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Preface
Rapid student population growth and shifting enrollments in California, combined with decreasing school
budgets has meant shortfalls in classroom space at some schools. In response, many school districts
have turned to relocatable classrooms to relieve this problem. While they have been in use for over fifty
years, relocatables are now commonplace among California’s approximately 1,000 school districts.
Relocatables can be delivered and installed in a fraction of the time of conventional construction and
provide the flexibility of being able to be moved to another school site when the need arises. While
relocatable classrooms provide a valuable asset to school districts, traditional relocatables often fall
short in delivering quality learning environments and often use more energy than conventional
classrooms. A successful high performance relocatable classroom addresses these deficiencies and
ensures that these convenient spaces are also healthy and efficient.
The goal of this volume of the Best Practices Manual is to provide manufacturers, school districts and
architects with the tools and concepts necessary to specify, build and acquire high performance
relocatable classrooms. Issues involved with locating the relocatable classroom on the school site as
well as site preparation are also covered.
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THE CHPS BEST PRACTICES MANUAL
This CHPS Best Practices Manual consists of six volumes:
•

Volume I: Planning. This volume addresses the needs of school districts, including superintendents,
parents, teachers, school board members, administrators, and those persons in the school district
that are responsible for facilities. These may include the assistant superintendent for facilities (in
large districts), buildings and grounds committees, energy managers, and new construction project
managers. Volume I explains why high performance schools are important, what components are
involved in their design, and how to navigate the design and construction process to ensure that
they are built.

•

Volume II: Design Guidelines. This volume contains design guidelines for high performance schools.
These are tailored for California climates and are written for the architects and engineers who are
responsible for designing schools as well as the project managers who work with the design teams.
Organized by design discipline, the guidelines present effective strategies for the design of schools
that meet the CHPS high performance school criteria.

•

Volume III: Criteria. The CHPS criteria are a flexible yardstick that precisely defines a high
performance school. School districts are encouraged to adopt the criteria for their new campuses,
buildings, and major modernizations.

•

Volume IV: Maintenance and Operations. This volume presents high performance guidelines for the
maintenance and operation of schools. Information in this volume will help ensure that high
performance school buildings continue to operate as their designers intended, providing optimal
health, efficiency, and sustainability.

•

Volume V: Commissioning. This volume provides important information on commissioning high
performance schools—a critical step in ensuring that the technologies and high performance
elements are actually built and tested to meet specifications.

•

Volume VI: High Performance Relocatable Classrooms. This volume provides a guide to the CHPS
specification for high performance relocatable classrooms. Related issues such as placement on the
site, applicable codes and the procurement process are covered to ensure that all new relocatable
classrooms are efficient and good learning environments.

The Best Practices Manual is supported by the Collaborative for High Performance Schools’ website
(www.chps.net) which contains research papers, support documents, databases and other information
that support the manual.
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II

THE COLLABORATIVE FOR HIGH
PERFORMANCE SCHOOLS
The Collaborative for High Performance Schools (CHPS) began in November 1999, when the California
Energy Commission called together Pacific Gas and Electric Company, San Diego Gas and Electric,
and Southern California Edison to discuss the best way to improve the performance of California’s
schools. Out of this initial partnership, CHPS grew to include a diverse range of government, utility, and
non-profit organizations with a unifying goal to improve the quality of education for California’s children.
In early 2002, CHPS incorporated as a non-profit organization, further solidifying its commitment to
environmentally sound design that enhances the educational environment for all schoolchildren.
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Overview
HIGH PERFORMANCE RELOCATABLE
CLASSROOMS
High performance classrooms, whether relocatable or permanent, perform their function well and
efficiently. They are, quite simply, good buildings that provide a quality learning environment.
A high performance relocatable classroom is a comfortable classroom; the temperature and humidity
are within the comfort range for the occupants, daylighting is the primary source of illumination, indirect
electric provides pleasant and uniform illumination when daylight is not available, and noise levels do
not interfere with teaching. A high performance relocatable is efficient in its use of materials and is
environmentally responsible. Energy efficiency is a cornerstone of high performance relocatables;
achieving superior comfort levels while using less energy to do so. High performance relocatables are
also easy to maintain and operate and provide safe and secure environments.
Students and teachers in high performance relocatables are healthier due to increased indoor air
quality, which results in fewer missed classroom days. Daylighted and low-noise classrooms lead to
improved student productivity and a more pleasant learning environment. Schools save on operating
costs and reduced liability which results in more money for school supplies and teacher salaries.
While most of the guidelines in the CHPS Best Practices Manual Volume II: Design also apply to
relocatables, this volume examines some of the issues unique to relocatable classrooms.
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Figure 1 – The CHPS Relocatable Classroom

•
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Overview CHPS High Performance Relocatable Classroom Specification

CHPS HIGH PERFORMANCE RELOCATABLE
CLASSROOM SPECIFICATION
Relocatable classroom manufacturers build their classrooms according to plans and specifications
approved by the Division of the State Architect (DSA). School districts typically have a limited amount of
time in which to acquire a relocatable and therefore must purchase a unit that has already been
manufactured or at least has been approved in advance (pre-checked) by the DSA. It is the school
districts’ responsibility to ensure that the relocatable classrooms they purchase adequately address the
requirements of the district and provide a high performance learning environment, which can be done
through the adoption of these CHPS relocatable classroom specifications. As in all investments in new
physical facilities, the total life-cycle cost should be considered, not just the initial cost. A less expensive
unit with higher long-term costs for energy and maintenance may be an unwise investment. In addition,
low performance learning environments can result in reduced student achievement as well as higher
student and teacher absenteeism.
Many specifications available for relocatable classrooms do not take into account the total life-cycle cost
or the benefits of good quality daylighting, acoustics and indoor air quality. While any specification may
address some of these issues it is difficult to ensure that all these factors are incorporated into a
specification that a school district may be planning to use to acquire relocatable classrooms. For this
reason CHPS, with funding from the California Energy Commission (CEC), has prepared a model
specification for a high performance relocatable classroom which is available to school districts. The
specification is attached as Appendix A, and can also be downloaded from www.chps.net.
The CHPS High Performance Relocatable Classroom Specification is based on the standard Office of
Public School Construction (OPSC) specification but has high performance features incorporated into it.
The OPSC specification has become the de facto specification for relocatables built and used within
California. CHPS started with the OPSC specification so that school districts and manufacturers will be
familiar with the core classroom and can easily see the upgrades to high performance features.
Some of the high performance features of the CHPS relocatable classroom include:
• Enhanced Daylighting
• Energy Efficient Indirect/Direct Lighting
• Energy Efficient Low Noise HVAC System
• Efficient Building Envelope
• Low VOC Interior Materials
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BENEFITS
Relocatable classrooms built to CHPS high performance relocatable specification will achieve energy
savings of at least 20% (depending on climate zone) as compared to minimum compliance with the
2005 Title 24 energy efficiency standards. The dollars saved on energy (when added up and discounted
to present value) will more than cover the cost of the upgrades over the life of the classroom. Money
saved on energy each year during the life of the classroom can be spent on books, computers, teachers’
salaries, teaching supplies or other items more central to the mission of educating children. A recent
study of the overall benefits and costs of high performance classrooms showed that the discounted
present value of the benefits associated with high performance schools are 10 to 20 times greater than
the discounted present value of the costs. 1
Daylighting not only allows for energy savings due to the electric lighting being turned off more often, but
also enhances student performance. Several recent studies have directly linked daylighting and
increased learning in students. A study by the Heschong Mahone Group compared the amount of
daylighting in classrooms with student test scores from the beginning to the end of the academic year.
Controlling for about 40 other variables, it was found that students with the most daylighting in their
classrooms progressed 20% faster on math tests and 23% faster on reading tests in one year than
those with the least daylighting.
Indoor air quality has an important effect on student health and performance. Research conducted by
the Lawrence Berkeley National Laboratory has found that increased recurring symptoms related to
poor indoor air quality have been associated with reduced productivity of building occupants. Exposures
to volatile organic compounds (VOCs) and other indoor pollutants can cause a range of acute symptoms
at relatively low concentrations including eye and respiratory irritation, headaches, behavioral problems
and fatigue. It makes sense that a tired student whose head and eyes hurt, and who is having trouble
remembering will have a harder time learning. Poor indoor air quality also leads to increased illness and
absenteeism among students and teachers. Since the majority of a school’s operating budget is
dependent on average daily attendance (ADA) reducing the number of missed days by students can
have a significant effect on school district budgets.
Understanding and conveying spoken messages is an important part of the learning process and this
can be especially difficult in noisy classrooms. Students, especially younger students, are particularly
sensitive to background noise and their comprehension is greatly reduced when background noise
rises. Typical sources of noise are outdoor sounds (traffic, playgrounds, etc.) and loud air-conditioning
and ventilation systems. The noise from HVAC systems in many existing relocatables is so loud and

1 Greg Kats, National Review of Green Schools: Costs, Benefits and Implications for Massichusetts, A report for the Massachusetts
Technology Collaborative, December 2005, document available at http://www.cap-e.com/ewebeditpro/items/O59F7707.pdf.
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distracting that in many cases the teacher will turn off the system and thereby unintentionally turn off the
ventilation system which leads to increased carbon dioxide concentration and other indoor air quality
problems.
Buildings in the U.S. represent over 30% of our total energy use and consume over 25% of virgin wood
and 3 billion tons of raw materials. As the next generation moves through the educational system on
their way to joining and eventually leading society an appreciation for the issues they will face must be
developed at an early stage. By providing the most environmentally responsible learning environment
possible we are teaching these future leaders an important lesson about the need for environmental
responsibility and conservation of natural resources. The bottom line is that high performance
classrooms (relocatable or otherwise) are wise investments.

DEFINITIONS

The Modular Building Institute offers the following
construction definitions (Modular Building
Institute 2002):

Relocatable classrooms are often also referred
to as portables, modular, prefabricated,
•
bungalows or even trailers. While some of
these terms may be appropriate others do not
accurately describe the typical relocatable
classroom used throughout California. Modular
and prefabricated in particular are terms usually
used to accurately describe permanent
construction that is largely pre-fabricated off
site.
•

While some manufacturers produce specialty
units such as restrooms, science-labs or
multipurpose rooms, this manual focuses
primarily on the single classroom, which is by
far the most common application.

Modular: A method of construction that uses preengineered, factory-fabricated structures in threedimensional sections that are transported to and
tied together on a school site. Typically, modular
construction means that between 80%–95% are
completed at the factory and then delivered to the
site for final affixation.
Conventional: A construction method that uses
assembly of structures on site, employing multilayered design and construction processes.

•

The standard size for a relocatable classroom
is 960 ft², which most often consists of two
•
modules of transportable size (12 ft x 40 ft)
being joined together onsite. Another option is a
three-piece relocatable with each section
measuring 10 ft by 32 ft, though this option is
less common. This configuration results in a
classroom with a squarer and thus more
desirable aspect ratio. Modules that are wider
than 12 ft are also possible, but require a
special permit for transportation.

Permanent: Commercial structures serving fixed
or lasting facility needs, and not envisioned to be
removed or relocated. Can utilize either
conventional or modular construction methods.
Relocatable: Commercial structures utilizing
modular construction methods that can be
transported over public roads. Designed to be
constructed for efficient secondary relocations
without the removal of the floor, roof, or other
significant structural modification. Frequently
called “portables” and generally under 2,000 ft2 in
size.
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PROS AND CONS OF RELOCATABLE
CLASSROOMS
Relocatable (or portable) classrooms are a solution to the simultaneous problems of rapid growth and
shifting populations. Many school districts grow quickly as new homes are built and young families with
school age children move in. After the children grow up and move out of the family home the parents
remain as “empty nesters” and the school population plummets. In situations like this relocatable
classrooms can be removed from schools that don’t require them any longer and moved to schools that
are experiencing rapid growth. Relocatable classrooms can also be moved within a district from
elementary to middle to high schools as students move through the educational system. This is
especially effective when “waves” of students pass through a school district.
Relocatables can be ordered and put into operation in a fraction of the time that it would take to provide
permanent classrooms. This is very useful when student enrollment exceeds expectations and the
school district finds itself in need of classroom space quickly.
Relocatables are also used as temporary classroom space during construction and renovations of
permanent classrooms. For example, asbestos removal and modernization projects can temporarily
retire permanent classrooms from use, causing stress on school facilities. Relocatables also have the
distinctive characteristic of being able to be transported over public roads for use at another location
within a district when a construction project is complete.
But traditional relocatable classrooms have also come under much criticism. Many older relocatables
are of poor quality construction, and shrinking school budgets have led to a backlog of maintenance
issues, leaving relocatables vulnerable. Leaks, condensation and dust collection in HVAC systems lead
to mold and other air quality problems. The careful site planning that goes into new school construction
is not always followed when it comes to locating relocatables on a school site. Relocatables are
sometimes placed far from the main school and on valuable playground or parking areas. Often
relocatables are intended as temporary solutions, but become permanent fixtures on school campuses.
This can be a problem when the unit is not maintained adequately with the idea that it will not be kept
long enough for the problems to manifest themselves. Site location and other planning decisions based
on temporary use can become problems later on when the units stay longer than initially expected.
Defining a high performance, energy efficient relocatable poses a unique challenge. A particular
relocatable can find its way to any of California’s 16 climate zones (including areas with snow loads),
can be oriented in just about any direction and can be installed in a wide variety of site conditions.
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COSTS
When comparing the costs of a relocatable classroom versus a permanent one, care should be taken to
include all costs, both initially and over the life of the structures. Relocatable classrooms are typically
less expensive than traditional site built classrooms but the relocatable building itself is only part of the
total cost. The cost per square foot of a permanent classroom is typically all inclusive of site work, utility
connections, inspection fees and sometimes furniture and equipment. The cost for a relocatable
classroom building itself often does not include the cost of the footings that support it, any site grading
required, the ramps and other accessibility improvements, utility connections or costs associated with
delivery and set up. A typical permanent classroom costs approximately $120,000 and up. A typical
relocatable classroom costs approximately $40,000 (2006 dollars); however site work, utility installation,
delivery and set up for the relocatable classroom can cost another $20,000, bringing the total to
$60,000, which is 50% of the cost of a permanent classroom.
Additionally, normal refurbishment and replacement costs for such items as HVAC units, roofing,
exterior finishes and carpeting are higher over the life of the relocatable classroom and should be
accounted for when comparing costs. A 1993 study by the Florida Center for Community Design and
Research found that such replacement costs were approximately 36% higher for relocatables than for
permanent construction. Typical relocatable classrooms also tend to use more energy for heating,
cooling, lighting and ventilation than a properly built permanent classroom. Over the life of the
classroom these costs can be significant resulting in a higher life cycle cost for the relocatable
classroom.
There are situations however where relocatables are the answer to the districts needs. In these
circumstances a high performance relocatable classroom will have a lower life cycle cost than a
standard relocatable classroom due to energy savings.
Previously owned relocatable classrooms may also be purchased either from other school districts or
from leasing agencies or companies who have classrooms to be sold off. Costs and conditions can vary
greatly and it is up to the district to be sure they are paying a fair price. The Office of Public School
Construction (OPSC) is selling off their fleet of relocatable classrooms. This will put more than 6,500
additional relocatables on the market in California over a ten year period. While most of these
relocatables will most likely be purchased by the schools already in possession of them, there is certain
to be an effect on the pricing throughout the market.
Relocatables can also be leased directly from some manufacturers or from leasing companies. Leasing
presents a unique opportunity to use the energy savings to pay for the incremental costs for an energy
efficient relocatable classroom. Often school districts will not have available funds to purchase a high
performance relocatable even though they know it will be cost effective over the life of the classroom.
When leasing, the dollars saved each month due to lower energy bills can be put towards the monthly
payment. This allows the energy savings to pay for any increased up front costs and will result in lower
lifetime costs for the relocatable.
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EXTENT OF USE
California has long been the leader in relocatable classroom use for several reasons. One reason is that
legislation used to require schools receiving state funds to utilize relocatables for 30% of their
classrooms. While this is no longer required, it has led to a large proportion of classrooms being
relocatable. When the Class Size Reduction Program was established in 1996 schools were given less
than six weeks notice to implement the program. Relocatables, with their condensed realization time
frame, were an easy response to the reducing class size. The California climate also lends itself to more
relocatable use. The mild temperatures allow students to exit directly to the outdoors without the need
for hallways and corridors and allows for lighter weight construction of the classrooms.
For these reasons, relocatable classrooms have become a common part of K-12 school campuses in
California. In fact, about one third of all classrooms within the state are relocatable. The exact number of
relocatables in use in California is not known but it is estimated that there are over 85,000 in use at the
time of this writing (2006), housing over two million students. California schools are also adding between
1,000 to 4,000 new relocatables each year. Since the relocatables OPSC is selling are already in use
they will not have an impact on these numbers.
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The CHPS High
Performance
Relocatable Classroom
The CHPS high performance relocatable classroom has many of the features of permanent classrooms.
First and foremost, it provides an excellent learning environment with great acoustics, lighting, air quality
and a connection to the out-of-doors. It is also efficiently uses energy, water and materials. This section
of the relocatables Best Practices Manual describes some of the features called for in the high
performance specification. The features described here are presented in the context of the common 24
ft by 40 ft classroom with a ceiling height between 8 ft 6 in and 9 ft 6in.
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DAYLIGHTING
As seen in Figure 2, typical relocatable classrooms
are longer and narrower than permanent classrooms
and the windows are located at the ends. As result,
the windows provide little useful daylighting in the
center of the classroom. The CHPS high
performance relocatable classroom has skylights
located in the center to supplement lighting from the
windows. There are various options for the skylights,
but a simple solution is to use light tubes (see CHPS
Volume II, LG8). With tubular skylights, the roof
opening and the opening in the ceiling do not have to
align, which can be an advantage for some
manufacturing processes. Tubular skylights are also
generally available with a light damper that can be
used to reduce light on the white board and the two
skylights on the teaching wall side of the relocatable
should be so equipped. If tubular skylights are used,
six should be located in the classroom as shown in
Figure 3. The skylight nearest the teaching wall
should also have dimming capability for A/V mode.
An option to tubular skylights, is to use four 4 ft by 4 ft
skylights located between three rows of pendant
mounted electric lighting fixtures. The skylights
should diffuse light that enters the classroom. A lens
should be used at the ceiling or the skylight well should be splayed.
Figure 2–Typical Relocatable Classroom Floor Plan
Any skylight that is used in a classroom should diffuse the light and not be a source of glare. If it is not
possible to dim the skylights on the teaching wall side, skylights should only be used on the section
opposite of the teaching wall.
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Option 1: Six Tubular Skylights

