1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110

2130

2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2280
2270

2280

2290
2300

KEY 8 , M

KEY 10 , "IRANSL"

AS=INKEVS

IF A$=Y" THEN 1980
IF VAL(AS$)<l OR VAL(AS)>6 THEN RETURN _
ON VAL(A$) GOSUB 2030,2050,2100,2150,2270,2210,2030,2030,2030

GOTCO 1980
RETURN

' %kk  lavel &
KEY OFF:LOCATE
IF Ag<>UN THEN
KEY ON

RETURN

1 %%% level &
KEY OFF:LOCATE
IF AS<>tn THEN
KEY ON

RETURN

! k%% leval &
KEY OFF:LOCATE

IF Ag<>M# THEN
KEY oN
RETURN
KEY ON
! k%%  level 6
KEY OFF:LOCATEH

IF AS<>"U THRN
KEY ON
RETURN
RET™IRN
I w%% lavel 6
KEY OFF:LOCATE

IF AS<HYH DHEN
KEY Ol
RETURN

subroutine to imput X translation _
25,1:PRINT "X Translation <¥%;H;"> V;:INPUT A$
GOSUB 4710:H=VAL(A%):T(4,1)=H:GOSUB 2380

subroutine to input ¥ translation
25, 1:PRINT Y dranslatlon <":K;"> V::INPUT AS
GOSUB 4710:K=VAL({AS$):T(4,2)=K:GOSUB 2380

subroutine to input % translation
28, 1:PRINT Y7 Tranglation <M;L;#> Y::TNPUT A%
GOSUB 47103L=VAL(AS$) :T(4,3)=L:GOSUB 2380 -

subroutine to change Y axis origin
25,1i1PRINT "¢ axls centre<™;CY;"> 9::INPUT AS
LET CY=VAL(AS)

subroutine to change axis origin
25,1:PRINT "X axis centre<®; cx;"> he s INPUT AS
LET CX=VAL(AS)

2310 Vhkdhddhdohkokihhd ki kR RRRER R AR AR AR AR kR kR T TP L e T LT
zaioj' k%% amsligh a,b,c scaling values too transformation matrix
T{L,J)
2330 T(1,1)=a:T(2,2)=RB:T(3,3)=C1T(4,4)=l
2340 T(L,1)=A;T(2,2)=B1T(3,3)=CiT(4,4)=1

2350

RETURN

2380 Rkt kR RARRAERRENNRRA AR R IR RN A IR RERRR AR A kTR hd ek Rk d

2370
2380
2390
2400
2410
2420
2430
2440

¥ okkdk multiply

old points by transformation for new points

CLS:LOCATE 10,40:PRINT "BUSYM
X=PLOTXMINT (1, 1) +PLOTYMINAT (2, 1) +PLOTAMINAT (3, 1) +1 (4, 1)
Y=PLOTXMIN#T (1,2} +PLOTYMIN®T (2, 2) +PLOTZMIN®T {3, 2) +T (4, 1)
Z=PLOTXMINKI (1, 3) 4PLOTYMINT (2, 3) +PLOTZMINNT (3, 3) 4T (4, 1)

TF ABS(X)<.000001 THEN LET  X=0

TF ABS(Y)<.000001 THEN LET  V¥=0

IF ABS(Z)<.000001 THEN LET %=0



2450 PLOIXMIN=X:PLOTYMIN=Y:PLOTZMIN=2

2460 X=PLOTXMAX®T (1,1) +PLOTYMAX#T (2, 1) +PLOTZMAX*T (3, 1) T (4, 1)
2470 Y=PLOTXMAXAT (1, 2) +PLOTYMAX*T {2, 2) +PLOTZMAX*T (3,2) +1(4,1)
2480 Z=PLOTXMAX®T (1,3} +PLOTYMAX*T (2, 3) +ELOTZMAX*T (3,3) +T(4,1)

2490 IF ABS(X)<.000001 THEN LET  X=0
2500 IF ABS(Y)<.000001 THEN LET  ¥=0
2510 IF ABS{%Z)<.000001 THEN LET  %=0
2520 BLOTXMAX=X:PLOTYMAX=Y: PLOTZMAX=?

2630 X=DISPXMIN*T(1,1) +DISPYMIN*T (2, 1) +DISPEMIN#T(3,1)+1T(4,1)
2540 YeDIEPXMINHT (1, 2) +DISPYMIN*T (2,2} +DISPZMINKT (3,2} +T(4,1)
2550 Z=DISPXMIN#T (1,3 ) +DISPYMINAT (2,3 ) +DISPZMINWD (3, 3) 47 (4 1)

2560 DISPXMIN=X:DISPYMIN=Y:DISPZMIN=2
2570 IF ABS(X)<.000001 THEN LET  X=0
2580 TF ABS(Y)<.000001 THEN LET  ¥=0
2550 IF ABS(Z)<.000001 THEN LET  %=0

2600 X=DISPXMAX*T(1,1) +DISPYMAXWT (2,1) +DISPZMAX*T (3, 1)+m(a 1)
2610 Y=DISPXMBX#T (1,2) +DISPYMAX*T (2 ,2) +DIEPEMARYT (3,2) +T(4,1)
2620 Z=DISPXMAX*T (1,3 ) +DISPYMARHT (2 ,3) +DISPEMAXHT {3, 3)+T (4, 1)

3630 IF ABS(X)<.000001 THEN LET  X=0

2640 IF ABS(Y)<,000001 THEN LET  ¥=0

2650 IF ABS(Z)<.000001 THEN LET  Z=0

2660 DISPXMAX=X:DISPYMAR=Y;DISPEMAX=Z

2670 IF DISPXMAX<DISPXMIN THEN LET
D77=DISPXMIN:DISPXMIN=DISPXMAX:DISPXMAX=D77
2680 IF DISPYMAX<DISEYMIN THEN LET
D77=DISPYMIN:DISPYMIN=DISPYMAX:DISPYMAX=DT77
2690 IF DISPZMAX<DISPZMIN THEN LET
D77=DISPZMINt DISPZMIN=DISPZMAX : DISPZMAX=D77
2700 IF PLOTXMAX<PLOTXMIN THEN LET

17 7=PLOTXMIN : PLOTXMIN=PLOTXMAX : PLOTXMAX=D77
2710 IF PLOTYMAX<PLOTYMIN THEN LET
D77=PLOTYMIN: PLOTYMIN=PLOTYMAX: PLOTYMAX=D77
2720 IF PLOTZMAX<PLOTZMIN THEN LET
D77=PLOTZMIN ¢ PLOTZMIN=PLOTZMAX : PLOTZMAX=D77
2730 FOR I=1 TO NONODE

2740 X=X (T) WD (1, 1) +¥ (T) #T(2, 1) B (L) wB(3,1) +T (4, 1)
2750 V=X (I} ¥ (1, 2) +Y (T)*T (2, 2) +% (L)} %D (3,2) +T(4,2)
2760 ZeX (T) (1,3} 4% (L) *T(2,3)+E (L) ¥T(3,3)+T(4,3)
2770 X{T)=X:Y(I)=Y14(I)=2

2780  NEXT I

2790  CLS

2800 RETURN

DEI0 ARkt ok A R ok e Rk ok ARk kR ke e ok A
2820 '#¥%% LEVEL 2 SUBROUTINE FOR rotatlon around an axis

2830 RETDUM=0:SUBDUM=2

2840 KEY 1, "0

2850 KEY 2, M~X"

- 2B60 KEY 3, W~y

2870 KEY 4, M-zt

2880 KEY 9, "EXITM

N 7



2890 KEY 5 , "»

2900 KEY 6 , "

2910 KEY 7 , "

2920 KEY 8 , "o

2930 KEY 10, "ROTATE!

2940 AS$=INKEYS

2950 IF AS="" THEN 2940

2960 ON VAL(AS) GOSUB 3010,3040,3130,3220,3010,3010,3010,3010,3480
2970 IF RETDUM=1 THEN LET RETDUM==0:RETURN

2980 LF VAL(AS)>=5 AND VAL(A$)<=8 THEN 2940

2990 GOSUB 2380: '%#+¥% update the pointa data file

3000 GOTO 2940

3010 RETURN _

3020 FRERARAHERFRARRIERRNRAARRBRENRER AR AIRRRRANRRRRA SRR RRHIR SRR
3030 ' wa%  level 6 subroutine to input x rotation

3040 KEY OFF:LOCATE 25,1!PRINT “Angle around X axis <";THETAX;">
" INPUT AS

3050 IF AS<>"" THEN LET THETAX=VAL(AS)

3060 GOSUB 4710

3070 RTHETA=THETAX/180%PI

3080 T({2,2)=C08 (RTHETA) :T(2, 3)-SIH(RTHETA) T(3,2)ez-

SIN(REHETA) tT(3,3)=1(2,2)

3090 KEY ON

3100 RETURN
3110l*********************w**************************************
3120 ' #%% level 6 subroutine to input y rotation

?130 KEY OgF:LocATE 25, L:PRINT "angle around ¥ axls (";THETAY;M)
13 $INPUT A

3340 IF A$<>"Y THEN LET THETAY=V?".(A%)

3150 GOSUB 4710 .

3160 RTHETAHTHETAY/lBO*PI

3170 {1,1)=COS{RTHERA) :'T(3,1)=~ _

SIN(RTHETA) :T(1, 3}=SIN(RTHETA) $1(3,3)=T(1,1)

3180 KEY ON

3190 RETURN

3200 1 kdkRE R dioh kol bR R R R R R R ek e
3210 ' *%% Jlevel 6 subroutine to input Z rotating

3220 KBEY OFF: LOCATE 25, :PRINT "Angle axound Z axis (";THETAZ;Y)
o s INPUT A%

3230 IF AS<>™" THEN LET THETAZ=VAL{A$)

3240 GOSUB 4710

3250 RTHETA=THETAZ/L180%PRL

3260 T(1,1)=C0S (RTHETA) : P(1,2)=8IN(RTHETA) T (2, 1) =~

BIN (RTHETA) tT(2,2)=T(1,1)

3270 XEY ON

3280 RETURN
4200 hkhhdRh R khkhdoh ki kb hk s R bk hhuv kR bbbk hd ki hddkw
REDOAET PR LT LTI I LT E A DT S LS L LTS LA E T b LD LTI bl s Ll

3310 ' *wkLavel 3 -~ Zoom onto shjact by changing distanca froem eye to

the oxigin ~ RHO



oo or Cn

3320 SUBDUM=~3:XEY OFF "3 _

3330 LOCATE 28,):PRINT “Digtance from eye to origin (¥;RHO;")

; VINPUT DUMS

3340 IF DUMS$<>"" THEN LET RHO =VAL (DUMS$)

3350 KEY ON :GOSUB 4710:RETURN
3350l**********************************************w**********
3370 '#%¥ Level 3 ~ change perspective by changing distance from eye
to soxreen - D

3380 SUBDUM=3:KEY OFF '

3380 LOCATE 25,1:PRINT "Distance from eye to secreen (";D W+ o

; :INPUT DUMS

3400 IF DUMS<>"" THEN LET D =VAL{DUMS)

3410 KEY ON :GOSUB 47)0:RETURN

3420 ' Kdek bk ek kAR bR R RE R T RN R AR ERER AR IR IR ARk h kAR
3430 ' %%k Leyel 2 subroutine to rotate cbject around specified axis
3440 '*%% Reflsct the object about an axie _

3450 KEY 9 , Wn

3460 '%%* Rotate an object about an axis

3470 'k%w ON KEY RETURN ROUTINE

3480 RETDUM=1:RETURN .

B0 0 e e e ok e e o8 o e I e ok oo e o e o o ok R e e e K e
3500 '#%% LEVEL 3 SUBROUTINE to change angle of eye to okjact
3510 SUBDUM=3:KEY OFF

3520 LOCATE 25,1:PRINT “Angle on XY plane (Y;THETAD;" degreas)

{ 1INPUT DUMS

3530 IF DUMS<>M" THEN LET THETAD=VAL{DUM$)

3540 THETA= THETAD/L20%PXL

3550 KEY ON :GOSUB 4710:RETURN

. 3560'************************************************************

3570 '+%% LEVEL 3 SUBROUTINE %o change angle of eye to objaect
3580 SUBDUM=3!KREY OFF

3592 LOCATE 25,1:PRINT "Angle to 2 axls ("'PHID‘“ degrees) --INPUT
DUM .

3600 IF DUM$<>"" THEN LET PHID=VAL{DUMS$)

3610 PHI=PHID/180%BI

3620 KEY ON :GOSUB 4710:RETURN
3530'**********k************************************************
3640 'level 3 subroutine to calculate and plot screen co~ordinates
3650 SUBDUM=3

3660 CLS:INPUT P"TYPE E TO EDIT PICTURE LIMITS";AS

3670 IF AS<> WEM THEN GOTO 3800

3675 INDUT "SCREEN TYPE (2/9)";SCRN

3676 IF SCRN<>2 AND BCRN<>9 THEN 3475

3677 IF SCRN=9 THEN LET 8C=1,5

3678 IF SCRN=2 THEN LET 8C=3.4

3680 CLS: LOCATE 1,1:PRINT X min <";DISPXMIN;"> V;yINPUT A%
3690 IF AS<>"" THEN LET DISPXMIN=VAL(AS)

3700 LOCATE 1,40:PRINT "X mayx <" :DISPMMAXNN> ¥W::INPUT AS

370 IF A$<>“" THEN LET DISPXMAX=VAL(A$)

3730 LOCATE 3,1:PRINT "Y min <V;DISPYMIN;'"> V;:INPUT A3



3730
3740
37580
3760
avio
3780
3790
3800
38..0
3820
3830
3840
3850
3860
£ind
3870
3880
3go0
3900
3910
3920

IF AS<>M0 THE" LET DISPYMIN=VAL(AS)
SOAPT 3, 40:PRINT Y max <Y ;DISPYMAX;"> "“;:INPUT A5
IF Ag<>¥4 THEN LET DISPYMAX=VAL(A$)
LOCATE %, %:PRINT "2 min <Y;DISPZMIN;M"> ";:INPUT AS
"IF A$<m"t THEN LET DISPZMIN=VAL(A$)
LOCATE 5,40PRINT "Z max <" ;DISPZMAK;"s ";::INPUT A$
IF A$<>"0 THEN LET DISPZMAX=VAL({A$)
GOSUB 4140: ' asssign sin and cdos to variables for speed
CLS:SCREEN SCRN:'S:t2:' 9
LOCATE 1,40:PRINT "Busy"
GOSUB 9070 :' *%% draw axis and labels
FOR I= 1 TO NOLIN
IF STPOINT(I)=0 OR ENDPOINT(L)=0 THEN 4080
I1=8TPOINT(I):'%*% IF PLOPT=2 OR PLOPT=3 'THEN GOSUB 3295:! #&%
node
Ki=X{I1) :¥1=¥ (T1) +32=F (I1)
v #%% colip ploture
IF X1<DISPXMIN OR X1>DISPXMAX THEN 4090
IF YL<DISPYMIN OR Y1iSDISPYMAX THEN 4080
IP Z1<DISPZMIN OR Z1>DISPZMAX THEN 4080
T2=ENDPFOINT (I} :'%%% IF PLOPT=2 OR PLOPT=3 THEN GOSUB 3325:)

#%% £ind node

3939
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
A040
4050
4080
- 4070
4080
4080

¥2=X (12} s¥2=Y({I2) : 22=0(12)
t owek allip picture
IF E2<DISPXMIN OR ¥2>DIsPXMAX THEN 40850
IF Y2<DISPYMIN OR Y¥2>DISPYMAX THEN 40990
IF Z2<DLSPZMIN QR Z2>DI1SPZMAX THEN 4090
XELm=X1%514+¥14%C]L '
YEl=wXL# 0L 02~V %G LRC2+ 2] 8D
ZRLmaX1 %824 CL-Y 1 482% 51 ~21¥C2+RHO
BX1=D*XHL/ ZEL+CX
SY1s=(CY-D*YEL/ZEL) /8¢
XE2=~X24S1+Y24CL
YE2=~X2¥CQ1%C2~Y24S1k02+22482
ZER==K2 RS2 XCI~YEXEZHS1~Z24C2+RHO
8X2=D*XE2 / ZE2+0X _
SY2m= (CY-D*YE2/ZE2) /8¢
L%NE (BXi,8¥1)-(8X2,8Y2) t ' draw from start point to end point
NEXT I

4100 LOCATE 1,40;PRINT n

4110

RETURN

41208 kkdkiok kb ok ki kb ddkdd bbbk dbd fohw bbbk dodok ok dhode ko ok od ke k

4130

1 k%% routine to caloulate sin and cos of angle

4140 BS1=8IN (THETA)

4150
4160
4170

C1=008 (THETA)
82=8IN (PHI)
C2=C0S (PHI)

4180 RETURN _ _
4100 U hdakh i kR dhr bR R Rk dok R b Rokd dokod ke ded de kb b ke ek ook ke e ok deo ok el ok

A270

! patup of default values

N 10



4280 PIL=3,141592654#
42980 DECPLACE=4
4300 MULT=,001 §' *%% MULTIPLYER FOR INPUT OF CONTOUR

4310 G=9,.810001:" *%% gravitational
acceleration

4320 SUBDUM={: ! ##% dummy to indicate level of
subroutine

4330 RETDUM=0¢' *kk dummy flag to indicate exit
routine . _

4340 RHO=100:" *%2  disztance from sye to
obhiect

4350 D= 200003150003 %%  distance ¥rom eye
to screen

4260 THETAD=45 ; THETA=THETAD*PL/180;: ! **% angle to X axis o n XY
plane

4370 PHID=45:PHI =PHID*PYL/180: ! #%% angle te z axis

4380 CX=320 ' k%% centre of soreen x axis

4390 CY=150 ! -k aentra of soreen y axis
4400 SC=2.4:'150/110 *k% gealing factor for
acrean

4408 BC=150/100

4410 FOR I=1 TO 4:T(I, 1)=1 NEXT I :
4420 A=1iB=1:C=): ! 4% poaling dafault values
4430 H=0:X=0:Im03! #*% franlsation Default values
4440 PLF¥= H:' *%% plot x multlplyer :
4450 PLFY= 5:' #*%% plot y multiplyer

4480 PLOX=2500t"' *** plot x offset

4470 PLOY=1000:' %%% plot y offset

4480V RRFhARRFRRTRRRRFRIN BRI RN RRE R R AR R R KRR N ddek Rk ke ok b
4490 DISPXMIN=~13;' **% picture x limit

