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PREFACE 

 
 
An old structure includes any building, artifact or premises which requires conservation 

and preservation for historical, architectural, cultural, environmental and/or ecological 

purpose as well as for normal use purpose. 

 

Several old age structures/buildings exist over Indian Railways which have been 

constructed in nineteenth and twenty century using the old construction material and 

technique. Since these structures are old in nature, maintenance and upkeep of them to 

the original old value need expert methods, labour and technique. Their repair and 

maintenance are an important job requiring meticulous planning.  

 
This guideline covers the identification of problem and their maintenance methods.  
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1. BUILDING  

 
Buildings are made up of number of connected parts that fit together to make a 

strong and comfortable structure. Building envelope is generally the shell of the 

building that separates the interior from the exterior. Finishes are those final 

touches that make building functional, comfortable and attractive. 

 

Main function of the building envelope is to keep water out of the building, which is 

the single most damaging element to a building. 

 
Signs of moisture problems: 

 
- stains on drywall or plaster or mold or mildew (especially in corners) 

- damp or wet insulation 

- damp or rotted wood framing members 

- rust and corrosion stains on metal elements 

- paint that’s peeling or blistering 

- rotten wall sheathing or siding 

- efflorescence (salt deposits) on interior or exterior surfaces 

- damp, musty smells, particularly in the basement or other poorly ventilated 

spaces 

 
1.1  Frame 

 
Frame of the building is the skeleton which supports the body of the building. 

Typical elements include beams, floor joists, the sub-floor, studs and trusses. 

Together with the foundation, the frame bears the load of the building. The frame is 

generally completely enclosed by other materials and therefore does not usually 

require any maintenance, unless there is water penetration because another 

system has failed. 
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1.2  FOUNDATION 

 
Foundations provide a stable surface on which buildings are constructed, allowing 

weight to be transferred evenly into the ground and anchoring the building in the 

face of lateral forces such as high winds. Without a proper foundation, buildings 

are prone to large amounts of movement and shifting due to settlement or frost 

heave. Movement in a building often results in cracked walls and window panes, 

heaving floors, and stuck doors. 

 
Old structures will have foundation types that range from boulders at the corners of 

a log structure to full basements under multi-storey buildings. Often, the more 

elaborate the foundation the more stable, but if there are problems, the more 

extensive will be the repair needs. Foundations should be inspected at least 

annually, with additional checks following any severe rainstorms or nearby 

construction or excavation. 

 
For many old buildings, most of the settlement has long since stopped. However, 

some changes to a building’s surroundings can bring about shifting. Changes are 

often gradual and not noticeable over a short period of time. Monitoring movement 

of a structure typically takes an extended period of time. Some events that may 

lead to renewed settling of the foundation include: 

 
• Change in the amount / level of ground and surface water around the foundation 

• New construction or excavation close to the building 

• Significant increase in the load that a floor must carry, often occurring when the 

use of a building is changed 

• Installation of an HVAC (heating, ventilation, air-conditioning) system requiring 

new loads on the floors; new HVAC may also require cutting into the existing wall 

and floor system, which may affect the load capacity of the structure and the 

foundation’s stability 
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• Introduction of air conditioning and humidification may result in an increase or 

decrease of the normal moisture content in foundation or structural materials 

leading to shifting in the foundation 

• Tree roots in clay soils will extract moisture, producing voids in the soil, which the 

foundation needs for lateral support 

 

1.2.1 Common Signs of Shifting Foundations 

Interior Exterior 

• misaligned doors and windows  

• cracks in the plaster or drywall  

• doors and windows that stick  

• sloping or cracks in the floor  

• cracks in the brick 

• gaps around the doors and windows 

• cracks in the foundation 

• fascia board pulling away 

 

1.3   Exterior Walls 

Along with the roof, it is a building’s exterior walls that produce its overall 

character, giving it colour, texture and detail. It is important to undertake regular 

site inspection and maintenance of the exterior walls in order to preserve their 

structure and character. 

When inspecting the condition of the exterior walls, not only it is important to 

identify areas of deterioration, it is also important to recognize likely potential 

sources of problems in the future. This preventive approach to evaluating the 

building enables to take action early, minimizing both damage and cost of repair or 

maintenance. There are three principal causes of wall deterioration: organic, 

mechanical & chemical. 

 
Causes that are classified as organic result from the direct impact of a living 

organism on the physical structure. Deterioration from mechanical causes can 

often be recognized by breakage or crumbling of materials. The source of the 

problem is either an object striking the building or of water forcing building 

materials apart through expansion - an especially harmful process during the 
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winter’s freeze/thaw cycle. Chemical deterioration results from localized 

contamination of the air or moisture, or from material incompatibility. 

 
1.4  Roof 

The roof is the first line of defense in preventing water from entering a building. 

Effective water drainage from roof to gutters and downspouts minimizes the 

possibility of seepage. A roof is designed to withstand the harsh climatic extremes 

that a building may face in any given year – direct sunlight, scorching heat, 

extreme cold, high winds, hail, freeze/thaw cycles, and debris from trees. However, 

when the surface of a roof is pierced for the installation of roof vents, vent stacks, 

chimney stacks and skylights, there are naturally opportunities for water to 

penetrate at those points. 

 

The roof requires regular inspection to guard against deterioration and water 

damage. Visual inspections can be helpful, particularly after any major storm, but 

only an up-close rooftop inspection will prove reliable in deeming a roof weather-

tight. A rooftop inspection should be conducted at least annually. 

 

Generally, where a third or more of the shingles are missing or have deteriorated, 

the entire roof will need to be replaced. It is recommended that Grade 1 red cedar 

shingles be used during replacement. 

 

1.5  Chimney 

Traditionally, chimneys have been built of brick and mortar, lined with fireproof flue 

tiles and capped to seal the top against the weather. Often the chimney is the least 

maintained part of a building, as it is inaccessible, is exposed to the severest 

weather elements, and is attacked by sooty acids internally. It’s recommended that 

chimney inspections be done at the beginning of each heating season. 
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1.6  Gutters and Downspouts 

Gutters and downspouts (eaves troughing) make up a significant part of a 

building’s water removal system, strategically directing all water accumulated from 

rain, ice and snow towards specific areas around the base of a building. Neglected 

or deteriorated eaves troughing will promote damage to various parts of a 

building’s exterior and interior elements. 

 
The gutters and downspouts of a building require regular inspection to guard 

against damage from debris accumulation and ice damming. A significant 

contributor to faulty eaves trough is accumulated debris. Leaves, branches, birds, 

toys and insect hives will impede the flow of water, causing slow drainage and 

overflow. This can lead to rot of the fascia and ultimately to a breakdown of the 

fastening points of the gutters. 

 
Much like inspecting a roof, visual inspections of gutters and downspouts can be 

helpful, particularly after any major storm, but only an up-close inspection will be 

able to detect accumulation or blockages. The gutters and downspouts should be 

inspected at least twice a year; once in the spring and then in the rain fall. 

 
1.7  Windows and Doors 

 
The openings into a building — the doors and windows — are often subject to 

harder use than other parts of a building, so they require more frequent and careful 

examination. 

 

2.0  Past data collection and identification of defect in building before 

maintenance planning:  

 
2.1   Survey of the construction of the building 

 

The construction of the building, including its configuration, the types of structural 

components, and the materials used, are aspects that will need considerable 

attention. 
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This information will be obtained from the historical archive on the building, or from 

other sources, such as, reports, drawings, photos, etc, to which it will be possible 

to have access. It will be complemented with information to be obtained during the 

inspections to be carried out on the building, as well as, with interviews with 

persons familiar with the building. 

 
Important points on this survey are the identification of the building materials and of 

main structural system of the building, as well as the detection of irregularities or 

weak points in the building that can have influenced its structural behavior. 

