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2. INTRODUCTION

The International Association for Housing Science (IAHS), this year 2010, is celebrating the
37" Congress. They are a tradition and annually, held in a different country. Last Congress
was held in Kolkata, India. Before it, it was Melbourne, Australia.

As the issues related to human habitat are important and global, IAHS dwells on these
issues, identifies them, searches knowledge based solutions to them. These congresses are
the effectice way to gather competent experts on various fields, to join together and create
an environment for discussions. The outcome of these deliberations are published in the
IAHS Journal and the Congress Proceedings.

IAHS was established at the University of Missouri, USA in 1972 as a Non-Profit Scientific
Organization. It is a member of the United Nations as a Non-Governmental organization with
accreditations in New York, Geneva, Vienna.

The IAHS Motto is: Progress through interdisciplinary cooperation and research. This
emphasizes the importance of the expansion of knowledge based actities to help improve the
global shelter problems. People wants better homes and better environment for their families.
This is a correct and continuous aspirations. A genuine concern, fom our part, is mandatory
and necessary to find ways to help. IAHS is in this venture for good. And it is doing its share.

The University of Cantabria (UC) — Spain, through its R & D Group of Building Technology
(GTED), was invited to co-organize and manage this Congress at the beginning of 2009. UC
welcomed this project with great interest and saw it as an important challenge: In fact, it
affects and strengthens the strategic goal of internationalization of our university, in line with
the honor and award of “Cantabria International Campus” that we have achieved in 2009.

From the beginning, three Administrations decided to promote this Conference: The
Government of Spain, the Government of Cantabria and the City of Santander. Also, the
Professional Associations linked to the multidisciplinary Building field and other Entities of the
Region added their support: The combination of all these forces has made possible to reach
the target.

Also, for the UC School of Civil Engineering, aimed in teaching and research in the world of
Construction in general and, therefore, in the Building in particular (which means, in Spain
and Europe, approximately 75% of the construction sector) and for its R & D Group of
Building Technology, the celebration of this Congress is an important milestone in our history
of more than 40 years. In fact, it reinforces our project of giving a specific universitary degree
in the Building field.

Finally, IAHS and UC are deeply grateful to all who have made this 37" Congress possible:
Sponsors, Collaborators Entities, Keynote speakers, Scientific Committee, Authors who have
submitted their Papers and Congressmembers in general. Thank you very much, again,
everybody.

Prof. Oktay Ural

President of the International
Association for Housing
Science (IAHS)

i

Prof. Luis Villegas

World Congress Chairman
Full Professor. University of
Cantabria

37" IAHS World Congress On Housing Science 2
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7. PAPERS - STATISTICS

Papers in the 37" IAHS Wordl Congress of Housing: Stder.SPAIN, Oct. 2010

CONTINENT COUNTRIES N° total of Country N° Papers

that send Papers
Papers received

EUROPE 16 271 Spain 131
Portugal 49

Italy 39

Turkey 17

Slovakia 12

Others 23

AFRICA 6 21 Egypt 8

Nigeria 6

South Africa 2

Others 5

AMERICA 3 13 Brasil 8
Mexico 4

Others 1

ASIA and 8 18 India 4
OCEANIA Indonesia 4
Irak 2

Iran 2

Others 6

TOTAL 33 323 Updated June 24™, 2010
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8. TOPICS - STATISTICS

TOPIC I: MATERIALS AND METHODS OF
CONSTRUCTION

New materials and composites

Old materials with new uses

Wood. Factories of stone and brick.

The traditional methods of construction
Innovating methods of construction

Use of local materials

TOPIC II: DESIGN FOR SUSTAINABILITY AND
REFURBISHMENT

Criteria of design

Use of the renewable energies

Buildings of low power consumption.

Using natural resources

Refurbishment policies in cities

Environmental studies.

TOPIC Ill: SOCIOCULTURAL ASPECTS OF HOUSING
PROJECTS

Social buildings

Financing systems

Participation of users

Supply of houses

TOPIC IV: HEALTH, COMFORT AND SAFETY
POLICIES

The quality of the air in the interior

Inner microclimate

Systems of protection against fires

Toxicity of the construction equipments

Use of the power natural resources in the house
Control of the atmospheric contamination

TOPIC V: DESIGN FOR HOUSE PROJECTS
Criteria of design

Methods and materials

National and international legislation
Earthquakes resistant buildings

TOPIC VI: URBAN AND CITY PLANNING.
TRANSPORT POLICIES.

