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Abstract
Western Michigan University’s Facility Management Engineering Division is nearing completion of our Bronco BIM 2010 Initiative, the conversion of almost 8 Million square feet of WMU’s 150 buildings into Revit Building Information Models (BIM).    
In late 2009, WMU desired “hands on” BIM experience using new Autodesk Revit software, to be utilized as a resource for current needs and for future BIM delivered projects.    The strategic decision was made to leverage WMU’s human resources, along with existing blue prints, electronic documents and data from field surveys to create new BIM models of our entire Kalamazoo, Michigan Main Campus facilities.
The WMU Bronco BIM team is comprised of our College of Engineering faculty, students, local business partners, the software manufacturer and WMU Facilities Management Engineering staff.    A prototype building was modeled in January, 2010, and from that experience a plan was created to garner the resources necessary to achieve project goals.  Senior leadership readily approved the plan and full implementation began May 1, 2010.  WMU is on schedule for completion by May 15, 2011, with 135 models currently completed. 
Each building is now modeled to a Level of Detail (LOD) 200 as defined by the American Institute of Architects document AIA E-202.  The models show the exterior view, all interior walls, stairs, windows and doors, with some level of finish detail added.  Objects with room numbers are imbedded in each space for clear way-finding and to attach room specific detail.
From the completed models, Revit and Navisworks technology may now be used to create sectional views, points of perspective and animated movies in a matter of minutes.  Any desired feature or path of motion in a building can be easily highlighted, providing unprecedented visualization of existing or proposed features.  Other uses include planning for high profile special events, where seating and stage layouts can be shown long before the event.  We see huge potential for this feature for showcasing future construction and renovation projects.
Along with visualization piece mentioned above, energy modeling software is being used in conjunction with our models.  This technology helps with evaluating the energy consumption factors to focus conservation measures, as well as evaluate the payback of capital improvements.  Object specific information is being added to the models to enhance their usefulness to Facility Management staff for effective lifecycle facility management.
Based upon the success of this project, our desire for future construction projects to utilize BIM technology is great. Work is already underway for 2 WMU BIM delivered projects that will begin in 2011.  The project also helped define WMU’s standards and execution plans created for consistent implementation of BIM project deliverables.
All of the above mentioned realized benefits would not have been possible without this initiative.  Total cost of the Bronco BIM Initiative to date is approximately $43,000, or more simply put, just over $318.00 per building completed.  

Introduction of the Organization
Western Michigan University is a dynamic, student-centered research university with an enrollment of over 25,000.  WMU offers 140 undergraduate programs, and graduate students select from 67 masters, 1 specialist and 29 doctoral programs.   Also enriching campus life are nearly 300 registered student organizations and NCAA Division IA intercollegiate athletic teams.
Founded in 1903, WMU rapidly grew from a regional teachers college to an internationally regarded institution of higher education.  What was once Western Michigan College became Western Michigan University in 1957, when the state designated it as the fourth public university in the State of Michigan.   WMU’s campuses now encompass more than 1,200 acres and 151 buildings.  The main campus, located in Kalamazoo, Michigan can house 5,500 students, includes a large student recreation center and state-of-the-art facilities for business, chemistry, science research, health and human services, and the visual and performing arts.  
The University’s engineering college and Business Technology and Research Park are based three miles away at the Parkview Campus, while its nationally recognized aviation college is based at the W.K. Kellogg Airport in Battle Creek, Michigan.   Both the aviation campus and BTR Park are components of Michigan economic development SmartZones.
WMU is currently Michigan’s fourth largest higher education institution, attracting a diverse and culturally rich student body from across the United States and some 90 other countries. Its nearly 900 full-time faculty members have been trained at some of the world’s finest institutions and they bring to the University a global perspective that enhances the learning environment.
The University’s commitment to the discovery and dissemination of new knowledge and insight has resulted in initiatives that reward faculty and student research, scholarship and creative activity.  In a typical year, WMU faculty and staff conduct $30 million to $40 million in externally funded research on topics ranging from nuclear physics and specialized education to flight safety and clean energy. 
Statement of the Initiative
Western Michigan University implemented its Bronco BIM 2010 Initiative in May of 2010.  The goal of the project was the eventual conversion of almost 8 Million square feet of WMU’s 151 buildings into Revit Building Information Models (BIM).    
Facility Managers recognized in BIM an opportunity to manage their physical as well as electronic assets in an all encompassing collaborative format.  Building Information Modeling provides the ideal format to accomplish that goal, and to move our organization forward into this emerging technology that many perceive as a quantum leap for facility owners.
