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National Aeronautics and Space Administration under Contract NASB-26352.
The contract was funded jointly by NASA's Marshall and Langley Centers, and
the U. S. Army Missile Command. The Contraéting Officer's representatives.
were L. A. Kiefling of the MSFC Aero-Astrodynamics Laboratory and 4. C.

‘Robinson of the Structures Division at Langley.

The demonstration problems presented in this report were prepared and exe-

cuted by €, L. Yen and R, A. Moore under the direction of W. D. Whetstone.



INTRODUCTION

A series of examples are presented to indicate some of the principal functions
of the SPAR system (Reference 1), and to illustrate SPAR's control card-data

card structure. For each of the eleven examples, information in the following
categories is given:

o A description of the problem and, in most cases,

comparisons with analytical solutions.

© A list of the input cards.

@ A printout of the Table of Contents of the

direct access library into which all SPAR
output was directed,

@ A few representative plots.

Many comments are embedded in the input cards. All text to the right of a

$ symbol is ignored by SPAR's input decoder. In Problem 1. the input to
processors TAB and ELD 1is extensively annotated. Problem 1 alse illustrates
the most general form of applied loédinge In Problem 10 the INC and MOD

commands are extensively used in ELD input. Problem 11 illustrates the use

of a spectral shift in solving an eigenproblem,
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1. RING SECTOR

Solutions were obtained for a segment of a ring in ordef,to explain in dé-
tail various data for processors TAB and ELD, and to demonstrate the use:
of' combined loadingslin one load case definition in the Q processor. A 6-
degree sector of a ring was divided into an 8 x 1 quadrilateral finite
element mesh. The geometrical and material properties of the ring are shbwn

on the figure below:

E = 10.0 lb /in®

v = 0.3
. Mass density = 1.0 lb-sec™/in

B o "= 1.0 in/degree
i % 1.0 in
;
f
Fixed Edge

Fixed Edge

Linear and quadratic thermal loads were applied to the ring, as well as a
combination loading of nodal forces, thermal loads, specified nodal metion,

surface pressure, and an inertia load.
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2. VIBRATION OF A CIRCULAR MEMBRANE

Natural frequencies were obtained for lateral vibration of a simply supported
circular membrane in uniform tension, A quarter of the membrane was divided
into 9 x 10 finite elements to obtain the mmerical solution. The geometri-

cal and materisl Properties of the membrane are shown on the figure below:

IR ~V4

Sym.,

Anti-
Sym.

r = 10 in.

E=.3x 1o8 lh/in2
. v=.3 1b/in%
Mass density= .1 1b-secd /in
t = .1 in’
Numerical results are listed below:
' SPAR Analytiecal
Wo1 58622 x 10 57792 x 10
wyq .15003 x 102 14684 x 10°
. 26999 x 10° 26337 % 10°
Oop .31389 x 10° 30471 x 10°
w312 41982 x 10° 0692 x 107
0, .51580 x 10° JLogool x 10°

2.1
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SEQ@ 1 VIBRATIONAL MODE. FREQ (HZJ = ,385344x]0*00

CIRCULAR MEMBRANE

SCAILF
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SEQ VIBRATIONAL MODE. FREG (HZ) = .61684S6x10+00

CIRCULAR MEMBRANE

" SCATF
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3. CIRCUILAR PLATE

The quarter-circle finite element mesh shown on Figure 3-1 was used to solve

the problems described in Sections 3. l 3.2, and 3.3,

S I = 10 in. . E=.3x 100 1 /in®.

v = .3
. : 2, L
Mass density = .1 lb-sec /in
t = .1 in

Fig. 3=1 Circular Plate

3.1 Vibrational Characteristics With edge AB f'ixed, and edge OA a symmetry
plane, solutions were obtained for (1) OB a symmetry plane, and (2) OB an anti-

symmetry plane. SPAR results are compared with Reference 2, pp Lhg, hL50.

= Symmetry Plane : OB = Anti-Symmetry Plane
b 2 L, 2 b 2 | 2 : '
10 12 20 11
SPAR .28991 x 1olL .33770 x 107 43923 x 107 12547 x 10°
Ref. 2 .28638 x 10  .33470 107  .L3u7h x 10° 112371 x 107

3.2 Buckling due to Compressive Edge Load. Both OA and OB are symmetry

planes. Unit uniform compression is developed by applying Nr = 1 along free

3.1



edge AB. With edge AB then clamped, N, (critical) is computed. The result
indicated below is compared with Reference 3, pp 389-392.

N, (Critical)

SPAR 0298 x 103

Ref. 3 L0326 % 103

OA and OB are symmetry

3.3 Lateral Deflection, including Prestress Effects.
= 100 along free edge

planes. Uniform tension is developed by applying NR

AB. AB 1is then clamped, and unit uniform lateral pressure is applied. 'The

result indicated below is compared with Reference 4, pp 361393,

Lateral Deflection

at Center
SPAR .T5739 x 1o'l
Ref. &4 .75960 x 107t

3.2



axaT Tap . v GENtRnTr BASIC TABLES DEFINING STRUC TURF
— START 10%Vves . . . U [ .
TITLEY! CIRCULAR PlaTE PpnelFMS

TEXTS
1 THE FOLLOWING CIRCIILARP PLATE PROBLEMS ARF SOLVED IN THIS RUN)
1 1 VIHHATIOM UF A CIRCULAR PLATF
\ 2 PBUCKLING OF & CIRCULAR PLATE
et 3 LATERAL DEFLECTION OF. AL PRESIRESSED_;IRCULAR PLATE — _

