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Original Research Paper In this paper, a new model called connective layer is developed for simulation of linear dynamical
Received 17 November2015 behavior of bolted lap joints and model updating in 3D models. Connective layer unifies neighboring
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zones on sides of common surfaces of substructures in joint region. The constitutive relation of
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connective elements is defined by decomposing it into its normal and shear components. Unknown and
different elastic properties with respect to the neighboring solid elements are defined for connective

Keywords:

Lig/ear Dynamics layer and the unknown parameters of the model are identified by a finite element model updating
Bolted Joint technique using modal test data. The frequency response of the structure is measured by exciting the
Connective Layer structure using an impact hammer. Using an optimization algorithm in ANSYS, the difference between

Parameter Identification

Model Updating the experimentally measured frequencies and the predictions of the parametric model is minimized as

objective function. The connective element performance is demonstrated by application to an actual
structure containing a single lap bolted joint coupling two identical aluminum alloy 7075-T651 beams
and, finally, comparison of results to those of interface elements. The outcomes of presented model
have good correlation with the experimental results. The proposed method predicts the higher mode
frequencies which do not participate in model updating process with minimum error in comparison to
those of interface element. Due to simplicity, accurate and computationally efficient manner, this model
can be incorporated into commercial finite element codes to simulate bolted joints in large and complex
structures.
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Fig. 1 Dimensions of the investigated structure (AL Alloy 7075-T651)
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D a
A B C D E F G H
P3 - Total P4 - Total PS5 - Total
A = 5 P6 - Total P7 - Total
P12 - Young's geformeadbon geformeadbon 2 gefor:vt\eadbon 3 | Deformation 4 Deformation 5 P11 -
1 Modulus (Pa) Frmeq b Fg"‘ Ff:: Reported Reported WB_ObjectiveFunction
Fri Hz Fre Hz,
(Hz)"e"c’ (Hz)"e"c’ (Hz)“e"c’ equency (Hz) | Frequency (Hz)

2 = Optimzation Domain

Lower
3 Bound 7.2E+08

Upper
4 Bound 7.92E+10
5 = Optimization Objectives
6 Objective | No Objective v ||Seek Target |~ ||Seek Target [~ || Seek Target [~ ||No Objective = ||No Objective = || Minimize =

Target
7 Value 71.81 205.86 389.68
8 Importance Higher ;l Higher L] Higher ;l Higher ;l
9 Constraint

Handling
10 = Candidate Points

Candidate b ¢ \ > w
11 A 8.3718E+09 o 71617 | % 207.36 ook 38971 | 659.69 982.29 4% 5.95962E-05
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Fig. 10 ANSYS output for optimization of connective layer model

iy B a1y o Gl A i 4 ol Sz sl
oile ey 998 g 4l cnl )3 (e IR L I I b Js
Soye s> a4 Lol Gkl 5 oS by rdge (e
shls & 2l slaojls 0 pgas 4 Shy gl Opdye
Ll Coonl Pl e g0l Yl

s sty Jan b 3 5o by 4 Jgaie a1 ol ol
o o sl JYL gl LuilS 3 s paas 4 | 6555 ol
Sl lS B (st 3 lie cnl 53 oad @l oz (5801 cnlple
S5 fen Jan iyt anld 5 o VL slosga b bliss
Y Jae 3l Jol> mls Koo ojle a0yl o9 o5 w5l
booss b GLbl O Glogiacin 5 oad jea L,
.o)b s 6“6)‘.‘5"}“‘“‘

ol |y Wlie ol 45 oad &l Jow Vb cds 5 ST s &
» OYlal o Joe Slayisia 5 gileand o o,
ek Sgaze ledl gl 133l 5 51 oolainl b osony 9 S5 sloosle

1o 13 eolaiwl 890 !

e S 50
(AB) (il s (oilS 8 ey 26
Ly ¥ glaplll gbw m5ile
(Nm?) 3 Jgse
() ok iS5
(NM?®) 5 Jse
ojbe (e il
oslw py o yile
(mm) cwbrs

41

Lfy ¥ Jae 5l eslanl el o el l38le 5 50 (g 5lwaigs anl 5l Lol b 10 g

-7

a X R Q- T oA x

S jrie zobe gileand gl buly 4 Glyie cod oz g5l allae
Lo Jlal S b Swlus JB3; ad (Bme (o OYLal
Joe ol el g ool (g5l Jaw AY () goaims JSis sla Lol

Gl i ololis Gus sl 00,5 4 b oy mls b obd

5

Jbse a3l o (Sajd ojl stad J5l sl ulS B iy homis
5ol 35,0 1100 6 0 5515mn 15 o] (oodlS 5 ol el 5 455,55
sl o e Sl o iy ol b ok (6eSegll gl g5
3954 Sgaze lodl Jas 098 so anlie sl Loy sloledl sl il

Jolo bl pal ail oo oYL B0 b )28 mli adeish 4 ;o8 ouss

D yediy iy Oyg0 (i oo |y Giod ol

Olmio alols b iy Lyl, Y Cabrs OBl b gaos ol 4o —
() Y glaglall S Jgwe) sahl o Gloyiern b s
Slie Gl 3 L pe> Glbil 4 ove Glauls B el
camdw Joo )3 Lawly Gl (g, 15 &5 (5590 53 Sy o0 (0275
Jlode 5 anila sgzg Y ol Cubrs i pgas 8 iin me
swisdie e yelly S lsie 4 o (28,5 L o b b4 ol ane
Sode 4y S ply 8.5 sgum o Loy 4Y el KL oo
Sl el ol s e Lt malS 055 jebme slaplell o bl
sl wdge 1o ol i ialS e ey bl Ky 1
ol 59) ssle o)l 8> asles L, 4Y cloplall JS>
03be (339 0 G nlplin 5 99 00 48,5 JLai 5o (pariag)T allis
Al oY S gez baly gladl Joe 5o Js el 0925
o A2l & 05n Sl S e b e bl e
Sg5 s polie OBl b aiz 2 0l vales plaisl sgs )

3 osleis 16 095 1395 sls i (e Suilke wiie




OLSe 9 (A S Sumn

Junly 4 3,59) b 0T AT dmlie 5 e VLGS 39330 Ylall U Hlw)gsds Sl 3332 $oSl s Gasumgs

[8] H. Ahmadian, J. E. Mottershead, S. James, M. I. Friswell, C. A. Reece,
Modeling and updating of large surface-to-surface joints in the AWE-MACE
structure, Mechanical Systems and Signal Processing, Vol. 20, No. 4, pp.
868-880, 2006.

