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The diagnosis: a preliminary stage to any 
restoration or maintenance operation

Traditionally, building materials, particularly stone, sand, earth and wood, are sought in nature near the construction site. All these materials are sensitive to water and other climatic factors. 

Throughout the history of construction, we find restoration and maintenance campaigns, carried out by owners or their representatives (architects, master masons, carpenters...) to adapt the construction to the living conditions of the time. Constructions lost some of their original characteristics or were affected in their historical, architectural and cultural values when new materials emerged at the beginning of XXth century, bringing about aggressive construction or rebuilding processes. A good operation must both maintain the good architectural condition of a building and preserve its value. This operation is only initiated after several general disorder diagnosises are carried out.

An overall vision is essential to make the operation coherent and to make it comply with the objectives. Each restoration or maintenance project requires preliminary studies to understand and master a building’s specificity and construction elements. This methodology, or diagnosis, requires logical steps: from a simple inspection of the obvious deteriorations to a detailed diagnosis, setting up all the stages of restoration or maintenance, during the actual works and beyond.

The stages that should be followed in any diagnosis are: 

- A preliminary diagnosis: to make a first evaluation of the condition of the building and defining the various fields and tasks that could be involved in the project, during this first visit.

- A multidisciplinary approach: to collect all the information, tests and analysis of the deteriorations in the building. These elements will guide the future operation. 

- The diagnosis: to analyze the information of the multidisciplinary tests and determine the needs in restoration or maintenance. This program defines the repair and consolidation works for the existing structures, as they stand, and the improvements that should be brought to the deteriorated elements.

Preliminary diagnosis

During the first visit of a building, after an overall visual inspection of deteriorations including their position, nature and dimensions, one can estimate the building’s state of preservation. This estimate is the stage of preliminary diagnosis making it possible to classify the building according to its condition and deterioration level. Indeed, a building which has lost its structural stability cannot be inhabited before a full rebuilding operation. 

However, an inhabited house suffering from minor distortions can be improved through maintenance works, and thus contribute to developing the life standards and comfort of its inhabitants. This is why multidisciplinary inspections are essential, to list the condition of these structures: they establish a diagnosis that identifies the origins of the deterioration of and draws up a priority list of urgent operations.

Multidisciplinary inspections

The better one knows a building, the better one accomplishes successful maintenance or restoration. Understanding is the key to designing hypotheses on the nature of deteriorations, enriching historical research, and determining the best suitable maintenance or restoration approach. This provides not only the economic and technical preservation solutions for constructions, but the best conservation solutions as well. A multidisciplinary approach consists in providing a full range of results, studies and various analysis, to gather all the necessary information to constitute a diagnosis. This includes a historical and documentary study, a socioeconomic study, a architectural plan, a detailed inspection of the building, a construction and structural analysis, "in situ" (on the spot) tests and in laboratories. 

- A Historical and Documentary Study 

A diagnosis process usually starts with a history of a given building. This includes: 

Texts and accounts which describe the architecture of the house, its layout and plan, its use, the number of floors (storeys), the constitution materials used, a description of its environment, etc. 

Any old graphic documents (plans, cross sections, additional works, land register, etc...), available in a municipality or registration offices. Old photographs of the inside or outside of the house help check the state of the house at that time. Drawings (sketches, watercolors, pencil drawings, etc.), old aerial photographs of a city, village or area in which the house could appear.

This research can lead to the identification of the original house, its transformation and evolution: factors which define its architectural environment today. Indeed, a house in its current state is the result of a continual change of inhabitants, of a residential environment bearing the marks of the various inevitable interventions and changes brought by those living in the area.

- A Socioeconomic Study
In the case of Art Nouveau, numerous buildings have had their use changed, once as a museum, another time as a service building, public or private… Often, these transformations in use are followed by changes in the buildings, which have to be identified. 
Sometimes, constructions are inhabited by people who do not have the means to keep them up or by people who moved into abandoned dwellings. Other times, houses are inhabited by the same family, who carried out improvement works according to their wish for comfort and their income. Thus, the house undergoes damages from lack of maintenance and/or ill-adapted add-ons or unsuitable modern installations. 

