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DESIGN AND PERFORMANCE ISSUES RELATING
TO COMMERCIAL OFFICE BUILDINGS 6

6.1 INTRODUCTION

Commercial office buildings represent a large building segment and
house the core of American business operations. Corporate headquar-
ters, banks, law firms, consulting firms, accountants, insurance compa-
nies, non-profit organizations — the list is almost endless — use office
space in buildings around the country to house their operations. As
these companies make decisions about the buildings that they construct
or office space that they lease, seismic considerations can easily be fac-

tored into the decision process.

The following are some unique issues associated with commercial office
buildings that should be kept in mind during the design and construc-
tion phase of new facilities:

O Protection of building occupants is a very high priority.

O Occupants are predominantly work-force, with high daytime “8 am
to 5 pm” occupancy.

O Most office building occupants are generally familiar with the char-
acteristics of their building; a small percentage of occupants may be
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disabled to some degree and visitors will generally not be familiar
with the building.

O Office buildings change their interior layouts frequently, to respond
to tenant needs, fluctuations in work-force or organizational

changes.

O Ensuring the survival of business records, whether in electronic or

written form, is essential for continued business operation.

O Closure of the building for any length of time represents a serious
business problem.

6.2 OWNERSHIP, FINANCING, AND
PROCUREMENT

Commercial buildings may be owner operated, particularly if owned by
national or global corporations, but many are developer owned (at least
initially) housing tenant (lease holder) operations. In many instances
the developer and building designers provide an empty “shell,” which is
fitted out according to the tenants’ planning, spatial and environmental
needs; design and construction is generally undertaken by the tenant’s
consultants and contractors. This tends to split the responsibility for
interior nonstructural and other risk reduction design and construction
measures between the building designers and contractor, and a multi-
plicity of tenant designers and contractors.

Financing for these facilities is typically through private loans. The
effective life of an office building is 20 to 30 years, after which major
renovation and updating is normally necessary. Interior renovation is
usually on a much shorter interval, particularly for rental office struc-

tures.

6.3 PERFORMANCE OF OFFICE BUILDINGS IN
PAST EARTHQUAKES

The seismic performance of modern office buildings designed to recent
codes (adopted since the late 1970s) has been good as far as providing
life safety. However, the recognition by building owners that satisfactory
life-safety code-level performance may still encompass considerable
damage (see Figure 6-1), along with repair costs and possible business
interruption of the building for weeks or even months, even in a moder-
ate earthquake, suggests that some performance-based design strategies

may be useful.
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Figure 6-1  Typical earthquake damage to contents and nonstructural
components in a modern office building. (photo courtesy of the
Earthquake Engineering Research Institute)

Where severe structural damage has occurred in commercial office
buildings, it has generally been to older buildings, often the result of
configuration irregularities. Figure 6-2 shows an older medical office
building, which had a vertical irregularity that caused one floor to pan-
cake during the 1994 Northridge earthquake in Southern California; a
failure resulting from inadequate attachment of heavy nonstructural
walls in an older 5-story office building is shown in Figure 6-3.

Newer office buildings have also been damaged, most notably the more
than 100 welded steel moment-frame buildings (healthcare and resi-
dential structures as well as commercial, higher education and indus-
trial buildings) that failed during the 1994 Northridge earthquake. The
damage occurred primarily at welded beam-to-column connections,
which had been designed to act in a ductile manner and to be capable

of withstanding repeated cycles of large inelastic deformation.

While no casualties or collapses occurred as a result of these failures,
the incidence of damage was sufficiently high in regions of strong
motion to cause wide-spread concern by structural engineers and build-
ing officials. Initial investigations showed that in some cases, 50% of the
connections were broken and very occasionally the beam or column was
totally fractured. Possible causes focused on incorrect connection
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Figure 62  Exterior view of medical office building severely damaged by
the 1994 Northridge earthquake. (C. Arnold photo)

Figure 6-3  Partially collapsed end-wall in 5-story office building caused by
severe earthquake ground shaking. (C. Arnold photo)
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design, incorrect fabrication, poor welding techniques and materials,
,_,O“RCES

and the impact of the need for economy on design strategies and con- &
&

struction techniques.

As a result, a large research program was initiated, spon-
sored primarily by FEMA, to identify the problems and Resources for the Seismic Design of New
arrive at solutions. Many structural specimens were tested Steel Moment-Frame Buildings

in university laboratories. New guidelines for these typesof | 350, Recommended Seismic Design riteria for
structures have been developed (SAC, 2000a, b), but reme- New Steel Moment-Frame Buildings (SAC, 2000a)
dial measures have resulted in more costly designs and 2. FEMA 353, Recommended Specifications and Quality
extended approval procedures, with the result that many Assurance Guidelines for Steel Moment-Frame
engineers have avoided welded steel moment-resistant Construction for Seismic Applications (SAC, 2000b)

frames in recent projects.

6.4 PERFORMANCE EXPECTATIONS AND
REQUIREMENTS

The following guidelines are suggested as seismic performance objec-

tives for commercial office buildings:

O Persons within and immediately outside the building must be pro-
tected to at least a life safety performance level during design-level

earthquake ground motions.

O Persons should be able to evacuate the building quickly and safely
after the occurrence of design-level earthquake ground motions.

O Emergency systems in the facility should remain operational after

design-level earthquake ground motions.

O Emergency workers should be able to enter the building immedi-
ately after the occurrence of design-level earthquake ground
motions, encountering minimum interference and danger.

6.5 SEISMIC DESIGN ISSUES

The information in this section summarizes the characteristics of com-
mercial office buildings, notes their relationship to achieving good seis-
mic performance, and suggests seismic risk management solutions that
should be considered.

Seismic Hazard and Site Issues

Unusual site conditions, such as a near-source location, poor soil char-
acteristics, or other seismic hazards, may lead to lower performance
than expected by the code design. If any of these other suspected con-
ditions are geologic hazards, a geotechnical engineering consultant

DESIGN AND PERFORMANCE ISSUES RELATING TO COMMERCIAL OFFICE BUILDINGS



design.

should conduct a site-specific study. If defects are encountered, an
alternative site should be considered (if possible), or appropriate soil

Unusual site conditions, such as a near-source location,
poor soil characteristics, or other seismic hazards, may
lead to lower performance than expected by the code

stabilization, foundation and structural design approaches
should be employed to reduce consequences of ground
motion beyond code design values, or costly damage caused

by geologic or other seismic hazards (see Chapter 3 for addi-

tional information). If possible, avoid sites that lack redun-
dant access and are vulnerable to bridge or highway closure.

Structural System Issues

Office buildings are typically low- to mid-rise in suburban locations and
occasionally high-rise in downtown locations of larger cities or in satel-
lite suburban office complexes. Office buildings are intrinsically simple,
and often are of simple rectangular configuration, not least because
economy is usually a prime concern for commercial structures. Thus,
their seismic design can be economical and use simple equivalent lat-
eral force analysis procedures with a good probability of meeting code
performance expectations as far as life safety is concerned. The protec-
tion of nonstructural components, systems and concepts requires struc-
tural design to a higher performance level. Configuration irregularities
may be introduced for image reasons or site constraints in odd-shaped
urban lots, and the structural design may become more complex and
expensive. To assist the protection of nonstructural components, spe-
cial attention should be paid to drift control.

The need for planning flexibility requires minimization of fixed interior
structural elements and a preference for column-free space. Need for
flexibility in power and electronic servicing has resulted in increasing
use of under floor servicing to work cubicles, and structural systems
have been developed to provide this.

Office buildings typically employ steel or reinforced concrete frames to
permit maximum planning flexibility. Steel or reinforced concrete
moment frames provide maximum flexibility, but tend to be expensive
in high and moderate seismic zones. New guidelines for the design of
welded moment-frame connections, noted above, have increased the
cost of these types of structural system, increasing the already common
use of steel braced frames. Elevator cores duct shafts and toilet rooms,
being permanent, can be used as shear walls if of suitable size and loca-
tion. Since these elements are much stiffer than a surrounding frame
they may be a source of stress concentration and torsion, if asymmetri-

cally located. If severe asymmetry of core locations is essential for plan-
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ning reasons, the cores should not form part of the lateral-force

resisting system.

Nonstructural System Issues

The extensive use of frame structures for commercial office buildings,
together with the tendency for them to be designed to minimum code
standards, has resulted in structures that are subject to considerable
drift and motion (sway). The result has been a high level of nonstruc-
tural damage, particularly to partitions, ceilings and lighting. This kind

of damage is costly and its repair is disruptive.

In addition, storage units, free standing work stations and filing cabi-
nets are subject to upset. Excessive drift and motion may also lead to
damage to roof-top equipment, and localized damage to water systems
and fire suppression piping and sprinklers; thus the likelihood of water

damage is greater.

