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This Thesis Final Report will provide an in depth analysis of the Metro Museum of American Art
(MMAA). Analysis topics include the feasibility of prefabricating the MMAA gallery ceiling, redesigning
the MMAA gallery ceiling, implementing a SIPS schedule for the gallery fit outs, exploring the union
division of labor issues associated with implementing a prefabrication process, and exploring expanding
the BIM use on the project.
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, s into the space and gives them a space to gather.

Construction Manager| Turner Construction Company .
=  The abandoned highline runs along the east

MEP Engineer Jaros, Baum, & Bolles side of the building and has been turned into a

Structural Engineer Robert Silman Associates park / pedestrian walkway.

= The east side of the building is stepped away

from the street & highline providing terraces

Mechanical System and excellent views of the city.

=  The gallery and office spaces will be served by an
all-air, variable air volume conditioning system. Structural System

This system will consist of a total of four air .

. y = The structural system for the MMAA consists of
conditioning units.

= The chilled water originates from three
electrically driven centrifugal refrigeration
machines that are sized at 300 tons-refrigeration

each.

a concrete slab on composite metal deck that
bears on structural steel framing.

=  The structural system uses multiple
concentrically braced frames to resist the

. 5 . horizontal forces on the building.
=  Five condensing three million BTU hot water

boilers provide the heat for the building.
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EXECUTIVE SUMMARY

The Senior Thesis Final Report displays the research and findings of four analyses that were performed
on the Metro Museum of American Art (MMAA) project. The MMAA is a new construction building that is
being built in order to house the expanding galleries of the MMAA. It is a $266M job that has a
construction schedule of approximately 37 months. The building is 222,952 GSF large which gives a cost
per square foot of approximately $1,200. The goals of these analyses are to expedite the interior fit out
schedule so that the risk associated with this phase can be mitigated.

Analysis 1A: Gallery Ceiling Prefabrication

The first analysis focused on the gallery ceilings due to the long schedule lengths associated with them.
The MMAA has five galleries throughout the building that take on average 416 working days to
completely fit-out; with 100 of these days devoted to the installation of the gallery ceiling system. In order
to cut down on this installation time the fifth through seventh floor galleries were prefabricated off site and
transported to the site ready to be installed. This analysis resulted in a five week reduction of the project
schedule and an estimated $346K in savings.

Analysis 1B: Gallery Ceiling Redesign

This analysis also focused on the gallery ceiling due to their long schedule length. Instead of
prefabricating the ceiling, this analysis looked to completely redesign the ceiling system in order to
facilitate simpler construction methods. The redesign saw the complex network of steel component that
originally defined the ceiling system get replaced with suspended ceilings that include acoustical panels,
open cell grid, and exposed structure. This analysis would ultimately save five weeks of schedule time
and an estimated $1.18M. Note that this analysis includes architectural and acoustic breadths.

Analysis 2: Gallery SIPS Implementation

The second analysis looked to implement a SIPS schedule on the project. This analysis was used in
order to speed up the lengthy gallery fit out schedule. Activities were originally scheduled start to finish
with each trade occupying an entire gallery. By dividing up the galleries into zones and adjusting the
workforce productivity the SIPS turned out to be very successful; it shortened the project scheule by 5
weeks and saved the project an estimated $497K.

Analysis 3: Critical Industry Issue: Union Division of Labor

The third analysis focused on the critical industry issue of the union division of labor when utilizing a
prefabrication process. The main issue associated with the union division of labor is determining who gets
to lift the completed modules into place because there are multiple trades of work complete on the
modules. In the MMAA case the iron workers would be the ones to lift the modules into place because
their work defines the structure of the ceiling system and their work connects the modules to the structural
steel above. The other trades would be allowed one representative to be present during the installation to
ensure that their work is not damaged during the hoisting process.

Analysis 4: Extending the Use of BIM on the Project

The fourth analysis focused on expanding the BIM use on the project. The MMAA is already using BIM for
3D coordination and clash detection. However, there are many new applications of BIM that could be
implemented on the MMAA successfully that would provide value to the project. This analysis used the
BIM Project Execution Planning Guide Version 2.1 that was researched and developed by the Computer
Integrated Construction Research Program at the Pennsylvania State University in order to identify 4D
modeling and site utilization planning as potential BIM uses that would be beneficial to the MMAA. A
project execution plan was also developed for the MMAA.
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PROJECT BACKGROUND

Metro Museum of American Art (MMAA) building is a new construction building that will house
the art galleries for the MMAA. It will include 50,000 square feet of traditional indoor gallery
space along with 13,000 square feet of outdoor gallery space. Also included in the program is
office space for the Metro Museum staff, an education center complete with classrooms and a
film room, a restaurant, and a theatre which can hold up to 170 people. The MMAA’s exact
location is withheld; however, it can be known that the museum is located downtown in a major
US city.

The project delivery method for the MMAA is Design-Bid-Build. Turner Construction Company
was awarded the work due to their expertise and reputation and entered into a cost plus
contract with an option for a Guaranteed Maximum Price for the owner. The total cost of
construction for the project is $266 million, and the gross square footage of the building is
222,952 SF. This results in a cost per square foot of $1,200. This high cost per square foot is
attributed to the unique and high end nature of the building.

The MMAA construction schedule is approximately 37 months long. Construction started on the
project on October 13, 2011 and its finish date is set for November 28, 2014. One of the main
phases that drives the construction schedule is the interior fit out for the gallery spaces. There
are large galleries on the first, fifth, sixth, seventh, and eighth floors including the largest column
free gallery in the city. On average each of these gallery fit outs takes 416 working days to
complete. This is one of the reasons why those gallery spaces will be the focus of this thesis.
One of the main goals of this thesis will be to evaluate any opportunities for the long gallery fit
out schedule to be reduced. Below, Figure 1 shows a rendering of the MMAA looking at the
northeast corner of the building.
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Figure 1: View of the MMAA. Courtesy of Renzo Piano Building Workshop.
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SITE PLAN & EXISTING CONDITIONS

The existing conditions site plan can be seen in Appendix A. In order to get a better
understanding of the project site’s constraints refer to this plan when reading the text below.
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Figure 2: View of the site from above. Courtesy of google.com.

The construction site for the Metro
Museum of American art is located in
the downtown area of a major US city.
Access to the site can be difficult
especially during rush hour traffic times.
The MMAA site is one block wide east
to west and approximately half a block
wide north to south. As shown in Figure
2, on the west side of the building is a
main vehicular highway and just beyond
is the city’s river. Directly adjacent to
the west side of the building is street
“C”, which is a small back road that
eventually has access to the highway.
Along the south side of the MMAA site
is a 90" ftall existing structure. Figure 3: view of the highline walkway taken from across street from
Separating the MMAA and this structure the southeast corner of the site. Photo taken by Vincent Rossi.

is street “B” which is on average 30’

| Penn State AE Senior Thesis | Vincent A. Rossi — CM
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wide from sidewalk to sidewalk. On the east side of the building runs the highline structure.
Seen in Figures 3 & 4, the highline is an abandoned metro line that has been transformed into a
pedestrian walkway / park. It is approximately 20’ off the ground and runs along the entire east
side of the MMAA. Past the highline is street “A” and across the street are various shops and
restaurants. At the north east corner of the site is a separate and ongoing construction project.
This project is the construction of the highline maintenance building. Its finish height will be at
the sixth floor of the MMAA, and this project will be completed before the MMAA. The north side
of the building is lined with some of the old manufacturing district buildings and warehouses.
These buildings are not very tall; with the closest building adjacent to the MMAA being only 30’
high. Note that there is no parking listed on the site plan due to the fact that space is limited
around the site and no worker parking is available directly at the site.
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Figure 4: View of the southeast corner of the site and the termination of the highline walkway. Photo taken by Vincent
Rossi.

Also, note that the original phasing plans for the excavation, foundation, and superstructure
phases can be seen in Appendix B. These phase plans really highlight how constricted the
MMAA will be when all of the construction equipment and temporary facilities that are required
to construct museum arrive on site.
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LOCAL CONDITIONS & CLIENT INFORMATION

This section will describe the local conditions associated with the project including typical
construction methods in the region, parking availability, and subsurface soil and water
conditions. Next the owner of the project and their expectations will be described.

Local Conditions

The MMAA is located in a major US city that has a vast history of building skyscrapers.
Although the MMAA is not a skyscraper (topping out at approximately 170 feet) it still utilizes
some of the same type of construction methods that skyscrapers do. It uses caissons/piles to
bear directly on the bedrock below the surface. The superstructure consists of concrete slab on
composite metal decking that bears on structural steel. This type of construction is very
common in the area and is one of the preferred methods of construction.

One problem that naturally comes with being in a city is the lack of available parking. This is
especially true at the MMAA where there is no on-site parking available for the workers. Even
going to visit the site, it is difficult to find a parking spot within walking distance of the site. There
will be no parking provided for the workers who will be responsible for getting themselves to the
site daily.

URS supplied the owners and project team with a full geotechnical report that detailed the
subsurface soil and water conditions. An interesting finding of the report is that the shoreline of
the city’s river used to be just east of the site, so the entire site was underwater at this point in
time. The groundwater was measured at the site to be approximately 6.5 to 12 feet below the
surface. Also, the report found that the site has anywhere from nine to 30 feet of fill material
below the surface. Underneath this fill is a layer of organic silt and clay that is thicker on the
west side of the site and thins out moving east. The general thickness of this layer ranges from
36 feet to five feet. Below this is a four to ten foot layer of clayey sand followed by a layer of
sand and glacial till. Finally, bedrock was encountered and varied in depth from 75 to 91 feet
below the surface except for a section on the far
east side of the site where the depth of bedrock
dropped off to a range between 110 and 119 feet
below the surface.

Due to the poor soil conditions under the site it s o
was recommended that the foundation consist of '
caissons/piles that are socked into bedrock. Also,
due to the high water table the foundation slab
would have to be designed to resist the
hydrostatic uplift forces. This is why the
foundation slab is designed as a pressure slab
that has the capacity to resist the tensile forces
that this will create. A section of this foundation
wall/slab can be seen to the right in Figure 5.

i

L

Figure 5: Sectional view of the foundation slab to wall
connection. Courtesy of Renzo Piano Building
Workshop.
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Client Information

The Metro Museum of American Art is an art museum that displays works of art from the
twentieth and twenty-first centuries. Ever since its founding in the early 1900s, it has been
expanding and growing its art collection as well as its following. Because of this they have
decided to build a new facility in a downtown location. The MMAA will expand to this location
which will provide ample gallery space for its collection, an education center, and many other
amenities. This expansion will provide the MMAA the opportunity to grow and become part of
the community even more than it is already. One way that the museum will give back to the
community is by having the 1* floor gallery open and free to the public at all times.

The owner expects this building to be of a very high quality. Its overall cost per square foot is
approximately $1,200. Because of this, implementing a good quality control plan will be key
element in providing owner satisfaction. Another important item is keeping the project on
schedule so that the temporary certificates of occupancy can be issued on time. Approximately
half of the building is to receive its temporary certificate of occupancy on September 8™ of 2014,
while the full building temporary certificate of occupancy is scheduled for November the 28"
2014. These items need to be completed successfully in order to have a satisfied owner.

Vincent A. Rossi — CM | Penn State AE Senior Thesis |
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PROJECT DELIVERY SYSTEM

Turner Construction Company was awarded the work because of their high industry reputation
and expertise. They are one of the premier contractors in the United States and are capable of
successfully delivering large and complex projects like the Metro Museum of American Art.
Before bidding, Turner provided some preconstruction services for the MMAA ownership. This
included Turner's estimating department putting together design development estimate by
obtaining proposals from subcontractors. This allowed the Metro Museum ownership to be
confident that they had the proper financing in place for the job, and also gave Turner a leg up
on the competition when bidding because they had already become familiar with the project
conditions.

The project delivery method for the MMAA is Design-Bid-Build. As stated before, Turner
Construction Company was awarded the work and entered into a cost plus contract with an
option for a Guaranteed Maximum Price (GMP) for the owner. There are liquidated damages for
completing the project late; however, those values are not public. Also, any bonus information
for early completion and any savings sharing information are not public. Turner will bond all of
the subcontractors through their subguard program. A subguard is used in lieu of traditional
performance and payment bonds and covers all of the subcontractors on the project in one
policy. In this policy if any of the subcontractors defaults the insurance company will step in and
provide compensation. Turner also has a contractor controlled insurance policy (CCIP) which
wraps the general contractor and all of the subcontractors under a single general liability /
workers’ compensation policy. Also, builders risk insurance is carried by the owner on this
project.

On the next page is an organizational chart for the project that details all of the main parties
involved and their relationships by contract type. As mentioned earlier Turner is contracted with
the owner through a cost plus contract that has an option for a GMP. The subcontractors are
contracted directly with Turner with the approval of the Metro Museum ownership. Each of the
work packages are hard bid to a minimum of three bidders with the scope being checked by
Turners purchasing department to ensure that no scope coverage is missed. The contracts
between the owner and the design architect and architect of record are listed as lump sum
contracts. The contracts between the architect of record and the engineering consultants are
also listed as lump sum contracts. Finally, there are lines of communication shown between all
of the main design and building parties.

| Penn State AE Senior Thesis| Vincent A. Rossi — CM
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Project Organization Chart

Owner
Metro Museum of
American Art

Architect of Record
Cooper, Robertson, &

Design Architect
Renzo Piano

Partners

Building Workshop

Construction Manager
Turner Construction

Company

Electrical
Allan Briteway

Plumbing
Almar Plumbing

& Heating Corp.

HVAC
PJ Mechanical
Corp.

Curtain Wall
Permasteelisa

NA

‘ﬁ

Structural Steel
Banker Steel,
Co., LLC

Concrete
RCC Concrete
Corp.

Excavation/
Foundation
Urban Foundation

All Other

Subcontractors

Legend

e Lump Sum Contract

e  Cost Plus Contract with GMP Option

e Communication

MEP Engineer
Jaros, Baum, &

Bolles

Structural Engineer
Robert Silman

Associates

Civil Engineer
Philip Habib &
Associates

All Other
Consultants

Vincent A. Rossi — CM

| Penn State AE Senior Thesis|




FINAL REPORT | Metro Museum of American Art

STAFFING PLAN

The project staff is located a block north of the construction site. Here, they have established
their office for the duration of the project. A project staffing plan can be seen below that was
created using the project directory and consulting with the project team. Everybody in this
staffing plan works out of the field office except for the project executive. The number of
superintendents on site could be more than what is shown depending on the amount of work
being done on site. Also, Turner has BIM capable team on site that is led by Andy Burne.
Different individuals of the team will focus their efforts on one building system. For example,
Ben Gordon is working on coordinating the interior work of the building especially the gallery
spaces. This will allow the team to understand the entire building more intimately.

Project Executive
Emad Lotfalla

Project Manager

Andrew Thomann

BIM Coordinator Project Engineer Project Accountant Project

Andy Burne Matt Niskanen Yongzhi Zhang Superintendent
Kris Muscolino

MEP Engineer Engineer Superintendent

Saakshi Fnu Scott Buxbuam William Browne

Assistant Engineer Interiors Engineer Safety Manager

Alexandra Hull Ben Gordon Stephen Adams
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PROJECT SCHEDULE SUMMARY

The project schedule for the Metro Museum of American Art (MMAA) was made using
Primavera P6 scheduling and can be found in Appendix C. This schedule breaks down the
scope of the work by trade and details the work that will be performed by those different trades.
The schedule consists of approximately 200 activities and milestones that starts with the
installation of the cassions/piles and finishes with the issuance of the temporary certificate of
occupancy for the building. The project start date is set at October 13, 2011, and it is scheduled
to finish on November 28, 2014. This translates to a total project duration of approximately thirty
seven months or 803 working days. The level of detail in this schedule allows for the
sequencing of the work to be understood without being too excessive in detail. The detailed
schedule is organized by the different major trades / activites such as excavation and
foundation, structural steel, and enclosure. Some of these phases that are driving the project
will be discussed in detail in the following section. Below in Table 1, all of these major project
phases are summarized in order to give a quick overview of the project.

Table 1: Detailed Project Schedule Overview

DETAILED SCHEDULE OVERVIEW ‘

Phase Start Date Finish Date Duration (Days)
Excavation & Foundation 13-Oct-11 24-Aug-12 138
Structural Steel Erection 14-Aug-12 14-Feb-13 129
Superstructure Concrete 22-Oct-12 12-Mar-13 101
Enclosure 05-Feb-13 02-Apr-14 297
Building Watertight N/A 07-Jan-14 1
Vertical Transportation 01-May-13 03-Apr-14 237
MEP Equipment Install 22-Jan-13 15-Jan-14 248*
Interior Fit Out 25-Oct-12 28-Nov-14 539**
Full Building TCO N/A 28-Nov-14 1
Full Project 13-Oct-11 28-Nov-14 803
** Interior Fit Out phase is so length mainly due to the large gallery fit-outs. This will be explained more in detail in the
following section.

Excavation & Foundation

The first scheduled activity for the excavation/foundation phase is the driling of the
caissons/piles. After this the general excavation can begin. The access for equipment and
trucks to the site/ramp is located at the southwest corner of the site. Due to this the excavation,
soil retention, and foundation work will begin on the east side of the site and work its way west
until the excavation and foundation are fully complete. This is why the entire
excavation/foundation schedule is divided into two main sections; the west side and the east
side. The west side activities will start approximately one week after the east side’s do. Also,

Vincent A. Rossi — CM | Penn State AE Senior Thesis |
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these main sections are broken down into sub-sections such as the north and the south/east
sub-sections for the east side. This is done because the construction techniques for the
excavation, soil retention and ultimately foundation construction are slightly different depending
on the section of the site plan. For example, on the west side the north/south sub-section
receives shotcrete, whalers, and cross lot bracing for its soil retention. Meanwhile the west
subsection receives tiebacks and shotcrete to retain the soil.

Once this is complete the construction of the foundation can begin. This process will also
progress from the east to the west side of the site starting with the pouring of the mud slab and
waterproofing. The foundation consists of a 2.5 cast in place foundation wall that ties into a
hydrostatic pressure concrete slab that is being supported by caissons/piles. There is also a 5”
concrete wearing slab above a 19” gravel drainage layer that acts as the finish slab on grade for
the cellar level.

Structural Steel Table 2: Steel Erection Dates
The important dates of the steel erection process IMPORTANT STEEL ERECTION
can be seen in Table 2. As you can see once the
excavation and foundation work is nearing
completion the structural steel team will mobilize "= a Mobilization 02-Aug-12
and start erecting the cranes that will be needed for =~ oo e o 14-Aug-12
the steel erection process. The crawler crane will

Foundation Complete 24-Aug-12

be erected first, followed by the tower crane. From
there the steel erection will start on the first floor. | St€€l Erection Complete 14-Feb-13
There is no special phasing for the steel erection; each floor's framing will be erected in its
entirety before the erectors move up to the next building level. Once a floor is erected
completely the raising gang can then move on to the next level and repeat until the steel is
topped out. After the raising gang has moved on to the next level the steel detailing can begin.
This includes tightening and plumbing the structure as well as laying the metal deck. See Table
3 for some of the typical durations for the steel erection process.

Table 3: Typical Steel Erection Durations

PICA R ON DURATIO
Description Days
Average Erection Duration per Floor 11
Average Detailing Duration per Floor 22
Total Duration of Steel Erection / Detailing 129

Superstructure Concrete

Following the completion and turnover of a floor by the steel erection team the cast-in-place
concrete contractor will be responsible for installing their work. Typically, for this project, there
will be a scheduling lag with an average of 14 working days between the steel turnover of a floor
until the concrete workers start roughing in their work. This is to allow the structural steel team
to work their way up a few floors so that there is a few layers of metal decking protecting any
workers below from safety hazards such as falling debries. The cast-in-place concrete team

| Penn State AE Senior Thesis | Vincent A. Rossi — CM
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consists of two teams of workers; the first will rough-in each floor and the next team of workers
will install the rebar/mesh and place the slab on deck. Once the workers start their work it will
take the rough in crew five to ten days to complete their work and the reinforcing/placing crew
five to ten days to complete their work depending on the size of the floor. Once a crew is
finished with their work they will move on to the floor above until all floors are complete.

Enclosure

The enclosure for the MMAA consists mainly of precast concrete panels and a carbon steel rain
cladding system. The schedule of activities for the wall enclosure starts with the erection of the
metal panels followed by the precast concrete panels and the windows and curtainwall. Also the
roof installation starts at approximately the same time as the metal panel erection. A detailed
overview of the building enclosure start dates, finish dates, and durations can be seen in Table
4.

Table 4: Enclosure Overview

DETAILED ENCLOSURE SCHEDULE OVERVIEW ‘

Activity Start Date Finish Date Duration (Days)
Roofing Curb Placement 05-Feb-13 21-Mar-13 45

Metal Panels 06-Feb-13 12-Aug-13 132
Precast Concrete Panels 04-Mar-13 24-Apr-13 38

Install Roofing 11-Apr-13 26-Sep-13 169
Windows / Curtainwall 05-Jun-13 02-Apr-14 212
Building Watertight N/A 07-Jan-14 1

As you can see from Tables 2 and 4 both the roofing curb placement and metal panel erection
starts before the steel is topped out. Floors six an up all receive roof curbs due to the stepped
nature of the building. The metal panel erection is split into two phases which include the
erection of the back up system and then the finish metal panels themselves. The sequencing of

the metal panels will start with floors two
through five of the south elevation of the
building and move counterclockwise to the
west, north, and finishing on the east
elevation. Once the back up panels start to
be erected on the lower west elevation the
erection of the back up panels on floors six
through the roof will begin on the south
elevation and continue in the same order
as the lower back up panels. The
construction of the finish metal panels will
begin once the back up panels start to be
erected on the upper east side of the
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Figure 6: Excerpt from the detailed project schedule. Formed by
Vincent A. Rossi.
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building. The finish metal panels will also start on the south elevation and move
counterclockwise.

An interesting note about the enclosure schedule is the fact that the building watertight
milestone occurs before the end of the enclosure phase. This is atypical in building construction;
however, it can be explained by looking at Figure 6 on the previous page. The windows and
curtainwall sub-phase is the last to be completed in the enclosure phase. The building is
watertight after the east elevation windows and curtainwall are complete but before the
cablewall at the first floor is started. This is simply due to the fact that the cablewall at the first
floor does not need to proctect the building from the elements outside and is mainly an aestetic
element of the building enclosure.

Interior Fit-Out

The longest phase of the project as listed on the schedule is by far the interior fit-out. This is due
mainly to the long durations for the gallery fit-outs. As you can see in Table 5, the average
duration for a gallery fit-out is 416 working days which translates to approximately 19 months.
The gallery fit-outs are really all inclusive and include everything from installing hangers in the
above deck to completing punchlist items. A typical schedule of activities for a gallery fit out can
be seen in Appendix C under the fifth floor gallery fit-out sub-phase. The sixth, seventh, and
eighth floor galleries all have a similar scheduling of activities even though their durations are
not exactly the same.

Table 5: Gallery Fit-out Overview

GALLERY FIT-OUT SCHEDULE OVERVIEW ‘

Gallery Start Date Finish Date Duration
(Days)
1% Floor Gallery 19-Dec-12  26-Jun-14 390
5" Floor Gallery 29-Jan-13 19-Aug-14 401
6™ Floor Gallery 12-Feb-13 16-Sep-14 411
7" Floor Gallery 21-Feb-13 14-Oct-14 424
8" Floor Gallery 28-Feb-13 28-Nov-14 452
Average N/A N/A 416
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PROJECT COST EVALUATION

In order to fully comprehend the costs associated with the Metro Museum of American Art, it
was important to review the cost data for the project and to prepare some preliminary estimates.
This includes reviewing the overall building cost data and the breakdown of the different
systems within the building.

Building Cost Data

Here, the buildings cost is displayed in two forms; as the construction cost and as the total
project cost. The construction cost is the costs associated with the physical construction of the
building. This cost leaves out land costs, site work, permitting, general conditions, and fees. The
total project cost is the cost associated with the delivery of the entire building. This cost data
does include all of the aforementioned exclusions. This cost data can be seen in Table 6 below.
As you can see from these tables the cost for this museum is very high per square foot, around
$1,200. This is due to the high end finishes, its unique design, and other factors which will be
addressed in the coming sections.

Table 6: Building Cost Data

BUILD OST DATA
Description Cost ($) Cost ($/SF)
Construction Cost $213,690,741 $958.46
Total Project Cost $266,345,323 $1,194.63

Next, some of the main building system costs are highlighted. This can be seen in Table 7. The
table breaks the cost down into total cost, cost per square foot, and percent of total building
cost. As you can see the curtainwall system on the building is the highest priced system on the
building. This is because the majority of the curtainwall system is constructed using a carbon
steel rainscreen cladding system. This unigue building material really drove up the cost of this
building system.

Table 7: Building Systems Cost Data

BUILDING SYSTEMS COST DATA

Building System Cost (%) Cost ($/SF) % Of Total
Excavation & Foundation 26,559,609 119.13 10.0
Structural Steel 21,209,500 95.13 8.0
Superstructure Concrete 5,300,831 23,78 2.0
Drywall/Carpentry/Ceilings 17,723,026 79.49 6.7
Curtainwall 30,637,767 137.42 115
HVAC Work 24,432,743 109.59 9.2
Electrical Work 24,845,611 111.44 9.3
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General Conditions

The general conditions estimate for the Metro Museum of American Art can be considered the
operating costs for the job site. It include personnel, field offices, temporary utilities, insurance,
bonding, and other miscellaneous costs. Personnel costs are the costs of the staff’s salary and
benefits. Insurance and bonding costs include builders risk insurance, general liability
insurance, payment and performance bonds, permiting, and Turner's subguard program.
Finally, the miscellaneous costs are associated with items such as the field office rent, supplies,
temporary utilities, telephone bills, and job clean up. The general conditions estimate is based
off of a 37 month construction schedule. Because of this a monthly cost for general conditions
can be determined . This along with a summary of the general conditions estimate can be seen
below in Table 8.

Table 8: General Conditions Summary

RAL CONDITIO AR
Section Total Cost ($) Cost per Month
General Conditions $15,722,000 $424,919

**Note that the estimate is based on a project duration of 37 months.

The general conditions on the MMAA were a significant part of the project budget. They were
budgeted to cost $15,722,000 which is approximately 6% of the total project budget. There are
a few reasons why the general conditions cost is so high on this job. First off the project is large
and complex which demands a large amount of personnel and facilities costs in order to
manage the job properly. Also, managing the downtown site location and finding suitable space
for management offices would be a costly endeavor. The project team has rented office space a
block away from the project site so that they do not take up valuable space on construction site
with job trailers.

The main takeaway from this exercise is showing that any schedule overruns would be
extremely costly by themselves through added general conditions costs, let alone adding on the
liquidated damages that would be incurred from turnover delays. On the other hand if Turner is
able to deliver the project early it would be extremely beneficial and save a significant amount of
money on the project.
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ARCHITECTURE OVERVIEW

Interesting Architectural Features

One of the most attractive elements of the building is the large cantilevered entrance. This
space gives the building an interesting appeal to people walking down the street and invites
them into the space. It also will serve as an extension of the interior of the building giving the
patrons a place to gather. This cantilever can be seen in Figure 7 in the bottom right portion of
sectional rendering.

Figure 7 (Right): Sectional rendering of the Museum looking north. Note the cantilevered entrance and the stepped floors
creating multiple terraces. Figure 8 (Left): View of Metro Museum from the north. Courtesy of Renzo Piano Building Workshop.

The building site has an abandoned above ground metro line that runs from the north east
corner of the site and terminates at the south east corner of the site, which is the entrance of the
building. This metro line has been turned into a green walkway / park that pedestrians can use.
Figure 8 shows a view from this walkway looking south onto the Metro Museum. This element of
the site will be one of the main reasons for the stepped nature of the building described below.
The buildings architecture is defined in part by this abandoned metro line.

Another interesting feature of the Metro Museum is the stepped nature of the building which can
also be seen in Figure 7. The east side of the building, which faces the elevated metro line,
steps back with each floor creating an outdoor terrace on the roofs of each level. This terrace
provides the opportunity for exterior gallery space and also provides excellent views of the
metro park and the city itself.

Building Enclosure

The Metro Museum has ten different exterior wall types. However, the majority of the building
enclosure is made up of a metal panel system. This wall type is an insulated stud wall with an
exterior steel plate rain screen cladding system and punched in windows. A section of this wall
type can be seen in Figure 9 on the next page. Other elements that make up the building
enclosure include pre cast concrete planks, and various types of curtain wall glazing.
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Building Roofing

Multiple roofing systems make up the building
enclosure. Here the primary systems will be described.
First, the south roof has multiple clearstories running
east to west that add natural light to the 8" floor gallery
space. Around these clearstories the roofing consists of
a gutter system with painted galvanized metal grating
with snow melting cables where the gutter is less than
five feet wide. Below the grating there is a layer of
gravel followed by a composite drainage panel and —
waterproofing membrane. B

GFRG INTERIOR
FINISH

SHADE
SEE SHADE PLANS

ar

i GFRG INTERIOR

Next the north side of the roof is made up of integrally &ﬁ? D, GE—
footed pre-cast concrete pavers that are backed up with Bl
ridged insulation and a composite drainage panel.
Located in the middle of the north roof and surrounded
by these concrete pavers is a green roofing system.
This system is made up of a 4” layer of growing
medium, filter fabric, drainage tray and a moisture
retention mat. Below this there is a root barrier, ridged
insulation, and a waterproofing membrane.

2312

Due to the stepped nature of the building a lot of the |, ..{
building’s roof area has been turned into terraces.
These terrace roofs consist of a 4” wearing course of > , —

) . . ) Figure 9: Section of the metal panel exterior wall
cast In place concrete that is backed up with rldged type. Courtesy of Renzo Piano Building Workshop.
insulation, a composite drainage mat, and a
waterproofing membrane.

Sustainability Features

The goal for the Metro Museum is to achieve at least a LEED gold rating. To do this a LEED
action plan was developed and the points worth pursuing were established. One of the main
sustainability features is the green roof mentioned above. This along with other points such as
construction waste management and enhanced commissioning will make the Metro Museum
friendlier to the environment and to its occupants.
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BUILDING SYSTEMS SUMMARY

The MMAA is a new construction building located downtown in a major US city that will house
the galleries for the MMAA. It will include 50,000 square feet of traditional indoor gallery space
along with 13,000 square feet of outdoor gallery space. Also included in the program is office
space for the Metro Museum staff, an education center complete with classrooms and a film
room, a restaurant, and a theatre which can hold up to 170 people. Table 9 outlines the major
building systems associated with the construction of the MMAA. Each of these building systems
will be discussed in detail in the following pages.

Table 9: Building System Checklist

BUILDING SYSTEMS CHECKLIST

Work Scope Yes No
Demolition Required X
Structural Steel Frame
Cast in Place Concrete
Precast Concrete
Mechanical System
Electrical System
Masonry
Curtain Wall
Support of Excavation

XXX XX XXX

Structural Steel Frame
The structural system for the MMAA consists of a concrete slab on composite metal deck that
bears on structural steel framing. The structural engineer, Robert Silman Associates (RSA),
considered many structural systems such as a flat plate concrete system, post-tensioned
concrete structure, and the system that would ultimately be used. RSA determined that the steel
frame with concrete on composite deck would be the
most effective scheme because it is the lightest, most
cost effective, and left the owner with most flexibility for
future uses.

The structural system uses multiple concentrically
braced frames to resist the horizontal forces on the
building. These braced frames are located throughout
the building and consist of mainly W shaped steel
members; however a few of the braced frames utilize
HSS shapes as well. There is also one large
truss/braced frame that runs along the entire south
side of the building between the fifth and sixth floors.

This location is adjacent to where the largest column Figure 10: Photo of the crawler crane on site.
Photo taken by Vincent Rossi.
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free gallery in the city is located.

The nine story building is framed with mainly with W
shaped structural steel members that are connected with
a mix of shear and moment connections. There is also
horizontal bracing consisting of HSS and L shaped
members within the floor framing where needed. The
columns are almost all W12 or W14s with the exception of
a few custom made pipe and bar columns.

There are two cranes on site during the steel erection.
First there is a Liebherr LR 1200 crawler crane, shown in
Figure 10, located on the south central perimeter location
of the site. Also there is a Favelle Favco tower crane,
shown in Figure 11, whose tower ascends through the Figure 11: View of the tower crane on site. Photo
grand staircase of the museum. The locations of the taken by Vincent Rossi.

cranes can be better understood from looking at the site logistics plan located in Appendix B.

Cast in Place Concrete

Cast in place concrete was used throughout the Metro Museum. The foundation system is in
effect a concrete bathtub because the cellar elevation is twenty feet below the water table. As
shown in Figure 12, the foundation consists of a 2.5’ cast in place foundation wall that ties into a
hydrostatic pressure concrete slab that is being supported by caissons/piles. There is also a 5”
concrete wearing slab above a 19” gravel drainage layer that acts as the finish slab on grade.
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Figure 12: Sectional view of the foundation slab to wall connection. Courtesy of
Renzo Piano Building Workshop.
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As mentioned previously the floor systems are composed of concrete slab on deck (SOD).
There are multiple different variations of this floor system including the following examples.
= First, a 3-1/4” light weight concrete slab on 3”-18 gage composite metal deck is used for
all of the gallery spaces.
= Another SOD system consists of a 6” normal weight concrete slab on 3”-18 gage
composite metal deck that is used as the floor of the third floor theatre.
The methodology for the concrete placement is that the concrete will be pumped into place and
the metal decking will act as the horizontal formwork. Also, for the vertical slab formwork, the
slabs will have either a pour stop or a 3/8” bent plate along the slabs perimeter.

