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Advanced Bolt LC2

® Main Features;

Optimization and automation of bolt contacts and contact imprints. Gl

Build parametric rivets and bolts without CAD geometry in Mechanical including pre-tension.| “..= = a -

Add your own custom bolt geometries including automatic pretension calculation. s -
Evaluate rivet and bolt forces, utilization and fatigue according to Eurocode 3/AISC-360-16. | 5& =

" Business Value:

" Ansys unique automatic bolt creation replaces manual CAD work, meshing & contact setup. o

® Ease of use and speedup. Create and evaluate hundreds of bolts in minutes instead of Figure . Adv. Bolt Uf_max LC2

d ayS . Result Name fg;anced =
. . Bolt y
|Advanced Bolts
" Automatic bolt report for each selected analysis.
INominal Diameter, d 12.0 mm Head Diameter, dn
Stress Diameter, d- 10.4 mm Hole Diameter, do
Bolt
Bolt Code Eurocode 3 Bolt material class
Bolt yield strength, f» 1640.0 MPa Bolt ultimate strength, fus
Design bolt preload, Fz.ca |42865.0 N /Applied Pretension Force, Fe
Details of "Advanced Bolts M12" IConnection Category ::esgi?)an[ and Cut thread comply with EN 1090
= Bolt Head Plate ultimate strength, f |400.0 MPa Plate thickness, &
Scoping Method Named Selection Safety factor, ymz 1.25 Safety factor, yus
Named Selection Adv head Solid Shear resistance factor. av 05 Eesign shear resistance per plane an
= Nut/Thread 5= vFd
Scoping Method Named Selection Bolt 1d/Feca IN] |Fuza [N] | Ufae| Ufanea] Ufoearng U = el Bolt hole type Normal Bearing resistance factor, ks
Named Selection Adv nut Solid 1 4 2726+0412 008+030 83110 087 [0.035 0881 |0.315 |0.716 [0.368 [End distance (parallel), es 30.0 mm Inner distance (parallel), ps
= General End distance (perpendicular), ez [25.0 mm Inner distance (perpendicular), p=
Bolt Geometry File FlangeBolt_ISO15071 2 [4.272e+0411.993e+030.881/0.08610.035 |0.881 |0.915 0.715 |0 365 Bearing resistance factor, a» 0.769 Bearing resistance factor, k:
Material Steel bolt 8.5 3 [4:271e+046.6342+02/0.881/0.03010.012_|0.881 |0.315 0.659 [0.125 Design bearing resistance per hole,
Nonlinear Effeds o 4 [a271e+047.071e+02)0.881)0.031 [0.012 |0.881 [0.315 |0.660|0.130 Fore 57600.0N
Element Order Linear 5 |4.285e+04{3.199e+03/0.884/0.139 |0.056 |0.884 |0.316 |0.770 [0.586| (Class of friction surface None Plate slip factor, y
Bolt Dimension [mm] 12 6 |4.285e+04(3.278e+03|0.884/0.142 |0.057 |0.884 [0.316 |0.773|0.601 Slip resistance factor, k- 10 Design slip resistance per plane and |
Head Diameter 225mm 7 [4.2836+04)1 645¢+030.8830.071[0.029 [0.883 [0.316 [0.702 [0 302 ’ Fopa
solt Length omm & [42635+04]1 6436030 8830 071(0.028_[0.683 [0.316 [0.702 |0.301 Countersunk bolt_ No (Countersunk bolt factor, k2
Nominal Diameter Length |15 mm o 4 9750+0417 4446+0210 8810032 0,013 10881 |0315 [0.662 0136 gz?tlaneI::I_f;lon resistance, F:rd 148499 0 N Design punching resistance, Bpra
Head friction 014 10 |4.275e+04{7.417e+02/0.881/0.032|0.013 |0.881 [0.315 |0.662 [0.136| Result ltem - Scale Factor valus
Thread friction 014 11 [4.276e+04]2.220e+03]0.882[0.096 [0.039 [0.882 [0.315 |0.726 [0.407] Definition
Pretension from Code | Purocode 3 12 |4.276e+04]2.192¢+03]0.8820.095[0.038_[0.882_[0.315 0.725[0.402) By Time Dispiay Tme
Pretension Farce il Table 13. Advanced Bolf LC2 Results summary

Table 11. Advanced Bolt LC2 property list
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Save and Import Bolt Configuration & @l

" Rivet, bolt and result objects can be reused between models and projects to speed
up preparation and post processing. By using “Named Selections” the scooping is
applied automatic.

" Save Bolt Configuration writes a text file in the current solution folder.
All or selected rivet, bolt and result objects from the current analysis are exported.
The file can be used as a template for creating user defined bolt configurations.

" |Import Bolt Configuration reads a bolt configuration file and creates all objects in
the file unless an object with the same name already exists.

" The Save/lmport option can be used to copy the bolt setup from a Structural
analysis to a Thermal analysis or from one analysis to another.
It can also be used if the bolt configuration is defined outside of Mechanical or by
another automation app/Wizard.
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Optimize Bonded Contacts

" Bonded face to face contacts can be optimized
for bolt analysis by setting the smaller face as
“Contact” and the larger face as “Target” and
change behavior to “Asymmetric”.

m Select the “Connections” folder, “Contacts”
folders or individual “Contacts” and click the
button “Optimize Bonded Contacts” to update all
selected objects.

" An info message will show the number of
selected contacts to optimize and how many that
was updated.

edrmedeso.com

&

Filter: Mame -
A1 H el gl
Project

B Model (A4, B4)
----- ,,lﬁ Geometry
----- Materials
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------- ” :l,‘ Bonded - M12_bolt 1 To Rod
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Create Bolt Contacts it

iQQ|®ews® %o

Q@ @ @ Select W Moder 7T [ [ { @ ¥ Contact Body View oo

" Managing contacts for large assemblies with TN
many bolts is important to get consistent results. = ===

B, AT Materials

m “Create Bolt Contacts” will create a “Bolt TP e

&[] Bolt Contacts

Contacts” Connection folder and create bonded e

-+, Bonded - Bolts\Bolt M12 4 To Soli

= a “© 9y = P, Bonded - Bolts\Bolt M12 5 To Solic
contacts for all parts containing “bolt” in the
i e, Bonded - Bolts\Bolt M12 7 To Scli
B, Bonded - Bolts\Bolt M12 8 To Solic
., Bonded - Bolts\Bolt M12 1To Solic
n al I l e o : P, Bonded - Bolts\Bolt M12 2 To Solic
. e/, Bonded - Bolts\Bolt M12 3 To Soli
: " Rnnded - ReltelRalt M1 4TA Sl ¥

Target Body View s
Details of "Bonded - Bolts\Bolt M12 2 To Solicv § OO X

" Delete any existing duplicate bolt contacts in

Scoping Method Geometry Selection

Contact 1 Face

other contacts folders. -

1 Face

Mo

" The created contacts can be edited, e.g.

