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Thesis Title Using of the Finite Element Method to Study the Effects of Thin
Adhesive Layer and Riveted-Pitch Distance on the Stress Conceniration

Factor of Riveted Lap Joints

Author Mr.Jugchai Suwannao
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ABSTRACT

This research focuses on the effects of the strength in stick of thin adhesive
layers described in terms of modulus and the riveted-pitch distance on the stress concentration
factor (SCF) of riveted lap joints, when the joints are subjected to static tensile loading using
Finite Element Method (FEM). The research methodology composes of three tasks. The first task
is to perform tensile and simple shear tests on thin adhesive layers to determine the modulus of
adhesive, which will be used to specify the displacement-response behavior of adhesive in finite
element models. The second task is to test the stiffness of riveted lap joints to verify the finite
element models. The third task is to vary the strength in stick of thin adhesive layers and the
riveted-pitch distance in finite element models and study how these two variables affect SCF at
the rivet-shank bole. It is found that SCF is reduced when the strength in stick of thin adhesive
layers is increased. The increase in the strength in stick helps reduce bending of the joints,
resulting in the reduction in stresses at the rivet-shank hole. In addition, it is also found that SCF
is reduced when the riveted-pitch distance is decreased. When the two variables are considered
together, it is found that the riveted-pitch distance does not affect SCF when the strength in stick

of thin adhesive layers is 10 MPa or higher.
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A, =w;xd, (2.26)
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Spring | Spring Area
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piuANs UM tHiuANUgNABInINNINTTUT 4 gminnlfiiednuidauuls Avusqddves
L=

] L
i iFlunsBafaszuinfhdudaluseods uazszosrinsznihmyadt 1illnasdalsde

& 3
mduszdnanudivewnmnduusnugmizinmi

]
-~

»
ﬂ’liﬂﬂﬁﬂﬂﬂ?iﬁﬂﬂqﬂﬂlﬂ\i‘ﬁu AMIUNHIBH
- E (Blastic Modulus)}

- G (Shear Modulus)

4

. E
MINATDLUTIAWITUNAIBE IR nuudiaea Il tudiefong 3 fidvea
. » »
Tusesdouyadunnmneg SBUABHYASILILLA1Y
Y
o
» A ADUAINIYDABA p

TnufSsufisuusshataznsiada

hiaeandas

aenntiog
v

dmmnaunls Tneld55 b ludwanme
«:; = = o, c[ [
- lisung@Anssunstadavesnnlaemsalanmegda

¥
- SEOLHRTEHINNYAN

=l ] ﬁr ] o5 Q“ 1
finadomsfnasmdulssanianuduvesnnudusdi’ls -

3131 urudaduiiufonssy




28

= = &
3.2 NEINATOUMIUAAAVIITUMIVIY

=2 o ) v

3.2.1 manameuMsBafavoarunamelansshs

o csyﬂ =~ 5 H @ A ¥

fonssudiilumsinmnisgadavesunlumndwminfuiimaneidus

3 5
v emwegdadandy () vosfun1iun dmfufudeyalumsdmuadinnuudeves
L4 3 S
al5aluadanin ) vesdunnustuyuiiaed W ludiednng TaanSonduaudiein
AHNNTFIU JIS (Japan Industrial Standard) K6849-1994: Testing methods for tensile strength
’ ¥ ¥ i

of adhesive bonds AuaAalug13.2 Hdunouasil

1L iundnusnaudunidadionszaimnigazideaiuSnufdudan
A -4 or 3 o 9/ ~ Ay oy LY 3
FouneA19M HawnMinhienazeadigosd lay iedamninfunasfanilsnosn

o =] ’ w o + o
2. dumdnusianauduiinnuazeaunlsgn i usY (butt joint) Fadu
. & & 4 &
nnageuediznetuilsznuiiaes TneldnTeaniuguarumnyesiuntivilums
muguanuvvesntfiinaumlbszane 200 Tuaseu
o Y & w ' &
3. MimsnageuFuaunnig 5 §1061 luudazlszinnveans Arumiea
< or = 0’1’ o o a o o =t a
nagouANLIRwedny Tnsfndumginyalnadeuusidadaglfia.3 dedasimsdanadi
¥

50 A sAnNf MNINATILIUNITSTNTOEADNGADBNIINAY

»
-4, ﬁ'lﬂ’l'il]uﬁﬂ‘llu“lﬁﬁm\'ﬂﬁﬂﬁﬁ !lﬁzﬂ’]ﬂ'ﬁgﬁﬁ’ﬁlﬂi‘IQTHQ’INQT’JBUN

LR A

3113.2 MseiBLUYU (butt joint)
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Adapter =

N - Pii.
e - ~ Adhésive
Specinieit s -
Adaptor s | P
e Miching.

51733 gilnsalnamrouusais

8 A :.’; 95 &
3.2.2 mInageumssafavestunImeldusuneu
L4 ¥
fanssuiiiiumstnpinsdadanvsstuna lunndudanTouunvinuiumi
1 o
nanteldusufeuw ilemiswegdmilon (@) vordun1avw dnfudiudeyalunis
o T = 7=y & 3 o e A o
fmuamanudsvesadSaluuuaiion ) voununluwuudialdludefuud
3
Tﬂﬂm'%‘ﬂmmﬂuﬂmmqm'ummgm JIS K6850-1994: Testing methods for shear strength of
N F 4 ¥
adhesive bonds by tensile loading ﬁ’x‘mﬁﬂﬂugﬂﬁ}’.df HTunauail
e =] [] ar g = A a A o oo A A [
1. thuwanusuindadlenseaunswasdeanus s duiafisousnody
1 X v 1) .

T wantuinnyazetadoesd Iy edeasnnihthuasdsanidsnoen

2 Yiwnanuruihanuazeiaunilsznufuuuinne (single lap joint) usiinis
o a o A2 t & & ° et
Funrsglunua@eriu Ssdunmagousgisuintulsznunines lasimanagsuniani

Y Y 3 I's Y o 3

aruviumlszana 100 lunseu Taslfuduildmnediudiaduanumnvesduniun tas

¥Fundulumsdady
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L 9 3
3. imsnaaeuFunuRmua 5 §1081 lundazilszionveann deoniog
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nagounIIILiwsweYay lasfndegagilnseinadeuusudoudagnz.s drwdasimsds
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1 ¥ E
A131903.1 HAA9TI9AZBIATOITUNUNATIUNITORAAUDITUAIN 1AL

=2 A =t o =y ]
a9 uazusanen Taslimsdouriinuean e sy LA 199

[) k4 »
A1919N3.1 HAAITIwaZBrRUDIFLIUNAT UM T daRnuesFun1Ie 1duT IR tazusuReou

A=

e Fuf 15018 naTBulsY | wiavean1d | anuvu
VoITUNT
TBR-0-01-Bxp I HUBTH LR AT 0.2 mm
TBR-0-02-Exp 2 ULV TEREER 10719 0.2 mm
TBR-0-03-Exp 3 HUUYY H3IA4 AN 0.2 mm
TBR-0-04-Exp 4 IEL 13909 NN 0.2 mm
TBR-0-05-Exp 5 UYL 139519 N1 0.2 mm
SLR-0-01-Exp 1 HUUIng HsUNOU 117014 0.1 mm
SLR-0-02-Exp 2 HuBINg U5 11791 0.1 mm
SLR-0-03-Exp 3 HULNY usufion NN 0.1 mm
SLR-0-04-Exp 4 HUINY IENGTT 11767 0.1 mm
SLR-0-05-Exp 5 wng usaRou 11619 0.1 mm
TBE-0-01-Exp 1 HUUTY - HIIR N1oHoNd 0.2 mm
TBE-0-02-Exp 2 WUV LIRS nTI9HeNY 0.2 mm’
TBE-0-03-Exp | 3 HUDYY 159A9 AONENE | 0.2mm
TBE-0-04-Exp 4 HUUTY LR Maonendy | 02mm
TBE-0-05-Exp 5 HUUYY 139A9 Adwend | 02mm
SLE-0-01-Exp 1 LHAULNY wsufeu | mavwend | 0.1mm
SLE-0-02-Exp 2 Huune usuiion NINeNG 0.1 mm
SLE-0-03-Exp 3 HUVING usuton | ndwend | 0.1mm
SLE-0-04-Exp 4 | wannng usaftou | mdwend | 0.1mm
SLE-0-05-Exp 5 HULNY uyaeu | andwend | 0.Imm
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3.2.3 MITANTIZHINTHANAUDIND

o
afinsanmstadavesiun luudvewagdani ld Tanitoyaszning

[
=)

