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FOREWORD and SCOPE 
 
Earthquakes are a serious threat to safety in institutional and 
commercial buildings and pose a significant potential liability to 
building owners. Buildings in 39 states are vulnerable to earthquake 
damage. Unsafe existing buildings expose their owners and occupants 
to the following risks: 

• Death and injury of tenants, occupants, and visitors 
• Damage to or collapse of buildings 
• Damage to and loss of furnishings, equipment, and other building 

contents 
• Disruption of rental and occupancy functions and other building 

operations 
 
The greatest earthquake risk is associated with existing  buildings that were 
designed and constructed before the use of modern building codes. For many 
parts of the United States, this includes buildings built as recently as the early 
1990s. 
 
Although vulnerable buildings need to be replaced with safe, new construction or 
rehabilitated to correct deficiencies, for many building owners new construction is 
limited, at times severely, by budgetary constraints, and seismic rehabilitation is 
expensive and disruptive. However, incremental seismic rehabilitation 
described in this manual, an innovative approach that phases in a series of 
discrete rehabilitation actions over a period of several years, is an effective, 
affordable, and non-disruptive strategy for responsible mitigation action. It can be 
integrated efficiently into ongoing facility maintenance and capital improvement 
operations to minimize cost and disruption.  
 
This manual and its companion documents are the products of a Federal Emergency Management Agency 
(FEMA) project to develop the concept of incremental seismic rehabilitation.  
 
This manual is intended to assist architects and engineers who provide services to 
building owners and contains the information necessary for providing consulting 
services to owners for implementing incremental seismic rehabilitation. Architects 
and engineers using this handbook will be effective consultants serving a 
knowledgeable owner. Together they will be in a position to implement an 
effective incremental seismic rehabilitation program. 
 
In addition to this manual there is a set of manuals intended for building owners, 
managers, and their staff: 
 

• Incremental Seismic Rehabilitation of School Buildings (K-12), FEMA 395 
• Incremental Seismic Rehabilitation of Hospital Buildings, FEMA 396 
• Incremental Seismic Rehabilitation of Office Buildings, FEMA 397 
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• Incremental Seismic Rehabilitation of Multifamily Apartment Buildings, 
FEMA 398 

• Incremental Seismic Rehabilitation of Retail Buildings, FEMA 399 
• Incremental Seismic Rehabilitation of Hotel and Motel Buildings, FEMA 400 
• Incremental Seismic Rehabilitation of Storage Buildings, FEMA 401 
• Incremental Seismic Rehabilitation of Emergency Buildings, FEMA 402 

 
Each manual in this set addresses the specific needs and practices of a particular 
category of buildings and owners, and guides building owners and managers 
through a process that will reduce earthquake risk in their building inventory. The 
manuals answer the question, as specifically as possible: “What is the most 
affordable, least disruptive, and most effective way to reduce seismic risk in 
existing buildings?” By using the process outlined in these manuals, building 
owners and managers will become knowledgeable clients for implementing 
incremental seismic rehabilitation specifically geared to their building use 
category. 
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HOW TO USE THIS MANUAL 
 
This manual consists of six chapters. The first three chapters introduce the 
concept of incremental seismic rehabilitation, discuss it from the owners’ 
perspective, and explain its relationship to building codes and related regulations. 
The next two chapters provide guidance on the engineering implementation of 
incremental seismic rehabilitation. The sixth chapter describes the product of this 
engineering: an incremental seismic rehabilitation plan. 
 
The engineering implementation of incremental seismic rehabilitation relies on the 
use of the following three documents, which are referenced extensively in the 
text:  
 

• Rapid Visual Screening of Buildings for Potential Seismic Hazards: A 
Handbook, Second Edition, FEMA 154 

• Seismic Evaluation of Existing Buildings, ASCE 31 (based on FEMA 310, 
Handbook for the Seismic Evaluation of Existing Buildings—A Prestandard) 

• Prestandard and Commentary for the Seismic Rehabilitation of Buildings, 
FEMA 356 

 
Architects and engineers should obtain these three documents for use in 
conjunction with this manual. 
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1.  Incremental Seismic Rehabilitation—An Overview 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1.1   What is Incremental Seismic Rehabilitation? 
 
Options for Seismic Risk Reduction 
 
The most important consideration for earthquake safety in existing buildings is 
to reduce the risk of catastrophic structural collapse. Most likely in existing 
vulnerable buildings, structural collapse poses the greatest threat to life in a 
major earthquake. Beyond structural collapse, additional considerations may be 
partial collapse and damage to primary load carrying elements. Nonstructural 
damage and failures may also pose a risk of death and injury to occupants and  
property loss to owners. Choosing the method of reducing these risks in a 
deficient building requires two critical decisions: 
 

• Replace or Rehabilitate: If the owner decides to replace a building, 
new construction is carried out according to modern codes and can be 
assumed to meet current safety standards. However, financial constraints, 
historic preservation concerns, and other community interests may make 
the replacement option infeasible. In that case, rehabilitation should be 
considered. 

 

In Brief 
 
This chapter describes the concept of incremental seismic 
rehabilitation by answering the following questions: 

• What is Incremental Seismic Rehabilitation? 
• How Does Incremental Seismic Rehabilitation Relate To The 

FEMA Existing Buildings Program? 
• How do the Benefits of Incremental Seismic Rehabilitation 

and Single-Stage Rehabilitation Compare? 
• Has Incremental Seismic Rehabilitation Been Implemented 

and How? 
• What New Forms of Professional Service Will Be Required? 
• Does the Incremental Seismic Rehabilitation Process 

Constitute Responsible Professional Practice? 
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• Single-Stage Rehabilitation1 or Incremental Rehabilitation: If the 
rehabilitation option is chosen, there are still issues of cost and disruption 
associated with the rehabilitation work. The cost and extensive disruption 
of use entailed by single-stage seismic rehabilitation has proved to be a 
serious impediment to its implementation by many building owners. 
Incremental seismic rehabilitation is specifically designed to address and 
reduce the problems of cost and disruption. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approach to Incremental Seismic Rehabilitation 
 
Incremental rehabilitation phases seismic rehabilitation into an ordered series of 
discrete actions implemented over a period of time, in some cases, several years, 
and whenever feasible, these actions are planned to coincide with regularly 
scheduled repairs, maintenance, or capital improvements. Such an approach, if 
carefully planned, engineered, and implemented, will ultimately achieve the full 
damage reduction benefits of a more disruptive single-stage rehabilitation. In 
fact, for many institutional and commercial buildings, a key distinction between 
the incremental and single-stage rehabilitation approaches is that the 
incremental approach can effectively eliminate or drastically reduce disruption 
costs if it can be organized so that most rehabilitation increments occur during 
periods of reduced occupancy, such as summer vacation in schools or tenant 
turnover in commercial buildings. Incremental seismic rehabilitation can be 
initiated in the near- term as a component of planned maintenance and capital 
improvement with only marginal added cost. Getting started as soon as possible 
on a program of incremental seismic rehabilitation will improve building 

                                                           
1 Single-stage rehabilitation refers to completing the rehabilitation in a single continuous project. 



Ch 1-0227 05/06/05 Page  3  

performance and demonstrates recognition of responsibility for building safety on 
the parts of the owner and the design professional. 
 
Assessment of Deficiencies 
 
A necessary activity that must precede a seismic rehabilitation program, be it 
single-stage or incremental, is an assessment of the seismic vulnerability of an 
owner’s building inventory. The assessment should rank the building inventory in 
terms of seismic vulnerability and identify specific deficiencies. The Federal 
Emergency Management Agency (FEMA) publishes a number of documents on 
the assessment process. Facility assessments and the FEMA publications 
available to help conduct them are discussed in more detail in Chapter 5. 
 
Prioritization and Scheduling of Rehabilitation Increments 
 
The incremental seismic rehabilitation program will correct the deficiencies 
identified by the assessment. The order in which seismic rehabilitation 
increments are undertaken can be important to their ultimate effectiveness. 
There are four aspects to prioritizing and scheduling seismic rehabilitation 
increments, which are discussed in more detail in Chapter 5: 
 

• Structural Priority--An initial prioritization of seismic 
rehabilitation increments based on their respective impact on the 
overall earthquake resistance of the structure.  

 
• Use Priority—Prioritization influenced by owners’ considerations of 

alternative future uses of their existing buildings.  
 
• Construction Priority—Prioritization influenced by construction 

characteristics of rehabilitation increments such as work on 
elements of the building envelope, work on elements of interior 
spaces, and work on concealed elements. 

 
• Integration Opportunities—Prioritization and scheduling 

influenced  by the potential for integrating rehabilitation increments 
with other building maintenance or capital improvement projects 
that are undertaken routinely. 

 
 

Incremental Seismic Rehabilitation Plan 
 
An essential feature of implementing incremental seismic rehabilitation in specific 
buildings is the development and documentation of a seismic rehabilitation plan. 
The seismic rehabilitation plan will include all the anticipated rehabilitation 
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increments and their prioritization. The documentation will guide the 
implementation of the incremental seismic rehabilitation program and should 
ensure that the building owner does not lose sight of overall rehabilitation goals 
during implementation of individual increments. The incremental seismic 
rehabilitation plan is discussed in more detail in Chapter 6. 
 
1.2   How Does Incremental Seismic Rehabilitation Relate To The FEMA 
Existing Buildings Program? 
 
FEMA’s Existing Building Program is part of the National Earthquake Hazard 
Reduction Program (NEHRP). Under this program FEMA has developed a series 
of documents that include: 

FEMA 154, Rapid Visual Screening of Buildings for Potential Seismically 
Hazards and Supporting Documentation—Second Edition 
FEMA 310, Handbook for the Seismic Evaluation of Existing Buildings—A 
Prestandard, which has subsequently become an ASCE standard, ASCE 31, 
Seismic Evaluation of Existing Buildings 
FEMA 356 – Prestandard and Commentary for the Seismic Rehabilitation 
of Buildings 
FEMA 172 – Techniques for Seismically Rehabilitating Existing Buildings 
FEMA 156,157 – Typical Costs for Seismically Rehabilitating Existing 
Buildings 
FEMA 227 – A Benefit-Cost Model for the Seismic Rehabilitation of 
Buildings  
FEMA 255 – Seismic Rehabilitation of Federal Buildings: a Benefit/Cost 
Model. 

 
Additional applicable documents have been developed by others, and include: 

 ATC 40 – Seismic Evaluation and Retrofit of Concrete Buildings 
SAC 95-02 -- Interim Guidelines: Repair, Modification and Design of 
Welded Moment Resisting Frame Structures. 

  
These documents, when used together or individually, can effectively guide the 
design professional through the process of identifying potentially hazardous 
buildings, evaluating those buildings to determine any needed mitigation of 
seismic vulnerability, and designing the necessary seismic rehabilitation for the 
building, be it incremental or single-stage rehabilitation.  
 
While these documents do not explicitly address incremental seismic 
rehabilitation, they should be used in developing and implementing an 
incremental seismic rehabilitation plan. The use of these documents is discussed 
in detail in Chapter 5. 
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1.3 How Do the Benefits of Incremental Seismic Rehabilitation and 
Single-Stage Rehabilitation Compare? 

  
FEMA has developed an approach to performing benefit/cost analyses of seismic 
rehabilitation. The procedures and methodology of the approach is published in 
the FEMA 227 and FEMA 255, as listed previously. Using this approach it is 
possible to develop a life-cycle benefit analysis that compares incremental to 
single-stage rehabilitation. 
 
Estimates of seismic damage can be quantified in terms of percentage of building 
value damaged. Annual seismic damage is calculated as the probable damage 
that can result in any year from all possible earthquakes. The benefits of seismic 
rehabilitation are quantified as the reduction in annual seismic damage resulting 
from specific rehabilitation actions (also quantified in terms of percentage of 
building value). A generalized life-cycle benefit analysis shows that incremental 
approaches can return a substantial portion of the expected benefits of single-
stage seismic rehabilitation carried out now.  
 
The schematic diagram below illustrates such a life-cycle benefit analysis. The 
three wide arrows represent the benefits of single-stage rehabilitation occurring 
at three points in time: now, in 20 years, and in 40 years. Clearly, the largest 
benefit derives from a single-stage rehabilitation done now, and it is designated 
as 100%. The benefits of single-stage rehabilitation done in the future must be 
discounted and expressed as some percentage lower than 100%, as represented 
by the decreased arrows. The stepped portion of the diagram represents 
incremental rehabilitation starting soon and completed in four increments over 
20 years. The benefits of the future increments must also be discounted, and the 
benefit of the completed incremental rehabilitation is therefore expressed as a 
percentage lower than 100%, but higher than the single-stage rehabilitation in 
year 20. Reducing the overall duration of the incremental rehabilitation will 
increase its benefit, and extending the duration will decrease it. 
 
Incremental seismic rehabilitation affords great flexibility in the sequence 
and timing of actions when the following precautions are kept in mind: 

• It is important to get started as soon as possible. Any early reduction of 
risk will provide benefit over the remaining life of the building. Delaying 
action extends risk exposure. The incremental approach can be more 
effective than a delayed, single-stage rehabilitation, as long as one gets 
started soon. 

• Even if the completion of the incremental program takes 10 or 20 years, 
most of the risk reduction benefit is realized. 
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• There is a wide margin of error. For example, you may unintentionally 
increase the probability of damage in the first few years due to an initial 
rehabilitation increment that makes the building more vulnerable to 
damage, and still realize the benefit of risk reduction if you complete the 
incremental rehabilitation over a reasonable period.  
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1.4 Has Incremental Seismic Rehabilitation Been Implemented and 
How? 
 
Incremental seismic rehabilitation has been practiced by organizations such as 
Seattle Public Schools and Jordan School District in Utah, where increments that 
can be accomplished over the summer vacation have been implemented in many 
older school buildings. [See case study in Appendix A].  
 
The approach has been practiced by innovative owners and engineers on an ad 
hoc basis in various parts of the country. However, to date, this has required the 
independent insight and flexibility of particularly creative individuals. The practice 
has not necessarily had the explicit support of building officials, insurers or 
lenders.  
 
Because improvement of existing structures is for the most part a voluntary 
activity initiated by the building owner, it is necessary to make clear the business 
case for investment in seismic rehabilitation. Seismic risk must be appropriately 
represented in financial decisions related to facility management. The design 
professional has a key role in the education of clients about the range of options 
available for the reduction of seismic risk. This role includes providing value for 
money in maximizing risk reduction for available investment. 
 
 
 
1.5  What New Forms of Professional Service Will Be Required? 
 
There is a sequence of engineering services that may be required in order to 
implement incremental seismic rehabilitation: 

• Acquisition due diligence 
• Building assessment and evaluation 

- Identifying buildings needing seismic rehab 
- Identifying deficiencies in buildings 

• Designing building rehabilitation program 
• Prioritization of rehabilitation increments (taking care to not inadvertently 

increase the building’s vulnerability) 
• Integration of increments with maintenance and capital improvements. 

Some of these services may represent a departure from standard practice in 
seismic rehabilitation for existing buildings. 
 
Successfully carrying out these services requires a clear understanding of the 
owner’s organizational structure and facility management practices. The design 
of an incremental seismic rehabilitation strategy must be developed in 
cooperation with the owner’s facility manager, risk manager and financial 
manager. The strategy must take advantage of opportunities provided by the 
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normal facility maintenance routines and should be accepted as an integral part 
to the organization’s risk management program. 
 
The design professional benefits from an understanding of the risk management 
process and the terms of executive level decision-making regarding seismic risk. 
Understanding the broader functional and financial objectives of the client 
strengthens the argument for seismic rehabilitation and improves the quality and 
cost effectiveness of the engineering services offered. 
 
Facility management processes vary by building occupancy type as well as 
ownership category. Public and institutional building facility management is 
subject to different pressures and constraints than that of commercial buildings. 
Appendix B provides analysis of the facility management processes used by 
representative building occupancies including:  

o School Buildings 
o Hospital Buildings 
o Office Buildings 
o Retail Buildings 
o Multifamily Apartment Buildings 
o Hotel and Motel Buildings 
o Storage Buildings 
o Emergency Buildings 
 

This insight to client decision processes related to seismic risk should assist in 
the development of effective marketing strategies for the design professional. 
Well-prepared marketing of engineering services can provide a valuable 
educational function and serve as and aggressive, self-motivated form of 
dissemination. 
 
 
1.6 Does the Incremental Seismic Rehabilitation Process Constitute 

Responsible Professional Practice? 
 