Mountainous zones.

The urban infrastructure. Water resources management.
Planning of the sustainability

Topographic systems

Ecological establishments

Policies of house of the European Union

Policies and programs of house for construction of the
nation.

Transports in cities.

TOPIC VII: ECONOMY AND FINANCING POLICIES
Measures of support to the private economy
Governments supporting the economy

Public and deprived companies

Investment funds.

TOPIC VIlII: MANAGEMENT SCHEMES AND
MAINTENANCE

Criteria of design

Management of the maintenance

Management of facilities

Management of the constructive process

Quality, Environment and Prevention of Labor Risks
Techniques, equipment and materials

Renovation and new ideas of management

TOPIC IX: BUILDING TECHNOLOGY AND
CONSTRUCTION: STRUCTURES, SERVICES AND
CLADDINGS.

Technological bases and concepts.

Evolution of the technology in the construction.
Industrialization and precast solutions. Intelligent
buildings.

Technology of structures and geotechnic.
Services, equipment and facilities: Heating, air
conditioning, lifts, electrical, plumbing, sewage,
telecommunications, etc.

Technology of claddings and finished closings.

TOPIC X: PATHOLOGY AND REHABILITATION
Historical and archaeological studies of the patrimony.
Pathology of the construction

Technologies in the refurbishment.

Investigation and diagnose of damaged constructions.
Non destructive technologies in the buildings
investigation
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9. CONFERENCE VENUE

o
I WORLD COMGRESS

World Congress will take place in the Magdalena’s Peninsula, Santander (Spain)

The Royal Palace of La Magdalena is the most emblematic building of Santander, has not a
defined style though he is catalogued like "eclectic picturesque", a mixture of English and
French styles with incorporation of typical elements of the highland architecture. This finds
placed in the Peninsula of the same name, which has an extension of 28 hectares.

On August 4th, 1913 there took place the arrival of His Majesties, to take possession of the
new palatial residence. The Kings spent the summer in Santander for 17 consecutive years
until 1930. Alfonso XIII finds in our city the best place to practise his favorite sports, sailing
and the hunt. Also he plays tennis and from 1915 with the inauguration of the Field of Pole,
can practise this sport in La Magdalena. The Royal Caballerizas are from the same year.

The press was gathering daily the "Veraneo Regio" (“Royal Summer”), informing about the
life and activities of the Royal Family who was frequenting the beaches of El Sardinero,
internationally famous for the "Bafios de Ola” (Bath of Waves). In this beach the Royal family
installed "La Caracola” (“The Shell"), a shed where the whole family was almost daily. While
in the Palace there were celebrated numerous activities of great resonance and meetings
with some Ministers' Councils

In the different summer visits The Kings inaugurate different official centers, as the Municipal
Library or the Mercantile Bank and they were interested in the problems of the city, where

37" IAHS World Congress On Housing Science 10



also the Spanish aristocracy used to come to spend the summer. El Sardinero and the
streets of around suffer a great transformation with the construction of neighborhoods and
houses for these new people. Besides the Royal Hotel, the new Great Casino of El
Sardinero, one of the most ancient of Spain and Bellavista's Racetrack that will turn into the
center of leisure and culture of Santander in that time.

In the decade of the twenties the International Summer Courses of Santander were created
and in 1932 the International University of Santander, this one was celebrating the courses at
the Auditorium that was constructed for this effect and the Caballerizas remodelled as
students' residence from 1933, his first rector was Menéndez Pidal.

In the courses there took part the most prestigious figures of the Spanish intellectuality of
those years and besides the Profesors and Lecturers, the guests were numerous, as Prof.
Miguel Unamuno or Federico Garcia Lorca. This last one was coming with his workshop of
theatre “La Barraca” and had special resonance for his interpretations of the university
theatre. These representations took place out of the Caballerizas.

