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EXECUTIVE SUMMARY

Th is case history summarizes the seismic upgrade 

project of the 1916 Montgomery Court residence 

hall at Portland State University (PSU) in Portland, 

Oregon. Montgomery Court, which is a four-story 

plus basement college dormitory, was designed by 

architect A E. Doyle and constructed of unreinforced 

masonry (URM). URM buildings are notorious for 

their poor seismic performance and are not allowed 

by the current Oregon building code. Th e roof level 

of this building contains many falling hazards such as 

parapets, ornaments, and chimneys that are a threat 

to individuals passing by the building. In 1997, this 

building was evaluated (using the Federal Emergen-

cy Management Agency [FEMA] 178 methodology), 

and many serious structural defi ciencies were found 

to pose a serious life safety threat to over 150 student 

residents. Corrective action was recommended. 

In April 2004 the Oregon Department of Geol-

ogy and Mineral Industries (DOGAMI) was funded 

$780,000 by the U.S. Department of Homeland Secu-

rity FEMA Predisaster Mitigation Program (PDM) to 

conduct a partial seismic upgrade. Th e FEMA grant 

provided 75% of the mitigation cost. Th e remaining 

25% was funded by the state — the Oregon University 

System (OUS) and PSU. Oregon Emergency Manage-

ment (OEM), which administers FEMA PDM grants 

for the state, provided administrative contract assis-

tance between DOGAMI and FEMA. Actual costs for 

seismic rehabilitation were approximately $640,000, 

about $140,000 lower than the estimated $780,000. 

Th e rehabilitation was successfully completed in 

December 2005.

Th e mitigation, which complied with state his-

toric preservation guidelines, improved connections 

and ductility of the building, strengthened egresses 

and secured falling hazards. Th ese major improve-

ments are intended to upgrade the building to a col-

lapse prevention performance level and to minimize 

the potential for a collapse of the entire building. Th e 

mitigated building does not, however, meet life-safety 

standards. 

Th e Montgomery Court upgrade was a high-visi-

bility demonstration project. Th is project helped raise 

earthquake hazard awareness on campus, in the com-

munity, and in the state, including among infl uential 

state leaders. Th is project has helped establish a fi rmer 

foundation for more seismic mitigation of high-risk 

educational facilities.
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INTRODUCTION

Oregon is characterized by a beautiful and geographi-

cally diverse landscape. However, the geology respon-

sible for this landscape is associated with a variety of 

natural hazards. Earthquake hazards are a signifi cant 

threat for the entire state, but especially in the west-

ern portion. While seismic risk is considerably higher 

in California than in Oregon, actual life safety risk is 

higher in Oregon due to the percentage of structures 

that are not earthquake resistant.

Portland, Oregon, home to Portland State Univer-

sity (PSU), is located approximately 100 miles east of 

the Cascadia Subduction Zone fault, which has the 

potential of producing an earthquake similar to the 

magnitude 9.1 December 26, 2004, Sumatra earth-

quake and Indian Ocean tsunami. Furthermore, the 

Portland Hills fault is a threat because it runs very near 

the PSU campus. Th e U.S. Geological Survey (USGS) 

projects signifi cant earthquake ground shaking levels 

in the Portland region with a 2% chance in the next 50 

years that bedrock ground shaking levels will exceed 

about 0.4g (USGS, 2003). Many PSU buildings were 

not originally designed and constructed to withstand 

this level of ground shaking.

Because Oregon faces a serious statewide threat 

from earthquakes, federal, state, and local governments 

and private organizations have been supporting earth-

quake risk reduction. Oregon has made signifi cant 

strides in reducing adverse impacts of earthquakes on 

Oregon schools, including successful mitigation and 

rehabilitation of a limited number of Oregon’s seismi-

cally defi cient school buildings. 

Th e seismic rehabilitation of Montgomery Court 

residence hall at PSU (Figure 1) is an example of a suc-

cessful mitigation project. 

Figure 1. Montgomery Court residence hall on the Portland State University campus. 
Photo taken from the northwest.
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EARTHQUAKE AWARENESS FOR OREGON 
UNIVERSITY BUILDINGS

Oregon leaders have recognized the importance of seis-

mic safety in public school buildings. In 2001, the Oregon 

Legislature passed a state law (Oregon Revised Stat-

ute 455.400; http://www.leg.state.or.us/ors/455.html)

that requires public school buildings with 250 occu-

pants or more to meet life-safety standards. In 2002, 

Oregon citizens voted statewide to amend the Oregon 

constitution to allow the Oregon Legislature to estab-

lish general obligation bonds to provide funds to reha-

bilitate school buildings, including university build-

ings. In 2005, the Legislature passed bills authorizing 

the Department of Treasury to issue state bonds to 

mitigate high-risk educational buildings.

Oregon University System (OUS) is committed to 

rehabilitating seismically defi cient university build-

ings. Th e Oregon Department of Geology and Miner-

al Industries (DOGAMI) has been working with OUS 

since 2002 to complete a seismic risk study on all the 

facilities at the state’s seven public university campus-

es. In 2002 and 2003, DOGAMI and OUS assessed the 

seismic needs of OUS buildings and developed a strat-

egy for long-term planning. An evaluation of approxi-

mately 1,000 buildings was conducted (Simonton and 

others, 2004). 

