
501 

The 54th International Conference of the Architectural Science Association (ANZAScA) 2020 

Framework for building defects and their identification 
technologies: case studies of domestic buildings in Melbourne, 

Australia 

Shruthy Pamera1, and Argaw Gurmu2 
1, 2 Deakin University, Geelong, Australia 

shruthy.pamera091@gmail.com, argaw.gurmu2@deakin.edu.au 

Abstract: The construction industry is one of the largest contributors to the economic development of a 
country, but dealing with major challenges such as building defects. Defects can affect project cost, 
duration and stakeholders’ relationships. Thus, to reduce the adverse effects, identification of defects in 
the early stages of the construction is essential. To identify the most prevalent defects, this paper used 
the Victorian Civil and Administrative Tribunal (VCAT) database as the main source of data. Five cases from 
VCAT database were chosen and the most frequently observed defects were considered for further 
analysis. Accordingly, installation errors in pipes, water damages, plumbing defects, internal water 
leakages and wall cracking were some of the common defects observed in the selected case studies. A 
Defects Identification and Analysis Framework (DIAF) was then proposed by mapping the defects with 
their potential causes and the identification technologies such as the ASDMCon (Advanced Sensory Based 
Defect Management at Construction Sites), BIM-based Defect Management (BIMDM), Electric- Type 
Geophysical and Infrared Thermography. The proposed framework can help construction managers or 
quality managers to mitigate building defects. This study contributes to the body of knowledge by 
developing a framework which can be used to identify and analyse defects in buildings. 

Keywords: Building defects; construction industry; defect detecting technologies. 

1. Introduction
The residential construction sector plays an important role in the Australian economy. According to the 
Australian Bureau of Statistics (ABS) 2018, the total residential building sector contributes over $150 
billion per annum (ABS, 2018). Utilizing 9.6 per cent of the national workforce, this sector employs over 
one million workers every year (ABS trend data, 2019). Despite the importance of this sector, low- quality 
works have been frequently reported in the residential building sector (Mills, 2009). Additionally, Mills et 
al. (2009) and Sadri et al. (2011) found that one in five houses were reported defective and the cost of 
rectification was 4 to 5 per cent of the construction contract value. Numerous studies have been 
conducted on the identification of the types of building defects. Which includes cracks, water seepage, 
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misalignment, blemishes (scaling, honeycomb), corrosion of reinforcement steel, cracking (floor, beam), 
and foundation failures were some of the frequent building defects. Nonetheless, some studies focused 
on analysing the causes of defects such as design errors, incorrect measurements, incompetent labours, 
inadequate equipment, lack of testing and inspection, faulty construction, climatic condition, lack of 
maintenance and change in the use of the building. 

On the other hand, previous studies proposed various methods of defect detection. Yue et al. (2006) 
developed ASDMCon (Advanced Sensor-Based Defect Management at Construction Sites) to help site 
managers in detecting and managing construction defects using 3D imaging and other advanced sensor 
technologies. Meola et al. (2005) used 3 different techniques such as infrared thermography, ultrasonic 
and electric-type geophysical methods to detect defects. Lin et al. (2016) proposed a BIM-based Defect 
Management (BIMDM) system for early detection of defects by on-site quality managers during the 
construction phase. The above reviews indicated that erstwhile studies on building defects focus on either 
(1) identification of the anomalies or (2) assessing the causes of defects or (3) developing technologies for 
their detection. Hence, there is a dearth of research which combines the three issues together. Further,
none of the previous studies proposed a comprehensive tool which integrates defects, their causes and
identification techniques. To improve the quality of buildings during the construction stage, it is important 
not only to identify the cause of defects but also to map with defect detecting methods so that corrective 
measures can be performed. Thus, to address the aforementioned knowledge gap, the objective of this 
research is to develop a framework which helps to map the defects with the identification techniques and 
their causes. 

