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Part C

CTools for Implementing
Incremental Seismic
Rehabilitation in Existing
Hospital Buildings

For Facility Managers

Introduction

A healthcare organization or hospital facility manager
charged with the responsibility of implementing a pro-
gram of incremental seismic rehabilitation may be en-
tering unfamiliar territory. Part C of this manual is
intended to provide the facility manager with informa-
tion and tools regarding building systems maintenance,
repair, and rehabilitation that should be of assistance
in implementing such a program.

A program of incremental seismic rehabilitation is likely to be more afford-
able and less disruptive if specific increments of seismic rehabilitation are
integrated with other maintenance and capital improvement projects that
would be undertaken regardless of whether or not seismic issues were being
addressed.

Guide to Sections C.1 and C.2
Section C.1, How to Use Engineering Services, provides the facility manager
with practical information on the special services offered by seismic rehabili-
tation professionals. Several essential activities must be carried out by the
facility manager in order to successfully implement a program of incremental
seismic rehabilitation. (These activities are identified and discussed in Part B
of this manual.) Some of these activities may require professional architec-
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tural and engineering services that differ from or exceed the traditional ser-
vices usually retained by healthcare organizations.

Section C.2, Discovering Integration Opportunities for Incremental Seismic
Rehabilitation, provides the facility manager with a set of tools to link specific
increments of seismic rehabilitation with specific maintenance and capital
improvement projects. These tools will assist the facility manager in defining
appropriate scopes of work for projects that will include incremental seismic
rehabilitation actions.

A companion document, Engineering Guideline for Incremental Seismic Re-
habilitation, FEMA 420, provides design professionals with additional techni-
cal guidance for the detailed design of specific rehabilitation projects.

C.1 How to Use Engineering Services
To successfully implement integrated incremental seismic rehabilitation, a
healthcare organization or hospital facility manager should retain engineer-
ing services for three specific phases:

� Seismic screening and evaluation

� Incremental seismic rehabilitation planning and design

� Construction period support

Seismic Screening and Evaluation

Seismic screening and evaluation of the healthcare organization’s building
inventory begins with a review of archival drawings and specifications, if
available, to determine the types of construction used. This determination is
essential for all subsequent phases. If drawings and specifications are not
available, this determination must be made on the basis of visual inspection.

Following this review, building inventories should be screened in a process
based on FEMA 154, Rapid Visual Screening of Buildings for Potential Seis-
mic Hazards: A Handbook, Second Edition. The goal of the screening is to
identify vulnerabilities in the inventory. Buildings that have little or no vulner-
ability are separated out.

For the buildings identified as vulnerable, the next category of service is a
detailed seismic evaluation using ASCE 31, Seismic Evaluation of Existing
Buildings, which is based on FEMA 310, Handbook for the Seismic Evaluation
of Existing Buildings: A Prestandard. Smaller healthcare organizations with
few buildings may begin with this evaluation, which addresses individual
buildings and identifies both structural and nonstructural deficiencies that
require rehabilitation. The output of each building evaluation is a list, possi-
bly prioritized, of needed specific rehabilitation actions.

A hospital or healthcare organization may retain the services of a single engi-
neering firm to perform both the screening and evaluation, or it can retain a
firm for screening and one or more firms for building evaluation.

Incremental Seismic Rehabilitation Planning and Design

A complete seismic rehabilitation plan covering all the deficiencies identified
in the evaluation should be prepared for each building that has been evalu-
ated. This can be done using ASCE 31 and FEMA 356, Seismic Rehabilitation
of Buildings. However, in incremental seismic rehabilitation the correction of
all the deficiencies is not implemented at once, but rather in discrete incre-
ments over a period of time. In order to accomplish this, it is necessary to
carry out four specific steps:

In Brief
����� Engineering ser-

vices should be
retained for three
specific phases:
seismic screening
and evaluation,
incremental seismic
rehabilitation plan-
ning and design,
and construction
period support.

����� Continuity of build-
ing documentation
is of special impor-
tance.
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� Establish target seismic performance levels

� Prioritize seismic rehabilitation opportunities

� Define increments

� Integrate seismic rehabilitation into maintenance and capital
improvement programs

Each of these steps is amplified in the discussion of the hospital facility plan-
ning phase in Section B.2.

The potential for unintentional weakening of the building as the result of a
particular increment should be analyzed carefully and must be avoided. This
subject is discussed in more detail in the companion document, Engineering
Guideline for Incremental Seismic Rehabilitation, FEMA 420.

Seismic rehabilitation planning and design may be carried out by the same
engineering firm that performed the evaluation, or by a separate firm. Close
coordination with the healthcare organization’s risk management functions is
a prerequisite for the successful implementation of performance objectives
and prioritization steps. The definition of increments and integration of activi-
ties will also require close coordination with financial managers so as to be
consistent with budgeting and funding processes, as discussed in Part B. The
contractual agreement covering this work should reflect the fact that some of
the work is implemented immediately and some of the work is left to the
future.

