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The Use ofa BIM-Based Framework to Support Safe Facility Management Processes
Eric Michael Wetzel
ACADEMIC ABSTRACT

According to thdJnited State®ureau of Labor Statistic293people lostheir life from 2008-2012in the
field of Facility ManagemenfFM). In that same timefram@rivateemployers recordefi8 420 cases of
occupationalnjuries and illness with 26,190casesrequiring a minimum of 31 days away from work
Workers in this field ge at constant risk of eleatal shock, fallscrushingcuts, and bruises and as a result,
have a much higher rate of injury and illness than the national average.

Case study analysis confirrtigat manyof the recorde@ccidentould havebeenavoidedhad the victim

followed appropriatédhazard mitigation steps to safely executéaeility repair and maintenandask,

defined in this research aafety protocolCurrently, safetyrelatedinformation is conveyed to FM staff

through training seminar©&M manualsplans & specificationgjatabase storagsafety meetingsand

safety literatureThis information, although comprehensive, oftemainsfragmented among multiple
resourceand is | eft up to the wor ker dvant Rédeaah has showmn whe
that the more time and effort, knowniasonvenience, an individual must spend obtaining information, the

less likely they are to retrieve the information and obey the stated warnings.

This research focuses on tloentification, categorization, transference, addlivery of safetyrelated
informationapplicable to facility management stafhis is executed hybtaining safety inputs through
various mechanisms of data collectioategorizinghesafetyinputs transferring te informationutilizing
existing BIM-basel software and research methaa® a datastorage repository, and designing a data
retrieval and processing systéBRPS, integrated into the repository to interact with the dake CRPS

adds structureand reléionships througha UML Class Diagram and Sequence Diagra@dditionally,
standardized safety properties are developed for asset groups using the Asset Safety Identification Tool
(ASIT). Finally, a conceptualgraphical user interfacéGUl) is developed taepresent the interaction
between the RPSand the FM WorkeBy combining theDRPSwith a GUL aFM worker carefficiently
interact with a singular repository for safety information, eliminating the need to reference multiple
resources in order to obtademprehensive safety informatiofhe goalof this research is to mitigate the
fragmentation and timing inefficiencies within safety related information retrigveevelopng a BIM-
basedframeworkto categorize consolidate and deliver job specific safgy information eliminating the

need to reference multiple documents in order to develop a comprehensive, task specific safety plan.
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safety properties are developed 1 assetgoperationsequipmentusing the Asset Safety Identification
Tool (ASIT). Finally, a conceptualcomputer interfac€GUI) is developed taepresent the interaction
between the BPSand FM Worker.By combining theDRPSwith a GUI a FM worker canefficiently
interact with a singular repository for safety information, eliminating the need to reference multiple
resources in order to obtademprehensive safety informatiofhe goalof this research is to mitigate the
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1. INTRODUCTION

1.1.Background
Buildings in the United States and around the world @eoming increasingly complex, utilizing
sophisticatedechnologies for communicaticend operational control. The role of facility management
(FM) staff is critical to the planning, maintainingnd managing of thesmmplexfacilities (Global FM
2012. As skilled professionals, FM stafise kmowledge in multiple disciplinesuch as electrical,
mechanical and plumbing to ensure the functionality ok tbuilt environmentInternational Facility
Management Association 201 ®ften, the complexity of the systems will dictate the requirements for FM
staff and the expesde areas thatre requiredor the management of the facility

Due to themaintenance and repagquirements of these facilities, workers in this field artaigtt risk of
injury including,electrical shock, fallsgrushing,cuts, and bruises. As a rétsi#M workersin the United
Stateshave a much higher rate of injury and iliness than the national awetegecompared to all other
employment field¢SeeFigure 1) (Bureau of Labor Statistics 20144n thefive years from2008 through
2012,293peopldost their life in the field ofFacility Managementlso referred tasGeneral Maintenance
and Repai(Bureau of Labor Statistics 20Q%ureau of Labor Statistics 20L@ureau of Labor Statistics
20113 Bureau of Labor Statistics 20L2Rureau of Labor Statists 2013a This number accounted for
roughly 1.3% of all occupationafatalities in the United States and has shown an increa@4%offrom
2008 to 2012In that same timeframeithin the private sectoiFM employers recordefl8,420 cases of
occupationalinjuries and illness, witt26,190cases requiring a minimum of 31 days away from work
(Bureau of Labor Statistics 2009Bureau of Labor Statistics 201,0Bureau of Labor Statistics 201,1b
Bureau of Labor Statistics 201;2Bureau of Labor Statistics 2013ICase study analysis of the Fatality
Assessment and Control Evaluation Program (FACE), issued by Thenaldtistitute of Occupational
Safety and Health (NIOSH), confirms that many of the recorded accidents could have been avoided had the
victim followed appropriatehazard mitigationinformation to safely execute the facilityepair and
maintenanc€éFRM) task

To mitigate sora of the risks associated wiiRM tasks and to comply with many federal, stated local

laws, organizations provide job specific training amuinerous safety specific documetdsprotect their

FM employeeqOccupational Safety and Health Administration 199%hese are proven and effective
methals for the protection oftaff, but require the information to be utilized comprehensively. In other
words, no single training seminar or safety document supersedes the others. This requires the FM worker

to comprehend all the safety information collectively and enact the applisafdty protocol with each



FRM task.Withthemaj ori ty of onus on the workeroés

surprising that human error is the cause 680&% of all operational accidex(l_eveson 2004

300

250

200

150

100

50

Incidence Rates' of Nonfatal Occupational Injuries and Illnesses, Private

212.7

113.3

2008

Industry (Per 10,000 Full-time Workers)

267.1
2471
1815 185.2
1064I 1077I 105.2 102.3
2009 2010 2011 2012

All Occupations B Facility Management

! Incidence rates represent the number of injurics and illnesses per 10000 full-time workers and were
calculated as: (N / EH) X 20000000 where N = number of injuries and illnesses EH = total hours worked by
all employees during the calendar year 20000000 = base for 10000 full-time equivalent workers (working 40
hours per week 50 weeks per year).

Figure 1: Comparison of Incidence RatdBureau of Lator Statistics 2009b; 201012011b; 2012b;

2013)

i nter ac

Comprehensive safety information is often availakithin an organizationhowever, this information is

oftenfragmented among multiple resources thatild neel to be referenced prior to a FRNbrk activity
(Goedert and Meadati 200Bucas 2012 Research has shown that the more time amdtefh individual

must spend obtaining information, the less likely they are to retrieve the information and obey the stated

warnings(Godfrey et al. 1985/Nogalter et al. 198%eitlin 1994. Conversely, minimizing the amount of

time and effort to the lowest possible level of information retrieval, hasrshanuch stronger likelihood

of safety protocol implementatig@eitlin 1994. This information retrieval is vital to the safety of facility

management workers as daily tasks are often time sensitiveaaarehuire quick reaction in order to place

the facility orcritical equipment back into functioning condition.



Within the field of FRM, there are two types of maintenance activities that can take place on a daily basis,
reactive maintenanceor preventative maintenanc®eactive, or breakdown maintenance, requires the
replacement or repairing of faulty parts and/or components. Thés dfpnaintenance is estimated to
account for rough\84% - 45% of all maintenance activitieBlache 201 Maintenance Assistant Inc.

2014. Reactive maintenangalaces a substantial burden on FM staff as a number of organizational
disadvantages arise when titype of maintenance is necessaiycluding, direct and indirect costs of

repair, equipment downtime, and interference with planned work. Additionally, élssyse to mitigate

these disadvantages as quickly as possible creates safety issues by requiring staff to work under pressure to
get the systems running without de(djaintenance Assistant Inc. 2014

Preventative or plsned maintenance uses regular system and equipment checks on fully functioning assets
or facilitiesto lessen the likelihood of failure. This type of maintenance activity is certainly more desirable
to FM staff as preventative maintenance allows for planof resources and strateggwever, to many
organizations, this type of maintenance activity has also become a substantial issue. As with many
industries, the financial crisiplayed a significant role in how FM staff managers and organizations
allocatal resourcesDuring this time period, facility managers were tasked with cutting costs keleifgng

critical equipment online and functioning. The results of this mandate were staff reductions, limited
funding, and deferred maintenance pract{@ager 2014Harris and Rygikski 20149, creating a substantial

backlog of maintenance needs.

Whether FM staffare reactively trying to repair a disabled asset or proactively maintaining a backlog of
equipment needs, thiequiremento complete work activitieasquickly as possile is a daily occurrence.

Working under the stress of too many work orders and short deadlines results in rushing, which has been
shown to be directly correlated docupationalnjuries and fatalities. According fthe Lawrence Berkley

National Laboratory (2012) fil nj uri es due to time pressure are m
conscious decision on the worker 6s pahknownsatetyci r cun
hazard in the intest of getting the task done on time or rushing to keep ahead of a process following close

b e h i Theinconvenience of having to retriewecategorizedafety related informatiofiom a number

of fragmented sources, retards tHeM-task, requiring time ensitive activities to be rushednd often

distracing attention from hazards that would normally be recognized.

Exploring which contract entities input safety data, wtiendata arpresented, where it is stored, and how
it is extracted providesinsight into the fragmentation of current market safety protothis research

explores a potential solution to mitigate the fragmentation of safety informatiproving the reference



time andrequired effort, by providing job specific safety protocols dtet lowest possible level of
information retrieval through the use of a singular Bdasedramework Theframeworkwill act as an

intermediary between the stored job specific safety protocols and the FM worker assigned to the task.

1.2. Safety Information Sources
Information that is applicable to the safe maintenance of a faciityes from a number of sources
throughout a bThe infdrinatianié sftenpresentedy thel centracentities through a
number ofcontract required documentgithin a construction projecFigure 2 presents a number of
examples of facility management applicable safety information andypiieal sourcelocation of that
information at the completion of a projeethile Figure 3presentat what poi nstlifedyae t he b
thatinformation is typically developed o safely executa facility management task,FM worker may
need to compile any number of the documehtsvn inFigure 2to create a comprehensive safety protocol.

Figure 2: Applicable Safety Infomation Present in Multiple Sources



Relevant Life-Cycle Information to Support Safe FM is Fragmented

Design Construction Facility Management

- Design Drawings - Submittals - Safety Checklists

- Specifications - Change Orders & Field Orders - Prevention Plans
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- Model Updates - Safety Handbooks

- Owner Training

- Safety Meetings
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Figure 3: Safety Documentation Sources Occurring throughout the Facility Lifecycle

Whenarchitectsand/orengineergA&E) begin to desigabuilding, a number of safety decisions are being
made The routing of powr, proximity of disconnects, the number of isolation valtles,elevation of
equipment componentand many othetonsiderationsall affect the maintenance requirements during the
facility management phase. A conscious understanding of this causdeanaedl the sulegiuent design

in support of downstream lifecyclghass is known as Prevention through Design (PtD) or Design for
Safety (DfS) (Gambatese et akR008 Ku and Mills 2010 Prevention through Design: Design for
Construction Safety 20)4The use of BD/DfS is a powerful tool to improve accident mitigation; however,

has historically been focused on the construction phase and I&sslijnmanagement.

By using PtD/DfSfor theFM phase some hazards can be mitigafedy. using a chain wheel fealves at
high elevation). Other safety hazards are inherent to the work actoiteanot be mitigated due to site
restrictions, process restrictions, congestaond the like These hazards will be preseleispite anylesign
considerationge.g. electroation risk associated with high voltage ge&tggardless of the nature of the
hazard, the safety concerns/caesations that are made by tW&E will impact the maintenance
requirements of the facility.



Along with the considerations made by the desaamt, the capturing of supplier/contractor procurement
decisions within a project could also play a significant role in the development of FM safety protocols.
Contractor selection of a manufacturer for procurement of materials and/or equipment results is a
substantial amount of applicable safety information that is presented through submittals and O&M manuals.
Information such as maintenance cycles, maintenance protocol, required tools, and contact information, all
play a role in the downstream developmeha safety protocol. Recently, with a focus on BRMI, FM
personnel have become involved in projects during the design and construction phase in order to aid in this
type of decision making. This is often achieved through specific equipment specificattmiisborations

with suppliers/contractors.

In additionto project specific information,adety informationapplicable to the facility management staff

will come fromorganizational policies and procedur&hrough safety meetings, literature, manuarsj

legal precedence, the internal requirements for the maintenance of a facility plays an integral part in the
development of safety protocds the employer of facility management staff, the oWaeility manager

is ultimately responsible for the safeaintenance of théacility. Failure toproperly educate staff or

mai ntain a safe working environment could result

(Commonwealth of Massachusetts 2014

1.3.Fragmentation of Relevant Safety Information to Support Facility Management
Research has shown that the more time it takes a persiaio safety information, the less likely that
individual is toreferenceor retrievethe information and obey the stated warni(@sdfrey et al. 1985
Wogalter et al. 1989Zeitlin 1994. In facility management, safety information is fragmented among
multiple resourcesdeveloped at various points inpar o j e ¢ t § srealing meafficigncids @the
procurement of information as shown Figure 2 and Figure 3. When a piecef equipment requires
maintenance or repair, the FM worker will need to address all of the safety concerns that are applicable to
that equipment. This will likely require referencing multiple documentdentify comprehensiveafety
concerns surroundingpe task.The inconvenience of having comprehensive safety information scattered
through multiple documents, coupled with theeofpresent time sensitivity inherent to FM tasks, can result
in FM personnel bypassing the retrieval of applicable information, exacerbating the likelihood of work

related fatality, injury, or illness.

Recently, a significant push has been made to incatp operations and maintenance information into
BIM models or computer maintenance management systems (CMMS$jder to consolidate the

information to improve efficiency in retrieving information. Through the us&Id interoperability,



virtual databass,and adebns such as COBie, an improvement in O&M storage and retrieval has been
achieved. However, this information has not focused on the storage and retrieval of safety infoandtion,
although there may be a small percentage of applicable informatierlap, safety related information
oftenremains unorganized and uncategoridelertheless, utilizing these existing systems for storage and
retrieval of safety information remains a viable and promising avenue of research. As shown by Meadati &
Irizarry (Meadati and Irizarry 2090building information models can act as a single, centralized database
for knowledge storage and retriev@he use of interoperabilityjrtual databaes and COBie are explored

in much greater detail in subsequent chapters.

The following example presents a typi¢eRM task that a worker may encounter at a large utility or
industrial plant. This example is intended to present the applicable safatyatit; required for the
activity and where that information is typicafijored

Project Example

A facility management worker receives an annual maintenance request to assess a Motor Control Center
(MCC). An MCC is an assembly of combination starteessingle enclosure that contains motor starters,

fuse or circuit breakers, and a disconné8iemens Technical Education Program 201Bhese are
commonly found in commercial or industrial applications where a number of motors are present and the

owner wishes to consolidate the motor controls into oneihgus

In this scenario, the FM worker will needreview the design drawingglecifications3D mode] and/or

CMMS systerto find information such as power source, components, disconnect location, and schematics.
This wil!/l pr ovi de allew theIFM worker fto pregare fol thee ME® priar to epening

the cabinet. For information such as MCC maintenance protocol, safety precautions (such as arc flash),
warranties, and manufacturer information, the worker will need to review the O&M Manuatipcbly

the contractor/manufacturetnformation within the O&M manual will often incorporate operaticass

well as some equipment spec#fafety informationkinally, the worker must abide by the high voltage gear
safety protocol established by their argzation. This information is typically available in a number of
safety manuals, meeting minutes, OSHA documents, or adopted safety literature. All of this information
will need to be extracted in order to develop afomprehensiveafety protocol that ost be enacted by

the FM worker to maintain a safe working environment.

Although some of this information may be stored ivirdual databaser 3D model, it is unlikely that

comprehensive, job specific safety related informationld be availableBy identifying andconsolidating



the safety informatiorelevant to the FRM taskhe convenience in accessing and obtaining comprehensive
safety protocol for the MCC is greatly improved.
a singular pointfor interaction would result in a greater likelihood of reference and safety protocol

execution.

1.4. Statement of Problem
The following statements represent the problems that this research addresses.

Problem No. 1Applicableproject relatedafetyinformaton is often available at the handover stage from
construction to facility management, lsihot appropriately identified for facility management tasks. The
information that would provide relevant safety data for a specific work activity is often unizeeigand
therefore is left at the discretion of the worker whether or not the information should be utilized for a given
task.

Problem No. 2Fragmentation of applicable safety information within multiple project documents (O&M
manuals, plans, specSPS etc.) incomplete virtual databaseandor multiple file formats creates
inconvenience in obtaining comprehensive information, reducing the likelihood of reference by FM staff.
This has been shown to impact hazard mitigation and increase the proludbiibyk related fatalities,

injuries, and illnesses.

1.5.ResearchGoal and Objectives
The goalof this research is tmitigate thefragmentation and timing inefficiencies within safety related
information retrievaby developng a BIM-basedframeworkto cakegorize,standardizeconsolidateand
add logic toassetspecific safety informationThis isexecuted byestablishingvhat safetyinformation is
important to FRM task$ow the data is transferrehd how logic can be added to the safety data in order
to efficiently present the informatioBy leveraging much of the work executed to date in the Building
Information ModelingFacility Management (BIM-M) field, established and tested methods of data

storage and transference can be utilized in order tdajeaeBIM-based framework

By organizing the applicable safety data, patterns or commonaieposed. These patterns of data
allow for the deelopment of a set afiputs(known agicode®in qualitative researchhat can be associated

with specifc work activities that are relevant to the three safety hazards that this research is exploring.
Using a Six Sigma Methodology to collect and analyze the datavatidation methods using industry

professionals, this study maintains quality and rigor conzmete with high level research.



Once the safety dataidentified,the information can be placed into fh@mework.The structuredhputs

and associated valuese placed into a comprehensive Navisworks model thmoaglata transference
mechanismThrough the use of existing software, tefety datacan interact with @ata Retrieval and
Processing Syste(@RPS. TheDRPSutilizes rules to deliver task specific safety protocols based on stored
asset informations@fetyvalues) and user input respossghis interaction between the FM worker and the
DRPS is presented throughUML Class Diagram, a Sequence Diagram, and a Conceptual Graphical User
Interface (GUI)Use of thiSrameworkprior to the execution of a worlctvity will increase the likelibod

of obtaining comprehensive safety informatiefficiently, better preparing the FM worker for the
impending taskThis will aid in the development of a safety plan that is specific to the equipetgnting
maintenance or repair. The attainment o$ thoal will be carried out by the execution of the following
objectives:

Objective No. I Define,categorize and standardize asset spec##fety information applicable talls,
contact with / struck by, and harmful environments & substances.
The resarchusesqualitative codingo categorize daty information and applicable attributes within the
threesafety categories thiresearcladdressesThis is executetb develop ssafetyinputsandassociated
valuesas shown irFigure 4. To completethis objectiveand to mitigate the issue identified Fmoblem
Statement No. 1he followingdesignis utilized:
1 Develop a comprehensive list of safetputsclassifiedwithin the scope of this research
0 A thorough review of safety documentation, NIOSH FACE repp@nd interviewsOata
Collection areutilized in order to obtain a comprehensive list of safety related properties
(inputs and valuesklevant to FM workers.
o Data\alidation interviewsreutilized to validate theafety related properties with indos
experts.
1 Organize categoize, and standardizgafety related information
o0 Once identified, the safety related informatitm organized and categorized using
spreadsheets & minachapping.
o Organized and categorized informatiatbows for the developmenof an approach to
standardize asset specific safptpperties that can be input into a comprehensive BIM
Model. Defining these properties and identifying which contract entity is responsible for
supplying the values for each propeatiowsfor the appicable safety related information

to be input into the system.
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Figure 4: Safety Schema Developmeltethodology

The initial literature review of 81 NIOSH FACE Reports validat¢hat safety information can be coded
and placed into a mind map (2). Upwerification, an additional literature review (3), utilizing FACE
reports, interviewgdata collectiol and safety literature takes place to obtain a more comprehensive review
of the safety attributes and values associated with the categories thidresaddressing4) At this point

a second round of interviewddta validatioh take place to validatihe information gathered from the
FACE reports, interviewsdata collection and safety literature. Oncealidated the safety related
informationis organized and categorized using spreadsheets &-maqping(5) and produce finalized,

coded safetypropertieg6).

Objective No. 2i Presenta data path throughdefined transfermechanism in order to getsafety
information, in various format$tom design/construction to FM personrieto a singular repository
1 Categorized safety attributes and values are processed through various mechanisms, based on the
applicable contract entitiesd existingnnnfrast
the form of interoperable models, roompatible models, documents, and other formats.
1 In order to place all of this information into a comprehensive model, a number of IT Tools for data

management and model integration are utilized.
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1 Once comprehensiveelevant safety information is available within the BIM modgie
information is available to interact with the develogedta Retrieval and Processing System
(DRPS.

Objective No. 3 Develop adata retrieval and processing syst¢éDRPS and conceptuagraphical user
interface (GUI), presented through graphics, to represent the interface between FM workdRRS8d
1 A data retrieval and processing systddiRPS is used to add logic and guide the information
exchange in order to provide applicable and ssagy information to FM staff in a timely manner
For this research, structural and behavioral diagransngilized in the form of UML Class
Diagrams and Sequence diagrams to capture the details of the static classes and relationships
between the classéhe DRPSusedest cases in order to validate the functionality of the developed
Class and Sequence diagrams.
1 ThroughJava Eclipsedevelop graphics for visual presentation of the conceptual GUI.

1 Utilize the GUI in correlation with th8equenceliagramdo present a Proof of Concept.

Objective No. 3s executed to mitigate the issues identifie®Pioblem Statement No. 2.

Objective No. 4 Validation

1 Use professionals in the field of facility management to validate safedperties data

categorizationandframework through a cognitive walkthrough.

1.6.Research Assumptions and Limitations

The following section presents the assumptions and limitations made within the scope of this research.

Assumption No. I Organizations wishing to utilize this data fn@work will have the appropriate
infrastructure to run building information models.

To utilize the framework presented in this research, a facility management department must have the
expertise, hardware, and software to access the building informatatei.mbis research assumes that any

user implementing the framework presented herein will have these capaliilitiese capabilities are not

readily available, additional infrastructure setup will be required by the implementing entity.

Assumption N1 Users interacting with the system have the knowledge of BIM software and application.
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Much of the system architecture of this research is built around the premise &NBlhe use of a
building information model during the facilities management @hlsers interacting with tHeRP Swiill

need to be comfortable working with data loaded graphical models.

