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IV. SHALILOW SHELL ANALYSIS OF GRAVITY LOAD

A.  SHAILLOW SHELL SOLUTION

A paraboloidal shell of revolution is considered shallow if

dy .\ 2
3 2 .y
(dr) = yT << (IV-1)
so that
TIRER N R (IV-2)

If terms involving transverse shears are neglected in the tangential equilibrium equations and
terms involving tangential displacements are neglected in the expression for the rotations, a

consistent application of (IV-2) leads to the following two simultaneous linear partial differential

equations
AV V%0 = — 52 vPw + A(1 —v) 9°P (1v-3)
2.2 1 2 4
B iy = gr e = 5 B 4Py (Iv-4)
where
G20 = 0 100, 1 2%
are T O 2 59l
and P is a load potential such that
P %
= B (IV-5)
1 9P _
r o Yo (IV-6)
For gravity load
2
P = prh(y sin® siny — V—Z cos IP) (IV-7)

¢ is a stress function from which the membrane stress resultants are derivable

2
L 2%, 1oe] )
N_ = > 23 + 1 ar] p (IV-8)
2
o R [ (IV-9)
o Z
ar
2
- [t 1 2%
Nre ~ (-2 ® T arae] Gey=a)

The transverse shears and moment resultants are related to the transverse deflection w by

2 2
M_=-D [—8 L v( T )] (1V-11)
r 2 2
or I
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STEP (3) GENERATE THE THOMSON FUNCTIONS

Y

STEP (4) CALCULATE THE CONSTANTS OF INTEGRATION FOR AXISYMMETRIC
DEFORMATIONS
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STEP (5) GENERATE THE DEPENDENT VARIABLES FOR SYMMETRIC DEFORMATIONS

STEP (6) CALCULATE THE CONSTANTS OF INTEGRATION FOR THE ANTISYMMETRIC
DEFORMATIONS

Y
STEP (7) GENERATE THE DEPENDENT VARIABLES FOR ANTISYMMETRIC DEFORMATIONS

3

CSTEP (8) INPUT Il {cantral, Iood)>¢
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STEP (9) OUTPUT | (cantrol, geometry, material, edge ccnstrainfs))
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Fig. 13. Master flow chart,
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2 2
e O w 1 ow 1 0w
Mg = =D ’u + (r Wy p )l (IV-12)

arz C E
R (}1- g (IV-13)
Q. =-D 2 (viw (IV-14)
Qy =-D 1 55 (VW) . (1V-15)

To be consistent with the shallow shell approximation, the rotations must be approximated as
follows [see Eqs. (II-28) and (1I-29)]:

. ow o

“r 7 & (IV-16)
5. 2 oW

W S = 8 (IV-17)

Having ¢ and w, the two tangential middle-surface-displacement components u and v ean
be obtained by integrating the strain-displaecement relations for a shallow shell corresponding
to {II-25), (II-2¢), and (II-27).

The solution to (IV-3) and (IV-4) involves Thomson functions of order zero and their deriv-
atives, While these functions have been tabulated in various sources (most extensively in Ref. 6),
none of these tabulations is complete for our purpose. For any particular shell, we may need
values of these functions not tabulated in the given referenee. Subroutines have been written in
double precision arithmetic to generate the values of these functions for any argument (within
the limitations of the IBM 7094). Because of the double prccision arithmetic and the nature of
the computations involved, these subroutines are extremely time eonsuming. On the other hand,
the nature of the Thomson functions is such that they contribute significantly to the complete
solution only in the neighborhood of the edges of the shell. In these regions, the magnitude of
thesc funetions varies rapidly over a short interval of the independent variable. To get suffieient
information about the shell behavior, it is necessary to have smaller inerements between the
y-tabular points in these regions. In eontrast, the solution in the interior varies slowly over
the span of the shell, so that we do not need the same density of y-tabular points. A waste of
computer time can and will be avoided by changing the increment of the y-tabular points, once

we move away from the edge.

B. DIGITAL COMPUTER PROGRAM

The general scheme of the program for a shallow shell analysis is outlined in the master
flow chart (Fig.13). When it fails to locate additional input at step (1) or step (8), the program
exits cutomatically. The program listing is presented in Table V.
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TABLE V
PROGRAM LISTING

[aNaNaNalk B

[aNaKa]

[aNaka]

SHEASELAINE SHALLOW SHELL WITH GRAVITY LGAD
XEQ
SHEA»FLAINE SHALLOW SHELL W!TH GRAVITY LOAD

DIMENSION R(S50)s Y(50)+sBBERISO)sBBEI(50)+AAKERI50)+AAKEI(50)+X(2)
1sAAKERP(50)+AAKEIP(50) +BBRP(50)+BbIP(50)+SBER(50)+53EI1(150)9sSKERLED
2)sSKEI(50) 9 TBERIS50)2TBEI(50) s TER(50)sTKEI(50) sWW150)sW3(50)

3 WiS50+10)swP(50910)sVI50010)1sU(5010)sCMR{50s10)sCMTI(50+10)»
4CMRT(50910)9CNRI(50+s10' sCNTI50+1C)sCNRTI(50+10)sQRI50+101),QT(50,10)
SVVIEOD)sUUL50)923(8)sDMRIS0)+DMT(50)sDMRT (50) sCNRI50)sDNT(50)+DNRTI(
650)9QQR(50)+QQTI(50)sP150)sWLI(50)9Q@(50)sEMRI50) sEMTI(50)+ENRI50)sENT
TU5C)IsQLI50) sAlBsB)sSIB)sAAlILL)sSS14)9+2214)sB(6+6)sBBI6)BI(6)sDI(3
8+3190D13)+sD3(3)9RGI5NY

DIMENSION P2(50)sW2(50)+FMR{50)+FNRI50)+Q2(50)+FMT(50)sFNT(50)+Q3
1050) s W4(50)9sW5(50)sGMR(50)+GMT(50) +GMRT(50)+sQRR(50),QTT(50),GNR(50
2)9sGNT(50)sGNRTI(50)sU2(50)9V2(50) s WT(50) s WFLEXT(50)sWPT(50)sUT{50)

DIMENSION THETA(20)sTHETRI20)+sFMT11(12)sFMT2(12)

DIMENSION PWBI(50)sWAS(I50) +sWFLEXIS50s10)sPWB2(50)9sWA54(50)

COMMON WoeWPsVeUsCMReCMT s CMRT»CNR s CNRT s CNT

EQUIVALENCE (BBER2P2) s (BBEIsW2) 9 LAAKER$FMR) » {AAKEI sFNR ) s {AAKERP »
1Q2) s (AAKEIPsFMT ) » (BBRPsFNT) s (BBIP+Q3), (SBERsW4) s (SBEI1sW5) s (SKER»
2GMR) » (SKET s GMT ) » (TBER+GMRT ) s (TBEIsQRR) 9 (TKERsQTT) s (TKEI »GNR)

= (1) INPUT I (CONTROL,GEOMETRY MATERIALEDGE CONSTRAINT)

98 READ INPUT TAPE 25101 +MsMUsMLsMC
READ INPUT TAPE 2+101sNsNORMsK1,K2,K3
READ INPUT TAPE 2+102sRHOSEsPRT
RCAD INPUT TAPE 2+103+R1sR2+sR34R4
READ INPUT TAPE 2+103sTHETA3,THETA4sFsH
IFIN)182,182,181

181 READ INPUT TAPE 2+205+FMT1,FMT2
182 WRITE OUTPUT TAPE 3,10

- (2) GENERATE THE INDEPENDENT VARIABLES

F2=2¢%F
Fl=1e/F2
C=SQRTF(12e%(1,—-PRT®%2))
CaSQRTF(C)
C=C/SQRTF(F2%H)
PI=3,1415926535
RAD=57,2957795
RS5=0.
28=0.
IFIMC=1)T76+T7T7977
77 RS5=C24H
R5=2+#SQRTF(R5)
EM=MU
DRR=RS/EM
R(M)=R4%
DO 1 I=2sMU
JEM=T
1 R(<)=R(J+1)~-DRB
IFIML=1)76+76+78
78 EM=ML
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TABLE V (Continued)

[aNalal

931

76

932
680
681
682

683
684

46

47

84

DRB=RS5/EM

R(1)=R3

DO 931 I=1sML
R{I+1)=R(1)+DRB
R6=RS

MM=M-ML-MU

M1=MM~1

EMi=M1
DRB=2R4=-R3=-R5=-R6
DRB=DRB/EM1
MM1=ML +]
R(MM1)=R3+R6

J=MM1

DO 932 I=1yM1

Jad+1
R(J)y=R{J-1)+DRB
IF(NORM)680+680+682
DO 681 I=14M
RG(IY=R(I)}/F2
Y(I)=R(I1)/F2

GO TO 684

DO 683 I1=14M
RG(I)=R(1)/F2
Y({I)=R(I)}
G=E#*H##3/(12e%(1s—-PRT#*#2))
DRB=DRB/F2
PM=PRT-1.

PP=PRT+1e

Pl=1+-PRT
T=H/SQRTF(12e*(1«—PRT*#2))
IFIN)BLBLy4S
THETA3=THETA3*PI]
THETA4=THETA4*PI]
N1=N-1

AN1=N1
THETAS=THETA4-THETA3
DELTT=THETA5/AN1
THETA(1}=THETA3

DO 47 J=1,4N1

Jl=J+1
THETA(J1)=THETA(J)I+DELTT

{3) GENERATE THE THOMSON FUNCTIONS

DO 5 I=1+M

X=C*#R (1)

Xl=le/X
IFIX=6¢012923
LONG=10

GO TO &4

LONG=16
BBER(1)=BER{XsLONG)
BBEI(1)=BEI(XsLONG)
BBRP(11=BRP{XsLONG)
BBIP(1)=BIP(XsLONG)
AAKER(I)=AKER(XsLONG]}
AAKEI (1)=AKEI (XsLONG)
AAKERP(1)=AKERP (X sLONG)
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TABLE V (Continued)

NnNNNN

31

32

202

85
26

28

AAKEIP(1)=AKEIP(XsLONG)
SBER(I)==-BBEI(]1)~X1#BBRP(I)
SBEI(1)=BBER(I)=-X1%*BBIP(I)
SKER(I)s-AAKEI(I)=-X1#AAKERP(I)

SKEI (I)sAAKER(I)=X1*AAKEIP(])
TBER(I)SBBEI(1)/X=-BBIP(1)+2.#BBRP(])/X%%2

TBEI (1)=BBRP(I)-BBER(I)/X+2+#BBIP(])/X%#%2
TKER(I)=AAKEI(I)/X=AAKEIP(1)+2*AAKERP (] )/ X%#2
TKEI (1)=AAKERP (I)-AAKER(I)/X+2.*AAKEIP(])/X%%2

(4) CALCULATE THE CONSTANTS OF INTEGRATION FOR THE AXI-SYMMETRIC
DEFORMATIONS

IF(NORM)32¢32,+31
CNO=1,

CNOl1=].

CNO2=1,

CNO3=],

CNO8=]1.

GO TO 202

CNO=F2#RHO*H

CNO1=E/ (F2%##2%RHO)
CNO2=F2#RHO®H®*#2
CNO3=RHO*H*SQRTF(F2%*H)
CNOB=RHO®F2##2/ (E*SQRTF(F2%H))
2=R3

X=C#2

Xl=le/X

X2=C/2

L=1

MM= ]

IFIK1-2)29+28+85
IF(K1-3)28+28,+34

2=R&

X=C#2

Xl=le/X

x2=C/2

MM=M

IFIK2-2)29+28+28
W(R)=0e
Bi{Ls1)=BBER (MM)
BiLs2)=BBEI (MM)
B(Lys3)=AAKER(MM)
Bi(Ls4&)=sAAKE] (MM)
B(Ls5)=10

BiLs6)=0e
BB(L)=RHO®P1#Z#%82#%,5/F
L=L+1

U(R)=0.
BiLs1l)=sX12PP#BBIP (MM)
B(Ly2)=s=X1#PPRBBRP (MM}
BiLs3)sX1#PPRAAKEIP (MM)
Bl(Lyob)s=X1#PPR#AAKERP (MM)
B(LsS5)=le
B(Lsb)=—PPRX]1%##2
BBIL)=2#F##2%RHO®PM/E
L=L+1
IF(L=-3)203+203+56
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TABLE V (Continued)

203
56

30

29

73

35

36

34

IF(K1-3)30,29+34
IFIK2=3)30+29+34
WPI(R)=0,
B(Ls1)=C*BBRP(MM)
B(Ls2)=C*BBIP(MM)
B(Ls»3)=C*AAKERP (MM)
B(Loa)=C*AAKEIP(MM)
BtLs5)=00

B(Lsy6)=0e
BB(L)=RHO*P1%2/E

L=L+]

IFIL-4)26426436
MR(R)=0,
BlLsy1)==(Ch%2)%#BBE] (MM)+PM¥*X2%BBRP (MM)
BlLs»2)=CH%2%BBER(MM)+PMRX2%BB P (MM)
B(Le3)==(C%%2) #AAKE] (MM)+PMEX2%AAKERP (MM)
B(Ly&)aCH%2%AAKER(MM) +PMEX2%AAKEIP (MM)
B(Ls5)=00

BlLs6)=0o
BBIL)=RHO®H#%*%3/(12.%G)
L=b+]

IFIL=4)35+26+73
IF(L=-5)35+35,36

NR(R) =0,
BiLs1)==X2%BBIP (MM)
B(Ly2)=X2%BBRP (MM)
B(Ls3)==~X2%AAKEIP (MM)
B(Ls&)=X2%AAKERP (MM)
B(Ls»5)=0e
Bi(Lyb)=1e/2%%2
BB(L)=-F*RHO/ (E*T)
L=L+]

QR(R)=0,
B(Lsl)==C*%3%BBIP (MM)
BlL»2)=C*%3%BBRP (MM)
BlLs3)=-Co%3%AAKEIP(MM)
BllLob)=C*¥%38AAKERP (MM)
B(Ls5)=00

B(Ls6)=0o

BB(L)=0.

L=L+1

IF(L-4)26+26+36

DET=].

MATR=XSIMEQF (6+6+1+sB+BByDET»B9)
GO TO (6+7+8) sMATR
B1=B(1s1)

B2=B(2+1)

B3=B(341)

B4=B(4,1)

B5=B(5+1)

B6=B(6+1)

GO TO 42

X2=1e/(C*R2)

Xx3=C/R2

W(R2)=0.

D(1y1)=BBER(M)
D(1,2)=BBEI (M)
Dtl1s3)=1.
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TABI.E V (Continued)

[aNaXakal

37

38

43

44

42

DD(1)=RHO®P1#R2%%#2%,5/F
U(R2)=0.

D(2+s1)=X2%PPRBBIP (M)
D(2+2)==X2%PP2BBRP (M)

D(2y3)=]1.
DD(2)22#F# % 2%#RHO*PM/E
IF(K2=-2)37+37+38
D(3,1)=C*BBRP (M)
D(3,2)=C*BBIP(M)

Di(343)=0.

DD(3)=RHO*P1%*R2/E

GO TO 43

MR(R2)=0.
D{391)==CHu2%BBEI(M)+PM#AX3*BBRP (M)
D(3,2)=C*%2%BBER(M)+PMR*XA*BRIP (M)
D(3+3)=0.
DD(3)=RHO®H®®3/(12,%G)

DET=1,
MATR=XSIMEQF(3+3+s19D+sDDsDETD3)
GO TO (44,7+8)sMATR

Bl=D(1s1)

B2=D(2+1)

B3=0.

8‘0'00

BS5=D(3,1)

Bé6=0.

(5) GENERATE THE DEPENDENT VARIABLES FOR THE AXI-SYMMETRIC DEFORMA
TIONS

DO 9 I=1sM

X=C*R (1)

X1=1le/X
P(I)=B1#BBER(I)+B2*BBEI (1) +B3*AAKER(1)+B4*#AAKEI (1)+B5-RHO*P1
1*R(1)*%#2%,5/E

PwB(1)=(P(1)-B5)%CNO1

P(1)=P(])*CNO1
W1(1)=B1*C*BBRP(1)+B2*C#BBIP(1)+BARCHAAKERP(1)+B4*C*AAKEIP(])-RHO*
1P1#*R(I1)/E

W1ltI)=wl(1)/CNO8

CMR1=B1#(-Co#2#BBEI(1)+PM*C/R(T)*BBRP(1))+B2* (Co#2%BBER(I)+PM®C/RI(
11)*BBIP(1) )
EMR{1)==G#*(CMR1+BA® (~CRR2%AAKEI (1) +PMRC/R(]1)*AAKERP (1) )+B4R(CHu28A
1AKER(I)}+PM®*C/R(T)}*AAKEIP(1)))+RHO*H*%3/12,

EMR(I)=EMR(1)/CNO2

ENR(I)=E®TH*H#* (B2#C/R(1)*BBRP(I)})=-B1l#C/R(1)*BBIP(1)-B3*C/R(I)*AAKEIP
1(1)1+4B4*C/R{TI®AAKERP(1)+B6/R(1)#%2)+F*RHO*H

ENR(I)=ENR(1)/CNO

QL] )==G*(~Bl*C**3%BBIP([)+B2*Cn*3#BBRP ([ )~B3*Ch*IRAAKEIP(])+B4*(CH
1#3%AAKERP (1))

Ql{(1)=Q1(1)/CNO3

CMT1=B1#*(-PRT *CR2%BREI(I)I+P1I%C/R(TI*BBRP (1)) +B2% (PRT RCRR2%B
1BER(I1)+P1*C/R(1)#BBIP( 1))

EMT(I)==G*{CMT1+B3%(-PRT *C**Z’AAKEI(I)+P1*C/R(I)*AAKERP(I))+BQ*
1(PRT #CHR2HAAKER(II+P1*#C/R(TI®AAKEIP (1)) )+RHO#HR®3/]12,
EMT(I)=EMT(1)/CNO2

ENT1=B1% (-BBER(I)+X1*BBIP(1))-B2*(BBEI(1)+X1#BBRP(1))+B3*(-AAKER(]1]
1)+X1#AAKEIP({ 1))
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TABLE V (Continued)

ENTUI)=E*H*F 1# (ENT1-B4* ({AAKET (I} +X1*AAKERP (1)) -B6/X**2)+F#RHO*H
ENT(I)=ENT(1)/CNO
Ul=B1#X1*BBIP(I)-B2%X1%#BBRP(1)+B3*X1*AAKEIP(1)-B4%X1*AAKERP(1)+BS%/
1PP=Bo*X] #%2
QII)=R(I)*F1*PPHYLI+F*RHO*P1*R(])/E
Q(I1=Q(1)%CNO]
9 CONTINUE
IF(K3)402+402+45

= — (6) CALCULATE THE CONSTANTS OF INTEGRATION FOR THE ANTI-SYMMETRIC
DEFORMATIONS

[a¥aNalal

45 2=R3
X=C*2
X1=1le/X
L=1
MM=]

IF(K1=2)54,53,87

48 2=R4
x=C*2
X1=le/X
MM=M
[FIK2=-2)54+53+53

87 IFtK1-3153+53,60

€ WiR1)=0.

53 AiLs1)=BBRP (MM}
AlLs2)=BBIP(MM)
AlLy3)=AAKERP (MM)
AtLs4)=AAKETIP (MM)
AlLs5)=X1
AlLesb)=X
A(Ls7)=0e
A{LsB)=0,

Si{L)=0.
L=L+1

C U(R)=0.
A(Ls1)=PPRSBE] (MM)
A(Ls2)==PP*SBER (MM)
AlLs3)=PP* SKEI(MM)
AlLs4)==PP* SKER(MM)
A(Ly5)1=2*LOGF (X))
AlLsb)=XRR2%,5
A(Lo7)=PPRX]1%%2
A{LsB)=1e
S{LI=e25%X#2¥FHXRHO* (1e+5%PRT) /E
L=L+1

€ VIR)=0.
AlLs1)=PPxX]1*BBIP (MM)
AlL»2)=-PPX]1*BBRP (MM)
A(Ls3)=PPRX]1*AAKEIP(MM)
AlLy4)==PPrX]1*AAKERP (MM}
AlLs5)=2.%LOGF(X)
AlLsb)==XAR2% 45
AlLs7)==PPoX]1*%2
AlLsB)=1e
SIL)=o25%XH2#F*RHO* (1 ]1e+7*PRT)/E
L=L+1
JFIL-4)57+57+58
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TABI.E V (Continued)

57
58

55

54

63

62

IF(K1-3)55+54+60

IF(K2-3)55454,60

WP(R)=0.

A(Ls1)=SBER(MM)

A(Ls2)=SBEI (MM)

A(L,3)=SKER(MM)

A(Ls4)=SKET (MM)

A(LsS5)==X]1%%2

A(Lsb)=1,

AlLy7)=0e

A(Ls8)=0o

S(L)=0.

L=l+]

IF(L=-5)48+48+61

MR(R)=0,

A(Ls1)=TBER(MM)+PRT *X1#(SBER(MM)=X1#BBRP(MM))
A(Ls2)=TBEI (MM)+PRT #X1*#(SBEI(MM)~X1%*BBIP(MM))
A(L+3)=TKER(MM)+PRT *#X1*#(SKER(MM)-X1*#AAKERP (MM))
A(Ls4)=TKEI (MM)+PRT *X1*#(SKEI (MM)~=X1%AAKEIP(MM) )
AlLsS)=plex]#s3

A{Ls6)=00

AlLs7)=00

A(L+8)=0e

S(L)=0.

L=L+1

IF(L-5)62+48+63

IF(L=~6)62+62+61

NR(R)=Q.

