
1960 KEY 8 , 1111

1970 KEY 10 ~ "TRANSLI!
1980 A$=INKEY$
1990 IF A$="II THEN 1980
2000 IF' VAL(A$)<l OR VAL(A$»6 THEN RETURN
2010 ON VAL(A$) GOSUB 2030,2050,2100,2150,2270,2210,2030,2030,2030
2020 GOTO 1980
2030 RETUPN
?040 I *** level 6 subroutine to input X translation
2050 KEY OFF:LdCATE 25, l:PRINT "X Translation <" ;H;"> ";:INPUT A$
2060 IF A$<>"" THEN GOSUB 4710:l-I=VAL(A$):T(4,l)=H:GOSUB 2380
2070 KEY. ON
2080 RE'I'URN
2090 I *** level 6 subroutine to input y translation
2100 KEY OFF:LOCATE 25,1:PRINT fly r~'ranslation<";K;"> "i:INPuT A$
2110 IF A$<>''''THEN GOSUB 4710:K=VAL(A$) :T(4,2)=K:GOSUB 2380
2120 KEY ON
2130 :RETURN
2140 1 *** level 6 subroutine to input Z translation
2150 KEY OFF:t.OCATE 25,l:PRINT liZ Translation <"iL;"> "i:INPUT A$
2160 IF 11.$<>''''THEN GOSUB 4710:L=VAL(A$) :T(4,3)=L:GOSUB 2380
2170 KEY ON
2180 RE'l'tJRN
2190 KEY ON
2200 • *** lavel 6 subroutine to change Y axis or~gln
2210 KEY OFF:LOCATE 25,l:PRIN'l'ny axis centre<";CY;"> "i:INPUT A$
2220 IF A$<>u" rrl-IENLET CY=VAL(A$)
2230 KEY ON
2240 RETURN
2250 RErnURN
2260 ,~** level 6 subroutine to change axis origin
2270 KEY OFF:LOCATE 25,l:PRINT "X axis cantre<"iCX;"> lIi:INPUT A$
2280 IF A$<>'IIITHEN LET CX=VAL(A$)
2290 KEY. 01-
2300 RETURN
2310'*************************************** ******************2320 ' *** assign a,b,c scaling values too transformation matrix
T(i,j)
2330 T(1,1)=A:T(2,2)=B:T(3,3)=C:T(4,4)=1
2340 T(lql)=A;T(2,2)=B:T(3,3)=C:T(4,4)=1
23!J0 RETURN
2360'***********************************************************
2370 ' *** multiply old points by transformation for new points
238() CLS:LOCATE 10,40;PR!NT IIBUSY"
2390 X=l?LOTXMIN*T (1,1)+PLOTYMIN*'l'(2 I 1)+PLOTZMIN*'l'(3 ,1)+'11(4 I 1)
2400 Y=PLOTXMIN*T(1/2)+PLOT~MIN*T(2,2)+PLOTZMIN*T(3,2)+T(4t1)
2410 Z=PLOTXMIN*T(l, 3)+PLOTYMIN*T(2, 3)+PLOTZMIN*T(3, 3)+T(4, 1)
2420 IF ABS(X)<.OOOOOl THEN LET X=O
2430 IF ABS(Y)<.OOOOOl THEN LET 1.=0
2440 IF ABS(Z)<.OOOOOl THEN LET Z=O
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2450 PLOrXMIN~X:PLOTYMIN~Y:PLOTZMIN~Z
2460 X~PLOTXMAX*T(l,1)+PLOTYMAX*T(2,1)+PLOTZMAX*T(3,l)+T(4,1)
2470 Y=PLOTXMAX*T(l, 2)+PLOTYMAX*T(2, 2)+PLOTZMAX*T(3, 2)+T(4, 1)
2480 Z=PLOTXMAX*T(1,3)+PLOTYMAX*T(2,3)+PLOTZMAX*T(3,3)+T(4,l)
2490 IF ABS(X)<.OOOOOl THEN LET X=O
2500 IF ABS(Y)<.OOOOOl THEN LET Y=O
2510 IF ABS(Z)<.000001 THEN LET Z=O
2520 PLOTX~~X=X:PLOTYMAX=Y:PLOTZMAX=Z
2530 x~OrSPXMIN*T(l,l)+OISPYMIN*T(2,l)}DISPZMtN*T(3,1)+T(4,1)
2540 Y=DlSPXMIN*T(1,2)+DISPYMIN*T(2,2)+DISPZHIN*T(3,2)+T(4,1)
2550 Z=OISPXMIN*T(l,3)+DISPYMIN*T(2,3)+DISPZMIN*T(3,3)+T(4,1)
2560 DISPXMIN=X:DISPYMIN~Y:DISPZMIN=Z
2570 IF ABS(X)<.000001 THEN LET X=O
25S0 IF ABS(Y)<.OOOOOl THEN LET y=o
2590 IF ABS(Z)<.000001 THEN LET Z=O
2600 X=DISPXMAX*T(l,l)+DISPYMAX*T(2,l)+DISPZMAX*T(3,1)+T(4,1)
2610 Y=DISPXMAX*T(1,2)+DISPY~mX*T(2,2)+DISPZMAX*T(3,2)+T(4,1)
2620 Z=DISPXMAX*T(1,3)+DISPYMAX*T(2,3)+DISPZMAX*T(3,3)+T(4,l)
2630 IF ABS(X)<.OOOOOl THEN LET X=O
2640 IF ABS(Y)<.OOOOOl THEN LET y=o
2650 IF ABS(Z)<.000001 THEN LET z=o
2660 DISPXMAX=X:DISPYMAX=Y:DISPZMAX=Z
2670 IF DISPXMAX<DISPXMIN THEN LET
D77=DISPXMIN:DISPXMIN=DISPXMAX:DISPXMAX=D77
2680 IF DJ;SPYMAX<DISPYMIN THEN LET
077~DISPYMIN:DISPYMIN~DISPYMAX:DlSPYMAX=D77
2690 IF DISPZMAX<PISPZMIN THEN LET
D77=PISPZMIN:DISPZMIN=DISPZMAX:DISPZMAX=D77
2700 IF PLOTXV~X<PLOTXMIN THEN LET
D77=PLOTXMIN:PLOTXMIN=PLOTXMAX:PLOTXMAX=077
2710 IF PLOTYMAX<PLO'l'YHINTHEN t,E'l'
077=pr~OTYMIN:PLOTYMIN=PLOTYMAX: PLOTYMAX=D7 7
2720 IF PLOTZMAX<PLOTZHIN THEN LET
D77=PLOTZMIN:PLOTZHIN=PLOTZMAX:PLOTZMAX=D77
2730 FOR I=1 TO NONODE
2740 X=X(I)*T(l,l)+Y(I)*T(2,l)+Z(I)*T(3,l)+T(4,1)
2750 Y=X(I)*T(l,J)+Y(I)*T(2,2)+Z(I)*T(3,2)+T(4,2)
2760 Z=X(I)*T(1,3)+Y(I)*T(2,3)+Z(I)*T(3,3)+T(4,3)
2770 X(I)=X:Y(I)~Y:Z(I)=Z
2780 NEXT I
2790 CLS
2800 RETURN
2810'************************************************************2820 '*** I,EVEL 2 SUBROUTINE FORrotation around an axis
2830 RETDUM=O:SUBDUM~2
2840 KEY 1, ..II
2850 I{EY 2, II_X"
2860 l{EY 3, II_ylI

2870 KEY 4, II"'ZII

2880 KEY 9, "EXIT"

l
i
I
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2890 KEY 5 ""2900 KEY 6 UII

2910 KEY 7 f 1111

2920 KEY 8 , 1111

2930 KEY 10, "ROTATE"
2940 A$:=INKEY~
2950 IF A$="II THEN 2940
2960 ON VAL(A$) GOSUB 3010,3040,3130,3220/3Q10,3010,3010,3010,3480
2970 IF RETDUM=l THEN LET RETDUM=O:RETURN
2980 IF VAL(A$»~5 AND VAL(A$)<=B THEN 2940
2990 GO$UB 2380: '*** update the points data file
3000 GOTO 2940
3010 RETURN
3020'************************************************************3030 I *** level 6 subroutine to input x rotation
3040 KEY OFF:LOCATE 25,1:l?:RINT IIAngle around X axis <lIiTHETAX;">
";:INPUT A$
3050 IF A$<>"II THEN LET THETAX:::::VAL(A$)
3060 GOSUB 471.0
3070 RTHETA=THETAX/180*PI
3080 'I' (2,2) =COS (RTHETA) :'.1.'(2,3)=SIN (:RTHETA) :'1' (3,2) =..
SIN(RTHETA):T(3,3)=T(2,2)
3090 I\EY ON
3100 RETURN
3110'************************************************************3120 I *** level 6 subroutine to input y rotation
3130 I\EY OFF:LOCATE 25,1:l?RINT "Angle around Y axis (";THE'1',1\Yi")
II ; : INl?U'!'A$
3140 IF A$<>"11 THEN tE'l'r.caETAY=V1¥.(A$)
3150 GOSUB 4710
3160 RTHE'1'A=THETAY/180*PI
3170 '1'(l,l)=COS(RTHETA) :'1'(3,1)=-
SIN (RTHE'1'A):'.1.'(1,3):::::SIN(R'l'HETA):'1' (3,3) ='1'(1,1)
3180 I<EY ON
3190 RETURN
3200'************************************************************3210 t *** level 6 subroutine to input Z rotating
3220 KEY OFF:LOCATE 25,1:PRINT IIAngle around Z axis (";THETAZi")
";:INfilUT A$
3230 IF A$<>IIt'THEN LET THE'1'AZ=VAL(A$)
3240 GOSUB 4710
3250 RTHETA=THETAZ/1BO*PI
3260 T(1,1)=COS(RTHETA):T(1,2)=S!N(nTHETA):T(~,1)=-
SIN (R'1.'HETA):'1.'(2,2):::::'1.'(1,1)
3270 l<E'lON
3280 RETURN
3290'************************************'/**********************
3300'***********************************************************3::110I ***L(wel 3 - Zoom onto objoct by ohanging d i.st.anccfrom eye to
the origin ...RHO
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3320 SUBDUM~3:KEY OFF ~
3330 LOCATE 2S,1:PRINT "Distance from eye to origin (ltjRHOj") II
i:INPUT DUM$
3340 IF DUM$<>"11 THEN LET RHO =VAL(DUM$)
3350 KEY ON :GOSUB 4710:RETURN
3360'*********************************************************3370 '*** Level 3 - change perspective by changing distance from eye
to screen - D
3380 SUBDUI-1:=3:KEY OFF
3390 LOCATE 25,1:PRINT "Distance from eye to screen ("iD ;'"''
i:INPUT DUM$
3400 IF DUM$<>"" THEN LET D =VAL(DUM$)
3410 KEY ON :GOSUB 4710:RETURN
3420'************************************************************3430 ' *** Level 2 subroutine to rotate object around specif~p.d axis
3440 1*** Reflect the object about an axis
3450 KEY 9 , ""
:3460 '*** Rotate an object about an axis
3470 '*** ON KE'{ RETURN ROUTINE
3480 RETDUM=l:RETCRN '
3490'************************************************************3500 '*** LEVEL 3 SUBROUTINE to change angle of eye to object
3510 SUBDUM=3:KEY OFF
3520 LOCATE 25,l:PRINT "Angle on XY' plane (II iTHE'l'ADi"degrees) "
i:INl?UT DUM$
35:30 IF DUM$<>''''THEN LET THETAD=VAL(DUM$)
3540 THETA= THETAD/180*PI
3550 KEY ON :GOSUB 4710:RETURN
3560'************************************************************3570 '*** LEVEL :3 SUBROUTINE to change angle of eye to object
3580 SUBDUM=3:KEY OFF
3590 LOCATE 25,l:l?RINT "Angle to Z axis ("iPHID;" degrees) " ;:J:Nl?UT
Dll'l$
31$00 IF DUM$<>"" THEN LErl' PHID=VAL(DUM$)
3~10 PHI=PHID/180*PI
3620 KEY ON :GOSUB 4710:RETURN
3630'***********************************************************3640 'level :3 subroutine to calculate and plot screen co-ordinates
3650 SUBOUM=3
3660 CLS:!NPO'T "TYPE E TO EDIT PICTURE LIMITS"iA$
3670 IF A$<> "E" THEN GOTO 3800
3675 INPUT "SCREEN TYPE (2j9)";SCRN
3676 IF SCRN<>2 AND SCRN<>9 THEN 3675
3677 IF SCRN=9 THEN I.,ETSC=l, 5
36?S IF SCRN=2 THEN LET SC=2.4
3680 CLS: LOCATE 1,1:PIUNT \IXmin <"iDISPXMIN;"> "i:INPUT ,11..$
3690 IF A$<>"" THEN LET DISPXMIN=VAL(A$)
3700 LOCATE :l.,40:PRINT "X max <lIiDISPXMAX;"> "i:J:Nl?UT,11..$
3710 IF A$<>''''THEN LEll DISPXMAX""-VAL(A$)
3720 LOCATE 3,l:PRINT "Y min <";DISl?YMIN;"> ";:INPUT ,11..$
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3'/30 IF A$<>''''THEr'LET DISPYMIN=VAL(A$)
3740 V;;,I"'J'.,'pr.; 3,40:PRINT "Y max <"iDISPYMAXi"> ";:INPUT A$
3750 IF ]1.'$<>1111THEN LET DISPYMAX=VAL(A$)
3760 LOC1\rE rJ,5:PRINT «z min <"iDISPZMINi"> "i:INPUT A$
3770 IF A$<~'qi THEN LET DISPZMIN=VAL(A$)
3780 LOCATE 5"lO:PRINT HZ max <"iDISPZMAXi"::'"";:INPUT A$
3790 IF A$<>"" THEN LET DISPZMAX=VArJ(A$)
3800 GOSUS 4140: ' asssign sin and oos to variables for speed
3810 CLS:SCREEN SCRN:'9: '2:' 9
3820 LOCATE 1,40:PRINT "BUsy"
3830 GOSUB 9070 :I *** draw axis and labels
3840 FOR I= 1 TO NOLIN
3850 IF STPOINT(I)=O OR ENDPOINT(I)=O THEN 4090
3860 I1=STPOINT(I) :'*** IF PLOPT=2 OR PLOPT=3 THEN GOSUB 3295:' ***
find node
3870 X1=X(Il) :Y1=Y(I1) :Zl=Z(I1)
3880 I *** clip picture
3890 IF X1<DISPXMIN OR X1>DISPXMAX THEN 4090
:3900 IF Yl<DISPYMXN OR Y1>DISPYMAX THEN 4090
3910 !F Zl<DISPZHIN OR Zl>DISPZMAX THEN 4090
3920 I2=ENDPOIN'l'(I):I*U' !1" PLOPT=2 OR PLOPT=3 THEN GOSUS 3325:'
*** find node
3930 X2=X(I2) :Y2=Y(I2) :Z2=Z(12)
3940 ' *** olip picture
3950 .:tF X2<DISPXMIN OR X2>DIi')PXMAXTHEN 4090
3960 IF Y2<DISPYHIN OR Y2>DISPYMAX THEN 4090
3970 IF Z2<-DISPZMIN OR Z2>DJ.Sl?ZMAXTHEN 4090
3980 XE1=-Xl*Sl+Yl*Cl
3990 YE1=-X1*Cl*C2-Yl*Sl*C2+Z1*S~
4000 ZE1=-Xl*S2*Cl-Yl*S2*Sl-Zl*C2+R!i0
4010 SX1=D*XI1/ZE1+CX
4020 SY1=(CY-D*YE1/ZE1)/SC
4030 XE2=-X2*Sl+Y2*Cl
4040 YE2="'X2*Cl\~C2-Y2*Sl*C2+Z2*S2
4050 ZE2=="'X2*S2*Cl-Y2*S2*Sl-Z2*C2+RHO
4060 SX2=D*XE2/ZE2+CX
4070 SY2=(CY-O*YE2/ZE2)/SC
4080 LINE (8Xl,SY1)-(SX2,SY2) : ' draw from start point to end point
4090 NEXT I
4100 LOCATE l,40:l?RINT " "
t.110RETURN
4120e************************************************************
4130 ' *** routine to calculate sin and oos of angle
4140 Sl=SIN (THETA)
4150 Cl=COa (THETA)
4160 S2=SIN (PHI)
4170 C2=C08 (PHI)
4180 RE'L'URN
41901********~***************************************************4270 ' setup of default values
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4280 P!=3.141592654#
4290 DECPLACE=4
4300 MULT=.OC1 : I *** MULTIPLYER FOR INPUT OF CONTOUR
4310 G=9.810001: I *** gravitational
acCelel:ation
4320 S'OBDUM=O: I

sUbroutin~
4330 RETDUM=O: '
routine
4340 RHO=lOO: '
object
4350 D= 20000: '5000:'
to screen
43(iO IrHETAD=45 :THETA='l'HETAD*PI/180: I

plane
4370 PH!D=45;PH! ~PHID*P!/180:
4380 CX=320
4390 CY=150
4400' SC=2.4; '150/110
screen
4405 SC=150/100
4410 FOR I=l TO 4:T(I,I)=1:NEXT !
4420 A=l:B=l:C=l: I

4430 H=O:K=O:L=O: I

4440 PLFX= 5:' *** plot x multiplyer
4450 PLFY::-:5:' 1<** plot y multiplyer
4460 PLOX=2500:' *** plot x offset
4470 PLOY=lOOO: t *** plot y offset
4480'*****************************+******************************4490 DISPXMIN=~l:' *** picture x limit
4500 DISPXMAJ{""'13:'*** picture x limit
4510 DISPYMIH=-l: I **'11'picture y limit
4520 O!SPYMAX::::1:' *** picture y lhtit
4530 DISPZMJ:N=-l: I \~** picture z .t.l.mit
4540 DISPZMAX= 1: t *** picture z limit
4550 PLOTXMIN=O: I *** picture x limit
4560 PLOTXMAX=13:' *** picture x limit
4570 PLOTYMIN=-l :' *** picture y limit
4580 PLOTYMAX=l :' *** picture y limit
4590 PIJOTZMIN=-l '*** picture z lim:!.t
4600 PLO'!'ZMAX""l: I *** '!i)icturez li~nit
4680 RETURN
4690'*********+~*********************t***********************+***4700 ' *** assign 1 and 0 valUeS too transformation matrix T(i,j)
4710 FOR Il=l TO 4:FOR Jl=l TO 4:T(11,Jl)~O:NEXT Jl:NEXT Il
4720 '1'(1,1)=1:'1'(2,2)=1:'1'(3,3)=1:'1'(4,4)=1
4730 RETURN
4740'******************************************'-*****************6390 '*** LEVEL 1 SUBROUTINE to save co-cl~·dinatl:.'and. line data
6400 CLS: LOCATE 1,1: INPU'l1"Name of fi:l.eII ;NAMEF.1'LE$

*** dummy to indicate level of
*** dummy flag to indicate exit
**:. distance from eye to

distance ';rom eye
*** angle to x axis 0 n XY

*** angle t~ z axis
*** centre of screen x axis
*** centre of screen y axis

*** scaling ff.)ctorfor

*** scaling default values
*** tranlsation Default Values

Nll



6410 OPEN NAMEFILE$ FOR OUTPUT AS #1
6420 PRINT#l,NONODE
6430 FOR 1=1 TO NONOPE
6450 PRINT#l,NODENO(I)i
6455 PR'I.NT#l,USING"###.####ltiX(I),Y(I) ,Z(I)
6460 NEXT I
6462 NOACTLIN=NOLIN
6464 FOR I= 1 TO NOLIN
6466 IF STPOINT(I)=O AND ENDPOINT(I)=O THEN LET NOACTLIN=NOACTLIN-l
15468NEXT I
6470 PRINT#l,NOACTLIN
E4S0 FOR 1=1 TO NOLIN
6490 IF STPOINT(r)=O OR ENDPOINT(I)=O THEN €:J10
6500 PRINT#l,STPOINT(I),ENDPOINT(I)
6510 NEXT I
6520 CLOSE#l
6530 RETURN
65401***********************************************************6550 '*** LEVEL 1 SUBROUTINE to load co-ordinate and line data
6560 CLS:LOCj)':~El,l:INPUT "Na.meof file "iNAMEFILE$
6570 OPEN NAMEFILE$ FOR INPUT AS #1
6580 INPUT#l,NONODE
6590 FOR 1=1 TO NONODE
6600 1NPUT#l,NOuENO(I),X(I),Y(I) ,Z(I)
6610 NEXT I
6620 INPUT#l,NOACTLIN
6630 FOR 1=1 TO NOACTLIN
6640 1NPUT#l,STPOIN~(I) ,ENDPOINT (I)
6650 NEXT I
6660 NOLIN=NOACTLIN
6670 CLOSE#l
6680 RETURN
66~OI**********t*************************************************6700 '*** LEVEL 1 SUBROUTINE to load ABAQUS file and plot da.ta.points
6710 CLS:LOCATE 1,1:INPUT "Name of file ltiNAMEFXLE$
6720 OPEN NAMEFILE$ FOR INPUT AS #1
67~O INPUT#l,NONODE
6740 FOR 1=1 TO NONODE
6750 INPUT#l,NODENO{I),X(I),Y(I) ,Z(1)
6760 'PRINT NODENO(I);X(I);Y(I)iZ(I)
6770 NEX'l1I
6780' INpUT"press return to ccntrl.nue" iA$
6790 INPUT#l,NOLIN
6800 FOR 1=1 TO NOLIN
6820 INPUT#l,STP01NT, ENDPOINT
6821 FOR J= :1. TO NONODE
6822 IF STPOINT=NODENO(J) THEN LET STPOINT(I)~J:GOTO 6825
6823 NEX'r J
~D25 FOR J= 1 TO NONOOE
6826 IF ENOPOINT=NOOENO(J) THEN LET ENDP('IINT(I)=J':GOTO6840
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6828 NEXT J
6840 NEXT I
6850 CLOSE#l
6860 RETURN
~870'************************************************************6880 'level ? subroutine t·:-tfind nod mum fro:m abaout;
6890 FOR I1.=1 TO NONODE
6900 IF STPOIN'l'(I)=: NODENO (Ilj lHEN RETURN
6910 NEXT Il
6920 REII'URN
6930'************************************************************6940 'level? subroutine to find nodenum from abaout
6950 FOR I2=1 'TO NONODE
69150 IF ENDPOINT(I)" NODENO(I2} THEN RETURN
6970 NEXT I2
6980 RE'1'URN
6990'*********************************************************7000 'level 1 subroutine to calculate and plot co-ordinates
7010'**********-*************************************************7020 SUBDUM=l:CLS
7030 KEY OFF:CLOSE#3
7040 OPEN "o",#3,"lptl:": '*** open output file to plotter
7050 PAPSIZE=4:INPUT "Size A4 or A3 (4/3)"jA$
7060 IF A$<>'"1 T.HEN LET PAtSIZE =VAL(A$)
7070 IF PAPSIZE=3 THEN LET PXMAX=4000:PYMAX=2900
7D80 IF PAPSIZE=4 THEN LET PXMAX=2900:PYMAX=2000
7090 '*** scale plotter
7100 PRINT "X factor <"iPLFXi"> ";:INPUT A$
7110 IF A$<>JIIJTHEN LET PLFX=VAL(A$)
7120 PRINT fly factor <"iPLFY;"> ";:INPUT A$
7:1.30 I~~ A$<>'IJ!THEN LET PLF't=VAL(A$)
7140 PRINT IIi{ offset (:m:m)<"il?LOX/10i"> "j:INPUT A$
7:1.50 IF 11.$<>""THEN LET PLOX=VAL(A$) *10
7160 PRINT ,,~:Jffset ()\\l'1) <H;l?LOY/l0i"> "i:INPUT A$
7170 IF A$<>II11THEN LET PLO'..:-=VAL(A$)*10
7180 CLS:INPUT "TYPE E '1'0 EDIT PLOT LIMITS "iA$
7190 IF A$<> "E" THEN GOTO 7340
7200 CLS:INPUT "Same as display (Y/N) "iAO
7210 IF A$ = "yii THEN LET
PLOTXMIN~DISPXMIN:PLOTXMAX=DISPXMAX;PLOTYMIN~bISPYM!N
:PLOTYMAX=DISPYMAX:PLOTZMIN=DISPZMIN:PLOTZMAX=DISPZMAX:G0'1'0
7340
7220
7230
7240
7250
7260
7270
7280
7390

CLS: LOCATE l,l:PRINT "X :min <"i1?LOTXMIN;"> "i:INPUT A$
IF A$<>"11 THEN LET PLo'rXMIN=VAL(A$)
LOCATE J,40:PRINT "X :max <"iPLOTXMAXi" ...."i:INPUT A$
IF A$<' 'THEN LET PLOTXMAX=VAL(A$)
LOCATE 3,l:PRINT "Y :min <liPLOTYMIN;"> "i:INPUT A$
IF A$<>" n THEN LE'I.'PLOTYMIN=VAL (A$)
LOCATE 3,40:PRINT lIy max <"iPLOTYMAXi"> "i:INPUT A$
IF A$<>'"1 THEN LET PLOTYMAX=VAL(A$)
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7300 LOCATE 5,l:PRINT liZmin <"iPLOTZMIN;"> "i:INPUT A$
7310 IF A$<>"11 THEN LET PLOTZMIN=VAL(A$)
7320 r~ocATE 5,40:PRINT «z max <"iPLOTZMAXi"> "i:INPUT A.$
7330 IF A$<>"" THEN LET PLOTZMAX=VAL(A$)
7340 GOSTJB 4140: '*** asssign sin and cos to variables for speed
7350 PRINT: INPUT "Choose drawing pen color "iPENCOLORD$
7360 PRINT; INPUT "Choose axis pen color "iPENCOLORA$
7370 IF VAL(PENCOLORD$»6 THEN GOTO 7390
7380 '*** plot nodes option
7390 INPUT "Plot node numbers (Y/N)"iPLNDDUM$
7400 IF PLNDDUM$="Y" THEN PRINT : INPUT "Choose node pen color
"iPENCOLORN$
7410 INPUT "plot element nnmbers (Y./N)lIiPLELDUM$
7420 IF PLELDUM$="Y" THEN PRINT : INPUT "Choose element pen color
";P.ENCOLORE$
7430 CLS:LOCATE l,l:INPUT "Name of ABAQUS file "iNAMEFILE$
7440 CLS:LOCATE 12,40:PRINT "Busy"
7450 tF PENCOLORA$<>"0" THEN GOSUB 8650 :' *** plot axis and limits
7460 PRINT#3,"MO,1200":PRINT#3,"JO"
7470 PRINT#3,"J"+PENCOLORD$
7480 FOR I= 1 TO NOLIN
7490 IF STPOINT(i)=O OR ENDPOINT(I)=O THEN 7790
7500 I1=STPOINT(I) :IF PLOPT=2 OR PLOPT=3 THEN GOSUB 6890:' *** find
node
7510
7520 '
7530
7540
7550
7560
find
7570
7580 '
7590
7600
7610
7620
7630
7640
7650
7660
7670
7680
7690
7700
7710
7720 IF
7730 IF
7740 IF
7750 IF

