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Introduction

AThe history of science, |l i ke the history

irresponsible dreams, of obstinacy, and of error. But science is one of the
very few human activitiésperhaps the only odein which errors are
systematicallycriticized and fairly often, in time, corrected. This is why we
can say that, in science, we often learn from our mistakes, and why we can

speak clearly and sensi UK. Bopperi®eg8)t maki ng

This sentence is very meaningful of thationale lehind the scientific method.
Mistakes are sources of learning, moreover it is important to understeat are

the causes that ledd the errors and correct them. In the building process the
saurce of errors could be infinite and even if somelgs aredone, there is still a

lot to do.

According to the agreement with the Court of Bologna it has been possible to
analyze and study the real cases of litigations concerning building. The thesis,
starting from the analysis of the defects deteatethe civil structure and their
causes, aims to create and develop instruments capable of helping the different
actor involved in the building process. It is dividedhreemainsections.

The first part is focused on the analysistbé main aspectsgarding the defects

on existing buil di ngs. The research
developed a system for the collection of the information ngnfiom the civil
proceedings ofhe Court of BolognaStatistical analysis are been performed and
the results are beesmown and discussed in the first chapters.

The second part analyzes the main issues emerged during the study of the real
cases, related to the activities of the technical consultant. The idea is to create

document s, c a ftedseddo chardfyoandi dify spedfid problems

prc

cent



in order to develop guidelines that help the technician editing of the technical

advice.

Thethird part is centered aie estimation of thenethods usd for the collection

of data. The first results showat these araot efficient. The critical analysis of

the database, the result and the experience and throughout, allowed the
implementation of the collection system for the data that will be presented in the

following chapter

Before discussing the topidave, remarking some of the basic and important

concepts could be really useful.
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1.1 Forensic engineering

Forensicengineeringis a young and innovative discipline in the field of technical
specialization. It combines Engineering andisprudencepplyingthe scientific
method and principle for the solution of technical problems in the judiciary field.
The forensic engineer helps the juridical Authority in the resolution of a litigation
where technical knowledge are strictly necessary. Its task is gtareninto the
causes and responsibility that lead to a failure or to the formation of defects,
damages, malfunctions of any kind of civil structures or products. The forensic
engineering can be seen as a technical consultant for the judiciary guthomni
parties involved in a legal arguments or penal proceedings. (AlF).

The forensic engineering was established the first time in the United States in
1982. The National Academy of Forensic Engineers ( NAFE) has its first priority
in educating profegsnal engineers who will serve as technical consultants to the
Judge or the Parties in civil and criminal cases. Only in the 2008, with the
institution of i &c ond l evel Master cour sat on For
University of Naples Federico Il and théirth of the National Association of
Forensic Engineers (AlF), the practice of forensic engineer developed in( Italy.

Augenti and Chiaia ).

1.2 The technical consultant

When the judge is not able to evaluate certain aspects of the litigation, due to the

lack of technical competences, an expert is in charge to identifyaalgze the

technical problems. Ae technical consultant helps the judge to ascertain, reveal

and analyze the elements related to a specific litigation. He makes a report called

At echandwiacled i n Iltalian ARelazione perita
judgedbs questions is reported in an object
In the technical advice the trial and scientific rules have the same importance, for

this reason, technical and igical knowledge are requested to the consultant. The

role of the technical consultant is crucial, in fact when litigation is based on

technical problem, he is the responsible of the ultimate decision. The consultant

has criminal and civil liability whethere is no accordance with the procedural

rules leading to undesirable effects as the invalidity of the technical advice. A

3



Chapter | INTRODUCTION

part for the technical knowledge and experience to the technical consultant are
required other quality as the integrity, retei@l capacity as will be seen in the

forthcoming chapters.

1.3 The civil proceedings

The civil judicial prosecutions can be divided into two main categories:
- Precautionary inquiry prosecution;

- Evidentiary inquiryprosecution.

The precautionary inquiry prosdmn, also known a$recautionary Technical
Inspection in Italian Accertamento Tecnico Preveni(®TP), is the collection of
evidences for the establishment of the arbitration in order to avoid their
dispersion. In this way it is possible to ascertaindingent situation, verify the
presence or the causes of failures and defects, define the possible solution and
quantify the costs and the duration of each activity. This kind of proceeding is
required by the claimant party when there is the urgencyrify vieefore the final
verdict, the state or the quality of the building system. It has two purposes: the
conservation of the state of art and the anticipation of the effect of the sentence
that will be emanated during the trial.

In this case the Presideof the Court( the judge), with an ordinance, appants

Office Technical Gnsultant( i n |t alian Cons-CTWamde Tecnic
schedules the data of start and finish¢carryout an appraisal in thgresence of
thecourtexpertsappointed i the parties calledParty TechnicalConsultant(in

Italian Consulente Tecnico di Parte CTP). The CTU conducts all the
inspections in presence of the CTPs and at the end he deposits its report, called
Technical Advice t o t he chancell orés office

If the ATP does not verify the rationale of the claimant, the latter could be
convinced to not proceed with the argumentation; in the other case it could easier
decided for an agreement.

The Evidentiary inquiry prosecutiois the phase of a civil lawsuit wheadl the
necessary evidences are exposed in order to make the final verdict of the trial. If
the judge needs extra help concerning technical issues, he will nca@iéice

Technical @nsultant(CTU). The warrant in this case is much wider compared to

4
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the previous case of ATP. Tharty Technical Gnsultant(CTP) supplies all the
documents collected to the CTU and take partonsultationto the inspections.
The CTU draws up a technical advice that is get across to the parties for possible

observatiorb ef ore t o be deposited in the chancel

1.4 References

[1] Augent i Nicol a. , Chiaia Berardino ( a cura d
protocol | i ,Dadodmdcari@ditores(2011})iRalerdtaly. Pp 1731.
[2] Karl R. Popper, iiFrom Conjectures and Refutations: The Growth of Scientific

Knowledge (1963)

[3] Trombetti T., Tattara S., Palermo M., Gasparini Gilvestri S., Pieraccini L. (in
publishig,i The fir st y etalre ofin@aisc& li avui dtiioce sCeocfc ol i 0, on
d€f ects of builtkagi ng structureso.

[4] Associazione italiana di ingegneria foren@dF),

http://www.aifitalia.it/

[5] Civil, Chemical, Environmental and Material of Bologna DICAM,

http://www.dicam.unibo.it/Ricerca/Centri/osservateciaudio-ceccoli

[6] Paolo Fredianiin Gui da CTU: dal | 6 GCopp@24bre.o all a periziao.
Societa finanziare FINSUD

http://www.finsud.eu
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Previous studies: Background

The Department of Civil, Environmental and Material Engineering (DICAM) of
the Faculty of Engineering at the University of Bologna formalized in the,2011
with a neprofit ageement, a collaboration with the Court of Bologna in order to
share the data related to civil or penal lawsuits involving defect on the building
structure. This is the starting point for the creation of the research center
AOsservat ori o A€inemtioned lmefor€ it is ane of thé few centers
entirely devoted to the study of the forensic engineering issues, especially the
ones related to the defect in the building object of litigations.

In this chapter, after a brief introduction of the histangl the aims of the center,

the results of the first years of activities will be reported and exanimated. The
main topic will be the description of the system developed for the collection and

the analysis of the data.
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2.1 The agreement with the Courtof Bologna

During these yearthe need to create a methodological and scientific reference for

the execution of the activities necessary for a technical advice is strictly
necessary. The solution of a civil litigations involves different branch of
knowledye, on one hand there is the technical and scientific field and on the other

hand juridical field.Two different realies that need to coexist into each other

The technical consultant applies his technical knowledge with the juridical one.

It is eviden that the interest of the Court and University are exactly the same. For
these reasons an fAAgreement o between the
of Civil, Environmental and Material Engineering (DICAM) of the Faculty of
Engineering at the Universityf Bolognawas stipulated.

The idea is to identify the most common defects, their frequency, the economic

i mpact and the involved people establishi
possible to create a methodological reference for the developmarnteohnical

advice that helps the consultant and the judge. The analysis of the real case is the

best way to create a common language that is able to merge the juridical and
technical references, increasitige awareness of the people involved in the

building process, as contractor, costumers and exerts, on the risks that are intrinsic

of these kind of activities.

22 The research center NnOsservator.

The center was builh January 2012, in memory Gilaudio Ceccoli gioneerof
the forenst engineering. It became a section of the Departn@niCivil,
Environmental and Material Engineering (DICAM) University of Bologna
specialized in forensic engineering issues.
The studies conduct on the defects in the civil structure, at national or
international level, are very rare. Only few academic publication are available,
particularly noteworthy are:

- Documents of the conferences IF CRA®@anized by the Italian

Association of Forensic Engineering;
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ABul l ettin des er rcebythesFenchsocietyocument put
SOCOTECG
AWhy bui |l di nagfemofisdaektlofMatioSalmadai.

The lack of references put under the light the need hiaesinformation,

knowledge and experienc@s these wide field in which many aspects are still

unknown An accurate analysis of thehavior of the civil construction, during

each phase of the building process and the development of astwetured

knowledge of the defectiveness can enrich those knowledge.

This is the rationale of the activities dfet research center that thanks to the

experience gained increase the preparation and the culture of the technician. All

the activities are based on a strict collaboration with the Court of Bologna. The

members have access to the archive of the Court wiriavides the technical

advices related having the goal to identify and point at the defects on building

structure.

The researches listed below are the ones promoted by the center:

Research activities and methodological supervision of the risk, implicit

and explicit, relatedo the building process.

Creation of a web database collecting the defect taxonomy of the building
structure object of litigation. The database structure follows the steps
necessary for the redaction of the technical advice, far rmson it is

helpful to the technician to use a prescribed protocol. At the same time is
possible to have a real time data storing. An experimental release of the
database is already available and will be discussed in the next paragraph.
Diffusionofaper i odi ¢ fABull etin of Defect on
from the expertise acquired through the analysis of the examined cases
provides insights into a specific defect or class of defects.

An updated (periodic) price list of the market list for typibGailding

typologies installations, furniture, finishing.

Redaction of peri od document s, call ed
problem emerged by the study of the real cases. A detailed description will

be provided in Chapter VI.

10
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In figure 2.1.is displayd aflow chart which describe the main interactions and
activities between the DICAM department and the Observatory Claudio Ceccoli

[1].

Court of Bologna

Documentation from technical
advice in lawsuits

|

Obesrvatory Analysis of the
Claudio Ceccoli documentation
A Main Product
T  Web database
q Focus
M Statistics
Technical knowledge 1 Guideline
Department
DICAM l

Tools for Engineers
and Technical

Figure 2.1 Flow chart of the main interactions and activities between the Court of Bologna,
the department DICAM and the Observatory Claudio Ceccoli.

11
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2.3 The database

The first years of activities of the center focused on the examination of the real
cases available in the archive of the Court of Bologna, regarding the civil
proceeding of the ye@011. The main goals are:

- Typical causes of the defects;

- Similaritiesbetweerthe cases

- Possible deficiencies.

The centerdeveloped an instrument for the analyiiat is able to manage and
collect the huge amount of available data in an efficient andgeaent way. The
database is made by a system of matrices, specifically created and used to store
the fundamental data. The information are organized in different sections and
level of detailing. The matrix system has been arranged and computerized. The
idea is to computerize all the process related to the litigation and increase the

practicality of the Observatory.

2.3.1 The structure of the matrices

The matrices are tools able to describe in an scientific, efficient and accurate, way
the complex descriptiverotocol of the technical advicdhe purpose of the
rationale behind the proposal mathased structure is to obtain a cascade
structure wich may guidethe technical consultant in tlikfferent phases of the
process.

The matrices are divided in two more columns, each one containing a different
level of information. The first column contains the list of maareas, identified

with a letter, that describes the kind of information required; The second column
reports a list of the possible alternatvto insert the information required in the
correspondent mactarea. In the first two columns are reported fundamental data
that are mandatory; the next columns have the aims of detailing the information
given earlier In order to clarify betterthe mationale of he matrix structure the

figure 22 as given as aexample.

12
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Matrix A:" Gener al i nformation about the constr i
1.Pubblic
1. Citizen
g. Property 2. Private 2. Society
99. Other
99. Other
1% column: 2"column: 3 column:
The information to Contain information Contain some
insert is about the of the main category specification
kind of property of property regarding the private
property in order to

Figure221l | l ustrative schematization of the rational ¢

The data base is made up by five matrices that thfferent and specific airm
order to describe all the aspects concerning the technical. Any matrix is described

below
MAT RIX A

The matrixis drect to the general description of the civil consttion where th
damages, thefailure or defeat are claimedFor each lawsuit there is only one

matrix A, it is unique.

MATRIX B

The matrix Bdescribes and locatebe claimed defe. Each matrix B is related to
a matrix A, and in this way connected to a specific lawsuit, since there could be
more than on claimed defect, it is possible to have more than one matrix B for

each lawsuit, each one identified by a progressive number.

MATRI X C
The matrix Cdescribes the inspection method for the detection of the defect when

is included in the chart describes the level of impairment, repairing cost and

13
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repairing time. The defects are described in the previous matrix B for these reason
each matrix C is associated univocally to a matrix B.

MATRIX D

The matrix D identifies the causes of the claimddfect All matrices D are
related to a matrix B that identifies the defect, but differently from matrix C, it is
possible to have more thaneomatrix D associated to a defect, because the causes

of it could be various.
MATRIX E

The matrix E identifiesthe responsibilityEach matrix E is related to a matrix B
that identifies the defect, and since the responsibility could be ascribed to more
than one person involved in the construction procs#) the previous case, it is

possible to have more than one matrix E associated to a single matrix B.

In Figure 23 is reported an example describing the matrices structure.

Matrix A

(General roll)

Matrix B; Matrix B,
(Description (Description
defect1) defect 2)
Matrix C; Matrix C,
(Detection (Detection
and and
evaluation of evaluation of
the defectl) the defect2)

Matrix Matrix Ey; Matrix E;, Matrix Matrix Matrix E,;
Dy 61 (208 Dy Dy (1=
(First cause of responsible of responsible of (1% causeof (2% cause of responsible of
the defect1) the defect 1) the defect11) the defect 2) the defect2) the defect 2)

Figure 2.3 Connection letween the matrices

14
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2.3.2 The matricesof the 2011

MATRIX A: General information

a. General Roll

b. Brief description

c. Address

d. City

d. Temporal detection

1. Under construction

2. In service

e. Category of use

1. Residential a

2. Commercial area

3. Industrial area

99. Other

f. Type of construction

1. Reinforced concrete

2. Steel

3. Masonry

4. Timber

5. Mixed

99. Other

g. Property

1.Pubblic

1. Citizen

2. Private 2. Society

99. Other

99. Other

h. Indirect damage

15
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Matrix B: Description of the defect

a. General Roll

b. Progressive number

0. General
1. Rainwater leakage
2. Groundwater infiltration

1.Water infiltrations 3. Leakage due to inngtant
disease

4. Leakage due to outer plant
disease

99. Other
0. General

4. Dampness
patches/Plasterwork
degradation

2. Mold growth

99. Other

0. General

1. Crack greater than 3 mm
2. Small cevices

99. Other

0. General

1. Flooring and covering joint
2. Plasterwork not flat

3. Irregular joint in outer
skirting-board

4. Erroneous sewers
5. Notvibrated asphalt
99. Other

0. General

1. Tdal collapse

2. Partial collapse

3. Sliding

4. Crack

99. Other

0. General

1. Finishing

2. Plant

99. Other

0. General

1. Sidewalk deformation
2. Flooring deformation

7. Deformation 3. Deformation of ingection
manhole

4. Deformation of grid/
inspection manhole covering
99. Other

2. Dampness/Mold

3. Crack/Small crevices

4. Poor workmanship
¢. Kind of defect

5. Impact

6. Incomplete work

8. Deterioration/Damage

16
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9. Code violation

10. Agreement violation
11. Unexpected behaviour
99. Other

1. Basement

2. Elevation (excluding
d. Location in the building | roofing)

3. Roofing

99. Other

0. General
1. Foundation element
2. Vertical structural element

3. Horizontal structural
element

99. Other

0. General

1. Outer (Covering, coaiy,
ecc)

2. Inner ( Plasterwork,
flooring, fixture, etc)

99. Other

0. General

1. Plumbing/Gas plant
2. Electrical system
99. Other

1. Framework

e. Kind of element

2. Finishing

3. Plant

17
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Matrix C: Detection of the defect and evaluation of the damage

a. Detected defec

1. Yes
2. No

a. Detected defect

1. Visual inspection

2. In situ test

(o3

. Inspection method 3. Specific test
4. Drawing check
99. Other

1. Yes

2. No- Relevant defect
according with art. 1669 cc
] 3. No - Poor

- Expected behaviour ordinary/extraordinary
Maintenance

4. No- Code violation

(2

5. No- Agreement violation

1. Structural safety/stability

2. Functionality/Usability

o

. Level of impairment
P 3. Appearance

99. Other

1. Free text

2. Incomputable

3. Already evaluated in anoth
matrix

4. Null

2. Incomputable

(0]

