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Executive Summary

The purpose of this technical report is to identify areas in the Geisinger Grays Woods
Ambulatory Care Campus project that are good candidates for research and further evaluation.
Through the exploration of potential acceleration scenarios, value engineering, and applications
of critical industry issues, several ideas for technical analyses were derived.

Even through there was no emphasis by the owner to accelerate the schedule, several
acceleration scenarios were identified through careful analysis of the project’s critical path.
Prefabricating the building enclosure and interior MEP spaces are some potential approaches to
reduce the project schedule. Risks to completing the project on time were also analyzed on this
report, mainly focusing on equipment procurements and installation.

Alexander Building Construction worked along with multiple trades to identify key areas value
engineering areas in the project, with the purpose of providing cost effective solutions while
preserving o improving the overall quality of the end product. Some of the key value
engineering efforts applied to this project included the removal of the forms for the building
foundation, removing the metal screening wall on the southern side of the building’s roof, and
changing the roof from Thermoplastic Polyolefin (TPO) to Ethylene Propylene Diene Monomer
Rubber (EPDM) roofing. This provided over $157,000 total cost savings to the owner. Although
other value engineering ideas were proposed by different trades, they were rejected by the
Architect as they failed to improve the building’s function while reducing cost.

Lastly, many of the critical industry issues discussed at the 22" Annual PACE Roundtable
Discussion were studied in this report. Through two break-out sessions, students and industry
professionals shared thoughts on key industry issues regarding the integration of building
planning, design, construction, and operation. The two sessions attended were “Information
Management for the Workforce” and “Criteria and Drivers for effective Multi-trade
prefabrication and Modularization”, and a brief summary of the results are present in this
report. These topics were analyzed for research areas feasible to the Grays Woods Ambulatory
Care Campus, as well as this technical report.

Attending the different sessions allowed students to develop different ideas of possible areas of
study. One idea that stemmed from these discussions was the wuse of
prefabrication/modularization in the Ambulatory Care Campus in order to reduce the project
schedule. Also, the idea of using virtual mockups to perform design reviews for the operating
and endoscopy rooms in the facility was analyzed. These were later discussed with an industry
professional in order to receive feedback based on their experiences in the industry.

Taking these analyses along with the previous technical reports into account, several research
topics will be developed later on. These will be studied in order to implement alternative
methods to improve upon their efficiencies, cost, quality and schedule for the construction of
the Geisinger Grays Woods Ambulatory Care Campus.
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Project Manager Interview

In order to better identify various areas of the project that are good candidates for research, |
interviewed the project manager for the Gray’s Woods Ambulatory Care Campus, Douglas
Workman. Douglas has been working for Alexander Construction for over two years and has
various years of experience in the construction industry. Being this his second project with
Alexander Construction, Douglas has done a pretty good job in keeping the project on track
while aligning with Geisinger’s goals. Various questions regarding schedule acceleration
scenarios and value engineering were asked in order to identify problematic areas in the
project and opportunities for technical analyses for my senior thesis project.

Schedule Acceleration Scenarios
Critical Path:

The critical path of the schedule, as illustrated in Figure 1, runs primarily between the three
components of this project. As mentioned in the past technical reports, this project consists in
the construction of a three tier parking garage, the demolition of the temporary parking lot,
and the construction of the new building addition. The construction of the precast parking
garage is what mainly drives the schedule for this project, as it delineates when the
construction for the new addition begins. Any advancement or delay during this phase would
ultimately impact the substantial completion date of the project. By code, there has to be a
certain amount of parking spaces serving the existing phase of this Ambulatory Care Campus.
Because of this, the new addition being constructed over the existing parking lot could not
begin until there was enough space recovered through the three tier parking lot.

Temporary o
. Excavation & Steel Building Interior &
Parking Lot
. Foundation Structure Enclosure MEP
Demolition

Figure 1: Critical Path for Geisinger Grays Woods Ambulatory Care Campus — Phase Il Construction

As far as the new addition is concerned, the critical path leads through the foundation, steel
structure erection, building enclosure and finally interior & MEP work. The excavation and
foundation work for the project could not begin until the existing parking located over the
building’s footprint was demolished. Steel structure erection is also a critical activity in the
project schedule. Any delays in the fabrication or deliveries of these components could affect
the entire project. Delays during this stage could potentially turn into delays to floor deck
installation and MEP rough-ins. This could be carried through the remainder of the schedule
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until affecting the substantial completion date. Because of the timing of this project, the

schedule drives to have the building envelope completely dried in before winter. Failing to
reach this milestone could not only affect the project schedule but also produce an increase in
cost for snow removal and heating of interior spaces. Having the building dried in before winter
can facilitate building interior work. As explained during technical report 2, the interior work
installation is by far the longest phase of the project with a total of 236 working days. This is
mainly due to the intense MEP work that is typical to any healthcare facility, along with the
MEP tie in to the existing facility. By tackling this phase of the project, the project schedule
could be reduced significantly.

