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1. INTRODUCTION 

Ireland’s Rail Procurement Authority is plan-

ning to construct a metro route from the city 

centre at St. Stephen’s Green northwards to 

Dublin airport, passing in the process through 
one of the oldest and most densely developed 

neighbourhoods in Ireland. How to best predict 

which above ground structures may be impacted 

and the level of their vulnerability to tunnel-
induced subsidence is a matter of debate. The 

aim of this project was to develop a method to 

incorporate a form of rapid condition asses s-

ment that could be incorporated into traditional 
subsidence vulnerability evaluations. 

 

2. BACKGROUND 

There are many types of condition assessment 

for existing structures. Arguably methods can 

be separated into two categories:  Due Diligence 
Evaluation and General Structural Integrity 

Assessment (Peraza, 2006). The Due Diligence 

Evaluation is normally required by a potential 

buyer to discover any readily apparent structural 
deficiencies. This method is superficial in  

nature, because of the limited time allocated to 

it and the focus on damage visible on the outer 

fin ishes covering the structural elements. Signs 

of hidden structural distress are presented by 

Peraza (2006) for most internal fin ishes. In the 

case of rapid assessment of a bu ild ing’s external 

structure, where damage normally manifests 
itself in the form of cracks, alternative condition 

assessment methods, in the form of dig ital 

image analysis exist (Pourdeyhimi et al., 1995).  

In contrast, General Structural Integrity As-

sessments are typically carried out by building 
owners, who wish to identify any maintenance 

or repair items, as well as any imminent haz-

ards. Peraza (2006) div ides assessment into 

three separate levels:  hands on, visual, and 
testing. Various standards are cited by Peraza 

(2006) in support of this, as well as a list of 

common tests for concrete, steel and wood for 

use when performing visual assessment or 
probing indicative damage. A similar approach 

is taken by the American Society of Civil 

Engineers (ASCE) in its two documents:  

Assessment of Existing Buildings (ASCE, 

2000) and The Condition Assessment of the 
Building Envelope (Cole and Waltz, 1995). 

These aid in the examination of both the build-

ing’s underlying structure and its external shell, 

respectively. Both standards may be considered 
general guidelines and means to assess the 

condition of any structure, regardless of its 

composition or age. The Guideline for Struc-

tural Condition Assessment of Existing Build-
ings provides approaches and methodologies for 
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consideration of structures composed of wood, 

structural steel, reinforced concrete and ma-

sonry. Analysis is made through the use of 
detailed tables of the different methods of 

assessing various structural member types, 

advantages, limitations and the type of technical 

expertise required to perform these methods.  

Unfortunately, when faced with hundreds or 
thousands of structures that need evaluation (as 

is the case in many tunnelling projects), even 

the more cursory approaches outlined above 

may prove too resource intensive. Another 
scenario in which this problem arises is pre- and 

post-earthquake evaluation. To accommodate 

those situations a variety of rap id assessment 

techniques have been developed.  Prominent 
amongst them are FEMA 154 (Rojahn, 2002) 

and ATC-20. Neither requires extensive re-

sources with respect to training, equipment, or 

personnel time. 

Table 1. Crack damage scale (after Burland 1995).  

Risk 

Level 

Damage 

Degree 
 

Description 

of Existing 
Damage 

Crack 

Width 
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treated  
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tures;  ext. cracks 

visible 
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Cracks may 
require cutting & 
patching; doors & 

windows sticking 

5-15 or 
>3  

.15-.3 

4 
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Extensive repair w/ 
removal & re-
placement of 

walls, esp. over 

doors & windows; 
windows & door 
frames distort; 

floor slopes 
noticeably 

15-25 
but also 

depends 
on crack 
quantity 

>.3 

5 
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S
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 Major repair 
required w/ 

reconstruction; 

instability danger  

>25, but 
depends 
on crack 

quantity 

 

 
One common concern in all of these evalua-

tion systems is the presence of cracks. At the 

core of many systems has been the adoption of a 

crack damage scale developed by Burland 

(1995) as shown in Table 1. In the case of the 
Bangkok subway, this was adopted to help 

prioritize build ings to monitor during tunnelling 

(Aye et al., 2006). The difficu lty with using this 

measure as a standalone indicator of both 

existing damage and overall health is that there 
are many conditions that may exist in the 

absence of any visible cracking, which would  

indicate that the building has either previously 

been or is presently distressed or that mainte-
nance has been inadequate.  

To begin to bridge this disjunct, a new rapid 

assessment system was developed and applied 

to the first portion of an upcoming metro project  
in Dublin, Ireland. 

