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Abstract 

Sustaining the safety and operability of civil infrastructure assets, including 

buildings, is a complex undertaking that requires a perpetual cycle involving 

inspection, and further decisions for renewal fund allocation. However, inspection,  

which is the basis for all subsequent decisions, is a complex task to manage, 

particularly when a large number of assets are involved. The current lack of a 

structured process with visual referencing as well as the high subjectivity and 

inflexibility to changing inspection requirements make current inspections very costly 

and time consuming. 

This research improves the building inspection process by introducing a 3D 

system for inspection management that has four unique features: (1) a structured 

assessment approach that considers multiple organizations, buildings and 

inspectors, using a GIS interface; (2) a 3D visual referencing method for marking 

problem areas during inspections to facilitate all on-site inspections, thus reducing 

time and cost; (3) a visual guidance module to reduce inspection subjectivity; and (4) 

a flexible module for designing different assessment types. The proposed inspection 

management system creates 3D building plans from 2D Computer-Aided Drawing 

(CAD) to provide location referencing that enhances inspection effectiveness. The 

visual guidance system allows inspectors with various experience levels to perform 

consistent inspections and requires less training, thus reducing costs. Flexible 

inspection generation also allows a variety of inspection types, such as condition 

and level of service, to be readily incorporated. 

A computerized prototype system has been developed using the Windows 

Presentation Foundation’s XAML markup language with underlying C# programming 

on a tablet computer for experimentation. The thesis provides a detailed description 

of system development and reports the benefits of the system on a sample 

inspection. Accordingly, the system has proven most useful for large organizations 

that own a large number of building assets that require frequent inspections. 
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Chapter 1 
Introduction 

 

 

1.1 General 

 

Economic prosperity is facilitated by a healthy civil infrastructure, because 

infrastructure provides the basic facilities and services required to sustain society. 

Roads, bridges, power, communication and water/sewer networks as well as 

buildings and other infrastructure assets are normally owned and operated by the 

government and other large organizations. Despite ongoing research since the 

1980s, the state of North American infrastructure is still deteriorating and the 

majority of the infrastructure is in critical condition. Aging, weather, increased 

population, and the lack of maintenance and funding contribute to the increased 

difficulty in sustaining healthy infrastructure (McQuaid 2007). In fact, infrastructure in 

Canada and the United States has been deteriorating for decades and causing a 

backlog in maintenance and repair funding (Singh and Hegazy 2005). The American 

Society of Civil Engineers published a report in 2009 (Marrano and Grussing 2010) 

stating that USD 2.2 trillion are required to bring the state of infrastructure assets to 

an acceptable condition compared to a previous estimate of USD 1.6 trillion in 2005. 

The Canadian maintenance backlog is also high, and was estimated at CAD 123.6 

billion by the FCM-McGill survey (2007). Deficit increases in Canada and the United 
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states are illustrated in Figure  1.1. 

  

Figure  1.1 Infrastructure Deficit in Canada and the United States 

 

The deteriorating infrastructure results in structural failures, large economic costs, 

loss of life and loss of productivity. For example, an 8-lane highway in Minneapolis 

collapsed in August of 2007, causing the death of 13 people and injury to 145 more. 

In July of the same year, an 83 year old steam pipe exploded in Manhattan causing 

one fatality (Reid 2011). The Texas Transportation Institute’s 2011 Urban Mobility 

Report (Schrank et al. 2011) reported that 1.9 billion gallons of fuel were wasted due 

to road congestion, at the cost of USD 101 billion and resulting in 4.8 billion hours 

wasted by Americans in 2010. Furthermore, incurred costs due to congestion are 

rapidly increasing, as illustrated in Figure  1.2. 

Non-residential buildings (e.g. schools, facilities) represent one of the largest 

infrastructure sectors. The best estimate states that USD 322 billion is needed to 

bring US schools alone into a state of good repair (ASCE 2009). 
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Figure  1.2 American Costs of Congestion in USD Billion (Schrank et al. 2011) 

   

It can be argued that the increasing infrastructure backlog is due in part to less 

structured procedures for inspection and fund allocation to various assets. An 

example of an infrastructure failure due to inadequate inspection is the Ka Loko Dam 

breach in Hawaii. The 2007 Report of the Independent Civil Investigation (Godby 

2007) suggested that the 1972 classification of the Ka Loko Dam in Hawaii by the 

Army Corps of Engineers as a low-hazard dam resulted in neglect of its inspection 

over the years. This neglect continued with the dam classification unchanged, 

causing failure of the maintenance process. On March 14, 2006, the dam was 

breached due to heavy rain and poorly-maintained structure and equipment, 

releasing around 1.6 million tons of water, killing seven people and destroying huge 

areas of land and ocean reef, buildings and equipment. 

1.2 Research Motivation 

 
This research aims at developing a structured inspection management system that 

focuses on building inspection management and uses visual support tools, including 
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pictorial guidance, a geographic information system (GIS), 3D modeling and 

adaptable inspection design. The motivation for designing the inspection 

management system is summarized in the following subsections. 

1.2.1 Unstructured Inspection Management 

 

For large organizations that own a large inventory of buildings, inspection 

management is a difficult task. A recent example of a large inspection task requiring 

efficient management is a bid issued in 2010 by the Ontario Ministry of Education 

seeking a company to inspect more than 4800 schools that belong to 72 school 

boards in a 5-year period (MERX 2011). Any development company that is 

interested in this project has to present an efficient management system that 

integrates many functions: inspection planning for multiple buildings in multiple 

organizations (school boards), managing various inspection types, building requests, 

school board reports, ministry reports, component by component reports, inspection 

devices, etc. While many inspection systems exist in the industry market, they are 

mostly suitable for inspections intended for a single facility. There is a need, 

therefore, for a structured inspection management system that includes the above 

components in a visual, easy to use system. Such a system will be suitable for use 

by municipalities or large organizations to use for infrastructure inspection 

management, that of hundreds of assets belonging to different organizations. 
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1.2.2 Lack of Visual Referencing During Inspection 

 

Visual referencing is important for inspection accuracy and data communication 

between assessors, managers and decision-makers. Current inspection systems are 

text-based and may incorporate limited visual references, such as pictures taken 

using digital cameras. Visual referencing is mostly manual, labor-intensive and 

difficult to manage (Hegazy et al. 2008). There is a need for a portable tablet that 

combines the assessment process with visual referencing to the location of 

problems on the CAD plans, and automatically references any pictures, short videos 

and audio observations. 

1.2.3 High Subjectivity in the Inspection Process 

 

While audio and visual references to assets reduce subjectivity, assessments will 

still differ from one inspector to another, resulting in possible inconsistencies. 

Managers take decisions based on inspection assessment information (Hegazy et 

al. 2008). Reducing subjectivity results in more accurate assessment data, which in 

turn, provides a stronger basis for maintenance management decisions. 

1.2.4 Lack of Adaptability to New Inspection Requirements 

 

Government regulations are altered from time to time, such as in response to 

changes applied to handicapped accessibility regulations in different regions. An 

asset inspection management system has to allow for flexible design of the 

assessment surveys to incorporate such changes. Additionally, an asset inspection 
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can contain several assessment elements that contribute to its overall rating, such 

as physical condition, level of service, risk and sustainability. Each assessment can 

have a different structure, apply to specific components, incorporate specific 

questions and have different inspection needs. Different rating systems exist, and 

classify the overall rating of assets (e.g. excellent-critical). Organizations have 

different structures and organizational divisions, including administrative personnel 

levels and inspector types. The dynamic nature of assessments and organizations 

require an adaptable system that can handle different cases and be tailored to 

inspection managers’ needs (Hegazy 2010). This system has to allow flexible design 

of new assessments and system administrators should be able to set specific 

questions that apply to a custom inspection. 

1.3 Research Objectives and Scope 

 

The primary objective of this research is to develop a flexible framework to support 

visual inspection of buildings. The proposed framework will address the problems 

associated with the traditional process of assessing the condition of building assets. 

The detailed objectives of the present research are to: 

1. Clarify the challenges of asset management by investigating the current state 

and requirements of contemporary asset management as viewed by large 

infrastructure asset inspection management organizations. 



 

 7 

2. Restructure the condition inspection process into a location-based process that 

uses 3D visual tools to enable better identification of problem areas during 

inspections. 

3. Develop a framework for inspection management that accounts for multiple 

organizations, buildings, components, inspections and assessors. 

4. Incorporate a flexible inspection survey design tool to enable creation of 

custom surveys that suit the varying requests of inspection types; and 

5. Develop and test a prototype inspection management system. 

The system is intended for large-scale applications, where a static system is 

impractical and a large amount of information is handled. The framework is designed 

for buildings, but it may be extended to manage inspections of other types of 

systems including road, water and sewer networks. Upon implementation, the 

adaptable system will greatly improve maintenance decisions by providing 

consistent, accurate and accessible information about assets and reduce the costs 

and efforts of asset inspection management. 

 

1.4 Research Methodology 

 

The methodology followed to achieve the research objectives is represented in 

Figure  1.3: 
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Figure  1.3 Research Methodology 

 

1. Conduct a literature review: An investigation into existing inspection 

management systems to determine available tools and methods for data 

visualization is to be performed. The review will further reveal tools and 
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methods applied in current inspections as well as proposed improvements to 

inspection management systems. 

2. Develop an assessment structure: An assessment structure is to be based on 

an inclusive model that satisfies most contemporary inspection management 

system requirements. The structure allows multiple levels of details as well as 

index values that are associated with the importance of assessments. The 

structure also standardizes hierarchical organization and component 

classifications. 

3. GIS Support: An integrated GIS system will visually represent the locations of 

facilities, assignments and reports. GIS data availability will present data to 

users based on their region and access levels. 

4. 3-dimensional modeling: Building models will be generated from building 

drawings. Building models will be presented as easy to navigate 3D models 

that are accessible by facility, building, floor or floor element, such as individual 

rooms. The model will also allow inspectors to mark defects directly on the 3D 

building model and display color coded defect information on the 3D model. 

