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Presentation Outline — FEA for Connections
BOTH FEA

JIOSVN

7 FEA used for
e

Connection Design

* Applicability of FEA
 Modelling Strategies and Non-

Linearities
PRESENTATION Understanding Results

OUTLINE e Capacity checks
* Comparison Examples
* Questions
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Learning Outcome

Identify when FEA is applicable, understand the
setup of the basic parameters and capture results
to perform a FE design of a connection.
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Situations where FEA is NOT Efficiently applicable

REPETITION

¢ 15min
.

.

&

ANALYTICAL
ROUTE EXISTS

A
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// Ye |/ 27
,// A
2l = A
b 4
Ll
PL%—" }\
1//
PLYx18 — ¥
L Pp =33 kips
P, = 100 kips

Fig. J.1-1. Geometry and loading for Example J.1.

Note: Beam flanges not
shown for clarity
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Fig K.1-1. Connection geometry for Example K.1.
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Situations where FEA is applicable — Non Linearities

JIOSVN

E: 50Deg - Transverse Force

Lguivalent {von-rdises) Stress - Claj

Plasticity

Type Fguaivalent fron-Pdoes) 5
Unit: psi
Time: 1,45

64135 Max
30000
43779

Friction
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Situations where FEA is applicable — Irregularities

JIOSVN

Irregular

A: Static Structural
Equivalent (von-Mises) Stress - Welds - (66667 5
' Type: Equivalent (von-Mises) Stress

Unit: psi
Time: 066667 5
26/07/2022 08:48

54476 Max
50000
43753
37506
31259
25011
16764
12517
62701
22.915 Min
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Modelling Strategies Planar Elements or Volumes?

3D Elements

2D Elements

. Equilert von-)

Well
Behaved

1.5537e8 Max

53107
4550167 §
370037 i
3.09%e7 o
5
20707 ko
5N
151077 5

759866
61422 Min

T ATAYAYAVAVAV
SIS

% Eccentricity

e,
N8
5
5

7S
.
I

Large D/t
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Modelling Strategies MESH )
ASPECT RATIO M S
STUDY

[ OK
" 1.80E+07
NOT OK

~ 13.0
12.0
11.0

A 10.0
0.00E+D8 -
A 0.28 0.13 C 0.085 D042  0.032

ORDER? 8.0 onv.

Mesh Size [m] 4
e
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STRESS RESULTANTS =
FORCE CONTROLLED

Modelling Strategies - Loading

DISPLACEMENTS =
DISPLACEMENT
CONTROLLED

SEARCH FOR ULTIMATE CAPACITY IN MOST CASES =» FORCE CTRL
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INSTABILITIES; HIGH NON-LINEARITIES OR BUCKLING =» DISP. CTRL




Modelling Strategies - Loading

A: Frame 6233

Static Structural

Time: 1. s

Items: 10 of 11 indicated

JIOSVN

|A] Persup_88 Remote Displacement
. 915 Remote Force: 35729786 Ibf
. 915 Moment: 32901921 Ibfin

Bl 3178_LGS;3178CALC Remote Force: 753
. 3178_LGS;3178CALC Moment: 181014441
. PerDiv_19 Remote Force: 66939.213 Ibf
. PerDiv_19 Moment: 332657.23 Ibfin
[l 7067 EDGE Upstand;7067CAL

[l 7067_EDGE Ups ent: 229465.69 Ibtin .

. bo 65 Perim;2075CALC;5534CALC Remote Force: 18080.292 Ibf

F: Final 2x Load - Tension Side 2 Elongated Holes
Total Deformation

FULLY RESTRAINED
\[0]p]=

Applied Load or

LO CATI O N F RO M Displacement o’
GLOBAL MODEL
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STRESS

Non-linearities - Material
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Non-linearities — Advanced Material

0.005 0.01 0.015 0.02

0.025

0.03

0.035

0.04
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Non-linearities - Geometrical

IMPERFECT
SHAPE

ZERO STIFFNESS LD-"ON”
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F: ODeg - Aligned Force

Non-linearities - Contact CONTACT

Time: 1.65 STATU S

F: ODeg - Aligned Force . Over Consﬂﬂn;l - /§

5 Hw @ N\
D Near ..

. Bolt Pretension: Lock

. Bolt Pretension 2:

@ Force: 97500 Ibf
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FORCES FROM
MODEL

/

A: Static Structural

Understanding the Results =%

Items: 10 of 15 indicated
25/07/2022 19:13

D
A | Acceleration: 694.96/d

CHARACTERISTIC LOAD-

loint: 27348 Moment: 2.9876e+005,

K ‘ran 93 Joint: 27963 Remote Force: 1588
D I S P LAC E M E N I P LO I . . ame: 231955005:27963 Moment: 1.288

B Fra. 22633 Joint: 27552 22mote For,

JIOSVN

. Frame 12633 Joint: 27582 Moment:

200%
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% of Load from
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Understanding the Results
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APPLIED MOMENT [KIP*IN]

Deriving stiffness —Between Fix and Pin VIEMBER $

STIFFNESS &

a

0

_I

=l

[Tl

Up)]

_|

FREE TORSION? m

m

" MEMBER MEMBER+CONN S

18000 A + O

STIFENESS

16000 ) PRETENSION STIFFNESS %

14000 T

W/ FLEXIBLE a

CONNECTION 43
8000

6000 o ’m

4000 %
2000

rot [radians]

0 ENDPLATE+FRAME§
0.00E+00 5.00E-04 1.00E-03 1.50E-03 2.00E-03 2.50E-03 3.00E-03 3.50E-03 4.00E-03 -
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Deriving stiffness —Between Fix and Pin

JIOSVN
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Specific checks for Plates

20% ENLONGATION

LIMIT

DOES NOT CONSIDER:

DUCTILITY —O

STRESS

5% - STRAIN AISC = 0.02/T
LIMIT (COMM. CHAP. K)

STRAIN

F: Final 2x Load - Tension Side 2 Elongated Holes
Equivalent Total Strain - Straps - 1.55 s
Type: Equivalent Total Strain

Unit in/in
Time: 1.55
23/07/2021 17:09

1.0357e5 Max
50000
43755
37511
31266
25022
18777
12532
6287.8
43.256 Min

STRESSES

0.00
I
125!

0.0099651 Max

0.0097412
0.0085239
0.0073065
0.0060892
0.0048719
0.0036546
0.0024373
0.00122

2.6455e-6 Min

* NOTCHES;
* RESIDUAL STRESSES;
* NECKING RESTRAINS

STRAINS - OK
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Slip Critieal Design

Shear Tension

L L [bf]
olt.1 - Tab.2 -3395.97 105812 -1686 11113 ClassB 05 28000 2
olt.1 - KnifePlate.2 339013 -10586 -1698 11116 ClassB 05 28000 11109 cF01
olt.2 2 -3985.47 184349 -7576 4391 T ClassB 05 28000 11457 0383 >
ol te.2 398503 -18484 -7652 4393 T ClassB | 05 28000 11455 0.384
olt.3 - Tal -4447.89 300758 -10265 5369 21 LR R 28000, 2930 O.6IT. m
. 444008 -20017 -10275 5362 27 ng-
CO D E -19055 -60231 -10585 6317 ong-s| n
191348 60555 -10630 6351 10630 | Long-s|
FEA DISTRIBUTES aw e oo et CHECKS USING 0
62.2874 202685 -0.106 212 0 Long-3|
o2 s P oo
-796.233 -330.78 -T748 862 775 Long-s|
CAPACITY &
LOAD o e e m ol SDREANSHEETS
60464 65459 -T456 608 746 Long-|
F R O M T E STS 405.371 579053 -2413 707 241 | Long-s|
-405.843 -57846 -2426 70T 243 | Long-s|

LINEAR ELASTIC MATERIAL &

HONJH4INOD 1491S dHL

INTERGATION OF STRESS AT
THE CONTACT SURFACE

OTHER EFFECTS
=>»PLATE CHECKS




Specific checks for welds

' -
LOAD = L

NEA«A-WRT
TRGILE STRNGTH « TOSILE LoD |
-

I

Image credit: Arcraft Plasma
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CAPACITIES CLOSE TO
ELASTIC METHOD
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Specific checks for welds




Specific checks for welds

LINEAR ELASTIC

Leg Aw_leg 0.707
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Throat

5 ELEMENTS

Tn_w_leg =0.707 % 0.6 x FEXX
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Specific checks for welds - Ductility

Ay = 1OBB; + 6) 095w < (0.17w, in.
= deformation of the ith weld element at ultimate stress (rupture), in.