Although the BIM concept was touted primarily as a tool for new construction, rather than wait for a new construction BIM project to be proposed, WMU decided to take a pro-active approach and begin to implement BIM technology for existing buildings.   Prior to this initiative, WMU maintained current floor plan documents of all buildings in 2D AutoCAD format for use by multiple parties besides our Facility Management department, including the Registrar’s Office, Public Safety & Emergency Management, and more.  The strategic decision was made to update these layouts into a new, dynamic format.  By utilizing existing blue prints, electronic documents and data from field surveys, we set out to create Building Information Models of our entire Kalamazoo, Michigan Main and Parkview Campus facilities.  
Design
The design of this project was multi-faceted.  Before we could come up with a good execution plan, we had to set reasonable objectives and goals, as well as establish a manageable timeline and estimated cost.  With the help of our local Autodesk reseller, manufacturer’s representatives, WMU faculty and FM staff, we were able to establish our wants and needs for the project.  At the manufacturer’s advice, utilizing the American Institute of Architect’s standard AIA E-202 form we decided upon a Level of Detail LOD 200 BIM Model.  The models would show exterior elevations and details, all interior walls, stairs, windows and doors, with some level of finish detail added.  Objects with room numbers are imbedded in each space for clear way-finding and to attach room specific detail.
 To test the feasibility of such an effort and to estimate time and cost, the decision was made to establish a standard operating procedure and test the theory on a single building.  A considerable effort was made to track all time invested, as labor would the primary cost factor.   We then worked with Kal-blue, the local vendor and Autodesk reseller in our area to create our first BIM Model using one of our older buildings as the canvas.  Once that initial prototype model was created, we were then able to set rational projected goals and estimate time and equipment needed to create similar models for the rest of the campus at a LOD 200.  
Implementation
In order to meet our goal we recognized the need for additional staffing on this project.  We also required training, technical equipment and software to facilitate and streamline the process.  All of these factors were compiled into a presentation to the University senior leadership detailing the project objectives and estimates for cost.  Simply put, the proposal was to create building information models for 2/3 of the campus buildings in just 4 months, beginning with the least complicated and moving progressively toward the most complex and challenging.  This was considered phase 1 of the Bronco BIM initiative, and approval for Phase 2, the continuation and completion of the effort, would be contingent upon its success. The timeline was set, beginning at the end of the college spring semester and continuing until the first day of the new school year in September.   Cost was estimated at $33,000, with no contingency.  The project was approved.
Once funding was secured five engineering students were selected who had some level of experience with AutoDesk software as well as knowledge of building design, materials composition and structural elements.  These five students, working alongside 2 full time WMU Facilities Management staff comprised the entirety of the drafting team for the remainder of the project.  Because none of the team had more than limited exposure to BIM, we secured 1 week of manufacturer’s training for select team members.  Once complete, drafting began on the new models, using our most simple structures as our starting point.   A Gantt chart was created for the project to track progress in relation to schedule, and a project dash-board was created that would be maintained for daily reference of project status.  
 	As the project progressed, regular, daily reporting of our progress was mandated by all parties involved.  Our relatively short window for the project required that any deviations from the pace established would immediately require more resources, streamlined process or a change in the expectations for the end product delivered if our project was to be successful.
To help establish a reliable and consistent pace, measurable key milestones were put in place on the schedule, and regular meetings were scheduled to report progress to the larger team group.  We quickly discovered that the process was taking less time that our conservative estimates had anticipated, and the students who were working on the project were anxious to progress to more complicated buildings.  Autodesk Revit software is much more intuitive and user friendly than we expected, and the experience gained along the way translated into efficiencies.  Also the team was assembled in close proximity to facilitate communication and idea sharing, but also fostered competition and peer review that stimulated productivity.  Overall the atmosphere was increasingly enjoyable as the team became cohesive.
 Regarding accuracy and quality control, data collection was used to verify the accuracy of the models produced, field surveys were conducted and onsite photos were taken to compare actual measurements of building features to the original documents used for reference.   
At the end of the summer we declared our effort a success, with our tally at 115 buildings which far exceeded our stated expectations.  Continuation of the program was wholeheartedly encouraged, and new goals and expectations created.  With student employees entrenched in the present school year the pace slowed considerably as projected due to limited hours of availability, however we have still managed to complete an additional 20 buildings and expect the remaining buildings to be completed by May 15, 2011.  A few examples of the models created are included as Appendix 1, showing side by side comparison of the outward appearance of the models as compared with an actual photo of the same.
In addition, several other efforts centering on the Bronco BIM concept have been undertaken, including new project development, energy modeling, creating web based availability of the models for others without the need for special software, and adding enhancements to the models .  All of these efforts are detailed in the Benefits section below. 
