Ve - YiW - oo

6
D eterme novs A y @Lx,g) 2L W (x,9) de tedle acde qut

s dinncews ,Lai&lufami s hﬁaﬂ.‘nu. cL"&ﬁmai&cm. Ca-u ) o lus
cendulions aux  Aimulis poun Mne  coqut W M son conbouwn
At andis



Pour x =0 <k * =

= a W = it = O = Nj-—o
Ix?

Pour 34=0 =<k 3= b w = ?*w = 0O ) N, - o
o9

Pour

ala  nous axpumons Mr fonchiows W(x,¥) b P x Y

W(ix,3) = = Ap,- Sin mix . MU
b

mzi Nz A
(4-12 )
C@U‘aﬂ) :iﬁ &m-zmw, S—dn,'ig
m=1 Nz c =¥ b

A Vec Qs ?ouch.am Wx,9) =t ® (x,9) c.fwt&c.s(l-q-m.)_
auwx Mmbs  sonk .Sa.ﬂ-:,?a.u.ﬁ.s

Ly condubions
Nous <emanquons  qui  poun uns  coqur s?qu da Poﬁl‘l J%Ufc.?\-t

?mh.-

V: ek WH sont donmis

4 Y
Vq = 3_ + 2 . ° + _32
( 4-14 ) b O
Vs_ 1 31 'aL
e B ome o=y & =
p'?. ‘&Kl p,\ %jz

bt = = WE e =
= 5 0% 05 - M. Sl BE, gin 3 < s
i L

A M=, n=i a are oy

w oo oo s _

E % 3 -G-\.'n_mly' Py nit 3 _ - mdXx .onu 32

mor ) B n = < n — . n =

(4-15) { ( ) - & =3 can L 2
o - s N ) L e
ZZ( m* + a*)". Bmn . ®n RIX | e bud T o

E. ‘g duu —_——

m=l A=i A a a,.-g Wl mat

. omilx NI
(m*+ n2) . Amq - S@n —— . @0 —= = O

Mudlc plioms di duix membas  do cﬁaﬁm Eq%u.ah.crrv dur aaoh'm ( a-1s ) pon




Comme

(4—-16) Jol-s{n.ék.&\:n&_ﬁ_:d,x:“ pour x::dl,
L L 2

Mors  nous oblinems

" & 2 2 2
—b-f‘- . ("‘z+ nl).Amn — Ti—__[m + o) . Bmn = Cma
( 4-17) a AR
1 h 2 2 2, a2
_— (m1+ na)- Bmn + ws Ama = O
E.-FI a."’ q?._p_

da  ruselution de e u.r“t;:m d'.nlquah.im ( 4-17 )  mows F-wm:); d' cbleadn

"
a'. R
[ Amn = C mn
ppim" (m*4n*)" 4 at E-R
(4-18 ) )
an — == C—mr\.
R | L. wr e
Eﬁ-aﬁ(m +n) + —:l-(_m +n)

determination du coefficient Cmn

1T cas : charge constante
- _ _
9, = S5 Caae Sy Do, sy 202
m=s Ny A a

A o

MuJJZLPh'crm- Qin duwx membea de  edic x:qm P &ﬂmmnx.ﬁnmlws_dxdj
<k "“I“'é’““ deax ‘%su- anfu 0 =& a

En ltenant comr-tl, la. tu.m.a.u.'lu (4-46) , nouws pouwons obtenin

3

a a4 . mux . T\Hj a
Su I S and _ 4
q‘ Jo JO n a . tn o~ AA-xdj = Cmﬂ _L‘_
v,
(4-19) Cmn = quz (eosmT —4)( Cos 0T _A‘>
mn.m

do  calenls Mmi)uﬂu.lk Aok %o.&lt Lave q, = koo Kg | m*
a - ko m . R. 52,75m ; Hh=-o0O,M5m .

9 % 2 Yy = 0,42 . D = 236064, 4319 V—r-a,-m

rm
i
o
)
&
3
|




C4y = 6uB ud6
S49a = 0.000
Ciay = 216.151
€,, = 0.000

¢y, = 0.000

c::l5 - ©,000

C'{H = 246,152

Cxqg = 0.000

Caxx = 72,054
DOI’\C,

sonk :

W (x,9)

- 5,227-16

Ay = 5,227-10 "
AL = 0,000
Aoy = AT22 6>
Pt,_.‘ = 0.000
A,, = 0,000
23, = 0,000
Ay = 1,722.40 >
39 = 0.000
Ay - 5,594. 10 "

B, = - 2774324, 606
%, = ©.ov0

Byxy = - 182656,459
B,, = 0.000

B,, = ©.000

B,x = 0.000

334 = - AR2656 459
By, = O©0.000

Byx = - 31952.482

R 778 #onch'ous do dLrlacn.rru.ni Wk, 3) ef de confsaunte bx,3)

-% . . ~
4+ A,T22-10 . a0 _&(n 3

4O uo

- . e R TE -4 3 — . =
+4,722.16° 2 Sin 2™ 5ia T3 L B 5qn.00 | Sin 20X 50q 3T [ ;]

P x,3)

do rdabions (2-48) b (2-49) du chepibu T |
Momunhs & An Lﬁou; i fants

- 4826%6,4%9 . SCn

= - 2774224, 606-Scn

My = 45,326 . Sin X | sn 13
4o 4o
+ BE,105. Wn 20X gin I3
Ho no
My = 45,326 . Sin "% St 12
ko ho
+ M,780 . &n 2% wa 12
4o 4o
S ¢ .
Mxg= - 40,247 ®n 22 . s 22
ho Ho
-~ 40,047 . sn 39X  gia 2
MO0 1]

St n_x . Sin 1‘—_3
4o Yo
Lo 4o
ix .8 WY
4o Ko
3K gon T2 _
Ho 4o

A41.780 .

i5,59 .

38,705 -

A5,594

10,097 .

9,835

._46_

n

. Sin

Sin

4o

Lo

E . AR
— AR2656.453.5(n — . Sen 203

X

39952 ,4R2.%n = —

T x

Ho

3l x

“o

T x

Ho
3 x

Ho

Tx

Sin —

Lo
BT x

Ho

&L

Sin

3y
Lo

ETE

Lo

3us
Ho
T ]

S __°

Scn

. Stn

Ho

03

4o
EY]
4O

Ko

ko uo
. fn 8y L Wy m ]
Lo

s P&uru.m.nf d'obtirn s

L U.%mj

Cuﬁ.m]

Ck%-m]



Nx = 17097,905. sun e
Lo
bR T R DO
)
’ mx
Ny = 47097,905. Stn T .
ko
© 4 40440,452. Sin 20X
"o
T, eos
vy = 47097,905. tos X
ko
+ B3%80,484 . Cps X
Ho
Poun  rmuieux visuwaliser s

i

. Stn —

]

Ho

Scn

s W
Sm._'i

. tos 13
HO
TS

4o

. Cos

+ 10440

+ 4829

+  AA26, TAT . Sin

+ A813,%34. Sin 2UX

,452 -

, 5914

+ B380, ABA .

