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def _constants

= Input: no_slip - v or - for no-slip or full-slip case, resp.

global R=rad
local K= .z
global ghm = -,--\o

global P = -y yyes
global E =1,-0e4
global nu = - a*(v.*bulk_ - v.*shear_)/(v.*bulk_ + shear )
global Tff = (ghm*E)/(v*()+nu))
local Es = oea
local nus= .y
local thick = ..
local As=-.y.
local Is = thick_*thick_*thick /\y.
local Cs=E*R*(\.-nus*nus)/(Es*As*(\.-nu*nu))
local Fs = E*R*R*R*(\.-nus*nus)/(Es*Is*().-nu*nu))
if no_slip =y then
local Ca = ((A-nu)*(\-nu)*Cs)+()-nu)
local Cb = (v*((r-nu)*Cs + ¥))/Fs
local Cc = ((\-nu*nu)*Cs)+(()-nu)*(v-v*nu))
local Cd = (v*((r-nu)*(a-#*nu)*Cs + £*(v-£*nu)))/Fs

local Cy = (-y*(Ca - Cb))/(Cc + Cd)
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local Ce = (V-nu)*Cs-y-Cy*((V-nu)*Cs + £*nu)
local Cf = (\-nu)*Cs + v
local Cy = Ce/(v*Cf)
else
Cy = (v-( -nu)*Fs)/(v*(a-#*nu)+()-nu)*Fs)
Cy =-(¢**(\-v*nu)*Fs + (A -nu))/(v*(a-#*nu)+()-nu)*Fs)
end_if
if no_slip =\ then
global Uy =y - y*(\-nu)*Cr*((R*R)/(#.,¥0))
global Uy = -Cy*((R*R*R*R)/v4,-£v0)
global Vy =y - (\-v*nu)*Cr*((R*R)/(#,v0))
global Vy = CY*((R*R*R*R)/v4,-£Y0)
global Ty = -(\-Cy)*Tff*R
global Ty =\
global My = ..a*(\ + C\ + CY)*Tff*R*R
global sigRy =\ + Y*C\*((R*R)/((R--.¥)*(R--.Y)))
global sigRy = ¥*Cy*((R*R*R*R)/(¥4,-#Y0))
global tauRTY = \+y¥*Cy*((R*R*R*R)/(¥4,- £Y0))

else
Uy =\ + £*(1-nu)*Cr*((R*R)/(5.v0))
Uy = CY*((R*R*R*R)/¥4,- £Y0)

VY =1 + (\-v*nu)*Cr*((R*R)/(7.Y0))
VY = CY*((R*R*R*R)/v4,-£Y0)

Ty =-(\v*()-nu)*TTF*R)

Ty = v*(6-#*nu) + (\-nu)*Fs

My = (T) + TY)*R

sigRyY =\ - *CVv*((R*R)/(5,v0))
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SigRY = ¥Y*CY*((R*R*R*R)/v4,-5Y0)

tauRTY =\ -¥*Cy*((R*R*R*R)/(¥1,-£Y0))
end_if
table_name(y) = 'us - analytic'
table_name(y) = 'vs - analytic'
table_name()-) = 'us - computed'
table_name(v-) = 'vs - computed'
table_name(¥) = 'T - analytic'
table_name(f) ='M - analytic'
table_name(y-) ='T - computed'
table_name(f-) ='M - computed'
table_name(s) = 'sigR - analytic'
table_name(s) = 'tauRT - analytic'
table_name(a-) = 'sigR - computed'
table_name(s-) ='tauRT - computed'

end

def _responses

local ii = del_table()
ii = del_table(y)

ii = del_table(y-)

ii = del _table(y-)

ii = del_table)

ii = del_tablecs)

ii = del_tablecv-)

ii = del_tablecf-)
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ii = del_table)

ii = del_table¢)

ii = del_tablew-)

ii = del_table¢-)

- ;Support displacements

local np = nd_head
loop while np # null
local _x =nd_pos(np, ¥, 1)
local _z =nd_pos(np, ¥, 1)
local _rad =sqrt(_x* x+ _z* z)
local _theta = atany(_z, X)

local _dtheta = (_theta)/degrad

local _ua = ((\.+nu)/E)*((Uy + Uv)*sin(y*(_theta+(pi/f))))*Tff*v.a
local _va = ((\.+nu)/E)*((V" - V¥)*cos(y*(_theta+(pi/f))))*Tff*v.»
local _xc = nd_rdisp(np, 1, V)
local _zc =nd_rdisp(np, ), ¥)

local _uc =-_xc*cos(_theta) - _zc*sin(_theta)
local vc= _xc*sin(_theta) - zc*cos(_theta)

table( v,_dtheta) = ua
table( v,_dtheta) = va
table() -,(_dtheta+fa)) = _uc
table(y-,(_dtheta+fs)) = vc
local eps = (_ua-_uc)

if eps > ve-v then

end_if

np = nd_next(np)
end_loop
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;——Interface contact stresses.

