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Introduction

Ground motion induced 
by tunneling and impact 

on existing structures
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Chapter 1

Tunneling Induced 
Ground Movements
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Displacements of the Excavation 
Profiles
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Yielding Zone Around the Opening

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground

a. Limited extension b. Weaker grounds
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Tunnel Face Stability

a. Clayey Grounds
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Tunnel Face Stability

b. Frictional Grounds
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Tunnel Face Stability

• Clayey Grounds:
– N=(σS+γH- σ T)/Su
– N<5-6
– U- shear strength: Su

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground

• Frictional Grounds:
– σ S /σ c, γD/σ c, σ T /σ c

– σ c =2c’ cosφ’ /(1-sinφ’)
– Cohesion: c’
– Friction angle: φ’
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Propagation of Movements Towards 
the Surface

a. Deeper Tunnel
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Propagation of Movements Towards 
the Surface
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b. Shallow Tunnel
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Influence of Support Conditions

• Support stiffness

• Installation timeframe
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Surface Settlement Trough

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground



14

Chapter 2

Causes For Construction 
Induced Settlements
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Main Sources For Settlements
(sequential construction)

• Face intake/instability
• Impact of characteristics and installation 

conditions of temporary support
• Staging of the excavation works (cross-

section
• Final liner installation and response
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Settlements Along a Shield Driven 
Tunnel
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Typical Contributions to Shield 
Tunneling Induced Settlements

• Face intake: 10-20%
• Along the shield: 40-50%
• Tail skin: 30-40%
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Sources For Additional Settlements

• Effect of groundwater
– During construction

• drawdown of ground water table
• Seepage towards the tunnel face

– In the long term (consolidation)
• Effect of worksite conditions

– e.g. impact of vibrations of weaker grounds
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Chapter 3

Evaluation of Ground 
Movements
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Settlement Evaluation Methods

• Empirical and Semi-empirical
– Analytical
– Observational

• Numerical
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Settlement Trough Characterization 

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground

3D Distribution

Cross-section
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Settlement Trough Characterization

s(x)=smax .exp(-x2/2i2)
Vs=(2π)1/2.i.smax

Key parameters: smax, i

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground



23

Dampening Effect

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground

• Vl = Volume loss at the opening
• Vs = Volume loss at ground level
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Ground Movements at Depth

• S(x,z)=smax (z).exp(-x2/2(Kz)2)
• H(x,z)=S(x,z).x/z
• Vs(z)=(2π)1/2.Kz.smax(z)
• K = empirical coefficient

– (varies typically from 0.5 for stiff clay and sandy 
clay to 0.25 to softer sands and gravels)

(after O’Reilly & New, 1982)
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Chapter 4

Incidence of Ground 
Displacements on 
Existing Structures
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Typical Idealized 
Building 
Response to 
Ground Motion

(after Attewell et al, 1986)
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Induced Vertical Movements
ρvA= settlement at A
δvAB= differential settlement 

b/w A-B
ω = tilt
βBC= relative rotation b/w B-C
αC= angular deformation at C
ΔAD= relative deflection b/w A-

D
ΔAD/LAD= deflection rate
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Induced Horizontal Movements

εhAB=(ρhA- ρhB)/LAB
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Induced Horizontal Deformations
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Damage Classification

>25 (number)StructuralVery severe5

15-25 (number)StructuralSevere4

5-15 or sev.>3FunctionalModerate3

<5Archit. - to treatSlight 2

<1ArchitecturalVery slight1

<0.1Micro-cracksNegligible0

Crack width (mm)Damage DescriptionDamage DegreeDamage Type

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground
(after Burland et al, 1977; Burland, 1995; Mair et al, 1996)
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Relationship Between Critical 
Extension and Cracking

0.300<0.150< 
≤0.300

0.075< 
≤0.150

0.050< 
≤0.075

≤0.050εcrit (%)

4&53210Damage 
Type
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(after Boscardin & Cording, 1989)