5. Visual Referencing: In addition to performing assessments, the system will 

allow inspectors to take digital photographs and videos and to record audio 

memos. The recorded media will automatically be associated with the 

assessed component and available for reference. 
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6. Visual guidance: While assessing components, inspectors will be presented 

with photos of similar components in various conditions and bearing different 

possible defects as well as descriptions of those conditions and defects. This 

will allow inspectors to make consistent observations and reduce inspection 

subjectivity. 

7. Reporting: Reporting will be developed to enable visual access to inspection 

information. 

8. User interface: The program’s overall structure will be designed to provide an 

intuitive user interface and navigation model. 

9. Platform selection: Suitable inspection system components are to be selected 

that include an inspection device, operating system and programming 

language. 

1.5 Thesis Organization 

 

Chapter 2 presents a literature review of recent asset inspection management 

tools and programs, where data representation and visualization is studied. Typical 

inspection management system structures and needs are also examined. 

Chapter 3 further examines requirements of asset inspection management system 

by examining the requirements of large organizations for infrastructure management. 

Chapter 4 discusses the infrastructure management system implementation based 

on the findings in Chapter 3. A sample interface that uses the discussed tools and 
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requirements including GIS, CAD, 3D modeling, visual guidance and audio and 

visual tools is presented. An example inspection is also carried out at the end of the 

chapter to explore the effectiveness of the system. 

Chapter 5 contains concluding remarks and acknowledges research contributions 

as well as future research.  
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Chapter 2 
Literature Review 

 

 

2.1 Introduction 

 

While the most important factor to ensure a structure’s quality integrity through its 

lifetime is the initial construction quality, the second most important factor is 

adequate inspection and maintenance, which is often neglected or underdone (Mirza 

and Haider 2003). This chapter presents a review of the state of infrastructure 

followed by an outline of the challenges in implementing an inspection management 

system. Finally, a review of the existing solutions is presented, followed by the 

conclusions on recommended implementation specifications of the infrastructure 

management system.  

2.2 The Crumbling Infrastructure 

 

Infrastructure assets span various important systems including water, wastewater, 

communication and electric networks, transportation system and public institutions 

such as educational and community facilities. The infrastructure deterioration 

problem has been an issue since the late 1970s. America in Ruins: The Decaying 

Infrastructure by Choate and Walter is an especially famous document that shed 

light on the existing state of infrastructure and its effects on property and quality of 

life (Ahluwalia 2005). It increased public awareness of structural failures and 
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incidents involving infrastructure assets, which led to a better perception of the 

current infrastructure crisis. 

Public condemnation has grown even further after a series of failures in 2007 

including the Minneapolis bridge collapse and recurring airline problems, as outlined 

in the Texas Institute’s 2007 Urban Mobility Report. The Can’t-Do Nation: Is America 

Losing Its Knack for Getting Big Things Done? (McQuaid 2007), a newspaper article 

written by a Pulitzer Prize-winning journalist, mentions a 2005 Federal Highway 

Agency report following the Minneapolis bridge collapse that more than 75,000 U.S. 

bridges are structurally deficient. The article further highlights that the main reason 

for the Katrina Hurricane flooding disaster in 2005 was the failure of the flood-control 

system in New Orleans. Such flaws were overlooked for decades due to a poor 

infrastructure management system that allowed the failures to cost many lives and a 

huge economic bill. 

2.3 The Effects of Deteriorating Infrastructure 

 

As a result of continuous failure to perform maintenance, repair and rehabilitation 

operations, the overall costs of performing repairs increase non-linearly, causing a 

lower level of service and further maintenance backlog (Hudson et al. 1997). 

Figure  2.1 illustrates a typical S-curve for asset condition deterioration. For repair-

type maintenance operations, it can be clearly seen that earlier maintenance yields 

better results for investments, whereas negligence results in expensive repairs that 

may be inefficient and may even require asset replacement. The result is 
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compounded backlog as fewer funds are available for repairing assets in a timely 

manner and more costly emergency repairs are made. For instance, the estimate for 

repairing the U.S. Infrastructure over 15 years was estimated by a Joint Committee 

of the U.S. Congress at $1 Trillion in 1989 (Mirza and Haider 2003) and continued to 

rise until the most recent estimate of $2.2 Trillion in 2009 as illustrated previously in 

Figure  1.1. 

 

Figure  2.1 Effects of Maintenance, Repair and Rehabilitation on Condition (Hooper et al. 2009) 

 

Failure to maintain infrastructure assets negatively affects prosperity and growth 

because it is the foundation of economic growth (Ahluwalia 2005). Different 

infrastructure asset failures also pose risks associated with health, safety and 
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financial loss. An example of such an adverse effect on economic prosperity was the 

US Department of Transportation statement in the 1980s that by the mid-1990s, the 

deteriorating infrastructure would cost the American society 6% of its dispensable 

income, 2% of its employment growth and 3% of its manufacturing productivity 

(Mirza and Haider 2003). 

2.4 Asset Management System 

 

A number of systems have been developed to respond to the infrastructure asset 

inspection and maintenance management challenge. An asset management system 

as defined by Hudson et al. (1997) is a set of operations made of methods, 

procedures, data, software, policies, decisions etc. that enable activities involved in 

asset management whose main functions, as illustrated in Figure  2.2, include: 

1. Condition assessment 

2. Future deterioration modeling 

3. Maintenance and repair strategies selection 

4. Follow up condition improvements 

5. Prioritization and budget considerations. 

 

The most important step in asset maintenance is the condition assessment that 

outlines the ability of the asset in question to perform its intended purpose because 
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everything that follows depends on an accurate assessment (Singh and Hegazy 

2005). 

 

Figure  2.2 Main Functions of an Asset Management System (Ahluwalia 2008) 

 

The US Army Corps of Engineers (USACE) Engineer Regulation ER 1110-2-100 

(Engineers 1995) states that structure inspections are performed to provide reports 

for reference, record and as a basis for remedial work “…based on a detailed, 

systematic technical inspection and evaluation of each structure and its individual 

components regarding its safety, stability and operational adequacy”. 

Numerous approaches exist for carrying out inspections and maintenance 

operations. The Job Jar approach for asset maintenance management is one of the 

most common approaches. As illustrated in Figure  2.3, it relies on inspections to 

identify deficiencies, from which work packages are developed (Uzarski et al. 2009). 

Budgets and prioritizations are then set up based on the resulting work packages. 

While the approach is tried and proven for repairing deficiencies, it has several 

shortfalls that need to be addressed to improve its efficiency including: 
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1. A deficiency-based approach forgoes optimization opportunities because it only 

focuses on deficient assets; 

2. Its frequency is often based on regulation, which leads to under inspection and 

missed repair, rehabilitation and renewal opportunities; 

3. Due to funding constraints and inspection frequency, maintenance jobs can 

become obsolete by the time the maintenance operation is ready to be 

performed, and a new assessment becomes necessary.  

 

Figure  2.3 Job Jar Infrastructure Asset Management Approach 

Inspection: 

• Formal Periodic Inspections – Most Comprehensive 

• Intermediate –   Less Comprehensive 

• Informal –     Least Comprehensive 

Identify Deficiencies 

Issue Work Packages 

Set Budget 

Perform Work 



 

 18 

 

Inspections are typically triggered by calendar events, such as scheduled annual 

inspections, unplanned events, such as earthquakes or fires, and as a part of local 

maintenance programs such as Preventative Maintenance programs (Engineers 

1995). Inspections may be categorized as formal, intermediate and informal 

inspections. 

Inspection frequency can vary. Although annual inspections are recommended in 

the literature, several factors including cost constraints and required amount of 

details affect the selected interval (Singh and Hegazy 2005). Engineer Regulation 

1110-2-100 (Engineers 1995) states that inspections should be done at least once 

every five years. Exceptions may occur under extreme conditions, such as very 

costly dam dewatering inspections (Uzarski et al. 2009). 

2.5 Infrastructure Inspection Challenges 

 

Poor asset maintenance coordination is affected by factors including the high 

costs of performing regular inspections and inadequate inspection information. 

Thorough training is required to prepare inspectors for inspection assignments 

regardless of whether inspections are contracted out or performed by regional 

inspectors. The National Center for Education Statistics of America suggests having 

inspection teams rather than individual inspectors for facility inspections in order to 

produce better results. Additionally, it is recommended a person who has intimate 



 

 19 

knowledge of the facility in question, such as a custodian or an internal maintenance 

personnel member accompany the inspection team (Hegazy et al. 2008). 

The inspection process involves the assessment of many aspects that affect the 

overall performance of a facility. Sustainability, level of service, safety and security 

as well as other objectives all contribute to the overall performance of an 

organizational division (Hegazy et al. 2008). Furthermore, the importance of each of 

those objectives varies with the components being assessed. Having a system that 

takes into account all of those objectives collectively can result in an even more 

tedious and costly assessment process, while considering the overall condition of 

assets alone ignores significant data that affects the overall performance of the 

facility. The outlined costs and complexity of inspections can be seen in inspection 

management systems that are examined further in chapter 3. 

Despite the high complexity of the inspection process, assets may not always 

require many of the details that are collected (Engineers 1995). The level of required 

details depends on the decision level, as network level decisions require less detail, 

while project level decisions require more details. The level of details also depends 

on each individual component. For instance, reparable components require timely 

inspection information with a good amount of details for repair cost and time 

estimates, while replaceable components require details only about expected or 

actual failure. Critical components require detailed inspections more frequently 

because of the high risks associated with component failure. 
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The complexity of the inspection management process and the lack of funding are 

compounded by economic and political complications in fund allocation infrastructure 

maintenance (Mirza and Haider 2003). Scarce infrastructure maintenance funding 

results in more costs later. The Law of Fives by De Sitter (1984) states that if 

maintenance is not performed on time, then repairs equivalent to five times the 

original maintenance account becomes required. If those repairs are not performed, 

then renewal expenses will equal five times the initial repair costs. Poor 

maintenance therefore leads to a positive feedback loop that inevitably increases 

overall costs and contributes to the maintenance backlog issue and deteriorating 

infrastructure. 