local sp =s_head

loop while sp # null

9

if s_type(sp) = # then ; itisa linerSEL

local Ip = sp

local _xcen =s_pos(sp, V)

local _zcen =s_pos(sp, ¥)

rad = sqrt(_xcen*_xcen + _zcen*_zcen)
theta_ = atany( _zcen, xcen)

dtheta = (_theta)/degrad

local _sigRa = Tff*((sigR\ + sigRy)*cos(y*(_theta+(pi/f))))

local tauRTa = -Tff*( tauRTy*cos(v*(_theta+(pi/¥))))
Compute average value from all three nodes, acts at centroid

local _sigRc =sl_rstr(lp,y.\) + sl_rstr(lp,\.y) + sl_rstr(Ip,.v)

sigRc_ =-_sigRc/y,-

local _mag =sl_rstr(Ip,y.\) + sl_rstr(lp,y.y) + sl_rstr(lp,v.v)

mag_=_mag/¥Y,.

local _dirX=sl_rstrdir(lp,y.\ o\ )+sl_rstrdir(lp,v.v.)

dirX_=_dirX +sl_rstrdir(lp,v.x.)

if _dirX > ... then ; set sign to correspond w/ analytic soln.

local _tauRTc =_mag
else

tauRTc_ =-_mag
end_if

table( o, _dtheta) = sigRa
table( #,_dtheta) = _tauRTa
table(s-,(_dtheta+ts)) = sigRc

table(s-,(_dtheta+¥ts)) = tauRTc
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end_if
sp = s_next(sp)
end_loop
; ——Stress resultants.

command

sel recover surface surfx - \ - ; establish surface system

sel recover sres ; recover stress resultants
sel recover stress
end_command
sp =s_head
loop while sp # null
xcen_ =s_pos(sp, )
zcen_=s_pos(sp, ¥)
rad = sqrt(_xcen*_xcen + _zcen*_zcen)
theta = atanv(_zcen, xcen)

dtheta = _theta/degrad

local _Ta = (T\/Trx)*cos(v*(_theta+(pi/¥)))
;  Ta> . iscompression

local _Ma = -Mvy*cos(v*(_theta+(pi/¥)))

local _Tc =-sst_sres(sp, -, 0)

local _Mc = -sst_sres(sp, -, Y)

table( v,_dtheta) = Ta
table( f,_dtheta) = Ma
table(v-,(_dthetat+fa)) = _Tc
table(t-,(_dthetatfa)) = Mc

sp = s_next(sp)
end_loop
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end
(@,_constants
@_responses

Gy polie o Laly; jo s, 6 8> L 56 9ulS 5,55 9 S, ST Llss Lo,

\FY



Abstract

Underground facilities are essential part of modern societies that they should be
designed and constructed correctly. Investigations in historical cases of earthquakes
shows that they have lower damage in compared of surface structures. Nevertheless, some

underground structure had experience of significant damage in recent large earthquakes,
such as Kobe, Japan 1990.In dynamic analysis, the depth of tunnel and surrounding

materials are the important parameters in the tunnel design, so in this research influence

of tunnel depth under seismic load has studied by numerical finite difference method
(FLACY’D) and analytical methods. As a seismic load, Kobe Japan acceleration has

selected. The results showed that displacement around the tunnel decreases by depth
growing in numerical simulation. Analytical scrutinize (Sharma, Judd, Dowding & Rozen

solutions) displayed that tunnel in rock material has low damage in the earthquake
loading.therefore, a circular tunnel in the depth of \*m into rocky surrounding material

has selected for more studies. Tunnel support system is precast segmental lining, and the
influence of seismic load has investigated in two non-slip and full slip interface states.
Numerical method in the non- slip condition has well an agreement with analytical
methods, but numerical method showed accordance just by Boebet solution in full- slip
condition. Moreover, Park and Corygiliano methods obtained less value of axial forces
and bedding moments in lining due to seismic loading. As parametrical studies, the effect
of normal stiffness, sheer stiffness, cohesion, friction angle and tensile strength of
interface between lining and tunnel in both conditions non- slip and full-slip have
investigated in FLAC model. The results showed that these parameters have significant
influence in stress increment to the lining, despite that they have ignored in analytical

methods.

Keywords: Axial force, Bending moment, Seismic loading, Flact’D software, Tunnel

depth, Numerical modeling, Analytical method, Parametric analysis
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