Scope Mode Automatic

changed to frictional contact. o i

Trim Tolerance 0.1 mm ¥

" Tip: Multi-select parts in Geometry group and =~ =% oo o

small Sliding Program Controlled 25.00
Detection Method Nodal-Projected Normal ... :

p reSS 13 F2” to re n a m e . Penetration Tolerance Program Controlled

edrmedeso.com ﬂ%&so




Bolt Contacts Match JaF

; &[%|C -+ etk Mode~ 27 B ;
" For tetrahedron meshed parts the bolt contacts ** e ] QQ @ @5k KMode- TREE W

= |MName Search Outline
match can be used to create a “Bolt Contacts g g ematen °
Match” folder in Mesh Edit and create - peeaien

[z o @ Mesh

corresponding mesh imprint for the bolt contacts. 25 e

----‘g% Solid\Solid 4 To Bolts\Bolt M12 2
-5 Solid\Solid 4 To Bolts\Bolt M12 3
@ Solid\Solid 4 To Bolts\Bolt M12 4
-5 Solid\Solid 4 To Bolts\Bolt M12 5

" The mesh imprint will improve the contact 3 Soidid 3 ToBasBat M2

. . - R Solid\Solid 3 To Bolts\Bolt M12 7
calculation as the contact and target mesh will Y St 3 To B ML 1
- ®0 Solid\Solid 2 To Bolts\Bolt M12 2

I I I atC h . o @0 Solid\Solid 2 To Bolts\Bolt M12 3
@0 Solid\Solid 2 To Bolts\Bolt M12 4
-y @0 Solid\Solid 2 To Bolts\Bolt M12 5

‘g% Solid\Solid 1 To Bolts\Bolt M12 &
e B S\ Enlid 1 Tr RelteRAl M127 Y
£ >

" ThIS IS a'n eaSy alternatlve InStead Of USIng Details of "Solid\Solid 4 To Bolts\Bolt M12 2" + . O X
“Inflation” around the bolt holes. oo TCromey seieion

Primary Geometry 1 Face
Secondary Geometry | 1 Face

Primary Bodies
Secondary Bodies

[=|| Definition
Scope Mode Automatic
Tolerance Type Value
Tolerance Value 0.1 mm
Suppressed Ma
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Rivets T

2 . H £ o 8 z w &l % | O Select " Moder {7 [ ¥ B2 = | [F Clipboard~
" Arivet is a simplified joint element that can CT— T Qaleselmiomsaat e ==y BERRBBE " ? S F

connect parts without pretension and can take  ° £z,

‘/@ Materials
w5 Coordinate Systems

both forces and moments. o o

[ ‘/Q Mesh
M- & Named Selections
B[ Static Structural (A5)

" Rivets can be used instead of bolts and contacts ~ ..2=™

./D Farce

to connect parts locally at each bolt hole. ) e

E| T Rivets Group
W18 Rivets D12
B gl Simplified Bolts Group

" To create rivets, select a group of hole edges, Y by

| B Advanced Bolts M12

select a material, shaft/head diameter and max * <8 s

Details of "Rivets D12" oo

thickness. o Rivet Hotes

Scoping Method | Mamed Selection

Mamed Selection |Rivet haoles

® The rivets are visualized with a disc for the head |= oefinition

Material Steel bolt 8.8

and a green line for the shaft and an id number | wonineariteas o

Shaft Diameter 12 mm

at each interface.
Head Mass 0.01353083584 kg
Max thickness 15 mm

" The head behavior can be “Rigid”, “Deformable” | lsnwier — risis
or “User”.
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Special Pretension Features

® Recommended Pretension Force

® Based on the selected materials “Tensile Yield Strength” or “Tensile Ultimate
Strength” from Engineering Data the recommended pretension force can be
automatically calculated based on the selected bolt shaft diameter and code.

® This feature allows you to easily change bolt dimension and have the correct
pretension applied automatically.
" Sequential Bolt Pretension

® For detailed pretension analysis the order of bolt pretension can easily be
studied with the sequential bolt pretension feature without needing to create
several bolt pretension objects.

" To set up sequential pretension define the geometry scoping in the order you
want them to be pretensioned. The selected scoping order is the same as the
bolt “Id” displayed on each bolt in the graphics window.

®" The “Load Step Apply, Lock and Embedding” is then defined using a list
syntax for incrementing the load step number when the load is applied.

" Pretension Type

" For large deformation analysis the pretension type must be changed to
“MPC184” to avoid constraint forces and moments in the bolt shaft due to
global rotations.

edrmedeso.com

B

Bolt shaft

Scoping Methaod

Mamed Selectian

Mamed Selectian

BaoltShafts

Definition

Material

Steel bolt 8.8

Monlinear Effects

Mo

Shaft Diameter

10,354 mm

Pretension from Code

Eurocode 3

Pretension Force

42865 N

Increment (Embedding)

-0,02 mm

Load Step Apply

1

Load Step Lock

2

Load Step Increment

3

Pretension Type

PRET5179

Contact Slip Radius

25 mm
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Bolts Pretension o

QQ Bw@E %% C-+QAQAAQ St &Mode- FIRRRBRME '~ P B = [FCipboard- [Em

Outline viOox
tine, [RE0D

" For custom bolt geometries the “Bolts Pretension”

/48 Bolt Settings
- A8p Report Settings

can be used to apply material, pretension force and | = suandmimasn
post process according to Eurocode 3. .