After a parenthesis due to the Spanish civil war it was necessary to wait until 1949 in order
that there are reinstalled in The Palace the Summer courses of the International University
named from this date "Menéndez Pelayo" (UIMP).

o, 1) ’—
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In 1977 the City Hall of Santander by means of agreement with the Count of Barcelona
recovered the Royal place of La Magdalena and from this date the park remains opened for
the public, the most visited place of the city of Santander.

In 1982 the palace was declared “historical artistic monument” and in December 1993 began
the works of rehabilitation of the buildings of La Magdalena. Works that were finished in 1995
and inaugurated by His Majesties Don Juan Carlos and Dona Sofia on June 14 of the same
year. From this date La Magdalena is in use as Conference hall and Meetings though it
continues preserving in its museum lounges and classrooms "el duende” (“the goblin") that
are recognized by all those who visit them.

The Magdalena’s site exhibition account on two areas, in the first of them there are three
perfectly equipped rooms: Two of them have a capacity of 50 people while the third has
enough space to house 70.

The Auditorium, only building of the facilities that still maintains the porpuse for wich it was
built, is presented as an attractive forum for meetings wich a capacity of 328 people, to leave
room for big events.
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11. CONFERENCE ROOMS

The Congress will be held in the Magdalena’s Peninsula in Santander city.

. Magdalena’s Palace

7
Reception cocktail

Magdalena’s Auditorium
and Rooms 1, 2 and 2

Magdalena Peninsula JNEES ““\rﬂ; a.}mm::;;ﬁ:;p

Room 4

The building complex is near to the Magdalena’s beach, which was rehabilitated and
equipped to develop academic events (of the UIMP and of the University of Cantabria), as a
students' residence, and to enjoy other activities of the Santander city (Davis Cup of tennis,
recitals, etc.).

In the Congress will be used the Auditorium (that is an attractive forum for meetings with 328
seats of capacity to accommodate large events, in this case the plenary sessions) and 4
conference rooms (3 in the building complex of the Magdalena’s site exhibition and another
one, very close to them, in the International Center for Technology and Port Authority).

e
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The Auditorium is equipped with simultaneous translation, u-matic video high and low
frequency, Betacam metal tape reading, VHS supports PAL, NTSC and SECAM, closed
circuit TV, air conditioning, area: 350m?2.

allura 16 m

£

alturn 8 m.

HALL ENTRADA

altura 12 m

Room 0: Auditorium
Auditorium of the Magdalena'’s site exhibition

Of the three conference rooms (in the building complex of the Magdalena’s site exhibition),
two of them have 50 seats capacity, and another for up to 70 seats. The rooms are equipped
with the following features: Centralized simultaneous translation and portable projector fixed /
portable voice and data circuit, closed circuit tv, air conditioning.

1. 70 seats room / 2. 50 seats room / 3. 50 seats rooms / 4. Conference room CITAP (Cerda’s
lighthouse): 35 seats / 5. Coffee break area / 6. Gardens / 7. Secretariat.
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Also, the Congress will have an extra conference room courtesy of Santander Port Authority.
The conference room CITAP (International Center for Technology and Port Authority) with 35
people capacity, is fully equipped. The room is located in the Cerda’s lighthouse (in the
Magdalenas’s Peninsula), a privileged place in Magdalena’s topography.

Sunrise on the Cerda’s lighthouse (Room 4: Conference room CITAP)
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PATHOLOGY AND REHABILITATION OF THE
CONSTRUCTNON DESTRUCTIVE TECHNOLOGIES IN THE
BUILDING INVESTIGATION.

QUALITY IN NON-DESTRUCTIVE DIAGNOSTIC PROCESS
FOR ANALYZING BUILDING SEISMIC VULNERABILITY
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Key words: procedure quality, building safety, innovative technologies, tools.

Abstract

Building safety in the event of natural calamities, for instance earthquakes, can be analyzed
for vulnerability. This kind of analysis will include a prediction evaluation of damage that
would be caused to a building by a potential earthquake of a pre-established force. In order to
achieve this, a calculation model referred to structural and typological characteristics is
required to define a cause-effect relationship. In addition to the calculation model, seismic
vulnerability is also compared to parameters of improvement and deterioration, which depend
on material quality, maintenance conditions, dimensions and building geometry. To acquire a
complete knowledge of buildings to establish a proper correspondence between the model and
reality, as well as to have attainable parameters, knowledge of the quality of building
conditions is needed.