Option 2: Four 4x4 Skylights

Figure 3: Skylight Options for High Performance Relocatable Classroom
Photographs courtesy the Heschong Mahone Group

As mentioned earlier, daylighting is one of the most important indoor environmental factors affecting
student performance. The energy savings provided by quality
daylighting are also significant provided a daylight control system is
installed as required by the specification. By turning the lights off
when enough daylight is present, the energy savings can be up to
16% (depending on climate). In addition, when the heat output from
electric lights is removed the cooling load in the classroom is also
reduced.
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Figure 4 – Light Damper for Tubular Skylight
Photograph courtesy Solartube International, Inc.
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ELECTRIC LIGHTING
Providing efficient lighting is the easiest means of saving energy. While the 2005 California energy
efficiency standards allow 1.2 Watts/ft² (roughly 1,200 Watts/classroom), efficient quality systems can be
designed to use only 0.8 Watts/ft² (about 800 Watts/classroom). This saves 33% of lighting energy
across all climate zones and also reduces cooling loads because less heat is generated. The
recommended indirect/ direct lighting system also provides better illumination and visual comfort; more
than 75% of the light is reflected off the ceiling and upper walls for more uniform glare free general
lighting. In addition, a “wall wash” luminaire for the teaching wall improves contrast and helps focus the
attention of students to the teaching wall.

Reflected Ceiling Plan of Lighting System

Figure 5 – The Recommended Relocatable Classroom Lighting System
The recommended lighting system for the CHPS relocatable classroom consists of six indirect/direct luminaries designed to be
mounted close to the ceiling. A separately switched luminaire should be provided for the teaching wall. Photographs courtesy
Finelite, Inc. and the Heschong Mahone Group
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Lighting controls are also an important part of the CHPS relocatable classroom. Controls should enable
the teacher to toggle between a general instruction mode and an audio visual (A/V) mode. A separate
control should also be provided for the whiteboard lighting system. When daylighting is available from
skylights or windows, automatic controls should adjust the electric lighting system in order to achieve
energy savings, while maintaining lighting quality in the selected mode: A/V or general. An occupant
sensor should also be provided to turn off all classroom lighting after a period of un-occupancy. It is also
recommended that the occupancy sensor have the capability of being overridden by a “quiet time”
switch. The quiet time switch would be used when the teacher stays after class to grade papers or to do
other work.
No Daylighting

Daylighting from Skylights

General
Instruction Mode

All lights are on.
The board light would be
used only if the teacher is
using the teaching board.

The perimeter luminaires
operate at 50% and the
center luminaires are
shut off.
The board light would be
used only if the teacher is
using the teaching board.

A/V Mode

The end wall luminaires
operate at 50%, as would
the center luminaire away
from the A/V screen.
The skylights near the
teaching wall would be
dimmed.
The board light would be
off.

All luminaires would be
off.
The skylights near the
teaching wall would be
dimmed.

Figure 6 – Typical Lighting Control Modes
These modes of operation are appropriate when the only significant source of daylighting is from skylights.
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HVAC
The HVAC system in a high performance relocatable is a high efficiency, wall mounted unit with a
Energy Efficiency Ratio (EER) of at least 10.5 and 14.0 IPLV (Integrated Part Load Value] for units four
tons capacity and less (The Energy Efficiency Ratio is the cooling output in Btu at test conditions divided
by the energy input in Watts). For systems larger than that, a minimum cooling efficiency of 9.0 EER
and 13.7 IPLV is required. Energy savings, especially in the hotter climates, can be substantial with an
efficient wall mounted HVAC unit.
The unit can be equipped with an air side economizer so that it operates at 100% outside air when
conditions permit external air to provide cooling and other external conditions preclude the use of natural
ventilation. An economizer is a set of dampers that opens when the outside air is cool enough to be
used for cooling the building. When the outside air is sufficient to cool the building the compressor is
turned off resulting in energy savings.
Quiet operation is essential. In many older relocatables, teachers typically turn off the ventilation system
due to excessive noise and therefore inadvertently are not providing adequate ventilation to the
classroom. This is in violation of state codes which require 15 cfm of fresh air per occupant. The new
quieter HVAC systems do not produce disproportionate amounts of noise and therefore will not be
turned off when the classroom is occupied.
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16x16 four
way diffusers

12 in. Round
flexible ducts

Balancing
Dampers
Sound isolation
curb

Return air
Silencer
Wall mounted heat pump with
outside economizer and SEER 13

Air is ducted to at least three ceiling mounted diffusers and
returned to the fan in a way that minimizes noise.

Figure 7 – Efficient Wall Mounted HVAC System
Photographss courtesy: Mike Apte, Lawrence Berkeley National Laboratory

The greatest potential for energy savings for thermal comfort is through natural ventilation. Natural
ventilation is appropriate for much of the day in most of California’s climate zones. Operable windows
and doors are provided on most relocatable classrooms but a high performance relocatable also has
interlocks on those windows and doors that automatically turn off the HVAC system when the windows
and doors are left open, and thus reduce the energy waste of running the HVAC system. Using natural
ventilation for cooling and to provide fresh air is a simple and effective means of saving energy, but if the
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HVAC system is not turned off more energy is consumed than if the HVAC alone were handling the
load.
In some locations natural ventilation is not an option because of excessive noise or poor outdoor air
quality. In these situations, an economizer will capture many of the benefits while allowing the classroom
to be closed.
For units designed for use in climate zone 16, an air-to-air heat exchanger is recommended. The heat
exchanger removes heat from the exhaust air exiting the classroom and warms the incoming outside air
before it enters the classroom or heating unit. This reduces the amount of heat that must be provided by
the HVAC system thereby resulting in energy savings.
Properly sealed duct work is another feature of high performance relocatables. Further energy savings
will result by ensuring less conditioned air escapes into attic or crawl spaces.

Communicating Thermostats
Relocatables are often set apart from the main
school and therefore are not connected to the
school’s energy management system.
Programmable thermostats, which are typically
found in relocatables, can be easily defeated
and the programs lost.

Types of Thermostats
•

Standard: Temperature set point is maintained at
all times unless manually adjusted.

•

Programmable: A thermostat that automatically
adjusts the temperature to preprogrammed
settings based on hours of occupancy.

Communicating thermostats are an easy
•
Communicating: Thermostats that can be
method for the facilities staff to keep an eye on
accessed remotely to check temperature settings
the energy consumption and comfort levels in
and adjust as necessary.
relocatable classrooms. Communicating
thermostats can be either hard wired or
•
Programmable Communicating: A thermostat
wireless and have an internet interface for
that can be accessed and programmed remotely.
monitoring and setting thermostats remotely.
These are often used with an agreement with the
The program can be reset regularly or on an
utilities that they may adjust the settings in homes,
as-needed basis enabling the school district
business and schools to conserve energy during
maintenance staff to ensure that the
peak demands.
relocatable classrooms are operating
efficiently. The remote access to the thermostats also provides an easy way for staff to make sure the
HVAC system in the relocatables are not running on days when school may be canceled or on
weekends or holidays.
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Figure 8 –Thermostats
Photo courtesy BARD, Inc. and the Heschong Mahone Group
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The CHPS High Performance Relocatable Classroom Building Envelope

BUILDING ENVELOPE
Increasing the performance of the building envelope reduces heating and cooling loads and improves
thermal comfort. In general the requirements of the California building energy efficiency standards are
adequate for the building envelope of relocatable classrooms with little to be gained by increasing the
amount of insulation (see Table 1). High performance relocatables built to the CHPS specification for
use with snow loads will have a thermal break between the exterior membrane and the metal framing in
the walls and roof to reduce thermal bridging heat loss.

Table 1 – Prescriptive Building Envelope Requirements for Relocatable Classrooms
ALL CLIMATE ZONES
Roof/Ceiling

U-Factor
R-value

Wall

0.051

1

19

R-value or
U-Factor

13
Wood Frame

0.102

Metal Frame

0.261

Metal Building

0.061

Mass/7.0≤ HC

0.330

Other
Floor/Soffit
Windows

19

U-Factor

0.048

U-Factor
Relative solar heat gain

Skylights

0.102

R-value or

U-Factor

SHGC Glass
SHGC Plastic

0.49
2

0-10% WWR

0.46

11-20% WWR

0.36

21-30% WWR

0.36

31-40% WWR

0.31

Glass w/ Curb

0.99

Glass w/o Curb

0.57

Plastic w/ Curb

0.87

3

0-2% SRR

0.46

2.1 – 5% SRR

0.36

0-2% SRR

0.71

2.1 – 5% SRR

0.58

Note: Construction assembly U-factors shall be calculated in accordance with Appendix IV.
1
R-value cannot be used for compliance when roof has metal framing members or a metal deck unless additional rigid insulation is
installed. See Section 143 (a) 1 C.
2
WWR is the window-to-wall ratio
3
SRR is the skylight to roof ratio

The California State Energy Code (Title 24) has a requirement for cool roofs in all low-slope
applications, including relocatable classrooms. Cool roofs are roofs that reflect solar radiation and
radiate energy away before it is absorbed. Cool roofs reduce the cooling load during peak hours when
energy is more expensive. Another advantage is that many cool roofs are more weather and climate
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tolerant. Although cool roofs are standard on high performance relocatable classrooms, manufacturers
may sometimes substitute other energy saving strategies for a cool roof if using a performance based
energy model.

Figure 9 – Cool Roof on Relocatable Classroom with Skylights
Photograph courtesy the Heschong Mahone Group

Windows in the CHPS relocatable classroom use double low-e glazing, which lowers the heat transfer
through the window while providing a high level of visible light. Low-e windows also have a low U-factor
which reduces heat loss. It is also recommended that the two windows in typical relocatable classrooms be
located on each side of the teaching wall (see
Figure 2).
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FINISH MATERIALS
Interior finish building materials, including carpet assemblies, wall board, paints, caulks, and sealants, in
the CHPS high performance relocatable classroom are required to be low-emitting materials. The
California Department of Health Service’s Standard Practice for the Testing of Volatile Organic
Emissions includes emissions-testing procedures and maximum allowable concentrations for selected
VOCs for materials to be considered low emitting. These materials are proven to have less harmful
chemical concentrations and help achieve good indoor air quality. Many manufacturers make low
emitting products that are indistinguishable from other products and with no cost difference. A list of
materials that have passed testing for use in a classroom can be found in the Low Emitting Materials
Products List at www.chps.net.
In classrooms, tackable wall board and particle board used in casework can be significant contributors
of chemical emissions and should selected with care.
Environmentally preferable products such as recycled content materials and rapidly renewable products
are also used in high performance relocatables whenever possible. Recycled content products are
environmentally friendly since they reduce the amount of landfill waste and the extraction and
processing of virgin materials. Using recycled content materials also helps to close the loop by creating
markets for materials that are collected through recycling efforts. Rapidly renewable materials are
materials that substantially replenish themselves faster than traditional extraction demand. Examples of
rapidly renewable products include linoleum, bamboo and wheat grass board.

Figure 10 – Interior Finishes
Courtesy: Mike Apte, Lawrence Berkeley National Laboratory
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Requisitioning
SPECIFICATIONS AND PLANS
All relocatable classrooms are built according to a specification which is the contract document. The
specification spells out in detail the requirements to which the classroom must be constructed. It is
important for the school district to be sure the specification fits the needs of the district and will result in
a satisfactory classroom being delivered to the school site.
The manufacturer of the relocatable classroom will use the specification to draw detailed and
engineered plans which will then be used to construct the classroom. In the case of relocatable
classrooms the plans are not part of the contract documents but are used in-house by the manufacturer
and for plan approval by the Division of the State Architect.
In situations where time permits school districts have an opportunity to select an appropriate
specification and make modifications to customize the relocatables to their needs. It is rare however for
districts to have the additional time required to have a relocatable built to their specifications. Typically
districts have a very short time between the realization of the need for additional classrooms and the
date by which they are to be occupied. The common practice is for districts to purchase or lease
relocatables that have already been constructed and are stockpiled on the manufacturers lot or are preapproved by DSA and ready to be assembled by the manufacturer.

DSA APPROVAL PROCESS
The plan check process for relocatables varies from the standard plan check for school buildings as
relocatables are manufactured in batches similar to other manufactured products. The plan check and
approval process for relocatables occurs in two phases. The first phase involves submitting complete
plans and specifications to the DSA. These plans, completed by the manufacturer, detail the
construction and materials for the relocatable. DSA reviews these plans for California Building Code
(CBC) and energy compliance requirements and issues a “pre-check” (PC) design approval. A PC
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Requisitioning DSA Approval Process
approval does not permit the installation of a relocatable; instead another “over-the-counter” application
must be submitted with site information. Since the construction details have already been pre-approved
the over–the-counter check is intended to be reviewed quickly. The over-the-counter application is the
building permit application for construction and installation of a relocatable at a specific site, and
includes the approved PC design drawings as well as site development plans for the proposed site
where the relocatable will be installed.
Specifications

Construction
Plans

DSA PreCheck

Over-the-Counter
Stockpile Permit

Manufacture

Over-the-Counter
Check

Site Plan

Manufacturer

Transport
to Site

Installation and
Commissioning

Figure 11 – DSA Plan Check Process for Relocatable Classrooms
In cases where manufacturers wish to stockpile relocatables built to the approved PC design an overthe-counter permit is also required. Relocatables are usually stockpiled at the manufacturers’ yard until
a specific site is identified where the unit will be installed. At this time another over-the-counter
application is required which addresses the site issues. An over-the-counter plan is also required when
relocating a classroom to another location.
The site plans must also be approved for fire department access and fire separation between buildings
(see Code Issues, page 34) before any relocatable is delivered to the site. The relocatables are also
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field inspected during construction and after set up on the site by DSA inspectors. The relocatable
classrooms are not deemed ready for occupancy until the final site inspection is complete.

OBTAINING A HIGH PERFORMANCE
RELOCATABLE CLASSROOM
Since school districts usually need to acquire relocatable classrooms “right away” there is not time
available to go through the process of choosing a specification and having the plans pre-checked by
DSA. Districts are typically left to choose from relocatables that are available at the time they are
needed.
School districts should check the availability of the CHPS relocatable classrooms with the manufacturers
and leasing companies and receive competitive pricing. Districts should always identify the need for
relocatables as early as possible since the CHPS High Performance Relocatable Classrooms may not
always be available on short notice.