Potential Schedule Accelerations

Schedule acceleration is always something that must be considered in every project. Although
there was an opportunity for early completion on this project, Geisinger and Alexander
Construction believed there was no need for acceleration as it would require re-coordinating
the involvement of vendors and subcontractors in this project. Due to the amount of facilities
that Geisinger builds around the area, they handle most of the vendors and subcontractors
directly. This is true for elevators, HVAC controls, security, commissioning agents, and medical
equipment in this facility. Moving forward with an “unneeded acceleration” would mean a lot
of time and effort on their part in re-schedule equipment installation, procuring, purchase
orders and commissioning for the project. Because of this, Geisinger, as well as the project
team deterred from moving the substantial completion forward. Being ahead of schedule, the
project team rather decided to focus on the commissioning process, testing the different
systems and making sure everything’s working accordingly prior to the owner moving in. This
allowed the project team to focus on the building’s quality, and the owner to have a smooth
transition in moving in to the new addition of their Ambulatory Care Campus.

Even through there was no emphasis by the owner to accelerate the schedule, the project team
had could have done it in many ways if needed. If we were to accelerate the schedule for this
project, we could focus on the building’s exterior envelope. At the Gray’s Woods project, a lot
of time in the schedule is devoted to enclosing the building. According to the project schedule,
it takes a total of 103 days to erect the brick masonry walls, and 25 days to install the complete
curtain wall system on the northern facade. One option (discussed in next section) was to
unitize the curtain wall system and/or exterior brick walls into prefabricated modules; these
could be picked up and set in place by a crane, thus reducing installation time. Due to the
amount of brick walls and curtain wall on building’s facade, this design option could have a
major effect on the critical path and significantly reduce the project schedule.
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Another area that could be potentially impacted in order to accelerate the project schedule is

interior work. As discussed earlier, this is longest phase of the project, and impacting this phase
could potentially reduce the project schedule significantly. One of the biggest problems
encountered in this project was coming up with a final '
design for the operating and endoscopy rooms in the
building. This required a 7-8 week mockup process of
design changes during the construction of the
Ambulatory Care Campus. This mock-up process involved
having input from the end users in order to understand
where the major equipment and tools should be located
within the space. After wall framing was installed, the
project team used pieces of cardboard to symbolize
different systems, outlets, and equipment connections.
Doctors and nurses were continually brought in to these
mock-ups, moving the pieces around as they provided
input on where different equipment should be located
within the space. A patient bed and boom radius were

also painted into the floor to get a feel of the real space
within the room, as shown in Figure 2 on the right. Once Figure 2: Mock-Up Process of Operating

a final design was approved, MEP rough-in and wall Room

sheetrock could be installed in the space. This led to leaving interior work on 4 operating and 4
endoscopy rooms until the end of the construction. Although this created a delay in the project,
Douglas explained that it was much better than having constant change orders done
throughout the construction process of these rooms. Focusing in a better way to eliminate
design reiterations for the operating and endoscopy and rooms prior to beginning construction
would definitely provide a decrease in the total project schedule.

Taking advantage of the repetitive room layout on the second floor of this building, there is a
potential to use a short interval production schedule (SIPS) to acceleration the construction
process. SIPS is an effective tool used for scheduling construction activities that are similar or
repetitive. A schedule reduction can be achieved by maximizing the productivity of the tasks
involved in the process. This type of scheduling would be useful for the repetitive layout of the
second floor medical examination rooms, illustrated in Figure 3. There’s a total of seven isles of
medical offices along the new addition’s second floor, all of which are very similar in nature and
overall size. Because of this, SIPS could be a great tool in order to maximize the productivity of
the trade involved in each room. Going a step further, these rooms could even be prefabricated
out of site and brought in modules to easily install them into place. The possibility of using
modularization and prefabrication will be discussed into detail later on this report.
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Figure 3: Geisinger Gray’s Woods Ambulatory Care Campus Addition 2" Floor Layout

Schedule Risks & Challenges:

Anytime that a construction project is undertaken, there are always certain risks involved that
can affect the schedule and ultimately the completion date of the project. Many of these risks
pertain to the activities associated with the critical path of the project, and were outlined in the
above section. We discussed how weather could be a big risk to completing this project on
time, as well as any delays in the steel fabrication and equipment delivery to the project.