{
MATEIRAL CONSTANTSS ,
. 1 2348 L3 o1 L1=4% .
CJOINT Lorn?rnws o
© FORMAT=? -
_____L_Jm_mmﬂm__m_wim
a 1!0 .0 co 1!0 qo.“ no 10' 1 10
10 10,0 +0 .0 {0.0 Gh,0 L0
CJOINT REFERENCE FRAME ASSIGNMENTS. . .. . 7
NREFz=11 1,101%
SHELL SECTINMN PROPFRTIES

N W ¢ B §. SO e e e -
CONSTRAINT CASE 1%
§ CLAMPED AY EDGESs SYMMETRY AT BOTH THETAZ
5 e e e cmime - QL ANR g0 DEGREE. PLANES e

SYMMETRY PLANE=D2S
SYMMETRY PLANLE=1S
i WTERD 2e3alleSs qéilﬂlﬂ-_~
CUNSTHAIN1 CASE P23

$ : " CLAMPED AY FDGESy SYMMETRY AT THETA=0
8. .00 e PLANE AND ANTI=SYMMETRY AT THETA290
$ DEGREE PLANE,
ANTISYMMETRY PLANE=1S
e BYMMETRY. PLANL=z2% . _ ——— o _
ZERT 1y2¢3eneby 924101% -
ZERD 13 1% .
LBXQT ELD. . . . . . ... .. ._:_o READ ELFMENY DEFINITIONS . .
E33 § .- :
_ {123 2 9%
___E43 5 —
212 133 { 9 9% :
. exXeT .TOPD « ANALY?F ELEMENT INTERCONNECTIVITY
— XD B - «-FORM ELFMENT .DATA PACKETS
5 ,
eXGT EKS « IMSERT K- S INTN ELEMENT DATA PACKETS
L e .
eXAYT M « -FORM quTFM M ‘ _
. \
COXQT K . . . . ..o FORM SYSTEH K L
s _ .
#XQT INV « FACTOR uAtRxx IN K SPAR FGRHAT
T
oXQT EIG e SOLVE SYSTEM FI1GENPRORLEM
$ FIND VIRRATINNAL MODES OF THE CIRCULAR
R T - o .. PLATE. UNDFR CONSTRAINT CONDITION
RESET IMITzRS
exXor 1INV
.. RESET. CON=2 . _. I _
eXQ7 EIG
3 , FIND VIARATIONAL MODES OF THE CTRCULAR
D T e . . .. ai<ice . PLAYE 1INDER CODNSTRAINT COUNDITION 2
RESET INLT=84+CON=2% ’
8XQT @ « DEFINFE APPLIED LOADS
| 33 REPRODUCIBILITY OF THE

, - ORIGINAL PAGE IS POOR



CASE (% UNTFORM RADIAL COMPRFSSIVE FORCE A7 EDGES
NODAL FORCESe MNMENTS e .
Q2 { =0,Bl26b0uk3 P 9%
93 { =§  TURE2O} R .13
CASE 21 UNIpORH LATERAL PRFSSURE (LNAD
NODAL PRESURE
1 1.0 101 1%

CBRDT OB0L. o e e e v e g COMPUTE _STATIC. SOLUTIONS .. —. .. ...
RUSET Lizlel2=18 -

PUOT KO ' : « FORM Sy&TEM KG

®X0T £IG .

% FIND CRITICAL RADIAL COMPRESSIVE LOAD,

RESFY PROB=STAH, INTIT=A,IPPERS 4 NDYN=10%

OROT LCM . il e g FURM 1 {NFAR COMBINATIGN OF MAYRILES
§ FORM §77FFNESS MATKTY FOK PRE-COMPRESSED
] CIRCYLAR PLATE, COMPRESSIVE FNRCE=100,
RESET ReR¥KGoR{sKe022KGo0R23100,0%
axXny TNy
KESEY KeRKMKGS
SORBRY DSOL S, o .
§ FInD LavERAL DEFLECTION OF PRFoCOMPRESSED
9] CYRCUL AR PLATE UNDER NIFORM PHESSURE
RESEY KeKMKGeliz2iLPz2.UP=1%
Cret DEu e EXFCUTE DATA COMPLEY UTILITY PROGRAM
Tac 13

