Tutorial 2

* SSMA Cee in Compression: 600S200-33 F, = 50ksi
* Objective

To model a typical Cee stud in compression and determine
the elastic critical local buckling load (P,)and elastic critical

distortional buckling load (P.y).
 Athe end of the tutorial you should be able to
— enter material, nodes, elements, and lengths from scratch
— apply a reference load P, or M as desired
— Interpret a simple buckling curve

— Identify local and distortional buckling in a simple member

— determine P., and P
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Load ‘ Save | npLat ‘ Properties ‘ Analyze Foszt Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Material Properties ? C/Z template g 5 &
matf | Ew [ En | v [ v | Gay _—
Double Elem.
100 29500.00 29500.00 0.30 0.30 11346.15
help a
Nodes 7 This screen shows the default
Ilpdate Flat .
nodedt | x| z | #dof | zdof | pdaf | gdof | stress section that appears when you
15.001.0011113333 . enter the Input screen for the
25.000.00111150.00 Flot Options: . .
3250000111 15000 B first time. In our case we do not
40.000.00111 150,00 W rode # : :
E0.006.001111-1667 i
O h05 001 111 000  element # need to start from scratch in
82.509.001111-60.00 order to enter our 600S200-33
95009001111 -50.00 | raterial # b
1068008001111 -32.33 W=l memaier.
[ stress mag.
Elements ? S c Highlight each section: Material
; ke strezs dist, .
elem#t | noder | nodej | thickness | mati Propertl es, NOdeS, El ementS,
12 12 % SSESSBS 133 ™ coordinate: Lengths and delete the current
334 0.040000 100
4 4 5 0.040000 700 |7 angt[aintg Val U6.
556 0.040000 100
B 67 0.040000 100 _
¢ 780040000700 v =prings 1
8839 0.040000 100
9910 0.040000 100 o
<+ = 2
Lengths ?
| 1.020304050607.0809010.071.012013.014.015.020.0 30.040.050.060.0 70.0 80.0 90.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0 1000.0
Springs [ | Constraints E
nodett | DOF[x=1,2=2 v=3 theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOFE
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Load ‘ Save | npLat ‘ Properties ‘ Analyze Foszt Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Material Properties [ C/Z template _ _ _ L
math | Ex | Ey | v vy | Gy — 1 Herewewill enter in the material properties, in this case
&+ PooiEEEm | they will be for steel: E=29500 ksi, v=0.3
help

Nodes 2]

nodedt | x| z | #dof | zdof | pdaf | gdof | stress

Ilpdate Flat

Plat Ootinms:

‘.7

Elements 2]

elem#t | noder | nodej | thickness | mati

¥ node 8

[ element #

[ material #

[ stress mag.

[ stress dist,

[ coordinate:

[v constraints

v =prings

Here we need to enter in the node numbers and the
coordinates that define the geometry. We just need to
enter in the corner nodes (we will ignore the corner radii
in this example).

Here we enter in the elements. We need to give the
connectivity of each element (what nodes are used to
make the element) the thickness of each element and a
number that refers back to the material being used.

__Finally we will need to enter in the half-wavelengths that

[v crigin i )
we wish to do the analysis at.
Lengths -
| r o
Springs 7| Constraints 7
nodett | DOF[x=1,2=2 v=3 theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOFE
0 1]




Load ‘ Save | npLat ‘ Properties ‘ Analyze Foszt Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Material Properties [ C/Z template _ _ _
math | Ex | Ey | v vy | Gy — 1| Now enter in the material properties as shown to the left.
Double Elem.
129800 29500 0.3 0.2 11346 - L et’'s define material #1.

Nodes

j

CUFSM allows you to define orthotropic materials, but

nodett | 1 2 | wdof | zdof | yelof | qdof | stess UpdateFlat || in our case we are just using a simple isotropic material.
ThereforeE, = E, andv, = V..
Plat Options: EX Ey X y
For isotropic steel:
¥ node 8
E=29500 ksi, v=0.3, G=E/(2(1+Vv))=11346 ksi
[ element #
_ If our cross-section has multiple material types we could
| matenal® ) Gefine anew material number and add arow to the
[ sessmag, | Material properties definition. That isnot necessary in
Elements 7] | thiscase.
elemtt | nodei | node) | thickness | mat [ stress dist ]
Let’sstart with the geometry next.
[ coordinate:
Remember a 600S200-033 Cee section has:
[v constraints 6 in. Web
% spings 2in. _flan_ge
0.62in. lips
¥ crigin 0.0346 in. thickness
Lengths 2]
|
Springs 7 Constraints 7|
nodett | DOF[x=1,2=2 v=3 theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOFE
1] ]