 
2.2    Survey of the defects in the building 

 
The survey of the existing defects in the building is usually called preliminary 

inspection of the building. This survey will be carried out through visual inspection 

of the building, eventually, with the help of simple optical devices (Glass Lenses, 

binoculars, etc). In some cases the opening up of the surface of elements of the 

building, will be required. 

 
In the case of high-rise buildings, or of elements with difficult access, this 

inspection can require the installation of appropriate means of access (scaffolding, 

cranes, etc.). The inspection of roofs can require particular safety measures. 

 
The results of the preliminary inspection will be given in a report, in which the 

different materials and their degradations, as well as the damage to the structural 

elements, will be presented. 

 
The defects observed will be classified qualitatively, according to their level of 

importance with respect to the safety of the building. The defects will be shown on 

adequate drawings (Fig. 1), or in the form of check-lists, appropriate to the different 

types of structural elements. 
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The registers will be accompanied by detailed photo reports, which can allow for 

the relevance of details, which, sometimes, miss observation.  

 

  

Figure 1: Mapping of the defects in a building  

 
In the preliminary inspection it will also be important to verify if the atmospheric 

agents are degrading the building in a particular way. In fact, those effects are 

often aggravated if adequate measures have not been taken during construction 

(adequate drainage, for example), or, if there has not been efficient conservation of 

the building. 

 
It will still be important to obtain information about the geotechnical conditions of 

the soil supporting the foundations of the building, namely the existence of 

embankments. If there are degradations in the lower part of the building, it will be 

convenient to get samples of the soil, in order to verify if there is contamination by 

aggressive substances (sulphates, etc.). 

 
2.3  Preliminary assessment 

 
After the preliminary inspection, and taking into account the documented 

information, a preliminary assessment of the situation in the building will be carried 

out. This preliminary assessment aims to decide about the need to continue (or 

not) the investigations and about the eventual need for urgent measures to be 
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undertaken, related, namely, to the continuation of the use of the building, or to the 

installation of temporary supports. 

 

If the available information will not be sufficient to elaborate the diagnosis of the 

situation in the building, the preliminary assessment should be complemented by a 

detailed assessment, through the carrying out of tests and measurements on the 

building (detailed inspection).  

 
2.4 Defects in the building 

 
The defects in the building can result from the degradation of the building materials 

or from the damage of the building elements due to mechanical actions. 

 
The degradation of the building materials is a process that develops naturally with 

time, and can be accelerated by chemical, physical or biological actions. The main 

effects are the deterioration of the surfaces of the elements, the loss of material 

and the reduction of their strength. 

 
The phenomena of degradation are different according to the type of building 

material: masonry, timber or steel (iron). 

 
The damage to the building elements due to mechanical actions occurs when the 

actions in certain zones of the building element exceed the strength of their 

materials. They can be produced, or be aggravated by actions, or by insufficient 

strength. Alterations on the constitution of the building can also be the source of 

damage of this type. 

 
The manifestation of damage to building elements due to mechanical actions will 

depend on the type of action, the type of building material and the type of building 

element. 
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2.5 Degradation of building materials 

 
a) Masonry 

 
The degradation of masonry is linked to the characteristics of the constituent 

materials: bricks, blocks (of stone or concrete), and mortar filling the joints. It will 

be necessary to correctly identify the materials: the stone (limestone, sandstone, 

etc.), the bricks (fired or sun dried, etc.), and the type of mortar (cement, lime, 

etc.). 

 
Masonry is affected by the presence of water (rain, moisture, etc.), temperature 

variations (freeze/thaw cycles, etc.) and microclimatic conditions (pollution, etc.), 

which can provoke its weakness through the development of micro-cracks, with the 

consequent loss of material, particularly if the masonry is not protected by 

rendering. The excessive dryness, as well as, wind, also can weaken masonry. 

 
Degradation of masonry due to the presence of salts (sulphates, nitrates, etc.), in 

the case of brick masonry, and to biological colonisation (moss, etc.) in the case of 

stone masonry, can also be very significant. The excrement of birds (pigeons, etc.) 

is, usually, the greatest source of these types of problems. 

 
A very important problem with masonry is the action of water resulting from the 

rupture of pipes embedded in walls, which can quickly cause damage. 

       
b) Timber 

 
The main causes of the degradation of timber are the attack by fungus and insects. 

Timber species are variably susceptible to degradation and attack, so, a very 

important issue is the correct identification of the specie of the timber element. 

 
The favorable conditions for the development of fungus in timber are water content 

higher than about 20% and high temperatures (25 to 35ºC). Some insects & worms 

develop in drier environments. 
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Timber elements of roofs, particularly in the vicinity of their supports, are the most 

susceptible to fungus attack, due to the presence of rain water (Fig. 2a). The 

support zones of timber floors on masonry walls are also, often, a source of 

moisture, due to the infiltration of water through the walls (Fig. 2b). 

 

     

 
        a) In roof elements                                            b) In floor elements  

 
Figure 2: Degradations in timber 

 
Attention has also to be given to situations in which the timber is integrated in 

masonry, as are the cases of walls reinforced with timber trusses or wooden 

partitions. 

Particularly delicate are the situations in which there are alternate dry/moist 

conditions, as is the case of timber piles enclosed in soil having a variable water 

table; this can lead to the quick rotting of the timber. 

 
The presence of cracks in timber elements, parallel to the fibres, due to the 

shrinkage of the timber, generally is not a problem, except in the case of very thick 

elements, when a significant reduction of the shear resistance can occur. 

 
c) Steel (iron) 

 
The greatest problem with steel and iron elements exposed to atmosphere is 

corrosion, in particular, of the connections by rivets or bolts. 
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Another important problem to be taken into consideration is the eventual corrosion 

of the steel elements embedded in masonry elements, which can lead to the 

rupture of those elements, due to the increase of volume resulting from the rust. 

 

It is also to be noted that the iron or steel of old buildings are, in general, less 

ductile and less resistant to fatigue than the iron or steel produced nowadays. 

 

2.6  Damage to building elements 

 
a) Walls and columns 

 
The relevant actions for the damage to walls and columns are, in general, the 

vertical loads: self-weights, weights of the floors, etc. Lateral actions, namely the 

thrust of arches and earth pressure, and, particularly, the effects of earthquakes 

are also, sometimes, very relevant. 

 
In the case of masonry elements, due to their low tensile strength, vertical loads 

can cause vertical cracks, which can lead to the development of lateral 

deformations and to the detachment of material. In the case of composite walls, 

with two exterior leaves and an interior in-fill, separation of the exterior leaves from 

the interior in-fill can also occur. 

 
This kind of damage can develop slowly (over centuries), or rapidly, but, once the 

process starts, it can lead to the collapse by crushing of the structural element, 

even if the actions do not increase. The creep of masonry (not recognised in the 

past), can aggravate cracking and lead to collapse, even when stresses are 

moderate. 

 
If the vertical loads are eccentric they can cause rotation of the element around the 

base, with the development of vertical cracks and the crushing of the material on 

the most compressed zone. Concentrated loads of high magnitude can also lead to 

the localized crushing of the building element. 



Page 12 of 52 

 

Lateral actions in masonry walls can cause diagonal cracks (Fig. 3) or disruption 

between elements (Fig. 4), due to the low tensile strength of the units and of the 

joints. In masonry columns, lateral actions can also lead to their loss of stability, 

overturning, or to horizontal displacements on the joints between blocks (Fig. 5). 

 

Figure 3: Damage in walls due to earthquakes  

 
b ) Arches, vaults and domes 

 

In arches, vaults or domes in masonry the main source of problems is the 

movement at the supports, with the development of tension, and, as a 

consequence, the opening of cracks. Such movements are related to the 

occurrence of the following conditions: 
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Figure 4: Damage in walls due to earth 

pressure  

Figure 5: Damage in column due to 

earthquakes 

 

- Deficient conception or execution of the element: inadequate geometry for the 

distribution of loads; insufficient resistance or stiffness of tie-rods and buttresses; 

poor quality of the constituent materials, etc; 

 
- Alteration of the distribution of loads (sometimes, loads are taken off or added in 

certain zones of the element, particularly, fillings); 

 
- Actions not foreseen: differential settlements of the supports (Fig. 6), etc; 

 
- Inadequate maintenance: degradation of the constituent materials, weakness of 

tie rods and buttresses, etc. 

