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porce dynamigue d'un reservoir

@

Ce projet consiste o étudier la r
cylingrigue posé sur sol , soumis & des exXcitations verticales et
iorésenter des programmes permettant d'evaluer les forces hydrau- |

dynamlques maximums necessalres au dimensionnement d'un reservolr
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This project deals with the study ofadynamic reponse of a

cyLindric tank standing on a solil under vertical excitations,
and to hand out programmes allowing the evaluation of maximum
hydro-dynanic powers which are necessary to evaluate any tank
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i0 REH*************&*****************************&************%****&*'

20  REM TRACE ET CALCUL DE LA PRESSION HYDRODYNAMIQUE
2% REM STATIQUE ET TOTALE

ID0 REM POUR LN RESERVOIR A PAROIS ENCASTEES

3% REM FOSE SUR SOL RIGIDE

G0 FEM 23 3 3 % % % % % % % % % % 3 % 6 36 36 3 06 3 6 36 96 9 2 % 3 36 3 2 3 36 36 36 36 3 3 36 I 3 I 303 I H I KA MK
A0 SCREEN 3
&0 CLS :KEY OFF

70  INPUT "rayon du reservoir [ml:";RY

g0 INPUT "epaisseur des psrois [ml:";EP

P00  INPUT "hauteur d’eau dans le reservoir:';H
100 INPUT "coefficient de poisson :";NU

110 INPUT "masse volumique de 1'eau [kg/m3]:";MV
120 INFUT "aceceleration du mouvement [m/s2]:";A
120 PI=3,1415924654H4

140 VIEW(ZIZ0,40) - (420, 2000

150 WINDOW (-.01,1.,02)-(1,-.01)

140 LINE (-.01,0)-(1,D)

170 LINE (D,-.D1)-¢0,1.02)

120 FOR Z=0 TO0 1.1 STEF .1

120 LINE (Z,.01)-(Z,-.01)

200 MEXT 2

210 FOR ¥=0 70 1,01 STEPRP .1

220 LINE (-.,005%,Y)-(,005,Y)

230 NEXT VY

240 D=(12% (L-NUAZ2Y » A 25%H/SAR (RY*EP)

280 CA=(4/PIA2-SQR(Z) /D+1/D42) /(. 5-SAR(2) /D) * (1+(PI/(2%xD))"4)
240 FOR X=0 TO 1 STER 005 .
270 KI=(1+(PI/(2%D)) 4)#COS(PI%X/2)

280 P=CA®*KI*MUxH*R/10"5

1 PST=MV=%%,2810001%Hx% (1-X)/100000!

2 PT=P+PS&T

2 PSET(PST, XD

4 PSET(PT, XD

0 PSET (F,X)

ann NEXT X

210 SCREEN 2

320 D#="u=" . H$="P=" -
II0 SE="HLOHC
140 M$#=STRING$ (35, "-")

250 A$="HH HHHEE"

340 FPRINT

370 FOR X=0 TO 1.1 STEFP .1

180 KI=(1+(P1/(2%D)) &) *COS(PI*X/2)

190 P=CA*KIxMUxHx*A/1045

400 PRINT D%, .

e Loy 2



410
420
430
440
450
440
470
420
420
500
510
520
520
540
550
540
5461
5462
5463
570
580

PRINT USING S$%;X; :

PRINT "———mrmm—————— e

PRINT H$%;

FRINT USING A% ;P

NEXT X

LOCATE 2,42:PRINT "X"

LOCATE 3,41:PRINT "1"

LOCATE 11,328:PRINT "0O.5"

LOCATE 12,74 :PRINT "p CbarJ®

LOCATE 19,41:PRINT "O"

LOCATE 20,60:PRINT "0O.5"

LOCATE 20,80:PRINT "1"

LOCATE 4,57 :PRINT "reservoir a parois "
LOCATE 9,57 :FPRINT "encastrées a la base "
LOCATE 4,41 :PRINT "(sur sol rigide)*"
LOCATE 7,64 :PRINT "( X=Z/H )

LOCATE 14,70:PRINT "Pt"

LOCATE 14,41:PRINT "Pst"

LOCATE 14&,48:PRINT "P"

LOCATE 21,47 :PRINT "distribution des pression
LOCATE 22,42:PRINT "le long de la paroi"
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rayon du reservoir Inl:7 15

epaisseur des parois [ml:? .2 "X
hauteur d'eau dans le reserveir:? 7 1,
viscosite cinematique [m2/s1:7 .17 i
masse volumique de l'ean [kg/m31:7 1888 {5 °
acce leration du mouvenent [n/s21:7 3
e I p= 8.15871
N T p= 8.15675
e e p= 8.15894
o e p- 8.14141 8.5 |
e p= 8.12849
x=8, 5~ ——— p= 8.11222 1
N2l B p- 8.83329
x=B., 7~ p= B.87285
e p= B.84994
o I e e p= 8.82483
e p=-8.80883
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]0 REH R R R R R R R R R R R R R R R R R R R R RN R R R R R R R R PR R R R R R

20 REM tracé des fonctions PSI en fonction de X
30 REH R R R R RN R R R R R R R R R NN R R R RN R R R AR E R R DR R R R RN
40 KEY OFF