A(L+1)=BBER(MM)=2 . #X1#BBIP (MM}

A(Ls2)=BBEI (MM)+2+%#X1%BBRP(MM)
A(Ls3)=AAKER(MM) =2, #X1*AAKEIP(MM)
A(LoG)=AAKET(MM)+2,%X]1*AAKERP (MM)

A(Ls5)=~1e/PP

Al(Ls6)=00

Al(Lo7)=2e%X]%%2

A(Ls8)=0s

S(L)==X*Z#RHO*F*,5/E

L=l+]

QR(R)+1«/ALPHA2*DMRT/DTHETA=0.
A(Ls1)=GHC*#SBEI(MM)—(G*P1%#X1/Z)*(BBEI(MM)+2.*X1%#BBRP(M))
A(Ly2)=~G*C#SBER(MM)+(G*P1%#X1/Z)*(BBER(MM)=~2+%#X1%¥BBIP(M))

AlL»3)=GHCHSKET(MM)—(G*P1%#X]1/Z )% (AAKET(MM)+2+#X1*AAKERP (MM))
AlLo4)=—GHCHSKET(MM)+(G*P1%#X1/Z) ¥ (AAKER(MM) -2, %#X1#AAKETP (MM))

A(LyS)=—PMRGRCHX2*¥F]1#X ]/ (SQRTF( 1o+ (ZHF1)%%2) ) #R3%2 ()] %%2
A(Ls6)=00

AlLs7)=00

A(Ls8)=00

S(L)=0.

L=lL+]

NRTIR)=0e
A(Ls1)=BBER(MM)=2,#X1*BBIP(MM)
A(Ls2'=BBEI (MM)+2.,%#X]1%#BBRP (MM)
A(Ls3)=AAKER(MM) =2 ,%X]1#AAKEIP(MM)
AlLsS)=AAKETI (MM)+2,%X1%AAXERP(MM)
A(Ls5)=1e/PP

A(Ls6)=00

A(LyT7)=2e%X]1%%2

A(Ls8)=0e

58




TABLE V (Continued)

(@)

S(L)=]1e5*RHO*F#X*Z2/E
L=L+1
IF(L=-5)48+48+61

61 DET=1,
MATR=XSIMEQF(8+8919A9SsDET»23)
GO TO (2069798)9sMATR

206 Al=A(1y1)
A2=A(241)
A3=A(3,1)
AL=A(4y])
AS5=2A(5,1)
A6=A(691)
AT=A(T41)
AB=A(8,1)
GO TO 68

60 IF(K2-2)164+64+65
WP(R2)=0.

64 AA(1+]1)=SBERI(M)
AA(1492)=SBEI (M)
AA(193)=1,
AA(194)=0.
55(1)=0.

GO TO 66
MR({R2)=0e

65 AA(1+91)=TBER(M)+PRT /(CRR2)*(SBER(M)=-BBRP(M)/(C%R2))
AA(1+2)=TBEI (M) +PRT /(CRR2)*(SBEI(M)=BBIP(M)/(C%R2))
AA(1+3)=0.
AA(194)30,

SS(1)=0.
W(R2)=0,

66 AA(2+1)=BBRPI(M)
AA(2+2)=BBIP(M)
AA(2+3)=C*R2

AA(2+4)=0.
SS(2)=0.
VIR2)=0.

AA(3,]1)=PP*BBIP(M)/(C*R2)
AA(3,2)=—-PP*BBRP(M)/(C*R2)
AA(393)==o5#(CHR2) %2
AA(344)=10
SSU3)me 25%CHR2HA2HFARHO*(11.+7+#PRT)/E
U(R2)=0.
AA(4Ly]1)=PP*SBE] (M)
AA(442)=-PP®SBER(M)
AA(L 93 )= S5H(CHRR2) %%2
AA(GLyb)=m],
SS(4)2e 25HCHR2HM2HFARHO® (1e+5.#PRT)/E
DET=1,
MATR=XSIMEQF (49491 9AA9SSHDET22)
GO TO (6797+8)9MATR

67 Al=AA(1y])
A2TAA(2,1)
A3=0,
AL=(0.
AS520.
A6x=AA(3,1)
AT=0.
AB=AA(4Ly])
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GO TO 68

7 WRITE OUTPUT TAPE 34120
GO 10 99

8 WRITE OUTPUT TAPE 3,121
GO TO 99

- (7) GENERATE THE DEPENDENT VARIABLES FOR THE ANTI-SYMMETRIC DEFORM
ATIONS

68 DO 71 I=19M
X=R(1)*C
X1=le/X
WW(I)=A1#BBRP (] )+A2%*BBIP (I )+A3*AAKERP(I)+A4RAAKEIP (1) +ASHX1+A6%X
WAS(I)=(WW(])-A6%*X)*CNO1
WW(])=WW(])*CNO1
W31 )=C*(AL1%SBER(I)+A2#SBEI(])+A3%SKER(I)+A4*SKEI(T)-ASRX]1*%2+A6)
W3(I)=w3(1)/CNO8
DMR1=A1*(TBER(I)+PRT AX1*(SBER(I)-X1#BBRP (1)) )+A2*%(TBEI(1)+PRT
1 *xX1#(SBEI(I)=-X1%¥BBIP(I)))+A3%(TKER(I)+PRT ®X1# (SKER(I)=X1#AAK
2ERP(I1)))
DMR(T)=-G®CH*2# ({DMR1+A4* (TKEI (1 )+PRT EX1*(SKEI(1)-X1®#AAKEIP(I))
1)+ASH (P1%X1%#%3))
DMR(I1)=DMR(])/CNO2
DMT1=A1%(PRT *TBER(I)+X1* (SBER(I)-X1*BBRP(I)))+A2%*(PRT *TBEI
1(I)+X1*(SBEI(I)-X1*BBIP(1)))+A3%(PRT ®TKER(I)+X1*(SKER(]) =-X1#%
2AAKERP(I)))
DMT (1) ==G*(C*% 2% (DMT 1+A4* (PRT #TKEI(I)+X1#(SKETI(1)-X1*AAKEIP(I)))
1-AS% (P1%X1%¥%#3))
DMT(1)=DMT (1)/CNO2
DMRT1==A1#(BBEI(1)+2:*X1*BBRP(1))+A2# (BBER(1)=2.*X1*BBIP(]))-A3%{(
1AAKET (1 )42 #X1*®AAKERP (1))
DMRT (1 )=PMREGRC*% 2% X 1% (DMRT1+A4* (AAKER(])=2¢*X1®AAKEIP(1))=AS5% (2%
1x1%#%2))
DMRT (I)=DMRT(1)/CNO2
QQR(1)=-GoC#%#3#(-A1#SBEI (1) +AZ2*SBER(I)=A3*SKEI (1) +A4*SKER(]))
QQR(I)=QQR(I1)/CNO3
QAT )==C*Cn38 1% (-A1*BBIP(1)+A2*BBRP(])=-A3%AAKEIP () +A4*AAKERP
1(1))
QAT(I)=QQT (1) /CNO3
DNR1=A1%# (BBER(I)=2¢%*X1%*BBIP(1))+A2*(BBEI(I)+2+%X1%¥BBRP(]))+A3%(AA
IKER(I ) =2 #X1#AAKEIP (1) )+A4* (AAKEI(I)+2*X1*AAKERP(]))
DNR(I)==EXH®F1#X1*#(DNR1-AS/PP+AT* (2. %X1%#%2))-RHO®H*R(]) /4.
DNR(I)=DNR(I1}/CNO
DNT1=-A1*TBEI([)+AZ#TBER(I)-A3*TKEI (1) +A4RTKER(I)-AS/PPRX1+AT*(2,
1xx1%%3)
DNT(1)=E*H®*F1#DNT 145« *RHO®H*R(1)/4.
DNT(I1)=DNT(1)/CNO
DNRT (1) =E*H#F 1% X1%¥(DNR1+AS/PP+ATH (2 %#X1%#%#2))=3 #RHO®H®R(I1)/ 4.
DNRT(I1)=DNRT(I)/CNO
Ul==PP*(-A1#SBEI(I)+A2%SBER(I)-A3*SKEI (1) +A4*SKER(]))+AS5%(2,*#OGF
LIX) ) +AGCRXERZ2R (S5+ATH (PPAX]1%%2)+A8
UULT)=F1/CH*UL1=RHO®* (1e+S5*PRTI*¥R(1)%%2/(8,%E)
UUCT)=UU(T)*CNOL
V1==PP#X1% (-A1*BBIP(])+AZ2%¥BBRP (1) -A3%AAKEIP{(I)+A4GRAAKERP(]))+A5%(
12e%LOGF{X))=AGR(SHXH%2)—ATH (PPRX1%%2)+A8
VVII)=F1/CHV]1=-RHO®(11le+Te*PRTI®R(I )%%2/ (B84*E)

71 vvil)=vVv(1)*CNOl
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TABLE V (Continued)

NN

NNN

183
184
185

14

15
17

22
18
19

21
33

3000

3001

3002

(8) INPUT Il (CONTROLsLOAD)

READ INPUT TAPE 2+4049+PSIsMGOTO
(9) OUTPUT 1 (CONTROL»GEOMETRYsMATERIALYEDGE CONSTRAINTS)

K3=K3-1

IF(NORM)1844184,183

WRITE OUTPUT TAPE 3,118

GO TO 185

WRITE OUTPUT TAPE 3,119

IF(K1-2113+14415

WRITE OUTPUT TAPE 3,129

GO TO 16

WRITE OUTPUT TAPE 3130

GO 1O 16

IF(K1-4)174+22422

WRITE OUTPUT TAPE 3,131

GO TO 16

WRITE OUTPUT TAPE 34136

IF(K2~2)18+19s21

WRITE QUTPUT TAPE 35134

GO TO 33

WRITE OUTPUT TAPE 3,132

GO TO 33

WRITE OUTPUT TAPE 3,133

WRITE OUTPUT TAPE 3,128

WRITE OUTPUT TAPE 34122+RHO+EsHsFsPRT

WRITE OUTPUT TAPE 3,11

TPSI=24%PSI-1.

PSIDEG=PSI*RAD*PI]

PSI=PSI#*P]

T3DEG=THETA3#RAD

T4DEG=THETA4*RAD
AR=34/(SQRTF(1s+(R4/F2)%%2)#%3-SQRTF(le+(R3/F2)#%2)%%3)
FM1=0.

FM220,

FM&4=0,

RM1=0,

RM2=0,

RM4=0Q,

DO 3000 I=1sM

RM=(P(I)*COSF(PSI))*##2+ (WW(T)*#SINF(PSI))%%2/2,
RM1=RM1+RM#*4.#RG(1)/SQRTF(1a+RG(I)#%2)
FM=(PWB(I)#COSF(PSI))##2+(WAS(T)*SINF(PS1))*%#2/2,
FM1aFM1+FM%*44#RG( 1) /SQRTF(14+RG(I)%%*2)

DO 3001 I=2,M1
RM=(P(I)*#COSF(PSI) ) #%#2+ (WW(I)*SINF(PSI))%%2/2,
RM2=RM2+RM*4 . *RG( 1) /SQRTF(1++RG( 1) %#%2)
FM=(PWB(I)*COSF(PSI) ) **#2+(WAS(I)*SINF(PSI))1**2/2,
FM2=FM2+FM*4 o *RG(I)/SQRTF (1. +RG( 1) #%2)

DO 3002 I=24M1s2
RM=(P(1)#COSF(PSI))#%#2+(WW(I)*SINF(PSI))%%#2/2,
RM4=RM4+RM*4« *RG( 1) /SQRTF (1« +RG( ) #%2)
FM=(PWB(I)*COSF(PSI))%%2+(WAS(I)*SINF(PS]))*%#2/2,
FM4z=FM4+FM*#4.%#RG( 1) /SQRTF(1e+RG( 1) %%2)
FMI=AR%DRB/3« #(FM1+FM2+2 4 #FM4)

RMS=AR*DRB/3+%* (RM1+RM2+2 «*RM4)
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[a¥alal

487
187

186
188

189

190

3005

451
452

255

450

403

FMI=SQRTF(FMI )

RMS=SQRTF(RMS)

WRITE OUTPUT TAPE 3,127

WRITE OUTPUT TAPE 3,123,R1sR2+R3+sR4+PSIDEG
WRITE OUTPUT TAPE 3,11

WRITE OUTPUT TAPE 33,3003

WRITE QUTPUT TAPE 3,3004sRMSsFMI]

WRITE OUTPUT TAPE 3,11
IF(MGOTO0-2)186+487,487
IF(MGOTO0-3)1879187,186

WRITE OUTPUT TAPE 34111

WRITE OUTPUT TAPE 35112+T3DEGsT4DEG

WRITE OUTPUT TAPE 3,11
IF(TPS1)188+1894+188

WRITE OUTPUT TAPE 3,173

WRITE OUTPUT TAPE 3,174+B1,B2,B3+B4+B5,+B6
WRITE OUTPUT TAPE 3,11

IF(PSI)190+190,189

WRITE OUTPUT TAPE 3,175

WRITE OUTPUT TAPE 351769A14A25A39A43A54A64ATsAB
WRITE OUTPUT TAPE 3,11

WRITE OUTPUT TAPE 3,10

(10) OUTPUT II (DEPENDENT VARIABLES AT THE TABULAR POINTS)

IF{MGOT0-3)450+4514+3005
IF(K3)98+98+402
IF(TPSI145044524+450

WRITE OUTPUT TAPE 3,140

DO 255 J=1,N

DO 255 I=1,M
WIIsJ)=WW(T)I*SINF(THETA(J))=P(1])
WELEX(T9J)=WAS(I)*SINF{THETA(J))-PWB(1)
WP(IsJ)=W3(1)*SINFITHETA(J))-W1(I])
UlIsJ)=UUCT)®SINF(THETA(J))=-Q(])
VIIsJ)=VV (T ) *COSF(THETA(J))
SKIp=1

GO TO 94

IF(PS1)96+964+23
IF(TPSI)403+95+403

DO 405 I=14M
P2(1)1=P(1)®COSF(PSI)
PWwB2(1)=PWB(1)*#COSF(PSI)
W2(I)=wl(I)*COSF(PSI)
FMR(I1)=EMR(I)*COSF(PSI)
FNR(I)=ENR(1)*COSF(PSI)
Q2(I)=Ql {1 )*COSF(PSI)
FMT(I)=EMT(1)*COSF(PSI)
FNT(I)=ENT(I1)*#COSF(PSI)
Q3(I)=Q(1)*COSF(PSI)
Wall)=wWW(IT)*SINF(PSI)

WAS54 (1 )=WAS(T)®*SINF(PSI)

W5 (1 )=w3 (I )#SINF(PSI)
GMR(1)=DMR(I)}*SINF(PSI)

GMT (1 )=DMT (1) *SINF(PSI)

GMRT (I1)=DMRT(I)*SINF(PSI)
QRR(1)=QQR(1)*SINF(PSI)
QTT(1)=QQT(I)*SINF(PSI)
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405

69

70

215

217

96
231
230
240

241
242
520

521
522

233
232
243

244
245
523

524
525

GNR(UI)=DNR(I)*SINF(PSI)
GNT(I1)=DNT(])*SINF(PSI)
GNRT(1)=DNRT(I)1#SINF(PSI)
U2(1)Y=UU(T)*SINF(PSI)
WTlL)=wa(1)+P2(1)=-P(])
WFLEXTII)1=WAS4(1)+PWB2(1)-PWBI( 1)
WPT(L)=WS (1) +W2(1)=wl(1])

UT(I) =U02¢C1)+Q3(1)1-Q(1])
V2(1)=VVII)*SINF(PSI)
IF{MGOTO-1196+796+69

DO 70 J=1sN

DO 70 [=1sM
WllsJ)=WL(T)*SINF(THETA(J))I+P2(1])
WFLEX(19J)3WASG( ) XSINF(THETA(J))+PWB2( 1)
WP(IsJ)=WS(])I*SINF(THETA(J)I+WZI]
CMR(I9JI=GMRIII*®SINF(THETA(J))+FMR (1)
CMT (I sJ)=GMT(I)*SINFI(THETA(J))+FMT(IY
CMRT(14J)=GMRT(I)®COSF(THETA(J))

QR([ 9 J)=QRR(II*SINF(THETA(J)1+Q2( 1)
QT (I +J)=QTT(1)*COSF(THETA(J))
CNR(TsJ)I=GNRIII®SINF(THETA(J))I+FNRI(I)
CNT(OIsJ)=GNT(I)I*SINFI(THETA(J)I+FNT(])
CNRT(1sJ)=GNRT(1)*COSF(THETA(J))
UllsJ)=U2(TIRSINF(THETA(J)I+Q3( 1)
VIIsJ)=V2 () #COSF(THETA(J))

SKIP=0

IF(MGOTO0-2194+94+215

DO 217 J=1N

DO 217 I=1sM

UllsJ)=U(ls01=Q(1])

WllsJd)=WlleJ)=P(I])

WFLEX (1 9J)=WwFLEX(I,J)-PWBI(1])

WP I sJ)=WP(]lsJ)=wll(])

WRITE OUTPUT TAPE 3,140

SsKip=1

GO TO 94

IF(PS1)230+230+231

WRITE OUTPUT TAPE 3,138

IF(NORM) 264052409241

WRITE OUTPUT TAPE 34324

GO TO 242

WRITE OUTPUT TAPE 35124
IFIPS1152095204521

WRITE OUTPUT TAPE 351255 (Y(I)sPUI)aWL(I)sENRIIDIZENT(I)sI=19M)
GO TO 522

WRITE OUTPUT TAPE 345125+ (Y(1)sP201)sW2(I)sFNRIIIsFNT(I)sl=1,M)
WRITE OUTPUT TAPE 3,10
IF(PS112324+232+233

WRITE OUTPUT TAPE 34,138
IF(NORM)243,2434244

WRITE OUTPUT TAPE 34,326

GO TO 245

WRITE OQUTPUT TAPE 34,126
IF(PS11523+523+524

WRITE OUTPUT TAPE 391259 (Y(I)sEMRIIISEMT(IIQLl(I)sQ(I)sI=1sM)
GO TO 525

WRITE OQUTPUT TAPE 391259 (Y(I)sFMRIT)sFMT(1)9sQ2(119Q3(1)91=1,yM)
WRITE OUTPUT TAPE 3,410
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IF(PS1)900+900+501
901 WRITE OUTPUT TAPE 3,138
900 IF(NORM)902+902+»903
902 WRITE CUTPUT TAPE 3,380
GO TO 904
903 WRITE OUTPUT TAPE 3,480
904 IF(PS1)905+905+906
905 WRITE OUTPUT TAPE 35925, (Y(I1)+PWBII)sIn]l4M)
GO TO 907
906 WRITE OUTPUT TAPE 399255 (Y{])1+PWB2(I)sImlsM)
907 WRITE OQUTPUT TAPE 3410
IF{PSI)199+99+95
95 IF(IPSI1)234,235+235
234 WRITE OUTPUT TAPE 3,138
235 IF(NORM)246+2469247
246 WRITE OUTPUT TAPE 3,313
GO TO 248
247 WRITE OUTPUT TAPE 3,113
248 IF(TPSI)5274+5264526
526 WRITE OUTPUT TAPE 39125+ (Y(I)sWW{I)eW3LI)sVVII)4UU(I)9Im1l,M)
GO TO 528
527 WRITE OUTPUT TAPE 34125+ (Y(I)sWalI)sWS{I)sV2(I)sU2(])sIm14M)
528 WRITE OUTPUT TAPE 3,10
IF(TPSI 23692374237
236 WRITE OUTPUT TAPE 3,138
237 IF(NORM)249+249+250
249 WRITE OUTPUT TAPE 3,314
GO TO 251
250 WRITE OUTPUT TAPE 3,114
251 IF(TPSI)530+529+529
529 WRITE OUTPUT TAPE 35125+(Y(1)sDMR{])¢DMT(I)sDOMRT(I)sQQR{I)sI=1sM)
GO TO 531
530 WRITE OQUTPUT TAPE 35125+ (Y(I)sGMR{I)sGMT(I)sGMRT(I)sQRR(I)sIm1sM)
531 WRITE OUTPUT TAPE 3,10
IF(TPSI)238+239+239
238 WRITE OUTPUT TAPE 3,138
239 IF(NORM)252+252+253
252 WRITE OUTPUT TAPE 3,315
GO TO 254
253 WRITE OUTPUT TAPE 3,115
254 IF(TPSI)533,532+532
532 WRITE OUTPUT TAPE 34125+ (Y(I1)sDONR(I)sDNT(I)sDNRT(I)»QQT(I)sIm1sM)
GO TO 534
533 WRITE OUTPUT TAPE 35125+ (Y{I)sGNRII)sGNT(I)sGNRTL{I)sQTT(I)sIm1yM)
534 WRITE OUTPUT TAPE 3,10
IF(TPSI)9084+909+909
908 WRITE OUTPUT TAPE 3,138
909 IF(NORM)910+910+911
910 WRITE QUTPUT TAPE 3,380
GO TO 912
911 WRITE OUTPUT TAPE 3,480
912 IF(TPSI)914+913,913
913 WRITE QUTPUT TAPE 39925+ (Y{I)sWAS(I)sI=14M)
GO TO 915
914 WRITE OUTPUT TAPE 3,925+ (Y(1)sWAS4(])sIm]lyM)
915 WRITE OUTPUT TAPE 3410
IF(K3)98+98+402
796 WRITE OUTPUT TAPE 3,140
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797

798
799

94
160

601
602

603

604
605

606
607

608
609

611
612

613
614

615
616

617

618
619

620
621

622
623

624

IF(NORM) 7974797798

WRITE OUTPUT TAPE 3,327

GO 10 799

WRITE OUTPUT TAPE 3,328

WRITE OUTPUT TAPE 34329 (Y(I)sWT(I)sWFLEXT(I)sWPT(I)sUT(I)sV2(1)y

1l=1sM)

WRITE OUTPUT TAPE 3,10

GO TO 99

DO 160 J=1sN

THETR(J)=THETA(J) #RAD

IF(NORM)601+601+604

IF(SKIP)602+602+603

WRITE OQUTPUT TAPE 3,361

GO TO 607

WRITE OUTPUT TAPE 34461

GO TO 607

IF(SKIP)605+605+606

WRITE OQUTPUT TAPE 3,161

GO TO 607

WRITE OQUTPUT TAPE 34261

WRITE OUTPUT TAPE 33FMT1s(THETR(J) s Jms]lyN)
WRITE OUTPUT TAPE 3,11

WRITE OQUTPUT TAPE 3sFMT2s(Y(I)e(WlIsJ)sJx=1lsN)si=1yM)
WRITE OUTPUT TAPE 3,10
IF({NORM)608+6089611