 



Page 14 of 52 

 

 

 
Figure 6: Cracks in a masonry vault 

 
Masonry vaults supported by steel beams in building floors are particularly 

sensitive to lateral movements of the supports, due to their, usually, low rise. 

 
c) Towers and chimneys 

 
These types of elements are characterized by being, in general, subjected to high 

compression stresses in the bottom zone, which can lead to the development of 

vertical cracks, as referred to for walls (Fig. 7). 

 

 
Figure 7: Vertical cracking in a masonry chimney 
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They are particularly sensitive to movements of the foundations and to alterations, 

namely to the introduction of openings. Prismatic elements can also be weakened 

by imperfect connections between walls. 

 
d) Framed elements 

 
The main problems encountered with framed elements of timber or steel, used as 

the structure of the roofs or floors of buildings, are the deformation of the elements 

or of the joints, due to excessive loads or to actions not taken into account in the 

design, such as earthquakes, for example. 

 
2.7  Detailed assessment 

 
As referred to above, when the available information is not sufficient to elaborate 

the diagnosis of the situation in the building, the preliminary assessment will be 

complemented by a detailed assessment of the building. This detailed assessment 

will include a detailed inspection, which can comprise in-situ tests, laboratory tests, 

field tests, assessment of the foundations and also field measurements. 

 
As tests are, in general, very expensive, and carrying them out can affect the 

cultural value of the building, the number and the place in which they are planned 

to be performed should be considered sensitively. As a rule, the tests to be carried 

out will be based on a clear vision of the phenomena for which characterization or 

understanding is relevant. 

 
In the planning of the program of tests, two phases will, in general, be considered: 

the first one, in which the aim is the acquisition of the primary information; and the 

second one, in which the aim is to refine the information obtained during the first 

phase, carrying out an additional number of tests or more specific tests. 

 
After carrying out the tests, the results obtained will be carefully analysed. In 

particular situations, alternate methods of tests will be used, and their results 

compared, for calibration. 
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The tests can be non-destructive (or slightly intrusive), when they have a negligible 

influence on the building, or destructive (in any way), otherwise. 

 
Non-destructive tests (“NDT”) are, obviously, the preferable ones for old buildings. 

If non-destructive tests will not be sufficient, destructive tests will be considered, 

but they will be carried out only after a cost-benefit analysis. 

 
2.8  Laboratory tests 

 
The assessment of the characteristics of building materials is usually carried out 

taking samples from some of the structural elements cores, in the case of masonry 

elements, and small fragments, in the case of timber or steel elements, and 

carrying out laboratory tests on specimens made from those samples. 

 
The laboratory tests can be mechanical tests: of compression, tensile or of shear 

strength, etc. (Figs. 8a and 8b); chemical tests: chemical composition, etc.; or 

mineralogical tests: mineralogical composition, etc. 

 

   

 
             a) Masonry core                                      b) Steel specimens 

 
Figure 8: Specimens for material testing 

 
The taking of samples from the building will be carefully specified as to their 

number and their location in the building, in order that the information obtained has 

the required quality and that the cultural value of the building will not be 
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significantly affected. It will be verified that the taking of the samples will not 

compromise the existing structural safety of the building, particularly, in the case of 

steel or timber elements. 

 
In the case of very thick masonry walls, attention will be given to the fact that they 

can be very heterogeneous, having, in general two exterior leaves of good quality, 

and an interior core, generally, of rubble of bad quality. To take into account this 

heterogeneity, large samples (prisms) have to be taken from the site and tested 

after adequate preparation in the laboratory . As this solution is very much intrusive 

and expensive, it can only be adopted in particular circumstances, for example, 

when demolition is to be carried out. 

 
When it is not possible to take samples from the masonry in the building, one 

alternative solution consists in building specimens in a laboratory, using units and 

mortar identical to the original ones. Apart from the difficulty in building specimens 

that simulate the real walls this solution has the advantage of enabling them to be 

made in great numbers, allowing also for the simulation of the variation of several 

parameters. 

 
2.9 Assessment of the foundations 

 
The knowledge about the existing foundations of the building will be of primary 

importance. Besides the geotechnical characterization, it will also be necessary to 

conduct research to allow for the definition of the geometry of the foundation 

elements. 

 
In this assessment attention will be given to the characteristics of the soil and to 

the water table, as well as to the presence of substances that can attack the 

building by capillary action (chlorides, nitrates, etc.). 

 
Particular attention will also be given to check the existence of embankments and 

to the identification of the drainage system of the building. 
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The adequate characterization of the foundation soil sometimes needs undisturbed 

samples to be taken and tested in the laboratory. Penetrometer tests are also of 

great value, allowing for the stratification to be assessed and for a reduction in the 

number of samples needed. 

 
2.10 Field measurements 

 
The detailed assessment of a building can also include the measurement of 

deformations in structural elements of the building, such as the inclination of 

columns and the lateral deformation of walls. Sometimes, it includes, simply, the 

measurement of the width of cracks in building elements (Fig.9). 
 

 

Figure 9: Ruler measuring the width of cracks in walls 

 
It can also include the detailed survey of the geometry of the building, in order to 

allow for its modelling, so as to support the diagnosis for the structural assessment 

of the building. 
 

The measurement of deformations in structural elements of the building is usually 

done through topographic techniques, such as precision leveling etc. For  

measuring of the dimensions of the building elements, the topographic techniques 

are also used, in addition to the common means of measuring dimensions in the 

field. 
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3.0  Maintenance and repair of masonry structures 
 
 

3.1  Principles and philosophy of maintenance planning 

 
The main objective of old structures maintenance is to ensure that the structures 

are kept in a serviceable condition. 
 

A fundamental requirement is that any maintenance or rehabilitation intervention 

should maintain the structural integrity of the structures and be physically, 

chemically and mechanically compatible with the existing structure.  

 
When an inspection results in a recommendation for repair to restore the structure 

to its original condition, or an assessment determines that a repair is necessary to 

restore the structural capacity of structure, a detailed study should be carried out to 

establish the cause or causes of damage to ensure that the diagnosis is correct 

and that repairs address the actual causes. Some general recommendations for 

the repair or strengthening design processes are: 

 
- the most frequent cause of damage to masonry structure is inadequate 

drainage of water - repair strategies should include the restoration of 

waterproofing and drainage systems;  

 
- the most serious damage to masonry structure arises from foundation 

problems;  

 
The type of repair for a masonry structure will vary according to the type of 

damage and whether the damage affects the strength or the durability of the 

structure. In addition, as part of the repair, the structure should be cleaned. 

 
Repairs to damage that affect the durability of structure, should not only arrest the 

damage, but should also provide protection to the structure to improve the 

performance against environmental deterioration. 
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Masonry stone repairs have some difficulties mainly because stone is not a 

material commonly used in modern construction, and personnel on site may not be 

familiar with the material. Strict control of the repair is thus essential. 

 
3.2  Cleaning of structure 

 
3.2.1 Cleaning methods 

 
Various deposits may be found on the surface of stone or brick in a masonry 

structure. Some of these deposits, such as black crusts, some biological colonies 

and efflorescence are harmful to the masonry material. Other hard deposits or dust 

may be problematical aesthetically, whilst others protect the masonry. 

 
The first action to be taken is to determine which of these deposits are present on 

the masonry and the first decision to be taken is which deposits are to be removed 

and why. 