v




TABLE OF CONTENTS, DAL |

CIRCULAR PLATE PROBLEMS

" ROWS—BLK

ORTASET ManE

S50L U

e - . R ——_—— — -  m———— E. . .‘ . o ——
SEQ ‘RR DATE TIME R wORDS  /BLK SizE v Ny N2 N3 N4
1 11 251374 213904 0 18 1 18 U UnF4 RTAB i 8
e =12 ST 904 0T 10 10T 0 JREFBYAB Yd 5
3 16 051374 213904 0 12 i 12 1 ALTR BTAB ? 4
4 17 051374 213904 g 19 1 19 4 NDAL n 0
S 18 051374 213904 O 80 TTTETT HYT 3 TEXTBTAR T ¥ 1
<) 21 351374 213905 0 10 i 10 1 MATC BTAB 2 2
7 22 051374 217933 0 303 104 303 1 JLOC BT4B 2 5
e 55532139051 T 1o Ot OREF8BTSE .4 )
9 37 251374 213906 0 19 1 19 1 54 BTAB z 13
10 . 38 051374 213906 ] 101 101 101 0 coN 1 0
11 -~ 42 051374 2139071 AL IO LUt wgnN T T ey
12 46 351374 213907 0 909 191 909 1 QJJT RTARB ? 19
13 79 051374 213911 O 144 § 996 Q0 j)FF E3B H 3
""-~t4—-“mttt—"%13?*—7r%?rr* 3 7 1 2Ty E3Y i 3
15 112 051374 213911 1 15 1 1% 9 ¢TIt £33 a 3
16 115 051374 213912 0 1296 a4 396 U pEF  E43 i1 4
17 S 177054374 213912 o - o 2 Ty ZTUGD T TE43 LY TaT
14 178 51374 213912 9 15 1 1% 0 GTIT E43 11 4
1y 179 (051374 213912 0 12 1z 12 0 NELZ BTAB K] 11
RNY 4 S & M a1~ 5. A M i ) i e o r3 TG RKE gl 8
21 19U 051374 213913 9 17 'z 12 0 NS n 0
22 191 51374 213913 g, 2 z 2 3 ELTS NaME 0 0
23 192 051374 213913 o 2 TTE T T U ELTS LTYR ¢ I s
24 195 r51374 213913 0o 2 3 2 U ELTS NNOD N o
2h 194 51374 213914 n S 2 2 2 U ELTS IsCT n 0
T Zb“““"“195”“5117#—2T3?Iﬂ D z Z <« UELTS NELS n 0
27 196 V51374 213915 0 _ 2 Z 2 0D ELTS Lg3 n 0
28 197 051374 2137916 ¢ 2688 401 1344 0 KMAP 45% 1
29 "295'251374 PI3¥2L 0T 94AgSTT LT 1544 O AMAP B@WRT 1137 7F
30 629 151374 2139350 0 2015 9 229 4 ¢33 o A 3
31 701 051374 213924 20 20 20 U DIR E33 Bl 3
. VS ”?ﬁ?*?ETS?ﬂ*?ts9j?_Mﬁ“mﬁrﬁhﬁk-——ﬁt-——iv**"#—gng 1T ")
3% 1295 051374 213927 20 2 20 0 DIR E43 11 4
33 1594 251374 213954 1 123440 104 2245 1 M SPAR 25 453
3% 2074 751374 213688 N TEUS AT eUS 1 NFM T TR T
35 096 51374 213957 15 i 1% 4 CASE Aera n 1
37 2097 051374 213958 0 606 101 §06 =1 NEM A 2
N 1S i S it b S A g e -2 2 Sty 15 bi T5—% CESF @@ty 4 =
33 2120 ”5137f 213459 o n- e 20 LpiIR q 2
4 2120 751374 214008 0 13440 101 2240 1 g SPAR 25 483
41 2609‘55137#“21#323“'8 C3TISO IRy U361 TNV R R B -
4z 3729 151374 214026 8 ¢ 3 =1 VIBR EVAL 1 0
4.5 3730 051374 214027 6 4348 101 60 -1 yIBR U q 0
AR T A ST 3T IR TS o e R e O TS TS — 1 5SA NN VL
45 4914 51374 214218 0 a A A =1 yIBR EyAL 2. 0
46 491 51374 214219 0 4848 101 606 =3 VIBR U ? 0
47 5021 w51374 713357 9. SU% IO 6067 1 §500 T S T Sl
48 5115 051374 214416 13440 131 2247 1 KG SPAR 25 483%
49 5293 251374 214518 ¢ b & 6 =1 STAB EvAL ! 0
S LV - BIEAE 0 % A 2w - wa ma s SEERER L o0 2 01 Ut STAR U T 4]
81 5726 0%1374 214649 3440 101 2247 1 KMKG SPAR 25 4%3
52 6206 051374 214713 0 1368 104 3136 1 [NV KuKg 4 11327
53 7326 051374 214723 1 606 101 606 3 : A 2



UNDEFORMED STRUCTURE

CIRCULAR PLATE

3.6

SCAl



- o | .
EQ 1 VIBRATIONAL MODE. FREG (HZ) = .858945x]0% 0!

CIRCULAR PLATE

SIrAl

3.7



SEQ 1 VIBRATIONAL MODE, FREQ (HZ) = - 178274x1 002

REPRODUCIBILITY OF THE
ORIGINAL PAGR IS POOR

CIRCULAR PLATE

SralF



= ,402798x10%UY3

BUCKLING MODE. CRITICAL LOAD

SEQ

SCALE

0

CIRCULAR PLATE

3.9



hﬂ RECTANGULAR PIATE

The 5 by 8 rectangular mesh shown on Figure 4-1 was used to solve the
problems described in Sections h.l—h.Q.

y
¢ B E=.3x 10° 1b/in’
o 1 Lh :
_{_ i v=.3 " _
i @ = .1 x 107 in degrees
l Mass density = .1 1b-sec?/inLL
10" Thickness = .1 in
[F]
1 2Py

Fig. L-1 Rectangular Plate

4.1 vVibrational Characteristics. Edges AB and BC are simply supported;

and OA and OC are .in symmetry planes. Results are compared with Reference 2,

p 443, Eq. (188)

tl32 w2 UJ2

11 . 13 31
SPAR .12906 x 101’r .19435 x 10° h8hoe x 10°
Ref. 2 .12906 x 1o”~ .19428 x 105 48336 x 105

b1



am b

b2 Buckling'dum to Unidirectional Compression OA and OC are in symmetry

planes. With AB free, a unit compressive edge load, N = -1, is applied
along BC. AB and BC are then simply supported, and the critical value of
Ny computed. Results are compared with Reference 3, pp 391-353

u

N_ (Critical)
7

" SPAR .52306 x 107

Ref. 3 .5230% x 107

4.3 Effect of Prestress on Buckling Load. OA and OC are in symmetry planes.

With edge BC free, a tensile load, Nx = 2000, is applied wniformly along AB.
Effects on lateral stiffness of this constant load are included in the sub-
sequent analysis. A unit edge load, ‘Ny = -1, is applied along BC. AB and
BC are then shﬁply supported and N (eritical) is computed. Results are
compared with Reference 3, pp 356- 358