IF{SKIP)609+609+610

WRITE OUTPUT TAPE 34,362

GO TO 614

WRITE OUTPUT TAPE 34462

GO TO 614

IF(SKIP)612+6129613

WRITE OUTPUT TAPE 3,162

GO TO 614

WRITE OQUTPUT TAPE 34262

WRITE OUTPUT TAPE 3sFMT1s(THETR(J)sJ=1sN)
WRITE OUTPUT TAPE 3,11

WRITE OUTPUT TAPE 3sFMT2s(Y(I) s (WFLEX(IsJ)sJ=1sN)yI=1lyM)
WRITE OUTPUT TAPE 3,10
IF(NORM)615+615+618

IF(SKIP)6169616+617

WRITE OUTPUT TAPE 3,363

GO TO 621

WRITE OUTPUT TAPE 3,463

GO TO 621

IF{SKIP)6199619+620

WRITE OUTPUT TAPE 3,163

GO TO 621

WRITE OUTPUT TAPE 3,263

WRITE OUTPUT TAPE 33FMT1s(THETR(J)sJ=1sN)
WRITE OUTPUT TAPE 3,11

WRITE OUTPUT TAPE 3sFMT29(Y(I)s(WP(IsJ)sJmlsN)sI=1,M)
WRITE OUTPUT TAPE 3,10

IF(NORM) 622+622+625

IFISKIP)623+623+624

WRITE OQUTPUT TAPE 3,364

GO TO 628

WRITE QUTPUT TAPE 34464

GO TO 628
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625
626

627
628

629
630

631

632
633

634
635

599
267

268
269

270

271
272

273

274
275

276

2717
278

279

IF(SKIP)1626+626+627
WRITE OUTPUT TAPE 3,164

GO 10

628

WRITE OUTPUT TAPE 39264
WRITE OUTPUT TAPE 34+FMT1»(THETR(J}sJ=1sN)
WRITE OUTPUT TAPE 3,11
WRITE OUTPUT TAPE 39FMT25 (Y (1) s(UllsJlsJdulsN)slnlyM)
WRITE OUTPUT TAPE 3,10
IFINORM 62996299632
IF(SKIP1630,630+631
WRITE OUTPUT TAPE 3,365

GO 10

635

WRITE OQUTPUT TAPE 3,465

GO 10

635

IF(SKIP1633+633,634

WRITE
GO 1O
WRITE
WRITE
WRITE
WRITE
WRITE

IF{SKIP1599+5991,99

OUTPUT
635

OUTPUT
OUTPUT
OUTPUT
OUTPUT
OuTPUT

TAPE

TAPE
TAPE
TAPE
TAPE
TAPE

3,165

34265

39yFMTL1s(THETR(J)}yJI=1sN)

3,11

3oFMT 20 (YT e (VIIsJ)eJdmlyN)sI=lyM)
3,10

IFINORM)2679267+268

WRITE
GO TO
WRITE
WRITE
WRITE
WRITE
WRITE

OUTPUT
269

OUTPUT
OUTPUT
OUTPUT
ouTPUT
OUTPUT

TAPE

TAPE
TAPE
TAPE
TAPE
TAPE

3,382

34582

39FMT1(THETR(J)Y s JI=1N)

3,11
39FMT20(Y(I)1o(CMR(TsJ)sJdm1oN)},yI=lyM)
3,10

IFINORM)270+2705»271

WRITE
GO 10
WRITE
WRITE
WRITE
WRITE
WRITE

OUTPUT
272

OUTPUT
OuUTPUT
OUTPUT
OUTPUT
OUTPUT

TAPE

TAPE
TAPE
TAPE
TAPE
TAPE

39366

3,166

39yFMTL1s(THETR(J)pJ=1sN)

3,11

FoFMT 20 (Y (I s (CMT (I aJ)rsJ=losN)sInlyM)
3,10

IF(NORM)273+273+274

WRITE
GO 10
WRITE
WRITE
WRITE
WRITE
WRITE

OUTPUT
275

OUTPUT
OUTPUT
oQuTPUT
QUTPUT
QUTPUT

TAPE

TAPE
TAPE
TAPE
TAPE
TAPE

39367

3,167

39FMT1s(THETR(J)}sJ=]1 N}

3,11

3oFMT 29 (Y (I} (CMRT{IsJ)oJmloN)sI=1sM)
3,10

IF(NORM1276+2761»277

WRITE
GO 10
WRITE
WRITE
WRITE
WRITE
WRITE

ouTPUT
278

OUTPUT
OUTPUT
OUTPUT
OQUTPUT
OUTPUT

TAPE

TAPE
TAPE
TAPE
TAPE
TAPE

3,368

3,168

3yFMT1s(THETR(J)YpJ=1pN)

3911
3yFMT29(Y(I)} o (QR(IpJ)sJI=19N)sI=1sM)
3,10

IF(NORM1279+279+280
WRITE OUTPUT TAPE 3,369

GO 10

281
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280
281

WRITE
WRITE
WRITE

OUTPUT
OUTPUT
OUTPUT
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE 3,10
IF(NORM) 282,282,283
WRITE OUTPUT TAPE 3,370
GO TO 284
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE 3,10
IF(NORM)285,285,286
WRITE OQUTPUT TAPE 3,371
GO TO 287
WRITE OUTPUT
WRITE OUTPUT
WRITE OQUTPUT
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE 3,10
IF(NORM)288+288+289
WRITE OUTPUT TAPE 3,372
GO TO 290
WRITE QUTPUT
WRITE OUTPUT
WRITE OUTPUT
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE 3,10
IF(MGOT0-3)99+99,215
IF(K3)98+98+402
FORMAT(715)
FORMAT(3E2048)

FORMAT (4F1549)
FORMAT(1H1)

FORMAT (//77)
FORMAT(51H
FORMAT(2F2442)

FORMAT (116H
1 OMEGAR
114 FORMAT(121H

1 MTHETA(INe-LBe/INo)

TAPE
TAPE
TAPE

3,169
33FMT19(THETR(J)sJ=1sN)
3,11

282

283
284

TAPE
TAPE
TAPE

3,170
39FMT1s(THETR(J) sJ=]1sN)
3511

285

28%
287

TAPE
TAPE
TAPE

3,171
39FMT1s (THETR(J)sJ=1sN)
3,11

288

289
290

TAPE
TAPE
TAPE

3,172
39FMT1s(THETR(J) s J=1sN)
3,11

500

99
101
102
103

1o

11
1216
112
113

THETA3 (DEG.)

RUINe)
VIINe)
RCING)

FyFMT2s(Y(I) s (CNTIU1,4J)sJ=

MRTHETA(INe~-LBe/INs)

3yFMT20 (YT (QT(TI9J)sJ=1leN)sI=1,M)

39FMT291YUT) s (CNR(TsJ)sJ=1sN)sI=1sM)

1sN) s I=1,M)

3yFMT29(YII) 9o (CNRT(I9J)sJ=1sN)sI=1sM)

THETAG(DEGe)//77)

W(INe)
UtINe)/Z/77)
MR(INe=LBe/INs)
QR(INs/LBe)

2/1177)

115 FORMAT(121H RUING) NR(UINe/LBe)
1 NTHETA(INe/LBe) NRTHETA(INe/LBs) QTHETA(INe/LBs)
2/7/77)

118 FORMAT(99H A PARABOLOIDAL SHELL SUBJECTED TO GRAVITY- - —UN-NORMA
1LIZED RESULTS BY A SHALLOW SHELL ANALYSIS //77)

119 FORMAT(99H A PARABOLOIDAL SHELL SUBJECTED TO GRAVITY- - =NORMALIZ
1ED RESULTS BY A SHALLOW SHELL ANALYSIS /1/77)

120 FORMAT(30H UNDERFLOW OR OVERFLOW /1/7/7)

121 FORMAT(30H THE MATRIX IS SINGULAR /1777)

122 FORMATI(5F2445)

123 FORMAT(4F2445+F1842)

124 FORMATI(121H RUINe) WUINe)
Dt OME GAR NR(LBe/INs) NTHETA(LB4/INs)
177771

125 FORMAT(F2444+4F2448)




TABILE V (Continued)

126 FORMAT(121H RUINe) MR{INe-LBe/INs)
b MTHETA{INe~LBe/INW) QR{LBe/INe) U(INe)
17777)
127 FORMATI(116H R1{INe) R2(INe)
1 R3(INs) R&4{INe) PSI{DEGe)/7//7)
128 FORMAT(120H WEIGHT DENSITY(LBe/IN.3) YOUNGS MODULUS(LBe/INs
12) THICKNESS{IN.) FOCAL LENGTH{IN.) POISSONS RATIO/
2/17)
129 FORMAT{(51H THE SHELL IS FREE AT R1 1777
130 FORMAT(51H THE SHELL IS CLAMPED AT Rl 1/77)
131 FORMATI(51H THE SHELL IS SIMPLY SUPPORTED AT R1 1/77)
132 FORMAT(51H THE SHELL IS CLAMPED AT R2 1/77)
133 FORMATI(51H THE SHELL IS SIMPLY SUPPORTED AT R2 /1/77)
134 FORMAT(51H THE SHELL IS FREE AT R2 //717)
136 FORMAT(51H THE SHELL IS CLOSED AT THE APEX 1/77)
138 FORMAT(51H THE PORTION OF THE RESULTS INDEPENDENT OF THETA////)

140 FORMAT({95H THE DISTORTION OF THE SHELL GIVEN BELOW IS MEASURED REL
1ATIVE TO THAT OF THE FACE-UP POSITION 17/777)

173 FORMAT{7X92HB19s13X92HB2+13Xs2HB3913Xs2HB49s13Xs2HB5,413Xs2HBEs/// /)

174 FORMAT(6E1546)

175 FORMAT (7X92HAL1913X92HA2913X92HA3913X92HA4»13X92HAS5s13Xs2HAE913X
12HA7913X92HAB///7)

176 FORMAT(8E15.6)

205 FORMAT({12A6)

313 FORMATI(116H GAMMA W*

1 OMEGAR#* v u* 7777

314 FORMAT(116H GAMMA MR #

1 MTHETA#* MRTHETA#* QR*  ///7)

315 FORMAT{116H GAMMA NR#

. 1 NTHETA* NRTHETA#* QTHETA%//7/7)

324 FORMAT(116H GAMMA W
1 OMEGAR* NR#* NTHETA%*///7)

326 FORMATI(116H GAMMA MR #

1 MTHETA#* QR* us /11779

327 FORMAT(121H GAMMA W TILDE# WFLEX
1TILDE* OMEGAR TILDE* U TILDE* V TILDE*
2/777)

328 FORMAT(121H R{INe) W TILDE(IN.) WFLEX TI
1LDE{ INe) OMEGAR TILDE(IN) U TILDE(IN) V TILDE(IN.)
2//177)

329 FORMAT(F20e495F2048)

380 FORMAT(51H GAMMA WFLEX® /11779

404 FORMATI(F1549515)

480 FORMAT(51H R{INe) WFLEX{INe) /777/7)

925 FORMAT (F24449F240e8)

3003 FORMATI(51H EPISILON EPISILONFLEX 1/177)
3004 FORMAT(2F24,.8)

161 FORMAT(50H ~===DISPLACEMENT W{INe)=-—- /11777

162 FORMAT(50H ---—DISPLACEMENT WFLEX{IN,) 1/77)

163 FORMAT{(50H -——~-DISPLACEMENT OMEGAR-=-- 11/77)

164 FORMAT ({50H --—=DISPLACEMENT U(INe)==== 1//77)

165 FORMAT(50H -——-DISPLACEMENT V{(INe)-—--- 1/777)

582 FORMAT (60H -~=-—BENDING MOMENT MR{INe-LBe/INe¢)===-

) /11777)

166 FORMAT {60H -—-—-BENDING MOMENT MTHETA(INe~LBe/INe)—==
1- /1/777)

167 FORMAT (60H —-—-BENDING MOMENT MRTHETA(INe-LBe/INe)=--
l1-- 77777)
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*

168 FORMAT (50H
169 FORMAT (60H
1 17777}
170 FORMAT(60H
1 /1///17)
171 FORMAT(60H
1 /1/777)
172 FORMAT (60H
1 /177771
261 FORMATI(50H
262 FORMAT(50H
263 FORMAT(50H
264 FORMAT (50H
265 FORMAT(50H
361 FORMAT(75H
1ESS)——--
362 FORMAT(75H
1SIONLESS)——--
363 FORMAT (75H
1SIONLESS)
364 FORMAT(75H
1ESS)—===
365 FORMAT(75H
1ESS ===
382 FORMAT(75H
10ONLESS ) —=--
366 FORMAT(75H
1ENSIONLESS ) —~--
367 FORMAT(75H
1IMENSIONLESS)=-=-=-~
368 FORMAT(75H
1SIONLESS)--—-
369 FORMAT(75H

1IMENSIONLESS) -~~~

370 FORMAT(75H
1S1ONLESS ) ——=~
371 FORMAT(75H

1IMENSIONLESS) —-=~

372 FORMAT(75H

1DIMENSIONLESS) ===~

461 FORMAT(75H
INLESS)==—=

462 FORMAT(75H
1ENSTONLESS ) —~=~

463 FORMAT(75H
1ENSIONLESS)==-~

464 FORMAT(75H
INLESS)=---

465 FORMAT(75H
INLESS) ===~
END

LABEL

CFCTRL

----TRANSVERSE SHEAR QR(LBe/INeY===/////)
-=--TRANSVERSE SHEAR QTHETA(LBe/INe})----
====STRESS RESULTANT NR(LBe/INe)==--
—-=—-STRESS RESULTANT NTHETA(LBe/INe)-—--

====STRESS RESULTANT NRTHETA(LBe/INe)—==-

----- DISPLACEMENT W TILDE(INs)===- 1//7177)
----- DISPLACEMENT WFLEX TILDE(INeV==== /////)
————— DISPLACEMENT OMEGAR TILDE---- /177771
————— DISPLACEMENT U TILDE(INe)=-=-=- 17777}
————— DISPLACEMENT V TILDE(INe)—---- /17777
————-NORMALIZED DISPLACEMENT WH*(DIMENSIONL
/17777
--—=NORMALIZED DISPLACEMENT WFLEX®* (DIMEN
//77)
-——=NORMALIZED DISPLACEMENT OMEGAR#*(DIMEN
117771
-——-NORMALIZED DISPLACEMENT U#(DIMENSIONL
177771
--—-NORMALIZED DISPLACEMENT V*(DIMENSIONL
17777} g
-=—-NORMALIZED BENDING MOMENT MR#*(DIMENSI
/1//77)
----- NORMALIZED BENDING MOMENT MTHETA®#(DIM
/177771
-—-=NORMALIZED BENDING MOMENT MRTHETA*(DI
/177771
----- NORMALIZED TRANSVERSE SHEAR QR% (DIMEN
/177771
-===-NORMALIZED TRANSVERSE SHEAR QTHETA®(D
177771
-—==NORMALIZED STRESS RESULTANT NR#*(DIMEN
/177771
-=—-NORMALIZED STRESS RESULTANT NTHETA*(D
/1/7777)
~—-=NORMALIZED STRESS RESULTANT NRTHETA®#(
/17777
—-—--—-MORMALIZED DISPLACEMENT W TILDE*(DIMENSIO
/1//777)
-—--—NORMALIZED DISPLACEMENT WFLEX TILDE* (DIM
17777}
-—-——MORMALIZED DISPLACEMENT OMEGAR TILDE*(DIM
/1177171
----MORMALIZED DISPLACEMENT U TILDE*(DIMENSIO
1//77)

--=—-NORMALIZED DISPLACEMENT V TILDE*(DIMENSIO
177771

FUNCTION FCTRL(INTGER)
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D
3
D
D 4
2
L
CBER
D
D 5
D
D
D
D 16
D 8
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D 60
D
D
D
D 53
40
*
CBEI
D
D 5

FCTRL=1,0

IF (INTGER=1) 29243
DO 4 N=2, INTGER
AN=N

FCTRL=FCTRL#*AN
RETURN

END

LABEL

FUNCTION BER (XsLONG)

PI=3,141592653589793

IF(X=-170)595+8

BER=1.0

DO 16 K=1sLONG

AK=K

TOPBER= (X/2¢0)%#(2,0%AK)

TERBER=( (TOPBER/FCTRL(2%K) )##2)#((~1,0)#%K)
BER=BER+TERBER

GO TO 40
COEF1=SQRTF(PI/(2%X))#EXPF(~(X/SQRTF(24)))
COEF2=EXPF(X/SQRTF (2e))/SQRTF(2.,%#P%X)
ALPHA=X/SQRTF(2)-PI1/8e
BETA=X/SQRTF(2«)+P1/8e

FIRST=~SINF(BETA)

SECOND=COSF(ALPHA)

PROD=1.

BER=COEF2%#SECOND

DO 53 K=1,LONG

AK =K )
CCPSS=COSFIPI®AK /44 ) #COSF(ALPHA)+SINF(PI®AK/4 4 ) #SINF(ALPHA)
PROD=PROD# (2 #AK—1,) ##2

SCFM=PROD/FCTRL (K)
SCFM=SCFM/ (Be®X) %% (AK/24)
SCFM=SCFM/(BeX) %% (AK/24)
SUM2=(SCFM®#CCPSS)#COEF2

IF(X=270)609609¢53

SCFMaSCFM# (~1, ) #%K
SCMCS=~SINF(PI*AK/4 4 )#COSF(BETA)~COSF(PI#AK/44)#SINF(BETA)
BER=BER~COEF1#FIRST /PI

SUM1= (SCFM%#SCMCS ) *#COEF1/PI
BER=BER+SUM2~S5UM1

RETURN

END

LABEL

FUNCTION BEI (X+LONG)
PI=3,141592653589793
IF(X=17¢0)595+8

BEI=0.0

DO 20 K=1y9LONG
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["lvivlvielvivie) lvlwiieleRe]

lvivivivivielv]

OO0 O0

AK =K
TPABEI=(X/2+.0)%%(2,0%AK)
TPBBEI=(X/2.0) #%#(2,0%AK=24.0)
TERBEI=(TPABEI/FCTRL(2%K=1))*(TPBBEI/FCTRL(2¥K=1))%#((=1,0)**(K-1))
20 BEI=BEI+TERBEI
GO TO 40
8 COEF1=SQRTF(PI/(2+%#X))*EXPF(-(X/SQRTF(24)))
COEF2=EXPF(X/SQRTF(24))/SQRTF(2,*P[%*X)
ALPHA=X/SQRTF(2e)=P1/8e
BETA=X/SQRTF(2.)+P[ /8
FIRST=COSF(BETA)
SECOND=SINF (ALPHA)
PROD=1.
BEI=COEF2*SECOND
DO 51 K=1sLONG
AK =K
CSMSC=COSF(PI*AK/ 44 ) *SINF (ALPHA)-SINF(PI#AK/4,)*#COSF (ALPHA)
PROD=PROD* ( 2+ #AK -1, ) #%2
SCFM=PROD/FCTRL (K)
SCFMaSCFM/ (8o %X ) XK (AK/2,)
SCFM=SCFM/ (8o %X ) %% (AK/24)
SUM2= (SCFM*CSMSC) ®*COEF 2
IF(X=2740)60+60+51
60 SCFM=SCFM*(=]1,)**K
CCMSS=COSF(PI*®AK/ 44 ) *COSF(BETA)=SINF(PI*AK/4«)*SINF(BETA)
SUM1= (SCFM®CCMSS)*#CCEFL1/P]
BEI=BEI+COEF1*FIRST/PI
51 BEI=BEI+SUM1+SUM2
40 RETURN
END

LABEL

CAKER

O OO

lelvivivivviele]

FUNCTION AKER (X sLONG)
PI=3,141592653589793
GL2MIG=.1159315156584124
IF(X~8¢89)595,+8

5 SAME=GL2MIG-LOGF (X)
PI4TH= PI/4,0
AKER=SAME
DO 25 K=1s LONG
AK=K
TOPBER= (X/2.0)%%(2,0%AK)
TERBER=((TOPBER/FCTRL{2%K) )*%#2)%((=1,0)*%K)
TPABEI=(X/2.0)%#%(2,0%AK)
TPBBEI=(X/2.,0)%%({2,0%AK-240)
TERBEI=(TPABEI/FCTRL(2%K-1))*(TPBBEI/FCTRL(2*K-1))#((~1,0)%%(K-1))
TERM1=SAME*TERBER
TERM2=PI4TH*TERBEI
I=K=-1
IF (1) 767

6 SUM1=1.5
GO 10 11

7 PART=0.0

57 DO 10 L=IsK
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AL=L

10 PART=PART+(1.0/(AK+AL))

110 SUM1=SUM1+PART

11 TOP3=((X/20)%%(2,0%AK))

24 TERM3=(((TOP3/FCTRL(2¥K))##2)#SUM1%#((~1,0)%%#K))

25 AKER=AKER+TERM1+TERM2+TERM3
GO TO 40

8 COEF1=SQRTF(PI/(24%#X))*EXPF(~(X/SWRTF(24)))

ALPHA=X/SQRTF(2¢)-P1/8,
BETA=X/SQRTF(2+)+P1/8.
FIRST=COSF(BETA)
PROD=1.
AKER=COEF1*FIRST
DO 50 K=1+LONG
AK=K
PROD=PROD#( (2 ¥AK~1,)%#%#2)
CCMSS=COSF(PI*AK/ 44 ) #COSF(BETA)~SINF(PI®AK/4¢)%SINF(BETA)
SCFM=PROD/FCTRL (K)
SCFM=SCFM/ (Be %X ) %% (AK/2,)
SCFM=SCFM/ (Bo¥X)R¥(AK/ 26 )% ((~14) %K)
SUM1= (SCFM*#CCMSS)#COEF1

50 AKER=AKER+SUM1

40 RETURN
END

OCO0OO0O0OO0OOOO0 OO0OO0OO0OO0O0 vlvlvivivio)