Vg o e n,; ~a & 1 o

usai lFaanumanlasugiestsunnlunusuninaed Tasansamnegdavean
WY :!y
ladait

dmSunegdatangu (Blastic Modulus, E) Mlagmiaimduiutsznig
ANUAY (stress) HUANUATEA (strain) MHAUNITN 3.1) waz (3.2) alanudniutseuig
ANUAUAUAIMNATUA (Stress-Strain Relationship) #931A3.7 [16] AuFuUFIZHIIAIW
Buiuamuaseasziiudadiunai Tuda AB Faonngraiinadad 1 (Proportional Limit)

»

uazmoldvrerinadaduil YaquzuaaanganssunmsAugliuda1a@n (Blastic Behavior)

gunsnmmenaatangu lddaaumsi (3.3)

F
= 3.1
g, 4 (3.1
Al
£, =— 3.2
T (3.2)
E—Aq (3.3)
Ag,

¥
=]

dlo G, fennudu F feusefi A, fefiufimidadudu g Aeamusion
L fienrmeniudu Al fennueniuldonliiiennussis Ac, Asnrnduiin/de’
Ag, feamusaiinfdenh] E fouoqdatandy

dmuueadaiiiou (Shear Modulus, G) ¥ laowinnuduiusssninniy
Biufou Ghear stress) MUIANUIAToMABY (shear strain) MWANNISH (3.4)-3.6) Tavi
araunToaien mnedapildounlasldvesdrnmesdiu Fainmedidy oo° lukues
Forfunsmanudniutszninannduisudvanunioadion ludidandgu annsem

fuegdamon lddaaunisi (3.7)

(3.4)
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finsangidiize Sagilvinannuga L fiusa P, unseib uazdiiifaives

@ A A 1
Soguadeuiihl 8, luausasz 189
o
tany =% (3.5)
4 L

] ¥
Tavfi ¥ fiswiosunn an y =y dAnfunnumssameuannsonm ldan

F5)

=5 3.6

4 7 (3.6)
Ar

G=— 3.7
Ay 3.7

A - 4 Ju) o A
dio T Aeanudwdeu P, Aeusuiou A, Aeitufimhdacudu v fe
N ¥ 3 A 1
snuaioaiiieu O, AeanueniinAsulilifesnnusafion AT fearmuduioun

aldou'lal Ay feaymsseadiouiin/donh] G feweqdmien
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AVWAM (F /A )
9

il e e Al ol A

- meinfamosuunddugie  —s msA2A —

L}
L3
[
3

ﬂ")"’!}iiﬂ?ﬁﬁ! A/ Io)

5137 aswlaud@infusszninuduiun1nion (Stress-Strain Relationship)

fn: hitp:/fwww.isit.or.th/techinfo.asp [16]
3.3 MINAFUTUNY

3 3 L 4 . 1
hnnudediidedianyadt 1azn1IsWAUNYAGIINATOUUTIAY 1l
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y 1 oy ] t 1
Housnainod ouyadt (A12117-T4) 3, 4, uaz 5 vya FailszesH19asHIINIA 50.8, 38.1, uaz
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3

sHagu Suit | Swounmym | seesin | aflaveanny | amumn

& FEHINNIYA YOI
TIF-50.8-01-Exp 1 3 50.80 mm Tiiman -
TIF-50.8-02-Exp 2 3 50.80 mm Tiimana -
TIF-50.8-03-Exp 3 3 50.80 mm Timan -
TIF-38.1-01-Exp | 1 4 3810mm | himan -
TIF-38.1-02-Exp 2 4 38.10mm | - limam .
TIF-38.1-03-Exp 3 4 38.10 mm Tsimnn -
TIF-30.16-01-Bxp | 1 5 30.16 mm liimnm -
TIF-30.16-02-Exp | 2 5 30.16 mm Timam -
TIF-30.16-03-Exp | 3 5 himnmn .

30.16 mm




A151913.2 (49)
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¥
THATUIIY

A

=h.

¥un | Imaunya gozvie | wiavewnty | anumn
én TTHITNNYA VBTN
TJR-50.8-01-Exp 1 3 50.80 mim 1Y 0.11 mm
TIR-50.8-02-Exp 2 3 50.80 mm U 0.20 mm
TIR-50.8-03-Exp 3 3 50.80 mm NN 0.08 mm
TIR-38.1-01-Exp I 4 38.10 mm N1 (.09 mm
TIR-38.1-02-Exp 2 4 38.10 mm YN 0.20 mm
TIR-38.1-03-Exp 3 4 38.10 mm NN 0.15 mm
TIR-30.16-01-Exp 1 5 30.16 mm 11 0.22 mm
TIR-30.16-02-Exp | -~ 2 5 30.16 mm N1 0.13 mm
TIR-30.16-03-Bxp | 3 5 30.16 mm Y Eeat 0.07 nm
TJE-50.8-01-Exp 1 3 50.80mm | n1OHENE | 0.04 mm
TJE-50.8-02-Exp 2 3 5080mm | nOWenE | 0.08mm
TIE-50.8-03-Exp 3 3 50.80mm | p1@dWenT | 0.03mm
TJE-38.1-01-Exp 1 4 38.10mm | AowenE | 0.02mm
TIE-38.1-02-Exp 2 4 38.10mm | n1dwend | 0.07mm
TIE-38.1-03-Exp 3 4 38.10mm | pmovenE | 0.13mm
TJE-30.16-01-Exp 1 5 30.16mm | pMBYend | 0.05mm
TJE-30.16-02-Exp 2 5 30.16mm | 1OwenE | 0.12mm
TIE-30.16-03-Exp | 3 5 30.16mm | nMdvenE | 0.02mm

] | e o 1 A 2 4
mﬂgﬂ‘ﬁ&s 84 3.10 SdndarsvesFunuilegliszezanuniig 6 13 44
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3.4 75918991 (modeling)

3.4.1 ms{haaasamﬁamga&szﬂxﬁmssmﬁmgﬂ 50.8, 38.1, Az 30.16 Aaauns
‘iﬂﬂﬂlﬂﬁ1;551515383‘}{1\1‘5311’3'10113;61 50.8, 38.1, LA 30.16 Fadmas Faldidly
Fuanmagevluide 33 gnadtuihuvinesruitdmuldnis i ludedund
Tastresunmzdndmanasdmaacduglfis.io dewmmisnuassnmaiiudiudideie
15984 Selisuudesiraneseudemyaiiianua Tnsuuuiaessesiemyminiiinuuzss
neaalugaliis.1s unz 3.14 msildouszezmyaluuniinsah laonsalavuszes AB oz -
CD AUSZYTHINITHTNNYA Tuinnidraealszaoudouiuegiliiondanced (Al 7075-T6)
aoarivilyznudy Lgaz‘a"jﬂﬁ“aﬁué’wwﬂg’l (Al 2117-T4) eAEMALUIEMNARHANTH (27-
node brick clements) 1¥dmiuiravriusgiliiloudansd wazefnmduuudiduimih
(15-node triangular prisms) ‘l*i’f’f?m%’uﬁ‘maw14@151n‘i‘m"faamﬂﬁmmgwﬁmmué‘hqanimr«iu
ogiliivndaneed Funfousuanuihnie Taof$ et 228 wiond T
Sudiegusnaidensfuiisnmmnn osnndiuuined Widodeesdunu daud

ar

Sulszinsanudsannfifdudandu 02 ] eilnnagilin ﬁuﬁﬁ'sﬁuwmmwagﬂ%
Swansluzilfiz.is waz 3.16 ueqdadangu(m) %ﬂaﬂgﬁtﬁﬂuﬁ'ﬂaauﬁuazwﬂt{nﬁﬁu 70
GPa Sariduiliwos (Poisson’ s ratio, L) i1y 0.25 TasTmsenaginsusanda
wanuaauy lidhuFady awereom) [1] 1issRalugag 0-6000 N @saftatlszanas 3000
N fimanudnfariiy 369 Mpa) tas lldimsndeufinnfirmaluszuin AB dau Ac
uaz BD WildTmsmdeufiluiirms 2 dielRuniansaidahmssnnuds T sunsy

ABAQUS Tagde614 144 Input uaasdanianuin n.