X1=X(Il) :Yl=Y(Il):Zl=Z(Il)
*** clip picture
IF Xl<PLO'!'XMINOR Xl>PLOTXMAX THEN 7790
IF Yl<PLOTYMIN OR Yl>PLOTYMAX THEN 7790
IF Zl<PLOTZMIN OR Zl>PLO'I'ZMAXTHEN 7790

12=ENDPOINT(I) :IF PLOFT=2 OR PLOPT=3 THEN
node

X2=X(I2) :Y2~Y(I2):z2=Z(I2)
*** clip picture
IF X2<PLOTXMIN OR X2>PLOTXMAX THEN
IF Y2<PLOTYMIN OR Y2>PLOTYMAX THEN
IF Z2<PLOTZMIN OR Z2>PLOTZMAX THEN
XE1=-Xl*Sl+Yl*Cl
YE1=-Xl*Cl*C2-Yl*Sl*C2+Z1*S2
ZE1=-Xl*S2*Cl-Y1*S2*Sl-Zl*C2+RHO

PX1= INT«D*XE1/ZE1)*PLFX+PLOX)
PY1=INT«(D*YE1/ZE1»*PLFY.+PLOY)

XE2=-X2*Sl+Y2*Cl
YE2=-X2*Cl*C2-Y2*Sl*C2+Z2*S2
ZE2=-X2*S2*Cl-Y2*S2*Sl-Z2*C2+RHO

PX2=INT«O*XE2/ZE2)*PLFX+PLOX)
PY2=INT«(D*YE2/ZE2))*PLFY+PLOY)

PX1<0 OR PX1>PXMAX GOTO 7850
PX2<O OR PX2>PXMAX GOTO 7850
PY1<0 OR PY1>Pyr1AXGOTO 7850
PY2<0 OR PY2>PYMAX GOTO 7850

I
I

I
i
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1
I

7760
7770
7780
7790
7800
7810
7820
7830

'*** plot line
PRINT#3,"M"+STR$ (PX1)+" "+STR$ (PY1)
PRINT#3,"DH+STR$(PX2)+" "+STR$(PY2)

NEXT I
t.OCATE l,40:PRINT " "
IF PLNOOUM$= "Y" THEN GOSUS "1880:'***
IF PLELDUM$= !:Y" THBN GOSUB ::)520:f ***
RETURN

plot node numbers
plot element numbers1

I 7840'****************************************~*******************7850 CLS:INPUT Upicture outside of window";A$:GOTO 7100
7860'************************************************************
7870 '*** routine to plot node numbers *******k******************
7880 IF VAL(PENCOLORN$»6 THEN ("OTO 7910
7890 PRINT#3,IlMO,1000":PRINT#3,"JO"
7900 PRINT#3,"J"+PENCOLORN$
7910 PRINT#3,"S8,8"
7920 FOR I= 1 TO NONODE
7930 IF I<> NODENO(I) THEN 8070
7940 Xl=X(I) :Yl=Y(I) :Zl=Z(I)
7950 I *** clip picture
7960 IF X(I)<PLOTXMIN OR X(I»PLOTXMAX THEN 8070
7970 IF Y(I)<PLOTYMIN OR Y(I»PLOTYMAX THEN 8070
7980 IF Z(I)<PLOTZMIN OR Z(I»PLOTZMAX THEN 8070
7990 XE1=-Xl*Sl+Yl*Cl
8000 YE1=-Xl*Cl*C2-Yl*Sl*C2+Z1*S2
8010 ZE1=-Xl*S2*Cl-Yl*S2*Sl-Zl*C2+RHO
8020 PX1= INT«D*XE1/ZE1)*PLFX+PLOX)
8030 PY1=INT«(D*YEljZE1»*PLFY+PLOY)
8040 D1="-20:02=-20 :' *** duumy offset for node numbers
8050 PRINT#3,ilM"+Sr.J:'R$(PX1+Dl)+""+STR$(PY1+D2)
8060 PRINT#3,"P"+STR$(NODENO(I»
8070 NEXT I
8080 RETURN
8090'*********************************************************t**
8100'***************************************·******************8110 1*** LEVEL 2 SUBROUTINE to input contours of 3d object or surface
8120'***********************************************************8130 CI,S:X =0:Yl=O: Z1=0:S'l'ARTDUM$="Y":KEYDUM$=IIlt1:LINDUM$=IIH
8140 NODENUM=O:t.INNO~O: Y2=0:Z2=0
8150 KEY 1, "X-plane"
8160 KEY 2, "V-veiw "
8170 KEY 3, liD-del"
8180 KEY 4, ilL-lines"
8190 KEY 5," "
8200 KEY 6," II

8210 KEY 7," "
8220 KEY 8 I " "8230 KEY 9, liE-exit"
8240 KEY 10 I II II
8250 IF I<EYDUM$=1I21lTHEN LET KEYDUM$:::"l":GOTO8380
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8260 PRINT:INPUT lIy ",,";Y$
8270 IF Y$=IIEIITHEN LET NOLIN=LINNO:GOSUB
10770:NONODE=NODENUM:RETURN
8280 IF Y$="X" THEN LET STARTDUM$=liyn: IJINOUM$="11:GOSUB
8S50:GOTO 8260
8290 IF Y$=IIV" THEN LET NOLIN=LINNO:NONODE==NOOENUM:GOSUB
1200:GOTO 8150
8300 IF Y$=IIO" THEN LET LINNO=LINNO-l:NODENUM=NODENUM-l:GOTO
8260
8310
8320 Xl=X
8330 Yl=VAL(Y$)
8340 INPU'!'vz =": Zl
8350 '***********************************
8360 X2=X:' ** same X2 for contours
8370 IF LINDUM$="L" THEN GOSUS 8550:X2=X
8380 PRINT :INPUT lIy==";Y$
8390 IF Y$="V" '('HENLET NOLIN==LINN0:NONODE==NOOENUM:GOSUB
1200:KEYDUM$="2":GOTO 8150
8400 IF Y$="E" THEN LET NOLIN==LINNO:NONODE=NODENUM;RETURN
841.0 IF Y$=IIX" THEN LET STARTDUM$="Y" :LINDUz.1$='H':GOSUS
8b50:GOTO 8260
8420 IF Y$="D" THEN LET LINNO=LINNO-l:NODENUM=NODENUM-l:GOTO
8380
8430
8440
8450
8460
8470
NODENUM=NODENUM+l:NODENO(NODENUM)=NODENUM:X(NODENUM)=Xl*MULT
:Y (NODENUM)=Yl*MULT: Z (NODENUM)=Zl*MUIIT
8480
NODENUM=NODENUM+l:NODENO(NODENUM)=NODENUM:X(NODENUH)=X2*MULT
:Y(NODENUM)=Y2*MULT:Z(NODENUM)=Z2*MULT
8490 STARTDUM$="N":GOSUa 8520:GOTO 8360
8500
NODENUM=NODENUM+l:NODENO(NODENUM) =NODENTJM:X (NODENUM)=X2*MU LT
:Y(NODENUM)=Y2*MULT:Z(NODENUM)=Z2*MULT:GOSUB
8520:GOTO 8360

IF Y$="L" THEN GOSUB 8550:LINDUM$="L":GOTO 8260

IF Y$-="L"
Y2=VAL(Y$)
INPU'l'"Z =": Z2
IF STARTDUM$<>"Y" THEN GOTO 8500

THEN GOSUS 8550:LINbUM$=="L":GOTO 8380

8510'**********************************************************
8520 LINNO==LINNO+l:STPOINT (J~INNO)"'NODENUM-
1:ENDPOINT(LINNO)=NODENm1:RETURN
8530'***********************************************'~***********8540 '***** ROUTINE TO CHANGE X PLANE
8550 PR1.NT:PRINT "X ==<"iXil>"i:INPUT X$
8560 IF X$<>"11 THEN LET X==VAL(X$)
8570 RETURN
8580'***********************************************************
8590 '*** e~~o~ trap8600 CLS:INPUT "ERROR"iA$:GOTO 70
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8610 IF X (11)<XPLOTMIN THEN 779'0
8620'****************** **********;,**********"',*******************
8630 ' *** routine to plot axis
8640'**********************************************************~*8650 IF VAL(PENCOLORA$»6 THEN GOTO 8680
8660 PRINT#3,"MO,1200":PRINT#3,"JOII
8670 PRINT#3,"J"+PENCOLORA$
8680
X1=PLOTXMIN:X2=PLOTXMAX:Al=X1:A2o;:X2:Y1,=0:Y2=0:Zl=O:Z2=0:AXISNl>.ME$="X"
8690 1*** allow for 0 axis and avoid overprinting
8700 'IF PLOTXMAX=O THEN LET A1=X2:A2=X1
8710 GOSUB 8830
8720
Y1=PLOTYMIN: Y2=PLOTYMAX:Al=Yl:A2;'Y2:X1=0:X2=O:Zl=O:Z2=0:AXISNAME$=IIY"
8730 '*** allow for 0 axis and avoid overprinting
8740 'IF PLOTYMAX=O THEN LET A1=Y2:A2=Y1
8750 GOSUB 8830
8760
Z1=PLOTZMIN: Z2=PLOTZMAX:Al=Zl:A2=Z~':Y1=0 :Y2==0:X1==0:X2=0 :AXISNAME$=" Z"
8770 '*** allow for 0 axis and avoid oVerprinting
arso IIF PLOTZMAX=O THEN LET A1=Z2 :A2=Zl
8790 GOSUB 8830
8800 RETURN
8810t**************************~.~*~****************************
8820 ' *** routine to plot axis .Linesand names
8830 XE1=-Xl*Sl+Yl*Cl
8840 YE1=-Xl*C1*C2-Yl*Sl*C2+Z1*S2
8850 ZE1=-Xl*S2*C1-Yl*S2*Sl~Zl*C2+RHO
8860 PX1= INT«D*XE1/ZE1)*PLFX+PLOX)
8870 PY1=INT«(D*YE1/ZE1»*PLFY+PLOY)
8880 XE2=-X2*Sl+Y2*Cl
8890 YE2=-X2*Cl*C2-Y2*Sl*C2+Z2*S2
8900 ZE2=-X2*S2*C1-Y2*S2*Sl-Z2*C2+RHO
8910 PX2=INT(D*XE2/ZE2)*PLFX+PLOX)
8920 PY2=INT«(D*YE2/ZE2»*PLFY+PLOY)
8930 PRINT#3, "M"+S'rR$(PX1)+" "+STR$ (PY1)
8940 PRINT#3,"DlI+STR$(PX2)+1I"+STR$(PY2)
8950 D1=0:D2=~40:
8960 PRINT#3,"M"+STR$(PX1+D1)+" "+STR$(PY1+D2)
8970 PR!NT#3,"P"+STR$(A1)
8980 PRINT#'3,"M"+STR$(PX2+Dl)+" "+STR$(PY2+D2)
8990 PRINT#3,"P"+STR$(A2)
9000 PRINT#3,"M"+STR$(PX2+Dl)+" "+STR$(PY2-D2)
9010 PRINT#3,"P"+AXISNANE$
9020 RETURN
9030'************************************************************
9040 ' *** routine to disp axis
9050'******~*************~*************i*************************9060 IJUM=DUM
9070 X1""O

j
j
~l
1
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:X2=DISPXl1AX:Al=Xl:A2=X2:Y1=0:Y2=0:Zl=0:Z2=0:AXISNAMB$="X"
9080 '*** allow for 0 axis and avoid oVerprinting
9090 GOSUB 9190
9100 Y1=0
:Y2=D!8PYMAX: Al.=Y1:A2=Y2:Xl=O:X2=0: Zl=O:Z2==O:AXI8NAME$="Y"
9110 '*** allow for 0 axis and avoid overprinting
9120 G08UB 9190
9130 Zl=O
:Z2=DISPZMAX:Al=Zl: A2=-Z2:Yl=O:Y2=0:X1=0 :X2=0 :AxrSNAME$="Z"
9140 '*** allow for 0 axis and avoid overprinting
9150 G08UB 9190
9160 RETURN
9170'***********************************************************9180 ' *** routine to plot axis lines and names
9190 XE1=-Xl*Sl+Yl*Cl
9200 YE1=-X1*C1*C2-Y1*Sl*C2+Z1*82
9210 ZE1=-Xl*82*Cl-Yl*S2*Sl-Zl*C2+RaO
9220 8X1= D*XE1/ZE1 +CX
9230 SY1~(CY-D*YE1/ZE1)/SC
9240 XE2=-X2*Sl+Y2*Cl
9250 YE2=-X2*Cl*C2-Y2*Sl*C2+Z2*S2
9260 ZE2=-X2*S2*Cl-Y2*S2*Sl-Z2*C2+RHO
9270 8X2= D*XE2/ZE2 +CX
9280 SY2=(CY-D*YE2/ZE2)/SC
9290 IIINE (8X1,8Y1)-(SX2,8Y2)
9300 AXISX=INT(SX2/640*SO+1) :AXISY=INT (SY2/200*25+1) :'*** screen 00-
ords for text
9310 IF AX18X<0 OR AX1SX>80 THEN GOTO 9340
9320 IFAXISY<O OR AXISY>25 THEN GOTO 9340
9330 'tOCATE AXISY,AXISX:PRINT AX!SNAME$
9340 RETURN
9350 '**** routine to merge two line files
9360 CLS:LOCATE l,l:INPUT "Name of file "iNAMEFILE$
9370 OPEN NAJ:.iEFILE$FOR INPUT AS #1
9375 NOFFSET=O
9380 INPUT#l,NONODE2
9390 NEWNODE=NONODE+1:NONODE =NONODE+NONODE2
9400 FOR I=NEWNODE TO NONODE
9410 INPUT#l,NODENO(I) ,X(I),¥(I),Z(I)
9515 NODENO(I)=NODENO(I)+NEWNODE-l
9420 NEXT I
9430 INPUT#l,NOLINl
9440 NEWELEM =NOLIN+l:NOLIN =NOLIN+NOL1N1:NOACTLIN=NOLIN
9450 FOR I=NEWELEM TO NOLIN
9460 INPUT#l,STPOINT(I),ENDPOINT(I)
9470 STPOINT(I)=STPOINT(I)+NEWNODE-
1:ENDPOINT (I)=ENDPOINT(I) +NEWNODE-l
9480 NEXT I
9490 CI,OSE#l
9$00 RETURN
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9510 I *** ROUTINE TO LOAD ABAIN FOR PLOTTING ELEMENT NUMBERS
9520 OPEN NAMEFILE$ FOR INPUT AS #1
9530 LINE INPUT#l,A$
9540 IF LEF'r$(A$,5)<>"*NODE" ':CHENGOTO 9530
9560 NONODE=O:NOELEM=O
9570 '*** LOAD AEAQUS FILE X,Y,Z INTO MATRICES
9580 INPUT#l,A$
9590 IF LEFT$(A$t8)c"*ELEMENT" THEN GOTO 9670
9600 NODENUM=VAL(A$) :NONODE=NONODE+J.
9610 NODENO(NODENUM)=NODENUM
9620 INPUT#l,A$:X(NODENUM)=VAL(A$)
9630 INPUT#l,A$:Y(NODENUM)=V~L(A$)
9640 INPUT#l,A$:Z(NODENUM)=VAL(A$)
9650 GOTO 9580
9660 I *'11* routine to element number-s **************'1<************
9670 INPUT#1,DUM1$,DUM2$:IF VAL (PENCOLORE$)>6 THEN GOTO 9700
9680 PRINT#3,"MO,1000":PRINT#3,"JO"
9690 PRINT#3,"J"+PENCOLORE$
9700 PRINT#:l,"S8,8"
9710 INPUT#l,ELNO$
9720 IF tEFT$(ELNO$,l)="*1I THEN CLOSE:RETURN
9730 INPUT#l,Nl$,N2$,N3$,N4$,N5$,N6$,N7$,N8$
9740 Xl =(X(NODENO(VAL(N2$»)+X(NODENO(VAL(N3$»»/2
9750 Yl =(Y(NODENO(VAL(Nl$»)+Y(NOOENO(VAL(N2$»»/2
9760 Zl =(Z(NODENO(VAL(Nl$»)+Z(NOOENO(VAL(N2$»»/2
9770 ' *** dlip pict'll:e
9780 IF Xl <PLOTX~rN OR Xl >PLOTXMAX THEN 9710
9790 IF 11 <PLOTYMIN OR Y.1 >PLOTYMAX THEN 97109cao IF Zl <l?LOTZMIN O~ Zl >PLOTZMAX THEN 9710
9810 XE1=-Xl*Sl+Yl*ul
9820 1El=-Xl*Cl*C~-Yl*Sl*C2+Z1*S2
9830 ZElc-Xl*S2 *C;J.-Yl*S2*SJ,-Zl*C2+RHO
9840 PX1= INT «O*XE11/ZE1) *PLFX""PLOX)
9850 PY1=INT«(D*YE1/ZE1)*PLFY+PLOY)
9860 D1=-0:D2==-0 : I *** dummy offset for element
$870 PRINT#3,"M"+STR$(l?XlrOl)+" "+STR$(PYl+D2)
9SS0 PRINT#3,"P"+ELNO$
98;)0 GOTO 97l.0
9900'***********************************************************9910 '*** LEVEL 1 l:outine to load apaqus input fila and generate lin
file
9920 CLS:LOCATE 1,1:INPUT "Nume of file. "iNAMEFILE$
9945 CLOSE
9950 OPEN NAMEI"ILE$ FOR INpUT AS #1
9955 '*** load in all node numbers
9%0 I::O
9970 LINE INPUT#l,A$
9975 IF EO},<"'(l)THEN PRINT "Data not foundu:INPOT MA:RE'l'URN
9980 IF LEFT$(A$,5)<>"*NODE" THEN 9970
9990 INPUT#l, A$

'1,1r
?-"~

:1
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9992 IF LEFT$(A$,8)="*ELEMENT" THEN PRINT "FOUND ELEMENT":GOTO
10040
9995 IF LEFT$(A$,5)::;I1*NODE"THEN PRINT:INl?UT#l,B$,A$
10000 IoVAL (A$) ; NODENO(I):::::I
10010 INPUT#l,X(I) ,'leI),Z(I)
10020 NONODE=I:GOTO 9990
10030 t*** load in all the elements
10040 INPUT#l,B$,C$: POINTNO=O;PRINT A$,B$
10042 IF B$::::tITYPE=S8RHTHEN NOPEEL=8: SIGNODE=4: GOTO 1.0700
10044 IF )3$="'rYl?E=STRI3"THEN NOPEEL:::::3:SIGNODE::::3:GO'rO10700
10046 IF B$=tlTYPE=P32" THEN NOPEEL=<3:S!GNODE=3:GOTO 10·,00
10050 INPUT#l,A$:PRINT A$
10052 IF LEFT$(A$,6) :::::"*ELSETII THEN CLOSE#l:GOTO 10172: '** REMOCE
DUPLICATE NUi'lBERS
10055 IF LEFT$(A$,B) :::n*ELEMENT" THEN GOTO 10040
10070 FOR X=l TO NOPEEL
10080 INPUT#l,NODE(I)
10090 NEXT I
10100 FOR I=l TO Sr.GNODE~l
10110
POINTNO=PO!NTNO+l: STPOINT(POINTNO) =NODE(I) :ENDPOINT(POINTNO)~NODE(I~l)
10120 NEXT I
10130 IF NOPEEL~8 AND SIGNODE=4 THEN
1 ,)J:NTNO=PO!N'rNO+l:STPOINrr(P('IINTNO)=NOOl!'(4) : ENDPOINT (PO!NTNO) =NODE (1)
10140 NOLIN=POINTNO
10150 NOACTLIN=NOL!N
10160 GOTO 10050
10172 INPUT flDo you want to eliminate duplicate lines (YIN) ";OUP$
10374 IF DUP$<>uY'1 'l'HENNOCASTLnT=NOLIN;RE~URN
10176 GOSUS 10770:RETURN
10180'**************************A********************~**********10190 'level? subroutine to find nodenuln from abaout
10200 FOR X1~1 TO MOMODE
10210 IF STPOINT(I)~ NODENO(I1) THEM RETURN
10220 NEXT Il
10230 RETUR~
10240'***********************************************************10250 'level? SUbroutine to find nodenQm f~om abaout
10260 FOR 12=1 TO MONOOE
10270 IF ENOPOIN'l'(I)::::NODENO(I2) THEN RETURN
10280 NEXT 12
10290 RETURN
10300'**********************************************************10310 '**** routine to truncate numbers
10320 TRUNC~TRUNC*10ADECPLACE
10230 TRUNC=INT(TRUNC)
10340 TRUNCQTRUh(,,!/l0~DEcpr~ACE
10350 RETURN
10355'***********************************************************
10360 '*** ROUTINE TO SAVE DATA AS NISA.NEU FILE ************
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10370 CLS:LOCATE 1,1:INPUT "Name of file II iillMEFILE$
10380 OPEN NAMEFILE$ FOR OUTPUT AS #1 ~\
10390 PRIN'l'#l,NAMEFILE$
10400 FOR 1=1 TO NONOOE
10410 IF NODENO(I)=O THEN GOTO 10500
10420 IF NODENO(I}<>I THEN GO~O 10500
10430 COUNTG=NODENO(I)
10440 SPAG$=CHR$ (32) +ClIR$(32)+CHR$ (32)
10450 IF COUNTG>9 THEN SPAG$=CHR$(32)+CHR$(32)
10460 IF COUNTG>99 THEN SPAG$=CHR~(32)
10470 IF COUNTG>999 THEN SPAG$="II
10480 PRINT #l,liSPAG$iCOUNTG
10490 PRINT #l,USING "#.########r .........";X(I) ,Y(I),Z(I)
10500 NEXT I
10510 '*** print lines to disc
10520 FOR I = 1 TO NOACTLIN
10530 IF STPO!NT(I)=O OR ENDPOINT(I)=O THEN 10710
10540 COUNTL=I
10550 SPAL$=CHR$(32)+CHR$(32)+CHR$(32)
10560 IF CCONTL>9 THEN SPAL$=CHR$(32)+CHR$(32)
10570 IF COUNTL>99 THEN SPA1.$=CHR$(32)
10580 IF COUNTL>999 THEN SPAL$="11
10590 PRINT #l,2;SPAL$iCOUNTL
10600 Xl=X(STPOINT(I» ;Yl=Y(STPOINT(I» :Zl=Z(STPOINT(I»
10610 X4=X(ENDPOINT(I» :Y4=Y(ENDPOINT(I» :Z4=Z(ENDPOINT(I»
10620 DIVX=(X4-Xl)/3
10630 DIVY=(~4-Yl)/3
10640 DIVZ=(Z4-Z1)/3
10650 X2=Xl+DIVX:Y2;;Yl+OIVY;Z2=ZHDIVZ
10660 X3=X1+2*OIVX:Y3=Y1+2*OIVY:Z3=Zl+2*DIVZ
10670 l?RINT #l,USING "#.#########""........."iXl,Yl,Zl
10680 PRINT #l,USING tI#.########r"'''''''iX2,Y2,Z2
10690 PRINT #l,USING "#.########r '.."iX3,Y3,Z3
t0700 PRINT #l,USING "#.########1" !liX4,~4/Z4
.0710 NEXT I
10720 CLOSE #1
10730 RETURN
10740'***********************************************************10750 '** routine to eliluinate similar lines
10760'***********************************************************10770 NOACTLIN= NOL!N
10780 '*** NOACTLIN - number of actual active lines
10790 FOR I= 1 TO NOLIN
10795 IF ST~OINT(!)=O AND ENDPOtNT(I)=O THEN 10850
10800 FOR J=l TO NOLIN
10805 IF STPOINT(I)=O AND ENDPOINT (I),0 THEN 10840
10810 IF J=I THEN 10840
10820 IF STPOINT(I)=STPOINT(J) AND ENDPOINT(I)=ENOPOINT(J) THEN LET
STPOINT (I)=O:EN0POINT(I)=0:NOACTtIN=NOACTLIN~1:GOTO 10840
10B30 IF STPOINT(I)=BNDPOINT(J) AND ENDPOINT(I)=STPOINT(J) THEN LET
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STPOINT (J:)=O:ENDPOINT(I)=O:NOACTLIN=NOACTLIN-l
10840 NEXT iJ
10850 NEXT I
10860 RETURN
10870
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APPENDIX 0
LISTING OF DATA TRANSFER PROGRAMS FOR FEM POST PROCESSING
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01 = ABAf.;.r\S.WI3A- WBASJ:Cprog:r.am to extract geomet:r.lc, stress and
stress resultant data from ABAQUBoutput file