¢§ Sl_mphﬁed Bolts Group

" Select a group of cylindrical faces to apply the s gl
pretension. The shaft diameter is retrieved. i ST

/) Contact Tool
-+ Reaction force
-+ Equivalent Stress
) Contact Results

" The material can be modified by selecting from the | a0
material list of standard bolt materials and available | el St fretensien iz’
Engineering Data materials. ScopngMetiod [ Named Sledion

[=1| Definition

" The pretension can be calculated based on the shaft | =

diameter and selected code. L Shaft Diameter 10354 ey
Pretension Farce 42865 N

" The pretension force normal and bolt id number is resEE R

plotted on the geometry. Load iep nqement 3
Pretension Type PRETS179
Contact Slip Radius 25 mm
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Simplified Bolts

Simplified bolts can model bolt joints with pretension
with a minimum of added degrees of freedom (DOF).

The bolts uses beam elements and constraint
equations at the head/thread to connect to the parts.

The head/thread behavior can be “Rigid”,
“Deformable” or “User”.

To create simplified bolts, select a group of hole edges
for the head and group of edges/faces for the
nut/thread. Select a material, shaft/head diameter and
define the pretension.

The bolts are visualized with a disc for the head and a
green line for the shatft.

Both solid and shell parts can be used.

edrmedeso.com

(o]

utline viox
Name ~|s . v
{8} Bolt Settings
{8 Report Setting:
[0 Static Structural Eurocode 3 (A5)
Analysis Settings

Force
BC

0}

m
PR IOk tn =T

v #¢ Bolt Group Pretension M12

Details of "Simplified Bolts M12" s

B

Bolt Head

Scoping Method

Mamed Selection

Mamed Selection

Simple head Solid

Mut/Thread

Scoping Method

Mamed Selection

Mamed Selection

Simple nut Solid

Definition

Material Steel bolt 2.8
Maonlinear Effects Mo
Shaft Diameter 10,354 mm
Head Diameter 22.5mm
Head Mass Okg
Head Mode Position 0.25
Thread Node Position 0.5
Thread Length O mm
Behaviar Rigid
Pretension from Code Eurocode 3

Pretension Force

42865 N

Increment (Embedding)

-0,02 mm

Load Step Apply

1

Load Step Lock 2

Load Step Increment 3
Pretension Type PRET3179
Contact Slip Radius 25 mm
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Advanced Bolts

Advanced bolts can model bolt joints with pretension
with best possible accuracy including frictional
contacts, thread interaction and non-linear material.

The bolt geometry is based on parameter tables and is
visualized as a green solids.
Additional bolt tables can be added by the user.

The bolts uses solid elements and contacts at the
head/thread to connect to the parts.

To create advanced bolts, select a group of hole edges
for the head and group of edges/faces for the
nut/thread. Select a material, bolt dimension and
define the pretension.

The bolt pretension can be calculated from bolt torque
based on the friction coefficients and bolt geometry.

Both solid and shell parts can be used.

edrmedeso.com

Details of "Advanced Bolts M12"

Outline v hOXx
Name - v
@59 BC
[ Commen t
@ Titl
T Rive

/Tl Rivets D12 |
- a8 Simplified Bolts Group

Bolt Head
Scoping Methaod
Mamed Selectian
Nut/Thread
Scoping Methaod
Mamed Selectian
Definition
Balt Geometry File
Material
Manlinear Effects
Element Order
Element Divisions
Balt Dimension [mm)
Head Diameter
Balt Length
MNominal Diameter Length
Thread Start Offset
Head friction
Thread friction
Pretension from Code
Pretension Farce
Increment (Embedding)
Load Step Apply
Load Step Lock
Load Step Increment
Pretension Type
Contact Slip Radius

QQ e

0
U

A
\

Mamed Selectian
Adv head Solid

N
,\/'7‘\

X
{

J

Mamed Selectian
Adv nut Solid

FlangeBolt_IS0...
Steel bolt 8.8
Mao

Linear

16

12

22,5 mm

0 mm

12 mm

0 mm

0.14

0.14
Eurocode 3
42865 N
-0.02 mm

1

3

3

PRETS179

25 mm
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Advanced Bolts, Thread Mesh Sizing

" The number of element divisions can be defined for advanced bolts in the range from 16 to 48.
" Athread mesh sizing can be defined that is linked to the element divisions and thread pitch size, P.
" Athread start offset can be defined to elongate the bolt shaft into the thread hole.

El ----- o ﬁﬁ‘ Advanced Bolts Gru:uup

----- R [

LB it Advanced nut[ Insert
| £ g Bolts Pretension (175 "5y Suppress
t- 53¢ Bolts Pretension (184 )
----- ) Imported Load {A8) Duplicate
; -, Solution (B&) B Copy
Detalls of "Advanced thread (179)" £ cut
-|| Bolt Head .
- B Copy To Clipboard
Scoping Methaod Geomel
Geametry ? Edge: X Delete
=l| Nut/Thread Rename F2
Scoping Method Mamed
Named Selection AdvThr EET ElE
=I| Definition %5 Export Bolt Material
Bolt Geometry File Flangel (€3 Create Thread Mesh Sizing
Material Steel b .
- Delete Thread Mesh Sizing
Monlinear Effects Yes
[ — | Element Order CQuadratic
= Element Divisions 32
Balt Dimension [mm)] 12
Head Diameter 22.5 mm
Bolt Length 35 mm
J Mominal Diameter Lenath | 15 mm
Thread Start Offset 2mm [
0

edrmedeso.com

Outline vROx
MNarme - T
-, #, Remote Points "
(- %] Connections
= v G‘:a Mesh
iy B8 Bolt_hole

i B Face Meshing

/1@ Face Sizing

------- v B3 Thread sizing Advanced thread (179)
------- 54 Face Meshing Advanced thread (179)
[+ --(L[-“,I VIESH cait

o T Mesh Numbering

ails of "Thread sizing Advanced thread (17« I [ X
-|| Scope

Scoping Method Mamed Selection

Q Q [®]|w & %% C-

Mamed Selectian Adv Thread
-|| Definition
Suppressed Mo
Type Element Size
Element 5ize 1.75 mm
-| Advanced
Defeature Size Default (0.22742 mm)
Influence Volume Mo
Growth Rate Default (1.5]
Capture Curvature Yes

Curvature Mormal Angle | 11.25%

N eoNclo] @‘ @ Select " M

1‘

AAN '11'#
ZAVAVAY A
ZAVAUZAN

\N]

-
PG

LN

P(D=12mm) = 1.75mm

Aphi = 360/32 = 11.25°
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Child Setup =

" The Child Setup let you re-use the rivet and bolt setup from one linked parent analysis.