Rivet, Al 2117-T4 Panel, A1 7075-T6

{ [ a < o 3 oy
31013.13 dnvazednmdrewnuiinessogionai
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Upper panel, thickness=1.6 mm Rivet

Lower panel, thickness=1.6 mm

15.08 mm e T e e

] L
3.4 nuufaeslludeduuduessesdonyaii

I 9.00 mum

contact area, Al 2.8 mm

contact area, B1 = | contact area, C1

contact area, D1

contact area, E1

6.53 mm

3

b

T L4
1103.15 wragilsusanyai
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contact area, Al

.

contact area, B1

3
€

contact area, D1

contact area, E1

¥
a

£ 5/ X
U316 fiudidufaimuavesnyaduazurivegiidloudonoed

5
= Q. g L 1

3.4.2 nﬁﬁma\ﬁam'amgﬂéﬁwf'fumaszazﬁnszm'nmgﬂ 50.8, 38.1, 102 30,16 AaAUAST

ﬂﬁfﬁmmsaﬂﬁiﬂﬁgﬂgﬁauﬁumaszU::?hqszﬁ’iwmgﬂ 50.8, 38.1, 1tas 30.16
fiafas ansarfuuuiaesiuaudiindnndiady Taoludnmesunmanade
sl #8233 W ludiodnnsigninnidTaondnnisiitund TALA Tuenidionseiiauyd
Tnameimmghnsoudauiidemnstusenheegiflondaaseduriuuufudhs contact
area, Cl) R 'iﬁﬂefﬂm:nmfn::Qmﬂﬁﬂutﬂuﬁﬂ?mﬁmuﬁwmﬂqé’qﬁmmsm‘ham
1‘{'(:]aﬂ‘iﬁ"NL%Qﬂa‘HﬂQ‘f;”uﬂ’]?‘lj‘lﬂuﬁ‘lilﬁﬁﬂw Uszneudivfindsminfuiufifiuazunufiy

a8 W ow A oAl =Y =Y o ar “ F el A a ,3'
HITUHY ‘]N?Jinu'.lueﬂEl\'lffﬂ’iQlﬂﬁlﬂuﬂﬂﬁiiﬁﬂﬂiuﬂ'ﬁ'lﬁﬂ3.3 AR ANUNTYH “lﬂﬁ"uuclu
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3 = ﬂ M oa 3 A A a o ¥ A vy 2] o
%un’t’mﬂ%’gmﬂﬂam HATURDSNITIARITSHITHINADAANURAITNTI 11D 1ﬂllﬂﬁﬂﬁﬁuim

o o ar L] o of
udihmsmuindo Tisunsy ABAQUS Taod19613 1Hd Input uaassamacian o.

i o =Y - PR t S e o qyz
A1519913.3 SnnualSusamuandoudoAiduRanaue

Contact area No. of linear springs
Normal direction Shear direction
Al 0 0
Bl 0 0
Cl 293 586
D1 0 0
El 0 0
Total for two standard rivet _ 293 586

A by o ¢ = 4
35 mmuﬂummgnﬂawmsmumaaa‘lﬂ"ﬁummamuﬂ

ar o & a d o
mstufunugndesveunsiass W Tudiefuud w8 TasmsafSouion
& o o ar o & & ar c:s., at v A
anuduiusssnhssmidumstadvesnndass i ludefuvdiudunudiedia e
s o o e o { o & 7 ¢ a
fuiunnugndesveauurass I ludedmud douiivsiwuudiaes vl ludieduud |l
fnudunls AeveqdwuesnfldFlunistadasendidudalusesde uazszos
1] :’ c; = a o b o C:‘ 4':{ )
sevidnmyad Taaluams 19z 4 uaaaswazBoaunviiaes I ludedmudvesuanih
msBuduiumsnaneei

Sed
2]

M54 SwasBearuuiae W ludednudiimituduiuminaaonss

sHALUU 09 xﬂzmaswiwmgﬂ% (3111.) lszinnnm
TIF-50.8-MO-FEM 508 Timam
TIR-50.8-MO-FEM 50.8 A1
TJE-50.8-MO-FEM 50.8 AMDNDNS
TIF-38.1-MO-FEM - 38.1 himam
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A1519%13.4 (D)

tuudrany i%ﬂ%ﬁﬁ‘izﬁ’iﬂﬁgﬂg? (i) sziannm
TIR-38.1-MO-FEM 381 NI
TIE-38.1-MO-FEM 38.1 nrIeNend
TIE-30.16-MO-FEM 30.16 Taiminna
TIR-30.16-MO-FEM 30.16 AU
TJE-30.16-MO-FEM 30.16 BN

3.6 psanedanls (parametric study)

a 7 H O o ol A o kY gt o o A
llﬂﬂﬂ’lﬁﬂqqﬂ lumaamuﬂmnumiﬂuﬂummgﬂmmtm’s ﬂggﬂu"ﬁ]'}‘l‘ﬂﬂ'iﬂ

ot A & =lq 3 S o ' A oo o 1 1
dawidaunls Asyeqiavesnhldlunstafasenieirdudalusosds uazszoziig

§ :J t 1 | S a8 i - oy
szwdamyadn Nilnaed i lsdeddulss@niaauduvesnnuduuinuguisvyad Tae
P ° = e Py &
Tuasediz.s uaaaunvines i ludednudvesduanurims

¥

{ o d = o -:? o
1519035 LL’{TQQLLU‘UﬂTﬁQQIIT'lVlumﬂﬂmuﬁil’t)ﬁ‘ﬁ‘u\?'luﬂﬂﬂﬁﬂ

Adhesive Pitch distance {mm)
30.16 38.10 50.80 76.20
No adhesive @ O O A
rubber glue (E=1.128MPa, G=0.154 MPa) O O O A
adhesive A (E=10 MPa, G=3.84 MPa) A A A A
epoxy adhesive (E=23.147 MPa, G=9.385 MPa) O O O A
adhesive B (E=100 MPa, G=38.46 MPa) A A A A

O feunusmeditldfumstudunmigadessinnisnanesess

A fsuvusiasdni i luasfnmdaals duiimsmansanse)
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Tagfiuegdanldlunistafiassniniidudalusosdevoan12613 (ubber
=% = . 3 3 = 3
glue) UAELNTIDWONY (epoxy adhesive) "I,mjﬂy,amﬂm‘mﬂﬁaumsslﬂﬂmawum'smqmu
NATEINIIS K6849 uaz K6850 druneqgaadidtumstadassniaiidudialusosdoves
ar
117 adhesive A, adhesive B, tazA13zoyH1asznINuyad176.20 diadmas Tanasdiy
=y =y A lJ o 13 ¥ 1 ar ~ n(
Foyadwit I ludieduud efnumansznuvsamdananindudeadulszdninam
1 » ¥
wWiveenmduiinadTuga ey
o g = u’g a Aa 1 Ay P
nniatez2 milmseddunuianieBoniiis TALA wilmyz 0,7,
P 1 A roo - . . o
waz T, Baduiiiosesdedariniusantedun 1901 adhesive A uaz adhesive B Faqiiiu

] ¥
w'loTar Tnsila Gsotropic) Ameqdadoum Idninaunish (3.8) dail

E
G = 3.8
2(1+v) (3.8)

i Efevegdatiangu G feueqdmieu L Avsandiuilises
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311914.35 uemanisnszerovesnmdn luuuunuvesTetde nsiinINT adhesive B (E=100

¥
MPa, G=38.46 MPa) 538z 195z anyad My 50.8 diadiuns

SCF =3.34

71#14.36 wamamanszawvesn MUty lunuunuyessesdo nsdinin1a adhesive A (E=10

Fd
MPa, G=3.84 MPa) 52031 1I9TENTWMYAIUNINY 38.1 Hadiuns
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>3 SCF = 1.43