* LABEL
CAKEI
FUNCTION AKEI (XsLONG)

D GL2MIG=,1159315156584124

D PI=3,141592653589793
IF(X-8489)5+5+8

5 SAME=GL2MIG-LOGF(X)

PI4TH=PI /440
AKEI ==P14TH
DO 25 K=1,LONG
AK=K
TOPBER= (X/20)%#%(2,0%AK)
TERBER=((TOPBER/FCTRL(2#K))##2)%#( (=1,0)%#%K)
TPABEI=(X/2.0)#%(2,0%#AK)
TPBBEI=(X/20)%%(2,0%¥AK-2.0)
TERBEI=(TPABEI/FCTRL(2#K=1))# (TPBBEI/FCTRL(2%#K=1))%#((=1,0)%#%#(K-=1))
TERM1=SAME#TERBEI
TERM2=PI4TH*TERBER
[=K~-1
IF (1) B86+86+88

86 SUM2=1.0
GO TO 80

88 PART=0.0
DO 94 L=I,K
AL=L

94 PART=PART+(1.0/(AK+AL-1.0))
SUM2=SUM2+PART

80 TERM3=SUM2Z2#((=1e0)##(K=1))®(((X/2e60)%#%(2,0%AK))/FCTRL(2%¥K=-1))%(((X

2/2¢0)%%(2,0%#AK=240))/FCTRL(2%K=1))
25 AKEI=AKEI+TERM1-TERM2+TERM3

OO0O0UOO0O0O00O0 QOO

Q

o

OCO0OO0O0OO0OO0
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GO 70 40

8 COEF1=SQRTF(PI/(2¢%*X)) *EXPF(=X/SQRTF(24))
ALPHA=X/SQRTF(2+)~P1/8.
BETA=X/SQRTF(2+)+P1 /8.
FIRST==SINF(BETA)
PROD=1.
AKET=COEF1*FIRST
DO 52 K=1+LONG
AK=K
SCMCS=-SINF(PI*AK /44 ) *COSF(BETA)-COSF(PI®#AK/44)*SINF(BETA)
PROD=PROD* ([ 2+ *AK=14)%*%*2)
SCFM=PROD/FCTRL(K)
SCFM=SCFM/ (Be¥X) %% (AK/2,)
SCFM=SCFM/ (Be#X ) %% (AK/ 24 )% ( (=14 ) %%K)
SUM]1= { SCFM%#SCMCS ) #COEF]

52 AKEI=AKEI+SUM1

40 RETURN
END

lvlvivlvRe v

lolvivBvivRvvie)

™ LABEL
CBRP
FUNCTION BRP (XsLONG)
D P1=3.1415926535897913
IF(X=170)5+548
BRP=0.,0
DO 65 K=1+LONG
AK=K
PARTA=((X/20)%%(2,0%AK))/FCTRL(2%*K~1)
PARTB=((X/2.0)**#(2.,0%AK=140))/FCTRL(2%K)
TERBRP=PARTA*PARTB*((=1,01%#%K)
BRP=BRP+TERBRP
GO TO 40
COEF1=-(SQRTF(PI/(2+%*X) ) *EXPF(=X/SQRTF(24)))
COEF2=EXPF(X/SQRTF(24))/SQRTF(24%*P] *X)
ALPHA=X/SQRTF(2+)=-P1 /8,
BETA= X/SQRTF(2«)+P1/8.
FIRST==-SINF(ALPHA)
SECOND=COSF(BETA)
BRP=COEF2*SECOND
PROD=1.0
DO 55 K=1sLONG
AK =K
SSMCC==SINF(PI*AK /4 ) *SINF(BETA)-COSF(PI*AK /44 )*#COSF(BETA)
JrK~1
AJ=)
IF(J)1T70+70s71
70 PROD=1.0
GO 10 72
71 PROD=PROD*(2e¥%AJ=1,)**2
72 SCFM=PROD* (4+ *AK®*%#2-]1 4 )/FCTRL(K)
SCFM=SCFM/ (B %X ) %X (AK/ 24 )
SCFM=SCFM/ (Be®X ) %% (AK/2,)
SUM2=SCFM#SSMCC*COEF2
IF(X=2740160+60+55
60 SCFM=SCFM#*(=1,)%#%K

lvoBvlviv i) ()
o
w w

@

lvlvlvivivivivle)

lvEeRvRelviv)

[ Rvlvie o)

o
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D

D

D

D 55
40

*

CBIP

D

D 5

D

D 66

D

D 67

> 73

D 74

D 68

D 8

D

D

D

D

D

D

D

D

D

D

D

D

D 70

D 71

B w2

D

D

D

D 60

D

D

D

D 57
40

SCPCS=SINF(PI*AK/ 44 ) *COSF (ALPHA)+COSF(PI*AK /44 ) *SINF(ALPHA)
SUM1=SCFM*SCPCS*FIRST/PI

BRP=BRP-COEF1*#FIRST/PI

BRP=BRP-SUM1+SUM2

RETURN

END

LABEL

FUNCTION BIP (XsLONG)
PI=341415926535897513

[F(X-17¢01555+8
BIP=0.0

DO 68 K=1»LONG

AK =K

[F (K-1) 66,6667
PARTC=(140/(X/240))/FCTRL(2%K-1)
PARTD=((X/240)%%(2,0%AK))
GO TO 74
PARTC=((X/2,0)%%(2,0%AK=3,0))/FCTRL(2%K=1)
PARTD=((X/2.0)%%(2,0%AK))/FCTRL(2%K=2)
TERBIP=PARTC*¥PARTD*((-1,0)*¥%(K=1))
BIP=BIP+TERBIP

GO TO 40
COEF1=-(SQRTF(PI/(2+%X))*EXPF(-X/SQRTF(24)))
COEF2=EXPF(X/SQRTF (2¢))/SQRTF (2. %P %X)
ALPHA=X/SQRTF(2¢)=P1/8,
BETA=X/SQRTF(2.)+P1 /8

FIRST=COSF (ALPHA)

SECOND=SINF(BETA)

BIP=COEF2%¥SECOND

PROD=140
DO 57 K=13»LONG
AK =K

SCMCS=SINF(PI*®AK/ 44 ) *COSF(BETA)=COSF(PI*AK/44)%SINF(BETA)
J=K-1

Ad=J

[IF(J)T70+70,71

PROD=140

GO TO 72

PROD=PROD¥* (2¢%AJ-1,) %%2

SCFM=PROD* (44 ¥AK%%*2~1, ) /FCTRL(K)
SCFM=SCFM/ (Be %X ) %% (AK/24)

SCFM=SCFM/ (Be %X ) ¥¥ (AK/2,)

SUM2=SCFM*SCMCS*COEF2

IF(X-270)60+60+57

SCFM=SCFM* (-1, %%K
SSMCC=SINF(PI*AK/ 44 ) *SINF (ALPHA)=COSF(PI*AK /44 )%COSF{ALPHA)
SUM1=SCFM*SSMCC*COEF1/P1

BIP=BIP+FIRST*CQOEF1l/PI

BIP=BIP+SUM1+SUM2

RETURN

END




TABLE V {(Continued)

*

LABEL

CAKERP

[viviviviviv] O o lvieliviviolo] OO QOo o o

o

o

lvivivivivio] lvlvivivielo}

<o [vivieRv)

v lw)

FUNCTION AKERP(XsLONG)
GL2MIG=41159315156584124
PI1=3,141592653589793
[F(X-8e8915+54+8
5 SAME=GL2MIG-LOGF (X)
Pl4TH=P1 /4.0
CONST=140/X
AKERP=-CONST
DO 25 K=1sLONG
AK =K
TOPBER= (X/20)%%(2,0%AK)
TERBER=((TOPBER/FCTRL(2*¥K) ) *%¥2)%((=]1,0)%%K)
PARTA={(X/240)%*(2,0%AK))/FCTRL(2%K=1)
PARTB=((X/2e0)%%(2,0%AK=-1e0))/FCTRL (2%K)
TERBRP=PARTA¥PARTB*((-1,0) *¥K)
IF (K=1) 66+66+67
66 PARTC=(1e0/(X/2¢0))/FCTRL{2%K=-1)
PARTD={(X/2.0)%%{2,0%AK))
GO TO 74
67 PARTC=((X/20)%*%{2,0%AK-340))/FCTRL{2%K-1)
73 PARTD=({(X/2.0)%%(2,0%AK )} /FCTRL(2%K=2)
74 TERBIP=PARTC*PARTD*((-1.0)%**(K=1))
TERM1=SAME*TERBRP
TERM2=CONST#TERBER
TERM3=PI4TH*TERBIP
I=K-1
IF (1) 794647
6 SUM1=1.5
GO TO 11
7 PART=040
57 DO 10 L=1,K
AL=L
10 PART=PART+(1+0/(AK+AL))

110 SUM1=SUM1+PART

11 TERM4=SUM1* (2. 0*¥AK)®{((X/20)1%%(260%AK))/FCTRLIZ2*¥K))I*(((X/20)%%(2
ZeO%AK=140) ) /FCTRL(2%¥K) )% ((=140) *%K)

25 AKERP=AKERP+TERM1-TERMZ+TERM3+TERM4
GO TO 40

8 COEF1==(SQRTF(PI/(2%X))*EXPF({=-X/SQRTF(241)))
ALPHA=X/SQRTF(24)-P1/8e
BETA=X/SQRTF(24)+P1 /8o
FIRST=COSF{ALPHA)
AKERP=COEF1*FIRST
PROD=1.0
DO 54 K=14sLONG
AK=K
SSMCC=SINF(PI®AK /4o ) *SINF(ALPHA)-COSF(PI*#AK /44 )*COSF(ALPHA)
J=K-1
AJ=J
[F(J)T70+70,71

70 PROD=1.0
GO TO 72

71 PROD=PROD¥*(2¢%AJ=1,)**2

72 SCFM=PROD* (4o %AK%%2-]1,)/FCTRL(K)
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TABLE V (Continued)

lvRvivlv)]

*

SCFM=SCFM/ (B %X ) %% (AK/2,)
SCFMaSCFM/ (Be %X ) #%(AK/24 )% (=1¢) #%K
SUM1 =SCFM#*SSMCC*COEF1

54 AKERP=AKERP+SUM1

40 RETURN
END

LABEL

CAKEIP

oo

OO0 O0O00O O o lelivivlivivlvie) v BeRv i)

Q00000 o o

ivivivlvivie]

FUNCTION AKEIP(XsLONG)
GL2MIG=,1159315156584124
P1=3,141592653589793
IFIX-15e5)5+5+8
5 SAME=GL2MIG~-LOGF (X))
CONST=1.0/X
PI4TH=P1 /4.0
AKEIP=0.0
DO 25 K=14+LONG
AK =K
TPABEI=(X/260)%#%(2,0%AK)
TPBBEI=(X/2.0)%#%(2,0%AK=2.0)
TERBEl=(TPABEI/FCTRL{2%K-1))*(TPBBEI/FCTRL(2%*K=1))#((=1,0)%#%(K=1))
PARTA=((X/2+0)%#%(2,0%AK))/FCTRL(2%K-1)
PARTB={{X/2.0)%#%(2,0%AK=1,0))/FCTRL (2%K)
TERBRP=PARTA#PARTB#({(-1,0)%%K)
IF (K=1) 66466467
66 PARTC=(140/(X/2¢0))/FCTRL{2%K-1)
PARTD=((X/2,0)%#%#(2,0%AK))
GO TO 74
67 PARTC={{(X/20)%%(2,0%AK=340))/FCTRL(2%K=1)
72 PARTD=({(X/2.0)%%{2,0%AK))/FCTRL(2%¥K=2)
74 TERBIP=PARTC*PARTD®{(~1.,0)%*#*({K=1))
TERM1=SAME#*TERBIP
TERM2=CONST#*TERBEI
TERM3=P] 4TH*TERBRP
I=K=-1
IF (1) 86+86+,88
86 SUM2=1.0
GO TO 80
88 PART=0.,0
D0 94 L=IyK
AL=L
94 PART=PART+(10/({AK+AL-1,0))
SUM2=SUM2+PART
80 TERM&L=SUM2# (2 0%AK=160 )% { (=10} %% {(K=1))#(({(X/2.0)%#%#(2,0%AK))/FCTRL
Z(2%¥K=1))#{((X/2e0)%%(2,0%AK-3e0))/FCTRL(2%K=1)})
25 AKEIP=AKEIP+TERM1-TERM2-TERM3+TERM4
GO TO 40
8 COEF1=~(SQRTF(PI/(2+%X))*EXFF(=X/SQRTF{2,)))
ALPHA=X/SQRTF(2+)-P1/8.
BETA=X/SQRTF(2e)+P1/8e
FIRST=-SINF(ALPHA)
PROD=1.0
AKEIP=COEF1#FIRST
DO 56 K=1,LONG
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TABLE V (Continued)

TJO0OO0O0O0OO0O o OO OO0

70

71
72

56
40

AK =K
SCPCS=SINF(PI*AK/44 ) #COSF(ALPHA)+COSF(PI®#AK/44 ) *SINF(ALPHA)
AJ=l

J=K-1

IF{J)T0970,71

PROD=1.0

GO 70O 72

PROD=PROD* (2 #¥A -1, ) #%2
SCFM=PROD* (4 ¢ *AK#%#2~] ) /FCTRL(K)
SCFM=SCFM/ (Be*X ) **(AK/ 24 )
SCFM=SCFM/ (Be®X) ¥ % (AK/ 24 )% (—14) #%#K
SUM]1=SCFM*SCPCS*COEF1
AKEIP=AKEIP+SUM1

RETURN

END
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1. Input

The input to our program as indicated by step (1) and step (8) in the master flow chart con-
sists of a number of records prestored on machine tape A2.
Record 1 Control Parameters [ (415)

This card contains four non-negative fixed-point variables.

[M T MmuT ML [ Mmc |

These parameters control the number and spacing of the y-tabular points betwecn R3 and R4 (to

be defined later under Record 4).
M (£50) Total number of y-tabular points between R3 and R4.

MU Number of (evenly spaced) intervals in the upper edge zone
(a region Z(th)i/2 from R4),

ML Number of (evenly spaced) intervals in the lower edge zone
(a region Z(th)i/2 from R3).

MC A control parameter to be set equal to 0, 1, or 2,
MC =0 y-tabular points are evenly spaced.
MC =1 Tabular points are spaced differently (usually

denser) only in the upper edge zone. In par-
ticular, there will be MU + 1 tabular points
in this edge zone. This option is used prima-
rily when the shell is closed at the apex so that
no edge effect appears in the lower edge zone,
MC = 2 Tabular points are spaced differently (usually
denser) in both edge zones. There are MU + 1
and ML + 1 tabular points in the upper and lower

edge zones respectively.

Record 2 Control Parameters II (5I5)

This card contains five non-negative fixed-point variables

[~ T norm Tkt [ k2 1 k3l

N (£ 10) Number of equally spaced ©-tabular points between THETA3 and
THETA4 (to be defined later under Record 5) along any fixed lati-
tude of the shell. If only thc superscripted quantities in (II-85)
and (II-86) are desired, N must be set equal to zero and Records

6 and 7 omitted.

NORM Control parameter specifying whether normalized results are

desired.
NORM = 0 Normalized results.
NORM >0 Un-normalized results.
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Control parameter specifying the edge constraints at R1 (to be
defined later under Fecord 4).
K1 =1 Shell is free at R1.

Kt =2 Shcll is clamped at R1.
K1 =3 Shell is simply supported at R1.
Ki = 4 Shell is closed at the apex.

Control parameter specifying the edge constraints at R2 (to be
defined later under Fecord 4).

K2 =1 Shell is free at R2.

K= 2 Shell is clamped at R2,

K2 =3 Shell is simply supported at R2,

Different combinations of PSl and MGOTO (see Record 8) may be
used for each structure. If more than one such combination is

to be run for the same structure, only Record 8 needs to be
changed. K3 then specifies the total number of such combinations

for the same structure. Set K3 = 0, if the only run wanted is for

¥ =0,

Record 3 Material Parameters (3£20.8)

This card contains three E-type floating-point variables,

RHO
E

PRE

[ RO [ E T PRT |
Volume weight densizy of the shell (1b/in.3).
Young's modulus (lb/in.z).

Poisson's ratio.

Record 4 Geometrical Parameters I (41715.9).

This card contains four F-type floating-point variablcs.

R1 (in.)

R2 (in.)

R3 (in.)

R4 (in.)

[Rt T R2] R3 | Ra |

Value of r at the lower edge of the shell. If the shell is closed
at the apex, then R1 = 0,

Value of r at the upper edge of the shell.

Smallest valuc of r at which stresses and displacements are to
be calculated (smallest y-tabular point). Generally, this is the
same as R1, However, if the shell is closed at the apex, we

set R3 > 0 to avoid possible complications arising from calculat-

ing the desired quantities at the apex.

Largest value of r at which the output is to be given (i.e., the

largest y-tabular point). Generally, this is the same as R2.
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Record 5 Geometrical Parameters II (4F15.9)

This card contains four F-type floating-point variables.

[THETA3 | THETA4 | F | H |

THETAS3 Smallest value of © in fractions of 7 at which output is desired

(the smallest ©~tabular point).

THETA4 Largest ©6-tabular point in fractions of 7 at which output is

desired.
F Focal length of the paraboloidal surface (in.).
H Shell thickness (in.).

Record 6 Variable Format Statement I (12A6)

This card provides a format statement for the set of ©-tabular points, for example,

[ 19H R(IN.)/THETA(DEG.), NF11.2 |

Record 7 Variable Format Statement II (12A6)

This card provides a format statement for the dependent variables in the output, for

example,

[ F19.6, NF11.6 |

Record 8 Control Parameters III (F15.9,I5)

This card contains one F-type floating-point variable and one fixed-point variable,

I pst | mcoTo |
PSI The pointing angle § in fractions of 7.

MGOTO Control parameter specifying the type of output desired.

MGOTO = 0 Stresses and displacements for symmetric
or antisymmetric deformations or the
portion of the results independent of ©
are given in a concise form,

MGOTO = 1 Only the zero-superscripted tilde quantities
(and the corresponding G’Sex displacement)
are given,

MGOTO = 2 Usual set of structural quantities are given.

MGOTO = 3 Only the tilde displacement quantities (and
the corresponding \Nvﬂex displacement) are
given.

MGOTO = 4 Only the root-mean-~-square of the phase

error® is given.

*To be discussed in a subsequent chapter.
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2. Output

The output to the shallow shell program is arranged in a manner very similar to that of the
membrane analysis. The first part of the output reproduccs the input to the program. It states
the problem, the edge constraints, the various gecometrical and material paramcters and whether
the numerical results have becn normalized. The second part of the output gives the value of the
physical quantities for the net of tabular points. If ¥ = 0, the bchavior of the shell is axisymmet-
e - Qe = Mre = 0, while u, w, wr, Nr‘ NG' Mr‘ Me, and
Qx' are all funetions of y only. The output in this instance is given in a concise form as in the

ric. For this case, we have v = N

niembrane program. For 0 < ¢ £ 0.5, we have scveral options of output which are very similar

to those of the membrane program:

(1) List only the zero-supcrscripted quantities for the set of y-tabular
points with the displacement quantities being those relative to the
undeformed shell (set MGOTO = 0).

(2) L.ist only the zero-superscriptad displacement quantities u, v, and
w relative to those of the face-up position (set MGOTO = 1),

(3} List all the actual stresses and displacements for the entirc net of
tabular points with the displacement quantities being those relative
to the undeformed shell (set MGOTO = 2},

(4) List only the actual displacements for the net of tabular points relative

to those of the face-up position (set MGOTO = 3),

(5) l.ist only the root-mcan-square of the phase error* (set MGOTO = 4).

3. Operational Information

The program is coded in FORTRAN language for a 32K IBM 7090 (and 7094) and is compiled
by a FORTRAN II compiler. It requires 9 FORTRAN functions, which calculate the values of
the Thomson functions and their first derivetives using doublc-precision arithmetic as described
in IBM Bulletin J28-6114 "32K 709/7090 FORTRAN: Double-Precision and Complex Arithmetic."
All other routines used appear as library routines on the Lincoln Laboratory library tape.

Somec of the subscripted variables and their analytical counterparts are presented in Table VI,

1t should be understood that if normalized results are requested, affected expressions in the

third column of Table VI should be replaced by the corresponding starred quantities.
C. EXAMPLES

1. Axisymmetric Deformations

Consider a shell in the face-up position (¢ = 0°) which is closed at the apex and simply

supported at the upper edge r, with

*To be discussed in a subsequent chapter.
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TABLE VI

SOME SUBSCRIPTED VARIABLES
AND THEIR ANALYTICAL COUNTERPARTS

Subscripted Variable Dimension Analytical Expression
w 50 X 10 w
WP 50 x 10 oW

or
A% 50 X 10 v
U 50 X 10 u
CMR 50 X 10 Mr
CMT 50 X 10 Mg
CMRT 50 X 10 M
ro
CNR 50 X 10 N
CNT 50 X 10 Ng
CNRT 50 X 10 N
re
QR 50 X 10 Q.
QT 50 X 10 Qg
WFLEX 50 X 10 w
flex
P 50 wS
" ow S
w1 50 (e
Q 50 uS
EMR 50 Mf
S
EMT 50 M
ENR 50 NrS
- S
ENT 50 Ng
S
Q1 50 Q.
S
PWB 50 Yilex
WW 50 w?
ow ., a
0 ot
w3 5 ( o )
\TAY 50 v
uu 50 u?
DMR 50 M2
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TABILE VI {(Continued)

Subscripted Variable Dimension Analytical Expression
a
DMT 50 Mg
DMRT 50 M2
ro
DNR 50 NS
) &
. .a
DNT | 50 Ng
1
DNRT - 50 N
| ro
a
|
QQR , 50 X
a
QQT 50 Qg
¢ a
WAS 50 Wil ex
WT 50 w
WPT 50 o
or
65k 50 u
V2 50 v
WFLEXT 50 | w
flex
R 50 5
TIETA 20 0
BBER 50 ber
BBEI 50 bei
AAKER 50 ker
AAKEI 50 kei
BBRP 50 ber'
BBIP 50 bei’
AAKERP 50 ker'
AAKEIP 50 kei'
SBER 50 ber"
SBEI 50 bei"
SKER 50 ker"
SKEI 50 kei"
TBER 50 ber™
TBEI 50 bei™
TKER 50 ker™
TKEI 50 kei™
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tho =0.116/in°
7 B
E = 10" 1b/in.

v =0.3
r, = 0in.
r, = 300 in.

f = 450 in.

h = Ain:

Since the deformation is axisymmetric, we set N = 0 and omit Records 6 and 7. For the purpose

of illustration, we consider twelve y-tabular points with a finer grid in the upper edge zone

(MC = 1). As the shell is closed at the apex, we avoid calculating the limiting value of the output

at the apex by setting R3 > 0. The results will not be normalized, so we get the actual physical

quantities.

