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APPENDIX A

DEFINED PARAMETERS AND PROPERTIES OF STIFFENERS

1¢ Ncw Parameterse

New parameters for extensional, flexural, twisting and
torsional stiffnesses of skin, stringer,and ring of the stiffened

cylindrical shell are as follows:

Eexp = = 2
P YR 7 A
EXAK E A
et = X2 /Y Eyyr = %
X J
G Lol s 300
xy = 2QC1+))
E}[X = Exxp + R t'E T = Enp + Em
D s D . =
XXp | Y — 2
i 12(1=4 %)
ExIxc B I o
Dyxst = .2 Dyyr = 1
ny = (1= )an
Dyx = Dyxp™Puxst ? Dyy = Dy Pyyr

2. ilondimensional Parameterse.

Nondimensional groups of parameters to be used in Thase 1

and Phase 2 are as follows 3
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3, Properties of Stiffener Cross=5Sectionse

3,1 Rectangular stiffener. The radius of gyration of a rectangular

cross-section is

Through nondimensionalization with respect to the radius of

gyration of the skin per unit width, one obtains

oL =

=le

The nondimensionaliged stiffencr flexural stiffness and

eccentricity parameters are

E .3
:— st Btc - ___E(ZRG
= —CmuraLoNe e
O 3 2
where D = Ehé-,endlt..%%-=-;}-§—
12(1=4 )
These two gquantities can be expressed as
= =& x
p =LA (41)
— “2(1-22)%( %
e = 55 (1+0L)

3,2 Other types of stiffeners. With the assumption that tw'
tf<1 dw,{a and e of the tee, angle, channel, zee, I, and inverted

angle cross=sections can be expressed as
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P::x 2 ,Zxa ?XK

Pyy = 'Zyz Ayy (a2)
Ex = fﬂ#(“*ﬂx‘zx)
5, 1f2(152)2)%(1+cy5{y)

-

The expressions for A and C, for each type of stiffener cross-

section, are given in Table A1

Table A1e Properties of Stiffener Cross=Sectionse.

Section Area, A & c
Rectangular td % 1.0
d_ (1+4cfk)% 1+2¢
=% -t ‘:\ —-—)————‘—— P
Tee or Inverted dwt”(’I C ol (h "I+cfk Gl ‘{‘;‘T{,
!mgle : fh
d_ ‘1+6cfk % 1+20 gk ”
Channel, I, or | a t (1+2c.k) (E—)(m) (T,,'gg;g)
or Z
d, (1+4cfk)% 1
Angle d t (1+c k) | (5= ) ———
WW f h T+ck (1+hcfk)k
il e |
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Fige A1 Geometry of Stiffener Cross-Section.



EXAMPLE OF DESIGN TABLE.

APPENDIX B

Table B1e Design Table for TSRRe o™ Tey cfy= Oe

-

Y By c k_ k, N Z

33 1,097 1.0 0e35 0.0 16389x10° 39000
& 2, W %xx ‘kyy m J:

20,0 60.0 Le76431 1440358 1,9508 15 34005
20.0 7040 416409 1431625 1450327 15 74862
2040 80,0 3,61362 1.63660 0.69231 14 74902
2040 00.0 332791 1444953  0.62487 15 7.862
23,0 145.0 2421722 0473076 0435391 7 64939
23,0 15040 2420375 0.,70901 C.36365 17 6777
23,0 155.0 2415442 0,72046 043082k 17 6777
23,0 160.0 2417841 0,674 0437237 17 64516
23,0 162.0 2.15479 0.67769  0.35134 17 64516
24,0 140.0 2.,12869 0469355 031223 16 7023
24,0 145.,0 2.00040 0470319 0426847 16 7175
24,0 1500 2405978 0474202 0.,20235 16 7121
24,0  155.0 2407573 0.64172 031686 17 6777
250 7040 3.00701 0,89952 088893 14 84035
2540 80s0 2474696 0481658 0474014 14 7902
25,0 87.0 2453115 0.92017  OoLkl23 14 84035
25.0 89,0 2450098 0,94759 0638993 14 84250
250 90,0 2048693 0494906 0637594 14 84250
2540 9140 246914 0489288 0.41627 14 3035
25,0 93,0 2,43929 0486890 0.41364 14 84035
2540 95,0 2441339 0689862 036086 14 86035
25,0 1000 2434538 0680111 0639776 15 7362
25,0 120,0 2415414 0472013 0430833 15 741489
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25.0 125.0 211621 0470532 0428934 15 714689
25,0 1270 2411236 0467726 0.31396 16 7e421
25,0 130,0 2,09212 0467103 0.,30216 16 7eir21
2540 132,0 2,03769 0665534 0431390 16 7268
2540 134e0 2411675 0.61089 0438425 16 7023
25,0 136.0 2.05831 0465409 0.28897 16 7268
2540 13840 2406663 062365  0,32682 16 7023
25.0 140,0 2.06174  0.61325 0.33287 16 74023
25,0 145,0 2401855  0.,62067 0.28696 16 7.023
2560 15040 1498851  0,61889 0.26197 16 7023
250 15540 2403231 = 0456427 0635562 17 6a616
2540 160.0 1495972 0458867 0.26654 17 6777
2640 86,0 2,50612 0671985 0.62225 15 72362
26,0 88.0 2.42301  0.77343  0.49461 14 7902
26.0 90,0 2.42099  0,71806  0,54819 15 74062
2640 92.0 234813 0480362 0439770 14 8,035
2640 9he0 2432113 0479496 0.38229 14 8.,0%5
26,0 10040 2.,24801  0,74502 0.36708 14 «002
2640  110.0 2,15957 0.67487 0.35843 15 74632
2640 120,00 2,08286 0.63124 0433369 15 7.489
2760 84,0 2437070 0,78697 043446 13 8184
2740 8640 234899 0.73785 O0.46424 14 84035
2740 88.0 232503 0471804 0446270 4 84035
2740 9040 2427868 0.75382 0438562 14 84250
2740 9240 2425099 0,76607 0434869 14 84250
270 10040 2616023 0472519 0630869 14 8035
2740  110.0 2406773 0,64457 0,30689 15 7062
27e0 12040 199452 0461373 0427249 15 7632
270  140s0 1491243  0,52638 0.28669 16 7175
2740  145,0 1.86L483 0454608 0.22457 16 7268
2760 15040 1484LEL 0453857 0421408 16 74268
2840 8240 231969 0471892 0.45706 13 Sa18k
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28,0 84,0 2.28442 0.71541 042914 13 8e10k
28,0 86,0 2427257 0466560 0.46839 1k 34035
28.0 88.0 2423026 0467655 0.41973 14 8250
2840 90,0 2421417 0.65212 0442982 14 82035
28,0 100.0 2008339 0,65647 0430895 14 8035
28,0 110.0 1.99479 0.62664 0.25982 14 8.035
28,0 120.0 1492335 0.6012k  0.22155 14 7,902
2940 8040 2426707 0,70465 Ol k2hhlh 13 84307
2940 82,0 2.23641 0.68280 0.41897 13 8,307
2940 84e0 2.20923 0465331 O.h2t2hk 13 8.184
2940 86,0 2.18160 0.63440 0.,41852 14 84250
29,0 88,0 2419121 0.58504 0.47645 14 84035
29.0 90,0 2.14267 0.60062 0.41762 1k 84035
29.0 92,0 2100680 0.60502 0,38378 14 8,035
29,0 940  2,075%0 0.65711 0430118 13 8018k
29,0 95,0 2.065856 0.66075 0.28904% 13 8184
30.0 70,0 2eU41711 0465364  0.60915 13 34307
3060 780 2421937 0468402 0.40256 13 86507
3040 80,0 2418649 0,68929 0.36799 13 8,507
3040 820 2416169 064488 0,39031 13 8,037
3040 84,0 213431 062938 0,38140 13 80037
3060 86.0 2415094 0455112 O.47448 14 84035
3060 88.0 2.08503 0,58003 0.28684 13 84507
3040 90,0 205812 0665323 0628966 13 84507
30,0 100.0 1495610 0460330 0.24869 13 8307
3060 110.0 1490534 0048150 0432525 15 7862
3040 12040 1485033 0.45242 0430532 15 7489
3340 95,0 1488365 0659822 018920 12 84634
3340 97.0  1,00094 0,64012 0416271 11 84716
33,0 100.0 180772 0650240 0421736 13 84507