 

2.6 Condition Assessment 

 

Condition assessment provides a method to determine required maintenance and 

future needs. It is defined as a “vehicle for producing a complete inventory of 

deficiencies in a facility by thoroughly assessing the existing physical conditions and 

functional performance of buildings, equipment, utilities, and grounds” (Strong 2004). 

Whether carried out by individuals or teams from internal facility staff or outside 

inspectors, it is essential that inspectors have a thorough understanding of building 

components and adequate training to perform the condition assessment (Hegazy et 

al. 2008). Internal resources that accompany the inspection team must also be 
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intimately familiar with the facility, such as a custodian or permanent maintenance 

staff member. 

 

 

2.6.1 Existing Condition Assessment Systems 

 

In the past decade or so, asset maintenance evolved from being an art that 

depends on personal experience and individual ability and knowledge of a system 

into a science when organizations realized the need for a better asset management 

process (Uzarski et al. 2009). Several well-established asset inspection 

management systems are examined as well as newer programs and applications to 

investigate the benefits and drawbacks in order to develop a system that combines 

the capabilities of said systems and identify necessary improvement areas. Most 

notably, US Army Corps of Engineers developed a number of building inspection 

management systems and services (USACE 2011), including BUILDER, which will 

be examined in this research because of its widespread use and prominence in the 

building inspection management field. ReCAPP by Altus will not be independently 

reviewed despite its prominence due to its the acquisition of VFA to the Altus Group 

on July 6th, 2012 (VFA 2012). 

An emerging technology that is also considered in this research is the portable 

device and smartphone applications, such as Apple mobile products including 

iPhone and iPad applications. Table 2.2 provides a list of several asset management 

and inspection management applications available at the App Store (Apple 2012). 
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Table  2.1 Desktop Inspection Applications 

(VFA 2012)  VFA.facility Capital planning and management software that 
allows monitoring the condition and sustainability 
information about facility assets. 

(Marrano and 
Grussing 
2010) 

BUILDER Web-based decision-support tool by US Army 
Corps of Engineers for building maintenance that 
uses modules such as ROOFER and is being 
extended for use by  

(USACE 2011) USACE 
Engineer 
Management 
Systems 
(EMS) 

A collection of Facility Management Systems and 
complementary developed by the US Army Corps 
of Engineers including BUILDERTM, Micro 
PAVER, RAILER, ROOFER, SCALER Corrosion 
Mitigation and Management Systems and Water-
Piper (W-Piper). 

(Solutions 
2009) 

RECAPP (Renewal Capital Asset Planning Process) 
Support for data gathering and reporting for audit 
clients including funding levels and priorities 

(ARCHIBUS 
2012) 

Archibus Solution system that offers several aspects of 
real estate, infrastructure and facilities 
management including Condition Assessment and 
Asset Management. 

(VisionFM 
2011) 

VisionFM A visual system that integrates CAD features and 
allows for document attachment and report 
generation for facility management. 

(Engineers 
2005) 

DSPMT Dam Safety Program Management Tools is a 
desktop program for national dam assessments 
and data collection. 

(Administration 
2007) 

FEM Facility Equipment Maintenance “FEM is a 
computerized maintenance management system 
that facilitates planning and documentation of 
operation and maintenance activities and costs by 
equipment or industrial systems. 
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Table  2.2 Mobile Device Inspection Applications 

 

Application Description 
ArcSSET.net A web-based asset management system that uses 

RFID tags, wireless Windows Mobile data collector, 
GIS mapping, picture data, email service and online 
Software as a Service. 

GeoJot GPS-Photo link-based system for mapping and 
inspecting assets with “Share” options through email 
or central download point. 

iAsset GIS inspection management system that allows 
users to record details about assets including the 
condition, area and category. 

EZMaxMobile A system for creating work orders utilizing photos, 
details and barcode recognition. 

GPS Photo 
Report 

A simple report system that uses GPS technology to 
generate photographic reports via email. 

SmartInspection A checklist system that may be used on-line or off-
line with the option to synchronize later and uses 
GIS and photo integration. 

Allinspections Cloud synchronization application that features use 
of GIS mapping, an inspection scheduling system, 
photo integration and reporting features. It is 
specialized for certain areas including residential 
inspections, roof inspections and wind mitigation 
inspection. 

Onsite: AEC Inspection system that allows data import from BIM 
(building information model) files and allows for 
audio recording and photo capture as well as 
comments, printable reports and email reports. It 
also uses GPS coordinates of pictures taken. 

InspectorApp Clean text-based inspection that features a color-
coded condition assessment. 

 

 

2.6.2 Condition Assessment Systems Comparison 

 

Table 2.3 shows some of the features for a number of the most well-known 

programs and applications available for asset management.  
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Table  2.3 Inspection Application Feature Comparison 
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Platform Available Online √ √ √ √  √ √  √ √ √ √  
Available Offline  √ √ √   √   √ √ √ √ 
Desktop  √ √ √   √       
Mobile  √ √ √  √ √ √ √ √ √ √ √ 

Audio and 
Visual 
Tools 

2D Model   √           
3D Model   √           
Able to Define 
Custom Spaces 

             

Audio            √  
CAD Support √  √ √          
GIS Mapping √  √   √ √ √ √  √ √  
Mark on 2D/3D 
Model 

   √          

Mark on Pictures       √   √ √ √  
Take Pictures √      √ √ √ √ √ √  
Record Video              

Interface Assign Jobs to 
Inspectors 

  √   √    √ √   

Hierarchy  & 
Reporting Levels 

√             

Condition 
Assessment 

√ √ √ √    √ √    √ 

Condition 
Prediction 

√ √ √ √          

Customizable 
Surveys 

 √        √    

Other 
Assessments 

√  √           

Per-Component 
Condition History 

√     √        

Picture Condition 
Guide 

             

Text Condition 
Guide 

√ √ √           
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Well-established inspection management systems such as BUILDER and VFA 

provide powerful tools and components that give users insight about asset 

conditions and contain knowledge bases that provide guidance into the inspection 

process, although an implementation of a picture-based knowledge base is needed. 

However, in order to increase the effectiveness of those systems, technologies that 

are emphasized by mobile inspection applications, such as pictorial inspection link to 

inspection data must be considered. Mobile applications feature intuitive interfaces 

and use of mobile device utilities effectively, such as audio memos and automatic 

GPS tracking, but often lack the sophistication and capabilities available in well-

established asset inspection management systems. 

2.7 Important Features Related to Inspection Management 

 

Certain tools and features are recommended to improve the assessment process. 

The following visual aid tools are aimed at reducing subjectivity and producing better 

reports capable of location referencing: 

1. Geographical Information System (GIS): The inclusion of a GIS can have a 

huge impact on management decisions and understanding of assets that may be 

scattered over a large geographical area (Hegazy 2010). Demographic 

information may include budget distributions and condition information and is 

very useful during the reporting process. GIS integration also allows inspectors to 

visually view new assignments and perform inspections by area, reducing efforts 

and increasing productivity. 
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Further investigation suggests that factors that contribute to building deterioration 

are linked to school size, demographics and location (Ahluwalia 2008). 

Overpopulated schools tend to deteriorate faster due to overuse, while secondary 

schools tend to have higher rates of deterioration due to vandalism and accidental 

damage. Schools are also affected by the location, such as neighborhood effects on 

rates of deterioration due to factors such as crime rate, unemployment rate and 

income level. The GIS is recommended to make a connection between location data 

and facility maintenance data in order to support better informed maintenance 

decisions. 

 

2. Visual Referencing: As established earlier, inspection subjectivity can be very 

harmful to management maintenance decisions as inspection results depend 

deeply on inspectors’ personal judgment and experience. While qualified 

inspectors can have excellent insight into asset condition, their perception of 

‘critical’ vs. ‘poor’, for example, can differ, which affects fund allocation and 

maintenance priorities. A number of existing systems include textual description 

databases that help inspectors make consistent component assessments. 

However, having a visual reference in addition to the description for each 

component provides a much stronger basis for consistent judgment. 

3. 3D Computer-Aided Design (CAD): Many buildings have drawings that are 

stored as CAD, a technology that has been an industry standard for some time 

(Ahluwalia 2005). CAD files information may be projected from the traditional 2-
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dimensional drawings into 3-dimensional drawings by adding a constant height to 

generate 3D models. Adapting CAD files as the source of spatial data is done for 

the availability of those files and to simplify the conversion process. It is also 

done to reduce the amount of resources that would otherwise be invested to 

convert the files through different formats. 

4. Efficient Building Hierarchy: A structured component and organization 

hierarchy needs to be considered for the inspection management system. 

Uniformat II is a standard building structure that classifies building elements and 

related site work that has been recommended by the Construction Specifications 

Institute/Construction Specifications Canada (CSI/CSC) to structure schematic 

specifications and by the Design-Build Institute of America for performance 

specifications (Charette et al. 1999). It is also being increasingly used in projects 

as a universal standard in North America. Component classification is a hierarchy 

of four levels; Major Group Elements, Group Elements, Individual Elements and 

Sub-Elements. 

Furthermore, components need to have different impacts on the assessment 

based on factors such as criticality and risk of failure (Uzarski et al. 2009). Index 

values are assigned to have different impacts of components on the results of 

assessments. Component impact on the overall assessment is calculated by 

multiplying the overall component performance by its relative importance factors: 

���������		
���� = ���������	�������
��� × 	��
����	������
���								���	(�. �) 
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2.8 Conclusions 

 

Several improvements to existing inspection management systems that enhance 

asset management by providing more visual, structured inspection data, namely, 

features such as GIS, visual referencing, 3D CAD, efficient building hierarchy and 

flexible survey design. There is a need for an inspection management system that 

combines those enhancements to provide a structured, mobile and visual 

assessment process. 
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Chapter 3 
Building Inspection Challenges and Needs 

 

 

3.1 Introduction 

 

This chapter examines the necessary specifications of a system for an efficient 

inspection management system. It begins by presenting a field study of inspection 

practices at the Toronto District School Board (TDSB) in order to highlight the 

inspection challenges it encounters. Then, it details some of the relevant 

requirements of a recent Request for Proposal (RFP) for a 5-year Condition 

Assessment Program for the Ministry of Education in Ontario that was valued at 

$20.6M, awarded in January of 2011 (MERX 2011). 

