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A Prediction Method of Multiple Crack Growth on the Fitted Rivet Lap-joint
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Abstract; Three-dimensional finite element models of neatly fitted rivet lap-joint containing multiple site
damage (MSD) cracks are developed and the concept of equivalent stress intensity factor (SIF) is intro-
duced based on the calculation of different sides of the crack tip. On the basis of Paris formula, and com-
bined with the improved load-cycles cumulate method, a prediction method for MSD crack growth under
constant amplitude cyclic loading is established, and plastic zone linkup criterion and coherence treatment
in MSD evolution are integrated. The results of calculation and experiment show that the prediction results
are in good agreement with experimental results, the errors of three damage modes are within 7 percent;
the analysis for lap-joint cannot be simplified into plate model, the crack growth life of MSD structure is
highly conducted by the mode of damage, the more cracks exist, the faster the cracks grow.
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Fig.2 Configuration of anti-bend fixtures
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Fig.7 The plastic zone linkup criterion
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Fig.8 Crack growth predicted curves

F S AT LA L 7 = GERE R R L AR 5 A SCHE
1) 5 3551 7 i B R I 1) 4 B0 e i 2k 5 S BRI
My et LB AR Y& BT B0 Y 2Ea Y e 5 A A
18 014,12 25K 4.5% s i FH 4B AIXT MSD 242 it
AT 50T - 2480 Jo ol 238 O A1, 0000 1) R e g A i ik
Fak, HAE K 24 408,13 J 41.7% .

Ay AT IR PR 4 o AT I 5 0 ol SR 2 AL
AR A LA R ) B G B . T A S B A
SRR T T AR ) BT AR A A R R R A
LA 7 25 5 it B 22 000 AN [) T e 4 i BT 1Y
LR AR LI O = R PR 2 fLih R A
BT AR R S B AR M AL R RN
PO R LR .

AR AR SCRIF 5% 1) 5 2 205 R 35 L 0 AT A
AN AR e RS S TS A 5 3 5 X T IR B R R Y
BERL, HO R R, R, X 5 2 5 4 AT 5T L
1 B HEFL V- B 285 0 4 a0 i e 7 i K 454 4 bt
S5 50w T 6 6, 00 200 57 7E — SRR R R 1

A R I B R 75 i i TS S g DL
%1,

x1 RABREREERTHNER
Tab.1 The results of test and FEA

MSD RE Ly e Han/cycle 1
B &5 HEHME |l BE/Y% RE/Y
B 05 45 080 42 103 7.1 i
08 38 240 36 278 5.4
03 22 540 21 085 6.9
B2 06 24 910 23 586 5.6 6.9
07 28 590 26 431 8.2
01 18 010 17 230 4.5
02 15 880 15 384 3.2
B3 04 16 810 15 942 5.4 5.0
09 19 950 19 027 4.8
10 17 430 16 257 7.2

M B ZenT LLE il A SOy vk 1 3 Fh I 2
BATNWRay REm, FEREH/NT 7%, I
AR 204 FRREO T REY R A 163
FHELOTFRET 39.5% 85K 3(6 2L T HRLL
P RAEMEAR 1 FHET 57.2% . ik 2 FHET
29.2% . VLW MSD 240y J& 4 fiy 55 45 1 T R A X
A KGR i LA ) R 2 H B R R



12 2R TR CHARBE O

2016 4

4 ghEiE

AR SCHR 8 2 20 9 v A A WA 7 ) 5 R AL 4
TAFE RN 5 R R A 4 B 4 (] R Ak 3
BT T AR RS N MSD 2Ly w3
B4 SR A RT3 A 45 2R R W, MSD 2808 it 73 fir
S5 B A O SR rh A i R B &2 LR
By AR A R R B A AR B A R 45 2R 5
IR SE R WG R ZETE 700 LAY, TN AE L 3 56
{ELME 55 .

T A A A rh s AR T B BE R A S D R Y
S LS BR A7 20 00 P AR 25 A A . X TR
AR MSD R 80Y JiE o i, 17 AL 59 — 44544
DTSR S U RS B N A NP X U R VIR % Q [ERFANIAV
AN AE = AERTARL Y Bl L
2 % 3Lk (References) :

[1] Hans Trey., Hans Juergen Schmidt. Programme for
Life Extension and Widespread Fatigue Damage Eval-
uation to Ensure Continued Structural Integrity of
Airbus Large Transport Category Airplanes [ C]//
RTO AVT Specialists” Meeting. Manchester, United
Kingdom, 2001.