Both owners and engineers should understand that responsible action taken to 
reduce seismic risk does not create or increase liability. The building codes 
encourage any improvement to building safety, as discussed in Chapter 3. The 
creation of a strategy for incremental seismic rehabilitation and the following of 
that strategy represent responsible action and best professional practice. 
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2. Owner/Occupant Perspective on Incremental Seismic 
Rehabilitation  
 
2.1  Owner/Occupant Objectives: Revenue Generation and Service 
Delivery 
 
Existing buildings are owned, occupied, and operated for the purpose of 
generating revenue or delivering a service. Revenue is generated for building 
owners in the form of rents collected from tenants/occupants, such as in 
multifamily apartment buildings, office buildings, and retail malls. Revenue is also 
generated by the building through the sale of merchandise in retail buildings or 
of manufactured products in industrial buildings. Services are delivered in 
buildings such as schools and hospitals. In all cases, the revenue generation or 
the service delivery are a direct function of the continuous occupancy and use of 
the building. 
 
Owners and occupants of buildings incur costs in the operations and use of 
buildings to generate revenue or deliver services. These costs consist of labor, 
energy, and maintenance. Many building owners also invest from time to time in 
building improvements that serve to maintain or enhance the revenue generation 
or the quality of service provided.  
 
At some point in their life cycle buildings may become obsolete in terms of 
performing the functions of revenue generation or service delivery. At this point 
the owner has the option of disposing of the building (selling it or demolishing it) 
and constructing or acquiring a new building, or the owner may determine that 
rehabbing the building is more economical. The former option, demolishing and 
constructing new, is not always available. A department store in a mall may lose 
its customer base if it moves to a different location. A historic building may be 
difficult to dispose of or demolish. Where down-zoning has occurred, an older, 
larger, nonconforming building will not be permitted to be replaced if 
demolished. In these cases, a major rehabilitation may be the owner’s only 
option. 
 
2.2  Uncertainty and Risk 
 
The continuity of building owners’ revenue generation and service delivery is 
subject to uncertainty and risk from a variety of causes. Natural disasters, 
including earthquakes, are a significant source of risk to many building owners. 
Earthquakes can have the following effects on building owners: 

• Deaths and injuries to building occupants, and related liability. 
• Building collapse or damage to building elements, and related costs of 

repair or replacement. 
• Damage to building contents, and related costs or liabilities. 
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• Disruption of building operation, and related costs or liabilities. 
 
These effects are more likely in older existing buildings, those built before 
earthquake engineering was well understood and before this knowledge was 
incorporated into building codes. 
 
Building owners can manage these risks, including earthquake risk, by 
undertaking a combination of the following measures: 

• Provide backup or redundant facilities to reduce the effect of disruption of 
operation. 

• Purchase insurance or establish a self-insurance reserve. 
• Reduce building vulnerability by investing in seismic rehabilitation. 

 
2.3  Facility Management 
 
Building owners are always planning ahead, trying to schedule maintenance and 
capital improvements of buildings. The time horizons of such plans may differ 
from one owner to the next; some may have a one-year time frame, many use 
five years, and others may have a longer horizon of 15 years. These facility 
maintenance and capital improvement plans are usually carried out in the 
context of strategic planning, which seeks answers to questions such as the 
following: 

• What will be the nature of future education delivered at this school? 
• What healthcare technology must be acquired to remain competitive? 
• What will the residential market look like in this city or neighborhood? 
• How do I maintain or grow my market share? 
 

A key factor in planning maintenance and capital improvement projects in a 
building is to accomplish them with the least possible disruption to the building 
operations. Disruption of operations is a major cost to any building occupant. 
 
2.4  Incremental Seismic Rehabilitation Services, and Their Integration 
into Owners’ Facility Management Processes 
 
Incremental seismic rehabilitation is a tool to reduce the seismic vulnerability of 
existing buildings. The basic technical issues of seismic evaluation and 
strengthening of existing buildings have been dealt with in FEMA reference 
documents. Incremental seismic rehabilitation provides the strategy for 
application of these technical principles by integrating the process of seismic 
rehabilitation with the owner’s normal processes of facility management and risk 
management. It also provides guidance for the integration of appropriate 
information on seismic risk in organizational resource allocation decision 
processes. 
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Facility management processes vary by building occupancy type as well as 
ownership category. Public and institutional building facility management is 
subject to different pressures and constraints than that of commercial buildings. 
Appendix B provides analysis of the facility management processes used by 
representative building occupancies including:  

o School Buildings 
o Hospital Buildings 
o Office Buildings 
o Retail Buildings 
o Multifamily Apartment Buildings 
o Hotel and Motel Buildings 
o Storage Buildings 
o Emergency Buildings 
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3.  Seismic Rehabilitation in Building Codes 
 

 
 
 
3.1  Overview 
 
Building codes are constantly revised, and the model codes are systematically 
revised on a regular schedule. In general, these revisions entail additional 
requirements and increasingly stringent requirement. An existing building built in 
compliance with the code at the time it was constructed is likely to be in violation 
of current codes. This increase in quantity and stringency has been specifically 
applicable to the codes’ seismic requirements, and most older buildings violate 
current seismic provisions. 
 
What are the implications for seismic rehabilitation? 
 
The governing principle is that building codes contain provisions permitting a 
structure to remain and continue in use without change. This is generally 
referred to as “nonconforming rights”. The traditional language, which is still 
used in the 2003 International Building Code (IBC) is: 

“The legal occupancy of any structure existing on the date of adoption of 
this code shall be permitted to continue without change, ….” 

 
Jurisdictions may create an exception to this principle by enacting retroactive 
ordinances that require existing buildings to mitigate an identified hazard. These 
are discussed in the next section. 
 
With the exception of retroactive ordinances, code requirements are often 
triggered by voluntary actions carried out in buildings by their owners. These 
actions, discussed in the following sections, are: 

• Repairs 
• Alterations 
• Additions 

IN BRIEF: 
• Most older buildings violate current seismic provisions 
• The regulation of voluntary rehabilitation is in general less 

strict in its requirements than new construction 
• Rehabilitation is sometimes mandated in retroactive 

ordinances and in the model codes 
• The codes provide a basis for implementing incremental 

rehabilitation by design professionals 
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• Change of use 
  
 
3.2 Regulation of Voluntary Rehabilitation (Repairs, Alterations, 
Additions, and Change of Use) 
 
Typically, voluntary repairs have always been allowed to be made with the same 
material as the original construction.  
 
Originally building codes had rules requiring buildings being altered more than a 
certain proportion of their value, usually 50%, to fully meet the code for new 
construction. An unintended result was to discourage improvements to existing 
buildings. By the mid-1970’s all model codes had deleted such provisions. In 
their place, provisions were introduced to encourage rehabilitation of buildings. 
The general approach was to encourage any improvement in a building without 
specific mandates or rules. The codes allow buildings to be altered and improved 
without the entire building being required to meet the requirements of the code 
for new construction, provided the new work complies with the applicable 
provisions.  
 
Additions must comply with the code for new construction. The design of 
additions that increase loads on an existing building must consider the effect of 
the increased load.  
 
Originally building codes required that in a change of occupancy group or 
character of use, the building be made to comply with all the requirements of the 
code for new construction applicable to the new occupancy. More recently 
exceptions have been introduced that allow the Building Official to permit a 
building to be used for another occupancy group without full compliance if the 
fire and life risk are not increased.  
 
 
Pre-2000 Model Code Approach 
 
BOCA National Building Code (NBC)--The 1996 edition includes Section 
3404, which permits alterations to structures without requiring the entire 
structure to be brought up to the current code. Section 3405 requires that a 
change of occupancy comply with the intent of the code for new construction, 
and not result in greater hazard. Chapter 16 of the code requires compliance 
with the seismic provisions of the code in additions and changes of occupancy 
that reclassify the building to a higher Seismic Hazard Exposure Group. There are 
special exceptions to the latter case for change of group regions of low 
seismicity.  
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SBCCI Standard Building Code (SBC)--The 1999 edition includes Section 
3401.2.1, which permits alterations, repairs or rehabilitation work to be made to 
any existing structure without requiring the structure to comply with the code as 
long as the new work is in accordance with the current code. Section 1607.1 
contains requirements for seismic design with exceptions for wood frame 
structures and the regions of low seismicity.  
 
ICBO Uniform Building Code (UBC)—The 1997 edition includes provisions 
similar to BOCA and SBCCI plus additional specific provisions permitting seismic 
improvements without designing to current building code seismic force levels. 
Within these provisions are certain requirements such as not reducing the 
strength of the existing systems but any improvement is encouraged.  
 
The International Conference of Building Officials (ICBO) also published the 
Uniform Code for Building Conservation (UCBC). This document contains 
appendix chapters for seismic rehabilitation of Unreinforced Masonry Bearing 
Wall Buildings, Tilt-up Concrete Wall Buildings, and Wood Frame Buildings with 
Cripple Walls. The UCBC also contains the trigger for wall anchors and parapet 
bracing in unreinforced masonry buildings. The provisions of the UCBC are used 
by many jurisdictions throughout the country for seismic rehabilitation of 
unreinforced masonry buildings.  
 
Current Building Code Provisions  
 
ICC International Building Code (IBC)—The 2000 edition includes language 
similar to the earlier model codes regarding non-conforming rights, repairs, 
alterations, additions, and change of use. There is also permissive language 
encouraging improvements, but not as detailed as the seismic improvement 
provisions of the UBC.  
 
The current 2003 editions has continued these provisions. Chapter 1 allows 
existing buildings to continue to serve (non-conforming rights), Chapter 16 – 
Seismic Provisions, permits voluntary seismic rehabilitation without full 
compliance and provides more detail similar to the UBC. Chapter 34 contains 
provisions for repairs, alterations, additions, and change of use in existing 
buildings. Chapter 34 of the IBC permits a building to be used for other 
occupancies without conforming to all the requirements of the code if the life risk 
is less hazardous that the existing. Many jurisdictions have permitted the UCBC 
provisions to be used for strengthening buildings when a change of occupancy is 
requested.  
 
ICC International Existing Building Code (IEBC)--The IEBC represents a 
new approach to the regulation of existing buildings, one that specifically 
encourages their continued use. The 2003 edition has provisions similar to those 



Chap 3-0227 05/06/05 Page 4 

in the 2003 IBC relative to non-conforming rights, repairs, and additions. For 
alterations it defines three levels—Level 1, Level 2, and Level 3—which attempt 
to establish proportionality between the voluntary work and the mandated work, 
keeping the latter to a predictable minimum. Alterations that strengthen the 
building may be made without full compliance with the current code force levels.  
For change of use the IEBC establishes three hazard scales, and mandate 
compliance with selected code provisions for new construction only when a 
defined hazard is increased. Its seismic requirements in a change of use are 
similar to those in the IBC (triggered by a higher hazard classifications), with a 
number of additional exceptions based on the use group and number of stories; 
different analysis methods are permitted as well. 
 
The IEBC includes a provision that mandates the addition of parapet bracing and 
wall anchors in unreinforced masonry buildings in a region of high seismicity 
when the building is reroofed.   
 
Repairs to a structural elements require that a seismic evaluation be done. The 
seismic evaluation is to be based on ASCE 31, FEMA 356, or the Guidelines for 
Seismic Rehabilitation of Buildings (GSREB), published by ICBO and included in 
the IEBC as an Appendix. The code describes the basis for design, the 
performance level and when reduced design forces may be used. When repairs 
are made to buildings damaged in a disaster, special seismic provisions apply, 
which are discussed in the next section. 
 
NFPA Building Construction and Safety Code (NFPA 5000)--The 2003 
edition adopts by reference the ASCE 7 Standard, Minimum Design Loads for 
Buildings and Other Structures for structural loads, including seismic. ASCE 7 
contains specific criteria for additions in that the addition must comply with 
current loads and if the addition increases the seismic load on, or reduces the 
seismic resistance of, the existing structure, additional design is required.  
 
ASCE 7 also contains provisions triggered by change of use. In the case of 
change of use that reclassifies the building to a higher Seismic Use Group (SUG), 
it must comply with the current code provisions. There are two exceptions: 

1. Compliance is not required for buildings reclassified for SUG I to SUG II 
(an increase in occupant load), where the Sds < 0.33. 

2. Specific seismic detailing requirements of the Appendix, required for new 
structures of steel or concrete are not required to be met when it can be 
shown the performance and seismic safety is equivalent to that of a new 
structure. 

 
Chapter 15 of NFPA 5000 is entitled Building Rehabilitation, and like the IEBC, it 
represents a new approach to the regulation of existing buildings, one that 
specifically encourages their continued use. It is quite similar to the IEBC, but 
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does not include the various seismic provisions of the IEBC. It is silent on 
structural requirements in alterations, reserving those sections for future 
development. There is no direction in ASCE 7 for alterations to existing 
structures.  
 
 
3.3 Mandatory Rehabilitation (Damage Repair and Retroactive 
Ordinances) 
 
Retroactive Ordinances 
As described above, typical code provisions permit repairs to be made using the 
same materials as the original. The IEBC has additional provisions relating to 
repairs to structural elements and repairs to damaged buildings.   
 
Some jurisdictions around the country have limited the non-conforming rights of 
existing buildings by enacting retroactive ordinances. Some of these mandate 
seismic strengthening for certain building construction types. Typical of these 
would be mandated strengthening of unreinforced masonry buildings, such as 
Division 88 of the Los Angeles Building Code, the unreinforced masonry 
ordinance. These have been adopted by most cities in California’s seismic zone 4, 
and by some jurisdictions in California’s seismic zone 3 and Nevada’s seismic 
zones 3 and 4. Many of these permit incremental rehabilitation. Other 
jurisdictions have adopted seismic rehabilitation provisions for tilt-up concrete 
wall buildings.  
 
IEBC Provisions 
As stated above, the IEBC contains provisions that may trigger a seismic 
evaluation when a building has been damaged or is undergoing repair. 
 
The IEBC defines the term “substantial structural damage”, which is based on 
the percent of strength loss in vertical elements of the lateral load resisting 
system and to vertical load carrying components that are damaged to a level less 
than 75 percent of the current code requirements. Buildings that have sustained 
“substantial structural damage” and are repaired are required to demonstrate 
that the repaired building complies with the wind and seismic provisions of the 
IBC. Buildings that have sustained less damage then “substantial structural 
damage” are permitted to be repaired using materials the same as the original.  
 
3.4 Code Basis for Incremental Rehabilitation 
 
Goal 
 
The goal of incremental seismic rehabilitation is to ultimately comply with the 
intent of the building code when all the increments are completed. Incremental 
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seismic rehabilitation is intended to bring a building into full compliance with 
current seismic rehabilitation provisions as described in the referenced ASCE 31 
and FEMA 356 and as adopted by the model building codes. The only difference 
is that the work is done over time rather than as a single project. 
 
From the perspective of the building code, each increment of seismic 
rehabilitation is an alteration that improves the building. Thus, it is fully 
consistent with code provisions permitting voluntary improvements without 
requiring total building upgrading. 
 
With the possible exceptions of specific IEBC triggers for repair of damaged 
building, change of occupancy, or retroactively mandated strengthening, the 
design professional may design and implement incremental seismic rehabilitation 
without full compliance with current code provisions.  
 
Liability 
 
Many design professionals have been reluctant to undertake any rehabilitation 
that is not in full compliance with current building code provisions. Some believe 
that there is a potential exposure to professional liability risk when undertaking 
incremental or partial seismic rehabilitation. This chapter suggests that this 
concern for liability is misplaced, and that code intent is to permit alterations to 
buildings without the entire structure being made to comply with the 
requirements of the code. It also suggests that the codes permit any 
improvement.  
 
While the design professional must make the decision on the character and 
extent of work, the information provided above is to note that the code, as the 
law, permits the designer leeway and discretion in phasing incremental seismic 
rehabilitation projects.  
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4. Incremental Seismic Rehabilitation Engineering/Basic 
Information Requirements 
 
4.1  Overview 
 
The concept of Incremental seismic rehabilitation is presented to building owners 
in the companion set of documents Incremental Seismic Rehabilitation for _____ 
Buildings, FEMA 395 through FEMA 402 (referred to herein as occupancy 
manuals). 
 
The engineering implementation of incremental seismic rehabilitation relies on 
the use of the following three documents, which are referenced extensively in 
the text:  
 

• Rapid Visual Screening of Buildings for Potential Seismic Hazards: A 
Handbook, Second Edition, FEMA 154 

• Seismic Evaluation of Existing Buildings, ASCE 31 (based on FEMA 310, 
Handbook for the Seismic Evaluation of Existing Buildings—A Prestandard) 

• Prestandard and Commentary for the Seismic Rehabilitation of Buildings, 
FEMA 356 

 
Each of these documents requires the application of basic information in the 
following three categories:  

• level of seismicity 
• building structural classification 
• performance level goal 

 
While the information in each of these categories used in documents noted 
above is consistent, it is presented in different degrees of detail as a function of 
the specific application of each document. This chapter discusses each of the 
three categories of information, and compares their use in each of the 
documents. Chapter 5 discusses the use of each of these documents in the 
context of incremental seismic rehabilitation engineering.  
 
