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Sustainable
Foundations

Kelly James Photography

When Portland State University decided to renovate Shattuck 
Hall — one of the campus’ oldest buildings, originally built 

in 1915 as an elementary school — the design team used 
the opportunity to also create a teaching laboratory for 
architecture students by leaving the building systems 

visible. A radiant ceiling panel shows the copper 
tubing that carries hot or cold water. Exposed 

original ductwork distributes fresh air. Concrete 
columns reveal the building’s skeleton.
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program without increasing its size 
or budget. Shattuck Hall’s thermal 
mass is key to moderating tem-
peratures, and the concrete-framed 
structure allowed for the strategic 
insertion of concrete shear walls in 
four discreet locations to stabilize 
the entire structure. 

The existing fan rooms and duct lay-
outs were inadequate for heating and 
cooling use but ideally sized for pro-
viding required building ventilation. 
The design team added a new dedi-
cated outdoor air system (DOAS) with 
highly efficient fans to move air from 
outside through the existing ductwork 
running vertically to every classroom 
in the three-story structure. 

The DOAS is a variable air volume 
system that is controlled through 
variable frequency drives. In 
open spaces, columnar enclosures 
house the ducts that carry fresh air 
throughout the building. 

Shattuck Hall’s 8 ft tall operable 
windows were retained and refur-
bished to ensure their continued 
operation. With an impressive head 
height of 11 ft 6 in., they supply 
abundant daylight with excellent 
penetration, even on cloudy days. 

Daylight sensors were installed 
in each classroom to adjust the 
rooms’ electric lighting in response 
to the amount of daylight available 
via continuously dimming bal-
lasts. Occupancy sensors turn off 
lights when spaces are vacated and 
prompt the building HVAC control 
system to reduce airflow to a space 
when unoccupied. 

During a renovation in the 1980s 
most of the original 1915 single-pane 
glass was replaced with double glaz-
ing. The 2008 project did not touch 

W
hile staying within 
the original $11.7 
million budget, the 
project boosted the 

building’s energy performance with 
the use of radiant ceiling panels and 
daylighting. The team designed with 
the theme of “systems on display.”

Shattuck Hall houses part of the 
School of Fine and Performing 
Arts including the Department 
of Architecture. The building’s 
green transformation has produced 
dynamic facilities, including a 
multilevel open plan, naturally lit 
and ventilated studios, a rooftop 
terrace off the third floor, a digital 
lab and an extensive materials lab 
encompassing model-making, wood-
working, metalworking, foundry and 
digital fabrication.

Goals
In addition to deferred maintenance 
and seismic, accessibility, and 
mechanical and electrical system 
upgrades, Shattuck Hall’s renova-
tion addressed five pedagogic goals:  
•  Respect and reveal the structure 

of the original building; 
•  Insert new elements and/or sys-

tems in a complementary, yet dis-
tinct manner; 

•  Tell the story of the design and 
construction;

•  Create a building that provides 
comfort and demonstrates energy-
efficient performance; and 

•  Reveal sustainability as one dimen-
sion of a compelling design aesthetic.

Capitalizing on Strengths
The design team incorporated exist-
ing elements into a passive strat-
egy that expanded Shattuck Hall’s 

B U I L D I N G  AT  A  G L A N C E

Name Shattuck Hall 

Location Portland State University, 
Portland, Ore.

Owner Portland State University

Principal Use University classrooms, 
offices, studios

Includes Metal foundry and welding shop

Employees/Occupants 27 full-time 
employees, 508 students at 100% 
occupancy

Gross Square Footage 73,483

Conditioned Space 63,105

Occupancy 80%

Distinctions/Awards LEED Gold-NC v. 
2.2 

When Built 1915

Major Renovation 2007– 08

Renovation Scope Seismic, mechani-
cal and electrical systems, plumbing 
and accessibility upgrades; radiant ceil-
ing panels; restoration of light wells

Total Renovation Cost $11.7 million

Cost Per Square Foot $159
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Above and Opposite Refurbished light 
wells, which serve as skylights for the base-
ment metal foundry and shop areas, provide 
daylight to formerly dark interior spaces.
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air delivered through the ducts. 
Occupancy, daylighting and CO2 
sensors are incorporated into this 
layout.