As with any medical facility, another big risk to completing the project on time is equipment
procurement and coordination. The owner, Geisinger, is the one responsible for procuring and
coordinating the equipment installation in their facility. Any delays in the process of getting the
equipment to the project and installing could pose a great risk to completing this project on
time. Because of the rapid changes in technology, the owner usually tries to wait as long as
possible in order to procure the latest and greatest equipment for their facilities. This brings in
a big challenge when it comes to designing the rough-ins, as the contractor does not know
exactly the connections each equipment will require. On this project, Alexander did a great job
of distributing to the subcontractors a spreadsheet of equipment location with typical rough-ins
for each equipment. Steris, the main medical equipment provider for the job, was constantly
present during the construction process inspecting the work being done in the facility. The
medical equipment is expected to arrive November 2013, and installation is schedule for
December, one month prior to substantial completion. By then, the project team will have go
back and address the missing outlets and connections for each equipment. This can become a
risk to the project schedule if not well planned and executed.

*Answered Interview Questionnaire can be found in Appendix A
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Value Engineering Topics

The value engineering effort for this project was executed prior to beginning the construction
of the Geisinger Gray’s Woods Ambulatory Care Campus addition. Alexander Building
Construction worked along with multiple trades to identify different areas where value
engineering could be applied in order to provide the owner with a more cost efficient product
without negatively impacting the final product quality. Tablel below summarizes the key value
engineering areas analyzed on this project.

Table 1 — Potential Value Engineering Options

Key Areas of Value Engineering

Division Accepted | Rejected | Under Study
Concrete Foundation $32,302 - $22,200
Masonry - - $12,300
Roof Metal Panels $55,923 - -
Waterproofing - - -
Roofing S40,000 $106,765 $26,690
Metal Panels $28,706 $4,100 S600
Curtain Walls - $9,934 -
Total Cost Saving $156,931 | $120,799 $61,790

**Data Provided by Alexander Building Construction

The largest parts of value engineering effort in this project dealt with the building’s foundation,
roofing, and metal divisions. With regards to the foundation construction, the project team
saved over $32,000 by simply removing the concrete forms for the footing and rather pouring
them directly into the earth forms. As these foundations will be completely backfilled with soil
anyways, trench pouring was a great solution in order save money on this project. The project
team was also able to save a substantial amount of money by removing 192 linear feet of metal
screen walls on the southern side of the building. The state of Pennsylvania requires, by code,
that roof-mounted mechanical equipment be screened from public view. As the southern
facade of the building faces directly towards a forested area, and the roof mechanical
equipment is not in the line-of-sight from the sidewalk, the project team managed to remove
the roof metal screening wall in this location, saving around $56,000. With regards to roofing,
the project team was able to save $40,000 by changing the roof from Thermoplastic Polyolefin
(TPO) to Ethylene Propylene Diene Monomer Rubber (EPDM) roofing. EPDM roofs are generally
less expensive, and are easier and faster to install than TPO roofing membranes. This is because
EPDM roof require no special equipment for installation, while still offering relatively similar
performance as TPO roofing membranes. Finally, the project team managed to save over
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$29,000 by changing the aluminum panels used on the rear entrance canopy to standard core
panels. This was proposed by Marcon, the sheet metal contractor, as they noticed this alternate
material would provide the same quality and performance, with the use of a less expensive
material.

Some other value engineering areas were also developed but not implemented in the design.
Both of the major areas not implemented were related to roofing and curtain wall systems.
Archit. Marcon, the roofing contractor, proposed changing the roof insulation from 4”
(R=54.26) down to 2” (R=26.22). Marcon also proposed remove the %" prime dense deck
protection board under the roofing membrane entirely. Both of these alternatives would have
combined a total cost savings of approximately $120,000, but were rejected by the Architect as
they did not meet building insulation requirements. With regards to the building’s curtain wall,
Nittany Building Specialties proposed changing the center glaze 1600UT (Ultra Thermal) Curtain
Wall System to regular 1600 Curtain Wall (Not Ultra Thermal). Once again, this alternate was
rejected by the Architect as it detracted from the true purpose of value engineering: increasing
value by either improving the function or reducing the cost.