" 51#14.37 uaasmsnaszsveean R lununuuessesde nTdinn adhesive B (E=100

E
MPa, G=38.46 MPa) 538 15enI1anyaduiiy 38.1 Nadims

SCF=3.18

51/14.38 uaasmisnszaisvenudy luiunuesodde nIiining adhesive A (E=10

3
MPa, G=3.84 MPa) 3201119581 1Had UMY 30.16 Haalas

SCE=145

514,39 uaaamsnszawvssnnuduluuuunuyesesde N3ANIN adhesive B (E=100

o
MPa, G=38.46 MPa) 53881 195eNINNYAI UMY 30.16 danms




66

i 3 oF £y ‘{ 1
nngliia20 89439 Muauemidudszd@niniuduvesnidulusesde

¥ ]
nyat Biegluglveswnsedwaailumsafias  uaznnuaasmuegaaveni uas

[] 3’ 1 2 1 e 4 w
srozinIznianyaiiinademaivaadidnlsz@nianuduvesnindunaasdegly

4.40

C;. 1 -7 =y q{ [:] Y a
ms1eii4.s mdnlseaniaudvesnrduasauaed I ludieduudiianua

F

R

Adhesive in terms

Pitch distance (mm)

of 76.20 50.80 38.10 30.16

Modulus SCF SCF SCF SCF

No adhesive 12.16 8.30 6.48 541

rubber glue * (E=1.128MPa, G=0.154 MPa) 10.42 7.74 6.14 5.17
adhesive A (E=10 MPa, G=3.84 MPa) 3.53 349 3.34 3.18
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.1 fothel¥d Input n3alliimon
*HEADING

**+Test TENSION

#%(JPPER

*NODE

2417,-15.875,25.4,0.

2401,-15.875,0.,0.

17,-85.725,25.4,0.

1,-85.725,0.,0.

22417,-15.875,25.4,1.6

22401,-15.875,0.,1.6
20017,-85.725,25.4,1.6
20001,-85.725,0,,1.6

+NGEN, NSET=BLEFTI

1,17,2

*NGEN, NSET=BRIGHTI

2401,2417,2

*NFILL,NSET=BOTTOMI
BLEFTI1,BRIGHTI,12,200

*NGEN, NSET=TLEFT!

20001,20017,2

*NGEN, NSET=TRIGHT1

22401,22417,2

*NFILL,NSET=TOP!
TLEFT1,TRIGHT!,12,200
*NFILL,NSET=BT1
BOTTOM1,TOP1,2,10000

*ELEMENT, TYPE=C3D27,ELSET=UPPER
201, 1,401,405,5,20001,20401,20405,20005,
201,403,205,3,20201,20403,20205,20003,10001,
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10401,10405,10005,10203,203,20203,10201,10403,
10205,10003
*ELGEN,ELSET=UPPERI1
201, 6,400,1,4,4,10

*SOLID SECTION, ELSET=UPPER1,MATERIAL=ALU{
+MATERIAL,NAME=ALU1
*ELASTIC

70.E3, 0.25

*NODE
2417,-15.875,25.4,0.
2401,-15.875,0.,0.
4817,15.875,25.4,0.
4801,15.875,0.,0.
22417,-15.875,25.4,1.6
22401,-15.875,0.,1.6
24817,15.875,25.4,1.6
24801,15.875,0.,1.6

*NGEN, NSET=BLEFT2
2401,2417,2

*NGEN, NSET=BRIGHT2
4801,4817,2
*NFILL,NSET=BOTTOM2
BLEFT2,BRIGHT2,12,200
*NGEN, NSET=TLEFT2
22401,22417,2

*NGEN, NSET=TRIGHT2
24801,24817,2
*NFILL,NSET=TOP2
TLEFT2,TRIGHT2,12,200
*NFILL,NSET=BT2




BOTTOM2,TOP2,2,10000

*ELEMENT,TYPE=C3D27 ELSET=UPPER2

101, 2401,2444,2440,2405,22401,22444,22440,22405,

2601,2442,2605,2403,22601,22442,22605,22403,12401,

12444,12440,12405,12603,2603,22603,12601,12442,

12605,12403

111, 2405,2440,2436,2409,22405,22440,22436,22409,2605,2438,

2609,2407,22605,22438,22609,22407,12405,12440,12436,12409,

12607,2607,22607,12605,12438,12609,12407

121, 2409,2436,2813,2413,22409,22436,22813,22413,2609,2811,

2613,2411,22609,22811,22613,22411,12409,12436,12813,12413,

12611,2611,22611,12609,12811,12613,12411

122,2436,2432,3213,2813,22436,22432,23213,22813,2434,3211,

3013,2811,22434,23211,23013,22811,12436,12432,13213,12813,

13011,3011,23011,12434,13211,13013,12811

123, 2432,2428,3613,3213,22432,22428,23613,23213,2430,3611,

3413,3211,22430,23611,23413,23211,12432,12428,13613,13213,

13411,3411,23411,12430,13611,13413,13211

124, 2428,2424,4013,3613,22428,22424,24013,23613,2426,4011,

3813,3611,22426,24011,23813,23611,12428,12424,14013,13613,

13811,3811,23811,12426,14011,13813,13611

125, 2424,2420,4413,4013,22424,22420,24413,24013,2422 4411,

4213,4011,22422,24411,24213,24011,12424,12420,14413,14013,

14211,4211,24211,12422,14411,14213,14011

126, 2420,4809,4813,4413,22420,24809,24813,24413,4609,4811,

4613,4411,24609,24811,24613,24411,12420,14809,14813,14413,

14611,4611,24611,14609,14811,14613,14411

116, 2416,4805,4809,2420,22416,24805,24809,22420,4605,4807,

4609,2418,24605,24807,24609,22418,12416,14805,14809,12420,
. 14607,4607,24607,14605,14807,14609,12418
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106, 2412,4801,4805,2416,22412,24801,24805,22416,4601,4303,
4605,2414,24601,24803,24605,22414,12412,14801,14805,12416,
14603,4603,24603,14601,14803,14605,12414

131, 2413,2813,2817,2417,22413,22813,22817,22417,2613,2815,
2617,2415,22613,22815,22617,22415,12413,12813,12817,12417,
12615,2615,22615,12613,12815,12617,12415
*ELGEN,ELSET=UPPER2

131, 6,400,1

*SOLID SECTION, ELSET=UPPER2,MATERIAL=ALU2
*MATERIAL,NAME=ALU2

*ELASTIC

70.E3,0.25

*NODE

2436,-10.583,12.7,0.

2444,-10.583,0.,0.

2420,10.583,12.7,0.

2412,10.583,0.,0.

22436,-10.583,12.7,1.6

22444,-10.583,0.,1.6

22420,10.583,12.7,1.6

22412,10.583,0.,1.6

*NODE,SYSTEM=C

12,3.265,0.,0.

20,3.265,45.,0.

36,3.265,135.,0.

44,3.265,180.,0.

20012,3.265,0.,1.6

20020,3.265,45.,1.6

20036,3.265,135.,1.6

20044,3.265,180.,1.6
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*NGEN,LINE=C,NSET=HOLEI
12,20,2,,0.,0.,0.,0.,0,,1.
*NGEN,LINE=C,NSET=HOLE2
20,36,2,,0.,0,,0.,0.,0.,1.
*NGEN,LINE=C,NSET=HOLE3
36,44,2,,0.,0.,0.,0.,0,,1.
*NGEN,LINE=C,NSET=HOLE4
20012,20020,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=HOLES5
20020,20036,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=HOLEG6
20036,20044,2,,0.,0.,1.6,0.,0.,1.
*NGEN, NSET=BLEFT3

2436,2444,2

*NGEN, NSET=BUPPER3
2420,2436,2

*NGEN, NSET=BRIGHT3
2412,2420,2
*NFILL,NSET=BOTTOM3,BIAS=1.1
BLEFT3,HOLE3,12,-200
*NFILL,NSET=BOTTOM4,BIAS=1.1
BUPPER3,HOLE2,12,-200
*NFILL,NSET=BOTTOMS5,BIAS=1.1
BRIGHT3,HOLEL,12,-200

*NGEN, NSET=TLEFT3
22436,22444,2

*NGEN, NSET=TUPPER3
22420,22436,2

*NGEN, NSET=TRIGHT3
22412,22420,2
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*NFILL,NSET=TOP3,BIAS=1.1
TLEFT3,HOLE6,12,-200
*NFILL,NSET=TOP4,BIAS=1.1
TUPPER3,HOLES,12,-200
*NFILL,NSET=TOPS5,BIAS=1.1
TRIGHT3,HOLEA,12,-200

*NFILL,NSET=BT3

BOTTOMS3,TOP3,2,10000

*NFILL,NSET=-BT4

BOTTOMA4,TOP4,2,10000

*NFILL,NSET=BTS5

BOTTOMS,TOP5,2,10000

*ELEMENT, TYPE-~C3D27,ELSET=UPPER3

1, 12,412,416,16,20012,20412,20416,20016,
212,414,216,14,20212,20414,20216,20014,10012,
10412,10416,10016,10214,214,20214,10212,104 14,
10216,10014

*ELGEN,ELSET=UPPER3

1, 6,400,1,8,4,10

*SOLID SECTION, ELSET=UPPER3,MATERIAL~ALU3
*MATERIAL,NAME=ALU3

*BLASTIC

70.E3,0.25

*%

%

++RIVET UPPER
*NODE
5001,0.,0.,0.
15001,0.,0.,0.8
25001,0.,0.,1.6
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35001,0.,0.,3.0
45001,0.,0.,4.4
*NODE,SYSTEM=C
5401,1.6325,0.,0.
5801,3.265,0.,0.