 
It is not correct to assume that the first operation should be the cleaning of the 

stone to eliminate any deposits not belonging to the material. Since the cleaning is 

irreversible, there is a risk that protective elements will be removed and the surface 

of the material will be damaged or that some industrial techniques will be 

particularly aggressive to the masonry such that the surface of the stones or bricks 

is destroyed. 

 
Furthermore, cleaning can scratch or otherwise damage the material such that the 

surface area of the material increases. This will result in a proportional increase in 

the speed of attack of atmospheric and pollutant agents. For brick, the fired layer, 

which is necessary for the protection of the material against environmental 

elements, can be eliminated totally or in part. 

 
3.2.2 - Domain of application 

 
Cleaning may be necessary when environmental or human actions cause durability 

damage to component materials of the structure. The types of damage that can be 
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addressed by this intervention are: 

 
- surface stains,  

 
- moss, lichen and other fungi,  

 
- crusts, efflorescence and superficial deposits,  

 
- graffiti and fire damage,  

 
- previous interventions (coating or painting).  

 

Cleaning improves the drainage of the masonry material, and in addition, as some 

fungi and other deposits affect the durability of masonry, their removal is beneficial. 

 
3.2.3 Cleaning techniques 

 
3.2.3.1 Selection of cleaning methods 

 
Before deciding which technique is appropriate for the damage to be repaired, the 

following aspects should be considered: 

 

- surroundings and environment of the structure, and their effect on the:  
 
• durability of the material, and, thus, the type of damages that might occur,  

 
• accessibility of the remote point of structure for cleaning,  

 
• choice of cleaning agents, method of cleaning and the removal of the cleaning 

waste products (including contaminated water),  
 

- the characteristics of the structure, geometric shape, masonry bond;  
 

- the properties of constituent materials of the structure;  
 

- existence of previous repairs or original layers on the surface of the structure;  
 
- historical value of the structure and its appearance before and after cleaning.  
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3.2.3.2 Abrasive projection 

 
Particles impact on the surface and remove the contamination by abrasion. When 

the masonry substrate hardness is less than that of the abrasive, the stone or brick 

will also be eroded. This is the case for limestone, sandstone and brick, and for 

such materials the abrasion will increase the deterioration of the masonry. 

 
Abrasive projection on bricks can destroy the external fired layer, leaving the 

internal material (less consolidated than the external layer) exposed to 

environmental actions. 

 
To avoid deterioration of masonry following cleaning, it is necessary to use 

abrasive material softer than the masonry materials and to control the pressure 

used to project the abrasive. One option is to project water with the abrasive. 

 
3.2.3.3 Mechanical cleaning 

 
Mechanical cleaning using tools such as sandpaper, pumice stone and small drills 

with nylon brushes is a very slow and labour intensive method and it is not 

appropriate for large surfaces. Specialized personnel are recommended for this 

method. 

 
3.2.3.4 Water pressure jet 

 
Before using pressure water techniques, the condition of the mortar and the 

existence of interstices should be ascertained. Any cracks or fissures will facilitate 

the entrance of water within the masonry which can be harmful. Water projection 

methods are not recommended when the masonry surface is porous. 

 
3.2.3.5 Nebulae and atomised water 

 
The large surface area of the water droplets makes the use of nebulised and 

atomised water an efficient way to remove surface contamination. The difference 

between nebulae and atomised water is the size of the water droplet, with 
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atomised water being smaller and accordingly, more effective. 

 
These methods are suitable for removal of crusts not more than 3 mm thick and 

thin surface deposits. Water consumption is not very high since the aim of this 

method is to create a fog that dissolves the dirt from the surface. The methods also 

have no physical effects on the masonry surface. 

 
Care should however be taken that the water not be in contact with the masonry 

for a long period to avoid causing damage. 

 

3.2.3.6 Techniques based on acid and strong alkalis 

 
The use of acid should be considered only when other methods have not been 

effective. The acid should be applied under strictly controlled conditions. Strong 

alkalis, such as potassium, are used in some cleaning products, and are as 

aggressive as strong acids. 

 

4.0  Inspection checkpoints of building elements: 

4.1  Foundation: 

 
        a) Movement 

      Check for signs of recent building settlement. 

• Are any serious cracks visible? 

• Are there any signs of movement -- patched cracks re-opening, cracks in walls, 

bulging siding, windows or doors out of square? 

• Is the roofline straight and horizontal? 

• Are beams, columns, posts and joists sound? 

• Are posts vertical and stable? 

• Are the foundation walls plumb? 
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b) Moisture 

 
• Are there any sign of leaking? 

• Are there any sign of excessive moisture -- musty smell, corrosion? 

• Is there any efflorescence or peeling paint on the walls or floor? 

• Is there any condensation forming? 

• Are there water stains or rotted wood near the floor? 

• Are the wood posts, beams or floor joists damp or soft? 

 
c) Exterior 

• Is the parging (cover on ornamental pattern)  in good condition? Are there any 

new cracks or flaking? 

• Is the ground properly sloped away from the building? 

• Are there any tree or sapling growing near the foundation? 

 
4.2   Walls: 

 

• Have the roots of ivy, creepers or over-growth penetrated the surface of the 

walls? These encourage moisture and insect intrusion. 

• Are there lichens and mosses present? These retain moisture and can stain wall 

surfaces. 

• Is there damage from wind? After any windstorm, inspect the walls to ensure that 

there was no damage as a result of objects striking the exterior. 

• Are there bird droppings? Acids in droppings can severely damage stone. 

• In masonry walls, is there evidence of anchor corrosion? Cracking or spalling of 

masonry can occur as a result of corroding metal set into masonry. Corrosion 

can also lead to staining via water runoff. 

• Is there evidence of moisture penetration in buildings whose walls are sheathed 

with wooden siding. This will be expressed as peeling or blistered paint. In 
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masonry and stucco-covered buildings this will be expressed through 

efflorescence (deposits of white or grey powdery salts left by moisture that 

travels through building materials), or more often, through cracks. 

• Cracks are the most obvious expression of a failure in a masonry wall. Some 

forms of cracking are more serious than others. The level of concern depends 

on: the size of the crack, the location and direction of the crack, and the rate of 

change in the crack. Keep in mind that it is not unusual for a masonry building to 

have some cracking. However, it is also important to recognize and monitor 

closely those cracks that change in length and gap, run horizontally or through 

building materials, or are large enough to insert a pencil. If possible, cracks of 

this nature should be examined by a qualified assessor of structures (e.x. an 

engineer or architect). 

•  In masonry walls, is there evidence of mortar deterioration (e.x. no mortar 

present in the joint within 4 cm of the wall surface, mortar that can be easily 

scraped from the joint, mortar that has taken on a sand-like texture and 

crumbles, or mortar that cleanly separates from the brick). In such cases a re-

pointing project, in which mortar is removed and replaced, will be necessary. 

 
4.3   Roof: 

• Check the covering over the ridge or hip of a roof to make sure it is tight, without 

gaps. 

• Where ventilation is introduced to a roof system (ridge vent, soffit vent, gable end 

vent) ensure that the sealing details (screens, flashing, caulking) are visually 

inspected. 

• Check for loose or missing shingles. Look for moss growth, overhanging 

branches, levelness of roof. 
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• Check the roof at changes in pitch or direction (gambrel roof or at the valleys) for 

failing materials or gaps. 

• Look at flashing for cracks, holes and looseness. 

• Search roofing materials for deterioration - cracks, blisters or curling, and for any 

loose or missing parts. 

• Inspect soffits and fascia for deterioration (sagging) or openings where 

animals/insects could find access or where they could nest. 

• Inspect the joints where roof and siding meet for cracks. 

• Look for evidence of decay in the rafter ends and for water damage on a cornice. 

• Look for signs of clogging, inadequate slopes, or defects in the gutters and 

downspouts. 

4.4  Chimney: 

• Is the chimney leaning above the roof line? 