. Repairing time

1. Price or insurance value
3. Already evaluated in anoth

f. Repairing cost matrix
2. Incomputable

99. Other

1. Remedial work by thguilty
party
g. Removal method 2. Monetary compensation

99. Other

18
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Matrix D: Causes of the defect

. Concrete

. Steel

. Bituminous sheath

. Paperwork

. Flooring

. Covering

. Tinsmithery

. Glass

. Plywood

10. Wood

11. Reinforcement

12. PVC tubing

99. Other

1. Concrete installation

2. Concrete supply

3. Reinforcement installation
4. Plasterwork installation

5. Bituminous sheath
installation

6. Flooring/Covering
installation

7. Window installation

1. Poor materials

O O |IN(O|O|R|W[IN|F

a. Cause of the defect - -
8. Door installation

2. Poor execution 9. Sheet pile installation

10. Excavation

11. Drainage of water

12. Vibration

13. Screed coat adjustment
14. Exhaust pipe installation
15. Heating plant

16. Absence of spigot for
cold/hot water

17. Wrong location of the valy
99. Other

1. Geological/geotechnical
relation

2. Structure calculation

3. Design errors 3. Executive design

4. Lack of detailing

5. Urban restriction violation
99. Other

4. Site manager errors

1. Poor ordinary maintenance
99. Other

5. Negligence

19
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1. Impact with a vehicle
99. Other

6. Collision

7. Incomplete works
99. Other

20
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Matrix E: Responsability
1. Geolgical
2. Geotechnical
3. Foundation
1. Designer 4. Structural
5. Architectural
6. Finishing
7. General
1. Structural site manager
2. Site manager 2. Architectural site manager
3. General site manager
a. Responsability 0 General
1. Caontractor firm
3. Construction firm 2. Subcontractor firm
3. a.ti Firm
99. Other
4. Tenant
5. Condominium
6. Seller
7. Adjacent property
99. Other

21
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2.4 Statistical analysis of the 2011 data

From the database are been extracted some statiatedréhe cases of the 2011.

In the statistic are included:

- Temporal detection of the defect

Temporal detection

m Entirely Built

= Under
construction

Graph 2.1 Statistic related to the analyzed cases (201Tj)emporal detection

The majority of the defect, as shown in the graph are discovered during the

servicelife of the structure.

- Type of construction

Type of construction

¥ Reinforced concrete
Steel

® Mansory

B Timber
Mxed
Others

Graph 2.2 Statistic related to the analyzed cases (201Type of construction

The majority of the defects are found in masonry building. This does not mean
that the masonry building are the most vulnerahle perhaps the percentage
shown in the graphic below is due to the fact that the majority of building is made

of masonry structure.

22



Chapter Il BACKGROUND PREVIOUS STUDIES

- Category of use

Category of use

® Residential

= Commercial

W Industrial
Others

Graph 2.3 Statistic related to the analyzed cases (201Qategory of use

The largest part of defect detected in residential building (79%); The remaining

parts between industrial and commercial.

- Property
Property
Pubblic
M Private owner
m Company
= Private other
Others

Graph 2.4 Statistic related to the analyzed cases (201 Broperty

The private owner are the most involved in litigation with a percentage of abou

70 % . Instead in only few cases (less than 5% ) are involved public property.

23
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- Kind of defect

Kind of defect

Water infliltration
B Dampness/Mold
5% 13% Crack/Small crevices
® Poor workmanship
= Impact
Incomplete work
B Deformation
® Deterioration/Damage
m Code violation
Agreement violation
# Unexpected behaviour
Others

Graph 2.5 Statistic related to the analyzed cases (201XKind of defect

The defects claimed and their types are quite large. Looking at the graphibelo
is possible to observe that one half of the total is due to poor workmanship (

22%), water infiltration (13%) and incomplete work (11%).

- Location of the defect in the building

Location in the building

% ® Basement
EElevation (excluding
roofing)
Roofing

Other

Graph 2.6 Statistic related to the analyzed cases (2011): Location the building

The majority of the defects (76%) involves the elevated part of the building, and

the remaining part is equally distributed between foundation and covering.

24
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- Kind of element

Kind of element

B Framework
B Finishing

= Plants

Graph 2.7 Statistic related to the analyzed cases (201HKind of element

The defects are quite uniformly distributed among the element of the building.
Almost the 50% is concentrated in the finishing, the remaining part in the

structural elements and plants.

- Causes

Causes

Poor materials

H Poor execution

= Design errors

W Site manager errors
Negligence

u Collision

® [ncomplete work
Other

Graph 2.8 Statistic related to the analyzed cses (2011)Causes

More than one half of the cases the defect is given to an adequate execution. It is
possible to observe that just few cases the responsibility is due to an incorrect

design (3%). The remaining causes have almost the same percentage.

25
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- Responsibility

Responsibility

® Designer

= Site manager

= Construction firm
Tenant

B Condominium
Seller

m Adjacent property
Other

Graph 2.9 Statistic related to the analyzed cases (2011): Responsibility

The causes of the majority of the defects are due to an execution error, as
expected, in more than one half of the cases the responsibility is attributed to the

construction firm.

- Repairing costs

By inquiring the data base, the repairing cost can be obtained only in aggregate
form: It is an average of all the defects, without distinguish them in categories

(cost per defect), and repairing cost for technical advice.

Average repairing cost
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Graph 2.10 Average repairing cost (2011)
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Chapterlll

The newstudies

The first step for the editing of the present thesis was the collection of the data
related to the cases of the year 2012 on the Court of Bologna. The aim of this
activity is to increase the knowledge of the defects in building construction.

Degite thedifficulties encountered, discussed better in the following chapters,
the data collected until the 2012 are and descriptive of the most commons defect
occurring in the civil works, their frequencies, causes and responsibilities.

In this chaptemwill be reported the result obtaining by the collectiomd the
analysisof the cases of 2011 and 20Then will be compared the data related to

thesetwo years in order to understand how the results are been changed.
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3.1 Statistical analysisof the 2011 and 2012data

The analysis of the civil proceeding collected, between the 2011 and 2012, in the

Court of Bologna shows the following results.

- Temporal detection of the defect

Temporal detection

u Entirely Built

mUnder
construction

Graph 3.1 Statistic related to the analyzeatases (2011 and 2012):emporal detection

The majority of the defects is observed during the service life, only the 10% is

detected during the construction phase.

- Type of construction

Type of construction

25% m Reinforced concrete

Steel
= Mansory
u Timber
Mxed
Others

Graph 3.2 Statistic related to the analysed cases (2011 and 20IRype of construction

Excluding stel and timber structurghe percentage of the defects among the
remaining structural types is uniformly distributed. The efficiency of this section
has been analyzed and treated in the previous chapter of the work. The percentage
of the other section iguite high compared to the amount of data belonged to this
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category. It is possible to affirm that the accuracy of the results has been
compromised thanks to the fact that in many technical advices this information is

not reported.

- Category of use

Category of use

6%

® Residential

® Commercial
Industrial
Others

Graph 3.3 Statistic related to the analyzed cases (2011 and 201@utegory of use

The largest part of defect is detected in residential building (7&H9wed by
industrial uses (9%) and commercial uses (6%). The list could be improved but in

any case thessults are meaningful.

- Property
Property
Pubblic
¥ Private owner
m Company
Private other
Others

Graph 3.4 Statistic related to the analyzed cases (2011 and 201R)operty

The private owneinvolved in the litigation with a percentage of 70 % . elw
casesl % ) involvepublic property.
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- Kind of defect

Kind of defect Water infliltration
B Dampness/Mold
5% Yoo 12% Crack/Small crevices
B Poor workmanship
= Impact

Incomplete work
m Deformation
Deterioration/Damage
® Code violation
Agreement violation
Unexpected behaviour
Others

Graph 3.5 Statistic related to the analyzed cases (2011 and 2012): Kind of defect

The kind of defectslaimed are quite large. Looking at the graph it is possible to
observe that the poor workmanship is the most frequent cause of a defect (17%)
followed by water nfiltration, dampness, incomplete work and cracks (each one
with a percentage between-12%). The differences of the percentage is really

small. Significant results could be reached collecting a greater amount of data.

- Location of the defect in the buit

Location in the building

11% = Basement

m Elevation (excluding
roofing)
Roofing

Other

Graph 3.6 Statistic related to the analyzed cases (2011 and 2012¢cation in the building

The majority of the defects (66%) involves the elevation part of the building, the
basement and the roofing have roughly the same amount of percentagee Despit
the matrix are not be considered the elements that are outside from the building
system, the results are quite good,
comparable to the other.
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- Kind of element

Kind of element

B Framework
B Finishing

W Plants

Graph 3.7 Statistic related to the analyzedases (2011 and 2012): kind of element

The defectare quite equally distributed to the elements of the building. Almost
the 57% is concentrated in the finishing, the remaining part distributed between

the structural elements and plants

- Causes

Causes

Poor materials

= Poor execution

" Design errors

M Site manager errors
Negligence

= Collision

® [ncomplete work
Other

Graph 3.8 Statistic related to the analyzed cases (2011 and 2012): Causes

In the 50%o0f the cases the defects can be attributed to an adequate execution.
The remaining causes have almost the same percentage, excluding error due to an

incorrect design, that hélse lower concurrency.
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- Responsibility

Responsibility

¥ Designer

6%

Site manager

u Construction firm
Tenant

¥ Condominium
Seller

u Adjacent property
Other

Graph 3.9 Statistic related to the analyzed cases (2011 and 2012): type of construction

The construction firm is in the almost the 60% of the cases responsible of the

formation of defects.

3.2 Comparison of the data

The data availablare related to a relative short period and the uncertainty
concerning the accuracy of the results is high. For this reasihe ifollowing a
the results of the 2011 and 204l be analyzed and compared order to
understand how thstatistics havechanged and try to detemn, if it is possible,

thecommon typology of defects, their causes and the responsibility

MATRI X A
2011 2012
) 1. In service 88% 87%
d. Temporal detection 2. Under construction 12% 13%

Table 3.1 Comparison béween the statistic of 2011 and 2012: Temporal detection

The data is stable for botears This means that the data reported in the chart are
trustworthy. It is possible to assetthat the larger amount of defects occur after
the construction.
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2011 2012
1. Residential area 79% 7%
2. Commercial area 6% 3%
e. Category of use .
3. Industrial area 10% 12%
99. Other 6% 8%

Table 3.2 Comparison between the statistic of 2011 and 2012: Category of use

Regarding the category of use the defects, teeyrred in residential structure,

the data ar e

results change from one year to another. It is necessary to collect other

very si

mi

ar

information and understand accurately what happens nedligy.

For t he

2011 2012
1. Reinforced concrete 21% 25%
2. Steel 9% 3%
. 3. Masonry 40% 5%
f. Type of construction :
4, Timber 0% 5%
5. Mixed 28% 20%
99. Other 2% 42%

Table 3.3 Comparison between the statistic of 2011 and 2012: Type of constuction

Theobservation made in the previous paragrsipbw that this section is not able

ot her

to capture all the possible cases , especially because in many technical advices the

typology of structure is not mentioned. The results are in this case meaningless.

The ony possible consideration is that the amount of defect detected in reinforced

concrete structure and in steel structure is of the same entity.

2011 2012
1. Public 2% 2%
g. Property 2. Private 94% 98%
99. Other 4% 2%

Table 3.4 Comparison between thetatistic of 2011 and 2012: Property

36



CHAPTER Il NEW STUDIES

2011 | 2012

1. Citizen 68% 70%

g. Property 2. Private 2. Society 17% | 20%
99. Other 9% 8%

Table 3.5 Comparison between the statistic of 2011 and 2012: Private property

Almost the totality of the defecs areclaimed by the citizenon piivate property.
The veracity of these results is confimngot only by the stability of the data but

also by those valuesn accordance with the ones related to the category of use.

The residual building, generally, are owr®dprivate citizen

MATRIX B

2011 2012

1.Water infiltrations 13% 12%

2. Dampness/Mold 11% 6%

3. Crack/Small crevices 8% 9%

4. Poor workmanship 22% 15%

5. Impact 7% 1%

. 6. Incomplete work 11% 10%

¢. Kind of defect 7. Deformation 6% 5%
8. Dderioration/Damage 3% 16%

9. Code violation 9% 11%

10. Agreement violation 1% 7%

11. Unexpected behaviour 5% 7%

99. Other 5% 1%

Table 3.6 Comparison between the statistic of 2011 and 2012: Kind of defect

Excluding sone entries in which the chargyare evident, the data have a certain
stability. The typology of defect is very wide, for this reason it is necessary to

collect more evidence to have meaningful results.

2011 2012

1. Basement 11% 9%

d. Location in the 2. Elevation (excludig roofing) 76% 61%
building 3. Roofing 10% 15%
99. Other 2% 15%

Table 3.7 Comparison between the statistic of 2011 and 2012: Location in the building
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2011 2012

1. Framework 31% 18%

e. Kind of element | 2. Finishing 49% 61%
3. Plant 20% 22%

Table 3.8 Comparison between the statistic of 2011 and 2012: Kind of element

Althoughthe percentage change from during the tyears the greater amount of
the defect is shown in elevatiorand in particular in the finishingSince this

percentage is more relevamith respetto the other, the result cée considered

stable
MATRIX C
2011 2012
1. Visual inspection 87% 69%
) 2. In situ test 2% 13%
b. Inspection 3. Specific test 3% 9%
method
4. Drawing check 0% 9%
99. Other 8% 1%

Table 3.9 Comparison béween the statistic of 2011 and 2012: Inspection method

A partfrom the specific cases in which particular test or analysis are required, the

visual nspection remains the most useful method, with percemttigd are

always equal or highé¢han the 70%.

2011 2012

1. Structural safety/stability 12% 11%

d. Level of 2. Functionality/Usability 47% 69%
impairment 3. Aesthetical 35% 8%
99. Other 7% 11%

Table 3.10 Comparison between the statistic of 2011 and 2012: Level of impairment

For the lack ofa specific references in order to classy the campsing level this

section carbe consider@ useless, @spite the greatemrmountof defect reduce the

serviceability of the elements
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MATRIX D
2011 2012
1. Poor materials 8% 11%
2. Poor execution 56% 49%
3. Design errors 3% 11%
a. Cause of the 4. Site manager errors 0% 4%
defect 5. Negligence 5% 7%
6. Collision 6% 0%
7. Incomplete works 12% 9%
99. Other 9% 9%

Table 3.11 Comparison between the statistic of 2011 and 2012: Cause of the defect

The statisticckomparing two different years are almost the sdmbothcases the
execution that doesnoisthedausd of thbewnajpriyef best p

the defect
MATRIX E
2011 2012
1. Designer 5% 11%
2. Site maager 3% 10%
3. Construction firm 51% 55%
o 4. Tenant 15% 6%
a. Responsibility —
5. Condominium 10% 1%
6. Seller 2% 10%
7. Adjacent property 3% 6%
99. Other 12% 2%

Table 3.12 Comparison between the statistic of 2011 and 2012: Responsibility

Accordingwith the cause of the defects, the greater amount of responsibilities
are attriluted to the construction firm.he increasing othe data collected can

give a clear explanatioof the results of other element of the list.
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3.3 Analysis of the coss$

The analysisof the epairingcost is not a simple operation. First, the database
available and its structure cannot give a deepened analysis of the costs. Second,
in many case, the consultant reports the cost to repair all the defects claimed on a
civil works, without disinction between the different kind of defects. Two types

of analysis have been studied and developed.

