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Tomoshi Miyamura, Makoto Ohsaki, Jun Fujiwara, and Masashi Yamamoto,
“Coupled structural and heat conduction FE analysis of laminated high
damping rubber bearing,” Earthquake Engineering and Structural Dynamics,
\ol. 50, Issue 9 (2021.6.25), pp. 2462-2487 (DOI: 10.1002/ege.3455)
(Published online: 18 May 2021)
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o Period: 4s for all cases
o Maximum displacements (shear strain) are different
== | 0ading speeds are different
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D: Isotropic damage degradarion parameter EEEH(E[EZET)
6. Stresstensor, o: Effective stress tensor

6=[1/(1-D)]o

E, : Initial elastic stiffness tensor

E=(1-D)E,: Effective elastic stiffness tensor {8{£Z #= L ViE ¢
&°: Elastic strain tensor BREHER SIS
6=E,;, 6=E& =(1-D)E. ;"
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J. Lee and G. Fenves, Plastic-damage model for cyclic loading of concrete
structures, J. Struct. Eng., Vol. 124(8), pp. 892-900, 1998.
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o . Back stress tensor, «: Size of yield surface
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Makoto Ohsaki, Jun Fujiwara, Tomoshi Miyamura, and Hisashi
Namba, “Implicit integration analysis of ductile fracture of steel
frame under cyclic deformation,” Japan Architectural Review, Vol.
5, pp. 150-163 (2022) (DOI: 10.1002/2475-8876.12264)
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]
o Linear cumulative damage rule
S-N curve, Minor’s rule, modified Minor’s rule

- Mason-Coffin rule

Relation between strain amplitude and number of cycles
- Computational damage model

Gurson model: Damage due to void growth
o Fracture index

Index using plastic strain and stress triaxiality (s 73 3EHEE)
SMCS (stress modified critical strain)
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o . Meanstress, o, : Equivalent stress (von Mises stress)

m e

T =2 Stress triaxiality i 7138 FE

O

(1/3 for uniaxial tension, 2/3 for uniform biaxal tension)
& = fexp(-1.5T): fracture strain

- J. W. Hancock and A. C. Mackenzie, On the mechanism of ductile failure in
high-strength steels subjected to multi-axial stress-states,
J. Mech. Phys. Solids, Vol. 24, pp. 147-169, 1976.
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HEEE & 26" = Bexp(-1.5T)

¢” . accumlated plastic strain for tension state o, >0

=) >4 exp(LET)EMBIZT=. plEFEEH.
(a=¢&”exp(1.5T): deformation parameter)
Uniaxial tension: T =1/3 = a=¢"°2" =1.649¢&"

- A. M. Kanvinde and G. G. Deierline, Void growth model and stress modified
critical strain model to predict ductile fracture in structural steels,
J. Struct. Eng., ASCE, Vol. 132(12), pp. 1907-1918, 2006.

- S. El-Tawil, E. Vidarsson, T. Mikesell and S. K. Kunnath, Inelastic behavior
and design of steel panel zones, J. Struct. Eng, ASCE, Vol. 125,
No. 2, pp. 183-193, 1999.



BERIREZRAVEREGETIV

0 (a<a) D,
D S T
2 (a-a) (g, <a<a,) S | S
5_)% "% S
"] D,-D 2
a,+——=2(a-a,) (a,<a<a,) %
o —Q, =
& Dl
D, (o <a) D =0
o @y @ T«

I
Deformation parameter

=) BEARBETIL(RBEEAOEI
SFOHMENLGFRELEITSD



ObataZE D /YF(IEHEETTIL

| | Young’s modulus E = 200 GPa
U Poisson’s ratio = 0.3

25 mm

Thickness = 12.7 mm
Notched rod model

1/8 model:
No. elments: 71680

No. nodes: 78710 No. mesh in thickness dir.: 16

%\f
M. Obata, A. Mizutani and Y. Goto, The verification of plastic constitutive relation and its application to FEM analysis of
plastic fracture of steel members, J. JSCE, No. 626/1-48, pp. 185-195, 1999. (in Japanese)
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M. Ohsaki, T. Miyamura and J. Y. Zhang, A piecewise linear isotropic-kinematic hardening
model with semi-implicit rules for cyclic loading and its parameter identification, Computer

Modeling and Engineering, Vol. 111(4), pp. 303-333, 2016.
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(a) divl model (b) div2 model

(c) div4d model (d) div8 model

divl: 464 nodes, 452 elements

div2: 1,410 nodes, 1,324 elements
div4d: 10,260 nodes, 9,044 elements
(e) reinforcement div8: 74,052 nodes, 68,026 elements
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