DOGAMI developed a six-step method (Figure 2) 

for OUS, which is part of the long-term mitigation 

plan (Wang, 2004). Th e six-step method incorporates 

a rapid visual screening (RVS) method, structural 

engineering and benefi t costs analyses, deferred main-

tenance and energy effi  ciency needs, and other con-

siderations. In 2005 and 2006, DOGAMI codeveloped 

a preliminary enhanced RVS (E-RVS) method, which 

is being used by OUS (Wang and Goettel, 2007). 

FEMA GRANT AWARDS

Out of about 1,000 buildings, OUS and DOGAMI iden-

tifi ed Montgomery Court along with PSU’s Ondine 

residence hall and the Oregon Institute of Technolo-

gy’s (OIT) Snell Hall as the top candidates for seismic 

rehabilitation. Many other university buildings that 

were not selected for this grant proposal have serious 

seismic defi ciencies. 

In selecting Montgomery Court, DOGAMI col-

laborated with PSU’s Michael Irish (retired Director 

of Facilities), Richard Piekenbrock (former Campus 

Architect), Carol Hasenberg (former structural engi-

neering instructor) and Robert Simonton (OUS). 

Once Montgomery Court and the other buildings 

were selected, DOGAMI and OUS worked together to 

complete a competitive FEMA Pre-disaster Mitigation 

Grant (PDM) application. Th e grant was submitted 

with two letters of support from structural engineers 

from PSU and Oregon Seismic Safety Policy Advisory 

Commission (OSSPAC). Th e comprehensive grant 

proposal, which included engineering evaluations, 

benefi t cost analyses, and stakeholder support, was 

judged to be nationally competitive.

In April 2004 FEMA provided DOGAMI a $3.8 

million award described as an earthquake building 

rehabilitation grant. FEMA funding provided 75% 

of the budgeted total project costs of approximately 

$3.8 million to complete the seismic readiness work 

on the three buildings. OUS committed to the match 

amount of almost $950,000 (25% of the total) required 

by FEMA to receive the grant monies. Th e funds were 

allocated to upgrade the buildings as “demonstration 

projects,” further described below. Oregon Emergen-

cy Management (OEM) provided state assistance to 

DOGAMI and the overall project. 

MONTGOMERY COURT 
RESIDENCE HALL 

Montgomery Court, which is located at 1802 SW 10th 

Street in Portland, was constructed in 1916 as a four-

story plus basement unreinforced masonry (URM) 

structure by architect A. E. Doyle. In 1925 an addition-

al wing with URM construction was added. Although 

this building is not registered with the State Historic 

Preservation Offi  ce (SHPO), Montgomery Court is 

deemed important from an historical and architectur-

al standpoint. Th us, the seismic rehabilitation project 

was conducted in accordance with SHPO regulations. 

URM buildings have performed poorly in past 

earthquakes, resulting in collapse or very serious 

damage. URMs typically have distinct features includ-

ing arched windows and a header course of bricks. 

A header course is a layer of bricks perpendicular to 

the wall, usually spaced every six to seven rows. Th e 

header course ties the back lathe of bricks to the front 

lathe, providing some limited structural integrity for 

the wall. In contrast, a header course is not necessary 

for reinforced masonry construction because steel 

reinforcement is provided to tie the wall together. 



4 Oregon Department of Geology and Mineral Industries Open-File Report O-07-04

Portland State University Montgomery Court Seismic Rehabilitation Project, Portland, Oregon

Step 1. Planning Stage

Identify buildings to be surveyed. Buildings with 24/7 or high-
capacity occupancy (Oregon Revised Statute 455.400) hazardous 
materials, critical operations, and special concerns.

Step 2. Rapid Visual Screening (RVS)

Conduct FEMA 154 screenings to develop preliminary scores 
(e.g., earthquake performance) and preliminary funding needs.

Step 3. Prioritization

Prioritize buildings that warrant detailed engineering studies. 
If building scores ≤ 2.5 AND requires additional upgrades, then 
engineering evaluations are recommended. Prioritization factors 
involve: seismicity, occupancy load, energy effi  ciency, deferred 
maintenance needs, Americans with Disabilities Act regulations, 
fi re safety, environmental condition, modernization, and special 
circumstances (e.g., historic, shelter, future demolition).

Step 4. Engineering Evaluation

Conduct ASCE 31 engineering evaluations to determine any 
specifi c seismic defi ciencies and mitigation concepts.

Step 5. Benefi t Cost Analysis (BCA)

Conduct BCA to determine cost eff ectiveness of mitigation. 
If the benefi t cost ratio (BCR) exceeds 1, then mitigation is 
recommended.

Step 6. Earthquake Mitigation

Mitigate high-risk buildings with BCR > 1 to improve life-safety, 
liability, and sustainability. Level of upgrades varies. Use FEMA 
356 method or other appropriate method.

Rapid Visual 
Screening

Identify buildings 
to be surveyed

Engineering evaluation 
for structural 
defi ciencies

Fix high-risk
buildings

Benefi t Cost Analysis
to determine

cost eff ectiveness

Prioritize buildings 
into long-term plans

Lower
Priority

List

Building 
appears 

adequate

Score ≤ 2.5

Deferred 
Priority 

List

Building 
is 

adequate

Federal Emergency Management 

Agency (FEMA) 154 — Rapid Visual 

Screening of Buildings for Potential 

Seismic Hazards: A Handbook

American Society of Civil 

Engineers (ASCE) 31 — Seismic 

Evaluation of Existing Buildings

Figure 2. Six-step evaluation method for high-risk buildings developed by the Oregon 
Department of Geology and Mineral Industries for the Oregon University System.
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Arched windows in older brick buildings indicate that 

the building is likely to be a URM because a window 

is not strong enough to support heavy bricks stacked 

on top of it. An arched pattern of bricks above the 

window prevents the wall from collapsing downward 

into the open window space. Figure 3 shows the typi-

cal features of a URM building.