Repairing cost for technicaldvice

In this analysis are reported thepairing costsfor technical advice, without
considering the specific cost forakakind of defect.

The graph 3.10 shows on the horizontal axis the incremental costs (step of
100.000 u ) and on the vertical axis the

specific range.

Repairing cost for technical advice

100
90
80
70
60
50
40
30
20
10

Number of canes

<100.000.00 €<200.000.00 €<300.000.00 €<400.000.00 €<500.000.00 €
Repairing cost [€]

Graph 3.10 Repairing cost for technicd advice ( step of 100.00 G )

The graph 3.10 and 3.10 show that in the majority of the costs for technical advice
are small than 100.000 0, only in few <c

exorbitant. The average repairing cost for
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Cost for technical advice

m<100.000.00€
m<200.000.00€
m<300.000.00€
m<400.000.00€

<500.000.00€

Graph 3.11 Percentage of costs fotechnicd advi ce ( step of 100.000C

A similar analysis is been carried out considering a smaller increment of costs.
The the graph 3.12 are not displayed the incremental costs but the number of
cases that are included ircertain range in the graph 3.13 are instead reported the

relative percentage.

Repairing cost for technical advice
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Cost for technical advice € 25.000
=€ 50.000
jop 5% 2% mE€75.000
€ 100.000
B€125.000
€ 150.000
B €200.000
m€225.000
50% € 250.000
€275.000
=€ 300.000
=€325.000
€ 350.000
€375.000
15% € 400.000

3%

1%
6%

10%

Graph 3.13 Percentage of costs fotechnicd advi ce ( step of 25.000

The grapk show thatinone hal f of the case the costs
For the remaining part, in the majority of cases the costs are smaller than

100. 000 u, as mentioned before.

Since in one half of the case the costs
importantto develop a deepened analysis for this range considering a smaller cost

step. The results are shown in gr&i4 and 3.15

Repairing cost for technical advice
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Graph314 Repairing cost for technical advice smaller
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Cost for technical advice

<2.500€

m<5.000€

e 17% m<7.500€
<10.000€
m<12.500€
H<15.000€
<17.500€
<20.000€
<22.500€
<25.000€

Graph 3.15 Percentage of costs fotechnicd advices ma |l | er t hamt25H. 00F @®. 500 0

The graph shows that the number of technical advice having a cost smaller than

50000 i s t h &thiwmeange are irclyded the 25% of the case.

Should be noticed that the number of casesihamg a cost greater t he
quite decreaselhe percentage of cases having a cost greater than this value is

only of the 31%.

Anyway considering the few data available and the minimum variance between

different cost step, this elements could betconsidered significant.

Average repairng cost for kind of defects

For each kindof defect are been considering the minimum and the maximum
value of repairing costs. Theverage repairing cost is obtained as the mean of
these values. The results arsptayed in Table 3.13.
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Lawsuits of 2011 and 2012

Kind of defect Max Min Average

Water infiltration a 125.53 ua 760, 0 U 63. 1417
Dampness/Mold G 54. 00 ( a 130, 0 ua 27.06¢%
Crack/Small crevices a 429.80 a4 240, 0 a 215. 02
Poor workmanship G4 114.00 a4 30,00 4 57.01¢4
Impact ua 242.82 ua 383, 0 a4 121.60
Incomplete work G 1080000 a4 90,00 G 90. 05 (
Deformation a4 295.58 a 7.832 a4 151. 70
Deterioration/Damage ua 265. 20 ua 90,00 G 132. 64
Code violation G 145.00 G 1.000 U 73.00C¢C
Agreement violation U 84.25¢ a 499, 2 ua 42.37¢
Unexpected behawr U 52.00C ua 300, 0 G 26. 15¢
Others U 231.66 U 20.80C ua 126. 23

Table 3.13 Average repairing coasts for each kind of defect

The structureof the matrix shows and puts in light that the maximum value for
each kind of defect includedl the works that are necessary, including those for
the reparation of other defects. When the elimination of two or more defects
require the same activities, the technical consultant has to consider them all. For
this reason the results of these kinfdanalysis should be considered with the
proper attention. Despite that some results are meaningful. The higher repairing
costs regards the elimination of cracks, deformations or other phenomena that
could implied structural problem. Instead the minimunstas shown for the
elimination of dampness that certainly does not involve the safety of the structure.
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Focus

Ones of the main activity of the research center is the institution of periodic focus
to answer specific question which arisenfr the analysis of the examined
cases[1].
The world AFocuso indicates a person, a
certain importance. In the context of the Technical Advices, the focus-depih
analysis regarding topics that are useful tor &ctivities of the various actors
involved in the fieldThese documents have different nature, they could analyzed
recurrent issue encountered during the investigation of the real lawsuit or could
clarified some aspects related to the investigation gssclt is possible to
identify two main typologies:

- Thematic focus;

- Methodologicalfocus;

- Technical focus;
In this chapter, after a brief explanation of the main characteristic of the focus will
be reported the documents developed on some specific adptxt technical

advices.
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4.1 Typology of focus

During the investigatiom the civil lawsuitsthe Technical Consultant has the task

to joint technical knowledge and juridical notions, using a unique language which
have to be shared by the differentaacinvolved in the process. The lack of
references, for a correct an univocally interpretation of the various issues, makes
this assignment difficult.

The aim of thehematic focuss to create a guideline that helps, in the one hand,
the consultant in # analysis of data and, on the other hand, the judge in the
interpretation of the results, creating a common tendency that unify the overall

view regarding the main and frequent issues.

The technical advice is the result of a set of investigations catagdther with
the parties involved in the litigation, to respond to a specific queslTiba.

methodological focusiave as topic the activity of the technical consultant. The

goal is to help the management of the investigative operations and the
relationsips with the other professional figure involved in the process. The
knowledge of the inevitable critical aspects is helpful for the development of a

correct and rapid technical advice.

The aim of thetechnical focuss to establish, following an univocgltendency,

specific technical information and references for the analysis of the common
defects The typical structure of the this kind of focus is based on the data of one
or few technical advice, that constitute the main reference, integrated by
additional information from other technical advice, called satellite reference. Are

included references from scientific literature or codes and alarge photographic

documentation.

4.2 Methodological focus: The technical consultant in the
civil lawsuits

The nominatiorof an expertn a civil lawsuit is necessary when the objects of the
litigation require specific technical knowledge and could not be ascertain by the

judge by the analysis of the deealsd documentations. In this case the judge
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could avails hmself of at ec hni c al consul tant, In 1 taldi
déufficio (CTU)O
The art. 61 of the Civil Procedure Cof# regular the technical advice, more in

depth the activity of the expert, that recites

When it is necessary the judge could be helped, frattainment of a
single deed or of the entire trial, by one or more technical consultants
having specific knowledge in that field.

The choice of the expert must be done within the people registered in

specified professional register that are regulatedHzypresent code
The process of the technical advice is divided in different phase.
Designation

The designation is made by an ordinance of the judge. He fixes an appearance
judicial hearing for the consultant to swear in, formulate the question afet con

the task @rt. 191 c.p.d3].). The designation is discretional deed. It could be
required form the parties or from the judge himself.

The first judicial hearing

In the first hearing the consultant after #mmonition of the judge, takes an oath

accoding with the art. 193 c.p.c. . At this point the judge formulates officially the

questions, that were already fixed, that could be some modifications or
integrations.The judge has freedom in the formulation of the question, also when

of the parties requts the nomination of a technical consultant to analyzed some

specific problemsThe definition of them is fundamental for the investigation
procedure carried with the parties ( I n |1
the reading the consultantudd decide to fix immediately the date of starting of

the operation or in another time. The communication of the starting data is crucial

since could a reason for the invalidation of the technical advice.

The parties could nomiPraarttey ocwonn saud rnt sawnlttoa nit
AConsul ente tecnico di parte (CTP)Oo to b

technical advice.
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Investigation activity in consultation with the parties

The activities throughout wtlh the consultant investigaten dhe problemsat
respond to the question of the judge are divided in:

- Operation in the office: in which generally are made studies, deductions
and evaluation in presence of the parties or their attorney;

- In situ operation: developed in the places object of the litigation

Important aspects diie activity of the consultasatre:

- The documents that he could acquire in the pursuance of his task to obtain
useful elements for the anwers to the questions;

- The injunctions, that are required by the parties in order that theltzorisu
consider some specific aspects or circumstances or carried out particular
investigation or tests.

- The observations: scientific, methodological or technical evaluation made
by the parties on the activities of the consultam. example are the

memores arranged by the party consultants.
Conciliation attempt

The technical consultant could make an attempt of conciliation ebatwhe
parties involved in the litigation. The art. 199, , c 8k envisageshat when the
parties reach an agreement, thaydito sign an conciliation memorandum written

by the consultant that should be included in the office file
Register of the technical advice

A proof copy of the report, containing all the different parts, must be sent to the

parties within the terms pseribed by the judge in the first hearing (excluding the

case in which a deferment is required) . The parties have to post their observation

to the consultant and to the other part involved in the litigation. Finally the
technical consultant could registdre final report called technical advice ( in
I'talian ARel azione perital eod) i n which

denied, the deductions of the parties that should be attached.
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After the description of the consultancy process it is reponed/pical structure
of the technical advice

Introduction

In this part are summarized the main togebated in the first judicial hearing.
The designation of the technical consultant, the oath, the parties involved in the

litigation, the starting andrishing gate of the investigation activities.
The question

In this section are rep@dthe questions formulated by the judge after the oath of

the technical consultant.
Description and chronology of the events

Are briefly reported all the meaningful infoation that describes the
circumstances that lead to the litigation and the different role of the involved
parties. This information could be inferred by the documentations and files
delivered by the claimant and the defendant.

Investigation activities

Are reported, in a synthetic way, all the meeting between the parties and the
consultant during the investigative operatibmthis way it is possible to have a
simplified scheme of all the activity developddhe memorandums are integrally

reported ad attdned file in the technical advice.
Description of the place

In this section are reported the main information regardhe property or the
civil work on which the defects are claimeal particular:

- General overview: site angsessed valuation

- Categoryof use;

- General description of the building.
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Answer to the question

The eamination of the different claimed defects is made following the list
presented by the claimant. To simplify the reading could be useful reporting the
answers to the different padf the question, regarding a specific defect, all
together, avoiding croseference that could be confusing. In particular for each
defect are reported its detection and the description, its causes, the responsibility,
time and repairing costs, reportirgso what is been reported during the
investigation and the observation of the parties with reference to the specific

aspect analyzed.
Preliminary memories and observation

In this section is reported a synthesis of the memories if the partiy consultans
developed during the investigation activites and the observation to the proof

report written by the consultant and preliminary send to the parties.
Conclusion

The technical consultant repsra brief summary of what he has previously

explained in depth.

4.3 Methodological focus: The question

The judge has freedom in the formulation of the question, also when of the parties
requests the nomination of a technical consultant to analyzed some specific
problemsThe questions depend on the exanimated case. Howeyecahld

always be divided in three main parts:

1. Introductive part;
2. Central part;

3. Conclusive part.

In the introduction the judge asks officially to the technical consultant to proceed
with the verification defining the boundaries of its action. This pageiserally

standard and has the formulation reported in the following
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ARAccert.i e verifichi il CTuU, esaminat. gl i
espletati i necessari accertamenti, richiesti eventualmente chiarimenti alle

parti o assunte informazioni dartez i ex art. 194, 1 comma c.p.

The judge authorizes the consultant to eximanate the deeds and documents
necessary to carry out the investigation.

In the central part the judge specifies the element to analyzed ( existence of the
defects claimed, their deription indicating causes and responsibility). Depending
on the circumstances this part could be formulized in two different ways:

1 Generic
The typical form is the following:

iSe sussistano o] me n o i Vi zi l ament at i e
ricorrente ed in caso di riscontro positivo, provveda alla loro analitica
descrizione individuandone le cause e la loro concreta imputazione alle

parti in giudizio costituite in relazione alla veste assunta nella realizzazione

~

del |l e opere edild.@ dedotte in atti ;o

The objects of the expert are facts in which all the elements are already been
proved by the parties. The consultant should evaluate data that are been already
ascertain, he should describe the state of the works, the defects and determine

causes and respabiities.

1 Specific

The consultant has the task to ascertain situations that are not verifable without
the use of specific and technical knowledge. The judge asks to clarify specific

technical aspects. Some example are reported:

AQual.i S i a n oggi realizzateprespetto alacdntratto di appalto

intervenuto tra | e parti; o

It is asked to determine which works, defined in the contract, were

realized.
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ifnSecondo qual.i mo d a | i ittécnichedsiamoestatei ve e pr og

eseguité

Which are the desigrechnique and the executive procedures used for the

construction of the works.

ASe dal é al € si siano verificati cedi ment
realizzate da é: in caso affermati vo, i ndi c
cio abbia pregiudicatola i cur ezza del <cantiere e dei | uo

Ascertain the presence of excessive deformation of alterations that compromised

the stability of the structure and the safety of people and things.

If the question are too generic the consultant on the oreelesthe possibility of
conduct the investigation without many constrains on the other hand it could
encountered the opposition of the parties that want that the analysis is conduct
following their presuppositions. In the opposite case, if the questtoo specific

and detailed, the consultant has difficulties in the analysis of the real issues. In
fact during the operation carry with the parties the defect and problems found
could be different with the one claimed at the initial inquiry. The consegusn

an useless and misleading technical advice. In this case, when the consultant does
not see fit the question to the description of the situations and the defects, could
ask specification to the judge throughout an injunction. An optimal solutioe is th
compromise between the specific and generic question. In which inside the
formulation of the generic question are reported specific point that the consultant

should analyzed.

In the final part the judge asks to the technical consultant to evaluatméhand

the construction cost of the repairing works and their consequences, that means
the habitability during the operations or an eventual reduction in the market value
of the property. Should be notice that this evaluation is approximate and based on
the experience and knowledge of the technicians. The consults has not the
assignment of draw up an executive project and for this reason has no

responsibility on it. If there is the need of develop an executive design the judge
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will explain in the questionThe typical conclusion part has the following

formulation:

filndichi i lavori necessari per il ripristino di tutti i vizi riscontrati (senza

che tale indicazione assurga all éestremo

modalitd di massima e quantificandone i co&pecificando se si tratta

stima dei costi comprensiva o0 meno di iva e quale sia il grado di variabilita
della stima stessa), ivi compreso, ove possibile, il minor valore degli
immobili realizzati, i costi per i professionisti e le eventuali sanzioni,

suggerendo anche la stima del tempo necessario per eseguire le opere di

ripristino e specificando se in concomitan

| i mmobil e per cui =~ causa potr”~ essere

The judge asks an approximate eva@raof the works necessary for the
elimination of the defects, without the development of an executive design. The
evaluation of:
- the repairing costs, giving specific references for the different items and
indication how they were estimated ;
- Loss of markt value of the property;
Estimation of the duration of the works, specifying if during the operation the

property could be used.

4.4 Methodological focus: The reference profile of the
technical consultant

The operations of technical advice require the idopof a series of rigorous
procedure characterized by a judgment ws&llictured, logical and progressive.
The technical consultant shouldve particular requirements, as reported in [1]:

- Proved and incontestable professional practice;

- Good knowledge ofuridal process in order to respect the rights of the
parties;

- Capacity of analysis and synthesis;

- Sensitive to human relationship;

- Integrity and impatrtiality;
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- Constant update;

- Independency in the judgment.

With the investigation activities, carry out withe parties, the consultant develop

all the verification necessary to answer to the question of the judge. Give a
definite and univocal answers to complex issue is not easy due to the presence of
intrinsic criticality.

