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a. Clayey Grounds
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b. Frictional Grounds
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o Clayey Grounds:
— N=(cgtyH- o 1)/S,
— N<5-6
— U- shear strength: S,

[ — R —

 Frictional Grounds:
— oglo.,YyDlo ,061/o,
— o .=2C’ cose’ /(1-sing’)
— Cohesion: ¢’
— Friction angle: ¢’
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b. Shallow Tunnel
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a: settlements caused by the face
b: settlements caused by the overcut |

c: settlements induced by post shield/grout loss

d: settlements caused by the deflection of the lining and longterm settlements
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fect of worksite conditions
— e.g. Impact of vibrations of weaker grounds

18

O Settlements Induced by Tunneling in Soft Ground



n of Ground
ovements

Settlements Induced by Tunneling in Soft Ground

19



O Settlements Induced by Tunneling in Soft Ground

20



1zation

Distribution

Cross-section

\ i ]
,.‘ i
e i
v (Peck, Schmidt, 1969)
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‘\ (0,61 Smqyx! Smax (0,22 S mox)

\\. i 7 S(X)=Smax -EXP(-X4/212)
| \ ” V =(21)2.1.8.,
\J Key parameters: S, |
i (Peck, Schmidt, 1969)
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V, = Volume loss at the opening
V.= Volume loss at ground level
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coefficient

es typically from 0.5 for stiff clay and sandy
ay to 0.25 to softer sands and gravels)

(after O’Reilly & New, 1982)
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GROUND MOVEMENTS

short building

short building

;
Tunnel i/’

Narrow building rides the forward
settlement wave with little significant

Narrow building experience tilt as a rigid
sagging or hogging deformation

body, but little significant sagging or
hogging deformation across a transverse
settlement

long building

long building

original surface |

- _— . / hoggin
e (a) hogging S gg9ing
’," ”,r (b)
long building
(a),(b).(c)—progressive AKﬂ
deformation of long building sagging  / hogging
in forward settlement trough ,«'/
/S long building

/
Tunnel l,"

)

=z
A =
long building /,/' i /
F ] Ié S g | J/ =
‘\\ sagging ) yd hogging sagging —~
. - D%
\\\ //, \\\
N4

Tunnel

sagging of long building sagging and hogging of long
transverse settlement trough

building in the full trough

some idedlized modes of behaviour — narrow building and long buildings.

Typical Idealized
Building
Response to
Ground Motion

(after Attewell et al, 1986)
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Leo ’] p A= Settlement at A

;oA B C D o, 5= differential settlement
Pya \ b/W A'B
i o = tilt

SPvap

Bgc= relative rotation b/w B-C
o= angular deformation at C

-
( A, p= relative deflection b/w A-
D

A p/LAp= deflection rate
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= p—————a
Ph, Phy

€nag=(Pha- Pre)/Lag
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settlement 5/S mox

Limb of trough

where vertical and horizontal
displacements are approximately

half trough width, B

equal. zone of tensile strain
/./"'-—'-J""‘"‘---_.___
-~ -~ ——
. — ——
- —
. e -
2ly e
zone of compressive strain PPt
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’ - KEY
=
e horizontal strain
/I ——w-— settlement
7 —-— lateral movement
max tensile strain at ﬁ.iy point s
of maximum 'hogging’ curvature ,’k\
of settlement curve J
S typical normal distribution form of
-~ transverse surface settlement profile

typleal horizontal strain profile
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ation

escription

Crack width (mm)

ght

icro-cracks <0.1
Architectural <1
Archit. - to treat <5

Moderate Functional 5-15 or sev.>3
Severe Structural 15-25 (number)
‘ 5 Very severe Structural >25 (number)

Oﬁer Burland et al, 1977; Burland, 1995; Mair et al, 1996)
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(after Boscardin & Cording, 1989)
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It State

tures

Average Slope of
Settlement Trough
Under Structure (%)

Maximum Settlement
of the Structure (mm)

<2

<10

2< <4

10< <20

O
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f Existing Buildings
n Summary
lon of Damage Criteria

odeling (after Burland, 1995; Mair et al, 1996)
Iminary Assessment

Second Stage Assessment

— Detailed Evaluation

e Phase 5: Determination of Allowable Thresholds
===t~ Phase 6. Back-analysis & Calibration of Models
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pproaches

Project Conditions

of cover

d layers of good mechanical properties
xcavated cross-section

straight alignments

ement of Ground Characteristics
ructural Improvement of Building

Improvement During Construction

a. Seguential/Conventional
b. Shield Tunneling
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Expanded Concrete Segment Vault
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Ing Program
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ions & studies
nsive program of studies
ement limits
le information at tender stage
r’s Level
ide assistance required during construction
Set accountabilities
Possible contribution of Insurance Companies
— QObtain greater technical clarity when defending cases
— Require risk analyses prior to finalizing binding agreements

O — Exercise greater diligence when reviewing litigious situations
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nt & ses Statuts, pour faciliter les échanges

eloppement durable;

n, la réhabilitation et la sécurité des tunnels et de I’espace
estions qui S’y rapportent.

ations publiées dans ce rapport.

particuliére d’une personne physique ou morale;
ou & jour ;

elles les services de I’AITES n’ont aucun controle et pour lesquelles I’AITES décline toute

uridique (si vous avez besoin d’avis spécifiques, consultez toujours un professionnel diment qualifié).

rts of ITA working groups

elling Association (ITA) publishes this report to, in accordance with its statutes, facilitate the exchange of information, in

planning of the subsurface for the benefit of the public, environment and sustainable development

ote advances in planning, design, construction, maintenance and safety of tunnels and underground space, by bringing together information
reon and by studying questions related thereto.

However ITA accepts no responsibility or liability whatsoever with regard to the material published in this report.

This material is:

information of a general nature only, which is not intended to address the specific circumstances of any particular individual or entity;
not necessarily comprehensive, complete, accurate or up to date;

sometimes collected from external sources over which ITA services have no control and for which ITA assumes no responsibility;

not professional or legal advice (if you need specific advice, you should always consult a suitably qualified professional).
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