CUFSM Advanced Functions

Boundary conditions

Constraints

Springs

Multiple materials

Orthotropic Material




Boundary conditions

Longitudinal boundary conditions (fixity) can be set in
the finite strip model

Modeling classic problems requires using this feature
— simply supported plate

— fixed plate

Special cases may exist where artificial boundary
conditions are added in an analysis to examine a

particular buckling mode in exclusion of other modes
(see Advanced ldeas for more on this)

Symmetry and anti-symmetry conditions may be
modeled by modifying the boundary conditions



Boundary conditions continued

How to

Simply supported plate example

Fixed-free plate example

Flange only model

Symmetry model on a hat in bending example




Load | Save Input ‘ Froperties ‘ Analyze Pzt Compare ‘ 7 ‘ Print ‘ Copy ‘ Rezet ‘ ExIT
Material Properties ? C/Z template I = &
atdt | Es | Ey | s [ v | Goy —_—
Diouble Elern.
100 29500.00 23500.00 0.30 0.30 11346.15
help 0
N?gfsl e | acf oot acf [z Update Plat | These columns of ones set the boundary conditions for
[y luln) = w1 E | Wdor | 2aar | wdof | Qdof | siress . . .
- 1 the model. A 1 impliesthat the degree of freedomisfree
15001.00 11112332 : L .
2500000 11118100 Plot Options: along itslongitudinal edge. All models are simply
3250000 11115100 : :
UTIIEE 1994° T rode b supported at the ends due to the choice of shape function
50.0030011111567 in the finite strip method.
EO.006O 1111-BE7 et
700090811117 -50.00 elemen .
5250900 1111-000 For models of members these aways remain 1, however
320050111100 ™ material # if longitudinal restraint should be modeled then the
appropriate degree of freedom (direction) should be
[ stress mag.
changed fromaltoaO.
Elements ¢ _
g O [ stress dist 5 z
elemtt | nodei | nodej | thicknezs | matt g
112 0.040000 100 " coordinate
22 30.040000 100 COAIENAte:
33 4 0.040000 100 q
4 4 5 DD4DDDD 1 DD I? DDnstraintS X
5 5 & 0.040000 100
£ £ 7 0.040000 100 _
¢ 780040000700 [V springz 1
2 8 9 0.040000 100 y
5910 0.040000 100 1% | crigin
4 3 2
Lengths 7
[1.020204050607.0809010.011.012013.014.015.020.030.040.050.050.0 70,0 80.090.0100.0 200.0 300.0 400.0 500.0 £00.0 700.0 8000 900.0 1000.0
Springs ? Constraints g
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodedte | DOFe | coeff. | nodedk | DOFK,
0 0




Load | Save Input

‘ Froperties ‘ Analyze

Pzt Compare ‘ 7 ‘

Print ‘ Copy ‘ Rezet ‘ ExIT

Material Properties 2| | czeme || Simply supported platein pure compression
atdt | Es | Ey | s [ v | Goy
Double Elem. . . : . o
100 29500,00 2950000 0,30 0,30 11 346,00 SRRl Plateis10in. wideandt = 0.10 in., material is stedl.
help
o The x and z degree of freedom at node 1 have been
Nodes : supported by changi iate 1’ ’
ing the appropriate 1'sto 0's.
nodedt |« | z | #dof | zdof | pdof | gdof | stress Uik ot pp Y g g app p
100000000711 1.00 . The z degree of freedom at node 5 has been supported by
2250000111711.00 ot Ophicns: . .
350000071111 1.00 changing the appropriate 1 to O.
47500.0011111.00 v node # o
510.000.0010711.00 Green boxes appear at 1 and 5 to indicate some boundary
[ eement# | conditions have been changed at this node.
[ matenial # = = i -
[ stress mag.
Elements 2] |
elemtt | nodei | nadsj | thickness | matit [ strese dist
1120100000100 :
2 2 30.100000 100 [ coordinate:
3340100000100
4450100000100 v constraints
[V springz
[ onigin
Lengths 2]

| 40E08010.012.014.016.018.020.0

Springs
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

Constraints
nodefte | DOFe | coeff. | nodettk | DOF,

0

1]