Construction Period Support

Construction period support for incremental seismic rehabilitation is much
the same as for any other construction project. The plans and specifications
should be implemented correctly, and all specified quality control measures
should be followed. All substitutions or changes should be carefully analyzed
by the design professionals in terms of their seismic implications. Particular
attention should be paid to the proper bracing and anchorage of
nonstructural elements undergoing rehabilitation.

Continuity of Building Documentation

Assuring the continuity of building documentation is of particular importance
for incremental seismic rehabilitation. The rehabilitation of each individual
building may be staged over a period of several years or decades as dis-
cussed in Section B.2. The screening, evaluation, planning, and design may
be split among several engineering firms. Institutional memory may disap-
pear as healthcare organization personnel, and even building ownership,
changes. It is therefore essential that the hospital facility manager document
all aspects and requirements of seismic rehabilitation from the earliest build-
ing screening through evaluation, seismic rehabilitation planning, and
completion of each increment of seismic rehabilitation, paying special atten-
tion to the scheduling of follow-up requirements and actions over time.

Fees for Professional Services

The professional services required to implement incremental seismic reha-
bilitation, as discussed above, clearly exceed the scope of traditional architec-
tural/engineering design services. An appropriate fee structure for these new
services will need to be developed and integrated into the budgeting pro-
cess.
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C.2 Discovering Integration Opportunities for
Incremental Seismic Rehabilitation

Introduction

In order to benefit from opportunities to integrate incremental seismic reha-
bilitation with other maintenance and capital improvement activities, it is
useful to discuss these activities as they are typically undertaken in
healthcare organizations. Most healthcare organizations are familiar with
their particular building inventories and the related patterns of maintenance
and capital improvement. A significant parameter of patterns of maintenance
and capital improvement is the category of the building in terms of the level
of care provided therein. Tertiary care is considered the highest level of care,
and includes the full range of technological and specialty care (such as open
heart surgery and cancer) in addition to a Level 1 Trauma Center with a list of
medical disciplines on site 24 hours per day. Secondary care is provided by a
facility such as a 20-bed rural hospital. Primary care is healthcare that can be
provided by “your primary care physician,” involving the lowest level of tech-
nology (for example, a long-term care facility).

Aggregate national data are of no particular relevance to a given organiza-
tion, but may be of general interest and are summarized in the sidebar on the
opposite page.

Categories of Maintenance and Capital Improvement Projects

Healthcare organizations often categorize maintenance and capital improve-
ment projects in the following ten categories:

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

10. Building additions

These categories reflect groupings of building elements, administrative and
funding categories, or other parameters. Some healthcare organizations may
use other categorizations of maintenance and capital improvement work. The
purpose of this discussion is not to impose any specific categorization of
work, but simply to demonstrate the characteristics of a given item of
planned work that may make it especially suitable for integration with par-
ticular incremental seismic rehabilitation measures. These pairings of seismic
rehabilitation measures with other categories of work are referred to in this
section as “integration opportunities.” Facility managers using this manual
are encouraged to modify the work categories to suit their own practices.

In Brief
����� Opportunities to

add seismic reha-
bilitation incre-
ments exist within
most major mainte-
nance and capital
improvement activi-
ties.

����� This section identi-
fies these opportu-
nities.
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Work Descriptions and Matrices of Seismic Performance
Improvement Opportunities

Nine sections, C.2.1 through C.2.9, provide the facility manager with informa-
tion used to identify incremental seismic rehabilitation opportunities that can
be combined with maintenance and capital improvement projects. The infor-
mation becomes a tool, a technical framework or basis for action, that can be
communicated to the architect or engineer selected to work on any project
resulting from an integration opportunity.

These sections present the expanded descriptions of each of the work cat-
egories defined above in a consistent format. Each category is described in
terms of:

� General description

� Physical description

� Associated incremental rehabilitation work

� Performance of the work

� Special equipment

� Impact on building use

Matrices of possible specific integration opportunities, one matrix for each
work category (Tables C-1 through C-6), accompany the descriptions of the
first six categories of maintenance and capital improvement projects. These
include:

� Patient care improvements

� New technology accommodation

� Fire and life safety improvements

� Roofing maintenance and repair/re-roofing

� Exterior wall and window maintenance/façade modernization

� Underfloor and basement maintenance and repair

The integration opportunities for the next three categories of work are de-
fined by reference to one or more of the six matrices.

Note that “building additions” is a special category of typical capital im-
provement. Additions, often of parking structures and storage structures,
have been made to many hospitals over the course of their useful lives.
Many hospital buildings constructed today are planned to accommodate
future additions, both horizontally and vertically. Current additions will be
designed to meet the seismic requirements of the building code. Additions
may also offer opportunities to strengthen an adjacent building or buildings.
These opportunities require careful design and analysis, and they are not
specifically identified in the integration opportunities matrices (Tables C-1
through C-6). Furthermore, inadequately designed additions, without proper
joints or connections to the existing building, could actually cause damage in
an earthquake, as different sections of the building pound against each other.

The seismic performance improvements shown in the matrices fall into three
categories:

� Indicates improvements that can be implemented when the
integration opportunity arises, on the basis of a quick evaluation by
a design professional. These types of improvements address

Generalized
Maintenance
and Capital
Improvement
Data
Whitestone Research (a
private market research
organization) indicates
that expenditures for
maintenance and re-
pairs over a building’s
life exceed replacement
costs for most building
types and configura-
tions including hospital
facilities.