Output will be the zero-superscripted quantities for the set of y-tabular points, where

the displacement quantities are those relative to the undeformed shell.

INPUT

Record 1 Control Parameters | (415)

Ml M M
U L ¢
6 0 1

000000000 |00000/000000000000000000000000000000000000000000000000000000000000
B 78 810/ IS8T NNNN DM T 92510 NITINISN I IIC40 414243444546 1 4 0N S25I 4 SN N L BMISHU QWO I N MEN T B0
TTTTI T Ifurny et rnentr e nentnetrnnnd
2222222222(22222(222222222222222222222222222222222222222222222222222222222222
3333333333(33333|3333333333333333333333333333333333333333333333333333333331333
AR A4 4444444444444 04444404444440 040000000000 048 0030000000040
55559/5595555555/559559559559595595595595599595595595595559559559559559555555
6666 6666666666666666666666666666666666666666666666666666666666666666666666
1IN NIANIININIIINININIINIINIINNNNNNNINNNINNNNATITNIINININ1II 1110100
SES8E/00BBE(00000)0B 8080088808888 08888888888 8888888888888 888888B8B0B8800088388888
99999/99999(9999
sreeEMNRIMBHNTNN

9
" »

mi w3112

84




Record

Record

2

|
BDDD ﬂOOOObBDDDMCOOO

e ngofn v anhe

Nl

lllllhlll Pllll

Control Parameters 11 (515

2222? 227222 22

333333333333333

Aaaaansaadiaane

BSSSS

%5555h5555

sssusassssMGese

1111107713111

usnuihysuaxssss

99@393’99999999

3

0
'
1

k2222222222222222222
3333333
34444444444444464464
B555555555555555 555P555555555555555
P8886688668EBRFSSSSSMSSSSSSSSSSbSSSﬁSSSS
|71777777777777777777h77777777777777'777
8888888 88888?888888h588888 IIBBBBBHIIIBBIBIIII [ERERRRRERENI

00
2
11

9999999
SR

0
4
1

' (L TR TR
\4

T

0000
LB RN

1R

e
"

113
zfzzzkzzzz

31333 1323323

4&44464444
k5555ﬁ5553
86888&6666
IRRREIIRRRE
%FBFBBIBIB

9999(99999
W18 08 2229

|
3
|
[
!

anp

0!

[000O00C0O0000000000D00000D000000D000000000000000000J3200000D

r rl.” MNPV MIRITMIAT 2D MR 50815751 SKI BN QZIHREUONIENNININNRS I MW

Jll|Illll1111lllllllllllllllIllllllllllllllllllllIIIIII
52222222?7222222222222222222222222222222222222222222222
33333333333333333333333333333333333333333333333333331333
A4440444444444444 0004444444080 00000400000000004040400100
3555555555555555745555555555555585555555555555555555555
66EbE6G66E6E666F6666566666666666666666666666666666666666
IR R R R R R R R R R R R R R R R R R R R R R R R R R R R
8888888888886 BRRCRBCBBRRNBREBRBERBEREEBBEBRBEEBERBEEE
979/9/9.9199119:9:9)-919 9:9'9 9799 929919919 979 919:9:91919 '97919//919

7629303132334 3535 37 389

9909990099999991999

4041474744 454547 40439051 525054556 ST SHSEE0 I CZQIBMBIMERTEAEIN N I I NI N I N S 80

Material Pcrameters (3E20. 8)

00000000000
560
(AR RRERREN

3333333

97%19,9/9 9.9
sen:

[RCRTRURFRLRTICRCRIERLR |

e

© L =4

m
]
o

000 0(D0ODDD
rarnen
1 mn
22222

33333333133

daaad

99999/999999

w o v"ﬂﬂ]!"]"”

e

E 07 E-O1

0000000000GCD O

%2790 13213435260 A0

T 1rrirnnen

{41 47 4344 45 45 47 45 4650 $1 5257 54 55 54 57 5 5660

(AR R R R R RR AR R R

D00000DDO0DDDDDDD00D
L UL LR R R Y )
TinInnn
272223222222222222122
33333 3333333331333

4404000000000 404

222222222222222 22222222222222222222

33 333333313333 33333333333331333133133

dddadaddadnadid MAdaddddadadiiiiiaa

555/5555595555555555 555/55555555559555555555

66666666666666666666/66666666666666666666

T111121 111111111 apprI It nInnn Nl
R R R RN R RN E RN RN RN RN

FSSSSSSS

9999999949999'9999999999999999999¢ 999999999999
nnunwuununnrunumuuuuununwunnununuuuvuuunuuuumnnnunnnnuw
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Record 4

Geometrical Parameters 1 (4F15.9)

222222222222222
33333 333333313
Aaadadadaniaaiy
55555555555555%
BEGOBGEBG6666668
111111111111111
SEERE SBBREBEEEE

RN R RE RN NN
123480704 n0n

R
2

300.
000 0080080080

MOBRANRDNRNTINNN
[RRRRREERERRRRR]

222222222222222
33 33 333333333
IEERERY RN NN
555595555555555
§G60EB080808668
1111111111111117

e

Nood 6000000000
[RERRERRERRERRE!
222222222222222
33333 333333333
44 44ddda4d44d
555555555555555
666686666666666
1111111111111 17
SE880 BRBBEBERNS

PII23IXISMIT N INQH QM4

PIRRUINTANN 420U

R
4

300.
D000 000000000

N 47 404020 51 515334 35 20 57 20 30 09

IR RRERERERRREN]
222222222222222
333 33 33333333
440004004
555555555555555
668666666666666
e e R
IR RN RRN]
99999999199

A7 484020 51 525 34 55 20 57 38 30 80

00000000000000000000
MURNUBAVANRANTINART ANN
IR R R AR RRR RN
22222222222222222222
33333333333333333333
(R RN RN RN NNY
55555555555555555555§
66666666666666666686

11111111111 1111 111117

9999999998 999909941
INNMSHNANRANIMANN NN

Recard 5 Geometrical Parameters 1 (4F15.9)

T T

H H

E E

T T

A A

3 4 F H

0. 0. 450. 1.

6080 00000000000000 0008006000/0000 0000000000/000000000000000
123450700 MNRUUMBMDIERANDNNDINIANMDIRRUBRTANNNL2QUBITINNNNNHNANTANN
IR R R R R R R R R R R AR R R R R R R R R R AR R RRRRRE
2222222222222221222222222222222{22222222222222212222222222222122

33333 333333333
R RN EE RN ENNY
555555555559555
66660888688 86108
111111111111111
SEBEL BRBBEERNS

33333 333333333
Haddaddadaasday
556§555555555555
SEseEssussnssts
111111111111111

33333 333333333
A 444444444444
555 55555555555
SOCRBBE0G660661
111111111111111

33333 333333333
IR R NN NN
55555555555555%
BEGEBE66666666868
1111111111111
[ AR RN RN

00000000000000000000
SETTR DI TEEE LS LR LT
(RER RN ERERERRE]
21212:2:2121202:200:2:225221 2232322
333333333333333333133
A4 adaaiaiaiiiy
55555555555555555585
66666666666668666666
11rnrnnInInInn

Remark: Since N = 0, Records 6 and 7 have been omitted according to input instructions.
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Record 8 Control Parameters 11l (F15.9, 15)

o 0-06X

goo0 coocoOoOCOOOCOOOCC oOOCOOOGOOOGOOQOOOO(OOOOOOOCOOOCOOOOOCOOCOOCOO0CCOC0C0OC0Q0COO0CQOCOE
123458700 0NNNHBKTEINIRANBAIIBNINDHBINIABQUIQOUBBEQEANN NUIHNBSEINNUNCEDUBRUANNNTINHBET AN
IR R R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR RR B A
222222222222222(122222(2222222212212221223222222222212221222222222222222222222222222221212
33333 333333333(33333(333333333333333:333333333333333333333333333333333333333333133
444444444448 4444 444044444448 44 0444084044040 400000040000 0000 0000101000111
555555555555555(55555(5555555955955555¢55555555555555555559555955555555555555555555
66666666666666666666666666666666666¢666666666666666666666666666666666666666666686
1111111011111ttt 1111111ttt
38888 388888888 38888B888888RBBRBRBBERRBRBEBABEBABBERRBEBBBBRBEBBOEBEBBE888B2BERS

999999999999999/99999(999999999999999999999999999999999999999999999999999999939993
1273458 hURLE )

9
$ 10199213 4o ISIF 17 96 16 20(21 222324 7328 77 282030 31 3233 34 D516 37 38 35 40 4142 4344 4540 47 4643 5051 5250545556 57 SUSNEONI 02 K3CANS M I MM O N N2 TI I IS TE D I M N0
LCS {1 I

e w

The computer output is presented in Table VII.

2. Unsymmetric Deformations

Consider a shell which is clamped at the lower edge Ty, free at the upper edge ry, and

oriented in such a way that ¢ # 0, We have

vho = 9. 1 1b/in>
E = 10° 1b/in?
v =0.3

r, = 100 in.

r, = 300 in.
f = 500 in.
h = 1in.

We now want normalized output for seven ©-tabular points in the interval —7/2 < © < 7/2 and
five y-tabular points in the interval Yy v« Y As far as output is concerned, we will list only

the actual displacements for the net of tabular points relative to those of the face-up position.
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Record 3

Material Parameters (3E20. 8)
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Recard 5 Geametrical Parameters |} (4F15.9)
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Recard 6 Variable Farmat Statement [-FMT1-(12A6)
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Recard 7 Variable Farmat Statement I1-FMT2-(12A6)

(F18.4, 7F11.6)
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Record 8 Cantrol Parameters Il (F15.9, 15)
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The computer output is presented in Table VIIL
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LINCOLN LABORATORY ANALYSES
OF PARABOLOIDAL SHELLS
(LLAPS)

SER'S MANUAL

I. INTRODUCTION

The quest for more and more precise radars in the ultra-high frcquency régime has im-
poscd stringent requirements on the structural behavior of large antennas. The tolerance
requirements for an antenna surface at 10,000 Mcps, for instance, are generally set at about
1/16 of the operating wavelength. At a frequency of 10,000 Mcps, this is 3/16 of a centimeter
or 0.074 inch. Such a tolerance on the permissible distortions of a structure which may be a
hundred feet or more in over-all size, and which assumes different orientations with respect to
the dircction of gravity, requires an extremely high degree of sophistication in analysis, design,
and construction.

Structures such as bridges, buildings, and flight vehiclcs are designed mainly by strength
considerations, although flight vehicles must also have a certain minimum stiffness in order to
avoid aero-elastic difficulties. Machine 1{0ools must posscss great stiffness, but machine tools
are generally compact and weight limitations are relatively unimportant. On the other hand, the
primary design requirement of a high-performance antenna is that the reflecting surface remain
paraboloidal and, in the case of an antenna housed in a radome, strength considerations play a
minor role in the design. The antenna must thcrcfore have adequate structural stiffness but,
since the predominant loads are its own dead weight, the structural stiffness should be accom-
panied by minimum weight; that is, the antenna design should maximize the ratio of structural
stiffness to weight.

The basic structural components of the antenna are paraboloidal panels which, when joined
togcther, form a surface of revolution. E£uch a structural configuration, if properly fabricated,
can be considered as a shell. The calculation of stresses for the strength design of a shell can
be achieved with a fair degree of confidence, since confidence in the integrity of a structure can
be obtained by increasing the factor of safety, i.e., by putting more material into the structure.
Such a course of action may be self-defeating in an antenna which has only to resist its own dead
weight. Moreover, the determination of the shape of the antenna surfacc must be precise, and
cannot be approached with the same philosophy which is attcndant to a strength design, i.c.,
hidden under a factor of safety.

Shell structures derive many of their attractive features from their two-dimensional surface
nature. This two-dimensional nature brings with it geometrical complications to the strain-
deflection relations and the equilibrium equations. Although the deflections of trusses, beams,
and space frameworks are well understood, well documented, and easily obtained, the exact
opposite is true for shells, as evidenced by the fact that shell behavior is currently the major

topic of study in the field of structural mechanics. The available solutions for even simple



loadings of simple shells are of such a form that numerieal results are not easily obtained. For
these reasons, Lineoln Laboratory has been actively studying the deformations of paraboloidal
shells 1>

This user's manual will describe the capability, potentiality, and idiosyncrasics of the
various LILAPS (Lineoln Laboratory Analyses of Paraboloidal Shells) computer programs whieh
are products of the above study. These programs are all dirceted at the deflection problem of
antennas although the forec and moment resultants are also available. This manual is open

ended, and additions will be made as new developments are eompleted.

Accepted for the Air Force
Stanley J. Wisniewski

[.t Colonel, USAF

Chief, Lincoln Laboratory Office




II. FORMULATION OF PROBLEM

A. GEOMETRY OF SHELL

The middle surface of the antenna is a paraboloid of revolution whose geometry is described
by the following figures and formulas. A point o on the middle surface is located by rectangular

Cartesian coordinates Y4 ¥p» Y3 OT by circular cylindrical coordinates r, ©, Y3 (Fig. 1).

Yy=r cos 6 (I1-1)

yp=r sin 6 (I1I-2)
r2

Y3 = 41 (11-3)

where f is the focal length of the parabola (Fig.2). Let

(II-4)

N

Y =

Then the slope of the parabola (and therefore the slope of a meridian of the paraboloidal surface)

is
dy
3
& Y e

An element of arc length along a meridian (see Fig. 3) is

ds_ = 2fW1 + W (11-6)

An element of arc length along a latitude (see Fig. 3) is

dse = 2fyde . (II-7)

An element of surface area on the middle surface is

da = 4rfyle §9° dyde (1I-8)

A point p in the shell is located by orthogonal coordinates r, 0, { (see Fig.3). [! is perpendicu-
lar to the middle surface (see Fig. 3) and is positive inward, h is the thickness of shell))
Let ed be of unit length, then the directional cosines of {, that is, the orientation of ¢ (see

Fig. 4), are given by

ec = SEES0) (Note it is in the negative ¥ direction.) (II-9)
/ 2
1+
ob = Y. Sin6 (Note it is in the negative y, direction.) (11-10)
2
1+y
and
ad = —= (11-11)
1+ ‘y2
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The principal radius of curvature along a meridian (see Fig. 3) is

R_ = 2(1 + v%)*/2 (L-12)
and the principal radius of curvature along a latitude (see Fig. 3) is

R = 201 +9° (I1-13)
The boundaries or edges of shell are described by (see Fig.5)

Bz, = the radius of the inner edge (I1-14)

r=r,= the radius of the outer edge . (II-15)

The corresponding value of y at the edges will be denoted by Yy and Yo respectively. The

directional cosines of a unit vector tangent to a meridian (see Fig. 6) are

¥, component —Sosy (II-16)
1+ 'y2

Yo component _Elnd (II-17)
1+v

¥ 3 component e (II-18)
1+ 'y2

The directional cosines of a unit vector tangent to a latitude (see Fig. 6) are

Yy component —sin® (II-19)

Y, component cos®© (1I1-20)

Y3 component 0 . (II-21)

Finally, we define a pointing angle ¥ to be the angle between the axis of revolution of the parab-

oloidal surface and the direction of gravity (see Fig. 7).

B. STRUCTURAL PARAMETERS OF SHELL

The parameters which describe the structural behavior of the shell are the middle-surface
displacements, strains, rotations, curvatures, stresses, force resultants, transverse shear

resultants, and moment resultants. These will now be defined.

Let
u = displacement of point o along tangent to meridian at point o
(see Fig. 8) (11-22)
v = displacement of point o along tangent to latitude at point o
(see Fig. 8) (II-23)
w = displacement of point o along normal at point o (see
Fig. 8). (11-24)
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Then the middle surface strains and rotations are given by the formulas listed below
‘ strain along meridian

- 1 ou w
“r” 30T o504 + 48372 el
2f N1 + y
strain along latitude
Bfy A £ e 2f &

1 ov 1 9du
€= ———— o —————— 4 5 O3 (11-27)
ro 2% Zf'y 06
‘ T A Fom Zf‘y'\/1+‘y

rotation of 6p in meridional direction (see Fig. 8)

aw

w_ = = == (I1-28)
r 2.3/2 dy

Zf(i +v7) 2f / Z

rotation of op in latitude direction (see Fig. 8)
=___ v 1 ow =
wg = = ) (I1-29)
2f N1 + vy

r
il (I1-30)
r oy

Zewt & 4F

ow
r 1 o
F 2] e e (II-31)
5} 2fy 96
2ty W1 + 7
twist
1 1 dve “o 1 9%
xre = 2 oy t 2ty B0 ' (11-32)
211 + 42 Pyl & 55
. The stresses at point p in the shell are defined by means of Fig. 9

It is more convenient
to define a system of force resultants and moment resultants acting at the middle surface of the

shell which are equipollent to the stresses integrated over the thickness (Figs. 10 and 11)

Let

h/2
N = force resultant in meridional direction = S‘ o d¢ (I11-33)

r r
-h/2
0 s

N, = force resultant in latitude direction = o, dg (11-34)

o /2 @
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h/2

Nre = Ner = shear force resultant = 5 ; 0r6d§ (I1I-35)
= /2
h/2
@_ = transverse shear resultant on r face = S o . d¢ (II-36)
T Mhfe. CE
h/2
Qe = transverse shear resultant on 6 face = S 7q dg (I1-37)
¢
-h/2
Mr = bending moment about tangent to latitude at o
Sh/z
= o_td¢ (II-38)
“h/j2] =
Me = bending moment about tangent to meridian at o
h/2
= S‘ 09§d§ (I1-39)
-h/2
h/2
Mre = Mer = twisting moment = \g—h/z are§d§ . (1I-40)

Then an element of volume bounded by surfaces r, r +dr, ©, © +dO, and +h/2 (see Fig. 3)

satisfies the following equations of force and moment equilibrium.

oN oN
Pkt B 3P I'9+NP—N - Qr+2f'y'\/1+'y2pr

-0 (11-41)
oy 200 (s} 1 +_y2
aN oN
ro / 2 "o _ / 2 B "
¥ By + N1+ 50 +2Nr6 'yQ9+2f'y 1+ pe—O (II-42)
9Q 9Q
el A g o e I o N R RN D B =0 (I1-43)
9y 06 1+YZ el (S] j o n
oM oM
o Bl oy g —=IED G = Bl e Gy =8 (I1-44)
oy 90 r o r
oM oM
y 856 w14y =2 M g -2ty V1 447 Qg = 0 (11-45)

where P and pg are the components of the applied surface loads along the tangent to meridian
and to a latitude, respectively, P, is the component along the normal to the middle surface. For

a shell subjected to gravity load with an arbitrary pointing angle 9,

p.=——L—[sin® siny — ¥ cos y] (I1-46)
1+ 'yz
Pg =P cos O siny (I1-47)
and
p, = ——L——[v sin® siny — cos ¥) (I1-48)
z
A iy



where p is the surface weight density of the shell (lb/in.z) and is related to the volume weight

density Po by

h/2
p = Sh/z podt . (11-49)

For a homogeneous shell, we have p = poh.
For an isotropic shell, the stress resultants and the moment resultants are related to the

shell middle-surface strains and curvature changes as follows:

N, =Cle, + vl — AT) (11-50)
Ng = Cleg + v 8.~ AT) (11-51)
N.g=Cll-v_)e o (II-52)
M = Dix, + v kg = AT) (11-53)
Mg = D(xg + vy = AT) (11-54)
M g = D(1=w)x.q (I1-55)

The extensional stiffness C, the bending stiffness D, the effective stretching and bending

Poisson's ratios s and v, are given in terms of the Young's modulus E and Poisson's ratio

v by
n2 oo
C - S - BT (11-56)
-h/2 1 -
h/2
Ym > c1 ? VB (11-57)
Joh/2 1 —v
h/2
B, 2
D = S — tat
L § (11-58)
h/2
by - L_;S CVE_ flar (11-59)
-h/2 1-v

The membrane and bending thermal strains AT and A%, are given in terms of E, v, the change

in temperature AT, and the coefficient of thermal expansion of the shell a by

= 1S‘h/2 aEAT

AT = - dg (I1-60)
(O —h/Z 1—v
- h/2
AT = %S\ QIEE_-AQ’VE ede (II-61)
-h/2

If the shell is homogeneous in the thickness direction, then

L N % (II-62)
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Eh

C-= — (II-63
1F ==
3
D — EB 5 (11-64"
12(1 —v™)
_ h/2
INER-thal S‘ ATdE (11-65)
-h/2
- h/2
o= 20tV e S‘ aTEdE . (11-66)
-h/2
We shall have occasion in the subsequent development to refer to a parameter defined by
s 2
e . (I1-67)

NR2AD

where R is the representative magnitude of the principal radii of curvature. For a paraboloida.
shell of revolution, we have R = 2f. If, in addition, the shell is isotropic and homogeneous, we

have

i r
Ae— 2 a2 — vE) = O( 2 ) ~ i=68)
N2fh N 2fh

Equations (II-25) through (II-32), (II-41) through (II-45), and (II-50) through (II-55) form a
set of nineteen equations for the nineteen structural parameters (Nr‘ Ne, Nre’ Qr’ Qe, Mr‘ MO’
Mre’ € €gr €rgr Wi Wgr K Kgr Kogo W, V, and w). They are the shell equations for a parab-
oloidal shell of revolution.