Copy | Rezet | EXIT|

Load Save Input Froperties | Analyze | Pzt | Compare | 7 | Print
half-wavelength = 10 lnad factor = 10,6663 mode = 1
Flot Mode ?
2 2
TE ('t 29500 ( 0.1 .
Theory - f, =k —| =4— \ =10.66ks
20 3 W Undet 12'5 —sz b 12(1—0_32) 10.0
half-wavelength
- ) I I I i}
< -3 ?
Scale I 5
mode | 1
<-- --:} .:l - - - - -
Input reference stressis 1.0 ksi. So in this case the load factor is equal to the
Stress Distribution ? buckling stressin kg, i.e., 10.67 ksi. versus 10.66 ksi by hand.
BUCKLING CURNE
Plat Curve ? T + T T T T T T T
20
v s, [T Logk
: 15 |
RN 0 5
o
=
NTIEN 21 = 10F
1= 10.0,10.67
ik 0
Sk _
L= 224233
0 L L L L L L L L L
L= R I 0 2 4 5 A 10 12 14 16 18 20

halt-wavelength

Text Output




Load | Save Input

‘ Froperties ‘ Analyze

Pzt W Compare ‘ 7 ‘

Print ‘ Copy ‘ Rezet ‘ ExIT

Material PrﬂpEl‘liES j C/Z template Fixed-free plate in pure Compron
atdt | Es | Ey | s [ v | Goy

Double Elem. . . : . L
100 29500,00 2950000 0,30 0,30 11 346,00 SRRl Plateis10in. wideandt = 0.10 in., material is stedl.

help
— The x, z and g (8) degree of freedom at node 1 have been
Nodes : supported by changi iate 1’ ’
ing the appropriate 1'sto 0's.

nodedt |« | z | #dof | zdof | pdof | gdof | stress Uik ot pp Y g g app p
1000000001 01.00 et Dt Green boxes appear a 1 to indicate some boundary
e DD11 11100 SEREE conditions have been changed at this node.
47500.0011111.00 v node #
510.000.0011111.00

[ element #

[ matenial # = = i *

[ stress mag.
Elements 2] |
elemtt | nodei | nadsj | thickness | matit [ strese dist
1120100000100 :
2 2 30.100000 100 [ coordinate:
3340100000100
4450100000100 v constraints

[V springz

[ onigin
Lengths 2]

| 40E08010.012014.016.018.020.0 22.0 24.0 26.0 28.0 30.0

Springs
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

j

Constraints
nodefte | DOFe | coeff. | nodettk | DOF,

0

1]




Input Froperties | Analyze | Pzt ] Compare | '?l Print

Load Save Copy | Rezet | ExIT |
half-wavelength = 16 lnad factor = 3 4167 mode = 1
Plat M ade 2 2
Theory — f,, = kjl_)an . (%] =1.277 "?29502\ (1%2 ] = 3.40ks
20 30 [ Undet 121 -v i 12(1_0'3 ) '

half-wavelength

16
<..

Scale I 5

mode | 1
<..

Strezs Distribution

Plot Curve
v | bdin. v Log
RrniF 0
HIMas a0
rhiFT 0
Hnas 17,7774
modes 1
- -3
Text Output

-

Input reference stressis 1.0 ksi. So in tﬁfs case the load factor is equal to the
buckling stressin kg, i.e., 3.42 ksi. versus 3.40 ksi by hand.

BUCKLIMG CURYE

15

10

load factor

16.0,3.42

|:| ! ! ! ! ! |
10"

halfwavelength i




Load | Save Input ‘ Froperties ‘ Analyze Pzt Compare ‘ ?‘ Print ‘ Copy ‘ Rezet ‘ ExIT

Material PrﬂpEl‘liES i C/Z template | solated ﬂanqein pure Compron
atdt | Es | Ey | s [ v | Goy
Double Elem. . . . . L
100 29500,00 29500.00 0,30 0,30 1134615 | Plateis10in. wideandt = 0.10 in., material is stedl.
158 Lipis2in. long and the same material and thickness
Nodes 2] Update Pt || Thex, z and g (6) degree of freedom at node 1 have been
nodedt |« | 2 | wdof | zdof | wdof | gdaf | stress . . , ,
— — I} supported by changing the appropriate 1'sto 0’s. So, the
226000011111.00 Plot Options: left end is “built-in” or “fixed”.
35.000.0011111.00
47500.0011111.00 v node #
510.000.0011111.00 - = - r
§10.00-1.0011111.66 =
710.00-20011111.33 [~ element #
[ matenial #
[ stress mag.
Elements B _
elemtt | nodei | nadsj | thickness | matit [ strese dist
1120100000 100 :
2 2 30.100000 100 [ coordinate:
334 0.100000 100
4450100000100 v constraints
5 5 £ 0.100000 100
§ & 70.100000 100
[V springz
[ onigin
Lengths 7
[40E0B0100120140160180200 300 3320 37.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0 120.0160.0 200.0
Springs ? Constraints 7
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOF,