- The Graphical Survey 

The graphical survey does not only consist in noting the exact measures of a building on a chart, but is a way of identifying all the flaws and problems of a construction to better understand and analyze it. There are several types of surveys: the architectural survey, the diagram of deteriorations, the technical survey which describes the materials used and related techniques, the various installation surveys and the accesses of the building. 

- The Architectural Survey

The architectural survey consists in representing the existing architectural element with drawings, explaining its composition, dimensions, proportions and geometrical shapes, its construction mode, its historical development and its aesthetic and functional value.

It is a scientific operation that requires a series of investigations, from the reading of the original concept of the construction to studying all the maintenance or restoration works, and then interpreting its current formal and spatial aspects.

The drawing must show the information as best as possible: clearly, precisely, with a key, explanations and possibly even foot notes. This survey must at least include plans, cross sections, vertical sections, and, if possible, three dimensional views, with perspectives or axonometry.
- The Diagram of Deteriorations

The diagram of deteriorations consists in showing the alterations and damages. The walls and the floors are the main support of these distortions; they bear the visible marks, the origin and size of the cracks. They allow to better understand the origins of the alterations and causes of a deterioration. This diagram gathers full comprehensive data, specifying the damages, cracks, the angle or swelling of the walls, the traces of moisture and stains, etc, clearly showing their position, direction and dimensions. This quantitative and qualitative information makes it possible to check the condition, the stability and deterioration level of a construction at the time of the diagram.
- The Survey of the Materials Used and Realization Techniques

This survey consists in noting the construction materials of the building: their nature, dimension, physical and mechanical properties, their state of preservation (wear and tear) and exposure to factors of deterioration (climate, pollution, structure movement, etc.).
This survey also indicates the materials used in the various stages of an operation. Realization techniques reflect the skills and proficiencies, the know-how expressed at each stage of maintenance or restoration, and the influence of new materials on the original construction.

After a century of use, concrete shows its limits and dangers when used on old stone structures. Inappropriate materials sometimes cause visible flaws when these maintenance materials do not have the same physical or mechanical properties as the original ones.
- The Survey of the Various Systems

From the first day, an inhabitant modifies his house to adapt it to his needs and wishes in terms of comfort. This survey consists in calling attention to the parasitic constructions and installations compared to the original construction. An analysis of this diagram leads to pointing out the physical and aesthetic alterations, the add-ons inflicted onto the traditional house.
- The House’s Environment

This survey consists in showing the relations of a house and its environment, casting light on the effects this environment has on the preservation and condition of the construction.

It lists the nearby industries and effects (smoke, air pollution, acid rain, etc.), the sea (level of moisture, salt concentration, etc.), and road networks, railroads, airports (vibration, pollution, noise, etc.).
- Inspecting the Damages of a Building

Most deteriorations are inspected visually. Indeed, the trained eye easily detects the origin of damages according to the shape and the nature of a deformation and knows how to evaluate such distortions. A systematic approach contributes to easing an inspection, it uses accurate measuring instruments and starts with a general overview and then goes into the most detailed aspects. This method starts with the inspection of:

- The façades which exhibit the construction’s characteristics at the various stages of construction and the influence exerted on the preservation and the stability of the old structure.

- The properties of the construction materials (stone, earth, wood, metal, lime or earth mortar, wooden structure, etc), their size (wall with one or two linked facing, thickness and height of the walls, etc.) and their realization process (stones laid on a bed of lime mortar, stone masonry laid in lime binding material, header binder bolder laying, earth wall with wooden framework, lime or earth rendering, etc).

- The condition of the roofing and its construction system (vault, wooden floor, wooden frame, etc.), as well as an inspection of the pipes for rain water and drainage. This inspection includes a checking of their capacity, slope and connection to public network systems.

- New installations and their influence on the old support (electrical and sanitary systems, antennas and parabolas, new building materials).