Montgomery Court is a 52,500 sq-ft, U-shaped 

building and houses about 150 students year round. 

Th e building also contains administrative offi  ces for 

College Housing Northwest on the fi rst fl oor as well as 

space for other university entities. 

Montgomery Court was determined to have seri-

ous defi ciencies and potential for complete collapse 

during the next major seismic event. It was identifi ed 

as a high-priority building to rehabilitate on the basis 

of year-round student occupancy and URM construc-

tion type. Furthermore, this building is an integral part 

of the PSU community: it is a public service building, 

houses students, and has historical value. If this build-

ing were damaged and became dysfunctional follow-

ing a seismic event, the entire community would be 

negatively impacted. In addition, the building is adja-

cent to a major pedestrian walkway, and the unusually 

tall, unreinforced masonry parapets posed a signifi -

cant falling hazard. 

DEMONSTRATION PROJECTS AT 
OREGON UNIVERSITIES

Researchers have found that supporting seismic miti-

gation activities increases the resilience of communi-

ties by increasing knowledge and promoting institu-

tional commitments to mitigation at the local level. 

Mitigation is most eff ective when it is carried out on 

a comprehensive, community-wide, long-term basis. 

Single projects help, but carrying out a slate of coor-

dinated mitigation activities over time is the best way 

to ensure that communities will be physically, socially, 

and economically resilient in coping with future earth-

quakes (NIBS, 2005).

Mitigation activities can be divided into two types: 

project and process. Project mitigation includes physi-

cal measures to avoid or to reduce damage from earth-

quakes; process mitigation includes activities that lead 

to policies, practices, and projects that reduce risk 

and loss. Typical process mitigation activities include 

vulnerability and risk studies, increasing awareness 

by decision makers, building constituencies, fostering 

adoption of mitigation strategies, adopting building 

codes for existing buildings, and conducting synergis-

tic activities (NIBS, 2005).

 

Arched Window Header Course 

A) B)

Figure 3. Typical features of unreinforced masonry construction. (A) header course (B) arched windows.
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Oregon has fi ve demonstration projects at univer-

sity campuses: Montgomery Court and Ondine Resi-

dence Hall at Portland State University, Snell Hall 

Administration Building at the Oregon Institute of 

Technology, Humanities and Social Sciences at West-

ern Oregon University, and Nash Hall at Oregon State 

University. Th ese demonstration projects are consid-

ered to include typical project mitigation benefi ts, but 

also include a strong component of process mitigation. 

Project mitigation benefi ts are due to losses avoided 

relating to:

Reduced direct property damage, including • 

buildings, contents, and the building’s lifeline 

services connecting to adjacent facilities

Reduced direct “business” interruption loss, • 

including campus operations, classroom activi-

ties, and research activities

Reduced human losses, including deaths, inju-• 

ries, and homelessness (for residence halls)

Oregon’s demonstration projects involve or will 

involve process mitigation activities, including:

Reduced cost of emergency response, such as • 

ambulance service, fi re protection, and environ-

mental cleanup

Reduced indirect business interruption loss, • 

including ripple eff ects such as loss of housing 

income, enrollment, or research status 

Societal impacts, such as increased awareness • 

among decision makers and peace of mind within 

the community at large

Synergistic impacts, such as future project miti-• 

gation, further discussed below 

According to Robert Simonton, Director of Capital 

Construction for OUS, receiving the 2004 FEMA grant 

has allowed OUS to increase the safety of campus 

facilities by increasing earthquake awareness among 

decision makers and university facilities staff . OUS 

campuses make up half of all state-owned facilities in 

Oregon and have a decade-plus deferred maintenance 

backlog of approximately $600 million. In 2005, the 

Oregon Legislature approved a spending limitation of 

$410 million for capital repair, maintenance, and new 

construction. At the same time, OUS has been making 

signifi cant progress on addressing seismic upgrades to 

improve campus safety. OUS was allocated $8 million 

in state funds as the fi rst systematic allocation for uni-

versity seismic needs by the state.

When FEMA grants lead to additional non-federally 

funded mitigation activities and help institutionalize 

seismic mitigation programs, the benefi t-cost impacts 

are substantial and highly cost-eff ective for the state. 

Th e fi ve university demonstration projects will result 

in future savings by averting casualties and by reduc-

ing direct fi nancial losses due to building damage, 

increasing continuity of university operations, and 

increasing campus preparedness. Moreover, long-

term mitigation strategies are being considered or are 

being improved at the campuses. 

Oregon’s long-range goal is to upgrade all public 

school buildings, including university buildings, to 

life-safety standards as mandated by the 2001 laws. 

Th ese fi ve university seismic upgrades will serve as 

demonstration projects to meet the 2001 laws not only 

in the community but to the Oregon government and 

legislators as well. Th ese projects have been strongly 

supported by various earthquake policy and engineer-

ing organizations, including OSSPAC, the Oregon 

Department of Emergency Management (OEM), and 

various other institutions. 