4PPENDIX C

DESIGN EXAMPLE

The following design example illustrate the design result

to determine minimum weight of the stiffened cylindrical shell

under uniform axial compression of 1100 1b/in. The given quantities

are: R

=

*

|

1l

il

955 in.'
E}C = EY =
/sz F)y =
i33 '60 =

T, = 291 ine,

10.5x106 psiey

.101 1bs/in>.,

50,000 psi.,

1100 1bs/ine.,

1227%

¢.6389x10‘8

The stiffeners are tee stringers and rectangular rings

(TSRR). cfy

cfx

0 gk

0

e35 o

C

L = 1097 ,

C
b

T

MG ( minimum gage ) = 0.02 in.

All design

Z

2y

A

XX

W

steps are listed in Chapter III.

n

39000

151 yz)%

iy

= 0.02146

20 , g& = 145,0

For Table B1, one has

0e70 9 4 A

20904

¥y
m

]

1}

0426847 ,
10 % /9 = 7175
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Calculate the stresses in the skin, stringers, and rings.

by using equations (38)

Gneale 20969450 psiey yysk = =2213437 pSiae,
= - ; S'. = l},. '.
dxxst = =28239.09 psie, gyr = 734857 psi

From Steps 3 and i,
(1+c,. k ) =

fx's
a = = h = 0,4488586 in.
WX Nt -
(1+hcfoS)
dwy = ho(y = 3.,11195 ine
t EA__h
gx - 5 %2 = 0.027949
x Ex(1-jJ )(1+ckas)dwx
t EN/ A
—L = R4 = 0.0020777
y E(1-7)d%r
Then .
2
B [ . or 1_ { 078509

wysk

Select the stringer spacing such that one has a whole
number of stringers and yet stays away from skin buckling.

Choose 1 = 0,7500553 in.

Therefore
th= 04020963  in,,

to = 0.020963  in.,

b x-_- 0.1571005 il‘l..,

f

tfy= bfy= 0

From Step 7, one finds that any ring spacing, ly’ will

satisfy the constraint

Thus, the determination of ly must be based on panel instability



only; Using the computer program in Appendix B, one has

y
N
Xxp
cr
m
p
Thus, twy

Next, caloulate the local buckling stresses using appropr

ecuations in Table 1,

g

xxsk
cTr

T XXswW
cr

st
cr

Finally, compute the ratios of

n

I!

I

10,03448 ine

1227,273 1bs/in,

1 n
O
0,020048 in,

= 310

T

psi.

)r[( =2 w"‘) + 04425 ]

a2 )y 2 ,
cmmeitoga(s) = 31739414 psi.
36—~ y°Y2

2.4 2
3(1-77) vr*

M 2p

12(1, 9> )

39U307-1 psi

clearly demonstrate the desired separation of failure modes.

D

(e}

wD

SUEFD

5Y

S1YC

RYD

W

I

1l

I

N/N__
P o

xxskffgxxsk

5 ::::S't/ 5::::5%«

S G
21(RIJ1(0

sTr

iy

cr

n

n

n

045648
01468

791,22 1bs,

Other desigm, with the some weight, which satisfly all

constraints ( including geomeiric constraints Y 3e

52

inte

actunl load to feilure load, which
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b=a

m

k=]

n

|

1

9;7 ine
0.02015

1313,14

in,

1bs/in.