- Conditions of comfort inside the house, hygroscopy (relative humidity level, percentage of water, level of ground water, etc.) and acoustic levels (nearby roads, railroads, factories, etc.).
- Construction and Structural Analysis

A series of inspections must be carried out so as to identify the structural distortions of the old building. Most anomalies are inspected visually: a first visit of the building can detect major damages on façade walls, interior walls and terrace. In case of doubt about a structural problem, it is necessary to use measuring instruments to check the damage once per season, to detect structural movement, to track the origin of a problem and ensure a follow up after damages are repaired. The systematic analysis or diagnosis of deteriorations requires a stage where one evaluates the general stability of the building and the preservation of its construction materials.
- On the Spot, "in situ" Tests

A visual inspection can be completed with a continuous monitoring which uses several non-destructive "in situ" measuring instruments. The various strains exerted on an old structure can be evaluated by calculating downward loads and determining the dynamic strains which indicate the position, direction and size of deformations.
- Laboratory Tests

In a laboratory, the physical and mechanical properties of building materials can be analyzed on core samplings. This method best measures the compressive and bending strengths, the porosity of a material, deterioration depth and permeability levels (hygroscopy, water percentage, condensation). Other tests can be carried out in the laboratory to identify the nature of stains and/or deteriorations.
- Tools for Inspection

For basic measurements taken by an architect with a master mason, the main tools are:
1. to collect the data:

- A drawing tablet, tracing paper, graph paper, a pencil, an eraser, pens in several colors, etc...

- Inspection Cards, graphic plans, cross sections and vertical sections to mark the various distortions and the minutes collected on the building site.

- A camera (preferably digital).
2. to draw up an architectural survey

- A 5 m measuring tape, a 50 m decametre measuring tape, a telescopic meter, a laser meter.

- A water level instrument, a manual level instrument, an optical or laser level, a plumb line.
3. to facilitate observation

- A protected light with an extension cord.

- A magnifying glass.

- A stool, a ladder, climbing technique or means.
4. to take samples

- A hammer, a steel stiletto, a sclerometer, chisel, core sampler etc.

- Plastic bags for samples and adhesive labels.
5. to detect cracks and moisture

- A gauge to measure and follow crack movement.

- A hygrometer to measure the humidity contained in masonry.

- A termo-hygrometer to measure the temperature and the relative humidity level in the air.

- Reaction chemicals or products to determine the nature of crystallized salts on the surface of stones or lime rendering.
The materials of a construction can be subject to many tests which contribute to identify and list the nature and origins of deteriorations. In a classified building of great historical value, it is more economical (in the long run) and technically more scientific to install continuous measurement analysis and testing systems to evaluate the slightest structural changes. In simpler houses, simpler processes must be used to make the necessary diagnosis and identify deterioration. This is why visual controlling by an experienced professional with the right know-how can considerably cut down costly tests and long breathed analysis. However, in doubt, it’s necessary to carry out in depth tests.
Diagnosis

The analysis of all the data collected contributes to drawing out a good diagnosis, thus determining all the causes for deterioration and finding the suitable solutions.

The nature of an intervention is decided according to the amount and degree of deterioration detected in the preliminary investigations: restoration or maintenance, completion time frame, and task force involved (owner, architect, expert, etc.).

Reminder : the file used for the exercises in Barcelona and Brussels :

These data sheet enable a quick assessment of the condition and level of maintenance of a construction. Their purpose is to identify the main constructed elements, to describe them and check whether or not they are properly functional. The data is collected during a general visual inspection of the building. The sheets are a reference guide, a framework. The following checklist is only a rough example:

1 - The Structure

Vertical: Assess the foundations, overhangs, cracks, or other damages, as well as load bearing posts / pillars of walls and facings. Identify the different types of materials and apparent pathologies. 
Horizontal: Assess the sagging of beams and floors, the solidity of arches and vaults, the presence of cracks, rotting, insects, wood, brick or ceramic crumbling.

2 - The Roofing

Check if it provides suitable waterproofing and protection, without leakage, infiltration or thermal bridge. Also check external surfaces, peeling or possible porosity, as well as a possible faulty drainage system (clogged, obstructed or rusted gutters and pipes...)