6201,4.5,0.,0.
5433,1.6325,180..0.
5833,3.265,180.,0.
6233,4.5,180.,0.

. 25401,1.6325,0.,1.6
25801,3.265,0,,1.6
26201,4.5,0,,1.6
25433,1.6325,180.,1.6
25833,3.265,180,,1.6
26233,4.5,180.,1.6
45401,1.6325,0.,4.4
45801,3.265,0.,4.4
46201,4.5,0.4.4
45433,1.6325,180.4.4
45833,3.265,180.,4.4
46233,4.5,180.,4.4
*NSET,NSET=FACE1
25801,25805,45801,45805
*NGEN,LINE=C,NSET=BIN
5401,5433,2,,0,,0.0.,0.0, 1.
*NGEN,LINE=C,NSET=BMED
5801,5833,2,,0.,0.0.,0.,0., 1.
*NGEN,LINE=C,NSET-BOUT
6201,6233,2,,0.,0.,0.,0.,0.,1.
+*NGEN,LINE=C,NSET=TMEDIN
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25401,25433,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=TMEDMED
25801,25833,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=TMEDOUT
26201,26233,2,,0.,0.,1.6,0.,0.,1,
*NGEN,LINE=C,NSET=TIN
45401,45433,2,,0.,0.,4.4,0.,0.,1.
*NGEN,LINE=C,NSET=TMED
45801,45833,2,,0.,0.,4.4,0.,0.,1.
*NGEN,LINE=C,NSET=TOUT
46201,46233,2,,0.,0.,4.4,0.,0.,1.
*NFILL,NSET=BOTTOM]1
BIN,BMED,2,200
*NFILL,NSET=TOP11
TMEDIN,TMEDMED,2,200
*NFILL,NSET=TOP12
TIN,TMED,2,200
*NFILL,NSET=BT11
BOTTOMI1,TOP11,2,10000
*NFILL,NSET=BT12
TOP11,TOP12,2,10000
*NFILL,NSET=BOTTOM12
BMED,BOUT,2,200
*NFILL,NSET=TOP13
TMEDMED,TMEDOUT, 2,200
*NFILL,NSET=TOP14
TMED,TOUT,2,200
*NFILL,NSET=BT13
BOTTOM12,TOP13,2,10000
*NFILL,NSET=BT14
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TOP13,TOP14,2,10000

*ELEMENT,TYPE=C3D27 ELSET=RIVET

2011, 25801,26201,26205,25805,45801,46201,46205,45805,26001,26203,
26005,25803,46001,46203,46005,45803,35801,36201,36205,35805,
36003,26003,46003,36001,36203,36005,35803

*ELGEN,ELSET=RIVET

2011, 8,4,1

*ELEMENT, TYPE=C3D15V,ELSET=RIVET1

3011, 25805,25001,25801,45805,45001,45801,25405,25401,25803,45405,
45401,45803,35805,35001,35801,35405,35401,35803 _

3012, 25809,25001,25805,45809,45001,45805,25409,25405,25807,45409,
45405,45807,35809,35001,35805,35409,35405,35807

3013, 25813,25001,25809,45813,45001,45809,25413,25409,25811,45413,
45409,4581 1,35813,35001,35809,35413,35409,3581 1

3014, 25817,25001,25813,45817,45001,45813,25417,25413,25815,45417,
45413,45815,35817,35001,35813,35417,35413,35815

3015, 25821,25001,25817,45821,45001,45817,25421,25417,25819,45421,
45417,45819,35821,35001,35817,35421,35417,35819

3016, 25825,25001,25821,45825,45001,45821,25425,25421,25823,45425,
45421,45823,35825,35001,35821,35425,35421,35823

3017, 25829,25001,25825,45829,45001,45825,25429,25425,25827,45429,
45425,45827,35829,35001,35825,35429,35425,35827

3018, 25833,25001,25829,45833,45001,45829,25433,25429,25831,45433,
45429,45831,35833,35001,35829,35433,35429,35831

3001, 5805,5001,5801,25805,25001,25801,5405,5401,5803,25405,
25401,25803,15805,15001,15801,15405,15401,15803

3002, 5809,5001,5805,25809,25001,25805,5409,5405,5807,25409,
25405,25807,15809,15001,15805,15409,15405,15807

3003, 5813,5001,5809,25813,25001,25809,5413,5409,581 1,25413,
25409,25811,15813,15001,15809,15413,15409,15811
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3004, 5817,5001,5813,25817,25001,25813,5417,5413,5815,25417,
25413,25815,15817,15001,15813,15417,15413,15815

3005, 5821,5001,5817,25821,25001,25817,5421,5417,5819,25421,
25417,25819,15821,15001,15817,15421,15417,15819

3006, 5825,5001,5821,25825,25001,25821,5425,5421,5823,25425,
25421,25823,15825,15001,15821,15425,15421,15823

3007, 5829,5001,5825,25829,25001,25825,5429,5425,5827,25429,
 25425,25827,15829,15001,15825,15429,15425,15827

3008, 5833,5001,5829,25833,25001,25829,5433,5429,5831,25433,
25429,25831,15833,15001,15829,15433,15429,15831

*SOLID SECTION, ELSET=RIVET MATERIAL=ALU7
*MATERIALNAME=ATLU7

*BLASTIC

70.E3,0.25

*SOLID SECTION, ELSET=RIVETI,MATERIAL=ALU3
*MATERIAL,NAME=ALU8

*ELASTIC

70.E3, 0.25

Ak

*¥%

**GR]D

*NODE
50,-111.125,0.,-1.6
90,-85.725,0.,-1.6
94,-85.725,254,-1.6
54,-111.125,25.4,-1.6
40050,-111.125,0.,1.6
40090,-85.725,0.,1.6
40094,-85.725,25.4,1.6
40054,-111.125,25.4,1.6
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¥*NGEN, NSET=GBLEFT1

50,54,2

*NGEN, NSET=GBRIGHT1

90,94,2

*NFILL,NSET=GRIDBI

GBLEFT1,GBRIGHT1,2,20

*NGEN, NSET=GTLEFT1

40050,40054,2

*NGEN, NSET=GTRIGHT1

40090,40094,2

*NFILL,NSET=GTOP1

GTLEFT1,GTRIGHT1,2,20

*NFILL,NSET=GBT!

GRIDEI1,GTOP1.4,10000
*ELEMENT,TYPE=C3D27,ELSET=GRID1

10001, 50,90,94,54,20050,1,17,20054,70,92,
74,52,20070,9,20074,20052,10050,10090,10094,10054,
106072,72,20072,10070,10092,10074,10052

10002, 20050,1,17,20054,40050,20001,20017,40054,20070,9,
20074,20052,40070,20009,40074,40052,2.’:0050,1000 1,16017,30054,
30072,20072,40072,30070,10009,30074,30052

*SOLID SECTION, ELSET=GRID1,MATERIAL=ALU100
*MATERIAL,NAME=ALU100

*ELASTIC

70.E3, 0.25

*%

%k

*+*CONTACT DEFINITION
*SURFACE DEFINITION,NAME=SURFUP, TRIM=YES
101,81
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106,51
111,81
116,51
121,81
122,81
123,51
124,51
125,81
126,51
131,81
132,51
133,81
134,51
135,51
136,51
UPPER3,S1
*SURFACE DEFINITION,NAME=SURFLO,TRIM=NO
1101,82
1106,S2
1111,82
1116,52
1121,82
1122,82
1123,82
1124,82
1125,52
1126,82
1131,82
1132,52
1133,52
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1134,52
1135,82

1136,82

LOWER3,52

*CONTACT PAIR,INTERACTION=FRIC,SMALL SLIDING
SURFUP,SURFLO

*SURFACE INTERACTION,;NAME=FRIC

+FRICTION

02

*STEP,INC=100,NLGEOM

*STATIC

0.001,1.0,0.0005,0.1

*CONTROLS,PARAMETERS=TIME INCREMENTATION
sramrs 2

*BOUNDARY

217,2,,0.

