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Lysaght C20015 example. Simply
supported 4.8m span. No bridging.



C20015 is modelled in CUFSM.

5mm radius.
No sharp
corners
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Modelled section properties are similar to
Lysaght actual properties
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1 MPa yield stress is applied in the major
principal  direction. No other directions
considered.

Stress
distribution
diagram

1MPa

COMPRESSION

TENSION

DOWNWARD
UNIFORM LOADING
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Simply
supported
condition with
4.8m span
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E = 200,000MPa

v=0.30

0 degree of
freedom in
X-direction at
Note 27.
Prevents
translation
under
downward
loading
(screwed to
roof sheet)

COMPRESSION

TENSION

No springs
applied.
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Global l buckling
at 4800mm
length is
2126MPa > yield
stress of 450MPa

Local buckling
at 100mm
length is
206MPa

Distortional
buckling at
620mm length
is 214MPa

Therefore, min. strength is 206MPa (local buckling)

Local buckling
at 100mm
length 206MPa
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Lysaght gives capacities
as ultimate udl in kN/m.

Max. downward
capacity is 2.88kN/m
from the table.

This is equal to 8.29kN.m
moment (wl²/8).

This is equal to bending
stress of M/S = 8.29/34.7
= 239MPa

Lysaght result is 16% higher (239MPa) vs
CUFSM (206MPa) as we only restricted
the lateral movement and not
torsional rotation.
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This affect can also be demonstrated using
100,000 Nmm/mm translational restraint
instead of degree of freedom.
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Instead of restraining lateral translation,
we used x-direction point spring with a
value of 100,000 Nmm/mm throughout
the length

Local buckling
at 100mm
length is
206MPa

Distortional buckling
at 620mm length is
214MPa

SAME RESULTS AS WITH DEGREE OF
FREEDOM RESTRAINT
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What happens if we also restraint the

vertical movement in addition to
horizontal at node 27 (middle of top
flange) under downward loading?

Deflected
shape at local
buckling

Local buckling
at 100mm
length is
270MPa.

Distortional and global
buckling values are too
high that they don't
govern any more (more
than yield stress). Section
will yield before buckling.

Interestingly, average of 206MPa (with lateral restraint only) and
270MPa (with torsional restraint only), is 238MPa, very close to

239MPa of Lysaght brochure capacity, for this purlin.
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Now, let's go back to restraining the lateral
freedom only at Node 27 but reverse the
loading for uplift.

Instead of
-1MPa we
applied
+1MPa for
uplift loading.

Tension at top

Compression
at bottom
flange
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Buckling diagram changed

Still local
buckling at
100mm lengths
for 206MPa

Distortional buckling at
580mm length now at
197MPa - does not govern

Global
buckling at full
span length of
4.8m is now
only 85MPa

Upward capacity with 0
bridging 1.51kN/m from
the table.

This is equal to 4.35kN.m
moment (wl²/8).

This is equal to bending
stress of M/S = 125MPa.

Lysaght capacity
125MPa is about 47%
higher than CUFSM

(85MPa) because we
only considered lateral
restraint at top flange.
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Using a torsional restraint of 200N/rad in

addition to 100,000 Nmm/mm translational
restraint at top of middle flange (Node 27)

provided similar values to Lysaght 131MPa for
uplift global buckling.

Global
buckling at
4.8m length is
131MPa
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Let's see if this combination gives close capacities

for uplift with 1 bridging to that of Lysaght.

Node 20

No changes
to first line

Added lateral restraint at half
span to simulate 1 bridging
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Local buckling
at 100mm
207MPa

Distortional
buckling at
540mm
228MPa

Global
buckling at
4.8m 361MPa

Min. is 207MPa local buckling (similar to
downward loading of 206MPa). Lysaght is

239MPa.



PAGE-18What does this very crude example tells?
1. if we model any shape in CUFSM using these concepts, the
software capacities will be a close match to the real
capacities.
2. Torsional restraint should be chosen with caution. Can solar
panels provide torsional restraint to rails/purlins?
3. Buckling reduces capacity. Sections buckle well before
yielding if restraints are not available.
4. A translational restraint of 100,000 Nmm/mm was equivalent
to 0 degree of freedom in the the lateral X direction.
5. For C20015 purlin:
Global buckling for uplift loading with 1 row of bridging was
equal to local buckling under downward loading without
bridging (also confirmed from Lysaght brochure)

Let's now model LC90 profile with same concept with no
bridging. Simply supported 3m span and sharp corners.
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Translational
restraint applied to
Node 15

Kinked profile

LC90 Profile



PAGE-20

Local buckling at 300mm
length 1300MPa > 550MPa
yield stress

Buckling does not govern under downward
loading.



PAGE-21

Local buckling at 200mm
length 1047MPa > 550MPa
yield stress

Global buckling is still less than Yield stress

Global buckling at 3m is
243MPa (about half of
550MPa yield stress)

TOP LATERAL + TORSIONAL
RESTRAINT
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Let's refine the profile to avoid sharp
corners, for that we subdivided the

shape into 153 elements capturing x and
y coordinate for each point in CAD

through a custom in house LISP

Restraint
applied at
mid-flange
width did not
improve results

Let's apply restraints
to four points: Node
11, 12, 29 & 30
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Apply excessive restraint at four top
points immensely helped. Local and

Global buckling is not governing,
however now, distortional buckling

governs with a wavelength of 1600mm
with a value of 349MPa.

Buckling at
1.6m, 349MPa
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In this example, instead of four, only
two points were restrained (Node 11

& 30)

Node 11 Node 30

Global
buckling at 3m
387MPa

Buckling at
1.8m, 263MPa

Similar results if restraints are applied
to Node 12 & 29
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In this last example, we applied 0

degree of X-direction freedom (full
lateral restraint) on the top flange

from Node 10 to 30, but no torsional
restraint, no buckling mode governs.

RESTRAINED

We compared this concept with
the sharp corner profile

example and found that sharp
corners yielded better results. In
summary there was no need for
the rounded corners refinement

in this software.

1050MPa for
sharp corners 815MPa for

sharp corners

However, major
difference in

restraining the top
flange of this

section vs Lysaght
C20015 which

offered no
improvement.

So the Final Question: Is this assumption correct that solar panels can
restrain the full top flange? As under partial restraint flange, buckling still

governs. And if the answer is YES, then can solar panels handle that much
compression? (X-drection restraining forces from two purlins)???
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