4500 DISPXMAX=I13:!' %%% pleturs x limlt

4810 DISPYMIN=-1:' #%%% pleture y limit

4520 DISPYMAX=1 :' %#% picture y liwuit

4530 DISPZMIN==1:! %% plobtura z simit

4540 DISPZMAX= J:' ¥%¥ plcture z limit

4550 PLOTXMIN=0:" *%¥% picture x limit

4560 PLOTXMAX=13:7 *%% ploture ¥ limit

4570 PLOTYMIN==] 3! #&% ?icture y limit

4580 PLOTYMAX=1 :! #¥% plobure y limit

- 4890 PLOTZMIN=-1 .t #®%¥ ploture z limit

4600 PLOTZMAX=1 ' #%% pioture z limit

4680 RETURN _ _

B0 T HRBNARAREF RRRFRARRAERER SRR N TR TRV IR R T R R IR AR Rk ek Rk e ek
4700 ' %¥% assign 1 and 0 values too transformation matrixz T(i,3)
4710 FOR Il=]l TO 4:FOR Jlwl TO 4:T({I1,J1)=0;NEXT JL:NEXT Il

4720 M{1,1)=11T(2,2)=T(3,3)=012T (4, 4) 1

4730 RETURN

ATAD T HRR AR RA AR RRRRE AR RERERRRERRR R T TR RRR R R R AR R R AWk MRk Rk h k¥
6390 U#%d% LEVEL 1 EUBROUTINE to save co~ovdinate and line data
G400 QLS:LOCATE 1,L1:INPUT "Name of f£file Y ;NAMEFILES

N 11



6410 OPEN NAMEFILES FOR OUTPUT AS #1

8420 PRINT#L,NONODE

6430 FOR I=l TO NONODE

6450  PRINT#1,NODENO(I};

6455 PRINTHL, USINGH### . F£F#" ;X (1), ¥ (T) , 2(T)

6460 NEXT I

6462 NOACTLIN=NOLIN

6464 FOR I= 1 7O NOLIN

6466 IF STPOINT(L)=0 AND ENDPOINT(I}=0 THEN LET NOACTLIN=NOACTLIN-1
6468 NEXT I :
6470 PRINT#1,NOACTLIN

€480 POR I=1 TO NOLIN

6490 IF STPOINT(I)=0 OR ENDPOINT(I)=0 THEN 8510

6500 PRINT#L,STPOINT(I),ENDPOINT(I)

8510 NEXT I

6520 CLOSE#1

6530 RETURN

GEAD YRR R I hERETRRR R IR R A EREARRETTREREARNL RSN AR ARRE AR AT R Sk ek h ke ke
6580 'w#% LEVEL, 1 SUBROUTINE to load co~ordinate and line data
6560 CLS:LOCRME 1,1:INPUT "Nanme of file ";NAMEFILES

5570 OPEN NAMEFILES FOR INBUT AS #1

6580  INPUT#1,NONODE

6590 FOR I=1 TO NONODE -

5600 INPUT#1L, NOOENO (L), X(I},Y(I),a(I)

6610 NEXT I

G620 INPUT#1 , NOACTLIN

6630 FOR I=1 TO NOACTLIN

- 6640 INPUTHL, STBOINT (I) , ENDPOINT(I) -

6as0 NEXT T

6660 NOLIN=NOACTLIN

6670 CLOSE#L

6680 RETURN
6540!************************************************************
8700 "k¥% LRVEL 1 SUBROUTINE to load ABAQUS Ffile and plot data points
6710 CLB:LOCATE 1,1:INPUT "Nama of file ";NAMEFILES

6720 OPEN NAMEFILE$ FOR INPUT AS #1

6720 INPUTH#L, NONODE

8740 FOR Il TQ NONQDE _

6750 INPUT#1, NODENO(X),X(I),¥(I),2(X}

6760 ' PRINT  NODENO(I) ;X(I}¥(I};Z(I)

6770 NEXT I

8780 ! INPUT "Preass reburn to dontinue"”;a$

6790 INPUT#L,NOLIN

R800 POR I=l TO NOLIN _

6820  INPUT#1,STPOINT, ENDPOINT

683% FOR J= 1 TO NONODE

6822 IF STPOINT=NODENQ(J} THEN LET STPOINT(I)=J:GOTO 6825
6823 NEXT O

6325 FOR J= 1 T0 NONODE

6826 IF ENOPOINT=NODENQ(J) THEN LET ENDROINT(I)=J:GOTO €840



6a2g NEXT J

6840 NEXT I >

6R50 CLOSE#L

6860 RETURN
ERTQUAEIRERREEARNANKEREARARENARERRM AR R IR TR RAR SRR kR ek hdhhhhw
6880 'level ? subroutine to £ind nod:inum from abaout

6820 FOR Il=] TO WONODE

€903 IF STPOINT(I)= NODENO(IL; THEN RETURN

6910 NEXT Il

6920 RETURN
BOZDVRIRARKRAIAFAKAREEAARRLAAAAX ARSI ARA AR LRI LA AARRARKTTARRAIR N R A
6840 'level ? subroutine to f£find nodenum from abaout

6950 FOR 12=1 TC NONODE

6960 IF ENDPOINT{I):s NODENO(I2) THEN RETURN

6970 NEXT Iz

6980 RETURN

(LD ******************************’k‘l\‘*************************
7000 'level 1 subroutine to caloulate and plot co-ordinates
TFOLQ ! dedeodeok e ke o ook ook de vt o ok ok e e ok e sk ok o e R ke ook e ok o ek o
7020 BUBDUM=1:CLS

7030 KEY OFF:CLOSE#3

7040 OPEN YoW,#3,Wlpti:":tw&% open output flle to plotbter

7050 PAPSIZE=4:INPUT "Size A4 or A3 (4/3)";A$

7060 IF A$<>"H PHEN LET PAYSIZE =VAL(AS)

7070 IF PAPSIZE=3 THEN LET PXMAX=4000:PYMAX=2900

7080 IF PAPSIZE=4 THEN LET PXMAX=2900:PYMAX=2000

7090 '#%*% scale plotter

7160 PRINT X factor <";PLFX;"> ";:INPUT A%

711G IF AS<xiM THEN LET PLFX“VAL(A$)

7120 PRINT "¥ factor <U;PLFY:"> »;:XINPUT A$

7130 TY AS<>"M THEN LET BLFY<VAL(AS)

7140 : PRINT "X offset (mm) <";PLOX/10;"s> ";:iINPUT AS
7150 "IF A$<>"M THEN LET PLOX=VAL(A%)%10

7180 PRINT " affset (mm) <" ;PLO¥/L0;"> "::INPUT A%
7170 IF Ag<>"" THEN LET PLOV=VAL(AS)#*10

7180 CLS:INPUT "TYPE E TO EDIT PLOT LIMITS ";A8

7190 IF Ab<» WEt  THEN GOTO 7340

7200 CLS:;INPUT "Same as display (¥/N)} ";a8

7210 IF A$ = "Y¥ THEN LET

PLOTXMIN=DISPXMIN  PLOTXMAX=DISPXMAX : PLOTYMIN=DISRYMIN
{PLOTYMAX=DISPYMAX : PLOTZMIN=DISPZMIN: FLOTZMAX=DISPZMAX I GOTO
7340 .

7220 CLS: LOCATE 1,1:PRINT "X min <V ;PLOTXMIN;'> W;::INPUT AS
7230 IF AS<»"t THEN LET PLOTXMIN=VAL(AS)

7240 LOCATE 1,40:tPRINT "X max <";PLOTXMAX;Y~ V;:INPUT A$
7250 IP A$< ' THEN LET PLOTXMAX=VAL(AS) _
7260 LOCATE 3,1:PRINT "Y min <";PLOTYMIN;"> ";:INPUT AS
7270 IF AS<>Y" THEN LEY PLOTYMIN=VAL(AS) _
7280 LOCATE 3,40tPRINT "¥ max <" ;PLOTYMAX;"> ";:INPUT AS$
7290 TF AS<>™) THEN LET PLOTYMAx=VAL(A$)

N 13



7300 LOCATE 5,L1:PRINT "2 min <";PLOTZMIN;"> ";:INBUT A%
7310 IF Ag<>"? THEN LET PLOTZMIN=VAL(A$) :
- ' 7320 LOCATE §,40:PRINT "2 max <";PLOTZMAX;"> ";:INPUT AS
R 7330 IF A$<>UW THEN LET PLOTZMAX=VAL(AS)
) 7340 GOSUB 4140: '+%% asssign sin and cos to variables for speed
7350 PRINT : INPUT "Choose drawing pen color ";PENCOLORDS
7360 PRINT ; INPUT "Choose axis pen color “'PENCOLORA$
7370 IF VAL{PRNCOLORDS3)>& THEN GOTC 7390
7380 *#%% plot nodes optlon
7390 INPUT "Plot node numbers {Y/N}";PLNDDUMS$
7400 IF PLNDDUM$="Y" THEN PRINT : INPUT "Choose node pen color
_ " ; PENCOLORNS
. « 7410 INPUT "Plot aelement numbers (Y¥/N)"; ?LELDUM$
: 7420 IF FLELDUMS="Y¥" THEN PRINT : INPUT YChoose glement pen color
" : PENCOLORES
7430 CLS:LOCATE 1,1:INPUT "Name of ABAQUS file “‘NAMEFILE$
7440 CLS:LOCATE 12,40:PRINT "Busy"
7450 IF PENCOLORA$<>“O“ THEN GOSUB 8650 i1 *%# plot axis and limits
7460 PRINT#3,%MO,L200" :BRINT#3, nJO"
7470 PRINT#3 “J“+PENCOLORD$
7480 FOR I= 1 TC NOLIN
7490 IF STPOINT(LX)=0 OR ENDPOINT(I)=0 THEN 7780
7300  I1=STPOINT{I):IF PLOPT=2 OR PLOBT=3 THEN GOSUB &890:' #*% f£ind
node
7510 X1=X(I1) 1 ¥1=¥ (I1) :Z1=8(I1)
7520 ' %%k olip plcture
7530 IF X1<PLOTXMIN OR X1»>PLOTXMAX THEN 7790
7540 IF Y1<PLOTYMIN OR Y1>PLOTYMAX THEN 7720
7550 IF 2Z1<PLOTZMIN OR Z1»PFLOTZMAX THEN 7790 '
7560 I2=BNDPOINT(I) :IF PLOPT=2 OR PLOPT=3 THEN GOSUB 6550:' %%
find node _ o
7570 X2=X(I2) 1Y2=Y¥ (I2) 1 z2=7 (12}
7580 ' %%% clip picture
_ 7550 IF X2<PLOTXMIN OR X2>PLOTXMAX THEN 7790
. 7600 IP Y2<PLOTYMIN OR ¥2>PLOTYMAX THEN 7780
. . 7610 IF Z2<PLOTZMIN OR ZZ>PLOTZMAX THEN 7790

7620 XEL=-X1*S1+Y1*C1

: 7630 YEL=-X14CL¥C2=Y1*SLAC2+Z14E2

j 7640 ZEL=~X1*S2401-Y1%S2%81~F1*C2+RHO

'. 7650 PXi= INT((D¥XELl/2ZE1) *PLFX+FLOX)
7660 PYL=INT( ( (D¥YE1/ZELl} ) *PLFY+PLOY)
7670 XE2==X2*G1+Y2%CL
7680 YE2=~K2%C1*C2~Y24S14C2+22#52
7690 FE2=-X2#S2*CL~Y2*S2HS1~ZA*C2+REO
7700 PX2=INT( (D*XE2/2E2) *PLFX+BLOX )
7710 . PY2=INT({(D¥YE2/%ZE2) ) #PLFY+PLOY)

7720 IF PX1l<0 OR PX1>PXMAX GOTO 7850
7730 IF PX2<0 OR PX2>PXMAX GOTC 7850
7740 IF PY1<0 OR PYL>PYMAX GOTO 7850
7750 IF PYZ<0 OR PY2>PYMAX GOTO 7850
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7760 '#%k plot line _

7770 PRINT#3, "M"+8TRS (PXL) 4" "48TRS (PY1)

7780 PRINT#3, "DW"+3TRS (PX2)+1 "4STRS (PY2)

7790 NEXT I

7800 LOCATE 1,40'PRINT V "

7810 IF PLNDDUMS= "¥" THEN GOSUB 7880:'#%% plot node numbers

7820 IF PLELDUMS= “Y" THEN GOSUB u520:'%*%#% plot element nunbers
7830 RETURN

O L Lt L e s Rt A LT T P e T T T T e Ty O P T T PTE L T
7850 CLS:INPUT “Picture outside of windowM;A$:G0TC 7100

. T T T e R e 2 T T T P e P T P T T P TR L
| 7870 '#%% routine to plot node numbers *kkkkkdiddrkikdhbbirhhbidin
' 7880 IF VAL(PENCOLORNS)>6 THEN ~OTC 7910

7890 PFRINT#3,"MO,1000" :PRINT#3,%J0"

7900 PRINT#3,"I"+PENCOLORNS

7910 PRINT#3,%s88,8"

7920 FOR I= 1 TOQ NONQDE :

7930 IF I<> NODENO(IL) THEN 8070

7940 X1=X(I) s ¥1=¥ (L) ;21=% (L)

7950 ' k%k olip pilcture

7960 IF X(I)<PLOTXMIN OR X{I)>PLOTXMAX THEN 8070

7970 IF ¥(I)<PLOTYMIN OR Y (I)>PLOTYMAX THEN 8070

7980 IF Z(I}<PLOTZMIN OR 2(I1)>PLOTZMAX THEN 8070

7990 XEi==-X1*81+Y1%C1

8000 YEL==X1%C3 %02 =Y2I*E1L*C2LZ1*82

8010 ZE1==X1*82%C1L~Y1%82%51L~Z1%C2+RHO

8020 PXL= INT((D*XELl/ZE1l) *PLFX+PLOX)

8030 PY1=INT({ (D*YEL/ZE1l) ) *PLFY+PLOY)

8040 D1l=-20:D2=-20 :' **% daumy offset for node numbers
8050 PRINT#3, "M"4-8TRS (PX1+D1) -+ WLSTRS (PYL4D2)

8060  PRINT#3,"P"+STR$ (NODENO(I))

8070 NEXT I

8080 RETURN

LEDREE TR P R T e T N T L e R T P T P T R
RO LR S T T T e T s e T L T LT T T T
8110 '%«** LEVEL 2 SUBROUTINE to input contours of 34 object or surface
BLAD AR hFGh AR RRARER ORI AR RS TR RRRI AR R RRISIRRNR AR IR KRR RIHRN KR
8130 CLS:X =0:Y¥1l=0iZ1=0: STARTDUMS="Y" : KEYDUMS="1": LINDUMG="*
8140 NODENUM=0:LINNO=0: ¥2=01%2=0
8150 XEY 1, "X-planaM .
: 8160 KEY 2, "V~veiw "
L 8170 KEY 3, "Dwdel"
. 8180 XEY 4, "L-lines"
B190 KEY 5, ¢ "
8200 XEY 6, " n
8210 KEY 7,V "
8220 KEY 8, " "
8230 KEY ¢, "E-exith
8240 KEY 10, " "
8250 IF XKEYDUMS=U2¥ THEN LET KEYDUM$='"1":GO0TO B3R0

S,

i
=
'—l
o




8260 PRINT:INPUT "Y =";¥§

B270 IF YS="EM THEN LET NOLIN=LINNO:GOSUB

10770 : NONODE=NODENUM : RETURN

8280 IF ¥$="X" THEN LET STARTDUMS="Y": I,INDUMS="W":GOSUB
8550:G0TO 8260

8290 IF Y%="¥Y THEN LET NOLIN=LINNO:NONODE=NODENUM:GOSUB
1200:60T0 8150

8300 IF ¥$=YD' THEN LET LINNO=LINNO-1:NODENUM=NODENUM-1:GOTO
8280

8310 IF ¥§=ML" THEN GOSUB 8550:LINDUMS=NLM:GOTO 8260

8320 X1=X

8320 Y1=VAL(Y$)
8340 INPUT %3 =V;3Z1
8350 1***********************************

8360 X2=X:' %% same x2 for contours

8370 IF LINDUMS='L! THEN GOSUB 8550:%2=X

8380 PRINT :INPUT MY =¥;Y$

8390 IF Y$=YV" THEN LET NOLIN=LINNO:NONODE=NODENUM:GOSUB
1200 :KEYDUMS="2":GOTO 8150

8400 TF Y$=UEM THEN LET NOLIN=LINNO:NONODE=NODENUM:RETURN
8410 IF ¥Yg="X" THEN LET STARTDUMS="Y':LINDUMS$="";GOSUB
8550:G0TO 8260 :

8420 IF ¥&="D" THEN LET LINNO=LINNO-1:NODENUM=NODENUM~-1:GOTO
8380 :
8430 IF ¥4=RLY THEN GOSUB 8550:LINDUM$=M"I1M:E0TO 8380

8440 ¥Y2=VAL(Y$)

8450 INPUT 2 =v;Z2

8460 IF STARTDUM$<>“Y" THEN GOTC 8500

8470

HODENUM=NODENUM+1. : NODENG (NODENUM) =NODENUM : X (NODENUM) =X 1 *MULT
! ¥ (NODENUM) =¥ L ¥MULT ¢ 2 (NODENUM) =% L #*MULT

8480

NODENUM=NODENUM+] ; NODENO (NODENUM) =NODENUM ! X(NODENUH)HKZ*MULE
1 ¥ (NODENUM) =¥ 2 AMULT: % { HODENUM) =2 2 *MULT

8490 STARTDUMS="":G0SUB 8520:G0T0C 8340

- 8500

NORENUM=NODENUNM+1 : NCDENO {NODENUM ) sNODENUM: X (NODENUM) =X2¥MULT

i ¥ (NODENUM) =¥ 2 *MULT : 2 (NCDENUM) =E2 *MULT : GOSUB

8520:G0TO B360 .