Precast Concrete

Precast concrete is used as in interior and exterior wall type for the Metro Museum. As an
interior wall type it is used throughout the core of the building up through level five and acts as
part of a two hour firewall for the stairs and elevator shafts. Beyond this level partition walls are
used to obtain the necessary two hour fire rating. This type of pre-cast concrete is divided into
vertical planks that are one story tall and have various widths. They are fastened to the
structural steel HHS members with embedded anchors and the joints are then sealed. These
pre cast members are erected using the onsite crane and are scheduled to be erected as steel
erection is still proceeding on the upper floors. Their erection will proceed only after the concrete
SOD has been poured on the corresponding level and allowed to cure for seven days. One
interesting note about the erection of these interior precast members is that the tower crane’s
tower passes directly through the shaft of the grand stairway. Because of this the precast planks
that are scheduled to line the grand stairway need to wait to be installed until after the steel is
topped out and the tower crane is deconstructed and removed from the site. After this, a
separate crane can then hoist the remaining interior precast panels into place.

Various sections of the exterior wall enclosure of the building are also pre-cast concrete panels.
There are seventy panels on the north elevation, seventy four on the south elevation, forty two
on the east elevation, and thirty two on the west elevation for a total of 218 exterior precast
panels. These panels will be hoisted into place using the onsite crane. Similar to the interior
panels, the exterior panels will be connected to the structural steel elements such as W & HSS
shapes using an embedded anchor. An example of this type of connection can be seen on the
next page in Figure 13.
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Figure 13: View of the support for the pre-cast panels. Courtesy of Renzo Piano Building Workshop.

Mechanical Systems

The mechanical makeup for the Metro Museum is complex and uses many different types of
heating, ventilating, and air conditioning systems to make the building comfortable all year long.
The air conditioning systems used for the galleries, office spaces, lobby, auditorium, and
restaurant will be discussed here; including the feeds of the hot and cold water coils of these
systems.

The gallery and office spaces will be served by an all-air, variable air volume conditioning
system. This system will consist of a total of four air conditioning units. Three of the four units
are located in the cellar fan room and will each handle one third of the load for the gallery/office
spaces that are located between the cellar and seventh floors. The fourth unit is located in the
fan room on the ninth floor and will serve the eighth floor spaces. Supply air to, and return air
from, each floor will be carried through multiple mechanical riser shafts throughout the building.
The supply air that will be going to the gallery spaces will be controlled by VAV units that are
located adjacent to the air condition systems in the cellar or ninth floor fan rooms. Once the air
is transferred to its destination it is delivered to and returned from the space by traditional
diffusers and grilles in the office areas; or in the case of the galleries an open ceiling plenum is
used for the return air. The lobby, auditorium, and restaurant are all conditioned by similar, but
independent air conditioning systems. These systems are factory-assembled packaged all-air
constant volume systems that are also located in the cellar fan room.
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The chilled water for these mechanical systems originates from three electrically driven
centrifugal refrigeration machines that are sized at 300 tons each. These are all located in the
cellar of the building and each have an individual pump that will distribute the chilled water to its
end users throughout the building. The building heat originates from a hot water boiler plant also
located in the cellar that includes five condensing three million BTUh hot water boilers. Pumps
then circulate the hot water to the air conditioning systems or finned tube radiators.

The fire protection system for the Metro Museum is a full building sprinkler system. The network
consists of three different types of sprinkler systems; preaction, dry, and wet. The preaction
system is used in sensitive areas of the Museum such as server rooms where accidental
discharge of the system is critical to avoid. The dry system uses an air buffer in the lines so that
the pipes do not burst in cold temperatures; this makes it an ideal system for areas such as the
truck bay. Finally, the wet system is a generic sprinkler used in all other areas that the dry and
preaction sprinklers are not being used.

Electrical System

Two electrical service lines enter the building’s electrical room at the south west side of the
cellar level from the vault / bus compartment of the service provider. Each line connects to a
separate service switchboard that has a rating of 4,000A, 3g, 4W, 208Y/120V. The two service
switchboards also run a bus to two identical distribution switchboards that have the same rating
of the service switchboards. From these four switchboards all of the power is distributed
throughout the building.

An interesting idea that the project team had for the electrical service was to get at least partial
service from the permanent electrical equipment up and running as early as possible on the
project. In order to do this the masons would be directed to complete the interior electrical room
first and then it would be made watertight before any other part of the building. Once this is
done then the electrical equipment could be installed in the electrical room and the buildings
permanent power source could be energized and distributed earlier than usual.

Masonry

The scope of the masonry work for this project is very small in comparison to the overall project
size. In fact the unit masonry accounts for only 0.6% of the overall construction cost. A large
portion of the masonry work is the construction of an insulated CMU exterior wall on the north
elevation of the project where it edges up against the existing highline maintenance building.
The rest of the masonry work is the construction of various interior partition walls throughout the
building.

Curtain Wall

There are a total of ten different types of exterior wall systems that make up the building
enclosure for the Metro Museum. However, only a few of them define the majority of the
building; so those are the ones that will be discussed in detail. The wall type that is by far the
most common on the building is the metal panel rain screen cladding system. It consists of a
5/16” thick steel plate cladding system with stainless steel fasteners and hardware attached to
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custom extruded aluminum frames. Between these extruded aluminum frames is an aluminum
liner sheet, galvanized steel sheet vapor barrier, and semi-rigid insulation. Anchor brackets
connect the system to the structural frame of the building. The wall system is hoisted into place
with the crane in two sections. First, the backup material for the metal panels is lifted into place.
Then the metal panels themselves are lifted into place and the final connections are made.
Figure 14 shows a horizontal section of this curtain wall.
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Figure 14: Horizontal section of the metal panel curtain wall. Courtesy of Renzo
Piano Building Workshop.

Another curtain wall is the gallery storefront glazing system. It consists of a stick built system
that has 3'4” wide insulated glass panels that are held vertically by extruded aluminum adapters
and rest on custom mullions that are built-up steel tees. Once again, these are just two
examples of the ten exterior wall types, but they are the most commonly found curtain walls on
the building.

Excavation Support

As detailed before, the foundation for the MMAA is basically a concrete bathtub bearing on
caissons/piles. Due to the downtown site location the excavation has to go vertically into the
ground with no setbacks. There are a few different types of excavation support used for the
construction of the MMAA foundations, including cross lot bracing, shotcrete and tiebacks, and
soldier piles and walers.

As excavation progressed, the north and south sub sections of the west side received shotcrete
treatment in order to retain the soil. Also, walers were used between the H piles to form a wall
that would effectively retain the soil until the foundation walls were formed and poured. On the
west sub section of the west side shotcrete was also used to initially resist the soil. Then
tiebacks were installed in multiple tiers in order to retain the earth. The east side of the site also
uses a mixture of shotcrete, tiebacks, and walers as excavation support.
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Throughout the entire site cross lot bracing was installed as an earth retention system. It was
generally installed in the north to south direction across the whole site. An example of the cross
lot bracing can be seen in Figure 15. As you can see this photo was taken after the foundation
walls had been cast and the structural steel erection had started. However, the cross lot bracing
is still in place.
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Figure 15: Photo of cross lot bracing located on the west side of the site looking south. Photo taken by Vincent Rossi

Vincent A. Rossi — CM | Penn State AE Senior Thesis |



iVolgilcivloiie® FINAL REPORT | Metro Museum of American Art

ANALYSIS 1A: GALLERY CEILING PREFABRICATION

Problem Identification

The Metro Museum of American Art (MMAA) has gallery spaces located on the first, fifth, sixth,
seventh, and eights floors. The average duration for one of these gallery fit-outs is 416 working
days, which translates to approximately 19 months. The installation of the gallery ceilings
accounts for over 100 of those 416 days. The critical path of the schedule also runs throughout
this phase. This is because the vast majority of the activities in this phase cannot start until the
previous activity is complete. This creates a chain of activities with no float where if one activity
is delayed then all the succeeding activities are also delayed. Also, another risk associated with
the gallery fit-out is that the last activity in this phase is a predecessor to the turnover to the
owner. This is a potential problem because if there are any delays in the schedule late in this
phase there might not be an opportunity to make up time in the schedule.

Analysis Goals

The main goal of this study is to investigate the cost benefit analysis of prefabricating the gallery
ceiling. The driving factors of this analysis will determine if the benefits of prefabrication, such as
increased productivity and shorter schedule time, outweigh the cons of prefabrication, such as
accumulating increased trucking and warehouse rental costs. Determining how the
prefabricated modules will be manufactured, transported, erected and installed into their final
locations will complete this analysis. Then a schedule and cost analysis will be conducted to
determine if this process is viable for the MMAA.

Background Information & Research

Preliminary research was completed and indicated that prefabricating the gallery ceiling was a
viable option of study. Currently, the ceiling structure will be stick built in the field. This is a time
consuming process because it is a unique ceiling system that ties in multiple different trades of
work. Also, all of the activities on the current schedule are listed as start to finish, which means
one activity cannot start until the previous is fully complete. On the next page, Table 10, details
the main construction activities for a typical gallery ceiling installation and the amount of working
days needed to complete each activity. As you can see the total duration for a typical ceiling
installation is just over 100 working days.

Prefabricating the ceiling off-site and transporting it to the MMAA to be lifted into place has the
potential to save a significant amount of schedule time. Some of the benefits of prefabrication
include the following:
= Decreased On-site Installation Time
e Materials will be delivered to the jobsite already assembled. The only on-site
installation work is moving the prefabricated modules into their specified positions
and making the final connections.
= Increase in Worker Productivity
o Workers will be more productive because they will be working in a climate-
controlled factory at a comfortable working height. This is opposed to typical
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construction where the workers can be subjected to the elements and working
overhead a large portion of the time.
= Safer Work Environment
e This is another byproduct of working in a controlled environment at a comfortable
working height.
»= Reduction in Material Waste

Table 10: Typical Gallery Construction Schedule

TYPICAL GALLERY CEILING CONSTRUCTION

SCHEDULE
Activity Duration
(Working Days)

Ceiling Layout/ Hanging Drop Rods 25

Install W5 Sections & Infill Pieces 35
Rough-In Lighting System 10

Install Sprinkler System 15

Install Ceiling Panels 12
Ceiling Trim 5

Total 102

All of these benefits add value to the project. A cross section of the ceiling system can be seen
in Figure 16 on the next page. As shown, the ceiling is hung from the structural steel above
using slotted connections. According to the project team this design feature was the main
reason that the system was not prefabricated. The problem was that the tight tolerances needed
could not be achieved feasibly when manufacturing both the structural steel and the ceiling
support system for prefabrication. These will have to be changed to a different type of
connection such as a hanger in order to accommodate the needed tolerance for prefabrication.

The ceiling system consists of a grid of miscellaneous metal pieces bolted together. Running in
the north-south direction are 10° W5 steel member sections. Figure 16 shows a cross section of
the ceiling looking north. As you can see there are two W5 members that are approximately 11
inches apart from each other running parallel across the gallery space. These two members are
connected together by the bent steel plate hanger. Supported by this hanger directly are the fire
suppression system, electrical raceways, and the W5 members. This assembly is repeated in
ten foot increments across the width of the gallery. Running in the east west direction between
these assemblies is all of the lighting for the gallery spaces. It consists of track lighting strips
that are enclosed by two steel angles, which are directly bolted to the W5 members using
slotted connections. These strips are spaced every 3'4”. All of the gallery space ceilings are
designed in this manner. The only difference in the gallery spaces is the sixth and seventh floor
spaces have a metal panel system enclosing the ceiling system, while the fifth floor leaves the
above construction exposed. This can be seen in Figures 17 and 18 which are complete floor
sections of the gallery spaces; note the ceiling panels are highlighted in red.
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Figure 18: Sixth floor ceiling east west section showing the gallery ceiling system. Note the ceiling panels are highlighted in
red. Courtesy of Renzo Piano Building Workshop.
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Planning and Procurement

In order for a prefabrication process to run smoothly there must be a lot of coordination
throughout the design and construction phases of the project. The MMAA gallery ceiling system
consists of three main trades; miscellaneous metals, electrical, and fire protection. In order for
the prefabrication process to run smoothly these contractors must work together along with the
architect, general contractor, and the owner when planning for the prefabrication process.
Typically, it is best for the prefabrication planning to begin before the project has even started.
This allows for all of the parties to voice their concerns about the feasibility of the process and
helps make it to be the most effective considering the individual project’s constraints. Obviously,
this means that the contractors would have to be on board with the project early on during the
design phase.

This poses a potential problem when applying a prefabrication process to the MMAA. Typically
due to the early involvement of the contractors a design-build project delivery method is
preferred over the design-bid-build delivery method that the MMAA is being constructed under.
A design-build delivery method gets the contractor involved in the design phase of the project so
that they can provide their input to the owner and architect about what is feasible to construct
and how the project can still meet the goals of the owner while providing the most value
possible. This delivery method ties hand in hand with the prefabrication process because like
the overall project it will benefit from having the contractors voice what problems could arise
with the initial design of the prefabricated system in question. It is not to say that it is impossible
to deliver a prefabricated system under a design-bid-build contract; it is simply more difficult to
accomplish successfully.

The following are suggestions that should be implemented when attempting to plan for a
prefabricated system under a design-bid-build project delivery method. The owner and architect
must have very explicit wording in the contract documents that require the contractors bidding
the work to prefabricate the systems. This becomes more complex when there is a multi-trade
prefabrication process such as in the MMAA due to the fact that there will need to be increased
coordination between the parties. Therefore, the contract documents would have to say what
party is responsible for each process such as storing or transporting the prefabricated system. It
would also be important to spell out how and where the system will be constructed. The
prefabrication process will run more smoothly as the contract documents become more and
more detailed. As you can see early planning is critical to any prefabrication process, especially
one under a design-bid-build delivery method.

Designing for Prefabrication

The design and location of the MMAA creates several limiting factors that define how the
prefabricated sections are divided so that they can be transported to the site and installed
effectively. It is advantageous for the prefabricated sections to be as large as possible. This
allows for the most work to be completed in the factory and limits the amount of final
connections that need to be completed in the field where productivity is lower.
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First, it is necessary to consider the size and layout of the MMAA gallery spaces. The fifth floor
gallery ceiling is 66 feet long from north to south and approximately 260 feet wide from east to
west. The pairs of W5 members run in the short direction while the steel angles that connect the
W5 members run perpendicular in the east west direction. Figure 19 displays a typical layout of
the gallery ceiling system; this depicts the east side of the fifth floor gallery space. The
highlighted red lines represent the W5 members that run across the width of the gallery ceiling.
As you can see there are two W5 members spaced close together (approximately 11”) and
these sets of two are repeated every 10 feet across the gallery. The dark lines connecting these
highlighted members are the steel angle / lighting track system that repeat every 3'4”. This is a
typical design for the fifth, sixth, and seventh floor gallery ceilings.
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Figure 19: Typical layout of the gallery ceiling system. Original image Courtesy of Renzo Piano Building Workshop
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Now that the construction of the ceilings has been investigated they can be divided into modules
for prefabrication. The first factor to consider when designing the prefabricated sections is how
they will be transported to the job site. Fitting the prefabricated sections onto the bed of a truck
is the main limiting factor for the size of the prefabricated sections. The city’s limits on trailer
size are displayed in Figure 20 below.

LEGAL DIMENSIONS. WEIGHTS & GROSS WEIGHTS FOR I STATE
IV. The maximum legal dimensions (overall, inclusive of load. bumpers, etc.) are:
State Qualifying or
Highwayv Access Highway
A Width of Vehicle, inclusive of load 8 feet* 8 feet 6 inches
B. Height of vehicle from underside of tire to top of vehicle. inclusive of load 13 feet 6 inches 13 feet 6 inches
C. | Length of single vehicle inclusive of load and bumpers 40 feet 40 feet
D. | Length of a combination of vehicles inclusive of load and bumpers 65 feet? Unlimited?
E: Length of a single trailer 48 feet 53 feet?
F. Length of a single twin trailer 28 feet 6 inches 28 feet 6 inches

Figure 20: - State trucking dimension and weight limits. Taken from the State of- Department of
Transportation.

As you can see the applicable limits for length and width respectively are 48 and 8 feet. This is a
problem because as stated before, the main assemblies that connect to the structural steel
above are spaced every 10 feet, which in effect makes 10 feet the minimum width for the
prefabricated sections. Further investigation revealed that it is possible to transport wider or
longer trailers into the city by applying for a permit. The permit will allow the maximum
dimensions to be increased to 16 feet wide by 160 feet long and 15°11” high (DOT), which
provides more than enough room for the prefabricated sections. There is a small $40 fee
associated with applying for a permit that will be considered in final cost benefit analysis.

The optimum division of the ceiling would be to group all four of the red highlighted W5
members in Figure 19 along with the steel angles / lighting track that connects the two groups
into one section. This would create a module that is 66 feet long by 11'9” wide. Although this
conforms to the regulations with a permit noted above it would still be very difficult to find a way
to navigate such a long trailer to the city jobsite. Therefore, it would be beneficial to shorten the
trailer to the 48 foot maximum allowed without a permit. In order to do this the ceiling sections
will not be able to be continuous throughout the gallery space and the W5 members will have to
be split into sections. Splitting the W5 members at the center would allow them to fit onto the 48
foot trailer; however, that creates an awkward joint location because one of the bent steel plate
supports is located in the center. It would be better to divide the 66 length into three sections;
one central 30 foot section flanked on each side by an 18 foot section. Doing it this way allows
all of the bent steel plate supports to remain undisturbed and allows the joints to be
symmetrically spaced throughout the width of the gallery space. An example of this division of
the ceiling space can be seen in Figure 19. Two examples of the main 30 foot section are
enclosed in a highlighted green box, while the flanking 18 foot sections are enclosed in the
yellow and blue boxes. These boxes will continue throughout the length of the fifth floor gallery.
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This approach leaves gaps between the prefabricated modules. These gaps include the steel
angles and lighting track assemblies that would not fit onto either of the prefabricated modules
because they would make the whole section too wide. Due to this, these steel angles and
lighting tracks will have to be installed in the field after the prefabricated sections were lifted into
place. This means that only one half of the steel angles and lighting tracks will be prefabricated.
This should not be a problem because the rest of the ceiling system that was prefabricated
included the difficult components to handle and install that require the majority of the labor. The
steel angle / lighting track assemblies simply have to be bolted onto the bottom of the two W5s
that they span and connected to the electrical feed.

1% Floor Gallery

After investigating the first floor gallery space it was determined that a prefabrication process
would not be feasible for that particular floor. This ceiling construction is much different from the
ones on the fifth through eighth floors. It consists of acoustic plaster that is backed up by metal
studs filled with insulation as opposed to the structural steel assembly previously discussed. A
typical detail of this ceiling type is shown below for reference in Figure 21.
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Figure 21: Section of the 1st floor gallery space. Courtesy of Renzo Piano Building Workshop.

FRAMING AS REQUIRED

5" Floor Gallery

The fifth floor gallery will have a total of 39 prefabricated modules. The gallery space in its
entirety can be seen below in Figure 22. This figure highlights the plan for all of the
prefabricated sections. The yellow and blue sections represent the twenty-six 18’ prefabricated
modules, and the green sections represent the thirteen 30’ prefabricated modules. This layout
allows for more than half of the total ceiling area to be prefabricated including 52 of the 54 total
W5 steel members. The rectangular nature of this floors gallery allowed for the layout of the
modules to be simple when considering the joint locations and separations.
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Figure 22: View of the 5' " floor gallery space and the division on modules. Courtesy of Renzo Piano Building Workshop.
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6" Floor Gallery

The sixth floor gallery will have a total of 21 prefabricated modules. The gallery space in its
entirety can be seen below in Figure 23. This gallery space is considerably smaller than the fifth
floor space at 60’ wide by 216’ long at its largest points. The gallery spaces get smaller moving
from the fifth floor up to the eighth. This is because there are outdoor terraces that act like steps
going up the building that decrease the gallery square footage with each floor.

The layout for this ceiling’s modules is different than on the fifth floor in that the W5 sections are
divided roughly in half instead of into three sections. This was possible because there are five
full 10’ long bays with 1/3 of a bay on the far north end and 2/3 of a bay on the far south end of
the gallery width. This means the center of the gallery is located approximately at the center of
the third bay where there is not a bent steel hangar in conflict with the joint created by the
prefabricated sections. The modules were designed so that the W5 members would be
connected in the exact center of the third bay. The resulting design for the modules is
highlighted in Figure 23 below. The yellow sections represent the ten 284" prefabricated
modules, and the red sections represent the six 31°8” prefabricated modules along with the five
modules in the southeast corner of the gallery that decrease in length from 26’ down to 13’. This
layout allows for more than half of the total ceiling area to be prefabricated and minimizes the
amount of modules.

— — e I
— _ === L
[E— | ® _l_ HJ_
— —_— Y — i — — —Lr_,_' ———— :It-
[ . . B
! H I
— o e e = |
: I I T [ I
- — —— —— — — —— — -t
T — i | — = -t
Pt d s & = 1 2 s -+
I 4]
= - — """“J I
i) - — e e B
Bl | ‘ = Hi,_lr—)*"if"'fr'—;r—f- -J_V_’lf__.-l-{
I-. J ]t — W & ——=r1 L= ‘
—— e - e'_'_'_'_,l'?fjj‘jtﬁ 1. __'T--_':-“-T"- T T T
T e It et - —_—i““:;:_s =St st S [ S B

Figure 23: View of the 6" floor gallery space and the division on modules. Courtesy of Renzo Piano Building Workshop.

7" Floor Gallery

The seventh floor gallery’s dimensions are 55’4” wide by 180°6” long at its largest points and will
have a total of 17 prefabricated modules. The design and layout of the modules in this gallery
space is very similar to the sixth floor except smaller in scale due to the square footage drop
from the outdoor terraces. The modules on this floor will also span approximately half the width
of the gallery space similar to the sixth floor. On the next page Figure 24 shows the gallery
space in its entirety as well as the module layout. The yellow sections represent the eight 28'4”
prefabricated modules, and the red sections represent the five 27’ prefabricated modules along
with the four modules in the southeast corner of the gallery that decrease in length from 24’
down to 15'. This layout allows for more than half of the total ceiling area to be prefabricated
and minimizes the amount of modules.
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Figure 24: View of the 7" floor gallery space and the division on modules. Courtesy of Renzo Piano Building Workshop.

8" Floor Gallery

The ceiling for the eighth floor gallery is similar to the fifth through seventh floor galleries;
however, there is one very important difference between the two. The difference is that there
are no W5 steel members running the width of the space. Instead, the steel angle / lighting track
assemblies are hung directly from the structural steel above. A section of this ceiling structure
can be seen below in Figure 25. Due to the fact that all of the steel angle / lighting assemblies
are only connected to the structural steel above and not each other the only way to prefabricate
this ceiling would be to include the structural steel in the prefabrication process. Implementing
this would not be practical because you are mixing two very different phases, building super
structure and interior fit-out. Not only are the timeframes for installation completely different, but
the coordination and implementation would almost be impossible and most likely economically
unpractical. Due to all of this the eighth floor gallery ceiling will be built in the field. Although this
is not preferred, it is acceptable because this ceiling is considerably less complex than ones on
the fifth through seventh floors.
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Figure 25: View of the 7" floor gallery space and the division on modules. Courtesy of Renzo Piano Building Workshop.

Design Summary
In order for the prefabrication of the gallery ceilings to be a viable option, two main concessions
had to be made. They are as follows:

1. The design of the support system connecting the ceiling system to the structural steel
above would have to be altered. The project team stated that the slotted connections
that are currently called for in the project were one of the limiting factors that prevented
the gallery ceilings from being prefabricated in the first place. The connections in
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guestion are highlighted below in Figure 26. These slotted connections would have to be
switched to a hangar connection. This would eliminate any coordination needed with the
structural steel mill order and allow the tradesmen installing the modules more flexibility
in the field.
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Figure 26: Section of the ceiling system looking north Note the highlighted
slotted connections. Courtesy of Renzo Piano Building Workshop

2. Due to the trucking requirements, the W5 steel members had to be split creating joints
that run down the length of the gallery. This is a concession purely in an aesthetic
manner; although, it should not be a problem because the joints are placed
symmetrically and in line with one another. The joints were designed to that they fell
either in the center of the gallery (6™ and 7" floors), or split the gallery into approximately
thirds (5™ floor). Note Figures 22 through 24 that show all of the joints between modules
run the entire length of the gallery so that it is consistent and pleasing to the eye.

To sum up the design, there are a total of 77 prefabricated modules planned for the MMAA fifth,
sixth, and seventh floor gallery spaces. Table 11 below summarizes the breakdown per floor
and average module length. Note that the module lengths are significantly longer on the sixth
and seventh floors due to the fact that they are split in half instead of thirds across the width of
the gallery space.

Table 11: Summary of the prefabricated modules by floor.

Prefabricated Module Design Summary ‘

Floor Number of Average Module
Modules (ft) Length (ft)

5 39 22.0

6" 21 27.0

7" 17 26.0

Total 77 24.25
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Manufacturing

The focal point of the prefabrication analysis is the manufacturing process. It is the reason that
all the trouble was taken to design the system into modules; so that the work could be moved
away from the construction site and into the manufacturing facility where the workforce can be
safer and more productive. The obvious drive for the move is a reduction in project schedule
that can hopefully reduce the overall project schedule. The increased labor productivity is not
the only factor that reduces the project schedule. The fact that the prefabricated modules can be
manufactured and stored in the warehouse, and then come to the jobsite already assembled;
ready to be lifted into place when needed basically eliminates some lengthy schedule items.
This is where significant schedule time can be saved, and with that savings there can be a
massive cost reduction for the project through general conditions if the project is finished early.

In order to find a suitable warehouse, there are a few considerations that have to be made.
First, the space should be large enough to allow for the work to be completed comfortably while
providing ease of access to tools and the materials needed for the job. This study will provide
enough room for three of the largest modules to be manufactured at the same time. Each of the
trades (miscellaneous metals, electrical, and fire protection), will have one of the stations
devoted to them. This will allow the prefabrication warehouse to act like an assembly line. This
can be accomplished in approximately a 100’ by 62’ space, which equates to 6,200 square feet
needed. There also needs to be enough room for the finished modules to be stored until they
are ready for shipment to the jobsite. The modules will be stored in the warehouse in the same
stacks in which they will be shipped. There will be a total of nine shipments on 48’ long semi-
trailers (This topic will be discussed in more detail in the transportation section). These result in
5,076 square feet of storage space needed. Together the production and storage spaces
require that the storage space be a minimum of 11,276 square feet large.

Other important factors to
consider include the rental rate
of the space and the distance
from the jobsite. There will be
an increase in trucking costs as
the distance from the job site
increases. Also, another
important factor is that the
warehouse must be located on
the ground floor and have
adequate space so that the
modules can be loaded on to
the semitrailers for transit to the

) ) . Figure 27: View of the warehouse selected for the prefabrication process. Image
site. Flgure 27 to the rlght taken from Bing.com.

shows the warehouse that has been selected. The details regarding the property can be seen in
Appendix D. As you can see there is ample room around the loading bays to maneuver a semi
trailer and to load the modules. This property was found using www.showcase.com, and was

listed as an industrial warehouse. The available space on this property includes three
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continuous units that equal 12,420 square feet. There are no barriers between the units and
there is plenty of ceiling height at 16’. This space will have three separate loading docks. The
listing price was $7.25/SF/Yr which is very reasonable for a space of this size and quality. Also,
the warehouse is located 50 miles from the construction site. The trucking costs associated with
that will be discussed more in detail in the transportation section.

Now it is time to consider how long the warehouse will need to be rented. This starts by looking
at the original schedule which an excerpt of is reproduced below in Figure 28. This shows all of
the activities that compose the gallery ceiling system. The ones that will be prefabricated are the
drop rods, W5 members, infill pieces, lighting, and sprinkler activities. The ceiling panels and
trim will have to be installed in the field because there is no safe and effective way to crane the
modules up to the galleries with the loose ceiling panels resting in place. As you can see the
miscellaneous metal installation is the most time consuming process of the bunch; and because
of this it will be the basis for the production schedule at 35 days long per gallery. The lighting
and fire protection crews will be adjusted so that their activity length will also be 35 days. This
will allow the work to be fluid like an assembly line where the modules will turn over from each
trade to the next with no costly downtime spent waiting. This creates an initial total of 105
working days needed for the production of the modules in all three gallery spaces.

INT-6-110 Ceiling layout and hang drop rods/unistrut | 11-18-13 12-23-13 25 25 I:Igeiliﬁg layout ar;ud héng drop ro;ds:’u'nistrut
INT-6-111 Install W5 sections and infill pieces 122413 02-12-14 35 35 Install W5 sections and infill pieces
INT-6-112 Rough-in lighting 02-13-14 02-27-14 10 10 I:IRoug:h-in lighting i

INT-6-113 | Sprinkler heads 02-28-14 03-20-14 15 15 l:lsPrinkler heads :

INT-6-114 Install ceiling panels 03-21-14 04-07-14 12 12 I;Ilnstall ceiling Panels
INT-6-115 | Ceiling trim 04-08-14 04-14-14 5 5 | OCeiling trim

Figure 28: Excerpt of the Gallery Schedule. Courtesy of Turner Construction Company.

Next, it is important to factor in the higher productivity rate that the workers will have in the
factory setting. According to McGraw Hil's Smart Market Report: Prefabrication and
Modularization, owners have seen project schedules be reduced by 10 to 30 percent when a
prefabrication process is used (McGraw-Hill). The theory behind this productivity increase
comes from multiple factors. First, the tradesmen are performing their work in a climate
controlled warehouse as opposed to being exposed to the elements that exist on a construction
site. Also, because this work deals with the gallery ceiling system, in the field all of this work
would be completed overhead, which can strain the body especially the arms and the back. This
discomfort is eliminated in the warehouse because the men can complete their work at a
comfortable working level, approximately waist high. Other factors to include are having tools,
adequate light, restrooms, and break rooms readily available, an increase in worker safety, and
a reduction in material waste (McGraw-Hill).

So, applying a 20% productivity reduction to the 105 day duration equates to a savings of 21
days and it shortens the necessary rental time to 84 working days which is approximately four
calendar months of work. So, in order to allow time for mobilizing the warehouse, a few weeks
of storage, and loading the modules for shipment; the warehouse will have to be leased for a
five month period. On the next page Table 12 summarizes the costs incurred through renting
the warehouse. As you can see there will be an additional cost of $37,518.75.
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Table 12: Warehouse Lease Summary

Warehouse Lease Summary

Square Feet  Length of Lease Leasing Rate Cost ($)
Leased (Years) ($/SF/Yr.)
12,420 5/12 7.25 37,518.75

The warehouse manufacturing plant is very beneficial to the project schedule. Most of the
activities in Figure 28 are either eliminated from the onsite schedule or reduced in some form.
The ceiling layout and drop rod installation will almost be completely eliminated for two reasons.
First, all of the layout work will be simplified due to the use of the hangars instead of slotted
connections. Second, the plan for the drop rods is to have them preassembled to the correct
length and packaged with the individual modules so that they simply have to be screwed onto
the bent steel supports when they are ready to be lifted into place. This will also allow the
modules to be stacked when being transported to the jobsite. The next activity is the installation
of the W5 members. Out of 7,446 linear feet of W5 members scheduled for the fifth, sixth, and
seventh floor galleries 7,127 linear feet were prefabricated which is a 95.7% completion rate.
Due to this, the W5 installation activity can be reduced from 35 to one and a half days per floor.
Two days will be assumed in the new schedule due to the loss of the economies of scale
associated with stick building the entire gallery. The lighting installation activity can be
eliminated completely because approximately half of the lighting tracks are prefabricated on the
modules. The other half of the tracks are to be prefabricated individually by attaching the steel
angles that enclose the track and the track itself together. This will allow the complete
lighting/steel angle assemblies to simply be lifted and screwed into place after the larger
modules are already in place. A new activity will be included to reflect this in the updated project
schedule that will be discussed in the schedule implications section. Finally, the fire protection
installation activity can be deleted entirely because the modules contain the entire fire protection
system located in the galleries. There will have to be final connections made to the electrical
and fire protection systems between the prefabricated modules once they are lifted into place.
This will also be reflected with a new schedule activity in the schedule section of this analysis.

Transportation

The next step in the prefabrication process is to transport the completed modules from the
warehouse to the MMAA.. In order to keep the trucking costs at a minimum an effort was made
to use the least amount of trips as possible. Two steps were taken in order to accomplish this.
First, the modules would be stacked on top of each other until the maximum allowable height
that is regulated by the state department of transportation was reached. The maximum height of
a semi trailer with its load is 13'6”; which can be seen in Figure 20 that is displayed previously
on page 34. Second, the modules will be loaded so that the maximum amount of the 48’ trailer
can be used. For example, on the fifth floor gallery there are 30’ sections and 18’ sections that
will be put in stacks next to each other so that the whole trailer is used. Obviously not all of the
trailers will be filled to capacity due to the varying length of the modules. However, after
studying module combinations on each floor it was determined that there will need to be nine
trucking trips in order to deliver all of the modules to the MMAA.
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In order to be able to stack the modules custom wooden pallets must be inserted in between the
different modules. The total module height from the bottom of the lighting assembly to the top of
the next wooden pallet is 1’ 5-1/2”. An example of how the modules will be stacked can be seen
below in Figure 29. This figure represents two modules stacked on each other. The highlighted
red area represents one of the custom wooden pallets that are inserted between the modules.
This pallet is set on the W5 members between the bent steel hangars and is approximately 1’
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Figure 29: Section of a stacked set of modules. Original image Courtesy of Renzo Piano Building Workshop.
deep. Note that that this image was appended and the overall width of these modules is 11°9”.