Limitation No. 11 This research willnot address all possible hazards that facility management staff
encounter.
This research will focus on the déwpment of safety protocols for three of the major safety categories.
These categories are as follows
1 Fallsi Injuries and fatalities resulting from falls to lower levels.
9 Struckby/contactwith T Injuries and fatalities resulting from being hit withforced against an
item or equipment causing a crushing or slicing. This incident type is often related to automated
equipment systems.
1 Exposure to harmful substances/environmentdnjuries and fatalities resulting from an
environment that contains hazamdahemicals, toxic air, a lack of oxygen, or electrified equipment
or surroundings. This category will focus mainly on confined spaces, electrified equipment, and

hazardous environments.

Other types of accidents will not be addressed wittigwresearchrhe selection of these three hazard types

is explained in greater detail 8ection2.2.1.1 Research Defined Hazard Types.

Limitation No. 2 The role of human interaction and safety culture in worker safety will not be addressed

in detail.

This reseaflt recognizes the importance of the human interaction within safety scenarios, but will not
address this aspect. In addition, the impact that safety culture has on the implementation of safety protocol

and the FM wor ker s d e psitangtigatesisk ara rocatddresshde appr opri a

1.7.Proposed Framework and ResearciContribution s
Figure 5presents the complete framework for the research. Throughout the lifecycle of the project, relevant
safetyinputsare given values by the various contract egitesponsible for those assets fravhat would
otherwise be fragmented safety information. Through various data transfer mechanisms, basggen th
and format of the safegubmissions, the relevant safety information is placed into a data storagjongp
Utilizing process flows and existing IT tools for data management, suslofagareinteroperability,

Selection Inspector, addataTools, the correct information can be stored in a similar format. In addition,
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relevant safety information providday the owner of the facility can be input into the system to meet

organization specific requirements.

In order to retrieve task specific safety information, the user will launciDRRSand select the asset
requiring maintenance. Based on the valuesadiren place for that particular asset, two background
activities will take place. First, relevant safety applicable information will be sent to the end user interface
for finalized safety protocol reference. Second,DIRPSwill identify the need taskthe user a series of

short questions in order to develop a task specific protocol based on the asset being serviced, environment,
and circumstance. Utilizing a question based system urges the worker to proactively consider the safety
plan prior to the exaution of the task, similar to the tactics used in inqgbaged learning. Based on the

asset selected and the responses by the user, a safety protocol output will be delivered to the FM worker.

Identify Applicable ~ Categorize & Standardize Relevant Safety Stored in

Safety Information Safety Properties _ \_/a_nflis_Fgr_m_at_s_
R 1 i 1 ! - . R e e TG Query (]
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Figure 5: Proposed Framework

The proposed framework agts to support safety during the fagimanagement phase through two
research contributions. These contributions are as follows:
1 Develop comprehensive safety information in an effort to mitigate incidents in falls, contact
with/struck by, and harmful @ronments & substances.

91 Developed a approacho identifying asset group specific safety properties.
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2. LITERATURE REVIEW

This chapterutilizes a literature review and gap analysis to identify current market trends and available
technologies to support theurrent need for facilitating necessary information to perform facility
management operations in a safer environment. In addition, a new method for facility management workers

to interface with applicable safety protocol is proposed.

By exploring the dpics of safety during facility management, the use of BIM for facility management, and
the use of BIM for safety, a gap was identified in the form of the incorporation of BIM for safety during
facility management as shown kigure 6. These detailed resea concepts were developed from three
core concepts of facility management, safety management and building information modeling. A thorough
understanding of the core concepts and@uirepts of this research is necessary to identify the current

processestilized during facility management activities.

PtD/DfS
Safety Automation
Virtual Construction

Safety 3D
Components Model
BIM
Software
Safety Building Information
Management Modeling
BIM + Safety + FM
Safety During BIM For
Facility Management Facility Management
NIOSH
BLS Stats IFC/COBie
Safety BIM FM
Documents Product
Facility Management res
Culture y 9 Model &
Ontology

Asset Maintenance
O&M Info

Data Systems

Figure 6: Literature Analysis Venn Diagram

14



In order to obtain a detailed understanding of current trends and research, this literature review utilized
online resources such as OSHA, facility managen®mputer engineering, government websites, and
peerreviewed journal articles on the various topics. Additionally, discussions with industry experts were
executed to provide a general understanding of topadse 1presents the resources utilized atke section

of the literature reviewThe study will critically analyze the three areas stated and then comprehensively

review and analyze the intersection of these three areas.

Table 1: Literature Review Resources by Category and Resource Type

Safety Duing Facilities BIM for Facility Management BIM for Safety
Management
Online Resources (14) Online Resources (5) Online Resources (3)
Journal Articles (6) Journal Articles (21), Book Journal Articles (22)
Industry Expert Discussions (4] Industry Expert Discussions (4) Industry Expert Discussions
Included: Engirering Firm, Included: BIM Software (111th Congress of the United
Major Utility Owner, University | Developer/User, BIM FM States of America
FM Staff, Facility Safety Expert Consultants (3) Included: Professor (Safety
Expert)

Exploration ofsafety during facility management, thse of BIM for facility managemenand the use of

BIM for safety provided a comprehensive understanding of current market trends and research. A
comprehensive, critical analysis of these areas as individual sections, allowed the research to identify
overap, eventually exposing a research potential. The proposed research framework will address this
potential and present a solution to fragmentation and safety concerns within FM by incorporating BIM +
Facility Management + Safetyzigure 6 graphicallypresnts the literature review approach that shisly
utilizedto identify the research potentidltilizing the information obtained through existing literature and
current market trends aids in the development of the applicable safety protocols anddprepeaeh

framework.

2.1.Facility Management
Facility management is a profession that encompasses multiple disciplines such as electrical, mechanical
and plumbing, to ensure the functionality of the built environment by integrating people, place, @ndcess
technology(International Facility Management Association 20Eacilities management can be executed
through irhouse staff or by a thirdarty contrac{FacilitiesNet 2011 The caretaking of a building is
crucial to maximizing the service life of the building and equipment; however, this optimization does not
come without a pce. After payroll, facility management costs are typically the greatest administrative

expense to an organizati¢@otts et al. 2010 Failure to appropriately maintain a facility can adversely
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impact the performance of an organizationthu gh equi pment failure, the he:
and the safety of the building occupants. Conversely, a well maintained facility can enhance an
organi zationds performance by contri but ronment o t he
(Alsyouf 2007 Atkin and Brooks 2000Roelofsen 20B).

The facility management department in any given organization may have many roles. From asset evaluation

to design and construction consultation, the FM d
assets and any planned additions, vations, or new construction. In most cases, the largest role of the

FM department is operations and mainteng@eets et al. 2010 usually identified simply as O&M. O&M

is defined as fAthe acti vit ipewntative,lpeedoctive, stheduled,faled per f
unscheduled actions aimed at preventing equipment failure or decline with the goal of increasing efficiency,

rel i abi | i tBnvironmentl Potactiom Agericy 2013 here & two types of O&M activities,
plannedandunplanned Pl anned acti vities are defined as, dpr
unpl anned act i (Boayi2@03% Examptes diplaareedand unpaoned O&M activities are
identified inTable 2

Table 2: Planned vs. Unplanned O&M Activity Examples

Planned O&M Activity (Preventative) Unplanned O&M Activity (Reactive)

Air conditioning unit filter change Air conditioning condenser leak repair
Millivolt drop test at circuit breaker Replacement of corroded contacts
Water heater tank flush Replacement of pressureief valves

Regardless of whether an O&M activity is planned or unplanned, the facility management staff is
responsible for the caretaking of the facility. These individuals are highly skilled in a number of crafts that
allow for versatility in maintenace scope. According to tigureau of Labor Statistics (20136 field of

facility management employed 1,230,270 people in 2012. Projections for this profession show a 9% growth
through the year 202@Bureau of Labor Statistic2014. As the profession continues to grow and the
complexity of buildings continues to increase, construction technology like BIM can provide benefit to the

lifecycle of a facility and the safety of the stéficholz 2013.
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2.1.1.Facility Management Data Systems
To aid FM departments in maaining and tracking assets, issuing work orders, and executing a number of
other FM functions, software is available to track these data systems. Facility management and operations
staff work with a variety of tools ranging from manual paper and sprestdsk@ more advanced computer
based systems including Computerized Mai-Aidednance
Facility Managemen{TabsCAFM) tools, and Building Management Systems (BMBarsanezhad and
Dimyadi 2014.

Computerized Maintenance Management Systems (CMMS)utilieed by facilities maintenance
organizations toacord, manage and communicate theirttagtay operationgSapp 201p CMMS can be
deployed for asset managemenventory contral generation of service requests, managing work orders
of different typesand tracking the sources (time and costs) of services and materials used to complete
work orders(Parsanezhad and Dimyadi 2QIBeicholz 2013 FAMIS (by Accruent), IBM Maximo,
Corrigo, WebTMA (by TMA Systems), and AiM Maintenance ManagenfleyntAssetWorks), Vizelia,
Ryhti and Rambyg ar e (MithalkandSghaverp 20@BarsanezhadadvDEtyadi
2014). Many of these systems suppiritegration of BIM and IFC.

ComputerAided Facility Management systems integrates a Comy#iterd Design (CAD) graphics

module and a relational database software to provide various Facility Management cag&aip{ez05)

including space management tools (e.g. administering room numbers, departments, usable heights, room
areas etc.). CAFM systems also provide means to collect data from a variety of sources through technology
interfaces to other systems (such as CMMS)wman transfer processes. Many CAFM systems are web
based. FM:Interact (by FM:Systems), Archibus, and AiIM Space and Facilities Management (by
AssetWorks) are some examp{@arsanezhad and Dimyadi 2Q0T4icholz 2013}.

Building Automation Systems (BAS) are centralized, interlinked, networks of hardware and software,
which monitor and control the facility environment to ensure the operational performance of the facility as
well as the comfort and safety of building occupdKtelIC Controls Inc. 201k Most of the automation

system is behind the scenes as hardware devices mounted to equipment or hidden underfloor or in the
ceiling. Some personalized controhdae made available through thermoditat devices. From a central

management perspective, the BAS resides as softwa

page.
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Even with the wide variety of software applications available to servicéifihanagement needs, there

is no single application that would encompass the diversity of all FM require(Sais 2008

2.2. Safety Management
TheFederal Aviation Administration (201@)e f i nes saf ety man adgwnimesiness as a,
approach to managing safety risk, which inelsih systemic approach to managing safety, including the
necessary organizational structures, accountabili
components to safety managem@rederal Aviation Administration 2009

Safety Policy
Safety Assurance

Safety Risk Management

=A =4 =4 =4

Safety Promotion

Each of these components is described in greater deFdune 7. The example presented by the FAA is

an exemplar model for occupational safety, including safety during facility management.

The Four SMS Components

Safety Policy Safety Assurance
Establishes senior management's Evaluates the continued
commitment to continually effectiveness of implemented risk
improve safety; defines the control strategies; supports
methods, processes, and the identification of
organizational structure new hazards

needed to meet
safety goals

Safety Risk
Management
Determines the need for,
and adequacy of, new
or revised risk controls based

on the assessment of acceptable
risk

Safety Promotion

Includes training,
communication, and
other actions to create a
positive safety culture within all
levels of the workforce

Safety Promotion

Figure 7: The Four Components of Safetylanagement(Federal Aviation Adminstration 2009
2.2.1. Safety During Facility Management

This section addresses the current market trends and factors that are applicable to safety during facility

management. Review of literature developed by large public and private entities and a gaafatin
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body (OSHA), presents a snapshot of the industry as it stands today. Obtaining an understanding of the
approach being utilized by FM staff provides an insight into the factors responsible for the high injury and

illnessratesand increasing fataili rates(Figure 8) present within facility management.

70
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40

Fatalities

30

2008 2009 2010 2011 2012

Year

Figure 8: FM Fatalities by Year 20082012 (Bureau of Labor Statistics 2009a; 2010a; 2011a;
2012a)

For facility management staff, a thorough understanding of potential health risks that mapletered

during a work activity and the safety protocol utilized to mitigate the risks is of paramount importance. To
remain proactive, many organizations maintain injury and illness prevention programs to reduce
occupational injuries, illnesses, anddfdtes(Occupational Safety and Health Administration 20TBese
documents, although good for general safety information, are not tailored to specific work activities that a
facility managemet worker would encounter on a daily basis. Legally, an organization is required to,
Nsat i s f-igcreasmgenureberefifederal, state, and local statutes relating to institutional health, safety,
and t he e (TheiUnigersity ®frivermont Risk Management Group and Sarah Forbes Creative
2004. To comply with these requirements, many organizations develop risk management or safety
handbooks specifically for the facility management department. These handbooks are developed to provide
general safety guidelines for facility management staffuefing information on forklifts, personal
protective equipment, rigging, scaffolding, and the (#&e., Creighton University Facilities Management
2010.
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In addition to safety handbooks and prevention programs, many facility management departments will hold,
daily, weekly, or monthhgafety meetings to discuss safety concerns, incidents, accidents and information

on safety topicgUniversity of Maryland Facilities Management 2D1&imilar to safety handbooks, these

meeting are an effective method for conveying general safety topics or reactively discussing an incident,

but areoften executed in a lecture format that has been shown to be less effective than an active learning
approach Safety meetingx, tall ke ok mowm sad efityodlab ks, 0 t
instruction, jobsite hazard training and general safety awareness for items like ladder safety, eye protection,
and working at elevatio(Duke Facilities Management 2Q1Hacilities and Service24).

To address specific work activities, some organizations have developed checklists that are reviewed prior
to the initiation of an FM tagfCity of DuPont 2010 Checklists can be an effective tool if utilized correctly;
however, there are a few inhatéssues with relying solely on safety checkli$able 3 evaluates the pros

and cons of utilizing safety checklists.

Table 3 Pros and Cons of Safety ChecklistsAdapted from(Toups 2004

Pros of Safety Checklists Cons of Safety Checklists

Simple form of hazard analysis May be irrelevant for complex equipment
Easy to use Limited to expertise of its author(s)
Quick results, allows work to gehderway Hazard identification is subjective

Safety checklists can be a valuable tool, but as a standalone document rarely include enough information
to fully encompass the dangers associated with specific job act{libeps 2003t Regardless of the work
activity a facility management worker is executing, the individual should have a working knowledge of the

organizational, departmental, and indivii a | safety requirements identifi

In addition to documentation, facility management departments typically require new and existing
employees to attend training seminars. Training is an essential part of implementing aceidsrtign

and gives a strong foundation for general safety processes and requirégigntsf DuPont 201D

Training may be required to comply with federal, state or local law. Federally, the Occupational Safety and
Heal th Act of 1t dsburewaiesandchealthéul workirgy donditiéins for working men and

w 0 me(@acupational Safety and Health Administration 20@dthough the Health Act of 1970 does not
specifically require employers to instruct or train employees, Section 5(a)(2) does require each employer

t o, Aficomply with occupational safety and health
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individud safety and health standards yields more than 100 Acts that do contain training requirements

(Occupational Safety and Health Administration 1998

Recently, the United States Government passed the
This act requires personnel performing building operations and maintenance in federalgbuitdi

compl ete comprehensive training and be able to de
and maintenance, energy management, sustainability, water efficiency, safety (including electrical safety),
and buil di ng peilth CongressoétherbaitedsStateso$America ROs law was

enacted to protect the citizeof the United States, whose tax money is utilized to operate federal buildings,

by requiring minimum competencies of the individuals responsible for building perfornfange
Departmentof Energy2@. The safety portion of this bill ©prot

compensation claims and lawsuits.

2.2.1.1. Research Defined Hazard Types
As stated irSection 1.6 Research Assumptions and Limitatithis research is not intending to addreks al
hazards present in facilities managemérgtead, this research focuses on the primary dangers encountered
by FM staff that could be mitigated by the developed framework. In order to obtain what dangers are most
prevalent for FM staff, a breakdown ofdhand norfatal data presented by the Bureau of Labor Statistics
(20082012) is utilized.

The event that caused the fatal and-fadal accidents is important in order to understand what type of
incidents the framework should address. To this end réimeefvork is not intended to include incidences
that have malice intent (i.e. assaults and violent acts) or transportation indtiuns 9 presents the event
information for fatal events arfeigure 10for nonfatal incidentsin addition to the two figres presenting

the number of fatal and ndatal incidents
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Assaults and violent actSimms 39
Fires and explosionsi® 10
Worker struck by vehicle mobile equipmerii® 6
Transportation incidents I 48
Exposure to harmful substances or environme S 53
Falls I 86
Contact with / Struck by objects and equipmeRim 48

0O 10 20 30 40 50 60 70 80 90 100

*3 Unknown
Figure 9: Event Information of FM Fatal Accidents 20082012

All other I 6,830
Overexertion and bodily reactio i NG 26,500
Repetitive motion Il 2,060
Contact with objects and equipme NN 30,310
Exposure to harmful substances or environmejllllllllll 6,090
Falls/slips/trips NN 21,790
Fires explosions] 360
Transportation incidentJlll 2,960
Violence and other injuries by persons or aninflll 1,190
- 5,000 10,00015,00020,00025,00030,00035,000

*80 Unknown
Figure 10 Event Information of FM Non-Fatal Accidents 20082012

Analysis of the event data showsathfocusing the framework to address falls, exposure to harmful
substances and environments (also referred to as hazardous environments and includes electrocution), and
contact with / struck by is a relevant direction for the research as these threacamad for roughly

64.5% of all FM fatalities and 59.1% of all FM néatal incidents.
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2.2.2.Safety Culture and Human Factors
Although this research is not intended to address safety culture and human factors, to obtain a
comprehensive view of safety withihe field of facility management, the perception of safety within an
organization must be taken into accodrte way facility management staff approaches the safety protocol
of work activities will certainly depend on experience, training and availalglendentation, but will also
depend on the workero6s values, at (InternatidnalNuclea nd betl
Safety Advisory Group 1992Staffattitudes and behaviors towards safety, also knovsafdy culture,
is often a direct r ef | (€wtthiietdand&dughtom281Goldegraumdi2C0@& t i o n O s
Sorenson 20020rganizations that take a proactive approach towards the safety culture are often more risk
aware, informedhonest, adaptable and resili€¢beighton Contractors 20]1

In addition to the legal and moral obligations to prevent injury and prekferte the best ability of the
organization, an investment in safety culture yields financial benefit through reduced lost time and workers
compensation expens€gredenburgh 2002 For every $1 invested on safety and health programs, a
company will typically see a return of $6 in lower healthcare costs, increased productivity and higher

employee moral€Occupational Safety and Health Administration 2014

The role that human decisianaking plays in the implementation of safety protocol cannot be understated.
Human error, fa deviation from the performance of
for 70-80% of operational accidenflseveson 204). This deviation can be due to any number of reasons,

from an increase in system complexity to new hazard types. Similar to the role of safety culture, to minimize
the amount of human error within a system, effective approaches will address thangbtile motives

behind why a human approaches a solution, as well as how that information is presented.

2.3.Building Information Modeling
Building Information Modeling (BIM) is the process of creating a compgéererated model containing
precise geometry amglevant data for support during construction, fabrication, procurement and facility
lifecycle (Eastman et al. 2008T he use of BIM during #ndesign and construction phase is widely accepted
and studies have shown a number of benefits to implementing BIM early in a jBijeie et al. 2013
Yan and Damian @8). From reduction in design cycle time to a direct impact on construction cost, the
use of BIM is slowly replacing the-R hand drafting and CAD applications that have been an industry
standard for decadd&pstein 2012Holness 2006 The term fAbuil ding infor ma
dated back nearly twy years, while the approaches and methodologies that are identifiable with BIM

were presented nearly thifive years aggEastman et al. 2008Although BIM has been around fowo
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decadesthe functionality and features of the software have vastly improved as computer technology has

evolved.

Today the marketplace boasts dozens of BIM software applications based on the scope the modeler requires.
Table 4 provides a short list of the software available in different categories. This table is not intended to

be exhaustive, but to provide an idea of the variety of optionsbhva bl e i n t odayo6és mar ke

Table4: Available BIM Software by Category Adaped from(Broquetas 201D

Sustainability Construction
Autodesk Revit Graphisoft EcoDesigner Autodesk Navisworks
Graphisoft ArchiCAD Autodesk EcoDesigner Solibri Model Checker
Bentley MicroStation Bentley Tas Simulator Vico Office Suite
Tekla Structues Autodesk Green Building Studi( Bentley ConstucSim

As designers, constructors, and owners continue to experience collaborative and financial benefits from
BIM, as well as the ease of data sharing and the reduction in design time, it is likely thetigtey will

begin using BIM for design and construction as the industry standard in lieu of the exception. This shift has
already begun with the development of a U.S. National BIM Standard, developed\atitiveal Institute

of Building Sciences buildingSMART alliance (201

2.3.1. BIM for Facility Management
This section explores how building information modeling has been utilized in facility management.
Reviewing how current facilities are implementing BIM will provide an account of the abilities and
limitations within thes systems. Additionally, by studying research being executed presents advancements

to the transference of data, the implementation of BIM systems, and solutions to specific industry issues.

With all the success that BIM has experienced during thigrdasd construction phase, efforts to transfer
information to the facility lifecycle phaseiisits infancy The utilization of BIM for facility management,

also known as BIM FM, is a relatively new usage of building information modeling. Prior to the mid

1990 6 s , to fully wutilize the design and constructi

issue of data transference needed to resolved. With dozelesigh and constructicgoftware programs
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on the market, developed by a number of diffevemdors, interoperability between them was-agistent.

In 1995, a consortium of twelve companies called the Industry Alliance for Interoperability (1Al) developed
an objectbased data model that utilized rproprietary translators that could read béding information

across a number of software platforms. The resulting data model was known as the Industry Foundation
Classes or IFCAEChytes 2004

Today, IFC is published, maintainednd updated by the buildingSMART alliance. As a vendor
independent, open standard format, lIBGupported by roughly 150 software applications worldwide
(buildingSMART International Ltd. 2014Teicholz 2013. The interoperability of the IFC format allows
designers, contractors and owners to utilize different software through the many phases of the building
lifecycle without losing data due to the proprietary nature aviddal software. The IFC data model is

highly complex, but maintains a simple user interface. Because most software applications support the IFC
data model, extraction of data for transference is typically an export option. The same ease is available for
users attempting to import an IFC data model. As long as the software supports the IFC model, the

information and model can be brought in through the import or appending function of the software.