G AEE T T T T T e T e T Y TR R L T R T T R T Y T T
8520 LINNO=LINNO+1:STPOINT (LINND) ~NODENUM~

1: ENDPOINT {LINNO) =NODENUM: RETURN

RO T T T T T T ey L P R T I T LT e L e T R T Y T
8540 '"hdkkkk ROUTINE TO CHANGE X PLANE

8850 PRINT!PRINT "X = W Y10  INPUT X$

8560 IF X$«<»>"" THEN LET X=VAL(X$)

8570 RETURN

BEBOTRFW R AR RARA R LR RARNBAERIRRRRRERABRIERARRA NSRS R DS R RN TR ARG hD
85990 '#%% error trap -

B6&0O CLS:INPUT “ERRORY;A$:GO0TO 70

N 16



B610 IF X(Il)<XPLOTMIN THEN 7790
3530l****************************k**********!1*******************

8630 ' ¥%% routine to plot axis

A L T L L L L L L I L L T e P S L P e L P P T R T T T AT
8650 IF VAL (PENCOLORAS)>6 THEN GOTO 8680

8660 PRINT#3,"™MO,1200" :PRINTH§3, nJon

8670 PRINT#3, "SY4+PENCOLORAS

8680

X1=PLOTXMIN: ¥2=PLOT¥MAX:AL=X1:A2=¥X2:¥1=0:¥2=0: Z1=01:22~0: AXISNAMES="X"
8690 V4¥% allow for 0 axis and avoid overprinting

8700 'IF PLOTXMAX=0 THEN LET Al=X2:A2=Xl

8710 GOSUB 8830

8720

Y1=PLOTY¥MIN:Y2=PLOTYMAX: Al“Yl AZa¥2:X1=0:X2=0: 21=0 Z2=0: AXTSNAMES="1¢"
8730 t4¥%% allow for O axis and avoid overprinting

8740 'IF PLOTYMAX=0 THEN LET Al=¥2Z:A2=Y1

8750 GOSUB 8830

8760 _
Zl=PLOTZMIN:ZZ=PLOTZMAX:A1=21=A2=22:Y1ﬂ0:Y2=0:X1=0:X2=0:AXISNAHE$=“Z"
B770 '#%% allow for 0 axis and avoid overprinting

8780 ‘IF PLOTZMAX=0 THEN LET Al=Z2: A2“Zl

8790 GOBUB 8830

8800 XRETURN
8310l**************************s“**:****************************

BB20 ' %%% routine to plot axis lines and names

8830 KE1=-X1%S14¥1*CL
8840 YE1=-X1#Cl*C2~¥1451%C2+21%S2
8850 ZEL==X1%52%CL-Y1%#82451~21%C2+RHO
8860 PX1= INT({D*XEl/ZEL) *PLFX+PLOX)
8870 PY1=INT( ( (D*YE1/ZE1)) *PTLFY-+DLOY)
8880 XE2=~X2%S1+Y2*C1 _
8890 = YE2=-X2+C1*C2-Y2¥SL4Q2+Z2%S2
8900 PE2=-X2*52%C1-Y2%52%S1~Z2 % C2-+RHO

. 8910 PX2=INT ( (D*XE2/ZR2) *PLFX+PLOX )
8920 PY2=INT({ (D*YE2/ZE2) } *PLFY+PLOY)

8930 PRINT#3, "M"-+8TRS (PX1}+" "iSTRS (PY1)
8940 PRINT#3, "DN+STRS (PX2) 4" V-+8TRS (PY2)
8950 D1=0:D2=~40:

8980 PRINT#3, "M"4-8TRS (PX1+D1}+" "+STRS (PY1+D2)
8970 PRINT#3, "P"+STRS (A1)

8980 PRINT#3, "M"+STRS (PX24D1)+" "+STRS (PY2+D2)
8990 PRINT#3, "B "+5TRS (A2)

5000 PRINT#3 , "M"+8TRS (PX2+D1) +" W+STRS (PY2-D2)
9010 PRINT#3, VPN +AXTENAMES

9020  RETURN
9030 AhR I AR IR RRER AR IR DE A TNk A R A AR A AR R R IR bk dhkh ok hhdk

9040 ' k%% routine to disp axis
GOBG TRk dedkdesh s ded ok dodk ko e R ok e sk Aok ok v ek ok ko e e e K ok

9060 DLUM=DUM
9070 X1=0
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tX2=DISPXMAR  Al=X1: A2=X2 ¥1=(Q: ¥2=0: 41=0: 22=0 : AXISNAME§=T}"
9080 '*%% allow for 0 axls and avold overprinting

9090 GOSUB 9190

9100 Y1=0 _

tY2=DISPYMAX : Al=Y1: A2=¥2: X1=0:X2=02: 21=0: Z2=0: AXISNAMES$="YN
9110 '#%% zllow for 0 axis and aveld overprinting

8120 GOSUB 9190

9130 21=0

$ Ba=DISPEMAX t Al=21 A2=22: ¥1=02 ¥ 2:20 : X1=0 4 X2=0: AN SNAMES =" 2"
9140 '#%% allow for 0 axis and aveid overprinting

9150 GOSUB 9490

9160 RETURN _
D170V RAEREENRRTRHI TR ERRRERERRRRKERR RSN R TR BRI AR AR AN RRNF AR
9180 ' ***% proutine to plot axis lines and names

9190 XEl==X1#S1+Y1%CL

9200 YEL=~X1*C1HC2~YL*SL*C2+ZL*E2
9210 ZE1==X1%824CL-Y1%S24S1-21%C2+RHO
9220 SX1= D*XEL/ZEl +CX

9230 SY1=(CY~D*YEL/ZEL) /SC

9240 KE2=-X2*SL+Y2%CL

9250 YE2=-X2#C1*C2-Y2#SL* Q2122 %52
9260 ZE2=-X2%82%(01~Y2%52%51~Z24C2+RHO
9270 SX2= D*XE2/2E2 +CX

9280 . 8Y2=(CY-D*YE2/BE2}/8C

9290 LINE (§X1,8Y1)-(8X2,5Y2)

9300 AXISX=INT(SX2/640%80+1) tAXISY=INT(SY2/200%25+1): T*%% screen go-
ords for text

9310 IF AXISN<D OR AXISX>80 THEN GOTO 9340

9320 IF AXISY<0 OR AXISY>25 THEN GOTO 9340

9330 !IOCATE AXISY,AXISX:PRINT AXISNAMES .

9340  RETURN

9350 ‘#w¥%& routine to mérge two line files

9360 CLE:LOCATE 1,13INPUT "Name of file "'NAMEFILE$
9370 OPEN NAMEFILES FOR INPUT AS #1

937% NOFFSET:=Q

2380 INPUT#1,NONODE2

8390 NEWNODEﬂNONODE+1 NONODE =NONODE+NONODE2

9400 FOR I=NEWNODE TO NONODE

2410 INPUT#L1,NODENQ(XL) , X(I},¥(X}),8(I)

9515 NODENO(I)nNODENO(I)+NEWNODE~1

9420 NEXT I

9430 INPUT#L, NOLINL <

9440 NEWELEM =NOLIN+1:NOLIN =NOLIN-+NOLINIL:NOACTLIN=NOLIN
9450 FOR I=NEWELEM TO NOLIN

2460 INPUT#1, STPOINT (L) , ENDPOINT(T)

9470 STPOINT (I)=3TPOINT (L) +NEWNODE~-

1: ENDPOINT (I} =ENDPOINT (1) +NEWNODE~1

9480 NEXT I

9490 CLOSE#L

8500 RETURN
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N - .
N P

]

_.,.-.

9510 ! w%% ROUTINE TO LOAD ABAIN FOR PLOTTING ELEMENT NUMBERSE
89520 OPEN NAMEPILES POR INPUT AS #1

9530 LINE INPUT#1,A$

9540 TIF LEFDS(AS,5)<>"*NODEM! THEN GOTO 5530

84560 NONODE=0:NOELEM=0 .

8570 '*4% LOAD ABAQUS FILE X,Y¥,Z INTO MATRICES

9580 INPUT#1,A8

850 IF LEFT$(A$,B}="*ELEMENT“ THEN GOTO 9670

9600 NODENUM=VAL(A$) :NONODE#NONDDE+1

9610 NODERO (NODENUM)=NODENUM

2620 INPUT#L,AS:X(NODENUM)=VAL(AS)

9530 INPUTHL,AS: Y (NODENUM)=VAL(AS$)

9640 INPUTHFL,AS:Z (NODENUM)=VAL(AS)

9650 GOTO 9580 _

9860 txwd roubtine to element nunbers FkRkEhRtkRdktbRhidkhdkddidk
- 9670 INPUT#l DUM1S, DUM2S: 1P VAL{PENCOLDRE$}>G THEN GOTO 9700
9680 PRINT#3,"MO, 1000“'PRINT#3 nrow

9690 PRINT#S,"J"+PENCGLORE$

8700 PRINT#3,%"sS8,8"

9710 INPUTHL, ELNOS

a720 IF LEFTS(ELNO$ 1)=MY THEN CLOSE:RETURN

8730 INPUT#L,NL1S, N2$ N3§, N4$ NES N6$ N7$ NB%

9740, %1 =(x<nonEN0(VAL(Nz$)))+x(NonEN0(VAL(N3$))))/z
9750 Y3  =(Y{NODENO(VAL(N1S)))+Y (NODENO (VAL(N2S))))/2
9760 21 =(2(NODENO(VAL(N1$)))+2(NODENO(VAL(N2§))))/2

9770 ¥ %% clip plcture

2780 IF X1 <PLOTEMIN OR X1 >PLOTXMAX THEN 9710
9790 IF Y1 <PLOTYMIN OR ¥l >PLOTYMAX THEN 9710
9E00 IF 21 <PLOTZMIN OR Z1 >PLOTZMAX THEN 9710

2810 YEL==X1*S14YI*0CL
9820 YE1=-XLkCL*C2-Y1%81 k02421482
5830 ZEBl=~X1*32%QL-Y¥ 1482 %8),~51*C2+RHO
- B840 PXY= INT((D*XEL/ZEL) *PLFXHPLOX)
9850 PYL=INT( { (DAYRL/ZEL) ) ¥*PLFY+PLOY)
8860 Dl==D1D2=-0 ' %% gquamy offset for slement
9870 PRINTH#I , "M +8TRS (PXL FDL) +" WHESTRS (PY1+D2)
9480 PRINT#3 , "RPU4+ELNOS

95890 GOTO 9710

OO0 LRk RRKddk R R ek kR AR AR AR R AR Rk R KRR R DR AR R kR Rk kR kR RNk A%
siio tkd% LEVEL 1 routine to load abagus input file and generate lin
file

9920 CLS:LOCATE 1,L1:INPUT "Name of £file "‘NAMEFILE$

5945 CLORE

9950 OPEN NAMEFILES FOR INPUT AS #1

9955 t#%% load in all node numbers

8960 I=0

9970 LINE INPUT#L,33

9978 IF EOF(1l) THEN PRINT MData not found":INPUT AAA:RETURN

9980 I LEFTS(AS,5)<>N*NODE" THEN b970

2990 INPUTH#L, AS
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9932 IF LEFTS(AS,B)="+*ELEMENTY THEN PRINT "FOUND ELEMENT":GOTQ
10040

9995 IF LEFTS(AS,5)="*NODE" THEN PRINT:INPUT#L,B&,AS$

10000 I=VAL(A$): NODENO(IL)=I

10010 INPUT#L, X(X) X(T}, (T}

10020 NONODE=I:GQTO 92880

10030 t#k% load in all the elements

10040 INPUTHL,BS,C$:  POINTNO=0:PRINT Aj,BS

10042 IF BR="TYPE=S8R" THEN NOPEEL=S:S8IGNODE=4:GOTO 10700
10044 IF BS=NTYPE=STRI3" THEN NOPEEL=3:S5IGNODE=3:G0T0 10700
100486 IF B$="TYPE=P32" THEN NOPEEL=3;SIGNODE=3:GOTO L0700

10050 INPUT#L1,AS$sPRINT A$

10082 IF LEFTS(A$,6) = WHELSET" THEN CLOSE#L:GOTO 10172:'%% REMOCE
DUPLICATE NUMBERS

10458 IF LEFTH(AS,8) = "XELEMENT" THEN GOTO 10040

10070 FOR I=1 TO NOPEEL
10080 INPUT#L,NODE(I)
10080 NEXT I

10100 FOR I=1 T0 BIGNODE-1
10110

POINTNOnPOINTNO+1=STPOINT(POINTNO)ﬂNODE(I):ENDPOINT(POINTNO)“NODE(I+L)
10120 HEXT I

10130 IF NOPEEL=8 AND BIGNODE=4 THEN

1 DTNTNO=POINTNO+1: STPOINT(PGINTNO)HNODE(4) ENDPOINT(POiNTNO)nﬂonE(l)
13140 NOLIN=POINTRNC

10150 NOACTLIN=NOLIN

10160 GOTO 10050 '

10172 INPUT “Do you want to elininate duplicate lines (Y/N) " ; DUFS$
10174 IF DURPS<HMYY DHEN NOCASTLINSNQLIN:REIURN

10176 GOBUB 10770:RETURN

L0 G0 P e koo e e ok e R o B S ek e R R R o e R Rk
10190 'lavel 7 subroutine to find nodenum from abacub

10200 FOR Ii=1 TO NOMODE

10210 IF STPOINT(I)= NODENO(X1) THEN RETURN

10220 NEXT I3

10230 RETURF

LO240 0 RAKKEEARERREAEFEERERAERARRT TR R AR EFARRERR R R R AR RA R F RN AR
10250 'level ? subroutine 1o find nodenum from abaout

10260 FOR I2=1 TO NONODE

10270 IF ENDPOINT'(L)= NODENO(I2) THEN RETURN

10280 WEXT I2

10290 RETURN -

10300 RkRRREI Rk hdAIR AR AR RN KRR R RS R RRER SR RR T KRR RRR R * Rk
10310 ‘!#%%%  routine te truncate numbers

10320 TRUNC=TRUNC* 10" DECPLACE

10230  TRUNC=INT(TRUNC)

10340 TRUNC=TRULL/L0"DECPLACE

10380 RETURN

L0355 (hkRRAARIN IR IAREFRRERAERRRRARRARRRNR AR AR RREAAARRARRNAN RGN
10360 Y4%% ROUTINE TQ SAVE DATA A8 NISA.NEU FILE féddkdk&dnkiik

N 20



10370 CLS:LOCATE 1,L1:INPUT "Name of f£flle M.uAMEFILES

10380 OPEN NAMEFILE$ FOR OUTPUT AS #i s
10390 PRINT#F1, NAMEFILES
10400 FOR I=1 TO NONODE
10410 IF NODENO(IL)=0 THEN GOTO 10500
10420 IF NODENO(I}<>I THEN GOTO 10500
20430 COUNTG=NODENO (1)
10440  SPAGS=CHRS{32)+CHR$ (32)4CHRS$ (32)
10450 IF COUNTG>9 THEN SPAG$=CHRS(32)+CHRS(32)
10460 IF COUNTG>98 THEN SPAGS=CHR.(32)
10470 IF COUNTG»999 THEN SPAGS="Y
10480 PRINT #1,1;S5PAGS;COUNTG
10490  PRINT #1,USING "E.FFEEFEEFF" "pX(T) ,¥(T),5(1)
10500 NEXT I
- 10510 '#x% print lines to dise
10520 FOR I = 1 TO NOACTLIN
10530 IF STPOINT(L)=0 OR ENDPOINT(IL)=0 THEN 1070
10540 COUNTL=I _
10550  SPALS=CHRS (32)+CHRS$ (32) +CHRS (32)
105€0 IF CGUNTL>9 THEN SPALS$=CHRS(32)+CHR$(32)
10570 IF COUNTL>9Y THEN SPALS=CHRS (32)
16580 IF COUNTL>539 THEN SPALS=W!
10590 PRINT #1,2;8PALS; COUNTL
10600 . xmux(smpoxnwtx)) Yi=Y (STROINT(I) ) t 51=% (STPOINT(I))
10810 X4=X (ENDPOINT(I)): Y4=¥(ENDPOINT(I)):Z4=Z(ENDPOINT(I))
10620 DIVX=(X4-%1)/3
10630 DIVY=(¥4~Y1l)/3
10640 DEVZ={24~21} /3
10650 ¥2=X14+DIVR: YR=Y1+DIVY: 22=21+DIVE
10680 ®3=X142%DIVX: YA=YI+2%DIVY : 23=21+2 %DIVZ
10670 PRINT #1,USING "#.#fFFd##4" """ ;X1 ¥2,21
10680 PRINT #1,USING “f#.f##FfF#FFE~"" "1 X2,¥2,22
10680 - PRINT #1,USING "§.##f#Fddd# " v;X3,¥3,23
10700 PRINT #1,USING "#.F#FF#fdpg """ "'X4 24 %4
0710 NEXT I

10720 CLOSE #i

14730 RETURN _ '

BOTAD SRR RRR ok Rk e de o e R B R R R R R R e T A R R R e
10750 '#% woubtine to eliminate similar lines

T AOTEO R kdchdodd Ak doRhR Rk h kR Rk kR Rk oAk k kR kR Rk kR R R Rk kR
10770 NOACTLIN= NOLIN

10780 '#%* NOACTLIN - number of actual active lines

10790 FOR I= 1 TO NOLIN

10798 IF STPOINT(I)=0 AND ENDPOINT(I)~0 THEN 10850

10800 FOR J=1 TO NOLIN

10805 IF BTPOINT{I)=0 AND ENDPOINT(I)r 0 THEN 10840

10810  IF J=I THEN 10840 _ _

10820 IF STPOTNT(I)=STROINT(J) AND ENDPOINT{I)=ENDPOINT(J)} THEN LET
STROINT (I)=0:ENDPOINT (I)=0;:NOACTLIN=NOACTLIN~1:GOTO 10840 _
L0830 I¥ STPOINT(IL)=ENDPOINT{J) AND ENDPOINT(I)=STPOINT(J) THEN LET
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STPOINT (I)=0:ENDPOINT (I)=0:NOACTLIN=NOACTLIN-1

10840 NEXT J
108580 NPAT T

10860 RETURN

10870

N 23



APPENDIX ©
LISTING OF DATA TRANSFER DROGRAME FOR FEM POST PROCESSING

o1



oL ¢

00020
file!
0Qo30

00040
00050

00060
00070
00080
00090
00100
¢ol1o
00120
0130
00140
00L5G
00160
00170
001890
00190
40200
00210
00220
00230
00240
Q0250
00260
00270
00280
00310
00320
003320
00340
00350
00360
Q0370
00380
00390
00400
00410
00420
00423
00428
00427
00430
00440
00450
00460

ADALAS.WBA ~ WBABIC program teo extrnct geomatric, stress and
stress resultant data from ABAQUE output file

print tabasas- extract stress resultants from abaqus output

dinm el (3000),p(3000)

dim x(4000),y(4000),z(4000) ,x (4000),8(4000),b(4000)
dim o(4000),4(4000),e(4000)

dim f(4000),g(4000) h{4000}

print

print 'input abagus filename!

input abatile$

abafile$=abafile$+! dat al!

print ‘min element numbexr!

input elmin

print 'maximum slement number!

input elmax

open #6,abafiles$, input

print 'sas filename!