+ ig29, 394 .

sta

. Sta

Cos

Mx
Lo

Ho

M x
Ho

cos 2Tx |

ho

sin 22
uo
Sin 23
. Ho
Stn Eif
40
Sin EEE
Ko
tos 273
ho
cos 20>
4o

L kg ]

I'.R.ca]

[.F-%]

Vorwaliors  dis L'ﬁmﬂ <E dex momente

Lous u‘;u’;e_n,tm Qs tadebiowx ok ‘%’W suards
Tableau N°7 pour les valeurs de Mx [Kg.m]

X(m)

vim| ©° 5 10 15 20 25 30 35 40
0] 0 0 0 0 0 q B _O 0_ O
5 0 33.40 32.%0 4.29 —1l2.47 4.29 32.50 33.40 0

I _‘; 0__ hy.%d _—uo.m .02 Fﬁ—:IW 73.01 40.70 Ky.84 0]

gﬂS_ R 0 _ 34,22 27.89 -z.qnﬁv -zo-»tih - 2.4% 17.29 5»-!-2.2. 0

B 20 0 22.74 12.85 | -5.57 -49.56 | -5.57 rg.g5 | 22.74 0

- 25 70 7 3422 1 J:T-ag *—2-“3’ 204k | -2.u4% 27.89 | Bi.122 0

b—_.':.D ! (o} 2.2 4o.70 A 3.02 -43.7157 5.;_1—__:4_0.7_0 ;:271 : 0
35 7 o— : 3%.40 31.%0 4.29 ~A2Z. 4T .19 »2.50 35.40 0 7
40 o} 0 0 0] 0 0 0 B (; o 0] i




Tableau N28 pour les valeurs de My [ Kgm ]

X{m ) ‘ [ | |
Y(m) 0 | 5 | 10 15 20 25 | .30 | 35 | 40
] ! | T
0 o | o 0 o | o | o 0 o | o
t+ } |
E 0 i ®3.ho ha.84 34.22 22.74 ! 34.22 H2.8A 5%.40 0
———— 1
10 0 1 32.50 4o0.70 17.89 A\8.25 ; 21.89 } K0.T0 i %2 .50 } 0
e - 1 { |
f 1
15 0 | 4.29 | 3. 04 -2.48 -5.57 -2.48 \ .04 i 4.129 0
= i 4
| !
20 0 ;—u.m | -48.25 |-zo.au |-13:86 | —2o.n -43.23 } ~A2.47 0
25 0 | w29 | 3.04 -2.u4% _5.57 | -2.48 | .04 | k.29 0
T ' 1 | 1 !
30 0 32.50 16.70 27.89 \e.85 | 21.89 | koo | 32.50 O
S E— R — . f ’ < ~
35 0 | 33.40 hy.84 34.22 2274 | 34.22 | 42.84 | 3340 | O
— T I ,f 1 | '
40 0 0 0 0 o o | © 0 I 0
| | |
Tableau N29 pour les valeurs de Mxy [Kgm]
i l f
10 15 20 { 25 ‘ 30 35 | 40
I ! 1
-0.21 A0.64 0 L-(O.SL« | 6.27 26.39 | Ho.2%
-0.4% 7.04 0 |- T.04 } 045 11.%0 16.%4
- — ——— ‘ : + -
0.07 0.1y 0 |-0.44 | -0.01 0.1% .21
— S = 4 .’ ..4 g —
0.1y -2.15 | O ‘ 295 | -0.lu |-T.04 - 10.6k
| |
o | O o | O | o 0 0
| | | |
e 77 S, L LR =
—-0.14 2.15 0 | ~2.75 O.th | T.04 ' Ab.6u4
e o = ! T
- 0.07 -0.1H 0 0.1y | 0.0T -0.¢ |-0.27
! [, N : 1 - —
«ILOJE |- T.o4 0 | T.o4 l-o'ls |-41.%0 | -26.39
I B | BT TN T
. | | | . |
e s B - A0.6Y | 0 l 10.6L4 |- 0.27 1—26.69 lvuo.is
Il ‘L 1 I




Tableau N210 pour les valeurs de Nx [Kg]

X() 0 5 10 15 5
[ Y(m) 20 2 30 | 35 40
0 0 0 0 0 0 0] 0 0
5 4 0 LGOHS_‘BS 12764.22| 13288.65| 153790.%5 43802 .65 | 127154.22 | gous. 96 0
10 0 330{.82 | AS097.2%| 16984 %o | AT470.44 | 46994 LD| AS0D47.22 | 9304.82 0
I — - | DR . T itz
15 0 4By .94 ©666.719 | A0&18.»u| A4ST4.95| A08T2.%y| RE66.79 I LETL .o 0
!
20 0 2043 %1 hyzz.80| 6696.15 | 1660.4% | 6646 15| HYy20.80 | 1o4B.%H2 0
25 0 UBTH.94 | B666.79 | A0818.B| MST4.35 | 4081834 | B666.T9 | HBT4.B4 0
30 0 4304.82 | 45047.95| 46984 40| ATATo.1u | (699y4.up| 45097.23 | 4304.22|
TS| SUS—— S . - Ll S— S | g . ,1_
35 0 B042.46 | A2T54.22 | I3888.65 | 12790.3% | A3888.65 | 12754.22 | Bou2.96 0
40 0 0 0 0] 0 0 0 0 0
Tableau N211 pour les valeurs de Ny [Kg]
(m) |
LS 0 5 10 15 20 25 | 30 | 35 | 40
Y(m) | |
| | ‘
0 0 0 0 0 0 o | o | o | o
S — 1 _— R e e =
5 0 : R0u8.96 | 4304.91 | M8T4.q4 | 2043.32 | H3Tu.94 | 9304.£2 | g04Z46| O
10 0] Fzm.u_ 1Sp97.2% | 8666.79 | 4u22.30 | $666.714 | 15091.2%| 42754.22 0
] N |  N———
15 0 13888 65 | 4694L.40| 4087£.%4 | 6646.1S | A0€12.3k| 1699y yo| Iz228.65| O
| - R
20 O | 43180.33 | ATAT0.4k | M4574.95| 7660.1% | MS1u.95| 4T470.14 | (5790.33] O
25 0  43222.65 | A6994.40| A0818.54 | $696.75 | 4081834 | 16934.40 AD2RL.6S O
30 0 A11s4.22 | 4S0a7.13 | €666.79 | hulz.g0 | §666.79 | 45047.23) A27s4.22| O
35 0 goug.96 | 9304.81 | “8Tw.94 | 104532 | L4874.94 G504.82 | Bougzde = O
40 0 0 0 0 0 0] 0] 0] 0




Tableau N212 pour les valeurs de Txy[Kg]