STATE RELOCATABLE CLASSROOM PROGRAM
Up until 2005 the Office of Public School Construction (OPSC) administered the State Relocatable
Classroom Program which leased relocatables to school districts throughout California. In October of
2005 the OPSC was instructed to dispose of its relocatables, and in response, OPSC developed a plan
to make them available for purchase, with the district currently leasing them given first priority. The sale
of relocatable classrooms will be conducted in three processing cycles with the oldest units sold first.
OPSC is no longer accepting applications to lease relocatables under the program, though districts
already on the program waiting list will be given an opportunity to lease classrooms that become
available if returned before their processing date. Current leases will be honored through their expiration
as late as 2008 and the State Relocatable Classroom Program will sunset in 2010 and all relocatables
will be sold off by this time.
The State Relocatable Classroom Program has a vast fleet of over 6500 relocatables which span a wide
range of ages and conditions. While many of these classrooms will be sold to schools already leasing
them others will become available for purchase by districts looking to add classroom space.
Districts seeking high performance relocatables may have a difficult time procuring these through OPSC
and should confirm that classrooms offered by OPSC meet the requirements of the CHPS specification
or are capable of being retrofitted.
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RETROFITTING
In some cases the relocatables may be retrofitted to
meet the CHPS high performance specifications. If the
retrofit option is selected the CHPS High Performance
Relocatable Classroom specification should be used as
a guide to the high performance features to be added
to the existing classroom. Most of the high performance
features in the CHPS relocatable classroom can easily
be retrofitted into existing relocatables. For example,
skylights or light tubes can be added, wall mounted
HVAC units replaced and lighting systems fitted without
any major structural changes.

Features to be included in Relocatable

The age and general condition of the relocatable
should also be taken into account when considering a
retrofit. In many of the older units the cost of retrofitting
may not be a financially sound alternative and each
relocatable classroom type should be evaluated on its
own merits.

• Quality Electric Lighting (indirect/direct)

Classroom Retrofitting:
• Proper insulation
• Properly detailed construction (low infiltration)
• Energy Efficient HVAC
• Low Noise (Quiet) Ventilation System
• Efficient Windows
• Skylights/Daylighting

• Occupancy/daylight sensors
• Natural ventilation/economizer
• Thermal blocking (cold climates)
• Heat exchanger (cold climates)
• Low emitting interior materials

PURCHASING AND OTHER
LEASE OPTIONS
There are several options available for procuring relocatable classrooms. Options available to school
districts are to lease directly from the manufacturer or from a distributor. Relocatables may also be
purchased directly from the manufacturer or sometimes directly from another school district that has a
surplus. When purchasing used classrooms, whether from another district or manufacturer, it is
important to determine the age and condition of the classroom. Many older units were not built to
acceptable specifications or maintained properly and very few will have been built with the high
performance characteristics found in the CHPS Relocatable Classroom Specification.
Depending on the lead time for delivery and the inventory of the manufacturer or distributor, the
classroom may be customized to district requirements or pulled from the available stock. To have more
choices, it is important to identify the need for relocatables as early as possible. Waiting until the last
minute means having to take what is available. It is also important to consider the projected duration of
use and ultimate fate of the relocatable. Sometimes relocatables are used as temporary classroom
space during modernization projects and removed when the work is completed. Often relocatables are
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considered temporary solutions but become permanent fixtures on school campuses due to ever
expanding enrollment or the lack of funding to realize a more permanent planned expansion. When
relocatables are removed they can be sent back to the manufacturer for reconditioning when necessary
before being sent to another district or be sent directly to another school site. Typically, however, a
relocatable—whether owned or leased—is relocated within the same school district. This means that a
district usually purchases or leases a relocatable classroom for the life of the unit, whether intended or
not, and should take into account the life cycle cost as well as the educational and health benefits of a
high performance model.
When purchasing or leasing relocatable classrooms, districts can “piggyback” their order on top of
existing contracts to streamline the process. In effect, this allows the district to team with other districts
for a larger purchase and receive more favorable contract terms. Piggybacking also locks the purchaser
into using the same construction specification as the previous orders; therefore it is important to be sure
that the contract has the proper specification in place for a high performance relocatable classroom.
In some areas local school districts band together for purchasing so that the co-operative leverages the
collective buying power of these schools, using strength in numbers to secure the lowest possible price.
There are procurement programs available on a statewide basis which include everything from teaching
supplies to maintenance materials. The products available through these programs can vary between
programs and over time so school districts should check to see if high performance relocatable
classrooms are available. Purchasing through these programs is similar to piggybacking in that the
purchaser is bound to the existing contract.

TRANSPORTATION
Transportation to the school site is an important factor that must be considered before ordering
relocatable classrooms from manufacturers or relocating from other school sites. In fact the dimensions
of most relocatable classrooms are determined by transportation limits. The route the classrooms will
take during transportation must be carefully planned in advance of the relocation process in order to
avoid low bridges or other obstructions.
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40’

12’

14’ 6”

Figure 12: California Highway Transportation Limits
A special permit is required when these dimensions are exceeded.

The California Vehicle Code limits the width of any load to 12 ft and the length to 40 ft. The maximum
height limit is 14 ft 6 in. from the road surface to the top of the structure and the maximum weight is
80,000 lbs (40 tons). These dimensions and weights may be exceeded only with a special permit.
Relocatable classrooms are designed to meet these requirements but as an oversized load; during
transit, they must be properly marked and accompanied by a pilot car. Local jurisdictions have the right
to supersede the state limits if deemed necessary and of course local conditions may further limit any of
these factors. While bridges over highways will provide over 14 ft 6 in. of clearance, for example, low
bridges, power lines or other obstacles may reduce the clearance on local roads near the school site.
Sometimes access to the area on the school site where the relocatables are to be placed may be more
limited than other parts of the site. In these cases it must be determined if moving the classrooms
through the school property will cause other disruptions or expenses. The district should ensure that the
proposed location will allow for maneuvering space, turnaround, and exit for, a large truck and trailer (85
feet clearance at front or back). In some cases a crane may be used to lift the relocatables from the
truck and to place in sites with limited access, although this will obviously add to the installation cost.

DELIVERY AND SET UP
Before the classroom is delivered the site preparation must be completed. This work is usually done
simultaneously to the classroom being manufactured and transported which is one of the reasons for the
shortened time frame to occupancy for relocatables as compared to conventional construction.
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Figure 13 – Access Requirements for Relocatable Classrooms
Site work that needs to be finished prior to delivery consists of preparing a location by clearing and
grading. Buildings must be placed a minimum of two feet apart. The pad should be turf free, 30’ x 50’
(for a 24’ x 40’ unit) within 9” of level and with at least 2 percent drainage to prevent ponding beneath
and around the relocatable(s). Appropriate stormwater management techniques will depend on the soil
type and amount of precipitation the site typically receives. At minimum gravel filled trenches should be
placed under all drip lines and splash blocks used under all downspouts. If permanent foundations are
installed (see below) French drains should be placed along the footings. See the CHPS Best Practices
Manual Volume II: Design for more information on stormwater management.

Figure 14 – Grading Options for Relocatable Classrooms for 24x40 ft Sizes
The soil bearing capacity should be determined and checked against the unit’s requirements and a
proper foundation installed. Relocatables can be installed on compacted soil, concrete or asphalt
concrete paving having suitable design bearing capacity and 2% drainage. Relocatables should not be
installed on turf. The type of foundation depends on several factors. Relocatable classrooms that are
planned or likely to be permanent should be built on concrete foundations. Concrete footings can have
either concrete or block stem walls and concrete piers can be used with block or wood posts.
Foundations that are to be temporary can be constructed of pressure treated Douglas fir (PTDF)
plywood or pads and PTDF blocks. All wood below the subfloor but not in contact with the ground
should be pressure treated in accordance with American Wood Preservers' Bureau (AWPB) Procedure

CHPS BEST PRACTICES MANUAL RELOCATABLE CLASSROOMS © 2006 CHPS, INC

•

28

Requisitioning Delivery and Set Up
C-2 or C-9. All wood in contact with the ground should be pressure treated in accordance with AWPB
Procedure LP-22. The footing design should provide for shims and blocks as necessary to permit
installation on sites not level, but within the 9” tolerance. It is important that the classrooms be securely
fastened to the foundation. Relocatable classrooms are typically built with a moment frame structural
system to handle seismic and wind loads but the classroom must be prevented from shifting off the
foundation or overturning during an earthquake or wind event. All foundations and methods of fastening
must be designed by an architect or engineer and approved by DSA.

Figure 15 – Proprietary Structural Support System for Relocatable Classrooms
Courtesy Sure-Safe Industries, Inc.

Once the relocatables are delivered on site it is the responsibility of the manufacturer or moving
contractor to set the unit in place. After the two halves of the classroom are set in place and leveled the
seam where the units join must be finished. This includes the finishing the carpet seam, trimming the
wall joint and installing the remaining ceiling tiles. Any touch up work should be completed at this time
and the electrical and communications connections completed. Ideally the electrical lines to the
relocatables are live at the time of delivery and set up so that the lighting and mechanical systems can
be commissioned. Unfortunately, often times this is not the case and it can be several weeks before the
electricity is turned on to the classrooms. Once the manufacturer or moving contractor has left the site it
is an added expense for them to return and check on the lighting and HVAC systems, if they can find the
personnel to return at all. Therefore it is strongly advised to have the electricity and other services
turned on at the time of delivery.
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Figure 16 – Positioning with a Crane
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Site Considerations
Site planning is a fundamentally important aspect of high performance design. The choices made during
site selection and site planning can enhance or defeat the high performance features included in the
relocatable classroom specifications. All aspects of high performance design — from energy efficiency
and good indoor air quality, to acoustic, thermal and visual comfort are affected by decisions made in
site planning. Good site planning achieves a beneficial balance between all the factors that need to be
considered even when they are at odds with each other.

ORIENTATION
Orientation of the relocatables is an important issue which requires some forethought and consideration.
When possible, the classroom should be placed so that its windows face north and/or south. The
windows on a relocatable classroom are typically placed on the short ends and covered by overhangs
(although in some cases windows may be placed in other locations). North windows receive diffuse light
from the north sky dome and there is very little direct solar penetration into the space. Direct solar can
be a source of glare and unnecessary solar gains. South windows are easily shaded with the overhangs
already provided above the windows on relocatable classrooms. In cooler climates some winter solar
gain into classrooms can be beneficial to provide some passive solar heating as well as the
psychological benefits of sunshine on a cold winter morning. In these climates care should be taken so
that the direct sun is limited and does not cause glare for critical visual tasks. East and west windows,
on the other hand are problematic as they add to peak loads, increase energy use and create visual
glare as direct solar enters the space.
Prevailing winds are another factor which should be taken into account when orienting relocatable
classrooms. In most climates the winds vary by season with the summer breezes which provide
refreshing air movement coming from a different direction from the winter winds which bring colder air
and storms. When possible, the windows of the classroom should be oriented towards the gentle
summer breezes to take advantage of the air flow for natural ventilation purposes. The classroom, and
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especially entrances, should be shielded from the winter winds and storms to provide safer and more
comfortable access to the classroom.
Other structures, topography, landscape elements and other relocatables can also have an effect on
solar access and prevailing winds. Care should be taken that north and south windows are not shaded
by these features while east and west facing windows are protected. The shade from existing, mature
trees can be used to protect roofs and walls from the sun during peak load times. This will help to
reduce air conditioning costs and increase thermal comfort when air conditioning is not in use.

ACOUSTICS AND AIR QUALITY
The location of the relocatable on the site can have a major impact on indoor environmental quality
issues such as acoustics and indoor air quality. Position classrooms away from heavy traffic areas and
locations where vehicles idle as these areas can be noisy and the pollutants from vehicle exhaust can
enter the classroom through open windows and the fresh air intake on the HVAC system. Other noise
sources should also be considered when locating relocatable classrooms on a site including;
playgrounds, ball fields, railroad tracks and adjacent property uses. In general, site classrooms away
from locations where water accumulates after rains and clear of any sprinkler systems to reduce the
problems of deterioration, dry rot, rust or mold growth. Sources of air pollution must also be accounted
for during the site planning phase. These include vehicle exhaust, emissions from nearby industrial
buildings, pesticides and dust from neighboring agricultural sites and pollen sources which can inflame
allergies.

POSITIONING RELOCATABLES
An often overlooked issue is the location of relocatables relative to other relocatables. When placed side
by side OPSC considers two feet the minimum distance between classrooms. When relocatables are
placed in situations where the back ends are adjacent to other relocatables the wall mount HVAC unit
usually ends up located in close proximity to the other unit’s windows. This can lead to excess heat and
noise entering through open and even closed windows. To alleviate this problem and to allow for
maximum daylighting relocatables should be placed at least ten feet to a neighboring building at least 20
feet when the neighboring building or relocatable has a wall mounted HVAC unit, and preferably fifteen
feet apart at the ends of the buildings. Offsetting the classrooms so that the HVAC unit is not directly
opposite windows to other classrooms is also recommended. Even with these positioning issues taken
into consideration, occupants may find it necessary to coordinate usage of HVAC units or operable
windows to alleviate excessive noise.
Often relocatables are placed on existing ball fields or playground space, taking a valuable resource
away from the school and students. This decision may be made with the idea that this is a temporary
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situation, but as discussed earlier, this can unintentionally become a long term condition. Placing
relocatables on parking areas is an acceptable and usually preferred alternative to placing them on
recreation areas. Reducing the number of parking spots can have the added environmental benefit of
encouraging carpooling and the use of public transportation.
The distance relocatables are located from other parts of the school is another significant concern.
Relocatables should be located in close proximity to the library, multipurpose room, gym and other
permanent school facilities. Classrooms that are isolated from the main school can result in long walks
to reach basic services, sometimes including restrooms. This can be especially problematic during
inclement weather. Covered walkways between the relocatables and the other areas students will be
accessing provide some protection from sun and rain but can be costly if distances are excessive.
The location of existing utility connections should also be determined before deciding where to place the
classrooms. Relocatables typically require electrical and communications connections –although
communications can be handled increasingly by wireless connections. Additional utility poles can be
very expensive to install so it is wise to locate the classrooms near existing utility infrastructure. Natural
gas is usually not required for relocatables but in situations where it is to be used the gas lines must be
installed in a trench to the classrooms. Some relocatables come equipped with sinks and on rare
occasions toilets are included. In these cases water and sanitary lines must also be installed in trenches
to the classrooms. Digging and backfilling trenches are an expensive undertaking and the lengths
should be as short as possible. Sanitary lines must also maintain minimum slope requirements and still
be able to connect to the main lines exiting the site. Longer runs for these lines may make these
connections difficult to complete. Fire hydrants must also be accessible to the relocatables. See the
section below on code issues for more information.
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CODE ISSUES

Building

20’ minimum
clearance to building

14’ minimum
clearance to fence,
pole or other obstruction

20’ recommended separation
when wall mounted HVAC units
oppose each other

Overhang or
walkway

20’ minimum between
walkways or overhangs

10’ recommended separation
to wall of building for heat
dissipation of wall mounted
HVAC units

Figure 17 – Clearance Requirements for Positioning Relocatable Classrooms
During the site planning and set up phases it is important to be sure that all local and state codes are
carefully considered. These include structural (foundations), electrical, plumbing, ADA and fire codes.
The fire code limits type V non-rated construction (which is typical of relocatables) to no more than
9,100 ft2. Any structure within 20 feet of the building (including overhangs), is considered as a part of the
building in determining total area. Since relocatables are typically 960 ft2 a total of up to nine may be
grouped together (within two to four feet) as long as the 20 foot separation is maintained from any other
structures. Even in groups of less than nine it is still advisable to maintain the 20 foot separation from
other structures so that more relocatables may be added as needed in the future. There is an exception
which raises the limit to a maximum of 18,200 square feet (18 typical classrooms) if there is a minimum
distance to the schools property line and other structures. The actual area allowed is dependent on
clearances maintained and all state and local codes should be consulted if seeking this exception.
Fire department access must be maintained to all buildings on the school site including all relocatables
and permanent construction. A firelane with a minimum width of 14 feet is required to provide this
access. Be careful that the relocatables do not block access to existing areas of the school and that any
areas for future expansion will also be accessible.
Relocatable classrooms should not be placed in remote areas that are too far from fire hydrants and
hydrants intended to serve permanent buildings or other relocatables should not be blocked. Additional

CHPS BEST PRACTICES MANUAL RELOCATABLE CLASSROOMS © 2006 CHPS, INC

•

34

Site Considerations Code Issues
hydrants or “horizontal dry standpipes” may be installed to address these issues but this will add
additional expense.
An approved fire alarm system with an audible alarm must be provided in all new relocatable buildings.
This system may be manual or fully automatic, and typically must be tied into the existing campus fire
alarm system. A “stand alone” system is acceptable under certain conditions as long as all code
requirements are met, including that a DSA approved means of communication is provided between the
relocatable and the school administrative office.
Fire and life safety issues are important and complex considerations. A qualified registered architect
should be involved in the site planning phase of the relocatable acquisition and must review "safe
dispersal areas," "side yard increases," "assumed property line," and other requirements.
All new relocatables must conform to the Americans with Disabilities Act (ADA). In addition, State Law
and DSA policy require that existing supporting facilities be made accessible also. These include
drinking fountains, toilet facilities, parking spaces (van accessible) and path of travel.