 
4.2  Levels of Seismicity 
 
Extensive studies by the U.S. Geological Survey (USGS) have developed maps of 
the earthquake potential throughout the nation. Maps show the anticipated level 
of ground acceleration. Knowing the location of the building, one can determine 
the expected ground shaking. There are two maps for the United States: a short 
(Ss) period map and a one second (S1) map. The specific map data is necessary 
to determine the Level of Seismicity, a factor used throughout the several 
reference FEMA and building code documents described later in this manual.  
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Figure: Sample Seismicity Map 
 
In addition to the expected ground shaking, the engineer must also know the soil 
type at the specific building site. The soil type will determine whether the ground 
shaking will amplify or decrease at that particular site. The Ss and S1 values 
found on the maps and the soil type will permit determination of the level of 
seismicity.  
 
In some cases, depending on site-specific soil information, a building appearing 
to be in one level of seismicity may turn out to have a different level of 
seismicity. Possibly higher or lower.  
 
Use of a default soil value is possible and depending on the building may simplify 
the evaluation process. It may result in more conservative analysis criteria (and, 
potentially, a more expensive rehabilitation cost). 
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The Seismic Hazard Map included in the occupancy manuals is based on the 
USGS maps. It is intended to explain levels of seismicity to building owners. The 
map is a simplified presentation of seismic potential. It shows three zones from 
the lowest (green) to the highest (red). White areas on the map have low 
seismic hazard. 

 
 
 
FEMA 154 uses a similar map to define three levels of seismicity: low, moderate 
and high. The map is based on the USGS maps, but aggregates the levels more 
conservatively than the occupancy manual map. 
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ASCE 31 establishes three levels of seismicity that are defined in terms of the 
USGS maps Ss and S1 values modified by soil factors as SDS and SD1 respectively. 
The following Table defines the three levels of seismicity, low, moderate, and 
high:   

 

 
  
 
FEMA 356 employs three zones of seismicity that are defined in terms of the 
USGS maps Ss and S1 values modified by soil factors and seismic probabilities as 
SXS and SX1 respectively. The three zones of seismicity, low, moderate, and high 
are defined by ranges of values of SXS and SX1 that are identical to the ranges of 
values of SDS and SD1 used in ASCE 31. 
 
 
4.3  Building Structural Classification 
 
While every building is unique in terms of its potential seismic vulnerabilities, it is 
useful for planning, screening, and evaluation purposes to categorize buildings 
into a limited number of categories.  
 
The occupancy manuals categorize buildings into seven structural types based on 
the vertical load carrying structure and the diaphragm type. These categories are 
intended for use by building owners and their facility managers to initiate an 
incremental seismic rehabilitation program. The categories are used in matrices 
to identify mitigation opportunities and the respective complexity of engineering 
required to implement them (see Appendix B). The seven categories are: 

• wood 
• unreinforced masonry 
• reinforced masonry 
• concrete with flexible diaphragms 
• concrete with rigid diaphragms 
• steel with flexible diaphragms 
• steel with rigid diaphragms 

 
FEMA 154 considers fifteen building types, categorized by their primary structural 
lateral-load-resisting system. These categories are used to established Basic 
Scores, which define initial relative vulnerabilities, in the rapid visual screening 
procedure. The information used to classify buildings is obtained from a sidewalk 
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survey. The surveyor may not be able to readily determine the structural system 
as it may be covered with finishes. In this case the surveyor must make an 
estimate of the lateral-load-resisting system including evaluation for more than 
one category. Furthermore, the lateral-load-resisting system may be different in 
different directions of the building, which is considered in a FEMA 154 survey. 
 
ASCE 31 uses 24 building types, called common building types, categorized by 
their lateral-load-resisting system. These form the basis for specific checklists 
that are used in specific building evaluations. They are an expansion of the FEMA 
154 building types, made possible by the more detailed information available to 
the engineer about each building. Some of distinctions of structure are based on 
the type of diaphragm in the building. The diaphragm type will affect the 
distribution of loads to shear resisting elements and the effects of torsion. The 
common building types represent most of the building stock, however ASCE 31 
contains a checklist for buildings that may not fit into one of these common 
types. 
 
FEMA 356 uses the 24 building types of ASCE 31 in a rehabilitation design 
procedure called Simplified Rehabilitation. 
 
Table ____, shows the relationship between the building types, across the 
various FEMA documents.  
 
 

OCCUPANCY 
MANUALS 

FEMA 154,  
second edition 

ASCE 31 Diaphragm 
Type 

W-1 (Light Frame) W-1 
W-1A (Frame w. Soft Story) 

 
Wood Structure 

W-2 W-2 (Commercial and Industrial   
Buildings) 

 

Masonry Structure 
URM Flexible Unreinforced 

Masonry* 
 

URM 
URMA Rigid 

RM-1 RM-1 Flexible  Reinforced Masonry* 
RM-2 RM-2 Rigid 

Concrete Structure  
C-2A 
C-3A 

 
Wood Diaphragms 

 
PC-1 

PC-1 

 
Flexible 

C-1 C-1 
C-2 C-2 
C-3 C-3 

PC-1A 
PC-2 

 
 
Concrete Diaphragms 

 
PC-2 

PC-2A 

 
 
Rigid 

Steel Structure 
 S-1 S-1A  



Chap 4-0227 5/6/2005 Page 6 

S-2A 
S-3 (Light Gauge Metal) 

Wood Diaphragm 

S-5A 

Flexible 

S-1 
S-2 
S-4 

 
Concrete Diaphragm 

 
S-2 
 
S-3 
 
S-4 
S-5 S-5 

 
Rigid 

*  Masonry Structures with concrete diaphragms are treated like Concrete Structures with 
concrete diaphragms. 
 
Figure ___: Comparison of FEMA Building Types 
 
 
 
4.4  Level of Performance 
 
 
Traditional Seismic Design 
 
Seismic design of buildings, as required in building codes, is based on the criteria 
developed by the Structural Engineers Association of California (SEAOC).  
The loading, or base shear, has changed over the years based on earthquake 
experience. Observing damage to buildings in earthquakes, as with methods in 
place to measure ground shaking, the engineers defined levels of ground shaking 
and characteristics of buildings with different lateral load resisting systems.  
 
The expected building performance is not stated in the building code but 
contained in the SEAOC Recommended Lateral Force Requirements and 
Commentary, 1999 edition, which states: 

“These requirements provide minimum standards for 
use in building design regulation to maintain public 
safety in the extreme ground shaking likely to occur 
during an earthquake. These Requirements are 
primarily intended to safeguard against major failures 
and loss of life, not to limit damage, maintain 
function, or provide for easy repair.” 

Thus current seismic design criteria are intended to preserve life safety and 
assume there may be damage to a building as a result of an earthquake. 
 
The SEAOC Requirements also contain a general set of performance statements 
to qualify the nature of expected damage. These are: 

“Structures designed in accordance with these requirements should, in 
general, be able to: 
Resist a minor level of earthquake ground motion without damage 
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Resist a moderate level of earthquake ground motion without structural 
damage, but possibly experience some non-structural damage 
Resist a major level of earthquake ground motion having an intensity 
equal to the strongest either experienced or forecast for the building site 
without collapse, but possibly with some structural as well as non-
structural damage.”  

 
Thus under current building codes, it is expected that structural damage, even in 
a design level earthquake, will be limited to a repairable level for most structures 
that meet the SEAOC Requirements. It should be noted that buildings 
constructed to earlier editions of the building code may have been designed to 
lower levels of ground shaking and thus may experience more damage than 
described in the current SEAOC Requirements. 
 
Expected Structural Performance Under Current Codes 
As mentioned above the intent of the building code, for non-essential building, is 
to provide life safety, in other words, no damage in a minor earthquake, limited 
structural damage in a moderate earthquake, and resistance to collapse in a 
major earthquake. Such a structure may lose much of its lateral load resisting 
system but the gravity load bearing elements will still function and provide some 
margin of safety against collapse. Such a structure may not be safe for continued 
occupancy or use until repairs are done. The economics of the repair of such 
damaged structures will vary on a case by case basis. 
 
Expected Performance of Non-structural Components Under Current 
Codes 
While current seismic design provisions typically require that nonstructural 
elements, such as partitions, lights and ceilings, mechanical and plumbing 
systems, cladding, canopies, etc., be secured so as not to present a falling 
hazard, they do not address the expected performance of these components. 
Much of the damage observed in recent earthquakes has been nonstructural, 
leaving buildings unoccupiable for extended periods of time.  
 
Performance Approach to Seismic Design 
 
Performance-based design, a relatively new concept in seismic design, is 
intended to give the design professional the ability to achieve, through analytical 
means, a building design that will reliably perform in a prescribed manner under 
one or more seismic hazard conditions. Alternative levels of seismic performance 
can be defined and performance objectives selected. This concept is attributable, 
at least in part, to studies of recent earthquakes in which buildings suffered 
substantial dollar damage but owners were surprised to find that the building 
performed as expected under the building code life safety requirements. Thus 
designers realized they need to be more specific about what “design to code” 
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represents and what seismic design can and cannot accomplish. The concept is 
achievable with the development of analytical tools that enhance the 
understanding of building response under the range of earthquake ground 
motion that can be expected. Performance-based seismic design is articulated 
extensively in FEMA 356. 
 
Specific levels of building performance can be selected as performance 
objectives, which describe the intended performance of the building (e.g., in 
terms of life safety, levels of acceptable damage, and post-earthquake 
functionality) when subjected to an earthquake hazard of a defined intensity 
(e.g., a maximum credible event or an event with a certain return period). FEMA 
356 defines Rehabilitation Objectives as a function of four Target Building 
Performance Levels and four Earthquake Hazard Levels, resulting in 16 discrete 
Rehabilitation Objectives, as follows: 
o Target Building Performance Levels (points on a continuous scale of 

increasing performance): 
• Collapse Prevention 
• Life Safety 
• Immediate Occupancy 
• Operational 

 
o Earthquake Hazard Levels (in mean return period): 

• 72 years (typically rounded to 75) 
• 225 years  
• 474 years (typically rounded to 500)  
• 2,475 years (typically rounded to 2,500) 

 
Current codes require that buildings be designed for two earthquake hazard 
levels without specifying a performance level:  

• An earthquake with a 475 year return period, ground motions having a 
10% probability of being exceeded in 50 years, called Basic Safety 
Earthquake 1 (BSE-1).  

• An earthquake with a 2475 year return period, ground motions with a 2% 
probability of being exceeded in 50 years, Basic Safety Earthquake 2 
(BSE-2). 

 
FEMA 356 categorizes the 16 Rehabilitation Objectives into three categories: 

• Basic Safety Objective 
• Enhanced Objectives 
• Limited Objectives 

 
The Basic Safety Objective (BSO) is defined as buildings meeting the target 
building performance level of Life Safety for BSE-1, and the target building 
performance level of Collapse Prevention for BSE-2. The BSO is intended to 
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approximate the earthquake risk to life safety traditionally considered acceptable 
in the United States, and implied in current codes for new construction. Buildings 
meeting the BSO are expected to experience little damage from relatively 
frequent, moderate earthquakes, but significantly more damage and potential 
economic loss from the most severe and infrequent earthquake that could affect 
them.  
 
The Enhanced Objectives are those combinations of objectives higher than the 
BSO (greater than mandated in most current building codes for new 
construction), which fall into two categories: 

• BSO plus meeting either Immediate Occupancy or Operational target 
building performance levels for any return period earthquake 

• Meeting either Life Safety, Immediate Occupancy, or Operational target 
building performance levels for the 2,745 year earthquake. 

 
The Limited Objectives are those combinations of objectives lower than the BSO 
(lower than mandated in most current building codes for new construction) that 
may be acceptable for existing buildings rehabilitation. Limited Objectives fall 
into two categories: 

• Meeting either the target building performance level of Life Safety for 
BSE-1, or the target building performance level of Collapse Prevention for 
BSE-2, but not both. 

• Meeting the target building performance level of Life Safety for 
earthquakes with a shorter return period than 475 years, or the building 
performance level of Collapse Prevention for earthquakes with a shorter 
return period than 2,745 years. 

 
Building performance levels may described qualitatively in terms of the: 

• Safety afforded building occupants during and after an earthquake 
• Cost and feasibility of restoring the building to pre-earthquake 

conditions 
• Length of time the building is removed from service to conduct 

repairs 
• Economic, architectural, or, historic impacts on the community at 

large 
 
The four Target Building Performance Levels discussed above can be directly 
related to the extent of damage sustained by the building during an earthquake. 
These damage states are elaborated in FEMA 356 as various combinations of 
Structural Performance Levels (of which five are defined in FEMA 356: S-1 
through S-5) and Nonstructural Performance Levels (of which four are defined in 
FEMA 356: N-A through N-D). The most commonly used Structural Performance 
Levels are Immediate Occupancy (S-1), Life Safety S-3), and Collapse Prevention 
(S-5). 
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The occupancy manuals discuss the various levels of performance using the 
terminology of FEMA 356. Owners’ facility managers are encouraged to define 
performance levels early in their seismic rehabilitation planning process, and to 
revisit these definitions in an iterative manner as they develop detailed plans and 
cost estimates. They are told that the design professionals that they employ will 
most likely make use of FEMA 356. The concept is explained with the help of the 
following two graphics adapted from FEMA 356. 
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This figure defines and illustrates the Target Building Performance Levels. 
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This table describes the approximate limiting levels of structural and 
nonstructural damage that may be expected of buildings rehabilitated to the 
levels defined in FEMA 356.  
 
FEMA 154 is used to identify potentially hazardous buildings. It does not involve 
performance levels, but the term “hazardous” implies a basis in life safety.  
 
In ASCE 31, the concept of performance level in introduced into the evaluation 
process. ASCE 31 uses two levels of performance, Life Safety (LS) and 
Immediate Occupancy (IO). The checklists in ASCE 31 contain criteria and 
evaluation methods for both performance levels. The performance levels of ASCE 
31 and FEMA 356 are consistent in concept and terminology. Higher performance 
levels may be evaluated using ASCE 31 but will require a Tier 3 analysis.  
 
As stated above, FEMA 356 is where the concept of performance levels has been 
most completely articulated to date. In addition to the general graphics 
presented above, FEMA 356 includes tables that contain detailed descriptions of 
damage states for the three most commonly used Structural Performance Levels 
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(Table C1-3) and the four Nonstructural Performance Levels (Table C1-4). 
Damage states are defined for specific structural components and specific 
nonstructural elements. The design professional should use FEMA 356 and 
should work closely with the owner in determining the appropriate performance 
level. This may be an iterative process to determine the best cost/benefit ratio 
for a specific building project.  
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5.  Incremental Seismic Rehabilitation Engineering/Process Tasks 
  
5.1  Overview 
 
The typical facility management process used by owners of commercial buildings 
consists of seven phases of activities:  

• Acquisition 
• Redevelopment 
• Current Building Use  
• Planning 
• Maintenance & Rehabilitation Budgeting 
• Maintenance & Rehabilitation Funding 
• Maintenance & Rehabilitation Implementation.  

(For institutional owners such as school districts, the process may exclude the 
first two phases, and begin with Current Building Use.) This process is 
sequential, progressing from acquisition through implementation of rehabilitation 
in any given building. An owner who has a large inventory of buildings is likely to 
have ongoing activities in all of these phases in different buildings. The process is 
illustrated in the following diagram. (See Appendix C for more detailed 
diagrams). 
 

 
 
Design professionals can perform seismic rehabilitation engineering services for 
owners in five of these phases, as illustrated in the following diagram. 
 
 

 
[Delete 5, 8, 9,and 10; consider changing the 
numbers to bullets.] 
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These engineering services consist of six distinct tasks, the first five of which are 
discussed in the following sections of this chapter: 

1. Due diligence analysis and identification of initial integration opportunities 
(performed in the acquisition and redevelopment phases). 

2. Seismic screening of the building inventory (performed in the current 
building use phase). 

3. Seismic evaluation of individual buildings (performed in the current 
building use phase). 

4. Seismic rehabilitation planning and design (performed in the planning 
phase). 

5. Staging of rehabilitation increments/prioritization and integration of 
seismic rehabilitation increments (performed in the planning phase). 

6. Construction period support (performed in the maintenance & 
rehabilitation implementation phase). 

 
There are resource documents to assist the design professional in most of these 
tasks.  
 
ASTM has developed and published E 2026, Standard Guide for the Estimation of 
Building Damageability in Earthquakes. It is intended for use in the due diligence 
process of building acquisition, and can assist in the performance of task 1. It 
defines and establishes good commercial, customary practice, and standard-of-
care for conducting a probabilistic study of expected loss to buildings from 
damage associated with earthquakes. 
 