In December 2005, the National Building Information Mod&r8ard (NBIMS) Development Team
introduced a component to the standard known as the Construction Operations Building Information
Exchange or COBIi¢East 200Y. COBie was released to improve how information is captured during the
design and construction phases, and then turned over to the owner for operations and maintenance. COBie
utilizes the open data format provided by IFC to attetoiridge the gap between design, construction,

and O&M by mapping commonality within the FM process. By approaching FM activities with an open
source, interoperable set of standardized attribusessican then customize the data to suit their facility

needs.

Utilizing IFC and COBiefor interoperability has allowed project teams to transfer design and construction

data to owners at the beginning of theilfgcmanagement phaséhe implementatiomf these processes

remains an uncommon occurrence. lAgas (2012)descr i bed, ithe AEC (Archi
Construction) industry information exchange through the facility lifecycle is fragmented and the facility
managementpsae of the | ifecycle remains the most discor
National Institute of Standards and Technol@gi5T)st at es t hat , AAn inordinate
locating and verifying specific facility and project infaemt i on f r om pr(Galldheretsal. act i v i
2004. Many of the issues related to the implementation of BIM for FM is ddleettactors addressed in

Section 5.2 Data Handover Challenges.
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I n todayds mar ket , owner s, researcher s, and softw

trarsference from the end of construction to the O&M lifecycle phase. Owners have attempted to mitigate
the issues with data transferencedbyeloping BIMFM requirements andriting detailed contracts, BIM
oriented specifications, and issuing BIM Managenidans that provide project specific methods in order

to deliver facility data in a format that the owner is able to utilize. Researchers suohass(2012)
Kiviniemi and Codinhoto (2014)in and SulLin and Su 2018 and others have attempted to synthesize

and bridge the gap in data loss between the end of construction and the beginning of the FM phase in
complex buildings. By utilizing data exchange frameworks, analysis, and modeling, researchers are
pursuing a seamless interaction between construction anggustuction phases. Software developers

such as Bentley Systems are developing intelligent modet®dels) to intake, organize, and present
equipment and facility data from a number of vagysoftware sources into a single mo@eleveland

2014. Middleware solutions, such as EcoDomus, act as a bridge between a BIM model or database and an
application. These systems have shown promise for sizeable organizations but are relatively expensive
(Parsanezhad and Dimyadi 2Q01@heaper alternatives, such as Navistools, Datatools, and iConstruct, are
application developments that target a speciik, but are not comprehensive enough to service all data

transference needs.

Although the systems and research being utilized are young and still problematic, studies of organizations
that have successfully integrated BIM FM to some extent, oftealdezgovernment organizations, have
shown promising results for utilizing BIM throughout the facility lifecycle. One such study shows a Return
on Investment (ROI) of about 64%, with a payback period of 1.56 yEeicholz 2013. These savings are
realized through the intelligent use of the dadkected through the design and construction phase and the

integration of BIM FM to make better and faster maintenance decisions based on the data.

As owners, researchers, designers, and developers continue to make strides in the use of BIM throughout
the building lifecycle, emerging technologies could help support the complex ardfigatainformation

required for FMTeicholz 2013. Cloud computing, mobile computing, RFID/QR technologies, augmented
reality, and sensor data could all be incorporated into BIM models to providgnteainformation.
Additionally, the continued research into semantic interoperability and the use of semantic tools (extended
algorithms, weighing and ranking systems, etc.) and ontologies will provide greater knowledge
management for construction personnel (Sestion 2.3.2 BIM/Product Model and Ontologyor
examples.). A number of resources into current and future applications of O&M information and

technologies are presented by S&pl5 in the Whole Building Design Gae.
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2.3.2.BIM/Product Model
A product model uses an objemtiented data structure to formally classify information to support the
exchange of data through a mechan{Emstman 1999 The mechanism utilized withia product modek
an ontologya set of translations for how informatioaeHaves within a syste(@ruber 1993Lucas 2012
Ontologies are often developed to identify domain specific vocabulary, structure domain knowledge, and
exchange informatiofChandrasekaran et al. 199By executingan ontology within a product model, a
conceptual schema or framework of data caiptoperly structured and stored.

The use of ontologies and product models witlinstruction have often been used to synthesize the-cause
consequence sequences that are prevalent within the construction irj8bsingolketabi 20)3Lucas

(2012) utilized a product model and ontology to evaluate the data transference of facility management
information within a healthcare environment. Implementation of the product model and ontology allowed
for the development of process models that evaluatezy/ftems failures in HVAC equipmeiiturkaslan

Bulbul (2006)developed ontologies and a product model which provided computational support for a
standardization of building commissioning pedares. The resultant product model standardized
commissioning of air handling units and provided a data exchange framework for building commissioning
information.Tsai et al. (2009resented an ontologyased framework that syndicates building intelligence.
The proposed framework provides a system that enriches BIM modelsnwithedge functions, enabling

the system to automatically generate responses to facility issues. PafReatlkaét al. 2012 developed a
construction knowledge retrieval systems using semantic tools to enable construction specific knowledge
management. Others, suchveenugopal et al. (2012)nd Yang and Zhangyang and Zhang 20Q6have

utilized semantic interoperability and ontologies for model exchanges and the advancement of IFC.

In a few cases, researchers have evaluated safety using ontdbgieg et al. (2014)kecently presented

an onblogy-based sematic modeling system to capture construction safety knowledge. The ontology
utilizes construction based safety information, such as the Occupational Safety and Health Administration
(OSHA) regulation 1926 and the Occupational Injury andediinClassification Manual, in an effort to

enable more effective inquiry into construction site safety knowleBijansolketabi (2013valuated

safety within a faciityma nage ment application by wutilizing f#fAc
mechanical failures due to improper maintenance. Within the evaluation, an ontology was developed using
causeconsequence chains to enable automatic generation of event seqoereceslécted domain. The

resultant causeonsequence model provided potential failures of a boiler system if proper maintenance was

not executed.
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2.3.3.The Use of BIM for Safety
The role of BIM in safety began in 1990 whidimze and Wiegand (19928)urveyed 35 major U.S. design
firms to evaluate their role in construction workers safstypsequently laying the groundwdide the
implementation of safety within BIMDuring this time periodZAD was primarily used by designers during
the design phase, therefore surveying major design firms in the United States was a natural starting point.
The results showed thatonlyarthi of t he respondents made any desi
safety.

In 1997, in response to the studies performedinze and Wiegand (19925ambatese et al. (1997)
devel oped a computer program titled, fADesign for
flassi st desi gner spedifio hazaelsandjimpleménting thepdesign suggestions into a
projectds design. o tThaipsplprcadrn am wds AtPPeverttiant § on t
through Design: Design for Constrimt Safety 2013 Prevention through Design (PtD) is a concept of,
faddressing occupational safety and health- needs
related hazards and risks associated with the construction, manufacture, useameentend disposal of
facilities, ma t @he iNatibnal |nstituta for OecgpatioqpaintSafety add Health (NIOSH)

2013. PtD in Europe and Australia, place the legal burden of safety on all parties involved in thg proje

not just the contractor as OSHA requires in the United StBatam 2005Gambatese et al. 200ecker

et al. 2005Her Majesty Stationary Office 1994

Gambatese et al. (2006ave shown that PtD can reduce the percentage of incidence that occur on a
construction project; however, the matyp of PtD tools are primarily text based stagidne checklistthat

often do not incorporate BIMKu and Mills 201Q. A good example of this is the CHAIR system
(Constrution Hazard Assessment Implication Review) developedMaykcover (2001) The CHAIR

system rel ates design decisions directly to the f:
to prompt the project team in identifying safety hazards. In particular, CHAIR 3 identifies guidewords for

the maintenance and repair phase. Thssye m was devel oped to address t

project team to address construction safety as noted eatrlier.

Although PtD has been around for almost 20 years, the utilization of BIM applications for safety is a
relatively new concept and thesearch in this field is in its infanciu and Mills (2010)state that using
BIM to better address safety considerations via hazard recognition and degignai zat i on coul d

bui It environment t hat successf ulldblg 5identifies dheat e s S
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applicabl e

research

in the ABI M

utilized to orgarie the research into the following categories:

for Safetyo fi

Phasé The portion of the building lifecycle the research is addressing.

Area of Research The correlation between the three hazard categories that this research addresses
(falls, contact with/struck by, @rhazardous environments) and the research being presented in the

table.

o Other- Denotes a nogpecific categorization.

o All - Identifies research that addresses all three categories.

1 BIM Technologyi The modeling tools or techniques used in order to g&ehtbe research

objective.

(0]

o O O o

BIM Designi Requires additional design to implement safety feature (i.e. scaffolding,

fencing, etc.)

BIM 4D 1 Utilizes 4D technologies (3D model & Schedule)
Rules Algorithmi' Utilizes a rule based system to output safety in&drom

Virtual Realityi Uses VR to visualize a work environment or process

Design for Safety Technique uses to forecast safety hazards using a BIM model

BIM for Safety in this research only refers to safety to humans and does not address safetiats (eager

structural integrity) or lifesafety systems (fire safety).

Area of
Research

Table 5: BIM for Safety Research

BIM
Technology

Summary

identified

Worker Safety

Survey identifying the Role of Hinze and
Desian All Design for | designers role in Designers in Wieaand
. Safety construction safety Construction (19%2)
Worker Safety
400+ desigrsuggestions
Safety | safety hazard is et al. (1997)
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Phase

Area of

BIM

Summary

Research Technolo

A database of safety
processes is incorporate

Integration of

digital building nodel,
to forecast risk levels fo
work teams

lnto a AVI T viruallyreal | Hadikusumo
e Al Virtual  Pr o] ecto to  constuction and
Reality ~ Walkthrough to identify model and Rowlinson
safety haards and selec qesjgnfor-safety (2002)
accident prevention process databas
A theoretical basis
developed to provide a
tool that architects, The Link
engineers, construction| patwveen Design
managers (CMs) and and Process:
Desian Al Design for | SPecialty contractors ca Dynamic Process ~ Slaughter
g Safety use to estimate the time Simulation (2003)
cost, andvorker safety Models of
impacts of specific Construction
design and construction Activities
process alternatives for
their projects
Using virtual reality for | |mplementation
hazard identification and evaluation of
Not Other Virtual | training in mining a VR taskbased Ll}l‘i\isbgtnd
Applicable Reality operations training tool for (2008)
conveyor belt
safety training
Uses 4D for site BIM-based sit
organization® promote -based site Vi
Construction Fall Hazards | BIM 4D sa%ety against ?alls layout and safety Saljla(glgggt
planning '
A conceptual model
that enables forecasting
of safety risks in projds
for different trades. Use 3§ CHASTE
aknowledge base of construction
BIM 4D/ | construction activities hazard
Construction Al Rules | and probabilities of 10ss| assessment with <Zenfeld et
Algorithm | of-control events, spatial and al. (2009)
coupled wit temporal
construction plan and a exposure
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Phase

Area of

BIM

Summary

E]

Author

Research Technology

A rule based system the
analyzes design

An integrated

virtual reality,
geographic information
systems, 4D CAD,
building information
modeling and sensing
technologies

information to safety _
BIMA4D /| qutomatically detect management with  Benjaoran
Construction Fall Hazards Rules working-atheight construction | and Bhokha
Algorithm | hazards management (2010)
using 4D CAD
mode
Uses computer image
generatiorfor job Computer image
simulation (CIGJS) to generation for job
review potential safety | simulation: An
Not Other e effective Patucco et
Applicable 9N | settings. This is not approach to al. (2010)
specifically geared occupationaRisk
towards construction, Analysis
but could be utilized as
such
1) Uses safety codes to
automatically generate
Dynamic Virtual Fences Automatic
(DVF) f(_)r collision Generation of
prevention & fall Dynamic Virtual
Falls & BIM 4D/ | Protection Fences As Part o
Construction| Hazaraus Rules 2) Us_es Realime BIM-Based Hammad et
Environments| Algorithm Location Systems Prevention al. (2012)
(RTLS) for worker Program for
tracking to provide Construction
warnings when
approachng hazardous Safety
areas
Explores relationships
between construction
safety and digital desigr
practices with the aim o
fostering and directing
_ further research. It _
Design and Virwal | surveys statef-the-art CEMENEIOT | oy i
Construction All Reality/ | research on databases, safgty and dlgltal (2012)
BIM 4D design: A review
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Phase

Area of

BIM

Summary

E]

Author

Research Technology

Fall hazard safety issue

results are demonstrate
with the commercial
BIM software ceapoint
desiteMD

unknowingly built into a|  Ulilization of
construction schedule BIM-based
_ Rules | can be identified by Automated | o\ i et
Construction Fall Hazards Alglcl)\zltzlrjn I'| utilizing Automated Safety Checking al. (2013)
Safety Checking in 4D | In Construction
simulation application Planning
Algorlthr_ns that Building
auftor_natlcally analyze a [ —
building model to detect Modelin
g (BIM)
BIM Design safety hazards a}nd and Safety: Zh I
Design Fall Hazards / Rules ELEEE [plRvEN e Automatic Safety ang et al.
: measures to users are : (2013)
Algorithm developed for different Checkmg_of
cases involving fall Construction
related hazards Models and
Schedules
Utilizes mnstruction
based safety
information, such as the
Occupational Safety an
Health Administration
(OSHA) regulation 1926 Onto|ogy.Based
and the Occupational Semantic Zhang et al
. Rules | Injury and lliness Modeling of '
Construction All Algorithm | Classification Manual, Safet?/ (Zhang et al.
in an effort to enable Management 2014
more effective inquiry Knowledge
into construction site
safey knowledge
through the use of an
ontology
Identifies focal points of
occupational accidents
as well as risk#&
hazards influencing the
safety of constrction ModelBased
workers. Betermines the,  Construction |
: Rules job hazards related to Work Analysis MG
Construction All . : A al. (Melzner
Algorithm | construction pocess. Considering et al. 2013
After linking to a 3D ProcessRelated ‘
building model, the Hazards
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Area of BIM Summar
. "%¢  Research  Technology >y e AUHOT
Investigated the
effectiveness of BIM
technologges in
developing,
communicating and
implementing a A BIM-based
construction site safety | Approach for | Azhar and
BIM Design plan. Fourdimensional | Communicating | Behringer

Construction| Fall Hazards /BIM4D | (4D) phasing and _ (Azhe}r and
simulations, 3D walk Implementing a | Behringer
throughs and 3D Construction Site 2013

renderings were utilized ~ Safety Plan
for identifying hazards
and communicating
safety management pla
to the workers

The following tables present the #fAr elablebTablResear c
6presents the categories identified under fAArea o

area, WwileTable7does the same with ABIM Technology. o

Table 6 Categorization of Area of Research and Percentage of Each Category

Area of Research Percent of Literature

All (8) 50%
Falls Only (5) 31%
Other (2) 13%
Falls and Hazardous Environment 6%
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Table 7 Categorization of BIM Technology and Percentage of Each Category

BIM Technology Percent of Literature

BIM 4D (7) 30%
Rules Algorithm (7) 30%
BIM Design (3) 13%
Design for Safety (3) 13%
Virtual Reality (3) 13%

By mappi ng Rehsee afir AcrfiBda M oof etcthenol ogy, 6 tool s and tech
issues that this research is addresdtigure 11 presents this mapping in order to organize the findings so
it can be utilized during the development of the proposed frameweeséction 4. Line weights indicate

the frequency of correlations.

AREA OF RESEARCH CORRELATION BIM TECHNOLOGY

BIM 4D
All
Rules Algorithm
Falls Only
BIM Design
Other

Design for Safety

Falls & Hazardous
Environments

Virtual Reality

Figure 11: Correlatonof A Area of Researcho and

2.4. Analysis of Literature Review
As the FM industry continues to see incidence rates well over the national occalpavierage and an
upward trend in fatalities, a fundamental shift in how safety information is disseminated and presented must
take place. As the literature review has shown, a great deal of documentation has been produced in order to
create a safe workingnvironment for FM workers; however, this documentation only adds to the problem

by creating even more sources of information requiring extensive reference prior to the start of an FM task.
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The incorporation of BIM into facilities management has attemyatéchprove where the documentation

is stored and how it is presented but is rarely
information is rarely safety oriented, but instead is more asset and O&M based. Research being done to
integrate BIM ad safety has shown promise; however, a substantial amount of this research has been
geared towards a safe working environment during the construction phase. As a result of the analysis
conducted on current trends and technologies, the following summ#r&esirrent challenges faced in

each of the three areas of investigation.

Bureau of Labor Statistics data has shown, the upward trend of accidents within the field would indicate
that FM workers are not executing tasks utilizing the appropriate safetynation. This could be due to

any combination of factors, including availability of information, safety culture, time constraints, or
expertise. By adding convenience in obtaining information and simplifying the interface with which that
data is preseat], the likelihood of reference, retrieval, and executothe three hazard types this research

is addressingvill improve. This increased convenience will shorten the amount of time and effort an
individual must spend in obtaining comprehensive safdoymation, expediting the reference timeframe

and providing more time for the execution of the task. Additionally, simplifying the process should improve

the workerés attitude toward referencing the safe

Software advancements and research done in building information modeling in regards to facilities
management has made immense steps within the last decade. The issues with data transference has been
considered and continues to be addressed today.ujjlthihese systems are not seamless and the industry

still experiences issues with data capture and transference, through advancements in IFG;niaiBls, i
middleware, and research, the flow of information at the completion of a construction projeceifiv

phase is more streamlined than ever before. To date, much of this data management has focused on the flow
of O&M information, construction aBuilts, and asset management, with very few cases focusing on the
identification and subsequent transfare of relevant safety information. By proactively establishing a
protocol for safety, based on the equipment and environment present within the facility and structured
within the BIM model, the information that is important to FM personnel can be obtantedresented
independently in a Blvbased format, without the need to syphon through significant amounts of

information.

Based on the information reviewed in the current market literature, analysis of the utilization of BIM for
safety during the FM plsa, shows none of the available literature reviewed has focused on the FM phase.

However, analyses of the literature can help identify tools and techniques that could be expanded to consider
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the FM phase. By identifying what tools/techniques are beingadiland how those tools/techniques
correlate to the hazards that this research attempts to mitigate, parallels to the framework that this research

is developing can be made and potentially implemented within the system.

As a result of the analysis coradded on current literature, the followifigable 8summarizes the current

challenges faced in each of the three areas of interest that the privaosadork attempts to address.

Table 8 Current Challenges This Research Attempts to Address

Information is often fragmented creating

Safety Duringracility Management inconvenience in obtaining comprehensive
safety related information.

Handover/Data transference issues are still

. prevalent.
BIM for Facility Management

Handover information is rareafety based.

Research is heavily focused on the design ar
BIM for Safety construction phase.
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3. RESEARCH METHOD OLOGY

This research aims wupportsafety during the facility managentephaseby identifying safetyrelevant
informationapplicable to facility management agieliveringthat data in a singular BIMased framework.

The methodwused in order to execute the research galsased on qualitative analysis through the
theoretical lens of a Six Sigma methodological approach. nB&feasureAnalyzeDesignVerify
(DMADV), is a populamphasedinalytical toolused for the development of processes, services, or products
under the Six Sigma methodolgdYesign for Six Sigma (DFS®Rumane 20183 The framework focuses

on the development of processes, services, or produotggtheneuser interactionThis interactiorcan

be expressed through qualitative processes (i.e. interyieas® studies, ejqdNarayanasamy 20}5as is

the case in this researdtogan et al. (20053tates,

iDesign and new pr oduwes qualitativeegbats pantledependsodn tadvances in v o
research and development yet to come to fruitioné
deal with both qualitative and quantitative aspects, and has the added advantage of a smootmtransitio

into the product phase use of Six Sigma principle

The DMADV framework is flexible enough to be utilized exclusively as a qualitative mettasia mixed
methods framework, as presented klahasneh (2014)Although frequeny implemented in the
manufacturing antlusiness worlgl the use o08ix Sigmamethodologiesias been shown to be an effective
approachin construction researcfBanavi 2013 Koziolek and Derlukiewicz 20t2.ee and Su 2013
Mahasneh 2014aslawski 2013Vilasini et al. 2014

By structuring the research within the DMADV framework, the methods utilized for data collection,
organization, and presentatican be anchored in testedmethodology forthe deliverablesdeveloped

within this researchAs Six Sigma is primarily a tool for quality in the manufacturing of products, a
correlation to the development of a framework can be extrapolated. By usingpghddentified under

DMADYV, the research design and execution is continuously gearing the development of the framework
towards the end user and the end usero6s needs. I n
and t he end the eteavad of saiety relatesl infarmation efficien@ombining the theoretical
framework with the researcherdéds experience and ex
as described brossman and Rallis @22), Afunder scores the i nfremso@ngti on b
from the particular to more general statements to themggleductive (starting with theory and testing its

applicability) processes of researlrigure 12 provides a visual represatibn of how the DMADV
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theoretical framework will be incorporated into this research. Details of the framework and the methods

utilized to execute this methodology are provide8éation 3.1

DEFINE & ANALYZE DESIGN VERIFY
MEASURE

Data Retrieval and
Processing System

ASIT

Data .
Relat | Input
Collection | — elationa

& Analysis |/ Logic
Structural &
Behavioral Soncaptual
e GUI
S—

Diagrams
Industry

1 Professionals

Validation

e

Figure 12: The DMADV Theoretical Framework in this Research

In this chapter, a detailed explanation is presented for the methods this research utilizes within the context
of the Six Sigma methodologwand the qualitative approacBection 3.1provides backgrounon the

DMADYV framework, presents the mett®dsed @ execute researchnd presents the research methods
within the DMADV theoretical frameworkSection 3.2lescribs the role of the researchfar this study,
andSection 3.presents theesarch trustworthiness and ethicahsiderations

3.1.Research Degn
The following sectiordetails the DMADV theoretical frameworidentifies the methods being utilized to
mitigate theproblem satementsdentified in this research, and describes how these methods are structured
within the DMADV theoretical frameworkrhis research utilizes qualitative analysis during data collection
in the form of case study analysi®ding of safety related information, and interviews. Data collection is
validatedby a second round of interviews with industry professioridie. codeddata is then organized
through mind mappingtandardized through a developed toalpslated into Unified Modeling Language
and placed into a product model asdjuence diagram conceptual graphical user interface (Gutllized

in correlation with tle diagramsprovides groof of concept to the system functionality.
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3.1.1.Theoretical Framework Background
The Six Sigmanethodologgvas i niti ally devel oped by Motorol a
manufacturing procesdjahjono and Ball 2010 Initially, Six Sigma was heavily quantitatively based,
with a singular goal of minimizing manufacturing defects to 4 Defects per Mjlliogan 200%. Since that
time, the use of this methodology has expanded into multiple industry sectors and is still being implemented
in new sectors todayAdditionally, the Six Sigma methodologyas expanded far beyond a single
guantitative metric into mixed and qualitative methodologiig. Sigmais most often utilized when
improving the quality and organization oh a&xistingprocess or product through the use of Define
MeasureAnalyze lmprove-Control (DMAIC). This analytical process provides a systematic approach to
the evaluation and continuous improvemenbjimize an existing processor product(Koziolek and
Derlukiewicz 2012 Solovic et al. 201D The DMAIC system has been shown to be an effective tool for
existing process/products, but when a new process is to be devedlspsdhe case in this researah,
different approach should be utilized.