Figure 18 – ADA Access for Relocatable Classrooms
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COMMISSIONING RELOCATABLES
Commissioning is a systematic process of ensuring that all building systems perform interactively
according to the contract documents, the design intent and the school’s operational needs. On a typical
site built school each design is unique and the commissioning process is integrated into the design and
construction process. Ideally the commissioning process involves four distinct “phases:” pre-design,
design, construction, and functional testing.
Relocatable classrooms are unique to the design and construction process in that a number of identical
classrooms are built to the same set of plans and construction takes place in an offsite manufacturing
facility. The systems in a relocatable classroom are much simpler than in a site built school and are
often installed as components delivered from the manufacturer. The manufacturer should be sure all
systems are installed correctly before leaving the manufacturing facility, but many operational features
cannot be checked until the classroom is set up and power connected.

RESPONSIBILITIES
The responsibilities of the various parties involved in the procurement of relocatable classrooms may
vary depending on the individual contract so be sure to review all contracts carefully. Generally the
manufacturer is responsible for the construction, delivery and set up of the classroom. The construction
must conform to the specification used in the contract documents and the manufacturer is responsible to
ensure that all components are in operating condition. The manufacturer is usually responsible for
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transportation to the school site. Any damage to the classroom or any of the systems during transit is
the responsibility of the manufacturer or transportation contractor as specified in the contract. Set up
involves placing the classroom modules on the foundation piers and joining them together. After set up
is complete and the district signs off on this phase the responsibility for the classroom transfers to the
district.
The district is responsible for the electrical and plumbing connections unless the contract specifies
otherwise. Once these are complete district personnel should immediately test all systems using the
CHPS Relocatable Classroom Testing Procedure Checklist to be sure they are operating correctly. If the
manufacturers’ representatives are still on site they should accompany the personnel performing the
testing to verify any problems encountered. Any irregularities with the building systems should be
brought to the attention of the manufacturer without delay. Any problems identified after the warranty
period or due to mishandling of the equipment are the responsibility of the district.

COMMISSIONED SYSTEMS
The systems that need to be commissioned in relocatables are the HVAC and lighting systems,
including all controls. The HVAC systems to be checked are:
• Heating mode
• Cooling mode
• Unoccupied mode
• Exhaust fan
• Ventilation system
• Thermostat schedule
• Economizer (if applicable)
• Energy recovery ventilator (if applicable)
• CO2 Sensor (if applicable)
The lighting systems to be checked are:
• Fixture type
• Lamp type
• Ballast type
• Wall switch
• Occupancy sensor
• Photocell sensor
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Appendix A: Bid
Specification –
Prefabricated
Relocatable Classroom
Building
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1.0

SCOPE:
This specification establishes the general requirements for a prefabricated, relocatable,
clear span, 2-module classroom building. The building shall be installed on the assigned
site within the State of California, complete and ready for use. All costs of transportation
and installation at the site, together with snow load and wind load requirements shall be
included in the bid price. All of the provisions of this specification shall apply except as
indicated in the Invitation for Bid (IFB).
Not in Contract: The electrical service drop and connection will be supplied by others.
The school district will prepare a location on the school site that is cleared and graded.
Definitions:
School District: The school district purchasing the relocatable classroom.
School District Architect: Consulting architect retained by the school district. Contact the
school district for name and address.
CHPS: The Collaborative for High Performance Schools
Contractor: The company responsible for performance on the purchase order (contract)
issued by the School District. May be the same as the manufacturer.
Manufacturer: The company who manufactures the modules. May be the same as the
Contractor.
DSA: Division of the State Architect, Department of General Services, State of California.
Owner: School District.
IFB: Invitation for Bid.

2.0

SPECIFICATION AND STANDARDS: Specifications and standards referenced in this
document in effect on the opening of the Invitation for Bid form a part of this specification
where referenced.

2.1

SUBSTITUTIONS: All substitutions for specified items must be approved in writing in
advance by the School District Architect.

3.0

REQUIREMENTS:

3.1

Dimensions:
Building shall consist of two modules designed so that the modules may be joined together
to form a complete structure that maintains a positive alignment of floors, walls, and roof
and that permits simple non-destructive detachment for future relocation. The building
shall occupy an area of 960 square feet with a tolerance of minus 5 square feet. The
buildings shall be 24' x 40'. All buildings shall meet the square footage requirement.
Linear dimensions shall be vertical trim finish line to vertical trim finish line. Fascia and
required overhangs are not included in the calculation of the area the building occupies.
The entrance wall shall have a minimum 5’-0” roof overhang. The rear wall shall have a
minimum 2' overhang except over rear landings where it shall be minimum 5’-0”. Full
length gutters and downspouts shall be furnished on the sides of each overhang and each
roof edge where drainage occurs. The interior height, floor to ceiling shall be minimum 8'6”. Nothing shall protrude more than 1" below the ceiling level.

3.2

Load Criteria:
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3.2.1

Modules intended for delivery to locations requiring roof live loads or wind loads greater
than the minimums required by Title 24, California Code of Regulations (C.C.R.) shall
meet the live load criteria established by the IFB. Building shall be clear span type except
where roof live loads are 80 pounds or greater, where one column may be included in their
design. All buildings must be designed to meet exposure "C" rating (Title 24) and seismic
Zone 4.

3.2.2

Each module shall be capable of resisting all vertical and lateral loads during
transportation and relocation. Normal industry practice for bracing modules during
transportation and relocation is acceptable. When modules are assembled, joints shall be
sealed with removable closing strips or another equivalent method to present a finished
appearance and be permanently weatherproof. Each 12' x 40' module shall be sufficiently
rigid to be jacked up at the front and back corners for relocation without damage or the
module shall have lifting lugs at front and back located as required so that the module may
be jacked up for relocation in one piece without additional supports of any type. Evidence
of excessive bowing during the installation of the modules which, in the opinion of the
Agency Architect or Structural Engineer, causes excessive working at any joint or
compromises the structural integrity of the module shall be sufficient reason for rejection of
the module.

3.3

Foundations:

3.3.1

All structural members below the subfloor, i.e., girders, joists, headers, blocking, shall be
either steel or wood. If wood, it shall be pressure treated as specified below. Markings
shall be legible on each pressure treated structural member or certification of treatment
shall be supplied for each bundle.

3.3.2

All wood foundation materials below subfloor shall be pressure treated Douglas fir, except
shims may be redwood or cedar. The building(s) shall be set on pressure treated Douglas
fir (PTDF) plywood or pads and PTDF blocks. Pressure treated Douglas fir pads, plywood,
etc., shall be verified by a Certificate of Treatment stating, "the material in this unit was
treated per Uniform Building Code Standard Section 25-12".

3.3.3

All lumber and plywood for use in ground contact shall be pressure treated with
waterborne preservative in accordance with American Wood Preservers' Association
(AWPA) Standard C2 (Lumber, Timbers, Bridge Ties and Mine Ties -Preservative
Treatment by Pressure Process) or C9 (Plywood - Preservative Treatment by Pressure
Process), inspected in accordance with American Wood Preservers' Bureau (AWPB)
Procedure LP-22 (Quality Control and Inspection Procedures for Softwood Lumber,
Timber, and Plywood Pressure Treated with Waterborne Preservatives for Ground
Contact), and stamped with AWPB quality mark "Ground Contact LP-22".

3.3.4

All lumber and plywood not used in ground contact shall be pressure treated with
waterborne preservative in accordance with AWPA Standard C2 or C9, inspected in
accordance with AWPB Procedure LP-2 (Quality Control and Inspection Procedures for
Softwood Lumber, Timber, and Plywood Treated with Waterborne Preservatives for Above
Ground Use), and stamped with AWPB quality mark "Above Ground LP-2".

3.3.5

The in-plant inspector shall verify that all pressure treated foundation material is cut from
AWPB stamped stock and that all cuts and holes are retreated per specifications. LP-2
and LP-22 material shall be banded separately for shipment to the job site. The in-plant
inspector's verification of each banded unit shall be attached to the material.

3.3.6

Concrete or concrete block foundations are not allowed. The footing design shall provide
for shims and blocks necessary to permit installation on sites not level, but within the
tolerance allowed in Section 1.
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3.3.7

Installation shall be permitted on soil, concrete or asphalt concrete paving, having suitable
design bearing capacity and 2% drainage. The buildings shall be securely fastened to the
foundations. The foundations and the method of fastening shall be subject to approval by
the Agency Architect and DSA. Pads shall be designed for a maximum load of 1000 PSF.
Foundation pads shall not be placed on turf.

3.4

Framing:

3.4.1

Wood or steel studs shall be on maximum 16” centers. Wood frame construction and roof
and floor sheathing shall meet the following minimum requirements:
Roof:

Walls:

Floor:

Joists

Douglas Fir/Larch, No. 2 grade.

Blocking

Douglas Fir/Larch, No. 3 grade; or Hem/Fir
No. 3 grade.

Plywood Sheathing

American Plywood Association (APA) rated
sheathing, Exposure 1.

Studs

Douglas Fir/Larch, No. 2 grade. Minimum
2" x 4" at max. 16" O.C.

Sill (Sole Plate)

Douglas Fir/Larch, No. 2 grade.

Top Plates

Double, Douglas Fir/Larch, No. 2 grade.

Headers

Douglas Fir/Larch, No. 2 grade, minimum
2-2" x 4" on edge with 1/2" APA rated
plywood, Exposure 1 filler.

Door and Window
Openings

Double Stud/cripples, Douglas Fir/Larch,
No. 2 grade.

Blocking

Douglas Fir/Larch, No. 3 grade or Hem/Fir
No. 3 grade.

Joists

Pressure treated Douglas Fir/Larch, No. 2
grade. (Joist hangers shall be used in the
design)

Rim Joists

Double, 2x min.; pressure treated, Douglas
Fir/Larch, No. 2 grade, Minimum 8' lap.

Blocking

Pressure treated Douglas Fir/Larch, No. 3
grade; or Hem/Fir No. 3 Grade.

Plywood Sheathing/
Subfloor

1-1/8" APA rated STURD-I-FLOOR 48”
O.C., T & G, Exposure 1
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3.4.2

Moisture content of framing lumber shall not exceed 19%. Framing lumber shall be
stamped "S-Dry" or "MC15".

3.4.3

MSR 1650 E1.6 may be substituted for No. 2 grade if it meets the structural requirements
for floor and roof members.

3.4.4

Lumber grades and machine stress-rated (MSR) lumber requirements are defined in
Standard Grading Rules for Western Lumber, latest edition.

3.5

Exterior:

3.5.1

Siding:
Exterior siding shall be medium density overlay plywood (MDO) or Duratemp plywood
siding produced by Miller Redwood Company. The School District Architect must approve
alternate sidings prior to submittal of bid. The medium density overly plywood shall be
APA rated exterior type per APA 303-O/L. MDO siding shall be Simpson "Guardian",
K-Ply "Royal Rough Sawn", or equivalent approved in advance and in writing by the
School District Architect. The Duratemp plywood siding shall consist of 4 layers of wood
veneers and a textured oil-tempered 1/8" thick hardboard face. Product shall be APA
rated exterior type. Both the MDO and Duratemp siding shall meet the following
requirements:

3.5.2

A.

Each panel shall be identified with the grade mark of the grading
association and shall meet the requirements of Product Standard PS 1-83.

B.

Siding shall be 19/32" (minimum) thick x 4’ x 8’ minimum with shiplap at
long edges and of one of the following styles: plain, V-grooved, grooved or
reverse board and batten.

C.

All panel edges and ends shall be sealed with a heavy coat of high grade
exterior houseprimer or an aluminum primer formulated for wood before
installation. All horizontal joints in siding and between skirting and siding
must be flush and protected with a galvanized iron "Z" type flashing. All
vertical shiplapped joints shall have 1/16" clearance between panels. A
3d or 4d galvanized finish nail may be used as a gauge between panels
and left in place.

Moisture Barrier:
All weather-exposed surfaces shall have a weather-resistive barrier to protect the interior
wall covering. Such barrier protection shall be equal to that provided for in U.B.C.
Standard No. 17-1 for kraft waterproof building paper or U.B.C. Standard No. 32-1 for
asphalt-saturated rag felt. Barrier shall be free from holes and breaks other than those
created by fasteners and construction system due to attaching of the building paper, and
shall be applied over studs or sheathing of all exterior walls. Barrier shall be applied
weatherboard fashion, lapped not less than 2 inches at horizontal joints and not less than
6 inches at vertical joints, including corners.
Exception to 3.5.2: Moisture barrier as described above shall not be applied to (Snow
Load) buildings in Climate Zone 16.

3.5.3

Exterior Trim:
All windows, corners, and door openings shall receive trim of at least 1" x 4" size. The roof
edge shall receive at least 2" x 6" size. The trim shall be rough or resawn D select
Douglas fir, Hem-fir. or spruce. Trim shall be sealed at all edges with polyurethane based
one part (no mixing required) caulking. Caulking shall be painted to match siding or trim
color unless it is the transparent type. At roof edge only, 7/16" thick minimum embossed
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weatherboard siding with MDO surface may be used in lieu of 2" x 6". Back of trim and
fascia shall be kirf sawn to prevent cupping. At roof edge and building corners only,
exposed steel roof beams and columns are acceptable in lieu of wood trim.
3.5.4

Skirting:
Skirting shall be the same thickness and type of plywood used for siding except that plain
ungrooved material shall be used where the long direction of the sheet runs horizontal. If
grooved plywood is used for skirting, the grooves shall match and line up with the grooves
in the siding. All edges and the bottom of the skirting shall be supported and the entire
space below the building shall be closed off. Minimum 1-1/2" clearance shall be
maintained from the bottom of plywood skirting to finish grade. Skirting shall not be nailed
to ends of boards or edges of plywood. Minimum 18 gauge expanded galvanized metal
fresh air vents or approved vandal resistant equal with a minimum net area of 7.5 square
feet shall be provided.

3.5.5

Doors and Frames:

3.5.5.1

Doors and frames shall meet the requirements of ANSI (American National Standards
Institute)/SDI-100-91 (Recommended Specifications-Standard Doors and Frames) for
heavy duty, full flush type (Grade II, Model 1). One complete coat of metal primer shall be
applied after doors are chemically treated for paint adhesion. Doors and frames shall be
provided by the same manufacturer and primed and finished at the door manufacturer’s
facilities.

3.5.5.2

Doors shall be swing out type, 1-3/4" thick, fully insulated, minimum R-14 polyurethane
core, with minimum 18 gauge steel face sheets. Doors shall be factory prepared and
reinforced for indicated finish hardware, including reinforcement on both faces for closers.
Doors for snowload buildings shall be swing in type.

3.5.5.3

Frames shall be pressed steel, knock down or welded type. Thickness of metal shall be
minimum 16 gauge with depth to suit wall thickness. A minimum of 3 concealed anchors
per jamb and adjustable floor anchor at bottom of each jamb shall be provided. Frames
shall be prepared and reinforced for required hardware, including strike box and
reinforcement for closers. Metal frame cavity shall be completely filled with insulation.
One complete coat of metal primer shall be applied in the door manufacturer’s shop after
frames are chemically treated for paint adhesion.

3.5.5.4

Size and number of hinges shall be as recommended by door manufacturer. Hinges shall
be full mortise type; solid brass or bronze, with set screw in barrel and minimum of two ball
bearings. A Stanley FBB191, Hager, or equivalent approved in advance in writing by the
School District Architect may be used.

3.5.5.5

A closer shall be provided that is recommended by manufacturer for door size. Closer
shall be Norton series 8500DA, LCN 1460 DEL or equivalent approved in advance and in
writing by the School District Architect.