The responsibilities within the design team for nonstructural compo-
nent support and bracing design should be explicit and clear. The
checklist for responsibility of nonstructural design in Chapter 12 (see
Figure 12-5) provides a guide to establishing responsibilities for the
design, installation, review and observation of all nonstructural compo-
nents and systems

DESIGN AND PERFORMANCE ISSUES RELATING TO COMMERCIAL OFFICE BUILDINGS
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DESIGN AND PERFORMANCE ISSUES RELATING
TO RETAIL COMMERCIAL FACILITIES 7

7.1 INTRODUCTION

Retail commercial facilities house shops and stores, which contribute a
signficiant portion of the nation’s economic output. Department store
malls, big-box retailers, grocery stores and strip malls are but a few of
the almost endless list of retail operations housed in these types of facil-
ities. As these companies make decisions about the buildings that they
construct or spaces that they lease, seismic considerations can easily be

factored into the decision process.

The following are some unique issues associated with retail commercial
buildings that should be kept in mind during the design and construc-
tion phase of new facilities:

O Protection of building occupants is a very high priority.

O Occupants are predominantly work-force and shoppers; shopping
malls and large retail stores typically are open from about 10 am to 9

DESIGN AND PERFORMANCE ISSUES RELATING TO RETAIL COMMERCIAL FACILITIES 7-1



pm for 7 days a week, typically with higher occupancy at weekends.
“Big box” stores also have a high evening occupancy.

O Most shoppers are generally familiar with the characteristics of the
shopping malls stores they frequent, but large retail stores are con-
fusing to the first-time shopper. Familiarity with exit locations and

egress routes is questionable.

O Retalil stores, particularly department stores, change their interior
layouts frequently to respond to market changes and retailing fash-
ions. Big box stores generally retain a simple aisle layout, though
some large electronic and furniture stores employ subdivided and

clustered layouts related to groups of merchandise.

O Ensuring the survival of business records, whether in electronic or
written form, is essential for continued business operation.

7.2 OWNERSHIP, FINANCING, AND
PROCUREMENT

Retail malls are generally developer sponsored. Department stores and
“big boxes” are developed by regional or national owners; their design
and construction are independent of the retail mall developments in
which they may be located. In retail malls, the mall developer designs
and constructs “shell” structures in which space is leased to retail store
owners who use their own design and subcontracting teams to fit out
the space to their requirements. This tends to split the responsibility for
interior nonstructural and other risk-reduction design and construction
measures between the building designers and contractor, and a multi-
tude of tenant store designers and contractors.

Financing for these facilities is typically through private loans. The
effective life of a retail mall or store is about 20 years, after which major
renovation and updating is necessary. Interior renovation is usually on

a much shorter interval.

Shopping malls and stores are generally constructed using a single con-
tractor selected by competitive bid. Large shopping malls may have a
number of contractors working on the site because each department
store will usually have its own general contractor and subcontractors.
Low cost and very rapid construction with reliable achievement of con-
struction schedules are prime considerations. The opening of new
retail facilities is often timed to meet key shopping periods such as
Christmas or opening of the school year.
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7.3 PERFORMANCE OF COMMERCIAL RETAIL
FACILITIES IN PAST EARTHQUAKES

There has been considerable damage to retail facilities of all sizes in

recent earthquakes.

In the Northridge earthquake of 1994 near Los Angeles, a large
regional shopping mall with 1.5 million sq.ft. of retail space suffered
severe damage and was closed for 18 months. Some 200 mall stores
were closed and six department stores under independent ownership
received varying amounts of damage. One department store suffered a
partial collapse, and was demolished and replaced (Figure 7-1). The

Figure 7-1  Severe damage to a department store severely shaken by the
1994 Northridge earthquake. Shear failure between the waffle
slabs and columns caused the collapse of several floors. (photo
courtesy of the Earthquake Engineering Research Institute.)

other stores were repaired. Other shopping malls in the area suffered
damage, but their performance was considerably better. The Topanga
Plaza Mall in Canoga Park, approximately 5 miles from the epicenter,
was built in the early 60’s but was seismically upgraded in 1971. Struc-
tural damage was confined to cracking of reinforced masonry shear
walls and damage to concrete columns in infilled shear walls. Nonstruc-
tural damage was significant, however, ranging from damage to floor,
ceiling and wall finishes to frequently shattered or dislodged store-front

glass panels.
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7.4 PERFORMANCE EXPECTATIONS AND
REQUIREMENTS

The following guidelines are suggested as seismic performance objec-

tives for retail facilities:

O Staff and shoppers within and immediately outside retail stores must
be protected to at least a life-safety performance level during design-
level earthquake ground motions.

O Emergency systems in the facility should remain operational after

the occurrence of design-level earthquake ground motions.

O Shoppers and staff should be able to evacuate the building quickly
and safely after the occurrence of design-level earthquake ground

motions.

O Emergency workers should be able to enter the building immedi-
ately after the occurrence of design-level earthquake ground

motions, encountering minimum interference and danger.

7.5 SEISMIC DESIGN ISSUES

The information in this section summarizes the characteristics of retail
facilities, notes their relationship to achieving good seismic perfor-
mance, and suggests seismic risk management solutions that should be
considered.

Seismic Hazard and Site Issues

@%

Unusual site conditions, such as a near-source location, poor

soil characteristics, or other seismic hazards, may lead to

Unusual site conditions, such as a near-source location,
poor soil characteristics, or other seismic hazards, may
lead to lower performance than expected by the code
design.

lower performance than expected by the code design. If any
of these other suspected conditions are geologic hazards, a
geotechnical engineering consultant should conduct a site-
specific study. If defects are encountered, an alternative site

should be considered (if possible) or appropriate soil stabilization,

foundation and structural design approaches should be employed to

reduce consequences of ground motion beyond code design values, or

costly damage caused by geologic or other seismic hazards (see Chapter

3 for additional information). If possible, avoid sites that lack redun-

dant access and are vulnerable to bridge or highway closure.

Structural System Issues

Retail facilities are usually one or two stories; mall structures and “big

boxes” are usually light steel frames or mixed steel frame/wood/con-
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crete/concrete masonry structures. Reinforced concrete block
masonry perimeter walls often provide lateral resistance; for these sys-
tems, connections of roof diaphragms to walls are critical. The large
building size and long-span light-frame load bearing structures of many
of these facilities often lead to large drifts (or sway) during earthquake
shaking. When designed to code minimums these drifts may be exces-
sive and cause nonstructural damage, particularly to ceilings and parti-
tions.

Retail buildings are intrinsically simple in their architectural/structural
configuration, and basically are large open box-like structures with few
interior walls and partitions. This enables their structural design to be
simple and their seismic design can be carried out using the basic equiv-
alent lateral force analysis procedures with a good probability of meet-
ing code performance expectations as far as life safety is concerned.
The desire for low cost, however, coupled with a tendency to meet only
the minimum code requirements, sometimes results in inadequately
engineered and poorly constructed structures. The protection of non-
structural components, systems and contents requires structural design
to a higher performance level. Configuration irregularities are some-
times introduced for image reasons and the structural design may

become more complex and expensive.

Nonstructural System Issues

The extensive use of light-steel-frame structures for retail facilities,
together with the tendency for them to be designed to minimum codes
and standards, has resulted in structures that are subject to considerable
drift and motion. The result has been a high level of nonstructural
damage, particularly to ceilings and lighting. This kind of damage is
costly and its repair is disruptive.

In most “big box” stores the building structure forms only a weather-
proof cover and is lightly loaded. Often there is no suspended ceiling
and light fixtures are hung directly from the building’s structure. The
merchandise is stacked on metal storage racks, which provide vertical
and lateral support. These racks are supplied and installed by specialist
vendors. The correct sizing and bracing of these racks is critical
because the merchandise is often heavy and located at a high elevation.
Even if the racks remain, material may be displaced and fall on the
aisles, which are often crowded.

More upscale department stores have complete suspended ceilings and
often have elaborate settings for the display of merchandise. These can

be hazardous to staff and shoppers.
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Excessive drift and motion (building sway) may also lead to damage to
roof-top equipment and localized damage to water systems and fire sup-

pression piping and sprinklers.

The responsibilities within the design team for nonstructural compo-
nent support and bracing design should be explicit and clear. The
checklist for responsibility of nonstructural design in Chapter 12 (see
Figure 12-5) provides a guide to establishing responsibilities for the
design, installation, review and observation of all nonstructural compo-

nents and systems.
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DESIGN AND PERFORMANCE ISSUES RELATING TO

LIGHT MANUFACTURING FACILITIES 8

8.1 INTRODUCTION

This chapter addresses a broad range of facilities used for industries
engaged in the manufacturing assembly, testing and packaging of spe-
cialized products within workbench production areas. Much of this
manufacturing is associated with the electronics, or “high-tech” indus-
try, and in some cases, special environments such as “clean-rooms” are
required. Most light manufacturing operations are relatively new and
take place in recently designed and constructed buildings using mod-

ern equipment installations.

The following are some unique issues associated with light manufactur-
ing facilities that should be kept in mind during the design and con-
struction phase of new facilities:

O Protection of building occupants is a very high priority.
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O Building occupancy is relatively low, except in buildings with major
production or assembly functions. Occupants are predominantly
work-force, with high daytime “8 am to 5 pm” occupancy, although
favorable market conditions may entail the use of additional work-

shifts. Visitors are few in number.