Design for Six Sigma (DFSS)ak become a worthy predecessor to DMAIC in the application of new
procesfproductdevelopment under the Six Sigma methodol@igygan 200%. One of the most frequént
reportedmethodologies formplementingDFSS is the use of the DefiMeasureAnalyzeDesignVerify

or DMADV (Sokovic et al. 2010 Similar to DMAIC, the DMADV system uses a systematic appréach
develop products that have been verified through interaction with the end user. Each phasdevithin
DMADYV methodology has a specific task. Thegdmsesre definedn the context of this researchTable

9. A full description of the methods utilized in this research and how those methods are structured within
the DMADV methodologys demonstrateth theSection 3.1.3

Table9: Definition of the DMADV Methodologyin the Research Context

Phase Definition

Define Identification of the data and information for the stated goals.
Measure ldenti fication of @AbenchmawrngtheDefide v
phase.
Analvze Qualitative Analysis of the information gathered during the Define and Measure
y phases.
. Implementation of the knowledge gained through the Define, Measure, and Ang
Design
phases.
Verify A third party \alidationof thedesigned system.
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3.1.2.Research Methods for Proposed Framework
The proposedBIM-basedframework and stages are based on a qualitative analysis through the
theoretical lens of a Six Sigma methodological approach. DefessureAnalyzeDesignVerify
(DMADV), is a popular phased analytical tool used for the development of processes, services, or
products under the Six Sigma methodology, Design for Six Sigma (OR88)ane 2013 TheBIM -
basedframework focuses on the development of processes, services, or products threughkrend
interaction.

The DMADV theoretical framewdris used to provide a structure for the methods of data collection
and the development of the framewdrigure 13 presents the research methods within the DMADV
theoretical framework. The first column kigure 13 presents the DMADV phase, the secondinuot
defines the phase, developed frdime Pennsylvania State University (200&hd the tlid column
presents the research methods utilized within this research in the DMADV context.
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PHASE | DEFINITION RESEARCH METHODS
Safety [==r"
Data , Spreadsheets ) ——
= Identify the [’ I:e‘:gfts J [ Collection ( Li?:!t‘:gre ] [ & Mind W ;\I‘,_E‘e:rat_ure FACE Interviews
- jew Mapping Reports | - _—
© Z purpose and Interviews 2 ep“.-. 44444 o
E ; establish a Literature based discovery, data collection, and data categorization s =
& :s clear definition | identify the safety related information that is applicable to the safe
of the process | maintenance of a facility. This information conveys the need for a ‘
new process and defines the initial data required for the safety Organize Categorize
framework. (Spreadsheets) (Mind Maps)
= Idem.lfy il Data Validation Interviews
il = requirements
¢ 72 | andecritical , " . . _
g < parameters Type.II Interviews serve to validate the information obtained
& ; that are eritical during the Define phase and .to benchmark the safety data
to quality obtained.
o Develop {Defme l}((l;les 1an(;i Protocol
E ;.: conceptual owlecge
o= designs, Defining rules and relationships to add logic to the static safety
g é evaluate, and related information obtained in the Define phase and validated in =| F( AND (X Y))
~Z select the best the Measure phase in order to develop standardized safety asset !
components groups, process diagrams, and a conceptual user interface.
Structural &
>z Behavioral Tool Development
- Diagrams
Q= Develop
3 :S design
= Implements the safety rules and protocols through the Analyze
phase through a data processing & rule based systems.
- Eroofof Test Cases Walk-through .
> Validate the Concept
& E design is
-]
= @ | acceptable to Supports the quality of the framework through test cases and 74 /
~ > the end user e Ea = YA

expert validation.

Figure 13: Research Methods within the DMADV Framework
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Phase I: Define

Using Literature based discovery and data collection, the safety relatedatdataapplicable to the safe
maintenance of a facility is identified. In order to obtain safety data, case study analysis of FACE reports,
semistructured opemnded interviewsdata collectioh and safety related information, such as O&M
Manuals, safethandbooks, OSHA handbooks, etc. are analyzed through qualitative coding. Analysis of
this information provides safety data that is utilized to develop s&iptyts The safety data is first
organized through Excel Spreadsheets in order to identify contitresrand then categorized using Mind
Maps to present a hierarchy of the static information.

Phase II: Measure

Data Validation Interviewsxecuted during the Measure phase serve to validate the information obtained
during the Define phase. In this phades interviewee benchmarks the critical parameters and validates
that the data obtained in the file phase is comprehensivagcurate and commensurate with industry
standards

Phase lll: Analyze
Based on the safetiyputs identified in the Define phse and validated through the Measure Phase,
relationallogic is developedising conditional construcis order to further structure the safety inputs and

begin to define the functionality of the Bibhsed framework

Phase IV: Design
Develop an approach standardize asset specific safety properties and deliver the propertiés fomt
of origin to the end user in a singular Bd&sed repository. Develop a system to retrieve and process the

safety properties in order to be presented to the end ithér &conceptual graphical user interface (GUI).

Phase V: Verify

Supports the quality of the framework that this research develops. Utilizing a Proof of Conceptasbdel
casesand industry expert walthroughs to verify the functionality of the ddupedsafety inputs, ASIT,
andDRPS Items from the verify phase will be utilized in future research and further development of the

framework.

3.1.3.ResearchMethods
This section presents the research methods being utilized within this research in orderute the

objectives stated in Section 1.5.
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3.1.3.1. Data Collection and Organizatioin Objective No. 1
Case Study Analysis an intensive investigation of people, organizations/institutions, events, and
occurrences, used to identify phenomena, themes, conceptsinciples from which a theory can be
developed or practice improvéBritz 2008. This researclhtilizes a modified paradigmatic explanatory
multiple case study analysis in the evaluatof Fatality Assessment and Control Evaluation (FACE)
reports to illustrate common pattermisthemegYin 2003. The following bullet points will explain each
modifier presented under the type of case study analysis being utilized:
1 Modifiedi The case sidy analysis in this researahalyzsthe information thatte FACE Reports
are presenting in order pull data points (or codes) from these reports.
1 Paradigmatid A type of case study analysis that uses careful selection of exampdesab key
elements of a phenomen@Pavlich 201). This research only uses cases regarding occupational
injuries, illneses, and fatalities to workers in the field of facility management as a result of falls,
contactwith/struckby, or exposure to harmful substances/environments.
1 Explanatoryi Case study analysis focused on tWMne AfAhowo
2003.
f Multiplei Research that utilizes more than one case
will utilize a number of FACE Reports to explore differences and similarities within and between
casegBaxter and Jack 2008in 2003).

This research has identified case study analysis as the best method of data extraction from the FACE
Reports for a number of reasons. These reasons are presented below:

9 Detailed accounts of exiag reatlife events are available from a reliable source.

1 Relevant behaviors cannot be manipulated.

9 Direct observation is not viable as events cannot be safely recreated.

1 Case study analysis will be combined with safety related documentation and wselviereate

itriangulationo in order to develop converging

The FACE reports provide an understanding of dhov
facilities management. This information is critical to the executioQlgéctive No. 1by identifying FM

applicable safety data and the subsequent use of that data to develop safety protocols. In order to achieve
this objective, multiple case studies falling under the categories being investigated by this research will be
reviewed in order to develop safetgdeghrough qualitative codingd hese codes are pieces of information,

rel evant to the Ahowd and dAwhyo an accident occ
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frequencies, coccurrences, and relationships, the cod@s be organized and categorized to support
analytical generalizatiof{&uest et al. 20t Robson 2011 The FACE Reports are coded by hand or within
a .pdf markup software. Codes are placed into an Excel spreadstargiitization, prior to being further

organized utilizing mind mapping.

Each case study reviewed for this research set out to answer four questions. Under what circumstances did
the accident occur? (2) Could the accident have been avoided? (3)riéémtes could have been taken
to improve the safety? (4) Could these measures be applied to multiple situations?

Qualitative Codingwill also be used as a source of information to develop safety codesnidoistry

standard literature, such &perations ad Maintenance Manuals, Safety Handbooks, OSHA handbooks,

etc. Qualitative codinguses t he, Afanal yti cal process of organi
i nter pr et (Baralt 20l Feor tldsadsearth, qualitative data will be hand coded and placed into

an Excel spreadsheet for organizatiprior to being further organized utilizing mimeapping Similar to

the case study analysis and interviews, thematic anaysiized to find the relevant safety information

needed to execute this studyata collection from industry standard literatieguires the use of
constructivist theory. Téndata pulled from these documeistsften uncategorized and therefiset the

di scretion of t he a uThividarmatioh is latér ealiddtedttheodfmta Vatidationr t anc e .

Interviews

Semistructured, opetended interviews Data Collection Interviewswith experts in the field of facility
management will aid in the compiling and categorization of applicable safetwiuatiar to the other data
collection methodd)ata Collection Intervieware intended to provide codes through gatlie coding of
transcripts and thematic analysitiese codes will then be incorporated into the framework, similar to the
codes identified through the FACE Reports and safety literalhis.researchitilizes data saturation for
the three hazard areasdatherefore the number of participargguired is unknowrnterviewsarenot be
fully structured and appear more as a guided conversation rather than structured queries. This method
allows for a more fluid/dynamic interview where a consistent linecfiiy is being pursued, however, the
format provides an opportunity for folloup questions and parallel lines of inquifyin 2003. The
sampling of interviewees will be purposive, by targeting a particular group of people based on the criteri
of knowledge of facility management and safety applicatiBagicipants in this study meet the following
inclusion criteria:

1 Facility management professiorial his could include field staff or supervisory staff

9 Over 18 years old
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1 Minimum 6 months workig at current positioii This is to avoid interviews with trainees or
individuds not well versed in the field

91 Able to speak and read English

The inclusion criteria this research utilizes was strategical situated to obtain qualitative data from FM
experts Gathering safety data from experts provides, in combination with the other data sources, a

comprehensive list of safety inputs and protocols.

Semistructured, operended interviewsData Validationinterviewsare used toalidatethe datacompiled
through the case study analysis, safety data,zatd Collection InterviewsData Validation interviews
utilize interviewees to alidatedata saturation andccuracy.Due to the nature of these interviews, the

guestions asked will be focused more on valigetibcollected data.

The interviews ar@udio tapedand field notes artakento allow for qualitative analysidnterviewslast
between60-90 minutes faceto-face with the lead researcheat a location identified at nt er vi ewee 0
discretion.If a faceto-face interview is not possible due to travel restrictions, a virtual meeting (i.e.
FaceTime or Skype) is an acceptable alternaBegticipantsareidentified by locating facilies that have

staff that could meet thénclusion criteria, for example, antacting the administrative office or FM
department directly at a water treatment facility, school, university, or factory. Once an FM supervisor is
identified at the facilitya phone call will be made to verify the contact information with the superviso
confirm compliance with inclusion criterind obtainan interest level of study participation. If the
participant is interested in participating, a recruitment email will be sent outlining the details of the study,
as well as other IRB required infoation. Snowballing, or allowing the selected participant to provide
names of other potential participants, is utilized on a needed hhmis. completion of the interview,
participantsaredebriefed by describing the process of member checkin@ésdimrs.3.2) andare notified

of the right to drop out of the study at any timAglditional information regarding the intervievirscluding

the role of the researcheguality and rigorjnformed consentandconfidentiality are discussed in detail in
Section 2 andSection 3.3

Mind Mappingis a graphic technique, that expresses radiant thinking, by allowing a user to show
relationships among various concepts and ideas on a singldBuaan and Buzan 1996/ento et al.

1999. Within a mind map, the subject of attention appears as the central image, with key themes (or words)
radiating around the subject as branches. These branches can be represented utilizing a hierarchical system,

with items @ lesser importance radiating further from the main subject. The mind mapping tectsnique
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utilized in this research to organize the coded qualitative data received from the case studies, interviews,
and safety informatiorOrganizing the data across thede data collection methods provédesingular
graphical reference for the coded d&worganizing the information in a graphical hierarchy, the transition

into a product model ansequence diagrams simplified. The collection of data through the dtagive

analysis and the organization of that data through mind mapping, executes the requirements further

discussed iObjective No. 1.

3.1.3.2. Data Transfeii Objective No. 2
Utilizing existing literature and simulated tests on a number of software, a desfietesace mechanisis
identified. Execution of this Objective will aid
the industry.

3.1.3.3. DRPSDevelopment Objective No. 3
A Product Models developed in order to further organize and ada ltugihe information obtained through
the FACE reports, interviews, and safety information. The product nfodéhis researchitilizes the
Unified Modeling Language (UML) Classificatianithin a Class Diagrarfor the identified attributes as a

static repesentation of a knowledge base.

Sequence Diagrams a type of ABehavior al Di agram, 0 present.
over a period of tim€Pilone and Pitman 200%isual Paradigm 2016 For this research, a sequence
diagram is developed to present how thalpod model classes interact and the system retrieves the relevant

safety information.

3.1.3.4. Conceptual GUI DevelopmentObjective No. 3
Using Java Eclipse, a conceptual representation of the graphical user inf&idrdor the system is
developed. The caeptual GUI is utilized to visually present the interaction between the FM worker and
theDRPS

3.1.3.5. Validation Method$ Objective No. 4
Utilizing the Conceptual GUI in coordination with the UML Class and Sequence DiagrdPnspiaof

Conceptis presentethroughTest Cases

Cognitive WalKThroughis utilized to present the proof of concept modednandustry expert in order to

validate the developexystem
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3.1.4.Limitations to Stated Methods

The following section address the limitations of this study withéndontext of the above stated methods.

Method Limitation No. linterviews with industry professionals for data collection and validation will take
place within driving distance of Blacksburg, VA and therefore mmyncludeconsiderations applicable
to other regionf the United States or internationally

Method Limitation No. 25ample selection is purposive, with specific inclusion criteria, and is not intended
to accommodate random sampling. Therefore, it is likely that certain sections offFMlsteot be utilized
for data collection or validation.

3.2.The Role of the Researcher
The role of the researcher in thésearclis to study phenomena which has already taken place and evaluate
gualitative data from these phenomena in order to provitgugion for the stated problems. To execute
this task, the researcher maintrole of observer and interviewer. The researcher and particig@nts
not attempt recreate or engage in any of the events being evaluated, as this would create a safeifjcant
hazard and would be irresponsible. As an interviewer, discussions take place regarding facility management
(FM) protocol and safety with industry experts, recruited based onkiheivledge of FM. There ison
previous personalr work-relatedrelationship with the individuals and because of this, power relationships
arenot an issue. In order to mitigate any perceived researcher bias, quastigusled only toward facts
and opinions of the interviewee. Interjections by the interviewer only contieeiiorm of followup
guestions/probeand clarifications. A consciousnderstanding by the researcher of how questions are
askedthe tone in which they are stateahd the body language presented during the interatesmpt to
mitigate anyresponse b

The lead researcher in this stuths spend years of hiprofessionatareer working with a number of the
individuals and documents that this research utilizes. This indadstruction documentation, working

with Operations staff, project closeautd turnover, and building information modeling. This time in the

field has allowed the author to draw on previous experience in order to execute the research being presented
in thisstudy
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3.3.ResearchConsiderations
In any research study, consideratiémsquality and rigor must be made and enacted in order for findings
to be valid. These considerations are even more important when the data collection methods for the study
are qualitatively based. In addition, the use of human interaction throughieéntercarries ethical
considerations in order &iminate the potential fdrarm to the study participants. This section will present

the methods that are used in order to maintain a trustworthy and ethical study.

3.3.1.Trustworthiness Using Qualitative Methods
Classical science has evolved around a core principal that studies must be refutable and replicable.
Qualitative research, by nature, cannot be completely replicable as the data being collected relies on the
reflexivity (awareness of self and otheof the researcher and the information being provided by the study
participants at that moment in their experienfeefara et al. (2002)lescribs this paradigmandoffers a

solution thathas over timgemerged as a staple in qualitative research

iWe operate from the basic premise that how resea
aspects of the eearch process are key to evaluating their work substantively and methodologically.
Central to this premise are the core elements of classical scierafatability and replicability. Because

one of the Adifficultiesgnwttbnguabitatiive neseart |

sense, replicable, we recommend analytic openness

To obtain thetrustworthiness in qualitative resear¢buba and Lincoln (1982)eveloped now widely
accepted criteria as counterparts to the conventional (classical science) terms for assessing research quality
ard rigor. Table 10 presents the conventional terms utilized in quantitative research and the qualitative
counterpart developed by Guba and Lincoln. Additionally, this table defines what each term means in the

gualitative sense.
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Table10: Comparisonof Terms for Quality and Rigor (Adapted froi@uba and Lincoln (1982)

Quantitative Term Qualitative Term Qualitative Term Definition

Therelationship between the data of an inquiry ant
the phenomena those data represeme data being
producedhrough qualitative inquiry is providing
believable results.

Provide At hitedughdvecarious i p |
External Validity Transferability experience and a transferability of hypotheses to &
second context for the reader.

Internal Validity Credibility

Reliability Dependability Stability in the data through analytical openness.

Verification of he data through methods of

Objectivity Confirmability validation.

3.3.2.Trustworthiness in this Research
This researclutilizes standards set forth by Guba and Lincdlring the data collection phases well as
uses validationmethods to maintain a commensurate level of quality aguaf 1o the overall framework
developmentDuring the data collection phagle terminologyGuba and Lincoln presentédredibility,
transferability, dependability, and confirmability), can be utilized in order to insure trustworthiness when
utilizing qualtative methodsTable 11 presents theneansthat this researchtilizesin order to maintain

trustworthinessluring data collection and analysis

Table11: Means of Trustworthiness in this Research

Credibility Transferability Dependability Confirmability
Arriangulation APurposive Sampling | ADependability Audit| | ATriangulation
Aviember Checks AThick Description Trail

ATriangulation

9 Triangulationcrosschecks data and interpretatidmg verifying themes acro$som a variety of
data sourced-or this research, triangulation will occur by verifying themes across the interviews,
case studies, and safety informatibar example, FACE Reports are a retelling of how an accident
occurred. Tis type of data is susceptible to human error and omission. Triangulation is utilized in
order to mitigate an outlying occurrence in the data by comparing the data point to other sources.
1 Member Checkserify the data and interpretations by checking i individuals who solicited

the information In this study, member checks are used to verify the information gathered during
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the interview phase. At the conclusion of the interview, the data received frawlitimr will be
synthesized angresenteddthe solicitor.Upon review by the solicitor, aritten confirmation, in

the form of an email, verifiethat the data and interpretations were understood and conveyed in a
manner in which the solicitor intendetf. data or interpretations were misrepreseh the
information will be adjusted and noted in the recémterviewees have two weeks (14 days) from

the time the member check is sent out to verify the information. If no response is received by the
interviewee within théwo-weekperiod, verificatiom of the data and interpretations are implied.

1 Purposive Sampling utilized in this research. See Section 2.3.1 Research Methods for additional
information on purposive sampling, including the inclusion criteria for this study.

9 Thick Descriptionis a tehnique used to provide enough information about a context to impart a
vicarious experience and a transferability of a hypothesis to a second context for the reader. Thick
descriptions are utilized in this research to depict the tone, surroundings, lasfdHfeénterviews.

1 Dependability Audit Trailis an accounting of the methodological steps and decisions made
regarding the research. When a decision is made regarding the research, that decision is dated and
noted in a running word document. The audill begins at the acceptance of the research proposal
and is maintained throughout the data collection and data analysis phase of the research.

In addition to the means identified for the trustworthiness of the qualitigteecollectiorof this researh,

a nunber of additional verificéons, as shown isection 3.1.Research Methodsre being utilized to
demonstrate quality to the framework that this research dev&opsinuous industry expert validation
proof of conceptsand a cognitive whtthrough are steps beyontkt data collection and analysis in order

to validatethe developedramework. All of these means are intended to produce a trustworthy study that

maintains analytical openneasd utilizes feedback from industpyofessional to alidatethe framework

3.3.3.Ethical Considerations
This research follows the protocols and standards set forthebYirginia Tech Internal Review Board
(IRB) to verify compliance with the established standards of human resEatciwing the guidelines set
forth by the IRB and following the accepted protocols for human research, ensures this research will not
violate any ethical considerations including, informed consgmianted dissemination of personal or
company informatiormecruitment, data collectionnd data storage. Additionally, the usenathods such

asmember checks following an intervieeliminates unintended misrepresentatidthe interviewee
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4. DATA COLLECTION , CATEGORIZATION, AND VALIDATION

As stated in Chapter 3, data collected in thisaesh utilizes triangulation througbata Collection
Interviews FACE report coding, and safeiiyformationcoding. This chapter details out how the coded
information was obtained and thesults from data collection. Thigformation is utilized to devefpsafety
inputs and protocolthatareinstalled within the developed framewolith reference td-igure 14, six
steps are defined:

1. The data collection methodology utilized in this research involves qualitative coding of FACE
Reports, Data Collectioninterview transcripts, and safety literature. Using three forms of
gualitative data sources allows for triangulation, adding the necessary rigor and validation to the
identified safety inputs and protocols.

2. The relevant extracteidformationfrom each data soce is organized into spreadsheets. The X
axis in each spreadsheet is specific to the data being collected from each source. Hoséver,
axis evolves as merdata is collected (see step 6)

Organized data is coded and attributes are extracted.

Attributes can be segregated into safety inputs and protocols through knowledge development.
These inputs and protocols are utilized within fitaeneworkfor the three hazard types that this
research is addressing; falls, exposure to harmful substances and eamisyrontact with/struck

by.

Patterns and commonalities emerge among the three data sources.

As more sources were coded, patterns began to emerge and commonalities within the three sources
became apparent. As patterns between the data sources beganda lterative update of the
spreadsheet headings was executed in order to further process the data.