50 CLS

60 DIM D(5)

70 SCREEN I

80 VIEW(100,10)-(300,350)

90 WINDOW(O,1)-(1.1,0)

100 LINE(0,0)-(0,1)

110 LINE(0,0)-(1.1,0)

120 FOR J=0 TO 1 STEP .2

130 LINE(.015,J)-(-.015,J)

140 NEXT J

150 FOR H=0 T0 1 STEP .5

160 LINE(H,.015)-(H,-.015)

170 NEXT H

180 PI=3.141592654%

190 FOR I=1T0 5

200 READ D(ID)

210 NEXT

220 FOR I=1 10 5

230 FOR X=0 TO 1 STEP .00

240 PSI=COS(PI*X/2)-5QR(2)*EXP(-D(I)*X/5QR(2))*COS(D(I)*X/SQR(2)-P1/4)
250 PSET (PSIL,X)

260 NEXT X

270 NEXT 1

260 DATR 5,10,20,50,200

- & m
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20 REN programme pour calculer W/Wo et ¥ d'un reservoir en beton
30 REH R R R R R R R R R R A R R R R R R R R R R R R R RN R R RN N R E R F R RN R R R R RF R R R
40 SCREEN 3:CLS

50 DIN I0(50),11(50},AL(50}

60 INPUT "coefficient de poisson du beton ™;NU

70 INPUT "hauteur du reservoirim]"™;H

80 INPUT "rayon du reservoir [m]™;A

90 INPUT "epaisseur des parois [mj";EP

100 INPUT "masse volumique de i'eau [Kg/m3]";ROL:ROL=1000
110 INPUT "masse volumique du beton™ [K6/M3i;R0 :R0=2500
120 INPUT "moduie d'elasticité du beton [Kg/m2]™;E

130 PI=3.141592654%

140 DEL=({ -NU"2)%12)".25%H/(A*EP)".5

150 AW=.5-0%2".5/(4*DEL)

160 B=((PI/2/DEL)"4+1)%(,5-2".5/DEL)

170 AL(D)=0)

180 FOR N=1 TO 50

190 LAK=(2*N-1)*A/K*P1/2

200 IF N=1 60I0 350

210 EN=0

220 GOSUB 440

230 AL(N)=AL(N-1)+4*I0/PI/(2%N-1)/11*(.5-2".5/((1+(2%N-1)"4*(P1/2/DEL)"4)*DEL))
240 D=ABS(AL(N)-AL(N-1))

250 IF D<.1 GOTO 270

260 KEXT X

270 AL=AL(N)

280 AT=AW+AL*ROL*H/RO/EP

290 Rw=5QF (B/AT)

100 WO=5QF(E/RO}/A

110 W=RWHI0

320 PRINT "W/Wo=";Ré

330 PRINT "W=";M

340 END

350 EN=.5

360 GOTO 220

370 END

380 KF=1i

390 60T0 510

400 END

410 XF=1

420 60T0 410

430 END

- 36-



440 REM ------- sous-programme pour le calcul de ia fonction de besse: ----------
450 REM SSRGRBRRaRERsuRaRaintRRuinnunaneenaranEnuieaniRuneenannuasnnnansinss
460 1000)=1 '

470 FOR K=1 T0 50

480 M=K

490 IF W=7 070 380

500 60SUB 700

510 10¢K)=20(K-1)+(-(LAM"2/4))"K/KF"2

520 D1=ABS(I0(K)-I0(K-1))

530 IF Di< 3 60TO 550

540 NEXT K

550 I0=I0(K)

560 11(0)=LAN/2

570 FOR K1:1 I0 50

580 M:=Ki

590 IF M=1 60T0 410

600 605UB 700

610 KF1=KF

620 M=K1+1

630 60SUB 700

640 T1CKT)=T1(KI-1)#(-(LAN*2/4))"K1/(KF1*KF ) *LAN/2

650 D2 =ABS(IT(K1)-I1(K1-1))

660 IF D2 <.01 GOTO 680

670 NEXT K1

680 I1=I7(L1)

690 RETURK

700 REM ------- -- 50US programme pour ie calcui du factoriei --------------
710 RER Gesabunbtanha e aauhn R RN B RN RBRRRBERREARERRRARRRTNRRHRE
720 KF=1

730 FOR L=1 TO M

T40 KF=KF*L

750 NEXT &

760 RETURA

R
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TABLEAU 1 :

-~

Frequences fondamentales et coefficient de
pression pour un reservoir & base encastrée
sur sol rigide

UALEURS DE w 7 wo

solution
exacte

|

solution presentée

precise

approxim

solution
de la
wmenbrane

CA.R(8)

reserv en acier h/a=B.881:

m=8.3 rol/ro=8.127

Eﬂwl\:l-no--

amm

@O UTE

8.2834
B.1476
8.1112
8.8889
8.8633
8. 0482
6.8327
8.8198

8.2838
8.1477
8.1112
8.8889
8.8627
B.8481
8.8326
8.8197

8.2862
B.1484
8.1115
8.68%
8.6627
8.8481
8.8326
8.8197

6.189
8.141
8.168
8.8867
8.6617
8.8475
8.8323
8.81%

8.781
8.793
8.798
8.881
8.06684
8.886
8.8688
6.869




TABLEAU 1 Frequencés fondamentales et coefficient de
---------- pression pour un reservoir & base encastrée
sur sol rigide
VALEURE DE W 7 WO
H/a |solution |solution prasentéJ solution | CA.K(8)
exacte ' de la
precise |approxim | membrane
reserv en béton : hWazB.81  nu=8.17 rol/ro=8.4
B.3 | B.4167 B.4248 | 8.4516 | 6.324 8.746
8.5 | 8.2828 B.2842 | 8.2928 | 8.246 8.761
8.75 | 8.2866 8.20898 | B8.2119 | 8.198 8.775
1.8 | 8.1658 B.1651 | B.1664 | 8.153 8.783
1.7 | 8.1151 8.1151 | 8.1154 | 06.189 8.792
2.8 | 8.8873 8.8877 | 8.8878 | 8.6841 | 8.797
3.8 | B8.8598 8.8598 | 8.8596 | 8.8575 | 8.681
5.8 | B.835% 8.8354 | 8.8354 | 8.8349 | B.885
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TABLEAL 2 Frequences fondamentales naturelles et coéfficient
--------- de pression pour reservoir a parois articulées
4 s2 base pose sur sol rigide