MONTGOMERY COURT AS A 
DEMONSTRATION PROJECT

Th e rehabilitation of Montgomery Court has served 

as a demonstration project for awareness of seismic 

safety for Oregon’s school buildings. Th e project has 

gained visibility throughout the state because of its 

geographic location and because of the diverse stu-

dent population and associated activities. Further-

more, as part of the project management tasks, the 

project gained media visibility on campus, in the 

Portland region, in the state, and elsewhere. Campus 

newspapers, radio stations, and online reporting have 

increased the awareness of this project. Th e local 

community and the state have also gained awareness 

through television, radio, newspaper press, and meet-

ings. Th is includes press coverage in the Oregonian, 

Daily Journal of Commerce, Oregon Natural Hazards 

Workgroup’s Partnerships in Action newsletters, PSU 

Daily Vanguard, Structural Engineering Association 

of Oregon newsletter, American Society of Civil Engi-

neers newsletter, and more. Th is demonstration proj-

ect was presented at meetings of Oregon’s Interagency 

Hazard Mitigation Team, the Oregon Seismic Safety 
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Policy Advisory Commission, the 100 Year Anniver-

sary Conference on the 1906 Earthquake cosponsored 

by the Earthquake Engineering Research Institute, the 

American Society of Civil Engineers national confer-

ence, and to other interested groups. 

Representatives from FEMA, as well as a host of 

other agencies and organizations, were invited to tour 

the building during the construction phase in August 

2005. High-ranking offi  cials, such as PSU President 

Dan Bernstine, as well as community and project team 

members participated in the tour (Figure 4). 

It is important to provide awareness of demonstra-

tion projects not only during the planning and con-

struction phases but also long after construction is 

complete. Th erefore, each of the fi ve university dem-

onstration projects includes or will include a per-

manent public display to provide earthquake safety 

awareness. At Montgomery Court, a commemorative 

plaque was erected at the main building entrance to 

serve as a reminder of the recent seismic upgrades. A 

schematic of the plaque is shown in Figure 4 (inset).

Initial Seismic Evaluations 
In 1997, KPFF Consulting Engineers was retained 

to conduct a general structural seismic evaluation 

of the Montgomery Court building using the FEMA 

178 methodology (FEMA, 1992). Th e scope of KPFF’s 

review was limited to only the structural elements 

resisting lateral forces and potential life safety hazards, 

such as signifi cant falling hazards.

On May 12, 1997, KPFF engineers conducted a site 

visit. Th e purpose of the site visit was to observe the 

general condition of the building, to review the avail-

able design drawings, and to establish an assessment 

of the most signifi cant structural defi ciencies (KPFF, 

1997). 

KPFF identifi ed that lateral earthquake forces were 

resisted by URM perimeter shear walls within the 

building. Th e walls are generally broken up by win-

dows or doors into wall piers. Each pier at a partic-

ular fl oor resists a portion of the accumulated story 

forces relative to its stiff ness. KPFF determined that 

the demand on the masonry piers is likely to be higher 

than current capacity. 

Figure 4. Portland State University (PSU) August 2005 seismic mitigation tour. 
Participants included Portland State University (PSU) President Dan Bernstine; PSU 
Facilities and Planning Director Robyn Pierce; Federal Emergency Management Agency 
(FEMA) Region X representative Sharon Loper; Oregon Emergency Management (OEM) 
representative Abby Kershaw; Robert Simonton, Oregon University System (OUS) 

Director of Capital Construction Planning and Budget; and James Doane, chairman of the State Earthquake Commission. Also present 
are Oregon Emergency Management staff , PSU facilities and housing departments staff , PSU Civil and Environmental Engineering 
department faculty, Oregon Department of Geology and Mineral Industries staff , community leaders, and project team leaders (architect, 
construction manager, and general contractor). Inset: Demonstration project plaque for Montgomery Court seismic retrofi t.
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KPFF’s fi ndings indicated that the existing roof was 

completely unanchored and that the fourth fl oor ceil-

ing was poorly anchored with unbraced, unsheathed 

pony walls connecting the roof and ceiling framing. 

Also, using the 1997 Uniform Building Code methods 

(ICC, 1997), the design level force on the wall anchors 

was determined to be inadequate. In addition, the roof 

parapets and other falling hazards such as chimneys 

and ornaments were poorly attached, and it was esti-

mated that little or no lateral support would be avail-

able to prevent them from falling to the ground below. 

KPFF’s fi ndings suggested seismic rehabilitation was 

needed. However, until the FEMA PDM grant funding 

became available, no additional work or studies were 

completed on the building.

SEISMIC MITIGATION DESIGN 
DEVELOPMENT

Upon approval of the FEMA PDM grant funding, the 

PSU facilities and planning department began project 

scoping activities. It was verifi ed that it would not be 

cost eff ective to rehabilitate the entire URM structure. 

Th e focus was to determine how to best conduct a par-

tial rehabilitation to signifi cantly improve life safety. 

As preserving the historic architectural features in 

accordance to SHPO standards was considered to be 

important, mitigation options were limited.

WDY Structural and Civil Engineers was hired by 

PSU to determine appropriate mitigation solutions. 

Th e attic space was explored, and it was confi rmed that 

the top diaphragm was not adequately connected to 

the URM walls (Figure 5). Stairwell walls were exam-

ined, and it was determined that there was little or no 

support available to prevent collapse during a seismic 

event. Th is was a major concern because available 

egress must be available for safe evacuation directly 

following an earthquake. Because the roof, walls, and 

high parapets were not structurally tied together, they 

would likely be damaged if they were not strength-

ened. Ultimately, it was decided to address signifi cant 

weaknesses in the parapet bracing, roof anchorage, 

roof diaphragm improvements, chimneys, and select-

ed architectural features. 

