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"CU= xOW |UQQ@ Qo}O ẁ[wt wO Q[=L Q=DWwv QO [10]'OQ=O
pw�Ut xOvU} wv �

"1398 11 30 VQ}PB '1398 11 1 x}LqY= '1398 8 18 Ci=} QO %M} Q=D
DOI:10.24200/J30.2020.54299.2629



"""V
vD|

xR=O
v=x@

xDU
@=w|

}=Q}t
QF=|

UQQ
@|}=Hx@=H |xvt=O � w R=i |x} w=R � 'xOQ=w |Q=PoQ=@ |}xQ}=O Ot=U@ �w 'u; QO xm

u}}aD |=Q@ =Q |}=yVwQ ?re= xR=U l}t=v}O |=y=tvy=Q w `@=vt [21 w 3]"CU=
V=aDQ= Vy=m %Ovv=t '|y=oW}=tR; |=yVwQ j@] Q@ pO=at RwmU} w |}=Q}t
l} QO Tv=vwRQ |xOW hrD |SQv= w 10u=wD s}v '9Tv=vwRQ |}=tvnQR@ '8O=R;
l} QO xOW hrD |SQv= VwQ 'Tv=vwRQ Cr=L QO "Ovvm|t |iQat 11pm}U
xOW hrD |SQv= '� = 900 R=i |x} w=R =@ =DU}= MU=B uDiQo Q_v QO =@ pm}U
3 |x]@=Q pmW x@ l}vwtQ=y V=aDQ= pm}U l} QO RwmU} w |}=Q}t \UwD

%CU=
ED =

Z 2�=w

0
c _u(t)du =c

Z 2�=w

0
_u(t)(du=dt)dt =

c
Z 2�=w

0
_u(t)2dt = 2��m�2w2 (3)

pmW x@ � |}=Q}t ?} Q[ 'C}=yv QO w CU= xR=U |a}@] Ot=U@ w 'u; QO xm
%OwW|t x@U=Lt 4 |x]@=Q

� = ED=2�m�2w2 (4)

x@ pmWQ}}eD O=H}= |=Q@ p(t) |wQ}v \UwD xOW s=Hv= Q=m =@ Q@=Q@ Es |WvQm |SQv=
%OwW|t x@U=Lt 5 |x]@=Q j@=]t xm 'CU= xR=U QO � u=R}t

ES =
�Z

0
pd� =

�Z
0
k�d� = (1=2)k�2 (5)

6 |x]@=Q pmW x@ |}=Q}t ?} Q[ '|WvQm |SQv= ?UL Q@ 4 |x]@=Q |U} wvR=@ =@
%OwW|t u=}@

� = (1=4�)(ED=ES) (6)

w|}=Q}t |wQ}v wCU= QiY Q@=Q@ Qvi |wQ}v w|UQv}= |wQ}v 'CU= � = 900 xm|v=tR
pm}Ul} QOED xOWhrD |SQv= swyit '1 pmW QO "OvwW|t pO=aDt xOQ=w |wQ}v
x=Qty x@ 'Q}N= pmW "CU= xOW xO=O u=Wv pmWQ}}eD Q@=Q@ QO l}vwtQ=y |Q=PoQ=@
"Ovm|t ltm =yxR=U |m}t=v}O p}rLD QO |}=Q}t ?} Q[ QDy@ lQO |=Q@ 6 |x]@=Q
=v@ 6 |x]@=Q |x}=B Q@ |}=Q}t?} Q[ |=Q@ |D=@U=Lt sD} Qwor= 'Q[=L Q=DWwv QO
x@ w Ovm|t u=}@ =Q |SQv= |=yxir-wt Q}=U w |}=Q}t ?} Q[ u}@ \=@DQ= xm 'CU= xOW
|Q=Pos=v 12�EDEDA� �u=tr= |xOW hrD |SQv= |xDi=}xaUwD sD} Qwor=� u=wva
xOW s=Hv= =yxR=U |wQ xm |O=} R |=yV}=tR; G}=Dv [4]'�1968� u=Rq "OwW|t

