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Tipos de tuneles

+ Longitud del tanel
* Con tuneladora * Plazo
e Sin tuneladora * Condiciones extremas
— Grandes presiones. Fluencia

— Fallas, heterogeneidad
— Suelos muy blandos

Rocas Suelos

Con tuneladora T.B.M. Escudo
Sin tuneladora Explosivos, rozadora, Fases, NMA,
NMA, Bernold, ... prebdveda, ...
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Tuneladoras de roca

Escudos de suelos

(1950 -) (1850 -)
Escudos excavadores mecanizados (1960 -)
Contencién del frente (lodos, EPB) (1980 -)
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Rocas:
Excavacion con
explosivos
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Rocas: Excavacién con rozadora
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Tuneladora de rocas (TBM)

Grippers
Gatos de empuje
Cortadores

Guiado
— Manual
— Automatico

Arranque
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Suelos: Excavacion por fases
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Escudos
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Escudo
excavador

Metro Madrid. Linea VI
1973
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» Tensiones alrededor del tunel. Empujes y
esfuerzos

— Caso basico: tunel circular, tensiones iniciales
isotropas y uniformes, terreno elastico o
elastopléstico perfecto

| Soluciones analiticas |

— Caso realista: tunel seccion cualquiera,
tensiones iniciales anisétropas y variables con
la profundidad, terreno elastico o
elastoplastico, proceso constructivo 2-D /3-D

| Métodos numéricos |
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Interaccion terreno-revestimiento
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Interaccion terreno-revestimiento
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Rigidez del revestimiento

a lo,

Revestimiento rigido

. Equilibrio

Revestimiento tigido, colocacién lerta

Revestimiento flexible

Presion relativa en la pared (confinamiento),

Desplazamiento relativo de la pared (convergencia), ua/a
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Sostenimiento primario y revestimiento

secundario. NMA.
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Método de Panet (AFTES, 2001)

Curva caracteristica del terreno

Curva caractelistica del revestimiento

0 uo/a u/a (elésticcT=c;/ZG — _ U /a (elastoplastico)
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Comparacion con casos reales

a No shield
| ] No shield. Air pressure
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 Deformaciones. Asientos
— Soluciones empiricas
— Soluciones analiticas
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Descomponer el problema en dos de naturaleza distinta:

* Entorno inmediato al tunel
» Caracteristicas mecanicas del terreno
* Proceso constructivo

» Zonas alejadas
» Las deformaciones se atentan con la distancia
» Escaso nimero de factores, la profundidad variable de primer orden

i°)

¥
$——— Distribucion de

movimientos
v s / Deformaciones
inmediatas al
@6 tinel
7 ~
A

distantes
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Movimientos en el entorno inmediato del tanel
po=7z
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Movimientos en zonas alejadas al tinel
Métodos empiricos: Empleo de la curva de Gauss (Peck, 1969; Schmidt, 1969)
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* Movimientos horizontales en la superficie
* Movimientos en el interior del terreno
* Movimientos longitudinales
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Movimientos en zonas alejadas al tinel

Métodos tedricos: Pérdida de terreno a profundidad finita (Sagaseta, 1987)
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Movimientos d ebidos ala construccion detineles

Movimientos en zonas alejadas al tunel
Métodos tedricos

. Deformacion volumétrica, efecto de la dilatancia (Sagaseta, 1987, 1988)

Caso basico. Material incompresible

Material compresible )

Sl = =SENV - [Vpnas|
_asws —>s—k m_1+senv
fool =50 TS o 1-senv

= os,
Vmax = o -S

Para los movimientos en la superficie se propone:

_ X
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_ 1
S0 =Som
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Formulation (1)
* Pure radial contraction (Sagaseta, 1987)
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Formulation (2)

e Soil volumetric strains

a) Basic case (incompressible) :

os, s
Epl =—+—+=0 > 5. =—
r \ a
\ r r v

«— Radial o .
" dsplacement,s, D) Compressibility (dilatancy) :
Ground loss
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Formulation (3)

Combined effect (Gonzélez & Sagaseta, 2001)

s x' x'*-z% x' x?-z%
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Formulation (4)

+ Combined effect (cont.)