In order to meet the maximum height restriction of 13.5’ the module stacking must be studied.
The bed of the truck is four feet off the ground which leaves nine and a half feet for the modules
to be stacked. At 1’ 5-1/2” with pallets, the modules can be stacked six high while complying
with the state regulations. An image depicting the truck and its module stacking can be seen
below in Figure 30.
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Figure 30: Example of a loaded truck. Original image taken from freepatentsonline.com.
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There are three trucks dedicated to each of the fifth, sixth, and seventh floors (Trucks 1-3 are for
the 5", Trucks 4-6 are for the 6", and Trucks 7-9 are for the 7"). The only exceptions are on
trucks five and nine. These trucks each carry a module that is scheduled for the fifth floor. There
was no room to fit them on the fifth floor trucks and it didn’t make sense to schedule another
truck when they could be fit on the trucks that carry the sixth and seventh floor modules. This
only creates a minor issue when craning the modules to their appropriate floors because the
crews accepting the module will have to move up and down the building slightly more. However,
only three out of 77 modules need to be delivered out of sequence like this so it is still beneficial
to group them this way. A detailed summary of each trucks load can be seen below.

= Truck 1: Fifth Floor Gallery

e (6) 30’ (6) 18’ Sections
= Truck 2: Fifth Floor Gallery

e (6) 30’ (6) 18 Sections
= Truck 3: Fifth Floor Gallery

o (12) 18’ Sections
= Truck 4: Sixth Floor Gallery

e (6)31°8% (1) 16, (1) 13’ Sections
= Truck 5: Sixth Floor Gallery

o (6) 2847, *%(2) 18’, (1) 19.5” Sections
= Truck 6: Sixth Floor Gallery

e (4) 3187 (1) 26°, (1) 23.5’ Sections
= Truck 7: Seventh Floor Gallery

e (6) 27, (1) 21’, (1) 18.5, (1) 15.5’ Sections
= Truck 8: Seventh Floor Gallery

e (6) 284", Sections
= Truck 9: Seventh Floor Gallery

e (2) 2847, **(1) 30’ Sections

Note: ** represents modules from the first floor gallery

The costs associated with moving the modules from the warehouse to the MMAA site include
the increased trucking costs, permits, extra expense due to the wooden pallets, and the labor
involved with loading the material. The takeoffs and estimate summary for all of these items can
be seen in Appendix E.

The increased trucking costs stem from the fact that instead of having the material delivered
directly to the job site as they usually would be when they are stick built in the field; they are
instead delivered to the warehouse. The contractor must then bear the costs associated with
moving the prefabricated modules from the warehouse to the job site. As stated before the
warehouse is located 50 miles from the jobsite. Research was conducted to determine an
average cost per mile of trucking, and the website fairtran.com was discovered. They list the
current trucking rates per mile for different types of trucks and haul lengths. They specify that a
flatbed truck with a short haul will cost approximately $2.72 per mile. This extrapolates to $136
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per haul and a total of $1,224 for all nine shipments. This number seemed to be low to me so
after consulting my advisor, Ray Sowers, he advised me that in his experience the trucking
costs would be a minimum of $400 regardless of the mileage. So, this analysis will estimate the
trucking costs from the warehouse to the MMA to be $400 per truck; this extrapolates to $3,600
for all nine shipments.

The next item to factor in is the additional costs incurred due to driving a wide load into the city.
This requires that a permit be filed out and approved by the State Department of
Transportation. After conducting research on the subject it was determined that the wide load
would not be a problem. This is because the MMAA project site is located directly next to one of
the trucking access roads that serve the city. There would be a small $40 fee payable to the
Department of Transportation for processing each of the permits (DOT). The fees total to an

additional cost of $360 for all nine of the shipments.
Table 13: Pallet Count Per Truck

Next, there are additional material and labor fees
due to the wooden pallets that need to be

Pallet Count Per Truck

constructed in order to ship the modules. The Truck Truck Number of
pallets need to be custom made due to the Number — Designation Pallets
awkward shape of the modules and the fact that 1* A 15
no standard palate would be feasible to use. The 2" B 15
pallets need to be approximately 1’x9’x4’ so that 31 C 15
there will be enough separation between the 4t D 12
modules so that the lighting assembly of one 5 A 14
module does not come in contact with the bent 60 B 8
steel hangars from the other module. The idea i C 13
was to create a wooden box type pallet structure gt 5 10
that consists of three nine foot long composite b 5 >
wooden | joists spaced two feet apart that are tied

together on both sides by 1/2” plywood. The box | Max Total o7

would rest on the W5 members where there are no bent steel hangers. Figure 31 on the next
page shows an example of how the pallets will be placed on a module so that the bent steel
hangars are avoided and protected. The highlighted red areas represent the pallets and the
green boxes show where the protruding bent steel hangars are located. Next, it is important to
limit the amount of trucks so that the amount of pallets required can also be limited. It was
determined through the sequencing schedule, shown in Appendix F, that there will need to be a
minimum of four trucks running shipments in continuous loops. Therefore it is necessary to
fabricate enough pallets for four full truckloads. Shipments five through nine can then reuse the
pallets from previous shipments. Table 13 shows the number of pallets needed per truck. As
you can see the maximum number of pallets needed on Truck A is 15, Truck B is 15, Truck C is
15, and on Truck D is 12. Summing these required maximums shows that there will need to be
a minimum of 57 pallets fabricated in order to accommodate all of the modules. Pricing
information for the pallets was obtained through RS Means Cost Data and Menard Inc’s sales
website which is reproduced in Appendix G & H respectively. The total cost of building all 108
pallets is $10,614 which equates to $186 per pallet.
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Figure 31: Pallet Placement Example. Original image courtesy of Renzo Piano Building Workshop.

The final costs associated  with
transporting the modules from the
warehouse to the MMAA are the loading
costs. The three main expenses that fall
into this category are equipment rental,
operating costs, and labor. The equipment
needed includes something to load the
units onto the back of the flatbed truck. I
decided to use a flatbed mounted crane
such as the one shown in Figure 32. This
type of truck has a maximum load weight
of 3 tons, which none of the modules
exceed. The operating cost is an hourly v .
rate that represents the dollars spent Figure 32: Example of a flatbed mounted crane. Photo taken from
fueling and maintaining the equipment. [t Ca/workirucks.com.

will take 12.8 hours to load all of the equipment onto the truck beds. This was determined using
the sequencing schedule found below in Figure 33; or in Appendix F for a better view. It was
assumed that it would take 10 minutes to crane each module onto the truck bed. The labor
expense for loading the modules includes a crew of three men, one crane operator and two
laborers. The rates for the equipment rental, operating costs, and the labor were all found using
RS Means Construction Cost Data. The total cost for the equipment rental, operating costs, and
labor comes out to be $6,680.

Note that the RS Means reference material for the trucking estimates have been reproduced in
Appendix G.

Truck Sequencing for Loading, Transit, and Hoisting into MMAA

[ Doy 1 T H Doy 3
Sriprant # | #Modoies | Tresk | our1 | Fowr 7 | Fows | Fours | Hours | Fours | Four? | fours | Hour1 | Fourz | Fours | Fours | Fours | fours | Four7 | Aours | Fourl | Four? | Fours | Fours | Fours | Aours | Four? | Fours

o @ s e
ronEro B>

aned inta place. 1
i the maring of Day 3. 1t will stay evernight ot MMAA

— time 5
——
VL e

Fepre:

Figure 33: Truck Sequencing Schedule. Enlarged in Appendix F for a better view.
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This sequencing schedule shown on the previous page was used mainly to determine how the
loading, trucking, and craning operations would be coordinated. The red boxes represent the
loading time spent at the warehouse. The gold boxes represent the time spent in transit to the
MMAA. One hour is the necessary time according to Google Maps; however, an extra half hour
was added to this time as a contingency. The green boxes represent the time spent craning the
modules into their respective galleries. These timeframes were determined by assuming that
each module needs fifteen minutes to be craned into place. This comes from the fact that five
minutes was assumed for each of the following activities; hooking the modules to the crane line,
lifting the modules to their respective galleries, and removing the modules from the crane line.
Finally, the grey boxes represent the transit time back to the warehouse so that the trucks can
be reloaded with modules. This timeframe is also one and a half hours due to the same reason
mentioned previously. As you can see from the schedule only shipment numbers one through
five need to go back to the warehouse. This is because there will be four trucks (A,B,C & D)
running continuous loops until all the modules have been delivered, and the final four shipments
will obviously not need to go back to the warehouse to pick up more modules as there will be
none left. Also, it is worth noting that there are four truck running loops because that is the
smallest number possible due to the time constraints of each delivery. The number of trucks
was limited so that the number of pallets that needed to be fabricated was kept to a minimum.

Other benefits from making this schedule include finding out that the total crane time needed is
approximately three full working days. Also, by summing up the warehouse loading time (red
boxes) the hourly operating costs of the equipment could be determined which is reflected in the
estimate details shown in Appendix E.

Hoisting and Installation

Once the modules arrive at the MMAA they have to be craned into their respective galleries.
The plan is to crane the modules into the opening where the east side gallery curtain wall will be
located. All of the craning of the prefabricated sections must occur before the curtain wall work
on the east side begins because once they are in place there will be no opening large enough to
fit the prefabricated modules. An excerpt from the overall project schedule is shown below in
Figure 34. This shows that the east elevation windows and curtain wall work will begin on
10/25/13, which is a Friday. So, the goal will be to have all of the modules hoisted into place
before that date. It is also necessary to complete the hoisting before this date so that there are
no conflicts with any enclosure material being hoisted and installed on the east side of the
building by the tower crane.

1 1 | 1
ENCL-123  |South Elevation Windows 06-05-13 | 07-02-13 | 20 | 20 | [EEESouth Elevatioh Windows | i
ENCL-117 | West Elevation Windows & Curtainwall 07-03-13 | 09-26-13 | 60 | 60 [ wwest Elevation Windows & Curtainwall i
ENCL-118  |North Elevation Windows & Curtainwall 09-20-13 | 10-31-13 | 30 | 30 1 [ENorth Elevation Windows| & Curtainwall |
ENCL-116  |East Elevation Windows & Curtainwall 10-25-13 | 01-07-14 50 | 50 . . East Elevation Windows & Cyrtainwall
ENCL-119  |Cablewall @ 1st Floor 01-08-14 | 04-02-14 | 60 | 60 | | T cablewall @ 15t Floor

Figure 34: MMAA Windows and Curtain Wall Schedule. Courtesy of Renzo Piano Building Workshop.

On the next page, Figure 35 shows the complete east side elevation of the MMAA. Note that the
openings that will accept the modules for the 5, 6", and 7th floors are all highlighted. It is hard
to tell by looking at the elevation, but the 6™ and 7" floors both have outdoor terraces connected
to the galleries that will make accepting the modules from the crane that much easier.
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Figure 35: East Elevation of the MMAA. Courtesy of Renzo Piano Building Workshop.
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These terraces can be seen in
Figure 36 which is an isometric
view of the MMAA looking at the
southeast corner of the Museum.
The terraces for the sixth and
seventh floors are highlighted in
orange. The fifth floor curtain wall
is highlighted in red; the sixth floor
curtain wall is highlighted in green;
and the seventh floor curtain wall
is highlighted in blue.

This timeframe matched up well
with the interior fit out schedule.
According to the gallery fit out
schedule shown in Appendix C the
fifth floor ceiling system was set to
begin on 10/21/13 with the ceiling Figure 36: Isometric View of the MMAA. Courtesy of Renzo Piano Building
layout and hanging of drop rods Workshop.

(Note that this date is right before the east elevation curtain wall work begins). Because the
timeframe is so tight the modules will be delivered a week early and stored in the gallery until
they are ready to be installed on 10/21/13. Also, because the sixth and seventh floor fit out
schedules lag the fifth floor schedule by about one and a half weeks each, those modules will
be stored in their respective galleries for that time period until they are ready to be installed. The
fifth floor gallery fit out schedule is reproduced in Figure 37 from the original project schedule
which can be seen in Appendix C. This shows that all of the preceding activities to the ceiling
layout deal with framing, hanging, or painting the gallery walls. This leaves the center of the
galleries open for module storage. This will be important mostly for the sixth and seventh floor
modules.

Gallery | | | |
INT-5-100 Install hangers 01-29-13 02-11-13 10 10 1 1 1 |
INT-5-101 | Protect surface adjacent to steel 021213 02-19-13 5 5 | pteel i i i |
INT-5-122 Cure SOFP (28 cal days) 03-06-13 04-02-13 20 20 |hys) 1 1 1 |
INT-5-102 Paint metal deck & SOFP 04-03-13 04-16-13 10 10 || SOFP | i i |
INT-5-103  |Overhead MEP rough in 06-21-13 08-16-13 40 | 40 |[HOverhepd MEP rough i i i |
INT-5-104  |Layout and frame 08-19-13 09-04-13 12 | 12 [ElLayéut and frame 1 1 |
INT-5-105 Rough partitions 08-28-13 09-18-13 15 15 I:IRpuqh partitions : : }
INT-5-106  |Sheetrock partitions 09-19-13 09-27-13 7 7 E|§heetruck partitions : : }
INT-5-107  |Skim coat walls (3 coats) ring ceiling line 09-30-13 10-15-13 12 12 I;ISkim coat walls (3 coats) rirqg ceiling line : }
INT-5-108 Paint ceiling line up 10-16-13 10-18-13 3 3 : IPaint ceiling line up : : }
INT-5-109 Ceiling layout and hang drop rods/unistrut 10-21-13 11-22-13 25 25 : [Ceiling layout and hailwq drop rods!unlistrut }
INT-5-110  |Install W5 sections and infill pieces 11-25-13 01-15-14 35| 35 ! Install W6 selcticns and infil! pieces !
INT-5-111 Rough-in lighting 01-16-14 01-29-14 10 10 ! [ERough-in !ighling ! !
INT-5-112 Sprinkler heads 01-30-14 02-20-14 15 15 : :ISprink:Ier heads : }
INT-5-113 Install ceiling panels 02-21-14 03-10-14 12 12 ! I:Ilnsgall ceiling panels !
INT-5-114  |Ceiling trim 03-11-14 031714 | 5 | 5 i OCeiling trim i |
INT5-115 | Layout/framefinstall sleepers 03-18-14 | 043014 | 32 | 32 | EEml ayout/framefinstall sleepers
INT-5-116 Plywood subfloor 05-01-14 05-16-14 12 12 | | I:IPIywoo'd subfloor |
INT5-117 | Patch skim coat 051914 | 052314 | 5 | & i i DPatch skim coat |
INT5-118 | Paint 052714 | 060314 | 6 | 6 i i BPaint i
INT-5-119 Lights and MEP finish trim 06-04-14 06-17-14 10 10 : : I:ILilghts and MEP finis
INT5-120 |Wood flooring 06-19-14 | 07-1514 | 18 | 18 | | EEWood flooring
INT5123 |Punchlist 07-16-14 | 081914 | 25 | 25 | | | EEEPunchlist

Figure 37: Excerpt of the original 5™ floor gallery fit out schedule. Courtesy of Turner Construction Company.
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The type of crane that will be used to lift the modules into place is a truck mounted hydraulic
crane. Considering the fact that the modules are relatively light when discussing construction
loads this type of crane will do the job. The costs incurred from the crane include the three day
rental price and the mobilization costs. Both of these were determined using RS Means Cost
Date and the excerpts that were used are reproduced in Appendix G. The crane cost estimate
can be seen in Appendix E. This cost estimate for the crane and mobilization totaled $6,251.

The sequencing of the activities will remain the same as the original schedule until the ceiling
layout activity. Next, all of the activities that deal with the construction of the modules can be
changed or replaced with the new activities. The deleted or reduced activities are the ceiling
layout and drop rod installation, W5 member installation, lighting installation, and the sprinkler
installation. The sequence of new activities will be as follows:

= Module positioning and hoisting.

= W5 Installation (Reduced to 2 days per floor as described in the manufacturing section).

= Lighting Assembly Installation

= Electrical Connections.

» Fire Protection Connections.

The module positioning and hoisting includes moving the correct module to the spot where it
needs to be hoisted. Note that all of the modules will be tagged with a specific module number
and an erection plan would need to be made to ensure that each module gets to the correct final
location. Then once the module is below its final location the drop rods will be screwed onto the
bent steel hangars. Finally, the module will be hoisted up to its final position using a lift. Here the
hangars will be clipped onto the structural steel above. It was estimated that it would take 20
minutes for each module to be moved into position and lifted into place. Table 14 below shows

the breakdown of the module installation at this rate.
Table 14: Module Installation Breakdown.

MODULE INSTALLATION BREAKDOWN

Floor Number of Assemblies Hours Needed to Install
5" 39 13.0
6" 21 7.0
7" 17 5.7

Total 77 25.7

The lighting assembly installation activity includes the work involved with attaching the
preassembled steel angle / lighting track assemblies to the prefabricated modules.
Approximately half of the lighting assemblies would already be in place because they were part
of the prefabricated modules. The other half will have to be lifted and screwed into place with a
slotted connection. This is a relatively simple task due to the fact that a lot of the work was done
in the prefabrication factory. These assemblies are almost all exactly the same and can be
interchanged between one another. It was assumed that two men on ladders could install 12 an
hour or one every five minutes. On the next page, Table 15 breaks down the installation
timeframe based on these rates.

| Penn State AE Senior Thesis| Vincent A. Rossi — CM



Vel avloki el FINAL REPORT | Metro Museum of American Art

Table 15: Lighting Assembly Installation Breakdown.

LIGHTING ASSEMBLY INSTALLATION BREAKDOWN

Floor Number of Assemblies Hours Needed to Install
50 247 20.6
6" 163 13.6
7" 132 11.0

Total 542 45,2

The next activity is the electrical connections. This == e
deals mainly with the intra module electrical
connections such as completing conduit runs and

. \ —= ! —T—1
busways. The conduits run in the north south direction ‘ - - ‘
are depicted in Figure 38 by the red highlighted lines. ‘ _ . ‘
The conduit runs originate on the north side of the - — i i —

gallery and terminate when they get to the south wall
of the gallery. All of the conduit lines are included in
the prefabricated modules and each module carries
two separate conduit lines. This means that each
module will have two separate conduit connections
that must be made. This gives a total of 154 conduit - e
connections that must be made with 78 on the fifth _Figur:';; Co;;u'i;“::”ns:‘;’g“;“g;t; JRe d."c':';’:’tesy
floor, 42 on the sixth floor, and 34 on the seventh floor. ¢ renzo piano Building Workshop.

It will be assumed that it will take 10 minutes per

conduit connection. This extrapolates to 26 hours of work with 13 hours on the fifth floor (1.6
days), seven hours on the sixth floor, and 5.7 hours on the eighth floor. The only other work
associated with this activity is the pulling of electrical wires through the connected conduits. The
time needed to pull the wires was found using production values from RS Means. The number
of fixtures and average distance from the pull boxes was calculated to determine the amount of
wire needed for each gallery. These estimates can be seen in Appendix E. The result was that it
would take 4 days to complete the fifth floor wire pulling and less than two days for the sixth and
seventh floor galleries.

h & T E 5 B = =S

The final activity is the fire protection connections. Like the electrical connections this activity
deals with the intra module connections that must be made. The fire protection lines are laid out
almost exactly the same as the conduits are. In fact they are located directly below the conduit
runs. This results in the same number of connections that need to be made on each floor. This
results in a total of 154 connections with 78 on the fifth floor, 42 on the sixth floor, and 34 on the
seventh floor. Like the electrical connections it will be assumed that it will take 10 minutes per
conduit connection. This extrapolates to 26 hours of work with 13 hours on the fifth floor, seven
hours on the sixth floor, and 5.7 hours on the eighth floor.
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Schedule Analysis

The interior fit-out schedule will progress as originally scheduled until 6/21/13. This is the date
that the MEP rough-in work can begin on the fifth floor gallery. As you can see from Figure 37
on page 48 there is a large gap between the end of the “Paint Metal Deck & SOFP” activity and
the “Overhead MEP Rough-In” Activity. This is due to the fact that the MEP rough in is a more
time consuming activity than the painting activity. This gap between activities grows bigger and
bigger each floor as the lag builds up. This leaves the gallery space empty with no work going
on for substantial amounts of time. Due to this, the MEP Rough-In activity drives the interior fit-
out schedule. Table 16 below shows the gap between these activities that has built up for the

fifth through eighth floors.
Table 16: Schedule Activity Analysis

SCHEDULE ACTIVITY ANALYSIS

Floor Date Painting Activity Date MEP Rough-In
Ends Begins
50 4/16/13 6/21/13
6" 4/24/13 7122/13
7" 5/1/13 8/19/13
gh 5/8/13 9/17/13

In order for the prefabrication process to save schedule time the eighth floor fit-out cannot be
the last one to start (Note that its ceiling system is not being prefabricated). If the gallery fit-out
simply starts on the first floor and works its way up to the eighth floor in order; the only benefit
that would occur is that the fifth through seventh floor fit-outs would be completed early. The
eighth floor would be completed on the same date as originally scheduled because the
prefabrication processes below does not help it start any earlier. This is a problem because the
eighth floor punchlist activity is tied directly to the turnover to the owner. So, it is imperative to
re-sequence the gallery fit-outs so that the eight floor fit-out precedes the fifth through seventh
floors. The gap created by the MEP Rough-In provides this opportunity because as you can see
the eighth floor will be ready for MEP Rough-In after 5/8/13. The MEP Rough-In can begin on
that floor starting on 6/21/13 if the fit-out of the fifth through eighth floors are re-sequenced. So,
the plan will be to keep the fit-out schedule the same as planned for the first through fourth
floors. Then starting with the MEP rough-in, the crews will move to the eighth floor before
completing the fifth through seventh floors in order. This will allow the floors with prefabrication
processes to tie directly into the turnover to the owner so that significant overall project schedule
savings can be achieved. All of the gallery fit-out schedule activities will remain the same except
for the ones that deal with the gallery ceiling. On the next page Table 17 summarizes the
changes that will be made to each of the gallery fit-out schedules on the fifth through seventh
floors.
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Table 17: Estimated Schedule Reduction per Gallery

ESTIMATED SCHEDULE REDUCTION ‘

Activity Original Percentage New Work Days
Duration Reduced Duration  Saved or Lost
Ceiling Layout/ Drop Rods 25 100 0 25
Install Remaining W5 Sections 35 95 2 33
Rough-In Lighting 10 100 0 10
Sprinkler System 15 100 0 15
Module Positioning & Hoisting 0 n/a 2 2
Lighting Assembly Installation 0 n/a 2 2
Electrical Connections 0 n/a 6 6
Fire Protection Connections 0 n/a 2 2
Total 85 14 71

As you can see from this there is the opportunity for a significant schedule savings. The original
gallery ceiling’s scheduled work duration of 85 days was shortened by 71 days to 14 days. A
new project schedule was created to calculate the potential schedule savings based on the new
durations detailed in Table 17. This project schedule can be seen in Appendix I. This schedule
starts with the fifth floor painting of the spray on fire proofing (SOFP) as this is the last item that
is the same on both the new and old schedules. After this activity the schedules differ in that the
old schedule progressed with the fifth floor MEP Rough-In while the new schedule starts with
the eighth floor MEP Rough-In. When creating this schedule the same amount of lag time
between floors was used. This lag time between floors in the original schedule was half of the
40 day MEP rough-in activity length (20 days). This lag time was also used between the start if
the MEP rough-in activities for the new fit-out schedule as well.

There was only one conflict on the new schedule that was created due to the re-sequencing.
Previously all of the fit-out schedules were approximately the same length per floor. However,
because the eighth floor schedule was not shortened it ended up being a different overall
length, while most of the individual activities were the same length. At first the eighth floor
activities were ahead of the others due to the lag; however, the lag finally ran out when the
seventh floor gallery floor sleepers were being installed. This created a schedule situation that
had the seventh and eighth floor activities overlapping. Due to this a delay had to be put into the
eighth floor sequence so that the crews could flow evenly without being overstrained. Before
this sleeper activity all of the other activities flowed in this pattern:

= Eighth Floor

= Fifth Floor

= Sixth Floor

= Seventh Floor
Then starting with the sleeper activity they flowed in this pattern:

= Fifth Floor

= Sixth Floor
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= Seventh Floor

= Eighth Floor.
This resulted in the critical path of the schedule to run through the seventh floor fit-out activities
until the sleeper activity. Then the critical path switched to the eighth floor fit-out until the gallery
fit-outs are complete. This can be shown in Appendix | with the red highlighted path.

Overall, according to the new interior fit-out schedule the project will be completed 41 working
days prior to originally schedule. It shows that gallery fit-outs including the punchlist items will all
be complete by October 2, 2014. This is an extremely significant savings in overall schedule.
However, the overall project schedule will not be reduced by all 41 of those days. There are a
few other independent activities that will not be complete until after that October 2™ date. They
are displayed below in Table 18. As you can see from this table the earliest that the MMAA
project can be finished based on these independent activities is October 23, 2014. When
compared to the previously planned November 28, 2014 completion date the prefabrication
process ends up saving 26 actual working days or just over 5 calendar weeks.

Table 18: List of activities that end after October 2, 2014.

ACTIVITIES THAT END AFTER OCTOBER 2"°, 2014

Floor Description Date Complete
8" Office & Conference/Trustee Rm. Fit-out 10/23/14
8" Bookstore & Café Fit-Out 10/23/14
g" Drywall & Interior Finishes 10/23/14

The general conditions on the project were originally budgeted for a total of $15,722,000. This
total is spread out over approximately 37 months or 158 weeks to be more exact. The weekly
cost of general conditions is equal to $99,506. Therefore, shortening the schedule by five weeks
will save the project approximately $497,500.

Cost Analysis

The prefabrication of the gallery ceiling system is favorable in terms of reducing the project
schedule. The next step is to determine whether or not the prefabrication process would save
the project team any money. There are multiple different cost implications to consider including
the ones outlined in the warehouse, transportation, installation, and schedule sections. On the
next page Table 19 details and summarizes all of the costs incurred or saved when
implementing the gallery ceiling prefabrication process.

The two costs that are listed in Table 19 that have not been discussed thus far are the additional
manufacturing and installation labor. This comes from the fact that there will need to be a
laborer moving the completed modules between each trade’s station and eventually the storage
space within the warehouse. This cost is necessary due to the fact that no trade union would
want to move the modules themselves. The estimate for this additional labor can be seen in
Appendix E and will include one union laborer and a forklift for the duration of the warehouse
manufacturing period. The next labor cost will come from the labor required to install the
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modules that was created due to the prefabrication process. The activities that were created
due to the prefabrication process are the module hoisting, lighting assembly installation, and the
electrical / fire protection final connections. The time required to complete all of these activities
was covered in the hoisting an installation section of this analysis; however, the labor costs
associated with that additional timeframe was not. The estimate for this additional installation
labor can also be seen in Appendix E. It should be noted that there will be an electrical and a
fire protection worker present as the modules are lifted into place due to the agreement covered
in the union division of labor analysis. This is necessary because the electrical and fire
protection unions would not want their work being installed without a representative present in
case there was a problem. This topic will be covered in more detail in Analysis 3. The costs
incurred due to the additional labor are as follows:

» Additional Manufacturing Labor: $48,432.38

= Additional Installation Labor: $33,987.76

As you can see from the Table 19 there is also a significant cost savings associated with
prefabricating the gallery ceiling systems. If the process is implemented it could save the project
up to $345,500 mainly due to the large general conditions savings. Because this is such a large
and complex project there are also large costs associated with keeping it running. However,
keep in mind that this is a 266 million dollar project and that a savings of 345 thousand dollars
translates to a 0.13% savings on the overall project budget. It is a significant sum of money but
only a fraction of the overall project.

Table 19: Cost Implications of the Prefabrication Process

COST IMPLICATIONS OF THE PREFABRICATION PROCESS ‘

Item Description Cost Impact ($)
Manufacturing
Warehouse Rental Five months rent of 12,420 SF @ $7.25/SF/Yr. 37,518.75
Additional Labor Laborer to move modules between stations. 48,432.38
Transportation
Trucking Costs Nine Trucks at $400/Truck. 3,600.00
Permits Nine Permits at $40/Permit. 360.00
Wood Pallets 57 Custom Pallets 10,613.65
Loading Costs Crane, Labor, & Operating Costs at the Warehouse 6,680.56
Installation
Hydraulic Crane Three days rent, mobilization costs, and labor 10,739.56
associated with receiving the modules.
Installation Labor Labor outlined in hoisting and installation section. 33,987.76
General Conditions Five weeks of general conditions savings. 497,500.00
Net Total 345,567.34
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Conclusion & Recommendation

As shown in the schedule and costs analyses implementing the prefabrication process of the
gallery ceiling system would be very beneficial to all of the parties involved in the construction of
the MMAA. First, the owner would benefit due to the lower overall cost of the project and the
shortened schedule would allow them to occupy the building five weeks sooner than anticipated.
Also, due to the early finish the general contractor would be able to allocate their human and
equipment resources to other jobs that need attention.

Even if implementing the prefabrication process turned out to cost the exact same amount of
money and take the exact same amount of time to construct | would still recommend that it be
implemented. This is because all of the important benefits of prefabrication would still be
achieved such as providing a safer work environment for the workforce, reducing the material
waste on the job, and an increase in worker comfort and productivity. So, for all of the above
reasons | recommend that the prefabrication process for the gallery ceiling system be
implemented on the MMAA project.
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ANALYSIS 1B: GALLERY CEILING REDESIGN

Problem Identification

This analysis has similar problems as the first prefabrication analysis. The Metro Museum of
American Art (MMAA) has gallery spaces located on the first, fifth, sixth, seventh, and eighth
floors. The average duration for one of these gallery fit-outs is 416 working days, which
translates to approximately 19 months. Currently it takes over 60 working days to complete just
the structure of a single gallery ceiling. It is a custom designed grid of steel members that
encloses the lighting and fire protection systems with it. As you can imagine, this significantly
contributes to the high cost of the building.

There are also schedule concerns associated with the MMAA gallery fit out. The critical path of
the schedule runs throughout this phase. This is because the vast majority of the activities in
this phase cannot start until the previous activity is complete. This creates a chain of activities
with no float where if one activity is delayed then all the succeeding activities are also delayed.
Also, another risk associated with the gallery fit-out is that the last activity in this phase is a
predecessor to the turnover to the owner. This is a potential problem because if there are any
delays in the schedule late in this phase there might not be an opportunity to make up time in
the schedule.

Analysis Goals

So, the goal of this analysis is to completely redesign the gallery ceiling system in order to make
it easier to construct. This option would completely change the design of the ceiling structure.
The goal here would be to modify the interior architecture of the building in order to facilitate
simpler and faster construction methods while still providing a high quality finished product to
the owner that adds value to the project. Some initial possibilities include using an open grid
ceiling that will expose the metal deck, structural members, and mechanical systems above.
This analysis will be completed by redesigning the ceiling structure so that it will fit into the
already present architecture of the MMAA. Then the new ceiling system will be compared to the
existing ceiling system in order to determine any schedule or cost savings.

Background Information & Research

There are two steps of background research that were necessary. First, it was important to
become familiar with the existing gallery ceiling system. Understanding the complexities of the
existing system would allow for a more effective design of the new system that is to be
proposed. The original gallery system design will be discussed in the following section, “Original
Ceiling Design”. Next, it was important to study the architecture that defines the MMAA. This
will allow the new ceiling system to be integrated into the building without looking like it is out of
place.

The architecture of the MMAA has a lot of industrial components. It uses mostly high quality yet
simple materials in order to create a minimalistic look. This will allow the art showcased in the
galleries to stand out from the building itself. This simple look can be seen on the next page in
Figures 39 and 40. They are screenshots of a video walkthrough that was prepared by the
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MMAA. These images (Figures 39 and 40) are renderings of what the first floor gallery space
will look like when it is complete. As you can see the potential exhibits really do stand out when
compared to the simplistic nature of the building. The first floor gallery is even more simplistic
than the rest of the building. The interior finishes in this first floor gallery consist of a stone floor,
drywall ceiling, and precast concrete panels as the walls. The rest of the gallery spaces are
more ornate due to the intricate gallery ceiling system that will be discussed further on in this
section.

Figure 39: Rendering of the first floor gallery finishes. Courtesy of the MMAA & Renzo Piano
Building Workshop.

Figure 40: Rendering of the first floor gallery finishes. Courtesy of the MMAA & Renzo Piano
Building Workshop.
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The simplistic nature of the gallery spaces continues on the fifth through eight floors. These four
galleries are the ones that this redesign analysis will focus on. As you can see from Figures 41
and 42 these galleries are very open airy spaces that are made up with a minimal amount of
building components.

the largest column-ree museum gallery

Figure 41: Rendering of the fifth floor gallery finishes. Courtesy of the MMAA & Renzo Piano
Building Workshop.

from 2,000 works in 1966

Figure 42: Rendering of the sixth floor gallery finishes. Courtesy of the MMAA & Renzo Piano

Building Workshop.
The finish materials for these gallery spaces consist of yellow pine wood flooring, drywall, and
the grid of steel members that defines the ceiling. As you can see from Figures 41 and 42 the
ceilings for the fifth and sixth floors are slightly different. This is because the sixth floor ceiling
system has metal panels completely enclosing the gallery ceiling while the fifth floor system
leaves the grid open to expose the mechanical and structural systems above. Also worth noting
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is that the fifth floor gallery is the largest column free gallery in the city. This provides a great
empty canvas for an architectural redesign of the ceiling.

As minimalistic as the interior of the
MMAA finishes are, the exterior
architecture of the building is not for
multiple reasons. First, as shown in
Figure 43 the MMAA has a series of
stepped terraces that contributes to
the unique look of the MMAA and
provides great views of the city. Next
there is the cone shaped structure
seen in Figure 44 that creates the top
four floors of the building. The large B g o = BN
curtainwall shown in Figure 44 is the | % \ el S A A
west end of the 5" floor gallery and the Figure 43: View of the MMAA from the northeast. Courtesy of the
cone structure mentioned above MMAA and Renzo Piano Building Workshop.

encloses the sixth through eighth floor galleries. Finally the last major architectural feature that
defines the massing of the building is the large cantilevered entrance shown in Figure 45. This
cantilever creates a grand space that is not quite outside or inside; it is a space of in between.
So, to summarize the exterior of the MMAA is unique and elaborate while the interior spaces are
simpler and minimalistic. The only elaborate elements in the MMAA galleries are the ceiling
systems on the fifth through eight floors.

