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Survey Analysis

Benefits

Barriers

Collaboration

Decision Makers

Return on Investment
25% Schedule Reduction

50% Schedule Reduction

© 2015 | Ryan E. Smith & Modular Building Institute

Schedule reduction during
construction phase
Quality of product

Site Operations

Design and construction culture
Transportation costs and logistics
Distance of factory to site
Industry knowledge

Labor unions

Increased collaboration between
stakeholders through project
lifecycle

Decision to go PMC at schematic
phase or later has negative

impact

CM/GC first, AE second and

owners last

$5.81/SF Average Savings

$10.93/SF Average Savings






purpose

It 1s uncertain how much of the construction market permanent modular construction
(PMC) constitutes in volume; however modular broadly is estimated to make up 3-5 % of
the total construction industry. (MBI, 2011) Permanent Modular Construction “PMC” is an
innovative, sustainable construction delivery method utilizing off-site, lean manufacturing
techniques to prefabricate single or multi-story whole building solutions in deliverable
module sections. PMC buildings are manufactured in a safe and controlled setting, and can
be constructed of wood, steel, or concrete. The structures are 60% to 90% completed in a
factory-controlled environment, and transported and assembled at the final building site.
(MBI Website) PMC, as an off-site solution, has been marketed as a higher quality, faster to
market and greener solution than traditional stick built, site built construction.

The added value of PMC, although conceptually strong, has yet to be significantly
substantiated. The lack of qualitative or quantitative research data on PMC has been
identified as a barrier to its adoption. As a disruptive technology, without grounded research
for its use, PMC will have difficulty increasing its market share in the traditional construction
sector. In addition, there does not exist a standardized method for collecting data on PMC
projects in order to build to empirically evidenced arguments. Finally, there is a lack of
qualitative information about the context in which successful PMC is realized including
addressing issues of project delivery.

This research 1s to study off-site production processes in the global construction industry. It
quantifies the added value of PMC and evaluates the contextual factors by which PMC in
building design and construction may be realized in the U.S. and beyond. The scope of this
research focuses on commercial construction and does not include single family residential.
The research uses a case study method to compare PMC projects to traditional site built
projects globally for construction performance parameters such as cost, schedule, quality,
and safety. Both quantitative and qualitative data is collected through literature review,
questionnaire and interviews. In addition to the comparative analysis, this report shares the
results of an off-site industry survey, and a return on investment assessment demonstrates
the lifecycle value of reduction in schedule as a result of modular. The study concludes with
lessons learned and next steps.
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case study method

This research utilizes a case study method for investigation. The case study method is a
common strategy used in built environment research wherein projects are identified and
documented for quantiative and qualitative data through interviews and literature review.
The case study modular project pool has been established in consultation with the Modular
Building Institute membership and the National Institute of Building Sciences Off-site
Construction Council. The selection of the 17 cases documented are based on the following:

e Access to available archival data and willingness of stakeholders to
participate and offer additional data: The pool of projects started with
dozens of samples. However, some project stakeholders were reluctant to
share data. The pool of this study consists of projects for which stakeholders
were forthcoming with information became the pool of the study;

» Diversity of project sizes, locations and building types in order to see
PMC across sectors, countries and cultures: However, the majority of the
projects are located in North America as continent based organizations
and companies funded this study; and

e Culturally significant buildings were selected based on architectural
impact. The goal of the study is to demonstrate how PMC performs with
respect to different building types, sizes, and delivery methods.

Aranking system considering these 3 factors was devised and provided a rudimentary process
for determining the cases.

Each case study was developed by gathering data from the architect, general contractor or
construction manager, and the modular manufacturer and/or supplier. In cases which there
was no response from all three parties, at least two were consulted. A questionairre was
developed and peer review edited to identify the quantitative data including cost, schedule,
scope, quality and safety for the PMC case studies. This was disseminated online and
through PDF response form. Responses were limited and therefore follow up interviews
were conducted to gather additional quantitative data. During the interviews, qualitative
questions were asked to determine the context for successful PMC deployment. Limited
information that was provided led to the exclusion of some case studies on portions of this
study. In total, there are 10 case studies with substantial contributing cost and schedule
information. From these 10 cases studies, 7 of them were able to be compared in schedule
and 8 in cost.
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data gathering method

Gathered through online literature, phone interviews and email response

General Information .

