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ABSTRACT

In this study, we considered the method evaluating the flexibility of joint area including
member with circular section. We regarded the flexibility of joint area as translational and
rotational springs for the purpose of expressing local deformation.

We verified this method by the use of normal mode analysis. We also calculated this joint
area occurring in penetration so as to apply this method to other cases.

Compare with the shell element model, we can gain the considerably approximate values.
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Fig.1 Strain energy density in member 2 when
Mx is applied tip of member 1

2§34 "ot
Fig2¢} o] F7He) FA2 o] FofA e
TH A¢FE s H oz ANY 9 d&3

AIASAZEE =T MM 25, 2000/ 111



5% -

e

Fig.2 The T-shape joint model
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Fig. 4 Spring model of the T-shape joint model
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Fig.5 The L-shape joint model
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(a) member 1 (b) member 2

Fig. 6 Sections of member 1 and member 2
(Unit:mm)

Table 1 Properties of member 1 and member 2

Property Unit | Member t | Member 2

Length (L1, L2) m 0.375 04

Section Area (A) m* 1576x10" | 6.69x10"
Young's Modulus (E) | N/m' |2.07x10" |2.07x 10"
Shear Modulus (G) | N/m' | 8.02%10"|8.02x10"

Moment of Inertia (Ix) | m® {237x107|2.98x 10"
Moment of Inertia (Iy) | m* |2.37x107 |8.82x10”
Torsional Constant (J) | m* [4.74x 10" | 6.99x 10"

Table 2 Results of normal mode analysis(Unit:Hz)

Type of Beam Beam
Mod. Shell

Joint oce © (KitKy) | (Ki)

1st Mode 69.0 67.8 | 4173

T-Joint | 2nd Mode | 390.7 346.1 480.1
3rd Mode | 664.8 663.8 -

Ist Mode 80.9 78.1 451.5

L-Joint
2nd Mode | 651.4 649.0 -
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(a) Shell element model (b) Beam element model (Krj+Ktj)
Fig. 7 1st mode shape of T-joint model
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(a) Shell element model (b) Beam element model (Krj+Ktj)
Fig. 8 2nd mode shape of T-joint model
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(a) Shell element model (b) Beam clement model (Krj+Ktj)
Fig. 9 3rd mode shape of T-joint model
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(a) Shell element model (b) Beam element model (Krj+Ktj)

Fig. 10 1st mode shape of L-joint

(a) Shell element model (b) Beam element model (Krj+Ktj)

Fig. 11 2nd mode shape of L-joint
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Fig. 12 Joint model with penetration

B0 WS AFEE BEY AR
ot g ARHE AW F RoA *A
dez BdiAE § 2o ARHEL ¥
8 Folok @rh el m E shie] 1Al
& 23 29 AFRI} BA 1) o5 BEY
B2 23 29 wre] wWadthE Aol
2y olam gu ﬂwmxl A1) 9 7E 1

ol thal LFz
Table 33} Zt}.

SR A 7é4°ﬂ’~1£ 34
2o Has Fde das wdy
o7 A&& HAFEH whd WAGA
Al aleld Hah Rdo] Ailes dgsr ¥
A7 5%49 FAIS ARE HoFu
o WRALYo] AFH WAL FR

s
lo

5
to rfo M
% 3

b

4o WYW W ohet APy vy ws
oA 9 A4 HES BN Z 5 AL S
vrerdi,

Table 3 Result of normal mode analysis with

penetration (Unit:Hz)
Type of Beam Beam
Mod Shell
Joint ¢ L Keitk) | (Kri)

1st Mode 345.3 357.2 416.7
T-Joint | 2nd Mode 410.6 423.8 473.3
3rd Mode 879.9 887.8 896.2

L-Joint Ist Mode 373.3 394.0 446.7
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(a) Shell element model

(b) Beam element model (Krj+Ktj)

Fig. 13 Ist mode shape of T-joint model
with penetration
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(a) Shell element model (b) Beam clement model (Krj+Ktj)

Fig. 14 2nd mode shape of T-joint model with penetration
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(a) Shell element model (b) Beam e¢lement model (Krj+Ktj)
Fig. 15 3rd mode shape of T-joint model with penetration
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(a) Shell element model (b) Beam element model (Krj+Ktj)

Fig. 16 Mode shape of L-joint model with penetration
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