X(m ) )
0 5 10 15 { , l
Y(m ) | 30 | 35 40
| | I
0 25687.60 | 20942.86 | A0TI6.47 | 3023.62 | 0 ‘[ 3023.62(-40796.47 |-20912.86 |- 15687.60
|
= e 1 | - i | -
|
5 ] 20%z.26 {1252.04 | 9384.49 | 300841 | O |~ DO0RAt |- OQB24.49 -4T151.04 |-20312.86
SN S S et J——
| ‘ |
10 10796.41 ' 932,49 | 608350 | 269¢.92 | |-169£.92 - 60€3.50 -3384.(9 (-10796.4]
| { I - i " i e i
| | | | |
15 3023.62 | BOOL.M ] 2698.92 | 4671.29 | 0 -1615.219 -2698.92 - H008.44 |- 3025.62
20 0 0 0 0 . 0 0 0 0 0
I S - | | —— | : | 4
|
25 -3023.62 -~ »008.40 |- 1622.92 |- 1615 19 | 0 | 1615.29 | 2628.92 | Z00L.44 | H023.62
| | { |
. [N S | | : | l
30 - l0746.47 - 33g(.48 |- 608%.50 | . 2.698.92| (0] | 269£.92 €08%.50  9381.49 AOT36.47
{ | |
35  |-20912.26 -47252.04 |- 938449 -5008-1'! 0 | BooBA(  9384.48 | 17252.04 20312.26
1 | . | l
40 |-25687.60/-20912.26|-40746- U1 -5015-61 0 l 3023.62 A0796.47| 20342.26| 25687.60
l |
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N°7 pour les valeurs de Mx [Kgm]
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Graphe N211 pour les valeurs de Ny [Kg]
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2eme c

as charge sismique verticale (avec Kg=_-)
S 10
5 B, G Sin 200 S a0 E /m* ]
42 no no 3

Nous rUmarquEnD c‘u.:. daans e casr , La oew.\,%q, q, ML cordienkt qu.'
un suld Toee  avee m- 3 b

m= 3% A.m
Cmy = 24,6 : Ags = 4,676.007" " Ban = - 9272.996
£ '{v-\chm Wx, 3) =k @ Cx, 3) dunennant
Wex,9) = 4,676-1p07™. sin 2= g0, ¥ Lml
ho Lo
Pix,y) = - 98712,996 . sin 2T s 2E3 [ ug.m?]
Ho HO
de Momunks b e ,.'.ﬁot. sonk  alets
Mx = hhaa. Sin 2% guq 3Ty [ Kg-m ]
4o 40
M = Wohas o Stn M, fn M L Xqg.m]
3 = ” ¥
M - -2.9u8 . Cos ¥ . (cos 237¥ C .m ]
3 Ho Ho \'Lﬁ
Nx = 5ua, U4 . Sia 2T%  gon 203 Lral
4o Ho
Ny = 548, #h . 3in 20 goq 3T L ko1
Ho Ho
T,u = - 5uE, dllu - Cos 2"% (g 273 [ Wa ]
*3 ko Lo H‘%

Nous u,ru.SaJmu I tablaux 2k %}-&Pfua suvants pown mienx  swvdte
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de Mx (My) [Kgm ]
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N213 pour

Tableau
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Tableau
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Tableau N=215 pour les valeurs de Nx (Ny) [Kg]
X(m) | |
Y(m) ‘ ) 10 15 20 25 30 35 40
[ —
0 o | o 0 0 0 o 0 | 0 0
_ A e e — | :
5 1 0 r LG7.24 258.07| -193.79 | -506.%9 -1493.719 | 352.07 H67.8u 0
‘ .
10 0 | 358.07 | 274.06 | -44&.32| -381.57 | —4ug.32 | 214.06 | 352.07 0
— — SE ‘T - Y. 5
|
15 0 =~ 183.79 | —4ug.32 £0.27 | 209.75 | ®0.27 | -Au€.32 | -133.79 0
- —— e
20 0 ‘ -506.%9| -337.57 | 209.15 | S4&.44  209.7s - 387.57 -506-39 0
e ;[ -+ S T e e
25 0 ‘_453.19 —4us.32 | %0.27 | 209.1€ £0.27 | -1u48.3%2 | -i83. 18 0
] —-—t
30 O | 5807 | 274.06 |-{ne.32 | -331.57 -448.32  2I4.06 | 358.67|
| - - | 4 _

35 0 | u61.84 | 353.07 | ~193.79 | -506.39| -135.79 | 358.07| ueT.2u| O
NI S . i |
40 0 0 0 0 0 ‘ 0 1 0 0 0

Tableau NZ216 pour les valeurs de Txy [Kg]
[
X(m)
0 5 10 15 20 | 25 | 30 35 40
| Y(m) ] ‘ |
0 -5hg.M | -269.75 | »81.51 | 506.39 0 -506.39 | ~387.57| 209.75 | 5ug.1x
— e | m— =T — I ' — 1
5 -209.15 | - 80.27 Ay8.%2 | 193%.79 0 -183.79 | - i48.32| £0.27 | 202.75
B S A —— [ T
10 »81.%7 A48.%2 | - 274.06 | - >58.01 0 3158.07 214 .06 | ~ I48.%2|-287.57
15 506 .29 A9% 79 | - >B8.07 | -46T.4S 0 L67.45 | »52.07 |-493.79|-506.%9
e = - = SR (P—— l# - L — 1
20 0 | 0 0 0 0] . 0 | 0 0 0
_ ‘ B . | | L ]
25 -506.%9  -193.79 | 35B.07 | 46T.4S 0 | -46T.45 | -35R.0T | 493.79 | 506-39
U SRR S | E—— J; e e e e =
30 -%87.57 | -443.32 | L74.06 | 35%.07 0 -%58.07 | - 274.06 | A4g€.32 | BB.5]
e e e SN B S R | ] 4
35 29.75 | %o.17 | -148.32 [-(93.7¢ L 0 1 193.79 A4g.%2 |— ®0.27 [-209.7S
40 BY3B .44 19.75 | . 387.57|-506.%9 0 506.%9 | »87.57 |-209.75 |-548.14
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Mxy [Kgm]

N°14 pour les valeurs de
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16 pour les valeurs de Txy [Kg]
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N
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3|emecos

charge sismique horizontale ( avec Ks=.l

10

Détérmination des éfforts et moments dis a des charges

sismiques horizontales sur une coque appuyée librement

quand la fondation de | ouvrage se deplace horizontalement

Foun dJ'Il;mu.nm PIP .;%A\Eo 2k mmemends Lodnes f)rc.od,..ut pov das

c.F\aMyA s«lcnu'qm ’ﬁo-u:%ord'.alu’ on Pcu.t wiliser la metfodae Frc,o?eufe

por Ao fw?»m 0.D). Arnachods  2n  commdinant  ceolte ogw.n.%c cormme

Donr co cas

(4-20)

(4-21)

3]

> f Amn « Stn dpax o Sin M3

© »