3.5.5.6

A classroom lever handle lockset, mortise or cylindrical type with US26D finish, shall be
provided. Lockset shall be Schlage D70PD or L9070 or equivalent approved in advance
and in writing by the School District Architect.

3.5.5.7

Threshold saddle shall be extruded aluminum, minimum 5" wide. Door shoe shall be
extruded aluminum with vinyl insert. Saddle shall be PEMKO 271A or 272A or equivalent
approved in advance and in writing by the School District Architect. Door shoe shall be
PEMKO 216AV or equivalent approved in advance and in writing by the School District
Architect.

3.5.5.8

All exterior doors shall be weatherstripped at doorjambs and head with PEMKO S88 or
equivalent approved in advance and in writing by the School District Architect. Interior
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doors made with composite wood products should be made of materials that emit little or
no-formaldehyde.
3.5.5.9

Doorstop shall be Quality #44 or equivalent approved in advance and in writing by the
School District Architect.

3.5.6

Sealants & Caulking:
Section includes joint sealants for all exterior surfaces and primers and joint backup
materials and accessories. Sealants and Caulking shall comply with and be applied as
noted:
A.

Comply with ASTM C1193 – Standard Guide for Use of Joint Sealants and
ASTM C920 – Specification for Elastomeric Joint Sealants.

B.

Apply all sealants in accordance with manufacturer’s printed instructions.

C.

Do not apply sealants at temperatures below 40 degrees F or when
surfaces are wet.

D.

Materials for exterior joints in vertical surfaces:
Sealant: Pecora Corporation Dynatrol 1-XL, single component
polyurethane or approved equal.
Primer: Pecora Corporation P120 or approved equal.
Backer Rod: Denver Foam open-cell polyurethane or reticulated (soft)
polyethylene rod. Use size that will compress 25% and provide ¼” sealant
depth. In joints too shallow for backer rod, use a polyethylene bondbreaker tape to prevent three-sided adhesion.

E.

Execution:
Clean joints and surfaces to receive sealant.
Remove rust, oil and grease and allow surfaces to dry completely before
applying primer or sealant.
Mask joints as necessary to protect surfaces adjacent to joints.
Apply primer to steel surfaces. No primer necessary on wood surfaces.
Size joints in accordance with sealant manufacturer’s instructions.
Minimum joint dimensions: ¼” wide by ¼” deep.
Install backer rod with a blunt instrument; prevent puncturing surface skin.
Apply sealant with caulking gun using proper nozzle. Use sufficient
pressure to completely fill joints and ensure full contact of sealant to joint
sides.
After joints have been filled, tool to eliminate air pockets and voids. Dry
tooling is preferred; tooling agents such as xylol may be used if necessary.
Tool surface smooth, uniform and free of ridges, wrinkles, sags, air
pockets and embedded impurities.
Remove sealant from adjacent surfaces immediately.
Sealant may be painted only after completely cured (7-8 days).

3.5.7

Windows:
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A.

Anodized aluminum (8040) frame 5/8” minimum dual pane window units
shall be provided on opposite walls. One window shall be in the same wall
and a minimum of two feet from the door. Interior window opening shall be
completely cased with solid wood molding or pre-finished paneling with
pre-finished trim. Window frame shall be the 50%, double sliding sash
type (XOX). Glazing materials shall be:
Exterior lite – 3/16” minimum tempered glass or laminated AS-1 glass.
Interior lite – 1/8” minimum clear tempered “Cardinal Glass Co., LOE2 172”
or equivalent.
Space – Bent or sealed corner aluminum with desiccant fill.
Sealer – Butyl primary seal and polysulfide or silicone secondary seal.

B.

Certification-All glazing shall be certified in accordance with ASTM E-773
Test Method for Seal Durability of Sealed Insulating Glass Units) and E774 (Specification for Sealed Insulating Glass Units).

C.

Header height shall be the same as the door. All operable sash shall have
aluminum screens. Windows shall not be mounted to the exterior plywood
surface.

D.

Windows shall be dual-commercial type (HS-C30) meeting requirements
of the American National Standard Institution (ANSI)/American
Architectural Manufacturers Association (AAMA) 101, Voluntary
Specification for Aluminum Prime Windows and Sliding Glass Doors.

E.

A minimum of 6” of shingle style kraft paper flashing shall be installed
around all windows. Minimum 26 gauge G.I. flashing shall be installed at
head.

F.

The thermal and optical performance of the windows shall be tested by the
National Fenestration Rating Council and shall comply with the
prescriptive requirements of the California energy efficiency standards
(Title 24, Part 6).

3.5.8

Roof:

3.5.8.1

The roofing system shall be fire retardant per U.B.C. Standards. Test results showing the
roofing system will withstand the uplift of an 80-mph wind shall be submitted with the plans
and specifications. Built-up roof systems are not acceptable. Roof construction shall be
one of the following:

3.5.8.2

A.

Pre-finished minimum 26 gauge galvanized sheet metal over 30 pound
saturated felt underlayment and minimum 1/2” CDX plywood deck.
Panels shall be unpenetrated, interlocking, mechanically crimped standing
seam or ribbed type. For roofs with snow loads, each lap shall have a fulllength polyurethane or equivalent sealant applied.

B.

Building manufacturer’s standard pre-finished, minimum 22 gauge,
galvanized steel, standing seam or ribbed type, interlocking roof panels.
Provisions shall be made for the control of condensation on the underside
of the panels. For roofs with snow loads, each interlock shall have a fulllength polyurethane or equivalent sealant applied.

Design and installation of the deck and/or roof substrate shall result in the roof draining
freely. Areas where water ponds for more than 24 hours are unacceptable and shall be
corrected by the manufacturer.
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3.5.8.3

All overhangs shall present a finished appearance. Soffits shall be enclosed with no
framing members visible. Soffit material shall be minimum 3/8" plywood of the same type
as used for siding. If grooved material is used, grooves shall match the grooves on the
exterior siding. Plywood soffit material shall be applied with long direction running parallel
to the length of the building. Soffit shall be neatly and closely fitted and trimmed to cover
gaps. All enclosed soffit areas shall be ventilated per the U.B.C. If an all-metal roof is
employed, the bottoms of the metal roof pans are acceptable in lieu of the enclosed soffit.

3.5.8.4

The exterior roof surface shall have an initial solar reflectance of at least 0.70 and an
emittance of greater than 0.75, as required by the California energy efficiency standards
(Title 24, Part 6).

3.5.9

Entry Stoop and Ramp:

3.5.9.1

Each door shall be provided with a stoop and ramp conforming to Title 24, C.C.R. Section
2-3307. The stoop and ramp structure, including handrail and wheel guides shall be
prefabricated metal in sections that are demountable for moving and reinstallation at a new
site. There shall be sufficient cross bracing under the ramp surface to prevent bounce or
oil canning of the ramp surface. Design shall be such that height adjustment can be made
at the installation site. At all site installations, the ramp shall be completely installed. The
ramp shall be of sufficient length to transition from finish floor to within 1-1/2” of the grade
elevation on a level site when building is set at its lowest possible finish floor elevation.
The ramp shall comply with DSA regulations and Title 24, C.C.R. before the building will
be accepted.

3.5.9.2

The ramp and landing surface shall be a minimum 12 gauge steel deck with non-skid finish
applied. Non-skid finish shall be AMCO GRIP II by American Chemical Company,
Monochem Dex-Coat or Monochem Floorcoat or equivalent approved in advance and in
writing by the School District Architect.
Alternate Ramp Surface: Perforated and dimpled metal decking, “Dimple Plate” by Duss
Perforating Co. Inc. or equivalent may be used in lieu of solid decking with applied nonskid finish. Dimple plate shall be minimum 14 gauge steel plate with dimples on 3/4”
staggered centers. Dimples shall be 1/4” high x 3/8” wide with 1/8” hole.

3.5.9.3

All ramp and landing surfaces shall be painted. Ramps shall have handrails on both sides.
Wall mounted handrails shall be of similar construction to the integral ramp handrail.

3.5.9.4

Ramp and landing shall be fully skirted to the ground with the same material used for
building skirt. All edges of the plywood skirt shall be supported and protected from
weather. Foundation members shall be the same as those used for building foundation.
Only the foundation pad resting on grade may extend beyond the outside face of the skirt
by a maximum of 1".

3.5.6

Insulation:

3.5.6.1

Wall insulation shall have a rating of R-13; floor insulation shall have a rating of R-19; and
ceiling insulation shall have a rating of R-19.

3.5.6.2

Wall and floor insulation shall be secured with a permeable material in a manner approved
by the Agency Architect. The insulation support material shall prevent movement of the
insulation during transportation. The insulation and support material shall be intact upon
delivery to the site and shall completely cover the floor cavity.

3.5.6.3

Wall, floor and ceiling insulation should meet the California Department of Health Services
(DHS) Standard Practice for the testing of Volatile Organic Compounds (hereinafter
referred to DHS Standard Practice) and contain at least 30% post consumer recycled
content.
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3.5.6.4

All metal roof and wall framing shall be provided with R-5 rigid insulation which extends 1”
beyond the width of the stud or joist on each side.
Exception to 3.5.6.4: CEC climate zones 1 through 15.

3.5.6.5

On buildings where a metal roof deck, metal beams or other metal elements are exposed
above the ceiling, an interior moisture barrier shall be provided on the “warm in winter”
side of the insulation in the ceiling area to prevent condensation on any metal surfaces.
The moisture barrier shall comply with 25/50 Fire Hazard Classification Rating per ASTM
E-84 and all seams or openings shall be sealed.

3.5.6.6

In buildings where depth of roof or floor joists will allow greater thickness of insulation
without compressing the insulation, the contractor shall provide additional batt insulation to
fill the joist cavity.
Exception to 3.5.6.6: CEC climate zones 1 through 15.

3.5.6.7

All insulation shall be installed with vapor barrier facing interior “warm in winter” side.
Vapor barrier shall be sealed at all edges and openings including doors, windows,
electrical outlets and joints in vapor barriers.
Exception to 3.5.6.7: CEC climate zones 1 through 15.

3.5.6.8

Alternate Vapor Barriers: Minimum 4 mil polyethylene vapor barrier with .08 perm rating
(Dura-Ruff by Yunkers Plastics or equivalent approved in advance and in writing by the
School District Architect) may be used in walls in areas not left exposed. In areas where
vapor barrier will be left exposed, such as walls and rafters above suspended ceiling,
vapor barrier shall have a flame spread of less than 25, smoke density less than 50 and a
perm rating of less than .08.
Exception to 3.5.6.8: CEC climate zones 1 through 15.

3.5.6.9

Air Barrier: In addition to the vapor barrier, a moisture permeable air barrier shall be
applied to the outside face of studs (DuPont Tyvek or equivalent approved in advance and
in writing by the School District Architect). Air barrier shall be wrapped into all door and
window openings and all joints shall be sealed.
Exception to 3.5.6.9: CEC climate zones 1 through 15.

3.5.7

Skylights:
Each classroom shall have four 4’ x 4’ double-glazed acrylic prismatic skylights with light
dampening louvers as manufactured by Sun Optics or approved equal. See Reflected
Ceiling Plan for placement. Tvis=74% minimum, U=.71 max, SHGC=.58 max. Skylight well
to be splayed to 8’x8’ or covered with a properly supported prismatic lens at finished
ceiling height.
Alternative to 3.5.7: Each classroom may be equipped six 21” tubular skylights with fresnel
lenses at the ceiling plane. See Reflected Ceiling Plan for placement. The skylights near
the teaching wall shall be equipped with a mechanism to control light output.
Exception to 3.5.7: CEC climate zone 16.

3.6

Interior:
All interior finish building materials, including carpet assemblies, wall board, insulation,
paints, caulks, and sealants shall be low-emitting materials as defined by DHS Standard
Practice for use in a classroom. (See: http://www.chps.net/manual/lem_table.htm for a list
of products certified to meet DHS Standard Practice for use in a classroom. Additional
products which have been tested by an independent laboratory and certified to meet DHS
Standard Practice may also qualify.)
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Interior reverberation time to be 0.6 second maximum (unoccupied).
3.6.1

Walls:
All classroom interior walls shall be vinyl-covered tackboard applied in one continuous
length from floor to ceiling. The tackboard shall be industrial insulation board
manufactured specifically as a substrate for vinyl covered wall panels. The board shall be
asphalt free, shall have an ironed-on coating and shall have a minimum density of 16
pounds per cubic foot. The vinyl coating shall be made of virgin vinyl, weighing a minimum
of 8 ounces per square yard. The coating backing shall be sheeting or non-woven fabric.
The vinyl coating shall be mechanically laminated, with the long edges wrapped, to the
tackboard. Tackboard shall be applied over 1/2" sheetrock or 3/8" plywood sheathing.
The vinyl wall covered panel shall have a Class III flame spread rating. Care shall be
taken in mounting the tackboard so that the texture of all panels will have the same
orientation and color match.
Any composite wood in tack board must meet the DHS Standard Practice limit for
formaldehyde and other compounds.
Alternative to 3.6.1: Tackboard shall be manufactured by Domtar Gypsum America,
Chatfield-Clark, De’Cor Gravure Corporation, or equivalent approved in advance and in
writing by the School District Architect. Classroom interior wall options include fabric or
polyethylene-covered tackboard applied in one continuous length from floor to ceiling. The
tackboard shall be industrial insulation board manufactured specifically as a substrate for
fabric or polyethylene covered wall panels. The board shall provide a vinyl-free, chlorinefree, plasticizer-free wallcovering Wall covering panel fabrics shall be 100% recycled
content polyester and 37% post consumer recycled content. Provide fabrics that can be
recycled after their useful life. Tackboard shall be applied over 1/2" sheetrock or 3/8"
plywood sheathing. The fabric or polyethylene wall covered panel shall have a Class III
flame spread rating. Care shall be taken in mounting the tackboard so that the texture of
all panels will have the same orientation and color match. Tackboard covering shall be
Xorel manufactured by Carnegie Fabrics, or equivalent approved in advance and in writing
by the School District Architect.

3.6.2

Suspended Acoustical Ceiling and Acoustical Panels:
Ceiling that supports light fixtures or grills shall have a minimum classification of Heavy
Duty per American Society for Testing and Materials (ASTM) C635 (Metal Suspension
Systems for Acoustical Tile and Lay-in Panel Ceilings). Grid shall be direct hung in strict
accordance with Title 21 C.C.R. and Title 24 C.C.R. and I.R. #47-4 issued by DSA.
Acoustical panels shall be minimum 5/8" thick x 24” x 48” square edged mineral fiberboard
or vinyl-faced fiberglass lay-in panels. Panels shall have a maximum flame spread index
of 24 (ASTM E84), a minimum noise reduction coefficient of 0.65 and total reflectivity a
minimum of 85%. Panels shall be low-emitting as defined by specification DHS Standard
Practice for use in a classroom (see the Collaborative for High Performance Schools lowemitting materials table at www,CHPS.net). Provide acoustical ceiling tile with a range of
79%-85% total recycled content. Provide suspension system with minimum 25% recycled
content. Product shall be 100% recyclable. Contractor shall inspect after installation and
replace exposed members with dents or defects.

3.6.3

Markerboard(s):
Each classroom shall have two 4’ x 8’ panels installed side by side centered on one of the
long walls.
Markerboards shall have minimum 28-gauge metal facing sheet with porcelain enamel
finish suitable to accept dry erase felt markers. The facing sheet shall be laminated, using
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a hot melt adhesive, to a medium density particleboard substrate with a minimum density
of 45 pounds per cubic foot. The panel shall have a foil backing, extruded aluminum
molding, and chalk rail with a minimum projection of 2.75” from the face of the panel. A
full-length map rail shall be provided with cork insert and end stops. The map rail and
chalk rail shall incorporate a channel to wrap around the panel. Three map hooks with
clips shall be provided on each panel. One 1/2” flag holder shall be provided for each
classroom. Markerboards shall be manufactured by Chatfield Clarke, Tri-Best Products,
Nelson Adams (NACO) or equivalent approved in advance and in writing by the School
District Architect. Care and use instructions shall be provided with each markerboard.
Any composite wood in marker boards must meet the DHS Standard Practice limit for
formaldehyde and other compounds.
3.6.4

Floor Covering and Base:

3.6.1

Carpets - All units shall be carpeted as indicated on floor plan sketch with direct glue down
type per State of California Specification 7220-XXX-04 (Carpet, Broadloom, Nylon, Tufted,
Commercial grade, 26 Ounce, Level or Multilevel Loop Pile), Type 1 with the additional
requirement that it meet the complies with DHS Standard Practice or be labeled as ‘Green
Label Plus’ by the Carpet and Rug Institute. Color will be selected by agency after award
of bid. Cross seams are unacceptable.

