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Problem Definition

m GOAL:

Given a potential site with a layered profile estimate
the amplification and/or reduction of motion as it
filters through the various layers such that the
quietest of the layers can be assessed

m |SSues:

« sources of ground motion initiate at bedrock or at surface
locations

 knowledge of soil layer configuration and properties — need
for site exploration

 Use of engineering computational tools to assess site
response
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What we know thus far

m Stay away from the top layer !!!
m Have at least one soil interface above the tunnel

m [tis better to have the accelerator tunnel within a
single layer

m Avoid being close to interfaces to eliminate waves
trapped in the small interface zone

m When on bedrock, have to deal with micro-seismic
activity
« ways to isolate the tunnel

« Given site conditions it may be possible to find quieter
location above the bedrock
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Principles of Motion Convolution/De-convolution
Accel. Tunnel - Soil Configuration
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Principles of Motion Convolution/De-convolution
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Principles of Motion Convolution/De-convolution
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Principles of Motion Convolution/De-convolution
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Principles of Motion Convolution/De-convolution
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Principles of Motion Convolution/De-convolution
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Engineering Computational Tools

m Site motion amplification
* POROSLAM — SHAKE — MASH — CARES - SPECTRA - DIGES

m Solve for:
 Motion amplification — convolution/deconvolution

« Study the effect of key properties in a 1-D analysis (SHAKE,
CARES)

« Incorporate soil saturation and water table in a multi-layered
system that is close to the real site profile using the
POROSLAM code (2-D frequency-based analysis). In the case
of variation of the location of water table, its impact on motion
filtering needs special attention
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Convolution - Deconvolution in Layered Halfspace

Uniform Soil Deposit: P-Wave Incidence
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Convolution - Deconvolution in Layered Halfspace

Soil Deposit Overlying Rock: SH-Waves
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Convolution - Deconvolution in Layered Halfspace

CONVOLUTION - DECONVOLUTION PROCESS

Governing Principle of Motion Transfer

Mo rotational motion due to scatiering
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Convolution - Deconvolution in Layered Halfspace
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Convolution - Deconvolution in Layered Halfspace
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Convolution - Deconvolution in Layered Halfspace
SH Waves

Inclined SH Waves

Displacement Vector 1 (r,w,t) = Apik(rep—cat) 7

where

= gindfi, 4+ cosfis = propagation vector

rf = £3 = direction of particle motion

¥ = x14] + T9iy = position vector

Ak, ; are the amplitude, waverumber and phase velocity respectively

The requirement that the surfwe is free of traction yields that the reflected wave is in phase with the incident
wave., The total displacernent is then

13 (21, Zo;u, £) = 2 Acnsnge (2158 —cat)

ety
rogf

flg —
Cg

Thus, the transfer function between the displacement (or acceleration)} at a depth 23 = —A and its counterpart
at the surface is expressed in the form

. 3 (ml 7 _h; !, t)

Hiw) = = NS,
( ) 3 (:":11 0; w, t)
wh
iy = —r0sf
Ly
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Convolution - Deconvolution in Layered Halfspace
P- Waves

[Incident P-wave: ]

[te1 12 ua]T = A [sinf cosh [}]T giklrep —ept)

[Reﬂer:ted P-wave: ]

11 159 113]7 = Ag [sin8 — eosf 0]7 etk(rem—cpt)

(Refiected SV-wave: |

[1.-;1 1La 153]T = Aa [r:nsf?g Siﬂﬁﬂ [}]T1 eiku[“ﬁ:i—ﬁnt:l

By Cg P and SV wave velocity respectively
Ai, Az, A3 :  Wave amplitudes
P1.P2, 3 propagation vectors of incident P, reflected P and reflected SV -wave

while, Siﬂgg = L:"E ko = sk and 8 = Cpls
The amplitudes A1, Ay and Aj satisfy the relation
A+ 2uens?®  —spain2g ] [g]

—psin2f —sueos2By | |ge |

A+ 2uens®l
j15i5 20
where 1 = é‘:‘ g2 = 7+ and A, fi  are the Lame constants of the halfspace.
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Convolution - Deconvolution in Layered Halfspace
P - Waves

TOTAL DISPLACEMENT due to INCIDENT & BEFLECTED WAVES

Transfer Funetion hetwsen Uifey=tt (1 + ) a8l 4 geonefy
horizontal & vertical displ. at free =