In the student lounge on the third 
floor, the design team purposely 
turned the radiant panels upside 
down as an educational tool to 
reveal the copper tubing and fittings 
that make the system work. The 
ceiling panels function equally well 
inverted or upright since the heating 
(or cooling) surface is still exposed 
to the space. 

The tubing in the radiant panels 
holds heating hot water or chilled 
water supplied from the campus’ 
central utility plant via a closed 
loop. A heat exchanger provides 

the existing glazing, but the team 
used double glazing in the openings 
created by the renovation. Single-
pane glass remains in the stairwells. 

The team also reestablished two 
existing light wells to bring daylight 

back into the building’s heart. As 
an added bonus, the existing maple 
hardwood floors only required refin-
ishing for the most part.

On the outside, Shattuck Hall’s 
historic status was assiduously pre-
served. The design team met regu-
larly with local design review com-
mittees to ensure that the original 
exterior remained intact.

Adding New Life
The most obvious new element in 
Shattuck Hall is the integrated ceil-
ing system of white perforated metal 
panels that provide radiant heating 
and cooling, acoustical absorption 
and reflection of indirect lighting. 
When the project was completed, it 
was one of the largest installations 
of new radiant heating and cooling 
ceiling panels in the United States.

The design team clustered the 3 
ft by 5 ft panels to leave gaps for 
additional features, such as the 
pendant direct and indirect lighting 
and ceiling fans that are discreetly 
suspended between the panels. 
The ceiling fans provide natural 
cooling by circulating the outside 

Energy Use Intensity (Site) 59.6 kBtu/ft2 
(45.87 building, 13.73 process gas) 
 Natural Gas 13.73 kBtu/ft2 
 (all natural gas is process load driven) 
 Electricity 15.21  kBtu/ft2

 Steam 26.67 kBtu/ft2

 Chilled Water 4.08 kBtu/ft2

Annual Source Energy 108 kBtu/ft2

Heating Degree Days 4,490

Cooling Degree Days 446
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The renovation team met regularly with 
local design review committees to preserve 
the 1915 neoclassical brick façade. The 
building was an elementary school until 
1969 when Portland State University bought 
it to provide additional classroom space for 
its growing student body.

The renovation juxtaposed original and 
new materials. The visible building systems 
create a learning lab for students.

Roof
Type New built-up roof membrane 
(BUR) and 4 in. polyisocyanurate over 
existing 3 in. concrete
Overall R-value R-23
Reflectivity 
Solar reflectance: 0.90, SRI: 78%

Walls
Type Existing 4 in. brick veneer, 
8 in. concrete, ¾ in. plaster finish
Overall R-value R-9
Glazing percentage 25% 

Windows 
Existing single-pane glass 
 U-value 1.42
 Solar Heat Gain Coefficient (SHGC) 0.8
 Visual Transmittance 0.7

Existing double-pane glass
 U-value 0.6
 Solar Heat Gain Coefficient (SHGC) 0.5
 Visual Transmittance 0.7

New double-pane glass 
 U-value 0.29
 Solar Heat Gain Coefficient (SHGC) 
 0.38 
 Visual Transmittance 0.7

Location
Latitude 45° 36’ N   
Orientation Square footprint

B U I L D I N G  E N V E L O P E

HPB.hotims.com/33326-17
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(the 2005 Oregon Energy Code was 
determined by the USGBC to be 
equivalent to ASHRAE Standard 
90.1-2004 for LEED purposes), but 
it beats the projected energy use 
intensity of 48 kBtu/ft2 · yr with an 
actual EUI of 45.87 kBtu/ft2 · yr.

The EUI does not include the 
process load of a gas-fired teaching 
foundry in the building that adds 
13.7 kBtu/ft2 · yr. The gas used by the 
foundry does not offset the heating 
load because dedicated exhaust fans 
that serve the foundry space evacu-
ate process loads from the area. 

Shattuck Hall’s energy consump-
tion is exceptionally low compared 
to standard academic buildings, and 
is saving the university $13,000 per 
year in operational costs.

The design team renovated all of 
Shattuck Hall’s restrooms, installing 

isolation between the building sys-
tems and the campus loop.

