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Connections

Thisis a quite complexfield.

It hasbeenoversimplifieddueto its
highcomplexity

Many structuralfailuresare dueto
unproperconnection design.

| daresaythisistodaythe less
enhancedield of structuralanalysis

Peoplewant cookingrecipes but they
usethem far beyondtheir limits of
applicability

Connection desigis seenasa poor
activity.
Enormougnoneysavingxanbe got
by a moreadvancecdconnection
design.

Bridgegussetplate bucklingfailure.

FINITE ELEMENT SIMULATION AND ASSESSMENT OF THE STRENGTH
BEHAVIOR OF RIVETED AND BOLTED-BUUSEETONNECTIONS IN
STEEL TRUSS BRIDGES
FINAL REPORT

GeorgiaSouthernUniversity Statesborg GA, March 2013
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Somepreliminaryconsiderations

GAMACERCEVE_BEARING, 2.AB.OVERALL
Caso=2/5 Sforzod N/ mm2
0.000e+000 3.944e+001 7.888e+001 1.183e+002 1.578e+002 1.972e+002 2.366e+002 2.761e+002 3.155e+002 3.550e+002 3.944e+002

T T ST R

Thiswork startedin 1999,with the aimto fully cover connection design, i.@ find ageneral
approach(alsoto weldedconnections.

Duringtheseyearsl haveworked at this problemalone, sahis isa personalview. | donot
agreewith currentlyusedapproachesand Ifelt free to searchfor a different path.

However there isanincreasingiumberof colleaguesinseveralCountriesall aroundthe
world, agreeingthat the automatic FEMapproachisthe future of connection design

| amone of them.

Researchs not finished Severahspectedaveto be improved Howeverautomaticfem
modelingand checkingof connectionss alreadyavailable
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Why FEM?

ANOTtobed LINBOA A Sé€d LYy O2
dpreciseness  aloednot exist(friction,
gaps lackof planarity, pryingforces plasticity
geometriceffects A Y LIS NF S.OG A 2 V &

ANO"
ANO"
ANO

to have4 significantdigitsresults then.
to wastetime
10 haveuselessomplexity

ANO

to stayhourswaiting for results



o T o I

A Becausdraditional meansaretoo

Why FEM ? (2)

Becausd-EMis general
Becausd-EM carbe automated

Becausa VonMisesstressY | LJX
speaks

Becausemanyerrorsare dueto
neglectingmportant forces
components

Becausenanyerrorsare dueto
iImproperadditionalmoment
computations

coarse

Becauseonnection desigms still a
bottle-neck
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Theproblem

A Givenagenericd & O Sike6 K A & X
‘B

L

ver. 590 5-2014 - sn: 100101

Courtesy Ing.Alborghetti¢ Rovato(ltaly)
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Courtesy CENBochum Germany

& X

Courtesy Ing. Bagnasco (Italy)

Courtesy ing.Galluzz{Florenceg Italy)
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Oragainlikel KS & S X

Andassumedknownthe internal forcesat the
extremitiesof the fem elementsdefiningthe
members or at theextremitiesof the members
(as3d objects connectingat they 2 R S X X

We would like to automatically ¥ A y R X
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1.Theforcesflowingin eachcomponent

2 If the joiners are ableto transferthose
forces

3.If theseforcesare belowor abovethe
dimit€ of the components(keepinginto
account:resistancestability andfatigue
ISSUes.

4.Areasonableamountfor the
displacements
5.Areasonablesstimatefor the stiffnesses

odReasonablemeans SOUNDrom an ENGINEERING VIEW POINT



Howsettingforcesat extremltles(l)

T FromBFEM gossiblytssqueezed
o O el et o b (45208, S0 1, Moo, ) to 24 worst combi/membel)
gt el Eesisamk s e B BFEM=standartikm modelfor
D 24 KR OGR4 K AT, A ST 0t 44 35 A b RS a ABRnyicullE @ C9 a
I -
[ Sl Notionally usung(fraction of)
o elasticlimits or plasticlimits

6 | (overstrengthy >~ deXideE values

M1 (torsion)

M2 (bending)
MG (bendieg)

Pastingatable of data
r ( P \ o e ot [ ee————
= (= o ¢ ) R o § i
b o =z=2219.7klEl EI_ ‘ Ez
Change Units., | N, N The change has effect aiso for the model
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How settingforcesat extremities(2)

Assi

Internal actions input

x5

Combi  Member N (tab) V2 (tab) V3 (tab) M1 (tab) M2 (tab) M3 (newline)
1 1 0.000e+000 0.000e-+000 0.000e-+000 0.000e+000 0.000e+000 0.000e+000
1 2 1.320e+002 1.650e+001 0.000e+000 0.000e+000 0.000e+000 0.000e+000
1 3 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
1 4 0.000e+000 0.000e-+000 0.000e-+000 0.000e+000 0.000e+000 0.000e+000
2 1 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
2 2 1.485e+002 1.925e+001 0.000e+000 0.000e+000 0.000e+000 0.000e+000
2 3 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
2 4 0.000e+000 0.000e-+000 0.000e-+000 0.000e+000 0.000e+000 0.000e+000
3 1 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
3 2 1.155e+001 2.860e+001 0.000e+000 0.000e+000 0.000e+000 0.000e+000
3 3 0.000e+000 0.000e-+000 0.000e-+000 0.000e+000 0.000e+000 0.000e+000
3 4 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
4 1 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
4 2 4.840e+001 1.870e+001 0.000e-+000 0.000e+000 0.000e+000 0.000e+000
4 3 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
4 4 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
3 1 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
5 2 0.000e+000 0.000e-+000 0.000e-+000 0.000e+000 0.000e+000 0.000e+000
5 3 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000
3 4 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000 0.000e+000

Clear Initialize, 5 combinations Units... kM, kNm Paste from EXCEL or NOTEPAD

oK Cancel

If NOTEPAD then use tabs

Directsettingof table values

Andi K S.y X

IN FEM VIEW

(Display Orientation)

NI

NJ

V3
3 —=sa. M3=bending

|+ T

1.

Hi = axis 2
N positive if tensile

Ing. Paolo RugariCastalia sd Milan - Italy
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Aflower2 LISY A ¥y 3 X
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V4
n

AglanceatthelLJ a u X

Onceuponatime, Engineerslid compute /
structurallayoutsby meansof graphica| ==——————
tools.

It wasnot evenpossibleto imaginethat a
structurelike i K A & X

| AM NOT MEANING THAT

Courtesy WalleyDesigrg OlgiateOlona- VA THE ENG'NEER IS NOT NEEDED
| MEAN
Couldbe checkedby a fem model WE NEED SKILLED ENGINEERS
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Sonowwhenl saythat | namleg like
0KAaX

Canbe computedautomatically(by properly choosingpertinent options), some
colleaguesare surprised

But, indeed it can. YES WE CAN
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We can solveeveryd & O S yriafter V
how complex irregularor crazy

nnnnnnnnnnnnnnnnnnnnn

Inviluppo Sfruttamento
0.20 040 0.60 0.80 1.00 1.20 1.40
= — = i

>




Howcanwe do that?