0 o




Load Save Input Froperties Analyze Pzt Compare | '?l Print Copy | Rezet | ExIT |

half-wavelength = 8 lnad factor = 15.048 mode = 1

Plat Mode 7

= z0 (3D ¥ Undef.

half-wavelength

fixed
g
g 5 " [] I I I
Scale I g
) : Adding the lip stiffener increases the buckling stress significantly.
mode -
£ > 7 . . . . ey ey
| Adding the lip stiffeners introduces the possibility of two modes,
Shress Dishibution 5 one local, one distortional.
BUCKLING CURVE
Plot Curve ? ————] . . . ,
B0 F .
¥ Min. v Logi a0 _
wrmin 0 5 40k i
o
o
®mas 200 = 0 -
. = L ocal 90.0,29.14
TiiFY i 20F
Distortional
Lna BE. 2204 10+ B.015.05 |
|:| L L L M| L 1 L L L L L M|
d 1
A > | 2 10" 10°

halfwavelength
Text Output ? |i




Load | Save Input

‘ Froperties ‘ Analyze

Pzt Compare [7‘ Print ‘ Copy ’- Rezet ‘ ExIT

Material Properties ? CZemplte || Hat in bending - full model
atdt | Es | Ey | s [ v | Goy
D ouble Elern, . )
100 2950000 23500.00 0,30 0,30 1134615 SN Thehatis2x4x10in.
help
Pure bending is applied as the reference |oad.
Nodes ?
hodstt | | 2 | xdof | 2dof | ycof | qelof | shss HpdateFlet || The reference compressive stress for the top flange is 1.0
1-2000001111-1.75 _ ks which resultsin -1.75 tension for the bottom flange
21800.001111-1.75 Plot Options:
31.000.001111-1.75
4050000111175 v node # = 5 a4 2 3
FO000.001111-1.75
EOO01.001111-1.06 b 4 4
70002001111-0.37 ™ element #
5000300111103
90.004.0011111.00 F M H 5
102504.0011111.00 Mater
115004001111 1.00 b 5
[ stress mag.
Elements e s e b

elemtt | nodei | nodej | thicknezs | matt

11 20100000100
2230100000100
3340100000100
4 450100000100
5560100000100
667 0.100000100
7720100000100
830100000100
100100000 100

8
313
101011 0.100000 100

[ stress dist.
[ coordinate:
[v constraints
[V springz

[ onigin

Lengths

ﬂ

| 40E08010.012.014.016.018.020.0 30.0 32.0 37.0 40.0 50.0 60.0 70.0 80.0 30.0 100.0 120.0 160.0 200.0 300.0 400.0 500.0 £00.0 700.0 200.0 300.0 1000.0

Springs

nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

j

Constraints H
nodefte | DOFe | coeff. | nodettk | DOF,

0

1]




Pzt Compare [7‘ Print ‘ Copy ’- Rezet ‘ ExIT

Load | Save Input ‘ Froperties ‘ Analyze
Material Properties ¢ C/Z template
atdt | Es | Ey | s [ v | Goy —_—

D ouble Elern.
100 29500.00 2950000 030 030 1134615

help

Nodes j Ilpdate Plat
nodedt |« | z | #dof | zdof | pdof | gdof | stress prate Fio
1-2000001111-1.75 :
2-1600001111-1.75 Plat Options:
3-1.000001111-1.75
4.0500001111-1.75 ¥ node #
AOo000O07111-1.75
BOO07.007111-1.06
FOo02007111-0.37 [ element #
g00030071110:3
S0.004.0071111.00 ™ aterial #
102504.0011111.00 Matena
1150040001717 071.00

[ stress mag.
Elements ¢

elemtt | nodei | nodej | thicknezs | matt

11 20100000100
2230100000100
3340100000100
4 450100000100
5560100000100
667 0.100000100
7720100000100
830100000100
100100000 100

8
313
101011 0.100000 100

[ ztress dist,

[ coordinate:

[v constraints
[V springz

[ onigin

£ F T L]

‘F Hat in bending - half model
Thehatis2x4x10in.

Pure bending is applied as the
reference load.

'?  The reference compressive stress for
the top flange is 1.0 ksi which results
in -1.75 tension for the bottom flange.

|
-]
|
!
|
=9

LT

Symmetry conditions are enforced at
mid-width of the top flange, note the
degrees of freedom changed to O at
node 11 in the Nodes list to the | ft.