WDY proposed solutions based on the FEMA 

356 methodology (FEMA, 2000). Th e solutions were 

intended to provide general improvements to serious 

defi ciencies in order to achieve a collapse prevention 

performance level where “the building remains stand-

ing but only barely and any other damage or loss is 

acceptable” (FEMA, 2000). Although this mitigation is 

considered to be a low level of performance, it substan-

tially increases life-safety conditions during a seismic 

event. Th e basic seismic rehabilitation design included 

four mitigation measures:

Tying the top diaphragm and walls to a new 1. 

roof, 

Anchoring the falling hazards, 2. 

Securing the parapets, and 3. 

Adding reinforcement to the stairwells.4. 

MITIGATION COSTS

Th e fi nal project costs were about $640,000, $140,000 

under the original $780,000 budget. Table 1 summa-

rizes project costs, including construction costs and 

the soft costs, such as project management, design, 

engineering, permits, and inspections. 

Th e PSU project manager, architect Francis McBride, 

determined that mitigation work beyond what WDY 

proposed would not be cost-eff ective ; thus costs were 

below the original budget. Also, McBride estimated 

that approximately $10,000 was saved by keeping the 

project management duties within the PSU Facilities 

and Planning Department rather than outsourcing it. 

Figure 5. Exploration of the top diaphragm 
connections in attic space below the roof.
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All project costs were directly related to seismic 

improvements. Th e existing roof was not adequate 

to tie into the URM walls and required replacement, 

although, according to McBride, a roof replacement 

would not be needed for a few more years. 

Some minor non-seismic modernization improve-

ments, such as carpet replacement, were made nec-

essary due to the seismic mitigation. Carpeting was 

replaced only in rooms where it was necessary to 

remove a portion of the fl oor to complete the rein-

forcement work on nearby stairwells. 

SEISMIC MITIGATION CONSTRUCTION

After the FEMA PDM grant was awarded in spring 

2004, PSU Facilities and Planning Department inte-

grated the rehabilitation project into their schedule. 

In 2005 the complete project team was assembled. 

Construction for the seismic mitigation occurred in 

summer 2005. Th e project team, project schedule, and 

mitigation are discussed in this section.

Project Team
PSU Facilities and Planning Department managed the 

project and assembled the project team. PSU conduct-

ed the architectural design work in collaboration with 

WDY, the structural engineering consultant. WDY 

completed the construction documents and architec-

tural drawings. Paul Edmund, a consultant, was hired 

to complete the project specifi cations. Fortis Con-

struction was the general contractor. College Housing 

Northwest, which operates campus student housing 

including Montgomery Hall, worked with PSU and 

represented the building occupants. DOGAMI was 

the project facilitator and organized two demonstra-

tion tours. DOGAMI and OEM provided oversight 

and administrative assistance, respectively. Project 

team members and their roles are summarized in 

Table 2.

Project Schedule
PSU Facilities and Planning considered the academ-

ic schedule in developing the project schedule. Th e 

project was planned so that all construction activities 

would take place during the summer after the Spring 

quarter fi nals were completed. Although the building 

was to remain fully occupied, only minimal disruption 

would occur in the main academic year. Th e project 

schedule and a time line of major events are given in 

Table 3. 

To accommodate the tenants, a notifi cation system 

was devised to alert aff ected residents 48 hours in 

advance that they would need to vacate during normal 

business hours. In addition, weekly notices were 

posted for areas in the building likely to be aff ected by 

construction noise and odors (e.g., from asphalt). Th is 

plan worked out for the most part. However, as with 

all projects, some errors were made. In this project the 

notifi cation system did not completely succeed. Th is 

issue is considered in the section “Discussion and Les-

sons Learned” in hopes that future projects can ben-

efi t from it. 

 Table 1. Approximate cost summary for Portland State University 
Montgomery Court seismic rehabilitation project.

Construction Costs

$290,000 re-roofi ng
parapet bracing
straps
penthouse

$100,000 stairwells (3)
framing
steel reinforcement

$70,000 front and back porches

$35,000 fi re escape improvements

Soft Costs

$33,000 architect
structural engineer
special inspection consultant
asbestos inspection/monitoring

$65,000 PSU facilities, College Housing Northwest
OUS and DOGAMI

$20,000 permits, bonds, surcharges, archiving

$27,000 temporary relocations
moving expenses
food vouchers

$640,000 Total
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Table 2. Portland State University Montgomery Court seismic rehabilitation project team.

Role Member Location

Owner Portland State University Portland

Operator College Housing Northwest at PSU Portland

Architect Francis McBride, PSU Facilities and Planning Portland

Structural Engineer WDY Consulting Engineers Portland

Specifi cations Consultant Paul Edlund, FCSI Portland

General Contractor Fortis Construction Portland

Project Funding U.S. Department of Homeland Security - 
Federal Emergency Management Agency
Oregon University System
PSU Facilities and Planning
College Housing Northwest

Washington, DC

Oregon
Oregon
Oregon

Project Facilitator/Oversight DOGAMI Oregon

Administrative Assistance Oregon Emergency Management Oregon

PSU is Portland State University; DOGAMI is Oregon Department of Geology and Mineral Industries.

Table 3. Portland State University Montgomery Court seismic rehabilitation project schedule and time line of major events.