The following sections providgetails to the data collection sources ardmples of how safety inputs and

protocols are extracted from the text focle®f the three sources of relevant safety information.
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4.

Fatality AssessmermndControl Evaluations or FACE Repoftdational Institute for Occupational Safety
and Health 201y provide detihed reviews of fatal accidents that take place in a work environment.
Through the FACE program, the National Institute of Safety and H@HI@®SH) conducts investigations
into employefreported fatal incidence. These detailed reports provide demogramimicenvironment,
accident, and prevention information for each incidentrder to utilize FACE reports for this research, a
comprehensiveeview of the 613 records available for review on the CenteDisease Control and
Preventioni NIOSH website vas completed, identifying facility management specific inciderice
detailed evaluatiorfNational Institute for Occupational Safety and Health 2004 the 613 available
records34 records were specific to the maintenance and refpafiacility falling under the three categories
ed
ma n a glreesaanchesulisthal yielledarmiegrdatan c e , 0

that this research is reviewing.h e s e

t he

1.FACE Reports

ter ms,

Afacility

34 records

wer e

i denti fi

were not utilized and are not included in the 34 recdrds.breakdown of the FACE repscodedin this

resea

rch are presentedliable 12

Table 12: Breakdown of FACE Reports Utilized in this Research

1 | California Report 07CA007 | FACE 9717 InHouse California Report 11CA008
2 | FACE Report No. 9013 Oregon FACE Report 040R00] FACE Report No. 9104

3 | Massachusetts 1A -008-01 | Oregon FACE Report 050R00¢ FACE Report No. 9014

4 | FACE Report No9801 California Report 00CAQ007 FACE Report No. 8928

5 | FACE Report No. 9104 New York Report 02NY096 Colorado Report 91C0O074
6 | Michigan Report No. 10MI00¢ California Report 98CA004 Oregon Report 040R037
7 | NY FACE Report 07NY080 | California Report 00CA009 Alaska FACE Report 913
8 | FACE Report 9621 Virginia FACE Report No. 9239 Washington 04WA080

9 | Texas Report 98TX13301 FACE Report No. 200825 FACE Report No. 821

10 | FACE Report 9506 FACE Report No. 20062 FACE Report No. 8610

11 California Reporo6CA008
12 FACE Report 8918

13 FACE Report 9132

14 FACE Report 8919

thro

Qualitative analysis of the FACE Reports used a color scheme in order to identify the applicable codes. For

exampl e, a

Fai

l ure. o I n

yell ow

order

to begin

t o

identi fy

highlightrphedibagkki §Wor kef eDen

patterns

Excel spreadsheet was used for organizational purposes. During the organizational phase of the FACE

Report @ta collection, an iterative process was used in order to identify the appropriate categories in the
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X-axis of the spreadsheet. As more FACE Reports were read and organized the nodesFégohecth
graphically presents the evolution of theaXis nodeswhile Figure 16 presents an image of the spreadsheet

evolution.

FACE REPORT NUMBER  [Node No. 1 Node No. 2 }Node No. 3>|Xode No. 4 {Fode No

=l
=

FACE Report No.
Figure 15: Evolution of the Main X-axis Nodes in the FACE Report Spreadsheet

2
FACE Report No. 3
FACE Report No. 4
FACE Report No. 5

6
7
8

AN

FACE Report No.
FACE Report No.
FACE Report No.
FACE Revort No. 9
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Figure 16: Image of the FACE Report Spreadsheet Evolution

Ultimately, the Xaxis nodes evolved intbeé following eleven categories:

1.

© 0N o ok~ D

FACE ReportdentificationNumber
Summary of Incident

Tools to Carry Out Maintenance

Tools to Access Space

Reactive vs. Preventative Maintenance
Experience Level

Potential Attribute(s)

Environment

Hazard(s)

10. Procedural Failw(s)
11. Hazard Control(s)



Figure 17 presents a single, contact with/struck by FACE Report regarding a maintenance electrician who

was crushed to death when a limit switch was activated by the victim, who was leaning into the equipment

(National Institute for Occupational Safety and Health 198Y addition, the figurdeatureshow the

information is organized within the Excel spreadshébe following isthe summary as described in the
FACE Report.

fi On

April

Iy@&arold in@leOnvaintenanceSeléectrician (the victim died when his lower torso was

crushed between the nip barrier (a wirgesh gate) and the upper frame of a paper rewinder machine at a

papermanufacturing facility. Without first denergizing, locking out, and tagging the machine, the victim

began to replace the arm for the limit switch that controlled upward movement of the nip barrier. He

climbed an &oot stepladder to access the tojpthe machine where the switch was located, and leaned

into the 16i

nch

opening between the

Extracted Text

“...a 37-year-old male maintenance electrician

(the victim) died when his lower torso was
crushed between the nip barrier and upper
|| frame of a paper rewinder machine as he was
-— replacing a limit switch arm... worked for the
=] company for about 8 years.”

« | “...8-foot fiberglass ladder... screwdriver in
2 | right hand.

==

“...was leaning into the 16-inch opening between the
nip barrier and the machine's upper frame, with his

waist level with the top of the barrier. The 6th hand saw

the victim make a forward motion with the
screwdriver. The nip barrier immediately raised,

catching the victim and the stepladder, lifting and

compressing both between the nip barrier and the

upper frame. The victim's waist to lower back area was
crushed.”

t o

“Recommendation #1: Employers should ensure that
maintenance workers follow established lockout/tagout
procedures for control of hazardous energy.”

p of the n

Coded Data

FM Worker Detail
37-year-old male maintenance
electrician

8 years w/ company

Asset
Paper rewinder machine with limit
switch

Tools
8ft fiberglass ladder & screwdriver

Fatality Tvpe
Contact with / Struck By

Environment
Elevated workspace

Hazard

Hazardous Energy

Pinch Point(s)

Sensory Automation (Limit Switch)

Procedural Failure
Lockout/ Tagout

Tvpe of Maintenance

EACE Report No|

Summary of Incident

Fatality Type

Type of

Reactive
Asset Additional Nodes * Hazard(s) — Hazard Controls
5

FACE 9717 InHouse

Maintenance Electicianis
crushed between arip
barier andthe upper frame
of 3paper revinder ahter
manuall engaging alimit
sitsh. Task was o eplace
limit switch arm,

Contact ith
Stuck By

Sensary
E“"g;ym Automation Limit | LiftSystem
Swieh)

Unplanned! Reactive
Maintenance

SeasonediEspert-3
Years

37 Year 0ld Male:

Lockoutf Tagout

Manual Auto
(Sutich Lever Press)

it Fiberglass
Step Ladder

Manuzl Override

Pinch Points.

Lockout! Tagout Automated Equipment
Sorewdiver

{Limit Swich)

Figure 17: Coding Methodology of FACE Reporti Example
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Based on the details providédm the FACE Report and the coded data, the following safiédymation
can be extracted:

Lockout / Tagout

Hazardous Energy

Pinch Points

Automated Equipment (Limit Switch)

Lift System (Ladder)

=A =4 =4 =4 =

Additional analysis of the extracted safelgtayields two typs of information,safety inputand safety
protocoldata. Safety input data are the inherent risks associated with a work activity, while safety protocol
data are the mitigation techniques utilized in order to avoid the ri§k§sjecipher which categorné
above attributes fall under,kamowledgecategory identifies preliminary links between the inputs and the
protocols. These preliminary links will be greatly expanded upon during the Mind MappirigRPg
development, bunitially serve as an organizatial stepTable 13 presents the safety attributes within the
designated category for the above example. fAHazar
attributes fall under:

1 Harmful Substance and Environmé&ntARM

1 Contact With / Struck By CW/SB

1 Fallsi FALL

Table 13: Safety Attributeswithin the Designated Categofiy FACE Reports

Safety _'I_r;/%lg) (Hazard Knowledge Safety Protocol Knowledge

Hazardous Energy Relates to Lockout / Tadout Relates to HARM and
(HARM) Lockout/Tagout 9 CWI/SB Ihputs

Relates to Lift System

Pinch Points (CW/SB) Lockout/Tagout Ladder Relates to FALL Inputs

Automated Equipment Relates to
Limit Switch (CW/SB) Lockout/Tagout

By continuing the process of FACE report data collection and analysis for all 3dseg@omprehensive

list of safety inputs and knowledge can be developggpendix 1027 Appendix10.5 presents all of the
FACE Report data collection and analysieets
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4.2.Data Collection Interviews
This research utilizes two types of interviews inesrh obtain safetinputsand tovalidate thénformation
developed from the three data collection instruments. Thesdypwes of interviews provideecessary
trustworthiness in qualitative researche interviews were conducted in the manner stat8edation 3.1.2
Research Methodand utilized purposive sampling, member checks, and thick descriplibasfirst
interview utilized waghe Data Collectioninterview, as described iSection 3.1.3.1 Data Collection &
Organizationi Objective 1 The Data Cdlection Interview is usedo identify safetyinputs and protocols
to be input into the frameworRable 14presents therofessionalnformation for the six partipants that
were included in th®ata Collection Interviewd hreedata collection interviestook place, two in August
2015 and one in February 2016.an effort to cover a wide range of expert opinions, participanttjeb ti
and responsibility range froopper management to skilled labdrs st at ed i n Chapter
names and copanies have been excluded from this list in order to maintain anonymity. All the names

presented iffable 4 are randomly selected pseudonyms.

Table M. Data Collectioninterview Participant Information
Date

Pseudonym Position Company Type Staff Size

Interviewed

Safety Manager for | Large University:

1 |8/11/15 Sally Facilities Southeast Region | 500+
Management USA
_ : _ Large University:
8/13/15 Chris gr']rdeCEtﬁ;ff Utilities Southeast Region | 30+
) gy USA
8/13/15 Bill Assistant Director of Large University:

Southeast Region| 30+
USA
Civic Center w/

: Arena & Ice Rink
2/4/16 Joe Operations Manage| g, neact Region
USA
Civic Center w/
3 2/4/16 Dan Maintenance Arena & Ice Rink
Supervisor Southeast Region
USA
Civic Center w/
2/4/16 Tim Electrician Arena & Ice Rink 5
Southeast Region
USA

Utilities and Energy

100-150
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Upon completion of the interviews, the recordings were transcribed into a word document. This Word

document was coded by hand and placed into a spreadsheet for organizhiiemafication of applicable

safety attributes. Along with demographic information about the interviewee, relevant quotes from the

interview were segregated into six categories:

1.

o g > w DN

Falls

Hazardous EnvironmeiitElectrical

Hazardous EnvironmeiitConfined Spce / Toxic Environment

Contact With / Struck By

Dual Processes (Statements that refer to more than one hazard in a single FM task)

Outside Factors to SafetyEnvironment

By aggregating full quotes into the six categories, applicable safety input atyl maftocol data could
then be extracted within tipeoper contexti-igure 18 presents a sample of the coding methodologizatl
for the Data Collection interviewsnd organization othe extracted text and coded data in an Excel

Spreadsheet.
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"

“..they’re gonna have to look first of all and figure
out what piece of equipment do they need. Do they
need a man lift, do they need a nifty lift, do they
need the eighty foot lift or can they do it all from a
ladder. If they can do it from a ladder, which ladder
is appropriate.”

Ll

I “So, they pull out their maps and figure out where the

Extracted Text Coded Data
| “First and foremost, they are going to look at
I | the plans if they don’t know where the line Protocol
Pl s et il feeds already are and they are going to make Lockout/Tagout
e o e o . O every effort to shut it down and make sure Input
o o that it’s lockedout/tagged out and dead prior Disconnect Location
e T S O e T to them working on it.“
Protocol
“We are constantly doing the Lockout/ Tagout
/ s lockout/tagout of HVAC systems for that
because those are all automated” Input
e e e Automated Equipment (Full)

Protocol
Lift System

Input
Maintenance Elevation

(pipe is), they’ve got maps in their trucks. So once they hit
the site they see where the leak is, they start figuring out
where to cut the water, what valves, this valve, this valve,
this valve. Shut the valves off. Then it’s a matter of getting
a, you know, system drained down, the leak located.”

Protocol
Lift System

Input
Maintenance Elevation

Sally

Safety Codes

Falls

[MAN POWER REQUIREMENT - PROTOCOL] ...if their working at heights, ssually thers's more than two
people. There's zoing to be at least one person on the ground, on person up high, usally two people on the
zround.

PROTOCOL : 2 people when working at heights

[FALLS PROCEDURE] . they'r= zonna have to look first of all and figure out what piece of aquipment do
they naad. Do they nead 2 man lift, do they nead a nifty lift, do they need the sighty foot lift or can they do
it 2l from a ladder. If thay can do it from 2 ladder, which ladder is appropriate. Wa'va had soma issues with
this is in the past but they’ve got better ladders now. And they can actually, some of them actually have cages
on top of them whers thay can zat ot and work on the top of the laddar instead of having to pull a lift over.

PROTOCOL: Lift System
INPUT: Working Height

[LIFT SYSTEM - BUCKET TRUCK PROTOCOL] .. if they e having to use 2 lift they know they hava to
have fall protaction training and they have to hava training in how to oparate that fift. Both of which is
about 12 hours of the training right thers. So, they’re gatting that and they know if they have the training or
they don’t have the training.

PROTOCOL: Lift System - Bucket Truck

[FARNESS SAFETY] They won't have 2 safety hamass if they don't have the training.

[PROTOCOL: Fall Arrest System

[LIFT SYSTEM - BUCKET TRUCK] ...a lot of their work is gonna be done from the bucket truck and they
are always tied off in the buckat truck.

PROTOCOL: Lift System - Bucket Truck - Fall Arrest System

[LIFT SYSTEM - BUCKET TRUCK] .. miles par hour is zoing to bassd on what ths buckst truck can handle
or the manlift can handle at this point about 25 miles per hour 2nd we look at the airport numbers, twenty-
five miles per hour is pratty darn high winds and we'll probably shut it down at mors liks fiftesn bacause the
Zuys are 30 uncomfortable being vp there

PROTOCOL: Lift System - Bucket Truck

[FALL ANCHOR POINTS] .. don't know whers (the fall anchor points) are on all our buildings; maybe all
our buildings don’t have them causs their all 50 old. And since we're 2 Non-OSHA state ws have to fizht to
22t thoss things put in place.

INPUT: Anchor Points (Y/N)

Figure 18: CodedData Collectioninterview and Organizationi Example

Based on the above examples additional safety inputs and safety protocols can be extracted as presented

in Table 15. In somenstancestedundantnputs and protocolsom the FACEReportand safety

literatureexamples are identified. The redundancy within the data collecfioesents the confirmation

of a data poinbetween two or more sources, known as triangulation.
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Table15: Safety Attributes within the Designated Categd Data Collection Interviews

Safety Input (Hazard

Knowledge Safety Protocol Knowledge
Relates to HARM and

Type)
Disconnect Location Relates to

(HARM & CW/SB)  Lockout/Tagout ~ -OCKOUt/ TAGoUL ==~ yyepinnuts
Automated Equipment Relates to Lift SystemMan
(CW/SB) LockoutTagout lift & Ladder Relates to FALL Inputs
Maintenance Elevation Relates to Lift
(FALL) Systems

The Data Collectioninterview questions and¢ data collection and analysis spreadsheets for the three

interview transcripts are prasted inAppendix 106 T Appendix10.9.

4.3.Safety Literature
Safety literature in the context of this research is any document that could provide insight into the safe
maintenance of a facility applicable to the three hazard types that this research attenatei falls,
contact with / struck by, and exposure to harmful substances or environments. These documents could be a
safety checklist, handbook, O&M manual, OSHA pamphlet, etc. Review of the safety literature yielded
seven categoriassed to codéhe information

1. Hazard Type (Falls, Contact With / Struck By, Harmful Substances and Environments)

2. Source

3. Hazard
Hazard Definition
Safety Input
Safety Protocol

N o o s

Protocol Requirements / Minimum Testing
Table16 presentall of the safety information souwes utilized in this research. In correlation with the other

two sources ofafety datacollection of safety inputs and protocalsased when data saturation became

apparent.
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Table 16: Safetylnformation Sources
Safety Information Data Collection Swes
Environmental Protection Agency (2015) United States Department of Labor (2007)
Duke University (2012FM Safety Sheet United States Department of Labor (2011)

Creighton University Facilities Management (2010) | Department of the Navy (2013)
University of Minnesota Facilities Management (20¢ Coastal Carolina University (2003)
Alberta Governmenf2014) Office of Compliance (2010)

Figure 19 presents examples fromuke University (2012)and University of Maryland Facilities
Management (20123)f the type of safety literature utilized in order to obtain additional safety inputs and

safety protocolsaind howthe data was organizegithin the Excel Spreadsheet.

Extracted Text Coded Data
113 = = "
R An 8 hour time-weighted average of 85
i i ek . . .
TG SRR ST PO decibels, or 82 decibels for a 12 hour time- WP
[oen - earing Protection
weighted average, measure on the A-scale, g
slow response, or equivalently, a dose of fifty Input
o percent.” Environmental Decibel Level
2
“Conduct periodic noise monitoring to
th d for h . tecti 5 Protocol
assess the need for hearing protection... Noise Monitoring
“...Employees learn how substances enter and
affect the body, how to maintain a chemical Protocol
inventory for their area, how to obtain and read MSDS
e ’ ” material safety data sheets (MSDS), how to Input
i maintain required labeling, and how to read Chemical Environment
= — ==
T " | laboratory hazard signs.
Hazard Type Source Hazard Hazard Definition Safety Input Safety Protocol Protocol Requiremets / Minimum Testing
Workers exposed to 85 dBA or above An instrucment that integrates a function
time-weighted average for an 8 hour Noise Dosimeter of sound pres.su.r.e over .a p.en'od in S“f:h o
Duke University s period or 82 dBA for a 12 hour time- Environmental manner that it directly indicates a noise
Confined Space T 3 Hearing Loss % % Jdoce
Facilities Management weighted average. measured on the A- | Decibel Level %
scale, slow response, _°' equivalently, a Sound Level M An instrument for the measurement of
dose of 50% O evel Meter sonadievel

Figure 19: Coded Safety Literaturand Organization- Example

From the above safety literature examples we can identify additional safety inputs and safety protocols
applicable to the three safety hazards that this research is evaltiatdhgl 7 presentghe extracted data

from the exarples.
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Table17: Safety Attributes within the Designated Categdrpafety Literature

Safety |_Ir_15;;)(Hazard Knowledge Safety Protocol Knowledge

Relates to
Environment Decibel Hearing Hearing Protectior Relateso HARM
Level (HARM) Protection & Inputs
Noise Mon.
Chemical Environment Relates to MSD< SDS Protocol Relates to HARM
(HARM) Protocols Inputs
Noise Monitoring REEIESD [Pl
Inputs

Appendix 1010 presents the safety information data collection and analysis spreadsheet.

4.4.Data Categoiization and Mind Mapping
Upon reaching data saturatiothe acquired safety dafaom the three methods of data collectiisn
comprehensively coded, renamed, aatkgorized into the three specific hazard areas that therchse
attempting to mitigateThe identified FM hazards, known safety inputsare associated with applicable
hazard mitigation techniquésafety protocols)known asknowledgeln addition,production information
for the safety inputsknown asdata sourcingis identified. Prodution encompasses information relating
to the identification of the phase of the building lifecycle the information is produced, who is typically
responsible for the creation of the asset or area causing the hazard, and what method of data transfer is
likely for that informationData sourcing information was correlated through constructivist theory and is a
result of author experiencesing thedata sourcingnformation in correlation with the safety inputs and
associated protocotgeates the backbone fitre data loadingand transfephass addressed in Chapter 5
Table 1B presenta partial example of thieitial categoriationof the HARMsafetyinputs and protocols

In order to further organize the data, the sailgpyts and protocols placed intanind mapsFigure 20

presents an example Mind Map of the Contact With/Struck By (CW/SB) catégamder to develop the

Mind Maps, the safetinputs and protocols wefarther structured by an inherent hierarchy. For example,
AHazar dous Hfieethrgqughtthe dasa colletteom ds a safety input requiring mitigation during

an FM task. I n order to mitigate fAHazardous Ener
information regarding the hazardoastsiemeyggtcsubhr
the safetyinformationinto mind mapsaids inthe establishment of thAsset Safetydentification Tool

(Chapter 5) and th®ata Retrieval and Processing Syst@@iapter 6) while secondarily acting as a
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graphical tool for industrprofessionals tase during thelatavalidation interviews presentéd Section

4.5 Data Validation

Table 18: Initial Categorization Safety Inputs, Data Sourcing, and ProtocdRartial)

HARMFUL ENVIRONMENTS & SUBSTANCES (HARM)

DATA SOURCING

Typical .
Safey Input Production Primary Method of Knowledge Relates
Developer Transfer to Safety Protocol
Phase
Lockout/Tagout
. Native BIM Hot Sticks/Metering
Hazardous Ener Design A/E :
gy g Model Permits
Arc Flash Protection
Elec. Disconnect . Native BIM
Locaion(s) Design AE Model Lockout/Tagout
Lockout/Tagout
. Native BIM Arc Flash Protection
Voltage Design A/E :
g 9 Model Permits
Hot Sticks/Metering
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4.5.Data Validation
In order to identify a comprehensive list of safety inputs, protocols, and typical data sourcing, industry
professionals are utilized to validate the collected data. This is executed throuphtah¥alidation
interview as presented Bection 31.3.1 Data Collection & Organizatioh Objective 1Table19 presents

the participantghatwere utilized for thdata Validation interviews

Table19: Data ValidationInterview Participants

Date Interviewed | Pseudonym Position Company Type

- Large University: East
6/17/16 Ryan Facilities Safety Inspector Region USA
Safety Manager for Facilities | Large University: Southeas
6/21/16 Sally Management Region USA

Utilizing triangulation through the three methods of data collection and the uBatafValidaton
interviewsfor the validation of the collected data, the develog&f@tyinputs and protocolsan now be
utilized by the safety framework. The complete listtitod 28safetyinputs associated knowledgand
sourcingis presented irTable 20. Appendix 10.12 Data Validation Interview Data Adjustments /
Additionspresents the initial data inputs, sourcing, and protocols with the variations made to the list through

the Data Validation interviews

Table20: Safety Inputs and Protocols

HARMFUL ENVIRONMENTS & SUBSTANCES (HARM)