Input sasfile$ _

sasfilel§=sasfiled+' data al! '

| #%dk routine to fetoh sigmal,signaz,taul?
gosub 770

gosub 870

gosub 1240

gosub 1380

cloge #6

gosub 650 _ _
gosub 360

print ftotal of !';total;! sas entries!

stop

PhhkrhhhbdRhhhehhhdhddkkdkrkah it hoddikdd

print V%% write sas data file!

open #6, sasfilels,output

Iprint #6,total

for i=1 to total -

1f el(i)<elmin or el(l)»elmax then 450

LLS= g RdE, RFFFEEF, B RREE R FEEE ER B
print #6,using £18,eXl{i)x(i);yv{i)seil);x(L);
E28= FFFFFEFREFF  FFEEREFEEFFS

print#e,uaing £28,a({l);p(i)
Q$=‘############ ############,############ ####### FHER R EEEE,
print #6,using q$;c( yid{i)je(i); f(i)eg(i) shil)

next i
rlose #8

¢ 2
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¢0470

return

DO0ABO ! *kvddhdrdhddsr ik o Rk dehdhr ik

DOGAD b ek s st sk e e e o o e e ok o ok o oy o o e o e e A e ek

00650
058660
00670
00680
00680
go700
Q0710
00720
Q0730
00740
00750
40760
00770
C0780
00790
Qoao0o0
o810
Q0820
00830
00840
00850
00860
008790
a0880
00830
00900
a09lo
00920
00830
00940
00980
Q0580
00970
00980
00990
oLooo
oLo10
01020
01030
1040
gL050
01060
41070
01080
01090
01100
01110

print '#¥*toalculate arclength!

for i= 1 to total
resgr(z{i)*z (1)+y (i) vy (d))

theta=atn(z (1) /y (1))

if z(i)<=0 and y(l)<=0 then thetaﬂtheta-pi

1f z2(i)>=0 and y(i)<=0 then theta=thetatpi

r (i)=r¥theta

next
rebturn _

1 ook o e ok ok o e o ool e o e e ok e s ko e
print'#¥*gearching for geometris data!

loop

linput#e,as

l=len({as)

if strg(as$,1,21)=' ELEMENT PT SEC FOOT' then 850

endloop
print 'nhot found!
print '%%% found geometric data !
rebturn _ _

[ ARABARERERATRAERAARARARBAATE A RAARR AR A LR
Erint tyr*loading goemetric data’

! %kiis= counter for natrix

linput#6,a$

if a$=“" then goto 300

l=leni{a%
if strs(as,1,8)=' MAXIMUM' then return

ke input element point and section
b$=str$(a$ 8,1)

1E b=l than 1080
1f b$=12' then .uB0
1f b8§='3' then 1080
if k§='4' then 1080
1f b$='5' then 1080
1f b%='6' then 1080
if h$="7'then 1080
if bg='8' fthen 1080
if b$=19" then 1080

if bS=!0' then 1080

goto 900

gl {i)=value(strs(as,1,9))
Iprint a$
pli)=value{stxé(a%,9,5))



01120 se=value(str$(a$,13,5))

01130 if se<>1 then goto 500

01140 !l¥%* input x,y,z co=ordinates

01150 x(i)=value(stry(a%,21,11))

01155 x(l}=x(i)~.054

01160 y(i)=value(str$(a$,33,11})

01165 y(i)=y(l)~.0831

01170 z(l)=value(str$(a$,45,11))

01180 totalei

01180 !print el(d);p(i);se(i);x(i);y(i);z(i)
01200 i=i+4+1

01210

01220 goto 900

01230 kbR aRBRERMERAZRRRFRKAERR AL LR IR SRR AR IR AR IR bR AR AR KRR R IRR
01240 print *¥**searching for stress resultante !
01250 loop

012F0 linput#s,ad

01270 :

01280 l=leri(a$)

01250

01500 :

03310 if strg(as,1,17)=' ELEMBNT PT FoOT' then goto 1340
01320 endloop

01330 print 'not found!

01340 print '#%% found stress resultants

01350

01360 return

01370

01380 | ®hkkerdkhihkhdhhdhrbkdhthahkhhEnthhhhddh
01390 print '#¥+% loading stress resultant data"
01400 i=1 '
01410 | *#%i= gounter for matrix

01420 linput#6,a$

01430

01440  if a$="" then goto 1420

- 01450 l=len{a$)

01460 1f strg(as,1 ;8)=!) MAXIMUM' thenh return
01470 l&%% input elament point and stress resultants
01480 b$=str$(a$ 8,1}

01490 if h$='1Ll? then 1600

01500 1if b3=12' then 1600

01510 if b$='3' then 1600

01520 if b$='4! then 1600

0LB30 if b%$='5' then 1800

01540 if bh$=16' then 21600

01850 1f h$='7'then 1600

01560 1f bg='8' then 1600

015370 if bS='9t then 1600

01580 if b§='0' then 1600

01590 goto 1420

P
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AR e

01600
01610
01620

P123456789112345678921234567893133456785412345678951.2345/789)

01830
0le40
01650
01660
01670
01680
0le90
Q1700
Q1710
01720
01730
01740
01750
Q1760
¢L770
01780
01790
gigoo0
01810
01820
1830
01840
01850
01860
Q1870
or8ag
01830
01300
03910
01920
01920
01940
1960
01960
01970
01980
01%%0

e1=Valueéatr$(a$:1:3)J
Iprint a
lprint

§=valu3(str$(a$,9.5))
£ p<ep(l) or al<ral(l) them return
{ekk * gut x,y,% co-ordinates
a{ly=value{strs$(as,17,12))
b{i}=value(strs(as,29,12))
cl{i)=value(strs$(as,41,12))
d(i)=value (str$(a$,53,12))
e(i)=value (strs(as,65;12))
f{i)=value(strs(a$,77,12})
g{i)=value(strs(ad, 89,12)}
h(i)mValue(str$(a$ 101 12})
ipiizt a(i); b(i)'c(i) d(i):e(i) f(*Jrg(i):h(i)

goto 1420
Fredddrdedoksest ko dedooh i ok dede R o de ke ok e de e de ok o
print 'sas smaller files'

for j=1 to 8

spalllsesasfilef+value$ (3)+! data al!
open #6,=mallls, cutput

for i=1 to total

if el(i)<elmin or al(i)>elmax then 19540

1f j=1 then print #6,x(1};x(1)a(i)
if 4=2 then print #s,x(i),r(i);b(i)
if J=3 then print #6,x(i);r (i) ;c(i)
1f j=4 then print F6,x(i};r(i);d(i)
if 3=5 then print #S,x(i),r(i),e(i)
if =8 then print #6,x(i);r(i) ;i)
if 4=7 then print #G,x(i);r(i);g(ij
if 9=8 then print #6,x(1);r(i);h(i)
next i

cloge #6

next 4

raturn

theta=theta+3d. 1425

Ty U



02 : SOLIDVAL.WBA ~ WBABIC program for estimation of validation
_ stresses using heam theexy

U0010 print 'w#% solidval : validation model stress estimation !
00020 print ! using strength of materials’
00040 £x=5000 '

00050 ! axial force inn

Q0060 ym=0,0631

00070 | distance from cylinder centre-line to pipe
00080

00120 t=1.89e-3

00200 ! thickness of shell

00250 l=.224

00260 ! total length of wmodal

00270 :

00280 ar=.020

00290 ! width of rib

Q0320 nr=2

00330 | number of ribs

00340 ! print "piphi;ax;ay;az;p;oxy;tixc;xd;1y
00350 | print pijphi;ax;ay;az;p;uxy;tixe;xd;l
00360 1**********************************************%******
06370 print 'abagus basic input filename !
00380 input in$

i 00390 in$=ing+' data ar!

; 00400 open #4,in$, input

: 00410 prlnt 'solids gas output filename !

: 00420 input out$

; 00430 putS=out$+' data al'

00440 open #2,out$,output

) 00441 print 'abaqus sas output filename !

. 00442 input aba$

: 00443 abaf=aba$+' data al'

00444 open #5,ubas,output

00450 print 'differences sas output filename !
00460 input difs

00470 AifS=dif$+' data al!

00480 open #3,dif?,output

00430 on eof goto 2480

00500 input#4d,el,x,y,s,arc,sfl,sf2

00510 input#d,sf3,sf4,sf£5,sml,sm2,sm3

00511 print#s,el;x;y;zrarc;sfl;sf2

00512 print#s,sfd;sfe;sf5;sml;sn2;sm3

00520 !*%% calculate section properties

00530 lrs=(yk 24+z*k2)%%.5

00540 | shell radius

00550 ri=.050

00560 | internal radius

00570 ro=,05185

00580 | external radius

o — e T i ~re e ]+ AL AR = T+ i b bt



4 L

00630 dousro%2

00540 ! ocuter diameter

t : 00650 dimri%?

00660 | ingide diameter

00740 !%%%% sectional geometric properties
00750 gq=2/3*% (ro**3-ri*#3}

00760 1 first moment of area

: DO770 aspi*(rokkl-ri4¥3)

: 00780 ! cross sectional area

00790 impi/4* (rokki-rikx4)

00800 | bending moment of area

00810 =iz

00840 !print "re;ri;ro;dbojdbi;dou;ai;1v
00850 !print rs;ri;rojdboidbi;dou;di;l
00260 lprint "rhoc;rhos;ez;oyiqia;i;jrap"
0870 [print rhoc;rnos;cz;eyig;a;i;izap
00880 ! torsional moment of area

00890 h=2%*(ro-ri) :

00900 ! shear width

01160

01500 l#*%% loads due to offset force

01530 mz=fxiyn

01540 ibendlng moment dus to offset load
01550 nxb=mz¥-y/irt

01560 ! nxx due to bending

01570 nxa=fx/ast

g 01575 lprint £x;ym;mz;y;i;tia;nxb;nxa
4 01580! nxx due to axial force
02150 {%*% find totals of sectional fo. 8

02160 nx=nxb+hxa
; : 02165 if %<.090 then nx=0
i 02150 gx=0
N 02200 qh=0
: n32Lu mx=a0
02220 mt=0
02230 nxt=0

02240 I*%#%% yrite theoretical caleulations to file
02250 print#2,el;x;y;z;arcinx;nt

02255 lprint,el;x;yiz;arc;nx;nt

02260  printf2,nocpaugbimyent met

02270 l#*%* galeulate differences

02280 da=0

02290 1f nx<>0 then da=(sfl-n¥}/nx%10Q

02300 Ab=0

02310 if nt<>0 then Qb=(gf2~nt)/nt*100

02320 do={} .

02330 if nxt<>0 then do=(sf3-nwt) /nxt*100
. 02340 dd=0

02350 if gu<>0 then dd={sf4-qx) /gx*100

02360 de=0

o7




02370 if qt<>0 than de=(sE5-gt)/qt*100
02380  df=0

02390 if wa<>0 then 4df=(sml-nx) /mx*100
02400 dg=0

02410 if mt<>0 then dg={sm2-mt} /mt*l00
02420 dh=0 '
02430 if wyt<>0 then dh=s({sm3-mxt) /mxe*100

02440 l%%% write differencas to file
02450  print#3,el;x;y;z;arc;da;db
02460 print#ld,do;dd;de;df;dgrdh
02470 goto 490

02480 close #2

02450 close #4

02500 close #3

02505 close #5

02510 stop

02520 and



02 ¢ PLOT.SAS =~ 8AS program for plotting of contour maps

OPTIONS LEAVE=20K;
CMS FILEDEF EXAMPLE DISK ABVALIDI DATA A (LRECL 80;
DATA DATAIL}
INFILE EXAMPLE;
INPUT B X ¥ % ARC SFLl SF2/8F3 SF4 SF5 SML SM2 SM3;
*COPTIONS DEVICE=TEK4010;
*GOPTIONS DEVICE=IBM3279;
*GODTIONS DEVICE=IBM3179;
#%k* FOR PLOTTER C:FIBRE TIP A4 MATT;
GOPTIONS HANDSHAKE=NONE AUTOFEED NOPROMPT;
GOPTIONS GACCESS=GSASFILA;
CM8 FILEDEF GEASFILE DISK STATA4AB HPGL O;
GOPTIONS DEVICE=HP7550A PENMOUNTS=8}
GOPTIONS COLORS=(BLACK,RED, GREEN, BLUE, ORANGE , BROWN, VIOLET YEnLQW),

*TYTLEL 'TANKER STRESS RESULTANTS (N/M WIDIH) ';
*MITTLEZ 'NXT VS X V8 ARC FOR AX,AY,AZ=28!';

#PITLEZ 'NXX VS X VS ARC FOR P=84000 KPA';

#TITLE2 'NXT VS X VS ARC FOR AZ=2G,THETA=31;

PITLEL 'VALIDATION STRESS RESULTANTS (N/M WIDTH)';
PITLE2 INXT VS X V8 ARC FOR FX=5KN!;

* PROC G3GRID DATA=DATAI OUT=DATAG;
* GRID ARC % X = SF3/ ;

* AXIS1=.2113 TO 7.789 BY ,03789

* AXIZ2=0 T0 4,3982 BY .2199)

PROC GCONTQUR DATA = DATAIL;
FLOT ARC * X = 8F3 ./ CTBRT=BLACK
- CAXLS=BLACK
VM=0
HM=0
HREF=1l TO 1L BY 3
VREF=0Q
LEVELS==1E4 -8E3 ~6E3 -4E3 -2E3 0 2E3 4E3 6E3 8E3 1E4
CLEVENS=BLUE BLACK BROWN BLACK BROWN BLUE VIOLET GREEN YEL.OW ORANGE
RERQ
LLEVELS=2 2 2 1 1 4 11 1 1 4;
RUN}

¥%%% FOR PLOTTER A:ROLLERBALL A4 MATT;
GOPTIONS HANDSHAKE=NONE AUTOFEED NOPROMET;
GOPTIONS GACCESS=GSASFILA;

CMS FILEDEF GSASFILE DISK STATA4AA HFGL O;
GOPPIONS DEVICE=HP7550A PENMOUNTSw=4;
GOPTIONS COLORS=(BLACK,RED,GREEN,BLUE);

09



PROC G3D DATA = DATAL;

PLOT ARC#* X = 8F3 / SIDE
TLLY = 485
ROTATE =45

CTEXT=BLACK
CAXIE=BLACK
CTOP=BLACK
CBOTTOM=BLACK

XYTYPE=2
ATTOKNUM=8
YITOKNUM=8
ZPTCKNUM=10;

PROC 3D DATA = DATAIY;

PLOT ARC* X = 8F3 / SIDE
TILT = 45
ROTATE =485

CTEXT=BLACK
CAX18=BLACK
. CTOP=BLACK
CBOTTOM=BLACK

RYTYPR=1
XTLCENUM=B
YTTCKNTM=28
ZTTCENUM=10;
RUN;

# % PROC @3D DATA = DATAIL;

k%  PLOT ARG * X = SFl / BIDRE
TILT = 90
ROTATE =0}

#%  PROC G3D DATA = DATAI;
#%  PLOT ARC * X = SM3 / SIDE
_ - TILT = 50
ROTATE =80;

& PROC G3D DATA = DATAL;

%% BCATTER ARC % X = ZFlL /
TILT=90
ROTATE=Q}

k% PROC G20 DATA = DATAL;
*% SCATTER ARC % X = BF) /
: TILT = 90
ROTATE =90;

¥RT27AA

8F1
LEVELS~-1E6 ~8ED ~GED -4B5 -~2BE5 0 2BS

010

4E5 GES 8E5 LEG



sra

LEVELS=m-1R6 ~8EE -6E5 -4E5 ~2EB 0 2ES 4BEb 6E5 8R5 1RS

8F3

LEVELSw-3R5 ~2.4E5 ~1.8E5 ~1,2E5 -GE5 0 6B4 1,.2E5 1.8H5 2.5E5 3ES
RT27R

SPL

LEVELS=2,785 2,7285 2,7415 3.76E5 2.78E5 2.8085 2,82EB 2.B4E5 2.86E5

ngBEb 2.90E5
2 :
gg?ELSﬂlES 1,6E5 2.2E5 2.8E5 3.4E5 4B5 4.6E5 5.2E5 5.8E5 6.4E5 7.0ES
3
%EVEES“*3E3 =-2.3E3 ~1.6E3 -9E2 -2E2 BE2 1.2E3 1,9E3 2,6E3 3.3E3 4,0E3
s
£
E%?- -=LE6 ~JE5 ~6H5 ~4BL ~2E5 0 205 4E5 ¢E5 BES 1E6
S
LﬁVELSd-ﬂﬂﬁ ~2.4E6 ~1.8L¢ ~1,2E6 -G6RE5 0 G685 1.2E6 1.8E6 2.4E6 3E6
8r3 . :
LOVEL8==1Eé -B8ES ~6E5 ~4RE -2EE 0 285 4E5 6ES RES 1ES6
VALIDAT..JN
8F1 ' Lo :
ngELSﬁ*2E4 ~1.3E4 ~3.99E3 4B3 1.2E4 28B4 2.8E4 3.6BE4 4.4E4 5.2E4 6E4
&
gggELSﬁ—1E¢ «7E} ~4E3 -1E3 2E3 5B3 8E3 1.1E4 1l.4E4 1.7B4 2.0E4
LEVELS=-184 -8E3 =6E3 ~4E3 -2E3 0 283 4E3.6E3 8E3 1B4
END OF FILE

011
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APPENDIX P
LISTING OT THE MATHEORY RPROGRAM



3 terk matheor?.bhas 2871171891
on error goto 25010

4 CL8

5 PRINTV##+% MATHEOR7,BAS: road tanker stress estimation "
7 'print "using strength of materials for overhanging ends"
10 Thkkd ik dhkehhodhhdavhhkhddihhhRRhhk ik

20 DEF FNHS (X)=(EXP(¥)-EXP(~X))/2

25 DEF FNHC(X)=({EXP (X} +EXD (~X})/2

27 ' %% functions for lecalized stressss

30 GOSUB 1010

50 ! %%% define loading conditions

70 GOSUB 19850

90 t k4% define geomertical properties

110 GOSUR
130 ) ww
140 GOSUB
150 t www
190. GOSUB
210 ' Wk
230 GOSUB
250 ¢ Kk

3950

define shell proporties and densities
4490

¢aleonlate sectional properties

4870

caleon’ate volumes

5210

calctlate masses

PRINT:INPUT "ABAQUS QUTFUT, CO-ORDINATES OR RANGE (A/C/R) " DTAS
IF DTAS="Cc" THEN RESTORE 312:GOT0 341
IF DTAS=YR" THEN GOSUB 26000:END

L3 1

270 GOSUB
290 1 %k
295

for range of x values
2780 .
gpecify files

DUM$="L"; INPUT "Input tanker model size - (Laxge/Small)";DUMLS

IF DUM13<>"V THEN DUMS=DUM1S$

300 IF DUM$=IIL“ or Dunsnﬂlll
TF DUM$=USN or DUMS='a!

310

THEN GOSUB 3470
THEN GOSUB 23470

NON$“"R" _
INPUT fResultant, Non-Dimensiocnal Data or Max Principal Stresses
{(R/N/M) " NONL1S