Figure 44 (Left): View of the MMAA from the southwest. Figure 45 (Right): View of the MMAA from the southeast looking at the
cantilevered entrance. All images Courtesy of the MMAA and Renzo Piano Building Workshop.

Original Ceiling Design

The original ceiling system consists of a grid of miscellaneous metal pieces bolted together.
Running in the north-south direction are 10’ W5 steel member sections. On the next page,
Figure 46 shows a rendering of the gallery ceiling system and Figure 47 shows a cross section
of the ceiling system looking north. There are two W5 members that are approximately 11
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inches apart from each other

running parallel across the
gallery space. These two
members are connected
together by the bent steel plate
hanger. Supported by this
hanger directly are the fire
suppression system, electrical
raceways, and the W5
members. This assembly is

repeated in ten foot increments
across the width of the gallery.

Running in the east west
direction between these
assemblies is all of the lighting
for the gallery spaces. It

consists of track lighting strips
that are enclosed by two steel

\ \\\\\\\\\\\\\\'\\“\ W™

Figure 46: Rendering of the MMAA gallery ceiling system. Courtesy of Turner

Construction Company.

angles, which are directly bolted to the W5 members using slotted connections. These angles
are spaced every 3'4”. The only difference in the gallery spaces is the sixth and seventh floor
spaces have a metal panel system enclosing the ceiling system, while the fifth floor leaves the

above construction exposed.
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Figure 47: Section of the gallery ceiling system. Courtesy
of Renzo Piano Building Workshop.

Original Ceiling Schedule

The construction of the original gallery ceiling system takes a very long time. This was one of
the main reasons that a new ceiling system was investigated. On the next page Table 20
summarizes the construction schedule for a typical gallery ceiling system. As you can see the
construction of the ceiling system alone (without the electrical or sprinkler activities) takes 77

m Vincent A. Rossi — CM
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working days per gallery. This schedule is repeated on the fifth through eight floors. The reason
that the schedule takes such a long time is due to the large amount of field connections that
need to be made in order to install that intricate grid of structural steel members. It is important
to note that the gallery fit out ties directly into the turnover to the owner. This and an overview of
the original fit out schedule can be seen in Appendix C.

Table 20: Typical Gallery Ceiling Schedule of Activities

TYPICAL GALLERY CEILING CONSTRUCTION
SCHEDULE

Activity Duration
(Working Days)
Ceiling Layout/ Hanging Drop Rods 25
Install W5 Sections & Infill Pieces 35
Rough-In Lighting System 10
Install Sprinkler System 15
Install Ceiling Panels 12
Ceiling Trim 5
Total 102

Original Ceiling Costs

The project team could not provide any detailed cost information for the gallery ceilings. So, a
cost estimate was made in order to compare the new system to the old system. The first step in
this process was to complete takeoffs of all the ceiling components. The main components of
the system and their takeoff estimates are displayed below in Table 21. The takeoff was limited
to all of the structural steel members and not the electrical / fire protection systems because
they will remain in the new ceiling system slightly modified. Then RS Means Construction Cost
Data 2013 was used as a reference to price the material and labor required to complete the
ceiling system. The reference sheets used for this estimate can be seen in Appendix J. Also, the
final estimate can be seen separately in Appendix K. The final cost of the original 5th floor
gallery ceiling is $461,353 or $26.89 per square foot. When this square foot price is extrapolated
out to include the sixth through eighth galleries the final cost of all four galleries is $1,157,146.

Table 21: 5th Floor Gallery Ceiling System Takeoffs

OR A OOR GA R

AKEO
Iltem Unit Quantity
W5x16 Members LF 3,564
2x2x1/4 Angle Members LF 8,974
C5x09 Members LF 451
Bent Steel Plate Hanger EA 189
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Architectural Breadth: New Ceiling System Design

The goal of this breadth and analysis is to completely change the ceiling structure and so that it
still fits in with the overarching architectural principles of the building but become easier and
more cost effective to construct. As described earlier the galleries in the MMAA are very
minimalistic. In the original design the ceiling system was the only component of the galleries
that was not a simple flat surface. | wanted to incorporate that same kind of thinking into the
redesign of the ceiling system. Another key element of my design was to use a ceiling system
that would expose the structural and mechanical systems above without focusing on it. The
structural and mechanical systems are being exposed because there are some very unique
elements in the plenum space. First the
HVAC ductwork supply mains run east to
west through the galleries and go directly
through the structural steel using duct
penetrations. The branch lines then run north
to south in the galleries at the same level of
the structural beams. Integrating the
mechanical and structural systems at the
same level leaves a lot of room for the other
building components and contributes to the
high ceiling heights that can be achieved in
the galleries.

The ceiling system should be an interesting

element of the galleries but at the same time Figure 48: Example of the ceiling shape that will be used in the
it should not draw attention away from the art VMAA. Taken from Armstrong.com

that is being displayed in the space. In order to
achieve all of those goals a multi tiered ceiling was
developed using Armstrong ceiling products. First the
lower layer of the ceiling would be composed of a
tegular acoustical 2'’x2’ dropped ceiling. This lower
layer would establish the perimeter of the gallery and
allow for the center area of the gallery ceiling to be
exposed to the structure and mechanical systems
above. It would be shaped similarly to the ceiling
shown in Figure 48; almost like a cloud. Then in the
empty space left by the acoustical dropped ceiling a
grid of 9/16” extruded metal pieces will be used to
create a diamond pattern. This pattern will consist of
8” square sections that expose 90% of the ceiling
structure above. An example of the grid that will be
used in the MMAA can be seen in Figure 49.
Installing this grid will allow the structure above the
ceiling to be exposed without leaving it completely
bare. The exposed ceiling will not dominate the room

= 14 \
Figure 49: Example of the ceiling grid that will be
used in the MMAA. Taken from Armstrong.com
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when you walk in to the gallery because of this grid but the structure above still can be easily
seen when wanted. Also, the structural and mechanical systems above the ceiling will be
painted a dark blue color in order to achieve a consistent result from the new ceiling system.

Another goal of this redesign was make the ceiling system just as high as the original system.
The original ceiling system was 17’6” above the finished floor. The original system had a lot
more depth than the new system does and because of that the sprinkler mains run
approximately one foot above the bottom piece of the ceiling system at 18’6” above the finished
floor (Note this varies slightly due to the slope of the sprinkler line). The new ceiling system will
set the acoustical grid level at 17°6” above the finished floor and have the open cell grid set six
inches higher at 18 above the finished floor; Doing this will also give this ceiling some needed
depth while staying away from any possible conflicts with the fire protection system. Due to this
fact the fire protection system will not have to be redesigned significantly. Some of the sprinkler
heads will be positioned at a slightly different height; but this difference will be negligible when
considering any cost or schedule impacts.

The only component that will have to be adjusted due to the new ceiling system is the lighting
system. The original lighting system consisted of 494 strips of 8 long lighting track that run in
the east west direction. These strips were then offset from each other every 3'4” in the north
south direction creating a matrix of lighting track. Doing this would allow the museum to create
different lighting schemes as the exhibits changed throughout the years. Due to the importance
of this the same scheme will be used in the new design with one minor exception. Where the
acoustical ceiling is used the lighting track will be mounted flush with the grid at 17’6” above the
finished floor. However, wherever the grid system is used the lighting track will be mounted
above the ceiling just over 18’ above the finished floor.

The ceiling plans for the fifth through seventh galleries can be seen below and on the next page
in Figures 50 through 52. Note that in each of these figures the area that is shaded lighter is the
tegular acoustical panel and the area that is crosshatched is the open cell grid. Each floor is
slightly different in its layout due to the corresponding differences in gallery size and shape.
Note that the eighth floor gallery is not represented. This is because that entire gallery will utilize
the open cell grid ceiling system due to the clerestories that run across the gallery ceiling.

Figure 50: Fifth floor gallery reflected ceiling plan displaying the layout of the acoustical panels vs the open cell grid.
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Figure 52: Seventh floor gallery reflected ceiling plan displaying the layout of the acoustical panels vs the open cell grid.

These ceiling plans were modeled using Revit; once they were completed the same program
was used to takeoff the square footage of both ceiling system types. These takeoffs will be used
in order to estimate the cost of the new design. A summary of the takeoffs by floor can be seen

in Table 22 below.

Table 22: Ceiling Systems Taken off by Floor.

CEILING SYSTEM TAKEOFFS BY FLOOR

5 17,160 11,317 5,843
6" 11,353 6,574 4,779
7" 9,467 4,884 4,583
g™ 5,060 0 5,060
Total 43,040 22,775 20,265

Over the course of all four floors the two types of ceiling system have approximately the same
square footage. Finally, renderings of the redesigned ceiling system can be seen on the next
page in Figures 53 and 54. As you can see the tegular acoustical panels line the perimeter of
the gallery while the open cell grid appears throughout the center of the gallery. The dark blue
above the ceiling systems represent the painted mechanical and structural systems.

Vincent A. Rossi — CM
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Figure 53: Rendering of the 5™ floor gallery ceiling. Modeled by Vincent Rossi.

Figure 54: Rendering of the fifth floor gallery ceiling. Modeled by Vincent Rossi.
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New Ceiling System Schedule

One of the biggest benefits of the redesigned ceiling system is the fact that it is simpler to
construct and will take less time to construct. The original project schedule allocated
approximately 77 days per gallery to install the original ceiling structure. Table 23 below
summarizes how long it will take to install the redesigned gallery ceiling. Note that in order to
complete this table the RS Means production rates were used. Those rates are based off what a
single carpenter can complete. For the MMAA installation a team of four carpenters will be used
for the acoustical ceiling and a team of two carpenters will be used for the open cell grid. These
adjusted rates are also displayed in Table 23.

Table 23: Gallery Installation Schedule Lengths

CEILING SYSTEM TAKEOFFS BY FLOOR

Floor Acoustical Open Cell  Production Rate of AC  Production Rate of Grid Installation Time Installation Time
Ceiling (SF)  Grid (SF) (SF/Day/Team(4Carp)) (SF/Day/Team(2Carp)) for AC (Days) for Grid (Days)

5" 11,317 5,843 1000 860 12 7

6" 6,574 4,779 1000 860 6

7" 4,884 4,583 1000 860 5 6

g'" 0 5,060 1000 860 0 6

Total 24 25

As you can see there is a fluxuation in schedule length for each of the activities between floors.
A new fit out schedule was created using Primavera that implements these schedule changes in
order to determine the schedule savings associated with redesigning the gallery ceiling. This fit
out schedule will start with the Overhead MEP Rough-In activity in each gallery because this is
the activity that drives the fit out schedule and starts the flow of activities. In summary the
changes that were made to the fit out schedule are as follows:

= Activities eliminated from the project schedule.
o Ceiling Layout & Hang Drop Rods/Unistrut: 25 Days / Gallery
o Install W5 Sections and Infill Pieces: 35 Days / Gallery
o Install Ceiling Panels: 12 Days / Gallery
o Ceiling Trim: 5 Days/ Gallery
= Activities added to the project schedule:
o Open Cell Grid Installation: Varies
o Acousticsal Panel installation: Varies

The new gallery fit out schedule can be seen in Appendix L. When compared to the fit out
section of the original schedule (which can be seen in Appendix C) there is a significant amount
of time that is saved due to the use of the redesigned ceiling system. Originally, the gallery fit
out was scheduled to be complete by November 28, 2014. Now the gallery fit out is scheduled
to be complete on August 4, 2014. This substantial savings is due to the fact that the average
length of construction for the original gallery ceiling structure was 77 days per gallery; while the
average length of construction for the redesigned ceiling system is approximately 12 days per
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gallery. The ability for the gallery fit out to be complete on August 4, 2014 does not mean that
the overall project schedule can be finished on that date. There are independent activities in the
overall interior fit out that finish after this August 4, 2014 date. The most limiting activities are the
Office & Conference/Trustee Rm. Fit-out, and the Bookstore / Café Fit-Out; which both finish on
October 23, 2014. So these activities will be the final project activities and will tie directly into the
turnover to the owner. The reduction in schedule from November 28, 2014 to October 23, 2014
allows the project to be reduced by 26 working days. This will ultimately save the owner money
because the general conditions costs of the project will be reduced by a significant sum of
money.

New Ceiling System Cost

The cost of the redesigned ceiling system was estimated using RS Means Construction Cost
Data 2013. The pages of this text that were used for reference are reproduced in Appendix J.
There are three main elements of the new ceiling system that had to be priced. First was the
painting of the structural and mechanical systems above the ceiling. Second was the open cell
extruded metal grid and finally, the last item was the tegular acoustical panels. None of the
other building systems above the ceiling were priced up because the changes to those systems
were negligible in terms of cost and schedule. Table 24 below summarizes the cost of the
original ceiling system vs the redesigned system. The detailed estimate for the new ceiling
system can be seen in Appendix K.

Table 24: Original vs Redesigned Ceiling System Estimates.

ORIGINAL VS REDESIGNED CEILING SYSTEM ESTIMATES

Floor Original Estimate = Redesigned Estimate  Difference
$) $) )

5 461,353 196,129 265,224

Total 1,157,147 473,701 683,446

As you can see the redesigned ceiling system will provide a significant savings to the owner that
is estimated to be approximately $683K. This savings mainly comes from the decrease in labor
associated with building the ceiling system. The original ceiling system was very labor intensive
while this new ceiling system takes a much more conventional time to build. This decrease in
labor also has positive schedule effects that were outlined in the previous section. Using the
redesigned ceiling system would result in the project schedule being reduced by five weeks.
This would provide a cost savings by reducing the general conditions on the project. The
general conditions on the project were originally budgeted for a total of $15,722,000. This total
is spread out over approximately 37 months or 158 weeks to be more exact. The weekly cost of
general conditions is equal to $99,506. Therefore, shortening the schedule by five weeks will
save the project approximately $497,500. A summary of the overall costs saving can be seen on
the next page in Table 25. This table shows that by implementing the redesigned ceiling system
the owner can save $1,180,946 on material, labor, and general conditions. Although this sum
initially looks large it is really only 0.44% of the $266M project budget.
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Table 25: Redesigned Ceiling System Cost Savings.

REDESIGNED CEILING SYSTEM COST SAVINGS

Description Cost Savings ($)
Material & Labor Savings 683,446
General Conditions Savings 497,500
Total 1,180,946

Acoustical Breadth: Evaluating the New Gallery Ceiling System

One item that is often overlooked when designing a room or structure is the acoustical impacts
that design has on the space and its occupants. The second breadth of this thesis report will
focus on analyzing the fifth floor gallery space in the MMAA. This analysis will compare the
original gallery design to the design that | authored in two areas. First the reverberation time
(T60) will be calculated for each design, then the noise criteria (NC) will be determined for the
two designs.

Reverberation Time

The first analysis that was run is the T60 calculation. This determines how long it will take the
sound to decay 60 dB after the source of the noise has stopped. This is a very important
calculation because if the T60 is too high or low for a space the noise will not have its desired
effect and the occupants can become uncomfortable. In areas where speech will be the
dominate noise the T60 time should be relatively low (below 1.3 seconds), and where music will
be the main source of noise the T60 time should longer. The MMAA will be considered more
speech oriented so that a speaker could be heard easily and so that there will not be an
excessive amount of sound persisting in the space. The MMAA will be considered a “intimate
drams” space as shown in Figure 55 on the next page. This means that the optimum
reverberation time for the MMAA galleries is between 0.8 and 1.2 seconds. In order to complete
this analysis the room dimensions and materials must be known. All of this was completed by
completing a detailed takeoff of the square footage for each finish material in the fifth floor
gallery. The detailed calculations for the T60 times for the original design and the redesign can
be seen in Appendix M. The final reverberation time is calculated by averaging the reverberation
at 500 and 1000 Hz. Table 26 below summarizes the reverberation times for the original design

and the redesign.
Table 26: Reverberation Time Comparison

» » : DA . . DABR .
Design T60 (s)

Original Design 1.46
Redesign 0.96

As you can see the redesign has a lower reverberation time and one that it closer to the
optimum reverberation time for this space. This is due to the fact that the redesigned ceiling
uses much more absorptive materials than the original ceiling design did such as acoustical
panels.
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Figure 55: Optimum Reverberation Times for different spaces. Image taken from Architectural Acoustics.

Noise Criteria
Next, the noise criteria was determined. This value basically rates a space on how loud it will

become during continuous use.

In the case of the MMAA it was assumed that a typical

gathering would include 100 people each speaking at 55 dB, which translates to a total of 95
dB. This amount is then compared to the total sound absorption available per octave band
frequency in the room that will lower the overall noise in the room. This gives a dB value that
can be charted to calculate the NC rating. The octave band frequency dB values for both the
original and redesigned gallery systems can be seen below in Table 27. Note that the NC

calculations can also be seen in Appendix M on the same sheet as the reverberation time
calculations.
Table 27: Comparison of decibels per octave band.

DECIBLE COMPARISON PER OCTAVE BAND FREQUENCY (dB)

Design 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz
Original 55.5 57.0 55.5 55.1 55.2 56.0
Redesign 53.3 55.0 53.9 53.9 53.9 54.8
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This table shows that the redesign has a slightly lower decible level per octave band frequency.
It is surprising that the decibel level was not reduced even further than it was in the redesigned
gallery considering the increase in sound absorptive materials. The next step in the process is
to plot these decible levels on a NC chart in order to determine the NC value for the original and
redesigned rooms. Figures 56 and 57 below chart the dB values on the NC chart in order to
determine the NC value for each design of the gallery.
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Figure 56(Left): NC Chart for the Original Design. Figure 57(Right): NC Chart for the Redesign Images taken from

Architectural Acoustics.
These charts show that the NC values for both the original and redesigned gallery ceiling
systems are NC60. This is because that NC line is the first one that is not intersected by the red
dB line that represents the dB level per ocave band frequency. This is much higher than what
would be desired for a space such as the MMAA galleries. This type of space would benefit
from having a NC rating around 30 to 40. A NC60 space is classified as “Very Noisy” according
to Architectural Acoustics.

Conclusion and Recommendations

The redesigned ceiling system eliminates the grid of structural steel members that originally
defined the gallery ceiling and replaced it with a network of acoustical panels, open cell grid,
and exposed ceiling structure. This ceiling system provided a lot of benefits to the MMAA. First,
if this ceiling system is implemented then the project schedule could be reduced by up to five
weeks. Next, there would be significant cost savings associated with implementing this system
that comes from two different areas. First, the cost of the labor and materials will be $683K less
than the original system with the bulk of the savings coming from the decrease in labor.
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Secondly, there will be a general conditions savings of $497K due to the shortened project
schedule. All of this money goes directly into the pocket of the owner and because of this it is
ultimately their decision to make. If they believe that the new ceiling system still meets their
needs and adds value to the project they should implement this design of the gallery ceiling
system. The redesigned gallery system also had a slower reverberation time that would make it
more comfortable for the occupants. Unfortunately, the NC value is a bit high at NC60 but it is
no different from the original design. This is one area where the MMAA gallery could be
improved even further. All things considered my recommendation would be to implement the
redesigned gallery ceiling system due to all of these savings.
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ANALYSIS 2: GALLERY SIPS IMPLEMENTATION

Problem Identification

The problem for this analysis deals with the same problems as the first proposed analysis. As
stated before the interior fit-out for the gallery spaces is one of the longest phases of the project
and it lays on the critical path due to its sequential nature and tie in with the project turnover.
The average schedule length for each gallery is 416 days and any delays during this timeframe
would push back the turnover date to the owner. Any way to reduce this phase’s schedule
length would be beneficial to the project.

Analysis Goals

The main goal of this study is to investigate if implementing a short interval production schedule
(SIPS) would be beneficial to the Metro Museum of American Art (MMAA) construction project.
The main driving factor of a SIPS is that it shortens the overall schedule length of the project.
Because the gallery fit-out schedule ties directly into the turnover to the owner implementing a
successful SIPS will indeed shorten the overall project schedule. The main savings from
implementing a SIPS comes from the general conditions that are saved due to the shorter
construction period. This analysis will be completed by researching a relevant case study and
applying the learned principles to the MMAA.

The original plan was to use a SIPS in conjunction with the prefabrication of the gallery ceiling
system, that was detailed in the first analysis, in order to make the gallery fit-out schedule as
efficient as possible. However, because the first analysis worked so well, shortening the gallery
fit-out schedule by any more would not result in the overall schedule being shortened. This is
because there are independent activities that restrict the project from being turned over to the
owner before October 23, 2014. The prefabrication process alone allowed the gallery fit-out
schedule to be completed by October 2, 2014. So, as you can see shortening the gallery fit-out
schedule even further with a SIPS would not shorten the overall project schedule and no
additional dollars would be saved. Due to this, the goal of this analysis is to compare any
savings that the SIPS schedule creates to the savings we know the prefabrication process will
create in order to determine what process should be implemented.

Background Research Performed

A SIPS breaks down a project sequence into more detail than a typical project schedule would.
It defines durations for each activity, crew size needed to complete that activity in a certain
timeframe, and the area that the work will be performed in. Doing this allows all members of the
project team to know what they will be doing at all points of the day, sometimes down to the
hour or minute.

Usually, a SIPS will be used on a project that is highly repetitive in nature such as a dormitory or
prison. Also, the project is split up into defined construction zones. These zones should be
similar in size and nature so that it takes a trade or team the same amount of time to complete
each zone. A SIPS will also be applicable on the Metro Museum of American Art (MMAA) for
multiple reasons. The MMAA may not be as repetitive as a dormitory or high rise office building,
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but all of the gallery spaces are all constructed with the exact same gallery fit-out schedule. This
provides the potential for the galleries to act as zones for the work crews to move sequentially
through. Currently the gallery fit-out schedules have an entire gallery space devoted to a single
activity. There is the potential to explore dividing up these large gallery spaces into multiple
zones to allow more activities to begin before the previous activity is fully completed in the
gallery space. Also, most of the activities in the fit-out schedule are approximately 10 to 15 days
long. This similar activity length will set up nicely for a SIPS because the work flow is most
productive when all the crews move at the same pace. This is effective because it eliminates
any work stoppages of the crews. There are a few activities that are scheduled for significantly
longer than 15 days long. These include the MEP rough-in, ceiling installation, and the sleeper
layout and installation. These activities may have to be broken down into smaller tasks to allow
the SIPS to flow evenly and not diminish the crew size on the other activities too much. Doing
this would allow the SIPS to provide the most benefit to the project. Also, worth noting is the fact
that using a SIPS will typically increase the worker productivity. Because they are doing the
same task every day, just in a different zone, they become more and more productive as they
progress through the zones. Their productivity will start relatively low and then increase as the
project progresses.

Pentagon Case Study

The renovation of the Pentagon utilized a SIPS schedule. That schedule divided the Pentagon
interior into thirty eight 10,000 square foot zones (Pentagon). Each trade or activity was given
one week to complete their scope of the work and move on to the next zone. They used a total
of 26 activities which means that it would take 26 weeks for a zone to be delivered fully
complete. After this first zone was finished an additional zone would be completed each
subsequent week until all 38 zones were finished (Pentagon). The schedule allows for all 38
zones to be completed in 63 work weeks. This can be seen on the next page in Figure 58 which
displays the SIPS schedule that was used during the renovation of the pentagon.

As you can see from this image a SIPS schedule creates a continuous flow of trades throughout
the different zones. The horizontal axis represents the timeframe in which the schedule is
completed. Each line or box in this direction represents a week of schedule time. The vertical
axis represents the order in which the zones will be completed. The first zone is listed at the top
left and each subsequent zone is listed below the first. Each colored box represents one of the
trades. For example, the first activity was the installation of the sprinkler main and branch lines
and it is represented by the yellow colored boxes that flow from the top left of the schedule to
the bottom right. The final activities were the furniture install and clean up of the space. This
clean up activity is colored a dark red and can be seen on the far right of the schedule flow. So,
in conclusion each colored box within the flow of trades represents three things; the date,
location, and the trade that is there performing work. This assures that all of the workers know
exactly where they need to be at all times during the project schedule. This elimination of
confusion allows the workers to become more productive and lowers the stress level on the
project. Also, as you can see there are no work stoppages in any of the zones due to
implementing a SIPS schedule.
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Figure 58: SIPS Schedule used during the pentagon construction. Image taken from http://renovation.pentagon.mil/wedge2-5/sips.htm
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MMAA Activity Analysis

The next step is to identify all of the activities that will be used in the SIPS schedule for the
MMAA. The schedule will focus on the gallery fit-outs of the fifth through eighth floors because
they are all very similar in nature. Note that the first floor gallery will be left out because its
ceiling structure is completely different than the fifth through eighth floors. Figure 59 below
shows a typical gallery fit-out schedule.

Gallery | ] |
INT-5-100  |Install hangers 01-29-13 02-11-13 | 10 | 10 |dinstall hangers ! !
INT-5-101 Protect surface adjacent to steel 02-12-13 02-19-13 5 5 Oprotect surface adjacént to steel |
INT-5-122 Cure SOFP (28 cal days) 03-06-13 04-02-13 20 20 I:ICure SOFP ﬂZS:caI days) :
INT-5-102 Paint metal deck & SOFP 04-03-13 04-16-13 10 10 :I:IPainl metal qeck & SOFP :
INT-5-103 COverhead MEP rough in 06-21-13 08-16-13 40 40 : I:IOverhe’,ad MEP
INT-5-104 Layout and frame 08-19-13 09-04-13 12 12 : : I:ILayupul and
INT-5-105 Rough partitions 08-28-13 09-18-13 15 15 ! ! I:IR{Jugh pal
INT-5-106 Sheetrock partitions 09-19-13 09-27-13 T T : : Dﬁheetro
INT-5-107 Skim coat walls (3 coats) ring ceiling line 09-30-13 10-15-13 12 12 : : FISkim
INT-5-108 Paint ceiling line up 10-16-13 10-18-13 3 3 : : : IPain|
INT-5-109 Ceiling layout and hang drop rods/unistrut 10-21-13 11-22-13 25 25 : : : [ —
INT-5-110 Install W5 sections and infill pieces 11-25-13 01-15-14 35 35 : : :
INT-5-111 Rough-in lighting 01-16-14 01-28-14 10 10 : : :
INT-5-112 Sprinkler heads 01-30-14 02-20-14 15 15 : : :
INT-5-113 Install ceiling panels 02-21-14 03-10-14 12 12 ! ! !
INT-5-114 Ceiling trim 03-11-14 03-17-14 5 5 i 1 i
INT-5-115 Layoutframefinstall sleepers 03-18-14 04-30-14 32 32 : : :
INT5-116 | Plywood subfioor 050114 | 051614 | 12 | 12 | | |
INT-5-117 | Patch skim coat 051914 | 052314 | 5 | & | | |
INT5-118 _|Paint 052714 | 060314 | 6 | 6 | | |
INT-5-119 _|Lights and MEP finish tim 060414 | 061714 | 10 | 10 | | |
INT-5-120 | Wood fiooring 061914 | 071514 | 18 | 18 | | |
INT-5-123 Punchlist 07-16-14 08-19-14 25 25 : : :

Figure 59: Excerpt of the original 5™ floor gallery fit out schedule. Courtesy of Turner Construction Company.

As you can see from Figure 59 there is a large gap between the end of the “Paint Metal Deck &
SOFP” activity and the “Overhead MEP Rough-In” Activity. This is due to the fact that the MEP
rough in is a more time consuming activity than the painting activity. This gap between activities
grows bigger and bigger each floor as the lag builds up. This leaves the gallery space empty
with no work going on for substantial amounts of time. Due to this, the MEP Rough-In activity
drives the interior fit-out schedule. So, the gallery SIPS schedule will commence with the
“Overhead MEP Rough-In” activity and continue all the way through to the “Punchlist”. The MEP
rough-in activity starts on 6/21/13 in the fifth floor gallery; which is a Friday. So the SIPS
schedule will start on the following Monday 6/24/13. The interior fit-out schedule will progress as
originally scheduled until 6/24/13. After that date all activities in the gallery fit-out schedule will
become part of the SIPS.

Tables 28 and 29 displayed on the next page are lists of all of the activities from the original
gallery fit-out schedule along with their original durations and how they will be adjusted to fit the
SIPS schedule. Some of the shorter activities will have to be combined with similar activities
while some of the longer activities will have to be broken down in to more detailed activities. The
major changes to the schedule of activities are as follows:
= First, the MEP Rough In activity was broken down into separate Mechanical Rough-In
and Electrical Rough-In activities. Plumbing is not included in the breakdown because
the limited amounts of plumbing lines that exist in the gallery spaces serve the
mechanical system anyways. Separating these activities will allow the activity length to
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be cut in half from 40 to 20 days. Because this is the longest schedule length it will
become the target for all of the other activities.

= Next, the rough and sheetrock partition activities will be combined together. This will
create an activity with a length of 22 days. As you can see this is longer than the target
activity length of twenty days. However, this activity can be accelerated rather easily by
adding a small amount of additional manpower. In contrast, it would be difficult to
accelerate the installation of the MEP systems.

= The skim coat walls (3 coats) and the paint ceiling line up activities will be combined into
one 15 day long activity. This along with any other activity that is below the target 20 day
activity length will have to scale back its crew size in order to come as close as possible
to the 20 day schedule length. Although this seems like the overall gallery fit-out
productivity is going down, hopefully, the flow of trades that the SIPS creates will counter
this by mitigating any schedule delays.

®" The ceiling system had to be split into four activities instead of two. First, the ceiling
layout and drop rod installation were separated into two separate activities under 20
days long. Second, the W5 sections and infill pieces activity was separated into 2

separate activities are now both under 20 days long.
Tables 28 & 29: Original and Adjusted Gallery Fit-Out Activities

ORIGINAL ADJUSTED
GALLERY FIT-OUT ACTIVITIES GALLERY FIT-OUT ACTIVITIES

; - Duration
Activity D(lg::,:))n Activity (Days)
Overhead MEP Rough-In 40 Mechanical Rough-In 20
Layout and frame 12 Electrical Rough-In 20
Rough partitions 15 Layout and frame 12
Sheetrock partitions 7 Rough & Sheetrock Partitions 22
BT T e ey Epe— 12 Ski_n_1 coqt walls (3 coats) & Paint 15
Ceiling Line Up

Paint ceiling line up 3 Ceiling Layout 13
Ceiling layout/hang drop rods 25 Hang Drop Rods 12
Install W5 sections & Infill pieces 35 Install W5 sections 18
Rough-in lighting 10 Install Infill pieces 17
Sprinkler heads 15 Rough-in lighting 10
Install ceiling panels 12 Sprinkler heads 15
Ceiling trim S Install ceiling panels/ Ceiling Trim 17
Layout/frame/install Sleepers 32 Layout/frame Sleepers 16
Plywood subfloor 12 Install Sleepers 16
Patch skim coat Plywood subfloor 12
Paint 6 Patch skim coat/ Paint 11
Lights and MEP finish trim 10 Lights and MEP finish trim 10
Wood flooring 18 Wood flooring 18
Punchlist 25 Punchlist 25
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= Next, the ceiling panel and ceiling trim activities were combined into one 17 day long
sequence.

= Finally, the last activity that was combined was the patch skim coat and final painting
activities. Note that the total amount of scheduled days for both the original schedule and
the adjusted schedule is 299 days. Also, remember that there is 4 times the amount of
work because these totals are for only one of the gallery spaces.

Zone Definition
Now the work zones need to be established. The fifth through eighth floors all have different

square footages. Table 30 below shows a summary of the total square footage per floor.
Table 30: Square footage per gallery.

SQUARE FOOTAGE PER GALLERY ‘

Floor Square Footage Number of Square Footage Per
Zones Zone
Sl 17,160 3 5,700
6" 11,353 2 5675
7" 9,467 2 4734
8" 5,060 1 5.060
Total 43,040 8 5,380

As you can see the fifth floor gallery is significantly larger than any of the other galleries. This is
a problem because the zones need to be equal. So, the solution will be to split the fifth floor
gallery in to three equal sizes zone. Next the sixth and seventh floor galleries will be split in half
to make two equal sized zones. Finally the eighth floor gallery will not be split at all and will be
its own zone. This will allow all of the zones to equal approximately 5,000 square feet of space.
The zones will be split so that each zone has the same amount of perimeter as well as interior
square footage. This is important because the amount work that takes place on the perimeter of
the gallery such as partitions and painting needs to be the same in each zone in order for the
SIPS to work effectively. This is really only a problem on the fifth floor gallery where there is a
center zone with no side walls. However, upon looking at the drawings further this will not be a
problem because the side walls of the fifth floor gallery are almost completely curtain wall
glazing. Figures 60 - 63 below and on the next page display the zone distributions per gallery.

| S ey gy —0———|-+ e L S gy ey e
Figure 60 Zone separation for the 5" floor gallery. Original image courtesy of Renzo Piano Building Workshop,
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The best way to distribute the workload between the zones is to make sure that the total amount
of work is split between the eight zones evenly. For example, the mechanical rough-in activity is
listed as a 20 day activity per gallery space. So, that equals a total of 80 work days for all four
galleries in question. These eighty days will be split evenly across all eight zones to give a 10
day zone time. Also, one of the main requirements of a successful SIPS is that all of the
activities have the same duration. This fact is what gives the SIPS the ability to flow without any
downtime between the trades. This will be accomplished by adjusting workforce of all of the
activities that take less than 20 days so that they are as close to the 20 day schedule length per
gallery as possible. This will allow all of the activities to be completed in 10 days per zone or 80
days overall.
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SIPS Schedule Creation

Now that the start date, typical activity length, and the amount of activities have been
established; the SIPS schedule can be generated. A SIPS does not need to be created using a
special scheduling program. Rather, it can be made using simple software such as Microsoft
Excel; which is how the MMAA’s prospective SIPS was made. The MMAA SIPS can be seen
below in Figure 64 and in full size in Appendix N.