FROM ICR
(8-4)

JIOSVN

Aui_min
w

= minimum rupture strain = 1.087(90° + 6)7%65 = 0.056

4. 2e+d

Stress

0.0e+0

FY_WeldFEA

= 0.6 *

0.0e+0

=train

7.2e-3

STRAIN LIMIT

FULL LEG LENGTH

F
EXX ABOVE THE LIMIT

R




Specific checks for welds - Comparison

WELD ¢pRn COMPARISON [kips]

<
>
(7
)
0

| ki=5"_
i ‘ WELD DUCTILITY CONSIDERED WELD DUCTILITY NOT CONSIDERED oo
-1 ‘ T _|
,o_‘ l ‘ NUMBER DESIGN CASE ANALYTICAL FEA ANALYTICAL FEA I
= ‘ T\ Point of load m
! appiceticn ©Rn [kips] METHOD ®Rn [kips] METHOD ®Rn [kips] METHOD ®Rn [kips] METHOD
M=t | Lis,a/i,‘ ﬂ
Fig. 11.A-26-1. Weld geometry—Solution A (0 = (), ] 11 - Fillet weld in 206 Soec. Ea. 122 180 PLASTIC ~ ~ 45 SHEAR STRESS I_I_I
Longitudinal Shear as i STRAIN LIMIT : LIMIT m
"V V27 g
1I.A-26 Excentrically Loaded PLASTIC ELASTIC SHEAR STRESS
2 Weld Group 9=00 84.8 ICR 85.5 STRAIN LIMIT 47.2 METHOD 39 LIMIT Z
| Pp =33 kips -rl
Y P, =100 kips I—l-l
Fig. J.1-1. Geometry and loading for Example J.1 m
+ 79 =g, I-I-I
. ] 3 I.A-26 Excentrically Loaded 155 ICR 164 PLASTIC _ _ 68.4 SHEAR STRESS Z
'{'R Weld Group 9=75 STRAIN LIMIT . LIMIT O
b I
£ .
=] — — ——
"
3
. PLASTIC ELASTIC SHEAR STRESS
4 Steel Quiz 62.1 ICR 57 STRAIN LIMIT 30.4 METHOD 21.8 LIMIT




Comparison to analytical results

JIOSVN

SHEAR PLATE

FIXED
ROTATION

FIXED
ROTATION

SEQUENCE
OF BEAMS

A

IMPOSED ACTION =
DISPLACEMENT
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5% PLASTIC STRAIN FROM
MODEL - 282k

LOAD-DISP CURVE

Comparison to analytical results
300

250
LOSS OF

20( STIFFNESS

254k FEA LRFD CAPACITY FOR

150

=
-
o

Ul
o
Vert Force (kips)

RELATED TO
BLOCK SHEAR

Vert disp (in)

2
>
(7,
0
0
_|
=l
[Tl
Up)]
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Comparison to analytical results
350

300

PLATE RUPTURE — 303k

<

BLOCK SHEAR — 273k

254k FEA LRFD CAPACITY
FOR PLATE STRAIN

< 7
WEB RUPTURE — 270k
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Vert disp (in) !
LRFD CAPACITIES LRFD CAPACITIES
0) 0.1 0.2
ANALYTICAL FEA
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ELASTIC
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Comparison to analytical results
WELD CAPACITY -
ANALYTICAL = 490k
348k

WELD CAPACITY — FEA
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Comparison to analytical results

WORST BOLT - ICR

BOLT SHEAR CAPACITY
ANALYTICAL= 254k

BOLT SHEAR CAPACITY
FEA= 331k
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Comparison to analytical results - Stiffness
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Assessment Question

« We are designing the erection aid below and need to count on the
torsional stiffness of it to stabilize our calculation model. Is a FEA
a suitable option?

* Yes
* NO
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Assessment Question

« We are designing the erection aid below and need to count on the
torsional stiffness of it to stabilize our calculation model. Is a FEA
a suitable option?

* NO
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