The predominant cat-
egories of maintenance
and repair activities for
general hospitals are,
first, mechanical sys-
tems, followed by inte-
rior construction,
plumbing systems, inte-
rior finishes, and elec-
trical systems. The only
other significant cost
repair category is roof-
ing (only for low-rise
buildings). All these
activities offer opportu-
nities for integration
with incremental seis-
mic rehabilitation work.
The timing of the work
is also highly predict-
able. The top 8 years of
expense account for
about 50% of building
replacement. With regu-
larity, years 10, 15, 20,
25, 30, 40, 45, and 50
are the highest expense
years, in roughly in-
creasing order, with
year 50 incurring about
10.5% of replacement
costs for outsourced
repair and renovation
expenses.

These patterns suggest
significant opportunity
(and tendency) to
implement strategies
such as incremental
rehabilitation at specific
points over the service
life of a hospital build-
ing. They also imply
specific target periods
when the strategies
could most likely be
considered and imple-
mented. Building age
becomes a very impor-
tant characteristic for
incremental seismic
rehabilitation.
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deficiencies that may be identified in an ASCE 31, Seismic
Evaluation of Existing Buildings, Tier 1 analysis.

� Indicates improvements that can be implemented when the
integration opportunity arises and that require engineering design.
These types of improvements address deficiencies that may be
identified in an ASCE 31 Tier 1 or Tier 2 analysis.

� Indicates improvements that require engineering analysis to
determine if they should be implemented when the integration
opportunity arises to avoid unintentionally increasing the seismic
vulnerability by redistributing loads to weaker elements of the
structural system (sequencing requirements).

The absence of any of these symbols in a matrix cell indicates that the im-
provement in question is not applicable to the particular structural type. The
specific placement of each of these symbols (�, �, �) or the absence of a
symbol is based on professional judgment considering typical construction.
However, exceptions leading to changes in these categories may arise in spe-
cific buildings.

Integration opportunities for incremental seismic rehabilitation are a function
of three levels of seismicity: low, moderate, and high. The definitions of these
levels are those used in ASCE 31, Seismic Evaluation of Existing Buildings,
and FEMA 356, Seismic Rehabilitation of Buildings. They include both seismic
zonation and soil conditions. The soil conditions at the site may affect the
level of seismicity and must be taken into account. For example, soft soil may
amplify seismic forces on some buildings. The method for determining the
level of seismicity is given in Section 2.5 of ASCE 31. Significantly fewer seis-
mic improvements are recommended for low levels of seismicity than for the
higher levels because seismic vulnerability is lower. The seismic improve-
ments recommended for moderate and high levels of seismicity are the same
in number, but differ in the details of the improvements to reflect the differ-
ent magnitudes of seismic loads encountered in the two levels.

Incremental seismic rehabilitation integration opportunities for each category
of work are a function of building structure type. This manual uses five broad
structural types, selected to be meaningful to hospital facility managers. The
materials used for the building’s vertical load-resisting system can be used to
categorize the following structural types:

� Wood

� Unreinforced masonry

� Reinforced masonry

� Concrete

� Steel

The latter two structural types, concrete and steel, are broken down further
into those with wood floors and roofs (flexible diaphragms) and concrete
floors and roofs (rigid diaphragms). This breakdown covers 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. Structures with rigid
diaphragms distribute earthquake loads based on the relative rigidity of the
individual shear-resisting elements. Rotational (twisting) forces may be intro-
duced that must also be resisted by these and other elements. Rigid dia-
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phragms require more detailed analysis that may have to be conducted for
each increment of the proposed strengthening program.

The facility manager using this section to identify incremental seismic reha-
bilitation integration opportunities in a particular building should use Sec-
tions C.2.1 through C.2.9 and the matrices therein as follows:

� Determine the category of maintenance or capital improvement
under consideration, and go to the section that corresponds most
closely to that category.

� Determine the level of seismicity applicable to the building by
considering the seismic map and the soil conditions, and identify
the applicable rows of the matrix.

� Determine which of the seven structural categories most closely fits
the building, and identify the applicable column of the matrix.

� List all the nonstructural and structural seismic improvements
identified in the matrix column and rows.

� Note the category of each improvement (�, �, or �).

The facility manager should present to the architect or engineer the anno-
tated list of all the nonstructural and structural seismic improvements identi-
fied for consideration and inclusion in the respective scope of design work.
The architect or engineer should design the project using the companion
document, Engineering Guideline for Incremental Seismic Rehabilitation,
FEMA 420, which includes more detailed guidance on incremental seismic
design. The architect or engineer designing the incremental seismic rehabili-
tation program will most likely break down the seven structural type catego-
ries into further subcategories, as used in ASCE 31 or FEMA 356. These
categories and subcategories are discussed in detail in FEMA 420.