The data acquired from destructive evaluation have closer relationships with structural
behaviour quantity parameters, while data acquired by non-destructive evaluations, i.e.
through advanced technological equipment, are not directly comparable to the aforesaid
parameters.

Moreover, the extensive amount of data acquired with these technologies often lacks useful
and appropriate interpretation. In order to use the diagnostic technologies necessary for
analysing the seismic vulnerability evaluation, it is then crucial to adopt quality systems
within non-destructive diagnostic processes, so that acquired data can be usefully managed
and interpreted.

Quality, intended as compliance with requirements, within a diagnostic campaign, can be
defined through the set of data meeting expressed needs. In other words, the seismic
vulnerability analysis diagnostic process has to be defined at every step: organization
structure, responsibility, processes and resources used.
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TOPIC 10 - PATHOLOGY AND REHABILITATION OF THE CONSTRUCT
Non destructive technologies in the building investigation

Quiality in non-destructive diagnostic process for analyzing building seismic vulnerability

Massimo Pitocco
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Facolta di Architettura di Pescara
Viale Pindaro 42
65125 Pescara - Italy
labgsm@unich.it

Key words: procedure quality, building safety, innovative technologies, tools.

Abstract

Building safety in the event of natural calamities, for instance earthquakes, can be analyzed for vulnerability.
This kind of analysis will include a prediction evaluation of damage that would be caused to a building by a
potential earthquake of a pre-established force. In order to achieve this, a calculation model referred to
structural and typological characteristics is required to define a cause-effect relationship. In addition to the
calculation model, seismic vulnerability is also compared to parameters of improvement and deterioration,
which depend on material quality, maintenance conditions, dimensions and building geometry. To acquire a
complete knowledge of buildings to establish a proper correspondence between the model and reality, as
well as to have attainable parameters, knowledge of the quality of building conditions is needed.

The data acquired from destructive evaluation have closer relationships with structural behaviour quantity
parameters, while data acquired by non-destructive evaluations, i.e. through advanced technological
equipment, are not directly comparable to the aforesaid parameters.

Moreover, the extensive amount of data acquired with these technologies often lacks useful and appropriate
interpretation. In order to use the diagnostic technologies necessary for analysing the seismic vulnerability
evaluation, it is then crucial to adopt quality systems within non-destructive diagnostic processes, so that
acquired data can be usefully managed and interpreted.

Quality, intended as compliance with requirements, within a diagnostic campaign, can be defined through the
set of data meeting expressed needs. In other words, the seismic vulnerability analysis diagnostic process has
to be defined at every step: organization structure, responsibility, processes and resources used.

1 Introduction

Building safety in the event of calamities of natural origin, like earthquakes, is subject to assessment of
vulnerability. This kind of assessment will include a prediction evaluation of damage that would be caused to
a building by a potential earthquake of a pre-established force. In order to obtain this it is necessary to define
a calculation model considering the structural and typological characteristics which defines the cause-effect
relationship This is possible both by using plans and by performing diagnostic observations on buildings by
means of destructive (DT) or non-destructive tests (NDT). There are also “slightly destructive” tests,
including superficial penetromy and endoscopy, requiring little intervention on existing buildings.

Evaluating seismic vulnerability is, in effect, a census of existing buildings and the possible consequences of
a seismic event, independently of any subsequent intervention.

In old centres found in highly seismic areas, buildings are high vulnerable to earthquakes and need planned
interventions on a territorial scale. NDTs can be particularly useful to evaluate technical-financial options:
they are typically extremely flexible and adaptable. Another aspect that should not be neglected is that of not
inconveniencing residents or interrupting the routing of the building.