One area where Alexander Construction failed to apply value engineering successfully was on
the building’s concrete slabs. Before installing the flooring, each slab has to meet the
acceptable moisture content required by the flooring adhesives. For this project, Alexander
Construction used “Barrier 1”7, an additive to stop moisture from penetrating into the slab. They
only used this method for the slab on grade, as this is the most susceptible to moisture. The
second floor slab, though, was poured without any additives and found to be over the
acceptable moisture content for flooring installation. This forced the project team to use an
alternate and rather costly method to carry out the slab’s moisture content. A sheathing
product which acts as a vapor retarded had to be laid over the finished concrete and adhered
by a machine, costing over $102,000. Failing to foresee this when evaluating value engineering
opportunities not only caused an increase in cost, but also an increase in project schedule as a
completely new activity had to be performed in order to get the flooring installed on the
second floor concrete slab.

None of the value engineering decisions implemented detracted from the owner’s goals; if
anything, they were advantageous to the overall goals. So far, the project team has been able
to save over $156,000 by implementing various value engineering ideas proposed by the
different trades in the project. The project team has potential to increase their total cost
savings as they finish analyzing whether the rest of the proposed value engineering ideas will
add any value to the design without negatively affecting the overall quality for the building.

* Value Engineering Log for this Project can be found in Appendix B
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Critical Industry Issues

The 22nd Annual PACE Roundtable was held on November 7th at the Penn Stater Conference
Center in State College, PA. The Partnership for Achieving Excellence (PACE) organization is “a
collaborative organization of industry innovators, engineering students, and faculty who work

"1 The annual

together with the effort of achieving excellence in the construction industry
roundtable allows the opportunity for 5th year Architectural Engineering students to interact
with various industry professionals and share thoughts on key industry issues regarding the

integration of building planning, construction, and operation.

The PACE Roundtable kicked off early in the morning with a brief introduction by AE professors
Robert Leicht and John Messner. Following the introduction, there were two break-out sessions
in which attendees broke into various groups to discuss about specific topics in sustainability,
information technology, or integrated processes. Penn State faculty facilitated the different
sessions to foster the interaction between students and industry leaders, and discuss about the
critical industry issues regarding each different topic. These break-out sessions served as a tool
for students to build upon the different ideas and industry contacts to develop the senior thesis
projects. After both break-out sessions were completed, students coupled with other industry
members to allow for the students to explore ways they can capture topics attended into their
capstone projects. Patrick Harrison, the Vice President and Sector Manager of SYSTRA, also
gave a presentation about systems integration for the metro-rail work and the opportunities in
building systems.

The theme for this year’s PACE Roundtable was “Whole Project Delivery”, and focused in
various topics centered on sustainability, information technology, and integrated processes.
Students were to choose from one of the available topics shown in Table 2 below. | chose to
attend “Information Management for the Workforce” seminar for the first break-out session,
and “Criteria and Drivers for effective Multi-trade prefabrication and Modularization” for the
second session. Following, | will summarize the results of the sessions and how they may be
applied to my senior thesis project.

Table 2 — Main Discussion Break-Out Session Topics

A. Sustainability B. Information Technology C. Integrated Processes
Session 1A: Session 1B: Session 1C:
Safety — Prevention Information Management Assembling Effective Cross
through Design for the Workforce Functional Teams
Session 2A: Session 2B: Session 2C:
Owner Phasing Decisions | Efficient Delivery of Facility Criteria and Drivers for effective
for Cost Effective Management Information Multi-trade prefabrication and
Retrofits Modularization

Geisinger Gray’s Woods Ambulatory Care Campus —Phase II| George Andonie
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Session 1B - Information Management for the Workforce

| chose to attend the “Information Management for the Workforce” for the first break-out
session because of my interest in the growing trend of using technology in the construction
industry. Nowadays, building information models (BIM) are not only being used during the
design and preconstruction phases, but slowly being seen in the field as well. The purpose of
this session was discussing about transitioning information to the workforce in order to
facilitate the construction process. We also discussed about the trends, concerns, and future of
the construction industry with regards of this topic. Although the main focus of the topic was
managing information for the workforce, there were also other general topics discussed with
regards of the use of technology in the industry. The main trends and concepts discussed in this
session regarding information management for the workforce were:

1. Interoperability of systems for information exchange
2. Generating the right amount of information in the models
3. Making electronic documents and technology available to the workforce

The discussion began by looking at the various trends with regards of the use of technology in
the construction industry. Industry professionals participating in the discussion were David
Maser, the BIM Coordinator from Gilbane, Chuck Tomasco from Truland Systems Corporation,
Ed Gannon from Office of Physical Plant, Dan Kerr from Burns Mechanical, along with John
Messner and Craig Dubler from the AE faculty. It was pretty interesting hearing how each
company used technology in different ways throughout their projects, but how everyone
seamlessly agreed in many issues and trends they’ve seen with regards of using technology in
the industry.