DATA SOURCING

Typical .
Safety Input Production Primary Method of Knowledge Relates to
Developer Transfer Safety Protocol
Phase
Lockout/Tagout
i Hot Sticks/Meterin
Hazardous Energy Design A/E NEIE Bl - 2
Model Permits
Arc Flash Protection
Elec. Disconnect Location(s] Design A/E Nalsl\gedZIM Lockout/Tagout
Lockout/Tagout
i Arc Flash Protection
Voltage Design A/E NENE B0 -
Model Permits
Hot Sticks/Metering
. . . Native BIM
Approx. Disconnect Distancg Design A/E Model Lockout/Tagout
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Asbestos Potential

FM

FM Staff

Direct Input

Asbestos Management

Respiratory Protection

Environment Decibel Level

Construction

Manufacturer
/
Subcontractof

Non-3D

Hearing Protection / Noise|
Dampening

Noise Monitoing

Environmental Air Quality

Design

A/E

Native BIM
Model

SDS / Chemical
Management

Respiratory Protection

Refrigerant Management

PCB Management

Silica Management

Asbestos Management

Lead Management

Permits

Manhole/ Tank / Confined
Space

Design

AJE

Native BIM
Model

Hearing Protection / Noise
Dampening

Noise Monitoring

SDS / Chemical
Management

Air Monitoring

Temperature Monitoring

Valve Location(s)

Confined Space Protocol

Permits

Ventilation

Oxygen Deficient / Oxygen
Enriched / Carbon Monoxide
Environment

Design

A/E

Native BIM
Model

Permits

Air Monitoring

Ventilation

Respiratory Protection

Particulate Environment

Design

AJE

Native BIM
Model

Air Monitoring

Ventlation

Respiratory Protection

Exhaust Producing Asset

FM

FM Staff

Direct Input

Ventilation

Flooding Potential

Design

AJE

Native BIM
Model

Inflatable Valve

Valve Location

Safety Line

Hazardous Asset Temperatu

Design

A/E

Native BIM
Model

Burn Mitigation / Frostbite
Mitigation / Hypo
(Hyper)thermia
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Weather Considerations
. Heat, Cold, Precipitation,
Outdoor Environment Design AE Native BIM Wind
Model .
Nature- Animals,
Allergens, Plant Life
) ) Lead Management
Lead Potential FM FM Staff Direct Input : -
Respiratory Protection
SDS / Chemical
Management
Air Monitoring
Hazardqus Chemical Design AE Native BIM Secondary Containment
Production / Storage Model o
Ventilation
Respiratory Protection
Valve Location
i Monitorin
Radiaton Design AE Mt Bl — L
Model Radiation Management
Polychlorinated Biphenyls . PCB Management
' FM FM Staff Direct Input
(PCB) Potential P Respiratory Protection

FALLS (FALL)

Typical

DATA SOURCING

Safety Inout Produdion Primary Method of Knowledge Relates to
ynp Developer Transfer Safety Protocol
Phase
Native BIM Lift System
Maintenance Requires Lift All Al Model, l_\lon Working Height

System 3D, orDirect Fall Arrest System /
Input Anchorage
Lift System

Chemical Venting

_ (Industrial Hygiene)

Roof / Deck Desin AE Nalt/llved BI|M Fall Arrest System /
oae Anchorage

Barricading / Notification

Outdoor Environment
Lift System

_ Fall Arrest System /
Ledge / Hole Design AJE AEUT Bl Anchorage

Model .
Safety Line
Barricading / Notification
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CONTACT WITH / STRUCK BY (CWI/SB)

Safety Input

DATA SOURCING

Typical

Production
Phase

Primary
Developer

Method of
Transfer

Knowledge Relates to
Safety Protocol

Manual Manufacturer| Native BIM Lockout/Tagout
Crushing/Rotatinslicing Construction / Model or — —
Mechanism Subcontractof  Non-3D Barricading / Notification
Lockout/Tagout
_Automat_ed N . Manufacturer| Native BIM Hot Sticks/Metering
Crushing/Rotating/Slicing | Construction / Model or -
Mechanism Subcontractof  Non-3D Permits
Barricading / Notification
Safety Line
Burn Mitigation / Frostbite
i Mitigation / Hypo
Suction / Pressure Line Design AJE Na'tlll\(l)%eBllM (nger)therrﬁ)a
Valve Location(s)
Barricading / Nafication
Valve Location(s) Design A/E Native BIM Line Isolation
Model
. Barricading / Notification
Native BIM A i
roach Vector
Overhead Equipment All All Model, l_\lon =
3D, orDirect Support Structure
Input - -
P Equipment Weight
Approx. _VaIve Locaton Design AE Native BIM Line Isolation
Distances Model
Asset Support Structure Design A/E Nalbll\(/)edeBllM Approach Vector

Mind Mapping is utilized tofurther structure thesafety information By organizing and categorizing
(analyzing) the relevasafetypropertiesa hierarchy of information can be established. This hierarchy will
aid in the rule and relationship development during the Analyze Pfi#lsis research-igures 21, 22, &

23 presenthe hierarchical Mind Mapping of thileree hazard tygs utilizing the safetynputs and protocols

in Table 20.
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4.6. Fundamental Safety Protocols
This chapter has identified the safety inputs, data sourcing, and associated protocols required to develop a
DRPSthat will present taskpecific safety information tBM workers prior to a FM task. The information
is intended to mitigate the hazartkas that this research addresses; however, during this data collection
phase, thred Fundament al Sede eagardless rofattte dazard being mitigated or the task
being executed. These thrpmtocolstranscend the tasdpecific nature of eadask and apply in every
scenario. Because these assumptions are required in every scegariless of hazard type being
mitigated, they are not presentedable 20 However, these inputgll alwaysbe presented in the protocol
sheet produced by tHgRPS(Chapter 6) regardless of the FM task being executed. They are as follows:
1 PPEi A FM worker must be aware of the standard PPE requiremenéxécuting maintenance
tasks as required by OSHA or the faciliyemployment
1  Worker Qualification§ A FM worker must not attempt tasks that they aregualified to execute.
Research has shown that a portion of workers will attempt tasks that they have not been formally
trained to conduct.
1 Condition Assessmelit Prior to the start of any FM task, a conglitiassessment of the asset
requiring maintenance, the environment, and the tools being utilized must be completed. By nature,
repair and maintenance work is needed when assets malfunction or break, potentially creating a
hazard that could not be foreseEanr example, a broken pipe has created a sharp or serrated edge.
This type of hazard is not a condition of the asset or environment, but of the energy causing the
asset malfunction. Mitigation of this hazard could require additional tools, PPE, or approach

vector s, but ultimately would be at the worker

4.7.Data Collection Conclusions
Completion of theMeasure Phase, using data validation thrddgta Validation interviewsallows for the
knowledgecollectedin the Define Phase to be expandedrupnd rulefogic to be developed under the
Analyze Phaselhese rulesire implemented within the Desighdse and the systeasvalidated through
the Verify PhaseThe rules and subsequent implementation are utilized in both the data loading (Chapter
5) and theDRPS(Chapter 6). The next Chapter will address two problems that the framework must address
to properlyfunction:

1. Comprehensively identify safety information required for each aBsablem Statement No).1

2. Transfer the data from the design aoastruction phase to the FM phase.
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5. DATA LOADING AND DATA TRANSFER

In order to utilize a system that delivers safety information to facility management staff efficiently, an
understanding of wherand howdatais populated and stored throughout thedyfele of a facility isof
paramountmportance During the design and construction phase of a prajeetyant safetynformation
applicable to the safe maintenance of a facility is created. This informatiomecanything from basic
locationbased infomation to complexsafetyinformation. Regardless of the type of information, in order

to deliverit comprehensivelyo theend user at the completiah a projectthe requirerants forwhat data

is input andhow the datais transferedneed to be addresskewithin the prime contract(s).

This chapter will address two phases of the overall propBBdebased safetframework as presented in
Figure 24.

Safety Related
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Model

(o i Query
Interface «—
Response

Transfer Safety Properties
to a Singular BIM-based
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I
X 1
! 1
A 1
) 1
! 1
1 I l i
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t 1 System ;
peE 0§ 2 Feowcoosoaas I
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21 i . ,
Input Saf : ) 1
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- Related I : | Safety
Develop Asset Specific Information | ! : . |
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Figure 24: Phase | and Phase Il of th&IM -Based Safetyrramework

Phase Ion Figure 24 presents thésset Safetyidentification Tool (ASIT), a research toaleveloped in

order to verify that the applicable safety inputs are assigned to each piece of eqligseehbtn that
equi pment 6.Fhisdoslss atilizedjrr ooder o create standard sgfedyperties for each asset type
relative to facilities managemerits notedin Problem Statement No.of this researclfiapplicable project

related safety information is often available at the handover stage from construction to facility management,
but isnot appropriately identified for facility management tagBsy. standardizing the structuoérelevant

safety informatiorfor facility specific assetsa positive step is made towards mitigating saéetycerns

due to unidentified hazards for a giveset
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Phase lladdresses data transfethe mechanism that this research utilizes in ordeatwsfer the relevant

safety data from its data source to an appended Navisworks model. Although the safety data at this phase
has already been identified andustured, the entities creating the information may utilize a number of
different mechanisms to transfer tdata. Phase Il presents a dlata mechanism utilizing existing
softwarein order to store the data fromultiple platforms to a singlappended Nasworks model. This

model acts as a safety data repository and a platform in whidBRR&Scan be integrated. THBRPS

(Phase 1ll) is presented @hapter @ata Retrieval and Processing Sys{@®RPS.

5.1.Phase Ii AssetSafety Identification Tool (ASIT)
Chapter4 of this research identifieshfety inputghat require a value assignedthg appropriate contract
entity (data sourcingprior to the utilization of the propos@RPS The Asset Safetydentification Tool
(ASIT) presented in this section sente® purposes in support of the framework:

1. Develops standard, comprehensive safety information for specific FM asset groups.

2. Mitigatestheunidentified andunstructured nature of safety informatimn specific assetahen it

is submitted to th&M Staff after the design and construction phase.

The ASIT is a tool that when executed can produce safety properties for an asset group by running the asset
information through the automated spreadsh&be ASIT guides the user througbafety property
developmenby requiringresponses tqueriesbased on the safety inputs identifiedTiable 20: Safety

Inputs and Protocols Evaluation ofthe safety inputs revealeda meronomy hierarchy (parthole
relationship) between the inputsThe ASIT captures and processeg ttmeronomy hierarchy using
conditional constructs imte f o r-mh e fi 0 A §.WUsirg eformationgegarding an asset group, a

standardized set of safety properties can be developed.

For exampleconsider three safety inputs identifiedTiable 20
9 Hazardous Energy / Live Current
i Disconnect Location

1 Voltage
In order to perform maintenance on any asset, a FM worker would want to know if the asset requiring

maintenance had hazardous energy, a disconnect location, and a voltage. However, eviibatioputs

reveals the meronomy hierarchy. If the asset does notzaraedous energy / live current ,
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t hen t herdisconneatl6catiorb e aorvoltage to considerTherefore, a formula can be

developed to capture the relational data between thgsinp

| F Hdzardous Energy/Live Current 0 = TRUE) , DiscbhnaddtLdcation 0
AND AVol t afigeeo >

| F Hdkardous Energy / Live Current 0 =ALSE,THEN A 0

The above states that if thlmzardous Energy / Live Current is ATrueodo, then a v
assigred toDisconnect Location andVoltage . If Hazardous Energy / Live Current

is AFal seo, no additional information is required

The safety inputs within the ASIT are structured within three categories, primary, dependent, and

independent. In the above exampilazardous Energy / Live Current is a primary input. A
AfyesO response to a primary input, prompts the ASI
The dependent inputs in the above example @isconnect Location and Voltage . An
independen i nput is similar to a primary input, requi

additional information and therefore does not carry any dependent inputs. An example of an independent
input from Table 20is Outdoor Environment . A 0y exse doOutdes jErvironment

notifies the FM user that the asset requiring maintenance is outdoors, but safety protocols associated with
the outdoor environment (hemtditigation cold mitigation, weatherconsiderationsetc.) are variable and
thereforearenot be stored within the asset.

Using the ASIT, a FM department can develop a comprehensive list of safety properties based on the assets
within their facility. These safety properties can then be stored within the singulabd&i&tl repository
and valuegan be assigned for each as&scdfion 5.2 Data TransferJhrough continuous iteration and
the use of diverse test cases, a standardized list of safety properties can be developed for all asset groups.

Appendix 1013 presents theomplete list of thenterrelated safety inputs as they are formulated in the

ASIT. Figure 25 graphically identifies the various parts of h8IT with a text description of each part on

the following page

76



InoAe [enu| 1ISY :Gg 8inbi-

77

LI3NNOJSIT ! ANO3 TWNNYIW
ﬁ\ask\&khak;




1. Item Name& The name of the piecd equipment as it is presented in the model. The name in this
box must match the name in the model in order to enact the data transferegriedentin this
chapter.Each piece of equipment requiring data loading will have its warksheetwithin the
spreadsheet
2. Primary Inputs A user wi |l | respond fiYeso or fANoo to ¢ttt
in this section will prompt the user to input additional Dependent Inputs
3. Dependentinputt Based on a fAYeso r espon sfieinformatiomisPr i mar

needed in order to deliveletailed assehformation to the FM user. The type wdlueis dictated

by theDependentinput For exampl e, the Dependent I nput AH
or a ANoodo val ue, twrbquileean tnpueipodndsédigugeh26 presentsap u

example of an active Dependent Input sectiom t hi s exampl e, t he Pri ma
Energyo i s given a -1 Ymeasion traeismpso nasmre ealse cPtarnied alP c

response, thesermu st popul ate the values for the associ
a. Disconnect Location (Panel Number)
b. Secondary Feed Location (Panel Number or None)
c. Approximate Disconnect Distance (in feet)
d. Voltage (in volts)
In order to aid theleveloper during theagety property identification phaseonditional formatting
is used when a safety input requires a valireexample of this is presentedhrigure 26 with the
inputs requiring a value being highlighted green
4. Input Verification SystendVS) i In additionto the conditional formatting of the Dependent Inputs,
the IVS runs a system check t@rify that all of the inputs requiring values have been executed
When presenting a red color, a value is missing for the applicable input. In addition, the IVS will
notify the user of what error is occurring within the input system. Upon populating applicable
values, the IVS will changbackt o gr een and read nASVhsttreom Check
checking is depicted iRigure 26.
5. Independent Inputs Requi r e ra ffNoeds Or eospons e, however, a f
require additional information (i.e. these inputs do not have corresponding Dependent Inputs).
These inputs play a role in tiZRPS but duringsafety propertydentificationonly require the

binary respase.

Figure 27 schematically presents the workflow of #h8IT system.
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In order to test the ASIT functionality, four diverse assets are run through thensysbrder to develop
standard safety properties for ducts, industrial-fioadl boilers, paper rewinders, and ammonia tanks on
an ice rick compressor package. Uskmpwn O&M information regarding the asspe and the ASIT,

the followingTables21-24 presenthe standardized safety properties for each of the four assets tested.

Table21: ASIT Developed Safety Properties fBucts

Input Type ‘ Inputs Value

Primary Overhead Equipment <User Input Required>
Dependent Maintenance Working Height <User Input Required>
Dependent Weight <User Input Required>
Dependent Support Structure Type <User Input Required>

Primary Maintenance Requires Lift System <User Input Required>
Dependent Maintenance Workig Height <User Input Required>

Primary Environmental Decibel Level <User Input Required>
Dependent Environmental Decibel Level (indBA  <User Input Required>

Primary Environmental Air Quality <User Input Required>
Dependent Asbestos Present <User Input Required>
Dependent Particulate Present <User Input Required>

Independent Outdoor Environment <User Input Required>

Table 22 ASIT Developed Safety Properties fordustrial CFBoiler

Input Type ‘ Inputs Value

Primary Environmental Air Quality <User Input Required>
Dependent Oxygen Deficient/Enriched/CO Env. <User Input Required>
Dependent Particulate Present <User Input Required>

Primary Environmental Decibel Level <Userlnput Required>
Dependent Environmental Decibel Level (indBA  <User Input Required>

Primary Hazardous Energy/Live Current Preser Yes
Dependent Disconnect Location <User Input Required>
Dependent Secondary Feeldocation <User Input Required>
Dependent Approximate Disconnect Distance <User Input Required>
Dependent Voltage <User Input Required>
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Primary Manhole / Tank / Confined Space Yes
Dependent Valve Location <User Input Required>
Dependent Secondary Valve Location <User Input Required>
Dependent Approximate Valve Distance <User Input Required>
Dependent Harmful Temperature <User Input Required>
Primary Heat/Cdd Producing Asset Yes
Dependent Harmful Temperature Yes

Table 23 ASIT Developed Safety Properties fBlaperRewinder

Input Type ‘ Inputs Value
Primary Automated Crushing/Rotating/Slicing | Yes
Mechanism

Dependent Limit Switch Location <User Input Required>
Dependent Harmful Force <User Input Required>
Dependent Disconnect Location <User Input Required>
Dependent Secondary Feed <User Input Required>
Dependent Approximate Disconnect Distance <User Input Required>

Primary Hazardous Energy Yes
Dependent Voltage <User Input Required>
Dependent Disconnect Location <User Input Required>
Dependent Secondary Feed <User Inpa Required>
Dependent Approximate Disconnect Distance <User Input Required>

Primary Maintenance Requires Lift System <User Input Required>
Dependent Working Height <User Input Required>

Table 24 ASIT Developed Safety Pperties forAmmoniaTank

Input Type ‘ Inputs Value

Primary Suction/Pressure Lines Yes
Dependent Valve Location <User Input Required>
Dependent Line Size <User Input Required>
Dependent Harmful Force <User Inpa Required>
Dependent Secondary Valve Location <User Input Required>
Dependent Approximate Valve Location Distang  <User Input Required>
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Primary Environmental Air Quality Yes
Dependent Chemical No. 1 Present Liquid Anhydrous Ammonia
Dependent Chemical No. 2 Present <User Input Required>
Primary Environmental Decibel Level Hazard | <User Input Required>
Dependent Environmental Decibel Level <User Input Required>
Primary Manhole/ Tank / Confined Space Yes
Dependent Valve Location <User Input Required>
Dependent Secondary/alve Location <User Input Required>
Dependent Harmful Temperature <User Input Required>
Dependent Approximate Valve Location Distang  <User Input Required>
Dependent Chemical Storage <User Input Required>
Primary Hazardous Chemical Yes
Production/Transmission
Dependent Chemical No. 1 Present Liquid Anhydrous Ammonia
Primary Heat / Cold Producing Asset Yes
Dependent Harmful Temperature <User Input Required>
Primary Overhead Equipment <User Input Required>
Dependent Maintenance Working Height <User Input Required>
Dependent Weight <User Input Required>
Dependent Support Structure Type <User Input Required>
Primary Maintenance Requires Lift System <User Input Required>
Dependent Maintenance Working Height <User Input Required>
Independent Outdoor Environment <User Input Required>

In Chapter 7 System Architecture Validatiohe developed standardized safety properties are validated
based on specific FMest casedltilizing the particulars presented inobatest case (i.e. environmeasset
location, actor, etc,values are assigned to the asset and comprehensive safety information is available for
the DRPS to process

As more assets utilize the ASIT for safety property identification, an expanding list of assets are available

to desig, construction, and FM users for data loading.

For each assegroup in any project, the standardized safety propertimsst be stored bythe

desig/construction professionalgthin one of two repositories. Th@opertiescan be input into a native
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model (e.g. the mechanical model developed by the mechanical subcontractor), or the information can
remain within theASIT spreadsheefAs an Excel spreadsheet the properties and values stored in the ASIT
can be easily copiedver in order tcexecute a data tnafer as presented Bection 5.6 Data Transfer
Mechanism for BlMBased Frameworkf this chapterRegardless of the method of storage, transferring

the safety data from the design and construction phase to the FM phase is challenge that requires resolutio
in order for theBIM -basedFramework to function properly. The next section will cover PhaseDkta
Transfer, presenting the challenget data transferthe current market solutions, and thiensfer

mechanism this research utilizes.

5.2.Phase Il Data Transfer
Upon completion of Phasedpplicable safety data needs to be transferred into an Appended BIM Model
as presented iRigure 24. In an effort to continuously streamlitiee process of data transfarsignificant
amount of research and developmeas been placed on the utilization of building information models as
O&M data storage repositories. Utilizing BIM to store O&M data throughout the lifecycle of the project
allows for an Owner to obtain a comprehensive model at the completion of thet.pgrgeever, this
process of BIM data transference is still in its infancy and although great strides have been made, many
handover issues still exi¢Cleveland 2013 This sectionwill explore the use of building information
models as a data transference tmi handoverof applicdble data to be used during the facilities

management phase.

5.2.1.Data Handover Challenges
The transfer of data from the design and construction phases to the facility management phase has remained
greatly unchanged for years. Hard copy/electronic O&M manfilssharing, and project management
hubs, is currently the industry standard. The handover process of information necessary for facility
management (e.g. 4miilt drawings, operations and maintenance manuals, parts list, etc.) continues to
deliver suchinformation using a combination of paper printed documents and digital versions of printed
documents. This combination of pagiErsed and digitdbased formats have proved unsuitable for the use,
maintenance, and management of such information. The rgapbtite information delivered is still held
in documents that do not have a formal structure, making it difficult and time consuming for direct input
and interpretation by the computerized facility management system. Those who need to utilize the
informaton provided must go through the additional step of reading the documents, synthesizing and
extracting the needed information, and transforming the data into a structured format before inputting the

information into the FM system.
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Moreover, design and ostruction documents are not typically turned over to the FM staff until the end of

the construction phase. Waiting until the completion of the construction phase / project handover to deliver
the needed information, in a largely unstructured format,teeisuseveral problems. Mainly, requiring FM

staff to recreate and assemble information that has been developed by others, resulting in a slowed handover
process, a reduction in the ability to find all the necessary information, and an increased chamcs of

and omissions through the tirgenstrained transcription process.

In addition, issues associated with the current approach of information transfer is the suitability of the
information format for later use during operations and mainten&atlen and Palnmg2006)defined four
major categories of information forms and formats as showigimre 28. Information is either structured

or unstructured. Both can be proprietary or standard.