• Are the bricks near the top of the chimney deteriorated? 

• Is the chimney free of obstructions and soot build-up? 

• Is the mortar crumbling or are there loose or missing bricks? 

• Is the flashing rusted or pulling away from the roof and chimney? 

 

4.5  Gutters: 

• Check for blockage, clogging, corrosion, and leaks. 

• Remove all leaves and debris from gutters and check for loose joints. 
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• Check for corroded, broken and loose fasteners. 

• Check fascia boards for rot. 

• Check for cracked soldering at all joints. 

• Check gutter outlet where water flows to downspout. It should have a screen to 

prevent large debris from entering. 

• Check for proper pitch of the gutter for adequate drainage. If water does not drain 

properly the pitch will require adjusting. 

• Any leak in a gutter may be patched (if from puncture or corrosion) or soldered (if 

located at a joint). 

 

4.6 Downspouts: 

• Ensure all outlets from the gutters have downspouts to direct the water to 

extensions or splash backs. 

• Check downspouts for water flow and leaks. 

• Auger any blockage from the outlet. 

• Check all joints in the downspouts, ensuring no breaks. 

• Check hanging brackets of downspouts, ensuring they are tight. 

• Make sure that no tree limbs are within striking distance of the downspouts. 

• Ensure laterally hung downspouts have sufficient pitch, without sags. 

• Splash backs, or extensions should be installed to direct water at least one metre 

away from the foundation. 
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• Ensure that the splash backs have not settled, allowing water to run back to the 

building. 

• Ensure the slope of the ground around the downspout runs away from the 

foundation. 

 

4.7  Windows: 

 
Windows in 19th-20th century buildings are typically constructed with wooden 

frameworks {main frame, mullions (small strips of wood or metal that divide a sash 

into smaller glass "panes" or "lights") and muntins (strip of wood or metal 

separating and holding panes of glass in a window)}. As such, they require periodic 

sealing and painting and if applicable, puttying and even re-glazing. 

 
Like other building components, a window’s primary enemy is water. Everything 

should be done to limit its deleterious effects: 

• Window sills should be examined frequently for signs of softness or rot. 

• In those buildings where wooden window frames meet a masonry wall, that 

connection should be examined. If there are openings that have developed, 

caulking should be applied between wood and masonry. 

• Windows can become misaligned when a building shifts on its foundation. Check 

where they have sagged, shifted or settled, or where hardware is out of line, 

allowing openings for rain and air, even animals and insects. 

• Examine the elements of the window frame, looking for signs of rot (softness) 

and for places where paint or lacquer has blistered, cracked or has worn off. 

Because paint is a protective covering, every effort should be made to ensure 

that affected areas are repainted as soon as possible. Where it is necessary to 

repaint, use a wood preservative and good primer coat prior to painting. 

• Watch for cracks and holes in window panes -- water seeping in will rot the sills. 
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• where possible, decrease interior humidity and improve weather stripping. 

• If the building has storm windows, ensure that channels or holes are drilled at sill 

to allow driven rain to drain out. 

• Do not caulk storms across the sill. 

4.8   Doors : 

Doors that are subject to constant use or improper use need frequent attention. 

Most doors on historic buildings are of wooden construction, and are subject to 

shrinkage, warping, swelling, cracking and decay. Some key things to be aware of 

include the following: 

• Doors need to be painted to create a secure barrier. They should be painted on 

all sides, including tops and bottoms and sides. Unpainted parts invite moisture 

(and problems inherent with water wicking into wood). They must also have good 

weather-stripping to keep water and snow out. 

• Hinges and hardware should be periodically checked for tightness. 

• Doors can become misaligned. Note where they have sagged, shifted or settled, 

or where hardware is out of line, creating openings for rain and air, even animals 

and insects. 

• Check the door for lost or damaged seals. 

 

5.0  REPAIR AND STRENGTHENING 
 
5.1  The design of the rehabilitation works 

 

The design of the work for the structural rehabilitation of old buildings will be similar 

to the design of new buildings, consisting of written documents and drawings to 

enable the execution of the works. 
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The design can be developed in phases, as for new buildings (preliminary design, 

execution design, etc), but, in general, it will be developed in a single phase, after, 

and as consequence of, the structural assessment that has been carried out on the 

building. 

 
The works proposed for the intervention should be accompanied by detailed 

specifications for their execution, namely about the materials to be used and their 

conditions of application, the phases of execution, and the equipment necessary. 

An estimate of the cost of each work, established in a realistic way, should also be 

included. 

 
In the case of buildings that continue to be used during the execution of the works, 

that fact should be taken into account in the establishment of the phases of the 

execution and in the estimate of the costs. 

 

The rehabilitation works can be of two kinds: repair, when the purpose is simply to 

restore the load-bearing capacity of the building elements, and strengthening, 

when the purpose is to increase the load bearing-capacity.  

 
The choice of the solution to be adopted for an intervention of rehabilitation should 

be justified and be the object of cost-benefit analysis, in order to provide an 

efficient design at a cost as low as possible, whilst respecting, as much as 

possible, the cultural value of the building. 

 
 
5.2 Material degradation repairs 

 

5.2.1 Domain of application 

 
The types of damage that affect the durability of masonry and for which specific 

techniques are available include: 

 
- differential surface weathering or solar weathering,  
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- loss of material from joints or masonry including dropped stones,  

- dislodged masonry.  

 
The various processes that cause these types of damage tend to occur 

simultaneously, and when an area deteriorates, loss of materials from joints and 

the masonry can be found together. Further, some damage is considered to be the 

advanced phase of other types of damage. 
 
 

 
5.2.2 Repair methods for material degradation 

 
The repair of the degradation of building materials is, in general, achieved through 

the restoration of the geometry of the structural elements. When the loss of a 

section is not very significant, it will be sufficient the adoption of protective 

measures of the existing materials. 

 
When restoring the geometry of elements, in principle, materials identical to the 

original ones should be used. The use of new materials should take into account 

the type of the original material and the defects that are associated with it. 

 
5.2.2.1 Selection of repair methods generally 

 
Before the remediation techniques are executed, the following preliminary work is 
necessary: 
 
- Identification of the deterioration process causing the damage,  

 

- Selection of an appropriate technique to be used to correct the damage,  
 

- Determination of complementary measures to avoid or reduce the causes of 
the damage.  

 

5.2.2.2 Use of lime mortar 

 
Repairs, whether in reconstruction, pointing, or for surface repairs, should use lime 

based mortars. 
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Lime mortar with properties similar to the original construction allows the masonry 

to breathe and for water to pass through it rather than the masonry. 
 

Portland cement based mortars should not be used unless the structure was 

originally constructed with this material as it may cause further damage. 
 

Creep is normal in masonry and adding a harder material such as Portland cement 

mortar can produce severe stress concentrations, which can lead to spalling of 

adjacent stone or brick near the surface. It is best to think of the mortar as a 

cushion between hard materials rather than as an adhesive. 
 

Portland cement mortars prevent the passage of water, and cause water to pass 

through the masonry thus causing other damage. 

 

5.2.2.3 Soluble salt extraction 

 
Salts can be a serious cause of deterioration when they crystallise in the interstices 

of porous masonry. The process progresses from the exterior towards the interior 

surfaces. 

 
This technique consists of the extraction of saline substances from the masonry by 

means of the application on the surface of an absorbent material soaked in distilled 

water so that the salts are able to be absorbed by the material. 

 
The origin of the salts and their distribution on the masonry surface should be 

determined, and any water and surface salts should be removed before the soluble 

salts in the stone or bricks are removed. 