TheanswerA a X

Via FEM ANALEKS

Whenl startedthe work| wasnot eventhinking about FEM FEMurned out
to be necessanryfter the problemhadbeenanalyzedn detail.



Remember

ANOTtobed LINBOA A Sé€d LYy O2
dpreciseness  aloednot exist(friction,
gaps lackof planarity, pryingforces plasticity
geometriceffects A Y LIS NF S.OG A 2 V &

ANO"
ANO"
ANO

to have4 significantdigitsresults then.
to wastetime
10 haveuselessomplexity

ANO

to stayhourswaiting for results



Stepl

A A standard finiteelementmodelof awhole structure
or justof the membersmeeting at @em node, Is
created(BFEM).

Courtesy JearNouvelArchitects Courtesy Studio IngGalluzziFlorence
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Step2

A Equalinodesrecognition

i
“ro Mo Mosky Depsy Draw frawe fem Jedss Reroe Cheds JoMosel rdom 1

DJ@ |88 | | e[l 1] 1]~ 8 5|2 )R 2 #l5[3]0

= e :
i "-":lﬂa'l ) &—-u..lqmq u q?1
!g"*i"ﬁ’ B R '-4";' s '*;"- q‘-
gk ‘.u iy L e I T
q g'i,‘,m ﬂ-m'& r—- ,.—nm u

15 gstbf, procs .

Node: nodein the fem modelmeaning

Jnode wireframeinformationrelatedto memebrsmeeting at anode (alsojclasy
Renode onewayto constructjnodein 3D.Renode=scene +{settings

Prenode aparameterizedeal node

(thisisa top complexitylevelexamplg
Ing. PaoldRugarli Castalia sd Milan - Italy - www.castaliaweb.com www.steelchecks.com 20
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AmuchsimplerO | & S X
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JNODE ANALYTICS

MWYH" ‘ta hWommt "(‘-"' nacla
ot i ~ L}(f“d A
Y <%ww~\/ ¢l L /@‘\//\.JL Love Al o Anie ke 2 ]'MU/,,&
; A Y o » Jnodescanbe:

ex: S\W“{M W o ,(Mm‘/mszé— 4’0\/\001‘0\/‘ }—UW /?y\awwv wWh e

P A R e A Aree
| K s mwonliy. M_pﬂwumwwwﬁ‘“wm 3 ﬁC_entraI .
| (& g b bt b g | T e e b Adierarchical
Argedia ) o s e S & i ﬁCuspldaI
T ol s b Arangent
N 2 CL’&Q"—'—L 5 fwju ju)r)ﬂfvw :MWLM KConstrained
e oAy fSimple

e brg i R A U 1 " P Avultiple (see
TL s Ao - above

oo, &t vela sl Vi, o M }gmml/
et ke s W S e Higrarchicalk one

o ¥ ofllusw o ome masela e ¥ v £ A b
o g ¢ [ = T 4 Y| 3 bridoE 3
A Vehsstyons 4 v sl o W%‘i‘”f Y 2 N&avesg ->

e f;.;“:;”fx”fj;h.:zi‘ﬂ w77 mostpart of

o el bl ok e inie e o et JNOAES

¢ KS aO2y Yy Sapyligdtd fean@BsRlBvesautomaticRS 0 SOU A y 3 X
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Step3

A Jnodeselectionand constructionof Renode

(scenecreation)

L
astaliaweb.com

lzz

Ay

IR

[#L L
web.c taffid
4-istanzef] 1-istanza¥
Parete-solaios Qe Vertice torre-solai
154a
22-istanzef s
Parete-solaion CYu e 18-istanzef
".; | Torre-solaio-154=
1-istanzafl ' 0
Vertice-tomre-solai S o S-istanze
Fyn e > 1
1572 % Torre-solaio-157=
E
[~

Courtesying.GalluzziFlorence
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RACSE - bloccocy.CSE

File Modifica Mostra Disegna Uiz

_la] x|
Jclzssi Nodi Fenodo Modelo 3D Finestra 7
D|s|@|m(| LloyE a2l seElel oje@=] x| |=/@)s] el
bloccocy.CSE:2 o [=] 34 | bloccocy.CSE:L
=l

C.S.E
MDI interface

Initially membersoverlap

Ing. Paolo RugaHiCastalia sd Milan - Italy
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A Scenecreationpreparedin

.

sucha wayto automatically

-
detectconnectionsonce T
propergeometricalrulesare

set up.

A Thesegeometricalrulesrely
on surfacecontact i.e.equal
planesoppositenormals
recognition

A Thesolidsare modeledvia
(planar) BREPpoundary
representation

A Once acomponentis B-REP
definedit canreceive

C.S.Eaddingacomponent

aworkingprocesg  lisydr -
longerwhat initially was —Im

Ing. Paolo RugaHiCastalia sd Milan - Italy
- www.castaliaweb.com
www.steelchecks.com
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Step4

A Renodesolution& checks

<]

Inviluppo Sfruttamento
0.20 0.40 0.60 0.80 1.00 1.20 1.40

Exploitation envelope

020 040 060 080  1.00 1.20 1.40 C S i Eu“ | isation ratios

Thisdocumentisrelatedto step4 only
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LetQQ@nsidera Renode

E— [

Howdo we moveforward?



Weneeda 2 Y @llarg to do that.
L Rlke@hoceries asDeFinettidid call s
them.
WeR 2 yiM@nito be fooled by the factthata | .
bolt isnot anymoreA y rowé Gtha tié shape y &
Isnot | or H, orectangularor that forsome | ST
reasonl needunsymmetriccomponents :
|thinkL R 8e¢dibiknowthat acomponents |
an angleto checkit. | needto know its stress D&

state.

B

o NE °

e e

= &

e &6 6 6

CourtesyCENBochum Germany
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The PILLARS

. Theequilibriumof free body, inspace under
all appliedforces mustbe satisfied

. Aconstraintcanbe replacedwith the forces
It exerts

. Theaction& reactionprinciple(b Sg G2 y Q
must be guaranteedat all interfaces

. The sacalledosafetheoreme of limit analysis
holdstrue.

Ing. Paolo RugariCastalia sd Milan - Italy
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¢ K Safety 2 NJ tidoréna S NJ
(LowerBoundTheorenmn)

A df a distribution of forces in the structure can be found
which is in equilibrium with the appliedloads and if these
forces everywhere within the structure are of such a
magnitude that the vyield stress (or yield criterion) is
nowhere exceeded than the appliedloadsare lessthan, or
at mostequalto, the loadsrequiredfor collapseto occur[X]

A For the Lower Boundto be valid a structure must be stiff
enough to preclude buckling before yield occurs In
connectiondesign,this requirement can usually be met by
consideration of appropriate width/thickness ratios and
relatedlocalbucklingformulationswhichforce the elements
to yield beforethey bucklee

(Thornton, 1984)

Seealsa Jacquesieyman The Stoné&keleton Cambridge UR In Italy
EPC 2014ranslatedby PaoloRugarli(in preparation.