3.6.2

To avoid contamination of carpets, install them as late as possible in the assembly
process. Also, cover them with clean plastic sheets or tarps during any remaining
construction, but remove the covering just prior to the flushing of the building.

3.6.3

Cove Base – Cove base shall be resilient, solid color, molded rubber, minimum 1/8” thick,
minimum 4” high. Preformed base pieces shall be used for corners. Cove shall be applied
to complete perimeter of classroom. Cove base shall be Burke Rubber #502-P or
equivalent approved in advance and in writing by the School District Architect and the
owner.

3.6.4

Adhesives - Adhesives shall be water based and shall be applied per manufacturer’s
written instructions.

3.6.5

Walkoff mats shall be provided inside and outside doorway.

3.6.6

Provide low-emitting (as defined by DHS Standard Practice) resilient flooring upon
request.

3.7.6

3.6.7 Cabinetry – All cabinetry must meet the emission limits in the DHS Standard
practice. Cabinets made with phenol-formaldehyde resin composite wood or other
materials that emit little or no formaldehyde are preferable. Materials with a laminate over
composite wood are acceptable if they meet the DHS limit and all surfaces and
penetrations are sealed with a laminate and/or a urethane sealant that is not acidcatalyzed. No-formaldehyde products would be defined as those that do not contain ureaformaldehyde resin and do not have an emission factor of more than 7µg/m2-hr in the
DHS test procedure, based on the method Limit of Quantification of 2 µg/m3 and the lower
end of the procedure’s chamber loading factor range (this emission factor also results in a
modeled classroom concentration of 3.5 µg/m3 (3 ppb) for a major emitting surface).
Several companies, such as Columbia Forest Products, now make composite wood
products using a soy-based resin rather than a formaldehyde-based resin, and other
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companies make composite wood products with phenol-formaldehyde resin or MDI resin
that emit little or no formaldehyde. 2
3.7

Electrical:

3.7.1

Lighting:

3.7.1.1

The lighting system shall operate in two modes: general illumination and A/V.

3.7.1.2

Provide a separately switched lighting system for the teaching wall that provides white
board vertical illumination of at least 30 footcandles average with uniformity of 8:1 or
better.

3.7.1.3

In general illumination mode, achieve an average illumination at the desk level of 35 to 50
footcandles with a minimum of 25 footcandles at any point more than 3 ft from any wall.

3.7.1.4

In A/V mode, not including contribution from the teaching wall light, achieve an average
illumination at the desk level of between 10 and 20 footcandles for any point in the room
greater than 3 ft from the side walls, 10 ft from the front wall and 6 ft from the back wall,
while limiting vertical illumination on the projection screen to no more than 7 footcandles at
any point on the screen.

3.7.1.5

In indirect mode, controls shall provide at least two levels of uniform lighting both at night
and when daylight is available.

3.7.1.6

The general illumination mode lighting power density is to be 0.80 watts per square foot
maximum. The AV mode lighting power density is to be 0.25 watts per square foot
maximum.

3.7.1.7

BALLAST: Electronic low profile instant start ballasts <10%THD standard, .87 ballast
factor. They shall be rated to operate the specified 32 watt T8 lamps using 28 watts or less
per lamp. This specification should result in a low-noise ballast (type A).

3.7.1.8

An exterior light shall be provided at each exit. Light shall be fluorescent, minimum 13
watts, surface mounted with 120-volt ballast. Lens shall be minimum 1/8” thick, gasketed,
and provided with tamper-proof stainless steel screws. Light shall be Kenall 3714, Lithonia
202 2/7PL LP, Lithonia TWL 13TT or equivalent approved in advance and in writing by the
School District Architect. Exterior lights shall be controlled by a wall switch on the interior
wall adjacent to the door and by a photoelectric cell mounted in a weatherproof junction
box with weatherproof cover.

3.7.1.9

Lighting Control System
The control system shall consist of:
A Teacher Control Center (TCC) located near the teacher's primary teaching position. The
cover plate for the Teacher Control Switch will be labeled “GENERAL” and “A/V MODE”.
Wiring from the TCC shall be through factory wired receptacle and factory supplied lowvoltage cable with pre-installed connectors as described.
“Quiet Time Switch”. The instructor can use a toggle switch on the TCC to send a signal to
the motion sensor. When the switched is toggled, the lighting in the classroom will stay on

2

ARB presentation at Composite Wood Products ATCM Workshop, October 23, 2006.
http://www.arb.ca.gov/toxics/compwood/presentation10232006workshop.pdf.
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even in the absence of motion, for one hour. After one hour, the motion sensor will
automatically restore to its previous state. The instructor can toggle the switch at any time
to re-set “Quiet-Time” to a full 60 minute on period. While in “Quiet Time” mode the
instructor will have full control of the classroom lighting. The label on the TCC will read
“QUIET TIME 1 HOUR ON”.
Motion Sensor shall be ceiling-mounted and connect to the lighting system through lowvoltage wiring using factory-installed receptacles and factory supplied cable with preinstalled connectors as described. The sensor shall turn lights on when both PIR and
ultrasonic sensors detect occupancy. Once on, detection by either sensor will keep the
lights on. A field adjustable time-delay shall be factory preset to recommended NEMA
standards. Sensitivity settings shall adjust automatically through integrated sensor
technology.
Daylight Control sensor shall be ceiling-mounted facing the primary window wall and
located approximately one-half way between the first row of luminaries and the wall. It shall
provide for user-adjustable light level setting between 10 and 1000 footcandles. It shall
provide for an adjustable dead band setting to prevent lighting system cycling. The
Daylight Control sensor shall be connected to a set of relays by plug together low voltage
cables. The relays will be used to turn off one-half of the uplights in each row when the
sensor indicates that sufficient daylight is present. Sensor will be factory calibrated to
reduce the field commissioning time to calibrate the units.
3.7.2

Convenience outlets shall be specification or hospital grade. Convenience outlets,
computer outlets, data junction boxes, intrusion alarm junction box, telephone/intercom
junction box, and conduit shall be provided as indicated on attached “Power and Data
Plan” for Types I, III, and IV and on Floor Plan for Type II buildings.

3.7.3

Contractor shall provide panel schedule with electrical load calculations on drawings.

3.7.4

An Eagle, Bryant, Slater, or Leviton clock outlet and 12” wall clock shall be installed as
indicated on Floor Plan or Power and Data Plan.

3.7.5

All electrical wiring 110V and greater shall be in conduit systems and shall meet or exceed
the requirements of National Electrical Code. Minimum conduit size shall be minimum
1/2". Conduit shall be galvanized thin wall electrical metallic tubing (EMT) or galvanized
steel flex (with factory applied PVC jacket for exterior applications). All conduits shall be
continuous from outlet to outlet and shall be secured in conformance with Part 3, Title 24
of the California Code of Regulations. Field bends shall be avoided wherever possible.
Where bends must be made, an appropriate "Hickey" or bending machine shall be used.
All conduits shall be reamed and deburred prior to installation and shall terminate in
appropriate bushings or conductors.

3.7.6

Wiring shall be minimum #14 copper type TW, THW, THHN or THWN as applicable.
Conduit fill shall not exceed requirements of Part 3, Title 24 of the California Code of
Regulations. A separate grounding conductor shall be pulled throughout the entire
system. Care shall be taken to avoid damage to wire or insulation during pull-in.
Powdered soapstone or a pulling compound such as "Yellow 77" lubricant shall be used if
necessary.

3.7.7

Electrical supply connection shall be located on wall opposite door. Hook-up shall be
performed by others.

3.7.8

Contractor shall be responsible for providing necessary connectors and conductors to
ground the metal portions of the building (i.e., frame, ramp, etc.). Grounding rod, wires,
and testing shall be provided by others and meet the requirements of I.R. #8-1 issued by
DSA.
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3.7.9

All electrical circuit breakers shall be identified by permanent typed or computer printed
adhesive label fixed to the inside of panel.
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3.8

Painting:

3.8.1

All exposed surfaces shall be painted except aluminum window frames, thresholds, and
prefinished items such as HVAC equipment. All painting shall be done per manufacturer’s
printed instructions.

3.8.2

Exterior Wood: Wood siding, trim and skirting shall be painted with 100% ACRYLIC
LATEX PAINT that meets the requirements of State Specification 8010-xxx-098 with
additional requirement that it be 100% acrylic latex recycled content paint. One coat of
primer and at least one finish coat shall be applied. Prime coat shall be brushed on or
sprayed and back brushed into all grooves in the siding. If necessary in the opinion of the
inspector, an extra coat shall be applied to all grooves so that the finish coat will have a
uniform appearance. Prime coat shall be allowed to dry according to manufacturer's
recommendation. Prime and finish coats shall be compatible and manufactured by the
same company. Exterior fascia and trim shall be backprimed to prevent cupping.

3.8.3

Interior Trim: All trim not precoated shall be painted with two coats of 100% acrylic
semi-gloss latex over primer. All interior paint shall meet DHS Standard Practice.

3.8.4

Metal: All ferrous metal surfaces shall be painted with two finish coats over rust inhibitive
metal primer. Prior to application of primer, surfaces shall be clean, dry, and free of rust,
scale, grease, oil, dirt, and all other contaminants. Any surface oil and grease shall be
removed by solvent wiping with mineral spirits. Acceptable metal primers are:
Ferrous Metal Primer Red
Oxide:

Sherwin Williams B50NZ6
Kelley Moore 1710
Dunn Edwards 43-4
Fuller O’Brien 621-04
Sinclair 15
Ameritone 54

White Rust Inhibitive Primer:

Sherwin Williams B50W1
Kelley Moore 1711
Dunn Edwards 43-5
Fuller O’Brien 621-05
Sinclair 14
Ameritone 13201

The Agency Architect must approve other equivalent metal primers in advance and in
writing before being used.
3.9

Heating, Ventilating, Air Conditioning (HVAC):

3.9.1

Heat Pumps
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3.9.1.1

All work shall be in full accordance with applicable editions of American Society of Heating,
Refrigerating, and Air Conditioning Engineers (ASHRAE) Standards and Sheet Metal and
Air Conditioning Contractors' National Association (SMACNA) Standards.

3.9.1.2

Type IV buildings shall be provided with one primary and one auxiliary heat pump. All
other buildings shall be provided with a single primary heat pump. In addition, electric
cooling, gas heating, and gas cooling units may be installed upon written request from the
purchaser and with written approval from the California Energy Commission. All such units
shall meet or exceed minimum energy performance standards.

3.9.1.3

Contractor shall furnish and install one-piece, wall mounted, factory-assembled,
precharged, prewired, tested and ready-to-operate heat pump unit(s). The unit(s) shall be
approved and listed by Underwriters' Laboratories, Inc. or other nationally recognized
safety testing organization.
Performance of units shall be certified in accordance with Air Conditioning and
Refrigeration Institute Standard 390-2003 for single package vertical units (SPVU) Heat
Pumps, latest edition.
The one-piece, wall-mounted system will comply with the following operational
specifications:

3.9.1.3.1

Energy Efficiency:
The system shall have a minimum cooling efficiency of 10.5 EER and 14.0 IPLV
[Integrated Part Load Value] for units four tons capacity and less. For systems above 4
tons of capacity the minimum cooling efficiency of 9.0 EER and 13.7 IPLV. All systems
must meet a minimum of 3.2 COP heating efficiency when tested in accordance with ARI
Standard 390-2003 at 47˚F outdoor ambient temperature in stage 2 (ARI 2003b). This
rating is based upon the SPVU definition developed by ASHRAE (ASHRAE 2004c) and
ARI and subsequently adopted by EPACT (Energy Policy Act, EPACT 2005).
Note (not part of standard): The above energy efficiency rating supercedes the NAECA
Standard that used the Seasonal Energy Efficiency Ration Rating (SEER). For comparison
purposes the NAECA equivalent efficiency ratings would have been at least 13.0 SEER,
as defined by ARI Standard 210-240-2003 (ARO 2003a).

3.9.1.3.2

Physical Package
The HVAC system shall meet general physical dimension and integration characteristics
suitable for mounting on new and, for backward compatibility reasons, existing relocatable
classrooms in CA. Because of the need for backward compatibility with older relocatable
classrooms, the system must be designed so that in replacement applications no internal
wall or external siding need be removed or replaced, and framing changes are restricted to
the addition of bracing and blocking within existing openings (intent of this language: direct
HVAC replacement without significant extra installation labor and materials). Avoid placing
the HVAC unit near windows or nearby classrooms and away from outdoor air pollution
sources such as roadways or parking lots within 100 meters. HVAC units may be installed
in insulated indoor cabinets if they can be shown to meet or exceed the CHPS acoustical
requirements.

3.9.1.3.3

Ventilation System Performance:
Outside air supply
The HVAC system shall provide sufficient outside air ventilation flow for up to 32
occupants (ASHRAE standard 62.1-2004: 480 CFM), continuously.
The ventilation system shall be capable of providing continuous ventilation with outside air
intake and exhaust built into the wall mounted HVAC system. This shall operate at a
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maximum of 0.17 KW of circulating fan power at 0.3 inches of ESP during ventilation mode
at a maximum of 35± 2dB(A) sound pressure level when measured at the same locations
as described in ‘Noise Reduction’ outlined above.
3.9.1.3.4

Controls
The HVAC system controls shall provide signals to the air handler to constantly and
continuously ventilate during occupancy irrespective of thermal demand to meet
California’s energy efficiency standards and ASHRAE 62.1 recommendations (CEC 2004;
ASHRAE 2004)
The HVAC system will provide California Title 24 pre-occupancy ventilation requirements
of 3 room air changes prior to scheduled occupancy (CEC 2004).
Optional: The HVAC system shall be capable of maintaining indoor CO2 concentrations at
levels no more than 600 ppm above those outside for averaging periods of 5 minutes or
greater (CEC 2004; ASHRAE 2004a).

3.9.1.3.5

Thermal conditioning:
The HVAC system shall provide thermal conditioning at air velocities and temperatures
that meet ASHRAE 55 thermal comfort standards. Note: thermal comfort as defined by
ASHRAE Standard 55 may not be met without additional humidity control in conditions
where outdoor relative humidity levels are outside of those prescribed in that standard
(ASHRAE, 2004b). However, the system design should include all practical steps to
ensure that the conditioned space humidity levels are maintained close to those
designated in ASHRAE Standard 55.

3.9.1.3.6

Refrigerant:
The new system shall use an alternative to an HCFC refrigerant in anticipation of the 2010
HCFC refrigerant phase-out (USEPA, 2004).

3.9.1.4

The HVAC system shall maintain an automatically controlled indoor classroom
temperature of 78oF in summer and 68oF in winter with a 60% relative humidity when the
outdoor temperatures vary as indicated below:
Building Type

SUMMER

WINTER

Type I

92oF db/72o F wb

+10oF db

Type II

92oF db/72o F wb

+10oF db

Type III

92oF db/72o F wb

- 10oF db

Type IV

114oF db/72o F wb

+10oF db

Calculations shall be based on 32 occupants. The mechanical ventilation system shall
provide a minimum of 15 cubic feet of outside air per minute per occupant. (15 cf x 32 =
480 cfm)
3.9.1.5

Compressors shall be welded hermetic type with built-in thermal and over-current
protective devices and a 5-year warranty on all parts.

3.9.1.5.1

Load Shedding – Staging Control – the unit shall have a factory built in staging control to
automatically switch the unit from Stage 2 to Stage 1 when compressor current exceed a
predetermined limit (approx. 93% of compressor maximum continuous current) levels due
to very low voltage supply and/or high ambient conditions.
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3.9.1.5.2

The two-stage compressor’s cooling / heating system must be capable of changing stages
while running without shutting the compressor off.

3.9.1.6

Coils shall be of copper tube construction with mechanically bonded aluminum plate fins.

3.9.1.7

Indoor high efficiency ECM coil blower shall have a direct drive forward curved centrifugal
impeller that delivers a maximum of 1700 cfm (primary heat pump) with variable speed
ECM motor which maintains airflow across static range, dry and wet. Twin blowers are
acceptable.

3.9.1.8

Propeller type outdoor coil fan shall draw through the outdoor coil and discharge
horizontally along the wall and be direct driven.