417,2,,0.

617,2,,0.

817,2,,0.

1017,2,,0.

1217,2,,0.

1417,2,,0.

1617,2,,0.

1817,2,,0.

2017,2,,0.

2217,2,.0.

2417,2,,0.

2617,2,,0.

2817,2,,0.

3017,2,,0.
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3217,2,,0.
3417,2,,0.
3617,2,,0.
3817,2,,0.
4017,2,,0.
4217,2,,0.
4417,2,,0.
4617,2,,0.
4817,2,,0.
50,ENCASTRE
52,ENCASTRE
54,ENCASTRE
 10050,ENCASTRE
10052,ENCASTRE
10054,ENCASTRE
20050,ENCASTRE
20052,ENCASTRE
20054,ENCASTRE
30050,ENCASTRE
30052,ENCASTRE
30054, ENCASTRE
40050,ENCASTRE
40052,ENCASTRE
40054,ENCASTRE
101,2,3,,0.
103,2,3,,0.
105,2,3,,0.
107,2,3,,0.
109,2,3,,0.
111,2,3,,0.
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113,2,3,,0.
115,2,3,,0.
117,2,3,,0.
10101,2,3,,0.
10103,2,3,,0.
10105,2,3,,0.
10107,2,3,,0.
10109,2,3,,0.
10111,2,3,,0.
10113,2,3,,0.
10115,2,3,,0.
10117,2,3,,0.
20101,2,3,,0.
20103,2,3,,0.
20105,2,3,,0.
20107,2,3,,0.
20109,2,3,,0.
20111,2,3,,0.
20113,2,3,,0.
20115,2,3,,0,
20117,2,3,,0.
30051,2,3,,0.
30053,2,3,,0.
30055,2,3,,0.
40051,2,3,,0.
40053,2,3,,0.

© 40055,2,3,,0.
*CLOAD
40051,1,27.7778
40053,1,27.7778




40055,1,27.7778
40071,1,27.7778
40073,1,27.7778
40075,1,27.7778
- 40091,1,27.7778
40093,1,27.7778
40095,1,27.7778
20101,1,27.7778
20109,1,27.7778
20117,1,27.7778
71,1,27.7778
73,1,27.7778
75,1,27.7778
91,1,27.7778
93,1,27.7778
95,1,27.7778
*RESTART,WRITE,FREQUENCY=100
*NODE PRINT
U
RF
*EL PRINT
S
*END STEP
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0.2 §hothalvld mput n3dimn
*HEADING

**Test TENSION

+*UPPER

*NODE

2417,-15.875,25.4,0.

2401,-15.875,0.,0.

17,-85.725,25.4,0.

1,-85.725,0.,0.

22417,-15.875,254,1.6

22401,-15.875,0,,1.6

20017,-85.725,25.4,1.6

20001,-85.725,0.,1.6

*NGEN, NSET=BLEFT1

1,17,2

*NGEN, NSET=BRIGHT1

2401,2417,2

*NFILLNSET=BOTTOMI1

| BLEFTI,BRIGHT1,12,200

*NGEN, NSET=TLEFT1

20001,20017,2

*NGEN, NSET=TRIGHTI

22401,22417.2

*NFILL,NSET=TOP1
TLEFT1,TRIGHT1,12,200
+*NFILL,NSET=BTI
BOTTOMI1,TOP1,2,10000
*ELEMENT,TYPE=C3D27,ELSET=UPPER1
201, 1,401,405,5,20001,20401,20405,20005,
201,403,205,3,20201,20403,20205,20003,10001,
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10401,10405,10005,10203,203,20203,10201,10403,
10205,10003
*ELGEN,ELSET=UPPERI
201, 6,400,1,4,4,10

*SOLID SECTION, ELSET=UPPER1,MATERIAL=ALU1
*MATERIAL,NAME=ALUI
*ELASTIC

70.E3,0.25

*NODE
2417,-15.875,25.4,0.
2401,-15.875,0.,0.
4817,15.875,25.4,0.
4801,15.875,0.,0.
22417,-15.875,25.4,1.6
22401,-15.875,0.,1.6
24817,15.875,25.4,1.6
24801,15.875,0.,1.6

*NGEN, NSET=BLEFT2
2401,2417,2

*NGEN, NSET=BRIGHT2
4801,4817,2
*NFILL,NSET=BOTTOM?2
BLEFT2,BRIGHT2,12,200
*NGEN, NSET=TLEFT2
22401,22417,2

*NGEN, NSET=TRIGHT2
24801,24817,2
*NFILL,NSET=TOP2
TLEFT2,TRIGHT2,12,200
*NFILL,NSET=BT2




BOTTOM?2,TOP2,2,10000

*ELEMENT, TYPE=C3D27,ELSET=UPPER2

101, 2401,2444,2440,2405,22401,22444,22440,22405,
2601,2442,2605,2403,22601,22442,22605,22403,12401,
12444,12440,12405,12603,2603,22603,12601,12442,
12605,12403

111, 2405,2440,2436,2409,22405,22440,22436,22409,2605,2438,
2609,2407,22605,22438,22609,22407,12405,12440,12436,12409,
12607,2607,22607,12605,12438,12609,12407

121, 2409,2436,2813,2413,22409,22436,22813,22413,2609,2811,
2613,2411,22609,22811,22613,22411,12409,12436,12813,12413,
12611,2611,22611,12609,12811,12613,12411

122, 2436,2432,3213,2813,22436,22432,23213,22813,2434,3211,
3013,2811,22434,23211,23013,22811,12436,12432,13213,12813,
13011,3011,23011,12434,13211,13013,12811

123, 2432,2428,3613,3213,22432,22428,23613,23213,2430,3611,

3413,3211,22430,23611,23413,23211,12432,12428,13613,13213,
13411,3411,23411,12430,13611,13413,13211
124, 2428,2424,4013,3613,22428,22424,24013,23613,2426,4011,
3813,3611,22426,24011,23813,23611,12428,12424,14013,13613,
13811,3811,23811,12426,14011,13813,13611
125, 2424,2420,4413,4013,22424,22420,24413,24013,2422 4411,
4213,4011,22422,24411,24213,24011,12424,12420,14413,14013,
14211,4211,24211,12422,14411,14213,14011
126, 2420,4809,4813,4413,22420,24809,24813,24413,4609,4811,
4613,4411,24609,24811,24613,24411,12420,14809,14813,14413,
14611,4611,24611,14609,14811,14613,14411
116, 2416,4805,4809,2420,22416,24805,24809,22420,4605,4807,
4609,2418,24605,24807,24609,22418,12416,14805,14809,12420,
14607,4607,24607,14605,14807,14609,12418
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106, 2412,4801,4805,2416,22412,24801,24805,22416,4601,4803,
4605,2414,24601,24803,24605,22414,12412,14801,14805,12416,
14603,4603,24603,14601,14803,14605,12414

131, 2413,2813,2817,2417,22413,22813,22817,22417,2613,2815,
2617,2415,22613,22815,22617,22415,12413,12813,12817,12417,
12615,2615,22615,12613,12815,12617,12415
*ELGEN,ELSET=UPPER2

131, 6,400,1

+SOLID SECTION, ELSET=UPPER2,MATERIAL=ALU2
*MATERIAL,NAME=ALU2

*ELASTIC

70.E3, 0.25

*NODE

2436,-10.583,12.7,0.

2444,-10.583,0.,0.

2420,10.583,12.7,0.

2412,10.583,0.,0.

22436,-10.583,12.7,1.6

22444,-10.583,0.,1.6

22420,10.583,12.7,1.6

22412,10.583,0.,1.6

*NODE,SYSTEM=C

12,3.265,0.,0.