00020 print 'abasas- extract stress resultants from abaqus output
file'
00030
00040
00050
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00310
00320
00330 stop
00340
003501****************************************
00360 print '*** write sas data file'
00370 open #6, sasfilel$,output
00380 !print #6,total
00390 for i=l to total
00400 if el(i)<elmin or el(i»elmax then 450
00410 f1$='#####,###.####,##.####,##.####,##.####,'
00420 print #6,using f1$,el(i) iX(i)iy(i) iz(i)ir(i)i
00423 f2$=' ###########,############ ,
00425 print#6,using f2$,a(i)ib(i)
00427q$='############,############,############,#######,###########,##
00430 print #6,using q$,c(i) id(i) ;e(i) if(i)jg(i);h(i)
00440
00450 next i
00460 rlose #6

dim el(3000),p(3000)
dim X(4000),y(4000),z(4000) ,r(4000),a(4000),b(4000)
dim 0(4000) ,d(4000),e(4000)
dim f(4000),g(4000),h(4000)
print
print 'input ubaqus filename'
input aoafile$
abafile$=abafil~$+' dat al'
print 'min element number'
input elmin
print 'maximum element numoer'
input elmi,),x
open #6,al~afile$,input
pr int 'Sa!!,'filename'
input sasfile$
sasfile1$=sasfile$+' data all
! **** routine to fetch sigmal,sigma2,tau12
gosub 770
gosub 870
gosub
gosub
close
gosub
gosub
print

1240
1390
#6
65036()
'total of 'itotal;' sas entries'
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00470 return
004801*******************~*********
006401*************************************~**************************00650 print '***calculate arclength'
00660 for i~ 1 to total
00670 r~sqr(z(i)*z(i)+y(i)*y(i»
00680 theta=atn(z(i)/y(i»
00690 if z(i)<~O and y(i)<=o then theta=theta-pi
00700 if z(i»~O and y(i)<=O then theta=theta+pi
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00040
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950 1*** input element point and seotion
00960 b$=str$(a$,8,1)
00970 if b$='l' then 1080
00980 if h$=12' then ~UBO
00990 if b$='3' then lOBO
01000 if b$='4' then lOBO
01010 if b$='5' then 1080
01020 if b$='6' then 1080
01030 if b$='7'then 1080
01040 if b$='8' then lOBO
01050 if b$='9' then 1080
01060 if b$=IOI then 1080
01070 gate 900
01080 el(i)=value(str$(a$,l,9»
01090 !print a$
01100 p(i)=value(str$(a$,9,5»)
01110

I
1

1

1
I
!

r(i)=r*theta
next i

return
1***********************************************print'***searching for geometrio data'
loop
linput#G,a$
l=len(a$)
if str$(a$,l,21)=' ELEMENT J?T SEC FOO'l" tJ:.en850

endloop
print 'not found'
print 1*** found geometric data'
return
! ****************************************print '***loading goemetric data'
i=l
! ***i= counter for matrix
linput#6,a$

if a$="" then gato gOO
l=len(a$)

if str$(a$,l,8)=1 MAXIMUM' then return
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01120
01130
01140
01150
01155
01160
0116S
01170
01180
01190
01200
01210
01220 goto gOO
012301**********************************************************01240 print I***searching for stress resultants'
01250 loop
012(0 linput#6,a$
01270
01280 l=leh(a$)
01290
Ol~OO
01310
01320
01330
01340
01.350
01360 return
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590

se=value(str$(a$,13,5»
if se<>1 then goto 900
1*** input x,y,z co-ordinates
x(i)=value(str$(a$,21,11»
x(i)=x(i)-.054
y(i)=value(str$(a$,33,11)
y(i)=y(i)-.0631
z(i)=value(str$(a$,45,ll)
total=i
Iprint el(i) iP(i);se(l) ix(i)iy(i) ;z(i)
i=i+1

if str$(a$,l,17)=1 ELEMENT PT FOOT' then goto 1340
endloop

priht '.hotfound'
print '*** found stress resultants

! ****************************************print 1*** loading stress resultant data"
i=1
1 ***i= counter for matrix
linput#6,a$

if a$=1111then goto 1420
l=leh (a$)

if str$(a$,l,8)=' MAXIMUM' then return
1*** input element point and stress resultants
b$=str$(a$,8,1)
if b$='1' then 1600
if b$='2' then 1600
if b$='3' then 1600
if b$='4' then 1600
if b$='5' then 1600
if b$='6' then 1600
if b$='7'then 1600
if b$='8' theh 1600
if b$=191 then 1600
if b$='O' then 1600
goto 1420
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01600 el~value(str$(a$/1,8»
01610 lprint a$
01620 !print
1123456789112345678921234567893123456789412345678951234567891

01630
01640
01650
01660
01670
01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01780
01790
01800
01810
01820
01830
01840
01850
01860
01870
01880
01890
01900
01910
01$120
01930
01940
(.1950
01960
01970
01980 raturn
01990 theta=theta+3.1425

I

I

.1
~

':1
1

#:

p=value(str$(a$,9,5»
if p<>p(i) or el<>el(i) then return1*** ' ~ut x,y,z co-ordinates
a(i)=value(str$(a$,17,12»
b(i)=value(str$(a$,29,12»
c(i)=value(str$(a$,41,12»
d(i)=value(str$(a$,53,12»
e(i)=value(str$(a$,65,12»
f(i)=value(str$(a$,77,12»
g(i)=value(str$(a$,89,12»
h(i)=value(str$(a$,lOl,12»
!print a(i) ;b(i) ;c(i) id(i) ;e(i) if(.>.) ig(i) ih(i)
1=i+1
goto 1420
1************************************print Isas smaller filesl
for j=:I. to 8
small1$=sasfile$+value$(j)+1 data all
open #6,smal11$,output
for i=l to total
if el(i)<elmin or
if j=l then print
if j=2 then print
if j=3 then print
if j=4 then print
if j=5 then print
if j=6 then print
if j=7 then printif j=8 then print
next i
ol.oae #6
next j

el(i»elmax then 1940
#6,x(i) ir(i) ;a(i)
#6,x(i) ir(i) ;b(i)
#6,x(i) ir(i) ;c(i)
#6,x(i) ir(i) id(i)
#6,x(i) ;r(i) ;e(i)
#6,x(i) ;r(i) ;f(i)
#6,x(i) ;r(i) ;g(i)
#6,x(i) ir(i) ;h(i)
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02 : SOLIOVAL.WBA - WBASIC progra~ for estimation of validation
stresses using beam theolt:'y

00010
00020
00040
00050
00060
00070
00080
00190
00200
00250
00260
00270
00280
00290
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00,430
00440
00441
00442
00443
00444
00450
00460
00470
00480
00490
00500
00510
00511
00512
00520
00530
00540
00550
00560
00570
00580

:-j',~
,

print '*** solidval
print I

fx=5000
1 axial force in n
ym=0.0631
! distance from cylinder

validation model stress estimation I

using strength of materials'

centre-line to pipe
t=1.8ge-3
! th:i.cknessof shell
1=.224
! total length of model
ar=.020
! width of rib
nr=-2
1 number of ribs
1 print "pi;phi;ax;ay;az;p;gxy;t;xc;xd;l"
! print piiphiiaxiay;aziPigxYitixc;xdil
1**********************************************1******print 'abaqus basic input filename I

input in$
in$=in$+' data a1'
open #4,in$,ihput
print 'solids sas output filename'
input out$
out$=out$+' data al'
open #2,out$,output
print 'abaqus sas output filename'
input aba$
aba$=aba$+' data al'
open #5/~ba$,output
print 'differences sas output filename '
input dif$
dif$~dif$+' data al'
open #3,dif~,output
on eof goto 2480
input#4,el,x,y,z,arc,sfl,sf2
input#4,sf3,sf4,sf5,sml,sm2,sm3
print#5,el;xiYiziarciSfliSf2
print#5,sf3isf4isf5ismlism2ism3
1*** calculate section properties
lrs=(y**2+z**2)**.51 shell radius'
ri=.050
! internal radius
ro=.05189
! external radius
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00630 dou=ro*2
00640 ! outer diameter
00650 di==ri*:.
00660 ! inside diameter
00740 !**** sectional geometric properties
00750 q=2/3*(ro**3-ri**3)
00760 ! first moment of area
00770 a=pi*(ro**2-ri**2)
00780 ! cross sectional area
00790 i=pi/4*(ro**4-ri**4)
00800 ! bending moment of area
00810 j=i*2
00840 !print "rsiriiroidboidbiidoUidiil"
00850 Iprint rs;ri;ro;dbo;dbi;dou;di;l
00260 Iprint IrhocirhosicZi¢Yiqiaii;jiap"
00870 !print rhoc;rnos;czicy;q;aiiijiap
00880 ! torsional moment of area
00890 b=2*tro-ri)
00900 ! shear width
01160
01500 1*** loads due to offset force
01530 mz~fx*ym
01540 !bendLnq moment due to offset load
01550 nxb=mz*-y/i*t
01560 ! nxx due to bendi.nq
01570 nxa=fx/a*t
01575 !print fx;ym;mz;y;i;t;a;nxb;nxa
01580! nxx due to axial force
02150 !*** find totals of sectional fo·. ~s
02160 nx==nxb+nxa
02165 if x<.090 then nx=o
02190 qx=O
02200 qt=o
02210 mx=()
02220 mt=O
02230 mxt=O
02240 1*** write theoretical caloulations to file
02250 print#2,elixiYiziarcinxint
02255 lprint,el;xiYiziarcinxint
02260 print#2,n.:;:'iqxiqt;mximt;mxt
02270 1*** calculate differences
02280 da=O
02290 if nx<>O then da=(sfl-nx)/nX*100
02300 db==O
02310 if nt<>O then db=(sf2-nt)/nt*100
02320 dc=O
02330 if nxt<>O then dc=(sf3-nxt)/nxt*100
02340 dd=O
02350 if qx<>o then dd=(sf4-qx)/qX*100
02360 de=O
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02370
02380
02390
02'*00
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02505
02510
02520

!

t
j
1

..J. '1';'.

if qt<>O then de=(sf5-qt)/qt*100
df=O
if mx<>o then df=(sml-mx)/mX*100

dg=O
if mt<>O then dg=(sm2-mt)/mt*100

dh=O
if mxt<>O then rth=(sm3-mxt)/mxt*100

1*** write diffe~ences to file
print#3,elixiYizjarCidaidb
prlnt#3,dciddideidfjdg;dh

goto 490
close #2
close #4
close.#3
close #5
stop
end
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03 : PLOT. SAS - SAS p:rogJ.;,:'mfor plotting of contour maps

OPTIONS I,EAVE=2OK;
CMS FILEDEF EXAMPL~ DISK ABVALIDI DATA A (LRECL 80i
DATA DATAl;
l:NFILE EXAMPLE;
!NPUT E X Y Z ARC SFl SF2/SF3 SF4 SF5 SM1 SM2 SM3;
*GOPTIONS DEVICE=TEK4010;
*GOPTIONS DEVICE=IBM3279;
*GOPTIONS DEVICE=IBM3179;
**** FOR PLOTTER C:FIBRE TIP A4 MATTi

GOPTIONS HANDSHAKE=NONE AUTOFEED NOPROMPTi
GOPTIONS GACCESS=GSASFILAi
CMS FILEDEF GSASFILE DISK STATA4AB HPGL 0;
GOPTIONS DEVICE=HP7550A PENMOUNTS=Bi
GOPTIONS COLORS= (BLACK IRED I GREEN f aLUE t oru\NGEI BROWN f VIOLET, YET,LOW) ;

*T1TLE1 'TANKER STRESS RESULTANTS (N/M WIDTH) 'i
*T1TLE2 'NXT VS X VS ARC FOR AX,AY,AZ=2G'i
*TITLE2 'NXX VS X VS ARC FOR P=84000 KPA'i
*T1TLE2 'NXT VS X VS ARC FOR AZ=2G,THETA=3'i
TITLEl 'VALIDATION STRESS RESULTANTS (N/M WIDTH) 'i
TITLE2 'NXT VS X VS ARC FOR FX=5KN';
* FROC G3GRID DATA=DATAI OUT=DATAGi* GRID ARC * X =: SF3/ ;
**

AXIS1::;.2113 TO '7.789 BY .03789
AXIS2=0 TO 4.3982 BY .2199;

PROC GCONTOUR DATA =: DATAl;
PLOT ARC * X =: SF3 I CTEXT=BLACK

CAX:CS=BLACK
VM;;::O
HM=O

HREF=l TO 11 BY 1
VREF=O

LEVELS=-lE4 -8E3 -6E3 -4E3 -2E3 0 2E3 413 6E3 BE3 lE4
CLEVEI,S=BLUE B1-IACKBROWN 131'"AC1<BROWN BLUE VIOLET GREEN YE1'"....OW ORANGE
RED
LLEVELS=2 2 2 1 1 1 1 1 1 1 1;
RUN;
**** FOR PLOTTER A:ROLLERBAL1'" A4 MATT;
GOPTIONS HANDSHAKE=NONE AUTOFEED NOPROMPTI
GOP'l'IONSGACCESS=GSASFII A;
CMS FILEDEF GSASFILE DISK 8T~TA4AA HPGL 0;
GOPTIONS DEVICE=HP7550A PENMOUNTS::;4i
GOPTIONS COLORS=: (BLACK,RED,GREEN,BLUE) i
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PROC G3D DATA = I)ATA!i
PLOT ARC* X :::::SF3 I SIDE

'l':tUl' = 45
l~OTATE =45

CTEXT=:BLACK
CAX:CS::o:BLACl<
CTOP=BLACl<

CBOTTOM=BLACl<
XYTYPE=2

XTICl<NUM=8
YTICKNUM::::B
ZTICKNUH=lOi

PROC C30 DATA ::::DATAl;
PLOT ARC* X :::::SF3 I SIDE

TILT =: 45
ROtrATE =45

CTEXT""BLACl<
CAXIS=BLACl<
CTOP=BLACl<

CaOTTOM=BLACK
XYTYPE::::1

XTICKNUM::::B
YTICKNUM=8
ZTICKNUM=10i

RUN;
** PROC G3D DATA = OATAr;** PLOT ARC * X :::::SFl I SIDE

TILT r.: 90
RorrATE :.;0;

** PROC G3D DATA :::::DATAI;** PLOlr ARC * X t::.'l SlvI3I SIDE
TILT"" 90
ROTATlJ!t!l90;

*'" PROC G3D DATA ,::DATA! i
** SCATTER ARC * X = SFl I

TILT=90
ROTATE""Oi

** PROC G3D DATA :::::DATAl;** SCATTER ARC * X :::::S~l I
TILT"" 90
ROTATE =90;

*Rr.r27AA
SFl
LBVELS=-lE6 -8ms -GES -4E5 -2Bo 0 2B5 4E5 GE5 8ES lEG
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SF2
LIVILS~-116 ~815 -615 -4E5 -215 0 215 415 GIS SI5 llG
SF3
LEVELS~-315 ~2,4E5 ~1.815 -1.215 -615 0 614 1.2E5 1.815 2.515 315
RT27J?SFl
LEVEI.sc:;~L7E5 2. 72E5 2. 74:t::52.'76E5 2.78E5 2.8015 a. 82E5 2. 84E5 2.8615
2.8BE!.>2.90E5SFa
~IVELS~lE5 1.6E5 a.2E5 2.815 3.415 4E5 4.6E5 5.21S 5.SE5 6.4E5 7.0E5SF3
LEVF-T~St:::"';'E3..." 3E3 -1. 6E3 -9E2 -212 SE2 1.2E3 1.913 2. 6E3 3. 3E3 4. OE3
17 ~T
t ",

-lEG -DES -615 -4E~ -215 0 215 415 615 8E5 lE6"'-SF...
LEVEt;S ..1-:!EIS -2.4E6 -1.81:6 "'1.2E6 -G15 0 GE5 1.2E6 1.8E6 2.416 316
SF3
LEVILSc-1EG -SE5 -6Eb -4EB -215 0 215 415 6E5 RE5 lE6
VALIDA':'.,JN
SFl
LEVEIJSt:'!..214 -1 214 "'3.!)9E3413 1.2E4 2E4 2.8E4 3.6E4 4.414 5.214 614
~'F2
L~VILSe"'lE4
SF3
LEVILS::::'~114
Imo OF FILE

-7E3 -4E3 -lE3 2E3 513 813 1.114 1.414 1.714 2.014
~813 -613 -413 -213 0 213 4E3 6E3 8E3 114

011
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3 '*** matheor7.bas 28/11/1991on error goto 25010
4 CLS
5 PRINT"*** MATHEOR7.BAS: road tanker stress estimation"
7 'print "using strength of materials for overhanging ends"
10 '***********************************20 DEF FNHS(X)=(EXP(Y)-EXP(-X))/2
25 DEF FNHC(X)=(EXP(X)+EX?(-X))/2
27 ' *** functions for localized stresses
30 GOSUB 1010
50 I *** define loading conditions
70 GOSU:e 1950
90 ' *** define geomertical properties
110 GOSU:e 3950
130 I *** define shell proporties and densities
140 GOSU:e 4490
150 I *** calculate sectional properties
190 GOSUB 4870
210 I *** calc~:clte volumes
230 GOSU:e 5210
250 ' *** calculate masses
PRINT::tNPUT tlABAQUS OUTPUT, CO-ORDINATES OR .RANGE (A/C/R)";DTA$
IF OTA$:;::ttc"THEN RESTORE 312:GOTO 341
IF DTA$="R" THEN GOSUB 26000:END

I *** for range of x values
270 GOSUB 2780
290 I *** specify files
295 DUM$="L": INPUT "Input tanker model size - (I,9,rge/Small)"iDUM1$

IF DUM1$<>"" THEN DUM$:::;PUM:L$
300 IF DUM$=IILlIor DUM$="llt THEN GOSU:e 3470
310 IF DUM$::::tlSIIor DUM$=lIs" THEN GOSUB 23470

NON$="R"
INPUT IIResultant, Non-Dimensional Data or Max Principa'~ stresses
(R/N/M)II;NON1$

IF NON1$<>ult THEN NON$=NON1$
311 ' *** define range defaults
312 DATA 781, -.025, -.528, .389
313 DATA 2 , .053, -.529, .390
314 DATA 38 t .947, -.529, .390
315 DATA 50, 1.053, -.529, .390
316 DATA 314, 6.553, -.529, .390
317 DATA 518, 10.95 , -.529, .390
318 DATA 530, 11.05 , -.529, .390
337 DATA 556, 11.95 , -.529, .390
338 DATA 865, 12.02 , -.528, .389
339 DATA 9999, 9 I 9, 9

1\ 340 IF DTA$<>"C" THEN 350
341 'FOR DTA=1 TO 9: READ EL(D'1'A),X(DTA) ,~(D'1'A),Z(DTA) :NEXT DTA
342' FOR D'1'A=lTO 9: EI,=EL(D'1'A):X=X(D'1'A):Y=Y(DTA);Z:::;Z(D'1'A)
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343 I INPUT A$:CLS
344 I PRINT ELiXiYiZ:
346 I GOTO 510
350 WHILE NOT EOF(l)
360 I INPUT#1,EL,X,Y.,Z,ARC,SF1,SF2,SF3
370 INPUT.#1IE~,X,Y,Z,ARC,SF1,SF2
390 INPUT#l,SF3,SF4,SF5,SM1,SM2,SM3
410 IF X<XMIN OR X>XMAX THEN 870
430 IF Y<YMIN OR Y>YMAX THEN 870
450 IF Z<ZMIN OR Z>ZMAX THEN 870
500 GOSUB 13840
510 '*** define local variables for dome
550 IFAX<>O THEN GOSUB 5710
570 '*** loads due to ax acceleration
590 IF AZ<>O THEN GOSUB 7110
610 '*** loads due to aZ acceleration
630 IF AY<>O THEN GOSUB 8110
650 1 *** loads due to ay acceleration
670 IF TWIST<>O THEN GOSUB 9470
690 I *** loads due to twisting
710 IF PP<>O OR AX<>O THEN GOSUB 9630
730 I *** membrane loads due to internal pressure
750 IF AX<>O OR PP<>O THEN GOSUB 13858
770 ** localized stresses due to domes/cylinder connection
790 IF AX<>O OR PP<>O THEN GOSUB 10990
810 ** localized stresses due to ribs

GOSUB 3810
, *** write abaqus data file

830 IF DTA$<>"C" THEN GOSUB 10090
850 I *** find totals and errors and write to file
855 'NEXT DTA
865 'STOP
870 WEND
890 CLOSE #1
910 CLOSE #2
930 ClOSE #3
950 ' CLOSE #4
970 STOP
990 ' **************************************1010 Iprint "*** load:i.ngconditions ***"
1030 PI=3.141592G54#
1050 TWIST:::O:'6
1070 PHI=TWIST*PI/180
1090 ' *** angle of twist
1110 AZ=-2*9.810001
1130 '*** accel in z direction (must be -ve)
1150 AY=-2*9.810001
1170 ' *** accel in y direction (must be -ve)
1190 AX=2*9.810001
1210 I *** accel in x dirn
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1230
1250

1260
1265
1270
1290
1310
1330
1350
1370
1390
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
1892
1894
1896
1898
1910
1930
1950
1970
1990
2010
2030

(l 2050

PP=O: '**8.4E5
, *** internal pressure
RHOC=18S0
, *** density of sulphuric acid

'**************************************************, print "*** material properties ***"
NUS=.1287
, *** equivalent poissions ratio for the Shell
GXTS=4.91E+09
I *** equivalent shear modulus of the shell
EXS=2.262E+l0
I *** equivalent axial modulus of the shell
ETS=2.262E+l0
, *** equivalent transverse modulus of the shell
ES=(EXS+ETS)/2
, *** equivalent average modulus of the shell
NUD=.2695
I *** equivalent poissions ratio for the dome
GXTD=7.469E+09
• *** equivalent shear modulus of the dome
EXD=1.896E+l0
f *** equivalent axial modulus of the dome
ETD=1.896E+l0
I *** equivalent transverse modulus of the dome
ED=(EXD+ETD)/~
I *** equivalent average modulus of the dome
NUR=.26
t *** equivalent poissions ratio for the rib
GXTR=4.14E+09
• *** equivalent shear modulus of the rib
EXR=3.86E+l0
, *** equivalent axial modulus of the rib
ETR=8.27E+09
, *** equivalent transverse modulus of the rib
ER=(EXR+ETR)/2
• *** equivalent average modulus of the rib
'PRINT "piiphijaZiaYiaxiPiinusigxtsieXsietsiesll
'PRINT PIjPHIiAZiAYiAXiPiNUSiGXTSjEXSiETSiES"
'PRINT "nudigxtdiexdietdied"
'PRINT NUDiGXTD;EXDiETDiED"
'PRINT "nur;gxtriexrietr;er"
'PRINT NURiGXTR;EXRiETRiER"
RETURN: STOP
, ******************************************'p:rint "*** geometrical, dil\\ensions***"
T=.015
, *** thickness of shell
RI=.65
, *** shell insj.de radius
RS=RI+T/2
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2070
2090
2110
2130
2150
2170
2190
2210
2230
2250
2270
2290

2'310
2330
2350
2370
2390
2410
2430
2450
2455
2460
2465
24'10
2490
2510
2530
2550
2570
2590
2610
2630
2650
2670
2690
2710
2715
2720
2725

!
2750
2770

:1

2780
2810
2830

I 28701

1

2910

! *** shell centreline radius
RO=RI+T
I *** shell outside radius
ADOME=RS, *** dome major axis
BDOME=RS/2
XC=l
, **k overhang at back or lhs
XD=l
I *** overhang at front or rhs
XCYL=12:XT-=XCYL, *** cy Ld.ndez' length of tankp.r
L=l
I *** spacing between ribs
ARS=.05, *** width of small rib
BRS=.05
I *** height of small rib
ARL=.05
I *** width of large rib
BRL=.l• *** height of large ribCOFFSET=RO+BRL/2
I *** distance from tank centreline to back axial restraint
ROFFSET=O
I *** offset of reaction for equivalient moment
NRS=5, *** number of.small ribsNRV::::8, *** n~mber of large ribs
NRIBS=NRS+NRL
I *** total number of ribs
DATh 0,1,2,3,4,5,6,7,8,9/10,11,12, *** define rib x position
PATA .05,.05,. 05, .OS, .05,.05,.05/.OS, .05 ( •os , .05, .05/.05
I *** define rib widths
DATA .10,.10,.10,.10,.051.05,.05,.05,.05,.10,.10,.10,.10, *** define rib heights
'PRINT "TiRIiRSiROiADOMEiBDOME;XCiXDiXCYL"
'PRINT.TiRIiRSiROiADOMEiBDOMEiXCiXDiXCYL
'PRINT "ARSiBRSiARLiBRLiCOFFSETiNRSiNRLiNRIBS"
'PRINT A~SiBRSiARLiBRLiCOFFSETiNRSiNRL;NRIBS
RE'rURN
, ****************************************************PRIN'!'"ABAQUS output filename (exol., ext) "

INPUT IN$
IN$="F:\MIKE\MATHESIS\RT27\"+IN$+".ABA"
PRINT "Opening file "iIN$
OPEN IN$ FOR INPUT AS #1

PRINT:PRINT "New ABAQUS reuuced filename. "
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2930 INPUT ABA$
2970 ABA$="F: \MII,E\MATHESIS\RT27\I1+ABA$+".DATil

PRINT "opening' file "iABA$
3010 OPEN ABA$ FOR OUTPUT AS #2
3030 PRINT:PRINT IlNewTHEORY reduced filename. "
3050 INPUT SOL$
3090 SOL$==IIF:\MIKE\MATHESIS\RT27\"+SOL$+H.DAT"

PRINT Ilopening file "iSOL$
3110 0""''1" SOL$ FOR OUTPUT AS #3
3150 'PRiL :PRINT IlDifferences sas filename II

3170 'INPUT DIF$
3210 'DIF$=="F:\BIRGIT\MATHESIS\RT27DAT\ "+DIF$+".DAT"

'PRINT "opening' file iDIF$
3250 'OPEN DIF$ FOR OUTPUT AS #4
3270 RETURN
3290 '*************************************3310 'print "specify range extraction values RT27"
3321 XMIN==O
3322 XMAX==12
3323 YMIN==.070
3324 YMAX=.075
33213ZMIN=.650
3326 ZMAX=.655
3327 RETURN
3328 ' *** extract positions for top
3331 XMIN=O
3332 XMAX=12
3333 YMIN=.07
3334 YMAX=.075
3335 ZMIN=-.655
3336 ZMAX=-.65
3337 RETURN
3338 ' *** extract positions for bottom
3341 XMIN=O
3342 XMAX=12
3343 YMIN=.65
3344 YMAX=.655
3345 ZMIN=.070
3346 ZMAx=.0755
3347 RETURN
3348 ' *** extract positions for left (+Y)
3351 XHIN=O
3352 XMAX=12
3353 YMIN=-.655
3354 YMAX=-.65
3355 ZHIN=.070
3356 ZMAX=.0755

I
J

I
,1

1
I
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3357 RETURN
~358 1 *** extract positions for right (-Y)

1*************************************PRINT IISpecify positiun (Top/Bottom/Left/Right/Dome/New) II
INPUT RANGE$
IF RANGE$="T" THEN GOSUB 3321:RETURN
IF RANGE$="BII THEN GOSUB 3331:RETURN
IF RANGE$=IIL" THEN GOSUB 3341:RETURN
IF RANGE$="R,tITHEN GOSUB 33!:'1:RETURN
IF R.ANGE$="DIITHEN GOSUB 3361:R,ETURN
IF RANt;E$<>"N" THEN RETURN
PRINT flxmin"
INPUT XMIN
PRINr "xmaxll
INPUT XMAX
PRINT "yminll
INPUT YMIN
PRINT "ymax"
INPUT YMAX
PRIWl' nzmin I!