SIPS Schedule for the Metro Museum of American Art

Figure 64: MMAA SIPS

As you can see from this schedule it is very similar in nature to the Pentagon SIPS discussed
earlier. Once again the horizontal axis represents the timeline, the vertical axis represents the
different zones, and each individual colored box represents the trade that occupies each zone at
each specific time. The only difference between these schedules is that the MMAA SIPS used
10 work day activities as opposed to the 5 work day activities that were used on the Pentagon.

The MMAA SIPS cut down the overall project schedule from approximately 17 months to 12
months. At first this seemed to be an excessive reduction to me. However, after evaluating the
original schedule and the SIPS it became clear that this reduction was in fact possible. One of
the main reasons that the SIPS created so much schedule savings was that it allowed more
than one trade to be working in each gallery space at a time. The original gallery fit-out was
scheduled so that each activity had the entire gallery devoted to them and their work. Also, all of
the activities had start to finish relationships which means that one activity cannot begin in the
space until the preceding is complete. While the start to finish relationship did not change with
the implementation of a SIPS, the fact that each activity had a gallery to themselves did.
Separating the galleries into zones allowed the amount of work being done in a gallery to be
double or tripled depending on the floor in question. This greatly increased the amount of work
going on inside the MMAA which fueled the schedule savings.

Looking into this further the fifth floor gallery would be completed after the third zone was
completed. The first zone would be complete 195 days after the 6/24/13 start date (18 activities
at 10 days per zone, plus the punchlist at 15 days). Each additional zone would then be
completed 10 days after. This means that the third zone and subsequently the fifth floor gallery
would be completed 215 days after the 6/24/13 start date. This is significantly faster than the
original schedule that took 299 days to be completed. Table 31 on the next page shows the
when each gallery space will be started and completed.
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Table 31: SIPS Summary

SIPS SUMMARY ‘

Finish SIPS Schedule

Gallery Start Date Date Lenath (WeeKs)
5 6/24/13 4/18/14 43
6" 8/5/13 5/16/14 41
7 9/2/13 6/13/14 41
gh 9/30/13 6/27/14 39
Overall 6/24/13 6/27/14 53

While the overall work days went down (299 to 215 work days) the amount of days worked by
the sum of the trades in that time goes up. This is because the manpower was scaled back in
order to accommodate the 20 day target schedule length. For example, on the sixth floor there
were 390 trade days worked. All 18 of the trades each worked 10 days in the fourth and fifth
zones respectively and the punchlist took a total of 30 trade days for both zones combined. It
needs to be emphasized that there were no extra man hours worked when making the SIPS.
The increase in trade days is simply due to the scaling of the manpower. Doing this allowed the
best qualities of a SIPS to be brought out; a constant flow of different work and trades through
the zones. While the original schedule also had mostly constant flow through the galleries, it
was not nearly as efficient as the SIPS. This flow of trades coupled with the fact that the SIPS
allowed multiple trades in the galleries at one time are the main factors that reduced the project
schedule by so much.

Overall, by ending on June 27, 2014, the SIPS allowed the gallery fit-out schedule to be
reduced by 22 work weeks or approximately five months. However, similar to the prefabrication
process the overall project schedule cannot be reduced by the complete five months due to
independent activities that are displayed below in Table 32. As you can see from this table the
earliest that the MMAA project can be finished based on these independent activities is October
23, 2014. When compared to the previously planned November 28, 2014 completion date the

prefabrication process ends up saving 26 actual working days or just over 5 calendar weeks.
Table 32: List of relevant activities that end after the completion of the SIPS

ACTIVITIES THAT END AFTER JUNE 27™, 2014 ‘

Floor Description Date Complete
8" Office & Conference/Trustee Rm. Fit-out 10/23/14
g" Bookstore & Café Fit-Out 10/23/14
g Drywall & Interior Finishes 10/23/14

The general conditions on the project were originally budgeted for a total of $15,722,000. This
total is spread out over approximately 37 months or 158 weeks to be more exact. The weekly
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cost of general conditions is equal to $99,506. Therefore, shortening the schedule by five weeks
will save the project approximately $497,500.

Cost Implications

Implementing the SIPS does not really incur any additional costs which is a huge benefit. As
stated before the total amount of manpower stays the same. It was simply scaled to a different
level and reschedule. There are no more material or equipment costs because the exact same
product is being created. Finally, there may be some additional management costs associated
with creating the SIPS. However, once the SIPS is in place those costs will eventually be
outweighed by the positive impact that the SIPS has on the project. The positive impact of the
SIPS includes the fact that because all of the trades know exactly where they need to be and
where they will be for the duration of the fit-out less time will be spent managing them. This
clarity of procedure and sequencing is very valuable to the construction process and the
management team. There will be cost savings established from the general conditions that are
saved by shortening the project schedule by five weeks. So, overall the cost implications for
implementing the gallery fit-out SIPS is a savings of $497,500.

Conclusion & Recommendation

Using a SIPS will accelerate the interior gallery fit-out construction length by five months and the
overall project schedule by five weeks. The SIPS will increase the coordination between the
different trades. Also, the fact that the workers will know exactly where they will be at every step
in the process will eliminate any unproductive work stoppages and will make them responsible
for getting their work done. The worker productivity should increase as they work through the
multiple zones of construction and become familiar with the tasks that they need to complete.

Because of the significant cost saving | would recommend that the SIPS be implemented on the
MMAA project. It is also important to consider whether to implement the prefabrication process
discussed earlier or the SIPS, as implementing both would not add any additional benefit to the
project. When comparing the two it is easy to identify the SIPS as the more attractive option.
They both save the same amount of general conditions costs. However, the SIPS does not have
any other additional significant costs associated with it. The prefabrication process on the other
hand has additional costs such as transportation and warehousing costs that eat into the
general conditions savings. Also, the prefabrication will require more time, planning, and
coordination from the management team. The SIPS creates more monetary benefit while
providing the easiest path to implement, and due to that the SIPS should be implemented
before the prefabrication process.
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CRITICAL INDUSTRY ISSUE: UNION DIVISION OF LABOR

Problem Identification

One of the challenges associated with prefabricating a system that integrates multiple different
trades of work is the division of labor between the unions involved. This is magnified for the
Metro Museum of American Art (MMAA) because its project location is known for having difficult
unions to work with. The goal of this research would be to investigate the issues that are
preventing the unions from coming to terms on the division of work. Then to develop a few
possible solutions that would attempt to satisfy these unions so that the prefabricated work in
guestion could be completed as planned. Hopefully a solution will be found that benefits all
parties involved including the unions, contractors, and the MMAA.

Analysis Goals

The goal of this analysis is to discover and analyze any union division of labor issues that could
arise from the use of a prefabrication process on the MMAA project. This analysis will be
completed by researching case studies of projects that used a prefabrication process and had a
union related issue. Next, this analysis will walk through the MMAA’s prefabrication process in
order to discover the union issues that could arise. Finally, a possible solution that will satisfy all
of the parties involved will be outlined.

Background Research Performed
One of the main challenges associated with prefabricating multiple trades of work is getting the
unions to accept the division of work. There are multiple steps in the prefabrication process that
cause discrepancies in which union gets the opportunity to perform the work. Listed below are
some of the main topics associated with this:
= The first topic that is usually brought up is which trade will be responsible for lifting the
final prefabricated modules into place. This work is significant because it makes up the
majority of the on-site labor. The final modules will have multiple trades of work built
together. In the case of the gallery ceilings for the MMAA there are miscellaneous steel
members, fire protection, and electrical work together on the final modules.
= Another issue could be getting the unions to work together to coordinate their work in
advance. This is critical because in order for a prefabrication process to run smoothly
there must be early coordination of the trades. Along with the coordination of the actual
systems that will end up in the building, there needs to be early coordination regarding
the logistics of the working process. This includes in what order the individual modules
are constructed, where each trade will be constructing their scope of the work, and how
these modules will be transported.
= Next, there could be issues with who is liable for the modules while they are in the
possession of the different parties involved, and who is liable when the modules are in
transit from one location to another.

These are some of the issues that need to be researched and understood before a
prefabrication process is undertaken. If an agreement can be reached by all the parties involved
in the process, then prefabrication could be very beneficial to the project.
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Case Studies

The first case study that will be examined is the
Atlantic Yards project located in Brooklyn, New
York. A rendering of the project can be seen in
Figure 65 to the right. This project is part of a
development program that was meant to revitalize
the Brooklyn area by bringing jobs and affordable
housing into the area. The Atlantic Yards project
is part of the development that saw the Barclays
Center be constructed, which is the new arena for
the Brooklyn Nets NBA basketball team and the
New York Islanders NHL hockey team. The
Atlantic Yards is utilizing prefabricated modules to
expedite the construction of the building. It is
planned to be the tallest building ever constructed
using prefabricated modules at 32 stories high. It
will be constructed using 930 prefabricated steel
boxes that are basically stacked and bolted
together once they arrive at the jobsite. The use of
the prefabricated modules will save the project
months of schedule time and cut costs by up to
25% (Bush).
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Figure 65: Rendering of the Atlantic Yards project.
Image taken from brooklynpaper.com.

Although these time and cost savings sound great, a lot of them were at the expense of the
unions. By implementing the modular construction a lot of the construction work was moved
from the field into the factory where the workers make less than half of what they would make in
the field (Bush). This was a point of contention for the union, but they ultimately backed the plan
due to the fact that the developer promised to use entirely union labor for the construction work
related to the development. In the end this would still bring a substantial amount of jobs to the
area even though it would be less than if the building was built traditionally in the field.

The good news about applying this case study to the MMAA is that the MMAA'’s prefabrication is
much simpler. The proposed prefabrication process that was discussed in Analysis 1A is not
sending the work to a factory to be made. Instead the same union workers will still be building
the prefabricated modules; they will simply be in a warehouse as opposed to on a construction
site. This means that no union jobs will be lost due to the MMAA prefabrication process. There
may be a productivity increase that would reduce the time needed to construct the modules, but
no union should be opposed to a system that increases the power of the workforce.

Through my research it seemed as though the critical issue was not the division of labor during
a prefabrication process. Instead it was just the fact that implementing a prefabrication process
takes away jobs from the workers a lot of the time. They tend to believe that the prefabrication
process devalues the use of union labor and that almost anybody could work in one of those
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prefabrication factories with little training. Take for example this excerpt from an article
published by Electrical Contractor Magazine:

“Using prefabricated and preassembled electrical components often can bring
substantial cost savings, especially on large projects such as hotels and hospitals that
have a large number of identical layouts. Some contractors have used preassembled
products for years; others are trying them for the first time, while there are some who
have yet to do so. And while labor issues that once restrained the practice of assembling
electrical parts off the job site are less an issue today, some contractors say many
electricians in the field are not happy when prefabricated assemblies are used, feeling
that they devalue their skills and experience and ultimately could threaten jobs. “Prefab
stuff?” snorted one union electrician. “They don't need us for that. A monkey can do that
work.” Even so, suppliers of prefabricated components and the contractors who install
them say that their use is growing steadily and that the trend will continue”

This passage is just one example of why some union representatives are opposed to
prefabrication and the shifting of the work from the field to the factory. One could argue that
using the prefabrication factories would reduce the quality of the end product due the cheaper
cost but | am not convinced. | believe that using an assembly line type of work environment with
specialized workers can create a very high quality product. As long as the intra module
connections are done properly in the field, the process can be very successful and therefore
valuable to the project.

The MMAA Case Study

This section will walk through the MMAA prefabrication process to determine any issues that the
unions might raise. Thankfully after reviewing the MMAA there were not a lot of points that could
cause contention.

The first step in the prefabrication was moving the work from the construction site to the
warehouse. Unlike the previous case study, | planned on having the same union workers
complete the prefabricated modules. They would simply be completing the work in a different
and more comfortable location. As you can see from Analysis 1A their wage rates were not
changed; so there should not be any contention from the unions on this front.

The prefabricated units were planned on being completed in an assembly line fashion. All three
of the trades would have a station set up for them in the warehouse with ample room around the
module to work and once each trade is complete with a module a laborer will be responsible for
moving the module to the next trade or to the storage pile if it is finished. All of their tools and
materials could be stored nearby their station and they would be working in a climate controlled
environment that is much more comfortable than your typical job site. Since the prefabricated
modules create the ceiling system, if they were stick built in the field the workers would spend
the majority of their time working overhead which can be straining to the body quickly. However,
by prefabricating the modules in the warehouse they can work at a comfortable height where
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they are less prone to injury and more productive. All of these points are benefits to the workers
that are derived from the prefabrication process.

There is one issue that could possibly occur during the warehouse phase of the prefabrication
process. Once a trade is complete with their work on a particular module somebody will have to
transport said module to the next trade’s station; or when fully complete, to the storage pile.
None of the trades will want to do this work themselves because it is out of their scope.
Therefore a laborer will have to be hired to be responsible for moving the modules around the
warehouse. This adds a substantial additional cost to the project. The prefabrication analysis
showed that when applied over all 84 working days that the warehouse will be in operation it will
add an additional cost of approximately $48,000. Although this seems like a very high price to
pay it was worth it in the case of the MMAA due to the general conditions saved.

The next step in the process is to transport the modules to the jobsite. All of the materials
needed for the gallery ceiling systems would be delivered directly to the warehouse instead of
the construction site. Then it would be the general contractor’s responsibility to bear the costs
associated with transporting the modules from the warehouse to the jobsite. | initially thought
this would be a problem area when dividing up the labor due to the liability of moving the fully
complete units. However, after consulting my advisor, Ray Sowers, he advised that the
Teamsters union would handle the transport of the modules from the warehouse to the jobsite in
time for placement.

Next, after the modules are craned into place they will need to be lifted into their final positions
in the galleries. This is the one step where | anticipated the largest issue when considering the
union division of labor for the prefabrication process. My suspicions were confirmed when |
contacted the project team. They confirmed that this would be one task that could be
problematic for the prefabrication process. Because the completed modules include work from
the miscellaneous metals, electrical, and fire protection trades they will all claim this is their work
to install. However, since the modules have a higher percentage of iron work than any other
trade, they should be the ones to lift the modules into place. They have the most experience in
this type of work and the connection deals solely with miscellaneous metal and the structural
steel. The electrical and fire protection unions would most likely have an issue with this due to
their work being installed while they are not around. They would want to be present in case
there is a problem regarding their system or in case part of their system was damaged in the
process. So, one way to compensate them is to allow one worker from each trade to be present
while the modules are lifted into place. This would allow all concerns regarding the proper
installation of their work to be alleviated and all parties to be satisfied. Although this is an extra
expense to the project that is not completely necessary it would serve as a suitable solution to
the division of labor issue. Plus, as shown in Analysis 1A there are considerable savings that
result from the prefabrication process so they can afford to pay the trades these monies.
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Conclusion and Recommendations

After reviewing the union division of labor issue it seems as though it will not be as large of a
roadblock as initially thought. Through research and reviewing case studies it was evident that
the critical issue was not the division of labor during a prefabrication process. Instead it was just
the fact that implementing a prefabrication process takes away jobs from the union workers a lot
of the time and gives them to the factory workers. They tend to believe that the prefabrication
process devalues the use of skilled union labor and that they can produce a much higher quality
product than the factory workers can.

The MMAA case study proved that the only two problem areas during the prefabrication process
would occur when the modules needed to be transported around the warehouse and when they
needed to be hoisted into place once they arrived at the jobsite. However, both of those
situations could be resolved rather easily. The problem of transporting modules around the
warehouse can be resolved through adding a laborer to move the modules. The issue of
hoisting the modules into place can be determined by which trade has the higher percentage of
work in the modules and whose scope the connections to the structure fall under. Also, a
representative from each other trade would be allowed to be present during the hoisting in case
of any problems. Even with the added cost | would recommend that the solutions be
implemented as outlined in this analysis and that the prefabrication process be completed on
the MMAA construction project.
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EXTENDING THE USE OF BIM ON THE PROJECT

Problem Identification

This analysis does not necessarily focus on a problem that exists on the Metro Museum of
American Art (MMAA) project; instead it focuses on ways to add value to the project. The
project team currently uses building information modeling (BIM) mainly for clash detection
purposes. This includes modeling the building systems such as the mechanical ductwork,
electrical conduit, and plumbing lines virtually in 3D; and then using analysis programs to detect
where there are space defined conflicts in the building. This upfront investment in the project
allows the installation of the systems in the field to be efficient and conflict free which reduces
the number of RFIs and saves a significant amount of time and money.

Analysis Goals

This goal of this analysis is to investigate what BIM uses would be the most beneficial to the
MMAA and to estimate the value of these uses. This analysis will be completed by creating a
BIM execution plan that is modeled after the BIM Project Execution Planning Guide Version 2.1
that was researched and developed by the Computer Integrated Construction Research
Program at the Pennsylvania State University. This analysis will be completed by performing
background research, summarizing the BIM Project Execution Planning Guide Version 2,
applying the guide to the MMAA, and estimating the benefits provided from the selected BIM
uses.

Background Research Performed

Using BIM for clash detection purposes only does not have to be the stopping point for BIM use
on the project. There are many other applications for BIM in the construction industry that have
proved to provide value to their projects. This analysis will investigate some of the innovative
BIM uses that could be worth implementing on the MMAA. Some of the possible BIM uses that
will be investigated further are as follows:

* Phase Planning (4D Modeling): This BIM use integrates a virtual model of the building
and combines it with the schedule. Attaching the schedule to the model essentially
defines the fourth dimension as time. Using this tool, the sequencing of activities on a
jobsite can be understood much easier. It will show the building being constructed
virtually from the ground up as it would in the field. This virtual construction allows all of
the subcontractors to know and understand when they will be responsible for exact
portions of their scope. Also, it potentially can resolve problems before they even
happen due to all of the subcontractors giving their input on possible problems that
would not have been foreseen without 4D modeling.

= Site Utilization Planning: This use does not apply directly to the focus of this thesis,
which is the gallery space of the MMAA. However, it could still be very useful on the
project. As outlined in the technical reports the MMAA has a very restricted downtown
site location. Because of this using BIM to model the logistics of the site as the phases
change and progress could be beneficial to the project.

= Expanding 3D Coordination: Another interesting BIM topic to look into is expanding the
use of 3D coordination. This means instead of just using 3D coordination to determine
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where clashes are, use it to provide innovative ways to become a more efficient builder.
Examples of this include using 3D coordination to know where all the MEP equipment
will be installed down to the location of the hangers. Then when prepping the above slab
on metal deck for a concrete pour, those hangers could be dropped through the metal
deck ready to be embedded once the concrete is poured. This would make the space
ready for the MEP rough in and eliminate the overhead work of installing the hangers.
Exploring this and other efficiencies that were made possible by BIM would be a very
interesting analysis.

BIM Project Execution Planning Guide Version 2.1 Summary

The BIM Project Execution Planning Guide Version 2.1 (henceforth referred to as “the guide”)
was developed by the Computer Integrated Construction Research Program at the
Pennsylvania State University in order to create a “structured procedure for creating and
implementing a BIM project execution plan” (CIC). It does this by providing four important steps
to take which are reproduced here:

1. “ldentify high value BIM uses during project planning, design, construction and

operational phases.

Design the BIM execution process by creating process maps.

Define the BIM deliverables in the form of information exchanges.

4. Develop the infrastructure in the form of contracts, communication procedures,
technology and quality control to support the implementation”.

w N

The idea is that by following these four steps a BIM can be planned for and effectively used on
the job in question. This is important because in order to receive the full benefits of a BIM it
needs to be planned for and used effectively. It also will ensure that all of the parties involved in
the BIM process know exactly what their responsibilities are and how one party’s shortcomings
or failures can affect both the project team and the BIM use in question. The guide goes on to
say that when a BIM is properly implemented it can provide savings to the project in the form of
increased design quality, predictable field conditions which allow more effective prefabrication,
improved field efficiency due to the visualization of the construction sequence, and even more
(CIC). However, if a project team implements BIM without properly planning for it the results can
be troublesome. They will still incur the costs associated with developing the BIM uses but they
may not receive the benefits mentioned above to the fullest extent. This can make the BIM use
add little or even no value to the project. However, by following the four steps suggested by the
guide a project team can be confident that implementing BIM uses on their project will be a
success.

It should be noted that when applying the guide to the MMAA, | will be acting as a general
contractor that has experience in BIM similar to a larger general contractor such as Turner
Construction Company, the actual contractor on the job. This is necessary because the
capabilities of different types of contractors are vastly different.
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Step 1: Identify BIM Uses

The first step outlined in the guide is to select the BIM uses that will be the most effective based
on the specific project conditions. The guide outlines twenty five possible uses for BIM that
occur throughout all stages of the project from planning the building to operating it. These BIM
uses can be seen in Figure 66 below which is an image taken from the guide that displays all of
the proposed uses and the phase or phases in which they occur.

PLAN DESIGN CONSTRUCT OPERATE

Existing Conditions Model

Cost Estimation

Phase Planning

Programming
Site Analysis

Design Reviews

Design Authoring

Site Utilization Planning
[Con Design
_Digital Fabrication

3D Control and Planning

Record

Maintenance Scheduling

B rrimary BIM Uses
‘7‘|Secondory BIM Uses

Figure 66: BIM uses based on project phase. Image taken from BIM Project Execution Planning Guide Version 2.1.

As mentioned previously the MMAA is already using BIM for 3D coordination purposes which,
as you can see from Figure 66, occurs in the late design phase and throughout the construction
phase. The other uses vary from lasting one phase such as site utilization planning in the
construction phase or cost estimation that spans all four phases. As mentioned in the
background research some of the uses that will be initially targeted are site utilization planning
and 4D modeling (listed as phase planning in Figure 66). Site utilization planning would be
beneficial to the MMAA project due to the constricted construction site and the fact that the
utilization of this site is constantly changing with the different phases of construction. 4D
modeling would be useful to the MMAA because it would allow the project team to fully
understand how this building will be constructed and it will highlight any sequencing conflicts
that may not have been initially evident.

Next, it is important to define the goals that can be reached by implementing the BIM uses. All
of the goals that will be included in this analysis deal with improving the construction sequence.
The MMAA would benefit from things such as increased productivity in the field, eliminating
conflicts in the field, ensuring the constricted site is used properly, and ensuring an on time
project delivery. On the next page, Figure 67 summarizes these goals and the potential BIM
uses that apply to them. As you can see from this the main BIM uses that can aid these goals
are 3D coordination, 4D modeling, and Site Utilization Planning. Figure 67 also prioritizes the
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goals. Preventing any schedule overruns is listed as the top priority because it would be very
costly through increased general conditions and liquidated damages. However, other goals such
as increased productivity in the field and proper usage of the site can directly affect the project
schedule and therefore are also important.

BIM Goals Worksheet

Priority (1-3) Goal Description Potential BIM Uses
1- Most
Important  |Value added objectives
2 Increased Productivity in the Field 3D Coordination
2 Eliminating Conflicts in the Field 3D Coordination, 4D Modeling
Proper Usage of the Constricted City Site 4D Mc!deiling, Site Utilization
2 Planning
1 Mo Project Schedule Overruns 4D Maodeiling

Figure 67: Project goals and their potential BIM uses prioritized. Template courtesy of the BIM Project Execution Planning

One important factor to consider when developing the information for the BIM uses is to “begin
with the end in mind,” as the guide says. This means that when the BIM uses are being
developed it is important to make sure that the end use of the information is fully understood.
This will allow the developer of the model to add the appropriate information to the model so
that when it comes time to utilize the BIM the results will be as accurate as possible. To relate
this to the MMAA lets consider the 4D modeling BIM use. It will be important for the developer of
the model to consider the sequencing of how the MMAA will be built. A 4D model in effect
allows the team members to virtually see the building being constructed on the screen in front of
them; which is done by adding the element of time by attaching the project schedule to the
model. As time elapses, different building elements will appear on the screen in the order in
which they will be built. So, it is important to model the building elements in a way that reflects
how they will be built. This means that the structural steel system should be split up into logical
segments such as by floor or by certain bays. Perhaps a better example is that the concrete
slab on deck should be grouped and modeled by each individual pour. This will allow the 4D
model to be the most useful to the project team and therefore provide the most value to the
project.

The next step is to select the BIM uses that will be used in the project. The guide has a matrix
that considered each BIM use in the following categories:

= Value to the Project

*= Responsible Party

= Value to Responsible Party

= Capability of the Responsible Party

= Additional Resources / Competencies Required to Implement the Use

= Decision to Proceed or Not
This matrix will not be completed in this analysis because it is mainly meant to rate the benefit to
the project and to determine if all of the parties involved are capable of completing their tasks.
As stated before for the purposes of this analysis, it will be assumed that the general contractor
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completing the project will be a contractor similar to Turner Construction Company who is
capable of developing and utilizing these BIM uses. Also, all three of the prospective uses (3D
coordination, 4D modeling, and site utilization planning) are considered to be valuable to the
project and to the general contractor, who is the responsible party for all of the BIM uses. So, all
three of these uses will be included in the BIM execution plan.

Step 2: Designhing the BIM Project Execution Process

Now that the potential BIM uses have been identified the process for implementing them into the
project can be defined. This is important because this is a step that a lot of project teams do not
take. This defines structure for the BIM uses and allows all of the parties to know what they are
responsible for and how their work will affect the work of others. The guide suggests that this be
completed by mapping out the BIM execution using process maps.

These process maps are visual representations of the BIM uses, how they are interconnected
with one another, their inputs, outputs, and information exchanges. There are two levels of
process maps. The first level is a “BIM Overview Map.” This map is a high level process map
that provides an overview of the entire use of BIM on the project. This map displays the
relationships between the different BIM uses that will be implemented on the project such as
how the 3D coordination and 4D modeling are related to one another. The guide provides a four
step process for creating the BIM overview map. They are as follows (CIC):

Place the potential BIM uses into a BIM overview map.

Arrange the BIM uses according to the phase in which they will be implemented.
Identify the responsible party for each process.

Determine the information exchanges required to implement each BIM use.

HwnNPE

The BIM overview map for the MMAA can be |
seen in Figure 69 on the next page or in Construction Documents
Appendix O for a larger view. As you can see this i
shows how the BIM uses progress through all Create 4D Model :
three phases of the design (Schematic Design, !
Design Development, and Construction Contractor 4D Modeling !
Documents). Figure 68 to the right displays the '
4D modeling process from the Level 1 Process |
Map. The name of the process is bolded in the Figure 68: Example of a BIM use from the Level 1 process
center; the phase of the process is listed in the map. Template taken from BIM Project Execution

top left; the responsible party is listed on the Planning Guide Version 2.1.

bottom left; and the reference to the detailed process map is listed in the bottom right. Looking
at the overall process map, each design phase has the same general flow of work. First, the
architect will author the design documents. Then the contractor can utilize the new design in
order to run clash detection, 4D modeling, and site utilization planning. The 3D coordination is
very important to developing the design because it will give feedback to the architect and
engineers on where there are space defined conflicts in the building. It is important to continue
running 3D coordination checks as the design is developed so that any modifications of the
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building systems do not create new clashes of their own. This will ensure that the final design
and construction documents are clash free. The 4D modeling and site utilization planning uses
will become most useful during the construction phase of the project. However, they will be
modeled throughout all three of the design phases in order to determine where there will be
sequencing or construction issues due to the specific design of the building and site conditions.

Developed with the BIM Projact Exacution Planning Procedure by the Penn State CIC Research Team
hitoJiwww enqripsu edu/ae/cicibimex

Metro Museum of American Art
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Figure 69: MMAA Level 1 Process Map. Template taken from BIM Project Execution Planning Guide Version 2.1.

Now that the level one process map is complete the detailed process maps can be made. The
level one process map shows the flow of the “large picture” of the BIM implementation. The
detailed process maps will display the interworking of the individual processes displayed on the
level one map. There are three detailed process maps that are the responsibility of the
contractor, which can be seen in Appendix P; one for the 3D coordination, 4D modeling, and
site-utilization planning. Note that these three processes are repeated in each of the three
design phases. The process for completing the 4D modeling is the same in the schematic
design phase as it is in the final construction documents phase. So, therefore all of the 4D
modeling processes in the level one process map will reference the same detailed 4D modeling
map. This is applied to all three of the detailed process maps.

The guide also provides step by step instructions to create the detailed process maps. It is as
follows (CIC):
1. Decompose the BIM use into its core internal processes and place them in sequential
order.
2. Define the dependency between these core processes.
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3. Develop the detailed process map to include reference information, information
exchanges, and responsible parties.

4. Add goal verification gateways at critical points in the process. If the goals meet the
defined criteria then the process can continue through, if not one or more of the previous
activities are repeated until the goals are satisfied.

5. Document, review, and refine the process for continued use on this or future projects.
This step aims to create the most efficient process possible. As the project progresses
the detailed process maps should be updated to reflect the actual workflow of the
process and refined to eliminate any inefficiency.

The detailed process map for the 4D modeling is shown below in Figure 70 or in Appendix P for
a larger view. As you can see this process breaks down the 4D modeling process into smaller,
more detailed activities. The reference information needed to complete this process includes the
3D model supplied from the architect, the productivity information, and lead times. The ultimate
outputs of this process are the 4D model and the optimized construction schedule. Also, note
that there are two gateways in this process that check to ensure that the 4D model is made
correctly and being utilized to create the most efficient schedule possible.

Developed with the BIM Project Execution Planning Procedure by the Penn State CIC Research Team.
hitofwwew enaripsu edulaelcicbimex
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Figure 70: Detailed 4D Modeling Process Map. Template taken from BIM Project Execution Planning Guide Version 2.1.

Figures 71 & 72 on the next page display the detailed process maps for the 3D coordination and
site utilization planning processes. All of the BIM process maps can be seen in Appendix P for a

larger version.
Vincent A. Rossi — CM
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Developed with the BIM Project g Procedure by IC Research Team.
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Metro Museum of American Art
BIM Execution Plan

3D Coordination Detailed Process Map

Create Model Sharing
System
Contractor
Define Information !
Update [ Modify Identify Solutions to
e ! Model detect
| jon Collisions
e B m |
Start Al Disciplines } Start Design Al Disiciplines | Contractor Contractor Al Disciplines
Process | Coordination i i
| Precess i Colligions?
Define Areas to be Develop Schedule for ] I i
Coodinated Coordination i i o
[—"] i 1
Al Disciplines Al Disciplines ] |
! 3 \
—
| ! i O
Establish a Protocol ; ! } End Process
i ! |
Al Discipiines ! i
i |
! i
|
| | Coordination
! | Model
| ¥
Design Models Coordinaton Yiodel
by Dicipine

Figure 71: Detailed 3D Coordination Process Map. Template taken from BIM Project Execution Planning Guide Version 2.1.

Developed with the BIM Project g Procedure by Research Team.
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Figure 72: Detailed Site Utilization Process Map. Template taken from BIM Project Execution Planning Guide Version 2.1.
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These detailed process maps will eliminate any confusion when implementing the BIM uses on
the MMAA. Every activity within the process maps has a responsible party and all of the outputs
of the activities are defined. The different BIM uses can also be used to assist in creating other
BIM uses. For example, the 4D modeling use would be helpful in determining the site utilization
during phase transitions and for time conflicts in general. This is shown in the detailed site
utilization process map when the 4D model is used as a resource.

Step 3: Develop Information Exchanges

Now that the process maps have been developed the next step is to clearly define the
information exchanges necessary to successfully implement each BIM use. These information
exchanges were outlined in the process maps as resources and outputs but now they need to
be refined. There must be a responsible party (author), receiver, level of detail, and file type
associated with each information exchange (CIC). In order to apply this step to the MMAA
Tables 33, 34, and 35 were created. These tables, which can be seen below and on the next
page, list all of the pertinent information exchanges required to complete the 3D Coordination,
4D modeling, and site utilization BIM uses respectively as well as the refined details listed
above. Note that the tables below will be utilizing the naming convention in Figure 73 when
specifying the level of detail required for that piece of information.

Information
A Accurate Size & Location, include
materials and object parameters
B General Size & Location, include
parameter data
C Schematic Size & Location

Figure 73: Naming convention for the level of detail required from an
information exchange. Taken from BIM Project Execution Planning Guide Version

Table 33: 3D Coordination Required Information Exchanges

3D COORDINATION REQUIRED INFORMATION EXCHANGES

Description Responsible Party Receiver Level of Detail File Type
3D Model
MEP Models MEP Engineer Contractor A Revit/Navisworks
Arch Model Architect Contractor B Revit/Navisworks
Structural Model Structural Engineer Contractor A Revit/Navisworks
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Table 34: 4D Modeling Required Information Exchanges

4D MODELING REQUIRED INFORMATION EXCHANGES

Description Responsible Party Receiver Level of Detail File Type
3D Model
MEP Models MEP Engineer Contractor B Revit/Navisworks
Arch Model Architect Contractor B Revit/Navisworks
Structural Model Structural Engineer Contractor B Revit/Navisworks
Table 35: Site Utilization Required Information Exchanges
SITE UTILIZATION REQUIRED INFORMATION EXCHANGES
Description Responsible Party Receiver Level of Detail File Type
3D Model
MEP Models MEP Engineer Contractor B Revit/Navisworks
Arch Model Architect Contractor B Revit/Navisworks
Structural Model Structural Engineer Contractor B Revit/Navisworks
Equipment Models  Contractor Contractor B Revit/Navisworks
Temporary Facility Contractor Contractor B Revit/Navisworks

Models

As you can see from the tables the architect / engineers are the authors of the majority of the
building’s models. The contractor is then responsible to take this information and run the BIM
analyses. The downstream uses of the models depend on the accuracy and detail of the original

design made by the architect and engineers. The level of
detail required for the MMAA models is mostly “B” rated.
However, when it comes to the 3D coordination there must
be a higher level of detail due to needing to know exactly
where the building components will be located. The 3D
coordination will mainly by run between the MEP and
structural systems; because of this the models of these
systems must be created to an “A” level of detail.