3.2 Toronto District School Board Inspection Challenges: A Field Study 

 

A field study was undertaken at the Toronto District School Board (TDSB) to 

highlight the challenges in the building inspection process. The TDSB is the largest 

school board in Canada and the fifth largest in North America. It administers close to 

600 schools and spends $50M annually for a capital renewal program. TDSB divides 

the Toronto area into four regions according to geographical location, each 

containing six school families of about 24 schools, each, as seen in Figure  3.1. 

Schools are identified by school ID, family, type, construction year and cost, and 

address. 
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Figure  3.1 TDSB Regions and Families of Schools (Hegazy et al. 2008) 

 

TDSB schools are aging and their conditions are deteriorating. In 2005, 59% of the 

schools had an overall ‘poor’ condition index and 26% had a ‘critical’ condition index 

with an average age of 44 years and a median of 56 years. Over 90% of the schools 

were over 50 years old. As school asset conditions are still deteriorating and 

maintenance budgets are limited, it is essential to identify and prioritize asset 

maintenance through effective inspection. 

The TDSB Facilities Management Department, which administers annual capital 

renewal projects with an annual budget of $50 million, uses computerized asset 

management software ReCAPP to perform maintenance through a repair-based 

strategy. The software requires performing detailed deficiency-level inspections for 

all building components (Ahluwalia 2008).  

Each school family (e.g. 

SE 4) has 24 schools 
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The high costs of asset management caused the TDSB to downsize its Capital 

Renewal Section, affecting in-house maintenance personnel’s ability to perform 

regular inspections to identify critical items in a timely manner. Costly inspections 

are therefore outsourced by the TDSB every few years. Approximately three years 

are required to visit each building at least once. Inspection results are, however, 

subjective as many components may have the same rating despite some being in 

worse conditions than others (e.g., many windows may be in ‘poor’ condition).  

The field study at the TDSB had two procedural steps, as follows: 

1. Site Visit to Five Sample Schools: During the site visits, data collection was 

done on spreadsheet software with a generic checklist of building components 

on a laptop computer. First, the caretaker was questioned about any 

components in critical condition, and the answers were recorded in text format. 

Pictures were also taken using a digital camera in the order of the inspector’s 

visit, and were not connected with any of the descriptive observations. The site 

visit to each school took approximately four hours. 

2. Data Entry in the Office: After performing each site visit, the inspector entered 

data that could not be completed on site. The inspector also uploaded digital 

photos onto a designated school board computer. Components were re-

assessed by the inspector at the office according to observations and photos 

taken during the site visit as the inspector relied on memory to recall the path 

and observations made during the site visit. Data was then manually entered 
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into the RECAPP system. It was estimated that each hour in the field mandates 

three hours in the office. Accordingly, it took a few days to enter the data of one 

school into the system. 

Based on the field study findings, the following observations were made that affect 

inspection cost and efficiency (Ahluwalia 2008). 

1. A direct ranking is recommended with a good quantification method. 

2. No standard list of components was used, and inspectors manually change 

components as they encounter them during their site visits. A standardized list 

of components is recommended. 

3. Historic condition data is not preserved as new inspection data erases old data. 

Historical data needs to be saved for reference. 

4. Component locations are not saved and are only defined manually on printed 

plans with no link to component pictures. The study suggests a simple method 

for marking components on reusable digital floor plans. 

5. Inspections are performed in a highly subjective manner. A pictorial database 

is recommended to be available to inspectors during assessments. 

6. There is a general lack of automation causing a lot of costly manual work, such 

as re-entering data in the office. On-site data entry greatly reduces manual 

work. 
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Based on the site visit, the basic required features in the proposed inspection 

management system are: 

1. Introduction of a visual guidance system in the form of a pictorial database of 

components in different condition states to reduce inspection subjectivity. 

2. Design of a simple visual method of marking component defects directly on 2D 

and 3D floor plans to simplify and speed up inspections while providing a visual 

location reference for problem areas. 

3. Capture of photos directly from hand-held devices and allowing inspectors to 

annotate pictures with comments. 

4. On-site inspections that do not require re-entering data into different systems. 

Automatic synchronization with the central database then allows inspection 

information to be transferred directly between administrations and inspectors to 

save time and reduce costs. 

5. Production of chronologically connected reports with component picture 

referencing and GIS and 3D location referencing. 

In addition to the above requirements, recommendations have been identified 

based on the recent Ministry of Education bid for inspecting all Ontario schools, 

which will be presented in the following section. 
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3.3 Ontario Ministry Bid for School Inspection 

 

The Ministry of Education owns approximately 4,000 elementary schools and 900 

secondary schools that are administered by 72 school boards in Ontario. The 

schools operate an approximate area of 26 million square meters of space. An 

annual budget of about $300M is allocated for capital assets maintenance and 

renewal in addition to temporary funding provisions such as Good Places to Learn. 

The Ministry of Education prefers to perform inspections on a five-year cycle. The 

amount of inspections performed is measured by the gross floor area annually 

inspected. The list of the schools is not fixed each year, as about 55 schools close 

their operation annually, while about 66 new schools open for operation annually. 

In 2010, the Ministry of Education issued bid documents and call for bidders to 

inspect all their schools over a five year period, in addition to developing a detailed 

inspection management system. As part of the bid documentation, the Ministry of 

Education provided the following information that system developers should 

consider: 

1. Facility Data. 

2. Component Information. 

3. Examples of Ratings Systems. 

The following subsections present the information included with the bid package, 

which have been considered as necessary specifications in designing an effective 

inspection management system. 
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1. Facility Data: This is a list of all in-scope facilities that are to be assessed 

for the Ministry. Facilities are listed by Region and School Board showing 

the number and total area of administrative, continuing education and 

school facilities. Facilities are separated by age depending on whether they 

require a New Facility Condition Assessment or a Full Condition 

Assessment as summarized in  Appendix A. Facility site and floor plans are 

also made available in order to familiarize inspectors with inspection sites 

and improve their efficiency. Available database information also contains 

facility Core Data, which is a set of mandatory fields containing education 

facility basic information such as Campus ID and Opening and Closing 

Dates and is made available for the assessment team. Additionally, the 

Ministry provides the best available information on Education Facilities 

annually including school age, description and location. 

2. Component Information: This is a list of in-scope Components. The list 

follows a modified version of the standard Uniformat II list of components 

that is relevant to in-scope sites and facilities. Components are classified 

based on applicability to a New Facility Condition Assessment or a Full 

Condition Assessment, as listed in  Appendix B. 

3. Examples of Ratings Systems: Examples of a component condition rating 

system was provided, which classifies component conditions as Excellent, 

Good, Fair, Poor, or Defective, as explained in Table  3.1. 
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The bid document also specifies a rating system for project repair 

recommendation, classifying project repair recommendations as Repair, 

Replacement, Study Recommended, or Invasive Testing Recommended, as shown 

in Table  3.2. 

Table  3.1 Component Condition Rating System 

 

 

Table  3.2 Possible Repair Recommendations 
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3.3.1 Deliverables and Requirements 

 

In addition to the basic features and specifications obtained earlier based on the 

field study at the TDSB, all deliverables and requirements mentioned in the Ministry 

of Education bid have been considered as part of the necessary specifications in the 

proposed inspection management system of this thesis. Basically, an essential 

component of the RFP is to develop a facility assessment software application to be 

used in inspecting all the schools. The application has to have all the provisions and 

flexibility to consider different schools (with their GIS locations, detailed school 

plans, and hierarchy of building systems, etc.), school boards, dynamic inventory, 

and all data about the history of inspections and related performance assessment. 

The following items outline major deliverables and requirements as outlined by the 

Ministry of Education for the application: 

1. Facility Information including Core Data and additional Facility Fields. 

2. Component Condition Assessment recording the component condition, 

component fields and component photos. 

3. Project Information for renewal projects and additional Project Fields as 

well as the ability to review past Renewal Work. 

4. Report generation using various criteria. 

5. Energy and Accessibility Checklists. 

The detailed requests of the five deliverable categories are as follows: 

1. Facility Information: The facility assessment application is an update of the 

existing Ministry of Education’s maintenance management program. Using 
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the existing data, the Ministry wishes to transfer the existing data, including 

‘Core Data’, which are standardized, descriptive data fields that are 

mandatory for Educational Facilities as shown in Table  3.3. The application is 

required to incorporate Core Data fields into the system by providing 

compatible database entries that allow importing such data from the previous 

application. 

Table  3.3 Facility Core Data Fields 

 

 



 

 39 

In addition to Core Data fields, which do not change, the following editable 

additional Facility-Related Fields are required: 

• Number of building stories  

• Is there a Compliant with Accessibility Customer Service Standards  

• Is there a Compliant with Accessibility Built Environment Standards  

• Energy Audit existence and date  

• Accessibility Audit existence and date  

• Ministry facility assessment dates 

• Asset replacement cost for each facility (generated by Ministry formula) 

• Heritage designation  

• Asset ID number 

• Has Air Conditioning  

• Has Mechanical Ventilation  

• Is Wheelchair Accessible  

• Pre-2010 PTR designation  

• School Contact Info: Name, Phone Number, Email  

• Board-identified School Family or Group ID  

• Ownership fields (Including permanent and temporary buildings and co-

ownership etc.) 

 

Finally, the overall Facility Condition Index (FCI) is calculated as follows: 

 

���	 = 	
 !"!#$%/ !'%$(!)!"*		+!!,-	(.$-!,	/"	3	/1	5	3!$1-)

 !'$%(!)!"*	�/-*	($-	,!*!1)4"!,	.3	54"4-*13	674,!%4"!-)
																89"	(3.1) 
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2. Component Condition Assessment: Component condition assessments 

are performed on components to collect component condition, component 

information fields and photos. The number of components assessed depends 

on the type of condition assessment to be carried out, which depends on 

facility age. Facilities that are at least 8 years old will undergo a Full 

Condition Assessment, whereas facilities that are 5 to 7 years old will receive 

a New Facility Condition Assessment as outlined in  Appendix B. Facilities 

that are less than 5 years old will be exempt from assessments. 

