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CALCULATION OF NONLINEAR RESTORING FORCES AND ENERGY
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Abstract: Bolted joints, which are wildly used in assembly structures, have the significant effect on the
dynamic responses of an entire structure. So it is of great significance to study the dynamic behaviors of the joints.
Iwan model, which is just an effective model can represent the significant dynamic behaviors of such joints, is
thoroughly studied in this paper. The piecewise nonlinear functions of restoring forces of the model in both cases
of microslip and macroslip are first derived and normalized when the yield force of the Jenkins elements, which
constructed the model, follow a uniform distribution. Based on these functions, the normalized expressions of
energy dissipation per cycle of the model are then derived in the cases of microslip and macroslip. Finally, an
adjusted Iwan model is also studied. The results of the present study lay a foundation for the future study of the
structural damping and dynamic behaviors of the assembly structures.

Key words: bolted joints; Iwan model; microslip; macroslip; restoring forces; piecewise nonlinear functions;

energy dissipation

AT IR T B UGB A ) 2 A AE T 25 ML
B e G, CAE IRIRIE R I S5 R R B A
Ji 3328 A 80l P R 30 2 24 5 4 T 52 2D 1) 1 0 %
JlIYY, S T AR A s IR R K EE R A AT
A, TP AR RE AR AL IX e SRR JE i EE 2ok
Ui, G5 1) ARATDRT T RS 5 RS PR B B 2 mT A 2

Wk FH: 2011-03-24; B HH: 2012-01-11
FE4IH . EBHRE H (4132002031)

AR 1K 90%!. A, X A A
AR AL JRIFRIIFEANREL S, TR BEA S5 44 1) 5)
FIRFE A R = AR AR R ™ X T 1R7 B 1
MO A, AR AT AR ol LU AT (47 FRoC
BAFRTER, HJE, BRI IUR S &I AT
Ny B SR AR R s S RS T

TR TRAHIE(1984—), Y, BRPURBAN, 1844, MWFRRURES 40 AR BN FU(E-mail: zhangxm1984@gmail.com).
EFMI: EARI(1944—), B, IR, #o%, %L, W%, WFEIRNURIAEZ) )% K% HIiT7T(E-mail: wangbenli@hit.edu.cn);
Tuk(1982—), 9, WA EN, WA, WFHURE 4 AL IR BN FU(E-mail: htwei@163.com).



34 €T %

¥

TR T, T ARE 2 A N R A A e 4G
), BT FORE A A PR G B A AR R TR A
Uk, T RS IE R 4 MR B 1 AT
E it o WA

Hr, HAREBUERHRISOER 1217 N0
BIRA Iwan BEE valanis #RPILL K Bouc-
Wen #7814 Horn \wan #0198 2 SO A LW
CL) 2 N FH T HIF 70 0k 37 2 A0 400 2 7 T A 2 i 7
By RE R RERL. B0 115 Wt DA SOE B S RO %
Segalman® Wit 7c 1, Iwan H 5 AR 14 1 b
SR BEEIS, HE Iwan F2EAE L, 24T
BB A% i M A e 4 L AR (ORISR . il it
—BEHEH 4 NSEH \wan BT T 3SR
Ao THD 6 T % 0D S B D B R R RE v
Ouyang %M SR FT MR 144 3% B ) BB R 45 1
FERNARFTE ST, 5 BN AS 7 & 5 HL 7
Jilh, b8 2H S5 45 (VK S-S i e itk AT T 4y
M1, A lwan BRDRE ff Hb S EL T SRE0 A R

1(a)y Iwan HER (R Iwan F5E- 5 BERE )
RERE, BRH N A Jenkins BB, B
Jenkins .72 H I g KIN R 28 1 3 555 0 JE IR 0 N
£/ N RS EEBEL A S TR I o FE AR TR (1 5 135 50
d, ASRAER S Jenkins PTG HI MR, BRARA
AT REE®E; WRAA Jenkins FITHESHIIL T
%, MIFRBLARL =4 7 BRI . B 1(b)4 lwan B8
JREBIE RS N B 1A% ok R 2R (R Rl 4k ) s B
U AR (R R B, X RT 4 oa BY)
FIE AR (4 28 abeda B, 045 % 7 T 0 45 7
[y abe BRI BT IN#EE A2 ) cda B2 sk

71 * M A
RN JNA 5 i

£, IN k/N

i F(q) b

N NN

A 4 VVVV _ >
. A 0 / A X
| N AAAAA—] |

(a) Iwan FHHK-H3 ALY (OWENREZS N HEE Ny
K1 Iwan B R H - R85 R it 2R SR
Fig.1 Sketch map of Iwan model and it’s force-displacement
curves

2 A R OE RS, JET Iwan £]
TSR IE R I 45 AT AR i 3 s
Iwan 7Y IR i [B] 2B 75 A 5% Iwan A 1) STk

AN UL, R FA IR Bl £ BRI CR T
TS AN, XESCR R e gn i, HTg-(7 2
KRNI, Iwanl® B 4 2 T 24 A g
Jenkins H17 i Hi /3 A2 ¥ 2 AR O IR [R] 2%
BEE KR 1 RT A (2 ARIE

[T T1 F

. \ .
< |

e

2 WFARIEREREC A
Fig.2 Assembly drawing of a bolted joint
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Fig.5 The time history of the normalized restoring force
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