Cost Data

Schedule Data

Quality/Safety Data

Geographic Location

Gross S.F.

Number of Stories

Number of Modules

Type of Modular Construction (i.e.
wood, steel, hybrid)

Primary Program (i.e. housing,
commercial, mixed-use, healthcare)
Percentage complete of modules in
factory

Miles from factory to site

LEED Rating, if any

Capital cost
Design cost
Construction cost
Modular contract

Projection Duration
Construction Start Date
Project Completion Date
Module in the factory duration
Erection time on site

Design Duration

Change orders associated with modules
Safety incidents

Fatalities

Labor Hours*

*Labor hours information was not recorded or available from respondents
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Gathered through phone interviews and email response

10

Why was permanent modular used on the project?
What digital software was used on the project?
Were there any permitting problems?

What were the greatest successes of the project?
What would you do differently next time?
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research

guantitative

general

This study asks participants the following general information questions:

What is the building type and square footage?

How many stories?

What is the context location of the building? (rural, urban, or suburban)

How many modules are in the building?

What is the distance from factory to the site?

What is the volumetric construction of the modules?

What was the percentage of module completion from factory?

This section includes all original 17 case studies as most of the information was found through

website sources. However, information was left out of the study when it could not be located

through literature or interviews.

Our method to find case studies attempted to
gather the most diverse building types. See
Figure 1. Most of these case studies fall within
40,000 to 80,000 square feet. See Figure 2.
These metrics served as a basis to further explore
the importance of the inclusion or exclusion of
building types and square footages in future
studies.

building type

MIXED USE
1 HOUSING

[§

RETAIL
2

EDUCATION
4

Figure 1

The type of buildings included in this report.
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square footage
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Figure 2
Square footage is measured in Gross Square Feet

number of stories

Xstrata Nickel Rim South
High Tech High

SOMA Studios

STEM School

Nicholson Village

Old Redford Academy
MEG Pirate's Cove Lodge
CilzenM Bankside

Mercy Hospital

Starbucks

Victoria Hall Wolverhampton
Whistler Athletes Lodge
The "Stack"

Manresa Student Housing
Wells Fargo

Kirkham Child Care Center
The Modules

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Figure 3
Stories included in this data set are not limited to stories in modular construction.
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type of construction context location

SUBURBAN
11

Figure 4 Figure 5
The type of structural material used in The density of the surrounding context.
the volumetric construction of the module.

number of modules

Xstrata Nickel Rim South
High Tech High

SOMA Studios

STEM School

Nicholson Village

Old Redford Academy
MEG Pirate's Cove Lodge
CitizenM Bankside

Mercy Hospital

Starbucks

Victoria Hall Wolverhampton
Whistler Athletes Lodge
The "Stack"

Manresa Student Housing

383

Wells Fargo
Kirkham Child Care Center
The Modules

0 50 100 150 200 250 300 350 400
Figure 6
The number of modules included in the project.
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cost

Questions regarding cost:
What was the vertical construction cost?
What was the design cost?

What was the modular contract?

Public perception of the cost of modular construction suggests that it is less expensive
compared to traditional methods of construction. The cases from this study demonstrate an
average of 16% cost savings compared to traditional construction. See Figure 19. However,
further analysis in these case studies has proven that the cost is not necessarily always less.

In fact, the cost sometimes comes at a premium.

The most important item to note in this cost analysis, however, is that permanent modular
construction is conducive to a greater control of the cost compared to its traditional on-site
methods of construction. This is attributed to the inherent ability to reduce the number
of change orders in any given PMC project. In almost every case study interview that
was conducted, the construction cost was said to have been better controlled. One can
predict the cost of the building with more accuracy using PMC compared to conventional

construction from predesign through post-occupancy.