Lengths

ﬂ

| 40E08010.012.014.016.018.020.0 30.0 32.0 37.0 40.0 50.0 60.0 70.0 80.0 30.0 100.0 120.0 160.0 200.0 300.0 400.0 500.0 £00.0 700.0 200.0 300.0 1000.0

Springs ? Constraints 7
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOF,
0 1]




load factor

240

200

150

100

a0

full model local buckling stressin compression = 15.11 ks

10’ 10°
halfwavelength

10



load factor

240

200

150

100

a0

buckling stressin compression =

‘ half model using symmetry local
15.11 ks

10 10° 10

halfwavelength



Constraints

« You may write an equation constraint: this enforces the
deflection (rotation) of one node to be a function of the
deflection (rotation) of a second node.

« Modeling external attachments may be aided by using
this feature

— an external bar that forces two nodes to have the same
translation but leaves them otherwise free

— a brace connecting two members (you can model multiple
members in CUFSM)

« Special cases may exist where artificial equation
constraints are added in an analysis to examine a
particular buckling mode in exclusion of other modes
(see Advanced Ideas for more on this)



Constraints continued

e How 10
« Connected lips in a member
 Multiple connected members




Load | Save Input

‘ Froperties ‘ Analyze

Pzt

Compare ‘ 7 ‘

Print ‘ Copy ‘ Rezet ‘ ExIT

Material Properties ¢ C/Z template
atdt | Es | Ey | s [ v | Goy _—
Diouble Elern.
100 29500.00 25500.00 030 0.30 1134615
help
Nodes j Ipdate Plat
nodedt |« | z | #dof | zdof | pdof | gdof | stress prate Fio
15001.0011111.00 _
250000017117 11.00 Plot Opticns:
32800001117 11.00
40.0000011111.00 ¥ rode #
A0.00300111711.00
BOO0GO0T1111.00
F0.009001711711.00 [ element #
B25090011111.00
95009001111 1.00 ™ aterial #
1050080071117 1.00 =E=li
[ stress mag.
Elements ?

elemtt | nodei | nodej | thicknezs | matt

11 20040000100
2230040000100
3340040000100
4 4 50.040000100
556 0.040000 100
667 0.040000100
7720040000100
8830.040000100
3310 0.040000 100

[ ztress dist,

[ coordinate:

[v constraints
[V springz

[ onigin

uin]

Equation Constraints are determined by defining the
degree of freedom of 1 node in terms of another.

For example, the expression below in Constraints says

At node 1, set degree of freedom 2 equal to 1.0 times

node 10, degree of freedom 2:
w,=1.0w,,

Y ou can enter as many constraints as you like, but once
you use a degree of freedom on the left hand side of the
equation it is eliminated and can not be used again.

Symbols appear on the nodes that you have written
constraint equations on, as shown in this plot for nodes 1

and nodes 10.

.

gh

Lengths

ﬂ

| 1.0203040506070809.010.011.012.0132.014.015.020.030.0 40.050.0 60.0/70.0 80.0 30.0 100.0 200.0 300.0 400.0 500.0 £00.0 700.0 200.0 300.0 1000.0

Springs
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

j

Constraints
nodefte | DOFe | coeff. | nodettk | DOF,

[l

0

121.000102




Load | Save Input

‘ Froperties ‘ Analyze

Pzt

Compare ‘ 7 ‘

Print ‘ Copy ‘ Rezet ‘ ExIT

Material Properties ¢ C/Z template
atdt | Es | Ey | s [ v | Goy _—

Diouble Elern.
100 29500.00 25500.00 030 0.30 1134615

help

Nodes j Ipdate Plat
nodedt |« | z | #dof | zdof | pdof | gdof | stress prate Fio
15001.0011111.00 _
250000017117 11.00 Plot Opticns:
32800001117 11.00
40.0000011111.00 ¥ rode #
A0.00300111711.00
BOO0GO0T1111.00
F0.009001711711.00 [ element #
B25090011111.00
95009001111 1.00 ™ aterial #
1050080071117 1.00 =E=li

[ stress mag.
Elements ?

elemtt | nodei | nodej | thicknezs | matt

11 20040000100
2230040000100
3340040000100
4 4 50.040000100
556 0.040000 100
667 0.040000100
7720040000100
8830.040000100
3310 0.040000 100

[ ztress dist,

[ coordinate:

[v constraints
[V springz

[ onigin

uin]

.