Component conditions are collected by performing a non-invasive visual 

assessment by inspectors. Inspections focus on major components and target 

repair, renewal and replacement projects in excess of approximately $10,000. 

Inspectors are only responsible for the components that they are assigned, but are 

required to take notes of additional important sightings such as building code 

violations or unlisted components should they encounter them. The following 

minimum information is to be collected about each of the in-scope components: 

• Description 

• Age or installation date 

• Model number and serial number for mechanical and electrical equipment 

• Remaining useful life estimate 

• Other information to support renewal and further study recommendations, 

such as costs and methods 
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Components will have different impacts on assessments based on their 

importance as outlined by the following criteria: 

• Operational importance to component or facility 

• Component rate of utilization 

• The effect on operation in case of unavailability 

• The impact on other components if damaged or unavailable 

 

In addition to descriptive component conditions and ratings, digital photographs 

are required to supplement component condition and recommended maintenance. 

Photos are required to be dated and annotated. Table 3.4 summarizes the minimum 

requirements for photos. 

Table  3.4 Minimum Component Photo Requirements 

Component Details 

Exterior North, South, East, West elevations 

Visible address and school name 

Exterior building and site defects 

Heating Systems Rooftop units 

Boilers and auxiliary systems 

Other significant components 

Air Conditioning 
Systems 

Rooftop units 

Centralized components 

Other significant components 

Transformers  

Inverters  

Doors  

Windows  

Defects For applicable components as applicable 
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It is also important to note conditions and circumstances affecting Condition 

Assessments. Facility assessments scheduling will be affected by several factors 

and conditions including the following: 

• An equal percentage of educational facilities are assessed annually. For a 

five year assessment cycle, 20% of facilities are to be assessed each year. 

• Within the first two years, all School Boards will have some educational 

facilities assessed. 

• School Boards may have schools assessed over two or three non-

consecutive years based on factors such as school size and locations. 

• Geographical considerations are to be taken in order to minimize travel time 

and costs. 

• Weather may affect the ability to inspect certain schools or areas, such as 

snow-covered roofs. 

• Staffing and operational limitations may prevent the ability to perform 

assessments, such as summer schedules for certain educational facilities or 

start-of-term periods. 

• Accommodations of requests and recommendations by the Ministry of 

Education may also affect assessment scheduling. 

 

3. Project Information: In addition to assessing components, the request for 

proposal requires that inspectors make recommendations for repair, renewal 

and rehabilitation work. It is also required that inspectors revisit certain past 
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renewal projects. The following minimum information is to be collected about 

renewal projects: 

• Description 

• Justification 

• Project cost estimation 

• Classification by: 

o Recommendation type 

o Priority 

o Expenditure type 

o Funding 

 

Repair and renewal projects are to be prioritized based on component conditions, 

and influenced by the following criteria: 

• Component importance to site or building 

• Component condition 

• Urgency to continued operation 

 

4. Report Generation: In order to use the collected data efficiently, the Ministry 

requires reporting specifications that include at least the following 

information: 

• Facility, site and systems description including Core Data and other fields 

• General comments on major building systems 

• Component conditions 

• Component renewal recommendations including prioritization as determined 
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by the application over the next 25 years 

• Additional studies, investigations and destructive testing recommendations 

where believed necessary for additional information about renewal needs and 

remaining useful life 

• Digital photographs 

• Facility Condition Index 

 

 

Progress reports are also required during mandatory monthly meetings between 

the Ministry of Education and the application supplier. Reports will indicate 

assessment status including prioritized project-related issues and mitigation 

strategies. Additionally, the application will be evaluated based on its capability to 

provide user-defined reports that comply with the fields in Table  3.5. 

Table  3.5 User-Defined Reports 

 

 

5. Energy and Accessibility Checklists: In addition to the main Component 

Condition Assessment, an Energy and Accessibility Checklists are outlined. 

The checklists are not audits, and only cover a checklist of accessibility and 
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energy related components and equipment that can be identified visually or 

based on school documentation. The Energy checklist assesses the 

compliance of facilities to the following items: 

• Has an Energy Audit been undertaken on the facility 

• Does the facility have 

o High efficiency boilers 

o High efficiency water heaters 

o Ventilation energy recovery 

o Improved insulation 

o Variable speed drives 

o High efficiency light systems 

o Building automation systems 

o Low energy window and door systems 

o Low roof R value 

o Tinted south and west windows 

o Damper systems 

o Low-flow plumbing systems and fixtures 

 

 

The accessibility checklist is composed of a list of items that measure a facility’s 

overall accessibility performance as follows: 

• Availability of clearly marked accessible parking. 

• The presence of loading zone for accessible vehicles. 

• An accessible pedestrian route is available from the parking lot to an 

accessible building entrance. 
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• Accessible building entrances are clearly marked. 

• The width of accessible entrances is at least 0.85m. 

• All floors are accessible. 

• Elevator doors are at least 0.9m wide and long enough to accommodate 

people using accessibility devices. 

• Braille signage, controls and emergency call systems are easily accessible 

from a seated position in elevators. 

• Elevator cars have audible signals that announce floors and travel direction. 

• All instructional space is accessible with doors that are 0.85m wide or more. 

• Fire policy and safety plans are designed for evacuation of people with 

disabilities. 

• Main exit routes and doors are easily accessible by people using mobility 

aids. 

• Fire alarms have audio and visual signals. 

• Mobility devices accommodate washroom access for each sex. 

• At least one washroom exists on each floor that has the following features: 

o Grab bars 

o Coat hooks 

o Flush controls 

o Wash basins 

o Toilet water dispenser 

o Emergency call button 

o Mounted hand-dryers or paper towel holders 

o Automatic or lever handled faucets 
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3.4 Conclusions 

 

The requirements of the Ontario Ministry of Education RFP and the field survey for 

the Toronto District School Board emphasize the need in large owner organizations 

for a visual, flexible inspection-management system. A visual guidance system to 

increase consistency is also necessary. As highlighted by this chapter, a direct link 

between inspection data and a pictorial record of the condition of assets is important 

for asset repair, renewal and replacement decisions. Finally, location-based 

referencing to inspection data is essential for identifying problem areas without 

exerting excessive manual labor. The improvements to the inspection process will 

greatly reduce costs, and make the inspection process more efficient. 
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Chapter 4 
Inspection Management System for Buildings 

 

 

4.1 Introduction 

 

This chapter presents an assessment system that complies with the requirements 

of the Ministry of Education and the findings of the Toronto District School Board 

field visit. The inspection management system aims to streamline and efficiently 

structure the inspection process using visualization tools and flexible inspection 

design. 

4.2 Proposed Inspection Management System (IMS) 

 

The proposed inspection management system application has been programmed 

using the Visual Studio 2010 with Microsoft Entity Framework 4.0, Windows 

Presentation Foundation (wpf) markup language XAML along with underlying C# 

programming language. The Windows Communication Foundation (WCF) was used 

to synchronize data between administrators and inspectors. The program 

development was carried out over a period of one year. The application contains 

about 25 user interface windows and a number of support classes, including custom 

classes for data abstraction and handling, customized user interface, imported 

modules for map, camera and 3D modules, as well as customized wpf controls. To 

give an idea about the depth of the system, Table  4.1 highlights some of the metrics 
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that the programming environment calculates. As shown, the two parts of the 

prototype application (inspection and database) involve about 18,000 lines of code. 

 

Table  4.1 Inspection Application Code Metrics 

Property Application Project Data Project 

Name Facility Inspection Inspection Data Model 

Total Lines of Code 9,950 7,918 

Depth of Inheritance 10 3 

Class Coupling 761 124 

Cyclomatic Complexity 3,456 2,714 

Maintainability Index 93 82 

 

 

The inspection management system application has been designed with three 

main components: Administrator-side functions, the Database, and Inspector-side 

functions (Figure  4.1). The administrator functions are defining/modifying 

organizational structure, facility data and assignments as well as viewing reports. 

The database serves as the conduit to store and communicate data between 

administrators and inspectors. The inspector functions, on the other hand, include 

viewing facility plans and marking defects on the building 3D model, and performing 

inspection tasks such as responding to assessments and taking pictures. 
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Figure  4.1 Components of the Proposed Inspection Management System 

 

The system has been designed so that any user organization (the one that 

manages the inspection process and all the data) first defines the asset inventory in 

the database through the administrative functions. During this step, organizational 

and facility information is entered, 3D models of all buildings are generated, and 

various assessment types are designed and assigned to inspectors. Data that has 

been entered into the database is then synchronized to be received by inspectors. 

Once assignments are received, on-site building inspections can be performed. 

Inspectors access the assessment information by accessing the GIS system. The 

building 3D model that is related to any assigned work is then accessed by 
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inspectors and assessment information based on visual observations is entered. 

Finally, inspectors synchronize the data to be received at the central database in the 

office. Accordingly, administrators can view various reports. 

 

4.3 Administrative Functions 

 

The following subsections describe the implementation of the inspection 

management system’s four main functions: 

• Specifying the organizational and facility hierarchy 

• Creating/Modifying Facility Information 

• Creating Assignments, Assessments and Surveys 

• Generating Reports 

 

4.3.1 Specifying Organizational and Facility Hierarchy 

 

In order to implement a structured system that is flexible enough to accommodate 

most large organizations, the system uses a two-level organizational and facility 

hierarchy: 

1. Organizational Hierarchy: Based on Ministry of Education organizational 

specifications discussed in Chapter 3, buildings are classified by school 

board to follow the Ministry’s organizational structure, such as geographical 

school families and types (e.g. Secondary schools). In order to 

accommodate this structure, the system classifies facilities by organization 
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and assigns addresses to each facility as shown in Figure  4.2. Furthermore, 

facilities may be assigned more than one address to include facilities that 

have split campuses. Addresses may also belong to more than one facility, 

which allows shared building sites to be treated as distinct entities. This 

design is a structured approach for facility classification that can be applied 

to educational facilities as well as other large organization facilities. 