" This will make solution combination of bolt results possible both for “Grouped Results” and fatigue loads
using “Solution Combination” or “Solution Scanning”.

[ /1 Static Structural (AS)
------- . [ Analysis Settings

....... [ Comment

....... m Figure

------- ~Ba Remote Force

....... '/ Q.T Moment

------- ,ﬁ_. Remote Diﬂacement
E]-----Jr Advanced Bolts Group
[ Simplified Bolts Group
------- 3¢ Bolts Pretension (184)
EEI"'"./ Rivets Group

------- 3¢ Bolts Pretension (179)

¥

El-f Static Structural 2 (BS)
------- . [ Analysis Settings

------- v ¥, Remate Displacement
------- v G, Remate Force

Details of "Child Setup" ittt
[=I| Definition
Parent Analysis | Static Structural_|d24

el
izfh) Solution Information

EDR
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Rivets Result

® Rjvets results evaluate forces and moments in each rivet
section.

" Rivet utilization factor, Uf, can be post processed according to
Eurocode 3.

" Results are plotted on the geometry and listed in csv files
used by the “Bolt Report” feature.

Rivet Geometry 7 0.000e+00 2.500e+03 0115 0115 0.031
Rivet Group Rivets D12 8 0.000e+00 2501e+03 0,115 0115 0.031
Shaft Diameter, d 120 mm  Head Diameter, d, 24.0 mm 9 0.000e+00 2.59%2+03 0.120 0.120 0.032
Stress Diameter, d; 120 mm  Hole Diameter, dj 12.0 mm 10 0.000e+00 2.600e+03 0120 0120 0.032
Rivet Evaluation 11 1.355e+012.405e+03 0111 0111 0.030
Rivet Code Eurocode 3 Rivet material 5235 12 6.874e+00 2.404e+03 0.111 0111 0.030
Rivet yield strength, f,; 235.0 MPa Rivet ultimate strength, 7, 4000MPa 16 0.000e+00 2.897¢+03 0.133 0.133  0.036

18 0.000e+00 2.931e+03 0.135 0.135 0.037

Connection Category Abearing
Plate ultimate strength, f, 400.0 MPa Plate thickness, t, 100mm 20 0.000e:002.1012+030.097 0.097 0.026
Safety factor 195 22 0.000e+00 2.736e+03 0126 0126 0.034
Shear resistance factor, o, 06 Design shear resistance per plane and rivet, £, 75217150 N 9¢ 0.000e+00 2.076e+03 0.096 0.096 0026 alT:;m.-:y[s]aligv,.N,ﬁ;‘%u; IFMEXWUMFM"&QE
End distance (parallel), e, 30.0 mm  Inner distance (parallel), p, 63.0 mm 25 0.000e+00 2.7042+03 0.125 0.125 0.034 331630007 | 554116006 405962006
End distance (perpendicular), e, 250 mm  Inner distance (perpendicular), p; 50.0 mm 30 0.000e+00 2.305e+03 0.106 0.106 0.029
Bearing resistance factor, oy, 0.833 Bearing resistance factor, k, 25 .
Design bearing resistance per hole, Fy 5, 80000.0 N Table 6. Rivet LC2 Results summary
Rivet Result
Result Item Ufnas Scale Factor Value 1.0 p1 ] €4
Definition e
By Time Display Time 2.0 —é = ——é = —%— {2 | . ] [:l | . |
Q—B‘ 2 1 1 ] p
Table 4. Rivet LC2 property list —? - —? = —GP €
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Bolts Result

" Bolts results evaluate forces and moments at head, mid or thread shaft section in all bolts.
= Bolt utilization factor, Uf, can be post processed according to Eurocode 3 or AISC 360-16.
® Results are plotted on the geometry and listed in csv files used by the “Bolt Report” feature.

Bolt Geometry

Advanced Bolts

1| 42.865 1.719)0.884| 0.053] 0.030] 0.884| 0.316] 0.684

2| 42865 1.787|0.884| 0.055 0.031) 0.884| 0.316] 0.687|0.337|

3| 42.865 1.711)0.884| 0.053] 0.030] 0.884| 0.316| 0.684|0.332
4] 42 865 1.758| 0.884| 0.054| 0.031) 0.884| 0.316| 0.686|0.336]

9 42.865 2.207|0.884| 0.068| 0.038] 0.884| 0.316| 0.700(0.406
10 42865 2.213|0.884 D.UGE| 0.038] 0.884| 0.316| 0.700(0.408|
1| 42.865 2.227) 0.884] 0.059| 0.039] 0.884] 0.316] 0.700]0.406
12| 42.865] 2.206) 0.884] D.UGE| 0.038] 0.884] 0316 0.700/0.402|

Bolt Group M12

Nominal Diameter, d 12.0 mm MNominal Diameter Length 0.0 mm

Stress Diameter, d, 10.4 mm

Head Diameter, d,,, 22.5 mm Hole Diameter, d; 13.0 mm

Bolt Evaluation

Bolt Code Eurocode 3 Bolt material class 5.8

Bolt yield strength, £, 640.0 MPa Bolt ultimate strength, £, 500.0 MPa

Design bolt preload, £, oy 428650 N Applied Pretension Force, Fy 42865.0 N

Connection Category {:eﬁ:;?'lr and Cut thread comply with EN 1090, k;, 1.0 (Yes)

Plate ultimate strength, 7, 400.0 MPa Plate thickness, fp 10.0 mm

Safety factor, vy 125 Safety factor, vy5 11

Shear resistance factor, o, 0.6 Packing plate thickness, top 0.0 mm

Design shear resistance per plane and 323320 N

bolt, F, gy

Bolt hole type Normal

End distance (parallel), e, 30.0 mm Inner distance (parallel), o4 63.0 mm

End distance (perpendicular), es 25.0 mm Inner distance {perpendicular), py 50.0 mm