Step 4: Define Supporting Infrastructure

The final step when implementing a BIM process is to
define the infrastructure that will be necessary to support
the execution plan. The guide has come up with a list of
fourteen key categories that provide an outline of
infrastructure items that are needed when implementing
any BIM execution plan. A summary of the categories has
been reproduced from the guide in Figure 74 to the right.
As you can see this list had a lot of general information
such as project and contact information that are commonly

BIM Project Execution Plan

Categories

BIM Project Execution Plan

Overview

Project Information
Key Project Contacts
Project Goals / BIM Uses
Organizational Roles / Staffing
BIM Process Design
BIM Information Exchanges
BIM and Facility Data Requirements
Collaboration Procedures
Quality Control
Technological Infrastructure Needs
Model Structure

Project Deliverables

Delivery Strategy / Contract

Figure 74: Infrastructure Categories. Taken
from BIM Project Execution Planning Guide.

m Vincent A. Rossi — CM

| Penn State AE Senior Thesis |




iVolgilcivloiie® FINAL REPORT | Metro Museum of American Art

found at jobs across the country. A lot of these categories deal with the conveying the
information that has already been completed in the previous three steps such as the
organizational roles, BIM process design, and BIM information exchanges categories.

Here are some of the categories that the guide covers that would have been important to the
MMAA (CIC):
= The first new category deals with the collaboration procedures which define how the
model will be managed, and what the standard BIM project meeting will cover. This
includes defining how the team will communicate, how the documents will be managed
and stored, and how the information exchanges will be scheduled and conducted
between parties.
= Another category that will be important to consider is the technology infrastructure needs
required to implement the BIM use. This includes the hardware, software, and reference
information. The MMAA will require software such as Revit and Navisworks (or similar)
in order to complete the proposed BIM uses on the project.
= Other items to consider are creating a consistent naming convention to use when
authoring the models in order to limit confusion. Also, it is important, especially for the
4D modeling use, to determine how the building elements will be separated within the
model (i.e. by concrete pour or floor of structural steel).

Finally, it is important to consider the project delivery method and the contract structure. The
BIM execution plan that has been created for the MMAA focuses on a lot of early planning in the
design phase of the project. This would obviously be the most successful under a design-build
or an integrated project delivery system due to the early contractor involvement and focus on
collaboration. Although those are the ideal project delivery methods, BIM uses can be
successfully implemented with all different types of delivery methods (CIC). When using a
design-bid-build project delivery system like the MMAA does, it becomes even more important
to work through the BIM execution process. According to the guide, one item that cannot be
stressed enough is the importance for there to be complete “buy-in” from all of the team
members so that the highest quality BIM can be produced. If everybody believes in the process
it will allow the implementation to be much smoother and the final product much more useful.

Benefits of Expanding the BIM Use

There are many benefits associated with expanding the BIM uses on the MMAA. The most
notable benefits are the time and money saved due to investing in the BIM uses. By discovering
and eliminating unforeseen errors in the construction documents the project team can realize
these savings and avoid possible schedule delays. As shown in Figure 75 on the next page, as
the project progresses from design to construction the ability to alter to project drops while the
cost of making these alterations increases dramatically. Therefore, by implementing these BIM
uses and discovering the majority of the project errors in the design phase, the cost of fixing
these problems can be kept to a minimum. This is beneficial because if major errors are found
during the construction phase the cost to fix them can be substantial and crippling to a project
budget.
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Figure 75: Graph displaying the cost implications due to project alterations.

Another benefit that expanding the BIM use creates is that the project managers, foreman, and
even the tradesmen will not have to spend as much time in the field solving problems. This
allows them all to devote their time to other matters at hand and be a more productive workforce
overall. For example, say that the BIM uses save the project manager and foreman four hours
of coordination time per week; over the total project duration of 158 weeks that equates to a
total of 632 hours saved per man. Table 36 below summarizes the possible savings that could
be realized from the BIM expansion.

Table 36: Potential Labor Savings from BIM Expansion

POTENTIAL LABOR SAVINGS FROM BIM EXPANSION

Description Hourly Hours Duration of Total Hours Total Savings
Wage Saved per Project Saved
(w/benefits) Week (Weeks)
Project Manager $150 4 158 632 $94,800
Foreman $75 4 158 632 $47,400
Total $142,200

As you can see expanding the BIM use could very easily save a lot of project management
labor monies. However, it should be noted that these savings will not be directly cut from the
project. Instead that dollar amount of management labor would be distributed to other important
tasks. This will allow the MMAA to be managed more efficiently than if the BIM uses were not
expanded. Finally, another item to consider is the fact that eliminating these conflicts in the field
will mitigate any risk of the project experiencing any setbacks that delay the turnover to the
owner. Any delay would be costly due to the increased general conditions costs which are
approximately $19,900 per day along with the unspecified liquidated damages that the
contractor would incur for every day they are late turning over the MMAA. It is possible that the
BIM uses could create enough schedule savings to save some schedule time. However, that
should not be depended on when expanding the BIM use on the project.
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Perhaps the most important factor to consider is the fact that the project is already using BIM for
3D coordination. So, expanding the BIM use to include 4D modeling and site utilization planning
would not incur as much additional cost as if the project was not using BIM at all. There is
already a model developed for the 3D coordination and a lot of the infrastructure required to
expand the BIM uses is already in place. Therefore, the costs that would be incurred in order to
expand the BIM use would be relatively low in comparison to the possible savings.

Conclusion & Recommendations

Expanding the BIM use to include 4D modeling and site utilization planning would be beneficial
to the project. After completing the BIM execution plan it is evident that adding these two BIM
uses to the already in place 3D coordination would provide the most benefit to the project. Using
4D modeling will enable the project team to understand how the building will be constructed and
allow problem areas to be identified early on in the project so that they can be fixed easier and
more economically. The site utilization planning will also prove to be useful due to the
constricted downtown site location. It will be especially useful when planning for all of the
temporary facilities and equipment phasing. The project is already using BIM for 3D
coordination purposes and will have a model and the majority of the infrastructure required in
place. This will keep the implementation costs low in comparison to the possible savings and
because of that, | recommend that the MMAA expand the BIM use to include 4D modeling and
site utilization planning.
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Appendix A:

Existing Conditions Plan
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Appendix B:
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Original Project Schedule
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Metro Museum of American Art: Detailed Project Schedule

Classic Schedule Layout

| 03-Oct-12 19:30)

Activity ID Activity Name Start Finish Original| Remaining 2012 2013 2014 2015 2016 2017
Duration] — Duration 764 T7Q1 [ Q2 [ @3 [ Q4 | Q1 [ Q2 [ Q3 [ Q4 [ Q1 [ Q2 [ Q3 | Q4 Q1[Q2[Q3[Q4 Q1 [2 [ Q@3] a4 a1
| E2000 Back Up Metal panel System - Whole Building (FIrs2-5) 06-Feb-13* ' 08-Apr-13 44 44 IR J:l Back UpMetalnaneLSyslem Whole BLulqu (Flrsz 50471”3”‘ e
E2010 Back Up Metal panel System - Whole Building (Flrs6-Roof) 11-Mar-13* | 30-Apr-13 37 37 | I::' Back UD Metal Danel 5VSt¢m Who‘e BUIUIPQ (Flr$6 Roof)
E2020 Finish Metal Panels - South Elevation 25-Apr-13* | 04-Jun-13 28 28 I:I Flhlsh Métal PaneIS SOuth Elevatlon
E2030 Finish Metal Panels - West Elevation 05-Jun-13* | 27-Jun-13 17 17 ! I:I Flnlsh Metal Panels WestEIe\(atlon
E2040 Finish Metal Panels - North Elevation 28-Jun-13* | 30-Jul-13 22 22 I:I Flnlsh Metal Panels North Elevafloni
E2050 Finish Metal Panels - East Elevation 31-Jul-13* | 12-Aug-13 9 9 o J,,EI,LFimshM(eIalF?amels;,Easr[,Ele\zatlon,
Windows & Curtainwall 05-Jun-13  02-Apr-14 212 212 ‘ A
E3000 South Elevation Windows 05-Jun-13* | 02-Jul-13 20 20| 1 EI South Elevatlohwmdo WS o
E3010 West Elevation Windows & Curtainwall 03-Jul-13* | 26-Sep-13 60 60 |:| W est Ele vat|o n vv| ndéwé &Qu rtaln Wa"
E3020 North Elevation Windows & Curtainwall 20-Sep-13* | 31-Oct-13 30 30 I':I North Elevatlon Wlndows&CurtalnwaII !
E3030 East Elevation Windows & Curtainwall 25-Oct-13* | 07-Jan-14 51 51 o I:I Eastlﬂevatlon Wlnddws&QuLtainwall
E3035 Building Watertight 07-Jan-14 0 0 ‘ ’ BU"dan Waterthhn
E3040 Cablewall at the First Floor 08-Jan-14* | 02-Apr-14 61 61 ‘ I:I CabIeWall atthe FII’St FI(bof
Roof 05-Feb-13 | 26-Sep-13 165 165| ROOf
E4000 Place 6th Floor Curbs 05-Feb-13* | 11-Feb-13 5 5| | ! ‘P‘Iao e bth Flo;)r Curbs
E4010 Place 7th Floor Curbs 20-Feb-13* | 26-Feb-13 5 5 k fJ] PIace]Ih Floot Curbs
E4020 Place 8th Floor Curbs 01-Mar-13* | 07-Mar-13 5 5 ‘] Place $th Floor Curb$ |
E4030 Place 9th Floor Curbs 08-Mar-13* | 14-Mar-13 5 5 ‘ [I Plade 9th Flod)r CUrbs
E4040 Place Roof Curbs 15-Mar-13* | 21-Mar-13 5 5| |] Place Roochrbs ! |
E4050 Install Roofing on 6th Floor - Hot Mop Only 11-Apr-13* | 22-May-13 30 30 I:I Install Rooflnq on 6th Floor— Hot Mop Onlv |
E4060 Install Roofing on 7th Floor - Hot Mop Only 02-May-13* | 30-May-13 20 20 o I:l JnstaIJRoojan on 7thFJoor HOtMQD Only
E4070 Install Roofing on 8th Floor - Hot Mop Only 23-May-13* | 10-Jun-13 12 12 ‘ D Install ROOflnq on $th Floor-Hot MOD Onlv
E4080 Install Roofing on Roof - Hot Mop Only 31-May-13* | 02-Jul-13 23 23 i I:I lnStaII Rod)fmq on Rodf Hbt MOD Ohlv
E4090 Install Roof Pavers & Green Roof 03-Jul-13* | 26-Sep-13 60 60 Lo :I:::I: install Roof Pavers&Green Roof
Vertical Transportation 01-May-13  03-Apr-14 237 237 Wﬁw | |
PE-1-2 01-May-13  24-Jan-14 188 188| L pE12
VT1000 Shaft Construction PEL/2 01-May-13¢ | 22-Aug-13 80 80| | | |:| Shaﬂ Construciion PE1/2 ‘
VT1010 Install Rails/Brackets/Car Frame/Counterweight/Rope PE1/2 23-Aug-13*  11-Oct-13 35 35 I:I Install Raﬂs/Brackets/Car Frame/CounterWelqht/Rone PE1/2 ‘
VT1020 Entrances/Doors/Fixtures/Cabs/Testing/Punchlist PE1/2 14-Oct-13* | 24-Jan-14 73 73 | Eg::j Entranc‘eSID‘ocer/FIxtures/Cabs/Tesmng/Punchll$t PEl/éi
PE-3 01-May-13 14Feb-14 203 208] L ‘::‘PE'““:::::::::::::::::::::::s””””””
VI2000 | Shaft Construction PE3 01-May-13* | 22-Aug-13 80 SOl B shaComsiton PE2
VT2010 Install Rails/Brackets/Car Frame/Counterweight/Rope PE3 23-Aug-13* | 11-Oct-13 35 35| 0 ! 3:| Install les/Brackets/Car Frame/Counterwe|qht/Rope PE3 o BN
VT2020 Entrances/Doors/Fixtures/Cabs/Testing/Punchlist PE3 14-Oct-13* | 14-Feb-14 88 88 P I:I Entrances/DOOrs/F|><tures/Cabs/Testinq/Punchl|st PE3 3
AE-1 20-Jun-13  03-Apr-14 202 202 3 ,_______.‘ |
VT3000 Shaft Construction AE1 20-Jun-13* | 22-Aug-13 45 45 |:| Slhéllft‘cé)n;tr‘ljctloh AEl I I
VT3010 Install Rails/Brackets/Car Frame/Counterweight/Rope AE1 23-Aug-13* | 11-Oct-13 35 ] LT U N U U T O N O N U O R O J:l 7 nslall leSjBfanetS/Q‘ar‘F[amelcpumer WemhﬂRODe AEl 777777777777777777777777777777777777777
VT3020 Entrances/Doors/Fixtures/Cabs/Testing/Punchlist AE1 14-Oct-13* | 03-Apr-14 122 122 P I:I Entrances/Doors/F|xtures/Cabs/Testlnq/PunchhstAEl |
MEP Equipment & Risers 07-Aug-12  03-Jul-14 489 489 ‘MEPE‘U"m grit &R 1 DL
MEP Risers 21-Jan-13  21-May-13 87 87
R1000 MEP Risers at West Shaft 21-Jan-13* | 13-May-13 81 81
R1010 MEP Risers at Mid Shaft 29-Jan-13*  21-May-13 81 81
R1020 MEP Risers at East Shaft 29-Jan-13*  21-May-13 81 81
Celler MEP Equipment 07-Aug-12 | 15-Jan-14 368 368
ooz Jisnis | sesl 30 |
MEP1000 | SetAC Units ACS-C-4 thru C8 07-Aug-12 | 08-Aug-12 S | SetACUnlt$ACSC4thru¢8 A
| MEP1010  SetHV Units HV-C-1 through C3 23-Oct-12* | 24-Oct-12 2 2] L E SetHV Uit HVACS1 throuhiC L L
| MEP1020 | Set PFHX-C1 thru C-4 Heat Exchangers 23-Oct-12* | 24-Oct-12 2 A | 1 SetPFHX—ClthruC—4HeatExchanuers‘ e

I Actual Work I Critical Remaining Work ey Symmary
[ Remaining Work 4 @ Milestone
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Metro Museum of American Art: Detailed Project Schedule

Classic Schedule Layout

| 03-Oct-12 19:30

Activity ID Activity Name Start Finish Original| Remaining 2012 2013 2014 2015 2016 2017
Duration] — Duration T76417Q1 [ Q2 | o | Q| o1 23] [o2[e3]e o] [ o [ ] o1 | Q2 | o | Q4 [o1
| .| IFO-1040 | Skim Coat Walls (3 Coats) & Paint from ceiling line up. 11-Jun-13* | 01-Jul-13 15 SRR ro I:l Skm(:bat Walls I&CDatsl&Palntjrom Qe“m line uD EREEEEEREEE 1B Lo
| IFO-1050 | Ceiling Layout/ Install of W5 Sections and Infill Pieces 02-Jul-13* | 25-Sep-13 60 60 ‘ ‘::j Ce“mq LaVOUU Install pf W5 $eqt|cpns and Inf|II P|ec‘es§ o
| IFO-1060 | Rough In Lighting 26-Sep-13* | 09-Oct-13 10 10 ! EI Rbuqh In Liqhhnq 1
| IFO-1070 | Sprinkler Heads 10-Oct-13* | 30-Oct-13 15 15 ! |:| Sprlnkler Heacls C
| IFO-1080 | Install Ceiling Panels & Ceiling Trim 31-Oct-13* | 22-Nov-13 17 17 ! I:l Install Celllnq Panels & Celllnq Tnm
| IFO-1090 | Patch Skim Coat & Paint 25-Nov-13* | 10-Dec-13 1 n ! |1 _Patch Skim Coat & Paint | | !
| IFO-1100 | Lights & MEP Finish Trim 11-Dec-13*  24-Dec-13 10 10 ‘ EI quht$ & MEP F|n|sh Trlm ‘
| IFO-1110 | Stone Flooring 24-Apr-14* | 21-May-14 20 20 ‘ I:I Stohe Floorlnq
| IFO-1120 | Punchlist 22-May-14* | 26-Jun-14 3 3 3 o 3 3 3 IZI Punchllst
Other Spaces _ ! % — QOther Space oo
| IFO-A-100 MEP Rough In; Drywall Framing; In-wall MEP 12-Feb-13* | 05-Jun-13 B ! fl:::l MEP Rouqh m DfmallFtamm ln*waIJMEPT
7| IFO-A-101  1st Floor Lobby/Museum Shop/Resturant Fit-out 23-Dec-13*  11-Jul-14 144 144 ‘ b |:| 1$t Fldor Ld)bbv/MUseum SHob/Resturaht Fltvom
2nd Floor 31-Jan-13  18-Jul-14 377 377 2nd F b
IFO2000 Install Masonry Walls & MEP Rough In 31-Jan-13*  23-May-13 81 81 I:I Install . as Omv W a"S & MEP R ouqh In ‘
IFO2010 Drywall & Interior Finishes 22-May-14* | 18-Jul-14 42 42 A ! I:I Drvwall& Interlor Flnlshes
3rd Floor 25-Apr-13  25-Jul-14 322 322| . |
IFO3000 MEP Rough In / Drywall Framing/ In-Wall MEP 25-Apr-13* | 28-Oct-13 130 130( |
IFO3010 Drywall & Interior Finishes (inc. Core and Toilet, & Theatre/Lobby) 22-Jan-14* | 25-Jul-14 133 133 |
4th Floor 23-May-13  01-Aug-14 307 307| |
IFO4000 MEP Rough In / Drywall Framing/ In-Wall MEP 23-May-13* | 10-Dec-13 140 140
IFO4010 Drywall & Interior Finishes (inc. Core and Toilet, & Theatre/Lobby) 29-Jan-14*  01-Aug-14 133 133
5th Floor 29-Jan-13  19-Aug-14 401 401
’W Install Hangers and Protect Surface Adjacent to Steel 29-Jan-13* | 19-Feb-13 16 I:l Install Hanqers and Protect SUrfaceAdiaCent to Steel‘
| IFO-5010 | Cure Spray on Fireproofing (28 Days) / Paint Deck & SOFP 06-Mar-13* | 16-Apr-13 30 30 I::I Cure Sorav 0l’1 ltlreproofmq (28 [Davs) / Palnt Deck & $OFP
| IFO-5020 K Overhead MEP Rough-in 21-Jun-13* | 16-Aug-13 40 40 P
| IFO-5030 | Layout & Frame/ Rough Partitions/ Sheetrock Partitions 19-Aug-13* | 27-Sep-13 29 29 L__I Lavout & Fr ame/ R ouqh ‘Pa‘\rtmonsl Sh eetr ock Partmons
| IFO-5040 | Skim Coat Walls (3 Coats) & Paint from ceiling line up. 30-Sep-13* | 18-Oct-13 15 15 EI Sklm Coat Walls (3 Coats) & Pamt from ce|||nq ||ne p;
| IFO-5050 | Ceiling Layout/ Install of W5 Sections and Infill Pieces 21-Oct-13* | 15-Jan-14 61 61 I:I Ce|l|nc1 Lavout/ InstaII of W5 Sect|0ns and Inf||| P|eces
| IFO-5060 | Rough In Lighting 16-Jan-14* | 29-Jan-14 10 10 |:| R quh , N quhtl nq b
| IFO-5070 | Sprinkler Heads 30-Jan-14* | 20-Feb-14 16 N J:l Spnnklet H eads 7777777777777777777777777777777777777777777777777777777777777777777
| IFO-5080 | Install Ceiling Panels & Ceiling Trim 21-Feb-14*  17-Mar-14 17 17 L__I Install Ceﬂlnq Panels & Celllnq Trlm
| IFO-5090 | Install Sleepers and Plywood Subfloor 18-Mar-14* | 16-May-14 44 44 | I:I Install Sleepers and Plywood $ubfloor
| IFO-5100 | Patch Skim Coat & Paint 19-May-14* | 03-Jun-14 12 12 o |:| P at Ch Sklm c o at &P a| m 3 !
| IFO-5110 | Lights/ MEP/ Wood Flooring Finish Work 04-Jun-14* | 15-Jul-14 30 30 L I::I L;qhts/ MEP/ WOOd l-floor;nq F|n|$h Work I
| IFO-5120 | Punchist 16-Jub14* [19-Aug-1d | 25 IR RN R R R A R A A R I=1 mchu
Other Spaces mm::::::::::::::::::::::::::““chsH T A R R S
’W Core & Toilet Finishes 17-Apr-14* | 12-Jun-14 I:I Core &Toﬂet Flmshes
IFO-A502 | Film & Video Theatre/ Office Fit Out 28-Apr-14* | 19-Aug-14 82 82 Lo
7|6th . 12-F2b-13 16-Se§-14 o o oih iFl [::::I Fllm &V|deo Theatre/ Ofﬁce Flt Out
IFO6000 GALLERY SPACE - Detail Similar to 5th Floor Gallery 12-Feb-13*  16-Sep-14 411 miad IR AT N U L U L O I 1 ‘ I | QALLERY SPACE Deiall SlmllaJ' to 51h FlQQI’ Gallerv,‘,,i
IFO6010 Core & Toilet Finishes 01-May-14* | 26-Jun-14 41 41 [ T R A A |:| Core &T0|Iet Flnlshes ! Lo 1 Lo
IFO6020 Laboratory/Study Center Fit-out 16-May-14* | 11-Aug-14 62 62 I:I Laboratorv/Studv Center Flt out
7th Floor 21-Feb-13  14-Oct-14 424 424
IFO7000 GALLERY SPACE - Details Similar to 5th Floor Gallery 21-Feb-13*  14-Oct-14 424 424 ] - ALLERY SFPACE Ddtails swmlar “[0 5th Flobr G allerv
IFO7010 Core & Toilet Finishes 15-May-14* | 11-Jul-14 42 42 J:I ‘C‘Q[e&TQIletFJmsheS,+,,‘,”,l,J,,L,L,J,,L,L,J,J”L,lﬁlﬁlﬁl,j”i,i,j”i
IFO7020 Office Space Fit-Out 16-Jun-14* | 09-Sep-14 62 62 | I'__"l Ofﬂoe Soaoe F|t~0ut T
I Actual Work Page 5 of 6 TASK filter: All Activities
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Metro Museum of American Art: Detailed Project Schedule

Classic Schedule Layout

03-Oct-12 19:30

Activity ID Activity Name Start Finish Original| Remaining 2012 2013 2014 2015 2016 2017
Duration] ~ Duration 77654 T7Q1 [ Q2 | @3 [ Q4 | Q1 [ Q2 [ @3 [ Q4 | Q1 | Q2 | Q3 | ]t [ @ [ o [ ] o1 | Q2 | o | Q4 [o1
| 8th Floor 28-Feb-13  28-Nov-14 452 R L T I -7 i o7 T ‘ ! BEE
IFO8000 GALLERY SPACE - Details Similar to 5th Floor Gallery 28-Feb-13*  28-Nov-14 452 452 | | GALL_ERY SPACE Detall$ Slmllar tO 5th FIoor Gallerv
IFO8010 Core & Toilet Finishes 30-May-14* | 25-Jul-14 41 41 ‘ I:I Core&ToiIet Finlshes ‘
IFO8020 Kitchen Fit-Out 02-Jul-14* | 23-Oct-14 82 82 o I:I Kltchen FII Qut B
IFO8030 Bookstore & Cafe Fit Out 02-Jul-14* | 23-Oct-14 82 82| 1 oo I:I Bookstore&Cafe FmtOut !
IFO8040 Office Space & Conference/Trustee Rm Fit-out 31-Jul-14* | 23-Oct-14 61 61 A T | Office Space&Conference/Trustee Rm F|t out 3
9th Floor 15-Oct-13  23-Oct-14 266 266 3 ﬁ——w—-‘ :
IFO9000 MEP Rough In; Drywall Framing; In-wall MEP 15-Oct-13* | 06-Feb-14 81 81 |:I ‘MEP Rouqﬁ |H brmall Framm n;wallMEP
IFO9010 Drywall & Interior Finishes 18-Jun-14* | 23-Oct-14 92 92 R T UL O UL IO O T UL O O T O A O H I:I DJmaH&JnIérmJ Flmshes !
Site Work 03-Mar-14  29-Jul-14 107 07| @ ¢ ‘ w
SW1000 Largo (Plaza) Work 03-Mar-14* | 29-Jul-14 107 107 o | |:| l‘_a‘rqo (Pl za) WOI'k
Testing, Inspections, & TCO 06-May-14  28-Nov-14 149 149 ET‘?Stf’Wi&ar
TCO1000 Systems Testing & Commissioning 06-May-14* | 23-Oct-14 123 123 N I:I Svstems Tesmq &Commlssmmnq
TCO1010 Start Owner Furniture Delivery 25-Jul-14* 0 0 - | ‘ $tart Owner Furn|ture Del|very |
TCO1020 TCO Inspections Cellar, Lobby, 2nd, 3rd, 4th, Roof 11-Aug-14* | 08-Sep-14 21 21 |:| TCQ Inspectlons Cellar L0bbv an 3rd 41h Roqf
TCO1030 TCO - Cellar, Lobby, 2nd, 3rd, 4th, Roof 08-Sep-14 0 0 L TCO Cellar Lobbv an 3rd 4th Roof |
TCO1040 TCO Inspections All Areas 24-Oct-14* | 20-Nov-14 20 20 I:I TCO Inspectlons AII Areas
TCO1050 TCO - Full Building 28-Nov-14 0 0 l I:S E B ‘ ql
Page 6 of 6 TASK filter: All Activities
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Appendix D:

Warehouse Details

| Penn State AE Senior Thesis| Vincent A. Rossi—CM Bk



For Lease

Equipark

1 Comac Loop 33 Comac Loop

Contact Information: ‘ R E It

Jay Silver Luis Castellanos x\\\ a a
Vice President of Leasing Leasing Agent

jay@realtagroup.com luis@realtagroup.com

I W e3ltagroup.corn

Although the information provided above regarding property for sale, rental or financing is from sources deemed reliable, such information has not been verified and no express representation is made nor
is any to be implied as to the accuracy thereof and it is submitted subject to errors, omissions, change of price, rental or other conditions prior to sale, lease or financing or withdrawal without notice.



For Lease

Equipark

Industrial Suites

Address

1 Comac Loop
1 Comac Loop
1 Comac Loop
1 Comac Loop
1 Comac Loop
33 Comac Loop
33 Comac Loop
33 Comac Loop
33 Comac Loop
80 13th Avenue
90 13th Avenue
90 13th Avenue

200 13th Avenue
200 13th Avenue

Comments:

Bldg/Unit

4/Unit 3
4/Unit 6
4/Unit 7
4/Unit 8
4/Units 9/10/11
8/Unit 9
8/Unit 14
8/Unit 15
8/Units 14/15
5/Unit 4
7/Unit 7
7/Unit 8
2/Unit 5
2/Unit 10-13

Size

4,140 SF
4,140 SF
4,140 SF
4,000 SF
12,420 SF
4,140 SF
4,140 SF
4,140 SF
8,280 SF
8,405 SF
5,642 SF
5,642 SF
4,140 SF
16,560 SF

Office

10%
10%
10%
10%
10%
10%
15%
10%
12%
15%
10%
35%
10% BTS
10%

Loading

Height
1 Drive-In
1 Drive-In
1 Drive-In
1 Drive-In
3 Drive-Ins
1 Drive-In
1 Drive-In
1 Drive-In
2 Drive-Ins
1 Dock/Drive-In
1 Dock
2 Docks
1 Dock
4 Docks

Ceiling Power

16’
16’
16’
16’
16’
16’
16’
16’
16’
18’
16’
16’
16’
16’

Gross rental includes base rent, base year real estate taxes and common area maintenance charges year 1.
All buildings have gas heat and are fully sprinklered.
Units are separately metered for heat and electric.

The properties are owned and operated by Long Island Industrial.

Lease Price

(Gross)
100 Amps

200 Amps
200 Amps
200 Amps
200 Amps
200 Amps
200 Amps
200 Amps
400 Amps
200 Amps
200 Amps
200 Amps
200 Amps
600 Amps

$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
§7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF
$7.25 PSF

Contact Information:

Jay Silver

Vice President of Leasing
jay@realtagroup.com

Luis Castellanos
Leasing Agent
luis@realtagroup.com

Although the information provided above regarding property for sale, rental or financing is from sources deemed reliable, such information has not been verified and no express representation is made nor
is any to be implied as to the accuracy thereof and it is submitted subject to errors, omissions, change of price, rental or other conditions prior to sale, lease or financing or withdrawal without notice.

NREalta

www.realtagroup.com



For Lease

Equipark

R&D Suite
Address Bldg/Unit Size Loading Power Utilities Lease Price (Gross)
101-125 Comac St 9/Unit 2A 3,250 SF Double Door 200 Amps @ 480 Volts Separate Meter $12.00 PSF
101-125 Comac St 9/Unit 11-12 13,250 SF Double Door 400 Amps Separate Meter $12.00 PSF
Office Suites
Address Bldg/Unit Size Floor Utilities Lease Price (Gross)
1 Comac Loop 4/Unit 1B1 1,300 SF 2nd Included $12.00 PSF
1 Comac Loop 4/Unit 14B3 1,530 SF 2nd Included $12.00 PSF
1 Comac Loop 4/Unit 1B4 900 SF 2nd Included $12.00 PSF
*1 Comac Loop 4/Unit 14B1 885 SF 2nd Included $12.00 PSF
*Available 3rd Qtr 2012
33 Comac Loop 8/Unit 1B1 2,100 SF 2nd Included $12.00 PSF
33 Comac Loop 8/Unit 16B1 2,000 SF 2nd Included $12.00 PSF
33 Comac Loop 8/Unit 16B3 1,200 SF 2nd Included $12.00 PSF
200 13th Avenue 2/Unit 16A1 2,300 SF 1st Included $12.00 PSF
200 13th Avenue 2/Unit 16B1 1,674 SF 2nd Included $12.00 PSF
Comments:

Gross rental includes base rent, base year real estate taxes and common area maintenance charges year 1.
Cleaning by tenant.

All buildings have gas heat and are fully sprinklered.

Units are separately metered for heat and electric.

The properties are owned and operated by Long Island Industrial.

Contact Information: —‘ R E It

Jay Silver Luis Castellanos ﬁ a a
Vice President of Leasing Leasing Agent

jay@realtagroup.com luis@realtagroup.com _
I I www.realtagroup.com

Although the information provided above regarding property for sale, rental or financing is from sources deemed reliable, such information has not been verified and no express representation is made nor
is any to be implied as to the accuracy thereof and it is submitted subject to errors, omissions, change of price, rental or other conditions prior to sale, lease or financing or withdrawal without notice.
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Prefabrication Estimates
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Estimate Summary: Wood Pallets and Trucking Costs

REFERENCE MATERIAL

Taken from one of the following.
RS Means Construction Cost Estimating 2013 (RS Means Book)
RS Means Online Database (RS Means Online)
Menards, Inc.