Could be useful the redaction afprotocol to unify and clarify the investigation
procedureThe typical problems that a consultant has to solve are:

1) Evaluation of the existence of the claimed defects;
2) ldentify the causes of the defects dhe responsibilities ahe parties;

3) Evaluationof time and costs of reparation.

Evaluation of the existence of the claimed defects

In the first meeting of the investigation activities the consultant reads the
guestions, examines deeps and documentations reported in the party files, decide
the investigtion procedure, schedule the timing of the future activities and
accepts eventual injunctions of the parties.

In these phase it is suitable:

- The redaction, in accordance with the parties, of a list of the defects

- ldentify code, contractual or technicafgences in order to verify, in an
incontrovertible way, the presence of defects.

- Agree with the parties on the modality with which the investigative
activities will continuous, in particular on the inspection method to use

(visual inspection, insitutest | aboratory test etcé).

The technical consultant should interrupt the activities and ask an additional

hearing when:

- the questions formulated by the judge are not sufficiently ce#rere is
no agreement between the parties on their interpretations;
- The first results of the tests show the need of a board of experts having

specific knowledge of some aspects emerged during the verifications;
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- One of the parties makes impossible the verifications.

The main criticality emerged during this phase te idenification of precise
reference parameter, especially when it is required to evaluate that the works are
realized in accordance with the best practicethis latter case the subjective
interpretation are more frequent since the specific knowledge arlystri
dependent on the experience of the technician and are not always codified in
regulation or manuals. Another problem is related to the extension of the defects.
In this case the consultant cannot conduct verification on the entire area,
especially if n situ or laboratory tests are required. This is because the costs
would be comparable with the one for reparation, so from an economical and
technical point of view it is not convenient. Typically the consultant carry some
tests on specified area whoskoire should be made in accordance with the

parties to avoid opposition or complaints.

Identify the causes of the defects and the responsibilities of the parties

The detection of the defect is not always sufficient for the identification of the
causes andesponsibilitiesIn this case additional tests should be perforriae
interaction with the parties is fundamental to decide the best and easier way of
verification. In absence of agreement the consultant or in the case of expensive
tests the consultamave to request a specific injunction to the judge to obtain the
necessary permissions.

In some cases the analysis of all the possible causes is too complicated and would
lead to extremely long time and the consultant is forced to verify only the most
probable hypothesis from a technical point of view. In this case is suitable that the
party consultant indicate the causes that they retain appropriated to verify. In this

way it is possible to reduce the time of the investigative operations.

Evaluation oftime and costs of reparation.

The evaluation of theaepairing costs should be performed by the technical
consultant on the base of objgetvaluesasthe one take formi The r egi onal

pr i c toilthedliffedent kind of works. The estimation of the iiepg costs is
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often the real reason behind the technical advice hedvariability of all the
concomitant factors mals very complex this operation.

The estimation of the repairing costs has the greater number of uncertainties,
including also the ones stiussed in the previous point. Evaluate with precision
the repairing work necessary for the elimination of a defect, and the consequent
costs, is almost impossible if the causes or the extension of the damages are not
univocally determined.

If the origin of the defect is not clear, reasonably, the consultant is oriented
toward the reparation of the entire portion where the damage is claimed.
Considering the case in which a waterproofing is not installed correctly, leading to
infiltration of water. In orderto identify the exact point in which there is the
disconnection would be necessary the removal of the entire sheats, with costs that
are comparable with the repairing one.

The uncertainties are related to:

- ldentification of the proper design solution fure elimination of the
defect. It is only indicative since the consultant is not in charge of the
executive design.
- The costsd6 variality of the repairing
change in time, furthermore some quantities are completely defirlgd on
during the execution of the works.

After this dissertation on defects, causes responsibilities and cost it is important to

underline some peculiar aspects:

T It is important to report in the technical advice the references to code,
manuals or contractsn which is based the analysis of the defdatglso
important to include the comments and the observation of the party
consultants;

1 Itis important to define the investigation modality in accordance with the
parties, indicating also in this case evehteéerences to the code or to the
techniques to adopted;

1 Itis fundamental to take notes of all the activities and test performed with

a suitablenemorandum elaborated in consultation with the parties.
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In the figure6.43is displayed a @phical scheme parted the main activities and

criticalities of the investigation process.

Criticality: Difficult to define (sbandon of techni-
cal ;mamal and traditional experience
| Visual mspection | —_— | Criticality: Lass objective |

” N -
2. Detection In situ test i ] l Criticality: Need of specific and code references ‘

| Labomtony tast | —— I Criticitality: Burden of proof Extension I

Defect analysis

3. Causes and responsibi- Criticality: Could raquire additional tests that are complax md not
lity ahways useful The eosts could incrasse substantially

4. Evaluation of the costs |—» Criticality: Variability of the  concomintant factors

Figure 4.1 Graphical scheme reported the main activities and criticalities of the investigation
process

4.5 Thematic focus: The relevant defect

The Civi Code makes a definitely distinction
and fArelevant def ectso. The principal di s

denunciation and the prescription period.

The article 1660f the Civil Code[4] regulates the cases which the buildings
shows dissimilarities or faults. The dissimilarity is the disagreement of the work
from the contract; The fault is the lack of quality or an execution that is not in
accordance with the best practice. Independently form the agrethaeseller or

the constructor must deliver the work completed and realized in accordance with

the best practice.
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The relevant defect, instead, is defined by the article ®6@8e Civil Code[4]
that asserts:

Aiin the case of b iniendedifontgeir oature tohdveear pr operty,
long life, the contractor is responsible toward the client if during the first ten

years from the finishing the work shows, entirely or in part, safety problem

or relevant defect. The charge must be done within an jrean the

discovery. The right of the client is expired in one year from the

denunciation. O

The technical consultant should join the technical and the juridical knowledge.
The aim of this paper is to define a connection between these different field to
helpthe technician in the definition of which defect could be considered relevant,

from a technical and juridical point of view.

The ANor me Tecniche di Costruzione 2008
paragraph, establish Principles and requirements fosafety, serviceability and
durability of structures, describe the basis for their design and verification and

gives guidelines for related aspects of structural reliability.

AnThe safety and the performances of a str
the imit state that could be appear during its intended life. The limit state is
the condition s beyond which the structure no longer fulfils the relevant
design criteria. In particular , as defined in specific chapters, the different
type of constructions shial have the following requirements:

- Safety in confrontation of the ultimate limit state (ULS): ability to avoid
collapse or loss of equilibrium of the structure or any part of it, that could
preclude the safety of people, the loss of goods or cause meleva
environmental or social damages;

- Safety in confrontation of the servisability limit state (SLS) ): ability to
ensure the functioning of the structure or structural members under normal

use.[9]

Overcoming only one of these limit state, prescribed &y dbde, implies a

relevant defect in accordance with the art. 1669 c.c. .

59



ChapterlvV FOCUS

The NTC 08 regulate the design and the verification only of the structural

members, more complicated is the definition of relevant defect for the non

structural elements like sealin finishing, plants or any other architectural

element. For these element is possible to refer at the regulation UNI 8289

i Bu i |T7dRunctgpnal requirement of final useisc | assi fi cati ono. T
defines the need of the final users that identify tequirement that each

technological unit oftte building system must satisfy [13]

1. Safety: set of the conditions concerning the integrity of the users, as well as
the defense and the prevention from the damages due to accidental factor
during the service ahe building system.

2. Wellness: set of the conditions concerning the state of the building system
adequate to the |ife, the healthy and t

3. Usability: set of the conditions concerning the aptitude of the buildirtgrays
to be adequate used for the users in pursuance of their activities.

4. Appearance: set of the conditions concerning the way of looking the building
system by the users.

5. Management: set of the conditions concerning the ability of the building
system to beised sparingly.

6. Integrality: set of the conditions concerning the aptitude of the technological
unit of the building system to work together in a functional way.

7. Environmental safeguard: set of the conditions concerning maintenance and

the improvement athe environment in which the building system is located.

The requirements defined in the first three points (Safety, wellness and usability)
are the same prescribed by the limit state defined in the NTC08. The absence of
only one of these could be congigé as a relevant defect. Instead the lack of the
requirements defined in the remaining point (Appearance, management,
integrality and environmental safeguard) does not imply a relevant defect. This
classification could be applied both structural and &chiral elements. The

validation of this could be found in some sentences of the Court of Cassation:
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i The relevant defect are also the phenomer
of the constructions but produce the alteration, in consequence of

unsatisfatory works, of nosstructural elements prominently diminishing

their enjoyment or their value.o(cfr. Trib
Cass. n. 11740/2003; n. 117/2000; n. 4692/1999).

Once again could be considered relevant defect:

it he ¢ o ndeficieneyc that aestrict in a considerably way the

enjoyment or the usability of the building system. They refer to the works in

which the material used are not suitable or not realized following the rules

given by the best practice, also if involves sedeoy elements ( as

waterproofing, flooring, sealing, plant, etc.) as long as they influence

negatively the serviceability and are eliminable only with maintenance

workso (Cass. civ., 6 -042e04). |1, sent. n. 8140

The Court of Cassation clarifitisat :

AThe prescription of the art. 1669 <c¢c. c. re
of the building defect that affect the structural element and the functionality

of the work. Instead the prescription of the art. 1667 c.c regulate the cases in

which the stucture is not consistent with the project or with the contract,

this means that the work is not in accordat
Civ. n. 3002/2001).

A further references, regarding the definition of relevant defect, is present in
literature. h the publishing of10] is reported an illustrative list of the defects that
are been considered relevant on not from a Juridical point of view.

Are been classified as small defect:

a) The detachment of a part of the flooring (Trib. Cagliari 21.04.1995);

b) Defect of a false ceiling and the lightning system with the detachment of a
chandelier (Cass. Civ. 1396/99);

c) Poor execution of plasterworks and the arrangement of the shingles on a
roof (C. App. Napoli 12.11.1998);

d) Defects in the remaking of the electricab'gm and in the installation of
inner and outer frames. (Trib. Milano 26.02.1998)
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e)

f)

Execution of a flooring in discordance with the best practice (Cass. Civ. n.
682/2006);

Defective execution of the waterproofing on the roofing of an outer garage
(Cass. Civn. 7651/1994).

Are been classified as small defect:

a)

b)

c)

d)

0)

Deficiency of the waterproofing with consequent infiltration of water
inside the property (Cass. Civ. n.117/2000; Cass. Civ. 3366/1995)
Presence of dampness due to the lack of insulation (Cass. Civ.
3146/1998);

Crack of the structure, imperfections and dissimilarities that diminuish the
market value of the property without any hazard (Cass. Civ.2977/1998);
Wrong slope of the balcony with consequent infiltration and water
stagnation in the infill wallsGass. Civ. 3301/1996);

Inadequate capacity of biological tank and sewer system (Cass. Civ.
13106/95; Cass. Civ. 2775/1997);

Defect in the heating plant leading to the malfunctioning (Cass. Civ.
1081/1995);

Defects in the flue that lead to the malfunctianiof the heating plant
avoiding the normal enjoyment of the property (Cass. Civ. 2763/1984).

Some exampletaken from the analysis of the Techniealvice on the Court of

Bologna, are reported to better clarify the concept.

Small defect

Cracks

N° R.G 15547/2012

On the wall are been detected crack pattern not ascribable to structural failure.

The defect involves only the plasterwork, without any problem for the safety or

the usability of the property.
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Figure 4.2 Cracks on the plasterwork

Dampness and water infiltration

N° R.G 16783/2012

Small water stain are been detected. During the rainfall event occurs in the day of
the inspection, no evidence of the defects are been displayeghE&nomenon is
occasional and not implies any reduction for the usability and the functionality of

the place.

Figure 4.3 Dampness patches on the intrados of the slab

N° R.G 16783/2012

There are dampnesatpghes on the wall, however the defect do not impair the

usability and the healthiness of the place.
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Figure 4.4 Evidence of dampness on the walls

N° R.G 8593/2012

On the ceiling of a garage are beetedeed water infiltration due to errors in the
installation of the waterproofing. The dampness patch are visible indifferent
portion but considering their extension and the category of use of the room they

do no reduce the usability.

Figure 4.5 Water infiltration evidence on a ceiling

Damages

N° R.G 10064/2012

The majority of the window sills and the thresholds show cement stains producing

an aesthetical damage of the elements.
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>

Figure 4.6 Cement stains on the windows sills and thresholds

N° R.G 13710/2012

The painting shows swellings and scattered detachment. These defects are located
on a balcony and are not able to impair its usability producing adthetical

damages.

Figure 4.7 Detachment and swelling of the painting

N° R.G 13710/2012

The roofing shows cleavages, the shingles are decayed and cracked. Despite the
deterioration there is no danger fbetsafety of the people furthermore within the

strudure are not detected damages.
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Figure 4.8 Deterioration of the shingles

Flooring detachment

N° R.G 10064/2012

There is a detachment between filbering and the sealing of the wall. The cause
of the defect is a defective execution. The usability of the flooring is not

compromised.

Figure 4.9 Detachment between the flooring and sealing of the wall
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Relevant dekct

Cracks

N° R.G 16577/2008

A scattered crack pattern is visible on the wall. The crack are quite wide (6/7 mm)
and are due to an excessive deformation of the slab. The dimensions of the cracks
are bigger with respect to the one repibrie previous documentation. This
means that the phenomenon represent an increasing instability that impair the

static and the functionality of the work.

Figure 4.10 Large crack on the wall

N° R.G 8593/2012

The masonry enclosure shows small cracks due to an excessive deformation. The
code limits the deformation of the structure. The measurement prove that the

serviceability limit state is not verified.
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Figure 4.11 Cracks on a masonry enclosure

Dampness and water infiltration

N° R.G 17868/2012

The water infiltration cause the deterioration and the detachment of a large portion
of the plasterwork surface making impossible the usage of the property.

Figure 4.12 Deterioration of the surface due to infiltration of water

N° R.G 8337/2012

The deterioration of the roof coverage and the lifting of the waterproofing are the
causes of water infiltratiomnside a storage. Despite the phenomenon is quite
limited, the presence of stored materials, expensive equipment and electric cables
lead to a danger situation and reduce considerably the usability.

68



ChapterlV FOCUS

Figure 4.13 Lifting of the water proofingnd consequent infiltration of water

N° R.G 8551/2012

On the wall is possible to see stains due to water infiltrations. Moreover extreme
rainfalls event cause the flood of the rooms preventing the regsdgeuln this
case the water infiltration could not be considered only as an aesthetical damage

but impart the serviceability of the good.

Figure 4.14 Stain on the flooring due tp water stagnation
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Waterstagnation

N° R.G 167832012

The slope of the balcony is not been realized in the proper way. During the
rainfalls event the balcony are completely flood and could not be used for several

day. This defect reduce the their usability.

Figure 4.15Water stagnation on a balcony

N° R.G 10064/2012

The measurements made by using the bubble level show the lack of flatness of the
flooring of the balcony causing water stagnation that prevent the regola usage

beyondthe formation of unpleasant stains.

“““““ “llluu.

Figure 4.16 Water stagnation due to inadequate slope
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Damages

N° R.G 10064/2012

The shutters of the Frenclindow are not aligned. This kind of defect is not only

aesthetical but reduce the usability since leads to losses of insulation.

¥s 7t
it ' 5, e
R £
B

Figure 4.17 Misalignment of the shutter of a Frenchwindow

N° R.G 8551/2012

The railing of the building, made by pfabricatedelements in prstressed
reinforced concrete, are decayed, disjoint and inclined. The cause is an
insufficient anchorage. Between the panels and the case structure of reinforced
concrete cast in situ. This situation is dangerous for the integrity qigbple.

The panel, inclined only for the action of their sgHight, are not able to resist to

the lateral forces defined by the code. The defectaimpthe static of the

elements.
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Figure 4.18Instability of the railing of th e building

Detachment of the flooring

N° R.G 10049/2012

The baseboard is detached form the flooring. The cause of the defect is an
excessive deformation of the slab. Beyond the undeniable aesthetical damage this
defect reduce thieinctionality of the good since the requirement prescribed by the

serviceability limit state in the code are not fulfilled.