INPUT ZMIN
PRINT I1zmax"
INPUT ZMAX

RETURN
r **********************************'print "writing ab filell
PRINT#2,USING II ##.### "iXj
IF NON$="R" THEN
PRINT#2,USING II ###.#r~~~~ "jSF1iSF2iSF3iSF4iSF5iSMliSM2iSM3

END IF

3361 XMIN=-l
3362 XMAX=O
3363 YMIN=.024
3364 YMAX=.075
3365 ZMIN=.O
3366 ZMAX=.655
3367 RETURN
3368 1 *** extract positions for back dome
3450
3470
3490
3500
3510
3520
35:)0
3525
3540
3545
3550
3570
3590
3610
3630
3650
3670
3690
3710
3730
3750
3770
3790
3810
3830
3850

I·
I
f

I
I
~
I
r
I

\
I

IF NON$-="N" THEN
PE=PP+P2:DN=PE*RI:DM=PE*RI*T
1** DUMMIES FOR NON DIMENSIONAL
PRINT#2,USING II ###.#r~"~A

I';SF1/0N;SF2/0N;SF3/DN;SF4/DNiSF5/DN;SM1/DMiSM2/DMiSM3/0M
EN!)IF

3870 PRINT#2,ELiXiYiZ;ARCiSF1iSF2iSF3
3890 print#2,sf3;sf4iSf5iSmlism2ism3
3910 RETURN
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3930 ' **********************************3950 'input "** shell properties **",a$
3970 XBI=RI/2
3990 ' *** depth of elliptical dome inside
4010 XaO=RO/2
4030 I *** depth of elliptical dome outside
4050 XB=RS/2
4070 XF=XB
4090 ' *** depth of elliptical dome middle
4110 DOU=RO*2
4130 ' *** outer dialneter
4150 OT=RI*2
4170 ' *** inside diameter
4190 XL=X,::YL-XC-XD
4210 ' *** unsupported span Of the tanker
4230 'PRINT "XBIiXBOiXBiXFiDOUiOliXLII
4250 'PRINT XBIiXBO;XBiXFiDOUiDIiXL
4270 ' ***********************************************4290 'input "*** densities of shell and contents ***",a$
4350 RHOR=1900
4370 ' *** density of the ribs
4390 RHOS=1900
4410 I *** density of the shell
4430 'PRINT IIRHOCiRHORiRHOS"
4450 'PRINT RHOCjRHORiRHOS
4470 ' ***********************************************
4490 :.i.nput"** sectional geometric properties **",a$

I
I
J

l

1

4550 A=PI*(~O~2-RI~2) :ACROSS=A
4570 I •• , cross sectional area
~590 1."='i'I/4*(ROA4-Rr4)
4610 j ~** bending moment of area
4630 J.1=II*2
4650 ' *** torsional moment of area
4670 AP=PI)~Rr2
4690 ' *** internal projected area
4750 ' ** DS=ES*TA3/ (12* (1-NUS"2))

DS=7.473E3: 'D11 FROM STIFFNESS MATRIX
4770 ' *** average flexural rigidity of shell
4775 '** DDOME=ED*T~3/(12*(1-NUDA2))

DDOME=6.428E3! 'Dll FROM STIFFNESS MATRIX
4780 I *** aVerage flexural rigidity of shell
4790 'PRINT "QiAiliJiAPiBiDSiODOME"
4800 'PRINT QiAiliJiAP;BiDSiDDOME
4830 RETURN
4850 ' ************************************

\

\

4870 'input "*** calculate volumes ***",a$
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4890 ~VCC=PI/4*DI~2*XCYL
4910 ' *** volume of cyl contents
4930 VCS=PI/4*(DOUA2-DI~2)*XCYL
4950 ' *** volume of cyl shell
4970 VDS=PI*4/6*(RO~2*XBO-RI~2*XBI)
4990 ' *** volume of dome shell
5010 VDC=PI*4/6*(RI~2*XBI)
5030 I *** volume of dome contents
5050 VRS= PI*«RO+BRS)~2d(RO~2))*ARS
5070 ' w** volume of small rib
5090 VRL= PI*«RO+BRL)~2-(RO~2))*ARL
5110 I *** volume of large rib
5130 'print "vcciVcs;vdsivdcivrsivrl"
5150 'print vCC;VCSivdsivdcivrsivrl
5170 RETUR"
5190 ' ***~*******************************
5210 'input tI*** calculate masses ***",a$

1
1

1

5230 MRG=6000
5250 ' *** mass of running gear/fifth wheel and landing legs
527Q MCC=VCC*RHOC
5290 ' *** mass cylidrical contents
5310 MCS=VCS*RHOS
5330 I *** mass cylidrical shell
5350 MDC=VDC*RHOC
5370 t *** mass dome contents
5390 MDS=VDS*RHOS
5410 I *** mass dome shell
5430 MRS=VRS*RHOR
5450 ' *** mass per small rib
5470 MRL=VRL*RHOR
5490 I *** mass per large rib
5510 MRT=MRL*NRL+MRS*NRS
5530 ' *** total mass of rings
5540 MSHEI~IJ=MCS+2*MDS+MRT
5550 ' *** total mass of shell only

MT=MCC+MCS+2*(MDC+MDS)+MRT
5570 ' *** total mass of shell and contents
5590 MTRG=MT+MRG
5610 v *** total mass of tanker
5630 'PRINT "mrgimccimcsinldc;mdsimrsimrlimrtimtimtrg"
5650 'PRINT MRGiMCCiMCSiMDCiMDS;MRSiMRL;MRTiMTiMTRG
5670 RETURN
5690 ' *********************'****************************************
5710 'input II-k**loads due to ax acceleration ***" I a$
5730 'print "** forces due to content's averag(~ pressure in front h01~d
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(1) **"5750 HAVE~RI/2+XC+XL+XO+3/8*RI/2
5770 I *** average head in front dome
5790 Pl=RHOC*HAVE*AX
5810 I *** average pressure in front dome
5830 FX=P1*AP
5850 I ***a:dal force in ~1hell from pressure of contents
5855 RX1=-FX
5856 t ~~**axial reaction a:. back S:iupport
5857 MYE=RX1*(ROFFSRT)
5858 t *** moment due to offset of force from support using offset
assumption
5870 RZF1=-MYB/XL
5890 t u* vertical re<.\ct.ionas back support (+ve upwards)
5910 RZB1=MYE/XL
5930 I *** vertical Tf"::l.ctionas front support (+ve upwards)
5990 IF X>;:;:XC'l'HENl"Xl=-RXl
6010 IF X<XC THEN FX1=0
6030 t *** Fxl axial force in x direction
6050 IF X >= XC AND X <;:;:(XC+XL) THEN VZ1=RZBl
6070 IF X -< XC OR X > (XC+XL) THEN VZ1=0
6090 I *** VIi shearing force in z direction
6110 IF X >= XC AND X <= (XC+XL) THEN MY1=RZB1*(X-XC)-NYB
6130 IF X>(XC+XL) AND X<=XCYL THEN MY1=O
6150 IF X>XCYL OR X<XC THEN MY1=O

t *** MYi bending moment
6170 t print "xihaveiP1i ,fxirzb1irzf1 imybi fXl ivzlimy1"
6190 'print x;haveiPlifxirzblirzf1imybifxlivzlimyl
6195 ' ***************************************************62:1.0'print "** forces due to ax ~pressure along length (2) **"
6220 P2·",RHOC*.1\.X*(X+RI/2)
6225 I *** pressure as a function of x
6;>'27'PRINT Itp2"
6229 'PRINT l?2
6391' *******************************************6392 'print "** forces due to ribs and shells (3)**"
6394 t *** routine to establish number of ribs after x
6396 MRAXt::O:11AX3=0
639$ I *** MRAX ~ total mass of ribs after x
6402 I *** find ribs attar x
6404 RESTORE 2590
6406 FOR I~l TO NRIBS
6408 READ XRIB
6410 '*** x rib bac}~ and x rih front
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6411 IF XRIB>X THEN 6413
6412 NEXT I
6413 RESTORE 2670
6414 FOR J=l TO I-l:READ HB:NEXT J
6415 I read rib thickness values which are 110t needed
6418 FOR J = I TO NRIBS
6420 READ HB
6422 IF HB~BRS THEN MRAX=MRAX+MRS
6424 IF HB=BRL THEN MRAX=MRAX+MRL
6426 NEXT ~r

WTOTA1.=AX*MSHELL
I **~. "uivalent weight for 2G acceleration
WFRONT~ \!{HOS\~(XCYL-X) *ACROSS+MRAX+MDS) *AX
I k** weight of shell and ribs to front of x
WBACK=WTOTAL-WFRONT
, *** weight. of shell and ribs behind x

6429 RX3=-WTOTAL
I ***support reaction axial force due to wax
MYB=RX3*ROFFSET
I *** moment due to offset of force from support uses smaller

offset
6340 RZF3 == -MYB/XL
6342 ' *** vertical reaction as back support (+ve upwards)
6344 RZB3 :::;MYB/XL
6346 I *** vel:'ticalreaction FlSfront eupport (+ve upwards)
6334 IF X>=O AND X<XC THEN FX3=- (MRL+RHOS*ACROSSirX+MDS) *AX
6435 IF X>-=XC AND X<=XCYL THEN FX3=WFRONT
6337 I *** fx3 axial reaction force due to ShAll decceleration
6360 IF X>=XC AND X<=XC+XL THEN VZ3=RZB3
~362 IF X<O OR X>XC+XL THEN VZ3=0
6364 ' *** VZ3 shearing force in z direction
6366 IF X>==XC AND X<=(XC+XL) THEN MY3=RZB3*(X-XC)-MYB
637Q IF' x> (XC+XL) OR x<XC THEN MY3==Q

, *** MY3 banding moment
6372 .'pl:'int"x;max3; fx;fx3t;l:'x3irzb3 ;rZf3 ;my i fx3 ivz3 ;my3"
6374 'pl:'intXimax3;fxifx3t;rx3;rzb3;rzf3imYifx3ivz3imy3
6377 '
********************k********************************************
6381 I *** sectional properties fol:'shoal:'
6~a2 Q=2/3*(ROR2-Z~2)R(3/2)~2/3*(RIA2-Z~2)R(3/2)
6383 ' *** first moment of area6384 B=2*(ROA2-Z~2)~.S - 2*(RIA2-Z~2)~.5
6385 I *** shear width
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6464 'input "** stress resultants for ax **",a$
6465 NXXAX=(FX1+FX3)/A*T-(MY1+MY3)*Z/II*T
6466 ' *** from beam theory definition z is positive downwards
6467 NTTAX=J?2*RI
6470 NXTAX=(VZ1+VZ3)*Q/II/B*T
6490 'print "nxxaxjnttaxjnxtax"
6510 'print nxxax;nttaxjnxtax
6530 RETURN
7090 I *******************************************
7110 'input "*** loads due az accelaration ***",a$
7130 'print" ** uniformiJ.y ditributed load (4) **"
7150 WZ=(MT*ABS(AZ))/(XCYL+4*XB/3)
7170 ' *** ud load per unit lenght on the beam (+ve down)
7190 RBZ=(MT*ABS(AZ)/2
7210 ' *** reaction at:back '3upport for xc=xd (+ve up)
7230 RFZ:;::(MT'kABS(AZ) I /2
7250 ' ~** reaction at fron support for xc~xd (+ve up)
7270 FPZ::;::WZ*RS
7290 '*** hydrostatic force due to presssure of the ends
7300 MTZ::;::1/4*WZ*(RS~~-XBA2)
731() , *** moment due to mass of domes and offset of Fp
7330 FDZ=2*XB/3*WZ
7350 ' *** vertical force due to mass of domes and contents
7355 'print "X,wz:rbz;rfz;fpzimtz;fdz"
7357 'print X,WzirbzirfzjfpzjmtzjfdZ
7370 IF X<O OR X>12 THEN RETURN
7380 IF X>=l THEN 7450
7390 I *** axial force, shearing force and bending moment as f(x)
7400 FX=FPZ
7410 VZ=-FDZ-WZ*X
7420 MZ=-WZ/2*X~2+MTZ-FDZ*X
7430 GOTO 7560
7450 IF X>=11 THEN 7510
7470 FX""FPZ
7480 VZ=RBZ~FDZ-WZ*X
7490 MZ=-WZ/2*X"'2+RBZ*(X-XC)-FDZ*X+MTZ
7500 GOTO 7560
7510 FX:-::FJ?Z
7520 VZ=WZ*(XCYL-X)+FDZ
7530 MZ=-WZ/2*(XCYL"2-2*XCYL*X+X"'2)-FDZ*(XCYL-X)+MTZ
7560 PZ~RHOC*ABS(AZ)*ABS(Z-R!)
7570 ' *** pressure que to z accel
7580 'pr.int II *** axial force, shearing force and bending moment as
f(X)1I
7590 'print "x;fx;vz;mziP?,1I
7600 'print x;fXjVZjmziPZ

j

(j
\ I

j
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7601 'print II *** sec~.(,.onalproperties for shear II

7602 Q=2/3*(RO~2-Z~2)~(3/2)-2/3*(RI~2-Z~2)~(3/2)
7603 'print II *** first moment of areall
7604 B=2*«RO"'2-Z"'2)A.5 - (RI~2-Z"'2)"'.5)
7605 I *** shear "lidth

8110 'input "*** loads due ay accelaration *·u" I a$
8130 'print II ** uniformily ditributed load (5) **"

III X<O OR X>12 THEN RETURN
8150 WY=(MT*ABS(AY))/(XCYL+4*XB/3)
8170 ' **.*ud load per unit lenght on the beam (+ve down)
8190 RBY=(MT*ABS(AY))/2
8210 I *** reaction at back support for xc=xd (+ve.up)
8230 RFY=(MT*ABS(AY.))/2
8250 • *** reaction at front support for xc=xd (+ve up)
8270 FPY.=WY*RS
8290 '*** hydrostatic force due to presssure of the ends
8300 MTY=1/4*WY*(RSA2-XBA2)
8110 ' *** moment due to mass of domes and offset of rp
8330 FOY.=2*XB/3*WY.
8350 I *** Vertical force due to mass of domes and cont.:mts
8355 'print "WYirbYirfy;fpYimtYifdy"
8357 'print WYirby;rfYifpy;mtYifdy

7610 'print 11** stress resultants for az **"
7660 NXXAZ=FX/A*T-MZ*Z/II*T
7670 NTTAZ=PZ*RI
7680 NXTAZ=VZ*Q/II/B*T
7690 'print "nxxazinttazinxtazll
7700 'print nxxaz;nttaz;nxtaz
7710 RETURN
7720 ' *******************************************

8380
8390
8400
8410
8420
8430
8450
84'70
8480
8490
8500
8510
8520
8630
8560
8570

IF X>=l THEN 8450
, *** axial force, shearing force an" bending 111 ment as f (x)
FX=FJ?Y.
VY=-FOY-WY*X
MY.e::-WY/2*X"'2+MTY.-FOY.*X

GOTO 8560
IF X>=ll THEN 8510

FX=FPY
VY=RBY"'PDY-WY.*X
, *** possible problems with this e~uat~~n for rhoc=o
MY=-WY/2*XA2+RBY*(X-XC)"'FOY*X+yri

GOrrO 8560
FX=FPY
VY=WY.*(XCYL-X)+FOY
MY.=··VrI./2.* (XCYL"2-2*XCY.L*X+X"2) -FOY* (XCY.I,'·X)+MTY

J?Y::::RHOC*ABS(AY)*ABS (Y'-In)
I *** pressure due to Y accel
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8580 'print It *** axial force, shearing force and bending moment tl"
f(x)tt
8590 'print "Xifx;vYimYiPY"
8600 'print Xifx;vYimYiPY
8601 ' *** se.ctional pI'operties for shear
8602 Q=2/3*(ROA2-~A2)~(3/2)-2/3*(RIA2-~A2)~(3/2)
8603 I *** first moment of area
8604 B=2*«RO~2-yA2)~.5 - (RIA2-~~2)A.5)
8605 I *** shear width

9470 'input "'k***** J.oads due to twisting ***')/**",a$

8610 'print "** stress resultant.; for ay **11
8660 NXXA~=FX/A*T-MY*Y/II*T
8670 NTTAY::;:;PY*RI
8680 NXTAY:::::-VY*Q/II/B*T
8690 'print "nxxaYinttaYinxtay"
8700 'print nxxaYinttay;nxtay
8710 RETURN
9450 ' *********************************************11

9490 NXTT=PHI*GXTS*RS/XL/2*T
9510 IF X<XC OR X>(XC+XL) THEN NXTT=O
9530 ' ****** shear sectional force due to twisting
9550 'print "xiPhii9xtsirsixl;tinxtt"
9570 'print xiPhi;gxts;rs;xl;t;nxtt
9590 RETURN
9610 ' **************************************************
9630 'input "**'k loads duo to internal pressure ***" d$
9650 IF X >c 0 AND X <= XCYL THEN 99309670 '*** considor nmmbrano stresses in domes only
9690 R2DOME=«ADOME~4*YDOMEA2+BDOME~4*XDOME~2)A.5)/BDOMEA2
971Q '*** tangential or circumferential radius of curvature
9730 R1DOME::;::(:R2DOME"3*13DOMEA2/ADOME"4)9750 I *** axial or meridional radius of curvatu.ro
9770 NXXP=(PP+P2) *R2Do:r.m/2
9790 '*** meridional stress resultant
9810 NTTP=(PP+P2)*R2DOME*(1-R2DOME/2/R1DOME)
9830 I *** circumferential strcss resultant
9850' print "XiY; Z iadomoibdomc; xdome;ydomeir2clomt':.;r1dome;nxxp] nttp"
9870 I print xiy;zjadomcjbdoil\OiXdomeiydomeir2domeir1domc;nxxp;nttp
9890 RETURN
9905 ' *************************************************************
9910 I *** stresses considering membrane stresses on cylinder only
9930 NXXP~PP*R!/2
9950 I *** longit\~dinal or axial stress resultant9970 N~TPg(PP)*RI
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9990
10010
10030
10050
10070

, *** hoop or tangential stress resultant
'print "nxxPinttp"
'print nxxPinttp
RETURN
, **************************************************

NXX=NXXAX+NXXAZ+NXXAY+NXXP
NTT=NTTAX+NTTAZ+NTTAY+NTTP+NTD+NTR
NXT=NXTAX+NXTAZ+NXTAY+NXTT
QX~<=QXD+QXR
QT~r=QTD+QTR
MXX=MXD+MXR
MTT=MTD+MTR
MXr1'=O

'print "nxxinttinxt;qxxigttimxximttimxt"
'print "solids-tlinxxinttinxtigxxiqtt;mxximttimxt
'print "abagus-"isfliSf2iSf3iSf4;sf5ism1ism2ism3
'input It ***** write theoretical calculations to file",a$
!F D'1'A$="C"THEN

PRINT USING II####.### "iELiXiYiZ
PRINT NXXiNTT;NXTiQXXiQTTiMXXiMTTiMXT
RETURN

END IF
IF NON$=IIR" THEN

PRINT#3 I U(:>ING"
PRINT#3,USING II

RETURN
END IF

10090 'input "find totals of sectional forcesll,a$
10110
10130
10150
10170
10:1.90
10210
:1.0230
10250
10270
10290
10310
10330

10370

ir.
f
it
!,

##.### "iX;
###.#r~~~~ "iNXXiNTlJ.1iNXTiQXX;QTTiMXXjMTT;MXT i

\

I
IF NON$""IINtITHEN
PE=PP+P2:DN=PE*RI:DM=PE*RI*T'** DUMMIES FOR NON DIMENSIONAL
PRINT#3,USING II ##.### lIiXi
PRINT#3,USING It ###.#rA

.........

"iNXX/DNiNIJ.1T/DN;NXIJ.1/0NiQXX/DNiQTT/ON;MXX/DMiMTT/OMiMXT/OM
RETURN

END IF
'*** CALCULATE MAX PR!NCIPAL STRESSES
IF NON$="M" then

'** stresses as a sum of membrane and bending
SXXT= NXX/T+G*MXX/T"2
sxxc- NXX/T"'G*MXX/'l''''2
STTT"" NTT/T+G*MTT/T"2
STTC:::::NT'l'/T-6*MTT/T"'2
, find ma~d.mums for axial or c1,rcumferential
IF ABS(SXXT»=ABS(SXXC) THEN SX~SXXT
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10390
10410
10430
10450
10470
10490
10510
10530
10550
10570
10590
10610
10630
10650
10670
10690
10710
10730
10750
10770
10790
10810
10830
10850
10870
10890
10910
:1.0930
10950
10970

IF ABS(SXXC»==ABS(SXXT) THEN SX=SXXC
IF ABS(STTT»==ABS(STTC) THEN ST=STTT
IF ABS(STTC»=:ABS(STTT) THEN ST=STTC
, determine maximums for Mohrs circle
IF SX>=ST THEN MAX=SX:MIN==ST
IF ST>=SX THEN MAX=ST:MIN=SX
I determine principals
IF MIN<=O THEN Sl=MAX:S2=MIN:SHEAR=(MAX-MIN)/2
IF MIN>O THEN Sl=MAX:S2=MIN:SHEAR=MAX/2

PRIN'lI#3,USING" ##. ### I' iX;
PRINT#3 ,USING " ###. ##"" ....~~ I!; 81 i82 i0iSHEAR
RETURN

END IF
I PRINT#3,ELiXiYiZiARCiNXXiNTTiNXT
, print#3/nxti<;IXxiqttimxximttimxt
I ****** calculate differences

DA=O
IF NXX<>O THEN DA=(SF1-NXX)/NXX*100

D8':::0
IF NTT<>O THEN DS=(SF2-NTT)/NTT*100

DC:::::O
IF NXT<>O THEN DC=(SF3-NXT) /NXTI~100

DD:;:O
IF QXX<>O THEN DD=(SF4-QXX)/QXX*100

DE··'U
IF QTT<>O THEN DE= (SF5-QTT) /QrrT*100

DF=O
IF MXX<>O THEH DF:::(SM1-MXX)/MXX*100

DG=O
IF MTT<>O THEN DG=(SM2-MTT)/MTT*100

DH=O
IF MXT<>O THEN DH:::.(SM3-MXT)/MXrr*100

I *** write differences to file
'PRINT#4,ELiXiYiZiARCiDAiDBjDCiDDiDEiDFiDGiDH
'PRINT#4,USING II ##.# "iXi
IPRINT#4, DAiDS iDC iDDiDEiDE'i DC;:iDB:
'print "elixiy;zia:rcidaidb"
'print elixiYiz;arc;daidb
Iprint "dc% ;dd.t>oide'T>idf% idg% idh%"
'print dC%idd%ide%;df%idg%idh%
RETURN
'***
, ***~**************************************************

10990 'input" 'II'll stresses from rib oontraints"ia$
10991 IF X<O OR X>}{CYL THEN RETURN
:1.0992I *** rib approximation not accurate beyond cylinderi ';alshell
10995 IF X<O THEN

XR=ABS(X) :ARIB=ARL*BRL:L=1:RR=(ZA2+Y~2)~.5
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AB=ARIB: AF=ARIB: GO'l'O11480-.
END IF