B

Constraints example 1

Use the default member
Change the loading to pure compression

Constrain the ends of the lips, nodes 1 and 10
to have the same vertical displacement

Compare against analysis which does not
have this constraint.

gh
2

Lengths

ﬂ

| 1.0203040506070809.010.011.012.0132.014.015.020.030.0 40.050.0 60.0/70.0 80.0 30.0 100.0 200.0 300.0 400.0 500.0 £00.0 700.0 200.0 300.0 1000.0

Springs

nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

j

Constraints

[l

nodefte | DOFe | coeff. | nodettk | DOF,

0

121.000102




Print

Load Save Input Froperties Analyze Pzt | Compare | 7 | Copy | Rezet | ExIT |
Flot Mode ? L oadi ng is pure ’///\ \
compression with a [ The two lips have the

= z0 (3D ¥ Undef.

half-wavelength

B0
LS > ?
Scale
|
mode 1
£ - ?
file: 2
g S
Plat Curve 7
v | bdin. v Log
RrniF 0
wmas 1000
rhiFT R
[T o5
modes | 1
g S B

plat files = I 12

reference stress of 1.0,
the two results show the
influence of the
constraint on the

same vertical
displacement. Anti-
symmetric distortional
buckling results.

solution.
half-wavelength = B load factor = 17,3801 mode = 1
filerimber = 2 filename = defaultlC_compreszion_eql.mat
25 —————
distortional with
20+ the constraints on
thelips
= 15} 1
o
Ba
T ot typical
5k the same buckling
0F ?.EI,EI.Ea'l |
10’ 10’ 10° 10°

halfwavelength




Load | Save Input

[ Froperties ‘ Analyze

Pzt [ Compare ‘ 7 ‘

Material Properties ¢ C/Z template
atdt | Es | Ey | s [ v | Goy —_—
Diouble Elern.
100 29500.00 25500.00 030 0.30 1134615
help

Nodes j Ipdate Plat
nodedt |« | z | #dof | zdof | pdof | gdof | stress prate Fio
15001.0011111.00 :
25000001111 1.00 Plat Options:
32800001117 11.00

40.0000011111.00 ¥ node #
A0.00300111711.00

BOO0GO0T1111.00

F0.009001711711.00 [ element #
B25090011111.00

95009001111 1.00 ™ aterial #
105.008.0011111.00 Matena
11TE001.00711171.00

[ stress mag.

Elements 7

elemtt | nodei | nodej | thicknezs | matt

11 20040000100
2230040000100
3340040000100

4 4 50.040000100
556 0.040000 100
667 0.040000100
7720040000100
8830.040000100
3310 0.040000 100
1011 12 0.040000 100

[ ztress dist,

[ coordinate:

[v constraints
[V springz

[ onigin

i}

!

Multiple Member Equation Constraint Example

T

a

Two members are placed toe-to-toe.

Geometry is the default Cee section in CUFSM. The
loading is pure compression.

In this example only the top lips are connected, say
for example because of an unusual access situation.

Equation constraints are written, as shown below to

force that x, z and g of nodes 10 and 20 are identical.

e

(S

Lengths

ﬂ

| 1.0203040506070809.010.011.012.0132.014.015.020.030.0 40.050.0 60.0/70.0 80.0 30.0 100.0 200.0 300.0 400.0 500.0 £00.0 700.0 200.0 300.0 1000.0

Springs
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

j

[l

Constraints
nodefte | DOFe | coeff. | nodettk | DOF,

0

1071 1.000 201
10 21.000 20 2
104 1.000 20 4




Load Save Input [ Froperties Analyze Pzt [ Compare | 7 | Copy | Rezet | ExIT |
Flot bz ! Local buckling is /7\ top lips are
not affected by the o connected
20 30 W Undef constraint, but This has an
half-wavelength distortiona influence on
buckling and long : -
- dlencth distortional
< > |7 waveleng buckling, as
Eoak I - - buckling is... shown.
mode . 1 , 2 | |
file: 2
£ > 7
half-wavelength = B load factor = 1237 mode = 1
filerimber = 2 filename = two_defaultCs_comp.mat
16 ——————
n weak-axis flexural
Plot Curve 2 buckling occursin
12 the model with the
1 oLz _10f lips attached at the
Rk 0 E al 008999 tOp.
g
KTt 1000 2 gL ¢ -
_ local and distortional
s L ir #¥—__ bucklingforasingle T
2| member.
#nas 18 70284 /
modes 1 Dn ”|1 - /I Illllla
g | - |7 10 10 10 10
ol files = — ; halt-wavelength  flexural-torsional buckling occugss=
I | the single isolated member U




Springs

 External springs may be attached to any node.