FEM caralsoautomaticallycheckfor bucklingandfor buckling+ plasticity

Ing. Paolo RugariCastalia sd Milan - Italy
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Equilibriumis not enough

S |AB

Whenin by handcomputationwe assess
that a givencomponentis carryingsome
part of the internal forces and someother
not, we are decidinglike Godhow the forces
flow into components We are choosingoeg
balancedsolution, not athe¢ balanced
solution

If the numberok unknownsis higherthar
the numberof equationsavailableseaste
establishthe forcesflowing inte
components | callthe confiection
hyperconnected &

If the numberof unknownsisjustequal |
callthe connectionsoconnectd

If the numberof equationsis highert
the numberof unknowns I callthe
connectionhypoconnected

Ing. Paolo RugaHiCastalia sd Milan - Italy
- www.castaliaweb.com
www.steelchecks.com
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S |AB

Chains= LoadPath

[ |cE

-

B, 5,02 62014 - an:10010

Mgz com -

ww steelthe

CSED- by Castalia = - w

CHAIN 1 m2 :(B1):P2:(B5):P4:(B2):m1
CHAIN 2 m2 :(B1):P2:(B5):P4:(B8):m1
CHAIN 3 m2 :(B1):P4(B2):m1
CHAIN 4 m2 :(B1):P4:(B8):m1
CHAIN 5 m2 :(B4):P1:(B6):P3:(B3):m1
CHAIN 6 m2 :(B4):P1:(B6):P3:(B7):m1l
CHAIN 7 m2 :(B4):P3:(B3):m1
CHAIN & m2 :(B4):P3:(B7):m1l
CHAIN 9 m2 :(B5):P2:(B1):P4:(B2):m1

CHAIN 10
CHAIN 11
CHAIN 12
CHAIN 13
CHAIN 14
CHAIN 15
CHAIN 16
CHAIN 17
CHAIN 18

=X

m2 :(B5):P2:(B1):P4:(B8):m1
m2 :(B5):P4(B2):ml

m2 :(B5):P4:(B8):ml

m2 :(B6):P1:(B4):P3:(B3):ml
m2 (B6):P1:(B4):P3:(B7)ml
m2 :(B6):P3:(B3)m1

m2 :(B6):P3:(B7):ml

m2 :(B10):P5:(B9):m1

m2 :(B10):P6:(B9):m1

CSE

stee]

CSE® - by Castalia s - wuu,

el

/B CHAIN 1 m2 :(B10):P5:(B9):m1

ManyOK I A y a X

Hyperconnectivity

Onechain
isoconnectivity

Theselectedplate is hypoconnected
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slave m2 = saldatura W1 = piastra P1 = bullonatura B1 2 master m1

", CSE - [example_002CSE]

S, Fie Modfy Dsply Drw Gure Fem MNoes Renade Cecks 30 Moddl Plencds ICisses Jonts Window !

D@HBBRAS - hONEHIL=--BRIAYLAR 83 PR mUMT U= xgs ++1 sau K]

iR esves wu |

o ERARFASENEH

S CRLAAZE

i

B

Varsbles sndcondibons || 7
ccnacomponars [ <1 [JAA

TaTaTe]

CHAIN 1 m2 {B10/T3 (B3)P16:W36) mS {BAFL22) {8211
CHAIN 2 m2 {B10/T3 (B9XP16- W36 mS {BAHL 2 (BLim1
- CHAIN 3 m2 {B10/T4{BSP16:W36) mS {BAFL22) (8211
i CHAIN 4 m2 {B10/T4{89KP16- W36 mS {BAHL H(BLim

leoe
looo

o

B/ g

To et it press Fi.

1 1
W Nwm et s oG
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Adhoceriesare not generalenoughto
establishthe force flow easily

A Pleaseexplainwhichiswhich
(quickly pleasq

A Doesthis interfere with that?
A Whatif
(NV, VMM, M,)r0?

A Takeit easy andhrow some
partl @ | erxXot?

Northey are easyto defineby hand nor once morethey are easyto

conceive
Moreover in 3Dthere aremisalignmentsorS OO S y U N@hiehh 0 A S &
are often neglected whichisfor suredAe  gtd ndoveforward)

Ing. PaoldRugarli Castalia sd Milan - Italy - www.castaliaweb.com www.steelchecks.com 34



Somy answerlis

A Preparea suitableinitial finite elementmodel
(IFEM) andgjetthat info in sucha wayto
automaticallysatisfyequilibrium

A Thenusethe informationto check
componentsby applyingactionreaction
principle

A If somecomponentis not checked
I A)Reviseyour checksettings& methodsor
I B)Reviseyourdesign



Whichinfo, actually?

— e
,‘J Liws Bk FRATIEN 'I....,..a v bondioian ddk "‘-»‘:41‘0‘ ™ e ofle
O £ A

! P R NN

ol L Gmlaie e f~\r}‘-l-t-- £ Jrrmes obiHive ol

Al aVeds

'_‘J{Ji“‘i’."rf;’:l_ p / C h al n S

) )
P \ ’ o T . [
el 2 walidse  alalt trtrabee A ..,_,r', WO R T

| ()
' y g |
 afeoe Bl & ki,

-}.’l-«nm'-‘mm ‘:qj‘? e ~i";'—'-'-:'v--?'~'
\ |

' s ) ; bz C0unis v
Vs o Uarwims ek mesafie & tantima r.',1‘{, Alads = Vu

TheforcesSexchangedat the interfacesbetween
different componentso jdinedt I jgifersad @
Bydefinition two componentsarejoinedby ajoiner.
Themodelpresentlyembeds bolt layoutsandweld
layoutsasjoiners.

Futureimprovements purecontact(no bolts&welds.

Thesenterfacesare: Ay ofginalhamefor
. dThrougtt wasd D 2
Member—Jo_mer betweert sed
ThroughJoiner HartleyandLosey a
Movie):force

Meaninglessnterfaces

soll s [& o] et Lo TR ,,.j,'-z"-u«a-?
dal ol Meislav Mok e Sl S JoinerJoiner
i = Member-ThrougHo
Eig & o180 Member-Member
BRI 8 s ThroughThrough
(B *’A‘:f"f‘ NG s
i A
A'oinerwit:l;zextremities Will be
- : managedwith
Ita“an frlends Ing. PaoldRugarli Castalia sd Milan - Italy pure contact
unito/ unitore/membratura/tramiteastaliaweb.com 36
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Differentapproaches

A 1) Hybridfem approach
I Singlestep (one IFEM then simplifiedrules)

I Multi step: (one IFEM then simplifiedrulesand morelocal

SSFEMvhenneeded i.e. SSFEMNF singlecomponentsor of sets
of components.