2. Literature review

2.1. Defect types 

Ayininuola and Olalusi (2004) found that wall cracking, foundation settlement and column buckling were 
the most common building defects in Nigeria. Mills et al. (2009) opined that leakage through windows and 
external water penetration was the costliest claims due to water damage. Rodrigues (2011) mentioned 
that the main anomalies in building facades include water problems, cracking, detachment and problems 
in the surface appearance. Bortolini et al. (2018) found that the most common defects were cracking in 
interior partitions and structural elements. Alencastro et al. (2018) investigated the quality defects 
affecting the thermal performance of buildings and found that the most frequent defects were related to 
building structural gaps and poor isolation element installation. Further, the authors identified several 
defects, including lack of cavity closers and isolation gaps at jambs and sills. Summary of defect types is 
presented in Figure 1. 

2.2. Defect causes 

According to Akinpelu (2002), environmental changes, natural and manmade hazards, improper 
presentation and interpretation in the design were the major causes of structural failures. Richard (2002) 
opined that deterioration of reinforced concrete could occur due to corrosion of the reinforcement caused 
by carbonation and chloride ingress. Ayininuola et al. (2004) found that improper presentation and 
interpretation in the design, non-existence of local codes and lack of maintenance are the common causes 
of the design errors. Moreover, he concluded that clients, architects, design engineers, local authority 
(town planners) and contractors are contributing immensely to building failures in various dimensions. 
Carretero- Ayuso et al. (2015) identified that the lack of detailed plans in construction is a direct cause of 
many defects and humidity is the most frequent cause of the anomalies. Further, the authors discussed 
that flaws in waterproofing, differential settlements, lack of tight joints, and deficiencies or absence of 
drain elements were some of the causes of defects. The causes of defects are summarised in Figure 2 
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Defect types Authors 
Wall cracking, spalling, foundation settlement, column buckling.  Ayininuola et al. (2004) 
Deformation of the roof, internal walls and floors.  Ilozor et al. (2004) 
Cracking of grout, external leakage, the inadequacy of structures, windowsill 
gap 

Georgiou (2010) 

Water problems, cracking, detachment and problems in the surface 
appearance.  

Rodrigues et al. (2011) 

Corrosion and spalling of concrete, leakage at pipe penetration and joints. Das et al. (2011) 
Leaking pipes, total failure of the water supply system, cracking of concrete  
walls, faulty doorknobs and concrete walls dampness. 

Abdul-Rahman (2012) 

Inaccurate tile grouting, incorrect fixtures and toilet fittings, floor or wall  
irregularities, tinctures, mess and cracks. 

Forcada et al. (2016) 

Errors in ceramic pieces layout, faulty cut of ceramic pieces, excessive  
visibility of joints and uneven surfacing. 

Del Solar et al. (2015) 

Cracking in interior partitions and structural elements, water problems in  
interior partitions, corrosion of the plumbing system. 

Bortolini et al. (2018) 

Poor isolation element installation, lack of cavity closers and isolation gaps at 
jambs & sills.  

Alencastro et al. (2018) 

 Figure 1: Summary of the common defect types 

Causes of Defects Sub-categories Author/s 
Environmental 
factors 

Environmental changes, natural and manmade 
hazards, carbonation and chloride, ingress, natural 
motion, ageing 

Akinpelu (2002), Richard 
(2002), 

Errors in design elements, insufficient review of drawings Ayininuola et al. (2004), 
Abdul- 
Rahman (2012) 

Construction 
faults  

Improper presentation and interpretation in the 
design, overloading, substandard construction 
materials, damage or vandalism 

Akinpelu (2002), Ayininuola et 
al. (2004), Auchterlounie 

Incompetence of 
builders and 
other 
stakeholders 
Poor 
workmanship and 
materials 

Lack of attention to quality by house builders, 
clients tend to save cost by using low-quality 
materials. 

Ayininuola et al. (2004) 

Faulty workmanship; bad building materials; flaws 
in waterproofing; ignorance, negligence and fraud 
of workers; unqualified employees or inadequate 
supervision; inadequate tools or equipment, 
incompliance with equipment manual; lack of 
training for labours. 

