WORKSHOP 8

Objectives:

m  Design astructure with strength and buckling limits
m  Impose three buckling conditions

() The MSC.Nastran buckling analysis

(b) Euler Buckling Equation Limit

2
Eul _ —mTE
0'20'Cr = (Ll/ )2
Y

(c) Johnson Short Columns Design Formula
, 2
John _ Oco(l— / p)
0'20'Cr = —O'C0|::|..O——2
4 E
m  Usethebeam library in adesign task.

L =40" >

For the pinned-pinned condition and arod cross section type:

L'=L

_r
P = 5 p( = radius of gyration)
Assume O, = +80,000. (O, is an empiracally determined column

yield stress)
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WORKSHOP 8

1
Model Description:

m  Subjectto:
» Static load of -200,000 at grid point 6

* pins at points 1 and 6
* Buckling Analysis

m  Objective Funcations: Minimize the Weight
m  Design variable: Radius of rod
m  Constraints:

Static Case:

- —80, 000< 0 <100 000

EUL
e 02 Ocr

0-CO

e when —-O0>— *
2

John
020cr

Buckling Subcase:

A=210

*The Johnson Condition is the critical design condition only if the magnitude at the
compressive stress is greater tHag/2. This can be implemented in MSC.Nastran
by multiplying the response by a factor that is the maximum of 0.0 andi(y/2).
When the maximum is 0.0, the Johnson condition is ignored.
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Generating an input file for MSC.Nastran Users:

1. Generate an input file using the data from pages 8-1 through 8-3.
Use the following input file as a starting point.

I D MBC, wkshp8a

TIME 130 $

SOL 200 $ OPTIM ZATI ON
CEND

TI TLE buckling test case

= johnson/eul er buckling case
SORT

00

0

ECHO
spc
DESCOBJ
SUBCASE 1
DESSUB = 1
LABEL LOAD CONDI TI ON 1
LQAD 300
ANALYSI S = STATI CS
DI SP ALL
STRESS ALL
SUBCASE 2
DESSUB = 2
ANALYSI S = BUCK
METHCD 1
DI SP ALL
LABEL BUCKLI NG FACTORS

SUBTI TLE

1
2

I 1mnw;miunu

$
BEG N BULK
par am post, -1

$ GRI D DATA

$ 2 3 4 5 6 7 8 9 10

GRDSET 345

grid

grid

grid

grid

grid

grid

grid

$

$ ELEMENT AND MATERI AL DATA

cbar 10

cbar 10

cbar 10

cbar 10

cbar 10

MAT1 3. 0e7

$ PROPERTY DATA

Pbar L 10 1 nmscbni Or od
1.0

$ BOUNDARY CONDI TI ON DATA

spcl 100 1 1

spcl 100 2 1 6

$ EXTERNAL LOADS DATA

FORCE 300 6 -2.0e5 1.0

PO OPM»WNLE
©coooo00P
cocoocoooo®

0 0 123456

10
10
10
10
10

POAWN R
ahwN e
cCo U hWN
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WORKSHOP 8

$ BUCKLI NG ANALYSI S DATA
El GRL 1 .05 4

$ Begi nni ng of Design Mdeling Exercise for the Bul k Data Section
$

ENDDATA
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2.

The completed MSC.Nastran input file is shown below:

I D MSC, sol n8a
TIME 130 $
SOL 200

CEND
TITLE

SUBTI TLE

ECHO
spc
DESOBJ

$ OPTIM ZATION

buckl ing test case

j ohnson/ eul er buckling case
SORT

100

20

SUBCASE 1

DESSUB

LOAD

ANALYS|

DI SP
STRESS = ALL
SUBCASE 2

DESSUB =
ANALYSI S
METHOD

DI SP
LABEL

$

1
LOAD CONDI TION 1
3

STATI CS
= ALL

;i

2
= BUCK

1

ALL

BUCKLI NG FACTCRS

BEA N BULK
param post, -1

$ GRI D DATA

$

GRDSET

grid
grid
grid
grid
grid
grid
grid
$

1
2
3
4
5
6
1

0

2 3

SN
o
o
~
o

N
SN
o
e e
coooooo
BEoeoooQoo
Sdoooooo

0 123456

$ ELEMENT AND MATERI AL DATA

cbar
cbar
cbar
cbar
cbar
MAT1

1

abrbwnN

10 1 2 10
10 3 10
10 4 10
10 5 10
10 6 10

1 3. Oe7 0.33 0.1

abhwiN

$ PROPERTY DATA

Pbar L

El GRL

10 1 nmscbnl Or od

1.0

$ BOUNDARY CONDI TI ON DATA

spcl 100 1 1

spcl 100 2 1 6

$ EXTERNAL LOADS DATA

FORCE 300 6 -2.0e5 1.0
$ BUCKLI NG ANALYSI S DATA

M

1 .05 4
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WORKSHOP 8

$ DESI GN MODEL

P m sttt s o o o o e e o o e e o e oo e o e e e e e e e e eoooo oo
$
DESVAR 1 rgl. o0 0.01 10.0
DOPTPRM p2 15 DESMAX 20 DELP 0.5 GVAX 0.01
CONVDV 0. 01 CONVPR 0. 02 pl 1

DRESP1 20 W \EI GHT
DRESP1 23 S1 STRESS Pbar 7 10
DRESP1 24 S1 STRESS Pbar 8 10
DRESP1 25 S1 STRESS Pbar 6 10
dresp2 31 EUL 31

DESVAR 1

DTABLE L E

DRESP1 25
$ EULER CONSTRAI NT CONDI TI ON
degatn 31 rgyra(r,l,e,sigm) =r / 2.0;

euler = - sigm * ( L/ rGYRA) **2 /[ (PI(1)**2 * E)

dresp2 32 JOHNSON 32

DESVAR 1

DTABLE L E SI GVAC

DRESP1 25
$

$ JOHNSON CONSTRAI NT CONDI TI ON THAT IS ONLY ACTI VE WHEN FAC | S NONZERO
$

degatn 32 LORH®2(r,l,e, SIGVWAC,sigm) = (2.0 * L/ R) ** 2;
fac = max((-sigm - sigmac/2.0), 0.0);
JOHNSON = - FAC * sigma / ((-sigma - sigmac/2.0) *

SIGVAc * ( 1.0 - SIGVAC * LORHO2/
(4.0 * PI(D)**2 * E) ) )

DCONSTR 1 23 100000.
dconstr 1 24 - 80000.
dconstr 1 31 1.0
dconstr 1 32 1.0
dt abl e e 30. 0eb I 40.0 si gmac 8. 0e4
DVPREL1 10 pbarl 1012
1 1.0
$
$ DESI GN FOR BUCKLI NG EI GENVALUE
DRESP1 1 BUCK1 LANA 1
dconstr 2 1 1.0
param dsnokd 1.0
$
ENDDATA
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3. Submit the input file to MSC.Nastran for analysis.

To submit the MSC.Nastran .dat file, find an available UNIX shell
window and at the command prompt enter nastran wkshp8 scr=yes.
Monitor the run using the UNIX ps command.

4.  When therun is completed, edit the wkshp8.f06 file and search for
the word FATAL. If no matches exist, search for the word
WARNING. Determine whether existing WARNING messages
indicate modeling errors.
da.  While still editing wkshp8.f06, search for the word:

HI1 STORY
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Comparison of Results:

=
c
,.nlv z = HIGANNN TTOAD 1V AN 11dO NV OL FONZOHIANOD QvH OL 3Nd d3LwN IWIFL NN
Q (3zTN0a) P9Y9 FOVSSIAN NO ILWAHOAN | H3SN xxx
< 1 00+32/0T°T @ 00+3690T ‘T @ 00+30000°T | o4 | 1 (I
e
X S : ¥ : € : z : T : WVILINI | J3av | al ‘A | a1 na
= | [ N33 | TVNGEIN |
@ e e
= AOLS H 378V VA NO IS3a
Mm Z 3Svoans
o 3SVYD ON ITHONE {3 TN NOSNHOC
— 1. PVd 66 /TT /0T NVIISWN OSN  666T ‘0T HIGNIAON ISVO 1S3L ON IToNg
@ e eooloossoisoisesoo
< €0-3T0688. ¢ £0-32918€2 T T0+389Y0VS T T0+389Y0YS T z
£ €0-366.58% '€ S0-3ASLLTLY ¥ TO+3S.L6ES T TO+3¥¥86ES T T
.m T0-3ETILTIO ¥ T0+32€£99G62 'T WILNI
H ...............................................................................................................
.m IN IV4.LSNOO NO 1WAl IXOHddY S ISATINY NO 1LVZ W I1dO HIGNNN
prd E'e) 20 10vx3 J1WA IXOdddY ER o))
= INTYA NN IXWN HOHH3 TWNO 1LOWH NOHd 3A 1103090 NOYd 3A 110390
% ASOLS H AN IVHLSNOO WA IXWA ANV 3A 1103090
S
(]
< z STIAON LW IXOdddY "L M SNO I1VZ W I11dO 40 d3aAnN
() € Q31371dANOD SASATVNY INFANTTE 3L IN 14 40 HIGANN
o
& (@3A3 HOV FONZDYIANCO LH0S)
Q
@) (@3A3 HOV ZONTOUIANOD QMvH )
FAXXFAXEFXRXFFRXFXRXFFXXFFXXFFXNFFXFFXXF RN FFXEF XX R XN F XXX F XXX R XX
o) AYdO LS IH 3170A0 ND9 1S3d 40 AdVANWNNS
FAXXFAXEFXRXFFXRXFXRXFFXXFFXXFFXNFFXFFXNF RN NP RN P LN FXRF XX R XXX R XX
Z 3svoans 03]
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Use the output produced by DOPTPRM parameter p2 = 15 to