In conventional construction delivery, change-orders cause significant cost increases. In
a recent study conducted in Montgomery County, Maryland, the Office of Leglislative
Oversight studied 17 county government building projects that reached substantial
completion in 2009-2013. The study found an 8% overall increase in contract costs due to

change orders. (OLO, 2014)

Many of the responses to this topic concluded that the reason why modular construction cost
1s so well controlled is because the design must be flushed out before module production. See
the Qualitative Analysis section of this report on page 24-26. The reason for choosing off-
site construction methods is not in cost efficiency, but in precision of the construction and its
ability to control and predict the cost of the building. See Industry Survey section for more

benefits in using off-site construction methods on pages 29-32 of this report.
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The cost premium parameters reported by stakholders include:

. additional materials required for structure and transport;
. transportation costs for large load permits and lead cars;
. time lost due to permitting; and

. time lost due to transportation of long distances.

cost per square foot

$350.00
$300.00 $292.50
$247.83
$250.00 $204.91 223530 $214.64
$191.84 $188.30
$200.00 $158 23 5169.28
$150.00
$100.00
$50.00
$0.00
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Figure 9

The vertical construction cost per square foot of the PMC building case studies.
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schedule

The reduction of time in the production of buildings that use permanent modular construction
is one of, if not, the biggest incentive that this method of construction has to offer. It is
also one of the largest claims that the industry has and the majority motivation as to why

permanent modular was used in these projects. The following questions involve schedule:
What was the project duration?
What was the design duration?
What was the construction duration?
How much time were the modules in the factory?

How long did it take to erect the modules?

Among the cases, the schedule was reduced by an average of 45%. An average of 9.29
months for PMC cases and 16.86 months for conventional construction. See Figure 18.
Because modules are built in a factory, the site-work and foundations can be constructed
simultaneously. This reduces the lag time that a traditional on-site built building has where

site-work, foundations and building construction occur consecutively. The time saved using

project duration

Xstrata Nickel Rim South | 3
High Tech High | 15
SOMA Studios 4
STEM School 15

Nicholson Village

Old Redford Academy '1
MEG Pirate's Cove Lodge 16
CitizenM Bankside
Mercy Hospital
Starbucks
Victoria Hall Wolverhampton
Whistler Athletes Lodge
The "Stack"
Manresa Student Housing
Wells Fargo
Kirkham Child Care Center
The Modules 14

0 5 10 15 20 25
DURATION IN MONTHS

Figure 10
The total project time in months.
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PMC opens a whole window of opportunity for cost savings. This is substantiated in a
Return on Investment study found on pages 32-33 of this report.

In the Office of Legislative Oversight study on the Change Orders in County Government
Construction Projects, change orders increased the 17 case studies construction time by

30.3%. In two of the 17 case studies, change orders more than doubled the construction
time. (OLO, 2014)

design duration

Xstrata Nickel Rim South | 3
High Tech High | 4

SOMA Studios 3
STEM School 4

Nicholson Village

Old Redford Academy _1
MEG Pirate's Cove Lodge >
CitizenM Bankside
Mercy Hospital
Starbucks
Victoria Hall Wolverhampton
Whistler Athletes Lodge
The "Stack"
Manresa Student Housing
Wells Fargo
Kirkham Child Care Center

LT T o S S S . ———
0 1 2 3 4 5 6 7 8 9 10
DURATION IN MONTHS

e ——————

Figure 11
The peoject design time in months.
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qualitative

The following qualitative questions were asked to get a better understanding of how
permanent modular construction performs against conventional construction methods.
This information is intended to give some understanding of how permanent modular can be
improved.

Why was Permanent Modular Chosen?
What digital software was used?

Were there any permitting/code issues?
What would you do differently next time?

What were the greatest successes of the project?

WHY WAS PERMANENT MODULAR CHOSEN?