FEMA has developed the following resource documents, which can assist in the 
performance of tasks 2-4: 
 

• Rapid Visual Screening of Buildings for Potential Seismic Hazards: A 
Handbook, Second Edition, FEMA 154 

• Seismic Evaluation of Existing Buildings, ASCE 31 (based on FEMA 310, 
Handbook for the Seismic Evaluation of Existing Buildings—A Prestandard) 

• Prestandard and Commentary for the Seismic Rehabilitation of Buildings, 
FEMA 356 

 
These resource documents are discussed in detail later in this chapter. 
 
Two additional FEMA resource documents that are not discussed in this manual 
may provide useful information to the design professional: 
 

FEMA 172 – Techniques for Seismically Rehabilitating Existing Buildings 
FEMA 156,157 – Typical Costs for Seismically Rehabilitating Existing 
Buildings 
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5.2 Task 1. Due diligence analysis and identification of initial 

integration opportunities  
 
Due diligence is performed on behalf of owners considering the acquisition of an 
existing building. Separate due diligence is also usually performed by lenders and 
insurers involved in the real estate transaction. The purpose of due diligence is 
to identify and quantify all the risks that may accompany the building being 
acquired. 
 
Seismic risks have traditionally been identified and quantified in the due diligence 
process by means of Probable Maximum Loss (PML) analyses, which are 
routinely performed in real estate transactions in California and the Pacific 
Northwest. PML analyses consist of estimating the damage that the building 
would experience in a major rare earthquake, expressed as a percentage of the 
value of the building. Owners, lenders, and insurers all establish their own 
criteria for acceptable PML values, based on their respective risk-tolerances. 
 
An alternative method of analysis would estimate the damage that the building 
would experience from all earthquakes that could affect the site, from lower 
intensity more frequent earthquakes to the major rare earthquakes. Such an 
analysis accounts for the probabilities of each earthquake being considered, and 
may express the results as an annual loss rate. 
 
ASTM E 2026, Standard Guide for the Estimation of Building Damageability in 
Earthquakes, is intended for use in the due diligence process of building 
acquisition. It specifically encourages the use of alternative methods of analysis 
discussed in the preceding paragraph. 
 
The guide is intended for use, on a voluntary basis, by parties who wish to 
estimate damageability from earthquakes to real estate. It outlines procedures 
for conducting an estimate of earthquake loss study for a specific user 
considering the user’s due-diligence requirements and risk tolerance level. The 
specific purpose of the estimate of earthquake loss study is to provide the user 
with an adequate measure of possible earthquake losses that may be expected 
during the anticipated term for holding either the mortgage or the deed.  

 
It is designed to assist the user in developing information about the earthquake-
related damage potential of a building, or groups of buildings, and as such has 
utility for a wide range of persons, including, but not limited to, building owners, 
building tenants, lenders, insurers, occupants, and potential investors/owners 
and mortgages. 
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The guide provides requirements for the performance of five different types of 
earthquake loss studies intended to serve different financial and management 
needs of the user:  

• Building stability 
• Site Stability 
• Damageability 
• Contents Damageability 
• Business Interruption 

Several of these types of assessment depend on earthquake ground motion 
characterization. 
 
The estimate of earthquake loss may consider any level of investigation from 0 
to 3 that serves the particular purposes for which the results are desired. Level 0 
is termed a screening level of investigation while Level 3 is an exhaustive 
investigation. Each level is defined in the guide. 

 
The guide is site-specific in that it relates to estimation of earthquake loss to 
building(s) located at a specific site. 
 
5.3  Task 2. Seismic screening of the building inventory 
 
FEMA 154, Rapid Visual Screening of Buildings for Potential Seismic Hazards: A 
Handbook, Second Edition provides a simple procedure for surveying an 
inventory of buildings that enables users to classify surveyed buildings into two 
categories: those acceptable as to risk to life safety or those that may be 
seismically hazardous and should be evaluated in more detail.  
 
Briefly, the rapid visual screening (RVS) procedure consists of inspecting a 
building from the exterior, identifying its probable lateral-load-resisting system, 
identifying building attributes that modify the seismic performance expected of 
this lateral-load-resisting system, and assigning a score to quickly determine if 
the building has a lateral-load-resisting system or features that are potentially 
hazardous. This procedure is carried out on pre-printed data collection forms. If 
a building receives a high score it is considered to have adequate seismic 
resistance. If a building receives a low score it should be evaluated by a design 
professional. Buildings identified as needing more detailed evaluation should not 
be considered hazardous without additional evaluation. 
 
A basic concept of the RVS is to identify, for the building under review, which of 
15 building types it corresponds to. These 15 types, and their relationship to the 
seven categories used in occupancy manuals and to the 24 types used in ASCE 
31, are discussed in Chapter 4. In many cases an experienced building inspector 
or other person knowledgeable in building practices will be able to determine 
easily which of the categories most accurately describes a particular building. 
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This often involves not only general knowledge of building practices, but 
familiarity with specific regional patterns of construction. 
 
The 15 categories are sufficiently broad yet distinguishable so that the experts 
who developed FEMA 154 could estimate their seismic performance based on 
past experience. Based on this expert opinion, a Basic Structural Hazard (BSH) 
score is assigned to a typical building in each category, depending on the 
earthquake forces it is likely to experience. BSH scores are given for regions of 
low, moderate, and high levels of seismicity. (These levels of seismicity and their 
relationship to levels of seismicity used in the occupancy manuals, ASCE 31, and  
FEMA 356 are discussed in Chapter 4.) For each level of seismicity, the score 
reflects the estimated likelihood of a typical building of that category sustaining 
major damage, defined as damage requiring repairs that would approximate 
60% of the building value. This level of damage is about the threshold where 
life-safety begins to become a serious hazard. 
 
The BSH scores range from 1.6 (concrete frame with unreinforced masonry infill 
in region of high seismicity) to 7.4 (light wood frame, less than or equal to 5,000 
square feet, in region of low seismicity), where a higher score signifies better 
seismic performance. The BSH scores are next increased or decreased by nine 
Score Modifiers that account for building or site features that increase or 
decrease a building’s seismic vulnerability (such as number of stories, building 
condition, and irregularities). The Score Modifiers are the following: 

• mid-rise (4-7 stories) 
• high-rise (8 or more stories) 
• vertical irregularity 
• horizontal irregularity 
• pre-code (buildings designed and constructed prior to the adoption of a 

seismic code) 
• post-benchmark (buildings designed and constructed after significant 

improvements in seismic codes) 
• soil type C (soft rock or very dense soil) 
• soil type D (stiff soil) 
• soil type E (soft soil) 

 
When the Score Modifiers are subtracted from or added to the BSH, the result is 
the final Structural Score (S) for the building under review. 
 
The S-score is the basic measure of the degree of adequacy of the building. Final 
S-scores typically range from 0 to 7 with higher scores corresponding to better 
expected seismic performance. An S-score of 2 is suggested as a “cut-off”, based 
on present seismic design criteria. At this level and below the building may 
sustain major life-threatening damage in an earthquake that it is reasonable to 
expect.  Using this cut-off level, buildings having an S-score of 2 or less should 
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be investigated by a design professional. For a large group of buildings, priorities 
for seismic evaluation can be based on these scores (the lower the score, the 
higher the priority). (The S-score of 2 is only a recommendation. Some agencies 
and engineers suggest that a building with an S-score of less than 3 should be 
evaluated.) 
 
This information is summarized in a quick reference guide form (see Figure__). 
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All the scoring is carried out on pre-printed data collection forms (see Figure__). 
These forms also record other features that may be important for risk 
assessment: 

• occupancy category and number of occupants 
• soil type 
• falling hazards (unreinforced chimneys, parapets, cladding, and other) 

 

[change figure 
number] 
 
An example of a complete FEMA 154 data collection form is shown in Figure __. 
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[change figure number] 
 
In order to carry out a RVS survey, the design professional should obtain the 
following information, if available, from the owner or from other sources: 

o Address(es) and/or other identifying information  
o Structural system 
o Building age 
o Building occupancy 
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o Soil conditions 
o Building plans if available 

 
The design professional should deliver to the owner a prioritized list of all the 
buildings in the inventory that may require more detailed seismic evaluation. 
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5.4  Task 3. Seismic evaluation of individual buildings  
 
Once it has been determined that a building should be evaluated, either based 
on a FEMA 154 survey, prior knowledge of a building’s vulnerability, or for any 
other reason, the seismic evaluation is initiated. The methodology contained in 
ASCE 31, Seismic Evaluation of Existing Buildings, provides the engineer with a 
straightforward and logical set of tools. Other established procedures may be 
used for evaluation if the engineer so desires. Note that ASCE 31 is based on a 
prior FEMA publication, FEMA 310, which in turn was first published as FEMA 
178. FEMA 178 has been used to evaluate many buildings and may be the basis 
for regulation in a number of jurisdictions. Engineers involved in building 
evaluation, should be familiar with FEMA 178. 
 
The intent of ASCE 31 is to screen out the acceptable buildings and identify 
mitigation needs for the remainder. It uses a three-tiered process applicable to 
any level of seismicity. Using this process, buildings may be evaluated to either 
the life safety or immediate occupancy performance level (see Chapter 4 for a 
discussion of performance levels).  A graphic illustration of the process is shown 
herein as Figure__. 
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[provide #]  
 
Users should note that the ASCE 31 process provides flexibility for the engineer 
to make judgments on whether additional evaluation is desirable or necessary or 
when it may be most desirable to mitigate the identified hazards. One can 
complete a Tier 1 screening, and proceed directly to the mitigation of identified 
deficiencies. Alternatively, one can proceed to a more detailed analysis. 
 
A Tier 1 evaluation is required for all buildings so that potential deficiencies may 
be quickly identified. Further evaluation using a Tier 2 or Tier 3 evaluation will 
then focus, as a minimum, on the potential deficiencies identified in Tier 1, 
unless the latter are mitigated. 
 
ASCE 31 provides guidance for the level of investigation required. A site visit is 
required to verify existing data or collect additional data, determine the general 
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condition of the building, and verify or assess the site conditions including 
potential impact of adjacent buildings.  
 
Tier 1: A Tier 1 evaluation is intended to screen, or filter out, those buildings 
that do not need further seismic rehabilitation. The Tier 1 process is shown in 
Figure__. 
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The Tier 1 evaluation begins with the determination whether the building is a 
“Benchmark Building.” Benchmark buildings are those structures constructed 
under a modern building code, developed in recent years, that required seismic 
design. While Benchmark Buildings need not proceed with further evaluation, it 
should be noted that they are not simply exempt from the criteria. The design 
professional must determine that the building is compliant with the benchmark 
provisions. This will entail a site visit, an examination of existing documentation, 
and other requirements specified in the chapter. Even for benchmark buildings, 
the nonstructural and foundation elements checklists must be completed. Users 
are cautioned that even though a model building code may have contained the 
seismic provisions in the period of construction, the local jurisdictions may have 
deleted or exempted a building from such requirements. 
 
In order to conduct a Tier 1 evaluation the engineer will have to determine the 
level of seismicity (see Chapter 4 for discussion), as shown in Figure__. The 
engineer will also need to review plans and other information concerning the 
building or develop that information. This may require development of as-built 
drawings and physical testing to determine the presence of reinforcing steel or 
connections. Removals of finishes may be necessary for testing or inspection. 
 
 

 
 

[change “region” to level”] 
 
For Tier 1, ASCE 31 categorizes building into 24 Common Building Types (see 
Chapter 4 for discussion) based on their lateral force resisting system. Structural 
checklists are included for each building type. Most buildings will fall into one of 
these categories. A procedure is included for structures that may not fit in one of 
these building types.  
 
In additional to the structural checklists, there are nonstructural checklists 
covering architectural, mechanical, electrical, and plumbing elements of the 
building, and a foundation-geologic hazard checklist. Figure__ arrays the 
checklists required for a Tier 1 evaluation by level of seismicity and performance 
level. In some cases, ”quick check” calculation may be required. However, the 
level of analysis necessary in Tier 1 is minimal. A Tier 1 evaluation is necessarily 
conservative, which should be kept in mind by the engineer.  
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[Figure number] 
 
Figures__ and __  present basic and supplemental structural checklists, 
respectively, for an example building type.   
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If deficiencies are identified for a building using the checklists, the design 
professional may proceed to Tier 2 and conduct a more detailed evaluation of 
the building or choose to recommend mitigation after the Tier 1 analysis. 
Alternatively, the design professional may conclude the evaluation and state that 
potential deficiencies were identified. In some cases, a Tier 2 or Tier 3 evaluation 
may be required because of the building type, even if no deficiencies are noted 
in Tier 1. This is specified in the Tier 1 chapter of ASCE 31. 
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Tier 2: A Tier 2 evaluation is a more detailed and rigorous evaluation of the 
building. A Tier 1 evaluation must be performed before undertaking a Tier 2 
evaluation. A Tier 2 evaluation may be required in all cases for certain building 
types specifically identified in ASCE 31. For other buildings evaluated under Tier 
1 the engineer may choose to perform a Tier 2 evaluation to determine if the 
conservative approach of Tier 1 may have identified deficiencies that may be 
eliminated by a more rigorous and detailed evaluation. As a minimum, the 
engineer need only evaluate those items found deficient under the Tier 1 
analysis.  
 
Four analysis procedures are provided for a Tier 2 analysis:  

• Linear Static Procedure (LSP)  
• Linear Dynamic Procedure (LDP)  
• Special Procedure for unreinforced masonry buildings with flexible 

diaphragms 
• Procedure for nonstructural components.  

 
A Tier 2 Evaluation may require more information about the building than in a 
Tier 1 Evaluation. This may include determination of concrete strength for 
example. 
  
At the conclusion of a Tier 2 evaluation, the deficiencies may be mitigated or a 
plan for mitigation developed. For certain building types further investigation 
may be warranted. This would entail a Tier 3 evaluation. 
 
Tier 3: For buildings requiring further investigation, a Tier 3 evaluation may be 
conducted. Certain building types in some regions of seismicity may require a 
Tier 3 evaluation. A Tier 3 evaluation is based on the FEMA 356 methodology, or 
on provisions for the design of new buildings. Because a Tier 2 evaluation is 
more conservative than a Tier 3, some elements previously thought to be 
deficient may prove to be acceptable. In general a Tier 3 analysis refers the user 
to FEMA 356 for the component-based evaluation. However for a Tier 3 
evaluation a lower demand level may be used. 
 
Moving from a Tier 2 to a Tier 3 evaluations using FEMA 356 may provide the 
design professional with the opportunity to consider more levels of performance, 
as discussed in Chapter 4. 
 
The Tier 3 evaluation will require simulation of the building using nonlinear 
analysis procedures that may be complex and expensive to carry out. However, 
they often result in construction savings many times the engineering costs. 
 
 



Chap 5-0227 5/6/2005 Page 19 

Outline of the Report to Owner 
 
At the completion of an ASCE 31 evaluation, the building’s deficiencies and 
mitigation needs have been identified. The actual rehabilitation design now may 
be started. 
 
The final report serves to communicate the results to the owner and record the 
process and assumptions used to complete the evaluation. As a minimum the 
report should include the following items:  

o Introduction 
o Scope and Intent 
o Limitations 
o Investigation, assessment, and analysis methods  
o General description of the building 
o Structural system description 
o Nonstructural systems description 
o Building type 
o Performance level 
o Level of Seismicity 
o Soil type 
o List of assumptions 
o Findings (list of deficiencies) 
o Checklists and other documents 
o Recommendations for Mitigation 
o Appendices 
o Calculations 
o Photographs 
o Examples of the Type of Work Needed 
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5.5  Task 4. Seismic rehabilitation planning and design 
 
Once the evaluation has been completed and the mitigation needs known, the 
design professional, in cooperation with the owner, is ready to begin planning 
and designing the seismic rehabilitation that will mitigate the deficiencies. FEMA 
356, Prestandard and Commentary for the Seismic Rehabilitation of Buildings, 
provides a methodology and design approach.  
 
The FEMA 356 Approach 
 
FEMA 356 provides appropriate guidelines and design procedures to comply with 
the basic safety objective and the desired performance level. This is a unique 
approach, distinctly different from that presently adopted by building codes for 
new construction.  
 
In the building codes for new construction, building performance is implicitly set 
in a manner that is not transparent to the user. Therefore, the user frequently 
does not understand the level of performance to be expected of buildings 
designed to the code, should they experience the design earthquake. Further, 
the user is not given a clear understanding of what design changes should be 
made in order to obtain performance different from that implicit in the codes. 
 