Definitions of Seismic Performance Improvements

The seismic performance improvements, both nonstructural and structural,
that are included in the matrices of integration opportunities described in the
preceding paragraphs and included in Sections C.2.1 through C.2.6, are all
extracted from a generic list of seismic performance improvements. The ge-
neric list is presented in Section C.2.10, which includes brief related explana-
tions for each item on the list. The user of this manual can identify specific
seismic performance improvements in the respective project category matri-
ces, and may then refer to these definitions for additional explanation of the
involved activities.

The generic nonstructural improvements in C.2.10 are numbered from 1 to 22
for ease of reference. The improvements selected from this list for inclusion
in each of the matrices in C.2.1 through C.2.6 are presented in the same order
and retain their respective number. This explains the occasional skipping of a
number when a specific nonstructural improvement is omitted because it is
not applicable in the particular matrix.

The generic structural improvements in C.2.10 are arranged in the order of
structural subsystems and elements. The improvements selected from this
list for inclusion in each of the matrices in C.2.1 through C.2.6 are presented
in the same order.



Incremental Seismic Rehabilitation of Hospital Buildings

C-8

C.2.1 Patient Care Improvements

General Description of the Work: Patient care improvements, in general,
are moving in the direction of outpatient care, which involves changes in the
character of interior spaces. Remodeling to improve patient care work has the
potential to involve any interior or exterior wall or element. This work may
involve simple work on a single wall or the entire space reconfiguration of
the patient areas in a hospital. The installation of conduit, cables, and wiring
to accommodate new communications technology may involve the
reconfiguration of concealed spaces under floors, above ceilings, and inside
wall cavities and chases located throughout the building.

Patient care improvements in tertiary care hospitals are often generated by
reorganization within specific departments. Other improvements may either
be included in the long-range strategic plans of the healthcare organization,
be required for Joint Commission on Accreditation of Healthcare Organiza-
tions (JCAHO) accreditation, or be triggered by federal, state, or health insur-
ance mandates.

Physical Description of the Work: This work may include reconfiguration
of spaces and creation of new spaces anywhere in the building. Items in-
clude:

� Removing walls and ceilings

� Constructing new walls and partitions

� Installing replacement finishes

� Installing ductwork, piping, and communications networks

Access to spaces behind finishes and new wall construction provide various
opportunities for seismic rehabilitation work.

Associated Incremental Seismic Rehabilitation Work: Incremental seis-
mic rehabilitation associated with this work may include adding or strength-
ening shear walls and bracing, improving beam/column connections and
diaphragm to wall anchorage, and adding or improving bracing and fasten-
ing of equipment.

Performance of the Work: This work is usually performed by skilled con-
struction personnel employed by either the healthcare organization or a con-
tractor. Usually architectural/engineering (A/E) design is used for major
remodeling.

Special Equipment: Special equipment required for access to work areas
for any seismic rehabilitation construction will typically be available during
any remodeling work.

Impact on Building Use: Major remodeling will require the space to be
vacated during the course of construction. However, some localized patient
care improvements may be carried out while the space is occupied.

Category 1
Patient Care

Improvements
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C.2.2 New Technology Accommodation

General Description of the Work: New medical technologies usually re-
quire more and different space. New technology accommodation work has
the potential to involve any interior or exterior wall or element. This category
may involve simple work on a single wall or the entire space reconfiguration
of a portion of the building such as a surgical suite or a laboratory. The instal-
lation of new equipment, ducts, pipes, conduit, cables, and wiring may in-
volve the reconfiguration of concealed spaces under floors, above ceilings,
and inside wall cavities and chases located throughout the building.

The new technologies required in tertiary care hospitals are usually so exten-
sive in scope that existing older buildings cannot accommodate them due to
inadequate ceiling heights and spatial relationships. In this case, the pre-
ferred solution is a building addition, with or without the demolition of part
of the existing building. The addition is required to comply with the building
code’s seismic requirements. Integration opportunities are minimal for the
existing portions of the building.

New technology accommodation in secondary and primary care hospitals
may be feasible within the existing building.

New technology accommodation is usually a major activity and is included in
the long-range strategic plans of the healthcare organization. Frequently this
work is in response to changing community healthcare requirements. It may
also be triggered by federal, state, or health insurance mandates.

Some codes may also require seismic rehabilitation when a building experi-
ences a significant amount of damage in a disaster such as fire, flood, or
earthquake.

Physical Description of the Work: This work may include reconfiguration
of spaces and creation of new spaces anywhere in the building. Items in-
clude:

� Removing walls and ceilings

� Constructing new partitions

� Installing replacement finishes

� Installing ductwork, piping, and communications networks for new
technology

Access to spaces behind finishes and new wall construction provide various
opportunities for seismic rehabilitation work.

Associated Incremental Seismic Rehabilitation Work: Incremental seis-
mic rehabilitation associated with this work may include adding or strength-
ening shear walls and bracing, improving beam/column connections and
diaphragm to wall anchorage, and adding or improving bracing and fasten-
ing of equipment.

Performance of the Work: This work is usually performed by skilled con-
struction personnel employed by either the healthcare organization or a con-
tractor. Usually A/E design is used for major remodeling.

Special Equipment: Special equipment required for access to work areas
for any seismic rehabilitation construction will typically be available during
any remodeling work.

Impact on Building Use: Major remodeling will require the space to be
vacated during the course of construction.