32,1

53



APPENDIX D
1
GUIDELINEC FOR DATA GENERATION

In several design cases the approximate value of the skin
thickness can be estimated, therefore the interval of 2,
L 22

Rh

for which the data must be generated, is greatly redﬁced. But
with priori knowledge of the skin thickness the following procedure
to establish the range of 2 values is recommenede

It is well=known that the skin thickness of an unstiffened

cylindrical shell subject to a given axial compressive load is

given by e

Since the weight of the unstiffened geometry is greater than that
of a stringer- and ring-ctiffened geometry, hu will provide a
lower bound for the value of Ze It may also be anticipated that
the optimum stiffened geometry has a skin thickness not less than
15 % of h o This may be considered as a lower bound for h or an

upper bound for the valuec of Ze. Thus, if one defines Zu by

y o P pB
u R,

then the range of Z values, in which the optimum configuration
will lie, is

7 £ 7 L 6%
u = u

iUngbhakorn, Vey ODe citey DPPe 106=108.
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In the case of uniform axial compression, from designing
expericnce, one gencrally expects the optimum configuration to
have both rings and stringers with rings being deeper than
stringers to strengthen the local stringer bucklinge Furthermore,
when stringers are deeper than rings and in the region42¥ ;ézy .
the design dimensions (stringer and ring thickness, ring spacing,
etce ) become too small to accepte Also from thin ring theory

one must have approximately

7 R »
dw‘g 20h"

Hence, the region for which the data must be generated, for each
Z4 is where /- \\Y
X L&, and "‘y<§%‘5'

The following procedurc is recommendede

1. Divide % into 6 intervals: 7, 27 yececey 6Zu.

2. Obtain data at % = 42 and design the stiffened shell
aécording to the design procedure outlined in Chapter III, such
that the resulting configuration has the lowest weight with all
constraints beingsatisfied. Call this weight Wu.

3¢ Repeat Step 2 with 2 = 57, and obtain the cylinder
weight WS.

Le If w4<;w5, one repeats Step 2 with Z.= 37 . If
W, Wy ome repeat Step 2 with 2 = 6Zu' L 4 thEWE then the
minimum weight configuration is between hzu and 5Zu.

5. Plot W vse he If necessary, Step 2 is repeated with

Z = ZZu.



LPPENDIX E

COMPUTER PROGRAMS

1« Program for the Development of Design Charts and Tables.

The structure of this program consists of a main program
and five subprogramse The purpose of each program is as followst

Main program is the search method of Nelder and Meads

SUBROUTINE START sets up an initial simplex from a given
starting point.

SUBROUTINE SUMR contains nondimensional composite weight
function, .

SUBROUTINE KXX is the search method of Golden Section,

FUNCTION F(%) is the X expression with m as a
continuous variablee.

FUNCTION G(z) is the B expression with m as an integers

11 Descriptions of invuts and outputse

The symbols of the computer listings, with thier
corresponding representations, necessary to operate the Optimization

Program are:

wa® e —
ALP = N , ALX = 4 o 1178 ALY = L y
BET = CX = C C = C

2 r . y y !
CFX — [+ CryY —
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DIFER = Standard deviation of the W of the simplex to

deternine convergence.

G o K.
by e 4
cxYr

TI = Humber of iterations.
M=m

PO =

1 =

*

-

sum(m) =W

SUKL = W for minimun weight

WP = W
ZI(Xoun,1) = A

b e

I
>

XI(XOUIT?,2) 4

2274 = 74

o use the program, lines © throush 17 in the main program

must be molified acceordins to the Gype of the stilffening member,

load parameter, and curvature arameter, 'he data cords, to be
P 3 P ]

—_— —

read in, are oL o} and L e Each pair of a(y and a(___“, is punched on

o

same card with the Format (2F10.5) of line 25;



RTRAN IV 3E60N-FO-47S 3-8 MAINPGM . DATE  15/07/76 TIME

MINIMIZATION OF THE WEIGHT OF THE STIFFENED SHELL BY FLEXIBLE
POLYHEDRON METHCD OF NELDER AND MEAD.

ALLOWANCE HAS EBEEN MADE FOR A 6-DIMENSIONAL PROBLEM,.

NX IS THE NUMBER OF INDEPENDENT VARIABLES.

STER IS THE INITIAL STER SIZEs - = _ —
X%I< IS THE ARRAY OF INITIAL GUESSES.

X{1) = LAMBDA XX BAR.

X%2< # LAMBDA YY BAR

10%%X%3< # LAGRANGE MULTIPLIERS,

ZZZ # CURVATURE PARAMETER.

NNNnNABOoO o NANNONNDO OO N OO0

e Z # CETA BAR, ARGUMENT IN THE KXX EXPRESSIONs .
M OR AM # NUMBER OF AXIAL WAVES.
ALP # APPLIED LORAD PARAMETER.
SUMXINS = COMPUOSITE WEIGHT FUNCTION.
GZ = KXXCRa
WP = WEIGHT PARAMETER.
PO # POISSON RATIO. ., .. —
CFX = STRINGER THICKNESS RATIOG
CFY # RING THICKNESS RATIO. A e v
FCX = KS = STRINGER FLANGE WIDTH RATIO.
FCY = KR = RING FLANGE WIDTH RATIO.
v FOF PROPER PRINT QUT FURMAT STATEMENT 2002 AND 101 MUST BE
: REVISED ACCORDINGL Y . /// .. SN,
DIMENSICN X1(6s6)sX(4) sSUM(6)
COMMON/S/ X1 sNXsSTEPsK]l +sSUMSIN
COMMON/SS/ALXs ALY 3CX3CY PO sX» 222
CUMMONZEE/Z+ AMsG2Z
COMMONZSRZALP J obsser et A
WRITE(3,2005)
NX = 2 -
STEP = 1
PO = 433 i A
ALP = 1.3241E-8
’, ZZZ = 40000. Bk i a .
CFXx = 1.0
* CFY = Oe
FCX = 35
FLCY = 0=
CX = (1e0#2e0*CFX*FCX)/(SART(1e0+4.0%CFX%XFCX))
CY = 120