Auchterlounie (2009), 
Carretero- 
Ayuso et al. (2015), Atkinson 
(1998), Ayininuola et al. 
(2004), Abdul- Rahman 
(2012), Lee et al. (2018), Love 
et al. (2019) 

  Figure 2: Summary of causes of defect 

Defect identification technologies 

The ability to understand defects and their causes is a vital prerequisite for preventing and/or minimizing 
defects. Yue et al. (2006) developed an ASDMCon (Advanced Sensory Based Defect Management at 
Construction Sites) framework to aid site managers in detecting and managing construction defects using 
3D imaging and other advanced sensor technologies. The author mentioned that ASDMCon helps to 
detect defects as they occur by performing frequent, complete, and accurate assessments of the actual 
(as-built) condition of a facility throughout the construction process. According to Yue et al. (2006), 
advanced sensor technologies such as 3D imagers (i.e., laser scanners) and embedded sensors can be used 
to monitor defects. Laser scanners provide the capability to accurately model the geometric aspects of 
the facility, whereas embedded sensors monitor non- geometric aspects such as concrete strength. The 
collected information is then combined with the design model, an ontology of specifications, and the 
project schedule to create an integrated project model, which is dynamically updated throughout the 
construction period. Similarly, Akinci et al. (2006) have successfully developed a formalism for using 
advanced sensor systems and integrated project models for activity quality control on construction sites. 
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Meola et al. (2005) used infrared thermography (IRT), ultrasonic technique and electric-type 
geophysical methods for defect detection. Accordingly, infrared thermography (IRT) was found to be the 
easiest and quickest technique which can be used for detecting defects in cement-based material. 
According to the authors, IRT is capable of supplying detailed information about the size, position and 
nature of defects. It can also be used for the study of precious artworks such as mosaics, frescoes and 
paintings. On the other hand, the ultrasonic technique can provide information useful  for  the  evaluation 
of structural inhomogeneity in the presence of very thick materials. Further, the ultrasonic method can be 
used to analyse the in-depth conditions, such as the thickness of the walls and the characteristics of the 
support under the plaster (Meola et al., 2005). According to the authors, the electric-type geophysical 
technique is useful for a thorough assessment of porosity levels, the distribution of voids and micro-cracks 
in the entire structure of masonry including the plaster and support. Milovanovic et al. (2016) provided 
an overview of the active infrared thermography (IRT) method for detection and characterization of 
defects such as cracks and other anomalies in reinforced and prestressed concrete structures. 

Lin (2016) developed the building information modelling defect management (BIMDM) system by 
integrating the BIM models of defects and defect management (DM) information using Navisworks and 
application programming interface (API). As per the authors, by using the BIMDM system, users can 
quickly and automatically link the corresponding defect information to BIM models and effectively access 
the defect information, solve problems, and manage defect information during the construction phase. 
Moreover, Kim et al. (2008) proposed a computerized Quality Inspection and Defect Management System 
(QIDMS). This system can be used to collect defect data at a site in real-time using Personal Digital Assistant 
(PDA) and wireless internet, and effectively manage the statuses and results of the corrective works 
performed. 

3. Research methodology
A research conducted by Gurmu and Paton-Cole (2018) showed that the majority of court cases regarding 
residential building defects were registered in East and South-Eastern suburbs of Melbourne, Australia, 
which include Pakenham, St. Kilda, Doncaster Easter and Brighton. Based on the findings of the previous 
study, this research randomly selected five different properties built in the East and South- East suburbs 
of Melbourne. The data used in this paper was drawn from VCAT database since the tribunal collects and 
registers all the possible pieces of evidence related to the alleged building defects before deciding on a 
case (VCAT, 2019). Evidence also includes independent experts witness to decide whether the complaint 
lodged by the house owner is a genuine allegation or not. Hence, valid conclusions can be drawn based 
on the data obtained from VCAT. 

The qualitative research method is adopted to explore the most frequent building defects and the 
potential causes of the defects. Dey (1993) mentioned that qualitative data analysis involves description 
of phenomena, classification and observation of how the concepts might interconnect. Additionally, Rose 
et al. (2015) described that qualitative data analysis can be carried out in three stages which include data 
reduction, data display, and drawing conclusions. After analysing the contents of court cases of the 
selected buildings, the most frequent defects were then identified, and the results were presented in 
tables and figures. Thereafter, the potential causes of the identified defects and their detection 
technologies were proposed based on the review of relevant literature. Finally, the framework which 
relates the most frequent defects identified in five case studies with the defect causes along with the 
defect identification methodologies was developed. 
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4. Case studies
The first case study is the Prahran home. This house was constructed together with an adjoining house, 
by the builder for the owner pursuant to a major domestic building contract dated 30 March 2011 for a 
contract price of $1,050,000 (“the Contract”). Construction has been completed on 23 May 2012; 
however, the owner did not move in until a few months later. On 21 May 2018, the owner brought legal 
proceedings to rectify alleged defects such as plumbing defects, errors in the installation of the air- 
conditioning unit, leakages in the bathroom and render damage (Figure 3). 