IF NONL1S<»i! THEN NONS=NONLS
311 ' %%k define range defaults
312 DATA 78, ~.0285, -.B28, ,389
313 DATA 2 ,  .083, -.529, ,390
314 DATA 38 » 947, -.529, .390
318 DATA B0 , 1.053, -.E29, .390
316 DATA 314, 6,553, -,529, .39%0 .
317 DATA S1&, 10.85 , -.829, .3%0
318  DATA 530, 11.05 , -,529, .390
337 DATA 5586, 11.95 , ~.529, ,39%90
338 . - DATA Be&b, 12.02 , ~.528, ,38%
138 DATA 9999, 9 , 9, 9
340 IF DTAS<>"C" THEN 350

341 'FOR DTA=] TO 9: READ EL(DYA),X(DTA),¥(DTA),Z(DTA) :NEXT DTA

342 ' FOR

DPA=1 TG 9: BL=EL(DTA) :X=X(DTA) : Y=Y (DTA) ; Z=Z (DTA)

P2
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343 ' INPUT AS:CLS

344 ' PRINT EL;X;Y;%:

346 ' ©GOYO 510

350 WHILE NOT EOF(1)

360 ' INPUT#L,EL,X,¥,2,ARC,8F1,SF2,8F3
370 INPUD#L,EL,X,Y,%,ARC,8F),5F2

390 INPUT#L1,SF3,5F4,SF5,5M1,5M2,5M3
410 IF X<XMIN OR X>¥XMAX THEN 870

430 I¥ ¥Y<YMIN OR Y»>YMAX THEN 870

450 IF Z<EZMIN OR Z>ZMAX THEN 870

500 GOSUB 13840

510 ' &%+ define local variables for dome
850 IF AX<>0D THEN GOSUB 5710

E70 ' »¥%% loads due to ax acceleration
590 IF AZ<>0 THEN GOSUB 7110
810 ! #%% loads due to az acoaleration
630 IF AY<»0 THEN GOSUB 8110
650 ' #%* loads due to ay acceleration
870 IF TWIST<>0 THEN GOSUB 9470
690 ! %%% loads due to twisting
710 IF PP<>0 OR AX<>0 THEN GOSUB 2630
730 ! wk% membrane loads due to internal pressure
750 IF AX<>0 OR PP<>0 THEN GOSUB 13858
770 ! %% localized stresses due to domes/cylinder conneaction -
790 IF AX<>0 OR PP<>0 THEN GOSUB 109%0
810 ! %% localized stresses due to ribs
GOSUB 3810

-t %k write abagqus data file
830 IF DTAS<>'C" THEN GOSUB 10090 _
as0 t xed find totals and exrors and write to file
855 'NEXT DTA
865 'STOP
870 WEND
850 CLOSE #1
9.0 CLOSE #2
930 CLlOSE #3
950 ' CLOSE #4
870 STOP
900 1 RARIAFKARKARAAARRRAKRERKERRAIR AR AL D h &,
1018 'prink Ukex loading conditions kken
1030 PI=3,141592654#
1050 TWIST=0:'6
1070 PHI=TWEST*PBI/180
108¢ ' %% angle of twist
1110 AZe—-2+%9,810001
1120 ' *%% accel in 2z direction {(must be -ve)
1150 AY~-249.810001
1170 ' %% aocel in y direction (must be -va)
1190 AX=2%9.8§10001
1210 ' *#% accal in ¥ dirn

v 3



1230
1250

1260
1265
1270
1280
1310
1330
1350
137¢
1330
1410
1430
1450
1470
1490
1510
1530
1550

- 1570

1590
1610
1630
1650
1670
1690
1710
1730
1750
1770
1790
1810
1830
1850
1870
1890
ie92
1854
lggs
1898
1910
1930
1950
1970
1890
2010
2030
2050

PP=0: ' %% . AB5

' sk internal pressure

RHOC=1850

I #%% density of sulphuric acid
PhdhidhbkiRhddbhdhdhd bbb bdhRhdRhodbRedhhdbd ki hds

' print M4k materisl properties kil

NUS=.1287

' okkk pguivalent
GXTS8=4,91E+09

! %k agquivalent
EX8=2,262E+10

' %%% equivalent
ETS=2,262E+10

' wk% eguivalent
BS= (EXS+EDS) /2

P okax equivalent
NUD=, 2695

' %%% equivalent
GXTD=T7.469E+09

' owkd aguivalent
EXD=1.B896E+10

f owx%x egulvalaent
ETD=1,896E+10

' %a% agquivalent
ED= (EXD+ETD) /%
toksd eguivalent
NUR=.26

I %%% gguivalent
GXTReed , L4E+09
tower agquivalent
EXR=3.86E+10

U okkd eguivalent
EI'R=8,278+08

¢ k%% agulvalent
ER= (EXR+ETR) /2

! %#% equivalent
'PRINT
I PRINT
TPRINT

PIL;PHL;AZ;

"nud;gxtd;

polssions ratio for the shell

shear modulus of the shell

axial modulus of the shell
transverse medulus of the shell
average modulus of the shell
peoissiong ratio for the dome
shaar modulus of the dome
axial modulue of the dome
transyerse modulus of the dome
average modulus of the dome
polesions ratio for the rib
shear modulus of the rib

axlal modulus of the xib
transverse moduiﬁs of the rib

average modulus of the rib

Upijphi;azjay;axip; jnus;gxts exs;etsjegh

JAYAX P} NUS;GXTS;ExS;ETS;ES"
exd;etd;ed"

'PRINT NUD;GXTD;EXD;ETD;ED"

'PRINT
PRINT
RETURN: STOP

nuy ; axtr

jexr;etrjerh
NUR}GXTR BXR; ETR ; ER"

! ******************************************
tprint Pa%% geometrical dimensions #%#n

T=, 015

t k%% thickness of shell

RI=,65

I %%k ghall inslde radius

RS=RI+T/2

P4



2070
2090
2110
2130
2150
2170
2190
2210
2230
2250
2270
2290

2310

2330
2350

2370
2390
2410
2430
2450
2458
2480

2465
2419
2490
2510
2530
2580
2870
2590
2610
2630
2650
2870
2690
2710
2715
2720
2725
2780
2770
278¢
2810

2830

2870
2910

! %%% ghell centreline radius
RO=RI+T

' k%% ghell outside radius
ADOME=RS

! oxwx Jome major axis
BDOME=RS /2

xo=1 -

! %% overhang at back or lhs
AD=1,

! %%% ogverhang at front or rhs
ACYL=12 : XT=XCYL

t k%% cylinder length of tanker

=1

' %%% spacing betwesn ribs
ARE=.08

! %% width of small rib
BRS=, 05

' wk¥% helght of small rib
ARL=.08

b w%% width of large rib
BRL=, 1

' ak% helght of large rib
COFFSET=RO4-BRL/ 2

! %%% distance from tank cgentreline to back axial restraint
ROFFSET=0
P wk% offset of reaction for squivalient moment
NRS=5
b %% number of small ribs
NRL=8
! %kd number of large ribs
NRIBEB=NRS+NRIL,
' #%% total number of ribs
bATA 0,1,2,3,4,5,6,7,8,9,10,11,12
Pk dafine rib b4 posltinn
DATA ,05,.05, 05,.05,.05,.05,.05,.05,.05,.05,.05,.05,.05
U wkk define rib widths
DATA ,10,.10,.10,.10,.08,,05,.05,.05,.058,,10,.10,.10, .10
Pokkd define rib heilghts
"PRINT "E;RI;RS;RO;ADCME;BDOME ; XC; XD XOYLY
VBRINT T;RI 3RS ;RO;ADOME; BDOME; XC; XD} XCYL.
VPRINT YARS;BRS;ARL;BRL;COFFSET;NRS ; NRL; NRIBS"
'PRINT ARS;BRS;ARL;BRL; COFFSET;NRS ; NRL; NRIBS
RETURN
Pokkdk kR kR R AR RE TR A Sk R R R Rk R R R R R Ak R Rk Rk
PRINT "ABAQUS output filename (exel.ext)"
INPUT INS
INS="F: \MIKE\MATHESIS\RT27\ "+IN$+" . ABAY
PRINT "Opening £file ";IN$
OPEN IN$ FOR INPUT AS #1
PRINT: PRINT "New ABAQUS reauced filename. "

P S




-~

ol T

2930
2970

3010
3030
3050
3090

3110
31850
3170
3210

3250
3270
3290
3310
3321
3322
3323
3324
3325
3326
3327
3328

3331
3332
3333
3334
33358
3336
3337
3338

3341
3342
3343
3344
3345
3346
3347
3348

3351
3352
3353
3354
33586
3358

INPUT ABAY%
ABA$="F: \MIKE\MATHESTIS\RT27\"+ABAS+" . DATH
PRINT "Opening f£ile ";ABAS$
"OPEN ABAS FOR OUTRUT AS #2
PRINT:PRINT "New THEORY reduced filename. "
INPUT SOLS& '
SOLS="F: \MIKE\MATHESIS\RT27\ "+80L4+" . DATH
PRINT "Qpening f£ile "j;SOLS
O™y SOL$ FOR OUTPUT AS #3
PRYL SPRINT "Differences sas filename "
'INPUT DIFS$
I DIF§="F: \BIRGLT\MATHESIS\RT27DAT\ "+DIF$+" . DATY
'BRINT "Opening £ile ;DIFS
TOPEN DIFS FOR OUTPUT AS #4
RETURN
TREREERRARRIAREALIRE LI RA R NSRRI R TR RIR
'print "specify range extraction values RT27M
AMIN=0
XMAX=12
YMIN=.D070
YMAX=.075
ZMIN=, 6850
ZMAX=, 655
RETURN
I k%% extract positions for top.

XMIN=0

XMAX=12

YMIN=, 07

YMAX=,078

ZMIN=-.655

ZMAY=~.,65

RETURN

! k%% extract positions for bottnm

XMIN=Q

XMAX=12

¥MIN=, &5

YHMAX=, 655

ZMIN=.070

BMAK=. 0755

RETURN _

I w#% axtract positions for left (+¥})

EMIN=0
XMAX=12
¥MIN=-, 655
YMAXm-, 55
EMIN=.070
ZMAX=. 0758




3357 RETURN
7358 ' #%%* extract positions for right (-¥)

3361 XMIN=-1

3362 XMAX=0

3363 YMIN=.024

3364 YMAX=.075

3365 BMIN=,C

3366 ZMAX=.655

3367 RETURN

3368 ) wh% extraut posltions for back dome

FABO P dkkkdddedo s gt de kR e o ok ek ok ok o ok o
3470 PRINT "sSpecify positiun (Tcp/Bottom/Left/Right/Dome/New)
3490 - INPUT RANGES
3500 - XIF RANGE$="T" THEN GOSUB 3321:RETURN
3510 IF RANGES=YB? THEN GOSUB 3331:RETURN
3520 IF RANGES="L" THEN GOSUB 3341L:RETURN
3530 IF RANGRS$="R" THEN GOSUB 3351:RETURN
3525 IF RANGES="D" THEN GOSUB 3361:RETURN
3540 IF RANGE$<>'NY THEN EETURN
3545 PRINT "xmin?
3560 INPUT XMIN
‘3570 PRINT "xmax® .
3590 INPOT XMAX
3610 PRINT "ymint
3630 INPUT YMIN
3650 DPRINT "ymax"
3670 INPUYT ¥YMAX
3690 PRINT "zmin"
3710 INPUT ZMIN
3730 PRINT “"zmax"
3750 . INPUT ZMAX
3770 RETURN
3790 ! ARAAFERRRFERRARERARRERRRRERRAAENRA
3810 'print "writing ab filed
3830 PRINT#Z USING " ##.44#F "X
3g50 IF WON$“"R“ THEN
PRINT#2,USING " ###.##>°""" V;8FL;SF2;8F3;8F4;5F5; SML; M2 ; SM3
END IF

IF NON$=UN" THEN
PE=PP+P2 ; DN=PE*RT ; DM=PE#RI*T
Vk% DUMMIES FOR NON DIMENSIONAL

PRINT#2 ,USING " g g~
"iSPL/DN; srz/uN SF3/DN;SF4/DN;SFS/DN; SM1/DM; SM2 /DM ; SM3 /DM

ENH) IF
3870 ' PRINT#2,BEL;X;Y;%;ARC;SFL;8F2 ;83
3690 ' print#2,sf3;sf4;s£5;5ml) 802 sm3
3910 RETURN




4030 ) dedededkdeddededdohdodok R kR R AR d kR AR KAk

3950 'input "#+% shell properties #*",a$

3970 XBI=RI/2

3950 ' *%% depth of slliptical dome inside

4010 XBO=RO/2

4030 ' ®%% dapth of elliptical dome outside

4050 XB=RB/2

4070 XFP=XB

4090 ' #%% depth of elliptical dome middle

_ 4110 DQU=RO*2

] 4130 t #%% outer diamster

4150 PI=RI*2

4170 ' %%% inside diameter

4190 XL=XIYL-XC-XD

4210 ' %%* unsupported span of the tanker

4230 'PRINT “XBI;XBO;XB;XF;DOU:DI;XL"

4250 'PRINT XBI; XBO XB XF DOU DI XL

: 4270 1 ***********************************************
: 4290 'inpuk Yw%x densities of shell and contents *w4¥ ag

4350 RHOR=190Q

4370 ' %%k density of the ribs

4590 RHO8=1900

4410 ' *%% density of the shell

4430 'PRINT "RHOC;RHOR;RHOS"

4450 'PRINT RHOC;RHOR;RHOS

Q470 | RERRERPRHEERXRERFRERRRREADRSARERRRREENRG RS IR RNR

4490 tinput "¥*% sectional geometric properties **“, a$

4550 A=PI%{R0O"2-RI"2) :ACROSS=}A
4870 ' »x v gross seational area
1890 T .=#L1/4% (RO"4-RI"4)

4610 ¢ »*% bending moment of area
4630 JU=IL*2

4650 ' %*%% torsional moment of area
4670 AP=PI*RI™2

4690 ' *%% internal proljectad area
4750 ' %% DS=ES%T"3/{12%(1-NUS*2))

. D8=7.473E3: 'DLl FRCOM BTIFFNESS MATRIX
4770 1 k%% average flexural rigidity of shell
4776 'k DDOME=ED*T~3/ (124 (1-NOD"2))

DDOME=6,428E3: 'DL1 FROM STIFFNESS MATRIY
4780 ' k%% average Fflexural rigldity of shell
4790 'PRINT “Q:A;X;T;AP;B;DS;DDOMEY
4800 'PRINT Q;A;I;J;AP;B;DE;DDOME
4830 RETURN ]
4850 1 MkkkARRFHARIRERRFEEERARERANRR AR ERAAE

4870 'input "#%% calculate volumes k%% a3




4890 ™

VCC=PI/44%DL " 2%XCYL
4910 ' k% yvolume of eyl contents
4930 YGS=PL/ 4% (DOU~2=DL"2) *¥XCYL, :
4950 ' k% volume of cyl shell !
4870 VD8=PI*4 /6% (RO™Z*XBO-RL"24XBL) ' I
4890 ' okek volume of dome shell :
5010 VDO=PI%4 /64 (RL“2+XBI)
5030Q I odwd yolume of dome contents
5050 YRS= PIL*((RO+BRS) “2~(RO"2))*ARS :
5070 1 wxd volune of small rib ¢
5090 VRL= PIL#( (RO+BRL) “2~(R0O~2)) *ARL
5110 I %%% yolumae of lardge rib

5130 'print “veec;vee;vds;vde;vrs;vrl!

B160 'print veoopves;vdsivde;ves;vrl

5170 RETUR"

B1o0 ' RRAwekRANRERRRIRARIRARNRIL R LR R hL N

$210 'input U#k* calculate massges *kEN, 3%

5230 MRG=5000
5250 ! k%% mass of running gear,fifth wheel and landing legs .
5270 MCC=VCC*RHOC o
5290 ' oskwd mass cylidrical contents :
5310 MCS=VCS*RHOS" . ' |
5330 ! k%% mass cylidrical shell '
B350 MDC=VDC*RHOC
5370 ' %% mass dome contents
5390 MDE=VDS*RHOS
5410 tokkk mass dome shell
5430 MRE=VRS*RHOR . '
5450 t k%% mass per small rib
5470 MRL=VRL*RHOR
5490 ! %%k mass per large rib
BELD MRT=MRLA*NRL+MRS*NRS
5530 ' %%% total mags of rings
5540 - MSHBLIL=MCES+2 *MDS+MRT
5550 ' owdkd tobal mass of shell only
MT=MCCH+MOE+2 * (MDCAHMDS) +MRT
5570 1T x4 fotal nass of shell and contents
5590 MNITRG=MT-+MRG
5610 ! k%% total mass of tanker

5630 'PRINT "mrg;mec;mes;ndc;mds mrsinrl;nrtmtjntrg?

BE5Q 'PRINT MRG;MCC;MCS;MDC;MDS ;MRS ) MRL ; MRT ; MT ; MTRG

5870 RETURN : ' :

GO0 1 vrdedddede dode dede s de e de g vk de vk okt ok ek e o e ek R e kR Rk e e e e R R kR Rk

§710 'input "k%% loads due to ax acceleration *%¥%, as

5730 'print “k+ forces due to content's average pressure in front head



¥,

oder

(1) weo

E750 HAVE= RI/2+XC+KL+XD+3/S*RI/2

5770 ! %%% average head in front dome

5790 PL=RHOCYHAVESAX

8810 ' *%* average pressure in front doma

5830 FY=PL*AP

6850 ' #d%ayial force in wvhell from pressurs of contents
5855 RXl=-FX

5856 ' wé¥waxial remction a: back support

5857 MYB=RXLl* (ROFF3RT)

5858 ' 4w% moment due to offset of force from support using offset
assumption

5870 RZF1=-MYB/XL

5890 ' 4% vertical reachtion as back support (+ve upwards)
5910 REZBL=MYB/XL

5930 ' %% vertical reaction as front support (+ve upwards)
5950 IF X»=XC THEN FXl=-RXl

6010 IF X<¥C THEN FXl=0

6030 ' %%%x Fxl axial force in x direction

6050 IF X »= XC AND X <= (XC+XL) THEN VZIi=RZBLl

6070
6080

G110
6130
6150

6170
6150

8195
G210
6220
62256
6227
6229

6391
6392
6354
G396
6398
6402
6404
6406
6408
6410

IF X < XC OR X » (XO+XL) THEN V2l=0
¢ %k% vzl shaaring force in z dirvection

IF X »= %C AND X <= cxc+xL) THEN MYLl=RZB1* (X-XC)~-MYB
IF ¥>{XC-+XL} AND R<~XCYL THEN MY1l=Q

IF X>XCYL OR ¥<XC THEN MY1ls0

1ok MYL hending moment

tprint "x;hava;pl;fx;r:hl;fzfl:ﬁyb;fxl;vzl;myl“
fprint x;have;pl;fx;rabl;rzflmyb;fxl;;val;myl

N dekodekok o ok ok ok o o e e e e o R e R e R R R R o
'print "k% foroges due to ax rpressure along length (2) M
sznnoc*nx*(x+RI/2)

I %¥% pressure as a functlon of x

TPRINT "p2t

'PRINT P2

1 T ITE T TP T ET TS LR R R TR RS E T E R T A
Iprint %% forces due to ribs and shells (§)kw?
U %%% poutina to establish number of ribs after x
MRAN=0 : MAN3=0
t okkd MRAX = total mass of rilbs after %
Vokkw find ribs after x
REBTORE 2590
FOR I=1 TO NRIBS
READ XRIB
' okkx x ylb batk and x xib front

P lo

g e g ok i




8411
6412
6433
6414
6415
6428
6420
6422
6424
6426

6429

6383
6384
G38S

IF XRIB»¥X THEN 6413

NEXT I
REBTCRE 2670 :
FOR J=1 T0 I-1:READ HBINEXT J

' read rib thickness values which are not needed
FOR O = I TO HRIBE

READ HB

LF HB=BRS THEN MRAX=MRAX+MRS

IF HB=BRL THEN MRAX~=MRAX-MRL

NEXT «F
WTOTAI&AX*MSHELL

1 wkvw uivalent weight for 246 adceleration
WEFRONT: -, RHOS® (XCYL~X) *ACROSS+MRAXAMDS ) #AX.