Figure__ illustrates the general process for building rehabilitation under FEMA 
356, which at its core consists of selection of a rehabilitation objective, selection 
of a rehabilitation method, performance and verification of a rehabilitation 
design, and preparation of construction documents. 
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Set the Performance Objective: FEMA 356 starts by requiring the user to 
select specific performance goals, termed rehabilitation objectives, as a basis for 
design. In this way, users can directly determine the effect of different 
performance goals on the design requirements. But it is the intent of FEMA 356 
that most, although not necessarily all, structures designed to obtain a given 
performance at the specific earthquake demand would exhibit behavior superior 
to that predicted 
 
As discussed in Chapter 4 and illustrated in Figure___, FEMA 356 defines a 
continuum of rehabilitation objectives that are a function of Target Building 
Performance Levels and Earthquake Hazard Levels, of which 16 are explicitly 
identified. These 16 objectives are categorized in FEMA 356 into three 
categories: 

• Basic Safety Objective (similar to the implied design criteria for new 
buildings) 

• Enhanced Objectives 
• Limited Objectives 
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Selection of a rehabilitation objective will be a significant factor in determining 
the cost and feasibility of the project. The design professional should understand 
the various rehabilitation objectives, the underlying parameters of building 
performance levels and seismic hazard levels, the resultant requirements, and 
associated design and construction costs. The design professional should 
establish the rehabilitation objectives in close coordination with the owner’s 
facility, risk, and financial managers. Owners may initially suggest higher 
performance levels, but later find that the associated construction cost is beyond 
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their budget. The design is likely to be an iterative process, to obtain a 
performance level and a rehabilitation objective that meets the budget and 
project needs. 

The target building performance levels—collapse prevention, life safety, 
immediate occupancy, or operational—will establish the desired level of damage 
control for the rehabilitation project. Figures__ and __ provide a side by side 
comparison of the various performance levels compared to the expected 
damage, and will assist the design professional in communicating with the 
owner. The chart, along with the graphic, provides information for the engineer 
in assisting the client with selection of the appropriate performance level. 

[select additional graphics from 356] 

  
 
Data collection: Data collection is an important factor in design using FEMA 
356. The extent of the design professional’s knowledge about the material 
strengths of the building will have a significant effect on the analysis and the 
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confidence level provided. This will impact on the ultimate work and construction 
costs. Table 2-1 of FEMA 356 arrays the level of knowledge needed for the 
various types of data collection that must occur in any rehabilitation project as a 
function of the Rehabilitation Objective and analysis procedure used. 
 
Rehabilitation methods: FEMA 356 provides two rehabilitation methods:  

• Systematic rehabilitation 
• Simplified rehabilitation 

 
Systematic rehabilitation is a methodology for the detailed design necessary to 
meet the rehabilitation objective. It provides uniform criteria by which existing 
buildings may be evaluated and upgraded to attain a wide range of different 
objectives. Systematic rehabilitation for structural systems is covered in Chapters 
2-9 of FEMA 356.  
 
Simplified rehabilitation is explained in Chapter 10 of FEMA 356. The chapter 
limits the use of simplified rehabilitation as a function of the 24 Model Building 
Types and the three levels of seismicity. The chapter contains extensive 
guidance on building elements to consider for analysis. It also contains a 
description of each of the building types with a ranking of importance for 
mitigation items. Table10-1 of FEMA 356 summarizes the limitations on the use 
of the simplified rehabilitation method for each of 24 model building types. 
Buildings using the simplified rehabilitation may not meet the specified 
performance objective.  
 
FEMA 356 may not be the appropriate methodology for smaller buildings with 
flexible diaphragms. The alternate guidelines may provide a more economical 
solution, however they will not meet the objective of FEMA 356 BSO. 
 
Other resources available to the engineer to mitigate seismic deficiencies in 
buildings include: 

• ASCE 31 – When seismic deficiencies are identified in an ASCE 31 analysis, 
correcting the deficiencies will achieve an improved level of safety. ASCE 
31 uses a factor of approximately 75% of the design level of the code for 
new construction and FEMA 356. Compliance will provide for safety to life 
but the building may not meet the Collapse Prevention level required for 
the BSE-2 earthquake. The building will also have greater damage than a 
building meeting the FEMA 356 BSO. It may provide an economical 
solution for many owners.  

• International Building Code (IBC) – A design to meet the force levels of 
the IBC, with some compromises on detailing, would be a valid approach 
and provide a building that essentially meets the intent of FEMA 356.  

• International Existing Building Code (IEBC) – The IEBC includes triggers 
for certain seismic rehabilitation, and repair of damaged buildings. There 
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are also triggers for partial strengthening of unreinforced masonry 
buildings. IEBC directs designers to use FEMA 356, or the GSREB (see 
below), which is included in the Appendix with an analysis using ASCE 31.  

• NFPA 5000 Building Code – The NFPA 5000 code adopts ASCE 7. The 
criterion in ASCE 7 does not provide criteria for rehabilitation. Meeting the 
design levels of ASCE 7 for a rehabilitation project would be the same as 
meeting the levels of the code for new construction.  

• Guidelines for the Structural Retrofit of Existing Buildings (GSREB) ICBO, 
2001 (contained in the 2003 IEBC) – The document provides rehabilitation 
provisions for specific building types. Compliance with this document will 
meet the Collapse Prevention level or higher. Its use will not meet the Life 
Safety criteria of FEMA 356.  

• Los Angeles Division 91 and Los Angeles Division 95, provisions of the Los 
Angeles Building Code – These provisions are similar to the approaches of 
FEMA 356 but compliance with these criteria may not meet the BSO.   

• Seismic Evaluation and Retrofit of Concrete Buildings, ATC-40, 1996. – 
These documents provide guidance on the repair of concrete frame 
buildings.  
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5.6  Task 5.  Staging of rehabilitation increments/prioritization and 
integration of seismic rehabilitation increments 
 
In the absence of the reality of building occupancy and use, the preferred path 
for building seismic rehabilitation is to complete the work in one continuous 
phase. However this may not be possible for a variety of reasons described 
earlier in this document. The owner’s needs and available resources as well as 
the continued occupancy of the building are often determining factors in deciding 
whether the rehabilitation will be single-phase or incremental. 
 
Accepting this reality requires that the owner and design professional think of the 
seismic rehabilitation program in increments and prioritize and schedule the 
implementation of these increments. There are four distinct aspects to this task. 
 
Structural Priority (Seismic Engineering) 
 
After completing an ASCE 31 or FEMA 356 analysis, the engineer needs to rank 
the deficiencies. Such a ranking might consider whether a deficiency is a threat 
to life, whether it will cause building collapse or might simply result in a localized, 
repairable failure. Generally, it is recommended that a “worst first” approach 
should be applied, attending to heavily used sections of the most vulnerable 
buildings, those with the largest occupant loads or housing critical functions or 
equipment, areas that facilitate evacuation of the building including corridors, 
stairs, lobbies, and other elements of the egress system. Canopies over exits, 
though considered “nonstructural”, should not be ignored in the prioritization.  
 
The Commentary to Chapter 10 (Simplified Rehabilitation) of FEMA 356 provides 
lists of deficiency rankings by building types. These rankings are described as 
follows: 
 

“Potential deficiencies are ranked in Tables C10-1 through C10-19; items 
in these tables are ordered roughly from highest priority at the top to 
lowest at t he bottom, although this can vary widely in individual cases.” 

 
See Figure__ for two example tables: 
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Owners’ facility managers and their design professionals will likely begin with 
these initial prioritizations when determining the order of seismic rehabilitation 
increments to be undertaken.  
 
The owners manuals include tables that list typical rehabilitation work elements, 
simple descriptions of the improvements, and their intent. The tables are 
reproduced below. The design professionals may consider their structural priority 
with the help of FEMA 356 Chapter 10 or their own analysis. 
 
However, one may not necessarily be able to accomplish the necessary 
mitigation in the order of their structural priorities. The final order of increments 
may deviate from their structural priority, based on other planning parameters. 
Additional engineering analysis may be required for certain building types when 
deviating from the structural priority, as discussed later in this Section. 
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An example code-developed approach to staging rehabilitation based on 
structural priority is presented in "Guidelines for Seismic Retrofit of Existing 
Buildings (GSREB)." These apply wood frame apartment or commercial 
structures with an open, soft story, side. These provisions offer suggestions for 
phasing the work. 

SECTION 404  
GENERAL REQUIREMENTS  
FOR PHASED CONSTRUCTION 

When the building contains three or more levels, the work specified in this chapter shall be 
permitted to be done in the following phases. Work shall start with Phase I unless otherwise 
approved by the building official. When the building does not contain the conditions shown in any 
phase, the sequence of retrofit work shall proceed to the next phase in numerical order. 

Phase 1 Work. The first phase of the retrofit work shall include the ground floor portion of the 
wood structure that contains parking or other similar open floor space. 

Phase 2 Work. The second phase of the retrofit work shall include walls of any level of wood 
construction with two or more levels above that are laterally braced with nonconforming structural 
materials. 

Phase 3 Work. The third and final phase of the retrofit work shall include the remaining portions 
of the building up to, but not including, the top story as specified in Section 403.2. 
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Use Priority 
 
The occupancy of a building is critical in evaluating safety, and owners may 
consider planning alternative uses for their seismically vulnerable buildings. Some 
vulnerable buildings may be scheduled for early demolition, or for conversion to 
a lower risk category such as storage. Other buildings in the owner’s inventory 
may be scheduled for expansion or intensification of use. Considerations such as 
these will influence the prioritization of seismic rehabilitation increments.  
 
Disruption Priority 
 
Rehabilitation increments of various structural priorities can be categorized by 
the location and extent of the work involved. In general these can be: 

• Work that can be accomplished from the exterior (roofs, exterior walls, 
and basements) with little or no effect on interior space use. 

• Work that can be accomplished in localized spaces in the interior of the 
building (e.g., corridors). 

• Work that must be accomplished in spaces spread throughout the building 
(these may be tenant spaces and/or common spaces). 

• Work that requires access to concealed spaces. 
• Work that involves mechanical, electrical, and plumbing systems. 

 
Each of these categories of work entails specific disruptions of the occupancy 
and use of the building. These disruptions may entail costs to the owner that 
equal or exceed the actual construction costs, such as moving employees or 
losing tenants. The extent of these disruptions may have a time-dimension. For 
example, the summer vacation may be the least disruptive period for school 
buildings, and periods of tenant turnover may be the least disruptive in rental 
commercial buildings. 
 
Considerations such as these will also influence the prioritization of seismic 
rehabilitation increments. 
 
Integration Opportunities with Other Maintenance and Capital 
Improvement Work 
 
A characteristic of the incremental seismic rehabilitation approach is that specific 
work items can be integrated with other building maintenance or capital 
improvement projects undertaken routinely by the owner. Such integration will 
reduce the cost of the seismic rehabilitation action by sharing engineering costs, 
design costs, and some aspects of construction costs. It also manages the 
disruption costs. Integration opportunities are a key consideration in adapting 
the sequence of actions suggested by the preceding discussion of priorities. 
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Often the work is opportunistic, in that some seismic rehabilitation increments 
may be accomplished when specific other building work is being undertaken. 
Figure ___illustrates these integration opportunities schematically.  
 
 
 
 
 
 

 
 
Every building owner has a particular pattern of scheduling maintenance and 
capital improvement work, and the design professional should consider this 
pattern when identifying the integration opportunities for specific seismic 
rehabilitation increments. However, there are typical maintenance and capital 
improvement categories found in specific building occupancies, as follows: 
 
Schools:  

1. Roofing maintenance and repair/re-roofing 
2. Exterior wall and window maintenance  
3. Fire and life safety improvements 
4. Modernization/remodeling/new technology accommodation 
5. Underfloor and basement maintenance and repair 
6. Energy conservation/weatherization/air-conditioning 
7. Hazardous materials abatement 
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8. Accessibility improvements 
 
Hospitals: 

1. Patient care improvements 
2. New technology accommodation 
3. Fire and life safety improvements 
4. Roofing maintenance and repair/re-roofing 
5. Exterior wall and window maintenance/façade modernization 
6. Underfloor and basement maintenance and repair 
7. Heating, ventilating, and air conditioning (HVAC) improvements 
8. Energy conservation/weatherization/air conditioning 
9. Hazardous materials abatement 

 
Office Buildings:  

1. Roofing maintenance and repair/re-roofing 
2. Exterior wall and window maintenance/façade modernization 
3. Public area modernization 
4. Fire and life safety improvements  
5. New technology accommodation 
6. Tenant alterations and improvements 
7. Underfloor and basement maintenance and repair 
8. HVAC upgrade and energy conservation  
9. Hazardous materials abatement (usually at acquisition) 
 

Retailing:  
1. Roofing maintenance and repair/re-roofing 
2. Exterior wall and window maintenance/façade modernization 
3. Fire and life safety improvements  
4. Mall public area modernization 
5. Retail area modernization 
6. Underfloor and basement maintenance and repair 
7. HVAC upgrade and energy conservation  
8. Hazardous materials abatement  
 

Multifamily Housing:  
1. Roofing maintenance and repair/re-roofing 
2. Exterior wall and window maintenance/façade modernization 
3. Public area modernization 
4. Kitchen and bathroom modernization (“white work”) 
5. Fire and life safety improvements  
6. Underfloor and basement maintenance and repair 
7. HVAC upgrade and energy conservation 
8. Hazardous materials abatement  
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The owner manuals include matrices showing specific structural and 
nonstructural seismic improvements that can be integrated with each respective 
category of maintenance and capital improvement. The following figures 
illustrate the matrices for the categories of “roofing maintenance and repair/re-
roofing” and “fire and life safety improvements”. 
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Additional Engineering 
 
The matrices in the owner manuals further categorize the integration 
opportunities with the extent of engineering involved in implementing particular 
increments by three symbols in the matrix intercepts. These are described as 
follows: 

 
 

Of particular significance is the symbol , which suggests the need for 
additional engineering analysis for buildings with rigid diaphragms. 
 
Many smaller buildings have wood floors and roofs. These are generally 
considered flexible diaphragm buildings. Buildings with concrete floors and roofs 
have rigid diaphragms. The dynamic behavior of the two diaphragm-type 
buildings is different. This is an important parameter that determines how lateral 
loads are distributed to load-resisting elements of the structures.  
 
Structures with flexible diaphragms distribute earthquake loads based on 
proportional or tributary area between shear resisting elements (shear walls or 
frames). Flexible diaphragms allow a straightforward analysis of loads in each 
shear element. In buildings with flexible diaphragms, increments of 
strengthening can usually be accomplished with a modest amount of engineering 
and such work will almost always, result in strengthening of the building. 
 
Structures with rigid diaphragms distribute earthquake loads based on the 
relative rigidity of the individual shear-resisting elements. Rotational forces may 
be introduced that must be resisted by these and other elements imposing loads. 
Rigid diaphragms require more detailed analysis that may have to be conducted 
for each increment of the proposed strengthening program. Buildings with rigid 
diaphragms may require an extensive engineering investigation and 
consideration as the potential increments are being defined. 
 
It is possible that as the parts of the incremental rehabilitation program are 
implemented, a structure might have less strength or increased torsion than the 
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current structure. An example might occur in a structure with masonry or 
concrete walls and a concrete floor and roof. Strengthening one or two walls in a 
section of a building could affect the building’s behavior. If this occurs the 
engineer should make sure that the reduction in seismic resistance is for a 
limited period and that the entire rehabilitation program will be completed. While 
there may be some increased risk for a relatively short period, it is justified by 
the long-term improvement is safety. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



6.  Incremental Seismic Rehabilitation Plan 
 
The owner manuals have described the Incremental Seismic Rehabilitation Plan 
as follows: 

An essential feature of implementing incremental seismic 
rehabilitation in specific buildings is the development 
and documentation of a seismic rehabilitation plan. 
The seismic rehabilitation plan will include all the anticipated 
rehabilitation increments and their prioritization as 
previously discussed. The documentation will guide the 
implementation of the incremental seismic rehabilitation 
program and should ensure that the building owner 
does not lose sight of overall rehabilitation goals during 
implementation of individual increments.” 

 
An Incremental Seismic Rehabilitation Plan should be prepared for each building 
determined to require seismic rehabilitation.  It should include discussion of the 
following: 
 

Level of seismicity—The basis for determining the level of seismicity 
used in the building seismic evaluation and rehabilitation design should be 
documented, specifying the maps, geotechnical records and reports, and 
soil analysis used. Coefficients that are a function of the level of seismicity 
should be clearly documented. Since USGS maps are updated from time to 
time, it is important to note the dates of the analysis, and of the 
information on which it was based. It may be appropriate to place this 
information on the construction documents. 

 
Current building description— The building and its lateral force 
resisting system should be described in a report in as much detail as 
possible. Any records about the building, such as plans, construction 
details, calculations, and specifications records should be included. If the 
building was classified according to ASCE 31 or FEMA 356 in the course of 
its evaluation, the classification as well as any conclusions derived from it 
should be recorded.  

 
Level of performance—The level of performance used in the building 
seismic evaluation and rehabilitation design should be documented, using 
the levels of specificity employed in FEMA 356. The reasons for 
establishing this level should be recorded. As noted in Chapter 5, the 
seismic rehabilitation design may follow  an iterative process, and the 
level of performance may be revised over time. Any such evolution should 
be documented. It may be appropriate to place information on the 
selected level of performance on the construction documents. 