The components of stress at a point o are related to the stress and moment resultants by

the following formulas.

N, 12M_
o= = + —= ¢ (I1-69)
h
N, 12M
_Ne )
0g= Tt 52 ¢ (I1-70)
h
N 12M
- _re ro
A e (I1-71)
h
3Q 2
e o PR .
vt = Zn (1 = ) (11-72)
3Q %
L =9 4 ¥
et = “2n (1‘ hz) : (11-73)

C. EDGES OF SHELL
Along a y = constant edge, we may prescribe an appropriate combination of:

(1) Any one of the four quantities

11



(a) Normal displacement w

(b) Axial displacement u,
u, = wcosg tu sin ¢ (II-74)

(c) Effective transverse shear Qr + (1/21y) (aMrO/ae)
(d) Effective axial resultant V
oM
1 roy .
V= (Qr + 2ty 30 ) cos g + Nr sin ¢ : (II-75)

(2) Any one of the four quantities
(a) Meridional displacement u
(b) Radial displacement uy

Wi = i sing +u cosg (II-76)

(c) Meridional stress resultant Nr
(d) Effective radial resultant H

1 aMrG
H=- (Qr + m _GT) sin¢ + NI‘ cos ¢ (II-77)

(3) Either the circumferential displacement v or the effective shear
resultant Nre + (MrO/Re)' and

(4) Either the moment Mr or the rotation W where

cosg = — 11— (11-78)
N1+ 72

sing = —Y . (II-79)
4G yz

A combination of prescribed conditions is appropriate if the structure is in global static cquilib-
rium under these conditions.
The standard idealized edges supports are merely some special combinations of the above

general set. For a simply supported edge, wc have

W=u=vVv-= Mr'—O ; (I1I-80)

For a clamped edge, we have

w=wr:u=v—'0 . (I1-81)

For a free edge, we have

=0 : (II-82)

If the shell is closed at thc apex, we require that the stresses and displacements be finite at

vy = 0.

12




D. SOLUTION TO SHELL EQUATIONS FOR GRAVITY LOAD

For a shell under gravity load and without edge loads and temperature gradients, the solution

to our shell equations must take the following form.4

_ s s s s s s _s s
(Nrt Ne; Qr: Mru Mel u; W, wr) - (Nru Neu Qru Mrt Me; u ’ w ’ wr) COS‘I’
a a a a a _a _a a, . .
+(Nr,Ne, Qr‘Mr'MG'u ,w,wr)sme siny (I1-83)
(N.g» Mg, Qg V) = (NTg, M2, QF, v¥)cos® siny . (11-84)

In the subsequent development, we will not be concerned with the other seven structural quanti-
ties which can be obtained by appropriate combinations of those previously given. It should be
said at this point that, although the form of the solution to our shell equations has been obtained
with relative ease, the exact solution to these same equations does not seem likely. The com-
puter programs presented herein represent several approaches to an approximate solution.
These different approaches will be described under the appropriate programs and more thoroughly
discussed in Refs.1-5. In the remaining portion of this section, we shall discuss some general
features of the output of these programs in connection with the shell behavior from the designer's
point of view.

The superscripted quantities appearing in Eqs. (II-83) and (II-84) are independent of ¥ and
©. Their dependence on y is generally complicated. It is clear from the same equations that
these are the key quantities to our problem.  Once they are determined, the physical quantities
appearing on the left-hand sides of Eqgs. (II-83) and (II-84) can be obtained for any value of ¥ and
© by straightforward calculations. The computer programs discussed herein are designed
mainly to calculate these superscripted quantities for a given set of values of y which will be

referred to as the y-tabular points. However, since ¥ is really a load parameter, its effect

on the stresses and deformations of the shell is generally of prime interest to the designers of
larger antennas. Therefore, the programs for gravity load give generally the following quantities

as its output.

0 .0 0 O, _ ;S S s s
(Nr' Ne,..., wo, wr) = (Nr’ Ne,..., wo, wr) cos¥y

+ (le", N2, ..., wd w:) sin ¥ (I1-85)

(N:e, M:e. Qg, vO) = (N:e, ..., v¥) sing . (I1-86)

The various physical quantities themselves will also be calculated upon request. To this end,
we must prescribe, in addition to the y-tabular points, a set of values for © which will be
referred to as the O©-tabular points. Together with the former, they form a net of points each
describing a particular point on the middle surface of the shell. The programs calculate the
stress and displacement of the shell for this net of tabular points. In all cases, the unit for
length is inch and the unit for force is pound. While the shell is closed in the circumferential
direction so that the range of © is (0, 27), it is clearly sufficient to calculate for any particular
latitude (i.e., for any fixed value of y) the values of the physical quantities for o < ® < 7. This
rather trivial observation may save a great deal of computing time if a large number of runs

is desired.

13



It is often desirable to present numerieal results in a form whieh is independent of the
various geometrical and material parameters assoeiated with the shell. In general, this is not
possible in shell analysis. Thus, we can only hope to find normalizing factors which yield di-
mensionless quantities of the same order of magnitude for shells with different geometry and

different materials. To this end, we let

2
(w*, v¥, wr) = S E_) (u, v, w) (11-87)
4f"p
* % o % "
(Nr‘ Ne. l\ro) 2tp (Nr" Ne, Nre) (1I-88)
Lo MiG) mky)?
Mr", MO’ s o (Mr" Me, Mr()) (II-89)
o 4f"p
E Qg ka
QI'..; mko = pr (Qr; Qe) (11'90)
2
x*_ Cl—v7)
wh = 2p(mk_) w .. (11-91)
2
4 _ 4f°C
ko = 5H (I1-92)
N T (11-93)

Although the starred quantities are not invariant with respeet to the various geometrical and
material properties of the shell (for instanee, they obviously depend on Poisson's ratio v), their
magnitude does not vary appreeiably even with appreeiable changes in the relevant geometrical
and material parameters. Both the starred (normalized) quantities and the unstarred (un-
normalized) quantities may be obtained from our eomputer programs.

It ean be seen from an examination of the solution that a portion of the displacements cor-
responds to a rigid body translation and/or rigid body rotation about the y1 axis. For example,
in Group Report 71G-1-II (Ref. 2}, the constant CZ in Eq. (6.4.21) for w (membrane analysis) is
seen to represent a translation of the shell parallel to the y3 axis. Sinee this is a rigid body

motion, C., does not appear in any of the equations for the force resultants. Similarly, in the

asymptotic2 analysis, the constant CZ [Egs. (8.9.1) and (8.9.2), Group Report 71G-1, Part IV
(Ref. 4)] denotes a rigid body translation parallel to the y3 axis for symmetrie loads. For anti-
symmetrie loads, the eonstants C3 and C4 [Eqgs. (8.10.11) to (8.10.3), Group Report 71G-1, Part
IV (Ref. 4)] represent a rigid body rotation about the y  axis and a rigid body translation parallel
to the y2 axis, respeetively. The rigid body displaeements do not affeet the shape of the parab-
oloidal surface and henee can be interpreted as a change in the position of the focal point. We
will denote the defleetions due to rigid body translations and/or rotation by G /\> and \/A\/ Then,

the actual flexibility, i.e., distortions, will be given by

Upoy = U~ B (11-94)

Vilex = v — 9 (11-95)
N

Wiex - W W (I1-96)
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From the previous discussion, it is clear that these quantities should be of considerable interest
to the designers of large antennas. Our computer program will display these as part of the
output.

Thus far, it has been assumed that the shell has its prescribed shape before the introduction
of the applied loads. Once loaded, the distortion of the shell is taken with respect to this pre-
scribed (paraboloidal) shape. The antenna designer may also be interested in the distortions of
the shell relative to its shape when the axis of the shell coincides with gravity vector. This is
usually the attitude of the shell during erection and the designer may elect to construct the shell

to a prescribed shape while it is in this attitude. Thus, we are often interested in

¥ = w (cosy — 1) + w> sin© sind (I1-97)
~ s a . .

u=u({cosp —1) +u” sinO sinyP (I1-98)
¥ =v® cos O siny (11-99)

where the tilde quantities are the components of displacement relative to the face-up (i.e., ¥ = 0)

. : AT o ~ ~0 ~0 ~0 ~O ~0 ~0
osition. The corresponding quantities U Y w u v w o, u v and w
p p g4 flex’ "flex’ "flex’ ’ ’ ’ flex’ flex’ flex

are defined in the obvious way.
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III. MEMBRANE ANALYSIS OF GRAVITY LOAD

A, MEMBRANE SOLUTION

Under conducive circumstances, the interior of the shell behaves like a membrane. Away
from the edges of the structure, a good approximation of the behavior of the shell can be obtained
by the so-called membrane (or momentless) theory of shell. Such a theory assumes that the
shell has no bending stiffness, and quantities associated with the bending action of the shell vanish

identically, i.e.,

M =Mg=Mg=Q. =Qy=0 . (111-1)

Consequently, Egs. (11-41) to (I11-43) become

oN IN ————
r 2 9Ny 7
Y i +\/1+'y ae—+Nr—Ne+Zf'y\/i+'y pr-O (111-2)
dN 5 ON -
ro 2 €} 2 .
3y + 1+y a—o ot ZNI‘Q + 2fy ‘\/1 iy, pe =0 (111-3)
N P
I N +2N1+y°p_ =0 (111-4)
1+y 0 n

and Egs. (I1-44) and (I1-45) are identically satisfied.
Equations (111-2) to (1II-4) contain only three unknowns and can therefore be solved for the
o and Nr

minate. The solution for Nr' N

stress resultants Nr' N In other words, the membrane problem is statically deter-

o
o and Nre
(11-25) to (11-27) by way of Eqgs. (I11-50) to (I1-52) with the temperature terms omitted. The three

can then be inserted in the left-hand side of Eqs.

strain-displacement relations also contain only thrce unknowns and can therefore be solved for
u, v, and w.

Note that associated with the momentless assumption is a reduction of the order of our sys-
tem of differential (shell) equations from eight to four. Thus, only half the conditions at each
edge (Sec, I1-C) can be satisfied. For a free edge, the last two conditions [Eq. (II-82)] are satis-
fied identically; therefore, we are left with the necessary two boundary conditions. In the case

of a supported edge, it has been shown5 that the appropriate boundary conditions are

u=20 (III-5)
and

v=0 . (I11-6)

Since the shell can not be acted upon by transverse forces or bending moments, it seems rea-
sonable that it may not be constrained in the normal direction.

The exact analytical solution for the membrane stress resultants as well as the middle-
surface displacement components in accordance with the momentless theory have been obtained
and tabulated in Ref. 2. It can be seen from these analytical solutions that the corresponding
normalizing factors given in Sec.I[-D are nearly the true scale factors for these quantities. For
a fixed value of v, one set of normalized results generated from our computer program is valid
for the entire class of geometrically similar shells, i.e., shells with the same Y4 and Yy

The analytic expressions for the various physical quantities determined by the momentless

theory of shell are formed by complicated combinations of elementary functions. To evaluate
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them for a large number of tabular points even by a desk calculator is a formidable task. A
computer program is written to make this information easily accessible to the designers of large
antennas and to others who might be interested. The program gcnerates the tabular points, com-
putes the constants of integration, and calculates the stress resultants and displacements of the

middle surface.

B. DIGITAL COMPUTER PROGRAM

The general scheme of the computer program for a membrane analysis is outlined in Fig. 12,

the master flow chart. At the end of a complete run, the program returns to step (1). When it

l

‘—bGTEP {1) INPUT {control, geometry, material, edge constraints) )

( STEP (2) OUTPUT I (contral, geametry, material, edge cons"oimsD

!

[ STEP (3) CLEARING STORAGE FOR ALL SUBSCRIPTED VARIABLES l

!

| STEP (4) GENERATE THE INDEPENDENT VARIABLESI

!

| STEP (S8) CALCULATE THE CONSTANTS OF INTEGRATION |

!

| STEP (6) GENERATE THE DEPENDENT VARIABLES I

!

CS.TEP (7) OUTPUT II (dependent variables at the tabular poimsD

;

| STEP (8) RETURN TO STEP (T’

|

Fig. 12. Master flow chart.

fails to locate additional input, the program exits automatically. This is a special feature of
the Lincoln LLaboratory Express Runs. Slight modifications of the ending will be necessary if
the program is to be run differently or if some indication of a successful run is desired. The
same Express Runs also require that the input be prestored on machine tape A2 and that the out-
put be written on A3. In complying with this restriction, the program reads all its input from
A2 and writes all its output on A3. For the purpose of the Express Runs, the object deck must
be preceded by two cards each with an asterisk in column one. The first of these is an identifi-
cation card while the second contains the work XEQ occupying columns seven, eight, and nine
(Sample Card 1). Following the object deck is another card with an asterisk in column one and
the word DATA occupying columns seven, eight, nine, and ten (Sample Card 2). Then comes
the input to the program to be prestored on A2. The program listing will be presented in

Table I.
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Sample Card 1 XEQ

b XEQ

000300 000 Uﬂﬂﬂﬂﬂ000000000000000000000009009000000(000000“0”0000000"00 ponrDOONDG

IGS9O0 T 20028 %6 0 /30 0112 1350 306 2 0N T 40 A7 02 4346 10 0 6 A8 S SELEL0N SBTY AT ORI IO Gk LT K e ey
IIlllIlll‘llllIIIIIIIIIIIIIIIIIIllllIlllllllllllllllllllllllIlllllll INRRERERREE]
22222222242222222122222222222222221222222222222222122222222222222212722732221222222272
1333333333333333333333333333333333333333333333333333333333333333%33333333333332:2
A34444244044440000 088880444488 044444044444040404500880800880 0880080808000 084028108
5555559 5565555555555585555555555555555555565655555555555555555555545555555555855
hEREE66666606666666666666666666666666666666FE666FR666C666666CCORCRAE6B6B6BLACFEES
111771 1121010001100 0000000000000 7111901 00000010 00101100 0110511110081 17
SPACIAY SRIBBLBBBOBEBEBBBORRNBRERBEBB8B88E88888BCREBBBEBREIRNNBEIBRERBBRRETEN
°§9°”"98999”’159° 599999999999999 ?

18999 99 999999494““"99“99;“ ayinciag
WEND T AT DN I M

4 spayiaer ey TR ket FOET 8366 O

15639990 3¢
7 R

s

Sample Card 2 DATA

% DATA

07000090 0000000590000000000007000000000000000000000009009000C00009000CCR0000000

b T e A e SRR e D TG s oo W e e B T T S T T il
TR R R R R R R TR R R T R R TR R R RN I
2222222222222222222222222222222222222222222222222222222722222422222222222222222122
33333333 33333333333333333333333333333333333333323233333233333333335333333333333
BAAA4 SA4A4AA4A0 0400404004400 4404 4440040442800 0044000000 420830804802400004a0444
§555555555555555555555555555555555555555555555555555555555555555555555555555€8555
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TABLE I
PROGRAM LISTING

* x

a}

NnNN

10

320

321

322

323

67
68
69
T4
75
302
93
92
50

91
76

T4

SHEA-WAN MEMBRANE SHELL WITH GRAVITY LOAD 9/3/64
XEQ
WANs FRED MEMBRANE SHELL WITH GRAVITY LOAD 9/3/64

DIMENSION GAMMA(150)sTHETA(10)sENR(150510)sENT(150s10)sENRT(150,10
1)sU(150910)sVI(150s10)sW{150510)sEN1{150)+EN2(150)sU1(150)sW1(150),
ZRU150)1sA(150)9B{150)sC(150)+sG(150)sP{150)+sQ{150)sD(393)sY(3)s2(3)»
3GAMMR(150)9S(150) sFMT1(12)sFMT2(12)

DIMENSION UFLEXA(150)sVFLEXA(150)sWFLEXA(150)sUFLEXS(150)sWFLEXS
1(150) yUFLEX(150910)sVFLEX{150510)sWFLEX(150+10)

COMMON ENRSENTHIENRT VWU

EQUIVALENCE (GAMMA(1)sR{1))»(GAMMR(1)95(1))

(1) INPUT

READ INPUT TAPE 25101sMyNsKEsNORM,KDsKP
READ INPUT TAPE 2,+,105sR14R2+R3,4R4
READ INPUT TAPE 2,105+FsPRyPSI
X1=14+PR

X6=1.-PR

XT7=X1%#X6

IF(KP=-1)320,321+322

READ INPUT TAPE 2»102sRHOsH»E
RHO=RHO%*H

CC=E*#H/X7

GO TO 323

READ INPUT TAPE 2,102sRHOCC

GO TO 323

READ INPUT TAPE 29102sRHSsRHCsTsHHE
RHO=2 ¢ # T #RHS+ (H-T )} #RHC

CC=2.%T#*E/XT7

IF(N}757+8

READ INPUT TAPE 25105sTHETA3,THETA4
READ INPUT TAPE 2+205+FMT1+FMT2

{2) OUTPUT 1

WRITE OUTPUT TAPE 3,107
IF(KP=1)67+68+69

WRITE OUTPUT TAPE 3,160
GO TO 73

WRITE OUTPUT TAPE 3,161
GO TO 73

WRITE OUTPUT TAPE 3,162
IF(NORM)T4,+74,75

WRITE OUTPUT TAPE 3,139
GO TO 302

WRITE OUTPUT TAPE 3,140
IF(KE-1)93592,50

WRITE OUTPUT TAPE 3,115
GO TO 91

WRITE OUTPUT TAPE 3,116
GO T0 91

WRITE OUTPUT TAPE 3,118
IF(KP=1)764+77»78

WRITE OUTPUT TAPE 3,112
WRITE OUTPUT TAPE 3,1114+RHOsEsHsF PR
GO T0 79

WRITE QUTPUT TAPE 3,163
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TABLE I (Continued)

aNaXa}

78

79

51

52

WRITE OUTPUT TAPE
GO TO 79

WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
Pl =3.14159265
RAD=57,2957795
PSIDEG=PSI*P[*RAD
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
IF(N)1s1,9

3+111,CCsRHOSF sPR

3,164
34111+EsHsTsRHS
39114

35165

34111 sRHCsRHOsF 4PR
35114

3,113
3,108,R1sR2sR3,R4PSIDEG
3s114

T3DEG=THETA3%#PI*RAD
T4DEG=THETA4*P[*RAD

WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE

{3) CLEARING STORAGE FOR SUBSCRIPTED VARIABLES

DO 51 I1=1,150

EN1(I)=0,
EN2(1)=0,
Ul1(I1y=0.
W1l(I)=0,
A(I1)1=0.
B(I)=0.
ClIV=0.
G(I)=0.
P(IV=0.
Q(IN=0.

GAMMR (1)=0.
GAMMA(1)=0,
DO 52 J=1,10
THETA(J)1=0.
DO 52 1=1,150

UtlsJy=0,
W(lsJ)=0,
VI(IsJ)=0,

ENR(I1,J)=0.
ENT(I+sJ1=0.
ENRT(IsJ)=0.

3,117
3+119-T3DEGs T4DEG
35114

{4) GENERATE INDEPENDENT VARIABLES

F2=2¢%F
UR=,00000005%
TWOP [ =2 %P ]
R1=R1/F2
R2=R2/F2
R3=R3/F2
R4=R4/F2
M1=M-]
EM1=M1
DELTR=R4-R3
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TABLE 1 (Continued)

DELTR=DELTR/EM]
GAMMA (1) =R3
DO 30 I=1,M1
I1=1+1
EI=1

30 GAMMA(I1)=R3+DELTR#*E]
IF(NORM) 63056304632

630 DO 631 I=1.M
631 GAMMR(1)=GAMMAI(I)

GO TO 634

632 DO 633 [=1,M
633 GAMMR(I )=GAMMA (1) *F2
634 IF(N)5954+40

40 THETA3=THETA3#*P]
THETA4=THETA4*P]
N1=N-1
AN1=N1
THETAS=THETA4-THETA3
DELTT=THETAS/AN1
THETA(1)=THETA3
DO 2 I=1,N1
I1=1+1

2 THETA(I1)=THETA(I)+DELTT
IF(THETAG=-TWOPI) 54646
6 THETA(N)=THETA3

- (5) CALCULATE THE CONSTANTS OF INTEGRATION

5 CS=F2#*RHO
CD=F2%*2%RHO/ (X7*CC)
PHI=PI*PS]
CPHI=COSF(PHI)
SPHI=SINF(PHI)
IF(PSI)38+31+32

38 WRITE OUTPUT TAPE 3,143
GO TO 10

32 CSS=CS*CPHI /3.
CDS=CD*CPHI /3.
CSA=2,%#CS*SPHI
CDA=CD*SPHI

3] X2=+5%#(3,-PR)

X3=425

X4==2,%({1.-PR)

X5=PR

1F(KE-1195+96,98
98 Al=-1.

Cl=-14/3.

C2==~1./15.

ARGl=1.+R2%##%2
ARG1=SQRTF(ARG1)
X0=-(1le.+PR) #A1l
A3==ARG1*#(A1#R2+X0/R2)-XO#R2*LOGF (1++ARG1)+({X0-X1)#R2*LOGF (R2)-X2#
1R2##3-X3#R2#%5+X1/R2
A3=A3/R2
GO TO 94
96 Al=1,+R1%¥2
A1=SQRTF (A1)
Al=-Al%%3
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TABLE I (Continued)

94

95

ARG1=1.+R2%%2

ARG1=SQRTF(ARG1)

X0=-(1++PR)*A1

A3=—-ARG1#(A1*R2+X0/R2)-XO*R2*LOGF (1++ARG1)+(X0-X1)*R2*LOGF (R2)-X2*
1IR2%#%#3-_X3#R2%#5+X1/R2

A3=A3/R2

ARG1=1.+R1%#2

ARG1=SQRTF(ARG1)

C1=-ARG1#*%3/3,

C2=—( S*CI*R1I**2+ARG1I**5/15,)

ARG1=SQRTF(1.+R2%*%#2)

ARGZ2=ARG1-1,

ARG3=ARG2/R2

H1=ARG1*(R2 *,5-X1/R2 )

H2=X6%.5%R2 *LOGF (ARG3)+X1*ARG1*(1.-e5% R2 #%2)/R2 *%3
H3=R2#%#5-(40,+29.%PR ) RR2##3+XO6%2 ¥R2¥LOGF (R2)+X1#(44-204*%R2%%2
1)/R2%%3

H3=H3/60.