22 Bmna. Sin Apx - St'.r\./u:ns

EE  Con- G dne - S tm-3
oo o 2 242 ‘ X

) ?Zﬂ Demn - (r\n + V}-lm) Sin A x S‘--‘»/um.:
oQ o0 v 51 2 . 2

\ g .ZE Din /lm +V t\n) dun Agx . &n/um:i

= D("" V)z:i% Dmn"\n'}im'c‘éAnX -C‘d/um:i

E‘F‘! r\n:. E ; }‘[m: ﬂ
12(4—9) a a
bma hp-l i kN ,']
o [ae BB )]+ cna
) Al D (AZ + ah)>. p3
LI - o
)'l"' E."\)Jm
= Am"‘ :\—“: -— blll:
Hos E
= Amn
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Pan = -
E_-f\
R
Sun (-—4—"‘!“’) .Sb‘n.(-h—'“')
by Lsg . R
W-n (_+mw) (%_mv) j
Cmn = .Ei.t.: . hu(-:_'—mw) _ Sl:n(-%.g.mn')
TM-n i (% = ml‘r) (2 +m“‘> )
{oum.d.t (5—‘5) .
Dans ot cans a Lade d da ?cnitz, deuce do Jfﬂ,wqm
cos P x4, done
(4-22) Se o= 3 Kse g

du caleuds mumma\»u soumt  faut avee gy = 400 u,%!m" 2k s

Mmt«qu.u de la coquy 'S 4 «Qu mal et au x ,bcmii

a-b=: 4Om . R= 51,75 m . h= oMt m

E - '_':.mgk%{m‘ N — . D= 23606(.1279 Kg.m
N sus punsns  m= A1, 2 n: 42,3 N auneny:  dame
by = AT, 4uk cy = M.028 A, - 1931985 B, = - 8u6, 318 b, - - 4,660 40"
by = 3.572 c,y = 35,5 A, = 381,3u% B,, = - 60,266 D, - - 4, 160.10°°
by = 3,718 e, 13616 Ary = 11,598 Byy = - 226,085 D, - 2,300 .40
by, = ~4,096 Cqy = ~33,9%9 Ag = 41104k B, .- 434,606 D, - 2,474 . f0"
by, = "1.,0u48 Cqy = - 16,969 Ay, = - 321,009 B,, - - 236,006 D, - B 518 40°°
bys= -1.365 Cypy = - M, D3 Agn - - 89,004 By = - A0 Dey = 3:576 to S
by, = 1,806 Cyy = H.hu2 Agy= 664,95 by, = 44,016 Dy, = -A,07S-Io ¥
by, - 0,903 Cyg = M, 124 Ay, - 498,614 By, = 12,014 Dy, = - H. 48 . A0S
bys = 0,602 Can = Toltd Agy= 6, 5uS B,, = 53,704 Dyy = - 4,800 (o
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&.bl..ﬂntbbmtahm:

Nx

1932.98 Sin WX ggp M3

T X

. 4+ 352.%5 S§in Sca LWI 17.59 Sin TX  giq 373
o Ho Ho Ho Ho Ho
- A7 b - Scn P sin B2 o332 o0 . Son BRX gin B89 89 00 . son MIX Soq 3%
4o 4o Ho 4o ) 4o
+ 664.984 . 5¢n ?E_x_.\(}n W3 | 19862 . Sﬂn"_ﬁ. Stn ,.'“_3 4 64, 54 St.'na'i‘ . §en 2% [H%]
ko 4O Ko Ho Ho 40
NJ = - 846.%5 skn X sen ™2 60.27-Sin E_’f Sea I3 128.08 Sta X g0q 213
Wo ko Ho Uo Ho ho
- ASAL6A s B gin T3 9ng g1 SontX coq MTY O qun 9t Son BRX g0 3T
o HO Ho Ho HO Ho
+oha0n. Sin X gin T3 g 00 son ATX ga B L 5310 SiadEX sin 362 [ g ]
Ho WD Ho Ho “o uo
Tog= 1932.98 eos T ep T | 33235 . 0 X o M, 77,59 o TX (e 32
Ho ho HO Ho Ho 4o
- q110- 4k e Xt T3 mma on . tes TNE g M 2900 . (e HTX gy 203
Ho Ho ho uo 4o )
¢Be4 s O B ow MY dgp fr o X s UYL fusu. e A (303 Lug]
ko Lo 4o o ko ho
JU ﬂrwma\ia Dfﬂt &
Mx = -0.49 .Sin "% sin %3 _ 0.3 .50 UK soq B3 0,51 g BX g 39S
40 4o 4o up 40 Ho
+0.96. 800 M a3 4 4ok . $0n LHX siq W3 5 g6 . sin HX | giq 203
Ho Ho Ho 4o Ho ho
- 0,75 sn 30% a9 5 59 50a 30K giq M 0.ug. Sin 2%x g0q 209 [ kg.m]
Ho Ho Ho uo Ho 4o
lj;-o.uﬂ.iﬁni’f.l(ny o.lR.&Cn.'l’f.SCnii‘? 0.16 . S¢n 9% gin 31Uy
ho 4o Ho 4o ho 4o
v+ 223 . WM X gen T3 g gin B g B 054, e Ux g 203
Ho ko 4o Lo 40 Ho
- tour . Sin 3% §in T poeg. scn 20X g YRI5 oyp . sa 290 gn B9 Lug.m]
Ko 4o Ko Yo Ho Yo
Meg = H.t3 Oo IX TS a1 e X o MY qrel e X e 202
Ho 4o 4o 4o &o KO
C 081 Cee KK cae B3 854 (e WX gy LEI 5 3y (e WKy 30I
Ho ko ko Ho Ko Ho
s 200, 002X a T grp. 0w BN 0 M) L 40560 2% G 29 Likg.m]
Ho yo Ho Yo 4o Lo
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de Mx [Kgm]

N°17 pour les valeurs

Tableau
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18 pour les wvaleurs de

N

Tableau

T
(@]
< | © o o o, © © o o o
| S E S SO -
o
- - - - :
w | o 2 s = "l "l ¥ 3 s
" ¥ iy 2 " o : -
| . \ \ | " :
I . S S S —
[ — v
r..M L) < v n - o
o o ) X ] . N d &
M o Ty} o ) i . 2
1 1 \ | \ ...n nﬂ
S S
o 0 n o
wl|l ol ® & w. 5 & & 8
~N o ; < 2 . g A o
\ iy \ Q [s)
| | t | |
) <! -« o [+] 0
- (=] o~ - (v} - O.
¢ NNSUURDG: VORI | S —— W T S——
g -0 [+ ] - Oy -
wlo °© | ® & e & 3 = O
| ™ - w < o) < °
| |
| -
|
o
“ | o | ™~ “ el
lo| = | & | =% | %| o ~ a ! o
< 0 | . . | 0 | 2 - .
W © | o o | ’ o Q °
7 | 1]
= e o P e
7 | |
| X oo A o ~ K
w | o | v oy wm fe o n s o
| o o o 0— o 0 O
! [ 1 | 1 \
o|l o o o o o ©o o o o
[

E|E A o wn o i = (@)
[ = - - o™ o~ 3_ My =T
1 |

x| r ] | | ) !

_67_.