O Ensuring the survival of production, testing and other expensive

equipment is an important economic concern.

O Closure of the building for any length of time represents a very seri-
ous business problem, which will involve loss of revenue and possi-

bly loss of market share.

O Most manufacturing building occupants are generally familiar with
the characteristics of their building; a small percentage may be dis-
abled to some degree.

O Frequent provision must be made for the production of new prod-

ucts and the removal of existing equipment and its replacement.

O Ensuring the survival of business records, whether in electronic or

written form, is essential for continued business operation.

8.2 OWNERSHIP, FINANCING AND
PROCUREMENT

Many light manufacturing facilities are owner developed, particularly if
owned by national or global corporations, but some are also developer
owned providing for tenant operations. Some large corporations may
use a developer to build facilities that suit their operations, and thus
avoid becoming involved in possibly troublesome development and
building operations. Buildings that are constructed by developers as
speculation tend to be occupied by start-up or young companies. In
these instances the developer and building designers provide an empty
“shell,” which is fitted out according to the tenants’ planning, spatial
and environmental needs; design and construction is generally under-
taken by the tenant’s designers and subcontractors. This tends to split
the responsibility for interior nonstructural and other risk-reduction
design and construction measures between the building designers and
contractor, and the tenant designers and contractors.

Financing for these facilities is typically through private loans. The
effective life of the building may be about 50 years, particularly in the
electronic industry. Light manufacturing buildings are generally con-
structed using a single contractor selected by competitive bid. Low cost
and very rapid construction, with reliable achievement of construction
schedules, are prime considerations.
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8.3 PERFORMANCE OF LIGHT
MANUFACTURING FACILITIES IN PAST
EARTHQUAKES

Starting in the late 1950s larger light manufacturing buildings have
been predominantly tilt-up structures, particularly in California. In seis-
mic regions the perimeter precast walls were used as shear walls and
roof structures were generally glued-laminated beams and plywood dia-
phragms. In the 1964 Alaska earthquake and the 1971 San Fernando
(Los Angeles) event, performance of these buildings was poor, with
considerable damage being sustained. The most common type of fail-
ure was to the wall/diaphragm anchors, but large out-of-plane move-
ment of the panels, out-of-plane bending cracks in pilasters at
mezzanine levels, and roof separations were all encountered and many
roof collapses occurred. Due to the relatively large size of these build-
ings roof collapses were localized, rarely extending beyond one or two
bays, and the buildings were sparsely occupied, so casualties were few.
(Figure 8-1)

Following the 1971 San Fernando earthquake code changes were intro-
duced, with the result that subsequent performance was improved. Dur-
ing the 1994 Northridge earthquake near Los Angeles, there were a
number of failures of tilt-up structures and there were some collapsed
wall panels along the sides of buildings resulting in partial roof collapse.

Figure 8-1 Roof and wall collapse of tilt-up building during the 1994
Northridge earthquake. (Photo courtesy of the Earthquake Engi-
neering Research Institute)
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Changes to wall anchorage requirements were introduced in the 1997
Uniform Building Code.

8.4 PERFORMANCE EXPECTATIONS AND
REQUIREMENTS

The following guidelines are suggested as seismic performance objec-

tives for light manufacturing facilities:

O Persons within and immediately outside manufacturing facilities
must be protected at least to a life-safety performance level during
design-level earthquake ground motions.

O Building occupants should be able to evacuate the building quickly
and safely after the occurrence of design-level earthquake ground

motions.

O Emergency systems in the facility should remain operational after

the occurrence of design-level earthquake ground motions.

O Emergency workers should be able to enter the building immedi-
ately after the occurrence of design-level earthquake ground

motions, encountering minimum interference and danger.

O Key manufacturing equipment, supplies and products should be

protected from damage.

O In “high-tech” manufacturing facilities most services and utilities
should be available within three hours of the occurrence of design-

level earthquake ground motions.

O There should be no release of hazardous substances as a result of

the occurrence of design-level earthquake ground motions.

8.5 SEISMIC DESIGN ISSUES

The information in this section summarizes the characteristics of light
manufacturing facilities, notes their relationship to achieving good seis-
mic performance, and suggests seismic risk management solutions that
should be considered.

Seismic Hazard and Site Issues

Unusual site conditions, such as a near-source location,

Unusual site conditions, such as a near-source location, poor

soil characteristics, or other seismic hazards, may lead to

poor soil characteristics, or other seismic hazards, may || lower performance than expected by the code design. If any

lead to lower performance than expected by the code of these other suspected conditions are geological hazards, a

design.

geotechnical engineering consultant should conduct a site-
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specific study. If defects are encountered, an alternative site should be
considered (if possible) or appropriate soil stabilization, foundation
and structural design approaches should be employed to reduce conse-
quences of ground motion beyond code design values, or costly damage
caused by geologic or other seismic hazards (see Chapter 3 for addi-
tional information). If possible, avoid sites that lack redundant access
and are vulnerable to bridge or highway closure.

Structural System Issues

Light manufacturing facilities are usually one story; sometimes office/
administrative accommodation is provided in a mezzanine space.
There has been increasing use of light steel frames and steel deck struc-
ture for roofs and mezzanines. Most large buildings now use braced
steel frame structures. Exteriors may be of masonry or metal insulated
panels.

Manufacturing buildings are intrinsically simple in their architectural/
structural configuration, and basically are large open box-like structures
with few interior walls and partitions. This enables their structural
design to be simple, and their seismic design can be carried out using
the basic equivalent lateral force analysis procedures with a good proba-
bility of meeting code performance expectations as far as life safety is
concerned. The desire for low cost, however, coupled with a tendency to
meet only the minimum code requirements sometimes results in inade-
quately engineered and poorly constructed structures, The protection
of valuable equipment and contents requires structural design to a
higher performance level.

The large building size and long-span light frame load bearing struc-
tures of many of these facilities often lead to large drifts (or sway).
When designed to code minimums these drifts may be excessive and

cause nonstructural damage, particularly to ceilings and partitions.
oNslDg,

L
Z

tural components and systems, including purchased equip- Continued operation is particularly dependent on

Is4,

Nonstructural System Issues

R,

Continued operation is particularly dependent on nonstruc-

ment, much of which is often of great sensitivity and cost. nonstructural components and systems

Many specialized utilities must be provided, some of which
involve the storage of hazardous substances, such as pharmaceuticals, or
hazardous gases. These must be protected against spillage during an
earthquake. Distribution systems for hazardous gases must be well sup-
ported and braced.
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The extensive use of light-steel-frame structures for manufacturing facil-
ities, together with the tendency for them to be designed to minimum
codes and standards, has resulted in structures that are subject to con-
siderable drift and motion. As a result, recent earthquakes have caused
a high level of nonstructural damage, particularly to ceilings and light-

ing. This kind of damage is costly and its repair is disruptive.

Research and production areas may need special design attention to
specialized equipment services and materials to ensure continued pro-
duction and delivery.

In most manufacturing facilities the building structure forms only a
weatherproof cover and is lightly loaded. Often there is no suspended
ceiling and light fixtures are hung directly from the building’s struc-
ture. In storage areas, materials are stacked on metal storage racks that
provide their own vertical and lateral support. These racks are sup-
plied and installed by specialist vendors. The correct sizing and bracing
of these racks are critical if the materials are heavy and located at a high
elevation. Even if the racks remain stable, material may be displaced
and fall on the aisles or on equipment

Storage units, free standing work stations, and filing cabinets are also
subject to upset. Excessive drift and motion may lead to damage to roof-
top equipment and localized damage to water systems and fire suppres-

sion piping and sprinklers.

The responsibilities within the design team for nonstructural compo-
nent support and bracing design should be explicit and clear. The
checklist for responsibility of nonstructural design in Chapter 12 (see
Figure 12-5) provides a guide to establishing responsibilities for the
design, installation, review and observation of all nonstructural compo-

nents and systems.
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DESIGN AND PERFORMANCE ISSUES RELATING
TO HEALTHCARE FACILITIES 9

9.1 INTRODUCTION

Healthcare facilities are the places where America goes for treatment
for most of its healthcare and are the places that need to be available to
them after being injured in an earthquake. Regional or local hospitals,
outpatient clinics, long-term care facilities are all examples of health-
care facilities that serve in this role. As healthcare companies make deci-
sions about the buildings that they construct, seismic considerations can

easily be factored into the decision process.

The following are some unique issues associated with healthcare facili-
ties that should be kept in mind during the design and construction
phase of new facilities:

O Protection of patients and healthcare staff is a very high priority.
O Healthcare occupancy is a 24 hour/7 day-per-week function.

O Acute-care hospitals have a large patient population that is immo-
bile and helpless, for whom a safe environment is essential. This par-
ticularly requires a safe structure and prevention of falling objects.
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O Hospitals are critical for emergency treatment of earthquake victims
and recovery efforts.

O Medical staff has a crucial role to play in the immediate emergency

and during the recovery period.

O Ensuring the survival of all equipment and supplies used for emer-

gency diagnosis and treatment is essential for patient care.