reservoir en acier reservoir en béton
H/a

¥/ Uo CA.K(B) U/ Uo CA.R(8B)
8.3 8.1963 B.794 8.3671 8.745
8.5 B.1443 8.881 8.2648 8.776
8.7 8.1695 B.884 8.1998 6.789
i.e 8.8878 8.886 8.1591 8.795
i.5 6.8622 8.6887 8.1122 8.588
2.8 8.8478 8.888 8. 8868 8.883
3.8 8.8324 6.889 A.8582 8.866
5.8 8.8196 6.818 8.8352 8.888
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TABLEAU 3 Coefficient Cp de la force statique equivalente
--------- radiale et le rapport M1 7/ ML

VALEURS de Cp YALEURS DE Mi/ML
H/a
ENCASTRE ARTICULE | ENCASTRE | ARTICULE

8.3 8.497 8.585 B.224 8.255
8.5 8.585 6.516 8.392 8.483
8.75 8.5e3 8.512 8.527 8.536
1.8 8.518 8.513 6.612 B.620
1.5 8.512 8.514 6.782 8.768
2.8 8.513 6.514 8.743 8.748
3.8 8.514 8.515 8.777 8.786
5.8 8.515 8.545 8.797 8.795

mesoesse RESERVOIR EN ACIER ssoooson



TABLEAU 3 Coefficient Cp de la force statique equivalente
--------- radiale et le rapport M1 7/ ML

} T
VALEURS de Cp VALEURS DE Mi/ML
H/a
ENCASTRE ARTICULE | ENCASTRE | ARTICULE

‘ 8.3 8.475 B.474 8.175 8.198
e 8.5 B.484 8.494 8.324 8. 355
™ 8.75 8.493 8.582 B.478 6.498
| 1.8 8.499 8.566 8.566 8.598

1.5 8.584 8.518 6.671 8.689

2.8 8.567 8.511 B.728 8.734

3.0 8.518 8.513 B.762 8.772

5.8 8.512 @.514 6.788 0.794

wooaaacoe: RESERVOIR EN BETON sseneeess
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REH LR R R R Y R e R sy e R e ey ety

I R L L T T L
25 REX TRACE ET CALCUL APPROXIMATIF DE LA PRESSION

30 REM HYDRODYNAMIQUE POUR UN RESERVOIR

40 REM -POSE SUR 50L RIGIDE -

T B L L T T T Ty T T P T T P T P T T T T
R L L T T e L L
60 SCREEN J

70 CLS :KEY OFF

80 IKPUT "hauteur d'eau dans le reservoir:™;H
90 INPUT "masse volumique de 1'eau [kg/m3]:™;MV
100 INPUT "acceieration du mouvement [m/s2i:™;A
1+0 VIEW(330,40)-(630,300)

120 WINDOW (-.01,1.02)-(1,-.01)

130 LINE (-.01,0)-(1,0)

140 LINE (C,-.01)-(0,1.02)

180 FOR Z=C TO 1.1 STEP .1

160 LINE (7,.01)-(Z,-.01)

170 KEXT 2

180 FOR Y=C T0 1.01 STEP .1

190 LINE (-.005,Y)-(,005,Y)

200 NEXT ¥

210 FOR X=0 TO0 1 STEP .005

220 P=(i-X)*A*H*NV/10"°5

230 PSET (2,X)

240 NEXT X

250 SCREEN 3

260 D§="x=":H§="P="

270 5§="4.8"7

280 M$=STRINGS(35,"-")

290 A§="H3.3aRH4"

J00 PRINT:PRINT:PRINT

310 FOR X=0 T0 1.1 STIEP .1

320 P=(1-X)*A®H*NV/10°5

330 PRINT D3,

340 PRINT USIKG S§;X;

350 PRINT ®-=e-vesamec=n e

Jo0 PRINT H§;

J70 PRINT USING AS;P

380 NEXT X

390 LOCATE 2,42:PRINT "X"

400 LOCATE 3,41:PRINT ™17

410 LOCATZ 11,38:PRINT "0.5"

420 LOCATZ 18,74:PRINT "p [bar]"™

430 LOCATZ 19,41:PRINT "0"

440 LOCATE 20,60:PRINT "0.5"

450 LOCATL 20,80:PRINT *1"

460 LOCATE 10,57:PRINT "Approxisation iineaire"
470 LOCATE 21,43:PRINT "distribution de-la pression ie long
480 LOCATE 22,4B8:PRINT "de la parol  -S50L RIGIDE-*

- 43~



hauteur 4’ eau dans le reservoir:? 7

masse volumique de 1’ eau [kg/n31:7 1888 X

acceleration du mouvement [n/=21:7 3

= N e = 8.21908
R, dm et i e = 9.189648
Kl G s i = 0.16804
b I R = 9.14748
x=B8.4---------=--- = 0.12680
o I e = 9.18588
x=B.6---—--=-—=--- = B.88468
= W A S = A.86308
=l G = B.64268
= s S = A.821499
e I P=-0.88844

| | Approximation lineaire

! p i har]