Figure 4.19 Detachment of the base board
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4.6 Thematic focus: Etiology of the events

The analysis andhe study of the reasons for which some events or processes

happened ( from the Greek languaifga=cause antbgos= word/speech ), or the

reason that are behind specified occurrences, is an integrant part of the technical

advice. The reconstruction ohe contingency relationshithat is the connection

throughout which is possible to ascertain that a given event otisquence of

a certain action, has a very relevant role.

The word fAcauseo indicates each teingle co
event would not occur. It is important, in every analysis following an event,

distinguish between the two etiological category that identify the temporal and

casual progression of the episode involved in the same event, that are:

- Predisposing causes$ie subsequent phenomenology;

- Triggering causes: in the strict sense the event.

The distinction in these two groups is essential for the techoaagultant in
order to establish, for the juridical authority, exact responsibility profiles at the

differentlevels. [1]

A very practical but exhaustive example is the following:

Considering a tank having an height is equal to 3 m. The level of the water
contained in it is equal to 2,99 m. At a certain point starts to rain. In two hours the
depth of rainfall fakn is equal 2 mm. Obviously the tank would be saturated and

the water overflows. The triggering cause of the flood is the rainfall event, but the
predisposing cause is the fact that the tank was already full. If the level of the

fluid inside it was propdy controlled, there would be not the flood.

Another illustrative example, found during the analysis of the real cases at the
Court of Bologna, is reported.

N ° R.G 5695/2012

After the copioussnowfalls of the January and February 2012 on Bologna, the
detachment and the collapse of a wall covering of a building, used as a school,

occurred causing the closure of the facility. The fault affected an embossed
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portion of the external wall, characterized by the absence of sealing structures on

the side.

L

Figure 4.20 Collapse of the top part of the front and detachment of the wall covering

In order to define the causes and the responsibility some investigation method are
been used:

- Altimetry reading of théacade
- In situ survey

2 v
the jambs between the windows

"

- :
Figure 4.21 Connection element near the windows and in
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Figure 4.22 Anchorage of the wall covering to the frame

- Thermography survey

Tfl
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Figure 4.23 Result of thermography

- Overturning verification

The altimetry readings shoglisplacements of the wall with respect to the vertical
plane up to 62 mm. These valuadicatethe presence of strainstate that could
be considered dangmus in absence of specific information concerning the
realization of the anchorages.

75



Chapterlv FOCUS

The in situ and thermography surveys show thae number of connection,
between the wall covering and the behind structure is insufficient. Furthermore

thetypology ofanchorageised is not able to betweereate an efficient constrain
to the horizontal displacements

For the top part was performed an overturning verification with respect to the
horizontal action of the wind. The calculation are performed by following the
prescription given by the NTC 08 in the paragraph 3.3.. The overturning of the

top part occurs for wind pressures smaller than the values defined by the code.

CANAZ D GRONDA IN mau
Bl RAVE 5/10. {EFU 7.02)

COPERTIRG [N LAWIRA DI R
SPERSORE 8/10. EPU ] 7,04

L MATURA D SOLLZ O\LBITUrO“’«A

TR o 6
CARTONFELTRO Bl g CTNoRAT
DA 700 g/, (
C0FPlA GUANS O ]F ; i
| A PAETEE (1)

INTONACD 14 WALTA CEMENTIZA SP. 15 om. (EU .01}

TURATURA DY L'\TE'R7O SPESSORE UNA TESTA
FACCIA VIS Tt’. EU 401

Figure 4.24 Wall covering detailing

The wind is considered as a rlawntal pressure evaluated
as ANSE DA . 4# Y

The coefficient values changes depending on the surface that is considered, it

being windward, leeward and depending on the type of the roof, they can be

determined by | ookiddgaptpltiltea zii lositer Wzil d rei 0y

per | e Costruzioni o di cui al D. M. 14
Finally has been obtained:
Windward:

P(0,8)= 658,7 N/r= 0,67kN/m?
Leeward:

P(-0,4)=-329,4 N/m= -0,33 kN/nt
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The verification are performed by considering thkes given by the code and the
action calculated befor&@he model used are representative of the behavitre
structuresor the conservative limit case with respect to it. The overturning
resistance is evaluated only for the top part. Th@astareschematized in figure
26.
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Figure 4.25 Schematization of the action acting on the wall covering

The overturning force, due to the wind pressure, can be evaluated imposing that
the stabilized and overturning moment, calculate wépect to the rotation
point, are equal.

The rotation of the panel occurs for value of wind pressure (p = 68,6)kglse

to the ones defined by the code (p = 67 Ky/m

Considering as limit condition the one in which there is the partializatioctsiteu

of the cross section or in absence of connection between the wall covering and the
behind structure, the minimum values are much smaller with respect to the one

prescribed by the code

A first cause of the defects ascrivanle to the snow accumigaton the roofing

of the building. A contributory caise is the lack of maintenance and in particulare
the immediate removal of the snow considering also the possibility of freezing.
However the causes could be entirly ascribed to the lack of an adeggstata sf
connection between the wall covering and the framework and the absence of an
efficient constraind system for the horizontal displacemBiat. responsibility

could be assigned to the copious snowfhdl.fact this situation could not be

consideredn the design andn the construction phases. Despite an immediate
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removal of the snow near the eaves channel could limitat the damages is not
acceptable the the designer and the construction firm had not adopted solutins able
to reduce the thrust of the®m avoiding the detachment and the collaps of the

walls. From the results of the analysis could be defined:

Predisposing causes:
- Lack of an efficient constraind system for the horizontal displacement
- Lack of an adequate system of connection between #fiecavering and
the framework
Triggering causes:
- Copious snowfalls;

- Late removal of the snow on the roofing.

In this case the technical consultant ascribes the responsibilities only to the
professional figure involved in the building process for theeabs of a correct
design, verification and execution of a structure able to withstand to the loads due

to the meteoric events.

4.7 Thematic focus: The expected behaviour

The people are more familiar with the management of the conswnaiile

respect the ppeerties it is easy estimate the shelf life of a mobile phone,
complicated is the estimation of the shelf life of thenpiag of the housegs For

this reason sometime the effects of the normal evolution of a building system

could be considered as defeotsfaults. It is important to define the concept of
Afexpected behavioro that could help the t
of causes and responsibility of the defects on the building elements. Give a
definition clear and unambiguous from a teichl and juridical point of view is

not easy. In fact in the Italian Civil Code there are not background materials that

could help in this task.
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The sentences of the judbecardoin the civil lawsuit number 11428/2003 R.G.,

sets a precedent

At hte of he lauilding works is ascribable to the notion

common in the building technicof expected behavior, that is

the common state of wear due to the timing, so it is not
attributable to the sellers or the <co

From a technical point ofiew the expected behavior of a structure is strictly
related to the concept of long term behavior. The ageing and the decay of the
materials and the technological elements of the building system, especially in
absence of an adequate maintenance or taa® improper uses, are common
phenomena that should be taken into account. When the negative performance are
shown in unexpected time there is a defect or a fault.

The old building tradition and manual are fallen in disuse leading to the
abandoned of thpast knowledge. It is necessary to arrange an adequate activity
of bibliographic research to recompose the set of technical knowledge regarding
the normal behavior of the different kind of building units.

Different example were found in the technical @évof the Court of Bologna. In

the following are reported the most significant that could be a reference for the

technical that deal with this kind of issues.

Expected behavior due to lack of maintenance

All the elements of the building system are subjdteclimatic and environment
factors and situation of common use that lead to the physical degradation. The
periodic maintenance works or the substitution of elements or parties, have the
goal to eliminate or delay the natural degradation, avoiding Bagkices on the

entire building system.

N° R.G 16783/2012Decay of timer elements due to the atmospheric agent

The defect involves the element of an inclined pitched roof having a structure

made in layered wood with a covering of Canadian shingles.aitticplar is
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claimed that after few years form the construction these elements show an high
level of deterioration.

In the contract is specified that the layered rood would be soakea wrotective
treatment described in the technical documents. The product is used for surface
that are not in continuous contact with the soil or water, so not adequate for
sealing, balconies and roofing. The producer recommend to check the state of the
painting within two years from the application and make a renovation if
necessary.

The first treatment was made in October 2006, only in the 2001 the Condominium
accomplished a second protective treatment on the wood structure exposed to
atmospheric agest It is obvious that the specification contained in the technical
documents are not be fulfilled.

The wood structure on the outside are inevitably subjected to dampness, rainfalls,
temperature variation, UV rays. The precautionary measures could onptloela
inevitable degradation process. In conclusion the claimed defect is considered as

an expected behavior of the materials used.

Expected behavior due to improper use

The design solution and the material are selected in function of the service

conditionand the environment in which the structure will be used. An improper
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use of the property, especially in aggressive condition do not considered in the
design phase could lead to unpleasant effects.

N° R.G 6314/2012: Crumbling of a yard flooring

The concete flooring is realized on an external area of an industrial hanger, used
for the loading and unloading of goods.

For these kind of flooring some behavior, within certain limits, could not be
consider as defects but as expected behavior due to thet@®pérthe concrete.

The characteristics and requirements should be defined before the installation
considering the loading condition and the environment in which it is placed.

The crumbling is a loss of cohesion between the cement and the aggregates
contained in the concrete. In the figui®30is possible to see as this phenomenon
involve all the flooring, in particular it i®vident in correspondence of the

gallipots of the service area.

S —— e

Figure 4.27 Crumb]ing of and industrial flooring
Two core of concrete were taken in correspondence of intact and degraded areas.
The sample were exposed to freezing and thawing cycles. The results show that
the combined action of water and salts produces on the surface a deterioration ten

time greater with respect to the effect due to use of only water (without thawing
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salt). There are no evidence of a unusual sensitivity of the concrete to the freeze
while it is sensitive (as expected) to the salt attacks used as defrosted products.

It is possible to conclude that the crumbling is due to an erroneous usage and
management of the service area. In the technical documents, included in the
contract, there are no evidences of required performance for this particular usage.
The claimed defect iascribable to an expected behaviour of the material used.

Expected behavior due to extraordinary action
As mentioned in the A 2.3 fdValutazione d:
2008, for the evaluation of the safety of the structure must bepuebdbilistic
criterion that are scientifically proved. In the majority of the case is possible to
use the semprobabilistic criterion. In the method are compared the resistance of
the structure and the effect of the actions that minimize the structfetly s
(conservative method).
Basing on this approach there is a small probability for which the actions are
greater than the ones for which the structure is designed. In this particular cases, if
all the verification are fulfilled, it is no possible tokalf construction defect.

N° R.G 6950/2012 : Fire

The case is related to the collapse of a structure after a fire.

As known the reinforced structure are not characterized from a good fire
resistance if not properly designed (following the prescriptionnging 3.6.1 of

the NTC 2008). In the case of gabricated elements in which the steel member
are in a coactive state (prensioned or pogensioned) the sensitivity to the fire is
even greater.

The structure is made of: 13 cast in situ columns a@rfglricated plinths, 5

reticular truss, wall covering of pfabricated panels and a concrete flooring.
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R A etin,

Figure 4.28 Partial collapse of a building due to a fire

The majority of reinforced concrete elements show a porousacgurfThe
phenomenon is due to an irreversible dehydration, with consequent destruction of
the crystalline structure of the cement that leads to the decline of the mechanical
property of the concrete. This is an evidence of the fact that during the fire the
temperature was around 600/650° C, if not even higher.

Considering that the thermal conductivity of the reinforcement is substantial, the
exposure to temperature greater than 500/500° C provokes the alteration of the
structure leading to the loss of @kastic property up to become plastic.

The fire burns up in the structure reached temperature much greater of the one
normally considered in the design. For this reason, considering the characteristics
of the steel and the concrete, he collapse could besidered as expected

behavior.

Expected behavior according to the best practice

The different elements of the building systems, especially the finishing, are design

in order to ensure adequate performances, established by the regulation, the best

practiceor the need of the users.

Depending on the type of elements and the materials used are available regulation

and Abest practice material 0 that. defi
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N° R.G 3556/2012: Noisy flooring

The defect involves the & of a flooring. It is placed in rooms used as office and

it is made of porcelain having a thickness of 9 mm and dimension 30 x 30 cm. An
elastic joint is placed each 3 m. The presence of these element is recommended
when the dimension of the flooring ayeite big and able to produce high stress in

the drain mortar. Walking on the flooring is possible to hear that the tiles are noisy
Three in situ test were performed. The results show that the concrete screed has a
thickness of 6 cm and on it is placedaundproofing mat. From the screed were
taken a sample, then thinly pulverized and by using the hygrometer were

measured the level of dampness that is of 2,5 %.

Figure 4.29 Tests on the flooring

The flooring was beat tbhughout a small rubber mallet to identify the number of
the noisy tiles. The result shows that total number is 1490 of which: 553 (49,68
m?) at the ground floor, 729 (65,65)at the first floor and 209 (18,81%rat the
second floor.
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Considering the dnension of a tile equal to 0,09the noisy surface is equal to
134,1 nf. The surface of each floor is equal to

- Ground floor 173,41
- First floor 203,85 m
- Second floor 219,96 M

The total surface is equal to 597,22 fihe percentage of noisy til&s22,45%.

The tests show that: there are not defects on the structure, the concrete screed was
realized in accordance with the best practice. The cause of the noisy could be
ascribable to the imperfect adhesion between the tiles and the screed. However i

IS no possible identify the causes with certainty because the installation was made

a lot of time ago. The claimed defect not deacrease the usability of the floor. It is
important to notice that this issues could be considered, within certain limit, as
physiological phenomenon. The rule CEN/TR 13548 Regol e gener al i p
progettazione e | 0es ec u-adcaumsas cbesistenea pi astr
bonding of the porcelain tiles not lower than 75 % . If the noise is produced from

a portion smallethan 25% , as in the present case, the flooring is considered

functional and well realized. The noise of the tile is ascribable as an expected

behavior.

4.8 Technical focus: The industrial flooring

The concrete flooring are generally used for the reatimatf the finishing in the

i ndustri al area. For this reason they ar
characteristic as high strength, wear resise, continuity (lack of leaks

versatility (installation on different kind of support), high realmat speed,

relative low costs. They do not need much maintenance so are particular used for

this application in industrial areas. Together with resin or superficial treatments

could be used for the flooring of houses, showrooms and commercial spaces,

being a good meeting point between design, quality and price. However the
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innumerable qualities, this solution has a lot of issue related to the intrinsic
characteristic of the concrete and the environmental condition during the usage.
The flooring is made of aoncrete slab having big dimensions. The latters are
responsible of a great numbers of relevant defects. The wide surface in contact
with the air causes the evaporation of big quantity of water during the setting and
the hardening of the concrete. In tloigse the shrinkage is much greater with
respect to the ordinary structure. The consequences are the formation of cracks,
the lack of flatness due to the curling and differential shrinkage between the upper
and the lower part of the slabs. To reduce #irgl of problems are chosen
concrete with low value of hygrometric shrinkage and sometime are used
fluidizing permitting the reduction of the quantify of water without diminishing
the workability.

The slab generally has a hard wearing coating. The layealized applying on

the fresh concrete an anhydrous mixture or anpsed mortar made with water,
cement and aggregates resistant to the abrasion. This sealing increase the
resistance to the abrasion but also reduce the bleeding effect. The latter
phenomenon is due to excessive setting time of the concrete that lead to the
formation of water is some zone creating superficial defects.

Pay attention to the setting time of both concrete and coating is important. If the
coating is placed too late the twoaterial do not mix homogenously with the
formation of overlapping layers that easily separated one from each other. This
effect is called delamination. Instead if the coating is applied too soon, the water
due to the bleeding is stopped on the surfacauser the impermeable coating
prevent its evaporation. The water contained in this portion, is absorbed by the
concrete with the consequent formation of voids. With the application of the
loading the presence of empty cavities cause deep delamination.

The henomenon of the delamination it is not due only to timing problems. A
wrong usage of fluidizing additive, that require éoim agents, can form bobble

of air in the concrete. The air returns to the surface and is catch form the coting
layer with the cosequent formation of deep delamination.