« Modeling continuous restraint may use this feature

— Continuous sheeting attached to a bending member might be
considered as springs

— Sheathing or other materials attached to compression
members might be considered as springs
 Springs may be modeled as a constant value, or as
varying with the length of the model (i.e. a foundation)



Springs

e How 10
 Sheeting attached to a purlin
e Spring verification problem




Load | Save Input

‘ Froperties ‘ Analyze

Pzt Compare ‘ ?‘ Print ‘ Copy ‘ Rezet ‘ ExIT

Material Properties 2| | czremplate
atdt | Es | Ey | s [ v | Goy —_—
Diouble Elern.
100 23500.00 253500.00 0.30 0.20 1134615
help
Nodes 2] Springs are determined by defining the node where a
nodett |5 |z | sdaf | 2dof | ydof | qdlof | stress Pl spring occurs, what degree of freedom the spring acts
12500.631111-44.75 : in, the stiffness of the spring, and whether or not the
2239043171111 -4533 Plot Opticrs: . )
32260361111 -47.01 spring is a constant value (e.g. force/length) or a
LTI  RESEE foundation spring (e.g. (force/length)/length).
B20200517111-4358 . .
71970021111 -4383 M = ez Constant springs use k;,,=0, foundations use k=1.
81.910011111-49.92 a a
91.860.001111-5000 . : :
101.460.001 111 -50.00 [ material % Y ou can enter as many springs as you like.
111.06 0007117 -5000 )
[ stiess mag. The springs always go to “ground”. Therefore they
Elements [z : cannot be used to connect two members.
elemtt | nodei | nadsj | thickness | matit [ strese dist
T2 0070000 100 —— Springs appear in the picture of your model once you
2230070000700 ; i
3340070000700 define them.
4 4 50070000700 traint . - .
5 5 £ 0,070000 100 I e Springs are modeled as providing a continuous
BE ¥ 0070000700 : :
= 7 80070000100 o contribution along the length.
8830070000700 1
5510 0.070000 100 - ‘ ﬁ
101011 0.070000 100 v | erigin
Lengths 2]
| 11141720242336425 1627430108131 15813 023027733440 3487088703830 61023124615604181.52190264.3 319.0384.3 464 5 5606 B7E.5 &
Springs 2] Constraints 2]
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOF,
27 21.0001 0




Load | Save Input -‘ Froperties ‘ Analyze

Pzt Compare ‘ ?‘ Print ‘ Copy ‘ Rezet ‘ ExIT

Material Properties ¢ C/Z template
atdt | Es | Ey | s [ v | Goy —_—
D ouble Elerm.
100 23500.00 253500.00 0.30 0.20 1134615
help
Nodes j IIpdate Plat
nodedt |« | z | #dof | zdof | pdof | gdof | stress R Purlin with a Sheetlnq “ Sprinq" examp|e
12500631111 -4476 _ _
22390431111-4593 Plat Options: Usethe LGSl Z 12 x 2.5 14g model from Tutorial 3
32280361111 -47.01
42170231111 -4203 . . . . .
ES0E009111 14995 I e The applied bending stressis restrained bending about
B20200517111-4358 i i i — i i i ici
AT 0021111 4985  element # the geometric axiswith f, =50 ksi. (fl_rst yield isin
51.910.011111-43392 tension in this model as the flange widths are slightly
91.860.001111-50.00 - : .
101.460.00111 1 -50.00 HE different sizes)
111.06 0007117 -5000
[ stress mag. Assume aspring of k = 1.0 (kip/in.)/in. existsin the
ﬁleﬂmegts i ) | - eecia vertical direction at mid-width of the compression
i k 0 . . . .
s flange. (Ignore, in this case, rotational stiffness
555 norannn 100 ™ coordinate: contributions from the sheeting, etc.)
33 4 0.070000 100 _ o _
4450070000 100 WV constraints See Springs below for the definition of the vertical
§ £ 7 0.070000 100 _ spring.
¢ 780070000700 [V springz
8830070000700 1
9910 0.070000 100 -
101011 0.070000 100 v | erigin
Lengths 7
| 11141720242336425 1627430108131 15813 023027733440 3487088703830 61023124615604181.52190264.3 319.0384.3 464 5 5606 B7E.5 &
Springs ? Constraints 7
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOF,
27 21.0001 0
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Plat Mode

= z0 (3D ¥ Undef.