 

3. SCOPE AND METHODOLOGY 

The first two stations and adjoining tunnel 
of the upcoming Metro North line are situated 

directly beneath the heart of Dublin Ire land’s 

central shopping area, usually referred to as 

Grafton Street –  named for the main pedestrian 
thoroughfare traversing the zone. Grafton Street 

is one of Dublin’s most iconic streets, due to its 

rich history and the large number of retail 

outlets situated there. A recent retail survey 
found that the average price of rental space per 

square metre there is the fifth highest in Europe, 

at €8000/m
2
 (McGabhann, 2007). Grafton Street  

is also home to some of the oldest buildings in 

the city, with some dating as far back as the 
1700s. These structures are of great historical 

and cultural value, and the age and material 

composition of these buildings make them 

vulnerable to sustain damage due to subsoil 
movement caused by tunnelling. Taking the 

likelihood of damage, as well as the historic and 

economic importance of the area into account, it 

was decided to concentrate the study on Grafton 
Street and the neighbouring streets, an area 

encompassing some 48,000m
2
, 12 blocks and 

271 buildings (Fig. 1).  

Within this study area, all availab le build ing 

facades and walls were photographed with a 
Canon Powershot S80, 8 megapixel dig ital 

camera, with a 3.6x zoom, collecting images at 

the highest detail level available on the camera: 

3264 x 2448 pixels in conjunction with the 



lowest compression level available on the 

camera (Superfine).   

 

 

 

Figure 1. Streets included within the study area. 

3.1. New scale development 

After all build ings in the study area were 

photographed, the images were examined for 
signs of distress and other indications of 

damage to achieve a fuller vulnerability 

understanding. Based on these findings, a series 
of four supplementary scales were developed to 

reflect protruding or loose brickwork (Table 2), 

replaced or repaired brickwork (Tab le 3), 
damage due to exposure (Table 4), and plant 

growth (Table 5). Similar to the Burland’s crack 

scale shown in Table 1, each newly proposed 
scale was assigned values of 0 to 5 to reflect the 

different degrees of severity possible for each 

damage category.  
To help ensure uniform applicat ion of the 

scales, reference photos were identified and 

used for each damage level, where possible (due 
to the limited scope of the study area in some 

cases the more extreme damage levels were not 

present and, thus, an estimation was made as to 
what would constitute a severe risk level.  

Figures 2-3 show samples of the two reference 

photos affiliated with tables 4 and 5. 

Table 2. Protruding or loose brickwork, 

Risk Description of Existing Damage 

0 All bricks in same plane 

1 A few bricks (1-3) are noticeably out of plane; 

mortar appears to be loose, weak, missing 

around 1-3 bricks  

2 Overall, > 5 bricks appear to be slightly out of 

plane; gaps in mortar are more noticeable; just 

perceptible difference in line of brick  

3 Overall up to 10% of bricks are noticeable out 

of plane; noticeable slope in masonry; windows 

lintels, doorframes etc. are noticeably tilted 

4 Overall up to 15% of bricks are missing en-

tirely; noticeably outward bulge in the wall; 

Window lintels and doorframes are at an angle 

greater than 15 degrees.  

5 > 15% of bricks are missing entirely; Sections 

of wall verge on collapse; Repair work would 

require majority of wall to be rebuilt 

Table 3. Replaced or repaired brickwork. 

Risk Description of Existing Damage 

0 None 

1 Brickwork was infilled as a result of filling a 

disused doorway or window. 

2 Replacement occurred in small clusters (i.e. 2-6 

bricks.  

3 Replacement occurred in larger clusters (greater 

than 6) 

4 > 10% of the wall is comprised of replaced 

brickwork 

5 > 25% of the wall is comprised of replaced 

brickwork 

Table 4. Damage due to exposure. 

Risk Description of Existing Damage 

0 None 

1 Isolated, rarely occurring chipping (i.e. 1-3 

bricks)/lower perceptible damage of overall 

wall.  

2 Perceptible overall damage (weathering) of 

bricks. 

3 Frequent examples of significant damage (i.e. > 

5%) 

4 Noticeable damage to > 15% of bricks in wall 

5 > 25% of bricks are subjected to heavy chip-

ping/spalling; bricks are heavily eroded due to 

exposure 

 



Table 5. Plant growth. 

Risk Description of Existing Damage 

0 None 

1 One or two examples of weeds growing in 

typical places ( i.e. top of chimney, ledge etc) 

2 The weeds growing are more numerous as well 

as being more overgrown 

3 Whole wall ensconced with vegetation 

4 Minor bush/tree growing out of masonry  

5 Major (fully grown) tree growing out of 

masonry 

Figure 2. Example of plant growth at risk level 1.  