Rz gpegm0 (1 — th} eosf + gsind

The transfer function hetwesn the vertical displecement at o depth b from the free eurBce and the wertical
displacement at the surfisce s of the form

ey =—n _

LT[R
{E_i"i - qlei‘i:l coull 4+ g™ sy
(1 — gy ) cosd + gy il

Semilarly, the transher funct oo betwen the homzontal displscement o adepeh b and the horzorial G splaoament
at the surfics takes the form

fmy=—h
By =0
{E'“i- -+ qlﬂ"‘ff:l sind + gze'™ cosfly
(14 g ) sl 4 gueoafy
whre dOf = %mﬂﬁ' g gy = T—_mlﬂu. repriment dimensiookss froqoences for P oand SV woves respectivedy.

Tranafer Fumenion for Vertical Incilence [9 = 1}
Versical dwpl ai degih b ve vertical dispd oi fres sofars
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Convolution - Deconvolution in Layered Halfspace

Inclined SH-wave in Soil Deposit Overlying a Rock Formation

Incident SH-wave: uglj - Ale‘ik[ﬂﬁl—csmﬂ

Reflected SH. at interface: 1.;52:' = Ageik[r‘pz_cssﬂﬂ
!

Refracted SH waves accross interface uga:l = Aﬁeik["' *p1—€5,5)

Reflected SH-wave at surface: ugij = Aae'ﬂm ['rf »p1—ég, gt)

where,

£S.R.C858 ¢ S H -wave velotities in the rock and soil respectively

8 5 :  position vectors WRT coordinate systems

1,--2 4 : propagation vectors

Al, .. A4 :  wave amplitudes

k. ko :  wave numbers

fg, fig :  shear moduli of soil and rodk respectively
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Convolution - Deconvolution in Layered Halfspace

Transfer Function Generation

Continuity of total stresses T3 und totul displacements 1y aeross the nterfiee yields,

£]-4li L=
1+g 1—gq] |e™n

whire,
__ Ag meosBglog o8
§ = Zp geonfng TH = “ = atﬂﬂn s aricll

Based on the ahove relations the Following traefer functions can be deduced:

mition af depth £, = —h
srcion: ol sur facs

Hy (w} =

Hy (o) — T0tion ot depth A
i se mmion ot inter face T gag 4+ p—lag
rotion at depth 2, = —h aith | g-ia
Hy {w) = i ;

al inder face (nolop soil) (1— g)ebse + {1 + g) e~iom
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Convolution - Deconvolution in Layered Halfspace

Kinematic Interaction

[Heeana {w)]
H [i.u:] = e

' H{w) s a |6 x 3]
Hypotni ()

matris

The depemndency of the foundation imput motion on the geomstry of the massles foundstion and the interfice

tondition with the seil, on the properties and the stratigraphy of the undedying sail and on the nature of wines leads
to s complex problem,

0 direciupplicntion of the freesfeld motion on the Bundation resulis in only translational components of

the fmumdation moton resardless the soil stratieranhy, wave-type and the nosition of the foundation denthwise.

o Theconrolutton/ deconvoluitonfapproach does incorparate the stratigraphy by including the cuterop motion,
the wave-type and the posion of the bundation mat but it Gl to ntrodece any tomional components on the
foundation,

0 The|ktnemattc iniernction)approah incorporates the wave-type, the foundation geometry the soil deposit

strabigraphy (analy bic closec- rolutions are possahle only for uniform balfspace) and allows the torsional and
rocking effects to appear in the lower half of ¢ scattering matrix.
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Site layer effect on motion propagation
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Scattering effect of tunnel structure
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Effect of layering — s0il conditions — water table on energy

dissipation
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Effect of layering — s0il conditions — water table on energy

dissipation
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Effect of layering — s0il conditions — water table on
energy dissipation
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Summary

m Convolution and deconvolution of motion (both surface and
bedrock) to the accelerator tunnel level is key to the estimate of
noise induced at its floor

m The problem of solving the problem in a multi-layered soil
profile is quite challenging

m Computational techniques of motion propagation and
assessment of site response are available

m Knowledge of soil properties & layer depths at the site,
Implemented into the computing models, can help identify the
best location for tunnel placement
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