half-wavelength

23
< >
Scale I 1
mode 1
- -
file: 2
< >

loaded files:
1 =LG51-Z-12-25-140.mat

2 =LG51-2-12-25-140-ke1. mat
3 =LG5I1-E12-25-140-k1_2 mat

Plat Curve
v Min. v Logi
RrniF 0
wmas 400
yrmir 0
[T on
modes | 1
- -3

plat files = I =

The buckling curve below
shows the results of an
analysis without the springs
(1) and analysis with the
spring (2). Note that the
spring has greatly increased
the distortional buckling
stress.

half-wavelength = 23

filerimber = 2

The buckling mode to the
left shows distortional
buckling with the spring in
place. Note, the “star”
denotes the existence of the
spring in the model.

load factor = 1.7408 mode = 1

filename = L5121 2-258-140-kz1.mat

25 . : .
2 - -
5 150 .
[
£
=
= 1rF 1
051 5.2.0.68 23.0,0.70 ]
|:| | L 1 L L R |
10’ 10°

Example for demonstrative purposes only - 55098 sheeti ng may have much lower
stiffness, and other factors may be considered in the analysis.

halfwavele




buckling load PCr (kip)

Spring verification

400 ‘ ‘ ‘

—e Euler k=0

CUFSM k=0

350 - — e Euler k=0.001 kip/in./in.

5~ CUFSM k=0.001 kip/in./in.
300
ol \\\ E = 29500 ksi

| =106.736in.*
%& weak
200 | O Pos [TEEN(L2)])(A+kLY (T ED) ) v
\\\ ////
\ O\ 4
150 \) o
- P
100 |
O
-
50 - 8
o
..
O — 9 &
| | | | | |
200 400 600 800 1000 1200 1400 1600

length (in.)



Multiple materials

 Multiple materials may be used in a single
CUFSM model

* EXxplicitly modeling attachments that are of
different materials may use this feature

« Some unusual geometry changes may be
modeled by changing the material properties




Load | Save Input

‘ Froperties ‘ Analyze ‘

Pzt ‘ Compare ‘ ?‘ Print ‘ Copy ‘ Rezet ‘ ExIT

Material Properties 21| crzienpiae 0.25 in. thick sheet E=1/10E,, see mat# 200
rnatt | Ex | Ey | s |y | Guy —_— ' ' steel’

Diouble Elern.
100 29500.00 29500.00 0.30 0.30 11346.15 &7 o7 T o7 o o
200 2950.00 2950.00 0.30 0.30 1134.62 help - R _ PP—, .
Nodes 2 e r perfect connection at L
nodedt |« | z | #dof | zdof | pdof | gdof | stress R . . 0 0
— mid-width between stud
25.000.0011111.00 Plat Options: and sheathing done by
32600007111 1.00 ;
40.00000711111.00 % node & constrants.
AO0030071111.00 16 flf
EOO0EDDTT111.00 - i - i
e 001 111100  clement # Toe-to-toe studswith 1-sided Sheathing
g2603.0071111.00 . .
35.009.0011111.00  aterial Use apair of the default CUFSM Cee sections and
105008001111 1.00 : :
1160070071111.00 connect them to a0.25 in. sheathing on one flange

[~ stiess mag. only. The sheathing should have E=1/10E_,
Elements 2 I b

elemtt | nodei | nodej | thicknezs | matt

11 20040000100
2230040000100
3340040000100

4 4 50.040000100
556 0.040000 100
667 0.040000100
7720040000100
8830.040000100
3310 0.040000 100
1011 12 0.040000 100

[ ztress dist,

[ coordinate:

[v constraints
[V springz

[ onigin

Note, the use of a second material and the
constraints that are added to model the connection.

i

Lengths

ﬂ

| 1.0203040506070809.010.011.012.0132.014.015.020.030.0 40.050.0 60.0/70.0 80.0 30.0 100.0 200.0 300.0 400.0 500.0 £00.0 700.0 200.0 300.0 1000.0

Springs ? Constraints 7
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOF,
0 811.000 22 1