= 8

—
n "
I ' ! 1

8.5 1

figla- distribution de la pression le long

de la paroi -SOL RIGIDE-
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1& REH RN R R R R R R R R R R R R R R R R R R RN R P R RN R E PR R R LA R R R R R R R R R RN F R R R RO

20 REM TRACE DES ABAQUES DONNANT H1/ML EN f(H/a)
J0 REK POUR UN RESERVOIR QUELCONQUE
40 REH LA R R R R R R s R R R R R R R R R R R R R R R R R R R R R R R RS R RN R RIS RRIRERREREZZIIZE]
50 DIX X(48),Y(48)
60 SCREEN 3
70 CLS :KEY CFF
80 INPUT "Est-ce-que le reservoir est en beton ,si oul appuyez sur 1,
s'1i es7 en acler appuyez sur 2°;V
90 INPUT "RAPPORT HAUTEUR/RAYON H/a=";X
100 IF X>5 THEK €370 510
110 IF V=1 THEN RESTORE 410
120 IF \=2 THEN RESTORE 420
130 FOR I=1 TO 48
140 READ Y(I)
150 NEXT I
160 RESIORE 400
170 FOR I=1 T0 48 STEP 1
180 READ X(I)
190 KEXT I
200 FOR I=1 T0 40
210 NEXT I
220 CLS
230 VIEW(50,25)-.450,350)
240 WINDOW(-.05,)-(5.01,-.01)
250 LINE(-.05,0)-(5.01,0)
260 LINE(O,-.01)-(0,1)
270 TOR Z=0 T0 1.21 SIEP .1
280 LINE(-.03,2)-(.03,2)
290 HEXT Z
300 FOR Y=0 T0 5.01 STEP i
J10 LINE(Y,-.005)-(Y,.005)
320 NEXT Y
330 FOR I=1 TO 48
340 PSET(X(I),Y(I1)):CIRCLE(X(I),Y(I)),.01
350 NEXT I
Jo0 FOR I=1 T0 47
370 IF X<X(I) THEN 6070 90
380 IF X<=X(I+1; GOTO 430
390 NEXT I
400 DATA .3,.4,.5,.6,.7,.8,.9,1,1.1,1.
3,2.4,2.5,2.6,2.7,2.8,2.9,3,3.1,3.2,.
§,4.5,4.6,4.7,4,8,4.9,5
410 DATA .18,.26,.34,.4,.45,.5,.55,.58,.6,.62,.645,.66,.675,.685,.695,.70,.71,.7
15,.72,.725,.13,.735,.74,.743,.7417,.75,.753,.758, .74, .763, . 768, .77,.772, . 714, .77
8,.78,.782,.784,.787,.789,.79,.792,.793,.795,.797,.799, .8, .801
420 DATA .27,.33,.4,.45,.5,.55,.58,.61,.64,.66,.675,.69,.7,.71,.72,.725,.73,.735
y.14,.745,.75,.75,.755,.76,.763,.767,.77,.772,.775,.778, .78, .782, . 784, .787, . 789,
J191,.792,.794,.796,.798,.799,.799, .8, .801, .802, . 802, .8C3, .803

2,
3

Tady
3.4

1.4,
3.5

1.
'3

- D ¥



430 A=(Y(D-Y(I+1))/(X(D)-X(I+1))

440 B=Y(I)-A*X(I)

450 Y=A*X+B

460 PRINT

470 PRINT

480 LOCATE 3,51:PRINT "H/a=";X,

490 LOCATE 4,51:PIRINT "M1/ML=";Y

500 LOCATE 23,1:ED

510 PRINT "LA VALZUR DE (H/a) N'EXISTE PAS SUR L'ABAQUE "
520 PRINT "DONNEZ S.V.P UNE AUTRE VALEUR COMPRISE ENTRE 0.3 ET 5"
530 60T0 90
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Table I1. Suffness and damping coefficients for rng fuundativns on a hsifspace with v = 1,3

ARR, =v02  AR/R, =005 AR R, =010 AR R, =02 AR R, =93 ARR, =050 ARR, =070 ARR, = 10'

1 5 z 2 a i) X 8 x B 2 P @ B 2 ]

0 0-662 — G747 -- 820 e U897 — 0938 -~ r980 - 0995 — 1000 e

0-2 565 (1343 0-753 0438 (822  0O-528 0897 0632 0937 0693 G977 0755 G992 0779 0995  0-7A4
4 3675 0345 0758 0442 0827 0534 0897 639 0932 0695 0965 0761 (977 0783 (980 1789
06 0693 0348 775 0449 0839 0544 (898 (651 925 0712 0947 0771 0934 0792 0956 (798
-8 0723 0351 803 0438 0859  (-558 0902 670 0917 0730 0923 0786 0923 (-804 0923 0309
190 769 0351 0848 0466 895 0576 0916 0694 0911 0754 (894 OROS  GR85  OB20 (0883 0824
12 335 0345 G919 0471 0957 0594 0946 (0-724 0914 0785 (864 O8I0 0842 0839 (837 0-84l
14 0924 (-326 1024 0465 1059 0606 1-008 758 G9M 0823 0838 0859 0797 0461 0789  0Bél
16 1026 0O-Z38 1-135 0434 i-2i6 0599 125 2789 0989 0867 (815 0894 (754 0886 0740 0883
L8 1114 0230 1314 0370 1423 0553 1323 0801 105 0610 oBi2 G933 0714 0912 0694 0906

=0 11189 0178 1432 0290 1-622 0459 1611 768 1314 0941 7836 0977 0683 0942 0654 0929
2.2 145 0119 1454 0210 1-751 360 1910 0669 1629 0922 G903 1017 0665 0-968 0621 0981
24 1098 00919 1368 (149 1673 0245 2073 0522 1:981 828 1930 1049 661 0924 (397 0971