Time Period Event

1916 Original construction of Montgomery Court

1925 New building wing added to Montgomery Court

1974 Oregon adopts fi rst statewide building code

1994 Oregon adopts signifi cant seismic upgrades in statewide building code

2001 Oregon Legislature passes legislation in support of earthquake safety for schools

2002 Voters approve general obligation bonds for earthquake safety in schools

2002 DOGAMI and OUS partner to assess seismic vulnerability of university campuses

2002-2003 DOGAMI and OUS partner to write FEMA Competitive Grant Proposal

September 2003 DOGAMI submits Predisaster Mitigation Grant Proposal

April 2004 FEMA awards competitive grant for rehabilitation of Montgomery Court residence hall

January to May 2005 Project planning and preconstruction design; contractor/subcontractor bids and awards

April 8, 2005 Seismic mitigation tour #1

April to June 2005 Permits and bidding for construction

June to September 2005 Construction of seismic strengthening

August 10, 2005 Seismic mitigation tour #2

September to November 2005 Finishing/ Architectural work

December 2005 Final on-site inspection by OEM and others

DOGAMI is Oregon Department of Geology and Mineral Industries; OUS is Oregon University System; FEMA is Federal Emergency 
Management Agency; OEM is Oregon Emergency Management.
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Four-Part Mitigation
Seismic mitigation included (1) tying the top dia-

phragm and walls to a new roof, (2) anchoring the fall-

ing hazards, (3) securing the parapets, and (4) adding 

reinforcement to the stairwells. Each part of the seis-

mic mitigation is discussed. 

Mitigation 1: Tying the top diaphragm and walls to 

a new roof

One of the basic principles of seismic structural design 

is to provide adequate connections between the verti-

cal and horizontal structural elements so that earth-

quake forces can be accommodated by the structure. 

For this project, tying the upper portion of the build-

ing together was the major structural improvement to 

prevent a catastrophic collapse. Figure 6 shows con-

struction photos of the new roof and new vertical to 

horizontal member connections.

Th e top diaphragms (horizontal member) were tied 

in at both the roof and the ceiling of the fourth story. 

Long mechanical anchors with threaded steel rods 

were used to secure the new roof joists to the URM 

walls. Couplers were used as necessary to connect indi-

vidual threaded rod segments. Epoxy-coated anchor 

bolts were installed to connect the steel rods to the 

existing URM walls. A new structural plywood roof 

was placed on top of the existing roof deck. Th e new 

roof was required for adding new anchors to secure 

the parapets and falling hazards, such as ornaments 

and the URM chimneys. New sheathing was also 

installed along the entire surface of the roof, including 

the access tower. 

Figure 6. Construction activities on the roof of Montgomery Court. (A) tying the diaphragm into the existing unreinforced masonry wall, 
(B) installation of long mechanical anchors with anchors and threaded steel rods, (C) 

placement of structural plywood, and (D) new roof sheathing.
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Mitigation 2: Securing the parapets

Th e existing URM parapets, which are about 6 feet tall, 

were secured at the roof level around the perimeter of 

the building to mitigate a major falling hazard. Figure 

7 shows the construction materials used for securing 

parapets. 

Steel angle members were used to brace the para-

pets to the existing roof joists. Specifi cally, a portion 

of the roof was removed around the entire perimeter 

in order to expose existing wood joists. Epoxy-coated, 

¾-inch anchor bolts were used to connect the steel 

bracing to parapets, and 6-inch-long lag bolts were 

used to connect to the existing joists. Th e anchors 

were spaced at 48 inches on center. In a few locations 

due to special circumstances, it was necessary to use a 

longer spacing of 60 inches. 

Th e steel bracing was covered with ½-inch plywood 

sheets on a diagonal. Th en, new roofi ng material was 

applied to provide corrosion protection. Th is covered 

confi guration is easier to maintain and eliminates the 

possibility of individuals tripping on the new bracing. 

Small, 2-inch thick, wood support blocks were nailed 

to the roof and anchored to the parapets in order to 

connect the plywood sheets to the existing roof and 

parapets. Two-inch nails were used at regular spacing 

to connect the plywood sheets to the wood blocks. 

 

Steel Bracing 

Epoxy Coated Anchor 

Plywood Sheets 

Wood support  

New Roof 
material 

A) 

D) C) 

B) 

Figure 7. Construction materials used for securing the unreinforced masonry parapets on the roof of Montgomery Court.
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Mitigation 3: Anchoring the falling hazards

In addition to the tall URM parapets, Montgomery 

Court includes a variety of other falling hazards. Th e 

more notable falling hazards include several concrete 

ornaments and an URM chimney. Figure 8 shows the 

bracing used to anchor falling hazards. 

Th e falling hazards were secured at the roof level 

around the perimeter of the building. Standard 2½-inch 

diameter galvanized steel pipe was used to brace these 

features to the existing roof joists. As with the parapet 

mitigation, a portion of the roof was removed around 

the entire perimeter in order to expose existing wood 

joists. Epoxy-coated anchor bolts were then used to 

connect the galvanized steel pipe to the falling haz-

ards, and 3/8-inch bolts were used to connect to the 

existing wood joists. 

Mitigation 4: Adding reinforcement to the stairwells

It is critically important to maintain clear, usable 

egress after an earthquake, especially in URM build-

ings, which are expected to incur damage. Before 

mitigation, Montgomery Court had three structurally 

inadequate stairwells serving as exit paths. For this 

project, the walls in each stair towers were reinforced 

by installing structural walls next to the existing walls. 

Steel bracing was also added for two of the stairwells. 

In these cases, tube steel was epoxy anchored into the 

URM wall, and steel straps were bolted to the wood. 

Figure 9 shows construction of stairwell reinforce-

ment.