The selection of the aggregate used for the concrete is important. The alkali

contained especially in the coating layer can react with amorphous silica minerals
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contained in the aggregate. The consequence of theiadieraaction is the
expulsion of portion of material, having a conical shape, calledoptp

The variation of temperature and the shrinkage of concrete create stress and
deformation in the flooring with the consequent formation of cracks. To reduce
this physiological and unavoidable phenomenon it is necessary to adopt
continuous solution so the dimensions of the slab are reduced. The flooring need
joints able to absorb the natural dimension variation guarantee, at the same time,
the transmission of theo&ds acting on the slab. Not only the selection of the
concrete is fundamental but also the sizing, the design and the technical expedient
of the slab and the support.

Detailing regarding al/l this aspect coul d
CONPAVIPER [6] © .

The above mentioned code gives information for the design of the structure and
the support, the choice of the materials and products, the installation methods
according with the rule prescribed by the regulation UNI.

The characteristics and requitents for these kind of flooring should be defined
before the installation considering the loading condition and the environment in
which it is placed.

From the previous discussion is emerged that some behavior, within certain limits,
could not be considexs defects but as expected behavior due to the properties of

the concrete. The cod6][furnishes a list of the principal:

- Curling: the designer should indicates the tolerances in order to adpot the
right solution to reduce the pathology.

- Cracks in theelevation corners due to high stresses bigger than the ones
intrinsic to the concrete. The designer and the client have to agree with on
it and decide the limitations.

- Chipped in the corners of the joints: the aggregate in that point are wrap up
in an insdficient way from the cement. The designer should specify the
solution to improve the behavior in time.

- Small web cervices: all the cement structure show thus defect that do not

compromised the long term behavior.
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- Efflorescence: anesthetically phenomenoshown in presence of
dampness, that is unavoidable for concrete. It do not compromised the
durability of the flooring.

- Finishing: along the wall, the basements and columns and other area do
not reachable form manual instrument, it is possible to have nikotrmn
textual structures.

- Chromatically differences: the concrete is not an homogeneous materials.
The color difference is due to different causes going from the instrument

used to the humidity level.

Other references regarding the industrial flooringtheetechnical regulation, also

if they are mandatory only if insert in the contracthe more important

regulation is theUNI 11146- A Pavi ment i di calcestruzzo
Criteri per | a progettazione, Obdhatcostr uzi

defines the functional requirements for the system:

- Typical defects of these kind of structures;
- Fundamental requirements to fulfilled;

- In-depth analysis of the construction phase.

The analysis of the cases analyzed on the Court of Bologna sleofalfowing

issues.
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Photographic reports

Cracksand curling

Figure 4.30 N° R.G. 10141 Crack on the flooring of an industrial hanger
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Figure 4.31 N° R.G. 10155/2012 Crack othe concrete flooring of a garage
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Figure 4.32N° R.G. 2188/2012 Crack on tb concrete flooring of a garage

Figure 4.33N° R.G. 10141/2012 Curling of a concrete slab
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Delamination and crumbling

al industral flooring

- 55

Figure 4.34 Crumbling of an extern

Figure 4.35 N° R.G. 6314 Delamination of an internal concrete flooring
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Swelling and chromatic discoloration

A i

Figure 4.36 N° R.G. 6314 Swelling of the concrete

Figure 4.37 N° R.G. 6314 Chromaticnon homogeneouslue to the presence of oil
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Reference regulations

- Regulation UNI 11146 iPavi ment i di calcestruzzo
Criteri per | a progettazidelsettenbrel a costr
2005 [16]

- Best practice code made by CONPAVIPER [6]

- Guideline on the structur al concrete 7
Lavori Pubblici [5]

- DM9%ifiNor me Tecniche per il <calcolo, | be
strutture in[9%emento ar mat oo.

Investigation methods

Concrete characteristics

1 Sampling

The analysis 09f the sampling allow the evaluation of the compactness and the

grain size of the concrete. Furthermore permit to ascett@npresence of

eventual crackgheir direction and deepness
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Figure 4.39N° R.G. 6314 sampling of the outeconcrete flooring

1 Mechanical resistance test (according with rule UNIE5041 [21] and

UNI EN 123963[19])

The extracted samples, if properly prepared throughout, could be used

compression tests.

Carota diametro a Resistenza Resistenza
(sigla) @, mm pporto hid ull:btrjr?l?ﬂ% = CuMb’lncflmEc'
2 94 1,05 26,75 26,75
3 94 1,05 37,90 37,90
4 94 1,07 3242 3242
5 94 1,09 3343 3343
6 94 1,09 31,12 31,12

media: 32,32 32,32
A 94 1,88 32,13 38,56
C 94 187 38,19 45,82
media: 35,16 42,19

Figure 4.40N° R.G. 6314 Results of a compression test
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The concrete should have a sufficient naaghal resistence and a failure mode
consistent with the prescription of the rule UNI EN 123909]

1 Optical analysis to the polarizing microscope (according with the rule UNI
EN 12407 [20])

This kind of analysis is used to verify the presence of detatghpteenomena
between the cement and the aggregate of the concrete, that lead to the formation
of hairline network going toward the outside or the formation of air layers. These
defects are ascribable to concrete defect as the bleeding in the initialgbhase

installation.

Figure 4.41N° R.G. 6314 image of a portion of concrete taken from the microscope

Cracks and delamination

1 Insitu surveys

Are cuts of the concrete slab, that could have different dimensions, realized in
portionaffected by the crack phenomenon. With this test is possible to evaluate:

The width of the craks, that could involve only the surface or the entire concrete

layer.

The stratification of the layer and the amount of reinforcement present and

compare them wit the indication given in technical documents
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JE

Figure 4.42N° R.G. 10141 Example of irsitu survey

1 Crack opening

The crack are a physiological defect of the concrete flooring but their presence

should not influence the funomality. To evaluate if the cracks are purely an

aesthetical defect could be evaluated the limit state related to the crack opening
defined by itNoe MmOMTO60BIi che per i cal col o
collaudo delle strutture in cemento armato. Cogrsng) the exposure class of the

structure and according to EC, the width of the cracks wk has to be smaller than a

fixed value. The best practice code edited by CON.PAVI.PER. specif@8.a8t

that The limit state for the crakcs must be defined in th&reat considering the

serviceability condition and the environment in which the flooring will be

installed.
1 Ultrasound investigationg€cording with the rul&/NI 9524 [14])

The tests are conduct on different section of the flooring. The presencescdtfsdef
produce a reduction of the propagation speed of the waves that are measured.
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PUNTO tm:spo dht:mnza, \re::;;iﬁ mel-ld;a t mi:!ti: W
62,91 20 3179,1
E1 60,7 20 32949 | 6562 | 306826
73,24 20 2730,77
61 20 3278,7
E2 68,4 20 2924 65,23 3073,10
66,3 20 3016,6
68,54 20 2917 81
E3 66,67 20 3000 54,79 3099,59
59,15 20 3380,95
68,8 20 2907
E4 66,67 20 3000 67,72 2953,73
87,7 20 29542
73 20 27397
E5 61,03 20 327692 | 68,68 | 2093147
T2 20 2777,8
80,8 20 24752
E6 89,2 20 22422 | 8358 | 239805
80,75 20 2476, 74
62,1 20 3220,6
E7 64,6 20 3096 63,27 | 3162,07
63,1 20 3169,6
67,4 20 2967 4
E8 78 20 2564,1 78,57 2582,10
90,3 20 22148
3500-4000
r -0
N 2000-3500
2500-3000
—E 2000-2500
1500-2000
N 1000-1500
f T f f F ms00-1000
1 2 3 4 5 1] 7 a8 B 0500

Figure 4.43N° R.G. 634 results of an ultrasound test

1 Ultrasound propagation speed on the samgdedrding with the rul&NI
9524 [14])

The test are conduct with an impulse generator having a frequency of 50 Hz and
recurrence equal to 6 Hz, by using the transparency method (direct method)

between the inner and @utparts of the sample

2 (valore medio) 4
2(" 170 52,96 3109,93
3(") 170 49,09 346274
4 170 48,90 347641
5 105 28,62 3668,50
6 170 46,50 3656,08

(*) spolvero superficiale non presente.

Figure 4.44N° R.G. 6314 resultof an ultrasound test on samples
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Crumbling

1 Evaluation of the resistance fi@ezing and thawing cycles presence of
salt (UNI EN 1338:2004 ANNEX D [18])

The sample of concrete is subjectedreezing and thawing cycles. Tleentent

of soluble chlori@ is measured on concrete fragment, prior pulverization
according with the rule UNI 99445].

The test are performed considering both the action of the only water and the
combined action with the salt. If the results of the latter experiment show evident
sign of degradation greater than ten times the effect produce only by the action of
the water is possible to ascertain the the coating layer do not protect the concrete

by the chloride attack.

Figure 4.45N° R.G. 63l4 sample subjected to freezing and thawing cycles
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Carota B1 SU SPOLVERO CON SALE
Carota B2 SUCALCESTRUZZO CON SALE
Carota D1 SU SPOLVERD SENZA SALE
Carota D2 SUCALCESTRUZZO SENZA SALE

sigla perdita di massa per unita | massa di materiale sfaldato area della
CARQDTA di superficie, dopo 28 cich, superficie di prova,
kgfm” mg mm-
B1 561 34700 4148
B2 EAT 21700 4149
D1 0,55 2300 4149
D2 0,71 3000 4149

Figure 4.46 N° R.G.6314 Results of the freezing and thawing cycles

Swelling and chromatic discoloration

1 Chemical and physical analysis

These kind of analysis are performedverify the reactivity of the concrete to

determined substances contained in the environment in which the flooring is

placed. The surface and an inner portion of the slab are put in contact with the

substance in certain temperature and dampness conddran§ixed time.

At the end of the cycle is evaluated the state of the samples. In particular if they

show alteration, fractures or detachments.

Figure 4.47 N° R.G. 6314 sample subjected to chemical analysis

100



ChapterlvV FOCUS

Reparation works

Swelling

The works consist in localized staking of the flooring in order to remove the
ingurgitated objects and the creation of an adequate location for the reconstruction

materials.

Delamination

To repair this kind of the defects is necessary the rembgalamaged superficial
layers. The intervention consists in the milling of the surface up to the untouched

concrete. Thethe superficial layer is remade

Crumbling

The repairing works for the crumbling of the concrete due to salt attack are the

following:

- Removal of the damaged layers up to the untouched concrete throughout
milling.

- Dusting of the surface and application of a primer increasing the adhesion.

- Application of a concrete coating adequate for the serviceability
conditions.

- Water proof treatmentf the finishing layer to reduce the absorption of

meteoric water. It is recommended a regular maintenance of the surface.

Cracks and delamination

The repairing works for these defects are the following:

- Removal of the portion of slab subjected to craahkd curling.

- Remake of the flooring according with the best practice including the
realization of the necessary joints.

- Creation of a joint able to separate the flooring with the structural
elements.

- Remake of the coating layer.
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Chapter V

Analysisof thematrice® ef f i1 cl enc

In the prevous chapter the database and the matrices were described and the
analysis of the data related to the year 28id 2012eported.

The first step fothe editing of the present thesis was the collection of the data
related to the cases of the year 2012 on the Court of Bologna. The aim of this
activity is not just to increase the knowledge of the defects in building
construction, but also understane #ifficiency of the developed system. The data
entry shows different issues regarding the database and, in particular, the
matrices.

In this chapter the attention is focused @l the difficulties encountered during

the compilation of the database athe significat improvements that can be

madeto oltain an efficient system of collection aadalysis of the data
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Chapter V ANALYSIOF THE MATRICEBEFFICIENCY

5.1 Critique analysis of the matrix

The effectiveness of the matrices is done by the evaluation of the statistic of the
year 2011. Thas to this evaluation the main issues related to matrices can be
discussed angdroperalternativescan be found for their solution. In this chapter,
differently from the previous one, the main point is not to analyze just the main
data of the chart, butig into the specific data connected to the detailed
information.
In this chapter, working hypothesis of how to change the matrix will be proposed,
whereas the ultimate solution will be discussed in the next chapter.
The enhancement could be done iried#nt ways:
- Punctual improvement: increasing or decreasing the number of entries
related to the item in consideration;
- Global improvement: changing the rationale behind the items;
- Improvement of the classification: make reference to the codes in order to
avoid misunderstanding .

MATRI X A

1. In service 88%

d. Temporal detection 2. Under construction 12%

Table 5.1 Inquiry on the matrix A: Temporal detection

No issues are revealed in the cage above, the entries are able to collect and show

all the possile cases.

1. Residential area 79%
2. Commercial area 6%
e. Category of use 3. Industrial area 10%
99. Other 6%

Table 5.2 Inquiry on the matrix A: Category of use

Analyzing a | arge number of | awsui ts, [
alterndives increased.
Some | awsuitsd goals are to wuse building

regarded the defect on street or parking, in this case the entries are not adequate.
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The solution of this problem is simple: the addition of new entries atsthes |

enough to solve it.

1. Reinforced concrete 21%

2. Steel 9%

. 3. Masonry 40%

f. Type of construction 2 Timber %
5. Mixed 28%

99. Other 2%

Table 5.3 Inquiry on the matrix A: Type of construction

Different issues can be found for this entnyparticular

- Lack of a precise references in order to classify the different structural
type.Sincethe insertion of the data should be the least possible arhitrary
IS necessary to refers to the code for the definition of the structural type

- From theexperience is appeared thatthe majority of the cases ,the
technical advice of this informationis not reported by the technical
consultant. This kind of information is not strictly necessary for the
analysis of the defect and is not requested byjutige either. In this
situation, the addition of a new entry is necessary in order to avoid wrong

interpretation of the results.

1. Public 2%
g. Property 2. Private 94%
99. Other 4%

Table 5.4 Inquiry on the matrix A: Property

This item does not prest particular problems, is enough to show and collect the

different cases that is possible to face in the civil lawsuit.

1. Citizen 68%
g. Property 2. Private 2. Society 17%
99. Other 9%

Table 5.5 Inquiry on the matrix A: Property - Private

Most oft he t i me, in the | awsuit the cl ai mi ng¢

civil law is not completely clear about the definition of this party and its right, so
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its classification could create uncertainty. An easy and feasible solution is to insert
into it new entries.
MATRIX B

Looking at the results of the year 2011 the defects claimed in the civil lawsuits are

various and can be of different types.

1.Water infiltrations 13%

2. Dampness/Mold 11%

3. Crack/Small crevices 8%

4. Poor wokmanship 22%

5. Impact 7%

. 6. Incomplete work 11%
¢. Kind of defect 7. Deformation 6%
8. Deterioration/Damage 3%

9. Code violation 9%

10. Agreement violation 1%

11. Unexpected behaviour 5%

99. Other 5%

Table 5.6 Inquiry on the matrix B: Kind of defects

Any case can contain inconsistencies. First, the number of possible choices is
quite high leading to the inefficient analysis of the results. Second, values used to
classify a specific defect are too gener
creating nisjudgment issues. To better understand the problems mentioned above,
common problems emerged during the analysis of the lawsuit in the Court will be

presented.

- Often, in the claim, the infiltration and dampness are reported together,
because most of ¢htime, for example, the dampness patch and presence
of molds are due to the infiltration of water. Identify which one is the
main problem is difficult to understand , because the explanation of those
defects is not welldefined. In order to avoid thekind of problems is
important to consider the relation between the defects and the voice could
be jointed.

- A entry that appears meaningless is il

under the voice fidefect O but can been
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total collapse. It could be erased and replaced by another parameter that
is more clear and specific to the situation

- The presencef a defect implies that the behavior of the component is
not consistent with the expectation otherwise it not would beidenesl
like that. The unexpected behavior is not a real defect, it is included in
each entry of the listor example: a customer commissions a fiion
the installationof a flooring, after a whiléhe flooring shows signs of
deformation or misalignmentf ahe tiles. Obviously the client doemt
expect this kind of malfunctioning, and the claim in the lawsuit,
probably, will bet the flooring not planted properly.

- In some case the choice to insert an additional entry in the chart is due
by the lack of abetter alternatives. In some lawsuits, the claim is the
generic malfunctioning of the plants, this kind of defect could be
interpreted as damages of the plants, and the creation of a new entry

could be useful for a proper classification.