One of the main issues discussed in this session was the compatibility and interoperability
between various programs used for managing building information. Interoperability refers to
the ability of making different systems work together (inter-operate) . Nowadays, there are so
many programs available for developing building models and loading them with information,
but there seems to be a barrier in the lack
of communication between each other.
The industry has to move towards an
“open interoperability standard” to allow
for a smooth transition from program to
program. Figure 3 on the right illustrates
this concept, where one program is able

to manage the whole project during the

Figure 3: Interoperability: Direct translators vs. an open

different phases of the project, from nteroperability standard.

planning up to building turnover. Smron: Lasssa b Miiars 2042
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Everyone in the roundtable agreed that the industry is slowly moving towards this common

standard, as big companies such as Autodesk acquire those smaller firms and develop programs
with these capabilities.

Continuing the discussion about compatibility between programs, the topic about information
exchange between parties was also brought out. The most common questions that were
addressed during this discussion were as follows:

e What information does the workforce need?
e Which party should develop what information?
e How much design information is generated but never used?

It seemed as if most industry professionals agreed with the fact that there was inefficiency
when transferring information between different parties along the different phases of the
project. Industry members were rattled about how they had to take extra time updating their
models every time new information was made available from other project participants. The
idea of having a “Project Model” available to all the project participants rather than each one
having their own models would greatly benefit any project. Each different trade would be
required to model those details pertinent to their scope of work, and can be available for
everyone else to access it. This, though, would require a greater amount of transparency,
collaboration, and trust between the different project participants. Consequently, a much
more integrated delivery approach would be required for these projects as trades would have
to be brought in earlier in the planning stage in order to develop these models.

The last topic discussed in this break-out session was making electronic documents and
technology available to the workforce. | found this discussion pretty interesting because as time
goes on, we tend to see technology becoming more prevalent in all levels of the construction
industry. In the other hand, there are many issues and concern that have to be addressed in
order to make it available to all to the workforce in all projects. The major barriers to
implementing these technologies in the workforce are the lack of technological experience by
the workforce, and how the use of technology varies from company to company. Not all field
personnel have the same experience in using computers and technology. Some may feel far
more comfortable in using traditional paper documents rather than electronic documents in
iPads and monitors. Also, not all subcontractors have the drive to using these technologies to
perform. Sometimes, a lot of time and effort are put in developing models with rich amount of
information and are not even implemented in the construction of the project because of this
issue. Throughout the discussion, we brainstormed of ways in which these technologies could
be made available to the workforce and used efficiently in the construction process.

_ Geisinger Gray’s Woods Ambulatory Care Campus —Phase II| George Andonie
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First of all, programs would have to improve their user interface in order to allow those less
technology savvy people to utilize them. Also, a cultural shift has to occur in order to develop
comfortability to the workforce in using these technologies. Educating the workforce may be
done through intense technology training programs or reverse mentoring from those people
who have experience using these tools. Companies and laborers have to keep up with the
industry standards in order to compete and win projects.

In conclusion, technology is a tool that is being seen more and more in the construction
industry. It can facilitate the planning, design, construction and operating of a building by
passing along a building information model to different parties throughout the different phases
of a project. The problem is developing these models with the right amount of information so
that all project participants may use them effectively. The use of technology, though, is not
viable for all types of projects. As there is an upfront cost in using these tools in their project,
the use of technology depends on the size, type and complexity of the project. It is the role of
the owner to initially set the ground rules, and be clear about their goals to understand
whether technology would benefit the construction of the project or not.

This discussion sparked the idea of taking this concept even further. We discussed how
information is critical in all stages of the construction process, but how do you generate this
information without knowing what the client wants? After speaking with the project manager
for my project and attending this discussion, | am looking into using these models to obtain the
critical information which will later be used by the workforce. One idea | had was developing
virtual mockups for my thesis project. As discussed earlier, the construction team struggled
with design reiterations for the operating and endoscopy rooms of the Grays Woods
Ambulatory Care Campus. Rather than performing these design reviews within the construction
of the project, virtual mockups could be used to obtain valuable input from the end users on
where different equipment should be located within the space. Doctors and nurses would be
able to navigate these virtual spaces and provide valuable feedback in order to come up with a
final design approved. These virtual mockups could also be used by the workforce in order to
understand how the building should be laid out. This solution could potentially decrease the
project schedule by eliminating the various design reiterations for the operating and endoscopy
rooms while also constructing them efficiently. A good key contact that could help me advise
me in this area is the BIM Coordinator for Barton Malow, David Maser. Based on his
participation in the break-out session, he may the experience and knowledge of the use of this
technology in the real world. Also, my Virtual Facility Prototyping professor John Messner and
the Teaching Assistant Fadi Castronovo, both present at this discussion, would be ideal contacts
for this research topic. This idea was also later discussed with another industry professional in
order to receive feedback with regards of the potential use in my thesis research.
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Session 2C - Multi-trade Prefabrication & Modularization