10997 IF X>XC:lL THEN
XR:;X-XCYL;ARIB=ARL*BRL:L:::1:RR=(Z~2+Y~2)~.5
AB=ARIB:AF=ARIB:GOTO 11480
END IF

11000 ' *** routine to establish x co-ordinate relative to existing
rib
11150 RESTORE 2590:READ XRB
11170 FOR I=l TO NRIBS-1
11190 READ XRF
11210 I *** x rib back and x rib front
11230 IF X>=XRB AND X<=XRF THEN 11290
11250 XRB=XRF
11270 NEX'l'I
11290 XR=X-XRB
11310 ' *** local co-ordinate for distance to back rib
11320 RR=RS
11330 t **~ local radius for rib calcs
11340 L=(XRF-XRB)
11345 I *** distance between rings
11350 IPRINT "XiXRB iXRFnCRiNRIBS iL"
11370 'PRINT XiXRB;XRFiXRiNRIBSiL
11420 I *******"11*'***define plate rigidity paramaters
*****************11480 BETAD=(ED*T/4/RR~2/DDOME)~.25
11490 BETAS=(ES*T/4/RR~2/DS)~.25
11540 :r.FX<O OR X>XCYL 'rHEN BETA=BETAD: D=DDOME: E=ED: NU=NT7D
11545 I *** consider dome properties
11546 IF X>=O OR X<=XCYL THEN BETA=BETAS:O=DS:E=ES:NU=NUS
11547 I *** consider shell properties
11550 ALPHA=BETA*L/2
11610
CIU1= (FNHC (2*ALPHA) +COS (2*ALPHA) )/(FNHS (2*ALPHA) +SIN (2*ALl?HA))
11630 CHI2=(FNHS(2*ALPHA)-
S!N(2*ALPHA» / (FNHS(2*ALPHA)"'S!N(2*ALPHA»
11650 CHI3=(FNHC(2*ALPHA)~
COS(2*ALPHA»/(FNHS(2*ALPHA)+SIN(2*ALPHA»
11670 ' *** numerical functions of alpha
11690 I print "xipeilibetaialphaichi1;chi2iChi3"
11710 I print x;pe;1;beta;alpha;chi1;chi2;chi3
11720 '********** find rib cross-sectional areas for back and front
********11725 IF X<o OR X>XCYL THEN 12070
11730 RESTORE 2630
11.750 FOR J ::::J, TO I
1:1.770 READ WE
11790 NEXT J
11810 READ WF
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11830 ' *** find current; front and back rib widths
11850 RESTORE 2670
11870 FOR J ~ 1 TO I
l:t.890 READ HB
11910 NEXT ,1
U930 READ HF
1:1.950' *** find current front and back rib heights
11970 AB:::WB*HB
119~0 I *** back rib cross sectional area
12010 AF=WF*HF
12030 ' *** front rib cress sectional area
12035 IF (XRF-X) > (X-XRB) THEN XR==X-XRB:ELSE XR=XRF-X
12037 '*** local X for rib calcs
12040 IF (XRF-X) > (X-XRB) THEN ARIB=AB:ELSE ARIB=AF
12050 I ** select rib x-area ARIB depending on which is closer
12065 ' *********** determine constants and equivalent pressures
*********12070 PE=(PP+~2)*(1-1/2*NU)
12075 t ** equivalent pressure due to poissions e":fect of axial f;)rce
on dome
12080 PCIRCUMB=PE/(BETA*(CHll-1/2*CHI2A2/CHI3)+T/ARIB)
12420 I *** force per \mit length of circumference for back rib
12422 I *** use shell or dome beta
12425 PEB=PE-PCIRCUMB*T/ARIB
12430 I *** equivalent pressure for back ring incl pe and ring
extension
12432 MO~~EB/(2*BETA~2)*CHI2
12434 t ** local moment at edge of ~;hell section under ring
12437 t ** Use shell beta as analysis first assumes infinite stiff
ring
12439
12683
LARGE
12590
12600
12610
12620
12630
12640
12650
12655
12660

QO=-1/2*PCIRCUMB
'*** METHOD INCORPORATING EQN 281 AND 282 FROM T!MO FOR ALPHA

PHI=E:X~(-BETA*:XR)*(COS(BETA*XR)+SIN(BETA*:XR»
PSI=EXP(-BETA*XR)*(COS(BETA*XR)-SIN(BETA*XR»
THETA=EXP(-BETA*XR)*COS(BETA*XR)
ZE'rA=EXP(-BETi.*XR)*SIN (BETA*XR)
I *** EQN 281 OF PG 470
W=:-l/(2*BE'rAA3 *D)*(BETA*MO*PSI+QO*THETA)
DWDX=1/(2*BETAA2*D)*(2*BETA*MO*THETA+QO*PHI)
D2WDX2=-1/(2*BETA*D)*(2*BETA*MO*PHI+2*QO*ZETA)
D3WDX3=1/D*(2*BETA*MO*ZETA-QO*PSI)

t *** differentials of displacement w for local variable xr
12670 NTR=-E*T*W/RR

• *** tangential force resultant
12710 MXR=-1*(-D*D2WDX2)

I *** axial moment resultant, -1 to account for w inwards for
theory
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12810 MTR~NU*MXR
, *** tangential moment resultant

12850 QXR=-1*(-D*C~WDX3), *** axial transverse shear, -1 to account for w inwards for
theory
12890 QTR=O

, *** tangential transverse shear force resultant (=0 Jue to
symmetry)

13840 'input « *** definition of local variables **",a$
13842 IF X<O OR X>XCYL THEN XDOME=(Y-2+Z-2)·.5
13843 IF X<O THEN YDOME~ABS(X)
13845 ' *** define local dome co-ordinates for hack dome
13846 IF X>XCYL THEN YDOME=X-XCYL
13849 I *** define looal dome co-ordinates for front dome
13850 IF X==>OAND X<=XCYL/2 THEN YDOME=X
13851 IF X>XCYL/2 AND X<=XCYL THEN YDOME=XCYL-X
13852 IF X=>O AND X<=XCYL THEN XDOME=RS
13853 I *** define local co-ordinates for cylinder
13854 'print "XiYi Z iydomeixdome"
13855 'print x;Yiziydomeixdome

13750 ' PRINT ItxintrimxrimtriClxrigtr"
13770 ' PRINT xintrimxrimtriqxr;Cltr
13790 RETURN
13838 '
*****************************************************************

13856 RETURN
13857 I ****************************************************
138.58 ' input "** localized stresses due to domes/cylinder
connection";a$
13859 PE=PP+P2
13860 ' *** instantaneous pressure due to pp and ax
13990 BETAD=(ED*T/4/XDOME-2/DDOME)-.25
14010 BETAS=(ES*T/4/XDOHE-2/DS)-.25
14020 I *** use nu and beta for dome or shell respectivly
14030 IF X<O OR X>XCYL THEN NU=NUD:BETA=BETAD:E=ED:D=DDOME
14050 IF X>=O 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
PHI=EX' '-BETA*YDOME)*(COS(BB<:J:A*YDOME)+SIN(BET.A*YDOME»
PSX=EXi ,-BETA*YDOME)*(COS(BETA*YDOME)-SIN(BETA*YDOME»

THETA=EXP(-BETA*yDOME)*COS(BETA*YDOME)
ZETA=EXP(-BETA*YDOME)*SIN(BETA*YDOME)
I *** functions of bx
W=-1/(2*BETA-3*D)*(QO*THETA)
DWDX~I/(2*BETA-2*D)*(QO*PHI)

14150
14170
14190
14210
14230
14250
14270
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14290
14310
14330

D2WDX2=-1/(2*BETA*D)*(2*QO*ZETA)
D3WDX3=1/D*(-QO*PSI)
, *** differentials of displacement W
NTD=-E*T*W/XDOME
, *** tangential force resultant
MXD=-1*(-D*D2WDX2)
, *** axial moment resultant, -1 to account tor W inwards for

theory
MTD=NU*MXD
, *** tangential moment resultallt
QXD=-D*D3WDX3
, *** axial transverse shear
QTD=O
, *** tangential transverse shear fot'ce resultant (=0 due to

symmetry)
14550 'PRINT "XiYDOME,BETAiQOiPHIiPSIiTHETAiZETA"
14570 'PRINT X;YDOMEiBETAiQOiPHIiPSIiTHETAiZETA
14590 'PRINT "WiDWDXiD2WDX2iD3WDX3iMXDiMTDiQXDiQTOiNTD"
14610 'PRINT WiDWDX;02WDX2iD3WPX3iMXDiMTDiQXDiQTD;NTD
14630 'INPUT AAA$
14650 RETURN

15000 ' ERROR TRAP FOR DOMES/CYLINDER
PHI=O:PSI=O:THETA=O:ZETA=O
PRINT "ERROR FOR XcI' ~X
PRINT "X;YDOME;XDOME iBETAiQO iPHIiPSI ;THETA; ZE'.rA"
PRINT Xi':lDOMEiXDOME iBETA; QO iPHI i PSI iTHETA i ZE~lA
INPUT A$
on error goto 25010
GOTO 14250

23320 'print "specify range extraction values RT23"
23321 XMIN=O
23322 XM.A,X=12
23323 YMIN;:;.l
23324 YMAX:=.12
23325 ZMIN=.640
23326 ZMAX=.65
23327 RETURN
23328 ' *** extract positions for top
23331 XMIN=O
23332 XHAX=12
23333 YMIN=.l
23334 YMAX=.:l.2
23335 ZMIN=-.65
23336 ZMAX=-.64
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23337 RETURN ~23338 I *** extract pos itions for bottom
23341 XMIN:;;::O
23342 XMAX:;;::12
23343 YMIN=.64
23344 YNAX"".65
23345 ZHIN;=.l
23346 ZMAX=.12
23347 RETURN
23348 , *** extract positions for left (+Y)
23351 XMIN;=O
23352 XMAX=12
23353 YMIN:::;-.67
23354 ~MAX=-.63
23355 ZMJN:;;::.l
23356 ZMAX=.12
23357 RETURN
23358 t *** extract positions for :r.ight(-'1)
23361 XMIN=-l
23362 XMAX=O
233G3 '1MIN=.024
23364 '1MAX=.lOO5
23365 ZMIN=.O
23366 ZMAX"".65
2~367 RETURN
23368 , *** extract positions for baC"k dome
23450
23470
23490
23500
2351.0
23520
23530
23525
23540
23545
23650
23670
23590
2.3610
23630
23650
23670
23690
23710
237301

I
1
J

'*********************************~***PRINT IIspecify positloil (TOp/Bottom/Left/Right/Oome/NeW) 11
INPUT RANGE$
IF AANGE$="T" THEN GOSU13 23321:RETtJRN
IF RANGE$="E\II THEN GOSUB 23331iRETURN
IF RANGE!;>="r}'THEN GOStTB 23341:RETURN
IF RANGE$="R" THEN GOSUB 23351:RETURN
IF RANGE$="O" 'l'HENGOSUB 233Gl:RETURN
IF RANGE$<>"N" THEN RETURN
PRINT "xmin"
INPUT XMIN
PRINT "xmax"
INPUT XMAX
PRINT lIyminll
INPUT YMIN
l?lUNT "ymax II

INPUT YMAX
PRINT "zminll
INPUT ZMIN
PRINT "zmax"
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23750 INPUT ZMAX
23770 RETURN

25000' *** ERROR TRAP
25010 PRINT "NON RECOVEFiABI,E ERROR "i ERN i" AT IJINE "i ERL

STOP
1*********************************************************************26000 PRINT "*** DETEFMINE FORCE AND MOMENT RESULTANTS FOR RANGE ***"

PRINT:PRIN',t' "New THEORY reduced filename. "
INPUT SOLS
SOL$:;::IIF:\MIKE\MA'l'HESIS\RT27\"+SOL$+".DATlI

PRIN'l' "opening file ";SOL$
OPEN SOLS FOR OUTPUT AS #3

INPUT "Resultant I Non,wDimensional Data or Max Prinoipal stresses
(F/N/M)lIiNON1$

IF NON1$<>"11 THEN NnN$t::NON1$
PR"(',qT"speoify positio,'l (TOp/Bott~om/Left/Right/Dome/New) "
n' ~tJTRANGE$
X~,IN::::0 :PRINT IIXMIN= <"; XMIN i"> II i :INPUT A$
IF A$<>"" THEN XMIN=VAL(A$)
XMAX=12 :PRINT "XMAX= <" I' XMAX ;"> ";: INPUT A$
IF A$<>IIII THEN XMAX=VAL(A$)
XINC:;::.01 :PRINT "XINCREMENT= <tliXINCi "> It i :INPUT A$
IF A$<>"II THEN XINC::::VA,L(AS)

EL==O
FOR X == XMIN TO XMAX STEP XINC

IF X<O OR X>XCYL THEN
IE' X<O THEN XDOME::::ABSeX)
IF X>XCVL THEN XDOME:;oABS(X"'iCCYL)

IF :<ANGE$::::IIT"THEN X'=O;Z::::t~QR«1-(XDOME/(RS/2»"'2)*RS"'2)IF Rl\NGE$:;::IIB"THEN Y::::O:Zt:l~SQR(1-(XDOME!/(RS/2»~2)*RS"'2)
IF RANGE$::=IIL"THE!N Z=O:Y=SQR«1-(XDOME/(RS/2»"2)*RS"'2)
IF RANGE$=tlRl1 THEN Z=O:Y::::-SQR«1-(XDOME/(:RS/2»A2)*RS~2)

END IF
IF X>=O AND X<=XCYL THEN

IF RANGE$="TII THEN Y"".07:Zt:l.650
J:l~ RANGE$="BII THEN Y=.07:Z=-.650
IF RANGE$="LII THEN Y::.::.650: Z:;;J,070
IF :RANGE$=IIR" THEN Y:::::-.650:Z"".070

END Itt'

GOSUB 13840
I *** define local variables for dome
IFAX<>O THEN GOSUB 5710
I *** loads due to ax aoceleration

IF AZ<>O 'l'HENGOSUB 7110
I *** loads due to a.z ~ocDlcration
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IF AY<>O 'rHEN GOSUB 8110
I *** loads due to ay acceleration

IF TWIST<>O THEN GOSUB 9470
I *** loads due to twisting

IF 1'1'<>0OR AX<>O THEN GOSUB 9630
I *** membrane loads dUe to il"lternalpressure

IFAX<>O OR 1'1'<>0THEN GOSUE 13858** localized stresSes due to domes/cylinder connection
IF AX<>O OR 1'1'<>0THEN G09UB 10990** localized stresseS dUe to ribs
EL:;::EL+l
GOSUB 10090
I *** find totals and errors and write to file

NEXT X
ClOSE #$
RETURN
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ABAQUS FEM OUTPUrr
x Nx , Ncp' NX¢' QX' Q¢, .t.ix' Mrpl \" Mx¢'

-0.33 1. 05 0.99 :2.7J.E-3 6.S5E-4 S.26E-4 2.44E-4 0.00 0.00
'-0.32 1.05 0.99 -1. 58£-3 2.75E-5 3.66£-4 -6.11E-4 0.00 0.00
-0.30 0.94 0.80 -1.55E:-3 2.06E-3 -5.26E-3 1.73E-2 1.5SE-2 1.22E-4
-0.28 0.90 0.67 -1.47E-3 -7.82E-4 7.92E-3 2.05E-2 1.70E-2 6.11E-4
-0.26 0.86 0.51 -2.48E-3 6.01E-4 -1.50E-3 2.08));"2 1. 75E-2 2.44E-4
-0.22 0.78 0.21 -2,44E-3 -2.13E-3 ..1.34E-2 1.62E-2 1. 61E-2 -4.88E-4
-0.19 0.70 -0.08 -4.55E-3 -6.92E-3 1.60E-2 -1. 83£-3 9.S9E-3 6.l1E-4
-0.14 0.61 -0.40 -6.57E·-3 -1.6BE-2 -2.87E-2 -5.91E-2 -1.09E:-2 3.17E-3
-0.09 0.56 -0.46 9.77E-3 "'S.27E-3 -6'92E-3 -0.12 -3.36E-2 2.81E-3
-0.03 0.52 -0.11 5.S4E-3 4.50E-2 8.75E-2 -3.59E-2 -1.12E-2 6.11E-4
0.05 0.50 0.52 1.64E-3 0.37 -4.03E"'2 3.06E-2 4.88E-3 3.66E-4
0.20 0.50 1.13 2.12E-3 0.18 -4.27E-2 3.97E-2 6.72E-3 4.88E-40.30 0 50 1.04 -1.02E-3 -0.29 5.07E-2 -1.68E-2 -1.59E-3 -1.22E-4
0.45 0.50 1.00 -9.36E-4 4.90E-2 -7.35E-3 5.62E-3 1.95E'-3 1.22E"'4
0.55 0.50 0.98 1.96E-3 5.88E-2 -1.02E-2 -2.08E-3 7.33E-4 -1.22E-40.70 0.50 1.06 2.79E-3 -0.11 1.49E-2 -1.G8E-2 -1.71E-3 -1. 22E-40.80 0.50 1. 04 2.58E-3 7,21E-2 2.S3E··3 5.80E-2 9.52E-3 3.GGE-40.95 0.50 0.53 1.35E-3 8.18E-2 -4. 65.E:-2"'4.11E-2 ..6.l1E-3 -t .33E-4
1.05 0.50 0.53 -1.11E-3 8.74E-2 1.81E-2 -4.07E-2 -G.llE-3 -1. 22E-4
1.20 0.50 1.04 -2.44E-3 7.32E-2 -2.413E-2 5.7GE-2 9.40E-3 8.55E-4
1.30 0.50 1. 07 -2.79E-3 -0.10 1. G6E-2 -1. 75E-2 -1.83E-3 -2.44E-41.45 0.50 0.98 -1.75E-3 ~.84E-:2 -1. 7lE-3 7.33E-4 l'10E-3 0.001.55 0.50 0.98 8.57E-4 2.95E-2 -6.80E ....3 8.55£-4 9.77E:"'4 0.00
1.70 0.50 1. 07 1.40E-3 -0.11 1.51E-2 -1.7GE-2 -1. 95E-3 -2.44E"'4
1. 80 0.50 1. 04 1 J.l3E-3 7.93E-2 9.93E-4 5.7GE-2 9.28E-:) 3.66E-41.95 0.50 0.53 6 \) 'E-4 8.00E-2 -4.52E-2 "'4.07E-2 -6.11E-3 -7.33E-42.05 0.50 0.53 -1. 2GE-3 8.59E-2 1.87E-2 -4.07E-2 -6.23E-3 -1. 22E-4
2.20 0.50 1. 04 "'2.1GE-3 32E-2 -2.44E-2 5.7GE-2 9.1GE-3 8.55g-4
2.30 0.50 1.07 -2.48E-3 . '\ 1.•63E-2 -:1.. 7GE-2 -2.08E-3 -2.44E-42.45 0.51 0.98 -1. 67E-3 ~ _.QE-2 -1.05E-3 a.55E-4 8.55E-4 0.002.55 0.51 0.98 9.18E-4 3.00E-2 -7.47E-3 8.55E-4 8.SSE-4 0.002.70 0.51 1. 07 1.70E-3 -0.11 1.54E-2 -1. 75E....2 -1.95E-3 -1.22E-42.80 0.51 1. 04 1.40E-3 7.97E-2 1.29E-3 5.76E-2 9.28B-3 3.6GE-42.95 0.50 0.53 7.60E-4 8.14E-2 -4.6GE-2 -4.07E-2 -6.11E-3 -7.33E-43.05 0.50 0.53 -1. 23E-3 8.63E-2 1.7lE-2 -4.09E-2 ~6.llE-3 -1.22£-43.20 0.51 1. 04 -1. 86E-3 7.69E-2 -2.45E-2 5.79E-2 9.52E-3 8.55E-43.30 0.51 1. 07 -2.04E-3 "'0.10 1.65E-2 -1.75E-2 -1. 83E-3 -2.44E-43.45 0.51 0.98 -1.35E-3 1.56E-2 1.58E-4 7.33E-4 1.10E-3 0.003.55 0.51 0.99 1.00E-3 3.77E-2 -7.73E-'3 8.55E..4 1.22E-3 0.003.70 0.51 1. 06 1.68E··3 -8.90E-2 1. 23E-2 -1. 45E"'2 -1.10E-3 -1. 22E-43.80 0.51 1.03 1.55E-3 6.29E-2 1. 91E-3 4.80E-2 8.30E-3 2.44E-43.95 0.51 0.61 ;:I.01E-4 6.87E-2 -3. 88E'~2 -3.38E-2 -4.64E··3 -6.11E-44.05 0.51 0.61 '"'1.03E-3 7.37E-2 1.42E-2 -3.39E-2 -4.76E-3 ...1. 22E-4
4.20 0.51 1. 03 -1.60E-3 6.07E-2 -2.c5E-2 4.8:l.E""2a.30E-3 7.33E-44.30 0.51 1. 06 -1.65E-3 -8.50E·-2 1.42E-2 -1.44E-2 -:;.77E-4 -2.44E-44.45 0.51 0.99 -1.02E-3 2.33E-2 "1.8SE"'3 7.33E-4 1.34E-3 0.00
4.55 0.51 0.99 1.06E-3 2.52E-2 -5.29E-3 7.33E"4 1. 34E-3 0.00
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X N:,ri;! Nrpl NXrp' QX' 0 l-IX I Mrp' ~ixrp I'pi
4.70 0.51 1. 06 1.69E-3 -8.85E-2 1.21E-2 -1.43E-2 -9.77E-4 -1. 22E-4
4.80 0.51 1.03 1.66E-3 6.57£ ...2 1.29E-3 4.81E-2 8.42E-3 2.44E-4
4.95 0.50 0.61 1.03E-3 6.89B-2 -3.83E-2 -3.39E-2 -4.I54E-3 -6. 11E-4
5.05 0.50 0.61 "1.00E-3 7.39E-2 1.37E-2 -3.39E-2 -4.64E-3 -1.22£-4
5.20 0.51 1.03 -1.64E-3 6.10E-2 -2.02E-2 4.81E-2 8.42E~'3 7.33E-4
5.30 0.51 1. 06 ...1.67E-3 -8.54£-2 1,.40E-2 -1.44E-2 -8.55E-4 -2.44E-4
5.45 0.51 0.99 -1. 03E-3 2.35E-2 -1.75E-3 7.33E"4 1.47E-3 0.00
5.55 0.51 0.99 1.06E-3 2.51E-2 -5.40E-3 7.33E-4 1.47E-3 0.00
5.70 0.51 l..06 1.66E-3 -8.85E-2 1.. 22E-2 "'1. 44E-2 -8.55E-4 -1.22E-4
5.80 0.51 1.03 1.65£-3 6.59E-2 1.20E-3 4.81E-2 8.42D-3 2.44E-4
5.95 0.50 0.61 1.03£-3 6.86E-2 -3.81.E-2 -3.41E-2 "'4.64E-3 "'7.33£-4
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MA'l"hlJOR); THEORETICAL OUTPUT
'tl NX , Ncpl NX¢ , Qx' Q¢I MX' MifJ' Mx¢'