20,3.265,45.,0.

36,3.265,135.,0.

44,3.265,180.,0.

20012,3.265,0.,1.6

20020,3.265,45.,1.6

20036,3.265,135.,1.6

20044,3.265,180,,1.6
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*NGEN,LINE=C,NSET=HOLE1
12,20,2,,0.,0.,0.,0.,0.,1.
*NGEN,LINE=C,NSET=HOLE2
20,36,2,,0.,0.,0.,0.,0,,1.
*NGEN,LINE=C,NSET=HOLE3
36,44,2,,0.,0.,0.,0.,0.,1.

*NGEN,LINE=C/)NSET=HOLE4
20012,20020,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=HOLE5
20020,20036,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=HOLE6
20036,20044,2,,0.,0.,1.6,0.,0.,1.
*NGEN, NSET=BLEFT3
2436,2444,2
*NGEN, NSET=BUPPER3
2420,2436,2
*NGEN, NSET=BRIGHT3
2412,2420,2
*NFILL,NSET=BOTTOM3,BIAS=1.1
BLEFT3,HOLE3,12,-200
*NFILL,NSET=BOTTOM4,BIAS=1.1
BUPPER3,HOLE2,12,-200
*NFILL,NSET=BOTTOMS,BIAS=1.1
BRIGHT3,HOLE1,12,-200
*NGEN, NSET=TLEFT3
22436,22444,2
*NGEN, NSET=TUPPER3
22420,22436,2
*NGEN, NSET=TRIGHT3
22412,22420,2
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+NFILL,NSET=TOP3,BIAS=1.1
TLEFT3,HOLES,12,-200

*NFILL, NSET=TOP4,BIAS=1.1
TUPPER3,HOLES,12,-200
*NFILL,NSET=TOP5,BIAS=1.1
TRIGHT3,HOLE4,12,-200

*NFILL,NSET=BT3

BOTTOM3,TOP3,2,10000

*NFILL,NSET=BT4

BOTTOM4,TOP4,2,10000

+*NFILL,NSET=BT5

BOTTOMS,TOPS,2,10000
+ELEMENT,TYPE=C3D27,ELSET=UPPER3

1, 12,412,416,16,20012,20412,20416,20016,
212,414,216,14,20212,20414,20216,20014,10012,
10412,10416,10016,10214,214,20214,10212,10414,
10216,10014

*BELGEN,ELSET=UPPER3

1, 6,400,1,8.4,10

*SOLID SECTION, ELSET=UPPER3, MATERIAL=ALU3
*MATERIAL,NAME=ALU3

*BLASTIC

70.E3, 0.25

P

$%

*RIVET UPPER
*NODE
5001,0.,0.,0.
15001,0.,0,,0.8
©25001,0.,0.,1.6
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35001,0.,0.,3.0
45001,0.,0.,4.4
*NODE,SYSTEM=C
5401,1.6325,0.,0.
5801,3.265,0.,0.
6201,4.5,0.,0.
5433,1.6325,180.,0.
5833,3.265,180.,0.
6233,4.5,180.,0.
25401,1.6325,0.,1.6
25801,3.265,0.,1.6
26201,4.5,0.,1.6
25433,1.6325,180.,1.6
25833,3.265,180.,1.6
26233,4.5,180.,1.6
45401,1.6325,0.,4.4
45801,3,265,0.,4.4
46201,4.5,0.,4.4
45433,1.6325,180..4.4
45833,3.265,180.,4.4
46233,4.5,180.,4.4
*NSET,NSET=FACE1
25801,25805,45801,45805
*NGEN,LINE~C,NSET=BIN
5401,5433,2,,0.,0.,0.,0.,0.,1.
*NGEN,LINE=C,NSET=BMED
5801,5833,2,,0.,0.,0,0.,0.,1.
*NGEN,LINE=C,NSET=BOUT
6201,6233,2,,0.,0.,0.,0.,0.,1.
*NGEN,LINE=C,NSET=TMEDIN
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25401,25433,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=TMEDMED
25801,25833,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=TMEDOUT
26201,26233,2,,0.,0.,1.6,0.,0.,1.
*NGEN,LINE=C,NSET=TIN
45401,45433,2,0.,0.,4.4,0.,0.,1.
*NGEN,LINE=C,NSET=TMED
45801,45833,2,,0.,0.,4.4,0,,0.,1.
*NGEN,LINE=C,NSET=TOUT -
46201,46233,2,,0.,0.,4.4,0,,0,,1.
*NFILL,NSET=BOTTOMI |
BIN,BMED, 2,200
*NFILL,NSET=TOP!1
TMEDIN,TMEDMED, 2,200
*NFILL,NSET=TOP12
TIN,TMED,2,200
*NFILL,NSET=BT11
BOTTOMI1,TOP11,2,10000
*NFILL,NSET=BT12
TOP11,TOP12,2,10000
*NFILL,NSET=BOTTOM12
BMED,BOUT,2,200
*NFILL,NSET=TOP13
TMEDMED,TMEDOUT,2,200
*NFILL,NSET=TOP14
“TMED,TOUT,2,200
*NFILL,NSET=BT13
BOTTOMI12,TOP13,2,10000
*NFILL,NSET=BT14
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TOP13,TOP14,2,10000

*ELEMENT, TYPE=C3D27,ELSET=RIVET

2011, 25801,26201,26205,25805,45801,46201,46205,45805,26001,26203,
26005,25803,46001,46203,46005,45803,35801,36201 ,36205,35805,
36003,26003,46003,36001,36203,36005,35803

*BELGEN,ELSET=RIVET

2011, 84,1

*ELEMENT, TYPE=C3D15V,ELSET=RIVET1

3011, 25805,25001,25801,45805,45001,45801,25405,25401,25803,45405,
45401,45803,35805,35001,35801,35405,35401,35803

3012, 25809,25001,25805,45809,45001,45805,25409,25405,25807,45409,
45405,45807,35809,35001,35805,35409,35405,35807
3013,25813,25001,25809,45813,45001,45809,25413,25409,25811,45413,
45409,45811,35813,35001,35809,35413,35409,35811

3014, 25817,25001,25813,45817,45001,45813,25417,25413,25815,45417,
45413,45815,35817,35001,35813,35417,35413,35815

3015, 25821,25001,25817,45821,45001,45817,25421,25417,25819,45421,
45417,45819,35821,35001,35817,35421,35417,35819

3016, 25825,25001,25821,45825,45001,45821,25425,25421,25823,45425,
- 45421,45823,35825,35001,35821,35425,35421,35823

3017, 25829,25001,25825,45829,45001,45825,25429,25425,25827,45429,
45425,45827,35829,35001,35825,35429,35425,35827

3018, 25833,25001,25829,45833,45001,45829,25433,25429,25831,45433,
45429,45831,35833,35001,35829,35433,35429,35831

3001, 5805,5001,5801,25805,25001,25801,5405,5401,5803,25405,
25401,25803,15805,15001,15801,15405,15401,15803

3002, 5809,5001,5805,25809,25001,25805,5409,5405,5807,25409,
25405,25807,15809,15001,15805,15409,15405,15807 |

3003, 5813,5001,5809,25813,25001,25809,5413,5409,5811,25413,
25409,2581 1,15813,15001,15809,15413, 15409,15811
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3004, 5817,5001,5813,25817,25001,25813,5417,5413,5815,25417,

25413,25815,15817,15001,15813,15417,15413,15815

3005, 5821,5001,5817,25821,25001,25817,5421,5417,5819,25421,

25417,25819,15821,15001,15817,15421,15417,15819

3006, 5825,5001,5821,25825,25001,25821,5425,5421,5823,25425,

25421,25823,15825,15001,15821,15425,15421,15823

3007, 5829,5001,5825,25829,25001,25825,5429,5425,5827,25429,

25425,25827,15829,15001,15825,15429,15425,15827

3008, 5833,5001,5829,25833,25001,25829,5433,5429,5831,25433,

25429,25831,15833,15001,15829,15433,15429,15831
*SOLID SECTION, ELSET=RIVET,MATERIAL=ALU7
*MATERIAL NAME=ALU7

*ELASTIC

70.E3, 0.25

*SOLID SECTION, ELSET=RIVETI,MATERIAL=ALUS
*MATERIAL NAME=ALUS

*ELASTIC

70.E3, 0.25

k%

*f

**GRID

*NODE
50,-111.125,0.,-1.6
90,-85.725,0.,-1.6
94,-85.725,25.4,-1.6
54,-111.125,25.4,-1.6
40050,-111.125,0.,1.6
40090,-85.725,0.,1.6
40094,-85.725,25.4,1.6
40054,-111.125,25.4,1.6
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*NGEN, NSET=GBLEFT1
50,54,2