181 1.000 251
821.00022 2




Load | Save Input ‘ Froperties ‘ Analyze Pzt Compare ‘ 7 ‘ Print ‘ Copy ‘ Rezet ‘ ExIT
Material Properties ¢ C/Z template
atdt | Es | Ey | s [ v | Goy —_—
Diouble Elern.
100 29500.00 2950000 030 0301134615 { 1] + il ¥+ 0 + ] }
200 2950.00 2950.00 0,30 0.30 1134.62 help o o ] o .
oo oo
Nodes j Ilpdate Plot I‘ I1
nodedt |« | z | #dof | zdof | pdof | gdof | stress prate Fio
100 11
15001.0011111.00 _ i _q i
S 0000011 111.00 Plot Options: Toe-to-toe studs with 1-sided Sheathing
32600007111 1.00 . . .
40.000.0011111.00  node & Material numbers are shown using the material#
AO0030071111.00 . . .
EO000EODT1111.00 check-off in the plotting section.
70.009.0011111.00 [ element # o _
g Egg ggg ] ] ] ] ]gg Theloading is pure compression on the studs, and
105.008.0011111.00 v material # | 100 1o stress on the sheathing. il
11T 60071.00711111.00
[ stress mag.
Elements B _
elemtt | nodei | nadsj | thickness | matit [ strese dist
11 20040000700 — dinate
2 230040000100 CORIEInatE:
3340040000100 1 00 11
4 4 50040000100 I? conztraints
556 0.040000 100
B E 7 0040000100 : oo oo
7 7 §0.040000 100 ¥ springs rom 1o o -
2830040000100 it bt bt it
3910 0.040000 100 2 o
1011 12 0.040000 100 IV [origin
Lengths 7
| 1.0203040506070803010011.012013.014.015020030.040050060.070.080.090.0100.0 200.0 300.0 400.0 500.0 6000 700.0°300.0 900.0 1000.0
Springs ? Constraints 7
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOF,
1] g811.000221

181 1.000 251
821.00022 2
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Plot Mode ! Local buckling is ‘ —1
not affected by the b
20 3V Undef sheathing, but
half-wavelength distortiond
buckling and long
<= = > | 2 wavelength
Eoak I - buckling is...
5
mode . 1 . . | |
file: 2
g S
half-wavelength = B load factor = 13,0659 mode = 1
filerimber = 2 filename = bwo_defaultCs_comp_zheet mat
20
Plat Curve ? 15| weak-axis flexural
e g buckling occursin
W Min. W Logi ’ &= .
= 5 . : the model with the
A ! &t @ sheathing
=]
s 1000 2 Cf 70.0,9.99
_ locél and distortional
o d °r buckling for asingle i
[ a0 ol member
?.D,%.EE -
des 1 Dn 3 'Iz T
e = | | 2 10 10 10 . o
haltwavelengttf | €XUral-torsional buckling occursin
12

plat files = I

asingle isolated member




Orthotropic Material

« QOrthotropic materials may be used in CUFSM

* Plastics, composites, or highly worked metals
may benefit from using this feature




Load | Save Input

‘ Froperties ‘ Analyze

Pzt Compare ‘ 7 ‘

Print ‘ Copy ‘ Rezet ‘ ExIT

atdt | Es | Ey | s [ v | Goy
Double Elem. . .
100 29500.00 23500.00 0.30 0.30 5673.00 e Simply supported plate where G, is 1/2G,y,, i
help
Low G modulus are typical concerns with some
i . .
Nodes B I modern plastics and other materials. Also, some
p
nodedt |« | z | #dof | zdof | pdof | gdof | stress ) ; .
sheathing materials may be modeled orthotropically.
10.000.0000111.00 _
22500.0011111.00 Flot Options:
35.000.0011111.00
47500.0011111.00 v node #
510.000.0010111.00
[ element #
[ matenial # = = i -
[ stress mag.
Elements B _
elemtt | nodei | nadsj | thickness | matit [ strese dist
1120100000 100 :
2 2 30.100000 100 [ coordinate:
334 0.100000 100
4450100000100 v constraints
[V springz
[ onigin
Lengths 7

| 40E08010.012.014.016.018.020.0

Springs
nodedt | DOF[x=1,2=2 v=3theta=4] | kzpring | kflag

Constraints
nodefte | DOFe | coeff. | nodettk | DOF,

0

1]




Load Save Input Froperties Analyze Pzt Compare | '?l Print Copy | Reze CUFSM25
half-wavelength = 10 lnad factor = 8.8 mode = 1
Flot Mode
&2 W Undef.
half-wavelength &l . ' ' L]
10
<= -
Scals I 1
mode | 1
£ -
Stress Distribution T[ZE t 2 _’_[229500 0.1 2
Isotropic Theory — f, =k > (—j =4— 2‘( ) =10.66ks
121-v2)\b) ~12-032)\ 100

Plot Curve
¥ Min. v Logi
RrniF 0
HIMas 21
Jrnin 0
SIS 20.5563
modes 1
- -3
Text Output

vs. 8.80 ksl when G,

= 1/2G,

sotropic

BUCKLIMG CURYE

20 . -
15}
5
E
Z gk ]
e
[1ud
=
10.0,8.60
5L il
|:| |
10"

halfwavelength