To remove the salts in the masonry interstices, a paper pulp dressing or any other 

absorbent material with clay soaked with distilled water is applied to the surface 

and left for 48 hours. During this period, the salts dissolve and pass through the 

paper by diffusion. The dressing is removed when dry. 
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If the stone or brick is very porous, any clay dust remaining on the surface should 

be removed using compressed air. The process can be repeated as necessary 

 

5.3 Material replacement 

 

5.3.1  Loss less than 5 cm in brick masonry or 10 cm in stone masonry 

 

This technique enables the reconstruction of masonry to the shape and outline of 

the original masonry. 

 
Reconstruction of missing material to restore load capacity should not normally be 

considered as it is impracticable to pre-load such repairs unless specialist methods 

are employed. 

 
The repair consists of applying a mortar based filling to reconstruct the lost 

material to the surface. The properties, stiffness and resistance of the mortar 

should be compatible with the arch material. The mortar should be similar in 

appearance to the stone or brick, and be able to preserve the masonry properties. 

Depending on the mix of lime, sand and water it may be possible to obtain different 

properties for porosity or permeability of the mortar. 

 
The repair is commenced by cleaning the damaged area, drilling holes in the 

masonry surface to be repaired, and removing dust from the surface with a 

pressurised air hose. 

 
Reconstruction of the surface using this method should not be carried out unless it 

is necessary to keep the structure in optimum condition. Accordingly rebuilding 

surfaces and contours with this method should only be used when it is necessary 

to improve the resistance to water ingress and to overcome specific causes of 

degradation in local areas 
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5.3.2  Loss greater than 5 cm in brick masonry or 10 cm in stone masonry 

 
This technique consists of the substitution of brick or masonry pieces with others 

having similar mechanical and hydraulic properties to those in the existing 

structure. 

Replacement works include the drilling and cleaning of the pieces to be restored. 

Once this has been made, the new brick or stone is placed and set into position 

with hydraulic mortar. 

 
The selection of bricks and stones should be carried out to ensure the replacement 

material is compatible with the geometrical bond and the original construction. 

 
5.3.3  Pointing 

 
Pointing consists of the filling and sealing of joints in the surface of brick and stone 

masonry until the original geometry is restored. The joints are effectively sacrificial 

preventing the water based damage processes from affecting the masonry. 

 
Damaged mortar should be removed back to a firm surface, and cleaned to 

remove dust from the surface with a pressurised air hose, and new mortar with 

hydraulic properties inserted in the voids. 

 
The optimum condition for application is dry weather. 

 
5.3.4  Injection of fissures or cracks 

 
Sealing of cracks, fissures, hollows and consolidation of the backfill may be 

achieved using a low pressure injection of lime grout. The exception to the use of 

this technique is the injection of cracks 1 - 2 mm wide which can be sealed by 

other materials such as resin. 

 
Prior to injection, the crack or fissure should be sealed by pointing. Injection 

nozzles should be inserted at a spacing of not exceeding than 50 cm. Mortar is 

injected commencing at the bottom and working upwards, verifying that, when 
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injecting in one location, that the grout comes out from adjacent and higher 

injection points. It is recommended that the injection process is repeated after the 

following 72 hours. The nozzles are cut flush to the masonry surface. 

 
 
Injection pressures will vary, but generally the maximum pressure should be 3 

atmospheres. A lower pressure should be used for severely damaged masonry. 

 
5.3.5  Consolidation 

 
Consolidation means the application of materials that penetrate and improve the 

cohesion of the masonry, its mechanical characteristics and the adhesion of the 

damaged parts to the undamaged masonry, and is a technique generally used 

when water causes internal disintegration of the masonry. 

 
5.3.6  Hydrofugation 

 
The aim of hydrofugation is to provide protection to external surfaces to reduce 

water absorption by the masonry and to provide protection against pollution and 

frost and to slow down the growth of moss, algae and lichen. 

 
Non-permeable waterproof products are applied to the surface of the masonry to 

prevent water penetration into the masonry but to also allow the water evaporation 

from within the masonry. This type of treatment is suitable when water is a 

significant factor in the deterioration of the masonry, and should be used for 

elements such as cornices, edge voussoirs to arch barrels, spandrel walls and 

upper courses to wing walls. 

 
The method is not suitable for areas susceptible to running water or water ingress 

due to capillary action. 

 
Hydrofugation may also be used as an anti-graffiti treatment. 

 
Prior to application to a masonry arch, a trial application of the proposed material 
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should be carried out and the permeability tested with water-steam, or by a 

porosity or absorption test on the specimen. Any treatments that produce a 

significant increase in the hydraulic porosity/capacity of the masonry should not be 

used. 

 

The non-permeable waterproofing product should be applied from the bottom 

upwards in order to avoid areas not being well soaked. Careful selection of the 

product to be used is necessary because some products have consolidation 

properties in addition to waterproofing properties. 

 

5.3.7  Masonry 

 

The repair of masonry elements is, in general, obtained through re-pointing the 

cracks with mortar, or the injection of appropriate grout (Fig. 10). Sometimes, the 

appropriate solution will include the replacement of the deteriorated masonry units. 

 

 

 
Figure 10: Injections of epoxy resins in a masonry vault 

 
The composition of the mortar or the grout to be used (cement, resin, etc.) will 

depend on the characteristics of the masonry, itself. Particular attention should be 

given to the compatibility of the repair materials and the existing masonry. 
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For example, in the repair of masonry built with mortar that contains gypsum, 

mortar or grout of cement should not be used, because of the reaction between the 

gypsum and the cement. 

 

For the superficial repair of a masonry element, chemical emulsions (silicates, etc.) 

can be used. The appropriate solution should be analysed in each case, 

depending on the specific conditions. 

 
For the elimination of bio-deterioration in masonry elements, several solutions also 

exist, nowadays, (biocides, laser, etc.). The appropriate solution should also be 

analyzed in each specific case. 

 
The elimination of infiltration of water and the rise by capillarity of moisture in the 

masonry, coming from the foundations is, in general, difficult to achieve. The 

injection of hydro-active grouts, based on polyurethane resins is, sometimes, 

adequate. When possible, the best solution will be, always, the elimination of the 

source of contamination, through the adequate drainage and desalinization of the 

soil. 

 
5.3.8  Timber 

 
Concerning the action of xylophages insects, preservative materials with 

insecticide properties exist nowadays, and are adequate for timber protection. 

 
Concerning the effect of moisture on the outside of elements of coverings and of 

the floors embedded in walls, an adequate solution will be their protection against 

the infiltration from rain water. When those elements have deteriorated significantly 

they should be substituted by new ones. 

 
For the problem of the existence of longitudinal cracking in timber elements, some 

solutions also exist, such as the use of lateral fastenings or ties, or the injection 

with special products (synthetic resins, etc.). When steel elements are used in this 

strengthening, they should be adequately protected against corrosion. When 
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consolidating materials are used in timber, their compatibility should also be 

verified. 

 

5.3.9  Steel and iron 

 
The main problem with steel or iron elements is corrosion. Their repair requires, 

firstly, the elimination of the rust, for which several techniques exist (sand blast, 

etc.), then covering of the surfaces with appropriate products, usually, paint. 

 

When there is a significant reduction of their sections, structural elements should 

be substituted by new ones. Depending on the specific conditions, reductions of 

more than 20% are, in principle, considered significant. 

 
5.4 Repair and strengthening of the structural elements 

 
The repair and strengthening of structural elements affected by mechanical actions 

usually requires the introduction of additional components in order to restore or 

increase their strength. In particular situations, partial demolition followed by the 

reconstruction of the elements, using, as much as possible, techniques identical to 

the original ones, can also be adequate. 

 
5.4.1 Bricks and Stones: 

 
Masonry consists of stone, brick or concrete blocks bonded with mortar. Mortar is a 

mixture of lime, sand, water and, more recently, cement. Masonry, when properly 

constructed and well maintained, will last for centuries. Mortar joints will normally 

require re-pointing every 50 years. Brick is the most common masonry wall, usually 

with limestone or granite for foundations. 