 

Figure 3. Example for plant growth at risk level 1 and 

damage due to exposure at risk level 3.  

3.2. System weighting 

Although all scales featured values from 

zero to five, a score awarded in one category 

does no necessarily indicate the same damage 
level, as the same score given in a different 

category. An example of this would be a 

comparison between the scale used to gauge 
damage due to plant growth (Table 5) and the 

crack severity scale (Table 1). A damage score 

of two from cracking is much more significant 
than a similar score caused by plant growth. For 

this reason, scores from each category were 

given a weighting (Table 6), after which global 
scores were calcu lated for each building.  

For the purpose of weighting, cracking was 

considered the most important criterion, 
followed by protruding/loose brickwork and 

damage due to exposure, one of which was 

considered as important as the other. Coming 
after this was the category previously replaced 

or repaired brickwork, with the last being plant 

growth, which although it weakens the mortar 
and may be seen as indication of poor general 

maintenance, is probably a relatively poor 

indicator of structural health.  
Once all buildings were assessed and the 

individual scores were weighted, the final 

results were displayed in a Geographical 
Information System (GIS) format with respect 

to their relative proximity to the planned metro 

installation, as described below.  
 

Table 6. Weighting system. 

Scale Used Modifier/Weight Used 

Cracking 4 

Protruding/loose brickwork 3 

Damage due to exposure 3 

Replaced/repaired brickwork 2 

Plant growth 1 

 



4. RESULTS 

Within the new, weighted scale, the 
maximum damage rating was 40. 

Approximately 85% of the build ings contained 

in the study area received a damage rating of 1-
15 (less than 2 in the old scale) as opposed to 

the 4% scoring above 25 (more than 3 in the old 

scale). The Exposure scale, which includes 
damage such as spalling, chipping and 

weathering of bricks, featured the highest 

number of buildings exh ibiting a damage level 
of 3 or higher (24%) fo llowed by 21% for 

cracking; the others only had 0-8% with 

indicators of 3 o r more.   
The conclusion from this work is that one 

parameter is not a terribly good indicator of any 

other and should not, therefore, be used as a 
signifier for the global health of the structure.  

One limitation of the proposed system 

should be mentioned. This is that no 
“confidence factor” has been built into this 

rating scheme to indicate how many sides of a 

building were considered in the analysis. 
Anecdotal assessment of the data would 

indicate that facades were much better 

maintained than walls facing alleys; arguably 
this is a also a function of the care which went 

into each part of the original construction. As 

the aim of th is work was to identify those 
structures most at risk, for the analysis 

incorporated herein, the rating from the wall 

with the highest damage rating was used as the 
rating for the entire build ing (Fig. 4). 

Figure 4 facilitates a more accurate appraisal 

of tunnelling risk, as traditional methods of 
subsidence trough generation to determine the 

zone of influence can be directly overlaid using 

GIS or other means. The combined approach of 
incorporating both a condition assessment and 

GIS allows for nearly instantaneous risk updat-

ing as more precise informat ion becomes 
available about the extent and nature of the 

subsidence trough. 

Within the potential zone of influence 
(demarcated by the thin solid lines), it was 

determined that the area most susceptible to 

damage during the construction of the tunnel 
was at the southern end of Grafton Street (fig. 

5) – an area already considered high risk as  it is 

the planned starting point, which means the 
tunnellers will have less experience, and thus 

soil volume loss would be expected to be 

higher, along with the accompanying larger 

trough size. 
 

Figure 4. Building damage rates. 

Figure 5.  Southern End of Grafton Street, with 

pentagons showing those buildings in poorest 

condition. 

 

  

 
 



5. CONCLUSIONS 

The aim of this project was to develop a 
condition based assessment of the buildings 

above the first leg of a proposed upcoming 

metro  in Dublin, Ireland. Through the use of 
digital photography, an extensive catalogue 

containing approximately 2100 high quality 

images of the 271 build ings in the study area 
was created. The condition of the buildings 

were assessed using a widely adopted crack 

damage scale, as well as with four new scales 
developed specifically for the rapid v isual 

assessment of masonry. The five scales were 

then amalgamated, taking the relative  
importance of each scale into account through 

the application of a weighting system. The 

weighted values were then summed to give a 
single, comprehensive damage value for each 

structure to achieve a more panoptic evaluation 

of the damage level of the build ings.  Final risk 
assessment for the buildings could then be done 

by applying the maximum estimated settlement 

as traditionally generated, although that step 
was outside the scope of this study. 
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