 

  

Figure  4.2 Database Tables Related to Facility Information 

 

After specifying the organizational structure, administrators specify facility names 

and addresses. The system automatically verifies the address using its built-in GIS 

capability and displays the facility on a map, such as the one seen in Figure  4.3. The 

main administrator interface shown in Figure  4.3, which presents the administrative 

functions menu and the organizational and facility hierarchy in one simple screen. 
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Administrators can navigate using the map to view facility information and inspection 

data, which adds a visual, geographic aspect to inspection data that supports well-

informed asset maintenance decisions. 

 

 

Figure  4.3 Administrator: Main Screen 

 

2. Facility Component Hierarchy: Administrators access the second level of 

the hierarchy to add/modify building components and details. Facility 

components and systems follow the modified Uniformat II list provided for 

educational facilities by the Ministry of Education. Changes to the default 

list may be made as the need arises. Components are stored hierarchically 

in the database following the four levels of system components provided in 

Uniformat II and shown in Figure  4.4. The hierarchy levels are the following: 

Each Dot Represent a School 

Administrative Functions Menu: 

Modifying/Creating Facilities, 

Assessments, Assignments, 

Generating Reports 

List of Schools and Assignments 
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1. Level 1: Major Group Components 

2. Level 2: Group Elements 

3. Level 3: Individual Elements 

4. Level 4: Sub-Elements 

 

At each level (Figure  4.4), a weight field can represent the impact of an item on its 

parent level. For instance, an Electrical system component can be assigned a higher 

(or lower) impact on the assessment by assigning a different weight value than the 

HVAC component. The weighted component system improves asset management 

maintenance and renewal decisions by prioritizing components based on factors 

such as importance, cost and impact on the system. Such decision support can 

greatly improve fund allocation and reduce system failures. 

 

 

 

Figure  4.4 Database Tables for the Building Component Hierarchy 

Level 1 Level 2 Level 3 Level 4 

Component Weight Fields 
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4.3.2 Creating/Modifying Facility Information 

 

The second important administrative action is to enter facility and 3D model 

information. Following the Ministry of Education guidelines (presented in part a. of 

section  3.3 and Table  3.3); fields for all facility information have been created, 

including facility name, ID, age and description. Figure  4.5 shows the administrative 

window for creating/modifying facility data, which is achieved by: 

1. Entering general information about a facility and its location (step 1). 

2. Creating a full 3D model of the facility through the following steps: 

a. Importing the main facility site plan CAD file and selecting relevant 

layers (step 2). 

b. Marking building locations on the site plan to define buildings (step 3). 

c. Importing floor CAD files and assigning them floor heights (step 4). 

d. Marking various floor-spaces, such as rooms by selecting and labeling 

rectangular areas on the floor plans (step 5). 

After facility details are entered, facility plans are imported into the system. Due to 

their widespread usage, the CAD file formats (such as .dwg files) are used as the 

default source of facility plans as discussed in Chapter 3. Creating a full 3D model of 

the facility, with its floors and spaces, involves the following five steps that were 

programmed using a third-party programming toolbox for CAD manipulation: 
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Figure  4.5 Step 1/5 Creating a Facility: General Information and Address 

 

1. Defining Facility Plan: A single CAD file is imported to represent the entire 

facility plan, including all buildings and physical attachments, such as parking 

spaces as shown in Figure  4.6. In this step also, all unnecessary layers in the 

CAD file can be turned off. 

 

2. Defining Buildings (Facility Spaces): Each building is mapped to the site plan 

by marking a location box on the plan. Buildings are referred to as Facility 

Spaces, which may include non-building entities such as a tennis court, pool, or 

parking lot. Marking a building on the floor plan is demonstrated in Figure  4.7. 

 

3. Defining Building Floors: A single floor CAD file (if any) is added to the building, 

unnecessary layers are turned off, and the floor is aligned with the facility 

location on the site plan. The floor height is added, and may or may not be 

identical on all floors, as shown in Figure  4.8. 

 

Step 1: Facility Information and Address 

Facility Organization Hierarchy 

Facility Address 
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Figure  4.6 Step 2/5: Importing the Site Plan 

 

 

 

 

Figure  4.7 Step 3/5 Defining a Facility Space on the Plan 

 

 

Step 3: Adding Buildings 

Marking Building on Site Plan 

Building Info 

Step 2: Importing Site Plan 

Unchecking unnecessary 

layers like “Notes” 

Unnecessary Layer (Notes) 

Facility Site Plan 
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Figure  4.8 Aligning a Floor a Building at the Site Plan 

 

4. Defining Floor-Spaces: A single floor-space, which may represent a washroom, 

custodian room, classroom or even a multiple floor-space (such as a Gym that 

spans two or more floors), can be easily defined. It is assigned a height of one 

or more floors, as demonstrated in Figure  4.9. 

 

5. Repeating Steps 2 to 4 until Finished: Step 4 is repeated for more spaces; step 

3 is repeated for more floors; and step 2 is repeated for all buildings and site 

attachments until all of the required data is entered. 

Creation of the 3D model is done by importing and aligning CAD file drawings, and 

then allowing the graphics engine to render the 3D model. Figure  4.10 shows an 

example of a 3D model with 2 floors and some spaces. 

 

Aligning floor plan with site plan 

Step 4: Adding Floors 
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Figure  4.9 Adding Floor-Spaces 

 

 

 

Figure  4.10 3D Facility Rendering 
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floor-space on floor plan 

Main Building (2 Floors) 

Additional Building 
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Step 5: Adding Floor-Spaces 
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4.3.3 Creating Assignments, Assessments and Surveys 

 

After creating 3D models for the facilities and fine-tuning the component hierarchy, 

administrators are ready to design assessment types and assignments to be sent 

out to the inspectors who will carry out the inspection tasks. The requirements in 

Chapter 3 specify that created assessments should be applicable to different 

facilities without the need to repeat assessment creation unnecessarily. The system 

fulfills this requirement by allowing administrators to create inspection templates. An 

“inspection template” is a reusable entity that contains one or more “requests”. For 

example, a “New Facility Condition Assessment” may be made into an inspection 

template, which can include specific inspection requests (specific components, 

specific survey). Energy and Accessibility Audits can also be another inspection 

template designed for use in the inspection of specific components only. 

Besides reusable standard assessments, follow-up site visits were also outlined as 

a common practice initiated by inspector observations and suggestions. For 

example, an inspector may need to perform invasive testing after visually identifying 

possible defects. The proposed system allows administrators to add “custom 

requests” to an assignment, giving them the flexibility to assign specific tasks. 

The top link in Figure  4.11 represents creating a reusable, generic assessment 

template, which includes one or more tasks, whereas the bottom link represents 

assignment-specific tasks. 
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Figure  4.11 Assignment Structure in the Database 

 

Figure  4.12 shows the user interface that allows administrators to create tasks by 

selecting components (left) and survey elements (right) that apply to those 

components. 

 

Figure  4.12 Adding a Request 
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In addition to standard surveys, administrators may choose to assign specific 

questions directly. This design (represented by the bottom link on Figure  4.13) 

allows adding/modifying survey elements without the need to hard-code them into 

database fields. The design flexibility allows the application to adapt to the 

challenges of changing survey structures discussed previously in Chapter 3. 

 

 

Figure  4.13 Requests 

 

While flexibility was established as an essential factor , it is also important to have 

a structured survey, as clarified in Chapter 2. Therefore, the system is designed to 

have a standard three level hierarchy (Figure  4.14) that is based on the findings of 

the literature review from Chapter 2: 

1. Level 1: Assessment Type  

2. Level 2: Key Performance Indicator 

3. Level 3: Specific Questions 

Component 

 

 

 

 

 

 

Assessment Survey 

Request 
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Figure  4.14 Hierarchical Assessment (Survey) Structure 

 

 

The assessment interface (Figure  4.15) is designed to intuitively resemble the 

database hierarchy; selecting an assessment type displays an editable list of key 

performance indicators, while selecting a key performance indicator displays an 

editable list of questions. The weighted assessment design greatly improves the 

maintenance process by providing powerful prioritization support data based on 

assessment types, key performance indicators and questions. Each level in the 

hierarchy may be assigned a “weight” value, which determines its impact on the 

overall assessment, similar to component weights discussed in subsection  4.3.1. 

Detailed questions allow administrators to include numeric, true/false and descriptive 

survey details. 

Assessment Type Key Performance 

Indicator 

Detailed Questions 
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Figure  4.15 Assessment Design Window 

 

The application interface for adding assignments also displays adding basic 

assignment information such as date and general notes, assigning an inspector and 

choosing a preset template. Custom tasks may be added by selecting “Additional 

Inspection Tasks”, as seen in Figure  4.16.  
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Finally, reporting is accomplished after inspectors receive assignments, enter 

inspection data and synchronize the results. Database table fields are used to 

generate reports based on date, location, inspector, component, etc. Reporting is 

especially useful due to the wide range of information types that are integrated in the 

system. For instance, using the facility 3D model to highlight defects visually can 

assist in identifying localized defects or failure trends. Reports that are automatically 

associated with inspection pictures and are available for referencing during future 

inspections also greatly increase inspection accuracy and consistency. Generated 

reports using those tools have to potential to cut maintenance costs and improve 

renewal and repair decision support. Reporting interface has not been fully 

developed in this prototype due to time constraints. Future development should 

produce reports using integrated GIS, 3D and imaging tools that are included with 

the current prototype. 

Figure  4.17 summarizes the overall database design for creating structured, 

flexible and reusable assignments: the top part summarizes the assignment creation 

structure using individual tasks/requests. The bottom part shows the flexible 

assignment design by linking a component from the bottom left side and an 

assessment structure from the bottom right side to a task entity. 