(IFEM4initial, simplifiedfemé @ { { C9a I ¢ FetOD S :
A 2) Purefem approach(PFEM)
Bothhavepros& cons.

Both have beenfully automated somodelcreationis quite

fast. Themostpromisingtodaly is 1), the future in the long
runis2)



Pure FEM

Pros

T ItQgeneral

i 1tQa YreaNsBE a

T Unifiescomponentschecks
Cons

i Largemodels

i Iffull NL,possiblyhighcomputational
times (but afew load patternscanbe
used

T Unfit to checkblocktear and other
relevantmodes

T If pushedto modellingof localgaps
contactpressurewith bricksand so on,
itQ@o precisefor engineering
analyses

T Reasearcls still investigatingabout
properjoiner modellingandrelated
checks

| douseit whenneeded
l.e.important connections
and/or needof in-depth
analysis

www castaliaweb com- wer. 11.40 2-2014 - sn:100101

Sargon@ - by Castalia s -

FullyautomaticallygeneratedPFEM
model (veryfast). Contactbetween
circularplate andr.c. columnis managed
viacontact2DelementsA Nonlinear
analysi;needed

Ing. Paolo RugariCastalia sd Milan - Italy
- www.castaliaweb.com 38
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PFEMEXamples

Thereare severalpossiblewaysto create PFEM.
Choicegeferto:

1) Meshsize

2) Contraintpositioning

3) Holesoptimal modelling

4) Weldsoptimal modeling

5) Boltsoptimal modeling

6) Etcetera

My researchin the PFEM are lessdevelopedthen in
hybrid approach My viewis that we haveto find a
trade off betweenprecisenesandtime.

| dousePFEMo checka subsebf the failure modes
albeitin the future PFENVill be usedto checkall
failure modes

| donot modelholes albeitl could asbearingpressures
and blocktearingis checkedby other means

Ing. Paolo RugaHiCastalia sd Milan - Italy
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Hybridapproach

Aninitial simplifiedfem model (IFEM)s set up
andrun for allload combinations Quite fast. &
Alsofor quite manycombinations

Thejoiner forcesSflowing at the interfaces
andgloballybalanced arethen known.

ARprincipleis usedto isolateeachcomponent
in spaceunder theeffect of the computed
globalinterfacesforces

Thecomponentisthen checkedagainstallo
failure modesusingsubforceqi.e. elementary
joiner sub-componentsforcescomputedfrom
the joiners, interfacesglobalforces).

If needed localfem modelsof components or
of subsetof componentsare automatically
createdandrun. Thecomponentsare balanced
In space soreactionsare negligible.

C.S.EHaunchunderweld subforces
Ing. Paolo RugadiCastalia s Milan - Italy -
www.castaliaweb.comwww.steelchecks.com



C.SE
Forcesexchangedlisplay

A free body in 38pace under theeffect of the (here displayedglobal)
forcestransmittedto it at the interfaceswith other objects Becomesa
GoadedLI2 U | (12 € ®



Aloadedpotato isnot an

easyobjectto dealwith:

1.

2.

B

bl

Severajpossiblefailure

modes
Belovedbeamlike

checkingormulaeare
often no longervalid or

hardlyapplicable
Geometryisanissue

Bolts& weldspositions

areanissue

Loadinggeneralityis an

iIssue

Localeffectsareanissue

X I ys&on

Sowe needgeneraltool.

Ing. Paolo RugaHiCastalia sd Milan - Italy
- www.castaliaweb.com
www.steelchecks.com
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Boltlayoutdefinition

A setof bolts all joiningthe samecomponents

Allthe boltsdo lay overa plane and arefreely
positionedoverit (seeaside->

Theycanbe in rowsé&colsor not, everypattern
allowed

Thebolts behavein anorganizedmanner sothat
from the globalforcesflowingin the layout | can
compute

I Theforcesflowinginto eachbolt shaftaccordingto
severalpossiblelaws

I Thepressurefield exchangedat the bearing
surfaceinterface,dependingon thebearing
surfaceextentand on thebearingsurface
constitutivelaw (seebelow).

Boltlayoutscanbe definedaccordingo several
OK2A0Sax

H

=8
S
85

eoeve00e@
goooeeee®
XXX XX XX

goeevcesaee

e
Qoee
eeee
QOOe



C.S.Ebolt layout definition dialog

[¥ Check block tear Block Teer.. 0N PAREY
I1 Prying forces factor (»= 1) F_prying.. 1: 10526315769

Lirna! valugs Nﬂ'ﬂmﬂl’ﬂﬂl}f SChons
7931520 M N i’ Fartsite Frint__ | Copy | Fil |

P
n 7 Bolt layout input o E S
Elohs 5
M2 7-10.9F ; S ;
(" Staggered (" Free ! z .
—ICthge . [~ Empty inside s g &
Reguler, staggered or circular amangems §
Crumnliby Distances < & @
12 = Fows 0 - Fows d & E
2 =~ Columns 160 =~ Columns & o} E
2
Free arangemant e g 1
Add ] SalfUnsel ] A 1| n] w . & E
e - . 4
_Famow | 4[] eon ol ] bearing surface © ||| ¢ -
Center offset Base information P e 3
f :l O 70 Mt langth
|
0.5 il Dy 30 Minimum thickness | - | - :r:} !
|'_'|_ :[ Angla | 1 Multiplicity & & 4
2
1 Flecdbiliy index 1 e ¢ .
™ Compressed bolis & & E
I Is &n anchor M - " =
TN
—— BANY
[T Use bolt net-area for beaing calculation
[+ Add inedia of bols in bearing calculation o T !
S T T — 1 e (o ]) |

ESO5BIEE N W Flastic [T Do not prirt messages
1609104705 25 M mm Mz

Ing. PaoldRugarli Castalia sd Milan - Italy - www.castaliaweb.com www.steelchecks.com
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Howdoesa BL takexxialforce + biaxial
bending?

1 B " If . h o= 4408 o= 4408
@r- 349gi- 349
. byaxialiorcesin tne
o= 3675 o= 3675 @r=| J4gr= 349
or= 49gr= 349 o4 17820= 1782
o= 2942 o= 2942 @r=| piar= 340
S a On rlng Qr= 349@r= 349 o7 ifges 19y
T= AgT= A
o= 2208 o= 2208 @ 1 ires s
0 @G- 349@r- 349 JRE R TR )
- 1475 6= 1475
surface O . { U o7 Mbatz i o b u
o= 742 o= T42 od 710910= 1091
@t = 34$@T= 349 @r= {{.’@Tf 349
] I " " " o= 8 o= 0.8 L L7“91.8(‘;: 918
i Elasticdistribution (a
e s o | paso-  7as
w0 T W | g
i I
. . o= 2460= 2746 @ | = 34
T= . T = - = =
2. Byaxialforcesin the e of] | filf= o5
" o= 34790= 3479 1 o or 00
@r-  49@r- 349 @d J4rs 349
- 42130= 4213
shafts+ contactpressures ¢ % = i I i
p - o= -4946c= -4946
@t= 349@i= 349 o= 513

at the bearingsurface

>
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Bearingsurfacedefinition

Abearingsurfaceis a partof the contact
planewhere no-tensionnormal stresses
canbe exchanged

Sistakenby:
T Shearsn the shafts
T Axialforcein the shafts

T Normalpressureexchangedht bearing
surface

I Parasitibbendingmomentsin shafts

Accordingo simplecantilevermodel, this
bearingsurfaceis got by summingup
contributionsgot by:

T Addingabordercto the footprint of the
crosssectionsandof the stiffeningplates;

T cisafunctionof platethicknessyield stress
(f,), normalstressexchangedimit (f;;)

T ComputingoooleanoperationsU/Int/Sub
betweenthis borderedfootprints, soasto
definecomplexfinal surfacesto be usedin
computations

i Possiblyntersectingthis final surfaceto
outer possiblebearingsurface(hereend
plate).