At the surface (z =0):

a 2a-1 1 1_x|2
S, = —2&a| — | 1+ P—
G f U e
a 2a-1 1 1_x|2
s, =2&| — + p

: h . (1+ x'z 1+ x'2

Exponent a: Elastic: 1 Fully plastic; 2
Average: 1-2, depending on //a
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Applications to actual tunnels

Case Ground  Tunrel data Surface Parameters of the solution Reference
settlements
h(m) a(m) Method ' smc (%) S(%) p )
06)  (mm)

Green Park. London ~ Stiff clay 29.4 207 Openshield 16 65 12 084 07 1.0 Attewell & Farmer, 1974
Thunder Bay Softclay 10.7 124 Openshield 83 50 75 15 1.0 1.0 Palmer &Belshaw, 1978
Heathrow express  Stiffclay 19 425 Open face 15 40 10 08 0.8 1.0 Deane &Bassett, 1995
Sewer. Bangkok Clay 18.5 133 Open face 38 12 34 34 1.0 1.0 Phienwej, 1997

Baixa Station. Lisbon Sand 25 56 Openface 08 30 24 24 10 15 Sagasetaetal, 1999
Sewer. Cairo Clay 14 26  Airpr.shield 12 15 075 06 0.8 1.0 ElNahasetal., 197
N-2. SanFrancisco ~ Softclay 10 18 EPBshield 31 30 095 334 35 1.0 Cloughetal., 1983
Sewer. MexicoCity ~ Softclay 12.75 20  EPBshield 36 30 04 18 45 1.0 Romo, 1997

Lyon Metro. P1-S1  Silt, sand 16 313 Slurry shield 0162 0355 2.2 1.7 Kastneretal, 1996
-0.121 0000 0.0
U]
0041 0355 8.7
Lyon Metro. P2-S Silt, sand 13 313 Slurry shield 0015 0076 51 1.7 Kastneretal,1996
-0191 0020 -0.1
U]
-0.176 0.096 -0.6
(1): The first row of values is for the passage of the tunnel face, the second one for the incremental movements due to the
tail grout and third one the final (accumulated) displacements
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Lyon Metro (Kastner et al., 1996)

EXT.. EX-11 INCL. 1-17
® -

a] Measured, tail passage

- Measured, after grouting
— — - Theory, tail passage
Theory, after grouting

E
£
Q
oy
o
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e 0.162%| 0.041%
& 0.355%| 0.355%
o 1.7 17
Scale:
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30||||I||||||||I||||||||I||||
-15 -10 -5 0 5 10 15
Distance to tunnel axis (m)
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Aplicacion a casos reales (3D)

Singapur (Shirlaw,

Dazhi, Ganeshan y Hoe, 2000)

Arcilla NC
-20 T T T T T T T T
Trial No.3 Measured
SP13 e
X ) Theory (3D)
€157 1
x x 3 Parameters:
% % 0 Given:
X X 8 10 h=7,0m s ]
X X -g AV, =2,0m
x X 8 Fitted:
O 5 p=04
X X » 5 p.=15 -
X Ml
X
X
0 1 1 1 1 1 1 1 1
X 1 3 4 5 6 7 8 9 10
X Distance to injection point (m)
SP12
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Aplicacion a ensayos en centrifuga (2D)
(Lee, 2001)
Test
4+ SWL 13, SWL 14, SWL 17 Theory, 2D |
Parameters:
3t Given: J
AVi = given
E Ll |
£ -2
[}
>
8 -1 -
T
0
35mm | 35 mm
]
A B C
-150 -100 -50 0 50 100 150
Distance (mm)
05/06. Tun. 38

19



METRO DE BARCELONA. FASE OBSERVACIONAL DESDE POZO A

Volumen de inyeccion = 6.6 I'm2
Eficiencia = 10%

Profundidad = 10.5 m
Ovalizacion refativa vertical = 0.6

Isckinea mavimierts verical tedrica
Iactinea mavimisnic verical medids
®  Puniode nivelacan