Tableau N219 pour les valeurs de Mxy [Kg.m]
X(m ) ! ' ‘ ‘ '
0 5 10 15 i 20 | 25 30 35 40
[ Y( M ) | _ |
[ I ' |
0 -1 } -6.23 -9.15 1.%2 iu.70 31,64 3.7> -28.59 -y7.44
5 Joor |-z | _6.45 1.2y A8.08 | £3.%3 | 6§45 | _g9.A6 -%6.04
= J | S S
10 3.07 2.16 .94 .13 3 99 3.7§ -0.94  -7.640 _40.89
15 3.49 | b.ux k.11 0.42 | -6.8%  -Ao.AN  _ L. 171 5.48 Ao. 16
- | : B iy
20 044 | 476 | 2.4 | -AM2  -234  -40.95 _1.40 Ao 34 14.186
— t | | ’a‘}
25 |-3.09 -4.99 | - 066  _906 @ -s.04 -5 35 0.66 g.up | 4358
| 30 i | | ' I
-3.01 -1.46 'l-b.% | «d.13 -3.88  -3.1% 0.94 7.64 | 4o.82
35 —0.14 0.9t | t.0% -0.6¢€ | - £.00 -7.94 -1.08 1. §1 | 1L.%0
----- | i \ | |
40 1.38 J 2.8 l 392 | -0.08 J - 1.62 ] - A0.70 | -3.8) 1.91 13 .36
| |
Tableau N220 pour les valeurs de Ny [Kg]
X( m )| ) ‘ ]I ‘ ‘
Y(m)] © 5 10 15 | 20 25 | 30 | 35 40
: f \ I
0 0 ‘ 0 0 0 t 0 ‘ 0] 0 0 0
- , ‘ : e -
5 0 ~ 368270 | -626.96 | - 832.45 -643 .45 -%12.%6  By.gs Aus.10 0
- I ‘ [ SO S , S | I —
10 0 -n02 by - 43%0.24 | 4428 0% -958.99 -LJ3.CO0 -3 BT | A34. 8% 0
- S S . _ { | | L 1 .
15 0 - 399 38 -726.64 -886 .57 -805.54 -51L7.94 - 249.42 -29.72 0
- = - t v . .
20 0 353,55 -Yc2.€2 -BM.06 - 60556 —s61.60 _M38.44 - 2k3.St O
| ! | | |
25 0 -220.85  -uQ0.%8 | -%19.85 | -G4%.UN _gug 25 -569.47 -340.20 0
30 0 -m.rﬁ"-qer.uj—ﬁu-ffl—694-43 _665.0% - S27.4% -14%.06 O
| = - } !
35 0 — A0 AT | -360.64 -u16.eh| -560-38 _uuz.es -3lu.®'4 -458.72 g
: i | | | |
| | |
40 0 o | 0 | o 0 0 0 o | o
| | | [ ] ' | ]




Tableau N221 pour les valeurs de Ny [Kg]
X( m ) I ! ’ T [
Y(m)| © 5 10 15 20 25 | 30 35 40
q | i
0 0 0 0 0 0 o | o 0 0
S 0 256.%4 1oL .25 | 1230.09 saz2.77 ' 1355 .94 ; A8s6.45 1381.46 0
| |
| - - | | ! t— +
10 0 424.16 | KW60.38 Luo.t® AOULLS  295u.94 3026.14 12236.54 g
S s 1' : | i = ‘ -
15 0 | hée. tig S5Y. Ly { 595 . 92 42463.14 L517.52 31%9.49 21uo0o.51 0
\’ " ! ' ‘
20 0 4g6.30 552 UT | 6u9.53 135733 13103k | 194537 2097.44 0
— | N | ‘ | . !
25 0 | D49 .S | HTR.BS ‘ 589.09  Aoly.42 Ag1e.®3 L302.823 (639.19| ¢
30 0 256. 11 353 .49 u;z.sei' T73.719 | A357.4u| 1632.02 | A159.83| 0
35 0 A38.94 | Aeg. 61 | 215.36 ko3.§S | 107.20 | 810.69 | 62.11 g
— {
40 0 0 0 0 \ 0 0 0 0 0
Tableau N222 pour les valeurs de Txy [Kg]
X(m ) [ W [ |
Ycm1] . © 5 10 15 | 20 25 30 35| 40
; !
0 15€6.592) 4529 .6u | AooL 5y | A23p. 7 A6 QL. UL HMT. DT |~ A002.5u -3707.57 ~L9hL9. 4g
| ' ‘ j T
5 4394 .16 MT6.64 | 900.7> | A082.4T | AU3ZS 44 44T.92 -4ov.T134 | -%206.73 -426l.74
| 1 | ‘
10 398 .48 | 793,03 | §18.99 J 702.€4 | 835.44 | L1893 _G2% .44 | - 496k kT -2569.79
r_. = - i + { W | — i e
15 240.04 | 245.@4 | 162 £ | 2ud. 46 | 116.124 B.405 | -268.5S -Bus.08 | - 662.53
W 1 — } " 4 4
20 | -208.45 | -(5€.%6 -4y.gg i‘m"” -%22.80  -128u4.01 A4.S< | G40.Ty | £52.97
= | — -- ‘ } e 1
25 -4of £ - €45, Szi -402.27 | ~hpz.52 -654.65‘ -L09.76 4o0z.17 | A4OP.80 | A868.2¢
L ‘[ 4‘ | — -
30 -892.97 -1£5.0% -6L8.49 | -702.54 |- 835.h4 |- H478.93 61Lp.49 495:1.111! 2569.79
! |
35 | -A044 26| -456.43 -16T.04 |- 858,84 | -980.40 |-SHE. L1 | T61.44 | 1343 .61 B0S6. k6
- o , : .
40 ~AM6R.6F -AM 8.9 | -94D. 43| 8@ A2 |-4037. 4u|-5T19. 04 | ®I3.43% | LURE. 07| 3243 55
|
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b-Methode de collocation

sot L' %mhm &Lﬁ:.'«u\luf-h. d.e,jfu'm;e, dans L'idvwalle Ta, bl swiad -

( 4-23 ) L(_ jLn), j(n-{) v, ':j. 2 ) =z O

R ]

On  be propose de Treaver wne  sobilion approchie de et <qualion
(4-23 ) on  wifoank  we fondion  sows forme di renus
Poun wle  neusr dwons
1 Donwr unw foum oppwchee  de Ja fondhom atidice .
2 - Remplasr o fondhon appockse  dans Alegualion (4-23)
3 Pundu diffudte  prik  appodenanl  dans bt domaine ' elude La,bl,
4 o comdemmies  di es  peials  delsend  salinfane L azgqualion  ain
obtenue . Mo sont appellis " Poial di Cotlocalioms
Poun. M problime  undimencconael | news  amons o cqualions  algrbucqus
Kindains  pown  n peinds  de  collocalions
bore  Min  cocffoiends  di la fonclion appuochte  dwwenmunl M cncomnus
du pwbhmt . o s de alle sewr devesnk LR du mimu
rombuw  que A peins  de eollocakions
o Alwsbur Ao diffdunds  elape  de ot mdhods  oows
cheiwssone A axemple  pucdand
St uae poudhe  eemaoke chargre  unbormument , de  moduls
d' slestet’ B, de momed d' lwdie T &t dr Lemguun L