WRITE(3,111)
111 FORMAT(/* NU®3EXs "CX" 05X "CY" s TX3"Z?:,6Xs "CPX" 34X 'CFY*"34X,'KS" 35X,
*KRY/)
WRITE(34113) PUOsCXyCYZZ27Z,CFX,CFY+sFCXsFCY,ALP
200 FORMAT(//8Xs"GENERAL INSTABILITY OPTIMIZATION-TSRR'//)
112 FORMAT (EX3FSe39FEe33F 7a3,33X3FB8e234F7e4,E1546//)
WRITE(3,2002)
2002 FORMAT(BX s "ALX 34X 3 "ALY "33 Xs "WP" 310X "KXXCR"s5Xs*'X(1)"46Xy"X(2)",
8 ISXe"M'+4X, "BETA®"8Xs "WPSTAR' 34X, '"DIFER'",5Xs '1I1'/)
100 READ(1,110) AL Xx,ALY
IF (ALX«EQ«0.) GO TO 999
110 FOFMAT (2F10e5) s
C GUESS STARTING VALUES CF X(1) AND X(2)

—

]
o




IRTRAN 1V 360N-FC—-479 3-8 MAINPGM DATE _ 15/07/776 =~ TIME = 20,1

X(1) = 0.60
x(z) C«25
X(3) 10.0 -

1}

ALFA
BETA 0«5
GAMA 2.0 ; - =
DIFER = Qe
XNX = NX
IN = 1
Rer CALL SUMR
Kl = NX+1
K2 = NX+2
K3 = NX+3
K4 = NX+4 P e 2
CALL START
DO 3 I = 1.1
DO 4 J = 1sNX
4 X(J) = X1(1s.0) > A
IN = 1
CALL SUMR W L OSSN
3 CONTINUE

1.0

In

63 11 = @

28 11 = 1I1+1 & 4
IF (I1I1.LT.25) GO TO 60
GO TO 888

C SELECT LARGEST VALUE CF SUM(I) IN SIMPLEX 35 = — -
60 SUMH = SUM(1)
INCEX = 1
DO 7 I = 2,K1
IF (SUM(1)eLE.SUMH) GO .TQ 7
SUMH = SUM(I)
INCEX = 1
7 CONTINUE
o c SELECT MINIMUM VALUE OF SUM(I) IN SIMPLEX
SUML = SUM(I)
KOUNT = 1
DO 8 I = 2,K1
IF(SUML.LE.SUM(I)) GO TO 8
SUML = SUM(TI)
| KOUNT = I
| & CONTINUE

c FIND CENTROID OF POINTS WITH I DIFFERENT THAN INDEX
DO S J = 1y NX
SUM2 = Q.

DO 10 I = 1,K1
10 SUN2 = SUM24X1(1,J)
£ X1(K2sJ) = 1e/XNX*(SUM2=X1(INDEXsJ))

C FIND REFLECTION QF HIGH POINT THROUGH CENTROID
X1(K33J) = (1e+ALFA)%XX1(K2,J)~ALFA%X]1(INDEX +J)
IF(X1(K3sJ)) 7Cs+9,9

70 X1(K3,J) = Oe



RTRAN IV 360N-FC—-47S6 3-8 MAINEGM o< -  _ DATE  _IS/07/776 ____ _XTIME 20l

S X(J)= X1(K3,J)
IN = K3
CALL SUMR
IF(SUM(K3).LTeSUML) Gg TO 11
C SELECT SECOND LARGEST VALUE IN SIMPLEX
IF(INDEX+EQesl) GO TO 28
SUMS = SuMm(l) ==
GO TO 3s
38 SUMS = SUMI(2) |
3S DO 12 I = 1K1
N IF((INDEX-1)+EQGe0) GO TO 12
IF(SUM(I).LE«SUMS) GO TO 12
SUMsS = sum(lI)
12 CONTINUE
IF{SUM{K3)GT«SUMS) GC TO 13 -

GO TO 14
C FORM EXPANSION OF NEwW MINIMUM IF REFLECTION HAS pRODUCED ONE MINIa.
11 DO 15 J = 1s NX

X1€K4sJ) = (1-GAMA)*X1(K2+J)+GAMA%X] (K34J)
IF(X1(K&sJ)) 72s15,15
72 X1(K4,J) = 0. 272 | S
15 X(J) = X1(K4,J)
IN = Ka =
CALL SUMR
IF(SUM(K4) «LTeSUML) GO /TO 16
GO TC 14
13 IF(SUM(K3)«GT«SUMH) GO/TO 17 .
DO 18 J = 1,NX
18 X1(INDEXsJ) = X1(K3,J)
17 DO 19 J = 1, NX
X1(K4sJ) = BETA%X]1(INDEX,J)+(1e-BETA)*X1(K2+J)
IF(X1(K45J)) 74419419
74 X1(K4sJ) = 0
19 X(J) = X1(Kaxd)
IN = K4
CALL SUMR
s IF(SUMHGT«SUM(K4)) GO TO 16 T )
C RECUCE SIMPLEX BY HALF IF REFLECTION HAPPENS TO PRODUCE A LARGER
C VALUE THAN THE MAXIMUM
DO 20 J = 1sNX
PO 20 1 = ‘1.Ki =l : il - : - e ST, 8
2 XL T 5.0) 0eS*{X1(I4J)+X1(KOUNTsJ))
DO 29 I= 1, K1
DO 30 J = 1+NX
30 X(J) = X1(I1ed)
IN = I
CALL SUMR
26 CONTINUE
GO TO 26
i 16 DO 21 J = 14NX
X1(INDEX,J) = X1(K4sJ)
21 X(J) = X1(INDEXsJ)
IN = INDEX
CALL SUMR



RTRAN IV 360ON-FC—-479 3-8 = MAINPGM i DATE _15/07/76 TIME  20aC(
GO TO 26 -0 24
148022 I.= 1 oNX
X1(INDEXsJ) = X1(K3sJ) i i, e g
22 X(J) = X1UINDEXsJ)
Lioa. EN = INDEX. iy 4.7}
CALL SUMR
26:DQ-23 J = LeNX L e e e e
23 X(J) = X1(K2,4)
IN = K2 d e =L N
CALL SUMR
= C TO TERMINATE THE SEARCH L,DIFFER MUST BE LESS THAN EPSILON L

DIFER = 0Qe.