O Ensuring the survival of medical and other records, whether in elec-
tronic or written form, is essential for continued patient care.

O Closure of hospitals for any length of time represents a very serious
community problem exacerbated by the possibility of the loss of
healthcare personnel who are in high demand or unable to work
because of personal earthquake-related consequences (e.g., their
own injury).

O Many hospitals are not only service providers but also profit or non-
profit businesses and, since their operating costs and revenues are
high, every day that the facility is out of operation represents serious

financial loss.

9.2 OWNERSHIP, FINANCING, AND
PROCUREMENT

Healthcare facilities are typically developed by a private non-profit or
for-profit hospital corporation or an HMO (health maintenance organi-
zation). Many are also developed by a local, state or federal government
agency. Financing of privately owned facilities is typically by private
loan, possibly with some state or federal assistance; for-profit hospitals
may issue stock when access to capital is required, and hospitals also
conduct fund-raising activities, a large part of which assist in capital
improvement program financing. State and local public institutions are
financed by state and local bond issues. Non-profit hospitals sometime

issue bonds to the public.

Private institutions have no restrictions on methods of procurement;
projects may be negotiated, conventionally bid, use construction man-
agement or design-build. Public work must be competitively bid. Typi-
cally, contracts are placed for all site and building work (structural and
nonstructural). Medical equipment and furnishings and their installa-

tion are purchased separately from specialized vendors.

Hospitals typically emphasize high quality of design and construction
and long facility life, though all institutions are also budgeting con-
scious. An attractive and well equipped hospital site and building cam-
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pus are seen as an important asset, particularly by private institutions
that are in a competitive situation.

9.3 PERFORMANCE OF HEALTHCARE FACILITIES
IN PAST EARTHQUAKES

The most significant experience of seismic performance of healthcare
facilities in recent earthquakes was that of the Northridge (Los Ange-
les), California, earthquake of 1994. The San Fernando, California,
earthquake of 1971 seriously damaged several medical facilities, includ-
ing the then brand-new Los Angeles County Olive View Hospital. Most
of the fatalities in this earthquake occurred in hospitals, principally the
result of the collapse of an older unreinforced masonry Veterans Hospi-
tal building. In response to the recognized need for superior seismic
performance by hospitals, the California Legislature enacted the Alfred
E. Alquist Hospital Facilities Seismic Safety Act, which became effective
in 1973. This Act mandated enhanced levels of design and construc-
tion. The Act proved very effective in limiting structural damage in the
Northridge earthquake; no post-Act hospitals were red-tagged (posted
with a red UNSAFE postearthquake safety inspection placard) and only
one was yellow-tagged (posted with a yellow RESTRICTED USE plac-
ard). However, nonstructural damage was extensive, resulting in the
temporary closure of several of the post-1973 buildings and the evacua-
tion of patients.

Long-term closure only occurred in hospitals affected by the 1994
Northridge earthquake when there was structural damage; this only
affected some pre-1973 hospitals. While structural damage can cause
severe financial losses, the more important loss of ability to serve the
community during the hours following the earthquake is more likely to
be caused by nonstructural damage. At Holy Cross Medical Center, for
example, damage to the air handling system and water damage from
broken sprinklers and other piping required evacuation, but most ser-
vices were restored within a week and paramedic units opened within 3
weeks (Figure 9-1). At Olive View Hospital (the replacement for the
hospital damaged in the 1971 San Fernando earthquake) the structure
was virtually undamaged (Figure 9-2), even though it was subject to hor-
izontal ground accelerations approaching 1 g (g = acceleration of grav-
ity). Broken piping and leakage, however, caused the evacuation of all
patients and closure for one week.

During the 1994 Northridge earthquake, most nonstructural damage in

healthcare facilities occurred to water related components. Damage
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Figure 9-1  Exterior view of Holy Cross Medical Center, which was
evacuated after the 1994 Northridge earthquake due to
damage to the HVAC system. (photo courtesy of the Earthquake
Engineering Research Institute)

Figure 92 Aerial view of Olive View Hospital, which sustained no structural
damage during the 1994 Northridge earthquake, but was
closed for a short while after the earthquake because of water
leakage from broken sprinklers and waterlines. (photo courtesy
of the Earthquake Engineering Research Institute)
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was caused by leakage from sprinklers and domestic water and chilled
water lines; water shortages were caused by lack of sufficient on-site stor-
age. Twenty-one buildings at healthcare facilities suffered broken non-
sprinkler water lines with most of the damage in small lines, less than 2-
1/2 inches in diameter, for which bracing was not required by code.
Sprinkler line breakage occurred at 35 buildings, all of which was
caused by small unbraced branch lines.

Following the 1994 Northridge earthquake, a new state law was passed
that required all hospitals that are deemed at “significant risk of col-
lapse” to be rebuilt, retrofitted or closed by 2008, and all acute care hos-
pitals to meet stringent safety codes by 2030. All hospital plans are to be
reviewed by the Office of Statewide Health Planning and Development
(OSHPD). The 1972 and 1994 hospital legislation is similar in scope to
the 1933 and 1976 Field legislation enacted to protect schools, which is
generally regarded to have been very successful in achieving its objec-

tives of providing earthquake-safe schools.

9.4 PERFORMANCE EXPECTATIONS AND
REQUIREMENTS

The following guidelines are suggested as seismic performance objec-
tives for healthcare facilities:

O Patients, staff and visitors within and immediately outside health-
care facilities must be protected at least to a life-safety performance

level during design-level earthquake ground motions.

O Safe spaces in the facility (which, depending on climatic conditions,
may be outside) should be available for emergency care and triage
activities within two hours of the occurrence of design-level earth-
quake ground motions.

O Most hospital services should be available within three hours of the
occurrence of design-level earthquake ground motions.

O Emergency systems in the facility should remain operational after

the occurrence of design-level earthquake ground motions.

O The facility services and utilities should be self-sufficient for four
days after the occurrence of design-level earthquake ground

motions.

O Patients and staff should be able to evacuate the building quickly
and safely after the occurrence of design-level earthquake ground

motions.
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O Emergency workers should be able to enter the building immedi-
ately after the occurrence of design-level earthquake ground

motions, encountering minimum interference and danger.

O There should be no release of hazardous substances as a result of

the occurrence of design-level earthquake ground motions.

9.5 SEISMIC DESIGN ISSUES

The information in this section summarizes the characteristics of
healthcare facilities, notes their relationship to achieving good seismic
performance, and suggests seismic risk management solutions that
should be considered.

Seismic Hazard and Site Issues

Unusual site conditions, such as a near-source location,

Unusual site conditions, such as a near-source location, poor

soil characteristics, or other seismic hazards, may lead to

poor soil characteristics, or other seismic hazards, may || 1ower performance than expected by the code design. If any
lead to lower performance than expected by the code of these other suspected conditions are geologic hazards, a

design.

geotechnical engineering consultant should conduct a site-

specific study. If defects are encountered, an alternative site
should be considered (if possible) or appropriate soil stabilization,
foundation and structural design approaches should be employed to
reduce consequences of ground motion beyond code design values, or
costly damage caused by geologic or other seismic hazards (see Chapter
3 for additional information). If possible, avoid sites that lack redun-

dant access and are vulnerable to bridge or highway closure.

Structural System Issues

Healthcare facilities are of great variety and size, encompassing all types
of structure and services. Large hospitals accommodate several occu-
pancy types. Acute care is a highly serviced short-term residential occu-
pancy, and many diagnostic, laboratory and treatment areas require
high-tech facilities and services. Service areas such as laundry, food ser-
vice receiving, storage and distribution are akin to industrial functions,
and administration includes typical office, communication and record-

keeping functions.

Smaller healthcare facilities may encompass one or more functions

such as predominantly longer residential care, or specialized treatment
such as physical rehabilitation or dialysis. This functional variety influ-
ences some structural choices but the structure, as in all buildings, plays

a background role in providing a safe and secure support for the facility
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activities. Since continued operation is a desirable performance objec-
tive, structural design beyond life safety is necessary and design for both

structural integrity and drift control need special attention
to provide an added level of reliability for the nonstructural

components and systems.

The heavy and complex service demands of hospitals
require greater floor-to-floor heights than for other build-
ings (such as offices) to provide more space above a sus-

hospitals have been designed with “interstitial” service space—a com-
plete floor inserted above each functional floor to accommodate the
services and make their initial installation and future change easier to
accomplish (see Figure 9-3).

Because of their functional complexity, hospitals often have complex
and irregular configurations. Broadly speaking, smaller hospitals are
planned as horizontal layouts; large hospitals often have a vertical tower
for the patient rooms elevated above horizontally planned floors for the
diagnostic, treatment and administrative services. Emergency services
are generally planned at the ground floor level with direct access for
emergency vehicles. The structural design should focus on reducing
configuration irregularities to the greatest extent possible and ensuring
direct load paths. Framing systems need careful design to provide the
great variety of spatial types necessary without introducing localized

irregularities.

Figure 9-3  Skefch showing typical interstitial space for nonstructural
components and systems in new hospitals.