*NGEN, NSET=GBRIGHTI
90,94,2
*NFILL,NSET=GRIDB1
GBLEFT1,GBRIGHT1,2,20
*NGEN, NSET=GTLEFTI
40050,40054,2

*NGEN, NSET=GTRIGHT1
40090,40094,2
*NFILL,NSET=GTOP!
GTLEFT1,GTRIGHT1,2,20
*NFILL,NSET=GBT
GRIDB1,GTOP1,4,10000

*ELEMENT,TYPE=C3D27 ELSET=GRID1

10001, 50,90,94,54,20050,1,17,20054,70,92,
74,52,20070,9,20074,20052,10050,10090,10094,10054,
10072,72,20072,10070,10092,10074,10052

10002, 20050,1,17,20054,40050,20001,20017,40054,20070,9,
20074,20052,40070,20009,40074,40052,30050,10001,10017,30054,
30072,20072,40072,30070,10009,30074,30052

*SOLID SECTION, ELSET=GRID1,MATERIAL=ALU100
*MATERIAL,NAME=ALU100

*ELASTIC
70.E3, 0.25

*k

*#&

**SPRING ELEMENT

*ELEMENT, TYPE=SPRING2,ELSET=SPR1

1000001,12,112
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*SPRING,ELSET=SPR1

1,1

10.34227
*ELEMENT,TYPE=SPRING2,ELSET=SPR2
1000002,12,112

*SPRING,ELSET=SPR2

2,2

10.34227

*EL EMENT, TYPE=SPRING2,ELSET==SPR3
1000003,12,112

*SPRING,ELSET=SPR3

3,3

25.507994
*ELEMENT,TYPE=SPRING2,ELSET=SPR4
1000004,212,312

*SPRING,ELSET=SPR4

1,1

25.80875

*ELEMENT, TYPE=SPRING2,ELSET=SPR5
1000005,212,312

*SPRING,ELSET=SPR5

2,2

25.80875
*ELEMENT,TYPE=SPRING2,ELSET=SPR6
1000006,212,312

*SPRING,ELSET=SPR6

33

63.65425
*ELEMENT,TYPE=SPRING2,ELSET=SPR7
1000007,412,512
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*SPRING,ELSET=SPR7

1,1

33.24167

*EI EMENT, TYPE=SPRING2,ELSET=SPR8
1000008,412,512

*SPRING,ELSET=SPRS

22

33.24167
*ELEMENT,TYPE=SPRING2,FLSET=SPRY
1000009,412,512

+SPRING,ELSET=SPRY

3,3

81.986674
*ELEMENT,TYPE=SPRING2,ELSET=SPR10
1000010,612,712

*SPRING,ELSET=SPR10

1,1

42.43897

*ELEMENT, TYPE=SPRING2,ELSET=SPR11
1000011,612,712

*SPRING,ELSET=SPR11

2,2

4243897
*ELEMENT,TYPE=SPRING2,ELSET=SPR12
1000012,612,712

*SPRING,ELSET=SPR12

3,3

104.670734

*¥k

%
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**CONTACT DEFINITION
*SURFACE DEFINITION,NAME=SURFUP,TRIM=YES
101,51

106,51

111,81

116,81

121,51

122,51

123,81

124,81

125,81

126,51

131,81

132,81

133,81

134,81

135,51

136,81

UPPER3,S1

*SURFACE DEFINITION,NAME=SURFLO,TRIM=NO
1101,82

1106,52

1111,52

111652

1121,82

1122,82

1123,52

1124,52

1125,82

1126,82
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105

1131,82

1132,52

1133,52

1134,82

1135,82

1136,52

LOWER3,S2

*CONTACT PAIR,INTERACTION=FRIC,SMALL SLIDING
SURFUP,SURFLO

*SURFACE INTERACTION,NAME=FRIC
*FRICTION

0.2

*STEP,INC=100,NLGEOM

*STATIC

0.001,1.0,0.0005,0.1
*CONTROLS,PARAMETERS=TIME INCREMENTATION
113928,

*BOUNDARY

217,2,,0.

417,2,,0.

617,2,,0.

817,2,,0.

1017,2,,0.

1217,2,,0.

1417,2,,0.

1617,2,,0.

1817,2,,0.

2017,2,,0.

2217,2,,0.

2417,2,,0.




2617,2,,0.
2817,2,,0.
3017,2,,0.
3217,2,0.
3417,2,,0.
3617,2,,0.
3817,2,,0.
4017,2,0.
4217,2,0.
4417,2,,0.
4617,2,,0.
4817,2,,0.
50,ENCASTRE
52,ENCASTRE
54,ENCASTRE
10050,ENCASTRE
10052,BNCASTRE
10054, ENCASTRE
20050,ENCASTRE
20052,ENCASTRE
20054, ENCASTRE
30050,ENCASTRE
30052,ENCASTRE
30054,ENCASTRE
40050,ENCASTRE
40052,ENCASTRE
40054,ENCASTRE
101,2,3,,0.
103,2,3,,0.
105,2,3,,0.
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107,2,3,,0.
109,2,3,,0.
111,2,3,,0.
113,2,3,,0.
115,2,3,,0.
117,2,3,,0.

10101,2,3,,0.
10103,2,3,,0.
10105,2,3,,0.
10107,2,3,,0.
10109,2,3,,0.
10111,2,3,,0.
10113,2,3,,0.
10115,2,3,,0.
10117,2,3,,0.
20101,2,3,,0.
20103,2,3,0.
20105,2,3,,0.
20107,2,3,,0.
20109,2,3,,0.
20111,2,3,0.
20113,2,3,,0.
20115,2,3,0.
20117,2,3,,0.
30051,2,3,,0.
30053,2,3,0.
30055,2,3,,0.
40051,2,3,,0.
40053,2,3,0.
40055,2,3,,0.

107




*CLOAD
40051,1,27.7778
40053,1,27.7778
40055,1,27.77T78
40071,1,27.7778
40073,1,27.7778
40075,1,27.7778
40091,1,27.7778
40093,1,27.7778
40095,1,27.7778
20101,1,27.7778
2Q109,1,27.7778
201%7,1,27.7778
71,1,27.7778
73,1,27.7778
75,1,27.7718
91,1,27.7778
93,1,27.7778
95,1,27.7778

*RESTART,WRITE,FREQUENCY=100

*NODE PRINT
U

RE

*BL PRINT

S

* *END STEP
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Elastic Constants




TABLE 4.2 ELASTIC CONSTANTS FOR VARIOUS MATERIALS AT AMBIENT TEMPERATURE

Material Elastic Modulus Poisson’s Ratio
E, GPa (10 ksi) V
(a) Metals
Alaminum 70.3 {10.2) 0.345
Brass, 70Cu-30Zn 101 (14.6) 0.350
Copper 130 (18.8) 0.343
Iron; mild steel 212 (30.7 0.293
Lead 16.1 (2.34) 0.44
Magnesium 44.7 (6.48) 0.291
Stainless steel, 2Ni-18Cr 215 (G1.2) 0.283
Steel, hard 0.75C 201 (29.2) 0.296
Titanium 120 (17.4) 0.361
Tungsten 411 (59.6) 0.280
{b) Polymers
ABS plastic 2.5 (0.36) -
Epoxy 35 (0.51) 0.33
High impact polystyrene 1.65 (0.24) 0.34
Nylon 6 2.6 (0.38} -
Nylon 6 with 33% glass fibers 93 (1.35) -
PEEK 4.0 (0.58) 0.37
Unsaturated polyester 3.45 (0.50) -
{c) Ceramics and glasses
Alumina, ALO, 400  (58.0) 0.22
Magnesia, MgO 300 (43.5) 0.18
Silicon carbide, SiC 396 (57.4) 0.22
Fused silica glass 70 (10.2) 0.18
Soda-lime glass 69 (10.0) 0.20
Type E glass 724 {10.5) 0.22
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