IR RN L i
} 2 B
1

frg N215

' |
|
2t
3 1

| |
|

s A ;
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d L'qwtiiam cliaﬁc'wm de d‘f‘”‘" b

(4-24) E.T. 3™ = quo

Chocsvssons  la ‘%-m:hm afrmofru'e_ soun La 3fe'um. de  pown ey ande
(4-25) E-ly =

= Qg * a4, x + a,_xz-iv----r Qixi'+--- = f a,n_xn’
=0

b comstants q somt  dibinmines  de  peln quo alle fondion (4-29)

Aaﬂ&{c.m o eomditiows  aux  Lmutn ot L'ﬂ:quaho-n (4-24)

du  emdibiow A Mruts  pomk

Toun  x = © - 4=y =o0 deme ag:-a,= o0
Poun x=l = M-Ee.T.§ -0 £ @-:EI.§": 0
ave 3 ¢ notaliem
3+ daplacement
M o1 merenk
Q :  2ffet tanchant
Poun. cing  pounle de collocalions i dux potdb  aux Aeube  (x:z L), ot

bote  peinls  iabermediames  oppantenant o Lo, 41 (x=t xo b ooty
neus  dwsers  avonn enq tames  de la j?mda.m awmoﬁ»'e. (4-25 )
(4-26) E.Ly = €yx* + e3X° + egx 4 eux” + cgx®
De eudle L'ciualulm MAub  pouvoML Ao
ELy = M= 2¢, + 6cyx + lacyx” + 20c,.x> + 30c x"

ET-3": @: 6cy, + 24Cax + 60cyx™ + I120Ccyx>

E-I-ju)z q = 2y C’3 + 120 CHX + ".‘.\Socbxz

Nows elablssons alss las ,n.'a(;uimm an.a-Jowi.qm Lnasnes punvandis

-7 F s



x= 4 = M=-0 ( i1c,

+ 6c, b+ Is.c.bll + 1or:.,‘2,5 + ‘50&5—0.“: (@]
x=2 =» Q=0 21eg + el o+ 6o, LT 4 2ocgl® = o
wz & i
xz k e + 60CLL 4 ABD Ce L”
&= 5 4 ¥ = 9q
_ 22, L
% = = L ey + 8cyk + w0cgl = g
Donc  naws  powsons Loww as eng L’quaix.'m bous  La ‘Fa‘u,rru. mobues e
rpvardy LAT-Lx] - La]
2 64 bt 20 0> sodM N[ e ] [ o0 ]
o 2 wd o> a0 L° Cq o
(4 -27) S) o 4 4oL Ao L* ex | = | q
2
v} o 4 6oL Ago L Cy q
0 (0] Lh 8oL 40 L* JL csd 9

CAT . Mabue do aot_%b'u'mr»

[x] : vedeun rneonnu eordenant  As w&f:f—du}on,tb e. (¢ =4,8)

[B) : vVedewn du second mambra

com il

o puolibom de (4-27) pomd de deftemin Ao eseffireas ¢ (£:1,5)
de Lo sovue

En mmplacant  dans L' dguation  diffdeidlle (L-24) o foncion ( L-26)
gine di eoflens qui nms senso dobkni L wews awnens la valun §09
Poun: woalunr L' owear  commine  par elle sporalion on  compen qox) amec
q )

Dams mote car Llovewn eommire st de L' edre de 0,3% poun L
deplacement
hanchant

1 ko pour I memank '&(ﬂ.a‘ulssw\i ok Anels pown ll-&ﬁuﬂ'
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Resolution par la methode de collocation

Sot  une coquL SPMc‘uJ. an Paﬁ[!. douwee 4 L/f)ai-“&uh contande R,
de  dimurmon (a.xb) JOTT 73 P&sm, 5 affwujclz dun  pon comboun ABSD et

Soumuad a ML onA.%L ur\i%.uru. Ay »

ds axws  do cosrdomnees (ox3%) aomk ?«w- racfank la.‘f‘.anm puaande

& qum.[t'm d' ww coqur  en  pealt deuce skt

DV'W o+ V& - g,
(4-28)
(0]

L0 - 7L W
Eh
Deberminens  lus fonchions Wexoy) ek B (x,y) de telle pelle qu L
)-Ttelm Jlﬁ:ﬁmtu'm (4-28) ant »aia;raif: ., aAnbL que o emditions o lmute |

pown  une  eoqu a.ﬁ»wj;:c rn pon eambouwn | Audandis

Poun x.—.-f: ek X = 2 W:u=o 3 Nj:o
(4-29) - > Bxa
- 'PM j: —£ J.J: :j:..b_ W:ﬂ:o % NI‘-'_O
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Pour.  ela .e::ciadm Qus Mm Wik y) b dix,y) sewn ‘/ng
erwc'ﬁ"';' e powr double bwamw-mﬂalm e oy pwoante

W(.J(]ﬂ) = ZZ Amn-mw . Cn 3.:3

(4-30) M3 n=i3 a b
CP CK.‘J) = Z Z Bmn - Cad x| Cad E—j
msi3 on=(3 a b

hoee  pes ’,fﬂ\cL..m chmwes I conditions  aux Mimits (4-29) amb voufieu .
bmplacos  alme Ao fodion  appeochis (4-20) daw Jo agetims d'cguabion
(4-28) ok peanons qMIw ?n‘.:\,t de  eollocalions P, (5,5) | P, (5,40) ,
Py(40,5) et Py (4o, 40) Aﬂw..tman]: dons S dematne D La,b] (fig xe ),
c'nt o du e e pown chague fondion Guabu tewms dnconnn e

J‘L Poue (_‘m;i,".‘» % n = ‘-IB)

b G c
SRS B S
b SHE QR S B
F 3
Fig Ne17 W | | | o : x
bl a
b [
: ) ) S
AJ . £ . B
2 2
ot - 1;

Avee Mo Mrﬁm d'axe (ox32) chaa , maw aves wm Aa«nui'ru.e dena Lo

Man | swioant ok ok 03 . four ale mms poudons sudisne  aalie  dbude

s Mo demaine  (OERF)
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Dans M con d' wme coque )’Pmﬂm du Pchtl. ‘%U.c}u. V:;AL T4 sed demans poon:

V" - A ? A 2"
K - E—%-;('J- + -9—?2
2
(4-31) EERC
Y 4 ok
q“l = 2 g .

_— B R ——
IxH >3yt CRE

Si ww m\fﬂa:rmw Wix,3) &£ Hixy) dew Le ,ktoblm (4-22) ok

e tenank  comple Qs donmun (Cl,—_b , Ra= R, E‘,) . Alum g

la Kamar g Ca-31)  mauwo owens

. v“( DW) - Z Z Ama - b“H.(ml-enl)’-. Cos MU x '

Cas U3
m=1,3 n=A,3 L aM a a,
cr
mn
2 A e g mii w3
Vi W =2 2 Am S(mtear) oo IUE o TZ
m=1,> n=i,3 AR A A
~ P—
.-P'
D
v"‘- \ _ Z Z B T['L{ 2 a x miik md I
o) = a5 (o 0?) oo TU5 g 222
Eh m=13 nzi3 ER.ak a a
L. __P| —
Eﬂ,"'ﬂ
2 2 i 4
Vid 2SS Ban U (mbant). G MO Cee T
m=1,3 nzlD arR A a
-~ —
=N
Fmr\.