Since continued operation is a desirable performance
objective for healthcare facilities, structural design beyond
life safety is necessary and design for both structural
integrity and drift control need special attention fo provide
an added level of reliability for the nonstructural

components and systems.
pended ceiling to accommodate the services. A number of T
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Nonstructural System Issues

As noted above excessive structural motion and drift may cause damage
to ceilings, partitions, light fixtures, and glazing. In addition, storage
units, library shelving, and filing cabinets may be hazardous if not
braced. Excessive drift and motion may also lead to damage to roof-top
equipment, and localized damage to water systems and fire suppression
piping and sprinklers. Heavy equipment such as shop machinery, kilns
and heavy mechanical and electrical equipment may also be displaced,
and be hazards to occupants in close proximity.

Continued operation is particularly dependent on nonstructural com-
ponents and systems, including purchased equipment, much of which is
often of great sensitivity and cost. Many specialized utilities must be
provided, some of which involve the storage of hazardous substances,
such as pharmaceuticals and oxygen in tanks. These must be protected
against spillage during an earthquake. Distribution systems for hazard-
ous gases must be well supported and braced. Water must be provided
to many spaces, unlike an office building, where the provision is much
more limited, and thus the likelihood of water damage in healthcare

facilities is greater.

The responsibilities within the design team for nonstructural compo-
nent support and bracing design should be explicit and clear. The
checklist for responsibility of nonstructural design in Chapter 12 (see
Figure 12-5) provides a guide to establishing responsibilities for the
design, installation, review and observation of all nonstructural compo-

nents and systems.
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DESIGN AND PERFORMANCE ISSUES RELATING
TO LOCAL SCHOOLS (K-12) 10

10.1T INTRODUCTION

Primary and secondary (kindergarten through grade 12) schools house
thousands of America’s children every school day. These buildings
come in a variety of configurations and sizes and are constructed from
all types of structural materials like steel, concrete, masonry and wood.
As school districts make decisions about the buildings that they con-
struct, seismic considerations can easily be factored into the decision

process.

The following are some unique issues associated with kindergarten
through grade 12 (K-12) schools that should be kept in mind during
the design and construction phase of new facilities:

O Protection of children is an emotional societal issue and has very

high priority.
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O Occupancy density is one of the highest of any building type (typi-
cally 1 person per 20 square feet by code), with the exception of
summer months, and after an earthquake, children are likely to be
very frightened, creating difficulties for evacuation of a damaged

structure.

O Occupancy by children is required by law, thus the moral and legal
responsibilities for properly protecting the occupants are very great.

O School facilities are critical for immediate earthquake disaster shel-
ter and recovery efforts.

O Closure of schools for any length of time represents a very serious
community problem, and major school damage can have long-term

economic and social effects.

10.2 OWNERSHIP, FINANCING, AND
PROCUREMENT

Public schools are programmed and developed by the local school dis-
trict. Financing is typically by local or state bond issues, possibly with
the addition of federal assistance.

Public work must be competitively bid. Typically, contracts are placed
for all site and building work, both structural and nonstructural. Equip-
ment and furnishings and their installation are purchased separately
from specialized vendors.

School districts typically try to emphasize high quality of design and
construction and long facility life, though all districts are necessarily

very budget conscious.

10.3 PERFORMANCE OF LOCAL SCHOOLS IN
PAST EARTHQUAKES

There has been surprisingly little severe structural damage to schools,
except in the Long Beach, California, earthquake of 1933, and there
have been very few casualties. In California, no school child has been
killed or seriously injured since 1933. This good fortune results prima-
rily because all major California earthquakes since 1925 have occurred

outside school hours.

Damage in the Long Beach earthquake was so severe that it was realized
that if the schools had been occupied there would have been many
casualties. As a result, the State passed the Field Act within a month
after the earthquake. This act required that all public school buildings
be designed by a California licensed architect or structural engineer, all
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plans must be checked by the Office of the State Architect, and con-
struction must be continuously inspected by qualified independent
inspectors retained by the local school board. The State Architect set
up a special division, staffed by structural engineers, to administer the
provisions of the Act. While time of day limited casualties, the Field Act,

which is still enforced today, has greatly reduced structural damage.

In the Northridge, California, earthquake of 1994, State inspectors
posted red UNSAFE placards on 24 school buildings, and yellow
RESTRICTED USE placards on 82, although this was later considered
overly conservative. No structural elements collapsed. There was, how-
ever, considerable nonstructural damage as shown in Figure 10-1. This
was costly to repair, caused closure of a number of schools and, if the
schools had been in session, would have caused casualties. The Field
Act focused on structural design and construction, and only recently

were nonstructural components included in the scope of the Act.

Figure 10-1  Nonstructural damage at Northridge Junior High where lights
fell onto desks during the 1994 Northridge earthquake. (photo
courtesy of the Earthquake Engineering Research Institute)

10.4 PERFORMANCE EXPECTATIONS AND
REQUIREMENTS

Students and teachers within and outside elementary and secondary
school buildings must be protected during an earthquake. Any damage
that jeopardizes the provision of educational services impacts not only

the facility but also the community, since the school is an important
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community center. Primary and secondary educational establishments
are important community service providers and service interruption is a
major problem. In addition to these general seismic performance
expectations, the following guidelines are suggested as seismic perfor-

mance objectives for elementary and secondary schools:

O The school should be capable of substantial use for shelter purposes
within 3 hours of the occurrence of earthquake design-level ground
motions.

O Emergency systems in the school should remain operational after

the occurrence of earthquake design-level ground motions.

O Students and teachers should be able to evacuate the school quickly
and safely after the occurrence of earthquake design-level ground
motions.

O Emergency workers should be able to enter the school immediately
after the occurrence of earthquake design-level ground motions,

encountering minimum interference and danger.

10.5 SEISMIC DESIGN ISSUES

The information in this section summarizes the characteristics of local
schools (K-12), notes their relationship to achieving good seismic per-
formance, and suggests seismic risk management solutions that should
be considered.

Seismic Hazard and Siting Issues

Unusual site conditions, such as a near-source location, poor

Unusual site conditions, such as a near-source location,
poor soil characteristics, or other seismic hazards, may
lead to lower performance than expected by the code
design.
|

soil characteristics, or other seismic hazards, may lead to
lower performance than expected by the code design. If any
of these suspected conditions are geologic hazards, a geo-
technical engineering consultant should conduct a site-spe-
cific study. If defects are encountered, an alternative site

should be considered (if possible) or appropriate soil stabilization,
foundation and structural design approaches should be employed to
reduce consequences of ground motion beyond code design values, or
costly damage caused by geologic or other seismic hazards (see
Chapter 3 for additional information). If possible, avoid sites that have

restricted access.
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Structural System Issues

Schools are a wide variety of sizes, from one-room rural school houses to
2000-student high schools. Each size will have its own code require-
ments and cost implications. A wide variety of structural approaches are
available and careful selection must be made to meet the educational

and financial program.

Traditional schools with rows of standard classrooms are relatively sim-
ple buildings, with few partitions since the structural walls can provide
much of the space division. Classroom walls can act efficiently as shear
walls but the school is likely to have very limited flexibility for space
changes. The structure, as in all buildings, plays a background role in
providing a safe and secure support for the facility activities. The struc-
tural problems are, however, relatively simple, and a well designed and
constructed school should provide a safe environment.

Newer schools are usually one or two stories with light steel frame or
mixed steel frame, wood and concrete or concrete masonry structures.
When designed to code minimum requirements, these light and rela-
tively long-span structures may have excessive drift characteristics.
Excessive motion and drift may cause damage to ceilings, light fixtures,
partitions, glazing, roof-top equipment, utilities and fire suppression
piping. The structural design should pay special attention to drift con-
trol and to appropriate support of vulnerable nonstructural compo-

nents and systems.

Urban schools are sometimes mid-rise (up to 4 stories), with reinforced
masonry, reinforced concrete, or steel frame structures. For these struc-
tures, configuration irregularities, such as soft stories, may become criti-
cal. The structural design should focus on reducing configuration

irregularities and ensuring direct load paths.

Larger schools may have long-span gymnasia or multi-use spaces in
which wall-to-diaphragm connections are critical. These larger spaces
may be used for post-disaster shelters. Seismic resistance must typically
be provided by perimeter frames or walls. The structural design should
pay special attention to reducing perimeter opening irregularities, and
providing direct load path and appropriate structural connections.
Larger schools also often tend to become more complex in layout
because of new program needs, and the desire to provide a more sup-
portive and attractive environment. The complexities in layout may
introduce irregularities in plan shapes and require complicated fram-
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ing. The structural design should focus on reducing plan irregularity,
and providing appropriate structural connections.

Nonstructural System Issues

School occupants are particularly vulnerable to nonstructural damage.