Category 2
New Technology
Accommodation



C-11

Part C

erutcurtSgniyrraCdaoLlacitreV erutcurtSgniyrraCdaoLlacitreV erutcurtSgniyrraCdaoLlacitreV erutcurtSgniyrraCdaoLlacitreV erutcurtSgniyrraCdaoLlacitreV

foleveL foleveL foleveL foleveL foleveL
yticimieS yticimieS yticimieS yticimieS yticimieS dooW dooW dooW dooW dooW yrnosaM yrnosaM yrnosaM yrnosaM yrnosaM 11111 etercnoC etercnoC etercnoC etercnoC etercnoC leetS leetS leetS leetS leetS

*rebmuN *rebmuN *rebmuN *rebmuN *rebmuN LLLLL MMMMM HHHHH

gnidliuB gnidliuB gnidliuB gnidliuB gnidliuB
larutcurtS larutcurtS larutcurtS larutcurtS larutcurtS

tnemelE tnemelE tnemelE tnemelE tnemelE
larutcurtS larutcurtS larutcurtS larutcurtS larutcurtS
metsyS-buS metsyS-buS metsyS-buS metsyS-buS metsyS-buS tnemevorpmIecnamrofrePcimsieS tnemevorpmIecnamrofrePcimsieS tnemevorpmIecnamrofrePcimsieS tnemevorpmIecnamrofrePcimsieS tnemevorpmIecnamrofrePcimsieS

larutcurtsnoN larutcurtsnoN larutcurtsnoN larutcurtsnoN larutcurtsnoN

3 � � a/n a/n gnipiPdnarelknirpSfogniliateDdnagnicarB � � � � � � �

4 � � a/n a/n sthgiLfognicarBdnanoisnepsuS � � � � � � �

5 � � a/n a/n sgnilieCfognicarBdnagninetsaF � � � � � � �

6 � � � a/n a/n gnithgiLycnegremEfognicarBdnaegarohcnA � � � � � � �

7 � � a/n a/n sgnihsinruFdnastenibaCfognicarBdnatnemhcattA � � � � � � �

8 � � a/n a/n dnalacinahceM(tnempiuqEfognicarBdnagninetsaF
)lacirtcelE

� � � � � � �

9 � � a/n a/n srotavelEfogniliateDdnatroppuS � � � � � �

01 � � � a/n a/n sriatSroiretnItasllaWyrnosaMgnicrofnieRrognicarB � � � � � �

11 � � a/n a/n krowtcuDegraLfognicarBdnatnemhcattA � � � � � � �

31 � � a/n a/n sreniatnoCslairetaMsuodrazaHfotniartseR � � � � � � �

41 � � a/n a/n )dooW&yrnosaM(snoititraProiretnIfognicarB � � � � � � �

61 � � � a/n a/n gniliateDdnanoitceleSgnizalG � � � � � � �

71 � � a/n a/n roolFsseccAretupmoCfognicarBroolfrednU � � � � � � �

02 � � a/n a/n pukcaBdutSleetSfoegarohcnA � � � � � �

larutcurtS larutcurtS larutcurtS larutcurtS larutcurtS

a/n � � llA tnemevorpmItnemelEgarDdnarotcelloC � � � � � � �

a/n � � noitadnuoF stloBrohcnA �

a/n � � noitadnuoF gnicarBdutSelppirC �

a/n � � noitadnuoF snoitadnuoFweN �

a/n � � latnoziroH
stnemelE smgarhpaiD gnicarBdnaegarohcnAeninazzeM � � � � � �

a/n � � latnoziroH
stnemelE smgarhpaiD sgninepOtagninehtgnertS � � � � �

a/n � � latnoziroH
stnemelE smgarhpaiD srenroCtnartne-eRtagninehtgnertS � � � � � � �

a/n � � � lacitreV
stnemelE htaPdaoL noitcennoCmgarhpaiDotmetsySgnitsiseRlaretaL � � � � � � �

a/n � � lacitreV
stnemelE

decarB
semarF ssenffitS/yticapaC � � � � �

a/n � � lacitreV
stnemelE

decarB
semarF ytiunitnoC � � � � �

a/n � � lacitreV
stnemelE

decarB
semarF snoitcennoC � � � � �

a/n � � lacitreV
stnemelE

tnemoM
semarF ssenffitS/yticapaCnmuloCmaeB � � � � �

a/n � � lacitreV
stnemelE

tnemoM
semarF noitcennoCnmuloCmaeB � � � � �

a/n � � lacitreV
stnemelE sllaWraehS yticapaC � � � � � � �

a/n � � lacitreV
stnemelE sllaWraehS ytiunitnoC � � � � � � �

a/n � � lacitreV
stnemelE sllaWraehS fooRotsllaWroiretnIdooWfonoisnetxE � � �

a/n � � lacitreV
stnemelE sllaWraehS ytilibatSlaretaL � � � � � �

a/n � � � lacitreV
stnemelE llaWyrnosaMroetercnoCfoegarohcnAenalP-fo-tuO � � � � � �

.esufoesaerofderebmunerastnemevorpmilarutcurtsnoN*
.metsys-busdnatnemelelarutcurtsybdezinagro,rehtartub,derebmuntonerastnemevorpmilarutcurtS

� .lanoisseforpngisedaybnoitaulavekciuqafosisabehtnotcejorpriaper/ecnanetniam/noitatilibahergnidliubehtnidedulcniebyamtahtkroW

� .ngisedgnireenignegniriuqerkroW

� gnissertsrevo,sdaoletubirtsiderdluoctahtkrowsetangised"x"ehT.stnemeriuqergnicneuqesfonoitaulavednasisylanagnireenignedeliatedgniriuqerkroW
.stnemeleemos

:1etoN .snoitporofmgarhpaidetercnoc,gnidliubetercnocehtesudluohssroolfrofooretercnocahtiwsgnidliubyrnosaM

Un
re

in
fo

rc
ed

M
as

on
ry

Re
in

fo
rc

ed
M

as
on

ry

W
oo

d
D

ia
ph

ra
gm

Co
nc

re
te

D
ia

ph
ra

gm

W
oo

d
D

ia
ph

ra
gm

Co
nc

re
te

D
ia

ph
ra

gm

Table C-2: New Technology Accommodation
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C.2.3 Fire and Life Safety Improvements

General Description of the Work: Fire and life safety improvements may
involve the following building elements:

� Corridors and doors

� Stairs

� Lobbies

� Exits

� Alarm systems

� Standpipes

� Automatic fire sprinkler systems

In hospitals, this work will usually be scheduled as part of the normal plan-
ning process. Only if the work is in response to a disaster, such as a fire, will
the work be unplanned. However, a building disaster that requires some con-
struction may provide an opportunity to integrate seismic safety improve-
ments.

This category of work is usually mandated rather than routine. It may be
mandated by a JCAHO inspection, a fire marshal inspection, or other federal
or state agency, and it usually refers to the National Fire Protection Associa-
tion (NFPA) Life Safety Code®. It may also be part of a general modernization
program. Some codes may also require seismic rehabilitation when a build-
ing experiences a significant amount of damage in a disaster such as fire,
flood, or earthquake.

Physical Description of the Work: Fire and life safety improvements usu-
ally involve the building’s means of egress, which will affect specific internal
spaces. Often the work is near the center of the building, such as in the corri-
dors and stairwells. In some cases, it may affect spaces on the building pe-
rimeter, such as lobbies, entrances, and stairways. Items include:

� Removing and replacing corridor wall finishes, doors, transoms, and
equipment (e.g., cabinets) to provide access to walls and ceilings

� Installing new walls or altering existing walls at fire separations and
stairway enclosures

� Installing new stairways either within the building or on the exterior,
which may require removing part of a floor and constructing new walls

� Installing alarms, standpipes, or sprinklers to provide access to
concealed spaces

Associated Incremental Seismic Rehabilitation Work: Incremental seis-
mic rehabilitation work associated with fire and life safety improvements
may include adding or strengthening shear walls and bracing, improving
beam/column connections and diaphragm to wall anchorage, and adding or
improving bracing and fastening of equipment.

Performance of the Work: Typically this work involves skilled construction
personnel. These may be healthcare organization personnel or contractors. In
some cases an A/E firm is involved.

Special Equipment: No special equipment is required for this task except
for scaffolding to provide access to the work areas.

Impact on Building Use: Typically this work must be carefully coordinated
and scheduled if done around occupants to preserve the comfort and safety
of patients and staff and to maintain staff efficiency.

Category 3
Fire and Life Safety

Improvements
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Table C-3: Fire and Life Safety Improvements
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C.2.4 Roofing Maintenance and Repair/Re-roofing

General Description of the Work: This category of work includes repair or
replacement of any or all of the following elements:

� Roof drainage system

� Eaves and fascias

� Flashing and vents

� Roofing membrane

� Insulation

� Walking surface and ballast

� Parapets and caps

� Roof-mounted equipment

� Roof deck

Most roof maintenance and repair work is done either in response to a failure
or as scheduled periodic maintenance or preventive maintenance work. Most
seismic rehabilitation integration opportunities for this work category will
relate to either scheduled or preventive maintenance. Placement of roof-
mounted equipment usually relates to other work categories such as new
technology accommodation, patient care improvements, or HVAC improve-
ment.

In some jurisdictions, an application for a re-roofing permit triggers a code
requirement to implement specific seismic rehabilitation such as parapet
bracing.

Physical Description of the Work: Work on the roof may be localized to
specific areas, may extend to the entire perimeter of the roof, or may involve
the complete roof surface or large portions of it. Work may be limited to the
roofing membrane or may include work on the substrate, deck, and support-
ing system.

Associated Incremental Seismic Rehabilitation Work: Incremental seis-
mic rehabilitation associated with roofing maintenance and repair may in-
clude strengthening diaphragms, improving diaphragm/wall connections,
bracing parapets and chimneys, and improving equipment attachment and
bracing.

Performance of the Work: Repair work on the roof is often performed by
hospital maintenance staff or healthcare organization staff. Outside contrac-
tors may be used for more extensive work.