-\..329 1.01 1.01 0 0 0 0 -6.45E-26 0
-0.319 0.99 0.94 0 -1. 09E-5 0 -2.18E-5 -5.87E-6 0
-0.309 0.97 0.87 0 2. :'SE-5 0 -5.21E-5 -1.40E-S 0
-0.299 0.94 0.80 0 1.51E-4 0 1.63E-4 4.39E-5 0
-0.289 0.92 0.73 0 2.9SE-4 0 6.57E-4 1.77E-4 0
-0.279 0.90 0.66 0 3.92E-4 0 1.33E-3 3.59E-4 0
-0.2159 0.88 0.58 0 3.88E-4 0 2.04E-3 5.50E-4 0
'-0.259 0.815 0.51 0 :L48E-4 0 2.62E-3 7.06E-4 0
"0.249 0.83 0.43 0 -5.18E-5 0 2.92E-3 7.86E-4 0
-0.239 0.81 0.35 0 -5.26E-4 0 2.77E-3 7.46E-4 0
-0.229 0.79 0.27 0 -1.18E-3 0 2.04E-3 5.49E-4 0
-0.219 0.77 0.19 0 -2.01E-3 0 5.87E-4 1.58E-4 0
-0.209 0.75 0.10 0 -2.99E-3 0 -1.69E-3 -4.55E-4 0
-0.199 0.73 2.17E-2 0 -4.12E-3 0 -4.88E-3 -1. 32E-3 0
-0.189 0.71 -5.99E-2 0 -5.3SE-3 0 -9.06E-3 -2.44E-3 0
-0.179 0.69 -0.14 0 -6.64E-3 0 -1. 42E-2 -3.S4E-3 0
-0.169 0.68 -0.22 0 "7.95E-3 0 -2.04E·-2 -5.51E-3 0
-0.159 0.66 -0.29 0 -9.21E-3 0 -2.76E-2 -7.43E-3 0
-0,149 0.64 -0.36 0 -1.04E-2 0 -3.56E-2 -9.59E-3 0
-0.139 0.63 -0.42 0 -1. 13E-2 0 "'4.43E-2 -1. 19E-2 0
-0.129 0.61 -0.47 0 -1.19E-2 0 -5.36E-2 -1.44E-2 0
-0.119 0.60 ·'0.52 0 -1. 22E-2 0 -6.31E-2 -1. 70E-2 a
-0.109 0.58 -0.55 0 -1. 20E-2 0 -7.26E-2 -1. 9615-2 0
-0.099 0.57 -0.58 0 -1.11E-2 0 -8.15E-2 -2.20E-2 0
-0.089 0.56 -0.59 0 -9.43E-3 0 -8.95E-2 "'2.41E-2 0
-0.079 0.55 -0.58 0 -6.89E-3 0 -9.60E-2 --2.59E-2 0
-0.069 0.54 -0.56 0 -3.31E-3 0 -0.10 -2.70E-2 0
-0.059 0.53 -0,53 0 1.47E-3 0 -0.10 -2.74E-2 0
-0.049 0.52 -0.48 0 7.58E-3 0 -9.91E-2 -2.67E-2 0
-0.039 0.52 -0.41 c 1.52E-2 0 -9.19E-2 -2.48E~2 a
-0.029 0.51 -0.32 (' 2.44E-2 a -7.90E-2 -2.13E-2 0
-0.019 0.51 -0. 2~! a 3.S3E-2 0 -5.93E-2 -1. 60E-2 0
"'0.009 0.51 -0.11 0 4.S1E-2 0 "3.17E-2 -8.53E-3 0
0.001 0.50 1.35 0 0.13 0 -0.20 "'2.57E-2 0
0.011 0.50 1.24 0 0.11 0 -0.19 -2.40E-2 0
0.021 0.50 1.14 0 8.S6E-2 0 -0.17 -2.21E-2 0
0.031 0.50 1.06 0 6.93E-2 0 -0.15 -1.99E-2 0
0.041 0.50 1.00 0 5.23E-2 0 -0.14 -1.77E-2 0
0.051 0.50 0.95 0 3.77E-2 0 -0.12 -1.5.1E-2 0
0.061 0.50 0.91 0 2.53E-2 0 -0.10 -1.32E-2 0
0.071 0.50 0.89 0 1.49E-2 0 -8.G7E-2 -.1. 12E....2 0
0.081 0.50 0.87 0 <;. 48E-3 0 -7.18E-2 -9.24E-'3 0
0.091 0.50 0.86 0 -.2.60E-4 0 -5.81E-2 -7.48E"3 0
0.101 0.50 0.86 0 -5.47E-3 0 -4.59E-2 -5.91E-3 0
o .11l 0.50 0.86 0 -9.3GE-3 0 -3.51E-2 -4.52E-3 0
0.121 0.50 0.86 0 -1. 21E-2 0 "'2.58E-2 -3.32E-3 0
0.131 O.bO 0.87 0 -1. 39E-2 0 -1. 78E-2 -2.2~E-3 0
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x NX I li¢ • NX¢' QXI Q¢I Mx' M¢, MXcp'
0.141 0.50 0.88 a -1.49E-2 a -1.11E-2 -1. 43E-3 a
0.151 0.50 0.89 a -1.52E-2 0 -5.57E-3 -7.16E-4 a
0.161 0.50 0.90 0 -1. 50E-2 0 -1.13E-3 -1.46E-4 0
0.171 0.50 0.92 0 -1. 45E-2 a 2.34E-3 3.01E-4 0
0.181 0.50 0,93 a -1.36E-2 0 4.96E-3 6.38E-4 0
0,191 0.50 0.94 0 -1. 26E-2 0 6.85E-3 8.82E-4 0
0.201 0.50 0.95 0 -1. 14E-2 0 8.12E-3 1.05E-3 a
0.211 0.50 0.96 0 -1.02E··2 0 8.88E-3 1.14E-3 0
0.221 0.50 0.97 0 ··8.94E-3 0 9.21E-3 1.18E'-3 0
0.231 0.50 0.97 0 -7.71E-3 0 9.20E-3 1.18E-3 0
0.241 0.50 0.98 a -6.55E-3 0 8.93E-3 1.15E-3 0
0.251 0.50 0.99 0 -5.46E-3 0 8.47E-3 1.09E-3 a
0.261 0.50 0.99 a -4.45E-3 0 7.87E-3 1 01E-3 0
0.271 0.50 1.00 0 -3.55E-3 0 7.18E-3 9.24E-4 0
0.281 0.50 1.00 0 -2.75E-3 0 6.44E-3 8.29E-4 0
0.291 0.50 1.00 0 -2.05E-3 a 5.68E-3 7.32E-4 0
0.301 0.50 1. 00 0 ..1.45E-3 0 4.94E-3 6.35E-4 0
0.311 0.50 1.00 0 -9.40E-4 a 4.21E ....3 5.42E-4 a
0.321 0.50 1.01 a -5.19E-4 a 3.53E-3 4.55E-4 a
0.331 0.50 1.01 a -J.. 79E-4 0 2.91E-3 J.74E-4 0
0.341 0.50 1. 01 0 9.02E-5 0 2.34E-3 3.01E-4 0
0.351 0.50 l.01 0 2.96E-4 a 1.83E-3 2.35E-4 0
0.361 0.50 1,01 0 4.47E-4 0 1.38E-3 1.78E-4 0
0.371 0.50 1.01 a 5.52E-4 0 9.97E-4 1.28E-4 0
0.381 0.50 1. 01 a 6.17E-4 0 6.70E-4 8.62E-5 a
0.391 0.50 1.00 0 6,,50E-4 0 3.97E-4 5.11E-5 a
0.401 0.50 1.00 0 6.57E-4 0 1.74E-4 2.24E-5 a
0.411 0.50 1.00 0 6.44E-4 0 -3.37E-6 -4.34E-7 0
0.421 0.50 1. 00 0 6.15E-4 a -1.41E-4 -1. 81E-5 0
0.431 0.50 1.00 0 5.75E-4 0 -2.44E-4 -3.14E-5 0
0.44·1 0.50 1.00 0 5.28E-4 0 -3.16E-4 -4.07E-5 0
0.451 0•.50 1.0e 0 4.76E-4 Q -3.64E-4 -4.68E-5 0
0.461 0.50 1.00 0 4.23E-4 0 -3.g0E-4 -5.02E-5 0
0.471 0.50 1. 00 0 3.69E-4 0 -3.99E-4 -5.14E-5 0
0.481 0.50 1.00 0 3.17E-4 0 ..3.95E-4 -5.08E-5 0
0.491 0.50 1.00 a 2.67E-4 0 -3.80E-4 -4.90E"5 0
0.501 0.50 1. 00 0 2.26E-4 0 -3.80E-4 -4.90E-5 0
0.5l.L l).50 1. 00 0 2.20E-4 0 -5.29E-4 -6.81E-5 0
0.521 0.50 1. 00 0 2.17E-4 0 ...6.75E-4 -8. 68E ....5 0
0.531 0.50 1.00 0 •17E··4 0 -S.19E-4 -1.05E-4 0
0.541 0.50 1.00 0 ;.17E-4 0 -9.64E-4 -1.24E-4 0
0.551 0.50 1.00 0 2.18E-4 0 "'1.llE-3 -1.43E-4 0
0.561 0.50 1.00 0 2.16E-4 0 -1.25E-3 -1. 61E ..4 a
0.571 0.50 1.00 0 2.10E-4 0 -1. 40E-3 "'1. BOE-4 0
0.581 0.50 1.00 0 1.99E-4 0 -1. 53E"3 -1. 97E-4 0
0.591 0.50 1.00 0 1.79E-4 0 -1.66E-3 "'2.14E-4 a
0.601 0.50 1.00 0 1.48E-4 a ....1.77E-3 "2. 28E-1], 0
0.611 0.50 1.00 0 1.04E-4 0 -1. 85E-3 "'2.39E-4 0

Q 5



x NX I Ncp' NXcp I QX' Qcpl MX' Hcp' M,ItCP ,

0.621 0.50 1.00 0 tl.38E-5 0 -1. 90E-3 -2.45E-4 0
0.631 0.50 1.01 0 -3.58E-5 0 -1. 91E-3 -2.46E-4 0
0.641 0.50 1.01 0 -1. 38E-4 0 -1.85E-3 -2.38E-4 0
0.651 0.50 1.01 0 -2.65E-4 0 -1. 72E-3 -2.21E ....4 0
0.661 0.50 1.01 0 -4.20E-4 0 -1. 49E-3 -1. 92E-4 0
0.1571 0.50 1.01 0 -G.06E-4 0 -1. 15E-3 -1. 48E-4 0
0.681 0.50 1.02 0 -8.24E-4 0 -6.77E-4 -B.7'E··5 0
0.691 0.50 1.02 0 -1.08E-3 0 -4.53E-5 -5 ~E-6 0
0.701 0.50 1.02 0 -1. 36E-3 0 7.66E-4 9.86l!:-5 0
0.711 0.50 1. 02 0 -1.69E-3 0 1.78E-3 2.29E-4 0
0.721 0.50 1. 02 0 "'2.04E-3 0 3.02E-3 3.89E-4 0
0.731 0.50 1. 03 0 -2.42E-3 0 4.51E-3 5.80E-4 0
0.741 0,50 1. 03 0 -2.82E-3 0 6.25E-3 8.05E-4 0
0.751 0.50 1.03 0 -3.24E-3 0 8.28E-3 1.07E-3 0
0.761 0.50 1.03 0 -3.66E-3 0 1.06E-2 1. 36E-3 0
0.771 0.50 1.03 0 -4.07E-3 0 1.32E-2 1.69E-3 0
0.781 0.50 1.02 0 -4.45E-3 0 1.60E-2 2.06E-3 0
0.791 0.50 1.02 0 -4.77E-3 0 1.91E-2 2.46E-3 0
0.801 0.50 1.01 0 -5.01E-3 0 2.23E-2 2.88E-3 0
0.811 0.50 1.00 0 -5.14E-3 0 2.57E-2 3.3.LE-3 0
0.821 0.50 0.99 a -5,11E-3 0 2.92E-2 3.75E-3 0
0.831 0.50 '0.98 0 -4.89E-3 0 3.25E-2 4.18E-3 0
0.841 0.50 0.96 0 -4.43E-3 0 3.56E-2 4. !59E-3 0
0.851 0.50 0.94 0 -3.67E-3 0 3.841~-2 4.94E-3 0
0.861 0.50 0.91 0 -2.55E-3 0 4.04n-2 5.21E-3 0
0.871 0.50 0.88 0 -1.01E-3 0 4.17E:-2 5.36E-3 0
0.881 0.50 0.85 0 1.01E-3 0 4.17E-2 5.37E-3 0
0.891 0.50 0,81 0 3.57E-3 0 4.02E-2 5.17E··3 0
0.901 0.50 0.77 0 6.75E-3 0 3.68E-2 4.73E-3 0
0.911 0.50 0.72 0 1. 06E-2 0 3.10E-2 3.99E-3 0
0.921 0.50 0.67 0 1.52E-2 0 2.25E-2 2.89E-3 0
0.931 0.50 0.62 0 2.05E-2 (J 1. 06E-2 1.37E-3 0
0.941 0.50 0.57 0 2.67E-2 0 -5.07E-3 -6.53E-4 0
0.951 0.50 0.52 0 3.36E-2 0 -2.51E-2 -3.23E-3 0
0.961 0.50 0.47 0 4.13E-2 0 -5.01E-'2 -6.45E-3 0
0.971 0.50 0.42 0 4.91~E-2 I') -8.04E-2 -1.03E-2 0
0.981 0.50 0.39 0 5.88E-2 o -0.12 -1. 50E-2 0
0.991 0.50 0.36 0 6.83E-2 0 -0.16 -2.05E··2 0
1.001 0.50 0.36 0 7.561~-2 0 -0.19 -2.51E-2 0
1.011 0.50 0.37 0 6.59E-2 0 -0.15 -1. 90E-2 0
1.021 (l.50 0.40 0 5.65E-2 0 -0.11 -1. 38E-2 0
1.031 0.50 0.43 0 4.76E-2 0 -7.22E-2 -9.30E-3 0
1.041 0.50 0.48 0 3.93E-2 0 -4.33E-2 -5.57E-3 0
1.051 0.50 0.53 0 3.18E-2 0 -1.96E-2 -2.53E-3 0
1.061 0.50 0.58 0 2.51E-2 0 -7.32E-4 -9.42E-5 0
1. 071 0.50 0.64 0 1.91E-2 0 1. 39E-2 1.79E"·3 0
1.081 0.50 0.69 0 1.40E-2 0 2.49E-2 3.21E-3 0
1.091 0.50 0.74 0 9.57E-3 0 3.27E"2 4.21E-3 0

Q 6

, .



x NX , N¢I NX¢' QX' Q¢, Mx' M¢, 11x¢,
1.101 0.50 0.78 0 5.89E-3 0 3.78E-2 4.87E-3 0
1.111 0.50 0.82 0 2.87E-3 0 4.07E-2 5.24.E-3 0
1.121 0.50 0.86 0 4.47E-4 0 4.18E-2 5.38E-3 0
1.131 0.50 0.89 0 -1. 44E-3 0 4.14E~2 5.33E-3 0
1.141 0.50 0.92 0 -2.87E-3 0 4.00E-2 5.15E-3 0
1.151 0.50 0.94 0 -3.89E-3 0 3.77E-2 4.85E-3 0
1,161 0.50 0.97 0 -4.57E-3 0 3.49E-2 4.49E-3 0
1.171 0.50 0.98 0 -4.97E-3 0 3.17E-2 4.08E-3 0
1.181 0,50 l .• OO 0 -5.14E-3 0 2.83E-2 3,64E-3 0
1.191 0.50 1.01 0 -5.12E-3 0 2.49E-2 3.20E-3 0
1.201 0.50 1.01 0 -4.96E-3 0 2.15E-2 :2.77E-3 0
1.211 0.50 1.02 0 -4.70E-3 0 1.83E~2 2.35E-3 0
1.221 0.50 1..02 0 -4.36E-3 0 1.53E-2 1.96E-3 0
1.231 0.50 1.03 0 -3.97E-3 0 1.25E-2 1.61E-3 0
1.241 0.50 1.03 0 -3.55E-3 0 9.97E-3 1.28E-3 0
1.251 0.50 1.03 0 -3.13E··3 0 7.74E-3 9.96E-4 0
1.261 0.50 1.03 0 -2.72E-3 0 5.79E-3 7.45E-4 0
1.271 0.50 1.03 0 -2.32E-3 0 4 .11E·~3 5.29E-4 0
1.281 0.50 1.02 0 -1.94E-3 0 2.70E-3 3.47E-4 0
1.291 0.50 1.02 0 -1. 59E-3 0 1.52E-3 1.96E-4 0
1.301 0.50 1.02 a -1. 28E-3 0 l5.66E-4 7.28E-5 0
1.311 0.50 1. 02 0 -9.97E-4 0 -1. 90E-4 ""2.45E-5 0
1. 321 0.50 1.02 0 -7.51E-4 0 -7.71E-4 -9.92E-5 0
1.331. 0.50 1. 01 0 -5.39E-4 0 -1. 20E-3 -1.54E-4 0
1.341 0.50 1.01 0 "'3.59E-4 0 -1. 50E ....3 -1. 93E-4 0
1.351 0.50 1. 01 0 -2.10E-4 a -1. 68E-3 -2.17E-4 0
1.361 0.50 1.01 0 -8.78E-5 0 -1. 78E-3 -2.29E-4 0
1.371 0.50 1.01 0 9.21E-6 0 -1..81E-3 -2.33E-4 0
1.381 0.50 1.00 0 8.42E-5 a "'l..78E-3 -2.2BE-4 0
1.39J. 0.50 1.00 0 1.40E-4 0 -1. 70E-3 -2.19E-4 0
1.401 0.50 1.or 0 1.7QE-4 0 -1.59E-3 "'2.05E-4 a
1.411 0.50 1.C' 0 2.04E-4 a -1.46E-3 -1.88E-4 a
1.421 0.50 1.00 a 2.18E"'4 0 -1.32E-3 -1. 70E-4 a
1.431 0.50 1.00 0 2.23E-4 0 -1.18E-3 -1.51E-4 0
1.441 0.50 1.00 0 2.20E-4 0 -1. 03E-3 -1.32E-4 a
1.451 0.50 1.00 0 2.l1E-4 0 -8.84E"'4 -1.14E-4 0
1.461 0.50 1.00 0 1.99E-4 a -7.47E-4 -9.61E-5 a
1.471 0.50 1.00 0 1.83E-4 0 -6.19E-4 -7.97E-5 0
1.481 0.50 1.00 0 1.66E-4 0 -5.03E-4 ...6.47E-5 a
1.491 0.50 1.00 0 1.48E-4 0 -3.99E-4 -5.13E-5 0
1.501 0.50 1.00 0 1.34E-4 o -3.28E-4 -4.22E-5 0
1.511 0.50 1.00 a 1.52E ..4 0 -4.24E-4 -5.45E-5 0
1.521 0.50 1.00 0 1.70E-4 0 -5.31E-4 -6.84E-5 0
1.531 0.50 1.00 0 1.87E-4 0 -6.51E-4 ...8.37E-5 0
1.541 0.50 1.00 0 2.02E-4 a -7.80E-4 -1. 00.8-4 0
1.551 0.50 1. 00 a 2.14E-4 0 -9.19E-4 ....1.18E-4 a
1.561 0.50 1.00 0 2.21E-4 0 -1.06E-3 -1.37E-4 a
1.571 0.50 1.00 0 2.22E-4 0 -1. 21E-3 -1.56E-4 a

Q 7



x NX , N¢, Nx¢' Qx' Q¢I M;x, M¢, M;x¢'
1.581 0.50 1. 00 0 ~.16E-4 0 -1. 36E-3 -1. 75E-4 0
1.591 0.50 1.00 0 1.99E-4 0 -1. 50E-3 -1. 93E-4 0
1.601 0.50 1.00 0 1.71E-4 0 -1. 62E-3 -2.09E-4 0
1.611 0.50 1.00 0 1.28E-4 0 -1. 72E-3 -2 .22~~"'4 0
1.621 0.50 1.00 0 6.72E-5 0 -1. 79E-3 -2.30E-4 0
1.631 0.50 1.01 0 -1.30E-5 0 -1.8n:-3 -2.33E-4 0
1.641 0.50 1.01 0 -1. 16E-4 0 -1.77E-3 -2.27E-4 0
1.651 0.50 1.01 0 "'2.45E-4 0 -1.65E-3 -2.12E-4 0
1.661 0.50 1.01 0 -4.02E-4 0 -1.43E-3 -1.84E-4 0
1.671 0.50 1.01 0 -5.89E-4 0 -1.10E-3 -1. 42E-4 0
1.681 0.50 1.02 0 ~8.10E-4 0 -6.40E-4 -8.24E-5 0
1.691 0.50 1.02 0 -1. 06E-3 0 -1.74E-5 -2.24E-6 0
1.701 0.50 1.02 0 -1. 35E-3 0 7.86E-4 1.01E-4 0
1.711 0.50 1.02 0 -1.68E-3 0 1.79E-3 2.31E-4 0
1.721 0.50 1.02 0 -2.03E-3 0 3.03E-3 3.90E-4 0
1.731 0.50 1.03 0 -2.41E-3 0 4.51E-3 5.80E-4 0
1.741 0.50 1.03 0 -2. 8~lE""3 0 6.25E-3 8.0GE-4 0
1.751 0.50 1.03 0 -3.24E-3 0 8.27E-3 1.06E-3 0
1.761 0.50 1.03 0 -3.66E-3 0 1.06E-2 1.36E-3 0
1.771 0.50 1.03 0 "4.07E-~ 0 1.31E-2 1.69E-3 0
1.781 C.50 1.02 0 -4.45E ..3 0 1.60E-2 2.06E-3 0
1.791 0.50 1. 02 0 -4.77E-3 0 1.91E-2 2.45E-3 0
1.801 0.50 1.01 0 -5.01E-3 0 2.23E-2 2.87E-3 0
1.811 0.50 1.00 0 -5.14E-3 0 2.57E"2 3.31E-3 0
1.82J. 0•.50 0.99 0 -5,12E-3 0 2.92E-2 3.75E-3 0
1.831 0.50 0.98 0 -4.89E-3 0 3.25E-2 4.18E-3 0
1.841 O.SO 0.96 0 -4.43E-3 0 3.56E-2 4.59E-3 0
1.851 0.50 0.94 0 -3.67E-3 0 3.83E··2 4.93E-3 0
1.861 0.50 0.91 0 -2.55E-3 0 4.04E-2 5.20E-3 0
1.871 0.50 0.88 0 -1.01E-3 0 4 .1·7E~'2 5.36E ..3 0
1.881 0.50 0.85 0 1.00E-3 0 4. 17B ....2 5.36B-3 0
1.891 0.50 0.81 0 3.57E-3 0 4. 02E"2 5.17E-3 0
1.901 0.50 0.77 0 6.75E-3 0 3.68E-2 4.73E-3 0
1.911 0.50 0.72 0 1.06E-2 0 3.10E-2 3.99E-3 0
1.921 0.50 0.67 0 1,52E-2 0 2.25E-2 2.89E-3 0
1.931 0.50 0.62 0 2.05E-2 0 1.06E-2 1.37E-3 a
1.941 0.50 0.57 0 2.67E-2 0 -5.07E-3 -6.53E-4 0
1.951 0.50 0.52 0 3.36E-2 0 ··2.51E-2 -3.23E-3 0
1.961 0.50 0.47 0 4.13E"'2 0 -S.01:El-2 -6.44E-3 0
1. 971 0.50 0.42 0 4.98E-2 0 -8.04E-2 -1.03E-2 0
1.981 0.50 0.39 0 5.88E-2 0 -0,12 -1.50E~2 0
1.• 991 0.50 0.36 0 G.83E-2 0 -0.16 -2.05E-2 0
2.001 0.50 0.36 0 7.56E-2 0 "0.19 -2.51E-2 0
2.011 0.50 0.37 0 6.59E"2 0 -0.15 "'1.90E-2 0
2.021 0.50 0.40 0 5.65E-2 0 -0.11 -1. 38E-2 0
2.031 0.50 0.43 0 4.76E-2 0 "'7.22E"'2 -9.30E-3 0
2.041 0.50 0.48 0 3.93E-2 0 -4.33E-2 -5.57E-3 0
2.051 0.50 0,53 0 3.18E-2 0 "1. 96E"2 -2.53E-3 0
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x N;g:I N¢I NXcpl QXI Qcpl lRjt! Mcp' l1xcp I
2.061 0.50 0.58 0 2.51:8-2 0 -7.33E-4 -9.44E-$ G
2.071 0.50 0.64 0 1.91E··2 0 1.39E-2 1.79E-3 02.081 0.50 0,69 0 1.. 40E-2 0 2.49E-2 3.21E-3 0
2.091 0.50 0.74 0 9.57E··3 0 3.27E-2 4.21El-3 0
2.101 0.50 0.78 J 5.89E~·3 0 3.78E-2 4.87E-3 0
2.111 0.50 0.82 0 2.87E-J 0 4.07B-2 5.24E-3 0
2.121 0.50 0.86 0 4.47E-4 0 4.18E-2 5.38E-3 0
2.131 0.50 0.89 0 -1.44E-3 0 4.14E-2 5.33E-3 0
2.141 0.50 0,.92 0 -2.87E-3 0 4.00E-2 5.15E-3 0
2.151 0.50 0.94 0 -3.89E-3 0 3.77E-2 4.35E-3 0
2.161 0.50 0.97 0 -4.57E-3 o 3.49E-2 4.49E-3 0
2..171 0.50 0.98 (.\ -4.97E-3 0 3.17E-2 4.08E-3 o
2.181 0.50 1.00 0 -5.14E-~ 0 2.83E-2 3.64E-3 0
2.191 0.50 1.01 0 ~5.12E-3 0 2.49E-2 3.20E-3 0
2.201 0.50 1.0:'. 0 -4.9GE-3 0 2.15E-2 2.77E-3 0
2.211 0.50 1.02 0 -4.70E-3 0 1.83E-2 2.35E-3 0
2.221 0.50 1.02 0 -4.36E-3 0 l.53E-2 1.96E-3 0
2.231 0.50 1.03 0 ··3.97E-3 0 i, 25E-2 1.61E-3 0
:'.0241 0.50 1.03 0 -3.55E-3 0 9.!~7El-3 1.28E-3 0
2.251 O.DO 1.03 0 -3.l.3E-:: 0 7 ..74E-3 9.96E-4 0
2.261 0.50 1.03 o -2.72E"'3 0 5.79El-3 7.4SE-4 0
2.271 0.50 1.. 03 0 -2.32E-3 0 4.11E-3 5.29E-4 J
2.281 0.50 1.02 0 ....1.S4E-3 0 2.70E-3 3.47E-4 0
2.291 0.50 1. 02 0 -1.59El-3 0 1.52E-3 1.9(5E-4 0
2.301 0.50 1.02 0 -1.28E-3 0 ;;.6t~'l:"-47.28E-5 0
2.311 0.50 1.02 0 '-9.97El-4 0 -1. 90E'-'~ -2.45El-5 0
2.321 0.50 1.02 0 -·7.51E-4 0 -7.71E·-.·1-9.92E-5 0
2.331 0.50 1.01 0 ""5.39E-4 0 -1.20E-3 -1. 54E-·4 0
2.341 0.50 1.01 0 -3.59E-4 0 -1.50E-3 -1.93E-4 0
2.351 0.50 1.01 0 -2.10E-4 0 -1.68E-3 -2.17E-4 02.361 0.50 1.01 0 "8.78E-5 0 -1.78E-3 -2.29E-4 0
2.371 0.50 1.01 0 9.20E-6 0 ,,1.81E-3 -2.33E-4 0
2.381 0.50 1.00 0 8.42E-o 0 -1.78E-3 -2.28E-4 0
2.391 0.50 1.00 0 1.40E-4 0 -1. 70E-3 -2.19E-4 0
2.401 0.50 1.00 0 1.79E-4 0 -1. 59E-3 -2.05E-4 0
2.411 0.50 1.00 0 2.04E-4 0 -1. 46E-3 -:L88E-4 02.421 0.50 1. 00 0 2.18E"'4 0 -1. 32E'-3 -1.70E ....4 0
2.431 0.50 1.00 0 2.23El-4 0 -1.18E"3 -1. 51E-4 0
2.441 0.50 1.00 0 2.20E-4 0 -~.•03E-3 '"1.32E-4 0
2.451 0.50 1.00 0 2.l1E-4 0 -8.84E-4 -1.14E-4 0
2.461 0.50 1.00 0 1.99E-4 0 -7.47E-4 -9.61E-5 0
2.471 0.50 1.00 0 :1.. 83E-4 0 -6.19E-4 -7.97E-5 0
2.481 0.50 1.00 0 1. 66E-4 0 -5.03E-4 -6.47E-5 0
2.491 0.50 1.00 0 1.48E-4 0 -3.99E-4 -5.13E-5 0
2.501 0.50 1.00 0 1.34E-4 0 -3.28E··4 '4.J2E:-5 0
2.511 0.50 1. 00 0 1.52E-4 a "'4.24E-4 -5.45E-5 0
2.521 0.50 1. 00 0 1.70E-4 0 -5.31E-4 ··6.84E··5 0
2.531 0.50 1. 00 0 1.87E"'4 0 -6. 51!>"~ -8.37E-5 0
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x NX
I 1'!~1 NX~I QXI Q¢I Mx' M¢I Mx¢'