 



List of deficiencies—A complete list of all the building’s seismic 
deficiencies determined during its evaluation should be prepared. 

 
Rehabilitation measures—The rehabilitation measures required to 
address all the deficiencies in order to meet the selected level of 
performance should be listed. The incremental seismic rehabilitation will 
be implemented over a specified period of time, but the comprehensive 
list of rehabilitation measures will be the final goal of the process, as long 
as it might take. 

 
Rehabilitation increments—A complete discussion of the definitions 
prioritization and staging of the rehabilitation measures into discrete 
increments. As discussed in Chapter 5, this should include: 

• Structural Priority (Seismic Engineering) 
• Use priority 
• Disruption priority 

The reasons for selection of the priorities should be retained in the written 
records and reports. The basis for the determination of the priorities, such 
as FEMA 356 or engineering judgment, should also be noted. 

 
Integration opportunities—The prioritized rehabilitation increments 
should be linked to scheduled or planned building maintenance and capital 
improvement projects. The design professional preparing the Incremental 
Seismic Rehabilitation Plan should coordinate this work with the owner’s 
facility management plan. Assumptions regarding the scheduling of future 
work should be clearly documented. The plan should also note any 
limitations on future scheduling or sequencing of work. An example may 
be where a certain increments may reduce the strength in part of a 
building until a subsequent phase. In such a case the scheduling of the 
next increment that will eliminate the temporary strength reduction should 
be scheduled. Increments may also be accomplished by opportunities that 
occur such as unanticipated use or tenant changes, changes in owner 
priorities, natural disasters or unanticipated funding opportunities. 

 
Integration Project Schedule—The  ultimate goal of the Incremental 
Seismic Rehabilitation Plan is to develop a schedule for the complete 
seismic rehabilitation project.  

 
In summary, the Incremental Seismic Rehabilitation Plan needs to be a written 
record of the goals and decisions on implementation. The work may continue 
over a period of years and perhaps decades. The plan must also be in a form 
that will permit changes and the recording of those changes. Since design 
professionals and other project personnel may change over the course of 



implementation of the plan, it should be in a form that follow-on users can pick 
up and continue with the work and accomplish its goals.  
 
The following list includes some of the parameters of the plan that may change 
over time: 

• building codes 
• levels of seismicity and seismic coefficients 
• target performance levels 
• natural disasters affecting the building 
• building technology, systems, and materials 
• financial climate 
• local market conditions 
• strategic plans of the owner 
• maintenance and capital improvement plans of the owner 

The Incremental Seismic Rehabilitation Plan should be capable of 
accommodating all of these changes. 
 



 
 
 
 
 
 
 

APPENDIX A



SEATTLE PUBLIC SCHOOLS/CASE STUDY REPORT/2/20-22/01 
 
INTRODUCTION 
 
Seattle Public Schools has carried out, and currently continues to carry out, two programs that include 
seismic rehabilitation of existing school buildings: the Capital Levy Program, currently called the BTA 
(Buildings, Technology and Athletics) Levy, and the Capital Improvement Program (CIP).  The former 
consists of many small to medium-sized projects that are generally carried out during the summer months 
when the schools are out of session.  The latter are major projects that involve the demolition and 
construction of new schools or the major rehabilitation of existing schools. 
 
 
CAPITAL LEVY PROJECTS 
 
About 103 schools have included Capital Levy Projects from 1982 through 1999.  Of these, 51 have had 
seismic rehabilitation projects starting in 1984, and some have had multiple seismic rehabilitation projects.  
When seismic rehabilitation is coupled with other work, it is most often roofing, followed by exterior wall 
improvements, accessibility improvements (ADA), and corridor improvements.  The following Table 
summarizes this data for the 51 schools. 
 
 

SCHOOL YEAR & WORK 
DESCRIPTION 

SCHOOL YEAR & WORK 
DESCRIPTION 

Addams 1991 – Seismic Madison 1994 – Seismic, Roof, Exterior 
Alki 1991 – Seismic, Corridor Madrona* 1992 – Seismic 
Allen 1993 – Seismic Magnolia 1994 – Seismic, Corridor, ADA 
Arbor Heights 1985 – Seismic, Roof Mann 1993 – Seismic, ADA 
Bagley 1991 – Seismic, Exterior Marshall 1993 – Seismic 
Ballard* 1993 – Seismic, Gutters & 

Downspouts 
 

McDonald 1993 – Seismic 
1998 – Seismic, ADA 

Blaine 1992 – Seismic, Corridor McGilvra 1992 – Seismic 
Boren* 1999 – Seismic, Roof, Hazmat, 

Fire Alarms 
Meany 1991 – Seismic, Roof 

Brighton 1994 – Seismic, Corridor, ADA Memorial Stad. 1994 – Seismic, Roof 
Bryant* 1989 – Seismic Minor 1993 – Seismic, ADA 
Coe* 1993 – Seismic Monroe 1998 – Seismic, ADA 
Columbia 1989 – Seismic, Roof Northbeach 1989 – Seismic 
Concord* 1989 – Seismic 

1992 – Seismic 
Northgate 1987 – Seismic, Roof 

Dearborn Park 1991 – Seismic, Roofing Pinehurst 1994 – Seismic, Roof, Exterior 
Decatur 1989 – Seismic Rainier Beach* 1992 – Seismic, Roof 
Dunlap* 1993 – Seismic   
Garfield 1999 – Seismic, Windows, 

Arts/Science Improvements. 
Rogers 1987 – Seismic, Roof 

1993 – Seismic 
Genessee Hill 1985 – Seismic, Roof 

1997 – Seismic 
Roosevelt 1993 – Seismic, Roof 

Greenwood* 1987 – Seismic, Structural Sacajawea 1997 – Seismic 
Hamilton 1990 – Seismic, Roof, Exterior Schmitz Park 1991 – Seismic 
Highland Park* 1993 – Seismic, ADA 
Hughes 1998 – Seismic, ADA 
Latona* 1989 – Seismic  

1992 – Seismic 

Seward* 1984 – Seismic, Windows, A/C 
1991 – Seismic 
1993 – Seismic 

Lowell 1993 – Seismic, ADA Sharples 1994 – Seismic, Roof, Exterior 
Loyal Heights 1991 – Seismic, Exterior Stevens* 1993 – Seismic, Roofing, ADA 



SCHOOL YEAR & WORK 
DESCRIPTION 

SCHOOL YEAR & WORK 
DESCRIPTION 

Van Asselt 1992 – Seismic, Exterior Whitman 1995 – Seismic 
West Seattle* 1993 – Seismic, ADA Wilson 1999 – Seismic, Roof 
 
• These 14 schools are among the 20 schools currently scheduled for replacement or gut rehabilitation in 

the CIP Program. 
 
 
THE BTA PROGRAM 
 
The Facilities Development and Construction division of Seattle Public Schools is in the continuing process 
of implementing the New Capital Levy Program which is concerned with the replacement and/or capital 
upgrades of existing systems in facilities and to provide students with safe and secure buildings.  
 
The current Capital Levy Program is designated Buildings, Technology and Athletics (BTA) Levy.  Voters 
approved $150 million for this program on February 3, 1998.  This is a six-year program to finance more 
than 465 small and large facility improvement projects, at every school (112 schools) in the District.  The 
Program includes the following (about $138.7 million is budgeted for specific school improvements, and 
$10.7 million is budgeted for computer equipment): 
 
BUILDINGS: Budget: $59,111,822 
 

• Protect the building envelope: 
Replace the most critical roofs (this work includes seismic upgrading of the diaphragm 
and improved diaphragm connections, if necessary, but is not classified as seismic work) 
Complete the seismic mitigation program started in the early 1980s 
Replace windows to protect the building and improve energy efficiency 

 
• Provide life safety improvements: 

Upgrade fire alarms 
Provide better ADA access, to include elevators 
Do selected hazards materials abatement to reduce future maintenance costs 

 
• Replace heat pumps that will be at the end of their useful life to improve energy efficiency 

and reduce repair and maintenance costs 
 

• Improve science and art facilities in all secondary schools 
 
TECHNOLOGY: Budget: $41,213,571 
 

• Provide power upgrades to replace worn out systems and support technology 
• Technology upgrades to provide data network infrastructure, telephones/intercoms to all 

classrooms and offices 
 
ATHLETICS: Budget: $38,389,978 
 

• Upgrade athletic facilities and fields at several high schools 
• Gymnasium improvements at all secondary schools 

 
These improvements, beginning with some in 1998, are planned to be implemented through 2004, with   
the majority of the construction phase occurring in the summer months while the schools are closed.  The 
individual scopes of work are packaged into a variety of small projects to meet these goals. 
 



The following tables provide the budget ranges for seismic work. It is assumed that work classified as roof 
work in the “roof+seismic” classification consists of no more than 15% seismic. This assumption is based 
on costs reported in the companion Utah Case Study. 
 

 Total Program Roof + Seismic Seismic 
$ 138,715,371 33,497,404 6,915,841 
% 100 24 4.5 

Table 1. 
 

 
 Total BUILDING 

Program 
Roof + Seismic Seismic 

$ 59,111,822 33,497,404 6,915,841 
% 100 57 12 

Table 2. 
 
Assuming that no more than 15% of roof work is seismic, Table 1 shows that budgeted seismic work is 
between 4.5% and 7% of the total program, and Table 2 shows that budgeted seismic work is between 12% 
and 19% of the BUILDING program (excluding TECHNOLOGY and ATHLETICS). 
 
Twenty-four of the 112 schools in the Program have seismic work programmed (of which 16 also have roof 
work), and 33 additional schools have roof work and no seismic work programmed.  In analyzing the 
integration of seismic rehabilitation with other work, it is useful to look more closely at the 24 schools that 
specifically include seismic work. 
 
   

 Total Program in Schools with 
Seismic (24 schools) 

Seismic 

$ 43,150689 6,915,841 
% 100 16 

Table 3. 
 
Table 3 shows that seismic work is at least 16% of the total budgets of the schools in which it occurs.  
Roofing work that includes some seismic improvements is not included in this estimate. 
 
  

 Total BUILDING Program in 
Schools with Seismic  

Seismic Individual Project 
Range of Seismic 

$ 23,185,371 6,915,841  
% 100 30 3.5-74 

Table 4. 
 
Table 4. shows that seismic work is at least 30% of the BUILDING Program budgets of the schools in 
which it occurs.  Of the 24 schools with seismic work, the smallest seismic work is 3.5% of the budget and 
the largest is 74% of the budget.  Roofing work that includes some seismic improvements is not included in 
this estimate. 



 
  BUILDING Program 

School Earlier 
Seismic* 

Roof Seismic Life 
Safety 

Exterior Haz. Mat. Heat 
Pump 

Sci & Art 
Improv. 

Marshall 1993 279,120 350,000 273,500  31,500  555,556 
Rainier 
Beach 

1992  1,021,020 1,016,272    555,555 

Roosevelt 1989/1993 300,000 350,000 450,000 750,000 139,650  555,556 
Denny  724,500 265,766 50,836    303,030 
Madison 1994  350,000 115,649  31,500  303,030 
McClure   556,206   10,500  303,030 
Meany 1991  18,018     303,030 
Arbor 
Heights 

1985 453,338 423,191 281,381     

Broadview  741,526 105,105 47,953     
Fairmont 
Park 

 15,683 85,586 173,895     

King  390,829 79,580 92,753     
Laurelhurst  213,184 230,250 109,209     
Loyal 
Heights 

1991 165,179 230,250 281,521     

North 
Beach 

1989  58,559 101,361     

Rainier 
View 

 325,086 67,568 142,120     

Roxhill  482,265 22,523 151,164     
Sacajawea 1997  367,500 127,867     
AE#2 – 
Decatur 

1989 456,058 373,874      

Boren/ 
Cooper 

 1,200,000 173,250 237,450  38,850   

Hay NOMS  638,652 290,312 899,701    303,030 
Hughes  127,575 420,000 47,548     
Magnolia 1994  215,250 72,349 317,250    
McDonald 1993 190,062 614,114 104,276     
Monroe   247,919 57,953  262,500   
• Not including earlier roofing work 

Table 5.  BUILDING Budget Breakdown for Schools with Seismic Work 
 
Table 5. shows that of the 24 schools in the BTA Program that include seismic work, 11 had earlier 
increments of seismic work, and one had two such increments. 
 
 



INDIVIDUAL SCHOOL ANALYSIS OF INCREMENTAL SEISMIC REHABILITATION 
 
The following 10 schools in the BTA Levy Program, and one additional school from earlier Levy 
Programs, were analyzed: 
 
High Schools:  Marshall 
   Roosevelt 
 
Middle Schools:  Eckstein 

Meany 
Whitman 

 
 
Elementary Schools: Arbor Heights 
   Broadview Thomson 
   Sacajawea 
   Genessee Hill (not included in current BTA Program) 
 
Closed/Leased Schools: McDonald 
   Monroe 
 
 
In addition, information was obtained about the following two schools in the CIP Program: 
 
High Schools:  West Seattle 
 
Elementary Schools: Concord 
 



 
Incremental Seismic 
Rehab Work Items 

One of several 
Increments? 

Problems and 
Disadvantages 

School Model 
Building 
Type 

General 
Description of 
Building Structural 

(% cost) 
Non- 
Structural 
(% cost) 

Other Rehab 
Work Items, if 
Any 
(% cost) 

Past Future 

Efficiencies/ 
Inefficiencies 
(Cost Savings/ 
Overruns) (Added 
Admin.Costs) 

Intermediate 
Weaknesses 

Other 

Subjected 
to 
Earthquake 

High Schools 

M
ar

sh
al

 

U
R

M
 (1

st
) 

C
2 

(3
st

) 

!927. 
1 story shops, 
gym, aud. & 
cftria. 
 
3 story 
classrooms 
 U

R
M

 sh
ea

r w
al

ls
* 

W
oo

d 
di

ap
hr

ag
m

a*
 

To
t: 

35
0,

00
0 

(2
3%

) 

U
R

M
 c

hi
m

ne
y*

 
U

R
M

/c
la

y 
til

e 
w

al
ls

 &
 p

ar
tit

io
ns

* Roof, Life 
Safety, Haz. 
Mat., Sci/Art 
Improvements 
 
1,139,676  
(77%) 

19
93

: P
ar

ap
et

 
br

ac
in

g 

N
ot

 k
no

w
n 

See general 
discussion 

See 
general 
discussion 

See 
general 
discussion 

 

R
oo

se
ve

lt 

 
C2 

 
1922 (3 story) 
1928 (2 story) 
1961 (1, 2 st.) 
 
 
 
 
 

 
U

R
M

/c
la

y 
til

e 
w

al
ls

 &
 p

ar
tit

io
ns

 
G

as
 sh

ut
of

fs
, b

ra
ce

 a
qu

ar
iu

m
, b

ol
t 

ca
bi

ne
ts

 
To

t: 
35

0,
00

0 
(1

4%
) 

Roof, Life 
Safety, Exterior 
Envelope, Haz. 
Mat., Sci/Art 
Improvements 
 
2,195,206 
(86%) 

19
93

: A
tta

ch
m

en
t o

f g
ym

 ro
of

 to
 w

al
l 

None Dodd Report 
estimated work at 
$1.5 million. Only 
350,000 budgeted. 
Decision to keep 
the exterior wall 
(landmark school), 
and replace school, 
and allocate to 
seismic work in 
other schools. 
 
 
 
 
 

   

 
*  Work item identified in Dodd Report and not confirmed.



 
Incremental Seismic 
Rehab Work Items 

One of several 
Increments? 

Problems and 
Disadvantages 

School Model 
Building 
Type 

General 
Description of 
Building Structural 

(% cost) 
Non- 
Structural 
(% cost) 

Other Rehab 
Work Items, if 
Any 
(% cost) 

Past Future 

Efficiencies/ 
Inefficiencies 
(Cost Savings/ 
Overruns) (Added 
Admin.Costs) 

Intermediate 
Weaknesses 

Other 

Subjected 
to 
Earthquak
e 

Middle Schools 

Ec
ks

te
in

 
(n

o 
se

is
m

ic
 w

or
k 

bu
dg

et
ed

) 

 
C2 

 
1950 
2 story + 1 
story gym 
 
 
 
 
 
 U

pg
ra

de
 d

ia
ph

ra
gm

 &
 

s(
ra

pp
in

g 
to

 sh
ea

r w
al

ls
 

(I
nc

lu
de

d 
in

 ro
of

in
g)

 

 Roofing, Life 
Safety, Sci/Art 
Improvements 
 
$1,423, 570  
of which 
roofing 
$1,066,563 

None None Seismic work 
completely 
integrated with 
roofing. 

   

M
ea

ny
 

 
C2 
 
PC1 
 
W1 

 
1941 – 1 story 
 
1954 – 1, 2 st. 
 