3 - The Façade

Assess the various elements of the façade, first on a structural and safety level: the question is to determine the risks of peeling, and consequent collapse onto public streets. Then itemize observations and assess the condition of each separate element: structure, balconies and volumes, cornices and roof overhang, guardrails and window ledges (check fixings and deterioration level), coatings and decorative elements (poor fixing, peeling, porosity, wear, mould, pollution...), joineries (fixings and condition, insects…).

4 - Interior

Evaluate the degree of deterioration and comfort conditions: Acoustic, thermal, and moisture (infiltrations, condensation and capillarity). 
5 - Systems

Check the safety condition of the various systems: water, gas, electricity wiring and drainage.

Additional comment : 3 emergency levels are usually retained for the various works identified : 
1.
Works to be carried out to insure an optimal accessibility and safety (urgent, in short term, in long term)
2.
Works to be carried out in view of the preservation of the monument (urgent, in short term, in long term)
3.
Special attention required in view of 
durable maintenance
Regular maintenance is the only true guarantee for a construction
Buildings are subject to a permanent process of physical deterioration through use and under the action of external environment action. Buildings, in spite of their solid appearance and sturdy components, are actually quite sensitive to climatic aggression (sun, rain, cold or heat) and to all other natural actions. Normal use by inhabitants is also one of the causes for a progressive deterioration of the various elements constituting a house.

Need for Maintenance

The needs and activities fulfilled in architecture are subject to constant change. From time to time, works of restoration and maintenance are normal: buildings have to adapt to the many changes in needs along with changes in mentalities, habits, fashion, technical requirements or legal statuses, as well as production constraints, use or comfort. When we speak of maintenance, we speak about the most significant actions for the preservation and the modernization of our traditional architecture. These actions, whether periodical or frequent, ensure the protection of the building through the ages and adapt it to the activities developed within. We must distinguish two points: common maintenance, whose goal is the preservation of a minimal functional capacity, and modernization works which adapt the house to constantly changing modern standards.

Maintenance Today

From the moment it is completed, a building calls for maintenance: this can be carried out by the owners themselves or by professionals; a master mason and/or other building arts craftsmen.

As far back as the XVth century, the Italian sculptor and architect Il Filarete, in his "Treaty of architecture", said: "You may say: a building does not grow ill and die like a man. And I would answer yes, yes it does: it grows ill when it does not eat, in other words when it is not maintained, and it perishes with time in the same way as a man who fails to eat is sure to die."

In the past few years the owners grant more and more importance to the maintenance of their perpetually changing old houses. There are several reasons for this, namely:

- A growing awareness of owners: that maintaining a house daily is better than having to carry out heavy works every other year.

- Maintaining all household systems in good condition ensures better safety and hygiene for all inhabitants.

- Owners are more attached to the patrimonial value of their houses and feel more responsible in protecting them against climatic risks that could damage elements or structures.

- Lack of financial means to build a new house and higher costs of new buildings.

The Role of the Owner

The owner is the first person who can detect problems or pathologies in his construction. Considering his lack of means to intervene in any significant maintenance work, he can help establish a good diagnosis, and specify the nature of the task and the type of skilled labor required to carry out the works.

Daily maintenance can be completed by the owner himself: cleaning, minor joinery or ironwork repairs, upkeep of the rendering and ramming of earth terraces, lime or earth wash, replacement of deteriorated stones, etc.

In more significant works, the owner must call upon an expert to solve specific problems or to evaluate the preservation state of his property.

Besides, managing a traditional house requires knowledge and specific maintenance methods. Indeed, what is at stake is not only fixing momentary problems but managing the whole estate, getting the best out of the building in its various aspects: use, preservation, historical and cultural value.

A Guidebook for Maintenance

For an effective diagnosis, all the data and information contributing to a better knowledge of the building must be gathered in order to create a technical guidebook, a data bank, to define a maintenance program. This program, or maintenance guide, will both keep a record of the risks and construction defects, and plan preventive or corrective maintenance works. This program will be consulted before any action upon the building.