An A/E firm is typically used in connection with the installation of mechanical,
electrical, telecommunication, or similar equipment. Also, healthcare organi-
zations often use the services of an A/E for preparation of re-roofing specifi-
cations and bid documents.

Special Equipment: Scaffolding is sometimes used in connection with roof
work. Cranes or hoists may be used to lift materials or equipment.

Impact of Work on Building Use: Work on the roof generally does not
interrupt building use, except for complete re-roofing including the deck.
Work on rooftop equipment in hospitals may require shutting down specific
portions of the building.

Category 4
Roofing

Maintenance and
Repair/Re-roofing
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Table C-4: Roofing Maintenance & Repair/Re-roofing
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C.2.5 Exterior Wall and Window Maintenance/Façade
Modernization

General Description of the Work: Exterior wall and window maintenance
may involve the following activities:

� Pointing

� Patching

� Painting

� Caulking

This category of work may also include major projects such as:

� Window repair and replacement

� Refinishing with new cladding or material

Most exterior wall maintenance and repair work is done in response to fail-
ure or as scheduled periodic maintenance or preventive maintenance work.
Caulking and window repair and replacement are also often linked to energy
conservation/weatherization work.

Federal or state mandates that require energy conservation improvements
may lead to window repair or replacement.

Physical Description of the Work: Work is usually carried out throughout
an entire hospital, or hospital wing, as a scheduled maintenance activity,
although localized patching work is possible. Work may include:

� Repainting brick exterior walls

� Replacing windows

� Replacing curtain walls

� Improving energy conservation

Associated Incremental Seismic Rehabilitation Work: Strengthening of
shear walls and improvement of diaphragm/wall connections.

Performance of the Work: Exterior wall and window work may be per-
formed by skilled construction personnel on the hospital or healthcare
organization’s staff or by an outside contractor. In many cases an A/E or cur-
tain wall consultant may be involved to provide design, specifications, bid
process, and construction administration services.

Special Equipment: Access to higher exterior areas may require scaffolding
or swing stages. This access may provide economical opportunities for the
integration of seismic rehabilitation measures.

Impact on Building Use: Since most of the work is being performed from
the building exterior, it may be possible to accomplish the work at any time.
However, some of the seismic rehabilitation measures may be noisy or re-
quire access from the interior, so this work may have to be done when the
building, or wing, is vacant.

Category 5
Exterior Wall
and Window

Maintenance/Façade
Modernization
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Table C-5: Exterior Wall and Window Work
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C.2.6 Underfloor and Basement Maintenance and Repair

General Description of the Work: Underfloor and basement maintenance
may involve the following activities:

� Repair of deterioration

� Repair of termite damage

� Equipment replacement

This work is most likely to be significant in smaller hospitals providing pri-
mary and possibly secondary care. In larger hospital and tertiary care facili-
ties, basements are likely to be similar to any other floor, and underfloor and
basement work may therefore be much more extensive, closer in nature to
New Technology Accommodation.

Most underfloor repair activities will be in response to a problem. The solu-
tion may be immediate or assigned to the capital improvements budget. For
example, settlement and resulting underpinning repair may be the result of a
floor problem and require immediate intervention.

Usually there are no mandates or code issues involved with underfloor repair
work. Safety is the usual driving force.

Physical Description of the Work: Work includes:

� Replacing deteriorated wood elements

� Repairing cracked or bowed walls

� Repairing damaged or deteriorated floors, underpinning where
buildings have settled

� Replacing basement equipment

Associated Incremental Seismic Rehabilitation Work: Incremental seis-
mic rehabilitation work associated with underfloor and basement work may
include adding cripple stud bracing, improving foundation anchorage, adding
new foundations, and improving floor to wall anchorage.

In the case of larger hospitals and tertiary care facilities, this work may in-
clude the incremental seismic rehabilitation work associated with C.2.2, New
Technology Accommodation. See Table C-2 in addition to Table C-6.

Performance of the Work: The work is often performed by healthcare orga-
nization staff or by outside contractors. Major design work will often require
A/E services.

Special Equipment: Special equipment is usually not required for
underfloor work. However, access to the area must be available.

Impact on Building Use: Except for equipment replacement, the work may
be done at any time, independent of building use.

Category 6
Underfloor and

Basement
Maintenance

and Repair
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Table C-6: Underfloor and Basement Work
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C.2.7 HVAC Improvements

General Description of the Work: HVAC improvements are often driven
by the changing needs for sterile environments, and thus are related to both
New Technology Accommodation and Patient Care Improvements. The instal-
lation of conduit, cables, wiring, ductwork, and HVAC equipment may involve
the reconfiguration of concealed spaces under floors, above ceilings, and
inside wall cavities and chases located in specific areas throughout the build-
ing.

Physical Description of the Work: The physical work involved in HVAC
improvements is likely to be localized. Items include:

� Installing HVAC equipment, which should meet the anchorage
requirements for seismic forces and may provide access to areas for
other work

� Installing ducts or piping to specific spaces

Associated Incremental Seismic Rehabilitation Work: This work may
include the incremental seismic rehabilitation work associated with the fol-
lowing other project categories discussed earlier:

� C.2.1, Patient Care Improvements

� C.2.2, New Technology Accommodation

See Tables C-1 and C-2 for integration opportunities.