Load ‘ Save | npLat ‘ Properties ‘ Analyze Foszt Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Material Properties 2] | crzremplate _ _
matt [ Ex [Ey [ v | vy | Gay ——— 1 Now enter in the nodes and elements to define the
1 29500.00 29500.00 0.30 0.20 11346.00 Doublz Elem. bottom flange as shown to the left. Select Update
help Plot to see the resullts.
N?ges e e | 2] | Geaserw | Thenodesinclude anode number, followed by the x
i bl and z coordinate followed by 4, “1's” followed by
5S040 Plot Options: 1.0. The4“1's" indicate that there is no external
3*“-*'3'3 0.0071111.00 _ ox S longitudinal restraint at those nodes - for normal e
separate your entries by spaces e member analysis thisis always the case. Thefinal
We are using simple outside [ element # 1.0 isthe stress input on that node, we use 1.0, but
dimensions, o.k. for thisexample. Lip | — any value would do, because we are going to change

=0.62in., flange=2.00n.

Elements 2]

elem#t | noder | nodej | thickness | mati

[ stress mag.

[ stress dist,

thisinput later.
bottom flange

11 2 0.034600 1 oot The element definition requires you to enter the
223 0.0346001 element number, then its connectivity, then the
¥ constraints element thickness, and finally the mat#, where 1 refers
_ to the material we defined above.
v =prings
IV origin let’ s finish the nodes and the elements...
Lengths 2]
|
Springs 2] Constraints 7
nodett | DOF[x=1,2=2 v=3 theta=4] | kzpring | kflag nodefte | DOFe | coeff. | nodettk | DOFE
1] ]




Load ‘ Save

| npLat

‘ Properties ‘ Analyze ‘ Foszt

Compare ‘ ? ‘

Frint ‘ Copy ‘ Rezet ‘ EXIT

Material Properties

mattt [Ex | Ew | wa | vy | Gy

2

1 29500.00 29500.00 0.30 0.30 1134600

C/Z template

Double Eled

help

Nodes

nodedt | x| z | #dof | zdof | pdaf | gdof | stress

j

Elements

elem#t | noder | nodej | thickness | mati

Ilpdate Flat

Plat Options:

¥ node #

[ element #
[ material #
[ stress mag.

[ stress dist,

Select Twice

Note, use of the
double elem.
button is not
reversible, (“no
undo!”). You
may want to
save the model
before doubling
the elements.

]

Enter the last of the nodes and
elements and select Update Plot. The
model is nearly complete, but we
need to consider atechnical issue:
how many elementsdo | need to get a
good solution?

Four elementsin any “flat” in
compression will provide anicely
converged answer. Even two
elements does well, but 1 istoo few.

112 0034500 1 Press Double Elem. two times to
2230034500 1 W e increase the discretization of your
33400348001 y
445 0.034600 1 W constraints member.
55600348001
v =prings f
[w | arigin
=, I
Lengths ?
|
Springs ? | Constraints ?

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

nodede | DOFe | coeff. | nodefk | DOFEK

0

o




Load ‘ Save | npLat

‘ Properties ‘ Analyze ‘

Post

Compare ‘ ? ‘

Frint ‘ Copy ‘ Rezet ‘ EXIT

Material Properties
math | Ex | Ep | v | v | Gay

1 29500.00 29500.00 0.30 0.30 1134600

| 57 termnlate |

 After entering the lengths,

select Propertiesto define

the loading.
Nodes ? Undate Pl
nodedt | x| z | #dof | zdof | pdaf | gdof | stress el
120006211111.00 _
220004611111.00 Flat O ptions:
320003111111.00
42000161111 1.00 ¥ rode #
52000.0011111.00
§1.500.0011111.00
71.0000011111.00 [ element &
B0500.0011111.00
90.000.0011111.00 B
100.001.5011111.00 materls
1100030011111.00

[ stress mag.

Elements [ _
elerm#t | nodei | node] | thickness | matt [ stress dist
11 2 0034600 1 :
57 3 (1034600 1 [ coordinate:
334 0034600 1
4 45 0.034600 1 |7 constraints
5560034600 1
&5 7 0.034600 1 _
77 80034600 1 IV | spritgs
8890034600 1
9910 0.034600 1 -
101011 0.034E00 1 I arigin /

K=

et

enter in
lengths as
shown

/

=

— a0~

Now we need to define the lengths.
“Evenly” spacing the lengths in
logspace as done below isa
reasonable first estimate.

For local buckling the half-
wavelength of interest is closeto the
maximum dimension of the member
(6in. in this case). Distortional
buckling isusually 2 to 8 times that
length, and interest in the longer
lengths depends on the application.

let’s complete the loading.