Bearing resistance factor, ap, 0.769 Bearing resistance factor, k, 2.5

Bearing resistance factor, ky 1.0 Efign bearing resistance per hole 57600.0 N

Class of friction surface MNone Plate slip factor, 0.14

Slip resistance factor, k. 10 Design slip resistance per plane and £456.0 N
s bolt, F; gy

Countersunk bolt No Countersunk bolt factor, ks 0.9

Design tension resistance, Ff,Rd 48459 0 N Design punching resistance Bp,Rd :E’Sﬁ?'n

Bolt Result ltem U e Scale Factor Value, y, 1.0

Result averaging Individual Result Location Mid

Definition By Time Display Time 2.0

Table 26. Advanced Bolt LC2 no packing plate property list

edrmedeso.com

Table 28. Advanced Bolt LC2 no packing plate Results summary

Shear/Sliding
Force vectors

1768,
1710.8 Min

Graph

1.0193e+6
7.5e+5 —
Z sess

2.5e+5 —

Animation [« b [@]0] [I]@ 20frames |2 Sec (Auto)

v 0 O X Tabular Data 5

[V Minimum [N] [+
25551 37.232
1710.8 22266
1702.8 2235.6

Maximum [N] | [ Total (N] |
15953

1.0172+006
1.0193e+006

2.

25.551 7
0.

04

08
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Bolts Fatigue

" Bolt fatigue life and damage can be post processed according to Eurocode 3 or user defined S-N curves.

" Results are plotted on the geometry and listed in csv files used by the “Bolt Report” feature.

" |f using the “Child Setup” the load case can be defined from results in linked analyses.
[ResultName [ [Bolts Fatigue Adv. Bolts LCT[ld 227 _|

Bolt Geometry

Bolt Group

Advanced Bolts

Mominal Diameter, d [12.0 mm Mominal Diameter Length 15.0 mm

Stress Diameter, d;  |11.0 mm Stress Type Structural

5-N curve

FAT Class EC3 FATS0 vari|Nyof 1.0e+08

FAT (@ N cycles) |50 [MPa] FAT factor 1.0

Nzt 2000000.0 Ng 5000000.0

Slope m;, 3 Slope m; 5

Load case definition

Load Type Load Scanning

First time 1.0 Last time 3.0

Cycles per block 10000.0 Load scale factor 1.0

Bolt Result ltam Life [N] Result Location Thread

Table 26. Bolts Fatigue Adv. Bolts LC1 property list
111.062%e+04 0.9408| 1.0629 286.51 1.0206 0.9758
2({1.0558e+04 0.9471| 1.0555 26716 1.0183 0.95821
3(1.0570e+04 0.9461) 1.0570 287.05] 1.0186 0.9817
4{1.0961e+04 0.9123] 1.0961 26359 1.031 0.9699

Table 27. Bolts Fatigue Adv. Bolts LC1 Results summary

edrmedeso.com

Static Structural_Id24

4 [zec]

E
Scoping Method | All Bodies Analysis Name Time Coefficient
Bolt G " Current Analysis d 1 [sed] 1
N Current Analysis =l 2 [sed] 1
- curve Static Structural_Id24  » | 3 [sed] 1
Load case definition | 1
! 1

Load Type

Solution Scanning

Static Structural_Id24

5 [sec]

Solution Editor

Tabular Data
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Bolts Cumulative Fatigue 2.

The total damage from a duty cycle can be evaluated using Bolts Cumulative Fatigue.

® Each individual event (load case with number of cycles) is defined using the Bolts Fatigue object and
then grouped in the model tree together with the Bolts Cumulative Damage result object.

B :r E Bolts Cumulative Fatigue
; Buolts Fatigue Max gravity, Damage

Buolts Fatigue Max gear, Damage

Buolts Fatigue Max gravity +gear, Damage

Details of "Bolts Cumulative Damage" v

e
Balts Cumulative Damage
b Bolts Cumulative Stress range
S-N curve
1000
Lco1i
Lcoz2
H
o
g 100
i
5 seqv
Lco3
10
1E+01 1.E+02 1E+D3 1E+04 1.E+05

edrmedeso.com

Life [N]

[=| Geometry
Scoping Method | All Bodies
[=I| Load Case Definition
Load Case Grouping Grouped Results
Load Group Properties | Loaded
Bolt Object M12 Flange bolt [SO-15071
Pretension Force Fp 42865 N
Maminal Diameter d 12 mm
Stress Diameter ds 10,354 mm
Stress Type Structural
Total #Cycles 206000
=1/ 5-N curve
FAT Class EC3 FATS0 vari
FAT (@ Mfat cycles) 50 MPa
FAT factor 1
Nfat 2000000
MNc 5000000
Slope m1 3
Slope m2 5
Meutoff 100000000
[=1| Fatigue Result
Result ltem Cumulative Damage [-] y/i
¥

MEDESO




Child Result

" The Rivets/Bolts Child Result let you select a parent result and plot a different result item
(and/or time/set number) while keeping all other settings the same as in the parent result.

" This result object does not output any summary tables to the bolt report since they are
listed for the parent result object. When clearing and edit the parent the children are

updated as well.

edrmedeso.com

Model Tree

Parent Result

Children

E}-,{ Bolt Results Parent-Child

: +- =28 Bolts Result Uf_max
Bolts Result Child Fn LC1
Bolts Result Child Fn LC2
Bolts Result Child Fn LC3

Details of "Bolts Result Uf_max"
-|| Geometry
Scoping Method
—|| Bolt Geometry
Bolt Object
Pretension Force, Fp
Mominal Diameter, d
Mominal Diameter Length
Stress Diameter, ds
Head Diameter, dm
Hole Diameter, dOf
-1| Bolt Evaluation
Bolt Code
Bolt Material Class
Bolt Yield Strength, fyb
Bolt Ultimate Strength, fub
Connection Category
Cut thread comply with EM 1090, ktv
Flate Ultimate Strength, fu
Plate thickness, tp
Safety factor, gammaM2
Countersunk bolt factor, k2
Bolt Result
Result Item