The second session | attended during the PACE Roundtable was “Multi-trade Prefabrication and
Modularization”. | chose this topic because | was really interested in learning the various
applications of prefabrication and modularization in the industry. Although prefabrication may
benefit a project as a whole, it is not viable for every project. Through this session | would gain
a better idea of how, if possible, prefabrication could be potentially used in the Ambulatory
Care Campus project in order to achieve reductions in cost and schedule. The main concepts
discussed in this session regarding this topic were:

1. Examples of Prefabrication and Modularization in the Industry
2. Where is the Modularization/Prefabrication Process Conceived?
3. Benefits and Limitations of Using Prefabrication

The discussion began by stating various examples on how industry professionals and students
have seen prefabrication and modularization being used in the Industry. Typically,
prefabrication/modularization is done on projects that are tight on schedule, have tight spaces,
and that local warehouses are available for offsite prefabrication. It can be seen in projects as
big as prefabricating a whole precast parking garage or as small as prefabricating piping in a
building. Prefabricated items are usually convenient when certain pieces of a building are
repetitive or present in large quantities. Also, it is important to have these modules developed
to a manageable size. Having components that are too big and difficult to handle will detract
from the productivity gained during the off-site prefabrication.

Another important topic discussed in this session was where prefabrication/modularization is
conceived in a project. Usually, these analyses are done during the during the design phases in
order to determine what areas of a building can be prefabricated. It is important to get project
participants involved early in the process in order to plan accordingly. There is a great amount
of logistics and planning that go along with prefabrication. Permits, transportation, site layout,
hoisting and other custom construction equipment have to be planned accordingly in order to
implementing this technique in a construction project.

The discussion then led to the various benefits and limitations to using Prefabrication in a
project. For the most part, utilizing prefabrication in a project can reduce schedule time, reduce
labor costs and increase quality control of the building elements. These benefits can be
attributed to the fact that building components are assembled under a controlled environment,
and later shipped to the project when needed. By working under a controlled environment as
opposed to the jobsite, there is less room for variability. Similar to an “assembly line
production”, workers may increase their productivity while also working under a safer and
comfortable environment. Once the prefabricated sections are completed, they can be shipped
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to the job and lifted into place. This also cuts down on-site material storage and provides a

better inventory control as well.

It was surprising to learn how there are also many limitations when using prefabrication in a
project. A few of the downsides to prefabrication are the long lead times for prefabricated
components, transportation, issues with changes in design, and limitations with payment and
inspection. When dealing with prefabricated modules, it is important to take into consideration
the care and transportation to the site. Who becomes responsible for the care and custody of
the prefabricated item until it reaches the sight? Contracts should be specifically written to
address what happens in the case of any accidents or delays in delivering these components to
the site. Consequently, payment and inspections can become an issue for contractors when it
comes using prefabrication. Some lending institutions, or even owners, may present some
limitations in pay until the items are in the present in the jobsite. This could become a big issue
when dealing with massive projects that require a lot of frontloading to buy materials.
Inspection can also become an issue, especially when components are being assembled and
placed in different states. Challenges may be presented when dealing with inspection
jurisdiction and having them travel to the warehouse rather than to the site. Finally, we have
the issue of what happens whenever there’s a change in the design and components are
already assembled together. Overall, everyone agreed that while prefabrication may be
beneficial, it may not be viable for every single project. If used well, prefabrication and
modularization could potentially reduce schedule and time while also improving safety and
quality in a project.

After hearing both the students and industry members express their ideas about the use of
prefabrication in buildings, | thought of how | could apply this concept in the construction of the
Geisinger Grays Woods Ambulatory Care Campus. | hope to study prefabrication not only for
the intense MEP systems in my building, but also the building facade which is comprised of a
large curtain wall system and brick cavity walls. This could be later researched in order to
evaluate the effect it may have on the cost and project schedule, and whether it is applicable in
the construction of this project.

