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What is Quality?

For the International Standards in Industrial Production
“Quality is the amount of features and characteristics of a product or service
that demonstrates its ability to satisfy stated or implied needs ”

For the experts in Quality
“It is a way to follow a process by means of procedures and it is the
structure to perform the various actions.”

For practitioners in tunnelling, for daily application
of Quality procedures,
“Quality means knowledge, experience and
capacity to identify and follow the procedures, to avoid
and solve some of the critical problems of tunnelling”
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This table represents the correlations between the fixed points which define the work conditions to be
fulfilled, the main design and field activities which can be put in operation to provide comprehensive design
and contractual document, and the principal practical modes to be applied to verify the satisfaction of the
requirements. All positive and negative experiences lead to a better and transferable knowledge.

Tab. 1. Schematic relationships between the various keypoints of the Quality approach.

Coordinated activities for tunnelling projects
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Structure of the Quality concerns:

During the main phases of a tunnelling work, which are summarized in
- Conceptual Planning
- Procurement
- Design
- Construction
- Operation & Maintenance

some practical recommendations should be followed on

- how to achieve Quality

- specify Quality Management (design, contracting,construction)
Quality Assurance (implementation of procedures)
Quality Control (inspections)

General recommendations are related to:

- Project preconditions

- Risk allocation — principles
- Allocation of responsibility
- Quality goals
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Is it convenient to adopt the procedures suggested and
contained in the Quality Plans?
Yes, bacause there are important

possible advantages:

Good organization and relationship

Definition of needs and constraints of the work

Design adapted to needs and constraints

Control on the evolution of design stages and selection
of appropriate contracts

- Evaluation of risks and allocation of responsibilities

- Ability to perform modifications to details

- Historical records of the design and of the performed
works

- Reciprocity for communications and problem-solving
attitude
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Quality procedures can be organized in a system made of 3 levels,
characterized by a growing detail of the items,
combined in a website solution,

1) Coordination
Steps for the lifetime of a tunnel (for example the list and
the connections between the various phases and involved people)

2) ldentification of crucial keypoints
For each major phase description of crucial relationships
(for example in the phase of Design and Construction Concepts
selection)

3) Detailed technical procedures and data to be verified and monitored
For each interactive element identify full definition of current practices,
technical specifications and verifications (as examples,
In the selection of grouting or conditioning
soil additives in excavation by EPB shield, or in the shotcrete daily
controls, or in the concrete supplying for the final lining) 5] 25



Coordination: Steps for the lifetime of a tunnel
QUALITY

Design Financing §{ Procurement [{|Characterization J|Monitoring J|Construction J|Approval f§|Claims and Operation §| Maintenance §f Installations | Statistics
controvercies
U
Management | Rules and specifications for involved people
responsibility
agi'rigg | Definition of procedures for the various activities and co-ordinator
COEHTY | Administrative, legal and technical rules
gr?(;'”o' All the tests, approval, inspections, verifications
inspections

Document | Regularity of documents

control

,I’?\L:\BChaSing Control of materials and contractors

Contractors

Non | Problem definition and warnings

conformities

;?drrections Accurate definition of problems and plannong for preventive and remedials
reventions

Audits | All the inspections for organization

;-r:gining Internal and external education
information
an;?rol o Data processing of all phases; economical, statistical, technical, measurements

elaborations

This is a general layout of all the possible stages of an underground work (1* row) linked to all the specific actions of quality plans (1* column).

Depending on the specific case, an interacting matrix can be implemented following the arguments listed in the various rows. _/ / 9 -
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O Identification of crucial keypoints

This is an empty table that can represent a strong tool to identify at each stage of the tunnelling the
actions to be observed and monitored to prevent and to solve common problems (what to do and to
avoid, what to monitor, expected consequences).

TUNNELLING Step of thework | Concemed Elements|  Negative Effects Actions
STAGE

Financing,
Procurement &
Contractual phase
Construction &
Operation and
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The stages of the whole technical design can be divided
conventionally into:

- Geological and topographical surveys;

- Hydrogeology and environment;

- Design and construction concepts;

- Rock support and reinforcements;

- Sealing and linings;

- Excavation and construction equipment;

- Installations and safety;

- Monitoring, inspections, maintenance and statistics;

and for each of these stages a matrix can be drawn up.