DO 24 1 = 1+K1 - phsibe g == ELLE .

24 DIFER = DIFER+(SUM(I)/SUM(KZ)—I.)**Z
DIFER = SQRT(1le/(XNX+140)*DIFER) e e
IF(DIFER«GE«0+005) GO TO 28
8EE BET = Z*AM

M = AM
WP = 1e#(X1(KOUNT,1)#X1(KOUNT2))/{1.=-PO%P0) s

WRITE(3s+101) ALX;ALY-%P;GZn(Kl(KDUNT.J)-J lgNX}-MoBET SUML DIFER'

APLT s e L — L S

101 FUFMAT(lX-Fa;lgFToloFiﬁoﬁnﬁlo (¢} 2F10.5'IS.FB.3.¢X-FIO.5¢E12 5.:15)
=L QU T 00— -

SS9S CUNTINUE

sTGP B 4 = N\ E Ry
ENC




RTRAN IV
c
r.‘
v
¥

3EON-FO—-47S 3-8 MAINPGM DATE 15/07/76 TIME

SET UP THE INITIAL SIMPLEX FROM ONE STARTING POINTs
SUERDUTINE START
DIMENSION X1(64+€)sX(4)sSUMI{E) +A(3,3)
COMMON/S/X1 s NXsSTEPsK1 sSUMLIN
COMMON/SS/ALXs ALY 3CX3CY POy Xe222Z
VN = NX
STEP1 = STEP/(VN*SQRT(24))*(SQRT(VYN+1e)+VN—14.)
STEP2 = STEP/(VN#SQRT(24))*(SQRT(VN+1le)=1a)
POl J = LaNX

1 A1 d) = Da
DO 2 1 = 2,Kl
DO 2J = 14NX
A(lsJ) = STEPZ
L = I-1
A(I.L) = STEP1

2 CONTINUE
DQ 3 1 = 1aK1
DO 3 J = 14NX

3 X1{IeJd) = XCJI+AL(T 5.0)
RETURN
ENC o >

200C



RTRAN IV 360N-FO-47S 3-8 SUMR DATE  15/07/76 TIME 20.(
. __SUBROUTINE SUMR = * e 5 -
C SUMR IS THE WEIGHT EXPRESSION
g =4 T ~' DIMENSION X1¢6456) s X(4)sSUNLEY - . 0 0 . - - .
COMMON/S/X1sNXsSTEPsK19SUM,IN
COMMON/SS/ALXs ALY 3CX3CY PO XsZ22Z
CONMMON/ZEE/Z s AM $GZ
> = COMMON/SR/ALP =
DO 10 J = 1sNX
e N e TE AXTIE) 9920910 2 FANAT. "y i R S
Q. X¢J) = 0as
& 10 CONTINUE i
CALL KXX
g SUMEIN) = 1.0+4(X(1)4X(2))/(1.-PO*¥P0)+10.%*X(3)*%ABS(GZ/(222%222)~
1ALP%Z2Z)
| WU, Y pETURN T le = s L
L_ END
v
s Y =8 L SEFV
«




RTRAN

hl

v

NOODODOD

2EON-FO-475 3-8 / K X X ; DATE  15/07/76

11
20

tu
n

40

SUEBROUTINE KXX

TIME

CALCULATE BETA BAR AND M FOR KXXCR FOR EACH MOVEMENT OF X%I<
UNIDIMENSIONAL SEARCH BY GOLDEN SECTION METHOD USING FIBONACCI

FRACTIONS
FIEONACCI FRACTION # F1 # 0382

CIMENSION X1(2€%),X2(25)+X3(25)3Y1(25)4+Y2(25)+DEL(25)+sX(4)sM(3),

1GG(3)+21(3)
COMMONZSS/AL X3 ALY sCX3CYsPUO X222
COMMON/CC/PsQaR

COMMON/DD/My JJ

COMMON/EE/Z+AM+G2Z

204

DATA X1(1)aX2(1)3X3(1)3F]14EPS/e003440035540030:381966011:0.,05/

K =1

L =0

IF(F{(X2(K))=-F(X3(K))) 10,10+20
X3(K) = X3(K)*+0a2%X3(K)
IF(X3(K)«LT.15) GO TO 11

L = L+1

IF(L.LT«10) GO TO 11
X1{1) = 0.005

X2(1) = 0.8

X3(1) = 1.0
IF{L-LTa Y12, 60, TO 11
BETA EAR CURVE IS TOO FLAT. SET A TRIAL M =
AM = 1.0

GO TO B "
DEL(K) = X3(K)—=X1(K)
Y1(K) = X1{(K) + F1*DEL (KYrr vy ©

Y2{K) = X3(K)-F1*DEL(K)
IF(F(YL(K))-F(Y2(K))) 30s31,32
DEL(K+1) = Y2(K)=X1(K)
X1(K+1) = X1(K)
X3({K+1) = Y2(K)

K= K&l ) B o o o Ui o
IF(ABSI(X3(K)=X1(K))/X3(K)).LT.EPS) GO TO 40
GO TD 12 _
DEL(K+1) = Y2(K)=X1(K)

X1(K+1) = Y1(K)
X3(K+1) = X3(K)
K = K+1

IF(ABS((X3(K)=X1(K))/X3(K)).LT<EPS) GO TC 40
GO FG- 12

DEL(K+1) = X3(K)=Y1(K)
X1L(K+1) = Y1(K)
X3(K+1) = X3(K)