0. General 31%
1. Rainwater leakage 50%
2. Groundwater infiltration 6%

.Ki 1.Water infiltrations - -
¢. Kind of defect 3. Leakage due to inner plant diseas¢ 6%

4. Leakage due to outer plant diseas{ 6%
99. Other 0%

Table 5.7 Inquiry on the matrix B: Kind of defect- Water infiltration

Looking at the databove, regarding the water infiltrations, the voices in the
cagesreflect the real issues we face in the reality.

Looking at the percentage related to the water losses due to plants disease, and
considering tk low influence, they could be joint, in fact whether the rapture of

an inner plant or outer plant lead to the same consequences.

0. General 0%

i 4. Dampness patches/Plasterwork degradatio| 62%

¢. Kind of 2. Dampness/Mold P P g >
defect 2. Mold growth 38%
99. Other 0%

Table 5.8 Inquiry on the matrix B: Kind of defect- dampness/mold
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From the statistic and the cases analyzed, the entries present list is able to collect
the possible situations that could be found in reality. The percentage related to
NfnGealko and to Aothero are equal to zero, r

are na present different situations.

0. General 18%

. . 1. Crack greater than 3 mm 36%

c. Kind of defect 3. Crack/Small crevices g - 0
2. Small crevices 36%

99. Other 9%

Table 5.9 Inquiry on the matrix B: kind of defect- Cracks

The data of thiskindofdee ct ar e various, t hiequitener al 0
high. It is not a surprise since, from the experience, in the greater amount of the

technical advice, the crack opegiis not measured.

0. General 75%
1. Flooring and covering joint 0%
2. Plasterwork not flat 7%
c. Kind of defect | 4. Poorworkmanship | 3. Irregular joint in outer skirtindpoard 0%
4. Erroneous sewers 0%
5. Notvibrated asphalt 0%
99. Othe 18%

Table 5.10 Inquiry on the matrix B: Kind of defect- Poor maintenance

Particular meaningful are the results shown in this list. As it is possible to see

from the statisticjn nearly every case he def ect is |isted I n
i ot h e rmeans that the classification is useless. From the experience, it is

evident that the kind of defects related to execution error are a lot and could

involve every kind of element. List all the possible cases entail the creation of an

infinite  list wherethe numbers of entries become uncountable. The only

possibility is to avoid any specification.

0. General 56%
1. Total collapse 0%
. 2. Partial collpse 22%

. 5. Impact —
c. Kind of defect P 3. Shiding 11%
4. Crack 11%
99. Other 0%

Table 5.11 Inquiry on the matrix B: Kind of defect - Impact
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As mentioned b ef de ensidered aspeal @nd effectvea n n o t

defect. It is seeras a cause so any of thiass no meaning.

0. Gereral 43%
1. Sidewalk defanation 0%
2. Flooring deformation 57%
. . 3. Deformation of inspectio 0%
c. Kind of defect | 7. Deformation manhole ’
4. Deformation of grid/
inspection manhole 0%
covering
99. Other 0%

Table 5.12 Inquiry on the matrix B: Kind of defect - Deformations

Before we mentioned the defectaused by the poor workmanship, this is a
detailed list which shows that a lot of named cases are missing, ancheach
the defect is collected in fAgeneral o.

without the addition of multiple entriei$,is preferable to avoid any specification.

0. General 100%
. 1. Finishing 0%
. 6. Incomplete work
c. Kind of defect p > Plant 0%
99. Other 0%

Table 5.13 Inquiry on the matrix B: Kind of defect- Incomplete works

The specification related to the oraplete work are redundant in fact the element
on which the defect claimed is described in another memice of the matrix.
The solution of the problem of rexddancy could be solved or, at leasteducel

by changing the order of hatlve information argiven.

If in the first step is described the locationdathe kind of element where the
defect is loated, inthe latter it is possible to avoid somgesification that are

already mentioned as reported in the example below.
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Location: Covering

|

Kind of element: Finishing

|

Kind of defect Incomplete work

In this way there is no need of further specification

Figure 5.1 Example on a possible improvement for the matrix B

1. Basement 11%
d. Location in the 2. Elevation (excluding roofing 76%
building 3. Roofing 10%
99. Other 2%

Table 5.14 Inquiry on the matrix B: Location in the building

The civil lawsuit could involve not just any single element of the building but any
civil work. In the cases, a road or any other accessory construckien, t

classification results inadequate. Some entries to indicate external location should
be added.

1. Framework 31%
e Kind of element 2. Finishing 49%
3. Plant 20%

Table 5.15 Inquiry on the matrix B: Kind of element

As before the classification is nable to describe the elements of any civil work

but only the el ements of a building.
Urban Building Coded where the defect
related to the useful surface or volumetricangruence, none of the entries is
correct.

0. General 35%

1. Foundation element 0%
e. Kind of element |1. Framework 2. Vertical structural element 35%

3. Horizontal structural element| 28%

99. Other 3%

Table 5.16 Inquiry on the matrix B: Kind of element- Framework
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0. General 50%
e. Kind of 2. Finishing 1. Outer (Covering, coating, ecc) 27%
element ' 2. Inner ( Plasterwork, floorindixture, €tc) 16%
99. Other 6%

Table 5.17 Inquiry on the matrix B: Kind of element- Finishing

0. General 68%
. 1. Plumbing/Gas plant 20%

. 3. Plant -
e Kind of element 2. Electrical system 4%
99. Other 8%

Table 5.18 Inquiry on the matrix B: Kind of element- Plant

The specifications related to the type of element are too general, and more
important, tlkere are no references to classify them univocally. For this reason this
list should be organized and developed according to the indication of the rule UNI

for the classification of the technological system of the building.

MATRIX C
1. Visual inspection 87%
2. In situ test 2%
b. Inspection method 3. Specific test 3%
4. Drawing check 0%
99. Other 8%

Table 5.19 Inquiry on the matrix C: Inspection method

No descripion of the inspection method provided so the choice depeadn
how the techniciansnterpret the different entrieg\nother problem comes up

when more than one method is used even whesendt pssible.

1. Yes 0%
2. No- Relevant defect according with art. 1669 cc 3%
c. Expected behaviar | 3. No- Poor ordinary/extraordinary Maiemance 15%
4. No- Code violation 73%
5. No- Agreementiolation 9%

Table 5.20 Inquiry on the matrix C: Expected behavior

The definition of relevant defednd expected behavior ame of the most
common issugin the lawsuits since neither the gprudence nor the technical

code define them properlizor this reason classify the defect in just one specific
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category is not easy and often the final place in a certain category is based on the

interpretation of a technical consultant.

Some important sues are underlined:

- The expected behavior is related to a kegn which may or not result in

a degrading behavior. The degradation of an element due to a lack of

maintenance, therefore not ascribable to the seller and the construction

firm, could be casidered as expected behavior, this aspect is not clear in

the classification used in the database;

- Therearesomet her defects that camwriheat be cl a
be ascribable to code or agreement violation. The classification in this case
resuls completelyi nsuf fi ci ent defectismet consideredi s mal | 0

at all.

d. Level of impairment

1. Structural safety/stability

12%

2. Functionality/Usability

47%

3. Appearance

35%

99. Other

7%

Table 5.21 Inquiry on the matrix C: L evel ofimpairment

There are not particular problems related to this classification, but alefeied

classification with reference to the UNI classification would be better.

MATRI X D

a. Cause of the defect

1. Poor materials

8%

2. Poor execution

56%

3. Design errors

3%

4. Site manager errors

0%

5. Negligence

5%

6. Collision

6%

7. Incomplete works

12%

99. Other

9%

Table 5.22 Inquiry on the matrix D: Cause of the defect

The classification of the causes of the defect seems to be pretty clearisTjust

one aspect omitted; sometimes the causes which create a specific defect are not

indicated in technical advice. The reasons can be different;
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- Itis impossible to determine;
- The judge does not require the identification of the causes in the
gusstion;

- The technical consultant omits this information.

The addition of an entry for this specific situation would improve the
effectiveness of the matrix. Another problem is related to the specifications of the
cause of the defect that are too general, andore important there are no
references which classifies them univocally. For this reason this list should be
organized following the indication of the rule UNI for the classification of the

technological system of the building

1. Concrete 13%

2. Steel 13%

3. Bituminous sheath 50%

4. Pgperwork 0%

5. Flooring 13%

6. Covering 13%

3' ]E:ause of the 1. Poor materials 7. Tinsmithery 0%
etect 8. Glass 0%
9. Plywood 0%

10. Wood 0%

11. Reinforcement 0%

12. PVC tubing 0%

99.Other 0%

Table 5.23 Inquiry on the matrix D: Cause of the defect Poor materials

The percentage of cases whettige defect iscaused bypoor mateal is quite

small, this explairs the reason of many empty entries. Except for some voice
which belongs ta certain category, there are other elements such the plywood
which is too much specific and can be cataloged to the wood, but for a better and

well done evaluation of this particular item is necessary to collect more data.
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1. Concrete installation 11%
2. Concrete supply 4%
3. Reinforcement installation 0%
4. Plasterwork installation 7%
5. Bituminous sheath installation 15%
6. Flooring/Covering installation 13%
7. Window installation 2%
8. Door installation 4%
a. Cause of the . 9. Sheet pile installation 0%
defect 2. Per execution 10. Excavation 4%
11. Drainage of water 0%
12. Vibration 0%
13. Screed coat adjustment 2%
14. Exhaust pipe installation 0%
15. Heating plant 2%
16. Absence of spigot for cold/hot wate | 0%
17. Wrong location of the valve 0%
99. Other 38%

Table 5.24 Inquiry on the matrix D: Cause of the defect Poor execution

Looking at the statistic isvident that the greater numbmrdata in cotained in
the entry 0o tthaethe iatrix is nad efficiént. The engies are too
specific, the possible cases are too much & impossible to list all of them

The solution is to maka more generic classificatiamoidng any speciftation.

1. Geological/geotechnical relation| 0%

2. Structure calculation 67%

a. Cause of the _ 3. Executive design 0%
3. Design errors —

defect 4. Lack of detailing 0%

5. Urban restriction violation 33%

99. Other 33%

Table 5.25 Inquiry on the matrix D: Cause of the defect Design errors

Thereare not particular problems related to this classification.

a. Cause of the , 1. Poor ordinary maintenance 64%
5. Negligence
defect 99. Other 36%

Table 5.26 Inquiry on the matrix D: Cause of the defect Negligence

a. Cause of the - 1. Impact with a vehicle 45%
6. Collision
defect 99.Other 55%

Table 5.27 Inquiry on the matrix D: Cause of the defect Collision
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Negligence and Collision cagemet@mgener i ¢, t hatlooksngatnder st an
the percentage of .data included in fiot her ¢
MATRI X E
1. Designer 5%
2. Site manager 3%
3. Construction firm 51%
a. Reponsibilit 4. Tenant 1%
) P y 5. Condominium 10%
6. Seller 2%
7. Adjacent property 3%
99. Other 12%

Table 5.28 Inquiry on the matrix E: Responsibility

The definition of the responsibyitis a delicate aspect. The first problem that
comes to light is the lack of reference in order to attribute it. Another aspect that
should be considered as main factor is that, often, the responsibility are not
clearly attributed to a subject or to anaththe reason could be different:

- Itis impossible to determine it;

- The judge does not require the identification of the responsibility in the

question;

- The technical consultant does not put this information.
The addition of an entry to evaluate this cfie case would improve
considerably the effectiveness of the matrix, in fact in the compilation of the

database the data should be not interpreted or deduced.

1. Geological 0%
2. Geotechnical 0%
3. Foundation 0%
a. Responsibility | 1. Designer 4. Structural 50%
5. Architectural 13%
6. Finishing 38%
7. General 0%

Table 5.29 Inquiry on the matrix E: Responsibility i Designer
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1. Structural site manager | 100%
a. Responsibility | 2. Site manager | 2. Architectural site managq 0%
3. Geneal site manager 0%

Table 5.30 Inquiry on the matrix E: Responsibility 1 Site manager

0. General 0%
1. Contractor firm 89%
a. Responsibility | 3. Construction firm 2. Subcontractor firm 9%
3. a.ti Firm 2%
99. Other 0%

Table 5.31 Inquiry on t he matrix E: Responsibility- Construction firm

There are not particular problems related to the specification of the responsibility,
they collect and explain well all the possible classification.

Looking into the statistic some entries related to thpaesibility of the designer

or site management, maybe, could be joint together, since the collection of the
data is only at the beginning and the lawsuits are a significant small number, this

could be avoided.

5.2 The new matrices

The matrix are a dynamic t®oin the sense that, on the bases of the experience
and the increase of the knowledge in this field, they could be modified in order to
collect information in a more efficient way.

The new matrix, created for the solution of the above mentioned issges, ar

presented in this paragraph and discussed in the detail in the following chapter.
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Matrix A: General information on the construction where the defect is
located

1. ATP
2. Civil lawsuit

a. General Rule

b. Description

c. Address

d. City

. In construction
. In service

e. Structure condition

. Residential areas

. Commercial area

. Industrial areas

. Economical areas

. Recreational areas

. Traffic and parking areas
99. Others

f. Category of use

O|A|R|WIN|IFLIN|P-

1. Reinforced concrete
2 .Steel

3. Masonry

4. Timber

5.Mixed

99. Others

g. Type of construction

1.Pubblic

1. Citizen

2. Society

h. P 2. Private s
roperty 3. Condominium

99. Other

99. Others

1. Yes
2. No

i. Indirect damage
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Matrix B: General information on the defect

a. Progressive

number
1. Basement
b. General 2. E]evation (No
L roofing)
Ioc_at!on in the 3. Roofing
building 4, Outside
99. Other
0. General
1. Foundation structure L.Shallow found'atlon
2. Deep foundation
1. Vertical
1. Framework 2. Elevation structure 2. Horizontal and inclined
3. Spatial
3. Retaining structure L VerFlcaI
2. Horizontal
. 1. Perimeter walls
1. Vertical closure -
2. Clousure 2. Outer window frames
element . 1. Ground slabs
2. Horizontal closure -
2. Covering
. . 1. Walls
1 Vertical partition > Window frames
1. Slabs
. . . 2. Mezzanine
3. Partition 2 Horizontal partition 3. Windows frame
4. Bakonies or loggias
. .. 1. Stairs
c. Kind of 3. Inclined partition 2. Flight
element 1. Air-conditioning plant
2. Water and sanitary
system
3. Waste disposal plant
1 Supply of services plaif 4. Gas supply plant
4 Plant 5. Electrical system
6. Solar paels
7. Rainwater removal
system
1. Fire system
2 Security plant 2. Grounding system
3. Circuit breaker lines
0. General
1. Flooring
2. Covering
5. Finishing 3. Shingles/Rgof tiles
4. Waterproofing
5. Fiber/Membranes
6. Insulation
99. Other
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1. Streets

