Marcd 6, (186

HOW TO MODEL CONCEN TRATED LOADS WITH BOSOR4

Providing concentrated loads and moments can be tricky. This example should be helpful.

Figure 1 shows a cylindrical shell clamped at one end and free at the other. Three
concentrated loads, a shear § and two moments, M, and My, are applied at the free end
at circumferential coordinate # = 0. The so-called meridional moment M,, represents a
force couple that lies in the vertical plane V', and the so -called circumferential moment
M. represents a force couple that lies in the horizontal plane H. The concentrated shear
load § is tangent to the free edge at § == 0 and les in the horizontal plane H. All three

concentrated loads are unit loads in this particular example.
There are several tricky aspects to this problem that must be emphasized at the outset:

1. This simple problem must be modelled with two segments because the simulation of
both . and M by line loads cannot be handled in the same segment. This is due to
a limitation in BOSORA that the circumferential distributions of line loads V., H, M,
must he the ~ame in a given segrnent. The trick used to get around this mitation is
to introduce a pheny short segment as <hown in Fig. 2. The concentrated loads still
oceur at the same physical point. but the moment My is at the first point in Segment
2. whereas 5 and M, are at the last point in Segment 1. I you want, vou can use
very weak material in the phony segment, although [ did not do that here.

2.  The moment My is shimulated by a radial line load that varies as shown in Fig. 3.

3.  Both negative and positive circurnferential Farmonics must be used to solve this prob-
lem.

4. The user should perform a convergence study with respect to the number of Fourier
harmonics used to represent the concentrated 'vads. Since the preblem requires both
negative and positive harmonics. at least two - parate runs checking convergence must
be made. one for large negative harmonics and the other for large positive harmonics.

Figure 3 shows how the circumferential moinent Vf; is represented by a radial line load
fi. Calculation of the maximum value, H ..., that yvields a unit moment is demonstrated.
{(Of course, BOSOR1 can he used to find the response to concentrated loads and moments
of any magnitude. not just unit loads.}

Figures 4 and 5 show how the meridional moment M,, and concentrated shear § are

represented.

Figure 6 shows the results of the convergence study mentioned above,

The pages following Fig. 6 represent the input data for BOSOR4 and abbreviated
output. Plots follow the list output.

Please note that nodal points are concentrated near the free end in order to capture
the steep gradients that occur there.
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BOSOR4 CONCENTRATED MOMENTS AND SHEAR LOAD
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IHDIC = analysis type indicator

HPRT = output options (l=minimum, 2=medium, 3=maximum)
ISTRES= output control (O=resultants, l=sigma, 2=epsilon)
HSEG = number of shell segments (less than 95)

NSTART= starting number of circ. waves (lin. stress anal-
HFIN = ending number of circ. waves (linear stressz anal-
INCR = step in number of circ. waves (linear stress)
THETAM= range of circumferential Fourier expansion & out-

SEGMENT NUMBER 1 1 1 1 1 1 1 1
NODAL POINT DISTRIBUTION FOLLOVS. ..

HMESH = number of node points (5 = min.; 98 = max.){ 1)
NTYPEH= control integer (1 or 2 or 3) for nodal point spac-

NHVALU= number of callouts for nodal point spacing
IHVALU(I)= Ith callout for nodal point spacing, IHVALU( 1)
IHVALU(I)= Ith callout for nodal point spacing, IHVALU( 2)
IHVALU(I)= Ith callout for nodal point spacing, IHVALU{ 3)
IHVALU(I)= Ith callout for nodal point spacing, IHVALU( 4)
HVALU=meridional arc length between nodal points,HVALU( 1)
HVALU=meridional arc length between nodal points,HVALU( 2)
HVALU=meridional arc length between nodal points,HVALU( 3)
HVALU=meridional arc length between nodal points,HVALU( 4)
REFERENCE SURFACE GEOMETRY FOLLOWS...

NSHAPE= indicator (1,2 or 4) for geometry of meridian

R1 radius at beginning of segment (see p. 66)

it

Z1 = global axial coordinate at beginning of segment
R2 = radius at end of segment

42 = global axial coordinate at end of segment
IMPERFECTION SHAPE FOLLOWS...

IMP = indicator for imperfection (O=none, l=some)

REFERENCE SURFACE LOCATION RELATIVE TO WALL

HTYPEZ= control (1 or 3) for reference surface location

ZVAL = distance from leftmost surf. to reference surf.

Do you want to print out r(s), r’(s), etc. for this segment?
DISCRETE RING INPUT FOLLOWS. ..