1961 – 1 story 
 
 
 
 W

1:
 R

ep
la

ce
 1

 w
in

do
w

 
ba

y 
pe

r c
la

ss
ro

om
 w

ith
 

pl
yw

oo
d 

sh
ea

r w
al

l 
$3

0,
00

0 
(b

ud
g:

 $
18

,0
18

)   
Sci/Art 
Improvements, 
Gym work 
 
$185,000 
(86%) 
(budg: 
$338,030) 

19
91

: R
er

oo
fin

g 

  
Seismic work 
seems unrelated 
spatially to other 
work. 

   

W
hi

tm
an

 
(n

o 
se

is
m

ic
 w

or
k 

bu
dg

et
ed

) 

 
S5 

 
1959 
1-2 story steel 
frame with 
URM infill 
 
 
 
 
 A

dd
iti

on
al

 b
ra

ci
ng

 o
f 

se
le

ct
ed

 sh
ea

r w
al

ls
 

B
ud

ge
t u

ns
pe

ci
fie

d 

 Roof, Life 
Safety, Sci/Art 
Improvements, 
Gym work 
 
$1,470,890 

19
95

: T
ub

ul
ar

 c
ol

um
s t

o 
br

ac
e 

m
as

on
ry

 sh
ea

r 
w

al
ls

. 

   

D
od

d 
R

ep
or

t c
al

le
d 

fo
r 

“s
ho

tc
re

te
 w

al
ls

 to
 o

ne
 

si
de

 o
f s

el
ec

te
d 

w
oo

d 
w

al
ls

” 
bu

t s
te

el
 c

ol
um

s 
us

ed
  i

ns
te

ad
. 

 



 
Incremental Seismic 
Rehab Work Items 

One of several 
Increments? 

Problems and 
Disadvantages 

School Model 
Building 
Type 

General 
Description of 
Building Structural 

(% cost) 
Non- 
Structural 
(% cost) 

Other Rehab 
Work Items, if 
Any 
(% cost) 

Past Future 

Efficiencies/ 
Inefficiencies 
(Cost Savings/ 
Overruns) (Added 
Admin.Costs) 

Intermediate 
Weaknesses 

Other 

Subjected 
to 
Earthquake 

Elementary Schools 

A
rb

or
 H

ei
gh

ts
* 

* 
FE

M
A

 1
78

 u
se

d 
fo

r b
ot

h 
ev

al
ua

tio
n 

an
d 

de
si

gn
 st

an
da

rd
 o

f s
ei

sm
ic

 re
ha

bi
lit

io
n.

 URM 
 
W1 
 
 
C3 
 
C2 
 
URM 

1948 – 1 story 
 
1951 – 1 story 
w URM corr. 
 
1953 – 1 story 
 
1958 – 2 story 
 
1958 – 1 story 
 
 
 
 
 
 W

1:
 W

oo
d 

fr
am

e 
sh

ea
r w

al
ls

 a
t e

xt
er

io
r &

 
br

ac
in

g 
be

tw
ee

n 
co

lu
m

ns
 

C
3:

 U
R

M
 c

or
r w

al
l s

he
ar

 tr
an

sf
er

 
&

re
in

fo
rc

in
g 

fr
am

in
g 

at
 e

xi
ts

.  
  $

 2
21

,0
00

 
Ti

e 
ba

ck
 b

ric
k 

ve
ne

er
 a

t e
xi

ts
   

$7
4,

00
0 

 (6
%

) 

Reroofing 
(including 
seismic), Life 
Safety (fire 
alarm), 
Technology 
Upgrades 
 
$905,000 
(75%) 

19
79

: S
tro

ng
ba

ck
 st

iff
en

er
s 

19
85

: S
he

ar
 tr

an
sf

er
 C

M
U

 c
or

r. 
W

al
ls

 to
 

co
nc

. R
oo

f c
om

bi
ne

d 
w

ith
 d

oo
r u

pg
ra

de
s 

? C
he

ck
 w

ith
 e

ng
in

ee
r 

Most hazardous 
conditions solved 
in 1979 and 1985. 
Currently, they are 
making further 
corridor 
improvements and 
nonstructural 
veneer. 
Integration of 
seismic work to 
accomplish as 
much as possible 
during Summer. 

 No 
negative 
impacts 

 

B
ro

ad
vi

ew
/T

ho
m

so
n*

 
* 

FE
M

A
 1

78
 n

ot
 u

se
d 

in
 

an
al

ys
is

. C
od

e 
fd

es
ig

n.
  

PC2 
1963 - 1 & 2 
story T-beams, 
prec. Columns, 
RM infill walls 
& URM shear 
walls 
 
 
 
 $6

6,
00

0 
bu

dg
et

ed
 fo

r 
se

is
m

ic
 d

ee
m

ed
 

in
ad

eq
ua

te
. 

 Reroofing, Life 
Safety, 
Technology 
Upgrades 

No  Seismic 
rehabilitaion 
abandoned due to 
inadequate budget. 

Engineer 
felt that 
minor 
seismic 
rehab will 
weaken 
buidling. 

  

 



 
Incremental Seismic 
Rehab Work Items 

One of several 
Increments? 

Problems and 
Disadvantages 

School Model 
Building 
Type 

General 
Description of 
Building Structural 

(% cost) 
Non- 
Structural 
(% cost) 

Other Rehab 
Work Items, if 
Any 
(% cost) 

Past Future 

Efficiencies/ 
Inefficiencies 
(Cost Savings/ 
Overruns) (Added 
Admin.Costs) 

Intermediate 
Weaknesses 

Other 

Subjected 
to 
Earthquake 

Elementary Schools 

Sa
ca

ja
w

ea
 

 
 
W1 
 
C2 

1959 
 
2 story 
classroms 
1 story gym 

A
dd

iti
on

al
 p

ly
w

oo
d 

sh
ea

r 
w

al
ls

. 
St

ee
l b

ra
ci

ng
 . 

U
R

M
 p

ar
tit

io
ns

 in
 la

rg
er

 
B

ric
k 

ve
ne

er
 ti

es
 a

t e
gr

es
s 

lo
ca

tio
ns

. 
$1

5,
00

0 
 (2

%
) 

Life Safety (fire 
alarm), 
Technology 
Upgrades 
 
$313,000 
(43%) 
 
 
 
 
 19

97
: P

ly
w

oo
d 

sh
ea

r w
al

ls
 in

 
ev

er
y 

cl
as

sr
oo

m
; U

R
M

 w
al

ls
 

in
 c

or
rid

or
s;

 ro
of

 re
pl

ac
em

en
t 

N
on

e.
 

First increment was 
classrooms and 
corridors. 
 
Less used larger 
spaces done in 
second phase. 

   

G
en

es
se

e 
H

ill
 

 
W1 
 
 
 
W1 
 
 
 
S4 or 
S5 

 
1948 
1 story with 
URM corridors 
 
1949 
1 story with 
URM corridors 
 
1953 
1 story steel 
frame with 
URM infill and 
concrete shear 
walls 
 
 
 

 
Not in current BTA Levy Program 

19
85

: R
er

oo
fin

g 
an

d 
se

is
m

ic
 re

pa
irs

 
19

97
: S
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re
te
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 a
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m
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m
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el
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of
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ia
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ra
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Incremental Seismic 
Rehab Work Items 

One of several 
Increments? 

Problems and 
Disadvantages 

School Model 
Building 
Type 

General 
Description of 
Building Structural 

(% cost) 
Non- 
Structural 
(% cost) 

Other Rehab 
Work Items, if 
Any 
(% cost) 

Past Future 

Efficiencies/ 
Inefficiencies 
(Cost Savings/ 
Overruns) (Added 
Admin.Costs) 

Intermediate 
Weaknesses 

Other 

Subjected 
to 
Earthquake 

Closed/Leased Schools 

M
cD

on
al

d 

URM & 
steel 
framing,
conc 
floors 
 
C2 

1914: 3 story 
 
 
 
 
 
1921: 3 story 
 
 
 
 
 
 
 
 
 
 
 19

98
:  

Sh
ot
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e 
ex

te
rio

r w
al

ls
 in

 o
n 

di
re

ct
io

n 
on

ly
. 

$6
14

,1
14

  (
68

%
) 

 

Roof, Life 
Safety. 
 
$294,338 
 
(32%) 

19
79

: A
nc
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re

d 
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e;
 re

du
ce

d 
pa

ra
pe

t; 
st
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ng

ba
ck

 ro
 ti

le
 p
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tit

io
ns

, t
ie

d 
to

 d
ia

ph
ra

gm
. 

19
93

:  
C

ei
lin

g 
tie

s. 
 

 

Budget limitation  City code 
governed 
because it 
was a 
leased 
building. 

 

M
on

ro
e 

 
URM 
 
C1/C2 

1929 
1 story 
 
3 story 

19
98

:  
Sh

ot
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e 

sh
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r 
w

al
ls

.  
M

em
br

an
e/

w
al

l 
tie

s. 
 

$2
47

,0
00

  (
39

%
) 

 Life Safety (fire 
alarms, fire 
rated doors, 
stair enclosure), 
Haz. Mat, 
ADA, 
cosmetics 
$383,000 
(61%) 
 19

97
:  

R
oo

f d
ia

ph
ra

gm
 

an
d 

en
tri

es
. 

     

 



 
Incremental Seismic* 
Rehab Work Items 

One of several 
Increments? 

Problems and 
Disadvantages 

School Model 
Building 
Type 

General 
Description of 
Building Structural 

(% cost) 
Non- 
Structural 
(% cost) 

Other Rehab 
Work Items, if 
Any 
(% cost) 

Past Future 

Efficiencies/ 
Inefficiencies 
(Cost Savings/ 
Overruns) (Added 
Admin.Costs) 

Intermediate 
Weaknesses 

Other 

Subjected 
to 
Earthquake 

CIP Program Schools  (*  In CIP Program, any seismic work is no longer incremental) 

W
es

t S
ea

ttl
e 

H
ig

h 
Sc

ho
ol

 

URM,  
S5 
 
C2 
 
 
S5 
 
 
 
C1 

1917: 
2, 3 story 
 
1924: 
2 story 
 
1954: 
1 story, 3 
sections 
 
1961: 
1 story 
 C

om
pl

et
e 

re
ha

bi
lit

at
io

n.
  F

aç
ad

e 
to

 b
e 

re
ta

in
ed

.  
A

dd
in

g 
sh

ea
r 

w
al

ls
 th

ro
ug

ho
ut

 th
e 

bu
ild

in
g.

 

C
om
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et

e 
re

ha
bi

lit
at

io
n 

 

Gut rehab 

19
93

:  
A

dd
ed

 c
on

cr
et

e 
sh

ea
r w

al
l 

in
 a

ud
ito

riu
m

.  
G

ab
le

s a
nd

 
pa

ra
pe

ts
 (?

) 

N
on

e 

 

C
ur

re
nt

 e
ng

in
ee

rin
g 

fo
un

d 
th

e 
co

nc
re

te
 sh

ea
r w

al
l a

dd
ed

 in
 1

99
3 

to
 b

e 
in

ad
eq

ua
te

ly
 b

ra
ce

d.
 

  

C
on

co
rd

 e
le

m
en

ta
ry

 S
ch

oo
l 

 
URM 
 
 
 
 
 
 
RM1 

 
1913: 
3 story. URM 
piers and 
exterior wall, 
steel interior 
frames & 
reinforced 
concrete floors 
 
1971: 
1 story, 
reinforce 
masonry shear 
walls 
 G

ut
 th

e 
in

te
rio

r. 
Sh

ot
cr

et
e 

ex
te

rio
r w

al
ls

, 
in

te
rio

r s
tru

ct
ur

e 
to

 re
m

ai
n.

 R
oo

f 
di

ap
hr

ag
m

 to
 b

e 
up

gr
ad

ed
. (

D
es

ig
n 

to
 

lo
w

er
 le

ve
l t

ha
n 

cu
rr

en
t c

od
e.

. 

 Gut rehab 

19
89

:  
C

hi
m

ne
y,

 c
ol

um
n 

br
ac

in
g 

in
 a

tti
c.

 
19

92
: S

te
el

 c
ol

s. 
in

 e
xt

. w
al

l, 
sh

ot
cr

et
e 

so
m

e 
w

al
ls

, d
ia

go
na

l b
ra

ci
ng

 in
 w

in
do

w
s. 

N
on

e 

Incremental work 
done in 1992 was 
considered the 
highest priority. 

   

 



SELECTED RESPONSES TO QUESTIONS 
 
Why was partial rather than complete seismic rehabilitation undertaken? 
 

Work in the Capital Levy Program is implemented in the summer, so the projects are limited in 
scope by definition.  They address the highest priority work, which is often related to classroom 
safety, and to assuring a safe means of egress (hence, the emphasis of bracing URM corridor walls 
(which are found in many schools due to their fire resistance). 

 
Was the seismic work part of a planned program, or triggered by some external factor? 
 

The seismic work is part of a planned program (Dodd Report) that evaluated and prioritized all the 
schools, and identified the most critical work items.  Many of the schools had several increments 
of seismic rehabilitation.  Reportedly, much parapet work was done in the 1980s, and is not 
included in the data used for this report. 

 
Were there cost or administrative implications to the combination of seismic and non-seismic work? 
 

Sometimes there are trade conflicts.  For example, in reroofing, the upgrading of beams is delayed 
to a later date.  One project manager reported that they try to avoid topics that “can open a can of 
worms”. 
 

What evaluation methods, if any, were used to determine need for seismic rehabilitation? 
 

Generally, the School District staff and the project engineers report using FEMA 178 for the  
evaluation. 
 

What seismic design standards are used for the seismic rehabilitation? 
 

No specific seismic design standards are specified by the School District.  Each engineers 
reportedly designs to his preferred standard and budget.  Some report using FEMA 178, and others 
report using something less than current code.  Some schools that had been closed or leased 
(Hughes, McDonald, Monroe), and are considered a change of occupancy, and required by the 
City of Seattle to meet either the 1991 UCBC, FEMA 178, or the Tri-Service Manual. 

 
Were intermediate weaknesses due to the partial nature of the seismic improvement identified and 
analyzed? 
 

Reported only in one school (Broadview/Thomson) where the engineer felt the budget was 
inadequate, and partial rehabilitation would weaken the building.  Notably, they applied the 
current code standard.  This was a precast concrete structure. 

 
Were there other technical problems in combining seismic and non-seismic rehabilitation? 
 
 Reroofing often includes a seismic component of upgrading the diaphragm and connections.  
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

INTEGRATION OPPORTUNITIES 
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OFFICE BUILDINGS 



 



 



 



 



 



 



 



MULTIFAMILY APARTMENT BUILDINGS 



Table C-1: Roofing Maintenance & Repair/Re-roofing 

W
oo

d

Number* L M H

Building 
Structural 
Element

Structural            
Sub-System Seismic Performance Improvement Un

re
inf

or
ce

d 
M

as
on

ry

Re
inf

or
ce

d 
M

as
on

ry

W
oo

d 
Di

ap
hr

ag
m

Co
nc

re
te

 
Di

ap
hr

ag
m

W
oo

d 
Di

ap
hr

ag
m

Co
nc

re
te

 
Di

ap
hr

ag
m

NONSTRUCTURAL
1 X X X n/a n/a Anchorage of Canopies at Exits

n n n n n n n

2 X X n/a n/a Anchorage and Detailing of Rooftop Equipment
n n n n n n n

5 X X X n/a n/a Bracing of Parapets, Gables, Ornamentation & Appendages
n n n n n n n

8 X X n/a n/a Attachment and Bracing of Large Ductwork
n n n n n n n

18 X X n/a n/a Bracing or Removal of Chimneys
n n n n n n n

STRUCTURAL
n/a X X All Elements Load Path and Collectors

o o o o x o x

n/a X X Horizontal 
Elements

Diaphragms Attachment and Strengthening at Boundaries
n n n n x n x

n/a X X Horizontal 
Elements

Diaphragms Strength/Stiffness
n n n n x n x

n/a X X Horizontal 
Elements

Diaphragms Strengthening at Openings
o o o o o

n/a X X Horizontal 
Elements

Diaphragms Strengthening at Re-entrant Corners
o o o o x o x

n/a X X Horizontal 
Elements

Diaphragms Topping Slab for Precast Concrete 
o o x x

n/a X X X Vertical 
Elements

 Load Path Lateral Resisting System to Diaphragm Connection
n n n n x n x

n/a X X X Vertical 
Elements

Out of Plane Anchorage of Concrete or Masonry Wall
n n n o n o

* Non-structural improvements are numbered for ease of use
  Structural improvements are not numbered, but, rather, organized by structural element and subsystem.

n Work that may be included in the building rehabilitation/maintenance/repair project on the basis of a quick evaluation by a design professional
o Work requiring engineering design 

x Work requiring detailed engineering analysis and evaluation of sequencing requirements; 
the 'x' designates work that could redistribute loads, overstressing some elements

Note 1 - Masonry buildings with a concrete roof should use the concrete building, concrete diaphragm for options. 

