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The Tunnel Borning Machine (TBM)

m 4-80m below ground surface

m 18m in diameter and 400m long

m “mucking speed” at about 500m/month

m pressure is applied at cutting head to stabilize excavation face
m removal of excavated material is controlled
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Collapse Potential

m issues when applied pressure
or mucking speed is too high
or too low

m for soil, instability of
excavation face can lead
to collapsed ground

m for rock, induced shocks
can damage machine

m surface displacements of

lcm to 3cm can cause
damage to buildings




Interfacial Behaviour in Tunnel Engineering

L introduction

L Problem Description

NHI Goals for the Workshop

e Main Goals
m Determine the best constitutive model for the analysis of

the interfacial behaviour

m Determine the most important mechanisms that lead to
instability of the excavation face

n

e Specific Goals

m provide information about how to prevent ground surface
collapse

m provide information about how to prevent ground surface
uplift

m determine the loadings acting on a single cutter

m determine the distribution of the interfacial force between
the cutting head and formation
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Key Observations

e TBM is pressurised during regular operation

Soil is not hard (E < 60 MPa). =- significant plastic
region.

- Hydrostatic stresses in soil stabilize matrix, anticipate
plastic region has finite extent.

- Competition between loading pressure/shear stress along
drill bit interface and hydrostatic stresses.

Two modeling approaches:

Plastic/Elastic: Plastic region in elastic medium
Plastic/Rigid: Plastic region in rigid medium
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Mohr-Coulomb Criteria

m N is normal force on
particles below the surface
element due to particles
above

m F' is frictional force on
surface element

m Coulomb’s law states

Figure: Slip surface with force IF| < |N|tang (1)
balance in static granular material. -

(Howell and Ockendon, to appear). where ¢ is a material

parameter called the “angle
of friction”
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Mohr-Coulomb Criteria

m material flows when
Mohr-Coulomb’s yield
criteria is satisfied

Figure: The Mohr circle in the
(N, F)-plane, where the lines
represent |F| = |N|tan ¢ (Howell
and Ockendon, to appear).

1/2
2 (amayy — aiy) 2__ (Oza + Oyy) COS P (2)
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General Mohr-Coulomb Criteria

C > 3 {(wa —oyy)” + 4a$y] +sin @ (0ge + oyy) = f(035) (3)
where C is the “cohesion”

m material is solid when (strict) inequality holds

m material is plastic when the equality holds
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Axisymmetric Cross-Section Problem

elastic B
7
%

m Stresses independent of 6
m Mohr-Coulomb vyield criteria defines elastic-plastic boundary
m Stress balance (axisymmetric)

1d 1

rr) — T — 4
o (roy,) 008 0 (4)
1 d 1
r d (TJTQ) + TO—rH =0 (5)
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Boundary Conditions

Opp — — Py as 7 — 00
or9 = T at r = a, where 7 is applied stress due to boring

|
|
m 0., = —P at r = a, where P is applied pressure
|

At elastic-plastic boundary r = R
m the Mohr-Coulomb criteria is satisfied
m o - e, continuous

— o, and 0,9 is continuous
—  ogp also continuous
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Results-No Cohesion
Assuming C = 0 get (where v = 0,./R? and R = R/a):

. R2<—P +4/P2, sin2 ¢77—2/R4) 2
21nR:/ STV oo cos 9 dv
-P

2 gin2 2 2 (6)
v — \/v?sin? ¢ — 72 cos? ¢



Interfacial Behaviour in Tunnel Engineering

L Plastic/Elastic

LAxisymmetric Cross-Section Problem

Results-Cohesion

cohesion (kPa) oo applied shear (kPa) 10000 cohesion (kPa)

interior pressure (kPa)

¢ = 30°p=2MPa ¢ = 30°, 7 = 64kPa

e Damage radius more sensitive to variations in applied pressure
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Density-Driven Instability
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Plastic/Rigid
m Equations
m 2D problem

s Results
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LEquations

Equations of Plasticity

. 15)
V'Gng,AeijZ%af(Uzj):O (7)
ij
. 1 81)1‘ (%j
%= 3 {axj * axi} ®)

e 10 equations for 10 unknowns
e Start with the simplest configuration:

e No gravity
e Point-force in x-direction.
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004y 004y
= —Fo(x)d
o O ()50
00gy  Ooyy 0
dy Oy

\/(Gm — ayy)2 + 4U%y +sin ¢ (040 + 0yy) =0
e 3 equations and 3 unknowns

e hyperbolic in stress
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Granular material in a hopper

From Brennan & Pearce (1978), Tayler (2002)

Let

Oz + O 20
_Ter Ty a2 = zy

2 Ogz — Oyy

4(5),#2(%),~ (o)

where Characteristics and Riemann invariants

T, 9

p:

T
A=t — =+
an<w+2 <4 5

(12)

(13)

+)> , T cot ¢ logp+ 21y = const .

(14)
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Slip lines

e Causality: what initial data is needed that satisfies the
conditions in practice?
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Similarity Solution

Stress scales like r—1:

Acost Asinf
ggp = , Orp = )
r T
o 2y > —
Orr = cosf (2sec’p — 1) + sec /2 (cos 20 — cos2¢) ¢ .
Flow Rule: é;; = Aai{,j ,
v
: = T —A 1
b = = Af(0,0) (15)
. _ 10v,  Ove vy
€rog = ; 90 + W - 7 - 2Afr9<97¢) (16)
. 1 [ 0v
oo = - (809 + vr) = Afoo(0,0) , (17)

Similarity form:

A=XO7r*, v, = w (0)r*T | vy = we(d)r*Tt,
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Linear Nonstandard Eigenvalue Problem

d wy \ 0 %_1 Wy
d@(wT.)_((l_a) % w, On9€(0,¢)

(18)
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Similarity Solution

* Re(a)
0 °_Im(a)
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Tidying-Up List

e Include gravity: If small, could match to far-field behaviour
e Free surface (ground): Need to include a free-surface theory.
e Find how stress amplitude A depends on force amplitude F'.
e Consider the axisymmetric problem for F'

e Point-moment problem at x =y = 0.

e May need to regularise rigid region with elastic region for
Ex>1
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e Damage region sensitive to applied pressure
m Axisymmetric model: cohesion reduces damage region,

shear increases region.

m Bridge problem: Damage region less dense, hydrostatic
stresses can induce plasticity/gravity instability.

m Similarity solution: Different solutions depending on
amount of internal friction in the matrix

Understanding material properties of soil prior to tunnelling critical
in formation of plastic regions based on these geometrically
simplified situations.
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