! x%% welght of shell and ribs to front of x
WBACK=WTOTAL-WFRONT

! #xk welght of shell and ribs behind x
R¥3=~WTOTAL
1 wkdgupport reaction axial force due to wax
MYB=RX3I*ROFFSET

' wkk moment due to ofifset of forea from suppnrt uses smaller

offisat
6340 RIF3 = ~MYB/XL
6342 ' %%® vertical reactlon as back support (+ve upwards)
6344 RZB3 = MYB/XL o
6346 ' w%% vertioal reaction as front support {+tve upwards)
68334 LF ¥>=0D AND X<XC THEN FX3s~(MRL+RHOSH*ACROSSHX+MDS) *#AX
6435 IF X>=XC AND X<=XCYL THEN FX3I=WFRONT
6337 ' %wd Fx3 axial reaction force due to shall decceleration
G360 IF X>uXO AND X<=XC4XL THEN VZ3=RZR2
5362 IF ¥<0 OR X>XC+XL THEN VI3=0
§364 ' %%k yz3 shearing force in z direction
G366 IPF X»=XC AND X<={XC+XL) THEN manazn::.*(x-xc)-ma
6370 IF X>(XC+XL) OR X<XC THEN MY3=0
I o#dk MY3 bending moment
6372 'print "X:maxd;Ex;fx3t;exdrzb3 ez imy;ixd;ved  myan
6374 'print X;maxd;Ex;ER3t;rxdxzb3raE3my;Ex3;valdiny3
6377 ¢t
S R koo ek T o O e e Y
6381 ' %% seotional properties for shear
6282 Q=2/3%(RO™2-%"2) ~(3/2)=~2/3%{(RL"2-%"2)~(3/2)

1 k4% Flrst moment of arsa
B=2% (RO®2=2%2)",5 « 2%(RI"2~%"3)".5
' %%k shear width

P 11




e

6464 tinput "¥+ gtress resyltante for ay **V ag

6465 NXXAX= (FX1+FX3) /AWT- (MYL+MYS) #2 /T TwT

6466 ' %%% from beam theory definition z is positive downwards
6467 NTTAX=P2*RT

6470 NXTAX= (VAL+VZ3) #Q/IT/BAT

6490 'print "nexaxinttax;nxbaxt

6510 'print nuxax;nttax;nxtax

6530 RETURN

T0G0 ) RRRARERRAREIRERRANERAR AR RARRA R TR o AR bRk Rk rd

7110 'input "**% loads due az accelaratlon ®*x! af

7130 'print Y %4 unifermily ditributed load (4) %M

7150 WZ=(MT*ABS (AZ})/ (XCYL+4%¥B/3)

7170 ' #k% ud load per unit lenght on the beam (+ve down)

7190 RB%=(MT*ABS (AZ}) /2

7210 ' *x% reaction at back support for xe=xd (+ve up)

7230 R¥Z=(MTHABS (AZ),/2

7250 ' *&% reaction at fron support for xoce=xd (+ve up)

7270 FPZ=WE*RS _

7280 Vhuw hydrostatic foree due tn presssure of the ands

7300 MTZ=]/4*WEk (RS 2=XB"2)

7320 ' *%% moment due to mass of domes and offset of Fp

7330 FDE=2%HB/3IWWEZ:

7350 ' wk% vertical force due to mass of domes and contents

7385 ‘print "X,wzrrbzirfzifpd;mba;Edzh

7357 'print X,wz;rhz;rfz;fpz;mtz;fdz

7370 LF X<G OR X»i2 THEN RETURN

7380 IF X»==1l THEN 7450

7390 ' kd% axial foroe, shearing forge and bending moment as £(x)

7400 FR=FPa

7410 V2e=-FDZ-WE X

7420 M2==WZ /2" 24+MTE~FDE*X

7430 GOTO 7560

7450 IF X>=11 THEN 7510

7470 FX=FRZ

7480 VZ=RBZ-FDE~WE*Y

7480 MZ==WZ/2%E " 2+RBE* (X~X0) ~FDZXX+MT2

7600 GOTO 7560

7510 FA=FPZ

7520  VZ=WZ* (XCYL-X)-+FDZ

7530  MEo-WI/ 2% (XCYL~2~2%X{CYL*X4X"2) =RD2% (XOYL-X) +MT2

7560 PZ-RHOC*ABRS (AZ)*ABS (Z~RT)

7870 ' *%% pressure dus to z aocel

;?8?“'print I %%% axial force, shearing force and bending moment as
x

7590 'print “x;Ex;vzimz;pa"

7600 'print x;fx,vz,mz,pz

P 12



7601
7602
7603
7604
7605

7610
7660
7670
7680
7680
7700
7710
7720

81Lle
8130

8150
8170
8190
8210
8230
8250
8270
8290
8300
830
8330
8350
8355
8357

8380
8390
8400
8410
8420
8430
8450
8470
8480

8490
8500
8510
8520
8530
8860
8570

lprint v #%% geciional properties for shear"
Q=2/3% (RO™2-%"2) " (3/2)=2/3% (RI*2~3"2) ~ (3/2)
'print " %%+ first moment of area™

B=2% ((RO*2-%"°2)“.5 = (RI"2-Z"2)".5)

' #%% ghear width

fprint "%% stress resultants for az **f
NKXAZmFX/A*Tﬂnz*Z/II*T

NTTAZ=PZ*RY

NXTAZ=VZ*Q/IL/B*T

'print "nxxaz;nttazjnitaz"

'print nxxaz;nttaz;nxtasz

RETURN

T I L A AR T T e T P R T e T T

tinput "%%* loads due ay accelarabion #%2v a%
‘print " ** yniformily ditributed load (5) #»@

IF X<0 OR X>12 THEN RETURN

WY= (MT%ABS (AY) ) / (XCYL+4%XB/3}

t owvk ud load per unit lenght on the heam (+ve down)
REYe (MT#ABS (AY)) /2

' k&% reaction at back support for xe=xd (+ve up)
RFY=(MT*ABS (AY)) /2

' okkk reaction at front support for xesxd (+ve up)
FRY=WY*RS

Vidk hydroatatic foroe due to presssure of the ends
MTY=1/4%WY* (RS“2-XB"2)

| k%% moment due to mass of domes and offset of Yp

FDY=2*XB/34WY
'V wkk vertical force due to mass of domes and contants
'print Ny eby ety Epy i nty; £dy"
print wy,rby,rfy,fpy,mty,fdy

IF ¥X>=1 THEN 8450

' %%k axial foree, shearing force and bending m ment as #(x)

FX=FpY

VY==FDY~WY*X

MY =Y /25K 24MTIY~FDY*Y

GOTO 8560
IF X>=11 THEN 8510

FX=FDY

VY=RBY=FDY~WY*X

t k% possible problems with this eguaticn for rhoc=0

MY=aWY/2%X " 24+RBY* (X=XC) “FDY*X4V Ty

GOTO 8560

F¥=FRY

VYWY (XQVL-X) +FDY

MYs=WY /2% (XCRL"2=2¥XCYLRK+K" 2 ) -FDY* (XCYL-X) +MTY
PY=RHOC*ABS (AY) *ABS (¥~RI1)

I %dd pressure dus to y atoel

P13

e it




8580
£xyn
8590
8500

8601
8602
8603
8604
8608

8610
8660
8670
8680
86920
8700
8710
84350

8470

9490
2510
8530
8550
9570
8590
8610
83630
9650
8870
9690
g710
9730
9750
8770
9790
2810
2830
9850
2870
9890
9905

8910
9930

9950
2970

tprint " %%% axial foxce, shearing force and bending moment a«

‘print "x;Ex;vyimy;py"
'print x;Ex;vy;my;py

' %%k sectional properties for shear
=2 /3% {RO"2-Y"2)"(3/2)~2/3*% (R1L"2-¥"2)*(3/2)
I kkd first moment of area
B=2% { (RO™2~¥*2)".5 ~ (RL"2-¥"2)".5)
' k% shear width

Iprint Y% stress resultani: for ay *i"
NXXAY=FX/A®T-MY XY /TLHT

NTTAY=PY*RI

NXTAY==VY*Q/ LI /B*T

iprint "nxxaynttaynxtay"

tprint nxxay;nttaynxtay

RETURN

[ *************************x*******************"

Vinput "kkkksk loads due to twisting dkwwesit ag

NATT=PHI*CXTS*RS /XL 24T
IF X<%C OR X>(XC+XL) THEN NXTT=0
! kwdkkk ghear sectional force due to twistinq

'print Yx;phi;gxts;rs;xlit;nxie!
tprint =x;phi; gxts-ra s1phhxtt
RETURN
TOARRFRERRRRRRARRARARERRRERRRIARTARA AN ST RRER N AR R hdd
Vinput M&d¥ loads dua to internal pressurs %%l aj
IF X »= 0 AND X <= XCYL THEN 9930

' %44 consider membrane stresses in domes only

R2DOME= ( (ADOME"~4%YDOME" 2+BDOME~4*XDOME"2) ~ . 5) /BDOME"2

T tangential or circumferential radius of aurvature

RLDOME=(RZDOME" 3*BDOME" 2 fADOME"4 )

' %%k axial or meridional radius of curvature

NXXP=({PP+P2) *R2ZDOME/ 2

I %%% maridional stress resultant

NITE= (FP+F2) #R2DOME® (1~R2DOME/ 2 /R1LDOME}

! w¥%x clrcumferentlal strass resultant '
' print Mx;v;z;adome;bdome;xdome; ydome jradomns jrldone j nrxp jnbtph
' print x;y;#;adomejhdome;xdome;ydone;r2domnaridons jnxxp intip
RETURN
UoRdedm b iRk kR kAN R kR Rk d e Rt Rl R Rk R R R KR TR AR TR R R KRR R

bokkk phrosses conasidering membrane stressaes on cylinder only
NYXP=PD*RI /2

'odnk longltudinal or axlal stress resultant
NuTP= {PP) *RI
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9990

10010
10030
10050
10070

10080

10110
10130
10150
10170
10190
10210
10230
10250
lo270
10280
10310
10330

LC370

' #%% hoop or tangential stress resultant

tprint "nwxp;nttp?

'print nxxp:nttp

RETURN

t ****w*******************************‘k*************

'input "find totals of segtional Loroesh, a$

NXX=NXXAX+NXXAZHFNX KA YA NXXDP
NTT=NTTAX+NTTAZ+NTTAY+NTTP+NTD+NTR
WXT=NXTAX+NXTAZFNXTAYFNXTT
QUX=QED+GXR
QTT=0TD+QTR
MXX=MEXD+MER
MTP=TD+MTR
MET=0
Tprint Mnxx;ntt;net ;dxx; gttt ymex jwbt jmeth
'print "sollda~";nxx;ntt;nxt;gxx;qbtymox;mbt ;mxt
'print "abaqus-";efl;af2;sf3;sf4 ;965 8md ;802 ;8m3
'in ut " okkrwk yrite theoratiaal calculaticns to fileh,as
IF DTAS=2" G THEN
PRINT USING ¥ #gd#. ### ";EL;X;Y;2
PRINT NXX;NIT;vXT; O%XX; QT ; MXXK ) MTT  MXT
RETURN
END IF

IF NON$=YRF THEN
PRINTHS, USING ¥ ##.8#F ":1%;
PRINTH3, USING " ###, ##*“““‘ WANRXX INTT ; NAT ; QXX § QT ; MXX ; MTT s MXT
RETURN

END IF

IF NONS="N® THEN :
PE=DP+P2 : DN=PE¥RTL ; DM=PESRI*T
%% DUMMIES FOR NON DIMENSIONAL
PRINT#3,USING ¥ ##.88F ;X;
PRINTHI,USING " g, ggn--"

" NXX/DN; NTE /DN ; NXT /DN ; QXX /DN ; QTT /DN § MEX /DM j MT'P /DM ; MY / DM

RETURN
END IF

Tddk CALQULATE MAX PRINCIPAL STRESSES
IF NONS="M" then
¥ gtresses as a sum of menbrane and bending
SYNT= NXH/DTraeMEX/T™2
SXXC= NXX/T-6*MXX/T"2
STOTs= NTT/T+6*MTT/ T2
STTC= NTT/T~6%MTT/T"2
U find maximms For axial or cirocumferential
IF ABS (BXXT) >=ARS(SXXC) THEN SRX=SXXT

P 1S




IF ABS (SXX(C)»>=ABS&(SXXT) THEN &X=5XXC

IF ABS(STTT)>=ABS (STTC) THEN ST=STLT

IF ABS(STTC)>=ABS(STTT) THEN ST=STTC

' deternine maximums for Mohrs circle

IF SX>=5T THEN MAX=SXiMIN=ST

IF BT»=8X THEN MAX=ST:MIN=SX

' determine principals

IF MIN<=0 THEN S1l=MAX:S2=MIN:SHEAR={MAX-MIN) /2

IF MIN>0 THEN S1=MAX:82~MIN:SHEAR=MAX/2
PRINT#3, USING " ##. 48 1¥;
PRINT#3I ,USING W g FF" """ #:817582;0;SHEAR
RETURN
END IF

10390 ' PRINT#3,EBL;X;Y]ZARCNXX NTT ; NXT
10410 ' print#3,nkt axx;gtbymex;mtt jmxt
10430 ! *%eawk caloulate differences
10450 DA=Q

10470 IF NXX<>0 THEN DA=(SFL-NXX)/NXX+*100
10480 DB=0

10510 IF NTT<>0 THEN DB={8F2-NIT)/NTT*100
10530 DC=0

10550 IF NXT<>Q THEN DC={SF3-NXT)/NXT*100
10570 Dh=0 .

10590 IF QXX<>0 THEN DD=(SF4-QXX)/QX¥*100
10610 DE~0

10630 IF QUT<>0 THEN DE=(8F5~QTT)/QTT*100
10650 DFs=0 _

10670 IF MXX<>0 THEN DF=(SML-MXX) /MXX*100
10690 DE=0 '
10710 IF MTT<>0 THEN DG=(SM2-MIT)/MTT*100

10730 DH=0

10750 IF MXT<>0 THEN DHs=(SM3~MXT) /MXT%100

10770 ' *%% yrite differences to file

10790 'PRINT#4,EL;X;¥;%;ARC;DA;DB;DC; DD;DE; DF ;DG DH
10810 'PRINT#4,USING " ##.4 ";X;

10830 'PRINT#4,DA;DE;DC;DD:DE;DF;DG;DH

10850 'print Yel;x;yiziarc;da;dpl

- 10870 ‘print el;x;yizarc;da;db

10890 'print *dc¥;ddt;de%;ar¥;dg¥;dhin

10910 'print de%;dd%;de%;dfi;dgi;dhd

10930 RETURN

10950 1 Hwa _
10970 1 dkdokiekhod fkoh kR Rk ek Rk R AR R R R AR R R RNk kk k%

10890 'input " *% stresses from rib contraints";a$
10991 IF X<0 OR X>XCYL THEN RETURN
10992 ' %%* rib approximation not aceurate beyond cylinderisal shell
10955 IF X<0 THEN
XR=ABS (X) : ARTB=ARL¥BRL L=L $ RR= (5" 2+Y 2)".5
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AB=ARIB:AF=ARIB:GOTQ 1l480W,
END IF
10597 IF X>XCYL THEN
XR=X~XCYL: ARIB=ARLABRL: L=1:RR= (2" 2+¥"2)".5
AB=ARTE:AF=ARLB:GOTO 11480
END IF

1%000 ' k%% routine to establish ¥ co-ordinate relative to existing
rib
11150 RESTORE 25%0:READ XRB

11170 FOR I=1 TO NRIBS-1

11180 READ XRF

11210 t %%% ¥ rib back and x rib front

11230 IF X»=XRB AND X<=XEF THEN 11290

11250 . XRB=XRF

11270 Nexy L

11290 XR=X-XRB

11310 ! %k% local co~nrdinata for distance to back rib
11320 RR=RS

11330 I #%* local radius for rib cales

11340 L= {XRP-XRB)

11345 ' #%x distance betwesn rings

11360 'PRINT "X;XRBIXRF;UR;NRTIBS ;LM

11370 'BRINT X; XRB XRF;XR; NRIBS L

11420 ! N S deflne plata rigidity paramaters
RRRREEARELAR AR I kR

11480 BETAD=(RED*T/4/RR™2/DDOME)".25

11490 BETAS=(ES%T/4/RR"2/DS)".28

11540 IF ¥<@ OR X>XCYIL THEN BETA=RBETAD:D=DDOME:E=ED:NU=NID
11545 ! #**%% consider dome proparties

11546 IF X>»=0 OR X<=XCYIL, THEN BETA=BETAS:D=DS: E#ES NU=NUS

C 11547 ' #%% consider shell properties

11550  ALPHA=BETA®L/2

11610
CHI1=(FNHC(2*ALPHA)+COS (2*ALPHA) ) / (FNHS (2*ALPHA) +SIN (2*ALPHA) )
11630 . CHIZ=(FNHS(2%ALPHA)-
SIN(2*ALPHA) ) / (FNHS (2%ALPHA) “8IN(2*ALFHA))

11650 CHI 3= ( FNHC (2%ALPHA) -
coscz*ALpHA))/(FNHS(z*ALPHA)+s:u(z*ALPHA))

11670 U okkd numarical functions of alpha

11690 ! print "x,pa libata;alpha;chil;ohi2;chis"