Result averaging
Result Location
Calculate Time History
Scale Factor Value
-1| Definition
By

~1Ox
All Bodies

Advanced thread (179)...
42865 N

12 mm

15 mm

10.354 mm

22.5 mm

14 mm

Eurocode 3
8.8

640 MPa
800 MPa

E preloaded
Yes

400 MPa
20mm

1.25

Mo

Uf_max
Individual
Mid

Yes

1

Maximum Over Time

Details of "Bolts Result Child Fn LC1"

-|| Geometry
Scoping Method

Bolt Geometry
Parent Result
Bolt Result
Result Item

Result averaging
Result Location
Calculate Time History
—1| Definition
By
Display Time

Details of "Bolts Result Child Fn LC2"

—|| Geometry
Scoping Method
—|| Bolt Geometry
Parent Result
-|| Bolt Result
Result ltem
Result averaging
Result Location
Calculate Time History
-1| Definition
By
Display Time

~iox
All Bodies
Bolts Result Uf_max_|d7276

Mormal Force
Individual
Mid

Mo

Time

1.5

~1ox
All Bodies

Eolts Result Uf_max_|d7276

Mormal Force

Individual

Mid

Mo

Time
2.5

Figure 18. Boits Res: _max

Table 35. Bolis Re:

Result Name
Bolt Geometry

Design':
Bolt Result :em
Definition By

23380

Table 37. Bol

Boit Id Py g4 XM Feg
1 3ama

2 aaan
Bolts Result C

l e
-

i property st

20mm
10.4mm

Advanced thread (179)
2 H

i
Balts Result Uf_max.

‘22d Diamater, o, 225mm
Hale Diameter < 140 mm
Solt matenz cass as
Bok uitmate

Appiied Pretension Forc
Cunthrezs camply vith
=

Plate thi

Countersunk bolt factor k; )

tance Design punching resistance, E, ¢, 2714340 N
Seaks Fazor Value 10
Table 36. Bolts Result Uf_max Results summary
Boit 1d P, K] F, [N M, [Nm] 5, [mm] ., MP] F [kN] F, (kN
1 184 1487 7.121e-02 1383 )7 38.025
183 1878 7.150e-02 3
max Results summery
Ufiznzion Woamen
o 0700 0.125
0800 0697 0807 0.125
hild Fn LC1
(=

Figure 19, Bolts

Table 3&. Bol

ResultName.

ParentResult  E

Bolt Result lizm
Definition By

n L1 property list

Bolts ResultChild FnLC1
MomalFooe  Scaie FaotorValue 10
Time Display Time 10
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Grouped Result

" Grouped Rivet/Bolt Strength/Fatigue result combine many results within the
same group in the model tree or from selected results from different analyses

using the Solution Editor into one plot.

® The results absMax, Max or Min results can be evaluated to see the overall max

from several load cases.

Details of "Grouped Bolts Strength” e B X

Solution Editor % |
[=I| Geometry
Scoping Method Geometry Selection
Geometry 7 Bodies Analysis Name Result Object
/| Bolt Result Current Analysis | Bolts Result CAD bolt Uf_max_Id188 |
Load Group Results  |Loaded (Click to re-load) Current Analysis LI Bolts Result Adv. bolt Uf_max_Id189 ;I
m Apply | Cancel Current Analysis | Bolts Result Simpl, bolt Uf_max_Id130 |
Result Max Min Max
Result [tem Uf_max
Calculate Time History | Mo
[=]| Definition
By Time
Display Time 2.5
E[I}e:::":hjrouped Bolts Fatigue T TR n
Scoping Method Geometry Selection
Geometry 7 Bodies Analysis Name Result Object
[=I| Bolt Result Current Analysis x| BoltsFatigus Adv, Bolts_1d227 =]
Load Group Results |Loaded (Click to re-load) Current Analysis ~| Bolts Fatigue Simpl, Bolts_Id287 x|
Apply | Cancel Current Analysis ;I Bolts Fatigue CAD Bolts_Id226 ;I
Result Max Min Min
Result [tem Life [M]
[=I| Definition
By Time
Display Time Last

edrmedeso.com

‘,I:I E::nlt results
Bl Bolts Result CAD bolt Uf_max

Bolts Result Adv. balt Uf_max

Bolts Result Simpl. bolt Uf_max

JE Grouped Bolts Strength

Buolts Fatigue CAD Bolts

- - B

8l = Static Structural 1

2 & EngineeringData + ,——— M2 & EngneeringData +

3 [B seometry v 4——3 [E ceomery v

14 §@ Model v ,——84 @ Model v .

5 @ setup ¥ . 5 @ setp ¥ .

6 % Solution v o4 6 ‘% Solution 7 4

7 9 Results v 4 7 9 Results F 4
Static Structural Static Structural 2 {Current Analysis)

Buolts Fatigue Adv. Bolts
Buolts Fatigue Simpl. Bolts
B IE Grouped Bolts Fatigue

Grouped Bolts Fatigue

11237 Min
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Mesh Result 53

" FE-based results for rivets and bolts can be easily plotted using the predefined items in the
drop-down menu “Mesh Results” (since there is no geometry associated with the bolt and rivet
objects).

mﬁ@o&

Mesh Bolt Open Open Licer
Results™ | Report Preferences™ Doc

Rst Temperature

Rst Total Deformation

Rst Equivalent Strain (von-Mises)
Rst Equivalent Stress (von-Mises)
Rst Contact 5tatus

Rst Contact Pressure

Rst Contact Frictional Stress

Rst Contact Sliding Distance

.
g
g
-
>
g
g
-
>

Rst Material Mumber

20,00 60.00

edrmedeso.com |5|||JEE;ESO




Worksheet Preview "\ P

Advanced (184) Uf_tension Preview =

" The “Worksheet Preview” is a feature in the Report
Generator app that displays all details of a bolt object