Stone is also common in areas where there is a tradition of stone masonry and 

availability of the material. The performance of a masonry wall depends on proper 

design, materials, workmanship and maintenance. Key requirements are that a 
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wall be strong, keep moisture out and allow the mortar to flex. Most masonry work 

involves re-pointing and occasional replacement of deteriorated brick or stone. 

i. Principle:  

• Conserve original brick and stone with periodic check-ups and maintenance.  

• When re-pointing, use an appropriate lime-based mortar.  

• Avoid cleaning. Conserve the patina of age that gives the building character.  

• If cleaning is necessary, carry out with great care. Do a test patch first to ensure 

there is no damage to the masonry surface.  

• Never sandblast. 

 

ii. Problems: 

• Brick and stone can deteriorate for many reasons, the key ones being  

• Excessive moisture in the masonry freezing and thawing in winter  

• Water in the walls rusting out masonry ties  

• Improper cleaning, such as sandblasting  

• Differential expansion, leading to cracking  

• Airborne pollutants 

iii.  Some indications of masonry problems are –  

Bulging    -  indicates the wall has moved.  

Cracking   -  indicates movement within the wall.  

Straining   -  indicates excessive dampness.  

Crumbling         -  indicates moisture penetration due to poor brick or to   sand-

blasting.  

Paint Blistering -  indicates moisture trapped behind paint.  
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Mortar Cracking -  indicates cement mortar is too hard and is popping   out in 

freeze-thaw cycles. 

iv. Re-pointing:  

Mortar bonds masonry together. As well as compressive strength, workability and 

flexural (bending) capacity are important. Mortar should be weaker than the 

masonry to accommodate movement in walls, or else cracks will occur. The 

earliest mortars were lime-based, being water resistant and flexible, but often weak 

and susceptible to frost action. Later cement mortars, with little or no lime, are 

strong and fast setting, but with poor and uncertain bonding. Masonry cement is a 

pre-blended mixture of lime, Portland cement and other ingredients that can vary to 

suit conditions. When re-pointing 

• Duplicate the original mortar mix  

• Match the original mortar joint  

In applying the mortar, ensure the adjacent bricks are wet and that the mortar dries 

slowly under the shade of a tarpaulin if it is sunny. Allow it to cure properly. 

v. Mortar mixes:  

The right mortar mix for a masonry wall is very important, so that it moves with the 

wall. If the original mortar has fared well, the intent is to duplicate its mix. The 

following is a rough guide of mortars for different types of brick and stone.  

vi. Cleaning:  

Cleaning masonry is one of the most difficult jobs there is, particularly, when trying 

to remove paint. In general, there is no way to remove paint that will not also 

damage the surface of the masonry. The only solutions are to let the paint wear off 

over many years or repaint. Cleaning dirt off masonry is a simpler and safer 

procedure, although dirt does not, generally harm masonry and, in fact, can 

provide attractive qualities of character and age. Cleaning methods include the 

following: 
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vii.  Water:  

Cleaning masonry with water is the simplest, safest and least expensive method. It 

softens the dirt and rinses deposits from the surface. When water-cleaning, ensure 

the wall is watertight and mortar and caulking joints are sound, the least amount of 

water is used, and there are two to five weeks of dry weather before frost. The 

different techniques are as follows: 

Hand-scrubbing         -   using a mild detergent and hosing down when complete. 

This is   simple and effective.  

Spraying                     -  using regular water pressure to create a fine mist applied 

periodically over several hours and hosing down when 

complete.  

Pressure Washing     -  using mechanized pressure. Great care should be taken 

on   soft masonry and mortar, which can be destroyed if 

the pressure is too high and spray duration too long. 

viii. Chemical:  

Chemicals are usually used to remove paint. It can, and usually does, destroy the 

surface of masonry. If contemplated, a test patch should be done to determine the 

extent of the damage. The general approach to chemical cleaning involves wetting 

down the masonry, applying the chemical and rinsing off. The different cleaners 

are as follows: 

Acid - usually hydrofluoric (HFI), is mixed in a maximum concentration of 5%, 

preferably 1%-3%. Acid should not be used to clean limestone, marble or 

sandstone.  

Alkali - can be used on acid-sensitive masonry such as limestone, marble and 

glazed brick. It has a potassium hydroxide, ammonia or caustic soda base. Alkali 

should not be used on stone with a high iron content.  
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Paint removers  -  are often the only means of removing paint. Reaction with 

the masonry can vary, therefore a test patch should be conducted first. 

ix. Sandblasting:  

Abrasive cleaning, usually sandblasting, is not acceptable for old and historic 

masonry. It removes the hard exterior surface of brick in particular, which then 

taken on moisture and rapidly deteriorates. Many older brick buildings which were 

sandblasted have subsequently been re-plastered as the brick became porous and 

crumbled. On stone, it can destroy details and texture. 

5.4.2   Stucco:  

 

i. Traditional Composition-  

Stucco was originally a lime and sand mix and applied in three coats to the wood 

lath. The first “scratch” coat bound the mix to the lath, the second coat built up the 

strength and the finish coat provided texture and colour. Animal hair and straw can 

sometimes be found in old stucco and were used as binders. In the early 1900’s, 

Portland cement was added to the mix for additional strength. In conserving and 

restoring traditional stucco, the traditional composition and application should be 

revived.  

Stucco is an ancient material going back many centuries. One source suggests the 

word might be derived from an old German work “stucchi” which means crust. 

Initially, stucco was applied directly over masonry and later applied onto a wood or 

metal lath. When applied correctly, it will last indefinitely. Architecturally, over the 

past two hundred years stucco has had an uneven history. In the early to mid-

1800s, it was used in a number of ways. One was to cover over rough field stone 

on a building elevation. The stucco was incised with lines to make the elevation 

appear as cut stone. This same technique was used also with lath and stucco on 

wood frame buildings. 
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ii. Repair:  

The most common damage to traditional stucco is cracking or falling away at the 

sides or edges. These can be repaired by removing to the lath base. Wetting the 

area and applying new coats of a mix as close as possible to the original. This 

should be left to dry slowly. Bulging is a more serious problem and usually denotes 

the stucco has come away from the lath. The stucco in the area of the bulge or the 

entire wall, should be removed and redone. A very difficult task is to have the new 

repair patch stucco math the old, particularly the colour. Two alternatives are 

available, either re-plaster the entire elevation, which can be costly, or paint. A 

latex paint is recommended as it breathes and is less susceptible to peeling. Only 

latex paint formulated for stucco should be used. 

iii. Conservation Principles:  

• Conserve traditional stucco walls. It is a rare and little used finish.  

• When repairing, use the traditional ingredients and techniques, particularly the 

lime and sand mix.  

• When repairing stucco walls, analyze the stucco ingredients which may be 

Portland cement.  

• Retain skilled craftsmen to restore stucco wall or build anew. 

 
5.4.3 Walls and columns 

 
Concerning walls, to counteract the effects of vertical loads, the most efficient 

measures are the consolidation of the material itself, through injection or re-

pointing, as has been referred to for the masonry material. 

 
In the case of composite walls, with two exterior skins and an interior core (usually, 

rubble of low quality), steel connectors, anchored in the exterior skins constitute an 

efficient measure to assure their integrity, impeding their separation from the 

interior core (Fig.11). 
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Figure 11: Strengthening of a masonry wall with steel connectors 

 

When the walls are cracked due to in-plane loading, an adequate solution will be 

the installation of anchorages (anchor bolts) in the thickness of the wall, crossing 

the cracks (Fig. 12a). In particular situations it can be adequate to simply clamp the 

cracks with appropriate clamps, anchored on the surface of the wall (Fig. 12b). 