Generally, there i1s a struggle to turn over construction projects on time and on budget.
Based on these cases collected, these survey results show that the use of permanent modular
construction can mitigate cost and schedule challenges. The most frequent response to this
question was a motivation to reduce the construction schedule. LeRoy Stevens from Stevens
Architects explains why he prefers permanent modular, “there is an ability to control the
hard cost and schedule using PMC.” All of the case studies included in this report not
only met their construction deadlines but reduced the average construction schedule by an
average of 45% when compared with traditional construction. See Figure 19.

software
WHAT DIGITAL SOFTWARE WAS USED?

The primary software used by all the
manufacturers, architects, and contractors
are 2D drawings programs such as AutoCAD.
Suprisingly, few are using BIM software.

. . o . AUTOCAD
No matter what software is being used, it is 62%

always used in conjunction with AutoCAD.
See Figure 17.

Figure 17
The design software used .
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The infancy of permanent modular construction compared to traditional site building
makes for many prototype projects, in which the architect, contractor and manfuacturer
are expierencing their first modular build. Because of this, it is likely that the number
of permanent modular buildings will grow exponentially in the coming years. Thorough
knowledge transfer between manufacturers, contractors, and architects is crucial to the
success of each of these buildings; and the failure of such knowledge transfer seems to be the
largest hindrance in the success of PMC. The fast paced nature of PMC makes little room
for error in permitting and design, both of which can lead to the downfall of the project
through change orders. These items must be finalized before construction begins; therefore,

the need for all key trades to be involved at the beginning of the project is critical.

It 1s suggested, based on these case studies, that more collaboration at the beginning of the
project would be easier if there was a project delivery method in place that is more conducive
to this level of collaboration such as Design-Build or an Integrated Project Delivery.

WHAT WERE THE GREATEST SUCCESSES?

The most successful performance of permanent modular buildings is its ability to be
completed with reduction in schedule. Every survey respondent names meeting the
substantial completion deadline as a success. The use of PMC, according to these case study
interviews, shows that a loss of quality compared to conventional construction does not exist.
All interviewees were impressed with the substantial quality of the PMC buildings.
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Cost/SF

comparative analysis

In result of the comparison method included in this report, the following is a summary of the
analysis in cost and schedule metrics.

Substantial information to conduct a schedule comparison analysis was provided for 7 case

studies. For a cost comparison, there were 8 case appropriate for comparison.

An average of an 16% reduction in cost is proved by using PMC rather than conventional
methods of construction. See Figure 18

The results shown in Figure 19 display an average schedule reduction by 45%, with a high of
60%, and a low of 25% schedule savings.

cost per square foot comparison

$450.00
$400.00
$350.00
$300.00

$250.00

$200.00 B Modular ConstrucGon
ConvenGonal ConstrucGon
$150.00
$100.00
$50.00
$0.00

The Manresa The  Starbucks Mercy STEM  High Tech Xstrata
Modules Student  "Stack" Hospital  School High  Nickel Rim
Housing South

Figure 18
Cost per square-foot comparison analysed by Cumming Corp.
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Dura%on in Months

20

15

[33]

schedule comparison

® Modular ConstrucBon
ConvenBonal ConstrucBon

The Modules Manresa The "Stack" Mercy  STEM School High Tech Xstrata
Student Hospital High Nickel Rim
Housing South

Figure 19
Schedule comparison in months analysed by Cumming Corp.
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for the considered project, when did you collaborate with the contractor
performing the off-site work and based on your experience, when do you
recommend engaging the off-site contractor?
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Figure 21
The responses included in this question are based on the number of respondents.

for this project, what were the actual benefits realized by using off-site
construction?

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%

10.0%

0.0%

N Figure 22
The percentage of all who responded to this question
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in the next 12 months, how often do you anticipate using modular construction?