The objective of this guidebook is to:

- ensure the maintenance of a building to prevent deterioration, 

- facilitate future diagnosis operations,

- better know construction materials and their lifespan, structural systems and traditional techniques,

- facilitate the follow-up of one or more daily maintenance actions.

The maintenance guidebook will be the tool and reference book containing all the technical and historical information, the visually detected deterioration, the damages and repairs carried out on the building, and an identification of the actor (owner, expert, workman, etc.). This guidebook will keep a record of the state of the structure, it will help organize an agenda for periodical maintenance and set up preventive preservation works.

Preventive Maintenance

Knowing the nature and the lifespan of construction materials, determines regular maintenance, helps reduce deterioration and maintain architectural heritage in as good condition as possible.

Periodical inspections detect pathologies or structural deterioration before they worsen. Thus, preventive maintenance limits damages and great spending in heavy restoration or maintenance operations.
After works of rehabilitation, a maintenance program should be established to schedule periodical inspections, a cleaning of the materials and a control of the structures. In preventive preservation, this approach and guidebook contains the information for users to know their house, understand its elements. It guides them in taking precautions for particular situations, in looking after fragile structures which could be damaged in the event of misuse.
An overall view is essential to carry out coherent works and fulfil objectives. It is not easy to determine what must be carried out first, or chose this type of maintenance rather than the that one: this is when it is essential to choose the best qualified labour in traditional building arts; certain maintenance works require high level expertise. The objective of this program is to act upon an old building solely in the respect of its historical and architectural value.

Good maintenance keeps a building in good condition and preserves its architectural and patrimonial value.

Various Levels of Maintenance
- Proper Use

Proper use constitutes the first way to cut down on maintenance and prolong the lifespan of a construction. Simple advice can help:

Know your house well and use it intelligently. Do not slam doors, ventilate well every morning, shut windows before a storm, use the right cleaning products, etc.
- Maintenance

The various elements of a house age and wear differently; each has its own characteristics and life cycles: metal can rust, wood can rot. Their protection must be maintained, repaired and renewed after a certain amount of time.

The maintenance of certain elements must be entrusted to professionals: boilers, chimney sweeping, roof cleaning, etc.
- Repairs

Whatever the quality, use and maintenance, a breakdown is always possible. The solution is sometimes simple, like replacing a fuse, or can be hefty and require a specialist.

Repairs consist in solving a problem and making something work properly: fixing a piece of equipment, treating the corrosion of a piece of metal, fixing a broken tile or unblocking a sink.
-Restoration

However careful maintenance may be, and however quickly repairs are carried out, there comes a moment when wear and tear & time call for restoration: this is when certain elements must be replaced or certain works must be carried out.

General comments and principles : 
· Controlling the evolution of cracks is always advisable.
· The interpretation of cracks allows experts to spot and understand the origin of structural disorders.
· In order to analyze moisture, different kinds of hygrometers should be used.

· A graphical survey is essential for a good diagnosis.

· In order to make a good diagnosis, a good knowledge of the ancient building techniques is necessary.
· Disappeared protection layers (rendering, painting…) are often the cause for structural disorders.

· Before deciding any intervention, it is most important to determine the origin of the disorders (pathologies).
· For an expert in charge of a diagnosis, it is necessary to have the right equipment.

· Ordinary maintenance works are always a necessity
Monumentwatch reminder : Twelve rules for the owners, for efficient maintenance :
1 
Maintain the roofing in good condition
2 
Clean obstructed gutters and repair all cracks
3 
Fill the small cracks and the opened pointing
4 
Protect wooden constructions against humidity
5
Paint all iron components regularly
6 
Protect the building against all damaging animals 
7 
Avoid all mosses and plants
8 
Aerate all the rooms
9 
Control regularly all technical installations
10 
Have the thunderstorm protection inspected every year
11 
Avoid extensive use of the building 
12 
Keep all rooms and spaces easily accessible
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