Detailed recommendations and daily procedures are

related to:

- Project requirements

- Materials supplying

- Monitoring of the structures

- Quick solution of simple problems
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DESIGN AND
CONSTRUCTION
CONCEPTS

Step of the work Concerned Elements

Work Planning

of the work and of
installations

shape, profil. Use of reamer
TBM

Overburden, weter, faults,
Selection of parametersand]|  settlements, accessibity.
Careful to landslides and
rock fall.

Design &
Characterization

Fnancing, Procurement
& Contractual phase

Detailed description of

Complete knowledge of
costs and supplies

alternatives;
Selection of the appropriate
type of contract

Construction &
Monitoring

Selection of construction
method (traditional or
mechanized) and site

measurements; landfilling

Or rock Waste recovery.

Selection of equipment,
personnel, instrumentation,
organization of the
personnel and phases.
Particular conditions for
micratunnelling and
undersea crossing.
Control of blasting profiles.

Oreration and
Maintenance Performance of the
installations.

Negative Effects

Accidents, damages,
instability, delays and
overcost

Difficulties for the
relationship with the
involved parties;
Resolution of contract

Surface occupation,
vibrations, dust,
settlements, stability of
landfills

Selection of the geometry || Type of the work, size and || Unadequacy of the methodsf|  Experience and lessons

learned from similar cases.
Adaptahility of the project
parameters

Revision of the design and
risk assessement

Prepare detailed contracts
and establish severe
£CoNOMmic constraints

Severe and daily control by
the field engineers

Prevision for future works. | Prevision for future work. J| Difficulties for maintenance]| Prevision of the state of the

tunnel after long periods

This is an example of one of the possible matrix that can be prepared

Discussions and agreements
with external parties.

Fundamental step of the
whole process

In this step economics,
regulations and engineering
must agree completely

Fundamental step of the
whole process.
Daily discussions and
claims.
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(Inspector) In the event that a non-conformanceoccurs, the 1Plans and manuals for one’s own department shall be
person in charge and his or her superior shall established and revised based on the other cases.
determine whether a corrective action (e.g. 2Where non-conformance could occur by following the
investigation of causes, study on countermeasures, current design or using the current construction method,

'”t%pﬁg“rg{;‘ Offcfellcits revision of operation standard) is necessary. appropriate actions should be taken in advance (e.g.
Information to be | (Inspector) Corrective action shall be conducted in parallel with technical meetings at site office, branch office and head
forwarded to control of the non-conforming product. office).
person In charge
Minor rectification (Person in charge of construction) | Corrective action | | Preventive action |

#e.g. slight misalignment of
ormwork and reinforcement)

Lo |

Rework

Concession, exchange, disposal & frequent reV\Ilorking

| Possible non-conforming product |

(The decision shall be made by site
manager/construction manager)

Request fo
assistance

Request fo
assistance

Required Not required

Request fo
assistance

Required Not required

Required

Not required

insrl)?e%_tion roblems to be handle roblems 10 be handled Wi roblems to be handle TobIems 10 De handled Wi roblems To be handled|{fProblems T be handled wi
within one’s own assistance from head within one’s own assistance from head within one’s own assistance from head
department office/branch office department office/branch office department office/branch office
[ | [ | [ |
— | | |
Next activity [ Investigation of causes Stuqxcfgpoﬁgltlg[e}’&%%stures
|Rework/exchange|| Consent of client || Disposal | Study on countermeasures recurrence of the problem