Although school children may duck under desks and be safe from fall-

ing objects such as light fixtures and ceiling tiles, ceiling

components that fall in hallways and stairs can make move-
School occupants are vulnerable to nonstructural

domage, parficularly falling nonstructural components
and systems. and loss of lighting. As discussed in the Structural System

ment difficult, particularly if combined with power failure

Issues Section, most traditional primary and elementary

school buildings are relatively simple buildings, with few partitions since
the structure provides the space division. Excessive motion and drift
(sway) may cause damage to ceilings, partitions, light fixtures, and glaz-
ing. In addition, storage units, library shelving, and filing cabinets may
be hazardous if not braced. Excessive drift and motion may also lead to
damage to roof-top equipment, and localized damage to water systems
and fire suppression piping and sprinklers. Heavy mechanical and elec-
trical equipment may also be displaced.

Falling nonstructural components and systems present a significant
potential for injuries to building occupants as shown in Figure 10-1. In
addition to the injury potential and economic loss resulting from repair
and clean-up costs, excessive service interruption can result from light-
ing fixture and water, mechanical, and electrical equipment damage.
As discussed in the Structural System Issues Section, the structure should
be designed for enhanced drift control to limit nonstruc-

tural damage. Lightweight hung ceilings should be avoided

Schools should be designed for enhanced drift controlto  J in light frame or large structures, and the safety of sus-
limit nonstructural damage

pended lighting fixtures should always be verified. In gen-
EEIIIIII——%8 === erral, the responsibilities within the design team for
nonstructural component support and bracing design should be
explicit and clear (Use Figure 12-5 responsibility checklist to facilitate

this process).
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DESIGN AND PERFORMANCE ISSUES RELATING

TO HIGHER EDUCATION FACILITIES (UNIVERSITIES) 11

11.1T INTRODUCTION

University campuses generally consist of many different types of build-
ings, in a broad variety of sizes, housing many different functions. As a
result, higher education facilities are, in many ways, a microcosm of the
larger community. In addition to teaching classrooms, university facili-
ties include auditoriums, laboratories, museums, stadiums and arenas,
libraries and physical plant facilities, to name a few. As universities make
decisions about the buildings that they construct, seismic consider-
ations can easily be factored into the decision process.

The following are some unique issues associated with higher education
facilities that should be kept in mind during the design and construc-

tion phase of new facilities:
O Protection of students, faculty and staff is a very high priority.

O Higher education facilities have a high daytime occupancy and
some evening use, with reduced use in the summer months. Class-
rooms in particular often have high intensity usage.
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O Closure of higher education facilities represents a very serious prob-
lem, and major college and university damage can have long-term

economic and social effects.

O Ensuring the survival of records, whether in electronic or written

form, is essential for continued operation.

O Protection of valuable contents such as library inventories, research
equipment and materials is a high priority.

11.2 OWNERSHIP, FINANCING, AND
PROCUREMENT

Higher education facilities are typically developed by the institution,
which may be privately, state or local-community owned. Financing of
privately owned facilities is typically by private loan, possibly with some
state or federal assistance; large universities also have large endowments
and fund-raising activities, a large part of which assist in capital improve-
ment program financing. Public institutions may also be financed by

state and local bond issues.

Private institutions have no restrictions on methods of procurement;
projects may be negotiated, conventionally bid, use construction man-
agement or design-build. Public work must be competitively bid. Typi-
cally, contracts are placed for all site and building work, both structural
and nonstructural. Equipment and furnishing and their installation are
purchased separately from specialized vendors.

Higher education institutions typically emphasize high quality of design
and construction and long facility life, though all institutions are also
budget conscious. An attractive campus is seen, particularly by institu-
tions which are in a competitive situation, as an important asset.

11.3 PERFORMANCE OF HIGHER EDUCATION
FACILITIES (UNIVERSITIES) IN PAST
EARTHQUAKES

The most significant experiences of seismic performance of higher edu-
cation facilities in recent earthquakes has been those related to the
Whittier (Los Angeles region) earthquake of 1987, the Loma Prieta
(San Francisco Bay region) earthquake of 1989, and the Northridge
(Los Angeles) earthquake of 1994. During the Whittier earthquake, a
number of buildings at the California State University at Los Angeles
suffered some structural damage and extensive nonstructural disrup-
tion. One student was killed by a concrete facade panel that fell from a

parking structure. During the Loma Prieta earthquake, the Stanford
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University campus experienced considerable damage, forcing the clo-
sure of a dozen buildings. Subsequently, Stanford convened a special
committee to review steps that should be taken to protect the campus
against future events. One result was to set up its own seismic safety
office with structural engineering staff to determine, in concert with
departmental and university representatives, performance objectives for
buildings and to review proposed designs. The university played a
strong role in the early application of performance-based design strate-
gies for its capital programs.

In the Northridge earthquake, the California State University at
Northridge was forced to close for a month and re-open in temporary
buildings. Severe damage was done to the welded steel frame of the
University Library (Figure 11-1), and buildings on the University of Cal-
ifornia at Los Angeles (UCLA) campus were slightly damaged. For the
most part the serious structural damage to all these campuses was expe-
rienced by older reinforced buildings or to unreinforced masonry struc-

tures.

The implications of the above-described damage caused a number of
universities to become concerned about the ability of their facilities to
support continued teaching and research following a more severe

event.

Figure 11-1  Fractured 4-inch-thick steel base plate, university building,
Northridge, 1994. (photo courtesy of the Earthquake Engineer-
ing Research Institute)
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In 1997 the University of California at Berkeley committed $1 million to
intensify campus planning and developed a 10-point action plan that
included a high-level administrative restructuring to focus on campus
planning and construction, with extensive focus on seismic safety. The
10-point plan included:

O Creation of a new Chancellor’s cabinet-level position of Vice Chan-
cellor to oversee all aspects of the program.

O Determination of the need for full or partial closure of any facilities
deemed an unacceptable risk.

O Development of plans for a variety of temporary relocation or

“surge” space, sites and buildings.

O Development and initiation of a multi-source financing plan to
implement the master plan and implement a seismic retrofit pro-

gram.

O Conduct of a comprehensive emergency preparedness review,
including mitigating nonstructural hazards, assuring that emer-
gency and critical facilities are available, and providing emergency
response training.

This plan is now being implemented; a number of key facilities have
been retrofitted, and others are in process, with priorities based on a
seismic evaluation of all the campus buildings. New buildings are sub-

ject to a peerreview process of the proposed seismic design.

11.4 PERFORMANCE EXPECTATIONS AND
REQUIREMENTS

The following guidelines are suggested as seismic performance objec-
tives for higher education facilities:

O Students, faculty, staff and visitors within and immediately outside
the facilities must be protected at least to a life safety performance

level during design-level earthquake ground motions.

O Emergency systems in the facilities should remain operational after

the occurrence of design-level earthquake ground motions.

O All occupants should be able to evacuate the school quickly and
safely after the occurrence of design-level earthquake ground

motions.

O Emergency workers should be able to enter the facility immediately
after the occurrence of design-level earthquake ground motions,

encountering minimum interference and danger.
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11.5 SEISMIC DESIGN ISSUES

The information in this section summarizes the characteristics of higher
education facilities, notes their relationship to achieving good seismic
performance, and suggests seismic risk management solutions that

should be considered.
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Seismic Hazard and Site Issues

RIS,?

Unusual site conditions, such as a near-source location, poor
soil characteristics, or other seismic hazards, may lead to
lower performance than expected by the code design. If any

of these other suspected conditions are geologic hazards, a design

geotechnical engineering consultant should conduct a site-
specific study. If defects are encountered, an alternative site should be
considered (if possible) or appropriate soil stabilization, foundation
and structural design approaches should be employed to reduce conse-
quences of ground motion beyond code design values, or costly damage
caused by geologic or other seismic hazards (see Chapter 3 for addi-
tional information). If possible, avoid sites that lack redundant access
and are vulnerable to bridge or highway closure.

Structural System Issues

Higher education facilities are of great variety and size, encompassing
all types of structure and services. The basic occupancies are teaching,
research and administration, but assembly facilities may range from a
small rehearsal theater to a multi-thousand seat sports stadium. A large
student center may be a cross between a small shopping mall and a com-
munity center with retail stores, food service and places of recreation
and assembly. As universities become more competitive to attract a
wider audience, student-life facilities are tending to become larger and
more complex. In addition, many universities provide extensive dormi-

tory facilities.

Teaching requires spaces for small seminar groups, classrooms that are
often larger in size than those of a grade school, and large lecture halls
with sloped seating and advanced audio-visual equipment. Science
teaching requires laboratories and support spaces with services and
equipment related to traditional scientific and engineering fields, such
as chemistry, biology, physics and computer sciences.

The administration function includes all office functions, including
extensive communication services and extensive record keeping. Sci-

ence research requires laboratories and other special facilities (e.g.,

Unusual site conditions, such as a near-source location,
poor soil characteristics, or other seismic hazards, may
lead fo lower performance than expected by the code
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greenhouses) that can accommodate a variety of unique spatial, service
and utility needs required by researchers; some laboratories such as
material sciences, physics, and engineering require heavy equipment
with large power demands. Departmental buildings in the humanities
may encompass a small administrative function, a variety of teaching
facilities, many of them small. Departmental buildings in the sciences
may include laboratories and their support space within the same build-
ing, and faculty offices may include direct access to research laborato-
ries. Departmental buildings may also include a departmental library.
Teaching and research in the biological sciences may include the stor-

age, distribution and use of hazardous substances.