SEE 4B P

IF(ABSC(X3(K)=X1(K))/X3(K))eLT-EPS) GO TC 40
GO TO 12

Z = (X1(K)+X3(K))s2,.
FX = F(2)

AM = (Q/P)%**0.25

BE = Z%AM

JJ = 1

1



RTRAN IV 3&60N-FO-47S 3-8 KX X d DATE 15/07/76

41

4G

71

101
72
74

76

+ 8

t
N

IF (QM-‘].-O) 41;41'42

M(JJ) = 1

GO TO 49

JJ = JJd+1

M(JJ) = aM

GO TO 49

JJ = JJ+l

M(JJ) = M{JJ-1)+1
X1(1) = 005
X2(1l) = 4.5

X3(ll = 5._ - _—
K =1

L =20

IF (G(X2(K))=GI{X3(K))) 72+72,73

X3(K) = X3(K) + 0e2%X3(K)

IF (X3(K)eLTe15.) GO TO 71

bz Ly L

IF (LeLT<20) GO TO 71

WRITE (3,101) N At )

FORMAT (/5Xs*BETA BAR HAS BEEN LOST IN GZ')
DEL(K) = X3(K)-X1(K) )
YI(K) = X1(K) + F1%DEL(K)

Y2(K) = X3(K)-F1*DELAD ///] ol
IF (G(YL1(K))=G(Y2(K))) 75,76+77
DEL(K+1) = Y2({K)— X1{K)

X1(K+1) = X1(K)
X3(K+1) = Y2(K) SRR
K = K+1

IF (ABS{(X3(K)=X1(K))/X3(K)).LT«EPS) GO TO 78
GO TO 74

DEL(K+1) = Y2(K)= X1(K)

X1(K+1) = Y1(K)

X3(K+1) = X3(K)

KL=y K

IF _(ABS((X3(K)-X1(K))/X3(K))sLT. EPS) GO TO 78
GO TO 74

DEL(K+1) = X3(K)=Y1(K)

X1{(K+1) = Y1(K)
X3(K+1) = X3(K)
K = K+1

IF (ABSC(X3(K)-X1(K))/X3(K))LT.EPS) GO TO 78
GO TO 74

Z1(JJ) = (X1(K)+X3(K))/2.
GG(JJ) = GlZ1(IJ))

IF (JJ«EQe.1) GO TO 51

IF (JJ«EQs 3) GO TO 44

GO _TO 42 - !

IF (GG(JJI)=GG(JJU-1)) £1+514+52
GZ = GG{JJ)

Z = Z1(JJ)

AM = M(JJ)

GO TO 47

GZ = GG(JJ-1)

Z = 21¢J4J-1)

TIME

—0al



KXX.

DATE

15/07/76

TIME

IRTRAN IV 2€EON-FO-479 3-8

AM = M(JgJ=1)

ol 47 CONTINUE

RETURN )
ENC
; .
R :

v
s

=




JRTRAN IV 360N-FC-47S 3-8 MAINPGM DATE 15707776 TIME __ 20e
C F IS THE KXX EXPRESSION TREATED M AS CONTINUQUS VARJABLE
C

FUNCTION F{(Z)
DIMENSION X(4)
COMMON/SS/ALXs ALY o CX3CY 9PO3 X222
COMMON/CC/PsQsR
RHOX = ALX*ALX%EX(1)
FHOY = ALYX*ALY%X(2)
EX = 341416%341416%SQRT(1.—PO*PO)*(1.0+CX*ALX)/(20%Z77)
EY = 341416%¥3.1416%SART(1—=PO*PO) *{10+CY*ALY)/ (2.0%222)
N A = 1e+RHOX+2,%Z2%Z+ (14 +RHOY) %Z%%4
B 12e%222%22Z2/7/(31416%%4%(1 .—P0O%PO))
C = B¥(EX¥EXRX(1)+2+%EXKEX*¥X(1)*(1e—pPO+X(2))%Z%Z/(1e=PD) +(EX¥XEX
1HX(1)%(1e#X(2) )#20%(10+PO)RX(1)%(X(2)4EX%XEY/(1—=PO)+EYXEYXX(2)
2%( 1a0+4X (1)) ) ¥Z%¥%4 42 ¥EYRFYRX(2)%(1,—~PO+X(1))/(1e—PO)%RZ%k%k6+EYREY%
3X(2)%2%%E)
D = 2+0%B¥(POXEX*¥X(1)=(EX*X(1)*(1e+X(2) )+EYRX(2)#(1e+X(1)))%Z%Z+
IPOXEY%®X(2)%Z%%4)
E = B¥((10+X(1))%(1.04#X(2))-PO*PQ)
FF = 1«0#X({1)420/(1e=PO)*((1e#+X(1))%k(1a+X(2))-PO)%XZ%Z+(1+X(2))

|

1]