The following section explains the role of the database in storing and 

communicating data between administrators and inspectors as well as some of the 

database design attributes in this system prototype. 
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Figure  4.17 Overall Assignment Process Design 

 

The link between administrative work and on-site inspections is established 

through online data synchronization. For instance, assignments created by 

administrators are delivered and received automatically as they are created. Data is 
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synchronized back as inspectors perform their assigned inspections, as illustrated in 

Figure  4.18. The three main components of the application are discussed in the 

following subsections. 

 

 

Figure  4.18 Assignment Creation and Inspection 

 

 

 

4.4 Database Structure 

 

The central database of the infrastructure management system has been created 

as a relational MS SQL database, which has one of the most diverse and practical 

database structures available. The design of the database tables and relations was 

done using the Microsoft’s Entity Framework. The database is composed of a total of 

72 tables, 53 entities, 120 associations and 139 constraints, with the most 

interconnected table containing 15 links to other tables. Table  4.2 summarizes the 
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database structure. Because of the large size of the database, a single figure cannot 

display it all adequately. Thus, parts of the database will be shown in proximity to the 

description of the main functions in the inspection management system. 

 

Table  4.2 Database Table Composition 

Property Count 

Tables 72 

Entities 53 

Associations 120 

Constraints 139 

Maximum Links to 1 Table 15 

 

4.5 Inspector Functions 

 

Once logged in as an inspector, the system synchronizes user-specific 

assignments with the central database through the internet. The inspector is then 

presented with a map that only displays relevant facilities and assignments ( 

 Figure  4.19). The visual GIS presentation provides the inspector with a tool that 

complies with Ministry recommendations mentioned in Chapter 3 to minimize travel 

time and costs between inspections. After choosing an assignment, the inspector 

can proceed to perform the following two functions as discussed previously in 

section 4.2 (Figure  4.1):  
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 Figure  4.19 Facilities Containing Assignment Display - Inspector View 

 

4.5.1 Navigating the Building: 

 

When an inspector selects an assignment, a 3D model of the facility that was 

entered by an administrator is displayed (Figure  4.20). The inspector is able to 

navigate through the facility’s 3D model by building, floor or floor-space using the 

“Spaces” control, and the tablet touch screen or other input devices (such as a 

computer mouse) to rotate the 3D model, zoom or switch to 2D viewing mode. The 

inspector can make observations directly on the 3D model to increase inspection 

efficiency. This is particularly useful for taking notes about the facility while 

discussing facility and component conditions with in-house personnel, as discussed 

in Chapter 2. 

List of inspector assignments 

Assignment location 

Assignment details 

Login: Inspector 
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Figure  4.20 Inspector View of 3D Facility Model 

 

The inspector then selects one of the components listed in the “Component” 

control in order to enter inspection data for it. Finally, the inspector marks defects 

horizontally or vertically on the building model by drawing a rectangle as shown in 

Figure  4.21 and Figure  4.22. The ability to mark defects horizontally or vertically is 

especially useful for accurate identification of defects, which leads to better repair 

and maintenance actions. Once a component is selected, the assessment window 

opens and displays the requested assignment details for that component. A picture 

module, component history and visual guidance system are also displayed to assist 

the inspector with component assessment. 

2D/3D Views 

Adding a mark 

on the building 

plan 

Login: Inspector 
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Figure  4.21 Marking a Vertical Defect on the 3D Plan 

 

 

 

Figure  4.22 2D Defect Marking 

 

Marking a defect 

in 3D view 

Marking a defect 

in 2D view 
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4.5.2 Responding to Assignments: 

 

The main assessment window for the selected component and location of the 

defect displays all assessments, KPIs, questionnaires and specific requests that are 

assigned by the administrator for that particular component (Figure  4.23). While 

inspecting this component, the system has been designed to allow the inspector to 

perform five main functions: 

1. Perform assessment: The inspector is presented with a stacked list of the 

following task elements: 

a. Assessment types, which are expandable to display KPIs. The 

inspector can assign a value to each assessment type, which affects 

the overall condition of the component being inspected based on its 

importance. Additionally, the inspector may choose to answer 

individual KPIs. 

b. KPIs: answering KPIs affects their hierarchical assessment type 

according to KPI weights. If any specific questions are included in 

the KPI hierarchy, the inspector can expand the selected KPI and 

provide answers as well. 

c. Specific Questions: Specific questions can be text, true/false, or 

value based. Value based specific questions can also have weights 

assigned to them that help the inspector determine the value of their 

KPI. Additional Questions are displayed the aggregated list of 
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assessment types directly if they do not follow the assessment 

structure (e.g. General Description) 

2. Take pictures: The inspector can take photos and record short videos of the 

component under inspection, as seen in Figure  4.24.The inspector can also 

include notes with each visual element that serves as a permanent 

reference that is associated with the component. 

3. View component history: The inspector can view previous inspection data. 

Having previous component inspection information readily available is a 

great asset to the inspector as it provides information such as past 

replacements and deterioration trends. This insight can help the inspector 

make better recommendations to reduce future costs and better perform 

preventative maintenance. 

4. Consult the visual guide: The inspector accesses sample pictures of 

components of the same type as the one being inspected. Each picture is 

accompanied with a descriptive condition guide as shown in Figure  4.25. 

Granting inspectors access to the same set of sample pictures and 

condition descriptions allows them to make similar assessment decisions 

and recommendations, which greatly reduces inspection subjectivity and 

improves fund allocation, reducing overall costs. 

5. View/Modify details: The inspector views and edits component data fields, 

such as age and serial number. Verifying and updating these details make 

assessments more reliable by keeping track of an updated asset inventory. 
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Figure  4.23 Inspector Assessment 

 

 

 

Figure  4.24 Picture Module 
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Figure  4.25 Visual Guidance 

 

4.6 Prototype Example 

 

In order to demonstrate the effectiveness of the inspection management system, 

a new sample assessment is created and assigned to an inspector after adding a 

new sample school. The example demonstrates adding a new building, creating an 

assessment, compiling an inspection scenario and assigning the scenario to an 

inspector. It also shows the inspector responding to the assessment by responding 

to the sample assignment. 

4.6.1 Adding a New Building: 

 

A sample facility is added by an administrator in order to assign an inspection. 

Adding a facility was done through the following five steps: 

 

Condition Component Code 

Descriptive 

condition 

Visual guidance Thumbnails 
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1. Entering Facility Information (Figure  4.26): An administrator filled in basic facility 

information, such as, name, organization and address. The system automatically 

verified the address and displayed the new facility on the map (as previously 

shown in Figure  4.3), The sample school name was Annette Street Jr., and was 

located at 265 Annette St.,  in Toronto, ON. 

 
2. Defining Facility Site Plan: The administrator began entering facility model 

information by importing the site plan CAD file. After specifying the file plan for 

Annette St. Jr., the administrator unchecked unnecessary CAD layers including 

the 12PAPER and 17BORDER layers seen previously in Figure  4.6. 

 
 

 

Figure  4.26 Step 1: Facility Information 
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3. Adding Facility Spaces: Annette St. Jr. had a single “main building”, which was 

added by entering its name, construction date, value, and by marking it on the site 

plan as was shown previously in Figure  4.7. 

4. Defining Floors: A basement, first and second floors were added to the “main 

building” by uploading their individual floor plans. Unnecessary layers were then 

filtered out using the same method of unchecking extra layers that was used in 

Step 1. Finally, the floor plan was aligned to the site plan as illustrated previously 

in Figure  4.8. 

5. Defining Floor-Spaces: A two-floor “Gymnasium” was created on the basement 

floor, which reached up in height to the second floor. The space was added by 

drawing a rectangle horizontally on the basement floor and setting the floor height 

value to 2. 

The entire building model was created in approximately five minutes. The 

resulting 3D model was generated immediately after adding each floor, resulting in 

the overall 3D facility model shown in Figure  4.27. 

4.6.2 Creating a New Assessment: 

 

The next step was to design an assessment in order to assign it to an inspector. 

A “Condition” assessment type (Figure  4.28) was created containing a “Structural 

Integrity” and “Appearance” KPIs (Figure  4.29) Assigning the “Structural Integrity” 

KPI a weight of 0.9 ensured that it would impact the “Condition” assessment more 

than the “Appearance” KPI, which had a weight of only 0.1. 
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Figure  4.27 Example of the 3D Building for Annette Street Jr. School 

 

 

Figure  4.28 Adding a Condition Assessment 

 

 

Figure  4.29 Adding Two KPIs 

 

 

Figure  4.30 KPI Questions "Discoloration" and "Surface Cracks" 
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While the “Appearance” KPI was selected, two detailed Questions were added; 

“Discoloration” and “Surface Cracks”. While “Discoloration” was assigned a value-

based slider to indicate the amount of color change, “Surface Cracks” was assigned 

a checkbox value that only checked for the presence of surface cracks that affect the 

“Appearance” of a component. 

The entire assessment was designed in approximately one minute. Adding more 

complex assessments would have required more time, but would still be reasonable 

based on the current sample assignment. 

4.6.3 Creating an Inspection Template 

 

In order to use the “Condition” assessment in assignments, a reusable template 

was created. The sample template was created to perform a condition assessment 

on the “Foundations” and “Superstructure” components by selecting their 

corresponding checkboxes and adding the task to the inspection template.  

(Figure  4.31, Figure  4.32 and Figure  4.33). 

 

Figure  4.31 Selected Task Assessments 
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Figure  4.32 Task Components 

 

 

Figure  4.33 Template With a Single Task 

 

4.6.4 Assigning Inspection 

 

An inspector was given an assignment using the condition inspection template by 

specifying the date, facility, inspector and tasks. The assignment was named 

“Annette Condition Inspection” (Figure  4.34). 

4.6.5 Receiving Inspection 

 

As soon as an inspector signed in, he/she was greeted with a map that showed 

the location of assignments including the “Annette Condition Inspection” 

(Figure  4.35). Selecting the “Annette Condition Inspection” and proceeding took the 

inspector directly to the facility 3D inspection view. 
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Figure  4.34 Assigning an Inspection 

 

Figure  4.35 Inspector Assignment List 

 

4.6.6 Performing Inspection 

 

As the inspector entered the school, an observation about the entrance location 

was made. The observation could be observed in Figure  4.36. 
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Figure  4.36 3D Facility Plan and 3D Marking 

 

Once the inspector was ready to assess a component, the basement floor was 

selected using the Space hierarchical list control by navigating to the Main Building, 

then selecting the Basement floor as shown in Figure  4.37. The “Foundations” 

component was then selected from the Component list control as shown in 

Figure  4.38. 