32

Range of Serviceability Limit State 
For Standard Structures

10 <  < 202 <  < 42

< 10< 21

Maximum Settlement 
of the Structure (mm)

Average Slope of 
Settlement Trough 

Under Structure (%)

Damage Type
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Design Methodology
• Phase 1: Investigation of Existing Buildings
• Phase 2: Information Summary
• Phase 3: Selection of Damage Criteria
• Phase 4: Modeling (after Burland, 1995; Mair et al, 1996)

– Preliminary Assessment
– Second Stage Assessment
– Detailed Evaluation

• Phase 5: Determination of Allowable Thresholds
• Phase 6: Back-analysis & Calibration of Models
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Chapter 5

Settlement Control
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Preventive & Remedial Approaches
1. Improvement of Overall Project Conditions

- Aim at larger depth of cover
- Look for ground layers of good mechanical properties
- Minimize excavated cross-section
- Aim at straight alignments

2. Improvement of Ground Characteristics
3. Structural Improvement of Building
4. Improvement During Construction

a. Sequential/Conventional
b. Shield Tunneling

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground



36

Pre-support

Face Bolting
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Pre-support

Fore-poling
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Pre-support

Umbrella Vault
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Pre-support

Pre-vault
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Crown Support

Expanded Concrete Segment Vault
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Underpinning
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Chapter 6

Observation and 
Monitoring of Ground 

Response
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Observation & Monitoring

• Inspection
• Instrumentation

– Monitoring of existing structures
– Ground measurements

• Monitoring Program

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground



44

Chapter 7

Contractual Aspects

Settlements Induced by Tunneling in Soft GroundSettlements Induced by Tunneling in Soft Ground

1

2

3

4

6

5

7

8

9



45

Contractual Aspects

• Usual contractual clauses
• Position of the different players

– The Owner
– The Engineer
– The Contractor
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Conclusions and references

Further Developments 
and References
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Recommendations and Possible 
Ways of Improvement

• At Owner – and Engineer - Level
– Organize preliminary inspections & studies
– Commission a comprehensive program of studies
– Set appropriate settlement limits
– Provide available information at tender stage

• At Contractor’s Level
– Provide assistance required during construction
– Set accountabilities

• Possible contribution of Insurance Companies
– Obtain greater technical clarity when defending cases
– Require risk analyses prior to finalizing binding agreements
– Exercise greater diligence when reviewing litigious situations
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Clause de non-responsabilité pour les rapports des groupes de travail de l'AITES
L’Association Internationale des Travaux en Souterrain (AITES) publie ce rapport, conformément à ses Statuts, pour faciliter les échanges 
d’informations afin : 

d’encourager l’utilisation du sous-sol au profit du grand public, de l’environnement et du développement durable;

de promouvoir les progrès dans la planification, le projet, la construction, l’entretien, la réhabilitation et la sécurité des tunnels et de l’espace 
souterrain en rassemblant et confrontant les informations, ainsi qu’en étudiant les questions qui s’y rapportent.

Cependant, l’AITES décline toute responsabilité en ce qui concerne les informations publiées dans ce rapport.

Ces informations : 

sont exclusivement de nature générale et ne visent pas la situation particulière d’une personne physique ou morale;

ne sont pas nécessairement complètes, exhaustives, exactes ou à jour ; 

proviennent parfois de sources extérieures sue lesquelles les services de l’AITES n’ont aucun contrôle et pour lesquelles l’AITES décline toute 
responsabilité ; 

ne constituent pas un avis professionnel or juridique (si vous avez besoin d’avis spécifiques, consultez toujours un professionnel dûment qualifié). 

Disclaimer for the reports of ITA working groups 
The International Tunnelling Association (ITA) publishes this report to, in accordance with its statutes, facilitate the exchange of information, in 
order:

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

to promote advances in planning, design, construction, maintenance and safety of tunnels and underground space, by bringing together information 
thereon 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). 