1%Z*%4 o =
P = A+C/FF

w Q = E/FF_ Z /1] el S el T Vo Nl
R = D/FF
F = 2.0%SQRT(P*Q)+FR_
RETURN
END BT

=



RTRAN IV ZE0ON-FC-47S 3-8 G ) GATE. rIS/0F7/776 o S RIME - 208N
FUNCTION G(2Z)
C G IS THE KXX EXPRESSICN TREATED M AS INTEGER.
DIMENSION X(4).M(3)
COMMON/SS/ALXs ALY 3CXsCYP04X,222
COMMON/DD/MyJJ
RHOX = ALX%ALX%xX(1)
RHOY = ALYX*ALY%X(2)
EX = 341416%3.1416%SQRT(1+-PO*P0O)*%(1.0+CX*ALX)/(2.0%ZZZ)
EY = 341416%¥341416%SORT(1.-PO%P0) *(1+,0+CY*ALY )/ (20%ZZZ)
4 l e +RHOX+2e %2%Z+ (1« +RHAOY) % 2% %4
i Y . B 12e%222%222/(341416%%4%(1.-P0O%P0)) FITEN DSICTR o [T
C = BH(EXHEX(X(1)42+ *EXYEXAX(1)%(1e—PO+X(2) )%Z%Z/ (1 e~P0)+(EXKEX
15X (1) *(1a#X(2))42.0%{1.04+P0)*X (1) XX(2)*EX*EY/ (1a—=PO)+EYXEYXRX(2)
2%(1. 0+x(1)))#Z*#4+2.*EY*EY*X(2)*(1-*PD+X(1))/(l.-PD)*Z**6+EY*EY*
IX(Z2)*Z%%8)
D = 2.0%¥B8%(PO%EX#X(1)—(EXEX(1)*(1e+X(2))+EYERX(2)%(1a4X(1)))%RZ%Z+
IPOXEY®*X(2)%Z%%4)
£E'= e¢(t1.0+xtl))*(1.o+x(21) _PO*P0)
| FF = 1604X(1)42e0/{1e=PO)X({1e+X(1))*(1e+X(2))=PO)*Z¥XZ+(] e +X(2))

[}

1%Z%%4
P = A+C/FF . -
) Q = E/FF
~ R = D/FF /L iad N _ AR v aeae s, SRR
| G = PHMIJJ)¥M(JJ)+GC/ (ML IJ) ¥M(JJ) ) +R
| RETURN 2
END
i
=



3

69

2. Panel Duckling Profgrome

e —

The compubter progrom for panel buckling annlysis consiste
of 2~ main program and two subprograms.
liein Program is the search method of Golden Section.
FONCTION F(Z) is the E;C__p expression with m as 2 continuous
variable,
| FuweTION G(Z) :‘i.s the .EX‘-KP expression with m as an integer.

2.1 Descriptions of Inpus and Outputs.

he symbols of the computer listings, with their corresponding

representations, necessary to operate the program ares

ALX = &/ / /o T = B,

) O CH = n
E= B GZ = K

4 K:::pc_q ’

&

MM = m PO=9 ,
PCR = 1 227 = 2

Tz

wi=A_ , W2 = 1,

W3= R WA =h o

To usc the program , the value of # in line 5 of the main

program listings must be changed according to the material used in

the desizn. "ho data card contains seven quantities, Wy, C_y Ry 2!
N_yr Iy 1, pumched on one caord according to the Format of line 8.



e

JRTRAN 1V 360N-FO0-479 3-8 MAINPGM DATE 23/07/76 TIME
C PROGRAM FOR CHECKING PANEL INSTABILITY,
C UNIDIMENSTIONAL SEARCH BY GOLDEN SECTIONg
C ~F1 = FIBONACCI FRACTION,

727 = CURVATURE PARATURE o
CMW = ND, OF CIRCUMFFRENTIAL WAVES,

Z = BRETA BAR,JARGUMENT IN THE FUNCTION,

M = NDg DF AXIAL WAVES,
CALX = ALPHA X BAR,

PCR = CRITICAL LOAD,

. G6Z PANEL BUCKLING COEFFICIENT,
w1 LAMBDA X BAR, o
w2 LYo

nuwn:wn“wnrwnrwnu\n

|

W3 = RADIUS,
W a = SKIN THICKNESS,

~ DIMENSION X1(25),x2(25),x3(25),Y1(25),Y2(25),0D
1,71(5)

COMMON/ZKXXP /ALX g CX P03 777 W1, W2, W3, W4

f?%‘,”(5],GG(5)

COMMON/GGG/M, JJ

COMMON/FFF /P ,0

PO = £33

4 QEAD(I,c} EoCXgW3 AL Xy WLy WA, W2

b 2

IF(EoFQeDo) GO TD 999
FORMAT (F1000,6F10s5)

-

DATA X1(1)4X2(1) 4X3(1) s FVIEPS/o01 14900,5,00,00381966011 400057

__ WRITE(3,105) 7 /A A O
105 FORMAT (//0X,"E' ,4X, 'CXA [ EXGURADTUSY 44X 4 VAL X
L TBXLYY )

WRITE(3,7) E,CXyW3 ALX N1, Wagw2
FORMAT (F10,0,6F10,5)

y 7N

g IX(1) Y, 7X, ' HY ,

3

11

WRITE (3,32)

FORMAT (11X, 'KXXPCR' 4B8XFAZIFLPEXyIMY, A4X)'BETA' 14X,y 'N',5X, 'NXXCR')

2727 = wo#we*qovT(1o;pn*poif(w1#w4}

o i R

£ =0 | I M
IF(FIX2(K))=F(X3(K))) 10410420

20

X3(K) = X3(K) + 0gs2%X3(K)
IF (X3(K)olLTe150.) GO TO 11
L o= L +1

IF (LelTo10) GO TO 11

Xi(1) = 0,01
X2(1) 0c B

fl

c

| 10

X3(1) = 1,0

IF (LolLTol1) GO TO 11

BETA PAR CURVE IS TOO FLAT, SET M = 1.
AM = 1,0

GO 70 8

DEL(K) = X3(K)=Xi(K)

i2

Y1(K) = X1(K) + Fi%DEL(K)
¥2(K) = X3(K) = F1*DEL(K)

& T IF(F(Y1(K))=F(Y2(K))) 30,31,32

30

DEL(K+1) = Y2(K) - X1(K)

X1(K+1) = X1(K)




R SN e =

JRTPAN IV 360N-FD-479 3-8 MA INPGM DATE 23/07/76 TIME 135
X3(K+1) = Y2(K)
K = K+1
IF(ABS ((X3(KI=X1(K))/X3(K))oLT,EPS) GO TO 40