WOOD PALLETS

Description Reference Source Unit Crew Daily Output  Labor Hours Bare Material Bare Labor Bare Equip. Bare Total Total O&P
Subfloors, plywood, CDX, 1/2, pneumatic RS Means Book SF 2 Carp 1860.00 0.01 0.58 0.39 0.00 0.97 1.23
Wood | Joists 2-1/2" x 9-1/2" x 18' Menards, Inc. Ea 2 Carp n/a 0.00 26.82 0.00 0.00 25.02 34.87
WAREHOUSE LOADING EQUIPMENT
Description Reference Source Unit Crew Daily Output  Labor Hours  Hourly Opp Cost Rent (day) Rent (Week) Rent (Month)
Crane, flatbed mounted, 3 ton RS Means Online Ea n/a n/a n/a 16.00 192.00 575.00 1725.00
Hourly Rate Daily Rate  Hourly Rate O&P Daily Rate O&P

Laborer RS Means Book Ea 35.45 283.60 54.60 436.80

Crane Operator RS Means Book Ea 48.40 390.40 69.20 553.60
COST ESTIMATE
WOOD PALLETS
Description Unit Quantity Cost/Unit Cost Location Factor  Adjusted Cost
Plywood Subfloor 57: 4'x9' Units Both Sides SF 4104.00 1.23 5047.92 1.32 6,658.21
Wood | Joists 2-1/2" x 9-1/2" x 18": (27' needed per Pallet) EA 86.00 34.87 2998.82 1.32 3,955.44

Total 10,613.65
WAREHOUSE LOADING EQUIPMENT
Description Unit Quantity Cost/Unit Cost Location Factor  Adjusted Cost
Crane, flatbed mounted, 3 ton Day 3.00 192.00 576.00 1.32 759.74

Operating Cost Hr. 12.83 16.00 205.28 1.32 270.76
Crane Operator Day 3.00 553.60 1660.80 1.32 2,190.60
Laborer (2 Laborers for 3 Days Each) Day 6.00 436.80 2620.80 1.32 3,459.46

Total 6,680.56
TRUCKING
Description Unit Quantity Cost/Unit Cost Location Factor  Adjusted Cost
Shipment of Modules Ea 9.00 400.00 3600.00 1.00 3,600.00
Permits Ea 9.00 40.00 360.00 1.00 360.00

Total 3,960.00

TOTAL TRANSPORTATION COST

21,254.21



Estimate Summary: Crane Rental for Installation

REFERENCE MATERIAL

Taken from one of the following.
RS Means Construction Cost Estimating 2013 (RS Means Book)
RS Means Online Database (RS Means Online)

TEMPORARY CRANES
Description Reference Source Unit Crew Daily Output Labor Hours Bare Material Bare Labor  Bare Equip. Bare Total Total O&P
12 Ton Truck Mounted Hydraulic Crane RS Means Book Day A-3H 1.00 8.00 0.00 390.00 855.00 1245.00 1525.00
Mobilization of above Crane RS Means Book Ea 1 Eghv 7.20 1.11 0.00 54.00 0.00 54.00 82.00
Ea Hourly Rate Daily Rate  Hourly Rate O&P Daily Rate O&P

Laborer RS Means Book Ea 35.45 283.60 54.60 436.80
COST ESTIMATE
TEMPORARY CRANES
Description Unit Quantity Cost/Unit Cost Location Factor Adjusted Cost
Crane Rental Day 3.00 1525.00 4575.00 1.32 6,034.43
Mobilization to and from EA 2.00 82.00 164.00 1.32 216.32
Labor to Receive Modules in the Galleries (4 men for 3 full days) EA 12.00 283.60 3403.20 1.32 4,488.82

Total 10,739.56

TOTAL CRANE RENTAL COST 10,739.56



Estimate Summary: Additional Warehouse & Installation Labor

REFERENCE MATERIAL
Taken from RS Means Construction Cost Data 2013

LABOR & EQUIPMENT RATES

Base Rate Base Rate O&P Rate
Description Hourly Daily Hourly O&P Rate Daily
Laborer 35.45 283.60 54.60 436.80
Skilled Worker 46.20 369.60 71.45 571.60
Electriciam 52.40 419.20 78.40 627.20
Sprinkler Installer 54.65 437.20 82.35 658.80
COST ESTIMATE
WAREHOUSE LABOR AND EQUIPMENT
Description Unit Quantity Men Needed Cost/Man Cost Location Factor  Adjusted Cost
One Laborer Day 84.00 1.00 436.80 36691.20 1.32 48,432.38
Total 48,432.38
INSTALLATION LABOR
Description Unit Quantity Men Needed Cost/Man Cost Location Factor  Adjusted Cost
Module Positioning and Hoisting
Iron Workers Hour 26.00 4.00 71.45 7430.80 1.32 9,808.66
Electrician Hour 26.00 1.00 78.40 2038.40 1.32 2,690.69
Sprinkler Installer Hour 26.00 1.00 82.35 2141.10 1.32 2,826.25
Lighting Assembly Installation
Iron Workers Hour 45.00 2.00 71.45 6430.50 1.32 8,488.26
Electrician Hour 45.00 1.00 78.40 3528.00 1.32 4,656.96
Electrical & Fire Protection Connections
Electrician Hour 26.00 1.00 78.4 2038.40 1.32 2,690.69
Sprinkler Installer Hour 26.00 1.00 82.35 2141.10 1.32 2,826.25
Total 33,987.76
TOTAL ADDITIONAL LABOR 82,420.14



Estimate Summary: Wire Pull

REFERENCE MATERIAL

Taken from one of the following.
RS Means Construction Cost Estimating 2013 (RS Means Book)

<

IRE
All lighting circuits in the galleries is #10AWG
Number of Lighting  Average Distance Total Linear  Productivity Rate Number of Workers Totak Productivity Total Duration to

Fl
oor Asemblies from Pull Box Feet of Wire  (LF/ Day/Worker) Assumed Rate (LF/ Day) Pull Wire (Day)
Sth 494 33 16302 1,000 4 4,000 4.08
6th 312 25 7800 1,000 4 4,000 1.95

7th 267 25 6675 1,000 4 4,000 1.67
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Truck Sequencing for Loading, Transit, and Hoisting into MMAA

Day 1

Day2

Day 3

Shipment # # Modules Truck
1 12 A
2 12 B
3 12 C
4 8 D
5 9 A
6 6 B
7 9 C
8 6 D
9 3 A

Hour 3 | Hour 4 | Hour 5 | Hour 6 | Hour 7

Hour 1 | Hour 2 | Hour 3 | Hour 4 | Hour 5 | Hour 6 | Hour 7

Hour 8

Hour 1

Hour 2

Hour 3 | Hour 4 | Hour 5

Hour 6

Hour 7

L

_Represents Time Loading at the Warehouse. 10 minutes was alloted per module.

Represents time spent in transit to the MMAA. One hour is the necessary time due to Google Maps. However, an extra half hour was added as contingency.

Represents time at the MMAA being craned into place. 15 minuted was alloted per module.

Represents time spent waiting for the crane. The only time this occurs is between Day 2 & 3 because there was not enough time to transport truck 6 in the morning of Day 3. It will stay overnight at MMAA.

Represents the time spent in transit back to the warehouse.
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01 54 Construction Aids

01 54 09 - Protection Equipment

Daily ~ Labor- 2013 Bare Costs Total
_015409.60 Safety Nets CreOuipul Hours Unit  Materiol  Lobor  Equipmeni  Tofl  inc 08P
0010 SAFETY NETS
0020 No supports, stock sizes, nylon, 3 1/2" mesh SE 2.96 2.96 3.26
0100 Polypropylene, 6" mesh 1.59 1.59 1.75
0200 Small mesh debris nets, 1/4" mesh, stock sizes J4 74 8
0220 Combined 3 1/2” mesh and 1/4" mesh, stock sizes 4.67 4.67 515
0300 Monthly rental, 4” mesh, stock sizes, 1st month 50 .50 55
0320 2nd month rental 25 25 28
0340 Maximum rental /year NI 1.15 1.15 1.27
[101 54 16 - Temporary Hoists _
01 54 16.50 Weekly Forklift Crew
1 0010  WEEKLY FORKLIFT CREW S o A R s BN |
| AP0 40 Wek s | R 435 | s

01 54 19.50 Dally Crane Crews'

0010 ' DAILY CRANE CREWS for small jobs, portal fo portal

0100 ool e s | asp
10200 25-on 1 | [ 2390 | 980 ! 1,370 . 1 1,675
0300 40on e |- 2300 5 N 205 1,615 1,925
0400 55+on AK 1 16 < 730 1,650 2,380 2,900
0500 80-fon ML T 16 Lo 730 2,350 3,080 3,675
0600 100-ton AN 1 16 |« 730 2,350 1 3,080 3,675
0900 If crane is needed on a Saturday, Sunday or Holiday '
: 0910 At ime-and-o-half, odd Lo Dy | 50%
0920 At double time, add ‘ i it 100%
4 01 54 19.60 Monthly Tower Crane Crew
| - 0010 ' MONTHLY TOWER CRANE CREW, excludes concrete footing P b ‘ , :
0100 | Smnc tower crone, 130 hngh 106’ |"|b 6200 lb cupucny AN 05 176 Month!| | 8,600 23600 32,200 | 38,900
01 54 23 60 Pump Stasmg
0010 ''PUMP STAGING, Aluminum R015423-20 | 5 ; | ; ! |
0200 24" long pole secion, buy Era ik s SNR R : Bk (s e
0300 18" long pole section, buy oo g e g : 57 4] 080
0400 12" long pole section, buy B e e 1R | Lok 10
0500 6" long pole section, buy , b9 97 107
0600 ° 6" long splice joint section, buy ! 69 ; 69 75.5C
0700 Pump jack, buy j L 40 W0 | 1%
0900 Foldable brace, by I ‘ N [ 55 | 55 | 6l
1000 Workbench /back safety rail support, buy LT o R e Z Bt S Rl T
1100 Scaffolding planks/workbench, 14” wide x 24 long, buy b | Pt g C 680 | 745
1200 Plank end safety rai, buy | ! 288 288 315
1250 Safety net, 22" long, buy : | w1330 330 365
1300 System in place, 50" working height, per use based on 50 uses {2(op 84801 189 CSE , 5.80 8.45 14.25 19.4(
1400 100 uses { 8480 189 | 1 290 8.45 11.35) 182
1500 150 uses | 84800189 ¢ | 194 845 10391 15
0154 23.70 Scaffolding
0010  SCAFFOLDING RO15423-10 ‘
0015 Steel tube, regular, no plank, labor only to erect & dismantle ' ‘ 3 ‘
0090 Building exterior, wall foce, 1 to 5 stories, 6'-4” x 5" frames ‘ 3Cp 8 ¢ 3 (SE | <135 | 135 207
0200 6 10 12 stories {4Cap| 8 | 4 | | | 1~ 180 | 180 277
0301 13 to 20 stories 5Cab. 8 5 ! ; | 177 177 273
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01 53 Construction Aids

- 01 54 36 - Equipment Mobilization

Daily ~ Labor-

07 54 36.5C Mobilization o
1100 Small equipment, placed in rear of, or fowed by pickup o fruck
1150 Equip up to 70 HP. on fiatbed frailer behind pickup fruck

AL 8
k3D 4

(rew Output Hours Unit

1 ka.

n
L

~ Moteric!

2013 Bare Costs
_lobor  Eouipmen'
35.50 20.50
71.50 69.50

IOIC

Totol
ind 08P

56
141

7750
186

2100 (rane, truck-mounted, over 75 fon A3t 2.50 ' 6.400 273 66 33
2200 (rowlermounted, up fo 75 fon AF 2 8 340 500 840 1,075
2300 QOver 75 ton A36  1.50 10.667 455 750 1,205 1525
2500 For each additional 5 miles haul distance, add 10% 10%
3000 For lorge pieces of equipment, allow for assembly/knockdown
3001 For mob/demob of vibrofloatation equip, see Section 31 45 13.10
3100 For mob/demab of micro-tunneling equip, see Section 33 05 23.19
3200 For mob/demob of pile driving equip, see Section 31 62 19.10
3300 For mob/demob of caisson drilling equip, see Section 31 63 26.13
Ho154 39 - Construction Equipment
0154 39. 70 Small Tools
00] 0 SMAll TOOlS R01311350
0020 % of contractor’s bare labor cost for project, minimum Total .50%
0100 Maximum " 2%

0010 ROADS AND SIDEWALKS Temporary

0050 Roads, gravel fill, no surfacing, 4” gravel depth B14 715
0100 8" gravel depth "l 615
1000 Ramp, 3 /4" plywood on 2" x 6" joists, 16" 0.C. 2Corp' 300
1100 On 2" x 10 joists, 16” 0.C. "L 215

067 - SY. 435
0 " 8.70
053 . SE 1.33
058 "

185

2.52 5
293 60
2.39
2.61

1.38
12.23
3.72
4.46

9.20
14.75

515~

6.05

0156 13 - Temporary Air Barriers

01 56 Temporary BarnersandEncIosures

0156 13.60 Tarpaulins

0010 TARPAULINS

0020 Cotton duck, 10 0z. to 13.13 oz. per S.Y., 6x8’ SE 19 19 87
0050 30"x30" | ,: 1.50 1.50, 1.65
0100 Polyvinyl coated nylon, 14 oz. fo 18 oz., minimum 1.19 i 1.19 1.31
0150 Maximum 1.19 1.19 131
0200 Reinforced polyethylene 3 mils thick, white 03 03 03
0300 4 mils thick, white, clear or black .09 09 10
0400 5.5 mils thick, clear 16 16 18
0500 White, fire retardant A A4 45
0600 12 mils, oil resistant, fire retordant 27 27 30
0700 8.5 mils, black 57 ST .63
0710 Woven polyethylene, 6 mils thick 16 16 .18
0730 Polyester reinforced w/integral fostening system 11 mils thick 24 24 26
0740 Mylar polyester, non-einforced, 7 mils thick - 1.17 1.17 1.29
0156 13.90 Winter Protection

0010 WINTER PROTECTION

0100 Framing to close openings 2(Clab; 500 .032 SE 40 113 1.53 2.19
0200 Tarpaulins hung over scaffolding, 8 uses, not incl. scaffolding " 1500 011 | 25 .38 63 86
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06 15 ‘Wood Decking

.06 15 23 — Laminated Wood Decking
Daily ~ Lobor- 2013 Bare Coss Total
_0é 15 23.1C Laminated Roof Deck _Crew Ouiovt Hours Unit  Materiol  [obor  Equipment  Totc! ind 02"
0300 Cedor, 3" thick 2Qarp 425 038 SE 4.45 1.69 6.14 7150
0400 4" thick 325 .049 5.65 21 7.86 9.65
0600 Fir, 3" thick 425 038 411 1.69 5.80 7.0
0700 4" thick o325 049 550 2.2 7.n 9.45

06 16 23.10 Subﬂoor

| 0‘6 16 Sheathmg

0010 ' SUBFLOOR R061636- 20. ‘

0011 ' Plywood, CDX, 1/2" thick J(urp 1500 011 SFHr; 58 48 ;
o i | oy
0100 5,/8" thic ; 1350 012 ; 43| 53 .
0105 Pneumatic noiled L1674 010 % ' 73 43 1.16 14
0200 3/4" thick 1250 013 | 77 57 1.34 1
0205 Pneumatic naled 1550 1 010 | | 77 46 1.3 15
0300 1-1/8" thick, 2-4-1 including underloyment [ 11050 015 1.53 .68 | 2.2 AL
0440 Wit boards, 1" x 6", S4S, laid regular {1 1700 [Lone | ] 0 80 ’; 260! 3
0450 | 1" x 8", lnid regulor | (2000 016 | ] A8 7 ; 2530 -4
0460 | Laid diogonal L b Taso b ] Sam 5 b Caes] am
0500 17 10", laid regular L dmoo s | ) A 65 % 2491 Ham
0600 Laid diogonal [ w 1900 018 ¢ | 184 80 264 3B
8990 Suhﬂoorudhemve 3/8"heud '1Cap 2300 003 LE 12 16 28 J
06 16 26.10 Wood Product Underlayment

0010 ' WOOD PRODUCT UNDERLAYMENT R061636201 | s s | el
0030 | Plywood, underlayment grode, 3 /8" thick {2Com 1500 ' 011 | SFFir. : 81 A48 1291 18
0070 Pneumotic nailed : !1860 009 14 8¢ 39, s e 1.20]
0100 1/2" thick oo s0 | on l | A8 50 ST
0105 Preumatic nailed s o0 o 40 N
0200 5,/8" thick | 1 w400 0m | 109 5 160

0205 | Pneumatic nailed Lol17360 009 1.09 A ! 1.50

0300 3/4" thick Pl 020 | 14 55 179

0305 | Preumatic nailed 1612 .0105 i { 124 45 | '169‘

0500 - Particle board, 3/8" thick [6] '1500' 21| D 371 48 | .as'v
0505 Pneumatic nailed 6] 1860 009 b 37 39 ; Jbz B
0600 1/2" thick 6l 45000 4 50 | N
0605 Pneumafic nailed 6] | 1798 009 | | 4 4 - 81} =l
0800 5,/8" thick @€ 1400 | 011 B 50 51 RN
0805 Pneumatic nailed € 1736 | 09 | 50 A Q| A
0900 3/4" thick G 3000 02| || 68 551 123

0905 Pneumatic noiled G| 62 000 | 68 45 113

0955 | Particleboord, 100% recycled straw /wheat, 4’ x 8 x 1/4” [G] | 1450 011 + SE .28 50 J8

0960 4'x 8" x3/8" 6 w0 0 | 4 50 } RIfE
0965 4x8'x1/2" C[E a0 o o 53 o110 G5
0970 | 4" x8'x5/8" €] 30| 017 || 69 55 1.24] 0k
0975 | 4 X8’ x 3/4" G | 125 013 [ I T EEERETIE
0980 4 x8'x1" G | [nso| 04! | | 1.05 82 ! 167

0985 | 4 x 8 x 11 /4" €] (100|015 ¢ | 1200 85 ﬁ 1.85] - a8
1100~ Hardboard, underoyment grade, 4’ x 4, .215” thick G| « 1500 011 Hr.g 57| 48 1051 &

186

06

001
001
003C
0035
0050
0055
0100
0105
0200
0205
0300
0305
0500
0505
0600
0605
0700
0705
0800
0805
0840
0845
0846
0847
0852
0857
1000
1200
1400
1500
1700
1800

2000

220
2400
2500
20
2800
2850
2900
3000
3100
330
3400
300
3100
300
35




26 05 Common Work Resuilts for Electrical™ ™ =
26 05 19 — Low-Voltage Electrical Power Conductors and Cables

Daily - Labor- 2013 Bare Costs Tolg
26 05 19.35 Cabie Terminations Gew Ouiput Hours Unit  Moteridl _ lobor  Equipment  Totc!  jppy,
3800 500 kemi 1He 6 138 k2 70 T
26 05 19.50 Mineral Insulated Cable
0010 MINERAL INSULATED CABLE 600 volt T
0100 1 conductor, #12 1 FEec 160 5 ! CLFE 385 262 647 Al
0200 #10 A0 48 -1 s 262 5|
0400 #8 | 10:50 [5:333 | {850 | 279 829 | 15
0500 # v 1405714 655 299 954 s
0600 # 2Hec 240 | 6.667 880 350 1230 | e
0800 # 220 17.273 1,250 380 1630 | 195
0900 # 210 7619 | 1425 400 1825 | 2y
1000 | 10 Fiik ; 2 i e I L OV 2095 iws
1100 | 2/0 ; ‘ | 190 (8421 i 2000 | 440 | 2M0 | 2
1200 | 3/0 l (180 8889, | | 2400 | ag5 | L2865 ‘ 33
1400 | 4/0 f | 1.60 | 10‘ | E LTS <l 825 i L3300 | 3
1410 | 250 kemil | 3flec | 240 | I VI 350 | 4
1420 | 350 ke s ‘12308 s e 420 | 49
1430 | 500 ke v 1195012308 ¢ | 4600 | 645 | | 5245 | 4
26 05 19.55 Non-Metallic Sheathed Cable
0010  NON-METALLIC SHEATHED CABLE 400 volt G P IR e l ; ; B
0100 | Copper with ground wiire, (Romex) ‘ | ! I it | I B
0150 | #14, 2 conductor lElec 270 | 2963 CLFI 25 - lendsh ! l 180 20
0200 | 3 conductor ] 93334 At e ams Ene A m
0250 #12, 2 conductor | 1250032000 | | 38 | 168 | oW m
0300 3 conductor } §2.20;3.636j Closs0 .| 50! s
0350 #10, 2 conductor L 22033 | Los0s0 191 5150 3
0400 3 conductor L1180 ‘4444 L8550 233 | 318500 48
0430 #8, 2 conductor e OB B e VR T TR 35450 4m
0450 | 3 conduco | ;150153331 e o el s m
0500 ' #6, 3 conductor ' l f].40 l5.714! & 900 2 0ng ’ ' ‘ =519 695
0550 | SE type SER aluminum cable, 3 RHW and : | | ! b ‘ N7 , \ :
0600 | 1 bare neutral, 3 #8 & 148 dec 160 5 (CLE| 162 | 200 | L4 |
0650 3468146 % " 1140|5714 183 | 299 | Loag | 6
0700 3448146 | 26c | 240 |6.667 169 350 | Lose T
0750 | 3428144 | 220 713 300 380 | 680 | %
0800 | 341/0814#2 i R Y B Y e e v B R R
0850 | 3#2/08 14 -1 1.80 38.889e e TR e T NI 05 m
0900 | 3#4/081#2/0 LOlTe0 0 N s s i
26 05 19.90 Wire : :
1D | RR051992 1 e | B e i e
0020 | 600 volt, copper type THW, sold, #14 VHect 13 | 615 | GLEY =825} ~ 32504 :
0030 | #12 ; P L LY R e
0040 #10 { { |-100.800¢ 19700 42 | .
0050 | Stranded, #14 R26053322 . | | 13 | 615 | 930 3250 80 535&
0100 | #12 - RIS/ /AN 14250 3 | | s
0120 | #10 Ll |10 | 800 2250 42 | | eas0f W
0140 | # | i B 1 | 37 52,50 | | g9s0f M
0160 | # ; Py S0 s s n "6450" TR 501 18
0180 # 20 10601509 | | 99 79 L e ok
0200 3 Pl 0 00 125 B4 ! 9 2*;;
0220 | # Fofo oo s 157 93 | 250 375
0240 #l Pllefl2 || w | 1w | o 365
0260 | 10 |l ojesoizen |1 oms | | s A=
548
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2/19/13 21/2" x9 1/2" x18' I-Joist at Menards

\ =
MEN.ARDS Promotions « | Services v | Project Center| How-To Center ~ | Credit Center ~ | Gift Registry| Gift Cards

Weekly Ad

Home » Building Materials » Engineered Products » I-Joists

Dedicated to Service & Quality™
‘ | Search All Enter SKU, Model # or Keyword

21/2" x 9 1/2" x 18’ I-Joist

Model Number: 1065905 | Menards® SKU: 1065905

Online Price @

$25.02
Earn an annual rebate on all Menards purchases, or take advantage of
special financing offers when you use your BIG CARD. Learn More >

Click image for a larger view . e 2% Year End Rebate
Hover to zoomin. e 12 Month Special Financing on Purchases Over $299 @

Add to Wish List | Add to Compare | Printer Friendly Share

Product Description

This I-joist can be used for floor joists or roof rafters. NI-40x Joist, 2-1/2"solid sawn flange with 3/8"high density OSB web stock.

e Lightweight, dimensionally stable
e Uses 50% less wood fiber than traditional lumber joists

Dimensions: 2-1/2" x9-1/2" x18'

Brand Name: NI-40
Vendor: Nordic

NORDIC

Product Documents

Technical Specifications: view PDF file
MSDS Document: 100833_001.pdf

To read PDF files, you need the Adobe Acrobat Reader 6.0 or higher. If you don't have it, click here and download it for free from Adobe's site.

¥ Ship to Guest

Not eligible for Ship to Guest

@ Ship to Store - Free!

Quantity |1

Select a Store & Buy

Enter Your ZIP Code for Store Information

Please Note: Prices, promotions, styles and availability may vary by store and online. While we do our best to provide accurate item availabilityinformation, we cannot guarantee in-
stock status and availability as item quantities are constantly changing throughout the day. Inventory last updated 2/19/2013 at 5:00am CST. Rebates are an in-store service;

therefore online purchases do not qualify towards rebate redemption.

Departments Services
Sign Up & Save Big! Winter Essentials Guest Services
Receive exclusive offers and money saving emails. )
E-Mail Subscription > Appliances Order Tracker
Bath Rebate Center
Building Materials Help
Gift Cards Doors, Windows & Millwork Return Policies
Give the perfect gift, a Menards® Gift Card! X
Electrical Contact Us
Shop Now >
Flooring Register Protection Plan
Heating & Cooling Mobile App

www.menards.com/main/building -materials/engineered- products/i-joists/2-1-2-x9- 1-2-x- 18-i-joist/p- 1319266- c-5662.htm

About Menards
Careers

New At Menards
About Us

Credit Programs
Sitemap
Privacy & Terms
Privacy & Terms

Return Policies
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mailto:?subject=Interesting%20page&body=I%20thought%20you%20might%20find%20this%20page%20interesting%3A%0A2%201%2F2%22%20x%209%201%2F2%22%20x%2018'%20I-Joist%20at%20Menards%20(http%3A%2F%2Fwww.menards.com%2Fmain%2Fbuilding-materials%2Fengineered-products%2Fi-joists%2F2-1-2-x-9-1-2-x-18-i-joist%2Fp-1319266-c-5662.htm)
http://www.facebook.com/sharer.php?s=100&p[url]=http%3A%2F%2Fwww.menards.com%2Fmain%2Fbuilding-materials%2Fengineered-products%2Fi-joists%2F2-1-2-x-9-1-2-x-18-i-joist%2Fp-1319266-c-5662.htm&p[title]=2%201%2F2%22%20x%209%201%2F2%22%20x%2018'%20I-Joist%20at%20Menards&p[images][0]=http%3A%2F%2Fwww.menards.com%2Fmain%2Fstore%2F20090519001%2Fitems%2Fmedia%2FBuildingMaterials%2FMidwestNordicTruss%2FProductLarge%2FNordic_Ijoist.jpg
http://twitter.com/home?status=2%201%2F2%22%20x%209%201%2F2%22%20x%2018'%20I-Joist%20at%20Menards%20http%3A%2F%2Fwww.menards.com%2Fmain%2Fbuilding-materials%2Fengineered-products%2Fi-joists%2F2-1-2-x-9-1-2-x-18-i-joist%2Fp-1319266-c-5662.htm
https://plus.google.com/share?url=http%3A%2F%2Fwww.menards.com%2Fmain%2Fbuilding-materials%2Fengineered-products%2Fi-joists%2F2-1-2-x-9-1-2-x-18-i-joist%2Fp-1319266-c-5662.htm
http://pinterest.com/pin/create/button/?url=http%3A%2F%2Fwww.menards.com%2Fmain%2Fbuilding-materials%2Fengineered-products%2Fi-joists%2F2-1-2-x-9-1-2-x-18-i-joist%2Fp-1319266-c-5662.htm&media=http%3A%2F%2Fwww.menards.com%2Fmain%2Fstore%2F20090519001%2Fitems%2Fmedia%2FBuildingMaterials%2FMidwestNordicTruss%2FProductLarge%2FNordic_Ijoist.jpg&description=2%201%2F2%22%20x%209%201%2F2%22%20x%2018'%20I-Joist%20at%20Menards
http://www.menards.com/main/footer/about-menards/credit-programs/c-3433.htm
http://www.menards.com/main/#mb_iframe_planInformation_12860
http://cs.silverpop.com/menards/prefcenter/sign_up.sp
http://www.menards.com/main/gift-cards/c-3410.htm
http://www.menards.com/main/prepare-for-winter/c-12856.htm
http://www.menards.com/main/appliances/c-5570.htm
http://www.menards.com/main/bath/c-5867.htm
http://www.menards.com/main/building-materials/c-5640.htm
http://www.menards.com/main/doors-windows-millwork/c-7550.htm
http://www.menards.com/main/electrical/c-6290.htm
http://www.menards.com/main/flooring/c-6512.htm
http://www.menards.com/main/heating-cooling/c-6796.htm
http://www.menards.com/main/guestservices.html
http://www.menards.com/main/soSearch.html
http://www.menards.com/main/rebates.html
http://www.menards.com/main/help-center/c-12581.htm
http://www.menards.com/main/services/return-policies/c-3436.htm
http://www.menards.com/main/services/contact-us/c-9521.htm
http://www.mymenardsepp.com/
http://www.menards.com/main/mobileapps.html
http://www.menards.com/main/careers.html
http://www.menards.com/main/newatmenards.html
http://www.menards.com/main/footer/about-menards/about-us/c-3582.htm
http://www.menards.com/main/footer/about-menards/credit-programs/c-3433.htm
http://www.menards.com/main/c-3580.htm
http://www.menards.com/main/privacy-terms/c-3439.htm
http://www.menards.com/main/services/return-policies/c-3436.htm
http://www.menards.com/main/store/20090519001/items/media/BuildingMaterials/MidwestNordicTruss/Prod_Tech_Spec/NordicIJoist.pdf
http://www.menards.com/msds/100833_001.pdf
http://get.adobe.com/reader/?promoid=BUIGO
http://www.menards.com/main/home.html
http://www.menards.com/main/building-materials/c-5640.htm
http://www.menards.com/main/building-materials/engineered-products/c-5657.htm
http://www.menards.com/main/building-materials/engineered-products/i-joists/c-5662.htm
http://cds.a9t2h4q7.hwcdn.net/main/store/20090519001/items/media/BuildingMaterials/MidwestNordicTruss/ProductLarge/Nordic_Ijoist.jpg
javascript:void(0);
http://www.menards.com/main/project-center/c-12512.htm
http://www.menards.com/main/giftReg.html
http://www.menards.com/main/gift-cards/c-3410.htm
http://www.menards.com/main/login.html
http://www.menards.com/main/register.html
http://www.menards.com/main/rebates.html
http://www.menards.com/main/soSearch.html
http://www.menards.com/main/storeLocator.html
http://www.menards.com/main/basket.html

2/19/13

We Are Here To Help You!
Your comments, suggestions and questions are important to
us.

Help >
Let us know w hat you think >

MENARDSY ©2004-2013 Menard, Inc. All Rights Reserved.

Home & Decor

Kitchen

Lighting & Ceiling Fans
Outdoor

Paint

Plumbing

Storage & Organization
Sterling Home and Patio
Tools & Hardware
Window Treatments

See More

2 1/2" x9 1/2" x18' I-Joist at Menards

MSDS Lookup

Local Utility Rebates
How-To Center

How-To Videos

Garden Center

Forms

Contractor Hauling Form

Supplier Form

www.menards.com/main/building -materials/engineered- products/i-joists/2-1-2-x9- 1-2-x- 18-i-joist/p- 1319266- c-5662.htm

Security

Affiliated Websites
Midwest Manufacturing
Menards Racing

Real Estate
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http://www.menards.com/main/guest-services/help-center/c-12581.htm
http://www.menards.com/main/guest-services/contact-us/c-9521.htm
http://www.menards.com/main/home-decor/c-6897.htm
http://www.menards.com/main/kitchen/c-7200.htm
http://www.menards.com/main/lighting-fans/c-7476.htm
http://www.menards.com/main/outdoor/c-7727.htm
http://www.menards.com/main/paint/c-7918.htm
http://www.menards.com/main/plumbing/c-8342.htm
http://www.menards.com/main/storage-organization/c-12633.htm
http://www.menards.com/main/sterling-home-and-patio/c-12920.htm
http://www.menards.com/main/tools-hardware/c-8693.htm
http://www.menards.com/main/window-treatments/c-9225.htm
http://www.menards.com/main/see-more/c-12606.htm
http://www.menards.com/main/searchmsds.html
http://www.menards.com/main/LocalUtilityRebates/c-12774.htm
http://www.menards.com/main/howtoguides.html?type=Video
http://www.menards.com/main/how-to-center/garden-center/c-9985.htm
http://www.menards.com/main/contractorhauling.html
http://www.menards.com/main/supplier.html
http://www.menards.com/main/security/c-3584.htm
http://www.midwestmanufacturing.com/
http://www.menardsracing.com/
http://www.menardsrealestate.com/
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MMAA Classic Schedule Layout 25-Feb-13 19:45
Activity ID [Activity Name [ Original| Remaining | Start [ Finish 2013 2014 2015

Dt DUl I May I Jun I Jul I Aug I Sep I Oct I Nov I Dec Jan I Feb I Mar I Apr I May I Jun I Jul I Aug I Sep I Oct I Nov Dec Jan |

A A 0 0 A A - 03-Apr-13 ‘ 02-Oct-14, MMAA Interior Fit Ou

|-l. MMAA Interior Fit Ou.A preceding Activity 40 03-Apr-13 29-May-13 29- May-l3 MMAAInterlor Fit Ou. A Precedlng Act|V|ty
& A100 5th Floor: Paint Metal Deck & SOFP 10 10 03-Apr-13 | 16-Apr-13 ) _Ev_tb_l_:_lgg)[_?_alp_t_l\_/lgta_l_l)eck & SOFP | !
@ AL0 6th Floor: Paint Metal Deck & SOFP 10 10 17-Apr-13 | 30-Apr-13 ) fi_tp_lflgg[_f_alpf_l\_/lgta_l_lj_ggy & SOFP
= Al120 7th Floor: Paint Metal Deck & SOFP 10 10 01-May-13 | 14-May-13 _7th If_lgg{_?a@t_l\_/lgta_l_l)gg_l(_& _S_OFP
= A130 8th Floor: Paint Metal Deck & SOFP 10 10 15-May-13 29-May-13 [ | ""’"’é’thﬁdéfﬁéuhi’r\hétéi ’D’é’ci{é[ SOFP | L
B MMAA Interior Fit Ou.1 8th Floor Fit Out 331 331 21-Jun-13 02-Oct-14 m 02- Oct 14, MMAAIntenor F|tOuJ
= 8000 Overhead MEP Rough In 40 40 21-Jun-13*  16-Aug-13 E Ovellrhead MEP Rough In
= 8010 Layout & Frame 12 12 19-Aug-13 | 04-Sep-13 : Layout & Frame
= 8020 Rough Partitions 15 15 05-Sep-13 | 25-Sep-13 :Rough Partltionsl
= 8030 Sheetrock Partitions 7 7/26-Sep-13 (04-0Oct-13 [ | v by ’sh’ééu’rb’dé Parifions |y
= 8040 Skim Coat Walls (3Coats) Ring Ceiling Line 12 12 07-Oct-13 | 22-Oct-13 Sklm Coat Walls (BCoats) Rlng Ceillng L|ne
= 8050 Paint Ceiling Line Up 3 3/23-Oct-13 | 25-Oct-13 Palnt Celllng Line! Up ! !
= 8060 Ceiling Layout & Hang Drop Rod/Unistrut 25 25 28-Oct-13 | 02-Dec-13 Celllng Layout & Hang Drop Rod/Unlstrut
= 8070 Install W5 Sections and Infill Pieces 35 35/ 03-Dec-13 | 21-Jan-14 Install W5 Sectlons and InflII Pleces
= 8080 Rough-In Lighting 10 10 22-Jan-14 | 04-Feb-14 RoughInnghtlng 7777777777777777777777777777777777777777777777777777777777777777777777777777777777
= 8090 Sprinkler System 15 15 05-Feb-14 | 25-Feb-14 Sprlnklér System
= 8100 Install Ceiling Panels 12 12 26-Feb-14 | 13-Mar-14 Install Celllng Panels
@ 8110 Ceiling Trim 5 5|14-Mar-14 | 20-Mar-14 __G_(_al_ll_ng Tr|m ! ! ! !
= 8120 Layout/Frame/Install Sleepers 35 35 25-Apr-14 | 12-Jun-14 Lay:rout/Fran‘;ue/InstaII :SIeepersi
= 8130 Plywood Subfloor 12 12/13-Jun-14 (30-Jun-14 |4 0y oy e | Plywood Subfloor 1
= 8140 Patch Skim Coat 5 5 01-Ju-14 | 07-Jul-14 W Patch Skim Coat
= 8150 Paint 10 10 08-Jul-14 | 21-Jul-14 Pa|nt !
= 8160 Lights and MEP Finish Trim 10 10| 22-Jul-14 | 04-Aug-14 L|ghts and MEP Finish Tnm
= 8170 Wood Flooring 18 18 05-Aug-14 | 28-Aug-14 ' Wood Eloonng
= 8180 Punchlist 25 25 29-Aug-14 | 02-Oct-14 | |+ 0 r b o e— Punchist | & |
rl. MMAA Interior Fit Ou.2 5th Floor Fit Out 235 235 22-Jul-13  18-Jun-14 1$-Jun-14f, MMAAIhterior Fit Ou.2 5:th Floor Fit Out
& 5000 Overhead MEP Rough In 40 40| 22-Jul-13* | 16-Sep-13 Overhead MEP Rough In | | | | | |
= 5010 Layout & Frame 12 12 17-Sep-13 | 02-Oct-13 Layout& Frame
@ 5020 Rough Partitions 15 15 03-Oct-13 | 23-Oct-13 Rough Partltions
&= 5030 Sheetrock Partitions 7 7 240ct:13 o1-Nov-13 | | o g Sheetrock Eair’titiér}’s""‘ ”””””””””””””” I e
= 5040 Skim Coat Walls (3Coats) Ring Ceiling Line 12 12 04-Nov-13 | 19-Nov-13 Sklm Coat Walls (3Coats) Rlng Celllng Line |
= 5050 Paint Ceiling Line Up 3 3/ 20-Nov-13 | 22-Nov-13 Pamt Ce|l|ng Line Up :
= 5060 Module Positioning & Hoisting 2 2 25-Nov-13 | 26-Nov-13 ! | Module Posmonm & Hoi:sting
@ 5070 Install Remaining W5 Sections 2 2 27-Nov-13 | 29-Nov-13 ' Install Remaining W5 Sections
= 5080 Install Remaining Lighting Assemblies 2 2 02-Dec-13 | 03-Dec-13 | | ooy Iin’s’taill*Ii?iérinialhilﬁéil;ligiﬁt’lﬁéAééérﬁb]lé§ 77777777777777777777777777777777777777777777777777777777777777777777777777777777777
&= 5090 Electrical Connections 6 6 04-Dec-13 11-Dec-13 Eletptrlcal Connectlons
&= 5100 Fire Protection Connections 2 2/ 12-Dec-13 13-Dec-13 Flrg Protectjon Conr;ections
&= 5110 Install Ceiling Panels 12 12 16-Dec-13 | 01-Jan-14 ] Install beiling ﬁanels ‘
= 5120 Ceiling Trim 5 5/02-Jan-14 08-Jan-14 Celllng Trim |
= 5130 Layout/Frame/Install Sleepers 35 35 09-Jan-14 26-Feb-14 | | Ty Ty ey ii[a);éailjlfriar{élilriljisitaliléléiébél:é ””””””””””””””””””””””””””””””””””””””
= 5140 Plywood Subfloor 12 12| 27-Feb-14 | 14-Mar-14 ; Plywoofl Subfioor |
@ 5150 Patch Skim Coat 5 5 17-Mar-14 | 21-Mar-14 Patc Skim Coat
= 5160 Paint 10 10 24-Mar-14 | 04-Apr-14 ] Haint| : : |
= 5170 Lights and MEP Finish Trim 10 10 07-Apr-14 | 18-Apr-14 '_J nghts and MEP Flnlsh Trlmi
s Actual Level of Effort [T Remaining Work * ® Milestone Page lof2 TASK filter: All Activities
I Actual Work I Critical Remaining Work ey s mmary