N (Critical) R
Y EPp
SPAR 12704 x 10 AL pagy £ OF 73
E IS POOR e
Ref. 3 .12700 x 10%

hoh Buckling due to Uniform Compression. OA and OC are in symmetry planes.
Uniform compression, N = Nx = Ny = ~1, is applied along AB and BC. AB and
BC are then simply supported and N (eritical) is computed. Results are com-
pared with Reference 3, pp 356-358.

N (Critical)
SPAR | .18830 x 105

Ref. 3 .18829 x lO3

T Effects of Prestress on Vibrational Characteristics. OA and 0OC are in
symmetry planes, The plate is uniformly pre- tensioned by applying N Ny =
1000, along AR and BC. With AR and BC sﬁmply sﬁpported v1brat10nal modes

ad e L

- "_ «'f]

11. 2,
T "753”?



were then computed. Results are compared with Reference 2, p 435, Lh3,

2 2 2
“11 - %13 Y31 :
SPAR - .B1hhs5 x 10* 46029 x 107 .90354 x 10°
Ref. 2 Bk x 10% L6022 x 10° .90282 x 107

4.6 Buckling due to Linearly Varying Edge Load. OC is in a symmetry plane.
With horizontal edge OA and BC free, edge AB is loaded with Nx varying
linearly from N = 1 at A to ¥ = -1 at B. Edges OA, AB, and BC are then

simply supported and N (critical) computed. Results are compared with
Reference 3, pp 373-379. :

N (Critical)

SPAR _ 6943L x 10"
Ref. 3 65346 x 10°

b7 Buckling due to Edge Shear. A constant unit shear load, ny, is applied

to the edges. All edges are then simply supportéd, and the critical shear
load computed. Results are compared with Reference 3, pp 379-393H

‘N__ (Critical)
Xy
L

Ref. 3 .36152 x th

SPAR .36190 x 10

4.8 Buckling due to Thermal Load. OA and OC are in symmetry planes. Edges

AB and BC are simply supported. The critical temperature, T (critical),
preducing lateral buckling is computed. Results are compared with Reference 3,
PP 356-360, and Reference 10, Chapter 1k.

T (Critical)

SPAR 13937 x 10

Ref. 3 | 43935 x 10
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4.9 Effect of Thermal Prestress on Vibrational Characteristics; OA and OC

are in symmetry planes. AB and BC are simply supported.

Effecis of a

thermal load, T =2, are included in computlng vibrational model, Results

are compared with Reference 2, p 435, p Lu3.

o o
®11 ¥y

SPAR 70315 x 105 . .17156 x 107

Ref. 2 .70307 x 109 .17149 x 10°

h.b

j
!

w, 2
31

Ah810 x 105

il x 10°
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5. VIBRATION OF A CONICAL SHELL

Vibrational modes of a simply supported truncated conical shell were cbtained,.
One quarter of the shell was used for the finite element model. The quarter
shell was divided into a 9 x 8 finite element nétwork. Thé seven lowest
frequencies were obtained. These seven fregquenciegs correspond to half waves
in the meridional directién with wave numbers three to nine in the circum-
ferential direction. The geometrical and material properties of the shell

are indicated in the figure below:

z
simply supported
i E I‘=f‘.1_3
E=.3x10° 16 /in®
= = .3 _
2,4
| Mass density = .1 lb-sec”/in
8 a . t = .02 in
~—3ym, b=7.52
| Anti-Sym
I
x : o =L . 865
Simpi§r“J-*&
Supported
‘Results are compared with Reference 11:
Circumférential '2 .
Wave No. n SPAR w Seide
6 o 6
3 J192hk x lO5 .22078 x 105
L 80675 x 105 .890Lh x 105
5 52175 x 5 .56966 x 10 .
6 55235 x 105 59480 x 1o§
7 .73549 x 105 77386 x 10z
8 -99957 x 107 .10340 x 10
9 .13408 x 10 13724 x 10

5.1



Since Reference 11 neglected longitudinai inertia terms, the resulting fre-
quency values are higher than the exact solution. For low values of circum-
ferential wave number, most of the energy of the shell is associated with
membrane action. Therefore, neglecting the longitudinal inertia terms re-

sults in gignificant error,
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6. CYLINDRICAL SHELL

The 10 by 10 cylindrical mesh shown on Figure 6-1 was used to solve the
Problems discussed in Sections 6.1 through 6.5,

z
_—_ T~
- ~
- [ 8= \
S ' / E=.1x10° In/in°
\ 'g= n/2/
- : —— I = _3
N ] B~ ’ . 2, L
(] - I Mass density = .1 lb-sec“/in
Sym = I Thickness = .1 in
\ L1 |symmetry, — .
u: = except Problem 6.1 Radius = 10. in
Z=0 0o DA . I
FA . .
Sym Il I ,
|
\ pi

Fig. 6-1 Cylindrical Shell



6.1 Vibrational Characteristics. With edge AB simply supported, vibrational

modes were computed with (1) BC in a symmetry plane, and (2) BC in an anti-
symmetry plane. Results are compared with Reference 6, p 2154,

Circumferential ‘ woi

Wave No., n SPAR Reference 6
L L1457 x 106 k25 x 106
5 8870 x 10° .8863 x 10°
6 6393 x 102 6330 x 102
7 .2828 x 107 .2813 x 107
5 Soin % 1 893 ¥ 102
10 .1168 x 106 L1125 x 106

11 1609 x L1587 x

6.2 Buckling due to Axial Compression A unit compressive edge load, N R

is applied to AB. AB is then simply supported and eritical value of N
computed. Results are compared with Reference 3, pp U57-458.