= ]

et
L= T

ui 1]

Lengths

7

Maximize the screen, if you can’t see the cursor.

|1 2345678310 2030405060 70 80 30 100 200 300 400 500 600 700 200 300 1000

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

j

Constraints

ﬂ

nodede | DOFe | coeff. | nodefk | DOFEK
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Load Save | Fipik Froperties Analuze Post | Compare | 7 | Print Copy | Reset EXIT |
Calculated Section Properties

A =10.3389 £
wcg = 057651 zcg =3 E l o

lix = 2.1802 |2z = 0.22692 E relevant axes, origin,

W =2 zz=0 .

{ etc. are al shownon
lvz = -1.1102e-016 theta = 3. 2565e-015 the cross-section.
111 = 21802 |22 = 0 22692

Basic properties of the cross-section are
shown above. The area, centroid, moments
of inertia etc. should be what you expect,
otherwise you may have made a mistake
entering in the data..

z

Calculation of Loadz and kMoments for Generation of Strezz on kMember

tament calculationzs should consider

& Unsymmetric or " Festrained Bending
fy = 0

=

b =

hzz =

P11 =

M22 =

Generate Stress uzing checked P and M | ? I

Finite strip analysis requires that you enter in areference
longitudinal stress. The buckling load factor output isamultiplier
times this reference stress. The toolsto the left make entering in

the reference stress easier.

b aw Comp. =0 tin Tens. =0



Load Save Properties Analyze Foszt | Compare | ? | Frint Copy | Rezet | EXIT |
Calculated Section Properties
4 =03889 z
wocg = 0.57651 1
[ = 21802
Iz =-1.1102&-016 theta = 3. 2665e-015
11 = 21802 |22 = 022692 2
-G %
o
The loads are generated based on the f, you select. So, the ‘
generated P is the squash or yield load (P) for this section. The
M is the moment that causesfirst yield (M, ) etc. Based on the l

loads you check off, a stress distribution is generated.
\ 7

Calculation of Loads and Maomentz for Generation of Stresz an Member

taoment calculations should consider S =\:
% Ungymmetric\ar " Restrained Bending W Note, for this
fy = a0 Calculate P and i | ? | p Symmetn C section
l Loads and Moments the maximum and
minimum stresses
F= 19.4452
r ‘ are equal to the
s BT o inputted .
Mzz = 7.9704 r
11 = 36.3374 r
b2 = 7.9704 -
Generate Stregs uzing checked P and b | 7 l

Scale =| 1 M ax Cornp. = 50 Min Tens. = -&0



Load ‘ Save | npLat ‘ Properties ‘ Analyze ‘ Foszt Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Material Properties I Sty 20
matdk | Ex [ Ep | v [ v | Gy Return to propertiesto j%%%
1 29500.00 29500.00 0,30 0.30 11346.00 remove this bendi ng stress 3067

and define a compressive

Nodes stresson the stud instead.
nodedt | x| z | #dof | zdof | pdaf | gdof | stress ;
12000621111-39E7 _
22000461111 -4233 Flat O ptions:
32000311111 -4483
42000161111 -47.33 ™ node #
52000001111 -6000
G1.500.001111-50000
71.000.001111-50.00 [ element #
80500001111 -60.00
90000001111 -50.00 [N
100.001.5071 111 -25.00 materia
11 0.003.001 111 0.00

[v stressz mag.
Elements ?

elem#t | noder | nodej | thickness | mati

[ stress dist,

11 20.0346001
2300345001
34 0.0345001

4 500345001

56 0.0345001

6 7 0.034600 1

7 800345001
853 0.0346001
99100.034E00 1
101011 0.0246001

2
3
4
4]
B
7

[ coordinate:
[v constraints

v =prings

<]

ariagin

25

Here we can see that the
generated stress has placed a
pure bending stress gradient on
our member, note the entriesin
“Nodes’ to theright and the
values shown on the plot.

Lengths

j

| 1.020304050607.08.039.010.020.030.040.050.060.0 70.0 80.030.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 300.0 300.0 1000.0

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

[ | Constraints
nodede | DOFe | coeff. | nodefk | DOFEK
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Load Save | npLat Properties Analyze Fozt ‘ Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Eal ated Section Pro 2 e
4 = 0,3989 select 1, usethe :
woa = 057651 i robust solver, l
[wx = 21802 lzz = 0 22692 analySSWIII
proceed, then 1
lxz = -1.1102e-016 theta = 3. 26E5e-015 select 2

11 = 213802

[22 = 0.226392

Calculation of Loads and Maomentz for Generation of Stresz an Member

taoment calculations should consider

' |nsprnmetric ar

™ Restrained Bending

fy = 50 Calculate P and b
Loads and Moments
P= 15.4452 v
M = 363374 |_
Mzz = 7.9704 [
M11 = 3E.3374 [
M22 = 7.9704 [

Generate Stregs uzing checked P and b

7]

Enter theyield
stress, calculate
thePand M
values, and
generate a pure
compression
stress.