Level of 
Seismicity 

Vertical Load Carrying Structure

Ma
so

nr
y1

Co
nc

re
te

St
ee

l

 



Table C-2: Exterior Wall and Window Maintenance/Façade 
Modernization  



W
oo

d

Number* L M H

Building 
Structural 
Element

Structural            
Sub-System Seismic Performance Improvement Un

re
inf

or
ce

d 
M

as
on

ry

Re
inf

or
ce

d 
M

as
on

ry

W
oo

d 
Di

ap
hr

ag
m

Co
nc

re
te

 
Di

ap
hr

ag
m

W
oo

d 
Di

ap
hr

ag
m

Co
nc

re
te

 
Di

ap
hr

ag
m

NONSTRUCTURAL
1 X X X n/a n/a Anchorage of Canopies at Exits

n n n n n n n

7 X X X n/a n/a Bracing of Parapets, Gables, Ornamentation, and 
Appendages n n n n n n n

8 X X X n/a n/a Glazing Selection and Detailing
n n n n n n n

14 X X X n/a n/a Cladding Anchorage
o o o o o o

15 X X n/a n/a Anchorage of Masonry Veneer
n n n n n n n

16 X X n/a n/a Shut-off Valves
n n n n n n n

17 X X n/a n/a Anchorage of Exterior Wythe in Cavity Walls
n n n n n n

20 X X n/a n/a Anchorage of Steel Stud Backup
n n n n n n

STRUCTURAL
n/a X X All Elements Collector and Drag Element Improvement

o o o o x o x

n/a X X Foundation Anchor Bolts
n

n/a X X Foundation Cripple Stud Bracing
n

n/a X X Horizontal 
Elements

Diaphragms Attachment and Strengthening at Boundaries
n n n n x n x

n/a X X X Vertical 
Elements

 Load Path Lateral Resisting system to Diaphragm Connection
n n n n x n x

n/a X X Vertical 
Elements

Braced Frames Capacity/Stiffness
o o o o x o x

n/a X X Vertical 
Elements

Braced Frames Continuity
o o o o x o x

n/a X X Vertical 
Elements

Braced Frames Connections
o o o o o o o

n/a X X Vertical 
Elements

Moment Frames Beam Column Capacity/Stiffness
o o o o x o x

n/a X X Vertical 
Elements

Moment Frames Beam Column Connection
o o o o o o o

n/a X X Vertical 
Elements

Shear Walls Capacity
n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Continuity
n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Lateral Stability
n n o o o o

n/a X X X Vertical 
Elements

Out-of-Plane Anchorage of Concrete or Masonry Wall
n n n o n o

* Nonstructural improvements are numbered for ease of use
  Structural improvements are not numbered, but, rather, organized by structural element and subsystem.

n Work that may be included in the building rehabilitation/maintenance/repair project on the basis of a quick evaluation by a design professional
o Work requiring engineering design 
x Work requiring detailed engineering analysis and evaluation of sequencing requirements; 

the 'x' designates work that could redistribute loads, overstressing some elements
Note 1 - Masonry buildings with a concrete roof or floors should use the concrete building, concrete diaphragm for options.

Level of 
Seismicity 

Vertical Load Carrying Structure

Ma
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Table C-3: Pubic Area Modernization 

W
oo

d

Number* L M H

Building 
Structural 
Element

Structural            
Sub-System Seismic Performance Improvement Un

re
inf

or
ce

d 
M
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on

ry

Re
inf

or
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d 
M
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ry

W
oo

d 
Di
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re
te
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hr
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m

W
oo

d 
Di

ap
hr

ag
m

Co
nc

re
te

 
Di

ap
hr

ag
m

NONSTRUCTURAL
3 X X n/a n/a Bracing and Detailing of Sprinkler and Piping n n n n n n n
4 X X n/a n/a Fastening and Bracing of Equipment - Mechanical and 

Electrical n n n n n n n

6 X X n/a n/a Suspension and Bracing of Lights n n n n n n n
7 X X n/a n/a Fastening and Bracing of Ceilings n n n n n n n
8 X X n/a n/a Attachment and Bracing of Large Ductwork n n n n n n n

9 X X X n/a n/a Anchorage and Bracing of Emergency Lighting n n n n n n n
11 X X X n/a n/a Bracing or Reinforcing Masonry Walls at Interior Stairs n n n n n n

12 X X n/a n/a Bracing of Interior Partitions-Masonry & Wood n n n n n n n

13 X X n/a n/a Support and Detailing of Elevators n n n n n n
16 X X X n/a n/a Glazing Selection and Detailing n n n n n n n

19 X X n/a n/a Anchorage of Steel Stud Backup n n n n n n
20 X X n/a n/a Restraint of Hazardous Materials Containers n n n n n n n
21 X X n/a n/a Attachment and Bracing of Cabinets and Furnishings n n n n n n n

STRUCTURAL
n/a X X All Elements Collector and Drag Element Improvement o o o o x o x

n/a X X Horizontal 
Elements

Diaphragms Mezzanine Anchorage and Bracing n n n n n n

n/a X X Horizontal 
Elements

Diaphragms Strengthening at Openings o o o o o

n/a X X Horizontal 
Elements

Diaphragms Strengthening at Re-entrant Corners o o o o x o x

n/a X X X Vertical 
Elements

 Load Path Lateral Resisting System to Diaphragm Connection n n n n x n x

n/a X X Vertical 
Elements

Braced Frames Capacity/Stiffness o x o x

n/a X X Vertical 
Elements

Braced Frames Continuity o x o x

n/a X X Vertical 
Elements

Braced Frames Connections o o o o

n/a X X Vertical 
Elements

Moment Frames Beam Column Capacity/Stiffness o x o x

n/a X X Vertical 
Elements

Moment Frames Beam Column Connection o o o o

n/a X X Vertical 
Elements

Shear Walls Capacity n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Continuity n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Extension of Wood Interior Walls to Roof n n n

n/a X X Vertical 
Elements

Shear Walls Lateral Stability n n o o o o

n/a X X X Vertical 
Elements

Out of Plane Anchorage of Concrete or Masonry Wall n n n o n o

* Non-structural improvements are numbered for ease of use
  Structural improvements are not numbered, but, rather, organized by structural element and subsystem.

n Work that may be included in the building rehabilitation/maintenance/repair project on the basis of a quick evaluation by a design professional
o Work requiring engineering design 
x Work requiring detailed engineering analysis and evaluation of sequencing requirements; 

the 'x' designates work that could redistribute loads, overstressing some elements
Note 1 - Masonry buildings with a concrete roof should use the concrete building, concrete diaphragm for options. 
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Seismicity 

Vertical Load Carrying Structure
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Table C-4: Kitchen and Bathroom Modernization 

W
oo

d

Number* L M H

Building 
Structural 
Element

Structural            
Sub-System Seismic Performance Improvement Un

re
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NONSTRUCTURAL
3 X X n/a n/a Bracing and Detailing of Sprinkler and Piping n n n n n n n

4 X X n/a n/a Fastening and Bracing of Equipment - Mechanical and 
Electrical n n n n n n n

7 X X n/a n/a Fastening and Bracing of Ceilings n n n n n n n
12 X X n/a n/a Bracing of Interior Partitions-Masonry & Wood n n n n n n n

STRUCTURAL
n/a X X All Elements Collector and Drag Element Improvement o o o o x o x

n/a X X Horizontal 
Elements

Diaphragms Mezzanine Anchorage and Bracing n n n n n n

n/a X X Horizontal 
Elements

Diaphragms Strengthening at Re-entrant Corners o o o o x o x

n/a X X X Vertical 
Elements

 Load Path Lateral Resisting System to Diaphragm Connection n n n n x n x

n/a X X Vertical 
Elements

Braced Frames Capacity/Stiffness o x o x

n/a X X Vertical 
Elements

Braced Frames Continuity o x o x

n/a X X Vertical 
Elements

Braced Frames Connections o o o o

n/a X X Vertical 
Elements

Moment Frames Beam Column Capacity/Stiffness o x o x

n/a X X Vertical 
Elements

Moment Frames Beam Column Connection o o o o

n/a X X Vertical 
Elements

Shear Walls Capacity n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Continuity n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Extension of Wood Interior Walls to Roof n n n

n/a X X Vertical 
Elements

Shear Walls Lateral Stability n n o o o o

n/a X X X Vertical 
Elements

Out of Plane Anchorage of Concrete or Masonry Wall n n n o n o

* Non-structural improvements are numbered for ease of use
  Structural improvements are not numbered, but, rather, organized by structural element and subsystem.

n Work that may be included in the building rehabilitation/maintenance/repair project on the basis of a quick evaluation by a design professional
o Work requiring engineering design 
x Work requiring detailed engineering analysis and evaluation of sequencing requirements; 

the 'x' designates work that could redistribute loads, overstressing some elements
Note 1 - Masonry buildings with a concrete roof should use the concrete building, concrete diaphragm for options. 

Level of 
Seismicity 

Vertical Load Carrying Structure
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Table C-5: Fire and Life Safety Improvements 



W
oo

d

Number* L M H

Building 
Structural 
Element

Structural            
Sub-System Seismic Performance Improvement Un

re
inf

or
ce

d 
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W
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NONSTRUCTURAL
3 X X n/a n/a Bracing and Detailing of Sprinkler and Piping n n n n n n n

4 X X n/a n/a Fastening and Bracing of Equipment - Mechanical and 
Electrical n n n n n n n

6 X X n/a n/a Suspension and Bracing of Lights n n n n n n n

7 X X n/a n/a Fastening and Bracing of Ceilings n n n n n n n

8 X X n/a n/a Attachment and Bracing of Large Ductwork n n n n n n n

9 X X X n/a n/a Anchorage and Bracing of Emergency Lighting n n n n n n n

11 X X X n/a n/a Bracing or Reinforcing Masonry Walls at Interior Stairs n n n n n n

12 X X n/a n/a Bracing of Interior Partitions-Masonry & Wood n n n n n n n

13 X X n/a n/a Support and Detailing of Elevators n n n n n n

16 X X X n/a n/a Glazing Selection and Detailing n n n n n n n

19 X X n/a n/a Anchorage of Steel Stud Backup n n n n n n

20 X X n/a n/a Restraint of Hazardous Materials Containers n n n n n n n

21 X X n/a n/a Attachment and Bracing of Cabinets and Furnishings n n n n n n n

STRUCTURAL
n/a X X All Elements Collector and Drag Element Improvement o o o o x o x

n/a X X Horizontal 
Elements

Diaphragms Mezzanine Anchorage and Bracing n n n n n n

n/a X X X Vertical 
Elements

 Load Path Lateral Resisting System to Diaphragm Connection n n n n x n x

n/a X X Vertical 
Elements

Braced Frames Capacity/Stiffness o x o x

n/a X X Vertical 
Elements

Braced Frames Continuity o x o x

n/a X X Vertical 
Elements

Braced Frames Connections o o o o

n/a X X Vertical 
Elements

Moment Frames Beam Column Capacity/Stiffness o x o x

n/a X X Vertical 
Elements

Moment Frames Beam Column Connection o o o o

n/a X X Vertical 
Elements

Shear Walls Capacity n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Continuity n o o o x o x

n/a X X Vertical 
Elements

Shear Walls Extension of Wood Interior Walls to Roof n n n

n/a X X Vertical 
Elements

Shear Walls Lateral Stability n n o o o o

n/a X X X Vertical 
Elements

Out of Plane Anchorage of Concrete or Masonry Wall n n n o n o

* Non-structural improvements are numbered for ease of use
  Structural improvements are not numbered, but, rather, organized by structural element and subsystem.

n Work that may be included in the building rehabilitation/maintenance/repair project on the basis of a quick evaluation by a design professional
o Work requiring engineering design 
x Work requiring detailed engineering analysis and evaluation of sequencing requirements; 

the 'x' designates work that could redistribute loads, overstressing some elements
Note 1 - Masonry buildings with a concrete roof should use the concrete building, concrete diaphragm for options. 

Level of 
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Table C-6: Underfloor and Basement Work 

W
oo

d

Number* L M H
Building Structural 
Element

Structural            
Sub-System Seismic Performance Improvement Un
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NONSTRUCTURAL
4 X X n/a n/a Fastening and Bracing of Equipment - Mechanical and 

Electrical n n n n n n n

10 X X n/a n/a Shut Off Valves
n n n n n n n

20 X X n/a n/a Restraint of Hazardous Materials Containers
n n n n n n n

STRUCTURAL
n/a X X All Elements Collector and Drag Element Improvement

o o o o x o x

n/a X X Foundation Anchor Bolts
n

n/a X X Foundation Anchorage
n o o o o o o

n/a X X Foundation Cripple Stud Bracing
n

n/a X X Foundation New Foundations
n o o o o o o

n/a X X Foundation Pile Cap Lateral Load
n n o o o o

n/a X X Foundation Uplift
n n n o o o o

n/a X X X Vertical Elements  Load Path Lateral Resisting System to Diaphragm Connection
n n n n x n x

n/a X X Vertical Elements Braced Frames Connections
o o

n/a X X Vertical Elements Moment Frames Beam Column Connection
o o

n/a X X Vertical Elements Shear Walls Capacity
n o o o x o x

n/a X X Vertical Elements Shear Walls Continuity
n o o o x o x

n/a X X X Vertical Elements Out of Plane Anchorage of Concrete or Masonry Wall
n n n o n o

* Non-structural improvements are numbered for ease of use
  Structural improvements are not numbered, but, rather, organized by structural element and subsystem.

n Work that may be included in the building rehabilitation/maintenance/repair project on the basis of a quick evaluation by a design professional
o Work requiring engineering design 
x Work requiring detailed engineering analysis and evaluation of sequencing requirements; 

the 'x' designates work that could redistribute loads, overstressing some elements
Note 1 - Masonry buildings with a concrete roof should use the concrete building, concrete diaphragm for options. 
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APPENDIX C 
 

FACILITY MANAGEMENT PROCESSES 
 



SCHOOLS 
 

The typical facility management process for existing school buildings consists of 
five phases of activities: Current Building Use, Planning, Maintenance & 
Rehabilitation Budgeting, Maintenance & Rehabilitation Funding, and 
Maintenance & Rehabilitation Implementation, as diagrammed in Figure 1. 
This process is sequential, progressing from left to right in any given building. 
A school district that has a large inventory of buildings is likely to have ongoing 
activities in all of these phases. 
 
This process is generic and, while local variations occur, it is generally followed 
by school administrators, either explicitly or implicitly. 

 
Figure 1. Typical Facility Management Process in Schools 

 
Both internal and external factors typically influence the school facility 
management process in its various phases. Internal factors (represented by up 
arrows in Figure 2) are generated within the school district and its 
administration. External factors (down arrows) are imposed on school districts by 
outside entities. 
 



 
Figure 2. Management Process Influences in Schools 

 
 



HOSPITALS 
 
The typical facilities management process for existing hospital buildings consists 
of seven phases of activities: Acquisition, Current Building Use, 
Accreditation, Planning, Maintenance & Rehabilitation Budgeting, Maintenance 
& Rehabilitation Funding, Maintenance & Rehabilitation Implementation, as 
diagrammed in Figure 3. This process is sequential, progressing from left to right 
in any given building. A healthcare organization that has a large inventory of 
buildings is likely to have ongoing activities in all of these phases. 
 
This process is generic and, while local variations may occur, it is generally 
followed by healthcare organizations, either explicitly or implicitly. 
 

 
Figure 3. Typical Facility Management Process in Hospitals 

 
Both internal and external factors typically influence the hospital facility 
management process in its various phases. Internal factors (represented by up 
arrows in Figure 4) are generated within the healthcare organization and its 
administration. External factors (down arrows) are imposed on healthcare 
organizations by outside entities. 
 



 
Figure 4. Management Process Influences in Hospitals 

 



COMMERCI AL BUI LDI NGS 
 

The typical facility management process for existing commercial buildings 
consists of seven phases of activities: Acquisition, Redevelopment, Current 
Building Use, Planning, Maintenance & Rehabilitation Budgeting, Maintenance & 
Rehabilitation Funding, and Maintenance & Rehabilitation Implementation, as 
diagrammed in Figure 5. This process is sequential, progressing from left to right 
in any given building. An owner of a large inventory of office buildings is likely to 
have ongoing activities in all of these phases. 
 
This process is generic, and while variations may occur, it is generally followed 
by office building owners, either explicitly or implicitly. 
 

 
Figure 5. Typical Facility Management Process in Commercial Buildings 

 
Both internal and external factors typically influence the office facility 
management process in its various phases. Internal factors (represented by up 
arrows in Figure 6) are generated within the owner organization. External factors 
(down arrows) are imposed on owners by outside entities. 
 



 
Figure 6. Management Process Influences in Commercial Buildings 

 
 