 

Steel Pipe 
Steel Pipe 

A) B) 

Figure 8. Bracing used to anchor falling hazards on the roof of Montgomery Court: (A) chimney and (B) ornament bracing.

 

Tube Steel Steel Straps 

A) B) 

Figure 9. Construction of stairwell reinforcement in Montgomery Court. (A) close-up of tube 
steel and steel straps, and (B) broad view of stairwell reinforcement at corner.
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Most of this work was conducted in the stairs or 

adjacent corridors. However, it was necessary to miti-

gate some of the walls in the apartment units adjacent 

to the stairs. In these cases, it was necessary to remove 

the trim on the aff ected wall in the unit and construct 

a new wall adjacent to the existing wall. New walls 

were fi nished with new paint and trim. 

DISCUSSION AND LESSONS LEARNED

Recent studies indicate that Oregon is at risk for a 

major earthquake. In addition to the Cascadia Subduc-

tion Zone threat, many communities also have active 

crustal faults nearby that pose a real threat. Orego-

nians have expressed a strong concern about Oregon’s 

earthquake risk and want to improve the state of read-

iness. As a consequence, to better prepare and protect 

Oregonians from future earthquake losses, the state’s 

goal is to increase awareness and promote prepared-

ness through demonstration projects such as Mont-

gomery Court. 

In order to ensure that Oregon is better prepared for 

damaging earthquakes, state agencies, the federal gov-

ernment, and the private sector must work together 

to meet long-term mitigation goals. Th e seismic reha-

bilitation of PSU’s Montgomery Court contributes to 

meeting these state goals and serves as a demonstra-

tion project to create momentum in earthquake pre-

paredness throughout the state. Th us the rehabilita-

tion is not only a demonstration project on the PSU 

campus but also as an impetus for individual owners 

and communities to conduct similar seismic retrofi t 

projects. 

As with other seismic upgrade projects, several 

major issues arose. A discussion of two issues is pro-

vided with the hope that others involved with seismic 

upgrades will be able to consider these issues and learn 

from them. 

Montgomery Court is still vulnerable
One primary concern about Montgomery Court is 

that it remains vulnerable to signifi cant damage in 

an earthquake due to its inherent structural defi cien-

cies. Th is project upgrade provided partial mitigation, 

created a much safer structure for its occupants and 

nearby pedestrians, and will allow for egress following 

an earthquake. In addition, the upgrade was cost eff ec-

tive and the building’s historical architectural features 

were preserved. Th e risk reduction upgrade, however, 

did not achieve a life-safety standard that is required 

by today’s building codes. In fact, a URM building 

is not allowed to be built in today’s building code. 

Th us, upgrading an existing URM to code is diffi  cult. 

Although Montgomery Court is expected to perform 

poorly during a major earthquake, the building has 

been upgraded to avoid collapse (see Figure 10). 

Despite these signifi cant improvements, the struc-

tural brick walls were not improved and are considered 

to be “nonductile.” Unless the brick walls are mitigated 

higher performance
less loss

Expected Post-Earthquake 

Damage State

Operational

Backup utility services maintain
functions; very little damage.

Immediate Occupancy

The building remains safe to
occupy; any repairs are minor.

Life Safety

Structure remains stable and
has signifi cant reserve
capacity; hazardous
nonstructural damage is 
controlled.

Collapse Prevention

The building remains standing, 
but only barely; any other 
damage or loss is acceptable.

lower performance
more loss

Figure 10. Building performance levels (FEMA, 2000).
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for seismic performance, the building will remain will 

remain vulnerable to very serious damage during the 

next major seismic event. Th ere are several possible 

mitigation methods, but none were deemed feasible 

for the Montgomery Court project due to the high 

costs and loss of historical architectural features. One 

method is to apply reinforced shotcrete or fi berwrap 

to the interior or exterior of the URM walls. Another 

method is to add reinforced concrete shear walls or 

steel-braced frames at the interior or perimeter of the 

building. 

In the future, may be worthwhile to decrease the 

number of residents and occupants at Montgomery 

Court so that the building is occupied by fewer people 

for fewer hours. 

Construction of occupied building
It is often diffi  cult to conduct major construction 

activities to an existing building, especially when the 

occupants remain in the building. If the occupants 

are not relocated to another building, they can be 

inconvenienced from increased activity in and around 

the building, construction equipment and materials, 

safety issues, detours, noise, and dust. 

When project meetings fi rst began between PSU 

and Fortis Construction, there was concern about 

the safety of residents. Th e project team considered 

relocating some residents; however, it was ultimately 

decided that it would be too disruptive to move stu-

dents. Overall, this decision appears to have been 

sound, but a few students were negatively impacted 

by construction activities. Brief descriptions of two 

understandable, yet avoidable, situations are provided 

so that others can learn from our mistakes. 

One issue was that residents did not receive notice 

in advance of construction on a particular day. Resi-

dents of the fourth fl oor said that although work was 

scheduled directly overhead they had been given no 

notice until after construction had already started that 

they should leave their units (Baker, 2005). 

Another situation involved damage to an interior 

apartment. On the morning of June 22, 2005, minor 

rain showers were expected. Construction workers 

removed the roof from an extensive portion of the 

Montgomery Court north wing, exposing insulation 

and ceiling joists. According to general contractor’s 

project engineer, at around noon an unexpected storm 

hit central Portland, forcing workers to provide tem-

porary protective roof covering. Th e contractor had a 

thick, plastic tarp on site. However, because the storm 

moved quickly, water had already seeped in before the 

tarp could be eff ectively applied. On June 28 after sev-

eral hours of rain, a PSU student was studying in her 

apartment when stucco fragments and colored fl uids 

fell on her sofa and other belongings (Baker, 2005). 