Data obtained with DTs present closer relationships with quantitative parameters of structural behaviour,
while data obtained with evolved technological equipment are not directly comparable to these parameters.
Moreover, despite the extensive amount of data obtained through these technologies, no useful and adequate
interpretations ensue. To exploit these technologies for the analysis of seismic vulnerability evaluation, it



becomes indispensable to adopt quality systems within non-destructive diagnostic processes, to achieve
useful management and interpretation of recorded data. Thus a campaign of diagnostic investigations must
be planned, compliant with a Quality Assurance System, in order to acquire not only organic and systematic
knowledge of buildings that offers an accurate association of the model with reality, but also reliable
parameters. This will then reduce the various uncertainties and contradictions arising precisely when
investigating existing buildings.
The Quality Assurance Level represents the main objective of the Quality Assurance System, and it
underpins the following three factors:

- number

- organization

- execution.
The two main aspects characterizing the Quality Assurance Level and System are: quality in the diagnostic
investigation and assurance of that quality.
The quality of the diagnostic investigation is represented by its compliance with requirements.
The assurance of quality is represented by two parameters: organization of the actions required to meet
requirements and verification that these actions have actually been implemented..
The Quality Assurance System will be planned in relation to the Quality Assurance Level, while the latter is
not regulated by any directive and is a discretionary datum for defining requirements as per need.
Once the person in charge has defined the quality of a provided service, the assurance of an implemented
procedure and the required level, then the management of subsequent actions to obtain the required quality
must also be defined.
Therefore Quality System Management comprises the planning of actions (intended as a set of methods and
tools) within the system, in turn intended to define, obtain, prove, demonstrate and maintain that system. In
order to implement system management, suitable documentation will have to be drafted, which will also be
sufficient to prove that required quality has been achieved and prove procedure implementation.
The body of international regulations applied to quality of intevention establishes the basic actions for
planning a Quality Assurance System as:

- planning

- organization

- control

- evaluation
In turn, control should refer to:
- existing documents
- documents obtained through investigations
- investigation
- tools and equipment
- diagnostic process
- insitu tests and trials
- laboratory tests and trials
- non uniformity
- records
The level of precision applied to the implementation of all these actions defines the Quality Assurance Level
that might be obtained from the application of a predetermined Quality Assurance System.

2 Quality assurance level

From the preceding statements, it can be presumed that the analysis of a building’s seismic vulnerability will
also require that the quality of the diagnostic process be defined, primarily by the Quality Assurance Level
that the person in charge of the diagnostic investigation establishes for each building, as per specific
demands and after assessing various aspects, including:

- complexity of the case to assess and consequently the complexity of the ensuing investigation;

- available time and resources;

- technological tools to use in site investigation;

- technological tools to use in lab trials;

- effect of erroneous data on future project choices.



The assurance levels can be classified as:
- Levell
- Level 2
- Level 3

Level 1

This level guarantees quality via onsite observations and diagnostic investigations carried out with simple
equipment like a sclerometer, crackmeter, hygrometer, etc. During site inspections the building’s
construction and maintenance will require verification, as will compliance of materials and technical
components with applicable standards.

This level of investigation achieves:

- documented pre-diagnosis of building conditions;

- diagnostic protocol as the basis for further in-depth investigations.

Level 2

This level guarantees Quality Assurance by means of a systematic plan of actions to be carried out while
defining the investigation campaign, the procurement of instruments and the implementation of the actual
investigation.

This level of investigation, characterized by three different actions classified as imperative-optional-
recommendable, achieves:

- in-depth knowledge of a building, useful for developing an intervention plan;

- superficial knowledge of complex cases for organizing more in-depth investigations.

Level 3
This level guarantees Quality Assurance by means of systematic and documented planned actions, identified
as imperatives. This level only becomes necessary following a court order.

3 Diagnostic non destructive tests on existing building asset

In order to assess safety thresholds and the future evolution of a construction, the chief necessity is planning
and implementation of building component and material investigation, which can actually be performed with
diagnostic non-destructive tests (NDTS).

The main aspect of a diagnostic test on existing buildings is analysis using technological equipment to
acquire knowledge of material and component performance disruptions. After obtaining this information a
requirement-performance methodological approach is applied to relate the building’s state of preservation to
the diagnostic investigation (both destructive and non-destructive types).