149102 preq
-21474836  Compressive force

oK Cancel

Bearing surface
Bearing surface definition
bearing surface = current face 180.0
bearing surface = current face borderd by c ==
bearing surface u current face bordered by c @d?ﬁ &4
1
bearing surface u border +/- ¢ of current face Cg %
19
@
bearing surface Int current face 171 (%
; I 2
bearing surface Su current face
9 S8 8
U: union; Int: intersection; Sub 013 (g
Object to be checked as bearing C>ﬁ C%
= current face owner d %
— ﬁ
Definition of ¢ GZ g
[
m 2l &
Span ¢ 3 (g
6]
Compute c using data below?! 1_ g
7% | I—
20 plate thickness PANY ‘ = ‘
235 fy (yield stress) : =
— '7 L1 i‘ Face —J—
100000 fjd (bearing surface design stress) , 0 b - : :
Zoom R PANX
Bearing data 1: 117647058 z‘ Font size

red: clicked face; green: current face; yellow: bearing object chosen

Print... ‘ Copy ‘

Fill ‘ Hexagons

C.S.Ebearingsurfacedefinition dialog




Usingpolygonsbooleanoperationscomplexshapescanbe modelled

260.0 260 0

0pEs
0] oEql
anorl ook

O0EE

ookl

[
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Some moreexampleso .

ERating evplasban= 0 567

cEE

owsngli (23 - 2001 2010 - Sastaia sl -

[eorpinG para
BoNiaytt 81 steece - 1; Combration = 7, Mo nese hesing: Perasols rectangle
[Nty M- 24532403 N, M- 451594207 N

Sl e earr = 5352001

M2 S may UAE=0 000E003 NI,

ian - veraw castelavet com

[DATI DI CALCOLO:

[COMPUTING DATA

Botlayau. B Instanco = 1, Combinaior
tu= 12196685077 1 M

Bearng axpiaiaton= 0.001 ; Sigma, max beanny

o

C.SE. Copyright (G) - 2001-2014 - Castsia 51 - Mian -

0. Linear alasic boasing (no lension) - 6PHA = 273452 mm aPHA=
W=-79668175.1 N mm,
06 N

Sigma max botts= 2194 Wm; Tau,mas bots=

54 5° mndist G PNA=273 352 mm

Bulonsturs: 81 lstanza = ; Combinssions = & Contrssto non bresre | Farsbola retisngolo - GPNA= 185,209 mm  3PNA= 108.0° masist C PNA298.173 mm
Ne 101501 N MuT20STISE0 N My=2STSSTTET Nmm
£ 47 N bulori= 1528 Neowe, Taumax bulori= 30 N

23 romme

Ing. Paolo RugariCastal B

- Castatis sl

- www.castaliaweb.com
www.steelchecks.com




Some moreexamples {

105.0 1050 1050

0G0l  0'S0lL  0'S0L

C.S.EautomaticallypreparedFEM
model of a plate

Theboundariesbetweenbearingsurfaceand not-bearing
surfacemustbe properlymeshedin the SSFEM2 RSt a X

Ing. Paolo RugaHiCastalia sd Milan - Italy
- www.castaliaweb.com
www.steelchecks.com
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Bearingsurfaceconstitutivelaw
definition

D

] ‘184 So= 2183 5
Bearing component material data &= e =
=5 16420= 2642
= @ =| 1 ST = 19
Unlimited elastic law with limit compressive stress Legenda
) o5 2439 = 2439
(& Unlimited elastic analysis - No tension y: yield; u: ultimate; @t= 1. S@T = 9
7T“ Es: bolt elastic modulus 5 3 6 1736
m: homogeneization factor 70 Toar- 10
1 100000 sigma, max: maximum compression stress @ B l
E: modulus of elasticity 5 2033c= 2033
m sigma, max gammaM: material partial safety factor @r=| |[l%gr= 19
o= 7 183 Og = 1185 0
Nonlinear no-tension constitutive law @r= L_ '\9@1-7 :
oo YI62T7o= 1627
@io | Dogri= 19
(" Monlinear analysis - No tension od ADdg= 1424
@7 =| 1.9gm= 19
210000 -235 -0.005585 |0 [} 0 1.05
E sy eu gammah j (® Elastic perfectly plastic
= 864
pur o
= 6.1
st el e gammal! " Parabola-rectangle = ?.9
= 458
= 19
eu su ez s2 e3 s3 gamman = 255
(" Trilinear = 19

C.S.Ebearingsurfaceconstitutivelaw definition

Byselectingproper CLfor the BLbearingsurface we candefinethe spreadof the compressioralongthe
bearingsurface

Toget dtrueg resultswe would needa FEMmodelwith contactnon linearities(seebelow).
We canmodel cedgee contact, or diffusedcontact

Pressuresndforceswill changeaccordingly

Localforcesand pressuresare computedby assuminga notional linear strain field.
Bearingsurfaceis no-tension

A nonlinearanalysigs performedin eachload combination

Bearingsurfaceintergralsare convertedinto boundaryintegralsusingD N5 3ayt.Q &

To Joo T To Po T Do I



FromBL globaforcesto bolt forces

andpressurefields
A Shearandtorque leadto shearsn the
I Linearlaw canbe usedor nonlinear e’@ S
I The output are theshearsin eachbolt @ . @1
shaft(two componentg =@ ©
A Axialforceandbendingleadto axial S’@ ?@

forcein the shaftsand possiblybearing
surfacepressurefieldsin each
combination

A Bendingmoments torque andshears
may possiblyleadto bendingmoments
In the bolt shafts(optionallycomputed

A Theseforcesand pressuresnay be later
usedto load SSFEMs

Ing. PaoldRugarli Castalia sd Milan - Italy - www.castaliaweb.com www.steelchecks.com




FromBL globaforcesto bolt forces
andpressurefields

Unscaled

Scaled

Ing. PaoldRugarli Castalia sd Milan - Italy - www.castaliaweb.com www.steelchecks.com
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Bolt LayoutChecks

A Now, they are easily
doneaccordingo the
relevantstandard (EC3,
AISC, BS, ISNIE by v
combining(N, V)effects

A SlipresistantBL and

anchorsmayalsobe
computedandchecked

CRSESECR-X X R

QReeew
P00

@
®
¢
¢
®
NS
&
NS

ece@

*e8ee
Qe

e

Bl - BOLT# 10 - ENV= 0.081 - CAUSE=  RESISTAMCE - COMBI= 3 - INSTANCE= 1




Weld LayoutDefinition

A Aweld layoutis a setof fillet
weldsor of penetrationwelds \\

all weldingthe same(two)
components

A Filletweldsand penetration
weldsmustcurrentlylay overa
plane

%



FromWL globapeneralizedorcesto
singleweld forcesper unit length

A Commonlyusedrulesare adoptedsoasto
find:
I Forceperunit lengthin the welds(fillet WL).