The library is a major campus facility, and a large campus may have sev-
eral campus-wide libraries. Notwithstanding the rapid advance of com-
puterized information technology and information sources such as the
internet, the hard-copy resources of the library continue to be of major
importance, and the library is a distinct building type with some specific
structural and service demands, such as the ability to safely accommo-
date heavy dead loads, and to provide a high level of electronic search
and cataloging functions.

Because of their functional complexity, large higher education facilities
often have complex and irregular architectural /structural configura-
tions. In addition, the spatial variety within many higher education
buildings influences some structural choices, and structural design
tends to be complex in its detailed layout with a variety of spans and
floor-to-floor heights. Some laboratory equipment requires a vibration
free environment, which entails special structural and mechanical
equipment design. The structural design should focus on reducing con-
figuration irregularities to the greatest extent possible and ensuring
direct load paths. Framing systems need careful design to

provide the great variety of spatial types necessary without
introducing localized irregularities.

Since continued operation is a desirable performance
objective, structural design of higher education facilities
beyond life safety is necessary and design for both
structural integrity and drift control need special attention
to provide an added level of reliability for the
nonstructural components and systems.
" —

Since continued operation is a desirable performance
objective, structural design beyond life safety is necessary
and design for both structural integrity and drift control
need special attention to provide an added level of reliabil-
ity from the nonstructural components and systems.

Nonstructural System Issues

As noted above, excessive structural motion and drift may cause damage

to ceilings, partitions, light fixtures, and glazing. In addition, storage

11-6  DESIGN AND PERFORMANCE ISSUES RELATING TO HIGHER EDUCATION FACILITIES (UNIVERSITIES)



units, library shelving, and filing cabinets may be hazardous if not
braced. Excessive drift and motion may also lead to damage to roof-top
equipment, and to localized damage to water systems and fire suppres-
sion piping and sprinklers. Heavy laboratory equipment and heavy

mechanical and electrical equipment may also be displaced, and be haz-

ards to occupants in close proximity.

Continued operation is particularly dependent on nonstruc-
tural components and systems, including purchased scien-
tific equipment, much of which is often of great sensitivity
and cost. Many specialized utilities must be provided, some
of which involve the storage of hazardous substances. These

must be protected against spillage during an earthquake.

oNSleﬁ,‘q
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Continued operation is particularly dependent on

nonstructural components and systems. Laboratory and

research areas may need special design attention to
nonstructural components and systems to ensure
continued operation of critical experiments and

equipment.

Distribution systems for hazardous gases must be well sup-
ported and braced. Water must be provided to many spaces,
and thus the likelihood of water damage is greater. Cosmetic wall and
ceiling damage that can easily be cleaned up in an office building may
shut down a research laboratory.

Laboratory and research areas may need special design attention to
nonstructural components and systems to ensure continued operation

of critical experiments and equipment.

The responsibilities within the design team for nonstructural compo-
nent support and bracing design should be explicit and clear. The
checklist for responsibility of nonstructural design in Chapter 12 (see
Figure 12-5) provides a guide to establishing responsibilities for the
design, installation, review and observation of all nonstructural compo-

nents and systems.
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RESPONSIBILITIES FOR SEISMIC CONSIDERATIONS
WITHIN THE DESIGN TEAM

12

12.1 RESPONSIBILITIES OF THE STRUCTURAL
ENGINEER, ARCHITECT, AND MEP
ENGINEER

Seismic considerations should apply to every building system, sub-
system, and component, and the performance of each component or
system is often interdependent. The traditional organization of the
design team and the assignment of responsibilities to the architect,
structural engineer, MEP (mechanical, electrical, and plumbing) con-
sultants, and other specialty consultants (e.g., geotechnical engineer,
curtain wall consultant, elevator consultant, or security consultant) is
critically important to address cross-cutting seismic design issues or

problems.

For example, the seismic design and performance of glazing systems,
windows, and curtain walls have improved significantly in recent years
through the adoption of improved code provisions for these building
systems. These improvements can impact both life safety in an earth-
quake (broken glass can Kkill or seriously injure) and immediate occu-
pancy following an earthquake (integrity of the building envelope).
The trade-offs involve drift limits, curtain wall clearances and design
details, and glazing design. In this example, the architect, structural
engineer, and curtain wall consultant must work together closely to

arrive at the appropriate designs.

12.2 DEVELOPING A UNIFIED APPROACH
WITHIN THE DESIGN TEAM

The first step in the design process should be the development, with
active participation of the owner, of a set of clear performance objec-
tives that address how the building is expected to perform before, dur-
ing, and following an earthquake. These performance objectives
should be based on owner needs and decisions, and should be
expanded into detailed performance statements that apply to every sub-
system of the building. Throughout the design development, there
should be explicit reviews of each element of the design against the per-
formance statements in order to assure that the completed building
meets the expectations articulated in the original performance objec-
tives. In addition, the owner should be encouraged to develop and carry
out a risk management plan compatible with the performance objec-

tives.
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The term “performance objective,” discussed in Chapters 2 and 4,
should include a statement regarding the seismic performance that is
expected of the building, subsystem, or component that is being
addressed. Wherever possible, it should include quantifiable perfor-
mance criteria that can be measured. For example, an objective may be
that a subsystem (such as the HVAC system) should be operable follow-
ing an earthquake of a certain magnitude. The specific criteria related
to this may specify how long the system is expected to operate, under
what operating conditions, and with what resulting interior environ-

mental conditions.

12.3 ENGINEERING SERVICES FOR ADDED VALUE
OF RISK MANAGEMENT

The owner should establish a process in which the risk management
function and the facilities management function are fully coordinated

in the development of a capital improvement and new construction

WNSIDg, . . . . .
2 %, program. The risk manager should balance seismic risk with all other

Rls'f
)
NO

facility-related risks. In order to do so, the risk manager

should have an understanding of seismic risks. Once the
The risk manager should balance seismic risk with all other | risk manager gains such an understanding, the risk man-
facility-related risks. ager should be educated to prepare a return-on-investment

analysis for investments in seismic performance.

The design team has an opportunity to offer the owner a service of edu-
cating the risk manager on the details of seismic risk in buildings. This
service could be independent of any specific capital improvement or
design project, or it can be offered as a pre-design orientation activity
that is linked to a design project.

12.4 COMMUNICATING SEISMIC
wsiDgy CONSIDERATIONS ISSUES TO THE

(o)

mﬁ 3 BUILDING OWNER

Sk

Ry,

Issues of building performance should be communicated
to a building owner in terms that relate how the building is
Issues of building performance should be communicated to
a building owner in terms that relate how the building is

expected to perform following an earthquake, and the _ . o
pofential impacts that this level of performance may have | o1 the postearthquake functionality of the building. In

expected to perform following an earthquake, and the
potential impacts that this level of performance may have

on the post-earthquake functionality of the building. order to accomplish this, the design team must learn to

T ——— COINMUNicate using terminology that is familiar to the
owner. This can best be accomplished through interaction with the

owner'’s facilities or risk manager.
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It is typically more difficult to explain earthquake risk issues to a build-
ing owner, since such considerations are probabilistic in nature, and less
specific with respect to magnitude, location, or even how often they will

occur. The design team must understand the owner’s extent of risk WSIDE
0 #
NG

. . . . . ¢
aversion or risk tolerance. The more risk neutral the owner is, the sim- ‘gmo
& z

pler the communication is likely to be, in that various out-

comes can be multiplied by their respective probabilities
and then communicated directly to the owner. This pro- The design team must understand the owner’s extent of

risk aversion or risk folerance.

cess, however, becomes more complicated with a more risk

averse or tolerant owner. The best way this communication
can be accomplished is through close interaction and coordination with

the owner’s risk or facilities manager.

As the member of the design team who initiates the design concept and
develops it through design development and the preparation of con-
struction documentation, the architect should play a key role in the seis-
mic design process. To ensure that consideration of seismic issues
occurs with the right degree of priority, and at the right time in the
design process, the architect should have a clear conceptual under-
standing of seismic design issues that impact the design.

The structural engineer’s role is to provide the structural design for a
building. While the structural engineer must play the major role in pro-
viding an earthquake-resistant design, the overall design responsibility
is shared between the architect and engineer, because of architectural
decisions that may impact the effectiveness of the engineer’s design
solution and hence the building’s seismic performance. The use of per-
formance-based design can reinforce the importance of the recommen-
dation that the architect and structural engineer work together from
the inception of a design project, and to discuss seismic issues before
and during the conceptual design stage. Many of the critical architec-
tural decisions occur at the conceptual design stage, at which point the
building configuration is set and issues such as the nature of the struc-

ture and structural materials and architectural finishes are identified.

The concept of structural engineers participating with architects during
the early conceptual design phase of a project is not new, yet it is often
confined to a cursory conversation or does not occur at all, for a variety
of economic, cultural, and professional reasons. Developmental
projects often require a partial design in order to procure project
financing; at this point, the owner typically attempts to minimize up-
front costs and the architect will not involve, or only peripherally

involve, structural consultants. Some architects see the structural engi-
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neer as providing a purely service role in enabling the architect to
achieve the forms and spaces that are desired. In a successful project,
the architect and structural engineer typically collaborate on layout and
design issues from the inception of the project, in order to ensure that

the architectural and structural objectives are achieved.