The radiant system supplies all of 
the heating and cooling needs of the 
building and uses less energy than a 
typical VAV system would. Not only 
was the building projected to be 
22.7% more efficient than required 
by the 2005 Oregon Energy Code 

Above The seismically unstable interior 
walls on the third floor were removed. 
The open space, which is enhanced by 
abundant natural light from the 8 ft tall 
windows, creates an ideal environment for 
architecture studios. Daylight and occu-
pancy sensors ensure that lighting is only 
used when needed.

Below A glazed wall allows daylight from 
the architecture faculty offices and gath-
ering area to fill the adjacent hallway. 
Daylighting, the addition of radiant ceiling 
panels and an efficient ventilation system 
have contributed toward the building’s 
improved energy performance.

moisture in the incoming air and 
controls the humidity in the build-
ing. Occupants also can open the 
windows for fresh air, so the humid-
ity monitoring is critical. 

These measures prevent condensa-
tion whether the panels are inverted or 
not. The Portland, Ore., climate is well 
suited for this approach since design 
day outside humidity levels are usu-
ally less than 40% relative humidity.

Controlling Humidity
To avoid condensation on the radi-
ant panels, humidity levels are 
monitored in the building. Moisture 
sensors on the radiant piping can 
increase the chilled water tempera-
ture (normally delivered at 56°F). If 
the humidity level is excessive or if 
condensation is sensed, the sensors 
trigger an alarm. 

Space humidity levels are con-
trolled through the ventilation sys-
tem. The fresh air passes through 
a cooling coil that reduces the 

low-flow fixtures, waterless urinals 
and dual-flush toilets. Surrounding 
landscaping requiring permanent 
irrigation was replaced with plant 
species that do not require irriga-
tion. These factors contributed to an 
overall water use reduction of 44%. 

Water Conservation Native landscape 
plantings, low-flow toilets and fixtures, 
waterless urinals

Recycled materials Existing building, 
wood floors

Daylighting Existing windows, light 
wells with new windows, new daylight 
monitors and lighting control zones  
with dimming fixtures

KEY SUSTAINABLE FEATURES

Removing wall sections and adding skylights 
transformed a dark hallway into one that that 
is filled with natural light. Visible building sys-
tems include a suspended cable tray, plumb-
ing, lighting and radiant ceiling panels. 

Below The Architecture Department 
reception and reading room features a 
customized steel and glass door that 
pivots open to facilitate public events 
and gatherings. Removing interior walls 
allows daylight to illuminate the formerly 
dark hallways.

Inset Corridor prior to renovation.
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A new electrical distribution sys-
tem and efficient lighting installed 
throughout the building provide stu-
dents and faculty the flexibility to work 
in various ways in various spaces. 

Exposed cable trays suspended 
in the corridors highlight Shattuck 
Hall’s technology upgrade for tech-
savvy students. Provisions for future 
video projectors are included in the 
trays so that images of student work 
or presentations by visiting lecturers 
can be shown on the corridor walls. 

Seismic Reinforcement
As part of the project’s teaching 
strategy and to support the need for a 
variety of student spaces, the design 
team solved the seismic instability of 
the corridor walls by using different 
strategies on two separate floors. 

On the second floor, just inside 
the classrooms, the team built stud 
walls next to the old gypsum block 
walls to seismically support them in 
a fashion similar to adding a veneer 
wall to a building’s exterior. This 
new stud cavity also serves as a 
power and data wiring pathway. 
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The building has used less electricity than predicted due to either lower plug loads or 
lighting loads. The lower electricity use led to increased heating, resulting in higher 
than expected steam use. Electricity use reflects decreased building occupancy during 
the university’s term breaks.

The water use model was based on LEED calculations, which account for the low-flow 
plumbing fixtures, number of building occupants and types of occupants. The LEED calcu-
lations consider students as transient building occupants and estimate students’ water 
use to be one-sixth of a full-time building occupant. It is likely that architecture students 
are spending more time in the building than the LEED assumption for a typical student.

Actual Modeled

Electricity (kWh) 325,273 454,450

Steam (therms) 19,601 12,558

Chilled Water (tons) 24,981 32,469

Natural Gas (therms) 10,088

Domestic Water (gallons) 241,620 92,199
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Exposed technologies showcase the theme 
of “systems on display” and present learning 
opportunities for architecture students. Shown 
here is the ceiling of the student lounge, 
where radiant heating and cooling panels  
are turned upside down as an educational  
tool to reveal the copper tubing and fittings.