I Normalstressess andshearstressed in the
welds(full or partial penetrationWL)

-
o

i -:n:-';c.[.ﬂf__ - ,En'::'+:__ ani) IL.::-:__ -5l

Far

_ =—1 zinlax, — 8)+1_cos{e, — 8)

i
N e B

W=
-

+
=] i
o | o E
et
|



Weld LayoutChecks

A Nowthey are easilydone
\
\

accordingo the relevant
standard (EC3, AISC, BS, IS,
{ bA)t X

W1 - ENV= 0.621 - CAUSE=  RESISTANCE - COMBI= 2 - INSTANCE= 1

S

Ing. Paolo RugariCastalia sd Milan - Italy
- www.castaliaweb.com
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apkrownpE

o

© N

Componentfailure modes

Bolt bearingpressurecheckyeasy) - P
Bolt punchingshearcheckgeasy) N

Pull out (easy) o i i

Blocktear (quite complex seebelow)

Genericresistancechecksfor components
(asafter workingprocesseg: verycomplex

Genericbucklingchecksor componentsas
after workingprocesses very complex

Displacementontrol
Stiffnessevaluation

displacement, u

Bending moment M dummy node

[N .

distance, d

r
|
|
L

Ing. Paolo RugaHiCastalia sd Milan - Italy
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Blocktear

A Superimposingffects
of sheals) andtiorque
leadsto acomplex
sheardistributionin
the shafts

A Thisstressdistribution
IS not the one
currentlyusedin the

exampled G Af I 6f S

A Besidesinmy
opinion,there maybe
faillure modes
iInvolvingboth shear
andnormalstress.

v
?9 |
9?9




Blocktear (2)

Dependingon the subsebdf
bolts consideredRchanges
iIn moduleand direction.

Foreachsubset a high
numberof different possible
failure pathsdoesexist not
necessarilyshearor normal
Theyshouldall be checked

' YR | assigoetdNE €
each

Thefinal utilizationratio is
the maximumscore

I:qubseti/ I:?failure,subset,ipath,j for
all pathsof all subsets

minimum distance path

normal stress pat

@

forbidden path when
dealing with (f, g, h) set

(they would include d
and e)



Blocktear (3)

A If there are 4bolts (a,b,c,d),
the subsetsare:

i (ab,c,d)
i (ab,c)
i (b,c,d)
i (cda)
i (d,ab)
i (ab)

i (ac)

i (ad)

i (b,c)

i (b,d)

Thecheckshouldbe done
A-oreachthicknesd(finding a different plate shapeX (
Aroreachcombination

Ing. Paolo RugaHiCastalia sd Milan - Italy
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Blocktear (4)

to plate Stillunpublishedresults

boundaries

subset resultant

Convex set

, toplate
boundaries

farthest bolts

shear stress failure path
normal stress failure path
by Ing. Paolo Rugarli - Castalia srl - June 12 2014 minimum distance failure path

Ing. Paolo RugariCastalia sd Milan - Italy
- www.castaliaweb.com
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Blocktear (5)

C.5.E. - Block Tearing

Informazioni di base

24,0002032 Lunghezza netta
6.00001926 Spessore minimo
2 Molteplicita

Risultati

481392.287245085 F ultima
214264.129106779  F applicata
90.0118708692544  Angolo

PANY

Il 0.4451 Sfiuttamento

wy castaliaweb.com

C.5.E®- by Castalia = - wi

[ Mostra quote

Hles '
1 JFacaa '—
!
PANX
L L1111 ﬂDwmansmnefunt
Stampa... | Copia ‘ Camplmra| Esagoni |

Anexamplefrom atrue analysis
(courtesylng.GuccioGalluzziFlorence

Ing. Paolo RugaHiCastalia sd Milan - Italy
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Blocktear (6)

(S

C5.E. - Block Tearing

Informazioni di base

24.0001226 Lunghezza netta
[ Spessore minimo
2 Molteplicita

Risultati

507348.808973727 F ultima
113933.644563509  F applicata
89,9999996610476  Angolo

PANY

0.2246 Sfruttamento T

o
C.5.E®- by Cadtalia = - www.cagaliaweb com

PANK

|

= et Anexamplefrom atrue analysis

===l == (courtesylng.GuccioGalluzziFlorence
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GenericSimplifiedResistanc€hecks

" Fle Medity D Drow Fem INodes Renode Chects 30 Model PRenode IClasses Joiis Window 7 .
DEHmBRS LOEHT - -BAAYLASCES 8 u[-- x3@Es ++n 4w gl

i vanabie anons || 2 _

wal Renode S — i

A Automaticdslicing A
of components | = >
Eachnewnet cross
sectionisbeam S
like checked A S

[ 4
[] G2 -1
1 o N N P W=
= L I &= "]
- 14
[COMPUTING DATA.
Renode. Component: AB.m1 Section=9; Instance = 1; Combination = 2,
N= 170622 N; V2= 0.0 N; V3= 2119669.9 N; M2=1641800619.1 Nmm: M3= 0.0 Nmm;
Exploftation index (N.V.M)=56.770 ; Sigm: -2438 N/mme Sigma,d= 3550 N/mm?;

NET-SECTION UNCHECKED

2136

2438

C.S E Copyright (C) - 2001-2014 - Castalia sri - Milan - www. castaliaweb com




GenericSimplifiedResistanc€heckg?2)

& JAB)

The net crossection 300 mm
checks

Thesolidis csliced by
parallelplanesin relevant
positions

Eachplanedefinesl ay
crosssectiore whichis
found automatically

Theeffectsof all the

6 +1000-831.6= 174.4 mm

 857.46-831.6=2586 .

(single)forcescoming
from bolts, partof welds
and partof bearing
surfacepressuresare
summedsoasto getthe
final beamtlike forces
resultant

Ing. Paolo RugaHiCastalia sd Milan - Italy
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GenericSimplifiedResistanc€heckg3)

A Eachnet crosssection
Isthen checkedagainst
beamlike internal ﬂ
forces

A Possiblechoicesdeal

with avoidingthe useof
weakaxisbendingor
torsion, but arenot the
default.