Performance of the Work: The work may be performed by healthcare orga-
nization personnel or by outside contractors depending on the project size or
complexity. The services of an A/E will be required to ensure sterile environ-
ments.

Special Equipment: Special equipment may be required to provide access
to the work, including scaffolding or a crane or lift.

Impact on Building Use: Typically this work must be carefully coordinated
and scheduled if done around occupants.

C.2.8 Energy Conservation/Weatherization/Air Conditioning

General Description of the Work: Energy conservation/weatherization
and air conditioning projects may include the following items:

� Exterior envelope work

� Insulation

� Windows

� Electrical and HVAC equipment

� Ducts and piping

Building elements affected may include exterior walls, ceilings, attic spaces,
roofs, and basements.

These improvements may be in response to the healthcare organization’s
long-range strategic plan, special state or federal funding, or as part of other
routine equipment replacement. In all cases, the intent is not only to save
energy but also to reduce operating costs and improve occupant comfort.

Federal or state mandates may be factors leading to energy conservation
improvements. If special grants are available, they can be made part of the
capital improvement program. Local building code requirements may also
encourage energy conservation improvements.

Category 7
HVAC Improvements

Category 8
Energy

Conservation/
Weatherization/Air

Conditioning
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Physical Description of the Work: The physical work involved in energy
conservation improvements may be localized or involve the entire building.
Items include:

� Improving or replacing windows

� Installing new insulation in exterior walls

� Installing new insulation in the attic, which may permit access to the
ceiling space

� Installing new insulation on the roof deck, which may be
coordinated with other roof-top work

� Installing HVAC equipment, which should meet the anchorage
requirements for seismic forces and may provide access to areas for
other work

� Adding air conditioning, which may include the installation of ducts
or piping to spaces throughout the building

Associated Incremental Seismic Rehabilitation Work: This work may
include the incremental seismic rehabilitation work associated with the fol-
lowing other project categories discussed earlier:

� C.2.1, Patient Care Improvements

� C.2.2, New Technology Accommodation

� C.2.4, Roofing Maintenance and Repair/Re-roofing

� C.2.5, Exterior Wall and Window Maintenance/Façade Modernization

See Tables C-1, C-2, C-4, and C-5 for integration opportunities.

Performance of the Work: The work may be performed by healthcare orga-
nization personnel or by outside contractors depending on the project size or
complexity. Whether the services of an A/E are required will depend on the
nature of the work.

Special Equipment: Special equipment may be required to provide access
to the work, including scaffolding or a crane or lift.

Impact on Building Use: Some of this work may be done at any time of
year from the roof. Most window or interior work must be accomplished
when the hospital is in use. Typically this work must be carefully coordinated
and scheduled if done around occupants in order to preserve the comfort and
safety of patients and staff and to maintain staff efficiency.

C.2.9 Hazardous Materials Abatement

General Description of the Work: The presence of hazardous materials
may involve abatement of:

� Asbestos

� Lead paint

� Radon

Most healthcare organizations have had asbestos abatement programs for
some time and radon programs more recently. Lead paint has also been rec-
ognized as a hazard for some time, but only recently has it been included in
government programs for abatement.

Hazardous materials abatement programs may be triggered by JCAHO ac-
creditation requirements, federal requirements or mandates, or state regula-
tions.

Category 9
Hazardous Materials
Abatement
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Physical Description of the Work: Hazardous materials abatement may
include the removal of finishes such as plaster, ceiling materials, and flooring
throughout the building. It may include removal of the adhesives used. As-
bestos abatement may include the removal or encapsulation of insulation on
pipes and ducts. Lead paint abatement may include removal of the paint and
finishes or encapsulation of the component containing the lead paint. Radon
abatement may require installation of ventilation systems or other work in
the basement.

Associated Incremental Seismic Rehabilitation Work: In some cases,
the extent of the work may provide access to interior spaces that will provide
a seismic rehabilitation opportunity. Seismic rehabilitation work could follow
the hazard mitigation work before the finishes are reinstalled. This work may
include the incremental seismic rehabilitation work associated with the fol-
lowing other project categories discussed earlier:

� C.2.1, Patient Care Improvements

� C.2.2, New Technology Accommodation

See Tables C-1 and C-2 for integration opportunities.

Performance of the Work: The work is typically performed by specialty
contractors or specially trained healthcare organization staff.

Special Equipment: Special equipment, such as scaffolding, would often be
on the job as part of the abatement work. Other special equipment such as
fans and enclosures are irrelevant to seismic work.

Impact on Building Use: Building use will be curtailed during any hazard-
ous materials abatement work. The work cannot be done around occupants. It
requires a vacant building or building wing.

C.2.10 Definitions of Seismic Performance Improvements

The seismic performance improvements included in the matrices of integra-
tion opportunities in Sections C.2.1 through C.2.9 are all extracted from the
generic list in the following tables. The table contains additional information
(description and purpose) that should be useful to hospital and healthcare
organization facility managers using this section.
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Structural Seismic Performance Improvements
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Part C

Structural Seismic Performance Improvements (continued)
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