determine the critical desgn case in the .f06 file, search for FINAL.
Then search again for DESIGN CONSTRAINTS. Thiswill lead to

atablelike:

6.

..... S3 1143d0dd d3IND 1IS3A NO SIN IVH1SNOO Rl

20-30£€9 ‘8- I 0 HINO1 VAT 4 Z 9T
xx€0-3688. 'C T z¢e d3ddn vndO3 0T T ST
+x€0-3688L 'C T 43 d3ddn vnd3 6 T A’
+x€0-3688L T T 43 d3ddn vnd3 8 T €T
x»x€0-3688. ¢ T 4 d3ddn vnd3 A T Z1
+x€0-3688L T T 43 d3ddn vnd3 9 T 1T
20-3662F ‘8- T 1€ d3ddn vnd3 S T 0T
20-36621 ‘8- T TE d3ddn vnd3 4 T 6
20-3662F ‘8- T 1€ d3ddn vnd3 € T 8
20-3662F ‘8- T 1€ d3ddn vnd3 Z T L
20-36621 ‘8- T 1€ d3ddn vnd3 T T 9
T0-35806G '€ - T T HIVO1 SSTIS 9 T g
T0-3G5806G '€ - T T HIVNO1 SSTIS S T 1%
TO-35806S ‘€ - T T HIMO1 SS3LS 14 T €
T0-35806G '€ - T T HIVNO1 SSIIS € T I4
T0-3G5806G '€ - T T HINO1 SSIIS Z T T
INTVA ail al ov14 IdAL al ail ail
3Svodns NO B3 N/ 3SNOJSTH 3ISNOJSTH d1SNOOd TYNSAUN |
TYNYIIN | TYNETUN |

(xx HLM Q3XWA SIN IVHISNOD ISNOASTH NN IXIA )

..... SASNOASTY NO SIN IVHLISNOD NO I1S3d R
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that they are associated with an EQUA response type and haveinternal

Thisindicates that five constraints are tied at the maximum value and
ID’s 6 thru 10.

Search for RETAINED DRESP2. This leads to a table like:

WORKSHOP 8

00+30000 'T 00+38¢00 ‘T VN [4 NOSNHO € [4 0T
00+30000 'T 00+38¢00 'T VN [4 NOSNHO € [4 6
00+30000'T 00+38¢00 'T VN [4 NOSNHO 4 8
00+30000 'T 00+382¢00 'T VN [4 NOSNHO € [4 L
00+30000 'T 00+38¢00 'T VN [4 NOSNHO € [4 9
00+30000 'T T0-30.ST "6 VN 1€ n3 1€ S
00+30000 'T T0-30.4ST 6 VN 1€ n3 1€ 14
00+30000 'T T0-304ST 6 VN 1€ n3 1€ €
00+30000'T T0-30.ST "6 VN 1€ n3 1€ 4
00+30000 'T T0-40.4ST 6 VN 1€ n3 1€ T
aNnod INTVA aNnod al 3avl al al
d3ddn d01 NO 1LvnO3 3ASNOJS3H ¢ds34dd TVNY3IN |

---- SISNOJSIY ¢dS=3dd daN V13 -
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It is seen that the maximum constraints are associated with the
Johnson condition.

7.  Repeat the workshop problem with L = 60. How do the answers
change and what is the critical design condition?
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