11710 ' print xpe;l beta-alpha chil,ohiz chis

1720  Thdkaddkhdkdd find rih crass-saotional areas for back and front

FhhkkRhn )

11725 IF X<0 OR X>XCYL THEN 12070
11730 RESTORE 2630

11750 FOR J = 3 T0 I

31776  READ WB

11790  NEXT J

11810 READ WF
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11830 ' ®%% Ffilpd current Ffront and back rib widths

11850 REZTORE 2670

11870 FOR 0 = 1 TO I

11880 READ HB

11910  NEXT T

11930 RBAD HF

11950 ' *#% £ind current front and back rib heights

11970 AB=WB*HB

11940 ' %*% back rib Cross sectional area

12010 AFP=WF%HF

12030 ' %% front rib cross sectional area

12035 TF (XRF-X)>(X~-XRB) THEN XR=X~XRB:ELSE XR=XRF-X

12037 ' %% local x for rib cales

12040 IF (XRF—X)>(X"XRB) THEN ARIB=AB:ELSE ARIB=AF

12050 ' *% select rib x~area ARIB depending on which is closer
12068 1 kawkkkkikky determine constants and equivalent pressures
RERRRIAER

12070 PE=(PR+P2) ¥ (1-1/24NU) 2
12075 ! %% equivalent pressure due to poissions elfect of axial Force
on done

12080 PCIRCUHB“PEI(BETA*(CHIIHI!Z*CHIZ 2/CHI3)+T/ARIR)

12420 ' *%% force per unit length of circumference for back rib
12422 | %%% uge shell or dome beta

12428 PEB=PE-PCLRCUMB*T/ARIB

12430 ' k%% equivalent pressure for back ring incl pe and ring
eytension

12432 MO=PEB/ (2%BETA™2) #CHIZ

12434 t %% local moment at edge of shell section under ring

12437 ! %% use shell beta as analysis first assumes infinite sbLiff
ring _

12439 QO=~1/2*PCIRCUMB

12583 '*%» METHOD INCORPORATING EQN 281 AND 282 FROM TIMO FOR ALPHA
LARGE ' . :

12590 PHI=EXE (-BETA%*XR)* (COS{BETA*XR)+SIN{BETA*XR))

12800
- 12610
12620

12630
12640
12650
12658
l2660

12670
12710

PEI=EXP (~BETA*XR) * { COS (BETARXR) ~SIN (BETA*XR) )
THETA=EXP (-BETA*XR) #C0S (BETA*XR) -

ZETA=EXP ( ~BET/ *XR) *SIN (BETA*XR)

! %¥% EQN 281 OF PG 470

el / (2RBETA~3%D) % (BETA*MOXPST+Q0 *THETA)

DWDX=4/ (2%¥BETA"2#D) * {2 *BETA*MO*THETA+QO*PHI)

DAWDX2=-1/ (2*¥BETAXD) * (2*BETA*MO¥PHI+2%*QO*ZETA)

DAWDR3I=1/D¥% (2*#BETA*MO* ZETA~QO*PET)

towkk differentials of displacement w for loecal varlable xx

NTR==E*T%W/RE
' #%% tangential force resultant
MER==1% (~D*D2WDX2)

ok awial moment rasultant -l to account for w inwards for
thaory
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13810 NTR=NU*MXR
I %% tangential moment resultant

12850 QXR=-1% (~D*L.wWDX3)

' %%k awxial transverse shear, -1 to account for w inwards fou
theory
12880 QER=0

' %% tangential transverse shear force resultant (=0 Jdue to
symmetry)

13750 ' PRINT "x;ntrmxi;mbr;axrjgtr?

13770 ' PRINT xintr;mxr;mtr;qxr;qtr

13750 RETURN

13838

dehkdh kR h ke R AR AR AR AR TR R AR RERRA SRR AR AR AR R Ak h R hed

13840 'input t %%+ definition of local variables *#% ag
13842 IF X<0 OR X»XCYL THEN XDOME={Y¥"2+Z"2)".5

13843 IF X<0 THEN YDOME=ABS(X)

13845 ' %%% define local dome co-ordinates for hack dome
13846 IF X>XCYL THEN YDOME=X-~XCYIL

13849 * #%¥% define local dome co-ordinates for front dome
13850 IF X=»0 AND X<=XQYL/2 THEN YDOME=X

13851 IF X»XCYL/2 AND X<=XCY¥IL THEN YDOME=XCYIL-X

- 13882 IF X=>0 AND X«<=XCYL THEN XDOME=RS

13853 ! %k% define local co-ordinates for cylinder
13854 'print "x;v;z;ydome;xdome!
13855 ‘'print x;y;z;ydome;xdome

13856 RETURN
13857 1 kkdkkdickkddkkhdhd bk dhdbkb ok bRk bk drdek Rk Rk b

13858 ' input "#* Jlopalized stresses due to domesfoylinder
connaction®ag
13858 PE=PP+P2
13860 ' %% instantaneous pressure due te pp and ax
13990 BETAD=(EDXT/4/¥DOME~2 /DDOME) ~ .25
14010 BETAS=({ES*T/4/XDOME~2/DS)",25
14020 ' %%% use nu and beta for dome or shell respectivly
14030 IF X<0 OR X>XCYL THEN NU=NUD:BETA=BETAD:E=ED:D=DDOME
L4080 IF X»=0 AND X<=XCYL THEN NU=NUS;BETA=BETAS;E=ES:D=DS
14110 QO=PE/8/BETA*ADOME"2/BDOME"2
14130 ' %%% axial transverse shearing force

ON ERROR GOTO 15000
14150  PHI=EX" ‘~BETA%YDOME) % (COS (BETA*YDOME) +SIN (BETAXYDOME) )
14170  PSI=EX) ~BETA*YDOME) * (COS (BETA*YDOME) ~SIN (BETA%YDOME) )
14150 THETA=EXP {~BETA*YDOME) *C0S5 (BETA*YDOME)
14210 ZETA=EXP (-BETA*YDOME) #SIN (BETA*YDOME)
14230 ' #%% funchtions of bx
14280 =1/ {2%BETA"3%D) % (QO*THETA)
24270 DWDX=1/ {2%BETA*2%D) % (QO*PHI)

P 19

SN

P




14290 D2WDX2=-1/ (2%BETA*D) * (2%Q0% ZETA)
14310 D3WDX3=1/D*%(-QO*P5I)
14330 ' *%% differentials of displaceirent w

NTD=~E*T*W/XDOME

1 #%#% tangential forge resultant

D==1% (=-D*D2WDX2)

' wk% axilal moment resultant, -l to account for w inwards for
theory

MTD=NU+MXD

' oxkd tangentlial moment resultant

Q¥D=-D¥*DIWDX3

! #%% axial transverse shear

QTD=0 .

! %% tangential transversea shear force resultant (=0 due to
symmetry)

14550 'BPRINT "X;YDOME;BETA;QU;PHI; PSI; THETA ; ZETAN

14570 'PRINT X;YDOME;BETA;QO;PHI;PSI;THETA;ZETA

14590 'PRINT "W ;DWDX;D2WDX2;D3WDHX3 ; MKXD  MTD ; QXD ; QTD; NTD"
14610 'PRINT W;DWDX;D2WDX2;D3WDX3 ; MXDMID ; QXD ;QTD ; NTD
14630 'INPUT AAAS

14650 RETURN

15000 ' ERROR TRAP FOR DOMES/CYLINDER
DPHI=G:PSI=0: THETA=0: 2ETA=D
PRINT "ERROR FOR X=':X '
PRINT "3 ;Y¥DOME; XDOME; BETA ; Q0 s PHL ; PSL ; THETA ; ZRTAMN
PRINT X;YDOME;XDOME; BETA, Q;PHL;PSIL }THETA ; ZEUA
CINPUT A$
on error goto 25020
GOT'O 14250

23320 'print "specify range extraetion valuas RT231
23321 XMIN=0O

23322 XMAY=12

23323 YMIN=,1

23324 YMA¥=,12

23325 ZMIN=, 640

23326 ZMAX=,68

23327 RETURN

23328 ! %%k extract positiuns for top

23331 XMIN=O
23332 XMAX=12
23333 YMIN=,1
23334 ¥YMAX=,l2
232335 ZMIN=-,G65
23336 ZMAX=-,G4
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23337
23338

23341
23342
23343
23344
23345
23348
23347
23348

23351
233852
23383
23354
23355
23356
23387
23358

23361
23362
23363
23364
233865
23366
23387
23368

234580
23470
23490
23500
23510
23520
23530
23525
23540
23845
23550
43570
23590
23610
23630
23680
23670
23690
23710
23730

RETURN
' okkd extract positions for bottom

XMIN=0

HMAX=12

¥MIN=, 64

YMAY= . G5

ZMIN=, 1

ZMAX=. 12

RETURN

'V kx% agxtract pegitions for left (+¥)

XMIN=D

YMAX=12

YMINes=. 67

YMAX=-, 563

ZMIN=. 2

ZMAX=,.12

RETURN

! #%% azxtract positlons for wight (=¥}

¥MIN==1

MAX=0

YMIN=.024

YMAX=.100%

ZMEIN=, 0

ZMAX=. 65

RETURN

! k%% extract positione for back doms

'*********************************h***

PRINT "Bpacify positlon (Top}BottomjLaft/Right/bomefNew) n
INPUT RANGES :
IF RANGES="P" THEN GOSUB 233211RETURN

IF RANGES="R" THEN GOSUB 23331:RETURN

LF RANGES="LY THEN GOSUB 23341:RETURN

IF RANGES=FRM THEN GOSUBR 233%L:RETURN

IF RANGES=MDY 'PHEN GOSUR 23361 RETURN

IF RANGES<>WN" MHEN RETURN

PRINT Usrin't

INPUT XMIN

PRINT "xmax"

INRUT XMAX

PRINT Uymin®

INPUT ¥MIN

PRINT “ymasx!

INPUT YMAX

FRINT Mzmin®

INPUT ZMIN

PRINT Mzmaxh
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23780 INPUT ZMAX
23770 RETURN
25000 *#% ERROR TRAP

25040 PRINT “NON RECOVERABLE ERROR ";EKN;" AT LINE »;ERL
STOR

R T L L R T T L e e T S TR T T L
26000 PRINT “##% DETEFMINE FORCE AND MOMENT RESULTANTS FOR RANGE **#&!

PRINT:FRINT "New THEORY raduced filename. ©
INPUT SOLS$
SOLS=1F: \MIKE\MATHESLS\RT27\ N4+80LS+ , DaTH
PRINT "Qpening £ile ";S0L$
OPEN S0L% FOR OUTPUT AS #3

INPUT "Resultant, Non~Dimensional Data or Max Principal Stresses

{R/N/M) M ;NONLS
IF NONL$<>UY THEN NONS=NONLS

PRTAT “"Speclfy poesition (Top/Botfom/Left/Right/Dome/Naw) L

IF /U7 RANGES
X0 IN=0: PRINT "XMIN= <":XMIN;"»> ";:INPUD A$
IF AS<»>"" THEN XMIN=VAL(AS)
RMAY=12 s PRINT "XMAKe= <"~xnax-"> "s INPUT AS
IF AS<>U" PHEN xMAanAL(A$)
XING=,0L:PRINT HXINCREMENT= <t ;XINC;"> ®;:INRUT AS
IF Ag<>"t THEN XINC=VAL(AS)
Bl
FOR X = XMIN TO XMAX STER XINC
IF %<0 OR X»>XCYIL THEN
IF X<0 THEN XDOME=ABS (X)
IF X>XCVL THEN XDOME=ABS (X-XCYL)
LF RANGES=IDY QPHEN ¥=0:Z=8QR( (1~ (XDOME/ (R8/2}) “2) *R53"2)

IF RANGES="B" THEN Y=0:B=~GQR( (1= (XDOME/(RS/2))"2) RS"2)

IF RANGES="LN THEN 2=0:Y=8SQR((L-(XDOME/{RS/2))"2)*R8"2)

IF RANGES='R" TYEN Z=0: Y=~EQR((1-(XDOME{(RS/2J)“2)*RS 2)

END IF
IR B>z AND X<=XOYL THEN
IF RANGES=:NTN THEN ¥=~,07:2=,550
IF RANGES="B' THEN Y=,07:Z=-.650
IF RANGE§="L" THEN ¥=.G680:%=,070
IF RANGE$““R“ THEN Ye=—, 650 LA 07 0
END IF

GOSUB 13840

' k%% define local varisbles fcr dome
IF A¥<>»>0 THEN GOSUB 5710

T okuk Joads due to ax accaleration
IF AZ<»0 THEN @GOSUB 7.10

! w¥d loadsg due to az aoceleration
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IR AY<»0 THEN GOSUB 8110
U %4 loads due to ay acceleration
IF TWIST<>0 THEN GOSUB 9470
I %%% loads due to twisting.
IF PP<>0 OR AX<>0 THEN QOSUB 9630
I #%d membrane locads dus to internal pressure
IF AX<>0 OR PP<»0 THEN GOSUB 13858
' %% localized stresses due to domas/oylinder connec’cion
TF AX<>0 OR PP<>0 THEN GOBUR 10990
. v %% localized stresses due to ribs
BLe=EL+1
GOBUB 10090
' owk% find totals and errors and write to f£lle
NEXT ¥
CLOSE #3
RETURN
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BUMMARISED FEM OUTPUT FOR INTERNAL PRESSURE



ABAQUS FEM OUTPUT

4

_0a33
~0,32
~0.30
-0,28
.'—0126
-D.22
-0.19
”0-14
~0.09
-0.03
0.08
0.20
.30
0.45
0.55
0.70
0.80
0.85
1.08
1.20
1.30
1.48
1.55
1.70
1.80
1.95
2.08
2,20
2.30
2.48
2.55
2.70
2.80
2.95
3-05
3.20
3.30
3.45
3.565
3.70
3.80
3.95
4.08
4.20
4,30
4.48
4.85

Nx
1.08
1.08
0.94
0.90
0.886
0.78
0.70
0.61
0,58
0.52
G.50
0.50
0 50
0.50
0.50
0.50
D.50
0.50
0.50
0.50
0.50
0,50
0.850
0.50
0:50
0.50
0.50
0.50
0.50
0.51
0.5)
0.51
0.51

0.50

0. 50
0.51
0.51
0.51
G.51
.51
0151
0.51
0,51
0.51
0.51
0.5
0.51

N&.

0.88
0,29
0.80
C.67
0-51
0.21
=0.08
=~0.40
-0.46
-0.11
0.52
Lo13
1.04
1.00
¢.98
l1.06
1.04
.53
0.53
1.04
1.07
0.98
0.98
1.07
1.04
0.53
0,53
1.04
1.07
n.98
0.98
1.07
1.04
0,53
.53
1.04
1.07
0.98
0.9%
1:.086
1.03
0.6
W.E8L
1.03
1.06
0.99
0.99

Nyg'

2.7)LE=3
wl.58E-3
-1, 55K~3
~Ll.47E=3
~2.48E-2
=2,44E~3
-4 .55E-3
~5.57E~3
9.,77E-3
5184E“3
1064E—3
2.12E-3
-L1.02E~3
-9.36E-4
1.98E-3
2,79E-3
2.58E~3
1.35E~3
=1l.1l1E~3
~2.44BE~3
“2.798-3
=1.,75E~3
8,57E-4
1.40E-3
1.18E-3
6 4. E-4
~1.2G6E-3
~2.16E~-3
-2.48E~3
~1,67E~3
9,1BE-4
10703-3
1.408-3
7.60E~4
-1.23E=3
~1.8GE-3
-2.04E~3
~1.,35E~3
1.00E-3
1.68E~3
l.55E~3
3,01lE~4
~L,03E=-3
~l.60E~3
~1.65E~3
~1.02E-3
1.0G6E-3

Qs
6.85E“4
2,75E~5
2.06E~3

~7.82E~4
6.01E-4
~2,L3E~3
-G,82E-3
~1.68E-2
"8.27E-3
4050E_2
0.37
0,18
«0.28
4.90E-2
5,88E-2
-0.11
7-21E—2
8.18E-2
8-74E—2
7.32E-2
“0410
2.84E~2
2.95E~2
"0.11
7'93E-2
8.58E~2
328-2
- b
z.,0E-2
3-00E"2
"q;ll
7+.97E~2
8,141E-2
8,63E~2
7.69E=2
~0, L0
1.86E-2
3:77E“2
-8.,490E-2
€,29E-2
€.87E-2
7.37E-2
[ » 07E"‘2
-8.508-2
2.33E~2
2.52E-2

Q¢u

8.26E~4
3.66E-4
»5,26E-3
7.92E-3
-1,50E-3
~1,34E-2
1.60E~2
-2.87E~2
=§.93E~3
8.75E-2
-4,03E~2
4,37 E-2
5.078E~2
-7-35E'3
"'1 . DZE-Q
1.49E"2
2.,83E-3
~4,658~2
1.81E=-2
~2.48E~2
1l.G66E~2
"lt?lE“S
=G, BOE-3
l.51E-2
9-93E-4
-4 ,53E-2
1-87E_2
-2.44E~2
1.63B~2

~L.08E~2

=7 47E=3
1l.545-2
1.29E-3
-4,66B-2
L.71E-2
~2.458-2
1065E'2
1,58BE~4
“7.73E~3
1.23E-2
~1.91E~3
-3.88E~2
1.42E-2
=2.05E~2
1.42E-2
~1.88H-3

Q2

My

2-44E-4
~6.11E-4
1.73E-2
2+0BE~2
25 OBE"2
1.62E-2
_1l83Ei3
~5,91B-2
“0-12
“3.59E‘2

3, 06E~2

3.978-2
~1.68E-2
5.62E“3
-2 08E~3
«Ll.GEE~2
S.BDE—E

“4,11B~2.