Not at all
2%

Less

More
34%

The same
49%

Figure 23
This question aims to anticipate the growth of modular construction.
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36,000 SF CHARTER SCHOOL- $7 M

$450,000
$400,000
$350,000
$300,000
$250,000 $335,074
$200,000
$150,000
$100,000 $134,030
$50,000

$74,245
& $29,822

0% REDUCTION 25% 50%

B CONSTRUCTION INTEREST SAVINGS RENTAL INCOME

Figure 26
Pro-Formas include a cost reduction in terms of a 25% and 50% faster build time. The

lease rate information assumes a 100% building occupancy to reflect the possible savings.
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Increased collaboration between
stakeholders through project
lifecycle

Collaboration
Decision to go PMC at schematic

phase or later has negative

impact

Decision Makers CM/GC first, AE second and owners

last
Return on Investment
25% Schedule Reduction $5.81/SF Average
50% Schedule Reduction $10.93/SF Average

modular outlook

Modular construction is on the rise. Since the economic downturn of 2008, the demand of
construction and the skilled labor supply for that construction followed suit. Yet, the skilled
labor supply has increased at a lesser rate and has shown to level off, while the damand is
still increasing. This presents a gap where modular construction can take advantage due to

its lower labor requirements. See Figure 27.

Annual % Change - Construction Volume vs.
Skilled Labor (National)i

15%
10%
5%
0%
-5%
-10%
-15%
-20%
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Construction Volume Percent Change Construction Labor Percent Change
Figure 27

Construction volume vs skilled labor and its forecast showing a gap.
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alternative methods

This studyis limited by sample size, lack of company participation, and the challenge of
locating appropriate traditional construction comparisons. However, the research findings
suggest helpful metrics to be developed by researchers in the future to demonstrate the value
of permanent modular beyond initial reductions to cost and schedule. Although effective as
a baseline report, construction performance metrics of cost and schedule do not take into
consideration the lifecycle benefits of off-site modular. This section discusses next steps in this
research to demonstrate the performance of permanent modular construction. Suggestions
for methods to conduct this future research are included herein.

The study took PMC projects and gathered quantitative and qualitative data for each case
through literature sources and questionnaires of project stakeholders. This was followed by
qualitative interviews of the architect, contractor and modular manufacturer. The data
collected was compared to benchmark case studies by Cumming Corp., a cost estimation
consultant. The benchmark projects were traditional site built projects completed in the
last 10 years. Although cost data was normalized so the location factor was similar, it was
challenging to find projects that were comparable enough to permanent modular construction

cases to draw feasible claims that demonstrate the performance of modular.

Identifying a traditional site built project of similar size in overall square footage, height and
number of stories, with similar specification is difficult. Peer review of this study suggests

that future research use two suggested comparative methods to determine cost performance.

See Table 6.1.
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Two other methods were developed to compare PMC projects to conventional.

Method A

Method B

Locate a built project whose type is appropriate for
permanent modular construction. This may include
multi-family housing, student dormitory, education,
retail, or other.

Procure the building’s as-built drawings and
specifications from the project stakeholder team and
their permission to evaluate the project.

Obtain three separate bids and construction
schedules from permanent modular builders and
partnering general contractors for the project in
the same locale as the site built work including all
vertical construction costs.

Compare the actual traditional site built project to

the bid project data for construction performance.

Locate two similar buildings that are going to be
built in the near term. Ensure that the buildings
are appropriate for permanent modular construction
including multifamily housing, office complex,
corporate retailer, or a hotel chain that is building
the same brand in two different cities (i.e. Starbucks
or Fairfield Inn by Marriott)

Convince the building owners to build one in
traditional stick built construction and the other in
permanent modular construction.

Document the construction performance data of cost,
schedule, safety, labor hours, change orders, defects,
and incidents of injury.

Interview the project stakeholders including owner,
architect and contractor on each project to gather
qualitative data.

Compare the site built to PMC project across the
construction performance parameters and determine
what contextual qualitative factors from the interviews

lead to successfully PMC delivery.

© 2015 | Ryan E. Smith & Modular Building Institute 41






research needs assessment

The process collecting data and interviewing stakeholders in the PMC industry has made

the need to collect additional data and perform additional research clear. The survey used

in this report should be updated and sent out annually to determine the current state of PMC

in the market and perceptions of benefits and barriers. Further, the survey reported in this

study demonstrates the need for an implementation guide in off-site construction broadly to

aid construction professionals in realizing off-site delivery. Additional research is needed in

the specific categories listed below. This list has been codified in partnership with the NIBS

OSCC and Oregon BEST and occurs in no particular order.