Table 1. Advanced (184) Uf_tension property list

Result Name Advanced (184) Uf_tension
H H H 11 ”
including the result summary tables in the “Worksheet Dolt Geomeny T —
1 1 1 MNominal Diameter, d 12.0 MNominal Diameter Length 30,0
window. (Report Generator license is not needed.) o e o el panesrLan "
.0, i
Head Diameter, d | 22.5 mm Hole Diameter, d,, 14.0 mm
® This feature is useful to look at the design values and Bolt Evaluation |
Bolt Code Eurocode 3 Bolt material class 8.8
different result items in the summary tables. vedsgh f, | p0OWPs  Bukiaestenh fy, 800 UPs
Design bolt preload, FM:i BTETT.ON Applied Pretension Force, Fp 42865.0 N
1 Connection Category E preloaded Cut thread comply with EN 1030, k, |1.0 (Yes)
Plate ultimate strength, f; 400.0 MPa Plate thickness, tp 20.0 mm
Safety factor, v, ,, 1.25
Countersunk bolt Mo Countersunk bolt factor, k, 09
Design tension resistance, Fmd B5144.0 N Design punching resistance, Bp,Rr.i 271434 0 N
Bolt Result ltem Uf e cion Scale Factor Value, y, 1.0
Result averaging Individual Result Location Mid
Definition By Time Display Time 5.0
Table 2. Advanced (184) Uf_tension Results summary
Bolt Id F,, [kN] F, [kN] /M, [Nm] &, [mm] P, __, [MPa] F_ [kN] F_[kN]
1 40.133 0152|3243 |2.936e-01 1647 0.314 |35.594
2 40140 0122 2602 | 2.938e-01 1647 0.415 |35.927
Table 3. Advanced (184) Uf_tension Results summary
Bolt Id |F, g [kN]|F,, gq [kN] UK., Ufircion | Ufouncn
1 40133 0314 0.616 |0.616  |0.148
2 40140 |0.415 0.616 |0.616  |0.148

Geometry | Worksheet

edrmedeso.com 54%5&50




Bolt Report

= A HTML formatted report of all rivets, bolts and results including any comments, figures and images is created with
a click on “Bolt Report” using the Report Generator app. (Report Generator license is not needed.)

Bolt Toolkit report

Project details

Project: Bolt Toolkit

Subject: Verification analysis Eurocode 3
Author: Magnus Gustafsson

Prepared for: End User

Ansys version: 2021 R2

Project file: C:MagnusG\ANSYS_ACT_temp'Bolt_Toolkit_Verification_V212.1.wbpj

Project Last saved: Thursday, October 28, 2021
Report created date: 2021-10-29 10:10
Report created by app: Bolt Toolkit V212.1

Static Structural

Verification analysis for bolt results.

Shell and solid geometry is used with rivets, simplified bolts, advanced bolts and CAD bolts with

bolt group pretension.

LC 1: Bolt pretension force: Fp = Fpca= 42865 N
LC 2: Bolt pretension lock. Shear force: Fx= 10000 N
LC 3: Bolt pretension increment: -0.02 mm. Shear force: Fx= 10000 N

Figure 1. Model setup

edrmedeso.com

Advanced Bolts Group

Advanced Bolts M12

Note that surface normal for shell parts must be outward facing the bolt head/nut (the green side of

face)

Figure 4. Advanced Bolis M12

[Advanced Bolt Connectior Bolts M1

[Bolt Geometry File [FlangeBolt_1SO15071[Element Order Linear
Material Name [Steel bolt 8.8 Nonlinear Effects __|No

[Bolt Dimension, d [12.0 mm [Head Diameter, dn_[22.5 mm
[Bolt Length [Through Al [Nominal Shaft Length| 5.0 mm
[Flead Friction, p [Thread Friction, po_[0.14
Pretension Torque, I [107953.018 Nmm__[Tightening Factor, aa|1.0
[Pretension Force, Fo [45000.0 N [Pretension Type  |PRETS1T:
[Load Step Apply I Load Step Lock 2

Table 3. Advanced Boits M12 property list

" The report can be imported to Microsoft Word (Insert>Text from File...).

=3

Bolt IgX [mm] A [FINT__[Baq [mm]]aa [1[Phesa [MPa]
Adv. Bolt LC2 1 [2190e+02 [2.616e+02[2.490e+033.291e-01[1.000[169.8
2 J21ster0l [2.6206+02[2.436¢+033.290e-01[1.000[169.5
3 [1560e+07 3.022¢+029 856e+023.289-01(1.000[169.8
: & [1560e+07] 3.037et02) 3.297e-01[1.000169.8
e o 5 [0300ev07 [1.130e+02] 3.906e-01[1.000[169.9
=, 6 [9.300e+01 [7.407e+01[3.390e+033.923¢-01[1.000[169.9
[T [5300e+0] [1.337e+01]1 660e+033.252-01(1.000[169.8
: 8 [9.300e+01 [1.232¢+01]1 653¢+03(3.262¢-01[1.000[169.8
4 O [1560e+02] [2.578e+02]7 296e+02,2.911e-01[1.000[169.7
= [10_[1560e+02) [2.564e+02]7 326e+02,2.911e-01[1.000[169.7
g 3 [T JeA90e+02) [2.607e+0202.263¢+032.911e-01[1.000[169.7
- [72 2190402 [2.5720+02(2 3442+032.911e-01[1.000[169.7
= Table 11. Adv. Bolt LG2 Results summary
[Bolt IdFea [N]
1 [4499%+04 0.043 [0.928 [0.331 [0.770 [0 435
X B [4499e+04) 0.043 [0.626 [0.331 [0.70 0434
Figure 7. Adv. Bolt UF_max LC2 [3 |a499e+0q 0017 |0.928 0331 [0.705[0.172)
4 [aa99erod] 0.024 [0.928 [0.331 [0.723 [0 24:
JAdv. BoltLC2 5 |4500e+04 0.056 [0.626 0332 [0.804]0 56!
Bolt Geometry 6 [4500e+04] 0,059 [0.628 [0.332 [0.810 [0 59
Bolt G anced Bols 7 [aas6er0d 0.029 [0.927 [0.331 [0.734[0.290)
o IM12 B [d497er0d 0029 (0627 {0331 07340 28!
[Nominal Diameter. d [12.0 mm Head Diameter, o 225 mm [0 |a495er0d] 0013 [0927 [0.331 [0694]0.127]
[Stress Diameter, d 10.4 mm Hole Diameter, do 130 mm 10 [a495e+04 0.013 [0.927 [0.331 [0.694]0 121
[Bolt Evaluation [T [d-495e+04] 0040 (0527 [0.331 [0.761 [0 39
[Bolt Code [Eurocode 3 [Bolt material class 88 72 |4495e+04 0,041 [0.927 [0.331 ]0.763 [0 40"
[Bol yield strength, fo [640.0 MPa Bolt ultimate strength, 7o 00.0 MPa Table 12. Adv. Bolt LC2 Results summary
[Design boft preload. Fzos 428650 N |Applied Pretension Force. 7z 450000 N
(Connection Category ; :'s‘;:’ . Cut thread comply with EN 1090 Yes
[Plate ultimate strength, fu }Wn 0 MPa Plate thickness, & 10.0 mm
[Safety factor, iz 125 Safety factor, i 11 Equation Symbol
Shear resistance factor, av 05 Deskon shesr toststance parpiane 401 1230050 N - v
(Boit hole type [Normal 10 i
[End distance (parallel). o1 300 mm 63.0 mm E|:| Object... Symbals
[End distance dicular) [25.0 mm 50,0 mm
[Bearing resistance factor, ax 0769 25 . .
Design beadng restance PoTTO9.[y7c00 o El Text from File, Insert Text from File
o -
(Class of friction surface None Plate skip factor, 014 Insert the text from a file into your
ISlip resistance factor, ks 10 E: :g" A osletune per jleme SRR, {59 publication.
[Countersunk boit No Countersunk bolt factor, k2 09
[Design tension resistance, Fims 484990 N Design punching resistance, Bars 135717.0N If you have a text box selected, the
Bolt Result i
[Result item = Scale Factor Value 0 fextis addEd. to the selected ted
Definition box; otherwise, a new text box is
By Time |Display Time 20 created.