 

                   

a) With anchor bolts                               b) With clamps in cracks 

 

Figure 12: Strengthening of masonry walls for in-plane actions 
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To counter the effects of lateral loads on walls they can be strengthened with 

metallic reinforcement or strips of composites: carbon fibres (CFRP) (Fig. 13), 

glass fibres (GRC), etc., applied on their faces. In some situations, strutting can 

also be adequate. 

 

Concerning columns, injection, the application of ties and lateral confinement by 

wrapping with metallic sheets or composites (CFRP, GRC, etc.) are the measures 

usually used. The best solution will depend on the specific conditions. 

 

 

 

Figure 13: Strengthening of a masonry wall with 

glued CFRP strips 

 

5.4.4 Arches, vaults and domes 

 

For this type of element, in addition to the injection and the re-pointing (as referred 

to for walls), other measures can be adopted, such as the introduction of tie-rods, 

generally, in steel, to compensate for the thrust induced on the supports (Fig. 14). 
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Figure 14 Tying of masonry vaults with 

tie-rods in steel 

Figure 15: Strengthening of masonry 

vault with timber ribs glued on the 

extrados 

 

The tie-rods should be placed, preferably, at the level of the bearing (in arches and 

vaults), or along parallel circles (in domes). They should be installed with a slight 

degree of pre-stressing, in order to guarantee that they will always be under 

tension. 

 

When it is possible to install, another solution will be the jacketing of the extrados 

of the vaults with strips of glued composite materials. However, in this case, 

attention should be paid to the barrier effect that is created along the vault. 

 

An alternative solution, very useful in particular situations, will be the insertion of 

strengthening components (in steel or timber), glued to the extrados of the 

masonry, which provides stiffness to the vault and in which the barrier effect is 

much less sensitive (Fig. 15). 

 

When blocks have become out of position, an adequate solution will be 

dismantling, followed by rebuilding in the correct position. In very severe situations, 

when the shape of the element has been heavily changed, it can be more 
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appropriate to demolish the element, followed by its reconstruction using materials 

similar to the original ones. 

 

In the case of filled vaults, one possible solution will be the reduction of weight or, if 

appropriate, the adjustment of its distribution. 

 

In the case of floors made with brick vaults supported on steel beams, an adequate 

measure to restrict their lateral separation will consist in the placing of tie-rods, in 

steel, welded onto the bottom flange of the beams. 

 

5.4.5 Towers and chimneys 

 

The most common solution for the strengthening of this type of element consists of 

tying them with horizontal ties, usually, steel strips or cables (Fig. 16), or by 

wrapping them with glued composites (CFRP, GRC, etc.). 

 

 

Figure 16: Tying of masonry tower with steel strips 
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In the case of prismatic towers an appropriate measure will be the provision of 

diaphragms (in concrete or steel), at intermediate levels, for the confinement of the 

walls. 

 

5.4.6 Framed elements 

 

In the case of timber elements the most common solution for their strengthening is 

the substitution of the damaged elements by new ones. 

 

Sometimes, the existing members can be strengthened, for example, through the 

gluing of strips or wraps of composites: CFRP, etc. (Fig. 17). 

 

 

 

Figure 17: Strengthening of timber floor with composites 

 

In the case of steel elements the best solution will also be the substitution of the 

damaged members by identical new ones, eventually, stronger. 

 

5.4.7 Wood Siding:  

Wood siding was one of the most common sidings for historic buildings. Wood is 

vulnerable to decay through moisture and damp and requires a finish of paint or 

stain. Every effort should be made therefore, to preserve original wood siding, not 
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only because it is authentic to the building but also because it’s quality cannot be 

found. It is the deterioration of the finish that has frequently caused wood siding to 

be covered by insulated brick in the early 1900’s and, more recently, by vinyl or 

aluminium siding. The main challenges of wood siding are, therefore, maintenance 

or choosing the right replacement. 

i. Conservation Principles:  

• Conserve original wood siding.  

• If replacing, match the original profile.  

• For new additions, select a wood siding that complements the style of the 

original historic building.  

• Paint in period old colours. 

ii. Different Types of Wood Siding:  

Wood is a traditional siding widely used in historic buildings and most appropriate 

for new additions. Wood siding includes tongue and groove, bevel, board and 

batten and shingle. Some of their characteristics are as follows:  

Tongue and Groove   -  This is a horizontal pine board with a 6” to 8” face locked 

together by a tongue and groove joint. The joints may be 

flush or, more commonly, V-grooved. Nailing is through the 

tongue, thereby eliminating surface nail heads. Finish is 

with paint or stain. 

Bevel                          -  This is a horizontal pine or cedar board with a 4” to 8” face, 

overlapped at the top. Nailing is surface. Finish is paint or 

stain. 

Board and Batten       -  This consists of vertical 10” to 12” wide rough sawn or 

planed pine boards with ¼” spaces between and 1”x2” 
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battens over. Traditionally, the batten edges were mitred. 

Paint is the traditional finish. 

Shingle                       -  Shingle siding comes in various profiles, including straight, 

scalloped and angled. It is often used selectively and 

decoratively at roof gables and as veranda handrails, with 

a paint finish. 

iii. Maintenance:  

Original wood siding should be conserved whenever possible. With periodic 

maintenance and painting, it will last indefinitely. Some maintenance guidelines are 

as follows: 

Painting                      -  Painting is the most important maintenance item with wood 

siding. Ensure the paint work is in sound condition. For 

further information, refer to the Paint & Colour Guideline.  

Split Boards                -  Pry split boards apart and coat the interior faces with an 

epoxy resin glue. When tacky, push the split together, sand 

and spot paint.  

Replacing Boards       -  Cut out deteriorated sections only between the nearest 

studs, with circular saw and chisel. Using the removed 

section as a template, insert a new piece, nail and caulk 

end joints. 

iv. Choosing the Right Siding for an Addition:  

The choice of siding for a new addition will be governed by many factors including 

quality, cost and ease of application. A key consideration is to ensure the siding 

complements the architectural style of the main building. If the main building is 

wood, it is best to match the original siding. If it is masonry, the wood siding should 

be complementary. Wood sidings vary in scale and character and traditionally suit 

different situations. 
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• Tongue and groove has the most refined appearance and is suitable for most 

building additions. 

• Bevel edge is also a refined style but best suited for additions to humbler house 

type such as the Ontario Cottage.  

• While board and batten may be found on some delightful early building, it is 

utilitarian in scale and should be chosen with care. It best suits additions to early 

stone and log houses that have a similar hand-crafted texture and scale. If it is 

selected, the batten edges should be mitred to provide a more finished 

appearance. 

 

6.0 Upgrading of foundations 

Concerning the strengthening or underpinning of foundations of walls or columns, 

the traditional technique of constructing piers in pits is still common. 

 

The use of micro piles and the improvement of the soil through injection with jet-

grouting or with hydro-active grouts are solutions that are also becoming 

increasingly popular. However, when these types of measures are adopted, they 

should be extended to the entire building, in order to avoid differential deformation 

of the building. Injection has the advantage of the creation of a barrier to protect 

the capillary rise of water to the building. 

 

Another solution, sometimes possible, is the widening of the foundation, usually, 

with additional reinforced concrete elements. In this case, it will be necessary to 

effectively connect the old and the new elements. 

 

To avoid the cracking of buildings during excavations (for the execution of tunnels, 

for example), beams in reinforced concrete can be constructed under the walls and 

columns, in order to transmit the weight of the building to the surrounding soil, 

during the execution of the works. 
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Concerning arches, vaults and domes, when they are subjected to differential 

settlement of the foundations, underpinning, using solutions identical to those 

referred for walls and columns should be carried out. 

 

When towers and chimneys are subjected to differential settlements, the solutions 

referred to above can also be used. Sometimes, the adequate solution will be the 

increasing of the deformability of the soil in the zone where it is more rigid, for 

example, through the execution of horizontal holes in the soil. 

 

The upgrading of foundations for framed elements can also be achieved using 

solutions identical to those referred to above for walls and columns. 
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