 

Figure  4.37 Hierarchical Floor Selection 

2D/3D Views 

Adding a 

mark on the 

building plan 
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Once the basement floor was selected, the 3D system automatically navigated to 

that floor and hid other floors to simplify the view for defect marking as shown in 

Figure  4.38. 

 

Figure  4.38 Selecting Floor and Component 

 

To begin inspecting the selected component, the defect location was marked 

horizontally on the 2D floor plan on the 3D floor plan as shown previously in 

Figure  4.21. 

The initial inspection window displayed the component that was being assessed 

and had several options for performing an assessment, taking pictures, reviewing 

component history, consulting the visual guide and modifying details, which could be 

seen previously in Figure  4.23. 

Selected Floor Selected Component 

Begin Inspection 
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The inspector began by taking pictures of the cracks in the Foundations 

component at that location (Figure  4.39). This would allow administrators at the 

office to look back and reevaluate the condition assessed by the on-site inspector for 

accuracy if necessary. Three pictures were taken and displayed as clickable 

thumbnails at the bottom. The inspector also noted “Water damage” and added it to 

the picture description, which was associated with that particular picture.  

 

Figure  4.39 Picture Showing Foundation Cracks 

 

After visually assessing the condition of the component, the inspector selects the 

Visual Guide option to compare it with sample photos of a similar component. The 

Visual Guide automatically displayed a reference A10 Foundations example of a 

component in “Fair” condition as shown in Figure  4.40. A list of clickable thumbnails 

Clickable Thumbnails 

Photo/video Description 

Foundations Cracks 
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at the bottom of the module would allow the inspector to access other examples had 

more been loaded into the system. 

 

Figure  4.40 Visual Guidance for A10 Foundations 

 

After referring to the Visual Guide system, the inspector was ready to assign a 

value to the overall condition of the Foundations component. Because it is in a 

similar condition of water damage to the example in the Visual Guide system, the 

inspector decided to assign a “Fair” condition to the component. The background 

color of the overall condition automatically changed from green to a yellowish color 

to visually reflect the degradation from “Excellent” and “Good” to “Fair” (Figure  4.41). 

The weighted values of the Key Performance Indicators “Structural Integrity” and 
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“Appearance” were modified by the inspector, which automatically calculated the 

“Condition” assessment type value. The overall component condition was also 

automatically calculated based on the assessment value. Modifying the calculated 

results manually was possible, but the inspector decided to keep the calculated 

values rather than manually modify them because they agreed with his judgment 

and because they were consistent with the Visual Guide sample. Finally, the 

inspector assigned a value to the “Discoloration” and checked “Surface” cracks 

under then “Appearance” KPI. 

 

Figure  4.41 Answering Inspection Questions 

 

The inspector went through the facility, repeating the inspection process for all of 

the components of the “Foundations” and “Superstructure” types that he was able to 

locate in the building. He continuously referenced the 3D facility model, marking 

defects, and consulted the Visual Guide module to make consistent assessments. 
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4.7 Feedback on the Developed System 

 

The system was reviewed by a number of well-known development firms 

including the Toronto District School Board, Riva Modeling and Pattern Discovery 

Technologies Inc. Through several group demonstrations, the benefits of the 3D 

features were greatly appreciated, along with the solid database design of the 

system. Among the features that were examined thoroughly was the time it took to 

create 3D models for new buildings. The system’s average of five minutes was 

determined to be an excellent time for creating new facility plans. This was 

commented upon as an important factor to quickly import legacy data, which can be 

extremely large in case of multiple buildings, to the proposed system. The flexible 

assessment creation process was also assessed to be creative and practical for 

large organizations. The integrated camera and Visual Guide tools were highly 

valued as tools that improve consistency, speed, and the all-on-site performance of 

the system. 

4.8 Conclusions 

 

The integration of a well-structured asset inspection system with the aid of 

technological advances allows for a solid inspection management system that 

addresses the issues of unstructured inspections, lack of visual referencing, 

inspector subjectivity and lack of adaptability. It also gives flexibility in assessing 

various buildings and components and saves large amounts of resources that are 

being spent on current inspection methods.  
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Chapter 5 
Conclusions and Future Research 

 

 

5.1 Summary and Conclusions 

 

Infrastructure assets have a significant effect on the quality of life and the overall 

performance of nations. North American infrastructure has been deteriorating and 

costing billions of dollars due to the failure of the maintenance process. Inspection is 

usually the first step in maintenance management; however, poor asset inspection 

management is one main reason for asset failure and the related costs. Lack of 

funding requires accurate assessments and justifications for prioritizing asset 

maintenance and allocating funds. The main objective of this research is to guide the 

asset inspection management large organizations by detailing an asset inspection 

management system that makes use of current technologies to fulfill the 

requirements of proper asset inspection by providing accurate, consistent and 

comprehensive condition estimates for building infrastructure. 

The system mainly targets the following four challenges that face assessment 

systems: (1) the unstructured nature of inspection management, (2) the lack of 

visual reference during inspections, (3) the high subjectivity in the inspection 

management, and (4) the lack of adaptability to changing inspection types and 

assessment types. 
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The proposed system uses GIS location referencing, 3D technology, flexible 

assessments, picture and video integration, hierarchical data organization and visual 

referencing to improve the overall assessment process. 

The system design is based on a previous study of the Toronto District School 

Board requirements that was performed by Shipra Singh (Ahluwalia 2008) and a 

detailed analysis of the requirements set out in a recent $20M bid by the Ministry of 

Education in Ontario (MERX 2011).  

The resultant system included administrative and inspector functions. 

Administrative functions outlined facility data entry, including the definition of GIS 

coordinates, entering floor plans and creating a 3D facility model using a simplified 

process as well as dynamically designing reusable, flexible assessments and a 

synchronization based communication method. It also outlines a database design 

that makes reporting an intuitive and powerful tool. The inspector side is intended for 

a handheld device that displays a list of assignments by location and that is 

personalized for each inspector. It allows them to access 3D facility plans and 

survey questionnaires, using a simple checklist-like design, in addition to providing 

them with a visual guidance system and integrated photo/video capturing tools. 

5.2 Research Contributions 

 

The proposed system makes the following contributions: 

• Better clarification of current inspection challenges: This study has reviewed 

data from previous research and existing literature to pinpoint dysfunctional 
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asset maintenance processes by singling out the assessment process as the 

first contributor to this failure. Furthermore, it highlights challenges within the 

inspection process that contribute to wasted resources and the continuing 

deterioration in infrastructure asset conditions. 

• Creating a structured approach to asset inspection management: The 

hierarchical design of the assessment system using assessments, key 

performance indicators and questionnaires, the Uniformat II component system, 

location and 3D referencing as well as component-linked picture and video 

modules make the inspection process highly organized and efficient. 

• Establishing a prioritization system: The weighted approach to assessment and 

components enables organizations to easily prioritize components and simplifies 

and improves renewal, repair and rehabilitation decisions at strategic and 

tactical levels. 

• Reducing subjectivity: The inclusion of a visual referencing system allows 

inspectors to perform consistent inspections by having descriptive text 

references as well as picture available for reference during inspections. These 

resources are associated with each component that is inspected, saving the 

inspector additional effort or extra training. 

• Visual referencing: Having 3D facility plans available for referencing increases 

inspection effectiveness and provides a powerful tool for asset maintenance 

management decisions. The low resource cost of 3D plan creation also makes it 
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an attractive choice because it saves resources and avoids the need for 

extensive initial setup resources. 

• Adaptable inspection system: Reusable scenarios based on requests, 

component-specific assessments and assignment-specific questions and 

requests, makes the system highly versatile, flexible and cost effective. 

• Development of a prototype inspection system: The prototype that is introduced 

in this research provides a structured, adaptable system that contains 3D visual 

referencing and reduces subjectivity while being user friendly and cost effective.  

• Effective communication: The automatic synchronization of data allows 

administrators to assign any number of requests quickly and easily as well as to 

receive data through synchronization. Synchronization saves many hours that 

would otherwise be wasted on manual data transfer and allows for quick and 

powerful reporting. 

• Expandable prototype: The system was developed with educational facilities in 

mind. However, minor modifications, such as changing the organizational 

hierarchy, allow the system to be used for any number of large owner 

organizations. 

5.3 Future Research 

 

The following are some of the areas that may improve the effectiveness of the 

system upon further development and exploration: 
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• Optimizing prioritization: The current system’s weighted component and 

assessment approach gives a powerful component-repair prioritization tool. 

Further development may include other measures for prioritization that are not 

based on the importance of components and assessments alone, but also on 

the cost effectiveness of renewal and maintenance projects. For instance, the 

system may allow administrators to enter individual component deterioration 

models to predict future failures and perform cost-effective preventative 

maintenance. 

• Automatic location referencing: An area that may be explored is the inclusion of 

a type of indoor positioning system that automatically pinpoints inspector 

location and displays it on the 3D model. Development may include automatic 

position updates for major components and monitoring systems that prompt 

inspection work. 

• Automatic assignment correlation: While the current system allows for a very 

flexible assignment creation process, it does not automatically cover assignment 

categorization. Further development may allow the system to assign and/or 

recommend certain assessments based on criteria such as school age, location, 

school board or last inspected information. 
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Appendix A 
Ministry of Education Summary of In-Scope Educational Facility 
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Appendix B 
Modified Uniformat II List of Components 

 



 

 104 

 



 

 105 

 



 

 106 

 



 

 107 

 



 

 108 



 

 109 



 

 110 



 

 111 



 

 112 



 

 113 



 

 114 



 

 115 



 

 116 



 

 117 



 

 118 

 



 

 119 

 

 

 

 