A
Desired
S m—— _ — Information
. -
Structured ', Structured REmat
Proprietary \ Standard
> ~ ’
¥ -~ -
o
©
3 Typical Format of
& A T S _ = Informationin
Ve N |-
| Unstructured Unstructured ¥ Standard Handover
N\ Proprietary Standard 7/ Processes
~ -~
~a o - -
. >
Longevity

Figure 28: Longevityand Reusability of Information Forms and Format&dopted from Fallon and
Palmer, 2006)

AStructured datad can be accessed and manipul at e
intervention and is the preferred form to be used in downstream automated processes or when regular
updates are requiredihis form allows for automatédand therefore cost effectidesearch, retrieval, and

update, while maintaining the intelligent information content. Structured information may be quantitative,
descriptive, or graphical. There are a number of proprietargtated data models. Examples of structured

data formats include information fields defined by the Construction Operation Building Information
Exchange (COBig)jEast 200Y.

AfUnstructured Dat ao i s a 1nterpreted, t requiringh manuallg entansiet be

interpretation and transcription by the facility staff. Exaraphelude electronic images and electronic .pdf
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documents. This form of information is suitable for read only access but unsuitable for an automated

framework.

Proprietary format s, al so referred to daspeciimati veo
software vendors such as CAD programs. Longevity of such formats is sensitive to changes and
modifications made by the vendor or discontinuation of the product, rendering the proprietary data

unusable.

Standard formats i dsl|l wde AfFAPd MhboO st baddads. A Ad
proprietary formats that have been made publically available and are supported by multiple vendors with
publ i shed specifications. This assures dadards | onge:
are supported and maintained by official standards organizations such as the Industry Foundation Classed
(IFC) maintained by the Building Smart Allian@¢ational Institute of Building Sciences buildingSMART

alliance 2014 In addition to longevity of data stored in this formais &lso more flexible and useful given

the format is typically developed through a consensus process.

The majority of the information submitted at handover is unstructured, with some being proprietary, and
others standard. This is represented by the twmet left and right quadrants iRigure 29. The most
efficient format for the purpose of supporting maintenance and operations is structured and standard
information. As shown in the top right quadrantFidure 29. Utilizing a standard and structured fam

greatly mitigates the need to identify, synthesize, and transform the data.

Within the construction industry and amongst facility owners, there is an interest in the utilization of BIM
during the FM phas@ecerickGerber et al. 2002 The use of BIM as eepository of information is an

intuitive step in the evolution of the submittal and O&M process, however the usage of BIM for data
transference continues to be rare. The minimal use of BIM as a data transference tool can be attributed to a
number of isses. Issues such as model updates, a shortage of BIM skills by FM staff, a lack of collaboration
between project and end user stakeholders, contract and legal framework, and interoperability, all contribute
to the low utilization of BIM for FM(BecerickGerber et al. 201 Zast and Brodt 20Q0Kelly et al. 203B;

Teicholz 2013

Arguably, the most complex issue faced by project teams, and where a significant amount of research has
taken place, is interoperability. Within any project, a number of softwaseba utilized to design the

facility, plan the work, store and exchange the information, and execute FM tasks. This creates a mismatch
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of file extensions and proprietary systems that cannot communicate tq@atweiand 2014 Recently, a
significant push has been made to incorf@erations and maintenance information into BIM models

for facilities maintenance and the linking to FM software. Through the use of BIM interoperability, virtual
databases, and adds such as COBie, an improvement in O&M storage and retrieval hasadigeved

to some extent; however, these systems are still not evolved enough to handle all the interoperability. Due
to the remaining inefficiencies within the system interoperability, a number of current market solutions

have been developed to wegtkourd the issues.

5.2.2.BIM -FM Data Transfer Current Market Solutions
The industry is quite aware of the handover issues and a great deal of research and development has been
done in order to mitigate the problems. To déte broad strategies for data handoveistin order to
circumvent current market deficienciés hard entry, interoperability, middlewar®pen Database
Connectivity (ODBC) and Application Program Interface (APTjhe decision to utilize one or more of
these strategies, independently or indiEm, is based on a number of factors including existing hardware
and software infrastructure, worker training, budget, and user system goals. A greater explanation of each

strategy are as follows:

1. Hard Entryi Utilizes attribute and value data inputs. utgocan be stored in a 3D model or nhon
model format (i.e. Microsoft Excel).

2. Interoperability i Utilizes software compatibility to transfer relevant information from the
native/design file to a different software.

3. Middlewarei A compat i bi | &llbws fofinbrinterdperable saftivaaetapplications to
transfer information (i.e. EcoDomus).

4. Open Database Connectivif@DBC) 1 An open standard application for accessing an existing
database.

5. Application Program Interface (API) Sends a programming reegt to a data source with

instructions on how to develop a response, and returns the response.

Often, in order to effectively execute data handover, two or more stratagielse utilized in tandem.
Although handover issues are complex and current maykétms remain imperfect, many problems can

be circumvented with proper planning. Utilizing data exchange frameworks, analysis, and modeling,
researchers and developers are actively working to synthesize and seamlessly bridge the gap between

design, constrction, and FM.
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This section reviews three real life examples that utilized data transference and data storage in order to
utilize BIM for FM. All of the examples below were executed in order to transfer O&M information in lieu

of the safety informatiorhat is transferred within the proposed safety framework. Although the variation

on data type exists, the processes/procedures employed are still relevant. This section will not present all
the possible methods or software combinations and is not inteagedsent a comprehensive list of all
BIM-FM examples, rather it is intended to show that data transference is possible if the appropriate planning
takes place. It should be noted that although these instances would be considered successful data
transferene examples, each case identified limitations and issues associated with the transfer.

The examples presented here utilize summaries and schematic graphics to present data transference.
Schematic graphics are intended to present a general flow of dateebhephases and software. The
following examples all utilize Autodesk Revit in some capacity as a design software and/or O&M
information repository. This circumstance is a reflection of the software popularity, not an inclusion criteria

of this section.

5.2.2.1. Case 1: Using Hard Data Entry, Interoperability, & Middleware [EcoDomus]
for BIM-FM Data Exchange

The USC School of Cinematic Arts initiated a project in 2007 requiring the construction of six buildings in
three phasefTeicholz 2013. BIM was utilized for architecturaltrsictural, and MEP disciplines and the
implementation of BIMFM was required from the start of the project. The USC case study is unique in the
fact that as the phases progressed, so too did the requirements f&iVBiMplementation. This case
presents groject team that evolved along with the technologies and transference limit&igune 29
graphically presents the data transference path for the USC Case Study.
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Figure 29: Data Transference Path for USC Case Study

The following presents the floaf data utilizing the numbers presented witRigure 29.

1. Architecture, MEP, Civil, and some structural models were created in the Autodesk suite, while
the structural engineer utilized Tekla for structural design.

2. The various models were appended ingvisworks to create a comprehensive model and utilize
tools such as clash detective for trade coordination. The data being transferred at this point is
largely graphical.

3. The comprehensive model along with some FM applicable data was exported to Eco®omus,
middleware softwar€ecoDomus Inc. 2016

4. EcoDomus was the primary repository for FM applicable information, as well as the mechanism
for transferring data to USCO6s three online
of the data placed intecoDomus was hard entered into the system or transferred from models
via COBie.

5. EcoDomus software also maintained direct links to the online based FM software for easy

reference.

As previously mentioned, the project team was aware of the requirememtpl®@menting BIMFM, but

a detailed understanding of what that entailed continued to evolve along with the project. Aside from these
planning issues, a few software limitations were identified within this case study. These limitations are
presented below.
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9 At the time of this case study, direct transference could not be executed between the BIM authoring
tools (Revit & Navisworks) to the CMMS System. This required the use of EcoDomus, as a true
middleware, for items created in Revit that are better stotbe stored in the CMMS System (i.e.
component schedules).

1 Not all subs maintained a Revit license and therefore the use of 3D models during the construction
phase needed to be exported as 3D DWGs and imported into compatible software.

1 Theuseof COBiewan 6t i mpl emented until Phase 3 (the f
what data was needed to be transferred and how that data is stored was vague and disorganized
leading up to that point.

This case study presents a number of complex softwarelanning issues. In spite of that fact, it stands

as an excellent example of problem mitigation and team collaboration. This case successfully transferred
and organized significant amounts of data utilizing software with minimal interoperability. Tha use
middleware (EcoDomus) played a large role in this implementation, as a data storage and transference
mechanism. As interoperability continues to evolve between FM software and design/coordination
software, the cost and software requirements for-BMwill likely improve.

5.2.2.2. Case 2: Using Interoperability & Middlewar{FM Interact] for BIM-FM Data
Exchange
Mathworks, Inc. initiated a project in 2005 to add a building to their existing corporate c@hemiwlz
2013. A major factor in the award of the contract wasithglementation of BIM. Similar to many owners
implementing BIMFM for the first time, the level of development and requirements for data evolved along
with the project. Additionally, many of the subcontractors had various levels of 3D modeling capabilities
and therefore a third party BIM consultant was utilized to create a comprehensive RevitHigaael30

presents the data transference path for this project.
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Figure 30: Data Transference Path for MathWorks, Inc. Case Study

The following presents éhflow of data utilizing the numbers presented wiffigure 30.

1. ABIM Consultant is contracted to develop 2D AutoCAD models, completed by the various project
team entities, into a comprehensive 3D model with a link to the existing 3D architecturessiell,
and interiors. Ultimately, a linked Revit model would serve as the final comprehensive model. Data
during this phase of the project is almost exclusively graphical.

2. The linked model uses clash detective within Navisworks to prevent conflicts within linked
models.

3. The BIM model, along with the equipment model, properties, and manufacturing information
assigned to each piece of equipment, is integrated into FM Interact. These systems have built in
interoperability.

4. Once integrated into FM Intertaclata can be added or adjusted within the Revit model through the
FM Interact addn.

5. FM staff can access important FM data and model graphics through the FM Interact online portal.

The limitations encountered by the project team are as follows.

1 As with many projects involving subcontractors, not all project entities had 3D capabilities. In

many cases, implementation of BIFMM would require the 2D drawings be developed into a 3D
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model . |

n addition to the needot8D modelwhich gn

takes time and money, relevant data needs to be added later as the 3D models become available.

T Initially, the owner was not aware of the information they would need for FM. COBie was later

used as a reference source, but not as a @daisfér mechanism. Without using COBie as a data

transfer mechanism, applicable information had to be hard entered into the system.

This case study is a good example of a project that contains varying levels of 3D modeling capabilities. The

implementationof BIM-FM requires that all applicable systems be modeled. Without these capabilities,

t

additional considerations and cost allocations are needed to get these systems into the appropriate format.

5.2.2.3. Case 3: Using Interoperability and Proprietary System3BMM] for BIM-

FM Data Exchange

The BIMFMM Case study is a research project executedlibyand Su (2013Yhat utilizes Revit,

Navisworks, Open Database Connectivity (ODBC) and a humber of subsystems to create the BIMFMM

mobile system. The BIMFMM system was designed to allow for FM staff to accedssmed|M models

and relevant FM data within the field utilizing a mobile deviigure 31 presents the data path of relevant

FM information when implementing the BIMFMM system.

©
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Generate Graphical Data

Define FM Data

ODBC Integrated
—_—

®

BIMFMM
System
(Mobile)

Figure 31: Data Transference Path for BIMFMM Case Study

The following presents the flow of data utilizing the numbers presented Witjine 31.
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1. Revit Architecture and Revit MEP are utilized for graphical representation of the facility, as well
as data storage. The BIM models retained basic description data, panatadeer information,
maintenance records, and facility maintenance management reports.
Navisworks was utilized as a model integrator to create a comprehensive model.
Information integration between the 3D models was achieved by writing code using the Navisworks
APl and Microsoft Visual Basic.NET programming language. This was done in ordikertahie
needed information and eliminate the information that was not relevant to the system. Lin and Su
(2013) describe the system integration as follows,
AnThe Bl MFMM system was developed by integrat,|
maintenanceelated information using Navisworks APl programming. Open Database
Connectivity (ODBC) was utilized to integrate acquired data from different software programs and
all maintenance information, such that BIM files can be exported to an ODBC database for
conneti on with the Bl MFMM system. 0

4. The BIMFMM system utilizes a number of interetsed subsystem modules and SQL servers to

provide upto-date information to the mobile devices in the field.

The limitations encountered by the project team are as follows.

1 BIM models require constant updates as new equipment is purchased, maintained, or replaced. A
system needs to be in place to address these future updates.
1 As data is integrated within the BIM models, the NWD files become quite large and cumbersome

to dowroad from the SQL servers. Downloads would range frem&nutes.

5.2.3.Summary
As the above examples show, there are multiple ways to circumvent the interoperability issues inherent
with varying software applications and various levels of modeling capesilifio date, there is no single
accepted method of data transfer between platforms. By continuously testing new and varying transfer
processes, -awalywab lceanfitbaek e denti fied from a given s
a transfer mecham. Through the lessons learned, the data transfer mechanisms employed within the

proposedsafety framework is developed.

5.2.4.Data Transfer Mechanism for BIM -BasedSafety Framework
For this research, two basic input phases are utilized as sinoligure 32, a combineddesign and

construction phase and a FM phaBerough multiple avenues of input, from different contract entities, at
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various times in a buildingbds I|lifecycle, safety

Navisworks model.
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Figure 32: Data Inputs at Three Input Phases

In conjunction with the mukphased input, this research incorporates two of the four data handover
strategies presented 8ectionb.2.21 Interoperability & Hard Entry

1. Data Input Through Interoperabifit
Relevant safety information captured by the design/build team (i.e. contract entity input) are
captured and stored as parameters or attributes in the native models that are directly imported (i.e.
appended) in the federated Navisworks model. This rroaletd approach for data capture and
exchange can use various file formats for the 3D model (populated with the necessary safety
relevant data) including .ndr .ifc formats.

2. Hard Entry:
Non modelbased relevant safety data produced during the designaastriction phases or
additionalneeded safety information defined by FM staff during the O&M phase are entered into
the appended Navisworks model using direct input, utilizing two data entry tools: Selection

Inspector and DataTools.
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Figure 32 graphicallypresents the overall data transfer mechanism employed within thd&ibt safety

framework, while Sectiob.2.5provides a proof concept example.

The following is a detailed description of the different stepSigdire 33:

1. Relevant safety informatioregerated by various contract entities (designers, consultants, GC, and
trades) are captured and stored as parameters/attributes in corresponding native models and
appended into a single federated BIM using Navisworks. This ni@deld approach of data
loadng a model is efficient, as interoperability between many file extensions and Navisworks

allows for a graphical and data transfer.

When appended in the Navisworks environment, safety data from each model is grouped under a
different tab with a systemdefined name dependent on the native file format imported.

In order to make changes to the mebased data, add other non meblased data (generated by
contract entities or FM staff), or reorganize and group all data under a single tab with a user defined
name, data needs to be exported, modified, then imported back to the federated model. This is
achieved using the export and import data manipulation tools from Navisworks: Selection Inspector

and DataTools respectively.
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Figure 33: Data Transfer Mechaism within the Safety Framework

Using the Selection Inspector tool in Navisworks, appended safety information can be filtered for
graphical objects representing the specific equipment targeted for maintenance. Data is the exported
to a CSV file and savas an Excel file for modifications. Edits to the data can be manually entered
in the Excel spreadsheet
Non modelbased relevant safety data is directly input by the user in the excel spreadsheet. The
user can define new properties (columns) and valudahdatorresponding objects, or can modify
existing properties exported.
Once all modifications have been made and new properties and values are added, all data is
imported back into the appended Navisworks model using the DataTools function-defised
name can be given for the new tab under which all appended safety information will be saved for
each graphical object.

a. Additional safety data can be added directly within Navisworks with the Add New User

Data Tab function. This allows for some flexibiliby data input as long as the amount of

information to be added is small.

Once all data modifications and manipulation are complete, all relevant safety information for the

equipment targeted for maintenance can be exported and used to interact iR e
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5.2.5.Data Transfer Mechanism Proof of Concept
This section presen@n example of the data transfer mechanism describEdyime 32. The proof of
concept model, presentedkigure 34, is a representative model of a compressor room in an ice skating
rink. This model presents a partial compressor package and electrical system with many of the room and
compressor elements removed in order to provide clarity to the equipment being utilized within the proof
of concept. By presenting a compressor room, a nuwibbazards can be presented in a single space.
Hazards present within an ice skating compressor room include hazardous energy, chemicals (ammonia),
automated rotating mechanisms (motors), hazardous decibel levels, overhead equipment, pressurized lines,
and heat producing assets. In additibigure 34 presents the equipment that this proof of concept will
utilize, a 480V electrical panel, a pump, and a compressor.

Figure 34: Proof of Concept Modei Compressor Room

In this proof of concept, apphble safety information is loaded into the graphical model through three data
transfer mechanisms. First, existing information is input into the native design file developed in Revit 2016.

This is executed through the use of shared/project parametessaiaasigned to pieces of equipment. This
phase simulates the input of data aModdleddmsti godc
transfer presenteith Table 20. Onceshared or project parameters are added to the project and input into

the various applicable equipment, the properties and associated values can be manipulated through
Schedul es/ Quantities in Revi-Mo@OINLSG.i Cpmpl phavse o$
a model export from Revit 2016 into Navisworks Manage 20ti6gig the design model into Navisworks

allows for other models in compatible formats (.rvt, .ifc, .dwg), executed by others, to be brought into a
single model space for coordination. Once appended into Navisworks, the safety inputs within the various

mokl s are available in the AProperties Tabso of
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presentation of the safety inputs, and the other properties available within each tab is a function of the native

file extension being brought into Navisworks.

Table 5pr esent s

t hMo dieNact iivnep uBtIsM ut i | i z eFibure 35 prdsdnts s
how the information is presented in Navisworks Manage 2016.

Table : Proof of Concept Data Inputs
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Compressor

Property

Electrical Disonnect Location
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Beyond t he -MoNlaetliovel nBpluM s, and as additional saf et
buildingbés I|ifecycl e, two additional me chOirecn i s ms
Inputd  d iaputs are both represented within this phase and are executed using one of two data transfer

mechanisms:

1. Add New User Data Tab in Navisworks 2016
2. UsingSelection Inspector andDataTools to add data externally in an Excel file and re

import into the modl.

Although both data transfer mechanisms result in the same comprehensive, safety data loaded model, the
selection of which mechanism is important for efficiency and organization. The Askl dlew User

Data Tab is most efficient when inputting safetyputs for a single, standalone piece of equipment. This
scenario is likely when FM staff install a new or updated piece of equipment and the safety inputs need to
be added to the graphical element. Ustadection Inspector andDataTools s utilized when

bulk additions or inputs are required for a system. This transfer mechanism is also recommended for most

y
Q

iNon 3D0 data inputs as the information is 1|ikel"

submitted to the FM entity.

5.2.5.1. Add New User Datdab

Once appended into the Navisworks model, additional relevant safety data that was not input into the native

model, can be added usiRgoperties > Add New User Data Tab. The use ofAdd New

User Data Tab  is a viable solution for adding information taividual pieces of equipment. For bulk
data loading, the utilization ddataTools andSelection Inspector is recommended. To add a
new tab, right click in the properties space aad New User Data Tab. This creates a blank tab

titl ed fUs elckin@ia thia new taliRallayvd the user Rename Tab andlInsert New

Property . Figure 36 presents the new safety property input into the compressor package.
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Figure 36: User Defined Safety Property Us

5.2.5.2.  Selection Inspectorral Data Tools
The utilization ofSelection Inspector andDataTools within Navisworks is a viable option to
add or adjust multiple properties to a number of graphical elements. This process, although more labor
intensive than previously presented process&sys for data loading of multiple graphics. For this proof
of concept model, a typical concern within a compressor room is the significant environmental decibel level
that is generated when the compressor system is running. Because of this, headtigipistrequired in
the compressor room. In order to add this safety property to the environment (room), all pieces of equipment
will inherent this safety property. By doing this, the safety property will be presented regardless of the
user 6 s eetpadionp ment s

In order to add additional safety properties or adjust existing user defined properties to each piece of
equipment, Selection Inspector and DataTools are utilized export and tienport safety
information.Selection Inspector allows for the filteing of specific properties for selected pieces

of equipment. This step is important in order to identify which properties a user wants to adjust or place
into a new properties taDataTools is utilized in order to rémport the added/adjusted informatioack

into the graphical modeFigure 37 presents the relevant information that needs to be exported using
Selection Inspector for this proof of concept, whil€igure 38 showsthe added information in

the exported CSV file. It is important to note thas ttype of data manipulation requires Microsoft Office
64-bit.
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Once the new information is added to the Excel Worksheet, the file needs to be saved as an XLS. This
needs to be done in order to reimport uddajaTools . At this stage, Navisworks should be reopened
and Data Tools launched. A n&@ataTools Link needs to b addedFigure 39 presents the information

that must be added in order to map the Excel file to the graphics of the Navisworks file.

Valve Location

Heat Producing Asset
Electrical Disconnect Location
Automated Rotation

Approx. Disconnect Distance
Approx, Valve Distance

DBQ=C:\Users\emw0002\Desktop\Dissertation\TTCon Paper 2015151, Export.dsx;DefaultDir =C:\Jsers -
Yemw0009\Desktop\Dissertation\[TCon Paper 2016;Driver ={Microsoft Excel Driver (*.xds, *.xsx, *.xlsm,

= xlsb)}; Driverld=1046;FIL=excel

12.0;MaxBufferSize=2048;MaxScanRows =8;PageTimeout=5;ReadOnly =1;SafeTransactions=0; Threads=73;
UID=admin;UserCommitSync=Yes;

[ Hold open for application lifetime

50L String
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Electrical Disconnect Location
Automated Rotation

Approx. Disconnect Distance
Approx, Valve Distance

Figure 39: Data Tools Information
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1. A name is given to the neldataTools Link. This name will become the hametbé properties
tab in Navisworks that includes all of the pro
2. Using an ODBC Driver connection, a link is made between the Excel file and the Navisworks file.
Upon selecting the file iBetup . The mapping of the twiiles is automatically generated.
3. An SQL String needs to be written in order to link the information in the Excel file to the applicable
graphics in the Navisworks file. This is executed by mapping the specific equipment name, known
as Altem Name&ksintNavihe Al tem Nameo column i n

follows:

SELECT * From [S.I. Export$] Where “Item Name”= %prop (“Item”, “Name”);

f f f

Column Name in Excel Graphic Identifiers in
to map to Navisworks Navisworks in order to
map to Excel

Sheet Name in Excel

4. User needs to input theield Name t hey wi sh to see under t he
Propertiesd tab. For this exampl e, t he fAName
AEmwinment Deci bel Level 06 property wild/l be map,]
values will be transferred to individual graphiEfgure 40 presentshe added safety properties in
the newly devel oped @Saf et ynel Bpomtheeexecutian ofothet ab f

DataTools process.
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ILEl Viewpoint Review  Animation  View Output [EUREIN BIM 360  Render

a-
] [} CB} R, Find rems =N E‘ L = EE o] @ (= [ Appearance Profiler =)
O 0L ¢ a Qe g ; & & OB B | E horere | (b
Append Refresh Reset  File || Select | Save  Select  Select [Selection| - Hide Require  Hide  Unhide | Links | Quick s| Clash  Timeliner Quantification Autodesk Animator Scripter ’ DataTools
M All.. " Options T |sclection Al T Same’| Tree |[Elses v B Unselected Al ~ Properties| Detective Rendering
Project ~ | Select & Search ~ | Visibility | Display Tool
v X
es ([«
Valve
Compressor!
105
480V/3ph/60Hz
Caution - Hat
Panel 1038
Yes
12
Properties JURD4
[1tem [ Revit Material | Autodesk Material | Element ID | TimeLiner | Safety Properties [ ¢
Property Value
Mams Compressor]
Environment Decibel Level {dBA) 105
Voltage 480V/3ph/60Hz
Heat Producing Asset Caution - Hot
Electrical Disconnect Location Panel 1038
Automated Rotation Yes
Approx Disconnect Distance 120
Ready R = =

Figure 40: AddedS af ety Properties Under New A

This process can be repeated to add or update information. Once all the relevant safety information is stored

in the Integrated BNl Model, launching th@®RPSadds logic and guides the information exchange of the

safety data. As described Wietzel and Thabet (2015) i Based on the values assi
rules and process models guide the information logic and present the information via a graphical user
interface (iterface).
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6. DATA RETRIEVAL AND PROCESSING SYSTEM (DRPS)

Once all the relevant safety information is stored inAphpendedBIM Model, launching théORPSadds
logic and guides the information exchange of the safety Bafare 41 identifies thisfinal step within the
BIM-Based Safetfframework as Phase llI.

