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ẁ[wt u}= OUQ|t Q_v x@ xm O@=}|t Vy=m =yVvD pvwD VWwB Ct=N[
|rw s}DUy =ywQ}v V}=Ri= Oy=W Ct=N[ V}=Ri= =@ xJQo = =Q} R &OW=@ |k]vt
G}=Dv QO xm CU= |R}J u; hqN xm OwW xrRrR |Q}PB Q]N Vy=m x@ QHvt O}=@
G}=Dv =@ |@ wN j@=]D xr�Ut u}= =t= 'OwW|t xOy=Wt xOt; CUO x@ |r}rLD

"OQ=O xDiQ Q=m x@ *|OOa VwQ R= pY=L
|r}rLD |=yVwQ R= xm CW=O Q=y_= u=wD@ O}=W |rm |Ov@`tH l} T=U=Q@
|OOa pt=m pOt l} R= xO=iDU= R= p@k =yVvD w =ywQ}v u=R}t u}tND |=Q@ =yvD

"OQm xO=iDU= u=wD|t

?r=e Tv=mQi 'CU= |Qw;O=} x@ sRq� CU= ?}DQD u}tyx@ R}v =yxrRrR ?r=e QO xm
"�CU= RDQy 1 3 xOW xDiQo Q=m x@ |xrRrR

|Q}oxH}Dv
|Q}tN |x}L=v 'CU= x=Qty pvwD Q=@ QU V}=Ri= =@ xm 'pvwD jta V}=Ri= =@ "1
Q@ OQ=w |=yVvD w =ywQ}v u=R}t Q@ u; `@Dx@ w O@=}|t V}=Ri= R}v pvwD h=Q]=
CN=U pL=Qt R= Oa@ |=} wB p}rLD 'j}kLD u}= QO "OwW|t xOwRi= pvwD xR=U
|Q=iL w CN=U |xrLQt QO xm Qw]u=ty "CU= xOW s=Hv= pvwD |Q=iL w
xm OwW|t s=Hv= |Q=iL |R=UpOt R= Oa@ VWwB ?Yv C=}rta 'OW xOy=Wt
=Q l =N 'pta u}= =@ |va} "CU= VvD |R=UO=R; T=U=Q@ R}v |Q=iL |R=UpOt
|=yVwQ R= pY=L G}=Dv =t= 'OQm OQ=w pvwD |xR=U Q@ Q=@ QU u=wvax@ u=wD|t
"O@=}|t Vy=m ?}U; u=R}t pvwD jta V}=Ri= =@ xm Ovvm|t u=wva |r}rLD
u}vJty w R}J=v l =N w xR=U sQH u=R}t =yVwQ u}= QO xm OwW|t Qw;O=}
QF= Q@ xrY=L hqDN= OUQ|t Q_v x@ xm 'OwW|t ZQi u=UWm ,qt=m \}Lt
|Q}tN \}Lt u}vJty w pvwD Q=@ QU uRw V}=Ri= w l =N uRw uDiQo Q_v QO
V}=Ri= =@ xm OQm =aO= u=wD|t xOt; CUO x@ G}=Dv T=U=Q@ j}kLD u}= QO "OW=@
w Q]N u=R}t CU= x=Qty Q=@ QU u=R}t V}=Ri= =@ x=Qty xm l =N QO pvwD jta

"CU= xDi=} V}=Ri= R}v pvwD QO |Q}PB?}U;
|DNU V}=Ri= =@ x=Qty xm pvwD VWwB Ct=N[ V}=Ri= =@ OW xOy=Wt xm u=vJ "2
xOW s=Hv= |=y|v}@V}B j@=]t xm O@=}|t V}=Ri= R}v u; Q@ `k=w |=ywQ}v 'CU=

"CU=
CUO x@ |ki= u=mt Q}}eD xv}W}@ QO xR=U QO xOt; OwHw x@ |xv}W}@ |=ywQ}v "3
�?=DW =}�CaQU Q=Okt u} QDW}@ xm |v=tR QO wQ}v |xv}W}@ Q}O=kt xmr@ 'O};|tv
VWwB QO xOt; OwHw x@ |=ywQ}v u}@ |}x]@=Q "OwW|t pY=L 'OQ=O OwHw

`@=vt
1. Wang, Jaw-Nan (Joe), Seismic Design of Tunnels,

A Simple State -of-the-Art Design Approach Parsons
Brinckerho� Quade & Douglas, Inc. (June 1993).

2. Hashash Youssef, M.A.; Hooka Je�rey, J.; Schmidtb B.
and Yaoa John, I.C. \Seismic design and analysis of
underground structures", Tunnelling and Underground
Space Technology, pp. 247-293 (2001).

3. Hashash Youssef, M.A.; Tseng Wen, S. and Krimotat
A., Seismic Soil-Structure Interaction Analysis for Im-
mersed Tube Tunnels Retro�t, Geotechnic Earthquake
Eng. Soil Mech III.2, 1380-1391, ASCE Geotechnical
Special Publication (75) (1998).

4. Hashash Youssef, M.A., Seismic Behavior of Under-
ground Structures and Site Response, University of Illi-
nois at Urbana Champaign, Urbana, IL, USA. (2002).

5. St. John, C.M. and Zahrah, T.F. \A seismic design of
underground structures", Tunneling Underground Space
Technology, pp. 165-197 (1987).

6. Hashash Youssef, M.A.; Park, D. and Chiang Yao John,
I. \Ovaling deformations of circular tunnels under seis-
mic loading, an update on seismic design and analysis of
underground structures", Tunnelling and Underground
Space Technology, 20, pp. 435-441 (2005).

7. Penzien, J. \Seismically induced racking of tunnel lin-
ings", Int. J. Earthquake Eng. Struct. Dynamics, 29, pp.
683-691 (2000).

8. Ortlepp William, D. \The behaviour of tunnels at great
depth under large static and dynamic pressures", Tun-
nelling and Underground Space Technology, pp. 41-48
(2001).

9. FLAC - Fast Lagrangian Analysis of Continua User's
Manual (2002).

126
www.SID.ir

www.SID.ir

