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Loosening and Sliding Behavior of Bolt-Nut Fastener

under Transverse Loading
(2nd Report, Evaluation of Critical Relative Slippge and
Inclination Compliance of Bolt Head)
Naoya NISHIMURA*®, Toshio HATTORI, Satoshi MORI,
Kazuma SAGOH, Minoru YAMASHITA and Tomohiro NARUSE

*$ Department of Mechanical and Systems Engineering, Gifu University,
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Most of machines and products have many joint portions (e.g. fastening, welding and adhesive
joints) for the efficient productivity and maintainability. Especially, the thread joint has been
frequently used for these purposes. However, troubles such as loosening of bolt and fracture or
failure at joint portion have often arisen, thus many attentions have been paid on the improvement
of the strength and reliability of the thread joint. In this paper, we present the investigated results
of the sliding and the loosening behavior of bolt-nut fastener under the transverse loading condition.
Firstly, the critical relative slippage (Sc-), less than the displacement in which the thread joints can
keep the fastening, is experimentally obtained from cyclic loading test. When the relative slippage
exceeds Scr, the Fastening preload rapidly decreases. Then, this critical relative slippage is esti-
mated according to the theoretically obtained equation considering the bending deformation of bolt
and the geometrical constraint condition. The inclination compliance (k») that represents the
pseudo-rigidity at the bolt head portion in this equation is evaluated by comparing the experimental
result with the corresponding analytical one. In consideration of the nonlinearity of 4., with respect
to the Fastening preload, the critical relative slippage is well determined by the formula for arbitrary
Fastening preload.

Key Words: Structural Reliability, Fixing, Experimental Mechanics, Loosening and Sliding Behav-
ior, Bolt-Nut Fastener, Critical Relative Slippage, Inclination Compliance of Bolt
Head, Transverse Loading

L# = WHLDPAEL, BIELEIET 9 2RaREL A2
S>TN5.

b b7 T7ADRERD—oL LT, Reths
IZHWDOIS CAE FBATIZ BV THEFRDET L
AR VAT EE B OSRE A+ /G-l T & TuvRun
ZENFETOND, ZRTTARERIECLSAL
LD HREAFARZ B E L T=p B HHEORERRS 0
TR EERRAT OO MG SN TVBA, FERS
A AT HHEEMOMITIZIL, FHERRIED

BB S DOIRE - (M LD N7 7T THEFE
G - 35 - HE) TERICHAELTEL,
RUDWDHOREHRIZ & A EKFS RZeHaTER
BAEDORNL M, Yy ha—AxF—FL b
W BHEHE) BRALBN > TS, UK
BRERE L TRLZHIN TS, #HREHO
EAE M TR B3 HIRFMBEZE 2 5 Lol

* FREZAT 2008 ;(;B A 11; H. e " HRI S H 0 Z O FEE BT BIZITE > TV
*OEE, KETHE AT AT 3 (& 501-1193 == ,da
a—:frﬂ;ﬁ-lf R 2V BEREEHEIZEV T, CAE AT CFIA AIHE
g, 7 i u% ﬂ&%g%‘;ff%f%ﬂ&m:/x 7 5 TR RRETEINED L\ FFREIBE ST ) o ST
I A AR TR, e D E S
*4 ,\%J.été‘ ﬂ&%k?Iﬁ%ﬁ&ﬁ’/X?AI’?ﬂ % D H %0)7’:—&)‘\— %#&?gﬁmﬂzﬁﬁfiéiﬁ mé,\j
* EH, () HSTR TR AT (@ 312-0034 D7 22 b RREAFEE, BUSTHZ EKRDLNTIVA.
T 832-2).

E-mail : naoya@gifu-u.ac.jp

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

968

HEALTAAR FTORL b —F v FMEREEDO TR « © 2258 (2 8H)

HAEL A ARG T TR USSR WD % 21 B8
T HERERIIV O BESh TS @02,
FOHR TR AFHBEAEL 220 5 B, Kifs
EARFFC & HIRFFER Y BRF OFHliRIC o

WTORE 92 ¢ X TG, LAsLARRD,

N GIEBR~DRCABRNL ML B EREY
Fhe LAV NEYRTORMAZIT> TR Y, AL b
—7F MR L B IRFFERTT R ) BEHHORA
AR TR, BREEREHEEENM o7

12, METRIZISIT D CAE FRAT DT D OB
WRT — & ~—Z (SHRWE, BRAFERT Y &,

EERE) OBENRRD LTINS,

F ZTAMRTIE, R UDEERD DI D
FHiAEHE S U CRIARTREZe, RAER3=D &
BER L OFTHHR"Y CRELU-FHEICE END
AV MR EREREL A B ET5. A0 (R
N h—F v N $EREEOBHE A HIART F T
RV, DHHEEMERDI0, WEFHIR UHER
LEHE A A AR Z EE L, $EEIEROLR -
TR ZF) R OEERD D I 7V R
RYBERDT. S OIZRAFERT Y BOEH
filf & FHmY 12 LB FRHEDERD S, AL b
SRERODAH 2 CRECEFHM L 7.

2. RUKHEEDT LY ER)

NUKHREEDT Y - BHFEHE X 117
FERGARIZBHIEL A AR - 7855, AT
HIZX VRSB OEEENIR 2 5. (KATE T
RV R R OGRSV T — KL LTERT S (M
1) . BB, (MU TEh Fy X B Rk
] n X BEEARE 1) YA EOTRTEIRERERC D -
72350, PRI TR BT B, L
DL 2 B DOBHEREMA T ORI S AV E U & &
Wi, AV MIBETERERE LD Z LIZL R
N EEEREE & AREREM TR OBRE TDT Y (34
Ly (X 1)) . FoEkEH fsfhmm CI s oL
FOREEZIFE TS, FRU EoREIT
ANV NOBITER TRITS., WEAS LITNDY
PEREREM ORI TR C A RMME, T42b
b RSO 2 EOEIZERET S &, v MNE
3 D\ NI N EET & BRSO T
DHRELE (K1) .

HHREEM DRI TR0 4R L T HEERD 5 A
DFE L7V KT ) B2 RREXT RV &
Sa &N,

Sy
Relatlve

Fig.1 Behavior of the thread joint (bolt-uxt fastener)
in different load condition
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F;: Transverse loading

(a) Dimensional symbol of  (b) Deflection of bolt
bolt-mu fastener structure by transverse loading
Fig.2 Estimation of critical relative slippage S,
by using the simple beam model
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Table 1 Specifications of M16 bolt

M,: Reaction force moment

Displacement sensors \

Fastening preload sensor / : /
7 j i

Block

Nominal | Ulumate | Proof | Effective | Standard
diameter | tensile stress | sectional | Fastening

strength area preload
[mm] | [MPa] | [MPa] | [mm’] [KN]
16 392 314 157 345

Fastened components (flat plates)

Fig.3 Bolt-nut fastener and sensors
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