PHASE III

Data Retrieval and
Processing System

Safety Related
Native BIM
Model

e s Query
Data Transfer into
Single Repository Interface —

Response

[Retrieve]
Appended BIM >
Model [Return]

T Safety Related [
Native BIM
Model

Data Retrieval
and
Processing
System

|

Safety Related
Non-3D

[Generate]

Related

Information |- Safety

Protocol
Output

. 1 | FM Safety

Figure 41: Phase Il of theBIM -Based Safetyrramework

TheDRPShas two primaryunctions Hrst, retrieve the asset specidiafety inputs and valussored within

the Appended BIM ModeAccessing the data is the first step in order to etmagctiata processiran the
returned resultsThe second function of tHBRPSis to recognizeFM tasks that require user input and
subsequently launcthe query system. In order tproperly presenthie safety hazards and appropriate
protocols to the FM userthe decision making of the usawust be taken into accoutlthough many of

the safety hazards and protocols can be presented to the user based strictly on the asset being maintained or
the envionment in which the asset resides, the FM user will make decisions that will impact the safety of
the FM task. A example of this is the selection of a lift system in order to execute a task at eléMagion.
protocols regarding work on a ladder diffegrsficantly from working on a man lift. In order to present
taskspecific safety information to a FM worker, all of the factors regarding the asset, environment, and
approach must be knowdther examples of task specific queries are depictédbie 26 This list is non
exhaustive and while some standard queries can be loaded into the syateammerciaapplication, the

task specific queries within ti@RPSwould need to be customized to the particular facility.
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Table &: Task Specific Queries Lauthed by theDRPS(Examples)

SEVCWVARIIES) DRPSQuery Protocol

Maintenance Requires a Lift Identify the lift system utilized | Lift system specific

System for this FM task: <list availablg
lift system>
Voltage Yes or Nothis FM activity Lockout/Tagout

requires exposinkijve current?
<radio button selection>

Environmental Air Quality Yes or No, this FM task Welding in toxic, gaseous,
Hazards Present requires welding&radio button| chemical, and/or enriched
selection> environments
Maintenance Requires Lif Yes or Nothe current wind Lift system specific
System + Outdoor Environmen| speeds within the specified
+ Mechanized Lift System safety considerations for this
Selection lift system?<radio button
selection>

Retrieving stored asset information, Baag that information, and ultimately presenting the applicable,
taskspecific protocols to the FM worker is the primary objective ofDR®S This chapter will present
the system architecture required to exethite objective, validate the system dtebture through various
FM test casesand present a proof ofonceptby presenting the conceptual GUI within the sequence

diagrams in the context of a selected test case.

6.1. System Architecture

In order to present the functionality of th®RPS three platbrms are utilized a product model, a sequence
diagram, and a conceptual GUI. A product magkds an objeatriented data structure to formally classify
information to support the exchange of data through a mechéiBastman 1999 By executinga product
modelthrougha UML Classlagrama t ype of A St acorcdeptua schemaor fragawarkn, 0
of data can be properly structured and stqritbne and Pitman 2005A sequence diagrana type of

i Behavi or apresebt$ hmwghjeetsintedact in a particular scenario over a period of (ufseial
Paradigm 2016 For this research, a sequence diagram is developed to present how the product model
classes interact and the system retrieves the relevant safety information. Finally, a ebriggptis

utilized in order to present the interface between the user a2RR& The use of a conceptual GUI in

correlation to the product model and sequence diagram in the context of a test case presents a proof concept.
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6.1.1.Product Model and Sequence agram Development
The product modelUML class diagram)n this research is developed based on the information obtained
through the firstwo phases of the Six Sigma methodoldgyefine and Measurdestablishing what safety
information is relevant to FMrorkers and how that information is related, sets the baseline for the product
model developmenEigure 42 presents th&/ML class diagram for thBRPS

Asset

-AssetNuame
-Safetylnformation

UserResponse TrecciveWorkOrder() AssetProtocols
tselectAsset() -MitigationProtocols
0..* +getPrimaryInpurs() 1..*%
+getDependentinputs()
+aetAssetProtocols()
+vertfylserResponsey| )
FeetUserResponse()

~TaskProtocol

tverilyProtocols()

—

Input
L:2* ¥ 0.*
Dependentinputs Primarylnputs IndependentInputs
-DependentValues -PrimaryValues -IndependentValues

Figure 42: DRPSProduct Model

The developed produatodel uses singlecore classand five sublasses in order to execute delivery of
safety informationAsset , the core class, is a robust class where the initial event takes place and is required
to distribute tasks, obtain the returned information, verify additional user input, and present the
conprehensive  safety  information. Dependentinputs, Primarylnputs, and
Independentinputs, are alldependent classes to the abstract diggst . Thelnput class is a
sulxlassto Asset and has no operatiofhe Input subclasdholds the properties andalues foreach

stored assetJserResponse  stores the task specific inputs that may or may not return a. vihese

inputs are presented only when a query system response is requimed.final sulslass,

AssetProtocols , maintains the hazard mitigation techniquasdach input.
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As shown in the product model, each class serves a function in the system architecture. In order to present
how the classes interact within the system over a period of time, a sequence diagram is developed. The
sequence diagraffigure 43) graphically depicts the steps that h@PSutilizes from receipt of an event

to the delivery of the safety information.

Asset Prinmaryinputs dependentinputs ndependentinput UserResponse AssetProtocols
T T T T T T
| | | | | |
X o | | | | |
receive WorkOrder | | | | |
.—’ | | | | |
| | | | |
| | | | |
AssetName | | | | |
| | | | |
. | | | |
getPrimaryInputs | | | |
| | | |
| | | |
Primary Values | | | |
K — = | | | |
| | |
! | | |
getDependentinputs | | |
\
T | | |
DependentValues | | |
P S | | |
| | | |
| : | |
| getindependentnputs | |
\
T T | |
| sy | |
| IndependentValues | | |
=== +t-——--- o it | |
| | | |
| | | | |
) | | | | |
verityUserResponse | | | |
| | | | |
| | | | |
| | | |
| [TaskProtocolRequired] getUserResponse | |
t t t |
| TaskProtocols | |
K i ey v 7 B o e Ny |
| | | |
| | |
| | getAssetProcotols | |
| | | |
| | | |
| | | |
| | | | verifyProtocols
| | L | |
| | MitgationProtocols | |
= ————— S i i S e e e S i e i o e e e | e ==
| | | |
Sl . y | | | |
SafetyIntormation | | | | |
e | | | | |
| | | | |
T | | | | |
| | | | | |
| | | | |

Figure 43: DRPSSequence Diagram
The initiation event in a FM task is often the receipt of the work avithran asset requirgnmaintenance

Within the sequence diagram, this event prompts the user to selectAgbigth is requiring maintenance.

Upon receipt of the Asset, the system can retrieve the storedrimarylnputs,
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Dependentinputs, and Indepentdentinputs for that specific aset.Once all the safety inputs

are returned, the system will call on itselMerifyUserResponse . By evaluating the returned inputs,

the system will check to see if additional task specific information is required by the user. For example, the

selectionof a lift system. Th&JserResponse is not required in all FM tasks and therefore is guarded by
[TaskProtocolRequired ]. If the specific task does require task specific information from the user,
the system will initiate the query system and retrieve tepamsesWith all of the inputsreturned the
system can retrieve the applicaldlesetProtocols . Before returning the protocolthe system will
once again call on itself to evaluate theormation throughVerifyProtocols . This function verifies
the retrevedprotocolsandexecutes the following tasks if required
9 Eliminate Protocol Redundanci@sAs shown inTable 20a number of Safety Inputs share Safety
Protocols (e.g. Hazardous Energy & Automated Crushing/Slicing/Rotating Mechanism). In order
to eliminate congestion or confusion in the output to the useQ®#Swill eliminate redundancies
of returned protocols and only present the information once.
9 Eliminate NonApplicable Protocols Based olblser Responsé Each Safety Input has a set of
Safety Protools that should be delivered if a value is available foiR&®Sto return. In most
cases this functionality works without intervention from BiRPS however,jn some instances a
userresponsevill require a decisiorto be executedoy theDRPSin orderto present the correct
protocol.

For example, the user selects ALadder o as thei

fall arrest system and therefore this protocol can be eliminated from the returned

MitigationProtocols . Thesciipt for this function is as follows:
IF ( TaskProtocols == fi ladder 0 ) {
return  ( MitigationProtocol s _.omit(FallArrestSystem/Anchorage )): }
ELSE {
return  ( MitigationProtocol s); }

The above rule states that if thaskProtocol s selected by the useriisL aedodhe system will omit
the FallArrestSystem /{Anchorage protoco.,. Thi s function is required
required while utilizing a laddeWith any otheilUserResponse (manlift, scissor lift, platform, etcthe

systemwill return thefull array of MitigationProtocols identified by the system
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Once thesystem verifies the protocols, tiditigationProtocols are sent back to the asset and
presented as structar&afetylnformation for userconsumptionThe Safetylnformation in

this researciplays an important role in tHeRPSsystem as a mechanism for presenting the protocols to
the user; however, the scope of this reseasxaiudesthe media in which this information is presented.
Currently, the system conceptually presents this informattextbased listing of safety hazards and
protocols. As shown in Chapter, 8uture research may identify a better mechanism to present this

information (e.g. videos, images, augmented reality, etc.).

Chapter 7 System Architecture Validatipresentghe lastphaseof the Six Sigma methodology, Verify
through a number ohechanisms to test the syst&mctionality.
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7. SYSTEM ARCHITECTURE VALIDATION

As with the development of any new process, validation through an existing evaluatb@nism is
important. To ensure that the product model deaigh sequence diagraexecuted withinhis research
elected to @lidatedthe systenbased o urkaslanBulbul and Akin (2007) This validation step requires
that the prodct model maintain three characteristics:

1. The Scope: the information covered in the data model is capal@presenting the attributes of
the domain.

2. The Flexibility: the data model is designed to have a modular structure, where new data can be
added or exchanged within the system without major edits.

3. The Support: the functional usage of the product model.

The first characteristic, scope, has already besidatedthrough the execution of tHeata Validation
interviews As the product model was developed from the validated data points collected within this
research, the attributes of the product model arfromd as domain specific. THiexibility of the product

model and sequence diagraritl be validated through FM test cas8y. backchecking theoroduct model
andsequence diagram on various scenarios utilizing multiple safety inputs, nuances to eacdb saa

be incorporated in order to validatetflexibility of thesystem If the product model and sequence diagram

is robust enough to not require major edits through all the test cases, the system is validated. Finally, the
functional nature of therpduct model and sequence diagram is validated through the incorporation of the
conceptual GUI. By presenting the product model and sequence diagram in the form of a graphical interface,
the industrial application or functional usage of the system is mezs@dditionally, this step will serve

as a proof of concept for tHRRPS

The following test cases are utilized in order to verify that the product model and sequence diagram
developed in this research function as intended. Each test case will prasanie FM task and associated
hazards. Running the system through multiple scenarios validates the architecture of the system. The test
cases utilized in this section are a combinatiamwoffatal accidents from the FACE reports awd typical

FM tasksvalidated by industry expert§he structure of each section is as follows:

The task being performed or the accident draurred.
The data loadedSIT as it would be presented for thpecificasserequiring maintenance.

Table summarizing thASIT data load.

P 0N PR

The sequence diagram with the applicable commands being executed based on the FM test case.
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Following the test cases, a proof of concept is present&edation7.4 DRPSProof of Concepby

incorporating one of the FM test cases with the coneégtaphical useinterface

7.1.FM Test Case No. I FACE Report 9013
A 2l-yearold worker died as a result of injuries sustained in &dd& fall from a scaffold. The victim was
a member of a simnan crew engaged in the removal of asbestygaminated ingdation from a series of
large ducts on the exterior of an electric power generation plant. The victim was removing asbestos
insulation from a large outdoor metal duct approximately 14 feet above the ground. The worksite was
accessed by tubular metal scddfing. The victim was working at the-idbt level of the scaffold. The
scaffold was not decked at this level. Instead, the crew had installed a singtet®/ 12inch plank across
the tubing. The plank extended beyond the tubing on both sides anatfastaned in position to the
tubing. Instead, the crew had driven two nails into each end of the plank at 45 degree angles to hold the
plank against the tubing while allowing them to slide the plank along the tubing to various areas where
they were workig. The nails on one end of the plank had loosened sufficiently to slip free from the scaffold.
The weight of the victim on the opposite end of the plank caused the plank to rise up in the air, dropping

the victim to the ground below.

Based on the abovevFtest caseyalues can be assigned to the ASIT identified safety properties for asset
groupDucts . Figure 44 presents the data load applicable for #scificFM test caselNote: Not all of
the necessary safety data presented iABI& is available inthe FACE Report but has been added in order

to present the appropriate data loadimgthis test case

112



INITIAL INPUT VERIFICATION SYSTEM (IVS)

[TEMNARE] ExteriorDucts ]
E k Bules F ionalit Input Data Backgroud
FPRIMARY INCUTS
Manual Crushing ! Rotating ! Slicing Mechanism (YES { NO) EQUIRED INPUTS
Automated Crushing ! Rotating  Slicing Mechanism [YES { MO) ] O REQUIRED INPUTS
Suction ! Pressure Line (YES { NO) ] O REQUIRED INPUTS
| Overhead Equipment [YES { MO) YES REQUIRES MAINTENANCE ELEVATION, \WEIGHT . & SUPPORT
Environmental Air Quality Hazards Present (YESING] YES AR QUALITY HAZARD TYPE DESIGNATION
{Environmental Decibel Level Hazard (YESINO] EQUIRED INPUTS
|Hazardous Energy { Live Current Present (YESINO) o] O REQUIRED INPUTS
Manhole or Tank [YESINO] EQUIRE uTS
|Hazardous Chemical Production Transmission (YESINO] u] O REQUIRED INPUTS
| Radiation (YESINO] REQUIRE N
[Heat/Cold Producing Asset (YESINO] m] O REQUIRED INPUTS
Maintenance Requires Lift System (YESING) YES REQUIRE WORKING HEIGHT
INDEPENDENT INPUTS.
Located on Roof { Deck (YESING] [u] O OUTPL
Outdoor Environment [YESINO) YES WEATHER CONDITIONS CONSIDERATIONS
Located at a Ledge Hole (YESINO) [u] O OUTPU
Exahust Producing Asset [YES.INO) ] OUTPLI
DEFPENPENT INPUTS

[Disconnect Mechanism Location (Manual Only)
| Limit Switch Location (Where In Equipment)
[Harmhul Force (vIN]

| Disconnect Location [Panel Mumber)
Secondary Feed Location (Panel Number or None]
Approximate Disconnect Distance (in feet]

| Valve Location [Valve Number]

Secondary Valve Location (Valve Number or None)
Line Size (in inches)

Approximate Valve Location Distance (in feet)
Harmful Temperature [Yes/No)

Maintenance Working Height (in feet] 14 SEl DATA SHEE
‘weight (in pounds) 4 Ibsisgft SENT TODATA SHEE
Suppont Structure Type [Platform, Threaded Rod, Ete. ] Unistrut SEl DATA SHEE
Lead Present [Yeasitol HNo SENT TODATA SHEE'
Orygen Deficient or Enriched ! Carbon Monoxide Environment (Yesito) No SEl DATA SHEE
Chemical Mo.1Present HNo SENT TO DATA SHEE'
[Chemical Mo. 2 Present (Hatmbul Chemical of Monel No SENT TODATA SHEE
Chemical Mo. 3 Present (Harmful Chemical or Mone) HNo SENT TO DATA SHEE'
_Panticulate Present [Yesillo] No SENT TO DATA SHEE
Asbestos Present [Yesilo) Yes SEl DATA SHEE
PCBs Present [YesiNo) No SENT TODATA SHEE
Environmental Decibel Level (in dBA]

Voltage (in volts)

Flooding Potential Exists [YesiNa)
Milliservients of Radiation
Chemical Storage [YES or Mone]

Figure 44: ASIT Data Load forDucts i FM Test Case No. 1

Table 27 presents thgalues required for thBucts for this particular test case.

Table 27: Test Case No. 1 RelevaASIT Datafor ExteriorDucts

Input Type ‘ Inputs Value
Primary Overhead Equipment Yes
Dependent Maintenance Working Height 14t
Dependent Weight 4 |bs/sqft
Dependent Support Structe Type Unistrut
Primary Maintenance Requires Lift System Yes
Dependent Maintenance Working Height 14t
Primary Environmental Air Quality Yes
Dependent Asbestos Present Yes
Independent Outdoor Environment Yes

Figure 45 outlines the process tiERPSwould execute in order to return results to the FM worker prior

to executing the FM task.
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Asset Prinwaryvinputs entlnputs pE; pULs UserResponse AssetProtocols

T T T T T T
| | | I | |
—‘- | | | | |
receiveWorkOrder | | | | |
.—- u | | | |
| | | | |
| | | | |
AssetName | | | | |
| | | | |
ExteriorDuet | | | |
retPrimaryInpuis
SEEINATY NP returnOverhead Eguipment : : :
returnEnvironmental AirQuality | | |
R returnMaintenanceRequireshiftSystem
PrimaryValues . ORI . | | |
RS [ | [ [
| | |
1
getDependentinputs returnMaintenance \Working Height : :
X retumWeight
! returnSupporiStructurs | |
DependentValues eturnAsbestos | |
A= ) | |
| | | |
1
: getindependentlnputs : :
'
T T X | |
| | etumOutdoorEnvironment |
| IndependentValues | | |
=== ¥ +-————- | |
| | | |
| | | | |
'
fUserk - | | |
IR LARINPOIeR: HtSystemQuery
| ' | | |
| | | | |
| | | |
| [TaskProtocolRequired] getUserResponse | |
! " | [
| Tas ! " ’ | returnScatiolding |
| uskProtocols | |
'
N T T T T T T ) R [Fe S| |
| | | 5
| | getAssetProcotols | |
| | | |
| | | |
| | | |
| | | | verifyProtocols
| | | |
! l MitigationProtocols I !
| | 5 | |
Bticaarticatt-at e e P — T T R R Y R e e
| emumAsbestosManagement |
| cturnRespiratoryProtection |
| returnWeather(C onsiderations | -
| returnNature | |
| returnLiltSystem | |
| remumFallArrestSystemiAnchorage | |
) ) ) | [ | | |
Safetylnformation | | | | |
= ——=== | | | | |
| | | | |
- | | I | |
| | | I | |
| | | | | |
| | | I | |
| | | | | |

Figure 45: Sequence Diagram foDucts i FM Test Case No. 1

Upon receiving the work order and launching BiRPS the systenwill identify the Asset and execute
theget Primarylnputs, getDependentinputs, and getindependentinputs command.
Executing thee command for the asset requiring maintenance returns BrémaryValues
(OverheadEquipment EnvironmentalAirQuality , &

Maintenanc eRequiresLiftSystem ), the DependentValues
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(MaintenanceWorkingHeight , Weight , SupportStructure , & Asbestos ), and the
IndependentValues (OutdoorEnvironment ). Once thdRPSreturns all of the applicable values,

the system can process the information and wéfif query should be launched. In this scenario, the
MaintenanceRequiresLiftSystem input has been assigned a value and therefore the system will
guery the user on which lift system will be utilized. From the FM test case an elecBoaftiflding

is macee. With all of the inputs identified, the system can evaluate and return the
Mitigation ~ Protocols  for the specific FM task. The protocols being returned in this test case address
three hazards:

1. Asbestos
a. returnAsbestosManagement
b. returnRespiratoryProtection
2. Outdoor Environment
a. returnWeatherConsiderations
b. returnNature
3. Falls
a. returnLiftSystem (Scaffolding Protocol)

b. returnFallArrestSystem/Anchorage

7.2.FM Test Case No. 2 Coal Fired Boiler Preventative Maintenance
The following test case was validated by a Sa@#rynpliance Officer at a university located in Eastern
USA.

An FM worker is tasked wi t hfiredlboilern Asithe boiler buras cbaliim e b o X
order to produce steam, ash and soot lines the interior of the fire box. As ashairimlild up within the

boiler, the efficiency of the boilés reduced Preventative maintenance protocols require the fire box be

cleaned biennially. The boiler requiring maintenance is located within one of the power houses on the
campus where a numbef motors and tanks create a high decibel level environment. In order to thoroughly

clean the boiler fire box the worker must enter the tank which has been identified as a confined space.

Based on the above FM test caseA&fT can be loaded with the plcable safety informatiorigure 46

presents the data load applicable for this FM test case.
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Figure 46. ASIT Data Load for Boilerli FM Test Case No. 2

Table B presents the values required for thdustrial Coal - fired Boiler for this particular

test case.
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