GO TDO 12

31 DEL(K+1) = Y2(K)-X1 (K)
X1(K+1) = Yi(k)
X3(K+1) = X3(K)

K = K+1
 IF (ABS((X3(K)=X1(K))/X3(K))oLT.EPS) GO TO
GO TO 12
32 DEL (K+1) = X3(K)-Y1 (K)
X1(K+1) = Y1(K)
X X3(K+1) = X3(K)
K = K+1
IF (ABS((X3(K)=X)1(K))I/XI(K))oLTL,EPS) GO TO
GD TDO 12
E 40 Z = (X1(K)+X3(K))/2,
FX = F{Z)
AM = (Q/P)*%0,25
BE = Z%AM
oY ey 8 JJ = 1 BN S
IF(AM=1,0) 41,41,42
41 M(JJ) = 1 o M =
GO TOD 49
- 42 JJ = JJ+1
M{JJ) = AM =
GO 7O 49 i 2/ I\ T N - s
43 JJ = JJ+1
o MEJI) = MOJJI-1) +1
49 X1(1) = 0o01 SEAR ™ i R
X2(1) = 445
X3(1) = 5,
S v Ko =1
L =0 c v
71 IF (G(X2(K))-G(X3(KY)) 72,772,723
73 X3(K) = X3(K) + 0o2¥X3(R)—— — 3
IF (X3lK)eLTel5a) GO TO 71
L = %3
= IF (LoLTo20) GO0 71
WRITE(3,101) ULALUNGRURN UNIVERS S ah
101 FORMAT (/5 X,'RETA BAR HAS BEEN LOST IN GZ')
T e R BN Loy 4l =
72 DEL(K) = X3(K)=X1(K)
74 Y1({K) = X1(K) + Fi%DEL(K) o
i ¥2¢K) = X3(K) = F1*DEL(K)
IF (G(Y1(K))=G(Y2(K))) 75,76,77 4 i p
g 75 DEL (K+1) = Y2(K) = X1(K)
X1(K+1) = X1(K) i) T
X3(K+1) = Y2(K)
K = K+1 —
_ .~ IF (ABS((X3(K)=X1(K))/X3(K))eLT,EPS) GO TO 78
re GO TO 7 4 S =

76 DEL(K+1) = Y2(K)=X3 (K)

X1(K+1) = Yi(K)




R

JRTRAN IV 360N-F0-479 3-8 MAINPGM DATE 23/07/76 TIME Ie
X3(K+1) = X3(K)
K = K+1

IF (ABS((X3(K)=X1(K))/X3I(K))eLToEPS) GO TO 78
GD TO 7 4
77 DEL(K41) = X3(K)-Y] (K)

X1(K+1) = Y1i1(K)
X3(K+1) = X3(K) .
K = K+1
~ IF (ABRS((X3(K)=X1(K))/X3(K))olLT,EPS) GO TO 78 3
GO TO 7 4
78 Z1(JJ) = (X1(K)+X3(K))/2, .
GG(JJI) = G(Z1(JJ))
g IF(JJoEQs1) GO TO Si s
IF(JJ.EQe3) GO TO 44
60 10 43

44 IF (GG(JJ) - GG(JJ-1)) 51,51,52
51 GZ = GG(JJ)

Z = Z21034)
AM = M(JJ)

GO TO a7
a1 52 GZ = GG(JJ-1) B AL AT T M L D
Z:'= 230 33=-1)
S AM = M(JJ-1)
» 47 CONTINUE
BET = Z*AM

MM = AM
CMW = 3,14159%BET*W3/WZ
PCR = 3,14150%3,14150kCARA%RI%G7/ (WEHWo*12o*(10-P0%PD))
WRITE(3,102) GZ,ZZ7 yMM4 BETHCMN,,PCR
102 FORMAT (S5X2F1203¢154F8s 3yET7eAyEL 457)
GO TO &

999 CONTINUE




L S L L e

JRTRAN 1V 360N-FO0-479 3-8 F __DATE

23/07/76

FUNCTION F(Z)
e
c F IS THE KXXP EXPRESSION TREATED M AS CONTINUOUS VARIABLE, neie . 1
COMMDN/ZKXXP /ALX yCX 4P D777 4, W1 yW2 ,W2,Wa
_COMMON/FFF/P,0 . oY RIS
RHOX = ALX%ALX%WJ
EX = 3,14159%3,14159%SART(1,-PO*PN)* (1o + CXXALX)/(2,0%2722)
A = lo + RHOX + Z2o%Z%Z + 7%% 4
L B = 12,%Z77%277/(3.14159%% 4%(1,-P0%P0) )
C = 104W1420/(10-PD)%(1o=PO+Wl)%2%Z+ Zk%a o e T
T P = A+BXEXXEX¥*W1¥(1.47%Z)%(1.+4Z%7)/C
Q = B%(1o-PO%XPO+wW1)/C A
< R = 2, %BXEX*W1%(P0-72%7)/C
F = 2o, %SQRT(P*0)+ R
_RETURN
END o a o
L e e S ) g d gL
®
|
= e = s = e =



R N
JIRTRAN IV 360N=-F0-479 3-8 e ad(c DATE  23/07/7e TIME 136

FUNCTION G(Z)

c
C G IS THE KXXP EXPRESSION TREATED M AS DISCRETE VARIABLE I
COMMON/KXXP /ALX 9 CX g P09 Z77 4 W1 4 W2 , W3 , W4
COMMON/GGG/M,JJ

DIMENSION M(S)
RHOX = ALX*ALX%W1
= 30184159%3,14159%SORT(1o~-PO¥PO)*k(1,0+ CXkALX)/(2,0%227)
1o *RHOX 42, ¥Z%Z+Z %% 4

120 %Z22%727/( 30141 59%%4% (1, —-FPO%P0N))
1o4Wi42,/(1o-PO)*¥(1,—PO+W1 ) *7%Z4 7Z¥%4
A+BREXKEXAkWLX (1, 4Z%7 )% (1,42%7) /C

B¥ (1,—-PO%PD+W1) /C

20 ¥BXEX*W1 *(P0O-Z%7)/C

‘ G = PERM(JIAM(JI)+ 0/(M(IIIEM(II) )+ R

I
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