"RwmU} w |}=Q}t QF= QO xOW hrD |SQv= w |WvQm |SQv= l}D=tW pmW "1 pmW

|}x]@=Q '|vD@ |=ypB x}=B |wQ xOW s=Hv= |}xNQJ |Q=PoQ=@ T=U= Q@ [8]'�2017�
G}=Dv TBU w OvO=O x�=Q= xOQ=w VvD K]U T=U= Q@ |}=Q}t C@Uv OQw;Q@ |=Q@
=@ xU}=kt w |OOa p=Ft l} u=wva x@ xv=yO 3 pB l} |=Q@ =Q xOt; CUO x@
u=Q=mty w nv=w w [15]�2008� uw w nv=w "OvOQm xO=iDU= xt=vu}}; |}=Q}t ?}=Q[
C@Uv |x@U=Lt |=Q@ |]@=wQ w OvOQm |UQQ@ =Q |vD@ |=yxR=U |}=Q}t [16]'�2014�
C=YNWt [18 w 17]'u=Q=mty w |Q=yOwm "OvO=O x�=Q= VvD K]U T=U= Q@ |}=Q}t
QO =yv; C=ar=]t G}=Dv w OvOQm |UQQ@ =Q |vD@ |=yQ}D |oOQwNlQD Q=DiQ w |}=Q}t
|a@=D u=wva x@� lQD ZQa R= |a@=D u=wva x@ |}=Q}t |x@U=Lt |=Q@ |]@=wQ ?r=k
u=Rq C=ar=]t T=U= Q@ [19]'�2018� nQR@=RQ}t w |QwU "OW x�=Q= �VvD K]U R=
QO VvD K]U R= |a@=D u=wva x@ |}=Q}t C@Uv OQw;Q@ |=Q@ |OOa sD} Qwor= l}
|R=Us=ovy x@ |=Q@ Q=QmD VwQ T=U= Q@ |D=@U=Lt sD} Qwor= l} w |vD@ |=yOU

"OvOQm x�=Q= |v=tR s=o Qy QO |}=Q}t C@Uv
CLD |vRw |vD@ |=yOU QO "CU= xR=U |xvO@ QO |}=Q}t `} RwD 'swO ẁ[wt
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x@ u=Um} ,=@} QkD u=tR l} QO Cr=L wO Qy =t= &CU= xOw@ QDOwR MK-model

CtUk CmQ=Wt p}rO x@ MK-model Cr=L "Ov=xO}UQ OU hm lQD |=yDv=
sDU}U x@ 19|awvYt |}=Q}t |Q=Okt '|}=Q}t T} QD=t p}mWD QO sQH x@ \w@ Qt
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xOQwNlQD u=tr= l} hr= 13 pmW "CU= xOW QDW}@ Q=}U@ |}=Hx@=H hqDN=
u=Wv =Q 'CU= xOQwNv lQD xm 'u; Qw=Ht u=tr= w OU hm QO �p=Ft u=wva x@�
|v=tR |xJN} Q=D Q=Owtv ?}DQD x@ 'G w ? 13 |=ypmW QO u}vJty w OyO|t
�xOQwNvlQD w xOQwNlQD� QwmPt u=tr= wO |=Q@ |}=Q}t ?} Q[ w xv}W}@ |rY= VvD
|=Q@ Q[=L Q=DWwv QO xOW xOQ@ Q=m x@ OwOv= lQD pOt QO "CU= xOW xO=O u=Wv
xDi=} Vy=m u; |WWm Ctw=kt 'CU= xOQwN lQD u=tr= l} xm |v=tR 'OU |xvO@
|=yu=tr= |WWm Ctw=kt w xOW hPL |}=Q}t QO CmQ=Wt R= u=tr= u}= w [26]CU=
|}=Q}t 'EDEDA pOt T=U= Q@ w Vy=m �|rY= |=yVvD CyH QO� u; Qw=Ht
u=tr= Qw=Ht |=yu=tr= Q}=U QO Ov}=Qi u}ty "CU= xDi=} Vy=m R}v QwmPt |=yu=tr=
xOt; OwHw x@ EDEDA pOt QO |}=Q}t `} RwDR=@ xH}Dv QO w xO=O MQ xOQwNlQD
|L=wv QO |}=Q}t QF= QO xOW hrD |SQv= xm OwW|t ?Hwt |}=Q}t `} RwDR=@ "CU=
V}=Ri= TRD |=ypOt x@ C@Uv OU G=D |}=Hx@=H 'xH}Dv QO w Vy=m xOQwNlQD
OwW|t xOy=Wt O =D hr= 11 pmW x@ xHwD =@ 'u}= Q@xwqa "�O w G 9 pmW� O@=}
R= |W=v xm 'OvQ=O OU uOQo QO |QDO}OW |=y|oOQwNlQD 'EDEDA |=ypOt xm
RwmU} w Ctw=kt xH}Dv QO w CU= xOQwNlQD |L=wv QO =yu=tr= QDtm |}=Q}t ?} Q[
x=Qty x@ TRD pOt x@ C@Uv =Q |QDW}@ |xOQwNlQD |=yu=tr= 'C}=yv QO w QDtm