N, (Critical)

SPAR 6068 x 107

Ref. 3 6075 x th

6.3 Effects of Pretensioning on Buckling due to External Pressure. The
shell jspretensicned by a line load, N = 2200, along AB. AB is then simply

supported, and the critical external pressure, P s 18 computed. Results are
compared with Reference 5, p 425, Figure 9.

P
c
3
SPAR L1415 x 10
Ref. 5 1406 x 10°
6.4 Buckling due to External Pressure. Edge AB is simply supported. The

critical pressure, Pc’ is computed. Results are compared with Reference 5,

6.2



p 433, Figure 15.

P
c .

SPAR .1084 x 103

Ref. 5 - 1045 x 105

6.5 Effects of Pressurization on Buckling due to Axial Compression. With

edge AB free, an internal pressure, P = 220, is applied. The stiffening
effect of this constant preload is included in the subsequent analysis. A
unit compressive load, Nz, is applied along;AB. AB is then simply supported
and N, (eritical) computed. Results are coupared with Reference 4, p Los,
Figure 9,

¥

N, (Critical)

SPAR , 6082 x 10h

L

Ref. L _ 6150 x 10

6.3
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SEQ 1 BUCKL ING MODE. CRITICAL LOAD = .608797x]g+ 04
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7. BUCKLING OF A CYLINDRICAL SHELL DUE TO TORSIONAL LOADING

A simply supported cylindricaldshell is subjected to shear load at the ends.
The shell is divided into ten elements along the axial direction and twelve
elements along the circumferential direﬁtion. The gecmetrical and material

properties of the shell are shown on the figure below:

z
i “‘\\
—r (N' r=lﬁﬁ
: 8
t:::ig;:;zki%;::j
1 E=.3x 10° 1bs/in®
\\\\ﬁ&__“_ﬂ,a’//) v = .3
11/ t = .1 in
111 in \ N )
N
| |
N |/
T U
N1
N T T T
—_r \..14 ) 15
T
\\\E:‘~&~_4_* L Nag
r

Results are compared with Ref. 5, p 4LL8, Pigure 21.

N_g (Critical)

SPAR | 3437 x 10°

Ref. 5 .3423 x 107
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8. SPHERICAL SHELL

The 6 by 10 mesh shown on Figure 8-1

cussed in Section 8.1 through 8.5

Section

8.1
8.2
8.3
8.4

&8 degrees t in,
60° 5,
302 5.
350‘ 3.
10 .396

Symnetry Planes

wae used to golve the problems dis-

E 1b/in° v
1o§ 3
107 .3
10, 1/6
10 1/3

‘Fig., 8-1 Spherical Shell

Mass 5 L
Density lb-sec”/in

.1
1




8.1 Vibrational Characteristics of a 60° Sector. With edge AB simply sup-

ported, vibrational modes are computed. Résults are compared with Reference 6,
p 1363, Table 2.

o 2
o1 ®o2
SPAR .9208 x 10lL 1736 x 10°

Ref. 6 9197 x 10 1764 x 107

8.2 Vibrational Characteristics of a 30° Sector. With edge AB fixed,

vibrational modes are computed. Results are compared with Reference 6,
p 1363.

2

Y15
SPAR . L7h3 x 105
Ref. 6 4623 x 10°

8.3 Stresses due to Pressure Loading. With edge AB fixed, unit internal
pressure was applied. Results are compared with Reference 4, pp 553-55k,
Figure 273-274.

Hoop Stress Meridional
at Apex Moment at AR
SPAR 48.0 35.8
Ref. L b7.5 36.6

8.4 Buckling of 10° Sector due to Pressure. To obtain a state of uniform

compression, unit pressure, P, was applied with digplacements“ﬁﬁfﬁgf to
conical surface ABC constrained along AB. Edge AB was then fixed, and

P (critical) computed. Results are compared with Reference 8, p 450,
Figure 6. o

P (Critical)
SPAR .236 x 103
Ref. 7 234 x 103
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9. BEAM

The 10 element mesh shown on Figure 9-1 was used to solve the problems dis-

cussed in Section 9.1 through 9.8.

. E 1d7lb/in2
x | G = .5 x 107 1b/in®
Mass density = .1 15'-5932/111
' A x lO-J+ in/deg;'ee
= 36 %1077 in™*

= b x 1073 inLI'
=4 x10° inLP
0.16 x 1072 in

.12 in2

1

10.in  WC (z= 5)

I
R
[

It

N

™

=
2oy H -

Moo

1l

Fig.9-1 Beam
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9.1 Vibration of a Cantilever. With point A fixed and the beam constrained

to move in the yz plane, vibrational modes were computed. Results are com-

pared with Reference 1, p 339.