The following is a list of research needs for Permanent Modular Construction

Labor

Supply Chain

Market Assessment

Regulatory Accomodation

Transportation Logistics

Design Constraints

© 2015 | Ryan E. Smith & Modular Building Institute

Labor Skills
Labor Impacts
Health and Safety

Integration

Standardization

Benefits and Drivers

Perceptions
Levels of Use
When and where to use off-site

Performance based specifications

Cost Analysis
Technology Development
Regulatory

Impact

43
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Performance Evaluation

Implementation

R&D New Product

BIM and Fabrication

Efficiencies

Factory Efficiencies

Intrinsic: Fire, Structure,
Hygrothermal, etc.

Extrinsic: Cost, Schedule, Worker
Safety, Quality, Enviornmentatl
Impact (Life Cycle Analysis, Air
Quality, Worker Safety, Maintenance,
etc.)

Next Step in a Company

Best practices case studies
Educational tool development for
different audiences

Product Development Model
Standardization across sectors
Commercialization and IP

Evaluation

Interoperability and IFC compliance
design to fabrication
BIM Standards for Off-site Sectors

LEAN Construction

LEAN Manufacturing
Cost estimating for manufacturers
Contract negotiating for

manufacturers
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The following case studies are developed based on the information gathered through
questionnaires, interviews, and literature. Missing data left out of the following cases
represents data not able to be procured through these methods. Cost information 1s the
adjusted cost to the Washington DC locale in QI of 2014. The cost data is also a reflection
of the vertical construction cost only; all site improvement, land aquisition, and utility
improvements, etc. are not included. Traditional construction comparisons were provided

by Cumming Corp.

Of'the 17 original case studies, 8 projects had enough information for a comparative analysis.
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xstrata nickel rim south
ontario, can

Architect: Allen and Sherriff Architects
Modular Builder: NRB Inc.
Contractor: NRB Inc.

ABOUT

The inherent ability of Permanent Modular Construction to reduce
a building’s schedule led to the success of this project. Modular
Construction also lends itself easily to the achievement of a greener
building. A LEED Gold project in a remote area such as this would
have been much harder to complete if it were not for PMC.

GENERAL office, industrial BuiLDING TYPE

2008 59,200 84"

1265 i

cosT $550K B
$12.7M e

SCHEDULE
MONTHS FROM MONTHS UNDER MONTHS FOR
START TO FINISH CONSTRUCTION DESIGN
6 8 MONTHS MONTHS
= IN FACTORY TO ERECT

$214.64F  34% ereenve

305 Bmesre 25%0 comsrmucron
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the modules
philadelphia, pa

Architect: IS-Architects
Modular Builder: Build IDBS/Excel Homes
Contractor: Equinox Management and Construction

ABOUT

The Modules project is a great example of how Permanent Modular
can be used to mitigate the costs of Labor Unions. This building was
conceived and built during the recession in 2010. Aside from minor
permitting problems and manufacturer difficulties, the project was a
great success as it was only constructed in 6 months.

GENERAL NOUSINQ BUILDING TYPE
ZOIOggaﬁLETED 80,000 ﬁggﬁRE
89 s e

ot $12,7M
$300KE"  $3.6 MU

SCHEDULE
14 MONTHS FROM MONTHS UNDER MONTHS FOR
START TO FINISH CONSTRUCTION DESIGN
2 MONTHS 12 DAYS
IN FACTORY TO ERECT

$158.23 % 25.8%0 errecme

13 E"A'\LCET%@%“S SITE 63% E'SE-SF'EI'EUCTION
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LESSONS LEARNED

This building was largely a success because of the collab-
oration of all team members involved.
of how a collaborative team can bring a complex project
such as this to a more cost effective, and schedule saving

building.

references
Compact Habit.

