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Introduction

At the hearing on 9 December 2009 | was invited by the Inspector to provide examples
illustrating various Categories of building damage.

In Section 4.2 of my evidence presented on 3™ April 2009 | stressed the importance of
having objective guidelines for classifying building damage because without these extreme
and emotive attitudes to even minor cracking can develop. | also stressed that most
buildings experience a certain amount of cracking, often unrelated to foundation movements,
which can be repaired during routine maintenance and decoration.

Categories of Damage

Three broad categories of building damage can be considered that affect: (i) visual
appearance (often called cosmetic damage), (ii) serviceability and function of the building
and (iii) structural stability.

In my previous evidence | presented the more detailed classification which is now widely
used world-wide. This was set out in Table 3 of the evidence and it forms the basis of
assessing the potential risks of building damage due to tunnelling and excavation for the
Metro North Project.

The classification is based on ‘ease of repair’ of the visible damage. When classifying
existing damage the following important points should be noted:

(a) The classification relates only to the visible damage at a given time and not its cause
or possible progression which are separate issues.

(b) The strong temptation to classify the visible damage solely on crack width must be
resisted. It is ease of repair which is the key factor in determining the category of
damage and crack width plays a part in this.

(c) The classification was developed for brickwork and blockwork and stone masonry. It
can be adapted to other forms of cladding by adjusting the allowable strain levels in
accordance with the brittleness and ductility of the cladding elements. It is not
intended to apply to reinforced concrete structural elements, the integrity of which is
controlled by stability criteria.

(d) More stringent criteria may be necessary where damage may lead to corrosion,
penetration or leakage of harmful liquids and gases or structural failure.

Examples of Damage

The following figures show photographs of various categories of building damage starting
with Category 5, Very Severe, and progressively reducing. Beneath each photograph is an
extract from Table 3 describing typical damage for the relevant category with the ease of
repair underlined.



Figure 1 is an example of Category 5 damage. It shows a photograph of a cliff top hotel on
the coast at Scarborough, North Yorkshire that was impacted by cliff instability. At the time
that the photograph was taken the building had been declared unsafe and evacuated.

Figure 2 is an example of Category 4 damage. It shows photographs of a two storey
domestic building which was damaged by clay shrinkage caused by the tree on the left hand
picture during a long dry summer. The foundations for the gable wall subsided causing the
gable wall to rotate outwards, giving rise to severe cracking of the brickwork both externally
and internally. It can be seen that the outward rotation of the gable wall has caused the tiles
at roof level to move outwards and there was concern about loss of bearing of the rafters
and stringers in the roof and upper floor. Extensive repairs were required involving
underpinning the gable wall and extensive repair of the brickwork.

Figure 3 is an example of Category 3 damage to a five storey apartment building in London
caused by foundation subsidence. The right hand side of the building has settled relative to
the left hand side causing vertical racking and the formation of diagonal cracks above and
below the windows. Repair was carried out by the replacement of the affected brickwork.

Figure 4 is an example of local Category 2 damage to a two storey domestic building. The
left hand photograph shows a vertical crack tapering downwards and disappearing at damp
proof course level and therefore not affecting the continuity of the foundations. This crack
was not present internally. The right hand photograph shows the only visible internal
cracking which was in the corner of a plasterboard partition upstairs. As is usually the case
for damage of Category 2 or less, the precise cause is not clear but could be due to a
number of factors including shrinkage and thermal effects. This building is of interest
because it was underpinned in the late 1970s. It was as a result of a number of examples of
this sort, where needless expensive and intrusive underpinning was carried out, that the U.K.
Building Research Establishment developed the system of damage classification.

During my inspection of buildings along the route of Metro North | have seen numerous
examples of buildings which have localised Category 1 and 2 damage. Figure 5 shows
pictures of a two storey domestic building in Ferguson Road which exhibits an isolated slight
crack extending upwards from ground level to the corner of a window but no further. Figure 6
shows pictures of a bungalow in St. Joseph’s Avenue which is in very sound condition. In the
ceiling of the bathroom is a fine crack that runs around the edge of the ceiling along two
sides and had given rise to some pealing of the paintwork. Such damage is easily treated
during normal decoration.

Buildings Containing Sensitive Finishes or Equipment

In Section 5.2.3 of my evidence | stated that the “at risk level” for the majority of buildings is
Category 3 or greater. This risk level has been adopted as standard practice for most
tunnelling projects around the world. Put another way, the maximum allowable level of of
building damage has been set at Category 2. The Stage 2A and Indicative Stage 3
assessments that have been carried out suggest that few, if any, buildings are at risk of
Category 3 damage or above.

For buildings which contain sensitive and valuable finishes or equipment, or whose structure
is particularly delicate, the maximum acceptable design level of potential damage has been
reduced to Category 1.

Along the proposed route of Metro North there are a number of buildings of historical
significance with valuable sensitive finishes. | believe that it will be helpful to include in this
presentation some examples of such finishes and also the levels of damage that have taken
place during routine occupancy of the buildings.

In the following | have chosen some examples from Parnell Square since this location was
used in my evidence given on 3™ April 2009 to demonstrate the outcomes of some Indicative
Stage 3 analyses. It has been shown that for Number 8 Parnell Square the Indicative Stage



3 analysis gave an assessed Category of damage at the lower end of Category 1 (Very
Slight). For Numbers 9 and 10 Cavendish Row the Indicative Stage 3 analysis gave an
assessed Category of damage of 0 (Negligible).

Figure 7 shows the front elevation of Number 8 Parnell Square and the close-up shows the
presence of pattress plates for anchoring tie-back rods. The right hand photograph shows
the internal anchorage arrangement. There is much evidence, including this detail, to show
that significant movements have occurred within the buildings over their lives. The
photographs in Figure 8 show examples of Category 1 cracking at the junctions of walls and
ceilings together with repaired plaster work and misaligned framing of a window on the main
stairwell.

Figure 8 shows the front and side elevation of Numbers 9 & 10 Cavendish Row. Several
rooms feature highly ornate Georgian ceilings as shown in Figure 9. In general the building
is in a good state of repair. Even so there is evidence of some historic building movement
giving rise to Category 1 cracking at the junctions between walls and ceilings as shown in
Figure 10.

Within many of the buildings along the east side of Parnell Square there are some fine
examples of decorative plaster ceilings and cornices and | have inspected many of these.
Some of these are in an excellent state of repair. Others have not been so well maintained.
All of them, particularly the less well maintained ones, exhibit signs of building movement
and Category 1 cracking.

It is my understanding that the expert repair and conservation of decorative plaster work
which has suffered localised Category 1 damage is a relatively straight forward matter.






Category 1 Damage, Very Slight
Example of existing Category 1 damage in St Joseph’s
Avenue, Dublin

Extract from Table 3. Description of typical damage (ease of repair underlined)

Fine cracks that are easily treated during normal decoration. Damage generally restricted to
internal wall finishes. Close inspection may reveal some cracks in external brickwork or
masonry. Typical crack widths up to approximately 1mm.

Figure 6



Buildings Containing Sensitive Finishes
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