SPAR L Ref. 2
wS 41213 x 100 11199 x 103
w5 .16185 x 10° .16182 x 107
wg 12695 x 106 .12690 x 106
mﬁ L8817 x 106 A8732 x 1P
wg .13382 x 107 .1331h x 107

9.2 Column Buckling. With point A fixed, the lowest critical value of
compressive load at B was computed.

SPAR .08695 x 102
EI ﬂ2 o

L .98695 x 10
e

9.3 Beam-Column Effects. A compressive pre-load of 1000 lbs was applied.
With simple support at A and B, lateral displacement under a 10 1b lateral
load at C was computed .

Lateral
Deflection at C
SPAR 80231 x 1077
Ref. 8 | .80233 x 1072

9.4 Effects of Pre-Tension on Vibration. A tensile pre-load of 1000 1lbs was
applied. With simple support at A and B, vibrational modeg were computed.
Results are compared with Reference 2, pp 374-376.
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SPAR " 'Ref. 2

wi 11472 ing}lo5 1472 x 107
wg 84861 35;06' 84850 x 10°
wg .33731 ?f}o6 33703 x 16
o, .96559 31106 %6282 x 10°
wg .22511 31107 .22350 x 107

9.5 Buckling of & Cantilever due to Lateral Load. With A fixed, the critical

value of an x-direction point foree at B was cbmputed. Results are compared
with Reference 3, pp 259-260,

Critical TForce

SPAR .22760 x 103
Ref. 3 22670 x 109

9.6 Buckling due to Pure Bending. Critical values of equilibrating point

moments(about the y axis) applied at A and B are computéd. Results are

compared to Reference 2, pp 253-257.
Critical Moment
SPAR © L1785 x 10lIL

Ref., 3 ' L7750 x 1oh

9.7 Buckling due to Thermal doad. With A and B simply supported, the criti-
cal temperature was computed.

T (Critical)

SPAR ' _ .32899 x 10°
. |

Elm (32899 x 10°

L ARy
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9.8 Effects of Thermal Pre-Stress on Vibration.

applied to the beam, with A and B simply supported.

A lOO temperature load was

Vibrational modes were

computed. Results are compared with Reference 2, pp 374-375

=3 =4 = =
VIO FENWRNNMND M

=

.22600 x 10

2540 x 10

.81819 x 10

SPAR
b4

48015 x 107

6
6

.20208 x 107

9.4

Ref. 2

.22600 x lOu

\n

L8004 x 10

(o)

.25412 x 10

o

81543 x 10

(o)

20047 x 10



0XQT TAB 7 )
START 11§
TITLE! BEAM PROBLEMS

LYATY
*

T T T T 7T . GENERATE BASIC TABLES DEFINING STRUCTURI

CTEXTS
! THE FOLLOWING BEAM PROBLENS ARE SOLVED IN THIS RUNj
1 VIBRATION OF A CANTILEVERED BEAM

2 BUCKLING DF A COLUMKH ' e

3 LATERAL DFFLECTION UF A COMPRESSED BEAM
4 . VIRRATIUN OF A PRESIRESSED BEAM

1

1

'

[}

77777757 LATERAL BUCKLING OF "ATCANTILEVERED BEAM

! 6 LATERAL BUCKLING N¥F A BFEAM IN PURE RENDING
i 7 BUGKALING OF A BEAM DUE TO TEMPERATURE

t 8 VJBHATIUN OF A HEATED BEAM

'
H

) ATERIAL CONSTANTa

S 7 R ) Bl s W ¥
JOINT LOCATIONS T

I «0 W0 .0 20 40 10.0 1 13
BEAM QRIENTATION SPECIFICATIONE ~—~ 7~ 7777

1 1 2 1 D3 '
E2y SECTIUN PROPERTIESS

GIVN "~ 1 " 50004 740 40036 0 o127 400143
CONSTRAINT CASE 13

$ THE BEAM 1S CONSTRAINED AT ONE END
FIXED PLANE = 3§~~~ ~— 77 oo ' T
CONSTRAINT CASE 2%
$ . SIMPLY SUPPORTED AT BOTH ENDS
' CZERO Ty 2w 3ee T IV 08T T T
8XGT ELD » READ ELEMENT DEFINITIONS  _.
Eel 8 : ‘
T2 1 qes : e e e
axaT TOPO e ANALYZE ELEMENT INTERCONWECTIVITY
$ .
CeXQTETTTT T T ) s FORM ELEMENT DATA PACKETS
3 .
®XQT EKS + INSERT K+ & INTO ELEMENT DATA PACKETS
: T e S TRET . NI BATA FALRETS
exXaT M : « FORM Sy§TEM M
$ EXCLUDE ROTATORY INERTIA EFFECTS
T 7 RESET IBEANS1S . . R
8xa3T K : . +« FORM SYysTEM K
3 . .
OXAT INV T T T T L FACTOR TMATRIX IN K USPAR FURMAY T
$ :
exot EIG . + SOLYE sYSTEM FIGENPROPLEM
§ T T T s ; TTFIND YIBRRATIOMAL "MODES OF "THE CANTILEVES
$ ) BEAM,
RESET INIT=10,REPR=1S
oXaY 9 T, DEFINE APPLIED LOADS ;

CASE 1! AXIAL COMPRESSIVE FORCE APPLY AT FREE EHMD,
NODAL FORCESy MOMENTS

11 3 ~1.0%
CASE 29 SHEAR FORCE IN {=DIRECTION APPLY AT FREE END,
NODALL FDRCESe MOMENTS
11 1 1.03%
CASF 3t JENGING MOMENT IN a-DIHEFTIDN APPLY AT BOTH ENDS,
hDDAl FORCES MOMENTS

1 85 1,08 11 5 «=1,0%
CASE a1 LOhChNTHATED FnRCE AT MIO»S5PAN
NODAL FORCESy MOMENTS
h 1 10.0%

REPRODUGLR

CHiKIUQAL‘ IALFTY'OB‘QyiE
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5.