NRINGS= number (max=20) of discrete rings in this segment
NTYPE = control for identification of ring location (2=z,

Z{I) = axial coordinate of Ith ring, z( 1)
NTYPER= type (0 or 1 or 2 or 4 or E) of discrete ring no.(

K=elastic foundation modulus (e.g. 1b/in**3)in this seg.
LIEE LCAD INPUT FOLLOWS. ..
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LINAB= indicator (0, 1, 2 or 3) for load set A and B

LINE LOAD INPUT FOR LOAD SET "A" FOLLOWS

LINTYP= indicator (0, 1, 2 or 3) for type of line lcads
NTYPEL=index (use 4) for input of nonsymmetric line loads
NLOAD(1)=indicator for axial load or disp.(O=none,l=some)
NLOAD(2)=indicator for shear load or disp.(O=none,l=some)
NLOAD(3)=indicator for radial load or disp.(0 or 1)
NLOAD(4)=indicator for line moment or rotation (0 or 1)
S(i)=fixed or initial shear load or displacement, S{ 1)
M(i)=fixed or initial meridional moment or rot., M( 1)

NTHETA= number of circumferential callouts for load
NOPT = control for how g(THETA) is to be input (1,2,or 3)
NODD = control integer for oddness, evenness, of g(THETA)

THETA = circumferential coordinate, in degrees, THETA( 1)
THETA = circumferential coordinate, in degrees, THETA( 2)
THETA = circumferential coordirate, in degrees, THETA( 3)
YPLUS = value of g(THETA) at THETA( 1)

YPLUS = value of g(THETA) at THETA( 2)

YPLUS = value of g(THETA) at THETA( 3}

Do you want to print out output Fourier expansion of lcad?
NTHETA= number of circumferential callouts for load

NOPT = control for how g(THETA) is to be input (1,2,or 3)
NODD = control integer for oddness, evenness, of g(THETA)
THETA = circumferential coordinate, in degrees, THETA( 1)
THETA = circumferential coordinate, in degrees, THETA{ 2)
THETA = circumferential coordinate, in degrees, THETA( 3)
YPLUS = value of g(THETA) at THETA( 1)

YPLUS = value of g(THETA) at THETA( 2)

YPLUS = value of g(THETA) at THETA( 3)

Do you want to print out cutput Fourier expansion of load?
DISTRIBUTED LOAD INPUT FOLLOWS...

IDISAB= indicator (0, 1, 2 or 3) for load set A and B
SHELL WALL COHNSTRUCTION FOLLOWS. ..

HWALL=index (1, 2, 4, 5, 8, 7, 8) for wall construction

E = Young's modulus for skin

U = Peoisson's ratio for skin

SM =mass density of skin (e.g. alum.=.00025 lb-sec**2/in*+4)
ALPHA = coefficient of thermal expansion

NRS = control (0 or 1) for addition of smeared stiffeners
NSUR = control for thickness input (0 or 1 or -1)

Do you want to print out ref. surf. location and thickness?
Do you want to print out the C(i,j) at meridional stations?
Do you want to print out distributed loads along meridian?

t

SEGMENT HUMBER 2 2 2 2 2 2 2 2
NODAL POINT DISTRIBUTION FOLLOWS...

NMESH = number of node points (6 = min.; 98 = max.}{ 2)
{TYPEH= control integer (1 or 2 or 3) for nodal point spac-

9




ing

H $ REFERENCE SURFACE GEOMETRY FOLLOWS...
1 $ NSHAPE= indicator (1,2 or 4) for geometry of meridian
100 $ R1 = radius at beginning of segment (see p. 66)
100 AL = global axial coordinate at beginning of segment
100 $ R2 = radius at end of segment
101 $ 22 = global axial coordinate at end of segment
H $ IMPERFECTION SHAPE FOLLOWS. ..
0 $ IMP = indicator for imperfection (O=none, l=some)
H $ REFERENCE SURFACE LOCATION RELATIVE TO WALL
3 $ NTYPEZ= control (1 or 3) for reference surface location
0.5000000 $ ZVAL = distance from leftmost surf. to reference surf.
i $ Do you want to print out r(s), r'(s), etc. for this segment?
H ¢ DISCRETE RING INPUT FOLLOWS...
1 $ NRINGS= number {(max=20) of discrete rings in this segment
2 $ NTYPE = control for identification of ring location (2=z,
3=r)
100 $ Z(I) = axial coordinate of Ith ring, z( 1)
0 $ HTYPER= type (O or 1 or 2 or 4 or 5) of discrete ring no.(
1)
¢ ¥=elastic foundation modulus (e.g. 1b/in++*3}in this seg.
H LINE LOAD INPUT FOLLOWS...
1 LINAB= indicator (0, 1., 2 or 3) for load set A and B
H LINE LODAD INPUT FOR LOAD SET "A"™ FOLLOWS
1 LINTYP= indicator (0, 1, 2 or 3) for type of line loads
4 NTYPEL=index (use 4} for input of nonsymmetric line loads
0 NLOAD(1)=indicator for axial load or disp.(O=none,l=some)
0 HLOAD(2)=indicator for shear load or disp.{O=none,l=some)
1 NLOAD(3)=indicator for radial load or disp.(0 or 1)
0 NLOAD(4)=indicator for line moment or rotation (0 or 1)

0.2626250E-01 $ H(i)=fixed or initial radial load or displacement, H( 1)

