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A Simple Calculation Method of the Force Ratio
of a Bolted Joint

Minoru TANAKA and Kaoru HONGO -

Abstract

A simple and handy calculation method of the force ratio of a bolted joint is proposed. This method is applicable
not only to symmetrical bat also unsymmetrical bolted joints. The process of this method is as follows: First, the
clamped plate of a bolted joint subjected to an external force is divided into two parts; in one part, the clamping
force is increased by the applied external force, whereas in the other part, the clamping force is decreased. Next, the
above tow parts are respectively replaced by tow springs of which spring constants are equivalent to those of the
two parts. Third, the bolt is replaced by a spring of which spring constant is equivalent to that of the bolt. Finally,
the bolted joint is modeled as a structure which is constructed with all spring elements. The expression of force
ratio is derived from the equilibrium of the forces acting on the above model and the condition of compatibility of
deformation of the model. From the viewpoint of the design calculation of bolted joints, the results of the calculation
according to the above method agree satisfactorily with the solution from the three — dimensional theory of elastic-

ity and the experimental results.
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Fig.1 Bolted joint and spring elements model

ZZT, RNV MICEIMENDET % dF,
BEMOEMBAT % dF & LTHONEEEZ 5 ERNOBBEIEBLNS,
W= (F,+dFy,) — (F,—dFy) (1)
7o ANVPOMYE 6, PEMNFEOENHLDBEAHBMOMI LKL 00, 02v P
DENREIOFNVF - F o PERROHAZ KL 0y Sk ThHE, KL Fv FROMY

76



R UK B AARBO S 2 koK

EHRZEMFEOMTRELVC L ps | XXOBBEI RS,

dp= (0u+dw) — (dat+dew) (2)

SHUS AN b OEINE TR B O 22 O 5 AT O MRS dF KR OB E S R
%o

dFy = kp6b = ke1 0 c1 = kez 0 2

dF, = K,d,

L, 6¢=08utd

Ki = kake/ (kg +ke2)
A2, )& b

tkerkeat+ (kei+kea) kpl 81

8[ - kclkc2 (4)

AL Bl W&h, WHRES A THS LS,

®=dF,/ W
kbkclkCZ (5)
kbkc1k02+ Kt {kclkc2+ (kcl + kc2) kb}
.FEMEOIThES

3.1 BULFRILMFREEDES
X212l odzen
HWx 1ERKDKL N TFE

(a) w (b) w
fHir7- & &R MEEER ~ -
o6 B T AR 12 ! ns R ! 1
MRS B IR O 534 [ /e {gg;__l i 1—'—- e :1°—°'—_J
BE R, EBC I o T/ £+ ;'l“r'; N\
SO XM A HHHHH LY
U i‘o‘f LR ] #D4
- PER . -l - -*.
BoA, WEICE LD ’éﬂl— ~\-#8 L‘—f’c—l [\t :.'—Dcz—|
Fe 121t S Db N : : :gI: :
[
DRECTHDLEL S j’ 200 1 l #De l
o, 2 fHodhZep s - - , N .
w w

T ARV TR 7
B, HhZEPIfE o84 ik
IR DA LT B BB % R M IR & BT B,

Fig.2 Cylinder models for compression area on clamped plates
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Fig.3 Stud bolted joint and spring elements model
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Fig.7 Forms and dimension of bolted joint
used experiments by ref.( 5)
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Fig.9 Forms and dimension of stud bolted joint used experiments by ref. (6]
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