No Type of defects 

1 First-floor ceiling height was out of code 
2 The opening of windows non-compliant with contract 
3 Gaps in many areas of first-floor cladding of the building 
4 Roof plumbing defects 
5 Render damage 
6 Leakages in bathroom 

Figure 3: Defects in Prahran house 

The second case study is the Kensington home. The domestic building contract between the owner 
and the builder was signed on 25th February 2017. The total contract price of the project inclusive of GST 
was $200,140.00. A building permit was issued on 10th April 2017 and construction began on 10th August 
2017. The Occupancy Certificate was issued on 16th July 2018. The owners of the house have moved into 
their new three-bedroom home on 10th August 2018. However, in early January 2019, the owners noticed 
various severe defects in a house they have occupied in only 5 months. Some of the defects include 
diagonal cracking, rear trusses out of level, door opening on ground-level too low and party wall cavity 
insufficient (Figure 4). 

No Type of defects 

1 Stair opening void short by 90 mm 
2 Diagonal cracking 
3 Ply bracing not installed properly 
4 Load-bearing triple studs placed incorrectly 
5 Rear trusses out of level 
6 Incorrect shaft liner clips used to the party wall 
7 Party wall cavity insufficient-the party wall studs were built with an insufficient 

gap to allow the installation of Fire check sheeting 
8 Incorrectly sized window openings on the ground and first floors in both units were built to the wrong size 
9 Door opening on ground-level too low 

Figure 4: Defects in Kensington house 

No Type of defects 

1 The finished floor level across the front of the robe sliding doors to be up to 13 
mm out of level within 2- meter sections resulting in the robe head and the 
ceiling also being out of level 

2 The restrictor bracket at the bottom of the window sash has separated from the 
frame which is allowing the window to open greater than 125mm. 

3 The Sarking membrane - inadequate installation 
4 Ceilings are out of level 
5 Windows and door frames are distorting 
6 Cracking of walls 
7 The return air intake grille has been installed in the study area at the top of 

the stair rather than at floor level on the ground floor area 
8 Basement water leaks 
9 Weather tightness being impaired 
10 There is a gap of 12mm across the top of the door and the latch does not engage into the striker plate 
11 External rear garage wall and ceiling - flashing missing 
12 Exhaust fan in bathroom not vented 
13 Service pipes fracturing 

Figure 5: Defects in Glen Iris home 
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The third case study is the Glen Iris house. The building permit of this property was issued on 4 April 
2011. The certificate of occupancy was issued on 28 July 2016. The property has 3 bedrooms, 2 bathrooms 
with 2 car spaces. The sale price of the property was $1,644,500. The owners of the property inspected 
the property on 2 December 2016 and found defects and found defects listed in Figure 5. 

The fourth case study is Bentleigh house. On about 4 June 2010, the builder and the owner entered 
into a major domestic building contract to construct three two-storey townhouses on land owned by the 
owner at Tucker Road in Bentleigh for a price of $1,100,000.00 inclusive of GST. The work was to be carried 
out in accordance with plans provided to the builder by the owner. Construction took place between 23 
August 2010 and 25 August 2011 when the owner took possession of all three buildings. A certificate of 
occupancy was issued for the buildings on 8 September 2011. Based on VCAT data, the defects shown in 
Figure 6 were identified. 