2. Sidewalks

6 Street/Pertinancq

3. Enclosure/Barriers

work

4. Meteoric water

c. Kind of
defect

regulation
5. Other
1. Territorial surface
2. Landed area
3. Covered surfae
1. Surface
4. Useful gross surface
5. Useful surface
6. Accessory surface
7. Urban elements 1. Planivolu%etric shape
2. Volume 2. Total Volume
3. Useful Volume
. 1. Chamber height
3. Height 2. Building front height
99. Other
99.0ther
0. General
1. Rainwater leakage
2. Groundwater
infiltration
3. Leakage due to plant
1. Water disease

infiltration/Dampne

4. Dampness patch

SS

5. Plasterwork
degradation

6. Mold growth/
efflorescence

7. Water stagnation

99. Other

0. General

1. Small crack

2. Crack 2. Small cervices
3. Diffused cracks
99. Other
0. General

3 1. Rapture/Fracture

2. Separation

Damage/Deterioral
ion

3. Discoloration

4. Stain

99. Other

1. Flexion

2. Traction

4. Debrmation

3. Slump/swelling

4. Sliding

99. Other

1. Partial

5. Collapse

2. Total

99. Other

6. Malfunctioning
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7. Defective
workmanship

1. Technical regulation
2. Building Urban Code
3.
Territorial/Environmenta
| plan

99. Other

1. Incomplete work

2. Supply of constructior

8. Code violation

9. Agreement material

violation 3. Dissimilarity with the
project
99. Other

99. Other
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Matrix C: Detection and quantification of the damages

a. Progressive number

b. Confirmation

1. Yes

2. No

c. Insection method

1. Structural safety

2. Wellness

2. Usability

3. Appearance

99. Other

d. Expected behaviour

1. Si

2. No

e. Level of impairment

1. Strictural safety

2. Wellness

2. Usability

3. Appearance

99. Other

f. Repairing time

1. Free text

1. Not request in the question

2. Not reported

2. Not evaluated

3. Already evaluated in anoth
matrix

4. Null

5. Incomputable

99. Other

g. Repairing costs

1. Price or insurance value

1. Not request in the question

2. Not reported

2. Not evaluated

3. Already evaluated in anoth
matrix

4. Null

5. Incomputable

6. Decrease in value

99. Other
h. Agreement before 1. Yes
sentence 2. No

I. Compensationmethod

1. Remedial work by the guilty
party

2. Monetary compensation

99. Other
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Matrix D: Cause of the defect

a. Progressive number

b. Cause of the defect

1. Poor materials

1. Concrete

2. Steé

3. Wood

4. Aluminumand other metals

5. PVC and other plastic

6. Glass

7. Masonry/Bricks

8. Tiles/Shingles

9. Paints/Covering

10. Backfill

11. Protectivemembraneéibers

12. Resins/Foams

99. Other

2. Poor execution

1. Not consistent with the best
practice

2. Not consistent with the
agreement

3. Not consistent with detailing
specification

4. Not consistent with the
project

5. Incomplete work

99. Other

3. Design errors

1. Geotechnical calculation

2. Structural calculation

3. Executive design

4. Lack of detailing

99. Other

4. Code violation

1. Not consistent with the
technical prescription

2. Not consistent with Urban
Regulation

3. Not consistent witbther
regional planning

99. Gher

5. Lack of sie manager
supervision

5. Negligence

1. Lack of ordinary
maintenance

2. Improper use

99. Other

7. Human causes

0. General

1. Collision

2. Tampering

3. Explosion/Fires

99. Other
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8. Natural Causes

0. General

1. Earthquake

2. Landslide/Land movement

3. Flooding

99. Other

9. Impossible to determine

99. Other
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Matrix E: Responsibility

a. Progressive number

b. Responsibility

1. General
2. Geotechnical
1. Designer 4. StucFuraI
5. Architectural
6. Services
99. Others
1. Generalsite manager
2. Site manager 2. Structural site manager
3. Geotechnicabite manager
1. Static inspector
2. Inspector 2. Technicaladministrative
inspector
0. General
1. Contractor firm
3. Constructiorfirm 2. Subcontractor firm
3. a.ti Firm
99. Other
4. Costumer
5. Condominium
6. Seller
7. Adjacent property
8. Impossible to determine
99. Other
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ChapterVI

The new matrices

The andysis of the database and the matrices, discussed in the previous chapter,
carries out different problems that can be summarized as follow:

- Lack of references to code and regulation;

- Redundant information;

- Insufficient alternatives for the description bétpossible cases;

- List of alternatives too much detailed.
These problems can been solved creating new matrices.
The new matrices arise from a long process of critical analysis of the previous
matrices together with the collection of the data coming filmenlawsuits of the
2012 of the Court of Bologna. They are yet at the beginning stage and a database
able to converted the data already collected is not avail@ab&enew matrices
will be the basis for the collection of the data of the future years
In the present chapter will be provide a guideline containing all the information,

definitions and references helpful for the insertion of the data.
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6.1 Guideline

The guidelines presented in the following paragraph describe in a detailed way,
according ® the definitions provided by the code, regulation or other references,
all the entries of the matrices. In this way the information used by the technical

consultant are clear enoutitere are no misunderstandings.

6.1.1 Matrix A

The matri x A, techunecéadlbrcemashl thancy
information about the construction work, where one or more defects are reported.
As defined in the paragraph 1.5 of the EN 1990, the construction work is
everything that is constructed or it is the result fraonstruction operations. The
term includes both: building and civil engineering works. It refers to the complete
construction works including structural, netructural and geotechnical elements.

The list is made up by the following entries:

a- GeneralRoll (inltalian A Ruol o General e, RGO0)
It is the code number the identifies the case in the archive of the court.
In jurisprudence the proceedings that require a technical advice are many. Their

identification as their typology are provided by many differeformation.

1. ATP
It is referred to a Precautionary inquiry prosecution the the collection of

evidences before the establishment of the arbitration.

2. Civil lawsuit
It is referred to the Evidentiary inquiry prosecution that is the phase of a civil

lawsuit where all the evidence necessary for the solution of the trail are collected.
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Example:

TRIBUNALE CIVILE DI BOLOGNA

Relazione di Accertamento Tecnico Preventivo

N. R.G. 10141/12

Accertamento Tecnico Preventivo

Figure 6.48 Example of General roll of court file
b- Description
Contains a short illustration of the case under inspection.Hdnges had been

done between the previous and the new matrices.

c- Address
Theexact addressherethe construction site is located. No changes had been

done between the previous and the new matrices.

d- City
il stada a@fodehe city whee isécatec Mo cbangeshad uct i on

been done between the previous and the new matrices.

e- Structure condition
Indicates the state of the construction when the defect has been noticed for the
really first time . No changes had been done between the previoubeanéw

matrices.

1. Under construction

The Italian | egislation defines the Abuil

i Any work that modifies an existing buil di

of a new constructionbo

The f INatiomat Igstitute(of Statistic) ascribes to each existing municipality a code ofa
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As better specified in the art. 3 ofthe D.P.RNn380R21 ( known as WfATest
del | 6edi lizia) belong to this category:

Ordinary maintenance work;

Extraordinary maintenance work;

Preservative restoration and reconditioning work;
Property renovation work; (Ristrutturazione edilizia)

New construction;

=4 =4 =42 4 A -

Urban enewal work.

2. In service

At this category belongs the construction where no building intervention have

been done, but in which the defect appear s

f- Category of use

It indicates the specific uses of the construction works. This drasy been
enlarged because the possible choices in the previous matrix were insufficient
.The classification is made considering the category of use according to the
definitions in the Urban Building Code of Bolognd Regolamento Urbano
Edilizio di Bologna[16]).

1. Residential areas

Single dwelling, permanent and temporary, included residences, bed and

breakfast, home for holidays; shared house like boarding schools and cloisters.

2. Commercial areas

Small and medium shops and business for the peopleaasybend hair shops,
bakeries, restoration services, stations,

mar kets, shopping centers, etcé.

3. Industrial areas

Industrial and handrafted production of goods, including activities like research
and probationariabs, technical and administrative offices, stocks.
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4. Economical areas

Small activities, conduct in single real estate, placed in building having many
di fferent activities |like professional of
Managerial activitiesn complex structures as office buildings, centers for tertiary

activity, public and private agencies, cor

5. Recreational area

In this category belonged schools, cafés, restaurants, churches, theatres or

cinemas,hepi t al , et ceée

6. Traffic and parking areas

In this category belonged roads, garages, parking areas, parking halls, access

routes, delivery zones, etcé

g- Type of construction

The type of construction, according with the paragraph 1.5 of the EN 1990,
indicates the principal structural materials with the structure is made up by. No
changes had been done between the previous and the new matrices.

The ANTC 080 defines the following type of

1. Reinforced concrete

In this category are included:

- TraditionalReinforced concrete structure;

- Prestressed reinforced concrete structure;

Concrete with a low percentage of reinforcement or without it.
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Figure 6.49 Example Reinforced concrete structure

2. Steel
In this category are includedl the works where the bearing structure ( beam and

columns) is made of structural steel.

Figure 6.50 Example steel structure

3. Timber
In this category are included all the works in which the bearing structure ( beam
and columny is made of structural timber as the hardwood or with wooden
structural element like plywood, wooden panels.
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Figure 6.51 Example of timber structure

4. Masonry
In this category are included all the works in which the verticainehts are

made of masonry connected by slabs, that could be of different tipe.
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Figure 6.52 Example of masonry structure

5. Mixed.
In this category are included all the works in which the bearing structure is made

of different material.
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Figure 6.53 Example of mixed structure

h- Property

In jurisprudence, the property is a real rfgthat ensures the opportunity to
benefit and exert direct influence on the things in an exclusive and full manner
within and in accordance with the obligations provided for by law (art. 832 Italian
Civil Code). Depending on who is the legal subject owner of the title it is
possible to distinguish  private and public properties. In many lawsuits,
condominiums denounce somefects, so it is revealed the classification problem

of this particular kind of property. For this reason the entry is extended.

1. Private property

Owned by an individual person or artificial entities that represent the financial
interests of people.
In this category it is possible to identify different legal subject:

- Citizen

- Society

- Condominium
About the last one, a clear explanation has to be done since the Civil Code does
not define it clearly.
A condominium, is the form dfousing tenur@and othereal propertywhere a

specified part of a piece of real estate (usually ofagrartmentouse) is owned

2 In Civil law, real right refers to a right that is attached to a thing ratheretip@mnson. Real rights include ownership, use,
pledge, usufruct, mortgage, habitation and predial servitude.
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by a single person. Common entrances to the facilitie such as hallways, heating

system, elevators, and exterior areas are executed under legal rights associated

with the individual evnership. These rights are controlled by the association of

owners that jointly represent ownership of the whole piece. (Wikipedia)

The correct explanation puts the | ight 0|
exclusive, belong to more than one people.

Condominiums have conditions, covenants, and restrictions, and often extra rules

are made to govern and regulate the individual unit owners, when they have to

share the common space.

2. Public property

It is a propertyfor the public use. It is a subsetstate property. The term is also
used to describe the right use of each property, the character of its ownership

(owned collectively by thpopulationof astatg.

i- Connectionwith other cases

Indicate a lawsuits, if any, that is connected itk case objected of the study.

6.1.2 Matrix B

The matrix B, contains the general description of the defect denolnycéte
claimant. If there is not a single defect but more than one, it is possible to have
many matrix B for each lawsuit. For this reason in the General Roll is also
reported a progressive number that identifies any single defect.

The list is comprisa of the following entries:

a- Progressive number
It is used to identify the defect claimed in the proceeding. It contains the number

of the general roll followed by a number.

b- General location in the building
It contains a general location of the place wheredefect is located in order to

have an overview of the situation.
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1. Basement
In reference to ex art. 48 D.B.RA 303/ 1 9-§uBla perfalriotifieae
relativa a costruzione, ampliamento o adattamento di locali e di ambienti lavoro”
basement is defed as the portion of a building where the gap between the
ground level ( Point A) and the horizontal plane containing the intrados of the
slab ( Point B ) is lower than one third of the height ( h) as reported in the figure

6.7.

Figure 6.54 Scheme for the evaluation of basement

2. Exterior part
It is the portion of building which is not included in the previous definition.

3. Roofing

According with the definition of the rule UNI 8088 and the DPGR 23 novembre
2005, n. 62/R the rdimg is defined as the upper edge of the building system
aimed to the protection against the atmospheric agents, made of a bearing
structure and a surface covering.

4. OQutside
In this entry all the elements that are out of the building system as gabais, r

swimming pools and sidewalks are contained.

c- Kind of element
This section describes the exact location of the defect inside the structure.
The different components of the building system are defined according with the

rul e UNI 8 29 0 dleH dSistemaztécmaologic® €lassifeaziane e

3t is a regulation or administrative provision issues by the Presidém dtalian Republic.
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terminol ogi ao. The rul e gi ves, i n t he
classification and the organization of the technological unit and the technical
element where the building system is broken délwn

The aim is to join the terminology used in the different regulation, deign,
operational and operational activities. The decomposition is made on three levels

and rises to three sets called, according with the rule UNI 7867"bart 4

- Classes of technologicahits ( | level);
- Technological units (Il level);
- Classes of technical elements (Il level).

1. Framework
Set of technological units and typical elements belonging to the building system
which have the function of carrying the load and statically connectittezedt
part$”.

The technological units included in this level are:

1.1. Foundation structures
Set of technical elements of the building system having the function of
transmitting the load to the SGil
The technical elements included in this level are:

1.1.1. Shallow foundation;
In this category are included:
1 Pads
1 Strip footings
1 Rafts

[ The technological system is defined by thie 7867 as:

fi The set of the technological units or technical element according to the operational design phase

of the building process in considerationo.

B pefinition given by the r ulieSistehh Itecndoi€D AEdi | i zi ¢
classificaizone e terminologia .
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Figure 6.55 Examples of shallow foundations: a) Pad; b) Strip footing; c) Rafts

1.1.2. Deep foundation
In this category are included:
1 Piles

9 Caissons

Figure 6.56 Example of deep foundation: a) Pile; b) Caissons

1.2. Elevation structure
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Set of technical elements of the building system which have the function of
carrying the vertical and/or horizontal loads andngmit them to the
foundatior?.

The technical elements included in this level are:

1.2.1. Vertical elevation structures

In this category are included:

I Structural walls

T Column

Figure 6.57 Examples of vertical elevation structuresa) Structural walls; b) Columns

1.2.2. Horizontal and inclined elevation structures
In this category are included:
1 Beams
1 Joists
1 Arches

Figure 6.58 Examples of horizontal elevation streture: a) Steel beam; b) Joist.
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Figure 6.59 Examples of horizontal elevation structure: Arches

1.2.3. Spatial elevation structures
In this category are included:
1 Vaults
1 Shells
1 Cupolas

Figure 6.60 Examples of spatial elevation structures: ayaults; b) Cupola.

1.3. Retaining structure
Set of technical elements of the building system connected with the its system
which have the function of carry the loads coming from thé&soil

The technical elements included in this level are:

1.3.1. Vertical retainingstructure
In this category are included:
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9 Retained walls
1 Sheet piles

1 Diaphragm wall panels or barrettes

by nd it
{’Q‘M‘;""I '

(KD

Figure 6.61 Examples of retaining structures: Sheet piles; b) Diaphragm wall; ¢) Retaining
wall

1.3.2. Horizontal retaning structure

In this category are included:

9 Under floor cavities

2. Closure element

Set of technological units and typical elements belonging to the building system
having the function of separating and shaping the inner space of the building
system resp to the outsidg.

The technological units included in this level are:
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2.1Vertical closure
Set of technical vertical elements of the building system having the function of
separating and shaping the inner space of the building system with respect to the
outside®.
The technical elements included in this level are:

2.1.1 Vertical perimeter walls

2.1.2 Outer vertical window frames

In this category are included:
1 External windows

M Exit doors

Figure 6.62 Example of vertical closure

2.2 Horizontalclosure
Set of technical Horizontal elements of the building system having the function of
separating and shaping the inner space of the building system with respect to the
outside®.
The technical elements included in this level are:
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2.2.1 Ground slabs

Figure 6.64 Examples of covering

2.2.3 Outer horizontal window frame
In this category are included:

1 Skylights
1 Trapdoors
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Figure 6.65 Examples of outer horizontal windows frame: a) Trapdoor; b) Skylight

3. Partition

Set of technological units and typical elements belonging to the building system
having the function of separating and shaping the inner/outer space of the building
systenfr’.

The technological units included in this level are:

3.1Vertical partition
Set of technical vertical elements of the building system having the function of
separating and shaping the inner/outer space of the building system with respect to
the outsidé”.
The technical elements included in this level are:

3.1.1 Vertical walls
3.1.2 Vertical window frames;
In this category are included:
1 Inner doors;

1 Inner windows
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a) b)

Figure 6.66 Examples of vertical partitions: a) Inner doors; b)Vertical wall

3.2Horizontal partition
Set of technical horizontal elements of the building system having the function of
separating and shaping the inner/outer space of the building system with respect to
the outsid&”’. The technical elements included in this level are

3.2.1 Slabs

3.2.2 Mezzanine
3.2.3 Horizontal windows frame

3.2.4 Balconies or loggias

a) b)

Figure 6.67 Example of horizontal partition: a) Balcony; b) Mezzanine
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