construction
duration

stories and
construction

type

square
footage

cost

cost/sT

It is an example

Images: Compact Habit

manresa
student compared
housing project

7 months 16 months

5 stories 4 stories

concrete Wood

44,240

55,000

$9 M

$11.7M

$204.91

$213.33
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LESSONS LEARNED Images: Blazer Industries

This project was constructed at very high quality and on a
rapid build schedule. The success of this project was due
to the benefits that a controlled factory environment can
offer. Factory built modules generate less waste, the cost
is controlled, and the safety risk is significantly reduced.

references
Girard, David. Blazer Industries. Interview with Talbot Rice
on5.21.14
compared
STARBUCKS oroject
COnstruction
duration 2.5 months 3 months
stories and
construction 1 StO ry 1 StO ry
type steel steel

fortae 1,763 1475

cost $516K $662K

cost/sf $292.50 $448.85
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mercy hospital
joplin, mo

Aspen Street Architects

Walden Structures
McCarthy Building Co.

ABOUT

The Mercy Hospital was a disaster relief project after a tornado in
Missouri. The need for fast construction was imperative yet at the
same time, a hospital of this caliber could not afford to lose quality.
This building was one of the first of its kind and shows remarkable
timesavings without quality loss.

GENERAL nospital sulLDING TYPE
2012 cowpLeres 150,000 e
270 vooiies AL
COST

$43.5Mesr ™ $LBM st

SCHEDULE
11 MONTHS FROM MONTHS UNDER
START TO FINISH CONSTRUCTION
4 MONTHS FOR MONTHS 2 3 MONTHS
DESIGN IN FACTORY =D TOERECT

$235.3 s¢  30% erfecne
1513 Berorvrosmre - 60%0 covstrucrion
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LESSONS LEARNED

To provide such a high quality building in such a short
amount of time is no easy task. The success of the project
was certainly attributed to the collaboration of the
Architect and Modular Manufacturer from the beginning
and the dedication all trades had for the project. The
building did run through some difficulties, however. Due
to the fact that these entire buildings are modular, the
critical decisions of materials and components present a
high risk to the modular manufacturer as all the liability
will fall on them. Unlike traditional buildings with many
different companies providing different services to the
building, most of the modular buildings are by the modular
manufactuer. In this building’s case, a wrong decision in
flooring led to many legal difficulties and eventually the
expiration of a company. Transportation from California
to Missouri presented a few issues as it had delayed
schedule a couple times. If it is any recommendation to
reduce schedule, it would be to make sure the factory was
relatively close by.

mercy HOSPITAL

Images: McCarthy Building Co.

references

Hitchcock, Bryan. Aspen Street Architects.
Interview with Talbot Rice on 6.3.14

Meuschke, Stephen. McCarthy Building Co.
Interview with Talbot Rice on 6.3.14

http://www.aspenstreetarchitects.com/
modular-health-alliance/

COMPARED
PROJECT

CONSTRUCTION
DURATION 8 MONTHS

20 MONTHS

STORIES AND 2 STORY

CONSTRUCTION

TYPE STEEL

3-4 STORY
STEEL

FaoTAGE 150,000

190,000

COST 335.3M

563.85M

COST/SF 5235.3

$336.06

Permanent Modular Construction | Process, Practice, Performance












LESSONS LEARNED

Even though this project was a Design-Bid-Build, there
was great collaboration between the trades. Several
issues, such as structural alignment, point to the need for
a design-build process in the future.

references
Tiegs, Jeff. Absher Construction. Interview with Talbot
Rice on 6.20.14 Images: Absher Construction

http://www.mspaceholdings.com/project/lake-washington-school-
district

COMPARED

stEM SCHOOL PROJECT

N RaTioN 12 MONTHS 17 MONTHS

STORIES AND 2 STORY 4 STORIES

CONSTRUCTION

TYPE STEEL STEEL

FODTAGE 63,000 73,000

COST S15.6 M g22.8 M

COST/SF §247.83 §312.27
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APPENDIX B
comparative analysis






introduction

description

This analysis compares multiple modular construction projects to a baseline control project
reflecting a traditional construction approach. Analysis of total labor and material costs,
total labor hours, and total design and construction schedules have been analyzed to under-
stand the advantages of modular vs. traditional construction methods.