As the servicing needs of contemporary buildings continue
In a successful project, the architect and structural to increase, the impact of the MEP (mechanical, electrical,
engineer typically collaborate on layout and design issues § and plumbing systems) consultant’s work on seismic design
from the inception of the project. becomes increasingly important. An example of this is the

need for penetrations or blockouts in the structure to
accommodate ductwork, piping, and equipment, which requires early
design consideration. These penetrations are fundamental to the inte-

gration of the structural and mechanical system, and their

size and location should be carefully worked out between
There are many instance of damage to buildings in

earthquakes caused by structural member penetrations

that have not been adequately coordinated with the .
structural design. caused by structural member penetrations that have not

the architect, structural, and mechanical engineers. There

are many instance of damage to buildings in earthquakes

——)| Dccn adequately coordinated with the structural design.

Protecting against nonstructural damage requires clear allocation of

roles and responsibilities. An important question is: Is the structural

design of mechanical equipment supports the responsibil-

ity of the equipment vendor, the mechanical engineer, or

Protecting against nonstructural damage requires clear

the structural engineer? Similarly, is the design of the con-
allocation of roles and responsibilities.

nections for precast concrete cladding the responsibility of
the precast element vendor or the building structural engi-
neer? And, is the layout and design of bracing for ductwork the respon-
sibility of the mechanical contractor or the building structural
engineer? If these responsibilities are not called out at the outset of the
job, the result will be disputes, extra costs, and potentially serious omis-
sions.

Design-Build and Fast-Track Projects

Large projects are often “fast-tracked” to some degree, with the con-
struction contract separated into a number of bid packages that may be
sole-source negotiated or competitively bid. The objective here is to
speed the project’s overall completion, but the process can substantially
complicate coordination of tasks. Among the reasons for this are the
following.

O The complete design team may not be in existence before the prep-

aration of construction documents has begun. This arrangement
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can create problems when decisions early in the project determine
design approaches and delegate responsibility to entities who are
not yet under contract, or who have had no input into such early

decisions.

O Communication among designers during fast-track projects is usu-
ally more difficult because the development of separate bidding
packages means that the design process is fragmented, rather than
one which undergoes continuous evolution. At any stage during
design development and contract document preparation stages of a

project, a complete set of drawings of the project may not exist.

O Because of demands in the project schedule, the design and fabrica-
tion, or preparation of shop drawings, many items are not always
thoroughly reviewed by the architect or engineer, and in some cases
may not even be submitted to the local building department.

Design-build and fast-track construction can be very efficient for simple

projects and for design teams that have a track record in

working together, but for more complex projects and for =
Design-build and fast-track construction can be very

efficient for simple projects and for design teams that have

‘ ‘ ‘ a track record in working together, but for more complex
need special attention. The assignment of roles and projects and for design teams that have not previously

design teams that have not previously worked together,
both the design and construction phases of a project will

responsibilities is critical if the performance objectives are worked together, both the design and construction phases

to be adequately defined and for integrated seismic design | of aproject will need special atfention.
I

and construction to be achieved.

Checklists to Facilitate the Design and Construction Process

A useful aid for the development of performance objectives and the
coordination of the design and construction process within the design
team is the use of checklists. These may be maintained by hand for
smaller jobs, or computerized for larger or more complicated ones.
Checklists can highlight key seismic design issues that require consider-
ation and resolution, and can serve to ensure that all issues are ade-
quately dealt with. The checklists discussed below are suggested as
models that may be modified to suit the nature of the design team and

the construction delivery process.

Figure 12-1 provides a seismic performance checklist, intended to focus
the building owner and the design team on issues related to seismic per-
formance expectations. The checklist presents a set of questions that
are used to help the client focus on available seismic performance alter-
natives, leading to a recorded statement of the client’s expectations of

seismic performance goals that, hopefully, are in line with available
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Figure 12-1  Checklist for seismic expectations. (adapted from Elssesser, 1992))
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resources. Agreement on such goals and expectations forms the begin-
ning of a performance-based design procedure and can limit future
“surprises” due to unanticipated earthquake damage. The checklist
statements can become a part of the project’s building program, in a
manner similar to statements about acoustical or thermal performance,
and can serve as the basis for the use of more formal performance-
based design procedures during the design.

Figure 12-2 provides a checklist intended to facilitate a discussion
between the architect and the structural engineer on the importance of
various building siting, layout, and design issues. The checklist identi-
fies a number of issues that should be discussed and resolved by the
architect and structural engineer at the early stages of a new project.
The checklist should be used when a conceptual design has been pre-
pared and transmitted to the structural engineer. The checklist is
intended primarily to provoke a discussion, and is not intended to be
filled in and used as a document of record. Most of the items in the
checklist will need varying levels of discussion; the checklist is only
intended to identify the existence of a potential problem and indicate
the importance and priority, or significance, of the problem.

Figure 12-2 also ensures that all significant issues are covered, and that
the architect and structural engineer have reached mutual understand-
ing on the resolution of problems. This is the point at which the struc-
tural engineer should explain any issues that are not clear. Similarly, if
planning or other constraints appear to have resulted in a questionable
seismic configuration or a building with other undesirable seismic char-
acteristics, the use of this checklist will ensure the identification of these
characteristics fairly early in the design process, and should open the

way to their resolution.

Figure 12-3 provides a list of structural and nonstructural components
which are typically included in a building project. Itis intended to
define the responsibilities within the design team for various aspects of
the design, and establishes the scope of work among the major consult-
ants and suppliers. The checklist provides the basis for consultant
agreements between the architect, construction manager, and specialist
consultants. In most projects, costs and a competitive market tend to
limit the time and money available for design. Working within a limited
budget and timeframe, current practice is for architects and structural
engineers to leave some design tasks to engineers employed by subcon-
tractors and vendors (e.g., the design of precast concrete panels and

their connections, prefabricated stairs, and truss assemblies). This
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Figure 12-2  Checklist for Architect/Engineer Interaction. (from Elssesser, 1992)
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Figure 12-3  Checklist for defining project responsibilities. Key professional personnel responsible for various aspects of
design should be indicated in the appropriate cell of the check list (adapted from Elsesser, 1992).
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checklist can be used to identify where and when these procedures will
be used.

Figure 12-4 provides an example that shows how the checklist in

Figure 12-3 may be completed for a representative project. This exam-
ple shows a traditional design and construction process in which the
architect plays the key role in design management and project coordi-
nation. The assigned responsibilities would vary depending on the
nature of the project, the composition of the project team, and the pro-
posed design and construction procedures.

Figure 12-5 provides a list of typical building non-structural components
and, similar to Figure 12-2, is intended to delineate the roles and
responsibilities of design team members for the design and installation
of nonstructural components and systems. In current practice, this area
is often unclear and important non-structural protective measures may
become the subject of dispute; in some extreme cases, they may be
omitted altogether. Both this checklist and that shown in Figure 12-2
are expected to play an important role in establishing the total scope of
work for the various project consultants, and in ensuring that important
tasks do not fall between the cracks of the various involved design and

construction parties.

12.5 DESIGN AND CONSTRUCTION QUALITY
ASSURANCE

Building codes require that “special inspections” be carried out for spe-
cific critical elements of a building during construction. These inspec-
tions are intended to assure that a high degree of quality has been
achieved in constructing the approved design, and in the manner in
which it is intended. As related to seismic design, special inspections
typically apply to important construction and fabrication consider-
ations, such as ensuring the use of pre-certified weld procedures and
adequate weld quality.

Performance-based seismic design also requires specific performance
from nonstructural systems and components in the building. In order
to obtain the intended seismic performance in these areas, additional
quality assurance activities are needed, above and beyond those typically
required by code or employed on normal non-seismic construction
projects. The following is a partial list of some nonstructural system

components in need of special consideration or inspection.
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Figure 12-4  Example of completed checklist shown in Figure 12-3. (adapted from Elssesser, 1992)
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Figure 12-5  Checklist for responsibility of nonstructural component design. (from ATC/SEAOC Joint Venture,
1999)
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O Inspection of the anchorage and bracing of architectural and

mechanical elements.

O Labeling of fenestration products to ensure that they have been pro-
vided as specified, and inspection to ensure proper installation.

. . o c
O Inspection of ceiling and partition attachments. OURCES

O Inspection of special equipment.

The report, ATC-48, Built to Resist Earthquakes: The Path to
Quality Seismic Design and Construction (ATC/SEAOC, 1999),

' . . . o Design and Construction Quality Assurance
prOVldeS Comprehenswe gu1dance on 1ssues pertalnlng to

ATC-48, Built to Resist Earthquakes: The Path to Quality
Seismic Design and Construction (ATC/SEAOC, 1999).

the quality design and construction of wood-frame, con-
crete, and masonry buildings, and anchorage and bracing

of non-structural components.
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