Benefits
Several significant benefits have emerged from Bronco BIM, but none more significant than the ability for our students, staff and faculty to gain valuable experience and the ability to share that experience with others in the university community.  Some other tangible and measurable benefits include;
1) New construction project manuals being produced for bid now require BIM deliverables, the content of which are based largely on the lessons learned from this initiative.   WMU BIM standards, guidelines and execution plans are being developed to clarify and quantify the actual deliverables and ownership of models created on our behalf.  We are far better equipped to participate in a BIM project now than ever before.  Additional WMU staff is scheduled for additional Autodesk Revit software training.
2) Energy modeling software products have been explored for compatibility with our BIM’s, and a prototype of one such energy modeling software has been completed.   This information obtained will be used to study the actual energy consumption characteristics of the building, as well as evaluate the potential energy reductions possible from operational changes and capital investments proposed.  Payback of any expenditure can be proven before projects are approved for funding.
3) We are partnering with our Civil Engineering Faculty to expand the use of laser scanning technology to validate and enhance our existing models, and to document the actual construction progress of an ongoing multi-million dollar new building construction project.  
4)  A web based software program has been launched to make our models readily available to others for viewing our campus buildings without any special software requirements.  Although not yet complete, examples can be seen at www.fm.wmich.edu/freewheel .  Once complete, visitors, perspective students and other customers can see their classroom, dorm room, banquet hall or meeting site from anywhere in the world where a web server is available.  Appendix 2 shows an actual model layout as compared to a traditional floor plan.
5)  Information from our facility records is being attached to objects being created in the models for ease of reference.  For instance, major mechanical equipment such as air-handlers or chillers can have attributes such as make, model, fan curve or capacity and serial number attached to the unit, and hyperlinks can be created to existing facility documents such as maintenance records, manufacturer/distributor contact information or trouble shooting manuals.  Efficiencies for reducing trouble call labor and restoring service are apparent.  Hyperlinks to manufacturer’s websites for documents posted there can also be utilized, reducing the electronic storage demands for large documents. See Appendix 3 for an example.
6) Once BIM is selected for a new construction projects the following benefits can be realized; timely estimation for bidding, estimation and procurement of materials for projects, improved coordination in construction sequencing, and helps in identifying possible conflicts that may arise during building construction and reduces costly change orders and schedule overruns.  It also helps end-users in understanding and visualizing the end product to assist making informed decisions about the proposed project.
Western Michigan University first presented the Bronco BIM 2010 Initiative at the fall MiAPPA conference last year and at several other similar events thereafter, and has since received numerous inquiries concerning our efforts from other universities and businesses who are interested in replicating the effort.  The reasons and incentives for doing so are similar to our own; that building owners of all types see the benefit of BIM for existing facilities.  We all share the same challenges with creating efficiencies for facility maintenance staff, for reducing energy consumption, and have special events that require advance planning or new construction proposals we would like to showcase.  The Bronco BIM 2010 Initiative clearly demonstrates the ability to produce a product that is useful yet economical for other similar organizations, and that the ongoing benefits far outweigh the costs.
Retrospect
Looking back at the initiative, its many advantages become clear.  While we initially viewed this technology as a visualization tool, there is so much more that can be done with the technology.  Our initial proposal focused on the visual very heavily, but the end products are far reaching and limited only by one’s imagination.  For example, shortly after our beginning this project we were informed that President Obama would be visiting Kalamazoo, and had selected WMU’s University Arena as the location for the event.  We were able to create a model prior to the advance team’s arrival, and several aspects of the planning utilized the model in ways we had never imagined.  Even today, as new and diverse groups are exposed to the technology that allows the user to build a model of a space, and then easily alter and view it, they immediately respond with requests to make our team available for creating some other previously unforeseen end product.  Again, with BIM your imagination is your only limit.
Our timeline was far too conservative; we could have set the bar higher.  Just a few weeks into the initiative we discovered that the technology was much more intuitive and user-friendly than expected.  Contrary to other similar, repetitive task projects, as time progressed the team became more engaged and eager to produce.  This is largely attributed to the nature of the software which compels the user to do more, and therefore remain productive.  We were able to meet our goal in less time than was originally projected, and our team actually had fun in creating the models.  Additionally, there was also less expense that originally estimated.   While that turned out to be good news for our accountants, we might have jeopardized the approval of the project by setting costs higher than they should have been.  
It is our contention that the Bronco BIM 2010 Initiative is a successful best practice that will continue to pay dividends and one that should be shared with other member institutions for their benefit. 
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Side by side comparison showing Building Information Models (left) and photos (right).
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Traditional floor plans vs. BIM, WMU Parking Services Building #088.
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Product specific dynamic information may be readily attached to the objects in the model. 
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