3.9.1.9

Controls shall be factory wired and located in a readily accessible location on the unit. Fan
motors shall have both thermal and current sensitive overload devices. Control circuit
transformer shall be factory installed. Line voltage circuit breaker or pull disconnect with
lockable cover shall be supplied on each unit and shall be easily accessible without
removing any unit panels.

3.9.1.10

Cabinet shall be a single, enclosed, weatherproof casing constructed of minimum 20
gauge galvanized steel. Each exterior casing panel shall be finished with enamel paint
prior to assembly. Cooling section shall be fully insulated with foil faced 1-inch fiberglass
to prevent sweating and to muffle sounds. Openings shall be provided for power
connections. Access openings for all fan motors and compressor shall be designed so
that repairs and removal of internal components can be accomplished without removing
the unit from its permanent installation. Full-length side mounting brackets shall be
provided. Fresh air intake and outdoor coil shall be protected from intrusions by a sturdy
metal grating.

3.9.1.11

Cooling coil condensate shall be drained to a point a minimum of 3 feet from building.
Outdoor coil shall have an auxiliary drain pan.

3.9.1.12

Outdoor air shall be filtered through the easily inspected and replaceable filtering system.
Each building shall be tagged with a minimum 4” x 2” engraved plastic adhesive-backed
label mounted on face of the thermostat with the following information:
•

California State Law Title 24 requires continuous ventilation in this room whenever
occupied.

•

IF THERMOSTAT IS NOT PROGRAMMED FOR VENTILATION:
o

Set thermostat fan switch to ON when room is occupied

o

Return switch to AUTO when room is vacant

•

CHPS recommends the replacement of the 20” x 30” x 2” pleated heat pump filter
(MERV 6 or higher) every thirty days. There should be no air gaps around the filter and
it is recommended that a coarse fiber filter be used as a pre-filter. A pressure gauge
should be installed across the filter, per Title 8, Sec. 5143, and a label be attached
near the filter to indicate the manufacturer’s recommended pressure drop for filter
changeout.

•

Type IV secondary unit 16” x 30” x 2” pleated filter.

3.9.1.13

Primary heat pump shall have a minimum total cooling capacity of 47,000 BTU/HR with an
outdoor temperature of 90°F and a returning air temperature of 80°F db/67°F wb (no
outdoor air).

3.9.1.14

For Types I, II, and IV buildings, a minimum of 10Kw electric resistive heating shall be
provided on primary heat pump. The resistive heating shall be configured so that it can be
changed to approximately 5 Kw capacity or 0 Kw capacity. Controls shall be configured so
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that heat pump compressor and resistive heating can operate simultaneously. For Type III
(Snow Load) buildings, a minimum of 20 Kw electric resistive heating shall be provided.
3.9.1.15

The unit shall be installed in strict accordance with manufacturer’s instructions with
particular attention to required flashing. Manufacturer’s literature, certified ventilation
tables, operating instructions and guarantee shall be delivered to the school district of child
care agency at the time the building is delivered.

3.9.16

Optional: An economizer capable of modulating outside-air and return-air dampers to
supply up to 50 percent of the full design rated air supply quantity shall be installed.
Damper system shall automatically open to admit outdoor air when unit is on and
automatically close when unit is off or power is lost. Damper system shall be approved by
U.L. or other nationally recognized safety-testing agency. It shall be capable of providing
partial cooling even when additional mechanical cooling is required to meet the remainder
of the cooling load; however the economizer control must be capable of switching between
economizer and mechanical systems based on enthalpy in order to avoid indoor coil
freeze up. The economizer shall meet the following requirements:
•

Factory or field-installed and fully run-tested and field verified

•

Differential (dual) changeover logic is optional

•

Dampers that use a gasket to make a positive seal

•

Economizer check should follow test procedures required by the Title 24 2005
Standards, Appendix NJ.7.1.

An economizer should be included where conditions permit outside air to provide cooling
benefit without the need for air conditioning and other external conditions (noise, poor air
quality etc.) preclude the use of natural ventilation by opening windows and doors.
3.9.2

Ductwork

3.9.2.1

Ductwork shall be constructed of galvanized sheet metal in accordance with Uniform
Mechanical Code and SMACNA Low Velocity Duct Construction Manual, latest editions.
All ductwork shall be designed at to achieve a total system ESP of 0.30 to 0.35 inches
w.c., and be insulated with minimum 1.5" thick fiberglass duct wrap with vapor barrier. Air
handling ducts and plenum shall be mechanically fastened and then sealed with mastic
and mesh tape in accordance with SMACNA HVAC Duct Construction Standards - Metal
and Flexible, latest edition. Pressure sensitive tape shall not be allowed for sealing.
Primary and auxiliary heat pumps shall each be provided with their own duct systems.
Primary and auxiliary duct systems shall not be connected.
All ductwork within 3' of the HVAC unit and all interface connections shall be 24 gauge
sheet metal lined with 1” soundproofing duct liner (Johns Manville RC type Linacoustic
R4.2 duct liner insulation or equivalent). Ductwork and reinforcement shall be designed for
2" static pressure. In accessible concealed portions of duct system, rigid 1” fiberglass or
insulated “Flexduct” with vapor barrier may be substituted for sheet metal ductwork. If
used, ducts shall be Owens-Corning Fiberglass Duct Board, Manville Micro-Aire Type 475,
or equivalent approved in advance and in writing by the School District Architect and the
owner. Non-metallic ductwork shall conform to NFPA 90-A and 90-B and SMACNA Class
I rating. If “flexduct” is used, a minimum of three 12” round ducts shall be required. Flexible
ducts shall be mechanically fastened using straps and beaded collars at all connections. In
addition flexible duct connections shall be sealed with mastic or a pressure sensitive tape
(UL181B-FX) applied prior to the straps.

3.9.2.2

Each duct system (3 minimum) shall be provided with a16” x 16” fixed curve blade T-Bar
diffuser without an OBD (non perforated face) similar to Shoemaker series 104 with a 16” x
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16” lined sheet metal side outlet box with a 12” collar. Adjustable dampers to be located on
the supply plenum to control air volume. The Noise Criteria (NC) rating shall not exceed
25. Intent of this design is to meet required acoustic noise levels as defined in section
3.9.1.3..
3.9.2.3

Wrap and seal all ductwork and other HVAC components during storage and
transportation to avoid infiltration of dust, debris, and other contaminants. Clean residual
oil and debris from the interior of duct work and air handlers before sealing.

3.9.3

Thermostat: Contractor shall provide a thermostat that with 3 stages of heat and 2 stages
of cooling heat pump control capabilities and an independent ventilation fan control line.
This thermostat should be a Viconics model T7652H1000E or equivalent. A locking clear
thermostat cover with access hole for program override shall be provided. A thermostat
cable to provide all necessary functions shall be supplied between thermostat and heat
pump.

3.9.4

Ventilation Controller (optional): A ventilation controller shall be provided that monitors the
carbon dioxide level in the classroom air and controls the ventilation by opening or closing
the outside air damper. The minimum position of the damper shall be determined by
minimum outside air flow based on 0.15 cfm/ft2. Any other position shall be determined by
CO2 controller demand or economizer demand, whichever is higher. Controller shall
display CO2 levels on a built-in display from 0-5,000 ppm. In addition, a flag shall be
provided for high CO2 warning and CO2 analyzer failures. A mechanical clamp shall also
be provided to prevent the outside air damper from going below the minimum required
outside air position. Unit shall be designed so that those users can set the point at which
the damper opens and goes to a minimum position. The damper will modulate between
these points unless a higher opening is demanded by the economizer. Controller shall be
initially set so that the damper opens at 800 ppm and goes to a minimum position at 600
ppm. Unit shall have a recommended calibration interval not to exceed 5 years. Controller
shall be located on an interior wall no higher than 5 feet above the floor and provided with
a wire bail guard that is screwed to the wall. Controller shall be Telaire 8002 or Honeywell
C7242A or equivalent approved in writing by Procurement Division after June 1, 1999, and
shall be certified by the California Energy Commission.

3.9.5

Air Balance Test: Contractor shall perform an air balance test using calibrated (accurate
to ± 5% of measured flow rate) balometers or equivalent. Test shall determine optimum
position of diffuser dampers and position of ventilation damper that will provide 480cfm (or
15 CFM per occupant) of outside air. Outside air supply rate is to be measured using the
calibrated (accurate to ± 5% of measured flow rate) balometer with hood sized to fully
enclose outside air intake. Systems using an options CO2 sensor for damper control are to
be tested to ensure that full outside air flow rates are supplied on demand from CO2
sensor. Test shall be witnessed and verified by the inspector of record.

3.9.6

Noise Criteria: The system, including supply and return registers and all ducting, shall
operate in an unoccupied room at a sound level of 45± 2 dB(A) at a distance of 10 feet,
normal to, and at a 45 degree angle from the air return, measured five feet above the floor
at the same location in its noisiest operating condition (CHPS 2002). The dB(A) criteria
will be considered met if the sound level is lower than that specified when integrating stage
two and stage one sound pressure levels by weighting 30% of the stage two level with
70% of stage one sound pressure level. The background sound pressure level
measurement during the above described test conditions with all sound producing
equipment (e.g., fluorescent lights, computer equipment, clocks, fans, etc.) should not
contribute more than 25 dB(A) to the room noise. If achievement of sufficiently low indoor
background sound pressure levels is not possible, normalization to 25dB(A) background
level is acceptable provided that the measured sound pressure level with the HVAC
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equipment turned on at its quietest setting is at least 10 dB(A) higher than the level with
the HVAC equipment turned off. Note that due to the logarithmic nature of the decibel,
mathematical manipulation of acoustic data requires special procedures (see ASHRAE
2005).
3.9.6.1

Noise Criteria Option [If specified]: To achieve the desired 45 dB(A) sound performance
level or an optional lower unoccupied room sound level of 40 dB(A) or less, at a distance
of 10 feet normal to and at an angle of 45 degree operating condition the following
additional items may be desirable and if specified shall be factory supplied by the HVAC
manufacturer to achieve the additional acoustical noise reduction benefits: [a] Supply Air
Acoustical Plenum – transitions from the rectangular HVAC supply air outlet to three 12
inch diameter round supply duct connectors designed to significantly reduce breakout
noise from the supply plenum and [b] a Return Air Acoustical Plenum-suitable for vertical,
horizontal left or horizontal right installation from the HVAC unit return air opening. The
Return Air Acoustical Plenum shall permit the proper design ventilation and supply air flow
without excessive pressurization of the room, and shall prevent excessive air restriction in
the internal return air path. It shall also be designed to discourage external blockage by
occupants of the return air inlets: [c] Isolation Curb - For mounting the HVAC unit on frame
construction it is recommended to specify a factory designed and produced Isolation Curb
to retain complete rubber isolation between the HVAC unit and the wall-mounting surface.
The curb to be a direct bolt on device to attach to the wall surface and include provisions
for direct bolting of the HVAC unit directly to the curb. The curb shall have built-in full
supply and return openings and connection flanges that can be fully sealed against
leakage at their joints with HVAC unit and plenums.

3.9.7

Energy Recovery Ventilator: An energy recovery ventilator that is both latent and sensible
capable shall be installed as part of the HVAC unit. Efficiency shall be minimum 70 percent
during winter conditions, as rated by the Air-Conditioning and Refrigeration Institute (ARI).
ERV shall be Bard WERV-5 or equivalent approved in writing.
Exception to 3.9.7: CEC climate zones 1 through 15.

3.9.8

References
ARI. 2003a. 2003 Standard for Unitary Air-Conditioning and Air-Source Heat Pump
Equipment, Standard 210/240, Air-Conditioning and Refrigeration Institute, Arlington
VA, 22203
ARI. 2003b. 2003 Standard for Performance Rating of Single-Package Vertical AirConditioners and Heat Pumps, Standard 390, Air-Conditioning and Refrigeration
Institute, Arlington VA, 22203
ASHRAE 2005. 2005 ASHRAE Handbook: Fundamentals, SI Edition. Atlanta, GA,
American Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc.
ASHRAE. 2004a. ANSI/ASHRAE 62.1-2004, Ventilation for acceptable indoor air quality.
Atlanta, GA, American Society of Heating, Refrigerating, and Air Conditioning
Engineers, Inc.
ASHRAE. 2004b. ANSI/ASHRAE 55-2004, Thermal environmental conditions for human
occupancy. Atlanta, GA, American Society of Heating, Refrigerating, and Air
Conditioning Engineers, Inc.
ASHRAE. 2004c. ANSI/ASHRAE 90-2004, Energy Standard for Buildings Except LowRise Residential Buildings. Atlanta, GA, American Society of Heating, Refrigerating,
and Air Conditioning Engineers, Inc.
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CEC 2004. 2005 California Building Standards, Title 24-Energy Efficiency, Part Six.
California Energy Commission, Sacramento, CA. CEC Pub. Number 400-03-001F.
CHPS. 2002. “HVAC Best Practices Manual,” Collaborative for High Performance Schools,
CHPS Inc. http://www.chps.net/manual/index.htm
EPACT. 2005. Energy Policy Act of 2005. 109th Congress of the United States,
Washington DC.
USEPA. 2004. “40 CFR Part 82. Protection of Stratospheric Ozone: Allowance System for
Controlling HCFC Production, Import and Export; Direct Final Rule and Proposed Rule.”
Federal Register 69(116):34024-34033.
3.10

Fire Alarm and Extinguisher:

3.10.1

Fire Alarm: Contractor shall provide conduit and junction boxes for future connection to
school fire alarm system by others. Junction boxes shall be galvanized sheet metal,
square or rectangular, with blank covers. One box shall be located externally at rear of
building near main electrical panel at 18" above finish floor. One square 2-gang junction
box shall be located internally near exit door at 48" above finish floor for future pull station.
One square 2-gang junction box shall be located at exterior front wall at minimum of 96"
above finish floor for alarm horn. Finish covers shall be installed at all locations. At
exterior locations, covers shall be gasketed, metal and weatherproof. Conduit shall be
installed from alarm pull switch junction box to horn junction box and from junction box
mounted near electrical panel to horn junction box. Conduit shall be minimum 1/2"
galvanized thin wall electrical metallic tubing (EMT). Continuous pull cord shall be
installed for future wire installation. Fire alarm conduit shall not be connected with any
other electrical conduit.

3.10.2

Fire Extinguisher: Each portable classroom shall be equipped with one pressure type fire
extinguisher with 2A10BC UL rating mounted on an interior wall near a doorway at a
height of four feet. Fire extinguisher shall be totally charged and have a dial indicating the
state of charge. Mounting hardware shall include a strap with quick release device to hold
the extinguisher in place.

3.11

Materials and Workmanship:

3.11.1

Asbestos containing building materials that exceed State and Federal mandated safe
asbestos levels shall not be used in the construction of relocatable facilities. The
manufacturer shall provide a statement of compliance on the plans.

3.11.2

All materials used, unless otherwise specified, shall be new and of the types and grades
specified. The Contractor shall, if requested, furnish evidence satisfactory to the Agency
Architect that such is the case.

3.11.3

All workmen shall be skilled and qualified for the work that they perform. Contractor's
crews assigned to any work performed under this contract shall include a competent and
fully experienced person designated as the responsible person in charge. Responsible
person shall be identified by name to the owner in advance of any work. If requested, the
Contractor shall furnish to the Agency Architect information relating to any employee’s
experience.

3.11.4

Workmanship shall be equal or better in quality to that required by the construction trades
for a finished product. A quality control supervisor, designated by the manufacturer, shall
review all work in progress and shall review the finished building prior to final inspection to
assure it is complete and correct. The quality control supervisor shall have the authority to
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have materials replaced and work redone in order to correct faulty materials or
workmanship.
3.12.1

Inspection

3.12.1

In-plant inspection services shall be provided by independent contractors retained by
OPSC. In-plant inspection and material testing shall be accomplished under the
supervision of the Agency Architect. The contractor shall notify OPSC at (916) 445-3160
and the Agency Architect at least 5 working days prior to beginning of production on each
building. The OPSC, Agency Architect and inspector shall have full access to all plant
operations involving work under this contract. The inspector shall be notified in advance of
the time and place of operations that the inspector wants to observe. Before the building
is removed from the plant for delivery to the storage facility or from the storage facility to
the site, the inspector and Agency Architect shall determine that they are acceptable and
issue a written release which shall be in the form of a Verified Report (Form SSS-6). A
COPY OF THE INSPECTOR’S VERIFIED REPORT INDICATING THERE ARE NO
PUNCH LIST ITEMS SHALL ACCOMPANY EACH BUILDING TO STORAGE OR TO THE
SITE.