26 iv4l 00825 284 0127 1-567 0194 2057 039% 2222 0678 1:227 1067 0674 1013 0582 0458
2R 0390 0845 1203 0124 1-446 0176 1-881 1+301 2263 (540 440 1080 G704 103§ 0375 w2
30 0951 00826 1136 0132 1-338  ir178 1707 027 2121 0424 1787 1010 0750 1045 G573 1013
32 G927 0104 1085 (145 11249 0190 1542 Q264 1917 0370 24025 0938 0752 1054 575 1021
Ja 0917 0116 1053 016l 1180 0207 1-398 0274 1:703 0350 22 0-823 0881 1ose  0s19 1027
36 0925 0129 1039 0179 11129 0227 1275 0291 1-:505 0351 2219 0729 0959 1055 0582 1032
3-8 0954 (141 149 0197 1100 0250 1173 0313 11328 0365 2105 0640 1042 1049 (584 14135

40 1008  (+150 1090 2216 1097 0275 190 0339 11174 0386 1908 0592 I-123 1039 (584 1038
42 1091 0155 1-1172 0231 11133 0302 1031 0369 1042 0412 1645 0-560 1-202 1026 (582 1041
44 119 0150 1-305 0239 1-226 0327 1003 0402 0934 0441 1391 0-556 1-273 1009 0580 1044
46 1-266  0-133 (479 -0232 1-1398 0346 1021 438 0854 (H475 11157 0-568 1-338 0990 (579 1047
4.8 1506 0140 1730 %237 1672 0365 I-105 0487 0793 (521 933 0598 135 U935 579 1050
54 11347 00839 1776 0180 1920 03i8 1-291 G507 G797 0553 0793 (618 1-:380 0960 0584 1-054
32 1289 00671 1680 0126 2087 0271 1 601 521 341 0593 0634 0652 1-341 0944 0593 1057
54 1213 00597 1'575 0104 2038 (199 1784 (502 1011 616 0591 0677 1:370 0920 (0608 1060
56 1138 (0595 1451 00952 1893 0163 2306 . (445 1:241 G639 0552 0704 11300 0918 0628 1063
58 1076 00639 11337 00961 T7il 0147 2424 9377 1557 G645 (537 G730 1269 0%0 0652 1064
50 1029 00711 1242 103 1538 (0144 2338 0315 19i8 0624 (554 0751 i-214 G895 0679 1-064
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tiffness and damming coefficients for ning foundations on a halispace with several sidinonal values of v

1 AR R, =03 AR R, =16
y =10 v =035 v=0 v = (45 vi=i05 v=0 v =045 - v =03
a, x ) 2 i) 2 B x B- b A L B a B x i}
0-0 0-820 - 0-820 — 0980 — 0-980 — 09%0 — 1:000 — 1000 — 1000 —
5 0835 0592 (823 0576 0953 0840 0950 (784 0940 GH12 0963 (869 0961 (812 0951 0840
10 (523 (640 (848 (0622 (B33 0835 (860  O-8i8 0820 0836 (364 (311 0-848 0834 0807 0821
1S 1:273 (r648 0997 (695 824 0993 0728 0881 0627 (-882 0739 0877 674 871 (0-580 0858
240 1-774 (r387 1'554 0682 944 1113} 0-501 0-978 0-382 (954 (0-648 1085 0404 0917 0287 O-8kH
22 | 664 (r243 1902 0637 1'110 i-162 576 1-039 0273 1011 639 1075 0368 0946 0144 091}
24 1:529 (rig% 2021 0464 1-372 1-173 (0-590 1-081 01285 1026 0643 1096 0284 0954 0014 0904
235 1457 (H180 1-958 0-357 1:535 1-162 o611 111! ridda 1061 0630 1104 (r234 0964 —-0058 05w
26 1388 0177 1913 0-306 1-711 1137 0-658 1136 G109 1087 0659 1-110 o191 0971 —0-134 09N}
B 1268 (r186 11777 0245 29051 145 (309 1-185 0069 1143 Q685 111y 0096 0958 -0291 090!
0 1172 0206 1-629 0222 2285 0911 1-062 1215 G050 1201 6715 1123 —-0:002 1-004 —-0-459 0901
32 1097 0230 1499 0-222 2331 0-780 1-414 11210 205 1-255 0747 14122 0104 1020 - 0638 0900
34 1042 (258 1-394 0233 2204 0659 1-805 1-154 -438 1-287 0772 1-119 —(+238 1-035 - 835 0894
3s 1423 0274 1-350 0-241 2086 0615 1950 1107 0596 1289 (784 1'116 —-0270 1-041 —-0932 0-8%4
36 1010 0-290 1-312 0-251 1901 0-591 21118 1-053 0773 1279 0792 1'114 —(r328 1-049 - 1037 (-8%2
38 1013 0327 1:253 0272 1630 (551 2263 0929 1024 1226 0796 1105 —0461 1062 —1-259 (887
49 1076 0368 1221 0297 13308 0549 2203 0O8¥M4 11320 1-1118 034 1102 —(r582 1-082 — 1498 0882
42 1-243 0419 1-:224 0325 1002 05373 2019 0758 1304 1022 0797 1102 -0-720 1-100 -1-754 0876
44 1-570 451 1-278 0-354 733 0607 1732 0-699 1'167 0916 o781 1058 —0-869 1115 —-2028 0670
45 1799 0445 11333 0368 0639 0623 1587  (68% 1034 0883 0769 1094 -0-938 1-131 2172 0867 .
46 203 (434 1410 0381 503 (648 1-444 (683 0384 0858 0764 1092 - 1010 1143 —2:320 0865
48 2365 (306 1642 (396 0378 (691 11173 0687 0-551 0827 0743 1093 —1'153 1168 -2632 0860
54) 2316 0204 1987 405 0205 0731 0913 0711 0160 0825 0722 1094 -1328 1214 -34029 0865
2 2057 0148 2277 0353 0212 0781 073 0727 —(0-153 0823 0705 1097 —1-438 1225 -3344 (0856
54 1778 O13¢ 2403 0287 02 0822 0589 0756 —{r484 (832 0670 1099 - 1-587 1-261 —-3-655 0§52
&5 1655 0129 2396 025 0216 0841 0531 0770 -{(r558 0-841 0-682 1102 - 1598 1271 -3904 0850
56 1543 0132 2281 G214 0239 (0BS5S 04BS 0785 -~ 694 0851 0-688 1104 — 1645 1287 ~4025 08X
5 1385 0144 2035 0166 O-31S O8RS (431 0812 -0:944 G875 0690 1108 -1:721 1319 —4-450 0850
(&Y 1263 Oi62 1814 (0153 (426 0914 0697 1t} - 1774 1:351 -4:801 (-850