 

No Type of defects 
 

1 Substandard installation of flashings 
2 Water damage in guest Ensuite 
3 Inadequate fixing to cappings 
4 Spreaders not installed correctly 
5 Incorrect drainage from box gutters 
6 Inadequate fall on parapet capping 
7 Failed caulking in articulation joint 
8 No damp proof course installed 
9 Control joints missing polystyrene foam cladding 
10 Faults in roof space and kitchen cabinetry 
11 Defective paintwork 
12 Faults in external door seals 
13 Failed waterproofing to guest Ensuite 
14 Inadequate fasteners to pressure flashing 

 

Figure 6: Defects in Bentleigh house 
 

No  Types of defects 
 1 The air-conditioning pipes had not been adequately sealed where they 

penetrated the wall sheeting. 
 2 Metal cappings had not been properly installed and some did not fall into the 

gutter 
 3 The upper roof box gutter did not have a sump installed 
 4 Water entering the building at the internal corner above the glazed entry door 

because it had not been 
  sealed and the appropriate corner flashing had not been installed. 
 5 The sill of the external toilet door is below the pavers that form the floor of the 

toilet 
 6 Waterproofing to the bathrooms was inadequate and it is installed before bath 

hobs 
 7 Head and sill flashings are missing on many windows 
 8 The rain heads were installed with non-compliant overflow cut-outs 
 9 Flashings and roofing material were not turned up or turned down as 

appropriate 
 10 The deterioration in the timber as it was not treated with a material called 

“Cutek” as per the contract 
 11 Lack of linear drainage to take surface water from the area 
 12 External decking boards do not have sufficient penetrating oil or sealer to 

protect them from weather 
 13 The ceiling had been plastered without any insulation 
 14 Pavers next to the pool have cracked where they were laid over a void in the 

concrete 

Figure 7: Defects in Toorak house 
 

The fifth case study is Toorak house. The house was partially constructed by the builder pursuant to a 
major domestic building contract between 2013 and 2016. The contract was then terminated, and the 
construction of the house was completed by another builder. Analysis of the court case revealed defects 
comprising of waterproofing to the bathrooms was inadequate, head and sill flashings are missing, water 
leakage from kitchen north wall and ceiling had been plastered without any insulation (Figure 7). Analysis 
of the court case of the owner and the builder revealed the list of defects presented in Figure 7. 
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5. Findings and discussions
After reviewing the five case studies from East and South-East suburbs of Melbourne, all the qualitative 
data is combined, the most frequent defects were identified, and the results are presented in Figure 8.The 
bar graph was plotted using the type of defects and their frequency (Figure 8). For example, the defect 
‘leakage of water’ is observed in the five houses listed under case studies; thus, number 5 was assigned 
to it. Similarly, the frequencies of other defects were determined. Accordingly, roofing errors, cracks in 
walls, leakage of pipes, water damage to the ceiling plasterboard, floor and wall irregularities, voids in 
mortar and uneven surfacing were found to be some of the most frequent defects in this research. Paton-
cole and Gurmu (2018) also concluded that cracking of cornice, diagonal cracking and horizontal 
movement of brickwork, cracks on floor tiles, large cracks in the plasterwork, jamming of doors and 
windows, service pipes fracturing and leaning of walls are some of the common defects observed in the 
two case studies from western suburbs of Melbourne. 

Figure 8: Frequency of occurrences of defects in the selected case studies 

5.1. Defects Identification and Analysis Framework (DIAF) 

By combining the findings obtained from case studies and literature review, a framework which shows the 
most frequent defects, potential causes and technologies which help to identify the defects is developed 
(Figure 9). In the middle of the framework, the most frequent defects such as inadequate ceiling, internal 
water leakages, ceiling leakages, installation errors in windows and doors and cracks in walls and roof of 
buildings are provided. The possible causes of defects such as errors in design (Love, 2002, Alencastro et 
al., 2018, Forcada et al., 2012, Silvestre and De Brito, 2011); construction faults (Hwang et al., 2009, Sun 
and Meng, 2009); and poor workmanship (Jha and Iyer, 2006, Abdul-Rahman et al., 2012) are then 
mapped with defects. The possible defects identification technologies during the design and construction 
phases are also indicated in the proposed framework. 