NDTs can be defined as all those techniques whose application does not compromise a structure’s functional
integrity and, at the same time, does not imply damage or alteration to the appearance of any of their parts.
There is dimensional correlation between the investigated object’s size and the trace left by the investigation.
These methodologies do not eliminate “destructive” tests completely, since it may be necessary to integrate
this type of investigation with laboratory tests on samples taken in situ, but in these cases there is no risk that
non-typical samples will be taken, since the choice is guided by data emerging from previous investigations .
[1]

Supported by recent technological equipment enhancement, the current trend is to use non-destructive
investigations which may be less invasive on one hand, leaving no traces on the structures (preferable
especially when dealing with buildings of historical-artistic value), on the other the result may be an
unmanageable quantity of recorded data or — worse still — misinterpretations of actual data. A further
inconvenience is the lack of direct correlation between data obtained through non-destructive investigations,
referred to quality, and structural behaviour parameters, referred to quantity.

The advantages from this kind of investigation are fourfold:

- rapid intervention;

- building integrity is safeguarded;



- collected data is easily illustrated in graphs;

- quantity and quality data can both be obtained.

This type of investigation is chosen when:

- identifying surface deterioration;

- identifying structural elements not directly visible;

- identifying discontinuities in structural elements;

- verifying the physical and mechanical properties of materials

- quantifying damages in affected structures;

- mapping building materials and typologies in areas lacking homogeneity;
- checking the typology and quality of recovery interventions.

Figure 1: School in Via Milano, Pescara-Italy (image by author)
Combined Survey: hammer and ultrasonic method
Preliminary diagnostic investigations for the assessment of seismic vulnerability of a school building with

combined structure. This test enables definition of the physical and mechanical characteristics of the
materials that make up the structure, appraising the speed at which waves traverse the actual structures. For
reliable results, two transducers are used simultaneously: one emitting and the other receiving, to localize
with precision the section of structure under investigation.

Moreover, it will then be possible to guide any destructive testing that may be required in future, optimizing
the identification of areas to locate sampling, thus avoiding the risk of investigating areas that are not
representative for the diagnostic scenario envisaged.

The most appropriate distinction for NDTs, however, is based on the type of datum obtained: qualitative or

guantitative.

Qualitative investigations are:
e s0NiC;

e ultrasonic;

e thermographic;

e radar;

e endoscopic.

Quantitative investigations are:
e dilatometric;

e penetrometric;

o flat jack.



Figure 2: School in Largo Madonna, Pescara-Italy (image by author)
Pad presence, direction and diameter of reinforcement bars before coring
Preliminary diagnostic investigations for the assessment of seismic vulnerability of a school building
comprising two blocks: one with bearing walls and the other with a reinforced concrete frame. This test was
performed on the reinforced concrete area of the building and part of a free section of the metal
reinforcement bars was defined (lengthwise steel bars and transverse brackets) before removal of a concrete
sample for laboratory analysis (coring), thereby avoiding damage to the structure being analysed.

Figure 3: School in Largo Madonna, Pescara-Italy (image by author)
Monitoring internal and external seismic vibrations
Preliminary diagnostic investigations for the assessment of seismic vulnerability of a school building

comprising two blocks: one with bearing walls and the other with a reinforced concrete frame. This test was
applied to horizontal structures (floors) and the land on which the school was erected, defining seismic input
via the study of terrain vibrations caused by propagation of seismic waves, as well as the study of dynamic
behaviour of floors in relation to ground movement.

The choice of the NDT most suitable for the needs of the technician who will have to assess the seismic
vulnerability of an existing building depends on a careful examination of several criteria:

- operating methods;

- context compatibility;

- location accessibility;

- equipment availability;

- staff safety;

- user safety;



- data processing;

- compatibility of readable data and equipment use;

- equipment operating principle;

- expected result;

- total costs;

- timeframe.

If assessment of the abovementioned criteria suggest a non-destructive diagnostic test, the following will be
needed:

- even just approximate information of equipment characteristics and use procedures;
- selection of collected data;

- interpretation of data by reliability;

- assessment of the building’s residual performance characteristics.

Figure 4: School in Largo Madonna, Pescara-Italy (image by author)
Flat-jack test
Preliminary diagnostic investigations for the assessment of seismic vulnerability of a school building
comprising two blocks: one with bearing walls and the other with a reinforced concrete frame. This test was
applied to the bearing walls, defining two typical parameters of the outer bearing walls: local stress (using
only a flat-jack) and deformability characteristics (using two flat-jacks).