Throughout the day, | have met several industry professionals that | will most likely be referring
to for more advice on this topic. As Southland and Truland are both major leaders in
prefabrication and modularization, related questions regarding prefabrication of MEP systems
will be directed to Andy Rhodes or Chuck Tomasco. They both seemed to have a variety of
experience in the use of prefabrication in their specific fields, and may advise me with the
possibility of using prefabrication in the Geisinger Gray’s Woods Ambulatory Care Campus
Addition. The next step to this roundtable was discussing with an industry member in order to
receive feedback on how we could apply these topics into our capstone projects.
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Feedback from Industry Roundtable

After both break-out sessions were completed, students met with an industry member in order
to explore the ways they can capture topics learned in the sessions into their senior Capstone
projects. This was a great opportunity to interact with industry professionals and learn discuss
about our building projects, the sessions attended and the opportunities of applying the any of
the selected topics into the final project. Industry professionals provided feedback to students
based on their experiences, and what they have seen in the industry.

Attending the different sessions allowed me to come up with various ideas of possible areas of
study. These included investigating the potential use of prefabrication in my building and the
use of virtual mockups for the operating rooms. | was fortunate enough to meet with John
O’Keefe from Clark Construction Group, who provided me with valuable feedback about these
possible areas of study. Mr. O’Keefe is the Division President of Clark Construction, and has
over 26 years of experience in the industry. Following is a summary of the feedback received on
each of the ideas presented during my discussion with John O’Keefe.

Research Idea 1 - Use of Prefabrication in Building

After attending the session about prefabrication and modularization in the industry, | tried to
build upon some of the ideas that industry professionals and students discussed. As mentioned
earlier, | was looking into using prefabrication in the building MEP systems. My project, being a
healthcare facility, is intensely loaded with MEP Systems, mainly medical gas copper pining and
communication systems. | was also tempting the idea of using prefabrication in the building
facade which is comprised of a large curtain wall and brick cavity walls. This exterior system
requires large amount of labor hours and scaffolding to install. Prefabricating any of these
systems could potentially decrease the schedule and cost of installing these systems. | ran
through my ideas with John O’Keefe in order to receive feedback on what he thought about
these ideas.

Mr. John O’Keefe was very helpful by providing a lot of insightful ideas in ways | could
implement prefabrication in my building. With regards to interior MEP systems, he
recommended doing so in corridors where long, manageable sections of preassembled MEP
components could be put into place. Most specifically with mechanical ducts, electrical
conduits, cable trays, and sprinkler systems in the building. This, though, would require a
greater amount of coordination between the mechanical, electrical and fireproofing trades as
they would have to work simultaneously in the assembly of these components.

John also explained how this idea could be taken even further by modularizing similar rooms or
even wall sections in my building. Taking into consideration the repetitive layout of the medical
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examination rooms and offices in the second floor of the Grays Woods Ambulatory Care

Campus, there is a great potential to use modular construction in order to reduce the project
schedule. These modules, as John explained, could be assembled out of site, pre-inspected, and
shipped to the site ready to be installed into the second floor. This could substantially decrease
the overall project schedule, as all the interior work, finishes and installation are done out of
site and simply put in place by a crane.

As my building is located in an extensive site, John proposed on comparing the costs it would
take to prefabricate the assemblies on-site versus off-site. This would require taking into
consideration the costs it would take to pour a temporary slab and envelope on site against
those of renting a warehouse close-by and transporting the components to the site. Overall,
John thought that there is always a great opportunity to use prefabrication in healthcare
building; by doing so | could potentially achieve a reduction in cost and schedule while also
improving quality and safety for my project.

Research Idea 2 - Virtual Mockup for Operating Rooms

As discussed in the interview with Douglas Workman, one of the major challenges in the
construction of the Geisinger Gray’s Woods Ambulatory Care Campus was the great amount of
changes that went in designing the Operating Room and Endoscopy Rooms of this building. It
took over 8 weeks of design input from various doctors and nurses along with a lot of design
reiterations in the middle of the construction process to come up with a final design for both of
these rooms.

After speaking with the project manager for my project and attending the discussion on the use
information models, | came up with the idea of developing virtual mockups in order to allow
end users to provide valuable feedback early in the design process. This way, doctors and
nurses could be brought in ahead of time until approving a final design before construction
begins. The end user could walk around the virtual mockup and review the practicality of the
different locations for medical equipment, connections, tools and cabinets around the room.
These virtual mockups could also be used by the workforce in order to understand how the
building should be laid out and coordinated. This solution could potentially decrease the project
schedule by eliminating the various design reiterations for the operating and endoscopy rooms
while also constructing them efficiently.