Avec th Poud,s de  collocalions & ﬁijix. o dr la powe |

L‘z%uah'rm.(‘*—’-g) mwswo  dmne  wn yﬁ-t:-’m.t_ do 8121»&1}«'01& a-lﬂ&Laru.q,wA

,L‘m::u'nu. . LoMec g inconnus

e B Ms C1 4 A,_.“.Ez“ v Ay E:; A -9 =
i - Bsr;aaﬂ 835'552 = 93
p b g P 30 < e = p —¢,

Au- Du * A“«‘" bﬂ * A’M TR Ass: Dyy =+ Bas - E4: + By B

+ B, E:: + By 'E:; = O

PRSP WO SR WSO WM WU Nl Wl A

P - B, E:" = E;_”.E;Z‘ = q,
Au' -.lf:l + Al’..’ Ef; * Aba’ BP:& + A‘h' E:; + Bn‘ E:z e B‘,_‘--i::f:

+ B s iy

e 3 Tmy  t 833' Exs = O



M G+ Ry el Ayl o A Gl - B BB B B

P‘.‘) - E:sf‘ i B;a'gssfa = 9,
A Bafs * Ala'i:": + Ay a:.s + Ayl 65{;‘ + By E:—b* B EAE:

-t - Py

+ By-EBEy, + By By = O

Am - C—:H + Al‘b'a42' + Ay C—s? + Aaa C—’:; - Bu E::" - B E:‘:H

P, = By Fa - BayiFat = 92
Ay - S‘fH + A‘,.‘-ﬁ‘:" + ﬁ,ﬂ- E:q + Au.-b-ai: + By, .E:" % BH-F:‘S'

+ BSQ'E':: * Baa'éa‘: = O

Dane o car owus parwenons a obtewn la fio*brru.. mealecelle M ante

cwt a

[A]
[x]
[8]

Done I

Cia a’.':' C_.;: - ?—uh - E!%& - E.-.f‘ = Esz‘ ] [ Au ﬂ_ [ q; ]
E&i‘ b:: Saf;‘ ’ E!f. é-{f: é;: 5_3:4 Als ©
X <
C—‘E' é-a{:“ —,P‘q = i:_uh‘ - E:q - ":a.fq - Ea:a P”54 f{z
e g G 5P RN EY ] Lagl Lol
dow [(A][x] - [&] , - avec
M abuer des Mﬁtaﬂ‘lib de  dimenmon Lﬁxgj
Vedeur ineonnu
Vedewr  Jornd pan i changes q, denmies
A T - x, ]
As e
[x] = | . =
E’-m =5
| Bas J L g
vectewn incomau L[x] sera Jebosann Pon

Cx] = L[LadYLe]
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Pown A calewls mmma‘w mous  prencns Aa o?uva. ;w'.rm‘ﬂm, f'\\is;n'-b,

' 3T T | W % T 2
ql = 24,6 . &un [ 2ix + _’ﬂ) . Sun (___‘-’ + _) [K(}!m 1
HOo z Ho Z

b coradenstiqus  de La  coqui  aphouaut b du biler. sent
1 9 i

&z bs ¥b m 4- 0,45 m . R-52,15m

>

. E-3.00"Kg[m* ; V= o,2 . D= 336061.4379 Kg.m

Done , amee  Jas G[u,a.i'fup Fo{.ni’n ﬂ,f’llf’a,ﬂ‘ Mous A

" 54,45 532,82 532,82 745,07 -198. 100 —hamac? —uasast -308.00
1,88.16" W30 W3t 363406 | 3,71.16'7  3.80.10'%  3,90.16'%  5,13.6
39,32 407, %0 “3,B2 43,21 -453-007" -3.46-10"  T.64-10"  5,70-107"
53060 606" -Te46" s 0.6 Lar-i0® 2,98-6" <1,20.167 9,61 15
[A] = 39 38 -98y,52 ko1, 20 -1324,17 -1,53.46%  T,6u-10" -3a6.0% 5,70-10"
4,500 1 Lbuapt 368" -5,70.16" per- 10" -1 asaie .91 8,6t 1t
30, 1y - 183, 54 - 153,59 24u1.38 SaATist 585t sasat 4854072
L AATae -sasi0t cse5a8t A5 2,24.00" S5 80T s 56" 4,87, (6" |

3,46 1

‘5185

L&l =

-5,85

A0 80

donna 37PN Jaloww dus m%ﬁx‘m)tb Armn v B (m=a,s m=y3)
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A..\ - IIA'BO 40-7 5" -2 - h.’.“l
Ay = —h.du. 4078 Byn = 4.HOB
Ay, = -5.ezu. k0t By, = 4.%83
Ay = 4.677. ko7 By, = — 9314,8297
dene Ao ﬁmﬁm WK, 3) 2t & (x,9) rent diteeminn
Wix,3) = Aaso. 10 o TX w3 _ W.320.16 " Cos T (a3 393
ho Ho Ho ho
T VS L P T IF ¥ | B TRV LL B Ve L E R
Ho Hd Ko Ho
@(g'j) o -h,e,qs.(:.-;—',i_'_’__ e 2 + AuoS.ts HX g, 39
‘ 4o 4o Ho ho
4,393 6 2 G T | 9o, 307. 0o 35X (0 38 [ig.m ]
. Ho Jo HD HOo
L}ﬁ«hﬁmwmﬂa pownt  obberuns ?w.,),q,mla;h'cm ( ) chap T,
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¢ - Calcul des colonnes

Nows  odmlors L' fypotfuse  du  Ffrofowun B2 Vlacow  gqus
wwiride  dn eoqus i pebitt ke o un enps nigdde dawe
kamﬁwﬁmywdamhmd%é;éa

Quand o fodalion mdnt  dis sbrabions  feuwsentads | A
schuma  dv calend  de Llowbrage  penk  fbu npuunt’ zow la
fouw A’ un disque igude adiendt  pun dn cotoene ((Fig  N218 )
En inkequant Lo problime ppacial ow problime  plan meus poudons avou,
b shima do caled mdon un podu nigde adicalse e s cobmas

disque r;g]d e

/

poutre rigide

& 4 —

\
:I_..____.___

Fig N218

Fii7T

En posant comme hypothen de awail que Lo mam de Llowdrage
c'ut o dow o mame di la coque y compuis la charge o' axpde takiom
o da mame di fams b emcdue 2 la podie , mews  poudows
admdtu L' ensemble  comme s wplime a4 digw de Lbeds | ek la
charge msmqu ot appligue o L'owliage e rappels an moean de
Lo podu . da charge  Ammigas b deivmine  par Lo formule

(4-32) Sk = s Qe ik A,

Sk c.gw.n%u. M migqut foh"l“;" v A schuma de calend de
).'mdma?. cwu.aeomdamt auw mode i _dt inbraliens |