G1=-X1*(ARG1+LOGF(ARG3))+ARG1#*%#3/6,

G2=e25%X6%(R2 *¥2%# L OGF (ARG3)+1+4+ARG1)—«5*X1*ARG1**3/R2 *%2
G3=R2 #%#6-1.,5%(40.+29.%PR ) #R2  REL-F HXO6%R2  *¥#2+LOGF (R2 ) *(
16 *X6%R2 #¥2-X1#120.)-X1% 12./R2 **2

6G3=G3/360.

TERM1=-H2+2 . #X1*ARG1/R2%%3

TERM2=H1+ X1#ARG1/R2
TERM3==H342,#X1%#( 1,~4 #R2%#*2) #ARG1I# %4/ (15, #R2¥%#3)
C3=(TERM3+C2*TERM1-TERM2#C1)/R2

Ca==( ¢S5*CIAR2#%2+(2¥G2+C12G1+G3)

GO TO 54

ARG11=SQRTF(1.+R1%%2)

ARG12=SQRTF (1++R2#%2)

ARG3=(1,+ARG11)/R1

ARG4=(1,+ARG12)/R2

T1=R1*ARG11-X1#(R1*LOGF (ARG3)+ARG11/R1)
T2=R2*ARG12-X1#(R2*LOGF (ARG4)+ARG12/R2)
T3=—-X3*R]1*##5-xX2%#R1##3—-(R1I*LOGF(R1)-1+/R1)*X1
T4=—-X3%R2#%#5-X2*R2%#%3-(R2*LOGF(R2)-1./R2) *x1

E1=R2*T3-T4#*R]

E2=T3%#T2-T4*T1

DENOM=T1#R2-T2*R1

A1=E£1/DENOM

A3=~E2/DENOM

ARG21=ARG11-1.

ARG22=ARG12-1.

ARG31=ARG21/R1

ARG32=ARG22/R2

H11=ARG11*(R1*.,5-X1/R1)

H12=ARG12%(R2%*45=-X1/R2)

H22=X6%.5%R2%LOGF (ARG32)+X1%#ARG12%(1e— o 5%R2%*%#2) /R2%%73
H21=X6%,5%R1*LOGF (ARG31)+X1%#ARG11#( 1+~ 5*%R1%*%#2)/R]1%%#3
H31=R1%*%#5-(40.+29+%PR JERLI*# ¥4+ XO6%# 2 #R1I*LOGF(R1)+X1*# (4 ,-20e*%R1%*
12)/R1%%3

H32=R2%*%¥5~-(40.+29.*PR JAR2#¥F4XE# 2 ¥R2¥LOGF (R2)+4X 1% (4 4—20*R2**
12)/R2%%3

H31=H31/60.

H32=H32/60.

Gl1=-x1%(ARG11+LOGF(ARG31))+ARG11%*3/6,

G12=-X1*(ARG12+LOGF (ARG32))1+ARG12%%3/6,
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[aNaXa]

72
71

70

G21=425%#X6% (R1#%#2%¥ L OGF(ARG31)+1++ARG11)-¢5%#X1#ARG11%#%3/R1%%2
G22=¢25%#X6* (R2*%# 2% LOGF(ARG32)+1.+ARG12)—¢ S*X1#ARG12%%#3/R2%%2

G31=R1¥%¥%#6-1,5%(40,+29.*PR JER1¥#4 -3, XXE#R]##2+ L OGF (R1)* (6« XXE%R
11%%#2-X]1%#120,)-X1%12,/R]1%#%2
G32=R2#%#6-1.5%(404+29+*PR JRR2##4-3, #XO6#R2#¥2+LOGF (R2)*# (6% X6#R

12#%#2-X1#120,)-X1%12,/R2%%2
G31=G31/360.

G32=G327360.

D(1+1)=G11-G12

D(1+2)=G21-G22
D(193)=,5%(R1*#%#2-R2%#%2)
D(2+1)=H11+X1%ARG11/R1
D(2+2)=H21-2.%X1*ARG11/R1%%3
D(2+3)=R1

D(3y1)=H12+X1*#ARG12/R2
D(392)=H22-2.*X1*ARG12/R2%*3
D(3y3)=R2

2(1)=632-G31
2(2)=—H3]142#X1#ARGL1%%4L% (] o—4o*#R1%%2)/(15,%¥R]1%%3)
2(3)==H3242#X1*ARGI2##4% (] -4 *R2¥%2)/ (15, #R2%%3)
DET=1,

L=XSIMEQF(3+3919DsZsyDET»Y)

GO TO (70+71+72) 0L

WRITE OUTPUT TAPE 3,103

GO T0 10

WRITE OUTPUT TAPE 3,104

GO 70 10

C1=D(1y1)

C2=D(2y1)

C3=D(3y1)
C4==(G314C1*#G11+C2#G21+CAX 5%R]1*%2)
X0==X1%*A1

(6) GENERATE THE DEPENDENT VARIABLES

IF(PS1)384+35,39
DO &4 I=14M
ARG3=1¢+GAMMA (] ) % %2
ARG4=SQRTF (ARG3)
ARG1=ARG3-1.
ARG2=ARG1/GAMMA( 1)
BEBA=(«5*C1*ARG4/R(1))+(C2*ARG4/R(1)%#*3)+(ARG3#%#3/(15.%R(])*%3))
BEBA=-BEBA
BEBC=(—¢5%C1/R(I1))4(C2/R(1)%*%#3) +(ARGL*#3H (] —4 *R(])*%2)/(15%R (]
1)%%3))

BEBB=o5#R(T)+((C2/R(T1)%%#3)+(5*#C1/R(]))+ARG4*ARG3%%#2/(15,%R(])*%3)
1) 7ARG4

A(1)=CSA*BEBA
B(I)=CSA*BEBB
C(I1)=CSA*BERC
ARG1=SQRTF(1.+R(1)*%2)
ARG2=ARG1-1.
ARG3=ARG2/R (1)
G1=—-X1%*(ARG1+LOGF (ARG3))+ARG1%#%#3/6,
G2=e25%X6%(R(])%#%2%# OGF (ARG3)+1+ARG1) -« S#X1IHARGLI##3/R(])%*2

G3=R([)#%#6-145%(40,+29.*PR YER(T ) #®4 -3 #XO6*¥R([)#*24+LOGF(R(1))*(
16 *X6#R (1) ##2-X1%#1204)-X1% 12./R{])#%2
G3=6G3/360.
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VFLEXA(1)=2,%CDA% (C1%#G1+C2%G2+G3)

G(I)=2e%(Cl+ SHCI¥R(])X*¥2+4C2%G2+C1*¥G1+G3)*#CDA
H1=ARG1*(R(])*,5-X1/R(1))

H2=X6%,5%R ([ ) *#LOGF (ARG3)+X1*ARG1%¥(1.- 5% RII)**2)/R(])%*#3
H3=R(])*#%5-(40.+29.%PR JRR(T) ¥ %34+ XO%#2 ¥R [ ) #LOGF(RIT))+X1% (442
10 *R([)*¥%#2) /R{]) %%3

H3=H3/60,

G4=-X1+(G1-R(I1)*H1)/ARG1

G5=2#X1#ARG1+R( 1) #%2%¥ (G2-R(]1)%*H2)

G5=G5/(ARG1*R (1) *#2)

G6=(G3-R{II*H3 ) +2 e ¥X1# (1 e—4 ¥R (] )¥#%2 ) ¥ARGI*%4 /(15 #R( 1) #%2)

G6=G6/ARG1
G7={G4~ARG1%*G1l—e5%X1~+5%PR ¥R(I)*%2)/R(1)
G8=(G5-ARG1*#G2-PR -X1/R(1)*%2)/R(1)

GI=-«5%R(1)*¥(2.+R(])*%#2)/ARG1
G10=-R(1)/ARG1
G11=ARG1#*(15,%R( 1) ##4+2 ,#ARG1%#%#4+2,#PR ®ARG1*#%#6) /(30 %R(])*#2)
G11=(G6-ARG1*G3-G11)/R(1)
P{1)=2.%CDA*(C1*G7 +C2%*G8 +C3%#G9 +C4*G10+G11)
QUI)=2+%COA*(C1¥GL+C2#G5+GO+(Cl—S*¥CI*R(])*#%2)/ARG])
WFLEXA(1)=2.%CDA*(C1*#GT7+C2*G8+G11)
UFLEXA(])=2.%CDA* (C1*#G4+C2%G5+G6)
4 CONTINUE
UB1=ABSF (Q(1))
UB2=ABSF (Q(M))
IF(UB1-UR)4T7+47+53

47 Q(1)=0,
53 IF(UB2-UB)58+58+35
58 Q(M)=0,

35 DO 11 [=1sM

ARG1=1.+GAMMA( ) *#2

ARG1=SQRTF({ARG1)

ARG2=1+./GAMMA(])

ARG2=ARG2**2

EN1(I)= CS # ARG1*#ARG2*(ARG1#*#¥3+Al1)/3,

EN2(1)=CS *(3.-ARG2*(ARG1*%#3+A1)/ARG1)/3,

ARG1=1./GAMMA(])

ARG1=ARG1#*%2

ARG2=1++GAMMA(])**2

ARG2=SQRTF(ARG2)

ARG21=1,/ARG2

ARG3=LOGF (GAMMA(T))

ARG4=ARG1/GAMMA(I])

ARG5=ARG4*ARG1

Ul (1y=Cpb *#((XO*GAMMA (I ) *LOGF (1¢+AR0G2)+(X1-X0)*GAMMA ( 1) *LOGF {GAM
IMA(T))+A3%¥GAMMA (1 )+X2*¥GAMMA (1 ) ##3+X3*#GAMMA ([ ) #%¥5-X1/GAMMA () )*ARG2
21 +A1%GAMMA(T)+X0/GAMMA(T)) /3.

UFLEXS(1)=U1(1)-CD*A3*GAMMA(])*ARG21/3,

W1(I)=CD *( (XO*LOGF(1++ARG2)+(X1-X0)*LOGF (GAMMA (1)) +X2*GAMMA(])
1#H2+X3HGAMMA ([ ) #*4+A3-X1/GAMMA (] ) *#%#2 ) ¥ARG21+( X4 +XSRGAMMA (1) *%#2+X1/
2GAMMA (] ) #%2 ) *¥ARG2-X0) /3.

WFLEXS(I)=W1(1)-CD*A3%ARG21/3,

11 CONTINUE

UB1=ABSF (U1(1))

UB2=ABSF (U1 (M))

IF(UB1-UB)159+59+62

59 U1(1)=0.
62 IF(UB2-UB)63+63+80
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[aNaNa)

63

80
225
226

227
228

33
36

48
61

1.3

14
15
84
85
86

34
57

60

44

46

Uli(M)=0,
(7) OUTPUT 11

IF(N) 22592254226
IF(PS1)384+2264+227
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
IF(N)2284228,227
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
IF(PS1)38+33,34
IF(NORM) 36436461
DO 48 I=1sM
EN1(T)=EN1(1)/CS
EN2(T1)=EN2(1)/CS

34229
392314A19A3
35114

34230
392319C1leC24C39CH
3,107

UFLEXS(1)=UFLEXS(I)/CD
WFLEXS({1)=WFLEXS(11/CD

W1(I)=W1(1)/CD
Ul(Iy=sulcl)/co
WRITE OUTPUT TAPE
IF(NORM)13+13,14
WRITE OUTPUT TAPE
GO T0 15

WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
IF {NORM) 84,84 +85
WRITE OQUTPUT TAPE
GO TO 86

WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
WRITE OUTPUT TAPE
GO TO 10
IF(N)57457456

DO 60 I1=1,M

3,109
3,310
3,110
39811 (GAMMR (T ) sUL(I)sW1(T1)sENLIT)SENZ2(I)sI=1sM)
3,107
3,348
35148

351449 (GAMMR (1) sUFLEXS(I)sWFLEXS(I)sl=19M)
3,107

A(T)=A(T)+ENL(T)*CPHI
B(1)=B(1)+EN2(T1)*CPHI
WFLEXA(T)=WFLEXA(T)+WFLEXS(1)*CPHI
UFLEXA(T)=UFLEXA(T)+UFLEXS(1)*CPHI
P(I)=P(1)+W1l(])*CPHI
Q(I)=Q(1)+UL (1) *CPHI

CNORM=1,
IF({NORM) 44 444 445
DO 46 1=1sM
A(l)=A(T1)/CS
B(1)=B(1)/CS
CtI)=C(11/CS
G(1)=G(1)/CD
PLIV=P(1)/CD
Q(1)=Q(1)/CD

UFLEXA(1)=UFLEXA(T)/CD
VFLEXA(I)=VFLEXA(T1)/CD
WFLEXA(T)=WFLEXA(T1)/CD

CONTINUE
CNORM=CD
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45
16

L
18
42
19
20
21
87
88
89

43

49

22
23
24
200

201
202

56

12

64

IF(NORM)16+16+17

WRITE OUTPUT TAPE 3,303

GO TO 18

WRITE OUTPUT TAPE 3,103

WRITE OUTPUT TAPE 3+106s(SI{T)1sA(1)+sBII)sC(I)sI=1sM)
WRITE OUTPUT TAPE 3,107

IF(KD=1)42+42+43

IF(NORM)19+19,20

WRITE OUTPUT TAPE 3,304

GO TO 21

WRITE OUTPUT TAPE 3,104

WRITE OUTPUT TAPE 3+812+(S({I)sQ(1)sGI1)sPII)s1=1sM)
WRITE OUTPUT TAPE 3,107

I[F(NORM)87+87+88

WRITE OUTPUT TAPE 3,349

GO TO 89

WRITE OUTPUT TAPE 3,149

WRITE OQUTPUT TAPE 34106+ (S{T)sUFLEXA(TI)sVFLEXA(T)sWFLEXA(TI)s1=14M)
WRITE OUTPUT TAPE 3,107

IF(KD-1)10+43,43

DO 49 1=1sM

P(1)=P(1)-W1(I) /CNORM

QUIN=Q(I)=-Ul(l) /CNORM
WFLEXA(T)=WFLEXA(T)-WFLEXS(T)/CNORM
UFLEXA(T)I=UFLEXA(T)=UFLEXS(T)/CNORM

CONTINUE

WRITE OUTPUT TAPE 3,142

IF(NORM)22,4,22+23

WRITE OUTPUT TAPE 3,439

GO TO 24

WRITE OUTPUT TAPE 3,239

WRITE OUTPUT TAPE 35812+ (SII)sQUI)sGII)eP{I)sI=1sM)
WRITE OQUTPUT TAPE 3,107

I[F (NORM) 200,200,201

WRITE OUTPUT TAPE 3,440

GO TO 202

WRITE OUTPUT TAPE 3,240

WRITE OUTPUT TAPE 35106+ (S{T)sUFLEXA(I)sVFLEXA(T)»WFLEXA(I)s1=1sM)

GO TO 10

DO 3 J=1,4N

DO 3 I=1.M

VIIsJ)=G(]) *COSF(THETA(J))

W(lsJ)= SINF(THETA(JU) %P () +W1 (1) *CPHI
UlTsJ)= SINF(THETA(D))*Q(]) +Ul(T)%CPHI

VFLEX (T +J)=VFLEXA(T)*COSF(THETA(J))
WFLEX (T s J)=WFLEXA(T)*SINF{THETA(J))+WFLEXS(T)*CPHI
UFLEX (T +J)=UFLEXA(T)®SINF({THETA(J))+UFLEXS(T1)*CPHI

ENR(TsJ)=A(1) *SINF(THETA(J)) +EN1(T)*CPHI
ENT(I,J)=B(1) *SINF(THETA(J)) +EN2 (1) *CPHI
ENRT(Ts0)=C(I)*COSF(THETA(J))

CONTINUE

DO 12 J=1,N
THETA(J)=THETA(J)*RAD
SKIP=0

CNORM=1,

IF (NORM) 6464965

DO 66 1=1.M

DO 66 J=1sN
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W(IsJ)=W(IsJ)/CD
UlIsJ)=U(1+J)/CD
VI1sJ)=V(1+J)/CD
WFLEX(1+J)=WFLEX(I+J)/CD
UFLEX(I+J)=UFLEX(14+J)/CD
VFLEX(I+J)=VFLEX(1+J)/CD
ENR(1+J)=ENR(I+J)/CS
ENT(T+sJ)=ENT(1+J)/CS
ENRT(1+J)=ENRT(1+J)/CS

66 CONTINUE
CNORM=CD
WRITE OUTPUT TAPE 3,330
GO TO 25

65 WRITE OUTPUT TAPE 3,130

25 WRITE OUTPUT TAPE 3,FMT1+(THETA(J)sJ=1sN)
WRITE OUTPUT TAPE 3,114
WRITE OUTPUT TAPE 3,FMT2s (GAMMR(1)s (ENR(IsJ)sJ=1sN)sI=1sM)
WRITE OUTPUT TAPE 3,107
IF(NORM) 26,2627

26 WRITE OUTPUT TAPE 3,331
GO TO 28

27 WRITE OUTPUT TAPE 3,131

28 WRITE OUTPUT TAPE 3,FMT1,(THETA(J)sJ=14N)
WRITE OUTPUT TAPE 3,114
WRITE OUTPUT TAPE 34FMT2+(GAMMR(T)s (ENT(IsJ)sJ=1sN)s1=1sM)
WRITE OUTPUT TAPE 3,107
IF (NORM)29,29,37

29 WRITE OUTPUT TAPE 3,332
GO TO &1

37 WRITE OUTPUT TAPE 3,132

41 WRITE OUTPUT TAPE 3,FMT1s(THETA(J)sJ=14N)
WRITE OUTPUT TAPE 3,114
WRITE OUTPUT TAPE 3,FMT2, (GAMMR (1) (ENRT(IsJ)sJd=1sN)sI=1,M)
WRITE OUTPUT TAPE 3,107
IF(KD-1)82,82+83

82 IF(NORM)501,501+504

501 I[F(SKIP)502,502+503

502 WRITE OUTPUT TAPE 3,333
GO TO 507

503 WRITE OUTPUT TAPE 3,433
GO TO 507

504 IF(SKIP)505+5055,506

505 WRITE OUTPUT TAPE 3,133
GO TO 507

506 WRITE OUTPUT TAPE 3,233

507 WRITE OUTPUT TAPE 3,FMT1,(THETA(J)sJ=1,N)
WRITE OUTPUT TAPE 3,114
WRITE OUTPUT TAPE 34FMT2s (GAMMR (I )s (U(TsJ)sJ=1sN)sI=1sM)
WRITE OUTPUT TAPE 3,107
IF (NORM) 508,508,511

508 IF(SKIP)509+,5095510

509 WRITE OUTPUT TAPE 3,334
GO TO 514

510 WRITE OUTPUT TAPE 3,434
GO TO 514

511 IF(SKIP)512+512+513

512 WRITE OUTPUT TAPE 3,134
GO TO 514
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TABLE 1 (Continued)

wman
——
&S W

S5
516

518
519

520
521

52?2
5243

524

525
526

52
528

529
530

531

532
533

534
535

536
537

538

539
540

541
542

WRITE OUTPUT TAPE 3,234

WRITE OUTPUT TAPE 3,FMT1+(THETA(J)sJ=1sN)
WRITE OUTPUT TAPE 3,114

WRITE OUTPUT TAPE 3,FMT2(GAMMR{ I} s (VI sJ)sJ=1sN}sI=1sM)
WRITE OUTPUT TAPE 3,107
IF(NORM)515+515+518

[F{5KIP)516+516+517

WRITE OUTPUT TAPE 3,335

GO TO 521

WRITE OUTPUT TAPE 3,435

GO TO 521

IF{5KIP)519+519+520

WRITE OUTPUT TAPE 3,135

GO TO 521

WRITE OUTPUT TAPE 3,235

WRITE OUTPUT TAPE 33FMT1s(THETA(J)»J=14N)
WRITE OUTPUT TAPE 3,114

WRITE OUTPUT TAPE 34FMT2 (GAMMRII)s (W(IsJ)sJ=1sN)sI=1sM)
WRITE OUTPUT TAPE 3,107

I[F{NORM) 52245224525

I[F(SKIP)523,4523+524

WRITE OUTPUT TAPE 3,350

GO TO 528

WRITE OUTPUT TAPE 3,436

GO TO 528

IF(SKIP)5264526+527

WRITE OUTPUT TAPE 3,150

GO TO 528

WRITE OUTPUT TAPE 3,236

WRITE OUTPUT TAPE 34+FMT1s(THETA(J)sJ=19N)
WRITE OUTPUT TAPE 3,114

WRITE OUTPUT TAPE 3+sFMT2 4 (GAMMRI{T )y (UFLEX{IsJ)sJd=19N)s1=1sM)
WRITE OUTPUT TAPE 3,107

[F(NORM) 52945294532

IF(SKIP)530,530,531

WRITE OUTPUT TAPE 3,351

GO T 535

WRITE OUTPUT TAPE 3,437

GO TO 535

IF(SKIP1533,533,534

WRITE OUTPUT TAPE 3,151

GO TO 535

WRITE OUTPUT TAPE 3,237 ’

WRITE OUTPUT TAPE 3,FMT14(THETA(J)sJ=1,4N)
WRITE OUTPUT TAPE 3,114

WRITE OUTPUT TAPE 3+FMT2 3 (GAMMR({T )+ (VFLEX({IsJ)sJ=1sN)s=1sM)
WRITE OUTPUT TAPE 3,107
IF(NORM)536+536+539

IF(SKIP)537+,537,+538

WRITE OUTPUT TAPE 3,352

GO TO 542

WRITE OUTPUT TAPE 3,438

GO TO 542

[F(SKIP)540,5404541

WRITE OQUTPUT TAPE 3,152

GO TO 542

WRITE OUTPUT TAPE 3,238

WRITE OUTPUT TAPE 3,FMT1(THETA(J)sJ=1sN)
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TABLE I (Continued)

aNaka)