3.12.2

When the classroom is ready for occupancy, inspect the condensate drain pan. Test the
drain for HVAC condensate after the classroom is installed on site, i.e., pouring 1 cup of
water into the drain pan and confirming that the pan drains completely and that water exits
the end of the drain line. In addition, verify the prescribed noise level was achieved in the
classroom by measuring it at a location near the HVAC unit with the HVAC and lights on at
the highest settings.

3.13

General:

3.13.1

Energy Conservation: Building shall comply with Title 24, Part 2, and Chapter 2-53 of the
California Code of Regulations. These regulations are also contained in California Energy
Commission Publication P400-03-001ETF (Building Energy Efficiency Standards for New
Buildings). Title 24 documentation shall be provided for plancheck and submittal to DSA.
Buildings built to this specification will exceed Title 24 in many respects.

3.13.2

Tagging: Each module shall be permanently identified with a minimum 3” x 1-1/2” stamped
metal (not foil) identification tag with the following information: 1) DSA number, 2) Design
wind load, and 3) Design roof live load. This tag may be in addition to or to be combined
with the identification tag required by the Division of the State Architect to comply with
Section 143(a).8 of Title 24, Part 6, 2005 Energy Efficient Standards for New Buildings,
related to manufacturer certification of construction for only a single specific climate zone
or for more than one climate zone. An additional tag indicating the DSA number shall be
installed inside the electrical panel.

3.13.3

Finish and base materials at each module, except roofing, carpet and suspended ceiling,
shall terminate at interior module joints in a manner to join flush and tight with same
material in adjacent module so that modules may be relocated with minimum cutting and
patching.

3.13.4

Pre-condition products with significant odor or VOC emissions by allowing them to off-gas
in dry, well-ventilated space prior to application. Complete all applications of paints,
sealants, caulks, interior finishes and carpeting at least 2 days before unsealing and
operating the HVAC system, however 5 days is more optimal. During this period of offgassing, a portable exhaust fan should be used while cross ventilation is provided within
the classroom. Before delivery of the building, clean the floor and other surfaces with a
HEPA vacuum. If the HVAC is operated at all during construction, the filters should be
replaced before occupancy.
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3.13.5

Provide cross ventilation using stand alone blowers or fans to flush out the building.
Building flush out may be done after building is assembled on site. Flush out the building
with 100% outdoor air for at least 14 days after construction is completed, and at least 7
days before occupancy begins, while maintaining and internal temperature between 60°F
and 78°F and relative humidity no higher than 60%.

3.13.7

Each module placed in storage for ANY length of time (either in storage yard or on site)
shall be closed up in a secure and weathertight manner protecting them from all damage.
Modules shall be maintained in this manner until State acceptance at designated school
site.

3.13.8

Submittal of engineering data or drawings by the Contractor and subsequent authorization
to proceed by the owner or owner’s representative shall not relieve the Contractor from
responsibility for compliance with all applicable specifications. Deviations from any
specification is acceptable only where authorized in advance in writing by the owner or
owner’s representatives. Where deviations were agreed to on an earlier contract, it shall
not be assumed that these deviations will be accepted on the current contract.

3.13.9

Color Sample Submittals: Color samples shall be submitted to OPSC for selection for all
items for which there are color options. Samples shall be submitted at an appropriate time
so those color requirements are incorporated into drawings or reference documents prior
to construction.

3.13.10

Special Permits or Fees: Any special fees required by city, county, or State agencies for
the delivery and/or installation of these modules shall be the responsibility of the
contractor.

3.13.11

Production/Installation Reporting: Contractor shall be responsible for reporting weekly
progress for manufacturing, delivery, and installation phases. After a module is
physically delivered to site, contractor shall designate one person that will be responsible
for notifying the owner each day of work accomplished that day. This information shall
also be reflected accurately on the weekly report.

3.13.12

Noise Level: Maximum indoor noise level with all mechanical, lighting and electrical
equipment operating shall not exceed 45 dBA when unoccupied.

4.0

Site Erection:

4. 1

A vapor barrier shall be provided over the ground in crawl spaces, unless concrete or
asphalt covers the ground.

4.2

Once modules are delivered at the site, installation shall commence immediately and be
pursued in a timely manner until complete. All modules called for at that site shall be
scheduled for delivery and installation in one continuous time frame, at least two per week
(Saturdays, Sundays and Holidays excepted). Failure to begin installation within 24 hours
after delivery (Saturdays, Sundays and Holidays excepted) or failure to complete building
installation to the approval of the State within ten calendar days after building delivery shall
be considered a default of the Contract. The contractor shall furnish materials and
equipment in ample quantities and at such times to assure uninterrupted progress of the
work. Failure to provide adequate working force or material of proper quality, or failure in
any other respect to prosecute the work specified herein shall be grounds for declaring
default on the contract.

4.3

Security of the buildings against vandalism is the sole responsibility of the contractor until
installation of the buildings, according to the terms of this contract, has been completed
and the buildings have been accepted by the State or accepted for occupancy by the
School District with State approval. The Contractor shall lock up all materials and
equipment at the end of the day's work. All scrap material shall be removed from the site
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at the end of each day's work. The building site and the building shall be clean and ready
for occupancy prior to acceptance by the State.
4.4

Coordination of Work and On-Site Inspection: It shall be the Contractor's responsibility to
make all necessary arrangements with the School District's Authorized Representative for
access to grounds and removal of equipment, if necessary. The representative's name
and address is available from OPSC. This contact shall be made at least 48 hours prior to
delivery of any module. The site inspector hired by the district shall do on-site inspection.
All work, which the manufacturer or his subcontractors perform at the site, shall be subject
to the inspection of the site inspector. The manufacturer shall furnish the site inspector
with a full set of approved plans and such information as may be necessary to keep him
fully informed as to progress of work and dates when site work will occur. The contractor
shall notify DSA and the District's designated Inspector/Inspection Agency at least 48
hours prior to commencing work. THE CONTRACTOR SHALL VERIFY THAT THE
DISTRICT'S SITE IS READY TO RECEIVE THE CLASSROOM (S) PRIOR TO THE
DELIVERY OF ANY CLASSROOM (S) BY VISITING EACH SITE. In the event buildings
are delivered to any site that is not in condition to receive buildings, the contractor shall be
responsible for all costs incurred including, but not limited to, INSPECTOR'S time.

4.5

Temporary Facilities: Contractor shall make arrangements for and provide his own
temporary water, electric light and power, field office, corporation yard, parking and toilet
facilities as may be required for each of the sites.

4.6

Certificate of Acceptance: The contractor shall conform with the acceptance requirements
of Title 24 and provide a copy of the Certificate of Acceptance to the district.

5.0

GUARANTEE: Contractor shall unconditionally guarantee that work will be done in
accordance with requirements of contract, and that the work will remain free of defects in
workmanship and materials for a period of one year from date of acceptance by the State.
Contractor shall agree to repair or replace any and all work, together with any other
adjacent work which may have been damaged or displaced in so doing, that may prove to
be not in accordance with requirements of contract or that may be defective in its
workmanship or material within guarantee period specified, without any expense
whatsoever to the State. Contract bonds shall be in full force and effect during guarantee
period. Within ten calendar days after being notified in writing by the agency of any work
not in accordance with requirements of contract or any defects in the work, contractor shall
commence and prosecute with due diligence all work necessary to fulfill terms of this
guarantee, and to complete the work within a reasonable period of time. In the event the
contractor fails to comply, the agency shall proceed to have such work done at contractor's
expense and contractor shall pay cost thereof upon demand. State shall be entitled to all
costs, including reasonable attorney's fees, necessarily incurred upon contractor's refusal
to pay above costs.
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While relocatable classrooms typically are not commissioned by the manufacturer or a commissioning
provider the good news is that the systems in relocatables are fairly simple and can be tested by school
district personnel with the proper guidance. The CHPS Relocatable Classroom Testing Procedure
Checklist provides a step by step procedure for checking the performance of the mechanical and lighting
systems.
The first part of the checklist records information on the mechanical system’s basic specifications and
accessories. Also included here is a space to record the classrooms operating schedule. This is
important information to be used when setting and testing the control systems. The Prefunctional
Checklist is a short list of items that are the manufacturers’ responsibility to complete and satisfy. School
district personnel should check each item on the list and note whether or not it is satisfactory and any
relevant comments pertaining to the item.
The next part is a step by step list of seventeen tests that are to be performed on the mechanical
system. For each step there is a “Description of Event Testing” and an “Expected Results” column. As
the names imply the first column describes a simple test procedure while the second column depicts
what the result is expected to be. Each test should be performed, the results evaluated and either a
“pass” or “fail” marked in the corresponding column. Not all tests will apply to all relocatables and in
those cases “not applicable” should be noted and the tester should move on to the next step.
The lighting system checklist is similar to the mechanical system checklist and starts with a prefuntional
checklist of items that should be acceptable when the set up is completed. This is followed by a list of
ten tests to be performed and evaluated by the tester. There is also a list of “Final Controller
Parameters” where the values for each item should be noted.
After the evaluation is complete the manufacturer should be notified of any deficiencies that they are
responsible for repairing. The school district should be sure all items are in working condition before the
classroom is occupied.
The CHPS Relocatable Classroom Testing Procedure Checklist can also be used for retro
commissioning and recommissioning. Retro commissioning is to commission an existing building that
has not been previously commissioned. Any relocatable classrooms that the school district uses should
have the procedures on the checklist performed to be sure they are in the proper operating condition.
Recommissioning is the process of commissioning a building that has been previously commissioned to
evaluate the continued performance of the building systems. The procedures on the checklist are simple
enough that each relocatable should be recommissioned before the start of each school year to be sure
they are in proper operating condition.
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Mechanical System Testing Procedure
School Name:
Classroom Number:
Date:
Manufacturer:
Model #:
Serial #:
Accessories (circle):
SEER:
Heating Capacity:
Cooling Capacity:
Acceptance Test
Personnel:
Comments:
School Occupied Schedule
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Prefunctional Checklist:
Electrical power present
Permanent label attached
Casing condition ok
Maintenance access ok
Electrical wiring complete
Unit secure and level
Check condensate drain connected.
Power disconnects installed and labeled
Operation Manual is present in unit
Test, adjust, balance complete with
OA economizer switchover and setpoint
Thermostat wiring complete
Thermostat setpoint per specification (68F

Barometric Fresh Air Damper
Adjustable Fresh Air Damper
Motorized Fresh Air Damper
Blank Off Plate

Name

Commercial Room Ventilator
Commercial Room Ventilator w/ exhaust
Energy Recovery Ventilator w/ exhaust
Others:

Organization

Yes / No / N/A / Comments
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Mechanical System Testing Procedure
School Name:
Classroom
Number:
Manufacturer:
Model #:
Test
#
1

Pass/Fail
or N/A

Description of Event Testing

Expected Results

Power On: If unit is off, turn power
on. If unit is already on, keep power
on.
Cooling Mode: Set thermostat to
lowest temperature setting. To
ensure that airside economizer does
not turn on, either warm economizer
sensor or if unit has adjustable
airside economizer sensor, adjust
sensor down to turn off
economization.
Cooling Mode - Two-Speed Fan
(applicable units only): Set OA
thermostat below (above) fan-speed
changeover temperature (typically
80F) temperature setting.

Unit turns on and runs in
occupied mode

4

Heating Mode: Set Thermostat to
highest temperature setting.

5

Heating Mode - Two-Speed Fan
(applicable units only): Set
thermostat to highest temperature
setting.

Unit functions in heating
mode with OA damper
opened to minimum position
to allow ventilation.
Unit fan functions at high
speed only.

6

Heating Mode - Set temperature
setpoint 2F above current room
temperature. Increase the setpoint
an additional 2F after a few minutes.

7

Unoccupied Mode: Set thermostat to
unoccupied mode.

2

3

Remarks

Unit functions in cooling
mode with OA damper
opened to minimum position
to allow ventilation.

Unit fan functions at low
speed if OA temp < 80F;
otherwise operates at high
speed.

After the first setpoint
increase the first stage of
heating (heat pump) should
come on. After the second
setpoint increase the second
stage of heating (electric
resistance) should turn on.
OA damper closes and unit
shuts down.
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8

Cooling Mode - Unoccupied: Set
schedule to unoccupied time. Set
temperature setpoint below current
space temperture.

9

Heating Mode -Unoccupied: Set
schedule to unoccupied time. Set
temperature setpoint above current
space temperature.

10

Short Cycle Test: Set Thermostat to
lowest temperature setting, next after
cooling operation is verified, change
thermostat into heating in less than 5
minutes.

11

Economizer Test (applicable units
only): Set thermostat 5 degrees
below current space temperature,
next spray cold spray to economizer
sensor or apply ice. If unit has
adjustable sensor, adjust to allow
economization at highest OA
temperature (above current OA
temperature).
Exhaust fan test: If economizer
operation occurs and exhaust fan is
present on unit.
Energy Recovery Ventilator
(applicable units only): Switch
thermostat to manual fan position
with Heat/Cool in off position.
Commercial Room Ventilator
(applicable units only): Determine
amount of ventilation air that needs to
be supplied and adjust damper blade
setting accordingly.
CO2 Sensors (applicable units only):
Breathe on sensor to initiate CO2
mode. May take 2-3 minutes.
Schedule: If thermostat has
programmable schedule, make sure
it is programmed and the fan mode is
programmed to "ON" and not "AUTO"
for all occupied hours.

12

13

14

15

16

17

Unit turns on, supply fan will
turn on, and DX cooling
occurs to meet setpoint. OA
damper remains shut. When
temperature satisfied, unit
turns off.
Unit turns on, supply fan will
turn on, and heating occurs
to meet setpoint. OA damper
remains shut. When
temperature satisfied, unit
turns off.
Unit operates in cooling
mode for 5 minutes before
switching into heating mode.

Outside air damper opens to
full open position to provide
cooling. 1st stage
compressor turns off.

Exhaust fan turns on when
outside air damper is fully
open
Ventilator heat transfer
wheel should rotate slowly.
Intake and exhaust blowers
should run.
On a call for blower
operation, CRV opens to set
position, ventilation fan turns
on and blows air into space
and through the unit.
Watch OA dampers open
from minimum to maximum
for CO2 event.
Unit changes heating and
cooling setpoints based on
room schedule.

Return all settings to their original
setting when finished with each
measure.
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Appendix B: CHPS Relocatable Classroom Testing Procedure Checklist

Lighting Testing Procedure
School Name:
Classroom Number:
Date:
Acceptance Test
Personnel:

Name

Organization

Comments:
Prefunctional Checklist:
Occupancy sensor installed

Yes / No / N/A / Comments

Occupancy sensor location acceptable
Occupancy sensor timing adjustment
setpoint
Photocell sensor installed
Photocell sensor location acceptable
Wall switch installed
Wall switch location acceptable
Do all lights operate
Height of lights acceptable
Exterior photocell sensor installed
Test #
Pass/Fail or N/A
1

2
3

4

5

Description of Event Testing
Correct number of interior fixtures
installed
Check ballast, lamp, & fixture type
against specifications to ensure
correct fixtures installed
Wall switch turns interior lights off
Occupancy sensor turns on lights
upon entering unoccupied room.
Check that the sensor continues to
"see" tester from various locations
in the room.
Occupancy sensor turns all interior
lighting off after room is
unoccupied for predetermined

Remarks
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Appendix B: CHPS Relocatable Classroom Testing Procedure Checklist
minutes

6

7
8

9

10
Value

Does the photocell sensor switch
the lights off when footcandle
requirement is met by daylight
(WattStopper WI-300 switches half
the lights off). Check daylight level
with light meter - if adequate
daylight present to meet
footcandle level, proceed. If not,
shine a flashlight on the sensor
and proceed.
Does the photocell sensor switch
the lights on when footcandle
requirement is not met by daylight.
Check daylight level with light
meter - if adequate daylight
present to meet footcandle level,
cover sensor with a piece of tape
and proceed. If not, proceed.
Is the exterior lighting wall switch
operational
When the exterior photocell sensor
is covered (darkness) - the exterior
lights turn on.
When the exterior photocell sensor
is uncovered (light) - the exterior
lights turn off
Final Controller Parameters
Occupancy Sensor - time delay
setting
Occupancy Sensor - sensitivity
Photocell Sensor - sensitivity (on
setting)
Photocell Sensor - deadband

Remarks

On lighting levels
Off lighting levels
Design footcandle level
Daylighting average measured
Perimeter FC level
Daylighting average measured
Center FC level
Daylighting average measured
Interior FC level
Others
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