G D B U D R R D D D B O D DD DR G O R A D B D

4 HTHETA= number of circumferential callouts for load
2 HOPT = control for how g(THETA) is to be input (1,2 ,or 3)
2 HODD = control integer for oddness, evenness, of g(THETA)
0 THETA = circumferential coordinate, in degrees, THETA( 1)
2.500000 THETA = circumferential coordinate, in degrees, THETA( 2)
5 THETA = circumferential coordinate, in degrees, THETA( 3)
180 THETA = circumferential coordinate, in degrees, THETA( 4)
0 YPLUS = value of g(THETA) at THETA( 1)
1 YPLUS = value of g(THETA) at THETA{ 2)
0 YPLUS = value of g{(THETA) at THETA( 3)
0 YPLUS = value of g(THETA) at THETA( 4)
Y Do you want to print out output Fourier expansion of load?
H DISTRIBUTED LOAD INPUT FOLLOWS...
0 IDISAB= indicator {0, 1, 2 or 3) for load set A and B
H SHELL WALL CONSTRUCTICH FOLLOWS...
2 NWALL=index (1, 2, 4, 5, 6, 7, 8) for wall construction

0.1000000E+08 § E = Young's modulus for skin
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U = Poisson's ratio for skin

SM =mass density of skin (e.g. alum.=.00025 lb-sec#*2/in%%4)
ALPHA = coefficient of thermal expansion

RS = control (0 or 1) for addition of smeared stiffeners
HSUR = control for thickness input (0 or 1 or -1)

Do you want to print out ref. surf. location and thickness?
Do you want to print out the C(i,}) at meridional stations?
Do you want to print out distributed loads along meridian?

GLOBAL DATA BEGINS...

HLAST = plot options (-i=none, O=geometry, 1=u,v,w)

Are there any regions for which you want expanded plots?
NDIST = number of circ. stations for meridicnal output
THETA = circ. stations (in deg.) for meridional output.{( 1)
THETA = circ. stations (in deg.) for meridional output.( 2)

]

]

THETA = circ. stations (in deg.) for meridional output.( 3)
NCIRC = number of meridional stations for circ. distibutions
ITHETA= meridional location for circumferential output( 1)

ITHETA= meridional location for circumferential output({ 2)
ITHETA= meridional location for circumferential output( 3)

HTHETA= number of output points along circ. from O to THETAM.

THETAS= lx & Hy along this meridian used in buckling anal-

OMEGA angular vel. about axis of revolution (rad/sec)
IOMGAB = control for OMEGA as "A"™ or "B" load (i or 2)

Do you want response to harmonic forcing (INDIC = 3 or 4)7
CONSTRAINT CONDITIONS FOLLODW....

How many segments in the structure?

[

CONSTRAINT COEDITIONS FOR SEGMENT NO. 1 1 1 1
POLES INPUT FOLLOWS...

Number of poles (places where r=0) in SEGMENT( 1)

INPUT FOR CONSTRAINTS TO GROUND FOLLOWS. ..

At how many stations is this segment constrained to ground?
IHODE = nodal point number of constraint to ground, INODE(

IUSTAR=axial displacement constraint (0 or 1 or 2)
IVSTAR=circumferential displacement(O=free,1=0,2=imposed)
IWSTAR=radial displacement(O=free,l=constrained,2=imposed)
ICHI=meridional rotation (O=free,i=constrained,2=imposed)
D1 = radial component of offset of ground support

D2 axial component of offset of ground support

Is this constraint the same for both prebuckling and buck-

it

JUNCTION COEDITION INPUT FOLLOWS...
Is this segment joined to any lower-numbered segments?

CONSTRAINT CONDITIONS FOR SEGMEHT XO. 2 2 2 2

Rl
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POLES INPUT FOLLOWS...

Number of poles {places where r=0) in SEGMENT( 2)

INPUT FOR CONSTRAINTS TO GROUND FOLLOVWS...

At how many stations is this segment constrained to ground?
JUNCTION CONDITION INPUT FOLLOWS. ..

Is this segment joined to any lower-numbered segments?

At how may stations is this segment joined to previous segs.?
INODE = node in current segment (ISEG) of junction, INODE(

JSEG = segment no. of lowest segment involved in junction
JEODE = node in lowest segmnt (JSEG) of junction

IUSTAR= axial displacement (O=not slaved, i=slaved)

IVSTAR= circumferential displacement (O=not slaved, i=slaved)
IWSTAR= radial displacement (O=not slaved, i=slaved)

ICHI = meridional rotation (O=not slaved, i=slaved)

D1 = radial component of juncture gap

D2 = axial component of juncture gap

Is thie constraint the same for both prebuckling and buck-

RIGID BODY CONSTRAINT INPUT FOLLOWS...

Given existing constraints, are rigid body modes possible?
"GLOBAL3" QUESTIONS (AT END OF CASE)...

Do you want to list output for segment({ 1)

Do you want to list output for segment( 2)

Do you want to list forces in the discrete rings, if any?
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