Scale = 1

SN

b &x Comp. = B0

Now our reference load is
P,, the squash load. So, if
the buckling load factor is
0.5 then elastic critical
buckling isat 0.5P,. You
can load with any reference
stresses that are convenient
for your application.
Maximum stress = 1.0, or f
are often convenient
choices.

kin Tenz. =0

y



Load Save Input | Properties Analyze Past Compare | ?l Print Capy | Reset | EXIT |
\ half-wavelength = 5 load factor = 0700134 mode = 1
Flat tode 2
change the half- _ _
e wavelengthto 5 The local buckling modeis

]

- -

half-wavelength /

?

and hit Plot Mode

Scale I 1

mode | 1
<= -

Strezs Distribution

Flat Curve ?
v | bdin. I+ Logi
XTI 0
RIMAs 1000
HrRir 0
Hrmax 067767
modes 1
g S

T et Output

0.at+

load factor
[,
(A i
T T

o
ka
T

o
—_
T

shown to the right. Note,
that there isno trandation
at the folds, only rotation.
Theload factor is0.10, so
elastic critical local
buckling (P,,) occurs at

0.10Py in this member.

50010,

10 10
half-wavelength

10



Load Save | npLat Properties Analyze Foszt Compare | ? | Frint Copy | Rezet | EXIT |
half-wavelength = 26 lnad factor = 032013 mode = 1
Plot Mode il
change the half- Distortional buckling is
20 3 W Undef wavelength to 26 | identified at a half-
half-wavelength and hit Plot Mode wavel ength of 26in. The
" elagtic critica distortional
- s | 2 | buckling load P,,,=0.32P,
Scale I 1
mode | 1
4 > ?
Stress Distribution ? \\Lj
BUCKLING CURNWE
Plat Curve ? . ————y . ———
0B -
W Hin. W Logi 05k |
XTI 0 =
= 04F -
S
RMax 1000 Z 03r -
i=] 26.00.32
Ymir 0 02F —
ymax 067767 01 N
5.0,0.10
des 1 Dn ' ' "'”'|1 ' ' """Iz ' — a
e - 5|2 10 10 10 10

half-wavelength

T et Output ?




Load Save | npLat Properties Analyze Foszt Compare ?l Frint Copy | Rezet | EXIT |
half-wavelength = 300 lnad factor = 0.037751 mode = 1
Plot Mode ? |' +
S o Hio At 300 in. the lowest
- W _ . .
neE buckling mode, is
half-wavelength Weak-aXI s f| exural
200 buckling of the
£ -3 ?
column, as shown to
Sale I 1 the | eft.
mode | 1
§- > ?
Stress Distribution ?
BUCKLING CURNVE
Plat Curve ? . ————y . ———
O&F -
W Hin. W Logi 05k |
XTI 0 =
= 04F -
i
RIMAs 1000 Z 03r -
= 26.00.32
Ymir 0 02F —
yma 067767 01 N
50,010
des 1 Dn ' ""'“|1 ' ""”'Iz ' — a
e - 5|2 10 10 10 10

half-wavelength

T et Output ?




Load Save | npLat Properties Analyze Foszt Compare ‘ ? ‘ Frint ‘ Copy ‘ Rezet ‘ EXIT
Plat Mode ? The comparison post-processor |
allows you to examine up to 8 '
& P [ Undd different runs at the same time.

Useful when comparing
different loading, geometry, or

half-wavelength

. 5 - other changes.
Scale

| s
rmode 1

< -3 ?
file: 1

s s 7

half-wavelength = &

note, the thickness differencein
the elements when you change

filerumber = 1

lmad factor = 0.101:34

all key info.
summarized here, in
this case we are looking
at local buckling of
600S200-033

mode = 1

filename = BO0S200-033. mat

between File 1 an File 2.
1.2F
Flat Curve ? ’
1k g
v | bdin. v Log# _ g o

L 2 08f "

i 0 g / 5.0,0.66
=

sma 1000 R

: 0.4F
ymin 0
e = 02F

d 1 d ST
modes . . - 1I:II:I RENE R 1

Remember the reference
|oads were equal to P,,

but the Py of thetwo
members are not the same
because the area is not the
same...

plat files = 12

half-wavelength




Tutorial 2: Conclusion

* SSMA Cee in Compression: 600S200-33 F, = 50ksi
* Objective

To model a typical Cee stud in compression and determine
the elastic critical local buckling load (P,)and elastic critical

distortional buckling load (P.y).
 Athe end of the tutorial you should be able to
— enter material, nodes, elements, and lengths from scratch
— apply a reference load P, or M as desired
— Interpret a simple buckling curve

— Identify local and distortional buckling in a simple member

— determine P., and P
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