When | proposed this idea to John O’Keefe from Clark Construction Group, he immediately
agreed in that this would definitely be a great benefit to the construction of this building. He
gave me examples of how Clark Construction had used this tool before in order perform design
reviews for the construction of courtrooms. In a courtroom, it is important to consider the
layout and lines between everyone participating in the proceedings. It is important for the
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judge(s), the jury, the lawyers, and anyone else involved or watching to be able to see

everything that happens. Clark Construction used 3D Virtual Mockups to visualize the
perspective as like being in it, making it much easier to evaluate the design. According to John,
this model not only allowed users to preview the aesthetics and layout of the spaces, but
reduced the amount of design reiterations and change order throughout the construction of
the building. A similar application can be used for my building in order to receive design input
from the end user with regards of how they flow between the spaces and interact with the
different tools and equipment inside the operating or endoscopy room of the Grays Woods
Ambulatory Care Campus.

Overall, the 22" installment of the PACE Roundtable discussion was a great success in allowing
me to further explore different areas of study for my senior thesis project while also meeting
various industry professionals who could serve as great contacts for applying these different
tools and concepts on my senior thesis project.

* PACE Roundtable Notes can be found in Appendix C
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APPENDIX A

Project Manager Questionnaire
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Project Manager Interview Questions

Project: Geisinger Grays Woods Ambulatory Care Campus — Phase I D‘v'\g\ Dades
Name: Douglas Workman Pocking  Gmgge imgact - -
Date: Tuesday, November 5" @ 8.30am -

SCHEDULE ACCELERATION SCENARIOS (5 Questions):

% 1. Describe the critical path of the project schedule.
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3. What are the key areas that have potential to accelerate the schedule if needed?
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4. What would be the costs and techniques required in to accelerating the project.
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5. Describe the biggest challenges encountered during the construction of this building.
How has the team overcome these challenges in order to have minimal impact on
cost/schedule?
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6. What are some lessons learned in the design/construction of Phase Il so far that could
have been helpful to implement at an earlier stage in the project to achieve a
successful project delivery
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7. How is the project doing with regards to your goals and Geisinger’s expectations so
far? Anything that could have helped you achieve these goals more easily? h
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VALUE ENGINEERIN TOPICS (3 Questions)

1. Describe the key areas of value engineering that were implemented on the project.
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2. How did these correlate/detract from the goals of the owner?
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3. What ideas for value engineering were considered but not implemented?

GENERAL:

The purpose of AE Senior Thesis is to identify various challenges and potential opportunities to

improve the design, construction and delivery of our chosen building. Technical analyses will be
performed on each area to propose alternative methods and/or potential solutions to improve

the project delivery.

Is there anything specific to this project that you would like me to focus my research on? This
could be anything similar, but not limited to:

- Schedule Reduction (Sequencing/Phasing of project)

- Sustainable Features (Green Roof, Facade, MEP Systems, Materials)

- Design/Approval/Execution Process o Cosk daven .. .

- Achieving LEED Rating Lk b Taadrg

- Electrical/Mechanical/Structural System Design v \,\‘\\‘ \

w Modularization/Preconstruction/Prefabrication/Mockups )
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APPENDIX B

Value Engineering Log
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APPENDIX C

PACE Roundtable Notes

Geisinger Gray’s Woods Ambulatory Care Campus —Phase II| George Andonie
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AN—— The 22" Annual PACE Roundtable
Industry Member: Ao, O KeefC

Key Feedback: Which research topic is most relevant to industry? What is the scope of the

it ,\\o/\((,\ W
et L Ay | Rl BTA M

N(W A RJI\U\“\\\(/\ \ C)(\ Q(ﬂ’l&"/b éSp/.uL W‘,\\,\ U.\b“a\\)(‘(h/\

oMo ke e N IL - FAN wserg
Lok S 55 N L7 BerefAs  covdealua
Qualy, tod, ol | Cange whecg,
AN WERSTPAN O v
By Ors

\7&"'\\"\ (L)\,\“ b(‘.f\l_l ,_r\x
Wal Sc(\\u\s'h

Pl 1 \V\S\(u(\‘l (x‘?'}l

- | ‘ \/
V/. (‘“r.\’n\“\\ ota S Y/ b il

\—? () 'Q ‘\(-\vpvllv\, (V’““( %\‘\Lb)

MA\"/"\\ \U wﬁr(\'\(qx - ’\er >p‘\:‘\ ~

Suggested Resources: What industry contacts are needed? Is the information available?
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