CASE S5t TFHMPERATYRE (nan AT ALL JOINTS,
MODAL TEMPLRATUPES
1 1.0 11 1%

6X0T DHOL _ e« SOLVE | nAD CASE 1
RESETY Li1=1+0.221%
GXOT KG . FORM SySTEM KGe AXIAL COMPRERSINK
%
R <34 I R I ¢ VY [
o FIND RICKLING LOAD FOR CANTILEVEKRFD
$ COLUMM
RESEYT INIT=210,PRNA=STARS
eXG7T LCH o FURM L INEAR COMBINATION OF MATHICES
! _ “oEORM STYTFFNESS MATRIX FOR AXIALY PRF=
B e .COMPRESSED aran. CUMPRESSIVE FORCE=1000,
RESET RoKXKGIN1=KeQpzKGsCR210000Y -
exXnT INY -
RESET KzKYKGyCON=D2S _
6X0T DSOL. e« SOLVE L0AD CASE 4
$ FIND DEFLECTION OF THF PRESTRESSED REAM
. R —— 1 1 | 8 ¢ 3 LnAD CASE - 4 g e e o . .
"RESET K“K!KG@FON'?vll“MeLP 4%
6XAT LEM ,
g o o FORM STIFFMFSS MATRIX FOR AXIALY PRE=
s STRESSED REAM, TENSILE FORGCE=1000.
RESET R=KYKGeQL=K, G?-KG C22=1000,08
LRYQT. INY.. —— et et e e e e ene e otk e 2mm i e e et st + 3 3 et e w1
) RESET K= KYRG-FDNu?s
e%X0T £16
$ ‘ FIND FRFQUEHCY FOR FRFE VIBRAYIOR OF TH¥
: PRE~STRESSED BF AM,
RESET KeKYKGyCONzP+INIT=10S% _ .
e BXQT _DSOL — e e-SOLVE- LOAD. .CASE- 2 oo .
REGFT {122+L2=228%
exay K& « FORM svysT1EM KGy LDAD CASE 2
RESEY psEQ=2% : :
exnT £16
. § FIND ILATERAL RUCKLING VALUE OF LDAD CASE
5 — e @ FORCTHE _CANTILEVER. FEAMa_ . . . )
RESET INIT=6+PROB=STABS .
OXRT INV .
-~ RESET CONEAS . . i el — e s
8XQT DSOL
RFSET CoN=2ili=3,L2=3% .
e BRAYKG . o FORM _SysTEM _KGs_ PURE.BENDING o
RESET 4SER=3S
exXaT EIG o,
& : i , o FIND RuCKLING [OAD OF A SIMPLY SUPPORTED
$ BEAM IN PURE BENDINMG,
RESET INIT=6yPROR=STAR,CONZ2S
e XAYOS0L - e e e
RESET L1=5sL2=50sCONZ2S .
OXAT KG « FORM SYySTEM KGs TEMPERATURE L0OAD
. . RLSET, BEE =SS . e e e e e - R
eXQT 16 .
§ FIND RUCKLING TEMPERATURE LODAD FOR A
e e STMPLY_SUPPORTED BEAM. e
RESET CONZ2 ¢ INI Tz PROBGESTARS
8XAT LCH
- RESET ReKSKGRITKeQPsKGeC2280.0% . o e
CaXAT INY

RESET Kz=KSKGeCONz2S
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8XUT E1G . ‘ _ . _
% ’ . FIND FREQULMCTES FOR FREE VIBRATION OF
e e e YHE HEATED BEAM
RESET KaKSHKGeLON=2¢THTT=105 ;
PRINT 0 0 0 0 1S :‘
aXGT BCU . s EXECUTE DATA COMPLEX UTILITY PRDGHAM
10C 1% 3 ,

Y
- .
s
- .
_— —— < o —
- )

-

. L — '
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10, LUT (SATURN 5 IAUNCHER UMBILICAL TOWER)

Inertia prestress vibrational modes were calculated for the IUT. This
Problem illustrates uge of the MOD and INC commands in processor ELD.

The IT is a milti-story frame structure, the floors of which are suppoffed
by columns and diagonals. Non-structural mass was attached at the four
corners of each floor as rigid lumped masgs. Varying cross~sectional proper-
ties for the general beam sections were defined throughout the structure.