(Rectification of minor

non-conformance) i Case where the non- i
. Concession conforming %roduct is Study on cost- aznr:e_(g:)ar:f\évronr]li(non Study on cost-
[To be recorded in accepted without effectiveness 9 effeCtiveness
inspection sheet] reworking product
Re- — -
inspection Action is over, if -
° there is no future | g | countennesaUles 1o the next Imrg I%rr?tengag&no%f
activity of activity of similar type preventiv !
_ similar type v
Next aclivit Verification of the effects of T Verification of the effects of
the corrective action Distrbution to Oter Lt {abimant andjoviaion
Establishment of standard departments of standard
(Procedure for non-conforming products subject to (Procedure for corrective actions for concession, (Preventive action)
concession, exchange, disposal & frequent reworking) exange, disposal & frequent reworking) [to be recorded in preventive action report]
[Inspection results shall be confirmed and [Inspection results shall be confirmed and
recorded in the non-confirming product report] recorded in the corrective action report]

Example of flow chart for non conformities
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At the 3rd level

Detailed technical procedures and data to be verified and monitored,

each single box of each matrix can be reminded by means of procedures to be
followed (for example application of shotcrete, mix design, additives, thickness,
Scheduled activities etc) and data to be monitored or checked (increase of strength,
rebound percentage, data report, etc)

At the same level, the collection of data in difficult conditions can help to face with
non conformities and minor claims (both for less occurence and for solution).

But, while not able to avoid them, the quality procedures could help to find the
solution also for major failures.

Quality problems means usually non conformities; but in some cases the lack of
Quality procedures can determine severe problems.

Unfortunately also when Quality procedures are applied failures occur: this is the
reason for the distinction between Quality and collapses

Some examples of non conformities in continuous and segmental linings are
reported.
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At the 3rd level

Detailed technical procedures and data to be verified and monitored.

Example: How and what to check in Q.A. in order to avoid or reduce or manage non
conformities in continuous and segmental linings.

Continuous linings (Fig. 15-16-17): casted or sprayed concrete linings.

Check on design, material supply and installation on site.

Particularly: excavation phases (time of installation), lining thickness and shape, role of the
lining from the static point of view, waterproofing, strength and curing, reinforcement bar,
material types (cement, additives, aggregate grading), construction sequence (invert,
sidewalls etc), control procedures (slump, water content, core testing), monitoring of load
and ground conditions and convergences, water inflow, definition of trigger levels.

Segmental linings (Fig. 18-19) : manufactured linings.

Check on design and site load conditions, installation and TBM structure, curing.
Particularly: design evaluation of maximum TBM thrust and grouting pressure), factory
controls on manufacturing process (reinforcement, mix, curing, cover, quality od surfaces),
size tolerances, transportation to site, installation sequence (ring erection details, fixing
details, grouting details, tolerances while tunnel is not linear, gasket protection and
waterfproofing), evolution of loads and lining deformation due to ground loss and imperfect
grouting between segments and ground, surface settlement vs tunnel progression,
performances, definition of tigger levels.

13/ 25
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Description:
Example of systematic non conformity, in
spite of the application of QA.
Development of fractures in the concrete
lining in a large section of railway tunnel.

Comments:

Noticeable cracks in new concrete linings,
and defects in the concrete joint, due to
problems in the casting control; in this
case a rudimental monitoring has been
added to follow the evolution of the
crack, in order to understand eventual
progressive damaging actions due to an
increase of stresses of the (weak)
surrounding geological formation. No
problem for stability, but for the
durability.
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Description:

Example of non conformity. Short
fracture and stains of water in a new
concrete lining

Comment:

The damage is the consequence of a coupled
defect in the external water sealing and in the
concrete lining construction. These facts are
actually quite common, and possible new
general solutions for the coupling of
impemeabilization and lining should be
studied in future.
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Description: old lining in masonry for rail tunnel. D
weathering and long term creep phenomenon.

Comment: the Q.A. is involved in the management of a large
number of tunnel for the railroad administration. In these cases a
rational procedure for data base arrangement and verification of
maintenance works is essential.

[TA/AIT=S
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Tolerances control
for segments

__ Gasket control

for segments

I
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Description: the installation of segmental lining should follow precise instructions. Some
non conformities can occur: 1- mortar repair, 2- rupture at the corner for stress
concentration or for poor handling, 3- thin crack due to excess of stress, 4- poor
alignment between rings for unaccuracy of the design along the curves.