"OQ=O

EL@ "6
OU hm QO |oOQwNlQD p}iwQB 'OwW|t xOy=Wt 12 pmW QO xm Qw] u=ty
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OU G=D |}=Hx@=H 'MK-model Cr=L =@ xU}=kt QO K-model Cr=L xm OvO=O
ptLDt =Q |QDW}@ |=yu=tr= O=OaD =@ w QDO}OW |oOQwNlQD u}vJty w OQ=O |QDq=@
p}rO x@ 'u; VQDUo w |oOQwNlQD ẁQW R= Oa@ EDEDA pOt QO "OvwW|t
OwW|t ?Hwt w O@=}|t Vy=m |}=Q}t ?} Q[ 'Qw=Ht |=yu=tr= QO VvD `} RwDR=@
|}=Hx@=H 'C}=yv QO w O@=} Vy=m xOQwNlQD |L=wv QO xOW hrD |SQv= u=R}t

"O}; OwHw x@ TRD pOt x@ C@Uv OU G=D QO |QDW}@

|Q}oxH}Dv "7
|R=Us=ovy x@ w u=tr= Qy x@ |}=Q}t ?} Q[ X=YDN= 'Q[=L Q=DWwv |rY= hOy
"CU= xOw@ |vRw |vD@ OU |v=tR |xJN} Q=D |]NQ}e p}rLD QO |v=tR s=o Qy QO u;
xm OwQ|t Q=_Dv= 'CU= u=tr= u; VvD K]U `@=D u=tr= Qy |}=Q}t xmu}= x@ xHwD =@
u; |wQV}B w |oOQwNlQD u}vJty w VvD `} RwDR=@ =@ ?U=vDt |}=Q}t `} RwDR=@
|]NQ}e w |]N Cr=L QO Cri u}=B OU |wQ xOW s=Hv= |=yp}rLD "OQ}o CQwY
|=yOU |}xRQr Q=DiQ CU= QO=k EDEDA |O=yvW}B sD} Qwor= xm OyO|t u=Wv

=yCWwv=B
1. construction joint
2. material damping
3. radiation
4. viscous damping
5. unit dissipation energy
6. loss factor
7. smeard crack constitute model
8. free-vibration decay
9. resonance ampli�cation
10. half-power
11. resonance energy loss per cycle
12. element developed energy dissipation algorithm
13. unit volume dissipation energy
14. fatigue stress limit
15. developed energy dissipation algorithm

16. secant sti�ness matrix
17. brittle damping
18. energy balance error
19. arti�cial damping
20. di�use
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