G4it 0838 1164 G902
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HVR S T T EH] PP BEEEE DR R E L B T T R T e T L DL L LT L L]
20 REM H trace des pics de resonnance pour les reservoirs en beton
30 REM  HEHNBHURHHOEHRANR AR R B R BN RO RN RS H R R R A
40 SCREEN 3

50 CLS :KEY OFf

80 DIM AC100),ALPHA(10Q),BETA(100)

70 INPUT "Ta vitese de 1'onde de vibration a travers le sol (ft/s)";us
80 INPUT "rayon du reservoir [m)";A

90 INPUT "module d'elasticite du beton [Kg/w21";E
100 INPUT "masse volumique du beton [Kg/m31":RO
110 INRPUT "le reoport hauteur/rayon™;RA

120 NU=1/3

130 PI=3.1415

140 INPUT “module d'elasticite du sol [Kg/m21";6
150 CLS

160 FOR I=1 TO 31

170 READ ACI)

180 NEXT I

190 FOR I=1 TO 31

200 READ ALPHAID)

210 NEXT I

720 FOR I=1 TO 31

230 READ BETA(D)

240 NEXT I

250 US=SQR(G/2000)

260 V5=US* 3044

270 IF RA.EG..5 GOTO 310

280 IF RA.EQ.1 GOTC 330

290 RW=.057 :MIPML=.742

300 GOTO 340

310 RN=.2828:H1PHL=.324

320 GOTO 340

330 RW=.165:M1PHL=.564

340 H=RA*A

350 WO=1/A*SQR(E/RO)

360 W=RW*W0

370 ML=1000*P1*A"2*H

380 MI=MIPHL*ML

390 MO=ML-H1

400 FOR R1=.1 T0 é STEP .1

410 R=LOG(R1)/LOG(10)

420 W1=R1™M

430 KST=(47(1--NU) ) *G*4

440 AO=W1*A/VS

450 VIEW(100,i0)-(400,310)

460 WINDOW(-1,2)-(1,-2)

470 LINE(-1,-2)-(1,-2)

480 LINE(-1,-2)-(-1,2)

490 FOR I=1 T0 30 ,
500 IF AQCA(I) GOTO 470 %
510 IF ADC=ACI+1) GOTD 540

520 IF 1=30 GOTO 470

530 HEXT



4

540 P=(ALPHA(T+1)-ALPHACL) )7 (ACI+1)-ALI))

550 B=(ALPHA(T}+ALPHA(T+1)-P*(A(I)+A(I+1)))/2

580 ALPHA=P*A0+B

570 P1=(BETA(I+1)-BETALI) ) Z(ALI+1)-ACI))

560 BI=(BETAII+BETACI+1)-PI*(A(I)+A(I+1)))/2

590 BETA=P1*A0+81

400 Q=KST*SQR(ALPHA*2+A0"Z*BETA™2)

610 RAzABS(1/(1-R1*2-(M1*§1°2/Q)*(1+(1-R1"2)*MD/H1) })

620 RB=LOG(RA)/LOG(10)

630 PSET(R,RB)

440 NEXT RI

650 DATR 0,.2,.4,.6,.8,1,1.2,1.4,1.6,1.8,2,2.2,2.4,2.6,2.8,3,3.2,3.4,3.6,3.8,4,4
.2,4.4,4.6,4.8,55.2,5.4,5.6,5.8,6

660 DATA 1,.995,.980,.956,.923,.683, .837,.769,.740, .494, .654, .621,.597, .582, .575
,373,.575,.57?,.582, .584, .564, .562, .580,.579,.579,.584, 593, .408, .4628, .652, .679
670 DATA 0,.784,.789,.798,.809,.824, .841,.861,.883,.906,.929,.951,.971,.988,1.00
2,!.013,1.021,!.02?,1.032,1.035,1.033,1.041,1.044,].04?,1.05,1.054,1.05?,].06,1.
063,1,064,1.064