—&8 5~



Hs :  coefjeient  sismiqus  dr caleal
Q :  pods di da pase di L' owdiage qu aob adopl comcunbrd
aw ponk K .
B i Cocffieienl dynamiqu  qu dipend dir perodes di cibraliens
Aubae
g coeffieent di o fum dr mbralione libw  de Aowdwage
cospondant  au  mods i .
Dans mobu car L owdiage b amiruls & un wgelime i A degu  da
Moot | dene b eofpiuient di Ao dowms di wlbralion ;4 ab 2gal ot
o ayoleme a4 deo’  posseds um seub Puguine  di sbralion , abess
b coefficient dynamiqu g, devenk squoadial & g
da charoe mrmique st applique au pont ou toule la mame di L

’

(4-33) Sz Hg Q- B

o coefpirent dynamique B oast debmind pan L suglemend e
de chaque pas . Dane mobu car B mb demar pon la fowmele
gL e pan da mubfods Guaphiqu propes
por Mo profenun  Wowtehinsky
Nobuw coqus mbree M i affauib awee  Aa powede T= 0,4z s , done
p= 2,38 . Commi Me wbrablions di la coqu  awn lis  appuis  penk
ddteuminaes  punapaliment  par defovmation e decion | Q8 daub puwen
wns M.a'pmnm du  eoeffiwent @ de 4,5 1 Bz 23845 = 3,6
do prds total de la eoque y eompus la change dexpleitalion
mb q: 4o Kg[m* , & pown v o g’ 1,05.40° Ko |m .
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Q- LOO-LO -4O + 4,0%.40°-L0O.-L4 = 805 Gt

io'bb di  perama da d;_.%uz g g;. L'M MS K [ Med vedey - S?cmf'\em‘
R{ﬂ)\MLL) K's = ._A... A’m

S= 4 g5.36 = 19t
1o

colomar ok P«oPﬂhmMJh a  Juwn hgﬁéout:_/ . i pecbiony  din eslonass

skt de ( Gox &x em ) 33 Ao /Q:rrwa«uum 1,.= /E,_; 7,865m ).-51 h,06m

EH = 3,485 m

. . . DK
da oﬂwuﬁ;. Ao miqus rusenant a oﬂ,aa[u.l- colonne dena 5= B ¥y
A4
2y
Sy= 8, = 230 B3P ue. 107 kg : ¢=
& 2
Sgs 2205 5iF 22. 10° Kg
Z.2
s, = 190 = D,1 - 10‘3-103[4%
€.2

A L' encastemant P mo mentis ‘F{Lphs:u\l’.s sonk

M‘ - M2 = L46&x 7,8% = 350. o> H-%_

Ma- 82 4,05 = 556-103%3_

M"i - {09x 3,15

>
354 . Ao k.%_

Poids das  colonaes QL = 2.5 E/m?

Py= P, = 0,6 » 0,85 > L500x 7,65 = 9,7. 40" Kay
PS = 0,6 x O'ES =x 2500 x L ,05 = 5,1.!05 V-%’
Py = 0,6 » 0,85 » 2500 » 3,25 = k,A.40° ke,

dus Lﬁow..ts tetmawx dens Lo pechiom  d' encasbiemunt  aenk

No= Ny = @ L f = 200,7.40> Ug
L
Ny = & P, - 206,%.l0°
5t e 4 Uy € ; Key
N
Ny = & P, - 2o0u,i.10®
K R ’ Ka

s Vi




fo momuas flckissanks ab lu eflodte  notmaur dans boutes e eoloman
sonk i mimt grandewn , aivn  da  ddevminalion dis Aedioms

L armatinns  peut se fadu & paiden di da colonns da plaa Lo
cleat a diw da colomne Nz

Détérmination des Armartures

A .l.l.t.r\,cmtrc.«un.k. nous  auvens : M- 250, 105 M%.c.m s N = 240,7. \oblf-«}

B Do O con & ks Hfocion composet

7
Newr chocvssonn e Fot@a.u cova (axa)
b < 61; = i + _h_ﬂ_‘_z._ L 205,% l«.‘}[c.m"
A 1 =
2 = —:t 1 I = £ => i + 6.M < 2os = \Lcé_]r_w\‘
= AL a» a’

deonc nous penons da ( A4o = AkO)

En\'.obadab d - I0em f\: Ak =m j;:, = 23,33 =m
<,z __"_“_, = AG6 Mem % < e, =>» Sechon PMH.{,\LQ_MI’
N
- S — - C‘.omF-u.rru.’e,
I ]
i ; A" armadiow :.u.r.)-»uu.u
M 2| < & Ia, .
A 2 coumalung ¥ :
{ a.n.ftu.u»u.
dii__l a . Momcnl: O.Plﬁ‘ho{,u.: en A
i I . - S ) - MA - MG + N ("_’;_- — ci} = 35042642 V—gun

\ - Momeak M Mrro-d’-el on cenku da Céruu.n'ﬁ’ di»  aciers tendua

M= N. e, epn= 1660 4+ O = 226 M em
M = wieut277 Ug.cm
=4 - & 3 - _ Is §p
M\-b = _;_.G'h_ob(_l—__b.).bo.h oL = . -
136 + %g

hous f:funm 'g“: 1800 V-%Icm" ( liuu% )

=~ £33




%= 0,349 %;L%—:o,sgs
Mrb = Hadmdaydy 27 lz.g-crn
M < M denc essslance de 2 nappes d.' comafunaas
Ga‘: = n é;; _;:_é' 8,: i’ = T,!‘-l.lo—z 9210,5119
a 4
Ea: - is. top. 0O134@ - Toiu-to"* 33,123
0,349
_ M
L, rb = BL,35 cm®
% (A-4)
A = Mrbn + A g’: - _E\_ - A, 829 em?* (laqaza\/
.4 % Ra fa
bans M cas du Sesru nous prnons diz  ormelwus uns A-A
(sur s A C.I;'U:&) B
inp 25 7
/
i j d= 10em
N
; [ AN
€ - 13¢ 25
o
I
//

140 eam

fig N219
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CONCLUSION

Etank  donnd  fis rasullats  obteaus touk au Lona di da  pasiie
umigus  news avons  comstalt  qut L influenc der memands &
L etak  de combainke de La coqus st falole dwant s effeds N
A, dans lis caleuls prabique de coques mines | ave Do
cendibions dz Namer , soun L' achion de cﬁuv«%u, symebquis  on
peut  nialiger oo momandts M,

da  mathods i la pers bugemomebuque  deuble permst dlobbean
meALM la ssbulion powr 5 probbimus Aok Ao conditions o
Nawier  somb ‘fmorrw%nr.m,s Mo ren conbown |

do  mathods  de eollocalion  oat  univemell . Elle peut o
pamaetie A’ whibier  an algeithee parbcalieremint wmpls poun o
caleuls des  coquis  domk dis condiliome  amx  Aimis sun chasus
bowd  pendt  astrouts . U exbension  de cdfe msthods o Leludse
dos caradevstiques  dgnamiqus mewe s a dideeming fasidemant
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