Pavimientos verticales, mm
o
kv
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« Analisis por E.F.
— Contornos
— Agua
— Proceso constructivo
— 3-D/2-D. Alivio
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Contornos:

* Simetrias
 Lateral
* Fondo
S - - —1
o i o e
- ] f)ll - L1
Iy, 1
1 1
_'| A 7
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Ag ua. Empuje del agua como
fuerzas concentradas
iiiNO !!!
Revestimiento
.
Tracciones
-— -nommmn
'_-v— —_—
=]
-
—l —
[i::i] ==
herzontales
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Proceso
constructivo:

05/06. Tun.
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3-D numerical analysis (Medina, 1999)
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Analyses:

A: elastic, unlined
initial stresses: uniform, k,=1

B: elastic-perfect plastic
initial stresses: gravitational,

C: lining, ground loss 2%

COST ACTION C7 — Working Group A
ADVANCED NUMERICAL ANALYSIS
Benchmark Example: Shield Tunnel 1

prepared by H.F. Schweiger and C. Sagaseta

0.0m surface

k=1

tunnel diameter= 10 m

thickness of lining=0.3 m

-45.0m bedrock
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ANALYSIS A
Calculated displacements of point A, B, C, D [mm]

A B C Dven. Dhorlz.
ST1 | -50 [ -115 | 62 -24 -80
ST2 | -48 | -110 | 64 -21 -79
ST3 | -53 [ -116 | 62 -25 -79
ST4 | -46 | -111 | 67 -20 -82
ST5 | -56 | -118 | 60 -27 -79
ST6 | -51 | -115 | 62 -26 -81
ST7 | -48 | -114 | 63 -24 -83
ST8 | -48 [ -114 | 63 -24 -83
ST9 | 45 [ -111 | 62 -22 -82
ST10| -44 | -110 | 68 -19 -83
ST11| -50 | -115 | 62 -24 -80
ST12| -47 | -114 | 63 -24 -83
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Benchmark Shield Tunnel 1
Cost C7 - Working Group A - Numerical Methods
Analysis A - surface

distance from tunnel axis [m]

0 10 20 30 40 50 60 70 100
10 : : . H H
0 ».
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€
£ 20
2
] -30
5
2 —o—sT1
8 —o0—sT2
] —A— ST3
£ —v— ST4
2 —8— 35T
—8— ST6
—A— ST7
—w— ST8
-70 —0— ST9
-80 : :
Schweiger (2002)
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Benchmark Shield Tunnel 1
Cost C7 - Working Group A - Numerical Methods
Analysis A - surface
distance from tunnel axis [m]
0 10 20 30 40 50 60 70 80 90 100
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—_ 5
£
E L4 . ;
[
g 5 E A‘Jf‘ .. A S
5 PP e
§ -10 -
- o000
£ AT o>
B -15 e Bk e . ot H
5 3 —0—sT1
8 20 —0— ST2 e
& —a— ST3
B g —¥— ST4 [
g —8—3T5
S 30 —=—5T6 ...
.g —A— 577
< —¥— T8
-35 o are [
-40
Schweiger (2002)
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Benchmark Shield Tunnel 1

Cost C7 - Working Group A - Numerical Methods

Analysis B - surface

distance from tunnel axis [m]

0 10 20 30 40 50 60 70 80 90 100
0 H H H 1 —
-20 &
-40
T
£ 60
£ -8
£
o -100
=1
Q
[zl 4
g 120 o571
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-160 —8— 376
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-180 a— 578 |1
—¥— ST9
-200
Schweiger (2002)
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Benchmark Shield Tunnel 1
Cost C7 - Working Group A - Numerical Methods
Analysis C - surface
distance from tunnel axis [m]
0 10 20 30 40 50 60 70 80 100
5
0 Towes
s M"’w L. vy
10 e
€ ¥
E s H‘“‘M’?
g 20 A
L o5 —0— sT1
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50 pas ——sT7 |
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-60
Schweiger (2002)
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