480 FOR b=.1 T0 1 STEP .1

670 X=(LOG(W)/LOG(10))

700 LINE(X,-1.95)-(X,-2) :MEXT

710 FOR ®=1 T0 10 STEP 1

720 X=LOG(W)/L0G(10)

730 LINE(X,-1.95)-(X,-2) :NEXT

740 FOR W=.01 TO .1 STEP .01

750 Y=LGG(W)/LOG(10)

760 LINEC-.57,Y)-(-1,Y) :NEXT

770 FOR MW=.1 T0 1 STEP .1

780 Y=LOG(UW)/L0G(10)

790 LINE(-.97,Y)-(=1,Y) :NEXT

800 FOR W=1 7C 10 STEP 1

810 Y=LOG(N)/ZLOG(10)

820 LINE (-.97,¥Y)-(~1,Y):NEXT

830 FOR W=10 Y0 100 STEP 10

840 Y=LOG(W)/LOG(10)

B50 LINE(-.97.¥)-(-1,Y):NEXT

8460 EHD

870 PRINT"a0="; AO:PRINT “"la valeur de a0 doit etre comprise entre 0 et 4"

- 67 -
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10 REM S0 H0HHHHREHOHEDHBNNRHBENHENHEENOEE R LR R SR IO R AR RN R R
20 REN TRACE DES ABAGUES DONNANT DZETA EN f(H/a).
I0 REM 3% ER#R6tintiriinbiiii it 0000 O RN A R R R R RE RN EARRERREA NN IR R
40 DIN X(50),Y{50)

50 SCREEN 3

40 CLS

70 INPUT "W/Vs=",V

80 INPUT "LE RAPPORT HAUTEUR/RAYON (H/a)=".X
90 IF )5 THEN GOTO 730

100 IF V=5 THEN RESTORE 48D

110 IF V=10 THEN RESTORE 500

120 IF V=15 THEN RESTORE 520

130 IF Y=20 THEN RESTORE 540

160 FOR 1=1 T0 48

150 READ Y(I)

140 NEXT 1

170 RESTORE 470

160 FOR I=1 TO 48 STEF 1

190 READ X(I)

200 NEXT T

210 FOR I=1 TO 48

220 NEXT 1

230 LS

240 VIEW(1D,25) - (400,350)

250 WINDOW(- .08, .4)-(5.01,-.01)

260 LINE(-.08,00-(5.01,0)

270 LINE(D,-.D1)-(0, .4)

760 FOR =0 T0 .41 STEP .05

290 LINE(-.04,2)- (.04, )

300 NEXT Z

30 FOR J=0 T0 .4 STEF .01

320 LINE (-.015,4)-(.D15,d)

330 NEXT

340 FOR ¥=0 T0 5.01 STEP .5

750 LINE(Y,-,006)- (Y, .006)

740 NEXT Y

370 FOR H=D 70 § STEP .1

380 LINE (H,-.003)-(H,.003)

190 NEXT H

400 FOR I=1 T0 4B

630 PSET(X(I),Y{D)) -CIRCLE (X(I),¥(I)), .01
420 NEXT 1

430 FOR I=1 10 47

440 IF XO((D) THEN GOTO 80

450 IF XOX(I+1) GOTO 540

440 NEXT 1

~39-



§70 DATA .3,.4,.5,.4,.7,.8,.9,1,1.1,1.2,1,3,1.4,1.5,1.4,1.7,1.8,1.9,2,2.1,2.2,2,
3,2.6,2,5,2.6,2.7.2.8,2.9,3,3.1,3.2,2.3,3.4,3.5.3.6,3.7.3.8,3.9.4,4.1,4.2.4.3 4.
4,4.5,4.5,6.7,4.8,6,9,5

&80 DATR .017%,.022%,.0275, .03, .0326, .0327,.032%, .03, 0275 (025,.022%,.0212%, .02
01875, .0175, .015, 013?5 0125 01125 01,.01, 01 Bi 01, BDB‘& 00875. 0075
0075,.0075,.0075,.DU?S,.ﬂG?ﬁ,.Oﬂ?S,.DﬁbES,.00625,.03625,.00625,.00625,.005,.605,

.00, .00%, .00

490 DATA 008, .005,,005,.005,.00%

500 DATA ,032%,.045,.0425,.08,.0925,,1025,,1125%, . 115, . 11425, ,11%, .11, .108,.1, .09
25,.087%, .08375, 0775, .075,.,070, .04%, .04, 0575, 0825, .05, .0475, 065, ,0425, .04, .0
375,.031425,.035,.035, 0325, .0312%, .03, 02875, .027%, 02425, ,025, .025, 02375, 0237
5,.02375,.0225%

510 DATA .0225,.0229,.022%,,0225

520 0ATA .02,.075,.1,.12,.1¢,.1575,.175,.195,,2025, .2075, .2075, .20, .2,.1925, .18
5 .18,.172%,.145,,1575%,.1%,.1425, 135, .13, 1225, . 1175, , 1125, .1075, . 1025, .0975, .0
92%,.09,.085,.0825,.08,.07%,.0725, .07, .0475, .045, .0425, .06, .0575, .09625, 055, .05
175, .052%, .052%

530 DATA 0525

540 DATA .42%,.0%,.127,.152%,.1B5,,2125,.2375, .2675,.2875, .3, .3025, .3, .29,.28275
,127,.26, 25125 2425 .232%,,225, 2175, .2075, .2, .1925, .185, .1775, .17, . 14375, . 157
5,.1525,.14525,.14125,,1375,.1325,.1275,.1225,.12,.115,.1125,.11,.16625,.10375,.
1,.097%

550 DATA 09175, .09100,.08R75,,0875

540 A= (Y(D)=Y(T4 ) /(X (D) -X(T+1))

570 B=Y (1) -A*X(I}

580 Y=AxX+P

590 PRINT

600 PRINT

410 LOCATE 3,55.PRINT "H/a=";X

620 LOCATE &,55:PRINT “dzeta=",Y

430 LOCATE 7,4:PRINT "D,3"

440 LOCATE 12,4:PRINT *0.2"

450 LOCATE 17,4:PRINT "0.1"

440 LOCATE 23 ,17:PRINT *1"

470 LOCATE 23,31:PRINT "2¢

680 LOCATE 23 44-PRINT *I*

£30 LOCATE 23,61 :PRINT "4"