Table 10. Adv. Bolt LC2 property list
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Bolt Settings

" The Bolt Toolkit has a new easy to use “Bolt Settings”
object to customize general settings in the app.

" Bolt/Rivet codes and FAT-class S-N curves are also fully
editable.

" Changes made can be saved as new app default values.

ctatic @ Suppress

JE A B copy

VRAE

o @ o= Gt

«si 5 (B copyTo Clipboard

= . E [
: i ¥ Delete

V: idb  Rename F2

FAT Class List B

FAT Class FAT (@ Nfat cydes) Nfat NO Nc Neutoff Slope, m0 Slope, m1 Slope, m2
EC3 FAT180 160 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FAT140 140 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3 FAT125 125 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FAT112 112 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3 FAT100 100 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FATS0 a0 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FATS0 80 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FAT71 71 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FATE3 63 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FATSS 56 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FATS0 50 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FAT4S 45 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FAT40 40 [MPa] 2000000 a 5000000 100000000 3 3 1000000
EC3FAT36 36 [MPa] 2000000 a 5000000 100000000 3 3 1000000

edrmedeso.com

) Reset Bolt Settings
@ Save Bolt Settings

Details of "Bolt Settings"

=

General Settings

Show |d number Yes
Show Geometry on Results Yes
Load Translucency 04
Result Translucency 07
Store Results At All Available Time Points
Post processing MAPDL license Default
Calculate Utilization/Safety Factor Utilization Factor
Automatic Bolts Fatigue Legend Yes
Rivet Settings

Rivet coincident tolerance 0.05
Print Rivet |d centroid in results table | Mo
Write Rivet Data to C5V Mao
Bolt Settings

Show Bolt Coordinate System Mo
Advanced Bolts Contact Morph Morph
Print Bolt 1d centroid in results table | Mo
Write Balt Data to C5V Mao
Rivet Code Editor

Edit Rivet Code [Mo
Bolt Code Editor

Edit Bolt Code [Mo

FAT Class Editor

Edit FAT Class [Mo

EDR
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EDRMedeso licensing features 2

" You may open a Workbench project without the app license being checked ouit.

" You may also open Mechanical without the app license being checked out.
(This allows the model to be shared with people without access to the app or license.
Just make sure to “Save Binary Extension with Project”, see “WB>Tools>Options...>Extensions” below.)

" You may activate the app license to reserve it for your continuous use. “Check Out License”

" You may release the app license from the current Mechanical session to use it in another session within the same
project or a different project or by a different user. “Check In License”

" You may check the status of available licenses and who is using the license. “Check License Status”
" The app license is automatically checked out when evaluating a feature during solve or post processing.
" |f the license is not available a warning message is displayed in Mechanical.

- Extensions

A options - O >
I ﬂ 9 l’!% - Project Management Extensions
- -+ Appearance
Open Open Licensing -- Regional and Language Options General Options
Preference Dot - - Graphics Interaction
. . . Additional Extension Folders (enter folders separated by ;
% Initiate Licensing Jou_rnals andL?gs (; Py ¥ ;) .
= -~ Project Reparting =|
i - Solution Process
Q Q @‘ @‘ | > mr_‘-lr‘ Check Out License Save Binary Extensions with Project

L

_].i',_,l, Check In License Mechanical APDL Mewver v

: [#- Design Exploration Mever )

E Check License Status - Distributed Compute Services m@ ied but locked to the project
. - Rennsiton .

edrmedeso.com
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References

® Bolt and rivet utilization calculation according to:

Eurocode 3: EN 1993-1-8:2005. Design of steel structures - Part 1-8: Design of joints
[Authority: The European Union Per Regulation 305/2011, Directive 98/34/EC, Directive

2004/18/EC]

AISC 360-16: Specification for Structural Steel Builds, July 7 2016.
American Institute of Steel Construction, 130 East Randolph Street, Suite 2000, Chicago,

lllinois 60601-6204
= Bolt fatigue calculation according to:

Eurocode 3: EN 1993-1-9:2005. Design of steel structures - Part 1-9: Fatigue
[Authority: The European Union Per Regulation 305/2011, Directive 98/34/EC, Directive

2004/18/EC]
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Thank You!

Magnus Gustafsson
magnus.gustafsson@edrmedeso.com
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