The accompanying Tigures and table show the section property data set dls-3

tribution. The geometrical and material properties for the LUT are listed -

below:
E=3.0x 10 1b /in® : ' = 2
= 0.2998 —X —y
. .\I'1 99 3 . 320'
Speclflc=_0'28 lb/in _
Weight

leed

30'
—-—] 60" f—*——i 1117 2" ]—<-S“Pp°rts
A downward inertis loaa of 386.088 (equivalent to a one-g loading) was used

as a prestress load, and cantilevered v1brat10nal modes were calculated for

‘the prestressed structure,
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Floors 2-3 Layout
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Section Data Sets for Floors and Bays
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The elastic modes are summarized below:

Mode

1

Bending, Direction -2

Bending, Direction -1

Torsionsal

10.5

2
w

7.7389

8.9712
34,3664



. BXQT TAB _ + GENERAYE BASIC TABLFS DFFINING STRUCTURF
- STARY &7p% i e e e . .
TITLEISATURN V LAUNCHER UMRILICAL TOMER (LuTY
TEXTS
TSATURN ¥ LAUNCHER UMBILICAL TOWFR (LUT).
1

. IDATA DESIGNED YD EXEMPLIFY YHE USE nF 1INCH
—LAND LHODL. COMMANDS. IN..THE_ YELD!. PROCESSDR ¢ oo oo
MATERIAL CONSTEMTSSE i

$ MATERIA{. PROPERTY 15 DEFINED WITH A
- S L _ S teee s .. WEIGHY .pENSITY
1 3,47 29962668 706 N
CONSTRAINT CASE 18 . _ :
s — ‘ JOINTS g8 ARE COMPLETELY CONSTRAINED
ZERO § 2 3 4 5 At 1 4 1%
BEAM CRIENTATION SPECIFICATIONSS : v
LY 3§ 0,8 . .. _— . -
2411 0,%
E21 SECTION PROPERTIES$
e GIVNL 1. 9012, 0, __250aA__0. 44,16 8,478 — —
GIVN 2 209&.4 0, 7648 Qo RP.0U B4
GIvN 3 63,35 ¢, 6335 0, 7.3 ifr6,7 %
e GIVN 4 w86y, O, 135e1. .0o.- 38 aT7. . Bab&S
GIVN s ‘8!“.5 00 b}ln 0- EO. 107 $
GIVN & 9012,1 0. 25044 0, dd,.16 9,478
..._______GIV,N - T.__ 2 ] 9 ﬁ.- 4 ,A,.O.., e .T.ﬁj.s_.._o . .._...22 .'u,.‘__....,. ——— B.. . ..3__~.-.ﬂ_._..___,_,h e ———— - =
GIVN & 2R 10 0, 2Ba1d8 D, 5.58 $6e285%
GIVN 9 2824,8 o, 95,7 0s 28,71 2.575%
e GIVN 10 ti40,7. 0, A4, 0. 16,18 __ . §440%. _ _. .
‘ GIVN 3t 1140,7 o, 44, 0s 16,18 10143
. GIvhN {2 21.7 -0, 2489 0, 3,53 LTS oo
e BIVNL §3 084304 2079 Do U BE____ . o1 8 . T
GIvN {4 QU6 .3 0, 22+ 0, 10,59 o5 8
GIVN i5 i5.16 0, 15:16.0, 4,3 30,328

v o GIVMN t& 21208, .0, 21200, 0, 276, 14100 &

GIVN 17 475.7 o0, 47547 Uy 26,04 9514 §

GIVN {8 398R.6 0, 1164 0. 29,11 34473

e GAVN_ 9 1660670 . 0. 1666Te _ 04 228, _ 455844 § ____ N

GlvN 20 175,7 o, 47547 0a 26,04 95124 §

GIVN 21 3988,&6 0,.- 11649 0, 29,1§ o 3,uTs

e GIVN 22 t42BR,. G, 14784, 0, 205, ._p153%8, .S

GIVN 23 475,7 o, A75,7 0, 26,04 951.4 &

GIVN 28 3p066,7 0, 1151 0, 27,65 3.8 &
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11. MECHANISM

Free-free vibrational modes were obtained for a linkage in order to demon-
strate the application of a spectral shift in the eigensolution process.
The linkage was defined as a system of two beam segments connected through
a zero-length 6 x 6 directly specified stiffness matrix. Planar motion was
specified for the otherwise unconstrained configuration. The geometfical

and material properties of the linkage are shown on the figure below:

- 8 .2
zero-length element E=.1x1C" in
v = .3
' ty = -k 2,. b
T T T % T T T T 7Mass density = .1 x 107 lb-sec”/in
L. L N I=1.0in
] 10 ! 10. ! A = 1.0 in°

Eigenvalues were desired in the neighborhood of the value ¢ = 0.1 x 1011, which
was selected as the shift point for the eigenvalue solution of K-cM (seeReference 1,
Section 3.17). Four "zero" eigenvalues were obtainéd, representing the three

rigid body motions and a mechanism mode.

The elastic modes are summarized below:

SPAR

wi ohs8l x 107t
wg 34629 x 1011
wg .36038 x 10ll
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1l. MECHANISM

Free~free vibrational modes were obtained for a linkage in order to demon-
strate the applicafion of a spectral shift in the eigensolution process.
The linkage was defined as a system of two beam segments connected through
2 zero-length 6 x 6 directly specified stiffness matrix. Planar motion was
spécified for the otherwise unconstrained configuration. The geometfical

and material properties of the linkage are shown on the figure below:

= 8 .2
zero-length element E=.1lx 10" in
/g v =.3
' e 2, b
[T T T 1 gf T 1 T 1 7gMass density = -1 x 10 = 1lb-sec /in
I : [ | I =1.0in
! 0. . i 10. | A= 2

1.0 in

Eigenvalues were desired in the neighborhood of the value ¢ = 0.1 x'lOll, which
was selected as the shift point for the eigenvalue solution of K-cM (seeReference 1,
Section 3.17). Four "zero" eigenvalues were obtainéd, representing the three

rigid bbdy motions and a mechanism mode.

The elastic modes are summarized below: -

SPAR N
wi 2458k x 101T
.wg 34629 x 10
mg -36038 x 10t

|
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