(2] BEHCINZE ARG K. & 2 RBUE H A B0 2 I e

WrFEl)]. Az 24, 1998,19(1) :103-106.
LIAO Min, SUN Qin, XU Xiaofei. Experimental In-
vestigation for Damage Tolerance of Fastener Joint in
Presence of Multiple - Site Damage [ ] ]. Acta Aero-
noutica et Astronautica Sinica, 1998,19(1):103-106.
(in Chinese)

[3] Bellinger N C, Komorowski J P, Gould R W. Corro-
sion Pillowing in Aircraft Fuselage Lap Joint [ R].
ATAA-2005-2023.

[4] Mayville R A, Warren T J. A Laboratory Study of
Fracture in Pressence of Lap Splice Multiple Site
Damage [ C]//Structural Integrity of Aging Air-
planes. Berlin Heidelberg: String Verlag, 1991: 263-

273.
(5] (REs AR R pE e [T, Az 4. 1996, 17
(3):302-309.

NI Huiling. Study of the behavior of multiple site
damage[J]. Acta Aeronoutica et Astronautica Sinica,
1996,17(3) :302-309.(in Chinese)

[6] DAVID Y, JEONG, PIN TONG. Onset of Multiple
Site Damage and Widespread Fatigue Damage in Ag-
ing airplanes[ ] ]. International Journal of Fracture,
1997,85:185-200.

(7] HRRME.PRER R, AR HiHf, 4. & MSD 4k £ L1 M

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

N1 5 B R A RO AT L) ). 98 B 2 L AR 2 B o
ik, 2006,21(5): 561-565.

YU Dazhao, CHEN Yueliang, YU Zhangyan etal. Fi-
nite Element Analysis of SIF of Flat MSD Panels with
A Number of Collinear Holes[]]. Journal of Naval
Aeronautical Engineering Institute, 2006,24(5): 561
-565.(in Chinese)

RUBE IR TR Bk TR . 2 A 4 i 55 R R 4y
Fror AT ey ). HLAROR BE . 2003, 25(3): 264-266

J1 Fengxian, XU Xiaofei, YAO Weixing. Study on
Analysis Method of Multiple Site Damage Fatigue
Crack Growth[]]. Journal of Mechanical Strength,
2003,25(3) :264-266.(in Chinese)

Brett L., Ching Long Hsu, Patricia J. Evaluation and
Verification of Advanced Methods to Assess Multiple
-Site Damage of Aircraft Structure [R], DOT/FAA/
AR-04/42,1, 2004.

WRIR R BB KR 4% 5 e, 55 & 22 A 40405 25 5 285 g i
Ty B T A BRI AT L] il s 2= 4. 2007, 28
(3): 615-619.

CHEN Yueliang, YU Dazhao, YANG Maosheng, et
al. Finite Element Analysis of Stress Intensity Factors
of Lap Joint with Multiple site Damage[ J]. Acta Aer-
onoutica et Astronautica Sinica, 2007, 28 (3):615-
619.(in Chinese)

[ F5E BRI L AR Rk, S — b T BR ST B i AL
W= AR RGO Dy 5 L 201310079840 [ P.2013-
05-22.

HE Yuting, ZHANG Teng, CUI Ronghang, et al. A
Modeling Method of Three-Dimensional Edge Cracks
Base on Software [ P ]. China,
201310079840,2013-05-22.(in Chinese)

Lin X B, Smith R A. Finite Element Modeling of Fa-
tigue Crack Growth of Surface Cracked Plates-Part 1.

Finite Element

the Numerical Technique [J]. Eng Fracture Mech,

1999, 63(5): 503-522.

2R K R A T S B AR O A A o S e

P B [0 28 22 41, 2006, 27 (5) - 842-846.

LI Yazhi,ZHANG Xiang. An Analysid of Fail-Safety

and Fracture Control of Integrally Stiffed Panels [J].

Acta Aeronautica et Astronautica Sinica, 2006, 27

(5): 842-846.(in Chinese)

Partl O, Schijve J. Multiple Site Damage in 2024-T3

Alloy Sheet [ J]. International Journal of Fatigue,

1993,15(4) : 293-299.

Swift T. Widespread Fatigue Damage Monitoring-Is-

sues and Concerns[ C]//Proceedings of the 5th Inter-

national Conference on Structural Airworthiness of

New and Aging Aircraft. Germany, 1993: 133-150.
T WY'S