2.541 0.50 1.00 0 2.02:8-4 0 -7.80E-4 -1.00E-4 0
2.551 0.50 1.00 0 2.14:8-4 0 -9.19E-4 -1. 18E-4 0
2.561 0.50 1. 00 0 2.21E-4 0 -1.06E-3 -1. 37E-4 0
2.571 0.50 1.00 0 2.22E-4 0 -1. 21E-3 -1. 56E-4 0
2.5al 0.50 1.00 0 2.1GE-4 0 -1. 36E-3 -1. 75E-4 0
2.591 0.50 1.00 0 1.99E-4 0 -1. 50E-3 -1. 93E-4 0
2.601 0.50 1.00 0 1.71E-4 0 -1.62E-3 -2.09E-4 0
2.611 0.50 1.00 0 1.28E-4 0 -1.72E-3 -2.22E-4 0
2.621 0.50 1.00 0 6.72:8-5 0 -1.79E-3 -2.30E-4 0
2.63l. 0.50 1.01 0 -1. 30E-5 0 -1. 81E-3 -2.33E-4 0
:2.641 0.50 1.01 0 -1.16E-4 0 -1.77E-3 -2.27E-4 0
2.651 0.50 1.01 0 -2.45E-4 0 -1.G5E-3 -2.12E-4 0
2.661 0.50 1.01 0 -4.02E-4 0 ~l. 43E-3 -1.84E-4 0
2.671 0.50 1.01 0 -5.89".:-4 0 -1.10E-3 -1.42E-4 0
2.681 0.50 1.02 0 -8.101~-4 0 -6.40E-4 -8.24E-5 0
2.691 0.50 1.02 0 -1. 06B-3 0 -1. 74E-5 -2.25E-6 0
2.701 ('.50 1.02 0 -1. 35E-3 0 7.86E-4 1.01E-4 0
2.711 0.50 1. 02 0 -1.68E-3 0 1.79l!:-3 2.31E-4 0
2.721 0.50 1.02 0 -2.03E-3 0 3.03E-3 3.90E-4 0
2.731 0.50 1.03 0 -2.41E-3 0 4.51E-3 5.80E-4 0
2.741 0.50 1.03 a -2.82E-3 0 6.25E-3 8.05E-4 0
2.751 0.50 1.03 a -3.24E-3 a 8.27E-3 1.06E ....3 0
2.761 0.50 1.03 0 -3.66E-3 0 1. 06E-2 1.36E-3 0
2.771 0.50 1.03 0 -4.07E-3 0 1.31E-2 1.69E-3 a
2.781 0.50 1.02 0 -4.45E-3 a 1.GOE-2 2.06E-3 0
2.791 0.50 1.02 0 -4.77E-3 0 1.91E-2 2.45E-3 0
2.801 0.50 1.01 0 -5.01E-3 0 2.23E-2 2.87E-3 0
2.811 0.50 1.00 a -5.14E-3 0 2.57E-2 3.31,E-3 0
2.821 0.50 0.99 0 -5.12E-3 a 2.92E-2 3.75E-3 0
2.831 0.50 0.98 0 -4.89E-3 0 3.25E-2 4.18:8"'3 0
2 841 0.50 0.96 0 -4.43E-3 0 3.56E-2 4.59E-3 0
2.851 0.50 0.94 a "3.67E-3 0 3.83E-2 4.93E-3 0
2.86:1. 0.50 0.91 a -2.55E ..;:' 0 4.04E-2 5.20E-3 0
2.87~ 0.50 0.88 0 -1. 01E-3 a 4.17"" 5.35E ....3 0
2.881 0.50 0.85 0 1.00E-3 0 4.17' 5.36J~-3 0
2.891 0.50 0.81 0 3.S7E-3 0 4.02". .. 5.17E-3 0
2.901 0.50 0.77 0 6.75E-3 0 3.68E-2 4..73E-3 0
2.911 0.50 0.72 a 1.06E··2 0 3.10E-2 3.99E-3 a
2.921 0.50 0.67 a 1.52E-2 0 2.25E-2 2.89E-3 0
2.931 0,50 0.62 0 2.05E-2 0 1.06E-2 1.37E-3 0
2.941 0.50 0.57 0 2.67E-2 0 -5.07E-3 -6.53E-4 0
2.951 0.50 0.52 a 3.36E-2 0 "'2.51E-2 -3.23E-3 0
2.961 0.50 0.47 0 4.13E-2 0 -5.01E-2 -G.44E-3 0
2.971 0.50 0.42 0 4.98E-2 a "'8.04E-2 -1.03E-2 0
2.981 0.50 0.39 0 5.88E-2 0 -0.12 -1.50E-~ 0
2.991 0.50 0.36 a 6,83E-2 0 -0.16 -2.05E-2 0
3.001 0.50 0.36 0 7.56E-2 0 "0.19 -2.51E"2 0
3.011 0.50 0.37 0 6.59E ....2 a -0.15 -1. 90E"'2 0

Q 10



x N' Nq,' Nxq,' Qx' Q¢I MX' Ucpl Mx¢'X
3. '21 0.50 0.40 0 5.65E-2 0 -0.11 -1. 38E-2 0
3.031 0.50 0.43 0 4.76E-2 0 -7.22E-2 -9.30E-3 0
3.041 0.50 0.48 0 3.93E-2 0 -4.33E-2 ...5.57E-3 0
3.051 0.50 0.53 0 3.18E-2 0 -1.96E-2 -2.53E-3 0
3.061 0.50 0.58 0 2.51E-2 0 -7.35E-4 -9.46E-5 0
3.071 0.50 0.64 a 1.91E-2 a 1.39E-2 1.7~.)E·"30
3.081 0.50 0.69 0 1.40E-2 0 2.49E-2 :3. 21E-3 0
3.091 0.50 0.74 0 9.57E-3 a 3.27E-2 4.21E-3 a
3.101 0.50 0.78 0 5.89E-3 a 3.78E-2 4.87E-3 a
'3.111 0.50 0.82 a 2.87E-3 0 4.07E-2 5.24E-3 0
3.121 0.50 0.86 a 4.48E-4 0 4.18E-2 5.38E-3 0
3.131 0.50 0.89 0 -1.44E-3 a 4.14E·-2 5.33E-3 0
3.141 0.50 0.92 0 -2.87E-3 0 4.00E-2 5.15E-3 0
3.151 0.50 0.94 0 ··3.89E-3 0 3.77E-2 4.85E-3 0
3.161 0.50 0.97 0 -4.57E-3 a 3.49E-2 4.49:8..3 0
3.171 0.50 0.98 0 -4.97E-3 a 3.17E-2 4.08E-3 0
3.181 0.50 1.00 0 -5.14E-3 0 2.83E-2 3.64E-3 0
3.191 0.50 1. 01 0 -5.12E-3 a 2.49E-2 3.20E-3 0
3.201 0.50 1.01 0 -4.96E-3 0 2.15E-2 2.77E-3 0
3.211 0.50 1.02 0 -4.70E"'3 a 1.83E-2 2.35E-3 0
3.221 0.50 1.02 0 -4.36E-3 0 1.53E-2 1.96E-3 0
3.231 0.50 1.03 0 -3.97E·-3 0 1.25E-2 L 61E-3 0
3.241 0.50 1.03 0 -3.56E-3 0 9.97E-3 1.28E-3 0
3.251 0.50 1.03 a -3.13E-3 0 7.74E-3 9.96E-4 0
3.261 0.50 1.03 a -2.72E-3 0 5.79E-3 7.45E-4 0
3.27l. 0.50 1.03 0 -2.32E-3 0 4. aaa-a 5.29E....4 0
3.281 0.50 1.02 0 -1. 94E-3 0 2.70E-3 3.47E-4 0
3.291 0.50 1.02 0 -1.59E"<~ 0 1.52E-3 1.96E-4 0
3.301 0.50 1.02 0 "1.28E-3 0 5.66E-4 7.28E-5 0
3.311 0.50 1.02 0 -9.97E-4 0 "'1.90E-4 -2.45E-5 0
3.321 0.50 1.02 0 -7.51E-4 0 -7.71E-4 "·9.92E-5 0
3.331 0.50 1.01 0 -5.39E-4 0 -1. 20E"3 -1.54E-4 0
3.341 0.50 1. 01 0 -3.59E-4 0 -1.50E··3 -1.93E-4 0
3.351 0.50 1.01 0 -2.10E-4 0 -l.68E-3 -2.l7E-4 a
3.361 0.50 1.01 a "'8.78E-5 0 -1. 78E-3 -2.29E-4 0
:3 .371 0.50 1.01 0 9.20E-6 0 -1. 81E-3 ""2. 33E"'4 a
3.381 0.50 1.00 0 8.42E-5 0 ""1. 78E"'3 -2.28E"'4 0
3.391 0.50 1.00 0 l.40E-4 0 -1.70E"'3 -:ii.19E-A.0
3.401 0.50 1.00 0 1.79E-4 0 "'1.59E-3 -2.05E"'4 0
3.411 0.50 1.00 a 2.04E ....4 Q "1.4GB-:) -1.&\8E-4 0
3.421 0.50 1.00 a 2.18E-It 0 "'1.32E-3 ~'l,.70E-4 0
3.431 0.50 1.00 " 2.23E-4 0 -1.18E-3 "1,51E"'4 0oJ

3.44l. 0.50 1.00 0 2.20E-4 0 "':I..03E...3 -1.:.l2E-4 0
3.451 0.50 1.00 0 2.11E-4 0 -8.a4E-4 -1.14E-4 0
3.461 0.50 1. 00 0 1.99F,,4 0 -7.47E-4 -9. 63.E"'5 0
3.471 0.50 1.00 0 1.83E ..4 a -6.3.9E-4 '~7.97E-5 ~
3.481 0.50 1.00 0 1.66E-4 a -5.03E-4 -6.48E"5 o
3.491 0.50 1.00 0 1.48E-4 0 -:3. 99E-4 ...5.13E-5 0

Q 3.1



X NX , Ncp' Nxcp' Qx' Qcpl Mx' Mcp' Mxcp I
3.501 0.50 1.00 0 1.02E-4 0 -2.49E-4 -3.20E-5 0
3.511 0.50 1.00 0 1.15E-4 0 -3.21E-4 -4.13E-5 0
3.521 0.50 1.00 0 1.29E-4 0 -4.02E-4 -5.18E-5 0
3.531 0.50 1. 00 0 1.42E-4 0 -4.93E-4 -6.34E-5 0
3.541 0.50 1.00 0 1.53E-4 0 -5.91E-4 -7.61E-5 0
3.551 0.50 1.00 0 1.62E-4 0 -6.96E'-4 -8.96E"'5 0
3.561 0.50 1.00 0 1.67E-4 0 -8.06E-4 -1.04E-4 0
3.571 0.50 1.00 0 1.68E-4 0 -9. 18E....4 -1. 18E-1i 0
3.581 0.50 1.00 0 1.63E-4 0 -1.03E-3 -1. 32E-4 0
3.591 0.50 1.00 0 1.51E-4 0 -1. 13E-3 -1.46E-4 0
3.601 0.50 1.00 0 1.29E-4 0 -1. 23E-3 -1.58E-4 0
3.611 0.50 1. 00 0 9.66E-fi 0 -1. 30E-3 -1.68E-4 0
3.621 0.50 J..OO 0 5. 09:F~-5 0 -1.35E-3 -1.74E-4 0
3.631 0.50 1.00 0 -9.8EE-6 0 -1. 37E-3 -1. 76E-4 0
3.641 0.50 1.01 0 -8.79E-5 0 -1.34E-3 -1. 72E-4 0
3.651 0.50 1.01 0 -1. 85E-4 0 -1.25E-3 -1. 61E-4 0
3.6<51 0.50 1.01 0 -3,04E-4 0 -1.09E-3 -1.40j;l]-40
3.671 0.50 1.01 0 -4.46E-1i 0 -8.37E-4 -1.08E-4 0
3.6S1 0.50 1.01 0 -G.13E-4 0 -4.85E-4 "'6.24E-5 0
3.691 0.50 1.01 0 -8.06E-4 0 -1. 33E-5 -1. 71E-G 0
3.701 0.50 1.02 0 -1.02E-3 0 5.96E-4 7.66E-5 0
3.711 0.50 1.02 0 -1. 27E-3 0 1.3GE-3 1.75E-4 0
3.721 0.50 1.02 0 -1. 54E-3 0 2.29E-3 2.$5E-4 0
3.7:11 0.50 1.02 0 -1.83E-3 0 3.41E-3 4.39E-4 0
3.741 0.50 1.02 0 -2.14E-3 0 4.74E-3 6.09E-4 0
3.751 0.50 1.02 0 -2.45E-3 0 6.26E-3 8.06E-4 0
3.7G1 0.50 1.02 0 "'2.77E-3 0 8.01E-3 1.03E-3 0
3.771 0.50 1.02 0 -3.08B-3 0 9.96E-3 1.28E-3 0
3.781 0.50 1.02 0 -3.371"...3 0 1.21E""2 1.56E·~3 0
3.791 0.50 1.01 0 -3.6L ..-3 0 1.44E"2 1.86B-3 0
3.801 0.50 1.01 0 -'3.80E"'3 0 1.69E-:? 2.18E-3 0
3.811 0.50 1.00 0 -3.89E-3 0 1.95E"'2 2.51E-3 0
3.821 0.50 0.99 0 "3.87E-3 0 2.21E-2 2.84E-3 0
3.831 0.50 0.98 0 -3.71E-3 Q 2.46E-2 3.17E-3 0
3.841 0.50 0.97 0 -3. 36E·~3 0 2.70E-2 3.47E"'3 0
3.851 0.50 0.95 0 -2.78E·-3 0 2.90E-2 3.74E"'3 0
1.861 0.00 0.93 0 "'1.93E-3 0 3.06E-2 3.94E-3 0
3.871 0.50 0.91 0 -7.G8B"'4 0 3.15E-2 4.06E"'3 0
3.881 0.50 0.~9 0 7.GOE-4 0 3.16E-2 4.06E-3 0
3.891 0.50 0.86 0 2.70E-3 0 ~i.04E-2 3.9:::E-3 0
3.901 0..50 0.83 0 5t11E-3 0 2.79E"'2 3.59B-3 0
3.911 0.50 0.79 0 8.03E-3 0 2.351::-2 3.03E"'3 0
3.921 0.50 0.75 0 l.15E-2 0 1.70E-2 2.19E-3 0
3.931 0.50 0.71 0 1.5I!E-Z 0 :3. O!m~3 1.04E·":.l0
3.94.1 0.50 0.67 0 2.02E-2 0 "'"3.84E"'3-4.94E-4 0
3,951 0.50 0.63 0 2.5SE-2 0 -1. 90£-2 -2.45E-3 0
3.961 O •.50 0.60 0 3.13E-2 0 -:3.'1,)E-2-4.8SE-3 0
3.971 0.50 0.56 0 :3.77E!-2 0 -6,09E-;?' "'7.fI-lE-3 0
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x NX
,

Ncjll NXcp
, QX' QcjI' MX' McjI' Mxcjl ,

3.931 0.50 0.54 0 4.46E-2 0 -8.83E-2 -1.14E-2 0
3.991 0.50 0.52 0 5.18E-2 0 -0.12 -1.55E-2 0
4.001 0.50 0.51 0 5.73E-2 0 -0.15 -1. 90E-2 0
4.011 0.50 0.52 0 4.99E-2 0 -0.11. -1. 44E-2 0
4.021 0.50 0.54 0 4.28E-2 0 -8.10E-2 -1.04E-2 0
4.031 0.50 0.57 0 3.60E-2 0 -5.47E-2 -7.04E-3 0
4.041 0.50 0.61 0 2.98E-2 0 -3.28E-2 -4.22E-3 0
4.051 0.50 0.64 0 2.41E-2 0 -1. 49E-2 -L91E-3 0
4.061 0.50 0.68 0 1.90E-2 0 -5.56E-4 -7.16E-5 0
4.071 0.50 0.72 0 1.45E-2 a 1.OGE-2 1.36E-3 0
4.081 0.50 0.76 0 1.0GE-2 0 1.89E--2 2.43E-3 0
4.091 0.50 0.80 0 7.25E-3 0 2.48E-2 3.19E-3 0
4.101 0.50 0.83 0 4.46E-3 0 2.87E-2 3.69E-3 0
4.111 0.50 0.87 0 2.17E-3 0 3.08E-2 3.97E-3 0
4.121 ,'.50 0,89 0 3.39E-4 0 3.17E-2 4.07E-3 0
4.131 0.50 0.92 0 -1.09E-3 0 3.14E-2 4.04E-3 0
4.141 0.50 0.94 Q -2.17E-3 0 3.03E-2 3.90E-3 0
4.151 0.50 0.96 0 -2.95E-3 0 2.86E-2 3.68E-3 0
4.161 O.S!) 0.97 a -3.46E-3 a 2.64E-2 3.40E-3 0
4.171 0.50 0.99 a -3.77E-3 a 2.40E-2 3.09E-3 a
4.181 0.50 1.00 a -3.89E-3 a 2.14E-2 2.76E-3 0
4.191 0.50 1.00 0 -3.88E-3 a 1.8BE-2 :2. 42E-3 0
4.201 0.50 1. 01 a -3.76E-3 a 1.63E-2 2.10E-3 0
4.211 0.50 1.02 0 -3.56E-3 a 1. 38E-2 1.78E-3 0
4.221 0.50 1.02 a ....3.30E-3 0 1.16E-2 1.49E-3 0
4.231 0.50 1. 02 0 -3.01E-3 0 9.45E-3 1. 22E-3 0
4.241 0.50 1.02 a '"'2.69E-3 0 7.5IjE-3 9.71E-4 a
4.251 0.50 :1.02 a -2.37E-3 a 5.86E-3 7.54E-4 a
4.261 0.50 1.02 a "2.06E-3 0 4.38E-3 5.64E-4 a
4.271 0.50 1. 02 0 -1. 75E-3 0 3.11E-3 4.01E-4 0
4,,281 0.50 1.02 0 -1. 47E-3 0 2.04E-3 2.63E-4 0
4.291 0.50 1.02 0 -1.21E-3 0 1.15E-3 1. 48B-4 0
4.301 0.50 1.01 0 -9. 67E'~4 0 4.28E-4 5.51E-5 0
4.311 0.50 1.01 0 "'7.55E-4 0 -1. 44E-4 "'1.86E-5 0
4.32::" 0.50 1. O:L 0 -5.69E-4 0 -5.84E-4 -7.52E-5 0
4.331 0.50 1.01 0 -4. 081~"'4 0 -9.08E-4 -1. 17E-4 0
4.341 0.50 1.01 a -2.72E-4 0 -1.13E-3 -1. 46E-4 0
4.351 0.50 1. 01 0 -1.59E-4 0 -1.28E-3 -1.64:8-4 0
4.361 0.5(' 1.01 0 -6.G~E-5 0 -1. 35E-3 -1. 7-'E-4 0
4.371 0.50 1. 00 0 7.02E··6 0 -1.37E-3 -1. 76E,'4 0
4.381 0.50 1.00 0 6.38E-5 0 -1. 34E-'3 -1.73E-4 0
4.391 0.50 1.~.o 0 1.06E-4 0 -1. 29E-3 -1.66E-4 I)

4.401 0.50 1. co 0 1.36E-4 0 -1.•21E-3 -1.55E-4 0
4.411 0.50 :J.. 00 0 1.55r~-4 0 -1.11E-3 -1. 43E-4 0
4.421 0.50 1.00 a 1. 65E-4 0 -1.00E-3 -1. 29E-4 a
4.431 0.50 1.00 0 1.69E-4 0 -8.90E'·4 -1.15E-4 0
4.441 0.50 1. 00 0 1.66E-4 0 -7.78E-4 -1.00B-4 0
4.451 0.50 1.00 0 1.60E-4 0 ...6.69E-4 -8.61E-S 0
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x NX
,

Ncp' NXiib
I Qx' Qcp' Mx' Mcp' Mxcp'

4,4J$1 0.50 1 00 0 1.50E-4 0 -5.66E-4 -7.28E-5 04 <! .. ,~ o. ·~O 1.00 0 1. 39E-4 0 -4.69E-4 -6.04E-5 0. ..
4.4'7\ O .. ElI) 1.00 0 1 26E-4 0 -3.81E-4 -4.90E-5 0
4.491 0,1",,) 1.00 0 1.12:8-4 0 -3.02E-4 -3.88E-5 0
4.501 0. ~,o 1.00 0 1.02E-4 0 -2.49E-4 -3.20E-5 0
4.511 0.50 1.00 0 1.15E-4 0 -3.21E-4 -4.13E-5 0
4.521 O.,150 1.00 0 1.29E-4 0 -4.02E-4 -5.18E-5 0
4.531 U.50 1.00 0 1.42E-4 0 -4.93E-4 -6.34E-5 0
4.541 0.50 1.00 0 1.53E-4 0 -5.91E-4 -7.61E-5 0
4.551 0.50 1.00 0 1.62E-4 0 -6.96E-4 -8.96E-5 0
4.561 0.50 1.00 0 1.67E-4 0 -8.06E-4 -1.04E-4 0
4.571 0.50 1.00 0 1.68E-4 0 -9.18E-4 -1. 18E-4 0
4.581 0.50 1.00 0 1.63E-4 0 -1.03E-3 -1.32E-4 0
4.591 0.50 1.00 0 ,J.. 51E-4 0 -1.13E-3 -1. 46E-4 0
4.601 0.50 1.00 'J 1 29E-4 0 .1. 23E-3 -1.58E-4 0
4.611 0.50 1.00 0 9.65E-5 0 1.30E-3 -1.68E-4 0
4.621 0.50 1.00 0 5.09E-5 0 -1. 35E-3 -1.74E-4 a
4.631 0.50 1.00 0 -9.95E-6 0 -1.37E-3 -1.76E-4 a
4.641 0.50 1.01 a -8.80E-5 a -1. 34E-3 -1. 72E-4 0
4.651 0.50 1.01 a -1. 85E-4 0 -1. 25E-3 -1. 61E-4 0
4.661 0.50 1.01 0 -3.04E-4 0 -1.09E-3 -1. 40E"'4 0
4.671 0.50 1.01 a -4.47E-4 0 -8.36E-4 -1.08E-4 0
4.681 0.50 1.01 0 -6.13F.-4 0 -4.84E-4 -6.23E-5 0
4.691 0.50 1.01 0 -8,06E-4 0 -1.24E-5 -1.60E-6 0
4.701 0.50 1.02 0 -1. 03E-3 0 5.97E-4 7.68E-5 0
4.711 0.50 J.. 02 0 -1.27E-3 0 1.36E-3 1.75E"'4 0
4.721 0.50 1.02 0 -1.54E-3 0 2.30E-3 2.95E-4 0
4.731 0.50 1.02 0 -1. 83E-3 0 3.42E-3 4.40E-4 0
4.741 0.50 1.02 0 -2.14E-3 0 4.74E-3 6.10E-4 0
4.751 0.50 1.02 0 -2.45E-3 0 6.27E-3 8.07E-4 0
4.761 0.50 1. 02 0 -2.77E-3 0 8.01E-3 J.• 03E-3 0
4.771 0.50 1. 02 0 ...:~.08E-3 0 9.96E-3 1.28E-3 0
4.781 0.50 1.02 0 "'3.37E-3 0 1.21E-2 1.56E-3 0
4.791 0.50 1. 01 a -3.61E-3 0 1.44E-2 1. 86E-3 a
4.801 0.60 1. 01 0 ··3.80E-3 0 1.69E-2 2.18E·,.;30
4.811 0.50 1.00 0 -3.89E-3 a 1.95E-2 2.51E-3 0
4.821 0.50 0.99 0 -3.87E-3 0 2.2J.E-2 2.84E-3 0
4.831 0.50 0.98 0 -3.71E-3 0 2.46E-2 3.17E·-3 a
4.841 0.50 0.97 0 -3.35E-3 a 2.70E-2 3.47E-3 0
4.851 0.50 0.95 0 -2.78E-3 a 2.90E-2 3.74E-3 0
4.861 0.50 0.93 a -1. 93E-3 0 3.06E-2 3.94E-3 o
4.871 0.50 0.91 0 -7.66E-4 a 3.15E-2 4.06E-3 0
4.881 0.50 0.89 0 7.64E-4 0 3.16E-2 4.06E-3 0
4.891 0.50 0.86 a 2.71E-3 a 3.04E-2 3.92E-3 0
4.=:01 0.50 0.83 0 5.12E-3 0 2.79E:-2 3.58E-3 a
4.911 0.50 0.79 0 a.04E-3 0 2.35E-2 3.02E-3 a
4.921 0.50 0.75 0 1.15E-2 a 1.70E-2 2.19E-3 a
4.931 0.50 0.71 (l 1.56E-2 0 8.02E-3 1.03E-3 a
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x N I 'bl¢ I NXrp' QX' Qrpl Mx' M¢I ~¢ Ix
4.941 0.50 0.67 0 2.02E-2 0 -3.87E-3 ··4.98E-4 0
4.951 0.50 0.63 0 2.55E-2 0 -1.91E-2 -2.45E-3 0
4.961 0.50 0.60 0 3.13E-2 0 -3.80E-2 -4.89E-3 0
4.971 0.50 0.56 0 3.77E-2 0 ··6.10E-2 -7.84E-3 0
4.981 0.50 0.54 0 4.46E-2 0 -8.84E-~ -1.14E-·2 0
4.991 0.50 0.52 0 5.18E-2 0 -0.12 ...1.55E-2 0
5.001 0.50 0.51 0 .5.73E-2 0 -0.15 -1. 90E-2 0
5.011 0.50 0.52 0 4.99E-2 0 -0.11 -1.44E-2 0
5.021 0.50 0.54 0 4.28E-2 0 -8.09E-2 -1.04E-2 0
S.031 O.SO 0.S7 0 3.60E-2 0 "'S.47E-2 -7.04E-3 0
5.041 0.50 0.61 0 2.98E-2 0 -3.28E-2 -4.22E-3 0
5.0t11 0.50 0.64 0 2.41E-2 0 -1. 48E-2 -1.91E-3 0
5.061 0.50 0.68 0 1.90E-2 0 "'5.27E-4 -6.7BE-5 0
5.071 0.50 0.72 0 1.45E~2 0 1.06E-:? 1.36E-3 o
5.081 0.50 0.76 0 1.0GE-2 0 1.89E-2 2.43E-3 0
5.091 0.50 0,80 0 7.24E-3 0 :;L 48E-2 3.19E-3 0
5.101 0.50 0.83 0 4.46E-3 0 2.87E-2 3.69E-3 0
5.111 0.50 0.87 0 2.17E-3 0 3.09E-2 3.97E-3 0
5.121 0.50 0.89 0 3.35E-4 0 3.17E-2 4.07E-3 0
:5.131 0.50 0.92 a -1.10E-3 0 3.14E-2 4.04E-3 0
5.141 0.50 0.94 0 -2.17E-3 0 3.03E-2 3.90E-3 0
5.151 0.50 0.96 0 -2.95E-3 0 :2. 86E-'2 3.6SE-3 0
5.161 0.50 0.97 0 -3.46E-3 0 2.64E-2 3.40E-3 0
5.171 0.50 0.99 0 -3.77E-3 0 2.40E-2 ~.09E-3 0
5.181 0.50 1.00 0 -3. 8~:JE-3 0 2.14E-2 :2. 76E-3 0
5.191 0.50 1.00 0 -3.88B"'3 0 1.8!3E-2 2.42E-3 0
5.201 0.50 1.01 0 -3.76E-3 0 1. 63E"2 2.0SlE-3 0
5.211 0.50 1.02 0 -3. $GE-3 0 1.38E-2 1.78E-3 0
5.221 0.50 1.02 a -3.30E-3 0 1.15E-2 1.49E-3 0s. 231 0.50 1.02 0 -3.00E-3 0 9.44E-3 l'42E-3 0
5.241 0.50 1.02 0 -2.69E-3 0 7.54E"'3 9,71E-4 0
5.251 0.50 1. 02 0 ""2.37E-3 0 5.86E"'3 7.64E-4 0
5.261 0.50 1.02 0 -2.06F-3 0 4.38E-3 5.64E-4 0
5.271 0.30 1.02 a -J.• 75E-3 0 3.11E"'3 4.00E-4 0
5.281 0.50 1.02 0 -1.47E-3 0 2.04E-3 2.62E-4 0
5.291 0.50 1.02 0 -1.20E-3 0 1. 15E-3 1.48E-4 0
5.301 0,50 1.01 0 -9.67E-4 0 4.27E-4 5.49E-5 0
5.311 0.50 1. 01 0 -7.54E-4 0 -1. 46E-4 -1. 87E-5 0
5.321 0.50 1.01 0 ...5.68E-4 0 -5.85E-4 -7.53E-5 0
15.331 0.50 1.01 0 -4.08E-4 0 "9.09E-4 -1. 17E-4 0
5.341 0.5C' 1.01 0 -2.72E-4 0 ""1.13E-3 -1. 46E-4 0
5.351 0.:;J 1.01 0 -1.59E-4 0 -1.2BE-3 "'1. G4E-4 0
5.361 O.SO 1.01 0 -6.63E-5 0 -1. 35E-3 "1. 74E-4 0
5.371 0.50 1. 00 0 7.16E-6 0 -1. 37E-3 -1. 76E-4 0
5.381 0.50 1.00 0 G.39E-5 0 -1.34E-3 -1.73E-4 0
5.391 0.50 1.00 0 1. 06E"'4 0 -1.2SB-3 -1.6GB-4 0
5.401 0.50 3..00 0 1.3GE-4 0 -1.21E-3 -1.55E-4 0
5.411 0.50 1.00 0 1.55E-4 0 ..j.llE-3 -1.43E-·4 0