[9] D. J. Segalman, A four-parameter Iwan model for lap-type joints,

Transactions of the ASME, Journal of Applied Mechanics, Vol. 72, No. 5, pp.

752-760, 2005.

[10] 1. 1. Argatov, E. A. butcher, On the Iwan models for lap-type bolted joints,
International Journal of Non-Linear Mechanics, Vol. 46, No. 2, pp. 347-356,
2011.

[11] R. E. Goodman, R. L. Taylor, T. L. Brekke, A model for the mechanics of
jointed rock, Journal of the Soil Mechanics and Foundation Division,
Proceedings of the American Society of Civil Engineers, Vol. 94, No. 3, pp.
637-659, 1968.

[12] C. S. Desai, M. M. Zaman, J. G. Lightner, H. J. Siriwardane, Thin-layer
elements for inter-faces and joints, International Journal for Numerical and
Analytical Methods in Geomechanics, Vol. 8, No. 1, pp. 19-43, 1984.

[13] G. Beer, An isoparametric joint interface element for finite element analysis,
International Journal for Numerical Methods in Engineering, Vol. 21, No. 4,
pp. 585-600, 1985.

[14] H. Ahmadian, M. Ebrahimi, J. E. Mottershead, M. I. Friswell, ldentification
of bolted-joint in-terface models, International Conference on Noise and
Vibration Engineering (ISMA), Katholieke University, Leuven, Belgium,
2002.

[15] H. Ahmadian, H. Jalali, J. E. Mottershead, M. I. Friswell, Dynamic
modelling of spot welds using thin-layer interface theory, 10th International
Congress on Sound and Vibration (ICSV10), Stockholm, Sweden, 2003.

[16]S. Bograd, A. Schmidt, L. Gaul, Joint damping prediction by thin-layer
elements, Proceedings of IMAC XXVI: A Conference and Exposition on
Structural Dynamics, Orlando, FL, 2008.

[171 K. G. Sharma, C. S. Desai, Analysis and implementation of thin-layer
element for interfaces and joints, Journal of Engineering Mechanics, Vol.
118, No. 12, pp. 2442-2462, 1992.

[18] H. Jalali, A. Hedayati, H. Ahmadian, Modelling mechanical interfaces
experiencing micro-slip/slap, Inverse Problems in Science and Engineering,
Vol. 19, No. 6, pp. 751-764, 2011.

[19] M. Iranzad, H. Ahmadian, Identification of nonlinear bolted lap joint models,
Computers and Structures, Vol. 96-97, pp. 1-8, 2012.

[20] G. N. Pande, K. G. Sharma, On joint/interface elements and associated
problems of ill-conditioning, International Journal for Numerical and
Analytical Methods in Geomechanics, Vol. 3, No. 3, pp. 293-300, 1979.

[21]J. Wagner, J. Burgemeister. Piezoelectric Accelerometers: Theory and
Application, MMF — Technical paper, 6th revised edition, 2012. Accessed 10
November 2015; http://www.mmf.de/manual/transducermane.pdf.

3 o)l 16 095 1395 sls ya (Hurde Suilke wiiie

[

[21

B3]

[41

[5]

[6]

[71

39 e w

Uy pidle

e (s GRS 14
Jbey o5 €
(rads™)"2 o555 Joie 2
Olsy o re v
(kgm?®) J> p
(NM?) Loy s o
(NM?) o2 2 T

59 50y 0]
(rads™) Sl,s sxmb W15 3 w
c>p-8

J. L. Dohner, On the development of methodologies for constructing
predictive models of structures with joints and interfaces, US Department of
Energy, Sandia National Laboratories, White Paper, 2000.

R. A. Ibrahim, C. L. Pettit, Uncertainties and dynamic problems of bolted
joints and other fasteners, Journal of Sound and Vibration, Vol. 279, No. 3-5,
pp. 857-936, 2005.

K. T. Yang, Y. S. Park, Joint structural parameter identification using a
subset of frequency response function measurements, Mechanical Systems
and Signal Processing, Vol. 7, No. 6, pp. 509-530, 1993.

H. Ahmadian, H. Jalali, Identification of bolted lap joints parameters in
assembled structures, Mechanical Systems and Signal Processing, Vol. 21,
No. 2, pp. 1041-1050, 2007.

F. Gant, P. Rouch, F. Louf, L. Champaney, Definition and updating of
simplified models of joint stiffness, International Journal of Solids and
Structures, Vol. 48, No. 5, pp. 775-784, 2011.

J. E. Mottershead, M. I. Friswell, G. H. T. Ng, Geometric Parameters for
Finite Element Model Updating of Joints and Constraints, Mechanical
Systems and Signal Processing, Vol. 10, No. 2, pp. 171-182, 1996.

H. Ahmadian, H. Jalali, Generic element formulation for modelling bolted
lap joints, Mechanical Systems and Signal Processing, Vol. 21, No. 5, pp.
2318-2334, 2007.

42