© Oracle Corporatior]
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Estimate Summary: Original Gallery Ceiling

REFERENCE MATERIAL

Taken from one of the following.
RS Means Construction Cost Estimating 2013
HomeDepot.com

MATERIAL REFERENCE DATA

Description Unit Bare Material Bare Labor Bare Equip. Bare Total Material O&P  Total O&P
Beam or Girder W6x15 (Closest to MMAA) LF 21.50 4.58 2.54 28.62 26.23 34.00
Channel framing C6x8.2 (Closest to MMAA) LF 6.20 22.00 2.62 30.82 7.56 49.00
Angle Framing 2x2x1/4 LF 2.49 13.55 1.60 17.64 3.04 28.50
Angle Framing 3"x3"x3/8" LF 5.60 21.50 2.53 29.63 6.83 47.00
Plate 7/8" Thick (extrapolated btw 3/4" and 1") SF 46.50 n/a n/a 46.50 56.73 51.25
Bent Steel Plate Hanger (50% added to above for Bending) SF 69.75 n/a n/a 69.75 85.10 85.10
Each Hangeris 2'1-1/4" x 4" OR 0.70 SF EA 48.89 n/a n/a 0.00 59.65 59.65
Plate 3/8" Thick SF 19.90 n/a n/a 19.90 22.00 22.00
Plate 1/4" Thick SF 13.25 n/a n/a 13.25 14.60 14.60
Weld Single Pass 3/16" Thick LF 0.44 5.55 1.92 7.91 0.54 12.50
Tin Ceiling Lay In Painted Finish SF 3.67 2.39 0.00 6.06 4.48 7.75
3/8" Hex Nuts (Home Depot) 100CT 9.57 n/a n/a 9.57 11.68 11.68
3/4" Hex Nut (Home Depot) 50CT 20.37 n/a n/a 20.37 24.85 24.85
LABOR REFERENCE DATA Base Rate Inc. Fringes Rate with O%P
Description Hourly Daily Hourly Daily
Steel Worker $50.05 $400.40 $89.30 $714.40
Laborer $35.45 $283.60 $54.60 $436.80
COST ESTIMATE
5th FLOOR CEILING SYSTEM
) ) Material Cost Labor Cost Equipment Cost Material Cost Equipment Location )
Description Unit Quantity ($/Unit) ($/Unit) ($/Unit) ($) Labor Cost ($) Cost ($) Total Cost ($) Factor Final Cost ($)
Material
W5x16 Members Material LF 3,564.00 26.23 0.00 0.00 93,483.72 0.00 0.00 93,483.72 1.32 123,398.51
C5x09 Members Material LF 450.67 7.56 0.00 0.00 3,407.07 0.00 0.00 3,407.07 1.32 4,497.33
Bent Plate Connecting W5 to C5 3"x3"x3/8 (4" Wide) LF 34.66 8.83 0.00 0.00 306.05 0.00 0.00 306.05 1.32 403.98
2x2x1/4 Angle Members Material LF 8,974.33 3.04 0.00 0.00 27,281.96 0.00 0.00 27,281.96 1.32 36,012.19
Plate Connecting the Angles 2-3/4x2-3/4x1/4 (1482 EA) SF 77.83 14.60 0.00 0.00 1,136.32 0.00 0.00 1,136.32 1.32 1,499.94
Weld Plate to Angle 5.5" Weld /Plate (1482 EA) LF 679.25 0.44 5.55 1.92 298.87 3,769.84 1,304.16 5,372.87 1.31 7,038.46
Bent Steel Plate Hanger EA 189.00 59.65 0.00 0.00 11,273.85 0.00 0.00 11,273.85 1.32 14,881.48



Plate connected to Hanger 5"x5"x3/8" Material (375 EA)
Weld Plate to Hanger 8" Weld /Plate (375 EA)

Metal Ceiling (260 EA @27.8SF)

3/8" Hex Nuts (15,300 EA)

3/4" Hex Nuts (1512 EA)

Labor (Installation)
Layout /Hand Drop Rods & Hanger (3 Steel Workers 25 Day EA)
Install w% Sections and Infill Pieces
3 Steel Workers 35 Days EA for W5
3 Steel Workers 35 Days EA for Infill / Angles
1 Laborer 35 Days

TOTAL COST (5th FLOOR GALLERY)
COST PER SQUARE FOOT
COMPLETE GALLERY COST (5th-8th FLOORS)

SF

LF

SF
100CT
50CT

Day

Day

Day
Day

65.62
250.00
7,238.00
153.00
31.00

75.00

70.00

70.00
35.00

17,160.00 SF
43,040.00 SF

22.00
0.44
4.48

11.68

24.85

0.00

0.00

0.00
0.00

0.00
5.55
0.00
0.00
0.00

714.40

714.40

714.40
436.80

0.00
1.92
0.00
0.00
0.00

0.00

0.00

0.00
0.00

1,443.64
110.00
32,426.24
1,787.04
770.35

0.00

0.00

0.00
0.00

0.00
1,387.50
0.00
0.00
0.00

53,580.00

50,008.00

50,008.00
15,288.00

0.00
480.00
0.00
0.00
0.00

0.00

0.00

0.00
0.00

1,443.64
1,977.50
32,426.24
1,787.04
770.35

53,580.00

50,008.00

50,008.00
15,288.00

1.32
1.32
1.32
1.32
1.32

1.32

1.32

1.32
1.32

1,905.60
2,610.30
42,802.64
2,358.89
1,016.86

70,725.60

66,010.56
66,010.56
20,180.16

$461,353.07
$26.89
$1,157,146.62



Estimate Summary: Redesigned Gallery Ceiling

REFERENCE MATERIAL

Taken from one of the following.
RS Means Construction Cost Estimating 2013

MATERIAL REFERENCE DATA

Description Unit Crew Daily Output Bare Material Bare Labor Bare Equip. Bare Total Total O&P

Suspended Ceiling, Complete Tegular 2x2, 5/8" tile, 9/16 grid SF 1 Carp 250.00 2.60 1.44 0.00 4.04 5.05
Ceiling System: 9/16" Grid Tbar, 2x2, Colored SF 1 Carp 650.00 1.28 0.55 0.00 1.83 2.23
Ceiling System: 9/16" Grid Tbar, 8" Cell Colored ** SF 1 Carp 430.00 1.92 0.83 0.00 2.75 3.35

** NOTE: In oreder to estimate the Metal Works 8" Cell Lay In the 2x2 grid shown in RS MEANS was scaled as follows
The Daily Output was reduced to 66% of the original due to the increased number of grid attachments needed to get to a 8" square instead of a 2' square
The Bare Material was increased by 50% due to the increased about od grid needea
The Bare Labor was increased by 50% due to the increased amount of connections needed.

Intumescent Paint on interior steel w/ 0.31" DFT SF 1 Prod 150.00 0.41 2.06 0.00 2.47 3.55
LABOR REFERENCE DATA Base Rate Inc. Fringes Rate with O%P
Description Hourly Daily Hourly Daily

Included in above refereces

COST ESTIMATE

5th FLOOR CEILING SYSTEM

Unit Quantit Material Cost Labor Cost Equipment Cost Total Cost Material Cost Labor Cost ($) Equipment Total Cost ($) Total Cost Inc Location Factor Final Cost ($)
Description v ($/Unit) ($/Unit) ($/Unit) O&P ($/Unit) (S) Cost ($) O&P ($)
Paint Steel and HVAC Equip Above Ceiling (1.25 Time Area ceiling) SF 21,450.00 0.41 2.06 0.00 3.35 8,794.50 44,187.00 0.00 52,981.50 71,857.50 1.32 94,851.90
Suspended Ceiling, Complete Tegular 2x2, 5/8" tile, 9/16 grid SF 11,317.00 2.60 1.44 0.00 5.05 29,424.20 16,296.48 0.00 45,720.68 57,150.85 1.32 75,439.12
Ceiling System: 9/16" Grid Tbar, 8" Cell Colored ** SF 5,843.00 1.92 0.83 0.00 3.35 11,218.56 4,820.48 0.00 16,039.04 19,574.05 1.32 25,837.75
TOTAL COST (5th FLOOR GALLERY) $196,128.77
5th-8th FLOORS CEILING SYSTEM
. . Material Cost  Labor Cost Equipment Cost Total Cost Material Cost Equipment Total Cost Inc i .
Unit tit Labor Cost Total Cost Location Fact Final Cost
o ni Quantity ($/Unit) ($/Unit) ($/Unit) &P ($/Unit) () abor Cost ($) Cost ($) otal Cost ($) 0&P ($) ocation Factor inal Cost ($)
Description
Paint Steel and HVAC Equip Above Ceiling (1.25 Time Area ceiling) SF 53,800.00 0.41 2.06 0.00 3.35 22,058.00 110,828.00 0.00 132,886.00 180,230.00 1.32 237,903.60
Suspended Ceiling, Complete Tegular 2x2, 5/8" tile, 9/16 grid SF 20,265.00 2.60 1.44 0.00 5.05 52,689.00 29,181.60 0.00 81,870.60 102,338.25 1.32 135,086.49
Ceiling System: 9/16" Grid Tbar, 8" Cell Colored ** SF 22,775.00 1.92 0.83 0.00 3.35 43,728.00 18,789.38 0.00 62,517.38 76,296.25 1.32 100,711.05

TOTAL COST (5th-8th FLOOR GALLERIES) $473,701.14



VelglRevlokie® FINAL REPORT | Metro Museum of American Art

Appendix L:

New Interior Fit-Out Schedule for the Redesign

| Penn State AE Senior Thesis| Vincent A. Rossi— CM R}



Activity ID

B, NEW CEILING.1 5th Floor Ga

ttdooooooooDODD B

B NEW CEILING.2 6th Floor Ga

ceoooooooODOOODREODODD

B, NEW CEILING.3 7th Floor Ga

OB IR A TR R MM

5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160

6000
6010
6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120
6130
6140
6150
6160

7000
7010
7020
7030
7040
7050
7060
7070

' Activity Name

Original' Start [ Finish

Duration

21-Jun-13

241 21-Jun-13

04-Aua 4
29-May-14

Overhead MEP Rough-In
Layout & Frame

40
12
15
Sheetrock Partitions 7
Skim Coat Walls (3Coats) | 12
Paint Ceiling Line Up 3
10
Sprinkler System 15
Install Open Cell Grid 7
12

21-Jun-13*
19-Aug-13
05-Sep-13
26-Sep-13
07-Oct-13
23-Oct-13
28-Oct-13
11-Nov-13
03-Dec-13
12-Dec-13
32 31-Dec-13
12 13-Feb-14
5 03-Mar-14
6| 10-Mar-14
10 18-Mar-14
18 01-Apr-14
25 25-Apr-14
235 22-Jul-13

16-Aug-13
04-Sep-13
25-Sep-13
04-Oct-13

22-Oct-13

25-Oct-13

08-Nov-13
02-Dec-13
11-Dec-13
30-Dec-13
12-Feb-14
28-Feb-14
07-Mar-14
17-Mar-14
31-Mar-14
24-Apr-14

29-May-14
18-Jun-14

Rough Partitions

Rough-In Lighting

Install Acoustical Ceiling
Layout Frame & Install Slee
Plywood Subfloor

Patch Skim Coat

Paint

Lights and MEP Finish Trim
Wood Flooring

Punchlist

22-Jul-13
17-Sep-13
03-Oct-13
24-Oct-13
04-Nov-13
20-Nov-13
10 25-Nov-13
15 10-Dec-13

6| 01-Jan-14

71 09-Jan-14
32 20-Jan-14
12 05-Mar-14

5/ 21-Mar-14

6 28-Mar-14
10 07-Apr-14
18 21-Apr-14
25 15-May-14
233 19-Aug-13
19-Aug-13
15-Oct-13
31-Oct-13
21-Nov-13
03-Dec-13
19-Dec-13
24-Dec-13
08-Jan-14

Overhead MEP Rough-In
Layout & Frame

16-Sep-13
02-Oct-13

23-Oct-13

01-Nov-13
19-Nov-13
22-Nov-13
09-Dec-13
31-Dec-13
08-Jan-14
17-Jan-14
04-Mar-14
20-Mar-14
27-Mar-14
04-Apr-14
18-Apr-14
14-May-14
18-Jun-14
14-Jul-14

12
15
Sheetrock Partitions 7
Skim Coat Walls (3Coats) | 12
Paint Ceiling Line Up 3

Rough Partitions

Rough-In Lighting
Sprinkler System

Install Open Cell Grid
Install Acoustical Ceiling
Layout Frame & Install Slee
Plywood Subfloor

Patch Skim Coat

Paint

Lights and MEP Finish Trim
Wood Flooring

Punchlist

14-Oct-13

30-Oct-13

20-Nov-13
02-Dec-13
18-Dec-13
23-Dec-13
07-Jan-14
28-Jan-14

Overhead MEP Rough-In
Layout & Frame 12
15
Sheetrock Partitions 7
Skim Coat Walls (3Coats) | 12
Paint Ceiling Line Up 3
10
15

Rough Partitions

Rough-In Lighting
Sprinkler System

13

QU 3, 2013 Qur 4, 2013 Qtr 1, 2014

Qur 2, 2014

Qur 3, 2014

Jul

I Jun

|

Nov Dec Mar

Aug Sep Oct I Jan I Feb I

Apr

I May Jun

Jul

I Aug Sep

Overhead MEP Rough In
Layout & Frame
Rough Partltlons
Sheetrock Partitions
Skim Coat WaIIs (3Coats) Rlng Celllng Line Up
Palnt Ceiling Llne Up
Rough-In Lighting

Sprmkler System
Install Open Cell Grld
InstaIIAcoustlcaI Ceiling

ad MEP g
Layout & Frame

Rough Partltlons

Sheetrock Partitions

Sklm Coat Walls (3Coats) R|ng Celllng L|ne Up
Palnt Celhng L|ne Up

Rough- In Lighting

Sprinkler System

Install Open Cell Grld
InstaIIAcousncaI Celllng

Overhead MEP Rough-In
Layout & Frame

Sheetrock Partmons

Skim Coat Walls (3C0ats) Ring: Ce|I|ng Line Up
Palnt Ceiling L|ne Up

Rough Ir1 L|ght|ng

Plywood Subﬂoor
Patch Skrm Coat

Layout Frame & InstaII Sleepers

Lights and MEP Finish Trim

Wood FIoorlng
Punchllst

Layout Frame & Install Sleepers
Plywood Subfloor
Patch Skim Coat

L|ghts and MEP Flnlsh Tr|m
Wood Floorlng

04-Aug-14, NEW CEI

29-May-14, NEW CEILING.1 5th Floor Gallery Fit Oy

18- Jun 14, NEW-CEILING 2 6th Floor Galle

Punchlist
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'
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Actual Level of Effort

Actual Work

[ Remaining Work * € Milestone
I Critical Remaining Work Vee—==y s mmary

Page 1 of 2 TASK filter: All Activities
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Activity ID Activity Name Origi_nal Start Finish 13 Qtr 3, 2013 Qtr 4, 2013 Qtr 1, 2014 Qtr 2, 2014 Qtr 3, 2014
Dizifel) Jun Jul I Aug Sep Oct I Nov Dec Jan I Feb I Mar Apr I May [ Jun Jul I Aug Sep
@ 7080 Install Open Cell Grid 6 29-Jan-14 | 05-Feb-14 : : : Install Open Cell Grid : : : : i
@ 7090 Install Acoustical Ceiling 5 06-Feb-14 | 12-Feb-14 InstanAcousticaI Ceiling : : E
@ 7100 Layout Frame & Install Slee 32| 13-Feb-14 | 28-Mar-14 : éLayout Framé & Install Sleeipers i
@ 710 Plywood Subfloor 12| 31-Mar-14 | 15-Apr-14 [ Plywood Subfloor :
@ 7120 Patch Skim Coat 5 16-Apr-14 | 22-Apr-14 =[] Patch Skim Coat
@ 7130 Paint 6 23-Apr-14 | 30-Apr-14 [ Paint f
& 7140 Lights and MEP Finish Trim 10 01-May-14 | 14-May-14 ‘ Lights and MEP Finish Trim
& 7150 Wood Flooring 18| 15-May-14 | 09-Jun-14 : Wood Flooring
@ 7160 Punchlist 25 10-Jun-14 | 14-Jul-14 : _Punchlist
5 NEW CEILING.4 8th Floor Ga 228 17-Sep-13 04-Aug-14 : 1 04-Aug-14, NEW CEIl
@ 8000 Overhead MEP Rough-In 40 17-Sep-13 | 11-Nov-13 Overhéad MEP Roudh-ln i
& 8010 Layout & Frame 12 12-Nov-13 | 27-Nov-13 'Layout & Frame _
@ 8020 Rough Partitions 15 29-Nov-13 | 19-Dec-13 ' Rough Partitions -
@ 8030 Sheetrock Partitions 7 20-Dec-13 | 31-Dec-13 | Sheetrock Partitions : : : E
@ 8040 Skim Coat Walls (3Coats) | 12 01-Jan-14  16-Jan-14 -B Skim Coat Walls (3Coats) Ring Ceiling Line Up §
& 8050 Paint Ceiling Line Up 3 17-Jan-14 | 21-Jan-14 Paint Ceiling Line Up ‘ 3 i
& 8060 Rough-In Lighting 10 22-Jan-14 | 04-Feb-14 B Rough-In Lighting
@ 8070 Sprinkler System 15 05-Feb-14 | 25-Feb-14  Sprinkler System
@ 8080 Install Open Cell Grid 6 26-Feb-14 |05-Mar-14 ) Install Open Cell Grid : : E
& 8090 Layout Frame & Install Sle 32 06-Mar-14  18-Apr-14 -~ L ayout Frame & Install Sleepers
@ 8100 Plywood Subfloor 12| 21-Apr-14 | 06-May-14 Il Plywood Subfloor : i
@ 810 Patch Skim Coat 5 07-May-14 | 13-May-14 Patch §Skim Coat i
@ 8120 Paint 6| 14-May-14 | 21-May-14 Paint :
@ 8130 Lights and MEP Finish Trim 10 22-May-14 | 04-Jun-14 Lights and MEP Finish Trim
s 8140 Wood Flooring 18 05-Jun-14 | 30-Jun-14 ) | Wood Floo:Hng
@ 8150 Punchlist 25 01-Jul-14 | 04-Aug-14 Punchlist
@ 8160 Gallery Fit Out Complete 0 04-Aug-14 Gallery Fit:Out Comple
= Actual Level of Effort  [_—_—__1 Remaining Work * € Milestone Page 2 of 2 TASK filter: All Activities

I Actual Work

I Critical Remaining Work Vee—==y s mmary

© Oracle Corporatior]
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MMAA - Reverberation Time & NC Calculations for the Original Gallery Design

W (ft) 260.00

Volume: (ft®) V = 300,300.00 L (ft) 66.00

Total Surface Area: (ft’) Siot = 45,730.00 H (ft) 17.50

Sound Absorption Coefficient, a S*a (sabins)
o Surface Area, ] o
Surface Description s (f) Material Description Frequency (H2) Frequency (H2)
125 250 500 1000 2000 4000 125 250 500 1000 2000 4000
Wood Flooring 17160.00]Wood Flooring 0.15 0.11 0.10 0.07 0.06 0.07] 2574.00f 1887.60( 1716.00f 1201.20| 1029.60( 1201.20
North Wall Drywall 4183.00]Gypsum Board 0.55 0.14 0.08 0.04 0.12 0.11] 2300.65 585.62 334.64 167.32 501.96 460.13
North Wall Elevator Doors 241.00]Metal Doors 0.05 0.10 0.10 0.10 0.07 0.02 12.05 24.10 24.10 24.10 16.87 4.82
North Wall Wood Doors 126.00|Wood Doors 0.42 0.21 0.10 0.08 0.06 0.06 52.92 26.46 12.60 10.08 7.56 7.56
South Wall Drywall 4403.00]Gypsum Board 0.55 0.14 0.08 0.04 0.12 0.11] 2421.65 616.42 352.24 176.12 528.36 484.33
South Wall Glass 147.00]Glass Ordinary 0.35 0.25 0.18 0.12 0.07 0.04 51.45 36.75 26.46 17.64 10.29 5.88
East Wall Curtainwall 1155.00]Glass Large Panes 0.18 0.06 0.04 0.03 0.02 0.02 207.90 69.30 46.20 34.65 23.10 23.10
West Wall Curtainwall 1155.00]Glass Large Panes 0.18 0.06 0.04 0.03 0.02 0.02 207.90 69.30 46.20 34.65 23.10 23.10
Ceiling Steel Members 2967.00|Steel 0.05 0.10 0.10 0.10 0.07 0.02 148.35 296.70 296.70 296.70 207.69 59.34
Ceiling Insulated Metal Deck 7096.50]Insulated Metal Deck 0.08 0.29 0.75 0.98 0.93 0.76 567.72] 2057.99( 5322.38| 6954.57| 6599.75| 5393.34
Ceiling Mechanical Equip/Structural 7096.50]Metal Equipment/Structral Steel 0.05 0.10 0.10 0.10 0.07 0.02 354.83 709.65 709.65 709.65 496.76 141.93
ISa= 8899.42 6379.89 8887.17 9626.68 9445.03 7804.73
[Avg. o= | 0.19) 0.14| 0.19) 0.21 0.21 0.17|
Expected Sound Level (Lp): 100 people speaking at 55dB
Air absorption constant for 20 °C and 40% RH, m| 0| 0| 1.83E-04| 3.26E-04| 7.86E-04| 2.56E-03|
Sabine Reverb Time: (s)| RT= 1.65] 2.31 1.62|[ERROR  [ERROR 1.35]
Norris-Eyring Reverb Time: (s)] RT= |[ERROR  [ERROR  [ERROR 1.31] 1.28|ERROR

Calculated RT (s)| 1.65| 2.31] 1.62| 1.31] 1.28| 1.35]
Lp=55+l0g(100) ILto= 95| 95| 95| 95| 95 95|

dB=Lp-10log(a)

[dB =

| 55.50639| 56.95187| 55.51237| 55.16523| 55.24797| 56.07642]




MMAA - Reverberation Time & NC Calculations for the Redesigned Gallery

W (ft) 260.00

Volume: (ft’) V= 300300.00 L (ft) 66.00

Total Surface Area: (ft}) St = 45730.00 H (ft) 17.50

Sound Absorption Coefficient, a S*a (sabins)
Surface Descrioti Surface Area, Material Descrinti
urrace vescription S (ftz) aterial bescription Frequency (HZ) Frequency (HZ)
125 250 500 1000 2000 4000 125 250 500 1000 2000 4000

Wood Flooring 17160.00|Wood Flooring 0.15 0.11 0.10 0.07 0.06 0.07| 2574.00/ 1887.60[ 1716.00{ 1201.20{ 1029.60] 1201.20
North Wall Drywall 4183.00|Gypsum Board 0.55 0.14 0.08 0.04 0.12 0.11] 2300.65| 585.62| 334.64[ 167.32| 501.96|  460.13
North Wall Elevator Doors 241.00{Metal Doors 0.05 0.10 0.10 0.10 0.07 0.02 12.05 24.10 24.10 24.10 16.87 4.82
North Wall Wood Doors 126.00]Wood Doors 0.42 0.21 0.10 0.08 0.06 0.06 52.92 26.46 12.60 10.08 7.56 7.56
South Wall Drywall 4403.00|Gypsum Board 0.55 0.14 0.08 0.04 0.12 0.11] 2421.65| 616.42 352.24[ 176.12| 528.36| 484.33
South Wall Glass 147.00]Glass Ordinary 0.35 0.25 0.18 0.12 0.07 0.04 51.45 36.75 26.46 17.64 10.29 5.88
East Wall Curtainwall 1155.00[Glass Large Panes 0.18 0.06 0.04 0.03 0.02 0.02]  207.90 69.30 46.20 34.65 23.10 23.10
West Wall Curtainwall 1155.00[Glass Large Panes 0.18 0.06 0.04 0.03 0.02 0.02]  207.90 69.30 46.20 34.65 23.10 23.10
Acoustical Panel Ceiling 8580.00fAcoustical Ceiling 0.10 0.60 0.80 0.82 0.78 0.60] 858.00[ 5148.00( 6864.00( 7035.60| 6692.40| 5148.00
Grid Ceiling 858.00|Extruded Metal Grid 0.05 0.10 0.10 0.10 0.07 0.02 42.90 85.80 85.80 85.80 60.06 17.16
Ceiling Insulated Metal Deck 3861.00|Insulated Metal Deck 0.08 0.29 0.75 0.98 0.93 0.76] 308.88| 1119.69 2895.75| 3783.78| 3590.73| 2934.36
Ceiling Mechanical Equip/Structural 3861.00|Metal Equipment/Structral Steel 0.05 0.10 0.10 0.10 0.07 0.02 193.05 386.10 386.10 386.10 270.27 77.22
SSa= 9231.35 10055.14 12790.09 12957.04 12754.30 10386.86
[Avg. a= | 0.20] 0.22] 0.28] 0.28] 0.28] 0.23|
Air absorption constant for 20 °C and 40% RH, m| 0| 0| 1.836-04| 3.26E-04| 7.86E-04| 2.56E-03|
Sabine Reverb Time: (s)] RT= [ERROR [ERROR [ERROR |ERROR  [ERROR  [ERROR |
Norris-Eyring Reverb Time: (s)] RT= | 1.43] 1.30] 0.97| 0.94| 0.93] 0.99]
| Calculated RT (s)| 1.43| 1.30] 0.97| 0.94| 0.93| 0.99|
Lp=55+l0g(100) Ito = | 95| 95| 95| 95| 95 95|

dB=Lp-10log(a)

[dB=

| 55.34735] 54.97612| 53.93126| 53.87494| 53.94343| 54.83516|




VelglRevlokie® FINAL REPORT | Metro Museum of American Art

Appendix N:

Short Interval Production Schedule

| Penn State AE Senior Thesis| Vincent A. Rossi— CM S



SIPS Schedule for the Metro Museum of American Art

Jun-13 | Jul-13 | Aug-13 | Sep-13 \ Oct-13 \ Nov-13 \ Dec-13 [ Jan-14 [ Feb-14 Mar-14 [ Apr-14 [ May-14 [ Jun-14
6/17 | 6/24 | 7/1 [ 7/8 [ 7/15] 7/22 [ 7/29 | 8/5 [ 8/12 [ 8/19 [ 8/26 | 9/2 [ 9/9 [ 9/16 [ 9/23 [ 9/30 | 10/7 | 10/14 | 10/21 [ 10/28 | 11/4 | 11/11 [ 11/18 [ 11/25 | 12/2 [ 12/9 [ 12/16 [ 12/23 [ 12/30 | 1/6 | 1/13 [ 1/20 [ 1/27 | 2/3 [ 2/10 [ 2/17 [ 2/24 [ 3/3 [ 3/10 [ 3/17 [ 3/24 [ 3/31 | 4/7 [ 4/14 | 4/21 [ 4/28 | 5/5 [ 5/12 [ 5/19 [ 5/26 | 6/2 | 6/9 | 6/16 | 6/23 | 6/30 |

Zone 1 1 2 16 18 19

Zone 2 1 2 16 18 19 ‘

Zone 3 1 2 16 18 19 ‘

Zone 4 1 2 16 18 19 ‘

Zone 5 1 2 16 18 19 ‘

Zone 6 1 2 16 18 19 ‘

Zone 7 1 2 16 18 19 ‘

Zone 8 1 2 16 18 ‘ 19 ‘

1 Mechanical Rough-In Ceiling Layout Installl Sprinklers Patch Skim Coat / Paint

2 Electrical Rough-In Hang Drop Rods Install Ceiling Panels and Ceiling Trim Lights and MEP Finish Trim
Layout & Frame Partitions Install W5 Sections Layout/ Frame Sleepers 18 Wood Flooring
Install Rough & Sheetrock Partitions Install Infill Pieces Install Sleepers 19 Punchlist

Skim Coat Walls & Paint Ceiling Line Up Rough-In Lighting Install Plywood Subfloor
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Metro Museum of American Art

BIM Execution Plan

Level 1 Process Map

Architectural Model

MEP Model

Schematic Design
4D Model

Schematic Design
3D Coordination
Model

Schematic Design
Site Utilization Plan

Architectural Model

MEP Model

Structural Model

Design Development
4D Model

Design Development Design Development
3D Macro Coordination  Site Utilization Plan
Model

Developed with the BIM Project Execution Planning Procedure by the Penn State CIC Research Team.

Architectural Model

MEP Model

Structural Model

—>

End
Process

Construction Document
4D Model

Construction Document
3D Macro Coordination
Model

Site Utilization Plan

http://www.engr/psu.edu/ae/cic/bimex

Construction Document
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Developed with the BIM Project Execution Planning Procedure by the Penn State CIC Research Team.
http://www.engr/psu.edu/ae/cic/bimex

Metro Museum of American Art

BIM Execution Plan
4D Modeling Detailed Process Map

N
Productivity Lead
Information Times
Prepare/Adjust
Schedule
e N
Contractor
. N
Start No No
Process ; :
Establll:ir;rl]r;fnor(renatlon Modify Previous 3D Link 3D Elements to Validate Accuracy of Review 4D Model/
Requiremgents Model B8 \ I Activities I 4D Model Yes > Schedule Yes
All Disciplines All disciplines Contractor All disciplines All disciplines End
Model Schedule Process
Correct? Optimized?
3D Model Schedule 4D Model Schedule 4D Model
supplied from (Draft) (Draft)

Architect



Developed with the BIM Project Execution Planning Procedure by the Penn State CIC Research Team.
http://www.engr/psu.edu/ae/cic/bimex

Metro Museum of American Art

BIM Execution Plan
3D Coordination Detailed Process Map

Information
Contract
; . Exchange
Requirements i
! Requirements
.- A
N
4 N\
Start Start Design
Coordination
Process oronat Any
Collisions?
No
- ; I
) End Process
Coordination
Model
Design Models Coordination Model

by Discipline



Developed with the BIM Project Execution Planning Procedure by the Penn State CIC Research Team.
http://www.engr/psu.edu/ae/cic/bimex

Metro Museum of American Art

BIM Execution Plan
Site Utilization Detailed Process Map

Construction
Schedule Equigment 4D Model
Specifications

Add Construction
Equipment

Contractor

Analyze Site Layout
for Phase Transition |
Using 4D Model

No

Contractor

Identify Construction Determine Temporary

Phases Facilities & Site
\ > % Boundary

—p» Distribute Plan to the
Project Team

Start Contractor Contractor Are All Phases Contractor End
? n

Process Analyzed: Analyze Site Layout Is Plan ” Process

(Ocr(]:L;)r;‘ for) for Space and Time Acceptable®

eac ase / Conflict Using 4D

\_\._>
Model
Insert Phased Staging Contractor
\ I & Delivery Areas )
Contractor

Design Model Existing Site
Conditions Model ;

Site Utilization Plan
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