A If the stresseauinder
the appliedforcesare @IE

lower thanf,, orif
plasticcheckis nii=il
satisfied net-section P
crosscheckis passed
Otherwisenaot.

Ing. Paolo RugariCastalia sd Milan - Italy
- www.castaliaweb.com
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Generic(SS)FEI\FResistancélhecke(l)

COMPUT\NG DATA
ant AB.C1 Section=59; Instance = 1; Com
N nmaq N W 4714 N, Vs e N e Shenskiz 5 Nmm, M3= 785967 Nmm,
M)=113.115 ; Sigma = 397.3 Nimm*® Sigma,d = 355.0 Nmm?

A A singlecomponentcanbe checkedby
meansof a SSFEM. Theodelis created
automaticallyandis alwaysself
balanced i.e. ineachcombination

A The SSFEModelisathick plate-shell
(soasto get sheareffects automatically

createdfem model
A Theforcesloadingthe component(here =
ahaunch moreexamplesbelow), being

selfbalanced donot require constraint
reactions

A The VorMisesstressmap of the
componentmaythen be observedin
eachcombinationor asenvelopeof
combinations

A Theengineercanthen decideif the
resistancechecksare passedor not.

A The SSFEMaybe created ideally also
modelingholesbut the choiceis
questionable

A Severapossiblesituationsmayarisein
the singlecomponentSSFEMA

C.S.E. Copyright (C) - 2001-2014 - Castaia srl - Milan - www_castaliaweb.com

Sargon Reader® - by Castala i - wvew castalianeb com - ver 1140 22014

 GAMACE RCE»E AB c1
Case=2/5 Von 1
000¢+000 3.9446+001 7.889¢+001 1.1830+002 1.578e+002 97 400 2.367+002 27614002 3.1560+002 3.550e4002 3.9446+002)
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GenericSSFENResistanc&€heckg?2)

0L0Z-0 06 184 - LIDY GEME[EISRY itk - LIS BIIEISE]) At - @Uapeay uofles

M20_MODELLO.CL.P1
Case = 1/24  VonMises stress N/ mm*2

0,000e+000  1.876e+001 3752e+001 56296+001 7.505e+001 9.381e+001 1.126e+002 1.313e+002 1501e+002 1.689e+002 1 876e+002

the
than
The

N

model the Von Mises
lower

IS

(factored vyield.
check is passed Most

Everywhere
frequent condition!

stress

1.

Ing. Paolo RugaHiCastalia sd Milan - Italy
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GenericSSFENResiIstanc€heckg3)

Somevery local stresspeaksare
detected possiblylinked to bolt
bearingpressurechecks(already
done) or to very limited stress
concentrations The component
ischecked

Ing. Paolo RugaHiCastalia sd Milan - Italy

00084000 394402001

- www.castaliaweb.com
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GenericSSFENResIstanc€&€heckg4)

. Some relevant but not too extended part of the
modelhasa VM >yield. Theanalysianustbe refined

In EPrange or the componentmust be improved

[0.000e+000

GAMACERCEVE_BEARING_SURFACE2 AB.OVERALL
Caso=2/5 Sforzo di Von Mises N/ mm*2

3.944e+001 7.888e+001 1.183e+002 1.578e+002 1.972e+002 2.366e+002 2.761e+002 3.155e+002 3.550e+002

I S b

Sargon® - by Castalia srl - wwwy.castaliaveb.com - ver. 1140 2-2014 - sn:100101

3.944e+002)]

Ing. Paolo RugariCastalia sd Milan - Italy
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GenericSSFENResIstanc€hecks5)

Relevant very extended part e BT -
of the component are above -

the yield stress, probably the 4
component is overloaded it - : 3
must be redisigned or a )
different load distribution .
mustbetried. {
The judgment cannot be -
nowadaysautomated(thisisa -
researcharea) An engineeris
nee d € d .

B/ o] [ Yeolel=][d]1]M

Ing. Paolo RugaHiCastalia sd Milan - Italy
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Meaningfulnonlinearities

A Material NL

(MNL):

I EPP (plastic flow)
I EP ardening
GeometricNL

GNL)

A ContactNL (CNL)

NLMisuselessf VM <f, or
verylocalstresspeaks
GNLis neededat engineering

judgement

CNLs possiblyusefulfor BL
usingbearingsurface

Nonlinear Analysis settings ‘

Load cases management (load stations)

[~ Beiivate load stations (load pain)

If stations are not active then distinct load cases

Convergence

Error norm
@ SRSS
(" Max abs for among components

Index

[~ Displacement ’W Tolerance
[v Residual ’W Tolerance
[~ Work 0.001 Tolerance

Divergence [0 Tolerance

Method of analysis

@ Full Newton-Raphson

" Modified Newton-Raphson
~

Number of Lobatio's integration points

10 Plates (from 3 to 12, or20)
5

Beams (fom 3o 12. or 20)

More parameters

0.0001 Minmum modulus net-null pivots
0.005 Precision of limit muttiplier

Analysis strategy
Iterations

Arc-length
20 Maximum number of terations per step [ Switch o arc length f
03 i
Step size @ CSP< CSPlim
" Pre-defined number of steps « STEP> 2 STEP.lim

0 Step number for each stationfload case

@ Automatic step size control

Arc-length kind

" Spherical
3 Wished number of iterations @ Cylindrical
05 Exponent for the increment ehoice " Ramm
(" Fried
05 Maximum increment (dlambda, max)
0.01 Minimum increment (dlambda. min)
Does not stop to singular points

[ Automatic decrease of step size if convergence not reached BT ———

Nonlinearity Others
[ atea [ Printmessages
[~ Geometric
[ Interpolate stresses to nodes
[~ Contact
Fiber number (beam element) Return over plastic domain
Te-05 Tolerance
250 Number per section

100 Max nb. iterations

[~ Printdisplacements at each fteration 5 E

0K Annulla ?

C.S.EsettingNLanalysis

Priming seeD. Kahneman




Some moreaboutNL FEM (1,a): MNL

A If anEPPmodelis used then if
convergencasreached S<
S wThisisthe limit analysis
an’é coversother simplified
methodto assesshe same

A If anEPHmodelisused

convergencevill alwaysbe lome,
reached but at the costof Von

MisesStresgpossiblyhigher :

than ultimate stress f. /_

A Breakingiof material caralso
be modelledby neglecting
gausspointstribute to stiffness
If ultimate strainhasbeen

reached
e




Some moreaboutNL FEM (1,b): MNL

SHELL ELEMENTS

Gauss Points

A Accordingo theory, no
matter the spreadingof
plasticityif (at ULS) the
componentis capableof
carryingthe loadwe are
lowerthan § .

A Increasinghe plasticity
areas the convergenceyets
more difficult and the
computationaltime

Lobatto Integration Rule

Plane Stress

'

stresses

Increases

A However not all designmust - =
be conceivedn sucha way S S A
that the factoredloadsare at —
asmalldistancefrom § ,,.
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Some moreaboutNL FEM (2): GNL

A GeometricNLis handled
by assemblind<:

K (/) +K4(/)|Du=Dp

Ay running GNLanalysisone can
assess if there are possible
buckling phenomena coherently
with the appliedfem modelling

A specially useful for
ononstandard geometries which
are almostallX.