WRITE OUTPUT TAPE 3,114
WRITE OUTPUT TAPE 3,FMT2s (GAMMR (1) (WFLEX(T19J)sJ=1sN)sI=1sM)
WRITE OUTPUT TAPE 3,107
TIF(SKIP)215+215+10
215 IF(KD-1)10+83+83
83 DO 224 J=1,N
DO 223 I=1,M
UFLEX (1 +J)=UFLEX(1+J)-UL(1)/CNORM
WFLEX (1+J)=WFLEX(1+J)-W1(1)/CNORM
U(T+J)=U(1+J)-U1(1)/CNORM
223 W(I+J)=W(I+J)=W1(1)/CNORM
224 CONTINUE
WRITE OUTPUT TAPE 3,142 P
SKIP=1
GO TO 82

- = (8) RETURN TO (1)

101 FORMAT(8I15)
102 FORMAT(SE14,.8)

103 FORMAT(116H R(IN,) NR(LBe/IN,)

1 NTHETA(LBe/IN.) NRTHETA(LB«/INs) 1177)
104 FORMAT (104H R(IN.) UCIN,)

X VIIN,) W(IN,) 7/77)

105 FORMAT (4F15,9)

106 FORMAT(F25.4+3F25.8)

107 FORMAT (1H1)

108 FORMAT (4F24,5+F18,2)

109 FORMAT (75H THE LOADING AS WELL AS THE DEFORMATION OF THE SHELL I

15 AXISYMMFTRIC /1/777)

110 FORMAT (122H R(INs) UCIN.)

)| W(IN,) NR(LBs/INs) NTHETA(LBe/IN,
2)//77)

111 FORMAT(5F24,5)

112 FORMATI(120H WEIGHT DENSITY(LBes/INe2) YOUNGS MODULUS(LBe/IN.
12) THICKNESS (IN.) FOCAL LENGTH(IN.) POISSONS RATIO/
2//7)

113 FORMAT(116H RI(IN.) R2(IN.)

1 R3(IN.) R4 (INJ) PSI(DEGs)//77)

114 FORMAT (///7)
115 FORMAT ( S0OH THE SHELL IS FIXED TANGENTIALLY AT BOTH EDGES //7)
116 FORMAT ( 70H THE SHELL IS FIXED TANGENTIALLY AT R2 AND IS FREE A

1T R1 P9I )
117 FORMAT(51H THETA3 (DEG, ) THETA4 (DEGa)///7)
118 FORMAT(7SH  THE SHELL IS CLOSED AT THE APEX AND IS FIXED TANGENTI
1ALLY AT R2 1777
119 FORMAT(2F24.2)
130 FORMAT(SOH  ===-= STRESS RESULTANT NR(LBe/INs)————= 11717)
131 FORMAT(53H  =—=m—o STRESS RESULTANT NTHETA(LBe/IN,)==——- /77
17/
132 FORMAT(54H =—=—=——m STRESS RESULTANT NRTHETA(LBe/INe)=-—=- 77
1777
133 FORMAT(SOH  ====- DISPLACEMENT U(INe)--—- 17777)
134 FORMAT(S0H  =—==m—v DISPLACEMENT V(INg)=---- 11177)
135 FORMAT(SOH ===== DISPLACEMENT W(IN,)-———— 11077)
139 FORMAT(5]H —--NORMALIZED RESULTS BY MEMBRANE ANALYSIS 1777)
140 FORMAT(51H ——-UN-NORMALIZED RESULTS BY MEMBRANE ANALYSIS 1777)

142 FORMAT(95H THE DISTORTION OF THE SHELL GIVEN BELOW IS MEASURED REL
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TABLE I (Continued)

1IATIVE TO THA
143 FORMAT (55H
1//777)
144 FORMAT(F24,.4
148 FORMAT(116H
1 WFLEX
149 FORMAT(116H
1 VFLEX
150 FORMAT(50H
151 FORMATI(50H
152 FORMAT ( 50H
160 FORMATI(56H
17777
161 FORMAT(56H
177771
162 FORMAT(56H
1//7/77)
163 FORMATI(116H
1*2) FOCAL L
164 FORMAT(116H
1 SKIN TH
165 FORMAT(116H
1%2) FOCAL L
FORMAT(12A6)
FORMAT (19X, 2
FCRMAT (19X s2
FORMAT(4F25,
FORMAT ( 50H
FORMAT (50H
FORMAT ( 50H
FORMAT ( 50H
FORMAT ( 50H
238 FORMATI(50H
239 FORMAT(116H
1 \%
240 FORMAT(116H
1 UFLEX TI1
303 FORMAT(116H
1
304 FORMAT
1
310 FORMAT(121H
1
2//777)
FORMAT ( 75H
NEESSms==
331 FORMAT(75H

205
229
230
231
233
234
235
236
237

(104H

330

1STONLESS) —=--

332 FORMAT(75H

INSIONLESS)===-

333 FORMAT(60H
Y= ===y LTS
334 FORMAT (60H
=SS == )
335 FORMAT(60H
1==—=/7/117)
348 FORMAT(116H
1 WFL

T OF THE FACE-UP POSITION /1/17)
THE PROGRAM DOES NOT ACCEPT A NEGATIVE POINTING ANGLE

12F2448)
R({IN.) UFLEX(IN.)

(INa) /1/777)
R{IN) UFLEX({IN.)

(INs) WFLEX(IN,) /1/77)
—~—-—-DISPLACEMENT UFLEX(INas)=-—=- /171/7/77)
—=—-DISPLACEMENT VFLEX(INe)=—=~ 17/777)
——~—-DISPLACEMENT WFLEX({INe)-——-~ 17/777)

A HOMOGENEOUS PARABOLOIDAL SHELL SUBJECTED TO GRAVITY
A LAMINAR PARABOLOIDAL SHELL SUBJECTED TO GRAVITY
A SANDWICH PARABOLOIDAL SHELL SUBJECTFD TO GRAVITY

STRETCHING STIFFNESS(LB/IN®%¥2) WEIGHT DENSITY(LB/IN*

ENGTH(INS) POISSONS RATIO ///77)
YOUNGS MODULUS(LB/IN*x2) CORE THICKNESS(IN.)
ICKNESS(IN.) RHO OF SKIN(LB/IN*%3) /1/77)
RHO OF CORE(LB/IN%*%3) WEIGHT DENSITY(LB/IN*
ENGTH(IN.) POISSONS RATIO /1/77)
HAl1923X32HA2s/7//)
HC1+23Xs2HC2923X92HC3423X92HCU///7)
6)
————— DISPLACEMENT U TILDE(INa)—=—- /1/1/777)
————— DISPLACEMENT V TILDE(INe)=—-- /1/7/777)
————— DISPLACEMENT W TILDE(INe)=-—=- /17//77)
————— DISPLACEMENT UFLEX TILDE(INe)==—== ////7)
————— DISPLACEMENT VFLEX TILDE(INa)==== ////7)
————— DISPLACEMENT WFLEX TILDE(INe)==== ////7)
R{IN) U TILDE(IN.)
TILDE(IN.) W TILDE(IN.) //77)
. R{IN.) UFLEX TILDE(IN.)
LDE(IN.) WFLEX TILDE(IN,) YAV VAV 3)
GAMMA NR *
NTHETA* NRTHETA* /1/7/77)
GAMMA (§E3
V#* W /1777)
GAMMA (VR4
W* © NR* NTHETA®*
————NORMALIZED STRESS RESULTANT NR¥(DIMENSION
/1/7/77)
----NORMALIZED STRESS RESULTANT NTHETA* (DIMEN
/1//777)
~———NORMALIZED STRESS RESULTANT NRTHETA*(DIME
/1/7/7/77)
—-—~-NORMALIZED DISPLACEMENT U*({DIMENSIONLESS)
--——NORMALIZED DISPLACEMENT V*(DIMENSIONLESS)
—-—~=NORMALIZED DISPLACEMENT W*({DIMENSIONLESS)
GAMMA UFLE X%
EX* /1/777)
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TABLLE 1 (Continued)

349 FORMAT(116H GAMMA
1 VFLEX#* WFLEX*

350 FORMAT (65H --=-—-NORMALIZED DISPLACEMENT
HESSIs=== /11717

351 FORMAT (65H --—-~NORMALIZED DISPLACEMENT
NESSE=== 1/777)

352 FORMAT (65H ----NORMALIZED DISPLACEMENT
LEISSE=== /1//77)

433 FORMAT(75H -——=-NORMALI1ZED DISPLACLMENT
INLEESS)=E== 111717}

434 FORMAT(75H -———NORMALIZED DISPLACEMENT
INLESS) -=== /17777)

435 FORMAT(75H -—-—-NORMALIZED DISPLACEMENT
INLESS)—--~ 117/77)

436 FORMATI(75H -——-—NORMALIZED DISPLACEMFNT
1ENSIONLESS) ===~ 117/717)

437 FORMAT (75H -——=NORMALIZED DISPLACEMENT
1ENSIONLESS ) =——~ A

458 FORMAT(75H —~==NORMALIZED DISPLACEMENT
LENSIONLESS ) —-—- 17777)

439 FORMAT(116H GAMMA
1 V TILDE* W TILDE*

440 FORMAT(116H GAMMA

1 VFLEX TILDE®*

WFLEX TILDE®*

B1]1 FORMAT(F24,44C244693F24,8)
812 FORMATI(F25.49E25e6+2F2548)

FND
DATA

UFLE X*
/777)
UFLEX* (DIMENSIONL
VFLEX* (DIMENSTONL
WFLEX* (DIMENSTONL
U TILDE*(DIMENSIO
V TILDE*(DIMENSIO
W TILDE*(DIMENSIO
UFLEX TILDE* (DIM
VFLEX TILDE®* (DIM
WFLEX TILDE* (DIM
U TILDE®*
1177)

UFLEX TILDE*
1/177)
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1.  Input

The input to our program as indicated by step (1) in ['ig. 12 consists of a number of records

prestored on tape A2,

Record 1 Control Parameters (615)

This line contains six non-negative fixed-point variables (integers).

| M I~ ke | norMm | kD | kP |

M (£150) Number of (equally spaced) y — tabular points between R3 and R4
(R3 and R4 are to be defined later)} for any fixed value of ©.

N (<10) Number of (equally spaced) 6 — tabular points between THETA3 and
THETA4 (THETA3 and THETA4 are to be defined later) for any
fixed value of y. If only those quantities with superscript zero
are desired [see Egs. (11-85) and (11-86)], set N equal to zero,

KE Control parameter specifying the edge conditions at R1 and R2
(R1 and R2 will be defined later. They are not to be confused

with r, and r, which are the lower and upper edge of the shell).

KE <1 Shell is fixed tangentially at both edges.

KE =1 Shell is fixed tangentially at R2 and is free
at R1.

KE > 1 Shell is closed at the apex and is supported
tangentially at R2.

NORM Control parameter specifying whether normalized results are
desired.
NORM = 0 Normalized results.
NORM > 0 Un-normalized results.

KD Control parameter specifying the type of distortion to be given
in the output.
KD < 1 u, v, w, and the corresponding uflex' Vflex’ wflex
are given in the output.
KD > 1 u, v, w, and the corresponding Urlex’ Vilex’ Yilex
are given in the output.
KD u, v, w, U, ¥, w, as well as the corresponding six

flex quantities,
If N = 0, a superscript zero should be added to these displacement quantities.

KP Control parameter specifying the type of shell under consideration.
Set
KP <1 if the shell is homogeneous,
KP > 1 if the shell is a sandwiched construction
with a very soft core,
KP =1 if the shell is laminar in that its material
properties vary across the thickness in a

manner other than previously mentioned.
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Record 2 Geometrical Parameters (41°15.9)

This line contains four non-negative ['-type floating point variables.
ey .
R ’ R2 R3 1 R4 ]

R1 (in.) Value of r at the free edge of the shell. If the shell is closed
at the apex, then R1 = 0. If the shell is fixed tangentially at

both edges, then set R1 equal to the value of r at the lower edge.

R2 (in.) Value of r at the tangentially fixed edge. If both edges of the
shell are fixed tangentially, set R2 equal to the value of r at the

upper edge,

R3 (in.) Smallest value of r at which the stresses and distortion of the
shell are to be given in the output. Generally, this is the same

asr However, if the shell is closed at the apex, it is usually

1
wise to avoid calculating the limiting value of the desired output

at the apex by setting R3 > 0.

R4 (in.) Largest value of r at which the stresses and distortion of the
shell are to be given in the output. Generally, this is the same
as r,.
Record 3 Geometrical and Material Parameters (3F15.9)

This line contains three non-negative F-type floating point variables.

' F | pr | pst |

F Focal length of the paraboloidal surface (in.).

PR Poisson's ratio.

PS!  Pointing angle ¢ in fractions of n (e.g., if ¢ = 45°, then psi = 0,25),
Record 4 Geometrical and Material Parameters (5E14.8)

KP < 1 This line contains three E-type floating point variables.

[ ko | u | E |

RHO  Volume weight density of shell (1b/in.3).

K Shell thickness (in.).
E Young's modulus (1b/in?).
K2 > 1 This line contains five E-type floating point variables.
s | roc | [ v [ E |

RHS  Volume weight density of skin (Ib/in>).
RHC  Volume weight density of core (Ib/in.>).

7 Thickness of skin (in.).
H Thickness of core (in.).
E Young's modulus of skin (lb/'in.z).
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KNi> = This line contains two IZ-type floating point variables.
[— RHO T GG —I
RI1O Surface weight density of shell (lb/in.z).
cC lixtensional stiffness of shell.
Record 5 Geometrical Parameters (21715.9)

This line contains two I'-type floating point variables.

I SIS TRAS ] THETA4j

THETA3 Smallest value of © in fraetions of n at whieh the stresses

and distortion of the shell are to be given in the output.
THETA4 Largest value of © in fraetions of n at whieh the stresses
and distortion of the shell are to be given in the output.
Record 6 Variable Format Statement 1

This line provides a format statement for listing the set of ©-tabular points (see also

Sec.111-B-2), for example,

l (1911 R(IN.)/TUETA(DEG.), NF11.2) ]

Reeord 7 Variable Format Statement 11

This line provides a format statement for the values of each physical quantity at different

positions (see also Sec. I11-B-2), for example,

[ (F19.4, NF11.6) |

Remark:— If N = 0 or if PS1 = 0, then the input must eonsist of only the first four records
in the preceding list. Additional reeords will be treated as a new set of input upon return. For
the purpose of an Express Run, eaeh of these reeords is punehed out on one eard. A eomplete
set of input will then eonsist of seven cards (or four eards if N = 0 or if ¥ = 0). 1t is to be plaeed
after the DATA card which in turn follows the object deck. Additional runs ean be made by merely
placing additional sets of input after the first set.

1f some restrietion on the input is violated, the program returns to step (1) to take in a new

set of data. 1t may or may not give a statement pointing out the souree of trouble.

2. Output

The first part of the output, given by step (2) in Fig. 12, reproduees for the reeord the input
to the program. 1t states the problem, the edge conditions, the various geometrical and material
parameters and whether the numerieal results have been normalized.

The second part of the output, given by step (7) in Fig. 12, gives the values of the six physical
quantities, Nr’ NG’ NrG’ u, v, and w at the tabular points. 1f ¥ = 0, the behavior of the shell
is axisymmetric. Thus, v =z NrO = 0, and Nr" Ne,
in this case is given in one block of five columns of numbers. The first column lists the set of

u, and w are funetions of y only. The output

y-tabular points. The next four columns list the values of u, w, Nr‘ and Ne in that order, cor-
responding to these values of vy,
It ¥ # 0, the stress resultants and the displaeements generally depend on both y and ©. The

output for each of these quantities is arranged in a rectangular bloek so that eaeh eolumn of data
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corresponds to the values of the quantity for fixed value of © and for different values of vy, and
each row corresponds to the values of the quantity for a fixed y and for different values of 6.
Inasmuch as N is not constant, the number of columns may vary for different runs. Therefore,
if N > 0, two variable format statements are needed for the output. The first of these is used

to list all possible values of © as the first record of the block. The sccond is used repcatedly

to list records of (N + 1) numbers. The first number of each record is a value of v while the
remaining numbers are the N values of the physical quantity in question corresponding to the N
positions given by this value of r and the N ©-tabular points listed in the first record. Examples
given in a later section will clarify this discussion. Having listed all the stress and displacement

quantities, the next block of data gives the maximum values (in modulus) of u and

flex’ “flex’

L Or Upovr Vilex’ and wflex for the set of tabular y's.

If N = 0, so that only the zero-superscripted quantities are requcsted, this second part of
the output will be arranged in three blocks of data each consisting of four columns. The first of
these columns in each block lists the set of y-tabular points. The remaining three columns of
the first block list No, NSO and N°., those of the second block list uo, vo, and wo, and those

. o’ ro’
of the third list u and w9

flex* Vflex’ flex A -
The above discussion applies only when KD < 1. For KD > 1, u”, v’, and w_ and the cor-

for the given set of tabular points.

. ~0 ~0
responding Unex' Vilex

uo , V , and w® . If KD = 1, additional blocks of data will appear for the obvious reason.
flex’ “flex flex

Keeping in mind the discussion in the earlier sections, the output in this case is self-explanatory.

, and Wgex will take the place of uo, vo, and w° and the corresponding

The numerical results in the output are generally printed in the F-type floating point format.
There are a few exceptions due to the size of the numbers involved. In these exceptional cases,

the E-type floating point format is used.

3. Operational Information

The main program is coded in FORTRAN language for a 32K IBM 7090 (and IBM 7094) and
is compiled by the FORTRAN II compiler. It requires no routines other than those appearing
as library routines on the Lincoln Laboratory library tape. It should be cautioned that these
may be different from the routines under the same name used elsewhere. The cor.respondence
between logical tape units and machine tape units is also different at Lincoln Laboratory. Ap-
proximately 11,000 storage locations have not been touched by the program. Neither scnse
switch nor sense light is used. Some of the subscripted variables and their analytical counter-
parts are presented in Table II.

It should be understood that if normalized results are requested, the stress and displace-
ment expressions in the third column of Table II should be replaced by the corresponding starred

quantities.
C. EXAMPLES
1. Axisymmetric Deformations
Consider a sandwich shell supported at the lower edge r,ina face-up position (¢ = 0) with
.3
rhe = 0.01 1b/in.
rhs = 0.1 1b/in>

B = 105 lbflin~
v = 0.3
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SOME SUBSCRIPTED VARIABLES

TABLE 11

AND THEIR ANALYTICAL COUNTERPARTS

Subscripted Variable

U
v
W
UFLEX

VFLEX
WFLEX
ENR
ENT

ENRT

@

UFLEXA

VFLEXA

WFLEXA

UFLEXS

VFLEXS

WEFLEXS

GAMMR
GAMMA
THETA

Dimensionality

150 X 10
150 X 10
150 X 10
150 X 10

150 X 10
150 X 10
150" X150
150 X 10

150 X 10
150

150
150
150

150

150
150
150
150
150
150

150

150
150
150

Analytical Expression

4 Z 2 2
S Op S Qw “Sw

Z
o)

Uflex
Vilex
Yilex
us
flex
Vilex

W
flex
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13 100 in.

1‘; 300 in.
f - 500 in.
h = 0.5 in,
t=0.11in.

Since the deformation is axisymmetrie, we set N = 0 and omit records 5, 6, and 7. For the

purpose of illustration, we consider only five y-tabular points (M - 5). The output will not be

normalized so that we get the actual physical quantities.

Insofar as displacement quantities are

concerned, we want only u and w (and of course the eorresponding flex displacements),

INPUT

Recard 1 Control Parameters (615)
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Record 2 Geometrical Parameters (4F15.9)
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Record 3 Geometrical and Material Parameters (3F15. 9)
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Record 4  Geometrical and Material Parameters (5E14. 8)
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Remark:— Since PSI is zero, the last three records must be omitted according to inpur
instructions.
The computer output is presented in Table III.

2. Unsymmetric Deformations

Consider a homogeneous shell supported by both edges and oriented in such a way that { # 0.

We have
B= 00 Ui
v =0.3
ry = 100 in.
r, 300 in,
=. 500 in,
h = 0.01 in.

rho = 0.1 lb,/in.3

We now want normalized outputs for seven ©-tabular points in the interval —(r/2) £ © £ (r '2) and
again five y-tabular points in the interval Y €Y< Y, Insofar as displacements are concerned,
we will limit ourselves to U, V, W, and the corresponding flex quantities. (In this case, that

quantity which is listed in the output as the weight density is rho X h.)
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Record 1  Control Parameters (615)
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Recard 2 Geametrical Parameters (4F15. 9)
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Record 3

Geametrical and Material Parameters (3F15. 9)
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Recard 7 Variable Farmat Statement |l (FMT2)

(F19.4,7F12.6)

0rgv0 32005030CG0JN00003CO000U0NVOOCLTRNI00CONRO05006000003N000LCOGROCACERT0000%C G000

T R R TR IR S r e . s SR B2 es s N ERT LD PN ey
R R RN R R R N R R R R R R RN
2022222270 ¢22222%22222%32722222002224022022000222202200022812220222222222227222122;
3333 03 3333 33333373333333333333333333333333331335°3333333333333333335333333331333
J340 4545034 4444444444444 444284 444444444041 3384864449451448414444444424444444241
3565555958525 95503955593555555995555955555555595595595555559555549595555539594585959
> tudfo% 664 GSEELSF66E665G666606 66666666656 6660666666650 0v666E6666666666666S5FF8b%
I 11 n il niniinr i niniyiinnniiniriinnInI
$38 4 8338 3458 5988808888380 R38888888°288888888883888828808E8¢C888R838883236E8E8

b 833948y 59.82959998399799599594549999999995:5959
k Fan e T LSRN G BN IR
< sua

1599996935999 ,95596599940-+2¢54y9
873 ] Y »

1
"y SRR RLRRR SEIRARVEZY * 1L SN AL TR ViR ik b

The computer output is presented in Table IV,
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