Q 15



X Nl!', Ncpl Nx¢' Qx' Qcpl Mxe M¢. M;KCP'
5.421 0.50 1.00 0 1.o5E-4 0 -1. 00E-3 -1. 29E-4 0
5.431 0,50 1.00 0 1.69E-4 0 -8.90E-4 -1.15E-4 0
5.441 0.50 1. 00 0 1. 66E-4 0 -7.78E-4 -1. 00E-4 0
5.451 0.50 1. 00 0 1.60E-4 0 -6.69E-4 -8'61E-5 0
5.461 0.50 1.00 0 1.50E-4 0 -5.65E-4 -7.28E-5 0
5.471 0.50 1.00 0 1.39E-4 0 -4.69E-4 ··6.03E-5 0
5.481 0.50 1.00 0 1.2GE-4 0 "3.81E-4 ·-4.90E-5 0
5.491 0.50 1. 00 0 1.12E-4 0 -3.02E-4 ··3.8CE-S 0
5.501 0.50 1.00 0 1.02E-4 0 -2.49E-4 ··3.20E-5 0
5.511 0.50 1.00 0 1.l5E-4 0 -3.2tE-4 ··4.13E-5 0
5.521 0.50 1.00 0 1.29E-4 0 -1. 03E-4 ··5.18E-5 0
5.531 0.50 1.00 0 1.42E"4 0 -4.93E-4 ·~6.35E-5 0
5.541 0.50 1.00 0 1.53E-4 0 -5.91E-4 ·~7.61E-5 0
5.551 0.50 J.• OO 0 1.621;0~-40 -6.97E··4 -S.96E-5 0
5.561 0.50 1.00 0 1.6TE-4 0 -8.07E-4 -1.04E-4 0
5.571 0.50 1.00 0 1.6SE-4 0 -9.19E-4 -1.18E-4 0
5.581 0.50 1.00 0 1.63E-4 0 -1.03E-3 -1. 33E-4 0
5.591 .50 1. 00 0 1.51E-4 0 -1. 13E-3 -1. 46E-4 0
5.601 0.50 1. 00 0 1.29E-4 0 -1.23E-3 -1.5SE-4 0
5.611 0.50 1.00 0 9.64E-5 0 -1. 30E-3 -1.6$E-4 0
5.621 0.50 1. 00 0 5.07E-5 0 -1. 35E-3 -1.i4E-4 0
5.631 0.50 1.. 00 0 '-1.01E-5 0 -1.37E-3 -1.7GE-4 0
5.641 0.50 1. 01 0 -8.82E-5 0 -:1.. 34E-3 -1. 72E-4 0
5.651 0.50 1. 01 0 -1.S6E-~ 0 -1. 25E-3 -1. 60E-4 0
5.661 o.se 1.01 o "3.05E-4 0 -1.08E-3 -1. 40E-4 0
5.671 0.50 1.01 0 -4.47E-4 0 -8.35E-4 -1.08E-4 0
5.681 0.50 1.01 0 -6.14E-4 0 -4. S3E-4 -6.22E-5 0
!j.691 0.50 1. 01 '.J -8.07E-4 0 -1.12E·-5 -1.44E-6 0
5.701 0.50 1. 02 0 -1.03E-3 0 5.98E-4 7.70E-5 0
5.711 0.50 1.02 0 -1.27E-3 0 1.3GE-3 1.75E-4 0
5.721 0.30 1. 02 0 -1. 54E-3 0 2.30E-3 2.96E-4 0
5.731 0.50 1.02 0 -1. 83E-3 0 3.42E-3 4.40E-4 0
5.741 0.50 1.02 0 -2.14E-3 0 4.74E-3 6.,10E-4 0
5.751 0.50 1.02 0 -2 •.45E-3 0 6.27E:-3 8.07E-4 0
5.7Gl 0.50 1.02 0 -2.77E-3 0 8,01E-3 1.03E-3 0
5.771 0.50 J... 02 0 ~3.08E-3 0 9.97E-3 1.28E-3 0
5.781 0.50 1.02 0 -3.37E-3 0 1.21E-2 1. 5GE-3 0
5.791 0.50 1.01 0 -3.61E-3 0 1.45E-2 1.86E-3 0
5.801 0.50 1..01 0 -3.80E-3 0 1.69E-2 2.18E-3 0
5.811 0.50 1.00 0 -3.8SlE-3 0 1.95E ....2 2.51E-3 0
5.821 0.50 0.99 0 -3.87E-3 0 2.21E-2 2.84E-3 0
5.831 0.50 0.98 0 -3.71E-3 0 2.4GE-2 3.17E-3 0
5.841 0.50 0.97 0 "3.35E-3 0 2.70E-2 3.47E-3 0
5.$51 0.50 0.95 0 -2.78E-3 0 2.90E-2 3,74E-3 0
5.861 0.50 0.93 0 -1. 93E-3 0 3.0GE-2 3.CJ4E-3 0
5.871 0.50 0.91 0 -'7. 63E-4 0 3.15E-2 4.0GE-3 0
5.881 0.50 0.89 0 7.68E-4 0 3.16E-2 4.06E-3 0
5.891 O. f60 0.86 0 2..71E-3 0 3.04E-:? 3.92E-3 0

Q 16



x NX
,

N¢, NX¢' QXI Q¢l Mx' J:.1¢ ~ l-fx¢ 1

5.901 0.50 0.83 0 5.12E-3 a 2.78E-2 3.58E-3 0
5.911 0.50 0.79 0 8.05E-3 0 2.35E-2 3.02E-3 a
5.921 0.50 0.75 0 1.15E-2 0 1.70E-2 2.19E-3 0
5.931 0.50 0.71 0 '1.!"5E-2 0 8.00E-3 1.03E-3 0
5.941 0.50 0.67 0 2.02E-2 0 -3.90B·'3 ~5.02E-4 0
5.951 0.50 0.63 0 2.55E-2 0 -1. 91E-2 -2.46E-3 a
5.%1 0.50 0.60 0 3.13E-2 0 -3.80E-2 -4.89E-3 0
5.971 0.50 0.56 0 3.77E-2 0 -6.10E-2 -7.85E-3 0
5.981 0.50 0.54 0 4.46E-2 0 -8.84E-2 -1.14E-2 Q
5.991 0.50 0.52 0 5.18E-2 0 -0.12 -1. 55E-2 0

Q 17
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APPENDIX R
SUM}~RISED FEM AND ~HEORY OUTPUT FOR 2g COMBINED

ACCELERATION LOAD CASE

R 1



Nx No 11'0 Q. Qo M" Mo Mxo i'HE x II. N" 11,,0 Qx Qo M.. Mo Mx.
"lUI ~ ·Z1Wl ?l® ·U4~ ;)1$ II z M~ IM44 tZt21 ~~Sj ;l41.'n ••W .2.0$
-W, WI?! .~47~ 71Z4 Z4'Z10 .m .. s 2$ 0.2 Iml ~24 14115 ·1433 1041 Ol?
.::fnO 33m .223:lQ .4)144 @) 53 .41 !) 0.3 I(m 21461 12521 .22J1 I.l1 Ol4
·34~ SOO~ ·21416 .)44 m 31 .m 2$ 0A5 ~s(1 32~7 1.14~ U3 .l)MI-I .I).0!27
.SSISO IInl ·26190 .1S470 1431S .127 .11' 40 o.ss l:!411 343?~ 115(1 4.41 .I).' .I).I)4'S
.51<)"" 11652 ·31330 261430 .~SO .m ·11~ 3; 0.7 2t."lS m44 22111 ·)M7 ~J,4 •. Q3.0S
.42970 ·Z1m ·2U14 .154m 95(41 m .50) I 4.1 32570 40512 24594 .132.4 1.7) IlZ
M610 1102.'10 01741 .4Sl?OO ·14S1~ ·tt6S .)31 .u o.!iS m.sz Z?445 llZ!4 ?Il.U .IMI .jJ
.rul0 4651s<) $4115 t21S? .4IUOO ISS5 111 lZ 1M lLSS40 ~12 ·1I9~ 1061 .IUT ·1.4
~IS)Q 144370 ·)7030 3WZ m70 .JSS ·121 I 1.2 lSSZ10 50147 ·Il~ ·m.s 11.1) 1.$2
.. 1;1:)<) .7S:<'-l .53130 .17150 10<'.'20 17 11 1.3 UW/ol sm" .IU4~ .SO.41 OJ! 0.1)4~
·60420 4n17 .Z13lO .):019 ·1731(;) :25 .,\0 12 1.4S I~O sss» 'Iomo IJ ·OST ·M'n?
.7.910 'n7lS ..uo ".\t95 162120 .4) .102 ·19 I.sS "243 SIS?I ·Im~ 9.4 .I).' .I).m
42450) 30m ~~ .tlSJO ·131100 ·10 20 ·20 1.1 &1065 6'Z41)4 .103lW ~12 0.41 0.0622
44110 'nllt .491 .lQ)~ ·12140 .21. ·9 -4! 1.1 4~ ~:n ·1014;'0 .25O.t HAl m
4~1O 1-111~ ·9m 12.<)2 29l3H W ·54 44 I.9S 17434 41101 ·tnJO 115~4 ·17"; .2Jt
414~ %274)4 ·~m~ .9l11O 7456 41 ·I~ 1$ 2.0S 106ll 4»1l ·jmo 1132.. .11.11 ,2.~2
·?om 7S77~ .. SOlO ·SWO .~? ·114 .13 1 2.2 -2:lm 140S& .moo v .1'>1.1 I?.st 2.52

·102(;)0 stZJ.1 ·72140 7"')0 ·11120 ·SI ·9 ·21 2J .~~ 10t4S ~m.l 41.4). M~ 6.010$
.11141)0) 100'6 ·S1m .n..<.w .62;)9<) z -n ·19 1.45 .01090 17110 ·-15614 IlJl 4.!t 4.11
.114960 ?~77 .51630 S04l 45449 11 4 ·21 2.5S .1S640 11461 ·13250 14.41 432 .OJ2
·12ZlW ms.l ·19m ·Zll~ .001.10 .£ .1 ·19 2.1 ·1>Wl 16470 .1~0 .9).$4 on I.om
·12~'~ lomo .5)550 .::1050 .4me ·IW 31 .31 U ·111100 1141)4 .m:lO "•.'./.7 ~4.21 U2
·1Z72W 174;S<) -42m mlO 221010 14' ·17 ·17 2JS ·12!I~ S4H? ."..,~ :z.1).).\ .2S.j ·W
·140)(;) 141710 ·$o)S70 -1W20 IlSI.'IO M .~ ) 3.0S ·1421~ 5$~S ·7tUO ~~j, ·1W ·M4.:m.» mil .76310 ·n91O .013230 13 45 .5 l.:t .I~ 91961 .f7S70 ·~IU Z1J4 ).$2
·16U« ~1:ij .JtI~ M07S ·25020 .. 1 ·91 -11 l3 ·171~ l00?10 -65110 .112.5 0).7 Oll
.Imoo I~SIO .f713O ·ll<I:-I ·1!2S0 ·12 ..-z .)1 ).4S 4171(;) 102m .+1S40 1132 -1.% .us
·I~ 112330 -"l~ ~ .. $62 2 .).> ·10 l.sS ·191100 II~ -59120 14.11 .1)31 -0.12
·1r1~ Imoo ·mSol .)'uo-l ·23510 ·21 0 ·9 3.7 .21~ 110070 .SS~ ·, • .51 0.;1 o.om
.~OS7oo ImS<) -62~ Z4?1 -I0j,I0 11 11 .11 3.1 .22ZJ(;) 11200)1, .530)0 .)61.$ !4:D U2
·'l1:!100 '"US ·u.s.40 7))2' ~120 12 .l:! -4 ).95 .!)SS(;) 71110 -4mo 2491.) ·25.41 43
·mllo) ~u .3S14~ .1'::310 ~ ·Ill ..u .J. 4.05 ·24)90 'lm9 -47060 2.'IS6.1 ·26.2 .3J1
·23sm 1U2S0 ·S(m .10100 .3'n(;) 110 .)3 .s 4.2 .'Z.SW/o) l'um -13440 -4a13 25.S1 3.~2·~4m., lmto ~llo Hill .~ ... .7S " 43 .2~ 124440 4102Q ·IQ,\,7 QM 0.11
.2S2~ Ill714 ...\l~ .)UO 4034 ·H .)1 .$ MS .211100 l'ti!tO ·314(;) II.U ·1Jl .Q.lS
.2S!m I~ .45!1O 2111 .ZO«!Q ·7 ·9 .$ ~.ss .Zi'Im i2U40 ·}me 13.:11 .w .0.lS
·2U$O<1 142.:.10 4'110 ·)l:l1O .U!40 .)4 • .s 4.7 ·mm U4/J20 .m70 ·l1U 091 0.12
·t71700 146210 -4'2(10 ?2S4 ·;.4?40 U 14 .3 4.4 .29~IOQ 13Sm .28:1>0 -4~ ~~ ),47
·276100 16905 ·2$S1O 51.19 476\1) ~ 4 ·1 4.95 .WI2OQ 1)261 ·2mO 3<'.7.1 ·3'" -"."7
·2141«1 62195 .~50 11.3 "'14 ·w .,. ·2 5.oS .»I~ !4'lU ·WlO l'41.2 ·rw .4.14
·211400 H2S40 .l3>~ 1114 .3WO 131 ·IS ·2 i2 ,),1+000 1'.S3(4 Ime .192.4 12.45 ·w
.2:n~ l~m .~1l4 -1m .2~210 .oJ .4) .) s.; ·)13100 141m ·164~ ·j32.2 l.Ol 0.13
.l:).$SO<) 1'14~ .Z11l0 ttS.l .om ·11 .5 .~ 5.4S ·)11100 I.n~ ·1)210 21J:! ·1.1 .0.1'
·291SOO lS12~ ·24130 1~14 ·23110 -14 I ·1 s.ss .31'n(;) I~ ·IOUO 22..h .1.4l ·0.11
.moo.> )MS30 ·23710 .:.340 .10m ·52 1 .) 5.1 ·l2!~ 151970 .mo ,141.6 1.01 OJ4
.341100 164410 .19130 1t:41 ·2Gt90 142 )I 2 S.i "Z27~ lsma .411$ ·Sol'.;" )5.91 4.63
·301900 11711 .122S0 27942 6'100 ·11£ .1 ·1 S.9S ·)Zl~ 10&)50 ·1207 l6t7.1 ·37.st .04

'.
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FEM x 8
Nx No Nxe Qx Qo ~t, 1.10 Mxo THE. N. N¢ N" Qx Qo M.'( Mo 1.1•• 0

MS • JOl<oW ml7 ·~n4 Z3!l4 32416 ·134 .I~ ·2 MS .~zm<l 11):'160 12M • 37"..l:6 .lUI .>\.91 to
IJ. ·'Ol~ 1/ZJ4<I ·l~IO 11)$0 .26m ISO 13 6.2 .)2J4).) Hmo ~16.4 ·5.II.S ~j3 433 0Q ·)V411l'l IIU40 ~ ·25~ ·'m10 .00 ·u "i .lzzo,» 172340 m~" ·1ll.7 ~.2 ~lS t:j

1.45 ·2n~ 171100 -4622 4Zl' .M! .. ~ ~.4S ·)U~ 17J4SO 11,&59 25.12 ·1.1:-4 4.21
ISS .~S560 tnl~ .Z3~ 301 .2'*10 ·12 U '-~ ·)11~ 11~ 1$213 26l -t.~ 4.21

~
'-7 ·2:)1700 Inl~ W4 ·11010 .!OSlO M .2 ~7 ~3H* 111m lOIn ·16ll 1.27 OJ,..~ ·21.110» UlOIO W2 lZU2 ·17110 U2 34 •. 1 .mooo 113!<)<) !nOS ..,S 41.&5 5.3,
6jS ·214«10 7n41 141. 3m ·~61~ ·162 ·IS ~s .)O~ 123440 Wl.S 4251.. -43$1 .5.11 trJ7.0S ·;:row !Z40' )94.j $4117 .Iom .113 .1 1.0$ .)01..,.) 1249$0) 25331 mol -44l1 .5.69 :0
1.2 ·2moo ~OZ510 1)021 Iml ·llnO 141 Z,) 1.2 ·134~ m030 2S9st -610.1 44.2 5.•1
7J ·2moo 209210 10440 ·mso ·1"'0 .SQ .\ 7J .ZI!700 l!61:M lU71 ·m.l 1.31 w ......

+7.45 .2.,<1',<») 19~30 17014 ms ·9101 .j 12 7.4S .2&1m 1':0)0 34m 2:l.5~ .1.11 ~.24 t::ll.5S '242100 ml40 US16 ·1?7S .=0 ·13 7.sS ·21510)<) 11'1110 )7404 I.'JJ .1.9 .0.24
1.7 ·2mO» :nsm 211Z) -'1m .jlP) ·75 .19 7.7 ·265100 ~st70 41024 ·ms '.45 OH
7.$ ·mOO» 201m 269S? ~zs ·IOS~ m ,0 7.! ·m,,)/) ~7)'3<l 4:1417 724J "'.n w

1J$ ·'l2l1OO m2l lms .211~ ·51740 .1~$ ·15 tss ·24~~ I»S3~ 470S1 4136 -19.56 ~
I.OS .,Otlo<) 126610 lun 4l16Y .00060 ." ·IQ 4 MS ·mm 14mO '9470 4194.4 .~J~ .oM
1.2 ·197400 Zl)430 m,9 ~70% .11460 Ul ~ 11 1.2 .l2S~ 2l6UO 5lm ·759,.1 SO.07 6.44
I; ·W1~ ll)~ 39540 -11010 ·m9 ·52 9 IJ .Z!~ ~230 S5Soll '''~1)2.& 1.56 1.2

I.4S .171100 22.\030 3m? m~ ·20ISO 4 11 I.4S .20140<) ~IO S9l2J i3J2 ·ut 4.27
ISS .1616«1 :nmo m)o ·SSOI ·12110 4 ·9 12 1.55 ·lnlOO mm 61~ 44.49 .1.$, 4~
"'7 ·145100 Zlsm S122! mo .21m ." .33 12 1.7 .174m 'lJ4&40 6S159 ·210 us 0.21
U ·I)~ Z260~ 41S4S 1494 "' 726 16 9 U .16)@ 2:31170 .7S09 ·1014 lo.n 9Jl

1..9$ ·m.(/<) 140110 2~G -uno ·71'50 .201 -02 -4 I.9S ·14S~ 12,1)40 71119 1lS.J ·73.:1S ·9.44
Ms .l~ 115m Z)S9) 36m ·161~ ·21 ·17 1) MS .ll~ l2:)stO 73602 7233$ .74.l4 ·9.54

l:d 9.2 -194«1 Z60S21) )7150 Itl:Il 5442 IH 57 Z2 9.2 ·1I4m 241430 mzz -na 7U7 9S1
U ·1&9«1 254130 4~1 -45470 106)0 04. ss I. 9J .101200 2452$0 7~)S .'1:11., 13 U(.oJ M5 .. J66IJ ~24~ m,z 1S76 ·smo 16 .) 17 9.45 Ml.'4 2«1S<) 1n5S 49 .3J' ..0.4

9SS .54SIO 2411~ 421U ·1'56 'Zl7t1 7 .1& U 9.53 ~ 24<1510 IS?6I .9.5 ·w ·Ml
'.1 ·)7570 m$lO 5$[40 3m4 -42:)0)<) .111 :z, 17 9.1 -I3~)1) 254900 19111 .)ll 2:J9 0.01
M .~ ZSSS40 i-l24) ·15110 ·lISO 160 0 6 9J ·2116+ 2SS71O ?1m ·IlSl 71.52 IW
W ·11~ Z51Z50 2.S4~ .7«09 ·11110 ·IS1 ·9~ -3 ?!I$ -4~t. 1"1700) 'Sl:n Mt.4 41.26 'IM~
lMS ·m~ wm 12941 21310 .I~IOO 97 -49 24 10M I~$ 141940 ?m4 ~S.& -31.05 ·loM
U.2 ·m3 2I31lO 157GS ·111. .I~ ~ 6 11 10.2 mu 265340 101)s<) ·I:m 11.6; lo.s1
10.:1 -tn-) 'l67S1O 11003 ,241)0 m19 .$; ., U 10.0 54957 Zin46 10mo ·~2M Z.54 0,))

I~.·s 24SO 210110 11021 ·1$9.0 ·94'10 II ·94 ~ 10.4$ 11966 2rn~ 10'))~ S4.0( ·)044 ~«
lOSS &.154 264910 2141) ·Im Offil ·10 .1,1% 12 lOSS 1004~ 21~ lomo 54S2 ·).41 4.4S
1••1 Im6 zsn~ 3)110) 47904 ·73140 .100 .73 12 16.7 Imso 2"'60 Hmo ·34% 2,G3 OJ4
1M 16746 2:)7546 lJ.t02 -4l:3SO ·lm .. .<z .s 10.£ 14I6Ot 179m 11:>110 ·110 1$.21 lU

10.95 ms, )S5610 ~424 .64$~ mu 7 ·11& .10 10.95 111710 1SM60 l19ol50 1109 4U7 .llAt
Il.Os )!m )~90)0 2~ .10!m "~3I0 ·1( ·111 • 11M I~ 1S4~ .~aZ!o ImJ -i9.9S ·11.51
11.2 m&9 310)40 13422 -12m .6100 11 .j? .2 11.2 1"m tm40 ·24S~ .135. l1.42 1I.s1
U..;. S614~ 271m l221l 1:-4U4 471% ·101 .'1:1 ·14 11.3 175340 ~mo .t2!lo ·UI.7 2.&9 W
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APpENDIX S
FEM MAPS OF INTERNAL PRESSURE FORCE RESULTANTS
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Figure sa FEMaxial force resul t;ants Nx super:l.mposed on the

"unrolled" tube. ,.
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Figure 82 FEM axial force resultants Nx superimposed on the
"unrolled II tUbe.
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Figure 83 FEM circumferential force res~ltants N~ superimposed on the
"unrolled" tube,
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Figure 84 FEM circumferential force xesultants N¢ superimposed on the
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Figure S6 FEIvtinplane shear force resultants" 'Nxcpsuperimposed on the
"unrolled" tube.



APPENDIX T
FEM MAPS OF COMBINED ACCELERATIONS FORCE RESULTANTS
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Figure T2 FE:Maxial fa:rct.1 l"esul tarots lix .9uP;~irnI?Osed on the
"unrolled" tube. ..
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Figura T3 FBM circumferential force rejultant~N¢ superimposed on the
"un:rollec;'l" tube. ..
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