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Abstract

Ebstract

This thesis investigates the induced soil movements due to shield tunnelling excavation
assuming that the tunnel lies above the ground water table. More specifically, the study
examines the influence of various shield tunnelling components on the groussidance

via 3D parametric analyses. To do s (2) different numerical models are developed in
this thesis modelling in detail the whole shield tunnelling procedure.

In the first chapters, a thorough literature review is taken place about a) the TiBoreng
Machines and b) the main proposed empirical, analytical and numerical methods for the
tunnelinduced settlement prediction.

Afterwards, the development of the proposed numerical model is described thoroughly
showing some of the numerical technicui¢hat were adopted to simulate this complex
procedure. It should be noted that the proposed model takes into account all the TBM
components (shield, cutterhead, submergerll etc.) and the whole construction sequence
(face pressure, grouting, TBM advandming erection etc.). Two different models are
developed in this thesis to carry out the parametric analyses assuming a very shallow
(H/D=2 and D=6m) and a deeper (H/D=3 and D=6m) one tunnel. Basiéhg¢se models a
large set of seventgix (B) numerial 3D analyses are carried out using the Finite Element
O2RS aG! ol ljdza @Coblwmbéfaluretckit&ion ais? usédl to model the soil
behavior. The parametric analyses investigate the influence of the following parameters:

-Grout Pressure
-Steering gp
-Face Pressure

It is evident that the first two investigated parameters (grout pressure and steering gap)
show to have pronounced influence on the soil displacements, since a small change of their
magnitudes strongly affects the soil movement around tlhwmnel boundary. On the
contrary, the investigated tunnel face pressures shows to have negligible effect on the
ground subsidence.
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©
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U E
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(+) Horizontal displ. (positive towards tunnel center line)

Sh max (+) Strain: Tension

Transverse direction

Settlement
Horizontal diplac.
— —— Horizontal strain

Point of inflection

Sv,max

(+) Settlement
(-) Strain: Compression

n'"< 28 h_h T <h Y ¢h hAY>w Yty A A 8T hAE
8 ¢ ° © WFranzius, 203)

l"/\’ys h ' t v vty YA Y B B 4 h , " Cw ~h ~ h >~
(FNno0 ORI N <t T (OReillytand New, 1988)” h © ¥ " h Y hoa
¢ h - Y " h j h > ' ¢ h >SB 1w T ! ¢ h >~ <! B -~ ', h AB " h
S oY YTmyteT L. ,h A _hto U A gt Ah Hdod
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X <« transverse distance from centreline
3i 2.5i J3i i
, 0
Settlement = 0.044S,, max Settlement volume (per unti advance) (0.2
Maximum curvature 'hogging' - v, =2nis
2 'V, max x
=d§=°-44575v12m S, =S, max €Xp(-x*/2i%) —0.4 £
dx I ’ m:
~
0.6 0
Maximum horizontal strain (tensile)
ds, S, max
=d—x"(x,z)= 0.446— 1= 0.8
Point of inflection (x=i, S, =0.606 S, ., ) Sy, max
Minimum slope = as_ 0.6065"'7?'“
dx i
Maximum horizontal displacement = S, (x,z):O.GOG&Svimn (x,z)
. . d®S _ Sy max
Maximum curvature 'sagging’' = y =—5—
dx i
*Not necessarily applicable to granular soils ds, S (x,z)

Maximum horizontal strain (compressive) = d_Xh = "’"“’"z
rl'C'2.8WJ"“,’< B - ', h A" h¢_ A ‘,‘h“y"‘5+/\(O§RIei||yCh>‘ <
and New, 1988)
2_2_2r11h"<.‘w > B h ¢ A" B " ¢ h h >" ¢ Y ¥
74 Ch*®**tym* g:" ¢ h h >" ¢y e h v ¥ AND 1 " h AY ' v
(Attewell and Woodman 1982) ° & ¢h _h*> ¢y w Tt ha A CoE
{ t h -t N _ ‘ ] ¢ K ' t h ¢ v~ < ~ ¢ ~ A > K t ¢ h A v = v ot ] t
- ' h A’ cumulativeprobabilitycuved @ € >, " h " T~ h7 ¥ Tt hyws
74 h A, w o, B B A’ w B8 h" "™ Th*¥H x'" h¢ ' S0 A
s L h L h >w=™ T hoAL h - ~ >w 057Y S "
~h ' <h h h ' B> AD h > > h N AL B L B >SwWwAY S B !
<h >Sj h AY A h E - ' T <cw Y A > w " h SV Y M AY YT S WA
LY Vll')z 1 )h'/\\“'WK:/\h\‘h‘“'>h/\ lqh >l¢'l 5"CD

Position of
tunnel face
-y coordinate -iy iy +y coordinate
ahead of the tunnel face behind the tunnel face
Smax
y
y=0
I’]_"*"2.4\Yh|’h_hA'>" E - ', h A" hC_ A ¢h"Y"‘BE8]A ¢ h A
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Taylor 1997) = '~ >W AT " BT AT W o hAah, w7 Q A . )
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M M O /\m“”hh>w>_”h“ .0 "™ " hJa a1 hy -y . ¢ h_ h * ¢ L h

ChAY A" Gh= " WA ha 1 <Grimsbys © hAaw , 8 7 h A0 ok
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Time (days) Distance to tunnel axis (m)
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\\\\ ////'
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P ‘U"“--\.\ Atunnel convergence
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