E L E C T R I C I T Y

S T E A M

C H I L L E D  W AT E R

M O N T H LY  A C T U A L  E N E R G Y  U S E  V E R S U S  M O D E L E D

HPB.hotims.com/33326-21
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On the third floor, the seismically 
unstable walls were removed to 
create open space for a studio set-
ting that invites collaboration while 
enhancing natural ventilation and 
daylighting. Rolling partitions, sus-
pended from tracks, increase flex-
ibility by creating options for pri-
vacy or additional pin-up space as 
needed. The finishes of this space 
were removed to reveal all building 
systems to the architecture students.

The walls near the four stairways 
in the building were seismically 
reinforced with concrete shear 
walls. This arrangement enables 
the flexible use of typical spaces 
throughout the building.

The elevator was moved to rees-
tablish one of two original light 
wells and convey daylight into the 
upper two levels and the partially 
below-grade first floor metal foundry 
and welding shop. The second light 
well was open on the top two floors, 
and windows were added to provide 
additional daylight from the light 
well to the building corridors.

The first-floor shop serves as a 
gathering place where students 
from different disciplines exchange 

B U I L D I N G  T E A M

Building Owner/Representative  
Portland State University

Architect, LEED Consultant 
SRG Partnership

General Contractor Howard S. Wright

Mechanical, Electrical Engineer  
and Energy Modeler 
PAE Consulting Engineers

Structural Engineer 
Catena Consulting Engineers

Landscape Architect Greenworks PC

Lighting Design Luma Lighting Design

Above Students from various disciplines 
use the first floor shop, which includes a 
woodworking area, foundry, and digital lab. 
A skylight was restored to provide additional 
daylight to interior spaces.
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Top Custom-crafted metal paneling creates 
a boundary in the open-plan faculty offices. 
Previously, faculty offices lined the wall, 
preventing natural light from entering the 
public waiting space. 

HPB.hotims.com/33326-2
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The panels’ dramatic sculptural 
qualities express the beauty of 
using a small amount of material 

ideas. It also gives students hands-
on experience with forming and 
working with materials to learn how 
buildings are made, furthering the 
theme of “systems on display.” 

Relocating the elevator and open-
ing the light wells also allowed the 
design team to revise the existing 
entrance-level hall. While prepar-
ing for a new entrance enclosure 
and stair, the design team opened 
the second-floor corridor by replac-
ing the walls with new windows, 
allowing daylight from the light well 
to fill the departmental offices to 
create naturally lit space for student 
reading. It also functions as a gath-
ering and exhibition space.

No effective option existed for add-
ing insulation to the exterior walls, 
so the design team reduced heat gain 
where it could with added roof insula-
tion and a high albedo reflective roof 
membrane. The existing operable 
window shades inside the 8 ft windows 
provide shading and glare control as 
do the surrounding mature trees.

A Building that Teaches
The idea of recreating Shattuck Hall 
as an educational tool permeated 
every decision of the project. The 
design team believed that students 
should have an in-depth understand-
ing of the underlying principles of 
high performing buildings, systems 
and materials. The fundamental 
premise was to demonstrate the 
results of the team’s decision-making 
process for students and faculty to 
observe, consider and discuss.

Rather than slide in state-of-the-
art sustainability behind the scenes, 
the design team displayed building 
systems to inform architecture and 
fine art students about these aspects 

of design and help them plan and 
create with sustainability in mind.

 Freestanding steel panels, which 
screen the administrative area from 
the general space of the central 
office, are designed to transform 
incrementally from flat panels into 
three-dimensional origami. They 
have laser-etched lines showing the 
steps and operations required to 
convert them into a variety of forms, 
demonstrating the “act of making.”

Charles Ingram Photography

Top Glass partitions enclose the architec-
ture faculty offices, allowing daylight to pass 
through. The previous office suite was about 
one-third the size of the new space, which 
connects to a central gathering area/reading 
room. The visibility and daylighting through-
out the space strengthens the connection 
between faculty and students.

Above Throughout the building, open, well-lit 
spaces provide gallery space to showcase stu-
dent and professional work. Most of the existing 
maple hardwood floors only required refinishing.
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L E S S O N S  L E A R N E D

Multiple funding sources and accompany-
ing restrictions divided the renovation into 
eight or nine individual projects. If the mul-
tiple funding sources had been pooled, the 
multiple project phases could have been 
consolidated, which may have resulted in 
better bids, eased implementation, and 
improved overall project clarity.