As indicated in Figure 9, roofing errors and inadequacy of structural members are found to be the most 
frequent defects. The potential causes of these defects could be related to design errors because the 
analysis of court cases (VCAT database) showed that the pitch of the roof was designed out of building 
code of Australia. On the other hand, the technologies which can be used to identify these defects include 
Laser Scanners and BIM-based defect management. Cracks in a structure may be due to construction faults 
such as foundation failure, decay of building fabric, change in moisture, thermal and ground moment. 
Understanding the site condition and soil classification is important in assessing cracks and preparing 
mitigation strategies. Nonetheless, technologies such as ASDMCon helps find out the defects related to 
cracks, leakages, window and door irregularities with the use of laser scanners and embedded sensors in 
concrete. Further, infrared thermography can help to identify defects such as  small cracks in walls and 
ceiling. 

Similarly, internal water leakages and ceiling leakages are some of the main defects observed in many 
of the case studies. These defects could be due to inadequate application of waterproofing, poor roof 
drainage and use of low-quality materials. Hence, the causes can be broadly categorized under 
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construction faults. Contrariwise, sensor-based technologies can serve as an early identification tool of 
the defects related to leakages. Also, infrared thermography can be adopted to detect the leakages in 
ceilings and sanitary fixtures and the water damage to the plasterboards. Errors in the installation of doors 
and windows, roof and timber cladding are identified after hand-overring the property to the owners. 
Thus, Building Information Modelling Defect Management (BIMDM) can be used for the early 
identification of these anomalies by comparing the original plan with the actual or as-built plan. Goedert 
et al. (2005) also described an innovative approach to building modelling by integrating three- dimensional 
(3D) digital laser scanning and rapid prototyping (RP) technology. The process involves capturing a 3D scan 
of a building exterior and using the RP process to create a 3D physical model. According to the authors, 
the technique has advantages in terms of cost, speed, and reduction of human error. 

Figure 9: Framework for defects types, causes and identification technologies 

Defects like uneven surfacing could be due to applying plaster without preparing the background 
surface, thick coat applying to surface of the wall for speedy construction. Moreover, construction 
professionals not complying the minimum requirement provided in the construction codes and standards 
for the sake of saving cost also the reason for such defects. However, the ultrasonic method can be used 
to detect the in-depth condition of a structure like the uneven thickness of walls and plaster which were 
identified in some of the case studies. Finally, voids in plaster works may be due to poor mortar 
proportions and poor workmanship. The electric-type geophysical technique for assessment of porosity 
levels, the distribution of voids and micro-cracks in the entire structure can serve as a best defect detecting 
tools. 

6. Conclusion
There are various technologies for the identification of defects in the early stages of construction or  after 
property hand-over. However, there is a lack of framework which links defects, their potential causes and 
suitable defects identification technology. Hence, the objective of this research is to propose 
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a Defects Identification and Analysis Framework (DIAF). In the framework, building defects in the 
residential properties from East and South-East suburbs of Melbourne, Australia were analysed with the 
use of the Victorian Civil and Administrative Tribunal (VCAT) database. Accordingly, cracks in external 
walls, interior partitions and plaster works; installation errors in doors and windows; and leakages of the 
ceiling and sanitary fixtures are concluded as most common defects observed from selected case studies. 

The framework was developed by mapping the type of defects and the potential causes with defect 
identification technologies based on the review of literature and expertise of the researchers. For instance, 
cracks and leakages could be due to construction faults and poor workmanship. Thus, with the help of the 
theoretical framework, defects can be identified at any phase of the construction or after handover phase. 
This study has both practical and theoretical implications. First, the proposed framework can be used by 
construction managers or quality managers to identify building defects and take corrective actions such 
as changing the design, maintaining quality of the materials and deploying the skilled workmanship. 
Second, researchers in the areas of building defects can use the framework to collect and analyze defects 
data. 

Some of the limitations of this research include; first, the data was collected from the selected cases in 
VCAT database and field observation was not conducted to validate the findings. Second, the study 
considered houses in the East and South-Eastern suburbs of Melbourne and the findings may not be 
generalized. Therefore, further research needs to be undertaken by analyzing all the  residential buildings 
defects data which are available in the VCAT database. The analysis can be carried out by categorizing the 
data based on the year of construction of houses and analyzing the defects’ trends. Additionally, future 
researchers can conduct defects analyses by collecting data with the help of defect identification 
technologies and compare the accuracy of the technologies in detecting defects. 
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