Arhe analysismay NOT converge
If it convergeswe are below the
limit.
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Some moreaboutNL FEM (3): CNL

|IdeallyCNLshouldalwaysbe used

It leadsto anincreasan bolt axial
force.

A The patternis nevereasyAllthe
modelsl NB a énblilifigihese of
the standards

A Targetelements& contactelements

T> T

(from V. A.Yastreboy
Intrgductionto Computational
ContactMechanicsCentredes
Materiaux MINESParisTech

Cantact
forces

" Pryingforces

(PF)
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Some moreaboutNL FEM (3): CNL

Thetwo surfacescanbe differently meshed Signedt O NP & & ¢
elementsare theautomaticallydetectedpossiblytarget
elements
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Avalilablesimplifiedformulation for PF

Prying forces factor setting @

Data X =1 oax b

a e = L gy a

. ©
26 dh 0 . 5=1_£ @ :
’Tn ® :

60

1

P p
23499952 Fy . © s
a=a+05d
T ——————— > alphais a function of t | F=b-05d
| t is a function of alpha a=>0 nOeriﬂngl'OﬂS | . . | I t
= 1 |
28.922487 ¢ a=1 max pryingforces i a i b | b i N |
B =max N, bolt
0.256 apha s T+Q
| | W. Thornton - 1985 - AISC | e
=]
Initially t is set as the minimum thickness of connected objects
] Alpha 1
no prying max prying If the existing thickness is used, a given value of alpha is determined, and so a value for K,prying

R If @ desired value of alpha is set, then the required thickness will be read accordingly
esults

T.max [ B < 1 means a part of B is required to resist prying force Q
0.8513261223 1 may/p _ I
D A stiffened plate may be modelled with a high thickness value

—% 1.1746379838 m
’ K.prying oK | Cancel

C.S.Esettingof pryingforcesfactor

Thismodelis applicableonly to a verylimited subsetof situations



Anexampleof CNL

BASEJ2
Caso=3/6 Deformata Tz mm

-1.401e-002 @ 8.438e-002 1.828e-001 2.811e-001 3.795e-001

Unscaledrectors
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AnotherCNLS E | Y LJ S X

pulled bolts

prying forces

o T

mesh size:
plate 10 mm

constraint block: 30mm y view

tension side compression side

Sargon Reader® - by Castalia srl - v castaliaweb.com - ver. 11.40 2-2014

BASE.AA.UNTITLED105
CS1 Combination =1/1 Von Mises stress N/ mm"2
[0.000e+000 2.350e+001 4.700e+001 7.050e+001 9.400e+001 1.175e+002 1.410e+002 1.645e+002 1.880e+002 2.115e+002 2.350e+002]
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AnotherCNLS E | Y LJ S X

<5,

<:| prying forces

<:] contact forces

GAMACERCEVE_BEARING_SURFACE2.AB.OVERALL
Caso=2/5 Sforzo di Von Mises N/ mm"2
p.000e+000 3.944e+001 7.888e+001 1.183e+002 1.578e+002 1.972e+002 2.366e+002 2.761e+002 3.155e+002 3.550e+002 3.944e+002)

Sargon®- by Castalia sri - www.castaliaweb.com - ver. 11.40 22014 - sn: 100101

<:| prying forces

<:| contact forces

Sargon® - by Castala sri - www.castaliaweb com - ver. 11.40 2-2014 - sn:100101

GAMACERCEVE_BEARING_SURFACE2.AB.OVERALL
Caso=2/5 SforzodiVon Mises N/mm+2

p.000e+000 3.944e+001 7.888e+001 1.183e+002 1.578e+002 1.972e+002 2.366e+002 2.761e+002 3.155e+002 3.550e+002 3.944e+002)
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Bucklingcheckq1)

Eigenvaluanalysiscritical multiplierscanbe found.

Geometricallynonlinearanalysisconvergencenustbe reached More sofisticated especially
neededif there are plastiaegions

Theanalysisanbe run for SSFEM.
Otherwisestandardsimplerulesmayalsobe usedwhenapplicable

To Po T Do

stable

u n Stab | e Buckling analysis results @

Crtitical load multipliers for each combination
= 1 1 -
Combination =1 2 1.662e+002 T
Combingtion= 1 3 Alpha.crit = 2.098e+002
Combingtion= 1 4 Alpha.crit = 2.207e+002
Combination = 1 5 Alpha,crit = 2.2692+002
Combination= 1 [ Alpha,crit = 2.3689e+002 L
Combination = 1 7 Alpha.crit = 2.554g+002 B
Combination = 1 ] Alpha,crit = 2.6318+002
g Combingtion= 1 ] Alpha,crit = 2.906e+002
'."a?'»:‘l'g Comhingtion= 1 Made= 10 Alpha.crit = 2.947e+002
A Combination= 2  Mode= 1 Alpha,ciit= 13,4655 B
Combination= 2 Maode= 2 Alpha,crit= 59,9882
Comhingtion= 2  Maode= 3 Alphacrit= 95,7684
Combingtion= 2 Mode= 4 Alphacrit=1.146g+002
Combination= 2  Maode= & Alpha,crit=1.2632+002
Combingtion= 2 Mode= & Alpha,crit = 1.346e+002
Combingtion= 2 Mode= 7 Alpha.crit = 1.459g+002
Combingtion= 2 Mode= 8
Comhingtion= 2  Maode= 8
Comhingtion= 2  Made= 10
Combination= 3 Mode= 1 Alphacrit= 26.7244
Combination= 3  Maode= 2 Alpha,crit= B0.3856
Combingtion= 3 Maode= 3 Alpha.crit=1.313e+002 i
Crrbinatinn = 3 Mrrdr= 4 Alnha rrit =1 R73R+002

Combi= 7 Mode= 1 Alpha,crit = 3.246e+000
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Bucklingcheckq2)

Combi=

1 Mode= 5 Alpha,crit = 1.174e+001 Combi= 4 Mode= 2 Alpha,crit = 5.284e+000
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SSFEM: moran 1 component(1)

e

Sargon® - by Castalia srl - www.castaliaweb.com- wer, 10.40 5.2013 - sn:100101

PALO 12M.AB. AGGREGATE
CS1 Combinazione = 7/ 10 Sforzo di Von Mises N/ mm*2

00 35458 710 106.5 142.0 177.5 213.0 2485 2840 3195 355.0

Ing. Paolo RugaHiCastalia sd Milan - Italy
- www.castaliaweb.com 84
www.steelchecks.com



0.0

SSFEM: moran 1 component(2)

9.7

|

PALO_12M AA AGGREGATE
CS1 Combinazione =2/ 10 Sforzo di Von Mises N/ mm*2

3886 48.3 57.9 67.6
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