sources used

The following sources have been used in the course of the study:

e ITAC Research Team providing 10 different modular based projects (US and
International)

e Davis Bacon Wage Rates

¢ RS Means Geographical Indices

e RS Means Standard Hourly Rates for the Construction Industry

e Cumming Corporation Internal Econ/Market Report

methodology

The comparative analysis uses information provided by the research team for 10 modular
projects that included raw cost and schedule data. Benchmark traditional projects were
identified in the Cumming Corp. database. The modular and traditional build cases data
was normalized for compariative function. The research team determined that 7 case studies

were appropriate for reporting. In doing so, the following variables have been accounted for:

© 2015 | Ryan E. Smith & Modular Building Institute



Timeline

All costs take to “current dollars” / Q1 2014 by using the following escalation %os:

2008 - 0.00%
2009 - 0.00%
2010 - 1.50%
2011 - 2.50%
2012 - 3.00%
2013 - 3.50%
2014 - 3.50%
Location

All costs have been modified to reflect current market conditions, labor rates, and taxes of

the Washington DC construction market

Site Location

All costs have been modified from either Rural or City Center site locations to “Urban”.
This adjusts cost and schedule variables for access, laydown, parking, working hour restric-
tions, etc. to a level play field.

Currency

All costs have been modified to reflect US §.

Quantities

All costs have been reflected over imperial measures (8/SF)

Delivery

All costs have been reflected over imperial measures (3/SF)

basis for unit costs

Unit costs are based on current bid prices in the Washington DC area. Subcontractor
overhead and profit is included in each line item unit cost. This overhead and profit covers

each subcontractor’s cost for labor, materials and equipment, sales taxes, field overhead,

Permanent Modular Construction | Process, Practice, Performance
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about the national institute of building sciences off-site
construction council

The National Institute of Building Sciences is a non-profit, non-governmental organization
that successfully brings together representatives of government, the professions, industry,
labor and consumer interests, and regulatory agencies to focus on the identification and
resolution of problems and potential problems that hamper the construction of safe, affordable
structures for housing, commerce and industry throughout the United States. Authorized by
the U.S. Congress, the Institute provides an authoritative source and a unique opportunity
for free and candid discussion among private and public sectors within the built environment.
The Institute’s mission to serve the public interest is accomplished by supporting advances
in building sciences and technologies for the purpose of improving the performance of our

nation’s buildings while reducing waste and conserving energy and resources.

The U.S. off-site design and construction industry has made significant advances in
implementing processes and materials to build and deliver more sophisticated and complex
facility types by virtue of system prefabrication, unitization, modularization and panelization.
More and more owners are turning to off-site methods for multi-story wood construction,
steel framed structures, healthcare facilities, educational structures and large-scale military
projects. As an industry however, owners, architects, engineers and contractors up until
now have lacked an unbiased source for evaluating the applicability and potential benefits
for use of such methods, for determining where and when fabrication is appropriate, and for
identifying the range of choices inherent in integrating and collaborating with fabricators.

In 2013, the National Institute of Building Sciences established the Off-Site Construction
Council (OSCC) to serve as a research, education and outreach center for relevant and
current information on off-site design and construction for commercial, institutional and

multifamily facilities.

\\\\ 1090 Vermont Avenue NW, Suite 700

)/ National Institute of Washington, DC 20005
/{( BUILDING SCIENCES ~ www.nibs.org/oscc
\\ (202) 289-7800

Director: Ryan Colker






COPYRIGHT ©2015

PERMANENT MODULAR CONSTRUCTION
process, practice, performance

Ryan E. Smith and The Modular Building Institute



	Contents Page
	Executive Summary
	Introduction
	Methods
	Research
	Conclusion
	References
	Appendix A - Case Studies
	Appendix B - Comparative Analysis