700 LOCATE 23,74 :PRINT "5°

710 LOCATE 23,1-END

720 END

730 PRINT "la valeur de x n'existe pas sur 1'abague®

740 PRINT *donnez S.V.P une autre yaleur 3 x qui soit { 5"

750 GOTO 8D

_80_
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DZETA
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4 REN sMinnii it it s ainia i HIOOEDN EF OO
5 REM TRACE DES ABAGUES DONNANT DZETA EN f(H/a) ‘
& REM POUR UN RESERVOIR EN ACIER
7 REN $HBHHBHEHO0EOHEOHHONEHEEOR EHEEEHO HORPEHERHOR S D
10 DIN X{4B) Y(48)

20 SCREEN 1

a0 LS

40 INPUT "W/Ws="V

50 INPUT "RAPPORT HAUTELR/RAYON H/a=";X
55 IF X35 THEN GOTO 700

40 IF V=10 THEN RESTORE 390

70 IF V=20 THEN RESTORE 400

20 IF V=10 THEN RESTORE 410

20 1F V=40 THEN RESTORE 420

100 FOR 1=1 70 48

110 READ Y(I)

120 NEXT 1

130 RESTORE 380

140 FOR I=1 TO 48 STEP 1

150 READ X(I)

160 NEXT I

170 FOR I=1 TO 48

190 NEXT I

205 CLS

210 VIEW(1D,25)-(400,350)

220 WINDOW(-.0%,.4)-(5.01,-.01)

230 LINE(-.05,0)0-(5,01,0)

240 LINE(D,-.01)-(D, . &)

250 FOR Z=0 70 .41 STEP .05

260 LINE(-,03,2)-(.03,2)

270 NEXT Z

220 FOR Y=0 TO 5.01 STEP .5

290 LINECY,-.005)-(Y, . 00%)

Jn0 NEXT ¥

110 FOR I=1 TO 48

320 PSETOXC(D)  Y(IN)

330 NEXT 1

340 FOR I=1 TO 47

J%0 IF X<X(I) THEN GOTO 50

360 IF X<X(I+1) GOTO 470

170 NEXT 1

390 DATA .3,.4,.5,.6,.7,.8,.9,1,1.1,1.2,1.3,1.4,1,5,1.4,1.7,1.8,1.9,2,2.1,2.2,2,
1,2.4,2.5,2,6,2.7,2,8,2.9,3,3.1,3.2,3,3,3.4,3.5,3.6,3.7,3.8,3.9, 4 4.1,4,2,4.3 4,
4,6.9,4.6,4.7,6.8,4.9,5

390 DATA .02,.03,.0375, 0425, 045, 0425, 04125, 03875, 03425, 0325, .03, 0275, .02
5,.0225,.02125, .02, 01875, .0175, 01425, .015, 01375, .0125, .0125, 01125, .01, .01, .0
1,.01,.00875,.00875, 0075, ,0075, .0075, 0075, .00625, 00425, 00425, 005,005, ,005,
009, .008, . 005
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395 DATA 005, .005,.005, 005

400 DATA 0525, .0475,.0825,,0975, 1125, 125, .135, 1425, , 14375, ,1425, 1375, .13, .1
2%,.12,.11375, 1075, . 1025, ,0975, ,0925, .0875, 0825, 0775, ,0725, .07, .045, .06, .057%
, 0525, .05, 0475, .045, 0425, 04125, .04, 0375, 03625, ,035,,0325 03125, .03, 02887
5,.0275,.027% :

405 DATA 02625, 02425, 025, 025, ,025

410 DATA 07,0975, .12, .145,.17, .19, .2125, ,2275, . 24, . 2425, , 24125, 235, ,2275, .217
5,.21,.20125,.195, 1875, .18, 1725, 145, ,1575, 145, .14, 135, .13, 125, .12, 115, .11
125,.1075,.10, .1, 0975, .095, 0925, 08875, 085, 0825, .08, 07425, .0725, .07, .0675,
06425, 06375

415 DATA 0425

420 DATA .0825,.115,.1525,.2,.235,,2425, 2875, ,3125, ,335,, 34375, . 34375, . 335, 125
, 3125, .3025, .2925, 2825, ,2725, .2625, ,2525, , 24425, 2375, ,23, ,2225, 215, ,2075, .2,
(19375, 1875, .18, 17375, 1675, 1625, ,1575, 195, .15, . 145, 14125, ,1375, .1325, .13,
12675, .1225, .12

425 DATA 115, .11125,,1075, .105

470 A=(Y(D-Y(T+13) /(D -X{T+1))

480 B=Y (1) -A¥X (1)

490 Y=A¥X+D

500 PRINT

510 PRINT

520 LOCATE 3,51.PRINT "H/a=",X;

530 LOCATE 4,51:PRINT *dzeta=".y

540 LOCATE 23,1:END

700 PRINT *LA VALEUR DE (H/a) N'EXISTE PAS SUR L’(ABAGUE "

710 PRINT *DONNEZ S.V.P UNE AUTRE VALEUR COMPRISE ENTRE 0,3 ET 5°

720 G0T0 50
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DZETA EXENMPLE :
-------- H/a= 3.125%
dzeta= . 185625
410.3
UVs=48
410.2 RESERVOIR EN
ACIER
18.1
H/a
2 § 5
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