Comment: Q.A. foresees strict controls both for the design, the construction and the
installation of segments. Also critera for acceptance can be assessed in Quality
procedures.
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Description: Room in a large underground car park facility, with a very thin high performance
shotcrete layer (3-5 cm).

Comments: The example of a successful sequence of stages shows the good results: it is the case of in
site controls in Finland, where the proper geomechanical design, the excellent blasting profiling and
the careful shotcrete application (plus bolting) offer a final "*Quality'* underground work.
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6 Conclusions

General features for Quality in Tunnelling

- site characterization and design model

- proved equipment

- good contracts

- responsibility and experience

- exchange of knowledge, both for case
histories and new techniques

- fundamental role of Universities and
Associations for collection and record of cases

For design staff and field engineer
- for each action (calculations, assumptions,
observations, prospection, measurements,
construction)
ask permanently WHAT and HOW the action is
done
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WHAT

PROCEDURES
AND OVERALL SYSTEM

GEO - CONDITIONS
(PHYSICAL, GEOLOGICAL,
STRUCTUREYS)

REAL PERFORMANCES,
HAZARDS AND RISKS,
COLLAPSES

1) STABILITY OF THE FACE,
WALLS AND SURFACE

2) ADAPTABILITY OF THE
METHOD OF ADVANCE

3) PHYSICAL CONDITIONS
AND STATIC OF THE
STRUCTURE

WHERE

YOU MANAGE
FROM THE OFFICE,
BEARING
THE SYSTEM IN THE
MIND

YOU MANAGE IN THE
TUNNEL AND IN THE
DESIGN OFFICE

IN THE TUNNEL

HOW

OPTIMISATION OF
PROCEDURES
CONCERNING WHAT WE
KNOW, IN ORDER TO
AVOID OVER COSTS,
DELAYS, CLAIMS

PREVISION OF WHAT WE
DON’T KNOW EXACTLY
(INVESTIGATIONS,
GEOLOGY, GEOPHISICS,
MONITORING)

MANAGING OF WHAT IS
NOT CURRENTLY
CONSIDERED IN THE
QUALITY CONCERNS;

EXPERIENCE HIGH
KNOWLEDGE OF
PERFORMANCE OF
EQUIPMENT AND SUPPORT
CAPABILITIES
(NOT WRITTEN IN QUALITY
HANDBOOKYS)

WHEN

ALWAYS

DURING
PROSPECTING
AND
CONSTRUCTION

1) DURING
EXCAVATION
2) JUST IN CASE,
D&B ALLOWS
REINFORCING,
DRAINAGE,
PARTIAL
SECTIONS ETC;
FFE ALLOWS
CONDITIONING OF
SOIL AND BY PASS;
3) JUST IN CASE

21/ 25
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Q.A. implies continuous check while tunnelling: it is better to stay in a permanent warning
state rather than relax and risk to find bad surprises (Tunnel collapses)

Quality checks what is easy to be checked (non conformities): noboby will be able to
check continuosly the perfect implementation of details of a complex model, nobody will
be able to check each action made in laboratory or field characterization, nobody will be
able to check continuosly the correct use of shotcrete nozzle.

The solution is to train, experience, pay the personnel at each level to be some probability
that people will demonstrate self responsibility.

In order to really let Quality to become a successful approach, the monitoring of design and
field performances by means of National and international data base concerning the
construction and refurbishment of tunnels should be regularly applied.

Also the diffusion of technical data concerning difficult conditions and collapses can help
to understand the reason for non conformities.

Finally, in the future it should be of help the definition of new classification describing the
expected time/cost for the various ground conditions based on the tunnelling method, a way
to consider together risk and quality. 291 25
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Clause de non-responsabilité pour les rapports des groupes de travail de I'AITES
L’Association Internationale des Travaux en Souterrain (AITES) publie ce rapport, conformément a ses Statuts, pour faciliter les échanges d’informations afin :
d’encourager I’utilisation du sous-sol au profit du grand public, de I’environnement et du développement durable;

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

Cependant, I’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 particuliere d’une personne physique ou morale;

ne sont pas nécessairement complétes, exhaustives, exactes ou a jour ;

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

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