-4 .078-2
E,76B-2
=1.75E=-2
Tv33E~4
8.558~4
~1.76E~-2
5.76E~2
=4 ,Q07E~2
'-4 L] 07E“2
5.76E-2
~1,76E=-2
8.55E~4
8.55E~4
=1.78E~2
5.76E~2
=4 ,078-2
-4 ,09E~2
Sn?QE“Q
=1, 758~2
7.33E~4
B.55E~4
_1145E“3
4,80E-2
«3.38E~2
»3,19E~2
4.818-2
“10 44E"'2
7933E"4
7.33E~4

Hor N Myg
0.00 0.00
0.00 0.00
1.58E~2 1.225-4
1. 70E=-2 6.11E-4 |
1.75E=2 2.44E-4
1,618-2 -4,.B8E-4
8,8B9E-3 68.11E-4

~L.08E~2 3,17E-3
-31.36E-3 2.8LE-3
=L.L2E~2 6.11E~4
4.88F=3 3.66E=4
G.72E~3 4.8BE~4
-1u59E“3 wl,22E=4
1.95E-3 1.22E~4
7.33E~-4 ~1.22E-4
=L 71E~3 -Ll.22E-4
2.52E~3 3,G6E-~4
=6.11E~3 ~7,33E-4
~6,11E~3 =1,22E-4
9.40E~3 8.55E~4
~1.BIE-3 ~2.44E~4
1-103-3 '0300
8.7%8~4 0.00
=1.95E-3 ~2.448~4
9,28E~3 3.66E-4
~6 ALE-3 ~7.33E-4
“6,238~3 =~1,228-4
9.16E~3 8,558~4
=2.08E~3 =2.,44F-4
8-55E—4 0500
B.55E-4 0.00
~1L.9EE-3 -~1.228~4
9.288~3 3.66B-~4
=6.11E~3 =7.33E~4
=6, LLE=3 «1,22E-4
9,52E~3 8,55R-4
=1.838-3 -2.44E~4
1.10E-3 0,00
1.22B~3 0,00
=Ly LOE~3 =1,22E~-4
8.30E-3 2.44E-4
=4, 64E~3 ~@,LLlE~4
-4 ,76E~3 =1,22E-4
8,30BE-3 7.338E~4
~e+7T7E~4 =2,44F~4
1.34EB-3 0.00
0.00

1.34E-3




4,70
4.80
4.95
5.05
5.20
5.30
B.45
5.88
5,70
5.80
5.85
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0.51
0.5
0.50
0.50
0.5L
0.51
0.51
0.5%
0.5%1
0.5%
0.50

N¢1

l.086
1.03
0.61
0.61
1.03
1.06
0.99
0.99
1.06
L.03
0.61

1
Natgy
L.89E~3
l.66E~-3
1.03E-3
«1.00E-3
~l.64E-3
“l.67E~3
1.06E-3
1.66E=3
1.658-3
1.03E-3

Qxl

-8.858~2
6.578~2
G-BQE-Z
7.39E~2
6,10E~2

=B 54F~2
2.35B-2
2.51E~2

-B.85E-2
6.59E~2
6.86E~2

Q¢n
L.21E=2
1.298~3

-3.83E-2
1.378=-2
-2.02E-2
l.40E-2
=L.758~3
-5,40E-3
l.228-2
1.20E-3
=~3.81E~-2
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My

“1643E“2
4.81E~2
~3.39E-2
4,81E~2
~1.44E=-2
7.33E~4
7.33E-4
=1.44E-2
4.81E-2
-3.41E-2

- Mg

"9077E-4

8.42E-3
=4 .64E~3
—-4.64E-3

8.42E~3

w8 ,55E=4
1.47E-3
1.47E~3
-8.558-4
8.425-3
wd,§4B-3

Mo s

~1.22E~4
2¢dq4BEwl
=1.22E-4
7.338-4
w2, 44 B4
8.00
0.00
=1.22E-4
2.44E~4
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-L.329
-0.319
-0,309
-00299
=0.289
~3.279
“0‘269
~{.359
~0,249
-0,239
~0,229
“00219
=-0,209
=, 199
~0.189
~0,179
=0.169
=0.159
=0, 148
-0.135
~0.129
-00119
-0-109
-(.0989
~0.08%8
~0.079
~(.069
-(.059
-0.049
-05039
-Q.QSQ
-0,019
~0.009

0.001

0.011

0.021

0.021

0.041

0.05]

Q.08

0.07%

0.08)

¢.091

0.101

0.121

D.131

KN,*

i.01
0.98
0.97
0.94
0.92
0.90
0.838
0.36
0.83
0.81
0.79
0.77
0.75
0.73
0.71
0.69
N.68
0.86
0.64
0.63
0.61
0.60
0.58
0.57
.56
0.55
0.54
0.53
0.52
0.52
0.5

0.51

0.51
0.50
0.5¢
0.50
0,50
0.50
.50
¢.50
0.50
.50
0.50
0.50
0.50
Q.50
0.50

N¢| Nx¢|

1.0
0.94
0.87
0.80
0.73
OIGG
0.58
a, 51
0.43
0.35
0.27
0.18
0.10
2.178B~2
-5.99E~2
_0t14
«“0.22
-0.28
-0.36
-0042
=0.47
=-D,52
"0-55
-0g58
=0,59
-0.58
-Q,568
-0:53
-0148
-0.41
~0,32
=0,22
"0-11
1.35
1.24
.14
1.086
1.00
0.95
0.91
0.89
0.87
0.886
0.84
0.86
0,86
0,87
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Qe Q¢l Myrr M@! Mx¢i
0 0 o -6.4BE~-26 ©
-1.08E-5 0 =~23.1l8E~% ~G.87E-6 O
2,7BE~5 0 ~5.21E-5 -=1.40E-5 O
L.5i8~4 © 1.63E-4 4,39E-5 0
2,958-4 0 6.57E-4 L.77E-4 O
3,93B-4 0 1.33E~3 3.59E-4 O
2.88E~4 0 2.04E-3 5.50E-4 0
2.48E6-4 0 2.628B-3 7.08E-4 O
~-5,18E-5 0 2.92E-3 7.86E-4 0
~5,26BE-4 0 2.77B~3 7.46E~4 0
-1.18B-3 0 2.04E~3 5,49E-4 O
-2,0LE~3 0 5.87E-4 1.58E-4 O
-2.99E-3 0 ~1,69E~3 =4.55E-4 0
0 -4,12E~3 0 ~4,8BE-3 ~1.32E-3
0 ~5.38B-3 0 =9.06E-3 ~2.44E-3
~8,64E~3 0 +~1.,42E-2 ~3.84E-3
-7.95F«3 0 ~2,04E~2 ~5.51E~3
«~5,21E~3 0 -2.76E~2 ~-7.43E~3
=1 D4E~2 Q -3055E“2 -9,59E~3
~L.13E~3 O -4.43B-2 +~l,1l9E-2
-1119E_2 4] —5.353-2 h1|44E-2
-1.23E-2 0 =6.31E=2 ~1.70E-2
-1,20B~2 0 =7.36FE-2 =-1.968-2
-1.11E-2 0 <-B,18E-2 «2,20E-2
~9.43E-3 0 -8.95E-2 ~2,41E-2
-6,89E-3 0 <-9,60E-2 -2.59E-2
~3,318E~-3 0 -0.10 -2.70E-2 O
L1.47B-3 D 0,10 ~2.74E-2 0
7.58E«~3 0 -9.91E-2 -2,878~2 0
l.52E-2 0 ~9.19E-2 =2,4BE-2 O
2!44E_2 0 "7i90E-2 ﬂzaiaE"Z 0
3.53F-2 0 ~5.93B-2 -1l.60E-2 @
4,8lE~2 0 =3,l7E-2 =~B.S3E-3 0
0,13 0 =-0.20 -2,57E-2 O
¢.11 0 ~-0,19% «2,40EB~2 O
8.86E~2 0 =0,17 =2.21E~2 O
6.93E~2 0 «-0.15 ~1.99E-2 O
5.23B-2 ¢ =~0,14 -~1.77E~2 O
3.778-2 0 =0,.2 ~1,B4E~2 0
2.53E~2 0 ~0,10 =-1.32E~2 O
1.498-2 0 «~8.67E~2 ~1.12E~2 O
6.48E~3 U =7.,1l8E-2 -9,24BE-3 0O
~3,60E~4 O =5,81E-2 ~7.48E~3 0O
~5.47E~3 Q ~4.,58E-2 ~5.91E~3 0
-9,36E-3 0 ~3,51E-2 ~4.852E~3 0
-~l.21E~-2 0 “2;583—2 -3,328-3 ¢
-1,398~2 0 ~1,78E-2 ~2.29E-3 0
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¢.141
0.151
0,181
0.171
0.181
0.19]
D.201
0.211
0.221
0.23%
0.241
0.251
0.261
0.271
0.281
0.29%1L
0,301
0,311
0.321
0.331
0.341
0.38L
0,371
0,38l
g.391
0.40L
0.4311
0.421
0.431
0,441
0.481
0.461
0.481
0.491
0.501
0.5LL
0.521
0,531
¢.541
0.551
0.561
0.87L
0.581
0.581
0.601

0.611
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0'50
0.50
0.50
0.80
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.5¢
0.50
Q.50
0.50

"0.50
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.50
Q.50
Q.50
g.80
0.560
0.50
0.50
0.50

0.50

0.50
0.50
.80
0.50
0.50
0.50
0.50
0.50
0.50
0.50
.50
c.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
.50
¢.50

N¢I Nx¢'

0.88
0.89
0.90
0192
Q.93
0.94
0.95
0.96
0.97
0.97
0.98

" 0.99

0.99
1-00
1.00
1.00
1.00
1.00
1.0L
1.0L
1.01
1,01
i.01
1.01
1.01
1.00
l.00
1.00
1.00
1.00
3.00
.00
1.00
1100
1.00
1.00
1.00
1.00
1.00
.00
.00
1.00
1.00
1000
1.00
1.00
1.00
1.00
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-1.49E=-2
”1-52E"2
~1l.36E~-2
=1l.26E-2
-1, 14E-2
-1,02E~2
-8.,94E-3
-6.85E-3
~5.46E~3
-4c45E“3
«3,55E~3
“20752”3
-2.05E=3
-1.48E~3
9. 40E-4
=5, 1984
~1.79E~4
9.028~5
2.96E-4
4,4783~4
5.B2E~-4
6. l?E-4
G.50E~4
6.,578~4
G.44E~4
6. 1584
5,75E-4
5.28E~4
4.76E=4
4,238=4
3,689E~4
3.178~4
2.87E~4
2.26E-4
2Q2DE”4
2.17E~4
W 17E-4
S L7B=4
2.18E~4
2,16E~4
2,10E-4
1.23E-4
1.79E“4
lq4BE“4
1,04E~4
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-1.118-2
-5.578~-3
=1.1l3E~3
2.34E~3
4,968-3
6-35E“3
8.12E-3
8,88E~-3
9,21E-3
9,20E~3
B.47E-3
7.87E-3
7.18E-3
6,44E~3
BE.6BE-3
4,94E~3
4,21E-3
3.83E~3
2.91E=3
2.34E-3
1.83E-3
2.878~4
3.97E-4

. 1!74E-4

~3.37E~6
~1.,41E-4
=2.44E=4
“3:16E*4
93.64E_4
~3.90E-4
"'3 » 99E‘4
-3.98E-4
-3.80E=4
“5.29E“4
~8.19E~4
-8.64E~4
=1.L1E~3
“1.25E“3
"lt4DE_3

~1.538~3

~1.G6E-3
=1.778-3
=l,85E-3

My

~1,43E~3
~7 +16E-4
~1,46E-4

3.01E-4
6.38E~4
8.82E~4
1.05E-3
1l:.14E-2
1,183
1.18E-3
1.15E~3
1.09E~3
1.01E-3
9.,24E-4
8.29E-4
7.32E-4
G.35B-4
5,42E-4
4.55E-4
3.74E-4
3.01E~4
2.35E~4
1-7BE”4
1.28E~4
8.52E~5
5,118~5
2 - 24E"‘5
~1.81E~E
~3.14E~5
~4 . Q7E-5
«5,14E~§
~5.08E=5
-4 . 90E~5
=4, 90E~5
~5,81E~5
~8.GBE~5
-1.05E‘4
~1.248~4
«1,43E~4
=l,618-4
-1.808-4
-L.27E-4
~2.14E~4
~2.28E~4
»2.39E=~4
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x Ny' 1‘@: N:tqb‘ Dy Qqsl Mye ngl Mg
0.621 0.50 1.00 O A4.38B~5 O =1.90E~3 =2,458-4 O
0.631 0.50 1.0} O =3.58E=~5 0 =1,91E-3 ~2,46E~4 0
0.643 0.50 1.0% O =1,38E-4 0 =1.85E-3 -2.38E-4 0
0.651 0.50 1.0L O <~2.658-4 0 ~1.72E-3 -2.21F-4 O
0.661 0.50 1.0, O ~4,20B-4 0 =-3.49B-3 ~1.92E=-4 O
0.674 0.50 1.01 O ~-6,06E~4 0 -=1.15E~3 =1.48B-4 0
0.681 0.50 1.02 0 -8.24B~4 0 =6.77E~4 =~8,7"E-5 O
0,691 0.50 1.02 ¢ ~1.08E~3 0 <-4.53B-85 -~5. 4E-6 @
0.701 0.50 1.02 0 ~1.368E-3 0 7.68E-4 9.864-5 0
0.711 0.50 1.02 ¢ =«1.69E-3 0 1.78H-3 2.29E-4 O
0.721 0,50 1.02 0 =2.04E-3 0 3.02E-3 3.8%E~4 O
0.731 0.50 1.03 0 =~2.42E-3 0 4,.51E-3 b5.80E-4 0
0.74. 0,50 1,03 0 -2.82E-3 0 6.25E~3 B8,05FE~4 0O
0.751 0.50 1,03 0 ~3.24E~3 0 8,.28E-3 '1.07E-3 O
f.761 0.50 1.03 0 -3.66E~3 0 1.06E~2 1.36E-3 0O
9.771 0.590 1,03 0 =-4,07E~3 0 1.32BE-2 1.69E-3 0
¢.781 0.50 1.02 0 =4.45E~3 O 1.60E~2 2.06E-3 0
2,7%1 ©0.50 1.02 0 ~4.77E~3 O 1.,93E~2 2,48E-3 0
0.801 0.50 1.01 0 ~-5,01E~3 O 2.23E-2 2.88E-21 0
0.811. 0.5¢ 1.00 0 ~5.14E=3 0 2.57E~-2 3.3.E-3 0
0.821 0.50 0.99 0 =~5.llE-3 0 2.92E-2 3,75E-3 0
0.83% 0.50 .98 0 -4,89E~3 0 3.258-2 4.18EH-3 0
0.841 o0.50 0.96 0 =4,43E-3 0 3.56E-%Z 4.59E~-3 0
0.861 90.50 0.94 0 ~3.67E=3 O 3.841-2 4.94E-3 0
0.861 0.50¢ 0,91 0 -2,.85E-3 0 4.04E~-2 5.21E~-2 0
0.871 0.5 0,8 0 =-%1.01E-3 0 4.17E~2 §,36E-3 0
0.881L 0.50 0.85 0 1,01¥-3 0 4.17BE~2 5.37E-3 O
0.821 0,50 ©.81 ©0 B3,579E~3 0 4,02E~2 35.17E~3 0O
0.801L 0.50 Q.77 0 6,75E-3 0 3.68%8-2 4,73E-3 0
0.911 0.50 0.72 0 1,.06E~2 O 3,10E-2 3.99E-3 o
0,831 0,50 0.62 O 2,08BE-2 ©# 1,06K-2 1.37E~3 O
Dn94l 0.60 0.57 0 2-67E"'2 0 "'51 07E"'3 *6.533"4 0
¢.951 0.50 0.52 0 3.36E-2 0 ~2.51lE-3 =~3,23E~3 Q0
0,961 0.50 0.47 0 4,13E~2 0 =-B.0lE-2 =~6.45E-3 0O
0.971L 0.50 0.42 0 4.98B-2 O ~B,04E~2 =~1,03B-3 0
0.981 0.50 0.39 0 5,.88E-2 O ~-0,12 =1.50E=2 O
0.991L 0.50 0.36 0 &.83E~2 0 ~0,16 =2,0BE-2 O
.00 0.50 0.36 0 7.56B=-2 0 =-0.19 ~2.51E-2 O
1.011 ©.50 0,37 0 €.59F~2 0 =0.,15 ~1.90E-2 O
1,021 0.850 0.40 0 6.65E=-2 0 -0,1} ~1,38E-2 O
1.031 ©0.50 0.43 0 4.76E~2 0 ~7.22E-2 =~0.30FE-3 O
1.041 0.50 ¢.48 0 3,938-2 0 ~4.33E-2 =5,57E~3 0
1.05. ©.80 Q.53 0 3.18E-2 0 =-L,96E-2 -R2,53E~3 0O
1.061 ©0.50 0.58 O 2.51E-2 0 ~7.32E-4 -9,42E-~5 ¢
1.071L 0.50 0,64 0 1,91E-2 0 1.39E~-2 1.79E-3 O
1,081 0,850 0,69 0 1,40E-2 O 2,4%E~2 3.21E-3 0
1.09% 0.50 0.74 0 9.57E-3 0 3,27E~2 4.21E-3 0O
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1.121
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1.141
1.151
1.1l61
1,171
1.181
1.191
L1.201
1.211
1.221
1.231
1.24]
L.251
1.24]
1.271
1.281
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1.311
1.321
1.331
1,341
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1.36}
10371
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1.39)
1.40%
L.411
1.421
1.431
1.441
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1.541
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1.561
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5.898-3
~1.44E~3
—2187E—3
=3.89E-3
w4, 57E~=3
"4!97E"3
“50142—3
-5;12E“3
-4 ,96E-3
=4 .708B-3
wd ,J6E~3
"3597E“3
~3,85E~3
~3.13E~3
~2472E~3
=2 +32E~3
wl.94E~3
”1-593‘3
~1,28E-3
_9997E“4
~7.81E~4
-5.3%9E-4
~3,.595-4
-2.L0E=4
-8,78E-56
9.21E-6
8.428~5
1,408~-4
1.7898-4
2, 04E~4
2.18E~4
2.238-4
2.20E-4
2»113”4
1.99E«4

1,838-4

1.66E~4
1!48E"4
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L1,52E~4
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1587m“4
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4,14E=2
4,Q0E~2
3077E“2
3Q49E_2
3.1.7E~-2
2.838E-2
2 L] 49E"'2
2.15E~2
1.83E-2
1.53E-2
L.25E-2
8,97E~3
5.,78E~3
4'11EH3
2.708E-3
1.52E-3
5.66E~-4
wl.90E~4
. T1E~4
~1l,20E-3
=~1.50E~3
=~1.68E~3
~1,78E~3
-1.81E-3
~1.78E~3
“1-?0E“3
-1.58E-3
“1-45E‘3
~1.32E-3
~1.03E-3
~7.47E~4
=85, 19E~4
“50033“4
~3.89E-4
=3 .288~4
~5.31E~4
-6, 851E-4
~7.80E~4
-1.,06E~3
«1.21E=-3

4.878-3 0
5.24E-3 0
5.38E~3 0

§,33E-3
5.158-3
4,.495E~-3
4.08E~-3
3.64E-3
3.20E~3
2.77E~-3
2.35E-3
1.96E8~3
1.581E~3
1.28E~3
9.86E~4
7 4BE~4
5.29E~4
3.47E-4
1.96E~4
7.28B~5
~2.458-8
=-9.92E-5
-1.54BE~4
~1,93E-4
=2.17E-4
-2, 29H-4
=2,33E~4
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