The radiant panels combined with the 
ceiling fans have been tremendously suc-
cessful in providing thermal comfort to the 
occupants and improving acoustics. The 
low profile of the panels has made them 
ideal for insertion into the existing historic 
structure, preserving the daylight and views 
through the high windows.

The reuse of the historic ductwork com-
plemented the new HVAC zoning of the 
radiant panels on a room-by-room basis. 
This matching allowed for the ductwork to 
provide the ventilation air, while the panels 
conditioned the space in a decoupled HVAC 
strategy. The reuse of the ductwork also 
preserved large portions of the existing 
building structure.

The nature of the exposed systems cre-
ates a powerful teaching tool for future 
architects and designers occupying 
the spaces. For instance, every seismic 
upgrade element became a final finish in 
the completed spaces. And where new 
systems occurred, they either became a 
part of a new architectural element or were 
inserted adjacent to historic elements. 
This approach placed elements such as 
the cable tray next to the historic interior 
arches in the corridor and power/telecom 
wiring inside the shear walls.

The existing building’s floor structure  
presented a challenge. The design team 
found that the floor consisted of a concrete 
pan system with a 2 in. depth at the top of 
the pan, and the wood floor sleepers were 
cast into a concrete topping. 

The team determined that it was not eco-
nomically feasible to alter the floor system, 
so a radiant ceiling system was designed, 
rather than a radiant floor system. The 
ceiling system also is more responsive to 
space temperatures than a floor system, 
offers acoustical benefits, and is reconfigu-
rable for future renovations.

Building renovations were designed to allow 
for future evolution and growth of the build-
ing’s program. The radiant ceiling can be taken 
down and reinstalled. The concrete shear walls 
were placed at the building corners, and no 
other load-bearing walls were added. 

The mechanical spaces were maintained 
out of the way on the first floor, and the ele-
vator was repositioned into the building cor-
ner for a future lobby. These efforts retained 
the rest of the building for program uses. 
The building has already been renovated for 
the first building program expansion project, 
which began in May 2010.

Given the limited budget, the design team 
adapted renovations to the existing condi-
tions where it made sense. For example, the 
existing classroom module was maintained 
for the new office and studio spaces. 

New systems for the existing classrooms 
were inserted without demolition of those 
spaces. Likewise, instead of allocating 
resources to seismically brace all ceilings 
and walls, many of those elements were 
removed to enhance the building program. 
This design approach yielded great harmony 
between the new and existing elements.

Charles Ingram Photography

environment helps students real-
ize that comfort is determined by 
factors beyond the temperature 
displayed on a thermostat, and 
equips them to think openly about 
strategies for designing efficient and 
comfortable buildings.

Conclusion
The Architecture Department has 
already benefited from the project, 
which has contributed to the depart-
ment’s recent accreditation and the 
addition of a graduate program, 
highlighted its sustainable design 
focus and helped recruit talented 
faculty and students.

The building demonstrates that 
sustainability does not have to mean 
increased costs. Renovation proj-
ects that preserve existing buildings 
eliminate the environmental costs of 

to maximize a building’s program. 
The solution also shows how materi-
als can be formed and worked to 
achieve their highest potential and 
the project’s best outcome.

Shattuck Hall’s combination of 
radiant heating and cooling, along 
with ventilation air, ceiling fans and 
thermal mass, covers the space’s 
internal loads, having the effect of 
extending the comfort range of the 
space. The immediate cooling or 
warming effect from the radiant ceil-
ing and fans expands the tempera-
ture range that occupants perceive 
as comfortable. Experiencing this 

materials required for new construc-
tion, and efficiency upgrades can 
lead to long-term savings for build-
ing owners. Shattuck Hall provides 
a prototype for projects that seek 
to incorporate creative, sustainable 
design on a modest budget. •

To comment on this article,  
go to www.HPBmagazine.org.
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Opposite The flexible, interactive spaces 
throughout the gallery and architecture 
faculty offices are used for informal gather-
ings. Areas that are used for more than 
one purpose help expand the building’s 
functions without increasing its footprint. 