Although arrangements were made for her and a few 

other aff ected students to relocate to a nearby hotel, 

the poor communication and water damage left at 

least one student dissatisfi ed.

Construction on existing, occupied buildings is 

often complex, and being well prepared is important. 

For these types of construction projects, it is helpful to 

have good communication with the tenants during the 

planning stage and construction stage. 

ACKNOWLEDGEMENTS

Th e authors express our gratitude to Oregon Senate 

President Peter Courtney for his visionary leader-

ship on earthquake preparedness for Oregonians. 

Bob Simonton, Director of Capital Construction for 

the Oregon University System (OUS), has been at the 

forefront of earthquake preparedness for the state. We 

thank Dennis Sigrist from Oregon Emergency Man-

agement for his assistance with this demonstration 

project. We thank Francis McBride, Architect with the 

PSU Facilities and Planning, for his expertise on this 

project and his comments on this report. 

We also thank:

PSU President, Dan Bernstine• 

PSU Facilities and Planning, including Robyn • 

Pierce, Director; Mike Irish, retired Director; and 

Dick Piekenbrock, former PSU Architect

Oregon Emergency Management, including Ken • 

Murphy, Abby Kershaw, Stan Prihar, Jay Wilson, 

Joseph Murray, Julie Slevin, and the state Haz-

ards Mitigation Grant Program (HMGP)

U.S. Department of Homeland Security FEMA, • 

including Michael Mahoney, Carl Cook, Bruce 

Knipe, Sharon Loper, Jeff  Volkman, Chris Jonientz 

Trisler, Robin Gordon, and Jeff  Markham

Carol Hasenberg, former PSU structural engi-• 

neering instructor

Walker/DiLoreto/Younie, Inc., James D. Gipe• 

College Housing Northwest and Auxiliary Ser-• 

vices, including Ron Ritchie (former staff ) and 

John Eckman



16 Oregon Department of Geology and Mineral Industries Open-File Report O-07-04

Portland State University Montgomery Court Seismic Rehabilitation Project, Portland, Oregon

Fortis Construction, including Landon Winter, • 

Project Engineer

Supporting stakeholders including the Oregon • 

Seismic Safety Policy Advisory Committee, 

engineers, emergency managers, planners, and 

others

Oregon Department of Geology and Mineral • 

Industries, including Vicki McConnell, Don 

Lewis, Ian Madin, Bill Burns, and Neva Beck

Funding for this project was provided by FEMA 

Pre-Disaster Mitigation Competitive (PDM-C) Grant 

Program contract EMS-2004-PC-0002 through OEM 

to DOGAMI. Similar case histories are available for 

the seismic rehabilitation projects at Ondine Resi-

dence Hall at Portland State University and Snell Hall 

at the Oregon Institute of Technology.

REFERENCES

Baker, M., 2005, Leaky roof uproots stu-

dents, Daily Vanguard [Portland State Uni-

versity, Portland Oreg.], July 13, 2005. 

http://www.dailyvanguard.com

Federal Emergency Management Agency (FEMA), 

1992, NEHRP handbook for the seismic evalua-

tion of existing buildings, FEMA 178: Washing-

ton, D.C.

Federal Emergency Management Agency 

(FEMA), 2000, Prestandard and com-

mentary for the seismic rehabilitation of 

buildings, FEMA 356: Washington, D.C..

http://www.degenkolb.com/0_0_Misc/0_1_

FEMADocuments/fema356/ps-fema356.html

International Code Council (ICC), 1997, Uniform 

building code 1997, vol. 2, Structural engineering 

design provisions: Washington, D.C.

KPFF Consulting Engineers, 1997, Portland State Uni-

versity, Montgomery Court Building, Structural 

Seismic Evaluation, August 29, 1997, report to 

State Board of Higher Education: Portland, Oreg.

National Institute of Building Sciences (NIBS), 

Multihazard Mitigation Council, 2005, Natu-

ral hazard mitigation saves: An independent 

study to assess the future savings from mitiga-

tion activities, vols. 1 and 2: Washington, D.C. 

http://www.nibs.org/MMC/mmcactiv5.html

Simonton, R, Wang, Y., and Dickey, B., 2004, 

Sustainable practices at Oregon universities: 

Reducing earthquake risks and improving energy 

effi  ciency in buildings: Oregon Department of 

Geology and Mineral Industries Open-File Report 

O-04-21, 3  p., inc. poster. 

U.S. Geological Survey (USGS), 2003, Nation-

al Seismic Hazard Mapping Project, 

http://eqhazmaps.usgs.gov.

Wang, Y., 2004, Oregon’s schools and emergency facil-

ities — from awareness to action, in EQ: Earth-

quake Quarterly, Western States Seismic Policy 

Council newsletter, Spring-Summer 2004, p. 4–9. 

(Also in Proceedings of the National Earthquake 

Conference, St. Louis, Mo., September 2004.)

Wang, Y., and Goettel, K. A., 2007, Enhanced rapid 

visual screening (E-RVS) method for prioriti-

zation of seismic retrofi ts in Oregon: Oregon 

Department of Geology and Mineral Industries 

Special Paper 39, 27 p.

http://www.degenkolb.com/0_0_Misc/0_1_FEMADocuments/fema356/ps-fema356.html