4 Quality in non destructive diagnostic processes for seismic vulnerability
assessment

An effective non-destructive diagnostic campaign depends mainly on accurate planning as well as the
effectiveness of its implementation, so these two steps require appropriate structuring and monitoring.
Any technician assessing the seismic vulnerability of an existing building will be responsible for the
diagnostic appraisal, and will decide which kind of test to carry out and the kind of Quality Assurance Level
to apply.
Precisely because of the characteristics of a non-destructive test, as already described, the Quality Assurance
Level relies closely on two tools:
- aQuality Assurance Plan, to be carried out by the diagnostic centre, for guaranteeing that all tests are
performed pursuant to correct procedures;
- a General Quality Plan, defining the requirements of the analysis project. Requirements include
reliability, accuracy and fulfilment of the technical specifications.
The broad definition of reliability is the level of success achieved by a device or apparatus in the task for
which they were designed. In diagnostic tests, reliability represents the main aspect, since it guarantees



consistency of data obtained, underpinning the seismic vulnerability evaluation. The definition of the
reliability requirement has to be anticipated by assessing the non-quality risk. Dependability various
investigation process phases is related to the reliability requirement, and it comprises: planning new tests,
test implementation; data processing; return of results to the customer.
To satisfy the aforementioned requirements, the diagnostic structure must acquire and apply a Quality
Assurance Plan compliant with UNI EN ISO, which identifies suitable procedures satisfying quality
requirements. In alternative to the Quality Assurance Plan, it is possible to adopt a document defining
procedures to follow while testing, in order to satisfy the Quality Assurance Level requirements defined by
the person in charge of the investigation. The Quality Assurance Plan must include the objectives and
services offered by the organization undertaking the structure, as well as its willingness to implement those
objectives and services. The minimal contents must be as follow:

- Internal arrangements on the organization, highlighting roles and responsibility;

- Investigation objectives;

- Planning tests, checks, data storing and delivery;

- Performance of laboratory activities;

- Procedures for managing detected data;

- Definition of a reference document.
The Quality Assurance Plan will be a planning document as part of a specific diagnostic campaign
complying with Quality Manual directives which, in turn, will refer to UNI EN ISO standards.
Examples of a Quality Manual and a Quality Assurance Plan are shown in the diagrams below.
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Conclusions

It is clear that obtaining quality data in order to assess building seismic vulnerability by non-destructive tests
can be achieved by specific internal organization and accurate diagnostic campaign planning. Basically, the
assessment technician and the person in charge of diagnostic investigation will have to work together on the
following stages:

- auditing the organization’s quality structure;

- planning a diagnostic campaign, assessing the number and position of detectable areas in relation to
building characteristics and position;

- re-examining the contract and plan of the diagnostic campaign (see the UNI ISO EN 9004-2
governing re-examination procedures);

- verifying any existing data obtained through past investigations on the same building;

- consulting databanks to retrieve information on data from other destructive and non-destructive tests
made on similar materials and components (it is then extremely important to process data in a very
precise and systematic way);

- considering environmental and technological factors, as well as their interrelationship, which could
influence the investigations and data interpretation;

- calibration of onsite tools.

The pathway must be implemented within the defined timeframe, using available resources and the assuring
results reliability. In order to guarantee data reliability, a non-quality risk test must be implemented since
when assessing a building’s seismic vulnerability, a datum altered by technical errors — of human or
procedural origin — can lead to an inaccurate assessment of building response to earthquake action, with
highly dangerous consequences on the population. When planning and implementing a non-destructive
diagnostic campaign, the non-quality risk can be caused by the following errors:

test design; used tools; test implementation; processing of recorded date; lack of knowledge for tools relevant
to assessed structure characteristics.

Once the non-quality risk analysis has been assessed, a procedure able to eliminate such a risk will have to

be adopted to reduced the risk of residual non-quality as much as possible. The procedure will be activated
by the technician assessing vulnerability and by the person in charge of the diagnostic investigation, each
with regard to their own operational responsibilities and requirements, in order to guarantee an adequate

level of detected data, crucial for the required assessment, both for private and public clients.
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